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INDEX BY FUNCTION 

.Series MELPS 740 single-chip microcomputers 
Electrical characteristics 

Supply Typ Min Max. 
Type Circuit function and organization Structure voltage pwr cycle fre- Package Page 

(V) ISSlpatlon time quency 
(mW) Cus} (MHz) 

M50708-XXXSP/FPX 6K-Byte Mask-Prog. ROM, 128-Byte RAM, C, Si 5±10% 15 2 4 64P4B172P6 Notel Serial 1/0 

M50740A-XXXSP/FP x 3K-Byte Mask-Prog ROM, 96-Byte RAM C, Si 5±10% 15 2 4 52P4B/50P6 Notel 

M50740ASP x External ROM Type, 96-Byte RAM C, Si 5±10% 15 2 4 52P4B Notel 

M50741-XXXSP/FP x 4K-Byte Mask-Prog ROM, 96-Byte RAM C, SI 5±10% 15 2 4 52P4B/50P6 Notel 

M50742-XXXSP/FP x 
4K-Byte Mask-Prog. ROM, 128-Byte RAM, C, SI 5±10% 15 2 4 64P4B172P6 Notel 
Serial 110 

M50743-XXXSP/FP x 4K-Byte Mask-Prog ROM, 128-Byte RAM C, Si 5±10% 30 1 8 64P4B172P6 Notel 

M50744-XXXSP/FP x 4K-Byte Mask-Prog ROM, 144-Byte RAM C, Si 5+10% 15 2 4 64P4B/72P6 Notel 

M50745-XXXSP/FP x 6K-Byte Mask-Prog. ROM, 192-Byte RAM C, SI 5+10% 15 2 4 64P4B/60P6 Notel 

M50746-XXXSP/FP % 6K-Byte Mask-Prog. ROM, 144-Byte RAM C, Si 5±10% 15 2 4 64P4B172P6 Notel 

M50747-XXXSP/FP x 8K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 5±10% 30 1 8 64P4B/72P6 Notel 

M50747H-XXXSP/FP 8K-Byte Mask-Prog ROM, 256-Byte RAM C, Si 5±5% 45 0.67 12 64P4B172P6 Notel 

M50752-XXXSP x 4K-Byte Mask-Prog. ROM, 128-Byte RAM, C, Si 5±10% 15 2 4 52P4B Notel High Voltage Port, CR Oscillation Type 

M50753-XXXSP/FP 
6K-Byte Mask-Prog ROM, 96-Byte RAM, C, SI 5±10% 15 2 4 64P4B/60P6 Notel 
8-Bit A-D Converter 

M50754-XXXSP/FPIGP 
6K-Byte Mask-Prog ROM, 160-Byte RAM, C, SI 4-5.5 20 1. 90 4.2 64P4B172P61 Notel 
PWM, High Voltage Port, Serial I/O 64P6W 

M50757-XXXSP x 3K-Byte Mask-Prog. ROM, 96-Byte RAM, C, SI 5±10% 15 2 4 52P4B Notel High Voltage Port, CR Oscillation Type 

M50758-XXXSP 
" 3K-Byte Mask-Prog. ROM, 96-Byte RAM, 

High Voltage Port, Ceramic Oscillation Type 
C, Si 5±10% 15 2 4 52P4B Notel 

M50930-XXXFP 
4K-Byte Mask-Prog. ROM, 128-Byte RAM, C, Si 5±10% 15 1. 86 4.3 80P6 
LCD ControlierlDriver, Senal I/O 

M50931-XXXFP 
4K-Byte Mask-Prog ROM, 512-Byte RAM, C, Si 5±10% 15 1. 86 4.3 80P6 Note2 
LCD Controller/Driver, Serial I/O 

M50932-XXXFP 
8K-Byte Mask-Prog ROM, 512-Byte RAM, C, Si 5±10% 15 1. 86 4.3 80P6 
LCD Controller/Driver, Serial 110 

M50933-XXXFP 
6K-Byte Mask-Prog. ROM, 192-Byte RAM, C, Si 3.8-5.5 15 1. 86 4.3 80P6 
LCD Controller/Driver, Senal I/O 

Note2 
8K-Byte Mask-Prog ROM, 256-Byte RAM, 

M50934-XXXFP LCD Controller/Dnver, Senal I/O C, Si 3.8-5,5 15 1. 86 4.3 80P6 

4K-Byte Mask-Prog ROM, 128-Byte RAM, 
M50940-XXXSP/FP 8-Bit A-D Converter, High Voltage Port, C, SI 5±10% 15 2 4 64P4B172P6 

Serial 110 
Note2 

8K-Byte Mask-Prog. ROM, 192-Byte RAM, 
M50941-XXXSP/FP 8-Blt A-D Converter, High Voltage Port, C, Si 5±10% 15 2 4 64P4B172P6 

Senal I/O 

M50943-XXXSP/FP 
8K-Byte Mask-Prog ROM, 192-Byte RAM, C, SI 5±10% 30 1 8 64P4B/60P6 Notel 
8-Bit A-D Converter, Serial 1/0 

M50944-XXXSP/FP 
12K-Byte Mask-Prog. ROM, 192-Byte RAM, C, SI 3-5.5 15 1. 91 4.19 64P4B/64P6S Note2 
8-Bit A-D Converter, Two Serial II0s 

16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50945-XXXSP/FP 8-Bit A-D Converter, High Voltage Port, C, Si 5±1O% 15 2 4 64P4B172P6 Note2 

Senall/O 

M50950-XXXSP 
6K-Byte Mask-Prog ROM, 144-Byte RAM, C, SI 5±10% 20 1.6 5 52P4B Notel 
High Voltage Port, Two Serial I/0s 

M50951-XXXSP 
4K-Byte Mask-Prog ROM, 144-Byte RAM, C, SI 5±1O% 20 1.6 5 52P4B Notel 
High Voltage Port, Two Serial I/0s 

M50954-XXXSP/FPIGP 
8K-Byte Mask-Prog ROM, 192-Byte RAM, C, Si 4-5,5 20 1. 90 4.2 64P4B/72P61 Notel 
PWM, High Voltage Port, Senal 110 64P6W 

M50955-XXXSP/FPIGP 
10K-Byte Mask-Prog. ROM, 192-Byte RAM, C, Si 4-5.5 20 1. 90 4.2 

64P4B/72P61 
Notel PWM, High Voltage Port, Serial 110 64P6W 

* : New product **: Under development 

Notel: Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS)" 
2 : Refer to the "1990 MITSUBISHI SEM1cONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOM'PUTERS Enlarged 

edition)" 
3: Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS) vol. 2." 
'* : The production of this product is no longer planned due to announcement of new senes or upgrades. 
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MITSUBISHI MICROCOMPUTERS 

INDEX BY FUNCTION 

.Series MELPS 740 single-chip microcomputers (continued) 
Electrical characteristics 

Supply Typ. Min Max 
Type Circuit function and organization Structure voltage pwr cycle fre- Package Page 

(V) isslpalion time quency 
(mW) (,us) (MHz) 

10K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50957-XXXSP/FP PWM, High Voltage Port, 4-Bit Comparator, C, Si 4-5,5 20 1. 90 4,2 64P4B172P6 

Serial 1/0 

12K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M5095B-XXXSP/FP PWM, H'gh Voltage Port, 4-Bit Comparator, C, Si 4-5,5 20 1. 90 4,2 64P4B172P6 Note2 

" Serial 1/0 

16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M50959-XXXSP/FP :if PWM, High Voltage Port, 4-Bit Comparator C, Si 4-5.5 20 1.90 4.2 64P4B/72P6 

Se"alI/O 

10K-Byte Mask-Prog. ROM, 160-Byte RAM, 
M50963-XXXSP/FP % 8-Bit A-D Converter, 5-Bit D-A Converter, PWM, C,S, 5±10% 15 2 4 64P4B/72P6 Notel 

Serial 1/0 

6K-Byte Mask-Prog. ROM, 160-Byte RAM, 
M50964-XXXSP/FP % 8-Bit A-D Converter, 5-B't D-A Converter, PWM, C,S, 5±10% 15 2 4 64P4B/72P6 Notel 

Serial 1/0 

M50734SP/FP 
External ROM, RAM Type, 5-T,mer, 8-Bit A-D C, Si 5±10% 30 1 8 64P4B172P6 
Converter, Serial 1/0 

Note2 
M50734SP/FP-l0 

External ROM, RAM Type, 5-Timer, 8-Bit A-D C, Si 5±10% 35 0.8 10 64P4B/72P6 
Converter, Serial 1/0 

M37100M8-XXXSP/FP 
16K-Byte Mask-Prog ROM, 320-Byte RAM, C,S, 5±10% 27.5 2 4 64P4B/BOP6 2-3 
Two Serial I10s, A-D Converter, OSD Function 

M37102M8-XXXSP/FP * 
16K-Byte Mask-Prog. ROM, 320-Byte RAM, C,S, 5±10% 110 1 4 64P4B/80P6N 2-50 
Two Serial I10s, A-D Converter, PWM, OSD Function 

M37103M4-XXXSP * 
8K-Byte Mask-Prog ROM, 320-Byte RAM, 

C, Si 5±10% 35 2 4 64P4B 2-101 
Serial liS., A-D Converter, PWM, OSD Function 

M37120M6-XXXFP * 
12K-Byte Mask-Prog. ROM, 256-Byte RAM, 

C, Si 5±10% 75 1 4 BOP6N 3-3 
Serial 1/0, A-D Converter, D-A Converter, OSD Function 

M37201 M6-XXXSP * 
24K-Byte Mask-Prog ROM, 384-Byte RAM, C, Si 5±10% 110 1 4 64P4B 2-50 
Two Senal I10s, A-D Converter, PWM, OSD Function 

12K-Byte Mask-Prog ROM, 256-Byte RAM, 
1 2- 147 M37202M3-XXXSP** Serial 1/0, A-D Converter, PWM, OSD Function, C, Si 5±10% 110 1 4 64P4B 

Four Timers 

32K-Byte Mask-Prog. ROM, 512-Byte RAM, 
M37204M8-XXXSP** Serial 1/0, A-D Converter, D-A Converter, PWM, C,S, 5±10% 110 1 4 64P4B 2-195 

OSD Function, Four Timers 

24K-Byte Mask-Prog ROM, 384-Byte RAM, 
M37250M6-XXXSP * Serial 1/0, A-D Converter, PWM, OSD Funcllon, C, Si 5±10% 137.5 1 4 64P4B 2-251 

PLL Function, Four Timers 

M37260M6-XXXSP** 
24K-Byte Mask-Prog ROM, 320-Byte RAM, C, Si 5±1O% 110 1 4 52P4B 2-299 
S-Byte Serial 1/0, OSD Function, Four Timers 

4K-Byte Mask-Prog ROM, 128-Byte RAM, 
M37408M2-XXXSPIFP ** Dual-Port RAM, UART, Bus Interface, C, Si 5±1O% 50 0.8 10 42P4B/44P6N 3-47 

Timer 

M37409M2-XXXSP/FP 
4K-Byte Mask-Prog ROM, 128-Byte RAM, C, Si 5±10% 50 0.8 10 52P4B/56P6N 3-73 
Dual-Port RAM, Three UARTs, Bus Interface, Timer 

M37410M3HXXXFP 
6K-Byte Mask-Prog. ROM, 192-Byte RAM, C, Si 2.5-5.5 30 1 8 80P6S 
Serial 1/0, A-D Converter, LCD Controller/Driver 

M37410M4HXXXFP SK-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 2.5-5,5 30 1 8 
3-101 

80P6S 

M37410M6HXXXFP 12K-Byte Mask-Prog ROM, 256-Byte RAM C, Si 2.5-5,5 30 1 8 80P6S 

M37412M4-XXXFP 
SK-Byte Mask-Prog ROM, 160-Byte RAM,Serial C, Si 5±1O% 15 2 4 72P6 3-137 
1/0, PWM, S-Bit A-D Converter, 5-Bit D-A Converter 

M37413M4HXXXFP 
SK-Byte Mask-Prog, ROM, 256-Byte RAM, C,S, 2.5-5.5 30 i 1 8 80P6S 
Serial 1/0, A-D Converter 

3-167 
M37413M6HXXXFP ** 

12K-Byte Mask-Prog. ROM, C,S, 2.5-5.5 30 1 8 80P6S 
256-Byte RAM 

M37414M5-XXXFP * 
10K-Byte Mask-Prog ROM, 160-Byte RAM, Serial C,8, 5±1O% 15 2 4 72P6 3-199 
1/0, PWM, S-Bit A-D Converter, 5-Bit D-A Converter 

M37415M4-XXXFP 
SK-Byte Mask-Prog ROM, 512-Byte RAM, C, Si 2,5-5.5 20 2.5 3.2 80P6 3-230 Serial 1/0, LCD Controller/Driver, DTMF Generator 

* : New product **: Under development 

Notel: Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS>" 
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2 : Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 
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3: Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS> vol 2." * : The production of this product is no longer planned due to announcement of new series or upgrades. 
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INDEX BY FUNCTION 

.Series MELPS 740 single-chip microcomputers (continued) 
Electrical characteristics 

Supply Typ Min Max 
Type CircUit function and organization Structure voltage pwr cycle !re- Package Page 

(V) dISSlP'b~ time quency 
(mW) (,us) (MHz) 

M37416M2-XXXSP/FP 
* 4K-By1e Mask-Prog. ROM, 12B-Byte RAM, UART, 

Comparator, Bus interface, Key on wake up C, Si 5±10% 50 1 B 52P4B/56P6N 3-263 

M37420M4-XXXSP 
BK-Byte Mask-Prog. ROM, 256-Byte RAM, PWM, C, SI 5±10% 30 1 B 52P4B Serial 110, A-D Converter, D-A Converter, Timer 3-294 

M37420M6-XXXSP 12K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 5±10% 30 1 B 52P4B 

M37421 MB-XXXSP/FP 
12K-Byte Mask-Prog. ROM, 320-Byte RAM, PWM, 
Serial 110, High Voltage Port, 4-Blt Comparator C, Si 5±10% 25 0_95 4.2 64P4B172P6 3-323 

16K-Byte Mask-Prog. ROM, 256-Byte RAM, PWM, 
M37424MB-XXXSP** Serial 110, B-Bit A-D Converter, 5-Bit D-A Converter, C, Si 5±10% 30 1 4 64P4B 

Timer 

16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
3-354 

M37524M4-XXXSP ** PWM, Serial 110, B-Bit A-D Converter, 5-Bit C, Si 5±10% 30 1 4 64P4B 
D-A Converter, Timer 

M3742BM4-XXXFP** 
BK-Byte Mask-Prog. ROM, 3B4-Byte RAM, C, Si 5±10% 15 1 B BOP6N 3-391 UART, LCD Controlier/Driver, Timer 

4K-Byte Mask-Prog. ROM, 12B-Byte RAM, 
M37450M2-XXXSP/FP B-Bit A-D Converter, B-Bit D-A Converter, UART, C, Si 5±10% 30 O,B 10 64P4B/BOP6 

DBB, Three Timers, PWM 
Note3 

M37450M4-XXXSP/FP BK-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 5±10% 30 O.B 10 64P4B/80P6 

M37450M8-XXXSP/FP 16K-Byte Mask-Prog ROM, 384-Byte RAM C, Si 5±10% 30 O,B 10 64P4B/80P6 

M37450S1SP/FP External ROM, 12B-Byte RAM C, SI 5±10% 30 O,B 10 64P4B/80P6 

M37450S2SP/FP External ROM, 256-Byte RAM C, Si 5±10% 30 O.B 10 64P4B/80P6 Note3 

M37450S4SP/FP External ROM, 3B4-Byte RAM C, Si 5±10% 30 O.B 10 64P4B/80P6 

BK-Byte Mask-Prog. ROM, 256-Byte RAM, 
64P4BI 

M37451M4·XXXSP/FP/GP * B-Bit A-D Converter, B-Bit D-A Converter, UART, C, Si 5±10% 40 0.64 12.5 
BOP6N/80PSS Note3 

DBB, Three Timers, PWM 

M37451MB-XXXSP/FP/GP * 16K-Byte Mask-Prog. ROM, 384-Byte RAM C, Si 5±10% 40 0.64 12.5 64P4BI 
Note3 BOP6N/80PSS 

M37451 MC·IOO(SP/FP/GP ** 24K-Byte Mask-Prog. ROM, 512-Byte RAM C, SI 5±10% 40 0.64 12.5 64P4BI 
Note3 BOP6N/80PSS 

M37451SSP/FP/GP ** Extemal ROM, 1024-Byte RAM C, Si 5±10% 40 0.64 12.5 64P4BI Note3 BOP6N/80P6S 

M37470M2-XXXSP 
* 4K-Byte Mask-Prog. ROM, 12B-Byte RAM, C, Si 2.7-5.5 17.5 1 4 32P4B Serial 110, A-D Converter 

* BK-Byte Mask-Prog. ROM, 192-Byte RAM C, SI 2.7-5,5 17,5 1 4 32P4B 
Note3 

M37470M4-XXXSP 

M37470MB-XXXSP * 16K-Byte Mask-Prog. ROM, 3B4-Byte RAM C, Si 2.7-5.5 17.5 1 4 32P4B 

M37471M2-XXXSP/FP * 
4K-Byte Mask-Prog. ROM, 12B-Byte RAM, 

C, Si 2.7-5.5 17.5 1 4 42P4B/56P6N Serial 110, A-D Converter 

BK-Byte Mask-Prog. ROM, 192-Byte RAM 2.7-5.5 17.5 1 4 
Note3 

M37471M4-XXXSP/FP * C, Si 42P4B/56P6N 

M37471M8-XXXSP/FP * 16K-Byte Mask-Prog. ROM, 384-Byte RAM C, Si 2.7-5.5 17.5 1 4 42P4B/56P6N 

* : New product **. Under development 
Notel: Refer to the "19B9 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS>" 

2: Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP B-BIT MICROCOMPUTERS Enlarged 
edition)" 

3: Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS> vol. 2." 
lI:! : The production of this product is no longer planned due to announcement of new seroes or upgrades. 
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INDEX BY FUNCTION 

.Extended operating temperature version of microcomputers 
Electrical charactenstlcs 

Supply Typ Min Max 
Type Circuit function and organization Structure voltage pwr cycle fre- Package Page 

(V) ~~ssIPatlOn time quency 
(mW) (,us) (MHz) 

4K-Byte Mask-Prog. ROM,144-Byte RAM, 
M50744T-XXXSP x Extended Operating Temperature Version of C,Si 5±10% 15 2 4 64P4B Notel 

M50744-XXXSP 

8K-Byte Mask-Prog ROM,256-Byte RAM, 
M50747T-XXXSP Extended Operating Temperature Version of C,SI 5±10% 30 1 8 64P4B Notel 

M50747-XXXSP 

6K-Byte Mask-Prog. ROM,96-Byte RAM, 
M50753T -XXXSP Extended Operating Temperature Version of C,SI 5±10% 15 2 4 64P4B Notel 

M50753-XXXSP 

4K-Byte Mask-Prog ROM, 128-Byte RAM, 
M50930T -XXXFP Extended Operating Temperature Version of C, SI 5±10% 20 1. 86 4_3 80P6 Notel 

M50930-XXXFP 

8K-Byte Mask-Prog ROM, 256-Byte RAM, 
M37450M4TXXXSP/J Extended Operating Temperature Version of C, SI 5±10% 30 0,8 10 64P4B/84PO Note3 

M37450M4-XXXSP 

8K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M37451M4DXXXSPIFP ** Extended Operating Temperature C, SI 5±10% '40 0.64 12.5 64P4B/80P6N Note3 

Version of M37451 M4-XXXSP/FP 

16K-Byte Mask-Prog ROM, 384-Byte RAM, 
M37451M8DXXXSP/FP ** Extended 'Operallng Temperature C, SI 5±10% 40 0.64 12.5 64P4B/80P6N Note3 

Version of M37451 M8-XXXSP/FP 

.Piggyback type microcomputers (EPROM mounted type) 
Electrical characteristics 

Supply Typ Min Max 
Type CirCUit function and organization Structure voltage pwr cycle fre- Package Page 

(V) Issipabon time quency 
(mW) (,us) (MHz) 

M50740-PGVS Piggyback for M50740/M50741 C, Si 5±5% - 2 4 52S1M Notel 

M50742-PGVS Piggyback for M50742/M50708 C, Si 5±5% .- 2 4 64S1M Notel 

M50743-PGVS 
, 

Piggyback f!,r M50743 C, Si 5±5% - 1 8 64S1M Notel 

M50745-PGVS Piggyback for M50745 C, Si 5±5% - 2 4 64S1M Notel 

M50752-PGVS Piggyback for M50757/M50752 C, SI 5±5% - 2 4 52S1M Notel 

M50753-PGVS Piggyback for M50753 C, Si 5±5% - 2 4 64S1M Notel 

M5093l-PGVS Piggyback for M50930/M50931/M50932 C, SI 5±5% - 2 4 80S6M Notel 

M50945-PGVS Piggyback for M50940/M50941/M50945 C, Si 5±5% - 2 4 64S1M Note2 

M50950-PGVS Piggyback for M50950/M50951 C, SI 5±5% - 1.6 5 52S1M Notel 

M50955-PGVS Piggyback for M50754/M50954/M50955 C, SI 5±5% - 1.9 4.2 64S1M Notel 

M50957-PGVS Piggyback for M50957/M50958/M50959 C, SI 5±5% - 1.9 4.2 64S1M Note2 

M50964-PGVS Piggyback for M50964/M50963 C, SI 5±5% - 2 4 64l'>lM Notel 

M37409PSS * Piggyback for M37409M2-XXXSP C, Si 5±5% - 0.8 10 52S1M 3-397 

M374l5PFS Piggyback for M37415M4-XXXFP C, Si 3.0-5.5 - 2.5 3.2 80S6M 3-402 

M3742l P-OOOSS Piggyback for M3742l M6-XXXSP C, SI 5±5% - 0.95 4,2 64S1M 3-410 
M3742l P-001SS 

M37450PSS Piggyback for M37450M2/M4/M8-XXXSP C, Si 5±5% - 0.8 10 64S1M Note3 

M37450PFS Piggyback for M37450M2/M4/M8-XXXFP C, Si 5±5% - 0.8 10 80S6M Note3 

* : New product **: Under development 

Notel: Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS>" 
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2 : Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 
edition)" 

3: Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS> vol 2" '* : The production of thiS product is no long.er planned due to announcement of new series or upgrades 
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MITSUBISHI MIC'ROCOMPUTERS 

INDEX BY FUNCTION 

.Built-in PROM type microcomputers 
Electrical characteristics 

Supply Typ. Min Max 
Type Circuit function and organization Structure voltage pwr cycle Ire- Package Page 

(V) Isslpab", time quency 
(mW) ('lS) (MHz) 

M50746E-XXXSP/FP One Time Programmable Version of M50746-XXXSP/FP C, SI 5±5% 15 2 4 64P4B172P6 Notel 

M50746ES/EFS PROM Version of M50746-XXXSP/FP C, SI 5±5% 15 2 4 64S1B172S6 Notel 

M50747E-XXXSP/FP One Time Programmable Version of M50747-XXXSP/FP C, Si 5±5% 30 1 8 64P4B172P6 Notel 

M50747ES/EFS PROM Version of M50747-XXXSP/FP C, Si 5±5% 30 1 8 64S1B172S6 Notel 

M50944E-XXXSP/FP One Time Programmable Version of M50944-XXXSP/FP C, SI 3-5.5 15 1.9 4.2 64P4B/64P6S 

M50944ES PROM Version of M50944-XXXSP C, Si 3-5.5 15 1.9 4.2 
Notel 

64S1B 

M50957E-XXXSP One Time Programmable Version of M50957 -XXXSP C, Si 5±5% 20 1.9 4.2 64P4B 

M50957ES PROM Version of M50957-XXXSP C, SI 5±5% 20 1.9 4.2 
Notel 

64S1B 

M50963E-XXXSP/FP One Time Programmable Version of M50963-XXXSP C, Si 5±5% 15 2 4 64P4B172P6 Notel 

M50963ES/EFS PROM Version of M50963-XXXSP/FP C, Si 5±5% 15 2 4 64S1B/72S6 Notel 

M37102E8-XXXSP/FP * One Time Programmable VersIOn of M37102M8-XXXSP/FP C, Si 5±10% 110 1 4 64P4B/80P6N 2-354 

M37120E6-XXXFP * PROM Version of M37120M6-XXXFP C, SI 5±5% 75 1 4 80P6N 3-416 

M37201E6-XXXSP * One Time Programmable Version of M37201 M6-XXXSP 5±10% 110 1 4 64P4B 2-354 

M37410E6HXXXFP One Time Programmable Version of M37410M6H-XXXFP C, SI 2.5-5.5 30 1 8 80P6S 

M37410E6HFS PROM Version of M37410M6H-XXXFP C,Si 2.5-5.5 30 1 8 80S6 
3-423 

M37412E5-XXXFP One Time Programmable Version of M37412M4-XXXFP C, SI 5±5% 15 2 4 72P6 3-434 

M37413E6HXXXFP** One Time Programmable Version of M37413M6H-XXXFP C,SI 2.5-5.5 30 1 8 80P6S 

M37413E6HFS ** PROM Version of M37413M6H-XXXFP C,8. 5±5% 30 1 8 80S6 
3-448 

M37414E5-XXXFP * One Time Programmable Version of M37414M5-XXXFP C,S. 5±5% 15 2 4 72P6 3-458 

M37420E6-XXXSP * One Time Programmable Version of M37420M6-XXXSP C, Si 5±5% 30 1 8 52P4B 

M37420E6SS * PROM Version of M37420M6-XXXSP C, SI 5±5% 30 1 8 52S1 
3-472 

M37424E8-XXXSP ** One Time Programmable Version of M37424M8-XXXSP C, SI 5±10% 30 1 4 64P4B 

M37524E4-XXXSP ** One Time Programmable Version of M37524M4-XXXSP C, Si 5±10% 30 1 4 64P4B 
3-480 

M37450E4-XXXSP/FP One Time Programmable Version of M37450M4-XXXSP/FP C, SI 5±5% 30 0.8 10 64P4B/80P6 

M37450E4SS/FS PROM Version of M37450M4-XXXSP/FP C, SI 5±5% 30 0.8 10 64S1B/80S6 
Note3 

M37450E8-XXXSP/FP * One Time Programmable Version of M37450M8-XXXSP/fP C, Si 5±5% 30 0.8 10 64P4B/80P6 

5±5% 
Note3 

M37450E8SS/FS * PROM Version of M37450M8-XXXSP/FP C, Si 30 0.8 10 64S1B/80DO 

M37450E4TXXXSP/J * One Time Programmable VersIOn of M37450M4TXXXSP/J C, SI 5±5% 30 0.8 10 64P4B/84PO Note3 

M37451E4-XXXSP/FP/GP * One Time Programmable Version of M37451M4-XXXSP/FP/GP C, Si 5±10% 40 0.64 12.5 
64P4B/80P6NI 

Note3 80P6S 

M37451 E4SS/FS * PROM Version of M37451M4-XXXSP/FP C, SI 5±10% 40 0.64 12.5 64S1B/80DO Note3 

M37451 ES·XXXSPIFPIGP * One Time Programmable Version of M37451M8-XXXSP/FPIGP C, Si 5±10% 40 0.64 12.5 
64P4B/80P6NI 

Note3 80P6S 

M37451 E8SS/FS * PROM Version of M37451 M8-XXXSP/FP C, SI 5±10% 40 0.64 12.5 64S1B/80DO Note3 

M37451 EC·XXXSP/FPIGP ** One Time Programmable Version of M37451MC-XXXSPIFP/GP C, SI 5±10% 40 0.64 12.5 
64P4B/80P6NI 

Note3 80P6S 

M37451 ECSS/FS ** PROM Version of M37451 MC-XXXSP/FP C, SI 5+10% 40 0.64 12.5 64S1B/80DO Note3 

M37451E4DXXXSP/FP ** One Time Programmable Version of M37451 M4TXXXSP/FP C, SI 5±10% 40 0.64 12.5 64P4B/80P6N Note3 

1.137451 E8DXXXSPIFP ** One Time Programmable Version of M37451 M8TXXXSP/FP C, SI 5±10% 40 0.64 12.5 64P4B/80P6N Note3 

M37470E4-XXXSP * One Time Programmable Version of·M37470M4-XXXSP C, SI 2.7-5.5 17.5 1 4 32P4B Note3 

M37470E8-XXXSP * One Time Programmable Version of M37470M8-XXXSP C, SI 2.7-5.5 17.5 1 4 32P4B Note3 

1.137471 E4·XXXSP/FP * One Time Programmable Version of M37471 M4-XXXSP/FP C, SI 2.7-5.5 17.5 1 4 42P4B/56P6N Note3 

1.137471 E8-XXXSP/FP* One Time Programmable VersIOn of M37471 M8-XXXSP/FP C, SI 2.7-5.5 17.5 1 4 42P4B/56P6N Note3 

M37471E8SS * PROM Version of M37471M8-XXXSP C, SI 2.7-5.5 17.5 1 4 42S1B Note3 

* : New product **: Under development 

Notel: Refer to the "1989 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS>" 
2: Refer to the "1990 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 

edition>" 
3: Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROcbMPUTERS> vol 2" * : The production of this product IS no longer planned due to announcement of new series or upgrades 

.Series 38000 single-chip microcomputers 
Refer to the "1992 MITSUBISHI SEMICONDUCTORS DATA BOOK (SINGLE-CHIP 8-BIT MICROCOMPUTERS> 
Vol. 2." 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Development support systems (1) 

MELPS 740 

Type name Processor mode 

M50740A-XXXSP/FP 

M50741-XXXSP/FP Single-chip mode 

M50740ASP 

M50742-XXXSP/FP 
Single-chip mode 

M50708-XXXSP/FP 

M50743-XXXSP/FP Single-chip mode 

M50744-XXXSP/FP 

M507 44T -XXXSP Single-chip mode 

M50746-XXXSP/FP 

M50746E-XXXSP/FP Microprocessor 

M50746ES/EFS mode 

M50745-XXXSP/FP Single-chip mode 

M50747-XXXSP/FP 

M50747H-XXXSP/FP Single-chip mode 

M50747T-XXXSP 

M50747E-XXXSP/FP Microprocessor 

M50747ES/EFS mode 

M50752-XXXSP 

M50757-XXXSP Single-chip mode 

M50758-XXXSP 

M50753-XXXSP/FP 
Single-chip mode 

M50753T-XXXSP 

M50754-XXXSP/FP/GP 

M50954-XXXSP/FP/GP Single-chip mode 
M50955-XXXSP/FP/GP 

M50930-XXXFP 

M50930T-XXXFP 

M50931-XXXFP 
Single-chip mode 

M50932-XXXFP 

M50933-XXXFP 
M50934-XXXFP 

M50940-XXXSP/FP 

M50941-XXXSP/FP Single-chip mode 

M50945-XXXSP/FP 

M50943-XXXSP/FP Single-chip mode 

M50944-XXXSP/FP 

M50944E-XXXSP/FP Single-chip mode 

M50944ES 

M50950-XXXSP 
Single-chip mode 

M50951-XXXSP 

M50957-XXXSP/FP 

M50957E-XXXSP 
M50957ES Single-chip mode 

M50958-XXXSP/FP 

M50959-XXXSP/FP 

M50963-XXXSP/FP 

M50963E-XXXSP/FP 
Single-chip mode 

M50963ES/EFS 
M50964-XXXSP/FP 

* : New products ** : Under developmenl 
Nole 1 : E~alualion board 

Assembler 

SRA74 

~ 

Debug system 

Debugger Option board 

PCA4040 

PCA4042 

PCA4043 or 

PCA4043R 

PCA4044G02 or 

PCA4044R 

PCA4044XG02 

PCA4045 or 

PCA4045R 

PCA4047G02 or 

PCA4047RG02 

PCA4047XG02 or 

PCA4047XRG02 

PCA4057 

PCA4053 

PCA4054G02 or 
PCA4054RG02 

PC4000E 

PCA4093 or 

PCA4093R 

PCA4094 or 

PCA4094RG02 

PCA4033 

PCA7044 

PCA4095 

PCA4054G02 or 
PCA4054RG02 

PCA4064 or 

PCA4064R 

2: Notes for operating temperature rang\:;; about the extended operating temperature version microcomputer 
3 : Notes for supply vollage range aboullhe M50932-XXXFP, M50933-XXXFP. 
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For evaluation 
Control 
software 

M50740-PGYS 

M50742-PGYS 

M50743- PGYS 

M50746ES/EFS 
(Note 2) 

M50745-PGYS 

M50747ES/EFS 
(Nole 2) 

M50752-PGYS 

M50753-PGYS 
(Nole 2) 

M50955-PGYS 

RTT74 

M50931-PGYS 
(Note 2,3) 

M50945-PGYS 

PCA4333G02 
(Note 1) 

M50944ES 

M50950-PGYS 

M50957-PGYS 

M50957ES 

M50963ES/EFS 



MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Development support systems (2) 

MELPS 740 Debug system 
Assembler For evaluation 

Type name Processor mode Debugger Option board Control 
software 

M37100MB-XXXSP/FP Single-chip mode 
M37100T -OPT or 

M 371 OOP-OOOSS 
M37100T2-RTI 

M37102MB-XXXSP/FP 

M37102E8-XXXSP/FP Single-chip mode M37102T-RTI M37102E8SS/FS** 

M37102E8SS/FS PC4000E 

M37103M4-XXXSP Single-chip mode M37100T2-RTT ~ 

M37120M6-XXXFP 
Single-chip mode 

M37120E6-XXXFP 
M37120T-RTI M37120E6-XXXFP* 

M37201 M6-XXXSP 

M37201 E6-XXXSP M37201 E6SS** 

M37201E6SS 

M37202M3-XXXSP PC4000E 

M37202E3-XXXSP Single-chip mode + M37201T5-POD* M37202E3SS** 

M37202E3SS PC4600* 

M37204MB-XXXSP 

M37204E8-XXXSP M37204E8SS** 

M37204E8SS 

M37250M6-XXXSP 

M37250E6-XXXSP Single-chip mode PC4000E M37250T -RTT* M37250E6SS** 

M37250E6SS 

PC4000E 

M37260M6-XXXSP 
Single-chip mode + M37260T5-POO* 

M37260E6-XXXSP 
PC4600* 

M37260E6SS** 

M37260E6SS 
M37260TX-OPT* 

Microprocessor mode (8e necessary to order 

producing this board) 

M3740BM2-XXXSP/FP Single-chip mode - -
M37409M2-XXXSP/FP Single-chip mode M37409T-OPT M37409PSS* 

M37410M3HXXXFP 

M37410M4HXXXFP 

M37410M6HXXXFP Single-chip mode SRA74 M37410T-OPT RTI74 M37410E6HFS 

M37410E6HXXXFP 

M37410E6HFS 

M37412M4-XXXFP 
Single-chip mode 

M37412E5-XXXFP 
M37412T-OPT M37412E5-XXXFP 

M37413M4HXXXFP 

M37413M6HXXXFP 
Single-chip mode M37413T-RTI M37413E6HFS** 

M37413E6HXXXFP 

M37413E6HFS 

M37414M5-XXXFP 
Single-chip mode M37414T-RTI M37414E5-XXXFP* 

M37414E5-XXXFP 

M37415M4-XXXFP 
PC4000E 

Single-chip mode M37415T-OPT M37415PFS 

M37416M2-XXXSP/FP Single-chip mode M37416T-RTI* -
M37420M4-XXXSP 

M37420M6-XXXSP 
Single-chip mode M37 420T -OPT M37420E6SS* 

M37420E6-XXXSP 

M37420E6SS 

M37421 M6-XXXSP/FP Single-chip mode M37421T-OPT 
M37 421 P-OOOSS 

M37421 P-001 SS 

M37424M8-XXXSP 

M37424E8-XXXSP Single-chip mode M37424T-RTT* M37424E8SS** 

M37424E8SS 

M37524M4-XXXSP 

M37524E4-XXXSP Single-chip mode M37524T -RTT* M37524E4SS** 

M37524E4SS 

PC4000E 

M37428M4-XXXFP Single-chip mode + M37428RFS -

PC4600* (Note2) 

* : New products ** : Under development 
Note1: Evaluation board Note 2 : Be necessary to order exchanging the monitor ROM. 
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Mn'SUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Development support systems (3) 

MELPS 740 Debug system 
Assembler 

Type name Processor mode Debugger Option board Control 
software 

M50734SP/FP 
PC4000E 

PCA4034G02 Or -
M50734SP-l0 PCA4034RG02 

Development support systems (4) series 7450 

Senes 7450 " Debug system 

Assembler Control Base PC4000E Base PC4600 
Type name Processor mode software Debugger Option board Debugger Emulator MCU 

M37450M2-XXXSP/FP 

M37450M4-XXXSP/FP 
M37 450T -0 PT 

Single-chip or 
M37 450M4TXXXSPI J mode M37450T-RTT 
M37450M8-XXXSP/FP 

M37450E4-XXXSP/FP M37450RSS 

M37450E4TXXXSP/J or 

M37450E4SS/FS Microprocessor PC4000E M374.50RFS 

M37450E8-XXXSP/FP mode M37450TX-OPT 
(Note 2) 

M37450EBSS/FS 
or 

M37450S1 SP/FP 
M37450TX-RTT 

M37450S2SP/FP 
Microprocessor 

M37450S4SP/FP 
mode PC4000E 

RTT74 
M37451 M4-XXXSP/FP/GP SRA74 

(Note 1) + 
M37451 M8-XXXSP/FP/GP PC4600* 

M37451 MC-XXXSP/FP/GP 

M37451 E4-XXXSP/FP/GP Single-chip 

M37451E4SS/FS mode 

M37451 E8-XXXSP/FP/GP 
M37451 RSS 

M37451 EBSS/FS 

M37451 EC-XXXSP/FP/GP -- or 

M37 451 ECSS/FS Microprocessor 
M37451RFS 

M37451M4DXXXSP/FP mode 
(Note 2) 

M37 451 M8DXXXSP/FP 

M37451E4DXXXSP/FP 

M37451E8DXXXSP/FP 

M37451SSP/FP/GP 
Microprocessor 
mode 

* : New products 
Notel: PC4600 is supported by software version up 

2 : Pitch converter PCA4932 is necessary to RFS type 
3 : Notes for operating temperature range about the extended operating temperature version microcomputer 

Development support systems (5) series 7470 

Senes 7470 
--

Assembler 
Type name Processor mode Control 

software 

M37470M2-XXXSP 

M37470M4-XXXSP 

M37470M8-XXXSP 

M37470E4-XXXSP 

M37470EB-XXXSP 

M37471 M2-XXXSP/FP Single-chip mode SRA74 RTT74 (Note 1) 

M37471 M4-XXXSP/FP 

M37471M8-XXXSP/FP 

M37471 E4-XXXSP/FP 

M37471E8-XXXSP/FP 

M37471EBSS 

* : New products 
Notel: PC4600)s supported by software version up 

2: Pitch converter PCA4906 IS necessary to M37470 
3 : Pitch converter PCA4907 is necessary to QFP package type 

1-10 • MITSUBISHI 
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Debug system 

Debugger Emulator MCU 

PC4000E 

+ M37471RSS (Note 2,3) 

PC4600* 

For evaluation 

-

For evaluation 

M37450PSS/PFS, 

M37450E4SS/FS 

or 

M37450EBSS/FS* 

(Note 3) 

M37451 E4SS/FS*, 

M37451 EBSS/FS* 

or 

M37451 ECSS/FS** 

(Note 3) 

For evaluation 

M37470E4-XXXSP* 

M37470E8-XXXSP* 

M37471 EBSS* 



MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Development support systems (6) series 38000 

Type name Assembler 
Debug system 

Conlrol software Debugger 

M38002M2-XXXSP/FP 

M38002E2-XXXSP/FP 

M38002E2SS/FS 

M38002M4-XXXSP/FP 

M38002E4-XXXSP/FP 

M38002E4SS/FS 

M38003M6-XXXSP/FP 

M38003E6-XXXSPIFP 

M38003E6SS1 FS 

M38004M8-XXXSP/FP 

M38004E8-XXXSPIFP 

M38004E8SS/FS 

M38007M4-XXXSP/FP 

M38007E4-XXXSPIFP 

M38007E4SS/FS 

M38042M3-XXXFP 

M38042E3-XXXFP 

M38042E3FS 

M38062M3-XXXFP/GP 

M38062E3-XXXFPIGP 

M38062E3FS 

M38062M4-XXXFP/GP 

M38062E4-XXXFPIGP 

M38062E4FS 

M38063M6-XXXFP/GP 

M38063E6-XXXFPIGP PC4000E 
M38063E6FS SRA74 RTT74 (Nole 1) + 
M38064M8-XXXFP/GP PC4600* 
M38064E8-XXXFPIGP 

M38064E8FS 

M38102M5-XXXSP/FP 

M38102E5-XXXSP/FP 

M38102E5SS 

M38103M6-XXXSPIFP 

M38103E6-XXXSP/FP 

M38103E6SS 

M38112M4-XXXSP/FP 

M38112E4-XXXSPIFP 

M38112E4SS 

M38172M4-XXXFP 

M38172E4-XXXFP 

M38172E4FS 

M38173M6-XXXFP 

M38173E6-XXXFP 

M38173E6FS 

M38174M8-XXXFP 

M38174E8-XXXFP 

M38174E8FS 

M38184M8-XXXFP 

M38184E8-XXXFP 

M38184E8FS 

* : New products ** Under development 
Note1: PC 4600 is supported by software version up 

2 : Pitch converter M38007T-PRB is necessary to QFP package type 
3 : Pitch converter PCA4932 IS necessary 

Emulation MCU 
For evaluation 

M38002E2SS/FS 

M38002E4SS/FS 

M38007RSS (Note 2) M38003E6SS/FS 

M38004E8SS/FS 

M38007E4SS/FS 

Under development M38042E3FS 

M38062E3FS 

M38067RFS (Note 3) 
M38062E4FS 

M38063E6FS 

M38064E8FS 

M38107RSS (Note 2) 
M38102E5SS 

M38103E6SS 

M38117RSS (Note 2) M38112E4SS 

M38172E4FS 

M38177RFS (Note 3) M38173E6FS 

M38174E8FS 

M38187RFS** (Note 3) M38184E8FS 
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MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Program writing adapter for built-in 
PROM type microcomputers 

Built-in PROM type micrncomputers 
Program writing adapter 

type name 

M50746E-XXXSP 
PCA4700G02 

M50746ES 

M50746EFS 
PCA4701G02 

M50746E-XXXFP 

M50747E-XXXSP 
PCA4700G02 

M50747ES 

M50747E-XXXFP 
PCA4701G02 

M50747EFS 

M50944E-XXXSP 
PCA4715 

M50944ES 

M50944E-XXXFP PCA4714 

M50957E-XXXSP 
PCA4703 

M50957ES 

M50963E-XXXSP 
PCA4700G02 

M50963ES 

M50963E-XXXFP 
PCA4701G02 

M50963EFS 

M37102E8-XXXSP 
PCA4724 

M37102ESSS 

M37102E8-XXXFP 
PCA4725 

M37102E8FS 

M37120ES-XXXFP PCA471S(Note 1) 

M37201 ES-XXXSP 
PCA4723 

M37201ESSS 

M37202E3-XXXSP 

M37202E3SS 

M37204E8-XXXSP 
PCA472S* 

M37204E8SS 

M37250ES-XXXSP 

M37250ESSS 

M37260ES-XXXSP 
PCA4736* 

M37260ESSS 

M37260ES-XXXFP 
PCA4737* 

M37260ESFS 

M37410ESHXXXFP PCA4705 

M37410E6HFS PCA470S 

M37412E5-XXXFP PCA4720 

M37413ESHXXXFP PCA4728 

M37413ESHFS PCA4729 

M37414E5-XXXFP PCA4720 

M37420ES-XXXSP 
PCA4727 

M37420ESSS 

M37424E8-XXXSP 

M37424E8SS 
PCA4721 

M37524E8-XXXSP 

M37524E8SS 

M37450E4-XXXSP 

M37450E4SS 

M37450E8-XXXSP 

M37450E8SS 

M37451 E4-XXXSP PCA4710 

M37451E4SS 

M37451 E8-XXXSP 

M37451E8SS 

M37451 EC-XXXSP 

1-12 

-

Program writing adapter for built-in 
PROM type microcomputers (continued) 

BUilt-in PROM type mlcrocomput.IS 
Program writing adapter 

type name 

M37451 ECSS 
PCA4710 

M37450E4TXXXSP 

M37450E4TXXXJ PCA4712(Note 1) 

M37450E4-XXXFP 

M37450E4FS C PCA4711 

M37450E8-XXXFP 

M37450E8FS 

M37451E4FS 
PCA4719 

M37451E8FS 

M37451 ECFS 

M37451 E4-XXXFP 

M37451 E8-XXXFP PCA4751* 

M37451 EC-XXXFP 

M37451 E4-XXXGP 

M37451 E8-XXXGP PCA4752* 

M37451 EC-XXXGP 

M37451 E4DXXXSP 
PCA4710 

M37451 E8DXXXSP 

M37451 E4DXXXFP 

M37451 E8DXXXFP 
PCA4751* 

M37460E8-XXXFP PCA4713(Note 1) 

M37470E4-XXXSP 

M37470E,,""XXXSP 

M37471 E4-XXXSP PCA4730 

M37471 E8-XXXSP 

M37471E8SS 

M37471 E4-XXXFP 

M37471 E8-XXXFP 
PCA4731 

M38002E2-XXXSP 

M38002E2-XXXFP 

M36002E2SS 
Under development 

M38002E2FS 

M38002E4-XXXSP PCA4738S-64 

M38002E4-XXXFP PCA4738F-64 

M38002E4SS PCA4738S-64 

M38002E4FS PCA4738L-64** 

M38003E6-XXXSP 

M38003E6-XXXFP 

M38003E6SS 

M38003ESFS 

M38004E8-XXXSP 

M38004E8-XXXFP 

M38004E8SS 

M38004E8FS 

M38007E4-XXXSP I Under development 

M38007E4-XXXFP 

M38007E4SS 

M38007E4FS 

M38042E3-XXXFP 

M38042E3FS 

M380S2E3-XXXFP 

M380S2E3-XXXGP 

M380S2E3FS 

* : New product **: Under development 
Note1: Be necessary to order prodUCing this board 



MITSUBISHI MICROCOMPUTERS 

DEVELOPMENT SUPPORT SYSTEMS 

Program writing adapter for built-In 
PROM type microcomputers (continued) 

BUllt·in PROM type microcomputers 
Program wrlbng adapter 

type name 

M38062E4-XXXFP 

M38062E4·XXXGP Under development 

M38062E4FS 

M38063E6·XXXFP PCA4738F·60 

M38063E6·XXXGP PCA4738G-80 

M38063E6FS PCA4738L·60 

M38064E8·XXXFP 

M38064E8·XXXGP Under development 

M38064E8FS 

M38102E5·XXXSP PCA4738S·64 

M38102E5·XXXFP PCA4738F·64 

M38102E5SS PCA4738S·64 

M38103E6-XXXSP 

M38103E6·XXXFP Under development 

M38103E6SS 

M38112E4-XXXSP PCA4738S·64 

M38112E4-XXXFP PCA4738F-64 

M38112E4SS PCA4738S-64 

M38172E4-XXXFP 

M38172E4FS 

M38173E6·XXXFP 

M38173E6FS 
Under development 

M38174E8·XXXFP 

M38174E8FS 

M38184E8-XXXFP PCA4738F-l00* 

M38184E8FS Under development 

* : New product **: Under development 

1-13 



MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 

FUNCTION CODE 
Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric type"codes which define the func
tion of the IC/lSls and the package style. 

1. Mitsubishi Original Products 

Example 1. M 5 07 40 - '001 SP -2 

T 
-, -, - r- - ,- -

M : Mitsubishi integrated prefix 

Temperature range 
5 : Standard industrial/commercial 

(0 to 70/75t or - 20 to 85°C) 
9 : High reliability 

Series designation using 1 or 2 alphanumeric chracters. 
01~09 : CMOS 
1 : Linear circuit 
3 : TTL 
10~19 : Linear circuit 
32~33 : TTL 
41~47 : TTL (the others) 
81 : P-channel aluminum-gate MaS 
84 : CMOS 
85 : P-channel silicon-gate MaS 
86 : P-channel aluminum-gate MaS 
87 : N-channel silicon-gate MaS 
88 : P-channel alumjnum-gate ED-MaS 
89 : CMOS 
9 : DTl 
SO~S2 : Schottky TTL 

Circuit function identification code using 2 digits. 
A character next to 2-digit alphanumeric characters, "T", is represented 
using for automobile/industrial 

Mask ROM number 

Package style 
K : Glass-sealed ceramic flat package 
P : Molded plastic 
FP : Molded plastic flat package 
GP : Molded plastic flat package 
SP : Molded plastic shrink package 
S : Metal-sealed ceramic 

'---Electrical characteristic identification code using 1 or 2 digits 

1-14 



Example 2. M 3 74 50 E 4 

T 
-, -, 

I 

001 SP 
-,-- - r-

MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 

M : Mitsubishi integrated prefix 

3 : Represent an original single-chip microcomputer 

Series designation using 2 alphanumeric chracters 

Circuit function identification code using 2 digits 

Memory identification code using a digit 
E : EPROM 
M : Mask ROM 
N : Mask ROM+EEPROM 
P : Piggyback 
S : External ROM 

Memory size identification code using a digit 

Normally, using hyphen. 
When electrical characteristic, or division of quality identification 
code using alphanumeric character. 
T : For automobile/industrial 

Mask ROM number 

1.--1 Package style 
J : PLCC, or SOJ package 
K : Glass-sealed ceramic flat package 
P : Molded plastic DIP 
FP : Molded plastic flat package 
FS : Ceramic .flat package 
GP : Molded plastiC flat package 
SP : Molded plastic shrink package 
S : Ceramic (layered type) package 
SS : Ceramic shrink package 

\, , 

1-15 



MITSUBISHI MICROCOMPUTERS 

ORDERING INFORMATION 

2. PACKAGE CODE 
Package style may be specified by using the following simplified alphanumeric code. 

1-16 

Example: 42 4 B 
L----f---+----f-Number of pins 

'----+---+-Package structure 
K : Glass-sealed ceramic 
P : Molded plastic 
S : Metal-sealed ceramic 

Package outline 
1 : DIP 

2 : SOP 
4 : DIP 
6 : QFP 

Secondary outline code 
Special-purpose secondary codes describing outline are included as necessary. For 
details, contact your sales representative. 

• MITSUBISHI 
;"ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

32P4B 32pin molded plastic DIP Dimension In mm 

28. O±O. 2 

x « 00 :::;; t'1 t'1 

t1 H H t1 t1 gPJ-~ 
00 
0 

1-1 cO H HH 
z - - -

~\ 
~ ~ 
0 V V V u u V V V ~ M'--- u 

1. 778 1. o:!:U O. 59MAX O. 73 

SEATING PLANE 

10.16 I II +0.1 
~5_0.02 

42P4B 42pin molded plastic DIP Dimension In mm 

36.7 +0.5 

~:::::: :~~::::::: :]] 
ill ® 

0.27 :!::8: 8~ 
1. 778±0. 25 . o. 5±O. 1 

l:!:~: r 
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42518 42pin ceramic DIP 

40. 64±0. 40 

@ 

III 
[QJ 

INDEX <D 
3.05MAX 

1. 78±0. 13 

44P6N Plastic 44pin QFP 

12. 8±0. 3 
10. O±O. 2 

d ~ 
+1 +1 
o <Xl 

d N 

1-18 

@ 

O. 46±0. 05 
(0.8) 

""' N 

d 
+1 
'" ..,. 
u; 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

Dimension in mm 

15. 24±0. 25 

Dimension in mm 

2.8 O(min.) 

SEATING PLANE 

O. 15~~: g~ 

3. 05(max) 
1.4 

SEATING PLANE 



50P6 

52P4B 

50pin molded plastic QFP 
15.6±0.3 

10.0±0.15 

52pin molded plastic DIP 

1 778tO 25 

45 85 to 5 
-0 2 

® 

~ 0') 

d d 

~ +1 
0 

N 00 

@ 

• MITSUBISHI 
;"B.ECTRIC 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

Dimension In mm 

2.0 OMIN 

fi SEATING PLANE 

O. 15:!:~: ~~ 
2.44MAX 

~ 
U1.5±0.2 

Dimension in mm 

I 
!..... 15 2 ~ 17 
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52S1 52pin ceramic DIP 

51.4MAX 

,-
, 

0 x 
-0: 
::< 
00 
.,; 

0 ,-
CD '\ INDEX MARK 

@ 

z z ~ 
~ ~ ::< 
a a ... (0.9) 
,....: M ui 

1.78±0.15 

52S1M 52pin piggyback DIP 

50.8 

~I 

~--@@@@D@@@@---

) '" '" 0 '" ... .q. L.Ci cri 
~ ~ 

.... .,,@@@@@@@@@@@@@@ .. .,,= 
--~ 

1-20 • MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

Dimension in mm 

O. 25±0. 08 

15.2+6. 5 

Dimension In mm 



MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

56P6N 56 pin molded plastic OFP Dimension in mm 

16. 8±O. 3 

14.0±O.2 

'" N 
d d 
+1 +1 
<Xl 0 
N d 

3.05MAxTF~~I2.8 
~;~ 

60P6 60pin molded plastic OFP 
18. O±O. 3 

Dimension In mm 

@ 

~ '" 0 0 
+1 +1 
N 0 

M 00 

® 

~SEAfiNG PLANE 

O. 15~~: ~~ 
2. 44MAX 

2.4 

'\ """0 ,~"' ~] 
U 1. 3±O.2 
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64P48 

CD 

64P6N 

1-22 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

64pin molded plastic DIP(Lead pitch 1.778mm) Dimension In mm 

, 718 ± a 25 

64pin 

CD 

@ 

® 

56 4+ 0 . 5 
. ~O.2 

molded plastic 
16. 8±O. 3 

QFP 

@ 

@ 

N 

d 
+1 
C> 

..,; 

@ 

@ 

2.8 

M 

d 
+1 
'" u:i 

SEATING PLANE 

SEE DETAIL F 
O. 35±O. 1 

• MITSUBI$HI 
.... B.ECTRIC 

___ -19---2~ 

Dimension in mm 



MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

64P6S 64pin molded plastic QFP Dimension in mm 

14±O.2 

<Xl 

N 

16. 8±O. 3 

N 

o 
+1 
o 

x « 
~ 

I 

o ",N 

M 0° 

~~ 
'" o ~nnnnnnnnnn~ 

I 12.8±O.3 I 

64P6W 64pin molded plastic QFP Dimension in mm 

19. 2±0. 3 

en - '" d d 
+1 +1 
o N 
d Lt"l 
N N 

I 
I 
j 

2.15 OMIN 

r 

I .~~ SEATING PLANE 2.6 

®------' 0.15 ~~:~~ ~ 
~ I 2. 59MAX 

~dflJ,;;;tJ;;;tJ;;;;tJ:;:;tJ~tJn;;;;.~;·.;·.;;;tJ;;::tJ~~J SEATING PLANE U 
l:1LLLgEDETAILF 1.3±O.2 DETAILF 

O. 35~~: ~5 

• MITSUBISHI 
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6451 B 64pin ceramic DIP 

58 5MAX 

(@ @ 

0 
"'" 

CD '\ INDEX 
@ 

6451M 

IHl 

) 

\7 

CD 

1-24 

64pin piggyback DIP 

580+06 . _. 
@ 

~~~§~§§§§§§§§§ 

~!>J~~~~[C>J~~i<!i<!i<![C>J1iil 

• MITSUBISHI 
"'ELECTRIC 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

Dimension In mm 

x 
« 
~ 
en 
en 
m 

z 
-
~ 

( 0.25±0.08 

+ 1.5 
i. 19.05 0 

x 

~I en 

DimenSion In mm 

O 25+0.07 
. -0.05 
19.05±0.3 



72P6 

~ 
o 
+1 
IX) 

a 

72pin molded plast ic QFP 

~= 

" In 00 

CD 

OO~ +~I r100-UDDDDDDDDDDDDDDDDDD ili 1 5+02 
o I I 18+0.2 I I I" . - . 

23.6±0.3 

8000 80pin molded ceramic LCC 

21. o±o. 2 

(20.0) 

¢68.B 

18. 40±0. 15 

_ N 

o 0 
"': +1 
... <.0 

-=Lri 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

a 0 
+1 +1 
N il3 

a 

I 00000000'00000"00 I 1 ! 1 

I I N x 12. O±O. 15 J d « 
Eo +1 ::0 

co N 
" M 

Dimension In mm 

Dimension in mm 

• MITSUBISHI 
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80P6 

.... L(')~ 00 

00 

+1 
L(') 

o 

80P6N 

1-26 

80pin molded plastic QFP 

0 
+1 
C> 

0 

UL UUUL UUUUU rOil 
20±0.2 1.3±0.2~ 

25.2+0.3 

80pin molded plastic QFP 
16.8±O.3 

14. O±O. 2 

N '" 
d d 
+1 +1 
o 00 

~ ?:j 

+1 
~ 
N 

1.3 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

±0.2 rl Ir nnr nnn nrnrnr rn. 

14+0.2 ~f 
19.2±0.3 

,0 
10 

Dimension in mm 

, SEATING PLANE 

1.4 

3.05MAX 

3J SEATING PLANE 

• MITSUBISHI 
"'ELECTRIC 

-It-o. 6±O. 2 



80P6S 

~61 

O. 6±0. 2 

8056 

¢8.89 

80pin molded plastic QFP 
14+0.2 

o ,46 

N 

o 
+1 ..,. 

~rnn~mrnrnTIrnmmrn~~~ql~ x 

z 
::E 
o 

16. 8±0. 3 

80pin molded ceramic QFP 

@ 

@ 

..: 
::;; 
U') 
o 
c<i 

N 

0 
+1 
0 
0 

...j 

U')N 
00 

do 
+1 

U') 

o 

• MrrsuBlSHl 
;"ELECTRIC 

N 

0 
+1 
N 

oi 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

Dimension In mm 

~nnnnnnnnnnnnnnnn~ 
I ' 16. 8±0. 3 I 

Dimension In mm 
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80S6M 80pin piggyback QFP 

<.doi 

Index on the package 

Index on the socket 

84PO I 84pin molded plastic 

E~~"" 30.10 MIN 
29.41 MAX 
29.21 MIN 

IjJ) (j)~ 

© 0 

X z <-::;:::;: 
"'..,. 
...;...; 

@ 0 
.~ 

leaded chip 

@ 

@ 

~ 
~ 
~ 
~ X z 

~ <-::;:::;: 

~ :;;;:N 
cicn 

~ "IN 

~ 
~ Ii I 

0 p~ I 
----'L 

~ 

x 
< ::;: 
m 

carrier 

><z «-
::;:::;: 
",0 
00-

do 
MOO 

I 1IlllllJIlIli 1'111111111111111111111111111 ~ ."."." .. " .. _".". _"."_"_ ."_"_U_~ 

[I27l 0.53 MAX reo 0.1 >< z 
0.33 MIN ~ ::i 

28.7 MAX 
27.7 MIN 

1-28 
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MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

Dimension In mm 

Dimension In mm 

r~ ill I 0.66 MIN . I 

o I. 28. 7 MAX , I 
I 27.7 MIN 



100P6S Plastic 100pin QFP 

00 

N 

22.8 

MITSUBISHI MICROCOMPUTERS 

PACKAGE OUTLINES 

-O.6±O.2 
d 

I~--':"':':::''::'':''::''''---~ +1 

16.8 d 
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MITSUBISHI MICROCOMPUTERS 

LETTER SYMBOLS FOR THE DYNAMIC'PARAMETERS 

1. INTRODUCTION 
A system of letter symbols to be used to represent the 

dynamic parameters of intergrated circuit memories and 
other sequential circuits especially for single-chip micro

computers, microprocessors and LSls for peripheral 
circuits has been discussed internationally in the TC47 

of the International Electrotechnical Committee (IEC). 
Finally the IEC has decided on the meeting of TC47 in 

February 1980 that this system of letter symbols will be 
a Central Office document and circulated to all countries 

to vote which means this system of letter symbols will 

be a international standard. 
The system is applied in this LSI data book for the 

new products only. Future editions of this data book 
will be applied this system. The IEC document which 

describes "Letter symbols for dynamic parameters of 
·sequential integrated circuits, including memories" is 

. introduced below. In this data book, the dynamic para

meters in the lEe document are applied to timing 
requirements and switching characteristics. 

2. LETTER SYMBOLS 
The system of letter symbols outlined in this document 

enables symbols to be generated for the dynamic para
meters of complex sequential circuits, including memo

ries, and also allows these symbols to be abbreviated to 

simple mnemonic symbols when no ambiguity is likely 
to arise. 

2.1. General Form 

The dynamic parameters are represented by the general 
symbol of the form -

tA(BC-DC)F ..................................... (1) 

where: 

Subscript A indicates the type of dynamic parameter 

being represented, for example; cycle 

time, setup time, enable time, etc. 

Subscript B indicates the name of the signal or terminal 
for which a change of state or level (or 
establ ishment of a state or level) con
stitutes a signal event assumed to' occur 

first, that is, at the beginning of the time 
interval. If this event actually occurs last, 
that is, at the end of the time interval, 
the value of the time interval is negative. 

Subscript C indicates the direction of the transition 

and/or the final state or level of the signal 
represented by B. When two letters are 
used, the initial state or level is also indi

cated. 

1-30 

Subscript D indicates the name of the signal or terminal 
·for which a change of state or level (or 

establishment of a state or level) consti

tutes a signal event assumed to occur last, 
that is, at the end of the time interval. If 
this event actually occurs first, that is, at 

the beginning of the time interval, the 

value of the time interval is negative. 

Subscript E indicates the direction of the transition 
and/or the final state or level of the signal 

represented by D. When two letters are 

used, the initial state or level is also indi

cated. 
Subscript F indicates additional information such as 

mode of operation, test conditions, etc. 
Note 1 Subscripts A to F may each conSists of one or more letters 

2 Subscripts 0 and E are not used for tranSItion times 

3 The "-" In the symbol {1} above IS used to indicate "to", hence the sym

bol represents the time Interval from Signal event B occunng to Signal 

event 0 Dc-curing. and It IS Important to note that thiS convention IS used 

for all dynamic parameters Including hold times Where no misunder

standing can occur the hyphen may be omitted 

2.2. Abbreviated Form 
The general symbol given above may be abbreviated 
when no misunderstanding is likely to arise. For example 

to: 

tA(B-D) 

or tA(B) 

or tA(D) often used for hold times 

or tAF no brackets are used in this case 

or tA 

or tBC-DE often used for unclassified time 

intervals 

2.3. Allocation of Subscripts 

In allocating letter symbols for the subscripts, the most 
commonly used subscripts are given single letters where 

practicable and -those less commonly used are designated 

by up to three letters. As far as possible, some form of 

mnemonic representation is used. Longer letter symbols 

may be used for specialised signals or terminals if this 

aids understanding. 

3. SUBSCRIPT A 
(For Type of Dynamic Parameter 

The subscript A represents the type of dynamic para

meter to be designated by the symbol and, for memo

ries, the parameters may be divided into two classes: 
a) those that are timing requirements for the memory 

and 



MITSUBISHI MICROCOMPUTERS 

LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 

b) those that are characteristics of the memory. 

The letter symbols so far proposed for memory circuits 

are listed in sub-clauses 3.1 and 3.2 below. 

All subscripts A should be in lower-case. 

3.1. Timing Requirements 

The letter symbols for the timing requirements of semi

conductor memories are as follows: 

Term 

Cycle time 

Time interval between two signal events 

Fall time 

Hold time 

Precharging time 

Rise time 

Recovery time 

Refresh time interval 
Setup time 

Transition time 

Pulse duration (width) 

3.2. Characteristics 

Subscript 

c 
d 

h 

pc 

rec 

rf 
su 

w 

The letter symbols for the dynamic characteristics of 

semiconductor memories are as follows: 

Characteristic Subscript 

Access time a 
Disable time dis 
Enable time en 
Propagation time p 

Recovery time rec 
Transition time T 
Valid time v 
Note Recovery tlfne for use as a characteristic IS limited to sense recovery tlmp 

4. SUBSCRIPTS BAND D 
(For Signal Name or Terminal Name) 

The letter symbols for the signal name or the name of 

the terminal are as given below. 

All subscripts Band D should be in upper-case. 

Signal or terminal Subscript 

Address A 

Clock C 
Column address CA 

Column address strobe CAS 
Data input D 
Data input/output DO 

Chip enable E 

Erasure ER 
Output enable G 
Program PR 
Data output 0 
Read R 
Row address RA 
Row address strobe RAS 
Refresh RF 
Read/Write RW 
Chip select S 
Write (write enable) W 

Note 1 In the letter symbols for time Intervals, bars over the subSCripts, for ex

ample CAS. should not be used 

2 It should be noted, when further letter symbols are chosen, that thp sub 

scnpt should not end with H, K, V, X, or Z (See clause 5) 

3 If the same terminal, or signal, can be used for two functions (for example 

Data Input/output, Read/VVrlte) the waveform should be labelled with the 

dual functIOn, If appropriate, but the symbols for the dynamic parameters 

should Include only that part of the subscript relevant to thp paramett'r 

5. SUBSCRIPTS C AND E 
(For Transition of Signal) 

The following symbols are used to represent the level or 

state of a signal: 

Transition of signal 

High logic level 

Subscript 

Low logic level 
H 

L 
Valid steady-state level (either low or high) V 

Unknown, changing, or 'don't care' level X 

High-impedance state of three-state output Z 

The direction of transition is expressed by two letters, 

the direction being from the state represented by the 

first letter to that represented by the second letter, with 

the letters being as given above. 

When no misunderstanding can occur, the first letter 
may be omitted to give an abbreviated symbol for sub

scripts C and E as indicated below. 
All subscripts C and E should be in upper-case. 

Subscript 

Examples Full Abbreviated 

Transition from high level to 
low level HL L 

Transition froin low level to 
high level LH H 

Transition from unknown or 
changing state to valid state XV V 

Transition from valid state to 
unknown or changing state VX X 

Transition from high-impedance 
state to valid state ZV V 

Note Since subscnpts C and E may be abbreViated, and Since subSCripts Band D 

may contain an indeterminate number of letters, It IS necessary to put the 

restnctlOn on the subscnpts Band 0 that they should not end With H, L, 

V, X, or Z, so as to aVOid possible confUSion 

1-31 
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 

6. SUBSCRIPT F (For Additional Information) 
If necessary, subscript F is used to represent any addi

tional qualification of the parameter such as mode of 

operation, test' conditions, etc. The letter symbols for 

subscript F are given below. 

Subscript F should be in upper-case. 

Modes of operation 

Power-down 

Page-mode read 

Page-m<;>de write 

Read 

Refresh 

Read-modify-write 

Read-write 

Write 

1-32 

Subscript 

PD 

PGR 

PGW 

R 

RF 

RMW 

RW 

W 

• MITSUBISHI 
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SYMBOLOGY 

FOR DIGITAL INTEGRATED CIRCUITS 
New symbol Fonner symbol Parameter-definition 

C, Input capacitance 

Co Output capacitance 

CLio Input/output terminal capacitance 

C,(~) Input capacitance of clock Input 

f Frequency 

f(~) CI DC k frequency 

I Current-the current mto an Integrated CirCUit terminal IS defined as a pOSitive value and the current out of a term mal IS defined as a negative value 

IBB Supply current from Vss 

IBB(AV) Average supply current from VSS 

ICC Supply current from Vee 

ICC(AV) Avarage supply current from Vee 

ICC(PO) Power-down supplv current from Vee 

100 Supply current from VOO 

IOO(AV) Average supply current from VDD 

IGG Supply current from VGG 

IGG(AV) Average supply current from VGG 

I, Input current 

I'H High-level Input current-the value of the mput current when VOH IS applied to the Input conSidered 

I,L Low-level Input current-the value of the Input current when VOL IS applied to the Input conSidered 

I LOAD BUilt-In resistor current 

I PEAK Peak current -
10H High-level output current-the value of the output current when VOH IS applied to the output conSidered 

10L Low-level output current-the value of the output current when VOL IS applied to the output considered 

loz OB-state (high-Impedance state) output current-the current Into an output haVing a three-state capability with Input condition so applied that 

It will establish according to the product specification, the off (high-Impedance) state at the output 

10ZH Off state (high-Impedance state) output current, with high-level voltage applied to the output 

10ZL Off-state (high-Impedance statel output current, with low level voltage applied to the output 

los Short-CircUit output current 

IsS Supply current from Vss 

Pd Power dissipation 

NEW Nu mber of erase/wnte cyc les 

NRA Number of read access unrefreshed 

R, Input resistance 

RL External load reSistance 

ROFF Off-state output resistance 

RON On-state output resistance 

ta Access time-the time Interval between the application of a specified Input pulse dunng a read cycle and the availability of valid data signal at an output 

ta(A) ta(AO) Address access time-the time Interval between the application of an addre~s mput pulse and the availability of valid data signals at an output 

ta(CAS) Column address strobe access time 

ta(E) ta(CE) Chip enable access time 

ta(G) ta(OE) Output enable access time 

ta(PR) Data access time after program 

ta(RAS) Row address strobe access time 

ta(S) ta(CS) Chip select access time 

tc Cycle time 

tCA tC(RO) Read cycle time-the time mterval between the start of a read cylce and the start of the next cycle 

tCRF tC(AEF) Refresh cycle time-the time Interval between successive signals that are mtended to restore the level In a dynamiC memory cell to ItS ongtnallevel 

tCPG tC(PG) Page-mode cycle time 
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Parameter-defl nltlon New symbol Former symbol 
~-------+-------+-----------------------------------------------------------------------------1 

tCRMW tC(RMR) 

tcw tC(WR) 

td 

td (¢) 

td (CAS-RAS) 

td (CAS-W) td(CAS WR) 

td (RAS-CAS) 

td (RAS-W) td (RAS-WR) 

tdIS(R-O) tdIS(R-OA) 

tdls (S) tpyZ(CS) 

tdIS(W) tpXZ(WR) 

tOHL 

tOLH 

tenIA-OJ tpZV(A-OO) 

ten(R-O) tPZV(R-DO) 

ten(s-o) tPZX(CS-OQ) 

tf 

th 

Read-maddy-wnte cycle time-the time Interval between the start of a cycle In which the memory IS read and new data IS entered, and the start of 

the next cycle 

Wnte cycle time-the time Interval between the start of a wnte cycle and the start of the next cycle 

Delay time-the time between the speCified reference POints on two pulses 

Delay time between clock pu/ses-e g, symbology, delay time, clock 1 to clock 2 Or clock 2 to clock 1 

Delay lime, column address strobe to row address strobe 

Delay time, column address strobe to Write 

Delay lime, row address strobe to column address SHobe 

Delay time, row address SHobe to write 

Output disable time after read 

Output disable time aiter chip select 

Output disable time after write 

Hlgh·level to low-level delay time} 

Low-level to hlqh-Ievel delay time 

Output enable time aftef address 

Output enable time after read 

Output enable time after chip seier: 

Fall time 

the time Interval between speCified reference pOints on the Input and on the output pulses when the output IS 

, gOing to the low (high) level and wnen the dev1ce IS driven With a speCified loading networks 

Hold time-the Interval of IllY'S dUring which a Signal at a speCified Input terminal appears after an active tranSition occurs at another speCified Input terminal 

theA) th(AD) Address hold time 

th (AD- CE) Chip enable hold time after address 

th (AD-PRO) Prowam hold time after address 

th (A-E) 

theA-PRJ 

th(CAS-CA) Column address hold time after column address strobe 

th (CAS- D) th (CAS- DA) Data-In hold time after column address strobe 

th (CAS-Q) th (CAS-OUT) Data-out hold time after column address <;trobe 

th (CAS-RAS) Row address strobe hold time dfter column address strobe 

th (CAS-W) th(eAS WR) Wnte hold time after column address strobe 

th(D) thIDA) Data-In hold time 

th (D-PR) th (DA-PRO) Program hold time after data-In 

th (E) th (CE) Chip enable hold time 

th (E-o) th (CE-DA) Data-In hold time after chip enable 

th ct -G) th (CE-OE) Outrut enable hold time after chip enable 

th(R) th(RO) Read hold time 

th(RAS-CA) 

t h(RAS-CAS) 

Column address hold time after row address strobe 

Column address strobe hold time after row address strobe 

th (RAS-O) th (RAS-oA) Data-In hold time after row address strobe 

th (RAS-W) tn (RAS-WR) Write hold time after row address strobe 

th (S) th(CS) Chip select hold time 

th(WR) Wnw hold tlmi? 

th (W-CAS) th (WR-CAS) Column address strobe hold time after write 

th(W-o) th(WR-oA) Data-In hold time after wflte 

th (W- RAS) th (WR- RAS) Row address hold time after write 

tPHL 

tPLH 

tr 

trec(w) twr 

treC(PD) tR(PO) 

tsu 

tsu (A) tsu (AD) 

1-34 

High-level to low-level propagation time 

Low-level to high-level propagation time 

Rise time 

} 
the time Interval between speCified reference POints on the Input and on the output pulses when the 
output IS gOing to the low (high) level and when the deVice IS driven and loaded by tYPical deVices 
of stated type 

Wote recovery time-the time Interval between the termination of a write pulse and the InltiattOn of a new cycle 

Power-dolhn recovery time 

Setup time-the time Interval between the application of a Signal which IS maintained at a speCilfed Input terminal and a consecutive active 

tarm-It,on at another speCified Input terminal 

Address setup time 

• MITSUBISHI 
.... ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SYMBOLOGY 

New symbol Former s~mbol Parameter-definition 

tSU(A-E) tSU(AD-CE) Chip enable setup time before address 

tSU(A-W) tsu (AD-WR) Wnte setup time before address 

tsu (CA-RAS) Row address strobe setup time before ('olumn address 

tSU(D) tSU(DA) Data-In setup time 

tSU(D-E) tSU(DA-CE) Chip enable setup time before data In 

tSU(D-W) tSU(DA-WR' Write setup time before data-In 

tSU(E) tSU(CE) Chip enable setup time 

tSU(E-P) tSU(CE-P) Prel..harqe setup time before ('hip enable 

tsu (G'-E) tSU(OE-CE) Chip enabl@ setup time before output enable 

tSU(P-E) tsu (P-CE) Chip enable SE'tup lime before prf'charge 

tSU(PD) POWP.f down setup time 

tSU(R) tSU(AD) Read SE'tup t line 

tsu (A-CAS) t.SU (RA-CAS) Column address strobe setup time before read 

tsu (RA'CAS) Colurnn addrf'SS strobe setup timE' before row address 

tSU(S) tSU(CS) Chip sf'lE'rt setup tum' 

tSU(S-W) tSU(CS-WR) WritE' setup wne befoff' chip select 

tSU(W) tSU(WR) Wrltf> SE'tup \lrnt> 

lTHL H,gh·level to low·level tranSitIOn time } the time Interval between speCified reference pOints on the edge of the output pulse when the output IS 

lTLH 
gOing to the low (hlghl level and when a speCified Input signal IS applied through a speCified network and 

Low·level- to high-level tranSition time the output IS loaded by another speCified network 

tV(A) tdV(AD) Datn vdlld tllne afler address 

tyeE) tdV(CE) Data valid time after (hip enable 

tV(E)PA tV(CE)PA Dnln valid tlfT1S aftt>r (hip enable In program mode 

tV(G) tV(OE) Data valid time after output enable 

tV(PA) Dolle! valid IIrne after program 

tV(S) tV(CS) Datd valid time after (hip selE'( I 

tw Pulse Width ~pulse duration) the time Interval between speCified reference POints on the leading and training edges of the waveforms 

tW(E) tW(CE) Chip enable pulse Width 

tW(EH) tW(CEH) Chip enable high pulse Width 

tW(EL) tW(EL) Chip enable low pulse Width 

tW(PA) ProqrillTl I'ul~p Width 

tW(A) tW(AD) Read pulse Width 

tW(S) tW(CS) Chip select pulse Width 

tW(W) tW(WR) Wrtle pulse Width 

t W(.) Clock pulse Width 

Ta Ambient temperature 

Topr Operating temperature 

Tstg Storage temperature 

VSS Ves supply voltage 

VCC Vee supply voltage 

VDD VDD supply voltage 

VGG VGG supply voltage 

VI I npu t voltage 

VIH Hign-level Input voltage-the value of the permitted high-statE> voltage at the Input 

VIL LOW-level Input voltage-the value of the permitted low-state voltage at the Input 

Vo Output voltage 
, 

VOH High level output voltage-the value of the guaranteed high-state voltage range at the output 

VOL Low-level output voltage-the value 01 the ,SIuaranteed low state voltage range at the output 

VSS Vss supply voltage 

Note 1. These letter symbols are based on the IEC publlcallon 148 except a part of them 
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1 INTRODUCTION 
IC & LSI have made rapid technical progress In electrical 
performances of high integration, high speed, and sophisti
cated functionality. And now they have got boundless wider 
applications in electronic systems and electrical ap
pliances. 

To meet the above trend of expanding utilization of IC & 

LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products t9 cus
tomers. 

Mitsubishi Electric places great emphasIs on quality as a 
basic policy "Quality First", and has striven always to im
prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 

System covering design, manufacturing, inventory and de
livery for IC & LSI, and has supplied highly reliable pro
ducts to customers for many years. The following articles 
describe the Quality Assurance System and examples of 

reliability control for Mitsubishi Single-chip 8-bit Micro
computer. 

2. QUALITY ASSURANCE SYSTEM 
The Quality Assurance System places emphasis on built-in 
reliability in designing and built-in quality in manufacturing. 
The System from development to delivery is summarized in 
Fig. 1. 

2.1 Quality Assurance in Designing 
The following steps are applied in the designing stage for a 
new product. 

(1) Setting of perfomance, quality and reliability target for 
new product. 

(2) Discussion of performance and quality for circuit de
sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar
dized design rule. 

(4) Functional evaluation for bread-board device to confirm 
electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 

chip to detect basic failure mode 'and investigate fai
lure mechanism. 

(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. 

(7) Decision of pre-production from the standpoint of per
formance, reliability, production flow/conditions, pro
duction capability, delivery and etc 

2.2 Quality Assurance in Manufacturing 
Quality assurance in manufacturing is performed as follows 
(1) Environment control such as temperature, humidity and 

dust as well as deionized water and utility gases. 
(2) Maintenance and calibration control for automatized 

manufacturing eqUipments, automatic testing eqUlp
ments, and measunng Instruments. 
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(3) Material control such as silicon wafer, lead frame, 
packaging material, mask and chemicals. 

(4) In-process inspections in wafer-fabrication, assembly 
and testing. 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assuranc~ test 

-Electrical characteristics and visual inspection, lot by 
lot sampling 

-Environment and endurance test, periodical sampling. 
(7) Inventory and shipping control, such as storage en

vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. 

2.3 Reliability Test 
To verify the reliability of a product as described in the Mit
subishi Quality Assurance System, reliability tests are per
formed at three different stages in new product develop
ment, pre-production and mass-production. 
At the development of a new product the reliability test 

plan is fixed corresponding to the quality and reliability 
target of each product, respectively. The test plan includes 
in-house qualification test and TEG evaluation, if necessary. 
TEG chips are designed and prepared for new device 
structure, new process and new material. 
After the proto-type product has passed the in-house qual
ification test, the product adyances to the pre-production. In 
the pre-production stage, the specific reliability tests are 

programmed and performed again to verify the quality of 
pre-production product. 
In the mass production, the reliability tests are performed 
periodically to confirm the quality of the mass production 
product according to the quality assurance test program. 
Table 1 shows an example of reliability test program for 

plastiC encapsulated Ie & LSI. 

Table 1. TYPICAL RELIABILITY TEST PROGRAM 
FOR PLASTIC ENCAPSULATED IC & LSI 

Group Test Test condition 

1 Solderability 230"C, 5sec' ROSin flux 

Soldering heat 260"C, 10sec 

2 Thermal shock -55"C, 125"C, 15cycles 

Temperature cycling -65"C, 150"C, 100cycles 

3 Lead fatigue 250gr, 90'; 2arcs 

Shock 1500G, 0.5msec 

20G,100-2000Hz 
4 Vibration X, Y, Z direction 

4min.lcycle,4cycles/directIOn . Constant acceleration 20000G. Y direction. 1 min 

5 Operation life 
Ta=125'C, Vccmax 
1000hours 

6 
High temperature 

Ta=150'C,1000hours 
storage life 

High temperature and 
85'C. 85%. 1000hours 

7 high humidity 

Pressure cooker 121'C. 100%. 100hours 
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2.4 Returned Product Control 
When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of "Analysis Re
quest of Returned Product" 

generated to the customer upon completion of the analysis. 
The failure analysis result enforces taking corrective action 
for the design, fabrication, assembly or testing of the pro
duct to improve reliability· and realize lower failure rate. 

Mitsubishi provides various failure analysis equipments to 

analyze the returned product. A failure analysis report is 

Fig. 2 shows the procedure of returned product control from 
customer. 

I RETURNED PRODUCT 

of 

IIS'SUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 

FAILURE ANALYSIS r-------------------, 
I VISUAL INSPECTION I 

t 

I ELECTRICAL I 
CHARACTERISTICS TEST 

~ 

CLASSIFICATION OF 
FAILURE MODES 

ACCEPTANCE z 
0 
>= 
0 
w -, 
w 
a: 

I SIMULATION TEST I INTERNAL VISUAL I INSPECTION 

+ 
Ie . ELECTRICAL 
CHARACTERISTICS TEST I CHIP ANALYSIS I 

REJECTION 
~C~~A.!:!.C!. ---------

______ -.J 
r CONFIRMAT-;QNOF - ~ 

I 
L _ ~I~R..§. C~U~ __ .....J 

(NVESTIGATION OF CAUSEr ~ SURVEY OF ) 
~ 

PROCESS RECORD 

t I REPORT ~~ GENERATION 

I PRELIMINARY L 
CORRECTIVE ACTION I 

~ OF QUALITY NO GO 

GO I REPORT TO I 
CUSTOMER 

YFIXED CORRECTIVE ACTIONi 
PREVENTIVE MEASURES 

Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL 
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3 RELIABILITY TEST RESULTS for representative types of Single-chip 8-bit Microcompu-
The reliability test results for Mitsubishi Single-chip 8-bit ters. 
Microcomputers are shown in Table 2, Table 3 and Table 4. 
Table 2 shows the result of endurance tests of high tempar-
ature operation life and high temperature storage life test 

Table 2. ENDURANCE TEST RESULTS 

Test Series Type Number Test Condition Number of Device Hours Number of 
Samples ( Hours) Failures 

M37100M8-XXXSP 35 35000 0 

M37201 M6-XXXSP 35 35000 0 

M37260M6-XXXSP 
125"C 

35 35000 0 
MELPS 740 7V 

M3'7120M6-XXXFP 38 38000 0 
High Temperature 

M37409M2-XXXSP 38 38000 0 
Operation Life 

M37420M6-XXXSP 22 22000 0 

M37201 E6-XXXSP 35 35000 0 

EPROM mounted type M37410E6HXXXFP 125"C 7V r--- 38 38000 0 

M37420E6-XXXSP c---- 32 32000 0 

M37100M8-XXXSP 35 35000 0 

M37201 M6-XXXSP 
150"C 

35 35000 0 
MELPS 740 

High Temperature M37260M6-XXXSP 35 35000 0 

Storage Life M37409M2-XXXSP 38 38000 0 
-~--

150"C M37201 M6-XXXSP 35 35000 0 
EPROM mounted type 

M37420E6-XXXSP 175"C 22 22000 0 
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Table 3 shows the results of the environment tests of ther
mal stress high temperature/high humidity and pressure 
cooker test for the same type of products in regards to en-

Table 3. ENVIRONMENTAL TEST RESULTS 

Test Series Type Number 

M37100M8-XXXSP 

M37201 M6-XXXSP 

MELPS 740 
M37260M6-XXXSP 

High Temperature M37120M6-XXXFP 

High Humidity Life M37409M2-XXXSP 

M37420M6-XXXSP 

M37201 M6-XXXSP 
EPROM mounted type 

M37420E6-XXXSP 

Test Senes Type Number 

M37100M8-XXXSP 

M37201 M6-XXXSP 

MELPS 740 
M37260M6-XXXSP 

M37120M6-XXXFP 

Pressure Cooker M37409M2-XXXSP 

M37420M6-XXXSP 

M37201 E6-XXXSP 

EPROM mounted type M37410E6HXXXFP 

M37420E6-XXXSP 

Test Series Type Number 

M37100M8-XXXSP 

M37201 M6-XXXSP 

MELPS 740 
M37260M6-XXXSP 

M37120M6-XXXFP 

Temperature Cycling M37409M2-XXXSP 

M37420M6-XXXSP 

M37201 E6-XXXSP 

EPROM mounted type M37410E6HXXXFP 

M37420E6-XXXSP 

Table 4. MECHANICAL TEST RESULTS 

Test Test Condition 

Soldering Heat 260°C lOsec 

Thermal Shock -40°C_125°C 15Cycle 

Solderebility 230°C 5sec USing a rosin-type Flux 

Free Fall 75cm Onto a maple wood board 3tlmes 
Shock 1500G 0.5msec X, Y, and Z directions 

durance tests. 
Table 4 shows the results of mechanical tests for repre
sentative products of vaHous package types. 

Test Condilton Number of Device Hours Number of 
Samples ( Hours) Failures 

24 24000 0 

24 24000 0 

85°C 85%RH 
24 24000 0 

5V 
22 22000 0 

38 38000 0 

22 22000 0 

85°C 85%RH 
24 24000 0 

5V 
22000 22 0 

Test Codition 96Hours 240Hours 

0/22 0/22 

0/22 0/22 

121"C 2 atmospheres 
0/22 0/22 

0/22 0/22 

0/22 0/22 

0/22 0/22 

0/22 0/22 

121°C 2 atmospheres 0/22 0/22 

0/22 0/22 

Test Codltlon 10Cycles 100Cycies 

0/38 0/38 

0/38 0/38 

-65°C-+150°C 
0/38 0/38 

0/38 0/38 

0/38 0/38 

0/22 0/22 

0/38 0/38 

-65°C -+ 125°C 0/38 0/38 

0/32 0/32 

Package 

52P4B 64P4B 60P6 BOP6 

0/130 0/192 0/104 0/66 

0/130 0/192 0/104 0/66 

0/66 0/88 0/88 0/66 

0/44 0/44 0/22 0/44 

3tlmes 0/44 0/44 0/22 0/22 
Vibration 20G X, Y, and Z directions 4times 1 00-2000Hz 4mlnutes/Cycle 0/44 0/44 0/22 0/22 
Constant Accelerallon 20000G y 1 direction 1 minute 0/44 0/44 0/22 0/22 

Lead Integrity 
250g 90" Berding 2times 0/30 0/30 0/15 0/15 
500g TenSIOn 30sec 0/30 0/30 0/15 0/15 
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4 FAILURE ANALYSIS 
Accelerated reliability tests are applied to observe failures 
casued' by temperature, voltage, humidity, current, mecha
nical stress and those combined stresses on chips and 
packages. 

Examples of typical failure modes are shown below. 
(1) Wire Bonding Failure by Thermal Stress 

Fig. 3, Fig. 4 and Fig. 5 are example of a failure occur
red by temperature storage test of 225'C, 1000hours. 

Flg.4 
Au-AI plague formation 
on bonding pad 

Flg.5 

Flg.3 
Micrograph of 
lifted Au ball trace 
on AI bonding pad 

Lifted Au wire ball base 

Au-AI intermetaOic formation so-called "Purple plague" 

by thermal overstress makes Au wire lift off from alumi
num metallization. The activation energy of this failure 
mode is estimated approximately 1.0eV and no failure 
has been observed so far in practical uses. 

(2) Aluminum Corrosion Failure by Temperature/Humidity 

Stress. 
Fig. 6, Fig. 7 and Fig. 8 are an example of corroded fa
ilure of aluminum metallization in plastic encapsulated 
IC after accelerated temperature/humidity storage test 
(pressure cooker test) of 121 'C, 100% RH, 1000hours 
duration. 
Aluminum bonding pad is dissolved by penetrated wa
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Fig. 8. 

Flg.6 
Micrograph of corroded 
Aluminum metallization 

1-41 



MITSUBISHI MICROCOMPUTERS 

QUALITY ASSURANCE AND RELIABILITY TESTING 

Flg.7 
Enlarged 
micrograph 
of corroded 
Aluminum 
bonding pad 

Flg.S 
CI 
distribution 
on corroded 
Aluminum 
bonding pad 

(3) Destructive Failure by Electrical Overstress 

ESD have been performed to reproduce the electrical 
overstress failure in field uses. 

Fig. 9 and Fig. 10 are an example of failure observed 
by surge vOlta'ge test. The trace of destruction is veri
fied as the aluminum bridge by X-ray micro analysis. 
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Flg.9 
Micrograph of surge 
voltage destruction 

Flg.10 
Aluminum trace 
of destructive spot 

(4) Aluminum Electromigration 

Fig. 11 shows an open circuit of aluminum metallization 
in high current density region caused by accelerated 
operating life test. This failure is caused by the ·alumi
num electromigration, Voids and hillock have been 
formed in aluminum metallization by high current de
nsity, 

5 SUMMARY 

Flg.11 
Voids and 
hillocks 
formation 
by Aluminum 
electromlgratlon 

The Mitsubishi quality assurance system and examples of 
reliability control have been discussed, Customer's interest 
and requirement for high reliable IC & LSI are increasing 
significantly, To satisfy customer's expectancy, Mitsubishi 
as an IC vendor, would like to make perpetual efforts in the 

following areas, 
(1) EmphaSIS on bUilt-in reliability at design stage and re

liability evaluation to investigate latent failure modes 
and acceleration factors, 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability, 

(3) Focus on development of advanced failure analysis 
techniques, Detail failure analysis, intensive corrective 
action and quick response to customer's analysis re

quest. 
(4) Collection of customer's quality data in qualification, in

coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 
provide quality and reliability data of incoming inspection or 

field failure rate essential to verify and improve the qualityl 
reliability of IC & LSI. 
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A MOS transistor has a very thin oxide insulator under the 

gate electrode on the silicon substrate. It is operated by 

altering the conductance (gm) between source and drain to 

control mobile charges in the channel formed by the 

applied gate voltage. 

If a high voltage were applied to a gate terminal, the 

insulator·film under the gate electrode could be destroyed, 

and all Mitsubishi MOS IC/LSls contain internal protection 

circuits at each input terminal to prevent this. It is inherent· 

Iy necessary to apply reverse bias to the P-N junctions of a 

MOS IC/LSI. 

Under certain conditions, however, it may be impossible 

to completely avoid destruction of the thin insulator-film due 

to the application of unexpectedly high voltage or thermal 

destruction due to excessive current from a forward biased 

P-N junction. Therefore the following recommendations 

should be followed in handling MOS devices. 

1. KEEPING VOLTAGE AND CURRENT TO 
EACH TERMINAL BELOW MAXIMUM 
RATINGS 

1. The recommended ranges of operating conditions 

provide adequate safety margins. Operating within these 

limits-will assure maximum equipment performance and 

quality. 

2. Forward bias should not be applied to any terminal since 

excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 

the power supply. Short·circuiting of a terminal to a 

power supply having low impedance may cause burn-out 

of the internal leads or thermal destruction due to 

excessive current. 

2. KEEPING ALL TERMINALS AT THE 
SAME POTENTIAL DURING TRANSPORT 
AND STORAGE 

When MOS IC/LSls are not in use, both input and output 

terminals can be in a very high impedance state so that they 

are easily subjected to electrostatic induction from AC 

fields of the surrounding space or from charged objects 

in their vicinity. For this reason, MOS IC/LSls should be 

protected from electrostatic charges while being transported 

and stored by conductive rubber foam, aluminum foil. 

shielded boxes or other protective precautions. 

3. KEEPING ELECTRICAL EQUIPMENT, 
WORK TABLES AND OPERATING 
PERSONNEL AT THE SAME POTENTIAL 

1. All electric equipment, work table surfaces and operat· 

ing personnel should be grounded. Work tables should 

be covered with copper or aluminum plates of good 

conductivity, and grounded. One method of grounding 

personnel, after making sure that there is no potential 

difference with electrical equipment, is by the use of a 

wristwatch metallic ring, etc. attached around the wrist 

and grounded in series with a 1 mO resistor. Be sure that 

the grounding meets national regulations on personnel 

safety. 

2. Current leakage from electric equipment must be 

prevented not only for personnel safety, but also to 

avert the destruction of MOS IC/LSls, as described 

above. Items such as testers, curve· tracers and synchro· 

scopes must be checked for current leakage before being 

grounded. 

4. PRECAUTIONS FOR .MOUNTING OF 
MOS IC/LSls 

1. The printed wiring lines between Input and output ter

minals of MOS lelLSls should not be close to or parallel 

to high-voltage or high-power signal lines. Turning pow

er on while the device is short-circuited, either by a sol

der bridge made during assembly or by a probe dUring 

adjusting and testing, may cause maximum ratings to be 

exceeded, which can result In the destruction of the 

de.vice. 

2. When inputloutput, or input andlor output, terminals 

of MOS IC/lSls (now open-circuits) are connected, 

we must consider the possibility of current leakage and 

take precautions similar to §2 above. To reduce such 

undesirable trouble, it is recommended that an interface 

circuit be inserted at the input or output terminal, or a 

resistor with a resistance that does not exceed the 

output driving capability of the MOS IC/lSI be inserted 

between the power supply and the ground. 

3. A filter circuit should be inserted in the AC power 

supply line to absorb surges which can frequently be 

strong enough to destroy aMOS IC/lSI. 

4. Terminal connections should be made as described in the 

catalog while being careful to meet specifications. 

5. Ungrounded metal plates should not be placed near 

input or output terminals of any MOS IC/lSls, since 
destruction of the insulation may result if they become 

electrostat ically charged. 

6. Equipment cases should provide shielding from electro· 

static charges for more reliable operation. When a plastic 

case is used, it is desirable to coat the inside of the case 

with conductive paint and to ground it. This is considered 

necessary !lven for battery·operated equipment. 
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MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 
SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 

DESCRIPTION 
The M37100M8-XXXSP/FP is a single-chip microcomputer 

designed with CMOS silicon gate technology. It is housed 

in a 64-pin shrink plastic molded DIP or a 80-pin plastic 

molded QFP. This single-chip microcomputer is useful for 

the high-tech channel-selection system for TVs. 

In addition to its simple instruction set, the ROM, RAM, and 

1/0 addresses are placed on the same memory map to en

able easy programming. 

FEATURES 
• Number of basic instructions" ................................. 69 

• Memory size 
ROM .................................................. ·16384 bytes 

RAM···························· ···························320 bytes 

• Instruction execution time 
......... 2,us (minimum instructions at 4MHz frequency) 

• Single power supply·····································SV±10% 

• Power dissipation normal operation mode 
(at 4MHz frequency, CRT display off)··········· 27.SmW 

• Subroutine nesting ............................. 961evels (Max.) 
• Interrupt .. ··· ...................................... 9types, Svectors 

• 8-bit timer .................... 3 (2 when used as serial I/OA ) 

• Programmable 1/0 ports 
(Ports PO, P1, P2, P3, P4, PS, P6)························· 46 

• Serial 1/0 (8-bit) ............. ·······································2 
• PWM function .............................................. 14-bitX 1 

6-bitX2 

• Comparator···························································· 1 

• Two clock generating circuits 
(One is for main clock, the other is for clock function) 

• 63-character on screen display function 
Number of character··············· 21 charactersX3 lines 
Character configuration" ........................ 12X 16 dots 

Kinds of character·············································· 96 

Horizontal character border function 

APPLICATION 
TV 

PIN CONFIGURATION (TOP VIEW) 

110 port 

P6 

1/0 port 

P2 

110 port 

P3 

I/O portl 
P5 

Vee 
P65/PWM5- 2 

P64fPWM4- 3 

Resellnput 

Clock Input 

lID port P4 

lID pon 

PO 

110 port 

P1 

110 port 
38 ++ P5s/SoUTEl 

37 ++ P5G/elKB 
P5 

Clock output 36 - P57/SADYB 

~~~: :~~~t~;~r XC1N - 30 35 _ OSC2 ?o~c~::~~!youtPut 
ClockoutputforXCOUT - 31 34 - OSC1 Osclilatorinpuf 

clock function Vss ~32",--______ 33 - ¢ ~~~~:~Jtput 

NC 
P27 - 2 

P26 - 3 

P2s - 4 

P24 - 5 

P23 - 6 

P22 - 7 

P2 1 - B 

P2o- 9 

NC 
~ 

P37/SRDYA - 12 

P36 /CLKA ++ 13 

P3s/SoUTA ++ 14 
P34/SlNA ++ 15 

P33 /A-D ++ 16 

P32fCOUNT ++ 17 

P31 - IS 

P30 - 19 

NC 20 

P53/1NT1 - 21 

P52 /1NTz- 22 
NC 

CNVss 

Outline 64P4B 

Outline BOP6 

64 - VSYNC 

NC 
62 -P47 

NC 

" 50 -P1o 
49-P1 t 

46 ....... P1 2 

47 ....... P1 3 

4S-P1 4 
45 -P1 5 

44 - P1 6 
43 ....... P1 7 
42 -P5, 

NC 

NC No connection 
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MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

FUNCTIONS OF M37100M8-XXXSP/FP 
Parameter Functions 

Number of basIc instructions 69 

Instruction execution time 2,us (minimum instructions, at 4MHz frequency) 

Clock frequency 4MHz 

ROM 16384bytes 
Memory size 

RAM 320bytes 

PO 1/0 8-bitX1 (middle-voltage N-channel open dram) 

PI, P2 1/0 8-bitX2 

P3 1/0 8-bitX1 

P4, 1/0 1-bitX1 

Input/Output ports 
I, B, G, R, OUT Output 1-bitX5 (for CRT display function) 

VSYNC , HSYNC Input 1-bi1X2 (for CRT display funcllon) 

P5" P53 1/0 2-bi1X1 (can be used as an inpul for ellher INT, or INT,) 

P5" P54-P5, 1/0 5-b11X1 

P6o, Pe, 1/0 2-bilX1 

P6,-P65 1/0 4-b11X1 (mlddle-vollage N-channel open drain) 

Serial 1/0 B-bi1X2 

Timers 8-bllllmerX3 (X2, when used as serial I/OA ) 

Subroutine nesting 961evels (max.) 

Interrupt 
2 external Interrupts, 6 Internal mterrupts, 

1 software Interrupt 

Two bUilt-in Circuits (externally connected ceramic or quartz Cry~t;;I 
Clock generating circuit 

OSCillator), both circuits have option feedback resistors 

Supply vollage 5V±10% 

at high-speed operation 
CRT display function ON 38. 5mW (clock frequency X'N=4MHz, fCRT=6MHz) 

CRT display funcllon OFF 27. 5mW (clock frequency X,N=4MHz) 
Power dissipation 

at low-speed operation CRT display funclion OFF O. 33mW (clock frequency XCIN=32kHz) 

at stop mode Icc=ll'A (when clock IS slopped) 

Input/Oulput vollage 
12V (mput/oulpUI PO, P6,-P65, mpul RESET, CNVss) 

-0.310 Vcc+O. 3V(PI, P2, P3, P4" P5, P60 , P6,) 

Input/Output characteristics 0.5mA (PO, PI, P2, P3, P5, P6,-P65 : N-channel open dram Input/ 

Output current 
OUlpUI) 

O.5mA, -0.5mA (P4, : CMOS mpulloulpul, R, G, B, I, OUT, P60-P6, : 

CMOS oulpul) 

Operating temperature range -101070t 

Device structure CMOS sIlicon gate process 

M37100M8-XXXSP 64-pm shrink plaslic molded DIP 
Package 

M37100MS-XXXFP SO-pm plasllc molded QFP 

Number of character 21 charactersX3hnes 
CRT display function 

Kinds of character 96 (12X16 dols) 
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MITSUBISHI MICROCOMPUTERS 

M37100M8·XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

PIN DESCRIPTION 

Pin Name 

Vee. Supply voltage 

Vss 

CNVss CNVss 

---
RESET Reset input 

X ,N Clock input 

XOUT Clock output 

if> Timing output 

XC1N Clock input for clock 

function 

XCOUT Clock output for clock 

function 

POO-P07 I/O port PO 

P1 o-P1 7 110 port P1 

P2o-P27 1/0 port P2 

P3o-P37 1/0 port P3 

P47 1/0 port P4 

I. B. G. R. CRT output 

OUT 

HSYNC HsyNc input 

VSYNC VSYNC mput 

P52. P53 1/0 port P5 

P5,. 
P54 -P57 

P6o-P65 1/0 port P6 

OSC1. Clock Input lor CRT display 

OSC2 Clock output for CRT display 

2-6 

Inpull 

Output 

Input 

Input 

Output 

Output 

Input 

Output 

I/O 

1/0 

110 

1/0 

1/0 

Output 

Input 

Input 

1/0 

1/0 

Input 

Output 

Functions 

Power supply Inputs 5V±10% to Vcc• and OV to Vss 

This IS connect to Vss. 

To enter the reset state, the reset Input pm must be kept at a "L" for more than 2.us (under normal Vee 

conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main-

tained for the required time 

These are 1/0 pins of internal clock generating circuit for main clock. To control generating frequency, an 

external ceramiC or a quartz crystal oscillator IS connected between the XIN and XOUT pins and external 

condensers are connected. If an external clock is used, the clock source should be connected to the X1N 

pin and the XOUT pin should be left open 

This is the timing output pin In single-chip mode, the output can be controlled by selecting the option 

These are the lID pins of the clock generating circuit for the clock function To control generating frequen-

cy, an external ceramic or a quartz crystal oscillator IS connected between the XCIN and XCOUT pms and ex-

ternal condensers are connected If an external clock is used, the clock source should be connected to the 

XC1N pin and the XCOUT pin should be left open 

Port PO IS an 8-bit 1/0 port with directional registers allowing each 1/0 bit to be individually programmed as 

input or output At reset, this port is set to mput mode The output structure IS middle-voltage N-channel 

open drain 

Port P1 is an a-bit I/O port and has baSically the same functions as port PO but the output structure IS 

N-channel open drain It can be built in pull-up translster at each Pin by selecting the optIOn. 

Port P2 is an a-bit 1/0 port and has baSically the same functions as port P1 

Port P3 is an a-bit liD port and has basically the same functions as port P1 When serial I/OA is used, P37, 

P3e• P35, and P34 work as SRDYA, CLKA, SoUTA, and SINA pins, respectively. P33, works as an analog input for 

comparator and P32 works as a counter input 

Port P47 is a 1-bit 1/0 port and has basically the same functions as port po, but the output structure IS 

CMOS output. 

This IS a 5-bit output Pin for CRT display. 

The output polarity can be changed by selecting the option At reset, inactive polarity is selected 

The output structure IS CMOS output 

This IS the hOrizontal synchronizing signal input for CRT display. The input polarity can be changed by 

selecting the option. 

This IS the vertical synchronizing signal input for CRT display The Input polarity can be changed by select-

Ing the option 

These ports have basically the same functions as port P1, and are In common with Interrupt input pins 

These ports have basically the same functions as port P1. When serial 1/0. IS used. P5,. P5,. P5, and P54 
--

work as SRDYB, ClKB• SOUTB and SINS pins, respectively. 

Port P6 is a 6-blt 1/0 port and has basically the same functions as port PO The output structure of P6a, P61 

is CMOS output and the output structure of P62-P65 is middle-voltage N-channel open drain P60, P61, P62, 

P63• P64 • P6, can be programmed to function as timer output pin (T). PWM output pins (PWMf. PWM2. 

PWM3. PWM4 and PWM5). respectively 

ThiS IS the 110 PinS of the clock generating CircUit for the CRT display function 

To control generating frequency, external condensers and registers are connected. 

• MfTSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROL'LER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37100 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 

The STP instruction can be used. 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as I/O ports and timers. 

0000'6 

RAM(192 bytes) 

OOBF, 6 

00DO'6 

00FF'6 

[ 
0100'6 

RAM(128 bytes) 

017F'6 

[ 
2000'6 

RAM for display 

(213 bytes) 
20D4'6 

COOO'6 

FFOO'6 

ROM(4K bytes) 

FFF4'6 

• RAM 
RAM is used for data storage as well as a stack area. 

• ROM 
ROM is used for storing user programs as well as the inter

rupt vector area. 

• RAM for display 
RAM for display is used to specify the character to be dis

played on the CRT and its color. 

• Interrupt Vector Area 
The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 
Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Not used 

SFR area 

Not used 

Not used 

Zero page 

Special page for 

subroutine call 
Interrupt vector area 

Fig. 1 Memory map 

FFFF'6 
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MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

0000,. 
0001,. 
0002,. 
0003,. 
0004,. 
0005,. 
0006,. 
OOD?,. 
0008,. 
0009,. 
OODA,. 
OODB,. 
OODC,. 
0000,. 
OODE,. 
OODF,. 
OOEO,. 
00E1,. 
00E2,. 
OOE3,. 
00E4,. 
00E5,. 
00E6,. 
OOE?,. 

Horizontal oosition reaister 
Vertical position reaister of block 1 
Vertical position register of block 2 
Vertical oosition reaister of block 3 
Color register 0 
Color register 1 
Color register 2 
Color register 3 
CRT control register 
Disolay block counter 
Senal IIOB mode register 
Special mode reoister 
Serial IIOB reoister 
Counter 0 

Port PO 
Port PO directional reaister 
Port PI 
Port PI directional register 
Port P2 
Port P2 directional register 

A-D control register 

00E816 

00E9,. 
OOEA,. 
OOEB,. 
OOEC,. 
OOED,. 
OOEE,. 
OOEF,. 
OOFO,. 
00F1,. 
00F2,. 
00F3,. 
00F4,. 
00F5,. 
00F6,. 
OOF?,. 
00F8,. 
00F9,. 
OOFA,. 
OOFS,. 
OOFC,. 
OOFD,. 
OOFE,. 
OOFF,. 

Port P3 
'Port P3 directional rea,ster 
Port P4 
Port P4 directional rea,ster 
Port P5 
Port P5 directional register 
Port P6 
Port P6 directional reQister 
PWM1-H register 
PWM1-L register 
PWM2 register 
PWM3 realster 
PWM4 reaister 
PWM control reaister 
Senal IIOA mode reaister 
Serial IIOA reaister 
PWM5 remster 
PWM outout control reolster 
Timer 1 
Interrupt control register 2 
Timer 2 
Timer 3 
Interruot control register 1 
Timer control register 

--

Fig. 2, SFR (Special Function Register) memory map 
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MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

INTERRUPTS 
Interrupts can be caused by 9 different events consisting of 
two external, six internal, and one software event. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op
eration is similar tn An interrupt. 

When an interrupt is accepted, the registers are pushed in
terrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis
abled when the interrupt disable flag is set. 
Falling edge active or rising edge active for each of the 
INTI and INT2 external interrupts can be selected by bits 4 
and 5 of the PWM control register. Whether the INTI and 
INT2 external interrupts or the CRT display and serial I/0e 
interrupts are to be accepted can be selected by bits 0 
and 1 of interrupt control register 2. 

Table 1. Interrupt vector address and priority. 

Event Priority Vector addresses 

RESET 1 FFFF,., FFFE'6 
INT, or CRT display Interrupt 2 FFFD'6, FFFC'6 
Timer 3 interrupt 3 FFFB'6, FFFA'6 
TImer 2 interrupt 4 FFF9'6, FFF8'6 
TImer 1 or serial IIOA Interrupt 5 FFF7'6, FFF6,. 

INT. or senal I/OB Interrupt 
6 FFF5'6, FFF4'6 

(BRK Instruction interrupt) 

Whether the timer 1 or serial IIOA interrupt is to be 
accepted can be selected by bit 2 of the serial IIOA mode 
register. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter
rupt request bits and the interrupt enable bits are in inter
rupt control register 1 and timer control register. Figure 3 
shows the structure of the interrupt control registers 1 and 2 

ana timer control register. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be clear with a program, but not 
set. The interrupt enable bit can be set and clear with a 
program. 
Reset is treated as a non-maskable interrupt with the high
est priority. Figure 4 shows interrupts control. 

Remarks 

Non-maskable 

INT, external Interrupt (phase programmable) 

INT. external interrupt (phase programmable) 
BRK instruction interrupt (non-maskable software interrupt) 

2-9 



MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

7 0 
I I I I I I I I I Interrupt control register 1 

L (address OOFE,.) 

INT2/seriai 1I0s interrupt enable bit 
o : Interrupt disable 
1 : Interrupt enabled 

'---- INT2/seriaillOs interrupt request bit 
o : Interrupt disable 
1 : Interrupt requested 

- Timer l/serial IIOA Interrupt enable bit 
a : Interrupt disable 
1 : Interrupt enabled 

'---- Timer l/serlal IIOA interrupt request bit 
o : Interrupt disable 
1 : Interrupt requested 

'-----Timer 2 Interrupt enable bit 
o : Interrupt disable 
1 : I nterrupt enabled 

'------ Timer 2 Interrupt request bit 
o : Interrupt disable 
1 : Interrupt requested 

'-------- INT,/CRT display interrupt enable bit 

o : Interrupt disable 
1 : Interrupt enabled 

'---------INT,/CRT display interrupt request bit 
a : Interrupt disable 
1 : Interrupt requested 

Fig. 3 Structure of registers related to Interrupt 

Interrupt request bit 

Interrupt enable bit 

Interrupt disable flag I 

Fig. 4 Interrupt control 

BRK Instruction----l 
reset----L_"" 

7 0 
I . I I I I I I I I Interrupt control register 2 

(address OaFB,.) 

1'-_______ INT,/CRT display interrupt selection bit 

o : INT, Interrupt 

1 : CRT display Inte,:upt 

'----------INT2/serial 1I0s interrupt selection bit 
o : INT 2 Interrupt 

7 0 

I I I I I I I I I 

1 : Serial 1I0s interrupt 

Timer control register 
(address DOFF,.) 

Timer 3 interrupt enable bit 
a : Interrupt disable 
1 : Interrupt enabled 

'---- Timer 3 interrupt request bit 

o : Interrupt disable 
1 : Interrupt requested 

Interrupt request 

2-10 .... ~ 



MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESI-ZER 
with ON-SCREEN DISPLAY CONTROLLER 

TIMER 
The M37100M8-XXXSP/FP has three timers; timer 1, timer 
2 and timer 3_ 
A block diagram of timer 1 through 3 is shown in Figure 6_ 
The count source for timer 1 through 3 can be selected by 
using bit 2, 3 and 4 of the timer control register (address 
00FF16), as shown in Figure 5_ All of the timers are down 
count timers and have 8-bit latches_ When a timer reaches 
"0" and the next count pulse is input to a timer, the con
tents of the reload latch are loaded into the timer. The divi
sion ratio of the timer is 1 I (n + 1), where n is the contents 
of timer latch. 
The timer interrupt request bit which is in the interrupt con
trol register 1 or timer control register (iocated at addres
ses 00FE16 and 00FF16 respectively) is set at the next 
count pulse after the timer reaches "0" (see interrupt 
section). 
The starting and stopping of timer 2 is controlled by bit 5 of 
the timer control register. If the bit 5 is "0", the timer starts 
counting, and the bit 5 is "1", the timer stops. 
At a reset or stop mode, FF16 is automatically set in timer 2 
and 0716 in timer 3. 
After a STP instruction is executed, timer 3, timer 2, and the 
clock ('" divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if timer 3 interrupt request bit is set 
to "1", or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 2 
count stop bit) must be set to ·0". 
For more details on the STP instruction, refer to the oscilla
tion circuit section. 

7 o 

Ll
~J Timer control register 

(Address OOFF,.) 

Processor mode bit 
00 : SIOgle-chlp mode 
01 : Microprocessor mode 
10: Not used 

'11 : Eva-chip mode 

Timer 1 count source selection bit 

o : '" divided by 4 
1 : Timer 3 overflow 

'----- Timer 2 count source selec110n bit 

o : '" divided by 4 
1 : Clock for the clock function (XCIN ) 

'------ Timer 3 count source selection bit (Note) 
o : Timer 2 overflow 
1 : P32 port IOput 

'------- Timer 2 count stop bit 

o : Count start 
1 : Count stop 

'-------- Timer 3 Interrupt enable bit 

o : Interrupt disable 
1 : Interrupt enabled 

'--------- Timer 3 Interrupt request bit 
o : Interrupt disable 
1 : Interrupt requested 

Note In case that P32 port Input IS selected as the timer 3 count 
source, the counter IS decreased at a rlslOg edge of Input 
signal 

Flg_ 5 Structure of timer control register 
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Data bus 

8 

Reset 

STP instruction 

FF,. 

1---.-+--; f-------- Timer 2 interrupt request bit 

P32 

SM,SM2 

Pa., 

P60 latch 

SM" SMo 

'-----+--+--1 Senal 110. counter 1--__ --1 
(3) 

SM. 

·MSB 

SM3 

Fig. 6 Block diagram of timer 1 through 3 

2-12 ~~ 

f---------;;;.. Timer 3 Interrupt request bit 

Timer 1 or serial 110. Interrupt 
request bit 

TM : Timer control register 

SM : Senal 110. mode register 

PM : PWM output mode register 

~ Select gate: 

'f at reset, shaded side IS connected 
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SERIAL 1/0 
M37100M8-XXXSP/FP has two serial liD (serial I/OA and 
serial I/OB ). 

SERIAL IIOA 
The block diagram of serial IIOA is shown in Figure 7. In 

the serial I/OA mode the receive ready signal (SRDYA). syn
chronous inputloutput clock (CLKA). and the serial I/OA 
(SOUTA. S,NA) pins are used as P37• P36• P35 • and P34• re-

¢ divided by 4 

spectively. The serial IIOA mode register (address 001=616 ) 

is an 8-bit register. Bit 0 and 1 of ihis register is used to 
select a synchronous clock source. When these bits are 
(00) or (01). an external clock from P36 is selected. When 
these bits are (10). the overflow signal divided by two from 
timer 1 becomes the synchronous clock. Therefore. chang
ing the timer period will change the transfer speed. When 

the bits are (11). the internal clock '" divided by 4 becom
es the clock. 

P3, 

from Internal clock ¢ 
divided by 4 or Timer 3 

r----<r--+----------~ 
Prescaler 

P35 
SOUTA 

Internal system clock generatlOn selection 

a : X,N-XOUT selection (normal mode) 

1 : X~'WXCOUT selection (low-speed mode) 

Clock (X,N-XOUT) step blt-----------' 
a : Oscillate 
1 : Stop 

P60 /T output function selection bit---------...J 

a : Sync mode (EAROM clock Input signal generation) 
1 : Asynchronous mode 

Output of clock port selecllon bit (p60)---------~ 
a : PSo (Normal 1/0 port) 
1 :T 

Fig. 7 Block diagram of serial I/OA 

to timer 1 or 
serial 1I0A Interrupt 
request bit 

Transfer clock 

Senal I/OA mode register 
(Address OaFS,.) 

Synchronous clock selection bit 
a a : l 
1 1 : r External clock 

1 a : Tlmer1 overflow signal divided by 2 
1 1 : Timing ¢ diVided by 4 

'------SenaII/OA port selection bit (P34 • P35 ) 

a : Normal 1/0 port 
1 : Senal 1/0 port 

'------- SRDYA signal output seiection bit (P3,) 
a : Normal 1/0 port 

1 : SRDY A output pin 
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Bits 2 and 3 decide whether parts of P3 will be used as a 
serial 1I0A or not. When bit 2 is "1", P3s becomes an 110 

pin of the synchronous clock, When an internal syncnronous 
clock is selected, the clock is output from P3s' If the exter
nal synchronous clock is selected, the clock is input to P3s, 
And P35 will be a serial output, and P34 will be a serial in
put. To use P34 as a serial input, set the directional register 
bit which corresponds to P34 , to "0", For more information 
on the directional register, refer to the 110 pin section, 
To use the serial 1I0A, bit 2 needs to be set to "1", if it is 
"0" P3s will function as a normal 110, Interrupts will be 
generate"d from the serial 110", counter instead of timer 1" 
Bit 3 determines if P37 is used as an output pin for the re

ceive data ready signal (bit 3 = "1", SRDYA) or used as a 
normal 110 pin (bit 3="0"), 
The function of serial I/OA differs depending on the clock 
source; external clock or internal clock, 

Internal Clock- The SRDYA signal becomes "H" during trans
mission or while dummy data is stored in the serial 1I0A 
register. After the falling edge of write signal, the SRDYA 

Synchronous clock 

Transfer clock 

signal becomes low signaling that the M37100M8-XXXSP is 

ready to receive the external serial data, The SRDYA signal 
goes" H" at the next falling edge of the transfer clock, The 
serial I/OA counter is set to 7 when data is stored in the se
rial I/OA register. At each falling edge of the transfer clock, 
serial data is output to P35 , During the rising edge of this 
clock, data can be input from P34 and the data in the serial 

I/OA register will be ~hifted 1 bit. Data is output starting 
with the LSB, After the transfer clock has counted 8 times, 
the serial I/OA register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 

bit will be set. 
External Clock- If an external clock is used, the interrupt 

request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop, Due to this 
reason, the external clock must be controlled from the out
side, The external clock should not exceed 250kHz at a 
duty cycle of 56%, 
Timing diagrams are shown in Figure 8, and connection be
tween two M37100M8-XXXSP's are shown in Figure 9, 

Senal I/O register wnte signal ..... ____ --J !-__ --+ ____ -+-___________ .;-____ _ 

Senal 1/0 output 

SOUTA 

Serial 1/0 Input 

S'NA 
Receivable signal 

SRDYA 

Fig, 8 Serial I/OA timing 

Transmission Side 

Senal IIOA mode register 

bit 3 bit a 

I a I 1 I 1 I 0 I 
Set the directIOnal 
register for P3, Pin 
In Input mode 

Fig, 9 Example of serial 1/01', connection 
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P3, 

P3, 

P35 

SRDYA 

Synchronous clock 

Senal data 

• MITSUBISHI 
.... ELECTRIC 

P3, 

P3, 

P34 

'" 

Interrupt request bit set 

Receplion Side 

Senal IIOA mode register 

bit 3 bit{) 

I 1 I 1 I a I x I 
Set the directional 
register for P34 pin 
In Input mode 
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SERIAL I/Oe 
The block diagram of serial II0e is shown in Figure 10. In 

the serial II0e mode the receive ready signal (SRDye), syn
chronous input/output clock (ClKs), and the serial I/0s ' 
(SOUTB, S,NS) pins are used as P57, P56 , P5s, and P5., re
spectively. The serial I/0s mode regjster (address 00DA16 ) 

is an 8-bit register. Bit 1 of this register is used to select a 
synchronous clock source. When this bit is "0", an external 
clock from P36 is selected. When this bit is "1", the over
flow signal divided by two from clock counter 0 becomes 
the synchronous clock. 
Clock counter 0 is a 8-bit down counter to provide synchro
nous clock for serial lIDs. This counter divides internal 

clock <p. Structure of clock counter 0 is the same of timers. 
Therefore, changing the timer period will change the trans
fer speed. 

Bits 2 and 3 decide whether parts of P5 will be used as a 
serial I/0s or not. When bit 2 is "1", P56 becomes an 1/0 

pin of the synchronous clock. When an internal synchronous 

SolJTB/SDA 

P5, 

P5, 

Fig. 10 Block diagram of serial IIOB 

clock is selected, the clock is output from P56 . If the exter
nal synchronous cloCk is selected, the clock is input to P5e. 
And P55 will be a serial output, and P5. wi!1 be a serial in
put. To use P5. as a serial input, set the directional register 
bit which corresponds to P5., to "0". For more information 
on the directional register, refer to the 1/0 pin section. 
To use the serial I/0s, bit 2 needs to be set to "1", if it is 
"0" P56 will function as a normal 1/0. Bit 3 determines if P57 

is used as an output pin for the receive data ready signal 
(bit 3="1", SRDYS) or used as a normal 1/0 pin (bit 3="0"). 
Bit 4 is the special mode select bit. Serial I/0s can be set 

to special mode by using this bit. Bits 0, 5, 6, and 7 are 
used for speCial mode. For details, see the section of spe
cial mode. 

MS8 

In the normal mode, operations of serial I/0s are the same 
as that of serial I/OA . For details, see the section of serial 

I/OA• 

Clock counter a (8) 

Senal 1/0. interruot 

Senal 1/0. mode register 
(Address OODA,.) 

Special mode register 
(Address 0008,.) 
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SPECIAL MODE WC BUS:INTER IC BUS*) 
M37100M8-XXXSP/FP has a special serial 1/0 circuit that 
can be reception or transmission of serial data in conformity 

with 12C (Inter IC) bus format. 
12C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of. a 

machinery. 
M37100M8-XXXSP/FP's special serial 1/0 is not included 
the clock synchronisation function and the arbitration de

tectable function at multimaster. 
Operations of master transmission and master reception 
with special serial 1/0 are explained in the following: 
(1) Master transmission 
To generate an interrupt at the end of transmission, set bit 

1 of interrupt control register 2 (address OOFB,s) to "1" so 
as to serial IIOB interrupt is selected. Then set bit 0 of in
terrupt control register 1 (address OOFE,s) to "1" so as to 
serial IIO B interrupt is enabled. Clear the interrupt disable 

flag I to "0" by using the CLI instruction. 
The output signals of master transmission SDA and SCL are 
output from ports P55 and P56. Set all bits (bits 5 and 6) 
corresponding to P55 and P56 of the port P5 register 
(address OOEC,s) and the port P5 direction register 

(address OOED,s) to "1". 
Set the transmission clock. The transmission clock uses the 
overflow signal divided by 2 from clock counter O. Set 
appropriate value in clock counter O. (For instance, if 4 is 
set in clock counter 0 when f (X1N ) is 4MHz, the master 
transmission clock frequency is 100kHz). 
Set contents of the special mode register (address 
OODB,s). (Usually, 03,s.) Set the bit 4 of serial IIO B mode 

register (address 00DA'6)' Figure 13 shows the bit con
figurations of special mode register and serial IIOB mode 

register. 
Initial setting is completed by the above procedure. 
Write data to be transmitted in the serial IIOB register 
(address OODC,s) .Immediately after this, clear bits 0 and 1 
of special mode reigister (to "0") to make both SDA and 
SCL output to "L". This is for arbitration. The st,!rt signal has 

been completed. 
The hardware automatically sends out data of 9-clock cy
cle. The 9th clock is for ACK receiving and the output level 
becomes "H" at this clock. If other master outputs the start 
signal to transmit data simultaneously, it is not detected as 

an arbitration-lost. 
When the ACK bit has been transmitted, bit 1 of the timer 
control register is set to "1" (issue of interrupt request) , 
notifying the end of data transmission. 
To transmit data successively, write data to be sent to the 
serial IIOB register, and set the interrupt enabled state 
again. By repeating this procedure, unlimited number of 

bytes can be transmitted. 
To terminate data transfer, clear bits 0 and 1 of the special 
mode register to "0", set bit 1 clock SCL to 1, then set bit 1 

data SDA to "1". This procedure transmits the stop signal. 
Figure 11 shows master transmission timing explained 
above. 
(2) Master reception 
Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 

transmission and interrupt thereafter, see the preceding 
section (1) Master transmission. 

In the interrupt routine, setmaster reception ACK provided 
(36,s) in the serial IIO B mode register (address OODB,s), 
and write "FF,s" in the serial IIOB register (address 

OODC,s). This sets data line SDA to "H" and to perform 8-
clock master reception. Then, "L" is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary num

ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 

master transmission. 
Figure 12 shows master reception timing. 

(3) Wait function 
Wait function 1 is held SCL line up "L" level after falling of 

the 8th clock. 
Wait function 2 is held SCL line up "L" level after falling of 
the 9th clock. 
The wait function is reset by setting bit 5, 6 of the special 
mode register to "1". 

* :Purchase oi Mitsubishi Electric Corporation's 12C compo
nents converys a license under the Philips 12C Patent 
Rights to use these components in an 12C system, provided 
that the system conforms to the 12C Standard Specification 

as defined by Philips. 
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P5./SDA 

P5s1SCl fULr 
P5./SDA 

P5./SCl 

Fig. 11 Master transmission timing 

Recep~on data 

P5./SDA 

P5./SCl 

P5./SDA 

P5./SCl _____ --' 

Fig. 12 Master reception timing 

I I I I I II[ Senal IIOB mode register 
- (address OODA,.) 

Transmission and reception mode select bit· 
a : Reception mode 
1 : Transmission mode 

Synchronous clock select bit 
a : External clock 
1 : Clock counter 0 divided by 2 

Senal IIOB select bit 
a : Parallel port 
1 : Senal lID port 

'----- SRDYB signal output select bit 
o : Parallel port 
1 : SRDYB signal output pin 

'------ ::'peCial mode select bit 
o : Normal senal lID 
1 : Special mode 

'-------ACK operallon select bit 

a : ACK IS not sent or received 
1 : ACK IS sent and received 

1....... _______ Start signal detect bit (Note 1) 

o : Start signal IS not detected 
1 : Start signal was detected 

[I L L I I I~speclal moae register 
--'- - --L,-I--,-1- (address 00D8,.) 

Data line control bit (Note 2) 
a : SDA outputs "l" 
1 : SDA outputs "H" 

'---- Clock line control bit (Note 2) 
a : SCl outputs "l" 
1 : SCl outputs "H". 

'----- ACK recognition bit (Note 1) 
a : ACK was received 
1 : ACK IS not received 

'------ Walt function 1 enable bit (Note 3) 
a : Walt function 1 IS disabled 
1 : Wait function 1 IS enabled 

1....... _______ Wait function 2 enable bit (Note 3) 

a : Walt function 2 is disabled 
1 : Wait function 2 is enabled 

'--------Walt function 1 acceptance and 
opllrallon display bit (Note 4) 
a : Walt function 1 is not functioning. 
1 : Walt function 1 is functioning 

'--------- Walt function 2 acceptance and 
operation display bit (Note 4) 

'---------Stop signal detect bit (Note 1) 
o : Stop signal IS not detected 
1 : Stop signal was detected 

a : Wait function 2 is not functioning. 
1 : Walt function 2 is functioning. 

Notel: ThiS bit is for read only When "1" is written to thiS bit, It IS reset 
2 : The "l" or "H" output to the SDA or SCl line IS the value to be output from this port, not the value currently held 

by the SDA or SCl line 
3 : Walt function 1 maintains the SCl line to "l" after the 8th bit clock pulse has fallen In the special mode 

WBII function 2 maintainS the line to "l" after the 9th bit clock pulse has fallen 
4 : The wait function IS canceled by wntlng "1" to these bits 

Fig. 13 Structure of registers related to serial I/Oe 

2-17 



MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 

,SINGLE-CHIP S-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

PWM OUTPUT CIRCUIT 
(1) Introduction 

The M37100M8-XXXSP is equipped with one 1_4-bit 
PWM and four 6-bit PWMs. The 14-bit resolution gives 
PWMl the minimum resolution bit width of 500ns (for 
XIN = 4MHz) and a repeat period of 8192,us. PWM2, 
PWM3, PWM4 and PWM5 have a 6-bit resolution with 
minimum resolution bit width of 16,us and repeat period 
of 1 024,u s. Accuracy and operation range is certified of 
PWM are Vcc = 4.5 to 5.5V regardless of input· fre
quency. 
Block r/iagram of the PWM is shown in Figures 14. 
The PWM timing generator section applies individual 
control signals to PWM1-PWM5, using clock input XIN 

divided by 2 or XCIN divided by 2 as a reference signal. 
(2) Data setting 

The output pins PWM1, PWM2, PWM3, PWM4 and 
PWM5 are in common with pins P61, P62, P63, P64 and 
P6s of port P6 (I.e. for PWM output, PWM output selec
tion bits and the P6 directional register 061-065 should 
be set). When PWMl is used for output, first set the 
higher 8-bit of the PWM1-H register (address 00F016), 
then the lower 6-bit of the PWM1-L register (address 
00F1 16). Whe"n one of the PWM2-PWM5 is used for 
output, set the 6-bit in the PWM2-PWM5 register, re
spectively. Note that the higher 2 bits of these 8-bit 
registers are ignored when used 6-bit register. 

(3) Transferring data from registers to latches 
The data written to the 6-bit PWM register is transfer
red to the PWM latch in each 6-bit PWM cycle period. 
For 14-bit PWM, the data is transferred in the next up
per 8-bit period after the write. The signals output to 
the PWM pins correspond to the contents of these 

- latches. When data at addresses 00F016 to 00F4;6 and 
00F816 is read, data in these latches has already been 
read allowing the data output by the PWM to be con
firmed. When the 6-bit latch is being read, the upper 2 
bits of the register becomes undefined. However, bit 7 
of the PWM1-L register indicated the completion of the 
data transfer from the PWMl register to the PWMl 
latch. If bit 7 is "0", the transfer has been completed, if 
bit 7 is "1", the transf~r has not yet begun. 

(4) Operation of the 6-bit PWMs 
The timing diagr!lm of the two 6-bit PWMs (PWM2-
PWM5) is shown in Figure 15. One period (T) is com
posed of 64 (26) segments. 

There are six different pulse types configured from bits 
o to 5 representing the significance of each bit. These 
are output within one period in the circuit internal sec
tion. Refer to Figure 15 (a). 
Six different pulses can be output from the PWM. 
These can be selected by bits 0 through 5. Depending 
on the content of the 6-bit PWM latch, pulses from 5 to 
o is selecteo. The PWM output is the difference of the 
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sum of each of these pulses. Several examples are 
shown in Figure 15 (b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high
level area outputs varying from 0/64 to 63/64. An 
length of entirely' high-Iev.el output cannot be output, 
I.e. 64/64. 

(5) 14-bit PWM operation 
The timing diagram of the 14-bit PWMl is shown in Fi
gure 16. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits anp higher 8 bits. 
A high-level area within a length N timers T is output 
every short area of t=256 T =128,us as determined by 
data N of the higher 8 bits. (Refer to PWM output CV in 
the lower part of Figure 16.) 
Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that puis T. As a result, 
the short-area period t (= 128,us, approx. 7.8kHz) be
comes an approximately repetitive period. 

(6) Output after reset 
At reset the output of port P6 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis
ter, its data is transferred to the latch. 

Table 2. Relation between the 6 lower-order bits 
of data and the space set by the ADD bit 

6 lower-order blls of dala Area longer by r than that of other tm(m - ° to 63) 

OOOOOL&" Nothing 

000001 m=32 

o 0 0 0 1 0 m=16,48 

o 0 0 1 00 m= 8,24,40,56 

00 1 o 0 0 m= 4,12,20,28,36,44,52,60 

01 000 0 m = 2, 6, 10, 14, 18, n, 26, 30, 34, 36, 42, 46, 50, 54, 58, 62 

1 00 000 m= 1 , 3, 5, 7, ----- ------------------------------57, 59, 61, 63 
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8 

7 

Data bus 

PWM1-L register 
(address OOF1,.> 

6-bIt PWM circuit 

Flg,14 Block diagram of the PWM circuit 

.1 Selection gate: connected to black 
~ colored side when reset. 

P6,D6, 

J 
J-o PS,/PWMl 

1 
P62 D6. 

~P62/PWM2 

1 
P6a os. 

....rO P6a/PWM3 

1 

~P65/PWM5 

i 
PM : PWM control register 
PN : PWM outpU1 control register 
OS : Port PS directional register 
P6 : Port P6 register 
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Blt5 

Blt4 

Blt3 

Blt2 

Bit 1 

BltO 

Contents 
of the latch 

When 00'6 

When 01'6 

When 18'6 
(241 

When 28'6 
(40) 

When 3B'6 
(591 

When 3F'6 
(63) 
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0123.45678 12 16 20 24 28 32 36 40 44 48 52 56 60 63 

lal Pulses showing the weight of each bit 

~-----------------------------------------------------------r 

~----------------------~ 

When output IS lower 6 bits of PWMI 

When output is PWM2-PWM5 

T = 64t 

t=128,us T=8192,us 

t = 16,us T = 1024,us 

when f(X'N)=4MHz 

(b) Example of 6-bit PWM output 

Fig. 15 6-bit PWM timing diagram 
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PWM1-H 
register 

PWM1-L 
register 

PWMllatch 
(14 bit) 

(Example 1) 

PWMloutput 
CD 

lower 6 bits 
output 

(When H 6A,., 
L 24,.) 

(Example 2) 

PWMloutput 

lower 6 bits 
output 

(When H 6A,., 
L·18,.) 
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Data In address OOFO is ~ 6A ,. ,. Data In address OOFO IS ~ 78 ,. ,. 
59,• I~ 6A,• 1 ., 78,• 

Data in address 00F1 ,• is # 24'6 ____ Bit 7 reset after transfer Data IS address 00F1 ,• IS # 35 ,• 

13,• I~ ;-- 24,• 1--' 35,• 

A4,• /' Register to latch tranfer 85, • --" Register to latch tranfer 

I 1653,• 'oj1AA41• lAA4,• I lAA4,• ~ 1 EF5,• I 
L When bit 7 of PWM1-L is "0" register 

T=8192,us I to latch transfer will not occur 
(64X128,us) 

t = 128,us ------------ ---

-- (256XO.5,us) - ----
Minimum b It resolution width , =0.5,us 

PWMloutput 
~ 

8-blt counter 

Hlgh/low
section IS 

the data c 

~8 
ADD 

I 02 I al' 00 

} 
level of the ADD 
determined by 
ontalned In 

the lower 6 bit 

r 
6A:69:68:67: 102 I all 

I I 

I ADD 

FF I FE I FD I FC I I 97 I 96 I 95 I 102 I 01 100 

) 
High-level area output, the length 

of which is specified PWM-H 

256 r (128,us) standard 

Fig. 16 14-bit PWM timing diagram 

6A : 69 : 68 : 67 : : 02: all 

FF I FE I FD I FC 1 197196195 1 

2-21 



MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROL1.ER 

7 '0 
I I I I I I I I I PWM control register 

; L(Address OOF5,.) 

, PWM1. PWM2. PWM3. PWM4. PWM5 
count source selection bit 

o : Supply 
1 : Stop 

P6,/PWM1 output selection bit 
o : Parallel port 
1 : PWM1 output 

'----- P62/PWM2 output selection bit 
o : Parallel port 
1 : PWM2 output 

~--- P6a1PWM3 output selection bit 
o : Parallel port 
1 : PWM3 output 

'----- INT, input reverse bit 
o : INT (leading-edge Interrupt request) 
1 : INT (trailing-edge Interrupt request) 

'-------INT 2 Input reverse bit 
o : INT (leading-edge Interrupt request) 
1 : INT (trailing-edge Interrupt request) 

'-------P60/T output selection decision bit (reading only) 
o : Parallel port 
1 : Output Is 112 that of timer 1 

'--------P6.,1PWM4 output selection bit 
o : Parallel port 
1 : PWM4 output 

Fig. 17 Structure of registers related to PWM 
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I I 

o 

I ~I ~I ~TL r,:~r:~p~~::;r~ register 

L PWM1 output polaroty selection bit 

PWM2 output ,lolarlty selection bit 

PWM3 output polarity selection bit 

PWM4 output polarity selection bit 

PWM5 output polarity selection bit 
o : Positive 
1 : Negative 

'------- P65/PWM5 output selection bit 
o : Parallel port 
1 : PWM5 output 
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PORT P60 I TIMER 1 OUTPUT 
Bit 0 of port P6 outputs 1/2 the frequency of timer 1 when 
bit 4 (SM4 ) of the serial IIOA mode register (address 
00F6,s) is set to "1". The output switching can be accom
plished with either of two procedures, synchronous mode or 
asynchronous mode, depending on the setting of bit 5 
(SMs) of the serialllOA mode register. 
When SMs is set to "0" the synchronous mode is set. In 
such a case, after SM4 has been changed, synchronization 
is set to the 1/2 frequency of timer 1 and switching· be
tween the port latch and timer takes place. It is possible to 
ascertain whether switching actually occurred by reading 
the value of bit 6 of the PWM control register. 

From thl;l time that the contents of SM4 was changed to the 
point where switching completes, the contents of neither 
SM4 nor P60 may be changed. Use of the synchronous 
mode prevents the generation of a pulse shorter than the 
timer output ':luring switching. Figure 18 (a) gives an exam
ple of timing in the synchronous mode. Use of the synchro
nous mode allows generation of an EAROM clock input sig
nal through the use of a simple program. 
When SMs is set to "1", the asynchronous mode is set. In' 
this case, the output switching occurs directly after SM4 has 
been changed. Figure 18 (b) gives an example of timing in 
the asynchronous mode. 

~ ________________ ~r-l~ ______ __ 

1/201 T1 

PM. 

PSo latch 

Latch output l,;: 
>, 

PSo/T output 

Timer output 

(a) Synchronous mode (SM.=O) 

Timer output 

(b) Asynchronous mode (SM.=l) 

Nofe 1 Output switch'"l1 occurs at the trailing edge of timer 1 divided signal when the value 01 the P60 latch IS "0" and 

at the leading edge of timer 1 divided signal when the value of the PSo latch is "1". 

Flg.18 PSo/T switching timing diagram 
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COMPARATOR CIRCUIT 
T.he comparator circuit is shown In Figure 19. The compara
tor circuit consists of the switch tree, ladder resistor, com
parator, comparator control circuit, A-D control register 
(address 00E7'6)' and analog signal input pin (P33/A-D). 
The analog input pin is common with the digital input/out
put terminal to the data bus. 
The 5-bit A-D control register can generate 1/16Vcc-step 
internal analog voltage, based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-D 
control register bits 0 to 3 and the generated internal ana
log voltage. The comparator result of the analog input vol
tage and the internal analog voltage is stored in the A-D 
control register, bit 4. 
The data is compared by setting the directional register 
corresponding to port P33 to ·0" (port P33 enters the input 
mode), to allow port P33 /A-O to be used as the analog in
put pin. The digital value corresponding to the internal ana
log voltage to be compared is then written in the A-D con
trol register (address 00E7'6)' bits 0 to 3. The voltage com
parisi on starts as soon as the writing is completed. 4-cycle 
(required for comparating) later, the result of comparision 
is stored in the A-D control register, bit 4. Bit 4 is "1" when 
analog input voltage > internal analog voltage and "0" 
when analog input voltage < internal analog voltage. 
When voltage is compared to by setting bits 0 to 3 of the 
comparator register "0", bit 4 of the A-D control register be
comes "1" regardless of the analog input voltage. 

Table 3. Relationship between the contents of 
A-O control register and internal voltage 

A-O control register 
Internal analog voltage 

bit3 bit 2 bit1 bitO 

0 0 0 1 1/16Vcc-l/32Vcc 

0 0 1 0 2/16Vcc-l/32Vcc 

0 0 1 1 3/16Vcc-l/32Vcc 

0 1 0 0 4/16Vcc-l/32Vcc 

0 1 0 1 5/16Vcc-l/32Vcc 

0 1 1 0 6/16Vcc-l/32Vcc 

0 1 1 1 7/16Vcc-1I32Vcc 

1 0 0 0 8/16Vcc-l/32Vcc 

1 0 0 1 9/16Vcc -1I32Vcc 

1 0 1 0 10/16Vcc-l/32Vcc 

1 0 1 1 11/16Vcc-l/32Vcc 

1 1 0 0 12/16Vcc-l/32Vcc 

1 1 0 1 13/16Vcc-l/32Vcc 

1 1 1 0 14/16Vcc-l/32Vcc 

1 1 1 1 15/16Vcc-l/32Vcc 

Data bus 

(Address OOE8,.) 

P33 

Internal analog voltage 

Fig. 19 Comparator Circuit 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display Functions 
Table 4 outlines the CRT display functions. The M37100M8-
XXXSP incorporates a 21 columns X 3 lines CRT display 
control circuit. CRT display is controlled by the CRT display 
control register. 
Up to 96 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 
Characters are displayed in a 12 X 16 dot configuration to 
obtain smooth character patterns. (See Figure 20) 
The following shows the procedure how to display charac
ters on the CRT screen. 
eD Set the character to be displayed in display RAM. 
(l) Set the display color by using the color register. 
@ Specify the color register in which the display color is 

set by using the display RAM. 
@) Specify the vertical position and character size by us

ing the vertical pOSition register. 
@ Specify the Horizontal position by using the horizontal 

position register. 
@ Write the display ~mable bit to the designated block 

display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the VSYNC signal. 

~-------------12dms--------------~~ 

Fig. 20 CRT display character configuration 

The CRT display Circuit has an extended display mode. 
This mode allows multiple lines (more than 3 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 22 shows a block diagram of the CRT display control 
circuit. Figure 21 shows the structure of the CRT display 

control register. 

Table 4. Outline of CRT display functions 

Parameter FunctIOns 

Number of display character 21 charactersX 3 lines 

Character configuration 12X16 dots (See Figure 20) 

Kinds of character 96 
Character size 4 size selectable 

--

Color I 
Kinds of color 15(max) 

Coloring Unit a characler 

Display expansion Possible (multiple hnes) 

7 0 
l-l-T--I--r'T I I CRT conlrol register 

L Display of all blocks control bit (Nme 1) 
o : Display of all blocks off 

- - - I - L laooress OOEA,.) 

1 : Display of all blocks on 

Display of block 1 control bit 
o : Display of block 1 off 
1 : Display of block 1 on 

L--- Display of block 2 control bit 
o : Display of block 2 off 
1 : Display of block 2 on 

L-___ Display of block 3 control bit 

o : Display of block 3 off 
1 : Display of block 3 on 

'---------- Block 1 color select mode switch bit 
o : Normal mode 
1 : Half character Width color select mode 

'---------- Multiple lines .display interrupt enable bit 
(Nme 2) 

o : Interrupt IS disabled 
1 : Interrupt request occurs 

at every line display 

'------------- Scanning hne double count mode bit 
o : Normal mode (256 hnes) 

1 : Double count mode 

Note 1 Display of all blocks control bit indicates the 
logical sum (AND) of each block display control 
bit . 

2 The multiple hnes display interrupt request 
occurs only when CPU is operating at the Inter
nal clock frequency when f(X'N)=4MHz 

Fig. 21 Structure of CRT control register 
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OSCl OSC2 HSYNC VSYNC r 9 
(Address 0008,.) r C'oo' "".~"' I CRT control register ~ circuit -, 

(Address 0001,. to 0003,.) 

Character 
'---30 

size Vertical position register 

register Display position control circuit 

(Address 0000,.) j 
Horizontal position register l--

J 

1 ~ 1 
~ ~ 

RAM for display ROM for display 

9-bit X21X3 12-bit X16X96 

Display 

control 

(Address 0004,. to 0007,.) 

circuit 

Shift register 
Color register ~ 

12-bit 

Output circuit 
I--' . 

6 6 b 6 3 -
R G B OUT 

Fig. 22 Block diagram of CRT display control circuit 
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(2) Display Position 
The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 
Up to 21 characters can be displayed in one block. (See 
(4) RAM for Display.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 

The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 

The display position in the vertical direction is selected 
from 64-step display positions for each block in units of four 
scanning lines. 

If the display start position of a block overlaps with some 
other block (( b) in Figure 25), a block of the smaller block 
No. (1 to 3) is displayed. 

7 0 

I I I I I I I I I Vertical position register 

I I I II I 
\Address 0001 ,• to 0003,.) 

The vertical display start position 

64-step positions (00,• to 3F,.) 

Character size bit 

00 : Small size 
01 : MedIum size 
10 : Large size 
11 : Extra large size 

Fig. 23 Structure of vertical position registers 

If when one block is displaying, some other block is dis
played at the same display pOSition ((c) in Figure 25), the 

former block is overridden and the latter is displayed. 
The vertical position can be specified from 64-step posi
tions (four scanning lines per step) for each block by set
ting values 0016 to 3F16 to bits 0 to 5 in the vertical position 
register (addresses 00D1 16 to 00D316). Figure 23 shows 

the structure of the vertical position register. 
The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 

(Tc=oscillation cycle for display)) by setting values 0016 to 
3F16 to bits 0 to 5 in the horizontal position register 
(address 00DOI6 ). 

Figure 24 shows the structure of the horizontal position reg
ister. 

Horizontal pOSitIon register 

(Address OOOO,S) 

The horizontal disolay start oosltion 

64-step posItIons (00,• to 3F,.) 

'---------- Horizontal border function of OUT 
outout selectIon bit 

o : The same as R, G, B is output 
1 : Border is output 

'--------- Border output switch bit 

o : Border including character 
1 : Border only 

Fig. 24 Structure of horizontal pOSition register 
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: 

(HR) I 
I 

ev, -- --- --

I Block 1 

ev, -- -

I Block 2 

I 
I 

eV3 --

I Block 3 

(a) Example when each block is separated 

I 
I 

(HR) I 
ev, I 

ev, -- -- --

I Block 1 

I 
I 
I 
I 
I 
I 

eVa --

I Block 3 

(b) Example when the display start position of a block overlaps with some other block 

I 
I 

(HR) I 
I 

ev, - - -- --
Block 1 

ev, --
Block 2 

I 
I 
I 
I 
I 
I 

eV3 --

Block 3 

(c) Example when one block is displaying some other block is superimposed. 

Display position 
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(3) Character Size 
The size of characters to be displayed can be selected 
from four sizes for each block. Use the bit 6 and 7 of vertic
al position register to set a character size. 
The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis-

play oscillation (=Tc) in the width (horizontal) direction. 

The small size consists of (one scanning linel X (1 Tcl; the 
medium size consists of (two scanning linesl X (2 Tcl ; the 
large size consists of (three scanning linesl X (3 Tcl ; and 
the extra large size consists of (four scanning linesl X (4 

Tcl. Table 5 shows the relationship between the set values 
in the character size register and the character sizes. 

Table 5. The relationship between the set values of the character size bits and the character sizes 

Set values of the character size bits Character 
Width (horizontal) direction Height (vertical) direction 

Bitl Bit 6 size 

0 0 Small 1 Tc 1 

0 1 Medium 2 Tc 2 

1 a Large 3 Tc 3 
.. -

1 1 Extra large 4 Tc 4 

Note The display start positIOn In the horizontal direction is not affected by the character size In other words, the hOrizontal start position is common 
to all blocks even when the character size varies with each block. (See Figure 26) 

B 
Medium 

Large 

Extra large 

- Display start positIOn 

Fig. 26 Display start position of each character size (horizontal direction) 
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(4) RAM for Display 
The CRT display RAM is allocated at addresses 200016 to 

200416, and is divided into a display character code· spe
cifying part and display color specifying part for each block. 
Table 6 shows the contents of the CRT display RAM. 
When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is necessary 

to write the character code to the seven low-order bits 
(bits 0 to 6) in address 200016 and the color register No. to 
the two low-order bits (bits 0 and 1) in address 208016 , The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv
ance. For details on color registers, refer to (5) Color Reg
isters. 
The structure of the CRT display RAM is shown in Figure 
27. 

Table 6. The contents of the CRT display RAM 

Block Display POSition (from left) 

1 st Column 

2 nd Column 

3 rd Column 

810ck 1 

191h Column 

20lh Column 

21th Column 

Not used 

1 sl Column 

2 nd Column 

3 rd Column 

810ck2 

191h Column 

20lh Column 

21th Column 

Nol used 

1 sl Column 

2 nd Column 

3 rd Column 

810ck 3 

191h Column 

20lh Column 

21th Column 

Nol used 

Character code specification 

2000,. 

2001,. 

2002,. 
: 

2012,. 

2013,. 

2014,. 

2015,. 

10 

201F,. 

2020,. 

2021,. 

2022,. 
: 

2032,. 

2033,. 

2034,. 

2035,. 

10 

203F,. 

2040,. 

2041,. 

2042,. 

2052,. 

2053,. 

2054,. 

2055,. 

10 

207F,. 

2-30 • MITSUBISHI 
"'ELECTRIC 

Color specification 

2080" 
2081,. 

2082,. 

2092,. 

2093,. 

2094,. 

2095,. 

to 

209F,. 

20AO,. 

20Al,. 

20A2,. 

2082,. 

2083,. 

2084,. 

2085,. 

10 

208F" 
20CO,. 

20Cl,. 

20C2,. 

2002,. 

20D3,. 

20D4,. 
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Block 1 

[Character specification) 

1 st column : 2000'6 

to 

21th column: 2014'6 

[Color specification) 

Block 2,3 

1 st column : 2080" 

to 

21th column: 2094,6 

[Character specification) 

1st column : 2020,6 

to 

21th column: 2034'6 

L---'-_--'--..JL----'--_L---'-__ Character code 

Specify 96 characters at 00'6 to 5F'6 

'-----'--- Former half color register specification in the normal mode 

or in the half character width color select mode 

00 : Color register 0 speciflcallon 

01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 

L--L ______ Latter half color register specification 

in the half character width color select mode 

00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 

I I 
L--L_--'--..J_---'--_L--'-.I -- Character code 

Specify 96 characters at 00'6 to 5F'6 

(Address 2040,6 to 2054'6 In the case of block 3) 

[Color speclficallon) 

1 st column : 20.110,6 

to 

21th column: 20B4'6 

1 0 

W Color register speciflcallon 

(Aaaress 20GO'6 to 20D4'6 in the case of block 3; 

00 : Color register 0 specification 

01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 speciflcallon 

Fig, 27 Structure of the CRT display RAM 
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(5) Color Registers 
The color of a displayed character can be specified by set

ting the color to one of the four color registers (coo to 

C03: addresses 0004'6 to 0007,6 ) and then specifying that 

color register with the CRT display RAM. 

There are .four color outputs: R, G, B, and I. By using a 

combination of these outputs, it is possible to set 24_1 
(when no output) = 15 colors. However, because only four 

color registers are available, up to four colors can be dis
played at one time. 

R, G, B, and I outputs are set by using bits 0 to 3 in the col

or register. Bit 4 in the color register is used to set a char

acter or blank output; bit 5 is used to specify whether a 

character output or blank output. Figure 28 shows the struc
ture of the color register. 

(6) Half Character Width Color Select Mode 
By setting "1" to bit 4 in the CRT control register (address 

0008,6) it is possible to specify colors in units of a half 

character size (vertical 16 dotsXhorizontal 6 dots) for char
acters in block 1 only. 

In the half character width color select mode, colors of dis
play characters in block 1 are specified as follows: 

CD The left half of the character is set to the color of the 

color register that is specified by bits 0 and 1 at the 

color register specifying addresses in the CRT display 
RAM (addresses 2080 '6 to 2094 ,6 ). 

® The right half of the character is set to the color of the 

color register that is specified by bits 2 and 3 at the 

color register specifying address in the CRT display 
RAM (addresses 2080 '6 to 2094,6 ). 

Color of the color register specified by 

bit 0 and bit 1 of address 2080'6 

(a) Display m the normal mode 

Color of the color register Color of the color register 

specified by bit 0 and bit 1 speCified by bit 2 and bit 3 

of address 2080 '6 of address 2080'6 

(b) Display In the half character Width color select mode 

7 0 

O-l::c::IIJ_L] Color register (Address 0004,• to 0007,.) 

1 1_ -, ,," ~~"" o : No character is output 
1 : Character is output 

B pm output bit 
o : No character IS output 

: Character IS output 

'-------- G pin output bit 

o : No character IS output 
1 : Character IS output 

'--------- R pm output bit 
o : No character IS output 
1 : Character is output 

'-------'----OUT pm output bit (Note) 

o : No character or blank IS output 
1 : Character or blank is output 

'------OUT pm output control bit (Note) 

o : OUT pm outputs character 
1 : OUT pm outputs blank 

Note When the character outlmmg function is used, the I 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pm output becomes an border output 

Fig. 28 Structure of color registers 

Color of the color register specified by 

Block 1 

bit 0 and bit 1 of address 2081 '6 

Color of the color register Color of the color register 

specified by bit 0 and bit 1 specified by bit 2 and bit 3 Block 1 

of address 2081 ,6 of address 2081 ,6 

Fig. 29 Difference between normal color select mode and half character width color select mode 
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(7) Multiline Display 
The M37100M8-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different ver

tical positions. 
In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 
The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 

an interrupt is applied. 
The display block counter is used to count the number of 

blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 

incremented by one. 

I I I I 
I I I I 

Display block counter 
(addrp-ss 0009,.) 

Indicates number of blocks 

that are being displayed or 

were displayed 

Fig. 30 Structure of display block counter 

Block 1 

Block 2 

For multiline display, it is necessary to enable the CRT in
terrupt (by clearing the interrupt disable flag to "0" and set
ting the CRT interrupt enable bit (bit 6 at address 00FE16 ) 

to "1 ,,), then execute the following processing in the CRT 
interrupt handling routine. 

CD Read the value of the display block counter. 
® The block for which display is terminated (i.e., the 

cause of CRT interrupt generation) can be determined 
by the value read in CD. 

@ Replace the display character data and display position 
of that block with the character data (contents of CRT 

display RAM) and vertical display position (contents of 
vertical position register) to be displayed next. 

Figure 30 shows the structure of the display block 
counter. 

Count value Interrupt position 

Block 3· 

Block1' 

Fig. 31 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 
One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
display start position of a character is-also extended two
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 

mode are 64 steps from 0016 to 3F16, or four scanning lines 
per step, the number of steps in the scanning line double 

Vertical position A 

AD} Scanning Une 16 lines 

(a) Display In the normal mode 

count mode is 31 from 0016 to 1 F16, or eight scanning lines 
per step. 

If the contents of the vertical position register for a block 
are set in the address range of 2016 to 3F16 in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 

In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
00D816 ) to "1 ". 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis
played. 

/ 

Vertical posilion AX2 

AX2 -

~ Scanning Une 32 hnes 

-

(b) Display In the scanning hne double coun1 mode 

Fig. 32 Display in the normal mode and in the scanning line double count mode 
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(9) Horizontal Character Border Function 
An border of a one clock (one dot) equivalent size can be 
added to a character to be displayed only horizontal direc

tion. 
The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 

pin instead. 
Border can be specified in units of block by using the bit 6 
and 7 of horizontal position register. Table 7 shows the re
lationship between the values set in the horizontal position 

register and the character border function. 

Table 7. The relationship between the value set in the horizontal position register and the character border function 

Horizontal position register 
Functions Example of output 

Bit 7 Bit 6 

X 0 
R, G, B, I output --I"L--

Normal 
OUT output --I"L--

0 1 
R, G, B, I output --I"L--

Border including character 
--..r--L OUT output 

1 1 
R, G, B, I output --f"""L-.. Border not including character 

J1......f""L OUT output 

o IS bOrder. 
• is display by character data. 

Fig. 33 Example of border 
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(10) Clock Oscillating Circuit for Display 
The clock signal for display can be obtained by connecting 
a resistor and a capacitor between the I/O ports of the 
oscillating circuit (OSC1 and OSC2). Figure 34 shows an 
example of circuit. 

M37100M8-XXXSP 

ascI aSC2 

Fig. 34 Example of oscillating circuit for display 

(11) Programming Notes 
1. Use STA instruciton for data transfer to the following 

registers related to OSO functions. 
CD Horizontal position register (address 000016 ) 

~ Vertical position registers (address 0001 16 to 000316 ) 

@ Color registers (address 000416 to 00D716 ) 

® CRT control register (address 000816 ) 

2. Do not display the display OFF blocks having different 

character sizes on a block display 
3. The highest vertical position (the vertical display start 

position bits are "0016") can not be used. 
4. The inferrupt to tell the end of block display is not 

caused and the display block counter is not in
cremented until the display of the block has been com

pleted terminated. 
5. The display block counter (000916 ) is reset while 

VSYNC is "H" (when the option is positive in polarity) to 
"FF16'" 

6. If, during the display of a block, the display position of 

another block comes, the display of the subsequent 
block (having a larger vertical position register value) 
is preferred. 

7. When' two or more blocks are displayed in the same 
vertical position, the display priority is CV1, CV2, and 
CV3 in this order. This is not affected by turning on/off 

of block display. 
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RESET CIRCUIT 
The M37100 is reset according to the sequence shown in 
Figure 36. It starts the program from the address formed by 

using the content of address FFFF16 as the high order 
address and the content of the address FFFE16 as the low 

Address 

(1) Port PO directional register (D 0)( E 1 ,.) . LjJjl,~ 

(2) Port Pt directional register (D 1 ) ( E 3 ,.) .. [ 0 0 ,• I 

(3) Port P2 directional register (D 2 ) ( E 5,.) · .. 1 0 0 1~ 

(4) Port P3 directional register (D 3 ) ( E 9 1.) ··1 0 0 1. I 
(5) Port P4 directional register (D 4 ) ( E B 1.) [Of I I I I I I I 
(6) Port P5 dlrecllonal register (D 5 )( E D ,.) ... 10 I 0 I 0 I 0 I 0 I 0JilJ 
(7) Port P6 directional register ( D 6 )( E F 1.) w~roJ 

(8) PWM control register ( PM) ( F 5,.) ... L 0 0 , • 1 
(9) 8enall/OA mode register (8 M)( F 6 , .) .. 0 0 , • I 

~O) PWM output control register (p N ) ( F 9 16)· 0 10 I 0 I 0 I 0 I 0 I 0 I 
(11) Interrupt control register 2 ( I N)( F B 1.) ··TT I I I I 10 1 01 
(12) Tlmer2 

(13) Timer3 

(14) Interrupt control register 1 

(15) Timer control register 

(16) Processor status register 

(11) Program counter 

( T 2 )( F C 1.) . C F F 1. I 
~~~ 

( T 3 )( F D 16) .. I 0 7 '6 I 

( I M)( F E 1.) . 1:===O=o=,=.=~J 
=~~ 

( T M)( F F 1.) . I 0 0 ,• I 

(PS) Wll11111 
( PC H) .• I Contents of -a~ FFFF,;--·--- I 

( peL) ··1 conte~~F~l:ddress I 

(18) Honzontallocatlon register (H R)( D 0,.) . ·1 0 0,• I 
(19) Color register 0 

(20) Color register 1 

(21) Color register 2 

(22) Color register 3 

(23) Display control register 

(C 00 )( D 4 16)· [I 10 I 0 I 0 I 0 I oE] 
(C01)(D 5 1611 I 1010101010101 
(C02)(D 6 ,.) [JJOJOlololOIOI 
(C03)(D7 ,.) 111010101010101 
(C C II D 8 ,.) I 1010 I 0 I 0 I 0 I 0 I 0 I 

(24) Senall/O. mode register (S B)( D A 16) ... CT~ 

(25) SpeCial mode register (SCIIDB ,.)I 1010101010101~ 
(26) Counter 0 (DD ,6 ) I FF ,• I 
Note Since the contents of both registers other than those listed 

above and the RAM are undefined at reset. It IS necessary to 
set initial values 

Fig. 35 Internal state of microcomputer at reset 

order address, when the RESET pin is held at "L" I~vel for 
no less than 2flS while the power voltage is 5V± 10% and 
the crystal oscillator oscillation is stable and then returned 
to "H" level. The internal initializations following reset are 

shown in Figure 35. 
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RESEToUT 

SYNC 

Address 

Data 

8 to 12 clock cycles 

Reset address from 
the vector table 

Note 1 : Frequency relation of f(X,N ) and if> IS f(X,N )=4'if> 
2 : The mark" "" means that the address IS changing 

depending upon the previous state 

Fig. 36 Timing diagram at reset 
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1/0 PORTS 
(1) Port PO 

Port PO is an 8-bit I/O port with N-channel open drain 
and middle voltage output. 
As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 00EO ,6. 
Port PO has a directional register (address 00E1 ,6 ) 

which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program
med as output, the output data is latched to the port 
register and then output. When data is read from the 

output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 

levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address 00FF,6), three different 

modes can be selected; single-chip mode, eva-chip 
mode and microprocessor mode. 
In these modes it functions as address (ArAo) output 
port (excluding single-chip mode). For more details, 
see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO but the output structure is not middle voltage. It 
can be built in pull-up register at each pin by selecting 

the option. In other modes, it functions as address (A'5-
As) output port. 
Refer to the section on processor modes for details. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 
port P1. In other modes, it functions as data (00-07 ) in
put/output port. 
Refer to the section on processor modes for details. 

(4) Port P3 

In single-chip mode, port P3 has the same function as 
port P1. P32-P37 have program selectable dual func
tions. P3o, P3, function as control signals input/output 
port except in the single-chip mode. Refer to the sec
tion on processor modes for details. 

(5) Port P4 

This is an 1-bit I/O port with function similar to port PO, 
but the output structure is CMOS output. 
This port is unaffected by the processor mode bits. 

(6) Port P5 

This is an 7-bit I/O port with function similar to port P1. 
P54-P57 have program selectable dual functions. P52, 

P53 are shared with external interrupt input pins (INT" 
INT2 ) 

This port is unaffected by the processor mode bits. 

(7) Port P6 

This is an 6-bit input/output port with function similar to 

port PO. The output structure of P60 , P6, is CMOS out
put and the output structure of P62-P65 is N-channel 
open drain and middle voltage. 

P6o-P65 have program selectable dual functions. 
This port is unaffected by the processor mode bits. 

(8) Function pins for CRT display function 
The horizontal synchronizing signal is input from HSYNC . 

The vertical synchronizing signal is input from VSYNC . 

I, S, G, R, OUT are output pins for CRT display. 
Refer to the section on CRT display functions for de
tails. 

(9) ¢ pin. 

The internal system clock (1/4 the frequency of the 
oscillator connected between the XIN and XOUT pins) 
can be output from this pin by selecting the option 
At low-speed mode, XCIN divided by 2 is output from 
this pin. 

2-39 



Port PO, P6.-P65 

Port Pl, P2 

Port P3, P5 

MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON·SCREEN DISPLAY CONTROLLER 

Dlrecllonal register N-channel open drain output 

Port PO, P6.-P65 

Data bus-~---I~--;P;;;o;;;rt"lla;;t;;ichh-I--t------1~--J~~ 

Note: P6.-P6. may also be 

used as PWM output pins. 

N-channel open drain output 
Directional register 

Port Pl, P2 

Data bUS;-t---[=:!p~ort~la~t~ch~}-t-I-=L.J 

N-channel open drain output 
Directional register 

Port P3, P5 

Data bUS.~t--~[:1P~o~rt~la~tc~h~}--t-I-:L.J 
Note: P3, P5 may also be 

used as serial 110 pms 

Port P47 , P6o, P6, 

Directional register 

Data bus-I--IL-.:P~o~rt~l~a~tc~h_J 

HSYNC, VSYNC ¢, R, G, B, I, OUT 

output pin and P6, may also 

be used as PWM output pin 

~ttinput 

"""'~ ~ 1 ~ ",""0, '-

1 CMOS output 

o~,~ --i}~"'G"'= 
1 

Fig. 37 Ports PO-P6, HSYNC, VSYNC, <p, R, G,. B, I and OUT block diagram 
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PROCESSOR MODE 
By changing the contents of the processor mode bit (bit 0 

and 1 at address 00FF'6)' three different operation modes 
can be selected; sin'gle-chip mode, microprocessor mode 
and evaluation chip (eva-chip) mode. In the microp
rocessor mode and eva-chip mode, ports PO-P3 can be 
used as multiplexed I/O for address, data and conJrol sig
nals, as well as the normal functions of the I/O ports. 
Figure 39 shows the functions of ports PO-P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 38. 
By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Supplying 10V to CNVss places the microcomputer in 

the eva-chip mode, The three different modes are ex
plained as follows: 

0000'6 
I nternal RAM Internal RAM 

OOBF, • 
Not used Not used 

0000'6 
miscellaneous miscellaneous 

000F'6 
registers registers 

00EO'6 Port PO-P2 
00E6'6 

miscellaneous miscellaneous 

OOFF,. 
registers registers 

0100,6 

017F,6 
Internal RAM Internal RAM 

Not used Not used 

2000,6 

2004,6 
RAM for display RAM for display 

Not used Not used 
3000,. 

35FF,6 
ROM for display 1 ROM for display 1 

Not used Not used 
3800'6 

30FF'6 
ROM for display 2 ROM for display 2 

Not used Not used 

4000,6 

Microprocessor mode Eva-chip mode 

The shaded area IS external memory area 

Fig. 38 External memory area in processor mode 

(1) Single-chip mode (00) 

The microcomputer will automatically be in the single
chip mode when started from reset, if CNVss is con

nected to Vss. Ports PO-P3 will work as original I/O 
ports. 

(2) Microprocessor mode (01) 

The microcomputer will be placed in the microp

rocessor mode when CNVss is connected to Vss and 
the processor mode bits are set to "01". 
In this mode, the internal ROM is inhibited so the ex
ternal memory is required. 
In this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus (DrDo) and loses 
its normal output functions. Port P3, and P30 become 
the SYNC and R/W pins, respectively and the normal 1/ 
o functions are lost. 

(3) Eva-chip mode (11) 

When 10V is supplied to CNVss pin, the microcomputer 
is forced into the eva-chip mode. 
In this mode, the internal ROM is inhibited so the ex
ternal memory is required. 
The lower 8 bits of address data for port PO is output 

when '" goes to "H" state. When '" goes to the "L" 
state, PO retains its original output functions. 
Port P1 's higher 8 bits of address data are output when 
'" goes to "H" state and as it changes back to the "L" 
state it retains its original output functions. Port P2 re

tains its original output functions while '" is at the "H". 
state, and works as a data bus of DrDo (including in
struction code) while at the "L" state. Pins P3, and P30 

output the SYNC and R/W control signals, respectively 

while '" is in the "H" state. When in the "L" state, P3, 
and P30 retain their original I/O function. 

The R/W output is used to read/write from/to the out
side. When this pin is in the "H" state, the CPU reads 

data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to the 
"W state when it fetches the OP CODE. 
The relationship between the input level of CNVss and 

the processor mode is shown in Table 8. 

Note : The standards of M37100M8-XXXSP/FP is 

assured only in single-chip' mode. Use in the 
microprocessor mode or the eva-chip mode 
only at program development. 

2-41 



1\ CM, 

CM, 

'\ Port 

Port PO 

Port Pl 

Port P2 

Port P3 

MITSUBISHI MICROCOMPUTERS 

M37100MS-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISP.LAY CONTROLLER 

0 1 0 

0 1 1 

Single-chip mode Eva-chip mode Microprocessor mode 

¢J I r ¢J I r ¢J I r 
Ports PO,- po. Ports P07-PO. Ports P07-PO. 

)( 1/0 port ~I/OportX= -:x Address x= A7-A • A 7 -Ao 

¢J I r ¢J I r ¢J I I 
Ports P1 ,-P1. Ports P1 7-P1. Ports P1 7- P1 • 

)( 1/0 port ~ ] Address Y:. A15-AS A15-AS 

¢J I r ¢J I ,- ¢J I r 
Ports P27-P2. . Ports P27-P2. Ports P2,-P2 • 

)( 110 port ~ Data 1:. }-----~ Oata )--port 0 7-0. OrO. 

¢J I r ¢J I I ¢J I I 
Ports P37- P3. Ports P3,-P3, Ports P37-P3, 

)( 1/0 port ~ 1/0 port )( 1/0 port 

Port P3, Port P3, 

~ 1/0 port '!:... -:x SYNC K 
Port P3. Port P3. 

~l/oport'!:... -:x - K R/W 

Fig. 39 Processor mode and functions of ports PO-P3 

Table 8. Relationship between CNVss pin input level and processor mode 

CNVss Mode Explanation 

Vss • Smgle-chlp mode The smgle-chip mode 15 set by the reset 

• Eva-chip mode All modes can be selected by changmg the processor mode bit With the program 

• Microprocessor mode 

lOV • Eva-chip mode Eva-chip mode only 
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CLOCK GENERATING CIRCUIT 
The M37100M8-XXXSP has two internal clock generating 
circuits. Figure 41 shows a block diagram of the clock 
generating circuits. Normally, the frequency applied to the 
clock input pin X,N divided by four is used as the internal 
clock (timing output) ¢. Bit 7 of serial·I/OA mode register 
can be used to switch the internal clock ¢ to 112 the fre

quency applied to the clock input pin XCIN . 

M37100MS-XXXSP 

Figure 40 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 

values for constants such as capacitance which will differ 
depending on each oscillator. Fig. 40 Example ceramic resonator circuit 
The M37100M8-XXXSP has two low power dissipation mod
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
X,N clock and XCIN clock) stops with the internal clock ¢ 

held at "H" level. In this case timer 2 and timer 3 are forc
ibly connected and ¢ / 8 is selected as timer 2 input. When 
restarting oscillation, FF'6 is automatically set in timer 2 and 

07'6 in timer 3 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 2 count stop 

bit must be set to supply ("0"), timer 2 interrupt enable bit 
and timer 3 interrupt enable bit must be set to disable 
("0"). 

Oscillation is restarted (release the stop mode) when INT,: 
INT 2, or serial IIOA or serial I/OB interrupt is received. The 
interrupt enable bit of the interrupt used to release the stop 
mode must be set to "1 ". When restarting oscillation with an 
interrupt or canceling a reset, the internal clock ¢ is held 
"H" until timer 3 overflows and is not supplied to the CPU. 
The microcomputer enters a wait mode when the WIT in
struction is executed. The internal clock ¢ stops at "H" 

level, but the oscillator does not stop. ¢ is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. 

Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in
terrupt used to reset the wait mode must be set to "1" be
fore executing the WIT instruction. 

Low power dissipation operation is also achieved when the 
X,N clock is stopped and the internal clock ¢ is generated 
from the XCIN clock (60,uA or less at f(XCIN ) =32kHz). X,N 

clock oscillation is stopped when the bit 6 of serial IIOA 

mode register (address 00F6'6) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta
bilizes must be generated with a program when restarting 
Figure 42 shows the transition of states for the system 
clock. 

• MITSUBISHI 
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Xc IN XCOUT 

Q 

Internal system 
clock source 
selection SM, 

S~------~~------~S 

R STP WIT R 
instruction instruction 

R 

Interrupt disable flag I 

Interrupt request 

Block diagram of clock generating circuit 
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[
External INT 1 
Timer Interrupt 

SilO Interrupt 

SM6=1 

STP instruction ... 

.. 
Interrupt( Note 2) 

[External INT 1 
SilO Interrupt 

The above example assumes that signals 01 4MHz and 32kHz are being applied to I-'InS X'N XC'N respectively <P s'gOll,es the Internal clock 

Note 1 

2 
3 

Approximately 8ms 01 latency time are automatically generated upon release 
Irom the STP instruction due to connections 01 timer 2 and 3 
Approximately 500ms 01 latency time eXists alter the release 01 the STP Instruction. 
When the internal clock·l /8 frequency IS connected as a timer count source the count source becomes 2kHz 

Fig.42 Transition of states for the system clock 
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<An example of flow for system> 

Power on reset 
~ 

Clock X and clock for clock functIon Xc oscillation 
~ 

Internal system clock start (X -1/4 ..... </» 
~--

Program start fr~ RESET vector 

Normal program -Ope~ating at 4 MHz 

Internal clock t/> source switching X( 4 MHz) ..... Xc (32. 768kHz)(SM 7 : 0 ..... 1 ) 
~ 

Clock X halt(Xc in operation) 
~ 

Internal clock halt( WIT instruction) 
~ 

Internal clock operation start (WIT Instruction released) 
[

Timer 3 (clock count)overflow 

I Clock processing routine I - Operatmg at 32. 768kHz 

Internal clock halt'(WIT Instruction) 

Interrupts from INT,. timer 2. timer 1 or serial 1I0A • INT2 or seroal I/0e 
~ 

Internal clock operation start (WIT instructIon released) 
~ 

Program start from interrupt vector 
~ 

Clock X oscillation start 
~ 

Oscillation rose time routine (software) 

~ 

-Operallng at 32. 76SkHz 

Internal clock t/>sorrce switching (XC ..... X)(SM7 : 1 ..... 0) 

I Normal program ..... Operating at4MHz 

STP instructIon preparatIon (pushing registers) 

~ 
Timer 2. timer 3 interrupt dIsable. (IM.= O. TM6= a ) 

~ , 

Timer 2 count stop bit reselling (TMs = a ) 
~ 

Clock ~ and clock for clock functIon Xc halt (STP instruction) 

'RAM backup status I 

Interrupts from INT,. seroal I/OA • INT2• serial I/OB 
~ 

Clock for clock fU7ction ,Xc oscillation start 

Timer 3 overflow (Xc/S ..... timer 2 -tImer 3) 
(Automatically connected by the hardware) 

~ 
Internal system clock start (Xc ..... 1/2 ..... t/» 

~ 
Program start fro") interrupt vector 

Normal program 
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PROGRAMMING NOTES 
(1) Processor status register 

,. Except for the interrupt disable flag ( I ) being set to 
"1", the content of the processor status register (PS) 
is unpredictable after a reset. Therefore, flags affect
ing program execution must be initialized. 

The T flag and D flag which affect arithmetic opera
tions, must always be initialized. 

2. A Nap instruction must be used after the execution 
of a PLP instruciton. 

(2) Interrupts 

Even though the BBC and BBS instructions are ex

ecuted just after the interrupt request bits are modified 
(by the program), those instructions are only valid f~r 
the contents before the modification. Also, at least one 
instruction cycle must be used (such as a Nap) be-. 

tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) Decimal operations 

,. Decimal operations are performed by setting the de
cimal mode flag (D) and executing the ADC or SBC 

instruction. In this case, there must be at least one 
instruction following the ADC or SBC instruction be
fore executing the SEC, CLC, or CLD instruction. 

2. The N (Negative), V (Overflow), and Z (Zero) flags 
are ignored during decimal mode. 

(4) Timers 

The frequency dividing ratio of timer is 1f( n+1 ). 
(5) STP instruction 

The STP instruction must be executed after setting the 

timer 2 count stop bit (bit 5 at address 00FF'6) to 
supply ("0"). 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

• mask ROM order confirmation form 
• mask specification form 
• ROM data······EPROM 3 sets 

Write the following option on the mask confirmation form 
(1) Port P1 pull-up transistor bit 
(2) Port P2 pull-up transistor bit 
(3) X,N and XC1N oscillation feed-back registers 
(4) CRT display signal input/output polarity 
(5) 1> output 
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ABSOLUTE MAXIMUM RATINGS 
Symbol 

Vcc 

V, 

V, 

Va 

Va 

10H 

IOL1 

IOL2 

Pd 
Topr 

Tstg 

Note 1 
2 
3 

Parameter 

Supply voltage 

Input voltage RESET, CNVss 

Input voltage POo-Po" Pl.-PI7, P2.-P27, 

P30-P3r, P47, P5,-P57, 

P60-P6,;, HSYNc, VSVNC, 

X,N, Xc'N, OSCI 

Output voltage PO.-PD" P6,;-P6,; 

output voltage Pl.-PI7, P2 ... P27, P47, 

P3.-P3r, P5,-P57, P6., P6" XOUT, ~, 

XcoUT, OSC2, R, G, S, I, OUT 

Circuit current P60, P6" P4r, R, G, S, I, OUT 

Circuit current Pl.-Ph, P20-P27, P30-P37, P4r, 

P5,-P57, P60, P6" R, G, S, I, OUT 

Circuit current POo-P07, PS,-PS. 

Power dissIpatIon 

Operating temperature 

Storage temperature 

The total of 10H should be 2OmA(max). 
The total of 10L1 and 101.2 should be 5OmA( max) 
600mW in case of the flat package 

Conditions 

With respect to Vss 

Output transistors are 

at "off" state 

Yo:>' 7V 

Vo>7V 

Ta = 25"<; 

RECOMMENDED OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=-10 to 70t unless otherwise noted) 

LImIts 
Symbol Parameter Unit 

Min Typ. Max 

Vee 
Supply , I Normal speed mode f(X,N )=4MHz 4.5 5.0 5.5 

voltage f(OSC1)=5MHz V 

(Note 1) I Low-speed mode f(Xc,N)=32kHz 3.0 5.0 5.5 

Vss Supply voltage 0 0 0 V 

"H" Input voltage PO.-PO" Pl.-Ph, P2.-P27, 

V ,H 
P30-P37, P4r, P5,-P57, 

O.BVee Vee V 
P60-P6,;, RESET, X,N, Xc'N, 

HSYNe• VSyNe 

"L" Input voltage POo-po" Pl.-Ph, P2.-P27, 

V ,L P30, P3" P3.-P3., P3r, P4r, 0 0. 4Vee V 

P5" P5., P5., P57, PS ... P6. 

V ,L 
"L" Input voltage P3" P3e, P5" P5., P5., RESET, 

0 0. 2Vee V 
)cm, XcIN, HSyNe. VsyNe 

"L" average output current PO.-P07• Pl.-PI7, 

10L(avg) 
P2.-P27• P30-P37' P47, 

P5,-PSr. P60-PS" 
5 rnA 

R, G. S, I, OUT 

10L(avg) 
"L" average output current I Vo";;'7V 5 

POo-P07. P6,-PS. I Vo>7V 1 
rnA 

10H(avQ) "H" average output current P47, P6., PS" R, G, S, I. OUT 2 rnA 
!(X,N) Oscillating frequency (Note 2) 3.6 4 4.4 MHz 

f(XeIN) Oscillating frequency 29 32 35 kHz 

f(OSet) Oscillating frequency 4 5 6 MHz 

Note t : Apply 0.022/lF or greater capacitance externally to the Vee power supply pIn so as to reduce 
power source noise 

2 : Use a ceramic resonator or a quartz crystal oscillator to generate of maIO clock 
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RatIngs Unot 

-0.3 to 6 V 

-0.3 to 13 V, 

-0.3 to Vee+O. 3 V 

-0.3 to 13 V 

-0.3 to Vee+O. 3 V 

o to 10(Note 1) rnA 

o to 15(Note 2) rnA 

o to 15(Note 2) 

o to 1( Note 2) 
mA 

1000(Note 3) rnW 
-10 to 70 "C 

-40 to 125 t 



MITSUBISHI MICROCOMPUTERS 

M37100M8-XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
. with ON-SCREEN DISPLAY CONTROLLER 

ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Vss= 0 v, T a=-10 to 70t, f(X,N)=4MHz) 

Symbol Parameter Test conditions 

VOH "H" output voltage P4,. P60, P6,. R. G. B. I, OUT Vcc=4. 5V, 10H = -0. 5mA 

VOH "H" output voltage ¢ 
Vcc=4.5V 

10H =-2. 5mA 

"L" output voltage POo-PO,. P2o-P2,. P30-P3,. 
Vcc=4.5V 

VOL P4,. P5,-P5,. P6o-P65. 
10L =0. 5mA 

R. G. B. I. OUT 

VOL "L" output \/oltage P1o~Ph 
Vcc=4.5V 
10L =lOmA 

VOL "L" output voltage ¢ 
Vcc=4.5V 

10L =2.5mA 

VT+ - VT- Hysteresis RESET Vcc=5.0V 

VT+ - VT- Hysteresis P3:2. p~> P52• P53. PS6, HSYNC, VSYNC Vcc=5.0V 

Ru 
Pull-up trans'ster (Note 1) Vcc=5.0V 

P1o-Pl,. P2o- P2, v,=ov 

"H" ,nput leak current POo-PO,. Pl o-Pl,. P2o-P2,. 
Vcc=5.5V 

IOZH P30-P3,. P4,. P5,-P5,. P6o-P65. 
-- Vo=5.5V 
RESET, HSYNC, VSYNC 

IOZH "H" Input leak current POo-PO,. P6,-P65 
Vcc=5.5V 

Vo=12V 

"L" Input leak current POO-PO?, P1 o-P1 7, P2o-P27, 
Vcc=5.5V 

IOZL P30-P3,. P4,. P5,-P5,. P6o-P65. 

HSYNC, VSYNc, RESET 
Vo=OV 

V RAM RAM retention voltage At stop mode 

Vcc=5.5V I(X'N)=4MHz 
At system operation and CRT display off 

Vcc=5.5V f(X'N)=4MHz 
At system operation and CRT display on 

Vcc=5.5V f(X'N)=4MHz 
At walt mode 

Icc Supply current 
XIN-XOUT stop Vcc=5.5V 
I(XC'N) =32kHz 
At system operation Vcc=3V 

XIN-XOUT stop Vcc=5.5V 
f(Xc,N)=32kHz 
At walt mode Vcc=3V 

Vcc=5.5V 
At stop mode 

Vcc=3V 

Note 1 Pull-up transistor is mask opllon. 

• MITSUBISHI 
;"ELECTRIC 

Limits 
Unit 

M,n Typ Max 

2.4 V 

2.4 V 

0.4 V 

1.5 V 

2 V 

0.5 0.7 V 
0.5 1.3 V 

15 30 60 kO 

5 jJ.A 

10 jJ.A 

5 jJ.A 

2.5 5.5 V 

5 10 

7 14 mA 

1 

60 200 

25 

25 100 
I1A 

5 

1 10 

0.6 

2-49 



MITSUBISHI MICROCOMPUTERS 

M37102MS-XXXSP/FP 
M37201 M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

DESCRIPTION 
The M37102M8-XXXSP/FP is a single-chip microcomputer 

designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an ~O-pin plastic 
molded QFP. This single-chip microcomputer is useful for 
the high-tech channel selection system for TVs. 

PIN CONFIGURATION (TOP VIEW) 

In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

The diffEirences between the M37102M8-XXXSP/FP and 
the M37201 M6-XXXSP are noted below. The following ex
planations apply to the M37102M8-XXXSP. Specification 
variations for other chips are noted accordingly. 

I Type name ROM sIZe I RAM sIze I 
I M371 02M8-XXXSP/FP 16384 bytes I 320 bytes I 
I M37201 M6-XXXSP 24576 bytes I 384 bytes I 

FEATURES 
• Number of basic instructions······· ........................ ····69 

• Memory size ROM···· 16384 bytes (M37102M8-XXXSP/FP) 
24576 bytes (M37201 M6-XXXSP) 

RAM ········320 bytes (M37102M8-XXXSP/FP) 

384 bytes (M37201 M6-XXXSP) 
• Instruction execution time 

......... 1,us (minimum instructions at 4MHz frequency) 

• Single power supply·····································5V±10% 

• Power dissipation 
normal operation mode (at 4MHz frequency) 
····························110mW (Vcc=5.5V, CRT display) 

• Subroutine nesting···························· 96 levels (Max.) 
• Interrupt·················· ...................... 13types, 13vectors 

• 8-bit timer······························································ 4 

• Programmable 1/0 ports 
(Ports PO, P1, P2, P3, P4, P6) .............................. 47 

• Output port (Port P5)··············································· 5 
• Serial 1/0 (8-bit) .................................................... 2 

• PWM function ··············································14-bitX1 

8-bitX10 
• A-D converter (4-bit resolution) .................. 2 channels 

• 72-t:haracter on screen display function 
Number of character··· ............ 24 charactersX3 lines 

Kinds of character············································ ·126 

APPLICATION 
TV 

~1~~III~~tlon Input for OSC1 _ 1 

~1~~III~~tlon ,output for OSC2 +- 2 

{
P36/INT2/A-D2 ++ 3 

1/0 port 
P3 P35/A-Dl ++ 4 

P34/1NT,++ 5 

14-blt PWM output D-A +- 6 

1/0 port P6 

P6o/PWMO++ 7 

P6,/PWM1 .... 8 

P62/PWM2++ 9 

P63 /PWM3 ++ 10 

P6./PWM4++ 11 

P65/PWM5 ++ 12 

P66/PWM6++ 13 

P67/PWM7 ++ 14 

[

33/TIM3++ 15 

P32/TIM2 ++ 16 
1/0 port P3 

P3,++ 17 

P3o ++ 18 

P47/SRDY2/PWM8 ++ 19 

P46/S'N2/PWM9 ++ 20 

1/0 
port 
P4 

Timing output 

Reset Input 

Clock Input 

P45/SCLK2 ...... 21 

P44/SoUT2 ...... 22 

P40/SoUT1 ..... 26 

CNVss 

Clock output XOUT +- 31 

Vss 

Outline 64P48 
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Vee 

Output 
port 
P5 

1/0 port PO 

1/0 port Pl 

1/0 port P2 



MITSUBISHI MICROCOMPUTERS 

M37102M8-XXXSP/FP 
M37201M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

PIN CONFIGURATION (TOP VIEW) 

NC 65 
B/P54- 66 
G/P53- 67 
R/P52 - 68 
VSYNC- 69 

HSYNC- 70 
NC 71 

Vee 72 
Vss 73 

OSC1-74 
OSC2- 75 

NC 76 

P3a/INT,/A-D2 - 77 
P35/A-D1 - 78 
P34/1NT1- 79 

o 
M37102M8-XXXFP 

O-A-~80'-r.-n..,."..,,....,,,~,.,..,,,~",,,",,,=========,,r=' 

Outline 80P6N 

NC 

NC : No connection 
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I 
~ 

~ 

II 

M37102M8-XXXSP BLOCK DIAGRAM 

ClOck Clock,T,ming Reset 
input output output input 

X,N XOUT '" 
RESET Vee Vss CNVss D-A VSVNC HSYNe asel OSC2 

:!T ~ -~-j--@r---@--@-------------v---- "'" 1 

L-: -r--

Clock generating Data bus 
Circuit 

~ 11 Q Timer count source 
selectl()f1 CirCUit V-- I 14-brt 

Note 2 Note 1 ~ PWM Circuit 

~ Tlmer1 I 
RAM I Program Program I l ROM I T1 (8) 

320bytes counter counter 16384bytes 
PCH (8) PCl (8) 

~ 
V-- ~ TImer 2 I 

Address bus T2 (8) 

~, ContrOl signal 

~ TImer 3 I 1 
8-bIt "I Processor /1 Index I Index II 5mck I T3 (8) l Instruction J 

Arithmetic Accumulator status regIster register pOinter decoder 
and logical umt 

A(8) 
regIster X(8) Y(8) 5(8) 

L P5(8) 1 
~ Tlmer4J l'nstructloo J 1St T4 (8) regIster (8) CircUit 

1t 
.---J r---r---li 1.11 I 1 I II 

. ~ ~ ~ J j.. , 

~ ::ipeC'B I 51/01 I I 8-blt 1 151/0(51/02) (8) PWM CIrcUIt converter (8) 

,t] I ~ . ~ ~ I~U Ilj ~ JJl 
PO(8) P1(8) P2(8) P3(7) r1~ c8~ P4(8) 1"'''' ~ 

0 
1'6(8) I 1'6(5)1 

'" - >--' t ~~ " 1 1 I-

1 j j ~ -aJ ClIo: 
L 5 9 4 ~~4 - , .1J-5 61 ----- ------------() 131 III g R 7 - !J)--,-- -,;: -- -/ ,---v----/ ,- - - -.----, 

I/O port PO 110 port PI I/O port P2 

Note1: 24576 bytes for M37201 M6-XXXSP 
2 : 384 bytes for M37201 M6-XXXSP 

"'--:---/ 
I/O port P3 
~ 

I/O port P4 

,~~-:~~~~J c.::::..;;:= 
I/O port 1'6 Output port 1'6 

I 
I 

I 
_ --.J 

fit 

Z 
I:) 
r-1'1'1 
n 
Z -"V 
011 

" 

l1li -... 
n 
~ 
o 
fit 

~ 
n 
::I 

:IE 0 _n 
.. 0 
::r~ 
O"V 
Zc: , 
in ... ;a 
nl'l'l WI: ::I:a -1'1'1 ............ 1'1'10'''' fit .. ;a c:-
Z <wo !! 
o o ..... N fit 

;!:;N~= 
;! :. 0 C» I: 
:'~"'I -
-< ~>< ~ 
n~cn><o 
OZI><~ Z >< 0 ... i en ~ 
~1'1'1><,,;g 
r-!!>< ...... ~ 
r-Nen.,,1'1'1 1'1'11'1'1 __ ::1 

::I:a""fIt 



MITSUBISHI MICROCOMPUTERS 

M37102M8-XXXSP/FP 
M37201M6-XXXSP 

SINGLE-CHIP 8~BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with 'ON-SCREEN DISPLAY CONTROLLER 

FUNCTIONS OF M371 02 MS-XXXS P 
Parameter Functions 

Number of basic instructions 69 

Instruction execution time l,us (minimum Instructions, at 4MHz frequency) 

Clock frequency 4MHz 

ROM 16384bytes 
M37102M8-XXXSP/FP 

RAM 320bytes 
Memory size 

ROM 24576byies 
M37201 M6-XXXSP 

RAM 384bytes 

PO, PI, P2 1/0 8-bitX3 

P3a, P3, 1/0 2-bltXl 

InputlOutput ports P3,-P3, 1/0 
5-bitXl (can be used as timer mput pms, INT" INT, input pins and A-D 

input pins) 

P4 110 8-bitXl (can be used as serial 1/0 function pins and PWM output pins) 

P5 Output 5-bitXl (can be used as R, G, B, I, OUT pms) 

P6 110 8-bitX 1 (can be used as PWM output pins) 

Senall/O 8-bitX2 (SpeCial serial 110 (8-bit)Xl) 

Timers 8-blt hmerX4 

Subroutine nesting 961evels (max) 

Interrupt 
Two external Interrupts, nme Internal Interrupts, 

one software mterrupt 

Clock generating Circuit Two bUilt-In circuits (externally connected ceramic or quartz crystal oscillator) 

Supply voltage 5V±10% 

at CRT display ON 110mW (clock frequency X'N=4MHz, Vcc=5. 5V, Typ.) 

Power diSSipation at CRT display OFF 55mW (clock frequency X'N=4MHz, Vcc=5. 5V, Typ ) 

at stop mode 1. 65mW (Max) 

Input/Output characteristics 
InputlOutput voltage 5V (Port P4" P4" P6a-P6,) 

Output current 10mA (Port P24-P2,) 

Operating temperature range -10 to 70"(; 

Device structure CMOS silicon gate process 

Package 
M37102M8-XXXSP, M37201 M6-XXXSP 64-pln shrink plastiC molded DIP 

M37102M8-XXXFP 

Number of character 
CRT display function 

Kmds of character 

aO-pm plastiC molded QFP 

24 charactersX3 Imes 

126 (12X16 dots) 

• MITSlBSHI 
.... B.ECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M37102M8-XXXSP/FP 
M37201M6-XXXSP 

SINGLE-CHIP 8~BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

PIN DESCRIPTION 

Pin Name 
Inpull 

Output 
Functions 

Vee, Supply voltege Power supply Inputs 5V±1O% to Vcc, and OV to Vss 

Vss 

CNVss CNVss ThIs Is connected to Vss. 

RESET Reset input Input To enter the reset state, the reset Input pin must be kept at a "L" for more than 21's (under normal Vee 

conditions) 

If more tIme is needed for the crystal oscillator to stabIlize, thIS "L" condItion should be mamtalned for the 

required time. 

X,N Clock Input Input This chip has an Internal clock generating circuit. To control generating frequency, an external ceramIc or a 

quartz crystal oscillator IS connected between the X,N and XOUT p,ns If an external clock Is used, the clock 

XOUT Clock output Output source should be connected the X,. pIn and the XcUT pm should be left open. 

t/> Timing output Output ThIs is the timmg output pIn. 

POO-P07 I/O port PO 110 Port PO is an 8-bit I/O port with directIonal registers allowing each I/O bit to be Individually programmed as 

input or output At reset, this port Is set to input mode. The output structure is CMOS output 

Pl o-P1 7 I/O portPl I/O Port Pl is an 8-bit I/O port and has basically the sam? functIons as port PO 

P20 -P27 I/O port P2 1/0 Port P2 is an S-blt 1/0 port and has basically the same functions as port PO 

P30-P3e I/O port P3 1/0 Port P3 IS a 7-b~ 1/0 port and has basically the same functIons as port PO, but the output structure of P3o, 

P3, Is CMOS output and the output structure of P3,-P3e IS N-channel open drain 

P32, P3, are In common WIth external clock Input pins of timer 2 and 3 P3., P3e are In common WIth exter-

nal Interrupt input pins INT, and INT, P3" P3e are In common WIth analog Input pons of A-O converter 

(A-Ol, A-D2) 

P4o-P47 1/0 port P4 I/O Port P4 IS an 8-bot 1/0 port and has basically the same functions as port PO, but the output structure Is 
N-channel open draIn 

When seroal 1/01 Is used,P40, P4" P42 and P4, work as SOUTh SeL"" S'N' and SRDY' pins, respectIvely 

When serial 1102 is used, P44. P4s, P4e; and P4r work as SOUT2, ScLK21 SlN2 and SRDY2 PinS, respectively 

Also P40, P4, are in common with PWM output pons of PWM 8 and 9 

P6o-P67 1/0 port P6 1/0 Port P6 IS an 8-bit 1/0 port and has baSIcally the same functions as port PO, but the output structure is 

N-channel open drain. ThIS port is In common with PWM output p,ns PWMO-PWM7 

OSC1, Clock Input for CRT Input ThIS is the 1/0 pins of the clock generatIng circuit for the CRT dIsplay functIon. 

OSC2 display Output 

Clock output for CRT 

display 

HSyNe HSYNC Input Input This Is the horIzontal synchr';lIzlng signal input for CRT display 

VSYNC VSYNC Input Input This (8 the vertical synchronizing Signal Input for CRT display 

R,G, B, CRT output Output This Is a 5-blt output pIn for CRT display The output structure Is CMOS output ThIS IS on common WIth port 

I, OUT P5,-P5 •. 

O-A OA Output Output ThIS is an output pin for 14-bot PWM 
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MITSUBISHI MICROCOMPUTERS 

M37102M8-XXXSP/FP 
M37201M6-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

CPU Mode Register FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37102 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

The CPU mode register is allocated to address 00FB16. Bits 
o and 1 of this register are processor mode bits. This regis
ter also has a stack page selection bit. 

Machine-resident Instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

CPU mode register (address OOFB,.) 

L-_.L. __ Processor mode bits 

o 0 : Single-chip mode 
o 1 : Memory expansion mode 
1 0 : Microprocessor mode 
1 1 : Invalidity 

L-______ Stack page selection bit 

o : a page 
1 : 1 page 

'--------------- System clock output selection bit (Note 1) 
o : Stop (reset-out output) 
1 : System clock output 

Note1: This bit IS available at single-chip mode And It output the system clock at the other mode 

Fig. 1 Structure of CPU mode register 
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MITSUBISHI MICROCOMPUTERS 

M37102M8-XXXSP/FP 
M37201M6-XXXSP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON·SCREEN DISPLAY CONTROLLER 

MEMORY 
o Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as I/O ports and timers. 
o RAM 
RAM is used for data storage as well as a stack area. 
o ROM 
ROM is used for storing user programs as well as the inter
rupt vector area. 
o RAM for display 
RAM for display is used for specifing the character codes 
and colors to display. 

RAM 
(192 bytes) 

101' 
M37201M6 

ROM 
(24576 bytes) 

lor 
M37201M6 

Fig. 2 Memory map 
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RAM 
(192 bytes) 

RAM 
(128 bytes) 

lor 
M37102M8 

'0000, 

OOBF, 

OOFF, 

017F, 
01BF, 

• 

• 

• 
• 
• 

RAM for display j 2000, 

(216 bytes) 2007,. 
• 

ROM lor dIsplay 1 3000,. 
(4096 bytes) 3FFF,. 

ROM 
(16384 bytes) 

for 
M37102M8 

AOOO,. 
COOO, • 

FFOO,. 

FFOE,. 

FFFF,. 

o ROM for display 
ROM for display is used for storing character data. 
o Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
o Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 
o Special Page 

Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

SFR area 

Not used 

Not used 

Not used 

Interrupt vector area 

Zero page 

SpecIal 
page 
for 

subroutIne 
call 



MITSUBISHI MICROCOMPUTERS 

M37102M8·XXXSP/FP 
M37201M6·XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

OOCO,. 
00C1,. 
00C2,. 
00C3,. 
00C4,. 
OOCS,. 
00C6,. 
00C7,. 
00C8,. 
00C9,. 
OOCA,. 
OOCB,. 
OOCC,. 
OOCD" 
OOCE,. 
OOCF,. 
DODO,. 
0001" 
0002,. 
0003,. 
0004,. 
0005,. 
0006,. 
0007,. 
0008,. 
0009,. 
OODA,. 
OODB,. 
OODC,. 
DODD,. 
OODE,. 
OODF,. 

Port PO 
Port PO directional reaister 
Port P1 
Port P1 directional register 
Port P2 
Port P2 directional register 
Port P3 
Port P3 directional register 
Port P4 
Port P4 directional register 
Port PS 
Port PS directional register 
Port P6 
Port P6 direclional reQister 
DA-H reQister 
DA-L register 
PWM 0 reQlster 
PWM 1 register 
PWM 2 register 
PWM 3 register 
PWM 4 register 
PWM output control register 1 
PWM output control register 2 
Interrupt space distingUish register 
Interrupt space distinguish control register 
Special serial 1/0 register 
Special mode register 1 
Special mode register 2 
Serial 1/01 mode reQister 
Serial 1/01 register 
Senal 1/02 mode realster 
Serial 1/02 reQister 

Fig. 3 SFR (Special Function Register) memory map 

OOEO,. 
00E1" 
00E2,. 
00E3" 
00E4,. 
OOES,. 
00E6,. 
00E7,. 
00E8,. 
00E9,. 
OOEA,. 
OOEB,. 
OOEC,. 
OOED,. 
OOEE,. 
OOEF,. 
OOFO" 
00F1" 
00F2,. 
00F3,. 
00F4,. 
OOFS,. 
00F6,. 
00F7,. 
00F8,. 
00F9,. 
OOFA,. 
OOFB,. 
OOFC,. 
OOFD,. 
OOFE,. 
OOFF" 

Horizontal position register 
Vertical display start position register 1 
Vertical display start position register 2 
Vertical display start pOSition register 3 
Character size register 
Border selection register 
Color register 0 
Color register 1 
Color register 2 
Color register 3 
CRT control register 
Display block counter 
CRT port control reQister 
Scroll control reQlster 
Scroll start reQister 
A-D control register 
Timer 1 
Timer 2 
Timer 3 
Timer 4 
Timer 12 mode register 
Timer 34 mode register 
PWMS 
PWM6 
PWM 7 
PWM 8 
PWM9 
CPU mode reQister 
Interrul'l r~uest register 1 
Interrupt request register 2 
Interrul'l control register 1 
Interrupt control reaister 2 
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MITSUBISHI MICROCOMPUTERS 

M37102MS-XXXSP/FP 
M37201 M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

INTERRUPTS 
Interrupts can be caused by 12 different events consisting 
of three external, eight internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op

eration is simi lar to an interru pt. 
When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis

abled when the interrupt disable flag is set. 

Table 1. Interrupt vector address and priority. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis
ters 1 and 2. Figure 4 shows the structure of the interrupt 

request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high
est priority. Figure 5 shows interrupts control. 

Event Prlonty Vector addresses Remarks 

RESET 1 FFFF,6, FFFE'6 Non-maskable 

CRT interrupt 2 FFFD ,6 , FFFC '6 

I NT 2 interrupt 3 FFFB,6, FFFA'6 

INT, interrupt 4 FFF9,6, FFF8'6 

Serial I/O 2 interrupt 5 FFF7,6, FFF6 '6 

Timer 4 interrupt 6 FFF5 ,6 , FFF4'6 

1 ms interrupt 7 FFF3 ,6, FFF2'6 

VSYNC interrupt 8 FFF1 ,6, FFFO'6 

Timer 3 interrupt 9 FFEF ,6, FFEE '6 

Timer 2 interrupt 10 FFED ,6 , FFEC'6 

Timer 1 interrupt 11 FFEB,6 , FFEA'6 

Serial I/O 1 interrupt 12 FFE9,6, FFE8'6 

BRK instruction interrupt 13 FFDF,6 , FFDE'6 Non-maskable software interrupt 
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Interrupt request register 1 
(address OOFC,.) 

Timer 1 interrupt request bit 

Timer 2 interrupt request bit 

Timer 3 interrupt request bit 

'----- Timer 4 interrupt request bit 

'------ CRT interrupt request bit 

VSYNC interrupt request bit 

L-~...L."""'.,..-I...,......,.......,...L.""" Interrupt control register 1 
(address OOFE,.) 

Timer 1 Interrupt enable bit 

Timer 2 interrupt enable bit 

--- Timer 3 interrupt enable bit 

'----- Timer 4 interrupt enable bit 

'------- CRT interrupt enable bit 

'------- VSYNC Interrupt enable bit 

Fig. 4 Structure of registers related to interrupt 

Interrupt request bit 

Imerrupt enable bit 

Interrupt dIsable flag I 

Fig, 5 Interrupt control 

L...,~..L....J..,...J...,....L..,..L,r-L..,.J Interrupt request register 2 
(address OOFD,.) 

INT, Interrupt request bit 

INT, interrupt request bit 

Senal 1/01 interrupt request bit 

Serial 1/02 interrupt request bit 

1 ms interrupt request bit 

'---------- Test bit: This bit must be set to "0", 

: Interrupt disable 
: Interrupt requested 

Interrupt control register 2 
(address OOFF,.) 

INT, interrupt enable bit 

INT 2 interrupt enable bit 

Serial 1/01 Interrupt enable bit 

L-____ Serial 1/02 interrupt enable bit 

'------ 1 ms Interrupt enable bit 

o : Interrupt disable 
1 : Interrupt enabled 

Interrupt request 

• MITSUBISHI 
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TIMER 
The M37102M8-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. 

A block diagram of timer 1 through 4 is shown in Figure 7. 
The count source for timer 1 through 4 can be selected by 
using bit 0, 1, 4 of timer 12 mode register and timer 34 

mode register (address 00F4'6, 00FS'6)' as shown in Fi
gure 6. 

All of the timers are down count timers and have 8-bit 
latches. When a timer reaches "FF'6" and the next count 
pulse is input to a timer, a value which is subtracted 1 from 
the contents of the reload la~ch are loaded into the timer. 
The division ratio of the timer is 1/ (n + 1 ), where n is the 
contents of timer latch. The timer interrupt request bit is set 
at the next count pulse after the timer reaches "FF'6'" 
The starting and stopping of the timer is controlled by bit 2, 
3 of timer 12 mode register and timer 34 mode register. 

At a reset or stop mode, FF'6 is automatically set in timer 3 
and 07'6 in timer 4 and timer 4, timer 3 and the clock 
(f(X ,N ) divided by 16) are connected in series. 
When restarting oscillation or canceling a reset, the intemal 
clock is not supplied to the CPU until timer 4 overflows. 
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7 0 
I I I I· I I I I I Timer 12 mode register (address 00F4'6) 

Timer 1 count source selection bit 
o : f(X ,N ) divided by 16 

1 : 10241's clock 

~ Timer 2 count source selectIOn bit 
o : Internal clock 

7 0 

1 : External clock from TIM2 pin 

Timer 1 count stop bit 
o : Count start 
1 : Count stop 

Timer 2 count stop bit 
o : Count start 
1 : Count stop 

Timer 2 internal count source 
selection bit 

o : f(X ,N ) divided by 16 
1 : Timer 1 overflow 

I I I I I I I I I Timer 34 mode register (address OOF5'6) 

Timer 3 count source selection bit 

: f(X,N ) divided by 16 

1 : External clock from TIM3 pin 

'--- Timer 4 internal count source 
selection bit 

o : Timer 3 overflow 
1 : f(X ,N ) divided by'16 

Timer 3 count stop bit 
o : Count start 

1 : Count stoP. 

Timer 4 count stop bit 
o : Cou nt start 
1 : Count stop 

Timer 4 count source selection bit 

o : Internal clock 
1 : f(X ,N ) divided by 2 

Fig.6 Structure of tlmt;lr 12 mode register and 
tinier 34 mode register 
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Data bus 

Timer 1 
interrupt request 

T12M, 

P32/TIM2 

T12M, 

Timer 2 
Interrupt request 

Reset 

STP Instruction 

P33/TIM3 

Timer 3 
Interrupt request 

Timer 4 

T34M, 
Interrupt request 

~ SelecMn gate: Connected to black T colored sIde at reset 

Note: Pulse width of external clock Input TIM2, TIM3 need more than 4 machine cycles 

Fig, 7 Block diagram of timer 1, timer 2, timer 3 and timer 4 
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SERIAL I/O 
M37102M8-XXXSP has two serial I/O (serial 1/0 1, serial 
1/02). Serial 1/0 1 has the same function as serial 1/02. 

A block diagram of the serial 1/0 is shown in Figure 8. 
In the serial 1/0 mode the receive ready signal (SRDVi), 
synchronous input/output clock (SCLKi), and the serial I/O 

pins (SouTi, S,Ni) are used as port P4. The serial II0i mode 
registers (address 00DC16, 00DE16 ) are 8-bit registers. Bits 
0, 1 and 2 of these registers are used to select a synchro
nous clock source. 
Bit 3 and 4 decide whether parts of P4 will be used as a 
serial I/O or not. 

X'N 

P43 latch 

P43/SRDy< 
Sync. 
, circuit 

S101M, 

P4,/ScLK, 
SI01M3 

P40 latch 

To use P42 or P46 as a serial input, set the directional reg
ister bit which corresponds to P42 or P46 to "0". For' more 
information on the directional register, refer to the 1/0 pin 
section. 

, Also to use internal clock of serial I/O 2, bit 1 of special 

mode register 1 (address 00DA16 ) needs to be set to "1". 
The serial 1/0 function is discussed below. The function of 
the serial 1/0 differs depending on the clock source; exter
nal clock or internal clock. 

Data bus 

Serial I/O counter 1 (8) Senall/Ol 
Interrupt request 

P4o/SoUT1 
S101M, LSB-MSB 

SI01M3 

P42/S'N' Serial 1/0 shift register 1 (8) 

P47 latch PWM8 

P~/SRDY2 Sync. 

S102M, SB, ircUit 

P45/SCLK2 Senal I/O counter 2 (8) Senall/02 
SI02M3 SB2 Interrupt request 

P4,latch SDA 

S102M, : LSB-MSB 
P4,/SOUT2 

SI02M3 S8, 

P4./S'N2 Serial I/O shift register 2 (8) 

PWM9 

8 

P4. latch 

Fig. 8 Block diagram of serial 1/0 
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Internal clock-The SRDVi signal becomes "H" during trans
mission or while dummy data is stored in the serial I/0i 
register (address 000016, 00DF16). After the falling edge of 

the write signal, the SRDVi signal becomes low signaling 
that the M37102M8-XXXSP is ready to receive the external 
serial data. The SRDVi signal goes "H" at the next falling 
edge of the transfer clock. The serial 1/0, counter is set to 
7 when data is stored in the serial I/0i register. At each 
falling edge of the transfer clock, serial data is output to 
SouTi. During the rising edge of this clock, data can be in
put from S'Ni and the data in the serial 1/0, register will be 
shifted 1 bit. 

Transfer direction can be selected by bit 5 of serial II0i 
mode register. After the transfer clock has counted 8 times, 
the serial II0i register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 

Sync clock 

Transfer clock 

Senal lID, register 
wnte signal 

Senal lID output 

SOUTt 

bit will be set. 
External clock- If an external clock is used, the interrupt re
quest will be sent after the transfer clock has counted 8 

times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 9. When using an external clock for trans
fer, the external clock must be held at "H" level when the 
serial II0i counter is initialized. When switching between 
the internal clock and external clock, the switching must not 
be performed during transfer. Also, the serial 1/0 counter 

must be initialized after switching. 
An example of communication between two M37102M8-

XXXSPs is shown in Figure 10. 

Senal lID Input 

------~_~~'------
Receivable signal 

SRDYI 

Fig. 9 Serial I/O timing 

TransmiSSIOn side 

Serial 1/01 mode register 

Bit 4 Bit 0 

I 1 I 1 I 1 Ix I X 

U 

SRDY1 

I 

SCLK1 

The direction register for pin SRDY1 

should be set to input mode 

SOUT1 

Fig. 10 Example of serial 1/0 connection 

--
SRDV1 

Sync clock 

Serial data 

• MITSUBISHI 
.... ELECTRIC 

I 
I 

t 
Interrupt request bit set 

Recepllon side 

Senal 1/01 mode register 

SRDY1 

Bit 4 BitO 

I 1 I 1 I 0 I X I X I 

SCLK1 

The direction register for pin SlN1 

should be to Input mode 

SlN1 

2-63 



MITSUBISHI MICROCOMPUTERS 

M37102M8-XXXSP/FP 
M37201M6-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

Serial 1/01 mode register 
(address OODC,.) 

L-----'-__ Internal synchronous clock 
selection bit 

00: f(X ,N ) divided by 4 
Ol : I(X,N ) divided by 16 
10: I(X,N ) divided by 32 
11 : I(X,N ) divided by 64 

L-____ Sync clock selection bit 

o : External clock 
1 : Internal clock 

L--_____ Serial 1/01 port selection bit 

o : Port P40• P4, 

1 : SOUT1, SCLK1 

L-_______ SRDYl signal output selection bit 

o : Port P43 

1 : SRDY1 

L--________ Transfer direction selection bit 

: LSB 
1 : MSB 

Fig. 11 Structure of serial II0i mode register 

Serial 1/02 mode register 
(address OODE,.) 

~~-- Internal synchronous clock 
selectIon bit 

00: I(X,N ) divided by 4 

01 : I(X,N ) divided by 16 
10: I(X,N ) divided' by 32 
11: I(X,N ) divided by 64 

'------ Sync. clock selection bit 
o : External clock 
1 : Internal clock 

'------- Serial 1/02 port selection bit 
o : Port P44 • P45 

1 : Special mode (see Fig 15) 

~------- SRDY2 signal output selection bit 
o : Port P47 

1, : Special mode (see Fig 15) 

L-________ Transler direction selection bit 

o : LSB 
1 : MSB 
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SPECIAL MODE (1 2C BUS MODE *) 
M37102MS-XXXSP has a special serial I/O circuit that can 
be reception or transmission of serial data in conformity 
with fc (Inter IC) bus format. 
12C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICS of a 

machinery. 
M37102MS-XXXSP's special serial I/O is not included the 

clock synchronisation function and the arbitration detect
able function at multi master. 
Operations of master transmission and master reception 
with special serial I/O are explained in the following: 
(1) Master transmission 
To generate an interrupt at the end of transmission, set bit 
7 of special mode register 2 (address 000616) to "1" so as 

to special mode serial I/O interrupt is selected. Then set 
bit 3 of interrupt control register 2 (address 00FF16) to "1" 
so as to special mode serial I/O interrupt is enabled. Clear 
the interrupt disable flag I to "0" by using the CLI instruc
tion. 
The output signals of master transmission SOA and SCL are 
output from ports P44 and P4s. Set all bits (bits 4 and 5) 
corresponding to P44 and P4s of the port P4 register 
(address 00CS16) and the port P4 direction register 
(address 00C916) to "1". 
Set the transmission clock. The transmission clock uses the 
overflow signal of timer 4. Set appropriate value in timer 4. 
(For instance, if f(X1N ) /16 is selected as the clock source 
of timer 4 and 4 is set in timer 4 when f(X1N ) is 4MHz, the 

master transmission clock frequency is 25kHz.) 
Set contents of the special mode register 2 (address 
000616). (Usually, "S316".) 

Set the bit 3 of serial 1/02 mode register (address 000E16)· 
After that set the special mode register 1 (address 
000A16). Figure 15 shows the structure of special mode 

registers 1 and 2. 
Initial setting is completed by the above procedure. 
Write data to be transmitted in the special serial I/O regis-

Data bus 

Fig. 12 Block diagram of special serial I/O 

ter (address 000916), Immediately after this, clear bits 0 
and 1 of special mode regiser 2 (to "0") to make both SOA 
and SCL output to "L". This is for arbitration. The start sig
nal has been completed. 
The hardware automatically sends out data of 9-clock cy
cle. The 9th clock is for ACK reception and the output level 
becomes "H" at this clock. If other master outputs the start 
signal to transmit data simultaneously with this 9th clock, it 

is not detected as an arbitration-lost. 
When the ACK bit has been transmitted, bit 3 of the inter
rupt request register 2 is set to "1" (issue of interrupt 

request), notifying the end of data transmission. 
To transmit data successively, write data to be sent to the 
special serial I/O register, and set the interrupt enabled 
state again. 6y repeating this procedure, unlimited number 

of bytes can be transmitted. 
To terminate data transfer, clear bits 0 and 1 of the special 
mode register to "0", set bit 1 clock SCL to "1", then set bit 
1 data SOA to "1". This procedure transmits the stop signal. 
Figure 13 shows master transmission timing explained 
above. 
(2) Master reception 
Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission. 
In the interrupt routine, set master reception ACK provided 

(2616) in the special mode register 1 (address 000A16)' 
and write "FF16" in the special serial I/O register (address 
000916), This sets data line SOA to "H" and to perform S

clock master reception. Then, "L" is transmitted to data line 
SOA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary num
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission. 
Figure 14 shows master reception timing. 

Counter Interrupt request 

Shift register 

* : Purchase of Mitsubishi Electric Corporation's 12C components converys a license under the Philips 12C Patent Rights to use these 
components in an 12C system, provided that the system conforms to the 12C Standard Specification as defined by Philips. 

• MITSUBISHI 
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P45/SCL 

P45/SCL _______ --' 

Fig. 13 Master transml4sion timing 

Reception data 
A 

P45/SCL 

: : : : : : I : I r--1 L __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ __ L-J I~ ___ ~ 

P45 /SCL 
------' 

Fig. 14 Master reception timing 

7 

I I I I I I I I I Special mode register 1 
(address OODA,.) 

L Transmission and reception mode 
selection bit 

a : Reception mode 
1 : Transmission mode 

'---- Synchronous clock selection bit 
a : External clock 
1 : Timer 4 overflow 

P44 , P45 special mode selection bit 

a : SOUT2, SeLK2 signal output 
1 : SDA, SCL signal output 

P4. special mode selection bit 
a : P4. output 
1 : PWM9 output 

P47 special mode selection bit 

o : SRDY2 signal output 
1 : PWM8 output 

ACK operation selection bit 
o : ACK is not sent or received 
1 : ACK is sent and received. 

Start signal detect bit 
a : Start signal IS not detected 
1 : Start signal was detected 

Stop signal detect bit 
a : Stop signal is not detected 
1 : Stop signal was detected 

Fig. 15 Structure of special mode registers 1 and 2 
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I I I I I I I I I Special mode register 2 
(address OODB,.) 

L Data line control bit 

o : SDA outputs" L" 
1 : SDA outputs" H" 

~ Clock line control bit 
a : SCL outputs "L" 
1 : SCL outputs "H" 

'----- ACK recognition bit 
o : ACK was received 
1 : ACK IS not received 

~----- Wait function 1 enable bit 

o : Wait function 1 is disabled 
1 : Wait function 1 is enabled 

'-------- Wait funcilon 2 enable bil 

o : Wail funclion 2 is disabled 
1 : Wait function 2 IS enabled 

'---------- Wail funclion 1 acceptance display bit 
o : Walt function 1 is not accepting 
1 : Wait funclion 1 is accepting 

'----------- Walt funclion 2 acceptance display bit 
o : Wait function 2 IS not accepting 
1 : Wait function 2 IS accepting 

'----------~--- Interrupt selection bit 

a : Serial 1102 Interrupt 
1 : Special serial 110 interrupt 
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PWM OUTPUT CIRCUIT 
(1) Introduction 

The M37102M8-XXXSP is equipped with one 14-bit 
PWM (DA) and ten 8-bit PWMs (PWMO-PWM9). The 
14-bit resolution gives DA the minimum resolution bit 
width of 500ns (for X'N=4MHz) and a repeat period of 
819211s. PWMO-PWM9 have a 8-bit resolution with 
minimum resolution bit width of 811 s and repeat period 

of 204811s. 
Block diagram of the PWM is shown in Figure 16. 
The PWM timing generator section applies individual 
control signals to DA and PWMO-9 using clock input 

X'N divided by 2 as a referece Signal. 
(2) Data setting 

The output pins PWMO-7 are in common with port P6 
and PWM8. 9 are in common with port P46• P47• 

For PWM output. each PWM output selection bit (bit 1 
to 7 of PWM output control register 1. bit O. 1 of PWM 

output control register 2. bit 3. 4 of special mode regis
ter 1 and bit 4 of serial I/O 2 mode register) should be 
set. When DA is used for output. first set the higher 8-

bit of the DA-H register (address OOCE16 ) • then the 
lower 6-bit of the DA-L register (address 00CF16 ). 

When one of the PWMO-9 is used for output. set the 8-
bit in the PWMO-9 register (address 00D016 to 00D416 • 

00F616 to 00FA16 ). respectively. 
(3) Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 

The signals output to the PWM pins correspond to the 
contents of these latches. When data in each PWM 
register is read. data in these latches has already been 
read allowing the data output by the PWM to be con

firmed. However. bit 7 of the DA-L register indicated 
the completion of the data transfer from the DA register 

to the DA latch. If bit 7 is "0". the transfer has been 
completed. if bit 7 is "1". the transfer has not yet 

begun. 
(4) Operation of the 8-bit PWMs 

The timing diagram of the ten 8-bit PWMs (PWMO-9) 
i$ shown in Figure 17. One period (T) is composed of 

256 (28 ) segments. 

There are eight different pulse types configured from 
bits 0 to 7 representing the significance of each bit. 
These are output within one period in the circuit inter

nal section. Refer to Figure 17 (a). 
Eight different pulses can be output from the PWM. 
These can be selected by bits 0 through 7. Depending 

on the content of the 8-bit PWM latch. pulses from 7 to 
o is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 17 (b). Changes in the contents of the 
PWM latch allows the selection of 256 lengths of high

level area outputs varying from 0/256 to 255/256. An 
length of entirely high-level output cannot be output. 

i.e. 256/256. 
(5) 14-bit PWM operation 

The output example of the 14-bit PWM is shown in Fi
gure 18. The 14-bit PWM divides the data within the 

PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length DH times T is output 
every short area of t= 256 T = 12811 s as determined by 
data DH of the higher 8 bits. 
Thus. the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus T. As a result. 

the short-area period t (=128I1s. approx. 7.8kHz) be
comes an approximately repetitive p'eriod. 

(6) Output after reset 
At reset the output of port P4. P6 is in the high impe
dance state and the contents of the PWM register and 
latch are undefined. Note that after setting the PWM 
register. its data is transferred to the latch. 

Table 2. Relation between the 6 low-order bits 
of data and high-level area increase space 

6low-otder bits of data Area longer by r than that of other tm(m = 0 to 63) 

OOOOOl~B Nothing 

000001 m=32 

a 0 0 0 1 0 m=16.48 

o 0 0 1 00 m- 8 .24.40. 56 
0'0 1 o 0 0 m= 4.12.20.28.36.44.52.60 

o 1 o 000 m = 2. 6. 10. 14. 18. 22. 26. 30. 34. 38. 42. 46. 50. 54. 58. 62 

1 o a 0 0 0 m=1.3.5.7. .... ···················57.59.61.63 
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Data bus 

OA-H register 
(address OOCE16 ) 

OA latch (14-blt) 

X,. 

DA-L register 
(address OOCF16 ) 

b" 

bitO 

.. , 

~~>--+--I">--o O-A 

Ir ---. 
I PWMO register 
I (address 00001S) 

I ~"~7~~~~-L-L~b~" 

PWMO latch 

us 

I 
I 
I 
I 
I 
I 
I 
I 

060 ~PWMO 

I PW, 5. 
___________ ___ ~~PWM1 

I I PW, 5. 
1- ________________ .1 P6

2 
06, ~PWM2 

I ~~ 
I I PW, ,i,. 

r----------------~~PWM3 

I I 'PW5 5. 
~---------------~~PWM4 

: I PW, 5. 
~ _______ ---------1 P6

5 
065 ~,PWM5 

I ~t1 
I I PW ,i,. 

~-----------------I P6' D6, ~PWM6 
I ~Il I lPN, 
r--- - -- - ---- - -- --I P6, 06, ~PWM7 
I ~t1 
I PN,i,. 

~----------------~s 'P4 04, rOPWM8 I RDY2 7 ~ I.J-
: I.~'~ ~9.. 
I I S8, SI02M, 
r----------------i P4 04, ~PWM9 

~ ! I S8, 1 
~----------------~ 

Inside of ,::: --, is as same contents with the others 

Fig, 16 Block diagram of the PWM circuit 

2-68 AM~' 

~ Selection gate: connected to black 
colored side when 

~passgate 
reset. 

PM: PWM output control register 1 
PN: PWM output control register 2 
D4 : Port P4 directional register 
P4 : Port P4 register 
D6 : Port P6 directional register 
P6 : Port P6 register 
S8: Special mode register 1 

SI02M : Serial liD 2 mode register 
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Bit7 ~rum~~~mru~~ru.rn~mru~~~~ru.rn~~~ffi.@rum~ruUmrumruillnrumwrn~mruMillrumrumrurnillmmrumruMIDrurnflrnmmillruummmnrum 
Bit 6 

Bit 5 f-"-::-"L-.J'-:,-IL-.lIL..,,-Il_JL,,-lL-.lIL..,,-JL.JL,,-lL---'L.,,-Jl_JL,.JL---'L-JL..JL-...II---lIL-.JL...J L,.JL.--Jl---l L-J L..JL...J 

Bit 4 

Bit3 

Bit 2 1-___ --.JL-________ ......IL-________ --.J'--________ ---lIL-___ --I 
Bit 1 r-____________________ ~L ____________________________________________ IL-____________________ ~ 

Bit 0 r-__________________________________________ -...I',. ____________________________________________ ~ 

Contents 
O! the latch 

(a) Pulses showing the weight of each bit 

~OO~6() 

When 01'6 (l)~--------------------..JL----------------------------------~ 

When 18'6 (24) 

When FF'6(255)} 
._---- -----------.-~- - .. - ... ~ 

Fig. 17 a-bit PWM timing diagram 

When output is PWMO to 9 t=8!,s T=2048!,s 
When f(X,N )=4MHz 

(b) Example of 8-blt PWM output 
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(set "2C,." to OA-H reglste~ (set "28,. to OA-L register 

Latch transfer complete bit 

0 Transfer complete 

1 Transfer is not completed 
(Automatically set at writing) 1 

(OA-H register) 10 I 0 11 I 0 1 11 101 0 I (OA-L register) I 1 I 11 I 0 11 0 I 0 I 0 I 
bit 7 bit 0 

Next period 
after writing 

bit 13 t 
(OA latch) I 0 I 0 11 I 0 11110Joll1011 

These bIts decide "H" level area 
of fundamental waveform 

( "W level area of) ( Mlnrmum bit) (The hIgher 8 bitS) 
fundamental waveform = durations O. 51' s X value of OA latch 

Fundamental 
wareform 

".'''J PWM 
output 

0.5,usX44 

c~~:~r iFF!FE!FO! - :05;04!03:02: -; 02: 01: 00 j 

The fundamental waveform of smaller Intervals 
tm which IS not specified by the lower 6 bits IS 
not changed 

0.5,usX44 

14-bit PWM output 

OA latch 
the fower 6 bits output I 

r=0.5,us 

T=8192,us 

Flg.18 14-blt PWM output example (f(X ,N)=4MHz) 
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blt7 bit 0 

Next period 
after wrrting 

bltO 

0 o I 0 I 
These bits decide smaller intervals tm In whIch "W level area 
IS ("H" level area of fundamental waveform plus r) 

Waveform of smaller Intervals tm specIfied by the lower 6 bits 



MITSUBISHI MICROCOMPUTERS 

M37102M8-XXXSP/FP 
M37201M6-XXXSP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

I I I I I I I I I 

L 

'---

PWM output control register 1 
(address 0005,.) 

OA, PWM count source selection bit 

o : Count source supply 
1 : Count source stop 

OAlPN, output selection bit 
o : OA output 
1 : PN, output 

P6o/PWMO output selection bit 

o : P6, output 
1 : PWMO output 

P6,/PWM1 output selection bit 

o : P6, output 
1 : PWM1 output 

P6,/PWM2 output selection bit 

o : P6, output 
1 : PWM2 output 

P63/PWM3 output selection bit 
o : P63 output 
1 : PWM3 output 

P6,/PWM4 output selecMn bit 

o : P64 output 
1 : PWM4 output 

P65 /PWM5 output selectIOn bIt 
o : P65 output 
1 : PWM5 output 

7 0 
I I I I I I T 11 PWM output control register 2 

L (address 0006,.) 

P6./PWM6 output selecMn bit 

o : P6. output 
: PWM6 output 

'-- P6,/PWM7 output selection bit 
o : P6, output 
1 : PWM7 output 

'--- OA output polarity selection bit 
o : Positive polarity 
1 : Negative polarity 

L-___ PWM output polarity selection bit 

o : Positive polarity 
1 : Negative polanty 

L-____ OA wide use output register 

o : "0" output 
1 : "1" output 

Fig. 19 Structure of PWM output control register 1 and 2 

• MITSUBISHI 
"ELECTRIC 
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A-O CONVERTER 
Block diagram of A-O converter is shown in Figur,e 21. A-O 
converter consists of 4-bit O-A converter and comparator. 
The A-O control register can generate 1 116 Vee-step inter
nal analog voltage based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-O 
control register bits 0 to 3 and the generated internal ana· 
log voltage. The comparison result of the analog input vol
tage and the internal analog voltage is stored in the A-O 
control register, bit 4. 
The data is compared by setting the directional register' 
corresponding to port P3s, P36 to "0" (port P3s, P36 enters 
the input mode), to allow port P3s/A-01, P36/A-02 to be 
used as the analog input pin. The digital value correspond
ing to the internal analog voltage to be compared is then 
written in the A-O control register, bit 0 to 3 and an analog 
input pin is selected. After 16 machine cycle, the voltage 
comparison starts. 

- Fig. 21 
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P3. 

P3. 

Analog 
signal 
switch 

Block diagram of A-O converter 

Data bus 

7 a 

I I I I I I I I I A-O control register 

I I I I 
(address OOEF,.) 

Internal analog voltage 
set bit (See table 3) 

Comparison result 
a : Input voltage < 

Internal voltage 
1 : Input voltage> 

Internal voltage 
A-O Input Pin selection bit 

a : P3s! A-01 pin 
1 : P3.!INT,!A-02 pin 

Fig. 20 Structure of A-O control register 

Table 3. Relationship between the contents of A-O 
control register and Internal analog voltage 

A-O control register 
Internal analog voltage 

Blt3 Blt2 Bit 1 Bit a 
0 0 0 0 1/32 Vee 

0 0 .0 1 3/32 Vee 

0 0 1 0 5/32 Vee 

0 0 1 1 7/32 Vee 

0 1 a 0 9/32 Vee 

0 1 0 1 11/32 Vee 

0 1 1 0 13/32 Vee 

0 1 1 1 15/32 Vee 

1 0 0 0 17/32 Vee 

1 0 0 1 19/32 Vee 

1 0 1 0 21/32 Vee 

1 0 1 1 23/32 Vee 

1 1 0 0 25/32 Vee 

1 1 0 1 27/32 Vee 

1 1 1 0 29/32 Vee 

1 1 1 1 31/32 Vee 

A-O control 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display Functions 
Table 4 outlines the CRT display functions of the 
M37102M8-XXXSP. The M37102M8-XXXSP incorporates a 
24 columns X 3 lines CRT display control circuit. CRT dis
play is controlled by the CRT display control register. 
Up to 126 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12 X 16 dot configuration to 
obtain smooth character patterns. (See Figure 22) 
The following shows the procedure how to display charac
ters on the CRT screen. 

Table 4. Outline of CRT display functions 

Parameter FunctlOlls 

Number of display 
24 charactersX 3 lines 

character 

Character 
12X16 dots (See Figure 22) 

configuration 

Kinds of character 126 

Character size 4 size selectable 

. I Kinds of color 15 (max.) 
Color I Coloring unit a character 

Display expansion Possible (multiple lines) 

~-------------12dms--------------~~ 

Fig. 22 CRT display character configuration 

CD Set the character to be displayed in display RAM. 
® Set the display color by using the color register. 
® Specify the color register in which the display color is 

set by using the display RAM. 
@ Specify the vertical pOSition and character size by us

ing the vertical position register and the character size 
register. 

® Specify the horizontal pOSition by using the horizontal 
position register. 

@ Write the display enable bit to the deSignated block 
display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the VSYNC signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 4 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 24 shows a block diagram of the CRT display control 
circuit. Figure 23 shows the structure. of the CRT display 
control register. 

7 o 
I I I I I II I I CRT control register 

(Address OOEA,.) L Display 01 all blocks control bit (Nme 1 ) 
o : Display 01 all blocks off 

'-----

-

1 : Display of all blocks on 

Display 01 block 1 control bit 
o : Display 01 block 1 off 
1 : Display of block 1 on 

Display of block 2 control bit 
o : Display of block 2 off 
1 : Display of block 2 on 

Display of block 3 control bit 
o : Display of block 3 off 
1 : Display of block 3 on 

Block 1 color select mode switch bit 
o : Normal mode 

1 : Half character Width color 
select mode 

Clock for display stop bit 
o : Stop 

1 : Oscillation enabie 

Scanning line double count mode bit 
o : Normal mode (256 lines) 
1 : Double count mode 

Test bit: This bit must be set to "0" 

Nme 1 Display of all blocks control bit indicates the 
logical sum (AND) 01 each block display control 
bit 

Fig. 23 Structure of CRT control register 
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OSC1 OSC2 HSYNC VSYNC 

1 r 6 
(Address OOEA,.) 

H CRT control register 
,.--- Clock generating 

Circuit 

(Address OOE1,. to OOE3,.) 

~ Vertical position register 

L (Address OOE4,.) 

H Character size register 

Display position control CirCUit 

(Address ODED,.) H HOrizontal position register 

(Address ODES,.) 

H Border register 

Display control 

CircUit 

RAM for display 

~ 11-bit X24Xl 
ROM for display + 9-bit X24X2 Border RAM 
12-bit XI6XI26 

(Address OOE6'.ll 
to OOE9,.) 

~ ~ ~ \ 

~ 
Color register 

Shift register Shift register 

~ 
r-- 12-bit 12-bit 

~ 

(Address OOEC,.) 

H 
Output circUit iE-, 

CRT port control register 

I 1 ! ! ! bus 

R G B OUT 

Fig. 24 Block diagram of CRT display control circuit 
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(2) Display Position 
The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 
The display position of each block in both horizontal and 
vertical directions can be set by software. 
The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 
The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 
If the display start position of a block overlaps with some 
other block ((b) in Figure 27), a block of the smaller block 
No. (1 to 3) is displayed. 
If when one block is displaying, some other block is dis
played at the same display position ((c) in Figure 27), the 
former block is overridden and the latter is displayed. 
The vertical position can be specified from 128-step posi
tions (four scanning lines per step) for each block by set
ting values 00'6 to 7F'6 to bits 0 to 6 in the vertical position 
register (addresses 00E1 '6 to 00E3,S )' Figure 25 shows the 
structure of the vertical position register. 

7 a 
~ Vertical position register Uilill (..., .. ~ 00.,,, m _.1 

The vertical display start posillon 
128-step positions (00,• to 7F,.) 

Fig. 25 Structure of vertical position registers 

The horizontal direction is common to all blocks, and can 
be specified from 64 -step display positions (4Tc per step 
(Tc=oscillation cycle for display) by setting values 00'6 to 
3F'6 to bits 0 to 5 in the horizontal position register 
(address 00EO,6). Figure 26 shows the structure of the 
horizontal position register. 

a 
l j . I . I . II I I. I HOrizontal position register 

(Address OOEO,.) 

'--'--'--'-.J.-'-- The hOrizontal display start position 
54-step positions (00,• to 3F,.) 

L-______ Test bit : This bit must be set to "0" 

Fig. 26 Structure of horizontal position register 
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i 
I 

(HR) I 
I 

CV,- -- ---
1 Block 1 

I 

CV2 - -- -- I 

I Block 2 

I 
I 

CV3 - ---I 
Block 3 

(a) Example when each block IS separated 

I 
I 

(HR) I 

9"2 
I 

CV,- --- -- I 

1 Block 1 

I 
I 
I 

I 
I 
I 
I 
I 

CV3 - -

I Block 3 

(b) Example when the display start position of a block overlaps with some other block 

I 
I 

(HR) I 

£vl. I 
CV,- - --

1 Block 1 (Block 2) 

I 
I 
I 
I 
I 
I 
I 
I 

CV',-
___ ~v'L I 

I Block l' (Block 3) 

(c) Example when one block IS displaYing some other block is superimposed 

Fig. 27 Display position 

2-76 



MITSUBISHI MICROCOMPUTERS 

M37102M8-XXXSP/FP 
M37201 M6-XXXSP 

SINGLE.CHIP S·BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON·SCREEN DISPLAY CONTROLLER 

(3) Character Size 
The size of characters to be displayed can be selected 

from four sizes for each block. Use the character size reg
ister (address OOE4,6 ) to set a character size. The charac
ter size in block 1 can be specified by using bits 0 and 1 in 
the character size register; the character size in block 2 

can be specified by using bits 2 and 3; the character size 
in block 3 can be specified by using bits 4 and 5. Figure 28 
shows the structure of the character size register. 
The character size can be selected from four sizes: small 

size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of (one scanning line) X (1 Tc); the 
medium size consists of (two scanning lines) X (2 Tc) ; the 
large size consists of (three scanning lines) X (3 Tc) ; and 
the extra large size consists of (tour scanning lines) X (4 

Tc). Table 5 shows the relationship between the set values 
in the character size register and the character sizes. 

7 

I I I I I I I I I 

U 
Character size register 
(Address 00E4,.) 

Block 1 character size selection bit 

00 : Small Size 
01 : Medium size 
10 : Large size 
11 : Extra large size 

Block 2 character size selection bit 

00 : Small size 
01 : Medium size 
10 : Large size 
11 : Extra large size 

Block 3 character size selection bit 
00 : Small size 
01 : Medium size 
10 : Large size 
11 : Extra large size 

Fig. 28 Structure of character size register 

Table 5. The relationship between the set values of the character size register and the character sizes 

Set values of the character size register Character Width (horizontal) Height (vertical) 

CSn1 eSno size direction direction 

0 0 Small 1 Tc 1 

0 1 Medium 2 Tc 2 

1 0 Large 3 Tc 3 

1 1 Extra large 4 Tc 4 

Note: The display start position in the horizontal direction IS not affected by the character Size In other words, the horizontal start position is common to 
all blocks even when the character size vanes with each block (See Figure 29) 

• MITSUBISHI 
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(4) Display Memory 
There are two types of display memory: ROM of CRT dis
play (3000,6 to 3FFF,6 ) used to store character dot data 
(masked) and display RAM (2000,6 to 2007,6 ) used to 
specify the colors of characters to be displayed. The fol

lowing describes each type of display memory. 
CD ROM for CRT display (3000,6 to 3FFF,6 ) 

The CRT display ROM contains dot pattern data for charac
ters to be displayed. For characters stored in this ROM to 
be actually displayed, it is necessary to specify them by 
writing the character code inherent to each character 

(code determined based on the addresses in the CRT dis
play ROM) into the CRT display RAM. 

B 

Fig. 29 

Medium 

Large 

Extra large 

Dis la start p y p osition 

Display start position of each character size 
(horizontal direction) 

The CRT display ROM has a capacity of 4K bytes. Because 
32 bytes are required for one character data, the ROM can 
contain up to 128 kinds of characters. Actually, however, 

because two characters are required for test pattern use, 
the ROM can contain up to 126 kinds of characters for dis
play use. 
The CRT display ROM space is broadly divided into two 
areas. The [vertical 16 dots) X [horizontal (left side) 8 

dots) data of display characters are stored in addresses 
3000'6 to 37FF,6; the [vertical 16 dots) X [horizontal (right 
side) 4 dots) data of display characters are stored in 
addresses 3800'6 to 3FFF,6. (See Figure 30) Note however 
that the four upper bits in the data to be written to addres

ses 3800'6 to 3FFF'6 must be set to "1" (by writing data 

FO'6 to FF,6). 

Table 6. Character code list 

Character code 
Contained up address of 'character data 

Left 8 dots lines Right 4 dots lines 

3000'6 3800'6 
00'6 to to 

300F'6 380F'6 

3010'6 3810'6 
01,6 to to 

301F'6 381F'6 

3020'6 3820'6 
02'6 to to 

302F'6 382F,6 

3030'6 3830'6 
03'6 to to 

303F'6 383F'6 

3100'6 3900'6 
10'6 to to 

310F'6 390F'6 

3110'6 3910,6 
11,6 to to 

311F'6 391 F'6 
: : 

34FO'6 3CFO'6 
4F'6 to to 

34FF'6 3CFF'6 

3500'6 3000'6 
50'6 to to 

350F'6 300F'6 
: : 

3700'6 3FOO'6 
70'6 to to 

370F'6 3FOF,6 

.. 37EO'6 3FEO'6 
7E'6 to to 

37EF,6 3FEF'6 

.. 37FO'6 3FFO'6 
7F'6 to to 

37FF'6 3FFF'6 

* For test pattern 
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The character code used to specify a character to be dis
played is determined based on the address in the CRT dis
play ROM in which that character is stored. 
Assume that data for one character is stored at 3XX016 to 
3XXF16 (XX denotes 0016 to 7F16 ) and 3YY016 to 3YYF16 

(YY denotes 8016 to FF16 ), then the character code for it is 

"XX16". 

bill b,tO 

In other words, character code for any given character is 
configured with two middle digits of the four-digit (hex

notated) address (300016 to 37FF1S ) where data for that 
character is stored. 
Table 6 lists the character codes. 

3XXO,6 0 0 0 0 0 0 0 0 3XXO,6+800,6 

0 0 0 0 

0 0 0 

0 0 

0 0 0 

0 0 0 0 

0 0 0 0 0 0 1 
0 0 0 010 0 

0 0 1 0 0 

0 0 1 1 1 

1 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

3XXF,6 0 0 0 0 0 0 0 0 3XXF,6+800,6 

Fig. 30 Display character stored area 
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® CRT display RAM (2000,6 to 2007,6) 

The CRT display RAM is allocated at addresses 2000'6 to 
2007,6, and is divided into a display character code spe
cifying part and display color specifying part for each block. 
Table 7 shows the contents of the CRT display RAM. 
When a character is to be displayed at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the seven low-order bits 

(bits 0 to 6) in address 2000'6 and the color register No. to 
the two low-order bits (bits 0 and 1) in address 2080,6, The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv
ance. For details on color registers, refer to (5) Color Reg
isters. 

The structure of the CRT display RAM is shown in Figure 
30. Write the character patterns at Table 8 and 9, when 
M37102M8-XXXSP is mask-ordered. 

Table 7. The contents of the CRT display RAM 

Block Display position (from left) 

1st column 

2nd column 

3rd column 

Block 1 

22th column 

23th column 

24th column 

Not used 

1st column 

2nd column 

3rd column 

Block 2 

22th column 

23th column 

24th column 

Not used 

1st column 

2nd column 

3rd column 

Block 3 

22th column 

23th column 

24th column 

Not used 
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Character code specification Color speCification 

2000,. 2080'6 

2001,6 2081'6 

2002'6 2082'6 

2015'6 2095'6 
2016,6 2096'6 
2017,6 2097'6 

2018'6 2098'6 
to to 

201F'6 209F'6 

2020'6 20AO'6 
2021,6 20A1,. 

2022'6 20A2'6 
: 

2035'6 20B5'6 

2036'6 20B6'6 
2037,6 20B7,. 

2038'6 20B8'6 
to to 

203F'6 20BF,. 

2040'6 20CO'6 
2041,6 20C1'6 

2042,6 20C2'6 
: 

2055,. 2005'6 

2056'6 2006'6 
2057,6 2007,. 

2058,6 

to 

207F'6 
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Block 1 

(Character specification) 

1 st column: 2000,. 
7 0 

to I I I I I I I I I 24th column: 2017,. 

I I I I I I I Character code 
Specify 126 characters at 00,. to 70,. 

(Color specWlcation) 

1 st column: 2080,. 
3 0 

to l 1 J I J 24th column: 2097,. 

I I Former hljlf color register specIfication 
in the normal mode or In the half character 
width color select mode 

00 : Color register 0 specification 
01 : Color register 1 specificatIon 
10 : Color register 2 specification 
11 ; Color register 3 specIficatIon 

Latter half color register specification 
In the half character width color select mode 

00 : Color register 0 specification 
01 : Color regIster -( specification 
10 : Color register 2 specWlcatlon 

Block 2, 3 
11 : Color regIster 3 specification 

(Character speCIficatIon) 
7 0 

1 st column: 2020,. 

I I I I I I I I I to 
24th column: 2037,. 

I I I I I I I Character code 
(Address 2040,. to 2057,. in the case of block 3) SpecIfy 126 characters at 00,. to 70,. 

(Color specification) 
1 0 

1st column: 20Ao,. 

Leo. _, ... ,.,~oo to 
24th column: 2087,. 

(Address 20CO,. to 2007,. In the case of block 3) 
00 : Color regIster 0 speCifIcation 
01 : Color register 1 speCifIcatIon 
10 : Color register 2 specification 
11 : Color register 3 speCification 

Fig. 31 Structure of the CRT display RAM 
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Table 8. Test character patterns 1 

Address Data Address 

37EO'6 40'6 3FEO'6 

37El'6 04,6 3FE1'6 

37E2'6 00,6 3FE2'6 

37E3'6 20'6 3FE3'6 

37E4'6 02'6 3FE4'6 

37E5'6 00,6 3FE5'6 

37E6'6 10'6 3FE6'6 

37E7'6 01'6 3FE7'6 

37E8'6 80'6 3FE8'6 

37E9'6 08'6 3FE9'6 

37EA'6 00,6 3FEA'6 

37EB'6 40'6 3FEB'6 

37EC'6 04,6 3FEC'6 

37ED'6 00,6 3FED'6 

37EE'6 20'6 3FEE'6 

37EF'6 0216 3FEF'6 

Table 9. Test character patterns 2 

Address Data Address 
----

3(,FO'6 00'6 3FFO'6 

37Fl'6 00'6 3FF1'6 

37F2'6 00'6 3FF2'6 

37F3'6 00'6 3FF3'6 

37F4'6 00'6 3FF4'6 

37F5'6 00'6 3FF5'6 

37F6'6 00'6 3FF6'6 

37F7'6 00'6 3FF7'6 

37F8'6 00'6 3FF8'6 

37F9'6 00'6 3FF9'6 

37FA'6 00'6 3FFA'6 

37FB'6 00'6 3FFB'6 

37FC'6 00'6 3FFC'6 

37FD'6 00'6 3FFD'6 

37FE'6 00'6 3FFE'6 

37FF'6 00'6 3FFF'6 
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Data 

FO'6 

FO'6 

F4'6 

FO'6 

FO'6 

F2'6 

FO'6 

FO'6 

FO,~ 

FO'6 

F8'6 

FO'6 

FO'6 

F4'6 

FO'6 

FO'6 

Data 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 
F016 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 
F016 

FO'6 

FO'6 

FO'6 

FO'6 

(5) Color Registers 
The color of a displayed character can be specified by set
ting the color to one of the four color registers (COO to 

C03: addresses OOE6'6 to OOE9'6) and then specifying that 
color register with the CRT display RAM. 

There are four color outputs: R, G, B, and I. By using a 
combination of these outputs, it is possible to set 24_1 

(when no output) = 15 colors. However. because only four 
color registers are available, up to four colors can be dis
playe~ at one time. 
R, G, B, and I outputs are set by using bits 0 to 3 in the col
or register. Bit 4 in the color register is used to set a char
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 32 shows the struc
ture of the color register. 

L J. .Ll...Ll J. J J 

L 

L--

L---

Color register 
(Address OOE6" to OOE9,~) 

I pin output bit 
o : No character is output 
1 : Character IS output 

B pin output bit 
o : No character IS output 
1 : Character IS output 

G pin output bit 
o : No character is output 
1 : Character is output 

R pin output bit 
o : No character IS output 
1 : Character is. output 

OUT pin output bit (Note) 
o : No character or blank is output 
1 : Character or blank is output 

OUT pin output control bit (Note) 
o : OUT pm outputs character 
1 : a UT pm outputs blank 

Note: When the character outlining function is used. the 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pm output becomes an border output 

Fig. 32 Structure of color registers 
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(6) Half Character Width Color Select Mode 
By setting "1" to bit 4 in the CRT control register (address 
OOEA16 ) It is possible to specify colors in units of a half 
character size (vertical 16 dotsXhorizontal6 dots) for char
acters in block 1 only. 
In the half character width color select mode, colors of dis
play characters in block 1 are specified as follows: 

Color of the color register 
specified by bit 0 and bit 1 

of address 2080,. 

(a) Display in the normal mode 

Color of the color register 
specified by bit 0 and bit 1 

of address 2080'6 

Color of the color register 

specified by bit 2 and bit 3 

of address 2080'6 

(b) Display in the half character width color select mode 

CDThe left half of the character Is set to the color of the col
or register that is specified by bits 0 and 1 at the color 
register specifying addresses in the CRT display RAM 
(addresses 208016 to 209716). 

® The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the color 
register specifying address in the CRT display RAM 
(addresses 208016 to 209716), 

Color of the color register 

specified by bit 0 and bit 1 

of address 2081,. 

Color of the color register 

Block 1 

Color of the color register 

specified by bit 0 and bit 1 

of address 2081,. 

specified by bit 2 and bit 3 Block 1 

of address 2081,. 

Fig. 33 Difference between normal color select mC?de and half character width color select mode 
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(7) Multiline Display 
The M371.02M8-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different ver

tical positions. 
In addition, it allows up to 16 lines to be displayed by using 

a CRT interrupt and display block counter. 
The CRT interrupt works in such a way that when display of 

one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 

registers) and when the range of that block is exceeded, 

an interrupt is applied. 
The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one' block is terminated, the contents of the counter are 

incremented by one. 
For multiline display, it is necessary to enable the CRT in
terrupt (by clearing the interrupt disable flag to "0" and set
ting the CRT interrupt enable bit (bit 4 at address 00FE,6 ) 

to "1 ,,), then execute the following processing in the CRT 

interrupt handling routine. 

CDRead the value of the display block counter. 
®The block for which display is terminated (Le., the cause 

of CRT interrupt generation) can be determined by the 

value read in CD. 
® Replace the display character data alld display position 

of that block with the character data (contents of CRT 
display RAM) and vertical display position (contents of 
vertical position register) to be displayed next. 

Figure 34 shows the structure of the display block counter. 

7 0 lli Display block counter 

, (address OOEB,6) 

Indicates number of blocks that are 
being displayed or were displayed 

Fig. 34 Structure of display block counter 

Block 1 

Block 2 

Block 3 

Block l' 

Count value Interrupt 
position 

-~ 

1 
-~ 

2 

---=;--
3 
-~ 

Fig. 35 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 
One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char

acter is extended twofold.) 
In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 

mode are 128 steps from 00'6 to 7F'6, or four scanning lines 
per step, the number of steps in the scanning line double 

count mode is 64 from 00'6 to 3F'6, qr eight scanning lines 
per step. 

Vertical posillon A 

A tJ} Scan~ing line 16 lines 

(a) Display in the normal mode 

If the contents of the vertical position r~gister for a block 

are set in the address range of 40'6 to 7F'6 in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 
In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 

00EA'6) to "1". 
Because this function works in units of screen, even when 

the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis

played. 

Vertical position AX2 

(b) Display in the scanning line double count mode 

Fig. 36 Display In the normal mode and in the scanning line double count mode 
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(9) Character Border Function 
An border of a one clock (one dot) equivalent size can be 

added to a character to be displayed in both horizontal and 

vertical directions. 
The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 

pin instead. 

Border can be specified in units of block by using the bor
der select register (address 00E5'6). Table 10 shows the 
relationship between the values set in the border select 

register and the character border function. Figure 38 shows 
the structure of the border select register. 

Table 10. The relationship between the value set in the border selection register and the character border function 

Border selection register 

MOnt MOnO 

X 0 

0 1 

1 1 

o IS border 
• is display by character data 

Fig. 37 Example of border 

Functions 

Normal 

Border including character 

Border not including character 

Example of output 

R, G, B, I output --I1...-

OUT output -I1-

R, G, B, I output ---I"l.-

OUT output ...r--L-

R, G, B, I output ---IL-. 

OUT output ...rt.r1... 

I I I I I I I I I 

L 

'--

'--

Border selection register 
(Address OOE5,.) 

Block lOUT output border selection bit 
o : The same as R, G, B is output 

1 : Border is output 

Block 1 output switch bit 
o : Border Including character 
1 : Border only 

Block 2 OUT output border selection bit 
o : The same as R, G, B is output 

1 : Border is output 

Block 2 output sWitch bit 
o : Border Including character 

1 : Border only 

Block 3 OUT output border selection bit 
a : The same as R, G, B IS output 

1 : Border is output 

Block 3 output switch bit 
o : Border including character 
1 : Border only 

Fig. 38 Structure of border selection register 
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(10) CRT Output Pin Control 
CRT output pins R, G, B, I, and OUT are respectively 
shared with port P52, P53, P54, P55, and P56• When the cor
responding bits in the port P5 direction register are cleared 
to "0", the pins are set for CRT output; when the bits are 
set to "1", the pins function as port P5 (general- purpose 
output pins). 
The polarities of CRT outputs (R, G, B, I, and OUT, as well 
as HSYNC and VSYNC ) can be specified by using the CRT 
port control register (address 00EC16). 

Use bits 0 to 4 in the CRT port control register to set the 
output polarities of HSYNC , VSYNC, R/G/B, I, and OUT. When 
these bits are cleared to "0", a positive polarity is selected; 
when the bits are set to "1", a negative polarity is selected. 
Bits 5 to 7 in the CRT port control register are used to spe
cify pin by pin whether normal video signals or R-MUTE, G
MUTE, and B-MUTE signals are output from each pin (R, 
G, B). When set for R-MUTE, G-MUTE, and B-MUTE out
puts, the whole background colors of the screen become 
red, green, and blue. 
Figure 39 shows the structure of the CRT port control reg
ister. 

7 o 
I I I I I I I II 

L 

'---

'---

CRT port control register 
(address OOEC,.) 

HSYNC input polarity selection bit 
o : Positive polarity 
1 : Negative polarity 

VSYNC input polarity selection bit 
o : Positive polarity 
1 : Negallve polarity 

R/G/B output polarity selection bit 
o : POSitive polarity 
1 : Negative polarity 

I output polarity selection bit 
o : Positive polarity 
1 : Negative polarity 

OUT output polarity selection bit 
o : Positive polarity 
1 : Negative polarity 

R pm output sWitch bit 
o : R signal output 
1 : MUTE signal output 

G pin output switch bit 
o : G signal output 
1 : MUTE signal output 

B pm output switch bit 
o : B signal output 
1 : MUTE signal output 

Fig. 39 Structure of CRT port control register 

(11) Scroll Function 
CD Scroll mode 
The M37102M8-XXXSP allows the display area to be gra
dually expanded or shrunk in the vertically direction in units 
of 1 H (H: HSYNC signal). There are three modes for this 
scroll method. Each mode has Down and UP modes, pro
viding a total of six modes. 
Table 11 shows the contents of each scroll mode. 
® Scroll speed 
The scroll speed is determined by the vertical synchroniza
tion (VSYNC ) signal. For the NTSC interlace method, assum
ing that 
V=16.7ms 262.5 HSYNC signals per screen 
we obtain the scroll speed as shown in Table 12. 
Scroll resolution varies with each scroll mode. In mode 
and mode 2, one of three resolutions (1 H, 2H, 4H) can be 
selected. In mode 3, scroll is done in units of 4H alone. 

7 

I I I I I I I I I 

U 

'---

Scroll mode register 

(address OOED,.) 

Mode selection bit 
00 : Scroll disable 
01 : Mode 1 
10: Mode 2 
11 : Mode 3 

Direction mode selection bit 

o : DOWN Mode 
1 : UP Mode 

Scroll unit selection bit 
00: lH unit 
01 : 2H Unit 

10 : 4H unit 

Stop mode selection bit 
00; Stop at the 312th H 
01 : Stop at the 156th H 
10 : Stop at the 256th H 
11 : Stop at the 128th H 

Fig.40 Structure of scroll mode register 
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Table 11. Scroll operation in each mode and the values of scroll mode register 

Scroll mode register 

Mode Scroll operation 

Bit 2 Bit 1 BltO 

Appear from 
DOWN Down Up 0 0 1 

upper side 
A B C D E F 

~J_l 1 
G H I J K L 
M N 0 P Q R 

Erase from 
S T U V \:~.j .-, 

UP 1 0 1 
lower side 

! 
( 

Erase from 
DOWN Down Up 0 1 0 

upper side A 5 C [) E F 

~J I j G H I J K L 
2 i M N 0 P Q R 

Appear from 
S T U VWX 

UP 1 1 0 
lower side 

Erase from both i 
DOWN Down Up 0 1 1 

upper and lower side I A 3 .. .., E F 

: .1, f G H I J K L 
3 

: M N 0 P Q R 

~'t 1 Appear to both 
S T U V \':"'.j X 

UP 1 1 1 
upper and lower side 

! 

Table 12. Scroll speed 

Scroll resolution Scroll speed (in all picture) 

1 H unit 16.7 (ms) X 262. 5+ 1 "" 4 (s) 

2 H unit 16.7 (ms) X262. 5+ 2 "" 2 (s) 

4 H Unit 16.7 (ms) X262. 5+ 4 "" 1 (s) 

Table 13. Scroll mode and scroll resolution 

Scroll 
Mode Scroll speed 

resolution 

Model 
1 H Unit about 4 second 

Mode 2 
2 H Unit about 2 second 

4 H Unit about 1 second 

Mode 3 4H Unit about 1 second 
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INTERRUPT INTERVAL DETERMINATION 
FUNCTION 
The M37102M8-XXXSP incorporates an interrupt interval 
determination circuit. This interrupt interval determination 

circuit has an 8-bit binary counter as shown in Figure 41. 
Using this counter, it determines a duration of time from the 
rising transition (falling transition) of an input signal pulse 
on the INT, or INT2 to the rising transition (falling transition) 
of the signal pulse that is input next. 
The following describes how the interrupt interval is deter
mined. 
1. The interrupt input to be determined (INT, input or 

INT2 input) is selected by using bit 2 in the interrupt in
terval determination control register (address 00D8,s). 
When this bit is cleared to "0", the INT, input is 
selected; when the bit is set to "1", the INT2 input is 
selected. 

2. When the INT, input is to be determined, the polarity is 
selected by using bit 3 in the interrupt interval deter
mination control register; when the INT2 input is to be 
determined, the polarity is selected by using bit 4 in 
the interrupt interval determination control register. 
When the relevant bit is cleared to "0", determination is 
made of the interval of a positive polarity (rising 

64,us 

INT, 
(Note) 

REo 

INT, 

transition); when the bit is set to "1", determination is 
made of the interval of a negative polarity (falling 
transition) . 

3. The reference clock is selected by using bit 1 in the 
interrupt interval determination control register. When 
the bit is cleared to "0", a 64tts clock is selected; when 
the bit is set to "1", a 32tts clock is selected (based on 
an oscillation frequency of 4MHz in either case). 

4. Simultaneously when the input pulse of the specified 
polarity (rising or falling transition) occurs on the INT, 
pin (or INT2 pin), the 8-bit binary counter starts count
ing up with the selected reference clock (64tts or 32 
,us). 

5. Simultaneously with the next input pulse, the value of 

the 8-bit binary counter is loaded into the determina
tion register (address 0007,s) and the counter is im
mediately reset (OO,s). The reference clock is input in 
succession even after the counter is reset, and the 
counter restarts counting up from "OO,s" 

6. When count value "FE,s" is reached, the 8-bit binary 
counter stops counting. Then, simultaneously when the 
reference clock is input next, the counter sets value 
"FF,s" to the determination register. 

a-bit binary up counter 

8 

Interrupt Interval determination Circuit 

Address 0007,. 

a 

Data bUs 

Note: The pulse wIdth of external Interrupt INT, and INT, need more than 5 machine cycles 
I 

Fig. 41 Block diagram of interrupt interval determination circuit 
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7 a 

I I I I I I I I 
/Interrupt space distinguish control register 

(Address 0008,6) 

Remote control d&termination circuit operation bit 
0 : Operation stop 
1 : Operation start 

Standard clock selectIon bit 
a : 64",s (At t(X,N )=4MHz) 
1 : 32",s (At t(X ,N )=4MHz) 

External interrupt input pin selection bit 

a : INT, Input 
1 : INT, Input 

INT, pin Input polanty switch bit 
a : Positive polarity 
1 : Negative polanty 

INT, pin input polanty sWitch bit 
a : Positive polarity 
1 : Negative polarity 

Fig. 42 Structure of Interrupt space distinguish control register 
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RESET CIRCUIT 
The M37102M8-XXXSP is reset according to the sequence 
shown in Figure 45. It starts the program from the address 
formed by using the content of address FFFF'6 as the high 
order address and the content of the, address FFFE'6 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 2,us while the power voltage is 5V± 10% 

Address 

(11 Port PO directional register (00 C 1 ,,). 00" I 
(2) Port P1 directional register (00 C 3 ,,)· .. 1 00111 I 
(3) Port P2 directional register (00 C 5 "I ·1 00,6 I 
(4) Port P3 directional register (00 C 7 "I· ·1 101010101010101 
(5) Port P4 directional register (00eg,6)· .. 1 00'6 I 
(6) Port P5 directional register (00 C B"I' !ololololol I I 
(7) Port P6 dlrectlooal register (00 C D"I 00'6 I 
(8) PWM output control raglster 1 (0 0 D 5 16 ) 00'6 I 
(9) PWM output control register 2 (0006 16 ) 1 1 1 10101010101 
00) Interrupt space (0 0 D 7 16) I 00,6 I distinguish register 

(11) Interrupt space (00 D 8 ,,) I 00'6 J distinguish control regIster 

(11) SpeCial {node register 1 (00 D A,,)' ·1 00'6 ] 
(13) SpeCial mode register 2 (00 DB,,) "I 00'6 I 
(14) Serial 1/01 mode register (00DC'6) [I 1010101010101 
(1~ Serial 1/02 mode register (00 DE,,) I I 1010101010101 
(16) Honzontal position register (00 EO,,)· 101 1010101010101 
(11) Color register 0 (00 E 6 ,,) I I 1010101010101 
(18) Color register 1 (00 E 7 16 )- ·1 I lolololo~ 
(1!) Color register 2 (00 E 8 ,,). I I 1010101010101 
~O) Color register 3 (00 E 9 16 ) ... 1 I 1010101010101 
~1) CRT control register (0 0 E A,e) I DOHI I 
~') Display block counter (0 0 E B,6} .. 1 I I I 101010101 
~3) CRT port control register (0 0 EC t6 )" 00'6 I 
(14) Scroll control register (00 ED,,)· 1 101010101010101 
~~ A-O control register (00 E F 16) ··1 I 101 10 I 0 I 0 I 0 I 
(16) Timer 1 (00F0 16) ·1 FF16 I 
(11) Timer 2 (00 F 1 ,,). ·1 0716 ] 
('8) Timer 3 (00 F 2,,)" I FF'6 I 
~!) Timer 4 (0 0 F 3,,),,·1 07'6 I 
(301 Timer 12 mode register (00 F 4,,)·,,1 I I 10101010101 
(31) Timer 34 mode register (00 F 5 16 ) ... 1 I I 10101010101 
(31) CPU mode register (00 F B,,) --I> 1111 l' 11 I' 10 I 0 1 
(33) Interrupt request register 1 (00 F c 16 )···1 I 1010101010101 
(34) Interrupt request register 2 (00 F D,,) ·1 I I 10101010101 
(35) Interrupt control register 1 (00 F E16 ) ·1 I 1010101010101 
(36) Interrupt control register 2 (00 F F "I, ·1 I I 10101010101 
(31) Processor status register (p S )· .. 1 I I I I 1'1 I I 
(38) Program counter (PC,)· I Contents of address I FFFF16 

(PC,I' ·1 Contents of address I FFFE16 

Note : Since the contents of both registers other than those listed 
above and the RAM are undefined at reset. It IS necessary to 
set Imtlal values 
At reset, ~O" IS read from all bits which IS not used 

Fig. 43 Internal state of microcomputer at reset 

and the crystal oscillator oscillation is stable and then re
turned to "H" level. The internal initializations following re
set are shown in Figure 43. 
An example of the reset circuit is shown in Figure 44. The 
reset input voltage must be kept below 0.6V until the supp
ly voltage surpasses 4.5V. 

~ I 4.5V 
I I 

Supply voltage OV I 

~ Reset input 
OV I IO.6V voltage 

Vee 

t------j RESET 

t-----+---J Vss 

M37102MB-XXXSP 

Fig. 44 Example of reset circuit 
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SYNC ___ ~ __________________ ~ ________________________ ~ 

Address 

Data 

32768 count of I(X,N) (Note 3) 

Fig. 45 Timing diagram at reset 

2-92 

Reset address lrom the vector table 

Note 1: Frequency relation of I(X,N) and ¢ IS I(X,N)=2· ¢. 
2 : The mark "? " means that the address is change· 

able depending on the previous state 

• MlTSUBlSHI 
.... ELECTRIC 

: Immediately after a reset, FF16 is automatically set 
in t,mer 3 and 07'6 in timer 4 and timer 4. timer 3 
and the clock (I(X,N) divided by 16) are con
nected in series. 
Reset is canceled by the overflow signal 01 timer 
4. 
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I/O PORTS 
(1) Port PO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 3). port PO can 

be accessed at zero page memory address OOCO'6' 
Port PO has a directional register (address OOC1'6) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 

levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor mode bits 

(bit 0 and bit 1 at address OOFB'6) , three different 
modes can be selected; single-chip mode, memory ex
pansion mode and microproces~or mode. 
In these modes it functions as address (ArAo) output 
port (excluding single-chip mode). For more details, 
see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 

port PO. In other modes, it functions as address (A'5-
As) output port. 
Refer to the section on processor modes for details. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 

port PO. In other modes, it functions as data (Do-D7) in
put/output port. Refer to the section on processor mod
es for detailS, 

(4) POA P3 

Port P3 is an 7 -bit I/O port with function similar to port 
PO, but the output structure of P3o, P3, is CMOS output 
and P32-P36 is N-channel open drain. 
P32, P33 are in common with the external clock input 
pins of timer 2 and 3. 

P34 , P36 are in common with the external interrupt input 
pins INT" INT2 and P35, P36 with the analog input pins 
of A-D converter A-D" A-D2. 
In the microprocessor mode or the memory expanding 
mode, P3o, P3, works as R/W Signal output pin and 
SYNC signal output pin. 

(5) Port P4 

Port P4 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 
All pins have program selectable dual functions. When 
a serial I/O 1 function is selected, P4o-P43 work as in
put/output pins of serial 1/01. When a serial 1/02 func
tion is selected, P44-P47 work as input/output pins of 
serial 1102. 
In the special serial I/O mode, P44 , P45 work as SDA, 
SCL pins. P46, P47 are in common with PWM8 and 9 
output pins. 

(6) OSC1, OSC2 pins 
Clock input/output pins for CRT display function 

(7) HSYNC , VSYNC pins 
HSYNC is a horizontal synchronizing signal input pin for 
CRT display. 
VSYNC is a vertical synchronizing signal input pin for 
CRT display. 

(8) R, G, B, I, OUT pins 
This is an 5-bit output pin for CRT display and in com
mon with P52-P56. 

(9) Port P6 

Port P6 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 
This port is in common with 8-bit PWM output pin 
PWMO-PWM7. 

(0) D-A pin 
This is a 14-bit PWM output pin. 

(11) ¢ pin 

The internal system clock (1/4 the frequency of the 
oscillator connected between the XIN and XOUT pins) is 
output from this pin. If an STP or WIT instruction is ex
ecuted, output stops after going "W. 

• MIlSUBISHI 
.... B.ECTRIC 
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with ON-SCREEN DISPLAY CONTROLLER 

Port PO, Pl, P2, P3o, P3, 

Directional register 1--..... ---._-1"""'" 

Data bus -t-----1L_~P~o~rt~l:at~c~h_.J 

Port P32-P36, P4o-P45 

Directional register 

Data bus -+-----1 Port latch 

Port P4 •• P4" P6 
Directional register 

Data bus -+-----1 Port latch 

HSYNC, VSYNC ~ 1 ~Itt input 

Data bus ~ HsyNC, VSYNC 

CMOS tri-state output 

Port PO, Pl, P2, P30 , P3, 

N-channel open drain output 

Port P32-P36, P40-P45 

Note : P32, P33 may also be used as 
timer inputs 

P34 , P36 may also be used as 
external interrupt inputs. 
P35 , P36 may also be used as 
input pins for A-D converter. 

P40-P45 may also be used as 
serial 1/0 pins .. 

N-channel open drain 0.l!.!P!!! 

Port P46 , P47 , P6 

Note : P46 , P47 , P6 may also be used as 
S-bit PWM output pins. 
P4., P47 may also be used as 
serial 1/0 pins 

D-A, 1>, R, G, S, I, OUT 

D-A, 1>, R, G, S, I, OUT 

Fig. 46 Block diagram of 'ports PO-P6 (single-chip mode) and output format of D-A. <P. R. G. B. lOUT 

2-94 • MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37102M8-XXXSP/FP 
M37201 M6-XXXSP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON·SCREEN DISPLAY CONTROLLER 

PROCESSOR MODE 
By changing the contents of the processor mode bit (bit 0 

and 1 at address 00FS'6), three different operation modes 
can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode, ports PO-P3 can be used as address, and data in
put/ output pins. 
Figure 48 shows the functions of ports PO-P3. 
The memory map for, the single-chip mode is shown in 
Figure 2 and for other modes, in Figure 47. 

By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 
M37102M8-XXXSP/FP into memory expansion mode. Con
necting CNVss to Vee automatically forces the M37201 M6-

Internal RAM Internal RAM 

0100'6 h=:====:::-t _______ - n,=:-::::r==;;;-
Special function Special funcllon 

OOC016 f-__ :...::,e:.o9::.:,s",te::;,s,+ ____ ... ___ 1-_--""'e""91::::st"'e:...::'s'-" 

Internal RAM I nternal RAM 
0000'6 L-____ ,-L ________ L-____ _ 

Memory expansion Microprocessor mode 
mode 

The shaded area is external memory area 

Fig. 47 External memory area at each processor mode 

XXXSP into microprocessor mode. 
The three different modes are explained as follows: 
(1) Single-chip mode [00) 

The microcomputer will automatically be in the single
chip mode when started from reset, if CNVss is con
nected to Vss. Ports PO-P3 will work as original I/O 

ports. 
(2) Memory expansion mode [01) 

The microcomputer will be placed in the memory ex
pansion mode after connecting CNVss to Vcc and in
itiating a reset or connecting CNV ss to V ss and the pro
cessor mode bits are set to "01". This mode is used to 
add external memory when the internal memory is not 
sufficient. 
In this mode, port PO and port P1 are as a system 

address bus and its I/O port function is lost. 
Port P2 becomes the data bus of DrDo (including in
struction code) and loses its I/O port function. Port P30 

and P3, works as R/W and <p. 
(3) Microprocessor mode [10) 

When CNVss is connected to Vss and the processor 
mode bits are set to "10", the microcomputer will auto
matically default to microprocessor mode. In this mode, 
the internal ROM is inhibited so the external memory is 
required. Other functions are same as the memory ex
pansion mode. The relationship between the input level 
of CNVss and the processor mode is shown in Table 

14. 

Note : Use the M37102M8-XXXSP in the microprocessor 
mode 0' the memory expansion mode only at 
program development. 
The standards is assured only in the single-chip 

mode. 
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M37102MS-XXXSP/FP 
M37201M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

a a 1 

a 1 a 

Single-chip Memory expansion Microprocessor 
mode mode mode 

~ I r :J I r 
Ports P07-POO Ports P07-POO 

Same as left 

)( I/O port ~ Address ;C A7-Ao 

:J I r ::J I r 
Ports Ph-Pl 0 Ports P1 7-Pl 0 Same as left 

)( I/O port ). Address '£ A1s-Aa 

~ I r :J I r 
Ports P27-P20 Ports P27-P20 Same as left 

)( I/O port }-----{ Data >--D7-DO 

~ I r :J I r 
Ports P3,-P3. Ports P3,-P3. 

)( I/O port )( I/O port 

Same as left 
Port P3, Port P3, 

)( I/O port Y\ SYNC ;C 
Port P30 Port P30 

)( I/O port ). - '£ R/W 

Fig.48 Processor mode and function of port PO-P3 

Table 14. Relationship between CNVss pin input level and processor mode 

CNVss Mode Explanation 

• Single-chip mode The single-chip mode is set by the reset All modes can be selected by changmg the pro-

Vss • Memory expansion mode cessor mode bit with the program 
• Microprocessor mode 

Vec 
• Memory expansion mode The memory expansion mode IS set by the reset (M37102M8-XXXSP/FP) 
• Microprocessor mode The microprocessor mode is set by the reset (M37201 M6-XXXSP) 
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MITSUBISHI MICROCOMPUTERS 

M37102M8-XXXSP/FP 
M37201M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 

51. 
When an-STP instruction is executed, the internal clock if> 

stops oscillating at "H" level. At the same time, timer 3 and 
timer 4 are connected automatically and FF16 is set in the 
timer 3, 0716 is set in the timer 4, and timer 3 count source 
is forced to f(X ,N ) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the clock if> keeps its "H" level until timer 4 over
flows. 
This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used 

When the WIT instruction is executed, the clock if> stops in 
the "H" level but the oscillator continues running. This wait 

state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 
To return from the stop or the wait status, the interrupt en
able bit must be set to "1" before executing STP or WIT in
struction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 49. 

Interrupt request 

Interrupt 
disable flag I S Q 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 
The example of external clock usage is shown in Figure 50 
X,N is the input, and XOUT is open. 

M37102M8-XXXSP 

Fig. 49 External ceramic resonator circuit 

M37102M8-XXXSP 

X ,N 

30 

VCClnJlJ 
External oscillatmg 

CirCUit Vss 
Fig. 50 External clock input circuit 

Reset 
S 

R 

WIT 
Instruction R R STP instructIOn 

STP instruction 

Fig. 51 Block diagram of clock generating circuit 

• MITSUBISHI 
~ELECTRIC 
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M37102M8·XXXSP/FP 
M37201 M6~XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1/(n+1). 
(2) Even though the BBC and BBS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as an NOP) be
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode) , one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc
tions are executed. 

(4) An NOP instruction must be used after the execution of 
a PLP insturction. 

(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (:::::'O.1,uF) directly between the Vec pin and 
Vss pin using a heavy wire. 
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MITSUBISHI MICROCOMPUTERS 

M37102MS-XXXSP/FP 
M37201 M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3 to 6 

V, Input voltage CNVss -0.3 to 6 

Input voltage POo'PO" Pto·Pt" P20·P2" With respect to Vss 

V, P30·P3" P40·P4" PBo·PB" Output tranSistors are at "off" state -0.3 to Vee+O. 3 
--

HSYNC, VSYNc, RESET 

Output voltage POo·PO" Pto·Pt" P20·P2" 

Va P30·P3g, P40·P45, R, G, S, I, OUT, -0.3 to Vee+O. 3 

D·A, XOUT, OSC2 

Va Output voltage P4" P4" P60·PB, -0.3 to 13 

Circuit current R, G, S, I, OUT, POo·PO" 

laH Pt o·Pt" P20·P2" o to l(Note 1) 

P3o, P3" D·A 

Clrcu,t current R, G, S, I, OUT, POo·PO" 

lou Pt o·Pt" P2o·P2" o to 2( Note 2) 

P30·P3" P40·P4" D·A 

IOL2 Circuit current P6o-P67, p~, P47 o to 1 (Note 2) 

IOL3 Circuit voltage P24-P27 o to 10(Note 3) 

IOL4 Circuit current P44, P45 o to 3(Note 2) 

Pd Power dissipation Ta=25'C 550 

Topr Operating temperature -10 to 70 

Tstg Storage temperature -40 to 125 

RECOMMENDED OPERATING CONDITIONS (Vee=5V±10%, Ta=-10 to 70'C unless otherwise noted) 

Symbol Parameter 
Min 

Vee Supply voltage(Note 4) DUring the CRT operation 4.5 

Vss Supply voltage 0 

"H" Input voltage POo·PO" Pto·Pt" P20·P2" 

V'H 
P3o·P3" P40·P4" P4"P4" 

O. SVee --
PBo·PB" HsyNc, VSYNC, RESET, 

X'N,OSCt 

V'H "H" Input voltage P4" P45 0. 7Vee 

V'L 
"L" input voltage POo·PO,. Pto·Pt" P20·P2" 

0 
P3o, P3" P35, P40, P4,·P45, P4, 

V'L 
"L" Input voltage P3,·P3" P3" P4" P4" P4" 

0 --
HSYNC, VSYNC, RESET, X'N, OSCI 

IOH 
"H" average output current (Note 1) R,G,S,I,OUT,POo·PO" 

Pto·PI" P20·P2" P3o, P3, 

IOL1 
"L" average output current (Note 2) R,G,S,I,OUT,POo·PO" 

P20·P2" P30·P3" P40·P4" D·A 

IOL2 "L" average output current (Note 2) PBo·P6" P4" P4, 

IOL3 "L" average output current (Note 3) P24-P27 

IOL4 "L" average output current (Note 2) P4" P45 

fcpu Oscillating frequency (for CRT operatlon)(Note 5) 3.6 

fCRT Oscillating frequency (for CRT display) 6.0 

fhs Input frequency P3,·P3" P3g, P45 

fhs Input frequency P4, 

Note : The total current that flows out of the IC should be 20mA (max ) 
: The total of IOL1. 10L' and 10L' should be 30mA (max.) 
: The total of 10L of port P2,·P2, should be 20mA (max) 

limits 
Unit 

Typ Max 

5.0 5.5 V 

0 0 V 

Vee V 

Vee V 

0. 4Vee V 

0. 2Vee V 

1 rnA 

2 rnA 

1 rnA 
10 rnA 

3 rnA 
4.0 4.4 MHz 

7.0 S.O MHz 

100 kHz 

1 MHz 

: Apply O. 022,uF or greater capacitance externally between the Vec-Vss power supply pms so as 
to reduce power source nOIse 
Also apply O. 068,uF or greater capacitance externally between the Vec-CNVss pins 

: Use the crystal oscillator or ceramic resonator for CPU oscillation corcuit 

• MrTSUBISHl 
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Unit 

V 

V 

V 

V 

V 

rnA 

rnA 

rnA 
rnA 
rnA 
rnW 
"c 
t 
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M37102M8-XXXSP/FP 
M37201M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

ELECTRIC CHARACTERISTICS (Vcc=5V±10%, Vss=OV, Ta=-10 t070t, f(X ,N )=4MHz unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min. Typ 

Vcc=5, 5V, f(X ,N )=4MHz 
10 

CRT OFF 

Vcc=5, 5V, t(X,N )=4MHz Icc Supply current 
20 

CRT ON 

At stop mode 

VOH 
"H" output voltage POo·PO" Pl 0·Pl" P20·P2" Vcc=4.5V 

2.4 
P30, P3t, R, G, B, I, OUT IOH=-O.5mA 

"L" output voltage POo·PO" Pl0·PI" P20·P23, 
Vcc=4.5V 

P30·P3" P40·P43, 

R, G, B, I, OUT, O·A 
IOL=0,5mA 

"L" output voltage P60·P6" P4" P4, Vcc=4.5V 

VOL IOL=0.5mA 

"L" output voltage P2,·P2, Vcc=4.5V 

IOL=10mA 

"L" output voltage P4" P45 Vcc=4.5V 

IOL=3mA 

HysteresIs RESET Vcc=5.0V 0.5 

Vr+-VT- HysteresIs (Note 1 ) HSYNC, VSYNC, P32-P34, 

P3,;, P4t , P42, P4,·P4, 
Vcc=5.0V 0.5 

"H" input leak current RESET, POo·PD" Pl o·Pl" Vcc=5,5V 

P20·P2" P30·P3" P40·P45 Vo=5,5V 
IOZH 

"H" input leak current Vcc=5.5V 

P60·P6" P4" P4, Vo=12V 

"L" input leak current RESET, POo·PO" 
Vcc =5.5V 

IOZL Plo·Pl" P20·P2" P3o·P3" 

P40·P4" P60·P6, 
Vo=OV 

Note 1. P32·P34 , P3s have the hysteresis when these pins are used as Interrupt inrut pms or timer Input pins 
P4t , P42 , P44 -P4s hElve the hysteresIs when these pins are used as serial I/O ports. 
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Unit 
Max. 

20 

mA 

30 

300 /.LA 

V 

0.4 

0.4 
V 

3.0 

0.4 

0.7 

1.3 
V 

5 

/.LA 

10 

5 /.LA 



MITSUBISHI MICROCOMPUTERS 

M37103M4-XXXSP 
SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

with ON-SCREEN DISPLAY CONTROLLER 

DISCRIPTION 
The M37103M4-XXXSP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro
computer is useful for the high-tech channel-selection sys

tem for TVs. 
In addition to its simple instruction set, the ROM, RAM, and 

I/O addresses are placed on the same memory map to en
able easy programming. 

FEATURES 
• Number of basic instructions ........ · .. · ....................... 69 

• Memory size 
ROM .................................................... 8192 bytes 
RAM···· ................... '" ............................. 192 bytes 

• Instruction execution time 
......... 2f.1s (minimum instructions at 4MHz frequency) 

• Single power supply .................................... ·5V±10% 

• Power dissipation 
normal operation mode (at 4MHz frequency) 

........................................ 35mW (Vcc=5V, Typ.) 

• Subroutine nesting ............................ · 961evels (Max.) 
• Interrupt· .. ··· .. ···· ................................ 8types, 5vectors 
• 8-bit timer·· .. ·· .. ··· ........ · .......................................... 4 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, P4, P5, P6) ........................ · 46 

• Serial I/O (8-bit) .................................................... 1 

• PWM function ............................................ "14-bitX 1 
............................................... 8-bitX4 

.... ··· .... ··· .. ·· .... · .... ··· .... ·· .... ··· .. ··6-bitX6 
• Comparator ............................................................ 1 

• Generating function for clock Input of EAROM 

• Two clock generating circuits' 
(one is for main clock, the other is for clock function) 

• 63-Character on screen display function 
Number of character· .............. 21 charactersX3 lines 
Kinds of character .. · ................ · .......... · ........ · ...... 96 

APPLICATION 
TV 

PIN CONFIGURATION (TOP VIEW) 

1/0 
port 

P6 

Vee 

P65/PWMS - 2 

P6./PWM4- 3 

P63/PWM3 - 4 

P6,/PWM2- 5 

P6,/PWM1 - 6 

P6o/PWMO/T.... 7 

1/0 port P2 

1/0 port PO 

110 port 
P3 

P37/SRDy -- 16 
P36/CLK .... 17 

P35/SoUT - 1 B 

P3,ICOUNT - 21 
1/0 port PI 

P30 ..... 23 

1/0 port I PS3/1NT, - 24 

P51 PS,/INT, - 25 

CNVss 39 - PS./PWM7 

Reset Input RESET - 27 38 - PS5/PWMB 

Clock Input 37 - PS./PWM9 

Clock output 36 - P57 /PWM1 0 

1/0 
port 
P5 

Clock input for 35 --+ OSC2 Oscillator output 
clock function for display 

Clgl~~~~~~~!i~O: XCOUT '- 31 34 -- OSC1 Oscillator input 
Vss _3 .... 2 _____ ".3-3 _ ¢ for display 

Timing output 

Outline 64P4B 
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MITSUBISHI MICROCOMPUTERS 

M37103M4·XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

FUNCTIONS OF M37103M4-XXXSP 
Parameter Functions 

Number of basic instructions 69 

Instruction execution time 2.us (minimum Instructions, at 4MHz frequency) 

Clock frequency 4MHz 

ROM 8192bytes 
Memory size 

RAM 192bytes 

PO 1/0 8-bitX1 (middle-voltage N-channel open drain) 

PI, P2 1/0 8-bitX2 

P3 110 8-bitX1 

P4, 1/0 1-bitX1 

Input/Output ports 
I, e, R, G, OUT Output 1-bltX5 (for CRT display) 

V SYNC, HSYNC Input 1-bitX2 (for CRT display) 

P5" P5, 1/0 2-bitX1 (can be used as an input for either INT, or INT,) 

P5" P5,-P5, 1/0 5-bitX1 (middle-voltage N-channel open drain) 

P6a, P6, 110 2-bitX1 

P6,-P6, 1/0 4-bitX1 (middle-voltage N-channel open drain) 

SenalliO 8-bitX1 

Timers 8-bit IImerX4 

Subroutine nesting 961evels (max) 

Interrupt 
Two external Interrupts, three Internal timer Interrupts 

(or timerX2, seriall/OX1, CRTX1) 

Clock generating circuit Two burlt-in Circuits (externally connected ceramic or quartz crystal oscillator) 

Supply voltage 5V±1O% 

at high-speed operation 
CRT display function ON 35mW (clock frequency X,N=4MHz, fCRT=6MHz) 

CRT display function OFF 20mW (clock frequency X,N=4MHz) 
Power dissipation 

at low-speed operation CRT display function OFF O. 3mW (clock frequency XcIN =32kHz) 

at stop mode Icc=1 "A (when clock IS stopped) 

Input/Output voltage 
12V (PO, P5" P5,-P5" P6,-P6, : input/output, RESET, CNVss : Input) 

-0.3 to Vcc+O. 3V (PI, P2, P3, P4" P5" P5" P6a, P6,) 

Input/Output characteristics O. 5mA (PO, PI, P2, P3, P5, P6,-P6, : N-channel open drain Input/output) 

Output current 0. 5mA, -0. 5mA (P4, : CMOS Input/output, 

R, G, B, I, OUT, P6a-P6, : CMOS output) 

Operating temperature range -10 to 70'C 

Device structure CMOS SIlicon gate process 

Package 64-pln shrink plastic molded DIP 

Number of character 21 charactersX3 lines 
CRT display function 

Kinds of character 96 (12X16 dots) 
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MITSUBISHI MICROCOMPUTERS 

M37103M4-XXXSP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON·SCREEN DISPLAY CONTROLLER 

PIN DESCRIPTION 

Pin Name 
Input! 

Output 

Vee, Supply voltage 

Vss 

CNVss CNVss 

--~ 

RESET Reset Input Input 

X ,N Clock mput Input 

XOUT Clock output Output 

¢ Tlmmg output Output 

XC1N Clock mput for clock Input 

function 

X COUT Clock output for Output 

clock function 

POO-P07 1/0 port PO 1/0 

P1 o-P1 7 1/0 port PI 1/0 

P2o-P27 1/0 port P2 1/0 

P30 -P37 1/0 port P3 1/0 

P47 1/0 port P47 1/0 

I, B, G, R, CRT output Output 

OUT 

HSYNC HSYNC input Input 

V SYNC VSYNC mput Input 

P52 , P53 1/0 port P5 1/0 

P5" 
P5.-P57 

P6o-P6s 1/0 port P6 1/0 

OSC1, I Clock Input for CRT dISplay Input 

OSC2 i Clock output for CRT dISplay Output 
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Functions 

---

Power supply mputs 5V±10% to Vee, and OV to Vss 

This IS connect to Vss 

To enter the reset state, the reset Input pm must be kept at a "L" for more than 2,us (under normal Vee 

conditIOns) If more time IS needed for the crystal oscillator to stabilize, this "L" condition should be main-

tained for the required time 

These are liD pms of mternal clock generating Circuit for main clock To control generatmg frequency, an 

external ceramic or a quartz crystal oscillator IS connected between the X1N and XOUT pms and external 

condensers are connected If an external clock IS used, the clock source should be connected the XIN pin 

and the XOUT pin should be left open 

ThiS IS the tlmmg output pin In single-chip mode, the output can be controlled by selectmg the option 

ThiS IS the 1/0 pins of the clock generating CircUit for the clock function To control generating frequency, 

an external ceramic or a quartz crystal oscillator IS connected between the Xc IN and XCOUT pms and exter-

nal condensers are connected If an external clock IS used, the clock source should be connected to the 

XCIN pm and the XCOUT pm should be left open ThiS clock can be used as a program controlled the system 

clock 

Port PO IS an 8-blt I/O port with directional registers allOWing each 1/0 bit to be mdlvldually programmed as 

mput or output At reset, thiS port IS set to mput mode The output structure IS middle-voltage N-channel 

open dram 
-- .----~ 

Port P1 IS an 8-blt 1/0 port and has basically the same functions as port PO It can be bUilt In pull-up transIS-

tor at each pm by selectmg the option 

Port P2 IS an 8-blt 1/0 port and has basically the same functions as port P1 

Port P3 IS an 8-blt 1/0 port and'has basically the same functions as port PO, but the output structure IS N-
-~ 

channel open drain When senal 1/0 IS used, P37, P36, P3s, and P34 work as SRDY, ClK, SOUT, and SIN pms, 

respectively P33 works as an analog mput for comparator and P32 works as a counter Input 

Port P47 is a , -bit 1/0 port and has basically the same functions as port PO, but the output structure IS 

CMOS output 

ThiS IS a 5-brt output pin for CRT display 

The output polarity can be changed by selectmg the option At reset, mactlve polanty IS selected 

The output structure IS CMOS output 

ThiS IS the hOrizontal synchronlzmg signal mput for CRT display The Input polarity can be changed by 

selectmg the option 

ThiS IS the ventlcal synchroniZing signal Input for CRT display The mput polarity can be changed by select-

109 the optIOn 

These ports have baSically the same' function as ports P3, and are In common With Interrupt Input pms 

These ports have baSically the same function as port PO, and can be programmed to function as PWM out-

put pins 

Port P6 IS a 6-blt 1/0 port and has baSically the same functions as port PO The output structure of P6o, P61 

IS CMOS output and the output structure of P62-P6s IS middle-voltage N-channel open dram ThiS port can 

be programmed to function as PWM output PinS Also P60 IS In common With timer output Pin (T) 

ThiS IS the 110 pins of the clock generating CirCUit for the CRT display function 

To control generating frequency, external condensers and resistors are connected 

• MITSUBISHI 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37103 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU 'core basic functions, or the MELPS 740 
Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not p'rovided. 
The WIT instruction can be used, 
The STP instruction can be used. 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as I/O ports and timers . 
• RAM 

RAM is used for data storage as well as a stack area. 

RAM (192 bytes) 

RAM lor dIsplay 
(213 bytes) 

ROM(8K bytes) 

0000, 6 

OOBF, 6 

0000, 6 

OOFF, 6 

0200, 6 

0209, 6 

2000, 6 

2004, 6 

EOOO, 6 

FFOO, 6 

FFF4, 6 

• ROM 
ROM is used for storing user programs as well as the inter
rupt vect?r area. 
• RAM for display 
RAM for display is used for specifing the character codes 
and colors to display. 
• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated, 

• Zero Page 
Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 
• Special Page 

Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Not used 

SFR area 

Not used 

SFR area 

Not used 

Not used 

Zero page 

SpecIal page lor 
subroutIne call 

Interrupt vector area 

FFFF, 6 

Fig. 1 Memory map 
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0000,. 
0001,. 
0002,. 
0003,. 
0004,. 
0005,. 
0006,. 
0007,. 
0008,. 
0009,. 
OOOA,. 
OOOB,. 
OOOC,. 
0000,. 
OOOE,. 
OOOF,. 
OOEO,. 
00E1,. 
00E2,. 
00E3,. 
00E4,. 
00E5,. 
OOE6,. 
00E7,. 
OOE8,. 
OOE9,. 
OOEA,. 
OOEB,. 
OOEC,. 
OOEO,. 

HOrizontal position register 
Vertical position register of block 1 
Vertical position register of block 2 
Vertical position register of block 3 
Color register 0 
Color n!!gister 1 
Color register 2 
Color register 3 
Display control register 
Display block counter 

Port PO 
Port PO directional register 
Port Pl 
Port Pl directional register 
Port P2 
Port P2 directional register 

A-O control register 
Port P3 
Port P3 directional register 
Port P4 
Port P4 directional realster 
Port P5 
Port P5 directional realster 

Fig. 2 SFR (Special Function Register) memory, map 

OOEE,. 
OOEF,. 
OOFO,. 
00F1,. 
00F2,. 
00F3,. 
OOF4,. 
00F5,. 
00F6,. 
00F7,. 
00F8,. 
00F9,. 
OOFA,. 
OOFB,. 
OOFC,. 
OOFO,. 
OOFE,. 
OOFF,. 
0100,. 
01FF,. 
0200,. 
0201,. 
0202,. 
0203,. 
0204,. 
0205,. 
0206,. 
0207,. 
0208,. 
0209,. 
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Port P6 
Port P6 directional register 
PWM1-H register 
PWM1-L register 
PWM2 register 
PWM3 register 
PWM4 register 
PWM control register 
Serial 1/0 mode register 
Serial 1/0 register 
PWM5 register 
PWM output control register 
Timer 1 
Interrupt control register 2 
Timer 2 
Timer 3 
Interrupt control reaister 1 
Timer control register 

PWMO register 
PWM6 register 
PWM7 register 
PWM8 register 
PWM9 register 
PWM10 register 
PWM output control realster 

Timer 4 control register 
Timer 4 
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INTERRUPTS 
Interrupts can be caused by 8 different events consisting of 
two external, five internal, and one software event. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis
abled when the interrupt disable flag is set. 
Falling edge active or rising edge active can be selected 

for each of the INT, and INT2 external interrupts selected 
by bits 4 and 5 of the PWM control register. Whether the 
INT, external interrupt or the CRT display is to be accepted 
can be selected by bit 0 of interrupt control register 2. 

Table 1. Interrupt vector address and priority. 

Whether the timer 1 or serial I/O interrupt is to be 

accepted can be selected by bit 2 of the serial I/O mode 
register. 

All interrupts except the BRK instruction interrupt have an 
Interrupt request bit and an interrupt enable bit. The inter

rupt request bits and the interrupt enable bits are in inter
rupt control register 1 and timer control register. Figure 3 
shows the structure of the interrupt control registers 1 and 2 
and timer control register. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1 ", and the interrupt disable flag is "0". The 

interrupt request bit can be clear with a program, but not 
set. The interrupt enable bit can be set and clear with a 
program. 
Reset is treated as a non-maskable interrupt with the high

est priority. Figure 4 shows interrupts control 

Event Priority Vector addresses Remarks 

RESET 1 FFFF'6, FFFE'6 Non-maskable 

INT, or CRT display interrupt 2 FFFD'6, FFFC'6 INT, external interrupt (phase programmable) 

Timer 3 interrupt 3 FFFB'6, FFFA'6 

Timer 2 interrupt 4 FFF9'6. FFF8'6 

Timer 1 or senal 1/0 interrupt 5 FFF7'6. FFF6'6 

INT2 interrupt 
6 FFF5'6. FFF4'6 

INT2 external Interrupt (phase programmable) 

(BRK instruction interrupt) BRK instruction Interrupt (non-maskable software interrupt) 
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I I I I I I I I I Interrupt control register 1 L (address OOFE,.) 

INT, Interrupt enable bit 
a : Interrupt disable 
1 : Interrupt enabled 

- INT, interrupt request bit 
a : Interrupt disable 
1 : Interrupt requested 

Timer 1 or senal liD interrupt enable bit 
a : Interrupt disable 
1 : Interrupt enabled 

Timer 1 or senal liD Interrupt request bit 
a : Interrupt disable 
1 : Interrupt requested 

,------ Timer 2 Interrupt enable bit 
a : Interrupt disable 
1 : Interrupt enabled 

"-------- Timer 2 Interrupt request bit 

a : Interrupt disable 
1 : Interrupt requested 

"-------- INT, or CRT display interrupt enable bit 
a : Interrupt disable 
1 : Interrupt enabled 

'---------- INT, or CRT display Interrupt request bit 

o : Interrupt disable 
1 : Interrupt requested 

Fig. 3 Structure of registers related to interrupt 

Interrupt request bit 

Interrupt enable bit 

Interrupt disable flag I 

Fig. 4 Interrupt control 

reset ----L_-' 

I I 
o 

I ~ Interrupt control register 2 L (address OaFS,.) 

INT, or CRT display interrupt selection bit 
a : INT, interrupt 
1 : CRT, display Interrupt 

7 a 
I I I I I I I I I Timer control register 

(address OOFF,.) 

I 
'--------Timer 3 interrupt enable bit 

a : Interrupt disable 
1 : Interrupt enabled 

'---------- Timer 3 Interrupt request bit 
a : Interrupt disable 
1 : Interrupt requested 

Interrupt request 
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TIMER 
The M37103M4-XXXSP has four timers; timer 1, timer 2 tim
er 3, timer 4. 
A block diagram of timer 1 through 3 is shown in Figure 5 
and a block diagram of timer 4 is shown in Figure 6. The 
count source for timer 1 through 3 can be selected by using 

bit 2, 3, 4 of the timer control register (address 00FF'6), as 
shown in Figure 7. Timer 1 through 3 are down count timers 
and have 8-bit latches. When a timer reaches "0" and the 
next count pulse is input to a timer, the contents of the re
load latch are loaded into the timer. The division ratio of the 
timer is 1/(n+1), where n is the contents of timer latch. 

Timer 1 through 3 has interrupt generating functions. The 
timer interrupt request bit which is in the interrupt control 
register 1 or timer control register (located at addresses 
00FE'6 and 00FF'6 respectively) is set at the next count 
pulse after the timer reaches "0" (see interrupt section). 
The starting and stopping of timer 2 is controlled by bit 5 of 
the timer control register 2. If the bit 5 is ·"0", the timer 
starts counting, and the bit 5 is "1", the timer stops. 
The count source of timer 4 can be selected by bit 0 and 
bit 1 of timer 4 control register (address 0208,6 ). When bit 
o and bit 1 are set to (00) or (11), timer 4 stop counting. 

The structure of timer 4 control register is shown in Figure 
8. 
Timer 4 has auto-reload register. The auto-reload register 
can be written by writing a data to timer 4 register. A data 
written to the auto-reload register is set to counter by set
ting bit 4 of timer 4 control register. And by reading a data 
from timer 4 register, the value of counter can be read. 

When timer 4 is overflow, timer 4 overflow flag is set and 
the content of auto-reload register are loaded into the 
counter. 
At a reset or stop mode, FF'6 is automatically set in timer 2 
and 07'6 in timer 3. 

After a STP instruction is executed, timer 3, timer 2, and the 
clock (¢ divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if timer 3 interrupt request bit is set 

to "1", or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 2 
count stop bit) must be set to "0". For more details on the 
STP instruction, refer to the oscillation circuit section . 

. , MITSUBISHI 
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P32 

P60 latch 

P60 /T SM, 

Data bus 

Reset 

STP instruction 

t-__ ~Timer 2 interrupt 
request bit 

t-__ ~Tlmer 3 Interrupt 
request bit 

Timer 1 or senal 1/0 
Interrupt request bit 

TM : Timer control register 

SM : Senal 1/0 mode register 

PM : PWM output mode register 

~select gate: 

at reset, shaded side IS connected 

Fig. 5 Block diagram '01 timer 1 through 3 

Fig. 6 
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------------------------------ Data bus 

Timer 4 control register 
~~~~~~~~ ~~~~-+~--~~~ 

Block diagram of timer 4 
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I I I I I I I I I Timer control register 

(Address OOFF,.) 

U Processor mode bits 
ao : Single-chip mode 
01 : Microprocessor mode 
10: Not used 
11 : Eva-chip mode 

Timer 1 count source selection bit 
a : 1> diVided by 4 
1 : Timer 3 overflow 

Timer 2 count source selection bit 
o : 1> diVided by 4 
1 : Clock for the clock function (XCIN ) 

Timer 3 count source selection bit 
o : Timer 2 overflow 
1 : P3, port Input (Note) 

Timer 2 count stop bit 
a : Cou nt start 
1 : Count stop 

Timer 3 Interrupt enable bit 
o : Interrupt disable 
1 : Interrupt enabled 

Timer 3 Interrupt request bit 
o : Interrupt disable 
1 : Interrupt requested 

Note: When the P3, port Input is selected as the timer 3 count source, the counter is decreased at the riSing edge of input signal 

Fig. 7 Structure of timer control register 

7 0 

I I I I I I I I I Timer 4 control register 

(Address 0208'6) 

LL Timer 4 count source sWitch bit (Note) 
00 : Timer 4 count stop 
01 : P~ port input 
10: Clock for the clock function (XCIN ) 

11 : Timer 4 count stop 

Input port data of XCIN (read only) 

'------ Timer 4 overflow flag (read only) 

Timer 4 data load bit (Set to "0" when timer 4 counts) 

Note: Timer 4 is decreased at the rising edge of count source. 

Fig. 8 Structure of timer 4 control register 
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SERIAL 1/0 
The block diagram of serial 1/0 is shown in Figure 9. In the 
serial 1/0 mode the receive ready signal (SRDY), synchro
nous input/output clock (elK), and the serial 1/0 (SOUT, 
S,N), pins are used as P37 , P36 , P35 , and P34 , respectively. 
The serial 1/0 mode register (address 00F616 ) is an 8-bit 
register. Bit 0 and 1 of this register is used to select a syn-

</> divided by 4 

chronous clock source. When these bits are (00) or (01J , 

an external clock form P36 is selected. When these bits are 
(10) , the overflow signal divided by two from timer 1 be
comes the synchronous clock. Therefore, changing the tim
er period will change the transfer speed. When the bits are 

(11 J , the internal clock 1> divided by 4 becomes the clock. 

from internal clock </> 

P3. 

P35 

P3, 

divided by 4 or 

Timer 3 

Prescaler 

to timer 1 or 

senall/O 

interrupt 

request bit 

Senal I/O mode register 
L..rL..,....L.-rL-rL....,....L..,..-J....,.....L.r-' (Address 00F6,.) 

Internal system clock generation selection 
o : X,WXOUT selection (normal mode) 

1 : XCIN-XCOUT selection (low-speed mode) 

Clock (X,WXOUT) stop bit ____ ----' ____ -----' 

o : Osclliate 

1 : Stop 

P6o/T output function selection bit 
o : Sync mode (EAROM clock input signal generation) 
1 : Asynchronous mode 

Output of clock port selection bit (P6o) ----____ ----' 
o : P60 (Normal 110 port) 
1 : T 

Fig. 9 Block diagram of serial 1/0 

Synchronous clock selection bits 

00: } 
01: External clock 

10: Timer 1 overflow signal divided by 2 
11 : Timing 1> divided by 4 

'------- Senall/O port selection bit (P34 , P35 ) 

o : Normal I/O port 
1 : Serial I/O port 

'--------SRDy signal output selection bit (P3,) 
o : Normal I/O port 
1 : 8;; signal output pin 
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Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3s becomes an 110 pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P36 . If the exter
nal synchronous clock is selected, the clock is input to P36 . 

And P35 will be a serial output, and P3. will be a serial in
put. To use P34 as a serial input, set the directional register 
bit which corresponds to P3., to "0". For more information 
on the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P36 will function as a normal I/O. Interrupts will be gener
ated from the serial I/O counter instead of timer 1. Bit 3 
determines if P37 is used as an output pin for the receive 
data ready signal (bit 3="1", SRDY) or used as a normal I/O 
pin (bit 3="0"). 
The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock- The SRDY signal becomes "H" during trans
mission or while dummy data is stored in the serial I/O reg
ister. After the !aling edge of write signal, the SRDY signal 

Synchronous clock 

Transfer clock 

Senal 1/0 register wnte 
signal 

becomes low Signaling that the M37103M4-XXXSP is ready 
to receive the external serial data. The SRDY signal goes 
"H" at the next falling edge of the transfer clock. The serial 
110 counter is set to 7 when data is stored in the serial I/O 
register. At each falling edge of the fransfer clock, serial 
data is output to P35. During the rising edge of this clock, 
data can be input from P34 and the data in the serial I/O 
register will be shifted 1 bit. Data is output starting with the 
LSB. After the transfer clock has counted 8 times, the serial 
I/O register will be empty and the transfer clock will remain 
at a high level. At this time the interrupt request bit will be 
set. 
External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. 

Timing diagrams are shown in Figure 10, and connection 
between two M37103M4-XXXSP's are shown in Figure 11. 

Senal 1/0 output 0, 
SOUT _______ ;--,J'---,,'---J'-+.A.......;-''-....:...I ..... ......;J'~..;..''_+_-----

Senal 1/0 Input 

S'N 
Receivable Signal 

SADV 

Fig. 10 Serial I/O timing 

Transmission Side 

Senal 1/0 mode register 

blt3 bltO 

f a I 1 I 1 I a I 
Set the directional 
register for P3, pm 
m mput mode 

Fig. 11 Example fo serial I/O connection 

u 

P3, 

P3. 

P35 

Interrupt request bit set 

Reception Side 

- Senal 1/0 mode register 
SRDY 

P3, 
blt3 bltO 

11 I 1 I a I x I 
Set the directional Synchronous clock 

P3. register for P34 pin 
In mput mode 

Senal data 
P34 
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PWM OUTPUT CIRCUIT 
(1) Introduction 

The M37103M4-XXXSP is equipped with one 14-bit 

PWM, four 8-bit PWMs and six 6-bit PWMs. The 14-bit 
resolution gives PWM1 the minimum resolution bit width 
of 500ns (for X,N = 4MHz) and a repeat period of 8192 

/1S. PWM7, PWM8, PWM9, PWM10 have a 8-bit resolu
tion with minimum resolution bit width of 16,us and re

peat period of 4096/1s. PWMO, PWM2, PWM3, PWM4, 
PWM5, PWM6 have a 6-bit resolution with minimum re
solution bit width of 16,us and repeat period of 1024/1s. 
Accuracy and operation range is certified of PWM are 

Vcc=4.5 to 5.5V regardless of input frequency. 
Block diagram of the PWM is shown in Figures 12 and 
13. 

The PWM timing generator section applies individual 
control signals to PWM 0-10, using clock input X,N di
vided by 2 or XC1N divided by 2 as a reference signal. 

(2) Data setting 

The output pins PWMO-PWM5 are in common with pins 

P60-P6s of port P6 and PWM6-PWM10 are in common 
with pins P51-P57 of port P5 (i.e. for PWM output, PWM 
output selection bits and the. P5, P6 directional register 

D5r D57 , D60 -D6s should be set). When PWM1 is used 
for output, first set the higher 8-bit of the PWM1-H reg
ister (address 00F016 ) , then the lower 6-bit of the 
PWM1-L register (address 00F1 16 ) . When either 

PWMO and PWM2-10 is used for output, set the 8-bit in 
the PWMO and PWM2-10 register, respectively. Note 
that the higher 2 bits of these 8-bit registers are 
ignored when used 6-bit register. 

(3) Transferring data from registers to latches 
The data written to the 6-bit or 8-bit PWM register is 
transferred to the PWM latch in each 6-bit PWM cycle 
period. For 14-bit PWM, the data is transferred in the 

next upper 8-bit period after the write. The signals out
put to the PWM pins correspond to the contents of 
these latches. When data at addresses 00F016 to 

00F416, 00F816, 020016 to 020516 is read, data in these 
latches has already been read allowing the data output 
by the PWM to be confirmed. When the 6-bit latch is 
being read, the upper 2 bits of the register becomes 
undefined, However, bit 7 of the PWM1-L register indi
cated the completion of the data transfer from the 
PWM1 register to the PWM1 latch. if bit 7 is "0", the 
transfer has been completed, if bit 7 is "1 ", the transfer 
has not yet begun. 

(4) Operation of the 6-bit PWMs 
The timing diagram of the two 6-bit PWMs (PWMO and 
PWM2-6) is shown in Figure 14. One period (T) is 
composed of 64 (26 ) segments. 
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There are six different pulse types configured from bits 
o to 5 representing the significance of each bit. These 
are output within one period in the circuit internal sec
tion. Refer to Figure 14 (a): 
Six different pulses can be output from the PWM. 

These can be selected by bits 0 through 5. Depending 
on the content of the 6-bit PWM latch, pulses from. 5 to 
o is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 14 (b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high
level area outputs varying from 0/64 to 63/64. An· 

length of entirely high-level output cannot be output. 
i.e. 64/64. 

(5) 8-bit PWM operation 

8-bit PWM operation is the same as 6-blt PWM opera
tion except that one period (T) is composed of 256 
(28 ) segments. 

(6) 14-bit PWM operation 

The timing diagram of the 14-bit PWM1 is shown in Fi
gure 15. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length N times T is output 

every short area of t=256 r =128/1s as determined by 
data N of the higher 8 bits. (Refer to PWM output ~ in 
the lower part of Figure 15.) 
Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus r. As a result, 

the short-area period t (= 128/1s, approx. 7.8kHz) be
comes an approximately repetitive period. 

(7) Output after reset 

At reset the output of port P5, P6 is in the high impe
dance state and the contents of the PWM register and 
latch are undefined. Note that after setting the PWM 
register, its data is transferred to the latch. 

Table 2. Relation between the 6 lower-order bits 
of data and the space set by the ADD bit 

6 lower-order bIts of data Area longer by r than that of other tm(m = ° to 63) 

oooooL5" Nothing 

000001 m=32 

a a a a 1 a m=16,48 

o a 0 1 o 0 m= 8 ,24,40,56 

a a 1 a a 0 m= 4 , 12,20, 28, 36, 44, 52, 60 

a 1 a a a 0 m = 2, 6, 10, 14, 18,22,26, 30, 34, 38, 42, 46, 50, 54, 58, 62 

1 a a a a a m= 1,3,5,7, ------_ .. __ ... _-_ .. _----- ... "'57,59,61,63 
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PWM1-H regIster 
(address OOFO'6) 

8 

PWM1-L regIster 
(address OOF1'6) 

,-,'-'-T--+--r-r-, 

t 
~ Selection gate: connected to black 

colored side when t-- Pass gate reset 

P6, 06, 

J 
J-o P6,/PWM1 

1 

.s-O P6,/PWM2 

1 
~P63/PWM3 

1 

..s-O P64 /PWM4 

1 

..rD P65/PWM5 

1 
PM : PWM control regIster 
PN : PWM output control register 
06 : Port P6 dllectlonal regIster 
P6 : Port P6 regIster 

Fig. 12 Block diagram of the PWM cirucit (1) 
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SINGLE-CHIP a-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 

, 6-blt PWM circuit 

I I I 
MSB 

f 
bit 5 

I I I 

PWM latch 
(6-bit) 

I I I 
LSB 

bit 0 

I I I 
PWMO reg'ister 
(address 0200,6 ) 

I 

with ON-SCREEN DISPLAY CONTROLLER 

6-bit PWM CirCUit J--~ 

I I I 
MSB 

'bit 5 

I I I 

PWM61atch 
(6-bit) 

I I I 
LSB 

bit 0 

I I I 
PWM6 register 
(address 0201 ,6 ) 

P5, D5, 

C C; 

~ 1 P5, /PWM6 

!77 
'---~'p!-O~,----I 

D54 

C; ~ (1024",penod) 

(4~'~Z) 1/2 1/32 ,--_,...T_'_m_in,..g_g_en_e_ra_to_r_lo,..r_p_W_M __ -,1 
(4096", period) 

r-P_M_o-/~ __ ~+=========~ ________________ ~_~ ____ ~~ 
1 ( I 

, 1'--__ 8_-b_lt_P_W.,M:--ci_rc_u_'t __ -'~ I 8-bIt PWM CirCUit 

PWM71atch PWM81atch 
(8-bit) (8-bit) 

L .1 I I I I I I I I I I I I I I 
MSB LSB MSB LSB 

\i 
bit 7 bit 0 bit 7 bit 0 

I I I I I I I I I I I I I I I I 
PWM7 register PWM8 register 
(address 0202 ,6 ) (address 0203,6 ) 

I 8-bit PWM circuit 1'--__ 8-_b_'t_P_W.M_C_ir_C_ul_t __ -J~ 

PWM91atch PWM10 latch 
(8-bit) (8-blt) 

I I I I I I I I L 1 1 J I I I I 
MSB LSB MSB LSB 

bit 7 
~ ~ 

bit 0 bit 7 bit 0 

r I I I 1 1 I I I I I I I I I I 
PWM9 register PWM10 register 
(address 0204,6) (address 0205 ,6 ) 

Data bus 

~ Selection gate : c~nnected to black colored 

~pass gate 

sIde when reset 

PO, 

P5, D5, 

c; C; 

1 
Yo3 

P56 D56 

1 
'-J 
p04 

P5, D5, 

C; C; 

-
PM : PWM control register 

PN : PWM output control register 

D6 : Port P6 directional register 
D5 : Port P5 directional register 

P6 : Port P6 register 

P5 . Port P5 register 
PO : PWM output mode register 3 

SM : Serial 1/0 mode register 

,s-O i P5,/PWM8 

G 1 P56 /PWM9 

Fig. 13 Block diagram of the PWM circuit (2) 
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Bit 4 

Bit3 
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with ON-SCREEN DISPLAY CONTROLLER 

012345678 12 16 20 24 28 32 36 40 44 48 52 56 60 63 

Bit2 
-t-----' 

Bit 1 

BitO 

Conlents 
of the lalch 

(a) Pulses showing the weight of each bit 

When 00,.-+-________________________________ -+ 
When 01,. 

When 18,. 
(24) 

When 28,. 
(40) 

When 3B'6 
(59) 

When 3F'6 
(63) 

-+----------------------------~ 

T=64t 

When output IS lower 6 bits of PWM1 1= 128,us' T = 8192,us 
When output IS PWMO, PWM2-6 t = 16,us T = 1024,us 

When f(X IN )=4MHz 

(b) Example of 6-bit PWM output 

Flg.14 6-bit PWM timing diagram 
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PWM1-H 
register 

PWM1-L 
register 

PWM11atch 
(14-bit) 

MITSUBISHI MICROCOMP,UTERS 
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SINGLE-CHIP I-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

Data in aadress OOFO is;l; 6A ,. ,. Data in address OOFO is;l; 7B ,. ,. 
59,. I .-, 6A,. I ~ 7B,. 

Data," address OOF ,. is #124,. _____ Bit 7 reset after transfer Data 's address OOFt,. is # 35,. 

13,. L.-, !"-- 1 24,. 1--' 35,. 

A4, .... /" Register to latch transfer 65,./ Register to latch transfer 

I 1653,. ~ lAA4,. 1AA4,. I 1AA4,. ~ 1 EF5,. 1 
T = 81921's 

1-- When bit 7 of PWM1-L is "0" register 

(64X128I's) 
to latch transfer will not occur 

----------- -t= 1281's -- --(Example 1 ) 6A 6B 6A 6B 6A 6B 6A 68 6A 68 6B 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 

PWM10utput 
CD 

lower 6 bits 
output 

(When H' 6A,." 
L: 24,.) 

(Example 2) 

PWM10utput 

lower 6 bits 
output 

(When H: 6A,., 
L: 18,.) 

Minimum bi 

PWMloutput 
(2) 

8-bit counter 

High/low
section is 
the data c 

t resolution width 

l68 

ADD 

, 02 1 01' 00 

} 
level of the ADD 
determined by 
ontained in 

the lower 6 bit. 

r--- (256XO, 51's) - ----
r =0.5I's 

I 
6A:69:68:67: : 02: od 

I ADD 

FF , FE , FD' FC,' 197'96195' , 02 , 01 ' 00 

j 
High-level area output, the length 

of which is specified PWM-H 

256 r (1281's) standard 

Fig. 15 14-bit PWM timing diagram 
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7 0 

I L J L I I I I I I PWM control register 
(Address 00F5,6) 

PWM1. PWM2. PWM3 count source 
selecMn bit 

o : Supply 

1 : Stop 

"---- P6, /PWM1 output selection bit 
o : Parallel port 
1 : PWM1 oUIPut 

'---- P6,/PWM2 output selection bit 
o : Parallel port 
1 : PWM2 output 

L-____ P63/PWM3 output selecMn bit 

o : Parallel port 
1 : PWM3 output 

'-------INT, Input reverse bit 
o : INT (leading-edge interrupt request) 

1 : I NT (trailing-edge Interrupt request) 

'-------INT, input reverse bit 

o : INT (leading-edge interrupt request) 
1 : INT (trailing-edge Interrupt request) 

'--------P6o/T, output seleclion decIsion bit 
(reading only) 

o : Parallel port 
1 : Output is 112 that of timer 1 

'--------- P6./PWM4 output selection bit 

o : Parallel port 
1 : PWM4 output 

Fig. 16 Structure of registers related to PWM 

7 0 
1L...Jlyl-rlylyl'-r-ylyl PWM output mode register 

~(AddreSs 0209,6) 
This bit must be set to "1" 
P5, /PWM6 output selection bit 

o : Parallel port 
1 : PWM6 output 

'--- P5./PWM7 output selection bit 
o : Parallel port 
1 : PWM7 output 

L-____ P55/PWM8 output selection bit 

o : Parallel port 
1 : PWM8 output 

'------ P56/PWM9 output selection bit 

o : Parallel port 

1 : PWM9 output 

'-------- P5,/PWM10 output selection bit 
o : Parallel port 
1 : PWM10 output 

'-------- P6o/PWMO/T output selection bit 

I I 
o 

o : Parallel port or timer 2 diVided by 2 

1 : PWMO output 

I I I I I I PWM output control register 

~ 
I(Address 00F9,6) 

PWM1 output polarity selection bit 

PWM2 output polarity seleclion bit 

'------ PWM3 output polarity selection bit 

PWM4 output polarity seleclion bit 

'------ PWM5 output polarity selection bit 

o : Positive 

1 : Negative 

'------- P65 /PWM5 output selection bit 

o : Parallel port 

1 : PWM5 output 

• MITSUBISHI 
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PORT P60 I TIMER 1 OUTPUT 
Bit 0 of port P6 outputs 1/2 the frequency of timer 1 when 

bit 6 of the PWM output mode register is set to "0" and bit 

4 (SM4 ) of the serial I/O mode register (address 00F616 ) is 

set to "1". The output switching can be accomplished with 

either of two procedures, synchronous mode or asynchro

nous mode, depending on the setting of bit 5 (SM5 ) of the 

serial I/O mode register. 

When SM5 is set to "0" the synchronous mode is set. In 

such a case, after SM4 has been changed, synchronization 
is set to the 1/2 frequency of timer 1 and switching be

tween the port latch and timer takes place. It is possible to 

ascertain whether switching actually occurred by reading 

1> 

R/W ~ 
I 

SM. I 
I 
I 

the value of bit 6 of the PWM control register. 

From the time that the contents of SM 4 was changed to the 

point where switching completes, the contents of neither 

SM4 nor P60 may be changed. Use of the synchronous 

mode prevents the generation of a pulse shorter than the 

timer output during swiching. Figure 17 (a) gives an exam

ple of timing in the synchronQus mode. Use of the synchro

nous mode allows generation of an EAROM clock input sig

nal through the use of a simple program. 

When SM5 is set to "1", the asynchronous mode is set. In 
this case, the output switching occurs directly after SM4 has 

been changed. Figure 17 (b) gives an example of timing in 

the asynchronous mode. 

T1 fTl ~ ________________ ~r--l~ ________ _ 

1/2 of T1 

PM. 

Latch output 

P60 latch 

P60/T output 

SM. 

1/2 of T1 

PM. 

Latch output : 
;;'IE 

P60 latch I 
I 
I 
I 

I 
I 
I 
I 

: (Note 1) 

I 
I 

+-
I 

P60/T output .... I ____ ...J 

Timer output 

(al Synchronous mode (SM5=0) 

Timer output 

(bi Asynchronous mode (SM5=1 ) 

Note 1 Output SWItching occurs at the trailing edge of tImer 1 divIded SIgnal when the value of the P60 latch IS "0" 

and at the leading edge of timer 1 dIvided SIgnal when the value of the P60 latch IS "1" 

Fig. 17 
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SINGLE-CHIP I-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

COMPARATOR CIRCUIT Table 3. Relationship between the contents of 
A-O control register and internal voltage The comparator circuit is shown in Figure 18. The compara

tor circuit consists of the switch tree, ladder resistor, com
parator, comparator control circuit, A-D control register 

(address 00E716 ), and analog signal input pin (P33/A-D). 
The analog input pin is common with the digital input/out
put terminal to the data bus. 

bit 3 

A-D control register 

bit 2 bit 1 bitO 
Internal analog voltage 

The 5-bit A-D control register can generate 1 116V cc-step 
internal analog voltage, based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-O 
control register bits 0 to 3 and the generated internal ana
log voltage. The comparator result of the analog input vol
tage and the internal analog voltage is stored in the A-O 

control register, bit 4. 
The data is compared by setting the directional register 
corresponding to port P33 to "0" (port P33 enters the input 
mode), to allow port P33/A-D to be used as the analog in
put pin. The digital value corresponding to the internal ana

log voltage to be compared is then written in the A-O con
trol register (address 00E716 ), bits 0 to 3. The voltage com
parision starts as soon as the writing is completed. 4-cycle 
(required for comparating) later, the result of comparision 

is stored in the A-O control register, bit 4 Bit 4 is "1" when 
analog input voltage > internal analog voltage and "0" 
when analog input voltage < internal analog voltage. 
When voltage is compared to by setting bits 0 to 3 of the 
comparator register "0", bit 4 of the A-O control register be
comes "1" regardless of the analog input voltage. 

Data bus 

(Address OOE8,,) 

P33 

Internal analog voltage 

Vss 

Fig. 18 Comparator Circuit 

0 
0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

0 
0 

0 

1 

1 

1 

1 

0 
0 

0 
0 
1 

1 

1 

1 

Output of 
comparator 
result 
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0 1 1/16Vcc-1/32Vcc 
1 0 2/16Vcc-1/32Vcc 
1 1 3/16Vcc-l/32Vcc 
0 0 4/16Vcc-1/32Vcc 
0 1 5/16Vcc-1/32Vcc 
1 0 6/16Vcc-1/32Vcc 
1 1 7/16Vcc-1/32Vcc 
0 0 8/16Vcc -1/32Vcc 
0 1 9/16Vcc-1/32Vcc 
1 0 1O/16Vcc-1/32Vcc 
1 1 11 /16Vcc-·1 /32Vcc 
0 0 12/16Vcc -1/32Vee 
0 1 13/16Vec -1/32Vee 
1 0 14/16Vcc -1/32Vcc 
1 1 15/16Vee-1/32Vcc 

Vee 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display functions 
Table 4 outlines the CRT display functions. The M37103M4-
XXXSP incorporates a 21 columns X 3 lines CRT display 
control circuit. CRT display is controlled by the CRT display 
control register. Up to 96 kinds of characters can be dis
played, and colors can be specified for each character. 
Four colors can be displayed on one screen. A combination 
of up to 15 colors can be obtained by using each output 
signal (R, G, B, and I). 

Characters are displayed in a 12 X 16 dot configuration to 
obtain smooth character patterns. (See Figure 19) 
The following shows the procedure how to display charac
ters on the CRT screen. 
CD Set the character to be displayed in display RAM. 
® Set the display color by using the color register. 
@ Specify the color register in which the display color is 

set by using the display RAM. 

@) SlDecify the vertical position and character size by us
ing the vertical position register. 

® Specify the horizontal position by using the horizontal 
position register. 

@ Write the display enable bit to the designated block 

display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 

of the V SYNC signal. 

f---------12 dots--------~ 

Fig. 19 CRT display character configuration 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 3 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 

Figure 21 shows a block diagram of the CRT display control 
circuit. Figure 20 shows the structure of the CRT display 
control register. 

Table 4. Outline of CRT display functions 

Parameter Functions 

Number of display character 21 characters X 3 lines 

Character configuration 12X16 dots (See Figure 19) 

Kinds of character 96 

Character size 4 size selectable 

.1 Kinds of color 15(max) 
Color 1 Coloring unit a character 

Display expansion Possible (multiple lines) 

7 0 
I L 1 1 1 -.l -.l 1 l I CRT control register 

L (address OOEA,6 ) 

Display of all blocks control bit (Note 1) 
o : Display of all blocks off 
1 : Display of all blocks on 

L- Display of block 1 control bit 

o : Display of block 1 off 
1 : Display of block 1 on 

~ Display of block 2 control bit 

o : Display of block 2 off 
1 : Display of block 2 on 

L.... ___ Display of block 3 control bit 

o : Display of block 3 off 
1 : Display of block 3 on 

L.... ____ Block 1 color select mode switch bit 

o : Normal mode 

1 : Half character width color select mode 

L.... _____ Multiple lines display interrupt enable bit 

o : Interrupt is 'disabled 
1 : Interrupt request occurs 

at every line display 

(Note 2) 

'-------- Scanning line double count mode bit 

o : Normal mode (256 hnes) 
1 : Double count mode 

Note 1 Display of all blocks control bit indicates the logical 
sum (AND) of each block display control bit. 

2 The multiple lines display interrupt request occurs 
only when CPU is operating at the internal clock fre
quency when f(X ,N )=4MHz 

Fig. 20 Structure of CRT control register 
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Data bus 

MITSUBISHI MICROCOMPUTERS 

M37103M4-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

OSCI OSC2 HSYNC VSYNC 

~ r 
(Address 0008,6 ) r ,~.,." ... ,~ 

CRT control register ~ circuit 

(Addresses 0001 ,6 to 0003 ,6 ) 

Character 
~ 

size Vertical position regiser 

register Display position control CIrcuit 

(Address 0000 ,6 ) lJ HOrizontal position register ~ 

) 

I i 1 
~ ~ RAM for display ROM for display 

9-bi\ X21 X3 12-bi\ X16X96 

Display 

control 
(Addresses 0004 '6 to 0007 ,6 ) 

circuit 

Color register 
Shift register 

12-bit I-'--

J 
I-'--

Output cirCUit 

b 6 b 6 6 
R G B OUT 

Fig. 21 Block diagram of CRT display control circuit 
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(2) Display Position 
The display positions of characters are specified in units 

called a "block." There are three blocks, block 1 to block 3. 
Up to 21 characters can be displayed in one block. (See 
(4) Display Memory.) 
The display position of each block in both horizontal and 

vertical directions can be set by software. 
The horizontal direction is common to all blocks, and is 
selected from 64-step disp'lay positions in units of 4Tc 
(Tc=oscillation cycle for display). 

The display position in the vertical direction is selected 
from 64-step display positions for each block in units of four 
scanning lines. 
If the display start position of a block overlaps with some 
other block ((b) in Figure 24), a block of the smaller block 
No. (1 to 3) is displayed. 

If when one block is displaying, some other block is dis
played at the same display position ((c) in Figure 24), the 
former block is overridden and the latter is displayed. 
The vertical position can be specified from 64-step posi
tions (four scanning lines per step) for each block by set
ting values 0016 to 3F16 to bits 0 to 5 in the vertical position 
register (addresses 00D1 16 to 00D316). Figure 22 shows 
the structure of the vertical pOSition register. 

Vertical position register 

(Address 00D1'6 to 00D3,6) 

L-J..-L...J.......l. __ The vertical display start position 

64-step posilions (00,6 to 3F,6) 

'--'--------- Character size bits 
00 : Small size 
Ol : Medium sIZe 

1.0 : Large size 
11 : Extra large sIZe 

Fig. 22 Structure of vertical position registers 

The horizontal direction is common to all blocks, and can 
be specified from 64-step display pOSitions (4Tc per step 
(Tc= oscillation cycle for display) by setting values 0016 to 
3F16 to bits 0 to 5 in the horizontal position register 
(address 00D016). 

Figure 23 shows the structure of the horizontal position reg
ister. 

7 0 
I I I I I I I I I Horizontal position register 

I Will ~::d::::::t:~~~:Play start position 

! __ __ ~" ~"'O"' (~. m >e,.) 

- HOrizontal border function 

of OUT output selection bit 
o : The same as R. G. B is output 
1 : Border is output 

'--------- Border output SWitch bit 

o : Border including character 
1 : Border only 

Fig. 23 Structure of horizontal position register 
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Fig. 24 Display position 

: 
(HR) I 

I 

ev, -- --- --

I Block 1 

ev, -- t--

I Block 2 

I 
I 

eV3 --

I Block 3 

(a) Example when each block is separated 

I 
I 

(HR) I 
ev, I 

ev, -- -- --

I Block 1 

I 
I 
I 
I 
I 

eV3 - - : 
I Block 3 

(b) Example when the dIsplay start posItion of a block overlaps wIth some other block 

I 

_I 
(HR) I 

I 
ev, - t- -- -- --

Block 1 
ev, -- --

Block 2 

I 
I 
I 
I 
I 
I 

eV3 - --
Block 3 

ev', --------

Block l' 

(c) Example when one block IS displaYing some other block IS supenmposed 

• MITSUBISHI 
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(3) Character Size 
The size of characters to be displayed can be selected 
from four sizes for each block. Use the bit 6 and 7 of vertic
al position register to set a character size. 
The character size can be selected from four sizes: small 

size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis-

play oscillation (=Tc) in the width (horizontal) direction. 
The small size co~sists of (one scanning line] X (1 Tc]; the 
medium size consists of (two scanning lines] X (2 Tc] ; the 
large size consists of (three scanning lines] X (3 Tc] ; and 
the extra large size consists of (four scanning lines] X 
(4 Tc] . Table 5 shows the relationship between the set 
values in the character size register and the character 
sizes. 

Table 5. The relationship between the set values of the character size bits and the character sizes. 

Set values of the character size bits Character 
Width (horizontal) direction 

Bit? Bit6 size 
Height (vertical) direction 

0 0 Small 1 Tc 1 

0 1 Medium 2 Tc 2 

1 0 Large 3 Tc 3 

1 1 Extra large 4 Tc 4 

Note: The display start position In the horizontal direction is not affected by the chacacter Size In other words, the hOrizontal start position is common to 
ali blocks even when the character size varies with each block (See Figure 25) 

8 
Medium 

Large 

Extra large 

- Display start posItIOn 

Fig. 25 Display start position of each character size (horizontal direction) 
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(4) RAM for display 
RAM for display is allocated at addresses 2000'6 to 20D4'6, 
and is divided into a display character code specifying part 
and display color specifying part for each block Table 6 
shows the contents of the CRT display RAM. 
When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is necessary 
to write the character code to the seven low-order bits 
(bits 0 to 6) in address 2000'6 and the color register No. to 
the two low-order bits (bits 0 and 1) in address 2080,6. The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv
ance. For details on color registers, refer to (5) Color Reg

isters. 
The structure of the CRT display RAM is shown in Figure 

26. 

Table 6. The contents of the CRT display RAM 

Block Display position (from left) 

1 st Column 

2 nd Column 

3 rd Column 

Block 1 

19th Column 

20th Column 

21th Column 

Not used 

1st Column 

2 nd Column 

3 rd Column 

Block 2 

19th Column 

20th Column 

21th Column 

Not used 

1 st Column 

2 nd Column. 

3 rd Column 

Block 3 

19th Column 
---

20th Column 

21th Column 

Not used 

Character code specifiCation 

2000,6 

2001 ,6 

2002 '6 

2012'6 

2013'6 

2014,6 

2015,6 

to 

201F'6 

2020'6 

2021 ,6 

2022'6 

2032'6 

2033'6 

2034,6 

2035 ,6 

to 

203F'6 

2040 ,6 

2041 ,6 

2042 ,6 

2052,6 

2053 ,6 

2054 ,6 

2055 '6 

to 

207F16 

• MITSUBISHI 
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Color specification 

2080'6 

2081 '6 

2082 '6 

2092 '6 

2093'6 

2094,6 

209516 

to 

209F'6 

20AO'6 

20A1 '6 

20A2 '6 

20B216 

20B316 

20B416 

20B516 

to 

20BF'6 

20C016 

20C1 '6 

20C216 

2002 ,6 

200316 
-~ 

2004,6 

2-127 



MITSUBISHI MICROCOMPUTERS 

M37103M4-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

Block 1 

(Character specificallon) 

1 st column: 2000'6 

to 

21th column: 2014 '6 

(Color specification) 

Block 2, 3 

1 st column: 2080 '6 
to 

21th column: 2094'6 

(Character specification) 

1st column: 2020'6 
to 

21th column: 2034'6 

7 

'---'---'--'-~-'-----'--- Character code 

Specify 96 characters at 00'6 to 5F'6 

o 

'----'--- Former half color register specification In the normal mode 

or In the half character width color select mode 

00 : Color register 0 speclflcaMn 
01 : Color register 1 specificallon 
10 : Color register 2 specification 
II : Color register 3 specification 

'----'------- Latter half color register specification 

In the half character width color select mode 
00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 speclficallon 
11 : Color register 3 specification 

'---'-_-'--'_-'--_'---L __ Character code 

Specify 96 characters at 00'6 to 5F'6 

(Address 2040 '6 to 2054'6 In the case of block 3) 

(Color specification) 

Fig. 26 

2-128 

1 st column: 20AO'6 

to 

21th column: 20B4'6 

1 a 

I I I I I _______ Color register specification 

00 : Color register 0 specification 

(Address 20CO'6 to 20D4 '6 in the case of block 3) 
01 : Color register 1 specification 
10 : Color register 2 speclflcallon 
11 : Color register 3 specification 

Structure of the CRT display RAM 

• MlTSUBISHI 
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(5) Color Registers 
The color of a displayed character can be specified by set

ting the color to one of the four color registers (COO-C03: 

addresses 0004 '6 to 0007,6 ) and then specifying that color 
register with the CRT display RAM. 

There are four color outputs: R, G, B, and I. By using a 

combination of these outputs, it is possible to set 24_1 

(when no output) = 15 colors. However, because only four 

color registers are available, up to four colors can be dis

played at one time. 

R, G, B, and I o~tputs are set by using bits 0 to 3 in the col
or register. Bit 4 in the color register is used to set a char

acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 27 shows the struc

ture of the color register. 

(6) Half Character Width Color Select Mode 
By setting "1" to bit 4 in the CRT control register (address 

0008,6 ) it is possible to specify colors in units of a half 

character size (vertical 16 dotsXhorizontal6 dots) for char
acters in block 1 only. 

In the half character width color select mode, colors of dis

play characters in block 1 are specified as follows: 

CD The left half of the character is set to the color of the 

color register that is specified by bits 0 and 1 at the 

color register specifying addresses in the CRT display 
RAM (addresses 2080 '6 to 2094,6 ). 

CV The right half of the character is set to the color of the 

color register that is specified by bits 2 and 3 at the 

color register specifying address in the CRT display 

RAM (addresses 2080 '6 to 2094 ,6 ). 

Color of the color register specified by 

bit 0 and bit 1 of address 2080,6 

(a) Display In the normal mode 

Color of the color register Color of the color register 

specified by bit 0 and bit1 specified by bit 2 and bit 3 

of address 2080'6 of address 2080'6 

(b) Display In the half character Width color select mode 

7 0 

1 1 1 1 1 1 1 1 -I Color register (Address 0004'6 to 0007,6) t, ''" .. ,m '" o : No character IS output 

1 : Character IS output 

B pin output bit 
a : No character IS output 
1 : Character IS output 

G pin output bit 
0 : No character IS output 
1 : Character IS output 

R pin output bit 
0 : No character IS output 
1 : Character IS output 

OUT pin output bit (Note) 
0 : No character or blank IS output 
1 : Character or blank IS output 

OUT pin output control bit (Note) 
0 : OUT pin outputs character 
1 : OUT pin outputs blank 

Note : When the character outlining function IS used, the 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 

Fig. 27 Structure of color registers 

Color of the color register specified by 

Block 1 

bit 0 and bit 1 of address 2081'6 

Color of the color register Color of the color register 

speCified by bit 0 and bit 1 speCified by bit 2 and bit 3 Block 1 

of address 2081'6 of address 2081'6 

Fig. 28 Difference between normal color select mode and half character width color select mode 

• MITSUBISHI 
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(7) Multiline Display 
The M37103M4-XXXSP can normally display three lines on 

the CRT screen by displaying three blocks at different ver

tical positions. 
In addition, it allows up to 16 lines to be displayed by using 

a CRT interrupt and display block counter. 
The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 

an interrupt is applied. 
The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 

incremented by one. 
For multiline display, it is necessary to enable the CRT in
terrupt (by clearing the interrupt disable flag to "0" and set
ting the CRT interrupt enable bit=bit 6 at address 00FE16 ) 

to "1"), then execute the following processing in the CRT 
interrupt handling routine. 

Block 1 

Block 2 

Block 3 

Block 1· 

(j) Read the value of the display block counter. 
® The block for which display is terminated (i.e., the 

cause of CRT interrupt generation) can be determined 

by the value read in (j). 
® Replace the display character data and display position 

of that block with the character data (contents of CRT 
display RAM) and vertical display position (contents of 

vertical position register) to be displayed next. 
Figure 29 shows the structure of the display block 

counter. 

o 
I I I I Display block counter 
. . . . (address 0009,,) 

L.1---11_..J.I_L--lndlcates number of blocks 

that are being displayed or 

were displayed 

Fig. 29 Structure of display block counter 

Count value Interrupt position 

o 
-~ 

1 
-~ 

2 
--E--

3 
-~ 

Fig. 30 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 
One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char
acter is extended twofold.) 
In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 64 steps from 0016 to 3F16, or four scanning lines 
per step, the number of steps in the scanning line double 
count mode is 32 from 0016 to 1 F16, or eight scanning lines 

per step. 

/ ....... 

Vertical position A 

A 

~ } Scanning hne 16 hnes 

\... 
(a) Display in the normal mode 

If the contents of the vertical position register'for a block 
are set in the address range of 2016 to 3F16 in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 
In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 

000816 ) to "1". 
Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis

played. 

/ 

Vertical position AX2 

AX2 ~ 

Scanning line 32 lines 

'---

\... 
(b) Display In the scanning hne double count mode 

Fig. 31 Display m the normal mode and In the scannmg Ime double count mode 

• MITSUBISHI 
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(9) Horizontal Character Border Function 
An border of a one clock (one dot) equivalent size can be 
added to a character to be displayed only horizontal direc
tion. 
The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 
pin) are nullified, and the border is output from the OUT 
pin instead. 
Border can be specified in units of block by using the bits 

, 6 and 7 of horizontal position register. Table 7 sh'ows the 
relationship between the values set in the horizontal posi
tion register and the character border function. 

Table 7. The relationship between the value set in the horizontal position register and the character border function 

HOrizontal position register 

Bit 7 Bit 6 

X a 

a 1 

1 1 

Fig. 32 Example of border 

2-132 

Functions Example of output 

R, G, B, I output 
Normal 

OUT output 

R, G, 
Border including character 

B, I output 

OUT output 

R, G, 
Border not Including character 

B, I output 

OUT output 

• IS display by character data 

o is border 

• MITSUBISHI 
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(10) Programming notes 
1. Use STA instruciton for data transfer to the following 

registers related to OSD functions. 
CD Horizontal position register (address 0000,6) 

® Vertical position registers (address 0001'6 to 0003,6) 
@ Color registers (address 0004'6 to 0007,6) 
® CRT control register (address 0008,6) 

2. Do not display the display OFF blocks having different 

character sizes on a block display. 
3. The highest vertical position (the vertical display start 

position bits are "00,6") can not be used. 

4. The interrupt to tell the end of block display is not 
caused and the display block counter is not in
cremented until the display of the block has been com
pleted terminated. 

5. The display block counter (00D9'6) is reset while 
VSYNC is "H" (when the option is positive in polarity) to 

"00'6". 
6. If, during the display of a block, the display position of 

another block comes, the display of the subsequent 
block (having a larger vertical position register value) 
is preferred. 

7. When two or more blocks are displayed in the same 
vertical position, the display priority is CV1, CV2, and 
CV3 in this order. This is not affected by turning onloff 
of block display. 
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RESET CIRCUIT 
The M37103 is reset according to the sequence shown in 
Figure 34. It starts the program from the address formed by 

using the content of address FFFF'6 as the high order 
address and the content of the address FFFE,6 as the low 
order address, when the RESET pin is held at "L" level for 
no less than 2IJ.s while the power voltage is 5V±10% and 
the crystal oscillator oscillation is stable and then returned 
to "H" level. The internal initializations following reset are 

shown in Figure 33. 

Address 

(1) Port PO directional register (00)( E 1 '6) 

(2) Port PI directIOnal register (0 1 ) ( E 3'6) 

(3) Port P 2 directional register (0 2 ) ( E 5'6) 

(4) Port P 3 directional register (0 3 ) ( E 9 '6) 

(5) PortP4 directional register (04)(E8,6) 

(6) Port P5 directional register (05)( E 0,6) 

(7) Port P 6 directional register (D 6 ) ( E F '6) 

(8) PWM control register 

(9) Senal 1/0 mode register 

(p M)( F 5'6) 

(S M) (F 6'6) 

(10) PWM output control register (p N ) ( F 9 '6) 

(11) Interrupt control register 2 (I N) ( F 8'6) 

(12) Timer2 (T 2 II F C'6) 

(13) Timer 3 (T3)(FD,6)' 

(14) Interrupt control regISter 1 

(IS) Timer control register (T M.)( F F '6) 

(16) Processor status register (p S) 

(17) Program counter 

(p C L) 

qontents of address I 
~_~F~F,-,-FFj6 I 

(18) Honzontal IDeation register ( H R ) (00,6) [=~ 

(19) Color register 0 (C 0 0 )( D 4 16) lIliID~ 

(20) Color register 1 (C 01 )( D 5 16 ) I 1 10 I 0 I 0 TOJOJOJ 

(21) Color register 2 (C02)(D 616 ) IT 1010101010101 

(22) Colorreglster 3 (C03)(D7 16 ) ~ 

(23) Display control register (C C) ( D 8'6) no I 0 I 0 I 0 hlilil 
(24) PWM output control register (P Q )(0206,6) 1-1 0 I 0l\J~ 

(25) Timer 4 control register (T N )(0208,6) IT-r[o~ 
Note Since the contents of both registers other than those listed above 

and the RAM are undefined at reset, It IS necessary to set initial 
values 

Fig. 33 Internal state of microcomputer at reset 
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SYNC ---r---------------+--------------------~ 
Address 

Data 

8 to 12 clock cycles 

Fig. 34 Timing diagram at reset 

Reset address from 
the vector table 

Note1: Frequency relation of f(XIN) and", Is f(XIN)=4' '" 
2 : The mark" ? .. means that the address IS changing 

depending upon the prevIous state 
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I/O PORTS 
(1) Port PO 

Port PO is a.n 8-bit I/O port with N-channel open drain 
and middle-voltage output. 
As shown in the memory map (Figure 2), port PO can 

be accessed at zero page memory address 00E01S• 

Port PO has a directional register (address 00E1 l6 ) 

which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as Input are In the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address 00FF16 ) , three different 
modes can be selected; single-chip mode, eva-chip 
mode and microprocessor mode 
In these modes it functions as address (ArAo) output 
port (excluding single-chip mode). For more details, 
see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO. It can be built in pull-up register at each pin 
by selecting the option. In other modes, iUunctions as 

address (AwAs) output port. 
Refer to the section on processor modes for details. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 
port P1. In other modes, it functions as data (Do~D7) in
put/output port. Refer to the section on processor mod
es for details. 

(4) Port P3 

In single-chip mode, port P3 has the same function as 
port PO but the output structure is not middle voltage. 
P32-P37 have program selectable dual functions. P30 , 

P3l function as control signals input/output port except 
in the single-chip mode. Refer to the section on pro
cessor modes for details. 

(5) Port P4 

This is a 1-bit I/O port with function similar to port PO, 
but the output structure is CMOS output. 

. This port is unaffected by the processor mode bits. 
(6) Port P5 

This is an 8-bit I/O port with function similar to port PO, 
but the output structure of P52 and P53 is not middle
voltage. P5l and P54-P57 have program selectable dual 
functions. P52 , P53 are shared with external interrupt in
put pins (INT1 , INT2 ). 

2-136 

This port is unaffected by the processor mode bits. 
(7) Port P6 

This is an 6-bit input/output port with function similar to 
port PO. The output structure of P6a, P6l is CMOS out
put and the output structure of P62-P6s is N-channel 
open drain and middle-voltage. 
P6a-P6s have program selectable dual functions. 
This port is unaffected by the processor mode bits. 

(8) Function pins for CRT display function. 
The horizontal synchronizing signal is input from HSYNC . 

The vertical synchronizing signal is input from VSYNC • I, 
B, G, R, OUT are output pins for CRT display. 
Refer to the section on CRT display functions for de
tails. 

(9) 91 pin. 
The internal system clock (1/4 the frequency of the 

oscillator connected between the X1N and XOUT pins) 
can be output from this pin by selecting the option. 
At low-speed mode, XC1N divided by 2 is output from \ 
this pin. 



MITSUBISHI MICROCOMPUTERS 

M37103M4·XXXSP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON·SCREEN DISPLAY CONTROLLER 

Port PO, P5" P5.-P5" 
P6,-P6. 

.-----1 Directional register 

Data bus-~-----f-pp:;;ort;ti;la;tccth;-If-----~-;--=J.""'; 

Port Pl, P2 Directional register 

Data bUS~r--[Jp~ort~la~t~ch~}-t-I--L") 

Port P3, P5" P53 Directional register 

Data bUSi~r---[Jp~o~rt~la~t~chC}--t-I-=L"'; 

Port P4,o, P60, P6, Directional register 

Data bUS'--t----r-Pp~ort;ti;lart.tc;th;___, 

HSYNC , VSYNC 

N-channel open dram output 

Port PO, P5" P54-P5" P6,-P6. 

Note; P5" P5.-P5" P6,-P6. may also be 

used as PWM output pms 

N-channel open drain output 

Port Pl, P2 

N-channel open drain output 

Port P3, P52 , P53 

Note; P3 may also be used as 
senal I/O pms 

Port P4" P6o, P6, 

Note; 'p6o may also be used as timer 

outpul pin and P6, may also be used 

as PWM output pm 

~ttlnput 

" ... " .!, 1 -"~,. ,~, 

¢>, R, G, B, I, OUT1 CMOS output 

--[}fv ... G.'ou, 

1 
Fig. 35 Ports PO-P6. HSYNC• VSYNC• <P. R. G. B. I and OUT block diagram 
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PROCESSOR MODE 
By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,s), three different operation modes 
can be selected; single-chip mode, microprocessor mode 
and evaluation chip (eva-chip) mode. In the microp
rocessor mode and eva-chip mode, ports PO-P3 can be 
used as multiplexed I/O for address, data and control sig
nals, as well as the normal functions of the I/O ports. 
Figure 37 shows the functions of ports PO-P3. 
The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 36. 
By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Supplying 10V to CNVss places the microcomputer in 
the eva-chip mode. The three different modes are ex
plained as follows: 

0000,. 
Internal RAM Internal RAM 

ooBF,. 
Not used Not used 

0000,. 
miscellaneous miscellaneous 

OOOF,. registers registers 

ooEO,. 
Port PO-P2 

00E5,. 
ooEB,. miscellaneous 

OOFF,. 
registers -registers 

0100,. 
Not used Not used 

01FF,. 
0200,. miscellaneous miscellaneous 

registers registers 

020A,. 
Not used Not used 

2000,. 
RAM for display RAM for display 

2004,. 
Not used Not useJ 

3000,. 
ROM for display 1 ROM for display 1 

35FF,. 
Not used Not used 

3800,. 
ROM for display 2 ROM for display 2 

30FF,. 

Not used Not used 

4000,. 

Microprocessor mode Eva-chip mode 

The shaded area IS external memory area 

Fig. 36 Example memory area In processor mode 

(1) Single-chip mode (00) 
The microcomputer will automatically be in the single
chip mode when started from reset, if CNVss is con
nected to Vss. Port PO-P3 will work as original I/O 
ports. 

(2) Microprocessor mode (01) 
The microcomputer will be placed in the microp
rocessor mode when CNVss is connected to Vss and 
the processor mode bits are set to "01". 
In this mode, the internal ROM is inhibited so the ex
ternal memory is required. 
In this mode, port PO and P1 are used as the system 
address bus and the original function of the I/O pins is 
lost. Port P2 becomes the data bus- (07-00 ) and loses 
its normal output functions. Port P3, and P30 become 
the SYNC and R/W pins, respectively and the normal 1/ 
o functions are lost. 

(3) Eva-chip mode (11) 
When 10V is supplied to CNVss pin, the microcomputer 
is forced into the eva-chip mode. 
In this mode, the internal ROM is inhibited so the ex
ternal memory is required. 
The lower 8 bits of address data for port PO is output 
when ¢ goes to "H" state. When ¢ gose to the "L" 
state, PO retains its original output functions. 
Port P1 's higher 8 bits of address data are output when 
¢ goes to "H" state and as it changes back to the "L" 
state it retains its original output functions. Port P2 re
tains its original output functions while ¢ is at the "H" 
state, and works as a data bus ~f Dr-Do (including in
struction code) while at the "L" state. Pins P3, and P30 

output the SYNC and R/W control Signals, respectively 
while ¢ is in the "H" state. When in the "L" state, P3, 
and P30 retain their original 110 function. 
The R/W output is used to read/write from/to the out
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 
The SYNC is a synchronous signal which goes to tlie 
"H" state when it fetches the OP CODE. 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 8. 

Note : Use the M37103M4-XXXSP in the microprocessor 
mode or the memory expanding mode only at 
program development. 
The standards is assured only in the single-chip 
mode. 
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0 1 0 

0 1 1 

Single-chip mode Eva-chip mode Microprocessor mode 

~J I r ~J I r ~J I r 
Ports P07-POO Ports P07-POO Ports P07-POO 

)( 1/0 port y.. A~~~~S X 1/0 port )C ~ Address )C A7-Ao 

~J I r ~J I r ~J I r 
Ports P1 7-Pl 0 Ports P1 7-Pl 0 Ports P1 7-Pl. 

)( 1/0 port ~ 1 Address x= A'5-Aa A'5-A• 

~J I r ~J I r ~J I r 
Ports P27-P20 Ports P27-P2. Ports P27-P20 

)( 1/0 port ~ Data K }-----~ Data ~-port D7-D. D7-DO 

~J I r ~J I r ~J I r 
Ports P37-P30 Ports P37-P3, Ports P37-P3, 

)( 1/0 port ~ 1/0 port )( 1/0 port 

Port P3, Port P3, 

~I/Oport( ). SYNC ( 
Port P3. Port P3. 

~ 1/0 port 'I:. ). - K RIW 

Fig. 37 Processor mode and functions of ports PO- P3 

Table 8. Relationship between CNVss pin input level and processor mode 

CNV .. Mode Explanation 

Vss • Smgle~chip mode The single-chip, mode IS set by the reset 

• Eva-chip mode All modes can be selected by changing the processor mode bit with the program 

• Microprocessor mode 

lOV • Eva-chip mode Eva-chip mode only 
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CLOCK GENERATING CIRCUIT 
The M37103M4-XXXS~ has two internal clock generating 
circuits. Figure 40 shows a block diagram of the clock 
generating circuits. Normally, the frequency applied to the 
clock input pin XIN divided by four is used as the internal 
clock (timing output) </J. Bit 7 of serial I/O mode register 
can be used to switch the internal clock </J to 112 the fre
quency applied to the clock input pin XCIN• 

Figure 38 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the XIN (XCIN ) pin and leave the XOUT 

(XCOUT) pin open. A circuit example is shown in Figure 39. 
The M37103M4-XXXSP has two low power dissipation mod
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
XIN clock and XCIN clock) stops with the internal clock </J 

held at "H" level. In this case timer 2 and timer 3 are forc
ibly connected and </J/8 is selected as timer 2 input. When 
restarting oscillation, FF16 is automatically set in timer 2 and 
0716 in timer 3 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 2 count stop 
bit must be set to supply ("0"), timer 2 interrupt enable bit 
and timer 3 interrupt enable bit must be set to disable 
("0"). 
Oscillation is restarted (release the stop mode) when INT1 , 

INT2, or serial 1/0 interrupt is received. The interrupt en
able bit of the interrupt used to release the stop mode must 
be set to "1". When restarting oscillation with an interrupt or 
reset, the internal clock </J is held "H" until timer 3 overflows 
and is not supplied to the CPU. 
The microcomputer enters a wait mode when the WIT in
struction is executed. The internal clock </J stops at "H" 
level, but the oscillator does not stop. </J is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. 
Instructions can be executed fmmediately because the 
oscillator is not stopped. The interrupt enable bit of the in
terrupt used to reset the wait mode must be set to "1" be
fore executing the WIT instruction. 
Low power dissipation operation is also achieved when the 
XIN clock is stopped and the internal clock </J is generated 
from the XCIN clock (60,uA or less at f(XcIN ) = 32kHz). XIN 

clock oscillation is stopped when the bit 6 of serial 1/0 
mode register (address 00F616 ) is set and resta'"!ed when 
it is cleared. However, the wait time until the oscillation sta
bilizes must be generated with a program when restarting. 
Figure 41 shows the transition of states for the system 
clock. 
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Fig. 38 Example ceramic resonator circuit 
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X1N XOUT XC1N XCOUT 

F8 0 pen 29 30TOpen 31 
External OSCillating External oscillatong cirCUit 

Circuit or external pulse 

Vee n n n n r 
Vss JU U U U 

Vce -., r--1 
Vss L....J L... 

Fig. 39 Example clock Input circuit 
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XC1N XCOUT 

Q 

Internal system 
clock source 
selection SM, 

S~------~--------~S 

R STP WIT 
instruction instruction 

R 

Fig. 40 Block diagram of clock generating ciruclt 

R STP Instruction 

Interrupt disable flag I 

Interrupt request 
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[External INT 1 
Timer Interrupt 

SilO Interrupt 

[External I NT 1 
Timer interrupt 

SilO Interrupt 

[
External I NT 1 
Timer Interrupt 

S 110 Interrupt 

SM,=O 

SM,=l 

SM.=O 

SM6=1 

STP Instruction .. 
... 

Interrupt( Note 1 ) 

rExternal INT 1 
ls liD Interrupt 

STP instruction ... 
.., 

Interrupt( Note 1 ) 

[External INT 1 
SilO Interrupt 

STP instructloo ... 

E 

Interrupt( Note 2) 

[External INT 1 
Ls 110 Interrupt 

The above example assumes that signals of 4MHz and 32kHz are being applied to pinS X,N XCIN respectively ¢ sigmfies the Internal clock 
.Note 1: Approximately 8ms of latenoy time are automatically generated upon release 

from the STP instruction due to connections of timer 2 and 3. 
2: Approximately 500ms of latency time eXists after the release of the STP Instruction 
3: When the internal clock 1/8 frequency is connected as a timer count source the count source becomes 2kHz 

Fig. 41 Transition of states for the system clock 
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<An example of flow for system> 

"8 
c:; 
Q)~ 
.t=C 
- 0 
c: c 
00 
c:.;:; 
0 0 
~§ 
(j;-
c. o 

Power on reset 
~ 

Clock X and CIOC~ for clock function Xc oscillation 

Internal system clock start (X -1 /4- ¢) 
~--

Program start fro",! RESET vector 

I Normal program I -Operating at 4 MHz 

Internal clock ¢ s~urce switching X( 4 MHz)-XC<32. 768kHz)(SM7 : 0-1 ) 

Clock X halt(Xc in operation) 
~ 

Internal clock halt(WIT instruction) 
~ 

Internal clock ope~ation start (WIT instruction released) lTimer 3 (clock count) overflOW 

I Clock processing routine I - Operating at 32. 768kHz 

Internal clock halt'(WIT instruction) 

Interrupts from INT" tlmer2, timer 1 or senal 1/0, INT2 
~ 

Internal clock operation start (WIT instruction released) 
~ 

Program start fr0"l interrupt vector 

Clock X oscillation start 
~ 

Oscillation rise time routine (software) -Operating at 32. 768kHz 

~ 
Internal clock ¢ so!-,rce switching (Xc-X) (SM7 : 1 - 0 ) 

I Normal program I -Operating at 4MHz 

STP instruction preparation (pushing registers) 

~ 
Timer 2, timer 3 interrupt disable, timer 3 interrupt no request (IM4 = 0, TM6= 0, TM7= 0 ) 

~ 
Timer2 count stop bit resetting (TMs = 0) 

~ 
Clock ~ and clock for clock function Xc halt (STP instruction) 

RAM backup status I 

Interrupts from INT" serial 1/0, INT2 
~ 

Clock for clock function Xc OSCillation start 
~ 

Timer 3 overflow (Xc/S-timer 2 -timer 3) 
(Automatically connected by the hardware) 

~ 
Internal system clock start (Xc-1/2-¢) 

~ 
Program start fro",! interrupt vector 

I Normal program I 
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PROGRAMMING NOTES 
(1) Processor status register 

1. Except for the interrupt inhibit flag ( I ) being set to 
"1", the content of the processor status regi,ster (PS) 
is unpredictable after a reset. Therefore, flags affect
ing program execution must be initialized. 
The T flag and 0 flag which affect arithmetic opera
tions, must always be initialized. 

2. A NOP instruction must be used after the execution 

of a PLP instruction. 
(2) Interrupts 

Even though the BBG and BBS instructions are ex
ecuted just after the interrupt request bits are modified 
(by the program), those instructions are only valid for 
the contents before the modification. Also, at least one 
instruction cycle must be u~ed (such as a NOP) be
tween the modification of the interrupt request bits and 

the execution of the BBC and BBS instructions. 
(3) Decimal operations 

1. Decimal operations are performed by setting the de
cimal mode flag (D) and executing the ADC or SBC 
instruction. In this case, there must be at least one 
instruction following the ADC or SBC instruction be
fore executing the SEC, CLC, or CLD instruction. 

2. The N (Negative), V (Overflow), and Z (Zero) flags 

are ignored during decimal mode. 
(4) Timers 

The frequency dividing ratio of timer is 1/(n+1). 

(5) STP instruction 
The STP instruction must be executed after setting the 

timer 2 count stop bit (bit 5 at address 00FF'6) to 
supply ("0"). 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
• mask ROM order confirmation form 
• mark specification form 
• ROM data .. · .. ·EPROM 3 sets 

Write the following option on the mark confirmation form 
(1) Port P1 pull-up transistor bit 
(2) Port P2 pull-up transistor bit 

(3) X1N and XC1N oscillation feed-back resistor 
(4) CRT display signal input/output polarity 
(5) q, output 

2-144 • MITSUBISHI 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage RESET, CNVss 

Input voltage POo-PO" P1 o-P1" P2o-P2" 

V, 
P30-P3" P4" P5,-P5" 

With respect to V 58 
P6o-P6s, HSYNC , VSYNc, 

Output transistors are 
X,N. Xc'N, OSC1 

at "off" state 
Vo Output voltage POo-PO" P5" P5,-P5" P6,-P65 

Vo Output voltage P1o-P1" P2o-P2" P30-P3" 

P4" P5" P53, P60, P6" XOUT, ¢, 

XCOUT, OSC2, R, G, B, I, OUT 

IOH Circuit current P60, P6" P4" R, G, B, I, OUT 

IOL1 Circuit current P1o-P17. P2o-P27. P30-P37. P47. 

P5" P53, P60, P6" R. G, B, I, OUT 

IOL2 Circuit current POo-P07. PSt, P54-P57, P62-P6s 
Vo";' 7V 

Vo> 7V 

Pd Power diSsipation Ta=25"C 

Topr Operating temperature 

Tstg Storage temperature 

Note The total of 10H should be 20mA( max) 
The total of 10L1 and 10L' should be 50mA( max) 

RECOMMENDED OPERATING CONDITIONS 
(Vee=5V±10%, Ta=-10 to 70·C unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee 
Supply I Nor~al speed mode f(X,N )=4MHz 4.5 5.0 5.5 

voltage I( osc1) =5MHz V 
(Note 1) I Low-speed mode f(XeIN )=32kHz 3_0 5.0 5.5 

Vss Supply voltage 0 0 0 V 

"H" Input voltage POo-PO" P1 o-P1" P2o-P2" 

V ,H P30-P3" P4" P5,-P5" o. aVee Vee V 
P6o-P65, X'N, Xc'N, RESET, 

HSYNC, VSYNC 

"L" input voltage POo-PO" P1o-P1" P2o-P2" 

V'L P3o, P3" P3,-P35, P3" P4" 0 0. 4Vee V 

P5" P54, P55, P5" P6o-P65 

V'L 
"L" input voltage P3" P3" P5" P53, P5" RESET, 

0 0. 2Vee V 
X'N, X C1N , HSYNC, VSYNC 

"L" average output current POo-P07, P1 o-P1" 

loc<avg> 
P2o-P27. P30-P3" P4" 

5 rnA 
P5t-P57, P60-P65, 

R, G, B. I, OUT 

loc<avg> 
"L" average output current I Vo~7V 5 

POo-P07! P51, P54"P57, P6z·P6s I Vo>7V r---,-- rnA 

IOHcavQ> "H" average output current P4" P60, P6" R, G, B, I, OUT 2 rnA 

f(X,N ) Oscillating frequency (Note 2) 3.6 4 4.4 MHz 
f(XeIN ) Oscillating frequency 29 32 35 kHz 
f(OSC1) Oscillating frequency 4 5 6 MHz 

Note1: Apply O.022;LF or greater capacitance externally to the Vee power supply pin so as to reduce 
power source noise 

: Use a quartz crystal oscillator or a ceramic resonator for the CPU OSCillating circuit 

• MITSUBISHI 
.... ELECTRIC 

Ratmgs Unit 

-0.3 to 6 V 

-0.3 to 13 V 

-0.3 to Vee+O. 3 V 

-0.3 to 13 V 

-0.3 to Vce+O. 3 V 

o to 10(Note 1) rnA 

o to 15(Note 2) rnA 

o to 15(Note 2) 
rnA o to 1 (Note 2) 

1000 rnW 

-10 to 70 ·C 

-40 to 125 t 
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ELECTRIC CHARACTERISTICS (Vcc=5V±10%, Vss= 0 v, T a=-10 to 70·C, I(X,N )=4MHz) 

Symbol Parameter Test conditions 

VOH "H" output voltage P4" P60, P6" R, G, B, I, OUT Vcc=4, 5V, 10H =-0. 5mA 

VOH "H" output voltage ¢ 
Vcc=4.5V 

10H =-2.5mA 

"L" output voltage POo-PO" P2o-P2" P30-P3" 
Vcc=4.SV 

VOL P4" P5, -P5" P6o-P6s, 
10l =0. SmA 

R, G, B, I, OUT 

VOL "L" output voltage Plo-PI, 
Vcc=4.SV 

10l =10mA 

VOL "L" output voltage ¢ 
Vcc=4.SV 

10l =2.5mA 

Vr+ - VT- HysteresIs r,ESET Vcc=S.OV 

VT+ - VT- HysteresIs P32, P3e. P47, P52, P53, P5e, HSYNC , VSYNC, XC1N (Note 2) Vcc=5.0V 

Ru 

IOZH 

IOZH 

IOZL 

VRAM 

Icc 

Note 

2-146 

Pull-up translster (Note 1) Plo-PI" P2o-P2, 
Vcc=S.OV 

V,=OV 

"H" Input current POa-POl> P1 o-P1 7. P2o-P27, 
Vcc=S. SV 

P30-P3" P4" P5,-P5" P6o-P6s, 
-- Vo=S.SV 
RESET, XrN. XCIN, HSYNC, VSYNC 

"H" Input leak current POo-PO" P5" P54-P5" P6o-P6s 
Vcc=S. SV 

Vo=12V 

"L" Input leak current POQ-PO?, P1 o-P1 7. P2o-P2J, 
Vcc=S. SV 

P30-P3" P4" P5,-P5" P6o-P6s, 

HSYNC , VSYNc, XC1N , RESET 
Vo=OV 

RAM retention voltage At stop mode 

Supply current Vcc=S. SV, f(X,N)=4MHz 

At system operation and CRT display off 

Vcc=S. SV, f(X,N)=4MHz 

At system operation and CRT display on 

Vcc=S. SV, f(X,N)=4MHz 

At walt mode 

X,N-XOUT stop Vcc=S.SV 
f(XCIN)=32kHz 

At system operatIon Vcc:d3V 

X,N-XOUT stop Vcc=S. SV 
f(XCIN ) =32kHz 

At walt mode Vcc=3V 

Vcc=S. SV 
At stop mode 

Vcc=3V 

Pull-up transistor IS mask option 
HystereSis 01 XCIN Is only when thiS port Is used as timer 4 Input 

• MITSUBISHi 
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Limits 
Unit 

Min, Typ Max 

2.4 V 

2.4 V 

0.4 V 

1.5 V 

2 V 

0.5 0.7 V 

0.5 1.3 V 

15 30 60 kO 

5 /-lA 

10 /-lA 

5 /-lA 

2.5 5.5 V 

5 10 

7 14 rnA 

1 

60 200 

25 

25 100 
/-lA 

5 

1 10 

0.6 
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DESCRIPTION 
The M37202M3-XXXSP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro
computer is useful for the high-tech channel selection sys
tem for TVs and VTRs. 
In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

FEATURES 
• Number of basic instructions .. ··· .. ····· .................. ·····69 

• Memory size ROM································ '12288 bytes 
RAM·· ................................... 256 bytes 

• Instruction execution time 
......... 1,us (minimum instructions at 4MHz frequency) 

• Single power supply .. ···································5V±10% 

• Power dissipation 
normal operation mode (at4MHz frequency) 
····························110mW (Vcc=5.5V, CRT display) 

• Subroutine nesting ............................ 96 levels (Max.) 
• Interrupt ...................................... 12 types, 12 vectors 
• 8-bit timer················· ............................................ 4 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, P4, P6) ...................... '" ... 47 

• Output port (Port P5)········· ......................... .. . ..... 5 

• Serial I/O (8-bit) ........................ ··························1 

• Special serial I/O (1 2C bus* format) .. ··········· ... ········1 
• PWM function······················ ....................... 14-bitX 1 

8-bitX4 
• A-D converter (4-bit resolution) .................. 4 channels 

• 72-character on screen display function 
Number of character .. ············· 24 charactersX3 lines 
Kinds of character·· .. ········· ································94 

APPLICATION 
'TV, VTR 

PIN CONFIGURATION (TOP VIEW) 

~1~~II~~tlon Input for 05C1.... 1 

~1:~II~~tlon output ~or 05C2 _ 2 

{
P30/INT2/A-02 - 3 

~~ port P351 A-01 _ 4 

P3./INT1 - 5 

14-bit PWM output O-A - 6 

I/O port P6 

I/O port P3 

I/O port P4 

Timing output 

Reset Input 

Clock Input 

Clock output 

P6o/PWMO- 7 

P6,/PWM1- 8 

P62/PWM2- 9 

P63/PWM3 - 10 

P6./A-03- 11 

P65/A-04 - 12 

Outline 64P4B 

Vee 

Output 
port 
P5 

I/O port PO 

I/O portP1 

I/O port P2 

* : Purchase of Mitsubishl Electric Corporation's 12C components converys a license under the Philips 12C Patent Rights to use these 
components in an 12C system, provided that the system conforms to the 12c Standard Specification as defined by Philips. 
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FUNCTIONS OF M37202M3-XXXSP 
Parameter Functions 

Number of basic Instructions 69 

Instruction execution time 11.ls (minimum Instructions, at 4MHz frequency) 

Clock frequency 4MHz 

ROM 12288 bytes 
Memory size 

RAM 256 bytes 

PO, Pt, P2 1/0 8-bltX3 

P3Q, P3, 1/0 2-bltXl 

P3,-P3e 1/0 
5-bltXl (can be used as timer input pins, INTl, INT2 mput pins and A-O 

input pins) 

Input/Output ports P4D-P4, 1/0 4-bitXl 

P4.-P4, 1/0 4-bltXl (can be used as senal 1/0 pins) 

P5 Output 5-bltXl (can be used as R, G, B, I, OUT pins) 

P6D-P6, 1/0 6-bltXl (can be used as PWM output pins and A-O mput pms) 

P6s, P6, 1/0 2-bltXl 

SenalllO 8-bltXl (Special serial 1/0 (8-bit)Xl) 

A-O converter 4-blt (4-channel) 

Pulse width modulator 14-bltXl, and 8-bltX4 

Timers 8-bIt timerX4 

Subroutine nesting 961evels (max) 

Interrupt 
Two external Interrupts, eight Internal Interrupts, 

one software Interrupt 

Clock generatmg Circuit Two bUilt-on corcuits (externally connected ceramiC or quartz crystal oscillator) 

Supply voltage 5V±10% 

at CRT display ON 110mW (clock frequency X'N=4MHz, Vcc=5. 5V, Typ) 

Power dissipation at CRT display OFF 55mW (clock frequency X,N=4MHz, Vcc=5, 5V, Typ ) 

at stop mode 1. 65mW (Max) 

InpuUOutput characteristics 
Input/Output voltage 12V (Port P4D-P4" P46, P4" P6D-P6s, P60, P6,) 

Output current 10mA (Port P2.-P2,) 

Operating temperature range -10 to 70"C 

DeVice structure CMOS slhcon gate process 

Package 64-pm shnnk plastic molded DIP 

Number of character 24 charactersX3 hnes (maximum 16 hnes by software) 

Kinds of character 94 (12X16 dots) 

CRT display function Character size 4 types 

Color 15 types (Max) specified by character unot 

Display position 64 (honzontal dorection)X128 (vertical direction) 
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PIN DESCRIPTION 

Pin Name 
Input! 

Output 
Functions 

Vee, Supply voltage Power supply mputs 5V±10% (typ ) to Vee, and OV to Vss 

Vss 

CNVss CNVss This is connected to Vss 

RESET Reset mput Input To enter the reset state, the reset input pm must be kept at a "L" for more than 2.us (under normal Vee 

conditlons)~ 

If more time IS needed for the crystal oscillator to stabilize, this "L" condition should be mamtamed for the 

required time 

X ,N Clock Input Input This chip has an mternal clock generating circuit. To control generating frequency, an external ceramic or a 

quartz crystal oscillator IS connected between the X1N and XOUT prns If an external clock IS used, the clock 

XOUT Clock output Output source should be connected the X1N pin and the XOUT pm should be left open 

'" 
Timing output Output This IS the timing output pm 

POo to P07 1/0 port PO 1/0 Port PO is an 8-blt 110 port with directional registers allowing each 110 bit to be individually programmed as 

input or output. At reset, this port IS set to input mode The output structure IS CMOS output 

P1 0 to P1 7 1/0 port Pt 1/0 Port P1 IS an 8-blt 110 port and has basically the same functions as port PO 

P20 to P27 1/0 port P2 110 Port P2 is an 8-bit 110 port and has baSically the same functions as port PO 
( 

P3" to P3. 1/0 port P3 1/0 Port P3 IS an 7-blt 110 port and has baSically the same functions as port PO, but the output structure of P30, 

P31 is CMOS output and the output structure of P32 to P36 IS N-channel open drain 

P32, P33 are in common with external clock mput pinS of timer 2 and 3 P34, P36 are In common with exter-

nal Interrupt input pinS INn and INT2 ,P35, P36 are in common with analog Input pinS of A-O converter 

(A-D1, A-D2) \ , 

P40 to P47 110 port P4 110 Port P4 IS an a-bit 110 port and has baSically the sam~ functions as port PO, but the ou~ut structure IS 

N-channel open dram ' 
\ 

When serial 110 IS used, P44, P45, P46 and P47 work as SOUT, SCLK, SIN and SRDY prns, resp(ectr~ly Also 

P44, P45 are in common with speCial senal 110 pins of SDA and SCL ( 

P60 to P67 1/0 port P6 1/0 Port P6 is an 8-blt 110 port and has basically the same functions as port PO, but the output structure IS 

N-channel open drain Port P60 to P63 are in common with PWM output PI~S PWMO to PWM3 

Port P64 and P65 are In common with A-O converter analog Input pins A-03 and A-04 

OSC1, Clock input!output Input This is the 110 pins of the clock generating circuit for the CRT display function 

OSC2 for CRT display Output 
\ 

HSYNC HSYNC input Input ThiS IS the'horizontal synchronizing signal input for CRT display. 
"" 

VSYNC VSYNC input Input This IS the vertical synchronizing signal Input for CRT display 

R, G, B, CRT output Output ThiS IS an 5-bit output pm for CRT display The output structure IS CMOS output ThiS is In common with 

I, OUT port P5, to P5. 

D-A DA Output Output ThiS IS a output pin for 14-bit PWM. The output structure IS CMOS output 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37202 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

CPU Mode Register 
The CPU mode register is allocated to address 00FB'6' Bits 
o and 1 of this register are processor mode bits. This regis
ter also has a stack page selection bit. 

1 j j j J J J J I CPU mode register (address OOFB,.) 

LL- Processor mode bits 
a a : Single-chip mode 
a 1 : Memory expansion mode 

1 a : Microprocessor mode 
1 1 : Disable 

'----- Stack page selection bit 
a : In page a area 
1 : In page 1 area 

'---~--- System clock output selection 
bit (note 1) 

a : Stop (reset-out) 
1 : System clock output 

Notel: This bit validates In single-chip mode only 
In the other processor mode, the 28th Pin always outputs 

the system clock 

Fig, 1 Structure of CPU mode register 
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MEMORY • Zero Page 

• Special Function Register (SFR) Area 
The special function register (SFR) area contains the reg
isters relating to functions such as I/O ports and timers. 

Zero page addressing mode is useful, because it enables 
access to this area with fewer instruction cycles . 
• Special Page 

• RAM 
RAM is used for data storage as well as a stack area 

Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

• ROM 
ROM is used for storing user programs as well as the inter
ru pt vector area. 
• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

f1AM 
(192 bytes) 

RAM t 
(64 bytes) 

RAM for display i 
(216 bytes) 

ROM for display 
(1504 bytes) 

ROM for display 

(1536 bytes) 

ROM 

(12K bytes) 

Fig. 2 Memory map 
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0000,. 

OOBF,. 

0100,• 

013F,. 

2000,. 

2007,. 

3000,. 

35DF,. 

37EO,. 

3DFF,. 

0000,. 

FFOO,. 

FFDE,. 

FFFF,. 

SFR area 

Not used 

Not used 

Not used 

Not used 

Interrupt vector area 

(See section on Interrupt) 
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"'B.ECTRIC 

Zero page 

Special page 
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OOCO" 

00C1'6 

00C2'6 

00C3'6 

00C4,. 

00C5'6 

00C6'6 

00C?'6 

OOC8,. 

00C9'6 

00CA'6 

OOCS,. 

OOCC,. 

OOCD,. 

OOCE,. 

00CF'6 

0000'6 

0001'6 

0002'6 

0003,. 

0004'6 

0005,. 

0006'6 

00D?'6 

0008,. 

0009'6 

00DA'6 

OODS,. 

00DC'6 
0000,. 

OODE,. 

00DF'6 

Port PO 

Port PO direction register 

Port P1 

Port P1 direcllon register 

Port P2 

Port P2 direction register 

Port P3 

Port P3 directIOn register 

Port P4 

Port P4 direction register 

Port P5 

Port P5 direction register 

Port P6 

Port P6 directIOn register 

DA-H register 

DA-L register 

PWM a register 

PWM 1 register 

PWM 2 register 

PWM 3 register 

PWM output control register 1 

PWM output control register 2 

Interrupt interval determination register 

Interrupt Interval determinatIOn control register 

Special senal 1/0 register 

Special mode register 1 

Special mode register 2 

Senal 1/0 mode register 

Senal 1/0 register 

Fig. 3 SFR (Special Function Register) memory map 

INTERRUPTS 
Interrupts can be caused by 11 different events consisting 

of three external, seven internal, and one software events 

Interrupts are vectored interrupts with priorities shown in 

Table 1. Reset is also included in the table because its op

eration is similar to an interrupt. 
When an interrupt is accepted, the registers are pushed as 

described in the stack pointer (S) section above, interrupt 

disable flag I is set, and the program jumps to the address 

specified in the vector table. The interrupt request flag is 

cleared automatically. The reset and BRK instruction inter

rupt can never be disabled. Other interrupts are disabled 
when the Interrupt disable flag is set. 

OOEO,. 

00E1'6 

OOE2'6 

OOE3,. 

00E4,. 

00E5,. 

00E6'6 

OOE?'6 

OOE8'6 

00E9,. 

00EA'6 

OOES,. 

OOEC'6 

00ED'6 
OOEE,. 

OOEF,. 

OOFO,. 

00F1,. 

00F2'6 

OOF3'6 
OOF4,. 

OOF5'6 

00F6,. 

00F?'6 

OOF8,. 

OOF9,. 

OOFA,. 

OOFS'6 

OOFC,. 

OOFD,. 

OOFE,. 

OOFF'6 

Horizontal position register 

Vertical display start position register 1 

Vertical display start position register 2 

Vertical display start position register 3 

Character size register 

Border selection register 

Color register 0 

Color register 1 

Color register 2 

Color register 3 

CRT control register 

Display block counter 

CRT port control register 

A-D control register 

Timer 1 

Timer 2 

Timer 3 

Timer 4 

Timer 12 mode register 

Timer 34 mode register 

CPU mode register 

Interrupt request register 1 

Interrupt request register 2 

Interrupt control register 1 

Interrupt control register 2 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter

rupt request bits are in interrupt request registers 1 and 2 

and the interrupt enable bits are in interrupt control regis
ters 1 and 2. Figure 4 shows the structure of the interrupt 

request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 

are accepted when the interrupt enable bit is "1 ", interrupt 

request bit is "1 ", and the interrupt disable flag is "0". The 

interrupt request bit can be reset with a program, but 'not 

set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high

est priority. Figure 5 shows interrupts control. 
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Table 1. Interrupt vector address and priority. 

Event Priority Vector addresses Remarks 

RESET 1 FFFF'6. FFFE'6 Non-maskable 

CRT interrupt 2 FFFD'6. FFFC'6 
I NT2 interrupt 3 FFFB'6. FFFA'6 

I NT1 interrupt 4 FFF9'6. FFF8'6 

Serial I/O interrupt 5 FFF7'6. FFF6'6 

Timer 4 Interrupt 6 FFF5'6. FFF4'6 

1 ms interrupt 7 FFF3'6. FFF2'6 

V SYNC interrupt 8 FFF1'6. FFFO'6 
Timer 3 interrupt 9 FFEF'6. FFEE'6 

Timer 2 interrupt 10 FFED'6. FFEC'6 

TImer 1 interrupt 11 FFEB'6. FFEA'6 

BRK Instruction Interrupt 12 FFDF'6. FFDE'6 Non-maskable software interrupt 

1-.1-...L..,...L..,....a...,....L.,..J...,-L""" Interrupt request register 1 
(address OOFC,.) 

1-.l..-...L......L,...J...,....l-.J...,,-L.,.J Interrupt request register 2 
(address OOFD,.) 

Timer 1 Interrupt request bit 

Timer 2 interrupt request bit 

Timer 3 interrupt request bit 

'------, Timer 4 interrupt request bit 

'------- CRT interrupt request bit 

VSYNC interrupt request bit 

Interrupt control register 1 
(address OOFE,.) 

Timer 1 interrupt enable bit 

Timer 2 interrupt enable bit 

Timer 3 interrupt enable bit 

'------ Timer 4 interrupt enable bit 

'------- CRT interrupt enable bit 

'------- VSYNC Interrupt enable bit 

Fig. 4 Structure of registers related with interrupt 

Interrupt request bit 

Interrupt enable bit 

Interrupt dIsable flag I 

Fig. 5 Interrupt control 

BRK instruction ----I 
reset ----L.._"" 

INT1 interrupt request bIt 
INT2 Interrupt request bIt 

Serial 1/0 Interrupt request bit 

1 ms interrupt request bit 

: Interrupt dIsabled 
: Interrupt requested 

Interrupt control register 2 
(address OOFF,.) 

I NT1 Interrupt enable bit 
INT2 interrupt enable bIt 

L----Senal 1/0 Interrupt enable bit 

'-------1ms interrupt enable bit 

: Interrupt disable 
: Interrupt enabled 

Interrupt request 
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TIMER 
The M37202M3-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. 

A block diagram of timer 1 through 4 is shown in Figure 7. 
The count source for timer 1 through 4 can be selected by 
using bit 0, 1, 4 of timer 12 mode register and timer 34 

mode register (address 00F4'6, 00F5'6), as shown in Fi
gure 6. 

All of the timers are down count timers and have a-bit 
latches. When a timer reaches "00'6" and the next count 
pulse is input to a timer, a value which is subtracted 1 from 
the contents of the reload latch are loaded into the timer. 
The division ratio of the timer is 1/ (n + 1), where n is the 
contents of timer latch. The timer interrupt request bit is set 
at the next count pulse after the timer reaches "00'6", 
The starting and stopping of the timer is controlled by bit 2, 
3 of timer 12 mode register and timer 34 mode register. 

At a reset or stop mode, FF'6 is automatically set in timer 3 
and 07'6 in timer 4 and timer 4, timer 3 and the clock 
(f(X,N ) divided by 16) are connected in series. 
When restarting oscillation or canceling a reset, the internal 
clock is not supplied to the CPU until timer 4 overflows. 

7 0 

I I I I I I III 

7 0 

I I I I I I I I I 

Timer 12 mode reg,ster : T12M 

(address OOF4,.) 

Timer 1 count source selection bit 

o : f(X'N) divided by 16 
1 : 1024" s clock 

Timer 2 count source selection bit 
o : Internal clock 
1 : External clock from P32/TIM2 pm 

Timer 1 count stop bit 
o : Count start 
1 : Count stop 

Timer 2 count stop bit 

o : Count start 
1 : Count stop 

Timer 2 Internal count source 
selection bit 

o : f(X'N) divided by 16 
1 : Timer 1 overflow 

Timer 34 mode register: T34M 
(address OOFS,.) 

Timer 3 count source selection bit 

a : f(X'N) dlv,ded by 16 
1 : External clock from P33/TI M3 

'----- Timer 4 internal count source 
selection bit 

o : Timer 3 overflow 

1 : f(X'N) divided by 16 

Timer 3 count stop bit 

a : Count start 
1 : Count stop 

Timer 4 count stop bit 
a : Count start 
1 : Count stop 

Timer 4 count source selection bit 

: Internal clock 

1 : f(X'N) diVided by 2 

Fig. 6 Structure of timer 12 mode register and 
timer 34 mode register 
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X,N 

P32/TIM2 
T12M, 

P33 /TIM3 O-----"oflJ:>---+-----:-+-------; 

T34Mo 

T34M. 

~ SelecMn gate: Connected to black 

Fig. 7 
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T colored side at reset 

Note: Pulse width of external clock input TIM2, TIM3 need more than 4 machine cycles. 

Block diagram of timer 1, timer 2, timer 3 and timer 4 

• MITSUBISHI 
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Data bus 

8 

Timer 1 
interrupt request 

Timer 2 
interrupt request 

Reset 

STP instruction 

Timer 3 
Interrupt request 

8 

Timer 4 
Interrupt request 
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SERIAL I/O 
A block diagram of the serial I/O is shown in Figure 8. 
In the serial I/O mode, port P4. to P47 are used as the se

rial I/O pins (SOUT and S,N), synchronous input/output clock 
pin (SCLK), and the receive ready signal pin (SRDY)' The 
serial 110 mode registers (address 00DE16 ) are 8-bit regis
ters. Bits 0, 1 and 2 of these registers are used to select a 
synchronous clock source. 

Bit 3 and 4 decide whether port P4 will be used as a serial 
I/O or not. 

X'N 

P4, latch 

P4,/SROY Sync 
Circuit 

SIOM. 

P4S/SCLK 

SIOM3 SB, 
P4. latch SDA 

To use P46 as a serial input, set the directional register bit 
which corresponds to P46 to "0". For more information on 
the directional register, refer to the I/O pin section. 
Also to use internal clock of serial I/O, bit 1 of special 
mode register 1 (address 00DA16 ) needs to be set to "1". 
The serial 110 function is discussed below. The function of 
the serial I/O differs depending on the clock source; exter
nal clock or internal clock. 

Serial I/O counter (8) 

Data bus 

Serial I/O 
Interrupt request 

SIOMs LSB-MSB 
P4./S0UT 

SIOM3 SB, 

P46/S'N Serial I/O shift register (8) 

Fig. 8 Block diagram of serial I/O 
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Internal clock-The SRDY signal becomes "H" during trans
mission or while dummy data is stored in the serial I/O reg
ister (address OODF,s). After the falling edge of the write 

signal, the SRDY signal becomes low signaling that the 
M37202M3-XXXSP is ready to receive the external serial 
data. The SRDY signal goes "H" at the next falling edge of 
the transfer clock. The serial I/O counter is set to 7 when 
data is stored in the serial I/O register. At each falling 

edge of the transfer clock, serial data is output to SOUTo 
During the rising edge of this clock, data can be input from 
S'N and the data in the serial I/O register will be shifted 1 

bit. 
Transfer direction can be selected by bit 5 of serial I/O 
mode register. After the transfer clock has counted 8 times, 
the serial I/O register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 

Sync clock 

Transfer clock 

Senal I/O register 
wnte signal 

Senal I/O output 

SOUT 

bit will be set. 

External clock- If an external clock is used, the interrupt re
quest will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 9. When using an external clock for trans
fer, the external clock must be held at "H" level when the 
serial I/O counter is initialized. When switching between 
the internal clock and external clock, the switching must not 
be performed during transfer. Also, the serial I/O counter 
must be initialized after switching. 
An example of communication between two M37202M3-
XXXSPs is shown in Figure 10. 

Senal I/O Input 

S'N ------~~~-----I 

Receivable Signal 

SRDY 

Fig. 9 Serial I/O timing 

TransmiSSion Side 

Senal I/O mode register 

Bit 4 

I 1 I 1 I 1 I x 

Bit 0 

I x I 

The direction register for pin SRDY 

should be set to Input mode 

I 

u 

-
SRDY 

SCLK 

SOUT 

Fig. 10 Example of serial I/O connection 
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-
SADY 

Sync clock 

Senal data 
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I 
I 

t 
Interrupt request bit set 

Recepllon Side 

Serial I/O mode register 
-
SRDY 

Bit 4 Bit 0 

I 1 I 1 I 0 I xl x I 

SCLK 

The direction register for pin SIN 

should be to Input mode 

S'N 
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Serial 110 mode register 
(address OODE'6) 

'---"-- Internal synchronous clock 
selection bit 

00: f(X,N ) divided by 4 
01 : I(X,N ) divided by 16 
10: I(X,N ) divided by 32 
11 : f(X,N ) divided by 64 

'------ Sync. clock selection bit 
o : External clock 
1 : Internal clock 

'------- Serial 110 port selection bit 
o : Port P44 , P45 

1 : Special mode (see Fig. 15) 

'--------- SRDY signal output selection bit 

o : Port P4, 
1 : Special mode (see Fig 15) 

L-________ Transler direction selecMn bit 

o : LSB lirst 

1 : MSB first 

Fig. 11 Structure of serial I/O mode register 

SPECIAL MODE WC BUS MODE) 
M37202M3-XXXSP has a special serial 1/0 circuit that can 
be reception or transmission of serial data in conformity 
with 12C (Inter IC) bus format. 
12C bus is a two line directional serial bus developed by 
Philips to transfer and control data among intemal ICs of a 
machinery. 
M37202M3-XXXSP's special serial 1/0 is not included the 
clock synchronisation function and the arbitration detect
able function at multi master. 
Operations of master transmission and master reception 
with special serial 110 are explained in the following: 
(1) Master transmission 
To generate an interrupt at the end of transmission, set bit 
7 of special mode register 2 (address 00DB,6) to "1" so as 
to special mode serial 1/0 interrupt is selected. Then set 
bit 3 of interrupt control register 2 (address 00FF ,6 ) to "1" 
so as to special mode serial 1/0 interrupt is enabled. Clear 
the interrupt disable flag I to "0" by using the CLI instruc

tion. 
The output signals of master transmission SDA and SCL are 
output from ports P4. and P4s. Set all bits (bits 4 and 5) 

corresponding to P4. and P4s of the port P4 register 
(address 00C8,6 ) and the port P4 direction register 
(address 00C9 ,6 ) to "1". 
Set the transmission clock. The transmission clock uses the 
overflow signal of timer 4. Set appropriate value in timer 4. 
(For instance, if f(X ,N )/16 is selected as the clock source 

of timer 4 and 4 is set in timer 4 when f(X ,N ) is 4MHz, the 
master transmission clock frequency is 25kHz.) 
Set contents of the special mode register 2 (address 
00DB ,6 ). (Usually, "83,6",) 

Set the bit 3 of serial 1/0 mode register (address 00DE ,6 ). 

After that set the special mode register 1 (address 
00DA ,6 ). Figure 15 shows the structure of special mode 

registers 1 and 2. 
Initial setting is completed by the above procedure. 
Write data to be transmitted in the special serial 1/0 regis
ter (address 0009,6). Immediately after this, clear bits 0 
and 1 of special mode regiser 2 (to "0") to make both SDA 

and SCL output to "L". This is for arbitration. The start sig
nal has been completed. 
The hardware automatically sends out data of 9-clock cy
cle. The 9th clock is for ACK receiving and the output level 
becomes "H" at this clock. If other master outputs the start 

signal to transmit data simultaneously with this 9th clock, it 
is not detected as an arbitration-lost. 
When the ACK bit has been transmitted, bit 3 of the inter
rupt request register 2 is set to "1" (issue of interrupt 
request), notifying the end of data transmission. 
To transmit data successively, write data to be sent to the 
special serial 1/0 register, and set the interrupt enabled 
state again. By repeating this procedure, unlimited number 
of bytes can be transmitted. 
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To terminate data transfer, clear bits 0 and 1 of the special 
mode register 2 to "0", set bit 1 clock SCL to "1 ", then set 
bit 1 data SDA to "1 ". This procedure transmits the stop 
signal. 
Figure 13 shows master transmission timing explained 
above. 
(2) Master reception 
Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission. 
In the interrupt routine, set master reception ACK provided 

P4,/SCL 

SilO counter 

Data bus 

Fig. 12 Block diagram of special serial 1/0 

P45 /SCL 

P45/SCL 
--------' 

Fig. 13. Master transmission timing 

P45/SCL 

P45/SCL 

Fig. 14 Master. reception timing 
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(26,6) in the special mode register 1 (address 00DA'6) , 
and write "FF'6" in the special serial 1/0 register (address 
00D9'6). This sets data line SDA to "H" and to perform 8-
clock master reception. Then, "L" is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 
above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary (lum

ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission. 
Figure 14 shows master reception timing. 

Counter Interrupt request 

ShIft regIster 

Reception data 
~ ________ ~A~ ____ __ 
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7 o 

I I I I I I I I I Special mode register 1 
(address OODA,.) I I I I I I I I I 

L 
'-

I 

TransmIssion and reception mode 
selection bIt 

a : Reception mode 
1 : Transmission mode 

Synchronous clock selection bit 
o : External clock 
1 : Timer 4 overflow 

P4., P45 special mode selection bit 

o : SOUT, SCLK sIgnal oulput 
1 : SDA, SCL signal output 

ACK operation selection bit 
o : ACK IS not transmItted or 

received 
1 : ACK IS transmItted and 

received 

Start signal detect bIt 

o : Start sIgnal IS not detected 
1 : Start sIgnal was detected 

Stop signal detect bit 
o : Stop signal IS not detected 
1 : Stop sIgnal was detected 

Fig. 15 Structure of special mode registers 1 and 2 

(3) Wait functions 

Wait function 1 holds the SCL line at "L" after the 8th clock 
falls in special mode. Wait function 2 holds the SCL line at 
"L" after the 9th clock falls in the same way. 
When one of the wait functions operates, the internal coun
ter that counts the clock must be reset after bit 3 or 4 of the 
special mode register 2 is set to "1", to enable the corres
ponding wait function 1 or 2 to operate. Reset the internal 
counter by writing data to the special serial I/O register 

(address 00D9'6), or by setting the START signal detection 
bit to "1". Reset the internal counter for each byte before 
data transfer. 

The wait functions can be released by setting the corres
ponding bit 5 or 6 of the special mode register 2 to "1". 

Note1: Clear the START signal detection bit (bit 6) and 
the STOP signal detection bit (bit 7l of the spe
cial mode register 1 by writing "1" to bit 6 or bit 7. 

• MITSUBISHI 
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L 
~ 

SpecIal mode regIster 2 
(address 0008,.) 

Data line control bit 
o : SDA outputs "L" 
1 : SDA outputs "H" 

Clock line control bIt 
a : SCL outputs "L" 
1 : SCL outputs "H" 

ACK recognotoon bit 
o : ACK was received 
1 : ACK is not received 

Walt function 1 enable bIt 
o : Walt functIon 1 IS dIsabled 
1 : Walt functIon 1 IS enabled 

Wait functIon 2 enable bIt 
o : Wait functIon 2 IS dIsabled 
1 : Wait functIon 2 IS enabled 

Walt functIon 1 acceptance dIsplay bIt 
o : Wait functIon 1 IS not accepllng 
1 : Wait functIon 1 IS acceptIng 

Wait functIon 2 acceptance display bIt 
o : Walt function 2 is not accepting 
1 : Wait function 2 is acceptIng 

Interrupt selection bit 
o : Senal 1/0 Interrupt 
1 : SpecIal serial 1/0 Interrupt 
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PWM OUTPUT CIRCUIT 
(1) Introduction 

The M37202M3-XXXSP is equipped with one 14-bit 
PWM (DA) and four 8-bit PWMs (PWMO to PWM3). 
The 14-bit resolution gives DA the minimum resolution 
bit width of 500ns (for X1N =4MHz) and a repeat period 
of 8192,us. PWMO to PWM3 have a 8-bit resolution with 

minimum resolution bit width of 81's and repeat period 
of 2048,us. 
Block diagram of the PWM is shown in Figure 16. 
The PWM timing generator section applies individual 
control signals to DA and PWMO to 3 using clock input 

X1N divided by 2 as a referece signal. 
(2) Data setting 

The output pins PWMO to 3 are in common with- port 
P6. 
For PWM output, each PWM output sel~ction bit (bit 2 

to 5 of PWM output control register 1) should be set. 
When DA is used for output, first set the higher 8-bit of 
the DA-H register (address 00CE16), then the lower 6-
bit of the DA-L register (address 00CF16 ). 

When one of the PWMO to 3 is used for output, set the 
8-bit in the PWMO to 3 register (address 000016 to 
000316 ), respectively. 

(3) Transferring data from registers to latches 
The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data in each PWM 
register is read, data in these latches has already been 

read allowing the data output by the PWM to be con
firmed. However, bit 7 of the DA-L register indicated 
the completion of the data transfer from the DA register 
to the DA latch. If bit 7 is "0", the transfer has been 

completed, if bit 7 is "1", the transfer has not yet 
begun. 

(4) Operation of the 8-bit PWMs 
The timing diagram of the four 8-bit PWMs (PWMO to 
3) is shown in Figure 17. One period (T) is composed 
of 256 (28 ) segments. 

There are eight different pulse types configured from 
bits 0 to 7 representing the significance of each bit. 
These are output within one period in the circuit inter
nal section. Refer to Figure 17 (a). 

Eight different pulses can be output from the PWM. 
These can be selected by bits 0 through 7. Depending 
on the content of the 8-bit PWM latch, pulses from 7 to 
o is selected. The PWM output is the difference of the 

sum of each of these pulses. Several examples are 
shown in Figure 17 (b). Changes in the contents of the 
PWM latch allows the sE1'ection of 256 lengths of high
level area outputs varying from 0/256 to 255/256. An 
length of entirely high-level output cannot be output, 
i.e. 2561256. 

(5) 14-bit PWM operation 
The output example of the 14-bit PWM is shown in Fi
gure 19. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length DH times T is output 
every short area of t=256 T =128,us as determined by" 
data DH of the higher 8 bits. 
Thus, the time for the high~level area is equal to the 
time set by the lower 8 bits or that plus T. As a result, 
the short-area period t (= 128,us, approx. 7.8kHz) be

comes an approximately repetitive period. 
(6) Output after reset 

At reset the output of port P6 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis
ter, its data is transferred to the latch. 

Table 2. Relation between the 6 low-order bits of data 
and high-level area increase space 

6 low-order bits of data Area longer by r than that of other tm(m - ° to 63) 

oooooL5" Nothing 

000001 m=32 

000010 m=16,48 

o 0 0 1 o 0 m= 8,24,40,56 

o 0 1 o 0 0 m= 4,12,20,28,36,42,50,58 

010000 m = 2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 

1 o 0 0 0 0 m= 1 , 3, 5, 7,·· ···57,59,61,63 
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Data bus ~ SelectIon gate: connected to black 
colored sIde when 

r 
1 
I 
I 

I 
I 
t
I 
I r 
I 
I 

OA-H regIster 
(address OOC E,.) 

X,N 

PWMO register 
(address 0000,.) 

8-bit PWM CirCUit 

OA-L regIster 
(address OOCF'6) 

---, 
I 
I 
I 

'I 
I 
I 
I 
1 

~ reset 

V-Pass gate 

O-A 

pPWMO 

I pW2 1,.0 PWMI 
---~ P6 06, .J-

~ I I PW3 • 1 
________ ___ ~ ___ ~PPWM2 

I I pw. 1 ___________ .!.. ___ ~ P6 063 P PWM3 

I~ 
: I PW. 1 

__________ ~ ___ .J PM: PWM output control register 1 

PN: PWM output control register 2 
06: Port P6 directional register 
P6: Port P6 register 
S8: Special mode register 1 InSide of :::-:::, are the same construc~on 

Fig.16 Block diagram of the PWM circuit 
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20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 19d 200 210 220 240 250255 

128 

(a) Pulses showing the weight of each bit 

W~~. () 

When 01 ,• (l)~--------------------------------------------'L--------------------------------------------~ 

When 18,• (24) 

When FF,.(255) t -_. 
When output IS PWMO to 3 t=8J1s T=2048J1s 

When f(X ,N )=4MHz 

(b) Example of 8-blt PWM output 

Fig. 17 8-bit PWM timing diagram 

7 0 7 0 

I I I I I I I I I PWM output control register 1 L J I 1 I I I I I PWM output control register 2 

Fig. 18 
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L (address 00D5,.) 

DA. PWM count source selectIOn bit 
o : Count source supply 
1 : Count source stop 

~ DA/PN. output selectIOn bit 

o : DA output 

1 : PN. output 

~ P6o/PWMO output selection bit 
o : P60 output 
1 : PWMO output 

L-_____ P6, /PWMI output selectIOn bit 

o : P6, output 
1 : PWMI output 

'--------- P6,/PWM2 output selection bit 
o : P6, output 
1 : PWM2 output 

"------------ P63 /PWM3 output selection bit 
o : P63 output 
1 : PWM3 output 

Structure of PWM output control register 1 and 2 

• MITSUBISHI 
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L (address 00D6,.) 

DA output polarity selection bit 
o : Positive polarity 
1 : Negative polarity 

"-------- PWM output polarity selection bit 

o : PoSItive polarity 
1 : Negative polarity 

"---------- DA wide use output register 

o : ·'0" output 
1 : "1" output 



DA-H register 

DA-L register 

DA latch 
( 14-bot) 
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Data in address 00CE'6 IS # 6A'6 Data on address 00CE'6 is # 7B'6 

59'6 I...., 6A'6 I .., 7B,6 

Data in address 
Bit 7 reset after transfer 

00CF'6 IS # 24'6 

-----
Data on address 00CF'6 IS # 35'6 

13'6 1A4,~ I 24'6 ~ I 35'6 

Register to latch transfer B5,6/ Register to latch transfer 

I 1653'6 ~ 1AA4,6 lAA4'6 I lAA4'6 ~ 1 EF5'6 T 
L When bit 7 of DA-L IS "0" register 

T = 8192,us 
I to latch transfer will not occur 

(64X128,us) 

------------- t = 128,us --. -- -
(Example 1 ) 6A 

D-A output 

CD 
lower 6 bits 

output 

(When H' 6A". 
L' 24,6) 

(Example 2) 

D-A output 

lower 6 bits 
output 

(When H' 6A". 
L 18,6) 

MInimum bl 

D-A output 
<2l 

8-bot counter 

High/low
section IS 

the data c 

t resolution width 

16B 
ADD 

102 I 01 ' 00 

J 
level of the ADD 
determined by 
ontamed In 

the lower 6-blt 

-- (256XO.5,us) - -----
r =0.5,us 

r 
6A I 69 I 68 I 67 I 

I I I I ~: 02: od 
I ADD 

FF I FE I FD I FC I ~ I 97 I 96 I 95 I ~ '02 ' 01'00 

j 
High-level area output. the length 

of which IS speCified DA-H 
v 

256 r (, 28,us) standard 

Fig. 19 14-bit PWM timing diagram 

• MITSUBISHI 
~ELECTRIC 

6A:69:6S:67: ~:02:011 

FF I FE I FD I FC I ~ I 97 I 96 I 95 I ~ 
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A-O CONVERTER 
Block diagram of A-D converter is shown in Figure 20. A-D 

converter consists of 4-bit D-A converter and comparator. 
The A-D control register can generate 1/16 Vee-step inter
nal analog voltage based on the settings of bits 0 to 3. 

Table 3 gives the relation between the descriptions of A-D 
control register bits 0 to 3 and the generated internal ana
log voltage. The comparison result of the analog input vol
tage and the internal analog voltage is stored in the A-D 
control register, bit 4. 

P35 

P3, 
P64 

P65 

Analog 
signal 
sWitch 

Data bus 

Comparator control 

Fig. 20 Block diagram of A-D converter 

Fig. 21 

A-D control register 

(address OOEF,,) 

'----'----'--'---- Internal analog voltage 
set bits (See table 3) 

'-------- Comparison result 

a : Input voltage < 
Internal voltage 

1 : Input voltage > 
Internal voltage 

'----'--------- A-D Input pin selection bit 

a a : P35/A-D1 pin 
a 1 : P3,/A-D2 pin 
1 a : P64 /A-D3 
1 1 : P65/A-D4 

Structure of A-D control register 

The data is compared by setting the direction register cor
responding to port P35 , P36, P64 and P65 to "0" (port P35, 

P36, P64 and P65 enters the input mode), to allow port P35/ 

A-D1, P36 / A-D2, P64/ A-D3 and P65/ A-D4 to be used as the 
analog input pin. The digital value corresponding to the in
ternal analog voltage to be compared is then written in the 
A-D control register, bit 0 to 3 and an analog input pin is 
selected. After 20 m~chine cycle, the voltage comparison 
starts. 

A-D control 

Table 3. Relationship between the contents of A-D 
control register and internal analog voltage 

A-O control register 
'Internal analog voltage 

Blt3 Bit2 Blt1 BltO 

0 0 0 0 1/32 Vee -
0 0 0 1 3/32 Vee 
0 0 1 0 5/32 Vee 
0 0 1 1 7/32 Vee 
0 1 0 0 9/32 Vee 
0 1 0 1 11/32 Vee 
0 1 1 0 13/32 Vee 
0 1 1 1 15/32 Vee 
1 0 0 0 17/32 Vee 
1 0 0 1 19/32 Vee 
1 0 1 0 21/32 Vee 
1 0 1 1 23/32 Vee 
1 1 0 0 25/32 Vee 
1 1 a 1 27/32 Vee 
1 1 1 0 29/32 Vee 
1 1 1 1 31/32 Vee 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display Functions 
Table 4 outlines the CRT display functions of the 

M37202M3-XXXSP. The M37202M3-XXXSP incorporates a 

24 columns X 3 lines CRT display control circuit. CRT dis

play is controlled by the CRT display control register. 

Up to 94 kinds of characters can be displayed, and colors 

can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 

can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12 X 16 dot configuration to 
obtain smooth character patterns. (See Figure 22) 

The following shows the procedure how to display charac
ters on the CRT screen. 

Table 4. Outline of CRT display functions 

Parameter Functions 

Number of display 
character 

24 charactersX3 lines 

Character 
12X16 dots (See Figure 22) 

configuration 

Kinds of character 94 

Character size 4 size selectable 
.1 Kinds of color 15 (max) 

Color 1 Coloring Unit a character 

Display expansion Possible (multiple lines) 

~--------------12dms-----------------

Fig. 22 CRT display character configuration 

CD Set the character to be displayed in display RAM. 

® Set the display color by using the color register. 

@ Specify the color register in which the display color is 

set by using the display RAM. 
@ Specify the vertical position and character size by us

ing the vertical position register and the character size 

register. 

® Specify the horizontal position by using the horizontal 

position register. 
® Write the display enable bit to the designated block 

display flag of the CRT control register. When this is 

done, the CRT starts operation according to the input 

of the VSYNC signal. 

The CRT display circuit has an extended display mode. 

This mode allows multiple lines (more than 4 lines) to be 

displayed on the screen by interrupting the display each 

time one line is displayed and rewriting data in the block 

for which display is terminated by software. 

Figure 23 shows the structure of the CRT display control 

register. Figure 24 shows a block diagram of the CRT dis

play control circuit. 

o 
I I I I I I I I J 

L 

~ 

c,--

CRT control register 
(Address OOEA'6) 

Display of all blocks control bit (Note 1) 
o : Display of all blocks off 
1 : Display of all blocks on 

Display of block 1 control bit 
o : Display of block 1 off 
1 : Display of block 1 on 

Display of block 2 control bit 
o : Display of block 2 off 
1 : Display of block 2 on 

Display of block 3 control bit 
o : Display of block 3 off 
1 : Display of block 3 on 

Block 1 color select mode switch bit 
o : Normal mode 

: Half character width color 
select mode 

Clock for display stop bit 
o : Stop 
1 : Oscillation enable 

Scanning line double count mode bit 
o : Normal mode (256 hnes) 
1 : Double count mode 

Test bit: ThiS bit must be set to "0" 

Note1: Display of all blocks control bit indicates the 
logical sum (AND) of each block display control 
bit. 

Fig. 23 Structure of CRT control register 
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OSCl OSC2 HSVNC VSVNC 

1 t 6 
(Address OOEA,.) 

H CRT control register 

~ 
Clock generating 

circUit 

(Addresses OOE1,. to OOE3,.) 

f-----;. Vertical position register 

L (Address OOE4,.) 

H Character size register 
Display position control circuit 

(Address OOEO,.) H HOrizontal position register 

(Address OOE5,.) 

H Border register 

Display control 

circuit 

RAM for display 

f--- ll-blt X24Xl 
ROM for display + 9-bit X24X2 Border RAM 
12-blt X16X94 

(Addresses OOE6,.) 1 
to OOE9,.) 

~ J ~ \ 

~ 
Color register 

Shift register Shift register 

~ 
I----- 12-bit 12-bit 

~ 

(Address OOEC,.) 

H 
Output circuit I-

CRT por1 control register ~ 

t t ! ! ! bus 

R G B OUT 

Fig. 24 Block diagram of CRT display control circuit 
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(2) Display Position 
The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block, (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 
The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in ·units of 4Tc (Tc 
=oscillation cycle for display). 
The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 
If the display start position of a block overlaps with some 
other block ((b) in Figure 27), a block of the smaller block 
No. (1-3) is displayed. 
If one block has displayed, some other block is later dis
played at the same display position ((c) in Figure 27), the 
former block is overridden and the latter is displayed. 
The vertical pOSition can be specified from 128-step posi
tions (four scanning lines per step) for each block by set

ting values 00'6 - 7F'6 to bits 0 - 6 in the vertical position 
register (addresses 00E1'6-00E3'6). Figure 25 shows the 
structure of the vertical position register. 

7 o 
I I I I I I I I I VertIcal POSItIon register 

Verllcal positIon regIster 1 
: CV, (Address 00E1,.) 

VertIcal posItIon register 2 
: cv 2 (Address 00E2,.) 

VertIcal POSItIon regIster 3 
: CV3 (Address 00E3,.) 

'--'--J'---'---'--'---'-- The vertIcal dIsplay start positIon 
128-step pOSItions (00,. to 7F,.) 

Fig. 25 Structure of vertical position registers 

The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc=oscillation cycle for display) by setting values 00'6-
3F'6 to bits 0-5 in the horizontal position register (address 
OOEO,s). Figure 26 shows the structure of the horizontal 
position register. 

7 0 1ITW Horizontal position register 
(Address OOEO,.) 

The horizontal display start poslllon 
64-step positions (00,. to 3F,.) 

Fig. 26 Structure of horizontal position register 
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Display position 

: 
I 

(HR) I 
I 

CV,- -- -- - -

1 
Block 1 

, 
CV2 - -- -- I 

l Block 2 

I 
I 

CV3 - ---I 
Block 3 

(a) Example when each block IS separated 

I 
I 

(HR) I 

CV2 
I 

CV,- --- -- , 

1 
Block 1 

I 
I 
I 
I 
I 
I 
I 
I 

CV3 - -

I Block 3 

(b) Example when the display start position of a block overlaps with some other block 

(HR) 

Block 1 
CV,-

CV2 

------~----------------~ 
r- -Block 2 - - - - - - - - -

CV1-

Block 3 

(c) Example when one block has displayed some other block IS superimposed later 

• MITSUBISHI 
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(3) Character Size 
The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg

ister (address OOE4'6) to set a character size. The charac
ter size in block 1 can be specified by using bits 0 and 1 in 
the character size register; the character size in block 2 
can be specified by using bits 2 and 3; the character size 
in block 3 can be specified by using bits 4 and 5. Figure 28 
shows the structure of the character size register. 
The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of [one scanning linel X [1 Tcl; the 
medium size consists of [two scanning linesl X [2 Tcl ; the 
large size consists of [three scanning linesl X [3 Tcl ; and 
the extra large size consists of [four scanning linesl X [4 

Tcl. Table 5 shows the relationship between the set values 
in the character size register and the character sizes. 

7 o 
I I I I I I I I I 

U 
Charpcter size register 

(Address 00E4'6) 

Block 1 character size selection bit 

00 : Small SIZe 
01 : Medium size 
10 : Large SIZe 
11 : Extra large sIZe 

Block 2 character size selecllon bit 
00 : Small size 
01 : Medium sIZe 
10 : Large size 

Medium 

Large 

Extra large 

Display start position 
11 : Extra large SIZe 

Block 3 character size selection bit 
00: Small sIZe 

Fig. 29 Display start position of each character size 
(horizontal direction) 

01 : Medium size 
10 : Large sIZe 
11 : Extra large size 

OUT pin output selection bit (Note) 
o : OUT signal output 
1 : MUTE signal output 

Note: See "(10) CRT Output Pin Control" 

Fig. 28 Structure of character size register 

Table 5, The relationship between the set values of the character size register and the character sizes 

Set values of the character size register Character Width (honzontal) direction Height (vertical) direction 

CS"' CSno size T c : A cycle of display oscillation (Scanning lines) 

0 0 Small 1 Tc 1 

0 1 Medium 2 Tc 2 

1 0 Large 3 Tc 3 

1 1 Extra large 4 Tc 4 

Note: The display start posillon in the honzontal direction is not affected by the character sIZe In other words, the honzontal start position IS common to 
all blocks even when the character sIZe varies With each block (See Figure 29) 
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(4) Display Memory 
There are two types of display memory: CRT display ROM 
(addresses 3000'6 to 35DF,6, 37EO '6 to 3DDF,6, and 3FEO'6 
to 3FFF,6) used to store character dot data (masked) and 
display RAM (addresses 2000'6 to 20D7,6) used to specify 
the colors of characters to be displayed. The following de
scribes each type of display memory. 
CD ROM for CRT display (addresses 3000'6 to 35DF,6, 
37EO'6 to 3DDF,6, and 3FEO '6 to 3FFF,6) 

The CRT display ROM contains dot pattern data for charac
ters to be displayed. For characters stored in this ROM to 
be actually displayed, it is necessary to specify them by 
writing the character code inherent to each character 
(code determined based on the addresses in the CRT dis

play ROM) into the CRT display RAM. 
The CRT display ROM has a capacity of 3K bytes. Because 
32 bytes are required for one character data, the ROM can 
contain up to 96 kinds of characters. Actually, however, be

cause two characters are required for test pattern use, the 
ROM can contain up to 94 kinds of characters for display 

use. 
The CRT display ROM space is broadly divided into two 
areas. The (vertical 16 dots) X (horizontal (left side) 8 

dots) data of display characters are stored in addresses 
3000'6 to 35DF'6 and 37EO'6 to 37FF,6; the (vertical 16 
dots) X (horizontal (right side) 4 dots) data of display char
acters are stored in addresses 3800'6 to 3DDF'6 and 
3FEO'6 to 3FFF,6. (See Figure 30) Note however that the 
four upper bits in the data to be written to addresses 

3800'6 to 3DDF'6 and 3FEO'6 to 3FFF'6 must be set to "1" 

(by writing data FO'6 to FF'6)' 
The character code used to specify a character to be dis
played is determined based on the address in the CRT dis

play ROM in which that character is stored. 
Assume that data for one character is stored at addresses 
3XXO,6 to 3XXF16 (XX denotes 00'6 to 5D,6, 7E,6, or 7F,6 ) 

and 3YYO,6 to 3YYF,6 (YY denotes 80'6 to DD,6, FE,6 , or 
FF,6), then the character code for it IS "XX'6'" 
In other words, character code for any given character is 

configured with two middle digits of the four-digit (hex
notated) addresses (3000,6 to 35DF'6 and 37EO'6 to 
37FF,6) where data for that character is stored. 

Table 6 lists the character codes 
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Table 6. Character code list 

Character code 
Contamed up address of character data 

Left 8 dots Imes Right 4 dots hnes 

3000'6 3800'6 
00'6 to to 

300F'6 380F'6 

3010'6 3810'6 
01'6 to to 

301 F'6 381 F'6 

3020'6 3820'6 
02'6 to to 

302F'6 382F'6 

3030'6 3830'6 
03'6 to to 

303F'6 383F'6 

3100'6 3900'6 
10'6 to to 

310F'6 390F'6 

3110'6 3910'6 
11'6 to to 

311 F'6 391 F'6 

35CO'6 3DCO'6 
5C'6 to to 

35CF,6 3DCF'6 -
35DO'6 3DDO'6 

5D'6 to to 
35DF'6 3DDF'6 
37EO,& 3FEO'6 

7E'6 * to to 
37EF'6 3FEF'6 

37FO'6 3FFO'6 
7F'6 * to to 

37FF'6 3FFF'6 

* : For test pattern 
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blt7 

3XXO,6 0 0 o 0 o 0 0 

0 0 0 1 0 

0 a a 1 0 

0 0 0 0 1 0 1 
0 o 0 a 1 0 1 
0 0 1 a 0 0 

o 0 a a 0 

o 0 0 a a 0 

a 0 

1 1 
0 0 o 0 a 0 
0 1 a 0 o a 0 

0 1 o 0 0 0 0 

0 1 a 0 o 0 0 

0 000 o 0 0 

3XXF,6 0 o a 0 0 0 0 

Display character stored area 

bltO 

0 3XXO,6+SOO,6 

a 
a 
a 
a 
1 
1 

1 

0 

0 

0 

0 

0 

a 3XXF,6+SOO,6 
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bit3 

1 a 
b1tO 

0 0 0 

o 0 0 

o 0 

o a 0 

0 a 0 

000 

a a 
0 0 

0 0 

a 
0 

0 0 

0 0 

0 0 

o 0 0 

0 a 
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® CRT display RAM (2000,6 to 20D7,6) 
The CRT display RAM is allocated at addresses 2000'6 to 
20D716, and is divided into a display character code spe
cifying part and display color specifying part for each block. 
Table 7 shows the contents of the CRT display RAM. 
When a character is to be displayed at the first character 
(leftmost) position in block 1, for example, it is necessary 

to write the character code to the seven low-order bits 
(bits 0 to 6) in address 2000 '6 and the color register No. to 
the two low-order bits (bits 0 and 1) in address 2080 ,6 , The 
color register No. to be written here is one of the four color 

registers in which the color to be displayed is set in adv
ance. For details on color registers, refer to (5) Color Reg

isters. 
The structure of the CRT display RAM is shown in Figure 
31. Write the character patterns at Table 8 and 9, when 
M37202M3-XXXSP is mask-ordered. 

Table 7. The contents of the CRT display RAM 

Block Display position (from left) 

1st column ,--
2nd column 

3rd column 

Block 1 

22th column 

23th column 

<!4th column 

Not used 

. 
1st column 

2nd column 

3rd column 

Block 2 

22th column 

23th column 
-

24th column 

Not used 

1st column 

2nd column 

3rd column 

Block 3 

22th column 

23th column 

24th column 

Not used 
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Character code specification Color specificatiOn 

2000,. 2080,. 

2001,. 2081,. 

2002,. 2082,. 

2015,. 2095,. 

2016'6 2096,. 

2017,. 2097,6 

2018'6 2098,. 

to to 

201 F'6 209F,6 

2020,. 20AO'6 

2021'6 20Al'6 
2022,. 20A2,. 

2035,6 20B5,. 

2036'6 20B6,. 

2037,. 20B7,. 

2038'6 20B8,6 

to to 

203F,6 20BF'6 

2040'6 20CO'6 

2041'6 20Cl'6 --
2042'6 20C2,. 

2055,. 20D5'6 
2056,. 20D6,. 

2057'6 20D7,. 
--

2058'6 
to 

207F,. 
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Block 1 

(Character specification] 

1 st column: 2000,. 
7 0 

to 

I I I I I I I I I 24th column: 2017,. 

I I I I I I I Character code 

Specify 94 characters at 00'6 to 50,6 

(Color specification] 

1 st column: 2080'6 
3 0 

to I I I I I 24th column: 2097,. 

I I Former half color register specificallon 
in the normal mode or in the half character 
width color select mode 

00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 ; Color register 3 specification 

Latter half color register sp~_ificatlon 
In the half character width color select mode 

00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 

Block 2, 3 
11 : Color register 3 specification 

(Character specification] 
7 0 

1 st column: 2020'6 

I I I I I I I I I to 
24th column: 2037'6 

I I I I I I I Character code 
(Address 2040'6 to 2057,6 In the case of block 3) Specify 94 characters at 00,6 to 50'6 

(Color specification] 
1 0 

1st column: 20AO'6 

~- C •• "", •• '''''',oo''m 

to 
24th column : 20B7,. 

(Address 20CO'6 to 2007,. in the case of block 3) 
00 : Color register 0 specification 
01 : Color register 1 speclflcallon 
10 : Color register 2 specification 
11 : Color register 3 specification 

Fig. 31 Structure of the CRT display RAM 
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Table 8. Test character patterns 1 

Address Data Address 

37EO'6 40'6 3FEO'6 

37E1'6 04'6 3FE1'6 

37E2'6 00,6 3FE2'6 

37E3'6 20,6 3FE3'6 

37E4'6 02'6 3FE4'6 

37E5'6 00,6 3FE5'6 

37E6'6 10'6 3FE6'6 

37E7'6 01'6 3FE7'6 

37E8'6 80'6 3FE8'6 

37E9'6 08'6 3FE9'6 

37EA'6 00'6 3FEA'6 

37EB'6 40'6 3FEB'6 

37EC'6 04,6 3FEC'6 

37ED'6 00,6 3FED'6 

37EE'6 20'6 3FEE'6 

37EF'6 02'6 3FEF'6 

Table 9. Test character patterns 2 

Address Data Address 

37FO'6 00'6 3FFO'6 

37F1'6 00,6 3FF1'6 

37F2'6 00'6 3FF2'6 

37F3'6 00,6 3FF3'6 

37F4'6 00'6 3FF4'6 

37F5'6 00,6 3FF5'6 

37F6'6 00'6 3FF6'6 

37F7'6 00'6 3FF7'6 

37F8'6 00,6 3FF8'6 

37F9'6 00'6 3FF9'6 

37FA'6 00,6 3FFA'6 

37FB'6 00'6 3FFB'6 

37FC'6 00'6 3FFC'6 

37FD'6 00'6 3FFD'6 

37FE'6 00'6 3FFE'6 

37FF'6 00,6 3FFF'6 
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Data 

FO'6 

FO'6 

F4'6 

FO'6 

FO'6 

F2'6 

FO'6 

FO'6 

FO'6 
FO;6 

F8'6 

FO'6 

FO'6 

F4'6 

FO'6 

FO'6 

Data 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 
F016 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

(5) Color Registers 
The color of a displayed character can be specified by set
ting the color to one of the four color registers (COO to 

C03: addresses OOE6'6 to OOE9,6 ) and then specifying that 
color register with the CRT display RAM. 

There are four color outputs: R, G, B, and I. By using a 
combination of these outputs, it is possible to set 24_1 
(when no output) = 15 colors . .However, because only four 
color registers are available, up to four colors can be dis
played at one time. 

R, G, B, and I outputs are set by using bits 0 to 3 in the col
or register. Bit 4 in the color register is used to set a char
acter or blank output; bit 5 is used to specify whether a 

character output or blank output. Figure 32 shows the struc
ture of the color register. 

I I I I I I I I I Color register 

Color register 0: COO (Address OOE6'6) 
Color register 1 : C01 (Address OOE?'6) 
Color register 2 : C02 (Address OOE8'6) 
Color register 3 : C03 (Address OOE9'6) 

'-- I pin output bit 
o : No character IS output 

I : Character IS output 

~ B pin output bit 

o : No character IS output 
I : Character is output 

~ G Pin output bit 

o : No character IS output 
I : Character IS output 

~--- R Pin output bit 

o : No character IS output 
I : Character IS output 

~---- OUT pin output bit (Note) 

o : No character or blank IS output 
1 : Character or blank IS output 

~----- OUT pin output control bit (Note) 
o : OUT pin outputs character 
I : OUT pin outputs blank 

Note: When the character outlining function IS used, the 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 

Fig. 32 Structure of color registers 
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(6) Half Character Width Color Select Mode 
By setting "1" to bit 4 in the CRT control register (address 

00EA'6) it is possible to specify colors in units of a half 
character size (vertical 16 dotsXhorizontal 6 dots) for char
acters in block 1 only. 
In the half character width color select mode, colors of dis
play characters in block 1 are specified as follows: 

Color of the color register 

specified by bit 0 and bit 1 

of address 2080" 

(a) Display In the normal mode 

Color of the color register 
specified by bit 0 and bit 1 

of address 2080'6 

Color of the color register 

specified by bit 2 and bit 3 

of address 2080'6 

(b) Display in the half character Width color select mode 

CDThe left half 'of the character is set to the color 6f the col
or register that is specified by bits 0 and 1 at the color 
register specifying addresses in the CRT display RAM 

(addresses 2080'6 to 2097,6)' 
~The right half of the character is set to the color of the 

color register that is specified by bits 2 and 3 at the color 
register specifying address in the CRT display RAM 
(addresses 2080,6 to 2097,6), 

Color of the color register 

specified by bit 0 and bit 1 

of address 2081'6 

Color of the color register 

specified by bit 0 and bit 1 

of address 2081,6 

• 

• 

Color of the color register 

specified by bit 2 and bit 3 

of address 2081'6 

Block 1 

Block 1 

Fig. 33 Difference between normal color select mode and half character width color select mode 
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(7) Multiline Display. 
The M37202M3-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different hori

zontal positions. 
In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 
The CRT inteFrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 
The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 
For multiline display, it is necessary to enable the CRT in
terrupt (by clearing the interrupt disable flag to "0" and set
ting the CRT interrupt enable bit=bit 4 at address 00FE1S ) 

to "1"), then execute the following processing in the CRT 
interrupt handling routine. 

CDRead the value Of the display block counter. 
@The block for which display is terminated (Le., the cause 

of CRT interrupt generation) can be determined by the 

value read in CD. 
@Replace the display character data and display position 

of that block with the character data (contents of CRT 
display RAM) and display position (contents of vertical 
position and horizontal position registers) to be displayed 

next. 
Figure 34 shows the structure of the display block counter. 

7 0 lli Display block counter 

(address OOEB,.) 

Indicates number of blocks that are 
bemgl displayed or were displayed 

Fig. 34 Structure of display block counter 

Count value Interrupt 
position 

Block 1 

-~ 

Block 2 1 
-~ 

2 

Block 3 

---E-
Block l' 3 

-~ 

4 

Fig. 35 Timing of CRT interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 
One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char
acter is extended twofold.) 
In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 128 steps from 0016 to 7F16, or four scanning lines 
per step, the number of steps in the scanning line double 
count mode is 64 from 0016 to 3F16, or eight scanning lines 
per step. 

r 
Vertical position A 

AD} Scanning line 16 lines 

(a) Display In the normal mode 

If the contents of the vertical position register for a block 
are set in the address range of 4016 to 7F16 in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 
In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
00EA16) to "1". 
Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis
played. 
In the scanning line double count mode, the character bor
der function (explain in (9) ) cannot be used. 

Vertical position AX2 

(b) Display in the scanning lone double cQUnt mode 

Fig. 36 Display in the normal mode and In the scanning line double count mode 
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(9) Character Border Function 
An border of a one clock (one dot) equivalent size can be 
added to a character to be displayed in both horizontal and 

vertical directions. However, the border is not displayed 
over the 1 st line and under the 16th line. 
The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 

pin) are nullified, and the border is output from the OUT 

pin instead. 

Border can be specified in units of block by using the bor
der select register (address 00E5'6)' Table 10 shows the 
relationship between the values set in the border select 
register and the character border function. Figure 38 shows 
the structure of the border select register. 

Table 10. The relationship between the value set in the border selection register and the character border function 

Border selection register 

MDn1 MDnO 

X 0 

0 1 

1 1 

[LJ IS border 
• IS display by character data 

Fig. 37 Example of border 
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Functions 

Normal 

Border Includmg character 

Border not including character 

Example of output 

R, G, B, I output ---I"""L-

OUT output ~ 

R, G, B, I output ~ 

OUT output ....r--L 

R, G, B, I output ~ 

OUT output ..JL.I"L 

L ... 1...1 I I I I I I 

L 

'---

~ 

Border selection register 
(Address OOE5,6 ) 

Block 1 OUT output border selection bit 

o : The same as R, G, B IS output 

1 : Border IS output 

Block 1 output sWitch bit 
o : Border including character 

1 : Border only 

Block 2 OUT output border selection bit 
o : The same as R, G, B IS output 

1 : Border IS output 

Block 2 output switch bit 

o : Border Including character 

1 : Border only 

Block 3 OUT output border selection bit 
o : The same as R, G, B IS output 

1 : Border IS output 

Block 3 output sWitch bit 
o : Border Including character 

1 : Border only 

Fig. 38 Structure of border selection register 
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(10) CRT Output Pin Control 
CRT output pins R, G, B, I, and OUT are respectively 
shared with port P52, P53, P54, P55, and P56 • When the cor
responding bits in the port P5 direction register are clear~d 
to "0", the pins are set for CRT output; when the bits are 
set to "1", the pins function as port P5 (general-purpose 

output pins). 
The polarities of CRT outputs (R, G, B, I, and OUT, as well 
as HsyNC and VSYNC ) can be specified by using the CRT 

port control register (address 00EC'6)' 
Use bits 0 to 4 in the CRT port control register to set the 

output polarities of HsyNc, VSYNC, R/G/B, I, and OUT. When 
these bits are cleared to "0", a positive polarity is selected; 

when the bits are set to "1", a negative polarity is selected. 
R, G, B, and OUT signal output can be swiched to MUTE 
signal output. MUTE signal can color all displaying area of 

CRT. 
The following is the explane of MUTE signal at MUTE sig
nal output from B output pin for example (refer to Figure 
40). 
When the MUTE signal is output from B output pin, the all 
displaying area of CRT is colored blue. Then, a character 
data is output from R output pin, for example. If B output pin 
and R output pin are set to "Character is output" by color 
register at the character "I" output, the output character is 

colored "RED" mixed "BLUE". In this case, OUT pin output 
is not influenced. 
At the character "0" output, if only R output pin is set to 

"Character is output", the output character is colored "RED" 
only that is not mixed "BLUE". 
However at above case., the OUT output pin is necessary to 
set "Character is output". 
The display screen can be also clear by setting the OUT 
pin to MUTE output. In this case, the MUTE signal is output 
from OUT pin, that is not influence the setting' about OUT 

pin. 
R, G, and B output signals are controlled by bits 5 to 7 of 
CRT port control register, and OUT output signal is control
led by bit 7 (CS7 ) of character size register. Then, I output 

pin don't have MUTE output function. 

o 
I I I I I I I I I 

I 

L--

-

CRT port control register 
(address OOEC,.) 

HSYNC input polarity selection bit 
o : Positive polarity 
, : Negative polarity 

VSYNC input polarity selection bit 
o : Positive polarity 
, : Negative polarity 

R/G/B output polarity selecMn bit 
o : Positive polarity 
1 : Negative polarity 

I output polarity selection bit 
o : Positive polarity 
1 : Negative polarity 

OUT output polarity selection bit 
o : Positive polarity 
, : Negative polarity 

R pin output selection bit 
o : R signal output 
, : M UTE Signal output 

G pin output selection bit 
o : G signal output 
, : M UTE Signal output 

B pin output selection bit 
o : B signal output 
1 : MUTE signal output 

Fig. 39 Structure of CRT port control register 
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HSYNC 

R 

B 

OUT 
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, , , 
____ +-__ ~r__l~ __ ~~ ____ +-__ _ 

, , , 
1-----------;' I I '-----l 

LSU 

~ "RED" 

~ "BLUE" 

One line signal 
forA-A' 

MUTE signal output example 
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INTERRUPT INTERVAL DETERMINATION 
FUNCTION 
The M37202M3-XXXSP incorporates an interrupt interval 

determination circuit. This interrupt interval determination 
circuit has an 8-bit binary counter as shown in Figure 41. 
Using this counter, it determines a duration of time from the 
rising transition (falling transition) of an input signal puise 
on the I NT1 or I NT2 to the rising transition (falling 
transition) of the signal pulse that is input next. 
The following describes how the interrupt interval is deter
mined. 

1. The interrupt input to be determined (INT1 input or 
I NT2 input) is selected by using bit 2 in the interrupt 

interval determination control register (address 

00D8'6)' When this bit is cleared to "0", the INT1 input 
is selected; when the bit is set to "1", the INT2 input is 
selected. 

2, When the INT1 input is to be determined, the polarity 
is selected by using bit 3 in the interrupt interval deter
mination control register; when the INT2 input is to be 
determined, the polarity is selected by using bit 4 in 
the interrupt interval determination control register. 
When the relevant bit is cleared to "0", determination is 
made of the interval of a positive polarity (rising 

64,us 

INT2 

INT1 

RE, 

transition); when the bit is set to "1", determination is 
made of the interval of a negative polarity (falling 
transition) . 

3. The reference clock is selected by using bit 1 in the 
interrupt interval determination control register. When 
the bit is cleared to "0", a 64,us clock is selected; when 
the bit is set to "1", a 32,us clock is selected (based on 
an oscillation frequency of 4MHz,:in either case). 

4. Simultaneously when the input pulse of the specified 
polarity (rising or falling transition) occurs on the INT1 
pin (or INT2 pin), the 8-bit binary counter starts count
ing up with the selected reference clock (64,u s or 32 
,us) . 

5. Simultaneously with the next input pulse, the value of 
the 8-bit binary counter is loaded into the determina
tion register (address 00D7'6) and the counter is im
mediately reset (00,6)' The reference clock is input in 
succession even after the counter is reset, and the 
counter restarts counting up from "00'6" 

6. When count value "FE'6" is reached, the 8-bit binary 
counter stops counting. Then, simultaneously when the 
reference clock is input next, the counter sets value 
"FF'6" to the determination register. 

8-blt binary up counter 

8 

Interrupt Interval determination circuit 

Address 0007'6 

8 

Data bus 

Fig. 41 Block diagram of interrupt interval determination circuit 
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7 0 

I I I I I I I I 
1 Interrupt interval determination control register: RE 

(Address 0008,6) 

Remote control determonation circUit operation bit 
o : Operation stop 
1 : Operation start 

Standard clock selection bit 
o : 64,«s (At f(X,N )=4MHz) 

1 : 32,«s (At f(X ,N )=4MHz) 

External interrupt input pin selection bit 

o : INT1 
1 : INT2 

I NT1 pin input polanty sWitch bit 
o : Positive polarity 
1 : Negative polarity 

INT2 pin onput polanty sWitch bit 
o : Positive polanty 
1 : Negative polarity 

Fig. 42 Structure of interrupt interval determination control register 
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RESET CIRCUIT 
The M37202M3-XXXSP is reset according to the sequence 
shown in Figure 45. It starts the program from the address 
formed by using the content of address FFFF'6 as the high 
order address and the content of the address FFFE '6 as the 

low order address, when the RESET pin is held at "L" level 
for no less than 2flS while the power voltage is 5V ± 10% 

Address 

(OOC1 1e)"'C 00'6 I 
i===~~ 

(0 OC3,e) .[ 00'6 = 
i===~~ 

(0 0 C 5 16) . I 00'6 I 
i=T=r=r=~r=r=i 

(0 0 C 7 ,,) . [ [0 [ 0 [ 0 [ 0 [ 0 [010: 

(1) Port PO direction register 

(2) Port Pl direction register 

(3) Port P2 direction register 

(4) Port P3 direction register 

(5) Port P4 direction register (0 0 C 9 ,6 ) c=- DO Hl ~ 

(6) Port P5 direction register (0 0 C B 16) . ~ 
(7) Port P6 direction register (0 0 C 0,6) [ 00'6 I 

(8) PWM output control register 1 (0 0 0 5 ,6) I I I 0 I a I 0 I a I a I oj 

(9) PWM oulpulcontrol register 2 (0006,6) ·1 I I 1010 101 I i 
dO) ~~~;~~a~~~~~~trol register (0 008 ,6 ) . ITT I 0 1 0 I 0 1 0 10] 

(11) Special mode register 1 100DA,,).[0[0[0[ [ [o[o[o[ 
(12) Special mode register 2 100DB,,) L 00" ~ 
(13) Senal 110 mode register 10 0 DE,,) [ I [0 i 0 0 [ 0 [DJDl 
(14) HOrIZontal position register (0 0 E 0 ,6 )' . LIJ 0 I 0 OJOIOTOJ 
(1S) Character size register 

(16) Color register 0 
(11) Color reg Ister 1 

(18) Color register 2 

(19) Color register 3 

(20) CRT control register 

(21) Display block counter 

100E4,,)· ~[[ [[ [ [ 
100 E 6,,) .[[[0[0 o[oio[o[ 
I 0 0 E7 ,,) [ [ [0 [0 0 [ 0 1 0 [ 0 1 
( 0 OE B ,,). Iii 0 1 0 01 0 i 0 [ 0 [ 
( 0 a E 9 ,,) u 1 [ ! 0 1 0 01 o! oJOJ 
(0 DEA,s)'C 00l,~ 
( 0 a E B ,,) 1c=r=1 i=! '1"'1 TI oTI O=c[ =Co [~o 1 

(22) CRT port control register ( 0 0 E C 16) ~16 ~ 
(23) A-D control register 

(24) Timer 1 

(25) Timer 2 

(26) Timer 3 

(21) Tlmer4 

(28) Timer 12 mode register 

(29) Timer 34 mode register 

(30) CPU mode register 

(0 aEF,,)-1 101010101010101 
.C-=FF" .J 

(OOF1 16 )'{ 0716 I 

Ii====~====: (0 0 F 2 ,,) . FFI6 -.-J 
'==== 

(0 0 F 3 16 )- l D7 16=.=J 
(00F4,,) WJiI~ 
( 0 0 F 5 ,,) ill ! 0 1 0 [ 0 1 0 1 0 : 
( 0 a F B ,,) . liEElilil2E:G 

(31) Interrupt request register 1 (0 0 Fe 16) IT I 0 I 0 I 0 I 0 I o~ 
(32) Interrupt request register 2 (0 0 F 0 16 ) WJiIOJW, 
(33) Interrupt control register 1 (0 0 FE 16) I I 1010 I o I ?TOTal 
(341 Interrupt control register 2 ( 0 0 F F 16) WM~.~1~ 
(35) Processor status register (PS) WTI~ 

·Le. ontents of address ] 
(P C H) FFFF16 

( P C L) 1_. _~:~te~:~ 1:ddress J 
(36:' Program counter 

Note Since the contents of both registers other than those listed 
above and the RAM are undefmed at reset, It IS necessary to 
set Initial values 
At reset, "0" IS read from all bits which IS not used 

Fig. 43 Internal state of microcomputer at reset 

and the crystal oscillator oscillation is stable and then re
turned to "H" level. The internal initializations following re

set are shown in Figure 43. 
An example of the reset circuit is shown in Figure 44. The 
reset input voltage must be kept below 0.6V until the supp
ly voltage surpasses 4.5V. 

Supply voltage 

Reset input 
voltage 

I I 

~4.5V 
I I 

OV I 

! :------
Ov~6V 

64 
Vee 

M51953AL 
1-___ -'2"i9 RESET 

4 

1-----+--'3"'2'lVss 

M37202M3·XXXSP 

Fig. 44 Example of reset circuit 
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SYNC ---+----------------4---------------------~ 
Address 

Data 

32768 count of f(X,N) (Note 3) 

Fig. 45 Timing diagram at reset 
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Reset address from the vector table 

Notel: Frequency relation of f(X,N) and ¢ is f(X,N)=2 • ¢ 
2 : The mark •. ? " means that the address IS change

able depending on the previous state 
: Immediately after a reset. FF'6 is automatically set 

In timer 3 and 07'6 in timer 4 and timer 4, timer 3 
and the clock (f(X,N) divided by 16) are con
nected in series 
Reset state is canceled by the overflow signal of 
timer 4 ' 
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I/O PORTS 
(1) Port PO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 2), port PO can 

be accessed at zero page memory address ODCO'6' 
Port PO has a directional register (address 00C1'6) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program

med . as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 

levels can thus be read. When data is written into' the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 

(bit 0 and bit 1 at address 00FB'6) , three different 
modes can be selected; single-chip mode, memory ex
pansion mode and microprocessor mode. 
In these modes it functions as address (A7 to Ao) out
put port (excluding single-chip mode). For more de

tails, see the processor mode information. 
(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (A,s to 

As) output port. 
Refer to the section on processor modes for details. 

(3) Port P2 
In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (Do to D7 ) 

input/output port. Refer to the section on processor 
modes for details. 

(4) Port P3 
Port P3 is an 7 -bit I/O port with function similar to port 

PO, but the output structure of P30 , P3, is CMOS output 
and P32 to P3s is N-channel open drain. 
P32 , P33 are in common with the external clock input 
pins of timer 2 and 3. 
P34 , P36 are in common with the external interrupt input 
pins I NT1, I NT2 and P3s, P36 with the analog input pins 
of A-D converter A-D1, A-D2. 
In the microprocessor mode or the memory expanding 
mode, P3o, P3, works as R/W signal output pin and 

SYNC signal output pin. 

(5) Port P4 

Port P4 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

All pins have program selectable dual functions. When 
a serial I/O function is selected, P44 to P47 work as in
put/output pins of serial I/O. 

In the special serial I/O mode, P4., P4s work as SDA, 
SCL pins. 

(6) OSC1, OSC2 pins 

Clock input/output pins for CRT display function. 
(7) HSYNC, V SYNC pins 

HSYNC is a horizontal synchronizing signal input pin for 
CRT display. 
VSYNC is a vertical synchronizing signal input pin for 
CRT display. 

(8) R, G, B, I, OUT pins 

This is an 5-bit output pin for CRT display and in com
mon with P52 to P5s. 

(9) Port P6 

Port P6 is an 8-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 

P60 to P63 are in common with 8-bit PWM output pin 
PWMO to PWM3. 

(10) D-A pin 

This is a 14-bit PWM output pin. 
(11) ¢ pin 

The internal system clock (1/2 the frequency of the 
oscillator connected between the XIN and XOUT pins) is 
output from this pin. If an STP or WIT instruction is ex
ecuted, output stops after gOing "H". 
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Port po, Pl, P2, P30, P3, 

Direction register 

Data bus -+----1 Port latch 

Port P32 to P3" P44 , P45 , P64 , P65 r--------, 

Data bus -+----1 

Port P4a to P43 , P4" P47 , P6a to 

P63 , P6" P67 

Data bus -+-----1 

Direction register 

Port latch 

Direction register 

Port latch 

HSYNC, VSYNC ~ l ~Itt Input 

Data bus ~ HSYNC, VSYNC 

D-A, 1>, R, G, S, I, OUT 

CMOS tri-state output 

Port PO, Pl, P2, P3a, P3, 

N-channel open dram output 

Port P32 to P3" P44 , P45 , P64 , P65 

Note: P32, P33 may also be used as 
Ilmer inputs 
P34, P3, may also be used as 
external interrupt Inputs 

P35 , P3" P64 , P65 may also be 
used as Input pinS for A-O converter 
P44 , P45 may also be used as 
senal 1/0 pins 

N-channel open dram output 

Port P4a to P43 , P4" P47 , P6a to 

P63 , P6" P67 

Note: P6a to P63 may also be used as 
S-blt PWM output pms 
P4" P47 may also be used as 
serial 1/0 pinS 

D-A, 1>, R, G, S, I, OUT 

Note: R, G, S, I, OUT, may also be 
used as port P52 to P5, 

Fig, 46 Block diagram of port PO to P6, HSYNC , VSYNC (single-chip mode) and output format of D-A, <p, R, G, B, lOUT 
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PROCESSOR MODE 
By changing the contents of the processor mode bit (bit 0 
and 1 at address 00FB16 ), three different operation modes 
can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode, ports PO to P3 can be used as address, and data in
put/output pins. 
Figure 48 shows the functions of ports PO-P3. 
The memory map for the single-chip mode is shown in Fi
gure 1 and for other modes, in Figure 47. 

By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 

bits. Connecting CNVss to Vee automatically forces the 
microcomputer into microprocessor mode. 
The three different modes are explained as follows: 

4000'6 i'ti~~r»""'''''1 

2000'6 ~~"",~~;,<,-.j 

Internal RAM 

0100'6 hS"'p""e::::CI""al"f:::un"'c"-tlo"'n,.---J 
ooeo" registers 

Internal RAM 
0000'6 L-____ --' 

Microprocessor mode 

The shaded area IS external memory area 

Fig. 47 Example memory area in processor mode 

(1) Single-chip mode (00) 

The microcomputer will automatically be in the single
chip mode when started from reset, if CNVss is con
nected to Vss. Ports PO to P3 will work as original I/O 
ports. 

(2) Memory expansion mode (01) 

When CNVss is connected to Vss and the processor 
mode bits are set to "01", the microcomputer will auto
matically default to this mode. This mode is used to 
add external memory when the internal memory is not 

sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D7 to Do (including 
instruction code) and loses its normal I/O function Port 
P30 and P31 works as R/W and SYNC. 

(3) Microprocessor mode (10) 
The microcomputer will be placed in the microp
rocessor mode after connecting CNVss to Vee or initiat
ing a reset or connecting CNVss to Vss and the proces
sor mode bits are set to "10". In this mode, the internal 

ROM is inhibited so the external memory is required 
Other functions are same as the memory expansion 
mode. The relationship between the input level of 
CNVss and the processor mode is shown in Table 11. 

Note : Use the M37202M3-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 
The standards is assured only in the single-chip 

mode. 

• MrTSUBISHI 
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0 0 1 

0 1 0 

Single-chip Memory expansion Microprocessor 
mode - mode mode 

~ I r ~ I r 
Ports P07 to po. Ports P07 to PO. Same as left 

::x 1/0 port )( Address x= A7 to A. 

~ I r ~ I r 
Ports Ph to P1. Ports P1 7 to P1. Same as left 

)( I/O port "1 Address '( A15 to A. 

!.I I r :J I r 
Ports P27 to P2. Ports P27 to P2. Same as left :x I/O port }-----{ 07 toO.: -

Data } 

!.I I r .:I I r 
Ports P3s to P32 Ports P3" to P32 

::x 1/0 port ::x 1/0 port 

Same as left 
Port P3, Port P3, 

)( II0port )( SYNC x= 
Port P30 Port P30 :x I/O port "1 R/W '( 

Fig. 48 Processor mode and function of ports PO to P3 

Table 11. Relationship between CNVss pin Input level and processor mode 

CNVss Mode Explanation 

• Single-chip mode The single-chip mode Is set by the, reset All modes can be selected by changing the pro-

Vss • Memory expansion mode cessor mode bit with the program, 
• Microprocessor mode 

Vee • Microprocessor mode The microprocessor mode is set by the reset 
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CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 
51. 
When an STP instruction is executed, the internal clock ifJ 
stops oscillating at "H" level. At the same time, timer 3 and 

timer 4 are connected automatically and FF16 is set in the 
timer 3, 0716 is set in the timer 4, and timer 3 count source 
is forced to f(XIN ) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section 
The oscillator is restarted when an interrupt is accepted. 
However, the clock ifJ keeps its "H" level until timer 4 over
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the clock ifJ stops in 
the "H" level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 

at once. 
To return from the stop or the wait status, the Interrupt en
able bit must be set to "1" before executing STP or WIT in
struction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 49. 

Interrupt request 

Interrupt 
disable flag I 

Q 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 50 
XIN is the input, and XOUT is open. 

M37202M3-XXXSP 

X IN X OUT 

30 1MO 31 

~D~FRd 
." CIN COUT 

J I 
Fig. 49 External ceramic resonator circuit 

M37202M3-XXXSP 

X IN 

30 

VCClJU1J 
External oscillallng 

Circuit Vss 
Fig. 50 External clock input circuit 

S 

R 

WIT 
instruction R 

STP Instruction 

Fig. 51 Block diagram of clock generating circuit 

• MITSUBISHI 
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PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1/(n+1). 

(2) Even though the aBC and Bas instructions are ex
ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 

contents before the modification. Also, at least one in
struction cycle must be used (such as an Nap) be
tween the modification of the interrupt request bits and 
the execution of the aBC and Bas instructions. 

(3) After the ADC and SSC instructions are executed (in 
decimal mode), one instruction cycle (such as an 
Nap) is needed before the SEC, CLC, or CLD instruc
tions are executed. 

(4) An Nap instruction must be used after the execution of 
a PLP insturction. 

(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (:::::::O.1I1F) directly between the Vee pin and 
Vss pin using a heavy wire. 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3 to 6 

V, Input voltage CNVss -0.3 to 6 

Input voltage POo·PO" P10·P1" P20·P2" 

V, P30·P3,;, P40·P4" P6o·P6" -0.3 to Vee+O. 3 
--

HSYNC, VSYNC. RESET With respect to Vss 

Output voltage P40·P43, P4" P4" P6o·P63, Output transistors are at "off" state 
-0.3 to 13 

Vo P6" P6, 

Output voltage POo·PO" Pt o·P1" P2o·P2" 

Vo P30·P3" P4" P4" P6" P6" -0.3 to Vee+O. 3 

R, G, B, I, OUT, D·A, XOUT, OSC2 

Circuit voltage R, G, B, I, OUT, pOo·PO" 

IOH P10·P1" P20·P2" o to 1 (Note 1 ) 

P30, P3" D·A 

CirCUit voltage R, G, B, I, OUT, POo·PO" 

lou P1 0·P1" P20·P23, o to 2(Note 2) 

P3o·P3" P6" P6" D·A 

IOL2 CirCUit voltage P4o·P43, P4,. P4,. f'60·P63. P6,. P6, o to 1 (Note 2) 

IOL3 Circuit voltage P24-P27 o to 10(Note 3) 

IOL4 Circuit voltage P44 , P4s o to 3( Note 2) 

Pd Power diSSipation Ta=25'C 550 

Topr Operating temperature -10 to 70 

Tstg Storage temperature -40 to 125 

RECOMMENDED OPERATING CONDITIONS (Vee=5V±10%, Ta=-10 to 70'C unless otherwise noted) 

Symbol Parameter 
Min 

Vee Supply voltage( Note 4) DUring the CPU and CRT operation 4.5 

Vss Supply voltage 0 

"H" Input voltage POo·PO,. Pto·Pt,. P20·P2" 

V ,H 
P3o·P3,. P40·P43, P4,. P4,. 

O. SVee --
P6o-P67• HSYNC , VSYNC, RESET, 

X,N,OSC1 

V ,H "H" mput voltage P44 , P4s 0. 7Vee 

V'L 
"L" Input voltage POo·PO,. Pt o·P1,. P20·P2,. 

0 
P3o• P3" P3,. P40·P43• P4" P6,. P6, 

V'L 
"L" Input voltage P32-P34, P3e, P4s, HSYNc, VSYNC, 

0 
RESET. X'N, DSC1 

V'L "L" Input voltage P44. P4s 0 

IOH 
"H" average output current (Note 1) R.G.B.I,OUT.POo·PO,. 

P1 0·P1,. P20·P2" P30. P3, 

IOL1 
"L" average output current (Note 2) R,G,B,I.OUT.POo·P07 , 

P20·P23, P3o·P36. P6,. P65 , D·A 

IOL2 "L" average output current (Note 2) P40·P43, P4" P4" 

P6o-P63. P6,. P6, 

IOL3 "L" average output current (Note 3) P24-P27 

IOL4 "L" average output current (Note 2) P4" P4, 

fcpu OSCillating frequency (for CPU operatloni(Note 5) 3.6 

fCRT OSCillating frequency (for CRT display) 6.0 

fhs Input frequency P3,·P3" P3,. P4, (SeLK) 

fhs Input frequency P4, (SCLK) 

Note 1: The total current that flows out of the IC should be 20mA (max) 
2 : The total of 10l1. 10L2 and IOL4 should be 30mA (max) 
3 : The total current of port P24·P2, should be 20mA (max) 

Limits 
Unit 

Typ Max 

5.0 5.5 V 

0 0 V 

Vee V 

Vee V 

0. 4Vee V 

O. 2Vee V 

O. 3Vee V 

1 mA 

2 mA 

1 mA 

10 mA 

3 mA 

4.0 4.4 MHz 

7.0 S.O MHz 

100 kHz 

1 MHz 

4 : Apply O. 022;tF or greater capaCItance externally between the Vee-Vss power supply pinS so as 
to reduce power source noise 
Also apply O. 068,uF or greater capacitance externally between the Vce-CNVss pinS 

5 : Use a quartz crystal OSCillator or a ceramic resonator for CPU OSCIllation Circuit 

Unit 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

mA 

mW 

'c 
·c 
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ELECTRIC CHARACTERISTICS (vee=5V±10%, vss=ov, Ta=-10 to 70'C, t(X ,N )=4MHz unless other wise noted) 

Limits 
Symbol Parameter Test conditions Umt 

Min Typ Max 

Vcc=5. 5V, f(X ,N )=4MHz 
10 20 

CRT OFF 

Icc Supply current Vcc=5.5V, f(X,N )=4MHz 

CRT ON 

mA 

20 30 

At stop mode 300 J.LA 

V OH 
"H" output voltage POo'PO" Plo'Pl" P20·P2" Vee=4.5V 

2.4 V 
P30, P3" R, G, B, I, OUT IOH=-0.5mA 

"L" output voltage POo'PO" Plo·PI" P20·P23, 
Vec=4.5V 

P30·P3" P6" P65, ¢, 0.4 

R, G, B, I, OUT, D·A 
IOL=0.5mA 

"L" output voltage P4o·P43, P4" P4" Vec =4.5V 
0.4 

VOL P60·P63, P6" P6, IOL=0.5mA V 

"L" output voltage P2,·P2, Vee-4.5V 
3.0 

IOL=10mA 

"L" output voltage P4" P45 Vee=4.5V 
0.4 

IOL=3mA 

Hysteresis RESET Vee=5.0V 0.5 0.7 

Vr+-VT- Hysteresis (Note 1) HSYNC , VSYNC, P32-P34, 
0.5 

V 
Vee=5.0V 1.3 

P3" P4,·P4, 

"H" Input leak current RESET, POo'PO" Plo·PI" Vee-5.5V 
5 

IOZH 
P20·P2" P30·P3" P4" P45, P6" P65 Vo =5.5V 

J.LA 
"H" input leak current P4o-P43, P4e, P47, Vec=5.5V 

10 
P60·P63, P6" P6, Vo=12V 

"L" input leak current RESET, POo'PO" 
Vee=5.5V 

10zI- Plo'Pl" P20·P2" P30·P3" 5 J.LA 

P40·P4" P60·P6, 
Vo=OV 

Note 1. P32 ·P34 , P3s have the hysteresis when these pinS are used as interrupt input pinS or IImer Input Pins. 
P44 ·P4. have the hysteresis when the'se pinS are used as serial I/O ports 
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DESCRIPTION 
The M37204M8-XXXSP is a single-chip microcomputer de
signed with CMOS silicon gate technology, It is housed in a 
64-pin shrink plastic molded DIP. This single-chip micro
computer is useful for the high-tech channel selection sys
tem for TVs. 
In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 
Its screen display function enables it to display' channel 
number and time as well. 

FEATURES 
• Number of basic instructions .. ································· 69 
• Memory size ROM ········· .. ······················32768 bytes 

RAM······ .. · ............................ 512 bytes 

• Instruction execution time 
......... l,us (minimum instructions at 4MHz frequency) 

• Single power supply· .......... · ................ · ........ 5V±10% 

• Power dissipation 
normal operation mode (at 4MHz frequency) 
· .............. · .... · ...... ·110mW (Vcc=5.5V, CRT display) 

• Subroutine nesting .............. · .... · .. 96 levels (maximum) 
• Interrupt .... ·· .. · .. ·· .. · .. · ..................... 13types, 13vectors 
• 8-bit timer ........ · .. · ......... , ........................................ 4 

• Programmable I/O ports 
(Ports PO, Pl, P2, P3, P4, P6) .............................. 47 

• Outputport(PortP5) ............ ·· .. ·· .. · .. ··· .. ·· .... , .... ·· ...... 5 
• Serial I/O (8-bit) .. · .................. · .... · .......... · .. · .... · .. · .. ·2 
• PWM function ...... · .... · .. , .... · .......... · ...... · .. ·· .... 14-bitXl 

8-bitXl0 
• A-D converter (6-bit resolution) .................. 8 channels 

• CRT display function 
Display characters ...... ·· .. · ....... 24 charactersX3 lines 

(16 lines maximum) 
Kinds of character types·· .. · .......... · .. · ...... ·· 254 kinds 
Dot structure ........................................ 12X 16 dots 
Character size· .................. ·· .. · .............. · .. · .. 4 kinds 
Kinds of color ............ Maximum 15 kinds (R, G, B, I) 

Character unit/border/laster can be specified 
Display layout 

Horizontal· ...... ··· .. ···· .. · .. ·· .. ··· .... ··· ........ 64 levels 
Vertical ............................................ 128 levels 

APPLICATION 
TV 

with ON-SCREEN DISPLAY CONTROLLER 

PIN CONFIGURATION (TOP VIEW) 

AD41P7010SCl -+ 1 

P6,/PWM1- 8 

P6./PWM2- 9 

P6,/PWM3 - 10 

P6./PWM4- 11 

P6s/PWM5 - 12 

P6e/PWM6 - 13 

P6,/PWM7 -+ 14 

P3,ITIM3- 15 

AD6/P3.ITIM2 - 16 

P3.- 18 

P47/SRDy./PWM8 - 19 

P40/S'N./PWM9 - 20 

P4s/Scu(. - 21 

P4./SoUT2 - 22 

AD7IP4a1SRDY, - 23 

AD8/P4./S'N' - 24 

Outline 64P4B 
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FUNCTIONS OF M37204MB-XXXSP 
Parameter 

Number of basIc Instructions 

Instruction execution time 

Clock frequency 

ROM 
Memory size 

RAM 

PO, PI, P2 

P30, P3, 

P3,-P3, 

Input/Output ports 

P4 

P5 

P6 

Serial 1/0 

Timers 

Subroutme nesting 

Interrupt 

Clock gener.atlng Circuit 

Supply voltage 

al CRT display ON 

Power diSSipation at CRT display OFF 

at stop mode 

Input/Output characteristics 
Input/Output voltage 

Output current 

Operating temperature range 

Device structure 

Package M37204M8-XXXSP 

Display characters 

Dot structure 

Kmds of character types 
CRT display function 

Character size 

Krnds of color 

Display layoul 

Functions 

69 

l,us (minimum Instructions, at 4MHz frequency) 

4MHz 

32768 bytes 

512 bytes 

1/0 8-bltX3 

1/0 2-bltXI 

1/0 
5-bltX I (can be used as timer input pms, INTI, INT2 mput pins and A-D 

mput pins) 

1/0 
8-blt Xl (can be used as senal 1/0 function pins and PWM output pins 

and A-D mput pins) 

Oulput 5-bltX I (can be used as R, G, B, I, OUT pins) 

1/0 8-bltXI (can be used as PWM output pms) 

8-bltX2 (Special serial 1/0 (8-blt)XI) 

8-blt timerX4 

961evels (maximum) 

Two external interrupts, nme mternal Interrupts, 

one software interrupt 

Two bUllt-m Circuits (externally connected ceramic or quartz crystal oscillator) 

5V±10% 

110mW (clock frequency X,N=4MHz, Vcc=5, 5V, Typ) 

55mW (clock frequency X,N=4MHz, Vcc=5. 5V, Typ ) 

I. 65mW (Maximum) 

12V (Ports P4" P4" P6o- P6,) 

I OmA (Ports P2, - P2, ) 

-10 to 70'C 

CMOS SIlicon gate process 

64-pln shrink plastiC molded DIP 

24 charactersX3 lines (maximum 16 hnes rn program) 

12XI6 dots 

254 kinds 

4 kinds 
--

MaXimum 15 kinds (R, G. B, I) 

Hollzontal 64 levels 

Vertical 128 levels 
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PIN DESCRIPTION' 

Pin Name 
InpuV 

Output 
Functions 

Vee, Supply voltage Power supply mputs 5V±1 0% to Vcc, and OV to V ... 

Vss 

CNVss CNV .. This IS connected to Vss 

RESET Reset input Input To enter the raset state, the reset Input pin must be kept at a "L" for more than 2,us (under normal Vee 

conditions) 

If more time IS needed for the crystal oscillator to sta~i"ze, this "L" condition should be maintained for the 

required time 

X ,N Clock Input Input This chip has an Internal clock generating circuit To control generating frequency, an external ceramic or a 

quartz crystal oscillator IS connected between the XIN and XOUT pms If an external clock IS used, the clock 

XOUT Clock output Output source should be connected the X,N pin and the XOUT pm should be left open 

'" 
Tlmmg output Output This IS the timing output pin 

POO-P07 110 port PO 110 Port PO IS an 8-bit 110 port with direction register allowmg each 110 bit to be Individually programmed as 

Input or output At reset, thiS port IS set to Input mode The output structure IS CMOS output 

Pl o-P1 7 110 port PI 110 Port PI IS an 8-bit 110 port and has basically the same functions as port PO 

P2o-P27 110 port P2 110 Port P2 is an 8-bit 110 port and has basically the same functions as port PO 

P30 -P3" 110 port P3 110 Port P3 is a 7 -bit 110 port and has baSically the same functions as port PO, but the output structure of P30, 

P3, IS CMOS output and the output structure of P3,-P3" IS N-channel open dram. 

P32, P3s are In common with external clock input pms of timer 2 and 3 P34, P36 are In common with exter· 

nal Interrupt input pins INT1 and INT2 P32, P3s, P36 are In common with analog IOput pins of A·D converter 

(A-06, A-OI, A-02). 

P4o-P47 110 port P4 110 Port P4 Is an 8-bIt 110 port and has baSically the same functions as port PO, but the output structure IS 

N-channel open dram 

When serial 1/01 IS used,P40, P41, P42 and P43 work as SOUT1, SCLK1, SIN1 and SRDY1 pms, respectively 

When senal 1/02 IS used, P44, P4s, P46 and P47 work as SoUT2. SCL.K2. SIN2 and SROY2 PinS, respectively 

When speCial senal 110 IS used, P4. and P,," work as SOA and SCL pinS, respectively Also P4., P4, are In 

common w~h PWM output PinS of PWM 9 and PWM 8 P42, P43 are 10 common with analog Input pins of 

A-O converter (A-08, A-07). 

P60-P6, 110 port P6 110 Port P6 IS an 8-bit 110 port and has baSically the same functions as port PO, but the output structure IS 

N-channel open drain This port IS In common with PWM output pinS PWMO-PWM7 

aSCI, Clock Input for CRT Input ThiS IS the 110 pinS of the clock generating Circuit for the CRT display function 

aSC? display Output OSCI and OSC2 pinS are In common with analog Input PinS of A-O converter (A-04, A-05) 

Clock output for CRT, 

display 

HSYNC HSYNe mput Input This IS the hOrizontal synchroniZing signal Input for CRT display 

~ VSYNC VSVNC Input Input This IS the vertical synchrOniZing Signal Input for CRT display 

R, G, B, CRT output Output ThiS Is a 5-blt output pin for CRT display The output structure IS CMOS output ThiS IS In common with port 

l,aUT P5,-P5S 

O-A OA Output Output This Is an output pm for 14-blt PWM, and In common with analog input pm of A·D c~lVerter (A.,D3) 
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MITSUBISHI MICROCOMPUTERS 

M37204M8-XXXSP 

SINGLE.CHIP 8·BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON·SCREEN DISPLAY CONTROLLER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

CPU Mode Register 

The M37204 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

The CPU mode register is allocated to address 00FB'6' Bits 
o and 1 of this register are processor mode bits. This regis
ter also has a stack page selection bit. 

Page 1 (addresses 0100'6 to 01 FF'6) is normally used as a 
stack area. The zero page (addresses 0000'6 to 00BF'6) 
can also be used by setting bit 2 of the CPU mode register 
(address 00FB'6) to "0". 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

CPU mode register (address OOFB16 ) 

L-.._-'--__ Processor mode bits 

a a : Single-chip mode 
a 1 : Memory expansion mode 
1 a : Microprocessor mode 
1 1 : Disable 

~------ Stack page selection bit 
o : a page 
1 : 1 page 

'------------- System clock output selection bit (Note 1) 
a : Stop (reset-out output) 
1 : System clock output 

Note1: This bit IS only valid In single-chip mode And It output the system clock at the other mode 

Fig. 1 Structure of CPU mode register 
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MEMORY 
o Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as 1/0 ports and timers. 
o RAM 
RAM is used for data storage as well as a stack area. 
.0 ROM 
ROM is used for storing user programs as well as the inter
ru pt vector area. 

o CRT display RAM 
CRT display RAM is used for specifing the character codes 
and colors to display. \ 

RAM 1 (192 bytes) 

0000, 

OOBF, 
OOCO, 

• 

6 

6 

6 

RAM 1 

OOFF, 
0100, 6 

(256 bytes) 
01FF, 
0200, 
020A, 

6 

• 
6 

RAM 1 0300, • 
(64 bytes) 033F, 6 

CRT display RAM J 2000, 
(216 bytes) 1 2007, 

1 
3000, 

CRT display ROM 
(8192 bytes) 

4FFF, 

ROM 
(32768 bytes) 

8000, 

FFOO, 

FFOE, 

6 

6 

6 

6 

6 

6 

6 

o CRT display ROM 
CRT display ROM is used for storing character data. 
o Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
o Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 
o Special Page 
Special page addressing mode is useful because it en
ables access t6 this area with fewer instruction cycles. 

SFR area 

2 page register 

Not used 

Not used 

Not used 

Not used 

Zero page 

SpeCial 
page 

Interrupt vector area 

FFFF, 6 

Fig. 2 Memory map 
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OOCO,. 
00C1,. 
00C2,. 
00C3,. 
00C4,. 
00C5,. 
00C6,. 
00C7,. 
00C8,. 
00C9,. 
OOCA,. 
OOCB,. 
OOCC,. 
OOCD,. 
OOCE,. 
OOCF,. 
0000,. 
0001,. 
0002,. 
0003,. 
0004,. 
0005,. 
0006,. 
0007,. 
0008,. 
0009,. 
OODA,. 
OODB,. 
OODC,. 
0000,. 
OODE,. 
OODF,. 

Port PO 
Port PO direction register 
Port P1 
Port P1 direction register 
Port P2 
Port P2 dllection register 
Port P3 
Port P3 direction register 
Port P4 
Port P4 direction register 
Port P5 
Port P5 direction register 
Port P6 
Port P6 dllectlon register 
DA-H register 
DA-L register 
PWM 0 register 
PWM 1 register 
PWM 2 register' 
PWM 3 register 
PWM 4 register 
PWM output control register 1 
PWM output control register 2 
Interrupt space distinguish register 
Interrupt space distinguish control register 
Special sellal 1/0 register 
Special mode register 1 
Special mode register 2 
Serial 1101 mode register 
Sellal 1/01 register 
Sellal 1/02 mode register 
Sellal 1/02 reqister 

OOEO,. 
00E1,. 
00E2,. 
00E3,. 
00E4,. 
00E5,. 
00E6,. 
00E7,. 
00E8,. 
00E9,. 
OOEA,. 
OOEB,. 
OOEC,. 
OOED,. 
OOEE,. 
OOEF,. 
OOFO,. 
OOF1,. 
00F2,. 
00F3,. 
00F4,. 
OOF5,. 
OOF6,. 
OOF7,. 
OOFS,. 
OOF9,. 
OOFA,. 
OaFs,. 
OOFC,. 
OOFD,. 
OOFE,. 
OOFF,. 

Fig. 3 SFR (Special Function Register) memory map 

0200,. ~ 
0201,. ~ / 
0202,. ~/ 
0203,. ~ 
0204,. L ~ 
0205,. / 
0206,. Port control register 

0207,. Shift register Input control register 

0208,. CRT control register 2 

0209,. CRT clock selection register 

020A,. A-O control regIster 2 

Fig. 4 2 page register memory map 

/ 

~ 
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Horizontal position register 
Vertical display start position register 1 
Vertical display start pOSition rellister 2 
Vertical display start posillon rellister 3 
Character size register 
Sorder selection register 
Color register a 
Color register 1 
Color register 2 
Color register 3 
CRT control register 1 
Display block counter 
CRT port control register 
Scroll control register 
Scroll start register 
A-D control register 1 
Timer 1 
Timer 2 
Timer 3 
Timer 4 
Timer 12 mode register 
Timer 34 mode register 
PWM 5 
PWM 6 
PWM 7 
PWM S 
PWM9 
CPU mode register 
Interrupt request register 1 
InterrUQt raguest register 2 
Interrupt control register 1 
Interrupt control reqister 2 
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INTERRUPTS 
Interrupts can be caused by 12 different events consisting 
of three external, eight internal, and qne software events. 
Interru~ts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op
eration is similar to an interrupt. 
When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis
abled when the interrupt disable flag is set. 

Table 1. Interrupt vector address and priority. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis
ters 1 and 2. Figure 5 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 
Reset is treated as a non-maskable interrupt with the high
est priority. Figure 6 shows interrupts control. 

Event Prlonty Vector addresses Remarks 

RESET 1 FFFF'6, FFFE'6 Non-maskable 

CRT Interrupt 2 FFFD'6. FFFC'6 
INT2 Interrupt 3 FFFB'6, FFFA'6 
I NTl interrupt 4 FFF9'6. FFF8'6 

Senal 1/02 Interrupt 5 FFF7'6. FFF6'6 
Tomer 4 interrupt 6 FFF5'6, FFF4'6 

1 ms Interrupt 7 FFF3'6, FFF2'6 
VSYNC Interrupt 8 FFF1'6. FFFO'6 
Timer 3 Interrupt 9 FFEF'6, FFEE'6 
Timer 2 Interrupt 10 FFED'6, FFEC'6 
Timer 1 interrupt 11 FFEB'6, FFEA'6 
Serial 1/01 Interrupt 12 FFE9'6, FFE8'6 
BRK Instruction Interrupt 13 FFDF'6, FFDE'6 Non-maskable software interrupt 
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Interrupt request register 1 
(address OOFC,.) 

TImer 1 Interrupt request bIt 

Timer 2 interrupt request bit 

Timer 3 interrupt request bit 
L-____ Timer 4 interrupt request bit 

'------ CRT interrupt request bit 

'------- VSYNC interrupt request bIt 

Interrupt control regIster 1 
(address OOFE,.) 

TImer 1 Interrupt enable bit 

TImer 2 Interrupt enable bit 

TImer 3 interrupt enable bIt 

'----- Timer 4 interrupt enable bit 

'------ CRT Interrupt enable bit 

'------- VSYNC Interrupt enable bit 

Fig, 5 Structure of registers related with Interrupt 

Interrupt request bit 

Interrupt enable bIt 

Interrupt disable flag I 

BRK Instruction -----I 

Interrupt request register 2 
'-r.L-...I.....L. ............. ...,...l...r-o'-r-' (address OOFD,.) 

INT1 interrupt request bIt 

INT2 interrupt request bit 

Serial 1/01 interrupt request bit 

Serial 1/02 Interrupt request bit 
'--____ 1 ms interrupt request bIt 

'----------- Test bit: This bit must be set to "0", 

a : No Interrupt request Issued 
1 : Interrupt requested 

Interrupt control regIster 2 
(address OOFF,.) 

INT1 interrupt enable bit 

I NT2 interrupt enable bit 

Senal 1/01 Inlerrupt enable bit 

'-----Serial 1/02 Interrupt enable bit 

'------ 1ms interrupt enable bit 

a : Interrupt dIsable 
1 : Interrupt enabled 

reset ----I ~ 
Interrupt request 

Fig, 6 Interrupt control 
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TIMER 
The M37204M8-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. All of timers are 8-bit structure and 

have 8-bit latches. 
A block diagram of timer 1 through 4 is shown in Figure 8. 
All of the timers are down count timers and their division 
ratio are 1 I (n + 1 ), where n is the contents of timer latch. 
The same value is set to timer by writing the count value to 

the latch (00FO'6 to 00F3'6 : timer.1 to timer 4). When a 
timer reaches "00'6" and the next count pulse is input to a 
timer, a value which is the contents of the reload latch are 
loaded into the timer. The timer interrupt request bit is set 

at the next count pulse after the timer reaches "00,6", 
The contents of each timer is shown in following. 
(1) Timer 1 
Either f(X ,N ) divided by 16 or a 1024[ls clock (l[ls interrupt 

signal) can be selected as the count source of timer 1. 
When bit 0 of the timer 12 mode register (address 00F4'6) 
is "0", f(X ,N ) divided by 16 is selected; when it is "1", the 

1024[ls clock is selected. 
Timer 1 interrupt request is occurred with timer 1 overflow. 
(2) Timer 2 
f(X ,N ) divided by 16, timer 1 overflow signal, or an external 
clock input from P32/TIM2 pin can be selected as the count 
source of timer 2 by specifying bits 4 and 1 of the timer 12 

mode register (address 00F4'6)' 
Timer 2 interrupt request is occurred with timer 2 overflow. 
(3) Timer 3 
Either f(X ,N ) divided by 16 or an external clock input from 
P33/TIM3 pin can be selected as the count source of timer 
3 by specifying bit 0 of the timer 34 mode register 

(address 00FS'6)' 
Timer 3 interrupt request is occurred with timer 3 overflow. 
(4) Timer4 
f(X ,N ) divided by 16, f(X ,N ) divided by 2, or timer 3 over

flow signal can be selected as the count source of timer 4 
by specifying bits 4 and 1 of the timer 34 mode register 

(address 00FS'6)' 
Timer 4 interrupt request is occurred with timer 4 overflow. 

And the timer 4 overflow signal can be used as the clock 
source of special serial 1/0. 

At reset or an STP instruction is executed timer 3 and timer 
4 are connected automatically, and the value "FF'6" is set 
to timer 3, and the value "07'6" is set to timer 4. 
f(X ,N ) divided by 16 is selected as count source of timer 3. 
When the internal reset is removed or stop mode is re
moved, the internal clock is connected by timer 4 overflow 
at above state. In this reason, the program starts with stable 
clock. 
The timer related registers structure is shown in Figure 7. 

7 0 

I I I I I I I I I T1mer 12 mode register (address 00F4'6) 

Timer 1 count source selection bit 
o : f(X,N) divided by 16 
1 : 1 0241<s clock 

Timer 2 count source selection bit 

o : Internal clock 
1 : External clock from TIM2 pin 

'---- Timer 1 count stop bit 

o : Count start 

L __ 

7 0 

r I I I I I I I I 

1 : Count stop 

Timer 2 count stop bit 
o : Count start 
1 : Count stop 

Timer 2 Internal clock source 
selectJon bit 

o : f(X'N) divided by 16 
1 : Timer 1 overflOW 

Timer 34 mode register (address 00F5'6) 

Timer 3 count source selectIOn bit 

o : f(X'N) diVided by 16 
1 : External clock from TIM3 Pin 

L-- Timer 4 Internal clock source 
selectJon bit 

o : Timer 3 overflow 
1 : f( X'N) divided by 16 

Timer 3 count stop bit 

o : Count start 
1 : Count stop 

Timer 4 count stop bit 

o : Count start 
1 : Count stop 

Timer 4 count source selection bit 

: Internal clock 

1 : f(X'N) diVided by 2 

Fig. 7 Structure of timer 12 mode register and 
timer 34 mode register 
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8 

P32/TIM2 
TI2M, 

P33/TIM3 

T34Mo 

~ Selection gate: Connected to black T colored side at reset 

AbbreviatIOns 
T12MI : Bit I of timer 12 mode register (1=0 to 4) TI2MI : Bit I of timer 12 mode register (1=0 to 4) 
T34MI : Bit I of timer 34 mode register (1=0 to 4) T34MI : Bit I of timer 34 mode register (J=O to 4) 

D F : Digital filter 

Note: Pulse width of external clock input TIM2, TIM3 need more than 4 machine cycles 

Flg.8 Block diagram of timer 1, timer 2, timer 3 and timer 4 

Data bus 

Timer 2 
Interrupt request 

Reset 

STP Instrucllon 

Timer 3 
Interrupt request 

Timer 4 
Interrupt request 
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SERIAL 1/0 
M37204M8-XXXSP has two serial 1/0 (serial 1/01, serial 

1/02). Serial 1101 has the same function as serial 1/02. 
A block diagram of the serial I/O is shown in Figure 9. 

In the serial 1/0 mode the receive ready signal (SRDYI) ' 
synchronous input/output clock (SCLKi), and the serial I/O 

pins (SouTi, S,Ni) are used as port P4. The serial I/Oi mode 
registers (addresses 00DC1S and 00DE1S ) are 8-bit regis
ters. Bits 0, 1 and 2 of these registers are used to select a 
synchronous clock source. 
Bits 3 and 4 decide whether parts of P4 will be used as a 

serial 1/0 or not. 

X,N 

P43 latch 

To use P42 or P4s as a serial input, set the direction regis
ter bit which corresponds to P42 or P4s to "0". For more in

formation on the direction register, refer to the I/O pin sec
tion. 
Also to use internal clock of serial 1102, bit 1 of speCial 
mode register 1 (address 00DA1s) needs to be set to "1". 

The serial 1/0 function is discussed below. The function of 
the serial I/O differs depending on the clock source; exter
nal clock or internal clock. 

Data bus 

P43/SRDy, )---e ...... ------+---I Sy~Ticult 1----< ... ;.---..... --.... ---' 
S101M. 

P4,/ScLK, Serial 110 counter 1 (8) 
SI01M3 

P40 latch 

P4o/SouT1 
SI01 M, LSB-MSB 

P42/S'N' Serial 110 shift register 1 (8) 
SICo 

P4, latch PWM8 

P4,/SRDY2 
Sync 

S102M. SB. 
circuit 

P4,/ScLK2 Serial 1/0 counter 2 (8) 
SI02M3 SB2 
P4. latch SDA 

S102M, LSB-MSB 
P4./SouT2 

P4./S'N2 Serial 1/0 shift register 2 (8) 
SIC, 

Abbreviations P4.latch 
SIC,. SICo : Bits 1 and 0 of shift register Input control register 
SBj : Bit I of special mode register 1 (j=2 to 4) 
SI01Mj : Bit I of senall/01 mode register (j=O to 5) 
SI02Mj : Bit j of serial 1/02 mode register (,=0 to 5) 

Fig. 9 Block diagram of serial I/O 
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Internal clock-The SRDVI signal becomes "H" during trans
mission or while dummy data is stored in the serial I/Oi 
register (addresses 000016 and 00DF16). After the falling 
edge of the write signal, the SRDVI signal becomes low sig
naling that the M37204M8-XXXSP is ready to receive the 
external serial data. The SRDvi signal goes "H" at the next 
falling edge of the transfer clock. The serial I/Oi counter is 
set to 7 when data is stored in the serial I/Oi register. At 
each falling edge of the transfer clock, serial data is output 
to SouTi. During the rising edge of this clock, data can be 
input from S'N! and the data in the serial 1/01 register will 
be shifted 1 bit. 
Transfer direction can be selected by bit 5 of serial 1/01 

mode register. After the transfer clock has counted 8 times, 
the serial 1/01 register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 

Sync clock 

Transfer clock 

Senal 110, register 
wnte signal 

Senal 1/0 output 

SOUTl 

Senal 1/0 Input 

StNI 

Receivable Signal 

SRDYZ u 

bit will be set. 
External clock- If an external clock is used, the interrupt re
quest will be sent after the transfer clock has counted 8 
times but transfer clock will n,ot stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50%, The timing diagram is 
shown in Figure 10 When using an external clock for trans
fer, the external clock must be held at "H" level when the 
serial 1/01 counter is initialized When switching between 
the internal clock and external clock, the switching must not 
be performed during transfer. Also, the serial I/O counter 
must be initialized after switching. 
An example of communication between two M37204M8-
XXXSPs is shown in Figure 11. 

I 
I 

t 
Interrupt request bit set 

Note: Internal clock IS selected, the SOUT pm IS at high Impedance after transfer end 

Fig. 10 Serial I/O timing (In the case of LSB first) 

Transmission Side Reception side 

Serial 1/01 mode register -- Senal 1/01 mode register 
SRDY1 

SROY1 SRDY1 

Bit 4 BltO Blt4 Bit a 

I a I 1 I 1 I x I x I I 1 I a I a I x I x I 
Sync clock 

SCLK1 SCLK1 

The direction register for pin SRDY1 The direction register for pm S'N1 

should be set to mput mode should be to mput mode 

Senal data 
SOUT1 SlN1 

Fig. 11 Example of serial I/O connection 
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1IIIIIllJse rial 1/01 mode register 
(address OODC,.) 

Serial 1102 mode register 
(address OODE,.) 

U_ 
Internal synchronous clock 
selection bits 

00: I(X,N ) divided by 4 
01: I( X,N ) divided by 16 
10: I(X,N ) divided by 32 

11 : f(X ,N ) divided by 64 

Sync clock selection bit 
a : External clock 
1 : Internal clock 

Senal 1/01 port selection bit 
a : Port P40• P4, 
1 : SOUT1, SCLK1 pin 

SRDY' signal output selection bit 
a : Port P43 

1 : SRDY' signal output pin 

Transfer direction selection bit 
: LSB lirst 

1 : MSB Ilrst 

L--'-__ Internal synchronous clock 
selection bits 

00: I(X,N ) divided by 4 
01 : I(X,N ) divided by 16 
10: I(X,N ) divided by 32 

11 : I(X,N ) divided by 64 

~---- Sync clock selection bit 

a : External clock 
1 : Internal clock 

'------- Senal 1/02 port selecMn bit 

o : Port P44 • P45 

1 : Special mode (see Fig 16) 

SRDY' signal output selection bit 
o : Port P47 

1 : SpeCial mode (see Fig 16) 

'--------- Trans/er direction selection bit 

: LSB lirst 
1 : MSB Ilrst 

Fig.12 Structure of serial II0i mode register 
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SPECIAL MODE WC BUS MODE*) 
M37204MS-XXXSP has a special serial 1/0 circuit that can 
be reception or transmission of serial data in conformity 

with 12C· (Inter IC) bus format. 
12C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of a 

machinery. 
M37204MS-XXXSP's special serial 110 is not included the 
clock synchronisation function and the arbitration detect
able function at multimaster. 
Operations of master transmission and master reception 
with special serial 1/0 are explained in the following: 
(1) Master transmission 
CD To generate an interrupt at the end of transmission, set 
bit 7 of special mode register 2 (address 00DB,6 ) to "1" so 
as to special serial 1/0 interrupt is selected. 
(g) Then set bit 3 of interrupt control register 2 (address 
00FF,6 ) to "1" so as to special serial 1/0 interrupt is en
abled. Clear the interrupt disable flag I to "0" by using the 

CLI instruction. 
® The output signals of master transmission SDA and 
SCL are output from ports P44 and P45 . Set all bits (bits 4 
and 5) corresponding to P44 and P45 of the port P4 register 
(address 00CS,6 ) and the port P4 direction register 

(address 00C9,6 ) to "1". 
® Set the transmission clock The transmission clock uses 
the overflow signal of timer 4. Set appropriate value in tim
er 4. (For instance, if f(X,N ) 116 is selected as the clock 

source of timer 4 and 4 is set in timer 4 when f(X'N) is 
4MHz, the master transmission clock frequency is 25kHz.) 
@ Set contents of the special mode register 2 (address 
00DB ,6 ). (Usually,the value is "S3 ,6".) 

® Set the bit 3 of serial 1/02 mode register (address 
00DE ,6 ) . After that set the special mode register 1 
(address 00DA,6 ). Figure 16 shows the structure of special 

mode registers 1 and 2. 
Initial setting is completed by the above procedure 
(j) Write data to be transmitted in the special serial 1/0 

register (address 00D9,6 ). Immediately after this, clear bits 
o and 1 of special mode regiser 2 (to "0") to make both 

SDA and SCL output to "L". This is for arbitration. The start 
signal has been completed. 
The hardware automatically sends out data of 9-clock cy
cle. The 9th clock is for ACK reception and the output level 
becomes "H" at this clock. If other master outputs the start 
signal to transmit data simultaneously with this 9th clock, it 
is not detected as an arbitration-lost. 
When the ACK bit has been transmitted, bit 3 of the inter
rupt request register 2 is set to "1" (issue of interrupt 
request), notifying the end of data transmission. 
® To transmit data successively, write data to be sent to 
the special serial 1/0 register, and set the interrupt en
abled state again. By repeating this procedure, unlimited 

number of bytes can be transmitted. 
® To terminate data transfer, clear bits 0 and 1 of the 
special mode register 2 to "0". 
@) Set bit 1 clock SCL to "1". 
()]) Then set bit 1 data SDA to "1". This procedure trans
mits the stop signal. Figure 14 shows master transmission 

timing explained above. 
(2) Master reception 
Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission (the process until (j) in Fi
gure14). 
In the interrupt routine, set master reception ACK provided 
(26,6 ) in the special mode register 1 (address 00DA ,6 ) , 

and write "FF,6" in the special serial 1/0 register (address 
00D9,6). This sets data line SDA to "H" and to perform S
clock master reception. Then, "L" is transmitted to data line 
SDA for ACK receiving. In the ACK provided mode, the 

above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary num
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission (the process from ® to ()]) in Figure 
14). 
Figure 15 shows master reception timing. 

* : Purchase of Mitsubishi Electric Corporation's 12C components converys a license under the Philips 12C Patent Rights to use these 
components in an 12C system, provided that the system conforms to the 12C Standard Specification as defined by Philips. 
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P45/SCL Counter Interrupt request 

P44 /SDA Shift register 

Abbreviations 
Data bus ______________________ ------

SI02M3 : Bit 3 of senal 1/02 mode register 

SBj : Bit) of special mode register ()= 1, 2, 5) 

Fig. 13 Block diagram of special serial I/O 

P45 /SCL 

P45/SCL 
----L.':=-=~~ 

Fig. 14 Master transmission timing 

® ® @ 

Recepllon data 
r-_____ ~A ____ _ 

Fig, 15 
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P4,/SCL 

Same as CD to (]) of Figure 14 

P45 /SCL 

-----C~~~~v~~~~~ffi@~ 

Master reception timing 

®,("i t 
Just as ® 

of Figure 14 

Just as ® 
of Figure 14 
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(3) Wait function 
Wait function 1 holds the SCL line at "L" after the 8th clock 

falls in special mode. Wait function 2 holds the SCL line at 
"L" after the 9th clock falls in the same way. 
When one of the wait functions operates, the internal coun
ter that counts the clock must be reset after bit 3 or 4 of the 

specia.l mode register 2 is set to "1", to enable the corres
ponding wait function 1 or 2 to operate. Reset the internal 
counter by writing data to the special serial I/O register 
(address 0009,6 ), or by setting the START signal detection 

bit to "1". Reset the internal counter for each byte before 
data tranfer. 

7 

I I I I I I I I I 
L 

-

Special mode register 1 
(address OODA,.) 

Transmission and reception mode 
selection bit 

a : Reception mode 
1 : Transmission mode 

Synchronous clock selection bit 
o : External clock 
1 : Timer 4 overflow 

P44 , P45 special mode selection bit 

o : SOUT2, SCLK2 signal output 

1 : SDA, SCl signal output 

P4. special mode selection bit 
o : P4. output 
1 : PWM9 output 

P47 special mode selectIOn bit 
o : SROY2 signal output 
1 : PWM8 output 

ACK operation selection bit 

o : ACK IS not transmitted or received 

, : ACK IS transmitted and received 

Start signal detect bit 

o : Start signal is not detected 
1 : Start signal was detected 

Stop signal detect bit 

o : Stop Signal is not detected 
1 : Stop signal was detected 

Fig. 16 Structure of special mode registers 1 and 2 

The wait functions can be released by setting the corres
ponding bit 5 or 6 of the special mode register 2 to "1". 
Notel: Clear the START signal detect bit (bit 6) and the 

STOP signal detect bit (bit 7) of the special mode 
register 1 by writing "1" to bit 6 or bit 7. 

l J I I I I I I I 
L 

'----

Special mode register 2 
(address OODS,.) 

Data line control bit 
a : SDA outputs" l" 
1 : SDA outputs "W 

Clock hne control bit 
o : SCl outputs "l" 
1 : SCl outputs "W 

ACK ".cognition bit 
o : ACK was received 
1 : ACK IS not received 

Wait function 1 enable bit 
o : Wait function 1 is disabled 
1 : Wait function 1 is enabled 

Wait function 2 enable bit 
o : Walt function 2 IS disabled 
1 : Wait function 2 is enabled 

Wait function 1 acceptance display bit 
o : Wait function 1 is not accepting 
1 : Wait function 1 is accepting 

Wait function 2 acceptance display bit 
o : Walt function 2 is not accepting 
1 : Wait function 2 is accepting 

Interrupt selection bit 
o : Serial 1/02 interrupt 
1 : Special serial 1/0 interrupt 
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SERIAL I/O COMMON TRANSFER MODE 
The S'N and SOUT signals can be switched internally, to 
switch between serial transmission and serial reception, by 
writing "1" to either bit 1 or bit 0 of the shift register input 
control r~gister. 
Signal lines in serial 110 common transfer mode are shown 
in Figure 19. 

Note: During serial reception, make sure that serial recep
tion start after "FFi6" is written to the serial 1/0 shift 
register. 

Fig. 17 

P41/SCLK1 [0 "" :> Clock 1 

P4o/Soun 

o 
Shift register mput control register 

(address 0207,6) 

Shift register 1 Input bit 

o : Input signal from S'N1 
1 : Input signal from Soun 

Shift register 2 mput bit 

o : Input signal from S'N' 
1 : Input signal from SOUT' 

Structure of the shift register input control 

register 

--------;"'1 Senal I/O shift register 1 (8) 

Fig. 18 
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P4,/S'N1 0 e------·O 

SIC, 

P4s/SCLK2 [0 
P4./S0UT2 

"" "" Clock 2 

--------;;.1 Serial I/O shift register 2 (8) 

P46 /S lN2 0 r---~'O 
SIC, 

Signal lines in serial I/O common transfer mode' 
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PWM OUTPUT CIRCUIT 
(1) Introduction 

The M37204M8-XXXSP is equipped with one 14-bit 
PWM(DA) and ten 8-bit PWMs (PWMO-PWM9). T~e 
14-bit resolution gives DA the minimum resolution bit 
width of 500ns (for X1N=4MHz) and a repeat period of 
8192,us. PWMO - PWM9 have a 8-bit resolution with 
minimum resolution bit width of 81's and repeat period 
of 2048,us. 
Block diagram of the PWM is shown in Figure 19. 
The PWM timing generator section applies individual 
control signals to DA and PWMO - PWM9 using clock 
input X1N divided by 2 as a referece signal. 

(2) Data setting 
The output pins PWMO - PWM7 are in common with 
port P6 and PWM8, 9 are in common with port P~, P46 . 

For PWM output, each PWM output selection bits (bits 
2 to 7 of PWM output control register 1, bits 0 and 1 of 
PWM output control register 2, bits 3 and 4 of special 
mode register 1 and bit 4 of serial 1/02 mode register) 
should be set. When DA is used for output, first set the 
higher 8-bit of the DA-H register (address 00CE(6 ) , 

then the lower 6-bit of the DA-L register (address 
00CF(6). 

When one of the PWMO- PWM9 is used for output, set 
the 8-bit in the PWMO - PWM9 register (addresses 
00D016 to 00D416 and 00F616 to OOFA(6 ), respectively. 

(3) Transferring data from registers to latches 
The data written to the 8-bit PWM register is transfer
red to the PWM latch in each 8-bit PWM cycle period. 
For 14-bit PWM, the data is transferred in the next up
per 8-bit period after the write. The signals output to 
the PWM pins correspond to the contents of these 
latches. When data in each PWM register is read, data 
in these latches has already been read allowing the 
data output by the PWM to be confirmed. However, bit 
7 of the DA-L register indicated the completion of the 
data transfer from the DA register to the DA latch. If bit 
7 is "0", the transfer has been completed, if bit 7 is "1", 
the transfer has not yet begun. 

(4) Operation of the 8-bit PWMs 
The timing diagram of the ten 8-bit PWMs (PWMO
PWM9) is shown in Figure 20. One period (T) is com
posed of 256 (28 ) segments. 

There are eight different pulse types configured from 
bits 0 to 7 representing the significance of each bit. 
These are output within one period in the circuit inter
nal section. Refer to Figure 20 (a). 
Eight different pulses can be output from the PWM. 
These can be selected by bits 0 through 7. Depending 
on the content of the 8-bit PWM latch, pulses from 7 to 
o is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 20 (b). Changes in the contents of the 
PWM latch allows the selection of 256 lengths of high
level area outputs varying from 0/256 to 255/256. An 
length of entirely high-level output cannot be output, 
I.e. 256/256. 

(5) 14-bit PWM operation 
The output example of the 14-bit PWM is shown in Fi
gure 21. The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length DH times T is output 
every short area of t=256 T =128,us as determined by 
data DH of the higher 8 bits. 
Thus, the time for the high-level area is equal to the 
time set by the higher 8 bits or that plus T. As a result, 
the short-area period t (= 1281'S, approx. 7.8kHz) be
comes an approximately repetitive period. 

(6) Output after reset 
At reset the output of port P46, P47 and P6 is in the 
high impedance state and the contents of the PWM 
register and latch are undefined. Note that after setting 
the PWM register, its data is transferred to the latch. 

Table 2. Relation between the 6 low-order bits 
of data and high-lev~1 area increase space 

6 low-order bits of data Area longer by T than that of othertm(m = ° to 63) 

ooooo'fl" Nothing 

000001 m=32 
a a a a 1 a m=16,48 

000 1 00 m= 8,24,40,56 
001 o 0 0 m= 4 , 12, 20, 28, 36, 44, 52, 60 
a 1 ·0 a 0 0 m = 2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
1 00 0 0 0 m= 1,3,5,7, ............................. ······57,59,61,63 
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Data bus' 

DA-H register 
(address OOCEI6 ) 

bit 7 

DA latch (14-blt) 
S. 

r-f--___ ~ 
I PWMO register 
I (address 0000,6) 

OA-L register 
(address OOCF16 ) 

bitS 

bit 0 

--, 

I ~~~7~~~~-L-L~'~'O 

I 
I 
I 
1 
I 
I 
I 
I 
I 

PWMO latch 
MS 

." 

060 r PWMO 

I PW, 1 
I ----------- ___ ~rpWMl 

I PWM1 register (address 0001,0) I pw, lr 1- ___ - - - - _____ - ___ J 06, PWM2 

I ~ I PWM2 register (address 0002,0) I pW, lrD 
r----------------~i _PWM3 

~ - -P:!!~ ~g~e~(~~e':: 0~0~02. - -~r PWM4 

1 PWM4 register (address 0004'0) 1 pw, rD 
/"------- ---------/ P6 065 ,J _PWM5 

I ~9. 
~ __ P:!!~5 .:.e~s~ .!!~~s.::. 0~~.1.. __ J PW, 06, rD PWM6 

1 ~,J-

I PWM6 register (address 00F7,0) 1 PN, 9. 
r--- -- -- - -- -- - -- --f P67 D67 sD PWM7 

: ~1 
~ _ ..!'!!.M..!. ~~t~ ~d~e!s ~0~8~ __ -~S PN, P 04, rD PWM8 
I , RDV2 47 ~ IJ -
1 I· ~ , ~ --1.,.,.)"-'9.. 
I PWM8 register (address 00F9,.) 1 SB, SI02M, i - - - - - - - - - - - - -.",; -~S-OPWM9 
I PWM9 register (address OOFA,.) 1 SB, 1. 
~----------------~ 

Inside of , ______ are the same construction 

Fig. 19 
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~ Selection gate: connected to black 
colored side when 

~passgate 
reset 

Abbreviations 

PWj : Bit) of PWM output control register 1 ()=O to ?) 

PNj : Bit j of PWM output control register 2 (j=O to 4) 
04) : Bit j of port P4 direction register ()=6, ?) 
P4j : Bit) of port P4 register (j=6, ?) 

06) : Bit) of port P6 direction register (j=0 to 7) 
P6) : Bit) of port P6 register (1=0 to 7) 
SB) : Bit j of special mode register 1 (j=3,4) 
S102M. : Bit 4 of senal 1/02 mode register 
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BltO ~ ________________________________________ ~L ________________________________________ ~ 

(a) Pulses showing the weight of each bit 

Contents 
of the latch 

~H~6() 

WhenOl 16 (l)~----------------------------------------~L----------------------------------------~ 

When 1816 (24) 

When FF16 (255) t 
~~--------

Fig. 20 8-bit PWM timing diagram 

When output IS PWMO to PWM9 t=8"s T=2048"s 
When f(X'N)=4MHz 

(b) Example of 8-bIt PWM output 
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Data in address OOCE,. IS # 6A,. Data in address OOCE,. is #7B,. 

DA-H register 59,. I .... 6A,. I .., 7B,. 

Data in address OOCF, IS # 24,. _ Bit 7 reset after transfer Data is address OOCF16 is # 35,. 

DA-L register 

DA latch (14 bit) 

(Example 1) 

DA output 
CD 

lower 6 bits 
output 

(When H' 6A,., 
L' 24,.) 

(Example 2) 

DA output 

lower 6 bits 

13,. I~ i....---

A4,. / 

I 1653,. ~ lAA4,. 

----- ------

output _+ __ J 

(When H 6A,., 
L' 18,.) 

--
Minimu~ b It resolution width r =0,5,us 

I 
DA output 

r~B 6A : 69 : 68 : 67 : 

ADD 

B-b,t counter 102 I 01' 00 FF I FE , FD I FC I 

J 

I 

24,. ~I 35,. 

Register to latch tranfer B5,.--" Register to latch tranfer 

lAA4,. I lAA4,. ~ 1 EF5,. 

L When bit 7 of DA-L is "0" register 
T=8192,us J to latch transfer will not occur 

(64XI28,us) 

t = 128,us --

----(256XO.5,us) - ---
102' 01 I I , 6A:69:68:67: ' 02 ' 011 , I 

I ADD 

"--- 197 196195' ----- , 02 ' 01 ' 00 FF , FE I FD , FC I , 97 I 96 I 95 , 

) 
H'gh/low
section is 
the data c 

level of the ADD High-level area output, the length 
determined by of which IS specified DA-H 
ontalned in 

the lower 6 bit 
256 r (128,us) standard 

Fig_ 21 14-bit PWM timing diagram 
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L II I I I I I I PWM output control register1 
(address 00D5,.) L. DA, PWM count source selection bit 
a : Count source supply 

-

-

1 : Count source stop 

DAlPN4 output selection bit 
a : DA output 

1 : PN4 output 

P6o/PWMO output selection bit 
o : P60 output 

1 : PWMO output 

P6,/PWM1 output selection bit 

a : P6, output 
1 : PWM1 output 

P62/PWM2 output selection bit 

a : P62 output 
1 : PWM2 output 

P63/PWM3 output selection bit 
a : P6, output 
1 : PWM3 output 

P64/PWM4 output selection bit 
a : P64 output 
1 : PWM4 output 

P6s/PWM5 output selection bit 

a : P6s output 
1 : PWM5 output 

Fig. 22 Structure of PWM output control register 1 and 2 

7 0 

L J I I I I I I I PWM output control register 2 

L (address 00D6,.) 

P6s/PWM6 output selection bit 

a : P6. output 
: PWM6 output 

~ P6,/PWM7 output selection bit 
o : P6, output 
1 : PWM7 output 

t DA output polarity selection bit 
a : Positive polarity 
1 : Negative polanty 

PWM output polarity selection bit 

a : POSitive polarity 
: Negative polanty 

L-~~~_ DA wide use output register 

o : "0" output 
1 : "1" output 

• M. ITSUBISHI 
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A-D CONVERTER 
Block diagram of A-D converter is shown in Figure 24. A-D 
converter consists of 6-bit D-A converter and comparator. 
The A-D control register 2 (address 020A,6 ) can generate 
1 /64 Vee-step internal analog voltage based on the settings 

of bits 5 to O. 
Table 3 gives the relation between the descriptions of A-D 

control register bits 5 to 0 and the generated internal ana
log voltage. The comparison result of the analog input vol
tage and the intemal analog voltage is stored in the A-D 
control register 1 (address 00EF,6 ), bit 4. 

The data is compared by setting the direction register cor
responding to port P3s, P36 to "0" (port P3s, P36 enters the 
input mode), to allow port P3s/A-D1, P36 /A-D2 to be used 
as the analog input pin. The digital value corresponding to 
the internal analog voltage to be compared is then written 
in the A-D control register, bits 0 to 5 and an analog input 
pin is selected. After 16 machine cycle, the voltage com

parison is completed. 

AD1 

AD2 Analog 

AD8 

signal 
switch 

Fig. 24 Block diagram of A-D converter 

Comparator 

a 

I I I I I I III 

I I I 
A-D control register 1 

(address OOEF16 ) 

Internal analog voltage 
set bits 

000: ADI 
001 : AD2 

010: AD3 
all: AD4 
100: AD5 
101 : AD6 
110: AD? 
111: AD8 

L-_______ Comparison result 

o : Input voltage < 
Internal voltage 

: I n put voltage > 
Internal voltage 

Fig. 23 Structure of A-D control register 1 

Table 3. Relationship between the contents of A-D 
control register2 and internal analog voltage 

A-D control register 

Bil5 BI14 Blt3 Bit2 

0 0 0 0 
0 0 0 0 

0 0 0 0 

0 0 0 0 

1 1 1 1 

1 1 1 1 

1 1 1 1 

Data bus 

Blt1 BitO 

0 0 

0 1 

1 0 

1 1 

0 1 

1 0 

1 1 

A-D control 
register 2 

Internal analog 

voltage 

1/128 Vee 

3/128 Vee 

5/128 Vee 

7/128 Vee 

123/128 Vee 

125/128 Vee 

12,/128 Vee 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display Functions 
Table 4 outlines the CRT display functions of the 
M37204M8-XXXSP. The M37204M8-XXXSP incorporates a 

24 columns X 3 lines CRT display control circuit. CRT dis
play is controlled by the CRT display control register. 
Up to 254 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I) . 

Characters are displayed in a 12 X 16 dot configuration to 
obtain smooth character patterns. (See Figure 25) 
The following shows the procedure how to display charac
ters on the CRT screen. 

Table 4. Outline of CRT display functions 

Parameter Functions 

Display character 24 charactersX3 lines (maximum 16 lines) 

Character 
12X16 dots (See Figure 25) 

configuration 

Kinds of characters 254 kinds 

Character size 4 kinds 

.1 Kind of colors 15 (max.) 
Color I Coloring unit a character 

Extention display Possible (multiple lines) 

~-------12 dots---------1 

Fig. 25 CRT display character configuration 

CD Set the character to be displayed in display RAM. 
CZl Set the display color by using the color register. 
@ Specify the color register in which the display color is 

set by using the display RAM. 
@) Specify the vertical position and character size by us

ing the vertical position register and the character size 
register. 

@ Specify the horizontal position by using the horizontal 
position register. 

(§) Write the display enable bit to the designated block 
display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 

of the V SYNC signal. 
The CRT display circuit has an extended display mode. 

This mode allows multiple lines (more than 4 lines) to be 
displayed on. the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 

Figure 26 shows the structure of the CRT control register 1. 
Figure 27 shows a block diagram of the CRT display control 
circuit. 

I I I I I I I j J 

L 

L---

'---

CRT control register 1 

(Address OOEA,.) 

All-blocks display control bit (Note 1) 
o : All-blocks display off 
1 : All-blocks display on 

Block 1 display control bit 
o : Block 1 display off 
1 : Block 1 display on 

Block 2 display control bit 
o : Block 2 display off 
1 : Block 2 display on 

Block 3 display control bit 
o : Block 3 display off 
1 : Block 3 display on 

Block 1 color specification mode sWitch bit 
o : Ordinary mode 

: 1/2-character unit color specificatIOn 
mode 

Display OSCillation stop bit 
o : Oscillation stopped 
1 : OSCillation enabled 

Scanning line double-count mode flag 
o : Normal 256 count mode 
1 : Double count mode 

Test bit: ThiS bit must be set to "0" 

Note 1 All-blocks display control bit indicates the logical 
sum (AND) of each blo9k display control bit 

Fig. 26 Structure of CRT control register 1 
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OSCI OSC2 HSYNC VSYNC 

1 r "'6 
(Address OOEA,6 ) 

H CRT control register 

~ 
Clock generating 

circuit 

(Addresses OOE1 '6 to OOE3 ,6 ) 

~ Vertical position register 

L (Address OOE4,6 ) 

H Character size register 

Display position control CirCUit 

(Address OOEO ,6 ) 

H HOrizontal position register 

(Address OOE5 ,6 ) 

H Border register 

Display control 

Circuit 

,:Display RAM I 
~ ll-bit X24Xl 

+ 9-blt X24X2 
Display ROM Border RAM 
12-bit X16X256 

(Addresses OOE6'6 ) 1 
to OOE9 ,6 ) 

~ J 1 
~ Shift register Shift register Color register I----
~ 12-bit 12-bit 

~ 

(Address OOEC ,6 ) 

H 
~ Output cirCUit ~ 

CRT port control register ~ 

~ ~ ~ ~ -! bus 

R G B OUT 

Block diagram of CRT display control circuit 
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(2) Display Position 
The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by software. 
The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 

The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 

If the display start position of a block overlaps with some 
other block ((b) in Figure 30), a block of the smaller block 
No. (1 to 3) is displayed. 

If when one block is displaying, some other block is dis
played at the same display position ((c) in Figure 30), the 
former block is overridden and the latter is displayed. 
The vertical position can be specified from 128-step posi
tions (four scanning lin~s per step) for each block by set

ting values 00'6 to 7F'6 to bits 0 to 6 in the vertical position 
register (addresses 00E1'6 to 00E3'5). Figure 28 shows the 
structure of the vertical position register. 

o m Vertical poSItion register 
Vertical position register 1 (address OOE1 16) 

Vertical position register 2 (address OOE2 16 ) 

Vertical position register 3 (address OOE3 16 ) 

The vertical display start position 
128-step positions (00,. to 7F,.) 

Fig. 28 Structure of vertical position registers 

The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 

(Tc=oscillation cycle for display)) by setting values 00'6 to 
3F'6 to bits 0 to 5 in the horizontal position register 
(address 00EO'6). Figure 29 shows the structure of the 
horizontal pOSition register. 

7 
I I I I I I I I I Horizontal pOSition register 

(Address OOEO,.) 

'---''--'-'---'-----'-- The horizontal display start pOSition 
64-step positions (00,. to 3F,.) 

'-------Test bit: ThiS bit must be set to "0··. 

Fig. 29 Structure of horizontal position register 
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I 
I 

(HR) I 
I 

CV,- -- -- ~-

l Block 1 . 

I 

CV2 - -- -- I 

I Block 2 

I 
I 

CVs - --l Block 3 

(a) Example when each block IS separated 

I 
I 

(HR) I 

9~ 
I 

CV,- -- - -- I 

l Block 1 

I 

I 
I 
I 
I 
I 
I 
I 

CVs -

I Block 3 

(b) Example w.hen the display start POSition of a block overlaps with some other block 

I 
I 
I 

(HR) I 

£V~ 
I 

CV,- - - ---
I Block 1 (Block 2) 

I 
I 
I 
I 
I 
I 
I 
I 

CV',-
___ C2Y'L -- I 

l Block l' (Block 3) 

(c) Example when one block IS displaYing some other block IS ~upe"mposed 

Fig. 30 Display position 
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(3) Character Size 
The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg
ister (address OOE416 ) to set a character size. The charac
ter size in block 1 can be specified by using bits 0 and 1 in 

the character size register; the character size in block 2 
can be specified by using bits 2 and 3; the character size 
in block 3 can be specified by using bits 4 and 5. Figure 31 
shows the structure of the character size register. 
The character size can be selected from four sjzes: small 
size, medium size, large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of (one scanning line) X (1 Tc); the 
medium size consists of (two scanning lines) X (2 Tc) ; the 
large size consists of (three scanning lines) X (3 Tc) ; and 

the extra large size consists of (four scanning lines) X (4 
Tc). Table 5 shows the relationship between the set values 
in the character size register and the character sizes. 

7 

I I I I IlllJ 

U 
Character size register 
(Address OOE4,.) 

Block 1 character siZe selection bits 
00 : Small size 
01 : Medium size 
10 : Large size 

11 : Extra large size 

Block 2 character size selection bits 

00 : Small size 
01 : Medium size 
10 : Large size 
11 : Extra large size 

Block 3 character size selection bits 
00 : Small size 
01 : Medium size 
10 : Large size 
11 : Extra large size 

Out output switching bit 
o : Out output 
1 : Out-MUTE (background of entire 

screen enabled by OUT signal) 

Fig. 31 Structure of character size register 

Table 5. The relationship between the set values of the character size register and the character sizes 

Set values of the character Size register Character Width (horizontal) direction Height (vertical) direction 

es", eSn, size Te : a cycle of display oscillation (scanni~g lones) 

0 0 Small 1 Tc 1 
0 1 Medium 2 Tc 2 

1 0 Large 3 Tc 3 

1 1 Extra large 4 Tc 4 

Note: The display start pOSition in the horizontal direction IS not affected by the character size In other words, the horizontal start position is common to 
all blocks even when the character size varies With each block. (See Figure 32) 

Abbreviations 

CSn" CSn, : Bits 1 and 0 of the character size register 
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(4) Display Memory 
There are two types of display memory: CRT display ROM 
(addresses 3000'6 to 4FFF,6) used to store character dot 
data (masked) and CRT display RAM (addresses 2000'6 to 
2007,6) used to specify the colors of characters to be dis
played. The following describes each type of display 
memory. 
CD CRT display ROM (addresses 3000'6 to 4FFFI6) 

The CRT display ROM contains dot pattern data for display 
characters. To display these stores characters in operation, 

, specify character codes (codes determined based on the 
addresses in the CRT display ROM) that are specific to 
those characters, by writing them to the CRT display RAM, 

B 
Medium 

Large 

Extra large 

D'isplay start poSItion 

Fig. 32 Display start position of each character size 
(horizontal direction) 

Since the CRT display ROM contains 8K bytes and the 
data for one character takes up 32 bytes are required 256 
characters can be stored. However, two-character space is 
required for test purposes, so in practice 254 characters 
can be stored for display. 
Within the CRT display ROM area, data for part of each 
chara9ter that is (16 dots high) X (left hand 8 dots wide) is 
stored at addresses 300016 to 37FF16 and 400016 to 47FF16, 

and data for part of each character that is (16 dots high) X 
(right-side 4 dots wide), data of display characters are 
stored in addresses 3800'6 to 3FFF16 and 480016 to 4FFF,6, 

(See Figure 33) However, note that the four upper bits in 
the data to be written to addresses 3800'6 to 3FFF'6 and 
4800'6 to 4FFF'6 must all be set to "1" (by writing data FO'6 

to FF,6). 
Table 6. Character code list 

Character code 
Contained up address of character data 

Left 8 dots Imes Right 4 dots Imes 

3000, • 3800, • 
00, • to to 

300F, • 380F, • , 
3010, • 3810, • 

01 , • to to 
301F, • 381F, • 

3020, • 3820, • 
02, • to to 

302F, • 382F, • 

3030, • 3830, • 
03, • to to 

303F, • 383F, • 
: : 

* 
37EO,• 3FEO, • 

7E, • to to 
37EF,• 3FEF, • 

* 
37FO, • 3FFO, • 

7F, • to to 
37FF, • 3FFF, • 

4000, • 4800, • 
80, • to to 

400F, • 480F, • 

4010, • 4810, • 
81 , • to to 

401F, • 481F, • 

: : 
4700, • 4FDO, • 

FO, • to to , 
470F, • 4FOF, • 

47EO, • 4FEO, • 
FE, • to to 

47EF, • 4FEF, • 

47FO,• 4FFO, • 
FF, • to to 

47FF, • 4FFF, • 

* For test pattern 
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The character code used to specify a character to be dis
played is determined based on the address in the CRT dis
play ROM in which that character is stored. 
Assume that data for one character is stored at 3XXO,6 to 
3XXF,6 and 4XXO,6 to 4XXF,6 (XX denotes 00'6 to 7F,6 ) 

and 3YYO,6 to 3YYF,6 and 4YYO ,6 to 4YYF,6 (YY denotes 
80'6 to FF,6 ), then the character code for it is "XX,6"· 

In other words, character code for any given character is 
configured with two middle digits of the four-digit (hex
notated) addresses (3000 ,6 to 37FF'6 and 4000 '6 to 
47FF ,6 ) where data for that character is stored. 

bit7 

3XXO,6 0 0 0 0 0 

or 0 0 0 1 
4XX016 0 0 0 1 0 

0 0 0 0 1 
0 0 0 0 1 

0 0 0 0 

0 0 0 0 0 

0 0 0 0 

0 0 0 0 0 

0 0 1 I 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

3XXF,6 0 0 0 0 0 0 

or 

4XXF,6 

Fig. 33 Stored format for display characters 

Table 6 lists the character codes 

bitO 

0 3XX016+0800,6 

0 or 
0 4XX016+0800,6 

0 

0 

0 

0 3XXF16+0800,6 

or 

4XXF16+0800,6 

• MRSUBISHI 
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bitO 

0 0 

0 

0 

0 

0 0 

0 0 

0 0 

0 0 0 

0 0 0 

0 

0 

0 0 

0 

0 0 0 

0 0 
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(2) CRT display RAM (addresses 2000'6 to 2007,6) 
The CRT display RAM is allocated at addresses 2000'6 to 
2007,6, and is divided into a display character code spe
cifying part and display color specifying part for each block. 
Table 7 shows the contents of the CRT display RAM. 
When a character is to be displayed at the first character 

(leftmost) position in block 1, for example, it is necessary 
to write the character code to the eight bits (bits 0 to 7) in 

address 2000'6 and the color register No. to the two low
order bits (bits 0 and 1) in address 2080,6' The color regis
ter No. to be written here is one of the four color registers 
in which the color to be displayed is set in advance. For 
details on color registers, refer to (5) Color Registers. 
The structure of the CRT display RAM is shown in Figure 
33. Write the character patterns at Table 8 and 9, when 
M37204M8-XXXSP is mask-ordered. 

Table 7. The contents of the CRT display RAM 

Block Display position (from left) 

1st column 

2nd column 

3rd column 

Block 1 : 
22th column 

23th column 

24th column 

Not used 

1st column 

2nd column 

3rd column 

Block 2 

22th column 

23th column 

24th column 

Not used 

1 st column 

2nd column 

3rd column 

Block 3 : 
22th column 

23th column 

24th column 

Not used 

Character code specification 

2000'6 

2001'6 

2002'6 

2015'6 

2016'6 

2017'6 

2018'6 
to 

201 F'6 

2020'6 

2021'6 

2022'6 

2035'6 

2036'6 

2037'6 

2038'6 
to 

203F'6 

2040'6 

2041'6 

2042'6 

2055'6 

2056'6 

2057'6 

2058'6 
to 

207F'6 
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Color specification 

2080'6 

2081'6 

2082'6 

2095'6 

2096'6 

2097'6 

2098'6 
to 

209F'6 

20AO'6 

20A1'6 

20A2'6 

20B5'6 

20B6'6 

20B7'6 

20B8'6 
to 

20BF'6 

20CO'6 

20C1'6 

20C2'6 

2005'6 

2006'6 

2007'6 

2008'6 
to 

2FFF'6 
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Block 1 

Block 2, 3 

(Character specificatIOn) 

1 st column: 2000,. 
to 

24th column: 2017,. 

(Color specification) 

1 st column: 2080,. 
to 

24th column: 2097,. 

(Character specification) 

1st column: 2020'6 
to 

24th column: 2037,. 

7 0 

I I I I I I I I I 
I I I I I I I I I.--h---"_-.L---"_-.L---"_-.L __ Character code specification 

Specify 254 characters at 00,. to FF,. 

(Except 7E and 7F) 

(I]JJ C,'o. .. ,,,, ••• ~".'"'oo '" '" .'"'"'. 
I i ~ mode or former 1/2 color register specification 
! In the 1/2-character unit color specification mode 

00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 

I 

Ll ----- Latter 1/2 color register specification 
In the 1/2-character Unit color specification mode 

00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specificatIOn 

11 : Color register 3 specification 

I I I I I I I I I 
I I I I I I I I L---L.--1_--L.--1_--L._J_--L. __ Character code specification 

(Addresses 2040'6 to 2057,. In the case of block 3) Specify 254 characters at 00'6 to FF'6 

(Color specification) 

24th column: 20B7,. 

lstcolumn:20AO,. L 
to 

(Addresses 20CO,. to 20D7,. In the case of block 3) 

(Except 7E and 7F) 

Color register specification 

00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 

Fig. 34 Structure of the CRT display RAM 
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Table 8. Test character patterns 1 

Address Data Address 

37EO'6 40'6 3FEO'6 

37E1'6 04'6 3FE1'6 

37E2'6 00'6 3FE2'6 

37E3'6 20'6 3FE3'6 

37E4'6 02'6 3FE4'6 

37E5'6 00'6 3FE5'6 

37E6'6 10'6 3FE6'6 

37E7'6 01'6 3FE7'6 

37EB'6 BO'6 3FEB'6 

37E9'6 OB'6 3FE9'6 

37EA'6 00'6 3FEA'6 

37EB'6 40'6 3FEB'6 

37EC'6 04'6 3FEC'6 

37ED'6 00'6 3FED'6 
37EE'6 20'6 3FEE'6 

37EF'6 02'6 3FEF'6 

Table 9. Test character patterns 2 

Address Data Address 

37FO'6 00'6 3FFO'6 

37F1'6 00'6 3FF1'6 

37F2'6 00'6 3FF2'6 

37F3'6 00'6 3FF3'6 

37F4'6 00'6 3FF4'6 

37F5'6 00'6 3FF5'6 

37F6'6 00'6 3FF6'6 

37F7'6 00'6 3FF7'6 

37FB'6 00'6 3FF8'6 

37F9'6 00'6 3FF9'6 

37FA'6 00'6 3FFA'6 

37FB'6 00'6 3FFB'6 

37FC'6 00'6 3FFC'6 

37FD'6 00'6 3FFD'6 

37FE'6 00'6 3FFE'6 

37FF'6 00'6 3FFF'6 
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Data 

FO'6 

FO'6 

F4'6 

FO'6 

FO'6 

F2'6 

FO'6 

FO'6 

FO'6 

FO'6 

F8'6 

FO'6 

FO'6 
F4,6_ 

FO'6 

FO'6 

Data 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

FO'6 

(5) Color Registers 
The color of a displayed character can be specified by set
ting the color to one of the four color registers (COO to 
C03· addresses OOE6'6 to OOE9,6) and then specifying that 
color register with the CRT display RAM. 
There are four color outputs: R, G, B, and I. By using a 
combination of these outputs, it is possible to set 24_1 

(when no output) = 15 colors. However, because only four 
color registers are available, up to four colors can be dis
played at one time. 
R, G, B, and I outputs are set by using bits 0 to 3 in the col
or register. Bit 4 in the color register is used to set a char
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 35 shows the struc

ture of the color register. 

I I I I ITT T 1 Color register 
Color register 0 (address OOE6,6) 

Color register 1 (address OOE?,6) 

Color register 2 (address OOE8,.) 

Color register 3 (address OOE9,6) 

'- I pin output bit 
o : No character is output 

1 : Character IS output 

- B pih output bit 
o : No character IS output 
1 : Character IS output 

- G Pin output bit 
a : No character is output 
1 : Character IS output 

L-___ R pin output bit 

o : No character IS output 
1 : Character IS output 

L-____ OUT pin output bit (Note) 

o : No character or blank IS output 
1 : Character or blank IS output 

L-_____ OUT pin output control bit (Note) 

o : OUT pin outputs character 
1 : OUT pin outputs blank 

Note: When the character border function (described later) 
IS used, the outline back output has priority over these 
two bits (bits 4 and 5) for the OUT pin output 
However, If bit 4 and bit 5 are both 1, to output the 
character background color. the background color of 
that character has Priority 

Fig. 35 Structure of color registers 
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(6) 1/2-Character Unit Color Specification Mode 
By setting "1" to bit 4 in the CRT control register 1 

(address 00EA16 ) it is possible to specify colors in units of 
a 1/2-character size (16 dots highX6 dots wide) for char
acters in block 1 only. 
In the 1/2-character unit color specification mode, colors of 

display characters in block 1 are specified as follows: 

Color of the color register 

specified by bit 0 and bit 1 

of address 2080'6 

la) Display In the ordinary mode 

• 

Color of the color register 

specified by bit 0 and bit 1 

of address 2080'6 

Color of the color register 

specified by bit 2 and bit 3 

of address 2080'6 

Ib) Display In the 112-character Unit color specification mode 

CDThe left half of the character is set to the color of the col
or register that is specified by bits 0 and 1 at the color 
register specifying addresses in the CRT display RAM 
(addresses 2080 '6 to 209716 ). 

(2)The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the color 

register specifying address in the CRT display RAM 
(addresses 208016 to 209716 ). 

Color of the color register 

specified by bit 0 and bit 1 

of address 2081'6 

Color of the color register 

specified by bit 0 and bit 1 

of address 2081'6 

• 

Color of the color register 

specified by bit 2 and bit 3 

of address 2081'6 

Block 1 

Block 1 

Fig.36 Difference between ordinary color specification mode and l/2-character unit color specification mode 
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(7) Multi-line Display 
The M37204M8-XXXSP can ordinarily display three lines of 
characters, in three blocks with different vertical positions. 
In addition, up to 16 lines can be displayed by using CRT 
interrupts and the display block counter. 
The CRT interrupt is a function that generates an interrupt 
for each block at the' point at which the display of any de
sired number of dots has been completed. In other words, 
when a scanning line reaches the point of display position 
(specified with vertical and horizontal position registers) of 
a certain block, the character display of that block starts, 
and an interrupt is issued at the point at which the number 
of dots set by the interrupt position control register is ex
ceeded. 
The display block counter counts the number of times the 
display of a block has been completed, and its contents are 
incremented by 1 each time the display of one block is 
completed. 
To provide multi-line display, enable CRT interrupts by 
clearing the interrupt disable flag to "0" and setting the 
CRT interrupt enable bit (bit 4 of address 00FE,6) to "1". 
To processing within the CRT interrupt processing routine 

is as follows: 

CDRead the value of the display block counter. 
(g)The block for which display is terminated (i.e., the cause 

of CRT interrupt generation) can be determined by the 
value read in CD. 

@Replace the display character data and display position 
of that block with the character data (c.ontents of CRT 
display RAM) and vertical display position (contents of 
vertical position register) to be displayed next. 

Figure 37 shows the structure of the display block counter. 

7 0 lli DIsplay block counter 

(address OOEB,.) 

IndIcates number of blocks that are 
being dIsplayed or were dIsplayed 
(Incremented each time a block is 
displayed) 

Fig. 37 Structure of display block counter 

Block 1 

Block 2 

Block 3 

Block l' 

Count value Interrupt 
positIon 

o 

2 

---E--
3 
-~ 

Fig. 38 Timing of CRT Interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 
One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
"display start position of a character is also extended two
fold in the vertical direction. In other words, whereas the 

contents set in the vertical position register in the normal 
mode are 256 steps from 0016 to FF16, or four scanning 
lines per step, the number of steps in the scanning line 
double count mode is 128 from 0016 to 7F16, or eight scan
ning lines per step. 

Vertical position A 

A O} Scanning line 16 lines 

(a) Display In the normal mode 

If the contents of the vertical position register for a block 
are set in the address range of 8016 to FF16 in the scanning 
line double count mode, that block cannot be displayed 
(not output to the CRT screen). 
In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register 1 (address 

OOEA16 ) to "1 ". 
Because this function works in units of screen, even when 
the mode is changed the mode about "the scanning line 
count during display of one screen, the double count mode 
only becomes valid from the time the next screen is dis
played. 

Vertical pOSition AX2 

AX2 _} 

_ Scanning line 32 lines 

(b) Display In the scanning line double count mode 

Note: This scanning line double count mode can be used when RG/LG oscillation IS used In the GRT oscillabon 

Fig. 39 Display in the normal mode and in the scanning line double count mode 
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(9) Character Border Function 
A one clock (one dol) border can be drawn around each 
ch'aracter displayed, in both horizontal and vertical direc
tions. 

The border is output from the OUT pin. In Ihis case, bits 4 
and 5 in the color regisler (the OUT pin output conlenls) 
are ignored, and the border output is from Ihe OUT pin. 

The border can be set in block units by Ihe border selec
tion register (address 00E516). The border output takes 

priority. over OUT output of color regisler, but in case of 
character background coloring' is set, the border' oulput 
can't output. Table 10 shows the relationship between the 
values set in the border selection register and Ihe charac

ter border function. Figure 41 shows the structure of the 
border selection register, 

Table 10. The relationship between the value set In the border selection register,and the character border function 

Border selectlC)" register 
Functions 

MOn1 MOnO 

X 0 Normal 

0 1 Border including character 

1 1 Border excluding character 

o is border 
• IS display by character data 

Fig. 40 Example of border 

2-232 

Example of output 

R, G, B, I output ~ 

OUT output .....rL-

R, G, B, I output .....rL-

OUT output -r--L 

R, G, B, I output .....rL-

OUT output J'1..I"L.. 

7 a 
L I I I I I I I I Border selection register 

L (Address OOE5,.) 

Block lOUT output border selection bit 
a : The same as R, G, B IS output 
1 : Border IS output 

'--- Block 1 output sWitch bit 
a : Border including character 
1 : Border only 

'-- Block 2 OUT output border selection bit 
a : The same as R, G, B IS output 
1 : Border IS output 

L-__ Block 2 output sWitch bit 

a : Border Including character 
1 : Border only 

L-___ Block 3 OUT output border selection bit 

o : The same as R, G, B is output 
1 : Border IS output 

~,--- Block 3 output sWitch bit 

a : Border including character 
1 : Border only 

Fig. 41 Structure of border selection register 
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(10) CRT Output Pin Control 
CRT output pins R, G, B, I, and OUT are respectively 
shared with port P52, P53, P54, P5s, and P5s. When the cor
responding bits in the port P5 direction register are cleared 
to "0", the pins are set for CRT output; when the bits are 
set to "1 ", the pins function as port P5 (general- purpose 
output pins). 
The polarities of CRT outputs (R, G, B, I, and OUT, as well 
as HSYNC and VSYNC ) can be specified by using the CRT 

port control register (address OOEC,s). 
Use bits 0 to 4 in the CRT port control register to set the 
output polarities of HSYNC , VSYNC , R/G/B, I, and OUT. When 
these bits are cleared to "0", a positive polarity is selected; 

I I I I I I I I I 

L 

'-----

I 
I 

'-----

I 
I 

CRT port control register 
(address OOEC,.) 

HSYNC Input polanty selectIon bit 

o : Positive polarity 

1 : Negative polarity 

VSYNC mput polanty selection bit 

o : Positive polarity 

1 : Negative polarity 

R/G/B output polarity selection bit 

o : Positive polarity 
1 : Negative polanty 

I output polanty selection bit 

o : Positive polarity 

1 : Negative polanty 

OUT output polarity selectIOn bit 

o : Positive polarity 

1 : Negative polarity 

R pm output sWitch bit 

o : R signal output 

1 : R-MUTE Signal output 

G pm output sWitch bit 

o : G signal output 

1 : G-MUTE signal output 

L-______ B pm output sWitch bit 

o : B signal output 

1 : B-MUTE Signal output 

Fig. 42 Structure of CRT port control register 

when the bits are set to "1", a negative polarity is selected. 
Bits 5 to 7 in the CRT port control register, bit 0 in the CRT 
control register 2 (address 0208,6) and bit 7 in the charac

ter size register (address 00E4'6) are used to specify pin 
by pin whether normal video signals or R-MUTE, G-MUTE, 
B-MUTE, I-MUTE, OUT-MUTE and signals are output from 
each pin (R, G, S, I, OUT). When set for R-MUTE, G
MUTE, and S-MUTE outputs, the whole background colors 
of the screen become red, green, and blue. When set for 1-

MUTE and OUT-MUTE output, the whole background of the 
screen become I and OUT signal. 

Figure 42 shows the structure of the CRT port control reg
ister. 
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The CRT can be operated by clocks from three different 
sources that can be selected with bits 0 and 1 of the CRT 
clock selection register (address 0209,6 ), 

CRT clock selection regl~ter 
CRT control register (address OOEA,.) 

(address 0209,.) CRT clock source 

Bit 1 Bit 0 Blt6 

0 0 (Eith~r~n~ OK) 
Connects the RCILC pm to the OSCl and OSC2 pins, and supplies 

the clock produced by an RC/LC oscillation circuit to the CRT 

Supplies the mternal clock from OSC'N and OSCOUT (ceramic 

resonator) to the CRT 

0 1 0 The oscillation frequency IS limited, so the lateral size of display 

characters IS also limited In this case, the OSCl and OSC2 pms 

can be used for AD Input or port mput 

1 0 ---- Do not use this setting 

If a CRT -dedicated ceramic resonator and a feedback resistor are 

connected to the OSCl and OSC2 pms, the clock generated by the 

1 1 1 resultant oscillation IS supplied to the CRT (another ceramic re-

sonator In addition to the one connected to the OSC'N and OSCOUT 

pms of the microcomputer IS necessary) 

Fig. 43 CRT clock source and the vaules of CRT clock selection register and CRT control register 

I I I I I I Ip7,lp7oJ Port control register (address 0206,.) 

I I Port data Input bits 
ThiS Input data IS valid when bit 0 of the CR.T clock selection register IS "1" and bit 1 IS "0" 

'----- D-A pm Input/output format bit 
o : AD3 mput 
1 : 14-blt PWM output 

Fig. 44 Port control register 
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(11) Character background coloring 
The backgroung part of a character (its 12X16 dot area) 
can be colored as specified by bits 4 and 5 of the color 
registers (addresses 00E616 to 00E916) and bits 2, 3, and 4 
of the CRT control register 2 (address 020816), 

Table 11. Coloring of character background by RGB 
output signals 

Set "1" in bits 4 and 5 of the color register of the character 
whose background is to be colored, and specify the back
ground color with bits 2, 3, and 4 of the CRT control regis
ter 2. This means that the color of the character is paired 
with the background color of that character, so that up to 
four color pairs can be used in each screen (eight back
ground colors are possible). 
The structure of the CRT control register 2 is shown in Fi
gure 45. 

7 0 

I I I I I I I I I CRT control regIster 2 (address 0208,.) 

L I output switchmg bit 
o : I output 

CRT control register 2 

Bit4 (B) Bit3(G) 

0 0 
0 0 

0 1 
0 1 
1 0 

1 0 
1 1 
1 1 

1 : I-MUTE output (background of entire screen enabled by I sIgnal) 

'----- I pin output format bit 
o : I output/I-MUTE output 
1 : 1/2 timer 1 clock output 

Character background color specifIcatIon bits 

Fig. 45 Structure of CRT control register 2 

RGB output 

Bit2 (R) Color 

0 Black 

1 Red 

0 Green 

1 Yellow 

0 Blue 

1 Magenta 

0 Cyan 

1 WhIte 
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TV screen 

G(Green) G+B B(Blue) R(Red) g(C"'i 3f 4/ 

B C Cha~ ~R ~R background G+B 
B(Blue) (Cyan) (Red) (Red) 

Chara.cter 
Color registers (addresses 00E6,. to 00E9,.) 

2 

3 
4 
A 
B 
C 

7 

/ 
/ 

Bit 5 Blt4 

1 1 

1 1 

0 0 

0 0 

Bit 3 Bit 2 Bit 1 

0 1 0 
0 1 1 

0 0 1 

1 0 0 
(R) (G) (B) 

BitO 

0 
~ 0 

0 

0 
(I) 

Note : If an outline character and a character background color character 

from the same row are output, and If a character background color IS 

applied to a character which touches the 12X 16 dot frame, one dot 

of the outline of that character will be output 

CRT control register 2 

(address 0208,.) 

I Bit 4 I Bit 3 I 
1 I 0 I 

(B) (G) 

Bit 2 I 
0 I 

(R) 

Unwanted dots to be aware of 

Specific example to be aware of 

16 

Fig. 46 Display example 
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(12) Scroll Function 
CD Scroll mode 

The M37204M8-XXXSP allows the display area to be gra
dually expanded or shrunk in the vertically direction in units 
of 1 H (H: HSYNC signal) . There are three modes for this 
scroll method. Each mode has DOWN and UP modes, pro
viding a total of six modes. 

Table 13 shows the contents of each scroll mode. 
(2) Scroll speed 
The scroll speed is determined by the vertical sYllchroniza
tion (VSYNC ) signal. For the NTSC interlace method, assum
ing that 

V=16.7ms 262.5 HSYNC signals per screen 
we obtain the scroll speed as shown in Table 14. 
Scroll resolution varies with each scroll mode. In mode 1 
and mode 2, one of three resolutions (1 H, 2H, 4H) can be 
selected. In mode 3, scroll is done in units of 4H alone. 

7 0 
I I I I I I I I I Scroll mode register 

U (address 00ED'6) 

Mode selection bits 
00 : Scroll disable 
01 : Mode 1 
10: Mode 2 
11 : Mode 3 

'--- Direction mode selection bit 
o : DOWN mode 
1 : UP mode 

L..J ___ Scroll unit selection bits 

00 : 1 H unit 
01 : 2H UOit 

10 : 4H UOit 

L-L-____ Stop mode selection bit 

00: Stop at the 312th H 
01 : Stop at the 156th H 
10 : Stop at the 256th H 
11 : Stop at the 128th H 

Fig. 47 Structure of scroll mode register 
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Table 12. Scroll operation in each mode and the values of scroll mode register 

Mode 

Appear from 
DOWN 

upper s,de 

1 

Erase from 
UP 

lower s,de 

Erase from 
DOWN 

upper side 

2 

Appear from 
UP 

lower side 

Erase from both 
DOWN 

• 

• 

• 

• 

: 

• 

Scroll operation 

ABC D E F 

GHIJKL 
M N 0 P Q R 

A _ _ _ _ 

GHIJKL 
M N 0 P Q R 

STU V W X 

Blt2 

Down Up o 

Jl 
Down Up o 

~ 11 

o 
upper and lower s,de : 

G H I J K L 
M N 0 P Q R 

3 

Appear to both 
=: T _ -.: ........ 

UP 
upper and lower side 

Table 13. Scroll speed 

Scroll resolution Scroll speed (In all picture) 

1 H unit 16.7 (ms) X262.5+ 1 =. 4 (s) 

2 H unit 16.7 (ms) X262. 5+ 2 =. 2 (s) 

4 H unit 16.7 (ms) X262. 5+ 4 =. 1 (s) 

Table 14. Scroll mode and scroll resolution 

Mode 

Mode 1 

Mode2 

Mode3 
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Scroll 

resolution 

1 H Unit 

1----- 2 H Unit 
4 H Unit 

4 H Unit 

Scroll speed 

about 4 second 

about 2 second 

about 1 second 

about 1 second 
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INTERRUPT INTERVAL DETERMINATION 
FUNCTION 
The M37204M8-XXXSP incorporates an interrupt interval 
determination circuit. This interrupt interval determination 
circuit has an 8-bit binary counter as shown in Figure 48. 
Using this counter, it determines a duration of time from the 
rising transition (falling transition) of an input signal pulse 
on the INT1 or INT2 to the rising transition (falling 
transition) of the signal pulse that is input next. 
The following describes how the interrupt interval is deter
mined. 
1. The interrupt input to be determined (INT1 input or 

INT2 input) is selected by using bit 2 in the interrupt 
interval determination control register (address 
0008,6), When this bit is cleared to "0", the INT1 input 
is selected; when the bit IS set to "1", the INT2 input is 
selected. 

2. When the INT1 input is to be determined, the polarity 
is selected by using bit 3 in the interrupt interval deter
mination control register; when the INT2 input is to be 
determined, the polarity is selected by using bit 4 in 
the interrupt interval determination control register. 
When the relevant bit is cleared to "0", determination is 
made of the interval of a positive polarity (rising 

INT1 
(Note) 

321's 

RE, 

INT2 

RE, 

Control I 
CircUit 

RED 1 

Digital I 
filter I 

transition); when the bit is set to "1", determination is 
made of the interval of a negative polarity (falling 
transition) . 

3. The reference clock is selected by using bit 1 in the 
interrupt interval determination control register. When 
the bit is cleared to "0", a 64~s cloCk is selected; when 
the bit is set to "1", a 32~s clock is selected (based on 
an oscillation frequency of 4MHz in either case). 

4. Simultaneously when the input pulse of the specified 
polarity (rising or falling transition) occurs on the INT1 
pin (or INT2 pin), the 8-bit binary counter starts count
ing up with the selected reference clock (64~s or 32 
~s). 

5. Simultaneously with the next input pulse, the value of 
the 8-bit binary counter is loaded into the determina
tion register (address 0007,6 ) and the counter is im
mediately reset (00 ,6 ). The reference clock is input in 
succession even after the counter is reset, and the 
counter restarts counting up from "00,6" 

6. When count value "FE'6" is reached, the 8-bit binary 
counter stops counting. Then, simultaneously when the 
reference clock is input next, the counter sets value 
"FF'6" to the determination register. 

a-bit binary up counter I 
I 

a 

Interrupt Interval determination CITCUlt L 
I 

Address 0007'6 

av 

Data bus 

Note: The pulse Width of external Interrupt I NTt and I NT2 need more than 5 machine cycles 

AbbreViations 

RE" RE" RED: Bit2, bitt and bltO of Interrupt space dlslinguish control register, respectively 

Fig. 48 Block diagram of interrupt Interval determination circuit 
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7 0 

I I I I I I I I 
I Interrupt space distinguish control register 

(Address 00D8,.) 

Remote control determination CircUit operatIOn selection bit 

o : Operallon stop 
1 : Operallon start 

Standard clock selection bit 
o : 641's (At f(X'N)=4MHz) 
1 : 321's (At f(X'N)=4MHz) 

External Interrupt Input pin selection bit 

a : INn Input 
1 : INT2 input 

I NT1 pin Input polarity sWitch bit 

a : Positive polarity 

1 : Negative polarity 

INT2 pin Input polarity sWitch bit 

a : Positive polarity 

1 : Negative polarity 

Fig. 49 Structure of interrupt space distinguish control register 

RUNAWAY DETECTION FUNCTION 
The M37204M8-XXXSP has a decode function for unde

fined instructions, to detect runaway. 

If an opecode that is not defined in the instruction codes is 

input to the CPU, this function generates an undefined in

struction decode signal from the CPU, the generation of 

this signal activates an internal reset, and the program res

tarts from the reset vector. 

If the microcomputer is in single-chip mode and bit 4 of the 

CPU mode register is "0" (CMo=CM,=CM4 =0), the ¢ 

output pin is switched to reset output to post the generation 

of the reset to the outside as well. 

Note that this function cannot be disabled. 
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RESET CIRCUIT 
The M37204M8-XXXSP is reset according to the sequence 

shown in Figure 50. It starts the program from the address 
formed by using the content of address FFFF'6 as the high 
order address and the content of the address FFFE'6 as the 
low order address, when the RESET pin is held at "L" level 

for no less than 2,us while the power voltage is 5V ± 10% 

Internal RESET 

SYNC 

Address 

Data 

32768 count of f(X ,N ) (Note 3) 

Fig. 50 Timing diagram at reset 

and the crystal oscillator oscillation is stable and then re
turned to "H" level. The internal initializations following re
set are shown in Figure 51. 
An example of the reset circuit is shown in Figure 52. The 
reset input voltage must be kept below 0.6V until the supp
ly voltage surpasses 4.5V. 

- Reset address from the vector table 

Note 1: Frequency relation 01 I(X,N ) and ¢ is I(X,N )=2 • ¢. 
2 : The mark "? .. means that the address IS change

able depending on the prevIous state 
3 : Immediately after a reset. FF'6 IS automatically set 

In timer 3 and 07'6 in timer 4 and timer 4, timer 3 
and the clock (I(X ,N ) diVided by 16) are con
nected in senes 
Reset state IS canceled by the overflow signal 01 timer 
4 
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Address 

(5) Port P4 direction register 

(6) Port P5 direction register 

(7) Port P6 direction register 

~O) ~~~;~~~~s:~~ster 
(11) ~~i;~~~~s~~~~tro' register 

(12) SpeCial mode register 1 

(17) Color register 0 

(lB) Color register 1 

(19) Color register 2 

~O) Color register 3 

(21) CRT control register 

(22) Display block counter 

(24) Scroll control register 

~5l A-O cOlltrol register 1 

(26) Timer 1 

(21) Tlmer2 

(28) Tlmer3 

(29) T.mer4 

(30) Timer 12 mode register 

(Jl) Timer 34 mode register 

(al) CPU mode register 

(37) Port control register 

(39) CRT control reglster2 

(41) Processor status register 

(42) Program counter 

Note Srnce the contents of both registers other than those listed 
above and the RAM are undefined at reset, It IS necessary to 
set Initial values 
At reset, "0" IS read from all bits which IS not used 

Fig. 51 Internal state of microcomputer at reset 

Supply voltage 

Reset Input 
voltage 

I I 

~4.5V 
I I 

OV I 

! :------
Ov~6V 

64.-----. 
,------'--"'-'lV cc 

M51953AL 
1-'5=---___ -=.2"19 RESET 

4 

t------~"""""'"32e.jVss 

M37204M8-XXXSP 

Fig. 52 Example of reset circuit 
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I/O PORTS 
(1) Port PO 

Port PO is an 8-bit 1/0 port with CMOS output. 
As shown in the memory map (Figure 3), port PO can 

be accessed at zero page memory address 00CO'6' 
Port PO has a direction register (address 00C1'6) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program
med as output, the output data is latched to the port 
register and then output. When data is read. from the 
output port the output pin level is not read, only the 
latched data in the port register is read. 'This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 

(bit 0 and bit 1 at address 00FB'6) , three different 
modes can be selected; single-chip mode, memory ex
pansion mode and microprocessor mode. 
In these modes it functions as address (A7 -Ao) output 
port (excluding single-chip mode). For more details, 
see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (A,s
As) output port. 
Refer to the section on processor modes for details. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (Do - 0 7 ) 

input/output port. Refer to the section on processor 
modes for details. 

(4) Port P3 

Port P3 is a 7-bit 1/0 port with function similar to port 
PO, but the output structure of P30 , P3, is CMOS output 
and P32-P36 is N-channel open drain. 
P32, P33 are in common with the external clock input 
pins of timer 2 and 3. 

P34 , P36 are in common with the external interrupt input 
pins INT1, INT2 and P32, P3s, P36 with the analog input 
pins of A-O converter A-06, A-01, A-02. 

In the microprocessor mode or the memory expansion 
mode, P30, P3, works as R/W signal output pin and 
SYNC signal output pin respectively. 

(5) Port P4 

Port P4 is an 8-bit 1/0 port with function similar to port 

PO, but the output structure is N-channel open drain 
output. 
All pins have program selectable dual functions. When 
a serial 1101 function is selected, P40 - P43 work as in

put/output pins of serial 1/01. When a serial 1/02 func
tion is selected, P44 - P47 work as input/output pins of 
serial 1/02. 

In the special serial 1/0 mode, P44 , P4s work as SOA, 
SCL pins. P46, P47 are in common with PWM9 and 8 
output pins. 

(6) OSC1, OSC2 pins 

Clock input/output pins for CRT display function. 
OSC1, OSC2 are in common with the analog input pins 
of A-O converter A-04, A-05. 

OSC1, OSC2 are in common with the input port P70 , 

P7,. 
(7) HSYNC, VSYNC pins 

HSYNC is a horizontal synchronizing signal input pin for 
CRT display 

VSYNC is a vertical synchronizing signal input pin for 
CRT display. 

(8) R, G, B, I, OUT pins 

This is a 5-bit output pin for CRT display and in com
mon with P52-P56. 

(9) Port P6 

Port P6 is an 8-bit 1/0 port with function similar to port 
PO, but the output structure is N-channel open drain 
output. 
This port is in common with 8-bit PWM output pin 
PWMO-PWM7. 

(10) O-A pin 

This is a 14-bit PWM output pin. 
(11) rf> pin 

The internal system clock (112 the frequency of the 
oscillator connected between the X1N and XOUT pins) is 
output from this pin. If an STP or WIT instruction is ex
ecuted, output stops after going "H". 
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Port po, P1, P2, P3o, P3, 

DirectIOn register 

Data bus --+-----1 Port latch 

Direction register 

Data bus -+----.1 Port latch 

Port P46 , P4" P6 
DirectIOn register 

Data bus --+-----1 Port latch 

HSYNC , VSYNC • 1 ~Itt InJ'lll.. 

Data bus ~ HSYNC , VSYNC 

<p, R, G, S, I, OUT 

CMOS tri-state output 

Port PO, P1, P2, P30 , P3, 

N-channel open drain output 

Note : P3" P33 may also be used as 
timer Inputs 

P3" P36 may also be used as 
external interrupt Inputs 

P3" P35, P36 , P4" P43 may 
also be used as Input pinS for 
A-D converter 
P40 - P45 may also be used as 
senal 1/0 pinS 

N-channel open drarn output 

Port P46 , P4" P6 

Note: P46 , P4" P6 may also be used as 
8-b,t PWM output pinS 
P46, P4, may also be used as 

senal 1/0 PinS 

<p, R, G, S, I, OUT 

: R, G, S, I, OUT pin may 

also be output port 
P5,-P56 

Fig. 53 Block diagram of ports PO-P6 (single-chip mode) and output format of 1>. R. G. B. lOUT 
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PROCESSOR MODE 
By changing the contents of the processor mode bits (bit 0 
and 1 at address 00FB,6), three different operation modes 
can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 
In the memory expansion mode and the microprocessor 
mode, ports PO- P3 can be used as address, and data in
put/output pins. 
Figure 55 shows the functions of ports PO-P3. 
The memory map for the single-chip mode is shown in Fi
gure 2 and for other modes, in Figure 54. 
By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vce automatically forces the 
M37204M8-XXXSP into memory expansion mode. 
The three different modes are explained as follows: 

FFFF,. 

Internal ROM 

Internal RAM 

1=-,-,-,---. __ --1 - - - - - - - -I-S"'p""ec=1cl""al"uC::n""ct""'lo:="n-l 
~ __ ~~~~ ________ ~ ____ ~re~g~is~re~ffi~ 

Internal RAM Internal RAM 
0000,. '--________ --'- ________ '--________ --' 

Memory expansIOn 
mode 

Microprocessor mode 

The shaded area IS external memory area 

Fig. 54 External memory area at each processor mode 

(1) Single-chip mode (00) 
The microcomputer will automatically be in the single
chip mode when started from reset, if CNVss is con
nected to Vss. Ports PO-P3 will work as I/O ports. 

(2) Memory expansion mode (01) 
The microcomputer will be placed in the memory ex-

. pansion mode after connecting CNVss to Vee and in
itiating a reset or connecting CNVss to Vss and the pro
cessor mode bits are set to "01". This mode is used to 
add external memory when the internal memory is not 
sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and its I/O port function is lost. 
Port P2 becomes the data bus of D7 -Do (including in
struction code) and loses its I/O port function. Port P30 
and P3, works as R/W and q,. 

(3) Microprocessor mode (10) 
When CNVss is connected to Vss and the processor 
mode bits are set to "10", the microcomputer will auto
matically default to microprocessor mode. In this mode, 
the internal ROM is inhibited so the external memory is 
required. Other functions are same as the memory ex
panSion mode. The r~lationship between the input level 
of CNVss and the processor mode is shown in Table 
14. 

Note : Use the M37204M8-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 
The standards is assured only in the single-chip 
mode. 
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M37204M8-XXXSP 

SINGLE-CHIP 8.BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

0 0 1 

0 1 0 

Single-chip Memory expansion Microprocessor 
mode mode mode 

~ I r :J I r 
Ports PO,- POo Ports PO,-POo 

Same as left 

)( I/O port -:x Addresses ( A,-Ao 

~ I r :J I r 
Ports Pl,-Pl 0 Ports Pl,-Pl 0 Same as left 

~ I/O port )\ Addresses '( A'5- AB 

---, 

~ I r :J I r 
Ports P2,- P20 Ports P2,- P20 Same as left 

)( 1/0 port }-----{ Data 

>--0,-00 

~ I r :J I r 
Ports P32-P36 Ports P32 - P36 

)( I/O port )( I/O port 

Same as left 
Port P3, Port P3, 

~ I/O port -:x SYNC ( I 

Port P30 Port P30 

)( I/O port )\ - '( R/W 

Fig. 55 Processor mode and function of ports PO-P3 (CM,. CMo : Bit 1 and bit 0 of CPU mode register) 

Table 15. 

CNVss 

Vss 

Vee 
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Relationship between CNVss pin input level and processor mode 

Mode 

• Single-chip mode 
• Memory expansion mode 

• Mlcroproce'ssor mode 

• Memory expansion mode 

ExplanatIOn 

The single-chip mode is set by the reset All modes can be selected by changing the pro-

cessar mode bit with the program 

The memory expansion mode IS set by the reset 
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MITSUBISHI MICROCOMPUTERS 

M37204M8·XXX5P 

SINGLE.CHIP S.BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON·SCREEN DISPLAY CONTROLLER 

CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 
58. 

When an STP instruction is executed, the internal clock if! 
stops oscillating at "H" level. At the same time, timer 3 and 
timer 4 are connected automatically and FF'6 is set in the 
timer 3, 07'6 is set in the timer 4, and timer 3 count source 
is forced to f(X,N ) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section. 
The oscillator is restarted when an interrupt is accepted. 
However, the clock if! keeps its "H" level until timer 4 over
flows. 
This is because the oscillator needs a set-up period if a 

ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the clock if! stops in 
the "W level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 

at once. 
To return from the stop or the wait status, the interrupt en
able bit must be set to "1" before executing STP or WIT in

struction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 56. 

Interrupt request 

Interrupt 
disable flag I S Q 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 

suggested value. 
The example of external clock usage is shown in Figure 57 
X,N is the input, and XOUT is open. 

M37204M8-XXXSP 

X ,N X OUT 
30 lM!l ]31 

_~9H~:dOUT 
J: 6~~Z J 

Fig. 56 External ceramic resonator circuit 

M37204M8-XXXSP 

X,N 
30 

VCC1J1Jlr 
External oscillating 

Circuit Vss 
Fig. 57 External clock input circuit 

S 

R 

WIT 
Instruction 

R R STP Instruction 
STP Instruclion 

T34M,. T34Mo : Sit 2 and bit 0 of timer 34 mode register 

Fig. 58 Block diagram of clock generating circuit 
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M37~i04M8-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER .for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

DISPLAY OSCILLATION CIRCUIT 
The CRT display clock oscillation circuit has built-in RC 
oscillation circuits, so that a clock can be obtained simply 
by connecting an RC circuit between the OSC1 and OSC2 
pins. 
An internal clock can also be used as the CRT display 
clock, in which case the OSC1 and OSC2 pins can be used 
as P70 , Ph AD4, and AD5 input pins. 

~OSCl OSC2 Example of oscillation 
(reference values) 
Cl=22pF 
C2=15pF 

Clr rC2 Rf(v~"ablereslstance)=lkQ 
fcRT",,7MHz 

Fig. 59 Display oscillation clrcui~ 

AUTO CLAER CIRCUIT 
When power is supplied, the auto-clear function can be 
performed by connecting the following circuit to reset pin. 

CirCUit example 1 

CirCUit example 2 

Note: Make the level change from "L" to "H" at the pomt at 
which the power voltage exceeds the rated voltage 

Fig. 60 Auto clear circuit example 

PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1/(n+1). 
(2) Even though the BBC and BBS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as an NOP) be
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode) , one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc
tions are executed. 

(4) An NOP instruction must be used after the execution of 
a PLP insturction. 

(5) In order to avoid noise and latCh-Up, connect a bypass 
capacitor (~0.1 Jl F) directly between the Vee pin and 
Vss pin using a heavy wire. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders 
(1) mask ROM order confirmation form 
(2) mark specification form 
(3) ROM data .......................................... EPROM 3 sets 



MITSUBISHI MICROCOMPUTERS 

M37204M8-XXXSP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vee Supply voltage 

V, Input voltage CNVss 

Input voltage POo-PO,. P1 o-P1,. P2o-P2,. P30-P3" With respect to V 55 

V, P4o-P4" P6o-P6" P7o-P7"A-D1-A-D8 Output tranSistors are at "off" state 
--

HSYNC, VSYNc, RESET, X 1N , OSC1 

Output voltage POo-PO" P1o-P1" P2o-P2" 

Vo P30-P3" P40-P45, R, G, B, I, OUT, 

D-A, XOUT, OSC2 

Vo Output voltage P46, P4" P6o-P6, 

CirCUit current R, G, B, I, OUT, POo-PO" 

10H P1o-P1" P2o-P23, 

P30, P3" D-A 

Circuit current R, G, B, I, OUT, POo-PO" 

l'OL1 P1o-P1" P2o-P23, 

P30-P36, P40-P43, D-A 

IOL2 CircUit current P6o-P67, P46, P47 

IOL3 Circuit current P24-P27 

IOL4 CircUit current P44 • P45 

Pd Power diSsipation Ta=25'C 

Topr Operating temperature 

Tstg Storage temperature 

Note 1: The total current that flows out of the IC should be 20mA (max) 
2 : The total of 10L', 10L' and IOL4 should be 30mA (max) 
3 : The total of 10L of port P24-P2, should be 20mA (max) 

Ratmgs 

-0.3 to 6 

-0.3 to 6 

-0.3 to Vee+O. 3 

-0.3 to Vee+O. 3 

-0.3 to 13 

a to l( Note 1) 

a to 2( Note 2) 

a to 1 (Note 2) 

a to 10(Note 3) 

a to 3(Note 3) 

550 

-10 to 70 

-40 to 125 

RECOMMENDED OPERATING CONDITIONS (Vee=5V±10%, T a=-10 to 70'C unless otherwise noted) 

Symbol Parameter 
Min 

Vee Supply voltage(Note 4) During the CPU and CRT operation 4.5 

Vss Supply voltage a 
"H" input voltage POO-POl. P1o-Ph, P2o-P27 , 

V ,H 
P30-P36, P4o-P43, P46,P4" 

O. BVee 
P6o-P67, P70, P71, HSYNC, VSYNC• 

RESET, X'N, OSC1 

V ,H "H" Input voltage P44, P45 0. 7Vee 

V'L 
"L" input voltage POo-PO" P1o-P1" P2o-P2" a 

P30. P31, P35, P40. P43- P45, P47• P70, P71 

V'L 
"L" Input voltage P3,-P34, P36, P4" P4" P44-P4" a --

HSYNC, VS~NC, RESET, X,N, 05C1 

10H 
"H" average output current (Note 1) R,G,B,I,OUT,POo-PO" 

P1 o-P1" P2o-P2" P3o, P3"D-A 

IOL1 

"L" average output current (Note 2) R,G,B,I,OUT,POo-PO" 

P1o-P1" P2o-P23 , P30-P36, P4o- P43, 

D-A 

IOL2 "L" average output current (Note 2) P6o-P6" P46• P4, 

IOL3 "L" average output current (Note 3) P24-P2, 

IOL4 "L" average output current (Note 2) P44, P45 

fcpu Oscillating frequency (for CPU operation)(Note 5) 3.6 

fCAT Oscillating frequency (for CRT display) 6. a 
ths Input frequency.P3,-P34 , P36, P45 

ths Input frequency P41 

Note1: The total current that flows out of the IC should be 20mA (max) 
2 : The total of lOLl, 10L' and IOL4 should be 30m A (max.) 
3 : The total of 10L of port P24-P2, should be 20mA (max) 

limits 
Unit 

Typ. Max 

5. a 5.5 V 

a a V 

Vee V 

Vee V 

0. 4Vee V 

0. 2Vee V 

1 mA 

2 rnA 

1 rnA 

10 rnA 

3 rnA 

4. a 6. a MHz 

7. a B.O MHz 

100 kHz 

1 MHz 

4 : Apply O.022,uF or greater capacitance externally between the Vee-Vss power supply pms so as 

to reduce power source nOise 
Also apply O. 068,uF or greater capacitance externally between the Vee-CNVss pinS 

5 : Use the crystal oscillator or .ceramlc resonator for CPU oscillation circuit 

• MITSUBISHI 
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Unit 

V 

V 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

rnA 

rnW 

'c 
·C 

2-249 



MITSUBISHI MICROCOMPUTERS 

M37204M8-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for VOLTAGE SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

ELECTRIC CHARACTERISTICS (Vcc=5V±10%, Vss=ov, Ta=-10 to 70'C, t(X ,N )=4MHz unless other wise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ 

V cc=5. 5V, t(X ,N )=4MHz 

CRT OFF 
10 

Icc Supply current Vcc=5.5V, t(X ,N )=4MHz 
20 

CRT ON 

At stop mode 

V OH 
"H" output voltage POo-PO" P1o-Pl" P2o-P2" Vcc=4.5V 

2.4 
P30, P3" R, G, 8, I, OUT, D-A IOH=-0.5mA 

"L" output voltage POo-PO" Pl o-Pl" P2o-P2" 
Vcc=4.5V 

P30-P36, P4o-P43, 

R, G, 8, I, OUT, D-A 
IOL=0.5mA 

"L" output voltage P6o- P6" P46, P4, Vcc=4.5V 

VOL IOL=0.5mA 

"L" output voltage P24-P27 Vcc=4.5V 

IOL=1O.0mA 

"L" output voltage P44, P45 Vcc=4.5V 

IOL=3.0mA 

HysteresIs RESET Vcc=5.0V 0.5 

VN-VT- HysteresIs (Note 1 ) HSYNC , VSYNC , P32-P34, 

P3", P4c-P42, P44-P46 
Vcc=5.0V 0.5 

"H" input leak current RESET, POo-P07 , Pl o-Pl" 
Vcc=5.5V 

P2o-P27, P3,,-P36, P40-P45, 

AD1-AD8 
Vo =5.5V 

IOZH 
"H" mput leak current Vcc=5.5V 

P6o-P67 , P46, P4, Vo=12V 

"L" mput leak current RESET: POa-P07, 
Vcc=5.5V 

IOZL Pl o-P1 7, P2o-P2" P30-P36, 

P4o-P4" P6o-P67, AD1-AD8 
Vo=OV 

Note 1. P32 - P34 , P36 have the hysteresis when these pms are used as interrupt input pms or timer input pins 
P4o-P42 , P44 -P46 have the hysteresIs when these pms are used as serral 1/0 ports . 
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Unit 
Max 

20 

mA 

50 

300 /-lA 

V 

0.4 

0.4 
V 

3.0 

0.4 

0.7 

1.3 
V 

5 

/-lA 

10 

5 /-lA 



MITSUBISHI MICROCOMPUTERS 

M372S0M6-XXXSP 
SINGLE.CHIP I·BIT CMOS MICROCOMPUTER for FREQUENCY SYNTHESIZER 

with ON·SCREEN DISPLAY CONTROLLER 

DESCRIPTION 
The M37250M6-XXXSP is a single-chip microcomputer de-

. signed with CMOS silicon gate technology. It is housed in a 

64-pin shrink plastic molded DIP. This single-chip micro
computer is useful for the high-tech channel selection sys

tem for TVs and VCRs. 
In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 

enable easy programming. 

FEATURES 
• Number of basic instructions'" ................................ 69 

• Memory size ROM································· 24576 bytes 
RAM········ ............................. 384 bytes 

• Instruction execution time 
......... 1.us (minimum instructions at4MHz frequency) 

• Single power supply·····································5V±10% 

• Power dissipation 
Normal operation mode (at 4MHz frequency) 
····137.5mW (Vcc=5.5V, CRT display, PLL operating) 

• Subroutine nesting ............................ 96 levels (Max.) 

• Interrupt········································ 15types, 15vectors 
• 8-bittimer······························································ 6 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, P4, P6) .............................. 43 

• Output port (Port P5)···· ........... , ............................... 5 

• PLL function 
Programmable divider··································· 14-bit 
Swallow counter·············································· 5-bit 

• Serial I/O (8-bit) ····················································2 
• Special serial I/O for master transfer* ................... ····1 
• PWM function .............................................. 8-bitX10 

• A-D converter (4-bit resolution) .................. 2 channels 

• 72-character on screen display function 
Number of character··············· 24 charactersX3 lines 
Kinds of character .......................................... "'126 

APPLICATION 
TV, VCR 

PIN CONFIGURATION (TOP VIEW) 

Oscillation Input for 
display OSC1 - 1 
Oscillation output for 
display OSC2 - 2 

~~ port P35 /A-01 _ 4 { 
P36/INT,/A-02 - 3 

P3.IINT1 - 5 

Mode sWltchmg output MO - 6 

1 
P6o/PWMO - 7 

110 port P6 P6,/PWM1 - 8 
P6,/PWM2- 9 

P63/PWM3 - 10 

VSS2 

Phase detect output P/O - 12 

VCC2 13 

Clock mput F'N - 14 

1 
P33/TIM3 - 15 

P3,/TIM2 - 16 
110 port P3 

P3,- 17 

P30 "'" 18 

P47/SRDy,/PWM8 - 19 

P46/S,N,/PWM9 - 20 

P45/SCLK2""'" 21 
110 
port 
P4 

Timing output 

Reset mput 

Clock mput 

Clock output 

Vee 

Output 
port 
P5 

57 - OUT/P56 

110 port PO 

110 port PI 

35 - P25/PWM5 

34 - P26/PWM6 

110 
port 
P2 

=1. ____ ;--... 3 .... 3 - P27/PWM7 

Outline 64P48 

* : Purchase of Mitsubishi Electric Corporation's 12C components converys a license under the Philips 12C Patent Rights to use these 
components in an 12C system, provided that the system conforms to the 12C Standard Specification as defined by Philips. 
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MITSUBISHI MICROCOMPUTERS 

M372S0M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for FREQUENCY SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

FUNCTIONS OF M37250M6-XXXSP 
Parameter Functions 

Number of basic Instructions 69 

Instruction execution time l.us (minimum instructions, at 4MHz frequency) 

Clock frequency 4MHz 

ROM 24576 bytes 
Memory size 

RAM 384 bytes 

PO, PI 1/0 8-bltX2 (CMOS output) 

P2 1/0 8-bltX1 (CMOS output, can be used as PWM output Pins) 

P30, P3, 1/0 2-bltX1 (CMOS output) 

P3, to P36 1/0 
5-bltX1 (CMOS output, can be used as timer Input pins, INTI, INT2 Input 

pins and A-D mput pms) 
Input/Output ports 

8-bltXl (CMOS output, can be used as 8enail/0 function pms and PWM 
P4 1/0 

output Pins) 

P5 Output 
5-blt X 1 (N-channel open dram output, can be used as R, G, B, I, OUT 

pms) 

P6 1/0 4-bltXl (N-channel open dram output, can be used as PWM output pins) 

Senall/O 8-bltX2 (Special senalllO (8-blt)X1) 

Timers 8-blt timerX6 

PLL function Fixed dividing mode and swallow mode can be selected 

Subroutine nesting 96 levels (max) 

Interrupt 
Three external mterrupts, ten Internal Interrupts, 

one software Interrupt 

Clock generatmg Circuit One built-m Circuits (externally connected quartz crystal oscillator) 

Supply voltage 5V±10% 

at CRT display ON and PLL operallng 137. 5mW (clock frequency XIN=4MHz, Vcc=5. 5V, Typ ) 

Power diSSipation 
at CRT display OFF and PLL stopped 55mW (clock frequency XIN=4MHz, Vcc=5. 5V, Typ ) 

at wait mode 4mW (Vcc=5V, Max) 

at stop mode O. 05mW (Vcc=5V, Max) 

Input/Output charactenstlcs 
InputlOutput voltage 12V (Port P4" P4" P60 to P63) 

Output current 10mA (Port P2, to P2,) 

Operatmg temperature range -10 to 70'C 

DeVice structure CMOS silicon gate process 

Package 64-pln shrink plastiC molded DIP 

Number of character 24 charactersX31lnes (maximum 16 hnes by software) 
CRT display function 

Kinds of character 126 (12X16 dots) 
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MITSUBISHI MICROCOMPUTERS 

M372S0M6-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER for FREQUENCY SYNTHESIZER 
with ON-SCREEN DISPLAY CONTROLLER 

PIN DESCRIPTION 

Pin Name 
InpuV 

Output 
Functions 

Vee, Vcc:» Supply voltage \ Power supply mputs 5V±10% to Vee and Vee" and OV to Vss and Vss, 

Vss. VSS2 

CNVss CNV .. This IS connected to V .. 

RESET Reset ~nput Input To enter the reset state, the reset mput pIn must be kept at a "L" for more than 21's (under normal Vee 

condItIons) 

If more time IS needed for the crystal oscillator to stabilize, thiS ilL" condition should be mamtalned for the 

reqUired time 

X,N Clock Input Input ThiS chip has an Internal clock generatIng CircUIt To control generating frequency, an external quartz crys-

tal oscillator IS connected between the X1N and XOUT pins If an external clock IS used, the clock source 

XOUT Clock output Output should be connected the XIN pm and the XOUT pin should be left open 

</> Tlmmg output Output ThIS IS the timIng output pm 

PO" to PO. 1/0 port PO 1/0 Port PO IS an 8-blt 1/0 port wIth dlrecllonal regIsters allowIng each 1/0 bIt to be IndIvIdually programmed as 

mput or output At reset, thiS port IS set to mput mode The output structure IS CMOS output 

P10 to P17 1/0 port P1 1/0 Port P1 IS an 8-bot 1/0 port and has basIcally the same functIons as port PO 

P20 to P27 1/0 port P2 1/0 Port P2 IS an 8-bot 1/0 port and has basically the same functIons as port PO P24 to P27 are In common With 

PWM output port of PWM4 to PWM7 

P30 to P3e 1/0 port P3 1/0 Port P3 IS an 7-blt 1/0 port and has baSIcally the same functions as port PO, but the output structure of P30, 

P3, Is CMOS output and the output struqture of P3, to P3. IS N-channel open drain 

P32, P33 are In common With external clock Input pms of timer 1, 2 and 3 P34, P3s are In common With ex-

ternal Interrupt Input p,ns INn and INT2. P3s, P3e are In commoo WIth analog Input PinS of A-O converter 

(A-01, A-02) 

P40to P~ 1/0 port P4 1/0 Port P4 IS an 8-bIt 1/0 port and has baSIcally the same functIons as port PO, but the output structure IS 

N-channel open drain 

When serial 1101 IS used,P40, P410 P42 and P43 work as SOUT1, SCLKlo S'N1 and SRDY1 pins, respectively 

When serial 1/02 IS used, P44. P4s, P4s and P47 work as SOUT2, SCLK2. S'N2 and SRDV2 PinS, respectively 

Also P4., P4r are In common WIth PWM output p,ns of PWM 8 and 9 

OSC1, Clock input for CRT Input ThIS IS the 1/0 pinS of the clock generating CirCUIt for the CRT dIsplay functIon 

display 

OSC2 Clock output for CRT Output 

display 

HSYNC HSVNC mput Input This IS the hOrizontal synchronizing Signal Input for CRT display 

VSYNC VSVNC Input Input ThIS IS the vertIcal synchronizing SIgnal input for CRT dIsplay 

R,G, B, CRT output Output ThIS IS an 5-blt output pin for CRT dIsplay The output structure IS CMOS output ThiS IS In common With 

I, OUT port P5, to ps. 

P60 to PE:Ia 1/0 port P6 1/0 Port P6 IS an 4-blt 1/0 port and has baslcally,the same functIons as port PO, but the output structure IS 

N-channel open draIn ThIS port IS In common WIth PWM output pinS PWMO to PWM3 

MO Mode switching output Output ThiS pin outputs the mode SWitching Signal of prescaler 

When fixed dIVIdIng mode IS selected, thIS pin can be used as 1-bot output port 

P/D Phase detect output Output The phase detector output level IS set to "H" when the phase IS leading the reference frequency, set to "L" 

when lagging, and set to the floating state when In-phase 

F'N Clock input Input ThiS pin Inputs clock fn:;>m the prescaler 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37250 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

CPU Mode Register 
The CPU mode register is allocated to address 00FB'6' Bits 
o and 1 of this register are processor mode bits. This regis
ter also has a stack page selection bit. 

7 0 
I I I I I I I I I CPU mode register (address OODF16 ) 

~ Processor mode bits 

o 0 : Single-chip mode 
o 1 : Memory expansion mode 
1 0 : Microprocessor mode 

1 1 : Disable 

L-~~_ Stack page selection bit 

o : In page 0 area 
1 : In page 1 area 

L-_____ System clock output selection 

bit (note 1) 

o : Stop (reset-out) 
1 : System clock output 

Note 1 This bit validates In single-chip mode only 
I n the other processor mode, the 28th pin always outputs 
the system clock 

Fig. 1 Structure of CPU mode register 

• MITSUBISHI 
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MEMORY • Zero Page 

• Special Function Register (SFR) Area 
The special fUnction register (SFR) area contains the reg

isters relating to functions such as 1/0 ports and timers. 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles . 
• Special Page 

• RAM 
RAM is used for data storage as well as a stack area 

Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

• ROM 
ROM is used for storing user programs as well as the inter
rupt vector area. 

• Interrupt Vector Area 
The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

RAM 
(192 bytes) 

RAM 1 
(192 bytes) 

RAM for display i 
(216 bytes) 

ROM for display 
(4K bytes) 

ROM 

(24K bytes) 

Fig. 2 Memory map 
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0000'6 

00BF'6 

0100'6 

01BF '6 

020016 

0205'6 

2000 '6 

2007 '6 

3000,6 

3FFF '6 

AOOO'6 

FFOO'6 

FFOE, 6 

FFFF16 

SFR area 

Not used 

SFR area 

Not used 

Not used 

Not used 

Interrupt vector area 

(See section on Interrupt) 
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OOCO" 

00C1" 

00C2" 

00C3" 

00C4" 

OOC5'6 

00C6" 

00C7" 

OOCS" 

00C9" 
DOCAls 

OOCB" 

OOCC" 

OOCO" 

OOCE'6 

OOCF'6 

0000" 

0001'6 

0002" 

0003" 

0004'6 

0005" 

0006'6 

00D7'6 

OOOS,. 

0009" 

OODA'6 

OOOB" 

OOOC" 

0000'6 
OOOE,. 

OODF'6 
OOEO,. 

OOEI " 
OOE2'6 

OOE3'6 

OOE4'6 
OOES,. 

00E6,. 

00E7,. 

OOES,. 

00E9,. 

OOEA" 

OOEB'6 
OOEC,. 

OOEO,. 

OOEE'6 
OOEF,. 

Port PO 

Port PO direction register 

Port PI 

Port P1 direction register 

Port P2 

Port P2 direction register 

Port P3 

Port P3 direction register 

Port P4 

Port P4 direction register 

Port PS 

Port P5 direction register 

Port P6 

Port P6 direction register 

PWM 0 register 

PWM 1 register 

PWM 2 register 

PWM 3 register 

PWM 4 register 

PWM output control register 1 

PWM output control register 2 

Interrupt Interval determmatlon register 

Interrupt Interval determinatIOn control register 

Special senal 1/0 register 

Special mode register 1 

Special mode register 2 

Senal 1/01 mode register 

Senal 1/01 register 

Senal 1/02 mode register 

Serial 1/02 register 

HOrizontal POSition register 

Vertical display start POSition register 1 

Vertical dlspJay start position register 2 

Vertical display start POSition register 3 

Character size register 

Border selection register 

Color register 0 

Color register 1 

Color register 2 

Color register 3 

CRT control register 

Display block counter 

CRT port control register 

A-D control register 

Fig. 3 SFR (Special Function Register) memory map 

INTERRUPTS 
Interrupts can be caused by 14 different events consisting 
of three external, ten internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 

Table 1. Reset is also included in the table because its op
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed as 

described in the stack pointer (S) section above, interrupt 
disable flag I is set, and the program jumps to the address 
specified in the vector table. The interrupt request flag is 
cleared automatically. The reset and BRK i'nstruction inter

rupt can never be disabled. Other interrupts are disabled 
when the interrupt disable flag is set. 

OOFO,. 

00F1,. 

00F2,. 

00F3,. 

OOF4'6 

OOF5'6 

OOF6'6 
OOF7 16 

OOFS,. 

00F9,. 

OOFA'6 
OOFB,. 

OOFC,. 

OOFO,. 

OOFE'6 
OOFF,. 
010016 

81BF,. 
1C016 

01FF'6 
020016 

0201,. 

0202,. 

0203,. 

020416 

020516 

Timer 1 

Timer 2 

Timer 3 

Timer 4 

Timer mode register 1 

Timer mode register 2 

PWM 5 register 

PWM 6 register 

PWM 7 register 

PWM 8 register 

PWM 9 register 

CPU mode register 

Interrupt request register 1 

Interrupt request register 2 

Interrupt control register 1 

Interrupt control register 2 

RAM 

192 bytes 

Not used 

PLL control register 

PCH register 

PCL register 

SWC register 

TimerS 

Timer 6 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter

rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1, 2, interrupt control registers 1, and 2. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1 ", interrupt 
request bit is "1", and the interrupt disable flag is "0" The 
interrupt request bit can be reset with a program, but not 

set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high
est priority. Figure 5 shows interrupts control. 

• MITSUBISHI 
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Table 1. Interrupt vector address and priority. 

Event Priority Vector addresses Remarks 

Reset 1 FFFF,6 • FFFE '6 Non-maskable 

CRT interrupt 2 FFFD ,6• FFFC '6 

INT2 interrupt 3 FFFB1S , FFFA '6 

I NT1 interrupt 4 FFF9 ,6• FFF8 '6 

Serial 1/02 interrupt 5 FFF7 ,6• FFF6'6 

Timer 4 interrupt 6 FFF5 ,6• FFF4 '6 

1 ms interrupt 7 FFF3,6• FFF2 '6 

VSYNC interrupt 8 FFF1 ,6• FFFO '6 

Timer 3 interrupt 9 FFEF1S , FFEE '6 

Timer 2 interrupt 10 FFED,6• FFEC '6 

Timer 1 interrupt 11 FFEB ,6• FFEA '6 

Serial 1/01 interrupt 12 FFE9 ,6• FFE8'6 

Timer 5 interrupt 13 FFE7 ,6• FFE6 '6 

Timer 6 interrupt 14 FFE5 ,6• FFE4'6 

BRK Instruction interrupt 15 FFDF ,6• FFDE '6 Non-maskable software Interrupt 

I I I I I I L I I 

L 
Interrupt request register 1 

(address 00FC'6) 

Interrupt request register 2 
L-,-.L.....1...-'-.,.......,.......,.~.....L..,-J (address 00FD'6) 

~ 

o 

Timer 1 interrupt request bit 

Timer 2 interrupt request bit 

Timer 3 Interrupt request bit 

Timer 4 interrupt request bit 

CRT interrupt request bit 

VSYNC Interrupt request bit 

Timer 5 Interrupt request bit 

Timer 6 interrupt request bit 

I I I I I I I I II nterrupt control register 1 

(address 00FE'6) L 
--

~--

Timer 1 interrupt enable bit 

Timer 2 Interrupt enable bit 

Timer 3 Interrupt enable bit 

Timer 4 Interrupt enable bit 

CRT Interrupt enable bit 

VSYNC Interrupt enable bit 

Timer 5 interrupt enable bit 

Timer 6 interrupt enable bit 

Fig. 4 Structure of registers related with interrupt 

Interrupt request bit 

Interrupt enable bit 

Interrupt disable flag I 

Fig. 5 Interrupt control 

reset ---... __ 

INT, interrupt request bit 

INT, Interrupt request bit 

Senal 1/01 Interrupt request bit 

'------ Senal 1/02 Interrupt request bit 

1 ms interrupt request bit 

This bit must be set to "0" 

: Interrupt disabled 
: Interrupt requested 

Interrupt control register 2 
(address OOFF'6) 

INT, Interrupt enable bit 

I NT, Interrupt enable bit 

- Senal 1/01 Interrupt enable bit 

'------Senal 1/02 interrupt enable bit 
L ______ 1 ms Interrupt enable bit 

: Interrupt disable 
: Interrupt enabled 

Interrupt request 
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TIMER 
The M37250M6-XXXSP has six timers; timer 1, timer 2, tim
er 3, timer 4, timer 5 and timer 6. 

A block diagram of timer 1 through 6 is shown in Figure 7. 
All of the timers are down count timers and have a-bit 
latches. When a timer reaches "0016" and the next count 

pulse is input to a timer, a value which is the contents of 
the reload latch are loaded into the timer. The division ratio 
of the timer is 1/(n+1), where n is the contents of timer 
latch. The timer interrupt request bit is set at the next count 
pulse after the timer reaches "0016", 

(1) Timer 1 

The count source of timer 1 is selectable from f (X,N ) 116 

and the 1,024", second clock (by 1 ms interrupt; it can be 
used at PWM count source generating) and external clock 
from P32/TIM2 pin by timer mode register 1 (address 
00F416 )· 

Timer 1 interrupt request is occurred by overflow of timer 1. 
(2) Timer 2 

The count source of timer 2 is selectable from f(X ,N ) 116, 

timer 1 overflow Signal, and external clock from P32/TIM2 
pin by timer mode register 1 (address 00F416 ). 

Timer 1 can be used as a bits prescaler when timer 1 over
flow signal is selected as count source of timer 2. 
Timer 2 interrupt request is occurred by overflow of timer 2. 
(3) Timer 3 

The count source of timer 3 is selectable from f(X ,N ) 116 

and external clock from P33 /TIM3 pin by timer mode regis
ter 2 (address 00F516 ). 

Timer 3 interrupt request is occurred by overflow of timer 3. 
(4) Timer 4 

The count source of timer 4 is selectable from f(X ,N ) 116, 

f(X,N )/2, and timer 3 overflow signal by timer mode register 
2 (address 00F516 ). 

Timer 3 can be used as a bits prescaler when timer 3 over
flow signal is selected as count source of timer 4. 
Timer 4 interrupt request is occurred by overflow of timer 4. 

(5) Timer 5 

The count source of timer 5 is selectable from f (X,N ) 116, 

timer 2 overflow signal and timer 4 overflow signal by timer 
mode register 1 (address 00F416 ) and timer mode register 
2 (address OOF516 ). 

(6) Timer 6 

The count source of timer 6 is selectable from f(X ,N ) 116 

and timer 5 overflow signal by timer mode register 1 
(address 00F416 ). 

7 a 
I I I I I I I I I Timer mode register 1 (address 00F4'6) 

L Timer 1 count source selection bit 1 
a : f(X,N) divided by 16 
1 : Internal clock (determined by bit 5) 

'--- Timer 2 count source selection bit 1 t o: Internal clock (determined by bit 4) 
1 : External clock from P32/TIM2 pin 

Timer 1 count stop bit 
a : Count start 
1 : Count stop 

Timer 2 count stop bit 
a : Count start 
1 : Count stop 

'----- Timer 2 count source selection bit 2 
o : f(X,N) divided by 16 
1 : Timer 1 overflow 

L-_____ Timer 1 count source selection bit 2 

o : 1,024 ps clock 
1 : External clock from P32/T1M2 pin 

L-______ Timer 5 count source selection bit 2 

a : Timer 2 overflow 
1 : Timer 4 overflow 

L-_______ Timer 6 count source selection bit 

II I I I 

a : f(X,N) divided by 16 
1 : Timer 5 overflow 

Timer mode register 2 (address 00F5,,) 

Timer 3 count source selection bit 
a : f(X,N) diVided by 16 
1 : External clock from TIM3 

'--- Timer 4 Internal count source selection bit 
a : Timer 3 overflow 
1 : f(X,N) diVided by 16 

'--- Timer 3 count stop bit 
a : Count start 
1 : Count stop 

'---- Timer 4 count stop bit 

0' : Count start 
1 : Count stop 

L-____ Timer 4 count source selection bit 

a : Internal clock (determined by bit 1) 
1 : f(XIN ) divided by 2 

L-_____ Timer 5 count stop bit 

a : Count start 
1 : Count stop 

L-______ Timer 6 count stop bit 

o : Count start 
1 : Count stop 

L... _______ Timer 5 count source selection bit 1 

a : f(X,N) diVided by 16 
1 : Internal clock (determined by bit 7 

of the timer mode register 1) 

Fig.6 Structure of timer 12 mode register and 
timer 34 mode register 

• MITSUBISHI 
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8 

1,0241's clock TMR15 • 0 I Timer 1 latch (8) I 
8{ 

0 1/2 1/8 Timer 1 (8) 
TMR10 l 8 TMR1, 
TMR1 4 

8 

! / 

I Timer 2 latch (8) I 
1 

P3,/TIM2 Timer 2 (8) 
TMR1, l 8 

TMR13 
" 
8 

! " t FF'6 

P33/TIM3 I Timer 3 latch (8) I 
% 

~R20~ H Timer 3 (8) 

l 8 

8 

! 
/ 

~ 07 '6 

~ ~TMR21 I Timer 4 latch (8) I 
%' 

T:tt 

--4 Timer 4 (8) 

TMR24 l 8 
/ 

~ 
TMR 16 

8 

~ 
Selection gate: Connected to I Timer 5 latch (8) I 

black colored 

~ sIde at reset 

TMRl : Timer mode register 1 --'3> Timer 5 (8) 

TMR2 : Timer mode register 2 
TMR27 

TMR25 l 8 

The subscript number IS the " 
bit number 8 

~ 
I Timer 6 latch (8) I 

~ 
-"'" Timer 6 (8) 

TMR1, 
TMR26 ~ 8 

/ 

Note: Pulse width of external clock Input from P3,/TIM2 and P3jTIM3 need more than 4 machine cycles 

Fig. 7 Timer 1 through 6 block diagram 
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f------ ;~~e~~u4 pt request 
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SERIAL I/O 
M37250M6-XXXSP has two serial I/O (serial 1/01, serial 
1/02). Serial 1/01 has the same function as serial 1/02. 
A block diagram of the serial I/O is shown in Figure 8. 
In the serial I/O mode the receive ready signal (SR~;;)' 
synchronous input/output clock (CLKi), and the serial I/O 

pins (SouTi, S,Ni) are used as port P4. The serial I/O, mode 
registers (address 00DC16, 00DE16 ) are 8-bit registers. Bits 

0, 1 and 2 of these registers are used to. select a synchro
nous clock source. 
Bit 3 and 4 decide whether parts of P4 will be used as a 

serial I/O or not. 

XIN 

P43 latch 

To use P42 or P46 as a serial input, set the direction regis
ter bit which corresponds to P42 or P46 to "0". For more in

formation on the direction register, refer to the I/O pin sec
tion. 
Also to use internal clock of serial 1/02, bit 1 of special 
mode register 1 (address 00DA16 ) needs to be set to "1". 

The serial I/O function is discussed below. The function of 
the serial I/O differs depending on the clock source; exter
nal clock or internal clock. 

Data bus 

P43/SRDYl O--~~------f--I SY~Trcuit 1----j;;O"'~-..... ~>____+-.J 
S101M. 

P41/SCLK1 
SI01M3 

P40 latch 

P4o/SoUT1 
SI01M3 

P4,/SINl 

P47 latch PWM8 

P47/SRDY2 
S102M. SB. 

P4s/SCLK2 
SI02M3 SB, 
P4. latch SDA 

P44/SoUT2 
SI02M3 SB, 

P46/SIN, 

PWM9 

P46 latch 

Fig. 8 Serial I/O block diagram 

Serial I/O counter 1 (8) 

SI01 M5 LSB-MSB 

Senal I/O shift register 1 (8) 

Sync. 
Circuit 

Senal I/O counter 2 (8) 

SI02M5 LSB-MSB 

Senal I/O shift register 2 (8) 

Serial 1/01 
Interrupt request 

Senall/02 
Interrupt request 
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Internal clock - The SROVi signal becomes"H"during trans
mission or while dummy data' is stored in the serial II0i 
register (address 000016, 00DF16 ). After the falling edge of 
the write signal, the SROVi signal becomes low signaling 
that the M37250M6-XXXSP is ready to receive the external 
serial data. The SROVi signal goes "H" at the next falling 
edge of the transfer clock. The serial I/O, counter is set to 
7 when data is stored in the serial II0i register. At each 
falling edge of the fransfer clock, serial data is output to 

So uTi· During the rising edge of this clock, data can be in
put from S'Ni and the data in the serial II0i register will be 
sh ifted 1 bit. 
Transfer direction can be selected by bit 5 of serial II0i 
mode register. After the transfer clock has counted 8 times, 

the serial II0i register will be empty and the transfer clock 
will remain at a high level. At this time the interrupt request 

Sync clock 

Transfer clock 

Senal 1/0, register 
write signal 

Serial 110 output 

SOUTZ 

Serial 1/0 input 

SINt 

Receivable Signal 

SRDYt 

Fig. 9 Serial I/O timing 

Sending Side 

Senal 1/01 mode regIster --
SRDYl 

SRDYl 

Sit 4 Sit 0 

I 0 I 1 I 1 I x I xl 

bit will be set. 

External clock- If an external clock is used, the interrupt re
quest will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 

500kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 9. When using an external clock for trans
fer, the external clock must be held at "H" level when the 
serial II0i counter is initialized. When switching between 
the internal clock and external clock, the switching must not 

be performed during transfer. Also, the serial 1/0 counter 
must be initialized after switching. 

An example of communication between two M37250M6-
XXXSPs is shown in Figure 10. 

Interrupt request bit set 

Receiving side 

Senal 1/01 mode register 
--
SRDYl 

Sit 4 Sit 0 

I 1 I 1 I 0 I x I x I 
Sync clock 

SCLKl 

---
The direction register for pin SRDYl 

should be set to IOput mode 

SOUTl 

Fig. 10 Example of serial I/O connection 

2-262 

Senal data 

• MITSUBISHI 
"'aECTRIC 

SCLKl 

The direction register for pin SlN1 

should be to Input mode 

SlN1 



7 

MITSUBISHI MICROCOMPUTERS 

M372S0M6-XXXSP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER for FREQUENCY SYNTHESIZER 
with ON·SCREEN DISPLAY CONTROLLER 

o 7 o 

I I I I I I I I I ~ "al 1/01 mode register 
(address OODC,.) I I I I I I I I I Se 

rial 1/02 mode register 
(address OODE,.) 

I I Internal synchronous clock 
select,,;>n bit 

00: f(X,N) diVided by 4 
01: f(X,N ) diVided by 16 
10: f(X,N ) diVided by 32 
11 : I(X'N) divided by 64 

Sync clock selection bit 
o : External clock 
1 : Internal clock 

Serial 1/01 port selection bit 
o : Port P40, P4, 

1 : SaUT1, SCLK1 

SRoy, Signal output selecllon bit 
o : Port P4, 
1 : SRoy, 

Transler direction selection bit 
o : LSB Ilrst 
1 : MSBlirst 

Fig. 11 Structure of serial 1/01 mode register and serial 1/02 mode register 

I I Internal synchronous clock 
selection bit 

00: I(X,N ) diVided by 4 
01: f(X'N) divided by 16 
10: f(X,N ) divided by 32 
11 : f(X'N) diVided by 64 

Sync clock selecllon bit 
o : External clock 
1 : Internal clock 

~"al 1/02 port selection bit 
o : Port P4., P4,; 
1 : SpeCial mode (see Fig 14) 

SRoY2 signal output selection bit 
o : Port P4, 

1 : SpeCial mode (see Fig. 14) 

Transfer dlreclion selection bit 

o : LSB first 
1 : MSB first 
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SPECIAL MODE (I2C BUS MODE) 
M37250M6-XXXSP has a special serial 1/0 circuit that can 
be reception or transmission of serial data in conformity 
with 12C (Inter IC) bus format. 
12C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of a 
machinery. 
M37250M6-XXXSP's special serial 1/0 is not included the 
clock synchronisation function and the arbitration detect
!:Ible function at multi master. 
Operations 01 master transmission and master reception 
with special serial 1/0 are explained in the following: 
(1) Master transmission 
To generate an interrupt at the end of transmission, set bit 
7 of special mode register 2 (address 000816) to "1" so as 
to special serial 1/0 interrupt is selected. Then set bit 3 of 
interrupt control register 2 (address 00FF16) to "1" so as to 
special mode serial 1/0 interrupt is enabled. Clear the in
terrupt disable flag I to "0" by using the CLI instruction. 
The output signals of master transmission SOA and SCL' are 
output from ports P44 and P45. Set all bits (bits 4 and 5) 
corresponding to P44 and P45 of the port P4 register 
(address OOC816) and the port P4 direction register 
(address 00C916) to "1". 
Set the transmission clock. The transmission clock uses the 
overflow signal of timer 4. Set appropriate value in timer 4 
and timer mode register 2. (For instance, if I (X1N ) 116 is 
selected as the clock source of timer 4 and "4" is set in 
timer 4 when I(X1N ) is 4MHz, the master transmission clock 
frequency is 25kHz.) 
Set contents of the special mode register 2 (address 
000816). (Usually, "8316".) 
Set the bit 3 of serial 1/02 mode register (address 000E16) 
to "1". After that set the special mode register 1 (address 
000A16). Figure 15 shows the structure of special mode 
registers 1 and 2. 
Initial setting is completed by the above procedure. 
Write data to be transmitted in the special serial 1/0 regis
ter (address 000916). Immediately after this, clear bits 0 

P45/SCL 

P4 .. /SDA 

Data bus 

Fig. 12 Block diagram of special serial I/O 

and 1 of special mode regiser 2 (to "0") to make both SOA 
and SCL output to "L". This is for arbitration. The start sig
nal has been completed. 
The hardware automatically sends out data of ,9-clock cy
cle. The 9th clock is lor ACK receiving and the output level 
becomes "H" at this clock. If other master outputs the start 
signal to transmit data simultaneously with this 9th clock, it 
is not detected as an arbitration-lost. 
When the ACK bit has been transmitted, bit 3 of the inter
rupt request register 2 is set to "1" (issue of interrupt 
request), notifying the end of data transmission. 
To transmit data successively, write data to be sent to the 
special serial 1/0 register, and set the interrupt enabled 
state again. 8y repeating this procedure, unlimited numb'er 
of bytes can be transmitted. 
To terminate data transfer, clear bits 0 and, 1 of the special 
mode register 2 to "0", set bit 1 clock SCL to "1", then set 
bit 1 data SOA to "1". This procedure transmits the stop 
signal. 
Figure 13 shows master transmission timing explained 
above. 
(2) Master reception 
Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission. 
In the interrupt routine, set master reception ACK provided 
(2616) in ,the special mode register 1 (address 000A16)' 
and write "FF16" in the special serial 1/0 register (address 
000916). This sets data line SOA to "H" and to perform 8-
clock master reception. Then, "L" is transmitted to data line 
SOA for ACK receiving. In the ACK prOVided mode, the 
above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary num
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission. 
Figure 14 shows master reception timing. 

Counter Interrupt request 

Shift register 
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P45/SCL 

P4.tSDA 

P4./SCL --------' 
Fig. 13 Master transmission timing 

Recepllon data 
r-__________ ~A~ ______ _ 

P45/SCL 

P45/SCL 
-----' 

Fig. 14 Master reception timing 

7 7 o 

I I I I I I I I I specl(~~~~~:~%'~~;3 : S8 I I I I I I I I I speclal(:da:r:;:~~~e~,~i SC 

L Transmission and reception mode L Data line control bit 
selecllon bit 0 : SDA outputs .. L" 

o : Reception mode 1 : SDA outputs" H" 
1 : Transmission mode 

'---- Synchronous clock selection bit 

o : External clock 
1 : Timer 4 overflow 

P4., P45 special mode selection bit 

: SoUT2, SCLK2 Sl g nal output 
1 : SDA, SCL signal output 

P4s special mode selection bit 
o : P4. output 
1 : PWM9 output 

P47 special mode selection bit 

o : SRDY' signal output 
1 : PWM8 output 

ACK operation selection bit 
a : ACK IS not transmitted or received 

1 . ACK IS transmitted and received 

---------.--~--- Start signal detect bit 

o : Start signal IS not detected 
1 : Start signal was detected 

Stop signal detect bit 
o : Stop signal IS not detected 
1 : Stop signal was detected 

Fig. 15 Structure of special mode registers 1 and 2 

- Clock line control bit 

o : SCL outputs "L" 
1 : SCL outputs "H" 

L-___ ACK recognition bit 

o : ACK was received 
1 : ACK IS not received 

L-________ Walt function 1 enable bit 

o : W8IIfunction 1 IS disabled 

l
_~ 1: W8IIfunction 1 IS enabled 

Walt funcllon 2 enable bit 

o : Walt function 2 IS disabled 
1 : Walt function 2 IS enabled 

Walt function 1 acceptance display bit 
o : Walt function 1 IS not accepting 
1 : Walt function 1 IS accepllng 

'----------- Walt function 2 acceptance display bit 

o : Walt function 2 IS not accepting 
1 : Walt function 2 IS accepllng 

Interrupt selection bit 
o : Senal 1/02 Interrupt 
1 : Special senal 110 Interrupt 

• MlTSUBlSHI 
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(3) Wait function 
Wait function 1 holds the SCl line at "l" after the 8th clock 
falls in special mode. Wait function 2 holds the SCl line at 
"l" after the 9th clock falls in the same way. 
When one of the wait functions operates, the internal coun
ter that counts the clock must be reset after bit 3 or 4 of the 
special mode register 2 is set to "1", to enable the corres
ponding wait function 1 or 2 to operate. Reset the internal 
counter by writing data to the special serial I/O register 
(address 000916 ), or by setting the START signal detection 
bit to "1". Reset the internal coun~er for each byte before 
data tranfer. 
The wait functions can be released by setting the corres
ponding bit 5 or 6 of the special mode register 2 to "1". 
Note1: Clear the START signal detect bit (bit 6) and the 

STOP signal detect bit (bit 7) of the special mode 
register 1 by writing "1" to bit 6 or bit 7. 

PWM OUTPUT CIRCUIT 
(1) Introduction 

The M37250M6-XXXSP is equipped with ten 8-bit 
PWMs (PWMO-PWM9). PWMO to PWM9 have a 8-bit 
resolution with minimum resolution bit width of 8,us (for 
X1N=4MHz) and repeat period of 2048,us. 
Block diagram of the PWM is shown in Figure 16. 
The PWM timing generator section applies individual 
control signals to PWMO to 9 using clock input X1N di
vided by 2 as a reference signal. 

(2) Data setting 
Set the 8-bit data for output in the PWMi register (i 

means 0 to 9; addresses 000016 to 000416 and 00F616 

to 00FA16 ). 

(3) Transferring from registers to latches 
The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The sign.als output to the PWM pins correspond to the 
contents of these latches. When data in each PWM 
register is read, data in these latches has already been 
read allowing the data output by the PWM to be con
firmed. 

(4) Operation of the PWMs 
The following is the explain about PWM operation. 
At first, clear the bit 0 of PWM output control register 1 
(address 000516) to "0" (at reset, this bit already clear 
to "0" automatically), so that the PWM count source is 
supplyed. 
PWMO to 3 output pins and PWM4 to 7 output pins are 
in common with port P6 and port P2 respectively, and 
PWM8 and 9 output pins are in common with port P4 
and serial 1/02 pins. 
PWMO to 7 are selected the pin function by setting of 
PWM output control register 1 (address 000516) and PWM 
output control register 2 (address 000616), and PWM8 and 
9 are selected the pin function by the bit 3 and 4 of special 
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mode register 1 (address 000A16) and bit 4 of serial 1/02 

mode register (address 000E16). When these pins are 
set as PWM output pins by these registers, the PWM 
output can be performed. 
Figure 17 shows the timing diagram of PWMO through 
9. One cycle (T) is composed of 256 (28 ) segments. 
There are eight different pulse types configured from 
bits 0 to 7 representing the significance of each bit. 
These are output within one cycle in the circuit internal 
section. Refer Figure 17 (a). 
Eight different pulses can be output from the PWM. 
These can be selected by bits 0 through 7. Depending 
on the content of the 8-bit PWM latch, pulses from 7 to 
o is selected. The PWM output is the difference of the 
sum of each of these pulses. Several examples are 
shown in Figure 17 (b). 
Change in the contents of the PWM latch allows the 
selection of 256 lengths of high-level area outputs 
varying from 0/256 to 255/256. An length of entirely 
high-level output cannot be output, i. e. 256/256. 

(5) Output after reset 
At reset the output of port P2, P4, P6 is in the high im
pedance state and the contents of the PWM register 
and latch are undefined. Note that after setting the 
PWM register, the contents of the latch is undefined 
until its data is transferred to the latch. 
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Data bus 
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8 

~ Selection gate: connected to black 
colored sIde when 
reset 

060 ~PWMO 

S-bit PWM circUIt ~-:------;.(II~---l., 
PW2 rfr 

...................................................................................... ~~PWMI 

: PW3 1 
....................................................................................... j P62 062 ..rD PWM2 

~~ 
: PW4 1 

................................ ······················································-1 P6, 063 ..rD PWM3 

~* 
[ PW5 1 

....................................................................................... ; 02. 

~PWM4 
: PW6 

...................................................... ·································~PWM5 

[ PW7 

...................................................... ·································~PWM6 

: PNO 

...................................................... ·································~PWM7 

[ PNI 

SRDY2 P4, 04, ..rD PWMS 

.~ .~Lf>:; 
SB4 S102M. rfr 

...................................................... ································-1 

................................................................ ·····················-1 P4. 04. ..rD PWM9 

.. _ ......................................................................... ~l 

InSIde of C:::J IS as same contents wIth the others 

Fig. 16 Block diagram of the PWM circuit 
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PM: PWM output control regIster 1 
PN: PWM output control regIster 2 
P2: Port P2 directIon register 
P2: Port P2 regIster 
04: Port P4 directIon regIster 
P4: Port P4 regIster 
06: Port P6 dllecllon regIster 
P6: Port P6 regIster 
SB: SpecIal mode regIster 1 
SI02M : Senal 1/02 mode regIster 
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20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 23 240 2255 

118 

(a) Pulses shOWing the weight of each bit 

W~nO~6 ( ) 

When 01'6 (1)~-------------------------------------------J1--------------------------------------------~ 

When 18'6 (24) 

When FF'6(255)} 
.~------~-.----.--

Fig. 17 PWM timing diagram 
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When output IS PWMO to 9 t=8,us T=2048,us 
When f(X'N)=4MHz 

(b) Example of PWM output 
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o 7 0 

L I I I I I I I I PWM output control register 1 
(address 0005,.) 

I I I I I I I I I PWM output control register 2 

L 

'----

PWM count source selection bit 
o : Count source supply 
1 : Count source stop 

P6o/PWMO output selection bit 

o : P60 output 
1 : PWMO output 

P6,/PWM1 output selection bit 

o : P6, output 
1 : PWM1 output 

L (address 0006,.) 

P2./PWM6 output selection bit 
o : P2. output 

: PWM6 output 

- P2,/PWM7 output selection bit 
o : P2, output 
1 : PWM7 output 

'----- PWM output polarity selection bit 
o : Positive polarity 
1 : Negative polarity 

P6,/PWM2 output selection bit 

o : P6, output 
'---------- This bit must be set to "0" 

1 : PWM2 output 

P63/PWM3 output selection bit 

o : P63 output 
1 : PWM3 output 

P24IPWM4 output selection bit 

o : P24 output 
1 : PWM4 output 

P25/PWM5 output selection bit 
o : P25 output 
1 : PWM5 output 

Fig. 18 Structure of PWM output control register 1 and 2 
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A-O CONVERTER 
Block diagram of A-D converter is shown in Figure 19. A-D 
converter consists of 4-bit D-A converter and comparator. 

The A-D control register can generate 1/16 Vee-step inter
nal analog voltage based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of A-D 
control register bits 0 to 3 and the generated internal ana

log voltage. The comparison result of the analog input vol
tage and the internal analog voltage is stored in the A-D 
control register, bit 4. 
The data is compared by setting the directional register 
corresponding to port P3s, P36 to "0" (port P3s, P36 enters 

the input mode), .to allow port P3s/A-D1, P36/A-D2 to be 
used as the analog input pin. The digital value correspond
ing to the internal analog voltage to be compared is then 
written in the A-D control register, bit 0 to 3 and an analog 
input pin is selected. After 20 machine cycle, the voltage 
comparison starts. 

P35 

P3. 

Analog 
signal 
switch 

Fig. 19 Block diagram of A-D converter 

Data bus 

Comparator control 

.-
7 0 

I I I I I I I I I A-D control register 

I I I I 
(address OOEF,.) 

Internal analog voltage 
set bit (See table 3) 

Comparison result 
o : Input voltage < 

Internal voltage 
1 : Input voltage > 

Internal voltage 
A-D Input pin selection bit 

o : P35/A-D1 pin 
1 : P3./A-D2 pin 

Fig. 20 Structure of A-D control register 

Table 3. Relationship between the contents of A-D 
contro! register and internal analog voltage 

A-O control register 
Internal analog voltage 

Bil3 BI12 Bill BltO 

0 0 0 0 1/32 Vee 
0 0 0 1 3/32 Vee 
0 0 1 a 5/32 Vee 
0 0 1 1 7/32 Vee 
0 1 0 .0 9/32 Vee 
0 1 a 1 11/32 Vee 
0 1 1 a 13/32 Vee 
0 1 1 1 15/32 Vee 
1 0 0 0 17/32 Vee 
1 0 0 1 19/32 Vee 
1 0 1 0 21/32 Vee 
1 0 1 1 23/32 Vee 
1 1 0 0 25/32 Vee 
1 1 0 1 27/32 Vee 
1 1 1 a 29/32 Vee 
1 1 1 1 31/32 Vee 

A-D control 
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PLL CIRCUIT 
M37250M6-XXXSP has a built-in PLL circuit which is 
selectable either fixed dividing mode or swallow mode. 
PLL block diagram is shown in Figure 21. 

(1) PLL control register 
Switching fixed dividing mode/swallow mode, starting PLL 
operation, and selection of reference frequency are deter
mined by PLL control register (address 0200,6 ) 
When fixed dividing mode is selected by setting the bit 6 
(PL6 ) of PLL control register to "0", MO pin becomes 1-bit 
general purpose output port. In this case, the output level of 
MO pin is determined by bit 5 (PLs) of PLL control register 
(address 0200 ,6 ). 

(2) Reference frequency generator 
Nine kinds reference frequency are generated by built-in 

reference frequency generator that divides the external clock 
(4MHz), in both fixed dividing mode and swallow mode. 

Reference frequency is determined by bit 0 (PLo) to bit 4 
(PL.) of PLL control register. 

7 0 

r I I I I I I I r 

I I I I I 
PLL control register: PL (address 0200,.) 

Reference frequency selection bit 
(See Table 4) 

'-------MO pin output at fixed divIsion mode 

o :" l" level output 
1 : "H" level output 

'--------PLL mode selection bit 

o : Fixed division mode 
1 : Swallow mode 

'----------- PLl operallon control 
a : Stop 
1 : OperatIOn 

Fig. 22 Structure of PLL control register 

unl~~~ b7 

SWC register 1 (address 0203,.) 

b4 bO 

PCl register 

b7 

PCH register (address 0201 ,.) 

I IbSr r I I bOI 
6 

PlL latch 19-bit 
Data 

MSBI I I I I I I r I bus 

14-bit If 
Programmable counter 

P fD 
Phase 

0 comparator 
Reference frequency generator X,N 

pIL4 pl3 pIl2 
_I 1 
PL, Pl. 

Fig. 21 PLL circuit block diagram 

(address 0202,.) 

bO 5 

8 
---L- : Selection gat e 

At reset, th 
Side IS con 

e shaded 
nected 

r r r r r r i I r LSB 

S-bil If Pt· Pt7 F 
rl Swallow counter 

~N 

~l~ 
PL. 
~ 

Pl. j) M 

Pl5~ 
o 
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(3) Phase detector 
Phase detector is a built-in circuit to detect a phase differ
ence between reference frequency (fREF) and division of 
VCO output by programmable divider. 
Output of phase detector is input into internal charge pump, 
and outputs the following level from P/D pin. 

• "L" level where fREF > flN/N 

• "H" level where fREF < flN/N 
• Floating where fREF = flN/N 

fiN: Oscillation frequency of VCO 
N : Division ratio of all PLL system include external pre

scaler. 

Table 4. PLL control register bit mapping about 
reference frequency 

PLL control register (address 020016) 
Reference frequency 

Pl, Pl 3 Pl, Pl, Plo 

0 0 1 1 1 7.8125kHz 

0 1 0 0 1 5.0000kHz 

0 1 0 1 0 O.78125kHz 

0 1 0 1 1 3. 125kHz 

0 1 1 1 1 1. 953125kHz 

1 0 1 0 0 1.5625kHz 

1 0 1 1 0 O.9765625kHz 

1 0 1 1 1 3.90625kHz 

(4) Programmable divider 
Programmable divider is a binary down-counter configured 

by 5-bit swallow counter and 14-bit programmable counter. 
Lower 5 bits of 19-bit PLL latch data are preset to swallow 
counter and higher 14 bits of 19-bit PLL latch data are pre
set to programmable counter at a time, and it is down
counted. 

(5) PLL latch 
Data is set to programmable counter through PLL latch. 

Contents of PLL latch is determinated by following sequ
ence. 
• Writing contents of swallow counter to SWC register 

(address 0203,6) 

• Writing lower 8-bit of programmable counter to PCL reg
ister (address 0202,6) 

• Writing higher 6':.bit of programmable counter to PCH 
register (address 0201 ,6) 

Each register data is transferred to PLL latch, after writing 
to PCH register. Even when only lower 8-bit of programm
able counter or contents of swallow counter need to 
change, be sure to write to PCH register again. 

When reading the addresses 0201'6 to 0203'6 assigned 
PCH register, PCL register, and SWC register, the contents 
of PLL latch is read 

The contents of PLL latch is indeterminate during reset. 
And this PLL latch contents is indeterminated till the trans
fer is completed, even though data are set to PCH, PLL, 
and SWC registers. 

(6) Unlock flag 
When PLL system is unlock, namely when reference fre

quency fREF is difficult from division output frequency of 
VCO, the pulse is output synchronized fREF from phase de
tecter. Unlock flag is assigned in bit 7 of SWC register, and 
it is set to "1" by this pulse, and this flag is set to "0" by 
reading. So, reading cycle is necessary to be longer than 

fREF cycle. If the reading cycle is shorter than fREF cycle, 
unlocked PLL system is regard as locking, so that this mic
rocomputer may be missing operation. More time than fREF 
cycle need to read unlock flag at first, after PLL operation 
starts. 

(7) Programmable divider determination 
method 

When M54470L (division ratio is 1/128 or 1/136) is used as 
prescaler at swallow mode, determination method of prog
rammable divider division value is as following. 

fo = 8 • fREF (32Np + A) 
fo : Partial oscillation frequency 

fREF : Reference frequency 
Np : Division ratio of programmable counter 

214 :;;,; Np :;;,; 16 and Np > A . 

A : Division ratio of swallow counter 
31 :;;,; A~ 0 

When fixed prescaler (division ratio 11K) is used at fixed di
viding mode, determination method of programmable divid

er division value is as following. 
fo = fREF • K • Np 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display Functions 
Table 5 outlines the CRT display functions of the 
M37250M6-XXXSP. The M37250M6-XXXSP incorporates a 
24 columns X 3 lines CRT display control circuit. CRT dis
play is controlled by the CRT display control register. 

Up to 126 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 

Characters are displayed in a 12 X 16 dot configuration to 
obtain smooth character patterns. (See Figure 23) 
The following shows the procedure how to display charac
ters on the CRT screen. 

Table 5. Outline of CRT display functions 

Parameter Functions 

Number of display 
24 characters X 3 lines 

character 

Character 
12X16 dots (See Figure 23) 

configuration 

Kinds of character 126 
Character size 4 size selectable 

I Kinds of color 15 (max) 
Color I ColOring Unit a character 

Display expansIOn POSSible (multiple lines) 

1---------12 dots---------

Fig. 23 CRT display character configuration 

CD Set the character to be displayed in display RAM. 
CZl Set the display color by using the color register. 
@ Specify the color register in which the display color is 

~et by using the display RAM. 
@ Specify the vertical position and character size by us

ing the vertical position register and the character size 
register. 

® Specify the horizontal position by using the horizontal 
position register. 

@ Write the display enable bit to the designated block 

display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 
of the VSYNC signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 4 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 

Figure 25 shows a block diagram of the CRT display control 
circuit. Figure 24 shows the structure of the CRT display 
control register. 

7 

l I I I I I I I I CRT control register 

(Address 00EA'6) 

Note 1 

L 

~ 

~ 

Display of all blocks control bit (Note 1) 
a : Display of all blocks off 
1 : Display of all blocks on 

Display of block 1 control bit 
o : Display of block 1 off 
1 : Display of block 1 on 

Display of block 2 control bit 
o : Display of block 2 off 
1 : Display of block 2 on 

Display of block 3 control bit 
a : Display of block 3 off 
1 : Display of block 3 on 

Block 1 color select mode switch bit 
a : Normal mode 

: Half character Width color 
select mode 

Clock for display stop bit 
a : Stop 
1 : OscillalJon enable 

Scanning line double count mode bit 
o : Normal mode (256 lines) 
1 : Double count mode 

This bit must be set to "0" 

Display of all blocks control bit indicates the 
logical sum (AND) of each block display control 
bit 

Fig. 24 Structure of CRT control register 
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OSC! OSC2 HSYNC VSYNC 

T r 6 
(Address OOEA,.) 

H CRT control register 

~ 
Clock generating 

circuit 

(Address OOE! ,. to OOE3,.) 

~ Vertical position register 

L (Address OOE4,,) 

H Character size register 

Display pOSitIOn control CirCUit 

(Address OOEO,.) H HOrizontal position register 

(Address OOES,.) 

H Border register 

Display control 

CircUit 

RAM for display 

~ ll-blt X24Xl 

+ 9-bit X24X2 
ROM for display Border RAM 
12-blt X16X126 

(Address ~OE6'.) 1 
to OOE9,.) 

~ J ~~ 

~ Shift register Shift register Color register I--
~ 12-bit 12-bit 

~ 

(Address OOEC,.) 

~-1 
Output cirCUit 

CRT port control register 

I 
~ ! ! ! ! bus Data 

R G B Our 

Block diagram of CRT display control circuit 
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(2) Display Position 
The display positions of characters are specified in units 
called a "block!' There are three blocks, block 1 to block 3. 
Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 
The display position of each block in both horizontal and 
vertical directions can be set by software. 
The horizontal direction is common to all blocks, and is 
selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 
The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 
four scanning lines. 
If the display start position of a block overlaps with some 
other block «b) in Figure 28), a block of the smaller block 
No. (1 to 3) is displayed. 
If when one block is displaying, some other block is dis
played at the same display pOSition «c) in Figure 28), the 
former block is overridden and the latter is displayed. 
The vertical position can be specified from 128-step posi
tions (four scanning lines per step) for each block by set
ting values 0016 to 7F16 to bits 0 to 6 in the vertical position 
register (addresses 00E1 16 to 00E316). Figure 26 shows the 
structure of the vertical position register. 

7 0 mrrrr Vertical position register Uliill ,,,.~ 00"_ m "'.,1 

The vertical display start posillon 
128-step positions (00,6 to 7F,.) 

Fig. 26 Structure of vertical position registers 

The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc=oscillation cycle for display) by setting values 0016 to 
3F16 to bits 0 to 5 in the horizontal position register 
(address 00E016). Figure 27 shows the structure of the hori
zontal position register. 

7 0 cr::rnwrr Horizontal position register Will ''''',--.: 
The honzontal display start position 
64-step positions (00,. to 3F,.) 

Fig. 27 Structure of horizontal position register 
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: 
I 

(HR) I 
I 

GV, - -- -- - -

I Block t 

, 
GV2 - -- -- , 

l Block 2 

I 
I 

GV3 - ---I 
Block 3 

(a) Example when each block IS separated 

I 
I 

(HR) I 

~~ 
I 

GV, - ----
, 

l Block 1 

I 
I 
I 
I 
I 
I 
I 
I 

GV3 - -

l Block 3 

(b) Example when the display start position of a block overlaps with some other block 

I 
I 

(HR) I 
I 

GV,---- t--- --
~~L_ Block 1 

1--------- -
Block 2 

I 

I 
I 
I 
I 
I 

0'iL -- I 

Block 3 

(c) Example when one block IS displaYing some other block IS superimposed 

Fig. 28 Display position 
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(3) Character Size 
The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg
ister (address OOE4,s ) to set a character size. The charac
ter size in block 1 can be specified by using bits 0 and 1 in 
the character size register; the character size in block 2 
can be specified by using bits 2 and 3; the -character size 

in block 3 can be specified by using bits 4 and 5. Figure 29 
shows the structure of the character size register. 
The character size can be selected from four sizes: small 
size, medium size, large size, and extra large size. Each 

character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis
play oscillation (=Tc) in the width (horizontal) direction. 

The small size consists of (one scanning line) X (1 Tc); the 
medium size consists of (two scanning lines) X (2 Tc) ; the 
large size consists of (three scanning lines) X (3 Tc) ; and 
the extra large size consists of (four scanning lines) X (4 

Tc). Table 6 shows the relationship between the set values 
in the character size register and the character sizes. 

Table 6. The relationship between the set values of 
the character size register and the character 
sizes 

Set values of the character Character Width Height 
size register (horizontal) (vertical) 

eSn1 eSno size direction direction 

0 0 Small 1 Tc 1 

0 1 Medium 2 Tc 2 

1 0 Large 3 Tc 3 

1 1 Extra large 4 Tc 4 

Note: The display start position in the honzontal direction is not affected 
by the character size In other words, the honzontal start position 
is common to all blocks even when the character size vanes With 
each block (See Figure 30) 

o 
I I I I I I I I J 

U 
Character size register 
(Address 00E416 ) 

Block 1 character Size seleclion bit 

00 : Small size 
01 : Medium size 
10 : Large size 
11 : Extra large size 

Block 2 character size selectIOn bit 

00 : Small size 
01 : Medium sIZe 
10 : Large size 
11 : Extra large size 

Block 3 character size selection bit 
00 : Small size 
01 : Medium size 
10 : Large size 
11 : Extra large size 

OUT pin output selection 
o : OUT Signal output 
1 : MUTE slgnallSee (10) CRT Output 

Pin Control) output 

Fig. 29 Structure of character size register 

Medium 

Large 

Extra large 

..- Display start position 

Fig. 30 Display start position of each character size 
(horizontal direction) 
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(4) Display Memory 
There are two types of display memory: ROM of CRT dis
play (300016 to 3FFF(6) used to store character dot data 
(masked) and display RAM (200016 to 2007(6 ) used to 
specify the colors of characters to be displayed. The fol
lowing describes each type of display memory. 
CD ROM for CRT display (300016 to 3FFF(6 ) 
The CRT display ROM contains dot pattern data for charac
ters to be displayed. For characters stored in this ROM to 

be actually displayed, it is necessary to specily them by 
writing the character code inherent to each character 
(code determined based on the addresses in the CRT dis
play ROM) into the CRT display RAM. 
The CRT display ROM has a capacity of 4K bytes. Because 
32 bytes are required for one character data, the ROM can 
contain up to 128 kinds of characters. Actually, however, 
because two characters are required for test pattern use, 
the ROM can contain up to 126 kinds of characters for dis

play use. 
The CRT display ROM space is broadly divided into two 
areas. The (vertical 16 dots) X (horizontal (left side) 8 
dots) data of display characters are stored in addresses 

Table 7. Character code list 

Character code 
Contained up address of character data 

--
Left 8 dots lines Right 4 dots lines 

3000'6 3800'6 
00'6 to to 

300F'6 380F'6 
3010'6 3810'6 

01 ,6 to to 
301 F'6 381 F'6 
3020'6 3820'6 

02'6 to to 
302F'6 382F'6 
3030'6 3830'6 

03,6 to to 
303F'6 383F'6 

: 
3100'6 3900'6 

10'6 to to 
310F'6 390F'6 
3110'6 3910'6 

11'6 to to 
311F'6 391 F'6 

34FO'6 3CFO'6 
4F'6 to to 

34FF'6 3CFF'6 

3500'6 3000'6 
50'6 to to 

350F'6 300F'6 

3700'6 3FOO'6 
70'6 to to 

370F'6 3FOF'6 

* 
37EO'6 3FEO'6 

7E'6 to to 
37EF'6 3FEF'6 

* 
37FO'6 3FFO'6 

7F'6 to to 
37FF'6 3FFF'6 

* . The test pattern are stored 

3000'6 to 37FF16; the (vertical 16 dots) X (horizontal (right 
side) 4 dots) data of display characters are stored in 

addresses 3800'6 to 3FFFI6. (See Figure 31) Note however 
that the four upper bits in the data to be written to addres
ses 380016 to 3FFF16 must be set to "1" (by writing data 

FO'6 to FF'6)' 
The character code used to specify a character to be dis
played is determined based on the address in the CRT dis
play ROM in which that character is stored. 

Assume that data for one character is stored at 3XXO'6 to 

3XXF'6 (XX denotes 00'6 to 7F'6) and 3YYO'6 to 3YYF'6 
(YY denotes 80'6 to FF'6)' then the character code for it is 

"XX'6". 
In other words, character code for any given character is 
configured with two middle digits of the four-digit (hex
notated) address (3000,6 to 37FF'6) where data for that 
character is stored. 
Table 7 lists the character codes. 

bltl bitO 

3XXO'6 o 0 o 0 o 0 o 0 3XXO,s+80016 

o 0 000 1 o 0 

000 o 0 1 o 0 

o 0 o 0 1 0 1 0 

0 1 0 1 
1 000 

o 0 0 o 0 1 
o 0 o 0 1 o 0 0 
o 0 o 0 o 0 0 
o 0 1 1 1 o 0 0 
o 0 1 o 0 000 o 0 
o 1 o 0 0 o 0 0 0 0 
0 1 o 0 0 o 0 o 0 
0 1 000 o 0 o 0 
o 0 o 0 o 0 0 o 0 

3XXF,6 o 0 o 0 000 3XXF,6+S00'6 1'1 

Fig. 31 Display character stored area 
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(2) CRT display RAM (200016 to 20D716 ) 

The CRT display RAM is allocated at addresses 200016 to 
20D716, and is divided into a display character code spe

cifying part and display color specifying part for each block. 
Table 8 shows the contents of the CRT display RAM. 
When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is necessary 

to write the character code to the seven low-order bits 
(bits 0 to 6) in address 200016 and the color register No. to 
the two low-order bits (bits 0 and 1) in address. 208016. The 
color register No. to be written here is one of the four color 
registers in which the color to be displayed is set in adv
ance. For details on color registers, refer to (5) Color Reg

isters. 
The structure of the CRT display RAM is shown in Figure 
32. Write the character patterns at Table 9 and 10 as test 
pattern, when M37250M6-XXXSP is mask-ordered. 

Table 8. The contents of the CRT display RAM 

Block Display position (from left) 

1st column 

2nd column 

3rd column 

810ck 1 

22th column 

23th column 

24th column 

Not used 

1st column 1----------.. 
2nd column 

3rd column 

810ck 2 . 
22th column 

23th column 

24th column 

Not used 

1 st column 

2nd column 

3rd column 

810ck 3 

22th column 

23th column 

24th column 

Not used 

Character code specIfication 

2000'6 

2001 ,6 

2002 '6 

2015 ,6 

2016 '6 

2017,6 

2018 '6 

I 
201 F'6 

2020'6 

2021 '6 

2022,6 

2035 '6 

2036 '6 

2037 '6 
--

2038,6 

I 
203F'6 

2040 '6 

2041 ,6 

2042 '6 

2055,6 

2056'6 

2057,6 

2058 '6 

I 
207F '6 

• MlTSUBl$HI 
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Color specification 

2080 '6 

2081 ,6 

2082 '6 

2095 '6 

2096 '6 

2097,6 

2098'6 

I 
209F'6 

20AO '6 

20A1 '6 

20A2 '6 

2085 '6 

2086 '6 

2087 '6 

2088 '6 

I 
208F '6 

20CO '6 

20C1 '6 

20C2 '6 

: 
2005 '6 

2006 '6 

2007 '6 
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Block 1 

(Character specification) 

1 st column: 2000" 
7 0 

to I I I I I I I I I 24th column: 2017,. 

I I I I I I I Character code 
Specify 126 characters at 00,. to 7D,. 

(Color specification] 

1 st column: 2080,. 
3 0 

to I I I I I 24th column: 2097,. 

I I Former half color register specification 
in the normal mode or In the half character 
width color select mode 

00 : Color register 0 specification 

01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 specification 

Latter half color register specification 
In the half character width color select mode 

00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 speclficallon 

Block 2, 3 
11 : Color register 3 specification 

(Character specification) 
7 0 

1 st column: 2020,. 

I I I I I I I I I to 
24th column: 2037,. 

I I I I I I I Character code 
(Address 2040,. to 2057,. In the case of block 3) Specify 126 characters at 00,. to 7D,. 

(Color specification) 
1 0 

1 st column: 20AO,. 

Lc.~re,,".,~.,,,,.,~ 
to 

24th column: 20B7,. 

(Address 20CO,. to 20D7,. In the case of block 3) 

Structure of the CRT display RAM 

• MITSUBISHI 
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Table 9. Test character patterns 1 

Address Data Address 

37EO'6 40'6 3FEO'6 

37E1'6 0416 3FE1'6 

37E2,. 00'6 3FE2,. 

37E3,. 20'6 3FE3'6 

37E4'6 02'6 3FE4,. 

37E5'6 00'6 3FE5'6 

37E6'6 10'6 3FE6,. 

37E7,6 01 16 3FE7'6 

37E8'6 80,. 3FE8,. 

37E9,. 08'6 3FE9'6 

37EA'6 00,. 3FEA'6 

37EB,. 40'6 3FEB,. 

37EC'6 04'6 3FEC'6 

37ED'6 00'6 3FED'6 

37EE'6 20'6 3FEE,. 

37EF,. 02'6 3FEF,. 

Table 10. Test character patterns 2 

Address Data Address 

37FO'6 00'6 3FFO'6 
37F1 '6 00'6 3FF1'6 

37F2'6 00'6 3FF2'6 

37F3'6 00'6 3FF3'6 
37F4,6 00,. 3FF4'6 

37F5'6 00'6 3FF5'6 
37F6,6 00'6 3FF6'6 
37F7,6 00'6 3FF7'6 

37F8'6 00'6 3FF8'6 

37F9'6 00'6 3FF9'6 

37FA'6 00'6 3FFA'6 

37FB'6 00'6 3FFB'6 

37FC'6 00'6 3FFC'6 

37FD'6 00'6 3FFD'6 

37FE'6 00'6 3FFE'6 

37FF'6 00'6 3FFF'6 

Data 

FO'6 
FO,. 

F4'6 

FO'6 

FO'6 
F2,. 

FO'6 
F016 

FO'6 
FO,. 

F8'6 

FO'6 

FO'6 
F416 

FO'6 

FO'6 

Data 

FO'6 

FO'6 

FO'6 
~-

FO,. 

FO,. 

FO'6 
FO,. 

FO'6 

FO'6 

FO,. 

FO'6 

FO'6 
FO,. 

FO'6 

FO'6 

FO,. 

(5) Color Registers 
The color of a displayed character can be specified by set
ting the color to one of the four color registers (COO to ' 

C03: addresses OOE6'6 to OOE9'6) and then specifying that 
color register with the CRT display RAM. 
There are four color outputs: R, G, B, and I. By using a 
combination of these outputs, it is possible to set 24_1 

(when no output) = 15 colors. However, because only four 
color registers are available, up to four colors can be dis
played at one time. 

R, G, B, and I outputs are set by using bits 0 to 3 in the col
or register. Bit 4 in the color register is used to set a char
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 33 shows the struc
ture of the color register. 

I I I I I I I I I 

L 

-

~ 

Color register 
(Address OOE6'6 to OOE9,6) 

I pin output bit 

o : No character is output 
1 : Character is output 

B Pin output bit 
o : No character IS output 
1 : Character IS output 

G pin output bit 
o : No character is output 
1 : Character IS output 

R pin output bit 
o : No character IS output 
1 : Character is output 

OUT pin output bit (Note) 
o : No character or blank IS output 
1 : Character or blank IS output 

OUT pin output control bit (Note) 
o : OUT pin outputs character 
1 : OUT pin outputs blank 

Note: When the character outlining function IS used, the 
contents of these two bits (bits 4 and 5) are nullified, 
and the OUT pin output becomes an border output 

Fig. 33 Structure of color registers 
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(6) Half Character Width Color Select Mode 
By setting "1" to bit 4 in the CRT control register (address 

00EA16 ) it is possible to specify colors in units of a half 
character size (vertical 16 dotsXhorizontal 6 dots) for char

acters in block 1 only. 
In the half character width color select mode, colors of dis

play characters in block 1 are specified as follows: 

Color of the color register 

specified by bit 0 and bit 1 

of address 2080" 

(a) Display in the normal mode 

Color of the color register 

specIfIed by bit 0 and bit 1 
of address 2080'6 

• 

I 

Color of the color register 

specifIed by bit 2 and bit 3 

of address 2080'6 

(b) Display In the half character wIdth color select mode 

CDThe left half of the character is set to the color of the col
or register that is specified by bits 0 and 1 at the color 
register specifying addresses in the CRT display RAM 
(addresses 208016 to 209716), 

(2) The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the color 
register specifying address in the CRT display RAM 
(addresses 208016 to 209716 ), 

Color of the color register 

specified by bit 0 and bit 1 

of address 2081 '6 

Color of the color register 

specifIed by bit 0 and bit 1 

of address 2081 '6 

• 

Color of the c610r register 

specIfIed by bit 2 and bit 3 

of address 2081 '6 

Block 1 

Block 1 

Fig. 34 Difference between normal color select mode and half character width color select mode 
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(7) Multiline Display 
The M37250M6-XXXSP can normally display three lines on 
the CRT screen by displaying three blocks at different hori

zontal positions. 
In addition, it allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 
The CRT interrupt works in such a way that when display of 
one block is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizontal position 
registers) and when the 'range of that block is exceeded, 
an interrupt is applied. 
The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 
For multiline display, it is necessary to enable the CRT in
terrupt (by clearing the interrupt disable flag to "0" and set
ting the CRT interrupt enable bit= bit 4 at address OOFE,s) 
to "1"), then execute the following processing in the CRT 
interrupt handling routine. 

<DRead the value of the display block counter. 
~The block for which display is terminated (I.e., the cause 

of CRT interrupt generation) can be determined by the 

value read in <D. 
@Replace the display character data and display position 

of that block with the character data (contents of CRT 
display RAM) and display position (contents of vertical 
position and horizontal position registers) to be displayed 

next. 
Figure 36 shows the structure of the display block counter. 

7 a lli DIsplay block counter 

(address OOEB,.) 

IndIcates number of blocks that are 
being dIsplayed or were dIsplayed 

Fig. 36 Stru~ture of display block counter 

Block 1 

Block 2 

Block 3 

Block I' 

Count value Interrupt 
posItion 

a 

---0:-
1 
-~ 

--E-
3 
-~ 

Fig. 35 Timing of CRT Interrupt and count value of display block counter 
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(8) Scanning Line Double Count Mode 
One dot in a displayed character is normally shown by one 
scanning line. In the scanning line double count mode, one 
dot can be shown by two scanning lines. As a result, the 
displayed dot is extended two times the normal size in the 
vertical direction only. (That is to say, the height of a char
acter is extended twofold.) 

In addition, because the scanning line count is doubled, the 
display start position of a character is also extended two
fold in the vertical direction. In other words, whereas the 
contents set in the vertical position register in the normal 
mode are 128 steps from 0016 to 7F16, or four scanning lines 
per step, the number of steps in the scanning line double 

count mode is 64 from 0016 to 3F16, or eight scanning lines 
per step. 

Vertical pas ilion A 

AD} Scannong line 16 lines 

" 
(a) Display In the normal mode 

If the contents of the vertical position register for a block 
are set in the address range of 4016 to 7F16 in the scanning 

line double c.ount mode, that block cannot be displayed 
(not output to the CRT screen). 
In the scanning line double count mode can be specified 
by setting bit 6 in the CRT control register (address 
00EA16 ) to "1". 

Because this function works in units of screen, even when 
the mode is changed the mode about the scanning line 
count during display of one screen, the double count mode 

only becomes valid from the time the next screen is dis
played. 

Vertical position AX2 

(b) Display In the scanning line double count mode 

Fig. 37 Display in the normal mode and in the scanning line double count mode 
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(9) Character Border Function 
A border of a one clock (one dot) equivalent size can be 

added to a character to be displayed in both horizontal and 

vertical directions. 
The border is output from the OUT pin. In this case, bits 4 
and 5 in the color register (contents output from the OUT 

pin) are nullified, and the border is output from the OUT 

pin instead. 

Border can be specified in units of block by usirig the bor
der select register (address OOE516). Table 11 shows the 
relationship between the values set in the border select 

register and the character border function. Figure 39 shows 
the structure of the border select register. 

Table 11, The relationship between the value set in the border selection register and the character border function 

Border selection register 

MOnt MOnO 

X 0 

0 1 

1 1 

o IS border 
• IS display by character data 

Fig. 38 Example of border 

Functions Example of output 

R, G, B, I output ~ 
Normal 

OUT output -I'L--

R, G, B, I output -I'L--
Border Including character 

OUT output ...r--L 

R, G, B, I output -I'L--
Border not including character 

OUT output J"tI"L 

I I I 11 1111 Border selection register 

(Address OOE5,.) I Block lOUT output border selection bit 

o : The same as R, G, B IS output 

1 : Border IS output 

Block 1 output sWitch bit 
o : Border including character 

1 : Border only 

Block 2 OUT output border selection bit 

o : The same as R, G, B IS output 

1 : Border IS output 

Block 2 output switch bit 
o : Border Including character 

1 : Border only 

Block 3 OUT output border selection bit 

o : The same as R, G, B IS output 

1 : Border IS output 

Block 3 output sWitch bit 

o : Border Including character 

1 : Border only 

Fig. 39 Structure of border selection register 
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(10) CRT Output Pin Control 
CRT output pins R, G, B, I, and OUT are respectively 
shared with port P52, P53, P54, P5s, and P56. The output sig
nal can control by port P5 direction register (address 

00CB'6) for each port. At reset, because the port P5 direc
tion register is reset, CRT output pins R, G, B, I, and OUT 
become CRT signal (R, G, B, I, and OUT) output polarity. 

Bits 0 to 4 of CRT port control register (address OOEC'6) 
can determine HsyNC and VSYNC input polarity and R, G, B, 
I, and OUT output polarity. 
R, G, B, and OUT signal output can be switched to MUTE 
signal output. MUTE signal can color all displaying area of 
CRT. 
The following is the explain of MUTE signal at MUTE signal 
output from B output pin for example (refer to Figure 40). 
When the MUTE signal is output from B output pin, the all 
displaying area of CRT is colored blue. Then, a character 
data is output from R output pin, for example. If B output pin 
and R output pin are set to "Character is output" by color 
register at the character" I" output, the output character is 
colored "RED" mixed "BLUE" 
In this case, OUT pin output is not influenced. 

At the character "0" output, if only R output pin is set to 
"Character is output", the output character is colored "RED" 
only that is not mixed "BLUE". 
However at above case, the OUT output pin is necessary to 
set "Character is output". 

The display screen can be also clear by setting the OUT 
pin to MUTE output. In this case, the MUTE signal is output 
from OUT pin, that is not influence the setting about OUT 
pin by CRT display RAM. 
R, G, and B output signals are controlled by bits 5 to 7 of 
CRT port control register, and OUT output signal is control
led by bit 7 (CS7) of character size register. Then, I output 
pin don't have MUTE output function. 

A 

7 0 

I I I I I I I I I CRT port control register 

L (address OOEC,.) 

HSYNC mput polanty selectIon bit 

o : Positive polarity 

1 : Negative polarity 

~ VSYNC input polarity selection bit 

o : Positive polarity 

1 : Negative polarity 

'---- R/G/B output polarity selecllon bit 

o : Positive polarity 

1 : Negative polarity 

'----- I output polarity selection bit 

o : PoSJIlve polarity 

1 : Negative polarity 

'------ OUT output polarity selectIOn bit 

o : POSitive polarity 

1 : Negative polarity 

'------ R pm output SWitch bit 

o : R signal output 

1 : MUTE signal output 

I..----~--~ G pm output SWitch bit 

o : G signal output 

1 : MUTE Signal output 

L-~~~~~_ B pm output SWitch bit 

o : B Signal output 

1 : M UTE Signal output 

Fig. 41 Structure of CRT port control register 

~ Red 

E23 Blue 

A' 

HSYNC -y U-
__ -+! __ ~r-J~' --_r1fl~-+l---

Fig. 40 
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R 

B 

OUT 
~r' --~------------~~ 

MUTE signal output example 
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INTERRUPT INTERVAL DETERMINATION 
FUNCTION 
The M37250M6-XXXSP incorporates an interrupt interval 
determination circuit. This interrupt interval determination 
circuit has an 8-bit binary counter as shown in Figure 42. 
Using this counter, it determines a duration of time from the 
rising transition (falling transition) of an input signal pulse 
on the INT1 or INT2 to the rising transition (falling 
transition) of the signal pulse that is input next. 
The following describes how the interrupt interval is deter

mined. 
,. The interrupt input to be determined (INT1 input or 

INT2 input) is selected by using bit 2 in the interrupt 

interval determination control register (address 
0008,6)' When this bit is cleared to "0", the INT1 input 
is selected; when the bit is set to "1", the INT2 input is 

selected. 
2. When the INT1 input is to be determined, the polarity 

is selected by using bit 3 in the interrupt interval deter
mination control register; when the INT2 input is to be 
determined, the polarity is selected by using bit 4 in 
the interrupt interval determination control register. 
When the relevant bit is cleared to "0", determination is 
made of the interval of a positive polarity (rising 

32ps 

Control 
64ps circuit 

RE, 

INT, 

INT, 

transition); when the bit is set to "1", determination is 

made of the interval of a negative polarity (falling 
transition) . 

3. The reference clock is selected by using bit 1 in the 
interrupt interval determination control register. When 

the bit is cleared to "0", a 64" s clock is selected; when 
the bit is set to "1", a 32" s clock is selected (based on 
an oscillation frequency of 4MHz in either case). 

4. Simultaneously when the input pulse of the specified 
polarity (rising or falling transition) occurs on the INT1 

pin (or I NT2 pin), the 8-bit binary counter starts count
ing up with the selected reference clock (64" s or 32 

"s) . 
5. Simultaneously with the next input pulse, the value of 

the 8-bit binary counter is loaded into the determina
tion register (address 0007,6) and the counter is im
mediately reset (00,6)' The reference clock is input in 
succession even after the counter is reset, and the 

counter restarts counting up from "00'6" 
6. When count value "FE'6" is reached, the 8-bit binary 

counter stops counting. Then, simultaneously when the 
reference clock is input next, the counter sets value 

"FF'6" to the determination register. 

8-bit binary up counler 

Interrupt Interval determination circuli 

Address 0007'6 

Data bus 

Note The pulse width of external interrupt INT1 and INT2 need more Ihan 5 machine cycles. 

Fig. 42 Block diagram of Interrupt interval determination circuit 
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7 0 

l I I I I I I I I Interrupt interval determination control register 
(Address 0008,6 ) 

Remote control determination circuit operallon bit 
o : Operation stop 
1 : Operation start 

Standard clock" selection bit 
o : 64tls (At f(X ,N )=4MHz) 
1 : 32tls (At f(X ,N )=4MHz) 

External interrupt Input pin selection bit 

o : INTl 

1 : INT2 

INT1 pin Input polarity switch bit 
o : Positive polarity 

1 : Negative polarity 

INT2 pin input polarity switch bit 
0 : Positive polarity 
1 : Negative polarity 

Fig. 43 Structure of interrupt interval determination control register 
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RESET CIRCUIT 
The M37250M6-XXXSP is reset according to the sequence 
shown in Figure 46. It starts the program from the address 
formed by using the content of address FFFF16 as the high 
order address and the content of the address FFFE16 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 2,us while the power voltage is 5V± 10% 

Address 

(1) Port PO direction register (00 C 1 ,,1· .. 1 00'6 

(2! Port P1 directiOn register ( 0 0 C 3 16 ) .. I 00'6 I 
(3! Port P2 dlractjon register (00 C 5,s) ·1 00" I 
(4! Port P3 directIOn register (00 C 7 "I, ·1 00" I 
(5! Port P4 direction register (00 C 9"1,,,1 00'6 I 
(6! Port P5 direction register (OOCB,s)··1 10101010101 IJ 
17! Port P6 direction register (00 GO,s)' ·1 I I I 1010 I 0 I 0 I 
(8! PWM output control register 1 (000 S,s)' ·1 00'6 I 
(9! PWM output control register 2 (0006'6) ·1 00'6 

~~ Interrupt Interval (00 D 8,,1 ·1 00'6 determinatIOn control register 

(ll! SpeCial mode register 1 (000 A,B) ... I 00'6 

(1~ SpeCial mode register 2 (OOOB,s)· .. 1 00" 

(13! Senal 1/01 mode register (00 DG ls )· .. 1 00'6 

(1~ Senal 1/02 mode register (000 E,s)- ·1 00'6 

(1~ Horizontal position register (00 E 0 16 ) ·1 I 1010101010101 
(16! Color register 0 (00 E 6 16 ) ·1 I 1010101010101 
(11! Color register 1 (00 E 7 .. 1· ·1 I 1010101010101 
11'! Color register 2 (00 E 8 "I ··1 I 1010101010101 
(19! Coior register 3 (00 E 9 16 ) .. I I 1010101010101 
~O! CRT control register (00 E A 16 )· .. 1 0016 I 
~1! Display block counter (0 a E 8 16 ) ·1 I I I 1010 I 0 I 0 I 
~'! CRT port control register (00 E c,,1 ·1 101 10101010101 
~~ A-D control register (00 E F ,,1···1 I lolololojolol 
~.! Timer 1 (00 F 0 ,,! ·1 FF'6 I 
~~ Timer 2 (00 F 1 ,,1···1 0716 I 
(26! Timer 3 (00 F 2"1,,,1 FF16 I 
(,n Timer 4 (00 F 3 "I ·1 0716 I 
~'! Timer mode register 1 (0 0 F 4 "I, I 0016 I 
~') Timer mode register 2 (00 F 5"1,,,1 0016 I 
(30) CPU mode register (00 F e"!"llI111111111 I 0 I 0 I 
('11 Interrupt request register 1 (00 F C"I" I 00 .. I 
(32! Interrupt request register 2 (00 F 0 16 ) I I I 10101010101 
(33! Interrupt control register 1 (00 F E 16 ) ·1 0016 I 
("! Interrupt control register 2 (00 F F 16) ·1 I I 10101010101 
('~ PLl control register (0200"1,,,1 00" I 
(36! Timer 5 (0204,,1 FF16 I 
(31) TimerS (0205 16 ) I 0716 I 
(38! Processor status register (P SI I I I I I 111 I I 
(39! Program counter (P C,) ·1 Contents of address 

I FFFF16 

(PC,I' I 
Contents of address 

I FFFE16 

Note Smce the contents of both registers other than those listed 
above and the RAM are undefined at reset, It IS necessary to 
set initial values 
At reset, "0" IS read from all bits which IS not used 

Fig. 44 Internal state of microcomputer at reset 

and the crystal oscillator oscillation is stable and then re

turned to "H" level. The internal initializations following re

set are shown in Figure 44. 
An example of the reset circuit is shown in Figure 45. The 
reset input voltage must be kept below 0.6V until the supp
ly voltage surpasses 4.5V. 

~ ( 4.5V 
I I 

Supply voltage OV I 

~ Reset input 
OV I IO.6V voltage 

T 
I Vee 

...2L 
VCC2 

5 --

M51953AL 
RESET 

4 

1 

Vss 

L O.lt<F 

~ 
VSS2 

M37250M6-XXXSP 

Fig.45 Example of reset circuit 
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RESET 

Internal RESET 

SYNC __ -+ ________________ -+ ________________________ ~ 

Address 

Data 

32768 count oll(X ,N ) (Note 3) 

Fig. 46 Timing diagram at reset 

2-290 

- Reset address Irom the vector table 

Notel: Frequency relation 01 I(XIN ) and ¢ IS I(X,N )=2' ¢ 
2 : The mark " ? " means that the address is change

able depending on the prevIous state. 
: Immediately after a reset, FF,• is automatically set 

in timer 3 and 07,• in timer 4 and timer 4, timer 3 
and the clock (I( XIN ) divided by 16) are con
nected In series 
Reset is canceled by the overflow signal 01 timer 
4 
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1/0 PORTS, 
(1) Port PO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the SFR memory map (Figure 3), port PO 
can be accessed at zero page memory address 

00CO'6. 
Port PO has a direction register (address 00C1'6) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program
med as output, the output data is latched to· the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 

though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 

the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address 00FB'6) , three different 
modes can be selected; single-chip mode, memory ex

pansion mode and microprocessor mode. 
In these modes it functions as address (A7 to Ao) out
put port (excluding single-chip mode) . For more de
tails, see the processor mode information. 

(2) Port P1 

In single-chip mode, port P1 has the same function as 

port PO. In other modes, it functions as address (A'5 to 
As) output port. 
Refer to the section on processor modes for details. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 
port PO. Port P24 to P27 are in common with PWM out
put pins PWM4 to 7. In other modes, it functions as 

data (Do to D7 ) input/output port. Refer to the section 
on processor modes for details 

(4) Port P3 

Port P3 is a 7 -bit I/O port with function similar to port 
PO, but the output structure of P30 , P3, is CMOS output 
and P32 to P36 is N-channel open drain. 
P32, P33 are in common with the external clock input 
pins of timer 2 and 3. 
P34, P36 are in common with the external interrupt input 

pins INT1, INT2 and P35, P36 are in common with the 
analog input pins of A-D converter A-D1, A-D2. 
In the microprocessor mode or the memory expansion 
mode, P30, P3, works as Riw signal output pin and 
SYNC signal output pin. 

(5) Port P4 
Port P4 is an 8-bit I/O port with function similar to port 

PO, but the output structure is N-channel open drain 

output. 
All pins have program selectable dual functions. When 
a serial 1/01 function is selected, P40 to P43 work as 
input/output pins of serial 1/01. When a serial 1/02 
function is selected, P44 to P47 work as input/output 

pins of serial 1/02. 
In the special serial I/O mode, P44 , P4i; work as SDA, 
SCL pins. P46, P47 are in common with PWM8 and 9 
output pins. 

(6) OSC1, OSC2 pins 
Clock input/output pins for CRT display function. 

(7) HsyNc, VSYNC pins 
HsyNC is a horizontal synchronizing signal input pin for 
CRT display. 
VSYNC is a vertical synchronizing signal input pin for 

CRT display. 
(8) R, G, B, I, OUT pins 

This is a 5-bit output pin for CRT display and in com

mon with P52 to P56. 
(9) Port P6 

Port P6 is a 4-bit I/O port with function similar to port 
PO, but the output structure is N-channel open drain 

output. 
This port is in common with 8-bit PWM output pin 
PWMO to PWM3. 

(10) '" pin 
The internal system clock (1/2 the frequency of the 
oscillator connected between the XIN and XOUT pins) is 
output from this pin. If an STP or WIT instruction is ex-. 
ecuted, output stops after going "H". 

(11) MO pin 
This pin outputs the mode switching signal of pre

scalor. 
The output structure is CMOS output. 

(12) P/D pin 

Phase detector output pin. 
(13) FIN pin 

The clock from prescalor is input to this pin. 
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Port po. P1. P2. P30 • P3, 

Direction register 

Data bus --+----1 Port latch 

Port P32 to P3 •• P40 to P4. 

Direction register 

Data bus -+---.... Port latch 

Port P4 •• P4,. P6 
Direction register 

Data bus -+----t_~p~ort~l~at~c~h __ J-t-I--.l!-.,/ 

HSYNC• VSYNC ~ l ~Itt mput 

Data bus ~ HsyNc• VSYNC 

F'N 
l 

El+-a,," 
I~ 

P/D. MO. ¢>. R. G. B. I. OUT 

CMOS tri-state output 

Port po. P1. P2. p30. P3, 

Note: P2. to P27 may also 

be used as PWM output 

pins 

N-channel open drain output 

Port P32 to P3 •• P40 to P45 

Note: P32• P33 may also be used as 
timer inputs 

P3 •• P3. may also be u~ed as 
external interrupt mputs 
P35 • P3e may also be used as 
Input pins for A-D converter 

P40 to P45 may also be used as 
senal 1/0 pms 

N-channel open dram output 

Port p40. P47• P6 

Note: P4 •• P47• P6 may also be used as 

PWM output pins 
P4 •• P47 may also be used as 
senal 1/0 pms 

P/D. MO. ¢>. R. G. B. I. OUT 

may also be used as 
port P52 to P5. 

Fig. 47 Block diagram of port PO toP6 (single-chip mode) and output format of P/D, MO, .p, R, G, B, I, OUT, and F'N 
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PROCESSOR MODE 
By changing the contents of the processor mode bit (bit 0 
and 1 at address 00FBI6), three different operation modes 
can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 
In the memory expansion mode and the microprocessor 
mode, ports PO to P3 can be used as address, and data in
put/ output pins. 
Figure 49 shows the functions of ports PO to P3. 
The memory map for the single-chip mode is illustrated in 
Figure 2 and for other modes, in Figure 48. 
By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vee automatically forces the 
microcomputer into microprocessor mode. 
The three different modes are explained as follows: 

FFFF,. 

Internal ROM 

AOOO,. 

4000,. 

2000,. 2000,. 
0206,. 0206,. 
0200,. Special function registers 

0200'6 
SpeCial function registers 

of co,. 0180'6 

Internal RAM Internal RAM 
0100'6 0100,6 

Special function ooeo,. Special ~~~7~\~~s ooeo,. regIsters 

Internal RAM Internal RAM 
0000,. 0000,. 

Memory expansion Microprocessor mode 
mode 

The shaded area is external memory area 

Fig. 48 Example memory area In processor mode 

(1) Single-chip mode (00) 
The microcomputer will automatically be in the single
chip mode when started from reset, if CNVss is con
nected to Vss. Ports PO to P3 will work as original 1/0 
ports. 

(2) Memory expansion mode (01) 
The microcomputer will be placed in the memory ex
pansion mode when CNVss is connected to Vss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem
ory is not sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and the original 1/0 pin function is lost. 
Port P2 becomes the data bus of D7 to Do (including 
instruction code) and loses its normal 1/0 function. Port 
P30 and P31 works as R/Vii and SYNC. 

(3) Microprocessor mode (10) 
When CNVss is connected to Vss and the processor 
mode bits are set to "10", or after connecting CNVss to 
Vee and initiating a reset the microcomputer will auto
matically default to this mode. In this mode, the internal 
ROM is inhibited so the external memory is required. 
Other functions are same as the memory expansion 
mode. The relationship between the input level of 
CNVss and the processor mode is shown in Table 14. 

Note : Use the M37250M6-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 
The standards is assured only in the sinllie-chip 
mode. 
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~ 
CM, 0 0 1 

CM. 0 1 0 

'\ Single-chip Memory expansion Microprocessor 
mode mode mode 

p.ort 

:J I r !.I I r 
Port PO Ports P07 to po. Ports P07 to po. Same as left 

)( 110 port )( Address ( A7 toAD 

:J I r ~ I r 
Port Pl Ports P1 7 to Pl. Ports Ph to Pl. Same as left 

)( 110 port "1 Address ( A,. to As 

:J I r .:J I r 
Port P2 Ports P27 to P2. Ports P27 to P2. Same as left 

)( I/O port }-----{ D7to D.: -
Data }-

:J I r .:J I r 
Ports P32 to P3. Ports P32 to P3. 

)( 110 port )( 110 port 

Port P3 Same as left 
Port P3, Port P3, 

)( 110 port )( SYNC ( 
Port P30 Port P3. 

)( 110 port "1 R/VII ( 
Fig. 49 Processor mode and function of port PO to P3 \ 

Table 14. Relationship between CNVss pin input level and processor mode 

CNVss Mode ExplanatIon 

• Single-chip mode The single-chip m,?de is set by the reset. All modes can be selected by changing the pro-

Vss • Memory expansion mode cessor mode bit with the program. 
• Microprocessor mode 

Vec • Microprocessor mode The microprocessor mode IS set by the reset 
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CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 
52. 

When an STP instruction is executed, the internal clock '" 
stops oscillating at "H" level. At the same time, timer 3 and 

timer 4 are connected automatically and FF'6 is set in the 
timer 3, 07'6 is set in the timer 4, and timer 3 count source 
is forced to f(XIN ) divided by 16. This connection is cleared 
when an external interrupt is accepted or the reset is in, as 
discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the clock", keeps its "H" level until timer 4 over
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the clock '" stops in 
the "H" level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 
To return from the stop or the wait status, the interrupt en

able bit must be set to "1" before executing STP or WIT in
struction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 50. 

Interrupt request 

Interrupt 
disable flag I S Q 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 
The example of external clock usage is shown in Figure 51 
XIN is the input, and XOUT is open. 

M37250M6·XXXSP 

X IN X OUT 

"Lu--1:' 
J elN JCOUT 

Fig. 50 External ceramic resonator circuit 

M37250M6·XXXSP 

XIN 

30 

VCC1J1Jlf External OSCillating 
cirCUit Vss 

Fig. 51 External clock input circuit 

s 

R 

WIT 
Instruction R 

STP Instruction 

Fig. 52 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1 I( n+1). 
(2) Even though the SSC and SSS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as a Nap) be

tween the modification of the interrupt request bits and 
the execution of the SSC and SSS instructions. 

(3) After the ADC and SSC instructions are executed 
(indecimal mode), one instruction cycle (such as a 

Nap) is needed before the SEC, CLC, or CLD instruc
tions are executed. 

(4) A Nap instruction must be used after the 'execution of 
a PLP insturction. 

(5) In order to avoid noise and latch-up, connect a bypass 
capacitor (-::::O.1,uF) directly between the Vcc pin and 
Vss pin using a heavy wire. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM order confirmation form 
(2) mark specification form 
(3) ROM data·· ........................................ EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3 to 6 

V, Input voltage CNVss -0.3 to 6 

Input voltage POQ·PO" P1 Q·P1" P2Q·P2" With respect to Vss 

V, P3Q·P36, P40·P4" P6Q•P63, Output transistors are at "off" state -0.3 to Vee+O. 3 
--

HSYNC, VSYNC, RESET, F,N 

Output voltage POo·PO" P10·P1" P2o·P2" 

Va P30·P36, P40·P45, -0.3 to Vee+O. 3 

R, G, S, I, OUT, P/D, MO, XOUT, OSC2 

Va Output voltage P4" P4" P60·P63 -0.3 to 13.0 

Circuit current R, G, S, I, OUT, POo,PO" 

10H P10·P1" P20·P2" a to 1 (Note 1 ) 

P3o, P3" P/D, MO 

Circuit current R, G, S, I, OUT, POQ'PO" 

lou P10·P1" P20·P23, a to 2(Note 2) 

P3Q·P3" P40,P43, P/D, MO 

IOL2 Circuit current P6o-P63, P46 . P47 a to 1 (Note 2) 

IOL3 CirCUit current P24-P27 a to 10(Note 3) 

IOL4 CirCUit current P44. P4s a to 3(Note 2) 

Pd Power diSsipation Ta=25'C 550 

Topr Operating temperature -10 to 70 

TstQ Storage temperature -40 to 125 

RECOMMENDED OPERATING CONDITIONS (Vce=5V±1 0%, T a=-10 to 70t unless otherwise noted) 

Symbol Parameter 
Mm. 

Vee Supply voltage(Note 4) DUring the PLL, CRT operation 4.5 

Vss Supply voltage 0 

"H" input voltage POo,PO" P10·P1" P2Q'P2" 

V ,H 
P30·P36, P40·P43, P46,P4" 

O. SVee --
p60·P63, HSYNC, VSYNc, RESET, 

X'N,OSC1 

V'H "H" ,nput voltage P4" P45 0. 7Vee 

V'L 
"L" input voltage POo·PO" P10·P1" P2Q·P2" a 

P30, P3" P3" P40, P43·P45, P4" P60·P63 

V ,L 
"L" Input voltage P3,·P3" P3" P4" P4" P4" a --

HSYNC, VSYNC, RESET, X'N, OSC1 

IOH 
"H" average output current (Note 1) R,G,B,I,OUT,POo-P07 . 

P10·P1" P20·P2" P30, P3" P/D, MO 

"L" average output current (Note 2) R,G,S,I,OUT,POo'PO" 

IOL1 P1 o·P1" P20·P23, P30'P3", P40·P43, 

P/D, MO 

IOL2 "L" average output current (Note 2) P6o·P63, P46, P4, 

IOL3 "L" average output current (Note 3) P24-P27 

IOL4 "L" average output current (Note 2) P4" P45 

fcpu Oscillating frequency (for CPU operation)(Note 5) 3.6 

fCRT Oscillating frequency (for CRT display) 6. a 
fhs Input frequency P3,·P3" P3", P45 

fhs Input frequency P41 

I Sme wave 1.0 
fhs Input frequency FIN Vt=O. 6 Vp- p 

I Sq uare wave 0.1 

Notel: The total current that flows out of the IC should be 20mA (max.) 
2 : The total of lOll, 10L" and 10L' should be 30mA (max ). 
3 : The total of 10L of port P24·P2, should be 20mA (max). 

limits 
Umt 

Typ Max 

5. a 5.5 V 

a a V 

Vee V 

Vee V 

0. 4Vee V 

0,2Vee V 

1 mA 

2 mA 

1 mA 

10 mA 

3 mA 

4. a 4.4 MHz 

7. a S. a MHz 

100 kHz 

1 MHz 

15 MHz 

15 MHz 

4 : Apply O. 15,uF or grater capacitance externally between the Vee-Vss power supply pins so as to 
reduce power source noise Apply O. 15,uF or grater capacitance externally between the Vee,-Vss, 
as same 
Also apply O. 15,uF or greater capacitance externally between the Vee-CNVss pins 

: Use the quartz crystal oscillator for CPU oscillation cirCUit 

Unit 

V 

V 

V 

V 

V 

mA 

mA 

·mA 

mA 

mA 

mW 

"c 
"c 
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MITSUBISHI MICROCOMPUTERS 

M372S0M6-XXXSP 

SINGLE·CHIP,I·BIT CMOS MICROCOMPUTER for FREQUENCY SYNTHESIZER 
with ON·SCREEN DISPLAY CONTROLLER 

ELECTRIC CHARACTERISTICS (Vcc=5V±lO%, Vss=OV, Ta=-lO to 70t, !(X,N )=4MHz unless other wise noted) 

Limits 
Symbol Parameter Test condrtlons 

Min Typ 

Vcc=5.5V, f(X'N)=4MHz 

CRT OFF' 
10 

Icc Supply current Vcc=5. 5V, f(X'N)=4MHz 

CRT ON, PLL ON 
25 

At wait mode Vcc=5.0V 500 

At stop mode Vcc=5.0V 1 

VOH 
"H" output voltage POa-PO" PIa-PI" P2a-P2" Vcc=4.5V 

2.4 
P30, P3" R, G, B, I, OUT, P/O, MO IOH=-0.5mA 

"L" output voltage POo-po" PI a-PI" P2a-P2" 
Vcc=4.5V 

P30-P3", P4a-P4" 

R, G, B, I, OUT, P/O, MO 
IOL=0.5mA 

"L" output voltage P6a-P6" P4" P4, Vcc=4.5V 

VOL IOL=0.5mA 

"L" output voltage P2,-P2, Vcc=4.5V 

IOL=10mA 

"L" output voltage P4" P4, Vcc=4.5V 

IOL=3mA 

HysteresIs RESET Vcc=5.0V 0.5 

VT+-VT- HystereSIs (Note) HSYNC, VSYNC, P3,-P3" 
Vcc=5.0V 0.5 

P30, P4" P4" P4,-P4, 

"H" Input leak current RESET, POo-po" PI a-PI" Vcc=5.5V 

P2a-P2" P3a-P3", P40-P4, Vo =5.5V 

IOZH 
"H" mput leak current Vcc=5.5V 

P60-P6" P4" P4, Vo=12V 

"H" Input leak current P/O Vcc=5.5V 

Vo=5.5V 

"L" Input leak current RESET, POa-PO" 
Vcc=5.5V 

IOZL PI a-PI" P2a-P2" P3a-P3" 

P4a-P4" P60-P6, 
Vo=OV 

"L" Input leak current P/O Vcc=5.5V 

Vo=OV 

Note 1. P32-P34 , P3. have the hysteresIs when these pins are used as Interrupt ,nput pins or timer Input pins. 
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P4" P42 , P44 -P4. have the hysteresIs when these pins are used as senal 1/0 ports 
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Unit 
Max 

20 

rnA 

35 

800 /-lA 

10 /-lA 

V 

0.4 

0.4 
V 

3.0 

0.4 

0.7 

1.3 
V 

5 

10 /-lA 

1 

5' 

/-lA 

1 



MITSUBISHI MICROCOMPUTERS 

M37260M6-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER for ON-SCREEN DISPLAY 

DESCRIPTION 
The M37260M6-XXXSP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
52-pin shrink plastic molded DIP. This single-chip micro
computer is useful for the high-tech on-screen display sys
tem for TVs. 
In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

FEATURES 
• Number of basic instructions .................................. · 69 
• Memory size ROM ................................. 24576 bytes 

RAM .................................... · 320 bytes 
CRT ROM .......................... 20480 bytes 
CRT RAM .............................. 280 bytes 

• Instruction execution time 
...... ·0.5tLs (minimum instructions at 8M Hz frequency) 

• Single power sUpply ........................ · ........ · .. ·5V±10% 

• Power dissipation 
(normal operation mode at 4MHz frequency) 
........ · .... · .... · .. · ...... 110mW (Vcc=5.5V, CRT display) 

• Subroutine nesting ............................ 96 levels (Max,) 
• Interrupt ...................................... 11 types, 11 vectors 
• 8-bit timer .. · .............................................. · ...... ·· .. ·· 4 

• Programmable I/O ports 
(Ports PO, P1, P2, P3)· .......... · .... · .. · ........ · ............ 30 

• Output port (Port P4) .............................................. · 6 
• Input port (Port P5) ................................................ ·7 
• Serial I/O (maximum 64-bit) .................................... 1 

• CRT display function 
Display characters .................. 40 charactersX3 lines 

(25 lines max.) 
Dot structure .................. ·12X20 dots or 16X20 dots 
Character types ...................................... · 510 types 
Character size .......................................... · 30 types 

(minimum dot width is 1/2 scanning line) 
Color types ...................... · Max 16 types (R, G, B, Il 

Character unit/blank of line unit/raster can be spe
cified 
Display layout 
Horizontal············································ 256 levels 
Vertical .................... · .......... · .............. 1 024 levels 

APPLICATION 
TV 

PIN CONFIGURATION (TOP VIEW) 

OSC1-+ 1 

OSC2 .... 2 

HSYNC/P50 -+ 3 

V SYNc/P51 ~ 4 

MXR/P5.-+ 5 

MXG/P53 -+ 6 

MXB/P5./TIM2 -+ 7 

MXI/P5,/TIM3 -+ 8 

MXOUT IP5. -+ 9 

OUT/P4 ..... 14 

CSYN/P4 ..... 15 

P30 '" 17 

P3./INT/CS'" 18 

P33/SRDy '" 19 

P34/S'N, ScuT/SDA'" 20 

P3./ScLK/SCL'" 21 

Outline 52P4B. 
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MITSUBISHI MICROCOMPUTERS 

M37260M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for ON-SCREEN DISPLAY 

FUNCTIONS OF M37260M6-XXXSP 
Parameter 

Number of basIC instructions 

Instruction execution time 

Clock frequency 

ROM 

RAM 
Memory size 

CRT ROM 

CRT RAM 

PO, Pt, P2 

P30, P3, 

InputlOutput ports 
P3,-P3, 

P4 

P5 

Senall/O 

Timers 

Subroutme nesting 

Interrupt 

Display characters 

Dot structure 

CRT display funcllon 
Characters types 

Character size 

Color types 

Display layout 

Clock generating CIrcUIt 

Supply voltage 

at CRT display ON 

Power diSSipation at CRT display OFF 

at stop mode 

Memory expansion 

Operating temperature range 

DeVice structure 

Package 

Functions 

69 

o. 5ps (minimum Instructions, at 8MHz frequency) 

8MHz (maximum) 

24576 bytes 

320 bytes 

20480 bytes 

280 bytes 

itO 8-bltX3 (CMOS output) 

itO 2-bltXl (CMOS output) 

ItO 
4-bltXl (can be used as senal ItO pinS and external Interrupt pln)(N-

channel open drain oulput) 

Output 6-bitXl (can be used as R, G, e, I, OUT, and CSYN plns)(CMOS output) 

Input 
7-bII X 1 (can be used as HSYNC, VSYNC, MXR, MXG, MXe, MXI, and 

MXOUT pins) 

64-bit (maxlmum)Xl, Special seMI itO (8-blt)XI 

8-bIt timerX4 

96 levels (maximum) 

One external Interrupt, eight Internal Interrupts, 

one software Interrupt 

40 charactersX3 lines (maximum 25 hnes In program) 

12X20 dots or 16X20 dots 

510 types 

30 types (mlmlmum dot width IS 1/2 scanning hne) 

Max. 16 types (R, G, e, I) 

Hohzontal 256 levels, Vertical 1024 levels 

Two bUilt-in Circuits (externally connected ceramic or quartz crystal oscillator) 

5V±1O% 

110mW (clock frequency X'N=4MHz, Vcc=5. 5V, Typ ) 

55mW (clock frequency X'N=4MHz, Vcc=5. 5V, Typ ) 

1.65mW (maximum) 

Possible 

-10 to 70t 

CMOS silicon gate process 

52-pin shnnk plastiC molded DIP 

• MlTSUBlSHI 
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MITSUBISHI MICROCOMPUTERS 

M37260M6·)(XXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER for ON-SCREEN DISPLAY 

PIN DESCRIPTION 

Pin Name 
Input! 

Output 
Functions 

Vee. Supply voltage Power supply inputs 5V±10% to Vce. and OV to Vss 

Vss I 

CNVss CNVss This IS connected to Vss. 

RESET Reset Input Input To enter th~ reset state, the reset input pin must be kept at a OIL" for more than 2,us (under normal Vee 

conditions) 

If more time is needed for the crystal oscillator to stabilize, thIs "L" condition should be maintained for the 

required time. 

X ,N Clock input Input This chip has an internal clock generatmg circuit To control generating frequency, an external ceramic or a 

quartz crystal oscillator IS connected between X1N and XOUT pins If an external clock IS used, the clock 

XOUT Clock output Output source should be connected the X1N pin and the XOUT pm should be left open. 

</> Timing output Output This IS a timing output pin 

POO-P07 1/0 port PO 1/0 Port PO IS an 8-bit 1/0 port with direction register allowing each I/O bit to be mdivldually programmed as 

input or output At reset, this port is set to input mode The output structure is CMOS output 

P1 0 -P1 7 110 port P1 110 Port P1 IS an 8-bit 1/0 port and has basically the same functions as port PO 

P20 -P27 1/0 port P2 1/0 Port P2 is an 8-bit I/O port and has baSically the same functions as port PO 

P30 -P35 110 port P3 I/O Port P3 IS a 6-bit 1/0 port and has baSically the same functions as port PO, but the output structure of P30 

and P3l is CMOS output and the output structure of P32-P3s is N-channel open drain 

P32 IS In common with external Interrupt Input pin INT When senal I/O IS used, P32, P33, P34, and P3s work 

as CS, SROY, SIN/SOUT, and SCLK pins, respectively. When special senal 1/0 IS used, P34 and P3s work as 

SDA and SCL pins, respectlvely_ 

OSC1 Clock input for CRT Input There are 1/0 ptnS of the clock generating CircUit for the CRT display function 

display 

OSC2 Clock output for CRT Output 

display 

HSYNC HSYNC input Input This is a honzontal synchronizing signal input for CRT display This pm IS In common with Input Port P50 

VSYNC VSYNC input Input This is a vertical synchronizing signal mput for CRT display. This pin IS In common with input Port P51 

MXR, MXG, Video signal input for Input These are video signal Input pins_ MXR, MXG, MXB, MXI, and MXOUT are in common with P5" P53, P5" 

MXB, MXI, mixing P5s• and P5e Also P54 and P5s are m common with external clock mput pins TIM2 and TIM3 

MXOUT 

R, G, S, Video signal output Output This is a 5-blt output pin for CRT display The output structure IS CMOS output R, G, B, I, and OUT are in 

I, OUT common with P40, P41• P42, P43, and P44 

CSYN Composite sync signal Output This IS a composite sync signal output pin, and in common with output port P4s 

output 
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MITSUBISHI MICROCOMPUTERS 

M37260M6-XXXSP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER for ON·SCREEN DISPLAY 

CPU Mode Register FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37260 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the MELPS 740 
CPU core basic functions, or the MELPS 740 Scltware Manual. 
Machine-resident instructions are as follows: 

The CPU mode register is allocated to address 00FB16• Bits 
o and 1 of this register are pr(!)cessor mode bits. This regis
ter also has a stack page selection bit. 

The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 
The STP instruction can be used. 

CPU mode register (address OOFS,.) 

'--~-- Processor, mode blt~ 
o 0 : Single-chip mode 
o 1 : Memory expansion mode 
1 0 : Microprocessor mode 
1 1 : Disable 

L...... ______ Stack page selection bit 

o : In 0 page area 
1 : In 1 page area 

'--------- System clock output selection bit 
o : Stop (reset-out) 
1 : System clock output 

Fig. 1 Structure of CPU mode register 
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MITSUBISHI MICROCOMPUTERS 

M37260M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MI~ROCOMPUTER for ON-SCREEN DISPLAY 

MEMORY 
o Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as 1/0 ports and timers. 

o RAM 

RAM is used for data storage as well as a stack area. 
o ROM 

ROM is used for storing user programs as well as the inter
rupt vector area. 
o RAM for display 
RAM for display is used for specifing the character codes 
and colors to display. 

RAM 
(192 bytes) 

RAM 

(128 bytes) 

RAM for display j 
(280 bytes) 

ROM for display J 

(20480 bytes) 1 

ROM 
(24576 bytes) 

0000,. 

OOBF,. 
ooeo,. 

.OOFF,. 
0100,. 

017F,. 

2000,. 

27FF,. 

3000, 
7FFF, 

AOOO, 

• 
• 

• 

FFOO, • 

FFDE, • 

o ROM for display 

ROM for display is used for storing character data. 
o Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
o Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 
o Special Page 

Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Zero page 

SFR area 

Not used 

Not used 

Not used 

Special page 

Interrupt vector area 

FFFF, • 

Fig. 2 Memory map 
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MITSUBISHI MICROCOMPUTERS 

M37260M6-XXXSP 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER for ON·SCREEN DISPLAY 

OOCO" 
00C1" 
00C2,. 
00C3" 
00C416 
OOCS,. 
00C616 
00C7,. 
OOCS16 
00C916 
OOCA,. 
OOCB16 
OOCC,. 
OOCD" 
00CE'6 
00CF'6 
0000'6 
0001,6 
0002" 
0003'6 
0004" 
000516 
000616 
0007,. 
000816 
0009,. 
OODA" 
00DB'6 
OODC" 
000016 
OODE16 
OODF,. 

Port PO 
Port PO direction register 
Port P1 
Port P1 directIOn register 
Port P2 
Port P2 direction reQlster 
Port P3 
Port P3 direction reQlster 
Port P4 
Port P4 mode register 
Port PS 

Senal 1/0 mode register 1 
Serial 1/0 mode register 2 
Senal 1/0 register 0 
Senal 1/0 register 1 
Senal 1/0 register 2 
Senal 1/0 register 3 
Senal 1/0 register 4 
Serial 1/0 reQlster S 
Senal 1/0 register 6 
Senal 1/0 reQister 7 
Character size reg_,ster 1 (block 1) 
Character size re'lister 2 (block 2) 
Character size register 3 (block 3) 
Blank control register 1 (block 1) 
Blank control register 2 (block 2) 
Blank control register 3 (block 3) 
Block 1 mterrupt occurrence positIOn control register 
Block 2 tnterrupt occurrence pOSilton control regISter 
Block 3 mterrupt occurrence P_q5ltlon control register 

--~ 

-~ 

00EO'6 
00E1'6 
00E2,. 
00E3'6 
00E4'6 
OOES,. 
00E6'6 
00E7,. 
OOES,. 
00E9'6 
00EA'6 
00EB'6 
OOEC,. 
00ED'6 
OOEE,. 
OOEF,. 
00FO'6 
00F1,. 
00F2'6 
00F3,. 
00F4'6 
00FS'6 
00F6'6 
00F7'6 
OOFS,. 
00F9'6 
00FA'6 
00FB'6 
00FC'6 
00FD'6 
OOFE,. 
OOFF,. 

Fig. 3 SFR (Special Function Register) memory map 

• MITSUBISHI 
.... ElECTRIC 

Honzontal position register 
Vertical position register 1 (block 1) 
Vertical position reQister 2 (block 2) 
Vertical position register 3 (block 3) 
Vertical position reQlster 4 (block 1 to 3) 
MixlnQ CirCUit control reQister 

CRT Input polarity' register 
Sync. gene rater control register 
CRT control register 
Display block counter 
CRT output polarity register 
Wipe mode register 
Wipe start register 

Timer 1 
Timer 2 
Timer 3 
Timer 4 
Timer 12 mode register 
Timer 34 mode reQlster 
~eclal senal 1/0 register 
Special mode register 1 
Special mode register 2 

CPU mode register 
Interrupt request register 1 
Interrupt request register 2 
Interrupt control register 1 
Interrupt control register 2 
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MITSUBISHI MICROCOMPUTERS 

M37260M6-XXXSP 

SINGLE-CHIP I-BIT. CMOS MICROCOMPUTER for ON-SCREEN DISPLAY 

INTERRUPTS 
Interrupts can be caused by 10 different events consisting 
of two external, seven internal, and one software events. 
Interrupts are vectored interrupts with priorities. shown in 
Table 1. Reset is also included in the table because its op
eration is similar to an interrupt. 
When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis
abled when the interrupt disable flag is set. 

. All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 

and 2. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1 ", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 

program. 
Reset is treated as a non-maskable interrupt with the high
est priority. Figure 5 shows interrupts control. 

Table 1. Interrupt vector address and priority. 

Interrupt Causes 
(1) VSYNC and CRT interrupts 

The V SYNC interrupt is an interrupt request synchro
nized with the vertical synchronization signal. 
The CRT interrupt is generated after character block 
display to the CRT is completed. 

(2) INT interrupt 
With an external interrupt input, the system detects that 
the level of a pin changes from "L" to "H" or from "H" 
to "L", and generates an interrupt request. The input 
active edge can be .selected by bit 5 of the CRT input 
active edge register (address 00E8,6) : when this bit is 
"0", a change from "L" to "H" is detected; when it is 
"1", a change from "H" to "L" is detected. Note that all 
bits are cleared to "0" at reset. 

(3) Timer 1, 2, 3 and 4 interrupts 
An interrupt is generated by an overflow of timer 1, 2, 
3, or 4. 

(4) Serial I/O interrupt 
This is an interrupt request from the clock-synchronized se
rial I/O function. 
Note that serial I/O or special serial I/O is selected by 
bit 3 of the serial VO mode register 2 (address 00CE,6). 

(5) 1 ms interrupt 
This interrupt is generated regularly with a 1024,us 
period. When the X1N clock is 4MHz, set bits 7 and 4 of 
the sync generator control register to "0". When the X1N 

clock is 8MHz, set bit 7 of the sync generator control 
register to "0" and bit 4 to "1" . 

(6) BRK instruction interrupt 
This interrupt has the lowest priority of all software in
terrupts. It does not have a corresponding interrupt en
able bit, and it is not affected by the interrupt disable 
flag (non-maskable). 

Event PriOrity Vector addresses Remarks 

RESET 1 FFFF'6, FFFE'6 Non-maskable 

CRT interrupt 2 FFFD'6, FFFC'6 
INT interrupt 3 FFFB'6, FFFA'6 External interrupt 

Serial I/O interrupt 4 FFF9'6, FFF8,. 

1 ms interrupt 5 FFF7'6, FFF6'6 
Timer 4 interrupt 6 FFF5'6, FFF4'6 
V SYNC interrupt 7 FFF3'6, FFF2'6 External interrupt 

Timer 3 Interrupt 8 FFF1'6, FFFO'6 
Timer 2 interrupt 9 FFEF'6, FFEE'6 
Timer 1 Interrupt 10 FFED'6, FFEC'6 
BRK instruction Interrupt 11 FFDF'6, FFDE'6 Non-maskable software interrupt 
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MITSUBISHI MICROCOMPUTERS 

M37260M6-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER for ON-SCREEN DISPLAY 

L.....L...L..,L..,J-;-L-r.J..r-L;J Interrupt request register 1 
(address OOFC,.) 

Timer 1 interrupt request bit 

Timer 2 interrupt request bit 

Timer 3 interrupt request bit 

'----- Timer 4 interrupt request bit 

'------ -CRT interrupt request bit 

VSYNC interrupt request bit 

L-L-..L..r-L.r..,..L,-.J..,-'-.,-J Interrupt control register 1 
(address OOFE,.) 

Timer 1 interrupt enable bit 

Timer 2 interrupt enable bit 

Timer 3 Interrupt enable bit 

'----- Timer 4 Interrupt enable bit 

'------ CRT Interrupt enable bit 

'------- VSYNC Interrupt enable bit 

Fig. 4 Structure of registers related to Interrupt 

Interrupt request bit 

Interrupt en'lble bit 

Interrupt disable flag I 

Fig. 5 Interrupt control 

Interrupt request register 2 
'-T ..... ...L......L...L......I..,.-ll..r-.L..r-' (address OOFD,.) 

INT interrupt request bit 

Serial 110 interrupt request bit 

1 ms interrupt request bit 

This bit must be set to "0". 

o : No interrupt request issued 
: Interrupt request issued 

Interrupt control register 2 
(address OOFF,.) 

INT interrupt enable bit 

Serial I/O Interrupt enable bit 

1 ms Interrupt enable bit 

o : Interrupt disable 
1 : Interrupt enabled 

Interrupt request 
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TIMER 
The M37260M6-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. All of timers are 8-bit structure and 
have 8-bit latches. 
A block diagram of timer 1 through 4 is shown in Figure 7. 
All of the timers are down count timers and their division 
ratio are 11 (n + 1), where n is the contents of timer latch. 

The same value is set to timer by writing the count value to 
the latch (addresses OOFO,s to 00F3,s : timer 1 to timer 4) 

When a timer reaches "00'6" and the next count pulse is in
put to a timer, a value which is the contents of the reload 

latch are loaded into the timer. The timer interrupt request 
bit is set at the next count pulse after the timer reaches 
"OO,S'" 
The contents of each timer is shown in following. 
(1) Timer 1 

Either f(XIN ) divided by 16 or a 1024,us clock can be 

selected as the count source of timer 1. 
(When the XIN clock is 4MHz, set bits 7 and 4 of the 
sync generator control register (address 00E9,6) to "0". 
When the XIN clock is 8MHz, set bit 7 of the sync 
generator control register to "0" and bit 4 to "1".) When 
bit 0 of the timer 12 mode register (address 00F4,6) is 
"0", f(XIN ) divided by 16 is selected; when it is "1", the 

1024,us clo,ck is selected. 
Timer 1 interrupt request is occurred with timer 1 over
flow 

(2) Timer 2 

f(XIN ) divided by 16, timer 1 overflow signal, or an ex

ternal clock input from P54/MXB/TIM2 pin can be 
selected as the count source of timer 2 by specifying 
bit 4 and 1 of the timer 12 mode register (address 
00F4,s). 

Timer 2 interrupt request is occurred with timer 2 over
flow. 

(3) Timer 3 

Either f(XIN ) divided by 16 or an external clock input 
from P55/MXI/TIM3 pin can be selected as the count 
source of timer 3 by specifying bit 0 of the timer 34 
mode register (address 00F5,6). 
Timer 3 interrupt request is occurred with timer 3 over
flow. 

(4) Timer 4 

f (XIN ) divided by 16, f (XIN ) divided by 2, or timer 3 
overflow signal can be selected as the count source of 
timer 4 by specifying bit 4 and 1 of the timer 34 mode 
register (address 00F5,s). 

, Timer 4 interrupt request is occurred with timer 4 over
flow. And the timer 4 overflow signal can be used as 

the clock source of special serial 110. 
At reset or an STP instruction is executed, timer 3 and 
timer 4 are connected automatically, and the value 
"FF,s" is set to timer 3, and the value "07,S" is set to 
timer 4 

f(XIN ) divided by 16 is selected as count source of tim-
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er 3. 
When the internal reset is removed or stop mode is re

moved, the internal clock is connected by timer 6 over
flow at above state. In this reason, the program starts 

with stable clock. 
The timer related registers structure is shown in Figure 
a ' 

7 0 

I I I I I 111J Timer 12 mode register: T12M 

(address OOF4,.) 

Timer 1 count source selection bit 
o : f(XIN ) divided by 16 
1 : 1024/,s clock 

"-- Timer 2 count source selection bit 
o : Internal clock 
1 : External clock from P5./MXB 

ITIM2 pin 

'--~- Timer 1 count stop bit 
o : Count slart 

7 0 

1 : Count stop 

Timer 2 count stop bit 
o : Count start 
1 : Count stop 

Timer 2 internal clock source 
selection bit 

o : f(X'N) diVided by 16 
1 : Timer 1 overflow 

I I I I I ILl J Timer 34 mode register: T34M 
(address 00F5,.) 

Timer 3 count source selection bit 

o : f(X'N) divided by 16 
1 : External clock from P55 /MXI 

ITIM3 pin 

_ Timer 4 Internal clock source 

selection bit 
o : Timer 3 overflow 
1 : f(X'N) divided by 16 

Timer 3 count stop bit 
o : Count start 
1 : Count stop 

Timer 4 count stop bit 
o : Count start 
1 : Count stop 

Timer 4 count source selection bit 
o : Internal clock 
1 : f(X'N) divided by 2 

Fig.6 Structure of timer 12 mode register and 
timer 34 mode register 
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10241's clock 
01--------------------, 

X,N 0 

8 

T12M, 
~--------------------~ 

P5./MXBITIM2 

O'--~~--~-------+~~~ 
T12M, 

P5./MXI/TIM3 

O--~~--+-------~-, 

T34Mo 

T34M, 

Notel: Pulse wIdth 01 external clock Input TIM2. TIM3 need more than 4 machine cycles 

Data bus 

( ±r.'OI.thO) 
, shaded area 

IS connected 

Timer 1 
interrupt request 

Timer 2 
Interrupt request 

reset 
STP Instrucllon 

TImer 3 
interrupt request 

Timer 4 
Interrupt request 

2 : When the external clock source IS selected. tImer 2 and tImer 3 are counted by the risIng edge of input sIgnal 

Fig. 7 Block diagram of timer 1, timer 2, timer 3 and timer 4 
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SERIAL I/O 
The M37260M6-XXXSP has a built-in serial I/O function 
that can either transmit or receive up to 64-bits of serial 
data in clock-synchronized form. The serial I/O function can 
transfer up to 64 bits of data in 8-bit units according to the 
setting of the serial 1(0 shift register. 

A block diagram of the serial I/O function is shown in Fig. 

8. The serial I/O receive enabled signal pin (SRDY), syn
chronization clock I/O pin (SCLK), and data I/O pins (SOUT ' 
and S,N) also function as the P3 port. 

Bit 2 of the serial I/O mode register 1 (address 00eD,6) 
selects whether the synchronizaion clock is supplied inter

nally or externally (from the SCLK pin) and, if the internal 
clock is selected, bits 1 and 0 select whether f(X,N ) is di
vided by 8, 16, 32, or 64. Bits4 and 3 select whether port 
P3 is used for serial I/O. Bits 2, 1, and 0 of the serial I/O 
mode register 2 select the count of the transfer clock at 

which the serial I/O interrupt request is generated The op
eration of the serial I/O function is described below. 

Data bus 

X'N o-----G-Gl-------------;oI,,1 Counter 1 I 
g 1/2 g 1/4 g 1/8 g~~~, 

P3.latch 

SM10 

SM1. 

P32/CS 

P3.latch SCL 

SM1. SM1. 8e"a11l0 
Interrupt 

P3.latch SDA request 

8M17 

SM1. 8Ml. 

SM1. : L8E;l-MSB 

Fig. 8 Block diagram of serial I/O 
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If the serial 1/0 register 0 (address 00CF ,6 ) is written to, 
the SRDY signal is at "H" during the write cycle; it then goes 

"L" when the write cycle ends to indicate reception en
abled status. If the serial 1/0 register's transfer clock goes 
"L" even once, the SRDY signal goes "H". During the write 
cycle to the serial 1/0 register 0, the value set in the serial 

1/0 mode register 2 is set in the serial 1/0 counter, and the 
serial 1/0 register's transfer clock is forced to "H". After the 
write cycle ends, the data in each register is shifted one bit 
in sequence from serial 1/0 register 0 to serial 1/0 register 
1, serial 1/0 register 2, serial 1/0 register 3, serial 1/0 reg

ister 4, serial 1/0 register5, serial 1/0 register 6, to serial 
1/0 register 7, until it is finally output from the SOUT pin, 
each time the transfer clock changes from "H" to "L". Bit 6 
of the serial 1/0 mode register selects whether transfer is 
from the lowest bit of each serial 1/0 register, or from the 
highest bit. 

During reception, data is fetched from the S'N pin each 
time the transfer clock changes from "L" to "H" and, at the 
same time, the data in each register is shifted one bit in 

. sequence from serial 1/0 register 7 to serial 1/0 register 6, 
serial 1/0 register 5, serial 1/0 register 4, serial 1/0 register 

3, serial 1/0 register 2, serial 1/0 register 1, to serial 1/0 

register O. 
If the transfer clock is the count value set in the serial 1/0 

mode register 2, when the serial 1/0 counter reaches "0", 
the transfer clock stops at "H" and the corresponding inter
rupt request bit is set. 
If an external clock is selected as the clock source, it must 

C8 

Transfer 
clock 

8e"a11/0 
register a 
write signal 

be controlled externally because the transfer clock does 
not stop, even when the'interrupt request bit is set. Use a 
clock of no more that 1 MHz with a duty cycle of 50% as the 
external clock. 
Serial 1/0 timing is shown in Fig. 9. If an external clock is 
used for the transfer, the external clock must be "H" when 
the serial 1/0 counter is initialized. If the internal clock is 
switched to an external clock, make sure that it is switched 
while no transfer is in progress, and make sure that the se
rial 1/0 counter is initialized after the switch. 
A connection example for transferring data from one 
M37260M6-XXXSP to another is shown in Fig. 10. If P32 is 
used as the CS pin, set the P32 direction register to input 
("0") and set bit 4 of the serial 1/0 mode register 2 to "0". 
This setting ensures that the transfer clock is fixed at "H" 
when the P32 input signal is "H", and data is not shifted. If 
the P32 input signal goes "L", data will be shifted according 
to the clock input from the P35/ScLK pin. Note that if bit 4 of 
the serial 1/0 mode register 2 is set to "1", the data will be 
shifted according to the clock input from the P35/ScLK pin, 
regardless of the P32 input signal. 
Note1: When writing programs, remember that the serial 

1/0 counter will also be set by using bit manipula
tion instructions such as SEB and CLB to write to 
the serial 1/0 register O. 

2 : When writing data to serial 1/0 registers 0 to 7, 
make sure that serial 1/0 register 0 is the last one 
written to. 

Byte 1 ----;.3-«;---- Bytes 2 to 6 -----.;,,_""< --- Byte 8 

Interrupt request bit set 

Note: The timing at which the Interrupt request bit IS set can be selected by the senal 1/0 mode register 2 from 8 positions ranging from 
the completion of the transter of byte 1 to the completion of the transter of byte 8 

Fig. 9 Serial 1/0 timing 
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Transmission side R II ecep on s Id e 

Senal 1/0 mode register 1 Serial 1/0 mode register 1 

SRDY SRDY --

Blt7 BltO "'- SRDY 

Bit7 Bit a 
I 0 I x I a I a I 1 I 1 I x I x I I 1 I x I 1 I a I 1 I a I x I x I 

SCW< 
Synchronous clock 

SCLK 

Set the direction register for SRDY pin In 

input mode 

SOUT 
Senal data - S'N 

Fig, 10 Example of serial I/O connection 

7 a 7 a 

I I I I I I I I 1 Serial 1/0 mode register 1 II I I I I I I I 
I Senal 1/0 mode register 2 

: SIOMR1(address OOCD,.) : SIOMR2(address OOCE,.) 

I I Internal synchronous clock I I I Senal 1/0 Interrupt request control bits 

selection bits 000 : Interrupt IS requested at 8 

00 : OSCillation dlvld'ed by 8 count of transfer clock 

01 : OSCillation diVided by 16 001 : Interrupt IS requested at 16 

10 : OSCillation diVided by 32 count of transfer clock 
, 11 : Oscillation diVided by 64 010: Interrupt IS requested at 24 

Synchronous clock selection bit count of transfer clock 

a : External clock 011 : Interrupt IS requested at 32 

1 : Internal clock count of transfer clock 

Senal 1/0 and special senal 110 100 : Interrupt IS requested at 40 

port selection bits count of transfer clock 

XO: P3., P3s 
101 : Interrupt IS requested at 48 

01 : SouTIS,N pin, SCLK pin 
count of transfer clock 

11 : SDA, SCL pin 
110: Interrupt IS requested at 56 

-- count of transfer clock 
SRDY signal output selection bit 

o : Port P33 
111 : Interrupt IS requested at 64 

1 : SRDY signal output pin 
count of transfer clock 

Transfer direction selection bit 
Interrupt source selection bit 

a : LSB first 
o : Senal 1/0 Interrupt 

1 : MSBfirst 
1 : Special senal 1/0 Interrupt 

SOUT control bit CS pin control bit 
o : SOUT output o : CS Pin Input IS valid 
1 : SOUT output"H" 1 : CS pin Input IS invalid 

Note: "X"means "O"or"l" (Data are shift by external clock that IS 

not related CS pin Input) 

Fig, 11 Structure of serial I/O mode register 1 Fig, 12 Structure of serial I/O mode register 2 
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::. 

CD en ::. 

CD en 
::. 

CD en 
::. 

z 
ci) 

Fig. 14 Serial 1/0 register state during reception of 2-byte date 
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SPECIAL MODE (l2C BUS MODE *) 
M3?260M6-XXXSP has a special serial 1/0 circuit that can 
be reception or transmission of serial data in conformity 
with 12C (Inter IC) bus format. 
12C bus is a two line directional serial bus developed by 
Philips to transfer and control data among internal ICs of a 
machinery. 
M3?260M6-XXXSP's special serial 1/0 is not included the 

clock synchronisation function and the arbitration detect
able function at multi master. 

Operations of master transmission and master reception 
with special serial 1/0 explained in the following: 
(1) Master transmission 

CD To generate an interrupt at the end of transmission, set 
bit 3 of serial I/O mode register 2 (address 00CE'6) to 
"1" so as to special serial 1/0 interrupt is selected. 

CV Then set bit 1 of interrupt control register 2 (address 
00FF'6) to "1" so as to special serial 1/0 interrupt is 
enabled. Clear the interrupt disable flag I to ,"0" by us
ing the CLI instruction. 

@ The output signals of master transmission SDA and 
SCL are output from ports P3. and P3s. Set all bits 
(bits 4 and 5) corresponding to P3. and P3s of the port 

P3 register (address 00C6'6) and the port P3 direction 
register (address 00C?'6) to "1". 

@ Set the transmissio,! clock. The transmission clock uses 
the overflow signal of timer 4. Set appropriate value in 
timer 4 and timer 34 mode register. (For instance, if 
f(X,N) 12 is selected as the clock source of timer 4 and 

9 is set in timer 4 when f (X'N) is 4MHz, the master 
transmission clock frequency is 100kHz.) 

@ Set contents of the special mode register 2 (address 

00F8'6)' (Usually, the vaule is "03,6",) 
® Set the bits 3 and 4 of serial 1/0 mode register' 1 

(address 00CD'6) so as the port P34 and P3s is speci
fied to SDA and SCL. After that set the special mode 
register 1 (address 00F?'6)' Figure 18 shows the struc
ture of special mode registers 1 and 2. 
Initial setting is completed by the above procedure. 

(j) Clear bits 0 and 1 of special mode register 2 (to "0") 
to make both SDA and SCL output to "L". This is for 
arbitration. Immediately after this, write data to be 

transmitted in the special serial 1/0 register (address 
00F6'6): The start signal has been completed. ' 
The hardware automatically sends out data of 9-clock 

cycle. The 9th clock is for ACK reception and the, out
put level becomes "H" at this clock. If other master 
outputs the start signal to transmit data simultaneously 
with this 9th clock, it is not detected as an arbitration
lost. 

When the ACK bit has been transmitted, bit 1 of the in
terrupt request register 2 is set to "1" (issue of inter
rupt request), notifying the end of data transmission. 

@ To transmit data successively, write data to be sent to 

the speCial serial 1/0 register, and set the interrupt en
abled state again. By repeating this procedure, unli
mited number of bytes can be transmitted. 

® To terminate data transfer, clear bits 0 and 1 of the 
special mode register 2 to "0". 

®! Set bit 1 clock SCL to "1". 

® Then set bit 0 data SDA to "1". This procedure trans
mits the stop signal. 
Figure 16 shows master transmission timing explained 

above. (the numbers in this figure are correspond to 
above explained numbers.) 

(2) Master reception 

Master reception is carried out in the interrupt routine after 
data is transferred by master transmission. For master 
transmission and interrupt thereafter, see the preceding 
section (1) Master transmission (the process until (j) in Fi
gure 16.) 

In the interrupt routine, set master reception ACK provided 

(22,6) in the speCial mode register 1 (address 00F?'6) , 
and write "FF'6" in the special serial 1/0 register (address 

00F6'6)' This sets data line SDA to "H" and to perform 8-
clock master reception. Then, a clock of "L" is transmitted 
to data line SDA for ACK receiving. In the ACK provided 
mode, the above ACK is automatically sent out. 
Repeat the above receiving operation for a necessary num
ber of times. Then return to the master transmission mode 
and transmit the stop signal by the same procedure for the 
master transmission (the process from ® to ® in Figure 
16.) 

Figure 17 shows master reception timing. 

* : Purchase of Mitsubishi Electric Corporation's 12C components converys a license under the Philips 12C Patent Rights to use these 
components in an 12C system, provided that the system conforms to the 12C Standard Specification as defined by Philips. 
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P35/SCL Counter Interrupt request 

SilO counter 

Shift register 

Data bus 

Fig. 15 Block diagram of special serial 1/0 

P35 /SCL '''lJl.J 
CD to ® 

P35/SCL 

@ ® @ 

Fig. 16 Master transmission timing 

Reception 
A'-_____ ~ 

P35/SCL 

P35/SCL 

Fig, 17 
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Same as CD to (J) of Figure 16 

: : : : 1 .---, 
•...... , ...................... .: ....... ; ....... ; ...... .: ....... L..J 1 __ ---' 

---------~v~------~ ®@ @ ® 

Just ~s @ of 1 Just ts @ of 
@'(") 

Master reception timing 

Figure 16 Figure 16 
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I I I 1 I · 1 1 1 I Special mode register 1 : SB 
(address OOF7,.) 

L Transmission and reception mode 
selecllon bit 

o : Reception mode 
1 : Transmission mode 

~ Synchronous clock selection bit 
o : External clock 
1 : Timer 4 overflow 

ACK operallon selection bit 

I I I I I I I I I 

L 
"-----

elved 

Special mode register 2 : SC 
(address OOFS,.) 

Data line control bit 
o : SDA outputs" l" 
1 : SOA outputs" H" 

Clock line control bit 

o : SCl outputs "l" 
1 : SCl outputs "H" 

ACK recognilion bit 
o : ACK was received 
1 : ACK is not received 

Walt function 1 enable bit 

o : Walt function 1 IS disabled 
1 : Walt function 1 IS enabled 

Walt function 2 enable bit 
o : W811 function 2 is disabled 
1 : Wait function 2 IS enabled 

Walt function 1 acceptance display bit 

o : Walt function 1 IS not accepting 
1 : Walt function 1 IS accepting o : ACK is not transmitted or rec 

1 : ACK is transmitted and rece ived 

Start signal detect bit 
o : Start signal IS not detected 
1 : Start signal was detected 

Stop signal detect bit 
o : Stop signal IS not detected 
1 : Stop signal was detected 

Fig. 18 Structure of special mode registers 1 and 2 

(3) Wait functions 

Wait function 1 holds the SCL line at "L" after the 8th clock 
falls in special mode. Wait function 2 holds the SCL line at 
"L" after the 9th clock falls in the same way. 
When one of the wait functions operates, the internal coun
ter .that counts the clock must be reset after bit 3 or 4 of the 
special mode register 2 is set to "1", to enable the corres
ponding wait function 1 or 2 to operate, Reset the internal 
counter by writing data to the special serial I/O register 
(address OOF6'6), or by setting the START signal detection 
bit to "1". Reset the internal counter for each byte before 
data transfer. 

Walt function 2 acceptance display bit 
o : Walt function 2 IS not accepllng 
1 : Wait function 2 is accepting 

The wait functions can be released by setting the corres
ponding bit 5 or 6 of the special mode register 2 to "1". 
Note1: Clear the START signal detection bit (bit 6) and 

the STOP signal detection bit (bit 7) of the spe
cial mode register 1 by writing "1" to bit 6 or bit 7. 

2 : If the special serial I/O function is operating, 

change the value of bit 4 of the sync generator 
control register (address OOE9'6) to suit the fre
quency of the system clock (X ,N ). 
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CRT DISPLAY FUNCTIONS 
Table 2 outUnes the CRT display functions of the 
M37260M6-XXXSP. The M37260M6-XXXSP incorporates a 
40 columns X 3 lines CRT display control circuit. CRT dis~ 
play is controlled by the CRT display control register. 
Up to 510 kinds of characters can be displayed. and colors 
can be specified for each character. A combination of up to 
16 colors can be obtained by using each output signal (R. 
G. B. and I). 

Table 2. Outline of CRT display functions 

Item Efficiency 

Display characters 
40 charactersX 3 lines 

(maximum 25 lines) 

Character 
12X20 or 16X20 dots 

configuration 

Kinds of character 510 kinds 

Character size 30 kinds 

I Kinds of color 16 (maximum) 
, Color I Coloring unit Character 

Extension display Possible (multiple lines) 

Characters are displayed in a 12X20 or 16X20 dots con
figuration to obtain smooth character patterns. (See Figure 
19) 
The following shows the procedure how to display charac
ters on the CRT screen. 
CD Write the display character code to the display RAM. 
® Write the color code to the display RAM. 
® Specify the vertical position ~nd character size by us

ing the vertical pOSition register and the character size 
register. 

@ Specify the horizontal position by using the horizontal 
position register. 

(§) Write the display enable bit to the designated block 
display flag of the CRT control register. When this is 
done. the CRT starts 'operation according to the input 
of the V SYNC signal. 

The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 4 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 20 shows a block diagram of the CRT display control 
circuit. Figure 21 shows the structure of the CRT display 
control register. 
And the mixing circuit is built-in that can be output the sig
nal mixed external color Signals with internal color signals. 
so that'the CRT display can be controlled by the 2-chip 
constructed system. 
The sync generator that generates the synchronous Signal 
can be output each synchronous signal as NTSC or PAL 
with/without interlacing. 
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Fig. 19 CRT display character configuration 
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r'-

(Address OOE916 ) 

Sync generator 
I control register I 

(Address OOEA,.) 

J CRT control register I 
I I 

(Addresses OOE1,. to OOE4'6) 

Vertical position 

registers 

Addresses OOD7,. to OOD916 ) 

Character size registers I 
(Address OOEO,.) 

Horizontal position register I 

(Addresses OODA,. to OODC'6) 

Blank control registers I 

1 'i/ 

RAM for display 

22 bits X40X1 

+16 bits X40X2 

(Address OOEC,.) 

JCRT output polarity register I 

(Address OOES,.) 

L CRT Input polanty register 

(Address OOE5,.) 

J MIxing Circuit control register I 
h... 

D ata bus 

Fig. 20 CRT display control circuit block diagram 

°V1O
?C2 

HSCNC Vs'Oc 

--1. Oscillation L 
CircUit J 

rl Synch,o,,", n I 
_ signal selection 

Circuit Sync 

generator 

Field identification 
circUit 

~ 
---;,. 

Display position 

control circuit 

~ 
Display control 

Circuit 

ROM for displa 

16 bits X20 
4---< ~ RAM for 

X510 - - border function 

1 
1 1 

Shift register r ~ Shift register 

16 or 12 bits 16 or 12 bits 

1 
Output circuit 

R G B I OUT 

1 1 1 4 
MiXing cirCUit 

R G B I OUT 

~ ~ ~ ~ ~ 

IE--

CSYNC 

MXR 

MXG 

MXB 

MXI 
MXOUT 
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I I I J I J I J J CRT control register 

L : CC(Address OOEA,.) 

All-blocks display control bit (Note I) 
a : All-blocks display off 
1 : All-blocks display on 

~ Block I display control bit 
a : Block I display off 
1 : Block I display on 

~ Block 2 display control bit 
a : Block 2 display off 
1 : Block 2 display on 

L-___ Block 3 display control bit 

a : Block 3 display off 
1 : Block 3 display on 

L-____ Block I color specification mode selection 
bit 

a : Ordinary mode 
: 1 12-character Unit color specification 

mode 

L-_____ Display oscillation stop flag 

a : Oscillation stopped 
1 : Oscillation enabled 

L-_~ _____ Scanning line double-count mode flag 

a : Normal 256 count mode 
1 : Scanning line double-count mode 

-------- Test bit: Keep at "0" 

Note 1 The all-blocks display control bit is AND of all the 
block display control bits 

Fig. 21 Structure of CRT control register 

(1) Display Position 
Character display position is specified in units called 
blocks. There are three blocks - block 1 to block 3 - and 

each block can hold up to 40 characters (for details, see 
the previous section (3) Display Memory.) 

The display position of each block can be set horizontally 
and vertically by software. 

Horizontal pOSitions can be selected for all blocks in com
mon from 256-steps in 4Tc units (Where Tc : display 
oscillation period). 

Vertical display positions can be selected for each block 
from 1024-steps in single scanning line units. 
If a display start position is superimposed on another block 
((b) in Figure 23), the block with the smallest number (1 
to 3) is displayed. 
If the display position of a block comes while another block 
is displayed ((c) in Figure 23), the second block is dis
played. 

Vertical positions for each block can be set in 1 024 steps 
(where each step is one scanning line) as values 0016 to 
FF16 in vertical position registers 1 to 3 (addresses 00E1 16 

to 00E316 ) and values 0016 to 3F16 in bits 0 to 5 of vertical 
position register 4. The structures of the vertical position 

registers are shown in Figure 22. 

7 a 
I I I I I I I I I Vertical position register 

Vertical position register I 
: CVI (address OOEI ,.) 

Vertical position register 2 
: CV2 (address OOE2,.) 

Vertical position register 3 
: CV3 (address 00E3,6 ) 

LJ_L-LJLJ---JL-L-_ Setting of lower 8 bits of 

vertical display start position 

7 a 
I I I I I I I I I Vertical position register 4 lL : CV4 (address OOE4,6 ) 

Setting of ~pper 2 bits of block I 

vertical display start position 

L-l ___ Setting of upper 2 bits of block 2 

vertical display start position 

LJL-____ Setting of upper 2 bits of block 3 

vertical display start position 

Fig. 22 Structure of vertical position registers 

The horizontal position is common to all blocks, and can be 

set in 256 steps (where one step is 4T c, T c being the dis
play oscillation period) as values 0016 to FF16 in the hori
zontal position register (address 00E016 ). The structure of 
the horizontal position register is shown in Figure 24. 
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(HR) 

Bits 0 and 1 of 
CV., and CV, 

........ , ..... -j-i _______ --1 , 
Bits 2 and 3 of 

CV., and CV;···· , 
Block 1 

Block 2 

Block 3 

Bits 4 and 5 of CV., and CV3 ..••.•.... , 

~--------------~ 

(a) Example when each block IS separated 

(HR) 

Bits 0 and 1 of 
CV., and CV,'" ........ -.------ ....... , 

Bits 2 and 3 of Block 1 
CV., and CV, 

i 

"'" '"' , " 0' .. '"' C',· ·1 
Block 3 

(b) Example when the display start posilion of a block overlaps with some other block 

(HR) 

Bits a and 1 of 
CV., and CV,'" ................ -.. 

Bits 2 and 3 of .. - ... . Block 1 

CV., and CV, ····Block 2··············· 

: 
Bits 4 and 5 of CV., and CV3 ··· •••.... 1-------------1 

Block 3 

(c) Example when one block is displaYing some other block IS superimposed 

Fig. 23 Display position and value of vertical position registers CVx (x : 1 to 4) 
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o 

umm Horizontal position register 
: HR (Address ODED,.) 

HOrizontal display start posillon 
256-steps from 00,. to FF,. 

Fig. 24 Structure of horizontal position register 

(2) Character Size 
The size of characters to be displayed can be selected 

from 30 types, by combining 5 vertical types and 6 horizon
tal types in block units. Set the size with the character size 

registers (addresses 00D7'6 to 00D9'6)' Either of two char
acter font configurations, 12 dots wide X 20 dots high or 16 
dots wide X 20 dots high, can be selected for each block. 
The configuration of the character ROM font is shown in Fi
gure 26. 

The display start position in the horizontal direction is the 

same, regardless of changes in character size, but it does 
differ if the character font configuration is changed. The 
display start position in the horizontal direction for 16 dots 
wideX20 dots high characters is 4Tc to the right of that for 
12 dots wideX 20 dots high characters. 

o 
I I I I I I I I I Character size register 

Character Size register 1 
: CSl (address 0007,.) 

Character size register 2 
: CS2 (address 0008,.) 

Character size register 3 
: CS3 (address 0009,.) 

'----~-- Vertical character SIZe switchmg bits 
000: 1 dot =IH 
001 : 1 dot =2H 
010 : 1 dot =3H 
011 : 1 dot =4H 
lXX: 1 dot =1/2H 

"--'-'------ HOrizontal character sIZe 
sWltchtng bits 

000: 1 dot =lTc 
001 : 1 dot =2Tc 
010: 1 dot =3Tc 
011 : 1 dot =4Tc 
lXO: 1 dot =6Tc 
lXl : 1 dot =8Tc 

-'-------- Character font configuration 

switching bit 
o : 12 dots Wide X20 dots high font 
1 : 16 dots Wide X20 dots high font 

Notel: 1 H = 1 scannmg line width 

Fig. 25 

2 : Tc : Display oscillation period 
3:X:lorO 

Structure of character size registers 

20 

o 
I 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
o 
E 
F 

10 
1 
12 
13 

1 

16 
,~ ____ ~A~ _____ ~\ 

12 

~ 
b7b6b5b4b3 b2blbOb7b6b5 b4b3b2b IbO 

For the 12 dots wide 
X 20 dots high font, 
the shaded part of 
the character ROM 
font IS displayed 

Character ROM font configuration diagram 

Fig.26 Character ROM font for 12 dots wide X 20 dots 
high font 
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The 1 dot= 1 12 scanning line display function differentiates 
between odd-numbered and even-numbered fields from 
differences in the waveform in the synchronization signals 

used by the interlace method, and displays one character 
font for both fields. Bit 6 of the sync generator control regis
ter (address OOE916 ) controls the active edge of the field 
identification flag, and the character font divided for each 

field can be selected. 
The field identification flag can also be read out from bit 6 
of the display block counter (address OOEB16). 

--3> ~4TC 

]ill 1 dot 
= 1Tc 

SIZe: 

I 1 dot = 2Tc 
Size: 1 dot = 2Tc 

Size: 1 dot = 3Tc I Size: 1 dot = 3Tc 

Size: 1 dot = 4Tc I SIZe: 1 dot = 4Tc 

Size: 1 dot = 6Tc I Size: 1 dot = 6Tc 

SIZe: 1 dot = 8Tc I Size: 1 dot = 8Tc 

~ ~ 
Display start position for ~ Display start position for 16 X20 dot characters 

12 X20 dot characters 

Fig. 27 Display start positions (horizontal) for each character size 
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The description below assumes that field identification is 
based on the case where the active edges of both the hori
zontal and vertical synchronization signals are negative. 
Each field is identified as either odd or even by the hard
ware detecting the positions of the falling edges of the 
horizontal and vertical synchronization signals, and compar
ing them. Therefore, to ensure correct field identification, 
make sure that the two synchronization signals are input in 
accordance with the identification criteria given below. 
Since the field identification is based on the system clock 
(X ,N ), make sure that the value of bit 4 of the sync gener
ator control· register (address OOE9,6 ) is changed in 
accordance with the frequency of the system clock. 
Even-numbered field : The vertical synchronization signal 

falls within 21's before or after the 
fall of the horizontal synchronization 
signal. 

Odd-numbered field : The vertical synchronization signal 

falls within 21's before or after a 
point 112 a cycle after the fall of the 
horizontal synchronization signal. 

E ~ 635,usec 

~ 1/2 cycle ~ 

Honzon~ Ir------""!i-------lf' sync signal U 

2,u sec:2,u sec 

Vertical :;;l 
signal' ' L 

Even-numberd field 

~ 
2,u seC: 2,u sec 

Odd-numbered field 

Fig. 28 Identification criteria for field identification 

Field Identification flag active Field Identiflcallon flag bit 

Field 
Sync signal 

edge bit (bit 6 of the sync (bit 6 of the display block Display font 
(Example: negative edge Input) 

generator control register) counter) 
--

Horizontal --u--u-sync signal 0 1 o part 

Odd-numbered 
field 

Vertical sync t signal 1 0 o part 

Horizontal --u--u-sync signal 0 0 o part 

Even-numbered --- j-----
field 

Vertical sync l signal 1 1 o part 

b7b6 b5b4b3b2bl bOb7b6b5b4b3b2bl bO 

0 
1 
2 
3 
4 
5 
6 
7 Example : When the field Identification flag active edge bit IS 0, odd-

8 numbered fields display the 0 font and even-numbered fields 
9 display the 0 font, Bit 6 of the display block counter can be 
A read as the field Identification flag : It is "1" for an odd-
B 

numbered field, "0" for an even-numbered field C 
D 
E 
F 

10 
11 
12 
13 

Character ROM font configuration 

Note: The field Identification flag changes at the fall of the vertical sync signal (negative edge Input) 

Fig. 29 
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Character code 

: "16 

(where n = 0 to 1 FF16 ) 

Address in display ROM 

3000,.+20,.Xn,.+O,. 
3000,.+20,.Xn,,+2,. 
3000,.+20,.Xn,.+4,. 
3000,.+20,.Xn,.+6,. 
3000,.+20,.Xn,.+8,. 
3000,.+20,.Xn,.+A,. 
3000,.+20,.Xn,.+C,. 
3000,.+20,.Xn,.+E,. 
3000,.+20,.Xn,.+10,. 
3000,.+20,.Xn,.+12,. 
3000,.+20,.Xn,.+14,. 
3000,.+20,.Xn,.+16,. 
3000,.+20,.Xn,.+18,. 
3000,.+20,.X n,.+1 A,. 
3000,.+20,.Xn,.+1 C,. 
3000,.+20,.Xn,.+1 E,. 

7000,.+8,.Xn,.+O,. 
7000,.+8,.Xn,.+2,. 
7000,.+8,.Xn,.+4,. 
7000,.+8,.Xn,.+6,. 

b7b6b5b4b3b2b lbO 

• • • • • • 
• 

• 
• • • 

• 
Fig. 30 Storage format of display characters 

(3) Display Memory 

Data in display 

ROM 

00" 
00" 
01,. 
01,. 
02,. 
02,. 
04" 
04,. 
08,. 
08" 
08" 
10,. 
IF" 
10,. 
20,• 
20,. 

20,. 
40,. 
40,. 
00,. 

There are two types of display memory: CRT display ROM 
(addresses 300016 to 7FFF16 ) which contains previously 
stored (masked) character dot data, and display RAM 
(addresses 200016 to 27FF16 ) which specifies characters 
and colors to be displayed. These memory types are de

scribed below. 
CD CRT display ROM (addresses 300016 to 7FFF16 ) 

The CRT display ROM contains dot pattern data for display 
characters. To display these stored characters in operation, 
specify character codes (code determined based on 
addresses in CRT display ROM) that are specific to those 
characters, by writing them to the CRT display RAM. 
Since the CRT display ROM has contains 20K bytes and 

the data for one character takes up 40 bytes, 512 charac
ters can be stored. However, a two-character space is re-

Address In display ROM 

3000,.+20,.Xn,.+I,. 
3000,.+20,.Xn,.+3,. 
300016+20,.Xn,.+5,. 
3000,.+20,.Xn,.+ 7,. 
3000,,+20,.Xn,.+9,. 
3000,.+20,.Xn,.+B,. 
300016+20,.Xn,.+D16 
3000,.+20,.Xn,.+F,. 
3000,.+20,.Xn,.+II,. 
SOOO,.+20,.Xn,.+IS,. 
SOOO,.+20,.Xn,.+15,. 
SOOO,.+20,.Xn,.+17,. 
SOOO,.+20,.Xn,.+19,. 
SOOO,.+20,.Xn,.+1 B,. 
SOOO,.+20,.Xn,.+ID,. 
SOOO,.+20,.Xn,.+1 F, • 

7000,.+8,.Xn,.+I,. 
7000,.+8"Xn,.+S,. 
7000,.+8,.Xn,.+5,. 
7000,.+S,.X n,.+ 7,. 

b 7b6b5b4b3b2b lbO 

• • • • • • • 

--• • • .. 

Data in display 

ROM 

00,. 
00,. 
80,. 
80,. 
40,. 
40,. 
20,. 
20'6 
10" 
10,. 
10,. 
08,. 
F8" 
08" 
04,. 
04,. 

04,. 
02,. 
02,. 
0016 

quired for test purposes, so in practice 510 characters can 
be stored for display. 
Within the CRT display ROM area, data for part of each 
character that is (upper 16 dots high] X (left-hand 8 dots 

wide] is stored at addresses 300X16 to 3FFX16 (where X = 
0, 2, 4, 6, 8, A, C, E), data for part of each character that is 
(upper 16 dots high] X (right-hand 8 dots wide] is stored at 
300Y16 to 3FFY16 (where Y=1, 3, 5, 7, 9, S, D, F), data for 
part of each character that is (lower 4 dots high] X (left
hand 8 dots wide] is stored at addresses 700M 16 to 7FFM 16 

(where M =0, 2, 4, 6, 8, A, C, E), and data for part of each 
character that is (lower 4 dots high] X (right-hand 8 dots 
wide] is stored at 700N16 to 7FFN16 (where N=1, 3, 5, 7, 9, 
S, D, F), as shown in Figure 30. 

• MIlSUBlSHI 
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Table 3. Character Code Chart (Partially abbreviated) Each character code used when specifying display charac
ters, is defined as n16 (where n = 0 to 1 FF), and is deter
mined based on the address in CRT display ROM that con
tains the data for that character (see the storage format of 
display character shown in Fig. 30). The character codes 
are listed in Table 3. 

Characier 

code 

ODD,. 

001,. 

1,FF'6 

2-326 

Character data storage address 

Left-hand 8 dots Right-hand 8 dots 

Upper 16 Lower 4 'Upper 16 Lower 4 

dots dots dots dots 

3000'6 7000'6 3001,6 7001,. 

3002,6 7002'6 3003'6 7003,. 

3004,6 7004,6 3005,. 7005,6 

3006'6 7006'6 3007,. 7007,. 

3008,6 3009'6 

300A'6 3008,6 

300C,. 3000,. 

300E'6 300F'6 

3010'6 3011,6 

3012'6 3013'6 
3014,6 3015,6 

3016,. 3017'6 
3018,6 3019'6 
301A,. 3018,6 

301C,. 3010,. 

301E,. 301F,. 

3020,. 7008,. 3021,. 7009,. 

3022,. 700A,. 3023,. 7008,. 

3024,6 700C'6 3025,6 7000'6 
3026,. 700E,. 3027,. 700F,. 

3028,6 3029'6 

302A'6 3028,. 

302C'6 3020'6 

302E'6 302F'6 
3030,. 3031'6 
3032,6 3033'6 
3034,. 3035,6 

3036,6 3037'6 
3038,6 3039,. 

303A,. 3038,6 

303C,. 3030'6 

303E'6 303F'6 

6FEO,. 7FF8,. 6FE1,. 7FF9,. 

6FE2,. 7FFA'6 6FE3'6 7FFB'6 
6FE4,. 7FFC'6 6FE5'6 7FFO'6 

6FE6'6 7FFE,. 6FE7'6 7FFF'6 
6FE8,. 6FE9,. 

6FEA'6 6FE8'6 

6FEC'6 6FEO'6 

6FEE'6 6FEF'6 

6FFO'6 6FF1'6 
6FF2,. 6FF3,. 

6FF4'6 6FF5'6 

6FF6'6 6FF7'6 

6FF8'6 6FF9'6 

6FFA'6 6FFB'6 

6FFC'6 6FFO,. 

6FFE'6 6FFF'6 

® CRT display RAM (addresses 200016 to 27FF16) 
The CRT display RAM is allocated at addresses 200016 to 
27FF16, and is divided into a display character code speci
fication part and a display color code specififcation part for 
each block. The contents of this area are shown in Table 4. 
For example, to display one character at the first character 
position (the left edge) of block 1, write the character code 
to bit 6 of address 20C016 and to address 200016, imd write 
the color code to the lowermost 6 bits (bits 0 to 5) of 
address 20C016. For details of the color codes, see section 
(4) Color codes. The structure of the CRT display RAM is 
shown in Fig. 31. 
When generating a mask for the M37260M6-XXXSP, note 
that the character patterns of Table 6 and Table 7 must be 
written to the specified addresses as a test character pat
tern. 
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Table 4. CRT display RAM description 

Block 
Display position Character code specification 

Color code specification 
1/2 character unit color code 

(from left side) High-order 1 bit Low-order 8 bit specification 
1 st characte r 20CO,. 2000,. 20CO,. 2180,. 
2nd character 20Cl,. 2001,. 20Cl'6 2181,. 
3rd character 20C2,. 2002,. 20C2,. 2182,. 

Block 1 

38th character 20E5,. 2025,. 20E5,. 21A5,. 
39th character 20E6,. 2026,6 20E6'6 21A6,. 
40th character 20E7,. 2027,. 20E7,. 21A7,. 

20E8,. 2028,. 20E8,. 
Not used to to to 

20FF,. 203F,. 20FF,. 
1 st character 2100'6 2040,. 2100,. 
2nd character 2101,. 2041,. 2101,. 
3rd character 2102'6 2042'6 2102,. 

Block 2 

38th character 2125'6 2065,. 2125,. 
39th character 2126'6 2066,. 2126,. 
40th character 2127,. 2067,6 2127,. 

2128'6 2068'6 2128'6 
Not used to to to 

213F,. 207F,. 213F,6 
1 st character 2140'6 2080,. 2140,. 
2nd character 2141,. 2081,6 2141'6 
3rd characte r 2142,. 2082,. 2142,. 

Block 3 

38th character 2165,. 20A5,6 2165,. 
39th character 2166,. 20A6'6 2166'6 
40th character 2167,. 20A7,6 2167,6 

2168'6 20A8'6 2168'6 
Not used to to to 

217F,. 20BF,. 217F,. 
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Block 1 
(Character specification) 

1 st column: 2000,. 
to 

40th column: 2027,. 

(Color and character specification) 

1 st column: 20CO,. 
to 

40th column: 20E7,. 

1 st column: 2180,. 
to 

40th column: 21A7,. 

Block 2 and 3 
(Character specification) 

1st column: 2040,. 
to 

40th column: 2067,. 

(Addresses 2080,. to 20A7,. 
in the case of block 3) 

(Color and character specification) 

1st column: 2100,. 
to 

40th column: 2127,. 

(Addresses 2140,. to 2167,. 
In the case of block 3) 

Fig. 31 Structure of CRT display RAM 

7 0 

I I I I I I I I I 
LI-LI.-JI'-.LI---lI_LI-LI.-JI,-_ Low-order 8 bits of character code 

'---'--....L--'--'-_'--_ Color code specification 10 the normal mode or 
former 112 color code specification 10 the 112-

character unit color specification mode 
'---------- High-order 1 bit of character code 

a 

I I I I I I I I I 
1'--.LI--,I_.l...I-,-I_I,-_ Latter 1/2 color code specification In the 1/2-

character unit color specification mode 

I I I I I I I I I 
LI-LI_I'-.LI---lI_LI-LI.-JIL.._ Low-order 8 bits of character code 

'--'-....L---'--'-_'-_ Color code specification 

'--------- High-order 1 bit of character code 
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® Block overwriting function of display memory 
Character codes or color codes for 40 characters can be 
written for each block in a batch by overwriting data at a 
specific address. 
The addresses for block overwriting, the addresses in dis
play memory overwritten by these addresses, and the con
tents of these addresses are listed in Table 5. 

Table 5. Block overwriting of display memory 

Address for Addresses In overwritten 

block overwriting display memory 
Memory contents 

2200'6 2000'6 to 2027,6 Block 1 character code 
2201 '6 2040'6 to 2067 '6 Block 2 character code 
2202,6 2080'6 to 20A7'6 Block 3 character code 
2203'6 20CO'6 to 20E7'6 Block 1 color code 
2204,6 2100'6 to 2127'6 Block 2 color code 
2205,6 2140'6 to 2167'6 Block 3 color code 

2206'6 2180'6 to 21A7'6 Block 1 color code 2 

Note: After a write instruction IS executed for a block overwnt
Ing address, walt at least 60 machine cycles before 
issuing a read or write instruction from the CPU for a 
block overwriting address or for display memory. 

I Block 1 I 

I Block 2 I 

I Block 3 I 

Block I' I 
Block 2' I 
Block 3' I 

Fig. 32 Display RAM date access 

@ Notes on display RAM data access 
If the display RAM is accessed (data read or write, block 
write) from the CPU during aso display, make sure that 
the display RAM for each block is accessed after it has 
been confirmed that the block has been displayed, by an 
event such as a CRT interrupt. 
RAM data can be destroyed if the display RAM for a block 
that is currently being displayed is accessed. 

Block 1 CRT Interrupt 
V to block 1 display RAM access enabled 

Block 2 CRT interrupt 
I-- to block 2 display RAM access enabled 

Block 3 CRT interrupt 

---------------- I-- to block 3 dIsplay RAM access enabled 

--------.------. 

-----.---------. --.-------- .. - -_.--
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Table 6. Test character pattern 1 settings 

Address Data Address 

6FEO'6 00'6 6FFO'6 

6FE1'6 00,6 6FF1'6 

6FE2'6 00'6 6FF2'6 

6FE3'6 00'6 6FF3'6 

6FE4'6 00,6 6FF4'6 

6FE5'6 00'6 6FF5'6 

6FE6'6 00,6 6FF6'6 

6FE7'6 00'6 6FF7'6 

6FE8'6 00,6 6FF8'6 

6FE9'6 00'6 6FF9'6 

6FEA'6 00'6 6FFA'6 

6FEB'6 00'6 6FFB'6 

6FEC'6 00,6 6FFC'6 

6FED'6 00'6 6FFD'6 

6FEE'6 00,6 6FFE'6 

6FEF'6 00'6 6FFF'6 

7FF8'6 00'6 7FFC'6 

7FF9'6 00,6 7FFD'6 

7FFA'6 00'6 7FFE'6 

7FFB'6 00,6 7FFF'6 

Table 7. Test character pattern 2 settings 

Address Data Address 

6FCO'6 88'6 6FDO'6 

6FC1'6 11,6 6FD1'6 

6FC2'6 00'6 6FD2'6 

6FC3'6 00'6 6FD3'6 

6FC4'6 00'6 6FD4'6 

6FC5'6 00'6 6FD5'6 

6FC6'6 00'6 6FD6'6 

6FC7'6 00'6 6FD7'6 

6FC8'6 44'6 6FD8'6 

6FC9'6 44'6 6FD9'6 

6FCA'6 00'6 6FDA'6 

6FCB'6 00'6 6FDB'6 

6FCC'6 00'6 6FDC'6 

6FCD'6 00'6 6FDD'6 

6FCE'6 00'6 6FDE'6 

6FCF'6 00'6 6FDF'6 

7FFO'6 08'6 7FF4'6 

7FF1'6 88'6 7FF5'6 

7FF2'6 00'6 7FF6'6 

7FF3'6 00'6 7FF7'6 
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Data 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

Data 

22'6 

22'6 

00'6 

00'6 

00'6 

00'6 

00'6 

00'6 

11'6 

11,6 

00,6 

00'6 

00'6 
00,6 

00'6 

00'6 

00'6 

00'6 

80'6 

11'6 

(4) Color Codes 
The color each display character can be specified by spe
cifying the four color outputs (R, G, B, and I) with the CRT 
display RAM. A color code can be specified for each char
acter, and 24=16 colors can be set. 
The R, G, B, and I outputs are set by bits 0 to 3 of the color 
code, character or blank output is set by bit 4, and charac
ter output or blank output is specified by bit 5. The struc
ture of the color code is shown in Figure 33. 

L I l J I I I I J 

l 
-

~ 

Color code 
Block 1 (addresses 20CO'6 to 20E7'6, 

and 2180'6 to 21A7'6) 
Block 2 (addresses 2100,6 to 2127,6) 
Block 3 (addresses 2140'6 to 2167,,) 

R pin output selection bit 
o : No character output 
1 : Character output 

G pin output selection bit 
o : No character output 
1 : Character output 

B pin output seleclion bit 
o : No character output 
1 : Character output 

I pin output selection bit 
o : No character output 
1 : Character output 

OUT pin output selection bit (Note) 
o : No character and blank output 
1 : Character and blank output 

OUT pin output control bit (Note) 
o : OUT pin character output 
1 : OUT pin blank output 

High-order 1 bit of character code 

Note: When the border functIOn (described later) IS used, 
the border back output has priority over these two bits 
(bits 4 and 5) for the OUT pin output 

Fig. 33 Structure of color code 
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(5) 1/2-Character Unit Color Specification 
Mode 
Colors can be specified in 1/2-characters units for the 
characters of block 1 alone, by setting bit 4 of the CRT 
control register (address OOEA16). In 1/2-character unit coi
or specification mode, each half of a display character in 
block 1 is displayed as follows: 

Color of the color code 
specified by bits 0 to 5 

of address 20CO,. 

(a) Ordinary display 

Color of the color code 
specified by bits 0 to 5 

of address 20CO'6 

Color of the color code 
specified by bits 0 to 5 

of address 2180,. 

(b) Display with 1/2-character unit color specification 

o Left-hand half: The color of the color code specified by 
bits 0 to 5 of color code specification addresses 20C016 

to 20E716 in the CRT display RAM. 
o Right-hand half: The color of the color code specified 

by bits 0 to 5 of color code specification addresses 
218016 to 21A716 in the CRT display RAM. 

Color of the color code 

specified by bits 0 to 5 

of address 20C1'6 

Color of the color code 

specified by bits 0 to 5 

of address 20C1'6 

Color of the color code 

speCified by bits 0 to 5 

of address 2181,6 

Block 1 

Block 1 

Fig. 34 Correspondence between ordinary color specification and 1/2-character unit color specification mode 
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(6) Multiline Display 
The M37260M6-XXXSP can ordinarily display three lines of 
characters, in three blocks with different vertical positions. 
In addition, up to 25 lines can be displayed by using CRT 
interrupts and the display block counter. 
A CRT interrupt is a function that generates an interrupt for 
each block at the point at which the display of any desired 
number of dots has been completed. In other words, when 

a scanning line reaches the point of the display position 
(specified by the vertical and horizontal position registers) 
of a certain block, the character display of that block starts, 
and an interrupt is issued at the point at which the number 
of dots set by the interrupt position control register is ex

ceeded. 
If the lateral character size has been set to 1 dot = 1/2 

scanning line Width, the CRT interrupt position can be set 
to 10 steps in 1 block/2 dot units; for all other scanning line 
widths it can be set to 20 steps in 1 block/1 dot units. 
The display block counter counts lhe number of times the 
display of a block has been completed, and its contents are 
incremented by 1 each time the display of one block is 
completed. 
To provide multiline display, enable CRT interrupts by 
clearing the interrupt disable flag to "0" and setting the 
CRT interrupt enable bit (bit 4 at address 00FE ,6 ) to "1". 
The processing within the CRT interrupt processing routine 
is as follows. 

CDRead the value of the display block counter. 
®The value of CD enables identification of a block whose 

display has completed (whether a CRT interrupt genera
tion cause has occurred). 

@Read the interrupt position control register. 
@)The value of @ enables identification of the number of 

dots at which the CRT interrupt is to occur. 
@Write the display character code, color code, and display 

position of that block into the character code, color code 
(CRT display RAM contents), and vertical display posi
tion (contents of vertical position register) to be display

ed next. 
The structure of the display block counter is shown in Fi
gure 35. 

7 0 

I [ [ [ [ [ [ [ I 
I I I I I I 

Display 'block counter 
: CBC (address OOEB,.) 

Display of number of blocks 
during or after display 
(Incremented each time a block IS 
displayed) 

L---------Field Identification flag 

Fig. 35 Structure of display block counter 
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L L j j j j I I 1 Interrupt occurrence positIOn 
control register 

Block 1 Interrupt occurrence 
posItIOn control register 
: Cll (address 0000,6 ) 

Block 2 interrupt occurrence 
position control regIster 
: CI2 (address 00DE'6) 

Block 3 interrupt occurrence 
position control regIster 
: CI3 (address 00DF'6) 

'--'--'--'--'--Interrupt request generation 
position speciflcallon 

Fig. 36 Structure of interrupt position control register 

Block 1 20 dots 

Block 2 20 dots 

Block 3 20 dots 

Block l' 20 dots 

(a) Interrupt request after block dIsplay 

Block 1 10 dots 

Block 2 10 dots 

Block 3 10 dots 

Block l' 
10 dots 

Interrupt request 

Interrupt request 

Interrupt request 

Interrupt request 

Interrupt request 

Interrupt request 

Interrupt request 

Interrupt request 

(b) Interrupt request dUring block dIsplay (after 10 dots dIsplayed) 

Fig. 37 Timing of CRT interrupts 

(a) When lateral character sIZe is not 1 dot =1/2 scanning line width 

Interrupt occurrence 

pOSitIon control register Timing of interrupt request generatIon 

b41 b3 I b2 I bl I bO 

0 0 0 0 0 Interrupt after completion of I-dot dIsplay 

0 0 0 0 1 Interrupt after completIon of 2-dot dIsplay 

0 0 0 1 0 Interrupt after completion of 3-dot display 

0 0 0 1 1 Interrupt afl~r completion of 4-dot dIsplay 

1 0 0 1 1 Interrupt after complellon of 20-dot display 

1 1 1 1 1 
} Interrupts disabled (no Interrupt requests) 

(b) When lateral character Size IS 1 dot = 1 12 scannong lone wIdth 

Interrupt occurrence 
Tlmong of Interrupt request generation 

position control register 

b41 b31 b21 bl I bO 
Odd·numbered Even-numbered 

Ileid Ileid 

0 0 0 0 X 1 2 

0 0 0 1 X 3 4 

0 0 1 0 X Interrupt after 5 6 dot 

0 0 1 1 X completion of 7 8 dISplay 

X 
X 

1 0 0 1 X 19 20 

X 

} Interrupts disabled (no onterrupt requests) X 

1 1 1 1 X 

Fig. 38 Timing of interrupt request generation with respect 
to values in interrupt position control register 
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Block 1 

Block 2 

Block 3 

Block l' 

Count value 

o 

Interrupt 
positions 

-~ 

1 
-~ 

---E--
3 

---:--

Flg.,39 Timing of CRT interrupts and values in display block counter 

(7) Scanning Line Double-Count Mode 
Scanning line double-count mode enables an increase in 
character size in the vertical direction to twice the normal 
size, and it can also double the display start position of the 
characters in the vertical direction by double-counting 
scanning lines. In other words, the vertical position register 

sets either a normal mode in which one step is one scan
ning line, or a scanning line double-count mode is which 
one step is two scanning lines. 

/ 
Vertical position A 

A tJ} Scanning line 20 lines 

(a) Display In the normal mode 

Scanning line double-count mode can be specified by set
ting bit 6 of the CRT control register (address OOEA16 ) to 
"1". 

Since this mode functions in screen units, a change in 
mode while a screen is being displayed is not validated un
til the next screen is displayed. 

Vertical position AX2 

AX2 t--

.Scannlng line 40 lines 

(b) Display in the scanning line double count mode 

Fig. 40 Corresponding between normal mode display and scanning line double-count mode display 
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(8) Border Function 
A one clock (one dot) border can be drawn around each 
character displayed, in both the horizontal and vertical 
directions. 
This border is output from the OUT pin. In this case, bits 4 
and 5 in the color code (the OUT pin output contents) are 
ignored, and the border output is output from the OUT pin. 

The border can be set in block units by the blank control 
registers (addresses OOOA16 .to OOOC16 ). The relationship 
between the settings of the blank control registers and the 
border function are listed in Table 8, and the structure of 
the blank control registers is shown in Fig. 42. 

Table 8. Corresponding between the blank control register value and border function 

Blank control register 
Function 

BLnl BLnO 

X 0 Normal 

0 , Border Including character 

, , Border excluding character 

X:lorO 

o IS border 
• IS display by character data 

Fig. 41 Border example 

Output example 

R, G, B, I output --1"1...-

OUT output --I"1...-

R, G, B. I output --I"1...-

OUT output ...r--L.. 

R, G, B, I output --I"1...-

OUT output ..I"'l.IL-

o 
I I I I I I I I I Blank control regIster 

Blank control regIster 1 
: BL 1 (adress OODA,.) 

Blank control regIster 2 
: BL2 (adress OODB,.) 

Blank control register 3 
: BL3 (adress OODC,.) 

-- Border type 
XO : same as the R, G, B, and I outputs 
01 : Border output Includmg character 
11 : Output of border alone 

- R pIn output 
a : No character background 

colollng output 
: Character background colollng 

output 

'----G pIn output 

o : No character background 
coloring output 

: Character background colollng output 

'----- B pm output 

o : No character background 
colollng output 

1 : Character background colollng output 

'------ I pm output 
o : No character background 

coloring output 
: Character background colollng output 

Note: X means a or 1 

Fig. 42 Structure of blank control registers 
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(aJ When vertical character size is not 1 dot = 1/2 scanning line width, borders avobe the 
uppermost dots and borders below the lowermost dots of the character font are not displayed 

16 dots 

V;; 
r/; 

20 dots 

i V;; 
rl; 

-
I~ 

• : Character daiS 
~ : Border dots 

(bJ When vertical character size is 1 dot = 112 scanning line width, borders avobe and below the 
uppermost dots and borders below the lowermost dots of the character font are not displayed 

Vii 

20 dots 

"" 

Notice of border function 

16 dots 

i~ 
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(9) Character Background Color Function 
The character background of the 16X20 or 12X20 area of 
a character (the blank part), excluding the character part 
itself, or character border part can be colored. The back
ground color can be selected from 16 colors set by bits 2, 
3, 4, and 5 of the blank control register. Since a back
ground color can be set for each block, up to 15 back
ground colors can be set for a screen when multi-line dis
play is used. 

Table 9. Display types 

Display memory OUT sIgnal 

No OUT signal 

x o x o 
No background 

o x o 

x x o 

x X 

o 

o 0 
Background coloring 

Six character display types with background colors can be 
selected by combining bits 4 and 5 of the display memory 
color code with bits 0 and 1 of the blank control register. 

Example of output sIgnal 

R, G. B. and I 
for character 
OUT 

R, G, B. and I 

for character 
OUT 

R, G, B, and I 

for 

R, G, B, and I 

for character 

OUT 

R, G, B, and I 
for 

R, G, B, and I 

for character 

OUT 

R, G, B, and I 

for bac nd 
R, G, B, and I 
for character 
OUT 

R, G, B, and I 

for character 
OUT 

R, G, B, and I 

for 

~ 

~ 

~ 

~ 
~ 
~ 

~ 

~ 
~ 

.-J Character width L 
J=LFL 
~ 

it:Jt 

Example of 

character 

Note1: If there are no character R, G, B, and I outputs, the background R. G, B. and I signals become the same as the OUT output 
2 : When the characters (CD and@ in Figure 44) have the dots whIch are dIsplayed adjoinIng a character (~ in FIgure 44) 

whose display type IS the background colorong wIth border, the border of the adjoined characters (CD and @ in FIgure 44), 
bear no relatIon to the display type; are dIsplayed on the background area (~ in FIgure 44) 

n : 1 to 3 
X: 0 or 1 
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Background coloring Background coloring No background 
character with border character with border coloring character 

Fig. 44 Notice of character background color function 

(10) Mixing Function . 
Color signals (MXR, MXG, MXB, MXl,and MXOUT) input 

from outside and color signals (R, G, B, I, and OUT) gener
ated internally can be ORed and output as a mixed signal. 
The mixing control register (address OOE516 ) can be used 

to turn on and off the mixing of the external and internal 
color signals, and also to specify which of the two signals 
has priority when they are combined. 
The I pin can be switched to output an overlapped signal 
indicating the parts of the external color signals (MXR, 

MXG, MXB, MXI, and MXOUT) and internal color signals 
(R, G, B, I, and OUT) that are overlapped. 
The MXB and MXI pins can also be used as external input 
pins for timer 2 and timer 3. 
Examples of displays generated with an internal color sig

nal for the letter ':1" and an external color signal for the let
ter "0" are shown in Figure 46. 

o 
I I I I I I I I I Mixing circuit control register 

t t (address OOE5 16 ) 

~ MiXing output control bits 
00 : No internal or external 

color signal output 
01 : Internal color signal output 
10 : External color signal output 
11 : Mixed Internal and external 

color Signal output 

'--'---- Overlapped part control bits 

00 : No PriOrity given to internal 
and external color signals 
of overlapped part 

01 : External color signal of 
overlapped part has Priority 

10 : Internal color signal of 
overlapped part has priority 

11 : No Internal or external color 
Signal output for overlapped part 

'------ I pin color signal/overlap signal 

sWitching bit 
o : Color signal output 
1 : Overlap signal output 

L-L-L-_____ OSC oscillation Circuit switching bits 

OXX : RC OSCillation CirCUit 
lOX: LC oscilialion CirCUit 

Note: X means 1 or 0 

Fig. 45 Structure of mixing control register 

Display when neither external nor 
Internal color signal has Priority 

Display internal color signal has 
priority 

Display when external color 
signal has priority 

Fig. 46 
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(11) CRT Output Pin Control 
The CRT output pins R, G, B, I, and OUT and the sync
generator output pin CSYN can also function as ports P40, 

P4" P42, P43, P44, and P4s. Clear the corresponding bit of 
the port P4 mode register (address 00C9'6) to "0" to spe
cify that pin as CRT output pin, or set it to "1" to specify it 
as an ordinary port P4 pin. 
The input active edges of the HSYNC, VSYNC , MXR, MXG, 
MXB, MXI, and MXOUT signals can be specified with the 
bits of the CRT input polarity register (address 00E8'6), 
and the output active edges of the R, G, B, I, and OUT sig
nals can be specified with the bits of the CRT output polar
ity register (address 00EC'6). Clear a bit to "0" to specify 
positive active edge; set it to "1" to specify negative active 
edge. The structure of the CRT output polarity register is 
shown in Fig. 48 and that of the CRT input polarity register 
is shown in Fig. 49. 

(12) Raster Coloring Function 
An entire screen (raster) can be colored by setting the up
per 5 bits of the CRT output polarity register. Since each of 
the R, G, B, and I pins can be switched to raster coloring 
output, 16 raster colors can be obtained. 
If the OUT pin has been set to raster coloring output, a ras
ter coloring signal is always output during the horizontal 
scanning period. This setting is necessary for erasing a 
background TV image. 
If the R, G, B, and I pins have been set to raster coloring 
output, a raster coloring signal is output during the horizon
tal scanning period whenever there is no other color char
acter output. This ensures that character colors do not mix 
with the raster color. 
An example in which a magenta letter "I" and a red letter 
"0" are displayed with blue raster coloring is shown in Fig. 
47. 

Fig. 47 Example of raster coloring 

~"RED" 

~"BLUE" 

}
SlgnalS across 

A-A' 

o 
I I I I I I I I I 

L 

'--

'---

CRT output polarity register 
(address OOEC,.) 

R/G/B output active edge bit 
o : Positive active edge output 
1 : Negative active edge output 

I output active edge bit 
o : Positive active edge output 
1 : Negative active edge output 

OUT output active edge bit 
o : Positive active edge output 
1 : Negative active edge output 

R output SWitching bit 
o : R oulput 
1 : Raster colOring output 

G output switching bit 
o : G output 

1 : Raster colOring output 

B output switching bit 

o : B output 

1 : Raster coloring output 

I output switching bit 
o : I output 
1 : Raster coloring output 

OUT output SWitching bit 

o : OUT output 
1 : Raster coloring output 

Fig. 48 Structure of CRT output polarity register 

7 o 
I I I I I I I I I 

L 
'--

CRT input polarity register 

(address OOE8,.) 

HSYNC input active edge bit 

VSYNC Input active edge bit 

'--- MXR/MXG/MXB input active edge bit 

MXI Input active edge bit 

MXOUT Input active edge bit 

INT Input active edge bit 

Test bits: set to "00" 

o : POSitive active edge Input 
1 : Negative active edge Input 

Fig. 49 Structure of CRT input polarity register 
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(13) Wipe Function 
CD Wipe mode 

The M37260M6-XXXSP allows the display area to be gra
dually expanded or shrunk in the vertically direction in units 

of 1 H (H: HSYNC signal) . There are three modes for this 
wipe method. Each mode has Down and UP modes, provid
ing a total of six modes. 
Table 10 shows the contents of each wipe mode. 

Table 10. Wipe operation in each mode and the values of wipe mode register 

Mode 

DOWN 

UP 

DOWN 

2 

UP 

DOWN 

3 

UP 

<2l Wipe speed 

Appear from 

upper side 

Erase from 

lower side 

Erase from 

upper side 

Appear from 

lower side 

Erase from both 

upper and lower side 

Appear to both 

upper and lower side 

• 

• 
• 

• 

• 

Wipe operation 

ABC 0 E F 

G H I J K L 
M N 0 P Q R 
s u V .. _. 

.. ::_rJ_F 

G H I J K L 

M N 0 P Q R 

5 T U V W X 

GHIJKL 
M N 0 P Q R 

The wipe speed is determined by the vertical synchroniza
tion (VSYNC ) signal. For the NTSC interlace method, assum
ing that 

V=16.7ms 262.5 HSYNC signals per screen 

Table 11. Wipe speed (NTSC method with interlacing, 
H=262.5) 

Wipe resolution Wipe speed (In all pl~lure) 

1 H Unit 16.7 (ms) X262. 5+ 1 "'" 4 (s) 
2 H unit 16.7 (ms) X262. 5+ 2 "" 2 (s) 

4 H unit 16.7 (ms) X262. 5+ 4 "" 1 (s) 

Wipe mode regIster 

BI12 Bill 

JI 
o o 

o 

Down Up o o 

~ II 
o 

o 

The wipe speed is shown in Table 11. 
Wipe resolution varies with each wipe mode. In mode 1 
and 2, one of three resolutions (1 H, 2H, 4H) can be 
selected. In mode 3, wipe is done in units of 4H alone. 

Table 12. Wipe mode and wipe resolution 

Mode 
Wipe 

Wipe speed 
resolution 

1 H Unit about 4 second 
Mode. 1 

2 H Unit about 2 second 
Mode2 

4 H Unit about 1 second 

Mode 3 4 H Unit about 1 second 
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Table 13. Relationship between wipe speed'and wipe resolution 

Wipe resolution 
Wipe speed (full screen) 

NTSC method PAL method Bi-scan method (525H/flame) 

1H (2H) unit about 4 second about 6 second about 4 second 

2H (4H) Unit about 2 second about 3 second about 2 second 

4H (8H) unit about 1 second about 1.5 second about 1 second 

Note : Values in parentheses refer to resolutions for bl-scan method. 
To perform a wipe with the bi-scan method, set bit 6 of the CRT control register to "1" 

7 

I I " I I I I I 

U 
Wipe mode register 

(address OOED,.) 

Mode selection bits 
00 : Wipe disable 
01: Mode 1 
10: Mode 2 
11:Mode3 

Direction mode selection bit 
o : DOWN mode 
1 : UP mode 

Wipe unit selection bits 
00: 1H unit 
01 : 2H unit 

10: 4H unit 

Stop mOlle selection bits 
00 : Stop at the 312th H 
01 : Stop at the 156th H 
10 : Stop at the 256th H 
11 : Stop at the 128th H 

Fig. 50 Structure of wipe mode register 

SYNC GENERATOR 
The sync generator can output a total of six synchronization 
signals: NTSC method with interlacing, without interlacing, 
or bi-scan, and PAL method with interlacing, without inter
lacing, or bi-scan. Since the synchronization signal is output 
from the CSYN/P45 pin, set bit 5 of the port P4 mode regis
ter to "0". 

Activate the sync generator by clearing bit 7 of the sync 
generator control register to "0" and setting bit 4 to match 
the X,N clock frequency. 

7 o 
I I I I I I I II 

Ul 
Sync generator control register 
(address 00E9,.) 

SynchrOnization Signal SWitching bits 
000 : NTSC With interlacing 
001 : PAL With Interlacing 
010 : NTSC without interlaCing 
011 : PAL Without Interlacing 
100 : NTSC bi-scan 
101 : PAL bl-scan 
110: Do not use 
111: Do not use 

Supplied synchrOnization Signal 
SWitching bit 

o : External Input 
synchrOnization Signal 

1 : Sync generator 
synchrOnization Signal 

X,N clock mode switching bit 
o : X,N = 4HMz mode 
1 : X,N = 8HMz mode 

CSYN pin output active edge 
SWitching bit 

o : Negative active edge output 
1 : POSitive active edge output 

Field identification flag active edge 
o : Flag = 1 for odd-numbered field 
1 : Flag = 0 for odd-numbered field 

Sync generator clock supply 
o : Clock supplied 
1 : Clock disabled 

Fig. 51 Structure of s~nc generator control register 
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RESET CIRCUIT 
The M37260M6-XXXSP is reset according to the sequence 

shown in Figure 53. It starts the program from the address 
formed by using the content of address FFFF'6 as the high 
order address and the content of the address FFFE '6 as the 

low order address, when the RESET pin is held at "L" level 
for no less than 2,us while the power voltage is 5V± 10% 

RESET 

Internal RESET 

SYNC 

Address 

Data 

32768 count of f(X,N ) (Note 3) 

Fig. 53 Timing diagram in reset 

and the crystal oscillator oscillation is stable and then re
turned to "H" level. The internal initializations following re
set are shown in Figure 54. 
An example of the reset circuit is shown in Figure 55. The 
reset input voltage must be kept below 0.6V until the supp
ly voltage surpasses 4.5V. 

Reset address from the vector table 

Notel: Frequency relallan of f(X,N ) and 1> IS f(X,N)=2' 1>. 
2 : The mark" ? .. means that the address is change

able depending on the previous state 
3 : Immediately after a reset. FF,• is automatically set 

in timer 3 and 07,• In timer 4 and timer 4, timer 3 
and the clock (f(X ,N ) diVided by 16) are con
nected In series 
Reset IS canceled by the overflow signal of timer 
4 

• MITSUBISHI 
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(1) Port PO direction register 

(2) Port Pl direction register 

(3) Port P2 direction register 

(4) Port P3 direction register 

(5) Port P4 mode register 

(6) Senall/O mode register 1 

(7) SenalllO mode register 2 

(8) Character size register 1 

(9) Character size register 2 

(10) Character size register 3 

(11) Blank control register 1 

(12) Blank control register 2 

(13) Blank control register 3 

(14) ~~t~o~ 1~~~~~~r~:~I~~;;ence 

(15) ~~~t~~ ~6~~~~f:e~~~;;ence 
(16) ~~~t~~ ~~~;~f:e~~~;;ence 
(11) HOrizontal pOSition register 

(T8l Vertical position register 4 

(19) MIXing CIrCUit contr~ register 

(20) CRT Input polarity register 

(21) Sync generator control register 

(22) CRT conlrol register 

(23) Display block counter 

(24) CRT output polarity register 

(25) Wipe mode register 

(26) Timer 1 

(27) Timer 2 

(28) Tlmer3 

(29) Tlmer4 

(30) Timer 12 mode register 

(31) Timer 34 mode register 

(32) Special mode register 1 

(33) Special mode register 2 

(3~) CPU mode register 

(35) Interrupt request register 1 

(36) Interrupt request register 2 

(37) Interrupt control register 1 

(38) Interrupt control register 2 

(39) Processor status register 

((0) Program counter 

Address Contents of register 

OOC1 16 I 0016 -I 
OOC3'6 'C 0016~ 
o 0 C 5 '6 L 0016 J 

00G7" IxlxloloiolDIiliJ 
DOC 9 16 ~ 00'6 ] 

o 0 C D 16 I 0016 I 
o 0 C E 16 [X]X0?IT~ 
0007" [Xl I I I I CD 
0008,,+1 I I I I I I I 
0009" Ixl I I I I I I I 
OOOA" Ixlxl I I I 10 
00 DB" lxlxl I I IlJJ 
OOOG" @XI I I iii I 
o 0 D DIS [XIXIXITr-m 
OOOE" [xlxlxl I ! fT~ 
o 0 D F 16 [XIXJXT]ITIl 
o 0 E 0 16 [ 0016 ~ 

00E4" I xix I j I I j I I 
o 0 E 5 16 I 00'6 I 

o 0 E 8 16 I 0016 ~ 
OOE9 16 [_ 0016 I 

OOEA,6 = 00 16 • ] 

o 0 E B" . l~liEEEEcl.oJ 
00 E C'6 I DOH> ~ 
OOED" IxlololojojiliEl 

-j FF16 1 
·i=L=~=i1 

00 F 0 16 

00 F 1 16 

00 F 2 16 • 

00 F 3 '6 
00 F 4 16 • 

00 F 5 '6 
00 F 7 16 . 

00 F 8 16 

00 F 8 16 

00 F C 16 

00 F D 16 

00 F E 16 

00 F F 16 

0716 . 

Note Smce the contents of both registers other than those listed 
above and the RAM are undefloed at reset, It IS necessary to 
setlmtlat values 
At reset, "0" IS read from the bits marked X 

Supply voltage 

RESET input 
voltage 

I I 

~4.5V 
I I 

OV I ' 

!:~ 
OV~6V 

52 
Vee 

1-____ 23-1 RESET 

26 
+-----~--IVss 

M37260M6-XXXSP 

Fig. 55 Example of reset circuit 

Fig. 54 - Internal state of microcomputer at reset 

2-344 • MITSUBISHI 
~ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37260M6-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER for ON-SCREEN DISPLAY 

1/0 PORTS 
(1) Port PO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 3), port PO can 
be accessed at zero page memory address 00C016. 

Port PO has a direction register (address OOC1 16 ) 

which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor mode bits 
(bit 0 and bit 1 at address 00FB16 ) , three different 
modes can be selected; single-chip mode, memory ex
pansion mode and microprocessor mode. 
In these modes it functions as address (A7 to Ao) out
put port (excluding single-chip mode) For more de

tails, refer the processor mode information. 
(2) Port P1 

In single-chip mode, port P1 has the same function as 
. port PO. In other modes, it functions as address (A15 to 

As) output port. 

For more details, refer the processor mode information. 
(3) Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (D7 to Do) 

input/output port. For more details, refer the processor 
modes information. 

(4) Port P3 

Port P3 is a 6-bit I/O port with function similar to port 
PO, but the output structure of· P30 , P31 is CMOS output, 
and P32-P35 is N-channel open drain. 
P32 is in common with the external input pin INT and 
the serial I/O input pin CS. 
When a serial I/O function is selected, P33 to P35 work 

as SRDY, SIN/SOUT, and SCLK pins. 
When a special serial I/O function is selected, P34 and 
P35 work as SDA and SCL pins. 

In microprocessor mode or memory expansion mode, 
P30 and P31 work R/W output pin and SYNC output pin. 

(5) OSC1, OSC2 pins 
Clock input/output pins for CRT display function. 

(6) HSYNC, VSYNC pins 
HSYNC is a horizontal synchronizing signal input pin for 

CRT display. 
VSYNC is a vertical synchronizing signal input pin for 

CRT display. 
(7) R, G, B, I, OUT pins 

This is a 5-bit output pin for CRT display and in com
mon with P40-P44 . 

(8) CSYN pin 
CSYN pin outputs the composite sync signal by the 
sync generator. 
CSYN pin is in common with P45. 

(9) MXR, MXG, MXB, MXI, MXOUT pins 
These are video signal input pins for mixing function. 
MXR, MXG, MXB, MXI, and MXOUT are in common 
with the input port P52, P53, P54, P55, P56. MXB and 
MXI are also in common with the external clock input 

pins TIM2 and TIM3. 

00) '" pin 
The internal system clock (1/2 the frequency of the 
oscillator connected between the XIN and XOUT pins) is 
output from this pin. If an STP or WIT instruction is ex
ecuted, output stops after going "H". 
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Port PO, P1, P2, P3o, P3, 

Direction register 

Data bus --+------1 Port latch 

Ports P3, to P35 

Data bus --+-----1 

HSYNC, VSYNC , MXR, MXG, 

MXB, MXI, MXOUT 

Data bus ----~~-{ 

Direction register 

Port latch 

HSYNC , V SYNC, 

MXR, MXG, MXB, 
MXI, MXOUT 

q" R, G, B, I, OUT, CSYN 

J 
,.'"~~{ 

Note : HSYNC , VSYNC, MXR, MXG, ~ 
MXB, MXI, MXOUT pms may Jr 
also be used as Input port 
P50 to P56 

CMOS 3-state output 

Port PO, P1, P2, P30, P3, 

N-channel open drain output 

Ports P3, to P35 

Note : P3, may also be used as ex
ternal interrupt input, and P33 

to P35 may also be used as 
serial 1/0 pms 

CMOS output 

q" R, G, B, I, OUT, CSYN 

Note: R, G, B, I, OUT, CSYN pins 
may also be used as output 
port P40 to P45 

Fig.56 Ports PO to P3, HSYNC, VSYNC , MXR, MXG, MXB, MXI, MXOUT, <1>, R, G, B, I, OUT and CSYN pin block 
diagram 
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PROCESSOR MODE 
By changing the contents of the processor mode bits (bits 
o and 1 at address 00FB,6 ), three different operation mod
es can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode, ports PO to P3 can be used as address, and data in
put/output pins. 

Figure 60 shows the functions of ports PO to P3. 
The memory map for the single-chip mode is shown in Fi
gure 2 and for other modes, in Figure 57. 

By connecting CNVss to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vee automatically forces the 

FFFF'6 ,----------,-

Internal ROM 

Internal RAM Internal RAM 
0100'6 f------+ ________ f------

00eO'6 f-__ S_F_R __ -+ ________ i-__ S_F_R __ _ 

Internal RAM Internal RAM 
0000'6 '----____ -'- ________ '----____ _ 

Memory expansion 
mode 

Microprocessor mode 

The shaded area lS,external memory area 

Fig. 57 External memory area at each processor mode' 

microprocessor mode. 
The three different modes are explained as follows: 
(1) Single-chip mode (00) 

The microcomputer will automatically be in the single
chip mode when started from reset, if CNVss is con
nected to V ss. Ports PO-P3 will work as I/O ports. 

(2) Memory expansion mode (01) 

The microcomputer will be placed in the memory ex
panSion mode after connecting CNVss to Vss and the 
processor mode bits are set to "01". This mode is used 

to add external memory when the internal memory is 
not sufficient. 

In this mode, port PO and port P1 are as a system 
address bus and its I/O pin function is lost. 
Port P2 becomes the data bus of D7 to Do (including 
instruction code) and loses its I/O port function. Port 

P30 and P3, works as R/W output pin and SYNC output 
pin. 

(3) Microprocessor mode (10)' 

The microcomputer will be placed in the microp
rocessor mode after connecting CNVss to Vee and in
itiating a reset or connecting CNVss to Vss and proces
sor mode bits'are set to "10". In this mode, the internal 
ROM is inhibited so the external memory is required 
Other functions are same as the memory expansion 
mode. The relationship between the input level of 
CNVss and the processor mode is shown in Table 14. 

Note 1: Use the M37260M6-XXXSP in the microprocessor 
mode or the memory expansion mode only at 
program development. 
The standard IS assured only in the single-chip 
mode. 

2: The display ROM cannot be placed on the exter
nal memory area. 
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1\ 
, 

CM, 0 0 1 

CMo 0 1 0 

-~~ .~ 

'\ Single-chip Memory expansion Microprocessor 
mode mode mode 

Port 

~ I r ~ I r 
Port PO Ports P07 to POo Ports P07 to POo 

Same as left 

)( 1/0 port ~ Addresses ( A7 to Ao 

:J I r :I I r 
Port P1 Ports P1 7 to P1 0 Ports P1 7 to P1 0 Same as left 

)( 1/0 port ] Addresses '( A'5 to Aa 

~ I r ~ I r 
PortP2 Ports P27 to P20 Ports P27 to P20 Same as left 

Y.. 1/0 port }-----{ 07 toOO: -
Data } 

:J I r ~ I r 
Ports P35 to P32 Ports P35 to P32 

)( 1/0 port )( 1/0 port 

Port P3 Same as left 
Port P3, Port P3, 

)( 1/0 port ~ SYNC ( i 
I 

Port P30 Port P30 

y.. I/O port ] - '( R/W 

Fig.58 Processor mode and function of ports PO to P3 (CM,. CMo : bit 1 and bit 0 of CPU mode register) 

Table 14. 

CNVss 

Vss 

Vcc 

2-348 

Relationship between CNVss pin input level and processor mode 

Mode 

• Single-chip mode 
• Memory expansion mode 

"' • Microprocessor mode 

• Microprocessor mode 

Explanation 

The single-chip mode is set by the reset. All modes can be selected by changing the pro-
cessor mode bit with the program. 

The microprocessor mode IS set by the reset 

• MITSUBISHI 
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Data-set timing of CPU mode register 
The value of bit 0 and bit 1 in the CPU mode register is set 
at the second rising edge of the SYNC signal after the writ
ing instruction is executed. 
However the value of bit 2 and bit 3 is set at the first rising 

edge of the SYNC signal, just as in the other registers. 

7 0 
I I I I I I I I I CPU mode register 

LL (address OOFB,.) 

Processor mode bits 

00 : Single-chip mode 
01 : Memory expansion mode 

10 : Microprocessor mode 
11 : Disable 

L-__ Stack page selection bit 

o : In page a area 
1 : In page 1 area 

L-___ System clock output selection bit 

o : Stop (reset-out) 
1 : System clock output 

Fig. 59 Structure of CPU mode register 

SYNC 

Instruction Wnte instrucllon to CPU mode register Next instruction The next instruction 

Bits 2 and 3 ____________ O_ld_d_a_ta ____________ ~)(~ ________________ U_P __ to_d_a_ta_d_a_ta __________________ _ 

Bits a and 1 ____________________________ o_ld __ da_t_a ________________________ ---Jx Up to data data 

Fig. 60 Data-set timing of CPU mode register 

Table 15. The value of CPU mode register at reset 

I CNVss pin b7 CPU mode register bO I 
I Vss 1 I I 1 I 0 I 1 I 1 I 0 I 0 I 
I Vee 1 I I 1 I a I 1 I 1 I 1 I a I 
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CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 
63. 
When an STP instruction is executed, the internal clock ¢ 
stops oscillating at "H" level. At the same time, timer 3 and 

timer 4 are connected automatically and FF'6 is set in the 
timer 3, 01'6 is set in the timer 4, and timer 3 count source 
is forced to f(X ,N ) divided by 16. This connection is cleared 

when an external interrupt is accepted or the reset is in, as 
discussed in the timer section. 
The oscill~tor is restarted when an interrupt is accepted. 
However, the internal clock ¢ keeps its "H" level until timer 
4 overflows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock ¢ 

stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 
To return from the stop or the wait status, the interrupt en
able bit must be set to "1" before executing STP or WIT in
struction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 61. 

Interrupt request 

Interrupt 
disable flag I S Q 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 

suggested value. 
The example of external clock usage is shown in Figure 62 
X,N is the input, and XOUT is open. 

M37260M6-XXXSP 

X ,N X OUT 

24 lMO 25 

Hm--~ Rd t G'N 4MHz .! GOUT 

Fig. 61 External ceramic resonator CirCUit 

M37260M6-XXXSP 

X ,N 
24 

VCClJ1J1J 
External oscillating 

circuit Vss 
Fig. 62 External clock input circuit 

S 

R 

WIT 
Instruction R 

STP instruction 

X1N XOUT 

T34Mo, T34M, : bltO and bit2 of timer34 mode register 

Fig. 63 Block diagram of clock generating circuit 
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DISPLAY OSCILLATION CIRCUIT 
The CRT display clock oscillation circuit has built-in RC 
and LC oscillation circuits, so that a clock can be obtained 
simply by connecting an RC or LC circuit between the 
OSC1 and OSC2 pins. 

Select the RC or LC oscillation circuit by setting bits 6 and 
7 of the mixing control register (see the structure of the 
mixing control register in Figure 45). 

~ 
Example of oscillation 

OSC1 OSC2 (reference values) 
C1 = 5pF 
C2 = 5pF 
Lf =9,uH 

C1 C2 ~ T T fCRT ~ 14MHz 

Fig. 64 Display oscillation circuit 

AUTO CLAER CIRCUIT 
When power is supplied, the auto-clear function can be 
performed by connecting the following circuit to reset pin. 

Circuit example 1 

RESET 

CirCUit example 2 

Note: Make the level change from "L" to "H" at the pOint at 
which the power voltage exceeds the rated voltage 

Fig. 65 Auto clear circuit example 

PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1 I( n+1 ). 
(2) Even though the BBC and BBS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as an NOP) be
tween the modification of the interrupt request bits and 

the execution of the BBC and BBS instructions. 
(3) After the ADC and SBC instructions are executed 

(indecimal mode), one instruction cycle (such as an 
NOP) is needed before the SEC, CLC, or CLD instruc
tions are executed. 

(4) An NOP instruction must be used after the execution of 

a PLP insturction. 
(5) In order to avoid noise and latch-up, connect a bypass 

capacitor (~O.1,uF) directly between the Vee pin and 

Vss pin using a heavy wire. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM order confirmation from 
(2) mark specification from 
(3) ROM data .......................................... EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Condillons Ratmgs 

Vee Supply'voltage -0.3 to 6 

V, Input voltage CNVss -0.3 to 6 

Input voltage POO-P07, P1o-P17, P2o-P27, With respect to Vss 

V, P30-P35, MXR, MXG, MXB, MXI, Output transistors are at "off" state -0.3 to Vee+O. 3 

MXOUT, HsyNC, VSYNC, RESET 

Output voltage POO-P07, Plo-P17, P2o-P27, 

Vo P30-P35, R, G, B, I, OUT, CSYN, -0.3 to Vee+O. 3 

XouT,OSC2 

10H 
Circuit current R, G, B, I, OUT, CSYN, POO-P07, o to 1 (Note 1 ) 

Pl o-P1" P2o-P27, P3o, P3, 

IOL1 
Circuit current R, G, B, I, OUT, CSYN, POO-P07, o to 2(Note 2) 

Plo-P17, P2o-P27, P30-P35 

Pd Power dissipation Ta~25'C 550 

Topr Operating temperature -10 to 70 
.. -

Tsta Storage temperature -40 to 125 

RECOMMENDED OPERATING CONDITIONS (Ta~-10 to 70'C, Vcc~5V±10% unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee 

Vss 

V ,H 

V ,H 

V 1L1 

V 1L2 

10H 

10L 

fcpu 

feRT 

fhs 

fhs 

Note 1 
2 
3 

2-352 

Supply voltage( Note 3) DUring the CPU and CRT operation 4.5 

Supply voltage 0 

"H" Input voltage POO-P07, Plo-P17, P2o-P2" 

P30-P33. HSYNc, VSYNC, MXR, 
10. SVee 

MXG, MXB, MXI, MXOUT, 

RESET, X'N, OSCl 

"H" input voltage P34 , P35 0.7Vee 

"L" Input voltage POo-PO" Plo-P17, P2o-P27, 

P30, P3" P33 , MXR, MXG, 0 

MXOUT 

"L" input voltage P32, P34, P35, HSYNC, VSYNC, 
0 

RESET, X'N, OSC1, MXB, MXI 

"H" average output current (Note 1) R, G, B, I, OUT, 

CSYN, POo-P07, P1o-P17, 

P2o-P27, P30, P3, 

"L" average output current (Note'2) R, G, B, I, OUT, 

CSYN, POo-P07, Pl o-Pl, 

P2o-P27, R3o-P35 

Oscillating frequency (for CPU operatlon)(Note 4) 3.6 

Oscillating frequency (for CRT display) 12.0 

Input frequency INT, TlM2, TIM3, SCL 

Input frequency SCLK 

The total current that flows out of the IC should be 20mA (max) 
The total current shold be 30mA (max) 

5.0 5.5 V 

0 0 V 

Vee V 

Vee V 

0.4Vee V 

0. 2Vee V 

1 mA 

2 mA 

4.0 S.l MHz 

14.0 16.0 MHz 

100 kHz 

1 MHz 

Apply 0.022,uF or greater capacitance externally between the Vcc-Vss power supply pinS so as 
to reduce power source noise 
Also apply O. 068,uF or greater capacitance externally between the Vce-CNVss pins 

: Use a quartz crystal oscillator or a ceramic resonator for the CPU oscillallon CIrcuit 

• MITSUBISHI 
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ELECTRIC CHARACTERISTICS (Vcc=5V±10%. vss=ov. f(X'N) =4MHz. Ta=-10 to 70t unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min. Typ 

Vcc=5. 5V. f(X'N) =4MHz 
10 

CRT OFF 

Icc Supply current Vcc=5. 5V. f(X'N)=4MHz 

CRT ON 
20 

At stop mode 

VOH 
"H" output voltage POo-PO,. Pl o-Pl,. P2o-P2,. Vcc=4.5V 

2.4 
P3o• P3,. R. G. B. I. OUT. CSYN IOH=-0.5mA 

"L" output voltage POo-PO,. P1o-Pl,. P2o-P2" 
Vcc=4.5V 

P30-P33. R. G, B. I. OUT. CSYN 
IOL=0.5mA 

VOL "L" output voltage P3,. P35 Vcc=4.5V 

IOL=3mA 

Hysteresis RESET Vcc=5.0V 0.5 

Vr+-VT- Hysteresis (Note 1) HSYNC, VSYNc, P32, P34• P3s, 

MXB. MXI 
Vcc=5.0V 0.5 

"H" Input leak current RESET. POo-PO,. P1o-Pl,. 

IOZH 
P2o-P2,. P30-P35• HSYNC. Vcc=5.5V 

VSYNC• MXR. MXG, MXB, MXI. Vo=5.5V 

MXOUT 

"L" Input leak current RESET. POo-PO,. P1o-Pl,. 

IOZL 
P2o-P2" P30-P35• HSYNc, Vcc=5.5V 

VSYNc. MXR. MXG. MXB. MXI. Vo=OV 

MXOUT 

Note 1. P32 • MXB. MXI have the hysteresis when these pins are used as interrupt input pins or timer input pins. 
P3 •• P35 have the hysteresis when these pins are used as serial 1/0 and special serial 1/0 ports. 
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Unit 
Max 

20 

mA 

50 

300 I-'A 

V 

0.4 
V 

0.4 

0.7 

1.3 
V 

5 I-'A 

5 I-'A 

2-353 
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M37102E8-XXXSP/FP 
M37201E6-XXXSP 

PROM VERSION .of M37102M8-XXXSP/FP,M37201M6-XXXSP 

DESCRIPTION 
The M37102E8-XXXSP/FP is a single-chip microcomputer 

designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP. The features of this chip are similar to those 
of the M37102M8-XXXSP/FP except that this chip has a 

16384 bytes PROM built in. This single-chip microcomputer 
is useful for the high-tech channel selection system for TVs. 
In addition to its simple instruction sets, the PROM, RAM, 
and 1/0 addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit
able for small quantity production runs. 

PIN CONFIGURATION (TOP VIEW) 

The differences between the M37102E8-XXXSP and the 
M37201 E6-XXXSP are noted below. The following explana
tions apply to the M37102E8-XXXSP 
Specification variations for other chips are noted accor

dingly. 

Type name ROM sIZe RAM size 

M37102E8-XXXSP 16384 bytes 320 bytes 

M3720l E6-XXXSP 24576 bytes 384 bytes 

FEATURES 
• Number of baSic instructions······· ............................ 69 

• Memory size PROM·· 16384 bytes (M37l02E8-XXXSP/FP) 
-24576 bytes (M3720l E6-XXXSP) 

RAM" 320 bytes (M37l02E8-XXXSP/FP) 
384 bytes (M3720l E6-XXXSP) 

• Instruction execution time 
......... 1,u s (minimum instructions at 4M Hz frequency) 

• Single power supply .. ···································5V±10% 

• Power dissipation 
normatoperation mode (at 4MHz frequency) 
····························110mW (Vcc=5.5V, CRT display) 

• Subroutine nesting···························· 96 levels (Max.) 

• Interrupt .. ······································ l3types, l3vectors 
• 8-bit timer······························································ 4 

• Programmable 1/0 ports 
(Ports PO, Pl, P2, P3, P4, P6) .............................. 47 

• Output port (Port P5) .. ············································· 5 
• Serial 1/0 (8-bit) ····················································2 
• PWM function············································· . l4-bitX 1 

8-bitXl0 
• A-D converter (4-bit resolution) .................. 2 channels 

• 72-character on screen display function 
Number of character"· ............ 24 charactersX3 lines 

Kinds of character············································ ·126 

• PROM (equivalent to the M5L27256) 
Program voltage'· ...................................... ·····12.5V 

Oscillatron Input for 
display OSCl - 1 
~1!~II~~tlon output for OSC2 _ 2 

{
P36/INT2/A-D2 - 3 

~~ port P35 /A-Dl _ 

P3.IINT, -

14-blt PWM output 

1/0 port P6 

P6o/PWMO- 7 

P63/PWM3 - 10 

P6./PWM4 - 11 

P65/PWM5 - 12 

P66/PWM6- 13 

P67/PWM7 - 14 f33/T'M3 - 15 

P32/TIM2 - 16 
I/O port P3 

P3,- 17 

P30 - 18 

P47/SRDY2/PWM8 - 19 

P46/SIN2/PWM9 - 20 

I/O 
port 
P4 

TIming output 

Reset Input 

Clock Input 

Clock output 

P41/SCLK1 - 25 

P40/SoUT1 - 26 
CNVss 

Outline 64P48 

APPLICATION 
TV 
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Vee 

Output 
port 
P5 

I/O port PO 

I/O port P1 

I/O port P2 
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MITSUBISHI MICROCOMPUTERS 

M37102E8-XXXSP/FP 
M37201E6-XXXSP 

PROM VERSION of M37102M8-XXXSP/FP,M37201M6-XXXSP 

FUNCTIONS OF M37102E8-XXXSP/FP, M37201E6-XXXSP 
Parameter Functions 

Number of basic instructions 69 

Instruction execution time l,us (minimum Instructions, at 4MHz frequency) 

Clock frequency 4MHz 

ROM 16384 bytes 
M37102E8-XXXSP/FP 

RAM 320 bytes 
Memory Size 

ROM 24576 bytes 
M37201 E6-XXXSP 

RAM 384 bytes 

PO,P1,P2 1/0 8-bitX3 

P30, P3, 1/0 2-bitXl 

P3,-P3, 1/0 
5-bltXl (can be used as timer mput pms, INT1, INT2 input PinS and A-O 

Input/Output ports mput pins) 

P4 1/0 8-bltXl (can be used as senal 1/0 function pins and PWM output pms) 

P5 Output 5-bitXl (can be used as R, G, B, I, OUT pms) 

P6 1/0 8-bitXl (can be used as PWM output pms) 

Serial 1/0 8-bltX2 (Special serial 1/0 (8-blt)Xl) 

Timers 8-blt t,merX4 

Subroutine nesting 961evels (max) 

Interrupt 
Two external Interrupts, nme Internal Interrupts, 

one software Interrupt 

Clock generating Circuit BUIlt-in Circuit (extern~lIy connected ceramic or quartz crystal oscillator) 

Supply voltage SV±lO% 

at CRT display ON 110mW (clock frequency X,N=4MHz, Vcc=S, SV, Typ ) 

Power dissipation at CRT display OFF SSmW (clock frequency X'N=4MHz, Vcc=S, SV, Typ ) 

at stop mode 1. 6SmW (Max) 

Input/Output characteristics 
Input/Output voltage SV (Port P4" P47, P6o-P67) 

Output current lOrnA (Port P2,-P27) 

Operating temperature range -10 to 70'C 

Device structure CMOS silicon gate process 

Package 
M37102E8-XXXSP, M37201 E6-XXXSP 64-pm shrink plastic molded DIP 

M37102E8-XXXFP BO-pm plastic molded QFP 

Number of character 24 charactersX3 hnes 
CRT display function 

Kinds of character 126 (12X16 dots) 
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PIN DESCRIPTION 

Pin Mode 

Vee. Singie-chip 

Vss 

EPROM 

CNVss Single-chip 

EPROM 

---
RESET Single-chip 

EPROM 

X ,N Single-chip 

IEPROM 

XOUT 

'" 
Single-chip 

EPROM 

POO-P07 Single-chip 

EPROM 

P1 o-P1 7 Single-chip 

EPROM 

P2o-P27 Single-chip 

EPROM 

P30 -P3s Single-chip 

EPROM 

P4o-P47 Single-chip 

EPROM 

OSC1 Single-chip 

OSC2 

EPROM , 
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PROM VERSION of M37102M8-XXXSP/FP,M37201M6-XXXSP 

Name 

Power supply 

CNVss 

Reset input 

Clock input 

Clock output 

Timing output 

110 port PO 

Address mput 

110 port P1 

Address Input 

110 port P2 

Data Input/output 

110 port P3 

Mode input 

1/0 port P4 

Input port P4 

Clock 110 for CRT 

display 

Input! 

Output 
Functions 

Power supply Inputs 5V±10% (typ ) to Vcc, and OV to Vss 

Power supply inputs 5V, or 6V (writing to built-In PROM) to Vcc, and OV to Vss 

Input This IS connected to Vss 

Vpp Inputs when writing to built-in PROM or verify check of bUllt-m PROM contents 

Input To enter the reset state, the reset Input pin must be kept at a "L" for more than 2f.is 

(under normal Vee conditions) 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should 

be malntamed for the required time 

Input "L" level 

Input This chip has an Internal clock generatmg circuit To control generating frequency, 

an external ceramic or a quartz crystal OSCillator IS connected between the X1N and 

Output 
XOUT pms If an external clock is used, the clock source should be connected the 

X1N pin and the XOUT pin should be left open 

Output This is the timing output pin and has the reset out signal output function 

This pin IS setting to open 

110 Port PO IS an a-bit I/O port with directional registers allOWing each I/O bit to be indi-

vidually programmed as input or output At reset, this port IS set to input mode The 

output structure IS CMOS output. 

Input Low-order a-bit of address is Input 

1/0 Port P1 is an 8-bit 1/0 port and has baSically the same function as port PO 

Input High-order a-bit of address IS mput. 

110 Port P2 is an 8-qlt I/O port and has baSically the same function as port PO 

8-bit data IS input or output. 

110 Port P3 is a 7-bit 110 port and has basically the same function as port PO, but the 

output structure of P30 and P31 IS CMOS output and the output structure of P32-P36 

IS N-channel open drain 

P32 and P33 are in common with external clock Input pins of timer 2 and Timer 3 

P34 and P36 are in common with external Interrupt input pinS INT1 and INT 2 P3, and 

P36 are In common with analog input pinS of A-O converter (A-D1, A-D2) 

- -
Input P30 and P31 are the Input pins as DE and CE P32 and P33 are connected to Vcc 

P34-P36 are connected to Vss 

110 Port P4 is an 8-bit 110 port and has basically the same funcllons as port PO, but the 

output structure is N-channel open dram When senal 1/01 is used, P4o, P41, P42, 
--

and P43 work as SOUT1, SClK1, SIN1 and SRDY1 pins, respectively 

When serial 1/02 is used, P44 P45, P46, and P47 work as SOUT2, SClK2, SIN2 and SRDY2 

pins, respectively. 

Also P46, P47 are m common with PWM output pins of PWM8 and PWM 9 

Input P4o-P46 are all connected to Vss, and P47 IS connected to Vce 

110 This is the 1/0 PinS of the clock generatmg CirCUit for the CRT display fuhctlon 

Output These pins are setting to open 

• MITSUBISHI 
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PIN DESCRIPTION 

Pin Mode 

HSYNC Single-chip 

EPROM 

VSYNC Single-chip 

EPROM 

R, G, B, Single-chip 

I, OUT 

EPROM 

P6o-P67 Single-chip 

EPROM 

D-A Smgle-chip 

EPROM 

MITSUBISHI MICROCOMPUTERS 

M37102E8-XXXSP/FP 
M37201E6-XXXSP 

PROM VERSION of M37102M8-XXXSP/FP,M37201M6-XXXSP 

Name 

Horizontal synchronous 

signal 

Vertical synchronous 

signal 

Video signal 

1/0 port P6 

Input port P6 

O-A output 

Input! 

Output 
Functions 

Input This IS the horizontal synchronizing signal input for CRT display. 

This is connected to Vss 

Input This is the vertical synchronizing signal input for CRT display 

This is connected to Vss. 

Output This is a 5-blt output pm for CRT display. The output structure IS CMOS output. This 

IS In common with ports P52-P56 

These pins are setting to open 

1/0 Port P6 IS an a-bit I/O port and has basically the same functions as port PO, but the 

output structure IS N-channel open dram This port IS in common with PWM output 

pms PWMO-PWM7 

Input All PinS are connected to Vss 

Output This IS an output pm for 14-blt PWM 

ThiS pm is settmg to open 

• MlTSUBlSHI 
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MITSUBISHI MICROCOMPUTERS 

M37102E8-XXXSP/FP 
M37201E6-XXXSP 

PROM VERSION of M37102M8-XXXSP/FP,M37201M6-XXXSP 

EPROM MODE 
The M37102E8-XXXSP/FP features an EPROM mode in 
addition to its normal modes. When the RESET signal level 
is low ("L") and CNVsslVpp signal level is high ("H"), the 
chip automatically enters the EPROM mode. Table 1 list the 
correspondence between pins and Figure 1 to 3 give the 
pin connections in the EPROM mode. When in the EPROM 
mode, ports PO, P1, P2, P30, P3, and CNVss are used for 
the PROM (equivalent to the M5L27256). When in this 
mode, the built-in PROM can be written to or read· from us
ing these pins in the same way as with the M5L27256. The 
.oscillator should be connected to the X1N and XOUT pins, or 
external clock should be connected to the X1N pin. 

Vee 

CE 

OE 

Vp 

Ceramic 
OSCillating 

circuit V 

OSCl -+ 1 

OSC2 +- 2 

,..---'-- P3 liNT I A-D2 - 3 
A-D1- 4 
INT, _ 5 

6 2 

P351 
P341 

P60 /P 

D-A +- 6 

WMO- 7 

WM1- 8 

WM2- 9 

P6,/P 

P62 /P 

P63/P 

P64/P WM4-11 

P65/P 

P66/P 

P67/P 

P331 

P321 

--
P4,/SRDy2/P 

P46 /S'N2/P 

P451 

P441 

P431 

P42 

P4,I 

P401 

Ul00PF 

C 

R 

". Vss 

Fig. 1 Pin connection in EPROM mode 

Table 1. Pin function in EPROM mode 

====== M37l02E8-XXXSP/FP M5L27256 

Vee Vee Vee 

V pp CNVss Vpp 

Vss Vss Vss 

Address input Ports PO, Pl o-P1 6 Ao-A14 

Data 1/0 Port P2 0 0 -07 

CE P3, CE 

OE P30 OE 

Vee ----@ 

~VSS 

58 -+ I/P55 

57 -+ OUT/P56 

--@ 
---@ 
-@ 
----® 
-@ 
----® 
----® 
--@ 
----@ 
-@ 
~Vcc 

----@ 
-@ 
-@ 
---@ 

-@ 
--@ 
-@ 

@ 
Jumper sWitch 

-@ 
---® 
-@ 
-----® 
---@ 

o : Same functions as M5L27256 
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M37102E8-XXXSP/FP 
M37201E6-XXXSP 

PROM VERSION of M37102M8-XXXSP/FP,M37201M6-XXXSP 

Vee 

-V-V-V 

~ 
\@" 

Ceramic 
OSClllatln~ U" 

Circuit V 

OSC1-- , 

OSC2+- 2 
r-----P3s/INT IA-D2 .... 3 2 

P3s1 A-D1 .... 4 

P3.11 NT, .... 5 

D-A +- 6 

P601 PWMO .... 7 

P6,1 PWM1 .... 8 

P621 PWM2 .... 9 

P631 

P6.1 

P6s1 

PileI 

P671 

P331 

P321 

P47/SROY2/P 

P4"/S'N2/P 

P4s1 

P4.1 

P43/S 

P401 

P4,/S 

P40/S 

j= 100pF 

C 

RE 

., Vss 

Flg_ 2 Pin connection In EPROM mode 

Vee --~ 

Vs. 

58 --lIPS. 

57 -- OUT IPS. 

----@ 
-@ 
-@ 
-@ 
-C@ 
--@ 

~ 
~ --A. 

1 

Vee 

~ 
Vee 

~ 
--@ 
--@ 
-@ 
-@ 
-@ 

o : Same functions as M5L27256 
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Vee 

Vss 

MITSUBISHI MICROCOMPUTERS 

M37102E8-XXXSP/FP 
M37201E6-XXXSP 

PROM VERSION of M37102M8·XXXSP/FP,M37201M6·XXXSP 

Vss 

79 78 n 76 75 74 73 72 7170 

o 
64 NC 
63 --+ IIP5. 
62 --+ OUT IPS. 
61-POO---@ 
6O-PO,---@ 
so-P02 -<& 
sa-PO.--@ 
"-P04 --@ 
56-PO.-<& 
55-PO.--@ 
"-PO,-<& 

NC 
NC 

51 NC 
5O-Plo -<& 
49-Pl,-<& 
48 - Ph ------@ 
47 - Pl. -------@ 
"-P14~ 
45-Pl.~ 

Vee 

O "-Pl.---@ 
43 - Ph ------tC 
"-P2o ---@ 

-~mN~~~rnrr~~~~~~~r-41 -P2, ---~ 2526 2728 2930 31323334 35 i@ 
Jumper sWitch 

j t t j I I I I I I 
OO~~f'S~R •• ~ •• ~~ 

i-JJW11l1ll 
Vss Ceramic 

oscillating 
Circuit 

o : Same functions as M5l27256 

Fig. 3 Pin connection In EPROM mode 
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M37102E8-XXXSP/FP 
M37201E6-XXXSP 

PROM VERSION of M37102M8-XXXSP/FP,M37201M6-XXXSP 

PROM READING, WRITING AND ERASING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level, 
and supply OV to the RESET pin, SV to the Vee pin and the 
CNVss (Vpp ) pin. Input the address of the data (Ao-A'4) to 
be read and the data will be output to the I/O pins 0 0-07 , 

The data I/O pins will be floating when the OE pin is in the 

"H" state. 

Writing 
To write to the PROM, set the OE pin to an "H" level, and 
supply OV to the RESET pin, 6V to the Vee pin and 12.SV to 
the Vpp pin. The CPU will enter the program mode when 
Vpp is applied to the Vpp pin. The address to be written to 
is selected with pins Ao-A,., and the data to be written is 
input to pins 00-07, Set the CE pin to a "L" level to begin 

writing. 

Table 2. I/O signal in each mode 

:::----------_ PIn - -
CE OE 

Mode --_ 

Read-out V,L V ,L 

Output disable V,L V ,H 

Programming V'L V ,H 

Programming verify V'H V ,L 

Program disable V'H V,H 

Note 1 V,L and V'H indicate a "L" and "H" input voltage, respectively 

NOTES ON HANDLING 
(1) Since a high voltage is used to write data, care should 

be taken when turning on the PROM writer's power. 
(2) For the programmable microcomputer (shipped in 

blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro
cess and following process. To improve reliability after 

write, performing write and test according to the flow 
below before use is recommended. 

(3) In EPROM mode, address A'5 is set to "H" automati

cally. 

Writing with PROM writer 

Screening (Note)( Leave at 150t for 40 hours) 

Verify test with PROM writer 

Note : Since the screening temperature is higher than 
storage temperature, never expose to 1S0"C ex
ceeding 100 hours. 

Vpp Vee Data 1/0 

5V 5V Output 

5V 5V Floating 

12.5V 6V Input 

12.5V 6V Output 

12.5V 6V Floating 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter ConditIons Ratings 

Vee Supply voltage -0.3 to 6 

V, Input voltage CNV .. -0.3 to 6 

Input voltage PO,-PO" Pt,-Ph, P20-P2" With respect to Vss 

V, P30-P3,s, P40-P4" P6 ... P6" Output transIstors are at "off' state -0.3 to Vee+O. 3 

HsyNc, VSYNc. RESET 

Output voltage PO,·PO" Pta-Ph, P2a·P2" 

Vo P30-P3,s, P40-P45, R, G, B, I, -0.3 to Vee+O. 3 

OUT, D-A, XOUT, OSC2 

Va Output voltage P4s, P4" P6a-Ps, -0.3 to 13 

Circuit current R, G, B, I, OUT, POa-PO, 

10H Pt,-Pt" P20-P2g, o to 1{ Note 1) 

P3a, P3
" 

D-A 

Circuit current R, G, B, I, OUT, PO,-PO" 

IOL1 Pta-Pt" P20-P23, o to 2( Note 2) 

P30-P3,s, P40-P43, D-A 

IOL2 CirCUIt current P6a-P6" P4s, P4, o to 1{ Note 2) 

lOLa CirCUIt current P2,-P2, o to 10(Note 3) 

IOL4 CirCUIt current P44, P4s o to 3( Note 2) 

Pd Power diSSIpatIon Ta=25"C 550 

Topr Operating temperature -10 to 70 

Tsta Storage temperature -40 to 125 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%, T a=-10 to 70t, unless otherwise noted) 

Symbol Parameter 
MIn 

Vee Supply voltage( Note 4) DUring the CRT operatIon 4.5 

Vss Supply voltage 0 

"H" Input voltage POe-PO" Pta-Pt" P2,-P2" 

V ,H 
P3,-P3,s, P40-P4" P4"P4" 

O. BVee 
P6,-PEl" HSYNC, VsYNc, RESET, 

X,N,OSCt 

V ,H "H" input voltage P4" P45 0. 7Vee 

V ,L "L" mput voltage PO,-PO" Pt ,·Pt" P2a-P2" 
0 

P3a, P3" P3,;, P4a, P43-P4S, P4, 

V ,L "L" Input voltage P3,·P34, P3., P4" P4" P4" 
0 

HsyNc, VSYNC, RESET, X'N, OSCt 

10H 
"H" average output current (Note 1) R,G,B,I,OUT,POa-Po" 

Pt a-Ph, P2,-P2" P3a, P3, 

IOL1 
"L" average output current (Note 2) R,G,B,I,OUT,PO,·PO" 

P2,-P23, P3,-P3,s, P40-P4" D-A 

IOL2 "L" average output current (Note 2) P6a-P6" P4s, P4, 

IOL3 "L" average output current (Note 3) P24·P2, 

10L4 "L" average output current (Note 2) P44, P45 

fcpu Oscillating frequency (for CRT operatlon)(Note 5) 3.6 

feRT Oscillating frequency (for CRT display) 6.0 

Ihs Input frequency P3,-P34• P3" P45 

Ihs Input frequency P4, 

Note 1: The total current that flows out of the IC should be 20mA (max.) 
2 : The total of 10L" 10L2 and 10L' should be 30mA (max,) 
3 : The total of 10L of port P24-P2, should be 20mA (max ) 

limits 
Unit 

Typ Max 

5.0 5.5 V 

0 0 V 

Vee V 

Vee V 

0. 4Vee V 

0. 2Vee V 

1 rnA 

2 rnA 

1 rnA 

10 rnA 

3 rnA 

4.0 4.4 MHz 

7.0 B.O MHz 

100 kHz 

1 MHz 

4 : Apply 0.0221lF or greater capacitance externally between the Vcc-Vss power supply p,ns so as 
to reduce power source noise 
Also apply O. 0681lF or greater capacitance externally between the Vcc-CNVss pins. 

5 : Use the crystal oscillator or ceramic resonator for CPU oscillation corcuit 

2-364 

Unit 

V 

V 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

rnA 

rnW 

"C 
"C, 



MITSUBISHI MICROCOMPUTERS 

M37102E8-XXXSP/FP 
M37201E6-XXXSP 

PROM VERSION of M37102M8.XXXSP/FP,M37201M6·XXXSP 

ELECTRIC CHARACTERISTICS (Vcc=5V±10%, Vss=ov, T a=-10 to 70t, f(X,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Umt 

Min Typ Max 

Vcc=5,5V, f(X,N )=4MHz 

CRT OFF 
10 20 

Vcc=5.5V, f(X ,N )=4MHz 
mA 

Icc Supply current 
20 30 

CRT ON 

At stop mode 300 /-<A 

VOH 
"H" output voltage POo-PO" Plo-PI" P2o-P2" Vcc=4.5V 

2.4 V 
P30, P3" R, G, B, I, OUT IOH=-0.5mA 

"L" output voltage POe-po" Plo-PI" P2o-P23, 
Vcc=4.5V 

P30-P3a, P4o-P43, 
IOL=0.5mA 

0.4 

R, G, B, I, OUT, O-A 

"L" output voltage P6o- P6" P4" P4, Vcc=4.5V 
0.4 

VOL IOL=0.5mA V 

"L" output voltage P2.-P2, Vcc=4.5V 
3.0 

IOL=10,OmA 

"L" output voltage P4., P4, Vcc=4.5V 

IOL=3mA 
0.4 

HysteresIs RESET Vcc=5.0V 0.5 0.7 

VT+-VT- HysteresIs (Note 1) HsyNC, VSYNC, P3,-P3., V 
Vcc =5.0V 0.5 1.3 

P3a, P4" P4" P4.-P,," 

"H" Input leak current RESET, POe-PO" Plo-PI" Vcc=5.5V 
5 

IOZH 
P2o-P2" P3o-P3a, P4o-P4, Vo=5.5V 

/-<A 
"H" Input leak current Vcc=5.5V 

10 
P60-P6" P4s, P4, Vo=12V 

"L" Input leak current RESET, POe-Po" 
Vcc=5.5V 

IOZL Plo-PI" P2o-P2" P30-P3" 
Vo=OV 

5 /-<A 

P40-P4" P60-P6, 

Note 1. P32-P34 , P3. have the hysteresis when these pins are used as interrupt input pinS or timer Input pins. 
P4" P42 , P44 -P4e have the hysteresis when these pins are used as serial I/O ports 
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MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE.CHIP 8-BIT CMOS MICROCOMPUTER 

DISCRIPTION 
The M37120M6-XXXFP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in 
an 80-pin plastic molded QFP. This single-chip micro
computer is useful for appliance controllers. 
In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en
able easy programming. 

FEATURES 
• Number of basic instructions· .................................. 71 

• Memory size 
ROM··························· ....................... ·12288 bytes 

RAM······················································· 256 bytes 

• Instruction execution time 
......... 1,us (minimum instructions at 4MHz freqtHlncy) 

• Single power supply 
f(X1N )=4MHz ···········································5V±10% 

• Power dissipation 
normal operation mode 
(at 4MHz frequency) ································· .. ··75mW 

• Subroutine nesting ........................... ·128levels (Max.) 
• Interrupt·· ...................................... 14types, 14vectors 

• 8-bit timer······························································ 4 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, P4) ···································40 

• Input ports (Ports P6, P7) .. ········· ............................ 12 

• Serial 1/0 (8-bit) ················································ .. ··2 
• A-O converter (8-bit resolution) ................... 8channels 
• O-A converter (8-bit resolution) ................... 6channels 

• Watchdog timer 
• 72-character on screen display function 

Number of character·· ............. 24 charactersX3 lines 
Kinds of character············································ ·126 

• Two clock generating circuits 
(One is for main clock, the other is for clock function) 

APPLICATION 
TV,VCR 

PIN CONFIGURATION (TOP VIEW) 

Outline 80P6N 
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MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37120M6·XXXFP 
Parameter Functions 

Number of basic Instructions 71 

Instruction execution time II's (minimum instructions, at 4MHz frequency). 

Clock frequency 4MHz 

ROM I 2288bytes 
Memory size 

RAM 256bytes 

po, PI, P2, P3 1/0 8-b~X4 

P4 1/0 8-bltXI 

P6 Input 8-bltXI 

Input/Output port P7 Input 4-bltXI 

I, B, G, R, OUT! Output l-bltX5 (for CRT display function) 

VSYNC• HsvNe Input l-bltX2 (for CRT display function) 

D-Aouro-D-AouT5 Output l-bitX6 

Serial 1/0 8-bltX2 

Timers 8-bit timerX4 

SubroutIne nesting 128 (maximum) 

Interrupt Four elrtemallnterrupts, nine Intemallnterrupts, one software interrupt 

Clock generatIng cllcult Two buiR-in circuits'(ceramlc or quartz crystal oscillator) 

Supply voRage 5V±10% 

OperatIng temperature range -10 to 70t 

DeVice structure CMOS silicon gate 

Package SO-pin plastiC molded QFP 

Number of character 24 charactersX 3lines 
CRT display functIon 

Konds of character 126 (12X16 dots) 
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MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

PIN DESCRIPTION 

Pin Name 
Inpull 

Output 
Functions 

Vee. Supply voltage Power supply inputs 5V±10% to Vee, and OV to Vss 

Vss 

AVec, Analog power supply Power supply mput for A-D and D-A converters. 

AVss 

CNVss CNVss This is connect to Vss. 

---
RESET Reset input Input To enter the reset state, the reset input pin must be kept at a "L" for more than 2,us (under normal Vee 

conditions) If more time IS, needed for the crystal oscillator to stabilize, this "L" condition should be main-

tained for the required time 

X ,N Clock input Input These are liD pins of Internal clock generating Circuit for main clock To control generatmg frequency, an 

external ceramic or a quartz crystal oscillator 15 connected between the X,N and XOUT pms If an external 

XOUT Clock output Output clock is used, the clock source should be connected the X'N pm and the XOUT pin should be left open 

¢ Timing output Output The function of this pin can be selected either tlmmg output or resetout output 

X CIN Clock input for Input This is the 1/0 PinS' of the clock generatmg circuit for the clock function To control generatmg frequency, 

clock function an external ceramic or quartz crystal oscillator IS connected between the Xc IN and XCOUT pinS If an external 

clock is used, the clock source should be connected to the XCIN pin and the XCOUT Pin should be left open 

X COUT Clock output for Output This clock ~an be used as a program controlled the system clock 

clock function 

O-AOUTO O-A output Output Analog signal from D-A converter IS output 

-D-AoUT5 

VREF Reference voltage Input This IS reference voltage mput pm for the A-D and D-A converters 

input 

POO-P07 1/0 port PO 1/0 Port PO is an 8-bit liD port with directional registers allowmg each 110 bit to be Individually programmed as 

Input or output At reset, this port is set to Input mode The output structure IS CMOS output 

P1 0-Ph 1/0 port P1 1/0 Port P1 IS an 8-bit 1/0 port and has basically the same functions as port PO 

P20 -P27 1/0 port P2 1/0 Port P2 IS an 8-bit 110 port and has basically the same functions as port PO 

P30 -P37 1/0 port P3 110 Port P3 IS an 8-bit 110 port and has basically the same functIOns as port PO 

Port P30 IS in common with CRT Input pin and P34 IS in common with counter Input pm 

P40 -P47 1/0 port P4 1/0 Port P4 IS an 8-blt liD port and has basically the same function as port PO, but the output structure is 

N-channel open dram. 

P60 -P67 Input port P6 Input Port P6 IS an 8-blt input port P6a-P6a are m common with Interrupt Input pinS and P64-P67 are In common 

with analog input pinS 

P7o-P73 Input port P7 Input Port P7 is a 4-bit input port and In common with analog Input pinS 

DSG.1, Clock input lor CRT display Input ThiS IS the liD pins of the clock generating ClrCUlt for the CRT display 

DSC2 Clock output lor CRT display Output To control generating frequency, external condensers and registers are connected 

H SYNC HsyNc mput Input This IS the hOrizontal synchrOnizing signal Input for CRT display. 

VSYNC VsyNc input Input ThiS is the vertical synchronlzmg signal input for CRT display 

I, S, G, R, CRT output Output This IS a 5-blt output pm for CRT display 

DUT1 
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MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37120 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Programming Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

7 

CPU Mode Register 
The CPU mode register is allocated to address OOFB,s. Bits 
o and 1 of this register are processor mode bits. This regis
ter also has a stack page selection bit. 

r I I I I I I I I cp 
U mode register (address OOFB,.) 

Fig. 1 Structure of CPU mode register 

I I Processor mode bits 
o 0 : Single-chip mode 
01 : 
1 0 : I Not used 
11 : 

Stack page selection bit 
o : 0 page 
1 : 1 page 

Watchdog timer interval selection bit 
o : Short 
1 : Long 

System clock output selection bit 
o : System clock output 
1 : Stop (reset-out output) 

Xcout drive capacity selection bit 
o : Low 
1 : High 

Main clock (X'N-XOUT ) stop bit 
o : OSCillation 

I 

1 ; Stop 

nternal system clock selection bit 
o : X'N-XOUT (Normal mode) 
1 : XC'N-XCOUT (Low-speed mode) 

• MlTSUBlSHI 
..... ELECTRIC 3-7 



MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE·CHIP I·BIT cMoS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as I/O ports and timers. 

• RAM 
RAM is used for data storage as well as a stack area. 

• ROM 
ROM is used for storing user programs as well as the inter
rupt vector area. 

• RAM for display 
RAM for display is used for specifing the character codes 
and colors 10 display. 

RAM 
(192 bytes) 

RAM 
(64 bytes) 

RAM for display I (144 bytes) 

ROM for display j 
(4096 bytes) 

ROM 
(12288 bytes) 

DODO, 6 

OOBF, 6 

OOFF, 6 

013F, 6 

2000, 6 

2007, 6 

3000, 6 
3FFF, 6 

0000'6 

FFOO, 6 

FFOE, 6 

• ROM for display 
ROM for display is used for storing character data. 
• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 
Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Zero page 

SFR area 

Not used 

Not used 

Not used 

Interrupt vector area 

Special 
page 

FFFF, 

Fig. 2 Memory map 
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MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

OOCO,. 
00C1,. 
OOC2,. 
00C3,. 
OOC4,. 
OOC5,. 
00C6,. 
OOC7,. 
OOC8,. 
OOC9,. 
OOCA,. 
OOCB,. 
OOCC,. 
OOCO,. 
OOCE" 
OOCF,. 
0000,. 
0001,. 
0002,. 
0003,. 
0004,. 
0005,. 
0006,. 
0007,. 
0008,. 
0009,. 
OOOA,. 
0008,. 
OOOC,. 
0000,. 
OODE,. 
OOOF,. 

Port PO 
Port PO directional register 
Port Pl 
Port Pl directional register 
Port P2 
Port P2 directional register 
Port P3 
Port P3 directional rellister 
Port P4 
Port P4 directional register 
Port P6 
Port P7 

A-O control register 
INT edge selection register 
A-D conversion result register 
D-A conversion rellister 5 
O-A conversion register 4 
O-A conversion reaister 3 
D-A conversion register 2 
O-A conversion register 1 
D-A conversion register a 
Serial 1/01 mode register 
Serial 1/01 register 
Serial 1/02 mode register 
Serial 1/02 register 

OOEO,. 
00E1,. 
00E2,. 
00E3,. 
OOE4,. 
ODES,. 
00E6,. 
OOE7" 
OOE8,. 
OOE9,. 
OOEA,. 
OOEB,. 
OOEC,. 
OOED,. 
OOEE,. 
OOEF,. 
OOFO,. 
OOF1,. 
OOF2,. 
OOF3,. 
OOF4,. 
OOF5,. 
OOF6,. 
OOF7,. 
OOF8,. 
OOF9,. 
OOFA,. 
OOFB,. 
OOFC,. 
OOFO,. 
OOFE,. 
OOFF,. 

Fig. 3 SFR (Special function register) memory map 

• MrTSUBlSHI 
..... ELECTRIC 

Honzontal position register 
Vertical position register of block 1 
Vertical position register of block 2 
Vertical position register of block 3 
Character size register 
Border selection register 
Color register 0 
Color register 1 
Color rellister 2 , 
Color rellister 3 
CRT control rellister 
Displav block counter 
CRTport control register 

Watchdog timer 
Timer 1 
Timer 2 
Timer 3 
Timer 4 

Timer 12 mode rellister 
Timer 34 mode rellister 

CPU mode register 
Interrupt request register 1 
Interrupt request register 2 
Interrupt control register 1 
Interrupt control recister 2 
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MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

INTERRUPTS 
Interrupts can be caused by 14 different events consisting 
of four external. nine internal. and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op
eration is similar to an interrupt. 
When an interrupt is accepted. the registers are pushed. 
interrupt disable flag I is set. and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis
abled when the interrupt disable flag is set. 

Table 1. Interrupt vector address and priority. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis
ters 1 and 2. Figure 3 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1". interrupt 
request bit is "1". and the interrupt disable flag is "0". The 
interrupt request bit can be clear with a program. but not 
set. The interrupt enable bit can be set and clear with a 
program. 
Reset is treated as a non-maskable interrupt with the high
est priority. Figure 5 shows interrupts control. 

Event Priority Vector addresses Remarks 

RESET 1 FFFF'6. FFFE,. Non-maskable 

VSYNC interrupt 2 FFFD'6, FFFC'6 By VSYNC signal of OSD 

CRT Interrupt 3 FFFB'6. FFFA'6 By display completion of character block 

INTo Interrupt 4 FFF9, •• FFF8,. External Interrupt (polarity programmable) 

INT, interrupt 5 FFF7, •• FFF6,. External interrupt (polarity programmable) 

INT 2 Interrupt 6 FFF5,., FFF4,. External interrupt (polarity programmable) 

INT, interrupt 7 FFF3, •• FFF2'6 External interrupt (polarity programmable) 

Timer 1 Interrupt 8 FFF1,., FFFO,. 

Timer 2 interrupt 9 FFEF, •• FFEE,. 

Timer 3 interrupt . 10 FFED'6' FFEC'6 
Timer 4 Interrupt 11 FFEB, •• FFEA,. 

Serial I/O 1 interrupt 12 FFE9'6, FFE8'6 
Serial I/O 2 Interrupt 13 FFE7, •• FFE6,. 

A-D conversion cCl\T1pletion Interrupt 14 FFE5'6. FFE4'6 
Disable to use. FFE3'6. FFE2'6 
Disable to use. FFE1, •• FFEO,. 

BRK instruction interrupt 15 FFDF'6. FFDE'6 Non-maskable software Interrupt 
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Interrupt request register 1 
(address OOFC,.) 

VSYNC Interrupt request bit 

CRT i~terrupt request bit 

INTo interrupt request bit 

'----- INT, interrupt request bit 

L------INT2 interrupt request bit 
L _______ INT. interrupt request bit 

L _______ ~ Timer 1 interrupt request bit 

L-_________ Timer 2 interrupt request bit 

7 o 
I I I I I I Til Interrupt control register 1 

(address OOFE,.) L 
'----

'------

VSYNC interrupt enable bit 

CRT interrupt enable bit 

INTo interrupt enable bit 

INT, interrupt enable bit 

INT 2 interrupt enable bit 

INT. interrupt enable bit 

Timer 1 interrupt enable bit 

Timer 2 interrupt enable bit 

Fig. 4 Structure of registers related with interrupt 

Interrupt request bit 

Interrupt enable bit 

Interrupt disable flag 

Fig. 5 Interrupt control 

MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Interrupt request reQister 2 
(address OOFD'6) 

Timer 3 interrupt request bit 

Timer 4 interrupt request bit 

Serial I/O 1 interrupt request bit 

'----- Serial I/O 2 interrupt request bit 

'------- A-D conversion completion interrupt 

: No Interrupt request issued 
: Interrupt request issued 

Interrupt control register 2 
(address OOFF,.) 

request bit 

Timer 3 interrupt enable bit 

Timer 4 interrupt enable bit 

Serial I/O 1 interrupt enable bit 

'----- Serial I/O 2 interrupt enable bit 
L-_____ A-D conversion completion interrupt 

o : Interrupt disable 
: Interrupt enabled 

reset: -----J.c..-_ 

enable bit 

Interrupt request 
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MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

TIMER 
The M37120M6-XXXFP has four timers; timer 1, timer 2, 
timer 3 and timer 4. 
A block diagram of timer 1 through 4 is shown in Figure 6. 
The count source for timer 1 through 4 can be selected by 
using bit 0, 1, 4 of the timer 12 mode register (address 
00F816 ) and bit 0, 1 of the timer 34 mode register (address 
00F916), as shown ill Figure 7. 
All of the timers are down count timers and have 8-bit 
latches. When a timer reaches "0" and the next count pulse 
is input to a timer, the contents of the reload latch are 
loaded into the timer. The division ratio of the timer is 1/( n 
+1), where n is the contents of timer latch. 

P34/CNTR 

~ Selection gate: 
~ Connected to black 

colored side at reset 

T12M : Timer 12 mode register 

T34M : Timer 34 mode register 

CM : CPU mode register 

Also all of the timers have interrupt generating functions. 
The timer interrupt request bit is set at the next count pulse 
after the timer reaches "0" (see interrupt section). 
The starting and stopping of timers are controlled by bit 2, 
3 of the timer 12 mode register and the timer 34 mode reg
ister. If the corresponding bit is "0", the timer starts count
ing, and the corresponding bit is "1", the timer stops. 
At a reset or stop mode, FF16 is automatically set in timer 3 
and 0716 in timer 4. And timer 4, timer 3 and the clock (if! 
divided by 8) are connected in series. Reset or stop mode 
is cleared by timer 4 overflow. 

8 

,.-_ ....... _.L-...,FF16 

Data bus 

t---~ Timer 1 interrupt 
request bit 

Timer 2 interrupt 
request bit 

RESET 

STP instruction 

H--+-II---~ Timer 3 interrupt 
I---"';--.-__ ..J request bit 

t-__ ,.-timer 4 interrupt 
request bit 

Watchdog timer (15) Reset circuit 

Fig. 6 Block diagram of timer 1 through 4 
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MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE.CHIP a·BIT CMOS MICROCOMPUTER 

7 

I I I I I I I I I Timer 12 mode register 
(Address OOF8,.) 

Fig. 7 Structure of timer mode registers 

L 

o 

Timer 1 count source selection pit 

o : I(X,N ) divided by 16 or I(XCIN ) divided by 16 
1 : I(XCIN ) 

Timer 2 count source selection bit 
o : Internal clock source 
1 : P3./CNTR external clock source 

Timer 1 count stop bit 
o : Count start 
1 : Count stop 

Timer 2 count stop bit 
o : Oou nt start 
1 : Count stop 

Timer 2 internal clock source selection bit 
o : I(X IN ) divided by 16 or I(XCIN ) divided by 16 
1 : Timer 1 overflow 

Dummy bit 
Not operation 

Timer 34 mode register 
(Address OOF9,.) 

Timer 3 count source selection bit 
o : I(X,N ) divided by 16 or f(XCIN ) divided by 16 
1 : f(XCIN ) 

'------- Timer 4 count source selection bit 
o : Timer 3 overflow 

1 : I(XIN ) divided by 16 or I(Xc,N) divided by 16 

'--------- Timer 3 count stop bit 
o : Count start 
1 : Count stop 

'------------ Timer 4 count stop bit 
o : Count start 
1 : Count stop 
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SERIAL I/O 
M37120 has two serial I/Os which can operate in clock 
synchronous (Serial 110 1, SerialllO 2). Serial I/O 1 and 2 
have the same funciton. 
The block diagram of serial I/O is shown in Figure 8. In the 
serial I/O mode the receive ready signal (SRDY), synchro
nous input/output clock (SCLK), and the serial I/O (SOUT' 
S,N), pins are used as port P4. 
The serial I/O mode register 1 and 2 (addresses OOOC'S 
and OOOE,S ) are 8-bit registers. But the bits 7 and 6 are not 
used. Bit 0, 1, 2 of these registers are used to select a syn-

XC1N 

SM1. 
P4, latch 

MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE-CHIP 8~BIT CMOS MICROCOMPUTER 

chronous clock source. Bits 3 and 4 decide whether P4 will 
be used as a serial I/O or not. When bit 3 is "1", P42, P4s 
become I/O pins of the synchronous clock. When an inter
nal syncronous clock is selected, the clock is output from 
P42, P46 . If the external synchronous clock is selected, the 
clock is input to P42, P46. And P4" P45 will be a serial out
put, and P4o, P44 will be a serial input. To use P40 , P44 as 
serial input, set the directional register bit which corres
pond to P40 , P44, to "0". For more information on the direc
tional register, refer to the I/O pin section. 

Serial I/O counter 1 

Data bus 

~ Selection gate 
~ Connected to black 

colored side at reset 

Serial I/O 1 interrupt 
request 

P4,/SOUT1 
SM1 5 : LSB-..,.MSB 

P40/S'N' 

P4,/SRDY2 

P4./SCLK2 

P45/S0UT2 

P4,/S'N2 

SM1 3 

P4, latch 

}-E--t"~E------4 Sync. circuit 

SM2, 

SM2. 
P45 latch 

SM25 : LSB ~MSB 

SM2. 

SM1 : Serial I/O 1 mode register 
SM2 : Serial I/O 2 mode register 
CM : CPU mode register 

Fig. 8 Block diagram of serial I/O 

Serial I/O counter 2 

3-14 ... ~ 

Serial I/O 2 interrupt 
request 
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To use the serial 1/0, bit 3 of serial 110 mode register 1 
and 2 needs to be set to "1 ", if it is "0" P42, P46 will function 
as a normal 110. Bit 4 determines if P43, P47 are used as 
output pins for the receive data ready signal (bit 4 = "1", 
SRDY) or used as a normal 1/0 pin (bit 4 = "0"). Bit 5 is 
transfer direction selection bit. M37120 can be changed 
transfer direction by using this bit. 

The function of serial 110 differs depending on the clock 
source; external clock or internal clock. 
Internal clock- The SRDY signal becomes "H" during trilns
mission or while dummy data is stored in the serial 1/0 reg

ister. After the falling edge of write Signal, the SRDY signal 
becomes low signaling that the M37120M6-XXXFP is ready 

to receive the external serial data. The SRDY signal goes 
"H" at the next falling edge of the transfer clock. The serial 
1/0 counter is set to 7 when data is stored in the serial 1/0 

Synchronous clock 

Transfer clock --------, 

Serial I/O register 

register. At each falling edge of the transfer clock, serial 
, data is output to P41, P4s. During the rising edge of this 

clock, data can be input from P40 , P44 and the data in the 
serial 110 register will be shifted 1 bit. After the transfer 
clock has counted 8 times, the serial 1/0 counter will be "0" 
and the transfer clock will remain at a high level. At this 
time the interrupt request bit will be set. 
External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out
side, The external clock should not exceed 500kHz at a 
duty cycle of 50%. 

Timing diagrams are shown in Figure 9. 

write signal -------' !---+----t-----------t------
Serial I/O output -------+--V--=-~'""':""""r:.:_t\ ,....-~r-~~--,.r-~..r-;.I-:D:-7-----

SOUT _________ -T--J~~~~~~~~~~~~~~~~n-~~-------

Serial I/O input ----------;--..r--V 
S,N __________ -+I __ '~ __ J' __ _J~ _ _r~~n_ __ J' ___ f'~~''_+_--------

Receivable signal ----------...,U 
SRDY 

Fig. 9 Serial 1/0 timing 

Interrupt request bit set 
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7 o 

l 1 I I I I I I J 
Serial 1/0 1 mode register 

(address OODC,.) 

'---'---- Internal~synchronous clock selection bits 

00 : Clock oscillating frequency divided by 8 
01 : Clock oscillating frequency divided by 16 
10 : Clock oscillating frequency divided by 128 
11 : Clock oscillating frequency divided by 512 

1-_______ Synchronous clock selection bit 

o : External clock 
1 : Internal clock 

'----------- Serial 1/0 1 port selection bit 

o : Normal 1/0 port (P4" P42) 

1 : Serial 110 port (SOUT1. SClK') 

SROY' signal output selection bit 
o : Normal 110 port (P43 ) 

1 : SROY' signal output pin 

'---------------- Transfer direction selection bit 
o : LSB first 
1 : MSBfirst 

o 

I III I I I I I Serial 110 2 mode register 
(address OODE,.) 

'---'---- Internal synchronous clock selection bits 
00 : Clock oscillating frequency divided by 8 
01 : Clock oscillating frequency divided by 16 
10: Clock oscillating frequency divided by 128 
11 : Clock oscillating frequency divided by 512 

...... ------- Synchronous clock selection bit 
o : External clock 
1 : Internal clock 

'----------- Serial 1/0 2 port selection bit 
o : Normal 1/0 port (P4s• P4.) 

1 : Serial 1/0 port (SOUT2, SClK2) 

'-------------- SROY2 signal output selection bit 
o : 'Normal 1/0 port (P47 ) 

1 : SROY2 signal output pin 

'----------------- Transfer direction selection bit 
o : LSB first 

Fig. 10 Structure of serial 1/0 mode registers 
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A·D CONVERTER 
The A-O converter circuit is shown in Figure 12. The analog 
input ports of the A-O converter (ANo-AN 7 ) are in common 
with in port P64-P67 , P7 o-P7 3. 

The A-O control register is located at address 0003,6. One 
of the eight analog inputs is selected by bits 0, 1 and 2 of 
this register. The AN pins, not to use as analog input, uses 
as normal I/O ports. 
Bit 0, 1 and 2, and corresponding to analog input pin is 
shown in Figure 11. A-O conversion is accomplished by first 
selecting bit 0, 1 and 2 of the A-O control register for the 
analog input pin. 
A-O conversion starts by setting "0" to bit 3 of the A-O con
trol register. When A-O conversion is finished, an interrupt 
is generated. After A-O interrupt is accepted, the result of 
A-O conversion can be read from the A-O register. 

A-O control register 
(address 0003,.) 

Analog Input selection bits 

000: AN. 100 : AN. 
001 : AN, 101 : AN. 

010: AN, 110: AN. 
011 : AN3 111 : AN, 

A-O conversion completion bit 
o : Ourmg A-O conversion 
1 : A-O conversion completion 

~---- O-A output enable bit 

o : O-A output pins are in the 
high Impedance state 

1 : O-A output enable 

Fig. 11 Structure of A-O control register 

Data bus s 
bit 3 

P7,/AN6 

P7,/AN. 

P6,/AN3 
VREF 

P6./AN, 

P6./AN, 

Fig. 12 A-O converter circuit 

A-O control register 

(address 0003,.) 

Ladder resistor 

AVss VREF 

A-O Interrupt request bit 

AVec 
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D·A CONVERTER 
Six 8-bit resolution O-A converter channels are provided. 
Figure 13 shows a block diagram of the O-A converter. 
O-A conversion is performed by setting a value in the O-A 

conversion register (addresses 0006'6 to 0008,6)' The re
sult of O-A conversion is output from the O-A output pin. 
The output analog voltage VOA is determined by the value n 
(decimal) set in the O-A conversion register as follows: 
VOA=VREF X n/256 ("=0 to 255) 

AVss VREF 

Fig. 13 O-A converter block diagram 
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CRT DISPLAY FUNCTIONS 

(1) Outline of CRT Display Functions 
Table 2 outlines the CRT display functions. The M37120M6-
XXXFP incorporates a 24 columns X 3 lines CRT display 
control circuit. CRT display is controlled by the CRT display 
control register. 
Up to 126 kinds of characters can be displayed, and colors 
can be specified for each character. Four colors can be 
displayed on one screen. A combination of up to 15 colors 
can be obtained by using each output signal (R, G, B, and 
I). 
Characters are displayed in a 12 X 16 dot configuration to 
obtain smooth character patterns. (See Figure 14) 
The following shows the procedure how to display charac
ters on the CRT screen. 
eD Set the character to be displayed in display RAM. 
® Set the display color by using the color register. 
® Specify the color register in which the display color is 

set by using the display RAM. 
® Specify the vertical position and character size by us

ing the vertical position register and the character size 

register. 
® Specify the horizontal position by using the horizontal 

position register. 
® Write the display enable bit to the designated block 

display flag of the CRT control register. When this is 
done, the CRT starts operation according to the input 

of the V SYNC signal. 
The CRT display circuit has an extended display mode. 
This mode allows multiple lines (more than 3 lines) to be 
displayed on the screen by interrupting the display each 
time one line is displayed and rewriting data in the block 
for which display is terminated by software. 
Figure 15 shows a block diagram of the CRT display control 
circuit. Figure 16 shows the structure of the CRT control 

register. 

Table 2. Outline of CRT display functions 

Parameter Functions 

Number of display character 24charactersX 3 lines 

Character configuration 12X16 dots (See Figure 14) 

Kinds of character 126 

character size 4 size selectable 

.1 Kinds of color 15(maximum) 
Color 1 Coloring unit Character 

Display expansion Possible (multiple lines) 

~--------------12dms--------------~~ 

Fig. 14 CRT display character configuration 

• MITSUBISHI 
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Data bus OSCl OSC2 VSYNC HSYNC 

(Address OOEA16 ) t ;? ~ 

~ CRT control register r- rCIOCk generating 
(Addresses OOE1 ,• to OOE3,.) CirCUit J 1 

fE-----4 Vertical position register 

(Address OOE4,.) L. 
fE-----4 Character size register 

(Address OOEO,• ~ 
Display position control CircUit 

F--I. HOrizontal position register 

(Address OOES,• 

~ Border register 

1 I Display 
control 

~ 
CircUit 

~ RAM for CRT display I ~ ROMfor J Border 

(Addresses 00E6,• to OOE9,.) t display I RAM 

~ ~ " ~ Color register f-- Shift t J Shift 
~ register I I. register 
~ (12-bit) (12-blt) 

t ~ 
(Address OOEC,.) ~ Output CirCUit 

H I ] 
CRT port control register 

I 
t 6 6 6 6 3 
R G B OUT10UT2 

Fig. 15 Block diagram of CRT display control circuit 

Fig. 16 
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I I I ,I I I I I I C 
RT control register (address OOEA,.) 

L- Display of all blocks control bit (Note 1 ) 
o Display of all blocks off 
1 Display of all blocks on 

Display of block 1 control bit 
o 'Display of block 1 off 
1 :Dlsplay of block 1 on 

Display of block 2 control bit 
o 'Dlsplay of block 2 off 
1 Display of block 2 on 

Display of block 3 control bit 
o Display of block 3 off 
1 Display of block 3 on 

Block 1 color select mode sWitch bit 

o :Normal mode 
1 Half character width color select mode 

Clock for display stop bit 
o 'Stop 
1 'Oscillatlon enable 

These bits must be set to "0" 

Note 1 Display of all blocks control bit indicates the logical sum (AND) of each block display control bit 

Structure of CRT control register 

• MITSUBISHI 
"'ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

(2) Display Position 
The display positions of characters are specified in units 
called a "block." There are three blocks, block 1 to block 3. 

Up to 24 characters can be displayed in one block. (See 
(4) Display Memory.) 

The display position of each block in both horizontal and 
vertical directions can be set by softw<lre. 
The horizontal direction is common to all blocks, and is 

selected from 64-step display positions in units of 4Tc (Tc 
=oscillation cycle for display). 

!---(HR) T 
cv,L_ 

--- -

cV2 - -- -

cV3 
-

: 

: 
I 
, 
I 

I 
, , 
, 

I 

The display position in the vertical direction is selected 
from 128-step display positions for each block in units of 

four scanning lines. 
If the display start position of a block overlaps with some 
other block ((b) in Figure 17), a block of the smaller block 
No. (1 to 3) is displayed. 

If when one block is displaying, some other block is dis
played at the same display position ((c) in Figure 17), the 
former block is overridden and the latter is displayed. 

Block 1 

Block 2 

Block 3 

(a) Example when each block is separated 

f-'-(HR) t t I 

cv,JC:~2.L_ I 

---

I Block 1 

I 
I 
I 
I 
I 
I 

cV3 
I 

- -

I Block 3 

(b) Example when the display start position of a block overlaps with some other block 

f f , 
r--(HR) 

cv,l~y~L_ I 

- ---

I Block 1 

I 

I 
I 
I 
I 
I 

CV3 ~c_V2.' 
I 

: I Block l' 

(c) Example when one block IS displaying some other block is superimposed 

Fig. 17 Display position 
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The vertical position can be specified from 128-step posi
tions (four scanning lines per step) for each block by set

ting values 0016 to 7F16 to bits 0 to 6 in the vertical position 
register (addresses 00E1 16 to 00E316). Figure 18 shows the 
structure of the vertical position register. 

7 I Vertical poSItion register 

L---'--r--'--r-'L,.--'--,-..Lr-'"--T-L-,--J (Addresses 00E1 '6 to 00E3'6) 

'-----'-_..L----'_--L._.L...--'...I The vertical display start positIOn 

l28-step positions (00,6 to 7F'6) 

Fig. 18 Structure of vertical position registers 

The horizontal direction is common to all blocks, and can 
be specified from 64-step display positions (4Tc per step 
(Tc=oscillation cycle for display)) by setting values 0016 to 
3F16 to bits 0 to 5 in the horizontal position register 
(address 00E016). Figure 19 shows the structure of the 
horizontal position register. 

HOrizontal position register 

L..-,--'--r---'--r-'---r--'--r---'--r-'---r-L..,.--J (Address 00EO'6) 
'----L_--'--_L----L_--'--_The horizontal display start 

position 64-step positions 
(00,6 to 3F,.) 

'----------- R, G, B control bit 
o : Controled by the color 

register 
: Controled by the 

logical sum of bit 4 of 
RAM for display and 
color register 

'-------------1 control bit 
o : I output mode 
1 : Selection signal mode 

Fig. 19 Structure of horizontal position register 

3-22 • MITSUBISHI 
~ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37120M6-XXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

(3) Character Size 
The size of characters to be displayed can be selected 
from four sizes for each block. Use the character size reg
ister (address 00E4,6 ) to set a character size. 
The character size in block 1 can be specified by using 
bits 0 and 1 in the character size register; the character 
size in block 2 can be specified by using bits 2 and 3; the 
character size in block 3 can be specified by using bits 4 
and 5. Figure 20 shows the structure of the character size 
register. 
The character size can be selected from four sizes: small 
size, medium size,. large size, and extra large size. Each 
character size is determined by the number of scanning 
lines in the height (vertical) direction and the cycle of dis
play oscillation (=Tc) in the width (horizontal) direction. 
The small size consists of (one scanning line] X (1 Tc]; the 
medium size consists of (two scanning lines] X (2 Tc] ; the 

large size consists of (three scanning lines] X (3 Tc] ; the 
extra large size consists of (four scanning lines] X 
(4 Tc). 

Table 3 shows the relationship between the set values in 
the character size register and the character sizes. 

Small size 

Large sIze 

Extra large size 

Display start position 

Fig. 21 Display start position of each character size 
(horizontal direction) 

Fig. 20 Structure of character size register 

Character sIze register (Address OOE4'6) 

L-_--'-__ Block 1 character size 

Block 2 character size 

Block 3 character size 

00 : Small sIze 
01 : Medium sIze 
10 : Large size 
11 : Extra large size 

Table 3. The relationship between the set values in the character size register and the character sizes 

Set values in the character size register Character Width (horizontal) HeIght (vertical) 

CSn, CSno Size direction direction 

0 0 Small 1 Tc 1 

0 1 Medium 2 Tc 2 
1 0 Large 3 Tc 3 
1 1 Extra large 4 Tc 4 

Note: The display start position in the honzontal direction is not affected by the character size In other words. the horizontal start pOSItion IS common 
to all blocks even when the character size varies with each block (See Figure 21 ) 
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(4) Display Memory 
There are two types of display memory: ROM for CRT dis
play (addresses 3000,6 to 3FFF,6) used to store character 
dot data (masked) and RAM fof CRT display (addresses 
2000'6 to 20D7,6 ) used to specify the colors of characters 
to be displayed. The following describes each type of dis
play memory. 

<D ROM for CRT display (addresses 3000'6 to 3FFF,6 ) 

The. CRT display ROM containns dot pattern data for 
characters to be displayed. For characters stored in 
this ROM to be actually displayed, it is necessary to 

specify them by 'writing the character code inherent to 
each character (code determined based on the 
addresses in the CRT display ROM) into the CRT dis
play RAM. 

The CRT display ROM has a capacity of 4K bytes. Be
cause 32 bytes are required for one character data, the 
ROM can contain up to 128 kinds of characters. Actual
ly, however, because two characters are required for 
test pattern use, the ROM can contain up to 126 kinds 
of characters for display use. 

bit7 bitO 

3XXO,• 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 

0 0 1 0 

0 1 0 

0 0 0 0 

0 0 0 

0 0 0 0 0 0 

0 0 1 0 0 0 0 

0 0 1 1 1 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 

3XXF,• 0 0 0 0 0 

Fig. 22 Contained up form of display character 

The CRT display ROM space is broadly divided into 

two areas. The (vertical 16 dots) X (horizontal (left 

side) 8 dots) data 6f display characters are stored in 
addresses 3000'6 to 37FF,6; the (vertical 16 dots) X 
(horizontal (right side) 4 dots) data of display charac
ters are stored in addresses 3800'6 to 3FFF,6. (See Fi
gure 22) Note however that the four upper bits in the 

data to be written to addresses 3800 '6 to 3FFF'6 must 
be set to "1" (by writing data FO '6 to FF,6 ). 
The character code, used to specify a character to be 
displayed is determined based on the address in the 
CRT display ROM in which that character is stored. 

Assume that data for one character is stored at 3XXO,6 
to 3XXF,6 (XX denotes 00'6 to 7F,6) and 3YYO,6 to 
3YYF,6 (YY denotes 80 '6 to FF,6 ), then the character 

code for it is "XX'6'" 
In other words, character code for any given character 
is configured with two middle digits of the four-digit 
(hex- notated) addresses (3000,6 to 37FF,6) where 

data for that character is stored. 
Table 4 lists the character codes. 

bIt 7 blt3 bitO 

3XXO,.+800,• t 1': fro 0 0 0 

1 ~ 11 r 0 0 0 

1 ,) i 1 0 0 

I 0 0 

0 0 

0 0 

0 

0 0 

0 

0 0 

0 0 0 

1 0 

0 

0 0 

0 0 

3XXF,.+800,6 0 0 
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Table 4. List of the character code 

Character code 
Contained up address of character data 

Left 8 dots lines Right 4 dots lines 

3000,. 3800,. 
00,. to to 

300F,. 380F,. 

3010,. 3810,. 
01,. to to 

301 F,. 381 F,. 

3020,. 3820,. 
02,. to to 

302F,. 382F,. 

3030,. 3830,. 
03,. to to 

303F,. 383F,. 
: 

3100'6 3900,. 
10,. to to 

310F,. 390F,. 
3110,. 3910,. 

11,. to to 
311 F,. 391 F,. 

: 
34FO'6 3CFO,. 

4F,. to to 
34FF,. 3CFF,. 

3500,. 3000,. 
50,. to to 

350F,. 300F,. 
: 

3700,. 3FOO,. 
70,. to to 

370F,. 3FOF,. 

37EO,. 3FEO,. 
7E,. (Note) to to 

37EF,. 3FEF,. 

37FO'6 3FFO'6 
7F'6 (Note) to to 

37FF'6 3FFF,. 

Note: The test patterns are contained up in addresses 37EO,. to 37FF'6 and 3FEO'6 to 3FFF'6 
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~ RAM for CRT display (addresses 2000'6 to 2007,6 ) 

The CRT display RAM Is allocated at addresses 2000'6 
to 2007,6, and is divided Into a display character code 
specifying part and display color specifying part for 
each block. Table 5 shows the contents of the CRT 
display RAM. 
When a character is to be display at the first character 
(leftmost) position in block 1, for example, it is neces
sary to write the character code to the seven low-order 

Table 5. The contents of RAM for CRT display 

bits (bits 0 to 6) in address 2000'6 and the color regis
ter No. to the two low-order bits (bits 0 and 1) in 
address 2080,6, The color register No. to be written 
here is one of the four registers in which the color to 
be displayed is set in advance. For details on color 
registers, refer to (5) Color Registers. 
The structure of the CRT display RAM is shown in Fi
gure 23. Write the character patterns at Table 6 and 7, 
when M37120M6-XXXFP is mask-ordered. 

Block Olsplay position (from left) Character code specification Color specification 

1st column 2000,. 2080,. 
2nd column 2001,. 2081,. 
3rd column 2002,. 2082,. 

Block 1 : : : 
22th column 2015,. 2095,. 
23th column 2016,. 2096,. 
24th column 2017,. 2097,6 

2018,. 2098,. 
Not used : : 

201F'6 209F,. 
1st column 2020,. 20AO,. 

2nd column 2021'6 20Al'6 
3rd column 2022,. 20A2,. 

Block 2 : : : 
22th column 2035'6 20B5'6 
23th column 2036'6 20B6,. 

24th column 2037,. 20B7'6 
2038'6 2088,. 

Not used : 
203F'6 208F'6 

1st column 2040'6 20CO'6 
2nd column 2041,. 20Cl,. 

3rd column 2042,. 20C2'6 
Block 3 : : : 

22th column 2055,. 2005,6 

23th column 2056'6 2006'6 
24th column 2057'6 2007'6 

2058,. 

Not used : 
207F,. 
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Block 1 

(Character specificatIOn) 

1 st column: 2000,. 

to 

24th column : 2017,. 

(Color specfication) 

Block 2 

1 at column: 2080,. 

to 

24th column: 2097,. 

(Character specification) 

1st column: 2020,. 

to 

24th column: 2037,. 

(Color specification) 

1 st column: 20AO,. 

to 

24th column: 20B7,. 

Block 3 

(Character speCification) 

1 st column: 2040,. 

to 

24th column: 2057,. 

(Color speclflcalJon) 

1st column: 20CO,. 

to 

24th colun:m : 20D7,. 

7 

7 
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o 

'-_'-_'----'_-1_-'-_-'-__ Character code 

Specify 126 characters at 00,. to 7D,. 

'------L __ Former half color register speciflcalJon In the normal 
.or 10 the half character width color select mode 

00 : Color register 0 specification 
01 : Color register 1 speCification 
10 : Color register 2 speCification 
11 : Color register 3 speCification 

'--'-----,--- Latter half color register specification 
in the half character wIdth color select mode 

00 : Color register 0 specification 
01 : Color register 1 speCification 
10 : Color regIster 2 speclflcalJon 
11 : Color register 3 specification 

L----------OUT2 pin output selection bit 

o 

o : No character or blank is output 
1 : Character or blank IS output 

'--'----''---'--'---'---'--- Character code 
Specify 126 characters at 00,. to 7D,. 

'-----'--Color register speCification 
00 : Color register 0 specification 
01 : Color register 1 specification 
10 : Color register 2 specification 
11 : Color register 3 speCification 

'----------OUT2 pm output selection bit 

o : No character or blank is output 

o 1 : Character or blank is output 

'----''----'_-1_-'-_-'-_-'-__ Character code 

Specify 126 characters at 00,. to 7D,. 

'----'-- Color register specification 
00 : Color register 0 speciflcalJon 
01 : Color register 1 specification 
10 : Color register 2 speciflcalJon 
11 : Color register 3 specification 

'----------- OUT2 pin output selection bit 
o : No character or blank IS output 
1 : Character or blank IS output 

Fig. 23 Structure of RAM for CRT display 
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Table 6. Test character pattern 1 Table 7. Test character pattern 2 

Address Data Address Data Address Data Address Data 

37EO'6 40'6 3FEO'6 FO'6 37FO,. 00'6 3FFO'6 FO'6 
37El,. 04,. 3FE1'6 FO'6 37Fl'6 00'6 3FF1'6 FO'6 

37E2'6 00'6 3FE2'6 F4'6 37F2'6 00'6 3FF2'6 FO'6 

37E3'6 20'6 3FE3'6 FO'6 37F3'6 00'6 3FF3'6 FO'6 

37E4'6 02,. 3FE4,. FO'6 37F4'6 00'6 3FF4'6 FO'6 
37E5,. 00'6 3FE5'6 F2'6 37F5'6 00'6 3FF5'6 FO'6 

37E6'6 10'6 3FE6'6 FO'6 37F6'6 00'6 3FF6'6 FO'6 

37E7'6 01'6 3FE7'6 FO'6 37F7'6 00'6 3FF7'6 FO'6 
37E8,. 80,. 3FE8'6 FO'6 37F8'6 00,. 3FF8'6 FO'6 

37E9'6 08'6 3FE9'6 FO'6 37F9'6 00'6 3FF9'6 FO'6 

37EA'6 00'6 3FEA'6 F8'6 37FA'6 00'6 3FFA'6 FO'6 

37EB'6 40'6 3FEB'6 FO'6 37FB'6 00'6 3FFB'6 FO'6 
37EC,. 04'6 3FEC'6 FO'6 37FC'6 00'6 3FFC'6 FO'6 
37ED,. 00'6 3FED,. F4'6 37FD'6 00'6 3FFD'6 FO'6 

37EE'6 20'6 3FEE'6 FO'6 37FE'6 00'6 3FFE'6 FO'6 

37EF'6 02'6 3FEF'6 FO'6 37FF'6 00'6 3FFF'6 FO'6 

(5) Color Registers 
The color of a displayed character can be specified by set
ting the color to one of the four color registers (COO to 
C03: addresses OOE6 '6 to OOE9,6 ) and then specifying that 
color register with the CRT display RAM. 

color registers are available, up to four colors can be dis
played at one time. 

There are four color outputs : R, G, B, and I. By using a 
combination of these outputs, it is possible to set 24_1 

(when no output) = 15 colors. However, because only four 

R, G, B, and I outputs are set by using bits 0 to 3 in the col
or register. Bit 4 in the color register is used to set a char
acter or blank output; bit 5 is used to specify whether a 
character output or blank output. Figure 24 shows the struc
ture of the color registers. 

7 

I I I I j 1 j I I Color register (addresses OOE6'6 to OOE9'6) 

L I pin output bit 

a : No character is output 
1 : Character is output 

'-------- B pin output bit 

a : No character is output 
1 : Character is output 

"--------G pin output bit 

a : No character is output 
1 : Character is output 

L... _________ R pin output bit 

a : No character IS output 
1 : 'Character is output 

L... ____________ OUT pin output ~it (Note) 

a : No character or blank IS output 
1 : Character or blank is output 

'------------------- OUT pin output control bit (Note) 

a : OUT pin outputs character 
1 : OUT pin outputs blank 

Note: When the character border function IS used, the contents of these two bits (bits 4 and 5) are nullified. and the 
OUT1, OUT2 pins output become border outputs 

Fig. 24 Structure of color registers 
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(6) Half Character Width Color Select Mode 
By setting "1" to bit 4 in the CRT control register (address 
00EA,6) it is possible to specify colors in units of a half 
character size (vertical 16 dotsXhorizontal 6 dots) for char
acters in block 1 only. 
In the half character width color select mode, colors of dis
play characters in block 1 are specified as follows: 
CD The left half of the character is set to the color of the 

color register that is specified by bits 0 and 1 at the 
color'register specifying addresses in the CRT display 
RAM (addresses 2080,s to 2097,s). 

(g) The right half of the character is set to the color of the 
color register that is specified by bits 2 and 3 at the 
color register specifying address in the CRT display 
RAM (addresses 2080'6 to 2097,s). 

Color of the color regIster 

specifIed by bits 0 and 1 of 

address 2080,. ' 

Color of the color regIster 

specifIed by bits 0 and 1 

of address 2081,. 

(a) DIsplay in the normal mode 

Color of the color Color of the color Color of the color Color of the color 

regIster specIfIed by register specIfIed by register specIfIed by regIster specifIed by 

bIts 0 and 1 of bits 2 and 3 of bIts 0 and 1 of bits 2 and 3 of 

address 2080, •. address 2080'6 address 2081,6 address 2081'6 

(b) Display In the half character wIdth color select mode 

Block 1 

Block 1 

Fig. 25 Difference between normal color select mode and half character width color select mode. 
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(7) Multiline Display 
The M37120M6-X)(XFP can normally display three lines on 
the CRT screen by displaying three blocks at different hori
zontal positions. 
In addition, It allows up to 16 lines to be displayed by using 
a CRT interrupt and display block counter. 
The CRT interrupt works in such a way that when display of 
one block Is terminated, an interrupt request is generated. 
In other words, character display for a certain block is initi
ated when the scanning line reaches the display position 
for that block (specified with vertical and horizont~l position 
registers) and when the range of that block is exceeded, 
an interrupt is applied. 
The display block counter is used to count the number of 
blocks that have just been displayed. Each time the display 
of one block is terminated, the contents of the counter are 
incremented by one. 

7 

Fig. 26 Structure of display block counter 
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For multiline display, it is necessary to enable the CRT in
terrupt (by clearing the interrupt disable flag to "0" and set
ting the CRT interrupt enable bit (= bit 4 at address 
OOFE,6) to "1"), then execute the following processing in 
the CRT interrupt handling routine. 
CD Read the value of the display block counter. 
® The block for which display is terminated (i.e., the 

cause of CRT interrupt generation) can be determined 
by the value read in CD. 

@ Replace the display character data and display position 
of that block with the character data (contents of CRT 
display RAM) and display position (contents of vertical 
position and horizontal position registers) to b~ dis
played next.' 

Figure 26 shows the structure of the display block counter. 

'Display block counter (address OOEB,.) 

Indicates number of blocks that are 

being displayed or were displayed 
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Count value Interrupt position 

0 

Block 1 

Block 2 1 

2 

Block 3 -Block l' 3 

4 

Fig. 27 Timing of CRT interrupt and count value of display block counter 

(8) Character Border Function 
A border of a one clock (one dot) equivalent size can be 
added to a character to be displayed in both hOrizontal and 
vertical directions. 
The border is output from the OUT1, OUr2 pins. In this 

'case, bits 4 and 5 in the color registers (contents output 
from the OUT pins) are nullified, and the border is output 
from the OUT pins instead. 

Border can be specified in units of block by using the bor
der selection register (address OOE5,s). Table 8 shows the 
relationship between the values set in the border selection 
register and the character border function. Figure 29 shows 
the structure of the border selection register, 

-I-I-IHHH • Display of 

-+-+--1 

Fig. 28 Example of border 

character 

data 

o Border 
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Table 8. The relationship between the values set In the border selection register and the character border function 

Border selection register 

MDn1 MDnO 

X 0 

0 1 

1 1 

X: An X indicates either "0" or "1" 

Functions 

Normal 

Border ,including character 

Border not including character 

Example of output 

R. G. B, I output ----I"""L-
oun, OUT2 output ----I"""L-
R, G, B, I output ----I"""L-
oun, OUT2 output .s--L. 
R, G, B, I output ----I"""L-
OUT1, OUT2 output ...1""1..I'l.-

Border selection register (address OOES,.) 

Block 1 a UT output border selection bit 
o : The same as A, G, B is output 
1 : Border is output 

'----- Block 1 output switch bit 

o : Border including character 
1 : Border only 

'--------- Block 2 OUT output border selection bit 
o : The same as A, G, B is output 
1 : Border is output 

'---------- Block 2 output switch bit 
o : Border Including character 
1 : Border only 

'------------- Block 3 OUT output border selection bit 
o : The same as A, G, B is output 
1 : Border is output 

I--~------------ Block 3 output switch bit 

o : Border including character 
1 : Border only 

Fig. 29 Structure of border selection register 
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(9) CRT Output Pin Control 
CRT output pins R, G, B, I, and OUT1 become output en
able by setting bit 6 of CRT port control register. OUT2 is 
in common with port P3o. This pin become output enable 
when bit 7 of CRT port control register is set after setting 
bit 0 of port P3 directional register. 
The polarities of CRT outputs (R, G, B, I, and OUT1, as 
well as HSYNC and VSYNC ) can be specified by using the 
CRT port control register (address 00EC,6 ). 

Use bits 0 to 4 in the CRT port control register to set the 
output polarities of HSYNC, VSYNC, R/G/B, I, and OUT1. 
When these bits are cleared to "0", a positive polarity is 
selected; when the bits are set to "1", a negative polarity is 
selected. 
Figure 30 shows the structure of the CRT port control reg
ister. 

o 

I I I I I I I I I 

L 

Flg.30 Structure of CRT port control register 

(10) OUT2 Control 
Because function selection (such as character or blank out
put control, border selection, etc.) of OUT1 is the same as 
that of OUT2, OUT2 outputs the same data of OUT1. 
OUT2 can output characters in speci(ied character area by 
specifying bit 4 of RAM for display. This function is no use 
when blank output is setting by color register. 

CRT port control register (address OOEC,.) 

HSYNC input polarity selection bit 
o : Positive polarity 
1 : Negative polarity 

VSYNC input polarity selection bit 
o : Positive polarity 
1 : NegatIve polarity 

R/G/S output polarity selection bIt 
o : Positive polarity 
1 : Negative polanty 

I output polarity selectIon bit 
o : Positive pol arity 
1 : Negative polarity 

OUT1 output polarity selection bit 
o : Positive polarity 
1 : Negative polarity 

OUT2 output polarity selection bit 
o : Positive polarity 
1 : Negative polarity 

CRT output enable bit 
o : Output disable 
1 : Output enable 

P30/0UT2 function. selection bit 
o : P30 output 
1 : OUT2 output 
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WATCHDOG TIMER 
The watchdog timer provides a method of returning to reset 
status if a runaway or other cause prevents a program from 
running a loop normally. 
The watchdog timer is a 15-bit counter conSisting of a low
er seven bits and an upper eight bits (address 00EF16). At 
reset or after the watchdog timer is written to, 7FFF16 is set 
in this timer and it starts to count. 
When the MSB reaches "0", an internal reset is generated. 
Therefore programs should normally be written to ensure 
that the watchdog timer is written to before this bit reaches 

System clock </J 

CPU 

Internal reset Signal 

Fig. 31 Block diagram of runaway detection function 

"0". If address 00EF16 is read, the value in the upper eight 
bits of the counter is read. Directly after a reset, the watch
dog timer is stopped. 
The count source of the lower seven bits is a signal that is 
the system clock '" divided by eight. The count source of 
the upper eight bits can be selected as either the overflow 
signal from the 7 -bit counter or a signal that is the system 
clock", divided by eight, depending on the value of bit 3 of 
the CPU mode register (address OOFB16). 

r--................ _-...., WDT overflow Signal 

Reset circUit 

Internal reset Signal /\I,--!~ ____ --I~I 
WDT overflow 

Fig. 32 Timing diagram of internal' reset signal 
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RESET CIRCUIT 
The M37120M6-XXXFP is reset according to the sequence 

shown in Figure 34. It starts the program from the address 

formed by using the content of address FFFF'6 as the high 

order address and the content of the address FFFE'6 as the 

low order address, when the RESET pin is held at "L" level 

for no less than 2~s while the power voltage is between 4 

and 5.5V and the crystal oscillator oscillation is stable and 

then returned to "H" level. 

Address 

(1) Port P a directional register (DO IIC 1 ,,) I o 0 '6 ] 
(2) Port pl directional register (01 IIc 3,,) I 00 Hl I 
(3) Port P 2 directional register (02 IIC 5,,) I 00" I 
(4) Port P3 directional register (03 IIc 7 ,,) I 00 '6 I 
(5) Port P 4 directional register (04 )(C 9,,) I 00" I 
(6) A-D control register (D 3'6) I II 101110 I 01 0 I 
(7) INT edge selection register (D 4 ,6 ) I I I I loiololol 
(8) D-A conversion register 5 (06,6) I o 0 '6 I 
(9) D-A conversion register 4 (07,6) I o 0 '6 I 
00) D-A conversion register 3 (08 16 ) I o 0 '6 I 
(11) D-A conversion register 2 (09 ,6) I 00 '6 ~ 
(12) D-A conversion register 1 (0 A ,s ) I o 0 '6 I 
(13) D-A conversion register 0 (0 B ,6) I o 0 '6 I 
(14) Serial 1/0 1 mode register (SM!) (DC,,) II 1010101010101 
(15) Serial 1/0 2 mode register (5M2) (0 E,,) II 1010101010101 
(16) CRT port control register (EC,s) I 00 '6 I 
(17) Display block counter (E B,6) I III 101010101 
(18) CRT control register (E Ats) I o 0 '6 I 
(19) Color register 3 (E 9'6) I I 1010101010101 
~O) Color register 2 (E 8'6) I I 1010101010101 
(21) Color register 1 (E 7 ,6 ) I I 1010101010101 
(22) Color register 0 (E 6 ,6) I I 1010101010101 

(23) Horizontal position register (E 0 ,6) I 00 ,6 I 
~4) Watchdog timer (E F 16) IFF" I 
(25) Timer 12 mode register (n2MII F 8 ,,) II 1010101010101 
~6) Timer 34 modu regist~r (134MII F 9 ,,) 1111 101010101 
(21) CPU mode register (cMIIF B,,) 11111111111110101 
~8) Interrupt request register 1 (Fe,s) I o 0 16 I 
(29) Interrupt request register 2 (F 0,6) I I I lolololo!~ 
(30) Interrupt control register 1 (F E ts ) [ o 0 ,6 I 
(31) Interrupt control register 2 (F F 16) I I I 10101010101 

(32) Processor status register illlllllll 
(33) Program counter (PC H ) I conle~~F~,:ddre55 I 

(P C,) [cantentso!address I 
~~ 

Note Since the contents of both registers other than those listed 
above (including timers and the serial 1/0 register) and the 
RAM are undefined at reset, It is necessary to set initial values. 

Fig. 33 Internal state of microcomputer at reset 

The internal initializations following reset are shown in Fi

gure 33. 

Immediately after reset, the count of X,N is stopped and 

XCIN divided by 2 is selected as an internal clock. FF'6 is 

set timer 3 and 07 '6 is set to timer 4 and timer 3 and timer 

4 are connected. Also XCIN divided by 16 is selected as the 

timer 3 count source. Reset is cleared by timer 4 overflow. 
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Internal RESET 

SYNC 

Address 

Data 

32768 count of f(XCIN ) 

Fig. 34 Timing diagram at reset 

1/0 PORTS 
(1) Port PO 

Port PO is an 8-bit i/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
3, PO can be accessed as memory through zero page 
address OOC016. Port PO's directional register allows 
each bit to be programmed individually as input or out
put. The directional register (zero page address 
OOC1 16 ) can be programmed as input with "0", or as 
output with "1". When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the otuput pin 

level is not read, only the latch~d data of the port reg
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 

in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. 

(2) Port P1 
Port P1 has the same function as PO. 

(3) Port P2 

Port P2 has the same function as PO. 
(4) Port P3 

Port P3 has the' same functions PO except that part of 
P3 is common with the CRT output pin and counter in
put pin. 
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Reset address from the vector table 

Note 1 ; Frequency relallon of f(XCIN ) and ¢ IS f(XCIN)=2' ¢ 
2 ; The mark" ? .. means that the address is change-able 

depending on the previous state 

(5) Port P4 
Port P4 has the same function as PO. The output struc

ture is N-channel open drain. 
(6) Port P6 

Port P6 has the same functions as PO. The lower 4-bit 
of this port are in common with interrupt input pins and 

the higher 4-bit of this port are in common with analog 
input pins. 

(7) Port P7 
Port P7 is a 4-bit input port This port is in common with 

analog input pins. 
(8) 1/0 pins for CRT display function 

HSYNC , VSYNC are input pins for deciding the display 
location. R, G, B, I, OUT1 and OUT2 are output the pat

tern of CRT display. 



• Port po. Pl. P2. P3 

Data bus -~~--1 

• Port P60. P6" P62• P6s 

INT input 

Data bus-C\--......... < 

• HSVNC, VSYNC input 
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Directional register 1-+_-_---1 

Data register 

• Port P6 •. P6 •• PBs. P67• P7 

Data bus --<1--~~1=.,--1--<. 

Channel select signal 

• R. G. B. I. OUTl output 

J 
}-o 
1 

Fig.35 Block diagram of Ports PO, P1, P2, P3, P6, P7, HSYNC, VSYNC, R, G, B, I, OUT1 
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• Port p40. P4. 

Data bus 

Serial I/O input 

• Port P4,. P4. 

Data bus 

Serial I/O selection bit 

• Port P42. P4. 

Directional reglste 

Data bus Data register 

Senal I/O clock output 

• Port P43• P4, 

Data bus 

Fig. 36 Block diagram of Ports P4 
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Serial I/O selection bit 

External clock mput 

DirectIonal reglste 

Data register 

SRDyOutput 

SRDY output selection bit 
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CLOCK GENERATING CIRCUIT 
The M37120M6-XXXFP has two Internal clock generating 
circuits. Figure 40 shows a block diagram of the clock 
generating circuits. Normally, the frequency applied to the 
clock input pin XIN divided by two is used as the internal 
clock (timing output) 1/1. Bit 7 of CPU mode register can be 
used to switch the internal clock 1/1 to 1/2 the frequency ap
plied to the clock input pin XcIN' 
Figure 37 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the XIN (XCIN ) pin and leave the XOUT 
(XcOUT) pin open. A circuit example is shown in Figure 38. 
An external clock signal cannot be supplied to the XCIN pin 
open. 
The M37120M6-XXXFP has two low power dissipation mod
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
XIN clock and XCIN clock) stops with the internal clock 1/1 
held at "H" level. In this case timer 3 and timer 4 are forc
ibly connected and 1/1/8 is selected as timer 3 input. When 
restarting oscillation, FF16 is automatically set in timer 3 and 
0716 in timer 4 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 3 count stop 
bit and timer 4 count stop bit must be set to supply ("0"), 
timer 3 interrupt enable bit and timer 4 interrupt enable bit 
must be set to disable ("0"). 
Oscillation is restarted (release the stop mode) when INT, 
or serial I/O interrupt is received. The interrupt enable bit 
of the interrupt used to release the stop mode must be set 
to "1 ". When restarting oscillation with an interrupt or reset, 
the internal clock 1/1 is held "H" until timer 4 overflows and 
is not supplied to the CPU. 
The microcomputer enters an wait mode when the WIT in
struction is executed. The internal clock 1/1 stops at "H" 
level, but the oscillator does not stop. 1/1 is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
receives an interrupt. 
Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in
terrupt used to reset the wait mode must be set to "1" be
fore executing the WIT instruction. 
Low power dissipation operation is also achieved when the 
XIN clock is stopped and the internal clock 1/1 is generated 
from the XCIN clock (36,uA or less at f(XcIN )=32kHz, Vcc= 
3V). XIN clock oscillation is stopped when the bit 6 of CPU 
mode register (address 00FB16 ) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta
bilizes must be generated with a program when restarting. 
Figure 41 shows the transition of states for the system 
clock. 

M37120M6-XXXFP 

30 26 
Rd 

Fig. 37 Example ceramic resonator circuit 

M37120M6-XXXFP 

X1N XOUT XC1N XCOUT 

, 30 Open 31 25 T Open 
External oscillating External oscillating Circuit 

Circuit or external pulse 

Vee -, ,...-, 
Vss L.....I L.. 

Fig. 38 Example clock Input circuit 
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, 
TIMER OSCILLATION CIRCUIT 
Power is supplied to the timer clock oscillation circuit via a 
step-down regulator circuit to reduce the power consump
tion when the M37120M6-XXXFP Is operating in timer 
mode. Since this step-down regulator circuit reduces the 
voltage applied to the Vee pin to 1.4V (standard), the user 
can design a low-power timer mode. Bit 5 (CM5) of the 
CPU mode register can be used to provide two-stage set
ting for the oscillation circuit: low-power mode when CM5= 
o and high-power mode when CM. = 1. Note that high
power mode is set after a reset, so the program must switeh 
to low-power mode to enable low-power-consumption mode, 
after allowing time for the oscillation to stabilize. 

XC1N XCOUT 

Q 

Internal system 
clock source 

selection OM7 

S~------~--------~S 

R STP WIT R 
instruction instruction 

Fig. 40 Block diagram of clock generating circuit 
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Vcc--~----~------------~------~------~ 

,OM. 

Timer clock 
supply 

regulator 

XC1N XCOUT 

Fig. 39 Block diagram of the timer clock OSCillation 
circuit 

R STP Instruction 

Interrupt disable flag I 

Interrupt request 
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CM7=1 

CM.=l 

CM5=1 

[External I NT 1 
,Timer Interrupt 

ls I/O Interrupt CM7=1 

CM.=l 

CM7=O 
CM 6 =O 
(Note 2) 

CM7=O 

CM7=1 

STP instructIOn 

"" 

.. 
Interrupt( Note 1 ) 

r External I NT 1 
ls I/O Interrupt 

STP Instruction 

""" 

E' 

Interrupt( Note 1) 

STP instruction ... 

Interrupt (Note 1) 

The above example assumes that signals of 4MHz and 32kHz are being applied to pinS X,N XCIN respectively ¢ signifies the internal clock. 

Notel: Approximately latency time are automatically generated upon release 
from the STP instruction due to connections of timer 3 and 4 

2: The software must provided enough time for the oscillation (4MHz) to stabilize 

Fig. 41 Transition of states for the system clock 

• MITSUBISHI 
"'ELECTRIC 
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<An example of flow for system> 

I z 
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Power on reset 
~ 

Clock for clock function Xc oscillation 
~ 

Internal system clock start (Xc -1/2- t/J) 
~ 

The count start after the time 3 and 4 are connected (Count source is xcl 
~ 

Timer 4 overflow 
~ 

Internal reset released 
~-

Program start fro"] RESET vector 

Normal program 1 -Operating at 32kHz 

XCOUT drive capacity selection bit clear (CM.= 0 ) 
~ 

Clock processing inital value is set (i e Timer 3 and 4 set the value. Timer 3 interrupt disable.) 
~ . 

Clock X halt(Xc in operation) 
~ 

Internal clock halt(WIT instruction) 
~ 

Internal clock OperatiOn start (WIT instruction released) lTimer 4 (clock count) overflow 

1 Clock processing routine 1 - Operating at 32. 768kHz 

Internal clock halt'(WIT instruction) 

Interrupts from INT,-INT3, serial 1101, serial 1102, timer 3 

Internal clock operation start (WIT Instruction released) 
~ 

Clock X oscillation start (CM.= 0 ) 
~ 

Oscillation rise time routine (software) 

~ 

-Operating at 32. 768kHz 

Internal clock t/Jsorrce switching (XC -X)(CM7 : 1 - 0) 

1 Normal program 1 -Operating at4MHz 

STP instruction preparation (pushing registers) 

~ 
Timer3, timer 4 interrupt disable (IMo= 0, TM,= 0). XcOUT drive capacity selection bit set (CM5 = 1 

~ 
Timer 3J timer 4 count stop bit resetting (T34M2 = 0 , T34M3 = 0 ) 

Clock ~ and clock for clock function Xc halt (STP Instruction) 

RAM backup status .1 

Interrupts from INT,-INT3, serial 1101, serial 1102 

Clock for clock fU7ction Xc oscillation start (CMe= 0 : Clock X oscillation start) 

Timer 4 overflow (Xc/a-timer 3 -timer 4) 
(Automatically connected by the hardware) 

~ 
Internal system ClyCk start 

Program start fr~ interrupt vector 

Normal program 
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M37120M6-XXXFP 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

PROGRAMMING NOTES 
(0 The frequency ratio of the timer is 1/(n+1). 

(2) Even though the BBC and BBS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also,. at least one in
struction cycle must be used (such as an Nap) be

tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode) , one instruction cycle (such as an 
Nap) is needed before the SEC, CLC, or CLD instruc

tions are executed. 
(4) An Nap instruction must be used after the exection of 

a PLP instruction. 
(5) When the interrupt is processed, confirm the interrupt 

enable bit is enable state after into the interrupt 
routine. If so, check the request flag after that. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM confirmation form 

(2) mask specification form 
(3) ROM data .......................................... EPROM 3 sets 
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M37120M6-XXXFP 

SINGLE-CHIP a-BIT CMOS MICRQCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions 

Vcc Supply voltage 

V, Input voltage RESET 

Input voltage POO-P07. P1 o-P1 7. P2o-P27. 

V, 
P30-P3" P40-P4" P60-P6" 

PYa-P7a. XIN. XCIN. With respect to Vss 

VREF• VSYNC, HsyNC Output transistors are 

at "off" state 
Vo Output voltage XCOUT 

Output voltage PDQ-POl. P1 o-Ph, P2o-P27. 

Vo P30-P3" P40-P4" R, G, B, I, oun, 
XoUT, ¢, D-AoUTO to D-AoUT5 

RECOMMENDED OPERATING CONDITIONS 
(Vcc=AVcc=5V±10%, T.=-10 to 70'C unless otherwise noted) 

limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 
I f(X,N)=4MHz (Note 1) 4.0 5.0 5.5 

I f(XCIN)=32kHz (Note 2) 2.5 5.0 5.5 

Vss Supply voltage 0 0 0 

"H" Input voltage POo-PO" P10-P1" P20-P2" 

V ,H 
P30-P3" P40-P4" P60-P6" 

O. 8Vee Vee 
P70-P73, X,N, OSC1, 

RESET, HSYNC, VSYNc 

"L" Input voltage POo-PO" P1 0-P1" P20-P2, 

V'L P3,-P3" P40-P4" P60-P6" a O. 2Vee 
P7o-P73, X'No OSC1, HSYNC , VSYNG 

V'L "L" input voltage RESET a O. 15Vee 

V REF Reference voltage input VREF 4.0 

V'A Analog Input voltage ANo-AN, 0 

"H" average output current POO-P07. P1o-P17. 

IOH(avg} (Note 3) P20- P2" P30- P3" 
R. G. B. I. oun 

"L" average output current POO-P07• P1o-P17. 

IOL(avg} (Note 4) P20-P2" P30-P3" 
P40-P4" R, G, B, I, oun 

f(X,N ) Clock oscillating frequency for maIO clock (Note 5) 

f(XeIN ) Clock oscillating frequency for clock function (Note 5) 

f(Ose1) Clock oscillating frequency for OSO 

Note1: At OSO operating, maximum value IS 4. 5V 
2 : It is only at clock operation mode 

Any other operation mode, maximum value is 4. OV 
3 : The total of input current from IC should be 20mA max. 
4 : The total of Input current from Ie should be 30mA max. 
5 : Oscillation frequency is at 50% duty cycle. 
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Vee 

VREF 

1 

2 

4.2 

32.768 

8.0 

Unit 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

MHz 

kHz 

MHz 

Ratings Unit 

-0.3 to 7. 0 V 

-0.3 to 7. 0 V 

-0.3 to Vee+O. 3 V 

-0.3102.5V (al high power mode) 

-0.310 I. 5V (at low power mode) 
V 

-0.3 to Vee+O. 3 V 
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M37120M6-XXXFP 

SINGLE,CHIP I-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vcc=AVcc=5V±10%, Ta=-10 to70t unless otherwise noted) 

Symbol Parameter Test conditions 

V OH 
"H" output voltage POo-PO" Plo-PI" P2o-P2" Vcc-4. 5V 

P30-P3" ~, R, G, B, I, OUT1 IOH=-0.5mA 

"L" output voltage POo-PO" P1 o-PI" P2o-P2" 
Vcc=4.5V 

VOL P30-P3" P4o-P4" ~, 
IOL=0.5mA 

R, G, B, I, OUT1 

VT+ - VT~ 
HysteresIs HsyNc, VSYNc, P6o-P63, 

Vcc=5.0V 
P40, P4" P4" P4" P3, (Note 1) 

VT+ - VT~ HysteresIs RESET Vcc=5.0V 

"L" mput current POo-PO" P1o-PI" P2o-P2" 
Vcc=5.5V 

I'L P30-P3" P4o-P4" P6o-P6" 
-- V,=OV 

P7o-P73, HSYNc, VSYNC , RESET 

"H" Input current POO-PO? P1o-Ph, P2o-P27. 
Vcc=5.5V 

I'H P30-P3" P4o-P4" P6o-P6" 
-- V, =5.5V 

P7o-P73 , HSYNC , VSYNC , RESET 

VRAM RAM retention voltage At stop mode 

At system operation, 

X,N=4MHz, XCIN=32kHz, 

I(OSCI )=7MHz, 

Output transistors are at "off" state 

At system operation, Vcc=3 OV, 

X1N=stoP, XCIN=32kHz, 

Icc Supply current 
Output transistors are at "off" state 

At low-speed operation mode, Vcc=3 OV, 

X,N=stOP, XCIN=32kHz, 

At walt "lode (CM5=0), 

Output transistors are at "off" state 

At stop mode, 

X1N=XCIN=stoP, 

Output transistors are at "off" state 

IACC Analog power supply 

Note 1 P40 , P4" P4" P46 have the hysteresis only when these are used lor serial I/O pins 
P3, has the hysteresis only when this is used lor a timer input pin 

A-D CONVERTER CHARACTERISTICS 

Limits 
Unit 

Min Typ Max. 

2.4 V 

0.4 V 

0,5 V 

0.5 V 

5 /1A 

5 /1A 

2.0 5.5 V 

13 24 mA 

18 36 

/1A 
2 8 

1 10 

0.5 1.0 mA 

(Vcc=AVcc= 5 V, Vss=AVss= 0 V, T a =25'C, f(X ,N)= 4 MHz unless otherwise noted) 

Symbol Parameter 

- Resolution 

- Absolute accuracy 

TCONV Conversion time 

V'A Analog Input voltage 

V REF Reference mput voltage 

RLADDER Ladder resistance value 

IVREF(AD) Reference mput current (Note 1) 

VAVCC Analog power supply Input voltage 

VAVSS Analog power supply input voltage 

Note1: The total of IVREF IS the sum of IVREF(Ao) and IVREF(OA)' 

Test conditions 

Vcc= AVcc=VREF=5.0V 

VREF=5.0V 

VREF=5. OV 

• MITSUBISHI 
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Min 

AVss 

4,0 

Limits 
Unit 

Typ Max 

8 Bits 

+1.5 ±3.0 LSB 

24,5 /15 
VREF V 

Vee V 

40 kO 

0,3 mA 
Vee V 

0 V 
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O-A CONVERTER CHARACTERISTICS 
(Vcc=AVcc= 5 V, Vss=AVss= a V, Ta =25"C, f(X'N)= 4 MHz unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ. Max 

- Resolution 8 Bits 

- Full scale deviation Vcc=AVCC=VREF=5.0V 1,0 % 
Tsu Set time 3 f.'S 

VREF Reference input voltage 4 Vee V 

ROUT Output resistance 1 2 4 kO 

VAVSS Analog power supply input voltage 0 V 

IVREF(OA) Reference power input current (Note 1 ) 0 2.5 5.0 rnA 

Note 1 The total of IVREF is the sum of IVREFIAO) and IVREFloA). 

IVREFloA) is the reference power input current flOWing when channell of the DA converter is operating. (The other five DA converter register 
values are aD,.) 
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M37408M2-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

DESCRIPTION , 
The M37408M2-XXXSP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
~2-pin shrink plastic molded DIP. This single-chip micro
computer can be used as a slave-microcomputer for com
munication applications. 
In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en
able easy programming, 
The differences between the M37408M2-XXXSP and the 
M37408M2-XXXFP are the package and the power dissipa
tion capability (absolute maximum ratings). 

FEATURES 
• Number of basic instructions .. ···· ............................. 69 
• Memory size ROM ................................... 4096 bytes 

RAM······· .. ················ .. ·· .. · .. ··· 128 bytes 

• Instruction execution time 
... O. 81ls (minimum instructions at 1 OM Hz frequency) 

• Single power supply f(X1N )=10MHz ............... 5V±10% 

• Power dissipation 
normal operation mode (at 10MHz frequency) .. 50mW 

• Subroutine nesting ····· .. ···· .. ······ .. · .. ·····64 levels (Max,) 
• Interrupt ........................................................ 6 types 

• 8-bit timer············· .. ················,·············"········· .. ····1 
• UART (Full-duplex)· .... ····· .. ····· .. ·· .. ····· .. · .. ···1 channels 
• Dual-port RAM········· .. ·· .. ········· .. ············· .. ····· 64 bytes 

• Communication registers 
Access flag······· .. ····· .. ············ .. ·········· .... ····· ·64 bits 
Collision detect register··' .. ····,············· .. · .. ··· 4-bitX 1 
IPC* semaphore register··· ...... ·,··,,···· .. ···,,···3-bitXl 
IPC mode register" ... , .......... ,' ............ , ........ 8-bitX2 

I PC error register .. ··········· .... ··· .. · .. ········· .. ···· 8-bitX2 

• Programmable I/O ports 
(Ports PO, P1, CTS) .. ········ .. · .. ·· .. · .. ···· .. ··· .. ·· .. ········15 

• Bus interface 
Address bus···························,··· .. · .. ····· .. ·· .... ······· 7 
Data bus , .......... , ...... , ......... , ... , ... , ......... , ...... ,·······8 

Control signal (WR, RD, CS) ·· .. ·· .. ·· .. ········· .. · .. ·······3' 

APPLICATION 
Office automation equipment 

* IPC"'lntelligent Pratcol Controller 

PIN CONFIGURATION (TOP VIEW) 

SYNC/CNVss --+ 17 

Vss 

Outline 42P4B 

... '" C':l "<t '" co r-. 0 ... N C') 0000000,..,.. ..... ,.. Q.1l.Q.Q.a..a.a..a..a.a..a.. 

nttttttttt 
3196523 

39 M37408M2-XXXFP 

12345678 

iitttttttt 
I~ I~ al rE rE. cd rE rD rE rE ~ 

00000000 

Outline 44P6N 

Vce 

NC : No connection 
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M37408M2-XXXSP/FP 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37408M2-XXXSP 
Parameter 

Number of basic instructions 

Instruction execution time 

Clock frequency 

ROM 
Memory size 

RAM 

POD-PO, 

InputlOutput ports P10-P1, 

CTS 

Ao ....... A6 

Bus interface 00-0, 

RD, WR, CS 

UART 

Timer 

Interrupt 

Dual-port RAM 

Access flag 

Communication 
Collision detect register 

IPC semaphore register 

registers IPC mode register 

IPC error register 

Subroutine nesting 

Clock generating circUit 

Supply voltage 

at operation 

at walt mode 
Power dissipation 

at stop mode 

Operating temperature range 

Device structure 

M37408M2-XXXSP 
Package 

M37408M2-XXXFP 

Functions 

69 

O. 8,us (minimum Instructions, at 10MHz frequency) 

10MHz 

4096 bytes 

128 bytes 

1/0 8-bitX1 (System bus 1/0) 

1/0 6-bitX I (Local bus 110, System bus Input) 

1/0 1-bit (Common with UART transmit control input) 

Input 7-bitXl 

1/0 8-bitXl 

Input 1-bitX3 

1 (with programmable baud rate generator) 

8-bitX 1 (with 8-bit prescaler) 

1 system bus (IPCMO) Interrupt, 2 UART interrupts, 1 timer Interrupt, 1 collISion in-

terrupt 

64 bytes 

64 bits 

4-bitXl 

3-bitXl 

8-bitX2 

8-bitX2 

64 levels (max) 

Bui1t~in (externally connected ceramic or quartz crystal) 

5V±10% 

50mW 

5mW 

Ta=25'C 0.05mW 

T a=70'C 0.5mW 

-1O-70'C 

CMOS Silicon gate process 

42-pln shrink plastic molded DIP 

44-pln plastic molded QFP 

• MITSUBISHI 
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M37408M2-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PIN DESCRIPTION 
-

Pin Name 
Inputl 

Functions 
Output 

Vee. Supply voltage Power supply Inputs 5V±10% to Vee. and OV to Vss 

Vss 

CNVss CNVss This is usually connected to V 55. 

---
RESET Reset input Input To enter the reset state, the reset input pm must be kept at a "L" for more than 2,us (under normal Vee 

conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main-

tained for the required time. 

X,N Clock onput Input This chip has an Internal clock generatmg circuit To control generating frequency, an external ceramic or a 

quartz crystal is connected between the XIN and XOUT pins. If an external clock is used, the clock source 

XOUT Clock output Output should be connected to the X1N pm and the XOUT pin should be left open. 

'" 
Timing output Output This is the timing output pm 

POO-P07 1/0 port PO 1/0 Port PO is an a-bit 1/0 port with a directional register which allows each 110 bit to be individually program-

med as input or output ThiS port IS connected only to the system bus, and can not be accessed from the 

local bus At reset this port becomes Input mode. The output structure is CMOS 

P1 0-P1 s 1/0 port PI 1/0 Port P1 is an 6-bit 110 port and has basically the same functions as port PO ThiS port IS connected to the 

local bus and can be used as only input port from the system bus The output structure IS CMOS output 

TxO UART transfer output Output These are UART transfer data output pins. 

RxO UART receive input Input These are UART receive data Input pins 

--
CTS UART transfer control 1/0 These are UART transfe'r control signal Input pins and can be used as 110 port which have basically same 

Input function as po~ P1. 

CLK UART clock onput Input This port is an external clock input pin for baud rate 

Ao-A. Address input Input ThiS port is input for system address 

0 0-07 Data input/output 1/0 This port is input or output the system data. 

-
CS Chip select Input System data can be read or written by Inputtmg "L" to thiS port 

-
RO Read control Input Input Memory or register data specified by Ao"""Ae IS read from 00 ....... 07 by inputting "L" to this port 

--
WR Write control input Input Data input from 00 ....... 07 IS written to memory or register specified by ~"""Ae by inputting "L" to this port 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37408 microcomputers,use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

'MITSUBISHI MICROCOMPUTERS 

M37408M2-XXXSP/FP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUT£R 

ADDRESS AREA 
M37408M2-XXXSP has two buses; the local bus connected 
to the CPU of its own, and the system bus connected to the 
CPU of the external master computer. There are two cor
responding address area. 
The local bus has thirteen address buses and eight data 
buses. The address area, which is 8192 bytes, is addresses 
from 000016 to 1 FFF16. 

For this local bus area, addresses 100016 to 1 FFF16 are 
assigned to the built-in ROM area which consists of 4096 
bytes. 
The system bus has seven address buses and eight data 
buses. The address area, which is 128 bytes, is addresses 

from 0016 to 7F16. 

The internal memories and registers are connected to one 
or both of these buses. Therefore, it is necessary, in writing 
programs, to know the operation of each functional block as 

well as to which bus the memories and registers are con
nected at what addresses. 

Fi.g.1 

RAM 
(128 bytes) 

ROM 
(4096 bytes) 

{ 

0000,. 

007F,. 

000016 

0007,. 

OOEO,. 

OOFF,. 

0280,. 

02BF,. 

1000,. 

1FOO,. 

1FEC,. 

1FFF,. 

Not used 

Access flag 

Not used 

SFR area 

Not used 

Dual-port RAM 

(64 bytes) 

Not used 

Interrupt vector area 

Address area apply to local bus 

Memory map 

Zero 
page 

} 

Special 
page for 
subroutine 
call 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as I/O ports and timers. 

• RAM 
RAM is used for data storage as well as a stack area. 

• ROM 
ROM is used for storing user programs as well as the inter-

rupt vector area. 

• Interrupt Vector Area 
The interrupt vector area is for storing jump destination 

addresses used at reset or when an interrupt is generated. 

• Zero Page 
Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

00,. 

40,. 

50,. 

58,. 

75,. 

76,. 

77,. 

78,. 

79,. 

7A,. 

7B,. 

7C, • 
• 70, 

7E,. 

7F,. 

Dual-port RAM 

(64 bytes) 

Not used 

Access flag 

Not used 

Port P1 

Port PO 

Port PO directional register 

IPC mode register 01 
IPC error register a 

IPC mode reglstenl 
IPC error reg-ister 1 

Not used 

Collision detect register 

IPC semaphore register 

Address area apply to system bus 
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OOEO,. 

OOE1,. 

OOE2,. 

OOE3,. 

OOE4,. 

OOE5,. 

OOE6,. 

OOE7,. 

OOE8,. 

OOE9!. 

OOEA,. 

OOEB,. 

OOEC,. 

OOED,. 

OOEE,. 

OOEF,. 

Port Pl 

Port Pl directional register 

Dual-port RAM direction specify register 

UART receiveltransfer buffer register 

UART status register/UART mode register 

UART control register 

UART diVider for baud rate generate 

Fig. 2 SFR (Special Function Register) memory map 

MITSUBISHI MICROCOMPUTERS 
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SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

OOFO,. 

OOF1,. 

OOF2,. 

OOF3,. 

OOF4,. 

OOF5,. 

OOF6,. 

OOF7,. 

OOF8,. 

OOF9,. 

OOFA,. 

OOFB,. 

OOFC,. 

OOFD,. 

OOFE,. 

OOFF,. 

IPC mode register 0 

IPC mode register 1 

IPC error register 0 

IPC error register 1 

IPC semaphore register 

Collision detect register 

Interrupt enable register 

Interrupt request register 

Prescaler X 

Timer X 

Timer control register 
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Bus Interface 
M37408M2-XXXSP has the bus interface to operate itself 
by the control signal sent from the master CPU. The master 
CPU can access the memories and registers located in the 
system address area described below via this bus inter
face. The bus interface has address pins Ao to A6 , data pins 
Do to D7, and three controls signals CS, WR, and RD which 

can be directly connected to TTL. 
Driving the CS pin to "L" put this microcomputer in the 
read/write enabled state. When writing data from the mas-

Fig. 3 Block diagram of bus interface 

MITSUBISHI MICROCOMPUTERS 

M37408M2-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

ter CPU, specify the address by Ao-A6 and set WR to "L", 
and the data at Do- D7 is written to the specified address. 
When reading data, specify the address by Ao-A6 and set 
RD to "L", and the contents of the specified address are 
output to Do- D7. 
Driving the CS pin to "H" puts the M37408M2-XXXSP in the 
state which does not allow the read and write operations 
from the master CPU. At this time, the outputs of Do to D7 

are in the floating state. 
Figure 3 shows the block diagram of the bus interface. 
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Dual-port RAM 
The dual-port RAM, which is 64 bytes, is the memory which 
allows the read/write operation from both the local and sys
tem buses independently. From the local bus, it is allocated 
at addresses 028016 to 02BF16; from the system bus, 
addresses 0016 to 3F16. Table 1 shows the result when the 
write and read operations from both buses compete at the 

same address. 

Table 1. Result obtained by simultaneously accessing 
the same address from the system and loca! 
buses 

Write Read 

Simultaneous read from both -- Correct data 
buses 

Simultaneous write from both 
Unpredictable --

buses 

Read from one bus, write 
Correct data Uncertain 

from the other 

[Access flag] 
Local bus: address 00D016-OOD716 

System bus: address 5016-5716 

The access flag arbitrates the access to the dual-port RAM. 
One bit of access flag is allocated to one byte of dual port 
RAM, amounting 64 bits (8 bytes) in total. The access flag 
can be read from both the system and local buses. Figure 4 
shows the relationship between each byte of the dual port 
RAM and each bit of the access flag. Each bit is cleared to 
"0" when an access to read is made to the dual port RAM 
from either bus, it is set to "'" when an access to write is 
made. If an access to read from one bus and an access to 
write from the other compete at the same address of the 
dual port RAM, the values of the corresponding access 
flags are uncertain.,At reset, all access flags are cleared to 
"0". 
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[Dual-port RAM direction specify register] 
Local bus: address 00E216 

This register specifies that the read operation of which bus 
clears each bit of the access flag. One bit of this register 
corresponds to 32 bytes of the dual-port RAM (32 bits of 
the access flag). This register consists of two bits. Each ac
cess flag is cleared by the read operation from the system 
bus when the corresponding dual-port RAM direction spe
cify register is "0"; when it is ",", each access flag is 
cleared by the read operation from the local bus. As for a 
write operation, the access flag is set regardless of which 
bus has made it. Table 2 shows the relationship between 
each bit of the dual-port RAM direction specify register and 
the dual-port RAM and the access flag. At reset, all bits are 
cleared to "0". 

access flag 

Local bus System bus 
address address 7 0 

0000,. 50,. 071 06 1 05 1 04 1 03 1 02 1 01 1 00 

0001,. 51,. OF 1 OE 1 00 1 OC I OB I OA I 09 I 08 

0002,. 52,. 17116115114113112111110 

: (Note) 

0007,. 57,. 3F I 3E 1301 3cl3B 1 3A 1 39 1 38 

(Note) The numeric shows the system bus 

address of dual-port RAM corresponds to 

each access flag Dual-port RAM dlrec-
lion specify register specifies which bus 

read-out resets the access flag bit 

Fig. 4 Correspondence between each byte of dual-port 
RAM and each bit of access flag 

Table 2. Correspondence among each bit of dual-port RAM direction specify register, dual-port RAM and access 
flag 

Dual-port RAM dlrecllon Dual-port RAM Access flag 

specify register Local bus address 1 System bus address Local bus address 1 System bus address 

bit 4 0280, .-029F,. I 00,.-1 F,. 0000,.-0003,. I 50,.-53,. 

bit 5 02AO,.-02BF,. I 20,.-3F,. 0004,.-0007,. I 54,.-57,. 
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[IPC mode register, IPC error register] 
Local bus: address OOFO'6~OOF7'6 

System bus: address 78'6~7B'6 
IPC mode registers O~1 (IPCMO~IPCM1) and IPC error 
registers O~1 (ERRO~ERR1) are the 8-bit registers which 

can be set by the user without restriction, IPC mode regis
ters 0 ~ 1 are used to specify the mode setting such as 

UART from the exter[1al master CPU via the system bus, 
I PC error registers O~ 1 are used to indicate the error found 
on the local CPU to the outside via the system bus. On the 
system bus, IPC mode registers O~ 1 and IPC error regis
ters O~ 1 share two bytes of the same address, with the for

mer being for write only and the latter for read only. On the 
local bus, the former is for read only and the latter is for 
both read and write, 
The data written from the system bus to IPC mode registers 
O~ 1 can be read from the local bus only, If an access to 

read or write is performed from the system bus on IPC 
mode register O/IPC error register 0, an interrupt request 
(IPCMO) is caused, 
When IPC error registers O~ 1 are accessed for read from 

the system bus, only the bits which are found "1" are reset 
by hardware, When these registers are read from the local 
bus, their values remain unchanged, 

[JPC semaphore register) 
Local bus: address 00F9'6 
System bus: address 7F'6 

This register is for handshaking with the master CPU and 
consists of block semaphore flags (BS, ~ BSs) and the 

ready flag (ROY), BS4~BSs can be read/written from both 
the local and system buses, ROY can be read/written from 

the local bus and read only from the system bus, With this 
register, all bits can be read at a time but, in a write opera
tion, only one bit can be written at a time, The low-order 
three bits of the data to be written are used to specify to 
which register bit the data is to be written, Bit 7 is used to 
specify whether to write "1" or "0:', At reset, all bits are 
cleared to "0", 

RDY is cleared to "0" also when an access to write is per
formed by the system bus on IPC mode register 0, 

,....':""r--,r--r--r-"'T"-""-'-' IPC semaphore 

L..,......JI.....--I....,.....L-,---'-_...L.._...L.._ .............. register 

'----'------------- Block 
semaphore 
flag 

'---_______________ Ready flag 

Fig. 5 Bit structure of IPC semaphore register 
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[Collision detect register] 
Local bus: address OOFA'6 
System bus: address 7E'6 

This register consists of two bits of collision detect flags 
(CD4~COS)' the collision interrupt enable bit, and collision 
interrupt request bit. The collision detect flags are set when 
an access to read is performed by the system bus on the 

same address on the dual port RAM to which the local bus 
is writing data. These flags indicate that the data read by 
the master CPU may be incorrect. When these flags are 
set, a collision detect interrupt request occurs, 
Each collision flag corresponds to each 32 bits of the dual 
port RAM. The flag bit corresponding to the address at 

which access competition occurred is set. The relationship 
'between the flag bits and the dual port RAM is shown in 
Table 3, These flags can be read from both buses, All bits 
are cleared when read from the system bus or at reset. 
The collision interrupt enable bit can be read/written from 
the local bus. When it is read from the system bus, "0" is 

always output. The collision interrupt request bit can be 
read only from the local bus, Only "0" can be written, 

Table 3. Correspondence between collision detect flag 
and dual-port RAM 

Collision detect Dual-port RAM 

flag 

CD, 

CDs 

Local bus address 

0280'6-029F'6 
02AO,6-02BF'6 

1 Syste';' bus address 

J 
I 

00,6-1 F'6 
20,6-3F'6 

Collision detect 
register 

'------~-- Collision mterrupt enable bit 
o : Interrupt disable 
1 : Interrupt enable 

'------------Collision mterrupt request bit 
o : No mterrupt request 
1 : With Interrupt request 

Fig. 6 Structure of collision detect register 
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INTERRUPT 
Interrupts can be caused by 6 different events. 
Interrupts are vectored interrupts with priorities shown in 
Table 4. Reset is also included in the table because its op
eration is similar to an interrupt. 
When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be Inhibited. Other interrupts are dis
abled when the interrupt inhibit flag is set. 
All Interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1" ,interrupt 
request bit is "1 ", and the interrupt inhibit bit is "0". The in
terrupt request bit can be reset with a program, but not set. 
The interrupt enable bit can be set and reset with a 
program. 
Reset is treated as a non-maskable interrupt with the high
est priority. Figure 7 shows interrupts control. 
All interrupt request bits except the collision interrupt are in 
the interrupt request register (address 00FC'6)' The colli
sion interrupt request bit is in the collision detect register 
(address 00FA'6)' The interrupt request bit is set when the 
following conditions occur: 
(1) When the data is set to receive buffer of UART 
(2) When the master CPU accesses the IPC mode/lPC 

error register 0 through bus interface 
(3) When the contents of the timer X goes to "0" 
(4) When one of the bit 4~bit 5 of the collision detect reg

ister is set to "1" 
(5) When the data is set to transmit buffer of UART 

There are two interrupt enable bits for each interrupt ex
cept collision interrupt. One is in interrupt enable register 
(address OOFB'6) , the other is in UART control register 
(address OOEE'6) or timer control register (address 
OOFF'6)' Interrupts are become enable when these two en
able bits are both "1". The collision interrupt enable bit is in 
bit 6 of collision detect register. 
UART transmit interrupt is controlled by CTS function select 
bit and CTS pin input (see UART section). 
Since the BRK instruction interrupt and the UART transmit 
interrupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in
struction caused the interrupt or if UART transmit generated 
the interrupt. 

Table 4. Interrupt vector address and priority 

Interrupt PriOrity Vector addresses 

RESET 1 1 FFF,., 1 FFE,. 

UART receive 2 1 FF9, •• 1 FF8,. 

IPCMO 3 1FF7, •• 1FF6,. 

Timer X 4 1 FF5, •• 1 FF4,. 

Collision 5 1 FF3, •• 1 FF2,. 

UART transmit! 
1 FED, •• 1 FEC,. 

BRK instruction 
6 
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Interrupt request 

Fig. 7 Interrupt control 
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--....... ,CTS 

Interrupt disable flag I 

• MlTSUBISHI 
..... ELECTRIC 

UART control register (address OOEE16 ) 

bit 4 : CTS pin function s~lect bit 
bit 3 : UART receive interrupt enable bit 

bit 1 : UART transmit interrupt enable bit 
bit 0 : UART transmit enable bit 

Interrupt request register (address OOFC,.) 
bit 5 : UART receive interrupt request bit 

bit 4 : IPCMO interrupt request bit 
bit 3 : Timer X interrupt request bit 
bit 0 : UART transmit interrupt request bit 

Interrupt enable register (address OOFS,.) 
bit 5 : Uil RT receive Interrupt enable bit 
bit 4 : IPCMO interrupt enable bit 
bit 3 : Timer X Interrupt enable bit 
bit 0 : UART transmit Interrupt enable bit 

Timer control register (address OOFF,.) 
bit 7 : IPCMO interrupt enable bit 
bit 6 : Timer X interrupt enable bit 

Collision detect register (address OOFA,.) 
bit 7 : Collision interrupt request bit 

bit 6 : Collision Interrupt enable bit 
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TIMER 
The M3740SM2-XXXSP has one timer: timer X. It has an 8-
bit prescaler. Each timer or prescaler is structured with 8-
bit counter. A block diagram of timer X is shown in Figure 
9. Timer or prescaler is a down-counter which is reloaded 
from the latch when the next clock pulse after the timer 
reaches zero. The division ratio is defined as , / (n + , ) 
where n is the decimal contents of the timer latch. The tim
er interrupt request bit (bit 3 of the address 00FC '6 of local 
address bus) is also set to "1" at this time. Timer counts the 

oscillation frequency divided by 16 when the bit 5 of timer 

control register is "0", and stops when ",". The structure of 
the timer control register is shown in Figure S. 
When the STP instruction is executed, or after reset, the 
prescaler and timer latch are set to FF '6 and 01 ,6, respec
tively. Also, when the STP instruction is executed, the oscil
lator's frequency (divided by 16) will become the counting 

source. This state will be released when the timer X inter
rupt request bit is set to ",", or after a resei. For more de
tails on the STP instruction, refer to the oscillation circuit 
section. 

\_----------------------~ 
Local bus 

Timer X count control bit 
(bit 5 of address OOFF,.) 

Fig. 9 Timer X block diagram 

I I I I I .111 J Timer control register (Address OOFF,.) 

U Processor mode bit 

00 : Single-chip mode 

01: I 
10: Not used 

11 : 

~----- Timer X count control bit 

o : Count timing ¢ diVided by four 

1 : Count stops 

'------- Timer X Interrupt enable bit 

o : Interrupt disable 

1 : Interrupt enable 

'-------- IPCMO Interrupt request bit 

o : No Interrupt request 

1 : With Interrupt request 

Fig. 8 Structure of timer control register 

t-----.... to timer X Interrupt request bit 

• MITSUBISHI 
~ELECTRIC' 3-59 
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UART 
The M37408M2·XXXSP contains one channel of UART. This 
UART has three pins TxD (transmit output), RxD (receive 
input), and CTS (clear to send) and contains the receive 
(transmit) shift register, the receive (transmit) buffer regis
ter, the UART mode register, the UART control register, the 
UART status register, and the baud rate generating divider. 
It also has a ClK pin the input pin of the external clock for 
baud rate generation. An interrupt can be generated at re

ceive and transmit independently. 

Local bus 

8 

UART control register 

UART status register 

UART mode register 

Flg.10 UART block diagram 
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(Receive operation] 
Setting the receive enable bit (bit 2 of the UART control 
register) to "1" puts the system in the receive enable state. 
When there is no input of receive data, "H" is input to RxD 
pin. When the falling edge is input to RxD pin and "L" input 
is detected twice consecutively by sampling with the clock 
having a frequency 16 times the baud rate, the start bit is 
triggered. Then, sampling is performed three time in the 
middle of the start bit. When "L" is detected twice or more, 
the receive operation begins, capturing the data bits into 
the receive shift register. If "L" has not been detected 
twice or more, start bit detection begins again. When the 
data bits and parity bit have been captured into the receive 
shift register and the stop bit is detected, the receive data 
is transferred from the receive shift register to the receive 
buffer register, setting the receiver ready flag (bit 1 of the 
UART status register). If a parity error occurred, the parity 
error flag is set. The framing error flag is set when the first 
stop bit is found "L". If the previous data has not been read 
out of the receive buffer register, the overrun error flag is 
set, clearing the previous data. The receiver ready flag is 
reset when the receive buffer register is read. Each error 
flag can be reset by writing "1" to the error flag reset bit 
(bit 7 of the UART control register). Any of these errors 
does not affect the receive operation. The data bit, the par
ity bit, and the stop bit are sampled t~ree times in the mid
dle of them each. When "L" or "H" is detected twice or 
more, "0" or "1" is determined respectively. 
Each time a receive operation has been completed, setting 
the receiver ready flag, the UART receive interrupt request 
bit (bit 7 of the interrupt request register) is set. An inter
rupt is acknowledged when the two UART receive interrupt 
enable bits (bit 3 of the UART control register and bit 7 of 
the interrupt enable register) are both "1", and the interrupt 
disable flag I is "0". The UART receive interrupt request bit 
is reset when a UART receive interrupt is acknowledged. 
Setting the receive enable bit (bit 2 of the UART control 
register) to "0" puts the system in the receive stopped 
state. At this time, the receiver ready flag is "0" (ready), 
the receive shift register is in the stopped state, and the 
start bit detection is stopped. 
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(Transmit operation] 
When the send data is written to the transmit buffer regis
ter, the start bit, parity bit, and stop bit are added to the 
data, which is transferred to the transmit shift register. The 
transmit shift register begins shift when it becomes enable 
for transmission, sending the serial data to TxD pin. For the 
desc;ription of the transmit enable state, see Table 5. ' 
In the transmit enable state, each time transmission of the 
stop bit of the serial data being transmitted has been com
pleted, it is checked whether the next data has been writ
ten to the transmit buffer register. If the data is found writ
ten, transmission of the next data begins. If the data is 
found not written, TxD pin is held at "H" until the next trans
mit data is written, setting the transmitter empty flag. When 
the transmit enable state is cleared during transmission, the 
transmission is stopped after completing the transmission of 
the transmit data so far written to the transmit buffer reg
ister. 
When the transmitter ready flag (bit 0 of the UART status 
register) is "1", it indicates that the transmit buffer is ready 
for writing data. The immediately preceding data is trans
ferred from the transmit buffer register to the transmit shift 
register. Every time the start bit is output from TxD pin, this 
flag is set. Every time the transmitter ready flag is set, the 
UART transmit interrupt request bit (bit 2 of the interrupt 
request register) is set. An interrupt is acknowledged when 
two UART transmit interrupt enable bits (bit 3 of the UART 
control register and bit 2 of the interrupt enable register) 
are both "1" and the interrupt disable flag 1 is "0". Note that 
an interrupt occurs only in the transmit ready state. 
Bit 6 of the UART control register initializes the UART 
transmit side. When this bit "0", the transmit side is in the 
initial state. 

Table 5. Bit and pin states when transmission is enable 

TE TE 
CTSE 

: UART transmit enable bit 

: CTS pin function selecbon bit 

CTS : CTS pin Input level 
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Table 6. Baud rate calculation [UART divider for baud rate generator] 
This is an 8-bit programmable divider which generates the 
baud rate for the UART receive or transmit operation. 

EX BR Calculation 

0 0 baud rate (bps) 
f(X ,N ) 

32(N sR+1) 

0 1 baud rate (bps) 
f(X ,N ) 

512(N sR+1) 

1 X baud rate (bps) 
!(ClK) 

16(NsR+1) 

EX : Clock selection bit for baud rate generator 

When the setting value is NBR (0 to 255), the divide ratio 
becomes 1/ (N BR + 1 ). There are three count sources; X,N 
clock divided by 2, X,N clock divided by 32, and the exter
nal clock. Choose sources by bits 4 and 5 of the UART 

mode register. Table' 6 shows the baud rate calculation for 
each bit combination. 
When the external clock is used, the frequency of the input 
clock must be below 1.6MHz. Writing to the baud rate 
generating divider must be performed when bits 2 and 6 of 
the UART control register are both "0". 

BR : D,vide ratio selection bit for baud rate generator 

Fig. 11 
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leTS pin] 
The CTS pin can be used as the '-bit I/O port when bit 4 of 
the UART control register (CTSE) is "0". In this case, the 
input/output direction can be determined by bit 7 of the 
UART mode register (CTSD) and the output data can be 
set by bit 5 of the UART control register (CTSO). Addi
tionally, the input level can be known by bit 7 of the UART 
status register (CTS). 

[UART mode register] 
• Parity enable bit: PEN 

Setting this bit to "'" adds a parity bit to the transmit 
data. In a receive operation, this bit is used for parity 
evaluation. 

• Parity select bit: EVN 
This bit specifies the parity bit to be generated in a 
transmit operation and the parity bit to be evaluated in a 
receive operation. Depending on the content of this bit, 
the number of , 's in data is made even or odd. 

• Character length select bit: CHl 
This bit specifies the character length of data. 

• Stop bit length select bit: ST 
This bit specifies the stop bit length. 

• Baud rate generating prescaler divide ratio select bit: 
BR 
When this bit is "0", the signal obtained by dividing X1N 

clock by 2 becomes the count source of the baud rate 
divider. When this bit is "''', the signal is obtained by di
viding the clock by 32. 

• Baud rate generating synchronous clock selection bit: 
EX 
This bit specifies baud rate synchronous clock. When 
this bit is "''', external clock is input from the ClK pin. 

• CTS pin I/O select bit: CTSD 
When this bit is "0", the CTS pin is the input pin. 

When this bit is "''', the pin is the output pin. To use the 
CTS pin as the CTS input, set "0". 

[UART control register] 
• Transmit enable bit: TE 

Setting this bit to "'" enables a transmit operation. 
• Transmit interrupt enable bit: TIE 

When this bit is "''', the interrupt in a transmit operation 
is enabled. 

• Receive enable bit: RE 
Setting this bit to "'" enables a receive operation. 

• Receive interrupt enable bit: RIE 
When this bit is "1", the interrupt in a receive operation 
is enablEld. 

• CTS pin function select bit: CTSE 
When this bit is "1", the CTS pin becomes the CTS 
input. 
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• CTS output data select bit: CTSO 
When this bit is "0", "l" is output. When it is "''', "H" is 
output. 

• Transmit side initialize bit: MR 
When this bit is "0", the transmit side is initialized. 

• Error flag reset select bit: ERST 
Setting this bit to "1" resets all error flags. When this bit 
is read, "0" is always read. 

[UART status register] 
• Transmitter ready flag: TxRDY 

When this flag is "1 ", it indicates that the transmit buffer 
register is empty and ready for writing transmit data. 

• Receiver ready flag: RxRDY 
When this flag is "1", it indicates that the receive buffer 
register is holding receive data. When the receive buf
fer register is read, it is cleared. 

• Transmitter empty flag: TEMP 
When this flag is "1", it indicates that neither the trans
mit shift register nor the transmit buffer register holds 
the data to be transmitted. 

• Parity error flag : PE 
This bit is set to "1" when the parity of the received 
data is different from the parity which was set. 

• Overrun error flag: OR 
When this flag is "1", it indicates that, before the data in 
the receive buffer register is read, the next data is 
transferred from the receive shift register to the receive 
buffer register and the previous data is lost. 

• Framing error flag: FE 
This flag is set to "1" when the stop bit is found "l" 
when data is transferred from the receive shift register 
to the receive buffer register. 

• CTS pin input level flag: CTS 
When the input level of the CTS pin is "l", "0" is read; 
when it is "H", "1" is read. 
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7 

jCTsol 

7 

leTs I 

o 
I EX I SA I ST ICHLI EVNIPENI 

L 

'---

I FE lOA I PE ITEMrr'RDYf'RDYI 

UART mode register 

Panty enable bit 

o : Parity disable 

1 : Parity enable 
Parity select bit 

o : Odd parity 

1 : Even parity 
Character length select bit 

0: 7-bit 

1: B-bit 

Stop bit length select bit 

0: l-stop bit 

1 : 2-stop bit 
Baud rate generating prescal 
divide ratio select bit 
o : X,N clock divided by 2 
1 : X,N clock divided by 32 

Baud rate generating 
synChronous clock select bit 
o : I nternal clock 

1 : Extern!!l_ cJ.Q<:~ 
CTS pin I/O select bit 

0: Input 

1 : Output 

UART status register 

L Transmitter ready flag 

o : Transmit buffer full 

1 : Transmit buffer empty 

Receiver ready flag 

o : Receive buffer empty 

1 : Receive buffer full 

Transmitter empty flag 

o : Exit data for transmit 

1 : No data for transmit 

Parity error flag 

0: No error 

1: Error 

Overrun error flag 

0: No error 

1: Error 

Framing error flag 

0: No error 

1: Error 

CTS pin input level flag 

0: "L" 
1 : "W 

Fig.12 Structure of registers related to UART 

7 o 
I ERST I MRICTSOICTSEI AlE I AE I TIE I TE I UART control register 

L 

'---

er 

Transmit enable bit 

o : Transmit disable 

1 : Transmit enable 

Transmit Interrupt enable bit 

o : Interrupt disable 

1 : Interrupt enable 

Receive enable bit 

o : Receive disable 

1 : Receive enable 

Receive interrupt enable bit 

0: Disable 

1 : Enable 

CTS pin lunctlon select bit 

0: I/O port 

1 : CTS pin 

CTS output data select bit 

o : "L" output 

1 : "w output 
Transmit side initiahze M 

o : Initialize 

1 : Transmit enable 

Error flag reset selection bit 

o : Reset disable 

1 : Error flag reset 
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RESET CIRCUIT 
The M37408M2-XXXSP is reset according to the sequence 

shown in Figure 14. It starts the program from the address 
formed by using the content of address 1 FFF'6 as the high 
order address and the content of the address 1 FFE'6 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2,us while the power voltage is in the recom-

M37408M2-

XXXSP 

RESET Vcc OV 

18+--l---'V\Or-~J 42 

M37408M2-
XXXSP 

OV---"'~ 

Power on 

.'AR~E_S_E_T __ V",;;CFC:-l.. Supply voltage 
18 42 , _____ ~ deteclion CirCUit 

I I 
I I 
I I 

'----+---1 I 
I 
I 

I . I 
I I L ____ __ -I 

Fig. 13 Example of reset circuit 

RESET 

SYNC 

Address 

Data 

8-12 clock cycles 
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mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in
ternal initializations following reset are shown in Figure 15 

and 16. 
An example of the reset circuit is shown in Figure 13. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X,WXOUT becomes stable. 

Reset address Irom the vector table 

Note 1: Frequency relalion 01 I(X,N) and ¢IS I(X,N) =4'¢ 

2: The mark" 1 " means that the address IS changeable depending on the previous state 

Fig.14 Timing diagram at reset 
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Local bus address 

(1) Port Pl directional register (El,,) .. j DOHl I 
(2) Dual-port RAM direction specify register (E216)'''! 00'6 I 
(3) UART status register (ED,,) .. ·I 0016 I 
(4) UART mode register (ED,,)···lo Ixl 0 1 0 10 1 0 10 I 0 I 
(5) UART control register (EE,,)···lx 10 I 0 I 0 I 0 1 0 I 0 1 0 I 
(6) IPC error register a (F4,,) .. ·1 00'6 I 
(7) IPC error register 1 (F7,,) .. ·1 0016 I 
(8) IPC semaphore register (F9,,)· .. 1 00" I 
(9) Colllsipn detect register (FA,,) .. j 00'6 I 
do) Interrupt enable register (FB,,)···I 00'6 I 
(11) Interrupt request register (FC,,)···I 00'6 I 
(11) Prescaler X (FD16 )···1 FF'6 I 
(13) Timer X (FE,,) .. j 01'6 ] 
(14) Timer control register (FF,,)··IO I 0 I 0 IxlXIXI 0 I 0 I 
(15) Access flag (DO,,-D7,,) .. j 00'6 I 
(16) Processor status register (PS)···I I I I I 111 I I 
(17) Program counter (PCH )'" Contents of address 1FFF'6 

(PCL)"1Contents of address lFFE16i 
Since the contents of both registers other than those listed above and 

the RAM are undefined at reset, It IS necessary to set Imtlal values 

Fig.15 Internal state of microcomputer at reset (1) 

System bus address 

(1) Port PO directional register (77,,)· .. 1 0016 

(2) IPC err0r register a (78,,) .. ·1 0016 

(3) IPC error register 1 (7B,,) .. ·1 0016 

(4) ColliSion detect register (7E,,)···1 0016 

(5) IPC semaphore register (7F,,) ··1 0016 

(6) Access flag (50-57,,) -[ 0016 

I 
I 
I 
I 
I 
I 

Since the contents of both registers other than those listed above and 

the RAM are undefined at reset, It IS necessary to set Initial values 

Flg.16 Internal state of microcomputer at reset (2) 
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1/0 PORTS 
(1) Port PO System bus: address 7616 

PDrt PO is an 8-bit I/O port with CMOS output. It can 
be accessed from system bus only and can not be 
accessed from local bus. 
As shown in the memory map (Figure 1), port PO can 
be accessed at system bus address 7616 . Port PO has a 
directional register (address 7716 ) which can be used 
tD program each individual bit as input ("0") or as out
put ("1"). If the pins are programmed as output, the 
output data is latched to the port register and then out
put. When data is read from tlie output pmt the output 
pin level is not read, only the latched data in the port 
register is read. This allows a previously output value to 
be read correctly even though the output voltage level 
is shifted up or down. Pins set as input are in the float
ing state and the signal levels can thus be read. When 
data is written into the input port, the data is latched 
only to the port latch and the pin still remains in the 
floating state. This port becomes input at reset. 

(2) Port P1 Local bus: address 00E016 

System bus: address 7516 

Port P1 is an 6-bit I/O PDrt and connected to local bus. 
It has the same function as' port PO except the con
nected bus. 
It's directiDnal register is at local bus address 00E1 16. 

Also PDrt P1 can be read from system bus but the pin 
state is read regardless the value Df the port P1 direc
tional register. 

(3) Address pins 

(4) 

Address pins AD - A6 are the input pins directly con
nected to the system bus. The 7 -bit address corres
ponding tD the system bus is input to these pins. The 
input level is TTL. 
Data pins 

Data pins Do - D7 are the output pins directly con
nected to the system bus. The 8-bit data corresponding 
to the system bus is input/output on these pins. When 
the CS pin is "L" and the RD pin is "L", the data pins 
become the DutPUt pins. When the CS pin is "L" and 
the WR pin is "L", the data pins become the input pins. 
Setting the CS pin to "H" puts pins Do-D7 in the float
ing state. The I/O level is TTL. 
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Port PO 

System bus Port PO 

Port P1 

Local bus Port P1 

System bus 

Fig. 17 Port PO, P1 block diagram 
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CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 

18. 
When the STP instruction is executed, the oscillation of in
ternal clock ¢ is stopped in the "H" state. 

Also, the prescaler X and timer X are loaded with FF'6 and 
01,6, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 
The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢ keeps its "H" level until timer 

X overflows. 
This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock ¢ 

stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 

Since the oscillation does not stop, the nellt instructions are 
executed at once. 
To return from the stop or the wait status, the interrupt en
able bit must be set to "1" before executing STP or WIT in

struction. Especially, to return from the stop status, the tim
er X count stop bit (bit 5 of address 00FF'6) must be set to 
"0" before executing STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 19 and 20. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 
The example of external clock usage is shown in Figure 21. 
X,N is the input, and XOUT is open. 

Interrupt request 

Interrupt disable flag I 

M37408M2-XXXSP 

X,N XOUT 

19 Rf 20 

~Or----
CIN COUT 

I r 
Fig. 19 External ceramic resonator circuit 

Fig. 20 

M37408M2-XXXSP 

X1N XOUT 

19 20 

External ceramic resonator circuit 
(capacity built-in type) 

M37408M2-XXXSP 

19 

External oscillating C"CUlt 

Fig. 21 External clock input circuit 

WIT Instruction R R STP instruction 
STP instruction R 

~-------------------~----~ 

Prescaler X Timer X 

Overflow 

Fig. 18 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 
(1) The frequency ratio of the timer and the prescaler is 

1/(n+1>-
(2) Even though the BBC and BBS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as a NOP) be
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) Change the address Ao - A6 input and the CS input 
when both the RD input and WR input are "H". 

(4) Registers whose values change when read, are CC!ln

nected to the system bus of the M37408M2-XXXSP. If 
the master CPU generates an invalid read cycle, data 
is not correctly transferred. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(7) The STP instruction must be executed after setting tim
er X count enable bit to enable "0", timer X interrupt 
enable bit to inhibit ("0"), and timer X interrupt request 
bit to no request ("0"). 

(8) The power current is max. lOmA in DC. However, be
cause a rush current and a bus charge-discharge cur
rent flow transiently, a bypass capacitor must be con
nected between Vss and Vee. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM confirmation form 
(2) mark specification form 
(3) ROM data'" ........................................ EPROM 3sets 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Rallngs Unit 

Vee Supply voltage -0.3-7 V 

V, Input voltage, RESET, X,N -0.3-7 V 

V, 
Input voltage, POo-PO" Pl o-Pl" 00-0" Ao-At" 

With respect to VS• -0. 3-Vee+0. 3 V 
RO, WR, CS, ClK, RxO, CTS 

V, Input voltage, CNV .. 
Output transistors cut~off 

-0.3-13 V 

Va 
Output voltage, POe-PO" Pl o-Pl" XOUT, ¢, 0 0-0" 

-0. 3-Vee+0. 3 V 
TxO, CTS 

Pd Power diSSipation Ta = 25'C 1 OOO( Note 1 ), mW 

T oDr Operatrng temperature -10-70 "C 

Tstg Storage temperature -40-125 "C 

Note 1: 300mW for QFP types 

RECOMMENDED OPERATING CONDITIONS (Vee = 5V±10%, Vss=OV, Ta = -10-70"C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply vo~age 4.5 5 5.5 V 

Vss Supply voltage 0 V 

V ,H 
"H" Input voltage X'N, RESET, ClK, POe-PO-" 

0. 8Vee Vcc+O.3 V 
Pl o-Pl" RxO, CTS 

V ,H "H" Input voltage Ao-At" 00-0" RO, WR, CS 2 Vcc+O.3 V 

V'L 
"l" Input voltage POo-par, Plo-Pl" ClK, 

-0.3 0. 2Vee V -
RxO, CTS 

V1L ' "l" Input voltage At,-At" 00-0" RO, WR, CS -0.3 0.8 V 

V'L "l" Input voltage RESET -0.3 0.1 2Vee V 

V'L "l" input voltage X,. -0.3 0. 16Vee V 

IOH 
"H" output current POe-PO" Plo-Pl" ¢, 

-10 mA 
TxO, CTS 

IOH "H" output current 0 0 ..... 0 7 -1.0 mA 

IOL 
"l" output current POo-par, Pl.-Pl" ¢, 

10 mA 
TxO, CTS 

IOL ilL" output current Do ..... D7 -1.6 mA 

Note The average output current louavg) and 10Hlavg) are the average value of a penod of lOOms 
Total of lOLl peak) of ports PO, PI, T xD and CTS is -50mA 
Total of 10Hlpeak) of ports PO, PI, TxD and CTS IS 50mA 

ELECTRICAL CHARACTERISTICS (Vee = 5V, Vss = OV, Ta = 25'C, unless otherwise noted) 

Symbol Parameter Test conditIOns 
Min 

V"'H "H" output voltage POo-par, Pl o-Pl" ¢, TxO, CTS IOH=-lOmA Vee-2 

V OH "H" output voltage 00-0, IOH=-1mA 2.4 

VOL "l" output voltage POo- PO" Plo-Pl" ¢, TxO, CTS IOL=10mA 

VOL "l" output voltage 00- 0, IOL=1.6mA 

I, Input leak current Ao-At" RO, WR, CS, ClK VSS&VI~VCC -5 

I, Input leak current RESET, X,. V .. ;;;'V,;;;'7V -5 

loz 
Tri-state leak current POo-PO" Pl o-Pl" 0 0-07, 

CTS 
Vss+O. 5;;;'Vo;;;'Vce-O. 5V -5 

VT+-VT- HysteresIs RESET, ClK, RxO, CTS 

f(X,N)=10MHz 

Square wave 

Output terminals ditto 

Icc Supply current 
are opened, (walt mode) 

others to V .. , At stop mode 

CS=Vcc T a = 25'C 

At stop mode 

Ta = 70'C 

3-70 A~I 

Limits 
Unit 

Typ Max 

V 

V 

2 V 

0.4 V 

5 J,tA 
5 J,tA 

5 J,tA 

0.6 V 

10 

mA 
1 

1 

J,tA 
10 
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TIMING REQUIREMENTS 
System bus (Vcc=5V±10%, Vss=OV, T a=-10-70'C, !(X,N)=10MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min. Tyll.- Max. 

tSU(A WR} Ao-Ao CS Input set-up time 50 os 

tSU(A AD) Ao-Ao CS Input set-up time 50 ns 

tsu(o WR) 00-0, Input set-up bme 80 os 

th(WA A) Ao-Ao CS Input hold time 0 ns 
Fig. 22 

th(AO A) Ao-Ao CS Input hold time 0 os 

th(WA-O) 00-0, Input hold time 10 os 

tW(WA) WR Input "L" pulse width 200 os 

\w(RO) RO Input "L" pulse width 200 ns 

Local bus (Vcc=5V±10%, Vss=ov, Ta=-10-70'C, f(X,N )=10MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

I I Unit 
Min Typ Max. 

tSU(P1-~) PI 0-PI, Input set-up time 
Fig. 22 

300 I I ns 

th(¢-P1) Pto-Pt, Input hold time 50 I I ns 

SWITCHING CHARACTERISTICS 
System bus (Vcc=5V±10%, Vss=ov, Ta=-10-70'C, f(X,N )=10MHz, unless otherwise noted) 

Symbol Parameter Test ConditionS 
Limits 

Unit 
Min Typ Max. 

tdeo-Ro) 00-0, output delay time 150 ns 

tV(O-RD) 0 0-...07 output effective time 0 OS 

ten(RO-O) 00-07 output enable time 
Fig. 22 

10 os 

tdlseRO-o) 00-0, output disable time 50 os 

Local bus (Vcc=5V±10%, Vss=OV, Ta=-10-70'C, f(X,N)=10MHz, unless otherwise noted) 

I Symbol 1 Limits I . I Parameter Test conditions I 1 Max. l Unit 
Min Typ 

I tde¢ P1) Pto-PI, output delay time I Fig. 22 I -I 300 1 os 1 

0 0-07 

PO 

1 PI 100pF 

r 

Fig.22 Port PO, P1, 0 0-07 test circuit 
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TIMING DIAGRAMS 
System bus write cycle 

=> 

System bus read cycle 

=> 

Local bus 

¢ -.J 

Pl 0-Pl. output 

Plo-Pl. IOput 
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DESCRIPTION 
The M37409M2-XXXSP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
52-pin shrink plastic molded DIP (flat package type als'O 
available). This single-chip microcomputer is useful for the 
communication application used as a slave-microcomputer. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 
The differences between the M37409M2-XXXSP and the 
M37409M2-XXXFP are the package outline and the power 
dissipation ability (absolute maximum ratings). 

FEATURES 
• Number of basic instructions .................................. · 69 
• Memory size ROM .................................. · 4096 bytes 

RAM ..................................... 128 bytes 

• Instruction execution time 
... O. 8,11 s (minimum instructions at 1 OMHz frequency) 

• Single power supply f(XIN)=10MHz ............... 5V±1 0% 

• Power dissipation 
normal operation mode (at lOMHz frequency) .. 50mW 

• Subroutine nesting ............................ ·64 levels (Max.) 
• Interrupt ...................................................... ·1 0 types 
• 8-bit timer .... ·· ........ · ............ · .................. · .. · ........ · .. · 1 

• UART (Full-duplex) ................ · ................ · .. 3 channels 
• Dual-port RAM .......... · ...... · .......................... 192 bytes 

• Communication registers 
Access flag ................................................ 192 bits 

Collision detect register ............ · ...... ·· .......... 8-bitX1 
IPC* semaphore register .... · .................. · .. · .. 7-bitX1 
IPC mode regisler .. · .. ·· ............ ·· ...... · ...... ·· .. ·8-bitX4 
IPC error register'" ..................................... 8-bitX4 

• Programmable I/O ports 
(Ports PO, P1, CTS,-CTS3 ) · ...... · .................. · ...... 19 

• Bus interface 
Address bus························································ 8 
Data bus ...................................................... ·······8 

Control signal (WR, RD, CS) ........ , ........................ 3 

APPLICATION 
Office automation equipment 

* IPC"'lntelligent Protcol Controller 

PIN CONFIGURATION (TOP VIEW) 

A7 - 1 

Address bus 

1/0 port PO 

Write control signal WR --+ 9 

Read control Signal RD --+ 10 

Chip select CS --+ 11 

110 port P1 

Data bus 

36 ++ P1 7 

35 .... CTS3 ~~n~~~I~nput 

UART clock elK --+ 20 

CNVss 

34 +-- RxD3 Receive Input 

33 --. T xD3 Transmit output 

32 .... CTS2 ~~~~~~~~put 
Reset Input RESET - 22 31 +-- RxD2 Receive Input 

30 --+ T xD2 Transmit output Clock Input 

Clock output 

Tlmmg output 

Vss 

29 .... CTS, ~6~~~T:~put 
28 +-- RxD, Receive Input 

=-1 _____ -"2""7 ........ T XD1 Transmit output 

Outline 52P48 

M37409M2-XXXFP 

18 +- X1N 

~r.rr~~~r.rr~~~~~~~c!'~7 -RESET 

111111111111111 
3 ~ 9IO::I O I(J) .... <0 ~ " M ~ ... 0 ~ (/J ""'>o::()OOOOOOOO.J oo 

> ()~ 
() 

Outline 56P6N 

NC : No connection 
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192 bytes 
IPC error register 3(8) IPC mode register 3(8) 

1 11 J 
System bus 

~ /\ J, 
,} 

~ t 1 
Bus Interface 

PO(8) 

JiJll1+L t t 
t -Mx~5)JtmB}J~ 11 .11111 

----- ~~ljIl4 ~!jM9){!j1W>1 

A7-Ao WR RD CS D7-Do 
Address bus A Data bus DB 

P07-POO 

1/0 port PO 

-

I 

J 

CTS, RxD, TxD, ClK 

.r. .1l 
l UARTl J 

'- .(\ 
~ 

{j 
Instruction I preSCaler(8)] 
reglster(8) 

l J 
'\./ 

Instruction jlr decoder 

l contr! signal 

Timer X(8) 

.d'\. J\. 

11 l 
l'PC semaphore 

register (7) 
l Collision detect 

register (8) 

.L ~ 

1 y 

l Pl (8) 

.~t;13~ 
P1 7-Pl o 

1/0 port Pl 

-y 

L 
I 

-1 

(I) -Z 
C) 
r-

-< III 
n 
:z: 
'V !: 
011 WI: . 
m -..=t 
-I ~(I) 

C 
n O·m 
I: CDC;; 
Q !:= (I) 

11 WI: 
I 

n ><n 
::III ><~ Q 
n ><g 

~ I I~ (1)1: 
"",'V 

,C ........ ~ 
-I 'TIIII III 

""'~ ::III 

'"--



MITSUBISHI MICROCOMPUTERS 

M37409M2-XXXSP/FP 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37409M2·XXXSP 
Parameter Functions --

Number of basic instructions 69 

Instruction execution time O. 8,us (minimum instructions, at 10MHz frequency) 

Clock frequency 10MHz 

ROM 4096 bytes 
Memory size 

RAM 128 bytes 

POo-PO, 1/0 8-bitX 1 (System bus 110) 

Input/Output ports PIa-PI, 1/0 8-bitXl (Local bus 1/0, System bus input) 

CTS,-CTS, 1/0 t-bitX3 (Common with UART transmit controlmput) 

A,-A, Input 8-bitXl 

Bus interface 0 0-0, 1/0 8-bitXl 

RD, WR, CS Input 1-bitX3 

UART 3 (with programmable baud rate generator) 

Timer 8-bitX 1 (with 8-bit prescaler) 

Interrupt 
System bus (IPCMO") Interrupt 1, UART Interrupt 6, Timer interrupt 1, Collision inter-

rupt I 

Dual-port RAM 192 bytes 

Access flag 192 bits 

Collision detect register# 8-bitXl 
Communication 

IPC semaphore register 7-bitXl 

tegisters IPC mode register 8-bitX4 

IPC error register 8-bltX4 

Subroutine nesting 64 levels (max.) 

Clock generating circuit Built-in (externally connected ceramic or quartz crystal oscillator) 

Supply voltage 5V±10% 

at operation 50mW 

at wait made 5mW 
Power dissipation 

Ta=25'C O.05mW 
at stop mode 

Ta=70'C 0,5mW 

Operating temperature range -10-70"(; 

Device structure CMOS silicon gate process 

M37409M2-XXXSP 52-pin shrink plastic molded DIP 
Package 

M37409M2-XXXFP 56-pin plastic molded QFP 
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PIN DESCRIPTION 

Pin Name 
Inputl 

Output 
Functions 

Vee. Supply voltage Power supply inputs 5V±10% to Vee, and OV to Vss 

Vss 

CNVss CNVss This is usually connected to Vss 

RESET Reset mput Input To enter the reset state, the reset input pin must be kept at a "L" for more than 2,us (under normal Vee 

, conditions). If more time IS needed for the crystal OSCillator to stabilize, this "L" condition should be main-

tained for the required time 

X'N Clock Input Input This chip has an internal clock generating Circuit To control generating frequency, an external ceramic or a 

quartz crystal oscillator IS connected between the XIN and XOUT pms. If an external clock is used, the clock 

XOUT Clock output Output source should be connected the XIN pin and the XOUT pin should be left open 

r/> Timing output Output This IS the timing output pin 

POO-P07 I/O port PO I/O Port PO IS an 8-blt I/O port with directional register allowing each I/O bit to be Individually programmed as 

Input or output This port IS connected to the system bus only, and can not be accessed from the local bus. 

At reset this port becomes Input mode. The output structure IS CMOS output 

P1 o-P1 7 1/0 port Pt 1/0 Port P1 IS an 8-bit I/O port and has basically the same functions as port PO This port IS connected to the 

local bus and can be used as only input port from the system bus The output structure IS CMOS output. 

TxO, UART transfer output Output These are UART transfer data output pinS 

-TX 0 3 

RxO, UART receive input Input These are UART receive data Input pins 

-RX 0 3 

--
CTS, UART transfer control 1/0 These are UART transfer control signal Input pinS and can be used as I/O port which have basically same 

-CTS3 input function as port P1. 

ClK UART clock Input Input This port is an external clock Input Pin for baud rate 

Ao-A7 Address input Input This port IS input for system address 

0 0-07 Data input/output 1/0 This port is input or output the system data 

-
CS Chip select Input System data can be read or written by inputting "L" to this port 

-
RO Read control Input Input Memory or register data specified by Ao ...... A7 IS read from 00 ...... D7 by inputting "L" to this port 

WR Write control Input Input Data input from 0 0-07 IS written to memory or register specified by Ao-A7 by inputting "L" to this port 



FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37409 microcomputers use the standard MELPS 740 

instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 
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ADDRESS AREA 
M37409M2-XXXSP has two buses; the local bus connected 

to the CPU of its own, and the system bus connected to the 
CPU of the external master computer. There are two cor
responding address area. 

The local bus has thirteen address buses and eight data 
buses. The address area, which is 8192 bytes, is addresses 
from 0000'6 to 1 FFF,6 . 

For this local bus area, addresses 1000 '6 to 1 FFF'6 are 
assigned to the built-in ROM area which consists of 4096 
bytes. 
The system bus has eight address buses and eight data 
buses. The address area, which is 256 bytes, is addresses 
from 00'6 to FF,6. 
The internal memories and registers are connected to one 
or both of these buses. Therefore, it is necessary, in writing 
programs, to know the operation of each functional block as 
well as to which bus the memories and registers are con
nected at what addresses. 

Fig. 1 

RAM 
(128 bytes) 

Access 
flag 

Dual-port RAM 
(192 bytes) 

ROM 
(4096 bytes) 

Memory map 

I 0000 '6 

007F'6 

Not used 

00CO '6 

0007,6 

Not used 

00EO'6 
SFR area 

00FF'6 

Not used 

0200 '6 

02BF, 6 

Not Used 

1000, 6 

1 FOO, 6 

lFEC, 6 

Interrupt vector area 

lFFF, 6 

Address area apply to local bus 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as 1/0 ports and timers. 

• RAM 
RAM is used for data storage as well as a stack area. 

• ROM 
ROM is used for storing user programs as well as the inter
rupt vector area. 

• Interrupt Vector Area 
The interrupt vector area is for storing jump destination 

addresses used at reset or when an interrupt is generated. 

• Zero Page 
Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

00 '6 

Dual-port RAM 

CO '6 

Access flag 

08 '6 

Zero Not used 
page 

F5'6 Port PI 

F6 '6 Port PO 

F7 '6 Port PO dlracllonal regISter 

F8 '6 IPC mode regISter O/IPC error register 0 

F9 '6 IPC mode register l/lPC error regISter 1 

FA'6 IPC mode register 2/1PC error regISter 2 

FB '6 IPC mode register 311PC error regISter 3 

FC '6 

Not used 

FD '6 

FE '6 Collision detect register 

Special 
FF '6 

page for 
IPC semaphore register 

subroutme 
call 

Address area apply to system bus 
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OOEO'6 

OOE1 '6 

OOE2'6 

OOE3'6 

OOE4'6 

OOES'6 

OOE6'6 

OOE?'6 

OOE8'6 

OOE9'6 

OOEA'6 

OOEB'6 

OOEC'6 

OOED'6 

OOEE'6 

OOEF'6 

Port PI 

Port PI directIOnal regIster 

Dual-port RAM direction specIfy register 

UART1 receive/transfer buffer register 

UART1 status reglster/UARTl mode regIster 

UARTI control register 

UARTI divIder for baud rate generate 

UART2 receIve/transfer buffer regIster 

UART2 status reglster/UART2 mode regIster 

UART2 control regIster 

UART2 d,v,der for baud rate generate 

UART3 recelve/transfer buffer regIster 

UART3 status reglster/UART3 mode regIster 

UART3 control regIster 

UART3 diVIder for baud rate generate 

Fig. 2 SFR (Special Function Register) memory map 
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OOFO'6 

OOF1 '6 

OOF2'6 

OOF316 

OOF4'6 

OOFS'6 

OOF616 

OOF?16 

OOF8'6 

OOF9'6 

OOFA16 

OOFS16 

OOFC16 

OOFD'6 

OOFE'6 

OOFF'6 

IPC mode regIster 0 

IPC mode regIster 1 

IPC mode regIster 2 

IPC mode register 3 

IPe error register 0 

IPC error regIster 1 

IPC error regIster 2 

IPC error regIster 3 

IPe semaphore register 

CollisIon detect regIster 

Interrupt enable register 

Interrupt request register 

Prescaler X 

Timer X 

Timer control register 
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Bus Interface 
M37409M2-XXXSP has the bus interface to operate itself 
by the control signal sent from the master CPU. The master 
CPU can access the memories and registers located in the 
system address area described below via this bus inter
face. The bus interface has address pins ~ to A7, data pins 
Do to 0 7, and three controls signals CS, WR, and RD which. 
can be directly connected to TIL. 
Driving the Cs pin to· "L" put this microcomputer in the 
read/write enabled state. When writing data from the mas-

is fS 

ter CPU, specify the address by Ao-A7 and set WR to "L", 
and the data at 0 0 - 07 is written to the specified address. 
When reading data, specify the address by ~-A7 and set 
RD to "L", and the contents of the specified address are 
output to 0 0-07. 

Driving the CS pin to "H" puts the M37409M2-XXXSP in the 
state which does not allow the read and write operations 
from the master CPU. At this time, the outputs of Do to 07 
are in the floating state. 
Figure 3 shows the block diagram of the bus interface. 

Local bus 

fS Is t7 is 
IPC error register O(S) IPC mode register 0(8) I Access flag I Dual-port 

I 
se':~hore Ilcollision detec~ 

IPC error register 1 (S) IPC mode register 1(S) 192 bits RAM register (7) register (S) 

IPC error register 2(S) IPC mode register 2(8) 192 bytes 

IPC error register 3(S) IPC mode register 3(8) S Is 7 6 is {S 

Fig. 3 Block diagram of bus interface 
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Dual-port RAM 
The dual-port RAM, which is 192 bytes, is the memory 
which allows the read/write operation from both the local 

and system buses independently. From the local bus, it is 
allocated at addresses 020016 to 02BF16; from the system 
bus, addresses 0016 to BF16. Table 1 shows the result when 
the write and read operations from both buses compete at 
the same address. 

Table 1. Result obtained by simultaneously accessing 
the same address from the system and local 
buses 

Write Read 
-~ 

Simultaneous read from both 
-- Correct data buses 

Simultaneous wnte from both 
buses Unpredictable --

Read from one bus. write 
from the other Correct data Uncertam 

[Access flag] 
Local bus: address 00C016~00D716 

System bus: address C016~D716 
The access flag arbitrates the access to the dual-port RAM. 
One bit of access flag is allocated to one byte of dual port 
RAM, amounting 192 bits (24 byies) in total. The access 

flag can be read from both the system and local buses. Fi
gure 4 shows the relationship between each byte of the 
dual port RAM and each bit of the access flag. Each bit is 
cleared to "0" when an access to read is made to the dual 
port RAM from either bus, it is set to "1" when an access to 
write is made. If an access to read from one bus and an ac
cess to write from the other compete at the same address 
of the dual port RAM, the values of the corresponding ac
cess flags are uncertain. At reset, all access flags are 
cleared to "0". 

[Dual-port RAM direction specify register] 
Local bus: address 00E216 

This register specifies that the read operation of which bus 
clears each bit of the access flag. One bit of this register 
corresponds to 32 bytes of the dual-port RAM (32 bits of 
the access flag). Thi's register consists of six bits. Each ac
cess flag is cleared by the read operation from the system 
bus when the corresponding dual-port RAM direction spe
cify register is "0"; when it is "1", each access flag is 
cleared by the read operation from the local bus. As for a 
write operation, the access flag is set regardless of which 

bus has made it. Table 2 shows the relationship between 
each bit of the dual-port RAM direction specify register and 
the dual-port RAM and the access flag. At reset, all bits are 
cleared to "0". 

access flag 

Local bus System bus 
address address 7 0 

OOCO" CO" 07 ! 06105104103102101 100 

OOC1 16 C1'6 OF 1 OEl OD 1 OC I OB I OA 1 09 I 08 

00C2'6 C2'6 17116115114113112111110 

(Note) 

0007'6 0716 ~~_~~ i~BJEiAfE3ili~ 
(Note) The numenc shows the system bus 

address of dual-port RAM corresponds to 

each access flag Dual-port RAM direc-

tion specify register specifies which bus 

read-out resets the access flag bit 

Fig. 4 Correspondence between each byte of dual-port 
RAM and each bit of access flag 

Table 2. Co~respondence among each bit of dual-port RAM direction specify register, dual-port RAM and access 
flag 

Dual-port RAM direction 

specify register 

bit 0 

bit 1 

bit 2 

bit 3 

bit 4 

bit 5 

Dual-port RAM 

Local bus address 

0200'6 021 F'6 
0220,6 023F'6 

0240'6 025F'6 

0260'6 027F'6 

0280'6 029F'6 

02AO'6 02BF'6 

System bus address 

00,6 1 F'6 

20'6 3F'6 

40'6- 5F '6 

60'6 7F'6 

80'6 9F'6 
A016 BF16 

• MITSUBISHI 
;"ELECTRIC 

Access flag 

Local bus address System bus address 

00CO'6 00C3'6 CO'6 C3'6 

00C4'6-00C7 '6 C4'6 C7'6 

00C8'6-00CB'6 C8'6 CB'6 

00CC'6-00CF'6 CC'6 CF'6 

00DO'6 00D3'6 DO'6 D3'6 
00D4'6 00D7'6 0416 D7'6 
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[lPC mode register, IPC error register) 
Local bus: address 00F016-OOF716 

System bus: address F81S-FB1S 

IPC mode registers 0-3 (IPCMO-IPCM3) and IPC error 
registers 0-3 (ERRO-ERR3) are the 8-bit registers which 
can be set by the user without restriction. IPC mode regis
ters 0 - 3 are used to specify the mode setting such as 
UART from the external master CPU via the system bus. 
IPC error registers 0-3 are used to indicate the error found 
on the local CPU to the outside via the system bus. On the 
system bus, IPC mode registers 0-3 and IPC error regis
ters 0 - 3 share. four bytes of the same address, with the 
former being for write only and the latter for read only. On 
the local bus, the former is for read only and the latter is for 
both read and write. 
The data written from the system bus to IPC mode registers 
0-3 can be read from the local bus only. If an access to 
read or write is performed from the system bus on IPC 
mode register O/IPC error register 0, an interrupt request 
(IPCMO) is caused. 
When IPC error registers 0-3 are accessed for read from 
the system bus, only the bits which are found "1" are reset 
by hardware. When these registers are read from the local 
bus, their values remain unchanged. 

[lPC semaphore register) 
Local bus: address 00F916 

System bus: address FF1S 

This register Is for handshaking with the master CPU and 
consists of block semaphore flags (BSO- BS5) and the 
re~dy-flag (ROY). BSO-BS5 can be read/written from both 
the local and system buses. ROY can be read/written from 
the local bus and read only from the sy-stem bus. With this 
register, all bits can be read at a time but, in a write opera
tion, only one bit can be written at a time. The low-order 
three' bits of the data to be written are used to specify to 
which register bit the data is to be written. Bit 7 is used to 
specify whether to write "'" or "0". At reset, all bits are 
cleared to "0". 
ROY is cleared to "0" also when an access to write is per
formed by the system bus on IPC mode register O. 

IPC semaphore 

..... r--II---I"--r-L..,.. ........ -r--'--r-....... .,.--...... T-' register 

L..---'-_---'--_---'--_-'-_...l...-__ Block 

semaphore 
flag 

'------------------ready flag 

Flg.5 Bit structure of IPC semaphore register 
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[Collision detect register) 
Local bus: address 00FA1s 

System bus: address FE1s 

This register consists of six bits of collision detect flags 
(COO-C05), the collision interrupt enable bit, and collision 
interrupt request bit. The collision detect flags are set when 
an access to read is performed by the system bus on the 
same address on the dual port RAM to which the local bus 
is writing data. These flags indicat,e that the data read by 
the master CPU may be incorrect. When these flags are 
set, a collision detect interrupt request occurs. 
Each COllision flag corresponds to each 32 bits of the dual 
port RAM. The flag bit corresponding to the address at 
which access competition occurred is set. The relationship 
between the flag bits and the dual port RAM is shown in 
Table 3. These flags can be read from both buses. All bits 
are cleared when read from the system bus or at reset. 
The collision interrupt enable bit can be read/written from 
the local bus. When it is read from the system 'bus, "0" is 
always output. The collision interrupt request bit can be 
read only from the local bus. Only "0" can be written. 

Table 3. Correspondence between collision detect flag 
and dual-port RAM 

Collision detect Dual-port RAM 

flag Local bus address System bus address 

COo 0200,.-021 F,. OD,.-1F,. 
CD, 0220,.-023F,. 20,.-3F,. 
CD. 0240,.-025F,. 40,.-5F,. 

CD. 0260,.--o27F,. 60,.-7F,. 
CD4 0280,.-029F,. 80,.-9F,. 

CD. 02AO,.-02BF,. AO,.-BF,. 

,.....:~,.-...... -""T-.,.-..,..-"T"'-'T"'::..., ColliSion detect 

register 

'------l_----'_-'-_---'-_---'--_ ColliSion detect 

flag 

'-----------Collislon interrupt enable bit 
o : Interrupt disable 
1 : Interrupt enable 

'--_________ Collision Interrupt request bit 

o : No Interrupt request 
1 : With interrupt request 

Fig. 6 Structure of collision detect register 
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INTERRUPT 
Interrupts can be caused by 10 different events. 
Interrupts are vectored interrupts with priorities shown in 
Table 4. Reset is also included in the table because its op
eration is similar to an interrupt. 
When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 

address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupts are dis
abled when the interrupt inhibit flag is set. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1",interrupt 
request bit is "1", and the interrupt inhibit bit is "0". The in
terrupt request bit can be reset with a program, but not set. 

The interrupt enable bit can be set and reset with a 
program. 
Reset is treated as a non-maskable interrupt with the high
est priority. Figure 7 shows interrupts control. 
All interrupt request bits except the collision detect inter

rupt are in the interrupt request register (address OOFC ,S ). 

The collision detect interrupt request bit is in the collision 
detect register (address OOFA ,S ). The interrupt request bit 
is set when the following conditions occur: 
(1) When the data is set to receive buffer of UART1, 

UART2, or UART3 
(2) When the master CPU accesses the IPC mode/lPC 

error register 0 through bus interface 
(3) When the contents of the timer X goes to "0" 
(4) When one of the bit O-bit 5 of the collision detect reg

ister is set to "1" 
(5) When the data is set to transmit buffer of UART1, 

UART2, or UART3 

There are two interrupt enable bits for each interrupt ex
cept collision detect interrupt. One is in interrupt enable 

register (address OOFB,S)' the other is in UART1, UART2, 
UART3 control register (address OOE6,S, OOEA,S, OOEE ,S) or 
timer control register (address OOFF,S)' Interrupts are be
come enable when these two enable bits are both "1". The 
collision interrupt enable bit is in bit 6 of collision detect 
register. 
UART transmit interrupt is controlled by CTS" CTS2 or 
CTS3 function select bit and CTS" CTS2 or CTS3 pin input 
(see UART section). 

Since the BRK instruction interrupt and the UART3 transmit 
interrupt have the same vectored address, t~e contents of 
the B flag must be checked to determine if the BRK in

struction caused the interrupt or if UART3 transmit gener
ated the interrupt. 

Table 4. Interrupt vector address and priority 

Interrupt PriOrity Vector addresses 

RESET 1 1 FFF'6, 1 FFE'6 
UART1 receive 2 1 FFD'6, 1 FFC'6 
UART2 receive 3 1 FFB'6, 1 FFA'6 
UART3 receive 4 1 FF9'6, 1 FF8'6 

IPCMO 5 1 FF7'6, 1 FF6'6 

Timer X 6 1 FF5'6, 1 FF4'6 
Collision detect 7 1 FF3'6, 1 FF2'6 
UART1 transmit 8 1 FF1 , ., 1 FFO'6 

UART2 transmit 9 1 FEF'6, 1 FEE,. 

UART3 transmit! 
10 

BRK instruction 
1 FED'6, 1 FEC'6 
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7 a 

I I I I I I I I I 
I 

r 
\. J( ~ CTS, 

7 a 

I I I I I I I I I 
,.... 
\.. oK: "- CTS, 7 a 

I I I I I I I I I 

-{ 
..IC.....t-CTS3 

7 a 

I I I I I I I I I 
I I I 

7 a 

I J J I I I I I I 
J I I 

, 
7 a 

I I I I I I I I I 
~ 

7 a 

I I I I I I I I I 

) L~~l ~ Y 9 
1 J 1 

Q 
Interrupt disable flag I 

UARTl control register (address OOE6,.) 
bit 4 : CTS, pin function select bit 
bit 3 : UARTl receive interrupt enable bit 
bit 1 : UARTl transmit Interrupt enable bit 
bit a : UART1 transmit enable bit 

UART2 control register (address OOEA,.) 
bit 4 : CTS, pin function select bit 
bit 3 : UART2 receive interrupt enable bIt 
bIt 1 : UART2 transmIt Interrupt enable bit 
bit 0 : UART2 transmit enable bit 

UART3 control register (address OOEE,.) 
bit 4 : CTS3 pin function select bit 
bit 3 : UART3 receive,interrupt enable bit 
bit 1 : UART3 transmit interrupt enable bIt 
bIt 0 : UART3 transmit enable bit 

Interrupt request register (address OOFC,.) 
bit 7 : UARTl receive interrupt request bit 
bit 6 : UART2 receive Interrupt request bIt 
bit 5 : UART3 receive Interrupt request bit 
bit 4 : IPCMO interrupt request bIt 
bit 3 : Timer X Interrupt request bit 
bit 2 : UARTl transmIt interrupt request bit 
bit 1 : UART2 transmit Interrupt request bit 
bit 0 : UART3 transmit Interrupt request bit 

Interrupt enable register (address OOFS,.) 
bit 7 : UARTl receive interrupt enable bIt 
bit 6 : UART2 receive interrupt enable bit 
bIt 5 : UART3 receIve Interrupt enable bit 
bit 4 : IPCMO interrupt enable bit 
bit 3 : Timer X Interrupt enable bIt 
bIt 2 : UARTl transmit interrupt enable bIt 
bIt 1 : UART2 transmit interrupt enable bit 
bit 0 : UART3 transmit Interrupt enable bit 

TImer control register (address OOFF,.) 
bIt 7: IPCMO interrupt enable bit 
bit 6 : Timer X Interrupt enable bIt 

CollIsion detect register (address OOFA,.) 
bit 7 : CollisIon Interrupt request bIt 
bit 6 : Collision interrupt enable bit 

Reset 

Fig. 7 Interrupt control 
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TIIIIIER 
The M37409M2·XXXSP has one timer: timer X. It has an 8-
bit prescaler. Each timer or prescaler is structured with 8-
bit counter. A block diagram of timer X is shown in Figure 
9. Timer or prescaler is a down-counter which is reloaded 
from the latch when the next clock pulse after the timer 

reaches zero. The division ratio is defined as 1/ (n + 1) 
where n is the decimal contents of the timer latch. The tim
er interrupt request bit (bit 3 of the address 00FC'6 of local 
address bus) is also set to "1" at this time. Timer counts the 

oscillation frequency divided by 16 when the bit 5 of timer 
control register is "0", and stops when "1". The structure of 
the timer control register is shown in Figure 8. 
When the STP instruction is excuted, or after reset, the pre
scaler and timer latch are set to FF'6 and 01,6, respective
ly. Also, when the STP instruction is executed, the oscilla
tor's frequency (divided by 16) will become the counting 
source. This state will be released when the timer X inter

rupt request bit is set to "I", or after a reset. For more de
tails on the STP instruction, refer to the oscillation circuit 

section. 

7 a 
1 1 1 1 1 1 1 11 Timer control register (Address OOFF,.) 

U Processor mode bit 

00 : Single-chip mode 

01 : I 
10: Not used 

11 : 

'------ Timer X count control bit 

o : Count timing </J divided by four 

1 : Count stops 

L.... ______ Timer X interrupt enable bit 

o : Interrupt disable 

1 : Interrupt enable 

IPCMO interrupt request bit 

o : No interrupt request 

1 : With interrupt request 

Fig. 8 Structure of timer control register 

, ___________________________ ~LOOr_a~lb-u~S--~~----~ r-------~--------

Timer X count control bit 
(bit 5 of address OOFF,.) 

Fig. 9 Timer X block diagram 

1-------.....,,.. to timer X interrupt request bit 
'--_-,-__ ....J 

3-85 



MITSUBISHI MICROCOMPUTERS 

M37409M2-XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

UART 
The M37409M2-XXXSP contains three channels of UART's 
(UARTi(i=1, 2, 3)). Functionally, they are all equal and can 
be separately operated. Each channel has three pins (TxDi 
(transmit output), RxDi (receive input), and CTSi (clear to 

send) and contains the receive (transmit) shift register, the 
receive (transmit) buffer register, the UARTi mode register, 
the UARTi control register, the UARTi status register, and 
the baud rate generating divider. It also has a ClK pin (the 
input pin of the external clock for baud rate generation) 
which is shared by three channels. An interrupt can be 
generated on each channel at receive and transmit inde
pendently. Figure 10 shows the UARTi block diagram. Be
cause the differences between the channels are only pin 
numbers and internal addresses, the following description 
uses UART1 for reference. 

[Receive operation] 
Setting the receive enable bit (bit 2 of the UART1 control 
register) to "1" puts the system in the receive enable state. 
When there is no input of receive data, "H" is input to RxD, 
pin. When the falling edge is input to RxD, pin and "l" in
put is detected twice consecutively by sampling with the 
clock having a frequency 1 6 times the baud rate, the start 
bit is triggered. Then, sampling is performed three time in 
the middle of the start bit. When "l" is detected twice or 
more, the receive operation begins, capturing the data bits 
into the receive shift register. If "l" has not been detected 
twice or more, start bit detection begins again. When the 
data bits and parity bit have been captured into the receive 
shift register and the stop bit is detected, the receive data 
is transferred from the receive shift register to the receive 
buffer register, setting the receiver ready flag (bit 1 of the 
UART1 status register). If a parity error occurred, the parity 
error flag is set. The framing error flag is set when the first 
stop bit is found "l". If the previous data has not been read 
out of the receive buffer register, the overrun error flag is 
set, clearing the previous data. The receiver ready flag is 
reset when the receive buffer register is read. Each error 
flag can be reset by writing "1" to the error flag reset bit 
(bit 7 of the UART1 control register). Any of these errorll 

does not affect the receive operation. The data bit, the par
ity bit, and the stop bit are sampled three times in the mid
dle of them. each. When "l" or "H" is detected twice or 
more, "a" or "1" is determined respectively. 
Each time a receive operation has been completed, setting 
the receive~, ready flag, the UART1 receive interrupt re
quest bit (bit 7 of the interrupt request register) is set. An 
interrupt is acknowledged when the two UART1 receive in
terrupt enable bits (bit 3 of the UART1 control register and 
bit 7 of the interrupt enable register) are both "1", and the 
interrupt disable flag I is "0". The. UART1 receive interrupt 
request bit is reset when a UART1 receive interrupt is ack
nowledged. 
Setting the receive enable bit (bit 2 of the UART1 control 

register) to "a" puts the system in the receive stopped 
state. At this time, the receiver ready flag is "a .. (ready), 

the receive shift register is in the stopped state, and the 
start bit detection is stopped. 
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[Transmit operation] 
When the send data is written to the transmit buffer regis
ter, the start bit, parity bit, and stop bit are added to the 
data, which is transferred to the transmit shift register. The 
transmit shift register begins shift when it becomes enable 
for transmission, sending the serial ):lata to TxD, pin. For 
the description of the transmit enable state, see Table 5. 
In the transmit enable state, each time transmission of the 

stop bit of the serial data being transmitted has been com
pleted, it is checked whether the next data has been writ
ten to the transmit buffer register. If the data is found writ
ten, transmission of the next data begins. If the data is 
found not written, TxD, pin is held at "H" until the next 
transmit data is written, setting the transmitter empty flag. 
When the transmit enable state is cleared during transmis
sion, the transmission is stopped after completing the trans
mission of the transmit data so far written to the transmit 
buffer register. 
When the transmitter ready flag (bit 0 of the UART1 status 
register) is "1", it indicates that the transmit buffer is ready 

Local bus 

f8 

8 
Receive buffer 

register 

8 

8 I UARTi control register ~ 
8 

-i UARTi status register 

I baud rate ~ I UART, mode register 
I 

1/16 

Transmit buffer 

register 

Fig. 10 UARTi block diagram 

for writing data. The immediately preceding data is trans
ferred from the transmit buffer register to the transmit shift 
register. Every time the start bit is output from TxD, pin, this 
flag is set. Every time the transmitter ready flag is set, the 
UART1 transmit interrupt request bit (bit 2 of the interrupt 
request register) is set. An interrupt is acknowledged when 
two UART1 transmit interrupt enable bits (bit 3 of the 
UART1 control register and bit 2 of the interrupt enable 
register) are both "I" and the interrupt disable flag 1 is "0". 
Note that an interrupt occurs only in the transmit ready 

state. 
Bit 6 of the UART1 control register initializes the UART1 
transmit side. When this bit "0", the transmit side is in the 
initial state. 

Table 5. Bit and pin states when transmission is enable 

TE, : UARTI transmit enable bit 

CTSE, : CTS, pm lunctlon selection bit 

CTS, : CTS, pin Input level 

Rx 01 

I--
Receive shift 

I--
Start bit detection 
~ register clrct:Jit 

~ Receive control 
CirCUit 

r baud rate 

CTSOI 

mo'ct±--{) Transmit control 

~irCUIt CTSE, 

TS, 

T XOI 

---;0. 
Transmit shift 

register 
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[UARTi divider for baud rate generator) 
This is an 8-bit programmable divider which generates the 
baud rate for the UARTi receive or transmit operation. 
When the setting value is NBR (0 to 255), the divide ratio 
becomes 1/ (N BR + 1 ). There are three count sources; X'N 
clock divided by 2, X'N clock divided by 32, and the exter
nal clock. Choose sources by bits 4 and 5 of the UARTi 
mode register. Table 6 shows the baud rate calculation for 
each bit combination. 
When the external clock is used, the frequency of the input 
clock must be below 1. 6MHz. Writing to the baud rate 
generating divider must be performed when bits 2 and 6 of 
the UARTi control register are both "0". 

eLK 

Selection gate: Connected to black 
colored at reset 

Fig. 11 Baud rate generating circuit 

Table 6. Baud rate calculation 

EXi BRI Calculation 

0 0 baud rate (bps) 
!(X'N) 

32(N BR+l ) 

0 1 baud rate (bps) 
!(X'N) 

512(N BR+l ) 

1 X baud rate (bps) 
!(eLK) 

16(NBR+l ) 

EXi : Clock selection bit for baud rate generator 
BRi : Divide ratio selection bit for baud rate generator 

1-----';,. BRG, 

1/32 
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7 

ICTso'1 

7 

leTs,1 

a 
J Ex,!BR'l ST, ICHL'IEVN'lpENj UARTi mode register 

L Parity enable bi~ 

o : Parity disable 

1 : Parity enable 
Parity select bit L---

o 
I FE, lOR' I PE, ITEMP'~'RO+RDY'I 

a : Odd parity 

1 : Even parity 
Character length select bit 

0: 7-blt 

1 : a-bit 

Stop bit length select bit 

a : l-stop bit 

1 : 2-stop bIt 
Baud rate generating pres cal 
dIvide ratio select bit 
a : X'N clock divided by 2 
1 : X'N clock divided by 32 

Baud rate generating . 
synchronois.J<lock select bIt 
o : Intemal clock 

1 : External clock 
crsl pin I/O select bit 

0: Input 

1: Output 

UARTi status register 

L Transmitter ready flag 

a : l:ransmlt buffer full 

-
1 : Transmit buffer empty 

Receiver ready flag 

a : Receive buffer empty 

1 : Receive buffer full 

Transmitter empty flag 

o : Exit data for transmit 

1 : No data for transmIt 

Parity error flag 

0: No error 

1 : Error 

Overrun error flag 

0: No error 

1: Error 

Framing error flag 

0: No error 

1: Error 

CTSi pin ,"put level flag 

0: "L" 

1: "H" 

Fig. 12 Structure of registers related to UARTi 

IERST'I MRi ICTSD'lcTSE'1 RIE, I RE, I TIE, I TE, I U 

L 

L---

er 

ARTi control register 

Transmit enable bit 

o : Transmit disable 

1 : Transmit enable 

Transmit interrupt enable bit 

a : Interrupt disable 

1 : Interrupt enable 

Receive enable bit 

o : Receive disable 

1 : Receive enable 

Receive interrupt enable bit 

0: Disable 

1 : Enable 

CTS, P'" function select bit 

0: 1/0 port 
1 : CTSi pin 

CTSi output data select bit 

a : "L" output 

1 : "W output 
Transmit side ,"Itialize bit 

a : Initialize 

1 : TransmIt enable 

Error flag reset selection bIt 

a : Reset disable 

1 : Error flag reset 
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M37409M2-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

[CTSi pin) 
The CTSi pin ciin be used as the I-bit 110 port when bit 4 
of the UARTi control register (CTSEi) is "0", In this case, 
the input/output direction can be determined by bit 7 of the 
UARTi mode register (CTSDi) and the output data can be 
set by bit 5 of, the UARTi control register (CTSOi). Addi

tionally, the input level can be known by bit 7 of the UARTi 
status register (CTSi). 

[UARTi mode register) 
• Parity enable bit: PENi 

Setting this bit to "I" adds a parity bit to the transmit 

data. In a receive operation, this bit is used for parity 
evaluation, 

• Parity select bit: EVNi 
This bit specifies the parity bit to be generated in a 
transmit operation and the parity bit to be evaluated in a 

receive operation, Depending on the content of this bit, 
the number of l's in data is made even or odd, 

• Character length select bit: CHLi 
This bit specifies the character length of data. 

• Stop bit length select bit: STi 
This bit specifies the stop bit length, 

• Baud rate generating prescaler divide ratio select bit: 
BRi 
When this bit is "0", the signal obtained by dividing X1N 

clock by 2 becomes the count source of the baud rate 
divider. When this bit is "I", the signal is obtained by di
viding the clock by 32, 

• Baud rate generating synchronous clock selection bit: 
EXi 
This bit specifies baud rate synchronous clock, When 

this bit is "1", external clock is input from the ClK pin. 

• CTSi pin 1/0 select bit: CTSDi 
When this bit is "0", the CTSi pin is the input pin, 
When this bit is "1 ", the pin is the, output pin. To use the 
CTSi pin as the CTSi input, set "0". 

[UARTi control register) 
• Transmit enable bit: TEi 

Setting this bit to "I" enables a transmit operation. 

• Transmit interrupt enable bit: TIEi 
When this bit is "1", the interrupt in a transmit operation 
is enabled, 

• Receive enable bit: REi 
Setting this bit to "I" enables a receive operation. 

• Receive interrupt enable bit: RIEi 
When this bit is "1", the interrupt in a receive operation 
is enabled, 

• CTSi pin function select bit: CTSEi 
When this bit is "I", the CTSi pin becomes the CTSi 
input. 

• CTSi output data select bit: CTSOi 
When this bit is "0", "l" is output. When it is "I", "H" is 
output. 

• Transmit side initialize bit: MRi 
When this bit is "0", the transmit side is initialized, 

• Error flag reset select bit: ERSTi 
Setting this bit to "I" resets all error flags, When this bit 
is read, "0" is always read, ' 

[UARTi status register) 
• Transmitter ready flag: TxRDYi 

When this flag is "1", it indicates that the transmit buffer 
register is empty and ready for writing transmit data. 

• Receiver ready flag: RxRDYi 
When this flag is "1", it indicates that the receive buffer 
register is holding receive data, When the receive buf
fer register is read, it is cleared, 

• Transmitter empty flag: TEMPi 
When this flag is "1", it indicates that neither the trans
mit shift register nor the transmit buffer register holds 
the data to be transmitted, 

• Parity error flag: PEi 
This bit is set to "I" when the parity of the received 
data is different from the parity which was set. 

• Overrun error flag: ORi 
When this flag is "I", it indicates that, before the data in 
the receive buffer register is read, the next data is 
transferred from the receive shift register to the receive 
buffer register and the previous data is lost. 

• Framing error flag: FEi 
This flag is set to "I" when the stop bit is found "l" 
when data is transferred from the receive shift register 
to the receive buffer register, 

• CTSi pin input level flag: CTSi 
When the input level of the CTSi pin is "l", ':0" is read; 
when it is "H", "1" is read, 
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M37409M2-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

RESET CIRCUIT 
The M37409M2-XXXSP is reset according to the sequence 

shown in Figure 14. It starts the program from the address 

formed by using the content of address 1 FFF16 as the high 

order address and the content of the address 1 FFE16 as the 

low order address, when the RESET pin is held at "L" level 

for more than 2,us while the power voltage is in' the recom-

M37409M2-
XXXSP 

RESET vcc ov 
221 152 

~ .. 
Jr ov 

M37409M2-
XXXSP 

,!"R.,.E_S_ET ___ V",cc,-, Supply voltage 

22 ,_ 5~ ___ ~ detection circuit 

I I 
I I 
I I 

'----+--1 I 
I 

I I 
I I 
L ______ J 

Fig. 13 Example of reset circuit 

SYNC 

Address 

Data 

8-12 clock cycles 

mended operating condition and the crystal oscillator 

oscillation is stable and then returned to "H" level. The in

ternal initializations following reset are shown in Figure 15 

and 16. 

An example of the reset circuit is shown in Figure 13. 

When the power on reset is used, the RESET pin must be 

held "L" until the oscillation of X,N-XO.UT become's stable. 

Reset address from the vector table 

Note 1: Frequency relatIOn of f(X ,N ) and </>IS f(X'N) =4'</> 

Flg.14 Timing diagram at reset 

2: The mark" ? " means that the address is changeable depending on the prevIous state 
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,,-aeCTRIC 3-91 



Local bus address 

(1) Port Pl directional register (El 1S)'''[ 00'6 
=r=i'=n=ri 

(2) Dual-port RAM direction specify regISter (E2,,) ... [X[X[o I 0 I 0 I 0 I 0 i 0 I 

(3) UART1 status register (E5,,) .. ·l x lxl 0 I 0 I 0J1T0T1J 
(4) UART1 mode register (E5,,) .. ·lo Ixl 0 I 0 I 0 ~ 
(5) UART1 control register (ES,,).{ 00" I 
(6) UART2statusregisier (ES,,)"·lxlxlololoI110111 

(7) UART2 mode register (ES,,) .. 10 I X I 0 I 0 I 0 I 0 I OJOJ 
(8) UART2 control register (EA16 )"'] 0016 I 
(9) UART3 slatus reglsler (EO,6) . [XIx I 0 10 10111 D 111 

liD) UART3 mode register (ED,,)· ·liISliLo I 0 I 0 1 OlD I 

(II) UART3 conlrol register (EE,,) { 00 '6 I 

(12) fPC error register 0 

(13) fPC error register 1 

(14) fPC error register 2 

(15) fPC error register 3 

(16) fPC semaphore register 

(17) ColliSion detect register 

(18) Interrupt enable register 

(19) Interrupt request register 

(20) Prescaler X 

(2 I} Timer X 

(22) Timer control register 

(23) Access flag 

(24) Processor status register 

(25) Program counter 

(F4,,) .. 1 oo~ 
i====~== 

(F5,,)··f 00" ..J 
(FS,,) .. ·I oo,,~ 

i===== 
(F7,,)···1 00" I 

(FS,,) .. ~~ 

(FA16 ) .. 1 00'6 = 
(FB,6 ) ··1 00'6 I 

(FC,,) . [ 00" 1 

(FD,6) ··1 FF'6 ~ 
(FE,,)··C 01,,= 

(FF,,) {OJ DID )XiXIXI 0 i 0 I 
(CO,6-07,,) .. L 00" I 

(PS)· .. I I I I 1 lIT 

(PCH )'" Contents of address 1FFF16 

(PCL)"'Contents of address lFFE16 

Since the contents of both registers other than those listed above and 

the RAM are undefined at reset, It IS necessary to set Initial values 

Fig.15 Internal state of microcomputer at reset (1) 

System bus address 

II) Port PO directional register (F7,,) ··'1 0016 

(2) IPC error register 0 (F816)"'L~~0_0_,,~_J 
(3) IPC error register 1 (ES,,) . L oo,;-J 

(4) IPC error register 2 (FA,,)· r--oO:-~~ 

15} IPC error register 3 (FB16 )" ~OO16 J 
(6) ColliSion detect register (FE,,) .. I oo,,_. __ ~ 
171 IPC semaphore register (FF,6 ) 

I O~"--~ 
(8) Access flag (CO-D7,,)· L 0016 ] 
Since the contents of both registers other than those listed above and 

the RAM are undefined at reset, It IS necessary to set Initial values 

Fig.16 Internal state of microcomputer at reset (2) 

MITSUBISHI MICROCOMPUTERS 

M37409M2-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

1/0 PORTS 
(1) Port PO System bus: address F616 

Port PO is an a-bit I/O port with CMOS output. It can 
be accessed from system bus only and can not be 
accessed from local bus. 

As shown in the memory map (Figure 1), port PO can 
be accessed at system bus address F6,6. Port PO has a 
directional register (address F7,6) which can be used 
to program each individual bit as input ("0") or as out
put ("1"). If the pins are programmed as output, the 
output data is latched to the port register and then out
put. When data is read from the output port the output 
pin level is not read, only the latched data in the port 
register is read. This allows a previously output value to 
be read correctly even though the output voltage level 
is shifted up or down. Pins set as input are in the float
ing state and the signal levels can thus be read. When 
data is written into the input port, the data is latched 
only to the port latch and the pin still remains in the 
floating state. This port becomes input at reset. 

(2) Port P1 Local bus: address 00EO'6 
System bus: address F5'6 

Port P1 is an a-bit I/O port and connected to local bus. 
It has the ~ame function as port PO except the con
nected bus. 

It's directional register is at local bus address OOE1 16. 
Also port P1 can be read from system bus but the pin 
state is read regardless the value of the port P1 direc
tional register. 

(3) Address pins 

Address pins Ao - A7 are the input pins directly con
nected to the system bus. The a-bit address corres
ponding to the system bus is input to these pins. The 
input level is TTL. 

(4) Data pins 

Data pins Do - 0 7 are the output pins directly con
nected to the system bus. The a-bit data corresponding 
to the system bus is input/output on these pins. When 
the CS pin is "L" and the RD pin is "L", the data pins 

become the output pins. When the CS pin is "L" and 
the WR pin is "L", the data pins become the input pins. 
Setting the CS pin to "H" puts pins 00-07 in the float
ing state. The 110 level is TTL. 
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Port PO 

System bus Port PO 

Port P1 

Local bus Port P1 

System bus 

Fig. 17 Port PO, P1 block diagram 
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M37409M2-XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 
18. 
When the STP instruction is executed, the oscillation of in
ternal clock (> is stopped in the "H" state. 
Also, the prescaler X and timer X are 'Ioaded with FF16 and 
01 16, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 
The oscillator is restarted when an interrupt is accepted. 
However, the internal clock", keeps its "H" level until timer 
X overflows. 
This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock '" 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 
To return from the stop or the wait status, the interrupt en
able bit must be set to "1" before executing STP or WIT in
struction. Especially, to return from the stop status, the tim
er X count stop bit (bit 5 of address 00FF16 ) must be set to 
"0" before executing STP instruction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 19 and 20. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 
The example of external clock uasge is shown in Figure 21. 
X,N is the input, and XOUT is open. 

Interrupt request 

Interrupt disable flag I S Q 

M37409M2-XXXSP 

X,N XOUT 

23 Rf 24 

~Or COUT 

J I 
Fig. 19 External ceramic resonator circuit 

M37409M2-XXXSP 

24 

Fig. 20 External ceramic resonator circuit 
(capacity bUilt-in type) 

M37409M2-XXXSP 

X,N 
23 

External oscillating CirCUit 
vcclflJ1J 

Vss 

Fig. 21 External clock Input circuit 

WIT instruction R R STP instruction 
STP instruction R 

Prescaler X Timer X 

Overflow 

Fig. 18 Block diagram of clock generating circuit 
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M37409M2-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

PROGRAMMING NOTES 
(1) The frequency ratio of the timer and the prescaler is 

1/(n+1 ). 
(2) Even though the BBC and BBS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be 'used (such as a Nap) be
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) Change the address Ao - A7 input and the CS input 
when both the RD input and WR input are "H". 

(4) Registers whose values change when read, are con
nected to the sys~em bus of the M37409M2-XXXSP. If 
the master CPU generates an invalid read cycle, data 
is not correctly transferred. 

(5) A Nap instruction must be used after the execution of 
a PLP instruction. 

(6) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a Nap) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(7) The STP instruction must be executed after setting tim
er X count enable bit 'to enable "0", timer X interrupt 
enable bit to inhibit ("0"), and timer X interrupt request 
bit to no request ("0"). 

(8) The power current is max. 10mA in DC. However, be
cause a rush current and a bus charge-discharge cur
rent flow transiently, a bypass capacitor must be con
nected between Vss and Vee. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM confirmation form 
(2) mark specification form 
(3) ROM data .......................................... · EPROM 3sets 
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SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

V, Input voltage, RESET, X,N -0.3-7 

Input voltage, POO-P07, P1 o ........ P1 7, °0 ...... 07, A,u ...... A7, 
---

V, RO, WR, CS, ClK, RxO,-RxO" With respect to Vss -0, 3-Vee+0. 3 

CTS,-CTS, Output transistors cut-off 

V, Input voltage, CNVss -0.3-13 

Va 
Output vollage, POo-PO" P10-P1" XOUT, ¢,Oo-O" 

-0. 3-Vee+0. 3 -- --
TxO,-TxO" CTS,-CTS, 

Pd Power dissipation Ta = 25t 1000(Note1 ) 

Toor Operating temperature -10-70 

Tstg Storage temperature -40-125 

Note 1 300mW for QFP types. 

RECOMMENDED OPERATING CONDITIONS (Vee = 5V±10%, Ta = -10-70'C, unless otherwise noted) 

Symbol 

Vee 

Vss 

V,H 

V,H 

V'L 

V'L 

V'L 
V,L 

10H 

10H 

10L 

10L 

Note 1 
2 

3-96 

Limits 
Parameter Unit 

Min Typ. Max 

Supply voltage 4.5 5 5.5 V 

Supply voltage 0 V 

"H" input voltage X'N, RESET, ClK, POo-PO" 
0, aVec Vcc+O.3 V -- --

P10-P1" RxO,-RxO" CTS,-CTS, 

"H" input voltage Ao-A" 00-0" RO, WR, CS 2 Vcc+O.3 V 

"l" input voltage POo-PO" P1 0-P1" ClK, 
-0.3 0. 2Vee V -- --

RxO,-RxO" CTS,-CTS, 

"l" Input voltage Ao-A" 0 0-0" RO, WR, CS -0.3 O. a V 

"l" Input voltage RESET -0.3 0. 12Vcc V 

"L" Input voltage X,N -0.3 0. 16Vcc V 

"H" output current PDQ-PO" P10-Pl" ¢, 
-10 mA -- --

TxO,-TxO" CTS,-CTS, 

"H" output current Do ...... D7 -1.0 mA 
"l" output current POo-PO" P10-P1" ¢, 

10 mA -- --
TxO,-TxO" CTS,-CTS, 

"L" output current 00 ...... 07 -1.6 mA 

The average output current 10Llavgl and 10Hlavg) are the average value of a penod of lOOms 
Total of loll peak), of ports PO, P1, TxO,-Tx0 3 and CTS,-CTS, IS -50mA 
Total of 10Hlpeak), of ports PO, Pl, TxD,-TxD3 and CTS,-CTS, is 50mA 

• MfTSUBISHI 
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SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vee = 5V. Vss = av. T a = 25'C. unless otherwise noted) 

Limits 
Symbol Parameter Test conditIOns Umt 

Min Typ Max. 

VOH 
"H" output voltage PO,-PO,. PI,-PI,. ¢. TxO,-TxO" 

IOH=-10mA Vec-2 V 
CTS,-CTS3 

V OH "H" output voltage 0,-0, 10H=-lmA 2.4 V 

VOL 
"L" output voltage POo- PO" Plo-Pt,. ¢. TxO,-Tx03. 

CTS,-CT5, 

IOL=10mA 
2 V 

VOL "L" output voltage 00-0, IOL=1.6mA 0.4 V 

I, Input leak current Ao-A,. RD. WR. CS, CLK VSS:ft.VI:iVCC -5 5 J.l.A 

I, Input leak current RESET. X'N vss~VI:;;'7V -5 5 J.l.A 

loz 
Tn-state leak current POo-PO,. Plo-PI" 

Vss+O. 5";Vo";Vee-0. 5V -5 5 
0,-0,. CTS,-CT5, 

J.l.A 

VT+-VT-
Hysteres,s RESET, CLK, RxO,-Rx03. 

0.6 V 
CTS,-CTS, 

l(x,N)=8-10MHz 
10 

Square wave 
rnA 

Output terminals d,tto 

(wa,t mode) 
1 

Icc Supply current 
are opened, 

others to Vss. At stop mode 

CS=Vcc Ta = 25'C 
1 

At stop mode 
J.l.A 

Ta = 70'(; 
10 
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REQUIREMENTS TIMING 
System bus (Vcc=5V±10%, Vss=ov, Ta=-10-70'C, f(X ,N)=5-10MHz, unless otherwise noted) 

Symbol Parameter Test conditions 

tSU(A-WR) Ao-A, CS Input set-up time 

IsU(A-RO) Ao-A, CS input set-up time 

IsU(O-WR) 00-0, Input set-up time 

th(wR-A) A,-A, CS Input hold time 
Fig. 22 

th(Ro-A) A,-A, CS inPut hold time 

th(wR-o) 00-0, input hold time 

tW(WR) WR Input "L" pulse Width 

tW(RO) RD Input "L" pulse Width 

Local bus (Vcc=5V±10%, Vss=ov, Ta=-10-70'C, f(x,N )=5-10MHz, unless otherwise noted) 

Symbol Parameter Test conditions 

IsU(P1-~) Pto-Ph Input set-up time 

th(~-P1) Pto-Pt, input hold lime 
Fig. 22 

SWITCHING CHARACTERISTICS 
System bus (Vcc=5V±10%, Vss=ov, Ta=-10-70'C, f(X,N)=5-10MHz, unless otherwise noted) 

Symbol Parameter Test condrtlons 

td(O-RO) 00-0, output delay time 

tV(O-RO) 0 0 ...... 0 7 output effective time 

ten(RO-D) 00-0, output enable time 
Fig. 22 

tdis(Ro-o) 00- 0, output disable time 

Local bus (Vcc=5V±10%, vss=oy, Ta=-10-70'C, f(X,N)=5-10MHz, unless otherwise noted) 

Parameter Test conditions 

P10-P1, output delay time Fig. 22 

0 0-0, 

PO 

P1 .1 100pF 

r 

Flg.22 Port PO, P1, 0 0-07 test circuit 
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Limits 

Min Typ. 
Un~ 

Max. 

50 ns 

50 ns 

80 ns 

0 ns 

0 ns 

10 ns 

200 ns 

200 ns 

Limits 

I I 
Unit 

Min. Typ Max. 

300 I I ns 

50 J I ns 

Limits 
Unit 

Min. Typ. Max. 

150 ns 

0 ns 

10 ns 

50 ns 

Unit 

ns 
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SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

TIMING DIAGRAMS 
System bus write cycle 

W(WR) 

WR r\ / 
tSU(A-WR) 

th(WR-A) 

AD-A" CS => , 'C 
tSU(O-WR) th(WR-O) 

0 0-0, input 

System bus read cycle 

T W(RD 

" r\ V 
tSU(A-RO) 

th(RD-A) 

=> r 
td(O-RO) tdIS(RD-O) 

ten(RD-o} tV(O_AD) 

'1111i 1.\\\\' 
,\\\'\ '1111, 

0 0-0, output 
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Local bus 

-.l 
td<4>-P1) 

Pl o-P1 7 output > 
Pl o-P1 7 mput 
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MITSUBISHI MICROCOMPUTERS 

M37410M3HXXXFP,M37410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37410M3HXXXFP is a single-chip microcomputer de

signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap
plications. 
In addition to its simple instruction set, the ROM, RAM, and 
110 addresses are placed on the same memory map to en
able easy programming. 
This microcomputer is also suitable for applications which 
require controlling LCOs. 
The differences among the M37410M3HXXXFP, the 
M37410M4HXXXFP and the M37410M6HXXXFP are noted 
below. The following explanations apply to the M37410M3H 
XXXFP. Specification variations for other chips are noted 
accordingly. 

Type name ROM size RAM size 

M37410M3HXXXFP 6144 bytes 192 bytes 
M37410M4HXXXFP 8192 bytes 256 bytes 
M37410M6HXXXFP 12288 bytes 256 bytes 

FEATURES 
• Number of basic instructions .. · ................................ 69 

• Memory size 
ROM ................... 6144 bytes (M37410M3HXXXFP) 

8192 bytes (M37410M4HXXXFP) 
12288 bytes (M37 41 OM6HXXXFP) 

RAM ...... · ...... · .......... 192 bytes (M37410M3HXXXFP) 

256 bytes (M37410M4HXXXFP, 
M37410M6HXXXFP) 

• Instruction execution time (minimum instructions) 
at high-speed mode .... · .......... · ...... · ...... · .......... · l,u s 
at low-speed mode .......................................... 4,us 

• Single power supply 
f(X1N )=8MHz .......................................... 4.5-5.5V 
f(X1N )=2MHz .......................................... 2.5-5.5V 

• Power dissipation 
normal operation mode (at 8M Hz frequency) 

........................................ 30mW (Vcc=5V, Typ.) 

low-speed operation mode (at 32kHz frequency for 
clock function) ........ · .. · .. · ........ 54,uW (Vcc=3V, Typ.) 

• RAM retention voltage (stop mode) 
............................................... 2.0V;:;;;VRAM ;:;;;5.5V 

• Subroutine nesting ............................. 961evels (Max.) 
• Interrupt ........................ · .. · ...... · .... · .. l0types, 5vectors 

• 8-bit timer ...................... 4 (3 when used as serial 110) 

• 16-bit timer .... · ........ 1 (Two 8-bit timers make one set) 

• Programmable 110 ports 
(Ports PO, Pl, P2, P3, P5) ................................ 40 

• Input port (Port P4) ...... · .. · .. · .... · .. · .. · .............. · ...... · .. ·4 
• Serial 110 (8-bit) .................................................... 1 

• A-O converter ...... · .. · ...... · ............... , ...... 8-bit, 8channel 

PIN CONFIGURATION (TOP VIEW) 

ffiffi~ffiffiffiffiffiffiffiffiffi~ 
(/)(/)oo(/)(/)(/)oo(/)(/)(/)(/)"'u 

Itt! t t t t t t! t t 

Outline 80P6S 

• LCD controllerldriver (1/2, 1/3 bias, 112, 1/3, 1/4 duty) 
segment output ...... · .. · .. · ............................ ·· .... · .. 24 

common output .. ·· .. ···· .. ·· .............. · ............ · .. ·· ...... 4 

• Two clock generating circuits 
(One is for main clock, the other is for clock function) 

APPLICATION 
Audio-visual equipment, 
Remote control, 
Camera 
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MITSUBISHI MICROCOMPUTERS 

M37410M3HXXXFP,M37410M4HXXXFP 
M37410M6HXXXFP 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37410M3HXXXFP 
Parameter Functions 

Number of basic Instructions 69 

Instruction execution time 11's (mInimum InstructIons, at 8MHz frequency) 

Clock frequency 8MHz (at Vcc=5V±10%) 

ROM 6144bytes 
M37410M3HXXXFP 

RAM 192bytes 

M37410M4HXXXFP 
ROM 8192bytes 

Memory size RAM 256bytes 

M37410M6HXXXFP 
ROM 12288bytes 

RAM 256bytes 

RAM for dIsplay LCD 12bytes 

PO, P1, P2, P3, P5 I/O 8-bltX5 

P4 Input 4-bltX1 (port P4 are in common WIth SEG) 
Input/Output port 

SEG LCD output 24-bitX1 

COM LCD output 4-bltX1 

Se"all/O , 8-bltX1 

8-blt tlmerX4 
Timers 

16-blt tlmerX1 (combinatIon of two 8-bIt tImers) 

BIBS 1/2, 1/3 bIas selectable 

LCD controller/driver 
Duty ratIo 1/2, 1/3, 1/4 duty selectable 

Common output 4 

Segment output 24 (SEG12-SEG23 are In common witt! port P4 and analog mput pms 1N7---INo) 

Subroutine nestong 96 (max) 

Interrupt 
Three external Interrupts, three timer Interrupts, senal I/O Interrupt, 

A-D Interrupt, key on wake up, one software onterrupt 

Clock generating cirCUit Two bUllt-m CirCUits (ceramic or quartz crystal oscillator) 

Operating temperature range -20-75"(; 

Device structure CMOS sIlIcon gate 

Package 80-pin plastIC molded QFP 
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PIN DESCRIPTION 

Pin Name 

Vee. Supply voltage 

Vss 

CNVss CNVss 

---
RESET Reset Input 

-----

X ,N Clock Input 

XOUT Clock output 

INT, Interrupt input 

AVss Voltage Input for A-O 

V REF Reference voltage 

Input 

POO~P07 110 port PO 

P1o~P17 110 port P1 

P2o~-P27 110 port P2 

--

P30~P37 110 port P3 

MITSUBISHI MICROCOMPUTERS 

M37 410M3HXXXFP ,M37410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Inpull 

Output 
Functions 

Power supply Inputs 5V±10% to Vee, and OV to Vss 

This IS connect to Vss 

--l-
Input To enter the reset state, the reset mput pin must be kept at a "L" for more than 16,us (under normal Vee 

conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main-

ta~ned for the reqUired time 

Input These are 1/0 pms of Internal clock generatmg Circuit for main clock To control generating frequency, an 

external ceramic or a quartz crystal oscillator 15 connected between the X1N and XOUT pins. If an external 

Output clock is used, the clock source should be connected the X1N pin and the XOUT pm should be left open 
--

Input This IS the highest order Interrupt mput pm 

This IS GND mput Pin for the A-D converter 

Input This IS reference voltage Input pm for the A-D converter 

110 Port PO is an 8-blt I/O port with directional registers allowmg each I/O bit to be Individually programmed as 

Input or output At reset, thiS port IS set to input mode The output structure IS CMOS output 

110 Port P1 IS an 8-bit 110 port and has basically the same functions as port PO, but the output structure IS N-ch 

open drain 

110 Port P2 IS an 8-blt 110 port and has basically the same functions as port PO and also works as the key on 

wake up function with mask option 

110 Port P3 IS an 8-bit I/O port and has baSically the same functions as port P1 When senal 1/0 IS used, P37, 

P36, P3s, and P34 work as SFlDY, elK, SOUl, and SIN pms, respectively Also P33, P32, P3" and P30 work as 

timer 4 overflow signal diVided by 2 output pin (T), INT2 pm, XCIN and XCOUT PinS, respectively 

f-- -----f---

SEG'2/P43 Segment output Output SEG12 ...... SEG15 work as Input port P4 and also used by 2-blt Unit as LCD segment output 

I lin put port P4 I 

SEG'5/P40 Input 
-- --

P50-P57 110 port P5 110 Port P5 IS an a-bit 1/0 port and has baSically the same function as P1 P50, P5" P52 ,and P53 are In common 

With INT 3, tlmer3 Input, timerS input and A-D trtgger Input respectively P54 ...... P57 are also in common With 

PWMO-PWM3 

V U --VL3 Voltage rnput for LCD Input These are voltage mput pms for LCD Supply voltage as OV~VL1~VL2~VL3~VCC O ...... VL3V IS supplied to 

LCD. 

COMo- Common output Output These are LCD common output PinS At 1/2 duty. COM, and COM, pins are not used At 1/3 duty, COM, IS 

COM3 not used 

I 
SEGo- Segment output Output These are LCD segment output pins 

SEG 11 

SEG16/IN, Segment output 110 SEG18 ...... SEG23 work as analog Input pins IN7 ....... INo 

I / Analog input SEG 16 ....... SEG19 are used by 2-blt Untt and SEG20 ...... SEG23 by 4-blt Unit 

SEG23/INo 
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MITSUBISHI MICROCOMPUTERS 

M37410M3HXXXFP,M37410M4HXXXFP 
M37410M6HXXXFP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37410 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 
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MITSUBISHI MICROCOMPUTERS 

M37 410M3HXXXFP ,M37 410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as I/O ports and timers. 

• RAM 
RAM is used for data storage as well as a stack area. 

• ROM 
ROM is used for storing user programs as well as the inter
rupt vector area. 

RAM { 
0000 ,. 

ROM 
(12288 bytes) 

for 
M37410M6H 
XXXFP 

Fig. 1 Memory map 

ROM 
(8192 bytes) 

for 
M37410M4H 
XXXFP 

(192 bytes) 

RAM for LCD { 
(12 bytes) 

RAM 
(64 bytes) 

for 1 M37410M4H 
XXXFP 
M37410M6H 
XXXFP 

ROM 
(6144 bytes) 

for 
M37410M3H 
XXXFP 

OOSF, 

OOCS, 

OOEO, 

0100, 

013F, 

1000, 

2000, 

2800, 

3FOO, 

• 
6 

6 

6 

6 

6 

6 

6 

6 

• Interrupt Vector Ar~a 
The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 
Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 
Special page addressing mode is useful because it en

ables access to this, area with fewer instruction cycles. 

Not used 

SFR area 

Not used 

Interrupt vector area 

Zero page 

Special page for 

subroutine call 
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OOEO,. 

OOE1,. 

OOE2,. 

OOE3,. 

OOE4,. 

OOE5,. 

OOE6,. 

OOE7,. 

OOES,. 

OOE9,. 

OOEA,. 

OOEB,. 

OOEC,. 

OOED,. 

OOEE,. 

OOEF,. 

MITSUBISHI MICROCOMPUTERS 

M37 410M3HXXXFP, M37 410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Port PO OOFO,. Interrupt request distinguish register 2 

Port PO directional register OOF1,. Timer 6 latch 

Port Pl OOF2,. A-D control register 

Port Pl directional register OOF3,. PWM control register 

Port P2 OOF4,. Segment control register 

Port P2 directional register OOF5,. LCD mode register 

OOF6,. Senal I/O mode register 

OOF7,. Serial I/O register 

Port P3 OOFS,. Timer 4, 5, 6 mode register 

Port P3 directional register OOF9,. Timer 1 latch 

Port P4 OOFA,. Timer 2 latch 

Interrupt request distinguish register 1 OOFB,. Timer 3 latch 

Port P5 OOFC,. Timer 4 latch 

Port P5 directional (eglster OOFD,. Timer 5 latch 

P2 Key on wake up register OOFE,. Interrupt control register 

A-D register OOFF,. Timer control register 

Fig. 2 SFR (Special Function Register) memory map 

• MITSUBISHI
"ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M37410M3HXXXFP,M37410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

INTERRUPT 
The M3741 OM3HXXXFP can be interrupted from ten sources; 

INT" Timer 2 or Serial 110, INT3 or Key on wake up, INT2 
or Timer 3, Timer 6 or A-D, and BRK instruction. 
"Key on wake up" can only be used at power down state by 
STP instruction or WIT instruction. When one of the P2 or 
P7 is "L", an interrupt occurs. 
These interrupts are vectored and their priorities are shown 
in Table 1. Reset is included in this table since it has the 
same function as an interrupt. 

When an interrupt is accepted, the contents of certain reg
isters are pushed into specified locations, and the interrupt 
disable flag (I) is set, and the program jumps to the 
address specified by the interrupt vector, and the interrupt 
request bit is cleared automatically. The reset interrupt is 
the highest priority interrupt and can never be inhibited. Ex
cept for the reset interrupt, all interrupts are inhibited when 
the interrupt disable flag is set to "1". All of the other inter
rupts can further be controlled individually via the interrupt 
control register shown in Figure 3. An interrupt is accepted 
when the interrupt enable bit and the interrupt request bit 
are both "1" and the interrupt disable flag is "0". 
The interrupt request bits are set when the following condi
tions occur: 

(1) When/the INT" INT2 or INT3 pins go from "H" to "L" or 
"L" to "H" 

(2) When the levels any pin of P2 or P7 goes "L"(at power 
down mode) 

(3) When the contents of timer 2, timer 3, timer 6 or the 
counter of serial I/O goes "0" 

These request bits can be clear by a program but can not 
be set. The interrupt enable bit can be set and clear by a 
program. 

When the two interrupt requests, which are the same prior
ity and are at the same sampling, the priority process is 
processed by interrupt request distinguish register 1 and 2. 
The interrupt request distinguish bit is used by software to 
determine priority when two interrupt causes are allocated 
to the same interrupt vector(that is, the two interrupts have 
the same priority). 

Irrespective of whether the interrupt is disabled or enabled, 
the interrupt request distinguish bit is automatically set to 
"1" when conditions arise that satisfy the interrupt cause. 
However, the interrupt request distinguish bit is not auto
matically cleared. The bit must therefore be cleared by 
software in the interrupt service routine (before executing 
an RTI instruction). 
Note that when using the instruction CLB to clear this bit, 
the request distinguish bit of an interrupt that is generated 
during execution of CLB will not be set(to "1"). Use one of 
the following two methods to clear interrupt request disting
uish bits: 

CD Use instruction LDM to write directly to address OOEB'6 
(interrupt request distinguish register 1) or OOFO'6 
(interrupt request distinguish register 2). 

LDM # $nn, $zz 

, Where zz is the address(00EB'6 or 00FO'6)of the interrupt request 

; distinguish register that includes the interrupt request distinguish 

; bit that is to be cleared and nn sets the interrupt request disting

; ulsh bit to be cleared to "0" and other Interrupt request distinguish 

; bits to "1". 

, Other control bits must be set according to the required control 

, (Interrupts enabled or disabled) 

[Example] Clearing the INT, interrupt request distinguish bit 

LDM 1 X1 XOX1 XB, $OOEB 

t t t t 
Of the interrupt request distinguish bits,only the INT, Interrupt re

quest distingUish bit, which IS to be cleared, should be set to "0" 

The values of bits mar~ed "X" are determined by the control 

being effected 

(2) Use instructions LDA, ORA, AND, and STA to write via 
the accumulator to address OOEB'6 (interrupt request 
distinguish register 1) or OOFO'6 (interrupt request disting
uish register 2). 

LDA $zz 

ORA #$nn 

AND #$nn 

STA $zz 

, Where zz is the address(00EB'6 or 00FO,6)of the Interrupt request 

, distinguish register that includes the interrupt request distinguish 

, bit that IS to be cleared and nn sets the interrupt request distlng

; uish bit to be cleared to "0" and other Interrupt request distinguish 

; bits to "1" Other control bits must be set according to the required 

; control (,nterrupts enabled or dlsabied) 

[Example] Clearing the timer 6 interrupt request distinguish bit 

LDA $OOFO 

ORA XX1X1XOXB 

t t t 
Of the Interrupt request distinguish bitS, only the interrupt request 

distingUish bit for timer 6, which is to be cleared, shoud be set to 

"0" The values of bits marked "x" are detemined by the control 

being effected 

j j j 

AND XX1X1XOXB 

STA $OOFO 

Because an interrupt request is generated only at the time 
the interrupt request distinguish bit is set(to "1"), no inter
rupt will be generated while the interrupt request disting
uish bit remains in the set state. For this reason, the inter
rupt request distinguish bit must be cleared by software in 
the interrupt service routine. 
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MITSUBISHI MICROCOMPUTERS 

M37 410M3HXXXFP, M37 410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Since the BRK instruction interrupt and the timer 6 or A-D. 

interrupt have the same vectored address. the contents of 
the B flag must be checked to determine if the BRK in
struction caused the interrupt or if timer 6 or A-D generated 

the interrupt. 

Table 1. Interrupt vector address and priority 

Event Priority Vector addresses Remarks 

RESET 

INT, interrupt 

Serial 1/0 or timer 2 interrupt 

INT. or key on wake up interrupt 

INT 2 or timer 3 interrupt 

Timer 6 or A-D interrupt 

(BRK instruction interrupt) 

Key on wake up register 
(OOEE 16 address) 

1 
2 

3 
4 

5 

6 

Interrupt request Interrupt disable flag I 

Fig. 3 Interrupt control 

3FFF'6. 

3FFD'6. 

3FFB'6. 

3FF9'6. 

3FF7'6. 

3FF5'6. 

3FFE'6 Non-maskable 

3FFC'6 External interrupt 

3FFA'6 

3FF8'6 

3FF6'6 

3FF4'6 

External Interrupt 

External interrupt (INT 2) --

(Non-maskable software interrupt) 

Interrupt request distingUish register 1 (OOEB" address) 

Bit 7 : Serial I/O Interrupt request dlslingUish bit 

Bit 6 : Serial I/O Interrupt enable bit 

Bit 5 : Timer 2 interrupt request distingUish bit 

Bit 4 : Timer 2 interrupt enable bit 

Bit 3 : INT2 interrupt request disllnguish bit 

B,t2: INT2 interrupt enable bit 

Bit 1 : Timer 3 interrupt request distingUish bit 

Bit 0 : Timer 3 interrupt enable bit 

Interrupt request distinguish register 2 (OOFO'6 address) 

Bit 5 : INT, Interrupt request distinguish bit 

Bit4 : INT3 interrupt enable bit 

Bit 3 : A-D Interrupt request distinguish bit 

Bit 2 : A-D interrupt enable bit 

Bit 1 : Timer 6 interrupt request distinguish bit 

Bit 0 : Timer 6 Interrupt enable bit 

Interrupt control register (OOFE'6 address) 

Bit 7 : INT, interrupt request bit 

Bit 6 : INT, interrupt enable bit 

Bit5: INT3 or key on wake up interrupt request bit 

Bit 4 : I NT 3 or key on wake up interrupt enable bit 

Bit 3: INT2 or timer 3 Interrupt request bit 

Bit 2 : INT2 or timer 3 interrupt enable bit 

Bit 1 : Timer 6 or A-D interrupt request bit 

Bit 0 : Timer 6 or A-D interrupt enable bit 

Timer control register (OOFF,. Address) 

Bit 7 : Senal I/O or timer 2 interrupt request bit 

Bit 6 : Senal I/O or timer 2 interrupt enable bit 

--

--
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MITSUBISHI MICROCOMPUTERS 

M37 410M3HXXXFP, M37410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

TIMER 
The M37410M3HXXXFP has six timers; timer 1, timer 2, 
timer 3, timer 4, timer 5 and timer 6. 
A block diagram of timer1 through 6 is shown in Figure 4. 
The count source for timer 1 through 3 can be selected by 
using bit 2, 3, 4 and 5 of the timer control register (address 

00FF'6), as shown in Figure 5. All of the timers are down 
count timers and have 8-bit latches. When a timer reaches 
"0" and the next count pulse is input to a timer, the con
tents of the reload latch are loaded into the timer. The divi
sion ratio of the timer is 11 (n + 1), where n is the contents 
of timer latch. 
Timer 2, 3 and 6 has interrupt generating functions. The 
timer interrupt request bit which is in the interrupt disting

uish register 1 or 2 (located at addresses 00EB'6 and 
00FO'6 respectively) is set at the next count pulse after the 
timer reaches "0" (see interrupt section). 
The starting and stopping of timer1 is controlled by bit 7 of 
the interrupt distinguish register 2, timer 3 by bit 6 of the in
terrupt distinguish register 2 and timer 4 by bit 3 of timer 4, 
5 and 6 mode register (00F8'6 address). If the correspond
ing bit is "0". the timer starts counting, and the correspond
ing bit is "1", the timer stops. The timer4 overflow signal di
vided by 2 can be outputed from port P33 by setting the bit 

4 of the serial lIO mode register (00F6'6 address) to "1". 
Timer 5 and 6 work as timer mode, event counter mode 
and PWM mode by changing the contents of bit 5 and bit 6 
of the timer 4, 5 and 6 mode register. 
(1) Timer Mode 
This mode is the 16-bit timer, and the count source is rp 14. 

When the bit 6 of PWM control register (00F3'6 address) is 
"1", the timer6 overflow singnal divided by 2 is output from 
CNT 2 pin (common with P52 )· 

(2) Event Counter Mode 
The count source is input from the CNT2 pin. The count de
cremented each time the input goes from "L" to "H". 
(3) PWM Mode 
As shown in Figure 7, the output wave is controlled by the 
contents of the timer latch of timer 5 and 6. 

PWM output can choose among PWMO, PWM1, PWM2 and· 
PWM3 by bit 0, bit 1, bit 2 and bit 3 of PWM control reg
ister. 
When the count value of all timers, from timer 1 to timer 6, 
are read, be careful not to change the input source. 

When the count source is inputed from the external pin, the 
minimum pluse width should be 81'S. 
Atter a STP instruction is executed, timer 2, timer 1, and the 
clock (rpdivided by 4) are connected in series (regardless 

of the status of bit 2 through 5 of the timer control register). 
This state is canceled if timer2 interrupt request bit is set to 

"1", or if the system is reset. Before the STP instruction is 
executed, bit 7 of the interrupt request distinguish register2 
(timer1 count stop bit), bit 5 of the interrupt request dis-. 
tinguish register1, and bit 6 and bit 7 of the timer control 
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register must be set to "0" (prohibition). And also- bit 4 of 
the interrupt request distinguish register1 must be set to 
"1 ". For more details on the STP instruction, refer to the 
oscillation circuit section. 



MITSUBISHI MICROCOMPUTERS 

M37410M3HXXXFP,M37410M4HXXXFP 
M37410M6HXXXFP 

SINGLE·CHIP B·BIT CMOS MICROCOMPUTER 

XC1N 

I/< I ...... ~ 1I·1--_C>-+O X'N 

~ 
Select gate: at reset, shaded side IS connected 

~ 
IF1 : Interrupt request dIstingUish register 1 

IF2 : Interrupt request distinguish register 2 

TC : TImer control register 

CM : Timer 4, 5, 6 mode regIster 

WC : PWM control register 
SM : Serial I/O mode register 

I 

~H 
TC3 

TC. I 

~ ~ ..... 

Timer 2 latch (8) 

~ 
Timer2 (8) 

Timer 3 latch (8) 

t 
Tlmer3 (8) 

P5,/CNT, ----:;::==t--". 
P~SCLK--~----~'~fr~--+----------------~; 

SM,JSMo 
Ii?,' 

, d ISy",h"~O" ,'ooi- rt Serial 1/0 counter 

8 
I 

8'-+. 
18 

I 
8 I 

SM, SM~ I 
P3./S0UT .....,I--------++-----------------_t_ ~------_---, I 

P34/S" ---Siif------lt---------{:Js~e~"a~IQI~/o~re~g~is~te~r;;l--l!=~ SM3 

P~/~DY 8 

Timer 2 Interrupt request bit 
IF1. 

TImer 3 interrupt request bit 
IF1, 

Senal 1/0 Interrupt request bit 
IF1, 

I Timer 4 latch (8) 18 

P33/T 

I ~M3 rr---=.-...: • ....,...,.",....-..,: r _~o/,VerfIOW flag r------v---t Timer 4 (8) .J-t-
SMI44 ____ -f::~::::~~~;;;;~~~~~~~~ 

J- ( 8 

I TImer 5 latch (8) I 
v-;::: ~ 

P5'/CNT2---,---?~-C--OM~.H ..... l>1r-::=;::u--t--;-"" Timer5(8) ~ ~ 
CM. ~ 8 I SRQI---------------, 

WC. h I Tlmer6~atch (8) 18 

CM. _ .. [Lpo-"!±I=J=f-~~ > r---T=,-m-el..r':'67(8:":)--"1-- ....... Timer 6 Interrupt request bit 

.--- 8 IF2, 
. WCo 

'-----------\---------------\11'1--------1 
P54/PWMO~ 

WC, 

P5./PWM1~ 
WC, ~----------~------------------------1~--------------------~ 

P5./PWM2~ 
WC3 

P5,/PWM3 --4-
Fig. 4 Block diagram of timer 1 through 6 
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MITSUBISHI MICROCOMPUTERS 

M37410lVl3HXXXFP,M37410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

7 a 

I I I I I II I I 
Timer control register 
(Address OOFF,.) 

Fig. 5 Structure of timer control register 

7 

1 1 'I 1 1 1 1 1 1 
L 

'----

Fig. 6 Structure of timer 4.5.6 mode register 

U Processor mode bit 
00 : Single-chip mode 

01 : Not used 

10: Not used 

11 : Not used 

Timer 1 count source selection bit 
a : qI divided by 4 

1 : Clock for clock function (XCIN ) 

Timer 2 count source selection bit 

a : Timer 1 overflow 
1 : Clock for clock function (XCIN ) 

Timer 3 count source selection bit 

00 : !II divided by 4 
01 : Timer 2 overflow 

10 : CNT, input 

Serial I/O or timer 2 interrupt enable bit 
a : Interrupt Inhibit 

1 : Interrupt enable 

Serial I/O or timer 2 interrupt request bit 

a : No interrupt request 

1 : With interrupt request 

T!mer 4,5,6 mode register 

(Address OOF8,.) 

INT, input polarity selection bit 

a : Interrupt request by failing edge 

1 : Interrupt request by rising edge 

INT. Input polarity selection bit 
a : Interrupt request by falling edge 

1 : Interrupt request by rising edge 
INT. Input polarity selection bit 

a : Interrupt request by failing edge 
1 : Interrupt request by rising edge 

Timer 4 count stop bit 

a : Count start 

1 : Count stop 
TImer 4 overflow bit 

a : No timer 4 overflow 

1 : With timer 4 overflow 
Timer 5,6 mode bit 

00 : Timer mode 

01 : Event counter mode 
10 : Pulse width measurement mode (count source qI/4) 

11 : Pulse width measurement mode (count source IS overflow of timer 4) 
Timer 5,6 count stop bit 

a : Count start 

1 : C~nt stop 
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PWM 
M37410M3HXXXFP has a pulse width modulated (PWM) 

output control circuit connecting with timer5 and timer6. 

PWM~ 
wave form timer 6 timer 5 

timer 5+timer 6 

Fig. 7 PWM rectangular wave form 

Figure 6 shows the structure of timer 4,5,6 mode register, 
Figure 7 shows the PWM rectangular wave form and Figure 

8 shows the structure of PWM control register. 

I I I I I I I I I 
L 

'----

PWM control register 

(OOF3,. address) 

P5./PWMO selection bit 

0: P5. 
1: PWMO 

P55/PWMI selection bit 
0: P55 

1: PWMI 
P5./PWM2 selection bit 

0: P5. 
1: PWM2 

P57 /PWM3 selection bit 

0: P57 

1: PWM3 
P53/SIG selection bit 

0: P53 

1: SIG 
Timer 1 overflow flag 

P5,/CNT, selection bit 

0: P5, 
1 : CNT, 

Fig. 8 Sturcture of PWM control register 
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SERIAL 1/0 
The block diagram of serial 110 is shown in Figure 9. In the 
serial I/O mode the receive ready signal (SRDY), synchro
nous input/output clock (elK). and the serial I/O (SOUT, 
SIN) pins are used as P37, P3s, P3s, and P34, respectively. 
The serial I/O mode register (address 00F61s) is an 8-bit 
register. Bit 1 and 0 of this register is used to select a syn
chronous clock source. When these bits are (00) or (01) , 
an external clock from P3s is selected. When these bits are 
(10) , the overflow signal divided by two from timer·3 be
comes the synchronous clock. Therefore, changing the tim
er period will change the transfer speed. When the bits are 

Internal 
clock ¢ 

Divider 

(11), the internal clock if> divided by 4 becomes the clock. 
Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3s becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P36 . If the exter
nal synchronous clock is selected, the clock is input to P36 · 

And P35 will be a serial output and P34 will be a serial in
put. To use P34 as a serial input, set the directional register 
bit which corresponds to P34 , to "0". For more information 
on the directional register, refer to the I/O pin section. 
To use the serial 110, bit 2 needs to be set to "1", if it is "0" 
P3s will function as a normal I/O. Bit 3 determines if P37 is 

From internal clock 

divided by 4 or 
timer 2 or CNT, input r----, 

}---< /---+--------, !-.....,---Interrupt request 
distinguish register 1 

I~~~~~::~j-+---__ Interrupt request 
P3" ... distinguish register 1 

P35 
SOUT 

S'N 

Fig. 9 Block diagram of serial I/O 

circuit Transfer clock 

Synchronous clock selection bit 

00: I 01: External clock 

10 : Timer 3 overflow signal divided by 2 

11 : Timing ¢ divided by 4 

L---____ Serial 1/0 port selection bit (P35 • P36 ) 

o : Normal 1/0 port 

1 : Serial 1/0 port 

'------- SROY signal output selection bit (P37 ) 

o : Normal I/O port 

1 : SROY signal output pin 
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used as an output pin for the receive data ready signal (bit 
3="1", SRDY) or used as a nomall/O pin (bit 3="0"). 
nie function of serial 1/0 differs depending on the clock 
source; external clock or internal clock. 
Internal Clock - The SRDY signal becomes "H" during 
transmission or while dummy data is stored in the serial 1/0 
register. After the falling edge of write signal, the SRDY sig
nal becomes low signaling that the M37410M3HXXXFP is 

ready to receive the external serial data. The SRDY signal 
goes "H" at the next falling edge of the transfer clock. The 
serial 1/0 counter is set to 7 when data is stored in the se
rial 1/0 register. At each falling edge of the transfer clock, 

serial data is output to P35. During the rising edge of this 
clock, data can be input from P34 and the data in the serial 
1/0 register will be shifted 1 bit. Data is output starting with 

Synchronous clock 

Transfer clock ---------, 

Serial liD register write 
Signal -------' 

the LSB. After the transfer clock has counted 8 times, the 

serial 1/0 register will be empty and the transfer clock will 
remain at a high level. At this time the interrupt request bit 
will be set. 

External Clock - If an extern~1 clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 

times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out
side. The external clock should not exceed 250kHz at a 
duty cycle of 50%. When the external clock is chosen, the 
P36 pin must be held at "H" level while the serial 1/0 is not 
used. 

Timing diagrams are shown in Figure 10, and connection 
between two M3741 OM3HXXXFP's are shown in Figure 11. 

Serial liD output ------.... -\r-::-""I-""""\r:~ 
SOUT ~~~~~~~~~n-~~~~ ___ ___ 

Serial liD Input 

SIN I 

Receivable signal -------ILJ 
SRDY 

Interrupt request bit set 

Fig. 10 Serial 1/0 timing 
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Sending side 

Serial I/O mode register 

blt3 bitO 

Set the directional 

register for P3r pin 

In input mode. 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

SRDY 
P37 1000-----=-----1 P3r 

Synchronous clock 
P3. I---'-------~_t P3. 

P3. 1-__ ....:Sa=ri=a:...1 d=a=ta=-__ -t P3. 

Receiving side 

Serial 1/0 mode register 

Set the directional 

register for P3. pin 

m Input mode. 

Fig. 11 Example of serial 1/0 connection 

7 a 

I I I I I I I I I 

U 
Serial 1/0 mode register (SM) 

(00F6,. address) 

Synchronous clock selection bIt 

00: } 
01: External clock 

10 : Timer 3 overflow signal divided by 2 

11 : Timing if> divided by 4 

Serial 1/0 port selection bit (P3 •• p30) 

a : Normal 1/0 port 

1 : Serial 1/0 port 

SADY Signal output selection bit (P3r) 
a : Normal 1/0 port 

1 : SRDY signal output pm 
T IP3. select/on bit 

a : Normal 1/0 port 
1 :T 

XCIN• XcouT/P3o. P3, selecllon bit 

a : Normal 1/0 port 

1 : XC1N • XCOUT 

Unsystem clcick operatIon bit 

0: HALT 

1 : OperatIon 

I NT, Input level 

Note: We say the unsystem clock. whIch Is not chosen as the system clock of XIN-XOUT or XCIN-XcOUT 

Fig. 12 Structure of serial 1/0 mode register 
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LCD CONTROLLER/DRIVER 
The M37410M3HXXXFP has internal LCD controllers and 
drivers. A Block Diagram of LCD circuit is shown in Figure 
15. The terminals for LCD consist of 4 common-pin and 24 
segment-pin. SEG12 -SEG15 are in common with input P4. 
Also SEG16-SEG23 are in common with INo-IN 7 .These are 
selected by bit 3 - 7 of the LCD segment control register 
(00F416 address). Two biases (1/2 and1/3) can also be 
selected. When bit 2 of the LCD mode register is "1",1/2 

bias is selected. When bit 2 is "0", 1/3 bias is selected. 
1/2,1/3, or 1/4 duty cycle can also be selected. When bits 
o and 1 of the LCD mode register (LMo, LM1 ) is n, the duty 
ratio is 1/(n+1l. 
Address 00C016 - 00CB16 is the designated RAM for the 
LCD display. When 1 s' are written to these addresses, the 
corresponding segments of the LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fi
gure 13. 

~ Address 

CO 

C1 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

CA 

CB 

7 

1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

M 

~ 
o 
() 

6 

1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

-i 
o 
() 

5 

1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

::i 
o 
() 

4 

1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

o 
~ 
o 
() 

3 

0 

2 

4 
6 

8 

10 

12 

14 

16 

18 

20 

22 

M 

~ 
o 
() 

2 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

-i 
o 
() 

1 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

::i 
o 
() 

0 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

o 
~ 
o 
() 

* Number in data memory area Indicates corresponding segment 

Fig. 13 Map of RAM for LCD segment 

The ONIOFF function for the LCD controller is controlled 
by bit 3 of the LCD mode register (LM 3 ). When this bit is 
"1" all the segments of the LCD are turned on. When this 

bit is "0" all the segments are turned off. 
The structure of the LCD mode register is shown in Figure 
14. 

When a 112 bias is used, Vu and VL2 should be shorted 
together. An example circuit for each bias is shown in Fi
gure 16. Also Figure 17 shows an example of 112 bias, 1/4 

duty drive waveforms and resulting voltage differential be
tween SEGn and COMn and Figure 18 shows examples of 
drive waveforms for each bias and duty. 
The LCDCK timing frequency (LCD driver timing) is 
generated internally and the frame frequency can be deter
mined with the following equation: 

7 

f(LCDCK) (frequency of timer 1 count source) 
((timer 1 setting+1)X4) 

f(LCDCK) 
Frame frequency n ; at 1 In duty 

I I I I I I I I I LCD mode register (LM) 
(00F5,. address) 

U Duty ratio Selection bit 
01 : 1/2 duty 

10: 1/3 duty 

11:1/4duty 

Bias selection bit 

0: 1/3 bias 

1 : 112 bias 

LCD turn on bit 

0: Off 

1: On 

XouT/SYNC selection bit 

0: XOUT 

1: SYNC 
System clock ¢ selectIOn bit 

00: X'N/16 

01 : X'N/4 

10 : XC,N!2 (back to X'N/16) 

11 : XC 'N/2 (back to X'N/4) 
External A-D start enable bit 

0: Inhibit 

1 : Enable 

Fig. 14 Structure of LCD mode register 
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1/3 bias 

VL,I------f 

R,=R,=R, 

Contrast 
control 

Vr 

R, 

R, 

R, 

Fig. 16 Example of circuit at 1/3 bias, 1/2 bias 

LCDCK timing of 
internal logic 

1/2 bias 

Contrast 
control 

VL, Vr 

R. 
VL, 

VL1 
R5 

Voltage level 

Pin output level VL,( =VLCD ) 

COMo = ~ ~ ~~ ~ = = = = ~ ~ ==±I~ ~~ ~= ~~:VL1 

COM'~----------- I -E 
--- -------------

SEGn 

Voltage diffrential 
(SEGn)-(COMo) 

(SEGn)-(COM,) 

Off 

Fig. 17 Example of 1/2 bias, 1/4 duty waveforms and resulting voltage differential between SEGn and COMn. 
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ISlas~ _______ D_I_SP_I_ay __ pa_tt_e_rn __ ,-______ ~~ ____________ 1/_2_b_la_s ____________ -t _____________ l_I_3_b_la_s ____________ 1 

I LCD LCDCKtiming~ CDCKtlmlng~ 
Duly Connection RAM of Internal logiC of internal logic 

E ~ ili'~ 128(32 segmentsX4 commons) 
E~~~ 
~ §-o 0> (16 digits max. in the above panel) 
::;"02l 

COM. : No connection 

96(32 segmentsX3 commons) 

(10 digits max In the above panel) 

A 
CB::-----. a : 8B '--,-COMo 

F • -r- .. d::> \: ,,-COM, 

EG~,'- '-ci ___ ) COM, 
COM. 

SP-- H 
------ SEGn 

COM,. COM. : No connection 

64(32 segmentsX2 commons) 

(8 digits max In the above panel) 

COMo 

COM, 

COM, 

COM. 

SEGn 

COMo 

COM, 

COM, 

==~---~=~~~-==~ 
=~====-_-!~EJ-~~~~ 

===-_~=l-~j-= === =_-=~ 
--,--=--- - -- -------=:I.:..L __________ _ 

3.:.3 -J --..:-.:: £=.E::E 
G F 
~~ 

D E On On 
....-........---.. 

Off Off 

li~~~~~~=: 

======-_-!I 
= =~-_~:J--1-= ==~ 

SEGn :1::_-_-J.:::-=-E 

COMo 

COM, 

SEGn 

B C 
~ an-'" 

H 
~ 

=-=-=rT-
~~I.:.: 

-,---:.::.::.=,:: 
::::-:.t:.:r::= 
=-=--C':':T_-_: :..:.r.-: ~_-:..-c.::. 
-.9-

On 
'~f3 

Fig. 18 Example otdrlve waveforms for each bias and duty 
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COM, 

COM, 
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SEGn 

COMo 
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SEGn 

COMo 
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~~T=--~-:::-~;~~-E 
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~ 

~ 

~ 
~-E-

E On On 
........Q..........---. 

Off Off 

3':':2-:--:~ 

~- -.-.:-..=-r E ---:..-- ----=----. --

~~!=~~ 
::~--:::-r= 
:.:.±.:-...:::~::: 

B -On H 
+--+ 

Off 

~---- ---- - ---
--- - ----

~
--------- - ----- -- ---- -----

C --.. 
On 

SEGn~~~ 
~ 

On H -Off 
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A-O CONVERTER 
The A-D converter circuit is stlown in Figure 20. The analog 
input ports of the A-D converter (INo-IN7 ) are in common 
with the segment output ports. 
The segment control register is located at address 00F416• 

One of the eight analog inputs is selected by bits 0, 1 and 
2 of this register. The IN pins, not to use as analog input, 
uses as LCD segment output. 
Bit 0, 1 and 2, and corresponding to analog input pin is 
shown in Figure 19. A-D conversion is accomplished by first 
selecting bit 0 and 1 of the A-D control register (address 
00F216) for the source of VREF• And also the analog input 
pin is chosen by the analog input select bit of the segment 
control register. A-D conversion starts by writing a dummy 
data to the A-D register (address 00EF16) or changing the 
input level from SIG pin "H" to "L". When A-D conversion is 
finished, an interrupt is generated. After A-D interrupt is 
accepted, the result of A-D conversion can be read from 
the A-D register. 
Note that the A-D conversion must be started to convert, af
ter the reference voltage reaches stable level. 

INa 

IN, 

IN, 

IN3 

INs 

IN. 

IN7 

Fig. 20 A-O converter circuit 

Data bus 

Segment control register 

(OOF4,. address) 

7 0 

I I I I I I I J Segment control register 
(OOF4,. address) 

UJ Analog input selection bit 

000: INa 100: IN. 
001 : IN, 101: IN. 
010: IN. 110: IN. 
011 . IN3 111 : IN7 

SEG'3-SEG,o/INo-IN3 selection bit 

0: INo-IN3 

1 : SEG'3-SEG20 

SEG'9. SEG,./IN •• IN. selection bit 

0: IN •• IN. 

1 : SEG'9. SEG,. 

SEG'7. SEG,./IN •• IN7 selection bit 

0: IN •• IN7 

1 : SEG17• SEG,. 

SEG'3. SEG,,/P4,. P43 selection bit 

0: P4,. P43 

1 : SEG'3' SEG12 

SEG, •• SEG,./P40 • P4, selection bit 

0: p40. P4, 

1 : SEG, •• SEG,. 

Fig. 19 Structure of segment control register 

A-D control 

CirCUit, 

I-----;~ A-D Interrupt request bit 

o 
A-D control register 

(OOF2,. address) 

VREF Input selection 
0: Off 
1 : On 

VREF source selection bit 

o : VREF Pin 

1 : Vee 

Vee 
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KEY ON WAKE UP 
"Key on wake up" is one way of returning from a power 
down state caused by the STP or WIT instruction, 
When the key on wake up option of port P2 is designated 
and key on wake up interrupt enable bit (IC4 ) is set to "1", 
if the key on wake up option pin of port P2 has "L" level 
applied, key on wake up interrupt is generated and the 
microcomputer is returned to the normal operating state, 
When the bit 4 of PWM control register (address 00F31s) is 
set to "1", the pulse shown in Figure 21 is outputed from 
P53 pin, 

Timer 1 and Timer 2 count ,. 
P53/SIG Pin ----, I 

1----------11 
t 

Key on wake up input Stand-by release 

As shown in Figure 22, if the key matrix of active "L" to in
put port P2 is constructed, the microcomputer is returned to 
normal opera.ting state by the key push. Refer to the sec
tion of interrupt how to use the key on wake up function. In 
order to enter the power down state generated by the STP 
or WIT instruction at the interrupt disable flag (I) is "0" and 
IC4 is "1", the input deSignated as key on wake up by op
tion in port P2 must be all "H", 

Fig. 21 Output from the SIG pin at wake up from the stop state 
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Port pxx 

Port P27 
directional register 

Opllon 

Option 

Port P20 

directional register 

Option 

"'L"' level output 

Note: Pull-up transistor (mask option) 

Fig. 22 Block diagram of port P2, and example of wired at used key on wake up 

Key on wake up register 
(OOEE,. address) 

Interrupt control register 

Port P2 data 
read circuit 
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RESET CIRCUIT 
The M37410M3HXXXFP is reset according to the sequence 

shown in Figure 25. It starts the program from the address 
formed by using the content of address 3FFF'6 as the high 
order address and the content of the address 3FFE '6 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 16 !-,S while the power voltage is between 
4 and 5.5V and the crystal oscillator oscillation is stable and 

Address 

(1) Port PO directional register (DO) (E1,,) I 00,6 

(2) Port P1 directional register (D1) (E3,,) I 00'6 

(3) Port P2 directional register (D2) (ES,,) I 00" 

(4) Port P3 directional register (03) (E9,6) I 00'6 

(5) Port P5 directional register (05) (ED,s) I 00'6 

(6) Interrupt request distinguish (lF1) (EB,,) I 00" 
register 1 

I (7) Interrupt request dlStrngulsh (IF2) (FO,,) 00" 
register 2 

I 101010101010101 (8) PWM cootrol register (we) (F3,,) 

(9) Segment control register (Se) (F4,,) 10101010101-1-1-1 
~~ LCD mode regIster (LM) (FS,,) I 00" I 
(I~ Serial 1/0 mode register (SM) (F6,,) 1-101010101010101 
(I~ Timer 4, 5, 6 mode register (CM) (F8,,) I 00'6 I 
(I~ Interrupt control register (1M) (FE,,) I 00'6 I 
(I') Timer control regIster (TC) (FF,,) I 0016 I 
(I~ A-D control register (AC) (F2,,) I I I I I I 10101 
(10) Processor status regIster 1-1-1-1-1-1' 1-1-1 
(In Program counter (pc,) I Contens of address I 3FFF16 

(PCeI I Contens of address I 3FFE16 

Note Srnce the contents of both registers other than those hsted 
above (including timers and the senal I/O register) and the 
RAM are undefined at reset, It IS necessary to set Initial 
values 

Fig. 23 Internal state of microcomputer at reset 

then returned to "H" level. 

The internal initializations following reset are as shown in 

Figure 23 regardless of the status before reset (including 
stop mode or wait mode). 
An example of the reset circuit is shown in Figure 24. 
When the power on reset is used, the RESET pin must be 

input "H" after the oscillation of XIN-XOUT becomes stable. 

M37410M3HXXXFP 

RESET Vee 

27 8 

I 

Fig. 24 Example of reset circuit 
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~ ____ ..... I 

¢_-

Internal RESET 
--+-------------~ 

SYNC 

--~------------~------------------~ 
Address 

Data 

32-48 clock cycles 

Fig. 25 Timing diagram at reset 

"-__ Reset address from 
the vector table 

Note 1: Frequency relation off(X,N ) and !'JIS f(X,N ) =16'!'J 

2: The mark "? " means that the address is change

able dependmg upon the prevIous state. 
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I/O PORTS 
(1) Port PO 

Port PO is an 8-bit 1/0 port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address 00EO'6. Port PO's directional register allows 
each bit to be programmed individually as input or out
put. The directional register (zero page address 

00E1'6) can be programmed as input with "0", or as 
output with "1". When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg
ister is read. Therefore, a previously output value can 

be read correctly even though the output voltage level 
has been shifted up·or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 

remains in the high impedance state. This port can be 
built in a pull-up resistor option when it is used as a in
put port. 

(2) Port P1 

Port P1 has the same function as PO but the output 
structure is N-ch open drain. This port can be built in a 
pull-up resistor option when it is used as a input port. 

(3) Port P2 

Port P2 has the same function as PO. The output struc
ture is CMOS output. Following the execution of STP or 
WIT instruction, key matrix with port P2 can be used to 
generate the interrupt to bring the microcomputer back 
in its normal state. The pin to be used as the key on 
wake up must be with key on wake up option and its 
value in directional register must be "0". When P2 is 
used as a output port, pull-up option is inhibited. 

(4) Port P3 

Port P3 has the same functions PO except that part of 
P3 is common with the serial 1/0, output of timer4, 
clock oscillation of timer clock and interrupt input. 
The output is N-channel open drain. This port can be 
built in a pull-up resistor option. When P30 and P3, pins 
are used for XC1N input, pull-up is inhibited. 

(5) Port P4 
Port P4 is an 4-bit input port which can be used as a 
segment output port. At reset, this port is pull-up to VL3. 

Just after the reset, this port becomes high-impedance 
state. When port P4 is used as a segment output port, 
the pull-up option to these pins are inhibits. 

(6) Port P5 
Port P5 has the same functions as PO except that part 

of P5 is common with the counter input pin, SIG pin, 
and PWM output pin. The output is N-channel open 
drain output. This port can be built in a pull-up resistor 

option. 

(7) Segment output( SEGo~SEG,,) 
These ports drive and control the LCD segments. At 
reset, these output the level of V L3. 

(8) Analog input(INo~IN7) 
This is a port for an analog input of A-D converter. This 

can be used as the segment output. At reset, it is pull
up to VL3• Just after the reset, this becomes high

impedance state. 
(9) Common output(COMo~COM3) 

These port provides output drive and control for the 
LCD common lines. At reset, this outputs the level of 

VL3· 
GO) Power Supply for LCD(VL1~VL3) 

Supplies power to the LCD terminals. 
(11) INT, 

The INT, pin is an interrupt input pin. The INT, inter

rupt request bit (bit 7 of address 00FE'6) is set to "1" 
when the input level of this pin changes from "H" to "L" 
(or "L" to "H"). This input level is read in the bit 7 of 

serial 1/0 mode register (addresss 00F6'6). 
(11) INT2(P32/INT2) 

The INT2 pin is an interrupt input pin common with P32. 
When P3is directional register is set for input ("0"), 
this pin can be used as an interrupt input. The INT2 in

terrupt request bit (bit 3 of address 00EB'6) is auto
matically set to "1" when the input .Ievel of this pin 
changes from "H" to "L" (or from "L" to "H"). 

(13) INT3(P50 /INT3) 
The INT3 pin is an interrupt input pin common with P5o. 
The other functions are the same as INT2. 
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Port PO 

Port PI 

Port P2 

Port P3,. P50-P53 

MITSUBISHI MICROCOMPUTERS 

M37 410M3HXXXFP ,M37 410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Data bus 

Trl is pull-up transistor at input (mask option) 

Vcc 

drr2(maSk option) 

1 

Data bus Port PI 

N-ch open drain 

Tr2 is pull-up transistor at input (mask option) 

DirectlonalReglster 

Data bus--+-~ Port Latch 
'-----' 

Vss 

Interrupt control CIrcuit 
Tr3 is pull-up transistor (mask option) 

Vcc 

vss,(l dTr4 1 mask option 

DlrecbonalReglster 

Data bus--+--l Port Latch 
'-----' 

N-ch open drain 

Internal circuit 

Tr4 is pull-up transistor (mask option) 

Fig. 26 Block diagram of ports PO-P2, P3, and P50-P53 
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Port P30, P3,-P3" 
P54-P5, 

Port P4(SEG 15-SEG 12 ) 

Data bus 

MITSUBISHI MICROCOMPUTERS 

M37 410M3HXXXFP ,M37 410M4HXXXFP 
M37410M6HXXXFP 

Port latch 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Vss 

Vee 

rr 
Vss 1 mask option 

Tr5 

Port P3o, P3,-P3" 
P54-P5, 

Internal circuit 

Tr5 is pull-up transIstor (mask option) 

V L3 

RESET --iL..._T_im_in_g_Ci_rc_u_it_h J J mask option 

~"("G"-"G'" 
SGB (SEG12 , SEG'3), 
SG7 (SEG'4, SEG 15 ) 

TrB is only conducted at RESET="L" 

Tr7 is pull -up transistor (mask option) 

Fig.27 Block diagram of Port P3o• P32-P37 • P4. P5.-P57 

Fig. 28 
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Analog input IN (SEG'3-SEG'6) 
VL3 

RESET ---l Timing circuit h J Tr8 

------j[~J A-D converter circUit .. 1 0 Analog input IN 

( SEG'3-SEG'6) 

INT, 

RESET 

Tr8 is only couducted at RESET="L" 

Data bus -------~--~I---~O 
INT, 

Interrupt control circuit -------" 

---------~~~---R~ET 

Block diagram of analog input port IN, INT" RESET 
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MITSUBISHI MICROCOMPUTERS 

M37410M3HXXXFP,M37410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

CLOCK GENERATING CIRCUIT 
The M37410M3HXXXFP has two internal clock generators. 
Figure 31 s~ows a block diagram of the clock generator. 
Normally, the frequency applied to the clock input pin XIN 
divided by four is used as the internal clock (timing output) 

rp. Serial 1/0 mode register bit S can be used to switch the 
internal clock rpto 112 the frequency applied to the clock 
input pin XCIN ' In this case, the pull-up option to these pins 
are inhibited. 
These signals can also be changed via bitS (lMs) and bitS 
(lMs) of the lCO mode register. When lMs and lMs are 
[00], the internal clock is chosen X1N/1S. When they are 
[01] , the internal clock is chosen XIN/4. When they are 
[10] and [11], the internal clock is XCIN/2. The one of 
clock X1N and clock XCIN, isn't in use for the internal clock 
(none system clock), stops when the bitS (SMs) of serial II 

o mode register is "0". In order to restart the clock as the 
internal clock, SMs is set to "1" and wait until the oscillation 
becomes stability by the software then the internal clock is 
chosen lMs and lMs. 
Figure 29 shows a circuit exmple using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which is unique 
for each oscillator. when using an external clock signal, in
put from the XIN (XCIN ) pin and leave the XOUT (XCOUT) pin 
open. A circuit example is shown in Figure 30. 
The M37410M3HXXXFP has two low power consumption 
modes, stop and wait. The microcomputer enters a stop 
mode when the STP instruction is executed. The oscillator 
(both X1N clock and XCIN clock) stops with the internal 
clock rpheld at "H" level. In this case timer 1 and timer 2 
are forcibly connected and rpl4 is selected as timer 1 input. 
When restarting oscillation, set the suitable value for timer 
1 and timer 2 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 1 count stop 
bit must be set to supply ("0"), timer 2 interrupt enable bit 
(IF1 4 ) of interrupt request distinguish register 1 must be 
set to enable ("1"), timer 2 interrupt request bit (IF1s) of 
interrupt request distinguish register must be set to disable 
("0"). And serial 1/0 or timer 2 interrupt enable bit (TMs) 
and serial 1/0 or timer 2 interrupt request bit (TM 7 ) of tim
er control register must be set to disable (" 0 "). 
Oscillation is restarted (reset stop mode) when INT1, INT2 , 

or INT 3 interrupt is received. The interrupt enable bit of the 
interrupt used to reset the stop mode must be set to "1". 
When restarting oscillation with an interrupt, the internal 

clock rp is held "H" until timer 2 overflows and is not sup
plied to the CPU. When oscillation is restarted by reset, "l" 
level must be applied to the RESET pin until the oscillation 
stabilizes because no wait time is generated. 

The microcomputer enters a wait mode when WIT instruc
tion is executed. The internal cloCk rp stops at "H" level, but 
the oscillator does not stop. rp is re-supplied (wait mode 
reset) when the processor is reset or when it receives an 

interrupt. Instructions can be executed immediately be
cause the oscillator is not stopped. The interrupt enable bit 
of the interrupt used to reset the wait mode must be set to 
"1" before executing the WIT instruction. 
When the interrupt is accepted and after the interrupt sub
routine is executed, the next instruction to STP or WIT is 
executed. It is possible to cancel stop and wait mode by 
reset. In this case, the execution is started from the 
address is set to reset vector. 

Transition of states for the system clock is shown in Figure 
32. The change order of the internal clock is shown in Fi
gure 32. 
When STP instruction is executed from the states of A, B, 
C, 0 and E, it will be the same state as H (stop state). If 

the interrupt is executed in stop state, it will return the state 
before STP instruction is executed. 

M37410M3HXXXFP 

Fig. 29 External ceramic resonator circuit 

Fig. 30 

M37410M3HXXXFP 

28 ! 
External 

OSCillating 
Circuit 

29 
Open 

Vee .1lnJUlf 
V" 

XC1N XCOUT 

23f 24 
External Open 

OSCillating 
Circuit or 

external pulses 

V ce ---, r--"1 
Vss L-J L-

External clock input circuit 
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LM. 
SM. 

XC1N XCOUT 

SM. 

Q S 

R 

MITSUBISHI MICROCOMPUTERS 

M37 410M3HXXXFP ,M37 410M4HXXXFP 
M37410M6HXXXFP 

S 

STP WIT R 
mstruc instruction 

-tion 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Q 

R STP 

Reset 

instruction 

INT, interrupt enable 

INT, interrupt request 

Senal 1/0 or tlmer2 Interrupt enable 

Senal 1/0 or tlmer2 Interrupt request 

INT3 or key on wake up interrupt enable 

INT3 or key on wake up interrupt request 

INT, or timer3 Interrupt enable 

INT, or timer3 interrupt request 

Timer6 or A-D interrupt enable 

TimerS or A-D interrupt request 

Fig. 31 Block diagram of clock generating circuit 
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MITSUBISHI MICROCOMPUTERS 

M37 410M3HXXXFP, M37 410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

WIT 

Reset 

SM5=O 
SM.=O 
LM5=O 

C A LM.=O WIT 

....-----.,instructlonlrr=====;J r.~;=-'!"'",,"'ilinstructio,nr::B:::M:::H~=I""1 t=' 
BMHz oscillation t----iINormal mode LM5="1 "~"O" Hlgh·5peed mode It------>"I z ascI a Ion 

11-<>-______________ -;1 8M Hz 32kHz stop 
32kHz stop BMHz oscillation" oscilialion ¢ = stop 

¢=stop 32kHz stop LM5-"O"~"1" 32kH t T Timers, z s op Imers, 

LCD action Interrupt ¢ 500kHz ¢ 2MHz Interrupt LCD action 

STP instruction STP instruction 

8MHz stop 
32kHz oscillation 

¢=stop 
Timers, 

LCD action 

Interrupt Interrupt 

SM5="O"~"1" 

SM6="O"~"1" 

SM5="1"~"O" 

SM.="1"~'·O" 

8MHz stop 

32kHz stop 

¢ stop 

SM5="O"~"1" 

SM6="O"~"1" 

SM5="1"~"O" 

SM.=''1''~''O'' 

WIT 
Instruction 

Interrupt 

Interrupt Interrupt 

STP instruction STP tnstruction 
B D WIT 

BMHz oscillation 
li-=!:::!.==iI,nstruction 8MHz oscillation 

LM5="1"~"O" BMHz oscillatIOn 32kHz oscillation 
32kHz oscillation IfE------....:..----------" 32kHz 05clilation ¢=stop 

¢=500kHz 
LM5-"O"~"1" ¢=2MHz 

il="5"=;====!1 Interrupt 

r(~ r(~ "<:;< .,< 
Q, <~.J, ., <~.J ",</' "<:;</' 

~ ~ :f' :f' 
'00 • >0. 'V~" 'V~" 

". " 70" 00" '-'V~.' '-'V~.' 

'""'BM""H""z-os-c""llIa""t-,o'n i~~~uctiol;n~====E-===;(.;tns~:tlon.r-----.., 
32kHz oscillation BMHz05C1l1atlon 8MHZ stop 

¢ stop 32kHz oscillation 32kHz stop 

Timers, ¢=16kHz ¢ stop 

LCD action j;;ln;tte;r~r~up~ttll~~~~.t~ln;tte;r~ru~p~ti. ____ --, 

G 

Clock mode 
32kHz oscilialion 

¢ stop 
Timer, LCD 

action 

WIT 
instructio 

Interrupt 

! 

SM6="1"~"O" 

F STP H 

Low-speed instruction 

mode 
8M Hz stop 

8M Hz stop 32kHz stop 
32kHz oSCIlialiOll 

¢ stop ¢ 16kHz 
Interrupt 

Timers, 
LCD action 

The case of example clock XIN=8MHz, clock Xc1N =32kHz 

Note : At the end of STP Instruction, walt time occurs automatically by connection of timers 1 and 2 and changing system clock ThiS time IS set by program 

When SM6=1 and unsystem clock IS operated, walt time necessary by program until OSCillation becomes stable 

Return to the normal mode once In case changed to the low-speedlTlode from the normal mode 

Also return to the high-speed mode once In case changed to the low-speed mode from the high-speed mode 

Fig. 32 Transition of states for the system clock 
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MITSUBISHI MICROCOMPUTERS 

M37 410M3HXXXFP, M37 410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1/( n+1 ). 

(2) The count value of timers 1, 2, 3, 4 can be read at an 
arbitrary timing when the timing ¢ divided by 4 or timer 
overflow is input to these timers. If XC1N or CNT, input 

is input to these timers, the value of timer 1, 2, 3, 4 
must be read only when the input of timers is not 
changing or the timer count is stopped. 
Also the count value of timers 5, 6 which are used in 
the event counter mode must be read when the exter
nal input is at the "L" level. When timers 5, 6 are used 
in the timer mode, the count value of these timers'can
not be read. 

(3) Even though the BBC and BBS instructions are ex
ecuted after the interrupt request bits are modified (by 
the program), those insructions are only valid for the 
contents before the modification. Also, at least one in
sturction cycle must be used (such as a NOP) be

tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(4) CD After the ADC and SBC instructions are executed (in 
decimal mode) , one instruction cycle (such as a 

NOP) is needed before the SEC, CLC, or CLD in
structions are executed. 

<Z> In decimal mode, the negative (N), overflow (V) and 
zero (Z) flags are invalidated. 

(5) A NOP instruction must be used after the exection of a 
PLP instruction. 

(6) CD The timer 1 and timer 2 must be set the necessary 

value immediately before the execution of a STP in
struction. 

Also the following conditions must be satisfied: 

• Timer 1 count stop bit is set to "0" 
• Timer 2 interrupt enable bit is set to "1" 
• Timer 2 interrupt request bit is set to "0" 
• Serial I/O or timer 2 interrupt enable bit is set to "0" 
• Serial I/O or timer 2 interrupt request bit is set to "0" 

<Z> To restart OSCillation when it is stopped by STP in
struction or unsystem clock operation bit, wait for a 
specified time which is needed for the oscillator to 
stabilize. 

(7) Some instructions can be used to write contents of the 
interrupt request distinguish register 1, 2. If the SEB or 
CLB instruction or a set of instruction that acts as the 
SEB or CLB instruction (for instance, LDA TC+SEB 7, A 

+STA TC) is used, an interrupt request which is input 
during execution of these instructions may be cleared. 
Therefore, these instructions should be used only when 
there is no problem even if such an interrupt request is 
cleared. Usually, the LDM instruction or STA instruction 
is used. Especially to write contents of the interrupt re
quest distinguish register 1, 2, use the flow chart as 
shown in Figure 33. 
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Fig. 33 Flow to write interrupt request distinguish 
registers 

(8) When LCD trun-on bit (bit 3 of address 00F5,6 ) of the 

LCD mode register is "1", don't stop the timers or count 
source for timers. 

(9) After switching the serial I/O transfer clock, initialize 
the serial I/O counter (write to address 00F7,6 ). 

(10) To use an external clock as the serial I/O transfer 
clock, initialize the serial 1/0 counter when the external 
clock is "H" level. 

(11) To use the P30 and P3, pins as the I/O pins of the 

clock for clock function, do not use the pull-up resistors 
by option. 

(11) If using A-D converter, supply power to the VREF pin 
(set bits 1 and 2 of address 00F2 ,6 ), and make sure 
that the voltage of the VREF pin has stabilized before 
activating the A-D conversion. 



MITSUBISHI MICROCOMPUTERS 

M37 410M3HXXXFP, M37.410M4HXXXFP 
M37410M6HXXXFP 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM confirmation form 
(2) mark specification form 
(3) ROM data ........................................... EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 
• Port PO pull-up transistor bit 
• Port P1 pull-up transistor bit 
• Port P2 pull-up transistor bit 
• Port P3 pull-up transistor bit 
• Port P4 pull-up transistor bit 
• Port P5 pull-up transistor bit 
• Port P2 key on wake up 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 
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MITSUBISHI MICROCOMPUTERS 

M37410M3HXXXFP,M37410M4HXXXFP 
M37410M6HXXXFP 

SINGLE.CHIP I·BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage ~0.3-7 V 

V, Supply voltage for LCD VL,-V" VL1 <VL2<V" -0. 3-Vee+0. 3 V 

V, 
Input voltage POo-Po" P2o-P2" P30, P3" 

-0. 3-Vee+0. 3 V 
P4o-P4" INo-IN" VREF, X,N 

V, Input voltage CNVss -0.3-7 V 

V, 
Input voltage INTh RESET. Pl.-Ph, 

-0.3-10 V P3,-P3,. P50-P5, (Note I) 

Va 
Output voltage POo-PO" P2o-P2" P30, P3,. 

-0. 3-Vee+0. 3 V 
COMo-COM" SEGo-SEG", XOUT 

Va Output voltage Plo-PI" P3,-P3" P50-P5, -0.3-10 V 

Pd Power diSSipation Ta= 25"(; 300 mW 

Topr Operating temperature -20-75 ·C 

TstQ Storage temperature -40-125 "C 

Note 1 When these ports are bUilt In a pull-up resistor option. the value IS -0. 3-Vcc+0. 3V 

RECOMMENDED OPERATING CONDITIONS (Vcc=2. 5-5. 5V, Vss= 0 V, T a=-20-75"C, unless otherwise noted) 

Symbol 

Vee 

Vss 

V,H 

V,H 

V,H 

V,H 

V ,H 

V,L 

V,L 

V,L 

10H 

10L 

10L 

f(X,N ) 

f(Xe'N) 

Note 1 
2 
3 
4 
5 
6 
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Parameter Conditions 
Limits 

UOit 
Min Typ Max 

f{X,N)- 8 MHz High-speed mode' 4.5 5.5 
Supply voltage (Note 1 ) f{X,N)= 8 MHz Normal mode or 

2.5 
V 

f{X'N)= 2 MHz High-speed mode (Note 2) 
5.5 

Supply voltage 0 V 

"H" inPut voltage POo-PO" P30, P3" P40-P4" 
0. 7Vee Vee V 

X'N, CNVss (Note 3 ) 

"H" Input voltage P2o-P2, O. aVec Vee V 
"H" mput voltage Pt.-PI" P5,-PS,. S,N 0. 7Vee 10 V 

"H" Input voltage P3,-P3" P5., INT" INT" INT,. 
O.aVee 10 V CNT" CNT" SIG, CLK 

"H" Input voltage RESET, XCIN 0. a5Ve 10 V 
"L" Input voltage POo-PO" Pl.-Ph, p30. P3h 

0 O.25Vcc V 
P40-P4" P5,-P5" S,N 

"L" Input voltage P2.-P2" P3,-P3" p50. INT" a 0. 2Vee INT" INT" CNT" CNT" SIG, CLK 
V 

"L" Input voltage RESET, X,N, XCIN 0 0. 15Vcc V 
"H" output current POo-PO" P2.-P2" XOUT (Note 4 ) -1 mA 
"L.:." output current POo-PD" P20-P2,. P30-P3, 

P50-P5" XOUT, PWMO-PWM3, 1 mA 
T, SOUT, CLK, SRDV. SIG (Note 5 ) 

"L" output current Pl.-PI, (Note6) 
Vcc-3V 10 

Vcc=5V 20 
mA 

Clock oscillating frequency 0.2 a.2 MHz 

Clock oscillating frequency for clock function 30 50 kHz 

When only maintaining the RAM data, minimum value of Vcc IS 2 V 
We say the high-speed mode. when the system clock IS chosen X'N/4. and the low-speed mode. when the system clock IS chosen X'NI16. 
When P3, IS used as XCIN, V,H and V,L of P3, is O.B5Vcc~V'H~VCC and O~V'L~O 15Vcc 
The total 10H( peak) of port PO, P2 and XOUT IS less than 35mA 
The total 10H( peak) of port PO. P2. P3 and P5 IS less than 32mA 
The total peak current of 10L of port PI is less than BOmA and the average current of total 10L of port PI IS less than 40mA 



MITSUBISHI MICROCOMPUTERS 

M37410M3HXXXFP,M37410M4HXXXFP 
M37410M6HXXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERICS (Vss= 0 v, T a=-20-75t, unless otherwise noted) 

lImIts 
Symbol Parameter Test condltoons Unit 

Min Typ Max 

Vcc=5V,loH=-Q,SmA 4 
VOH "H" output voltage POo-PO" P2o-P2, 

2,4 
V 

Vcc-3V, 10H=-0, 3mA 

Vcc-5V, 10H=-0, 3mA 4 
V OH "H" output voltage XoUT V 

Vcc=3V, 10H=-0, 1 mA 2,4 

"l" output voltage POo-po', P20-P2" P30-P3" Vcc=5V,loL=lmA 1 
VOL PSo-P5" T, SOUT, ClK, V 

s"DY, SIG, PWMO-PWM3 Vcc=3V, 10L =0, 5mA 0,6 

Vcc=5V, 10L =20mA 2 
VOL "l" output voltage P1o-P1, 

1.5 
V 

Vcc=3V, 10L =10mA 

Vcc=5V, 10L =0, 3mA 1 
VOL "l" output voltage XOUT 

Vcc=3V, 10L=0, lmA 0,6 
V 

HysteresIs INT" INT" INT., ClK, CNT" Vcc=SV 0.2 
VT+-VT-

CNT" SIG, S,N, P2o-P2"Xc'N 
V 

Vcc=3V 0,2 

HystereSIs RESET 
Vcc=5V 2 

Vr+-VT-
1.0 

V 
Vcc=3V 

Vcc=5V 0,5 
Vr+-VT- Hysteresis X,N 

0,35 
V 

Vcc=3V 

"l' onput current IPOo-po', P1o-Pl" P20-P2" P30-P3" Vcc=5V V,=OV -5 

I'L P40-P4~ P50-P5,i WIthout pull·up Tr, (Note 1), p.A 

INo-IN" INT" RESET, X,N Vcc=3V V,=OV -3 

"H" Input current POo-PO" P2o-P2" P30, P3" Vcc=5V V,=5V 5 
I'H P40-P4" INo-IN" X,N, Xc'N, CNVss Vcc=3V V,=3V 3 

p.A 

"H" Input current Ip1o-P1" P30-P3" P50-P5,i WIthout pull-up Tr, 

I'H INT" INT" INT" CNT" V,=lOV 10 p.A 
CNT" SIG, RESET, S,N, ClK 

Pull-up Tr, POo-PO" P1 o-Pl" P20-P2" Vcc=5V, V,=OV 7 15 30 
RpL 

P30-P3" P40-P4~ P50-P5, 10 30 60 
kO 

Vcc=3V, V,=OV 

ReoM 
v,,=Vcc/3 Vcc=5V 200 

0 Output Impedance COMo-COM. VL2=2V", Vcc-3V 500 
VL3=VCC 

Vcc-5V 2 Other COM, SEG kO Rs Output impedance SEGo-SEG,. PinS are opened Vcc-3V 3 

f(X,N)-8MHz HIgh-speed mode Vcc-5V 6 12 

f(X,N)=8MHz Normal mode Vcc=3V 
mA 

at operatIon 8 

f(XCIN)=32kHz, Vcc=3V 18 36 p.A 
Icc Supply curr .. nt 

f(X,N)=8MHz Normal mode Vcc=3V 1 mA 
at wad: mode 

f(Xc'N)=32kHz, Vcc=3V 4 12 

at stop mode Ta=25t 0.1 0.6 
p.A 

VRAM RAM retention voltage 2 5.5 V 

Note 1 Also the same when each port IS used as INT" INT,. CNT" CNT2, SIG, S'N and Xc'N, respectIvely 
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M37410M3HXXXFP ,M37410M4HXXXFP 
M37410M6HXXXFP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

A·D CONVERTER CHARACTERISTICS (Vee=5V. Vss=AVss= OV. Ta=25t. f(x,,)='a MHz. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

-- Resolution 8 bits 

Vcc-VREF-5.12V ±2 
-- Non-lineanty error LSB 

VCC=VREF=3.072V ±2 

VCC=VREF=5. 12V ±0.9 -- Differen,tlal non-linearHy LSB 
VCC=VREF=3.072V ±0.9 

VCC=VREF=5. 12V 2 
VOT Zero transition error LSB 

VCC=VREF=3.072V 2 

Vcc=VREF=5.12V 6 
VFST Full-scale transition error LSB 

VCC=VREF=3.072V 10 

Te Conversion time 
Vcc=2. 5-5. 5V High-speed mode 2OO1i(X,N) 

Vcc=2. 5-5. 5V Normal mode BOO/f(X,N) 
I-'S 

VREF=5V 1.0 2.5 
IREF Reference Input current 

VREF=3V 0.5 1.5 
mA 

liN Analog port input current VIN=O---VCC 1 10 I-'A 

Y'N Analog Input voltage Vcc-2. 5-5. 5V AVss Vee V 

V REF Reference input voltage 2.5 Vee V 
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M37412M4-XXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37412M4-XXXFP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
72-pin plastic molded QFP. 
This single-chip microcomputer is useful for household ap

pliance and other consumer applications. 
In addition to its simple instruction set, the ROM, RAM, and 
1/0 addresses are placed on the same memory map to en
able easy programming. 

FEATURES 
• Number of basic instructions" ................................. 69 
• Memory size ROM" ................................ 8192 bytes 

RAM····································· 160 bytes 

• Instruction execution time 
........ 2,us (minimum instruction, at 4MHz frequency) 

• Single power supply·····································SV±10% 

• Power dissipation 
normal operation mode (at 4MHz frequency) ····1SmW 

• Subroutine nesting ·····························80 levels (Max.) 
• Interrupt .. ········································ 7 types, S vectors 
• 8-bit timer .............................................................. 4 

• Programmable 1/0 ports (Ports PO, P1, P2, P3, P4, p7) 
...................................................... ··················46 

• Input port (Port PS) ................................................. 8 
• Output port (Port P6) ............................................... S 

• Serial 1/0 o( 8-bit)··········· .................................... ······1 

• 8-bit A-D converter······ ..................................... ······1 

• S-bit O-A converter············································· .. ·· 1 

• 8-bit PWM function .. ············································· .. · 1 
• Watchdog timer······················································ 1 

APPLICATION 
VCR, Tuner, Audio-visual equipment 
Office automation equipment 

PIN CONFIGURATION (TOP VIEW) 

P2,
P2.
P2.
P2,
P23 -

P22 -
P21 ++ 

Vss 
P2D -

Vee 
AVss 

VREF -
D-A+-

~ 
~ 
~ 
~ 

~ 
~ 
~ 
~ 
~ 
~ 

PWM+
P6, +-:; 72 

57 56 55154 53 52151150 49 48147146H45 44 43 42141140139138 'I7 

~ 
0 ~ 

~ 
~ 
F,i 
Iii 

M37412M4-XXXFP F,ij 

~ 
F.ll 
~ 

0 0 ~ 
23 

r.i 
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 1920 1 

III111111111111111111 

Outline 72P6 

+- P5, 
+- P52 

+- P53 

+- P5,/ED, 
+- P5./ED. 
+- P5./ED. 
+- P5,/ED, 

Vss 
-+; 
-XoUT 
"'-X,N 

+- RESET 
CNVss 

+-INT, 
-P3D 
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MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP 8·BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37412M4-XXXFP 
Parameter Functions 

Number of basic instructions 69 

Instruction execution time 2,us (minimum Instructions, at 4MHz frequency) 
------

Clock frequency 4MHz 

ROM 8192bytes 
Memory size 

RAM 160bytes 

INT, Input l-bltXl 

PO, PI, P2, P3, P4 110 8-bitXS (a part of P3 IS common with serial 1/0, timer 1/0, and Interrupt input) 

Input/Output ports PS Input 8-bitXl 

P6 Output S-bitXl (a part of P6 is common with external trigger output Pin) 

P7 1/0 6-bitXl 

Serial 110 8-bitXl 

Timers 8-bit prescalerX3+8-bit timerX4 

A-O converSion 8-bitXl (8 channels) 

D-A conversion S-bltXl 

Pulse width modulator 8-bitXl 

Watchdog timer 1 S-bitX 1 

Subroutine nesting 80 levels (max) 

Interrupts Two external Interrupts, Three Internal timer Interrupts 

Clock generating Circuit Built-In (ceramic or quartz crystal oscillator) 

Supply voltage SV±10% 

Power dissipation ISmW (at 4MHz frequency) 

Input/Output characteristics 
Input/Output voltage 12V (Ports PO, PI, P3, P4, PS, P6, P7, INT,) 

Output current SmA (Ports PO, PI, P2, P3, P4, p7) 

Memory expansion Possible 

Operating temperature range -10-70"(; 

Device structu re CMOS sIlicon gate process 

Package 72-pin plastic molded QFP 
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PIN DESCRIPTION 

Pm Name 

Vee, Supply voltage 

Vss 

CNVss CNVss 

---
RESET Reset mput 

X ,N Clock mput 

XOUT Clock output 

'" 
Tlmmg output 

--
INT, Interrupt input 

AVss Voltage Input for A-D 

and A-D 

VREF Reference voltage 

Input 

O-A D-A output 

PWM PWM output 

POO~P07 1/0 port PO 

P10~P17 1/0 port P1 

P20~P27 1/0 port P2 

P30~P37 1/0 port P3 

P40~P47 110 port P4 

P50~P57 Input port P5 

P60~P64 Output port P6 

P70~Pls 1/0 port P7 
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Input! 

Output 

Input 

Input 

Output 

Output 

Input 

Input 

Output 

Output 

1/0 

1/0 

1/0 

1/0 

1/0 

Input 

Output 

1/0 

MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP S-BIT CMOS MICROCO~PUTER 

Functions 

Power supply mputs 5V±10% to Vee, and OV to Vss 

This is usually connected to Vss. 

To enter the reset state, the reset input pm must be kept at a "L" for more than 2,us (under normal Vee 

conditions). If more time IS needed for the crystal oscillator to stabilize, this "L" condition should be maln-

tamed for the required time 

ThiS chip has an Internal clock generatmg Circuit To control the generation frequency, an external ceramic 

or a quartz crystal OSCillator IS connected between the X1N and XOUT pms If an external clock IS used, the 

clock source should be connected to the X1N pm and the XOUT pm should be left open 

This IS the tlmmg output pin 

This IS the highest order Interrupt Input pin 

ThiS IS GND Input pin for the A-D and D-A converters 

--~-~------

ThiS is reference voltage Input pin for the A-O and O-A converters 

ThiS IS output pin from the O-A converter 

ThiS IS output pin from the pulse width modulator 

The output structure IS N-channel open drain 

Port PO IS an a-bit I/O port with directional register allOWing each I/O bit to be individually programmed as 

Input or output At reset, thiS port IS set to Input mode 

The output structure IS N-channel open drain 

Port P1 IS an a-bit I/O port and has baSically the same functions as port PO 

The output structure IS N-channel open drain 

Port P2 IS an 8-bit 110 port and has basically the same functions as port PO, but the output structure IS 

CMOS output 

Port P3 IS an a-bit 1/0 port and has baSically the same functions as port PO When serial I/O IS used, P37, 
-~ 

P36 , P3s, and P34 work as SRDY, ClK, SOUT, and SIN pms, respectively. 
-

Also P33 and P32 work as CNTR pm and the lowest Interrupt Input pm (INT2), respectively. 

Port P4 IS an a-bit 1/0 port and has baSically the same functions as port PO. P47 ....... P40 work as analog Input 

port AN 7-ANo The output structure IS N-channel open dram 

Port P5 IS an a-bit mput port P54-P57 can be used as the edge sense mputs 

Port P6 IS a 5-blt output port At external tngger output mode, P60 and P6 l are In common with the trigger 

Input Pin (T) and the tflgger output Pin (0), respectively 

The output structure IS N-channel open drain 

Port P7 is a 6-bit 1/0 port and has baSically the same functions as port PO 

channel open drain 

~. MITSUBISHI 
1'& ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37412 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

Timer Control Register 
The timer control register is allocated to address 00FF,6. 
Bits 0 and 1 of this register are processor mode bits. This 
register also has a stack page selection bit. 

7 0 
.-, :..",.....,r-1--r~-r-r,:.." Timer control register (address OOFF,.) 

[

Processor mode bit 
00 : Single-chip mode 
01 : Memory expanding mode 
10 : Microprocessor mode 
11 : Eva-chip mode 

Timer X mode bit 
00 : Timer mode 
01': Pulse output mode 
10 : Event counter mode 
11 : Pulse width measurement mode 

L-____ Stack page bit 

0: 0 page 
1 : 1 page 

L-_____ Timer X count stop bit 

o : Cou nt start 
1 : Cou nt stop 

'-------- Timer X Interrupt enable bit 
o : Interrupt disable 
1 : Interr~pt enable 

'--------- Timer X interrupt request bit 
o : No interrupt request 
1 : With interrupt request 

Fig. 1 Structure of timer control register 
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MEMORY 
o Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as I/O ports and timers. 
• RAM 

RAM is used for data storage as well as a stack area. 
o ROM 
ROM is used for storing user programs as well as the inter

rupt vector area. 

RAM 

(160 bytes) 

ROM 

(8192 by1es) 

0000 '6 

009F, 

OOEO, 

OOFF, 

6 

6 

6 

EOOO, 6 

FFOO, 6 

FFF4'6 

MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

o Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

o Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 
o Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Not used 

SFR area 

Not used 

Zero page 

Special 
page 

for 

subroutine 
call 

Interrupt vector area 

FFFF'6 

Fig.2 Memory map 
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OOEO,. 

OOE1,. 

OOE2,. 

OOE3,. 

OOE4,. 

OOE5,. 

OOE6,. 

OOE?,. 

OOES,. 

OOE9,. 

OOEA,. 

OOES,. 

OOEC,. 

OOED,. 

OOEE,. 

OOEF,. 

Port PO 

Port PO directional register 

Port P1 

Port P1 directional register 

Port P2 

Port P2 directional register 

Port P? 

Port P? directional register 

Port P3 

Port P3 directional register 

Port P4 

Port P4 directional register 

Port P5 

Port P5 latch 

Port P6 

Special function selection register 

Fig.3 SFR (Special Function Register) memory map 

MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

OOFO,. 

OOF1,. 

OOF2,. 

OOF3,. 

OOF4,. 

OOF5,. 

OOF6,. 

OaF?,. 

OaFS,. 

OOF9,. 

OOFA,. 

OOFB,. 

OOFC,. 

OOFD,. 

OOFE,. 

OOFF,. 

O-A conversion register 

Pulse width modulation register 

Successive approximation register 

A-D control register 

Watchdog tl mer 

Serial 110 mode register 

Senal 110 register 

Timer 3 prescaler 

Timer 3 

Timer 1, 2 prescaler 

Timer 1 

Timer 2 

Timer X prescaler 

Timer X 

Interrupt control register 

Timer control register 
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MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

INTERRUPT 
The M37412M4-XXXFP can be interrupted from seven 
sources; INT" timer X, timer 1, timer 2/serial 1/0, or INT21 
BRK instruction. 

However, the INT2 pin is used with port P32 and the corres
ponding directional register bit should be set to "0" when 

P32 is used as an interrupt input pin. 
'The value of bit 2 of the serial 1/0 mode register (address 
00F5,6) determine whether the interrupt is from timer 2 or 
from serial 1/0. When bit 2 is "0" the interrupt is from timer 
2, and when bit 2 is "1" the interrupt is from serial 1/0. Also, 
when the bit 2 is "1", parts of port P3 are used for serial II 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 

Table 1. Interrupt vector address and priority 

Interrupt Priority Vector address 

RESET 1 FFFF'6, FFFE'6 
INT, 2 FFFD'6, FFFC'6 

Timer X 3 FFFB'6, FFFA,6 
Timer 1 4 FFF9,6, FFF8'6 

Timer 2 or senal 1/0 5 FFF7'6, FFF6'6 
INT2 (BRK) 6 FFF5,6, FFF4'6 

When an interrupt is accepted, the contents of certain reg
isters are pushed into specified locations, the interrupt dis
able flag I is set, the program jumps to the address speci
fied by the interrupt vector, and the interrupt request bit is 
cleared automatically. The reset interrupt is the highest 
priority interrupt and can never be inhibited. Except for the 
reset interrupt, all interrupt are inhibited when the interrupt 
disable flag I is set to "1". All of the other interrupts can 
further be controlled individually via the interrupt control 
register shown in Figure 4. An interrupt is accepted when 
the interrupt enable bit and the interrupt request bit are 
both "1" and the interrupt disable flag is "0". 

The interrupt request bits are set when the following condi
tions occur: 
(1) When the INT, or INT2 pins go from "H" to "L" 
(2) When the contents of timer X, timer 1, timer 2 (or the 

serial I/O counter) go to "0" 

These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 
Since the BRK instruction and the INT2 Interrupt have the 
same vectored address, the 'contents of the B flag must be 
checked to determine if the BRK instruction caused the in
terrupt or if INT2 generated the interrupt. 

~~~~~~~~ 
Interrupt control register (Address OOFE,,) 

Interrupt 
request 

Flg.4 Interrupt control 
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Bit 7 : INT, pin interrupt request bit 

Bit 6 : INT, pin interrupt enable bit 

Bit 5 : Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit 3 : Timer 2 interrupt or serial 1/0 interrupt request bit 

Bit 2 : Timer 2 interrupt or serial 1/0 interrupt enable bit 

Bit 1 : INT2 pin interrupt request bit 

BitO: INT2 pin interrupt enable bit 

Timer control register (Address OOFF,,) 

Bit 7 : Timer X interrupt request bit 

Bit 6 : Timer X interrupt enable bit 

Bit 5 : Timer X count stop bit 

Bit 4 : Stack page bit 
Bit3 : 
Bit 2 : f Timer X mode bit 

Bltl : I 
Bit 0 : r Processor mode bit 



MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

TIMER 
The M37412M4-XXXFP has three timers; timer X. timer 1. 
timer 2 and timer 3. Since P3 (in serial I/O mode) and tim
er 2 use some of the same architecture. they cannot be 
used at the same time (see serial I/O section). Timer X 

has four modes which can be selected by bit 2 and 3 of the 
timer control register. When the timer X count stop bit (bit 
5) is set to "1". the timer X will stop regardless of which 
mode it is in. A block diagram of timer X. timer 1. timer 2 
and timer 3 is shown in Figure 5. 

The P33/CNTR pin cannot be used as CNTR when P33 is 
being used in the normal I/O mode. 
Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di
vider. The division ratio is defined as l/(n+l). where n is 
the decimal contents of the prescaler latch. All four timers 

are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af
ter the timer counts to zero). 

The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 

timer control registers are located at addresses 00FE'6 and 
00FF'6. respectively (see Interrupt section). The prescaler 
latch and timer latch can be loaded with any number. 
The four modes of timer X as follows: 
(1) Timer mode (00] 

In this mode the clOCk is driven by the oscillator fre
quency divided by 16. When the timer down-counts to 
~ero. the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode (01] 

In this mode. the polarity of the CNTR signal is re
versed each time the timer down-counts to zero. 

(3) Event counter mode [10] 
This mode operates in the same manner as the timer 

mode except. the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 

(4) Pulse width measurement mode (11] 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer. driven by the oscilla
tor frequency divided by 16. continues counting during 
the low cycle of the CNTR pin. When the timer con
tents reaches "0". the interrupt request bit is setto"l". 
the timer's reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 6. 

When the STP instruction is executed. or after reset. 

the prescaler and timer latch are set to FF'6 and 01,6. 
respectively. Also, when the STP instruction is ex
ecuted. the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim
er X interrupt request bit is set to "1". or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction. refer to 
the oscillation circuit section. 
The function of timer 3 is as same as that of timer 1 

and timer 2. with the exception that the detection of its 
overflow is known by the overflow bit (bit 3 of address 

00EF'6)' When the timer down-counts to zero. the over
flow bit is set to "1" and the contents of the timer's 
latch is reloaded into the timer. 
The reset of the overflow bit is made by; 
a) hard ware reset 
b) write "0" to overflow bit 

c) write instruction to timer 3 
The structure of special function selection register is 
shown in Figure 7. 
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Osciliator Divider 

MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

When STP instructions are r----' ...... ---, 

Pulse- output mode 
Reset, or 
STP 

I -------------fT:;;;;~:m:tii:1 Instructron I- Toggle flip-flopl----------.J 

to timer 1 
interrupt 
request 
bit 

~--~- Transfer clock 

Senal I/O counter (3) 

to timer X Interrupt request bit 

to timer 2 or 
serial I/O 
interrupt 
request bit 

Serial J/O mode register (Address OaFS,.) 

Fig,5 Block diagram of timer X, timer 1, timer 2, and timer 3 
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7 

I I I I I I I \I Timer control register (Address OOFF,,) 

LL Processor mode bit 

00 : Single-chip mode 

01 : Memory expanding mode 

10 : Microprocessor mode 

11 : Eva-chip mode 

Timer X mode bit 

00 : Timer mode 

01 : Pulse output mode 

10 : Event counter mode 

11 : Pulse width measurement mode 

Stack page bit 

O:Opage 

1 : 1 page 

Timer X count stop bit 

o : Count start 

1 : Count stop 

Timer X interrupt enable bit 

o : Interrupt disable 

1 : Interrupt enable 

Timer X interrupt request bit 

o : No interrupt request 

1 : With interrupt request 

Flg.S Structure of timer control register 

MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

7 0 

I IXlXIXI I I IXI Special function selection register 
(Address OOEF,6) 

L Timing output control bit 

o : Timing ¢ output 

1 : "L" level output 

'---- External trigger mode selection bit (P6o, P6,) 

o : Normal output port 

1 : External trigger 1/0 port 

Timer 3 overflow bit 

1 : Timer 3 overflow 

'-------.Polarity of edge sence input selection bit 

o : Detected by falling-edge 

1 : Detected by raising-edge 

Fig.7 Structure of special function selection register 
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SERIAL 1/0 
A block diagram of the serial 110 is shown in Figure 8. 

In the serial I/O mode the receive ready signal (SRDY)' syn
chronous input /output clock (elK), and the serial I/O pins 
(SOUT, S,N) are used as P37, P36, P35, and P3., respectively. 
The serial I/O mode register (address 00F516 ) is a 5-bit 
register. Bits 1 and 0 of this register is used to select a 
synchronous clock source. 

When these bits are (00) or (01) , an external clock from 
P36 is selected. When these bits are (10), the overflow sig
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 

Oscillator Divider 

MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

transfer speed. When the bits are (11), the oscillator fre
quency divided by 16, becomes the clock. 
Bit 2 to 4 decide whether parts of P3 will be used as a se
rial 110 or not. When bit 3 is "0" and bit 2 is "1", P36 be
comes an I/O pin of tlie synchronous clock. When an Inter
nal synchronous clock is selected, the clock is output from 
P36. If an external.synchronous clock is selected, the clock 
is input to P36 and P35 will be a serial output and P3. will 
be a serial input. To use P3. as a serial input, set the direc
tional register bit which corresponds to P3. to "0". For more 
information on the directional register, refer to the I/O pin 
section. 

P37 

from timer 1. 2 
prescaler 

DIVider 

Senal 1/0 counter 

P3. 
Transfer clock 

P35 

S" 
P3. (}-"'----f--++++----l MSB Senal 110 register (8) LSB 

(Address 00F616 ) 

Data bus 

to timer 2 or 
senal 110 interrupt 
request bit 

'-r-'-,--'-.,.......,. ................ Senal 110 mode register (Address OOFS,.) 

Fig.8 Block diagram of serial I/O 
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Synchronous clock selection bit 

00 :1 01: External clock 

10 : Timer 2 overflow signal diVided by 2 

11 : OSCillation frequency diVided by 16 

Serial 110 port selection bit (P35 • P3.) 

00 : Normal 110 port 

01 : Senal 110 port 

10: 1 
11: Not used 

SRDY signal output selection bit (P3,) 
o : Normal 110 port 

1 : 8;,-;;;; signal output pm 
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To use the serial I/O, bit 3 and bit 2 need to be set to "01", 
if they are "00" P3s will function as a normal I/O. Interrupts 
will be generated from the serial I/O counter instead of 
timer 2. Bit 4 determines if P37 is used as an output pin for 
the receive data ready signal (bit 4 = 1, SRDY) or used as 
normal I/O pin (bit 4=0). The serial I/O function is discus
sed below. The function of the serial I/O differs depending 

on the clock source;. external clock or internal clock. 
Internal clock-The SRDY signal becomes "H" during trans
mission or while dummy data is stored in the serial I/O reg
ister (address 00F71S). After the falling edge of the write 

signal, the SRDY signal becomes low signaling that the 
M37412M4-XXXFP is ready to receive the external serial 

data. The SRDY signal goes "H" at the next falling edge of 
the transfer clock. The serial I/C counter is set to 7 when 
data is stored in the serial I/O register. At each falling 

Synchronous clock 

Transfer clock --------......., 

edge of the transfer clock, serial data is output to P3s. Dur
ing the rising edge of this clock, data can be input from P34 

and the data in the serial I/O register will be shifted 1 bil. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be emptY 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be sel. 
External clock-If an external clock is used, the interrupt 

request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 9. An example of communication between 
two M37412M4-XXXFPs is shown in Figure 10. 

Serial 1/0 register ______ -" ~--__\:__----+_-----------_:_------
write signal 

Serial 1/0 output 
SOUT 

0, 

seri~,~Oinput _______ -:-_=-:-_____ _ 
I 
I Receivable signal --------iU 

SRDY 

Interrupt request bit set 

Fig.9 Serial I/O timing 

Sending side ReceiVing Side 

-
Serial 1/0 mode register SRDY Serial 1/0 mode register 

P3, P37 

bit4 bitO bit 4 bltO 

I 0 I 0 I 1 I 1 I 0 I I 1 I 0 I I I o I X I 
Set the directional Synchronous clock Set the directional 
register for P3, pin P36 P36 

register for P34 pin 
In input mode in Input mode 

Senal data 
P35 P34 

Fig.l0 Example of serial 1/0 connection 
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A-O CONVERTER 
An··8-bit successive approximation method of A-O conver
sion is employed providing a precision of ±3LSB. A block 
diagram of the A-O convertor is shown in Figure 11. Con
version is automatic once it is started with the program. 
The six analog inputs are used in common with pins P47 -

P40 of port 4. Bits 2, 1 and 0 of the A-O control register 
(address 00F316) are used to select which pins are used 
for A-O conversion. The input condition is accomplished by 
setting to "0" the bit in the directional register that corres
ponds to the pin where A-D conversion is to take place. Bit 
4 of the A-D control register is the A-D conversion end bit. 
During A-D conversion, this bit is "0", and upon completion 
becomes "1". Thus, it can be ascertained whether or not A
D conversion has been completed or not by inspecting this 
bit. The relation between the contents of the A-O control 
register and the selection of input pins are shown in Figure 
12. 
The results of the conversion can be found be reading the 
contents of the successive approximation register address 
00F216 which stores the results of the conversion. The proc
edure for executing A-O conversion is next explained. First
ly, the pin that is to be used for the A-O conversion is 
selected by setting bit 1 and bit 0 of the A-D control regis
ter. Next, the successive approximation is written to upon 
which the A-O conversion starts. Since actual data is not 
written to the successive approximation, any tYpe of may be 

AV SS v REF 

0 

Resistance ladder 

written. Simultaneous with its being written, the A-D con
version end bit (bit 4 of address 00F316 ) is cleared to "0" 
signifying that A-D conversion operations are being con
ducted. A-O conversion completes after 198 clock cycles 
upon which the A-D conversion end bit is set to "1" and the 
results of the conversion can be found in the successive 
approximation register. Since the comparator consists of 

the capacitive coupled configuration, f(X ,N ) is needed lar
ger than 1 MHz during A-O conversion. 

4 0 

II lXJ I I I A-D control register (Address OOF3,.) 

I l I Analog input selection bit 

o 0 0 : P4o/ANo 
o 0 1 : P4,/AN, 

o 1 0 : P42/AN 2 

o 1 1 : P4./AN. 

1 0 0 : P4./AN4 

1 0 1 : P45/ANs 

1 1 0 : P4./AN. 

1 1 1 : P47 /AN 7 

A-D conversion end bit 

o : A-D converSion In progress 

1 : A-D conversion completed 

F'g.12 Structure of A-O control register 

ZZZZZzzz 
<C <C <C <C <C <C <C <C 

t if'li iti 

I In 
Selector I;=l 

Vre! . Comparator and . 

control circuit 

-

Successive approximation register r 
I A-D 

I I I I I 1 (Address OOF2,.) 

~ Data bus 

Flg.11 Block diagram of A-O converter 
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\ 

control register 

(Address OOF3,.) 
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D·A CONVERTER 
The R-2R method is used for O-A conversion. The block di
agram is shown in Figure 13 An analog voltage is output 
that corresponds to the contents of the O-A conversion reg
ister (address 00F016). Ideally, the relation of the analog 

AVss VREF 

output voltage V and the contents (n) of the O-A conversion 
register is V=VREF X n/32(n=0-31). 
Reset operation clears the content n of the O-A conversion 
register to 016. 

R-2R ladder O-A 

O-A conversIon register (Address OOFO,.) 

Fig.13 Block diagram of O-A converter 

PULSE WIDTH MODULATOR 
:rhe pulse width modulation register (address 00F1 16) is 
configured of an 8-bit counter. The period of repetition is 
4080 clock cycles. With the content of the pulse width mod
ulation register m, the PWM pin becomes high-level for the 

period of 4080 X m/255 (m=0-255). Figure 14 shows that 
relationship. An N-channel open drain output is used for the 
PWM pin. 

m=O 

m=l 

m=2 

m= 3 

m=254 

Reset sets the content m of the pulse width modulation 
register to 0016. 

~ One period of 4080 clock cycles ~ 

~----------~ 
"L" _________ ---- - - - ----------

n~ __________ -.n __ 
nL..-__________ ~ 
r-l~ _____________ ~ 

--------lJ 
m=255 "H" _________ - - - ___ _ 

Flg.14 Relation between m and PWM output 
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WATCHDOG TIMER 
The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 
not run the normal loops. 
The watchdog timer (address 00F416 ) is a 15-bit counter. 
The watchdog timer counts 1/16th the output frequency of 
the oscillator. The watchdog timer is set to 7FFF16 when a 
reset is accomplished a write operation has been made to 
it. As well as any of the instructions that generate a write 

, signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi
cf!nt bits of the watchdog timer is input to the reset circuit. 
When 262144 clock cycles have been counted, the most 
significant bit becomes "0" and reset is carried out. When 
reset is carried out, the watchdog timer is set to 7FFF16 and 
reset is released. The program then begins again from re
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most significant bit's becoming "0" . Application of a 
+ 10V to the RESET pin will disable the watchdog timer 
function. 
Since execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruciotn can be disabled. 

SYNC 

Address 

Data 

8-12 clock cycles 

Flg.IS Timing diagram at reset 
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RESET CIRCUIT 
The M37412M4-XXXFP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFF16 as the high 
order address and the content of the address FFFF16 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2/ls while the power voltage is in the recom
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in
ternal initializations following reset are shown in Figure 16. 
An example of the reset circuit is shown in Figure 17. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X,N-XOUT becomes stable. 

Reset address from the 
vector table 

Note 1: Frequency relation of f(X ,N ) and", IS f(X ,N ) =4' '" 

2: The mark" 7 .. means that the address IS changeable 

dependmg on the prevIous state 
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Address 

(1) Port PO directional register ( E 1'6 ) ···1 00 '6 I 
(2) Port Pl directional register ( E 3 '6 ) "·1 o 0'6 I 
(3) Port P2 directional register ( E 5 '6 

) ... o 0'6 I 
(4) Port P7 directional register ( E 6 '6 

) .,. 
I 1010101010101 

(5) Port P3 directional register ( E 9 '6 
) ... o 0'6 I 

(S) . Port P4 directional register ( E 8 '6 
) ... o 0'6 I 

(7) Port P6 ( E E 16 ) .. ·1 I I 11111111111 

(8) Special function selection ( E F 16 ) "'lo[X1X[XJololoM 
register 

10101010101 (9) O-A conversion register ( F 0'6 
) ... 

(10) Pulse width modulation ( F 1'6 ) · .. 1 o 0'6 I 
register 

) .. ·1 I (11) Watchdog timer ( F 4 '6 7 F F F 16 

(11) Serial 1/0 mode register ( F 5 '6 ) ···1 1 I 10101010101 

(13) Prescaler X ( F C '6 ) ···1 F F 16 I 
(14) Timer X ( F D '6 ) ···1 o 1'6 I 
(15) Interrupt control register ( FE 16 ) · .. 1 00 '6 1 
(16) Timer control register ( F F 16 ) ···1 o 0'6 I 
(17) Interrupt disable flag on ( PS ) .. ·1 I 1 I I 111 I I 

processor status register 
(18) Program counter ( PC H ) ···1 Contents of address) I 

FFFF'6 

( P C L ) ···1 Contents of address ,I 
FFFE,6 

Fig.16 Internal state of microcomputer at reset 

I/O PORTS 
(1) Port PO 

Port PO is an 8-bit 1/0 port with N-channel open drain 

output. 

As shown in the memory map (Figure 2), port PO can 

be accessed at zero page memory address OOEO,6 . 

Port PO has a directional register (address OOE1 ,6 ) 
which can be used to program each individual bit as 

input ("0") or as output ("1"). If the pins are program

med as output, the output data is latched to the port 

register and then output. When data is read from the 

output port the output pin level is not read, only the 

latched data in the port register is read. This allows a 

previously output value to be read correctly even 

M37412M4-XXXFP 

RESET Vee ov 
25[ IS7 

..: 
~ .. 

-Jr ov 

M37412M4-XXXFP 

L:.R:.;;E;.:;:S.::.ET.:...-.._--=.;Ve~e;.J Supply voltage 
25 S~ ____ ~ detection circuit 

I 
I 

Fig.17 Example of reset circuit 

though the output voltage level is shifted up or down. 

Pins set as input are in the floating state and the signal 

levels can thus be read. When data is written into the 

input port, the data is latched only to the port latch and 

the pin still remains in the floating state. 

Depending on the contents of the processor status reg

ister (bit 0 and bit 1 at address OOFF,6 ), four different 

modes can be selected; single-chip mode, memory ex

panding mode, microprocessor mode and eva-chip 

mode. These modes (excluding single-chip mode) 

have a multiplexed address output function in addition 

to the 110 function. For more details, see the processor 

mode information. 

• MITSUBISHI 
.... ELECTRIC 
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(2) Port Pl 

In the single-chip mode, port Pl has the same function 
as PO, but it has CMOS output. In the other modes, 
Pl's functions are slightly different from pO's. For more 
details, see the processor mode information. 

(3) Port ,P2 
In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2's functions are slightly 
different from PO's. 
For more details, see the processor mode information. 

(4) Port P3 
In the single-chip mode, port P3 has the same function 
as PO. In the other modes, P3's functions are slightly 
different from PO's. Port P3 can also be used as serial 
I/O, INT2 and 1/0 pins for timer X. For more details, 
see the processor mode information. 

(5) Port P4 

Port P4 has the same function as port PO in the single
chip mode. But P47 through P42 can also be used as 
analog input pins AN7 through AN2. 

(6) Port P5 

Port P5 is an input port. P54 through P57 can also be 
used as edge sence Inputs. In such a case, reading is 
begun from 00ED16. 00ED16 is provided with a latch 
which is set to "1" when the input changes from high
level to low-level. 
And for P57, polarity of input edge can be selected by 
polarity of edge sense input selection bit (bit 7 of 

address 00EFI6). 
When this bit ,is set to "0", its latch is set to "1" at the 
input level goes to "L" from "H". When this bit is set to 
"1", its latch is set to "1" at the input level goes to "H" 
from "L". At the reset state, this bit is set to "0". 
When content of polarity of edge sense input selection 
bit was set by program, the latch (bit 7 of address 
00ED16) must be reset once. 
The input pulse width must be at least 7 clock cycles 
wide. The latch is reset by using such instructions as 
LDM and CLB to write a "0" to the latch. When 00ED16 
is read, the lower order 4 bits are always zero. 
When port P5 is used as level sense input, read the 
contents of the address 00EC16. 

(7) Port P6 

Port P6 is a 5-bit output port. It has N-channel open 
drain output. P60 and P61 can be used)is external trig
ger 1/0 pins, when external trigger mode selection bit 
(bit 2 of address OOEFlEf) is set to "1". In this case, P60 
and P61 are trigger clock input pin and trigger output 
pin, respectively. USing external trigger mode, PSo's 
latch must be set to "1" in order to off the output tran
sistor. In external trigger mode, the content of P61's 
latch is output to pin when the rising or falling edge is 
input to PSo pin. 
When external trigger mode selection bit is set to "0", 
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P60 and P61 are normal output ports. At the reset state, 
this bit is set to "0". 

(8) Port P7 

Port P7 is a 6-bit 1/0 port. In this single-chip mode, 
port P7 has the same functions as port PO. 
The functions of thi!1 port do not change even though 
the processor mode may change. 

(9) Clock rk output pin 
In normal conditions, the oscillator frequency divided 
by four is output as I/J. The timing output I/J is fixed "L" 
state when the timing output control bit (bit 1 of 

address 00EF16) is set to "1 ". But in this case, except 
the timing output is active. The timing output I/J is output 
again when the timing output control bit is set to "0". At 
reset state this bit is set to "0". 

00) INTI pin 
The INTI pin is an Interrupt input pin. The INTI inter
rupt request bit (bit 7 at address 00FE16) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

(11) INT2 pin (P32/1NT2 pin) 

The INT2 pin is an Interrupt input pin used with P32. To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input ("0"). When this 
signal level changes from "H" to "L", the interrupt re
quest bit (bit 1 at address 00FE16) is set to "1". 

(12) CNTR pin (p3s1CNTR pin) 
The P33/CNTR pin is an 1/0 pin of timer X. To use this 
pin as the timer X input pin, set the corr~sponding 
directional register bit to input ("0"). In the event coun
ter mode, CNTR becomes the,input p~n of the external 

,pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 
goes to "0·. In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 



Port PO, P1, P2, P3, P4, P7 

Data bus -+----1 

Ports P2 

Data Bus -+----1 

Port P5 

PWM 

Port P6 

DIrectional 
register 

Port latch 
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N-channel open drain output 

Note 1 Port P3 can be also used as 110 pin of serial 110, timer 110, and Interrupt Input 

P6rt P4 can be also used as analog input 

Directional 
register 

Port latch 

Input 

Port P5 

N-channel open drain output 

N-channel open drain output 

• I ~.------<O 
Data bus -----1 Port latch ~ J,. Port P6 

~ CMOS output 

--Cr. 
Flg.18 Block diagram of ports PO~P7 (single-chip mode), and output format of ¢. 
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PROCESSOR MODE 
By changing the contents of the processor mode bit (bit a 
and 1 at address 00FF16), four different operation modes 

can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva

chip) mode. In the memory expanding mode, microp

rocessor mode and eva-chip mode, ports PO- P3 can be 

used as multiplexed I/O for address, data and control sig

nals, as well as the normal functions of the 1/0 ports. 

Figure 20 shows the functions of ports PO-P3. 
The memory map for the single-chip mode is illustrated in 

Figure 2 and for other modes, in Figure 19. 

By connecting CNVss to Vss, all four modes can be 

selected through software by changing the processor mode 

bits. Connecting CNVss to Vee automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 

CNVss places the microcomputer in the eva-chip mode. 

The four different modes are explained as follows' 

FFFF'6 

Internal ROM 

EOOO'6 I<--~<c-<",,--l 

0100'6 I-="'---"'~--'-::-:-l 
00E6'6 k-"<""'"'-i:--'<:-<-; 
00EO'6 ~""""A-'t 

I nternal RAM 

0000'6 ..... ___ .... 

Memory expanding 
mode 

Eva-chip 
mode 

Microprocessor 
mode 

The shaded area is external memory area 

Fig.19 External memory area in processor mode 

(1) Single-chip mode (00) 

The microcomputer will automatically be in the single

chip mode when started from reset, if CNVss is con

nected to Vss. Ports PO- P3 will work as original I/O 
ports. 

(2) Memory expanding mode (01) 

The microcomputer will be placed in the memory ex

panding mode when CNVss is connected to Vss and 

the processor mode bits are set to "01". This mode is 

used to add external memory when the internal mem

ory is not sufficient. 

In this mode, port PO and port Pl are as a system 

address bus and the original 1/0 pin function is lost. P2 

becomes the data bus (07-00 ) and loses its normal II 

o functions. Pins P31 and P30 output the SYNC and RI 
IN control signals, respectively. 

(3) Microprocessor mode (10) 

After connecting CNVss to Vce and initiating a reset, 

the microcomputer will automatically default to this 

mode. With the exceptions that the internal ROM is 
disabled and that external memory must be attached in 

this mode, this mode is the same as the memory ex

panding mode. 

(4) Eva-chip mode (11) 

When 10V is supplied to CNVss pin, the microcomputer 

is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask

ing them into the microcomputer's internal ROM. 

In this mode, the internal ROM is inhibited so the ex

ternal memory is requierd. 

The lower 8 bits of address data for port PO is output 

when 1> goes to "H" state. When 1> goes to the "L" 

state, PO retains its original I/O functions. 

Port Pl 's higher 8 bits of address data are output when 

1> goes to "H" state and as it changes back to the "L" 

state it retains its original I/O functions. Port P2 retains 

its original I/O functions while 1> is at the "H" state, and 

works as a data bus of 0 7 - Do (including instruction 

code) while at the "L" state. Pins P31 and P30 output 

the SYNC and R/W control Signals, respectively while 

1> is in the "H" state. When in the "L" state, P31 and P30 

retain their original I/O function. 
The R/IN output is used to read/write from/to the out

side. When this pin is in the "H" state, the CPU reads 

data, and when in the "L" state, the CPU writes data. 

The SYNC is a synchronous signal which goes to the 

"H" state when it fetches the OP CODE. 
The relationship between the input level of CNVss and 

th,e processor mode is shown in Table 2, 

3-156 • MITSUBISHI 
...... ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

1\ CM, 0 I 0 I 

CM. 0 I I 0 

'\ Port Single-chip mode Eva-chip mode Memory expanding mode 
Microprocessor 

mode 

~ I r ~ I r !.I I r 
Port PO Same as 

Ports P07- PO. Ports P07- PO. Ports P07- PO. left :x 1/0 port ) ~~~::s X 1/0 port )C )( Address )C A7-Ao 

~ r ~ I r I !.J I r 
Port P1 Ports P1 7-P1. Ports P1 7-P1. 

Same as 
Ports P1 7- P1 • left :x 1/0 port ~I/Oort)( ), Address '( A'5- A• P A15-As 

~ r ~ I r ~ I r I 
Port P2 PO,rts P27- P2. Ports P27-P2. Ports P27-P2. 

Same as 
left 

)( 1/0 port ~Data ~ port 0 7-0. } ---_-<Dat~7_D.}-_ 

~ I r !.J I r !J I r 
Ports P37- P3. Ports P37- P3, Ports P37- P3, 

)( 1/0 port :x 1/0 port :x 1/0 port 

Port P3, Port P3, 
Same as Port P3 

~I/OportX= :x x: SYNC left 

Port P3. Port P30 

~I/OportX= )( R/W x: 

Flg.20 Processor mode and functions of ports PO-P3 

Table 2. Relationship between CNVss pin input level and processor mode 

CNVss Mode Explanation 

Vss • Single-chip mode The single-chip mode IS set by the reset 
~ Memory expanding mode All modes can be selected by changing the processor mode bit With the program 
• Eva-chip mode 

• Microprocessor mode 

Vee • Eva-chip mode The microprocessor mode IS set by the reset 

• Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit With the program. 

lOV • Eva-chip mode Eva-chip mode only. 
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CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 
23. 

When the STP instruction is executed, the .oscillation of in
ternal clock ¢ is stopped in the "H" state. 

Also, the prescaler X and timer X are loaded with FF16 and 
01 16, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
,cleared when timer X overflows or the reset is in, as dis
cussed in the timer section. 

M37412M4-XXXFP 

XIN XOUT 

26 lMD 27 

Hm---
I CIN 

JCOUT 

The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢ keeps its "H" level until timer 
X overflows. 

Flg.21 External ceramic resonator circuit 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock ¢ 

stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 21. 

M37412M4-XXXFP 

XIN 

26 

XOUT 

27 
Open 

External oscillating circuit 
VCCl n n I 
vss U U U The constant capacitance will differ depending on which 

oscillator is used, and should be set to the manufactures 
suggested value. Fig.22 External clock input circuit 

The example of external clock usage is shown in Figure 22. 
XIN is the input, and XOUT is open. 

Inte~::testD-

Interrupt L....--.... 
disable flag I 

Reset 

STP instruction 
(option) 

s o 

R 

Fig.23 Block diagram of the clock generating circuit 
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Reset 

STP instruction 
(option) 

Internal clock¢ 
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PROGRAMMING NOTES 
(1) The frequency ratio of the timer and the prescaler is 

1/(n+1l. 
(2) Even though the BBC and BBS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as a Nap) between 

the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 

while the input to the prescaler is changing. 
(4) After the ADC and SBC instructions are executed (in 

decimal mode), one instruction cycle (such as a Nap) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A Nap instruction must be used after the execution of 

a PLP instruction. 
(6) Since the comparator consists of the capacitive cou

pled configuration, f(X,N) is needed larger than lMHz 
during A-D conversion. And during A-D conversion, 
don't use STP or WIT instruction. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM confirmation form 
(2) mark specification form 
(3) ROM data ........................................... EPROM 3sets 

Write the following option on the mask ROM confirmation 

form 
• STP instruction option 

• MfTSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

V, Input voltage X,N -0.3-7 

V, Input voltage P20-P2,. P40-P4, -0. 3-Vee+0. 3 

V, 
Input voltage POo-PO,. Plo-Ph. P30-P3" WIth respect to V 58 

-0.3-13 
P5"-P5,, P60, P70-P75, INT, Output transistors cut-off 

V, Input voltage GNVss, RESET -0.3:-13 

Va Output voltage P20-P2" P40-P4" XOUT, <p, O-A -0. 3-Vee+0. 3 

Va 
Output voltage POo-PO" Plo-Ph, P30-P3" 

-0.3-13 
Peo- Pe3 , P70- P75, PWM 

Pd Power dissipation Ta=25'C 300 

Topr Operating temperature -10-70 

TSIQ Storage temperature -40-125 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%, Ta=-10-70'C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min. Typ. Max. 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

VAEF Reference voltage 4 Vee V 

"H" Input voltage POo-PO" Plo-PI" P20-P2" 
\ 

P30-P3" P40-P4" P50-P5" 
V ,H --- O. BVee Vee V 

INT" RESET, X'N, CNVss, P60, 

P70-P75 

"L" input voltage POo-PO" Plo-PI" P20-P2" 

V'L P30-P3" P40-P4" P50-P5" ° O. 2Vee V 
INT" CNVss, P6o, P70-P75 

V'L "L" input voltage RESET 0 ~.12Vee V 

V'L "L" input voltage X'N 0 ~. 16Vee V 

"L" peak output current POo-PO" Plo-PI" 

10L(peak) 
P2o-P2" P30-P3" 

10 rnA 
P4o-P4" P70-P75 
(Note 2 ) 

lou peak) "L" peak output current P60-P63 (Note 2) 15 rnA 

10L(peak) "L" peak output current PWM (Note 2 ) 5 rnA 

"L" average output current POC ....... P07, P1o ...... P17, 

10L(avg) 
P2o-P2" P30- P3" 

5 rnA 
P40-P4" P70-P75 
(Note 1 ) 

louavg) "L" average output current P60-P63 (Note 1 ) 7 rnA 

IOL( av9) "L" average output current PWM (Note 1 ) 2.5 rnA 

10H(peak) "H" peak output current P2o-P2, (Note 2 ) -10 rnA 

10H(avQ) "H" average output current P2o-P2, (Note 1 ) -5 rnA 

f(X,N) Internal clock oscillating frequency 4 MHz 

Nole 1 
2 

Average output current 10L(avgl and 10H(avg) are the average value of a period of lOOms. _ 
Total of "L" output current 10L' of ports PO, PI, P2, P3, P4, P6, P7 and PWM is BOmA max. 
Total of "H" output current 10H' of port P2 is SOmA max. 

3 
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MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vcc=5V. Vss=ov. Ta=25'C. f(X,N)=4MHz. unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

V OH "H" output voltage P20-P2, loIF-1OmA 3 V 

V OH "H" output voltage ; IOH=-2.5mA 3 V 

"l" output voltage POo-PO,. Pl.-PI,. P2.-P2,. 

VOL P30-P3,. P40-P4,. P6.-P6 •• IOL=IOmA 2 V 

P7.-P7, 

VOL "l" output voltage ;. PWM. P6, IOL=5mA 2 V 

Vr+-VT- Hysteresis INT, 0.3 1 V 

Vr+-VT- Hysteres,s P3, When used as ClK Input 0.3 0.8 V 

VT+-VT- Hysteresis P3, When used as INT, Input 0.3 1 V 

Vr+-VT- HystereSIs P3. When used as CNTR input 0.5 1 V 

VT+-VT- HystereSIs P60 When used as T input 0.5 1 V 

Vr+-VT- Hysteresis RESET 0.5 0.7 V 

VT+-VT- Hysteres,s X'N 0.1 0.5 V 

"l" input current PO.-PO,. Pl.-PI,. P2.-P2,. 

I'L P30-P3,. P40-P4,. P5.-P5,. V,=OV -5 J.<A 

PSo. P7.-P7,. PWM 

I'L "l" ,nput current INT,. RESET. X'N V,-OV -5 J.<A 

"H" Input current POo-po,. Pl.-PI,. P30-P3,. 

I'H p40-P40. P50-P5,. p60. V,=l2V 12 J.<A 
P7.-P7,. PWM 

I'H 
"H" ,nput current INT,. RESET. X'N. P20-P2,. 

V,=5V 5 J.<A 
P4.-P4, 

VRAM RAM retention voltage At clock stop 2 V 

(J. XcUT. and O-A p,ns 
f(X,N)=4MHz 

I 3 6 mA 
Square wave 

opened. other pinS at 
At clock stop 

Icc Supply current Vs •• and A-O converter 
Ta=25"C 

1 
'n the finished condjM J.<A 
tlon 

At clock stop 
10 

Ta=75"C 

A-O CONVERTER CHARACTERISTICS (Vcc=5V. Vss=AVss=ov. Ta=25"C. f(X,N)=4MHz. unless otherw,se noted) 

l'mlts 
Symbol Parameter Test conditions Unit 

Min Typ Max 

- Resolution VREF=VCC B Bits 

- Absolute accuracy VREF=VCC ±3 LSB 

RLAODER Ladder resistance value VREF=VCC 2 10 kO 

IcONV ConverSion time 50 J.<s 

VREF Reference ,nput voltage 2 Vee V 

V'A Analog Input voltage 0 VREF V 

O-A CONVERTER CHARACTERISTICS (Vcc=5V. Vss=AVss=OV. Ta=25"C. f(X,N)=4MHz. unless otherwise noted) 

Limits 
Symbol Parameter Test condlt'ons Unit 

M,n Typ Max 

- Resolution VREF=VCC 5 Bits 

- Error in fuli scale range VREF=VCC ±1 % 
tsu Setup time VREF=VCC 3 J.<s 

Ro Output resistance VREF=VCC 3 kO 

V REF Reference voltage 4 Vee V 
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MITSUBISHI MICROCOMPUTERS 

M37412M4·XXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

TIMING REQUIREMENTS 
Single-chip mode (Vee=5V±10%, Vss=OV, Ta=25'C, 1()<,N)=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min. Typ. Max. 

. Isu(POo ~) Port PO Input setup time 270 ns 

ISU(p, 0-_) Port P1 Input setup time 270 ns 

ISU(P20-~) Port P2 Input setup time 270 ns 

ISU(P3o-~) Port P3 Input setup time> 270 ns 

Isu(p.o-~) Port P4 input setup time 270 ns 

ISU(P50-~) Port P5 Input setup time 270 ns 

tSU(P7D-fIo) Port P7 Input setup time 270 ns 

Ih( ...... POo) Port PO input hold time 20 ns 

Ih( ...... p'.;) Port PI Input hold time 20 ns 

Ih< ...... P20) Port P2 input hold time 20 ns 

Ih< ...... P3o) Port P3 Input hold time 20 ns 

Ih< ...... p.o) Port P4 Input hold time 20 ns 

Ih< ...... P50) Port P5 Input hold time 20 ns 

Ih<~-P7o) Port P7 Input hold time 20 ns 

Ie External" clock input cycle time 250 ns 

Iw External clock Input pulse Width 75 ns 

Ir External clock rising edge time 25 ns 

II External clock failing edge time 25 ns 

Eva-chip mode (Vee=5V±10%, Vss=OV, Ta=25'C, f(X,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ. Max. 

tSU(POD ~) Port PO Input setup time 270 ns 

tSU(P1D ~) Port P1 inPut setup time 270 ns 

tSU(P2D ~) Port P2 Input setup time 270 ns 

Ih< ...... poo) Port PO Input hold time 20 ns 

Ih< ...... P1D) Port P1 Input hold time 20 ns 

Ih< ...... P20) Port P2 input hold time 20 ns 

Memory expanding mode and microprocessor mode 
(Vec=5V±10%, Vss=OV, Ta=25'C, f(X,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter 

) I I 
Unit 

Min Typ. Max. 

tSU(P2D-9!t) Port P2 input setup time 270 I I ns 

Ih< ...... P20) Port P2 Input hold time 30 I I ns 
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MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

SWITCHING CHARACTERISTICS 
Single-chip mode (Vee=5V±10%. vss=ov. Ta=25"C, f(X'N)=4MHz. unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max 

Id(Ii>-poo) Port PO data output delay t,me 
Fig 24 

230 ns 

Id(Ii>-P10) Port Pl data output delay t,me 230 ns 

Id<Ii>-P20) Port P2 data output delay t,me Flg.25 230 ns 

Id<Ii>-P30) Port P3 data output delay time 230 ns 

Id<Ii>-P40) Port P4 data output delay time 
Fig 24 

230 ns 

td{t;6-P6Q) Port P6 data output delay time 230 ns 

Id(Ii>-P70) Port P7 data output delay lime 230 ns 

Eva-chip mode (Vee=5V±10%. Vss=ov. Ta=25'C. t(X'N)=4MHz. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ. Max 

Id(Ii>-POA) Port PO address output delay time 250 ns 

td( !D-POAF) Port PO address output delay t,me 250 ns 

Id<Ii>-poo) Port PO data output delay time 200 ns 

td(4)-POQF) Port PO data output delay time 
F,g24 

200 ns 

td(¢-P1A) Port Pl address output delay time 250 ns 

td(4'-P1AF) Port Pl address output delay time 250 ns 

Id<li>-P10) Port Pl data output delay tIme 200 ns 

td(</>-P1QF) Port Pl data output delay time 200 ns 

td(¢-P20) Port P2 data output delay time 
Fig.25 

300 ns 

td(¢-P2QF) Port P2 data output delay time 300 ns 

td(¢-R/W) R/W signal output delay tIme 250 ns 

.td(¢--R/WF) R/W signal output delay time 250 ns 

Id<Ii>-P30o) Port P30 data output delay tIme 200 ns 

td(¢-P3 OF) Port P30 data output delay tIme 
Fig 24 

200 ns 

td(¢-SYNC) SYNC sIgnal output delay time 250 ns 

td(4)-SYNCF) SYNC signal output delay time 250 ns 

td(¢-P30) Port P3, data output delay time 200 ns 

td(0;6-P3 QF) Port P3, data output delay tIme 200 ns 

Memory expanding mode and microprocessor mode 
(Vee=5V±10%. Vss=ov. Ta=25"C. f(X,N)=4MHz. unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ. Max 

Id(Ii>-POA) Port PO address output delay time 
FIg 24 

250 ns 

Id(Ii>-P1A) Port Pl address output delay tIme 250 ns 

Id(Ii>-P20) Port P2 data output delay time 300 ns 

Id(Ii>-P20F) Port P2 data output delay time 
Fig 25 

300 ns 

td(¢--A/W) R/W signal output delay t,me 
FIg 24 

250 ns 

td(¢-SYNC) SYNC sIgnal output delay tIme 250 ns 

Vee 

lkO 
PO 
P1 
P3 
P4 J, 100pF 
P6 
P7 

Flg.24 Ports PO. P1, P3, P4. P6 and P7 test circuit Flg.25 Port P2 test circuit 
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MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

TIMING DIAGRAMS 
In single-chip mode --./ "- / 

'~ td (.-poo) 

Port PO output ) 
I tsu (poo-.) 

r 
Port PO Input ~th(.-POO) -.. 

~ td (.-PlO) 

Port P1 output )< 
I tsu (PlO-.) 
I-

Port P1 Input 
I ....... f-t'-th (.-PlO) 

'h td (.-P20) 

Port P2 output 

I I tsu (p2O-.1 

Port P2 input ~th(.-P201 --... H tdl.-P301 

Port P3 output 

I I tsu (p30-.1 

I 
Port P3 Input 

~th(.-P3DI --" 

~ td (.-P401 

Port P4 output )c 
l tsu (p40-.1 

Port P4 Input 

~th(.-P401 ---i> 

L tsu (P5D- ¢) 

I 
Port P5 Input 

~th(.-P501 ---i> 

~ td 1.-P601 

Port P6 output > 
~ td (¢>-p7Ql 

Port P7 output ) 
L tsu (p70-¢1 

Port P7 Input 

ltth 1¢-P701 --;;0 

-Jt 
te 

} tw 

it t(X ,N ) 
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In eva-chip mode 

Port PO output 

Port PO input 

Port PI output 

Port PI input 

Port P2 output 

Port P2 input 

Port P30 output (R/W) 

Port P3, output (SYNC) 

MITSUBISHI MICROCOMPUTERS 

M37412M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

td (~P20) 

td ("-POOF) 

th "'-POD) 

td (.-PlOF) 

th (.-P2D) 

td ("-P300F) 
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MITSUBISHI MICROCOMPUTERS 

M37412M4·XXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

In memory expanding mode and microprocessor mode 

Port PO output 

Port PI output 

Port P2 output 

Port P2 Input 

td I.-RMI 

Port P3., output (R/VII) 

td I.-SYNCI 

Port P3, output (SYNC) 
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MITSUBISH'I MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37413M4HXXXFP is a single-chip microcomputer de

signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap

plications. 
In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en
able easy programming. 
The differences between the M37413M4HXXXFP and the 

M37413M6HXXXFP are noted below. The following ex
planations apply to the M37413M4HXXXFP. 
Specification variations for other chips are noted accor
dingly. 
The M37413M4HXXXFP has the same functions as the 
M37413M4-XXXFP except for the method of writing to in
terrupt request distinguish registers. 

Type name 

M37413M4HXXXFP 
M37413M6HXXXFP 

FEATURES 
• Number of basic instructions" ................................. 69 

• Memory size ROM .. · 8192 bytes (M37413M4HXXXFP) 
12288 bytes (M37413M6HXXXFP) 

RAM· .......... · .............. · ...... · .. · 2S6 bytes 

• Instruction execution time 
(minimum instructions at 8MHz frequency) 

at high-speed mode ......................................... 1/Ls 

at normal mode .......................... · .. · ...... · ........ · .. 4/Ls 

• Single power supply 
high-speed mode (at 8MHz frequency) 

........................................................ '" 4.S-S.SV 

normal mode (at 8MHz frequency) 
high-speed mode (at 2M Hz frequency) 

.......... ·· ........ · .... · .. · ...... · .... · .. · ...... ·· .... ···2.S-S.SV 

• Power dissipation 
high-speed mode (at 8M Hz frequency) 

........................................ 30mW (Vcc=SV, Typ.) 

low-speed mode (at 32kHz frequency for clock 
function) ............ · .................. 54/LW (Vcc=3V, Typ.) 

• RAM retention voltage (stop mode) 
....................................... , ....... 2.0V;;;;VRAM ;;;;S.SV 

• Subroutine nesting ............................. 961evels (Max.) 
• Interrupt .......................................... 10types, Svectors 

• 8-bit timer ...................... 4 (3 when used as serial 1/0) 
• 16-bit timer .......... · ............ · ................................ · .. · 1 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, PS, P6, p7) ...................... S6 

• Input port (Port P4) ................................................. 8 
• Serial 1/0 (S-bit) .................................................... 1 

• A-O converter ............ · ........................ · 8-bit, Schannel 

• Two clock generating circuits 
(One is for main clock, the other is for clock function) 

PIN CONFIGURATION (TOP VIEW) 

P4,/IN.- , 
P4,/IN5 - , 

P4o/IN. - 3 

1N3-+ 4 

IN 2 - 5 

IN 1 - 6 

INo - 7 

Vee 
P57/PWM3- 9 

P5./PWM2 - '0 
P55/PWM1- " 
P5./PWMO- 12 

P53/SIG- 13 

P5,/CNT, - 14 

P5,/CNT,- 15 

P50/lNT3 - 16 

P~/SADV- 17 
P3a/CLK- 18 

P35/SoUT ++ 19 

o o 

o 
P34/SlN 

++ _20"2"" "',,"'23"'2"'. "'25""26""2""7 ""28""29"'3""0 "'31 "'32"'3""3 3""."'35"'3""6 3"'7"'38"'39"'.""0'-

1111 t t t j 111111111 I 

Outline 80P6S 

NC : No connection 

APPLICATION 
Audio-visual equipment, VCR, Tuner, Office automation 
equipment, Camera, Communications apparatus, Cordless 
telephone. 
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M37413M4HXXXFP BLOCK DIAGRAM 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37413M4HXXXFP, M37413M6HXXXFP 
Parameter 

Number of basIc instructions 

Instruction execution time 

Clock frequency 

ROM 
M37413M4HXXXFP 

RAM 
Memory Size 

ROM 
M37413M6HXXXFP 

RAM 

PO, P2, P7 1/0 
--

Input/Output port P1, P3, P5, P6 1/0 

P4 Input 

Senall/O 

Timers 

Subroutme nesting 

Interrupt 

Clock generating CirCUit 

Operatmg temperature range 

Device structure 

Package 

Functions 

69 

1,us (minimum instructions, at 8MHz frequency) 

8MHz 

8192bytes 

256bytes 

12288bytes 

256bytes 

8-bltX3 (CMOS output, Pull-up option) 

8-bltX4 (N-channel open dram output, Pull-up option) 

8-bltX1 (Pull-up option) 

8-bltX 1 

8-blt timerX4 

16-bIt timerX1 

96 (max) 

4 external Interrupts, 5 Internal Interrupts, 1 software interrupt 

Two bUilt-In CircUits (ceramic or quartz crystal oscillator) 

-20-75"C 

CMOS silicon gate 

80-pm plastic molded QFP 

• MITSUBISHI 
"'ELECTRIC 
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PIN DESCRIPTION 

Pon Name 
Input! 

Output 

Vee. Supply voltage 

Vss 

CNVss CNVss 

RESET Reset mput Input 

X ,N Clock onput Input 

XOUT Clock output Output 

INT, Interrupt mput Input 

AVec Voltage Input for A-D 

AVss Voltage Input for A-D 

V REF Reference voltage Input 

input 

POO-P07 1/0 port PO 1/0 

P1 o-P1 7 1/0 port PI I/O. 

·P2o-P27 I/O port P2 I/O 

P30 -P37 I/O port P3 I/O 

P4o-P47 Input port P4 Input 

P50 -P57 I/O port P5 1/0 

P6o-P67 I/O port P6 I/O 

P7o-P77 I/O port P7 I/O 

MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

FunctIons 

Power supply mputs 5V±10% to Vee, and OV to Vss 

This IS connect to V 55 

To enter the reset state, the reset Input pm must be kept at a "L" for more than 16,1..15 (under normal Vee 

conditions) If more time IS needed for the crystal oscillator to stabIlize, this "L" condition should be maln-

tamed for the.required lime 

These are I/O PinS of Internal clock generatmg CirCUit for mam clock To control generatmg frequency, an 

external ceramic or a quartz crystal oscillator is connected between the X1N and XOUT pins If an external 

clock IS used, the clock source should be connected the X1N pm and the XOUT pm should be left open 

ThIS is the highest order interrupt Input pIn 

ThIS IS power supply Input pm for the A-D converter 

ThIS IS GND mput pm for the A-O converters. Connect to Vss 

This IS reference voltage Input pm for the A-O converter 

Port PO is an 8-blt 1/0 port wIth directIonal registers allowmg each liD bit to be individually programmed as 

input or output At reset, thIS port IS set to mput mode The output structure IS CMOS output Pull-up optIon 

of thIS port IS valId only m input mode 

Port P1 IS an 8-blt 1/0 port and has baSically the same functions as port PO, but the output structure IS N-ch 

open draIn Pull-up optIon of thIS port IS valid only m mput mode 
--

Port P2 IS an 8-blt liD port ana has baSically the same fUnctions as port PO and also works as the key on 

wake up function wIth mask optIon Pull-up option of thiS port IS valid only In mput mode 

Port P3 is an 8-blt liD port and has baSically the same functions as port P1 When serial liD IS used, P37 , 
--

P36, P35, and P34 work as SRDY, ClK, SOUT, and SIN pins, respectIvely Also P33, P32, P31, and P30 work as 

tImer 4 overflow signal divided by 2 output pIn (T), INT2 pm, XCIN and XCOUT pins, respectively Pull-up op-

tion of this port is valid m both Input and output modes 

Port P4 IS an 4-blt mput port P4o ....... P43 are in common with IN4 ....... /N7 Pull-up option can be used when thiS 

port IS used as a mput port 

Port PS is an 8-blt liD port and has basically the same function as P1. P50, PS1, P52 and P53 are in common 

with INT3, timer 3 mput, tImer 5 mput and A-O trrgger Input respectively P54--PS7 are also m common with 

PWMO ....... PWM3 Pull-up option of this port is valid m both Input and output modes. 

Port P6 IS an 8-blt liD port and has baSIcally the same functIOns as port P1 Pull-up optIon of thiS port is 

valId In both input and output modes 

Port P7 is an 8-blt 1/0 port and has baSically the same functions as port P2 Pull-up option of thiS port IS 

valid only In Input mode 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37413 microcomputers use the standard MELPS 740 
instruction set For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MEI.PS 740 

Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided, 
The MUL and DIV instructi0ns are not provided, 
The WIT instruction can be used, 

The STP instruction can be used, 

•. MITSUBISHI 
..... ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg

isters relating to functions such as I/O ports and timers. 

• RAM 
RAM is used for data storage as well as a stack area. 

• ROM 
ROM is used for storing user programs as well as the inter

ru pt vector area. 

• Interrupt Vector Area 
The interrupt vector area is for storing jump destination 
addresses used at reset or when al) interrupt is generated. 

• Zero Page 
Zero page addressing mode is useful because it enables 

access to this area with fewer instruction cycles. 

• Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Hexadecimal 

Fig. 1 
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ROM 

(12288 bytes) 

for 

M37413M6H 

XXXFP 

Memory map 

ROM 

(8192 bytes) 
for 

M37413M4H 
XXXFP 

RAM 
(192 bytes) 

0000, 

OOBF, 

OODO, 

RAM { 0100, 

(64 bytes) 013F, 

1000, 

2000, 

6 

6 

Not used 

6 
SFR area 

6 

6 

Not used 

6 

6 

Interrupt vector area 

• MITSUBISHI 
~ELECTRIC 

Zero page 

Special 

page 
for 

subroutine 

call 
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0000'6 
0001,6 
0002'6 
0003'6 
0004'6 
0005,6 
0006,6 
00D?'6 
0008'6 
0009'6 
OODA" 
0008'6 
00DC'6 
0000'6 
00DE'6 
00DF'6 

Port P6 
Port P6 directional register 
Port P? 
Port P7 directional register 

P? Key on wake up register 

00EO'6 
00E1'6 
00E2'6 
00E3'6 
00E4'6 
00ES'6 
00E6'6 
00E?'6 
00ES'6 
00E9'6 
00EA'6 
00E8'6 
00EC'6 
00ED'6 
00EE'6 
00EF'6 
00FO'6 
00F1'6 
00F2'6 
00F3'6 
00F4'6 
00FS'6 
00F6'6 
00F?'6 
00F8'6 
00F9'6 
00FA'6 
00F8'6 
00FC'6 
00FD'6 
00FE'6 
00FF'6 

Fig. 2 SFR (Special Function Register) memory map 

• MITSUBISHI 
.... ELECTRIC 

Port PO 
Port PO directional register 

Port Pl 
Port P1 directional register 

Port P2 
Port P2 directional register 

Port P3 
Port P3 directIOnal re~~ster 
Interrupt request distingUish register 2 
Interrupt request dlstinQ.ulsh r~glster 1 

Port P5 
Port P5 directIOnal register 
P2 Key on wake up register 
A-D regIster 

Timer 6 latch 
A-O control register 
PWM control register 

Port P4 
Senal 1/0 mode reqlster 

Serial liD register 

Timer 4, 5, 6 mode register 
Timer 1 latch 
Timer 2 latch 
Timer 3 latch 
Timer 4 latch 
Timer 5 latch 
Interrupt control register 
Timer control register 
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INTERRUPT 
The M37 413M4HXXXFP can be interrupted from ten sources; 

INT1• Timer 2 or Serial I/O. INT3 or Key on wake uP. INT2 
or Timer 3. Timer 6 or A-D. and BRK instruction. 

"Key on wake up" can only be used at power down state by 

STP instruction or WIT instruction. When one of the P2 or 

P7 is "L". an interrupt occurs. 

These interrupts are vectored and their priorities are shown 

in Table 1. Reset is included in this table since it has the 
same function as an interrupt 

When an interrupt is accepted. the contents of certain reg

isters are pushed into specified locations. and the interrupt 

disable flag (I) is set. and the program jumps to the 

address specified by the interrupt vector. and the interrupt 

request bit is cleared automatically. The reset interrupt is 
the highest priority interrupt and can never be inhibited. Ex

cept for the reset interrupt. all interrupts are inhibited when 

the interrupt disable flag is set to "1". All of the other inter

rupts can further be controlled individually via the interrupt 

control register shown in Figure 3. An interrupt is accepted 

when the interrupt enable bit and the interrupt request bit 

are both "1" and the interrupt disable flag is "0". 

The interrupt request bits are set when the following condi

tions occur: 

(1) When the INT1 • INT2 or INT3 pins go from "H". to "L" or 

"L" to "H" 
(2) When the levels any pin of P2 or P7 goes "L"(at power 

down mode) 

(3) When the contents of timer 2. timer 3. timer 6 or the 

counter of serial I/O goes "0" 

These request bits can be clear by a program but can not 
be set. The interrupt enable bit can be set and clear by a 

program. 

When the two interrupt requests. which are the same prior

ity and are at the same sampling. the priority process is 

processed by interrupt request distinguish register 1 and 2 

The interrupt request distinguish bit is used by software to 
determine priority when two interrupt causes are allocated 

to the same interrupt vector(that is. the two interrupts have 

the same priority). 

Irrespective of whether the interrupt is disabled or enabled. 

the interrupt request distinguish bit is automatically set to 

"1" when conditions arise that satisfy the interrupt cause. 

However. the interrupt request distinguish bit is not auto

matically cleared. The bit must therefore be cleared by 

software in the interrupt service routine (before executing 

an RTI instruction). 

Note that when using the instruction CLB to cl~ar this bit. 

the request distinguish bit of an interrupt that is generated 
during execution of CLB will not be set( to "1"). Use one of 

the following two methods to clear interrupt request disting

uish bits: 

CD Use instruction LDM to write directly to address 00EB16 

(interrupt request distinguish register '1) or 00EA16 

(interrupt request distinguish register 2). 

LDM # $nn. $zz 

· Where zz IS the address(OOEB,. or OOEA,.)of the Interrupt request 

· distingUish register that includes the Interrupt request distingUish 

· bit that IS to be cleared and nn sets the Interrupt request dlstlng-

· ulsh bit to be cleared to "0" and other Interrupt request dlsllngulsh 

· bits to "1" 

· Other control bits must be set according to the reqUIred control 

• (interrupts enabled or disabled) 

[Example] Cleanng the INT, Interrupt request distingUish bit 

LDM 1 X1 XOX1 XB. $OOEB 

tIl 1 
Of the Interrupt request distinguish bits,only the INT, Interrupt re

quest dlsllngUish bit, which IS to be cleared, should be set to "0 " 

The values of bits marked "X" are determined by the control 

being effected 

C2l Use instructions LOA. ORA. AND. and STA to write via 

the accumulator to address 00EB16 (interrupt request 

distinguish register 1) or 00EA16 (interrupt request disting

uish register 2). 

LOA $zz 

ORA #$nn 

AND #$nn 

STA $zz 

• Where zz IS the address( OOEB" or OOEA,.) of the Interrupt request 

, dlsllngUish register that Includes the Interrupt request distinguish 

, bit that IS to be cleared and nn sets the Interrupt request dlstlng

· uish bit to be cleared to "0" and other Interrupt request distingUish 

, bits to "1" Other control bits must be set according to the required 

,control (Interrupts enabled or disabled) 

[Example] Cleanng the timer 6 Interrupt request distinguish bit 

LOA $OOEA 

ORA XX1 X1 XOXB 

1 1 1 
Of the Interrupt request distingUish bits. only the Interrupt request 

distinguish bit for timer 6. which IS to be cleared, shoud be set to 

"0" The values of bits marked "x" are detemlned by the control 

being effected 

j j j 

AND XX1X1XOXB 

STA $OOEA 

Because an interrupt request is generated only at the time 

the interrupt request distinguish bit is set (to "1"). no inter

rupt will be generated while the interrupt request disting

uish bit remains in the set state. For this reason. the inter

'rupt request distinguish bit must be cleared by software in 

the interrupt service routine. 
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Note that only method of <D can be used in the M37413M4-
XXXFP. 

Since the BRK instruction interrupt and the timer 6 or A-D. 
interrupt have the same vectored address. the contents of 
the B flag must be checked to determine if the BRK in
struction caused the interrupt or if timer 6 or A-D generated 
the interrupt. 

Table 1. Interrupt vector address and priority 

Event Priority Vector addresses 

RESET 1 

INT, interrupt 2 
Serial 1/0 or timer 2 Interrupt 3 

I NT 3 or key on wake up interrupt 4 
INT2 or timer 3 Interrupt 5 

Timer 6 or A-D interrupt 
6 

(BRK instruction Interrupt) 

Interrupt request Interrupt d,sable flag I 

Fig. 3 Interrupt control 

3FFF'6, 3FFE'6 

3FFD'6, 3FFC'6 

3FFB'6, 3FFA,6 

3FF9'6, 3FF8'6 

3FF7'6, 3FF6'6 

3FF5,6, 3FF4'6 

• MrrsuBlSHI 
.... ELECTRIC 

Remarks 

Non-maskable 

External interrupt 

External Interrupt 

External Interrupt (INT2) 

(Non-maskable software Interrupt) 

Interrupt request distingUish register 1 (OOEB,6 address) 

Bit 7 : Senal I/O Interrupt request distingUish bit 

Bit 6 : Senal 1/0 Interrupt enable bit 

Bit 5 : Timer 2 Interrupt request distinguish bit 

Bit 4 : Timer 2 Interrupt enable bit 

Bit 3 : INT, Interrupt request distinguish bit 

Bit 2 : INT, Interrupt enable bit 

Bit 1 : Timer 3 Interrupt request distinguish bit 

Bit 0 : Timer 3 Interrupt enable bit 
Interrupt request dlsllngulsh register 2 (OOEA" address) 

Bit 5 : INT3 Interrupt request distingUish bit 

Bit 4 : INT3 Interrupt enable bit 

Bit 3 : A-D Interrupt request distingUish bit 

Bit 2 : A-D Interrupt enable bit 

Bit 1 : Timer 6 Interrupt request distinguish bit 

Bit 0 : Timer 6 Interrupt enable bit 

Interrupt control register (OOFE,6 address) 

Bit 7 : INT, Interrupt request bit 

Bit 6 : INT, Interrupt enable bit 

81t5: 1NT3 or key on wake up Interrupt request bit 

81t4 . 1NT3 or key on wake up Interrupt enable bit 

Bit 3 . tNT 2 or timer 3 Interrupt request bit 

Bit 2 . INT2 or timer 3 Interrupt enable bit 

Bit 1 : Timer 6 or A-D mterrupt request bit 

Bit a : Timer 6 or A-D Interrupt enable bit 

Timer control register (OOFF16 Address) 

Bit 7 : Senal 1/0 or timer 2 Interrupt request bit 

Bit 6 : Serial 1/0 or timer 2 interrupt enable bit 

Bit5 } 
Bit 4 Timer 3 count source selection bit 

Bit 3 : Timer 2 count source selection bit 

Bit 2 : Timer 1 count source selection bit 

Bit 1} Processor mode bit 

BitO 
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TIMER 
The M37413M4HXXXFP has six timers; timer 1, timer 2, 
timer 3, timer 4, timer 5 and timer 6. 

A block diagram of timer1 through 6 is shown in Figure 4. 
The count source for timer 1 through 3 can be selected by 
using bit 2, 3, 4 and 5 of the timer control register (address 
00FF16 ), as shown in Figure 5. All of the timers are down 

count timers and have 8-bit latches. When a timer reaches 
"0" and the next count pulse is input to a timer, the con
tents of the reload latch are loaded into the timer. The divi
sion ratio of the timer is 1/(n+1), where n is the contents 
of timer latch. 

Timer 2, 3 and 6 has interrupt generating functions. The 
timer interrupt request bit which is in the interrupt disting
uish register 1 or 2 (located at addresses 00EB16 and 
00EA16 respectively) is set at the next count pulse after the 
timer reaches "0" (see interrupt section). 
The starting and stopping of timer1 is controlled by bit 7 of 
the interrupt distinguish register 2, timer 3 by bit 6 of the in

terrupt distinguish register 2 and timer 4 by bit 3 of timer 4, 
5 and 6 mode register (00F816 address). If the correspond

ing bit is "0". the timer starts counting, and the correspond
ing bit is "1", the timer stops. The timer4 overflow signal di
vided by 2 can be outputed from port P33 by setting the bit 
4 of the serial I/O mode register (00F616 address) to "1". 
Timer 5 and 6 work as timer mode, event counter mode 
and PWM mode by changing the contents of bit 5 and bit 6 
of the timer 4, 5 and 6 mode register. 
(1) Timer Mode 

This mode is the 16-bit timer, and the count source is 1>/4. 
When the bit 6 of PWM control register (00F316 address) is 
"1", the timer6 overflow singnal divided by 2 is output from 
CNT2 pin (common with P52 ). 

(2) Event Counter Mode 

The count source is input from the CNT2 pin. The count de
cremented each time the input goes from "L" to "H". 
(3) PWM Mode 

As shown in Figure 6, the output wave is controlled by the 
contents of the timer latch of timer 5 and 6. 
PWM output can choose among PWMO, PWM1, PWM2 and 
PWM3 by bit 0, bit 1, bit 2 and bit 3 of PWM control reg
ister. 
When the count value of all timers, from timer 1 to timer 6, 
are read, be careful not to change the input source. 
When the count source is inputed from the external pin, the 
minimum pluse width should be 8,us. 

After a STP instruction is executed, timer 2, timer 1, and the 
clock (1) divided by 4) are connected in series (regardless 
of the status of bit 2 through 5 of the timer control register). 
This state is canceled if timer2 interrupt request bit is set to 
"1", or if the system is reset. Before the STP instruction is 
executed, bit 7 of the interrupt request distinguish register2 
(timer1 count stop bit), bit 5 of the interrupt request dis
tinguish register1 and bit 6 and bit 7 of the timer control 
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request distinguish register1 must be set to "1". For more 
details on the STP instruction, refer to the oscillation circuit 
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XC1N 

X'N '1'la-1 '14 
IF1 : Interrupt request distinguish register 1 
IF2 : Interrupt request distinguish register 2 

TC : Timer control register 

CM : Timer 4, 5, 6 mode register 

WC : PWM control register 

SM : Serial 1/0 mode register 

P5,/CNT, -=~==:i;:;::==t~~-----~ P3./SeLK -

SM,TSMo . d 15'OO""I'""'ocf-
SM, SM~ 

P35/SOUT '(~---~~---------+-----~ 

P3,/S'N --~:---tt-----l=~~~~~s;t~J SM 3 

P3'/SRDY -----<1-----

Overflow flag (WC.) 

Timer 2 interrupt request bit (IF1.) 

Timer 3 interrupt request bit (IF1,) 

Serial 1/0 interrupt request bit(IF1,) 

CM I Timer41atch (8) 1 
I .J. 3 r j ~ I - Overflow flag (CM,) 

SM~' ____ t===~~====~~~~-;-;-T;-'m,-e;,r~4~(~8~)~~~~~~~I~~-=:':/2:J 
P33/T 

1 

~CM~' c:~gDh P5,/CNT, -------...-~F-D;-r~____1r"'\ 

,l:CM. v CM. 
WC. 

SQ~------------~ 
R 

WCo 

P5'/PWMO~ 
CM. 1 ..... 

l I~ 
~ [=J~~~~~~=jln--Tlmer 6 Interrupt request bit (IF2,) 

W51 
P55/PWM1~ 

WC, ~-----~--------------~~-------------~ 
P5./PWM2 --::?t

WC, 

P5,/PWM3~ 

Note The abridgment of timer control register IS changed to TC 

The abridgment oUmer 4, 5, 6 mode register is changed to CM Select gate: at reset, shaded side is connected 

Fig. 4 Block diagram of timer 1 through 6 
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Timer control register 

Address OOFF,,) ( 

Processor mode bit 

00 : Single-chip mode 

01 : Not used 

10: Not used 

11 : Not used 

Timer 1 count source selection bit 

a : III divided by 4 

1 : Clock for clock functllon (XCIN ) 

Timer 2 count source selection bit 

a : Timer 1 overflow 

1 : Clock for clock functton (XCIN ) 

Timer 3 count source selection bit 

00 : III divided by 4 

01 : Timer 2 overflow 

10 : CNT, Input 

Serial 110 or timer 2 interrupt enable bit 

a : Interrupt inhibit 

1 : Interrupt enable 

Serial I/O or timer 2 interrupt request bit 

a : No interrupt request 

1 : With interrupt request 

Timer 4,5,6 mode register 

(Address OOF8,,) 

INT, Input polarity selection bit 

a : Interrupt request by failing edge 

1 : Interrupt request by rising edge 

INT. tnput polarity selection bit 

a : Interrupt request by falling edge 

1 : Interrupt request by rising edge 
INT 3 input polarity selection bit 

a : Interrupt request by falling edlte 

1 : Interrupt request by rising edge 
Timer 4 count stop bit 

a : Count start 

1 : Count stop 
Timer 4 overflow bit 

a : No timer 4 overflow 

1 : With timer 4 overflow 
Timer 5,6 mode bit 

00: Timer mode (count source 111/4) 

01 : Event counter mode 
10: Pulse width measurement mode (count source 111/4) 

11 : Pulse width measurement mode (count source IS overflow of timer 4) 
Timer 5,6 count stop bit 

a . Countstart 

1 : Count stop 

Structure of timer control register and timer 4,5,6 mode register 

• MITSUBISHI 
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PWM 
M37413M4HXXXFP has a pulse width modulated (PWM) 
output control circuit connecting with timerS and timer6. 

PWM~ 
wave form timer 6 1- timer 5 :i 

! timer 5+tlmer 6 : I 

Fig. 6 PWM rectangular wave form 

MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Figure 5 shows the structure of timer 4,5,6 mode register, 
Figure 6 shows the PWM rectangular wave form and Figure 
7 shows the structure of PWM control register. 

7 

I 'I I I I I I I I 
L 
~ 

PWM control register 

(OOF3'6 address) 

P54 /PWMO selectIOn bit 

0: P54 

1: PWMO 
P55 /PWM1 selection bit 

0: P55 

1: PWM1 
P56/PWM2 selectIOn bit 

0: P56 
1: PWM2 

P5,/PWM3 selection bit 

0: P5, 
1: PWM3 

P53 /SIG selection bit 

0: P53 

1: SIG 
Timer 1 overflow flag 

P5,/CNT, selection bit 

0: P5, 
1 : CNT, 

Fig. 7 Sturcture of PWM control register 

• MITSUBISHI 
"'ELECTRIC 
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SERIAL 1/0 
The block diagram of serial I/O is shown in Figure 9. In the 
serial I/O mode the receive ready signal (SRDY), synchro
nous input/output clock (ClK). and the serial I/O (SOUT, 
S,N) pins are used as P37 , P3a, P3s, and P34 , respectively. 

FUNCTION OF SERIAL 1/0 MODE 
REGISTER 
The serial I/O mode register (address 00F61a) is an 8-bit 

register. Bit 1 and 0 of this register is used to select a syn
chronous clock source. When these bits are (00) or (01) , 
an external clock from P3a is selected. When these bits are 
(10) , the overflow signal divided by two from timer 3 be

comes the synchronous clock. Therefore, changing the tim
er period will change the transfer speed. When the bits are 
(11) , the internal clock q, divided by 4 becomes the clock. 
Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3a becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3a. If the exter
nal synchronous clock is selected, the clock is input to P3s. 
And P3s will be a serial output and P34 will be a serial in
put. To use P34 as a serial input, set the directional register 
bit which corresponds to P34 , to "0:'. For more information 
on the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1 ", if it is "0" 
P3s will function as a normal I/O. Bit 3 determines if P37 is 
used as an ou'tput pin for the receive data ready signal (bit 

3="1", SRDY) or used as a nomal I/O pin (bit 3="0"). 

o 

I I I I I I I I I 
U 

Fig. 8 Structure of serial I/O mode register 
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OPERATION OF SERIAL 1/0 
The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 

Internal Clock - The SRDY signal becomes "H" during 
transmission or while dummy data is stored in the serial I/O 
register. After the falling edge of write signal, the SRDY sig
nal becomes low signaling that the M37413M4HXXXFP is 

ready to receive the external serial data. The SRDY signal 
goes "H" at the next falling edge of the transfer clock. The 
serial I/O counter is set to 7 when data is stored in the se
rial I/O register. At each falling edge of the transfer clock, 
serial data is output to P3s. During the rising edge of this 
clock, data can be input from P3. and the data in the serial 
I/O register will be shifted 1 bit. Data is output starting with 
the lSB. After the transfer clock has counted 8 times, the 
serial I/O register will be empty and the transfer clock will 
remain at a high level. At this time the interrupt request bit 
will be set. 
External Clock - If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out
side. The external clock should not exceed 250kHz at a 

duty cycle of 50%. When the external clock is chosen, the 
P3s pin must be held at "H" level while the serial I/O is not 
used. 
Timing diagrams are !1hown in Figure 10, and connection 
between two M37413tJi4HXXXFP's are shown in Figure 11. 

Serial 110 mode register (SM) 

(OOFS" address) 

Synchronous clock selection bit 

00: l 01: Extern_al clock 

10 : Timer 3 overflow signal divided by 2 

11 : Timing ¢ divided by 4 

Senal 110 port selection bit (P35 • P3,) 

o : Normal 110 port 

1 : Serial 110 port 

SADY signal output selection bit (P3,) 

o : Normal 110 port 

1 : S;~ signal output pin 
T /P3, selection bit 

o : Normal 110 port 

1: T 
XC1N • XcouT!P3o, P31 selection bit 

o : Normal 110 port 

1 : XC1N , XCOUT 

Unsystem clock operatIOn bit 

0: HALT 

1 : Operation 

INT, Input level 



Divider 
Internal 
clock ¢> 

• P3, 

P3, 

P35 

Fig. 9 Block diagram of serial liD 
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From Internal clock divided by 4 
or timer 2 or CNT1 input ~T~im~er~3~(8~)j-l---lnterruPt request 

(Address OOFS16 ) distinguish reoglster 1 

E::~~~~:":.:1---4------- Interrupt request 
distinguish register 1 

Senal 1/0 mode register 
L.......L_...L._..L.. __ L....,...L...,...L..,,....l..,....J (Address 00F616 ) 

Synchronous clock selection bit 

00: I 01: External clock 

10 : Timer 3 overflow signal divided by 2 

11 : Timing ¢> divided by 4 

Senal ,110 port selecMn bit (P35 • P3,) 

o : Normal 1/0 port 

1 : Serial 1/0 port 

'------- SROY signal output selection bit (P3,) 

o : Norrnal 1/0 port 

1 : SR-;;;; signal output pin 

3-181 



Synchronous clock 

Transfer clock 

Serial I/O register write 
signal _____ --' 

Serial I/O output -------I---v 
SOUT -------t-...J 
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D, 

Serial I/O input -------i-,r-...... r--.r...".-""r--" 
S'N _______ !......J\ ..... _"-_J,_-'''-_J, __ 

Receivable signal -------1 
SRDY 

Interrupt request bit set 

Fig. 10 Serial liD timing 

Fig. 11 

3-182 

Sending side 

Senal I/O mode register 

bit3 bitO 

Set the directional 

register for P37 pin 

in input mode 

SRDY 
P37 jE-----=-----t P37 

Synchronous clock 
P3. 1---'----------7-1 P3. 

P35 
I-__ -=S:::e:.:.ria='...:d:.:a:.::ta=-----__ ~ P34 

Example of serial liD connection 

• MITSUBISHI 
"ELECTRIC 

Receiving side 

Serial I/O mode register 

Set the directional 

register for P34 pin 

in input mode 
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A-O CONVERTER 
The A-O converter circuit is shown in Figure 12. One of the 
eight analog input ports of the A-O converter (INo-IN 7 ) are 
selected by bits 0, 1 and 2 of the A-D control register. The 
IN pins, not to use as analog input, uses as input port. 
Bit 0, 1 and 2, and corresponding to analog input pin is 
shown in Figure 13. A-O conversion is accomplished by first 
selecting bit 3 and. 4 of the A-O control register (address 
00F216) for the source of VREF. And also the analog input 
pin is chosen by the analog input select bit of the A-D con
trol register. A-D conversion starts by writing a dummy data 
to the A-O register or changing the input level from SIG pin 
"H" to "L". When A-D conversion is finished, an interrupt is 
generated. After A-D interrupt is accepted, the result of 
A-D conversion can be read from the A-D register. 
Note that the A-O conversion must to be started to convert 
after the reference voltage reaches stable level. 

Data bus 

INa .c 

"' IN, ~ 
'" '" 0 

'" " '" >< 

" c. 
'" :; 
E 
0; 

" " '" .c 
u 
ro 

Fig.12 A-D converter circuit 

A-O control register 

(00F2 '6 address) 

o 
Avss 

A-O control register 
(00F2 '6 address) 

Analog mput selection bit 

000: INa 100: IN. 

001 : IN, 101 : IN5 

010: IN, 110: IN. 

all : IN, 111 : IN, 

'------ VREF mput selection bit 

0: OFF 

1: ON 

'------- VREF source selection bit 

a : VREF pin 

1 : AVcc 

'----'------- System clock", selectIOn bit 

00 : X,N/16 
01 : X,N /4 

10: XclN /2 
11 : XclN /2 

'------------ External A-D start enable bit 

a : Inhibit 

1 : Enable 

Fig. 13 Structure of segment control register 

j----..;;.. A-O Interrupt request bit 

4 OJ A-O control register 
(00F216 address) , , , , , , , , , , , , 

: ' 

! : 
, 

, 

_________________ , _____ J 

g ~ g 
OFF VREF AVcc 

Vcc 
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KEY ON WAKE UP 
"Key on wake up" is one way of returning from a ,power 
down state caused by the STP or WIT instruction, 
When the key on wake up option of port P2 and port P7 are 
designated and key on wake up interrupt enable bit (IC4 ) 

is set to "1", if the key on wake up option pin of port P2, P7 
have "L" level applied, key on wake up interrupt is gener
ated and the microcomputer is returned to the normal oper
ating state. 
When the bit 4 of PWM control register (address OOF3,6) is 
set to "1", the pulse shown in Figure 14 is outputed from 

P5a pin. 

Timer 1 and Timer 2 count .. 
P53/SIG pin ----, I 

~-----II 
t 

Key on wake up Input Stand-by release 

As shown in Figure 15, if the key matrix of active "L" to in
put port P2, P7 are constructed, the microcomputer is re
turned to normal operating state by the key push. Refer to 
the section of interrupt how to use the key on wake up 
function. In order to enter the power down state generated 
by the STP or WIT instruction at the interrupt disable flag 
(J) is "0" and IC4 is "1", the input designated as key on 
wake up by option in port P2, P7 must be all "H". 

Fig. 14 Output from the SIG pin at wake up from the stop state 
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P7 key on wake up register 
~""'..L.......L...J......J_L-"-r'(0005,. address) 

P2 key on wake up register 
~""'..L.......L...J......J_.L...I....r.J(OOEE,. address) 

Port P20 

Port P70 

Port PXx 
"L" level output 

Interrupt control register 

Option 
Port P2 data 

read circuit 

Option 

Option 

Port P7 data 

read Circuit 

Note: In the M37413M4-XXXFP and M37413M6-XXXFP. each bit can be set to either 
enable or disable key on wake up by a pull-up reslstor(mask option) In the 
M37413E6-XXXFP and M37413E6FS. all bits are set to enable key on wake up 

Flg.15 Block diagram of port P2, P7 and example of wired at used key on wake up 
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RESET CIRCUIT 
The M37413M4HXXXFP is reset according to the sequence 

shown in Figure 18. It starts the program from the address 
formed by using the content of address 3FFF'6 as the high 
order address and the content of the address 3FFE '6 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 16 J1.S while the power voltage is between 
4 and 5.5V and the crystal oscillator oscillation is stable and 
then returned to "H" level. 

The internal initializations following reset are as shown in 
Figure 16 regardless of the status before reset (including 
stop mode or wait mode). 
An example of the reset circuit is shown in Figure 17. 
When the power on reset is used, the RESET pin must be 

input "H" after the oscillation of XIWXOUT becomes stable. 

Address 

(1) Port PO directional register (00) (El,.) ... 1 00,. 

(2) Port Pl directional register (01) (E3,.) ·1 00,. 

(3) Port P2 directional register (02) (E5,.)···1 00,. 

(4) Port P3 directional register (03) (E9,.)··· 00,. 

(5) Port P5 directional register (05) (EO,.)'" 00,. 

(6) Port P6 directional register (06) (ot,.)··· 00,. 

(7) Port P7 directional register (O?) (03,.)'" 00,. 

(8) Inte.upl request dlstmgu.h register 1 (IF1) (EB,.)··· 00,. 

(9) Intenupl request dlstmgUlsh reglsler 2 (IF2) (EA,.)··· 00,. 

00) PWM control register (WC) (F3,·)···1 10101010101010 

(11) Senal 110 mode register (SM) (F6,.) ... I-I a I a I a I a I a I a I a 
(12) Timer 4, 5, 6 mode register( CM) (F8,·)···1 00,. 
(13) Interrupt control register (1M) (FE,.)'" 1 00,. 
(14) Timer control register (TC) (FF,.)···I 00,. I 
(1~ A-O control register (AC) (F2,.)···lo I 01 01 01 01-1-1-1 

(16) Processor status register 1-1-1-1-1-111-1-1 

(17) Program counter (PCH)···I 
Contens of address 

I 3FFFU! 

(PCl)· .. 1 Contens of address 

I 3FFEll:! 

Note : Since the contents of both registers other than those listed 
above (,nclud,ng timers. A-O control register and the senal 1/0 
register) and the RAM are undefined at reset, It is necessary to 
set Inlllal values 

Fig. 16 Internal state of microcomputer at reset 
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SYNC 
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L....-____ ..... ! 

--~----------------~----------------~ 
Address 

Data 

32-48 clock cycles 

Fig, 18 Timing diagram at reset 

''----__ Reset address Irom 
the vector table 

Note 1: Frequency relatIon Ofl(X,N ) and 91 IS I(X,N ) =16'91 

2: The mark"? " means that the address IS change

able dependong upon the prevIous state 
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I/O PORTS 
(1) Port PO 

Port PO is an 8-bit I/O port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zew page 

address 00EO'6' Port PO's directional register allows 
each bit to be programmed individually as input or out
put. The directional regis.ter (zero page address 

00E1'6) can be programmed as input with "0", or as 
output with "1". When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as Input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. This port can be 
built in' a pull-up resistor option when it is used as a in
put port. 

(2) Port P1 

Port P1 has the same function as PO but the output 
structure is N-ch open drain. This port can be built in a 
pull-up resistor option when it is used as a input port. 

(3) Port P2 

Port P2 has the same function as PO. The output struc

ture is CMOS outputs. This port can be built in a pull
up resistor option when it is used as a input port. Fol

lowing the execution of STP or WIT instruction, key 
matrix with port P2 can be used to generate the inter
rupt to bring the microcomputer back in its normal 
state. The pin to be used as the key on wake up must 

be with key on wake up option and its value in direc
tional register must be "0". 

(4) Port P3 
Port P3 has the same functions PO except that part of 

P3 is common with the serial I/O, output of timer4, 
clock oscillation of timer ciock and interrupt input. 
The output is N-channel open drain. This port can be 
built in a pull-up resistor option. When P30 and P3, pins 
are used for XC1N input, pull-up is 'nhibited. 

(5) Port P4 

Port P4 is an 8-bit input port. P4o- P43 are in common 
with the IN4-IN 7 , This port can be built in a pull-up re
sistor option when it is used as a input port. 

(6) Port P5 

Port P5 has the same functions as PO except that part 
of P5 is common with the counter input pin, SIG pin, 
and PWM output pin. The output is N-channel open 
drain output. This port can b3 built in a pull-up resistor 
option. 
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(7) Port P6 

Port P6 has the same function as PO but the output 
structure is N-ch open drain. This port can be built in a 
pull-up resistor option. 

(8) Port P7 

Port P7 has the same function as PO. The output struc
ture is CMOS outputs. This port can be built in a pull
up resistor option when it is used as a input port. Fol
lowing the execution of STP or WIT instruction, key 
matrix with port P7 can be used to generate the inter
rupt to bring the microcomputer back in its normal 
state, The pin to be used as the key on wake up must 
be with key on wake up option and its value in direc
tional register must be "0". 

(9) Analog input(INo-IN7 ) 

This is a port for an analog input of A-O converter. IN4 
-IN7 are in common with the P4o-P43 . 

(10) INT, 

The INT, pin is an interrupt input pin. The INT, inter
rupt request bit (bit 7 of address 00FE'6) is set to "1" 
when the input level of this pin changes from "H" to "L" 
(or "L" to "H"), This input level is read in the bit 7 of 

serial I/O mode register (address 00F6'6)' 
(11) INT2(P32/INT2) 

The INT2 pin is an interrupt input pin common with P32. 
When P3is directional register is set for input ("0"), 
this pin can be used as an interrupt input. The INT2 in
terrupt request bit (bit 3 of address 00ES'6) is auto
matically set to "1" when the input level of this pin 
changes from "H" to "L" (or from "L" to "H"). 

(11) INT3 ( P50 /INT3 ) 

The INT3 pin is an interrupt input pin common with P5o. 
The other functions are the same as INT2, 



Port PO 

Port P1 

PorI P2, P7 

Port P3" P50 -P53 
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Vee 

E::~~lrI-=~~~_-'-I--_~l" (mM' ~."": 
Data bus 

Tr1 is pull-up transistor at Input (mask option) 

Data bus 

Tr2 IS pull-up transistor at input (mask option) 

DlrectlorlalReglster 

Port Lalch Dala bus--+-~ 
'-----' 

Interrupt control circuit 
Tr3 IS pull-up Iransislor (mask option) 

Directional Register 

Dala bus --+---1 PorI Latch 
'-----' 

Tr4 IS pull-up transistor (mask option) 

Vee 

Port PO 

CMOS output 

dTr2(maSk option) 

1 

PorI P1 

N-ch open drain 

Vss 

Vee 

£ldTr4 

1 mask option 

Vss 

Port P3" P50- P53 

N-ch open drain 

Fig. 19 Block diagram of ports PO~P2. P3, • P50~P53 and P7 
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Port P3D• P32-P37• 

P5.-P57• P6 

Analog mput IND-I N3 
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Vee 

L11 
~ mask opllon 

Data bus ~~rFP;;;ortrtj,la;it~Ch0-+---'I~---'===D 1 
Tr5 IS pull-up transIstor (mask opllon) 

Vee 

hvee 9 
::;;:I Tr6 

vss.:tr '1 mask optIon 

Data bus ---<:J---1o 
Port P4 

Tr7 IS pull-up transIstor (mask optIon) 

_Crs 

Port P3D• P32-P37• 

------i[~] A-D converter CirCUIt - ~ t-------0 Analog lnput IN 

T 

Vee Vee 
Analog mput IN.-IN7 (P4D-P43) r IN/P4

1 
s:etlon J 

INT, 

RESET 

mask opllon ~ 
l- Vss ~ 

-,-
A-D converter CirCUIt -{I 

--r 

Data bus ---< /-------' 

mask optIon 

IN.-IN7 

(P4D-P43) 

Data bUS----r--C~I---0 
_ INT, 

CPU Interrupt control CirCUIt -------' 

Flg.20 Block diagram of ports P3o,P32-P37 , P4, P54-P57 , P6, analog Input port IN, INT" RESET 
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CLOCK GENERATING CIRCUIT 
The M37413M4HXXXFP has two internal clock generators. 
Figure 23 shows a block diagram of the clock generator. 
Normally, the frequency applied to the clock input pin X,N 
divided by 16 is used as the internal clock (timing output) 
</>. The internal clock </> can be changed to 1 14 the frequen
cy applied to the clock input pin X,N or 112 the frequency 

applied to the clock input pin XCIN ' When XcIN/2 is 
selected, the pull-up option to P3Q, P31 pins are inhibited. 
These signals can be changed via bit5 (AC5 ) and bit6 
(ACe) of the A-D control register. When ACe and ACs are 

[00], the internal clock is chosen X'N/16. When they are 
[01] , the internal clock is chosen X'N/4. When they are 
[10] and [11], the internal clock is XCIN/2. The one of 
clock X,N and clock XCIN , isn't in use for the internal clock 
(none system clock), stops when the bit6 (SMe) of serial 
1/0 mode register is "0". In order to restart the clock as the 
internal clock, SMe is set to "1" and wait until the oscillation 

becomes stability by the software then the internal clock is 
chosen ACe and AC5. 

The M37413M4HXXXFP has two low power consumption 
modes, stop and wait. The microcomputer enters a stop 
mode when the STP instruction is executed. The oscillator 
(both X,N clock and XC1N clock) stops with the internal 

clock </> held at "H" level. In this case timer 1 and timer 2 
are forcibly connected and </>14 is selected as timer 1 input. 
When restarting oscillation, the internal clock </> is held "H" 
until timer 2 overflows and is not supplied to the CPU. So 
set the suitable value for timer 1 and timer 2 in order to en
able the oscillator to stabilize. Before executing the STP in
struction, the timer 1 count stop bit (IF27 ) must be set to 
supply ("0"), timer 2 interrupt enable bit (IF1 4 ) of interrupt 
request distinguish register 1 must be set to enable ("1"), 
timer 2 interrupt request bit (IF1 5 ) of interrupt request dis
tinguish register 1 must be set to "0". And serial 1/0 or tim
er 2 interrupt enable bit (TCe) and serial 1/0 or timer 2 in
terrupt request bit (TC7 ) of timer control register must be 
set to "0". 
Oscillation is restarted (reset stop mode) when an external 
interrupt is received. The interrupt enable bit of the inter
rupt used to reset the stop mode must be set to "1". 
The microcomputer enters a wait mode when WIT instruc
tion is executed. The internal clock </> stops at "H" level, but 
the oscillator does not stop. </> is re-supplied (wait mode 
reset) when it receives an external interrupt or internal tim
er interrupt. Instructions can be executed immediately be

cause the oscillator is not stopped. The interrupt enable bit 
of the interrupt used to reset the wait mode must be set to 
"1" before executing the WIT instruction. 
When the interrupt is accepted and after the interrupt sub
routine is executed, the next instruction to STP or WIT is 

executed. It is possible to cancel stop and wait mode by 
reset. In this case, the execution is started from the 
address is set to reset vector. 

TranSition of states for the system clock is shown in Figure 
24. The change order of the internal clock is shown in Fi
gure 24. 

When STP instruction is executed from the states of A, B, 
C, D and E, it will be the same state as H (stop state). If 
the interrupt is executed in stop state, it will return the state 
before STP instruction is executed. 

Figure 21 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capaCitance which is unique 
for each oscillator. There are slight differences in constants 
in the M37413M4HXXXFP and M37413M6HXXXFP. If using 
one of these chips in applications such as high-precision 
clocks, ask the resonator manufacturer for measurements of 
these constants. When using an external clock Signal, input 
from the X,N(XC,N) pin and leave the XOUT(XCOUT) pin open. 
A circuit example is shown in Figure 22. 

M37413M4HXXXFP 

Fig. 21 External ceramic resonator circuit 

Fig. 22 

M37413M4HXXXFP I 
X 1N XOUT X C1N X COUT 

281 
External 

OSCillating 
CirCUit 

29 23! 24 
Open External 

OSCillating 
CirCUIt or 

external pulses 

Vee nnnJlf 
V" 

Vee'--l"L.. 
V" 

External clock input circuit 

• MITSUBISHI 
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AC, 

SM.-L __ -',----L-~ 

SM, 

Q SI----------.-------IS Q 

R STP 
instruction 

WIT 
instruction 

Fig. 23 Block diagram of clock generating circuit 

R 

count source 
selecllon TC, 

Timing ¢ 

(Internal Clock) 

Reset 

R STP Instruction 

INT, Interrupt enable 

INT, Interrupt request 

Serral 1/0 or timer2 Interrupt enable 

Serral 1/0 or tlmer2 Interrupt request 

INT, or key on wake up interrupt enable 

INT, or key on wake up interrupt request 

INT, or tlmer3 Interrupt enable 

INT, or tlmer3 interrupt request 

Timer6 or A-D interrupt enable 

Timer6 or A-D interrupt request 

3-192 ~~I 



MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Reset 

SM5=O 
SM6 =O 
AC,=O 

~ A ~O ~ C 

1~ln~s~tr~u~c~tlo~n~~~~~~~ ~~~::~~~~In~s~tr~u~c~tio~n~ 8MHz oscilialion .. Normal mode AC5="t"-"O" II High-speed mode 8MHz oscillation 
32kHz stop 8MHz osCillatlonl""r------....::..:..:.......:...-..:....-------l1 OS~~I~t~on 32kHz stop 

~=stop 32kHz stop AC5="O"-"1" 32kHz stop ~=stop 
Timers actIOn ¢ 500kHz ~ 2MHz Timers action 

Interrupt Interrupt 

8M Hz stop 

32kHz oscillation 
¢=stop 

Timers action 

STP instruction 5TP Instruction 

Interrupt Interrupt 

SM5="O"-"1" 

SM6="O"-"I" 

SM5="1"-"O" 

SM6=''1''-''O'-

8MHz stop 

32kHz stop 

1> stop 

SM5="O"-"I" 
SM6='-O"-"I" 

SM5="I"-"O" 
SM6="I"-"O" 

Interrupt Interrupt 

STP instruction STP instruction 
WIT B D WIT 
Instruction instruction 

8MHz oscillation 

32kHz oscillatIOn 
8M Hz oscillation 

32kHz oscillation 
AC5=''1''-''O'' 

¢=2MHz 
Interrupt 

¢=500kHz 

Interrupt 
AC5="O"-"I" 

Instruction Instruction 
8MHz osciliailon 8M Hz oscillation 8MHZ stop 

32kHz oscillation 32kHz osCillation 32kHz stop 
FstoP 

¢=16kHz ¢ stop 
Timers action 

Interrupt Interrupt 

SM6="O"-"1 " SM6="I"-"O" 

G WIT F STP H 
Instruction Low-speed instruction 

Clock mode mode 
8MHz stop 

32kHz oscillation 8M Hz stop 32kHz stop 
¢ stop 32kHz oSCIliatloo 

¢stop Timer action ¢ 16kHz 
Interrupt Interrupt 

The case of example clock X,N =8MHz, clock XCIN=32kHz. 1> is Internal clock 

8MHz oscilialion 
32kHz oscilialion 

¢ stop 

Timers action 

Note : When a stop mode IS canceled, walt time occurs automatically by connection of timers 1 and 2 This time can be set by program. 

When SMe=1, unsystem clock IS operated and system clock IS changed, wait time necessary by program until oscillation becomes stable 

Return to the normal mode once in case changed to the low-speed mode from the normal mode 

Also return to the high-speed mode once In case changed to the low-speed mode from the high-speed mode 

Transitions B-E-D and D-E"'--~B are not possible 

Fig_ 24 Transition of states for the system clock 

• MITSUBISHI 
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PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1/(n+1). 
(2) The count value of timers 1, 2, 3, 4 can be read at an 

arbitrary timing when the timing'" divided by 4 or timer 
overflow is input to these timers. If XCIN or CNT, input 
is input to these timers, the value of timer 1, 2, 3, 4 
must be read only when the input of timers is not 
changing or the timer count is stopped. 
Also the count value of timers 5, 6 which are used in 
the event counter mode must be read when the exter
nal input is at the "L" level. When timers 5, 6 are used 
in the timer mode, the count value of these timers can
not be read. 

(3) Even though the BBC and BBS instructions are ex
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as a NOP) be
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(4) CD After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a 
NOP) is needed before the SEC, CLC, or CLD in
structions are executed. 

® In decimal mode, the negative (N), overflow (V) and 
zero (Z) flags are invalidated. 

(5) A NOP instruction must be used after the exection of a 
PLP instruction. 

(6) CD The timer 1 and timer 2 must be set the necessary 
value immediately before the execution of a STP in
struction. 
Also the following conditions must be satisfied: 

• Timer 1 count stop bit is set to "0" 
• Timer 2 interrupt enable bit is set to "1" 
• Timer 2 interrupt request bit is set to "0" 
• Serial I/O or timer 2 interrupt enable bit is set to "0" 
• Serial I/O or timer 2 interrupt request bit is set to "0" 

® To restart oscillation when it is stopped by STP in
struction or unsystem clock operation bit, wait for a 
specified time which is needed lor the oscillator to 
stabilize. 

® Connect I/O ports which are in input mode to Vcc or 
GND to get less power supply current after execut
ing STP or WIT instruction. Connect P50 -P53 to Vcc 
or GND also in output mode. 

(7) Some instructions can be used to write contents of the 
interrupt request distinguish register 1, 2. If the SEB or 
CLB instruction or a set of instruction that acts as the 
SEB or CLB instruction (for instance, LDA TC+SEB 7, A 
+STA TC) is used, an interrupt request which is input 
during execution of these instructions may be cleared. 
Therefore, these instructions should be used only when 
there is no problem even if such an interrLlpt request is 
cleared. Usually, the LDM instruction or STA instruction 
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is used. Especially to write contents of the interrupt re
quest distinguish register 1, 2, use the flow chart as 
shown in Figure 26. 

(8) After switching the serial I/O transfer clock, initialize 
the serial I/O counter (write to address 00F7,6). 

(9) To use an external clo,?k as the serial I/Q transfer 
clock, initialize the serial I/O counter when the external 
clock is "H" level. 

00) To use the P30 and P3, pins as the I/O pins of the 
clock for clock function, do not use the pull-up resistors 
by option. 

(11) If using the A-D converter, supply power to the VREF 

pin(set bits 3 and 4 of address 00F2,6 ), and make sure 
that the voltage of the VREF pin has stabilized before 
activating the A-D conversion. 

Fig. 25 Flow to write Interrupt request distinguish 
registers 
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DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM confirmation form 
(2) mark specification form 
(3) ROM data" ......................................... EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 
• Port PO pull-up transistor bit 
• Port Pl pull-up transistor bit 
• Port P2 pull-up transistor bit 
• Port P3 pull-up transistor bit 
• Port P4 pull-up transistor bit 
• Port P5 pull-up transistor bit 
• Port P6 pull-up transistor bit 
• Port P7 pull-up transistor bit 
• Port P2 key on wake up 
• Port P7 key on wake up 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.3-7 V 

AVec Analog supply voltage Vee-AVec -0.3-7 V 

V, 
Input voltage POo-PO" P20-P2" P30, P3" P40-P4" 

P7o ....... P77, 1No ....... IN7, VREF, X1N 
-0. 3-Vee+0. 3 V 

V, Input voltage CNVss -0.3-7 V 

V, 
Input voltage INT" RESET, Pl o-P1" P3,-P3" 

P50-P5" P6o-P6, (Note I) -0.3-10 V 

Vo 
Output voltage POo-PO" P20-P2" P30, P3" 

P7o ....... P77, XOUT 
-0. 3-Vee+0. 3 V 

Vo Output voltage Plo-PI" P3,-P3" P50-P5" P6o-P6, (Note 1) -0.3-10 V 

Pd Power diSsipation Ta - 25l: 300 rnW 

Topr Operattng te.nperature -20-75 "C 
Tst9 Storage temperature -40-125 "C 

Note 1 . When these ports are bUilt In a pull-up resistor option, the value IS -0. 3-Vcc+0. 3V 

RECOMMENDED OPERATING CONDITIONS (Vcc=2. 5-5. 5V, Vss= 0 V, T a=-20-75°C, unless otherw,ise noted) 

Symbol 

Vee 

Vss 

V ,H 

V ,H 

V ,H 

V ,H 

V ,H 

V ,L 

V ,L 

V ,L 

10H 

10L 

10L 

f(X,N ) 

f(XCIN ) 

Note 1 
2 
3 
4 
5 
6 
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Limits 
Parameter Conditions Unit 

Mm. Typ Max 

f(X,N )- 8 MHz High-speed mode 4.5 5.5 

Supply voltage (Note 1 ) f(X,N )= 8 MHz Normal mode or V 

f(X,N)= 2 MHz High-speed mode (Note2) 
2.5 5.5 

Supply voltage 0 V 

"H" Input voltage POo-PO" P30, P3" P4o-P4" 
0. 7Vee Vee 

( 
V 

CNVss (Note 3 ) 

"H" Input voltage P2o-P2, 0. 8Vee Vee V 

"H" Input voltage P1 o-P1" P5,-P5" P60-P6" S,N 0. 7Vec 10 V 

"H" Input voltage P3,-P3" P50, INT" INT" INT" 
0.8Vpe 10 V 

CNT" CNT" SIG, ClK 

"H" Input voltage RESET, X,N, XCIN 0. 85Vce Vee V 

"L" mput voltage POo-PO" P10-PI" P30, P3" 
0 0.25Vce V 

P40-P4" P5,-P5" P60-P6" S,N 

"L" mput voltage P20-P2" P3,-P3" P50, INT" 
0 0. 2Vee V 

INT,. INT" CNT,. CNT" SIG, ClK 

"L" mput voltage RESET, X'N, XCIN 0 0.15Vce V 

"H" output current POo- PO" P2o- P2" P70-P7" 
-1 rnA 

XOUT (Note 4 ) 

"L" output current POo-PO" P20-P2" P3,-P3" 

P50-P5" P60-P6" P70-P7" 1 rnA 
XOUT (Note 5) 

(Note 6 ) 
Vcc=3V 10 

"L" output current P10-P1, 
20 

rnA 
Vcc=5V 

Clock oscillatmg frequency 0.2 8.2 MHz 

Clock oscillatmg frequency for clock function 30 50 kHz 

When only maintaining the RAM data, minimum value of Vcc is 2 V 
We say the high-speed mode, when the system clock IS chosen X,N/4, and the low-speed mode, when the system clock is chosen X ,N/16 
When P3, IS used as XCIN , V'H and V,L of P3, is 0 85Vcc;o;V,H;o;VCC and O;o;V,L;o;O 15Vcc 
The total 10HIpeaki of port PO, P2, P7 and XOUT IS less than 35mA. 
The total 10HIpeaki of port PO, P2, P3, P5, P6 and P7 IS less than 32m A 
The total peak current of IOL of port P1 is less than 80mA and the average current of tOlal 10L of port PI IS les'S than 40mA 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERICS (Vss= 0 v, T a=-20-75"<:, unless otherwise noted) 

Symbol Parameter Test conditions 

Vcc-5V,loH--0.5mA 
VOH "H" ootput voltage POo-PO-" P2o-P2" P7o-P7, 

Vcc-3V, 10H--0. 3mA 

Vcc=5V, 10H=-0. 3mA 
VOH "H" ootput voltage XOUT 

Vcc=3V,loH=-0.lmA 

"l" ootput voltage POe-PO-" P2o-P2" P30-P3" PSo-PS" Vcc=5V,loL=lmA 
VOL P60-P6" P7o-P7" T, SoUT, ClK, 

SROY, SIG, PWMO-PWM3 Vcc=3V,loL=0.5mA 

Vcc=5V,loL=20mA 
VOL "l" ootput voltage Pto-Ph 

Vcc-3V,loL-IOmA 

Vcc=5V, 10L =0. 3mA 
VOL "l" output voltage XOUT 

Vcc=3V, 10L =0. I mA 

VT+-VT-
Hysteresis INT" INT" INT" ClK, CNT" CNT" Vcc=5V 

SIG, S,N, P2o-P2" P7o-P7" Xc'N Vcc=3v 

-- Vcc=5V 
VT+-VT- Hysteresis RESET 

Vcc=3V 

Vcc=5V 
VT+-VT- Hysteresis X1N 

Vcc=3V 

"L" Input current {POo-I'O" Pto-Pt" P2o-P2" P30-P3" P40-P4" Vcc=5V V,=OV 
I'L P50-P5" P60-P6" P7o-P7,1 without pull-up Tr, 

(Noten, INT" RESET, X,N Vcc=3V V,=ov 

"W onput current POe-po" P2o-P2" P30, P3" Vcc=5V V,=5V 
I'H P40-P4" P7o-P7" X'N, Xc'N, CNVss Vcc=3V V,=3V 

I'H 
"H" input curoent {Pto-Pt" P30-P3" P50-P5" P6o-P6,i 

V,=IOV --
without pull-up Tr, INT" RESET 

Pull-up Tr POo-PO" Pto-Pt" P?o-P2" Vcc=5V, v,=OV 
Rp~ P30-P3" P4o-P4s, P50-PS, Vcc=3V, v,=OV 

f(X'N)=8MHz High-speed mode Vcc=5V 

at operation f(X'N)=8MHz Normal mode Vcc=3V 

f(XC'N)=32kHz, Vcc=3V 

Icc Supply current (Note 2) f(X,N)=8MHz, Vcc=3V 
atW81t mode 

f(Xc'N)=32kHz, Vcc=3V 

Ta=25t 
at stop mode 

Ta=75t 

VRAM RAM retention voltage 

Note I 
2 

Also the same when each port IS used as INT" INT" CNT" CNT" SIG, S'N and XCIN , respectively. 
1/0 ports or input ports are connected to Vee Output ports are opened 

limits 
Unot 

Min Typ Max. 

4 

2.4 
V 

4 

2.4 
V 

1 
V 

0.6 

2 

1.5 
V 

1 

0.6 
V 

0.7 

0.5 
V 

2 

1.2 
V 

0.5 

0.35 
V 

-5 
IJA 

-3 

5 

3 
IJA 

10 IJA 

12 25 50 
kO 

25 50 100 

6 12 

1 4 
rnA 

18 36 IJA 
3 rnA 

4 12 

0.1 1.0 IJA 
6.0 

2 5.5 V 
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MITSUBISHI MICROCOMPUTERS 

M37413M4HXXXFP 
M37413M6HXXXFP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

A-O CONVERTER CHARACTERISTICS (Vee=5V, Vss=AVss= 0 v, Ta=25t, !(X,N)= 8 MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max. 

-- Resolution 8 bits 

Vce=VREF=5.12V ±2 -- Non~"nearlty error LSB 
Vce=VREF=3.072V ±2 

Vce=VREF=5.12V ±0.9 -- Dlfferentlsl non·lineanty LSB 
Vee=VREF=3. Ol2V +0.9 

Vee=VREF=5.12V 2 
VOT Zero transition error LSB 

Vee=VREF=3.0l2V 2 

Vee- VREF-5.12V 6 
VFST Full·scale transition error LSB 

Vee=VREF=3.0l2V 10 

Te ConverSIOIl time 
Vec=2. 5-5. 5V High-speed mode 2OO/1(X,N) 
Vee=2. 5-5. 5V Normal mode BOO/f(X,N) 

",s 

VREF=5V 1_0 2.5 
'REF Reference Input current 

0.5 1.5 
rnA 

VREF=3V 

liN Analog port Input current V'N-O-Vee 1 10 ",A 

V ,N Analog Input voltage Vce=2. 5-5. 5V AVss Vee V 

VREF Reference Input voltage 2.5 Vee V 
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MITSUBISHI MICROCOMPUTERS 

M37414MS-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37414M5-XXXFP is a single-chip microcomputer de
signed with CMOS silicon gate technology, It is housed in a 
72-pin plastic molded QFP, 
This single-chip microcomputer is useful for household ap
pliance and other consumer applications, 
In addition to its simple instruction set, the ROM, RAM, and 

1/0 addresses are placed on the same memory map to en
able easy programming. 

FEATURES 
• Number of basic instructions .............................. · .... 69 
• Memory size ROM" .............................. ·1 0240 bytes 

RAM ..................................... 160 bytes 

• Instruction execution time 
....... 2,us (minimum instructions at 4MHz frequency) 

• Single power supply f(X1N )=4MHz· .... · .......... ·5V±10% 

• Power dissipation 
normal operation mode (at 4MHz frequency) .... 15mW 

• Subroutine nesting .... · ........................ 80 levels (Max.) 
• Interrupt ................ · .................. · ...... 7 types, 5 vectors 
• 8-bit timer ...... · .... · ...... · ................ ·· .......... · .. · ...... · .. ·· 4 

• Programmable 1/0 ports 
(Ports PO, P1, P2, P3, P4, p7) ................................. 46 

• Input port (Port P5) ................................................ ·8 

• Output port (Port P6) ................ · .............................. 5 
• Serial 1/0 (8-bit) ..................................................... 1 

• A-D converter (8-bit resolution) .................. 8 channels 
• D-A converter (5-bit resolution) .................. 1 channels 

• 8-bit PWM function 

• Watchdog timer 

APPLICATION 
VCR, Tuner, Audio-visual equipment 
Office automation equipment 

PIN CONFIGURATION (TOP VIEW) 

O .... N{")VI,l)W .... N<')vlOO..-NC';Iotlll(Ot-O 
OOOOOOOO~~~~~~~~~rrr~ 
~~~~~~~~~~~~~~~~~~~~~ 

11111111111111111111) 

o 

M37414M5-XXXFP 

o o CNVss 
23 -INT1 

~''"'"'' 17,,-:,"'5"""'6 '-7"',"""'9 "'1O"'"T.',,""I"', ""14""5T.'16"'1"'7 "'1,"'19""20"',"', r---22 ..... P30 

)1 )111111111111111111 

Outline 72P6 
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M37414M5-XXXFP BLOCK DIAGRAM 
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FUNCTIONS OF M37414M5-XXXFP 
Parameter 

Number of basic instructions 

Instruction execution time 

Clock frequency 

ROM 
Memory size 

RAM 

INT, 

PO, PI, P2, P3, P4 

Input/Output port P5 

P6 

P7 

Senall/O 

Timers 

A-D converter 

D-A converter 

Pulse width modulator 

Watchdog timer 

Subroutine nesting 

Interrupt 

Clock generatmg Circuit 

Supply voltage 

Power dissipation at high-speed operation 

Input/Output voltage 
Input/Output charactenstlcs 

Output current 

Memory expansion 

Operating temperature range 

Device structure 

Package 

MITSUBISHI MICROCOMPUTERS 

M37414MS-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Functions 

69 

2ps (minimum Instructions, at 4MHz frequency) 

4MHz 

10240bytes 

160bytes 

Input l-bltXl 

1/0 8·bltX5 (a part of P3 IS In common with senal 110, timer 110, and Interrupt Input) 

Input 8-bltXl 

Output 5-bttXl (a part of P6 IS In common with external tngger output pin) 

1/0 6-bltXl 

8-bltXl 

8-blt prescalerX3+8-blt t,merX4 

8-bitXl (8 channels) 

5-bltXl 

8-bltXl 

15-bltXl 

80 levels (max) 

Two external Interrupts, three Internal timer Interrupts 

BUllt-m (ceramic or quartz crystal oscillator) 

5V±10% 

15mW (at 4MHz frequency) 

12V (Ports P3, P4, P5, P6, P70, Ph INT, ) 

5mA (Ports PO, PI, P2, P3, P4, p7) 

Possible 

-10-70"C 

CMOS Silicon gate process 

72-pln plastic molded QFP 
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PIN DESCRIPTION 

Pin Name 

Vee, Supply voltage 

Vss 

CNVss CNV .. 

RESET Reset Input 

X ,N Clock input 

XOUT Clock output 

'" Timing output 

INT, Interrupt Input 

AVss Voltage Input for A·D 

and D·A 

VREF Reference voltage 

input 

D·A D·A output 

PWM PWM output 

POO-P07 1/0 port PO 

Plo-Pt7 1/0 port PI 

P20-P27 1/0 port P2 

P3,,-P37 1/0 port P3 

P40-P47 1/0 port P4 

P50-P57 Input port P5 

P60-P6. Output port P6 

P70-P7. 1/0 port P7 

3-202 

InpuV 

Output 

Input 

Input 

Output 

Output 

Input 

Input 

Output 

Output 

1/0 

1/0 

1/0 

1/0 

1/0 

Input 

Output 

1/0 

MITSUBISHI MICROCOMPUTERS 

M37414MS-XXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

Functions 

Power supply Inputs 5V±IO% to Vee, and OV to Vss 

This Is usually connected to VSS 

To enter the reset state, the reset Input pin must be kept at a "L" lor more than 21's (under normal Vee 

ConditionS)' If more time IS needed for the crystal oscillator to stabilize, this ilL" condition should be main-

tained for the required time 

ThiS chip has an Internal clock generating c,lrcUlt To control generating frequency, an external ceramic or a 

quartz crystal OSCillator Is connected between the X,N and XOUT pins If an external clock is used, the clock 

source should be connected the X,N Pin and the XOUT pin should be left open 

ThiS IS the timmg output pin 

ThiS IS the highest order Interrupt Input Pin 

This IS GND Input Pin for the A·D and D·A converters 

ThiS IS reference voltage input pm for the A-O and O-A converters 

ThiS IS output pin from the D·A converter 

ThiS IS output pin from the pulse Width modulator 

The output structure IS N-channel open drain 

Port PO IS an a·bit 1/0 port with directional register allOWing each I/O bit to be Individually programmed as 

Input or output At reset, thiS port IS set to mput mode 

The output structure IS CMOS output 

Port P1 IS an 8-blt 1/0 port and has baSically the same functions as port PO 

The output structure IS CMOS output 

Port P2 IS an a·blt 1/0 port and has baSically the same functions as port PO 

The output structure IS CMOS output 

, Port P3 IS an a·bit 1/0 port and has baSically the same functions as port PO 

When serral 110 IS used, P37, P3e, P35 and P34 work as SRDY, eLK, SOUT and SIN pinS, respectively 

Also P3, and P3, work as CNTR pin and the lowest mterrupt inPut pin (INT,) , respectively. 

The output structure IS N·channel open drain 

Port P4 IS an a·bit 1/0 port and has baSically the same functions as port PO 

P4o-P4, work as analog Input port ANo-AN, 

The output structure IS N-channel open drain 

Port P5 IS an a·blt input port P5,-P5, can be used as the edge sense Inputs 

Port P6 IS an 5·bit output port At external tflgger output mode, P60 and P6, are In cornmon With the tflgger 

Input pin (T) and the tflgger output pin (0), respectively. 

The output structure is N·channel open drain 

Port P7 IS an 6·bit 1/0 port and has basically the same functions as port PO 

The output structure of P70, P7, IS N·channel open dram, and the output structure of P7,-P7, IS CMOS 

output 

• MlTSUBlSHI 
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MITSUBISHI MICROCOMPUTERS 

M37414MS-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37414 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

Timer Control Register 
The timer control register is allocated to address 00FF,6 . 

Bits 0 and 1 of this register are processor mode bits. This 
register also has a stack page selection bit. 

Timer control register (Address GOFF,s) 

LL Processor mode bit 
00 : Single-chip mode 
01 : Memory expanding mode 
10 : Microprocessor mode 
11 : Eva-chip mode 

Timer X mode bit 
00 : Timer mode 
01 : Pulse output mode 
10 : Event counter mode 
11 : Pulse width measurement mode 

Stack page bit 
0: 0 page 
1 : 1 page 

Timer X count stop bit 
o : Count start 
1 : Count stop 

Timer X Interrupt enable bit 
o : Interrupt disable 
1 : Interrupt enable 

Timer X interrupt request bit 
o : No Interrpt request 
1 : With interrupt request 

Fig.1 Structure of timer control register 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37414MS-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFRl area contains the reg
isters relating to functions such as 1/0 ports and timers. 

• RAM 
RAM is used for data storage as well as a stack area. 

• ROM 
ROM is used for storing user programs as well as the inter
rupt vector area. 

RAM 

(160 bytes) 

ROM 

(10240 bytes) 

0000, 

009F, 

ODED, 

DOFF, 

0800, 

6 

6 

6 

6 

6 

FFOO'6 

FFF4'6 

• Interrupt Vector Area 
The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 
Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Not used 

SFR area 

Not used 

Zero page 

Special 
page 

for 

Interrupt vector area 
subroutine 

call 

Fig.2 Memory map 
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MITSUBISHI MICROCOMPUTERS 

M37414MS-XXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

OOEO,. Port PO OOFO,. 

OOE1,. Port PO directional register OOF1,. 

OOE2,. Port PI OOF2,. 

OOE3,. Port PI directional register OOF3,. 

OOE4,. Port P2 OOF416 

OOES,. Port P2 direcllonal register OOFS,. 

OOE6,. Port P7 OOF6" 

OOE7,. Port P7 directional register OOF7,. 

OOE8,. Port P3 OOF8,. 

OOE9,. Port P3 directional register OOF9,. 

OOEA,. Port P4 OOFA,. 

OOES,. Port P4 directional register OOFS,. 

OOEC,. Port PS OOFC,. 

OOED,. Port PS latch OOFD,. 

OOEE,. Port P6 OOFE,. 

OOEF,. Special function selection register OOFF,. 

Fig. 3 SFR (Special Function Register) memory map 

• MITSUBISHI 
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D-A conversion register 

Pulse width modulation register 

Successive apprOXimation register 

A-D control register 

Watchdog timer 

Serial 110 mode register 

Senal 110 register 

Timer 3 prescaler 

Timer 3 

Timer 1, 2 prescaler 

Timer 1 

Timer 2 

Timer X prescaler 

Timer X 

Interrupt control register 

Timer control register 
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MITSUBISHI MICROCOMPUTERS 

M37414MS-XXXFP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

INTERRUPT 
The M37414M5-XXXFP can be interrupted from seven 
sources; INT" timer X, timer 1, timer 2/serial I/O, or INT21 
BRK instruction. 
However, the INT2 pin IS used with port P32 and the corres
ponding directional register bit should be set to "0" when 
P32 is used as an interrupt input pin. 
The value of bit 2 of the serial I/O mode register (address 

00F6'6) determine whether the interrupt is from timer 2 or 
from serial 1/0. When bit 2 is "0" the interrupt is from timer 
2, and when bit 2 is "1" the interrupt is from serial 1/0. Also, 
when the bit 2 is "1", parts of port P3 are used for serial II 

O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg-

Table 1. Interrupt vector address and priority 

Interrupt Pnorlty Vector address 

RESET 1 FFFF'6, FFFE'6 

INT, 2 FFFD'6, FFFC'6 

Timer X 3 FFFB'6, FFFA'6 
Timer 1 4 FFF9'6, FFF8'6 

Timer 2 or serial 1/0 5 FFF7'6, FFF6'6 

INT2 (BRK) 6 FFF5'6, FFF4'6 

isters are pushed into specified locations, the interrupt dis
able flag I is set, the program jumps to the address speci
fied by the interrupt vector, and the interrupt request bit is 
cleared automatically. The reset interrupt is the highest 
priority interrupt and can never be inhibited. Except for the 

reset interrupt, all interrupt are inhibited when the interrupt 
disable flag I is set to "1". All of the other interrupts can 
further be controlled individually via the interrupt control 
register shown in Figure 4. An interrupt is accepted when 
the interrupt enable bit and the interrupt request bit are 
both "1" and the interrupt disable flag is "0". 

The interrupt request bits are set when the following condi
tions occur: 
(1) When the INT, or INT2 pins go from "H" to "L" 
(2) When the contents of timer X, timer 1, timer 2 (or the 

serial 1/0 counter) go to "0" 
These request bits can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 

Since the BRK instruction and the INT2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in
terrupt or if INT2 generated the interrupt. 

~~~~~~~~~~ 
Interrupt control register (Address OOFE,,) 

Interrupt 
request 

Fig.4 Interrupt control 
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Bit 7 : INT, pin interrupt request bit 

Bit 6 : INT, pin interrupt enable bit 

Bit 5 : Timer 1 Interrupt request bit 

Bit 4 : Timer 1 Interrupt enable bit 

Bit 3 : Timer 2 interrupt or serial 1/0 interrupt request bit 

Bit 2 : Timer 2 interrupt or serial 1/0 interrupt enable bit 

Bit 1 : INT, pin interrupt request bit 

Bit a : !NT, pin interrupt enable bit 

Timer control register (Address OOFF,,) 

Bit 7 : Timer X interrupt request bit 

Bit 6 : Timer X interrupt enable bit 

Bit 5 : Timer X count stop bit 

Bit 4 : Stack page bit 

Blt3: ) 
Bit 2: TI mer X mode bit 

Bltl : 
Bit 0 : ) Processor mode bit 



MI.TSUBISHI MICROCOMPUTERS 

M37414MS-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

TIMER 
The M37414M5-XXXFP has three timers; timer X, timer 1, 
timer 2 and timer 3. Since P3 (in serial 1/0 mode) and tim
er 2 use some of the same architecture, they cannot be 
used at the same time (see serial 1/0 section). Timer X 
has four modes which can be selected by bit 2 and 3 of the 
timer control register. When the timer X count stop bit (bit 
5) is set to "1", the timer X will stop regardless of which 
mode it is in. A block diagram of timer X, timer 1, timer 2 
and timer 3 is shown in Figure 5. 

The P33 /CNTR pin cannot be used as CNTR when P33 is 
being used in the normal 1/0 mode. 
Timer 1 and timer 2 share with a prescaler. This prescaler 
has an a-bit programmable latch used as a frequency di
vider. The division ratio is defined as 11 (n+ 1), where n is 
the decimal contents of the prescaler latch. All four timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af
ter the timer counts to zero). 
The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE'6 and 

00FF'6, respectively (see Interrupt section). The prescaler 
latch and timer latch can be loaded with any number. 
The four modes of timer X as follows: 
(1) Timer mode (00) 

In this mode the clock is driven by the oscillator fre
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode (01) 

In this mode, the polarity of the CNTR signal is re
versed each time the timer down-counts to zero. 

(3) Event counter mode (10) 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 
whenever a specified number of external events have 

been generated. The timer down-counts every rising 
edge of the clock source. 

(4) Pulse width measurement mode (11] 
This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla

tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con
tents reaches "0", the interrupt request bit is set to "1", 
the timer's reload latch is reloaded and the counting 
resumes. 

The structure of the timer control register is shown in 
Figure 6. 

When the STP instruction is executed, or after reset, 

the prescaler and timer latch are set to FF'6 and 01,6, 
respectively. Also, when the STP instruction is ex-

ecuted, the oscillator's frequency (divided by 16) will 

become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 

The function of timer 3 is as same as that of timer 1 
and timer 2, with the exception that the detection of its 
overflow is known by the overflow bit (bit 3 of address 

00EF'6)' When the timer down-counts to zero, the over
flow bit is set to "1" and the contents of the timer's 
latch is reloaded into the timer. 

The reset of the overflow bit is made by; 
a) hard ware reset 
b) write "0" to overflow bit 
c) write instruction to timer 3 

The structure of special function selection register is 
shown in Figure 7. 

3-207 



Oscillator Divider 

Pulse output mode 

MITSUBISHI MICROCOMPUTERS 

M37414MS-XXXFP 

SINGLE-CHIP B-BIT CMOS MICROCOMPUTER 

to timer X Interrupt request bit 

Toggle flip-flop 

OF Timer 3 overflow bit 
'-____ ...... 1----1 (Bit 3 at address OOEF ,6 ) 

r---~- Transfer clock 

Serial I/O counter (3) 

Serial I/O mode register (Address OOF5,6 ) 

to timer 2 or 
serial 110 
interrupt 
request bit 

Flg.5 Block diagram of timer X, timer I, timer 2, and timer 3 
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I 1 1 1 1 1 1 1 I Timer control register (Address OOFF,,) 

LL Processor mode bit 

00 : Single-chip mode 

01 : Memory expanding mode 

10 : Microprocessor mode 

11 : Eva-chip mode 

Timer X mode bit 

00 : Timer mode 

01 : Pulse output mode 

10 : Event counter mode 

11 : Pulse width measurement mode 

Stack page bit 

0: 0 page 

1 : 1 page 

Timer X count stop bit 

o : Count start 

1 : Count stop 

Timer X interrupt enable bit 

o : Interrupt disable 

1 : Interrupt enable 

Timer X Interrupt request bit 

o : No interrupt request 

1 : With interrupt request 

Fig.6 Structure of timer control register 
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7 0 

I IXIX1><J j 1 J2<J SpeCial function selection register 
(Address OOEF,.) 

L Timing output control bit 

o : Timing if> output 

1 : "L" level output 

- External trigger mode selection bit (P60, P6,) 

o : Normal output port 

1 : External trigger 1/0 port 

'--- Timer 3 overflow bit 

o : No timer 3 overflow 

1 : Timer 3 overflow 

Polarity of edge sence input selection bit 

o : Detected by falling-edge 

1 : Detected by raising-edge 

Fig.7 Structure of special function selection register 
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SERIAL 1/0 
A block diagram of the serial I/O is shown in Figure B. 
In the serial I/O mode the receive ready signal (SRDY)' syn
chronous input /output clock (elK), and the serial I/O pins 

(SOUT' S,N) are used as P3" P36, P35, and P34, respectively. 
The serial I/O mode register (address 00F516 ) is a 5-bit 
register. Bits 1 and 0 of this register is used to select a 
synchronous clock source. 
When these bits are (00) or (01) , an external clock from 

P36 is selected. When these bits are (10), the overflow sig
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 

Oscillator Divider 

X,N 

transfer speed. When the bits are (11) , the oscillator fre
quency divided by 16, becomes the clock. 
Bit 2 to 4 decide whether parts of P3 will be used as a se
rial I/O or not. When bit 3 is "0" and bit 2 is "1", P36 be
comes an I/O pin of the synchronous clock. When an inter
nal synchronous clock is selected, the clock is output from 
P36 . If an external synchronous clock is selected, the clock 
is input to P36 and P35 will be a serial output and P34 will 
be a serial input. To use P34 as a serial input, set the direc
tional register bit which corresponds to P34 to "0". For more 
information on the directional register, refer to the I/O pin 
section. 

from timer 1, 2 

prescaler --i Timer 2 (8) h P3, 0-~-< ~-+--------~ 

Divider (Address OaFS,.) 

Serial I/O counter 

P3" 
Transfer clock 

P35 0-----1--< f-+-++-------+----------... 

P34 l }----t----+--I~f___f___-__.;of MSB Serial I/O register (8) LSB 

(Address 00F6,.) 

Flg.S Block diagram of serial I/O 

to timer 2 or 
serial I/O Interrupt 
request bit 

Serial I/O mode register (Address OaFS,,) 

Synchronous clock selection bit 

00 :1 01: External clock 

10 : Timer 2 overflow signal divided by 2 

11 : OSCillation frequency divided by 16 

Serial I/O port selection bit (P35 , P3.) 

00 : Normal I/O port 

01 : Senal I/O port 

10: 1 
11: Not used 

SRD; signal output selection bit (P3,) 
o : Normal I/O port 

1 : s;.~ signal output pin 
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To use the serial I/O, bit 3 and bit 2 need to be set to "01", 
if they are "00" P36 will function as a normal I/O. Interrupts 

will be generated from the serial I/O counter instead of 
timer 2. Bit 4 determines if P37 is used as an output pin for 
the receive data ready signal (bit 4 = 1, SRDY) or used as 
normal I/O pin (bit 4=0). The serial I/O function is discus
sed below. The function of the serial I/O differs depending 

on the clock source; external clock or internal clock. 
Internal clock-The SRDY signal becomes "H" during trans
mission or while dummy data is stored in the serial I/O reg
ister (address 00F716 ). After the falling edge of the write 

signal, the SRDY signal becomes low signaling that the 
M37414M5-XXXFP is ready to receive the external serial 
data. The SRDY signal goes "H" at the next falling edge of 
the transfer clock. The serial I/O counter is set to 7 when 
data is stored in the serial I/O register. At each falling 

Synchronous clock 

Transfer clock 

edge of the transfer clock, serial data is output to P35 . Dur
ing the rising edge of this clock, data can be input from P34 

and the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrpt request bit will be set. 
External clock-If an external clock is used, the interrupt 
request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
500kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 9. An example of communication between 
two M37414M5-XXXFPs is shown in Figure 10. 

Serial 1/0 register _______ .....J ~--....,:__----+_-----------_:_------
write signal 

Senal 1/0 output 
SoUT 

D, 

Serial 1/0 input 
S'N 

Receivable signal 

SRDY 

------~~~-------
U 

Interrupt request bit set 

Fig.9 Serial I/O timing 

Sending side Receiving Side 

-
Serial 1/0 mode register SADY Serial 1/0 mode register 

P3, P3, 
bit 4 bit 0 bit4 bit 0 

I 0 I 0 I 1 I 1 I 0 I I 1 I 0 I 1 I 0 I xl 
Set the directional Synchronous clock Set the directional 
register for P3, pin P36 P36 

register for P34 pm 
in Input mode In Input mode 

Serial data 
P35 --?' P34 

Fig.10 Example of serial I/O connection 
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A-D CONVERTER 
An 8-bit successive approximation method of A-D conver
sion is employed providing a precision of ±3LSB. A block 
diagram of the A-D convertor is shown in Figure 11. Con
version is automatic once it is started with the program. 

The eight analog inputs are used in common with pins P47 

- P40 of port 4. Bits 1 and 0 of the A-D control register 
(address 00F3,6 ) are used to select which pins are used 
for A-D conversion. The input condition is accomplished by 

setting to "0" the bit in the directional register that corres
ponds to the pin where A-D conversion is to take place. Bit 
4 of the A-D control register is the A-D conversion end bit. 
During A-D conversion, this bit is "0", and upon completion 
becomes "1" Thus, it can be ascertained whether or not A

D conversion has been completed or not by inspecting this 
bit. The relation between the contents of the A-D control 
register and the selection of input pins are shown in Figure 
12. 

The results of the conversion can be found be reading the 
contents of the successive approximation register address 
00F2 '6 which stores the results of the conversion. The proc
edure for executing A-D conversion is next explained. First
ly, the pin that is to be used for the A-D conversion is 
selected by setting bit 1 and bit 0 of the A-D control regis
ter. Next, the successive approximation is written to upon 
which the A-D conversion starts. Since actual data is not 
written to the successive approximation, any type of may be 

() 

Resistance ladder 

written. Simultaneous with its being written, the A-D con
version end bit (bit 4 of address 00F3 ,6 ) is cleared to "0" 
signifying that A-D conversion operations are being con-' 
ducted. A-D conversion completes after 198 clock cycles 
upon which the A-D conversion end bit is set to "1" and the 

results of the conversion can be found in the successive 
approximation register. Since the comparator consists of 
the capacitive coupled configuration, f (X,N ) is needed lar
ger than 1 MHz during A-D conversion. 

4 0 

I lXJ 1 1 I A-D control register (Address OOF316 

l 1 I Analog Input selection bit 
o 0 0 : P4o/ANo 

o 0 1 : P4,/AN, 

o 1 0 : P4,/AN, 

o 1 1 : P43/AN3 

1 0 0 : P4,/AN4 

1 0 1 : P45/AN5 
1 1 0 : P46/AN6 

1 1 1 : P4,/AN, 

A-D conversion end bit 

0 : A-O conversion in progress 

1 : A-D conversion completed 

Fig.12 Structure of A-D control register 

Z Z Z Z Z Z Z Z 
~ « ~ ~ ~ ~ ~ « 

~ :? ..,. ..,. .;' -; ..; .; ... 
<l- <l- <l- <l- <l- <l- 0. 0. 

I lr 
l Selector ~ 

Vref Comparator and 

control Circuit 

-

Successive approximation register I 
I I I 

A-D 

I I 

~ 

Fig.ll Block diagram of A-D converter 
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O-A CONVERTER 
The R-2R method is used for O-A conversion. The block di
agram is shown in Figure 13. An analog voltage is output 

that corresponds to the contents of the O-A conversion reg
ister (address OOFO,6)' Ideally, the relation of the analog 

R-2R ladder 

Fig.13 Block diagram of O-A converter 

output voltage V and the contents (n) of the O-A conversion 
register is V=VREF X n/32(n=0-31). 
Reset operation clears the content n of the O-A conversion 
register to 0,6, 

O-A 

O-A conversion regisler (Address OOFO,.) 
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PUl.SE WIDTH MODULATOR period of 4080 X m/255 (m=0-255). Figure 14 shows that 

relationship. An N-channel open drain output is used for the 
PWM pin. 

The pulse width modulation register :address 00F1 16 ) is 

configured of an 8-bit counter. The period of repetition is 

4080 clock cycles. With the content of the pulse width mod

ulation register m, the PWM pin becomes high-level for the 

Reset sets the content m of the pulse width modulation 
register to 0016, 

f(X,N)/16 

m=O 

m=l 

m=2 

m=3 
I 

I 

m=254 

"L" 

m=255 "H" 

~ One period of 4080 clock cycles ~ 

rrnnnnnnnnn---------~~ 
-----------------

L....--____________ ~ __ _ n 
n --------~ 
n ~-----------~ 

-- ---.---lJ 
-------- - - - - - - ----------

Fig.14 Relation between m and PWM output 
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WATCHDOG TIMER 
The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 
not run the normal loops. 
The watchdog timer (address 00F416 ) is a 15-bit counter. 
The watchdog timer counts 1/16th the output frequency of 
the oscillator. The watchdog timer is set to 7FFF16 when a 
reset is accomplished a write operation has been made to 
it. As well as any Qf the instructions that generate a write 
signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi
cant bits of the watchdog timer is input to the reset circuit. 
When 262144 clock cycles have been counted, the most 
significant bit becomes "0" and reset is carried out. When 
reset is carried out, the watchdog timer is set to 7FFF16 and 
reset is released. The program then begins again from re
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most 'significant bit's becoming "0". Application of a 
+ 10V to the RESET pin will disable the watchdog timer 
function. 
Sinc~ execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruciotn can be disabled. 

RESET 

SYNC 

Address 

Data 

8-12 clock cycles 

Fig.15 Timing diagram at reset 

RESET CIRCUIT 
The M37414M5-XXXFP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFF16 as the high 
order address and the content of the address FFFF16 as the 
low order address, when the RESET pin is held at "L" level 
for m!,re than 2,us while the power voltage is in the recom
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in
ternal initializations following reset are shown in Figure 16 
An example of the reset circuit is shown in Figure 17. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X,N-XOUT becomes stable. 

Reset address from the 
vector table 

Note 1: Frequency relation of !(X,N ) and ¢is f(X,N ) =4'¢ 

2: The mark" ? .. means that the address IS changeable 

depending on the prevIous state 
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(1) Port PO directional register 

(2) Port PI directional register 

(3) Port P2 directional register 

(4) Port P3 dlr~ctional register 

(5) Port P4 directional register 

(6) Port P6 

(7) Port P7 directional register 

(8) Special function selection 
register 

(9) O-A conversion register 

~o) Pulse width modulation 
register 

(11) Watchdog timer 

(12) Serial 1/0 mode register 

(13) Prescaler X 

(14) Timer X 

(1~ Interrupt control register 

(16) Timer control register 

(m Interrupt disable flag on 
processor status register 

(11) Program counter 

Adllress 

E 1 ,. ).~ I 0 0,. 

~===~ 
E 3,. I 0 0,. 

~===~ 
E 5,. ) · .. 1 0 0,. 

E 9 ,. ) .. I 0 0 ,. 

E B ,. ) ... I 0 0 ,. 

E E,. ) .. I I I 1111111111 

E 6,. 

E F ,. 

F 0,. 

F 1,. 

F 4,. 

F 5,. 

( , F C,. 

F 0,. 

FE,. 

F F ,. 

PS 

) .. Contents of addr:;~E 

Fig.IS Internal state of microcomputer at reset 
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Power on 
M37414M5-XXXFP 

RESET Vee 
OV 

25l 167 ... ... ... 
;t;- ov 

M37414M5-XXXFP 

RESET Vee Supply voltage 
2!::5';;;;=---~6~ ____ ,....-/ detection circuit 

I 
I 
I 
I 
I 
I 
I 
I 

I I 
I I 
L ________ J 

Flg.17 Example of reset circuit 



MITSUBISHI MICROCOMPUTERS 

M37414MS-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

1/0 PORTS 
(1) Port PO 

Port PO is an 8-bit 1/0 port with CMOS output. 
As shown in the memory map (Figure 2), port PO can 

be accessed at zero page memory address 00E01S. 
Port PO has a directional register (address 00E1 1S) 

which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program

med as output, the output data is latched to the port 
register and then output. When data is read from· the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor status reg
ister (bit 0 and bit 1 at address 00FF1s), four different 
modes can be selected; single-chip mode, memory ex

panding mode, microprocessor mode and eva-Chip 
mode. These modes (excluding single-chip mode) 
have a multiplexed address output function in addition 
to the 1/0 function. For more details, see the processor 
mode information. 

(2) Port P1 

In the single-chip mode, port P1 has the same function 

as PO. In the other modes, P1 's functions are slightly 
different from PO's. For more details, see the processor 
mode information. 

(3) Port P2 

In the single-chip mode, port P2 has the same function 
as PO. In the other modes, P2's functions are slightly 
different from PO's. 

For more detailS, see the processor mode information. 
(4) Port P3 

In the single-chip mode, port P3 has the same function 
as PO, but it has N-channel open drain output. In the 
other modes, P3's functions are slightly different from 
PO's. Port P3 can also be used as serial 1/0, INT2 and 
1/0 pins for timer X. For more details, see the proces
sor mode information. 

(5) Port P4 

Port P4 has the same function as port PO in the single
chip mode, but it has N-channel open drain output. P47 
through P40 can also be used as analog input pins AN7 
through ANo. 

(6) Port P5 

Port P5 is an input port. P54 through P57 can also be 
used as edge sence inputs. In such a case, reading is 
begun from 00ED1s. 00ED1s is provided with a latch 
which is set to "1" when the input changes from high
level to lOW-level. 

And for P57, polarity of input edge can be selected by 
polarity of edge sense input selection bit (bit 7 of 
address 00EF1s). 

When this bit is set to "0", its latch is set to "1" at the 
input level goes to "L" from "H". When this bit is set to 

"1 ", its latch is set to "1" at the input level goes to "H" 
from "L". At the reset state, this bit is set to "0". 
When content of polarity of edge sense input selection 

bit was set by program, the latch (bit 7 of address 
00ED1s) must be reset once. 
The input pulse width must be at least 7 clock cycles 
wide. The latch is reset by using such instructions as 
LDM and CLB to write a "0" to the latch. When 00ED1s 
is read, the lower order 4 bits are always zero 
When port P5 is used as level sense input, read the 
contents of the address 00EC1S 

(7) Port P6 

Port P6 is a 5-bit output port. It has N-channel open 
drain output. P60 and P61 can be used as external trig
ger 1/0 pins, when external trigger mode selection bit 
(bit 2 of address 00EF1s) is set to "1". In this case, P60 

and P61 are trigger clock input pin and trigger output 
pin, respectively. Using external trigger mode, P6o's 
latch must be set to "1" in order to off the output tran
sistor. In external trigger mode, the content of P6/s 
latch is output to pin when the rising or falling edge IS 
input to P60 pin. 
When external trigger mode selection bit is set to "0", 
P60 and P61 are normal output ports At the reset state, 
this bit is set to "0". 

(8) Port P7 

Port P7 is a 6-bit 1/0 port. In the single-chip mode, port 
P7 has the same function as PO, but P70 , P71 have 
N-channel open drain output. 
See Figure 17 for more details. 

(9) Clock <p output pin 

In normal conditions, the oscillator frequency divided 
by four is output as <p. The timing output <p is fixed "L" 
state when the timing output control bit (bit 1 of 

address 00EF1s) is set to "1". But in this case, except 
the timing output is active. The timing output <p is output 

again when the timing output control bit is set to "0". At 
reset state this bit is set to "0". 

00) INT1 pin 
The INT1 pin is an interrupt input pin. The INT1 inter
rupt request bit (bit 7 at address 00FE1s) is set to "1" 
when the input level of this pin changes from "H" to 
"L". 

(11) INT2 pin (P32/1NT2 pin) 

The INT2 pin is an interrupt input pin used with P32. To 
use this pin as an interrupt pin, set the corresponding 
bit in the directional register to input ("0"). When this 
signal level changes from "H" to "L", the interrupt re
quest bit (bit 1 at address 00FE1s) is set to "1". 
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(12) CNTR pin (P33/CNTR pin) 

The P33/CNTR pin is an I/O pin of timer X. To use this 

pin as the timer X input pin, set the corresponding 
directional register bit to input ("0"), In the event coun
ter mode, CNTR becomes the input pin of the external 

Ports P3, P4, P70 , P7, 

Data bus -+----1 

Directional 
register 

Port latch 

pulse. In the pulse output mode, the CNTR output 
changes polarity each time the contents of timer X 

goes to "0". In the pulse width measurement mode, the 
pulse to be measured is input to this pin. 

N-channel open dram output 

Note 1 Port P3 can be also used as 1/0 pin of serial 110, timer 110, and interrupt input. 

Ports PO, PI, P2, P7,-P7, 

Data Bus -+----~ 

Port P5 Input 

Port P5 

Port P4 can be also used as analog input 

Directional 
register 

Port latch 

Port P6 

Port PO, PI, P2, P7,-P7. 

N-channel open drain output 

: I~~O 
Data bus -1 Port latch ~,l. Port P6 

PWM N-channel open dram output ~ CMOS output 

---CG 
Fig.18 Block diagram of ports PO-P7 (single-chip mode), and output format of ¢. 
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PROCESSOR MODE 
By changing the contents of the processor mode bit (bit 0 
and 1 at address OOFF,s), four different operation modes 
can be selected; single-chip mode, memory expanding 
mode, microprocessor mode and evaluation chip (eva

chip) mode. In the memory expanding mode, microp
rocessor mode and eva-chip mode, ports PO- P3 can be 
used as multiplexed I/O for address, data and control sig
nals, as well as the normal functions of the I/O ports. 
Figure 20 shows the functions of ports PO-P3. 

The. memory map for the single-chip mode is illustrated in 
Figure 2 and for other modes, in Figure 19. 
By connecting CNVss to Vss, all four modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vee automatically forces the 
microcomputer into microprocessor mode. Supplying 10V to 
CNVss places the microcomputer in the eva-chip mode. 
The four different modes are explained as follows: 

FFFF,.r-----, 

Internal ROM 

Internal RAM 

0000, ...... ___ .... 

Memory expanding 
mode 

Eva-chop 
mode 

, Microprocessor 
mode 

Note1: The shaded area os external memory area 

Flg.19 External memory area In processor mode 

(1) Single-chip mode (00) 

The microcomputer wiU automatically be in the single
chip mode when started from reset, if CNVss is con

nected to Vss. Ports PO- P3 wiU work as original I/O 
ports. 

(2) Memory expanding mode (01) 

The microcomputer will be placed in the memory ex
panding mode when CNVss is connected to Vss and 
the processor mode bits are set to "01". This mode is 
used to add external memory when the internal mem
ory is not sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and the original I/O pin function is lost. P2 
becomes the data bus (07-00 ) and loses its normal 1/ 
o functions. Pins P3, and P30 output the SYNC and R/ 
W control signals, respectively. 

(3) Microprocessor mode [10) 

After connecting CNVss to Vee and initiating a reset, 
the microcomputer will automatically default to this 
mode. With the exceptions that the internal ROM is 
disabled and that external memory must be attached in 
this mode, this mode IS the same as the memory ex
panding mode, 

(4) Eva-chip mode [11) 

When 10V is supplied to CNVss pin, the microcomputer 
is forced into the eva-chip mode. The main purpose of 
this mode is to evaluate ROM programs prior to mask
ing them into the microcomputer's internal ROM. 
In this mode, the internal ROM is inhibited so the ex

ternal memory is requierd. 
The lower 8 bi~s of address data for port PO is output 

when '" goes to "H" state. When '" goes to the "L" 
state, PO retains its original I/O functions. 
Port P1 's higher 8 bits of address data are output when 

'" goes to "H" state and as it changes back to the "L" 
state it retains its original I/O functions. Port P2 retains 
its original I/O functions while'" is at the "H" state, and 
works as a data bus of 0 7 - Do (including instruction 
code) while at the "L" state. Pins P3, and P30 output 
the SYNC and R/W control signals, respectively while 

'" is in the "H" state. When in the "L" state, P3, and P30 

retain their original I/O function. 
The R/W output is used to read/write from/to the out
side. When this pin is in the "H" state, the CPU reads 
data, and when in the "L" state, the CPU writes data. 

The SYNC is a synchronous signal which goes to the 
"H" state when it fetches the OP CODE. 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 2. 
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1\ CM, 0 1 0 1 

CMo 0 1 1 0 

'\ Port Single-chip mode Eva-chip mode Memory expanding mode 
Microprocessor 

mode 

I 

~ I r ~ I r ~ I r 
I Same as 

Port PO Ports P07- POO Ports P07- POO Ports P07-POO left :x 1/0 port ~IIOortX= :x Address x= A7-AO p A7-AO 

, 

~ I r ~ I I !J I r 
Port P1 Ports P1 7- P1 0 Ports P1 7- P1 0 Ports P1 7-P1 0 

Same as 
left 

:)( 1/0 port ~I/O ortK: ""J. Address '( A'5- A• P A'5-A• 

I r !J I r ~ I r ~ 
Same as 

Port P2 Ports P27- P20 Ports P27- P20 Ports P27- P20 left :x 1/0 port ~oata x= port 07-00 }-- - --<oat~7_00~_ 

~ I r !J I r !J I r 
Ports P37- P30 Ports P37-P3, Ports P37-P3, 

~ 1/0 port :x 1/0 port ::x 1/0 port 

Port P3, Port P3, 
Same as Port P3 :x--x 1/0 port x= )( x= SYNC left 

Port P30 Port P30 

~I/OportX= =x R/W x: 

Fig.20 Processor mode and functions of ports PO-P3 

Table 2. Relationship between CNVss pin input level and processor mode 

CNVss Mode Explanation 

Vss • Single-chip mode The single-chip mode IS set by the reset 

• Memory expanding mode All modes can be selected by changing the processor mode bit with the program 

• Eva-chip mode 

• Microprocessor mode 

Vee • Eva-ch1lp mode The microprocessor mode IS ~et by the reset 
• Microprocessor mode Eva-chip mode can be also selected by changing the processor mode bit with the program 

lOV • Eva-chip mode Eva-chip mode only 
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CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 
23. 

When the STP instruction is executed, the oscillation of in
ternal clock ¢ is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF'6 and 
01,6, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis
cussed in the timer section. 
The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢ keeps its "H" level until timer 
X overflows. 
This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock ¢ 

stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 21. 

M37414M5-XXXFP 

X ,N XOUT 

26 1MQ 27 

HO~ 
= G'N GOUT 

l 1 
Fig.21 External ceramic resonator circuit 

M37414M5-XXXFP 

26 

X OUT 

27 

Open 

External oscillating circUit 
VCCl n n I 
Vss U U U The constant capacitance will differ depending on which 

oscillator is used, and should be set to the manufactures 
suggested value. Fig.22 External clock input circuit 
The example of external clock usage is shown in Figure 22. 
X,N is the input, and XOUT is open. . 

Interrupt I 
request L 

Interrupt 
disable flag I 

X ,N XOUT 

STP Instruction 
(option) 

s o 

R 

Fig.23 Block diagram of the clock generating circuit 

WIT 
InstructIon 

s 

R R STP instruction 
(opllon) 

Internal clock¢ 

Timer X 
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PROGRAMMING NOTES 
(1) The frequency ratio of the timer and the prescaler is 

1/(n+1). 

(2) Even though the SSC and SSS instructions are ex

ecuted after the interrupt request bits are modified (by 

the program), those instructions are only valid for the 

contents before the modification. Also, at least one in

struction cycle must be used (such as a Nap) between 

the modification of the interrupt request bits and the 

execution of the SSC and SSS instructions. 

(3) Reading the timer and prescaler must be avoided 

while the input to the prescaler is changing. 

(4) After the ADC and SSC instructions are executed (in 

decimal mode), one instruction cycle (such as a Nap) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A Nap instruction must be used after the execution of 

a PLP instruction. 

(6) Since the comparator consists of the capacitive cou

pled configuration, f(X,N) is needed larger than 1 MHz 

during A-D conversion. And during A-D conversion, 

don't use STP or WIT instruction. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 
(2) mark specification form 
(3) ROM data ........................................... EPROM 3sets 

Write the following option on the mask ROM confirmation 
form 

• STP instruction option 

3-222 • MITSUBISHI 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratmgs 

Vee Supply voltage -0.3-7 

V, Input voltage X,N -0.3-7 

V, 
Input voltage POO-P07. P1o-P17, P2o-P27, 

-0. 3-Vee+0. 3 
P4o-P47, P7,-P7, 

V, Input voltage P30-P37, P50-P57, P6o, Plo, P7" INT, With respect to Vss -0.3-13 

V, Input voltage CNVss, RESET Output tranSistors cut-off -0.3-13 

Vo 
Output voltage POo-PO" Pl o-Pl" P2o-P2" 

-0, 3-Vee+O, 3 
P4o-P4" P7,-P7" XOUT, ~, O-A 

Vo Output voltage P30-P37, P6o-P6" P70, P7" PWM -0,3-13 

Pd Power dissipation T a=25'C 300 

Topr Operating temperature -10-70 

TstQ Storage temperature -40-125 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%, Ta=-l0-70'C, unless otherwise noted) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 

Vss Supply voltage 0 

VREF Reference voltage 4 Vee 

"H" Input voltage POo-PO" Pl o-Pl" P2o-P2" 

V ,H 
P30-P3" P40-P4" P50-P5" 

O. aVee Vee ---
INT" RESET, X'N, CNVss, P60, 

P7o-P7, 

"L" Input voltage POo-P07"Plo-P17, P2o-P2" 

V ,L P30 ...... P37, P4o ........ P47, P50 ........ P57, 0 0. 2Vec 
INT" CNVss, P60, Plo-Pl, 

V ,L "L" input voltage RESET a 0,12Vee 

V ,L "L" mput voltage X1N 0 0. 16Vee 

"L" peak output current POO ........ P07, P1o ...... Ph, 

lOLl peak) P2o- P2" P30-P37, 10 

P4o-P47, Plo-P7, (Note 2) 
--

lOLl peak) "L" peak output current P6o-P6, (Note 2 ) 15 

lOLl peak) "L" peak output current PWM, P6, (Note 2 ) 5 

"L" average output current POO ......... P07, P1 o ...... Ph, 

louavg) P2o-P2" P30-P3" 5 

P4o-P4" Plo-Pl, (Note' ) 

IOLlavg) "L" average output current P6o-P6, (Note' ) 7 

louavQ) "L" average output current PWM, P6, (Note' ) 2.5 

IOHlpeak) 
"H" peak output current POO ...... P07, P1o ........ Ph, 

-10 
P2o-P27, Pl,-Pl, (Note2) 

"H" average output current POO ........ P07, P1 o ........ P1 7, 

IOHlavg) P2o-P2" P7,-Pl, -5 

(Note' ) 

f(X ,N ) Internal clock oscillating frequency 4 

Note 1 
2 

Average output current 10Llavg) and 10Hlavg) are the average value of a period of lOOms 
Total of "L" output current 10L, of ports PO, Pl, P2, P3, P4, P6, P7 and PWM IS 80mA max 
Total of "H" output current 10H' of port PO, Pl, P2, P7 2-P7, is 50mA max 

3 "H" input voltage of ports P3, P5, P60, P70, Pl, and INT, is available up to +12V 

Unit 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 
mA 

mA 

mA 
mA 

mA 

mA 

MHz 

Unit 

V 

V 

V 

V 

V 

V 

V 

mW 
·c 
·c 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=ov, Ta=25"C, t(X,N)=4MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min. Typ. Max, 

VOH 
"H" output voltage POo-PO" P1 o-P1" P2o-P2" 

IOH=-lOmA 3 V 
P7,-P75 

VOH "H" output voltage ¢ IOH=-2.5mA 3 V 

"L" output voltage POo-PO" P1o-P1" P2o-P2" 

VOL P30-P3" P4o-P4" P6o-P63, IOL=IOmA 2 V 
P7o-P75 

VOL "L" output voltage ¢, PWM, P6, IOL=5mA 2 V 

VT+-VT- Hysteresis INT1 0.3 1 V 

VT+-VT- HysteresIs P36 When used as CLK input 0.3 0.8 V 

VT+-VT- HysteresIs P32 When used as INT2 input 0.3 1 V 

VT+-VT- HysteresIs P33 When used as CNTR Input 0.5 1 V 

VT+-VT- HysteresIs P60 When used as T input 0.5 1 V 

VT+-VT - Hysteres,s RESET 0.5 0.7 V 

VT+-VT- Hysteresis X1N 0.1 0.5 V 

"L" Input current POo-PO" P1o-P1" P2o-P2" 

I'L P30-P3" P4,-P4" P50-P5" V,=OV -5 f.'A 
P6o, P7o-P75, PWM 

I'L "L" Input current INT" RESET, X'N V,=OV -5 f.'A 

I'H 
"H" input current P30-P3" P50-P5" P60, P70, Ph 

PWM 
V,=12V 12 f.'A 

"H" ,nput current INT" RESET, X'N, POo-PO" 

I'H P1o-Pl" P2o-P2" P4o-P4" V,=5V 5 f.'A 
P7,-P75 

V RAM RAM retenllon voltage At clock stop 2 V 

t(X'N)=4MHz 
3 6 rnA ¢, XOUT, and D·A PinS 

Square wave 
opened, other pms at 

At clock stop 
Icc Supply current Vss, and A-D converter 

Ta=25"C 
1 

In the finished condl- f.'A 
tion At clock stop 

10 
Ta=75"C 

A-O CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss=ov, Ta=25"C, t(X,N)=4MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

- ResolutIOn VREF=VCC 8 Bits 

- Absolute accuracy VREF=VCC ±3 LSB 

RLADDER Ladder resistance value VREF=VCC 2 10 kO 

teoNV Conversion time 50 f.'S 

V REF Reference input voltage 2 Vee V 

V'A Analog Input voltage 0 V REF V 

O-A CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss=ov, Ta=25'C, t(X'N)=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Mm. Typ Max 

- Resolution VREF=VCC 5 Bits 

- Error in full scale range VREF-VCC ±1 % 

tsu Setup time VREF-VCC 3 f.'S 

Ro Output resistance VREF=VCC 3 kO 

V REF Reference voltage 4 Vee V 
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TIMING REQUIREMENTS 
Single-chip mode (Vcc=5V±1O%. Vss=ov. Ta=25"C. I(X,N)=4MHz. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

tSU(POD-</» Port PO Input setup time 270 ns 

tSU(P1D-4t) Port PI Input setup time 270 ns 

tSU(P2D-4» Port P2 Input setup time 270 ns 

tSU(P30-¢) Port P3 Input setup time 270 ns 

ISU(P4D-~) Port P4 Input setup time 270 ns 

tSU (P5D-t/» Port P5 Input setup time 270 ns 

I SU (P7D-,,) Port P7 mput setup time 270 ns 

Ih(~POD) Port PO Input hold time 20 ns 

Ih(~P1D) Port PI Input hold lime 20 ns 

Ih(~P2D) Port P2 Input hold time 20 ns 

th(~P3D) Port P3 Input hold time 20 ns 

th(~P4D) Port P4 Input hold time 20 ns 

Ih(~P5D) Port PS Input hold time 20 ns 

Ih(~P7D) Port P7 Input hold time 20 ns 

Ie External clock Input cycle time 250 ns 

Iw External clock Input pulse width 75 ns 

Ir External clock rising edge time 25 ns 

II External clock failing edge time 25 ns 

Eva-chip mode (Vcc=5V±10%. Vss=ov. Ta=25"C. I(X,N )=4MHz. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

tSU(POD 9) Port PO Input setup time 270 ns 

tSU(P1D-4» Port PI Input setup time 270 ns 

tSU(P2D ¢) Port P2 Input setup time 270 ns 

Ih(~POD) Port PO Input hold time 20 ns 

Ih(~P1D) Port PI Input hold time 20 ns 

Ih(~P2D) Port P2 Input hold time 20 ns 

Memory expanding mode and microprocessor mode 
(Vcc=5V±10%. Vss=ov. Ta=25"C. t(X,N )=4MHz. unless otherwise noted) 

Symbol 

tSU (P2D r/» Port P2 Input setup time 

Ih(~P2D) Port P2 Input hold time 

Parameter 

• MlTSUBlSHI 
;"a.ECTRIC 

Min 

270 

30 

Limits 

I I 
Unit 

Typ Max 

I I ns 

I I ns 
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SWITCHING CHARACTERISTICS 
Single-chip mode (Vee=5V±10%, Vss=ov, Ta=25"C, f(X,N )=4MHz, unless otherwise noted) 

Symbol Parameter 
limits 

Test conditions Unit 
Mm Typ Max 

td(<,--poo) Port PO data output delay time 230 ns 

tdC¢-P1Q) Port P1 data output delay time Fig 25 230 ns 

td(<'--P20) Port P2 data output delay time 230 ns 

td(¢-P30) Port P3 data output delay time 230 ns 
--

td(<'--P40) Port P4 data output delay time 230 
Fig 24 

ns 

td(¢-P6Q) Port P6 data output delay time 230 ns 

tdC.p-P7Q) 
Port P70, P7, data output delay lime 230 ns 
Port P7,-P75 data output delay time Fig 25 230 ns 

Eva-chip mode (Vee=5V±10%, Vss=ov, Ta=25"C, f(X ,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Umt 

Mm Typ Max 

td(¢-POA) Port PO address output delay time 250 ns 

td(¢-POAF) Port PO address output delay time 250 ns 

td(<,--poo) Port PO data output delay time 200 ns 

td{¢-POOF) Port PO data output delay time 200 ns 

td(¢-P1A) Port P1 address output delay time 
Fig 25 

250 ns 

td(¢-P1AF) Port P1 address output delay time 250 ns 

td(¢-P1Q) Port P1 data output delay time \ 
200 ns 

td(¢-P1QF) Port P1 data output delay time 200 ns 

td(¢-P'o) Port P2 data output delay time 300 ns 

td(r{>----P2QF) Port P2 data output delay time 300 ns 

td(¢-A/W) R/W signal output delay time 250 ns 

~WF) R/W signal output delay time 250 ns 

td(<'--P30) Port P30 data output delay time 200 ns 

td(<t>-P3nQF) Port P30 data output delay time 200 ns 

td(¢-SYNC) SYNC signal output delay time 
Flg24 

250 ns 

tde ¢-SYNCF) SYNC signal outpat delay time 250 ns 

td(<'--P30) Port P3, data output delay time 200 ns 
,-

td(¢--P3 QF) Port P3, data output delay time 200 ns 

Memory expanding mode and microprocessor mode 
(Vee=5V±10%, Vss=OV, T a=25'C, f(X,N )=4MHz, unless otherwise noted) 

Symbol 

td( ¢--POA) 

td(-P-P1A) 

td(<'--P20) 

td( ¢--P2QF) 

td(¢--R/w) 

tdC¢-sYNc) 

Parameter 

Port PO address output delay time 

Port P1 address output delay time 

Port P2 data output delay time 

Port P2 data output delay time 

R/W signal output delay time 

SYNC signal output delay time 

Vee 

lkO 
P3 
P41-----+-------D 

P6 T.L 100pF 
P70 

P7, rtT 

*100PF 
r)7 

Flg.24 Ports P3, P4, P6, P7o, P7, test circuit 
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Test conditions 

Fig 25 

Fig 24 

limits 

Min Typ Max 

250 

250 

300 

300 

250 

250 

PO 
Pll---~----o 

P2 1 
P7,-P75 J,l00PF 

il00PF 

Fig.25 Port po, P1, P2, P7 2~ P75 test circuit 

Umt 

ns 

ns 

ns 

ns 

ns 

ns 



TIMING DIAGRAMS 
In single·chip mode 

Port PO output 

Port PO Input 

Port P1 output 

Port P1 Input 

Port P2 output 

Port P2 Input 

Port P3 output 

Port P3 Input 

Port P4 output 

Port P4 Input 

Port P5 Input 

Port P6 output 

Port P7 output 

Port P7 Input 
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---1---tE--td( '-P3Q) 

te 

I tw 
j..;----'-'----;;.j 

"1'------"1/ 
-<>- -tf 
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In eva-chip mode 

.--/ " / 

td(t/>~POA) td( ¢-POAF) td{¢-po OF) 

Port PO output )< )cD< )< -tdc¢-POQ) 

I tsutPOD-¢) 

I I 
Port PO Input 

[}thl¢-POO) -"" 

Port P1 output 

I 
tdC¢>-P1A) ~1¢-P1AF) tdC¢-Pl 

)c )< 
tdC¢,-P1Q) T ! tSU (Pl0-¢J 

OFI 

Port P1 Input "f thl¢-P1D) 

td( ¢- P2Q) td( ¢-P2QF) 

Port P2 output )< :x 
1_ tSU(P2D-¢) 

Port P2 Input ~ -th(¢-P2D) 

tdl¢-RIW) tdCt/>-R/WF) td( ¢-P3o OF) 

Port P30 output (Riw) )< )< X )< 
tdc ¢-P30Q) 

td(¢--...SYNC) -;. I--E- td(</J-SYNCF) tdC¢-P3, OF) 

Port P3, output (SYNC) )< )< X )< 
I' td( ¢-P3,Q) 
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In memory expanding mode and microprocessor mode 

/ " / 

I 
td I'-PO'I 

Port PO oulput 

I td I'-P1.) 

Port PI output 

Port P2 oulput 

1 ld 1_-P2Q) L td I.-

tX ---------- ){----floallng --------- -- --

P20F) 

ts~ 

Port P2 Input "b th (.- P20 

I. td I'-R/W) 
I 

I 
Port P30 output (R/IN) 

~ td I'-SYNC) 

Port P3, output (SYNC) 
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DESCRIPTION 
The M37415M4-XXXFP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 

PIN CONFIGURATION (TOP VIEW) 

. 80-pin plastic molded QFP. This single-chip microcomputer 
is useful for business equipment and other consumer ap
plications. 
In addition to its simple instruction set, the ROM, RAM, and 
liD addresses are placed on the same memory map to en
able easy programming. 
This microcomputer is also suitable for applications which 
require controlling LCDs and generating DTMF. 

FEATURES 
• Number of basic instructions" ................................. 69 

• Memory size 
ROM .................................................... 8192 bytes 

RAM·······················································512 bytes 
RAM for display LCD .................................. 16 bytes 

• Instruction execution time 
... 2.5 f,LS (minimum instructions at 3.2MHz frequency) 
...... ·5f,Ls (minimum instructions at 1.6MHz frequency) 
.... 10 f,LS (minimum instructions at 800kHz frequency) 
..... 20f,Ls (minimum instructions at 400kHz frequency) 

• Single power supply 
f(X1N )=400kHz, or 800kHz ................ 2.5~Vcc~5.5V 
f(X1N )=1.6MHz, or 3.2MHz .......... · .. · 4.5V~Vcc~5.5V 

• Power disl1ipation 
normal operation (TIode (at 3.2MHz frequency) 

.................... 20mW (DTMF output Vcc=5.0V typ.) 

......................... 15mW (DTMF off Vcc=5.0V typ.) 

low-speed operation mode 
(at 32kHz frequency for clock function) 
...................................... 225f,LW (Vcc=5.0V typ.) 

stop mode (at 25'C) .............. 5f,LW (Vcc=5.0V max.) 

• RAM retention voltage (stop mode) ..... 2V~VRAM~5.5V 
• Subroutine nesting ............................ ·64 levels (max.) 
• Interrupt .......................................... 8 types, 5 vectors 
• 8-bit timer ........ · .. · .......... 3 (2 when used as serial liD) 
• 16-bit timer ............ 1 (Two 8-bit timers makes one set) 
• Programmable liD ports 

(Ports PO, P1, P2, P3) ...... · ...... · .................. · .. · .. · .. 32 
• Input port (Port P4) ................................................ ·8 
• Serial 110 (8-bit) .................................................... 1 

• DTMF (Dual-Tone Multi-Frequency) generator"'Built-in 
• LCD controller/driver 

(112,1/3, bias, 1/2, 1/3, 1/4 duty) 
segment output················································"·32 
common output .. · ............................. : .................... 4 

resistor for LCD power supply .... · ...... · .......... · Built-in 

• Two clock generator circuits 
- (One i~ for main clock, the other is for clock function.) 

APPLICATION 
Home telephone, Multi function telephone 
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FUNCTIONS OF M37415M4-XXXFP 
Parameter Functions 

Number of basIc Instructions 69 

2. 5,u s (mmimum instructions, at 3. 2MHz frequency) 

Instruction execution time 
5,us (minimum instructions, at 1. 6MHz frequency) 

lO.us (minimum instructions, at 800kHz frequency) 

20,(.15 (minimum instructions, at 400kHz frequency) 
c---

3. 2MHz, 1. 6MHz, 800kHz, 400kHz r-CloCk frequency 

ROM 8192 bytes 

Memory size RAM 512 bytes 

1------- -
RAM for display LCD 16 bytes 

PO, Pl, P2, P3 1/0 8-bltX4 

P4 Input 8-bltX 1 (Port P4 are In common with SEG) 
Input/Output port --

32-bitX1 SEG LCD output 

COM J LCD output 4-bItX1 
1--
I Senall/O 8-bltX1 

8-btt ttmerX3 (X2, when senalliO IS used) 
Timers 

16-blt trmerXl (combmatlon of two 8-blt timers) 
I------------~----------

1/2, 1/3, bias selectable 

~~ty ratio 1/2,1/3,1/4 duty selectable 
LCD controller/driver -------4-Common output 

--------
Segment output ~G24~SEG31 are In common with port P4) 

_~ubroutlne nestIng ~max) 

Interrupt 
Two external mterrupts, Three timer Internal mterrupts 

(or two timer, one senall/O) 
------- ---

Clock generating CIrcuit Two bUilt-in CircUits (ceramic or quartz crystal oscillator) 

2. 5~5. 5V(at 400kHz or 800kHz frequency) 

Supply voltage 4. 5~5. 5V(at 1. 6MHz or 3. 2MHz frequency) 

RAM retention voltage at clock stop IS 2 ....... 5. 5V 
--

E~----
At high-speed 

20mW (at clock frequency f(x,N)=3 2MHz) 
operation Vcc=5V 

At high-speed 

Power diSSipation operation Vcc=5V 
15mW (at clock frequency f(X,N )=3.2MHz) 

DTMF off At low-speed 
225"W (at clock frequency t(XcIN)=32kHz) 

operation Vcc=5V 

__ ~~top mode I"A (max 2S'C) 
1--

Input/Output voltage 

Input/Output 
Output current 

characteristics 

~!ltlng temperature range 

DeVice structure 
j---

Package 

3-232 

5V 

IOH=-2mA(VoH=3V) 

IOL=10mA(VoL=2V) 

Pull-up current: Min -30"A, Max -140"A, Typ -70"A 

(Vcc=5V Input voltage OV) 

-10~70'C 

CMOS SIlicon gate 

80-pln plasllc molded QFP 
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MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

PIN DESCRIPTION 

Pin Name 
Inputl 

Functions 
Output 

Vee. Supply voltage Input Power supply Inputs 5V±10% to Vcc and OV to Vss 

Vss 

CNVss CNVss Input Connect to Vss 

---
RESET Reset mput Input To enter the reset state, the reset Input pin must be kept at a "L" for more than 2"s (under normal Vcc 

conditions) If more time IS needed for the crystal oscillator to stabilize. this "L" condition should be mam· 

tamed for the required time 

X,N Clock Input Input These are 1/0 PinS of Internal clock generatmg Circuit for main clock To control generating frequency, an 

external ceramic or a quartz crystal oscillator IS connected between the XIN and XOUT pms If an external 

XOUT Clock output Output clock IS used, the clock source should be connected the X1N pin and the XOUT pin should be left open 

--
INT, Interrupt Input Input This IS the highest order Interrupt Input pin It can be measured mput voltage level 

--
POO-P07 1/0 port PO 110 Port PO IS an 8-bIt 1/0 port with directional register allOWing each 1/0 bit to be individually programmed as 

anput or output At reset, thiS port IS set to Input mode The output structure IS CMOS output 

P1 0 -P1 7 1/0 port P1 1/0 Port P1 IS an 8-blt 1/0 port and has basically the same functions as port PO 

P20-P27 1/0 port P2 1/0 Port P2 IS an 8-bIt 1/0 port and has basically the same functions as port PO 
c--. 

P30-P37 1/0 port P3 1/0 Port P3 IS an 8-bIt 1/0 port and has basically the same functions as port PO When senal 1/0 IS used, P3" 

P3,;, P3" and P34 work as SADY, CLK, SoUT, and S,N pins, respectively Also P33, P3" P3" and P30 work as 

timer 3 overflow signal divided by 2 output pin (T), INT2 pm, XC1N and XCOUT pms, respectively 

P4o-P47 Input port P4 Input· Port P4 IS an 8-blt Input port and can be used as segment output pins 

V L Voltage Input for LCD Input ThiS IS a voltage Input pin for LCD Supply voltage IS OV;;;VL;;;Vcc OV-VLV IS supplied to LCD 

COMo- Common output Output These are the LCD common output pins At 1/2 duty, COM, and COM3 PinS are not use At 1/3 duty, COM3 

COM 3 pin IS not used 

SEGo- Segment output Output These are LCD segment output pins 

SEG 23 

CNTR Counter 1/0 1/0 ThiS IS an output pin for timer 4 and 5 It can be measured Input voltage level 
--

VREF D-A convert power Reference voltage mput for A-D converter of DTMF 

supply for DTMF 
1---

Tone DTMF output Output ThiS IS DTMF output pm 
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MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37415 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 
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M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as 1/0 ports and timers. 

• RAM 
RAM is used for data storage as well as a stack area. 

• ROM 
ROM is used for storing user programs as well as the inter-

rupt vector area. 

RAM 

(128 bytes) 

RAM for LCD 1 
(16 bytes) 

RAM 
(384 bytes) 

ROM 

(8192 bytes) 

0000, 6 

007F, 6 

0000, 6 
OOOF, 6 

OOFF, 6 
0100, 6 

027F'6 

2000'6 

3FOO'6 

3FF4,. 

• Interrupt Vector Area 
The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 
Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Not used 

SFR area 

Not used 

Zero page 

Special 

page 
for 

Interrupt vector area 

subroutine 
call 

3FFF,. 

Flg.l Memory map 

3-235 



MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

OOEO'6 Port PO OOFO, 6 

OOE1'6 Port PO directional register OOF1'6 

OOE2'6 Port P1 OOF2'6 

OOE3" Port P1 directional register OOF3'6 

OOE4'6 Port P2 OOF4'6 DTM F register 

OOE5'6 Port P2 directional register OOF5'6 LCD mode register 

OOE6'6 OOF6'6 Serial I/O mode register 

OOE?'6 OOF?'6 Serial I/O register 

OOES'6 Port P3 OOFS'6 Timer 4, 5 mode register 

OOE9'6 Port P3 directional register OOF9'6 Timer 1 

OOEA'6 Port P4 OOFA'6 Timer 2 

OOES'6 OOFS'6 Timer 3 

OOEC'6 OOFC'6 Timer 4 

OOED'6 OOFD'6 Timer 5 

OOEE'6 OOFE'6 Interrupt control register 

OOEF'6 OOFF'6 Timer control register 

Fig. 2 SFR (Special Function Register) memory map 
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M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

INTERRUPT 
The M37415M4-XXXFP can be interrupted from eight 
sources; INT" Timer 1, Timer 2, Timer 3 or Serial 1/0, INT2 
or key on wake up, and BRK inctruction. 

The value of bit 2 of the serial 1/0 register (address 
00F6,6) determines whether the interrupt is from timer 3 or 
from serial 1/0. When the bit 2 is "1" the interrupt is from 
serial 1/0, and when bit 2 is "0" the interrupt is from timer 
3. Also, when bit 2 is "1", parts of port 3 are used for serial 
1/0. Bit 7 of t~e serial 1/0 register determines if an inter
rupt is from INT2 or from "key on wake up". When bit 7 is 
"0", the interrupt is from INT2. When bit 7 is "1" the interrupt 
is from "key on wake up". "Key on wake up" can only be 
used at power down by the STP or WIT instruction. These 
interrupts are vectored and their priorities are shown in 
Table 1. Reset is included in this table since it has the 
same function as interrupt. 

Table 1. Interrupt vector address and priority 

Interrupt Pnority Vector address 

RESET 1 3FFF,., 3FFE'6 

INT, 2 3FFD'6, 3FFC'6 
Timer 1 3 3FFB'6, 3FFA'6 

Timer 2 4 3FF9'6, 3FF8'6 
Timer 3 or serial 1/0 5 3FF7'6,3FF6'6 

INT 2 " key on wake up( BRKI 6 3FF5'6, 3FF4'6 

When an interrupt is accepted, the contents of certain reg
isters are pushed into specified locations, as discussed in 
the stack pOinter section, and the interrupt disable flag (I) 
is set, and the program jumps to the address specified by 
the interrupt vector, and the interrupt request bit is cleared 
automatically. The reset interrupt is the highest priority in
terrupt and can never be inhibited. Expect for the reset in
terrupt, all interrupts are inhibited when the interrupt dis
able flag is set to "1". All of the other interrupts except key 
on wake up function can further be controlled individually 
via the interrupt control register shown in Figure 3 An inter
rupt is accepted when the interrupt enable bit and the in
terrupt request bit are both "1" and the interrupt disable 
flag is "0". The interrupt request bits are set when the fol
lowing conditions occur: 
(1) When the INT, or INT2 pins goes from "H" to "L" 
(2) When the levels any pin of P2 goes "L" (at power 

down mode) 
(3) When the contents of timer 1, timer 2, timer 3 or the 

counter of serial 1/0 goes to "0" 
These request bits can be clear by a program but can 
not be set. The interrupt enable bit can be set and 

clear by a program. 
Since the BRK instruction interrupt and the INT2 inter
rupt have the same vectored address, the contents of 
the B flag must be checked to determine if the BRK in
struction caused the interrupt of if I NT 2 generated the 
interrupt. 

L-r ...... ,.... ....... ,.... ..... ..&...,.....&...,.......,...J Interrupt control register (Address OOFE,6) 

Interrupt 
request 

Fig.3 Interrupt control 

Bit 7 : INT, pin Interrupt request bit 

Bit 6 : INT, pin interrupt enable bit 

Bit 5 : Timer 2 Interrupt request bit 

Bit 4 : Timer 2 Interrupt enable bit 

Bit 3 : Timer 3 Interrupt or senal 1/0 Interrupt request bit 

Bit 2 : Timer 3 Interrupt or serial I/O Interrupt enable bit 

Bit 1 : INT, pin Interrupt request bit 

Bit a : INT; Pin Interrupt enable bit 

Timer control register (Address OOFF,6) 

Bit 7 : Timer 1 Interrupt request bit 

Bit 6 : Timer 1 Interrupt enable bit 

Bit 5 : Timer 1 count stop bit 

Bit 4 : Timer 3 count source selection bit 

Bit 3 : Timer 2 count source selection bit 

Bit 2 : Timer 1 count source selection bit 

3-237 



MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

TIMER 
The M37415M4-XXXFP has five timers; timer 1, timer 2, 
timer 3, timer 4, and timer 5. The interrupt of timer 3 cannot 
be used when serial I/O is used (see serial I/O section). 
The count source for timer 1, timer 2, timer 3 can be 
selected by using bit 2, 3 and 4 of the timer control register 
(address 00FF16), as shown in Figure 5. A block diagram of 
timer 1 through 5 is shown in Figure 4. All of the timers are 
down count timers and have 8-bit latches. When a timer 

reaches "0" and the next count pulse is input to a timer, the 
contents of the reload latch are loaded into the timer. The 
division ratio of the timers is 1/( n+ 1 ), where n is the con
tents of timer latch. 

The timer interrupt request bit is set at the next count pulse 
after the timer reaches "0". The interrupt and timer control 
registers are located at addresses 00FE16, and 00FF16 , re
spectively (see interrupt section) . The starting and stop
ping of timer 1 is controlled by bit 5 of the timer control 
register. If bit 5 (address 00FF16 ) is "0", the timer starts 
counting. When bit 5 is "1", the timer stops. 
After a STP instruction is executed, timer 2, timer 1, and the 
clock (if> divided by 4) are connected in series (regardless 
of the status of bit 2 though 4 of the timer control register). 
This state is canceled if timer 2 interrupt request bit is set 
to "1", or if the system is reset. Before the STP instruction 
is executed, bit 5 of the timer control register (timer 1, 
count stop bit), bit 6 of the timer control register (timer 1 

interrupt enable bit), and bit 4 of interrupt control register 
(timer 2 interrupt enable bit) must be set t{) "0". For more 
details on the STP instruction, refer to the oscillation circuit 
section. 

TIMER 4 AND TIMER 5 MODES 
(1) Timer mode [00]. 

The internal clock divided by 4 is counted. When the 
timer counts to "0", the interrupt request bit is set to 
"1", the contents of the timer latch is reloaded, and the 
counting starts again. 

(2) Pulse output mode [01]. 

The output level of the CNTR pin inverts each timer the 
timer contents to zero. 

(3) Event counter mode [10]. 

The same function is executed as that of mode "00", 
except that the counting source is input from the CNTR 
pin. The count decreased each time the CNTR input 
goes from "L" to "H". 

(4) Pulse width measurement mode [11]. 

This mode is used to measure the pulse width of a sig
nal (between "L"s) input into the CNTR pin. The count

ing is done using the oscillation frequency divided by 
4, and only while the CNTR pin is at a low level. When 
the contents of the counter reaches zero, the timer 5 
overflow flag is set to "1", the timer is reloaded from 
the reload latch, and counting starts again. The over

flow flag can be reset by writing a "0" to bit 7 of 
address 00F816. 

The structure of timer 4, 5 mode register is shown in 
Figure 6. 
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SM" SMo 

00 I 01 Ext clock 

10 : 1/2 Timer 3 

11 : 1/4 ~ 

TC5 TC, 

MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

Data bus 

Timer 1 interrupt 
request bit 

LCDCK 

Timer 2 interrupt 
request bit 

Timer 3 or senal 1/0 
Interrupt request bit 

TC : Timer 4, 5 mode register (Address OOFS,.) 

TM : Tinier control register (Address 00FF'6) 

SM: Se"alI/O mode register (Address 00F6'6) 

LM : LCD mode register (Addless 00F5,,) 

~ Select gate: at reset, t shaded side IS connected 

TC, 

P3,/INT~ 0..-----------------------:- INT, 

Fig.4 Block diagram of timers 1 through 5 
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I I I I I I I J I 

LL 
Timer control register 

(Address OOFF,.) 

00 : Single-chip mode 

01 : Not used 

10: Not used 

11 : Not used 

Timer 1 count source selection bit 

o : ¢ divided by 4 

1 : Timer for clock (XCIN ) 

Timer 2 count source selection bit 

o : Timer 1 overflow 

1 : Timer for clock (XCIN ) 

Timer 3 count source selection bit 

o : ¢ divided by 4 

1 : Timer 2 overflow 

Time' 1 count stop bit 

o : Count start 

1 : Count stop 

Timer 1 interrupt enable bit 

o : Interrupt inhibit 

1 : Interrupt enable 

Timer 1 interrupt request bit 

a : No interrupt request 

1 : With interrupt request 

Flg.5 Structure of timer control register 

7 o 

111111111 
L 

"----

Timer 4, 5 mode register 
(Address 00F8,.) 

CNTR Input level 

o : at "L" level 

1 : at "H" level 
INT, input level 

o : at "L" level 

1 : at "H" level 

Timer 4, 5 mode bit 

00 : Timer mode 

01 : Pulse output mode 

10 : Event counter mode 

11 : Pulse width measurement mode 

Timer 4, 5 count stop bit 

o : Count start 

1 : Count stop 

Timer 5 overflow bit 

o : No timer 5 overflow 

1 : With timer 5 overflow 

Flg.S Structure of timer 4, 5 mode register 

MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PORT P3:JTIMER 3 OUTPUT 
The signal that timer 3 is divided by 2 is output from P33 

(T), at the contents of bit 4 of the serial I/O mode register 
(address 00F616 ) is "1" 

WATCHDOG TIMER FUNCTION 
Timer 4 and 5 can be used as a watchdog timer by con
necting the CNTR pin and the RESET pin as shown in Fi

gure 7, and by setting bit 4 and 5 of address 00F816 to "01". 
At this time the output of the 112 divider counter 
(connected to timer 5) is initialized to "1" when data is 
written to timer 5. After a delay of 12.5 to 15.0,us (at f(X ,N ) 
=800kHz) after the reset is input, bits 4,5 and 6 of the tim

er 4,5 mode register are initialized to "0". The initialization 
program to set the watchdog timer mode should have the 
following sequence; 
(1) Set the pulse output mode after writing a value to timer 

4 and 5 registers. 
(2) If the program is running correctly, the CNTR pin 

should never go low due to data being continuously 
written to timer 5. If the program sequence is inter
rupted timer 5 will overflow and the CNTR pin will out
put a "L" and retain this value until the reset is ex
ecuted. 

(3) 12.5 to 17.5,us (at f(X ,N ) = 800kHz) after a reset, the 
CNTR pin will be in high impedance state. 

M37415M4-XXXFP 

CNTR RESET 

18 29 D .. 
R, R, 

JC 

C and D are for power-on reset 

Flg.7 Reset circuit with the watchdog timer 
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SERIAL I/O 
The block diagram of serial I/O is shown in Figure 8. In the 
serial I/O mode the receive ready signal (SRDY). synchro
nous input/output clock (elK). and the serial I/O (SOUT. 
SIN) pins are used as P37• P36• P3s• and P34• respectively. 
The serial I/O mode register (address 00F616 ) is an 8-bit 

Internal 
clock ¢ 

DIvider 

register. Bit 0 and 1 of this register is used to select a syn
chronous clock source. When these bits are [00] or [01]. an 
external clock from P3a is selected. When these bits are 
[10]. the. overflow signal divided by two from timer 3 be
comes the synchronous clock. Therefore. changing the tim
er period will change the transfer speed. When the bits are 
[11]. the internal clock I/> divided by 4 becomes the clock. 

from Internal clock 

divided by 4 or 

P3, }-=:!!...-<l-_+-_______ -..::Tlmer 2 

Prescaler 

P3s 

P3s 
SOUT 

to timer 3 or 
senall/O 
Interrupt 
request bit 

Senal 1/0 mode register 

.... ,...-I..,.....L..,....L-r'-r.J-,...-I-r ...... T"""""' (Address 00F616 ) 

INT, source selection bit (at STP/WIT) 
0: P3, (INT,) 

1 : P2o-P2, (key on wake up) 

Unsystem clock operation bit ______ -....J 

0: HALT 

1 : operation 

Timer for clock port selection bit (P30. P3,) ---
o : p30. P3, (Normal 1/0 port) 

1 : XC1N , XcOUT 

Output of clock port selection bit (P3,) ______ ....J 

o : P3, (Nomal 1/0 port) 

1: T 

Fig.8 Block diagram of serial 1/0 

Synchronous clock selection bit 

00 '1 01. External clock 

10 . Timer 3 overflow signal divided by 2 
11 . Timing ¢ divided by 4 

l... ____ Senal 1/0 port selection bit"; P3s• P3s) 

o : Normal 1/0 port 

1 : Senal 1/0 port 

'------- SROY signal output selection bit (P3,) 

o : Normal 1/0 port 

1 : SROY signal output pin 
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Bits 2 and 3 decide whether parts of P3 will be used as a 
serial I/O or not. When bit 2 is "1", P3e becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P3e. If the exter
nal synchronous clock is selected, the clock is input to P3e. 

And P3s will be a serial output, and P34 will be a serial in
put. To use P34 as a serial input, set the directional register 
bit which correspon9s to P34 , to "0". For more information 
on the directional register, refer to the I/O pin section. 
To use the serial I/O, bit 2 needs to be set to "1", if it is "0" 
P3e will function as a normal I/O. Interrupts will be gener
ated from the serial 1/0 counter instead of timer 3. Bit 3 
determines if P37 is used as an output pin for the receive 
data ready signal (bit 3="1", SRDY) or used as a oormall/O 
pin (bit 3="0"). 
The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 
Internal Clock- The SRDY signal becomes "H" during trans
mission or while dummy data is stored in the serial I/O reg
ister. After the faling edge of write Signal, the SRDY signal 

Synchronous clock 

Transfer clock 

Serial 1/0 register write 
signal 

becomes low signaling that the M37415M4-XXXFPis ready 
to receive the external serial data. The SRDY signal' goes 
"H" at the next falling edge of the transfer clock. The serial 
I/O counter is set to 7 when data Is stored in the serial I/O 
register. At each falling edge of the transfer clock, serial 
data is output to P3s. During the rising edge of this clock, 
data can be input from P34 and the data, in the serial I/O 
register will be shifted 1 bit. Data is output starting with the 
LSB. After the transfer clock has counted 8 times, the serial 

'I/O register will be empty and the transfer clock will remain 
at a high level. At this time the interrupt request bit will be . 

set. 
External Clock- If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out
side. The external clock should not exceed 50kHz at a duty 
cycle of 50%. 
Timing diagrams are shown in Figure 9, and connection be
tween two M37415M4-XXXFP's are shown in Figure 10, 

~~~ ~ 
SOUT --____________ r-.J'~~~~-"~~n-~~~~,~~-n--~~+_~---------

Serial 1/0 Input 

S'N 
I Receivable signal ___________ -;' 

SRey U 

Flg.9 Serial I/O timing 

Sending side 

Serial 1/0 mode register 

P37 

bit3 bitO 

f 0 I 1 I 1 I 0 I 
Set the directional 
register for P37 pin P3s 
In input mode 

Ps. 

Flg.IO Example of serial I/O connection 

3-242 

Interrupt request bit set 

Receiving side 

SROV 
Senal 1/0 mode register 

P37 

bit 3 bit 0 

11 I 1 I 0 I X I 
Set the directional Synchronous clock 

P3s register for P3. pin 
in input mode 

Senal data 
P3. 
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DTMF FUNCTION 
The M37415M4-XXXFP has the DTMF (Dual-Tone Multi
Frequency) output and control function. The value of bit 0, 
and bit 1 of DTMF register (address 00F416 ) determines 
the low frequency band value. And the value of bit 2, and 

bit 3 of DTM F register determines the high frequency band 
value. The DTMF output can be controlled by the value of 
bit 4, and bit 5 of the DTMF register. When bit 4 is "1" the 
low frequency band is output to Tone, and when bit 4 is "0" 
the output of low frequency band is stopped. When bit 5 is 

"1" the high frequency band is output to Tone, and when bit 
5 is "0" the output of high frequency band is stopped. 

I I I I I I I I I 
DTMF register 

(Address 00F4,,) 

The value of bit 6, and 7 of DTMF register determines the 
basic frequency. The structure of the DTMF register is 
shown in Figure 11. The accuracy of DTMF output value is 

shown in Table 2 and 3. 

Table 2. Accuracy of DTMF output (at low frequency band value) 

Standard lrequ.ney valu. [Hz) Oulput Ir.quency value [Hz] Deflection Error [%l 
697 694.44 -2.555 -0.367 

770 769.23 -0.769 -0.1 

852 854.7 2.7 0.317 
-----g41 938.97 -2.033 -0.216 

Ll Low frequency band value selectIOn 

00 : 697Hz 

~I 770Hz 

10: 852Hz 

II : 941Hz 

High frequency band value selection 

00 . 1209Hz 

01 . 1336Hz 

10: 1477Hz 

11 : 1633Hz 

Low frequency band output control 

0: stop 

1 : start 

High frequency band output control 

o stop 

1 . start 

DTMF baSIC frequency selection 

00. f(X,")=400kHz 

01 . t(X'N)=800kHz 

10. t(X'N)=1. 6MHz 

11 : t(X'N)=3. 2MHz 

Flg.11 Structure of the DTMF register 

Table 3. Accuracy of DTMF output (at high frequency band value) 

Standard frequency value [Hz) Output frequency value [Hz] Deflection Error I%l 
1209 1204.8 -4.181 -0.346 

1336 1333.3 -2.667 -0.2 

1477 1470.6 -6.412 -0.434 
----

1633 1639.3 6.344 0.389 

N 
J: 

~ 

N N 
J: J: 

~ S 
N 
J: 
~ 
'" 

High group frequencies 

697Hz 

770Hz 

852Hz 

941 Hz 

Low group 

freguencles 

Fig.12 Telephone keys and DTMF 

3. 2M Hz 

Divider 

Low group frequencies _________ , -fn output counter 

Clock :~ 
Selection : I 

I~~-I-n I '--.1.. --'-.,.-J....JL,-L...,.L..~ DT~~::,~':~~ress) 
DIvider DIvider 

High group frequencies 
output counter 

Fig.13 Block diagram of DTMF generator 

~~ 
I 

3-243 



MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

LCD CONTROLLER/DRIVER 
The M37415M4-XXXFP has internal LCD controllers and 
drivers. A block diagram of LCD circuit is shown in Figure 
17. 

The terminals for LCD consist of 4.common-pin and 32 
segments pin. SEG24-SEG3, are in common with input P4. 

These pins are selected by bit 4 of the LCD mode register 
(LM4 , address 00F5'6)' Two biases (112 and 1/3) can also 
be selected. When bit 2 of the LCD mode register is "1", 1/2 

bias is selected. When bit 2 is "0", 1 13 bias is selected. A 
1/2, 1/3, or 1/4 duty cycle can also be selected. When bits 
o and 1 of the LCD mode register (LMo, LM,) is n, the duty 
ratio is 1/(n+1l. 
Address 0000'6 - 00DF'6 is the designated RAM for the 
LCD display. When ls' are written to these a(ldresses, the 
corresponding segments of the LCD display panel are 
turned on. A map of the LCD display RAM is shown in Fi
gure 15. The ONIOFF function for the LCD controller is 
controlled by bit 3 of the LCD mode register (LM3 ). When 
this bit is "1" all the segments of the LCD are turned on. 
When this bit is "0" all the segments are turned off. An ex
ample circuit for each bias is shown in Figure 18 and Fi
gure 19 describes the LCD driver waveforms for each bias 
and duty cycle. 
The LCDCK timing frequency (LCD driver timing) is 
generated internally and the frame frequency can be deter
mined with the following equation; 

f(LCDCK) 
(frequency of timer 1 count source) 

((timer 1 setting+l )X4) 

Frame frequency 
f(LCDCK) 

n ; at lin duty 
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LCD mode register 

(Address OOFS,,) 

Duty ratio selection bit 

01 : 112 duty 

10 : 113 duty 

11 : 114 duty 

'------ Bias selection bit 
o : 1/3 bias 

1 : 1/2 bias 

'------- LCD turn on bit 

0: OFF 

1: ON 

'-------- P4/LCD segment selection 
bit 

0: P4o-P4, (Input port) 

1 : SEG'4-SEG31 

(segment output) 

'----------- XCOUT drive ability selectIOn 
0: High bit 

1: Low 

L-__________ System clock ,"selection bit 

0: X/4 

1 : Xc/2 

Fig.14 Structure of the LCD mode register 
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I~ 7 6 5 4 3 2 1 0 
Address 

00 1 1 1 1 0 0 0 0 

01 3 3 3 3 2 2 2 2 

02 5 5 5 5 4 4 4 4 

03 7 7 7 7 .6 6 6 6 

04 9 9 9 9 8 8 8 8 

05 11 11 11 11 10 10 10 10 

06 13 13 13 13 12 12 12 12 

07 15 15 15 15 14 14 14 14 

08 17 17 17 17 16 16 16 16, 

09 19 19 19 19 18 18 18 18 

OA 21 21 21 21 20 20 20 20 

OB 23 23 23 23 22 22 22 22 

OC 25 25 25 25 24 24 24 24 

00 27 27 27 27 26 26 26 26 

OE 29 29 29 29 28 28 28 28 

OF 31 31 31 31 30 30 30 30 

" .; :i c " .; :i c 
::?! ::?! ::?! ::?! 
0 0 0 0 0 0 0 0 
U U U U U U U U 

* Number in data memory area indicates corresponding segment. 

Flg.15 Map of RAM for LCD segment 

VLCDO---------------------~----~~~ 

2/3VLCD (At 1/3 bias) 
o~------·------------_4 

l/2VLcD (At 1/2 bias)'Bias selection 1/3 
bit (LM2 ) 

1/3VLCD (At 1/3 bias) 

o'------------------~~~ 
1/2VLcD (At 1/2 bias) 

Fig.IS Internal circuit of LCD power supply input pin 

• MITSUBISHI 
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Bright control Vr 

3-245 



w 
:!! I (Q ~ ... 

m -..J 

!D 
0" 
0 
';; 

c. 
iii" 
(Q 

~ 
3 
a 
r 
(") 
0 

8 
0 
0 8 
3-
2-
0 

a" 
§: ,. 

II Selector Selector Selector Selector 

SEGo SEG, SEG24/P40 SEG25/P4, 

Data bus 

8 

Selector Selector 

SEG30/P46 SEG31 /P4, 

8 

P4 Input 
buffer 

VSSVL 

8 

LCD mode register 

,--...,--,-,-'--,,-,--,,----,-,1 (address OOF5,s) 

Timing controller 1...-- LCDCK 

Common driver 

COMo COM, COM,COM3 

III 
Z 
I:) 
r 
1'1 
I 

(") 
:z: 
'V 

CfJ 31 
m s:~ .... 
(") W m 
s:: ~iii 
0 ~ :z: 
III .... 31 s:: en 
(") s: ~ 
:::III ~ 0 0 . (") 
(") 

>< ~ 0 
s:: >< 'V 
'V >< ~ c: .... ." 1'1 
1'1 "'a i: :::III 



MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Internal logic 
LCDCK timing 

1/4 duty Voltage level 

'L..J _VL 
COMo ___________ _---------r-"l-VL/2 

, L---vss 

COM, -----'L..J 'L.J......---
COM, --~'L.J 'L.J~-----
COM, ~r-------r-ur--------
SEGo -VL 

-Vss 

OFF ON OFF ON 

COM, COM, COM, COMo COM, COM, COM, COMo 

1/3 duty 

COMo -VL 
,.....-----VL/2 

COM, ------r-u...------r-u...------

ON OFF ON OFF ON OFF 

-Vss 

'-VL 
-Vss 

-EE--_> ~~ ~~ ~ "'E--~:;;' ~ ~ ~ 

COMo COM, COM, COMo COM, COM, COMo COM, 

1/2 duty 

COMo 

COM, 

SEGo 

ON OFF ON OFF ON OFF ON OFF 
'EO :;a < ~< :;a~~~~E ;. 

COM, COMo COM, COMo COM, COMo COM, COMo 

Fi9,18 LCD drive waveform (at 1/2 bias) 

• M\TSUBISHI 
"'ELECTRIC 

-VL 
-VL/2 
-Vss 
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Fig.19 
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Internal logic 
LCDCK timing 

COMo 

COM, 

COM, 

COM, 

SEGo 

COMo 

COM, 

COM, 

SEGo 

COMo 

COM, 

SEGo 

MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Voltage level 

1/4 duty 
--VL 
--2VL/3 
--VL /3 
--Vss 

--VL 
--2VL/3 
--VL/3 
--Vss 

OFF ON OFF ON 

~-~~ ~---3ll-~ ~ EZ ;:O!o EO ~ ~~ 

COM, COM, COM, COMo COM, COM, COM, COMo 

1/3 duty 

--VL 
--2VL/3 
--VL/3 
--Vss 

~~~~~'-----y----' 
ON OFF ON OFF ON OFF 

COMo COM, COM, COMo COM, COM, COMo COM, 

1/2 duty 

--VL 
--2VL /3 
--VL/3 
--Vss 

ON OFF ON OFF ON OFF ON OFF 
~;:a. ...e:::::------;:. ~ ~ ~ ~ ~ EO ;, 

COM, COMo COM, COMo COM, COMo COM, COMo 

LC D drive waveform (at 1/3 bias) 

• MITSUBISHI 
~ELECTRIC 
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KEY ON WAKE UP 
"Key on wake up". is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter
minal of port P2 has a "L" level applied, after bit 7 of the 
serial I/O mode register (SM 7 ) is set to "1", an interrupt is 

generated and the microcomputer is returned to the normal 
operating state. As shown in Figure 20, a key matrix can be 
connected to port P2 and the microcomputer can be re
tuned to a normal state by pushing any key. 

Port P3, 

The key on wake up interrupt is common with the INT2 in
terrupt. When SM 7 is set to "1", the key on wake up func
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INT2 
are invalid. 

In order to enter the power down state generated by the 
STP or WIT instruction at the interrupt disable flag (I) is "0" 
and SM 7 is "1", all of port P2 must be input "H" 

directional register 

I 
I 
I 
I 
I 
I 
I 

P3,/INT; 

P2, 

}-l-±----.grJ--~r_-- Port P3, data read circuit 

Port PXx 

Port P27 

directional 
register 

Port P2, 
directional reg Iter 

, "L" level output 

INT2 lnterrupt 

b---...J~P---- request signal 

Port P2 data read circuit 

Note 1 Pull-up tranSistor (mask option) 

Fig.20 Block diagram of port P2 and P32 , and example of wired at used key on wake up 

• MITSUBISHI 
"ELECTRIC 
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RESET CIRCUIT 
The M37415M4-XXXFP is reset according to the sequence 
shown in Figure .23. It starts the program from the address 
formed by using the content of address 3FFF16 as the high 
order address and the content of the address 3FFF16 as the 
low order address, when the RESET pin is held at "L" level 
for at least 8 rising edges of X,N while the power voltage is 
in the recommended oprating condition and the crystal 

Address 

(1) Port PO directional register (00E1,.)1 DO,. I 
(2) Port PI directional register (00E3,.) I DO,. 

(3) Port P2 directional register (00E5,.) I 00" 

(4) Port P3 directional register (00E9,.) I 00'6 

(5) DTMF register (00F4,.) 10101010 1 I 
(6) LCD mode register (00F5,.) 1 00,. 

(7) Serial 1/0 mode register (00F6,.) I DO,. 

(8) Timer 4, 5 mode register (OaFS,.) 10 101 01 a I I I I 
(9) Interrupt control register (OOFE,.)I 00,. 

00) Timer control register (OOFF,.) I 00,. 

(11) Interrupt disable flag for (PS) I I I 111 
processor status register 

(12) Program counter (PCH ) 
Contents of 

address 3FFF,. 

Contents of (PCel address 3FFE,. 

Note Smce the contents of both registers other than 
those listed above (mcludmg timers and the serial 
1/0 register) and the RAM are undefmed at reset, It 
IS necessary 10 sel mltlal values 

Fig.21 Internal state of microcomputer at reset 

Internal 

RESET 

SYNC 

Address 

Data 

8-12 clock cycles 

oscillator oscillation is stable and then returned to "H" level. 
The internal initializations following reset are as shown in 
Figure 21, regardless of the status before reset (including 
stop m.ode or wait mode). 
An example of the reset circuit is shown in Figure 22. 
When the power on reset is used and the reset is used 
while the X,N clock is stopped, the RESET pin must be held 
"L" unitil the oscillation of X,N-XOUT becomes stable. 

'M37415M4-XXXFP 

-- vee RESET 

29 17 

.. I f 
-'-- "1 

I 

Fig.22 Example of reset circuit 

Nole 1: Frequency relation of t(X,N ) and ¢ IS f(X,N) =4' ¢ 

2: The mark" ., " means that the address IS change

able dependmg upon the prevIous state 

Flg.23 Timing diagram at reset 
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I/O PORTS 
(1) Port PO 

Port PO is an 8-bit 1/0 port with CMOS outputs and 
pull-up transistor options available. As shown in Figure 
1, PO can be accessed as memory through zero page 
address 00E016• Port PO's directional register allows 
each bit to be programmed individually as input or out
put. The directional register (zero page address 
00E1 16 ) can be programmed as input with "0", or as 
output with "1". When in the output mode, the data to 
be output is latched to the port register and output. 
When data is read from the output port, the output pin 
level is not read, only the latched data of the port reg
ister is read. Therefore, a previously output value can 
be read correctly even though the output voltage level 
has been shifted up or down. Port pins set as input are 
in the high impedance state so the signal level can be 
read. When data is written into the input port, the data 
is latched only to the output register and the pin still 
remains in the high impedance state. 

(2) Port P1 
Port P1 has the same function as PO. 

(3) Port P2 
Port P2 has the same function as PO. Following the ex
ecution of STP or WIT instruction. P2 can be used to 
generate the "wake up mode". This mode is used to 
bring the microcomputer back in its normal oprating 
mode after being in the power-down mode. 

(4) Port P3 
Port P3 has the same function as PO execept that part 
of P3 is common with the serial 1/0 lines (ie output of 
timer 3, input/output of timer clock, and interrupt 
input). 

(5) Segment output (SEGo-SEG23) 
These ports drive and control the LCD segments. 

(6) Port P4 

Port P4 is an 8-bit input port which can be used as a 
LCD segment output port. ' 

(7) Common output (COMo-COM3) 

These port provides outP,ut drive and control for the 
LCD common lines. 

(8) Power supply for LCD (VL ) 

Supplies power to the LCD terminals. 
(9) INTl 

The INTl pin is an interrupt pin. The INTl interrupt re
quest bit (bit 7 of address 00FE16 ) is set to "1" when 
the input level of this pin changes from "H" to "L", This 
input level is read into bit 1 of the timer 4 and 5 mode 
register (address 00F816), 

00) INT2 (INT2/P32) 
The INT2 pin is an interrupt input pin common with P32. 
When P32's directional register is set for input ("0"), 
this pin can be used as an interrupt input. The I NT 2 in
terrupt request bit (bit 1 of address 00FE16 ) is auto
matically set to "1" when the input level of this pin 
changes from "H" to "L", 

(11) CNTR 

The CNTR pin is an 1/0 pin of timer 4 and 5. The input 
level is read into bit 0 of the timer 4 and 5's mode reg
ister (address 00F816), 

3-251 



Ports PO, P1 

Ports P2, P32 

Data bus 

Directional 
register 

MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Tr1 is pull-up transistor (mask option) 

Data bus -+---1 Port latch 

Ports P3o, P3" P3" P34 , P36 , P3, 

L-__ --' 

Interrupt control CircUit 

Directional 
register 

Data bus -~-1 Port latch 

Fig.24 Block diagram of ports PO~P3 
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1....-__ -' 

Tr3 IS pull-up transistor (mask option) 

• MITSUBISHI 
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Port P3, CMOS output 

N-channel open drain output 

r--D~'~re-c~t,o-n-a~' -, 
register 

Data bUS~~-1_!P~o~rt~la~tc~h!""J-1---I------~~L-'" 

Port P4(SEG24-SEG3,) 

Tr4 IS pull-up transistor (mask option) 

Tr5 IS P-channel output transistor (mask option) 

VL 

Timing circuit ~ r 
+ 

CNTR 

Timer control 

Vec Vce 

T!4 (mask option) 

Vcc 

dTr6 (mask option) 

) 

-j~-O 
circuit and ~ 

~_ti_m_e_r_4_,5 __ ~~----~~~ 
Interrupt control clrcult----....J_ 

Flg.25 Block diagram of ports P3, P4, CNTR, and INT, 

COMMON OUTPUT 

VL -----..., 

ld Pch 

~PCh 

---:J 

~~ J1 Neh 

Fig.26 Block diagram of COM, SEG 

The Input signals of each 

transistor gates are controlled 

by duty ratio of LCD and ItS 

bias mode 

Tr6 IS pUll-Up transistor (mask option) 

SEGMENT OUTPUT 

~PCh 
J ~ SEG~SEG23 

-----.J Nch 

The voltage that IS supplied 
with source of P-channel and 

N-channel transistor IS 

controlled by bias mode 

3-253 



MITSUBISHI I't'IICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

CLOCK GENERATING CIRCUIT 
The M37415M4-XXXFP has two internal clock generating 
circuit. Figure 29 shows a block diagram of the clock 
generating circuit. Normally, the frequency applied to the 
clock input pin X1N divided by four is used as the internal 
clock (timing output)<,6. Bit 7 of LCD mode register can be 
used to switch the internal clock<,6 to 1/2 the frequency ap
plied to the clock input pin XCIN' 

Figure 27 shows a circuit example using a ceramic (or 
cystal) oscillator. Use the manufacture's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input form the XIN (XCIN ) pin and leave the XOUT ( 

XcOUT) pin open. A circuit example is shown in Figure 28. 
The M37415M4-XXXFP has two low power dissipation mod
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
XIN clock and XC1N clock) stops with the internal clock <,6 
held at "H" level. In this case timer 1 and timer 2 are forc
ibly connected and <,6/4 is selected as timer 1 input. Before 
executing the STP instruction, appropriate values must be 
set in timer 1 and timer 2 to enable the oscillator to stabil
ize when restarting oscillation. Before executing the STP 
instruction, the timer 1 count stop bit must be set to supply 
("0") , timer 1 interrupt enable bit and timer 2 interrupt 
enablb bit must be set to disable ("0"), and timer 2 inter
rupt r~quest bit must be set to no request ("0"). 
Oscillation is resarted (release the stop mode) when INTI 
INT2, key on wake up or serial I/O interrupt is received. 
The interrupt enaable bit of the interrupt used to release 
the stop mode must be set to "1". When restarting oscilla
tion with an interrupt, the internal clock <,6 is held "H" unitil 
timer 2 overflows and is not supplied to the CPU. 
The microcomputer enters a wait mode when the WIT in
struction is executed. The internal clock, <,6 stops at "H" 
level, but the oscillator does not stop. <,6 is re-supplied (wait 
mode release) the microcomputer receives an interrupt. In
structions can be executed immediately because the OSCil
lator is not stopped. The interrupt enable bit of the interrupt 
used to reset the wait mode must be set to "1" before ex
ecuting the WIT instruction. 
Low power disspation operation is also achieved when the 
X1N clock is stopped and the internal clock <,6 is generated 
from the XC1N clock. X1N clock oscillation is stopped when 
the bit 6 of serial I/O mode register (address 00F616) is set 
and restarted when it is cleared. However, the wait time 
until the oscillation stabilizes must be generated with a 
program when restaring. An "L" level must be kept to the 
RESET pin until the oscillation stabilizes when resetting 
while the X1N clock is stopped. Figure 30 shows the transi
tion states for the system clock. 
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Flg.27 External ceramic resonator circuit 

M37415M4-XXXFP 

30 f 31 
External OPEN 

oscillating 
circuit 

Vee JlflIU1I 
Vss 

XC1N XCOUT 

25 f 26 
External OPEN 

oscillating 
circuit or 

external pulses 

Vee --, r--1 
Vss ~ ~ 

Flg.28 External clock Input circuit 



SM. ---',......--~ 

LM, 

XC1N XCOUT 

>----f 

SM. 

Q 

Unsystem clock 
operation SM. 

SM. 

LM, 

XOUT 

St-------.------Is 

R STP 
instruction 

WIT 
Instrucllon 

R 

Flg.29 Block diagram of clock generating circuit 

MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Q 

count source 
selection TM, 

R 

Timing</> 
(Internal clock) 

Reset 

STP 
instruction 

INT, Interrupt enable 

INT, interrupt Request 

Timer 1 interrupt enable 

Timer 1 interrupt request 

Timer 2 interrupt enable 
Timer 2 Interrupt request 

Timer 3 Interrupt enable 
(or senal I/O) 

'-_--' Timer 3 Interrupt request 
(or serial I/O) 

INT, interrupt enable 

I NT, interrupt request 
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WIT instruction 

Interrupt 

[ 
~n~e~~~~lt J 
Se"alI/O 
Interrupt 

Timer Interrupt 
keyon wake up 

WIT instruction 

Interrupt 

WIT instruction 

Interrupt 

WIT instruction 

~ 

SMs=l 
(Note 2) 
SM.=l 

(LM.=l) 
LM,=l 

J ~~::~ LM.=O 
LM,=O 

SM.=O jSMS=O 

STP instruction ... 
Interrupt (Note 1) 

E 

[

External J interrupt 
Serial 1/0 
Interrupt 

key on wake up 

STP instruction ... 
Interrupt 

STP instruction ... 
Interrupt 

E STP instruction 

Interrupt 
Interrupt 

Note At the -end of STP Instruction, wait time occurs automatically by connection of timers 1 and 2 and changing sys

tem clock. This time is set by program. 

When SM. = 1 and unsystem clock is operated, walt time necessary by program until oscillation becomes 

stable. 

The case of example clock X=800kHz, clock Xc=32kHz 

Flg.30 External clock Input circuit 
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<An example of flow for system> 

Power on reset 
l 

Clock X oscillation 
l 

Internal system clock start (X -1/4- ¢» 
l __ 

Program start from RESET vector····· .. ·····Xc osclilation(SM.= I • SM.= I ) 
I 

I Normal program J -Operating at BOOkHz 

Clock for clock function Xc power down (LM.: 0 - I ) 
l 

Internal clock ¢> source switching X(BOOkHz)-XC<32. 76BkHz)( Lfvh : 0 - I ) 
l 

Clock X halt(Xc in operation)(SM.= 0 ) 
l 

Internal clock halt(WIT Instruction) 
l 

Internal clock operation start (WIT Instruction released) lTlmer I (clock count)overflow 

I Clock processing routine I - Operating at 32. 76BkHz 

I 
Internal clock halt (WIT Instruction) 

Interrupts from INT,. timer 2. timer 3 or serial 1/0, INT2 • Key On wake up 
l 

Internal clock operation start (WIT Instruction released) 
l 

Program start fr0"I interrupt vector 

Unsystem clock X oscillation start (SM.= 1 ) 
l 

Oscillation nse time routine (software) 

l 

-Operating at 32. 768kHz 

Internal clock¢>source sWitching Xc-X (LM7 : 1 -0) 
I 

I Normal program I -Operating at 800kHz 

STP Instruction preparation (pushing register) 

l 
Timer 1, and timer 2 Interrupt disable (TM. = 0, IM4 = 0 ) 

l 
Timer I count stop bit resettlng(TMs = 0 ) 

l 
Clock X and clock for clock function Xc halt (STP Instruction) 

I 

RAM backup status I 

Interrupts from INT, or senal 1/0, INTi. key on wake up 
l 

Clock X and clock for clock function Xc oscillation start 
l 

Timer 2 overflow (X/16 or Xc /8-tlmer I -timer 2 ) 
l 

Internal system clock start (X/4 or Xc/2-¢» 
l 

Program start from Interrupt vector 
I 

Normal program 
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1. if>: X,N/4-XCIN/2 (timing diagrams are shown situation A-C. because there are three kinds of waveform by the timing) 

Situation A 

X,N 
I 

(1-LM7)R/W --, I I 
I I 
I I 

XC1N 
Ii ,: 
I I ¢ I l I 

I 
SYNC I 

Situatlo~ B 

X,N 

(1-LM7)R/W --, I 
I 

XC1N 
Ii 
I 

, 
if> 

: \ 
'SYNC 

~ __ ....Ir 
~ __________ .......Ir--

SYNC 

X,N 

(O-LM7 )R/W -------i;:==~-----------...... ------

SYNC ------------~--~" I 
Note 1,: The '''L'' period of the R/W signal is shown the wntltng timing of setting value to LM7 

2 : The delay of timing is Ignored 

Fig.31 Timing diagram of the changing system clock 
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PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1/(n+1). 
(2) Even though the BBC and BBS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instruction are only valid for the 
contents before the modifications are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as a NOP) be
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) When the timer 4 and the timer 5 are used at event 
counter mode, read the contents of these timers either 
while the input of the these timers are not changing or 
after timer 4, 5 count stop bit (bit 6 of address OOFS,s) 
is' set to "1". 
Also, when the timer 1, timer 2, or timer 3 is input the 
clock except 1/>/4 or it divided by timer, control the 
same as above. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction, 

(6) When LCD turn-on bit (bit 3 of address 00F5,s) of the 
LCD mode register is "1", don't stop the timers or 
count source for timers, 

(7) The timer 1 and timer 2 must be set the necessary 
value immediately before the execution of a STP in
struction, 

(8) Notes on controlling the clock generation circuit 
CD When system clock is changed X1N/4 to XCIN/2, set 

LM7 to "1" after oscillation is stable by the software 
in side of clock Xc. 

® When system clock is changed XcIN /2 to X1N/4, set 
LM7 to "0" after oscillation is stable by the software 
in side of clock X. 

@ When SMa is "0" or when LM7 is "0" and SMs is "0", 
LMs is automatically set to "0" by the hardware. 

@) When system clock selection bit (bit 7 of address 
OOF5,s) of the LCD mode register is "1", don't set 
SMa to "0". 

Just for reference, timing diagram of the changing system 
clock are shown in Figure 31. 

(9) In order to avoid noise and latch-~p, connect the fol
lowing external circuit. 

CD Connect a bypass capacitor (= O. l,u F) directly be
tween the Vcc pin and Vss pin using a heavy wire. 

® Connect a bypass capacitor (= O. l,u F) directly be
tween the VREF pin and Vss pin using a heavy wire, 

DATA REQUIRED FOR MASK ORDERING 
Please send the follOWing data for mask orders. 
(1) mask ROM confirmation from 
(2) mark specification from 
(3) ROM data .......................................... EPROM 3 sets 

Write the following option on the mask ROM confirmation 
from 
• Port PO pull-up transistor bit (see the confirmation form) 
• Port P1 pull-up transistor bit (see the confirmation form) 
• Port P2 pull-up transistor bit (see the confirmation form) 
• Port P3 pull-up transistor bit (see the confirmation form) 
• Port P3a/SouT output type (see the confirmation form) 
• CNTR pin pull up transistor (see the confirmation form) 
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MITSUBISHI MICROCOMPUTERS 

M37415M4-XXXFP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.3~7 V 

V, Input voltage for LCD VL -0. 3~Vee+0. 3 V --

V, 
Input voltage POo-PO,. Plo-PI,. P2o-P2, 

-0. 3~Vee+0. 3 V 
P30-P3" SEG"-SEG,,, X,N 

V, Input voltage INT" CNVss, VR., -0.3~ 7 V 

V, Input voltage RESET, CNTR 
'---' I W,th respect to Vss -0.3-13 V 

Output voltage POo-PO" Plo-PI" P2o-P2, 

Vo P30-P3" COMo-COM" SEGo-SEG31 -0. 3~Vee+0. 3 V 

XO UT 

Vo Output voltage CNTR -O.3~7 V 

Pd Power dlsspation Ta = 25"C 300 rnW 

Topr Operating temperature -10~70 "C 

Tsto Storage temperature -40~125 "c 

RECOMMENDED OPERATING CONDITIONS (Vee~~ 2. 7-5.5V, Vss = OV, Ta = -1 0-70"C , unless otherwise noted) 

I Limits 
Symbol Parameter Conditions Unit 

MIn Typ Max 
--

Supply voltage( Note 1) 
f(X,N )=3.2MHz 4.5 5.5 

Vee 
~)(IN) =800kHz 

V 
2.5 5.5 

Vss Supply voltage 0 V 

VREF Supply voltage for DTMF __ RL~20kfl 1.5 Vee-0.5 V 

"H" onput voltage POo-PO" Plo·-PI" P3o, P3,(Note 2), 

V ,H P3,-P3,( Note 3) 0. 8Vee Vee V 
--

P4o-P4" RESET, X,N , CNVss 
~-

"H" Input voltage P2o-P2" P3" P3,(Note 4) 
V ,H 

iNT" CNTR 
0. 74Vee Vee V 

"L" onput voltage PO,-PO" Plo-PI" P3o, P3,(Note 2). 

VOL P3,-P3,(Note 3) 0 O. 3Vee V 

P4o-P4" CNVss 

VOL 
"L" Input voltage P2o-P2" P3" P3,(Note 4) 

INT" CNTR 
0 0. 2Vcc V 

V ,L "L" onput voltage RESET 0 0.1 2Vcc V 
----

V ,L "L" mput voltage XIN 0 0. 16Vce V 
-

IOH 
"H" output current POo ...... PO?, P1o ....... P17, P2o ...... P27 -2 rnA 

P3c-P3,(Note 5), Xour 

IOLcpeak) 
"L" peak output current POo-PO" Plo-PI" P2o-P2, 

10 rnA 
P30-P3,. CNTR, XouT(Note 6) 

-

IOLcavg) 
"L" average output current POO ....... P07, Plo-Ph, P2o--....P27 

5 rnA 
P30-P3" CNTR, XouT(Note ?) 

f(X,N ) 

f(XeIN ) 

Note 1 
2 
3 
4 

5 
6 
7 
8 
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Clock oselliatong frequency(Note 8) 
Vec=4. 5~5. 5V 

Vcc=2. 5~5. 5V 

Clock oscillating frequency for clock functIOn 

When only malntaonong the RAM data mInImum value of Vee IS 2V 
When using port P3, as XeIN , O. 85Vee~ V'H~ Vee, O~VIL~O. 15Vee for port P3, 
In this case of using port P3, as normal input. 

380 3300 

380 1000 
kHz 

32 50 kHz 

In thIS case of using port P36 as ClK onput EspecIally when the input oscIllatIon frequency IS more than 50kHz, recommend the following: 
O. 8Vee~ V'H~ Vee, O~VIL~O. 2Vee· 
The total of 10H of port PO, P1, P2, P3, XOUT should be 35mA max 
The total of 10L(peak) of port PO, P1, P2, P3 should be 55mA max, and the total of IOLcpeak) of port P3, CNTR and XOUT should be 45mA max 
10Lcavg) is the average current in lOOms 
When using DTMF functIon, f(X,N ) should be 400kHz, 800kHz, 1. SMHz, or 3. 2MHz 

• MITSUBISHI 
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~ITSUBISHI MICROCOMPUTERS 

M3741SM4·XXXFP 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

ELECTRI,CAL CHARACTERISTICS (Vss = OV, T a =-10-70"C, unless otherwise noted) 

Symbol Parameter Test conditions 

"H" output voltage POo-po" Pl.-PI" P20-P2, Vcc-5V, IOH--2mA 
VOH P30-P3,(Note I )(Note 2) Vcc=3V, IOH=-O. 7mA 

Vcc=5V, IOH=-1. 5mA 
VOH "H" output voltage Xour 

Vcc=3V, IOH=-O. 3mA 

"L" output voltage POo-PO" P1.-P1" P2.-P2, Vcc-5V,loL-l0mA 
VOL P30-P3,(Note 2), CNTR Vcc-3V, IOL -3mA 

Vcc-5V, IOL -1. 5mA 
VOL "L" output voltage Xour 

Vcc-3V, IOL -0. 3mA 

Hysteres,s INT" CNTR 
Vcc=5V 

Vr+-Vr-
Vcc=3V 

When used as Vce=5V 
Vr+-Vr - HysteresIs P36 

elK input Vee-3V 

When used as Vce-5V 
Vr+-Vr - Hysteres,s P3, 

Xe'N input Vce-3V 

Vce=5V 
Vr+-Vr - Hysteres,s P2.- P2" P3, 

Vec=3V 

Hysteres,s RESET 
Vec=5V 

Vr+-Vr -
Vcc=3V 

Vcc-5V 
Vr+-Vr - HysteresIs X.N 

Vcc-3V 

"L" ,nput current SEG24-SEG31( Except reset state) Vcc=5V, V,=OV 
I'L iPO.-PO" P1.-PI" P2.-P2" P3.-P3,1 

W,thout pull-up Tr INT" RESET, X'N Vcc=3V, V,=OV 

"L" ,nput current ipo.-po" PI.-P1" P2.-P2, Vee=5V, V,=OV 
I'L P30-P3" CNTRI W,th pull-up Tr Vec=3V, V,=OV 

"L" Input current SEG'4-SEG3' (at reset state) 
Vcc=5V, VL-5V, V,=OV 

I'L Vcc-3V, VL -3V, V,-DV 

"H" ,nput current SEG,,-SEG3,(Except reset state) Vce=5V, V,=5V 
I'H PO.-Po" P1.-P1" P2.-P2, 

P30-P3" INT" RESET, X'N Vec=3V, V,=3V 

Vcc=5V, VL =5V, V,=5V 
I'H "H" Input current SEG24 ....... SEG31 (at reset state) 

Vcc=3V, VL =3V, V,=3V 

f(X'N)=3.2MHz :~r~T~~ave 

Vcc=5V at DTMFwave 
c: form stoo 
a f(X,N)-800kHz at DTMFwave 

Output p,ns are opened ~ form outout 

RESET, PO.-PO" Vcc=3V at DTMFwave 
CD form stoo a. 

P1.-P1" P2.-P2" 0 T a=25"C, X'N=O~ Vce=5V 
and P30-P3, are :( f(XCIN)=32.8kHz 

at low power mode 

connected to Vee (LM 6=1l Vcc=3V 

Icc Supply current 
Except the above pinS CI) f(X'N)=3. 2MHz, Vcc=5V 
are connected to Vss ~ f(X'N)-800kHz, Vcc=3V 
However, X1N and XCIN are a Ta-25"C, X'N-OV Vcc=5V mput signal according to 3: f(XC'N)=32.8kHz 
the conditions :( 

at low power mode 
( LM6=1) Vcc=3V 

a. f(X'N)=O Ta=25"C OCD 
1i51a f(XC'N)=O <0 Vcc=5V Ta=70"C 

Vce=VL =5V,Y, bias 
IL VL current 

VCC-VL -3V,Y, bias 

VcC=5V,VREF=4.5V 
IREF VREF current 

Vce=3V,VREF=2.5V 

VRAM RAM retention voltage I(X'N)=O, f(XC'N)=O 

Note Except when the output type of P3, ,s N-channel open drain (mask opt,on) 
II P3. ,s used as Xcour, capab,lIty of load driving 's lower than the above 

Limits 
Unit 

M'n Typ Max 

3 

2 
V 

3 

2 
V 

2 

1 
V 

2 

1 
V 

0.25 1 

0.15 0.7 
V 

0.5 

0.4 
V 

0.7 

0.5 
V 

0.5 

0.4 
V 

0.5 0.7 

0.35 
V 

0.5 

0.35 
V 

-5 
Jl.A 

-4 

-30 -70 -140 

-6 -25 -45 
Jl.A 

-30 -140 

-6 -45 
Jl.A 

5 
Jl.A 

4 

5 

4 
Jl.A 

4 8 

3 6 

0.8 1.5 
mA 

0.5 1.0 

45 
Jl.A 

18 

1 

0.3 
mA 

20 60 

4 12 

0.1 1 
Jl.A 

10 

10 25 

6 15 
Jl.A 

100 200 

60 120 
Jl.A 

2 5.5 V 
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MITSUBISHI MICROCOMPUTERS 

M3741SM4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

DTMF CHARACTERISTICS (Vss = OV, Ta =-10-70'C, unless otherwise noted) 

Symbol 

VOT 

dBcA 
DIS 

3-262 

Parameter Test conditions 

High frequency Vcc=5V, VAEF=4,5V, 
band group Vcc=3V, VAEF=2,5V, 

Output voltage Tone 
Vcc-5V, VAEF-4,5V, Low frequency 

band group Vcc=3V, VAEF=2,5V, 
Output ratio of high frequency band to low frequency band RL =20kO 
Disportional percentage RL =20kO, Ta=25'C 

• MlTSUBlSHI 
"'ELECTRIC 

Limits 
Untt 

Min Typ Max. 

RL =20kO 470 490 510 
RL =20kO 257 270 283 
RL -20kO 325 345 365 

mVrms 

RL =20kO 177 190 203 
2.5 3 3.5 dB 

13 % 



MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37416M2-XXXSP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
52-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
office automation equipment and other consumer applica
tions. 
In addition to its simple instruction sets, the ROM, RAM, 
and 1/0 addresses are placed on the same memory map to 
enable easy programming. 
The differences between the M37416M2-XXXSP and the 
M37416M2-XXXFP are the package outline and power dis
sipation ability (absolute maximum ratings). 

FEATURES 
Ii Number of basic instructions .. ·················· .. ··············69 
• Memory size ROM······ ........... ··················4096 bytes 

RAM······· .............................. 128 bytes 

• Instruction execution time 
....... 1,us (minimum instructions at 8MHz frequency) 

• Single power supply f(XIN )=8MHz················· 5V±10% 
• Power dissipation 

normal operation mode (at 8M Hz frequency) .... 50mW 
• Subroutine nesting ·····························64 levels (max.) 
• Interrupt········································ .................. ·······9 
• 8-bit timer········ ..................... ·································2 

• Programmable 110 ports 
(Ports PO, P1, P2, P3, P4, P5) .............................. ·45 

• UART (full duplex) .................................................. 1 

• Master CPU bus interface······· .......................... 1 byte 
• Comparator····· ........................................... 8-channel 

• Key on wake up······················································ 8 

APPLICATION 
Office automation equipment 
Key pad, Key board 

PIN CONFIGURATION (TOP VIEW) 

P54/CNTR- 1 

P5,JCLK- 2 
1/0 P5"/CTS- 3 

port P5 
P5, /TxO- 4 

P50/RxO- 5 

P3-,/DB7 - 6 

P3sIDS.- 7 

P3./OB.- 8 

1/0 P341DB4 - 9 

port P3 P33/0B3 - 10 

P3.IDB.- 11 

P3, /0B, - 12 

P30/0Bo- 13 

P4,IWR/R/VV - 14 

1/0 
port P4 

Reset Input 

Clock Input 

Clock output 

P4./RO/E - 15 

P4o/iNTo - 21 

Vee 

I/O port P2 

1/0 port PO 

1/0 port PI 

'"'"1. _____ ... 27--+ 4> Timing output 

Outline 52P4B 

M37416M2-XXXFP 

20 -+ XOUT 

19 +-XIN 

,. +- RESET 
CNVss 

NC : No connection 
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FUNCTIONS OF. M37416M2-XXXSP 
Parameter 

Number of basIc Instructions 

Instruction execution time 

Clock frequency 

ROM 
Memory size 

RAM 

POo-PO, 

P1o-P1, 

P2o-P2, 
Input/Output ports 

P30-P3, 

P4o-P4, 

P50-P5, 

UART 

Timers 

Comparator 

Subroutine nesting 

Interrupt 

System bus Interface buffer 

Clock generating Circuit 

Supply voltage 

at operation 

at wait mode 
Power diSSipation 

at stop mode 

Input/Output Input/Output voltage 

characteristics Output current 

Operating temperature range 

Device structure 

M37416M2-XXXSP 
Package 

M37416M2-XXXFP 

MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Functions 

69 

l,us (minimum Instructions, at BMHz frequency) 

8MHz 

4096 bytes 

128 bytes 

1/0 8-bltX1 

I/O 8-bItX1 

1/0 8-bltXl (common with comparator mput and key on wake up) 

1/0 8-bitX 1 (common with data bus of system bus Interface) 

1/0 8-bltX1 (common with control ports of system bus Interface and INTo) 

1/0 5-bltX 1 (common with UART) 

, with programmable baud rate generator 

8-bltX2 (with 8-bit prescaler) 

8-bltX1 (port P2) Built-In 3-bIt DAC (can be used as variable VTH Input port) 

64 levels (max) 

2 external, 6 internal, 1 software Interrupts 

1 -byte (separate Input and output buffers) 

Built-m (Ceramic or quartz crystal OSCillator) 

5V±10% 

50mW ._.-
5mW 

Ta=25'C 0.05mW 

Ta=70'C 0.5mW 

Vss-O. 3-Vcc+O. 3 

±5mA (max) 

-10-70·C --
CMOS Silicon gate 

52-pin shrink plastic molded DIP 

56-pin plastic molded QFP ~, 

• MITSUBISHI 
.... B..ECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

I 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

PIN DESCRIPTION 

Pin Name 
InpuV 

Functions 
Output 

Vee, Supply voltage Power supply Inputs 5V±IO% to Vcc, and OV to Vss 

Vss 

CNVss CNVss This Is usually connected to Vss. 

RESET Reset Input Input To enter the reset state, the reset Input pin must be kept at a "L" for more than 2,us (under normal Vcc 

conditions). If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main-

tained for the required time 

X,N Clock Input Input This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 

quartz crystal oscillator Is connected between the X ,N and X OUT pins "an external clock IS used, the clock 

XOUT Clock output Output source should be connected the X,N pin and the XOUT Pin should be left open. 

¢> Timing output Output ThiS IS the timing output pin. 

CNTR TimerI/O I/O This IS an I/O pin for the timer X 

--
INT, Interrupt Input Input This IS the highest order Interrupt Input pin 

POO-P07 110 port PO I/O Port PO IS an 8-btI 110 port with directional r~glsters allOWing each I/O bit to be Individually programmed as 

Input or output. The output structure IS CMOS output 

P1 0-Ph 110 port PI 110 Port PI Is an 8-bIt 110 port and has baSically the same function as port PO. 

P20 -P27 110 port P2 110 Port P2 IS an 8-btI I/O port and has baSically the same function as port PO. Analog Input of cqmparator or 

key on wake up function can be selected with a program. 

P30-P37 110 port P3 I/O Port P3 IS an 8-blt 110 port and has basically the same function as port PO This port functions as an 8-bIt 

data bus for the master CPU when slave mode IS selected with a program 

f----,-
P40 -P47 1/0 port P4 110 Port P4 Is an 8-bIt 1/0 port and has basically the same function as port PO. P4,- P4, change to a control 

bus for the master CPU when slave mode IS selected with a program. P40 can be used as external Interrupt 

input pm. 

P50 -P5. 1/0 port P5 1/0 Port P5 Is an 8-bIt 1/0 port and has baSically the same function as port PO UART function, CNTR Input and 

timer output can be selected with a program 
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MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37416 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 
Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 

The STP instruction can be used. 

• MITSUBISHI 
"'B.ECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function R~gister (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as I/O ports and timers. 

• RAM 
RAM is used for data storage as well as a stack area. 

• ROM 
ROM is used for storing user programs as well as the inter
rupt vector area. 

RAM 

(128 bytes) 

ROM 

(4096 bytes) 

0000,. 

007F,. 

ODED,. 

DOFF,. 

1000,. 

1 FOO,. 

lFF4, • 

• Interrupt Vector Area 
The interrupt vector area is 'for storing jump destination 
addresses used at reset or when an interrupt is generated. 
• Zero Page 

Zero page addressing mode is useful because it enables 
acc'ess to this area with fewer instruction cycles. 

• Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Not used 

SFR area 

Not used 

Zero page 

SpecIal 

page for 

subroutine 

call 

Interrupt vector area 

lFFF, • 

Fig. 1 Memory map 
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OOEO'6 

OOE1'6 

OOE2'6 

OOE3'6 

OOE4'6 

OOE5,. 

OOE6'6 

OOE?,. 

OOE8,. 

OOE9'6 

OOEA,. 

OOES,. 

OOEC'6 

OOED,. 

OOEE'6 

OOEF'6 

Port PO 

Port PO dlrect,onal register 

Port P1 

Port P1 directional register 

Port P2 

Port P2 directional register 

Port P3 

Port P3 directional register 

Port P4 

Port P4 directional register 

Port P5 

Port P5 directional register 

Comparator control register 

Comparator data register 

Interrupt request distinguish register 

Data bus transmit buffer register 

Fig. 2 SFR (Special Function Register) memory map 

MITSUBISHI MICROCOMPUTERS 

M37416M2·XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

OOF2,. 

OOF3,. 

OOF4,. 

OOF5,. 

OOF6,. 

OOF?'6 

OOF8" 

OOF9,. 

OOFA." 

OaFS,. 

OOFC,. 

OOFD'6 

OOFE" 

OOFF,. 

Data bus receive buffer register 

Data bus buffer status register 

Data bus buffer control register 

UART transmit buffer register 

UART receive buffer register 

UART status register 

UART mode register 

UART control register 

Driver for UART baud rate generator 

Prescaler 1 

Timer 1 

Timer X prescaler 

Timer X 

Interrupt control register 

Timer control register 
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MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

INTERRUPTS 
Interrupts can be caused by 9 different events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op~ 
eration is similar to an interrupt. 
When an interrupt is accepted, the registers are pushed in
terrupt inhibit flag I is set, and the program jumps to the 
address specified in the vector table. The reset and BRK 
instruction interrupt can never be inhibited. Other interrupts 
are disabled when the interrupt inhibit flag is set. 
All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. 
Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1 ", interrupt 

request bit is "1 ", and the interrupt inhibit bit is "0". There 
are two interrupt (three for UART transmit and UART 
receive) the interrupt becomes enable when both enable 
bits are "0". 

The value of bit 3 of the data bus buffer control register 

(address OOF2'6) determines whether the interrupt is from 
INTo or from key on wake up. Only INTo interrupt is effec
tive when this bit is "1" at power down condition by STP or 
WIT instruction. When this bit is "1", interrupt is caused by 
inputting "L" level to any port P2 using input mode. The 
value of bit 1 and bit 3 of interrupt request distinguish reg

ister (address OOEE'6) determine whether the interrupt is 

Interrupt request Interrupt disable flag 

Fig. 3 Interrupt control 

from input buffer full or from UART receive. Wl'len bit 3 is 
"1 ", the interrupt is from the input buffer full interrupt, and 
bit 1 is "1 ", the interrupt is from UART receive. Also bit 5 
and bit 7 of interrupt request distinguish register determine 
whether the interrupt is from output buffer empty or from 

UART transmit. When bit 7 is "1 ", the interrupt is from out
put buffer empty and when bit 5 is "1", the interrupt is from 
UART transmit. 

Table 1. Interrupt vector address and priority 

Interrupt Priority 

RESET 1 
INTo or key on 

2 
wake up 

Timer X 3 
Timer 1 4 

Input bus buffer full or 

UART receive 
5 

Output bus buffer full 
6 

or UART transmit 

UART control register (address OOF?'6) 
Bit 4 : eTS function select bit 
Bit 3 : Receive interrupt enable bit 
Bit 1 : Transmit interrupt enable bit 
Bit a : UART transmit enable bit 

Vector address 

FFFF'6, FFFE'6 

FFFD'6, FFFC'6 

FFFB'6, FFFA'6 

FFF9'6, FFF8'6 

FFF7'6, FFF6'6 

FFF5'6, FFF4'6 

Interrupt request distinguish register (address aaEE,,) 
Bit 7 : Output buffer empty Interrupt request bit 
Bit 6 : Output buffer empty interrupt enable bit 
Bit 5 : UART transmit interrupt request bit 
Bit 4 : UART transmit Interrupt enable bit 
Bit 3 : Input buffer full interrupt request bit 
Bit 2 : Input buffer full Interrupt enable bit 
Bit 1 : UART receive interrupt request bit 
Bit a : UART receive Interrupt enable bit 

Interrupt control register (address aaFE,,) 
Bit 7 : INTo or key on wake up Interrupt request bit 
Bit 6 : INT~ or key on wake up interrupt enable bit 
Bit 5 : Timer 1 Interrupt request bit 
Bit 4 : Timer 1 interrupt enable bit 
Bit 3 : Input buffer full or UART receive request bit 
Bit 2 : Input buffer full or UART receive enable bit 
Bit 1 : Output buffer empty or UART transmit interrupt request bit 
Bit a : Output buffer empty or UART transmit Interrupt enable bit 

Timer control register (address OOFF'6) 
Bit 7 : Timer X Interrupt request bit 
Bit 6 : Timer X interrupt enable bit 
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When the two interrupt requests, which are the same prior
ity, are at the same sampling, the priority process is pro
cessed by interrupt request distinguish register. 
These request bits can be reset by a program but can not 
be set. The-interrupt requests bits which are in the interrupt 
control register and timer control register are reset auto

matically when interrupts are accepted. But the interrupt 
request bits which are in the interrupt request distinguish 
register are not reset automatically, so they must be reset 
by software. The contents of the B flag must be checked to 
determine if the BRK instruction caused or not. 

Oscillator DIvIder 
Timer 

1-..--------, mode 

When STP 
Instruction IS 
executed, this 

Pulse width test mode 

Circuit IS 

connected 

Event counter mode 

Pulse output mode 

Fig. 4 Block diagram of timer X and timer 1 

TIMER 
The M37416M2-XXXSP has two timers; timer X, and timer 
1. Timer X has four modes which can be selected by bit 2 

and 3 of the timer control register. When the timer X count 
stop bit (bit 5) is set to "1", the timer X will stop regardless 
of which mode it is in. A block diagram of timer X, and tim
er 1 is shown in Figure 4. The CNTR pin is common with 

P54 and can not be used when this pin is used as normal 
port. 

The prescaler has an 8-bit programmable latch used as a 
frequency divider. The division ratio is defined as 1 l(n+1), 
where n is the decimal contents of the prescaler latch. All 
timers are down-count timers which are reloaded from the 
timer latch following the zero cycle of the timer (i.e. the cy
cle after the timer counts to zero). 
The timer interrupt request bit is set to "1" during the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses OOFE16 and 
OOFF16, respectively (see interrupt section). The prescaler 

latch, and timer latch can be loaded with any number ex
cept zero. 

Toggle flip-flop J--------~ 

to timer 1 
, Interrupt 

request 
bit 

to timer X Interrupt 
request bit 

• MlTSUBlSHI 
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The four modes of timer X as follows: 
(1) Timer mode (00) 

In this mode the clock is driven by the oscillator fre
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins i!gain. 

(2) Pulse output mode (01) 

In this mode, the polarity of the P54/CNTR signal is re
versed each time the timer down-counts to zero. 

(3) Event counter mode (10) 

This mode operates in the same manner as the timer 
mode except the clock source is input to the CNTR 
pin. This mode will allow an interrupt to be generated 

whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 

(4) Pulse width measurement mode (11) 
This mode measures the pulse width (between lows) 

input to the P54/CNTR pin. The timer, driven by the 
oscillator frequency divided by 16, continues counting 
during the low cycle of the CNTR pin. When the timer 

contents reaches "0", the interrupt request bit is set to 
"1 ", the timer's reload latch is reloaded and the count
ing resumes. 

I I I IXI I I I I 

LL Timer control register (Address OOFF,s) 

Processor mode bit 

o 0 : Single-chip mode 
o 1 : 
1 0 : I not used 
11 : 

Timer X mode bit 

o 0 : Timer mode 

o 1 : Pulse output mode 

1 0 : Event counter mode 

1 1 : Pulse Width measurement mode 

Timer X count stop bit 
o : Count start 

1 : Count stop 

Timer X Interrupt enable bit 

o : Interrupt disable 

1 . Interrupt enable 

Timer X Interrupt request bit 
o : No interrupt request 

1 : With interrupt request 

The structure of the timer control register is shown in 
Figure 5. 

Fig. 5 Structure of timer control register 

When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF16 and 01 16, 

respectively. Also, when the STP instruction is ex
ecuted, the oscillator's frequency (divided by 16) will 
become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 

3-272 • MITSUBISHI 
I'W!J.ELECTRIC , 



MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

BUS INTERFACE 
The M37416M2-XXXSP is equipped with a bus interface 
that is functionally similar to the M5L8041-XXXSP. Its op

eration can be controlled with control signals from the mas
ter CPU (slave mode). 
The M37416M2-XXXSP bus interface can be connected 
directly to either a R/W type CPU or separate RD, WR type 
CPU. Figure 7 shows a block diagram of the bus interface 

function. 
Slave mode is selected with data bus buffer control register 
(address 00F2,6) bit 0 and 1 as shown in Figure 6. 
An input buffer full interrupt occurs when data is received 
from the master CPU and an output buffer empty interrupt 
occurs when data is read by the master CPU. 
In slave mode, ports P30-P37 become a tri-state data bus 
used to transfer data, commands, and status to and from 
the master CPU. 
Furthermore, ports P44 - P47 become master CPU control 
signal input pins and P4,- P43 becomes a slave status out
put pins. 

7 
I I 

I 

o 
I I I I,J Data bus buffer control register 

I 
I L (address OOF2 ,6 ) L Bus Interface enable bit 

a : Inhibit 
1 : Enable (slave mode) L:= Bus Interface mode bit 
a : RD, WR bus 

o Data 

L __ 

---~-

1 : RIW bus 
Key on wake up enable bit 
a : P40 

1 : P2o-P2, (for key on wake up) 

bus buffer status register 
(address OOF1 ,.) 

Output buffer full flag 
0: Buffer empty 
1: Buffer full 
Input buffer full flag 
o : Buffer empty 
1: Buffer full 
User definable flag 
User may freely define this flag 
AOflag 
Indicates the AO status when the 
IBF flag IS set 
User definable flag 
User may freely define this flag 

[Data bus buffer status register] DBBSTS 
This is an 8-bit register. Bits 0, 1, and 3 are read-only bits 
indicating the status of the data bus buffer. Bits 2, 4, 5, 6, 
and 7 are read/write enabled user-definable flags that can 
be set with a program. The host CP.U can only read these 
flags by setting the AD pin to "H". 

Fig. 6 Structure of bus interface relation registers 

P30/DBo Q-

P3, /DB, 

P3,/DB, 

P36 /DB6 

P3,/DB, 

P45/CS 0 

Ao=1 

------.---~---~ 

P43/PRDf 0-.-------

P4,/IBF O}-------

P4, /0BF O>----------------------------.J 

Fig. 7 Bus interface circuit diagram 
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• Output buffer full flag OBF Ao flag 
This flag is set when data is written in the output data bus 

buffer and cleared when the host CPU reads thE'j data in 

the output data bus buffer. It is initialized to "1" at reset and 
cleared to "0" when the slave mode is selected with the 

bus interface enable bit set. 

The level of the Ao pin is latched when the host CPU writes 

data in the input data bus buffer. 

[Input data bus buffer] OBBIN 
Data on the data bus is latched in DBBIN when there is a 

write request from the host CPU. The data in DBBIN can 

be read from the data bus buffer register (SFR address 

00FO'6). 

• Input buffer full flag IBF 
This flag is set when the host CPU writes data in the input 

data bus buffer and cleared when the slave CPU reads the 

data in the input data bus buffer. This bit is initialized to "0" 
at reset. [Output data bus buffer] OBBOUT 
Execute the dummy write instruction to the input data bus 

buffer to clear this flag from the slave CPU side. The con

tents of input data bus buffer is not change because it is 

read only register. 

Data is written in DBBOUT by writing data in data bus buf

fer register (SFR address OOEF'6). The data in DBBOUT is 

output to the data bus (P5) when the host CPU issues a 

read request with setting the Ao pin to "L". 

Table 2. 

Pin 

P4, 

P42 

P43 

P44 

P45 

P46 

P47 
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Control 1/0 pin functions when bus interface function is selected 

Name 
Bus Interface 

mode btt 

OBF -

IBF --
--t--

--
PRDY -

Ao --

CS -

-
R 0 

E 1 

-
W 0 

--
-

R/W 1 

--
Input! 

Function 
~utput 

Output Status output OBF signal IS output 

Oulput Status output ISF signal IS output 

Output Status output The NOR 01 OBF and IBE IS ou'npul. 

Input Address Input Used to select between DBBSTS and D8BOUT dunng host CPU read 

Also used to Identify commands and data durmg wnte 

~I Chip select Input Used to select the data bus butler Select when "L" 

Input Timing signal used by the host CPU to read data from the data bus buffer 

Input Inputs a tlmmg signal E or mverse of <P 

--

Input. Tlmmg signal used by the host CPU to write data to the data bus buffer 

-
Input Input R/W signal used to control the data transfer direction When thiS signal IS "L", 

data bus buffer wnte IS synchronized with the E signal When It IS "H", data bus buffer 

read IS synchronized with the E signal 

• MITSUBISHI 
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[Transmit operation] 
When the send data is written to the transmit buffer regis
ter, the start bit, the parity bit, and the stop bit are added to 

the data, which is transferred to the transmit shift register. 
The transmit shift register begins shift when it becomes en
able for transmission, sending the serial data to TxD pin. 
For the description of the transmit enable state, see Table 3. 
In the transmit enable state, each time transmission of the 
stop bit of the serial data being transmitted has been com
pleted, it is checked whether the next data has been writ
ten to the transmit buffer register. If the data is found writ
ten, transmission of the next data begins. If the data is 
found not written, TxD pin is held at "H" until the next 
transmit data is written, setting the transmitter empty flag. 
When the transmit enable state is cleared during transmis
sion, the transmission is stopped after completing the trans
mission of the transmit data so far written to the transmit 
buffer register. 
When the transmitter ready flag (bit 0 of the UART status 
register) is "1", it indicates that the transmit buffer is ready 

Data bus 

8 

for writing data. The immediately preceding data is trans
ferred from the transmit buffer register to the transmit shift 
register. Every time the start bit is output from TxD pin, this 
flag is set. Every time the transmitter ready flag is set, the 
UART transmit interrupt request bit (bit 5 of the interrupt 
request distinguish register) is set. An interrupt is acknow
ledged when two UART transmit interrupt enable bits (bit 1 
of the UART control register, and bit 0 of interrupt control 
register) are all "1" and the interrupt disable flag I is "0". 
Interrupt request bit (bit 1 of interrupt control register) is 
reset when the UART transmit interrupt is accepted. 
Note that an interrupt occurs only in the transmit ready 
state. 
Bit 6 of the UART control register initializes the UART 
transmit side. When this bit "0", the transmit side is in the 
initial state. 

Table 3. Bit and pin status when transmission is ready 

I TE CTSE 

I 
0 

1 
1 

CTS 
X 

L 

1 
I 
1 

TE : UART Iransmll enable bll 

eTSE: eTS pin funclion selection bil 

eTS : eTS pm mpul level 

r-____ ~~(~ad~d~r~essOOF~3,~6~)--------~ 
RxD 

UART conlrol reg Isler 
(address OOF?'6) 

UART slalus reglsler 
(address OOF5'6) 

UART mode regisler 
(address OOF6'6) 

Fig. 8 UART block diagram 

Receive 
buffer 

register 

Transmit 
buffer 

regisler 
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Receive 
shill 

register 

Slart bit delecllon 

eTS 

TxD 
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UART 
The M37416M2-XXXSP contains one channel UART. It has 
three pins (TxD (transmit output), RxD (receive input) and 
CTS (clear to send)). The three pins RxD, TxD and CTS 

are common with P50 , P51 and P52 respectively. P50 - P52 

are selected to UART function pins when UART enable bit 
(bit 6 of UART mode register) to "1". And it also has a ClK 

pin (the input pin of the external clock for band rate 
generation). This pin is selected as ClK function when the 
synchronous clock for baud rate generating synchronous 
clock select bit (bit 5 of UART mode register) is set to "1". 

An interrupt can be generated at receive and transmit inde
pendently. 

[Receive operation] 
Setting the receive enable bit (bit 2 of the UART control 
register) to "1" puts the system in the receive ready state. 

When there is no input of receive data, "H" is input to RxD 
pin. When the falling edge is input to RxD pin and "l" input 
is detected twice consecutively by sampling with the clock 
having a frequency 16 times the baud rate, the start bit is 
triggered. Then, sampling is performed three time in the 
middle of the start bit. When "l" is detected twice or more, 
the receive operation begins, capturing the data bits into 
the receive shift register. If "l" has not been detected 
twice or more, start bit detection beg!ns again. When the 
data bits and parity bit have been captured into the receive 
shift register and the stop bit is detected, the receive data 
is transferred from the receive shift register to the receive 
buffer register, setting the receiver ready flag (bit 1 of the 
UART status register). If a parity error occurred, the parity 
error flag is set. The framing error flag is set when the first 
stop bit is found" l". If the previous data has not been read 
out of the receive buffer register, the overrun error flag is 
set, clearing the previous data. Execute the dummy write 
instruction to the receive buffer register to clear the receiver 

ready flag. The contents of receive buffer register is not 
changed because it is read only register. Each error flag 
can be reset by writing "1" to the error flag reset bit (bit 7 
of the UART control register). Any of these errors does not 
affect the receive operation. The data bit, the parity bit, and 
the stop bit are sampled three times in the middle of them 
each. When "l" or "H" is detected twice or more, "0" or "1" 
is determined respectively. 
Each time a receive operation has been completed, setting 
the receiver ready flag, the UART receive interrupt request 
bit (bit 1 of the interrupt request distinguish register) is set. 
An interrupt is acknowledged when the two UART receive 
interrupt enable bits (bit 2 of interrupt control register and 
bit 3 of UART control register) are all "1" and the interrupt 
disable flag 1 is "0". The UART receive interrupt request bit 
which is in interrupt control register (address 00FE16 ) is re
set when a UART receive interrupt is acknowledged. 
Setting the receive enable bit (bit 2 of the UART control 
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state. At this time, the receiver ready flag is "0" (ready), 
the receive shift register is in the stopped state, and the 
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[UART divider for baud rate generator) 
This is an 8-bit programmable divider which generates the 
baud rate for the UARTi receive or transmit operation. 

When the setting value is NSR (0 to 255), the divide ratio 
becomes 1/(NsR +1). There are three count sources; X,N 

clock divided by 2, X,N clock divided by 32, and the exter
nal clock. Choose sources by bits 4 and 5 of the UARTi 
mod~ register. Table 4 shows the baud rate calculation and 
example for each bit combination. 
When the external clock is used, the frequency of the input 
clock must be below 1.6 MHz. Writing to the baud rate 
generating divider must be performed when bits 2 and 6 of 
the UARTi control register are both "0". 

Baud rate register 

Table 4. Baud rate calculation and example 

EX BR Calculation Count source 

0 0 baud rate( bps) 
f(XIN) 

t(X'N) =8. 0 MHz 
32(NBR+1l 

0 1 baud rate(bps) 
f(XIN) 

f(X'N)=7.3728 MHz 
512(NBR+1l 

X baud rate(bps) 
f(ClK) 

f(X'N)=1. 536 MHz 1 
16(NBR+1l 

EX : Clock selection bit for baud rate generator 
BR : Divide ratio selection bit for baud rate generator 

1-----;3>- Baud rate (BRG) 

ClK O~~~~-----------~ 

Selection gate: Connected 

to black colored side at 

reset 

Fig. 9 Baud rate generating circuit 

1/32 

Baud rate 

250000 bps 

4800 bps 

9600 bps 
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leTS pin] 
The OTS pin can be used as the 1 -bit I/O port when bit 4 of 
the UART control register is "0". In this case, the input/out
put direction can be determined by bit 7 of the UART mode 
register and the output data can be set by bit 5 of the 
UART control register. Additionally, the input level can be 
known by bit 7 of the UART status register. 

[UART mode register] 
This register except the bit 6 is write-only register and can
not be read out. Use the LDM instruction to write to this 

register. 
• Parity enable bit: PEN 

Setting this bit to "1" adds a parity bit to the transmit data. 
In a receive operation, this bit is used for parity evaluation. 

• Parity select bit: EVN 
This bit specifies the parity bit to be generated in a trans
mit operation and the parity bit to be evaluated in a receive 
operation. Depending on the content of this bit, the number 

of 1 's in data is made even or odd. 

• Character length select bit: CHL 
This bit specifies the character length of data. 

• Stop bit length select bit: ST 
This bit specifies the stop bit length. 
• Baud rate generating prescaler divide ratio select 

bit: BR 
When this bit is "0", the signal obtained by dividing X1N 

clock by 2 becomes the count source of the baud rate di
vider. When this bit is "1", the signal is obtained by dividing 

the clock by 32. 
• Baud rate generating synchronous clock selection 

bit: EX 
This bit specifies baud rate synchronous clock. When this 

bit is "1", external clock is input from the clock pin. 

• UART enable bit: UARTE 
P50-P52 is selected UART function when this bit is "1". 

• CTS pin 1/0 select bit: CTSD 
When this bit is "0", the CTSi pin is the input pin. 
When this bit is "1", .the pin is the output pin. To use the 

CTS pin as the CTS input, set "0". 

[UART control register] 
• Transmit enable bit: TE 

Setting this bit to "1" enables a transmit operation. 

• Transmit interrupt enable bit: TIE 
When this bit is "1 ", the interrupt in a transmit operation is 

enabled. 

• Receive enable bit: RE 
Setting this bit to "1" enables a receive operation. 

• Receive interrupt enable bit: RIE 
When this bit is "1 ", the interrupt in a receive operation is 
enabled. 

• CTS pin function select bit: CTSE 
When this bit is "1 ", the CTS pin becomes the CTS input. 

• CTS output data select bit: CTSO 
When this bit is "0", "L" is output. When it is "1", "H" is 

output. 
• Transmit side initialize bit: MR 

When this bit is "0", the transmit side is initialized. 

• Error flag reset select bit: ERST 
Setting this ·bit to "1" resets all error flags. When this bit is 

read, "0" is always read. 

[UART status register] 
• Transmitter ready flag: TxRDY 

When this flag is "1 ", it indicates that the transmit buffer 
register is empty and ready for writing transmit data. 

• Receiver ready flag: RxRDY 
When this flag is "1", it indicates that the receive buffer 
register is holding receive data. When the receive buffer 

register is read, it is cleared. 

• Transmitter empty flag: TEMP 
When this flag is "1", it indicates that neither the transmit 
shift register nor the transmit buffer register hold the data 

to be transmitted. 
• Parity error flag: PE 

This bit is set to "1" when the parity of the received data is 

different from the parity which was set. 

• Overrun error flag: OR 
When this flag is "1 ", it indicates that, before the data in the 
receive buffer register is read, the next data is transferred 
from the receive shift register to the receive buffer register 
and the previous data is lost. 

• Framing error flag: FE 
This flag is set to "1" when the stop bit is found "i.. .. when 
data is transferred from the receive shift register to the re

ceive buffer register. 

• CTS pin input level flag: CTS 
When the input level of the CTS pin is "L", "0" is read, 
when it is "H", "1" is read. 
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a 
I CTSD IUART~ EX I SR I ST I CHL I EVN I PEN I UART mode register 

(address OOF6,.) 

I CTsl 

Lp arity enable bit 
0 : Parity disable 

: Parity enable 
arity select bit 

1 
~P 

0 
1 
C 
0 
1 

: Odd parity 
: Even panty 

haracter length select bit 
: 7-bit 
: 8-bit 

S 
0 
top bit length select bit 

: l-stop bit 
1 : l-stop bit 

- B aud rate generating pres caler 
iVlde ratio select bit d 

o : X,N clock divided by 2 
1 : X,N clock divided by 2 
Baud rate generating synchronou 
lock select bit c 

1 
U 

o : Internal clock 
: External clock 

ART enable bit 
o : UART disable 
1 : UART enable 
CTS pin I/O select bit 
a : Input 
1 : Output 

a 
I FE I DE I PE ITEMPIRXRDyITXRDY! 

UART status register 
(address OaFS,.) 

L 
'-----

Transmitter ready flag 
a : Transmit buffer full 
1 : Transmit buffer empty 
Receiver ready flag 
o : Receive buffer empty 
1 : Receive buffer full 
Transmitter empty flag 
a : EXit data for transmit 
1 : No data for transmit 
Parity error flag 
a : No error 
1 : Error 
Overrun error flag 
a : No error 
1 : Error 
Framing error flag 
a : No error 
1 : Error 
CTS pin input level flag 
a : "L" 
1 : "H" 

Fig. 10 Structure of registers related to UART 

7 

lEASi MFjcT:ClICTS1 AIEl AE 1 TIEl TE J U 

L 

~ 

s 

ART control register 
(address OOF7,.) 

Transmit enable bit 
a : Transmit disable 
1 : Transmit enable 
Transmit interrupt enable bit 
a : Interrupt disable 
1 : Interrupt enable 
Receive enable bit 
a : Receive disable 
1 : Receive enable 
Receive interrupt enable bit 
a : Disable 
1 : Enable 
CTS pin function select bit 
a : I/O port 
1 : CTS pin 
CTS output data select bit 
a : "L" output 
1 : "H" output 
Transmit side initialize bit 
a : Initialize 
1 : Transmit enable 
Error flag reset selection bit 
o : Reset disable 
1 : Error flag reset 

Note: Use the LDM Instruction to write to thiS register 
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COMPARATOR CIRCUIT 
The comparator circuit is shown in Figure 11. The compara
tor circuit consists of the switch tree, ladder resistor, com
parator, comparator control circuit, comparator control reg
ister (address OOEC,s), comparator data register (address 
OOFD,s), and analog signal input pins, P2o-P27. 

These analog input pins are common with the digital input! 

output terminal to the data bus. 
The 3-bit comparator register can generate 1 /8V cc-step in
ternal analog voltage, based on the settings of bits 0 to 2. 
Table 5 gives the relation between the descriptions of com
parator register bits 0 to 2 and the generated internal ana
log voltage. The comparator result of the analog input vol
tage and the internal analog voltage is stored in the compa
rator data register. 
The digital value corresponding to the internal analog vol
tage to be compared is written in the comparator control 
register (address OOFC,s), bits 0 to 2. The voltage com
parisi on starts as soon as the writing is completed. 4-cycle 
(required for comparating) later, the result of comparision 
is stored in the comparator data register. Each bit of com
parator data register is "1" when analog input voltage> in
ternal analog voltage and "0" when analog input voltage < 
internal analog voltage. 
When voltage is compared to by setting bits 0 to 2 of the 
comparator register "0", each bit of the comparator data 
register becomes "1" regardless of the analog input vol
tage. The reference voltage is generated for 4 cycles, 

when ladder resistor is ON. The ladder resistor is OFF for 
current power save, when the comparator does not operate. 

data bus 

P2, 

P2. 

P20 

Since the comparator consists of the capacitive coupled 

configuration, f (X'N) is needed larger than 1 MHz during 

com parisi on. 

Table 5. Relationship between the contents of 
comparator register and Internal voltage 

Comparator register 
Internal analog voltage 

bit 2 bit 1 

0 0 
0 1 
0 1 
1 0 
1 0 

1 1 
1 1 

bit 0 

1 1/SVcc-l/16Vcc 

0 2/SVcc-l/16Vcc 
1 3/SVcc-l/16Vcc 

0 4/SVcc-l/16Vcc 

1 5/SVcc-l/16Vcc 

0 6/SVcc-l/16Vcc 

1 7 /SVcc-l /16Vcc 

Comparator control register 
(address OOEC,.) 
---------l 

I 

Vee 

Comparator connection signal Ladder resistor connection 
'--"''''IF---' signal 

I 
L _________________ ~ __ -' 

Fig. 11 Comparator circuit 
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MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

KEY ON WAKE UP 
"Key on wake up" is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter
minal of port P2 has a "L" level applied, after bit 3 of the 
data bus buffer control register (KWE) is set to "1", an' in
terrupt is generated and the microcomputer is returned to 
the normal operating state. As shown in Figure 12, a key 

matrix can be connected to port P2 and the microcomputer 
can be returned to a normal state by pushing any key. 

I 
I 
I 

P4o/iNTo 

Port P40 

directional register 

~--~~~---L~~--~Jg>---~ 

"-----------0 Port PXx 
"L" level output 

The key on wake up interrupt is common with the INTo in
terrupt. When KWE is set to "1 ", the key on wake up func
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INTo 
are invalid. 

In order to enter the power down state generated by the 
STP or WIT instruction at the interrupt disable flag (I) is "0" 
and KWE is "1", all of port P2 must be input "H". 

P-_-=~...JP----INTo Interrupt request signal 

Fig.12 Block diagram of port P2 and P32 , and example of wired at used key on wake up 
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MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

RESET CIRCUIT 
The M37416M2-XXXSP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address 1 FFF'6 as the high 
order address and the content of the address 1 FFE'6 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2J.1s while the power voltage is in the recom
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in
ternal initializations following reset are shown in Figure 14. 
An example of the reset circuit is shown in Figure 13. 

When the power on reset is used, the RESET pin must be 
held "L" unlilthe oscillation of X,N-XOUT becomes stable. 

Power on 
/VI3? 416M2-XXXSF 

RESET Vee 

23l \52 
OV 

.: 
~ 

I ov 

RESET Vee 

23 52 Supply voltage 
r - - - - - - -~ detection circuit 
I I 

I 
I 
I 

I 
I 
I 

I I L _____ ...I 

Fig. 13 Example of reset circuit 

Internal RESET 

(I) Port PO directional register 

(2) Port P1 directional register 

(3) Port P2 directional register 

(4) Port P3 directional register 

(5) Port P4 directional register 

(6) Port P5 directional register 

(7) Comparator control register 

(8) Interrupt request dlstmgUlsh register 

(9) Data bus buffer status register 

(10) Data bus buffer control register 

(11) UART mode register 

(11) UART control register 

(13) Prescaler X 

(14) Timer X 

(15) Interrupt control register 

(16) Timer control register 

(17) Interrupt disable flag lor 
processor status register 

(18) Program counter 

Address 

(El ,.)··· C=00,. 

(E3,.)···1 00,• 

(E51.)· .. 1 00,• 

I 
I 
I 

(E?16)···1 00,• I 
i=====i 

(Eg,.)···1 00,• I 
(EB,.)··· B±Iol 01 01 01 01 

(Ec1.)···1 00,• I 
(EE,.) ... I r ===0""0=,.====11 

(Fl 1·) .. ·lxlxlxlxlxIXJOEl 
(F2,:) .. 10 10 I 0 I 0 I xl 0 I 0 10 I 
(F6,.)· I 00,• 1 
(F?,.)··· I X 10 I 0 I 0 I 0 10 I 0 10 I 
(FC,.)···I FF16 I 

:=1 =====1 (FD,.)··· 01 ,• . 

(FE,.)··· r=:===O=O=,=. ====11 

(FF,.)···I 0 10 I 0 Ixl 0 10 I 0 10 I 
(PS)··· I I I I I 1,1 I I 

Since the contents both registers other than those listed above and the 
RAM are undefmed at reset, It IS necessary to set Initial values 
Note: * means mask option 

Fig. 14 Internal state of microcomputer at reset 

SYNC __ -+ ________________ -+ ________________________ ~ 

Address 

Data 

8~12 clock cycles 

Fig. 15 Timing diagram at reset 
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Reset address from 
the vector table 

Notel: Frequency relallan of f(X,N ) and </> IS f(X'N)=4· </> 

The mark" ? " means that the address IS changing 
depending upon the prevIous state 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

1/0 PORTS 
(1) Port PO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 1), port PO can 

be accessed at zero page memory address 00EO'6. 
Port PO has a directional register (address 00E1'6) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

(2) Port P1 

Port P1 has the same function as port PO. The I/O level 
is TTL compatible. 

(3) Port P2 

Port P2 has the same function as PO. Following the ex
ecution of STP or WIT instruction, P2 can be used to 
generate the "wake up mode". This mode is used to 
bring the microcomputer back in its normal operating 
mode after being in the power-down mode. Also this 
port has comparator function. For more detailes, see 
the comparator information. 

(4) Port P3 

This is an 8-bit I/O port with function similar to port PO. 
When slave mode is selected with a program, all ports 
change to the data bus for the master CPU. In this 
case, port input/output is unaffected by the directional 
register. The I/O level is TTL compatible. 

(5) Port P4 

This is an 8-bit input/output port with function similar to 
port PO. When slave mode is selected with a program, 
ports P4,-P47 change to the control bus for the bus in
terface function. In this case, port input/output is un
affected by the directional register. 
Port P40 are shared with the external interrupt input pin 
(INTo). The INTo interrupt constantly monitors the sta

tus of this port and generates an interrupt at a val ide 
edge. Therefore, if the INTo interrupt is not used, it 
must be disabled and if it is used, this port must be set 
to input. The I/O level of port P4 is TTL compatible ex

cept the case that the input level of some ports which 
function as INTo. Ao or CS are CMOS compatible. 

(6) Port P5 
Port P5 is an 5-bit I/O port with function similar to port 
PO. All pins have program selectable dual functions. 
When a UART function is selected, the input and output 
from pins P50 - P53 are determined by the contents of 
the UART mode register and UART control register. 

Port P5. is common with CNTR pin. 
The I/O level is TTL compatible except the case when 
some ports which function as RxD, CTS, ClK and 

CNTR are CMOS compatible. 

(7) Clock ifJ output pin 
This is the timing output pin. When selected the main 
clock (X'N-XOUT ) as the internal system clock, the 
clock frequency divided by four is outputed. 
"H" is output from this pin when STP or WIT instruction 
is executed. 
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Port po, P1 

Data bus 

Port P2 

Data bus 

Key on wake up circuit 

Comparator on Signal ----~___, 

Comparator CirCUit ----+--+ 

Input register 

(])P3o does not have a status register and OBF flag IS set 
!IlP3, does not have a status register and IBF flag IS set. 
QlP33 does not have a status register and Ao flag is set 

Fig. 16 Ports PO-P6 block diagram 

MITSUBISHI MICROCOMPUTERS 

M37416M2·XXXSP/FP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

P40 

Data bus 

P4,-P43 

Bus interface enable bit -

Data bus 

Data bus 

Dlrectlonalreglsler 

Parallel ready output 

DBB control output P4,······OBS output 
P42······IBS output 
P43•·•••• PROY output 

Bus interface enable bit 

DirectIOnal register 

DBB control Input 

DBB control input P4,······Ao Input 
P45······CS input 
P4,······R/E input 
P4,·····-W/R/W input 
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P50 

Data bus 

P5, 

Data bus 

P52 

UART output 

CTS pin 1/0 selection bit 
CTS pm function selection bit 

UART enable bit --'--

Data bus 

CTS output 

Fig. 17 Ports P5 and if> block diagram 

MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

UART enable bit 
Baud rate generatmg 
synchronous clock select bit 

Data bus 

Data bus 

External clock mput 
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MITSUBISHI MICROCOMPUTERS 

M37416M2.XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 
21. 
When the STP instruction is executed, the oscillation of in
ternal clock", is stopped in the "H" state. 
Also, the prescaler X and timer X are loaded with FF16 and 
01 16, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is cleard 
when timer X overflows or the reset is in, as discussed in 
the timer section. 
The oscillator is restarted when an interrupt is accepted. 
However, the internal clock", keeps its "H" level until timer 
X overflows. 
This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock '" 
stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 
To return from the stop or the wait status, the interrupt en
able bit must be set to "1" before executing STP or WIT in
struction. Especially, to return from the stop status, the tim
er X count stop bit (bit 5 of address 00FF16 ) must be set to 
"0" before executing STP il)struction. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figures 18 and 19. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 
The example of external clock uasge is shown in Figure 20. 
X,N is the input, and XOUT is open. 

Interrupt 
request 

Interrupt 

STP instruction 

S Q 

R 

Fig: 21 Block diagram of clock generating circuit 

WIT 

Instruction 

M37416M2-XXXSP 

X,N XOUT 

24 RI 25 

~m--
=C,N COUT 

J J 
Fig. 18 External ceramic resonator circuit 

M37416M2-XXXSP 

XOUT 

24 25 

Fig. 19 External ceramic resonator (capacity built-in 

type) circuit 

M37416M2-XXXSP 

External 
oscillating 
CIrCUIt 

25 
Open 

Fig. 20 External clock input circuit 

S 

R 

Timer X 

Overflow 
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MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

PROGRAMMING NOTES 
(1) The frequency ratio of the timer and the prescaler is 

1/(n+1 ). 
(2) Even though the SSC and SSS instructions are ex

ecuted after the interrupt request bits are modified (by 

the program), those instructions are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as a Nap) between 
the modification of the interrupt request bits and the 
execution of the SSC and SSS instructions. 

(3) When the timer X or timer 1 is input the clock except ¢!4 
or it divided by timer, read the contents of these timers 
either while the input of these timers are not changing 
or after counting of timers are stopped. 

(4) After the ADC and SSC instructions are executed (in 
decimal mode), one instruction cycle (such as a Nap) 
is needed before the SEC, CLC, or CLD instructions 

are executed. 
(5) A Nap instruction must be used after the execution of 

a PLP instruction. 
(6) The STP instruction must be executed after setting tim

er X count enable bit to enable "0", timer X interrupt 
enable bit to inhibit ("0"), and timer X interrupt request 

bit to no request ("0"). 
(7) Use the LOA (immidiate, T = 1) instruction to modify 

the interrupt request distinguish register. SEB and CLS 
instructions can be used only when interrupts in the 
register are not generated at executing these instruc
tions. 

(8) Do not write any data into an address where no regis

ter nor port is assigned. 
(9) The power current is max. 10mA in DC. However, be

cause a rush current and a bus charge-discharge cur
rent flow transiently, a bypass capacitor must be con

nected between Vss and Vee. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

• mask ROM order confirmation form 

• mark specification form 
• ROM data······EPROM 3 sets 

• MlTSUBlSHI 
..... ELECTRIC 3-287 



MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Condilions 

Vee Supply voltage 

V, Inpul voltage X,N, RESET 
W,lh respeello V .. 

Inpul voltage POo-PO" Pl.-P17, P2.-P27, 
V, 

P30-P3r, P40-P47, PSo-P5., CNV .. 
Output transistors are 

Output vollage PO.-P07, Pl.-Ph, P2.-P27, 
at "off" state. 

Vo 
P30-P37, P5.-P5., XOUT, ~ 

Pd Power dIssipatIon Ta - 25'C 

Topr Operatong temperature 

Tstg Storage temperature 

Note 1: 500mW In case of the Ilat package 

RECOMMENDED OPERATING CONDITIONS 
(Vce=5V±10%, Ta=-10-70'C unless otherwi.se noted) 

limIts 
Symbol Parameter Unot 

Min. Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage 0 V 

V,H "H" onput voltage RESET. X,N. CNVss (Note 1) 0. 8Vee Vee V 

V ,H 
"H" onput voltage P'.-P'7, Pa.-P37, P4.-P47, 

2.0 Vee V 
P5.-P5., (expect Note') 

V ,H "W Input voltage PO.-P07, P2.-P27 (Note 2) 0. 7Vee Vee V 

V ,L "L" input voltage CNV .. (Note') 0 0. 2Vee V 

V ,L 
"L" onput voltage P'.-P'7, P30-P37, P40-P47, 

0 0.8 V 
P5.-P5., (expect Note' ) 

V ,L "L" onput voltage POo-P07 0 0. 3Vee V 

V ,L "L" onput voltage P20-P27 (Note 2) 0 0. 26Vee V 

V ,L "L" onput voltage RESET 0 0. 12Vee V 

V ,L "L" Input voltage X,N 0 0. 16Vee V 

"L" peak output current POe-POr. P'.-P'7, 

!oL(peak) P20-P27• P30-P37, 10 mA 
PSo-P5. 

"L" average output current POo-P07• P'.-P'7, 

10LCavg) P20-P27• P30-P37, 5 mA 
PSo-P5. (Note 3) 

"H" peak output current POe-par. p'.-Ph, 

IOH(peak) P2.-P27• P30-P37, -10 mA 
PSo-P5. 

"H" average output current POO ..... PO-" P1o ...... Ph, 

10H(avg) P2.-P27• P30-P37, -5 mA 
PSo-P5. (Note 3) 

l(x'N) Internal clock oscillating frequency 1 8 MHz 

Note1: Ports operating as special lunctlon pins INT.(P4.), A.(P4o), CS(P4.), RxD(P5.1. CTS(P52), 

CLK(P53 ), CNTR 
2 : See comparator characteristics for Input voltage as comparator onput 
3 : The total of IOL of Port PO, P', P2 and ~ should be 40mA (max.). 
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The total 01 IOL of Port P3 and P5 should be 40mA (max ) 
The total 01 10H 01 Port PO, P1. P2 and~ should be 40mA (max ). 
The total of 10H of Port P3 and P5 should be 40mA (max.) 

Ralings Unit 

-0.3-7 V 

-0.3-7 V 

-0, 3-Vee+0. 3 V 

-0. 3-Vee+0. 3 V 

1000(Note 1) mW 

-10-70 t 
-40-125 t 



MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

ELECTRIC CHARACTERISTICS (Vcc=5V±10%, Vss= 0 v, Ta=-10-70"C, f(X,N)=8MHz) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

VOH "H" output voltage '" IOH=-2mA Vcc-l V 

VOH 
"H" output voltage POo-PO" Pia-PI" P2a-P2" 

IOH=-5mA Vcc-l V 
P30-P3" PSo-P5. 

VOL 
"L" output voltage POa-PO" Pla-Pt" 

P3a-P3" P5a-P5. 
P2a-P2" 

IOL=2mA 0.45 V 

VOL 
"L" output voltage POo-PO" Pla-Pt" 

P30-P3" PSo-P5, 
P2a-P2" 

10L =5 mA 1 V 

Vr+ - VT-
Hysteresis P2o-P2" INTo(P4Q), Ao(P4.), CS(P4,;), 

Function Input level 0.3 1 V 
RxD(P50), CTS(P5,), CLK(P53), CNTR 

Vr+-VT- HysteresIs RESET 0.7 V 

Vr+-VT- HysteresIs X,N 0.1 0.5 V 

"L" Input current POO ..... P07' Pta-PI" P2a-P2" 

I'L P30-P3" P4Q-P4" P5a-P5., V, =Vss -5 5 I'A 

RESET, X'N 

"H" Input current POa-PO" Pia-PI" P2a-P2" 

ItH P3a-P3" P4Q-P4" PSo-P5., V,=Vcc -5 5 /-lA 
RESET, X,N 

VRAM RAM retention voltage At stop mode 2 V 

f(X,N)=8MHz 
10 

At system operation. comparator not operation 

f(X,N)=8MHz, Comparator IS operation, 
mA 

Icc Supply current 
At system operation, square wave 

15 

At stop mode I Ta=25'C ~ /-lA (Note I) I Ta=70'C 10 

Note1: Output pin'" Is open V .. is Inputs to pprts Comparator conversion IS complete condition 

COMPARATOR CHARACTERISTICS (Vec=5V±5%, Vee=OV. T a=25"C, f(x ,N )=8MHz) 

Limits 
Parameter Umt 

Min. Typ Max 

Resolution - - (1/8)Vcc V 

Internal analog voltage error - - ±(1/8)Vcc V 

Analog input voltage 0 - Vee V 
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MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

TIMING REQUIREMENTS 
Port/single-chip mode (Vcc=5V±1O%, Vss=OV, Ta=-10-70t, unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ Max. 

tsu(poo-(J) Port PO mput setup time 200 ns 

tSU (P1D-(J) Port Pl mput setup trme ~OO ns 

tSU (P20-(J) Port P2 input setup time 200 ns 

tSU (P30-(J) Port P3 Input setup time 200 ns 

tSU (P40-¢) Port P4 mput setup t~me 200 ns 

tSU(P50-.p) Port P5 Input setup time 200 ns 

Ih(¢-POo) Port PO Input hold time 40 ns 

Ih(¢-P10) Port Pl input hold time 40 ns 

Ih(¢-P20) Port P2 Input hold time Fig 22 40 ns 

Ih(¢ -P30) Port P3 Input hold time 40 ns 

th(t;6-P40) Port P4 Input hold time 40 ns 

Ih(¢-P50) Port P5 Input hold time 40 ns 

IC<XIN ) External clock mput cycle trme 125 1000 ns 

Iw(XINL) Ex1ernal clock Input "L" pulse Width 30 ns 

IW(XINH) External clock Input "W pulse Width 30 ns 

I,(XIN ) External clock riSing edge time 20 ns 

Ij(XIN ) External clock failing edge time 20 ns 

Master CPU bus interface timing (R and W separation type mode) 
(Vcc=5V±10%, Vss=ov, Ta=-10-70t, unless otherwise noted) 

Limits 
Symbol Parameter Test Condition Umi 

Min Typ Max 

tsu(es-R) CS setup time 0 ns 

tsu(cs-w) CS setup time 0 ns 

Ih(R-CS) CS hold time 0 ns 

Ih(w-cs) CS hold time 0 ns 

ISU(A-R) An setup time 40 ns 

tSU(A-W) Ao setup time Fig 23 40 ns 

Ih(R-A) Ao hold time 10 ns 

Ih(w-A) Ao hold time 10 ns 

IW(R) Read pulse Width 160 ns 

Iw(w) Write pulse Width 160 ns 

Isu(o-w) Date mput setup time before write 100 ns 

Ih(w-o) Date Input hold time after write 10 ns 

Master CPU bus interface timirig (RIW type mode) 
(Vcc=5V±10%, Vss=OV, Ta=-10-70·C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditIOn Unit 

Min Typ Max 

tsu(es-e) CS setup time 0 ns 

Ih(E-CS) CS hold time 0 ns 

tSU(A-E) Ao setup time 40 ns 

Ih(E-A) An hold time 10 ns 

tSU(Rw-e) R/W setup time 40 ns 

Ih(E-RW) R/W hold time 10 ns 

tW(EU Enable clock "L" pulse Width 
Fig 23 

160 ns 

IW(EH) Enable clock "H" pulse Width 160 ns 

I'(E) Enable clock rising edge time 25 ns 

Ij(E) Enable clock failing edge time 25 ns 

ISU(O-E) Data mput setup time before write 100 ns 

Ih(E-O) Data Input hold lime after write 10 ns 
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MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

SWITCHING CHARACTERISTICS 
Port/single·chip mode (Vcc=5V±10%, Vss=ov, Ta=-10-70'C, f(X ,N )=8MHz unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Min Typ. Max. 

td<.-poo) Port PO data output delay time 200 ns 

td(o;1>-P1Q) Port PI data output delay time 200 ns 

td(¢-P20) Port P2 data output delay time Fig 22 200 ns 

td<.-P30) Port P3 data output delay time 200 ns 

td(¢-PSQ) Port P5 data output delay time 200 ns 

Master CPU bus interface (R and W separation type mode) 
(Vcc=5V±10%, Vss=ov, Ta=-10-70"C, !(X,N )=8MHz unless otherwise noted) 

Limits 
Symbol Parameter Test condition Unit 

Mm. Typ. Max 

ta(R-D) Data output enable time after read 120 ns --
tV(R-O) Data output disable time after read 10 85 ns 

tPHL(R-OBF) OBF output transmiSSion time after read 150 ns 

tPLH(R-PR) PRDY output transmiSSion time after read 
Fig 23 

150 ns 

tpHLCW-IBF) ISF output transmiSSion time after write 150 ns 

tPLH(W-PR) PRDY output transmiSSion time after write 150 ns 

Master CPU bus interface (RIW type mode) 
(Vcc=5V±10%, Vss=ov, Ta=-10-70'C, f(X ,N )=8MHz unless otherwise noted) 

Symbol Parameter 

ta(E-D) Data output enable time after fead 

tV(E-O) Data output disable time after read 

tpHL(E-OBF) OBF output transmission time after E clock 

tPLH(E-IBF) IBF output transmiSSion time after E clock 

tPLH(E-PR) PRDy output transmission time after E clock 

TEST CONDITION 

Input voltage level: V,H 2.4V 

V,L 0.4V 

Output test level: VOH 2.0V 

VOL 0.8V 

PO 
P1 
P2 
P3 

P4 
P5 

100pF 

50pF 

Test condition 

Fig.23 

P3 
.l100PF 

P4, ) 
P4, ...... -0 

P43 I 50pF 

Fig. 22 Test circuit in 
single-chip mode 

Fig. 23 Master CPU bus interface 
test circuit 

Limits 
Unit 

Min Typ. Max 

120 ns 

10 85 ns 

150 ns 

150 ns 

150 ns 
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MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

TIMING DIAGRAM 
Port/single-chip mode timing diagram 

tel» 

tW(¢L) i,.--

2.0 2.0 2.0 

-.l 0.8 0.8 

tW(¢iH) 

tfl. I - r---tr( ¢) 

tsu(pjo-¢ ) 

Port Pi Input 

2.4 ~ 1\0.4 0.4 

td(¢-pio) th(¢-pjol 

)< 2.0 
t 

0.8 
Port PI outpu 

Master CPU bus interface/ Rand W separation type timing diagram 

Read 

- R-A) 

)< 2.4 2.4 X 0.4 0.4 
Ao 

O.X- tSU(CS-RJ th(R-CS) 

11..4 cs 
'I 

twiRl 

2.4 2.4 
0.4 0.4 

2.0 2.0 
0.8 0.8 

ta(R-O) 
f---- tVIR-DJ 

) 
2.0 

tPLH(R-PRl 

OBF "\ 
0.8 

tPHL(R-OBF) 
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MITSUBISHI MICROCOMPUTERS 

M37416M2-XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Write 

tSU(A w) - Ih(w A) 

~ 
Ao )< 2.4 2.4 

0.4 0.4 

cs 
0.£ 

tsU(cs-w) ~ th(w-cs) 

110.4 

~-~I 
2.4 2.4 

0.4 0.4 W 

DBo-DB7 

I::i Ih(w-o) 

2.4 "'k. 2.4 
0.4 )( 0.4 

tsu(o-w) 

IBF / 
~ 

tpLH(W-1BF 

/ 
'f.o 

tPLH{W-PR) 

Master CPU interfacel R/W type timing diagram 

EL 

E \ 2.4 2.4 \ 
0.4 0.4 0.4 

~ I-- Ir(E) ~ -- tf(E) 

tSU(A-E) 

I--- thCE-A} 

R/W 
)< 2.4 C 0.4 

cs 
t------- th(E-CS) 

Ya.4 \ 
tSUCCS-E) 

0.4 

read 
\ 2.0 

DBo_DB7 / 0.8 
ta(E-o) 

f--- tV(E-O) 

tSU(O-E) 

I-'- Ih(E-O) 

write \ 2.4 

DBo_DB7 
0.4 

OBF 
tPHL(E-OBF) ~ 

8 

IBF Vi: 
tPLH(E-IBF) Ir-

PRDY / 
2. 

tPLH(E-PR) 
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MITSUBISHI MICROCOMPUTERS 

, M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37420M4-XXXSP and the M37420M6-XXXSP are 
single-chip microcomputers designed with CMOS silicon 
gate technology. All are housed in a 52-pin shrink plastic 
molded DIP. 
These single-chip microcomputers are useful for household 
appliance and other consumer applications. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming, 
The differences between the M37420M4-XXXSP and the 
M37420M6-XXXSP are noted below. The following explana
tions apply to the M37420M6-XXXSP. 
Specification variations for other chips are noted accor
dingly. 

Type name ROM sIZe RAM sIze 

M37420M4-XXXSP 8192 bytes 192 bytes 

M37420M6-XXXSP 12288 bytes 256 bytes 

FEATURES 
• Number of basic instructions .......................... · ........ 69 

• Memory size ROM '''12288 bytes (M37420M6-XXXSP) 
8192 bytes (M37420M4-XXXSP) 

RAM ...... · 256 bytes (M37 420M6-XXXSP) 
192 bYtes (M37420M4-XXXSP) 

• Instruction execution time 
...... ·1I1s (minimum instructions, at 8MHz frequency) 

• Single power supply f(X ,N )=8MHz· ................ 5V±10% 

• Power dissipation 
normal operation mode (at 8MHz frequency) .... 30mW 

• Subroutine nesting ............................ ·96 levels (Max.) 
• Interrupt ............ · ............................ · 7 types, 5 vectors 
• 8-bit timer .............................................................. 4 

• Programmable I/O ports (Ports PO, P1, P2, P3, P4) .... 42 
• Input port (Port P5) ................................................. 8 
• Serial I/O (8-bitl16-bit) ...................................... · .... 1 

• A-D converter .............. · 8-bit successive approximation 

• 'D-A converter 
• 14-bit PWM function 
• Watchdog timer 

APPLICATION 
VCR, TV, Audio-visual equipment 
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PIN CONFIGURATION (TOP VIEW) 

I/O port 
P6 

I/O port 
P4 

I/O port 
P3 

I/O port 
P5 

P6s .... 1 

P62 .... 2 

P6, /DA2 ++ 3 

P6o/DA, ++ 4 

P4r/AN7 ++ 5 

P4,,/AN.++ 6 

P4./AN. ++ 7 

P4./AN. ++ 8 

P37/SRDy ++ 9 

P3./ClK ++ 10 

P3s/S0UT ++ 11 

P3./S,N .... 12 

P3s/CNTR .... 13 

P57/PWM- 17 

P5./YPLS - 18 

P5.IVPLS .... 20 

Input p~ P53/T / ED3 -+ 21 

CNVss 22 

Reset Input RESET -+ 23 

Clock Input X 1N ...... 24 

Vee 

I/O port P2 

1/0 port PO 

I/O port Pl 

29 +- P50/ EDo l 
28 +- P5, /ED, Input pc;.~ 

_____ -->2-7 +- P52/ED2 

Outline 52P48 



,. 
II 

w 
I 

N 
<.D 
U1 

M37420M6-XXXSP BLOCK DIAGRAM 

Clock input Clock output Reset Input 

X,N ><OUT RESET Vee Vss CNVss :-- ---~- -r-----r---T-------i 

! ,,;,~:", r) ~ ~ I 
I I 'I ..-J Timer 1 I Watchdog timer RAM ROM (I T1(8) 

256 bytes Program Program 12288 bytes \ 1 I Instruction 
, counter counter '\ ~ register (8) 

I 
(Note 2) PCH(8) PCL(8) (Notel) >It ..... > ../....~ I 

l Prescaler L T~'mer 2 I 
PREI2(8) I T2(8) llnstruetion 

decoder 

I' t l J 0 1 ~ contJ signal 
8 b' I Prescaler Timer 3 

- It Processor PRE3(8) T3(8) 
arithmetic Accumulator status I"dex Index Stack 

, and'iogical A(8) register register X(8) register Y(8) pOinter S(8)'\, ~ ~ , 

I 
Unit PS(8) " \. \. I Prescaler Timer X I 

r r r,. PREX(8) TX(8) 

7 7 L-______ ~t==C=N=TR================~ 
H "i I Ii> '1 P 

c- rTL ~ ~ r-lZ> ~ I ~ 
D-A I Pulse width ~ pu se I A-D ~ S 1/0 ~ INT, ' 

converter (8) I modulator (14) g~';e~~t~r converter (8) (16) INT, 
, t 

r----~--~~7~~ ~ 

"',., I I ,,(0' I~' I "'(0' I II "(0' I I "(0) I ~,., I I 
Ir ;::::....- '----- :::===---' '--- r, , 

L_ 1234 --------{ 9- 5678 - 91)XJ1 1 \x~-{444444 1 4444U 
'-----v-----" ~ ~ '------v---" ~ '---v----" ~ 
1/0 port P6 1/0 port P5 1/0 port P4 110 port P3 1/0 port P2 1/0 port PI 1/0 port PO 

Note : 8192 bytes for M37420M4-XXXSP 

2 : 192 bytes for M37420M4-XXXSP 

(I) -Z 
I:) 
r 
III . 
n 
:z: -"'G 
011 31: . 

3:3: a ~ 

.... 
n ww; 
!: --.. --.. iii 
0 .c:..c:.:z: 
(I) NN-
!: 00 ! 
n 3:3:£ 
:::III cn.c:. o 0 • • n n ><><0 0 
!: ><><~ 
" ><><~ c: .... (lun III 
III -a,,~ :::III 



FUNCTIONS OF M37420M6·XXXSP 
Parameter 

Number 01 basic InstructIons 

InstructIOn execution time 

Clock frequency 

ROM 
Memory size 

RAM 

po, Pt, P2, P3, P4, P54-P5" P6J 
Input/Output ports 

P5.-P5, I 
Seroall/O 

Timers 

A-O conversion 

D-A conversIOn 

Pulse wIdth modulator 

Watchdog tImer 

Subroutine nesting 

Interrupts 

Clock generatong CorCUlt 

Supply voltage 

Power diSSIpatIon at hIgh-speed operatIon 

Input/Output characterostics Input/Output voltage 

OperatIng temperature range 

DeVice structure 

Package 
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I/O 

Input 

MITSUBISHI MICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

FunctlOlls 

69 

l,us (mInImum instructions, at SMHz frequency) 

SMHz 

122SSbytes (S192 bytes for M37420M4-XXXSP) 

256bytes (192 bytes for M37420M4-XXXSP) 

S-bitX3, 6-bltXl, 4-b1tX3 

4-bltXl 

S-bitX 1 or 16-b1tXl 

S-blt prescalerX3+S-blt tlmerX4 

S-bitXl (4 channels) 

S-bitX2 

14-bitXl 

15-bltXl 

96 levels (max) 

Two extemal Interrupts, Three Internal timer Interrupts (or timerX2, SI/OX1) 

BUIlt-In (ceramic or quartz crystal OSCIllator) 

5V±10% 

30mW (at SMHz frequency) 

12V (Ports PO, Pt, P3) 

-IO-70t 

CMOS sIlicon gate process 

52-pin shrink plastic molded DIP 



PIN DESCRIPTION 

Pin Name 
Input! 

Output 

Vee, Supply voltage 

Vss 

CNVss CNVss 

---
RESET Reset input Input 

,X,N Clock input Input 

XOUT Clock output Output 

POo-~ 1/0 port PO 1/0 

P1 o-P1. 1/0 port PI 1/0 

P20-P27 110 pori P2 1/0 

P30-P37 1/0 pori P3 1/0 

P4.-P47 1/0 port P4 1/0 

P50-P53 Input pori P5 Input 

P5.-P57 1/0 pori P5 1/0 

P60 -P63 Output pori P6 Output 

MITSUBISHI MICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Functions 

Power supply mputs 5V±10% to Vcc, and OV to Vss. 

This IS usually connected to Vss. 

To enter the reset state, the reset input pm must be kept at a "L" for more than 21's (under normal Vcc 

conditions) If more time IS needed lor the crystal OSCillator to stabilize, this "L" condition should be main-

tained for the required time 

ThiS chip has an Internal clock generating CIrcUIt To control generatmg frequency, an external ceramic or a 

quarlz crystal OSCillator IS connected between the X,N and XOUT pins II an external clock Is used, the clock 

source should be connected the X,N pin and the XcUT pin should be lell open 

Pori PO IS an 8-blt 1/0 pori With direcllonal register allOWing each 1/0 bit to be Individually programmed as 

mput or output At reset, thiS pori IS set to Input mode 

The output structure IS N-channel open dram 

Pori PI IS an 6-blt 1/0 pori and has baSically the same lunctlons as pori PO 

The output structure IS N-channel open drain 

Port P2 IS an 8-blt 1/0 pori and has basically the same lunctlons as pori PO, but the output structure IS 

CMOS output 

Port P3 IS an 8-blt 1/0 pori and has baSically the same lunctlons as pori PO When serial 1/0 IS used, P3r, 

Ps., P3s, and P3, work as S.DV, CLK, SoUT, and SoN pms, respectively 

Also P3a and P3, work as CNTR pin and the lowest mterruptlnput pm (INT ,) , respecllvely 

Pori P4 IS an 8-blt 1/0 pori and has baSically the same lunctlons as pori PO P4,-P4, work as analog mput 

pori AN,-AN, 

Low-order 4-blt 01 port P5 IS Input pori These can be used as the edge sence Inputs P5,-P5, detect the 

rising edge and P50 detects both edges Also, P5, IS common wdh the external trigger and V pulse, Y 

pulse generator tngger Input 

High-order 4-blt of pori P5 IS 1/0 pori and has baSically the same lunctlon as port PO P57 IS common With 

the 14-bit PWM. The output structure IS CMOS output 

Pori P6 IS an 4-blt output pori At externaltngger output mode, P60 and P6, are In common With the trigger 

mput pm (T) and the trigger output pin (0), respectively 

The output structure IS N-channel open dram. 
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MITSUBISHI MICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37420 microcomputers use the standard MELPS 740 
instruction seL For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 

Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

Timer Control Register 
The timer control register is allocated to address 00FF'6' 
This register has a stack page bit. 

Fig.l 
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LL 
Timer control register (Address OOFF,.) 

Processor mode bit 

o 0 : Single-chip mode 
01 : 

1 0: l not used 
11 : 

Timer X mode bit 

o 0 : Timer mode 
o 1 : Pulse output mode 
1 0 : Event counter mode 
1 1 : Pulse width measurement mode 

Stack page bit 
o : 0 page 
1 : 1 page 

Timer X count stop bit 
o : Count start 
1 : Count stop 

Timer X Interrupt enable bit 
o : Interrupt disable 
1 : Interrupt enable 

Timer X interrupt request bit 
o : No interrupt request 

1 : With !nterrupt request 

Structure of timer control register 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as I/O ports and timers. 

• RAM 
RAM is used for data storage as well as a stack area. 

• ROM 
ROM is used for storing user programs as well as the inter

rupt vector area. 
• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

0000,. 

RAM 

(192 bytes) 

OOBF,. 

0009,. 

RAM DOFF,. 
(64 bytes) j 0100,. 

for 
M37420M6 013F,. 

0000,. 

EOOO,. 

ROM 

(12288 bytes) ROM FFOO,. 
for (8192 bytes) 

M37420M6 for 
M37420M4 

FFF4,. 

FFFF,. 

Fig.2 Memory map 

• Zero Page 
Zero page addressing mode is useful because it enables 

access to this area with fewer instruction cycles . 
• Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Not used 

SFR area 

Nol used 

InterrupCvector area 

Zero page 

Special 
page 

for 
subroutine 

call 
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0009, • 

OODA,• 

OODB,• 

OODC,• 

0000,• 

OODE,• 

OODF,• 

OOEO,• 

OOEl ,• 

00E2,• 

00E3,• 

00E4,• 

00E5,• 

00E6,• 

00E7,• 

00E8,• 

00E9,• 

OOEA,• 

OOEB,• 

D-A converSIon register 1 

D-A conversion regIster 2 

V pulse preset value P 

V pulse preset value N 

V pulse register 

Senal 1/0 register L 

Senal 1/0 register H 

Port PO 

Port PO directional register 

Port PI 

Port Pl directional regIster 

Port P2 

Port P2 directIonal register 

Port P3 

Port P3 directIOnal regIster 

Port P4 

Port P4 directIonal regIster 

Fig. 3 SFR (Special Function Register) memory map 

MITSUBISHI MICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

• 
• 

OOEC,• 

OOED,• 

OOEE,• 

OOEF,• 

OOFO,• 

OOF1 , • 

OOF2,• 

00F3,• 

00F4,• 

OOFS,• 

00F6,• 

00F7, • 

OOFS, • 

00F9, • 

OOFA,• 

OOFB,• 

OOFC, 

OOFD, 

00FE'6 
OOFF, • 

Port P5 

Port P5 latch/dlrectlonal regIster 

Port P6 

Port P6 directIonal regIster 

Pulse wIdth modulatIon register H 

Pulse width modulatIon register L 

SuccessIve approximation register 

A-D control regIster 

Watchdog timer 

Serial 1/0 mode register 

SpeCIal functIon selection register 

TImer 3 prescaler 

Tomer 3 

TImer 1,2 prescaler 

TImer 1 

TImer 2 

TImer X prescaler 

TImer X 

Interrupt control regIster 

TImer control regIster 



MITSUBISHI MICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

INTERRUPT 
The M37420M6-XXXSP can be interrupted from seven 
sources; INT1, timer X, timer 1, timer 2/serial I/O, or INT2/ 
BRK instruction. 
However, the INT1 pin is used with port P30 and the INT2 
pin is used with port P31 and the corresponding directional 
register bit should be set to "0" when each port used as an 
interrupt input pin. 
The value of bit 2 and bit 3 of the serial I/O mode register 
(address 00F516) determine whether the interrupt is. from 
timer 2 or from serial I/O. When the value of bit 2 and bit 3 
is [00], the interrupt is from timer 2, and the value of bit 2 
and bit 3 is [01], the interrupt is from serial 110. Also, when 
the value of bit 2 and bit 3 is [01] , parts of port P3 are 
used for serial I/O. These interrupts are vectored and their 
priorities are shown in Table 1. Reset is included in this 
table since it has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg
isters are pushed into specified locations, the interrupt dis
able flag I is set, the program jumps to the address speci
fied by the interrupt vector, and the interrupt request bit is 
cleared automatically. The reset interrupt is the highest 
priority interrupt and can never be inhibited. Except for the 
reset interrupt, all interrupt are inhibited when the interrupt 
disable flag I is set to "1". All of the other interrupts can 
further be controlled individually via the interrupt control 
register shown in Figure 4. An interrupt is accepted when 

the interrupt enable bit and the interrupt request bit are 
both "1" and the interrupt disable flag is "0". 
The interrupt request bits are set when the following condi
tions occur: 
(1) When the level of INT1 or INT2 pin changes 
(2) When the contents of timer X, timer 1, timer 2 (or the 

serial I/O counter) go to "0" 

Table 1. Interrupt vector address and priority 

Interrupt PriOrity Vector address 

RESET 1 FFFF,6• FFFE, • 

INT, 2 FFFD,6• FFFC '6 

Timer X 3 FFFB,6, FFFA '6 

Timer 1 4 FFF9,6• FFF8'6 

Timer 2 or serial 1/0 5 FFF7,6• FFF6'6 

INT2 (BRK) 6 FFF5,6• FFF4 '6 

Interrupt control register (Address aaFE,.) 
~~~~~~~~~ 

Interrupt 
request 

Fig.4 Interrupt control 

Bit 7 : INT, pin interrupt request bit 

Bit 6 : INT, pin interrupt enable bit 

Bit 5 : Timer 1 interrupt request bit 

Bit 4 : Timer 1 interrupt enable bit 

Bit 3 : Timer 2 Interrupt or serial 1/0 interrupt request bit 

Bit 2 : Timer 2 Interrupt or senal I/O Interrupt enable bIt 

Bit 1 : INT, pin interrupt request bit 

Bit a : INT, pin interrupt enable bit 

"-r-'--r-...... -'-_ ..... ....J._..I..-I....J Timer control ,register (Address aOFF,.) 

Bit 7 : Timer X interrupt request bit 

Bit 6 : Timer X interrupt enable bit 

Bit 5 : Timer X count stop bit 

Bit 4 : Stack page bit 

Bit3 : 
. 2 . l Timer X mode bit 

Bit. 

Bitl : l 
Bit a: Processor mode bit 
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MITSUBISHI.ICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

The change in level at which the INT pins generate a inter
rupt varies according to the content of bits 4 and 5 of the 
special function selection register (address 00F6,s ). When 

these bits are "0", the interrupt request is generated when 
INT changes from high-level to low-level. When these bits 
are "1", the interrupt request is generated when INT 
changes from low-level to high-level. Bits 4 and 5 corres

pond to INT, and INT2 respectively. 
These request bits .can be reset by the program but can not 
be set by the program. However, the interrupt enable bit 
can be set and reset by the program. 

Since the BRK instruction and the INT 2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in
terrupt or if INT2 generated the interrupt. 

TIMER 
The M37420M6-XXXSP has four timers; timer X, timer 1, 
timer 2 and timer 3. Since P3 (in serial I/O mode) and tim
er 2 use some of the same architecture, they cannot be 
used at the same time (see serial I/O section) Timer X 
has four modes which can be selected by bit 2 and 3 of the 
timer control register. When the timer X count stop bit (bit 
5) is set to "1", the timer X will stop regardless of which 
mode it is in. A block diagram of timer X, timer 1, timer 2 
and timer 3 is shown in Figure 5. 
The P33/CNTR pin cannot be used as CNTR when P33 is 
being used in the normal I/O mode. 

Timer 1 and timer 2 share with a prescaler. This prescaler 
has an 8-bit programmable latch used as a frequency di
vider. The division ratio is defined as 1/ (n+ 1), where n is 
the decimal contents of the prescaler latch. All four timers 
are down-count timers which are reloaded from the timer 
latch following the zero cycle of the timer (i.e. the cycle af
ter the timer counts to zero). 
The timer interrupt request bit is set to "1" during the next 

clock pulse after the timer reaches zero for timer 1, timer 2 
and timer X. The interrupt and timer control registers are 

located at addresses 00FE'6 and 00FF,6, respectively (see 
Interrupt section). The prescaler latch and timer latch can 
be loaded with any number. 
The four modes of timer X as follows' 
(1) Timer mode [00) 

In this mode the clock is driven by the oscillator fre
quency divided by 16. When the timer down-counts to 
zero, the timer interrupt request bit is set to "1" and 
the contents of the timer's latch is reloaded into the 
timer and the counting begins again. 

(2) Pulse output mode [01) 

In this mode, the polarity of the CNTR signal is re
versed each time the timer down-counts to zero. 

(3) Event counter mode [10) 

This mode operates in the same manner as the timer 
mode except, the clock source is input to the CNTR 

pin., This mode will allow an interrupt to be generated 
whenever a specified number of external events have 
been generated. The timer down-counts every rising 
edge of the clock source. 

(4) Pulse width measurement mode [11J 

This mode measures the pulse width (between lows) 
input to the CNTR pin. The timer, driven by the oscilla

tor frequency divided by 16, continues counting during 
the low cycle of the CNTR pin. When the timer con
tents reaches "0", the interrupt request bit is set to "1", 
the ti~er's reload latch is reloaded and the counting 
resumes. 
The structure of the timer control register is shown in 
Figure 6. 
When the STP instruction is executed, or after reset, 
the prescaler and timer latch are set to FF'6 and 01,6, 
respectively. Also, when the STP instruction is ex
ecuted, the oscillator's frequency (divided by 16) will 

become the counting source, regardless of the timer X 
mode setting. This state will be released when the tim
er X interrupt request bit is set to "1", or after a reset. 
Timer X will then enter the mode specified by its mode 
bits. For more details on the STP instruction, refer to 
the oscillation circuit section. 

The function of timer 3 is as same as that of timer 1 
and timer 2, with the exception that the detection of its 
overflow is known by the overflow bit (bit 3 of address 
00EF,6). When the timer down-counts to zero, the over
flow bit is set to "1" and the contents of the timer's 
latch is reloaded into the timer. 
The reset of the overflow bit is made by; 
a) hard ware reset 
b) write "0" to overflow bit 
c) write instruction to timer 3 

The structure of speCial function selection register is 
shown in Figure 7. 
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Oscillator Divider 

MITSUBISHI MICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Data bus 

When STP instructions are ...-_...;;.i:.-_ ...... 
executed, this circuit IS 

1-.----. --~ connected L-_"';"~""';':.J 
Timer mode '-----<l coercively. 

to timer X Interrupt request bit 

Pulse output mode 

Toggle flip-flop 

to timer 1 
Interrupt 
request 
bit 

r---~-Transfer clock 

Serial 1/0 counter (3) 

Timer 3 overflow bit 
OF (Bit 3 at address OOEF,.) 

Serial 1/0 mode register (Address OOF5,.) 

Fig.5 Block diagram of timer X, timer I, timer 2, and timer 3 

• MlTSUBISHI 
"'ELECTRIC 

to timer 2 or 
serial 1/0 
interrupt 
request bit 
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M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

7 o 
I I I I I I I I lTi 

LL 
mer control register (Address OOFF,,) 

Processor mode bit 
00 : Single-chip mode 

01 : 

10: I not used 
11 : 

Timer X mode bit 

00 : Timer mode 

. 01 : Pulse output mode 

10 : Event counter mode 

11 : Pulse width measurement mode 
Stack page bit 

O:Opage 

1: 1 page 

Timer X count stop bit 

o : Count start 

1 : Count stop 

Timer X interrupt enable bit 

o : Interrupt disable 

1 : Interrupt enable 

Timer X interrupt request bit 

o : No interrupt request 

1 : With interrupt request 

Fig.6 Structure of timer control register 

SERIAL 1/0 
A block diagram of the serial 110 is shown in Figure B. 

In the serial I/O mode the receive ready signal (SRDY), syn
chronous input /output clock (elK), and the serial I/O pins 

(SOUT, S,N) are used as P37, P3e, P3s, and P34 , respectively. 
The serial I/O mode register (address 00F51e) is a 6-bit 
register. Bits 1 and 0 of this register is used to select a 
synchronous clock source. 
When these bits are (00) or (01) , an external clock from 
P3e is selected. When these bits are (10), the overflow sig
nal from timer 2, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are (11) , the oscillator fre
quency divided by 16, becomes the clock. 
Bit 2 to 4 decide whether parts of P3 will be used as a se
rial I/O or not. When bit 3 is "0" and bit 2 is "1", P3e be
comes an I/O pin of the synchronous clock. When an inter
nal synchronous clock is selected, the clock is output from 
P3e. If an external synchronous clock is selected, the clock 
is input to P3e and P3s will be a serial output and P34 will 
be a serial input. To use P34 as a serial input, set the direc
tional register bit which corresponds to P34 to "0". For more 

information on the directional register, refer to the I/O pin 
section. 

Special function selection register 
IXIXI J 1 J N J (Address 00F6,.) 

P57/PWM selection bit 

o : normal port 

1 : PWM output 

'----- External trigger mode selection bit 

0: P55 port 

1 : P55 external trigger output 

'------ Timer 3 overflow bit 

o : Timer 3 not overflow 

1 : Timer 3 overflow 

'------ INT, Input porality selection bit 

o : interrupt by falling edge 

1 : interrupt by rising edge 

'-------INT2 IOput poralily selection bit 

o : interrupt by falling edge 

1 : Interrupt by riSing edge 

Fig.7 Structure of special function selection register 

To use the serial I/O, bit 3 and bit 2 need to be set to "01", 
if they are "00" P3e will function as a normal I/O. Interrupts 
will be generated from the serial 110 counter instead of 

timer 2. Bit 4 determines if P37 is used as an output pin for 
the receive data ready signal (bit 4 = 1, SRDY) or used as 
normal 110 pin (bit 4 = 0). Bit 5 determines the serial I/O 
mode. If this bit is "0", serial I/O becomes 8-bit mode and 
this bit is "1", serial I/O becomes 16-bit mode. The serial I/O 

function is discussed below. The function of the serial I/O 
differs depending on the clock source; external clock or in
ternal clock. 

Internal clock-The SRDY signal becomes "H" during trans
mission or while dummy data is stored in the serial I/O reg
ister (address 00F71e). Data is stored only to the serial I/O 
register l (address 00DE1e) in 8-bit mode, and stored 
high-order 8-bit to serial 110 register H (address 00DF1e) 

at first, then low order 8-bit to serial I/O register l 
(address 00DE1S ) in 16-bit mode. After the falling edge of 

the write Signal, the SRDY signal becomes low signaling that 
the M37420M6-XXXSP is ready to receive the external se
rial data. The SRDY signal goes "H" at the next falling edge 
of the transfer clock. The serial 110· counter is set to 7 in 8-

bit mode and 15 in 16-bit mode when data is stored in the· 
serial 110 register. At each falling edge of the transfer 
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Oscillator Divider 

X,N 

P3. 

P35 
SOUT 

Fig.S Block diagram of serial 1/0 

MITSUBISHI MICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

from timer 1. 2 
prescaler 

to timer 2 or 
serial 1/0 Interrupt 
request bit 

Serial 1/0 counter 

Senal 110 mode register (Address OOFS,.) 

Synchronous clock selection bit 

00 :1 01: External clock 

10: Timer 2 overflow signal divided by 2 

11 : Oscillation frequency divided by 16 

L--'-____ Senal 110 port selection bit (P35• P3.) 

00 : Normal 1/0 port 

01 : Senal 1/0 port 

10 : 1 11: Not used 

l--------SROY signal output selectIOn bit (P37 ) 

o : Normal 1/0 port 

1 : SROY signal output pin 

'----------- Serial 1/0 mode selection bit 

o : 8-bit mode 

1 : 16-bit mode 
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clock, serial data is output to P35 . During the rising edge of 
this clock, data can be input from P34 and the data in the 
serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 or 16 times, the serial I/O register will be 
empty and the transfer clock will remain at a high level. At 
this time the interupt request bit will be set. 

External clock -If an external clock is used, the interrupt 

Synchronous clock 

Transfer clock 

request will be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 

Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty cycle of 50%. The timing diagram is 
shown in Figure 9. An example of communication between 
two M37420M6-XXXSPs is shown in Figure 10. 

Serial 1/0 register ----__ --' '----r-----+------------...;.-------write signal ;-

Serial 1/0 output 
SOUT __________ ,~_J~~_n~~~~~n---~~~~ D, 

I 

Seriail/oinc,~t ________ ...;:,.... ..... = 
I ~-----------------

Receivable signal -------......;'U 
SRDY 

I nterrupt request bit set 

Flg.9 Serial 1/0 timing 

Sending side 

Serial 1/0 mode register 
P37 

bit5 bitO 

I 0 I 0 I 0 I 1 I 1 I 0 I 
Set the directional 
register for P37 pin 

P3. in input mode. 

P35 

Flg.tO Example of senal I/O connection 
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P37 
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P3. 

P3. 

Receiving side 

Serial 1/0 mode register 

bit5 b,tO 

o I 1 I o I 1 r 0 I X I 
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register for P3. pin 
In rnput mode 
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A-O CONVERTER 
An 8-bit successive approximation method of A-D conver
sion is employed providing a precision of ± 3LSB. A block 
diagram of the A-D converter is shown in Figure 11. Con
version is automatic once it is started with the program. 
The four analog inputs are used in common with pins P47, 

P46, P45 and P44 of port 4. Bits 2, 1 and 0 of the A-D control 
register (address 00F3'6) are used to select which pins are 
used for A-D conversion. The input condition is accom
plished by setting to "0" the bit in the directional register 
that corresponds to the pin where A-D conversion is to take 
place. Bit 4 of the A-D control register is the A-D conver
sion end bit. During A-D conversion, this bit is "0", and 
upon completion becomes "1". Thus, it can be ascertained 
whether or not A-D conversion has been completed or not 
by inspecting this bit. The relation between the contents of 
the A-D control register and the selection of input pins are 
shown in Figure 12. 

The results of the conversion can be found be reading the 
contents of the successive approximation register address 
00F2'6 which stores the results of the conversion The proc
edure for executing A-D conversion is next explained. First
ly, the pin that is to be used for the A-D conversion is 
selected by setting bit 2, bit 1 and bi~ 0 of the A-D control 
register. Next, the successive approximation is written to 
upon which the A-D conversion starts Since actual data is 

VREF 

0 

Resistance ladder 

not written to the successive approximation, any type of 
may be written. Simultaneous with its being written, the A-D 
conversion end bit (bit 4 of address 00F3'6) is cleared to 
"0" signifying that A-D conversion operations are being 
conducted. A-D conversion completes after 198 clock cy
cles upon which the A-D conversion end bit is set to "1" 

and the results of the conversion can be found in the suc
cessive approximation register. Since the comparator con
sists of the capacitive coupled configuration, f (X1N ) is 
needed larger than 1 MHz during A-D conversion. When A
D conversion is not required, power consumption can be 
saved by setting bit 5 of the A-D control register to "0". To 

carry out A-D conversion, set bit 5 to "1", and connect the 

resistor ladder. 

Vrel 

z z z i 
~ « ~ « 
iii i 

j I 0 I 
Selector 

Comparator and 

control circuit 

r---

Successive approximation register I 
I I 

A-D 

I I I I I 

s 

Fig.11 Block diagram of A-O converter 

(Address OOF216 ) lXJ 

Data bus 

I 

\ 

control register 

(Address OOF3'6) 
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D-A CONVERTER 
The M37420M6-XXXSP has two R-2R method D-A conver
ters. D-A conversion starts by setting value to D-A conver

sion register (address 00D9'6 and 00DA'6)' 
The output port of D-A conversion result DA, or DA2 is 
common with P60 and P6, respectively. The value of bit 7 
or bit 6 of A-D control register (address 00F3'6) determines 
whether this port is used as D-A output or normal port. 
When this bit is "1" this port becomes D-A output, and is 

"0" this port becomes normal port. 
Bit 6 or bit 7 corresponds to P6o/DA, or P6,/DA2 respec
tively. When using each port as D-A output, its directional 

register must be set to "0". 

Vss Vee 

R-2R ladder 

7 

ITTT[XJ III 
I I I 

A-O control register 
(Address 00F3'6) 

Analog input selection bit 

1 a a : P4./AN. 

1 a 1 : P4s/ANs 
1 1 0 : P46/AN6 

1 1 1 : P4,/AN, 

A-O conversion completion bit 

o : A-O conversion in progress 

1 : A-D converSion complete 

Resistor ladder connection 
o : cut off 

1 : connect 

OA 1 output selection bit 
o : port P60 

1 : O-A 'output 

OA2 output selection bit 

o : port P6, 
1 : D-A output 

Fig.12 Structure of A-D control register 

O-A 1 

L-..J....--l'---...L...-;:01.::-.1-....L_L-...J O-A conversion register 1 (address 0009,,) 

Vss Vee 

Flg.13 Block diagram of D-A conversion circuit 

A-D control register 
Lo~rL-L.....Jl:..:>I-...L-L--.J (address OOF3'6) 
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PWM OUTPUT CIRCUIT 
(1) Introduction 

The M37420M6-XXXSP is equipped with 14-bit PWM, 
The 14-bit resolution gi,ves PWM the minimum resolu
tion bit width of 0.25,11s (for X'N= 8MHz) and a repeat 

period of 4096,11s. 
Block diagram of the PWM is shown in Figure 14. 
The PWM timing generator section applies control sig

nals to PWM, using clock input X'N divided by 2 as a 
reference signal. 

(2) Data setting 
The output pin PWM is in common with pin P57 (Le, for 
PWM output, bit 0 of the special function selection 
register). When PWM is used for output, first set the 

higher 8-bit of the PWM1-H register (address 00FO ,6 ), 

then the lower 6-bit of the PWM1-L register (address 
00F1 ,6 ), Note that the higher 2 bits of these 8-bit regis

ters are ignored when used 6-bit register. 
(3) Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period 
The signals output to the PWM pins correspond to the 

contents of these latches. When data at addresses 
00FO'6 and 00F1 '6 are read, data in these latches has 

already been read allowing the data output by the 
PWM to be confirmed. When the 6-bit latch is being 
read, the upper 2 bits of the register becomes unde
fined. However, bit 7 of the PWM1-L register indicated 
the completion of the data transfer from the PWM1 reg
ister to the PWM1 latch. If bit 7 is "0", the transfer has 

been completed, if bit 7 is "1", the transfer has not yet 
begun. 

(4) 14-bit PWM operation 

The timing diagram of the 14-bit PWM1 is shown in Fi
gure 15, The 14-bit PWM divides the data within the 
PWM latch into the lower 6 bits and higher 8 bits, 
A high-level area within a length N times r is output ev

ery short area of t= 256 r = 64,11s as determined by 
data N of the higher 8 bits, (Refer to PWM output CV in 
the lower part of Figure 15,) 
Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus r As a result, 
the short-area period t(=64,11s, approx, 15,6kHz) be

comes an approximately repetitive period, 
(5) Output after reset 

At reset the output of port P57 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis
ter, its data is transferred to the latch, 

Table 2. Relation between the 6 lower-order bits 
of data and the space set by the ADD bit 

6 jower~order bits of data Area longer by r than that of other tm(m = 0 -63) 
L58 Nothing 000000 

000001 m=32 

o 0 0 0 1 0 m=16,48 

o 0 0 1 o 0 m = 8,24, 40, 56 

o 0 1 o 0 0 m= 4,12,20,28,36,44,52,60 

o 1 o 0 0 0 m= 2, 6,10,14,18,22,26,30,34,38,42,46,50,54,58,62 

1 o 0 0 0 0 m=I,3,5,7,' ............ '57,59,61,63 

" MlTSUBlSHI 
.... ELECTRIC 
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Data bus 

PWM-H 

(address OOFO,.) 

X,N 
(8MHz) 

8 

(4MHz) 

register 

PWM-L(address OOF1,.) 

14 

14-bit PWM circuit 

Timing 

generator 

forPWM 

PWM 

(4096!'s penod) 

Block diagram of PWM circuit 

• MITSUBISHI 
.... ELECTRIC 

~ Selection gate: connected to 
black colored 

~ Pass gate 

sic:je when reset 

J 
}-D7/PWM 

1 
SF : Special funcllon selection register (address OOF6,.) 
D5 : Port P5 directional register (address OOED,.) 

P5 : Port P5 register (address OOEe,6) 



PWM1-H 
register 

PWM1-L 
register 

PWMl latch 
(14 bit) 

(Example 1 ) 

PWMl output 

CD 
lower 6 bits 

output 

(When H 6A,6, 
L 24 16 ) 

(Example 2) 

PWMloutput 

lower 6 bits 
output 

(When H 6A16 , 

L 18,6) 

MITSUBISHI MICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Data In address 00FO'6 is :II 6A,. Data in address OOF016 is :II 7B,. 

59 '6 I~ 6A '6 1- 78 '6 

Data In address OOFO,. IS :II 24'6 ...-- Bit 7 reset after transfer Data IS address 00F1,. IS :II 3516 

1316 II A4'6 .,.i/ 24 16 ~I 35" 

I Register to latch tranfer B5"./' I Register to latch tranfer 

11653,61 "1 A93 16 
~ 1 AA4" 11AA4,·1 ""1 EE4,. ~ 1 EF5" J 

T=4096;<s L When bit 7 of PWM1-L is "0" register 
J to latch transfer will not occur 

(256XO.25;<s) 

t=64;<s -- ------
6B 6A 6B 6A 6B 6A 6B 6A 

------~-
- ----It resal utlon width r =0. 25;<s (256XO.25;<s) 

PWMl output 
(?J 

8-blt counter 

Hlgh/low
section IS 

the data c 

r6B 

ADD 

'02 I 01 I 00 

J 
level of the ADD 
determined by 
ontalned In 

I 
6A I 69 I 68 I 67 I - : 02 : 01 I 6A : 69 : 68 : 67 : - I 02 I 011 I I I I I I 

I ADD 

FF I FE I FD I FC I - I 97 I 96 I 95 I - 102 I 01 100 FF I FE I FD I FC I - I 97 I 96 195 I -
j 

High-level area output, the length 
of which IS specified PWM-H 

the lower 6 bit 
256 r(64;<s) standard 

Fig.15 14-bit PWM timing diagram 
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V pulse and Y pulse generator 
Pin 54 operates as the VPLS pin to output the V pulse and 

pin 53 operates as the T pin to which the trigger clock is in
put. These pins can be used as the V pulse output by set
ting bit 5 of the V pulse register (OODD,6) to "1". Pin P56 
operates as the YPLS pin which outputs the Y pulse. It can 
be used as the Y pulse (VPF signal) output by setting bit 6 

of the V pulse register to "1". Figure 17 shows the block di
agram of the V pulse, Y pulse generator. Figure 18 shows 
the timing chart of the V pulse and Y pulse. 
At the falling or rising edge of T, the VPP counter starts. By 
the overflow signal of the VPP counter, VPLS goes "H". By 

the overflow signal of VPP counter, the VPN counter starts. 
By the overflow signal of the VPN counter, VPLS goes "L". 
When the VPP counter or the VPN counter is counting, bit 4 
of the V pulse register is "1". 
The preset value of the VPP counter can be set by the 9-bit 
register with bit 1 of the V pulse register being the most 
significant bit and the V pulse preset value P (OODB,6) 
being the low-order eight bits. The preset value of the VPN 
counter can be set by the 9-bit register with bit 0 of the V 
pulse register being the least significant bit and the V 
pulse preset value N (OODB,6) being the low-order eight 

bits. 
Note that values of bits 0 and 1 of the V pulse register are 
the current counting values in the VPP counter and the VPN 
counter, not the preset values of the counters. 

rising or falling 

V pulse register 
"':;";;:.L..,..-I...,.........,....I.::""':''':'';::'&'',.....,.-,....I (address 0000,.) 

VPLS negative edge 
preset val ue 

VPLS positive edge 
preset value 

VPF generation flag 
o : flag "L" 
1 : flag "H" 

'--------- VPLS output selection bit 
o : port P5. 
1 : VPLS output 

'---------YPLS output selection bit 
o : port P5. 
1 : YPLS output 

Fig.16 Structure of V pulse register 

e gecw~~~ratlon 1---1'---------------------4 

P5./YPLS 

Flg.17 Block diagram of V pulse and Y pulse generator 
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P5./T Inpul 

VPLS 

VRF 
( : VPLS) 

VPP regisler-TPl 
VPN reglsler--TNl 
sel 

TPl TNl r-
VPP regisler-TP2 
VPN reglsler-TN2 
sel 

Fig.18 Timing chart of the V pulse and Y pulse 

Edge sense input 
Ports P50 - P53 are the input ports having the edge sense 
function.' To use these ports as edge sense inputs, read 
data from address 00ED16• Address 00ED16 has a latch. P50 

- P52 are set to "1" when the input changes from "H" to 
"L". P53 is set to "1" when the input changes from "H" to 
"L" and from "L" to "H". For the input pulse width, seven or 
more clock cycles are necessary. This latch is cleared by 
writing "0" at address 00ED16 by the LDM or CLB instruc
tion. When data is read from address 00ED16, the high
order four bits are always "O's". At reset, the content of this 
latch is "0". When a read operation is performed from 
address 00EC16, the normal level sense input will result. 

TP2 TN2 

r- TP3 

VPP regisler-TP3 
VPN regisler-TN3 
sel 

External trigger output 

TN3 

J-
-

Pin P5s operates as the pin Q which outputs the external 
trigger signal. Pin P53 operates as the pin T which inputs 
the trigger clock. By setting bit 5 of the special function 
selection register (address 00F616 ) to "1", these pins can 
be used as the external trigger outputs. 
In the external trigger mode, every time the falling edge 
and riSing edge of T are detected, the contents of P5s port 
output latch and the P5s direction register latch are output 
from the port. Depending on the combination of the port 
output latch and the directional register latch, the output to 
port P5s becomes as shown in Table 3. At reset, the con
tent of this bit is "0". 

Table 3. External trigger output 

~oh 0 1 
directional redlster 

0 high-impedance high-Impedance 

1 L H 
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Fig.19 Block diagram of edge sence input 

P53/T 

Fig.20 Block diagram of external trigger output 
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bit 0 01 address OOED,. 

bit 0 01 address OOEC,. 

bit 1 01 address OOED,. 

bit 1 01 address OOEC,. 

bit 2 01 address OOED,. 

bit 2 01 address OOEC,. 

1~ ______ ~b~lt~3~0I~addressO~O~E=D~,.~ __ ~ 

direcllonal register latch 

edge detection 
CirCUit 

Input latch 

edge Input 
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WATCHDOG TIMER 
The watchdog timer provides the means to return to a reset 
condition when a program runs wild and the program will 

not run the normal loops. 
The watchdog timer (address 00F4,6 ) is a 15-bit counter. 
The watchdog timer counts 1/16th the output frequency of 
the oscillator. The watchdog timer is set to 7FFF'6 when a 
reset is accomplished a write operation has been made to 
it. As well as any of the instructions that generate a write 
signal, such as STA, LDM, and CLB, can be used to write 
data to the watchdog timer. An output of the most signifi
cant bits of the watchdog timer is input to the reset circuit. 
When 262144 clock cycles have been counted, the most 
significant bit becomes "0" and reset is carried out. When 
reset is carried out, the watchdog timer is set to 7FFF'6 and 
reset is released. The program then begins again from re
set vector address. Normally, the program is written so that 
a writing operation is made to the watchdog timer prior to 
the most significant bit's becoming "0" 

Since execution of the STP instruction causes both the 
clock and the watchdog timer to stop, an option is offered 
where the STP instruction can be disabled. 

¢ 

RESET 

SYNC 

Address 

Data 

8-12 clock cycles 

Fig. 21 Timing diagram at reset 

RESET CIRCUIT 
The M37420M6-XXXSP is reset according to the sequence 
shown in Figure 21. It starts the program from the address 
formed by using the content of address FFFF '6 as the high 
order address and the content of the address FFFE'6 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2,us while the power voltage is in the recom
mended operating condition and the crystal oscillator 
oscillation is stable and then returned to "H" level. The in
ternal initializations following reset are shown in Figure 22. 
An example of the reset circuit is shown in Figure 23. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X,N-XOUT becomes stable. 

Reset address from the 
vector table 

Note 1: Frequency relation of f(X ,N ) and ¢is f(X,N ) =4'¢ 

2: The mark" 7 " means that the address is changeable 

depending on the previous state 
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address 

(1) O-A conversIOn register 1 (09,.) 1 00,. 1 

(2) O-A conversion register 2 

(3) Port PO directional register 

(4) Port P1 directIOnal register 

(5) Port P2 directional register 

(6) Port P3 dlrecllonal register 

(7) Port P4 dlrecllonal register 

(8) Port P5 latch/directional register 

(9) Port P6 directional register 

(10) A-O control register 

(11) Watchdog timer 

(12) Senal liD mode register 

(13) Special function selection register 

(14) Pres caler X 

(15) T,merX 

(16) Interrupt control register 

(17) Timer control register 

(DA,.) 

(E1,.) 

(E3,.) 

(E5,.) 

(E9,.) 

(EB,.) 

(ED,.) 

(EF,.) 

(F3,.) 

(F4,.) 

(F5,.) 

(F6,.) 

(FC,.) 

(FD,.) 

(18) Interrupt disable flag on proc- (PS) 
essor status reqister 

1 O~. 1 

C=~o~_::=J 
1 0016 1 
1 0016 1 
[ 00,. 1 = 00,. :=J 
1 00,. [] 
1 00,. 1 

10101 1 1 1 1 1 j 
! 7FFF,. 1 
10101010101010101 
Illololol~ 
1 FF,. 1 

1 01,. ~ = 0016 = 00,. 1 

[lJTTEITI 
(19) Program counter 

Note 1 

(PC H ) [contents of ad'dress FFFF16[ 

(PC l ) [contents of address FFFE,~ 

Port P6 is the high-Impedance state during reset 

After return from reset, it is "FF,.". 

Fig.22 Internal state of microcomputer at reset 
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M37420M6-XXXSP 

RESET Vee 
OV--_.J 

OV ---~ 

M37420M6-XXXSP 

RESET Vee 

28 1 ~ Supply voltage 
:- - - - - - -I detection Circuit 

I I 
I I 
I I 

L-----r-~ I 

1 i 
I I 
L _______ J 

Fig.23 Example of reset circuit 
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1/0 PORTS 
(1) Port PO 

Port PO is an a-bit I/O port with N-channel open drain 
output. 
As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 00EO'6. 
Port PO has a directional register (address 00E1'6) 
which can be used to program each individual bit as 
input ("0") or as output (':1"). If the pins are program
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

(2) Port P1 
Port P1 is a 6-bit I/O port and has the same function as 
Port PO. 

(3) Port P2 

Port P2 has the same function as Port PO, but it has 
CMOS output. 

(4) Port P3 

Port P3 has the same function as port PO. Port P3 can 
also be used as serial I/O, INT" INT2 and I/O pins for 
timer X. 

(5) Port P4 

Port P4 is a 4-bit I/O port and has the same function as 
port PO. But P47 through P44 can also be used as ana
log input pins AN7 through AN4• 

'~ 

(6) Port P5 

Port P53-P50 is an input port and can also be used as 
edge sence inputs. In such a case, reading is begun 

from 00ED'6. 
When port P5 is used as level sense input, read the 
contents of the address 00EC'6. 
P57-P54 have the same function as port PO except that 
they are I/O ports and double-functioning. The PWM 
output pin operates as P57, the Y pulse output pin as 
P56, and the V pulse output pin as P54. These ports are 
used by selecting the function through the special 
function selection register and the V pulse register. For 
details, see the descriptions of the PWM and the V 
pulse, Y pulse generator. The external trigger output 
pin operates as P55. The external trigger output mode 
can be selected by setting bit 2 of the special function 
select register to "1". At reset, all of P57 - P54 are in 
the state where the nomal I/O port function is selected. 
The output is the CMOS output. 

(7) Port P6 
Port P6 is a 4-bit I/O port and has the same function as 
PO except that P60 and P6, can be used as D-A output 
pin. 
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Ports PO, PI, P3, P4 

Data bus -+---t 

Ports P2, P5.-P57, P6 

Data Bus -+---~ 

Ports P50- P53 

Directional 
register 

Port latch 

MITSUBISHI MICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

N-channel open drain output 

Note 1 Port P3 can be also used as 110 pin of serial 110, timer 110, and interrupt input 
Port P4 can be also used as analog Input 

Directional 
register 

Port latch 

Ports P2, P5.-P57, P6 

Note 2 Port P5. - P57 can be also used as the PWM output, Y pulse output, external trigger 

output (Q) and V pulse output Port P6 can be also used as D-A output 

Input 

Port P5 

Fig.24 Block diagram of ports PO-P6 
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MITSUBISHI MICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

CLOCK GENERATING CIRCUIT 
The built-in clock generating circuits are shown in Figure 
27. 
When the STP instruction is executed, the oscillation of in
ternal clock ¢ is stopped in the "H" state. 

Also, the prescaler X and timer X are loaded with FF'6 and 
01,6, respectively. The oscillator (dividing by 16) is then 
connected to the prescaler input. This connection is 
cleared when timer X overflows or the reset is in, as dis
cussed in the timer section. 
The oscillator is restarted when an interrupt is accepted. 
However, the internal clock ¢ keeps its "H" level until timer 
X overflows. 
This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the internal clock ¢ 

stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. 

M37420M6-XXXSP 

X,N XOUT 

24 1M!} 25 

Hm-
lCIN JCOUT 

Fig.25 External ceramic resonator circuit 

M37420M6-XXXSP 

X,N XOUT 

24 25 

Open 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 25. 
The constant capacitance will differ depending on which 
oscillator is used', and should be set to the manufactures 

suggested value. 

External oscillating CirCUit 
VCClJlJlJ 
Vss 

Fig.26 External clock input circuit 

The example of external clock usage is shown in Figure 26. 
XIN is the input, and XOUT is open. 

Interrupt 
request 

Interrupt 
disable flag I Q 

STP instruction - R 
(option) 

Fig.27 Block diagram of the clock generating circuit 

WIT 
instruction 

• MITSUBISHI 
.... ELECTRIC 

S 

R R STP instruction 
(option) 

Internel clocklb 

TlmerX' 

'----------' overflow 
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MITSUBISHI MICROCOMPUTERS 

M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PROGRAMMING NOTES 
(1) The frequency ratio of the timer and the prescaler is 

1/(n+1 ). 
(2) Even though the BBC and BBS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as a NOP) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS instructions. 

(3) Reading the timer and prescaler must be avoided 
while the input to the prescaler is changing. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A NOP instruction must be used after the execution of 
a PLP instruction. 

(6) Since the comparator consists of the capacitive cou
pled configuration, f (X1N ) is needed larger than 1 MHz 
during A-D conversion. And during A-D conversion, 
don't use STP or WIT instruction. 

(7) Values of bits 0 and 1 of the V pulse register are the 
current counting values in the VPP counter and the 
VPN counter, not the preset values. 
Therefore, if the read values of bit~ 0 and 1 are written 
as they are when other bits In the V pulse register IS to 
be set, the preset values may be changed. 
This must be kept in mind before executing the SEB or 
CLB instruction. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM confirmation form 
(2) mark specification form 
(3) ROM data" ......................................... EPROM 3sets 

Write the followil')g option on the mask ROM confirmation 
form 
• STP instruction option 
• Reset option for watchdog timer 
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M37420M4-XXXSP 
M37420M6-XXXSP 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 

~~bOI Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

V, Input voltage XIN -0.3-7 

V, Input voltage P2o-P2,. P4,-P4,. P5,-P5,. P6o-P63 -0. 3-Vee+0. 3 

V, 
Input voltage POo-po,. Plo-PI,. P30-P3,. With respect to Vss 

-0.3-13 
P40• P4,. P50-P5, Output transistors cut-off 

V, Input voltage CNVss. RESET -0.3-13 

Vo Output voltage P2o-P2,. P4,-P4,. P5,-P5,. P6o-P63 -0. 3-Vee+0. 3 

Vo Output voltage POo-PO,. Plo-PI,. P30-P3, -0.3-13 

Pd Power dissipation T a-25"<: 1000 

Topr Operating temperature -10-70 

Tsto Storage temperature -40-125 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%. Ta=-10-70·C. unless otherwise noted) 

Limits 
Symbol Parameter 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 

Vss Supply voltage 0 

V REF Reference voltage 4 Vee 
"H" input voltage POo-PO,. Plo-PI,. P2o-P2,. 

V,H P30-P3,. P40-P4,. P50-P5,. 0. 8Vee Vee 
--
RESET. X,N• P6o- P63 

"L" Input voltage POo-PO,. Plo-PI,. P2o-P2,. 

V'L P30-P3,. P4o-P4,. P50-P5,. 0 0. 2Vee 
CNVss. P60-P63 

V'L "L" Input voltage RESET 0 0. 12Vee 

V'L "L" Input voltage X1N 0 0. 16Vee 

"L" peak output current POO ........ P07, P1o ........ P1s, 

IOL(peak) P2o- P2,. P30- P3,. 10 
P4o-P4, (Note2) 

loLl peak) "L" peak output current P6o-P63 (Note2) 10 

"L" average output current POO ........ P07 , P1 o"""P1 s, 

IOLlavg) P2o-P2,. P30-P3,. 5 
P4o-P4,. (Note 1 ) 

IOL(avg) "L" average output current P6o-P63 (Note 1 ) 5 

IOH(peak) 
"H" peak output current P2o-P2,. P5,-P5,. 

-10 
P6o-P63 (Note 2 ) 

IOH(avg) 
"H" average output current P2o ........ P27 • P54 ........ P57 , 

-5 
P6o- P63 (Note 1 ) 

f(X,N ) Internal clock oscillating frequency 8 

Note Average output current 10L(avg) and 10H(avgl are the average value of a period of lOOms 
Total of "L" output current 10L. of ports PO. Pt. P2. P3. P4. P6. and PWM is BOmA max 
Total of "H" output current 10H. of port P2 IS 50mA max 

Unit 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

mA 

mA 

MHz 

Unit 

V 

V 

V 

V 

V 

V 

V 

mW 
·c 
·C 
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SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Vss=ov, Ta=-l0-70t, r(X,N )=8MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

VOH "H" output voltage P2.-P2" P5.-P5" P60-P6, IOH=-10mA 3 V 

"L" output voltage PO.-PO" Pl.-Pl" P2.-P2" 

VOL P30-P3" P40-P4" P5,-P5" IOL=10mA 2 V 
P6.-P6, 

VT+-VT- HysteresIs P3., P3, When used as INT Input 0.3 I V 

VT+-VT- HysteresIs P3, When used as CLK, Input 0.3 0.8 V 

VT+-VT- HysteresIs P3, When used as CNTR Input 0.5 I V 

VT+-VT- HysteresIs P53 When used as T Input 0.5 I V 

VT+-VT- HysteresIs RESET 0.5 0.7 V 

VT+-VT- HysteresIs XIN O. I 0.5 V 

"L" Input current PO.-PO" Pl.-Pl" P2.-P2" 

I,L P3.-P3" P40-P4,. P5.-P5" V,=OV -5 I-< A 
P6.-P6" PWM 

hL "L" mput current RESET, X1N V,=OV -5 I-< A 

I'H 
"H" Input current PO.-PO" Pl.-Pl" P3.-P3" 

V,=12V 12 I-< A 
P5.-P5, 

I'H, 
"H" Input current RESET, X,N, P2.-P2" P4.-P4" 

V,=5V 5 I-< A 
P5.-P5" P60-P6, 

VRAM RAM retention voltage At clock stop 2 V 

,p. XoUT. and O-A pins opened, other PinS at 

Icc Supply current Vss. and A-D converter In the finished con- 3 6 mA 
dltlon f(X,N)=8MHz Square wave 

A-D CONVERTER CHARACTERISTICS (Vcc=5V±100,.&, Vss=AVss=ov, Ta=-10-70'C, f(X,N)=8MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

- Resolution VREF=VCC 8 Bits 

- Absolute accuracy VAEF=VCC +3 LSB 

RLADOER Ladder resistance value VREF=VCC 2 10 kO 

teoNV Conversion time 25 I-<S 

V'A Analog Input voltage 0 Vcc V 

D-A CONVERTER CHARACTERISTICS (Vcc=5V±10%, Vss=AVss=ov, Ta=-10-70t, r(X,N)=8MHz, unless otherwise noted) 

Symbol 

-
-

tsu 

Ro 
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Resolution 

Error In full scale range 

Setup time 

Output resistance 

Test conditions 

VREF=VCC 

VREF=VCC 

VREF=VCC 

VREF=VCC 
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MITSUBISHI MICROCOMPUTERS 

M37421M6-XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37421 M6-XXXSP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP (flat package type also 
available) . This single-chip microcomputer is useful for 
business equipment and other consumer applications. 
In addition to their simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 
The differences between the M37421 M6-XXXSP and the 
M37421 M6-XXXFP are the package outline and the power 
dissipation ability (absolute maximum ratings). 

FEATURES 
• Number of basic instructions .. ··· ..................... ·········69 

• Memory size ROM ·································12288 bytes 
RAM······················ ............... 320 bytes 

• Instruction execution time 
·····0.95.us (minimum instructions, at 4:2MHz frequency) 

• Single power supply·····································5V±10% 

• Power dissipation 
normal operation mode, at 4.2MHz frequency ···30mW 
low speed operation mode, 
at 32kHz frequency for clock function······· ...... 0.3mW 

• Subroutine nesting ·····························64 levels (Max.) 
• Interrupt .. ········································ 7 types, 5 vectors 
• 8-bit timer······················3 (2 when used as serial I/O) 
• Programmable I/O ports (Ports P2, P3, P6) ··············22 
• Input ports (Ports P52-P57 ) ·····································6 

• High-voltage output ports 
(Ports PO, P1, P4, P5Q , P51 ) ..•••..•..••...•...••••..•..••..• 26 

• Serial I/O (8-bit) .................................. ··········· .. ·· .. ··1 

• PWM function ··············································14-bitX1 
6-bitX2 

• Two clock generator circuits (One is for main clock, the 
other is for clock function) 

• Comparator·········· .................................................. 1 

• Generating function for clock input of EAROM 

APPLICATION 
Office automation equipment 

PIN CONFIGURATION (TOP VIEW) 

Vee 

I P65- 2 

P64 " 3 

1/0 port P6 P63/PWM3 - 4 

I P62/PWM2 - 5 

P6,/PWM1- 6 

P6o/T- 7 

1/0 port P2 

1/0 port P3 
P33/AN'N - 20 

P32/CNTR- 21 

P30 - 23 

1 
P53/INT,- 24 

Input port P5 P52/INT 2 _ 25 

Reset Input 

Clock Input 

Clock output 

CNVss 

~I:: f~~C~~~~r XC1N - 30 
Clock output for XCOUT - 31 

High-voltage 
output port P4 

High-vOltage 
output port PO 

High-voltage 
output port P1 

clock function V ss 32 Timing output 

Outline 64P4B 

ift~~~~~~~i~f[ffifff~ 
t t t t t t t t t t t t t t t t t t t t 
57565554535251504Cl-4847464444342414 

o 

VCR, Tuner, Audio-visual equipment M37421 M6-XXXFP 

o 0 

Outline 72P6 
NC : No connection 
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MITSUBISHI MICROCOMPUTERS 

M37421M6-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37421 M6-XXXSP 
Parameter Functions 

Number 01 basic Instructions 69 

Instruction execution time o. 9Sp8 (minimum Instructions. at 4. 2MHz frequency) 

Clock frequency 4. 2M Hz 

ROM 12288 bytes 
Memory sIZe 

RAM 320 bytes 

PO, PI, P4 Output 8·bltX3 (high-voltage P-channel open drain, Vcc-38V) 

P2. P3 I/O 8-bltX2 (P3 can partially be used as among serial I/O, clock Input 

for timer 3 and normal I/O,) 

Input/output ports PSo• P5, Output 2-bitXl (high-voltage P-channel open drain. Vcc-38V) 

P5 •• P5. Input 2-bltXl (can be used as an Input for either INT. or INT,,) 

P54-P5-, Input 4-bitXl 

P6 110 6-bltXl (can be used as T, output or PWM output) 

SenaillO 8-bltXl 

Timers 8-bIt IImerX3 (X2, when used as sellalllO) 

Subroutine nesting 64 levels (max) 

Interrupt 
Two external Interrupts, three Internal timer Interrupts 

(or timerX2, sellal I/OX1) 

Clock generatmg Circuit Two bUilt-in Circuits (externally connected ceramic or quartz crystal OSCillator) 

Supply voltage (Note) 2. 7-5. SV 

at high-speed operation 30mW (clock frequency X'N=4.2MHz) 

Power diSSipation at low-speed operation O. 3mW (clock frequency XC'N=32kHz) 

at stop mode SpW (when clock IS stopped) 

l2V (Input/output P2, P3, P52• Ps. except P3.) 

Input/O.lltput voltage Vcc-38V (PO. Pl. P4, p50. P5,) 

-0. 3V-Vcc+0. 3V (input/output P3, and P6) 

InpuUOutput characterlshC6 10mA (P2, P3 N-channel open drain) 

Output current 
-18mA (PO, PI high-voltage P-Channel open drain) 

-12mA (P4, P50, PS, high-voltage P-Channel open dram) 

O. 5--0. SmA (P6 CMOS til-states) 

Operating temperature range -10-70t 

Device structure CMOS SIlicon gate process 

M37421M6-XXXSP 64-pin shllnk plastiC molded DIP 
Package 

M37421M6-XXXFP 72-pln plastiC molded QFP 

Note: At !(X'N)=4. 2MHz and f(XCIN)=32kHz, selection of Internal clock (> is guaranteed the follOWing supply voltage 
!(X,N )=4. 2MHz «(> =2. lMHz) : Vee =4. 5-5. 5V 
f(XcIN)=32kHz «(> =16kHz) : Vee =27-5. 5V 
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MITSUBISHI MICROCOMPUTERS 

M37421M6-XXXSP/FP 
\ 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PIN DESCRIPTION 

Pin Name 
InpuV 

Output 
Functions 

Vee, Supply voltage Power supply Inputs 4.5-5. 5V at f(X,N) =4. 2MHz and 2.7-5. 5V below !(XCIN) =32kHz to Vcc, and OV to 

Vss Vss 

CNVss CNVss Thl's IS usually connected to V 58 

V p Pull-down supply Input Pull down supply for the pull-down resistor of ports PO, P1, P4, P50 and P5, 

RESET Reset Input Input To enter the reset state, the reset input pin must be kept at a "L" for more than 2J,ls (under normal Vee 

conditions) 

If more lime IS needed for the crystal OSCillator to stablloze, thiS "l" condition should be maintained for the 

required lime 

X ,N Clock Input Input This chip has an Internal clock generatmg CirCUit To control generating frequency, an external ceramic or a 

quartz crystal OSCillator IS connected between the X1N and XOUT pms If an external clock IS used, the clock 

XOUT Clock output Output source should be connected the X,N pin and the XcUT pin should be lell open 

'" 
Timing output Output ThiS is the timing output Pin F2MHz (when X,N=4MHz) 

XC1N Clock Input for clock Input ThiS IS the 1/0 pms of the clock generating CircUit for the clock function To control generating frequency, 

function an external ceramic or a quartz crystal OSCillator IS connected between the ><CIN and XCOUT pinS If an exter-

nal clock is used, the clock source should be connected to the XCI. pin and the XeDuT pin should be lell 

XCOUT Clock output for Output open This clock can be used as a program controlled the system clock 

clock function 

POD-P07 Output port PO Output Port PO IS an a-bit output port Output structure IS high-voltage P-channel open drain A pull-down resistor 

Is bUiltin between the Vp pin and thiS port At reset, thiS port IS set to a "l" level 

P1 0-P1 7 Output port P1 Output Port P1 Is an a-bit output port and has baSically the same functions as port PO 

P2D-P27 110 port P2 110 Port P2 IS an a-bit 110 port with directional registers allOWing each 110 bilto be indiVidually programmed as 

Input or output At reset, thiS port IS set to Input mode The output structure IS N-channel open drain 

P30-P37 110 port P3 110 Port P3 IS an 8-blt 1/0 port and has baSically the same functions as port P2 When senal 1/0 IS used, P37. 

pa", P3s, and P3, work as SRDY, ClK, SoUT, and S,N pinS, respeclovely P3g works as an analog Input for 

comparator. and P32 works as a clock Input for timer 3 

P40-P47 Output port P4 Output Port P4 IS an a-bot output port and has baSically the same functions as port PO 

P50 , P5, Output port P5 Output Bit 0 and 1 of pori P5 are 2-bll output port and has baSically the same functions as port PO 

P5211NT2, Input port P5 Input Bit 2 and 3 of port P5 are 2-botlnput pori and are In common With Interrupt Inputs 

P53 /1NT, 

P54-P57 Input Bit 4-7 of port P5 are 4-bltlnput pori 

P6D-P67 110 port P6 1/0 Port P6 is a 6-Dlt 110 port With directional registers allowmg each 1/0 bit to be individually programmed as 

Input or output The output structure IS CMOS til-state output P6o, P6" P6" P60 can be programmed to 

function as timer output pin (T) , PWM output PinS (PWM1, PWM2, and PWM3), respectively 
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MITSUBISHI MICROCOMPUTERS 

M37421M6-XXXSP/FP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 
The M37421 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the. 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used 
The STP instruction can be used. 

RAM 
(192 bytes) 

f 0000,. 

1 OOBF,. 

OOEO,. 

RAM I 0100,. 

(128 bytes) 017F,. 

ROM 

(12288 bytes) 

0000,. 

FFOO,. 

FFF4,. 

MEMORY 
° Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg
isters relating to functions such as liD ports and timers. 
° RAM 
RAM is used for data storage as well as a stack area. 

° ROM 
ROM is used for storing user programs as well as the inter
rupt vector area. 
° Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
° Zero Page 
Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 
° Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Not used 

SFR area 

Not used 

Zero page 

Special 
page for 
subroutine 
call 

Interrupt vector area 

FFFF,. 

Flg.l Memory map 

3-327 



OOEO,. 

OOE1,. 

OOE2,. 

OOE3,. 

OOE4,. 

OOE5,. 

OOE6,. 

OOE7,. 

ODES,. 

OOE9,. 

OOEA,. 

OOEB,. 

OOEC,. 

ODED,. 

OOEE,. 

OOEF,. 

Port PO 

Port P1 

Port P2 

Port P2 direcllonal register 

Port P3 

Port P3 directional register 

PortP4 

Port P5 

Port P6 

Port P6 directional register 

Fig. 2 SFR (Special Function Register) memory map 
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OOFO,. 

OOF1,. 

OOF2,. 

OOF3,. 

OOF4,. 

OOF5,. 

OOF6,. 

OOF7,. 

OOFS,. 

OOF9,. 

OOFA,. 

OOFB,. 

OOFC,. 

OOFD,. 

OOFE,. 

OOFF,. 

PWM1-H register 

PWM1-L register 

PWM2 register 

PWM3 register 

PWM output mode register 

Serial 110 mode register 

Senal 110 register 

Serial 110 register 2 

Timer 1 

Comparator register 

Timer 2 

Timer 3 

Interrupt control register 

Timer control register 



MITSUBISHI MICROCOMPUTERS 

M37421M6-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

INTERRUPT 
The M37421 M6-XXXSP can be interrupted from seven 
souces; INT1, timer 3, timer 2, timer 1/serial 1/0, or INT21 
BRK instruction. 
The value of bit 2 of the serial 1/0 mode register (address 
00F616) determine whether the interrupt is from timer 1 or 
from serial 1/0. When bit 2 is "0" the interrupt is from timer 
1, and when bit 2 is "1" the interrupt is from serial 1/0. Also, 
when the bit 2 is "1", parts of port P3 are used for serial II 
O. These interrupts are vectored and their priorities are 
shown in Table 1. Reset is included in this table since it 
has the same functions as the interrupts. 
When an interrupt is accepted, the contents of certain reg
isters are pushed into specified . locations, the interrupt dis
able flag I is set, the program jumps to the address speci
fied by the interrupt vector, and the interrupt request bit is 
cleared automatically. The reset interrupt is the highest 
priority interrupt and can never be inhibited. Except for the 
reset interrupt, all interrupt are inhibited when the interrupt 
disable flag I is set to "1". All of the other interrupts can 
further be controlled individually via the interrupt control 
register shown in Figure 3. An interrupt is accepted when 
the interrupt enable bit and the interrupt request bit are 
both "1" and the interrupt disable flag is·"O". 

The interrupt request bits are set when the following condi
tions occur: 

(1) When the level of pins INT1 and INT 2 change. 
(2) When the contents of timer 3, timer 2, timer 1 (or the 

serial 1/0 counter) go to "0" 
These request bits can be reset by the program but cannot 

be set by the progream. However, the interrupt enable bit 
can be set and reset by the program. 

Table 1. Interrupt vector address and priority 

Interrupt Priority Vector address 

RESET 1 FFFF,6, FFFE '6 

INT, 2 FFFD ,6• FFFC '6 

Timer 3 3 FFFB,6, FFFA'6 

Timer 2 4 FFF9,6, FFF8'6 

Timer 1 or senal 1/0 5 FFF7 ,6 , FFF6'6 
INT2 (BRK) 6 FFF5,6, FFF4'6 

Interrupt control register (Address OOFE,6) 
~~~~~~~~~ 

Fig.3 Interrupt control 

Bit 7 INT, pin interrupt request bit 

Bit 6: INT, pin interrupt enable bit 

Bit 5' Timer 2 interrupt request bit 

Bit 4: Timer 2 interrupt enable bit 

Bit 3 Timer 1 Interrupt or serial input/output interrupt 

request bit 

Bit 2 Timer 1 interrupt or senal input/output interrupt 

enable bit 

Bit liNT, pin Interrupt request bit 

Bit OINT, pin interrupt enable bit 

L,...L...-.l.......L._J......I._..L......I ...... Timer control register (Address OOFF,6) 

• MITSlBSHI 
"'ELECTRIC 

Bit 7 Timer 3 interrupt request bit 

Bit 6: Timer 3 interrupt enable bit 

Bit 5' Timer 2 count stop bit 

Bit 4 Timer 3 count source selecMn bit 

Bit 3 TImer 2 count source selectIon bit 

Bit 2 Timer 1 count source selection bit 

Bitl l 
Processor mode bits 

BltO 
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The change in level at which the INT pins generate a inter
rupt varies according to the content of bits 4 and 5 of the 
PWM output mode register (address 00F516). When these 
bits are "0", the interrupt request is generated when INT 
changes from high-level to low-level. When these bits are 
"1", the interrupt request is generated when INT changes 
from low-level to high-level. Bits 4 (PM4 ) and 5 (PM5 ) cor
respond to INTI and INT2 respectively. 
Since the BRK instruction and the INT2 interrupt have the 
same vectored address, the contents of the B flag must be 
checked to determine if the BRK instruction caused the in
terrupt or if INT2 generated the interrupt. 

TIMER 
The M37421 MS-XXXSP has three timers; timer 1, timer 2, 
and timer 3. Since P3 (in serial 1/0 mode) and timer 1 use 
some of the same architecture, they cannot be used at the 
same time (see serial 1/0 section). The count source for 
each timer can be selected by using bit 2, 3 and 4 of the 
timer control register (address 00FFI6), as shown in Figure 
5. 
A block diagram of timer 1 through 3 is shown in Figure 4. 
All of the timers are' down count timers and have 8-bit 
latchs. When a timer counter reaches "0", the contents of 
the reload latch are loaded into the timer at the next clock 
pulse. The division ratio of the timers is 11 (n+ 1), where n 
is the contents of the timer latch. 
The timer interrupt request bit is set to "1" at the next 
clock pulse after the timer reaches zero. The interrupt and 
timer control registers are located at addresses 00FE16 and 
00FF16, respectively (see Interrupt section). The startingl 

stopping of timer 2 can be controlled by bit 5 of the timer 
control register. If bit 5 (address 00FF16) is "0", the timer 
starts counting and when bit 5 is "1", the timer stops. The 
count source of timer 3 can be controlled by bit 4 of the 
timer control register. If bit 4 (address 00FF1S) is "1", the 
timer counts from the P32/CNTR pin. 
When the STP instruction is executed, or after reset, the 
timer 2 and timer 3 latch are set to FF16 and 0716, re,spec
tivery. 
After a STP instruction is executed, timer 2, timer 3, and the 
clock (Ill divided by 4) are connected in series (regardless 
of the status of bit 2 through 4 of the timer control register). 
This state is canceled if the timer 3 interrupt request bit is 
set to "1", or if,the system is reset. Before the STP instruc
tion is executed, bit 5 of the timer control register (timer 2 
count stop bit) and bit 4 of the interrupt control register 
(timer 2 interrupt enable bit) must be set to "0". For more 
details on the STP instruction, refer to the oscillation circuit 
section. 
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LL 
Timer control register (Address OOFF,.) 

Processor mode bits 
00 : Single-chip mode 
01 : 

, 10: }notused 
11 : 

Timer 1 count source selection bit 
a : 118 timing ¢ 

1 : Timer 3 overflow Signal 

Timer 2 count source selection bit 
a : 118 timing ¢ 
1 : Clock for'the clock funcllon(xcIN ) 

Timer 3 count source selection bit 
a : Timer 2 overflow signal 
1 : Clock Input for timer (CNTR) 

Timer 2 count stop bit 
a : Cou nt start 
1 : Count stop 

Timer 3 interrupt enable bit 
a : Interrupt disable 
1 : Interrupt enable 

Timer 3 Interrupt request bit 
a : No Interrupt request 
1 : Interrupt request 

Flg.4 Structure of timer control register 



Internal clock 

(Normally 1/2X,N ) 

P3,/CNTR 

P60 latch 

P60/T 

SM, SM, 

P35 

SM, 

SM, 

P3 7 

SM" SMo 

00, 01 : External clock 

10: 1/2 timer 1,11: 1/8 ¢ 
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Data bus 

Reset 

STP instruction 

FF,. 

t-~-t-j 1-----;;. to timer 2 Interrupt request bit 

07,. 

1-----_ to timer 3 Interrupt request bit 

to timer 1 or serial I/O Interrupt 
request bit 

Serial Input/output 1-----1 
counter (3) 

MSB 

TM : Timer control register (Address OOFF,,) 

SM : Serial I/O mode register (Address 00F6,,) 

PM : PWM output mode register (Address OOFS,.) 

~ Selection gate: Connected to black 

T colored SIde at reset 

Fig.5 Block diagram of timer 1, timer 2, timer 3 
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SERIAL 110 
A block diagram of the serial 110 is shown In Figure 6. 
In the serial I/O m'ode the receive ready signal (SRDY), syn
chronous input loutput clock (elK), and the serial 110 pins 
(SOUT, S,N) are used as P37, P36, P35, and P34, respectively. 
The serial 1/0 mode register (address 00F616 ) is 8-bit reg
ister. Bits 1 and 0 of this register is used to select a syn
chronous clock source. 
When these bits are (00) or (01) , an external clock from 
PSs is selected. When these bits are (10), the overflow sig
nal from timer 1, divided by two, becomes the synchronous 
clock. Therefore, changing the timer period will change the 
transfer speed. When the bits are (11), timing ¢> divided by 
4, becomes the clock. 

Timing Divider 

Bit 2 and 3 decide whether parts of P3 will be used as a 
serial 1/0 or not. When bit 2 is a "1", P36 becomes an 1/0 
pin of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from PSs. If an exter
nal synchronous clock is selected, the clock is input to P36 

and P35 will be a serial output and P34 will be a serial in
put. To use P34 as a serial input, set the directional register 
bit which corresponds to P34 to "0". For more information on 
the directional register, refer to the 1/0 pin section. 
To use the serial 1/0, bit 2 needs to be set to "1", if it is "0" 
P36 will function as a normal 1/0. Interrupts will be gener
ated from the serial 1/0 counter instead of timer. 1. Bit 3 
determines if P37 is used as an output pin for the receive 
data ready signal (bit 3= 1, SRDY) or used as normal 1/0 pin 

P3, 
from 1/8 tlmmg '" 
ortimer3 

DiVider 

Senal 1/0 counter (3) H4--...:j 

P3. 
Transmission clock 

SoUT 
P3. 

S,N 
}-=---+--I-hl--l--~ MSB Serial 1/0 registe.' (8) LSB 1----1------1 

~(A~d~d~re-s-s~0~0=F7~,~.~~~~-----J 
Serial 1/0 register 2 

Fig.6 Block diagram of serial 1/0 

Data bus 

Serial 1/0 mode register (Address 00F6,.) 
lower 4 bits 

Sync clock selection bit 
00 : 
01 : I External clock 

10: 1/2 timer 1 frequency 

11 : 1/8 timing if> 

Serial 110 port selection bit (P3" P3.) 
o : Parallel port \ 

1 : Senal mput/output port 

'------- 8RDy signal output selection bit (P3,) 

o : Parallel port 

1 : SRDY signal output pm 
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(bit 3= 0). The serial liD function is discussed below. The 
function of the serial liD differs depending on the clock 
source; external clock or internal clock. 

Internal clock-The SRDY signal becomes "H" during trans
mission or while dummy data is stored in the serial liD reg
ister (address 00F716). After the falling edge of the write 

signal, the SRDY signal becomes low signaling that the 
M37421 M6-XXXSP is ready to receive the external serial 
data. When "H" level is input to elK pin and the dummy 
data is written to serial liD register 2, the output of SOUT 

becomes "H" beforelafter the data transmission. The SRDY 
signal goes "H" at the next falling edge of the transfer 

clock. The serial 110 counter is set to 7 when data is stored 
in the serial liD register. At each falling edge of the trans
fer clock, serial data is output to P3s. During the rising 

Sync clock 

Transmission clock 

Serial liD register 

Write signal 

Senal liD output 

output SOUT 

edge of this clock, data can be input from P34 and the data 
in the serial liD register will be shifted 1 bit. 
Data is output starting with the lSB. After the transfer clock 

has counted 8 times, the serial liD register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrupt request bit will be set. 
External clock -If an external clock is used, the interrupt 

request will' be sent after the transfer clock has counted 8 
times but transfer clock will not stop. 
Due to this reason, the external clock must be controlled 
from the outside. The external clock should not exceed 
250kHz at a duty, cycle of 50%. The timing diagram is 

shown in Figure 7. An example of communication between 
two M37421 M6-XXXSPs is shown in Figure 8. 

Serial liD Input 

Input S'N ------~-~~-----
Receivable signal 

SROY 

Fig.7 Serial 1/0 timing 

Sending side 

Senal liD mode register 

8it3 8itO 

I 0 I 1 I 1 I 0 I 

The direction register for pin P3, 

should be set to ,nput mode. 

Fig.8 Example of serial liD connection 

U 

P3, 

P36 

P35 

-
SRDY 

Sync clock 

Senal data 

• MITSlBSHI 
..... ELECTRIC 

P3, 

P36 

P3, 

I 
I 

t 
Interrupt request bit set 

Receiving s,de 

Serial liD mode register 

8it3 8itO 

I 1 I 1 I 0 I X I 

The direction register for pin P3, 

should be set to Input mode 
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PWM OUTPUT CIRCUIT 
(1) Introduction 

The M37421 M6-XXXSP is equipped with one 14-bit 
PWM and two 6-bit PWMs. The 14-bit resolution gives 
PWM1 the minimum resolution bit width of 500ns (for 

X1N =4MHz) and a repeat period of 8192.us. PWM2 and 
PWM3 have the same circuit configuration. PWM2 and 
PWM3 have a 6-bit resolution with minimum resolution 

bit width of 16.us and repeat period of 1024.us. The 
accuracy and operation guarantee range is Vcc = 4.5 
-5.5V regardless of the input frequency. 
Block diagram of the PWM is shown in Figure 9. 
The PWM timing generator section applies individual 
control signals to PWM 1-3, using clock input X1N di
vided by 2 as a reference signal. 

(2) Data setting 

The output pins PWM1, PWM2 and PWM3 are in com
mon with pins P61 , P62 and P63 of port P6 (i.e. for PWM 

output, PM1-PM3 of the PWM control register and the 
P6 directional register D61 - D63 should be set). When 
PWM1 is used for output, first set the higher 8-bit of 
the PWM1-H register (address 00F016 ), then the lower 
6-bit of the PWM1-L register (address 00F1 16). When 
either PWM2 or PWM3 is used for output, set the 6-bit 
in the PWM2 (address 00F216 ) or PWM3 (address 
00F31!l) register, respectively. Note that the higher 2 
bits of these 8-bit registers are ignored when used 6-
bit register. 

(3) Transferring data from registers to latches 

The data written to the PWM registers is transferred to 
the PWM latches at the repetition of the PWM period. 
The signals output to the PWM pins correspond to the 
contents of these latches. When data at addresses 

00F016 - 00F316 is read, data in these latches has 
already been read allowing the data output by the 

PWM to be confirmed. When the 6-bit latch is being 
read, the upper 2 bits of the register becomes unde
fined. However, bit 7 of the PWM1-L register indicated 
the completion of the data transfer from the PWM1 reg
ister to the PWM1 latch. If bit 7 is "0", the transfer has 

been completed, if bit 7 is "1", the transfer has not yet 
begun. 

(4) Operation of the 6-bi! PWMs 

The timing diagram of the two 6-bit PWMs (PWM2 and 
PWM3) is shown in Figure 10. One period (T) is com
posed of 64 (26 ) segments. 
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There are six different pulse types configured from bits 
0- 5 representing the significance of each bit. These 
are outP.ut within one period in the circuit internal sec

tion. Refer to Figure 1 O( a). 
Six different pulses can be output from the PWM. 
These can be selected by bits 0 through 5. Depending 
on the content of the 6-bit PWM latch, pulses from 5-0 
is selected. The PWM output is the difference of the 

sum of each of these pulses. Several examples are 
shown in Figure 10(b). Changes in the contents of the 
PWM latch allows the selection of 64 lengths of high
level area outputs varying from 0/64 to 63/64. An 
length of entirely high-level output cannot be output, 

i.e. 64/64. 
(5) 14~bit PWM operation 

The timing diagram of the 14-bit PWM1 is shown in Fi
gure 11. The 14-bit PWM divides the data within the 

PWM latch into the lower 6 bits and higher 8 bits. 
A high-level area within a length N times r is output ev
ery short area of t= 256X r = 128.us as determined by 

data N of the higher 8 bits. (Refer to PWM output CV in 

the lower part of Figure 11.) 
Thus, the time for the high-level area is equal to the 
time set by the lower 8 bits or that plus r . As a result, 
the short-area period t (= 128.us, approx. 7.8kHz) be

comes an approximately repetitive period. 
(6) Output after reset 

At reset the output of port P6 is in the high impedance 
state and the contents of the PWM register and latch 
are undefined. Note that after setting the PWM regis

ter, its data is transferred to the latch. 

Table 2. Relation between the 6 lower-order bits 
of data and the space set by the ADD bit 

6 lower-order brts of data Area longer by " than that of other tm (m - 0 -63) 

oooooL58 Nothing 

000001 m=32 

000010 m=16,48 

000100 m- 8,24,40,56 

001000 m- 4 ,12,20,28, 36,44,52,60 

o 1 o 0 0 0 m - 2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 

1 o 0 0 0 0 m-l,3,5,7," 57,59,61,63 



X,N 

(4MHz) 

register 

6 

data bus 
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PWM1-L (Address OOF1,,) 

14 

PWM1 
14-bll PWM circuil 

(81921's period) 

(10241' 5 period) 

PWM2 

6-bll PWM ci rCUlI 6-bil PWM CirCUit 

PWM3 
register (Address OOF3,6) 

~ Seleclion gate connecled 10 black 
colored side when 

~___ reset 
rPaSSgale 

J 
~PWMl 

1 

J 
~PWM2 

1 
PWM3 

PM: PWM output mode register (Address OOFS,6) 

D6 : Port P6 directional reglsler (Address OOEF,,) 

P6 : Port P6 register (Address 00EE,6) 

Fig.9 Bloock diagram of the PWM circuit 
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Bit5 

Bit4 

Bit3 

Bit 2 

Bin 1 

BitO 

Contents 
'of the latch 

When 0016 

When 01'6 

When 18'6 
(24) 

When 28'6 
(40) 

When 3B'6 
(59) 

When 3F'6 
(63) 
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012345678 12 16 20 24 28 32 36 40 44 48 52 56 

-+-__ ---J 

(al Pulses showing the weight of each bit 

~---------------------------------------------~---------------------------------------------------------------------------+ 

T = 64t 

When output is lower 6 bits of PWMl t = 1281's 

When output is PWM2 and PWM3 t = 161'5 

When f(X ,N )=4MHz 

T= 81921'5 

T = 10241'5 

(bl Example of 6-bit PWM output 

Fig.l0 6-bit PWM timing diagram 
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PWM1-H 
register 

PWM1-L 
register 

PWMI latch 
(14 bit) 

Data In address 00FO'6 IS II 6A" Data In address OOFO" IS II 76'6 

59'6 I" 6A'6 I- 78 IEl 

Data In address OOFO" IS II 24" ____ 61t 7 reset after transfer Data IS address 00F1'6 IS II 35,6 

13" A4'6 ..... j/ 2~16 ~I 35'6 

1 Register to latch tranfer 65"./' jReglster to latch tranfer 

11653,,1 -IIIA93,6 ~ IAA4" [IAA4'6l lEE4'6 Ii 1EF5'6 1 
L When bit 7 of PWM1-L IS "0" register 

T = 8192" s J to latch transfer will not occur 
(64XI28!ls: 

t = 1281's 

(Example 1 ) 6A 66 6A 66 66 6A 66 6A 66 6A 66 6A 

PWMI output 

CD 
lower 6 bits 

output 

(When H 6A'6, 
L 24,6) 

(Example 2) 

PWMI output 

lower 6 bits 
output 

(When H 6A", 
L 18,6) 

It resolution width 

PWMloutput t56 
<£) ADD 

8-blt counter I 02 I 01 I 00 

j 
-level of the ADD High/low 

section IS 

the data c 
determined by 
ontalned In 

the lower 6 bit 

e-----" (255XO,5"s) - ----
r =0.5.us 

I 
6A I 59 I 68 I 57 I - I 02 I 01 I 

I I I I I I 

1 ADD 

FF I FE I FD I FC I - I 97 I 95 I 95 I - I 02 I 01 I 00 

j 
High-level area output, the length 

of which IS specified PWM-H 

255 r (128" s) standard 

Fig.ll 14-bit PWM timing diagram 
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5A : 59 : 58 : 57 : - : 02 : oil 

FF I FE I FD I FC I - I 97 I 95 ' 95 I -
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'---

'-------

PWM output mode register 
(Address OOFS,,) 

PWM1, PWM2, PWM3 count source 
selection bit 

0: Supply 
1: Stop 

P6, /PWM, output selection bit 
o : Parallel port 
1 : PWM, output 

P6,/PWM, output selection bit 
o : Parallel port 
1 : PWM, output 

P63/PWM3 output selection bit 
o : Parallel port 
1 : PWM 3 output 

INT, input reverse bit 
0: INT (leading-edge Interrupt 

request) 

1 : INT (trailing-edge interrupt 
request) 

I NT, input reverse bit 
o : INT (leading-edge interrupt 

request) 
1 : INT (trailing-edge Interrupt 

request) 

P60IT 1 output selection decision bit 
(reading only) 

o : Parallel port 

1 : Output is 1/2 that of timer 1 

Fig.12 Structure of PWM output mode register 
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I I I I I I I I I Senal 1/0 mode register 

(Address OOF6,6 ) U l Sync clock selection bit 
00/01 : External clock 
10 : 1/2 timer 1 

-

11 : 1/8 Internal clock ¢ 

1/16 of the X,N oscillation frequency 
during normal operation 
1116 of the XCIN oscillation frequency 
dUring low speed operation 

Serial 1/0 port selection bit (P34 , P35 ) 

o : Parallel port 
1 : Serial 1/0 port 

SRDY signal output selectIOn bit (P3,) 
o : Parallel port 

1 : SRDY signal output pm 

P60/T output selection bit 
o : Parallel port 
1 : Output IS 1/2 timer 1 

P60 /T output function selectIOn bit 
0: Sync mode 
(EAROM clock Input signal generation) 

1 : Asynchronous mode 

Clock (X,N-XOUT) stop bit 
o : Oscillate 
1 : Stop 

Internal system clock generation selection 

0: X,N-XOUT selection (normal mode) 

1 : XCIN-XCOUT selection 
(low-speed mode) 

Fig.13 Structure of serial 1/0 mode register 



PORT P60fTIMER 1 OUTPUT 
Bit 0 of port P6 outputs 112 the frequency of timer 1 when 

00F6'6 bit 4 of the serial 1/0 mode register (address 
00F6'6) is changed. The output switching can be accom
plished with either of two procedures, synchronous mode or 
asynchronous mode, depending on the setting of bit 5 
(SMs) of the serial flo mode register. 

When SMs is set to "0" the synchronous mode is set. In 
such a case, after SM. has been changed, synchronization 
is set to the 112 frequency of timer 1 and switching be
tween the port latch and timer takes place. It is possible to 

ascertain whether switching actually occurred by reading 
the value of bit 6 (PM6) of the PWM output mode register. 

if> 

R/W L.J 
I 

SM, I 
I 
I 

MITSUBISHI MICROCOMPUTERS 
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From the time that the contents of SM. was changed to the 
point where switching completes, the contents of neither 

SM. nor P60 may be changed. Use of the synchronous 
mode prevents the generation of a pulse shorter than the 
timer output during swiching. Figure 14 (a) gives an exam
ple of timing in the synchronous mode. Use of the synchro
nous mode allows generation of an EAROM clock input sig
nal through the use of a simple program. 

When SMs is set to "1", the asynchronous mode is set. In 
this case, the output switching occurs directly after SM, has 
been changed. Figure 14 (b) gives an example of timing in 
the asynchronous mode. 

T1 rn 
I ~----------------~~~---------

1/2 of T1 

PM6 

Latch output 

P60 latch 

P60/T output 

SM, 

1/2 of T1 

PM6 

Latch output I 

>\< 
P60 latch I 

I 
I 
I 

P60/T output .... 1 ___ --' 

I 
I 
I 

: (Note 1) 

I 
I 

+- Timer output 

I 

(al Synchronous mode (SM5=OI 

Timer output 

(b) Asynchronous mode (SM5=1) 

Note 1 Output sWitching occurs at the trailing edge of timer 1 divided signal when 

the value of the P60 latch IS "a" and at the leading edge of timer 1 divided 

signal when the value of the P60 latch IS "1" 

Fig.14 P60 /T switching timing diagram 
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COMPARATOR CIRCUIT 
The comparator circuit is shown in Figure 15. The compara
tor circuit consists of the switch tree, ladder resistor, com

parator, comparator control circuit, comparator register 
(address OOFB,s), and analog signal input pin (P33/AN,N ). 

The analog input pin is common with the digital input/out

put terminal to the data bus. 

Table 3. Relationship between the contents of 
comparator register and internal voltage 

Comparator register 
Internal analog voltage 

The 5-bit comparator register can generate 1/16V cc-step 
internal analog voltage, based on the settings of bits 0 to 3. 
Table 3 gives the relation between the descriptions of com
parator register bits 0 to 3 and the generated internal ano
log voltage. The comparator result of the analog input vol
tage and the internal analog voltage is stored in the compa
rator register, bit 4. 
The data is compared by setting the directional register 
corresponding to board P33 to "0" (board P33 enters the in
put mode), to allow board P33/AN 'N to be used as the ana
log input pin. The digital value corresponding to the internal 
analog voltage to be compared is then written in the com
parision register (address OOFB,s), bits 0 to 3. The voltage 
comparision starts as soon as the writing is completed. 4-
cycle (required for comparating) later, the result of com
parision is stored in the comparator register, bit 4. Bit 4 is 
"1" when analog input voltage> internal analog voltage 

and "0" when analog input voltage < internal analog vol
tage. 
When voltage is compared to by setting bits 0 to 3 of the 
comparator register "0", bit 4 of the comparator register be
comes "1" regardless of the analog input voltage. 

Data bus 

(Address ODES,,) 

P33 

I nternal analog voltage 

Vss 

Fig.15 Comparator Circuit 

bit3 bit 2 

0 
0 
0 

0 
0 

0 

0 
1 

1 

1 
1 

1 
1 
1 

1 

0 
0 

0 
1 

1 
1 

1 
0 

0 
0 

0 
1 

1 
1 
1 

Output of 
comparator 
result 
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bit 1 bit 0 

0 1 
1 0 

1 1 

0 0 

0 1 

1 0 

1 1 
0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

4 

Comparator register 
(Address OOFS,.) 

Vee 

1/16Vcc-1I32Vcc 
2/16Vcc-1/32Vcc 
3/16Vcc-1/32Vcc 
4/16Vcc -1/32Vcc 
5/16Vcc-1/32Vcc 
6/16V cc -1I32V cc 
7/16Vcc-1/32Vcc 
8/16Vcc-1/32Vcc 
9/16Vcc-1/32Vcc 
10/16Vcc-1/32Vcc 
11 /16Vcc-1 /32Vcc 
12/16Vcc -1/32Vcc 
13/16Vcc-1/32Vcc 
14/16Vcc-1/32Vcc 
15/16Vcc-1/32Vcc 



MITSUBISHI MICROCOMPUTERS 

M37421M6-XXXSP/FP 

, SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

RESET CIRCUIT 
For the reset sequence of the M37421 M6-XXXSP, one of 

the two modes can be selected by mask option: the normal 
operation start mode which executes reset by normal op
eration (f (XIN ) = 4.2MHz) and the low-speed operation 
start mode which executes reset by ION-Speed operation (f()(cIN) 
= 32 kHz). 
In the normal operation start mode, the supply voltage is 
4.5-5.5 V and when the RESET pin is held at "L" for 2 I'S 
or more and returned to "H", reset is cleared according to 
the sequence shown in Figure 18. Both XIN clock and XCIN 
clock start OSCillating. To generate the time of waiting for 
stabili~ation of XIN clock oscillation, timer 2 and timer 3 are 
connected anct the resulting signal divided by 16 is counted 
2048 times to clear the internal reset state. Then, the prog
ram starts from the address with the contents of address 
FFFF16 being the higher address and the contents of 

address FFFE16 being the lower address. 
In the low-speed operation start mode, the supply voltage 
is 2.7 - 5.5 V and when the RESET pin is held at "L" for 

address 

(1) Port PO reglst~r (PO) (EO,.) 
I 00,. 

(2) Port Pl register (Pl) (E2,.) 
I 00,. 

(3) Port P2 directional register (02) (E5,.) 
I 00,. 

(4) Port P3 directional register (03) (E9,.) I. 00,. 

(5) Port P4 register (P4) (EA,.) 
I 00,. 

I 

I 

I 

I 

I 

(6) Port P5 register (P5) (EC,.) 
1 I I I I I 10 10 1 

(7) Port P6 directional register (06) (EF,.) 
I 00,. 

1 

(8) PWM output mode register (PM) (E5,.) 
I 101010101010101 

(9) Senal 1/0 mode register (SM) (E6,.) 10101010101010101 
normal operation start mode 

11111010101010101 
low-speed operabon start mode 

(10) Comparator register (CR) (FB,.) 
1 1 1 10 10 10 10 1 

(11) Timer 2 (T2) (FC,.) FF,. 
I 

(12) Timer 3 (T3) (FO,.) 07,. I 

03) Interrupt control register (1M) (FE,.) 00,. I 

(14) Timer control register (TM) (FF,.) 00,. I 

(1~ Processor status register (PS) 
I I 

(only the interrupt disable flag 
I I 111 I 1 

is set) 

(16) Program counter (PCH ) Icontents of address FFFF1G1 

(PCl ) Icontents of address FFFF1G1 

Since the contens of both registers other than those listed above 
(including timer 1 and the serial 1/0 registers) and the R'AM are unde-
fined at reset, it IS necessary to set intial values 

Fig. 16 Internal state of microcomputer at reset 

21' s or more and returned to "H", reset is cleared accord
ing to the sequence shown in Figure 19. At this time, XIN 
clock does not start oscillating. To generate the time of 

waiting for stabilization of XcIN clock oscillation, timer 2 and 
timer 3 are connected and XcIN is counted 2048 times to 
clear the internal reset state. Then, the program starts from 
the address with the contents of address FFFF16 being the 
higher address and the contents of address FFFE16 being 
the lower address. If XCIN clock is stable, the wait time is 
about 62.5ms (f(XcIN ) = 32.768 kHz). However, im
mediately after power-on, the time required to start oscilla
tion depends on the characteristic of the oscillator. 
The internal initializations following reset are shown in Fi
gure 16. An example of the reset circuit is shown in Figure 
17. The reset input voltage must be kept below 0.6V until 
the supply voltage surpasses 4.5V at the normal operation 
start mode, and below 0.5V until the supply voltage surpas
ses 2.7V at the low-speed operation start mode. When 

selecting the '" output to stop, the output of '" pin becomes 
"H" level from "L" level at internal reset clear. 

Power on 
M37421 M6-XXXSP 

RESET Vee Ov 

OV--..... - (Note 2) 

Note 1: Reset voltage 
normal operation start mode Vee = 45V 
low-speed operation start mode Vee = 2 7V 

2: Reset Input voltage 
normal operation start mode a 6V 
low-speed operation start mode 0 5V 

M37421 M6-XXXSP 

RESET Vee 
"2:';7;:::::.:...---:.rl~ Supply voltage 

r- -----~ detection circuit 
I I 
I I 
I I 
I I 

L.._-+--4 I 
I 
I 
I 

I I 
I I 
L ________ J 

Fig.17 Example of reset circuit 
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SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Vee ~: ~~ ~ - - - - - - - - - - - - - - - - - -1- ---------------------
I'p I 

XOUT il 'k1TI\-) -1---
(4MHZ)--r I~"' ______ + _________________ ~ 

Time unlll oscillation starts Wait time for oscillation stability 
XCOUT 

(32kHz) -.;.------------------I--------______ -{ 

Internal 
reset 

System 
clock 

address 

data 

SYNC 

Time until OSCillation starts 

Fig.IS Reset ~equence at normal operation start mode 

:::~Juil b- ----- ----- -- --±- -. 
j7 O~""'~'''' 

XCOUT 

(32kHz) 

Internal 
reset 

System 
clock 

Address 

Data 

SYNC 

Time until oscillation starts Walt time for OSCillation stabii~y 

-+---------IV 

Flg.19 Reset sequence at low-speed operation start mode 
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MITSUBISHI MICROCOMPUTERS 

M37421M6·XXXSP/FP 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

I/O PORTS 
(1) Port PO 

Port PO is an 8-bit output port with high-breakdown vol
tage P-channel open drain outputs featuring a break
down voltage of Vcc-38V. Each pin contains a pull

down resistor making Vp a negative power source. As 
shown in the memory map in Figure 1, port PO is used 
on the zero page at address 00EO'6 in memory. 

(2) Port P1 

Port P1 has the same functions as port PO. 
(3) Port P2 

Port P2 is an 8-bit I/O port with N-channel open drain 
outputs. As shown in Figure 1, port P2 is used at 

address 00E4'6 in the memory. 
Port P2 has a data direction register (address 00E5'6 
on zero page) and programming can be undertaken for 

an individual bit to use the port for input or output. The 
pins where the data direction register is programmed 
to "1" are for output and those where the register is 
programmed to "0" are for input. 
The data written into the pin programmed as an output 
pin are written into the port latch and supplied directly 
to the output pin. When reading the data from a pin 
programmed as an output pin, it is not the output pin 
contents which are read but the port latch contents. 
Consequently, since an LED or other similar part is 
driven directly, the value output previously can be read 
correctly even if the low-level output voltage goes high. 
The pin programmed as an input pin remains floating, 
so external signals can be read. When data is written, 
it is written into the port latch only and the pin remains 
floating. 

(4) Port P3 

Apart from the fact that part of the pins are also used 
as serial input/output pins, analog input pin and timer 3 
clock input pin, its functions are the same as those of 
port P2. 

(5) Port P4 

Port P4 has the same functions as port PO. 

(6) Port P5 

Bits 0 and 1 of port P5 have the same functions as port 
P4. 

Bits 2 and 3 are exclusively used as inputs for mutual 
use as interrupt inputs. These pins feature hysteresis 
characteristics. These pins can also be used for fetch
ing inputs even when being used as interrupt inputs. 
The interrupt request bits (bit 7 and 1 of address 
00FE'6 = INT, and INT2, respectively) are set to "1" 
when the inputs of ports P53 (INT,) and P52 (INT2 ) 

change. Depending on the contents of bits 4 and 5 of 
the PWM output mode register PM (address 00F5'6), 
either a raising-edge interrupt or a falling-edge inter
rupt may be selected as the interrupt source. (Refer to 
Figure 12.) 
Since interrupt input and normal input ports are used 
together in the M37421 M6-XXXSP, unwanted noise 
may mistakenly cause interrupts. This problem can be 
overcome by programming. 
When changing either bit 4 (PM4 ) or bit 5 (PMs) of the 
PWM output mode register, it is necessary for the in
terrupt request enable bit (either bit 6 or 0 of address 

00FE'6) to be set to the interrupt disable condition 
("0"). If this is not done, an interrupt will be generated 

when either PM. or PMs is changed. 
Bits 4 through 7 of port P5 is a 4-bit input port. 

(7) Port P6 

Port P6 is a 6-bit I/O port having the same functions as 
Port P2. The output is CMOS three-state. Bit 0 is used 
in common with the timer output. Bits 1 - 3 are used in 
common with PWMs 1-3. 
A block diagram of ports PO through P6 are shown in 
Figure 19. 

(8) Clock r/> output pin 
The clock frequency, divided by two, is output (X,N ). 
However, in the low-speed mode 1/2 the clock fre

quency for timer (XCIN ) is output. RESET OUT signal can 
be output by option. 

• MITSUBISHI 
"'ELECTRIC 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

HIgh voltage P-channel open drain 

(wIth pull-down resIstors) Data bus ----_-f--p-o-rt-l-at-c-h-.....,I---...,...----1~r 

r "-----<<}t------' 
Ports PO, P1, P4, PSo, PS, 

r-------, 
I -L I 
I I 
I I 

I T I 
I I 
L _____ .J DIrectIonal regIster 

Data bUS--1>----{=!P~or~t~la~t~ch~=l_-t_lr-:::J~; 

DirectIonal regIster 

Data bus -t---L __ ~P~or~t~la~tc~h:..-_J 

Data bus -----< 

INT --~--(J<" 

Input 

Databus~ 
Ports PS. - P5, 

Only P33 has analog Input 

N-ch open drain output 

Ports P2, P3 

Note P3 may also be used as a serial 

input/output pin 

CMOS Tn-state output 

Port 6 

Bits 0-3 may also be used as tImer 
outputs and PWM output pins 

Schmitt input 

Ports PS" PS3 

* HIgh voltage P-channel transIstor 

Block diagram of port PO-P6 (single-chip mode) and output format of '" 

- • MITSUBISH 
.... ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37421M6-XXXSP/FP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

CLOCK GENERATING CIRCUIT 
The M37421 M6-XXXSP has two internal clock generating 
circuits. Figure 23 shows a block diagram of the clock 

generating circuits. The internal '" after reset can be 
selected by option, the normal operation start mode and the 
low-speed operation start mode. 
The frequency applied to the XIN pin divided by two is used 
as the internal clock at the normal operation start mode. 
The frequency applied to the XCIN pin divided by two is 
used as the internal clock at low-speed operation moGie. 
Both XIN and XCIN clocks start oscillation after reset at nor
mal operation start mode. Bit 7 of serial 1/0 mode register 
(SM7 ) can be used to switch the internal clock '" to 1/2 the 
frequency applied to the XCIN pin. When using XCIN clock 
pin is connected to Vss and leave the XOUT pin open. 
Only XCIN clock starts oscillation after reset at low-speed 
operation start mode and starts by low-speed operation. Bit 
6 of the serial 1/0 mode register (SM6 ) must be set to "0" 
then bit 7 (SM·7 ) must be set to "0" to switch '" to the nor
mal operation mode. However, the wait time until the 
oscillation stabilizes must be generated with a program at 
this case. 
Figure 21 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the XIN (XCIN ) pin and leave the XOUT 
(XCOUT) pin open. A circuit example is shown in Figure 22. 
The M37421 M6-XXXSP has two low power dissipation mod
es; stop and wait. The microcomputer enters a stop mode 
when the STP instruction is executed. The oscillator (both 
XIN clock and XcIN clock) stops with the internal clock '" 
held at "H" level. In this case timer 2 and timer 3 are forc
ibly connected and ",/4 is selected as timer 2 input. When 
restarting oscillation, FF16 is automatically set in timer 2 and 
0716 in timer 3 in order to enable the oscillator to stabilize. 
Before executing the STP instruction, the timer 2 count stop 
bit must be set to supply ("0"), timer 2 interrupt enable bit 
and timer 3 interrupt enable bit must be set to disable ("0"), 
and timer 3 interrupt 'request bit must be set to no request 
("0"). 

Oscillation is restarted (release the stop mode) when INT1 , 

INT 2, or serial 1/0 interrupt is received. The interrupt en
able bit of the interrupt used to release the stop mode must 
be set to "1". When restarting oscillation with an interrupt, 
the internal clock '" is held "H" until timer 3 overflows and 
is not supplied to the CPU. When oscillation is restarted by 
reset, "L" level must be kept to the RESET pin until the 
oscillation stabilizes because no wait time is generated. 
The microcomputer enters a wait mode when the WIT in
struction is executed. The internal clock '" stops at "H" 
level, but the oscillator does not stop. '" is re-supplied (wait 
mode release) when the microcomputer is reset or when it 
recieves an interrupt. 

Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in
terrupt used to reset the wait mode must be set to "1" be
fore executing the WIT instruction. 
Low power dissipation operation is also achieved when the 
XIN clock is stopped and the internal clock '" is generated 
from the XCIN clock (200t'A or less at f(XcIN )=32kHz). XIN 
clock oscillation is stopped when the bit 6 of serial 1/0 

mode register (address 00F616 ) is set and restarted when 
it is cleared. However, the wait time until the oscillation sta
bilizes must be generated with a program when restarting. 
An "L" level must be kept to the RESET pin unit the oscilla
tion stabilizes when resetting while the XIN clock is stop
ped. Figl,lre 24 shows the transition of states for the system 
clock. 

Flg.21 

Flg.22 

M37421 M6-XXXSP 

Example ceramic resonator circuit 

M37421 M6-XXXSP 

X1N XCOUT XC1N XCOUT 

128 Open 29 30 f Open 31 
External OSCillating External OSCillating cirCUit 

cirCUit or external pulse 

Vee n n n nr 
Vss .J U U U U 

v cc --, r---1 
Vss L.....J L-. 

Example clock input circuit 
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XC1N 

Q 

XCOUT 

X,N XOUT 

Internal system 
clock source 

selection SM, 

S~------~--------~S Q 

R STP WIT R 
Instruction instruction 

fig.23 Block diagram of clock denerating circuit 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

R 

Timing 1> 
(,nternal clock) 

Reset 

STP instruction 

INT, interrupt enable 

INT, Interrupt request 

Timer 3 interrupt enable 

Timer3 interrupt request 

Timer 2 interrupt enable 

Timer 2 Interrupt request 

Timer 1 Interrupt enable 

Timer 1 interrupt request 
(or se"aII/O) 
INT, Interrupt enable 

I NT, I nterrupt request 
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M37421M6-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Normal operation start mode (Note 4) 

STP Instruclion 

'" 

'"' Interrupt( Note 1 ) 

[External I NT 1 [External INT 1 
Timer Interrupt S liD interrupt 

S liD Interrupt SM,=O 

SM,=l 

STP Instruction .. 
-..----

Interrupt Interrupt(Note 2) 

[External INT 1 [External INT 1 
Timer Interrupt S liD Interrupt 

S liD Interrupt SM,=O 

(It is necessary to program a 

J 
latency period sufficient to allow 

the 4MHz oscillation to stabilize 

SM,=l 

STP Instruction 

"'" 

.. 
Interrupt(Note 2) 

[External INT 1 [External INT 1 
TImer InterruptJ 

~ J" ~ 
S liD Interrupt 

S I/O Interrupt 

Low-speed operation start mode (Note 4) 

The above example assumes that signals 01 4MHz and 32kHz are being applied to pinS X,N XCIN respectively ¢ signifies the Internal clock 

Notel: Apporoximately 8ms of latency time are automatically generated upon release 

from the STP instruction due to the connbctions of timer 2 and 3 

2: Approximately 1 sec of latency lime exists after the release of the STP instruction. 

3·: When the Internal clock 1/8 frequency is connected as a timer count source, ,he count source becomes 2kHz 
4: Specify at mask ROM ordering 

Flg.24 Transition of states for the system clock 
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<An example of flow for system> Power on reset 
~ 

Clock Xc oscillation, clock X stop 
~ 

Internal system clock start (Xc-ll2-¢) 
~~-

Power on reset Program start from RESET vector 
~ ~ 

Clock X and clock for clock function Xc OSCillation I I 
~ Normal program ~Operatlng at 32kHz 

Internal system clock start (X -1 /2- ¢) 
~~~ ~ 

Program start from RESET vector Clock X oscillation start 
\ Oscillation rize time (Software) 

Internal clock switching XCIN-X'N(SM? : 1-0) 
Normal program I -Operating at 4 MHz I 

\~,----------------------------------------------------~ 

Internal clock ¢ source sWitching X( 4 MHz)-XcLK (32. 768kHz) (SM?: 0 - 1 ) 
~ 

Clock X halt(Xc In operation) 
~ 

Internal clock halt(WIT Instruction) 

• lTlmer 3 (clock count)overflow 

Internal clock operatIOn start (WIT instruction released) 

I Clock processing routme] - Operating at 32. 768kHz 

\ 
Internal clock halt (WIT instruction) 

§ 
tl 
" .2 
a. 
" .>< 

" '" .0 

::;: 
« a: 

§ 
:g 
" .2 
c. 
" .>< 

" '" .0 

::;: 
« a: 

~ 
E 
" a; 
a: 
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Interrupts from INT" tlmer2, tlmer1 or senall/O, INT2 
~ 

Internal clock operation start (WIT instruction released) 

• Program start from Interrupt vector 
~ 

Clock X OSCillation start (SMa: 1 - 0 ) 
~ 

OSCillation rise time routine (software) 

• 
~Operatlng at 32. 768kHz 

Internal clock ¢ source sWitching (Xc-X) (SM?: 1 - 0 ) 
\ 

I Normal program I -Operating at 4MHz 

STP instruction preparation (pushing registers) 

~ 
Timer2, timer3lnterrupt disable, timer 3 Interrupt no request (IM 4 = 0, TMa= 0, TM?= 0) 

j 
Timer 2 count stop bit resetting (TM5 = 0 ) 

~ 
Clock X and clock for clock function Xc halt (STP instruction) 

\ 

[ RAM backup status I 

Interrupts from INT" senal 110, INT2 
~ 

Clock X and clock for clock function Xc OSCillation start 
~ 

Timer 3 overflow (X/16 or Xc l16-tlmer 2 -timer 3) 
(Automatically connected by the hardware) 

~ 
Internal system clock start (X/16 or Xc/2-¢) 

~ 
Program start from Interrupt vector 

\ 

Normal progra~ 
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MITSUBISHI MICROCOMPUTERS 

M37421M6-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PROGRAM NOTES 
(1) The frequency ratio of the timer and the prescaler is 11 

(n+1). 
(2) Even though the BBC and BBS instructions are ex

ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as a Nap) between 
the modification of the interrupt request bits and the 
execution of the BBC and BBS Instructions. 

(3) When r/>/4 or it divided by timer are used as clock for 
timer, the contents of the timer can be read at volun
tary timing. 
However, when an other clock (except above clocks) 
is input to timer, read the contents of timer either while 
the input of the timer is not changing or after timer 
count is stopped. 

(4) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a Nap) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(5) A Nap instruction must be used after the execution of 
a PLP instruction. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM confirmation form 
(2) mark specification form 
(3) ROM data .......................................... EPROM 3 sets 

Write the following option on the mask confirmation form 
(1) r/> output stop option 
(2) Internal reset timing option 
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M37421M6-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.3-7 V 

V p Pull-down Input voltage , Vee-40-Vce+0• 3 V 

V, 
Input voltage, P2.-P2" P30-P3" P3,-P3" 

-0.3-13 V 
CNVss, P5,/INT" P5,/INT, 

V, Input voltage, RESET, X'N, XC'N With respect to V ... -0.3-7 V 

V, Input voltage, P60-P6" P3, Output transIstors cut-off -0. 3-Vee+0. 3 V 

V, Input voltage, P5,-P5, -0.3-13 V 

Vo Output voltage, P2.-P2" P30-P3" P3,-P3, -0.3-13 V 

Vo Output voltage, P6.-P6" XOUT, XCOUT, (>, P3, -0. 3-Vee+0. 3 V 

Vo Output voltage, PO.-PO" Pl.-PI" P40-P4" P5., P5, Vee-40-Vee+0.3 V 

Pd Power diSSipation Ta = 25'C 1 OOO( Note 1 ) rnW 

T oDr Operating temperature -10-70 'C 

Tstg Storage temperature -40-125 'C 

Note 1 600mW for QFP types 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%, Ta=-10-70'C, unless otherwise noted) 

Limits 
Symbol Parameter Umt 

MIn Typ Max 

I f(X,N)=4.2MHz 4.5 5 5.5 V 
Vee Supply voltage I f(Xc'N)=32kHz 2.7 5 5.5 V 

V p Pull·down supply voltage Vcc-38 Vee V 

Vss Supply voltage 0 V 

V'H 
"H" Input voltage P20-P2" P3.-P3" CNVss( Note 1 ) 

0. 75Vcc Vee V 
P5,IINT" P5,/INT" P60-P6, 

V,H "H" input voltage RESET, X'N, XC'N 0,8Vee Vee V 

V'H "H" Input voltage P5,-P5, 0,4Vcc Vee V 

V'L 
"L" ,nput voltage P2.-P2" P3.-P3" CNVss 

0 0.25Vcc V 
P5,/INT" P5,/INT" P60-P6. 

V'L "L" ,nput voltage RESET 0 0.12Vce V 

V'L "L" Input voltage XtN • XC1N 0 0. 16Vee V 

V'L "L" ,nput voltage P5,-P5, 0 0. 12Vec V 

10H(surn) 
"H" sum output current PO.-PO" Pl.-PI" P4.-P4, 

-120 rnA 
P5., P5, 

10H(surn) "H" sum output current Pao ...... P6s -5 rnA 

IOLCSUm) "L" sum output current P2.-P2" P30-P3" P6.-P6, 50 rnA 

10H(oeak) "H" peak output current POo-PO, -40 rnA 

10H(oeak) "H" peek output current PO,-PO" Pl.-Ph -30 rnA 

10H(oeak) "H" peak output current P4.-P4" P5., P5, -24 rnA 

10H(oeak) "H" peak output current P6.-P6, -3 rnA 

louoeak) "L" peak output current P2.-P2" P30-P3, 15 rnA 

10L(peak) "L" peak output current P60-P6. 3 rnA 

10H(al.'Q) "H" average output current POO-P07. P1o ....... P17 -18 rnA 

10H(avQ) "H" average output current P4.-P4" P5., P5, -12 rnA 

10H(avQ) "H" average output current P6o ....... P65 -1.5 rnA 

10L(ava) "L" average output current P2.-P2" P30-P3, 10 rnA 

louava) "L" average output current PSo ...... P6s 1.5 rnA 

Timer 3 counter clock Input I f(X'N)=4.2MHz 250 
f(P32/CNTR) 

OSCIllatIOn frequency (Note 2) I f(Xc'N)=32kHz 50 
kHz 

f(X,N) Clock Input oscillating frequency (Note2, 3, 5) 4.2 MHz 

f(Xe,N) Clock osc,lIat,ng frequency for clock funct,on 32.768 50 kHz 

Note H'gh-Ievel IOput voltage of up to +12V may be applied to perm,sslble lor ports P2o-P2" P30 -

P3" P3,-P3" CNVss, P5, and P5, 
2 Osc,lIatlon frequency IS at 50% duty cycle 
3 When used 10 the low-speed mode, the timer clock ,nput frequency should be I(Xc,N) < I(X,N)/3 
4 The average output current 10L(avgl and 10H(avg) are In penod 01 lOOms 
5 When external clock Input IS used, the tImer clock mput frequency should be I(Xc,N) :,; 50kHz 
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MITSUBISHI MICROCOMPUTERS 

M37421M6-XXXSP/FP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vee = 5V±1 0%, Vss = OV, T a = 25"1:, !(X,N ) = 4MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ. Max 

V OH "H" output voltage P60-P6, IOH--0.5mA Vcc-0•4 V 

V OH "W output voltage ¢ IOH--2.5mA Vcc-2 V 

V OH "W output voltage POo-PD" Pl,-Pl, IOH=-18mA Vcc-2 V 

V OH "H" output voltage P40-P4" P5" P5, IOH=-12mA Vcc-2 V 

VOL "l" output voltage P2,-P2" P3,-P3, IOL=10mA 2 V 

VOL "l" output voltage P60-P6, IOL=O.5mA 0.4 V 

VOL "l" output voltage ¢ IOL=2.5mA 2 V 

VT+-VT- HysteresIs P5,/INT" P53I1NT, 0.3 1 V 

VT+-VT- Hysteresis RESET 0.5 0.7 V 

VT+-VT- Hysteresis Pa. When used as elK Input 0.3 1 V 

I'L "l" Input current P2,-P2" P30-P3, V,=OV -5 ,.,A 
I'L "l" input current P60-PBs V,=OV -5 ,.,A 
I'L "l" Input current P5.-P5, V,=OV -5 ,.,A 
I'L "l" Input current RESET, X,., Xc'N V,=OV -5 ,.,A 
I'L "l" Input current P5,/INT" P53/1NT, V,=OV -5 ,.,A 

I P2,-P2" P3,-P3, V,-5V 5 
I'H "H" Input current I P2,-P2" P30-P3" Pa3-P3, V,-12V 12 

,.,A 

I'H "H" Input current P6,-P6s V,=5V 5 ,.,A 

I'H "H" Input current P5.-P5, 
V,=5V 5 

V,=12V 12 
,.,A 

I'H "H" input current RESET, X,., Xci. V,=5V 5 ,.,A 

I'H 
V,=5V 

"H" Input current P5,/INT" P53/1NT, 
V,=12V 

5 

12 
,.,A 

I LOAD I 1'00-1'0" Pl,-Ph, P40-P4" P50, P5, Vp-Vcc-36V, VOL -Vcc 150 500 900 ,.,A 
ILEAK 

OIL" output current I 1'00-1'0" Pl.-PI" P40-P4" p50. PS, Vp=Vcc-38V, VOL =Vcc-38V 30 ,.,A 
V RAM RAM retention voltage at clock stop 2 5.5 V 

Output PinS open (output OFF) 

Vp=Vcc, Vp=V .. Input and 1/0 pins all at Vss 6 12 
X'N=4MHz (system operation) rnA 
ditto (at comparator mode) 6 12 

dlno (at walt mode) 1 

Icc Supply current x,.-XcUT stop 
Xc'N=32kHz (at system operation) all other 60 200 
conditions same as above 

dlno (at walt mode) 40 
,.,A 

Oscillatioo all stopped I T a=25"C 1 

(at STOP mode) I Ta=70"C 10 
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MITSUBISHI MICROCOMPUTERS 

M37421M6·XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

COMPARATOR CHARACTERISTICS (~cc=5V±10%, Vcc=ov, Ta=25"C, f(X,N )=4MHz) 

Parameter 

Resolution 

Internal analog Yoltage error 

Analog Input voltage 

limits 

Min. Typ 

- -
- -
0 -

X1=4MHz ceramiC oscillator 

X,=32.768kHz quartz crystal 
C,=C,=30pF oscillator 

R,=lMfl 
C3=10pF 
C.=30pF 
R,=10Mfl 
R3 =100kfl 

Output pins are open 

Flg.25 Supply current test circuit 
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Unit 
Max 

(l/16)Vcc V 

±(1/16)Vcc V 

Vee V 



MITSUBISHI MICROCOMPUTERS 

M37421M6-XXXSP/FP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

TIMING REQUIREMENTS 
Single-chip mode (Vee = 5V±10%, Vss = OV, T a = 25'C, I (XIN ) = 4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Mm. Typ Max 

tC(x,.) External clock Input cycle time (XIN Input) 238 os 

tW("'.) External clock input pulse width (XIN Input) 75 os 

tc(x",.) External clock Input cycle time (XCIN ) 2.0 ms 

tW(Xe'N) External clock Input pulse width (XCIN) 1.0 ms 

tr External clock nse time 25 os 

tl External clock lall time 25 os 

Timing requirements of XIN 

~ 
o. aVec \ J 

r O. aVec 
0. 16Vcc 

t(WH) t(wL) 

Parameter Min. Typ. Max. Umt 
XI. clock Input cycle time tC(XI.) 238 
XIN clock Input pulse width "H" tWH tcXO.45 tcXO.55 os 
x.. clock Input pulse width "L" tWL tcXO.45 tcXO.55 
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MITSUBISHI MICROCOMPUTERS 

M37424MS-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M37424M8-XXXSP, M37524M4-XXXSP are single-chip 

microcomputers designed with CMOS silicon gate technol
ogy. They are housed in a 64-pin shrink plastic molded 
DIP. 
This single-chip microcomputer is useful for business 
equipment and other consumer applications. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 
The differences between the M37424M8-XXXSP and the 
M37524M4-XXXSP are noted below. The following explana
tions apply to the M37424M8-XXXSP. 

Specification variations for other chips are noted accor
dingly. 

Type name Port P1 output structure 

M37424MB-XXXSP CMOS 

M37524M4-XXXSP N-channel open drain 

FEATURES 
• Number of basic instructions··········· ...................... ···70 

68 MELPS 740 basic instructions +2 multiply/divide in

structions 
• Memory size ROM ···································16384 bytes 

RAM······································· 256 bytes 

• Instruction execution time 
........... 1,us (minimum instructions, at 4MHz frequency) 

• Single power supply·····································5V±10% 

• Power dissipation 
normal operation mode (at 4MHz frequency)·······30mW 

• Subroutine nesting ............................ 96 levels (Max.) 

• Interrupt······································ 16 types, 16 vectors 
• 8-bit timer······························································ 4 
• 16-bit timer·························································· "1 
• Serial I/O (8-bit or 16-bit)········································1 
• PWM output (14-bit) ............................................... 1 

• A-D converter (8-bit resolution) ····················8-channel 
• D-A converter (5-bit resolution) ································2 

• D-A converter (8-bit resolution) ································2 

• Watchdog timer 
• External trigger output (1-bit) ................................... 1 

• V pulse Y pulse generator 
• Programmable I/O ports 

(Ports PO, P1, P2, P3, P4, P5, P6) ............................ 56 

APPLICATION' 
Office automation equipment 
VCR equipment 
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PIN CONFIGURATION (TOP VIEW) 

Vee 

P47/AN 7 - 3 

P4./AN.- 4 

P45/AN5 - 5 

P4./AN. - 6 

P43/AN 3 - 7 

P4,/AN,- 8 

P4, /AN , - 9 

P4o/ANo - 10 

P67 /DA. - 11 

P6./DA3 - 12 

P65/DA,- 13 

P6./DA, '" 14 

P63 /CNTR, '" 15 

P6,/CNTRo '" 16 

P6, /T/INT, '" 17 

P6o/INTo '" 18 

P57 /YPLS ... 19 

P5.IVPLS'" 20 

Vss 

Outline 64P4B 
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FUNCTIONS OF M37424MS-XXXSP 
Parameter 

Number of basic instructions 

Instruction execution time 

Clock frequency 

Memory size 
I ROM 

I RAM 

Input/Output ports I PO, P1, P2, P3, P4, PS, P6 I 
Serial I/O 

Trmers 

A-O conversion 

D-A converSion 

Pulse width modulator 

Watchdog t.mer 

Subroutine nesting 

Interrupt 

Clock generating circUit 

Supply voltage 

Power diSsipation 

Operating temperature range 

Device structure 

Package 
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MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

FunctIOns 

70 (68 MELPS 740 baSIC mstructions+2) 

l.us (minImum IOstructlons, at 4MHz frequency) 

4MHz 

16384 bytes 

256 bytes 

8-bltX7 

8-blt or 16-bitX1 

8-bltX4,16-bltX1 

8-bltX1 (8 channels) 

5-bitX2,8-bltX2 

14-bltX1 

lS-bitX1 

96 levels (max) 

16 (externalS, Internal 8) 

BUilt-in (ceramic or quartz crystal oscillator) 

5V±10% 

30mW (at 4MHz frequency) 

-10-70'C 

CMOS silicon gate 

64-pln shrink plastic molded DIP 

• MITSUBISHI 
.... ELECTRIC 



PIN DESCRIPTION 

Pm Name 
Input! 

Output 

Vee. Supply voltage 

Vss 

CNVss CNVss 

VREF Reference Input 

voltage mput 

RESET Reset Input Input 

X,N Clock Input Input 

XOUT Clock output Output 

rf> Timing output Output 

POa-P07 1/0 port PO 1/0 

Pl o-P1 7 1/0 port Pl 1/0 

P20 -P27 1/0 port P2 1/0 

P3a-P37 1/0 port P3 1/0 

P40-P47 1/0 port P4 1/0 

P50-P57 1/0 port P5 1/0 

P60 -P67 1/0 port P6 1/0 

MITSUBISHI MICROCOMPUTERS 

M37424M8·XXX5P 
M37524M4·XXX5P 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

Functions 

Power supply mputs 5V±lO% to Vcc, and OV to Vss 

This IS usually connected to Vss 

Reference voltage Input pin for A-O and O-A converter 

, 

To enter the reset state. the reset Input Pin must be kept at a "L" for more than 4,us (under normal Vee 

conditions) If more time IS needed for the crystal oscillator to stabilize, this OIL" condition should be main-

tained for the required time 

This chip has an mternal clock generating CircUit To control generating frequency. an external ceramiC or a 

quartz crystal oscillator IS connected between the XIN and XOUT pms If an external clock IS used, the clock 

sOUrce should be connected the X1N pin and the XOUT pm should be left open 

This IS the tlmmg output pin 

Port PO IS an 8-bit 1/0 port with directional register allowmg each 1/0 bit to be Individually programmed as 

Input or output At reset, this port IS set to Input mode The output structure IS CMOS output 

Port Pl IS an 8-blt 1/0 port and has basically the same functions as port PO The output structure of 

M37424M8-XXXSP IS CMOS output and that 01 M37524M4-XXXSP IS N-channel open dram output 

Port P2 IS an 8-bit 1/0 port and has basically the same functions as port PO The output structure IS CMOS 

, output 

Port P3 IS an 8-blt 1/0 port and has basically the same fUnctions as port PO When senal 1/0 IS used, P3" 

P32, P31, and P30 work as SRDY, CLK, SOUT, and SIN pins, respectively Also P34 works as TOUT pin The out-

put structure IS N-channel open dram 

Port P4 IS an 8-blt 1/0 port and has basically the same functions as port PO P40- P4, work as analog Input 

portANo-AN, 

Port P5 IS an 8-bit 1/0 port and has basically the same functions as port PO P5" P5" P55, P54 and P5,-P50 
are 10 common with the YPLS output, VPLS output, Q output, PWM output and mterrupt input respectively 

Port P6 IS an 8-bit 1/0 port and has basically the same functions as port PO P6,-P64, P6" P6" and P6" 
PSo are In common with the O-A output, CNTR output and Interrupt Input respectively 
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FUNCTIONAL DESCRIPTION 
CENTRAL PROCESSING UNIT (CPU) 

MITSUBISHI MICROCOMPUTERS 

M37424MS-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

CPU MODE REGISTER 

The M37424, M37524 microcomputers use the standard 
MELPS 740 instruction set. For t!etails of instructions, refer 
to the MELPS 740 CPU 90re basic functions, or the MELPS 
740 Software Manual. 

The CPU mode register is allocated to address 00FS'6. 
This register has a stack page selection bit. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions can be used. 
The WIT instruction can be used. 
The STP instruction are not provided. 

7 0 
I I I I I I I I I CPU mode reglster( address 00FS'6) 

Fig.1 Structure of CPU mode register 
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LL Processor mode bit 
00 : Single-chip mode 

01 :} 
10: Not used 
11 : 

Stack page selection bit 
o : In page 0 area 
1 : In page 1 area 

Watchdog timer overflow penod select bit 
0: Count 131072 times of ¢ 
1 : Count 1024 times of ¢ 

System clock output selection bit 
0: Stop 
1 : System clock output 



MEMORY 
eSpecial Function Register (SFR) Area 

The special function register (SFR) area contains the 
registers relating to functions such as 1/0 ports and 
timers. 

eRAM 
RAM is used for data storage as well as a stack area. 

eROM 
ROM is used for storing user programs as well as the in
terru pt vector area. 

(19~~~eS){ 0000,. 

OOBF,. 

RAM { 
(64 bytes) 

ROM 
(16384 bytes) 

OOFF,. 
0100,. 

013F,. 

eooo,. 

FFOO,. 

FFDE,. 

MITSUBISHI MICROCOMPUTERS 

M'37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

elnterrupt Vector Area 
The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is gener
ated. 

eZero Page 
Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

e Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Zero page 

SFR area 

Not used 

Interrupt vector 

Special 
page 
lor 

subroutme 
cali 

area 

FFFF,. 

Fig.2 Memory map 
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Fig. 3 
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MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Port PO 

Port PO directional register 

Port Pl 

Port Pl directional register 

Port P2 

Port P2 directIOnal register 

Port P3 

Port P3 directional register 

Port P4 

Port P4 directional register 

Port P5 

Port P5 directional register 

OOCO,. 

00C1,. 

00C2,. 

DOCS,. 

00C4,. 

00C5,. 

00C6,. 

DOC?,. 

00C8,. 

00C9,. 

OOCA,. 

00C8,. 

OOCC, 

OOCO, 

OOCE,. 

• Port P6 
• Port P6 direcllonal register 

Reserved area 

O-A output enable register 

0-A3 conversion register 

0-A4 converSion register 

Pulse width modulation register H 

Pulse width modulation register L 

V pulse preset value P 

V pulse preset value N 

V pulse control register 

A~D successive approximation register 

A-O control register 

0000,. 

0001,. 

00D2,. 

0003,. 

0004,. 

0005,. 

0006,. 

OOO?,. 

0008,. 

0009,. 

OODA,. 

0008, 

DODC, 

0000, 

OODE,. 

OODF,. 

6 O-A1 converSion register 

• 0-A2 conversion register 

• Serial I/O mode register 

Serial I/O register L 

Serial I/O register H 

OOEO,. 

• 
• 

OOEC,. 

ODED,. 

OOEE,. 

OOEF,. 

OOFO,. 

00F1,. 

00F2,. 

00F3,. 

00F4,. 

00F5,. 

00F6,. 

OOF?,. 

OOFB,. 

00F9,. 

OOFA,. 

OOFS,. 

OOFC, 

OOFD, 

OOFE,. 

DOFF,. 

SFR (Special Function Register) memory map 

• MITSUBISHI 
.... ELECTRIC 

Reserved area 

Interrupt polarity specification register 

Special function selection register 

Watchdog timer 

Timer 1 

Timer 2 

Timer 3 

Timer 4 

Timer X (low-order) 

Timer X (high-order) 

Timer X latch (low-order) 

Timer X latch (high-order) 

Timer 1, 2 mode register 

Timer 3, 4 mode register 

Timer X mode register 

CPU mode register 

Interrupt request register 1 

Interrupt request register 2 

Interrupt control register 1 

Interrupt control register 2 



MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

INTERRUPTS 
Interrupts can be caused by 16 different events. Interrupts 

are vectored interrupts with prioities shown in Table 1, Re
set is also included in the table because its operation is 

similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 

interrupt inhibit flag I is set, and the program jumps to the 

address specified in the vector table. The interrupt request 

flag is cleared automatically. The reset and BRK instruction 

interrupt can never be inhibited. Other interrupt are dis

abled when the interrupt inhibit flag is set. 

All interrupts except the BRK instruction interrupt have an 

interrupt request bit and an interrupt enable bit. The inter

rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis

ters 1 and 2. Figure 5 shows the structure of the interrupt 

request registers 1 and 2, interrupt control registers 1 and 2 

and interrupt polarity speCification register. 

Table 1, Interrupt vector address and priority 

For external interrupts (INTo to INT5, CNTRo, and CNTR,), 

the polarity of each pin's interrupt input can be set. Polarity 

for INTo to INT5 and CNTR, is set by bits 0 to 6 of the inter

rupt polarity specification register (address 00ED'6); polar
ity for CNTRe is set by bit 6 of the timer X mode register 

(address 00FA'6)' If "0" is written to one of these bits, the 
corresponding interrupt request is falling-edge active; if "1" 

is written, the corresponding interrupt request is rising

edge active. INT, can also be set to be both rising-edge 

and falling-edge active by setting bit 7 of the interrupt 

polarity specification register to "1", The meaning of the 

CNTRo interrupt is different if it is used with timer X in 

pulse width measurement mode 1, pulse width measure

ment mode 2, or pulse period measurement mode, For de

tails, see the section on timer X 

Interrupts other than the BRK instruction interrupt and reset 

are accepted when the interrupt enable bit is "1", interrupt 

request bit is "1", and the interrupt inhibit flag is "0", The 

interrupt request bit can be reset with a program, but not 

set. The interrupt enable bit can be set and reset with a 

program. 
Reset is treated as a non-maskable interrupt with the high

est priority. Figure 4 shows interrupts control. 

Event Pnonty Vector addresses Remarks 

RESET 1 
I NT 0 Interrupt 2 

INT, Interrupt 3 
I NT 2 Interrupt 4 

--------
Timer 4 Interrupt 5 
Timer 1 Ihterrupt 6 

INT3 Interrupt 7 
CNTR, Interrupt 8 

INT4 Interrupt 9 

Timer X Interrupt 10 
CNTRo mterrupt 11 
Timer 2 Interrupt 12 
Timer 3 Interrupt 13 
Serial 1/0 Interrupt 14 
INT5 Interrupt 15 
A-D conversion completion Interrupt 16 
BRK instruction Interrupt 17 

FFFF,6 , FFFE '6 

FFFD ,6 , FFFC '6 

FFFB 16J FFFA '6 

FFF9 ,6 , FFF8 '6 

FFF7,6, FFF6 '6 
FFF5,6, FFF4 '6 

FFF3,6, FFF2 '6 

FFF1 16J FFFO '6 

FFEF161 FFEE '6 

FFED16J FFEC '6 

FFEB,6 , FFEA'6 
FFE9 ,6 , FFE8 '6 
FFE7 ,6 , FFE6 '6 

FFE5 ,6 , FFE4 '6 

FFE3 ,6 , FFE2 '6 

FFE1 ,6 , FFEO '6 
FFDF16J FFDE '6 

• MITSUBISHI 
"'ELECTRIC 

Non-maskable 

External Interrupt (phase programmable) 

External Interrupt (phase programmable) 

External Interrupt (phase programmable) 

External Interrupt (phase programmable) 

External Interrupt (phase programmable) 

External Interrupt (phase programmable) 

External Interrupt (phase programmable) 

+-
I External Interrupt (phase programmable) 

I 
i Non-maskable software Interrupt 
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MltSUBISHI MICROCOMPUTERS 

M37424M8·XXX5P 
M37524M4·XXX5P 

SINGLE-CHIP a-BIT CMOS MICRPCOMPUTER 

Interrupt request bit 

Interrupt enable bIt 

Flg.4 Interrupt control 

Interrupt polaroty specificatIon regIster '-r.,....,.-'-r...., ...... r-'-r-r' (address OOED,.) 

INTo Interrupt polarIty specIfIcatIon bIt 

INT, Interrupt polarity specIfIcatIon bit 

INT2 Interrupt polarity specIfIcatIon bit 
'-----INTs Interrupt polaroty specification bIt 

'------INT. Interrupt polaroty specIfIcatIon bit 
'-------INT5 Interrupt polarity specifIcatIon bIt 

'--------CNTR, Interrupt polaroty specIfIcatIon bIt 
o : Failing edge active 
1 : RISing edge actIve 

'---------INT, both edge actIve specIfIcation bIt 
o : FailIng or roslng edge actIve 
1 : Both edge active 

L.,-...... .....,...L.,....L~..,-JL.,-L.,-J Interrupt request regIster 1 
(address OOFC,.) 

INTo Interrupt request bit 

INT, interrupt request bit 
INT2 interrupt request bIt 

'-----Tlmer 4 Interrupt request bIt 
'------Tlmer 1 Interrupt request bIt 

'-------INTs interrupt request bIt 
'--------CNTR, Interrupt request bIt 

L.....--------INT. Interrupt request bit 

Interrupt request 

Interrupt request regIster 2 
(address OOFD,.) 

TImer X Interrupt request bit 
CNTRo Interrupt request bit 
Timer 2 interrupt request bIt 

'-----Timer 3 Interrupt request bIt 

L.....-----Seroal 1/0 Interrupt request bIt 
L.....------INT5 Interrupt request bIt 

L..... _______ A_D converSIon completIon Interrupt request bIt 

o : Interrupt dIsable 
1 : Interrupt requested 

L,-......,...L. ........... .,...,..O""' ..... .J Interrupt control register 1 
(address OOFE,.) 

L........,rL,-L~..,-J .......... .....,-I Interrupt control regIster 2 
(address OOFF,.) 

TImer X interrupt enable bIt 

CNTRo Interrupt enable bIt 
TImer 2 interrupt enable bIt 

INTo Interrupt enable bIt 
INT, interrupt enable bIt 
I NT 2 Interrupt enable bIt 

L..... ___ Tlmer 4 Inte(rupt enable bit 

'------Tlmer 1 interrupt enable bIt 

'-------INTs Interrupt enable bit 

'--------CNTR, Interrupi enable bIt 
'---------INT4 Interrupt enable bIt 

Flg.5 Structure of registers related to Interrupt 

'----TImer 3 interrupt enable bit 
L... _____ Seroal 1/0 interrupt enable bit 

L...------INT5 Interrupt enable bIt 
L... _______ A_D conversIon completIon Interrupt enable bit 

o : Interrupt dIsable 
1 : Interrupt enabled 
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MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

TIMERS 
The M37424M8-XXXSP has five timers: timer X, timer 1, 

timer 2, timer 3, and timer 4. A block diagram of these tim

ers is shown in Figure 9. 
Timer X is a 16-bit timer. It has an independent 16-bit timer 

latch and can be used in eight modes. The structure of the 

timer X mode register is shown in Figure 8, and the eight 

timer X modes are described below. 

(1) 16-bit timer mode [000] 

Basic mode in which timer X functions as a 16-bit reload 

timer and timer X generates an interrupt request when it 

overflows. 

The count source is selected by bit 4 of the timer X mode 

register: if this bit is "0", the count source is the oscillation 

frequency divided by 2 ; if it is "1", the count source is the 

oscillation frequency divided by 16. This bit is "0" im

mediately after a reset. 

The timer counts down the value which decrements by one 

from the value set in the latch. At the next count pulse after 

it reaches FFFF'6 from 0000,6, an timer X interrupt is 

generated, and at the same time the value in the timer 

latch is reloaded into the timer The value is not reloaded 

into the timer until it overflows, even if the contents of the 

timer latch are overwritten. 
When writing to the timer directly, write the upper value 

first, then the lower value. The upper value is overwritten at 

the same time that the lower value is written. When reading 

the timer, read the lower value first, then the upper value. 

At the point at which the lower value is read, the upper 

value is latched. If reading the lower value always read the 
upper value as well. There are no restrictions on which part 

of the timer latcb should be written to or read first. 

(2) Event counter mode [001] 

Mode in which timer X operates in exactly the same way as 

in timer mode, except that the count source is the external 
pulse input from the CNTRo pin The input polarity of the 

CNTRo pin can be selected by bit 6 of the timer X mode 

register: if this bit is "0", falling edges are counted; if it is 

"1", rising edges are counted. 

(3) Pulse width measurement mode 1 [010] 

Mode in which timer X measures the width of "H" or "L" 

period of the external pulse input from the CNTRo pin. 

The count source is selected by bit 4 of the timer X mode 

register: if this bit is "0", the count source is the oscillation 

frequency divided by 2 ; if it is "1", the count source is the 

oscillation frequency divided by 16. In this mode the timer 

counts up . at the same time that the measurement ends, 

the value in the timer is latched into the timer latch and a 

CNTRo interrupt request is generated. 
Bit 6 of the timer X mode register selects whether the "H" 

period is measured or the "L" period. If this bit is "0", the 

"L" period is measured; if it is "1", the "H" period is mea

sured. 

(4) Pulse width measurement mode 2 [011] 

Mode in which timer X continuously measures the width of 

both "H" and "L" periods of the external pulse input from 

the CNTRo pin. 

The count source is selected by bit 4 of the timer X mode 

register: if this bit is "0", the count source is the oscillation 

frequency divided by 2 ; if it is "1", the count source is the 

oscillation frequency divided by 16. The value in the timer 

is latched at both the rising edges and falling edges of the 

external pulse, and a CNTRo interrupt request is generated. 

Whether the measured value is the "H" period or the "L" 

period can be determined by checking the level of the P62/ 

CNTRo pin. This mode can be used to measure the duty 

cycle of external pulses. 

(5) Pulse period measurement mode [100] 

Mode in which timer X measures the period of the external 

pulse input from the CNTRo pin. 

The count source is selected by bit 4 of the timer X mode 

register: if this bit is "0", the count source is the oscillation 

frequency divided by 2 ; if it is "1", th.e count source is the 

oscillation frequency divided by 16. If bit 6 of the timer X 

mode register is "0", the period from one falling edge to 
the next falling edge is measured; if it is "1", the period 

from one riSing edge to the next rising edge is measured. 

The measured value is latched in the timer latch, and a 

CNTRo interrupt request is generated. 

(6) Pulse output mode [101] 

Mode in which an waveform of duty cycle 50% which is in

verted every time timer X overflows is output to the CNTRo 
pin. 

The count source is selected by bit 4 of the timer X mode 

register: if this bit IS "0", the count source is the oscillation 
frequency divided by 2 ; if it is "1", the count source is the 

OSCillation frequency divided by 16. 

(7) Programmable waveform generation mode [110] 

Mode in which the contents of the output level latch allo
cated to bit 5 of the timer X mode register are output to the 

CNTRo pin every time timer X overflows. 

The count source is selected by bit 4 of the timer X mode 

register: if this bit is "0", the count source is the oscillation 

frequency divided by 2 ; if it is "1", the count source is the 

oscillation frequency divided by 16. Various different wave
forms can be generated by updating the values in the out

put level latch, the timer and the timer latch, each time tim

er X overflows. 
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(8) Programmable one-shot generation mode [111] 
Mode in which the ~ctive edge of an external pulse input 

from the P6o/iNTo pin sets the value of the timer latch into 
timer X, and timer X starts to count. The CNTRo pin goes 
"H" at the same time of the active edge of t~e INTo pin in
put, and goes "L" when timer X overflows. 

The count source is selected by bit 4 of the timer X mode 
register: if this bit is "0", the count source ·is the oscillation 
frequency divided by 2 ; if it is "1", the count source is the 
oscillation frequency divided by 16. The active edge of the 
INTo pin is set by bit 0 of the interrupt polarity specification 
register, and is the same as the polarity of the INTo inter
rupt. 
Note that if the CNTRo pin is used as a pulse output pin (in 
pulse output mode, programmable waveform generation 
mode, or programmable one-shot generation mode), bit 7 
of the timer X mode register must be "1". If this bit switches 
from "0" to "1", an "L"-Ievel signal will be output to the 

CNTRo pin. However, be aware that if timer X is switched 
to another pulse output mode while this bit is "1", the level 

output in the previous mode will still be held by the CNTRo 
pin. 

Timer 1, timer 2, timer 3, and timer 4 are all 8-bit timers 

with 8-bit timer latches. Writing to a timer latch sets the 
corresponding timer at the same time, except that, if the 
value written to the latch is n, the value actually set in the 
timer is (n -1). The timer has a count-down operation: at 

the next count pulse after it reaches FF '6 from 00,6, the 
value in the timer latch is reloaded into the timer. If the 

value in the timer latch is n, the divide ratio is 1/(n+1). At 
the same time, the interrupt request bit corresponding to 
that timer is set to "1". Set the count source for each timer 
by the timer 1, 2 mode register (address 00F8,6 ) or the 
timer 3,4 mode register (address 00F9 ,6 ). 

If an external clock is selected as the count source for tim
er 2, timer counts the P63 /CNTR, pin input. An inverting 
waveform every time timer 2 overflows can be output to the 
P34/T OUT pin, by setting bit 7 of the timer 1, 2 mode regis
ter to "1". The structure of the timer 1, 2 mode register is 
shown in Figure 6 and the structure of the timer 3, 4 mode 

register Is shown in Figure 7 
At reset, timer 3 is set to FF'6 and timer 4 is set to 07 ,6 , 
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l J 1 I I J I I I Timer 1, 2 mode register 
(address OaFS,.) 

L Timer 1 count source selection bit 
a : Oscillation frequency divided by 16 
1 : Not used 

Timer 2 count source selection bit 
00 : Oscillation frequency divided by 16 
01 : External clock 
10 : Timer 1 overflow Signal 
11 : External clock 

Timer 1 count stop bit 
0: Count 
1: Stop 

Timer 2 count stop bit 
0: Count 
1: Stop 

P34 mode SWitch bit 
a : P34 latch output 
1 : TOUT output 

Fig.6 Structure of timer 1, 2 mode register 

Timer 3, 4 mode register 
~J....."""'-4..J......J..,....a....L.,..J (address 00F9,.) 

Timer 3 count source selection bit 
a : Oscillation frequency diVided by 16 
1 : Not used 

Timer 4 count source selection bit 
a : Timer 3 overflow signal 
1 : OSCillation frequency diVided by 16 

'--------Tlmer 3 count stop bit 
0: Count 
1 : Stop 

'-------Timer 4 count stop bit 
0: Count 
1 : Stop 

Fig.? Structure of timer 3, 4 mode register 

MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

a 

I " I " I I I 
Timer X mode register 

(address OOFA16 ) 

LLL Timer X mode selection bit 

000 . 16-blt timer mode 
001 : Event counter mode 
010 : Pulse Width measurement mode 1 
all . Pulse Width measurement mode 2 
1 
1 
00 : Pulse penod measurement mode 
01 : Pulse output mode 

1 

1 

10 : Programmable waveform 
generation mode 

11 : Programmable one-shot 
generation mode 

Timer X count stop bit 
0: Count 
1 : Stop 

Timer X count source selection bit 
o : OSCillation frequency diVided by 2 
1 : OSCillation frequency diVided by 16 

Output level latch 
o : "L" output 
1 : "H" output 

Event polarity selection bit 
o . Failing edge 
1 : RISing edge 

P6, mode sWitch bit 
o . P6, latch output 
1 . CNTRo output mode 

Fig.S Structure of timer X mode register 
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T12M : Timer 1, 2 mode register (address OOFS,.) 
T34M : Timer 3,4 mode register (address OOF9,.) 
TXM : Timer X mode register (address OOFA,.) 
CM : CPU mode register (address OOFB,.) 

X,N 

T12M3 

P63/CNTR, o---jl\l:>--+--+--~-"'"I 

P34 latch 

~~~~--+--+-~1/2~-------~ 

T12M, 

Data bus 

i Select gate: At reset, shaded 
~ side IS connected 

/-----'» Timer 1 interrupt request 

1---""'" Timer 2 interrupt request 

Reset 

/-----;..Tlmer 3 interrupt request 

/---~;..Tlmer 4 interrupt request 

!----<;..Reset CIrCUIt 

">I __ ----:-7T __ ----,-:+r-I !----1~~,..Tlmer X Interrupt request 

P6,/CNTRo 

P6o/iNTo 
ITOEG : Polarity switch 

Block diagram of timer 

Output mode SWitch Circuit 

TXMs 
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SERIAL I/O 
o 

llJll JILl Senal 110 mode register 
A block diagram of the serial I/O function is shown in Fi
gure 11. The serial I/O receive enabled signal pin (SRDY), 
synchronous clock I/O pin (elK), and data I/O pins (SOUT, 
S,N) also function as the P33, P32, P3" and P30 of the port 
P3. 

LL, (address 0000,.) 
nternal synchronous clock frequency selection bit 
00 : Oscilialion frequency diVided by 8 

The serial I/O mode register has an 8-bit structure. Bits 1 
and 0 select the synchronous clock : the oscillation fre
quency is divided by 8 if they are [00], by 16 if they are 
[01], by 128 if they are [10], or by 512 if they are [11]. Bit 
2 selects an external clock. 

Bits 3 and 4 are used to select whether part of port P3 is 
used for serial I/O. If bit 3 is "1 ", the P32 is the I/O pin for 
the synchronous clock. 

The P3, is the serial data output pin and the P30 is the se
rial data input pin. If using the P30 as the serial data input 
pin, set the bit in the directional register corresponding to 

P30 to "0" to set input mode. If serial I/O is being used, bit 
3 must be set to "1". When bit 3 is "0", the P32 functions as 
an ordinary I/O pin. 

01 : Oscillation frequency diVided by 16 

10 : OSCillation frequency divided by 128 

11: OscillatIOn frequency diVided by 512 
InternallExternal clock selection bit 

o : External clock 

1 : Internal clock 
Senal 110 port selection bit 

0: 110 port 

1 : Senal 110 port 
SRDY output selection bit 

0: 110 port 

1 : SROY signal output pin 
Transfer direction selection bit 

0: LSB first 

1 : MSB first 
Oata length selection bit 

0: 8-blt 

1 : 16-blt 
Operallon mode selection bit 

o : Normal operallon mode 

1 : Not used 

Bit 4 selects whether the P33 is used as the output pin for 

the receive enabled signal SRDY' If this bit is "1", the SRDY 
signal is output; if it is "0", the P33 is an ordinary I/O pin. 

Serial I/O register H and serial I/O register l are 8-bit reg
isters for data transfer that can be used in both transmis
sion and reception. For 8-bit transfer, serial I/O register l 

Fig_10 Structure of serial I/O mode register 

P33 latch 

SM, 

P3, latch 

P3,/ScLK 

SM 3 

P3, latch 

P3,/SoUT 

SM 3 

Fig.11 Block diagram of serial I/O 

Senal 110 counter(3/4) 

SM : Senal 110 mode reglster(address 0000,.) 
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"ELECTRIC 

Oata bus 

Serial 110 
Interrupt request 

3-367 



MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHip I-BIT CMOS MICROCOMPUTER 

(address 00DE'6) is used; for 16-bit transfer, serial I/O 
register H (address 00DF'6) is used for the upper byte and 
serial I/O register L for the lower byte. The data length to 
be transferred can be selected either 8 bits or 16 bits by 
setting bit 6 of the serial I/O mode register. Whether data 
transfer is MSB first or LSB first can be selected by setting 

bit 5 of the serial I/O mode register. 
The operation of the serial I/O function will now be de
scribed. The operation differs depending on whether the 
internal clock or an external clock is selected as the syn
chronous clock. Use with the internal clock will be de

scribed first. 
If the serial I/O register L is written to, the SRDY signal is at 
"H" during the write cycle; it then goes "L" when the write 
cycle ends to indicate reception enabled status. If the se
rial I/O register's transfer clock goes "L" even once, the 
SRDY signal goes "H". During the write cycle to the serial 
I/O register, "7" is set in the serial I/O counter for 8-bit 
transfer or "15" for 16-bit transfer, and the serial I/b regis
ter's transfer clock is forced to "H". After the write cycle 

ends, data is output to the P3, pin each time the transfer 
clock goes from "H" to "L". Data is input from the P30 pin 

Synchronous clock 

Transfer clock 

Serial 110 register 
write signal 

Senal 1/0 output 
SOUT 

each time the transfer clock goes from "L" to "H" and, at 
the same time, the contents of the serial I/O register are 
shifted one bit. If bit 5 of the serial I/O mode register is "0", 
the data enters from the MSB and shifts to the right, if it is 
"1", the data enters from the LSB and shifts to the left. 

When the serial I/O counter reaches "0" after counting 
either 8 or 16 transfer clocks, the transfer clock stops at 
"H" and the corresponding interrupt request bit is set. 
If an external clock is selected as the synchronous clock, it 
must be controlled externally because, although the inter
rupt request bit is set, the transfer clock does not stop. Use 
a clock of no more that 500kHz with a duty cycle of 50% as 
the external clock. 
The timing at which 8-bit data is transferred LSB-first is 
shown in Figure 12. If an external clock is used for the 
transfer, the external clock must be "H" when the serial I/O 
counter is initialized. Make sure that the serial I/O counter 
is initialized after the transfer clock switches. Initialize by 
writing to the serial I/O register H. 
A connection example for transferring data from one 

M37424M8-XXXSP to another is shown in Figure 13. 

Serial 1/0 input 
S'N --------~~~----~-

Receivable signal 

SRDY 

Fig.12 Serial I/O timing 

3-368 

U 

• MITSUBISHI 
.... ELECTRIC 

t 
Interrupt request bit set 



MITSUBISHI MICROCOMPUTERS 

M37424M8·XXX5P 
M37524M4·XXX5P 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Sending side Receiving side 

P33 
SRDY 

P33 

7 a 7 a 

lolololol1111 xlxl lololol1111 0 lxlxl 
Set the direction Set the direction 
register for P33 pin In register for P30 pin In 
Input mode Input mode 

P3, 
Synchronous clock 

P3, 

P3t 
Serral data 

P30 

Fig.13 Example of serial I/O connection 

PWM OUTPUT CIRCUIT 
The M37424M8-XXXSP has a PWM function with a 14-bit 
resolution, a repeat period of 8192,us when the oscillation 
frequency X'N is 4M Hz (the explanation in the rest is based 

on the assumption that X'N=4MHz), and a minimum bit re
solution width of 500ns. If data is set in the lower 6 bits of 
the pulse width modulation register L (PWM-L : address 
00D5,6 ) and the pulse width modulation register H (PWM
H : address 00D4,6 ), and the port P54 function selection bit 
(bit 0 of the special function selection register) is set to 
"1", a PWM waveform is output from port P5 •. 

The period of 8192,u s is resolved into 16,384 minimum 
pulse widths (500ns), and the pulse width can be mod
ulated in 500ns units in accordance with the 14 bits of data 
written into PWM-H and PWM-L. By dividing the 8192,us 

repeat period into 64 short-area periods, pulses of approx
imately equal width can be output at a 128,us period. A 
block diagram of the PWM circuit is shown in Figure 14. 
The data written to the PWM register is transferred to the 
PWM latch at the repetition of the PWM period. The signals 
output to the PWM pin correspond to the contents of this 
latch. When data of PWM-L register is read, data in this 
latch has already been read allowing the data output by the 
PWM to be confirmed. In this case, the upper 2 bits of the 
8-bit register becomes undefined. However, bit 7 of the 
PWM-L register indicated the completion of the data trans
fer from the PWM-L register to the PWM latch. If bit 7 is 
"0", the transfer has been completed, if bit 7 is "1", the 
transfer has not yet begun. 
The timing diagram of the 14-bit PWM is shown in Figure 
15. The 14-bit PWM divides the data within the PWM latch 
into the lower 6 bits a,nd higher 8 bits, 
A high-level area with a length N times r is output every 
short area of t=256X r =128,us as determined by data N 

of the higher 8 bits. (Refer to PWM output CV in the lower 
part of Figure 15.) 

The contents of the lower 6 bits of data enable the leng

thening of the high signal by T , 

Thus, the time for the high-level area is equal to the time 
set by the higher 8 bits or that plus T , As a result, the 
short-area period t(=128,us, approx. 7.8kHz) becomes an 

approximately repetitive period, 
At reset the output of port P5. is in tlie high impedance 
state and the contents of the PWM register and latch are 
undefined. Note that after setting the PWM register, its data 

is transferred to the latch, 
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Table 2. Relation between the 6 lower-order bits 
of data and the space set by the ADD bit 

6 lower-order bits of data Area longer by r than that of other tm(m = 0 -63) 

oooooLbB Nothing 

000001 m=32 

a 0 0 0 1 0 m=16,48 

o 0 0 1 o a m= 8, 24,40,56 

o a 1 a 0 a m= 4,12,20,28,36,44,52,60 

o 1 a 0 0 a m = 2, 6, 10, 14, 18,22,26,30, 34, 38, 42, 46, 50, 54, 58, 62 

1 o 0 a 0 a m= 1 , 3, 5, 7," ··· .. ···· .. 57,59,61,63 

PWM-L register 

( set to 1 ) (addre;=ss:...:o:;.O.::.D.;:51~6)+-.-....,.--, 
when write --... bit brt 

~-+--------, ~~~+-~~ 

14 6 

7 

PWM 
14-brt PWM crrcurt 

(8192/1S penod) 

(128/1s period) 

Data bus 

Fig.14 Block diagram of PWM circuit 
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register 

PWM-L 
register 

PWM latch 
(14 bit) 
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Data In address 0004,. is # 6A,. Data in address 0004,. IS # 78,. 

59,. 6A,. I 'i 78,. 

Data in address 0005,. IS # 24,. ~81t 7 reset after transfer Data In address 0005,. is # 35,. 

13,. 

I 

---

I A4,. ---J I pC' 24,. I~ 135,. 

1653,. 

------

I Register to latch transfer 85" -" I Register to latch transfer 

IAA4,. I IAA4,. ~ IEF5,. I 

T=81921's 

(54XI28I's) 

t---When bit 7 of PWM-L IS "0" register 
~-'---,-;=o-::-;~-,-;-_~_I to latch transfer Will not occur ---t=1281's 

(Example I) 6A 58 6A 68 5A 68 5A 68 5A 68 58 586A 58 6A 58 5A 58 5A 68 5A 68 5A 58 6A 58 6A 
PWM output 

CD 
lower 6 bits output 

(When H : 6A,., 
L: 24,.) 

(Example 2) 
PWM output 

lower 6 bits output 
(When H : 6A,., 

L: 18,.) 

Minimum bit r esolution Width 

_-----t=128 .u S-----
( ) -- 256XO.51's 

r =0 51'S 

I 
PWM output [58 6AI691681671 - :02 :01\ 

~ ADD 

8 bit counter 102101100 

J 
el of the ADD 
termmed by 

High/low-lev 
section IS de 
the data con 
lower 5 bit 

tal ned In the 

Fig.15 14-bit PWM timing diagram 

I I • I 

ADD 

FF I FE,FD,FC, - ,97,96,95, - 1021 Oil 00 

J 
High-level area output, the length 

of which IS specified PWM-H 

256 r ( 1281' s) standard 

6A169168167, - : 02: 011 
I I I I 

FF IFE I FD,FC, - ,97,96,95, -
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A-O CONVERTER 
An 8-bit successive approximation method of A-D conver
sion is employed providing a precision of ±3LSB. A block 
diagram of the A-D converter is shown in Figure 16. Con
version is automatic once it is started with the program. 
The analog inputs are used in common with port P4. Bits 2, 
1 and 0 of the A-D control register (address 00DA16 ) are 

used to select which pins are used for A-D conversion. The 
input condition is accomplished by setting to "0" the bit in 
the directional register that corresponds to the pin where 
A-D conversion is to take place. Bit 3 of the A-D control 
register is the A-D conversion end bit. During A-D conver
sion, this bit is "0", and upon completion becomes "1 ". 

Thus, it can be ascertained whether A-D conversion has 
been completed or not by inspecting this bit. The relation 

between the contents of the A-D control register and the 
selection of input pins are shown in Figure 17. 
The results of the conversion can be found be reading the 
contents of the successive approximation register address 
00D916 which stores the results of the conversion. 
The procedure for executing A-D conversion is next ex
plained. Firstly, the pin that is to be used for the A-D con
version is selected by setting bit 2, bit 1 and bit 0 of the A
D control register. 

AVss 

Resistance ladder 

Next, clear the A-D conversion end bit to "0". 
When the above is done, A-D conversion is started. A-D 
conversion completes after 49 clock cycles upon which the 
A-D conversion end bit is set to "1" and the results of the 
conversion can be found in the successive approximation 
register. Since the comparator consists of the capacitive 
coupled configuration, f (X ,N ) is needed larger than 1 MHz 

during A-D conversion. 

A-D control register 

(Address OODA,.) 

Analog input pin selection bit 

000 : P4al ANa 
001 : P4,/AN, 

010 : P4,I AN, 

011 : P4,I AN, 

100 : P4,I AN, 

101 : P4,I AN, 

110 : P4./AN. 

111 : P4,/AN, 

'-____ A-D conversion end bit 

o : Under converSion 
1 : End conversion 

Fig.17 Structure of A-D control register 

Successive approximation register 
(Address 00D9,.) ...-'..,...J-,,-"-...... '-,A-D 

Fig.16 Block diagram of A-D converter 
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D-A CONVERTER 
The M37424M8-XXXSP has two 8-bit resolution, R-2R method 
D-A converters and two 5-bit resolution D-A converters. A 
block diagram of the D-A converters is shown in Figure 19. 
If a value is written into one of the D-A conversion registers 
corresponding to these D-A converters, an analog voltage 
equivalent to that digital value is generated by the ladder 
resistors. If the corresponding D-A output enable bit (bit 0 
to bit 3 of the D-A output enable register) is set to "1", that 
value is output to the corresponding output pin P6./DA, to 
P67/DA.. In this case, the directional register of that pin 
must be set to "0" to set input mode. 
The relationship between analog voltage and digital value 
is as follows: 

V=VREF Xn/256(n=0 to 255) : DA, and DA2 

V=VREF Xn/32(n=0 to 31) : DA3 and DA. 

Where V is the output voltage, VREF is the reference vol
tage, and n is the value in the D-A conversion register. 

Fig.19 Block diagram of O-A converter 

At reset, the P64/DA, to P67/DA4 pins go to high impe
dance. D-A output does not have a built-in buffer, so if con
necting a low-impedance load, connect an external buffer 
as well. 

The structure of the D-A output enable register is shown in 
Figure. 18. 

O-A output enable register L-.L-.L-.L-..,..,.....,.......,..... (address 0001,.) 

O-A 1 output enable bit 

o : O-A 1 output off 

1 : O-A 1 output on 
0-A2 output enable bit 

o : 0-A2 output off 

1 : 0-A2 output on 
0-A3 output enable bit 

o : 0-A3 output off 

1 : 0-A3 output on 
L----0-A4 output enable bit 

o : 0-A4 output off 

1 : 0-A4 output on 

Fig.18 O-A output enable register 

<>------Q P65/0A, 
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MITSUBISHI MICROCOMPUTERS 

M37424M8 .. XXX5P 
M37524M4 .. XXX5P 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

EXTERNAL TRIGGER OUTPUT 
Port P55 operates as tlie pin Q which outputs the external 

trigger signal. Port P6, operates as the pin T which inputs 
the trigger clock. By setting bit 1 of the special function 
selection register (address OOEE,s ) to "1", the P6, /T/INT, 

pin functions a trigger input pin and P6" P55 can be used 

as the external trigger function pins. 
In external trigger mode, the value set by the external trig
ger output data bit is output to port P55 each time the ac
tive edge specified by bits 1 and 7 of the interrupt polarity 
specification register. Combinations of bits 3 and 4 of the 
special function selection register set port P55 to output 
mode as shown in Table 3. If using external trigger output, 
set the P55 directional bit to "0". At reset, this bit is cleared 

to "0". 

IT1D IT1P 

R 

Fig.21 Block diagram of external trigger output 

Table 3. External trigger output 

~ output data bit 
0 

~Iernal trigger output 
1 

direction specify bit 

0 High-Impedance High-impedance 

1 L H 

7 0 

: I I I I I I I I I Special function selection register 
(address OOEE, .) 

L Port P54 function selection bit 
0: I/O port 
1 : PWM output 

L...- Port P5s function selection bit 
0: I/O port 
1 : External trigger output 

L---- External trigger output data bit 
o : "L" output 
1 : "H" output 

External trigger output direction specify bit 
o : High-Impedance 
1 : Output transistor on 

Fig.20 Structure of special function selection register 

P55 latch 

P55 /Q 

P55 direction speCify bit 

Reset 

SF : Special function selection reglster( address OOEE,.) 

IT: Interrupt polarity speCification reglster(address OOED,.) 
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MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

V PULSE AND Y PULSE GENERATOR 
Port P56 operates as the VPLS pin to output the V pulse 

and port P61 operates as the T pin to input the trigger 

clock, P56 can be used as the V pulse output by setting bit 
5 of the V pulse control register (000816 ) to "1", Port P57 

operates as the YPLS pin which outputs the Y pulse, It can 

be used as the Y pulse (VPF signal) output by setting bit 6 

of the V pulse control register to "1", Effective edge of trig

ger input can be selected by setting bits 2 and 3 of V pulse 

control register, Figure 22 shows the block diagram of the 
V pulse, Y pulse generator, Figure 23 shows the timing dia

gram of the V pulse and Y pulse, 

At the falling or rising edge of T, the VPP counter starts, By 

the overflow signal of the VPP counter, VPLS goes "H", By 

the overflow signal of VPP counter, the VPN counter starts, 
By the overflow signal of the VPN counter, VPLS goes "L", 

When the VPP counter or the VPN counter is counting, bit 4 
of the V pulse control register is "1", 

The preset value of the VPP conter can be set by the 9-bit 

register with bit 1 of the V pulse control register' being the 
most significant bit and the V pulse preset value P 

(000616 ) being the low-order eight bits, The preset value 

VLE 

of the VPN counter can be set by the 9-bit register with bit 

o of the V pulse control register being the most significant 

bit and the V pulse preset value N (000716 ) being the low

order eight bits, 
Note that values of bits 0 and 1 of the V pulse control regis

ter are the current counting values in the VPP counter and 

the VPN counter, not the preset values of the counters, 

7 0 

II I I I I I I I IV pulse control register 

~: (address 00D8,6) 
VPN8 : VPLS negative edge 

preset value 
VPP8 : VPLS positive edge 

preset value 
VLE : T mput rising edge selection bit 

o : Rising edge Invalid 
1 : RISing edge valid 

'VTE : T mput failing edge selection bit 

o : Failing edge Invalid 
1 : Failing edge valid 

VPF : VPF generallon flag 
o : VPPIVPN counter stop 
1 : VPPIVPN counter counting 

VPM : Port P56 function selection bit 

0: 1/0 port 
1 : VPLS output 

YPM : Port P57 function selection bit 

0: 1/0 port 
1 : YPLS output 

Fig,22 Structure of V pulse control register 

r-------------------~S 
P5, latch 

Fig,23 Block diagram of V pulse and Y pulse generator 

• MITSUBISHI 
..... ELECTRIC 
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Q I-~~""I--------< 

VPM P56IVPLS 
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P6,/T Input 

VPLS 

VRF 
( : YPLS) 

r 
VPP reglster-TP1 

VPN reglster-TN1 

set 

TP1 TN! -r---= 

MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

t 
VPP reglster-TP2 

VPN reglster-TN2 

set 

TP2 TN2 

r--

t 
VPP reglster-TP3 

VPN reglster-TN3 

set 

TP3 TN3 

r-

Fig.24 Timing diagram of the V pulse and Y pulse 
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MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

WATCHDOG TIMER 
The watchdog timer provides a method of returning to reset 
status if a runaway or other cause prevents a program from 
running a loop normally. 
The watchdog timer is a 15-bit counter consisting of a low
er seven bits and an upper eight bits (address 00EF16). At 
reset or after the watchdog timer is written to, 7FFF16 is set 
in this timer and it starts to count. 
When the MSB reaches "0", an internal reset is generated. 
Therefore programs should normally be written to ensure 
that the watchdog timer is written to before this bit reaches 

System clock <P 

CPU 

"0". If address 00EF16 is read, the value in the upper eight 
bits of the counter is read. Directly after a reset, the watch
dog timer is stopped. After reset is re)eased, the first write 
to address 00EF16 validates the watchdog timer function. 
The count source of the lower seven bits is a signal that is 
the system clock '" divided by eight. The count source of 
the upper eight bits can be selected as either the overflow 
signal from the 7 -bit counter or a signal that is the system 
clock", divided by eight, depending on the value of bit 3 of 
the CPU mode register (address 00FB16). 

...-__ 1......1-_---, WDT overflow Signal 

Internal reset Signal 
Reset CirCUit 

Flg.25 Block diagram of runaway detection function 

Internal reset Signal 

~2,",sec(f(X'N)=4MHz) 

/\,--.E ____ ~~V 
WDT overflow 

Flg.26 Timing diagram of internal reset signal 
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MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

110 PORTS 
(1) Port PO 

Port PO is an 8-bit 1/0 port with CMOS output. 
As shown in the memory map (Figure 1), port PO can 
be accessed at zero page memory address OOC016. 

Port PO has a directional register (address 00C1 l6) 

which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously output value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read When data is \'\Iritten into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

(2) Port P1 
Port P1 has the same function as Port PO. The output 
structure of M37424M8-XXXSP is CMOS output. The 
output structure of M37524M4-XXXSP is N-channel 
open drain output. 

(3) Port P2 
Port P2 has the same function as Port PO. 

(4) Port P3 
Port P3 has the same function as port PO, but it has N
channel open drain output. Port P3 can also be used as 
serial 1/0 and timer output pins. 

(5) Port P4 
Port P4 has the same functi~n as port PO. P47 through 
P40 can also be used as analog input pins AN7 through 
ANa· 
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(6) Port P5 
Port P5 has the same function as port PO. Port P5 can 
also be used as INT2-INTs, PWM output, external trig
ger output Q and V pulse, Y pulse output pins. 

(7) Port P6 

Port P6 has the same function as port PO. Port P6 can 
also be used as INTo, INT1, trigger clock input T, timer 
1/0 and O-A output pins. 



Port po, P2 

Data bus 

Port P1(M37424M8-XXXSP) 

Data bus 

Port P1 (M37524M4-XXXSP) 

Data bus 

Flg.27 Block diagram of ports PO-P6 (1) 

MITSUBISHI MICROCOMPUTERS 

M37424M8·XXX5P 
M37524M4·XXX5P 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

CMOS tn-state output 

............. --{) Port PO, P2 

CMOS tn-state output 

....... _--0 Port P1 

N-channel open drain output 

.-....... --(1 Port P1 
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Port P30 

Data bus 

Port P3,. P33 • P3. 

Data bus 

Port P32 

Data bus 

Data bus 

SM3 

SM. 
T34M, 

SRDyOutput 

Timer output 

Fig.28 Block diagram of ports PO-P6(2) 

MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

N-ch'imnel open drain output 

~_--n Port P30 

Senal I/O Input ~-... \\1---

N-channel open dram output 

Port P3,. P33 • P3. 

N-channel open drain output 

Port P32 

Serial clock input ,-..... ".---

N-channel open dram output 

r-_---o Port P3,- P3, 
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Port P4 

Data bus 

Port PSo- pS3 

Data bus 

Port ps4 , ps6 , ps, 

SFo VPM 5 

MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

CMOS tn-state output 

t--op-----1~ Port P4 

Analog Input 

ADMo-ADM, 

CMOS tn-state output 

t--~~U Port PSO-PS3 

INT,-INT5 

C=~~~~~~~==]-~V~P~M~6~-=-=~~~~>4r---4 CMOS tn-state output 

t--..---1C) Port ps4, ps6 , ps, 

Data bus Data register 

Port PS5 

CMOS tn-state output 

t--op-----1~ Port pS5 

Data bus Data register 

Fig.29 Block diagram of ports PO-P6 (3) 
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Port P6o, P6" P63 

Data bus 

Port P6, 

Data bus Data register 

Port P64-P67 

Data bus Data register 

Fig.30 Block diagram of ports PO~P6 (4) 

~ITSUBISHI MICROCOMPUTERS 

M37424MS-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

INTo,INT, 
CNTR, Jnput 

CMOS tn-state output 

+----r--() Port P60 , P6" P63 

CMOS tn-state output 

~~--o Port P6, 

CNTRoJnput---<::m-------' 

CMOS tn-state output 

~~--o Port P64-P67 

Analog output 

DAONo-DAON3 
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MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

RESET CIRCUIT 
The M37424M8-XXXSP is reset according to the sequence 
shown in Figure 31. It starts the program from the address 

formed by using the content of address FFFF'6 as the high 
order address and the content of the address FFFE'6 as the 
low order address, when the RESET pin is held at "L" level 
for more than 2,us while the power voltage is in the recom
mended operating condition and th'e crystal oscillator 
oscillation is stable and then returned to "H" level. The in
ternal initializatlons following reset are shown in Figure 33. 

An example of the reset circuit is shown in Figure 32. 
When the power on reset is used, the RESET pin must be 
held "L" until the oscillation of X,WXOUT becomes stable. 

RESET 

SYNC 

Address 

Data 

8-12 clock cycles 

Fig.31 Timing diagram at reset 

OV 

,;;.:..:;.;.... __ V--,cf.C,-, Supply voltage 

I 1 ___ - /' detection CirCUit 

I I 
I I 

L---t---! I 
I 

I 
I 

Fig.32 Example of reset circuit 

"---__ Reset address from the 
vector table 

Note Frequency relation of f(X,N)and 1> IS f(X,N)=2' 1> 

2 The mark" 7 " means that the address IS changeable 

depending on the prevIous state 
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address 

(1) Port PO directional register (C I,.) 00,. I 
(2) Port PI directional register (C 3,.) 00,. I 
(3) Port P2 directional register (C 5,.) 00,. I 
(4) Port P3 directional register (C 7,.) 00,. I 
(5) Port P4 directional register (C 9,.) 00,. I 
(6) Port P5 directional register (C B,.) 1 00,. I 
(7) Port P6 directional register (CO,.) 00,. I 
(8) O-A output enable register (0 I,.) I I I 10 10 10 10 1 

(9) 0-A3 conversion register (02,.) 00,. I 
(10) 0-A4 conversion register (03,.) 00,. I 
(11) V pulse control register (08,.) 10 I 0 I 10 I 01 I I 
(1~ A-O control register (OA,.) I I I 10 10 10 10 1 

(1~ O-A 1 conversion register (OB,.) 00,. I 

(1~ 0-A2 conversion register (OC,.) I 00,. 
(1~ Serial 110 mode register (00,.) I 00,. 
(1~ Interrupt poIanly speciftcation register (E 0,.) 00,. 

(tn Special function selection register (E E,.) I I I 10 10 10 10 

(18) Watchdog timer (E F ,.) 7FFF,. 

(19) Timer 3 (F 2,.) FF,. 

~O) Tlmer4 (F 3,.) 07" 

~1) Timer I, 2 mode register (F 8,.) 10 I 10 10 10 10 1 1 0 1 

~~ Timer 3, 4 mode register (F 9,.) I I 10 10 1 10 1 10 1 

~3) Timer X mode register (F A,.) I 00,. I 
~~ CPU mode register (F B,.) I I I 11101110101 

~~ Interrupt request register 1 (FC,.) I 00,. I 
~Q Interrupt request register 2 (F P,.) I 00,. I 
~n Interrupt control register 1 (F E,.) I 00,. I 
~8) Interrupt control register 2 (F F ,.) I 00,. I 
~9) Processor status register (PS) I I I I I 111 I I 
00) Program counter (PC H ) I Contenls of addre .. FFFF" I 

(PC l ) I Contents of address FFFE" I 
Fig. 33 Internal state of microcomputer at reset 
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MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

CLOCK GENERATING CIRCUIT 
The built-iri clock generating circuits are shown in Figure 36. 
When the WIT instruction is executed, the internal clock ¢ 

stops in the "H" level but the oscillator continues running. 
This wait state is cleared when an interrupt is accepted. 
Since the oscillation does not stop, the next instructions are 
executed at once. To return from the wait status, the inter

rupt enable bit must be set to "1" before executing WIT in
struction. 
Since the M37424M8-XXXSP does not have STP instruc
tion, the oscillation can not be stopped. 
The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 34. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 
The example of external clOCk usage is shown in Figure 35. 

X'N is the input, and XOUT is open. 

Interrupt 
request 

M37424MS-XXXSP 

X,N XOUT 

29 1MQ 30 

HOf-
,*CIN '* COUT 

Fig.34 External ceramic resonator circuit 

M37424MS-XXXSP 

29 

External OSCillating CirCUit 

XOUT 

30 
Open 

Fig.35 External clock input circuit 

Interrupt 
disable flag I 

>-----------------------~S Q 

WIT Instruclion ... R __ ....I 

Internal clock¢ 

XOUT 

Flg.36 Block diagram of the clock generating circuit 
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·MITSUBISHI MICROCOMPUTERS 

M37424MS-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

PROGRAMMING NOTES 
(1) The frequency ratio of the timer is 1/(n+l). 

(2) Even though the BBC and. BBS instructions are ex
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in
struction cycle must be used (such as a Nap) be
tween the modification of the interrupt request bits, and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a Nap) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(4) A Nap instruction must be used after the execution of 
a PLP instruction. 

DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) mask ROM confirmation form 
(2) mark specification form 
(3) ROM data ........................................... EPROM 3sets 
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M37424MS-XXXSP 
ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply voltage 

Vss Supply voltage 

VREF Reference voltage 

V, Input voltage X'N, RESET, P30-P3" CNVss 

V, 
Input voltage POo-PO" Plo-PI" P2o-P2" 

P4o-P4,. P50-P5" P6o-P6, 

Va Output voltage P30 ...... P37 

Output voltage POo-PO" Plo-PI" P2o-P2" 

Va P4o-P4" P50-P5" P6o-P6" 
XOUT, ¢ 

Pd Power diSsipation 

Topr Operating temperature 

Tsto Storage temperature 

MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

Conditions Ratings Unit 

-0.3-7 V 

a V 

-0. 3-Vee+0. 3 V 

-0.3-7 V 

With respect to Vss 
-0. 3-Vee+0. 3 V 

Output transistors are at "OFF" state 

0.3-7 V 

-0. 3-Vee+0. 3 V 

Ta=25t 1000 mW 

-10-70 ·c 
-40-125 ·c 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%, Ta=-10-70'C, unless otherwise noted) 

Limits 
Symbol Parameter Umt 

Min Typ Max 

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage a V 

"H" Input voltage pOo-PO" Plo-P1r. P2o-P2" 

V,H 
P30-P3" P40-P4" P50-P5" 

0. 8Vee Vee V 
P60-P6" INTo-INTs, CNTRo, 

--
CNTR" T, RESET. X,N 

"L" mput voltage POo-PO" Plo-PI" P2o-P2" 

V'L 
P30-P3" P4o-P4" P50-P5" 
P6o-P6"INTo-INTs, 

0 O. 2Vcc V 

CNTRo, CNTR" T 

V'L "L" mput voltage RESET a O. 12Vcc V 

V'L "L" mput voltage X1N 0 O. 16Vcc V 
"H" peak output current POO ........ P07, P1 o ...... P1 7, 

IOH(peak) P2o-P2" P4o-P4" -10 mA 
P50-P5" P6o-P6, (Note 1) 

"H" average output current POo ....... P07 , P1o ....... P17, 

IOH(avg) P2o-P2" P4o-P4" -5 rnA 
P50-P5" P60-P6, (Note 1) 

"L" peak output current POO ........ P07, P1 0""'" Ph, 

lou peak) 
P2o-P2" P30-P3" 

10 mA 
P4o- P4" P50- P5" 
P6o-P6, (Note 2) 

"L" average output current POO ......... P07, P1o ......... Ph, 

louavg) 
P20-P2" P3"-P3,, 
P4o-P4" P50-P5" 

5 mA 

P6o-P6, (Note 2) 

f(X,N ) Clock oscillatmg frequency 4 MHz 

Note 1. The' total of "H" peak output current of port PO. Pl, P2, P4, P5 and P6 IS less than 65mA 
2. The total of "L" peak output current of port PO, PI, P2, P3, P4, P5 and P6 IS less than 65mA 
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MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=ov, Ta=25"C, f(X ,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test condItions Unit 

Min Typ Max 

VOH 
"H" output voltage POo-PO" Plo-PI" P2o-P2" 

P4o-P4" P50-P5" P6o-P6, 
10H=-lOmA 3 V 

VOH "H" output voltage 1> IOH=-2.5mA 3 V 

VOL "L" output voltage P30-P3, 10L=lOmA 2 V 

VOL 
"L" output voltage POo-PO" Plo-PI" P2o-P2" 

P4o-P4" P50-P5" P6o-P6, 
IOL=lOmA 2 V 

VOL "L" output voltage 1> IOL=2.5mA 2 V 

V+-V- Hysteresis X/N 0.1 0.5 V 

V+-V_ HysteresIs RESET 0.5 0.7 V 

V+-V_ Hysteresis INTo-INT" eNTRo, eNTR" T Use as INTo-INT" eN TAo, eNTR" T Input 0.3 1.0 V 

I'H "H" input current RESET, X,N V'H=5V 5 /-'A 

I'H 
"H" Input current POo ........ P07, P1o ....... Ph, P2o ........ P27, 

P4o-P4" P50-P5" P6o-P6, 
V,H=5V 5 /-'A 

I'H "H" mput current P30 ...... P37 V,H=5V 5 /-'A 

I'L "L" Input current RESET, X1N VIl=OV -5 /-'A 

I'L 
"L" input current POo-PO" Plo-PI" P2o-P2" 

P4o-P4" P50-P5" P6o-P6, 
VIl=OV -5 /-'A 

IlL "L" input current P30 ....... P37 VIl=OV -5 /-'A 
f (X,N ) = 4MHz, output pms opened, Input 

lee Supply current pms at Vss or Vee, and A-O converter In the 6 12 rnA 
finished condition 

A-O CONVERTER CHARACTERISTICS (Vcc=5V, Vss=ov, Ta=25'C, f(X,N )=4MHz, unless otherWise noted) 

LImits 
Symbc> Parameter Test conditions Unit 

Min Typ Max 

- Resolution VREF-VCC 8 bits 

- Absolute accuracy VREF-VCC ±3 LSB 

RLADDER Ladder resistor VAEF=VCC 20 kG 

teoNV Conversion time 25 /-'5 

VREF Reference voltage 4 Vee V 

V'A Analog Input voltage a V REF V 

O-A CONVERTER 1, 2 CHARACTERISTICS (Vcc=5V, Vss=ov, Ta=25'C, f(X ,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

- Resolution VREF=VCC 8 bits 

- Absolute accuracy VREF=VCC +2 % 
Ro Ladder resistor VREF=VCC 4 kG 

tsu Setup time VREF=VCC 3 /-'5 

VREF Reference voltage 4 Vee V 

O-A CONVERTER 3, 4 CHARACTERISTICS (Vcc=5V, Vss=ov, Ta=25'C, f(X ,N )=4MHz, unless otherwise 'hated) 

Limits 
Symbol Parameter Test conditions -- Unit 

Min Typ Max 

- Resolution VREF=VCC 5 bIts 

- Absolute accuracy VREF=VCC ±2 % 

Ro Ladder resistor VREF=VCC 4 kG 

tsu Setup time VREF=VCC 3 /-,S 

VAEF Reference voltage 4 Vcc V 
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M37524M4-XXXSP 
ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply voltage 

Vss Supply voltage 

V REF Reference voltage 

V, Input voltage X'N, RESET, eNVss 

V, Input voltage P1o-P1" P30-P3, 

V, 
Input voltage POo-PO" P20-P2" P4o-P4" 

P50-P5" P60-P6, 

Vo Output voltage P1 o-P1" P30-P3, 

Vo 
Output voltage POo-PO" P2o-P2" P4o-P4" 

P50-P5" P6o-P6" XOUT, ~ 

Pd Power dissipation 

Topr Operating temperature 

Tstg Storage temperature 

MITSUBISHI MICROCOMPUTERS 

M37424M8-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Conditions Ratmgs Unit 

-0.3-7 V 

a V 

-0. 3-Vee+O. 3 V 

-0.3-7 V 

With respect to Vss -0.3-13 V 

Output transistors are at "OFF" state 
-0. 3-Vee+0. 3 V 

-0.3-13 V 

-0. 3-Vee+0. 3 V 

Ta=2S'C 1000 rnW 
-10-70 'c 
-40-125 'c 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±10%, Ta=-10-70'C. unless otherw'se noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 
~~-

Vee Supply voltage 4.5 5 5.5 V 

Vss Supply voltage a V 

"H" Input voltage POo-PO" P1 o-P1" P2o-P2" 

V'H 
P30-P3" P4o-P4,. P50-P5" 
P6o-P6" INTo-INT5, eNTRo, 

0. 8Vee Vee V 
--

eNTR" T, RESET, X'N 

"L" Input voltage POo-PO" P1o-P1" P2o-P2" 

V'L 
P30-P3" P40-P4" P50-P5" 
P6o-P6"INTo-INT5, 

a 0. 2Vcc V 

eNTRo, eNTR" T 

V'L "L" ,nput voltage RESET a 0. 12Vcc V 

V'L "L" Input voltage X1N a 0. 16Vcc V 

"H" peak output current POo-PO" P2o-P2" 

IOH(peakl P4o-P4" P50-P5" -10 rnA 
P6o-P6, (Note') 

"H" average output current POO ...... POl, P2o-P27, 

IOH(avgl P4o-P4" P50-P5" -5 rnA 
P6o-P6, (Note') 

"L" peak output current POO-PO?, P10 ....... P1 7, 

loupeakl 
P2o- P2" P30- P3" 
P40-P4" P50-P5" 

10 rnA 

P6o-P6, (Note 2) 

"L" average output current POo ....... P07, P10""" P1 7 • 

louavg) 
P2o-P2" P30-P3" 
P4o-P4" P50-P5" 

5 rnA 

P6o-P6, (Note 2) 

f(X,N) Glock oscillatmg frequency 4 MHz 

Note 1. The total of "H" peak output current of port PO, P2. P4. P5 and P6 '5 less than 65mA. 
2. The total of "L" peak output current of port PO, P1, P2, P3. P4. P5 and P6 is less than 65mA 
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MITSUBISHI MICROCOMPUTERS 

M37424MS-XXXSP 
M37524M4-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vee=5V, Vss=ov, Ta=25"C, f(X ,N )=4MHz, unless otherwIse noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

VOH 
"H" output voltage POo-PO" P2o-P2" P4o-P4" 

IOH=-10mA 3 V 
P50- P5" P6o- P6, 

VOH "H" output voltage 1> IOH=-2.5mA 3 V 

VOL "L" output voltage Pl o-Pl" P30-P3, 10L =10mA 2 V 

VOL 
·'L" output voltage POo-PO" P2o-P27, P4o-P4" 

P50-P5" P6o-P6, 
IOL=10mA 2 V 

VOL "L" output voltage 1> IOL=2.5mA 2 V 

V+-V_ HysteresIs X,N 0.1 0.5 V 

V+-V_ HysteresIs RESET 0.5 0.7 V 

V+-V_ HysteresIs INTo-INT" eNTRo, eNTR" T Use as INTo-INT" eNTRo, eNTR" T Input 0.3 1.0 V 

I'H "H" Input current RESET, X,N V,H =5V 5 I"A 

I'H 
"H" Input current POo ........ P07, P2o""""P27, P4o ........ P47, 

V,H=5V 
5 

I"A 
P50-P5" P6o-P6, 

I'H "H" Input current P10 ........ P17, P30 ....... P37 V'H=12V 12 I"A 

III "L" rnput current RESET, X,N VIL=OV -5 I"A 

III 
"L" Input current POO ........ P07, P2o ........ P27, P4o ........ P47, 

VIL=OV -5 I"A 
P50-P57. P6o-P6, 

III "L" rnput current P1 o ........ P1 7 , P30 ........ P37 VIL=OV -5 I"A 

f (X,N) = 4MHz, output prns opened, rnput 

Icc Supply current pinS at V 55 or Vee, and A-D converter In the 6 12 rnA 

finished condition 

A-O CONVERTER CHARACTERISTICS (Vec=5V, Vss=ov, T a=25"C, f(X ,N )=4MHz, unless otherwise noted) 

Symbol Parameter Test conditions 
Limits 

Umt 
Min Typ Max 

- Resolution VREF-VCC 8 bits 

- Absolute accuracy VREF=VCC +3 LSB 

RLADDER Ladder resIstor VREF=VCC 20 kO 

tCONV Conversion time 25 I"S 
VREF Reference voltage 4 Vee V 

V'A Analog mput voltage 0 VREF V 

O-A CONVERTER 1, 2 CHARACTERISTICS (Vce=5V, Vss=ov, Ta=25"C, f(X ,N )=4MHz, unless otherwise noted) 

Symbol Parameter Test conditions 
limits 

Unit 
Min Typ Max 

Resolution VREF-VCC 8 bits 
Absolute accuracy VREF-VCC +2 % 

Ro Ladder resistor VREF=VCC 4 kO 

tsu Setup time VREF-VCC 3 I"S -
V REF Reference voltage 4 Vee V 

O-A CONVERTER 3, 4 CHARACTERISTICS (Vcc=5V, Vss=ov, Ta=25"C, f(X ,N )=4MHz, unless otherwise noted) 

Symbol 

-
-

~-
tsu 

V REF 

3-390 

Parameter 

Resolution 

Absolute accuracy 

Ladder resistor 

Setup time 

Reference voltage 

Test conditions 

VREF=VCC 

VREF=VCC 

VREF-VCC 

VREF-VCC 

• MITSUBISHI 
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limits 
Unrt 

Min Typ Max 

5 bIts 

+2 % 
4 kO 

3 I"S 

4 Vee V 



MITSUBISHI MICROCOMPUTERS 

M37428M4-XXXFP 
"".' I ,~ , , 

" .. 
",I'" 

~.,:,' ," SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M3742BM4-XXXFP is a single-chip microcomputer de
signed with high-speed CMOS silicon gate technology. It is 
housed in an BO-pin shrink plastic molded quad flat 
package. 
This microcontroller's internal architecture and instruction 
set makes it ideal for business and office automation equip
ment. In addition to its simple instruction set, the ROM, 
RAM and I/O addresses are placed on the same memory 
map to enable easy programming. 
This microcontroller is also suitable for applications which 
require control of LCD panels. 

FEATURES 
• Number of basic instructions'" ................................ 69 

• Memory size 
ROM ....................................................... BK bytes 

RAM······················································· 3B4 bytes 

• Instruction execution time 
(shortest instruction at BMHz)····························1j1s 

• Single power supply 
f(X1N)=BMHz ···········································5V±10% 
f(X1N )=32kHz······················· 2.BV;;;;;Vcc ;;;;;5.5V(Typ.) 

• Power dissipation 
normal operation mode (at 8MHz) 

........................................ 30mW (Vcc=5V, Typ.) 

low-speed operation mode(at 32kHz) 
....................................... 225j1W (Vcc=5V, Typ.) 

55j1W(Vcc=3V, Typ.) 
stop mode····························· 5j1W (Vcc=5V, Max.) 

• RAM retention voltage (stop mode) .. 2.0V;;;;;VRAM ;;;;;5.5V 
• Subroutine n'esting ······································96 (max.) 

• Interrupt .. ······································ 10 types, 5 vectors 

• Timers 
B-bit timers with prescalers and reload latches" ······2 
B-bit timers with reload latches··········· ............ ·······3 

• UART with Baud Rate Generator(B-bit) ·····················1 
• Programmable I/O ports(Port PO, P1, P2, P3) ···········32 
• Input ports (Port P4) ···············································8 
• LCD controller/driver(1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 

segment output·················································· 32 
common output···················································· 4 

• Two clock generating circuits 
(One is for main clock, the other is for sub clock) 

APPLICATION 
Utility meter, Home telephone, Multi function telephone 

PIN CONFIGURATION (TOP VIEW) 

Outline 80P6N 
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MITSUBISHI MICROCOMPUTERS 

M37428M4·XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

FUNCTIONS OF M37428M4-XXXFP 
Parameter Functions 

Number of basIc mstructloos 69 

Instruction execu]ion time I"s (shortest onstructioo at8MHz) 

Clock frequency 8MH. 

ROM 8192 byles 
Memory size 

RAM 384 byles 

PO, P1, P2, P3 I/O 8-bltX4 

P4 Input 8-bitXI (Port P4 are In commoo WIth SEG) 
Input/Output port 

SEG LCD output 32-bitXI 

COM LCD output 4-bltXI 

UART WIth baud rate generator 1 channel 

Timers 
8-bottlmers WIth prescalers and reload latchesX2 

8-bottlmers WIth reload latchesX3 

Bias 1/2, 1/3, bIas selectable 

LCD controller/drover 
Duty ratIO 1/2, 1/3, 1/4 duty selectable 

Common output 4 

Segment output 32(SEG'4-SEG31 are m commoo WIth port P4) 

Subroutme nestIng 96 (max.) 

Interrupt 
Three external Interrupts, SIX Internal Interrupts, 

one software Interrupt 

Clock generatIng Cllcult Two bUllt-m CirCUits (ceramic or quartz crystal OSCillator) 

SV±10%(at 8MHz) 

Supply voltage 2. 8-S, SV(at 32kHz) 

RAM retentIon voltage at clock stop IS 2-S. SV 

Normal operation mode Vcc=5V 30mW (typ at 8MHz) 

Power dlsslpatloo Low-speed operatIon mode Vcc=5V 22S"W (typ at 32kHz) 

Stop mode Vcc=Sy S"W (max at 25'C) 

OperatIng temperature range -1O-70'C 

Process technology High-speed slilcon gate CMOS 

Package 80-pm plastIC molded QFP 
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MITSUBISHI MICROCOMPUTERS 

M37428M4-XXXFP 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

PIN DESCRIPTION 

Pin Name 
Inpull 

Function 
Output 

Vee. Power supply Connect Vcc 10 5V±10%. Connect Vss to OV. 

Vss 

CNVss CNVss input Input Connect to OV to ensure proper operation in the single-chip mode 

RESET RESET Input Input To reset the CPU, keep the RESET Input terminal low for at least 2,usec under normal Vee conditions 

X ,N Clock input Input Connect a ceramic or crystal oscillator between X'N and XOUT for clock oscillation If an external clock Input 

is used, connect the clock mput to the X,N Pin and leave the XOUT pin opened 

XOUT Clock output Output 

INT, Interrupt input Input This is the highest priority interrupt input pin (except for RESET). 

POO-P07 1/0 port PO 1/0 Port PO IS an 8-bit lIO port with directional registers allowing each bit to be individually programmed as in-

put or output. At reset, this port IS set as Input The 1/0 port structure is CMOS compatible. 

Pl o-P1 7 110 port P1 1/0 Port P1 IS an 8-bIt 110 port with the same functIOn as Port PO 

P20 -P27 1/0 port P2 1/0 Port P2 is an 8-bit 1/0 port with the same function as Port PO. It can also be used as input pinS for key-on 

wake up The output IS CMOS compatible 

P30 -P37 1/0 port P3 1/0 Port P3 IS an 8-blt 110 port with the same function as port PO. P34 , P3s, P36 and P37 can operate as RxD, 

TxD, ClK and CTS, respectively, for the UART function P32 can be set to work as an external Interrupt in-

put pin INT2 P31 and P30 can function as XCIN and XCOUT, respectively, which are the input PinS for the low-

power dissipation mode clock 

P4o-P47 110 port P4 110 Port P4 is an 8-bit Input port which can operate as the LCD segment output pins SEG24 ....... SEG31 

VU--VL3 Supply voltage for LCD Input For LCD operation, these pins must be connected to power such that OV&Vl1~VL2~VL3~VCC 

COMo- Common output Output These are lCO common output pins At 1/2 duty. COM, and COM, are", not used At 1/3 duty. COM, is not 

COM3 used 
I 

SEGo- Segment output Output These are lCO segment output PinS 

SEG3 , 

CNTR Counter 1/0 1/0 ThiS pin IS used together with timer X for event counter, pulse output or PWM mode 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

MITSUBISHI MICROCOMPUTERS 

M37428M4-XXXFP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

MEMORY 
° Special Function Register (SFR) Area 

The M37428 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

The special function register (SFR) area contains the reg
isters relating to functions such as 1/0 ports and timers. 
oMM . 
RAM is used for data storage as well as a stack area. 

° ROM Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 

0000" 

RAM 
(192 bytes) 

OOBF,• 

0000,• 

RAM for LCD 
(16 bytes) 

OODF,• 
OOEO,• 

OOFF,• 

1 "00" 
RAM 

(192 bytes) 

01BF,• 

2000,• 

ROM 
(8192 bytes) 3FOO,• 

3FF4, • 

3FFF,• 

Fig. 1 Memory map 

ROM is used for storing user programs as well as the inter

rupt vector area. 
° Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

° Zero Page 
Zero page addressing mode is useful because it enables 

access to this area with fewer instruction cycles. 

° Special Page 
Special page addressing mode is useful because it en
ables access to this area with fewer instruction cycles. 

Not used 

SFR area 

Not used 

Interrupt vector area 

• MITSUBISHI 
.... ELECTRIC 

Zero page 
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Fig. 2 
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MITSUBISHI MICROCOMPUTERS 

M37428M4-XXXFP 

SINGLE.CHIP 8·BIT CMOS MICROCOMPUTER 

OOEO,. 
OOE1,. 
OOE2,. 
OOE3,. 
OOE4,. 
OOE5,. 
OOE6,. 
OOE?,. 
OOES,. 
OOE9,. 
OOEA,. 
OOES,. 
OOEC,. 
OOED,. 
OOEE,. 
OOEF,. 

Port PO 
Port PO direction register 
Port P1 
Port P1 direction register 
Port P2 
Port P2 direction register 
Port P3 
Port P3 direction register 
Port P4 

Interrupt source recognition register 1 
Interrupt source recognition register 2 
System control register 

LCD mode register 

OOFO,. 
OOF1,. 
OOF2,. 
OOF3,. 
OOF4,. 
OOFS,. 
OOF6,. 
OOF7,. 
OOFS,. 
OOF916 

OOFA,. 
OOFS,. 
OOFC,. 
OOFD16 

OOFE,. 
OOFF,. 

SFR (Special Function Register) memory map. 

• MITSUBISHI 
"'ELECTRIC 

Sand rate generator 
Receive buffer register 
Transmit buffer register 
UART status register 
UART mode register 
UART control register 
Timer control register 1 
Timer 1 
Timer 2 
Timer 3 
Prescaler 4 
Time, 4 
Prescaler X 
Timer X 
Interrupt control register 
Timer control register 2 



MITSUBISHI MICROCOMPUTERS 

M37409PSS 

PIGGYBACK for M37409M2-XXXSP 

DESCRIPTION FEATURES 
• Differences with the M37409M2-XXXSP are: 
(1) ROMless, EPROM is attached externally. 

The M37409PSS is an EPROM mounted-type microcompu
ter which utilizes CMOS technology, and is designed for 
developing programs for single-chip 8-bit microcomputers 
the M37409M2-XXXSP. It IS housed in a piggyback-type 
52-pin shrink DIP. 

(2) Suitable EPROM is the M5L2764K or the M5L27128K. 

APPLICATION 
There is a 28-pin socket on the package for the M5L2764K 
or the M5L27128K EPROM. 

Development of programs for the following systems; 
• Office automation equipment 

The M37409PSS simplifies the development of programs for 
the M37409M2-XXXSP, and is excellent for making proto
types. 

Therefore the M37409PSS can be used for the develop
ment of programs for the M37409M2-XXXSP. 

PIN CONFIGURATION (TOP VIEW) 

address bus 

Wnte control signal WR -- 9 

Read control signal 

Chip select 

Data bus 

UART clock elK -- 20 

CNVss 

Reset Input RESET -- 22 

28~pm socket for 
EPROM 

~------~~-------f----\.,J----f 
CD Vee Vee @ 

® ct!V Vee ® 

i»@ Vee ® 

@@ @@ 
®@ @@ 

®@ @@ 

ClI@ @@ 

®@ ~i[D 

®@ @@ 

®@ CQ1)@i 

@@ @ilJI 

@@ @@ 

IdlI@ @@\ 
1 (jJ) Vss @ @ 1 L _______ ---.1 

M37409PSS 

Vee 

1/0 port PO 

1/0 port P1 

35 ++ CTS3 Transmit control Input 

34 +- RxD3 Receive Input 

33 ---+ T xD3 Transmit OlJtput 

32 ++ CTS2 Transmit control Input 

31 +- RX0 2 Receive Input 

30 - T xD2 Transmit output 

29 ++ CTS, Transmit control mput 

Tlmmg output 28 +- RXDI Receive Input 

Vss 27 -- T XDl Transmit output 

Outline 52S1 M 

• MITSUBISHI 
;"ELECTRIC 

The symbol "0" indicates sockets for EPROM 

3-397 



MITSUBISHI MICROCOMPUTERS 

M37409PSS 

PIGGYBACK for M37409M2-XXXSP 

PIN DESCRIPTION 

Pin Name 
InpuV 

Functions 
OutP~t 

Vee, Supply voltage Power supply Inputs 5V±5% to Vcc. and OV to V ... 

Vss 

CNVss CNV .. This is usually connected to Vss 

RESET Reset Input Input To enter the reset state. the reset input pin must be kept at a "L" for more than 2}ls (under normal Vee 

conditions.) If more time is needed for the crystal oscillator to stabilize. this "L" condition should be main-

tained for the reqUIred time. 

X ,N Clock Input Input This chip has an internal clock generating CIrCUit. To control generatmg frequency, an external ceramic or a 
quartz crystal oscillator IS connected between the X,N and XOUT pins If an external clock Is used. the clock 

XOUT Clock output Output source should be connected the X,N pin and the XcUT pin should be left open. 

POO-P07 I/O port PO I/O Port PO Is an 8-bit 1/0 port With dllectlonal register allowing each 1/0 bit to be mdlvldually programmed as 

Input or output. 

This port Is connected to the system bus only. and can not be accessesd from the local bus At reset thiS 

port becomes Input mode. The output structure IS CMOS output 

P1 0 -P1 7 1/0 port P1 1/0 Port P1 IS an a-bit 1/0 port and has basically the same function as port PO This port IS connected to the 

local bus and can be used as only Input port from the system bus. The output structure IS CMOS output. 

TxD,- UART transfer output Output These are UART transfer data output pins 

TxD• 

RxD,- UART receive Input Input These are UART receive data IOput pins 

RxD• 

CTS,- UART transfer 1/0 These are UART transfer control Signal Input pins and can be used as 1/0 port which have baSically same 

CTS3 control Input function as port P1 

ClK UART clock Input Input This port is an external clock input pin for baud rate 

Ao-A7 Address IOput Input This port is Input for system address 

0 0-07 Data Inpulloutput I/O ThiS port is input or output the system data 

CS Chip select Input System data can be read or written by Inputting "L" to this port 

RD Read control Input Input Memory or register data speCified by Ao-A, is read from 00-0, by inputting "L" to thiS port 

WR Write control Input Input Data input from 0 0-0, is written to memory or register specified by Ao-A, by Inputtmg "L" to this port 

@-~ Output port A Output These are for addresses to an EPROM mounted on the package. 

@-@ Input port 0 Input These are for IOpUt data from an EPROM mounted on the package 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 
The differences between the M37409PSS and the M37409M2 
-XXXSP are noted below. The following explanations apply 
to the M37409PSS. Specification variations for other chips 
are noted accordingly. 

RAM 
(128 bytes) 

Access I 
flag 

Dual-port RAM 
(192 bytes) 

ROM 
(6144 bytes) 

Flg.1 MemofY map 

0000,. 

007F,. 

Not used 

OOCO,. 

0007, • 
Not used 

OOEO, • 
SFR area 

OOFF, • 
Not used 

0200, • 

02BF, • 
Not used 

0800, • 

1 Faa, • 

1FEC, • 
Interrupt vector area 

1FFF, • 

Address area apply to local bus 

MITSUBISHI MICROCOMPUTERS 

M37409PSS 

PIGGYBACK for M37409M2-XXXSP 

MEMORY 
The M37409PSS is mounted an EPROM instead of an ex
ternal ROM. 
The address of an EPROM is 080016 - 1 FFFI6 , and this 
memofY size Is 6144 bytes. Other than these, the 
M37409PSS has the same function as the M37409M2-
XXXSP. 

PRECATION FOR - USE 
(1) In case of the M5L2764K EPROM use the following 

areas (refer to Figure 1). 
• For use the M37409M2-XXXSP, usable ROM area 

is 100016-1 FFFI6. 

M5L2764K ......................... · addresses 100016-1 FFF16 

M5L27128K ....................... addresses 300016-3FFF16 

Zero 
page 

SpeCIal 
page lor 
subroutine 
call 

00,. 

Dual-port RAM 

co,. 
Access Ilag 

08,. 
Not used 

F5,. Port P1 

F6,. Port P2 

F7,. Port PO directional 
register 

F8,. 
IPC mode register 01 
1PC error register 0 

F9,. 
IPC mode register 11 
I PC error regIster 1 

FA,. 
IPC mode register 2/ 
IPC error register 2 

FB,. 
IPC mode register 31 
IPC error register 3 

FC,. 
Not used 

FD,. 

FE,. .Collision detect register 

FF,. IPC semaphore register 

Address area apply to system bus 
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MITSUBISHI MICROCOMPUTERS 

M37409PSS 

PIGGYBACK for M37409M2-XXXSP 

OOEO,. Port Pt OOFO,• IPC mode register a 

OOE1 ,• Port Pt directional register OOFt ,• IPC mode register 1 

OOE2,• Dual-port RAM direction specify register OOF2,• IPC mode register 2 

OOE3,• IPC mode register 3 

OOE4,• UARTt receiveltransfer buffer register OOF4,. IPC error register a 

ODES,. UARTt status reglsler/UARTt mode register OaFS,. IPC error register 1 

OOE6,• UARTt cOntrol register OOF6,. I PC error register 2 

OOE?,. UARTt divider for baud rate generate OaF?,. I PC error register 3 

OOE8,. UART2 receiveltransfer buffer register OOF8,• 

OOE9,. UART2 status register/UART2 mode register OOF9,• I PC semaphore register 

OOEA,• UART2 control register OOFA,• Collision detect register 

OOES,• UART2 divider for baud rate generate OOFS,• Interrupt enable register 

OOEC,• UART3 recelveltransfer buffer register OOFC,• Interrupt request register 

OOED ,• UART3 status register/UART3 mode register OOFD,• Presealer X 

OOEE'6 UART3 control register OOFE,. Timer X 

OOEF'6 UART3 divider for baud rate generate OOFF,• Timer control register 

Fig. 2 SFR (Special Function Register) memory map 
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MITSUBISHI MICROCOMPUTERS 

M37409PSS 

PIGGYBACK for M37409M2-XXXSP 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parcmeter Conditions Ratings 

Vee Supply voltage -0.3-7 

V, Input voltage X,N, RESET, @-@ -0.3-7 

Input voltage POo-PO" Plo-Pl" 00-0" Ao-A" 

V, RO, WR, CS, ClK, RXO,-RXO" -0. 3-Vee+0. 3 

CTS,-CTS, With respect to V ss 

V, Input voltage CNVss Output transistors cut·off -0.3-13 

Output voltage PDo-PO" P10-Pl" XOUT, ~, 
-- --

-0. 3-Vee+0. 3 Vo 00-0" TXO,-TXO" CTS,-CTS" 
@-~ 

Pd Power diSSipation Ta=25"C 1000 

Topr Operating temperature -10-70 

Tstll Storage temperature -40-125 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±5%, Ta=-10-70"C, unless otherwise noted) 

Symbol 

Vee 

Vss 

V ,H 

V ,H 

V ,H 

V'L 

V'L 

V'L 

V'L 

V'L 

10H 

10H 

10L 

10L 

Note 1 
2 

Limits 
Parameter Untt 

Min. Typ Max 

Supply voltage 4.75 5 5.25 V 

Supply voltage 0 V 

"H" tnput voltage X,N, RESET, ClK, PDo-PD" Plo-P1" 
0. 8Vee 

RXO,-RxO" CTS, -CTS, 
Vee V 

"H" tnput voltage Ao-A" 00-0" RO, WR, CS 2 Vcc+O.3 V 

"H" tnput voltage @-@ 0. 45Vee Vee V 

"l" Input voltage POo-po', P10-Pl" ClK, 
-0.3 0. 2Vee V -- --

RXO,-RXO" CTS,-CTS, 

"l" Input voltage Ao-A" 00-0" RO, WR, CS -0.3 0.8 V 

"L" Input voltage RESET -0.3 O. 12Vee V 

"L" Input voltage X,N -0.3 O. 16Vee V 

"L" output voltage @-@ 0 O. 15Vee V 

"H" output current POo-PD" Pl o-Pl" ¢, 
-10 mA -- --

TxO,-TxD" CTS,-CTS, 

"H" output current 00 ...... 07 -1.0 mA 
"L" output current POo-PO" Plo-Pl" ~, 

10 mA -- --
TXO,-TxO" CTS,-CTS, 

ilL" output current DO ...... 07 -1.6 mA 

Average output current 10Llavg) and 10Hlavg) are the average value of a penod of lOOms 
Total of "L" output current 10L' of ports PO, Pl, TxD,-TxD. and CTS, -CTS, IS -50mA max 
Total of "H" output current 10H' of port PO, PI, TxD,-TxO. and CTS, -CTS, IS 50mA max 

ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25·C, f(X ,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

VOH 
"H" output voltage POo-PO" Plo-P1" ¢ 

IOH=-10mA Vee-2 -- --
TXO,-TxO" CTS,-CTS, 

V OH "H" output voltage 00-0, 10H=-lmA 2.4 

VOL 
"L" output voltage PDo-PD" Pl o-P1" ~ 

IOL=10mA 
TXO,-TxO" CTS,-CTS, 

VOL "l" output voltage 00-0, IOL=1.6mA 

I, Input leak current Ao-A" RD, WR, CS, ClK VSS~VI5:.VCG -5 
I, Input leak current RESET, X,N Vss:>.V,:>.7V -5 

loz 
Tn·state leak current POo-PD" P10-Pl" 

Vss+O. 5;;;Vo ;;;Vee-O. 5V -5 
00-0" CTS, -CTS, 

VT+-VT- HysteresIs RESET, ClK, RXO,-RXO" CTS,-CTS, 0.6 

Max 

2 

0.4 

5 
5 

5 

Untt 

V 

V 

V 

V 

V 

mW 

"C 
"C 

. Untt 

V 

V 

V 

V 

J.lA 
J.lA 

J.lA 

V 
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DESCRIPTION 
The M37415PFS is an EPROM mounted-type microcompu
ter which utilizes CMOS technology, and is designed for 
developing programs for single-chip, 8-bit microcomputer 
M37415M4-XXXFP. It is housed in a piggyback-type 80·pin 
QFP. 
There is a 32-pin socket on the package. 
The M37415PFS simplifies the development of 'programs 
for the M37415M4-XXXFP and is excellent for making pro
totypes. 

PIN CONFIGURATION (TOP VIEW) 

SEG,- I 

SEG,- 2 
SEG,- 3 

SEG,- 4 

SEG. - 5 

SEG,- 6 

SEG,- 7 

SEG,- 8 

'SEGo - 9 
COM,- 10 

COM,- 11 

COM1 - 12 

COMo - 13 

Vee 

CNTR- 18 

P37/SRDY .... 1 9 

P36/CLK'" 20 

P3s/SoUT ..... 21 

P3./S,N '" 22 

MITSUBISHI MICROCOMPUTERS 

M3741SPFS 

PIGGYBACK for M3741SM4-XXXFP 

FEATURES 
• Diffierence with the M37415M4-XXXFP are: 

ROM less, EPROM is attached externally. 

APPLICATION 
Development of programs for home telephone, multi func
tion telephone 

64 ... P4o/SEG'4 
63 ... P4,/SEG" 
62 ... P4,/SEG'6 
61 ... P4,/SEG" 
60 - P44/SEG28 

59 ... P4,/SEG'9 
58 ... P46/SEG30 

57 ... P4,/SEG31 

Outline 80S6M 

3-402 • MlTSUBlSHI 
.... ELECTRIC 

The symbol "0" Indicates sockets for EPROM 

NC No connection. 



MITSUBISHI MICROCOMPUTERS 

M3741SPFS 

PIGGYBACK for M3741SM4-XXXFP 

PIN DESCRIPTION 

Pin Name 
Inpull 

Output 
Functions 

Vee, Supply voltage Input Power supply inputs 5V±10% to Vee and OV to Vss_ 

Vss 

CNVss CNVss Input Connect to V ss 

---
RESET Reset Input Input To enter the reset state, the reset input pin must be kept at a "L" for more than 2,us (under normal Vee 

conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should be main-

tained for the required time. 

X ,N Clock input Input These are 1/0 pins of Internal clock generating CircUit for mam clock To control generating frequency, an 

external ceramiC or a quartz crystal oscillator IS connected between the X1N and XOUT pms. If an external 

XOUT Clock output Output clock IS used, the clock source should be connected the XIN pm and the XOUT pm should be left open. 

--
INT, Interrupt Input Input This is the highest order Interrupt Input pin. It can be measured input voltage level 

POO-P07 110 port PO I/O Port PO IS an 8-bit I/O port with directional register allowing each I/O bit to be individually programmed as 

input or output At reset, this port IS set to Input mode The output structure IS CMOS output 

P1 0 -P1 7 110 port Pl 110 Port P1 IS an B-bit I/O port and has basically the same functions as port PO. 

P20-P27 I/O port P2 110 Port P2 IS an B-bit I/O port and has basically the same functions as port PO 

P30-P37 110 port P3 I/O Port P3 IS an B-bit 1/0 port and has basically the same functions as port PO When senal 110 is used, P37, 
~-

P36, P35, and P34 work as SRDY, ClK, SOUT, and SIN pinS, respectively Also P33, P32, P31, and P30 work as 

timer 3 overflow signal divided by 2 output pm (T). INT2 pin, XCIN and XCOUT pms, respectively 

P4o-P47 Input port P4 Input Port P4 IS an B-blt input port and can be used as segment output PinS 

V L Voltage Input for LCD Input This IS a voltage Input pin for LCD Supply voltage IS OV<£VL<£Vcc OV-VLV IS supplied to LCD, 

COMo- Common output Output These are the LCD common output pms At 1/2 duty, COM, and COM, pins are not use At 1/3 duty, COM, 

COM3 pm is not used 

SEGo- Segment output Output These are LCD segment output pans 

SEG23 

CNTR Counter liD I/O ThiS IS an output pin for timer 4 and 5 It can be measured input voltage level 

VREF O-A convert power Reference voltage Input for A-O converter of DTMF 

supply for DTMF 

Tone DTMF output Output ThiS IS DTMF outpul pin, 

Ao,.....,.A13 Output port A Output These are for addresses to an EPROM mounted on the package 

Do-D7 Input port D Input These are for mput data from the EPROM mounted on the package 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 
The differences between the M37415PFS and the 

M37415M4-XXXFP are noted below. The following explana
tions apply to the M37415PFS. Specification variations for 
other chips are noted accordingly. 

RAM 

(128 bytes) 

External ROM 
(12288 bytes) 

0000, 

007F, 

3FOO, 

3FF4, 

6 

6 

6 

6 

6 
6 

6 

6 

6 

6 

MITSUBISHI MICROCOMPUTERS 

M3741SPFS 

PIGGYBACK for M3741SM4-XXXFP 

MEMORY 
The M37415PFS is mounted an EPROM instead of an inter
nal ROM. The address of an EPROM is from 1000'6 to 

3FFF,6• and this memory size is 12288 bytes. The memory 
size of a RAM is 512 bytes as same as the M37415M4-
XXXFP. 

Not used 

SFR area 

Not used 

Zero page 

Special 
page 

for 

subroutine 
call 

Interrupt vector area 

3FFF, 6 

Fig.1 Memory map 
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OOEO,. 

OOE1,. 

OOE2,. 

OOE3,. 

OOE4,. 

OOES,. 

OOE6,. 

OOE7,. 

OOES,. 

OOE9,. 

OOEA,. 

OOEB,. 

OOEe,. 

OOED,. 

OOEE,. 

OOEF,. 

Port PO 

Port PO direcllonal register 

Port Pl 

Port Pl directional register 

Port P2 

Port P2 directional register 

Port P3 

Port P3 directional register 

Port P4 

Fig. 2 SFR (Special Function Register) memory map 

OOFO,. 

OOF1,. 

OOF2,. 

OOF3,. 

OOF4,. 

OOFS,. 

OOF6,. 

OOF7,. 

OOFS,. 

OOF9,. 

OOFA,. 

OOFB,. 

OOFe,. 

OOFD,. 

OOFE,. 

OOFF,. 

MITSUBISHI MICROCOMPUTERS 

M3741SPFS 

PIGGYBACK for M3741SM4-XXXFP 

DTMF register 

LeD mode register 

Serial 1/0 mode register 

Serial 1/0 register 

Timer 4, 5 mode register 

Timer 1 

Timer 2 

Timer 3 

Timer 4 

Timer S 

Interrupt control register 

Timer control register 
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PRECAUTION FOR USE 
(1) When developing programs with the M37415PFS, care

fully consider the ROM capacity of the M37415M4-
XXXFP. 

Use the ROM area from 2000'6 to 3FFF'6' 

Pin 1 

Flg.3 How to mount an EPROM 

MITSUBISHI MICROCOMPUTERS 

M37415PFS 

PIGGYBACK for M3741SM4-XXXFP 

(2) The M37415PFS has no options as the M37415M4-

XXXFP. The condition of ports PO - P3 and CNTR is 
noted below. 
PO-P3, CNTR "'''''''''''''''without the pull-up transistor 
P3s/SoUT""'''''''''''''''''''' N-channel open drain output 

(3) The way of mounting an EPROM is shown in Figure 3. 

EPROM 
27C128, 27C256 

.l 

M37415PFS 

3-406 • MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M3741SPFS 

PIGGYBACK for M37415M4-XXXFP 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.3-7 V 

V, Supply voltage for LCD VL -0. 3-Vee+0. 3 V 

V, 
Input voltage POe-Po', PIc-PI" P2c-P2" 

P30-P3" SEG,.-SEG31, X'N 
-0. 3-Vee+0. 3 V 

V, Input voltage INT" CNVss, VRE. -0.3-7 V 

V, Input voltage RESET, CNTR With respect to Vss -0.3-13 V 

Output voltage POe-Po" PIc-PI" P2c-P2" 

Vo P30-P3" COMo-COM" SEGc-SEG31 , -0. 3-Vee+0. 3 V 

XOUT 

Vo Output voltage CNTR -0.3-7 V 

Pd Power DisSipation Ta = 25"(; 300 rnW 

Topr Operating temperature -10-70 t 

Tsta Strage temperature -40-125 t 

RECOMMENDED OPERATING CONDITIONS (Vcc=3. O(Note 1 )-5. 5V, Vss= 0 V, T a=-10-70t, unless otherwise noted) 

limits 
Symbol Parameter Test conditIOns Unit 

Min Typ Max 

Supply voltage (Note 2) 
f(X'N)=3.2MHz 4.5 5.5 

Vee 
f(X,N)-BOOkHz lO(Nmel) 

V 
5.5 

Vss Supply voltage 0 V 

V REF Supply voltage for DTMF RL~20kO 1.5 Vcc-O•5 V 

"H" Input voltage POe-PO" PIc-PI" 

V'H 
P30, P3, (Note 3 ), 

O. 7Vee Vee V 
P33-P3, (Note 4), P4c-P4" 
RESET, X'N, CNVss 

V'H 
"H"lnputvoltage P2c-P2" P3" P3.(Note5) 

O.8Vee Vee V 
INT" CNTR 

"l" Input voltage POe-po" PIc-PI" 

V'c 
P3c, P3, (Note 3), 

0 0. 3Vee V 
P33-P3, (Note 4 ), P4c-P4" 
CNVss 

V'c 
"l" Input voltage P2c-P2" P3" P3. (Note5), 

0 0. 2Vee V 
INT" CNTR 

V'c "l" Input voltage RESET 0 O. 12Vee V 

V'c "l" Input voltage X'N 0 O. 16Vee V 

iOH 
"H" Output current POe-PD" PIc-Ph, P20-P2" 

-2 rnA 
P3c-P3, (Note 6 ), XOUT 

loc(peakl 
"l" peak output current POe-PO" PIc-Ph, P2c-P2" 

10 rnA 
P30-P3" CNTR, XOUT( Note 7 ) 

"l" average output currenl pac-po" PIc-Ph, 

loc(avgl P2c-P2" P30-P3" 5 rnA 
CNTR, XOUT( Note 8 ) 

f(X ,N ) Clock OSCillating frequency (Note 9 ) 
Vcc=4. 5-5. 5V 380 3300 

Vcc=3. O(Note 1 )-5. 5V 380 1000 
kHz 

f(XeIN) Clock oscillallng frequency for clock function 32 50 kHz 

Note Minimum value of Vee is dependent on the EPROM used. At normal temperature, thiS value IS about 2.5V. Therefore, 3. OV IS dependent on 
the proper operation of the EPROM at that voltage 
When only operating the RAM data retention, minimum value of Vce is 2 V 
When uSing port P3, as Xc'N, O. 85~Vee~V'H~Vec, 0 ~V'L~O. 15Vee for port P3, 
In this case of usmg port P3" as normal input 
In thiS case of using port P3. as ClK mput 
The total of 10H of port PO, PI, P2, P3 and XOUT should be 35mA max 

2 
3 
4 
5 
6 
7 The total of 10L (peak) of port PO, PI, P2, P3 should be 55mA max, and the total of 10L (peak) of port P3, CNTR, and XcUT should be 45mA 

max 
8 10L (avg) IS the average current in lOOms 
9 When uSing DTMF function, f(X,N) should be 400kHz, 800kHz, 1. 6MHz, or 3. 2MHz 
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MITSUBISHI MICROCOMPUTERS 

M3741SPFS 

PIGGYBACK for M3741SM4-XXXFP 

ELECTRICAL CHARACTERICS (Vss= 0 v, Ta=-10-70'C, unless otherwise noted) 

limits 
Symbol Parameter Test conditIons Unit 

Min Typ Max 

"H" output voltage POO-P07, P1o-P17, P2o-P27, Vcc-5V,loH--2mA 3 
V OH P30-P34 (Note 1 ), P36 , P37 

V 
Vcc=3V, 10H=-0. 7mA 2 
Vcc=5V, 10H=-1. 5mA 3 

V OH "H" output voltage XOUT V 
Vcc=3V, 10H=-0. 3mA 2 

"l" output voltage POo-PO,. P1o-P17, P2o-P2" Vcc=5V. 10L =10mA 2 
VOL P30-P3,(Note 1 ), CNTR 

V 
Vcc=3V, 10L =3mA 1 

Vcc=5V, 10L=1. 5mA 2 
VOL "L" output voltage XOUT V 

Vcc=3V, 10L =0. 3mA 1 

-- Vcc=5V 0.25 1 
Vr+-Vr- HysteresIs INT" CNTR V 

Vcc=3V 0.15 0.7 

When used as Vcc=5V 0.5 
VT+-VT- HysteresIs P36 V 

ClK input Vcc=3V 0.4 

When used as ..'!..cc=5V 0.7 
VT+-VT- HysteresIs P31 V 

XC1N input Vcc=3V 0.5 

Vcc=5V 0.5 
Vr+-Vr- HysteresIs P2o ........ P27, P32 

0.4 
V 

Vcc=3V 

-- Vcc=5V 0.5 0.7 
VT+-VT- HysteresIs RESET 

0.35 
V 

Vcc=3V 

Vcc=5V 0.5 
VT+-VT- HysteresIs XIN V 

Vcc=3V 0.35 

"L" Input current SEG24 ........ SEG31 (except reset state) Vcc=5V 
-5 

IpOo-PO,. P1o-P1" P2o-P2,. P30-P3,1 V,=OV 
I'L --- f./.A wIthout pull-up Tr INT,. RESET, X,N Vcc=3V 

-4 
V,=OV 

"L" input current SEG24 ....... SEG31 (at reset state) 
Vcc=5V, VL =5V, V,=OV -30 -140 

I'L Vcc=3V, VL =3V, v,=OV -6 -45 
f./.A 

"H" mput current SEG24-SEG 31 (except reset state) Vcc=5V 
5 

POo-PO" P1 o-P1" P2o-P2" V,=5V 
I'H ---- f./.A 

P30-P3" INT" RESET, X,N Vcc=3V 
4 

V,=3V 

"H" Input current SEG24 ........ SEG31 (at reset state) 
Vcc=5V, VL =5V, V,=5V 5 

I'H Vcc=3V, VL =3V, V,=3V 4 
f./.A 

f(X'N)=3.2MHz 
at DTMF wave form 4 output 

Vcc=5V at DTMF wave form 3 stop 

" 
mA 

at DTMF wave form 0.8 ~ f(X'N)=800kMHz output 
Output pins are opened. Q. Vcc=3V at DTMF wave form 0.5 
RESET, POo-PO" ~ stop 

P1 o-P1" P2o-P2" 
1;; 

T a=25°C Vcc=5V 45 
and P30 ........ P37 are XIN=OV 

f(XCIN)=32.8kHz f./.A 
connected to Vee- at low power mode 

Vcc=3V 18 tLM6~1I 

Icc Supply current Except the above pms 

are connected to Vss- f(X'N) =3. 2MHz. Vcc=5V 1 
mA 

However, X1N and XCIN i f(X,N)=800kHz, Vcc=3V 0.3 
are mput signal according 

Ta=2S"C Vcc=5V 20 
to the conditions '" XIN=OV ;: f(XCIN)=32 8kHz 
WIthout supply 1;; at low power mode 

Vcc=3V 4 
current for EPROM 

(LM6~1I 

c: 
f./. A 

0 f(X,N)=O Ta=25'C 0.1 
~ 
" f(~CIN)=O 
Q. 
0 

Vcc=5V Ta=7O'C 1;; 

V RAM RAM retentton voltage f(X'N)=O, f(XCIN)=O 2 5.5 V 

Note 1 If P30 IS used as XCOUT, capability of load driving IS lower than the above 
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MITSUBISHI MICROCOMPUTERS 

M37415PFS 

PIGGYBACK for M37415M4-XXXFP 

DTMF CHARACTERISTICS CVss= ov, Ta=-10-70'C, unless otherwise noted) 

Symbol Parameter Tes conditIOns 

Vcc=5V, VREF=4.5V, 
High frequency band group 

Vcc=3V, VREF=2.5V, 

VOT Output voltage Tone 

Vcc=5V, VREf=4.5V, 
Low frequency band group 

Vcc=3V, VREF=2.5V, 

dBcR Output ratio of high frequency band to low frequency band RL-20kO 

DIS Disportional percentage RL=20kO, Ta=25'C 

Accuracy of DTMF output (at low frequency band value) 

Standard frequency value [Hz] Output frequency value [Hz] Deflection 

697 694.44 -2.555 

770 769.23 -0.769 

852 854.7 2.7 

941 938.97 -2.033 

Accuracy of DTMF output (at high frequency band value) 

Standard frequency value [Hz] 

1209 

1336 

1477 

1633 

Output frequency value [Hz] Deflection 

1204.8 

1333.3 

1470.6 

1639.3 

-4.181 

-2.667 

-6.412 

6.344 

• MITSUBISHI 
.... ELECTRIC 

RL=20kO 

RL=20kO 

RL=20kO 

RL=20kO 

Error [%] 

-0.367 

-0.1 

0.317 
-0.216 

Error [%] 

-0.346 

-0.2 

-0.434 

0.389 

Limits 
Units 

Min Typ Max 

470 490 510 

257 270 283 
mVrms 

325 345 365 

177 190 203 

2.5 3 3.5 dB 

13 % 
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DESCRIPTION 

MITSUBISHI MICROCOMPUTERS 

M37 421 P -00055 
M37421P-00155 

PIGGYBACK for M37421M6-XXXSP 

FEATURES 
The M37421 P-OOOSS and the M37421 P-001SS are EPROM 
mounted-type microcomputers which utilizes CMOS tech

nology. and is designed for developing programs for single
chip 8-bit microcomputer the M37421 M6-XXXSP. It is 
housed in a piggyback-type 64-pin shrink DIP. 

• Differences with the M37421 M6 are: 

(1) ROMless. EPROM is attached externally. 
(2) Suitable EPROM is the M5L27128K or the M5L27256K. 

APPLICATION 
There is a 28-pin socket on the package for the 

M5L27128K or the M5L27256K EPROM. 
Development of programs for VCR. tuners. and audio-visual 

equipment 
The M37421P-OOOSS and the M37421P-001SS simplify the 
development of programs for the M37421 M6-XXXSP and is 
excellent for making prototypes. 

PIN CONFIGURATION (TOP VIEW) 

3-410 

110 port P6 

Vee 

P6s .... 2 

P64 .... 3 

P63/PWM3 .... 4 

P6,/PWM2 .... 5 

P6,/PWM1 .... 6 

P60/T.... 7 

I/O port P2 

110 port P3 

Input port P5 { 

Reset input 

Clock Input 

Clock output 

Clock mput for timer 

Clock output for timer 

P2o - 15 
P37/SRDY .... 16 

P3./ClK .... 17 

P33/ AN ,N .... 20 

P3,/CNTR .... 21 

28-pln socket for EPROM 

f:---~--', 
I CD Vee Vee @ I 
10 A12 Vee @, 

i CD A7 A13 @ I , 
,(DA. A8 @1 
I®As Ag@, 

An @I i® A4 

, 0 A3 

I® A, 

Vss ® I 

A10 ® I 
'CD At Vss @' 

I @)Ao D7 @)I 
I , 
I ® Do D. ® I 
,@ D, Ds @, 

I @ D, D4 @I 
I @ Vss D3 @I 
L _______ J 

M37421 P-OOOSS 
M37421 P-001 SS 

Outline 64S1 M 

High-voltage output port P4 

Hlgh~voltage output port PO 

High-voltage output port P1 

} HIQh-voltage output port PS 

Pull-down voltage Input 

Input port P5 

Timing output 

The symbol "0" Indlcat'!s sockets for EPROM 



PIN DESCRIPTION 

Pin Name 

Vee. Supply voltage 

Vss 

CNVss CNVss 

Vp Pull-down voltage 

RESET Reset Input 

X ,N Clock Input 

XOUT Clock output 

'" 
Timing output 

XC1N Clock Input for 

clock function 

XCOUT Clock output for 

clock function 

POO-P07 Output port PO 

Pia-Ph Output port PI 

P20-P27 I/O port P2 

P30-P37 1/0 port P3 

P40 -P47 Output port P4 

P50 • P5, Output port P5 

P5211NT2 • Input port P5 

P5,IINT, 

P54-P57 

PBo-PB. I/O port P6 

Ao-A'4 Output port A 

0 0-07 Input port 0 

Input! 

Output 

Input 

Input 

Input 

Output 

Output 

Input 

Output 

Output 

Output 

110 

1/0 

Output 

Output 

Input 

Input 

1/0 

Output 

Input 

MITSUBISHI MICROCOMPUTERS 

M37421P-OOOSS 
M37421P-001SS 

PIGGYBACK for M37421M6-XXXSP 

Functions 

Power supply Inputs 5V±5% to Vcc. and OV to V .. 

ThiS IS usually connected to V .. 

ThiS IS the Input voltage Pin for the pull-down transistor 01 ports PO. PI. P4. P50 and P5, 

To enter the reset state. the reset Input Pin must be kept at a "L" for more than 2J<s (under normal Vcc 

conditions 1 II more time IS needed for the crystal oscillator to stabilize. thiS "L" condition should be main-

tained for the required time 

ThiS chip has an Internal clock generating Circuit 

To control generating frequency, an external ceramic or a quartz crystal oscillator Is connected between 

the XIN and XoUT PinS If an external clock IS used, the clock source should be connected the XIN pin and 
the XOUT pin should be left open. 

ThiS IS the timing output pin ~=2MHz (when X 'N=4MHzl 

ThiS IS the 1/0 pins of the clock genera~lng Circuit for the clock function To control generating frequency, 

an external ceramic or a quartz crystal oscillator is connected between the XCIN and XCOUT pinS If an exter-

nal clock is used. the clock source should be connected to the Xc'N Pin. and the XcOUT pin should be left 

open This clock can be used as a program controlled the system clock 

Port PO IS an 8-bIt output port Output structure IS high-voltage P-channel open drain A pull-down transistor 

IS bUilt In between the Vp pin and thiS port 

At reset. thiS port IS set to a "L" level 

Port PI IS an 8-bIt output port and has baSically the same functions as port PO 

Port P2 IS an 8-bIt I/O port With directional registers aHowlng each 1/0 bit to be IndiVidually programmed as 

Input or output At reset. thiS port IS set to Input mode. 

The output structure IS N-channel open drain 

Port P3 Is an 8-bIt 1/0 port and has baSically the same functions as port P2 When senal 1/0 IS used. P3-r. 

P3". P35, and P3, work as S'DY elK. SoUT. and S,N PinS. respectIVely 

Port P4 IS an 8-bIt output port and has baSically the same functions as port PO 

Bit 0 and I 01 port P5 are 2-blt output port and has basically the same functions as port PO 

Bit 2 and 3 01 port P5 are 2-bIt Input port and are In common With Interrupt Inputs 

Bit 4-7 01 port P5 are 4-bIt Input port 

Port P6 Is a 6-bIt 1/0 port With directional regIsters allOWing each 1/0 bit to be individually programmed as 

Input or output The output structure IS CMOS trl-state output P6D. P6,. P62. P63 can be programmed to 

function as timer output pin (Tl, PWM' output pinS (PWMI. PWM2. and PWM3l. respectively 

These are for addresses to an EPROM mounted on the package 

These are for Input data from an EPROM mounted on the package 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 
The differences between the M37421 P-OOOSS, the 
M37421 P-001 SS and the M37421 M6-XXXSP are noted be
low. The following explanations apply to the M37421 P

OOOSS and the M37421 P-001 SS. 
Specification variations for other chips are noted accor

dingly. 

(192R~~es) 1 DODO, 

OOBF, 

6 

6 
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MEMORY 
The M37421 P-OOOSS and the M37421 P-001 SS are mounted 
an EPROM instead of an internal ROM. 

RAM size is 512 bytes, and addresses 0100'6 to 023F'6 are 
used for the stack. 

The address of an EPROM is 8000'6 - FFFF'6, and this 
memory size is 32K bytes. Other than these, the M37421 P
OOOSS and the M37421 P-001 SS have the same functions as 

the M37421 M6-XXXSP has. 

Zero page 

Not used 

Flg.1 Memory map 

RAM { 
(320 bytes) 

ROM 
(32K bytes) 

ODED, 6 

SFR area 

0100, 6 

023F, 6 

Not used 

8000, 6 

FFOO, 6 

FFF416 

Interrupt vector area 

FFFF'6 

3-412 J...~ 
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call 



OOEO, • Port PO 

OOE1 , • 

OOE2, • Port P1 

OOE3, • 

OOE4, • Port P2 

OOE5, • Port P2 directional register 

OOE6, • 

OOE?,. 

OOE8, • Port P3 

OOE9.l • Port P3 directIOnal register 

OOEA,• Port P4 

OOES, • 

OOEe, • Port P5 

OOED, • 

OOEE, • Port P6 

OOEF, • Port P6 directIOnal register 

Fig. 2 SFR (Special Function Register) memory map 

RESET MODE 
With the M37421 M6-XXXSP, one of the two modes can be 
selected: the normal operation start mode which executes 
reset by normal operation (f(X ,N ) = 4.2MHz) and the low

speed operation start mode which executes reset by low
speed operation (f(XCIN )=3.2kHz). 
Therefore, two types of piggybacks are provided: 
(1) M37421 P-OOOSS 

With this piggyback, pin ¢ is set to the internal reset 
signal output and the reset mode option to the normal 

operation start mode . 
.(2) M37421 P-001 SS 

With this piggyback, pin ¢ is set to the internal reset 
signal output and the reset mode option to the low
speed operation start mode. 

OOFO, • 

OOF1 ,• 

OOF2, • 

OOF3, • 

OOF4,. 

OOF5,• 

OOF6,• 

OOF?,. 

OOF8,• 

OOF9, • 

OOFA, • 

OOFS, • 

OOFO , • 

OOFD 16 

OOFE, • 

OOFF, • 
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PWM1-H register 

PWM1-L register 

PWM2 register 

PWM3 register 

PWM output mode register 

Senal I/O mode register 

Senal 1/0 register 

Senal 1/0 register 2 

Timer 1 

Timer 2 

Timer 3 

Interrupt control register 

Timer control register 

PRECAUTION FOR USE 
(1) In case of the M5L27128K or the M5L27256K EPROM 

use the fOllowing areas (refer to Figure 1 ): 
• For the M37421 M6-XXXSP, usable ROM area are 

D00016-FFFF,6. 
M5L27128K----------------------. addresses 1000,6-3FFF'6 
M5L27256K--------·-------------- addresses 5000,6-7FFF'6 

(2) In case of the development of programs by the 
M37421 P-OOOSS or M37421 P-001 SS, RAM area for the 
stack: 
M37421 M6-XXXSP -------------- addresses 0100 ,6-017F'6 
M37421 P-OOOSS or 
M37421 P-001 SS ------ ---- ------. addresses 01 00'6-023F'6 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings Unit 

Vee SUpply voltage -0.3-7 V 
V p Pulldown Input voltage Vee-40-Vee+0.3 V 

V, 
Input voltage. P20-P2,. P30-P32. P3.-P3,. 

CNVss. P5211NT2. P5,IINT, 
-0.3-13 V 

V, Input voltage. RESET. X,N. Xc'N With respect to Vss -0.3-7 V 
V, Input voltage. P3a. P60-P6. Output transistors cut·off -0. 3-Vee+0. 3 V 
V, Input voltage. P5.-P5, -0.3-13 V 
Vo Output voltage. P2.-P2,. P30-P32• P3.-P3, -0.3-13 V 
Vo Output voltage. ps.-ps •• XOUT. XCOUT. ¢>. P3, -0. 3-Vee+0. 3 V 
Vo Output voltage. PO.-PO,. Pl.-PI,. P40-P4,. P5 •• P5, Vee-40-Vee+0.3 V 
,Pd Power diSSipation Ta - 25t 1000 mW 
T oDr Operating temperature -10---70 "C 
Tstg Storage temperature -40-125 "C 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±5%. Ta=-1O-70'C. unless c;>therwise noted) 

limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.·75 5 5.25 V 

V p Pull·down supply voltage Vcc-38 Vee V 

Vss Supply voltage 0 V 

V ,H 
"H"lnput voltage P2.-P2,. P3.-P3,. CNVss(Note 1 ) 

0. 75Vcc Vee V 
P52/1NT2. P5,IINT,. P6.-P6, 

V ,H "H" input voltage RESET, X,N• Xc'N O. avcc Vee V 

V,H "H" mput voltage P5.-P5, 0. 4Vcc Vee V 

V'L 
"L" Input voltage, P20-P2,. P30-P3,. CNVss. 

0 O. 25Vcc V 
P5211Nr.. P5,tINT" PSo-PS. 

V'L "L" input voltage RESET 0 0. 12Vcc V 

V'L "L" Input voltage X,N. XCIN 0 0. 16Vcc V 

V'L "L" input voltage P5.-P5, 0 0. 12Vcc V 

10H(sum) 
"H" sum output current POo-PO,. Pl.-PI,. P4.-P4,. 

-120 mA 
p50. P5, 

10H(Sum) "H" sum output current P6.-PS. -5 mA 

10L(sum) "L" sum output current P2.-P2,. P30-P3,. PS.-P6. 50 mA 

IOH(Deak) "H" peak output current POo-PO. -40 mA 

IOH(Deak) "H" peak output current PO.-PO,. Pl.-PI, -30 mA 

IOH(Deak) "H" paak output current P40-P4,. p50. P5, -24 mA 

IOH(peak) "H" peak output current PSo-P6. -3 mA 

10L(peak) "L" peak output current P2.-P2,. P3.-P3, 15 mA 

10L(Oeak) "L" peak output currant P60-P6. 3 mA 

IOH(ava) "H" average output current PO.-PO,. Pl.-Ph -18 mA 

IOH(aVa) "H" average output current P4.-P4,. P5 •• P5, -12 mA 

IOH(aVQ) "H" average output current P6.-P6, -1.5 mA 

10L(aVQ) "L" average output current P2.-P2,. P3.-P3, 10 mA 

10L(avQ) "L" average output current P60-P6, 1.5 mA 

TImer 3 counter clock Input I f(X'N)=4.2MHz 250 
f(P32/CNTR) 

OSCillation frequency (Note 2) I f(XCIN)=32kHz 
kHz 

50 

f(X,N ) Clock Input OSCillating frequency (Note2. 3. 5) 4.2 MHz 

f(XeIN) 'Clock OSCillating frequancy for clock function 32.768 50 kHz 

Note High-level Input vollage of up to +12V may be applied to permissible for ports P2.-P2,. P3.-
P32• P34-P3,. CNVss• and P52-P5, 

2 Oscillation frequency IS at 50% duty cycle 
3 When used in the low·speed mode. the timer clock input frequency should be !(X,N ) < f(X,N)/3 
4 When external clock Input is used. the timer clock mput frequency should be f(XCIN ) ~ 50kHz 
5 The average output current louavg) and 10H(avg) are In penod of lOOms. 
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ELECTRICAL CHARACTERISTICS (Vee = 5V±5%, Vss = OV, T a = 25"C. !(X'N) = 4MHz. unless otherwise noted) 

Symbol 

VOH 
VOH 

VOH 
VOH 

VOL 

VOL 

VOL 
VT+-VT-

VT+-VT-

VT+-VT-

VT+-VT-

III 

III 

III 

III 

III 

I'H 

I'H 

I'H 

I'H 

I'H 

(LOAD 

ILEAK 

VRAM 

Icc 

Parameter Test conditions 

"H" output voltage P6o-P6s IOH=-0.5mA 

"H" output voltage ~ IOH=-2.5mA 

"H" output voltage POo-PO,. P1o-Pl, IOH=-18mA 

"H" output voltage P4,-P4" P5o. P5, IOL=-12mA 

"l" output voltage P2o-P2,. P30-P3, IOL=10mA 

"l" output voltage P6o-P6s IOL-0.5mA 

"L" output voltage ~ IOL=2.5mA 

Hysteres,s P5,/INT,. P5,/INT, 

Hysteresis RESET 

Hysteresis P36 When used as ClK ,nput 

HysteresIs XIN 

"l" Input current P2o-P2,. P30-P3, V,=OV 

"L" mput current p60 ....... P6s V,-OV 

"L" Input current P54 ...... P57 V,-OV 

"L" mput current RESET I XIN. XC1N V,=OV 

"L" input current P5,/INT" P5,tINT, V,=OV 

"H" Input current I P2o"""'P27• P30"""'P37 V,=5V 

I P2o-P2,. P30-P3,. P3,-P3, V,=12V 

"H" mput current P6o ........ P6s V,=5V 

"H" mput current P54-P57 V,-5V 

"H" Input current RESET, X1N. XC1N V,=5V 

V,=5V 
"H" ,nput current P5,/INT,. P5,/INT, 

V,=12V 

Output load current POo-PO" P1 o-P1" P4o-P4,. 
Vp=Vcc-36V, VOL =Vcc 

P50, P5, 

Output leak current POo-PO,. P1o-P1" P4o-P4" 
Vp=Vce-38V. VoL=Vcc-38V 

P50 • P5, 
RAM retention voltage at clock stop 

Output pins open (output OFF) 
Supply current Vp=Vcc. Vp=Vss Input and 1/0 pins all at Vss 

X'N=4MHz (system operation) 

X, =4M Hz ceramic resonator 
X,=32.768kHz quartz crystal 
C, =C,=30pF resonator 
R,=lM!1 
C3=10pF 
C,=30pF 
R,=10M!1 
R,=100k!1 

Output pins are open 

Fig.3 Supply current test circuit 

limits 
Unit 

Min Typ Max. 

Vce-0. 4 V 
Vec-2 V 

Vee-2 V 

Vec-2 V 

2 V 

0.4 V 

2 V 

0.3 1 V 

0.5 0.7 V 

0.3 1 V 

0.1 0.5 V 

-5 f./.A 

-5 f./.A 

-5 f./.A 

-5 f./.A 

-5 f./.A 

5 

12 
f./.A 

5 f./.A 

5 f./.A 

5 f./.A 

5 

12 
f./.A 

150 500 900 f./.A 

30 f./.A 

2 5.5 V 

6 12 mA 
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DESCRIPTION 
The M37120E6-XXXFP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
80-pin plastic molded QFP. The features of this chip are 
similar to those of the M37120M6-XXXFP except that this 
chip has a 12288 bytes PROM built in. This single-chip 
microcomputer is useful for appliance controllers. 
In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed On the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit
able for small quantity production runs. 

FEATURES 
• Number of basic instructions ........ · .......................... 71 
• Memory size PROM'" ........................ · .. ·12288 bytes 

RAM· .................................... 256 bytes 

• Instruction execution time 
............. 1,us(minimum instructions at 4MHz frequency) 

• Single power supply 
f(X1N )=4MHz :··············· .. ·· .. ····· .. ··············5V±10% 

• Power dissipation 
normal operation mode (at 4MHz frequency) 

......................................................... ·········75mW 

• Subroutine nesting .......................... '128 levels (Max.) 
• Interrupt ................ · .. · ........ · .... · .... 14 types, 14 vectors 
• 8-bit timer .. · .... · ...... · .. ·· ...... ·· .................................... 4 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, P4) ................................ 40 

• Input ports (Ports P6, p7) ....................................... 12 
• Serial I/O (a-bit) ..................................................... 2 

• A-D converter (8-bit resolution) .................. 8 channels 
• D-A converter (8-bit resolution) .................. 6 channels 

• Watchdog timer 
• 72-character on screen display function 

Number of character .............. 24 characters X 3 lines 
Kinds of character .. ·· .... · ............ · .. · ...... ·· .... · .. · .. · '126 

• Two clock generating circuits 
(One is for main clock, the other is for clock function) 

• PROM (equivalent to the M5L27256) 
program voltage·· .. · .. · .......... · .... · ........ · ...... ··· .. ·12.5V 

APPLICATION 
TV, VCR 
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PIN CONFIGURATION (TOP VIEW) 

D-AoUT3 +- 1 

D-AoUT2 +- 2 

O-AOUT1 +- 3 

D-AouTO +- 4 
P73/AN, -+ 5 

P7,/AN.-+ 6 

P7, /AN.- , 
P7o/AN, _ 8 

P6,/AN3 - 9 

P6./AN,- 10 

P6./AN, - 11 

P6,/ANo - 12 

P63/1NT3 - 13 
P6,/INT, _ 14 

P6, /INT, - 15 
P6o/iNTo _ 16 

P47/SRDY2'" 17 

P46/SCLK2 .... 18 

P4s/SoUT2 .... 19 

P44/S,N2 .... 20 

P43/SRDYI ...... 21 

P42/SCLKI .... 22 

P4,/SoUT1 .... 23 

80 79 78 77 76 75 74 73 72 71 70 69 58 67 66 65 

o o 

o 
P4o/S lN1 --24~[jill~ili!Il[j£lli!l§I§[~~@Zlli!l08-25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

tltlttl IIIIIIII 

Outline 80P6N 
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FUNCTIONS OF M37120E6-XXXFP 
Parameters Functions 

Number of basIc instructions 71 

Instruction execution titTle 1 liS (minimum instructIons, at 4MHz of frequency) 

Clock frequency 4MHz 

PROM 122SSbytes 
Memory size 

RAM 256bytes 

PO, PI, P2, P3 1/0 8-bltX4 

P4 110 8-bitXl (N-channel open drain output) 

P6 Input 8-bltXl 

Input/Output port P7 Input 4-bltXl 

I, B, G, R, OUT1 Output l-bltX5(for CRT dIsplay function) 

VSYNc, HSYNC Input l-bltX2(for CRT dIsplay function) 

D~AoUTO"""" D-AoUT5 Output l-bltX6 

Serial 1/0 S-bltX2 

Timers S-blt timerX4 

Subrotlne nestmg 12S(max) 

Interrupt Four external Interrupts, nine internal interrupts, one software Interrupt 

Clock generatmg circuit Two bUilt-in CircUits (ceramic or quartz crystal oscillator) 

Supply voltage 5V±10% 

Operating temperature range -1O-70'C 

Device structure CMOS SIlicon gate 

Package SO-pin plastic molded QFP 

Number of character 24 charactersX31rnes 
CRT dIsplay functIon 

Kmds of character l26(12X16 dots) 
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PIN DESCRIPTION 

Pin Mode Name 
Input! 

Output 
Functions 

Vee, Single-chip Power supply Supply 5V±10% to Vee and OV to Vss 

Vss /EPROM 

AVec, Single-chip Analog power supply Power supply Input for A-D and D~A converters 

AVss 
EPROM Analog power supply Connect to AVec to Vee and AVss to Vss 

CNVssl Single-chip CNVss input Input Connect to Vss. 

V pp 

EPROM Vpp Input Input Connect to Vpp when programming or venflng 

VREF Single-chip Reference voltage Input Input Reference voltage mput for A-O and O-A converters 

EPROM Reference voltage Input Input Connect to Vss 

---
RESET Single-chip Reset mput Input To reset, keep this mput terminal low for more than 2,us (min) under normal Vee 

conditions If more time IS needed for the crystal oscillator to stabilize, this "L" con-

dition should be maintained for the required time 

EPROM Reset Input Input Connect to OV 

X ,N Single-chip Clock Input Input These are 1/0 pinS of mternal cJock generating Circuit for maIO clock To control 

generating frequency, an external ceramic or a quartz crystal OSCillator IS connected 

X OUT Clock output Output 
between the XIN and XOUT pms If an external clock IS used, the clock source should 

be connected the XIN pm and the XOUT pm should be left open 

X,N EPROM Clock Input Input Connect to Vce 

XOUT Clock output Output Open. 

XCIN Single-chip Clock mput for Input This IS the 1/0 pms of the clock generating cirCUit for the clock function 

clock function 

XCOUT Clock output for Output 

clock function 

X CIN EPROM Clock Input for Input Connect to Vcc-

clock function 

X COUT Clock output for Output Open. 

clock functIOn 

1> Single-chip Tlmmg output Output The function of thiS Pin can be selected either tlmmg output or resetout output 

EPROM Tlmmg output Output Open 

D-AoUTO Single-chip O-A output Output Analog signal from O-A converter IS output 

\ 
D-AoUT5 EPROM O-A output Output Open I 

POO-P07 Single-chip I/O port PO I/O Port PO IS an 8-bit I/O port With directional registers allOWing each I/O bit to be mdl-

vldually programmed as Input or output At reset, thiS port IS set to Input mode The 

output structure IS CMOS output 

EPROM Address mput Ao"""A7 Input PO works as the lower 8 bit address mput (Ao--~q) 
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PIN DESCRIPTION (Continued) 

Pin Mode Name 
Inputl 

Functions 
Output 

P1 o-P1 7 Single-chip 110 port P1 110 Port P1 is an a-bit 1/0 port and has baSically the same functions as port PO 

EPROM Address input As ...... A13 Input P1 o-P1, works as the higher 6 bit address inputs (A,-A,,). 

Connect to Ph to Vee when the microcomputer accesses to program ROM 

Connect to P1 7 to Vss when the microcomputer accesses to OSD ROM 

P2o-P27 Single-chip 1/0 port P2 1/0 Port P2 IS an 8·bit 1/0 port and has baSically the same function as port PO 

EPROM Data Input! 110 Port P2 works as an a bit data bus (00-0,) 

output 00-0, 

P30-P37 Single-chip 1/0 port P3 1/0 Port P3 IS an a-bit 1/0 port and has baSically the same functions as port PO. 

Port P30 IS In common with CRT mput Pin and P34 is In common with counter Input 

Pin 

EPROM Select mode Input P33, P34 work as CE and DE, respectively Connect to P3D -- P32 and P35 ...... P37 to 

Vee-

P4o-P47 Single-chip 1/0 port P4 1/0 Port P4 is an a-bit liD port and has baSically the same functions as port PO, but the 

output structure IS N-channel open drain 

EPROM Input port P4 Input Connect to Vss 

P6o-P67 Single-chip Input port P6 Input Port P6 IS an a-bit Input port P6o ......... P6s are In common with interrupt Input PinS and 

P64 ........ P67 are in common with analog Input pins 

EPROM Input port P6 Input Connect to Vss 

P7o-P73 Single-chip Input port P7 Input This port Is an 4-blt Input port and IS in common with analog Input pms 

EPROM Input port P7 Input Connect to Vss 

OSC1 Single-chip Clock Input for CRT Input ThIS IS the Input pm of the clock generatIng CIrCUIt for the CRT display function 

display 

EPROM Input Connect to Vcc 

OSC2 Single-chip Clock output for CRT Output This is the output pin of the clock generating circUit for the CRT display function 

display 

EPROM Output Open 

HSYNC Single-chip HSYNc input Input ThiS IS the hOrizontal synchronizing signal Input for CRT display 

EPROM HSYNC mput Input Connect to V ss 

VSYNC Single-chip VSYNC Input Input ThiS IS the vertical synchronlzmg signal mput for CRT display 

EPROM VSYNC input Input Connect to Vss 

R, G, S, Single-chip CRT output Output ThiS is an 5-bit output pin for CRT display 

I,OUT1 

EPROM CRT output Output Open 
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MITSUBISHI MICROCOMPUTERS 

M37120E6·XXXFP 

PROM VERSION of M37120M6-XXXFP 

EPROM MODE Table 1. Pin function in EPROM mode 

The M37120E6-XXXFP features an EPROM mode in addi
tion to its normal modes. When the RESET signal level is 
low (uLu), the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
gives the pin connections in the EPROM mode. When in 
the EPROM mode, ports PO, P1, P2, P33 , P34 and CNVss 
are used' for the PROM (equivalent to the M5L27256). 

When in this mode, the built-in PROM can be written to or 
read from using these pins in the same way as with the 
M5L27256. 

--vee 
V pp 

Vss 

Address input 

Data 1/0 

CE 

OE 

473271706968676665 

M37120E6-XXXFP 

Vee 

CNVss/Vpp 

Vss 
Ports PO, P1 

Port P2 

P33 /CE 

P34/0E 

Vee 

D-AoUT3 +-- , 64 .... P30/QUT2-----t 
D-AoUT2 - 2 63 .. P31 -------1 
D-AoUT1 <I- 3 0 0 62 .. P32 ------"-1 
D-AoUTO <I- 4 61 ....... P33 ----@ 

b-----P73/AN, - 5 60 .... P34/CNTR-@ 
b-----P7,/AN. - • " .... P35/WRB ------; 
t-----P7,/ANs - , 58 .... P3./RDB ----.... 
b-----P7o/AN4 - 8 s: 57 .... P3,/SYNC;-------' 
t-----P6,/AN3 - 9 W 56 .... POo/ADo --G) 
t-----P6./AN, - 10 :::;! 55 .... PO,/AD, --
b-----P65/AN,- 11 ::5 54 .... PO,/AD,-- A 

t----- P641 ANo - 12 g] 53 .... P031 AD3 --

t-----:~:~:~~:: :: ~ :: : :~:~~g: ===::: 
t-----P6,/INT, - 15 X 50 .... PO./AD.-- A6 

t-----~~J~~:~: :: il :: : :~:~~g:==~ 
t-----P46/SCLK2- 18 47 -P1 1/ADg --G) 
t-----P45/SoUT2 ...: 19 46 .. P12/AD10--~ 

P44/S 'N2 ++ 20 45 ....... P1 3i AD11 --~ 
t-----P4,/SRDY' .... 21 44 .... P1 4/AD12--ctW 
t-----P4,/SeLK' .... 22 0 43 .... P1s/AD'3--~ 
t-----P41fSoun ....... 23 42 ...... P1 s!AD14--CfY) Vee 

t-----P4o/ S'N' .... 24 41 .... P1,/AD15----, M-;;N 0-
•• v.m~~gDME.D •• ~ ~ 

QS~ 
Vss 

Vee 

Vss 0 : Same funellons as M5L27256 

Fig.1 Pin connection in EPROM mode 

M5L27256 

Vee 

V pp 

Vss 

AD-A,. 

0 0 -0, 

CE 

OE 

3-421 



PROM READING AND WRITING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level. 
Input the address of the data (Ao~Au) to be read and the 
data will be output to the 1/0 pins Do ~ 0 7 , The data 1/0 

pins will be floating when the OE pin is in the "H" state. 

Writing 
To write to the PROM, set the OE pin to a "H" level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 

pins Ao~ Au, and the data to be written is input to pins Do 
~07' Set the CE pin to a "L" level to begin writing. 

Table 2. I/O signal in each mode 

~'n 
Mode 

GE(61) OE(60) 

Read-out V ,L V ,L 

V ,L V ,H 
Output disable 

V ,H X 

Programming V ,L V ,H 

Programming verify V ,H V ,L 

Program disable V ,H V ,H 

Note 1: V,L and V,H indicate a "L" and "H" Input voltage. respectively. 
2 : An X indicates either V,L or V,H 
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MITSUBISHI MICROCOMPUTERS 

M37120E6-XXXFP 

PROM VERSION of M37120M6-XXXFP 

NOTES ON HANDLING 
(1) Since a high voltage (12.5V) is used to write data, care 

should be taken when turning on the PROM writer's 

power. 
(2) For the programmable microcomputer (shipped in 

blank or OTP type) , Mitsubishi does not perform 

PROM write test and screening in the assembly pro
cess and following processes. To improve reliability af
ter write, performing write and test according to the 
flow below before use is recommended. 

Writing with PROM wnter 

Screening (Note)( Leave at 150'C for 40 hours) 

Venfy test with PROM wnter 

Note : Since the screening temperature is higher than 
storage temperature, never expose to 150"C ex

ceeding 1 00 hours. 

Vpp(27) Vcd72) 
Data 1/0 

(33-40,42-56) 

5V 5V Output 

5V 5V Floating 

5V 5V Floating 
~-

12.5V 6V lnpul 

12.5V 6V Output 

12.5V 6V Floating 



MITSUBISHI MICROCOMPUTERS 

M37410E6HXXXFP 
M37410E6HFS 

PROM VERSION of M37410M3HXXXFP ,M37410M4HXXXFP ,M37410M6HXXXFP 

DESCRIPTION 
The M37410E6HFS, M37410E6HXXXFP are single-chip 
microcomputers designed with CMOS silicon gate technol
ogy. M37410E6HXXXFP is housed in a 80-pin shrink plastic 
molded QFP. M37410E6HFS is housed in a 80-pin ceramic 
QFP. The features of M37410E6HXXXFP are similar to 

those of the M37410M4HXXXFP except that this chip has a 
12288 bytes PROM built in. This single-chip microcomputer 
is useful for home electrical appliances and consumer ap
pliance controllers. 
In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit

able for small quantity production runs. 
The M37410E6HFS are the window type. The differences 
between the M37410E6HXXXFP and the M37410E6HFS are 
th~ package outline and the power dissipation ability 

(absolute maximum ratings). 

FEATURES 
• Number of basic instructions ................................... 69 

• Memory size PROM ............................ "'12288 bytes 
RAM .................................... · 2S6 bytes 

• Instruction execution time (minimum instructions) 
at high-speed mode ........................................ · 1,u s 
at low-speed mode .......................................... 4,us 

• Single power supply 
M37410E6HXXXFp .... · ...... · ...... ·· ...... ·· .. · .... 2.S-S.SV 
M37410E6HFS ...... · ...... · ........ · ...... · ........ ··· 4.S-S.SV 

• Power dissipation 
normal operation mode (at8MHz frequency) 

........................................ 30mW (Vcc=SV, Typ.) 

low-speed operation mode (at 32kHz frequency for 
clock function) .... · ................ · .. S4,uW(Vcc=3V, Typ.) 

• RAM retention voltage (stop mode) 
............................................... 2.0V;;;;VRAM ;;;;S.SV 

• Subroutine nesting ............................ ·96 levels (Max.) 
• Interrupt .......... · .................. · .......... 10 types, S vectors 
• 8-bit timer .... · ...... · ...... · .. ·, .. ·· .................... ·· ........ ·· .. ·4 

• 16-bit timer ............ ·1 (Two 8-bit timers make one set) 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, PS) ................................ 40 

• Input port (Port P4) ................................................ ·4 
• Serial I/O (8-bit)· ............ · ................ · ...................... 1 

• A-D converter" ................................ "'8-bit, 8-channel 

• LCD controller/driver (1/2, 1/3 bias, 1/2, 1/3, 1/4 duty) 
segment output .. · .......... · ...... · ...... · .. ··· ............ · .. ·· 24 
common output .... ··· ........ · .............. · .. ·· .. ·· .... · .... ·· .. 4 

• Two clock generating circuits 
(One is for main clock, the other is for clock function) 

• PROM (equivalent to the MSL27128) 
program voltage ...... ·· ...... · .. · .............. · .. · ...... ·· .. · 21V 

PIN CONFIGURATION (TOP VIEW) 

~~gf'iff 
JJJJJgJJ6o~~~~daa6~~oM 
wwwwWUJwwwwWUJwwwwwww wwoooowwwwwwwoowwwoowwwu 
1111111"""""" , 
80 79 78 n"IE 7574 nn 7170 696867 6665 &4 36261 

Outline 80P6S (OTP) 

z 
';; 
cE c5C£cScSr5cSc5€C£c5 w wwwwwwwwww en rJJ C/) (/J (/)(J)f1J UH/) en <Il 

""""'1 
SEG 17 /1Ns - 1 1- SEGo 
SEG'8/IN5- 2 63 -COMs 
SEG'9f1N4 - 3 62 - COM2 
SEGzo/IN3 - 4 61 - COM, 
SEG 21 /1N 2 - 5 60 -COMo 
SEG 22 fIN, - 6 5g - V L1 

SEG Z3/INo - 7 58 -VL2 

AVss 8 ~ 57 -V L3 

VREF - 9 (,,) 56 - P2o/Do 
Vee 10 ...... 55 - P2,/O, 

P57 fPWM3 - 11 ~ 5-4 - P22/D z 
P5s/PWM2 - 12 0 53 - P23/Da 
P5s/PWM1 - 13 m 52 - P24/D4 

P54/PWMO - 14 0'> 51 - P25/Ds 
P53 /SIG - 15 :I: 50 _ P2s/Ds 

P52/CNTz/CE - 16 dl 49 - P27/D7 
P51/CNT1ioE: - 17 48 - POo/Ao 

P50/INT3 /PGM - 16 47 - POI/A, 
P37/SFlDy "" 19 46 - P02/A2 

P3t;/CLK- 2Il 45 -P03/A3 

P35/S0UT - 21 44,_ P04/A4 
P34/S1N - 22 43 ...... P05/A5 

P33/T - 23 42 - POs/ As 

P32/INT2 - -"~~I@li~mm~~ffiJ1~l1ffir41 - P07/A] 
~ 2728 30 3132 33 3-4 

'I j II 

J ~ ~I~ ~ JUf 
~ ~u; 

o 

Outline 8056 (Window) 

APPLICATION 
Audio-visual equipment 
Remote control 
Camera 

• MITSUBISHI 
19.. ELECTRIC 
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M37410E6HXXXFP BLOCK DIAGRAM 
Clock Input Clock output 

X1N XOUT 

Interrupt Input Reset Input 
INT, RESET Vee 

Reference voltage 
input 

Vss AVss VREF CNVss 
liD port P5 

-----"----
- ----@ ---<l -- -~~ - ~-f- --f---@- - ~®- - -@- - -\l)~ - -@- - -- -~~ - -

I r 1 riil~ 
--!JXjJ)~ 

I 
1 1 1 'I '\ 1 ~ ~ P5(8) I 

ge~~~~~ng Processor Program Program Stack n 11 r 1 u=; I,nstruct,on . ( 

I CircUit sta:us counter counter pOinter ~ Timer 41 I Timer 1 1-- register A-O 

~- f I
t I t PS(8) PCH (8) PCL(S) s(s) T4(S) Tl(S) " 1 INT3 start 

~.¢ ~ 

X
COUT ~,~ t '\ ".----- Instruction 

I ~n. J. ./ decoder 

Timer 5 Timer 2 ~. 
! "(0) ~.l~ I T2(S) I Control signal 

~ ~. arithmetiC RAM PROM ~ I 
,....-- ll,r;=:-

10;::" "wm"'e'" 256bytes ~ ~ 12288bytes I "" ~] 
I t "r it it) ,I ';:;;; ~ l ';;;;,' I ') I '1 

, ~ '~'iT f.._ / c--

~·o I I I -_. I 

I
, S I/O(S) h I keyonwakeup(8) ~I-- r---.----~ U 

I LCD data memory 1 ;4(4) \ - I f----/ 
_ "-------. XCIN I INT] 

, ,-J 1 S I XCOUT 0 r P2(8) 1 
/ 1. LCD controller/driver -r I P3(S) tII1(8) POlS) I 

III II ~ InT 11 1 l'ff l _ 
L~~~---~Mrllk~-it-Mu-ID--=-------HH~ ----41 1 <9>~ -- 14114 J 
~ ____ ~ " ~"-----v-' ~ ~ '---~-

Segment output (24) 
SEG 

Common 
output 

COM 

Power 
supply 
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MITSUBISHI MICROCOMPUTERS 

M37410E6HXXXFP 
M37410E6HFS 

PROM VERSION of M37410M3HXXXFP,M37410M4HXXXFP,M37410M6HXXXFP 

FUNCTIONS OF M37410E6HXXXFP 
Parameters Functions 

Number of basIC instructions 69 

Instruction execution time l.us (minimum instructions, at 8MHz of frequency) 

Clock frequency BMHz 

PROM I 22BBbytes (Note 1) 

Memory size RAM 256bytes 

RAM for display LCD 12bytes 

PO, P1, P2, P3, P5 110 8-bltX5 

P4 Input 4-bltX 1 (Port P4 are In common with SEG) 
Input/Output port 

SEG LCD output 24-bitXl 

COM LCD output 4-bltX1 

Senal 1/0 8-bltXl 

8-blt IImerX4 
Timers 

16-blt tlmerXI (combmatlon of two B-bot tImers) 

Bias 1/2, 1/3 bIas selectable 

LCD controller/driver 
Duty ratio 1/2, 1/3, 1/4 duty selectable 

Common output 4 

Segment output 24( SEG12 ....... SEG23 are In common with port P4 and analog Input pms) 

Subrotme nesting 96(max) 

Interrupt Three external Interrupts, three timer Interrupts (or two timer, one senalllO) 

Clock generating CIrcUIt Two bUilt-in Circuits (ceramic or quartz crystal oscillator) 

Operating temperature range -10-70·C 

Device structure CMOS sIlicon gate 

Package 80-pm plastIc molded QFP 

Note 1 The PROM programming voltage IS 21V (equIvalent to the M5L27128) 

• MITSUBlSHI "'ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

M37410E6HXXXFP 
M37410E6HFS 

PROM VERSION of M37410M3HXXXFP,M37410M4HXXXFP,M37410M6HXXXFP 

PIN DESCRIPTION 

Pin Mode Name 
InpuU 

Functions 
Output 

Vee, SIngle-chip Power supply Supply 5V±5% to Vcc and OV to Vss 

Vss IEPROM 

CNVssl Single-chip CNVss Connect to Vss. 

V pp 

EPROM V ... inPut Input Connect to Vpp when programming or verlfmg 

RESET SIngle-chIp Reset input Input To reset, keep thIs Input termInal low for more than 16t's (mIn) under normal Vcc 

conditions If more time Is needed for the crystal oscillator to stabIlIZe, thIS "l" con-

ditIon should be maintaIned for the required tIme 

EPROM . Reset Input Connect to OV . 

X,N Single-chip Clock input Input These are 1/0 pins of Internal clock generatmg Circuit for main clock To control 

IEPROM generating frequency, an external ceramic or a quartz crystal OSCIllator IS connected 

XOUT Clock output Output between the X,N and XoUT p'ns If an external clock IS used, the clock source should 

be connected the X,N pIn and the XOUT pin should be left open 

INT, Single-chip Interrupt Input Input ThiS is the highest order Interrupt Input pin 

EPROM Interrupt Input Input Connect to OV 

POD-P07 Single-chIp 1/0 port PO 1/0 Port PO is an a-bit I/O port WIth directIonal regIsters allOWing each 1/0 bIt to be ind,-

Vidually programmed as mput or output. At reset, thiS port IS set to mput mode The 

output structure IS CMOS output 

EPROM Address Input A,-A, Input PO works as the lower a bIt address input (Ao-A,). 

P1 D-P1 7 SIngle-chIp 1/0 port PI 1/0 Port PI IS an a-bit 1/0 port and has basIcally the same functions as port PO 

The output structure IS N-channel open dram. 

EPROM Address mput As-A,. Input PI ,-Pis works as the higher 6 bit address Inputs (A,-A,.) 

Connect PI,-PI, to Vee 

P2D-P27 SIngle-chip 1/0 port P2 1/0 Port P2 Is an a-bIt 1/0 port and has basically the same functIon as port PO 

Also all bits are for key on wake up Input pIns. 

EPROM Data InpuU 1/0 Port P2 works as an a bIt data bus (0,-0,) 

output 0,-0, 

P3D-P37 Single-chIp 1/0 port P3 1/0 Port P3 IS an a-bit 1/0 port and has basically the same functIons as port PO 

When senal 1/0 IS used, Par, P3a. P3, and P3. work as SRDY, ClK, SOUT, and S'N 

pms, respectIvely Also P3., P3", P3" and P3, work as tImer 4 overflow SIgnal dI-

VIded by 2 output pIn (T), INT, pm, XC'N and XCOUT pIns, respectIvely 

EPROM Input port P3 Input Connect to OV 

SEG12/P4. SIngle-chip Segment output Output SEG12-SEG15 are segment output pms 

I Imput port P4 Iinput Also these work as Input port P4 by 2-bIt unot 

SEG,slP4, , 
EPROM Input port P4 Input Connect to Vee 

P5D-P57 Single-chIp 1/0 port P5 1/0 Port P5 IS an a-bit 1/0 port and has baSIcally the same functIon as PI. PS" PS" PS, 

and PS. are In commo~ WIth INT., tlmer3 mput, tlmer5 Input and A-D tngger Input, 

respectIvely 

EPROM Select mode Input P5" PS" P50 work as CE, OE and PGM, respectively Connect to PS,- P5, to OV, 

and PS3-P5. to Vcc. 
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MITSUBISHI MICROCOMPUTERS 

M37410E6HXXXFP 
M37410E6HFS 

PROM VERSION of M37410M3HXXXFP,M37410M4HXXXFP,M37410M6HXXXFP 

PIN DESCRIPTION (Continued) 

Pin Mode Name 
Input! 

Output 
Functions 

VL1 ""'-JVL3 Single-chip Voltage Input for LCD Input These are voltage mput pms for LCD Supply voltage as OV:;;;;;VL1 :;;;;;VL2:;;;;;VL.3:;;;;;VCC 

O-VL3V IS supplied to LCD 

EPROM Voltage Input for LCD Input Connect to Vee 

COMo- Single-chip Common output Output These are LCD common output pms. 

COM3 

EPROM Common output Output Connect to Vee 

SEGo- Single-chip Segment output Output These are LCD segment output pins 

SEGl1 

EPROM Segment output Oulput Connect to Vee 

SEG16I1N, Smgle-chlp Segment output I/O SEG16 ..... SEG23 work as analog input pinS IN7'""'INo 

\ lanalog Input SEG16 ..... SEG19 are used by 2-blt Unit and SEG20 ....... SEG23 by 4-blt umt 

SEG,,/INo 
EPROM Analog Input Input Connect to Vee 

AVss Single-chip Analog voltage mput Input GND input pm for the A-O converter 

EPROM Analog \/oltage input Input Connect to Vss 

VREF Single-chip Reference voltage Input Referrence mput pin for A-D converter. 

Input 

EPROM Reference voltage Input Connect to Vce 

Input 
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MITSUBISHI MICROCOMPUTERS 

M37410E6HXXXFP 
M37410E6HFS 

PROM VERSION of M37410M3HXXXFP,M37410M4HXXXFP,M37410M6HXXXFP 

EPROM MODE Table 1. Pin function in EPROM mode 

The M37410E6HXXXFP, M37410E6HFS feature an EPROM 

mode in addition to its normal modes. When the RESET 
signal level is low (" L"), the chip automatically enters the 
EPROM mode. Table 1 list the correspondence between 
pins and Figure 1, Figure 2 give the pin connections in the 

EPROM mode. When in the EPROM mode, ports PO, P1, 
P2, P50 - P52, and CNVss are used for the PROM 
(equivalent to the M5L27128). When in this mode, the 
built-in PROM can be written to or read from using these 
pins in the same way as with the M5L27128. The oscil'lator 

should be connected to the X'N and XOUT pins, or external 
clock should be connected to the X'N pin. 

~ 
vee 
Vpp 

Vss 
Address input 

Data 1/0 

CE 

OE 

PGM 

M37410E6HXXXFP, 
M37410E6HFS 

Vee 

CNVss/Vpp 

Vss 

Ports PO, P1 0- P1 5 

Port P2 

P52 /CE 

P5,IOE 

P50 /PGM 

Vee 

~-----SEG'9/IN,- I 

-----SEG20/IN3 • ...... 2 

~-----SEG21/IN,- 3 

~-----SEG22/IN, - 4 
o o 

60 - COM, --------; 
59 - COM 1 --------; 

58 ~ COMo --------; 

t------SEGZ3/INo ...... 5 ~6 +- VL2 

@ AVss 55 +- VL3 

'--------- VREF - ! 54 -- P2o/Do-Gi.Q) 
GJ--- Vee 53 - P2,/D, --<Qi) 

,..------P5,/PWM3 - 9 52 - P2,/D, --CO.£) 
t------P56 /PWM2- 10 M37410E6HXXXFP 51 - P2,/D,-Coi) 
t------P5s/PWM1- II 50 - P2,/D,-Giy 

~-+------ P5,/PWMO - 12 49 - P2s/Ds--CD;) 
'--+------- P5,/SIG - 13 4B - P2,/D6 ---<:i1i) 

@-P5,/CNT,/CE - 14 47 - P2,/D,-([iz~ 
@-P5,/CNT,IOE- 15 46 - POo/Ao ~ 
@--P5o/INT,/PGt-,ij- 16 45 - PO,/A, --® 

~------P37/SRDY- 17 44 -P02 /A 2 ---(.0 
t------- P36/CLK- 18 0 43 - Po,/A,-----<A1) 
t-------P35 /SoUT - 19 42......,. P04 /A4 -G0 

P3,/S'N - _20'r.=.11=""","""""""""r;;:nc""""""""""",,,,",,,,,,;:rr;;,,41 - P051 As --CAV 
~n~M~Nv.~m~DD~~.n •• w 

Vss 

M5L27128 

Vee 
Vpp 

Vss 

Ao~A13 

0 0-07 

CE 

OE 

PGM 

o : Same funclions as M5L27128 

Fig.l Pin connection in EPROM mode 
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MITSUBISHI MICROCOMPUTERS 

M37410E6HXXXFP 
M37410E6HFS 

PROM VERSION of M37410M3HXXXFP,M37410M4HXXXFP,M37410M6HXXXFP 

T 

Vee 

SEG 17/IN6 - I 

SEG18 /INs "'" 2 

SEG'9I1N,j - 3 

SEG,o/lN3 - 4 

SEG"IIN, - 5 

SEG22 /IN, - 6 

SEG'3/1No - 7 
~ __ AVSS 57 - VL3 ----------' 

L-____ VREF _ 9 56 ........ P2o/Do --(Qg) 

~-- Vee 55 ........ P21/0 1 --@ 
,----- P5,/PWM3 - II 54 - P2,ID, --@ 
+---- P56 /PWM2- 12 M37410E6HFS 53 - P23/D 3 --@ 
+----- P5s/P~M1 - 13 52 - P2 4 /D 4 --@ 

+--t----- P54/PWMO - 14 51 - P2s/Ds -----<E§) 
L---f------ P53/SIG - 15 5D - P26/D6 --G§) 

@-P52 /CNT2/CE- 16 49 -P2,/D,--CQI) 
@-P5,/CNT,/OE- 17 48 -POo/Ao--GO) 
@- P50 /lNT3/PGM - 16 47 - PO,/A, --@ 

+----- P37 /SRDy """" 19 46 - P02i A2 --@ 
---- P36/CLK- 20 45 - P03/A3 --@ 
--P3s/SoUT - 21 44 .......... P04/ A4 --@ 

+------ P34/SIN """" ,2 43 - POs/ As --(Ai) 
+------- P33 /T - 23 42 - P061 A6 --@ 

+------ P32/1NT 2 - ~24~nmlilll~NJjillliJlilll~4Jlli!1j6Jfilllilll'ill!Q(4-' - PO,I A, --(0 
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 

tI 1 1 1 I I I tIt I I t 
Z I- ,.. ~I- Z I- (f) r-- <0 C') N ,.... 0 0'> 00 

~~~,~~~~[[~~~~~~ 

~rl~ 1I I ~:Hnf ~ @ J@@@@@ 
18 Vee 

~-~------~~~ 

Vss 

o : Same funellons as M5L27128 

Fig.2 Pin connection in EPROM mode 
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MfTSUBISHI MICROCOMPUTERS 

M37410E6HXXXFP 
M37410E6HFS 

PROM VERSION of M37410M3HXXXFP,M37410M4HXXXFP,M37410M6HXXXFP 

PROM READING, WRITING AND ERASING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (Ao~A'3) to be read and the data will be output to the 
1/0 pins Do~ D7. The data liD pins will be floating when 

either the CE or DE pins are in the "H" state. 

Writing 
To write to the PROM, set the CE pin to a "L" level and the 
DE pin to a "H" level. The CPU will enter the program 
mode when Vpp is applied to the Vpp pin. The address to 

be written to is selected with pins Ao~A'3, and the data to 
be written is input to pins Do~D7' Set the PGM pin to a "L" 
level to begin writing. 

Erasing 
Data can only erased on the M37410E6HFS ceramic pack
age, which includes a window. To erase data on this chip, 
use an ultraviolet light source with a 2537 Angstrom wave 
length The minimum radiation power necessary for erasing 

is 15W·s/cm2• 

Functional diferences from M37410M3HXXXFP or 

M37410M4HXXXFP, M37410M6HXXXFP 
(excluding characteristic differences). 

~ 
M37410M3HXXXFP 

M37410M4HXXXFP 
M37410E6HXXXFP 

M37410M6HXXXFP 
M37410E6HFS 

Port PO pull-up resislor Option Not provided 

Port PI pull-up resistor Option Not proVided 

Port P2 pull-up resistor Option Not provided 

Port P3 pull-up resistor Option Not proVided 

Port P4 pull-up resistor Option Not provided 

Port P5 pull-up resistor Option Not provjded 

Port P2 key on wake up Option Provided (all bits) 

NOTES ON HANDUNG 
(1) Sunlight and fluorescent light contain wave lengths 

capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 

contact the lead pins. 

Table 2. 1/0 signal in each mode 

~n 
Mode 

CE(14) OE(15) 

Read-out V'L V'L 
Programming V'L V ,H 

Programming verify V'L V'L 
Program disable V,H X 

Note 1: V'L and V,H indicate a "L" and "H" input voltage, respectively. 
2 : An X indicates either V1L or V1H 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 

these stains are not removed, complete erasure of the 

data could be prevented. 
(3) Since a high voltage (21V) IS used to write data, care 

should be taken when turning on the PROM writer's 

power. 
(4) Note that ports P30 and P31 of M37410E6HXXXFP or 

M37410E6HFS can not use as I/O ports when the ex
ternal A-D start enable bit is set to "1" (enabled). This 
is because that bit 5 of the serial I/O mode register of 
M37410M3HXXXFP or M37410M4HXXXFP, M37410M6H 
XXXFP acts differently from that of M37410E6HXXXFP or 

M37410E6HFS, as compared in the table. 
Bit 5 of serial liD mode register when external A-D 

start enable bit is "1". ---- Bit 5 of senal liD mode register 

M37410M3HXXXFP 

M37410M4HXXXFP Not affected 

M37410M6HXXXFP 

M37410E6HXXXFP 
Automatically set to "1", and IS fixed to "1" 

while external A-O start enable bit 
M37410E6HFS 

remams "1" 

(5) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro
cess and following processes. To improve reliability af
ter write, performing write and test according to the 

flow below before use is recommended. 

Writing with PROM writer 

Screening (Note) (Leave at 150'C for 40 hours) 

Verify test with PROM writer 

Note : Since the screening temperature is higher than 
storage temperature, never expose to 150'C ex

ceeding 100 hours. 

PGM(16) 
Data 1/0 

Vpp(26) VcceS) 
(47-54) 

V ,H Vee Vee Output 

Pulse( V,H-V,L) V pp Vee Input 

V ,H V pp Vee Output 

X V pp Vee Floating 
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MITSUBISHI MICROCOMPUTERS 

M'37410E6HXXXFP 
M37410E6HFS 

PROM VERSION of M37410M3HXXXFP,M37410M4HXXXFP,M37410M6HXXXFP 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

V, LCD supply VLI-VL3 VL1<VL2<VL3 -0. 3-Vee+0. 3 

V, Input voltage POo-PO" P2o-P2,. P3o, P3,. P4o-P43. 
-0. 3-Vee+0. 3 

INa-IN7. VREF, X!N 

V, Input voltage CNVss, (Note t) -0.3-7 

V, Input voltage INT" RESET, Pto-Pt,. P3,-P3" P50-P5, -0.3-10 

Va Output voltage POo-PO" P2o-P2" P30, P3,. 
-0. 3-Vee+0. 3 

COMo-COM3, SEGo-SEG23, XOUT 

Va Output voltage Pto-Pt" P3,-P3" P50-P5, -0.3-10 

Pd Power diSSipation Ta = 25'C 300 

Topr Operating temperature -10-70 

Tstg Storage temperature -40-125 

Note 1 In PROM programming mode, CNVss is 21. OV 

RECOMMENDED OPERATING CONDITIONS (Vcc= 5 V± 5 %, Ta=-10-70'C. unless otherwise noted) 

Limits 
Symbol Parameter Conditions 

Min Typ Max 

t(X,N )=8MHz High-speed mode 4.5 5.5 

Vee Supply voltage (Note 1) t(X ,N )=8MHz Normal mode or 2.5 
5.5 

f(X,N)=2MHz High-speed mode (Note 2) (Note 3) 

Vss Supply voltage 0 

V ,H 
"H" Input voltage POo-PO" P3o, P3" P4o-P43. 

0. 7Vee Vee 
X'N, CNVss (Note 4) 

V,H "H" Input voltage P2o-P2, O. BVee Vee 

V ,H "H" Input voltage Pto-Pt" P5,-P57 , S,N 0.7Vee 10 

V ,H 
"H" Input voltage P50, INT" INT,. INT3, P3,-P3" 

O.BVee 10 
CNT" CNT" SIG, CLK 

V ,H "H" Input voltage RESET, XCIN O.B5Vcc 10 

V'L 
"L" Input voltage POo-PO" Pto-Pt" P3o, P3" 0 0. 25Vee 

P4o-P43, P5,-P5" S,N 

V'L 
"L" mput voltage P2o"""P27, P3:r-'P37, P50, INT1, INT2, 

0 0. 2Vee 
INT3, CNT" CNT" SIG, CLK 

V'L "L" Input voltage RESET, X1N• XCIN 0 0. 15Vee 

10H "H" output current POo-PO,. P2o-P2" XOUT (Note 5) -1 

"L" output current POo-PO" P2o-P2" P30-P37 , 

10L P50-P5" XOUT, PWMO-PWM3, T, 1 
-

SOUT, eLK. SRDY, SIG (Note 6) 

10L "L" output current Pto-Pt, (Note 2)(Note?) 
Vcc=3V 10 

Vcc=5V 20 

f(X,N ) Clock oscillatmg frequency 0.2 8.2 

f(XeIN ) Clock oscillatmg frequency for clock function 30 50 

Note When only maintaining the RAM data, minimum value of Vce IS 2V, 
2 We say the high-speed mode, when the system clock is chosen X1N/4, and the normal mode, when the system clock IS chosen XtN /16 
3 In case M374tOE6HFS, 4.5V 
4 When P3 IS XCIN mode, the Ifmlts of V,H of P3, IS O.85Vec~V'H~Vce, 0~V'L~O.15Vec 
5 Total of 10H( peak) of ports PO, P2 and XOUT IS less than 35mA 
6 Total of loll peak) of ports PO, P2, P3 and P5 IS less than 32mA 
7 T atal of lOll peak) of Pt IS less than BOmA 

Total of 10Llavg ) of Pt is less than 40mA 

Unit 

V 

V 

V 

V 

V 

V 

V 

mW 

"c 
"C 

Unit 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

MHz 

kHz 
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MITSUBISHI MICROCOMPUTERS 

M3,7410E6HXXXFP 
M37410E6HFS 

PROM VERSION of M37410M3HXXXFP ,M37410M4HXXXFP ,M37410M6HXXXFP 

ELECTRICAL CHARACTERISTICS (Ta=-10-70'C, Vss=ov, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ. Max. 

VOH "H" output voltage POe-PO" P20-P2, Vcc-5V, 10H- -0. 5mA 4 V 

V OH "H" output voltage XOUT Vcc-5V, 10H--0. 3mA 4 V 

"l" output voltage POo-PO" P20-P2" P30-P3" 
-

VOL P50-P5" T, SOUT, ClK, SROY, Vcc=5V,loL=lmA 1 V 
SIG, PWMO-PWM3 

VOL "l" output voltage PI 0-Ph Vcc=5V, 10L =20mA 2 V 

VOL "Lit output voltage XOUT Vcc=5V, 10L =0. 3mA 1 V 

VT+-Vr -
Hysteresis INT" INT" INT" ClK, CNT" 

Vcc=5V 0.7 V 
CNT" SIG, S,N, P20-P2,. XCIN 

Vr+-Vr - Hysteresis RESET Vcc-5V 2 V 

VT+-Vr - Hysteresis X,N Vcc-5V 0.5 V 

"l" input current POo-PO" Plo-PI" P20-P2" 
Vcc=5V 

I'L P30-P3".P40-P4" P50-P5, (Note 1 ), -5 /.LA 
INo-IN" INT,. RESET, X,N 

V,=OV 

"H" mput current POo-PO" P20-P2" P30, P3" 
Vcc=5V 

I'H P40-P4" INo-IN" 
V,=5V 

5 /.LA 
X1N, XCtN. CNVss 

"H" input current Plo-PI" P30-P3" P50-P5" 

I'H INT" INT" INT" CNT" CNT" V,=10V 10 /.LA 
SIG, RESET, S,N, ClK 

ReoM Output Impedance COMo-COM, 
VL1=Vcc/3 

Vcc=5V 200 0 VL2=2VL1 
VL3=VCC 

Rs Output impedance SEGo-SEG" Other COM, SEG Vcc=5V 2 kO 
pins are opened 

f(X,N)=BMHz High-speed mode Vcc=5V 6 12 rnA 
at operation 

f(XCIN)=32kHz, Vcc=5V 30 60 
Icc Supply current 

at walt state f(XCIN)=32kHz, Vcc=5V 15 30 /.LA 

at stop state Vcc=5V,all clock stop Ta=25'C 0.1 1.0 

VRAM RAM retention voltage 2 5.5 V 

Note 1 Also the same as when each pm is used as INTz, INT" CNT" CNT" SIG, S'N and X,N , respectively. 
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MITSUBISHI MICROCOMPUTERS 

M37410E6HXXXFP 
M37410E6HFS 

PROM VERSION of M37410M3HXXXFP,M37410M4HXXXFP,M37410M6HXXXFP 

A.D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss= a v, Ta=25"C, f(X,N)= 8 MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions !:Jnlt 

Min. Typ. Max 

-- Resolution 8 bits 

-- Non~ltneanty error 
Vcc-VREF=5.12V +2 

VCC=VREF=3.072V ±2 
LSB 

-- Differential non-lineallty 
Vcc=VREF=5.12V ±O_9 

VCC=VREF=3.072V +0.9 
LSB 

VOT Zero transition error 
VCC=VREF=5. 12V 2 

VCC=VREF=3.072V 2 
LSB 

VFST Full-scale transition error 
VCC=VREF=5. 12V 6 

VCC=VREF=3.072V 10 
LSB 

Te Conversion time 
Vcc=2. 5-5. 5V High-speed mode 2OO/1(X,N) 

Vcc=2. 5-5. 5V Normal mode 8IlIl/f(X,N) 
/-tS 

IREF Reference Input current 
VREF=5V 1.0 2.5 

VREF=3V 0.5 1.5 
rnA 

liN Analog port Input current V'N=O-VCC 1 10 /-tA 

V ,N Analog onput voltage Vcc=2. 5-5. 5V AVss Vee V 

VREF Reference Input voltage 2.5 Vee V 
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DESCRIPTION 
The M37412E5-XXXFP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
72-pin plastic QFP. The features of this chip are similar to 
those of the M37412M4-XXXFP except that this chip has a 
10240 bytes PROM built in. This single-chip microcomputer 
is useful for home electrical appliances and consumer ap
pliance controllers. 
In addition to its simple instruction sets, the PROM, RAM, 

. and 1/0 addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit
able for small quantity production runs. 

FEATURES 
• Number of basic instructions .. ······ ........................... 69 

• Memory size PROM·······························1 0240 bytes 

RAM """""""""""':""""""'160 bytes 
• Instruction execution time 

....... 2,u s (minimum instructions at 4M Hz frequency) 

• Single power supply .. ·································· .. 5V±5% 

• Power dissipation 
normal operatiQn mode (at 4MHz frequency) ····15mW 

• Subroutine nesting ·····························80 levels (Max.) 
• Interrupt .......................................... 7 types, 5 vectors 

• 8-bit timer······························································ 4 
• Programmable 1/0 ports (Ports PO, P1, P2, P3, P4, p7) 

········································46 
• Input port (Port P5) ...................................... ···········8 
• 0 utput port (Port P6) ............................................... 5 

• Serial 1/0 (8-bit)·· .. ·························· .. ················· .. ·· 1 
• A-D converter··············· 8-bit successive approximation· 

• D-A converter 
• .8-bit PWM function 
• Watchdog timer 
• PROM (equivalent to the M5L27128) 

program voltage··············································· 21V 

APPLICATION 
Office automation equipment 
VCR, Tuner, Audio-visual equipment 

MITSUBISHI MICROCOMPUTERS 

M37412ES-XXXFP 

PROM VERSION of M37412M4-XXXFP 

PIN CONFI.GURATION (TOP VIEW) 

P27/0r - 58 

P26/Ds ..... 59 0 
P2s/Ds- 60 

P24/D 4 "" 61 

P23JD3 - 62 

P22/D 2 - 63 

P21/0 1 - 64 

Vss - 65 M37412E5-XXXFP 
P201Do ''''''' 66 

Vee - 67 

AVss - 68 

PWM-71 
o o 

1 234 56789W"gnUemuggm~ 

Outline 72P6 
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MITSUBISHI MICROCOMPUTERS 

M37412ES-XXXFP 

PROM VERSION of M37412M4·XXXFP 

. FUNCTIONS OF M37412E5-XXXFP 
Parameter Functions 

N'umber of basIc instructions 69 

Instruction execution time 2.us (minimum Instructions, at 4MHz frequency) 

Clock frequency 4MHz 

PROM 10240 bytes (Note 1 ) 
Memory Size 

RAM 160 bytes 

INT, Input 1-bltX1 

PO. P1, P2, P3, P4 1/0 8-bltXS (a part of P3 IS common with serial 1/0, timer 1/0, and Interrupt Input) 

Input/Output ports P5 Input 8-bltX1 

P6 Output 5·bltXl (a part of P6 IS In common with external trigger output Pin) 

P7 1/0 6-bltX1 

Senall/O 8-bltX1 

Timers 8-bit prescalerX3+8-bit timerX4 

A-O conversion 8-bltX1 (8 channels) 

O-A converSion S-bltX1 

Pulse width modulator 8-bltX1 

Watchdog timer 1S-bltX1 

Subroutine nestmg 80 levels (max) 

~errupt Two external mterrupts, three mternal timer mterrupts 

Clock generatmg circuit bUilt-in (ceramic or quartz crystal oscillator) 

Supply voltage SV±S% 

Power diSSipation 1SmW (at 4MHz frequency) 

Input/Output voltage 12V (Ports PO, P1, P3, P4, P5, P6, P7, INT,) 
Input/Output charactenstlcs 

Output current SmA (Ports PO, P1, P2, P3, P4, p7) 

Memory expansion Possible 
.-~ 

Operatmg temperature range -10-70'C 

Device structure CMOS silicon gate process 

Package 72-pln plastic molded QFP 

Note 1 The PROM programing voltage is 21V (equivalent to the M5L27128) 
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MITSUBISHI MICROCOMPUTERS 

M37412ES-XXXFP 

PROM VERSION of M37412M4-XXXFP 

PIN DESCRIPTION 

Pin Mode Name 
Inpull 

Output 
Functions 

Vee, Single-chip Power supply Supply 5V±5% to Vcc and OV to Vss 

Vss IEPROM 

CNVssl Single-chip CNVss Input Input Connect to OV 

V pp 

EPROM Vpp input Connect to Vpp when programming or verifing. 

RESET Single-chip RESET input Input To reset, keep this input terminal low for more than 2,us (min) under normal Vee 

conditions If more time is needed for the crystal oscillator to stabilize. this "L" con-

dition should be maintained for the required time. 

EPROM RESET Input Connect to Vss 

X,N Single-chip Clock Input Input Connect a ceramic or a quartz crystal oscillator between X1N and XOUT for clock 

IEPROM oscillation. If an external clock input IS used, connect the clock Input to the XIN pm 

XOUT Clock output Output and open the XOUT pm. 

</> Single-chip Timing output Output For timing output 

IEPROM 
--

INT, Single-chip Interrupt mput Input Interrupt Input INT,. 

EPROM Interrupt mput Input Connect to OV. 

POO-P07 Single-chip 110 port PO 1/0 Port PO IS an 8-blt I/O port with direction registers which can program each bit as 

Input or output It IS set to Input mode at reset. The output format is N-ch open dram 

EPROM Address Input Ao--A7 Input PO works as the lower 8 bit address input (Ao-A,). 

P1 o-P1 7 Single-chip 1/0 port PI 1/0 Port P1 IS an a-bit 1/0 port which has the same function as Port PO 

EPROM Address Input As--A13 Input PIa-PI, works as the higher 5 bit address inputs (A.-A,,) 

Connect P1 s-P1 7 to Vee 

P2o-P27 Single-chip 1/0 port P2 1/0 Port P2 is an 8-bit 1/0 port which has the same function as port PO The output for-

mat is CMOS. 

EPROM Oata Inpull 1/0 Port 2 works as an 8 bit data bus (00-07) 

outp~t 00- 0, 

P30-P37 Single-chip 1/0 port P3 1/0 Port P3 IS an a-bit 1/0 port and has baSically the same functions port PO When se-
--

rial 1/0 IS used, P37, P3t" P3s, and P34 work as SRDY, elK, SOUT, and SIN PinS, re-

spectively Also P3, and P3, work as CNTR pin and the lowest Interrupt Pin (INT,), 

respectively The output format IS N-ch open dram 

EPROM Input Port P3 Input Connect to OV 

P40-P47 Single-chip 110 port P4 1/0 Port P4 is an 8-bit 1/0 port which has the same function as port PO Ports P47 - P40 

are common with Analog inputs AN7-ANo The output format IS N-ch open drain 

-- --
EPROM Select mode Input P4" P4" P40 work as CE, OE and PG M inputs, respectively 

Connect P4s-P47 to OV and P44 and P43 to Vee 

P50-P57 Single-chip Input port Input Port P5 IS an a-bit input port. Ports P57 ...... P54 have edge sence functions 

EPROM Input port Input Connect to OV 
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MITSUBISHI MICROCOMPUTERS 

M37412ES-XXXFP 

PROM VERSION of M37412M4-XXXFP 

PIN DESCRIPTION (Continued) 

Pin Mode Name 
InpuV 

Functions 
- Output 

P6o-P64 Single-chip Output port Output Port P6 Is an 5-bIt output port. At external trigger output mode, P60 and P6, are In 

common with the Ir1gger Input pm (T) and the trigger output pin (0), respectively 

The output structure IS N-channel open drain 

EPROM Output port Output Connect to OV 

P7o-P7. Single-chip 1/0 port P7 1/0 Port P7 ,s an 6-bit 1/0 port which has the same function as Port PO. 

EPROM Input port P7 Input Connect to OV. 

AVss Single-chip Analog voltage input Input GND pin for the A-D and D-A converters. 

EPROM Analog voltage input Input Connect to OV. 

VREF Single-chip Reference voltage Input Reference input for A-O and O-A converters. 

Input 

EPROM Reference voltage Input Connect to OV 

Input 

D-A Single-chip D-A output Output D-A converter output pin 

EPROM D-A output Output Connect to OV. 

PWM Single-chip PWM output Output Pulse width modulation output pin (N-ch open dram format). 

EPROM PWM output Output Connect to OV 



MITSUBISHI MICROCOMPUTERS 

M37412ES-XXXFP 

PROM VERSION of M37412M4-XXXFP 

EPROM MODE Table 1. Pin function in EPROM mode 
The M37412E5-XXXFP features an EPROM mode in addi
tion to its normal modes. When the RESET signal level is 
low ("L"), the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 

gives the pin connections in the EPROM mode. When in 
the EPROM mode, ports PO, P1, P2, P4o- P42, and CNVss 
are used for the PROM (equivalent to the M5L27128). 
When in this mode, the built-in PROM can be written to or 
read from using these pins in the same way as with the 
M5L27128. The oscillator should be connected to the X!t>l 
and XOUT pins, or external clock should be connected to 

the X'N pin. 

Vee 

Vpp 

Vss 

Address IOput 

Data 1/0 

CE 

OE 

PGM 

@~----
®~--
®>-----
@~---
@>-----
@>------
@>------

o 

Vce 

('1' ~('!J'iX:t/,< 

lUI O_~M I ';';-iJ:« 
""""" C\I (") .... (() 0 ,.... N (") .... If) <D f'- 0 r-...t--r-.. ..... ,....,...,....,.... ........ ,....I.O 

a..a..Il..a..a..a..Il.Q.Il.a..a..a.. 

111111111111 j 
494847461145114443424140393837 

<9~----
CQ9)>-----
~>-------

M374 12E5-XXXFP 

o 0 
\ 2345678 9101112131415161718192021 

j j j 11111 11111111111 t I 
~LUI~:; - ~ '>e >- Z"'I ~ -Zoo 1'--1'-- O..J ::Jcnf-I-M 
~~""",a:a..a..~oc8';,.z~a.. 

f~~~ ~~~~~~ 
:F:r~ 0-0-0. ~a.. 
a..Q.~ 

0. 

I 
Vee ~ 00 • 

Vss 

o : Same function as M5L27128 

Fig.1 Pin connection in EPROM mode 

M37412E5-XXXFP 

Vee 

CNVssIVpp 

Vss 

Ports PO, P1 o-P1 5 

Port P2 

P42 /CE 

P4,IOE 

P40 /PGM 

I-P51 
35 -P52 

;-P53 

33 - P54/ED4 

~- P5s /EDs ;- P5,/ED, 
1:~~:/ED7 ~W 
28 --+ 1> 

?7 - XOUT 0 I-XIN 0 
25 - RESET 
rm - CNVss/Vpp ~ 
~-iNT, 
22 -P30 

r, 
Vss 

M5L27128 

Vee 

Vpp 

Vss 

Ao-A13 

0 0-07 

CE 

OE 

PGM 
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PROM READING AND WRITING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (Ao-A'3) to be read and the data will be output to the 
I/O pins 0 0 - 0 7. The data 1/0 pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 
To write to the PROM, set the CE pin to a "L" level and the 
OE pin to a "H" level. The CPU will enter the program 

mode when Vpp is applied to the Vpp pin. The address to 
be written to is selected with pins Ao-A'3, and the data to 
be written is input to pins 0 0-07. Set the PGM pin to a "L" 

level to begin writing. 

Notes on Writing 
When using an PROM writer, the address range should be 

between 1800'6 and 3FFF'6' When data is written between 

addresses 0000'6 and 3FFF'6, fill addresses 0000'6 to 
17FF'6 with 00,6, 

Table 2. 1/0 signal in each mode 

~n 
Mode 

CE(10) OE(l1) 

Read-out V'L V'L 
Programming V,L V'H 
Programming verify V ,L V'L 
Program disable V'H X 

Notel: V'L and V,H indicate a "L" and "H" input voltage, respectively. 
2 : An X indicates either V,L or V'H 

3-440 

MITSUBISHI MICROCOMPUTERS 

M37412ES-XXXFP 

PROM VERSION of M37412M4-XXXFP 

NOTES ON HANDLING 
(1) Since a high voltage (21V) is used to write data, care 

should be taken when turning on the EPROM writer's 

power. 
(2) For the programmable microcomputer (shipped in 

blank or OTP type) . Mitsubishi does not perform 
PROM write test and screening in the assembly pro
cess and following process. To improve reliability after 
write, performing write and test according to the flow 

below before use is recommended. 

Writing with PROM writer 

Screening (Note)(Leave at 150'C for 40 hours) 

Verify test With PROM writer 

Note : Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex

ceeding 100 hours. 

PGM(12) Vpp(24) Vcd67) 
Data I/O 

(58-64,66) 

V'H Vee Vee Output 

Pulse(V'H~V'L) Vpp Vee Input 

V ,H Vpp Vee Output 

X Vpp Vee Floating 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

V, Input voltage XIN -0.3-7 

V, Input voltage P20-P2,. P40-P4, -0. 3-Vee+O. 3 

V, 
Input voltage POo-PO,. P1o-P1,. P30-P3,. P50-P5,. With respect to Vss 

-0.3-13 -~ 

P60, P70- P75, INT, With the output transistor cut-off 

V, Input voltage CNVss, RESET -0.3-13 (Note 1) 

Vo Output voltage P20-P2" P40-P4" XOUT , ¢, D-A -0. 3-Vee+0. 3 

Vo 
Output voltage POo-PO" P10-P1" P30-P3" P60-P6" 

-0.3-13 
P70-P75, PWM 

Pd Power diSSipation Ta=25'C 300 

Tom Operating temperature -10-70 

Tstg Storage temperature -40-125 

Note 1 In EPROM programming mode, CNVss IS 22. OV 

RECOMMENDED OPERATING CONDITIONS (Vee=5V±5%. Ta=-lQ-70'C, unless otherwise noted) 

Limits 
Symbol Parameter -- Unit 

Min Typ Max 
-----j-- 5 

Vee Supply voltage 4.75 5.25 V 

Vss Supply voltage 0 V 

VREF Reference voltage 4 Vee V 

"H" Input voltage POO-POy, P1o ........ Ph, P2o ....... P27, I 
V ,H P30-P3" P4o-P4" P50-P5" INT" 0. 8Vee Vee V 

--
RESET, X'N, CNVss, P60, P70-Ph 

"L" Input voltage POO-POy. P1o ....... Ph, P2o ....... P27, , 

V'L P30-P3" P40-P4" P50-P5" 0 I O. 2Vec V 
-
INT" CNVss, P60, P7o-P75 

V'L "L" Input voltage RESET 0 0. 12Vec V 

V'L "L" Input voltage X1N a O. 16vcc V 

"L" peak output current POo""'P07 , P1o ........ Ph, P2o"""'P27 , I 
IOL(peak) P30-P3" P4o-P4" P7o-Ph 

! 
10 mA 

(Note 2) 

IOL(peak) "L" peak output current P60-P6, (Note 2 ) 15 mA 
loL(peak) "L" peak output current PWM, P6, (Note 2) 5 mA 

IOL(avg) 
I "L" average output current POO ........ P07 , P1o-P1], P2o ....... P27 , 

5 mA 
P30-P37 , P4o-P4" P70-Ph I 
(Note 1 ) 

louava) "L" average output current P6o ........ P63 (Note 1 ) 7 mA 
- ~-

IOL(ava) "L" average output current PWM, P64 (Note 1 ) 2.5 rnA 
IOH(peak) "H" peak output current P20-P2, (Note 2 ) r -10 rnA 
IOHcavq) "H" average output current P2o ........ P27 (Note 1 ) -5 mA 
f(X ,N ) Internal clock oscillatmg frequency 4 MHz 

Note The average output currents 10LCavg) and IOH(avg) are the average value of a period of lOOms 
Do not allow the combined low- level output current of ports PO, Pl, P2, P3, P4, P6, and PWM to 
exceed BOmA 
Do not allow the combined hlgh- level output current of port P2 to exceed 50mA 
"H" Input voltage of ports PO, P1, P3, P5, P60, P7 and INT, IS available up to +12V 

• MITSUBISHI 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=ov, T a=25t, t(X'N)=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ. Max 

VOH "H" output voltage P20-P2, IOH=-'lOmA 3 
V OH "H" output voltage rp IOH=-2.5mA 3 

"L" output voltage POo-PO" Pto-Ph, P20-P2,. 

VOL P3"-P3.,, P40-P4" P60-P63, IOL=lOmA 2 

P70-P7, 

VOL "L" output voltage P64, ¢, PWM IOL=5mA 2 

VT+-VT- Hysteresis INT1 0.3 1 

VT+-VT- HysteresIs P3s When used as elK Input 0.3 0.8 

VT+-VT- Hysteresis P32 When used as INT, input 0.3 1 

VT+-VT- Hysteresis P3s When used as CNTR Input 0.5 1 

VT+-VT- Hysteresis P60 When used as T ,nput 0.5 1 

VT+-VT- Hysteres,s RESET 0.5 0.7 

",,+-VT- HysteresIs XIN 0.1 0.5 
"L" mput current pOo ...... PO?, P1 o ..... P1 7 , P2o--P27, 

I'L P30- P3" P4o-P4" P50- P5" V,=OV -5 
P60-P63, P70-P7, 

I'L "L" input current INT" RESET, X'N V,=OV -5 

I'H 
"H" input current POO ...... P07, P1o ...... Ph, P30 ...... P37, 

V,=12V 12 
P50- P5" P6o, P70- P7, 

I'H 
"H" ,nput current INT" RESET, X'N, P20-P2,. 

V,=5V 5 
P40-P4, 

VRAM RAM retention voltage At clock stop 2 
f(X,N)=4MHz 

3 6 ¢, XOUT, and D-A pins 
Square wave 

opened, other pms at 
At clock stop 

lee Supply current Vss, and A-O converter 
Ta=25'C 

1 
In the finished condi-

tlon 
At clock stop 

10 
Ta=75'C 

A-O CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss=ov, Ta=25"C, t(X'N)=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ Max 

- Resolution VREF=VCC 8 
- Absolute accuracy VREF=VCC ±3 

RLADDER Ladder resistance value VREF=VCC 2 10 

teoNV Conversion time 50 

VREF Reference mput voltage 2 Vee 

V'A Analog input voltage 0 V REF 

O-A CONVERTER CHARACTERISTICS (Vcc=5V, Vss=AVss=ov, Ta=25·C, t(X,N)=4MHz, unless otherwise noted) 

Symbol Parameter 

- Resolution 

- Error in full scale range 

Isu Setup time 

Ro Output resistance 

VREF Reference voltage 

3-442 

Test conditions 

VREF=VCC 

VREF=VCC 

VREF=VCC 

VREF=VCC 
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V 

V 

/.LA 
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V 

V 
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/.LS 
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TIMING REQUIREMENTS 
Single-chip mode (Vcc=5V±5%, Vss=ov, Ta=25"C, f(X,N )=4MHz. unless ~therwlse noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ. Max 

tSU(POD-rI» Port PO input setup time 270 ns 

tSU(P1D-t/» Port P1 input setup time 270 ns 

tSU (P2D-¢) Port P2 Input setup time 270 ns 

tSU (P3D-¢) Port P3 Input setup time 270 ns 

tSU (P4D ¢) Port P4 input setup time 270 liS 

tSU (P5D-¢) Port P5 mput setup time 270 ns 

tSU (P7D-¢» Port P7 Input setup time 270 ns 

th(¢-POD) Port PO input hold time 20 ns 

th(¢.-P1 D) Port PI input hold lime 20 ns 

th(¢-P20} Port P2 input hold lime 20 ns 

th(¢.-P3D) Port P3 Input hold time 20 ns 

th( ¢.-P4D) Port P4 input hold time 20 ns 

th(¢-P50) Port P5 Input hold time 20 ns 

th( ¢.-P7D) Port P7 input hold time 20 ns 

te External clock input cycle time 250 ns 

tw External clock input pulse width 75 ns 

t, External clock rising edge time 25 ns 

tf External clock failing edge time 25 ns 

Eva-chip mode (Vcc=5V±5%. Vss=ov. Ta=25'C. t(X,N )=4MHz. unless otherwIse noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ. Max 

tsu(poo ¢) Port PO input setup time 270 ns 

tSU (P1D ¢) Port P1 Input setup time 270 ns 

tSU (P20 ¢) Port P2 Input setup time 270 ns 

th(¢-poo) Port PO Input hold time 20 ns 

th(¢.-P1D) Port P1 input hold time 20 ns 

th(¢-P20) Port P2 Input hold time 20 ns 

Memory expanding mode and microprocessor mode 
(vcc=5V±5%. Vss=OV. Ta=25"C. f(X,N )=4MHz. unless otherwise noted) 

Symbol 

tSU (P20 ¢) Port P2 mput setup time 

th(¢-P20) Port P2 input hold time 

Parameter 

• MITSUBISHI 
..... 8.ECTRIC 

Test conditions 
Min 

270 

30 

Limits 

1 1 Unit 
Typ Max. 

r I ns 

I I ns 
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SWITCHING CHARACTERISTICS 
Single-chip mode (Vcc=5V±5%, Vss=ov, Ta=25"C, f(X ,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max. 

td(¢-poo) Port PO data output delay time 
Fig 2 

230 ns 

td(¢-P10) Port PI data output delay time 230 ns 

td(¢-P20) Port P2 data output delay time Fig 3 230 ns 

td(4)-P3Q) Port P3 data output delay time 230 ns 

td(¢-P40) Port P4 data output delay time 
Fig 2 

230 ns 

td(¢-P6Q) Port P6 data output delay time 230 ns 
.~ 

td(f-P7Q) Port P7 data output delay time 230 ns 

Eva-chip mode (Vcc=5V±5%, Vss=ov, T a=25"C, f(X,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditIOns Unit 

Min Typ Max 

td(¢-POA) Port PO address output delay time 250 ns 

td(4)-POAF) Port PO address output delay time 250 ns 
~-

td(¢-poo) Port PO data output delay time 200 ns 
-.-~----~--,~ .. ~-

td(¢-POQF) Port PO data output delay time 200 ns 

td(¢-P1A) Port P1 address output delay time 
Fig 2 

250 ns -.-
td(¢-P1AF) Port P1 address output delay time 250 ns 

td(¢-P10) Port PI data output delay time 200 ns ._------
td(¢-P1QF) Port PI data output delay time 200 ns 

~(j(¢-P20) Port P2 data output delay time 300 ns. 
~- Fig 3 

td(¢-P2QF) Port P2 data output delay time 300 ns 

td(r/>-R/W) R/W signal output delay time 250 ns 
--~-------~---

td(¢-R/WF) R/W signal output delay time 250 ns 

td(¢-P30) Port P30 data output delay time 200 ns 

td(¢-P3 OF) Port P30 data output delay time 200 ns 

td(¢-SYNC) SYNC signal output delay time 
Fig 2 

250 ns --
td( ¢-SYNCF) SYNC signal output delay lime 250 ns 

~-::P3,O) Port P3, data output delay time 200 ns 

td(¢-P3 OF) Port P31 data output delay time 200 ns 

Memory expanding mode and microprocessor mode 
(Vcc=5V±5%, Vss=ov, Ta=25·C, f(X ,N )=4MHz, unless otherwise noted) 

Symbol Parameter 

td(¢-POA) Port PO address output delay time 

td(¢-P1A) Port P1 address output delay time 

td(¢-P20) Port P2 data output delay time 

td(¢_P20F) Port P2 data output delay time 

td(¢-R/W) R/W signal output delay time 

tdC¢-SYNC) SYNC signal output delay time 

Vee 

1 k [l 
PO 
P1 ----<; 

P3 
P4 J;, lOOpF 
P6 
P7 

¢ 

1100PF 

Test condItIons 

Flg.2 

Fig 3 

-

FIg 2 

Limits 

Mm. Typ 

P2t-------.,.-----o 

llOOPF 

¢ 1----.------0 ! lOOpF 

m 
Fig. 2 Ports PO, P1, P3, P4, P6 and P7 test circuit Fig. 3 Port P2 test circuit 

3-444 • MlTSUBiSHI 
.... ELECTRIC 

Unit 
Max 

250 ns 

250 ns 

300 ns 

300 ns 

250 ns 

250 ns 



MITSUBISHI MICROCOMPUTERS 

M37412ES-XXXFP 

PROM VERSION of M37412M4-XXXFP 

TIMING DIAGRAMS 
--./ " / 

In single-chip mode f--.. td ('-POO) 

Port PO output > 
I tsu (POo-¢) 

r 
Port PO input "-

-<> f-I-<- th (,-poo 

~ td (,p-P1Q) 

Port PI output )< 

I Isu (PlO-¢) 

I 
Port PI Input 

~ --;, th (¢-- PlO 

H Id I>-P20) 

Port P2 output 

L tsu (P2D- <PJ 

Port P2 Input ~ -;0 th ('-P2 h Id 1,-P30) 

0) 

Port P3 output 
I l tsu (P3D-r/l) 

I 

Port P3 Input ~ Ih ('-P30 --;,0 

~ td(¢-P4Q) 

Port P4 output )< 
L tsu (P4D -f) 

Port P4 Input -1 th ('--P40) --;;. 

I tsu (P5D-¢) 

I 
Port P5 Input 

~ Ih 1¢--P5O) -> H td(I/J-P6.Q) 

Port P6 oulput 

~ td(¢I-P7Q) 

Port P7 output )c 
I tsu (P7D 'i') 

Port P7 Input 

ltth (.-P7O) --;> 

-J{" 
te 

r tw 

1+" 
((X ,N ) 
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In eva-chip mode 

Port PO output 

Port PO input 

Port P1 output 

Port P1 Input 

Port P2 output 

Port P2 Input 

Port P30 output (R/W) 

Port P3, output (SYNC) 
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In memory expanding mode and microprocessor mode 

/ "\ / 

H td('-POAl 

Port PO output 

:-1 td ('-P1A 1 

Port PI output 

Port P2 output 

~ td ('-P2Ql td (,-

----------
~ 

r----
floating )<11- ____ ---------

P2QF) 

tsu (P2D-¢) ~ 

Port P2 input / i\. 
-:. I-fE- th ( ,-P20 

~. td ('-R/w) 

Port P30 output ( R/W) 

:-1. td ('-SYNC) 

Port P3, output (SYNC) 
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DESCRIPTION 
The M37413E6HFS. M37413E6HXXXFP are single-chip 
microcomputers designed with CMOS silicon gate technol
ogy. M37413E6HXXXFP is housed in a 80-pin shrink plastic 
molded QFP. M37413E6HFS is housed in a 80-pin ceramic 
QFP. The features of this chip are similar to those of the 
M37413M4HXXXFP except that this chip has a 12288 bytes 
PROM built in. This single-chip microcomputer is useful for 
home electrical appliances and consumer appliance con

trollers. 
In addition to its simple instruction sets. the PROM. RAM. 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM. this chip is suit
able for small quantity production runs. 
The M37413E6HFS is the window type. The differences be
tween the M37413E6HXXXFP and the M37413E6HFS are 
the package outline and the power dissipation ability 
(absolute maximum ratings). 

FEATURES 
• Number of basic instructions" ................................. 69 

• Memory size PROM········ ...................... ·12288 bytes 
RAM····················· ............. " . 256 bytes 

• Instruction execution time 
(minimum instructions at 4MHz frequency) 
at high-speed mode ......................................... 2,us 

at low-speed mode·········································· 8,u s 

• Single power supply 
M37 413E6HXXXFp··································· 2.5-5.5V 
M37413E6HFS········································· 4.5-5.5V 

• Power dissipation 
normal operation mode (at 4MHz frequency) 

........................................ 15mW (Vcc=5V. Typ.l 

low-speed operation mode (at 32kHz frequency for 
clock function) · .. ·····················54,uW(Vcc =3V. Typ.l 

• RAM retention voltage (stop mode) 
............................................... 2.0V;:;;VRAM ;:;;5.5V 

• Subroutine nesting ·····························96 levels (Max.) 

• Interrupt .. ······································ 10 types. 5 vectors 
• 8-bit timer······················ 4 (3 when used as serial I/O) 
• 16-bit timer···························································· 1 

• Programmable I/O ports 
(Ports PO. P1. P2. P3. P5. P6. P7)······················56 

• Input port (Port P4) ·················································8 

• SeriaJ I/O (8-bit)··· .. ·············· .... ······························ 1 
• A-D converter ................. 8-bit. 8-channel 

conversion speed (49.5,us) 
• Two clock generating circuits 

(One is for main clock. the other is for clock function) 

• PROM (equivalent to the M5L27128) 
program voltage .. · .. ·········································· 21V 

MITSUBISHI MICROCOMPUTERS 

M37413E6HXXXFP 
M37413E6HFS 

PROM VERSION of M37413M6HXXXFP 

PIN CONFIGURATION (TOP VIEW) 

J j J J 11111111111 
797677 76 75 74 73 72 71 706968 67 66 65 64 63 6?1~1 

Outline 80P6S (OTP) 
(I) L.L '..l 

iff~;~~it~iiiif~ 
jJ J J I II III I I I 
80797877767574737271706968676665 

27282930313233343536 

Outline 80S6 (Window) 

APPLICATION 
Audio-visual equipment. VCR. Tuner. 
Office automation equipment. 
Camera 

NC : No Connection 
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FUNCTIONS OF M37413E6HXXXFP 
Parameters 

Number of basIc instructIOns 

Instruction execution time 

Clock frequency 

PROM 
, Memory size 

RAM 

PO, P2, P7 I 
Input/Output port Pl, P3, P5, P6 I 

P4 I 
Senall/O 

Timers 

Subrotine nesting 

Interrupt 

Clock generating Circuit 

Operating temperature range 

Device structure 

Package 

3-450 
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1/0 

Input 
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M37413E6HXXXFP 
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PROM VERSION of M37413M6HXXXFP 

Functions 

69 

°2,us (minimum instructions, at 4MHz of frequency) 

4MHz 

12288bytes 

256bytes 

8-bltX3 (CMOS output) 

8-bltX4 (N-channel open drain output) 

8-bltX1 

8-bltX1 

8-blt timerX4 

16-bit timerX1 

96(max) 

Three external Interrupts, three timer mterrupts (or two timer, one senall/O) 

Two bUllt-m circuits (ceramic or quartz crystal oscillator) 

-10_70°C 

CMOS silicon gate 

80-pm plastic molded QFP 



PIN DESCRIPTION 

Pin Mode Name 

Vee. Single-chip Power supply 

Vss IEPROM 

CNVssl Single-chip CNVss 

V pp 

EPROM Vpp Input 

---
RESET Single-chip Reset mput 

EPROM 

X ,N Single-chip Clock Input 

IEPROM 

XOUT Clock output 

INT, Single-chIp Interrupt Input 

EPROM 

POO-P07 Single-chip 110 port PO 

r------
EPROM Address Input Ao ........ A7 

P1 o-P1 7 Single-chIp 110 port P1 

EPROM Address Input As"'A13 

P20 -P27 SIngle-chip 110 port P2 

EPROM Data Inputl 

output Do'" 0 7 

P30 -P37 Single-chip 110 port P3 

EPROM Input port P3 

P4o-P47 Single-chip Input port P4 

EPROM 

INo-IN7 Single-chip Input port IN 

EPROM 

P50 -P57 Single-chip 110 port P5 

EPROM Select mode 

Input! 

Output 

Input 

Input 

Input 

Output 

Input 

110 

Input 

110 

Input 

110 

110 

110 

Input 

Input 

Input 

110 

Input 
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Functions 

Supply 5V±5% to Vcc and OV to Vss 

Connect to Vss. 

Connect to Vpp when programming or verifmg 

To reset, keep this Input terminal low for more than 16t.ts (min) under normal Vee 

conditions If more time IS needed for the crystal oscillator to stabilize, this "L" con-

dition should be mamtained for the required time. 

Connect to OV. 

These are 1/0 pms of IOternal clock generating ClfCUlt for main clock To control 

generatmg frequency, an external ceramic or a quartz crystal oscillator is connected 

between the X'N and XOUT pms If an external clock is used, the clock source should 

be connected the X1N pm and the XOUT pin should be left open 

This IS the highest order Interrupt input pin 

Connect to OV 

Port PO IS an 8-bit liD port with directional registers allowing each liD bit to be indi-

Vidually programmed as Input or output At reset, this port IS set to Input mode The 

output structure IS CMOS output 

PO works as the lower 8 bit address Input (Ao- A,) 

Port P1 IS an 8-blt I/O port and has basically the same functions as port PO 

The output structure IS N-channel open drain 

P1o-P15 works as the higher 6 bit address Inputs (A,-A'3) 

Connect P1 s ....... P1 7 to Vss 

Port P2 IS an 8-blt I/O port and has basically the same function as port PO 

Also all bits are for key on wake up Input pins. 

Port P2 works as an 8 bit data bus (Do-D,) 

Port P3 IS an 8-blt 1/0 port and has basically the same functions as port PO 
--

When senal 1/0 IS used, P37, P3s, P35 and P34 work as SRDY, elK, $oUT. and SIN 

pms, respectively Also P33, P32, P31, and P30 work as timer 4 overflow signal di-

Vided by 2 output pin (T), INT, pin, XCIN and XCOUT pinS, respectively 

Connect to OV 

Port P4 IS, an 8-blt Input port. P4o ....... P43 work as analog Input pin IN4 ....... IN7 

Connect to Vss 

These are analog Input pin 

Connect to Vss 

Port P5 IS an 8-blt 1/0 port and has basically the same function as P1 P50 , P5" P5, 

and P53 are 10 common with INT3, tlmer3 Input, timerS Input and A-O trigger Input, 

respectively. 

Connect to Vss 

• MITSUBISHI 
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PIN DESCRIPTION (Continued) 

Pin Mode Name 

P6o-P67 Single-chip 1/0 port P6 

EPROM Input port P6 

P70-P77 Single-chip 110 port P7 

EPROM Input port P7 

AVec Single-chip Analog voltage input 

EPROM 

AVss Single-chip Analog voltage mput 

IEPROM 

VREF Single-chip Reference voltage 

input 

EPROM 

3-452 

Inputl 

Output 

1/0 

Input 

1/0 

Input 

Input 

Input 

Input 

MITSUBISHI MICROCOMPUTERS 

M37413E6HXXXFP 
M37413E6HFS 

PROM VERSION of M37413M6HXXXFP 

Functions 

Port P6 IS an 8-blt 1/0 port and has basically the same functions as port P1 

Connect to Vss 

Port P7 is an 8-blt 110 port and has basically the same functions as port P2 

Connect to Vss 

Analog voltage input Pin for A-O converter 

Connect to Vss. 

Connect to Vss. 

Reference input pm for A-O converter. 

Connect to Vee. 

'. MrTSUBISHl .... ELECTRIC 
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EPROM MODE Table 1. Pill function in EPROM mode 

~ M37413E6HXXXFP. 
M37413E6HFS 

vee Vee 
Vpp CNVss/Vpp 

Vss Vss 

The M37413E6HXXXFP, M37413E6HFS feature an EPROM 
mode in addition to its normal modes. When the RESET 
signal level is low ("L") , the chip automatically enters the 
EPROM mode. Table 1 list the correspondence between 
pins and Figure 1, Figure 2 give the pin connections in the 
EPROM mode. When in the EPROM mode, ports PO, P1, 

P2, P50 - P52, and CNVss are used for the PROM 
(equivalent to the M5L27128). When in this mode, the 
built-in PROM can be written to or read from using these 
pins in the same way as with the M5L27128. The oscillator 
should be connected to the X1N and XOUT pins, or external 
clock should be connected to the X1N pin. 

Address onput Ports PO, P1o~P15 

t 
1 

Data 1/0 

CE 

OE 

PGM 

80 '9/[7alln '61175 '4Jl731172 71Ii'O 6911"116711661165 641163 621/61 
P4'/IN.-'~ 

~-----P4,/IN5- 2 0 0 
l------P4o/IN 4 - 3 

l-------IN3 -IT 
l-------IN,-~ 

IN,-Fs' 
~-------IN - r, 

e--VC~ 
P571 PWM3- 9 

P5.1 
P551 
P541 PWMO- 12 

P 
@-P5,/CN 
@-P5,/CN 
@-P50/INT3 

P3 
P3 
P3 

M37 413E6HXXX FP 

o 

Port P2 

P5,/CE 

P5,IOE 

P50 /PGM 

60 -P73 -----t 
~-P74-----
58 - P7, -----1 
~ -P7. 

156 - P7,--------.J 
55 -¢ 
54 -P2o/Do-@ 
53 - P2,/D, -@ 
52 -P2,/D,-CQV 
51 - P23/D3 - @ 
50 - P24/D, - @ 
49 -P25/Ds -@ 
48 -P2./D,-@ 
47 -P2,/D,-CPi) 
46 -POo/Ao-@ 
45 -PO,/A,-@ 
44 - PO,/A,.-~ 
43 -P03/A3 -@ 
42-P04/A4 -@ 

P l~illjjJ~illi§]@lli~JljillilllliffijjJ]~~~!lli!lf<i'-l - POs/As -@ ~DDMB.D •• m~a.M •• D ••• 

1111 t 11 j 1111111111 

~i~!~:!lrlli1tl1ltll 'N~x 

~F > z 
0 

I 

1 > 

o : Same functions as M5L27128 

Fig.1 Pin connection in EPROM mode 

• MITSUBISHI 
.... B.ECTRIC 

M5L27128 

Vee 
Vpp 

Vss 
Ao ......... A13 

Do~D7 

CE 

OE 

PGM 
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t 
~~~~~~O~~~~~$~~~ c..a..a..<><za..a..a..a.a..a..a.a.Q.. 

III 111111111 

----------P44 - 1 64 ..... P7 1 
___ -----P4,IIN7 ---> , 63 - P7, 
t------- P4,IIN6 ---> , 62 - P7, 
--------·P4,IIN 5 ---> 4 61 ... P74 

!-------P4o/IN 4 ---> 5 60 ... P7, 
t---------1N3-+ 6 59 ..... P7s 
t---------IN2 - 7 58"'" P77 

t--------- IN1 ""'" 8 57 -+ ¢ 
!-------- INo ---> 9 s:: 56 - P2o/Do -@ 
~ Vee ~ 55 - P2,/D,'-@ 

!-----P57/PWM3-11 ~ 54 -P2,/D,-@ 
!----- P56/PWM2- 12 '" 53 - P2,/D,-@ 
!-----P55/PWM1- 13 ~ 52 - P24/D4 -@ 

!---+---- P54/PWMO- 14 J: 51 - P25/D;-® 
'---+----- P5,/SIG - 15 ;)3 50 - P26/D6 -@ 

® - P5,/CNT,/CE - 16 49 - P27/D 7 -@ 
@ - P5,/CNT,IOE - 17 48 - POo/Ao -@ 
@ -P50IlNT,/PGM - 18 47 - PO,/A, - Q 

+----==--.- P37/SROY - 19 46 - PO,I A, -@ 
t------- P36/CLK - 20 45 - PO,/A, - ~ 
!------P35/SoUT - 21 44 - P04/A4 - ® 
!------P34/S'N - 22 43 - P05/A5 - G:> 
1-------P3,/T - 23 42 - PO./A. - G§) 

P3,IINT,'" _24'==rr"""==rr"""~=n===n=::r41 - P07/A7 -@ 
•• D •• W~ •••• ~D ••• 

o : Same functions as M5L27128 

Flg.2 Pin connection in EPROM mode 
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PROM READING, WRITING AND ERASING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (Ao-A13 ) to be read and the data will be output to the 
1/0 pins 0 0 - 0 7• The data 1/0 pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 
To write to the PROM, set the CE pin to a "L" level and the 
OE pin to a "H" level. The CPU will enter the program 
mode when Vpp is applied to the Vpp pin. The address to 
be written to is selected with pins Ao-A13, and the data to 
be written is input to pins 0 0-07, Set the PGM pin to a "L" 
level to begin writing. 

Erasing 
Data can only erased on the M37413E6HFS ceramic pack
age, which includes a window. To erase data on this chip, 
use an ultraviolet light source with a 2537 Angstrom wave 
length. The minimum radiation power necessary for erasing 
is 15W·s/cm2. 

Functional differences from M37413M4HXXXFP 
(excluding characteristic differences). 

M37413M4HXXXFP M37413E6HXXXFP 

Port PO pull-up resistor Option Not provided 

Port PI pull-up resistor Option Not provided 

Port P2 pull-up resistor Opllon Not provided 

Port P3 pull-up resistor Option Not provided 

Port P4 pull-up resistor Option Not provided 

Port P5 pull-up resistor Option Not prOVided 

Port P6 pull-up resistor Option Not prOVided 

Port P7 pull-up resistor Option Not prOVided 

Port P2 key on wake up Option PrOVided (all bits) 

Port P7 key on wake up Opllon PrOVided (all bits) 

Table 2. 1/0 signal In each mode 

~in 
Mode 

CE(14) OE(15) 

Read-out V ,L V ,L 

Programming V ,L V,H 

Programming verify V ,L V ,L 

Program disable V ,H X 

Note 1: V'L and V,H Indicate a "L" and "H" mput voltage, respectively. 
2 : An X indicates either V'L or V,H 

MITSUBISHI MICROCOMPUTERS 

M37413E6HXXXFP 
M37413E6HFS 

PROM VERSION of M37413M6HXXXFP 

NOTES ON HANDLING 
(1) Sunlight and fluorescent light contain wave lengths 

capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be ta'ken when turning on the PROM writer's 
power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro
cess and following processes. To improve reliability af
ter write, performing write and test according to the 
flow below before use is recommended. 

Writing with PROM writer 

Screenmg (Note)(Leave at 150"(; for 40 hours) 

Verify test With PROM writer 

Function check in target device 

Note : Since the screening temperature is higher than 
storage temperature, never expose to 150"C ex
ceeding 100 hours. 

PGM(16) Vpp(26) Ved8) 
Data 1/0 

(33-54) 

V ,H Vee Vee Output 

Pulse(VIH-V,L ) V pp Vee Input 

V ,H V pp Vee Output 

X Vpp Vee Floating 

3-455 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings Unit 

Vee Supply voltage -0.3-7 V 

AVec Analog supply voltage Vee-AVec -0.3-7 V 

V, Input voltage POo-PO,. P2o-P2" P30, P3" P4o-P4" 
-0. 3-Vee+0. 3 V 

P7o-Pl" INo-IN" VR'F, X,N 

V, Input voltage CNVss, (Note 1) -0.3-7 V 

V, Input voltage INT" RESET, Pl o-Pl" P3,-P3" P50-P5" 
-0.3-10 V 

P6o-P5, 

Va Output voltage POo-PO" P20-P2" P30, P3" P7o-P7" 
-0. 3-Vee+0. 3 V 

XOUT 

Va Output voltage Plo-Pl" P3,-P3" P50-P5" P6o-P6, -0.3-10 V 

Pd Power diSSipation Ta = 25t 300 rnW 

Top, Operating temperature -10-70 'c 
Tstg Storage temperature -40-125 'c 

Note 1 In PROM programming mode, CNVss is 21. OV 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±5%, Ta=-10-70'C, unless otherwise noted) 

Symbol 

Vee 

Vss 

V ,H 

V ,H 

V ,H 

V ,H 

V ,H 

V'L 

V'L 

V'L 

IOH 

IOL 

IOL 

f(X,N ) 

f(XeIN) 

Note 1 
2 
3 
4 
5 
6 
7 

3-456 

Limits 
Parameter Conditlol1s UnI! 

Min. Typ Max 

f(X ,N)=4MHz High-speed mode 4.5 5.5 

Supply voltage (Note 1) f(X,N )=4MHz Normal mode or 2.5 
5.5 

V 
f(X,N )=2MHz High-speed mode (Note 2) (Note 3) 

Supply voltage 0 V 

"H" Input voltage POo-PO" P30, P3" P4o-P4" 
0. 7Vee Vee V 

X,N , CNVss (Note 4) 

"H" Input voltage P2o ....... P27 , P7o ...... P71 0. 8Vee Vee V 

"H" Input voltage P1o-Pl" P5,-P5" P6o-P6" S'N 0. 7Vee 10 V 

"H" Input voltage P5o, INT" INT" INT" P3,-P3" 
0. 8Vcc 10 V 

CNT" CNT" SIG, elK 

"H" input voltage RESET, XCIN 0,85Vcc 10 V 

"l" Input voltage POo-PO" Plo-Pl" P30-P3" 

P4o-P4" P5,-P5" P6o-P6" S,N 
0 0. 3Vcc V 

"l" Input voltage P2o-P2" P50, P7o-P7" INT" INT" 
0 

INT" CNT" CNT" SIG, ClK 
0. 2Vcc V 

"l" Input voltage RESET, X'N, XCIN 0 0.15Vcc V 

"H" output current POo-PO" P2o-P2" P7o-P7" 
-1 rnA 

XOUT (Note 5) 

"l" output current POo-PO" P2o-P2" P30-P3" 

P50-P5" P60-P6" P7o-P7" 
1 rnA 

XOUT, PWMO-PWM3, T, 

SOUT, ClK, SROY, SIG (Note 6) 

"l" output Current Pl o-Pl, (Note 7) Vcc=5V 10 rnA 

Clock OSCillating frequency 0.2 4 MHz 

Clock OSCillating frequency for clOCk function 30 50 

When only maintaining the RAM data, minimum value of Vec IS 2V 
We say the high-speed mode, when the system clock is chosen X,N/4, and the normal mode, when the system clock IS chosen X,N /16 
In case M37413E6HFS, 4.5V 
When P3 is XCIN mode, the limits of V,H of P3, is 0.85Vcc";V,H";VCC, O";V,L ,,;0.15Vcc 
Total of IOHlpeak) of ports PO, P2, P7 and XOUT is less than 35mA. 
Total of loLl peak) of ports PO, P2, P3, P5, P6 and P7 is less than 32mA 
Total of loLl peak) of port Pl is less than 80mA 
Total of 'OLlavg ) of port Pl is less than 40mA. 

kHz 
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ELECTRICAL CHARACTERISTICS (Ta=-lO-70'C, Vss=ov, unless otherwise noted) 

Limits 
Symbol Parameter Test conditIOns Umt 

Mm Typ Max 

V OH "H" output voltage POo-PO" P2o-P2" P7o-P7, Vcc=5V, 10H=-0. 5mA 4 V 

V OH "H" output voltage XOUT Vcc=5V, 10H=-0. 3mA 4 V 

"L" output voltage POo-PO" P2o-P2" P30-P3" 

VOL 
P50-P5" P6o-P6" P7o-P7" 

Vcc=5V,loL=lmA 1 V --
T, SOUT, elK, SRDY, 

SIG, PWMO-PWM3 

VOL "L" output voltage P1 0 ..... Ph Vcc=5V, 10L =20mA 2 V -
VOL "L" output voltage XOUT Vcc=5V, 10L =0. 3mA 1 V 

VT+-VT-
HysteresIs INT" INT" INT" CLK, CNT" CNT" 

SIG, S,N, P2o.-...P27, P7o"""'P77, XC1N 
Vcc=5V 0.7 V 

VT+-VT - HystereSIS RESET Vcc=5V 2 V 

VT+-VT- HysteresIs X,N Vcc=5V 0.5 V 

"L" Input current Ipoo-po" P1 o-P1" P2o-P2" 

P30-P3" P4o-P43, P50-P5" 
Vcc=5V 

I'L P6o-P6" P7o-P7,1 -5 pA 

Without pull·up Tr (Note 1 ) 
V,=OV 

--
INo-IN" INT" RESET, X,N 

"H" Input current POO......,P07, P2o.-...P27, P3o, P3" I Vcc=5V 
I'H P4o-P4" P7o-P7" INo-IN" 5 pA 

X1N , XCIN, CNVss 
V,=?V 

"H" Input current Ip1 o-P1" P30-P3" P50-P5" 

I'H 
P6o-P6,1 Without pull-up T, 

INT" INT" INT" CNT" CNT" 
V,=10V 10 pA 

SIG, RESET, S,N, CLK 

f(X,N )=4MHz High-speed mode Vcc=5V 3 8 rnA 
at operation 

f(XCIN )=32kHz, Vcc=3V 30 60 
lee Supply current 

at walt state f(XCIN )=32kHz, Vcc=5V 15 30 pA 

at stop state Vcc=5V, all clock stop I T a=25°C 0.1 1.0 

VRAM RAM retention voltage 2 5.5 V 

Note 1 Also the same as when each pin IS used as INT" INT3, CNT1, CNT2, SIG, S,N and X,N , respectively 

A-O CONVERTER CHARACTERISTICS (Vcc=AVcc=5V, Vss=AVss= 0 v, T a=25"C, f(X ,N )= 4 MHz, unless otherwise noted) 

Symbol 

--

--

--

V OT 

VFST 

Tc 

IREF 

liN 

V ,N 
VREF 

Parameter 

ResolutIOn 

Non-linearity error 

Differential non-linearity 

Zero transition error 

Full-scale transition error 

Conversion time 

Reference Input current 

Analog port Input current 

Analog Input voltage 

Reference Input voltage 

Test conditions 

Vcc=VREF=5.12V 

Vcc=VREF=5.12V 

Vcc=VREF=5.12V 

Vcc=VREF=5.12V 

Vcc=5V High-speed mode 

VREF=5V 

VIN=O~VCC 

Vcc=5V 

• MITSUBISHI 
"'ELECTRIC 

Limits 
Unit 

Min Typ Max 

8 bits 

±2 LSB 
±0.9 LSB 

2 LSB 
8 LSB 

25 ps 

1.0 2.5 rnA 

1 10 pA 

AVss Vee V 

2.5 Vee V 
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DESCRIPTION 
The M37414E5-XXXFP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
72-pin plastic molded QFP. The features of this chip are 
similar to those of the M37414M5-XXXFP except that this 
chip has a 10240 bytes PROM built in. This single-chip 
microcomputer is useful for home electrical appliances and 
consumer appliance controllers. 
In addition to its simple instruction set, the PROM, RAM, 
and 1/0 addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit
able for small quantity production runs. 

FEATURES 
• Number of basic instructions······ ·····························69 
• Memory size ROM ···· .. ···························10240 bytes 

RAM·········· ........................... 160 bytes 

• Instruction execution time 
•..•... 2f.Ls (minimum instructions at 4MHz frequency) 

• Single power supply·····································: 5V±5% 

• Power dissipation 
normal operation mode (at 4MHz frequency) ····15mW 

• Subroutine nesting ·····························80 levels (Max.) 
• Interrupt················· ......................... 7 types, 5 vectors 
• 8-bit timer'" ............................................................ 4 

• Programmable 1/0 ports 
(Ports PO, P1, P2, P3, P4, P71······························ 46 

• Input porI (Port P5) ·················································8 
• Output port (Port P6) ...... ········································5 
• Serial 1/0 (8-bit) .............................................. ·······1 

• A-D converter (8-bit resolution) .................. 8 channels 
• D-A converter (5-bit resolution) .................. 1 channels 

• 8-bit PWM function 

• Watchdog timer 
• PROM (equivalent to the M5L27128) 

program voltage············································ .. · 21V 

APPLICATION 
Office automation equipment 
VTR, Tuner, Audio-visual equipment 
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FUNCTIONS OF M37414E5-XXXFP 
Parameter Functions 

Number of basIc instructions 69 

Instruction execution time 2",s (minimum Instrucllons, at 4MHz frequency) 

Clock frequency 4MHz 

PROM 10240bytes (Note 1 ) 
Memory SIZe 

RAM 160bytes 

INT, Input l-bltXl 

PO, PI, P2, P3, P4 1/0 8-MX5 (a part of P3 IS In common with soriall/O, timer 110, and Interrupt input) 

Inpul/Output port P5 Input 8-bitXl 

P6 Quiput 5-bItXl (a part of P6 IS In common With external trigger output Pin) 

P7 1/0 6-bitXl 

Se"alI/O 8-bItXl 

Timers 8-bIt prescalerX3+8-bIt timerX4 

A-O converter 8-bltXl (8 channels) 

O-A converter 5-brtXl 

Pulse width modulatOr 8-bItXl 

Watchdog timer 15-bltXl 

Subroutine nesting 80 levels (max) 

Interrupt Two external Interrupts, three Internal timer Interrupts 

Clock generating Circuit bUilt-in (ceramic or quartz crystal oscillator) 

Supply voltage 5V±5% 

Power dissipation at high-speed operation 15mW (at4MHz frequency) 

Inpul/Output characterIStics 
Inpul/Output voltage 12V (Ports P3, P4, P5, P6, P7., P7" INT,) 

Output current 5mA (Ports PO, PI, P2, P3, P4, p7) 

Memory expansion POSSible 

Operating temperature range -10-70t 

Device structure CMOS SIlicon gate process 

Package 72-pln plastiC molded QFP 

Note 1 The PROM programing voltage IS 21V (equivalent to the M5L27128) 
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PIN DESCRIPTION 

Pin Mode Name 
Inpull 

Functions 
Output 

Vee, Single-chip Power supply Supply 5V±5% to Vee and OV to Vss 

Vss IEPROM 

CNVss Single-chip CNVss input Input Connect to OV 

EPROM Vpp input Connect to Vpp when programming or venflng 

--~ 

RESET Single-chip RESET Input Input To reset, keep this Input termmal low for more than 2,us (min) under normal Vee 

conditions. If more time IS needed for the crystal oscillator to stabilize, this "L" con-

dition should be maintained for the required time 

EPROM RESET Input Connect to Vss 

X ,N Single-chip Clock Input Input Connect a ceramic or a quartz crystal oscillator between XtN and XOUT for clock 

IEPROM oscillation. If an external clock input is used, connect the clock Input to the XIN pin 

XOUT Clock output Output and open the XOUT pm. 

¢> Single-chip Tlmmg output Output For ttmmg output 

IEPROM 

-~ 

INT, Single-chip Interrupt mput Input Interrupt input INT1. 

EPROM Interrupt mput Input Connect to OV 

POO-P07 Single-chip 110 port PO 1/0 Port PO IS an a-bit I/O port with direction registers which can program each bit as 

Input or output It IS set to Input mode at reset The output format IS CMOS output 

EPROM Address Input Ao--A7 Input PO works as the lower a bit address input (Ao--A7 ) 

P1 o-P1 7 Single-chip 1/0 port Pl 110 Port P1 IS an a-bit 110 port which has the same function as Port PO 

EPROM Address Input Aa-A'3 Input P1o--P15 works as the higher 6 bit address Inputs (Aa--A,3) 

Connect P16--Ph to Vee 

P2o-P27 Single-chip 1/0 port P2 1/0 Port P2 IS an a-bit I/O port which has the same function as Port PO 

EPROM Data Input! 1/0 Port 2 works as an 8 bit data bus (Do-D,). 

output Do-D, 

P30-P37 Single-chip 1/0 port P3 1/0 Port P3 is an 8-blt I/O port and has basically the same functions Port PO When se-

flal 1/0 IS used, P37, P36, P3s, and P34 work as SRDY, CLK, SOUT, and SIN pins, re-

spectively Also P33 and P3, work as CNTR pin and tne lowest Interrupt Pin (INT,), 

respectively The output format IS N-ch open drain 

EPROM Input Port P3 Input Connect to OV 

P4o-P47 Single-chip 110 port P4 1/0 Port P4 IS an 8-blt 1/0 port which has the same function as Port PO Ports P4,- P40 

are common with Analog mputs AN 7 ........ ANo The output format IS N-ch open drain 

-- -~ 

EPROM Select mode Input P42, P4" P40 work as CE, OE and PGM Inputs, respectively 

Connect P4s ........ P47 to OV and P44 and P43 to Vee 

P50 -P57 Single-chip Input port Input Port P5 IS an a-bit mput port Ports P57--P54 have edge sence functions. 

EPROM Input port Input Connect to OV 
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PIN DESCRIPTION (Continued) 

Pin Mode Name 

P6o-P64 Single-chip Output port 

EPROM Output port 

P70-P75 Single-chip I/O port 

EPROM Input port 

AVss Single-chip Analog voltage mput 

EPROM Analog voltage mput 

VREF Single-chip Reference voltage 

mput 

EPROM Reference voltage 

input 

D-A Single-chip D-A output 

EPROM D-A output 

PWM Single-chip PWM output 

EPROM PWM output 
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Input! 

Output 
Functions 

Output Porl P6 is an 5-bit output port At external trigger output mode, P60 and P61 are In 

common with the trigger Input pin (T) and the trigger output pin (Q), respectively 

The output structure is N-channel open drain. 

Output Connect to OV. 

I/O Port P7 IS an 6-blt 1/0 port and has basically the same functions as port PO 

The output structure of P70, P71 is N-channel open drain, and the output structure of 

P7,-P75 IS CMOS output 

Input Connect to OV 

Input GND pin for the A-D and D-A converters. 

Input Connect to OV 

Input Referrence mput for A-O and O-A converters 

Input Connect to OV 

Output O-A converter output pin 

Output Connect to OV 

Output Pulse width modulation output pin (N channel open drain format) 

Output Connect to OV 

• MITSUBISHI 
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EPROM MODE Table 1. Pin function in EPROM mode 

The M37414E5-XXXFP features an EPROM mode in addi
tion to its normal modes. When the RESET signal level is 
low ("L"), the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 
gives the pin connection in the EPROM mode. When in the 
EPROM mode, ports PO, P1, P2, P4o-P42, and CNVss are 
used for the PROM (equivalent to the M5L27128). When in 

this mode, the built-in PROM can be written to or read from 
using these pins in the same way as with the M5L27128. 
The oscillator should be connected to the X'N and XOUT 

pins, or external clock should be connected to the X'N pin. 

----------Vee 
Vpp 

Vss 
Address input 

Data I/O 

CE 

OE 

PGM 

M37414E5-XXXFP 

Vee 

CNVss/Vpp 

Vss 
Ports PO, P1 0 -P1 5 

Port P2 

P42/CE 

P4,IOE 

P40 /PGM 

Vee -e-

@----
@----
@-----
@---
@---
CQV---
@----
cYW-----
~----
~-----

AVSS-:~ 
VREF --+ 69 

D-A-i 
PWM- 71 

P64 +- 72 

r;7 Vss 

o 

M37 

0 
'234 5 6 7 

III1111 
rBrEet::zzz 
a.o..tOi~~~ 

a. -.t,*.:f 
a. a. a. 

Veet 

~ 

0,.... t\I '" 

t\I~.~~~~~~~~~o 
f".."",""",""","T""T""T""T""T"",....,....,...LO 
0. 0. 0. 0.. 0. a.. 0.. a.. a.. a.. a.. a.. a.. 
I I I I I I I I I I I I I 
49148 47 46 4Sft44 43 42D41 40 39 38 37 

414E5-XXXFP 

0 
9 1011 1213141516 17n18 192021 

1111111111111 
~LUI~:; - ~ ~~ >- z'"l N -Zoo ""'"t-- C...J ~ci)I-I-'" 
~'N,a:o.o..~()~~z~CL. 

i~~~ ~~~~~~ 
~::F~ a.. a. 0.. ~o.. 
o.c....,f' 

a. 

@@[i) 

o : Same function as M5L27128 

Fig. 1 Pin connection in EPROM programing mode 

• MITSUBISHI 
"'ELECTRIC 

;-P5, 
35 +- P52 

I-P53 

33 - P54/ED4 1- P5,/ED, 
31 +- P56/EDa 
30 - P57 / ED7 

I-Vss 
28 -+ ¢ 
27 -- XOUT 

I~XIN 
25 - RESET 1-CNVsslVpp 
23 -INTt 

22 ...... P30 

cYW 

0 
0 

~ 

17 

M5L27128 

Vee 

Vpp 

Vss 

Ao-....A'3 

0 0-07 

CE 

OE 

PGM 

Vss 
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PROM READING AND WRITING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (Ao-A13 ) to be read and the data will be output to the 
I/O pins Do - D7. The data I/O pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 
To write to the PROM, set the CE pin to a "L" leve,1 and .the 
OE pin to a "H" leyel. The CPU will enter the program 
mode when Vpp is applied to the Vpp pin. The address to 
be written to is selected with pins Ao-A13, and the data to 
be written is input to pins Do-D7. Set the PGM pin to a "L" 
level to begin writing. 

Notes on Writing 
When using an PROM writer, the address range should be 
between 180016 and 3FFF16 . When data is written between 
addresses 000016 and 3FFF16 , fill addresses 000016 to 
17FF16 with 0016. 

Table 2. I/O signal in each mode 

~n 
Mode 

CEllO) OE(l1 ) 

Read-out V'L V'L 
Programming V,L V,H 

Programming verify V'L V ,L 
Program disable V,H X 

Note 1: V,L and V,H Indicate a "L" and "H" Input voltage. respectively 
2 : An X Indicates either VIL or V,H 
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NOTES ON HANDLING 
(1) Since a high voltage (21V) is used to write data, care 

should be taken when turning on the PROM writer's 

power. 
(2) For the programmable microcomputer (shipped in 

blank or OTP type) , Mitsubishi does not perform 

PROM write test and screening in the assembly pro
cess and following processes. To improve reliability af
ter write, performing write and test according to the 

flow below before use is recommended. 

Writing with PROM writer 

Screening (Note)(Leave at 150'C for 40 hours) 

Verify test with PROM writer 

Function check in target device 

Note Since the screening temperature is higher than 

storage temperature, never expose to 150'C ex
ceeding 100 hours. 

PGM(12) Vpp(24) VccC6?) 
Data 1/0 

(58-64,66) 

V,H Vee Vee Output 

Pulse(V,H-V,L ) Vpp Vee Input 

V ,H Vpp Vee Output 

X Vpp Vee Floating 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

V, Input voltage X1N -0.3-7 

V, 
Input voltage POo-PO" P1 o-P1" P20-P2" P40-P4" 

-0. 3-Vee+0. 3 
P7,-P7, 

V, Input voltage P30-P3" P50-P5" PSo, P70, P7" INT, With respect to Vss -0.3-13 

V, Input voltage CNVss, RESET With the output transistor cut-off -0.3-13 (Note 1) 

Va 
Output voltage POo-PO" P1 o-P1" P2o-P2" P40-P4" 

-0. 3-Vee+0. 3 
P7,-P7" XOUT , ~, D·A 

Va Output voltage P30-P3" PSo-P6" P70, P7" PWM -0.3-13 

Pd Power dissipation T a=25'C 300 

Toor Operating temperature -10-70 

Tstg Storage temperature -40-125 

Note 1 In PROM programming mode, CNVss is 22. OV 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±5%, Ta=-10-70·C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.75 5 5.25 V 

Vss Supply voltage 0 V 

V REF Reference voltage 4 Vee V 

"H" Input voltage POo-PO" P1o-P1" P2o-P2" 

V,H 
P30-P3" P4o- P4" P50- P5" 
INT" RESET, X,N , CNVss, P60 

0.8Vee Vee V 

P7o-P7, 

"L" Input voltage POo-PO" P1 o-P1" P2o-P2" 

V'L P30-P3" P4o-P4" P50-P5" 0 0. 2Vee V 
-
INT" CNVss, P60, P7o-P?, 

V'L "L" Input voltage RESET 0 O. 12Vee V 

V'L "L" Input voltage XIN 0 0. 16Vee V 

"L" peak output current POo-PO" Plo-PI" P2o-P2 7, 

IOL(peak) P30-P37, P4o-P4" P7o-P7, 10 mA 
(Note 2 ) 

loc<peak) "L" peak output current PSo-PS, (Note 2 ) 15 mA 

loc<peak) "L" peak output current PWM, PS, (Note 2 ) 5 mA 

"L" average output current POO ..... P07, P1 o ....... P1 7 , P2o ....... P27 , 

louavg) P30-P3" P4o-P47, P7o-P7, 5 mA 

(Note 1 ) 

louavq) "L" average output current PSO-PS3 (Note 1 ) 7 mA 

louavq) "L" average output current PWM, PS, (Note 1 ) 2.5 mA 

IOH(peak) 
"H" peak output current POo-PO" Plo-PI" P2o-P2" 

-10 mA 
P7,-P7, (Note 2 ) 

"H" average output current POO-P01, P1o ....... P17, 

IOH(avg) P2o-P2" P7,-P7, -5 mA 
(Note 1 ) 

!(X,N ) Internal clock oscillatmg frequency 4 MHz 

Note 1 
2 

The average output currents 10L(avg) and 10H(avg) are the average value of a penod of 100ms 
Do not allow the combined low· level output current of ports PO, Pl, P2, P3, P4, P6, P7 and PWM 
to exceed 80mA. 
Do not allow the combined hlgh- level output current of port PO, P1, P2 P7,~P7, to exceed 50mA 
"H" input voltage of ports' P3, P5, PSo, P70, P7, and INT, IS available up to +12V 

Unit 

V 

V 

V 

V 

V 

V 

V 

mW 

·C 

·C 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=ov, Ta=25'C, f(X,N)=4MHz, unless otherwise noted) 

Llm,ts 
Symbol Parameter Test conditions Untt 

Mtn. Typ Max. 

VOH 
"H" output voltage PO,,-P07, Pl.-Ph, P2.-P27, 

IOH=-lOmA 3 V 
P7.-P7, 

VOH "H" output voltage ~ IOH=-2.5mA 3 V. 

"L" output voltage PO,,-P07, PI.-PI7, P2.-P27, 

VOL i'3o-P3r, P40-P47, P60-PS" IOL=10mA 2 V 
P7.-P7. 

VOL "L" output voltage 4>, PWM, ps. IOL-5mA 2 V 

VT+-VT- Hysteres,s INT, 0.3 1 V 

VT+-VT- Hysteresis P3e When used as CLK tnput 0.3 0.8 V 

VT+-VT- HysteresIs P3. When used as INT. ,nput 0.3 1 V 

VT+-VT- HysteresIs P3, When used as CNTR Input 0.5 1 V 

VT+-VT- HysteresIs 1'60 When used as T Input 0.5 1 V 

VT+-VT- Hysteresis RESET 0.5 0.7 V 

VT+-VT- Hysteresis X'N 0.1 0.5 V 

"L" Input current PO.-FOr, Pl.-Ph, P20-P27. 

I'L P30-P3r. P40-P47• P5.-P57. V,=OV -5 tlA 
ps., P7.-P7,. PWM 

I'L "L" ,nput current INT" RESET. X'N v,=OV -5 tlA 

I'H 
"H" input current P30-P3r. PSo-P57• 1'60. P7 •• Ph 

PWM 
V,=12V 12 tlA 

"H" ,nput current INT,. RESET, X'N. PO.-P07• 

I'H PI.-PI7. P20-P27• P40-P47. V,=5V 5 tlA 
P7.-P7. 

VRAM RAM retention voltage At clock stop 2 V 

f(X,N)-4MHz 
3 6 rnA 4>. XcUT. and O-A pins Square wave 

opened. other p,ns at 
At cicek stop 

Icc Supply current Vss, and A·D converter 
Ta=25t 

1 
in the finished condi- tlA 
tlOn. 

At cicek stop 
10 

Ta=75t 

A-D CONVERTER CHARACTERISTICS (Vcc=5Y. Vss=AVss=ov. Ta=25'C. f(X,N)=4MHz, unless otherw,se noted) 

Lim,ts 
Symbol Parameter Test conditions Untt 

Mtn Typ. Max 

- Resolullon VREF-VCC 8 Bits 

- Absolute accuracy VREF=VCC ±3 LSB 

RLADDER Ladder resistance value VREF=VCC 2 10 kO 

tCONV Conversion time 50 tlS 

VREF Reference Input voltage 2 Vee V 

V'A Analog Input voltage 0 VREF V 

D-A CONVERTER CHARACTERISTICS (Vcc=5V. Vss=AVss=ov. Ta=25'C. f(X,N)=4MHz. unless otherw,se noted) 

Lim,ts 
Symbol Parameter Test conditions Untt 

Min. T)Ip Max 

- Resolution VREF-VCC 5 Bits 

- Error In full scale range VREF=VCC ±1 % 
tsu Setup time VREF=VCC 3 tlS 
Ro Output res,stance VREF=VCC 3 kO 

VREF Reference voltage 4 Vee V 
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TIMING REQUIREMENTS 
Single-chip mode (Vce=5V±5%, Vss=ov, Ta=25'C, f(X ,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions Unit 

Min Typ Max. 

tSU(POD-¢) Port PO ,"put setup time 270 ns 

tSU (P1D-¢) Port P1 Input setup time 270 ns 

tSU (P2D-<,6) Port P2 Input setup time 270 ns 

tSU (P3D oj Port P3 Input setup time 270 ns 

tSU (P4D-¢) Port P4 Input setup time 270 ns 

tSU (P5D-;il) Port P5 mput setup time 270 ns 

tSU (P7D-¢) Port P7 mput setup time 270 ns 

thC';-PODi Port PO Input hold lime 20 ns 

th(¢-P10) Port P1 Input hold lime 20 ns 

thC';-P2Di Port P2 Input hold time 20 ns 

th(¢-P30) Port P3 Input hold time 20 ns 

thC';-P4Di Port P4 input hold time 20 ns 

th(¢-P50) Port P5 Input hold time 20 ns 

th(¢-P70) Port P7 Input hold time 20 ns 

te External clock mput cycle time 250 ns 

tw External clock mput pulse width 75 ns 

tr External clock rising edge time 25 ns 

tf External clock failing edge time 25 ns 

Eva-chip mode (Vee=5V±5%, Vss=ov, Ta=25'C, f(X ,N )=4MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions Unit 

Min Typ Max 

tSU(POD-¢) Port PO mput setup time 270 ns 

tSU (P1D-¢) Port P1 mput setup time 270 ns 

tSU (P2D-¢) Port P2 Input setup time 270 ns 

th<¢ POD) Port PO Input hold 'time 20 ns 

thC';-P10i Port P1 Input hold time 20 ns 

thC';-P20i Port P2 Input hold time 20 ns 

Memory expanding mode and microprocessor mode 
(Vee=5V±5%, Vss=ov, T a=25"C, f(X ,N )=4MHz, unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

I I 
Unit 

Min Typ Max 

tSU (P2D-¢» Port P2 Input setup time 270 I I ns 

th(¢--P2D) Port P2 Input hold time 30 L 1 ns 
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SWITCHING CHARACTERISTICS 
Single-chip mode (Vee=5V±5%, Vss=ov, Ta=25"C, f(X ,N)=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditIOns Umt 

Min Typ Max 

'd(tl-poo) Port PO data output delay time 230 ns 

'd(tl-P10) Port P1 data output delay time Fig 3 230 ns 

td(tl-P20) Port P2 data output delay time 230 ns 

td(tl-P30) Port P3 data output delay time 230 ns 

td(tl-P40) Port P4 data output delay time 
Fig. 2 

230 ns 

td(tl-pso) Port P6 data output delay time 230 ns 

Port P70, P7, data output delay time 230 ns 
td(tl-P70) 

Port P7,-P7, data output delay time Fig 3 230 ns 

Eva-chip mode (Vee=5V±5%, Vss=ov, Ta=25"C, f(X ,N )=4MHz, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions UnIt 

Min Typ Max 

td(tl-POA) Port PO address output delay time 250 ns 

td(<,6-POAF) Port PO address output delay time 250 ns 

td(tl-poo) Port PO data output delay time 200 ns 

'd(tl-POOF) Port PO data output delay time 200 ns 

td(tl-P1A) Port P1 address output delay time 
Fig 3 

250 ns 

td(tl-P1AF) Port P1 address output delay time 250 ns 

td(tl-P10) Port P1 data output delay time 200 ns 

td(tl-P10F) Port P1 data output delay time 200 ns 

td(tl-P20) Port P2 data output delay time 300 ns 

td(tl-P20F) Port P2 data output delay time 300 ns 

'd(tl-RIW) RIW signal output delay time 250 ns 

'd( tl-R/WF) RIW signal output delay time 250 ns 

'd( tl-P3nO) Port P30 data output delay time 200 ns 

'd( tl-P3nOF) Port P30 data output delay time 200 ns 

'd( tl-SYNC) SYNC signal output delay time 
Fig 2 

250 ns 

td(t/>-SYNCF) SYNC signal output delay time 250 ns 

'd(tl-P30) Port P3, data output delay time 200 ns 

td<of-P3 QF) Port P3, data output delay time 200 ns 

Memory expanding mode and microprocessor mode 
(Vee=5V±5%, Vss=ov, Ta=25"C, f(X ,N )=4MHz, unless otherwise noted) 

Symbol Parameter 

'd(tl-POA) Port PO address output delay time 

td(tl-P1A) Port P1 address output delay time 

td(tl-P20) Port P2 data output delay time 

td(tl-P20F) Port P2 data output delay time 

td(tl-R/W) R/W signal output delay time 

td(¢-SYNC) SYNC signal output delay time 

Vee 

1kO 
P3 
P4 
P6 J, lOOpF P70 

P7, 

; i lOOpF 

l'7 

Fig.2 Ports P3, P4, P6, P70 , P7, test circuit 

3-468 

Test conditions 

Fig 3 

Fig 2 

Limits 

Min Typ Max. 

PO 
Pll--....,..-----o 

250 
250 
300 

300 
250 
250 

P2 ~ 
P7,-P7. J-,lOOPF 

Fig.3 Port PO, P1, P2, P72~P75 test circuit 

Umt 

ns 

ns 

ns 

ns 

ns 

ns 



TIMING DIAGRAMS 
In single-chip mode 

Port PO output 

Port PO mput 

Port Pl output 

Port P1 tnpu1 

Port P2 output 

Port P2 Input 

Port P3 output 

Port P3 mput 

Port P4 output 

Port P4 mput 

Port P5 mput 

Port P6 output 

Port P7 ou1pu1 

Port P7 tnpu1 
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In eva-chip mode 

~ " / 

-+ - _Id«-POA) td (¢-POAF) Idl.-p OQF) 

Port PO output )c )~ )< 
td I.-POO) 

I Isu IPOO-') 

I 
Port PO input 

~Ihi'-POO ---<> 

Port Pl output 

Idi'-P1A) I Idl.-p ~1O-P1AF) 

)< )< 
,OF) 

td (4)~P1Q) I tsu (P1D-<fJ) 

Port Pl Input / ~lhl<-P1 ..-,. 0) 

~ Id IO-P20) Id I '-P20F) 

Port P2 output )< ~ 
L Isu I P20-.) 

Port P2 Input 

~ 
-.. ~ Ih 1.-P20 

Id I .-R/wl Id I.-R/WF) Id I.-p 30QF) 

Port P30 output (R/W) )< )< ~ )< 
I tdl.-P300) 

Id I.-SYNC) td (¢i-SYNCFJ Id I.-p 3,OF) 

Port P3, output (SYNC) )< )< ~ )< 
td (t/>-P3,Q) 
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In memory expanding mode and microprocessor mode 

/ " / 

I 
td (o-POAI 

Port PO output 

I td (~P'A) 
I 

Port PI output 

Port P2 output 

L td (0-P201 

>t~~'~-~ ----------
floating 

--------- -- --

P20F) 

ts~ 

Port P2 input 

~th(0-P2D -.. 
1 td (O-R/wl r 

Port P30 output (RfW) 

L td (o-SYNCI 

I 
Port P3, output (SYNC) 
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DESCRIPTION 
The M37420E6-XXXSP is a single-chip microcomputer de
signed with CMOS silicon gate technology. It is housed in a 
52-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M37420M6-XXXSP except that 
this chip has a 12288 bytes PROM builtin. This single-chip 
microcomputer is useful for home electrical appliances and 
consumer appliance controllers. 
In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit
able for small quantity production runs. 
The M37420E6SS is the window type. 

FEATURES 
• Number of basic instructions""""""""""""""""'" 69 
• Memory size ROM """" ........................ ·12288 bytes 

RAM"""""""""""""""""'" 256 bytes 
• Instruction execution time 

....... 1,us (minimum instructions at 8M Hz frequency) 

• Single power supply""""""""""""""""""" 5V±5% 

• Power dissipation 
normal operation mode (at 8MHz frequency) .... 30mW 

• Subroutine nesting """"""""""""""'96 levels (Max.) 
• Interrupt ............................ · ...... · ...... 7 types, 5 vectors' 
• 8-bit timer .............................................................. 4 

• Programmable I/O ports 
(Ports PO, P1, P2, P3, P4, P5, P6)"'"'''''''''''''''''''' 42 

• Input port (Port P5) """""""'''''''''''''''''''''''''''''''''''4 
• Serial I/O (8/16-bit) ................................................ 1 
• A-D converter (8-bit) ............................................... 4 
• D-A converter (8-bit) ............................................... 2 

• 14-bit PWM function 

• Watchdog timer 
• PROM (equivalent to the M5L27128) 

program voltage""'" ..................... , .................. 21V 

APPLICATION 
Office automation equipment 
VCR, Tuner, Audio-visual equipment 
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PIN CONFIGURATION (TOP VIEW) 

1/0 port 
P6 

1/0 port 
P4 

1/0 port 

P63 ..... 1 

P62- 2 

P6,/DA2 ..... 3 

P6o/DA,- 4 

P47/AN7 - 5 

P4./AN ...... 6 

P45/AN5 ..... 7 

P4./AN. - 8 

P3?iSRDY- 9 

P3e/CLK ..... 10 

P35/S0UT/CE - 11 

P3,/S'N/OE - 12 

1/0 port 
P2 

P3 P33/CNTR/PGM ..... 13 1/0 port 

1/0 portj 
P5 

Input port P5 

Reset Input 

Clock Input 

Clock output 

P5?ipWM ..... 17 

P56/YPLS - 18 

P53/T/ED3 - 21 

PO 

1/0 port 
P1 

29 +- P50/ EDo Input 
28 +- P5,/ED, port 

27 +- P5,/ED2 P5 -.... ___ -..-J-

Outline 
52P4B (OTP) 
5251 (Window) 
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FUNCTIONS OF M37420E6·XXXSP 
Parameter 

Number of basIc Instructions 

Instruction execution time 

Clock frequency 

PROM 
Memory size 

RAM 

PO, PI, P2, P3, P4, P5.-P57, P6 I 1/0 
InpuVOutput ports 

P50-P5, 1 Input 

Serial 1/0 

Timers 

A-O conversion 

D-A conversion 

Pulse width modulator 

Watchdog timer 

Subroutine nesting 

Interrupt 

Clock generating circuit 

Supply voltage 

POW'er diSSipation 

InpuVOutput characteristiCS InpuVOutput voltage 

Operallng temperature range 

Device structure 

M37420E6-XXXSP 
Package 

M37420E6SS 

Note 1 The PROM programing voltage is 21V (eqUivalent to the M5L27128) 
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Functions 

69 

II's (minimum instructions, at 8MHz frequency) 

8MHz 

12288 bytes (Note 1 ) 

256 bytes 

8-bitX3, 6-bltXl, 4-bltX3 

4-bltXl 

8-bitXl or 16-bitXl 

S-blt prescalerX3+8-bit t,merX4 

8-bltXl (4 channels) 

8-bitX2 

14-bltXl 

15-bltXl 

96 levels (max) 

Two external Interrupts, three Intemal timer interrupts (or timerX2, S IIOXI) 

bUilt-In (ceramic or quartz crystal oscillator) 

5V±5% 

30mW (at 8M Hz frequency) 

12V (Ports PO, PI, P3) 

-10-70"(; 

CMOS SiliCon gate process 

52-pin shrink plastiC molded DIP 

52-pin shrink ceramic DIP 



PIN DESCRIPTION 

Pin Mode Name 

Vee. Single-chip Power supply 

Vss IEPROM 

CNVss Single-chip CNVss mput 

IVpp 

EPROM Vpp input 

---
RESET Smgle-chlp RESET input 

EPROM RESET Input 

X ,N Single-chip Clock mput 

IEPROM 

XOUT Clock output 

POO~P07 Single-chip liD port PO 

EPROM Address Input Ao ..... A7 

P10~P15 Single-chip liD port P1 

EPROM Address Input As ..... A13 

P2o~P27 Single-chip liD port P2 

EPROM Data mput/output DO ........ 07 

P30~P37 Single-chip liD port P3 

EPROM Input Port P3 

--

P44~P47 Single-chip liD port P4 

EPROM Select mode 

P50~P53 Single-chip Input port P5 

EPROM 

P54~P5, Smgle-chlp liD port P5 

EPROM 

P6o~P63 Single-chip liD port P6 

EPROM 

Input! 

Output 

Input 

Input 

Input 

Output 

liD 

Input 

liD 

Input 

liD 

liD 

liD 

Input 

liD 

Input 

Input 

Input 

liD 

Input 

liD 

Input 
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Functions 

Supply 5V±5% to Vee and OV to Vss This voltage can be used as reference vol-

tage for A-O or O-A converter 

Connect to OV 

Connect to Vpp when programmmg or veriflng 

To reset, keep this input terminal low for more than 2,us (min) under normal Vee 

conditions If more time is needed for the crystal oscillator to stabilize, this "L" con-

dition should be maintained for the required time 

Connect to Vss 

Connect a ceramic or a quartz crystal oscillator between XtN and XOUT for clock 

oscillation If an external clock mput IS used, connect the clock mput to the X1N pin 

and open the XOUT pin. 

Port PO IS an 8-blt 1/0 port with direction registers which can program each bit as 

Input or output It IS set to Input mode at reset The output format IS N-ch open dram 

PO works as the lower 8 bit address Input (Ao-A,) 

Port P1 IS an 6-blt 1/0 port which has the same function as port PO 

P1 o---P1 s works as the higher 6 bit address Inputs (As---A13) 

Port P2 IS an 8-blt 1/0 port which has the same function as port PO The output for-

mat IS CMOS 

Port 2 works as an 8 bit data bus (Do-D,) 

Port P3 IS an 8-blt 1/0 port and has bas;cally the same function as port PO When 

senal I/O IS used, P37, P3s, P3s, and P34 work as SRDY, elK, SOUT, and SIN pms, re-

spectively Also P33, P31 and P30 work as CNTR pm, INT2 and INT1 respectively 

The output format IS N-ch open dram 

-- --
P3s. P34 and P33 work as CE t OE and PGM Inputs respectively Connect P30 ........ P32 to 

OV and P3, and P36 to Vee 

Port P4 IS an 4-blt 1/0 port which has the same function as port PO Ports P4,- P4, 

are common With analog Inputs AN7 ..... AN4 The output format IS N-ch,open dram 

Connect to OV 

P50"""" P53 are Input port These port can be used as edge-sence Input P50-P5, de-

tects rising edge, and P53 detects both rising and failing edge P53 IS also common 

With external tngger output and V pulse, Y pulse generator trigger Input 

Connect to OV 

P54 ....... P57 IS 110 port and has baSically the same function as port PO P57 IS common 

With PWM The output format IS CMOS output 

Connect to OV 

Port P6 IS 4-blt 110 port and has baSically the same function as port PO P60 and P6, 

are common with DA1 and DA2 respectively 

The output format is CMOS output 

Connect to OV 

• MITSUBISHI 
;"ELECTRIC 3-475 



EPROM MODE 
The M37420E6-XXXSP or M37420E6SS features an EPROM 
mode in addition to its normal modes. When the RESET 
signal level is low ("L"), the chip automatically enters the. 
EPROM mode. Table 1 list the correspondence between 
pins and Figure 1 and Figure 2 give the pin connections in 
the EPROM mode. When in the EPROM mode, ports PO, 

P1, P2, P33 - P3s, and CNV ss are used for the PROM 
(equivalent to the M5L27128). When in this mode, the 
built-in PROM can be written to or read from using these 
pins in the same way as with the M5L27128. The oscillator 
should be connected to the XIN and XOUT pins, or external 
clock should be connected to the XIN pin. 

-17 Vee 

® 
® 
~ 

~ 

Ceramic 1 0 
OSCillating 
circuit 0 

P6,/ 

P6o/ 

P4,/ 

P46/ 

P45/ 

P44/ 

P3,/ 

P3s! 

P63 ++ 1 

P62 - 2 

DA,- 3 

DA1 - 4 

ANs - 7 

P35/S 

P34 

P33 /C 

P3, /1 
P30/1 

P5,/P 

P56 /Y 
P5 

P54/V 
P53 /TI 

CN 

RE 
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Table 1. Pin function in EPROM mode 

---------== 
M37420E6-XXXSP, M37420E6SS M5L27128 

vee Vee Vee 

V pp CNVss/Vpp V pp 

Vss Vss Vss 

Address input Ports PO, Pl Ao.--A13 

Data 1/0 Port P2 0 0-07 

CE P35 /CE CE 

OE P34/0E OE 

PGM P33 /CNTR/PGM PGM 

-----~ 

----@ 
----@ 

----@ 
----@ 
----@ 

----G) 
----G) 
----CQI) 
----G) 
----@ 
----@ 
----@ 
----@ 
----G§) 
----G§) 
----Gi) 
----G§) 
----G) 
----.@ 

----'@ 
--~-,~ 

30 - P15/A13 ~ 

~ -. _____ -'"2-7 <- P5,/ED, 
::::::;~~:l 

7 Vss Vss 

o : Same function as M5L27128 

Fig. 1 Pin connection in EPROM mode 
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PROM READING, WRITING AND ERASING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address of the 
data (Ao-A13 ) to be read and the data will be output to the 
I/O pins 0 0 - 0 7• The data 1/0 pins will be floating when 
either the CE or OE pins are in the "H" state. 

Writing 
To write to the PROM, set the CE pin to a "L" level and the 
OE pin to a "H" level. The CPU will enter the program 
mode when Vpp is applied to the Vpp pin. The address to 
be written to is selected with pins Ao-A13, and the data to 
be written is input to pins 0 0-07. Set the PGM pin to a "L" 
level to begin writing. 

Erasing 
Data can only be erased on the M37420E6SS ceramic 
package, which includes a window. To erase data on this 
chip, use an ultraviolet light source with a 2537 Angstrom 
wave length. The minimum radiation power necessary for 
erasing is 15W·s/cm2. 

NOTES ON HANDLING 
(1) Sunlight and fluorescent light contain wave lengths 

capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

Table 2. I/O signal in each mode 

~n 
Mode 

CE(l1) OE(12) 

Read-out V'c V'c 
Programming V'c V,H 

Programming verify V'c V'c 
Program disable V,H X 

Notel: V'L and V,H indicate a "L" and" H" Input voltage, respectively 
2 : An X Indicates either V'L or V,H 

MITSUBISHI MICROCOMPUTERS 
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(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro
cess and following process. To improve reliability aiter 
write, performing write and test according to the flow 
below before use is recommended. 

Writing With PROM writer 

Screening (Note)( Leave at 150"C for 40 hours) 

Verify test with PROM writer 

Funcllon check In target deVice 

Note : Since the screening temperature is higher than 
storage temperature, never expose to 150'C ex
ceeding 100 hours. 

PGM(13) Vpp(22) Vcd52) 
Data 1/0 
(44-51) 

V,H Vee Vee Output 

Pulse(VIH-V,C) Vpp Vee Input 

V,H Vpp Vee Output 

X Vpp Vee Floating 
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ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.3-7 

V, Input voltage X'N, RESET -0.3-7 

V, Input voltage P20-P27, P44-P47, P54-P57, PBo-PB, -0. 3-Vee+0. 3 

V, Input voltage POO-P07, Plo-PI" P30-P37, P50-P57 With respect to Vss -0.3-13 

V, Input voltage CNVss 
With the output transistor cut-off 

-0.3-13 (Note 1) 

Vo Output voltage P20-P27, P40-P47, P54-P5" PBo-PB, -0. 3-Vee+0. 3 

Vo Output voltage POo- PO" PI 0-PI" P30-P3, -0.3-13 

Pd Power dissipation Ta=25'C 1000 

Toor Operating temperature -10-70 

Tstg Storage temperature -40-125 

Note 1 In EPROM programming mode, CNVss is 22. OV 

RECOMMENDED OPERATING CONDITIONS (Vcc=5V±5%, Ta=-l0-70·C, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Vee Supply voltage 4.75 5 5.25 V 

Vss Supply voltage 0 V 

"H" Input voltage POo-PO" Plo-PI" P20-P27, 

V ,H P30-P3" P44-P47, P50-P57, O. aVec Vee V 
--

PBo- PB" RESET, X,N 

"L" Input voltage POo-PO" Plo-PI" P20-P2" 

V'L P30-P3" P40-P4" P50-p57, 0 0. 2Vee V 

PBo-PB" CNVss 

V'L "L" input voltage RESET 0 0. 12Vee V 

V'L "LI! rnput voltage XJN 0 0. 16Vee V 

loc<peak) 
"L" peak output current POO-P07, Plo-PI" P20-P27, 

10 rnA 
P30-P37, P40-P47 (Note 2) 

loc<oeak) "L" peak output current PBo-PB, (Note 2) 10 rnA 

louavg) 
"L" average output current POo ........ PO?, P1o ........ P15, P2o ........ P27, 

5 rnA 
P30-P37, P44-P4, (Note I ) 

louavg) "L" average output current P6o ........ P63 (Note 1 ) 5 rnA 

IOHCpeak) 
"H" peak output current P2o ...... P27, P54 ....... P57, 

-10 rnA 
PBo-PB, (Note 2 ) 

IOHcavg) 
"H" average output current P2o ........ P27, P54-P57, 

-5 rnA 
PBo-PB, (Notel) 

t(X ,N ) Internal clock OSCillating frequency a MHz 

Note The average output currents IOL(avg) and IOH(avg) are the average value of a penod of lOOms. 

3-478 

Do not allow the combined low- level output current of ports PO, Pl, P2, P3, P4 and P6 to exceed 
aOmA 
Do not allow the combined hlgh- level output current of port P2, P5 and P6 to exceed 50mA 

Unit 

V 

V 

V 

V 

V 

V 

V 

rnW 
·C 

"C 
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ELECTRICAL CHARACTERISTICS (Vcc=5V. Vss=ov. Ta=25'C. t(X'N)=8MHz. unless otherwise noted) 

lim,ts 
Symbol Parameter Test cond,uons Unit 

Min. Typ Max 

VOH "H" output voltage P2.-P2,. P5.-P5,. PS.-P6, IOH=-10mA 3 V 

"l" output voltage POo-PO,. Pl.-Ph. P2.-P2,. 

VOL P30-P3,. P4.-P4,. P5.-P5,. IOL=10mA 2 V 
P60-P6, 

Vr+-VT- Hysteres,s p30. P3, When used as I NT input 0.3 1 V 

VT+-VT- Hysteres,s P30 When used as ClK Input 0.3 0.8 V 

Vr+-VT- Hysteres,s P3, When used as CNTR Input 0.5 1 V 

VT+-VT- Hysteres,s P5, When used as T input 0.5 1 V 

VT+-VT- Hysteres,s RESET 0.5 0.7 V 

Vr+-VT- Hysteresis XIN 0.1 0.5 V 

"l" Input current PO.-PO,. Pl.-PI,. P2.-P2,. 

I'L P3.-P3,. P40-P4,. P5.-P5,. V,=OV -5 I'A 
P60-P6, 

I'L "L" Input current RESET, XIN v,-OV -5 I'A 

I'H 
"H" input current PO.-PO,. Pl.-PI,. P30-P3,. 

V,=12V 12 I'A 
P5.-P5, 

I'H 
"H" Input current INT,. RESET. X,N. P2.-P2,. 

V,=5V 5 I'A 
P4.-P4,. P5.-P5,. ps.-ps, 

VRAM RAM retention voltage At clock stop 2 V 

¢J, XOUT• and D-A pins 

opened. other p,ns at 
t(X,N)=8MHz 

Icc Supply current Vss• and A-O converter 
Square wave 

6 15 mA 
In the fintshed condl-
t,on 

A.D CONVERTER CHARACTERISTICS (Vcc=5V. Vss=AVss=ov. Ta=25'C. t(X,N)=8MHz. unless otherw'se noted) 

lim,ts 
Symbol Parameter Test conditions Unit 

Min Typ Max. 

- Resolution VREF-VCC 8 Bits 

- Absolute accuracy VREF-VCC .±3 LSB 

RLADDER Ladder resistance value VREF=VCC 2 10 kO 

tCONV Conversion time 25 I'S 

V'A Analog Input voltage 0 Vcc V 

D.A CONVERTER CHARACTERISTICS (Vcc=5V. Vss=AVss=ov. Ta=25'C. t(X,N)=8MHz. unless otherwise noted) 

l,m,ts 
Symbol Parameter Test conditions Unit 

Min Typ Max 

- Resolution VREF-VCC 8 Bits 

- Error In full scale range VREF-VCC ±2 % 

Isu Setup t,me VREF-VCC 3 I'S 

Ro Output resistance VREF=VCC 1 2 4 kO 
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DESCRIPTION 
The M37424E8-XXXSP, M37524E4-XXXSP are single-chip 
microcomputers designed with CMOS silicon gate technol
ogy. They are housed in a 64-pin shrink plastic molded 
DIP. The features of these chips are similar to those of the 
M37424M8-XXXSP, M37524M4-XXXSP except that these 
chips have a 16384 bytes PROM built in. These single-chip 
microcomputers are useful for home electrical appliances 
and consumer appliance controllers. 
In addition to its simple instruction sets, the PROM, flAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, these chips are 
suitable for small quantity production runs. 
The differences between the M37424E8-XXXSP and the 
M37524E4-XXXSP are noted below. The following explana
tions apply to the M3.7424E8-XXXSP. 
Specification variations for other chips are noted accor
dingly. 

I Type name Port Pl output structure 

I M37424E8-XXXSP CMOS 

I M37524E4-XXXSP N-channel open drain 

FEATURES 
• Number of basic instructions .. ························ ......... 70 

68 MELPS 740 basic instructions+2 multiply/divide in
structions 

• Memory size PROM·································16384 bytes 
RAM ······································256 bytes 

• Instruction execution time 
........... 1,us (minimum instructions, at 4MHz frequency) 

• Single power supply .. ···································5V±10% 

• Power dissipation 
normal operation mode (at 4MHz frequency)·······30mW 

• Subroutine nesting ............................ 96 levels (Max.) 
• Interrupt .. ······ .............................. 16 types, 16 vectors 
• 8-bit timer······························· ............................... 4 

• 16-bit timer································ .. ·························· 1 
• Serial I/O (8-bit or 16-bit) .. ······································1 
• PWM output (14-bit) ............................................... 1 

• A-D converter (8-bit resolution) ····················8-channel 
• D-A converter (5-bit resolution) ································2 
• D-A ~onverter (8-bit resolution) ................................ 2 

• Watchdog timer 
• External trigger output (l-bit) ................................... 1 

• V pulse Y pulse generator 
• Programmable 110 ports 

(Ports PO, Pl, P2, P3, P4, P5, P6)··:························· 56 

• PROM (equivalent to the M5L27256) 
• Program voltage'" ............................................ ·12.5V 
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PIN CONFIGURATION (TOP VIEW) 

Vee 
VREF ....... 2 

P4,/AN7 - 3 
P4./AN.- 4 

P4./AN. - 5 

P4./AN. - 6 

P4a/AN3 - 7 

P42/AN2 - 8 

P4,/AN,- 9 

P67/DA.- 11 

P6s/DAs- 12 

P6./DA2 - 13 

P6./DA,- 14 

P63/CNTR, - 15 • 

P62/C N-TRo - 16 

P6,/TIINT, - 17 

P60/INTo - 18 
P57/YPLS - 19 

CNVss 
RESET ..... 2B 

Vss 

Outline 64P48 

APPLICATION 
Office automation equipment 
VCR equipment 
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FUNCTIONS OF M37424ES-XXXSP 
Parameter 

Number of basIc Instructions 

Instruction execution time 

Clock frequency 

Memory size 
I PROM 

I RAM 

Input/Output ports I PO, P1, P2, P3, P4, P5, P6 

Serial 1/0 

Timers 

A-O conversion 

D-A conversion 

Pulse Width modulator 

Watchdog timer 

Subroutine nesting 

Interrupt 

Clock generatmg cirCUit 

Supply voltage 

Power dissipation 

Operating temperature range 

DeviCe structure 

Package 

PIN DESCRIPTION 

Pin Mode Name 

Vee, Single-chIp supply voltage 

Vss IEPROM 

CNVss Single-chip CNVss 

EPROM Vpp Input 

VREF Single-chIp Reference voltage mput 

EPROM Reference voltage Input 

RESET Single-chip Reset Input 

EPROM Reset Input 

X ,N Single-chIp Clock tnput 

IEPROM 

XOUT Clock output 

1> Single-chip Timing output 

IEPROM 

POa-PO? Stngle-chlp 1/0 port PO 

EPROM Address Input Ao-A7 

3-482 

I 

Functions 

70 (68 MELPS 740 basic Instructlons+2) 

1.us (minimum Instructions, at 4MHz frequency) 

4MHz 

16384 bytes 

256 bytes 

1/0 8-bltX7 

8-bIt or 16-bltX 1 

8-bitX4,16-bltX1 

8-bltX1 (8 channels) 

5-bltX2,8-bltX2 

14-bitX1 

15-bitX1 

96 levels (max) 

16 (external 8, Internal 8) 

Bullt~tn (ceramic or quartz crystal oscillator) 

5V±10% 

30mW (at 4M Hz frequency) 

-10 to 70'C 

CMOS SIlicon gate 

64-pln shrink plastic molded DIP 

Input/ 

Output 
Functions 

Power supply Inputs 5V±10% to Vee, and OV to Vss 

This IS usually connected to Vss 

Input Connect to Vpp when programmmg or ventmg 

Input Reference voltage Input pm for A-D and O-A converter 

Input Connected to Vss 

Input To enter the reset state, the reset input pm must be kept at a "L" for more than 4,us 

(under normal Vce conditions) If more time IS needed for the crystal oscillator to 

stabilize, this "L" condition should be maintained for the required time 

Input Connected to Vss. 

Input ThiS chip has an Internal clock generating circUit To control generatmg frequency, 

an external ceramic or a quartz crystal OSCillator IS connected between the XIN and 

Output 
XOUT Pins. If an external clock is used. the clock source should be connected the 

XIN Pin and the XOUT pm should be left open 

Output This IS the timing output pm 

110 Port PO is an 8-bit I/O port with directional register allOWing each I/O bit to be mdl-

vldually programmed as Input or output At reset. this port IS set to Input mode The 

output structure IS CMOS output 

Input PO works as the lower 8-blt address Input 

• . MITSUBISHI 
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M37424E8-XXXSP 
M37524E4-XXXSP 

PROM VERSION of M37424M8-XXXSP ,M37S24M4-XXXSP 

PIN DESCRIPTION (Continue) 

Pin Mode Name 

P1 o-P1 7 Single-chip 1/0 port Pi 

EPROM Address Input As-A'4 

P20 -P27 Single-chip 1/0 port P2 

EPROM Data input/output 

00 ....... 0 7 

P3o-P37 Single-chip 1/0 port P3 

EPROM Select mode 

P4o-P47 Single-chip 1/0 port P4 

EPROM Input port P4 

P50 -P57 Sin'gie-chip 1/0 port P5 

EPROM Input port P5 

P60 -P67 Single-chip 1/0 port P6 

EPROM Input port P6 

Input! 

Output 
Functions 

1/0 Port P1 IS an a-bit 110 port and has basically the same functions as port PO The out-

put structure of M37424MS-XXXSP IS CMOS output and that of M37524M4-XXXSP IS 

N-channel open drain output 

Input P1 0 to P1e works 85 the hlger 8-bit address mput 

Connect Vee to P17 

1/0 Port P2 IS an S-blt 1/0 port and has baSically the same functions as port PO The out-

put structure IS CMOS output 

1/0 P2 works as an 8-blt data bus 

1/0 Port P3 IS an 8-blt 110 port and has baSically the same functions as port PO When 
--

senal 1/0 IS used, P33, P32, P3" and P30 work as SRDY, elK, SOUT, and SIN pms, re-

spectively Also P34 works as TOUT pm The output structure IS N-channel open 

drain 

- --
Input P33 and P34 works as CE and DE Inputs respectively 

Connect Vcc to P30-P32" Connect Vss to P35-P37 

1/0 Port P4 IS an a-bit liD port and has baSically the same functions as port PO P4, to 

P47 work as analog mput port ANo to AN7 

Input Connected to Vss 

1/0 Port PS IS an 8-blt liD port and has baSically the same functions as port PO P57 • 

PSij, P5s, P54 and P53 to PSo are In common with the YPLS output, VPLS output, Q 

output, PWM output and Interrupt Input respectively 

Input Connected to Vss 

1/0 Port P6 IS an 8-blt liD port and has baSically the same functIOns as port PO P67 to 

P64, P63, P62, and P61, P60 are In common with the O-A output, CNTR output and in-

terrupt Input respectively 

Input Connected to Vss 

• MlTSUBlSHI "ELECTRIC 
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M37424E8·XXX5P 
M37524E4·XXX5P 

PROM VERSION of M37424M8-XXXSP,M37524M4-XXXSP 

EPROM MODE Table 1. Pin function in EPROM mode 

The M37424E8-XXXSP features an EPROM mode in addi
tion to its normal modes. When the RESET signal level is 
low ("Lu ), the chip automatically enters the EPROM mode. 
Table 1 list the correspondence between pins and Figure 1 

gives the pin connection in the EPROM mode. When in the 
EPROM mode, ports PO to P2, P33, P3., CNVss are used for 
the PROM (equivalent to the M5L27256) . When in this 
mode, the built-in PROM can be written to or read from us
ing these pins in the same way as with the M5L27256. The 
oscillator should be connected to the X'N and XOUT pins, or 

external clock should be connected to the X'N pin. 

9------- Vee 

V 

P471 

------------vee 

Vpp 

Vss 

Address input 

Data 1/0 

CE 

OE 

M37424E8-XXXSP M5L27256 

Vee Vee 

CNVss Vpp 

Vss Vss 

Ports PO, P1 0 -P1 6 Ao-A14 

Port P2 0 0-07 

P33 CE 

P34 OE 

P461 

AN 7 - 3 

ANa - 4 61 ++ P33/SRDy ------{@ 

Fig.l 
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P451 

P441 

P431 

P4,I 

P4, 1 

P401 

P6,I 

P661 

P651 

P641 

P63/CN 

P6,/CN 

P6, /T/I 

P6o/1 

P5,/Y 

P561V 

P5 

P54 /P 

P53/1 

P5,/I 

P5, /1 

P50/1 

@ CN 

RE 
r,- 0 

Vss 0>--------

~------- Vss 

Pin connection in EPROM mode 

o : Same functions as M5L27256 

• MlTSUBlSHI 
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@ 
---------~GV 
----------~GV 
-----------~GV 
---------<G) 
-----------~GV 
-----------~@ 
----------~~ 
-----------~@ 

-------------<@ 
-----------~ 
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-------------~ ~ 

_
___ ~ Vee 

------------~ 
---------~~ 

-------------@ 
-----------IG!) 
------------,GV 
---------<@ 
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MITSUBISHI MICROCOMPUTERS 

M37424E8-XXXSP 
M37524E4-XXXSP 

PROM VERSION of M37424M8·XXXSP,M37524M4.XXXSP 

PROM READING AND WRITING 
Reading 
To read the PROM, set the CE and OE pins to a "L" level. 
Input the address of the data (Ao-AI4 ) to be read and the 
data will be output to the 1/0 pins 0 0-07• The data 1/0 pins 
will be floating when either the CE or OE pin is in the "H" 
state. 

Writing 
To write to the PROM, set the OE pin to a "H" level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ao-A14, and the data to be written is input to pins 0 0-

0 7. Set the CE pin to a "L" level to begin writing. 

Notes on Writing 
When using an PROM writer, the address range should be 
between 400016 and 7FFFI6• When data is written between 
addresses 000016 and 7FFFI6, fill addresses 000016 to 
3FFF16 with FFI6. 

Table 2. 1/0 signal in each mode 

Rln 
CE(61) OE(60) 

Mode 

Read-out V'L V'L 
Output disable V'L V ,H 
Programming V'L V ,H 
Programming verify V ,H V'L 
Program disable V ,H V ,H 

Note I V'L and V,H indicate a ··L" and ··W Input voltage, respectively 

NOTES ON HANDLING 
(1) Since a high voltage (12.5V) is used to write data, care 

should be taken when turning on the PROM writer's 
power. 

(2) The PROM of the blank or the one-time programmable 
version is not tested and screened aiter assembly. To 
ensure proper operation aiter writing, we recommend 
that the procedure shown below is used to verify prog
ramming. 

Writing with PROM writer 

Screening (Note)(150"C for 40 hours) 

Verification with PROM writer 

Functional check In target device 

Note ; The screening temperature is far higher than the 
storage temperature. Do not leave the microcompu
ter at 150"C for longer than 1 00 hours. 

Vpp(27) Vcc(1) 
Data 1/0 
(33 to 40) 

Vee Vee Output 

Vee Vee Floating 

Vpp Vee Input 

V pp Vee Output 

V pp Vee Floating 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP I·BIT CMOS MICROCOMPUTER 

MELPS 740 CPU CORE BASIC FUNcnONS 
Each series of the MELPS 740 Family uses the standard 
MELPS 740 instruction set. The functions of the MELPS 740 
CPU core are explained below. The multiply and divide in'
structions are not available in every microcomputer, and the 
clock control instructions differ in each microcomputer. For 
details, refer to the table of machine instruction or the func
tional explanation of each microcomputer. 

CENTRAL PROCESSING UNIT (CPU) INTERNAL 
REGISTERS 
The central processing unit (CPU) has the six registers. 

Accumulator (A) 
The accumulator is an a-bit register. Data operations such 
as data transfer, etc., are executed mainly through the 
accumulator. 

Index register X (X), Index register Y (V) 
Both index register X and index register Yare a-bit regis
ters. In the index addressing modes, the value of the 
OPERAND is added to the contents of register X or register 
Y and specifies the real address. 
These index registers also have increment, decrement, 
comparison, and data transfer functions to allow these reg
isters to take some of the functions of the accumulator. 
When the T flag in the processor status register is set to 

7 

I A 

7 

I X 

7 

I y 

7 

I S 

15 7 

I PCH I PCl 

7 

"1", the value contained in index register X becomes the 
address for the second OPERAND. 

Stack pOinter (S) 
The stack pOinter is an a-bit register used during sub
routine calls and interrupts. The stack is used to store the 
current address data and processor status when branching 
to subroutines or interrupt routines. 
The lower eight bits of the stack address are determined 
by the contents of the stack pointer. The upper eight bits of 

the stack address are determined by the Stack Page 
Selection Bit. If the Stack Page Selection Bit is "0", then 
the RAM in the zero page is used as the stack area. If the 
Stack Page Selection Bit is "1", then RAM in page 1 is 
used as the stack area. 
The Stack Page Selection Bit is located in the SFR area in 
the zero page. Note that the initial value of the Stack Page 
Selection Bit varies with each microcomputer type. Also 
some microcomputer types have no Stack Page Selection 
Bit and the upper eight bits of the stack address are fixed. 
The operations of pushing register contents onto the stack 
and popping them from the stack are shown in Fig. 2. 

Program counter (PC) 
The program counter is a 16-bit counter consisting of two 
a-bit registers PCH and PCL• It is used to indicate the 
address of the next instruction to be executed. 

0 

I Accumulator 

0 

I Index Register X 

0 

I Index Register Y 

0 

I Stack Pointer 

0 

I Program Counter 

0 

lNJvlTIBIDlllzlcl ProcessQr Status Register (PS) 

~CarryFlag 
Zero Flag 
Interrupt Disable Flag 
Decimal Mode Flag 
Break Flag 
Index X Mode Flag 
Overflow Flag 
Negative Flag 

Fig. 1 MELPS 740 CPU register structure 
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MELPS 740 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

I On-going Routine 

I ......... ·····1 
Interrupt Request __ 

(Note 1) 

I· ......... -1 
Execute JSR 

---, 
M (S) - (PCH ) I I········ ·····-1 

II 

I 
I I 

M (S) - (PCH ) 

I (S)-(S-l) 

I M (S) - (PCl ) 

I 
I Store 

I 
on 

Return Address 
Stack (Note 2) 

ddress l Store Return A 
on Stack (No 

(S)-(S-l) I : I (S)- (S-l) I te 2) 

I I I 
M (S) -(PCl ) I I 

I I 
I 

(S) - (S-1) I I I 

-l Subroutine f- I 
rl I 

I 
Execute RTS I 

I 

M (S)-(PS) 

(S)-(S-l) 

Interrupt 
Service Routine 

Execute RTI 

I Store 
Proce 

Contents of 
ssor Status 
er on Stack I Regist 

r- I Flag "0" to "1" 
Fetch the Jump 

Vector 

Restore R 
Addre 

eturn I (S)-(8+1) I I 
I I (S)-(8+1) I Resto re Contents of 

essor Status 
egister 

ss I , l (PCl ) - M (S) I Proc 
I I (PS)-M (S) I R 
I 

I (S)-(8+1) I I 
I I (S) - (S+1) I 

I (PCH ) - M (S) I I (PCl ) - M (S) j Resto r,e Return 
dress 

Note1: The condition to enable the interrupt - Interrupt enable bit is "I" 
Interrupt disable flag I. "0" 

I 
I 

(S)-(8+1) I 
(PCH ) -M (S) 

2 : When an interrupt occurs, the address of the next Instruction to be executed IS stored in 
the stack area When a subroutine is called, the address one before the next instruction 
to be executed IS stored In the stack area 

Ad 

Fig. 2 Register push and pop at interrupt generation and subroutine call 

Table 1. Push and pop instructions of accumulator or processor status register 

Push Instruction to stack Pop instruction from stack 

Accumulator PHA PLA 

Processor status register ' PHP ,PLP 
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Processor status register (PS) 
The processor status register is an 8-bit register consisting 
of flags which indicate the status of the processor after an 
arithmetic operation. Branch operations can be performed 
by testing the Carry (C) flag, Zero (Z) flag, Overflow (V) 

flag, or the Negative (N) flag. In decimal mode, the Z, V, N 
flags are not valid. 

After reset, the Interrupt disable (I) flag is set to "1", but all 
other flags are undefined. Since the Index X mode (T) and 
Decimal mode (D) flags directly affect arithmetic opera
tions, they should be jnitialized in the beginning of a 
program. 
(1) Carry flag (C) 

The C flag contains a carry or borrow generated by the 
arithmetic logic unit (ALU) immediately after an arith
metic operation. It can also be changed by a shift or 
rotate instruction. 

(2) Zero flag (Z) 

The Z flag is set if the result of an immediate arithme
tic operation or a data transfer is "0", and cleared if the 
result is anything other than "0". 

(3) Interrupt disable flag (I) 
The I flag disables all interrupts except for the interrupt 

generated by the BRK instruction. 
Interrupts are disabled when the I flag is "1". 
When an interrupt occurs, this flag is automatically set 
to "1" to prevent other interrupts from interfering until 
the current interrupt is serviced. 

(4) Decimal mode flag (D) 
The D flag determines whether additions and subtrac

tions are executed in binary or decimal. Binary arith
metic is executed when this flag is "0"; decimal arith
metic is executed when it is "1 ". Decimal correction is 
automatic in decimal mode. Only the ADC and SBC in
structions can be used for decimal arithmetic. 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP S·BIT CMOS MICROCOMPUTER 

(5) Break flag (B) 

The B flag is used to indicate that the current interrupt 
was generated by the BRK instruction. The BRK flag in 

the processor status register is always "0". When the 
BRK instruction is used to generate an interrupt, the 
processor status register is pushed onto the stack with 
the break flag set to "1". The saved processor status is 
the only place where the break flag is ever set. 

(6) Index X mode flag (T) 
When the T flag is "0", arithmetic operations are per
formed between accumulator and memory, e.g. the re
sults of an operation between two memory locations is 

stored in the accumulator. When the T flag is "1", direct 
arithmetic operations and direct data transfers are en
abled between memory locations, i.e. between memory 
and memory, memory and I/O, and I/O and I/O. In this 
case, the result of an arithmetic operation performed 
on data in memory location 1 and memory location 2 is 
stored in memory location 1. The address of memory 

location 1 is specified by index register X, and the 
address of memory location 2 is specified by normal 
addressing modes. 

(7) Overflow flag (V) 

The V flag is used during the addition or subtraction of 
one byte of signed data. It is set if the result exceeds 

+ 127 to -128. When the BIT instruction is executed, 
bit 6 of the memory location operated on by the BIT in
struction is stored in the overflow flag. 

(8) Negative flag (N) 

The N flag is set if the result of an arithmetic operation 
or data transfer is negative. When the BIT instruction is 
executed, bit 7 of the memory location operated on by 
the BIT instruction is stored in the negative flag. 

Table 2. Set and clear instructions of each bit of processor status register 

I C flag Z flag I 
I Set instruction SEC - I 
I Clear instruction ClC - I 

I flag I D flag 

SEI I SED 

Cli I ClD 

• MITSUBISHI 
"'B..ECTRIC 

I 
I 
I 

B flag I T flag I V flag I N flag I 
- I SET I - I - I 
- I ClT J ClV I - I 

4-5 



ADDRESSING MODE 
The MELPS 740 Family has 17 addressing modes and a 
powerful memory access capability. 
When extracting data required for arithmetic and logic op
erations from memory or when storing the results of such 
operations in memory, a memory address must be speci
fied. The specification of the memory address is called 
addressing. The MELPS 740 Family instructions can be 
classified as 1-byte, 2-byte, and 3-byte instructions. In 
each case, the first byte is known as the OPCODE which 
forms the basis of the instruction. A second or third byte is 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

·SINGLE.CHIP a·BIT CMOS MICROCOMPUTER 

called an OPERAND which affects the addressing. The 
contents of index registers X and Y can also effect the 
addressing. 
Although there are many addressing modes, there is always 
a particular memory location specified. What differs is 
whether the operanq, the index register contents, or a com
bination of both should be used to specify the memory or 
jump destination. Based on these 3 types of instructions, 
the range of variation is increased and operation is en
hanced by combinations of the bit operation instructions, 
jump instruction, and arithmetic instructions. 

I-byte instruction 2-byte Instruction 3-byte Instruction Index registers - Ii X 
Op code 

I Operand I I ... 

Fig. 3 Instruction byte configuration 
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Name : Immediate addressing mode 
Function : The OPERAND follows im-

mediately after the OPCODE. 
Instructions: ADC, AND, CMP, CPX, CPY, 

EOR, LDA, LDX, LDY, ORA, 
SBC 

Example : Mnemonic 
ADC #$A5 

Machine code 
6916 A516 

Name : Accumulator addressing mode 
Function : The operation is performed on 

the accumulator. 
Instructions : ASL, DEC, INC, LSR, ROL, 

ROR 
Example : Mnemonic 

ROL A 
Machine code 
2A16 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Memory -

OPCODE (69,.) 

A-A+C+8 OPERAND (A5,.) 

L[} 
Carry flag 

-

Bit7 OO"~ 
r-"T----r--~ __ I ~~ 

Accumulator 
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Name : Zero page addressing mode 
Function : The operation is performed in 

zero page memory (00,6 to 

FF'6) 
Instructions: ADC, AND, ASL, BIT, CMP, 

COM, CPX, CPY, DEC, EOR, 
INC, LDA, LDM, LDX, LDY, 
LSR, ORA, ROL, ROR, RRF, 
SBC,STA,STX,STY,TST 

Example : Mnemonic Machine code 

65'6 02'6 ADC $02 

Name : Zero page X addressing mode 
Function : The operation is performed on 

the zero page memory location 
whose address is specified by 
adding the OPERAND to the 
contents of index register X. 

Instructions : ADC, AND, ASL, CMP, DEC, 
DIV, EOR, INC, LDA, LDY, 
LSR, MUL, ORA, ROL, ROR, 
SBC,STA,STY 

Example : Mnemonic 
ADC $1E,X 

4-8 

Machine code 

75'6 1E'6 
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SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

Memory 

DO,. 

Zero page 

A-A+C+ I Data 1- 02," 

A-A+C+I Data 1-

--- -----

OPCODE (65,.) 

OPERAND (02,.) 

v---. 

Memory 

DO,. 

Data 04,. 

~-------
FF,. 

FF,. 

Zero page 
speCification 

Zero page 

Zero page X 
specification 

Contents of 
index register X 

OPCODE (75,.) 

OPERAND (1 E,.) 

-V ----
+ ck- 1 

W 

t 
Ignored 



Name : Zero page Y addressing mode 
Function : The operation is performed on 

the zero page memory location 
whose address is specified by 
adding the OPERAND to the 
contents of index register X. 

Instructions : LOX, STX 
Example : Mnemonic Machine code 

B6'6 02'6 LOX $02,Y 

Name : Absolute addressing mode 
Function : The operation is performed on 

the memory whose address is 
specified by first and second 
OPERAND. 

Instructions : ADC, AND, ASL, BIT, CMP, 
CPX, CPY, DEC, EOR, INC, 
JMP, JSR, LOA, LOX, LOY, 
LSR, ORA, ROL, ROA, SBC, 
STA,STX, STY 

Example : Mnemonic 
AOC $AD12 

Machine code 

60'6 12;6 A016 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP 8.BIT CMOS MICROCOMPUTER 

;> 

Memory 
00,. 

Data 
Zero page 

E8,. ~I-----' 

FF,. -------

OPCODE (B6,.) 

OPERAND (02,.) 

-

-

Contents of , 
index register Y 

+~ 

Memory 

~ -
OPCODE (60,.) 

OPERAND I (12,.) 

OPERAND IT (AD,.) 

Zero page Y 
specification 

}-----, 
Absolute 
specification 

A-A+C+ 1 Data 1- Data AD12,. 

...... -
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Name 
Function 

: Absolute X addressing mode 
: The operation is performed on 

the memory location whose 
address is specified by adding 
the contents of index register X 
to the value indicated by the 
first and second OPERAND. 

Instructions: ADC, AND, ASL, CMP, DEC, 
EOR, INC, LDA, LDY,LSR, 
ORA,ROL,ROR,SBC,STA 

Example : Mnemonic Machine code 

Name 
Func;:tion 

ADC $AD12,X 7D16 1216 AD16 

: Absolute Y addressing mode 
: The operation is performed on 

the memory location whose 
address is specified by adding 
the contents of index register Y 
to the value indicated by the 
first and second OPERAND. 

Instructions : ADC, AND, CMP, EOR, LDA, 
LDX,ORA,SBC,STA 

Example : Mnemonic Machine code 
ADC $AD12,Y 7916 1216 AD16 
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SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

Memory -
OPCODE (70,.) 

OPERAND I (12,.) 

OPERAND IT (AD,.) 

A-A+C+~~ Data 

I" 

Memory 
,,-

OPCODE (79,.) 

OPERAND I (12,.) 

OPERAND IT (AD,.) 

::: 

A-A+C+ 1 Data 1-- Data 

-

Contents of 
index register X 

} + ~ ~.-----. 
Absolute X 

specification 

AEOO,. ~ ___ --l 

Contents of 
index register Y 

t 
} + ~ ~ '------r--' 

;; 

Absolute Y 
specification 

AEOO,. _----' 



Name : Implied addressing mode 
Function : Implied addressing mode op-

erations need no OPERAND. 
Instructions : BRK, ClC, ClD, CLI, Cl T, 

ClV, DEX, DEY, FST, INX, INY, 
NOP, PHA, PHP, PlA, PlP, 
RTI, RTS, SEC, SED, SEI, SET, 
SlW, STP, TAX, TAY, TSX, 
TXA, TXS, TYA, WIT 

Example : Mnemonic 
ClC 

Machine code 
1816 

Name : Relative addressing mode 
Function : Conditionally jumps to the 

address produced by adding 
the Program Counter to the 
OPERAND. 

Instructions: BCC, BCS, BEQ, BMI, BNE, 
BPl,BRA,BVC,BVS 

Example : Mnemonic Machine code 
BCC *-12 9016 F216 

MITSUBISHI MICROCOMPUTERS 
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PS 

PS 

Jumps to * -12 address when 
carry flag (C) is cleared. 

Memory 

-
OPCODE to be 

executed next 

OPCODE (90,.) * 
OPERAND (F2,.) 

-.... 

c 

? 

j 
o 

Carry flag reset 

Proceed to next address when 
carry flag(C) is set. 

Memory 

OPCODE (90,.) * 
OPERAND (F2,.) 

OPCODE to be 
executed next 

~ 
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Name 
Function 

: Indirect X addressing mode 
: The operation is performed on 

the memory location indicated 
by the contents of two con
secutive bytes in zero page 
memory whose first address is 
specified by adding the OPER
AND and the contents.of index 
register X. 

Instructions: ADC, AND, CMP, EOR, LOA, 
ORA, SBC, STA 

Example : Mnemonic Machine code 

ADC ($1E,X) 61'6 1E'6 

Name : Indirect Y addressing mode 
Function : The operation is performed on 

the memory location indicated 
by adding the contents of index 
register Y to the contents of 

two consecutive bytes in zero 
page memory whose first 
address is specified by the 
OPERAND. 

Instructions: ADC, AND, CMP, EOR, LOA, 
ORA,SBC,STA 

Example : Mnemonic Machine code 

AOC ($1E),Y 71'6 1E'6 

4-12 

Zero page 
indirect 
specificatio 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

n 

Memory 

{ Datal (00,.) 

DataTI (14,.) 

~-------. 

OPCODE (61,.) 

OPERAND (lE16 ) 

~ Data 

~ 

~ 

00,. 

04,. 

05,. 

FF,. 

Zero page 

Zero page X 
indirect 
specification 

Contents of 
index register X 

+~~1 
f 

Ignored 

1400,. 

In this example, data I (00,6) and data II (14,6) have been 
stored beforehand. 

Memory 

~ Data I (01,.) 

DataTI (12,.) 

~-------. 

OPCODE (71,.) 

'--- OPERAND (lE,.) 

~ 

00,. 

1 

1 

E,. 
F,. 

FF,. 

~ 

Zero page 

'-----' + ~ ='--.----> 

Contents of 
index register Y 

Absolute Y specification 

Data ~ Data 12E7,. 

-
In this example, data I (01,6) and Data II (12,6) have been 
stored beforehand. 



Name 

Function 

: Indirect absolute addressing 
mode 

: Jumps to the location specified 
by the contents of two consecu
tive bytes whose first address is 
specified by the first and 
second OPERAND. 

Instructions: JMP 
Example : Mnemonic Machine code 

6C'8 00'8 14'6 

Name 

Function 

JMP ($1400) 

: Zero page indirect absolute 
addressing mode 

: Jumps to the location specified 
by the contents of two con
secutive bytes in zero page 
memory whose first address is' 
specified by the OPERAND. 

Instructions : JMP, JSR 
Example : Mnemonic 

JMP ($05) 
Machine code 

B2'6 05'6 

Indirect 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

Memory 

OPCODE (6C,.) 

OPERAND I (00,.) 

OPERAND IT (14 .. ) 
Jump 

*----~ 
specification [ 

Datal (FF,.) 

DataIT (1E,.) 

Address to be 
executed next 

-". ----In this example, FF'6 as data I and 1 E'6 as data II have been 
stored beforehand. 

Zero page 
indirect 
specification 

r-

'---

Memory 

Datal (FF,.) 

DataIT (1E18 ) 

--------

OPCODE (B2,.) 

OPERAND (05,.) 

Address to be 
executed next 

,.... -

DO,. 

05,. } 
06,. 

FF,. 

... 

)"m. 
1EFF,. 

Zero page 

Absolute 
specification 

In this example, FF'6 as data I and 1 E'6' as data II have been 
stored beforehand. 
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Name 

Function 

: Zero page bit addressing 
mode 

: The operation is performed on 
the bit (specified by the three 
high order bits of the OPCODE), 
on the zero page memory loca
tion specified by the OPERAND. 

Instructions : CLB, SEB 
Example : Mnemonic Machine code 

BF16 0416 

Name 

Function 

CLB 5,$04 

: Zero page bit relative address
ing mode 

: Conditionally jumps to the 
address specified by adding 
the second OPERAND to the 
program counter, depending on 
the bit (specified by the three 
higher order bits of the 
OPCODE) in the zero page 
memory location specified by 
the first OPERAND. 

Instructions : BBC, BBS -
Example 

4--,-14 

: Mnemonic 
BBC 5,$04,*-12 

Machine code 
87 •• 04 •• Fl •• 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

Zero page 
specification 

~ 

-

Memory 

Bit5 

I? I 

r---------
~ 

Bit 
specification , 

OPCODE 

101 I 11111 

OPERAND (04 •• ) - -
I 

00 •• } 

04 •• 

FF16 

Zero page 

04 •• 

Jump to * - 12 address when 
0416 address bit 5 is cleared. 

Advance to * +3 address when 
04,6 address bit 5 is set. 

Memory 

Blt5 

,.. 1 0 1 

:5 ---------
jij 

" .;: 
;:; 

" Address to be Co 

'" executed next 

" 0> 

'" Co 

e 
" N 81t 

specification , 
OPCODE 

101 I 10111 

'-- OPERAND 1(04 •• ) 

OPERAND n(Fl •• ) 

-,., 
~ 

04.. Zero page 

00,0] 

FF •• 

* 

Zero page 
specification 

r-

'--

Memory 
00 •• 

81t5 

11 I 04,. 

FF,. 
--------

81t 
specification 

t 
OPCODE 

1 01 I 1 0111 * 
OPERAND 1(04 •• ) 

OPERAND n(F1,.) 

Address to be 
executed next - "'--



Name 

Function 

: Accumulator bit addreSSing 
mode 

: The operation is performed on 
the bit in the accumulator 
which is specified by the three 
high order bits of the OPCODE. 
There is no OPERAND. 

Instructions: CLB, SEB 
Example 

Name 

Function 

: Mnemonic 
CLB 5,A 

Machine code 
BB16 

: Accumulator bit relative ad
dressing mode 

: Conditionally jumps to the 
aQdress produced by adding 
the OPERAND to the program 
counter, depending on the bit 
in accumulator (specified by 
the high order three bits of the 
OPCODE). 

Instructions : BBC, BBS 
Example : Mnemonic 

BBe 5,A,*-12 
Machine code 
B316 F216 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

Bit5 

Accumulator 

Memory -Bit 
specification 

t 
10'1"0" 

OPCODE 

I 
Bit5 

Accumulator I I 0 I 

When accumulator bit 5 is 

cleared 

Bit5 

Accumulator 1 ..... ...11..;0;..\1 ____ .... 

Jump to * -12 address 

Memory 

Address ~x~~uted next * - 1 2 

Bit 
specification 

• OPCODE 

1 01 10011 * 1---.1.-----1 
OPERAND (F2,.) 

When accumulator bit 5 is set 

Bit5 

Accumulator &,,1_..1.1..;,1 ... 1 ___ ....... 

Jump to * +2 address 

Memory 

r-
Bit 
specification 

• OPCODE 

1 01 1 10011 * 
OPERAND (F216 ) 

Address to be 
executed nest 

" ----

4-15 



Name 
Function 

: Special palle addressing mode 
: Jumps to the specified address 

in the special page area. The 
lower eight bits are specified 
by the OPERAND and the up
per eight bits are defined by 
the special page (see Note 1). 

Instructions : JSR 

Example : Mnemonic Machine code 
JSR "'-$FFEO 22'6 EO,. 

Notel: Note that the special page is defined as the highest address

able 256 bytes of any given microcomputer and may be 

"FF,.", "1 F,.", "2F,.", etc 

4-16 

MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP S·BIT CMOS MICROCOMPUTER 

Memory 

OPCODE (22,.) 

OPERAND (EO,.) , 

Address to be 
executed next 

* 

(Note 1 ) 
FFOO,. 

(Note 1 ) 

FFEO,. 

(Note 1 ) 

FFFF,. 

Special page 
specification 

Special 
page 



MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

LIST OF INSTRUCTION CODES 

0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

3 5 

ORA JSR BBS ORA 
0000 

ZP 

ORA 
0001 

0010 

0011 

0100 

0101 5 

0110 6 

0111 7 

1000 S 

1001 9 

1010 A 

1011 B 

1100 C 

1101 D 

1110 E 

1111 F 

Note Support of these instructions depends on the microcomputer type 

1 nstrucllon Supported In the follOWing microcomputer types 

FST 
M50740A-XXXSP, M50740ASP, 

SLW 
M50741-XXXSP, M50752-XXXSP, 

M50757 -XXXSP, M5075S-XXXSP 

MUL 
Series 7 450, ~erles 38000, 

DIV 
M37424M8-XXXSP, 

M37524M4-XXXSP 

Instruction 

WIT 

STP 

A B c D E F 

ORA ASL SEB 

Not supported In the follOWing microcomputer types 

M50740A-XXXSP, M50740ASP, 

M50741-XXXSP, M50752-XXXSP, 

M50757-XXXSP, M5075S-XXXSP 

M50752-XXXSP, M50757-XXXSP, 

M50758-XXXSP, M37424MS-XXXSP, 

M37524M4-XXXSP 

Q 
o 
o 

3-byte instruction 

2-byte instruction 

I-byte Instrucllon 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP a·BIT CMOS MICROCOMPUTER 

MACHINE INSTRUCTIONS 

Addressing mode 

Symbol Function Details IMP IMM A BIT,A ZP BIT,ZP 

OP n :11= OP n :11= OP n :11= OP n :11= OP n :11= OP n :11= 

ADC When T=O Adds the carry, accumulalor and memory c,,"- 69 2 2 65 3 2 
(Note 1) A-A+M+C tents. The results are entered into the accumu-
(Note6) lator. 

When T=I Adds the contents 01 the memory In the 
M (X) -M (X) +M+C address indicated by Index register X, the con .. 

tents of the memory specIfIed by the addres-
sing mode and the carry The results are en-

tered mto the memory at the address Indicated 

by index register X 

AND When T=O "AND's" the accumulator and memory contents 29 2 2 25 3 2 
(Note 1) A-AAM The results are entered Into the accumulator 

" AND's" the contents of the memay cI the address 

When T=I ondlCated by Index regIster X end the contents cI the 
M (X) -M (X) AM memooy specified by the addressIng mcde The re-

sults are entered Into the memooy at the address In-
dICated by Index regIster X 

ASL 7 0 Shifts the contents of accumulator or contents of OA 2 1 06 5 2 
C-C=:J-O memory one bIt to the left The low order bIt of 

the accumulator or memory IS cleared and the 
hIgh order bIt IS shIfted Into the carry flag 

BBC Ab,or Mb=O? Branches when the contents of the bIt specIfied 

~ 4 2 V 5 3 
(Note 4) In the accumulator or memory is "0" 2i 

BBS Ab or Mb-I? Branches when the contents of the bit spec~led 

~ 4 2 ~ (Note 4) In the accumulator or memory IS '" 'I 
5 3 

BCC C-O? Branches when the contents of carry flag IS "0" 

(Note 4) 

BCS C-I? Branches when the contents of carry flag IS "1" 

(Note 4) 

BEQ Z=I? Branches when the contents of zero flag IS "1" 

(Note 4) 

BIT AAM "AND's" the contents of accumulator and mem- 24 3 2 
ory The results are not entered anywhere 

BMI N-I? Branches when the contents of negative flag IS 

(Note 4) "1" 

BNE Z-O? Branches when the contents of zero flag IS "0" 

(Note4) 

BPL N-O? Branches when the contents of negative flag IS 

(Note4) "0" 

BRA PC-PC±offset Jumps to address specIfIed by adding offset to 
the program counter 

BRK B-1 Executes a software Interrupt 00 7 1 
M(S)-PCH 
S-S-I 
M(S)-PCL 
S-S-I 
M(S)-PS 
S-S-I 

PCL-ADL 
PCH-ADH 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Addressing mode Processor status register 

ZP,X ZP,Y ABS ABS,X ABS,Y INO ZP,INO INO,X INO,Y REL SP 7 6 5 4 3 2 1 0 

OP n # OP n # OP n # OP n # OP n # OP n # OP n # OP n # OP n # OP n # OP n # N V T B 0 I Z C 

75 4 2 604 3 70 5 3 79 5 3 61 6 2 71 6 2 N V · · · · Z C 

35 4 2 20 4 3 3D 5 3 39 5 3 21 6 2 31 6 2 N · · · · · Z · 

16 6 2 OE 6 3 1E 7 3 N · · · · · Z C 

· · · · · · · · 
· · · · · · · · 

90 2 2 · · · · · · · · 
60 2 2 · · · · · · · .> 

FO 2 2 · · · · · · · · 
2C 4 3 M7 Me · · · · Z · 

30 2 2 · · · · · · · · 
DO 2 2 · · · · · · · · 
10 2 2 · · · · · · · · 
80 4 2 · · · · · · · · 

· · · 1 · 1 · · 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

Addressing mode 

Symbol Function Details IMP IMM A BIT.A ZP BIT.ZP 

OP n # OP n # OP n # OP n # OP n # OP n # 
BVO V=O? Branches when the contents of overflew flag Is 

(Note 4) "0" 

BV8 V=l? Branches when the contents of overflow flag is 

(Note4) "1" 

OlB Ab or Mb-O Clears the contents of the bit speCified In the ~2 1 ¥ 5 2 
accumulator or memory to 110 " 

OlO 0-0 Clears the contents of the carry flag to lib" 18 2 1 

OLD 0-0 Clears the contents of' declm~1 mode flag to 082 1 
"0." 

Oll 1-0 Clears the contents of Interrupt disable flag to 58 2 1 
"0" 

OlT T-O Clears the contents of Index X mode flag to "0 " 12 2 1 

OlV V-O Clears the contents overflow flag to 140 II B8 2 1 

OMP When T=O Compares the cootents of accumulator and 092 2 053 2 
(Note 3) A-M memory 

When T=l ,Compares the contents of the memory speCl-

M(X)-M fled by the addressing mode with the contents 
of the address Indicated by Index register X 

OOM M-M Forms a one's complement of the contents of 44 5 2 
memory, and stores it into memory 

OPX X-M Compares the contents of Index register X and ED 2 2 E4 3 2 
memory. 

OPY Y-M Compares the contents of index register Y and 002 2 043 2 
memory 

DEO A-A-l or Decrements the contents of the accumulator or lA 2 1 065 2 
M-M-l memory by1 

DEX X-X-l Decrements the contents of mdex register X by CA 2 1 

1 

DEY Y-Y-l Decrements the contents of index register Y by 88 2 1 
1 

DIV A-(M(zz+X+ 1). DIVides the 16-blt data that IS the contents of 

(Note 5) M(zz+X»/A M(zz+x+ll for high byte and the contents of 

M (8) - l's comple- M (zz + x) for low byte by the accumqlator 

ment of Remainder Stores the quotient m the accumulator and the 

8-8-1 I's complement of the remainder on the stack 

EOR When T=O uExcluslve-ORs" the contents of accumulator 49 2 2 45 3 2 
(Note 1) A-PNM and memory The results are stored In the 

accumulator. 

When T=l "Excluslve-ORs" the contents of the memory 

M (X) -M (X)¥M speCified by the addressing mode and the con-
tents of the memory at the address indicated by 
Index register X The results are stored into the 
memory at the address Indicated by Index reg-
IsterX. 

F8T Connects OSCillator output to the XoUTF pin E2 2 1 
(Note 5) 

INO A-A+lor Increments the contents of accumulator or 3A 2 1 E6 5 2 
M-M+l memory by1 

INX X-X+l Increments the contents of Index register X by E8 2 1 
1 

INY Y-Y+l Increments the contents of Index register Y by 08 2 1 
1 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP a·BIT CMOS MICROCOMPUTER 

Addressing mode Processor status register 

ZP.X ZP.Y ABS ABS.X ABS.Y IND ZP.IND IND.X IND.Y REL SP 7 6 5 4 3 2 1 0 

OP n :II: OP n :II: OP n :II: OP n :II: OP n :II: OP n :II: OP n :II: OP n :II: OP n :II: OP n :II: OP n :II: N V T B D I Z C 

50 2 2 · · · · · · · · 
70 2 2 · · · · · · · · 

· · · · · · · · 
· · · · · · · 0 

· · · · 0 · · · 
· · · · · 0 · · 
· · 0 · · · · · 
· 0 · · · · · · 

D54 2 CD 4 3 DD 5 3 D95 3 C1 6 2 D1 6 2 N · · · · · Z C 

N · · · · · Z · 
EC 4 3 N · · · · · Z C 

CC 4 3 N · · · · · Z C 

D6 6 2 CE 6 3 DE 7 3 N · · · · · Z · 
N · · · · · Z · 
N · · · · · Z · 

E216 2 · · · · · · · · 

55 4 2 4D 4 3 5D 5 3 59 5 3 41 6 2 51 6 2 N · · · · · Z · 

· · · · · · · · 
F6 6 2 EE 6 3 FE 7 3 N · · · · · Z · 

N · · · · · Z · 
N · · · · · Z · , 
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Symbol Function 

JMP If addressing mode is ABS 
PCL-ADL 
PCH-ADH 
If addressing mode is INO 
PCL -M (ADH, ADL) 
PCH-M (ADH, ADL +1) 
If addressing mode is ZP, INO 
PCL -M (00, ADL) 
PCH-M(OO, ADL+O 

JSR M(S)-PCH 
S-S-1 
M(S)-PCL 
S-S-1 
After executing the above, 
if addressing mode is ABS, 

PCL-ADL 
PCH-ADH 
If addressing mode is SP, 
PCL-ADL 
PCH-FF 
If addressing mode is ZP, IND, 
PCL -M (00, ADL) 

PCH-M(OO, ADL+O 

LDA When T=O 
(Note 2) A-M 

When T=l 
M(X)-M 

LDM M-nn 

LDX X-M 

LDY Y-M 

LSR 7 a 
0~c:::J~ C 

, 

MUL M(S) 'A~AXM(zz+X) 
(Note5) S--S- I 

NOP PC-PC+l 

ORA When T=O 
(Note 1 ) A-AVM 

When T=l 
M (X) -M (X) VM 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

Details IMP 

OP n 

Jumps to the speclfted address 

After storrng contents of program count~r In 

stack, and Jumps to the specified address 

Load accumulator with contents of memory 

Load memory mdlcated by mdex register X with 

contents of memory specified by the addres-

smg mode 

Load memory with Immediate value 

Load mdex register X with contents of memory 

Load mdex register Y with contents of memory 

Shift the contents of accumulator or memory to 

the fight by one bit 

The low order bit of accumulator Or memory IS 

stored In carry, 7th bit IS cleared 

Multiplies the accumulator with the contents of 

memory specified by the zero page X addres-

sing mode and stores the high byte of the result 

on the stack and the low byte In the accumu-

lator 

No operation EA 2 

"Logical OR's" the contents of memory and 

accumulator The result is stored In the accu-

mulator 

"Logical OR's" the contents of memory Indl-

cated by mdex register X and contents of mem-

ory specified by the addressmg mode The re-

sult is stored In the memory specified by Index 

register X 

• MlTSUBlSHI 
""ELECTRIC 

IMM 

:1=1= OP n 

A9 2 

A2 2 

AO 2 

I 

09 2 

Addressing mode 

A BIT,A ZP BIT,ZP 

:1=1= OP n :1=1= OP n :1=1= OP n :1=1= OP n # 

2 A5 3 2 

3C 4 3 

2 A6 3 2 

2 A4 3 2 

4A 2 I 46 5 2 

2 05 3 2 



MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Addressing mode Processor status register 

ZP,X ZP,Y ABS ABS,X ABS,Y INO ZP,INO INO,X INO,Y REL SP 7 6 5 4 3 2 1 0 

OP n ;!: OP n ;!: OP n ;!: OP n ;!: OP n ;!: OP n ;!: OP n ;!: OP n ;!: OP n ;!: OP n ;!: OP n ;!: N V T B 0 I Z C 

4C 3 3 6C 5 3 B2 4 2 · · · · · · · · 

20 6 3 02 7 2 22 5 2 · · · · · · · · 

B5 4 2 AD 4 3 Be 5 3 B9 5 3 A1 6 2 B1 6 2 N · · · · · Z · 

· · · · · · · · 
B6 4 2 AE 4 3 BE 5 3 N · · · · · Z · 

B4 4 2 jAc 4 3 BC 5 3 N · · · · · Z · 
56 6 2 4E 6 3 5E 7 3 0 · · · · · Z C 

62 15 2 · · · · · · · · 

· · · · · · · · 
15 4 2 00 4 3 10 5 3 19 5 3 01 6 2 11 6 2 N · · · · · Z · 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

Addressing mode 

Symbol Function Details IMP IMM A SIT,A ZP SIT,ZP 

OP n # OP n # OP n # OP n # OP n # OP n # 
PHA M(S)-A Saves the contents of the accumulator In memory 48 3 1 

S-S-1 at the address indicated by the stack pOinter and 

decrements the contents of stack pOinter by 1 

PHP M(S)-PS Saves the contents of the processor status reg- 08 3 1 
S-S-1 Ister In memory at the address Indicated by the 

stack pOinter and decrements the contents of 

the stack pOinter by 1 

PLA S-S+1 Increments the contents of the stack pomter by 1 68 4 1 
A-M(S) and restores the accumulator from the memory at 

the address Indicated by the stack pOinter 

PLP S-S+1 Increments the contents of stack pOInter by 1 and 28 4 1 
PS-M(S) restores the processor status register from the mern-

cry at the address Indicated by the stack pOInter 

ROL 7 0 Shifts the contents of the memory or accumula- 2A 2 1 26 5 2 
CC::::HQ):I tor to the left by one bit The high order bit IS 

shifted IOta the carry flag and the carry flag IS 

shifted mto the low order brt 

ROR 7 0 Shifts the contents of the memory or accumula- 6A 2 1 66 5 2 
C[Q]-r:=J:J tor to the nght by one bit The low order brt IS 

shifted IOta the carry flag and the carry flag IS 

shifted Into the high order bit 

RRF 7 0 Rotates the contents of memory to the nght by 4 82 8 2 

~ bits 

RTI S-S+1 Returns from an interrupt routine to the main 40 6 1 
PS-M(S) routme 

S-8+1 
PCL-M(S) 
S-S+1 
PCH-M(S) 

RTS S-8+1 Returns from a subroutrne to the main routine 60 6 1 
PCL-M(S) 
S-S+1 
PCH-M(S) 

SSC When T=O Subtracts the contents of memory and comple- E9 2 2 E5 3 2 
(Note 1) A-A-M-C ment of carry flag from the contents of accumula-

(Note6) tor The results are stored IOta the accumulator 

When T=1 Subtracts contents of complement of carry flag 

M(X)-M(X)-M-C and contents of the memory mdlcated by the 

addressing mode from the memory at the 
address indicated by Index register X The re-

sults are stored Into the memory of the address 

mdicated by Index register X 

SES Ab or Mb-1 Sets the specified bit In the accumulator or 0-l? 2 1 Of 5 2 
memory to "1 " 2; 2; 

SEC C-l Sets the contents of the carry flag to "1 " 38 2 1 

SED D-l Sets the contents of the decimal mode flag to F8 2 1 
"I" 

SEI 1-1 Sets the contents of the Interrupt disable flag to 78 2 1 
"I" 

SET T-l Sets the contents of the Index X mode flag to 32 2 1 
"I" 

SLW Disconnects the OSCIllator output from the XOUTF C2 2 1 
(Note 5) pm 

4-24 



MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP S.BIT CMOS MICROCOMPUTER 

Addressing mode Processor status register 

Z~,X ZP,Y ABS ABS,X ABS,Y INO ZP,INO INO,X INO,Y REL SP 7 6 5 4 3 2 1 0 

OP n # OP n # OP n # OP n # OP n # OP n # OP n # OP n # OP n # OP n # OP n # N V T B 0 I Z C 

· · · · · · · · 

· · · · · · · · 

N · · · · · Z · 

(Value saved in stack) 

36 6 2 2E 6 3 3E 7 3 N · · · · · Z C 

76 6 2 6E 6 3 7E 7 3 N · · · · · Z C 

· · · · · · · · 
(Value saved In stack) 

· · · · · · · · 

F5 4 2 EO 4 3 FO 5 3 F9 5 3 El 6 2 Fl 6 2 N V · · · · Z C 

· · · · · · · · 
· · · · · · · 1 

· · · · 1 · · · 
· · · · · 1 · · 
· · 1 · · · · · 
· · · · · · · · 
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Symbol 

STA 

STP 
(Note 5) 

STX 

STY 

TAX 

TAY 

TST 

TSX 

TXA 

TXS 

TYA 

WIT 
(Note 5) 

Note 1 
2 
3 
4 
5 

6 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP S.BIT CMOS MICROCOMPUTER 

Function Details 

M-A Stores the contents of accumulator In memory. 

Stops the oscillator 

M-X Stores the contents 01 index register X In 
memory 

M-Y Stores the contents 01 index register Y In 
memory 

X-A Transfers the contents of the accumulator to Inw 

dex register X 

V-A Translers the contents 01 the accumulator to In-
dex register Y 

M-O? Tests whether the contents of memory are "0" 

or not 

X-S Transfers the contents 01 the stack pointer to In-
dex register X 

A-X Transfers the contents of mdex register X to the 
accumulator. 

S-X Transfers the contents 01 Index register X to the 
stack pomter. 

A-Y Transfers the contents of Index register Y to the 
accumulator 

Stops the Internal clock 

The number of cycles un" Is increased by 3 when T is 1. 
The number of cycles un" Is Increased by 2 when T is 1. 
The number of cycles un" is increased by 1 when T is 1. 
The number of cycles un" is Increased by 2 when branching has occurred. 
Support of these Instructions depends on the microcomputer type 

Instruction Supported in the following microcomputer types 

FST 
M50740A-XXXSP, M50740ASP, 
M50741-XXXSP, M50752-XXXSP, 

SLW M50757-XXXSP, M50758-XXXSP 

MUL 
Series 7450, Series 38000, 
M37424M8-XXXSP, 

DIV M37524M4-XXXSP 

Instruction .Not supported in the following microcomputer types 

M50740A-XXXSP, M50740ASP, 
WIT M50741-XXXSP, M50752-XXXSP, 

M50757-XXXSP, M50758-XXXSP 

M50752-XXXSP, M50757 -XXXSP, 
STP M50758-XXXSP, M37424M8-XXXSP, 

M37524M4-XXXSP 

N, V, and Z flags are invalid," decimal operation mode. 

Addressing mode 

IMP IMM A BIT,A ZP BIT,ZP 

OP n # OP n # OP n # OP n # OP n # OP n # 
85 4 2 

42 2 1 

86 4 2 

84 4 2 

AA 2 1 

A8 2 1 

64 3 2 

BA 2 1 

8A 2 1 

9A 2 1 

98 2 1 

C22 1 



MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP S·BIT CMOS MICROCOMPUTER 

Addressing mode Processor status register 

ZP,X ZP,Y ABS ABS,X ABS,Y INO ZP,INO INO,X INO,Y REL SP 7 6 5 4 3 2 1 0 

OP n ;1: OP n ;1: OP n ;1: OP n ;1: OP n ;1: OP n ;1: OP n ;1: OP n ;1: OP n ;1: OP n ;1: OP n ;1: N V T B 0 I Z C 

95 5 2 80 5 3 90 6 3 99 6 3 81 7 2 91 7 2 · · · · · · · · 
· · · · · · · · 

96 5 2 8E 5 3 · · · · · · · · 
94 5 2 8C 5 3 · · · · · · · · 

N · · · · · Z · 
N · · · · · Z · 
N · · · · · Z · 
N · · · · · Z · 
N · · · · · Z · 
· · · · · · · · 
N · · · · · Z · 
· · · · · · · · 

Symbol Contents Symbol Contents 

IMP Implied addressing mode + Addition 

IMM Immediate addressing mode - Subtraction 

A Accumulator or Accumulator addressmg mode A Logical OR 

V Logical AND 

BIT, A Accumulator bit relative addressing mode ¥ Logical exclusive OR 

- Negation 

ZP Zero page addressing mode - Shows direction of data flow 

BIT, ZP Zero page bit relative addressing mode X Index register X 

Y Index register Y 

ZP, X Zero page X addressing mode S Stack pOinter 

ZP,Y Zero page Y addressing mode PC Program counter 

ABS Absolute addressing mode PS Processor status register 

ABS, X Absolute X addressing mode PCH B high-order bits of program counter 

ABS, Y Absolute Y addressing mode PCL 8 low-order bits of program counter 

INO Indirect absolute addressing mode AOH 8 high-order bits of address 

AOL 8 low-order bits of address 

ZP,INO Zero page Indirect absolute addressmg mode FF FF In Hexadecimal notation 

nn Immediate value 

INO, X Indirect X addreSSing mode M Memory specified by address designation of any 

INO, Y Indirect Y addressing mode addressing mode 

REL Relative addressing mode M (X) Memory of address Indicated by contents of mdex 

SP SpeCial page addressing mode register X 

C Carry flag M (S) Memory of address indicated by contents of stack 

Z Zero flag pointer 

I Interrupt disable flag M(AOH , AOL) Contents of memory at address indicated by ADH and 

0 Decimal mode flag ADL, In ADH IS 8 high-order bits and ADL IS 8 low-

B Break flag order bits 

T X-modified anthmetlc mode flag M(OO, AOL) Contents of address indicated by zero page ADL 

V Overflow flag Ab 1 bit of accumUlator 

N Negative flag Mb 1 bit of memory 

OP Opcode 

n Number of cycles 

;1: Number of bytes 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP S·BIT CMOS MICROCOMPUTER 

NOTES on USE 
Keep the following pOints in mind while programming: 

Processor status register 
(1) Initialization of processor status register 

After a reset, the contents of the processor status reg
ister (PS) are undefined except for the I flag which is 

"1". Therefore, flags which affect program execution 
must be initialized after a reset. 

In particular, it is essential to initialize the T and 0 
flags because they have an important effect on calcula
tions. 

(2) How to reference the processor status register 

To reference the contents of the processor status reg
ister (PS), execute the PHP instruction once then read 
the contents of (S + 1 ). If necessary, execute the PLP 
instruction to return the PS to its original status. 

A NOP instruction should be executed after every PLP 
instruction. (The NOP in unnecessary when using a 
series 38000 microcomputer). 

Main ;ro9ram 

Initialization of Flags in PS 

S 

S+1 Saved PS 

Stack Memory Contents after PHP Instruction Execution 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE.CHIP 8·BIT CMOS, MICROCOMPUTER 

Interrupts 
The contents of the interrupt request bits can be changed 
by software, but the values will not change immediately af
ter being overwritten. Therefore, note the following points: 
(1) After changing the value of the interrupt request bits, 

execute at least one instruction before executing a 
BBC, BBS, or any other read instruction. 

(2) When clearing an interrupt request bit to "0" and set
ting an interrupt enable bit to "1" (=selting in an inter
rupt enable state), it needs to be cleared or set these 
bits in a separate instruction. The interrupt is accepted 
because it becomes in the interrupt enable state be
fore clearing the interrupt request bit, if clearing the in
terrupt request bit and selting the interrupt enable bit 
are performed in an instruction. 

BRK instruction 
(1) It can be detected that the BRK instruction interrupt 

event or the least priority interrupt event by referring 
the stored B flag state. Refer the stored B flag state in 
the interrupt routine, in this case. 
However, the microcomputer that has an independent 
BRK instruction interrupt vector (cf. the 7450 series, 
the.7470 series, and the 38000 series) are not neces
sary this detection. 

(2) The CPU of all 8-bit microcomputers except the 38000 
series have the following bug about the BRK instruction 
execution. 
At the following status, 

CD the interrupt request bit has set to "1". 
® the interrupt enable bit has set to "1". 
@ the interrupt disable flag (I) has set to "1". 

if the BRK instruction is executed, the interrupt disable 
state is cancelled and it becomes in the interrupt en
able state. So that the requested interrupts (the inter
rupts that corresponding to their request bits have set 
to "1") are accepted. 

Set In a 
separate 
Instruction 

• MITSUBISHI 
ITY&ELECTRIC 

SWitch the Interrupt Register Bit 

NOP Instruction 

BBC. or BBS Instrucllon 

I 
Clear the Interrupt Request 

Bit to "0" 

I 
Set the Interrupt Enable 

Bit to "t" 

I 

(S)-3 1-'---......,...:..,--__ 0=-1 

(S)-2 =B flag PS 

(S)-1 PCL 

(S) f-----P-C::..H---l 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

Decimal calculations 
(1) Execution of decimal calculations 

The ADC and SSC are the only instructions which will 
yield proper decimal results in decimal mode. To 
calculate in~ decimal notation, set the decimal mode 
flag (D) to "1" with the SED instruction. After executing 
the ADC or SSC instruction, execute another instruction 
before executing the SEC, CLC, or CLD instruction. 

(2) Note on flags in decimal mode 
When decimal mode is selected, the values of three of 
the flags in the status register (the N, V, and Z flags) 

are invalid after a ADC or sse instruction is executed. 
The Carry flag (C) is set to "1" if a carry is generated 

as a result of the calculation, or is cleared to "0" if a 
borrow is generated. To determine whether a calcula
tion has generated a carry, the C flag must be initial
ized to "0" before each calculation. To check for a bor
row, the C flag must be initialized to "1" before each 
calculation. 

JMP instruction 
When using the JMP instruction in indirect addressing 
mode, do not specify the last address on a page as an in
direct address. 
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ADC or sse Instruction 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM 
ORDERING METHOD 

SERIES MELPS 740 MASK ROM 
ORDERING METHOD 
Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROM in single-chip 8-
bit microcomputers. 

When placing such order, please submit the information 
described below. 
(1) Mask ROM confirmation form·········· '" ............... "1 set 

(There is a specific form to be used for each model.) 
(2) Data to be written into mask ROM·················· EPROM 

(Please provide three sets containing the identical 
data.) 

(3) Mark specification form······································1 set 

NOTES 
(1) Acceptable EPROM type 

Any EPROM made by Mitsubishi that is listed in the 
mask ROM confirmation form may be used. 

(2) EPROM window labeling 

Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 

Example: 

M50747 
-XXXSP 

® 

label 

M50747 

-XXXSP 

@ 

M50747 
-XXXSP 

Type 

© Identification 
code for each 
of three sets 

(3) Calculation and indication of checksum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade
cimal form in the checksum code field of the mask 

ROM confirmation form. 
(4) Options 

Refer to the appropriate data book entry and write the 
desired options on the mask ROM confirmation form. 

(5) Mark specification method 
The permissible mark specifications differ depending 
on the shape of package. Please fill out the mark spe
cification form and attach it to the mask ROM confirma

tion form. 

OUTLINE OF ORDER PROCESSING 
Mitsubishi will produce the mask ROM if at least two of the 
three EPROM sets submitted contain identical data. 
If we find error when the submitted EPROMs are com

pared, we will contact your representative. 
Thus, we assume responsibility only when we produce the 
mask ROM that contain data other than the data correctly 

provided by the customer. 
Mitsubishi uses an automatic mask ROM design program to 
generated the following: 
1. Drafting data for mask ROM production; 
2. ROM code listing or EPROM for mask ROM production 

error check work; 
3,' Mask ROM test program. 
The chart below shows the flow of mask ROM production. 

SERIES MELPS 740 MASK ROM DEVELOPMENT CAD SYSTEM 

FROM CUSTOMER MITSUBISHI ELECTRIC 

E 

YES 

I 

EPROM I 
Order mask 

YES ~N~o~ __ ~~lcheCkl 

I 

Mask ROM 

I 
I 

Acceptance 

N~ 

o 
Mask ROM test program 

1 
eWafer 

test 
eFinal 

test iE---------.,. QA test 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH01-46A < 8280 > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE·CHIP MICROCOMPUTER M37100M8·XXXSP/FP 

MITSUBISHI ELECTRIC 

, 

I Mask ROM number I 
Date: 

15. ~I~~~~~r~ead ~i~:~~~~or 
'Qi 
0 
Ol 
a:: 

Note: Please fill in all items marked* 

Company 
TEL 

0l0l 
name ( ) 

o~ 

1::" 
Customer ca1ij 

:>1:: 
"'Ol 

Date Date: 
~.ii> 

issued 

* ,. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

Submitted by Supervisor 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Microcomputer name : o M37100M8-XXXSP o M37100M8-XXXFP 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

0 27256 0 27512 

0000 0000 Character ROM1 Character ROM 1 
05FF 05FF 

0800 Character ROM2 0800 Character ROM2 
DOFF DOFF 

1000 OptIon 1000 option 
1004 //////////// 

1004 III ///// //// 
4000 4000 

ROM ROM 

(16K) (16K) 

7FFF 7FFF 
FFFF //////////// 

Set "FF1S" in the shaded area. 

* 2. Mark specification . 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P48 for M37100M8-XXXSP ; 80P6 for M37100M8-XXXFP) and attach to 
the mask ROM confirmation form. 

* 3. , 12C bus* 
Would you use 12C bus function? o Use o Not use 

* 3. 2 Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SHOl-46A < 8280 > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37100M8-XXXSP/FP 

MITSUBISHI ELECTRIC 

* 4. Option specification. 

1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

I Mask ROM number I 

address 1000161 L _--'-_--'-_--L_--'-_...L.-_-"-_-'-----" 

2. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

address 1001 16 LI_--'-_--L_--L_--'-_...L.-_-"-_-'-----" 

3. Feedback resistors for X1N, XC1N oscillation (if built-in is desired write 1, if not write 0) 

address 100216 1 0 1 0 1 0 1 0 1 0 1 0 1 

4. CRT display relation polarity specifier (if negative polarity is desired write 1, if positive write 0) 

HSYNC VSYNC R, G, B OUT 

address 100316 1 0 1 0 1 0 1 1 1 1 1 

5. rJ> output (if rJ> clock outputs in the single-chip mode write 1, if not write 0) 

address 100416 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

* Purchase of Mitsubishi Electric Corporation's 12C components converys a license under the Philips 12C Patent 

Rights to use these components in an 12C system, provided that the system conforms to the 12C Standard Speci

fication as defined by Philips. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-0SA < 94AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37102M8-XXXSP/FP 

MITSUBISHI ELECTRIC 

Company 
name 

TEL 

I Mask ROM number I 

Date: 

SectIOn head Supervisor 

a. sillnature slQnature 
·iii 
0 
Q) 

a:: 

Note: Please fm in all items marked*. 

CD [I! 
o " 
c: _ 

Submitted by Supervisor 

( ) 
* Customer \-----+-------------------------1 as as 

" c: 
'" C> '" .-Date 

issued Date: - '" 

* 1. Confirmation • 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Microcomputer name: D M37102M8-Xx'XSP D M37102M8-XXXFP 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

o 27256 
address,-______ -, 

000016 Area for ASCII codes ~ the name 
OOOF,S at the product 'M37102M8-' 

0010,6 

2FFF'6 f-L-''-'-LL..L..LJ....L..L..L-'--'-'1 
3000,6 Character ROM1 

:~:;: I---Ch-ar-ac-,.-r R-O-M2----1 
3FFF16 \--______ --1 
4000,6 

ROM('6K) 

7FFF'6 '----------' 

(1) Set °FF'6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of the product 'M37102MS-' to addresses 0000,'6 to 000F'6. 

* 2. Mark specification 
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Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark speCification form (64P4B for M37102M8-XXXSP; 80P6N for M371 02M8-XXXFP) and attach to 
the mask ROM confirmation form. 



I\ttITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-0BA < 94AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTERM37102M8-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

* 3. 1 12C bus· 
Would you use 12C bus function ? DUse DNot use 

* 3. ·2 OSO test character pattern input. 
Write the two types of test patterns to the specified addresses. 

* 3. 3 Comments 

Writing the name of the product and character ROM data onto EPROMs. 

Addresses 0000'6 to 000F'6 store the name of the product and addresses 3000'6 to 3FFF'6 store the character ROM 
data. Write the following ASCII codes that indicates 'M37102MB-' to addresses 0000'6 to 000F'6. 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

1. Inputting the name of the product with the ASCII code. 
ASCII codes 'M37102MB-' are listed on the right. 
The addresses and data are in hexadecimal notation. 

2. Inputting the character ROM 

Address 
0000'6 
0001'6 
0002'6 
0003'6 
0004'6 
0005'6 
0006'6 
0007'6 

'M' =4 0 '6 
'3' = 3 3 '6 
'7' = 3 7'6 
'1' =31 '6 
'0' = 3 0 '6 

'2' = 3 2 ,6 
'M' =4 0 '6 
'8' = 3 8 '6 

Address 
000B'6 
0009'6 
OOOA, 6 

000B'6 
OOOC, 6 

0000'6 
000E'6 
000F'6 

'-' =20'6 
F F ,6 

F F ,6 

F F'R 
F F 18 

F F 18 
F F 16 

F F 16 

Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 

* Purchase of Mitsubishi Electric Corporation's 12C components converys a license under the Philips 12C Patent 
Rights to use these components in an 12C system, provided that the system conforms to the 12C Standard Speci
fication as defined by Philips. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-0BA < 94AO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37102M8-XXXSP/FP 

MITSUBISHI ELECTRIC 

The structure of character ROM (divide of 12X 16 dots font) 

Example 

Example 
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Character code 
000000000000 
00000.000000 
00000.000000 
0000.0.00000 
0000.0.00000 
000.000.0000 
000.000.0000 
000.000.0000 
00.00000.000 
00.00000.000 
00 ••••••• 000 
0.0000000.00 
0.0000000.00 
0.0000000.00 
000000000000 
000000000000 

+- Character -+-Character-
ROM1 ROM2 

~ ~ 

b7 b. b5 b4 b, b2 b, bo 
Example 39A016 31A016 0 00000000 00,. 

) 100000.00 04,. S 200000.00 04,. 39AF16 31AF16 3 0000.0.0 OA,. 

40000.0.0 OA16 

5000.000. 11,. 

6 000.000. 11,. 

7000.000. 11,. 

8 00.00000 20,. 

9 00.00000 20,. 

A DO •••••• 3F,. 

B 0.000000 40,. 

C 0.000000 40,. 

D 0.000000 40,. 

E 00000000 00,. 

F 00000000 DO,. 

I Mask ROM number I 

b7 b. b5 b4 b, b2 b, bo 

a 0000 FO,. 

0000 Fa,. 

2 0000 Fa,. 
3 0000 Fa,. 

0000 Fa,. 

0000 Fa,. 

0000 FO,. 

F1.6 0000 FO,. 

.000 F8,. 

9 .000 F8,. 

A . .000 F8,. 
B : . 0.00 F4,. 

C 0.00 F4,. 

D .. 0.00 F4,. 

E DODD Fa,. 
F no DO FO,. 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-0SA < 94AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE·CHIP MICROCOMPUTER M37102M8·XXXSP/FP 

MITSUBISHI ELECTRIC 

Inputting the test character pattern 
Write the following character pattern to the specified addresses. 

(1) Pattern 1 

Character code "7E16" 
Address 

37EO,. 

37El,. 

37E2,. 

37E3,. 

37E4,. 

37E5,. 

37E6,. 

37E7,. 

37E8,. 

37E9,. 

37EA,. 

37EB,. 

37EC,. 

37ED,. 

37E.E,. 

37EF,. 

(2) Pattern 2 

Character code "7F16" 
Address 

37FO,. 

37Fl,. 

37F2,. 

37F3,. 

37F4,. 

37F5,. 

37F6,. 

37F7,. 

37F8,. 

37F9,. 

37FA,. 

37FB,. 

37FC,. 

37FD,. 

37FE,. 

37FF,. 

Data 

40,. 

04,. 

00,. 

20,. 

02,. 

00,. 

10,. 

01,. 

80,. 

08,. 

00,. 

40,. 

04,. 

DO,. 

20,. 

02,. 

Data 

00,. 

00,. 

00,. 

00,. 

00,. 

DO,. 

00,. 

00,. 

00,. 
DO,. 

00,. 

00,. 

00,. 

DO,. 

00,. 

DO,. 

I Mask ROM number I 

Address Data 

3FEO,. FO,. 

3FE1,. FO,. 
3FE2,. F4'6 
3FE3,. FO,. 

3FE4,. FO,. 

3FE5,. F2,. 

3FE6,. FO,. 

3FE7,. FO,. 

3FE8,. FO,. 

3FE9,. FO,. 

3FEA,. F8,. 

3FEB,. FO,. 

3FEC,. FO,. 

3FED,. F4,. 
3FEE,. FD,. 
3FEF,. FO,. 

Address Data 

3FFO,. FO,. 
3FF1,. FO,. 

3FF2,. FO,. 

3FF3,. FO,. 
3FF4,. FO,. 

3FF5,. FO,. 

3FF6,. FO,. 

3FF7,. FO,. 
3FF8,. FO,. 

3FF9,. FO,. 
3FFA,. FO,. 

3FFB,. FO,. 

3FFC,. FO,. 

3FFD,. FO,. 

3FFE,. FO,. 

3FFF,. FO,. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH01-45A < 82AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37103M4-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

C. 
SectIon head 
sIgnature 

'0; 
0 
Q) 
a: 

Supervisor 
sianature 

Note: Please fill in all items marked* 

Company 
TEL 

Q)Q) 
o ~ name ( ) c: :::J 

Customer 
osn; 
:::J c: 
"'0> 

Date 
",.-

Date: -'" 
issued 

* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

Submitted by Supervisor 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

o 27128 

0000 ,------, 

10001'-'-"'-'::-":-'-...L...1...L..Ij 

1 004 I-r-r,..,...,,--,,~ 

2000 fL-L.L..LLL.L.1....LLJ 

ROM (8K) 

3FFF '--___ --' 

Set "FF16" in the shaded area, 

* 2. Mark speCification 

o 27256 

0000 ,------, 
Character ROM1 

.1000 1-'-'-'-'-'-'"""'--'L..I....j 

1004 f-rcrrT-r-"T""T1 

(hexadecimal notation) 

o 27512 

0000 .....-------, 
Character ROM1 

Mark speCification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37103M4-XXXSP) and attach to the mask ROM 'confirmation 
form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS -

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH01-45A < 82AO ) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37103M4-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

liE 4. Option specification (write the option data also at the specified address in the EPROM.) 

1. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1 0 P1, P1 2 P1 3 P1. 

address 100016 I I I 
2. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

address 1001 16 I I I I I I I 
3. Feedback resistors for X1N, XC1N oscillation (if built-in is desired write 1, if not write 0) 

address 100216 I 0 I 0 I 0 I 0 I 0 I 0 I I 
4. CRT display relation polarity specifier (if negative polarity is desired write 1, if positive write 0) 

HsyNC VSYNC R, G, B lOUT 

address 100316 I 0 I 0 I 0 I I I I 
5. tf> output (if tf> clock outputs in the single-chip mode write 1, if not write 0) 

address 100416 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I 
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Inputting the character ROM 
Input the character ROM data by dividing it into character ROM1 and character ROM2. 

The structure of character ROM (divide of 12X16 dots font) 

Example 

Example 01A016 

) 
01AF16 

5-12 

Character code 
000000000000 
00000.000000 
00000.000000 
0000.0.00000 
0000.0.00000 
000.000.0000 
000.000.0000 
000.000.0000 
00.00000.000 
00.00000.000 
00 ••••••• 000 
0.0000000.00 
0.0000000.00 
0.0000000.00 
000000000000 
000000000000 

+- Character --+-Character--
ROM1 ROM2 

0' ~ 

b, b. b5 b. b3 b, b, bo Example 09A016 

° 00000000 00,. S 100000.00 04,. 

200000.00 04,. 09AF16 

3 0000.0.0 OA,. 

4 0000.0.0 OA,. 

5000.000. II,. 

6 000.000. II,. 

7000.000. 11,. 

8 00.00000 20,. 

9 00.00000 20,. 

ADO •••••• 3F,. 

B 0.000000 40,. 

C 0.000000 40,. 
00.000000 40,. 

E 00000000 00,. 

F 00000000 OOi. 

I Mask ROM number I 

b, b. b5 b. b3 b, b, bo 

0 0000 FO,. 

0000 FO,. 

2 0000 FO,. 

3 0000 FO,. 

4 0000 FO,. 

5 0000 FO,. 

6 0000 FO,. 

1 F16 0000 FO,. 

8 .000 FB,. 

.000 FB,. 

A· .000 FB,. 

B . 0.00 F4,. 

C . . 0.00 F4,. 

0 .0.00 F4,. 

E 0000 FO,. 

F 0000 FO,. 
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I Mask ROM number I 

Date: 

Section head 
C. s'gnature 
a; 
<.) 
Q) 
a: 

Supervisor 
sig"nature 

Note: Please fill in all items marked* 

TEL 
Company Q) Q) 

name ( ) 
o ~ 
c ::> 

Customer ",0; 
::> c 
en Ol 

Date en·-
Date: - en 

issued 

* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

Submitted by Supervisor 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

o 27256 
address 

000016 "-,e.-'-o,-'s-c,-, c-od-eS-"-th-e-".-me~ 
OOOF16 of the product 'M37120M6-' 
001016 

2FFF16 
300016 fL-L-L.L..L.L..L.L--'-.l~'-'--'-'1 

~~~~~: f----------I 

~:Ori~: ITTTTTTTTT,,-,-,-r! 
4FFF16 I-'--'L..LLLL..L...L..1...L..L...L..L-"-j 

500016 
ROM(12K) 

(1) Set "FF'6" in the shaded area. 

(hexadecimal notation) 

(2) Write the ASCII codes that indicates the name of the product 'M37120M6-' to addresses 0000'6 to 000F'6· 

* 2. Mark specification 
Mark specification must be submitted using the correct fofm for the type package being ordered fill out the 
appropriate mark specification form (80P6N for M37120M6-XXXFP) and attach to the mask ROM confirmation 
form. 

• MITSUBISHI 
"B.ECTRIC 
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* 3. 1 OSO test character pattern input. 
Write the two types of test patterns to the specified addresses. 

* 3. 2 Comments 

I Mask ROM number I 

Writing the name of the product and character ROM data onto EPROMs. 

Addresses 000016 to 000F16 store the name of the product and addresses 300016 to 3FFF16 store the character ROM 
data. Write the following ASCII codes that indicates 'M37120M6-' to addresses 000016 to 000F16. 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correclly. 
As for the option, if the contents of the cofirmation and conflict with those of the EPROMs, the contents of the 
EPROMs are preferred. 

1. Inputting the name of the product with the ASCII code. 
ASCII codes 'M37120M6-' are listed on the right. 
The addresses and data are in hexadecimal notation. 

Address 
000016 
0001 16 
000216 
000316 
000416 
000516 
000616 
000716 

'M' =4 0 16 
'3'=3 3~ 
'7'=37JJi 
'1'=31 JJi 
'2' - 3 2 16 
'0' =30 16 
'M'=40 16 
'6' = 3 6 16 

Address 
000816 
000916 
000A16 
000B16 
OOOC16 
000016 
000E16 
000F16 

'-' = 20 16 
F F 16 
F F 16 
FF~ 

FF~ 
FF~ 
F F 16 
F F 16 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 
~-----------------,-------------------

EPROM type 

The psel!do-command 
L-__________________ ~ 

27256 

*=$8000 
.BYTEL. 'M37120M6-' 

This is an example when the start address of internal ROM is F00016. 

2. Inputting the character ROM . 
Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 

5-14 • MITSUBISHI 
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The structure of character ROM (divide of 12X 16 dots font) 

Example 

Example 31AO'6 

) 
31AF'6 

Character code 
000000000000 
00000.000000 
00000.000000 
0000.0.00000 
0000.0.00000 
000.000.0000 
000.000.0000 
000.000.0000 
00.00000.000 
00.00000.000 
00 ••••••• 000 
0.0000000.00 
0.0000000.00 
0.0000000.00 
000000000000 
000000000000 

+- Character -++-Character-+ 
ROM1 ROM2 

(/ ~ 

b7 b. b5 b4 b3 b, b, bo Example 39AO'6 
000000000 00,. S 100000.00 04,. 
200000.00 04,. 39AF'6 

3 0000.0.0 OA,. 
4 0000.0.0 OA,. 
5000.000. ",. 
6 000.000. ",. 
7 000.000. ",. 
8 00.00000 20,. 
9 00.00000 20,. 
ADO •••••• 3F16 

B 0.000000 40,. 
C 0.000000 40,. 
D 0.000000 40,. 
E 00000000 00,. 
F 00000000 00,. 

I Mask ROM number I 

b7 b6 b5 b4 b3 b2 b1 bo 

0 0000 FO,. 
0000 FO,. 

2 0000 FO,. 
3 0000 FO,. 
4 0000 FO,. 
5 '0000 FO,. 
6 0000 FO,. 
7' . F16 ·0000 FO, • 
8 '.000 Fa,. 
9 .000 F8,. 
A· .• 000 Fa,. 
B 0.00 F4,. 
C 0.00 F4,. 
0 0.00 F4,. 
E 0000 FO,. 

0000 FO,. 
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Inputting the test character pattern 
Write the following character pattern to the specified addresses. 

(1) Pattern 1 

Address 

37EO,. 
Character code "7E16" 

37El,. 

37E2,. 
37E3,. 

37E4,. 

37E5,. 

37E6,. 

37E7,. 

37E8,. 

37E9,. 

37EA,. 

37EB,. 

37EC,. 

37ED,. 

37EE,. 

37EF,. 

(2) Pattern 2 

Character code "7F16" 
Address 

37FO,. 

37Fl,. 

37F2,. 

37F3,. 

37F4,. 

37F5,. 

37F6,. 

37F7,. 

37F8,. 

37F9,. 

37FA,. 

37FB,. 

37FC,. 

37FD,. 

37FE,. 

37FF,. 

Data 

40,. 

04,. 

00,. 
20,. 

02,. 

00,. 

10,. 

01,. 

80,. 

08,. 

00,. 

40,. 

04,. 

00,. 
20,. 

02,. 

Data 

00,. 

00,. 

00,. 

00,. 

00,. 

00,. 

00,. 

00,. 

00,. 

00,. 

00,. 

00,. 

00,. 

00,. 

00,. 

00,. 

I Mask ROM number I 

Address Data 

3FEO,. FO,. 

3FE1,. FO,. 

3FE2,. F4,. 

3FE3,. FO,. 

3FE4,. FO,. 

3FE5,. F2,. 

3FE6,. FO,. 

3FE7,. FO,. 

3FE8,. Fq,. 
3FE9,. FO,. 

3FEA,. F8,. 
3FEB,. FO,. 

3FEC,. FO,. 

3FED,. F4,. 

3FEE,. FO,. 
3FEF,. FO,. 

Address Data 

3FFO,. FO,. 

3FF1,. FO,. 

3FF2,. FO,. 

3FF3,. FO,. 

3FF4,. FO,. 
3FF5,. FO,. 

3FF6,. FO,. 

3FF7,. FO,. 

3FF8,. FO,. 

3FF9,. FO,. 

3FFA,. FO,. 
3FFB,. FO,. 

3FFC,. FO,. 

3FFD,. FO,. 

3FFE,. FO,. 

3FFF,. FO,. 
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I Mask ROM number I 

Date: 

Section head Supervisor 

C. signature slg"nature 

Qi 

" Q) 

a: 

Note: Please fill in all items marked*. 

TEL 
Company Q) Q) 

name " ~ ( ) c ::> 

Customer ",0; 
::> c 
"'0> 

Date '" -
Date: - '" 

issued 

3* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

Submitted by Supervisor 

If at least tWo of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be espeCially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

o 27256 

~:~~.--------------, 
~g~~!~ rr..,.-Tri"T'rc.n-,,-n 

Character ROMl 
17FF16 I----------------j 
180016 Character ROM2 

~~~~: f---------------j 

ROM(24K) 

7FFF16 '----------------' 

(1) Set "FF'6" in the shaded area 

(hexadecimal notation) 

(2) Write the ASCII codes that indicates the name of the product 'M37201 M6-' to addresses 0000'6 to 000F'6. 

3* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37201 M6-XXXSP) and attach to the mask ROM confirmation 
form. 

• MITSUBISHI 
"ELECTRIC 
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I Mask ROM number I 

* 3. 1 12C bus * 
Would you use 12C bus function? DUse DNot use 

* 3. 2 OSO test character pattern input. 
Write the two types of test patterns to the specified addresses. 

* 3. 3 Comments 

Writing the name of the product and character ROM data onto EPROMs. 

Addresses 0000'6 to 000F'6 store the name of the product and addresses 1000'6 to 1 FFF'6 store the character ROM 
data. Write the following ASCII codes that indicates 'M37201 M6-' to addresses 0000 '6 to 000F,6. 

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

1. Inputting the name of the product with the ASCII code. Address 
0000'6 
0001 '6 

0002 '6 

0003 '6 
0004,6 
0005 '6 

0006 '6 

0007 '6 

Address 
0008 '6 

0009 '6 
000A '6 

000B '6 
000C '6 
0000 '6 

000E '6 

000F'6 

ASCII codes 'M37201 M6-' are listed on the right. 'M' = 4 O~fi '-' = 20_16 

The addresses and data are in hexadecimal notation. '3' -3 3~ FF--'1i 
'7'-37~ FF~ 
'2' - 3 2 '6 F F lJl 

'0' = 3 0 '6 F F 16 

'1' = 3 1 '6 F F 16 

'M' =40 '6 F F 16 

'6'=361ji F Flit 

2. Inputting the character ROM 

* 

Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 

Purchase of Mitsubishi Electric Corporation's 12C components converys a license under the Philips 12C Patent 
Rights to use these components in an 12C system, provided that the system conforms to the 12C Standard Speci
fication as defined by Philips. 
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The structure of character ROM (divide of 12X 16 dots font) 

Example 

Example 11A016 

) 
11AF16 

Character code 
000000000000 
00000.000000 
00000.000000 
0000.0.00000 
0000.0.00000 
000.000.0000 
000.000.0000 
000.000.0000 
00.00000.000 
00.00000.000 
00 ••••••• 000 
0.0000000.00 
0.0000000.00 
0.0000000.00 
000000000000 
000000000000 

+- Character -++-Character-+ 
ROM1 ROM2 

(/ 

b7 b. bs b. b3 b2 b, bo 

000000000 
100000.00 
200000.00 
3 0000.0.0 
4 0000.0.0 
5 000.000. 
6 000.000. 
7 000.000. 
8 00.00000 
9 00.00000 
ADD •••••• 
B 0.000000 
C 0.000000 
00.000000 
E 00000000 
F 00000000 

Example 
00,. 
04,. 
04,6 
OA'6 
OA,. 
11'6 

11,. 
11'6 
20'6 
20,. 
3F'6 
40'6 
40)6 
40,. 
00,. 
00,. 

• MITSUBISHI· 
"ELECTRIC 

~ 

19A016 

) 
19AF16 

I Mask ROM number I 

b7 b. bs b. b3 b2 b, bo 

0000 FO,. 
DODD FO" 
DODD FO,. 
DODD FO,. 
DODD FO,. 
DODD FO,. 

6 . DODD FO'6 
Fis DODD FO,. 

8 .000 F8'6 
9 .000 F8,. 
A .000 F8,. 
B 0.00 F4'6 
C 0.00 F4'6 
0 0.00 F4'6 
E DODD FO, •. 
F DODD FO,. 
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Inputting the test character pattern 
Write the following character pattern to the specified addresses. 

(1) Pattern 1 

Character code "7E16" 
Address 

17EO,. 

17E1,. 

17E2,. 

17E3,. 

17E4,. 

17E5,. 

17E6,. 

17E7,. 

17E8,. 

17E9,. 

17EA,. 

17EB,. 

17EC,. 

17ED,. 

17EE, •. 
17EF,. 

(2) Pattern 2 

Character code 
Address 

17FO,. 

17F1,. 

17F2,. 

17F3,. 

17F4,. 

17F5,. 

17F6,. 

17F7,. 

17F8,. 

17F9,. 

17FA,. 

17FB,. 

17FC,. 

17FD,. 

17FE,. 

17FF,. 

5-20 

Data 

40,. 

04,. 

00,. 

20,. 

02,. 

00,. 

10,. 

01,. 

80,. 

08,. 

00,. 

40,. 

04,. 

00,. 
2'0,. 

02,. 

Data 

00,. 

DO,. 

00,. 

DO,. 

DO,. 

DO,. 

00,. 

DO,. 

00,. 

DO,. 

DO,. 

DO,. 

00,. 

00,. 

00,. 

00,. 

, I Mask ROM number I 

Address Data 

1FEO,. FO,. 

1FE1,. FO,. 
1FE2,. F4,. 

1FE3,. FO,. 

1FE4,. FO,. 

1FE5,. F2,. 

1FE6,. FO,. 

1FE7,. FO,. 

1 FE8,. FO,. 
1 FE9;. FO,. 

1FEA,. F8,. 
1FEB,. FO,. 

1FEC,. FO,. 

1 FED, •. F4,. 

1FEE,. FO,. 
1FEF,. FO,. 

Address Data 

1FFO,. FO,. 

1FF1,. FO,. 

1 FF2,. FO,. 

1FF3,. FO,. 

1FF4,. FO,. 
1FF5,. FO,. 

1FF6,. FO,. 
1FF7,. FO,. 

1FF8,. FO,. 

1 FF9,. FO,. 
1FFA,. FO,. 

1FFB,. FO,. 

1FFC,. FO,. 

1FFD,. FO,. 

1FFE,. FO,. 

1FFF,. FO,. 
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Company 
TEL 

name ( 
Customer 

Date Date: issued 

I Mask ROM number I 

Date: 

Section head Supervisor 

15. signature signature 

'iii 
<.:> 
OJ 
a: 

Note: Please fill in all items marked*. 

Submitted by Supervisor 
OJ OJ 

) <.:> ~ 

c :;3 

'" '" ::> c 
'" O"l '" .-- '" 

'* ,. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

D 27256 
address 

000016 r'-,.-a -'O'-A-SC-II-Cod-.-' -O'-'h-. "-am-. 
of the product 'M37202M3-' 

001016 

~~~~: fL-L..L'--cLha-L,"~c,.L, RLO~M'-' L-"~ 
J5DF16 F==a=z::===z::::j 
37E01S DSO test character patterns 
380016 f---'-----'----I 
:~~~: P=ZC:::2ha:=,"cz:'.:z, R=Oz::M2===j 

~~~~~: F=z:::os:;:o::;,e,=:"i:ch:=:;am::::c,z::e,::zpa==tt·Z::',"cZ' =z1 

ROM(12K) 

7FFF16 '----------' 

(1) Set "FF'6" in the shaded area. 

(hexadecimal notation) 

(2) Write the ASCII codes that indicates the name of the product 'M37202M3-' to addresses 0000'6 to 000F'6 

'* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37202M3-XXXSP) and attach to the mask ROM confirmation 
form. 

• MITSUBISHI 
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I Mask ROM number I 

* 3. 1 12C bus * 
Would you use 12C bus function? DUse DNot use 

* 3. 2 OSO test character pattern input. 
Write the two types of test patterns to the specified addresses. 

* 3. 3 Comments 

Writing the name of the product and character ROM data onto EPROMs. 

Addresses 0000,6 to 000F'6 store the name of the product and addresses 3000'6 to 3FFF'6 store the character ROM 
data. Write the following ASCII codes that indicates 'M37202M3-' to addresses 0000'6 to 000F,6. 

If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

1. Inputting the name of the product with the ASCII code. Address 
0000'6 
0001 '6 

0002'6 

0003'6 

0004'6 

0005'6 
0006'6 

0007 '6 

Address 
0008'6 
000916 

000A '6 

000B '6 
000C '6 

0000 '6 
000E '6 

000F'6 

ASCII codes 'M37202M3-' are listed on the right. 'M' = 401.6 '-' = 20 '6 

The addresses and data are in hexadecimal notatiol1'. '3' = 3 3 'R F F '" 
'7' = 3 7'R F F '" 
'2' = 3 2 '6 F F '6 
'0' = 3 0 '6 F F 16 

'2' = 3 2 '6 F F 16 

'M' =4 0 16 F F 16 

'3'=331.6 F F '6 

2. Inputting the character ROM 

* 

Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 

Purchase of Mitsubishi Electric Corporation's 12C components converys a license under the Philips 12C Patent 
Rights to use these components in an 12C system, provided that the system conforms to the 12C Standard Speci
fication as defined by Philips. 
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The structure of character ROM (divide of 12X 16 dots font) 

Example 

Example 31AD'6 

) 
31AF' 6 

Character code 
000000000000 
00000.000000 
00000.000000 
0000.0.00000 
0000.0.00000 
000.000.0000 
000.000.0000 
000.000.0000 
00.00000.000 
00.00000.000 
00 ••••••• 000 
0.0000000.00 
0.0000000.00 
0.0000000.00 
000000000000 
000000000000 

+- Character -+-Character-
ROM1 ROM2 

if ~ 

b7 b. b, b. b3 b, b, bo Example 39AO'6 

000000000 00,. ) lDDODo.OO 04,. 
2 '00000.00 04,. 39AF '6 

3 0000.0.0 OA,. 
4 0000.0.0 OA,. 
5-000.000. 1". 
6 000.000. 11,. 

7 000.000. 11,. 

8 00.00000 20,. 
9 00.00000 2016 

ADO •••••• 3F,. 
B 0.000000 40,. 
C 0.000000 40,. 
00.000000 40,. 
E 00000000 00,. 
F 00000000 00,. 

I Mask ROM number I 

b7 b. b, b. b3 b, b, bo 

0000 FO,. 
0000 FO,. 
0000 FO,. 

3 0000 FO,. 
0000 FO,. 

5 0000 FO,. 
6 -DODD FO,. 
7 Ff6 DODD FO,. 
8 .000 F8,. 

_DOD F8,. 
A .000 F8,. 
B 0.00 F4,. 
C 0.00 F4,. 
0 0.00 F4,. 
E 0000 FO,. 
F DODD FO,. 
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Inputting the test character pattern 
Write the following character pattern to the specified addresses. 

(1) Pattern 1 

Character code "7E16" 
Address 

37EO'6 

37E1'6 

37E2'6 

37E3'6 

37E4'6 

37E5'6 

37E6'6 

37E7'6 

37E8'6 

37E9'6 

37EA'6 

37EB'6 

37EC'6 

37ED'6 

37EE'6 

37EF'6 

. (2) Pattern 2 

Address 
Character code 

37FO'6 

37F1'6 

37F2'6 

37F3'6 

37F4'6 

37F5'6 

37F6'6 

37F7'6 

37F8'6 

37F9'6 

37FA'6 

37FB'6 

37FC'6 

37FD'6 

37FE'6 

37FF'6 

5-24 

I Mask ROM number I 

Data Address Data 

40'6 3FEO'6 FO'6 

04'6 3FE1'6 FO'6 

00'6 3FE2'6 F4'6 

20'6 3FE3'6 FO'6 

02'6 3FE4'6 FO'6 

00'6 3FE5'6 F2'6 

10'6 3FE6'6 FO'6 

01'6 3FE7'6 FO'6 

80'6 3FE8'6 FO'6 

08'6 3FE9'6 FO'6 

00'6 3FEA'6 F8'6 

40'6 3FEB'6 FO'6 

04'6 3FEC'6 FO'6 

00'6 3FED'6 F4'6 

20'6 3FEE'6 FO'6 

02'6 3FEF'6 FO'6 

Data Address Data 

00'6 3FFO'6 FO'6 
00,6 3FF1'6 FO'6 

00'6 3FF2'6 FO'6 
00,6 3FF3'6 FO'6 
00,6 3FF4'6 FO'6 

00'6 3FF5'6 FO'6 
00,6 3FF6'6 FO'6 

00'6 3FF7'6 FO'6 
00,6 3FF8'6 FO'6 

00'6 3FF9'6 FO'6 

00'6 3FFA'6 FO'6 

00'6 3FFB'6 FO'6 

00'6 3FFC'6 FO'6 

00'6 3FFD'6 FO'6 

00'6 3FFE'6 FO'6 

00'6 3FFF'6 FO'6 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-09A < 11 AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37204M8-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 
Date: 

a Section head Supervisor 
signature sIgnature 

G) 
() 
CD 
tx: 

Note: Please fill in all items marked* 

Company 
TEL 

CD CD 
name ( ) () :; 

Customer ~ ~ 
ill Cl 

Date Date: 
~ "w 

issued 

'* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

Submitted by Supervisor 
-~~~ 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

0 27512 
address 
0000" 

OOOF16 
001016 

2FFF16 
300016 Character Rot.l1-a 
380016 Character ROM2-a 
400016 Character ROM1-b 

480016 Character ROM2-b 
4FFF16 

8000,6 

ROM(32K) 

FFFF16 

(1) Set "FF'6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of the product 'M37204M8-' to addresses 0000'6 to 000F'6' 

'* 2. Mark specification 
Mark specification must be submitted using the correct form' for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37204M8-XXXSP) and attach to the mask ROM confirmation 
form. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-09A( 11AO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37204M8-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

* 3 . 1 12C bus * 
Would you use 12C bus function? DUse DNot use 

* 3. 2 OSO test character pattern input. 
Write the two types of test patterns to the specified addresses. 

* 3. 3 Comments 

Writing the name of the product and character ROM data onto EPROMs. 

Addresses 0000'6 to 000F'6 store the name of the product and addresses 3000'6 to 4FFF'6 store the character ROM 
data. Write the following ASCII codes that indicates 'M37204M8-' to addresses 0000'6 to 000F'6' 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

1. Inputting the name of the product with the ASCII code. Address 
0000,6 
0001'6 
0002,6 
0003,6 

Address 
0008'6 
0009,6 
000A,6 
0008'6 
000C'6 
0000'6 
000E,6 
000F'6 

ASCII codes 'M37204M8-' are listed on the right. 
The addresses and data are in hexadecimal notation. 

. 0004,6 
0005,6 
0006,6 
0007'6 

'M' - 40,6' '-' =2 0'6 
'3' = 3 3'6 F F'6 
'7' = 3 7'6 F F'6 
'2' = 3 2'6 F F 16 

'0'=30 Ht F F 1R 
'4' = 3 4'R F F'R 
'M' -4 O'R F F '6 
'8' - 3 8 '6 F F'6 

2. Inputting the character ROM 

* 

5-26 

Input the character ROM data by dividing it into character ROM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 

Purchase of Mitsubishi Electric Corporation's 12C components converys a license under the Philips 12C Patent 
Rights to use these components in an 12C system, provided that the system conforms to the 12C Standard Speci
fication as defined by Philips, 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-09A ( 11 AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37204M8-XXXSP 

MITSUBISHI ELECTRIC 

The structure of character ROM (divide of 12X 16 dots font) 

Example 
(Note) 

I Mask ROM number I 

Character code 

000000000000 
00000.000000 
00000.000000 
0000.0.00000 
0000.0.00000 
000.000.0000 
000.000.0000 
000.000.0000 
00.00000.000 
00.00000.000 
00 ••••••• 000 
0.0000000.00 
0.0000000.00 
0.0000000.00 
000000000000 
000000000000 

Write the character code 00,. - 7F,. to 

addresses 3000'6 to 3FFF,. 

Example 31A016 

) 
31 AF16 

Write the character code 80,. - FF,. to 

addresses 4000'6 to 4FFF,. 

_ Character -+-Character-+ 
ROM1 

(j 

b, b. b5 b. b3 b, b, bo 

000000000 
100000.00 
2 00000.00 
3 0000.0.0 
4 0000.0.0 
5 000.000. 
6 000.000. 
7000.000. 
8 00.00000 
9 00.00000 
ADD •••••• 
B 0.000000 
C 0.000000 
D 0.000000 
E 00000000 
F 00000000 

Example 
00,. 
04,. 
04,. 
OA16 

OA,. 
11,. 

11,. 

11,. 

20'6 
2016 

3F,. 
40,. 
40,. 
40,. 
00,. 
DO,. 

• MITSUBISHI 
"ELECTRIC 

ROM2 

~ 

39A016 

) 
39AF16 

b, b. b5 b. b3 b, b, bo 

0 DODD FO,. 
DODD FO,. 
DODD FO'6 
DODD FO,. 
DODO FO,. 
DODD FO,. 
-DODD FO,. 

Ff6 .DODD FO,. 
.000 F8,. 
.000 F8,. 

A .000 F8,. 
B 0.00 F4,. 
c 0800 F4,. 
D 0800 F4,. 
E DODD FO,. 
F DODD FO,. 

5-27 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-09A( 11AO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37204M8-XXXSP 

MITSUBISHI ELECTRIC 

Inputting the test character pattern 
Write the following character pattern to the specified addresses. 

(1) Pattern 1 

Character code "7E16" 

(2) Pattern 2 

Character code 

5-28 

Address 

37EO'6 

37E1'6 

37E2'6 

37E3'6 

37E4'6 

37E5'6 

37E6'6 r---
37E7'6 

37E8'6 

37E9'6 
37EA,6 

37EB'6 

37EC'6 

37ED'6 

37EE'6 

37EF'6 

Address 

37FO'6 

37F1'6 

37F2'6 

37F3'6 

37F4'6 

37F5'6 

37F6'6 
37F7,. 

37F8,. 

37F9'6 
37FA,. 

37FB'6 
37FC,. 

37FD,. 

37FE,. 

37FF'6 

• MITSUBISHI 
..... ELECTRIC 

I Mask ROM number I 

Data Address Data 

40'6 3FEO'6 FO'6 

04'6 3FE1'6 FO'6 

00'6 3FE2'6 F4'6 

20'6 3FE3'6 FO'6 

02'6 3FE4'6 FO'6 

00'6 3FE5'6 F2'6 

10'6 3FE6'6 FO'6 

01'6 3FE7'6 FO'6 

80'6 3FE8'6 FO'6 

08'6 3FE9'6 FQ~ 

00'6 3FEA'6 F8'6 

40'6 3FEB,6 FO'6 

04'6 3FEC'6 FO'6 

00'6 3FED,6 F416 

20'6 3FEE'6 FO'6 

02'6 3FEF'6 FO'6 

Data Address Data 

00'6 3FFO'6 FO'6 

00'6 3FF1,6 FO'6 

00'6 3FF2'6 FO'6 

00'6 3FF3,6 FO'6 

00'6 3FF4,6 FO,. 

00'6 3FF5'6 FO'6 
00,. 3FF6'6 FO,. 

00,. 3FF7,. FO,. 

00'6 3FF8,. FO,. 

00'6 3FF9'6 FO,. 

00,. 3FFA'6 FO,. 

00,. 3FFB,6 FO,. 

00'6 3FFC'6 FO'6 
00,. 3FFD,. FO,. -
00,. 3FFE,. FO'6 

00'6 3FFF'6 FO'6 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-01 A < OYAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37250M6-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 

C. signature slg'nature 

'Qi 

" <ll 
a: 

Note: Please fill in all items marked*. 

Company 
TEL 

Q) Q) 
name ( ) " ~ 

Customer 
c.z 
«I «I 
'" c 

Date "'''' '" .-
Date: - '" issued 

* ,. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets, of EPROMs are required for each pattern (Check ,@ in the appropriate box). 

Submitted by Supervisor 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

D 27256 

a~g~~~: ,--______ -, 
~g~~~: f-Ti-7-TTc.;.::.;:.::ri-7-~-rl 

~~~: jL-L-"--'~L.L.L.LJ....J.'-L.L..ij 
Character ROM1 

~~6~~: f-----------.j 
Character ROM2 

~~ri~= f-----------.j 

ROM(24K) 

7FFF'6 "----------" 

(1) Set "FF'6' in the shaded area. 
(2) Write the ASCII codes that indicates the name of the product 'M37250M6-' to addresses 0000,. to OOOF, •. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37250M6-XXXSP) and attach to the mask ROM confirmation 
form. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-D1 A < DYAD> 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37250M6-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

* 3. 1 12C bus* 
Would you use 12C bus function? DUse DNot use 

* 3. 2 OSD test character pattern input. 
Write the two types of test patterns to the specified addresses. 

* 3. 3 Comments 

Writing the name of the product and character ROM data onto EPROMs~ 

Addresses 0000'6 to 000F'6 store the name of the product and addresses 1000,6 to 1 FFF'6 store the character ROM· 
data. Write the following ASCII codes that indicates 'M37250MS-' to addresses 0000'6 to 000F,6. 
If the name of- the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 

1. Inputting the name of the product with the ASCII code. 
ASCII codes 'M37250MS-' are listed on the right. 
The addresses and data are in hexadecimal notation. 

2. Inputting the character ROM 

Address 
0000'6 
0001 ,6 
0002'6 
0003'6 
0004,6 
0005'6 
000S'6 
0007'6 

'M'-4 D,,, 
'3' -33,,, 
'7' = 3 7 '6 
'2' = 3 2 '6 
'5' = 3 5 '6 
'0' = 3 0 16 
'M' = 4 D_16. 
'6' - 3 6'6 

Address 
0008,6 
0009,6 
000A'6 
000B'6 
000C'6 
000D'6 
000E'6 
000F'6 

'-' - 2 D1fi 
F F 1fi 
FF1fi 
F F 16 
F F 16 
F F 16 
F F ,6. 

FF1fi 

Input the character ROM data by dividing it into character BOM1 and character ROM2. For the character ROM 
data and test character patterns, see the next page and on. 

* Purchase of Mitsubishi Electric Corporation's 12C components converys a license under the Philips 12C Patent 
Rights to use these components in an 12C system, provided that the system conforms to the 12C Standard Speci
fication as defined by Philips. 
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MITSUBISHI MICROCOMPUTERS 

SE'RIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-01 A ( OY AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37250M6-XXXSP 

MITSUBISHI ELECTRIC 

The structure of character ROM (divide of 12X 16 dots font) 

Example 

Character code 
000000000000 
00000.000000 
00000.000000 
0000.0.00000 
0000.0.00000 
000.000.0000 
000.000.0000 
000.000.0000 
ooilDoooo.OOO 
00.00000.000 
00 ••••••• 000 
0.0000000.00 
0.0000000.00 
0.0000000.00 
000000000000 
000000000000 

+-- Character -++--Character-+ 
ROM1 ROM2 

(/ ~ 

11 AD b7 b. b, b. b3 b, b, bo 

) 16 0 00000000 00,. 

100000.00 04,. 

11AF162 00000.00 04,. 

19AD16 

S 
19AF16 

30000.0.0 OA,. 

4 0000.0.0 OA,. 

5 000.000. 11,. 

6 000.000. 11,. 

7 000.000. 11,. 

a 00.00000 20,. 

9 00.00000 20,. 

ADO •••••• 3F,. 

B 0.000000 40,. 

C 0.000000 40,. 

D 0.000000 40,. 

E 00000000 00,. 

F 00000000 00,6 

I Mask ROM number I 

b7 b. bs b. b3 b, b, bo 

0 0000 FO,. 

0000 FO,. 

2 0000 FO,. 

0000 FO,. 

4 0000 FO,. 

5 0000 FO,. 

6 ,DODD FO,. 

7 Ff6 DODD FO,. 

a .000 Fa,. 

9 .000 F8,. 

A .000 F8,. 

B 0.00 F4,. 

C 0.00 F4,. 

D 0.00 F4,. 

E . 0000 FO,. 

F DODD FO,. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SHD4-D1A< DYAD> 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37250M6-XXXSP 

MITSUBISHI ELECTRIC 

Inputting the test character pattern 
Write the following character pattern to the specified addresses. 

(1) Pattern 1 

Character code "7E,6" 

(2) Pattern 2 

Character code 

5-32 

~ess 

17EO'6 

17E1'6 

17E2'6 

17E3'6 

17E4'6 

17E5'6 

f-----17E616 

17E7'6 

17E8'6 

17E9'6 

17EA'6 

1--. 17EB'6 
17EC'6 

e--.17ED,6 
17EE'6 

17EF'6 

Address 

17FO'6 
17F1,6 

17F2'6 

17F3'6 
17F4,6 

17F5'6 

17F6'6 

17F7'6 

17F8'6 

17F9'6 
17FA,6 

17FB'6 

1 ?FC'6 

17FD'6 

17FE'6 

17FF'6 

.•. MITSUBISHI 
..... ELECTRIC 

I Mask ROM number I 

Data Address Data 

40'6 1 FEO'6 FO'6 

04'6 1 FE1'6 FO'6 

00'6 1 FE2'6 F4,6 __ 

20'6 1FE3'6 FO'6 

02'6 1FE4'6 FO'6 

00'6 1FE5'6 F2'6 

10'6 1FE6'6 FO'6 

01 '6 1FE7'6 FO'6 

80'6 1 FE8'6 FO'6 

08'6 1 FE9'6 FO'6 

00'6 1FEA'6 F8'6 

40'6 1 FEB'6 FO'6 

04'6 1 FEC'6 FO'6 

00'6 1 FED'6 F4'6 

20'6 1FEE'6 FO'6 

02'6 1 FEF,6 FO'6 

Data Address Data 

00'6 1 FFO'6 FO'6 

00'6 1 FF1,6 FO'6 

00'6 1 FF2'6 FO'6 
00,6 1FF3'6 F016 

00'6 1 FF4,6 FO'6 

00'6 1 FF5,6 FO'6 

00'6 1 FF6'6 FO'6 

00'6 1 FF7'6 FO'6 
00,6 1 FF8'6 FO'6 

00'6 1 FF9'6 FO'6 

00'6 1 FFA,6 FO'6 

00'6 1 FFB'6 FO'6 
00;6 1 FFC'6 FO'6 

00'6 1 FFD'6 FO'6 

00'6 1 FFE'6 FO'6 

00'6 1 FFF'6 FO'6 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-0SA < OZAO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37260M6-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 
a. sianature sianature 
'0) 
() 
Q) 
a: 

Note: Please fill in all items marked*. 

Company 
TEL 

Q)Q) 
name ( ) () -I: :> 

Customer ",a; 
:> I: 
1/)0> 

Date 
I/) ._ 

Date: -I/) 

issued 

'* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

Submitted by Supervisor 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

o 27512 

address ,,--______ -, 

000016 

~~~~~ f,::;.::r:;::'::;:::T7c.;:.:..:r7---r7~ 

~~~6~: fL-'c.LL1~LL-L..<'-.L'"-l 

~~~~: f.rcr-rT77"7""T"TTT7--J 

;:=ori~~: fL-''-LLL-"-.L--L-.'-L.LL-'1 

ROM{24K) 

FFFF16 '--______ --' 

(1) Set "FF'6" in the shaded area. 

(hexadecimal notation) 

(2) Write the ASCII codes that indicates the name of the product 'M37260M6-' to addresses 0000'6 to 000F'6' 

'* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P4B for M37260M6-XXXSP) and attach to the mask ROM confirmation 
form. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-05A< OZAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37260M6-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

* 3. 1 12C bus * 
Would you use 12C bus function? DUse DNot use 

* 3. 2 OSO test character pattern input. 
Write the two types of test patterns to the specified addresses. 

* 3. 3 Comments 

Writing the name of the product and character ROM data onto EPROMs. 

Addresses 0000'6 to 000F'6 store the name of the product and addresses 3000'6 to 7FFF'6 store the character ROM 
data. Write the following ASCII codes that indicates 'M37260M6-' to addresses 0000'6 to 000F'6. 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation forrn, 
the ROM processing is disabled. Write the data correctly. 

1. Inputting the name of the product with the ASCII code. Address 
0000'6 
0001 16 
000216 
0003'6 
0004'6 
0005'6 
0006'6 
0007'6 

Address 
0008'6 
0009'6 
000A'6 
0008'6 
000C'6 
0000'6 
000E'6 
000F'6 

ASCII codes 'M37260M6-' are listed on the right. 'M'=40'6 
The addresses and data are in hexadecimal notation. '3' = 3 3'6 

'7' = 3 7 ,6 
'2' - 3 2 '6 
'6' = 3 6 '6 
'0' = 3 0 '6 F F 
'M'=40'6 F F 
'6' = 3 6'6 F F 

2. Inputting the character ROM 

* 

Input the character ROM data by dividing it into four parts. For the character ROM data and test character pat
terns, see the next page and on. 

Purchase of Mitsubishi Electric Corporation's 12C components converys a license under the Philips 12C Patent 
Rights to use these components in an 12C system, provided that the system conforms to the 12C Standard Speci
fication as defined by Philips. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-0SA < OZAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE·CHIP MICROCOMPUTER M37260M6·XXXSP 

MITSUBISHI ELECTRIC 

The structure of character ROM (divide of 16X20 dots font) 

Example 

I Mask ROM number I 

Character 
ROM address 

Character 
ROM data 

Character 
ROM address 

Character 
ROM data 

b7 b. bs b. b3 b2 b, bo 
3000,.+20,.Xn,.+O,. 00000000 00,. 
3000,.+20,.Xn,.+2,. 00000000 00,. 
3000,.+20,.Xn,.+4,. 0000000. 01,. 
3000,.+20,.Xn,.+6,. 0000000. 01,. 
3000,.+2o,.Xn,.+8,. 000000.0 02,. 
3000,.+20,.Xn,.+A,. 000000.0 02,. 
3000,.+20,.Xn,.+C,. 00000.00 04,. 
3000,.+20,.Xn,.+E,. 00000.00 04,. 
3000,.+20,.Xn,.+10,.DDDD.DDD 08,. 
3000,.+20,.Xn,.+12,.DDDD.DDD 08,. 
3000,.+20,.Xn,.+14,.DDDD.DDD 08,. 
3000,.+20,.Xn,.+16,.DDD.DDDD 10,. 
3000,.+20,.Xn,.+18,.DDD ••••• 1F,. 
3000,.+20,.Xn,.+1A,.DDD.DDDD 10,. 
300o,.+20,.Xn,.+1C,.DD.DDDDD 20,. 
3000,.+20,.Xn,.+1E,.DD.DDDDD 20,. 

b7 b. bs b. b3 b2 b, be 
7000,.+8,.Xn,.+O,. 00.00000 20,. 
7000,.+8,.Xn,.+2,. 0.000000 40,. 
7000,.+8,.Xn,.+4,. 0.000000 40,. 
7000,.+8,.Xn,.+6,. 00000000 00,. 

b7 b. bs b. b3 b2 b, be 
3000,.+20,.Xn,.+1,. 00000000 00,. 
3000,.+20,.Xn,.+3,. 00000000 00,. 
3000,.+20,.Xn,.+S,. .0000000 80,. 
3000,.+20,.Xn,.+7,. .0000000 80,. 
3000,.+20,.Xn,.+9,. 0.000000 40,. 
3000,.+20,.Xn,.+8,. 0.000000 40,. 
3000,.+20,.Xn,.+O,. 00.00000 20,. 
3000,.+20,.Xn,.+F,. 00.00000 20,. 
3000,.+20,.Xn,.+11,. 000.0000 10,. 
3000,.+20,.Xn,.+13,. 000.0000 10,. 
3000,.+20,.Xn,.+15,. 000.0000 10,. 
3000,.+20,.Xn,.+17,. 0000.000 08,~ 
3000,.+20,.Xn,.+19, • ••••• 000 F8,. 
3000,.+20,.Xn,.+18,. 0000.000 08,. 
3000,.+20,.Xn,.+1D,. 00000.00 04,. 
3000,.+20,.Xn,.+1F,. 00000.00 04,. 
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-MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-05A < OZAO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37260M6-XXXSP 

MITSUBISHI ELECTRIC 

Inputting the test character pattern 
Write the following character pattern to the specified addresses. 

(1) Patte rn 1 

.000.000000.000. 
0000000000000000 
0000000000000000 
0000000000000000 
0.000.000.000.00 
0000000000000000 
0000000000000000 
0000000000000000 
00.000.000.000.0 
0000000000000000 
0000000000000000 
0000000000000000 
000.000.000.000. 
0000000000000000 
0000000000000000 
0000000000000000 
0000.000.000.000 
0000000000000000 
0000000000000000 
• 0000000000.000. 

Character code "1 FEte" 

(2) Pattern 2 

0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 
0000000000000000 

Character code "1 FFte" 

Address 

6FCO,. 

6FC1,. 
6FC2,. 

6FC3,. 

6FC4,. 
6FC5,. 

6FC6,. 
6FC7,. 
6FC8,. 

6FC9,. 
6FCA,. 

6FCB,. 

6FCC,. 
6FCD,. 
6FCE,. 

6FCF,. 
7FFO,. 
7FF1,. 

7FF2,. 
7FF3,. 

Address 

6FEO,. 
6FE1,. 

6FE2,. 
6FE3,. 

6FE4,. 
6FE5,. 
6FE6,. 

6FE7,. 

6FE8,. 
6FE9,. 

6FEA,. 
6FEB,. 
6FEC,. 

6FED,. 
6FEE,. 

6FEF,. 

7FF8,. 
7FF9,. 
7FFA,. 
7FFB,. 

5-36 • MITSUBISHI 
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I Mask ROM number I 

Data Address Data 

88,. 6FDO,. 22,. 
11,. 6FD1,. 22,. 
00,. 6FD2,. 00,. 
00,. 6FD3,. 00,. 
00,. 6FD4,. 00,. 
00,. 6FD5,. DO,. 
00,. 6FD6,. 00,. 
00,. 6FD7,. DO,. 
44,. 6FD8,. 11,. 
44,. 6FD9,. 11,. 
DO,. 6FDA,. 00,. 
00,. 6FDB,. DO,. 
00,. 6FDC,. 00,. 
DO,. 6FDD,. 00,. 
00,. 6FDE, • 00,. 

00'6 6FDF,. 00,. 
08,. 7FF4,. 00,. 
88,. 7FF5,. 00,. 
DO,. 7FF6,. 80,. 
00,. 7FF7,. 11,. 

Data Address Data 

00,. 6FFO,. DO,. 
00,. 6FF1,. 00,. 
00,. 6FF2,. DO,. 
00,. 6FF3,. 00,. 
DO,. 6FF4,. 00,. 
00,. 6FF5,. 00,. 
00,. 6FF6,. 00;. 
DO,. 6FF7,. DO,. 
00,. 6FF8,. 00,. 
00,. 6FF9,. 00,. 

DO,. 6FFA,. DO,. 
00,. 6FFB,. 00,. 
00,. 6FFC,. 00,. 

00,. 6FFD,. 00,. 
00,. 6FFE,. 00,. 

00,. 6FFF,. 00,. 
00,. 7FFC,. 00,. 
00,. 7FFD,. 00,. 
DO,. 7FFE,. 00,. 
00,. 7FFF,. 00,. 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH01-60A ( 86AO > 

>* 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37409M2-XXXSP/FP 

MITSUBISHI ELECTRIC 

Company 
TEL 

name ( 
Customer 

Date Date: issued 

I Mask ROM number I 

Date: 

15. 
;;~~~~~r~ead ~~~:~~~~or 

Qi 
0 
Q) 

ex: 

Note: Please fill in all items marked>* 

Submitted by Supervisor 
Q) Q) 

) 
o~ 
c: ::J ",16 
::l c: 
I/)e> 
I/) --I/) 

3* 1, Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Microcomputer name: o M37409M2-XXXSP 

Checksum code for entire EPROM 

EPROM type 

o 2764 
Address 

0000,. ~~~~----, 
Area for ASe II 
codes of the 
catalog name 

OOOF,. 'M37409M2-·. 

OFFF,. f-L-"-'-'-.L..L...L...L..1....Lj 
1000,. 

ROM( 4 K) 

1 FFF,. '-~~~----' 

o 27128 
Address 

0000,. r-A-re-a-fo-r -AS-e-II-o 

codes of the 
catalog name 

OOOF,. 'M37409M2-' 

2FFF,. f-LL...L..L...L..L..LL...L..l...; 
3000,. 

ROM( 4 K) 

3FFF,. L-~~~_ 

(1) Set "FF16" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37409M2-' to addresses 000016 to 
000F16. ASCII codes 'M37409M2-' are listed on 
the right. 
The addresses and data are in hexadecimal nota
tion. 

o M37409M2-XXXFP 

(hexadecimal notation) 

Address 
000016 
0001 16 
000216 
000316 
000416 
000516 
000616 
000716 

'M' = 40 '6 
'3' = 3 3'R 
'7' =3 7'R 
'4'=34", 
'0' = 3 O'R 
'9' = 3 9 '6 

'M' = 40 '6 

'2' = 3 2'R 

Address 
000816 
000916 
000A16 
000B16 
000C'6 
000016 
000E16 
000F16 

'-' = 2 D'R 

F F 1R 

F F 1R 

F F 1R 

F F 16 

F F 1R 

F F 1R 

F F 1R 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH01-60A < 86AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37409M2-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program, 

EPROM type 2764 27128 

The pseudo-command 
*=LI.$EOOO * =LI.$COOO 

,BYTELI. 'M37409M2-' ,BYTELI. 'M37409M2-' 

This is an example when the start address of internal ROM is F00016, 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P4B for M37409M2-XXXSP ; 50P6N for M37409M2-XXXFP) and attach to 
the mask ROM confirmation form, 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-13A< 11AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37410M3HXXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 
C. signature signature 
'CD 
(J 
(J) 
II: 

Note: Please fill in all items marked* 

Company 
TEL 

(J) (J) 
name ( ) () ~ 

Customer 
c3 os os 
::> c 

Date 
en 0> 

Date: !E."Ui 
issued 

* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

Submitted by Supervisor 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

D 27128 D 27256 D 27512 
address 

0000 Port PO pul ~up address 0000 Port PO ull·up address 0000 Port PO pull·up 
0001 ort t->1 pull-up 0001 Port pUll-Up 0001 Port Pl putl-up 
0002 Port fl~_pull-up 0002 Port PlJu-up 0002 Port P2 pull-up 
0003 Port P3 pul -up 0003 Port P3 pull-up 0003 Port P3 pull-u 
0004 Port P4 pull-up 0004 Port P4 pu I-Up 0004 Port P4 pull-up 
0005 ort P5 pull-up 0005 Port P5 pull-up 0005 Port P5 pull-u 
0006 Port P2 ke on wake-up 0006 Port P2 key art wake-up 0006 ort key on wa e-up 
0007 111111111 0007 //////111 0007 ///////// 
2800 6800 EeOO 

ROM(6K) ROM(6K) ROM(6K) 
3FFF 7FFF FFFF 

Set "FF'6" in the shaded area. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6S for M37410M3HXXXFP) and attach to the mask ROM confirmation 
form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-13A< 11AO> 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37410M3HXXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

* 4. Option specification (write the option data also at the specified address in the EPROM) 

1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

P07 P06 P05 PO. P03 P02 PO, POo 

address 000016 I I . I 

2. Port P1 pull-up transistor (if built-in is desired write 1 , if not write 0) 

address 0001 16 LI_-'-_-'--_-'---_-'---_-'---_-'---_-'--_ 

3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P27 P26 P25 P2. P23 P22 P2, P20 

address 000216 LI_-'-_-'--_-'--_-'--_-'---_-'---_-'--_ 

4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

address 000316 LI_-'-_-'--_-'--_-'--_-'--_-'--_-'--_ 

5. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 

P43 P42 P4, P40 

address 000416 I 0 I 0 I 0 I 0 I 
6. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 

address 000516 I 
L-~_~_~_~_~_~_~~~ 

7. Port P2 key on wake-up (if built-in is desired write 1, if not write 0) 

.5-40 

KW7 KW6 KW5 KW. KW3 KW2 KW, KWo 

address 000616 I I I I I I I I I 

• MITSUBISHI 
"ELECTRIC 



MITSUBISHI MICROCOMPUTERS' 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-14A < 11 AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37410M4HXXXFP 

MITSUBISHI ELECTRIC 

Company 
TEL 

name ( 
Customer 

Date Date: issued 

* 1. Confirmation 

I Mask ROM number I 

Date: 

Section head Supervisor 
15. signature signature 
'iii 

" <1l 
Cl: 

Note: Please fill in all items marked* 

Submitted by Supervisor 
<1l <1l 

) " ~ c:,z 
til os 
::> c: 
'" Cl ",.-- '" 

Specify the name 01 the product being ordered and the type of EPROMs submitted. 
Three sets Qf EPROMs are required for each pattern (Check @ in the appropriate box), 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

o 27128 
address 

0000 
000' 
0002 
0003 
000. 
0005 
0006 
0007 

2000 

3FFF 

Port PO pull-up 
Port P1 pu I-UP 
Port u ·U 

p~~ P3 ~~I:=$_ 
Port P5 ull-u~-

Port P2 key on wake-up 

11/1111 III 
ROM(BK) 

Set "FF'6" in the shai:ted area. 

* 2. Mark speCification 

0 27256 
address 

0000 
0001 
0002 
0003 
000. 
0005 
0006 
0007 

6000 

(hexadecimal notation) 

0 27512 
address 

0000 
000' 
0002 
0003 
000' 
0005 
0006 
0007 

FFFF 
ROM(BK) 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6S for M37410M4HXXXFP) and attach to the mask ROM confirmation 
form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES M'ELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-14A< 11AO> 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE:CHIP MICROCOMPUTER M37410M4HXXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

* 4. Option specification (write the option data also at the specified address in the EPROM) 

1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

address 000016 I I 1 I 

2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

~. ~. ~5 ~4 ~3 ~2 ~, ~o 

address 0001 16 1 1 1 ' 

3. Port P2 pull-up transistor (if built-in is desired write 1, ,if not write 0) 

P20 

address 000216 1 I I, 1 1 

4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

address 000316 '-1_---'-_-'--_"--_'--------'_--'-_-'--_-' 

5. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 

address 000416 1 0 I 0 1 0 I 0 1 

6. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 

P5. P5. P55 P54 P53 P52 P5, P50 

address 000516 I I 
7. Port P2 key on wake-up (if built-in is desired write 1, if not write 0) 

KW. KW. KW5 KW. KW3 KW2 KW, KWo 

address 000616 1 1 I 1 1 ' I I I I 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-1SA < 11 AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37410M6HXXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 

a. signature signature 

a; 
tJ 
Ql 
cr: 

Note: Please fill in all items marked*. 

TEL 
Company Ql Ql 

tJ ~ 
name ( ) ,,2 

Customer 
OJ OJ 

::l " We> 

Date 
~·iii 

issued Date: 

3* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

Submitted by Supervisor 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

D 27128 0 27256 D 27512 
address address address 

0000 Port PO pull-up 0000 Port P pull-up ooog Port pu -up 
0001 ort u -up Q901 !Sort P1 ull-u 0001 Port pi ult-u 
0002 ort pu -up 0002 ort pu -up 0002 ort pu I-up 
0003 ort u -u 0003 

~~ 
0003 Port P3 Ull-u 

0004 0 u -u 0004 0004 ort u -u 
0005 0 u -u 0005 Port 5 ull-u 0005 ort pu -up 
0006 crt e on wa e-u 0006 onp e on wa e-u 0006 port PZ key on wake-up 

0007 1/ I '11111 -0007 1111111111 / 0007 1111111111 
1000 5000 0000 

ROM(12K) ROM(12K) ROM(12K) 
3FFF 7FFF FFFF 

Set "FF,S" in the shaded area. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6S for M37410M6HXXXFP) and attach to the mask ROM confirmation 
form. 

* 3. Comments 

• MITSUBISHI 
"-ELECTRIC 

5-43 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-15A< 11AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37410M6HXXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

* 4. Option specification (write the option data also at the specified address in the EPROM) 

,. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

PO? P06 ' P05 PO. P03 P02 PO, POo 

address 000016 IL_---'--_--'-_-'--_'--------'_---'-_-'-_-' 

2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

P1? P1 6 P1 5 P1. P1 3 P1 2 P1, P1 0 

address 0001 16 I I 1] 
3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

address 000216 IL_---'--_--'-_-'--_'-------'_---'-_-'-_-' 

4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P37 P36 P35 P3. P33 P32 P3, P30 

address 000316 I 
5. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 

P43 P42 P4, P40 

address 000416 I 
0 I 0 [ 0 I 0 

I D 
6. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 

P57 P56 P55 P5. P53 P52 P5, P50 

address 000516 I 
7. Port P2 key on wake-up (if built-in is desired write 1, if not write 0) 

KW7 KW6 KW5 KW. KW3 KW2 KW, KWo 

address 000616 I I I [ I [ I [ I 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH01-54A ( 83BO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37412M4-XXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 
a. slQnature siQ-nature 
a; 
<.) 

<I> 
a: 

Note: Please fill in all items marked*. 

TEL Submitted by Supervisor 
Company <I> <I> " ~ name ( ) c ::> 

Customer <1l-ro 
::> c 
"'0> 

Date !!!. (jj 

issued Date: 

* ,. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

o 27128 o 27256 
Address Address 
0000" Area for ASCII 0000,. Area for ASCII 

codes d Ille name codes d Ille name 
of the produc~ of the produc~ 

OOOF,. 'M37412M4- OooF,. 'M37412M4-

0010,. STP oplion 0010,. STP option 

0011,. 

lFFF,. 5FFF,. 
2000,. 6000,. 

ROM( 8 K) ROM( 8 K) 

3FFF,. 7FFF,. 

(1) Set "FF,6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37412M4-' to addresses 0000 '6 to 
000F,6. ASCII codes 'M37412M4-' are listed on 
the right. The ,addresses and data are in hexade
cimal notation. 
Write the option data to address 0010,6. 

(hexadecimal notation) 

o 27512 
Address 
0060,; Area for ASCII 

codes d Ille name 
of the product 

OOOF,. 'M37412M4-' 

0010,. STP optIOn 

0011,. 

DFFF,. 
EOOO,. 

ROM( 8 K) 
FFFF,. 

Address 
000016 

0001 '6 

000216 

000316 

0004 '6 

000516 

0006 '6 

0007 '6 

'M' =4 0 '6 
'3' = 3 3 '6 
'7' = 3 7 16 

'4' = 3 4 '6 

'" = 3 , 16 
'2'=32~ 
'M' =4 0 '6 
'4' =34 '6 

Address 
000816 
000916 

000A16 

0008 '6 

000C '6 
0000 '6 

000E '6 
000F'6 

'-'.= 20 '6 
F F 16 

F F 16 

F F 16 

F F '6 

F F 16 

F F 16 

F F 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SHOl-54A < 83BO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE·CHIP MICROCOMPUTER M37412M4·XXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 27128 27256 27512 

The pseudo-:command 
*=c.$COOO *=C.$8000 *=c.$0000 

.BYTEC. 'M37412M4-' .BYTEC. 'M37412M4-' .BYTEC. 'M37412M4-' 

This is an example when the start address of internal ROM is EOOOI6. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (72P6 for M37412M4-XXXFP) and attach to the mask ROM confirmation form. 

* 3. Comments 

* 4. Option specification (write the option data also to the specified address of the EPROM) 

1. STP instruction option 

o When STP instruction is valid ............. ··1 01 '6 
o When STP instruction is invalid .......... · .... 1 00,6 

Address 001016 

Recommend to writing the follOWing pseudo-:command to the a~sembler source file : 

EPROM type 27128 27256 27512 

1. STP instruction option 
*=C.$C010 *=C.$8010 *=C.$0010 

.BYTEC.$XX .BYTEC.$XX .BYTEC.$XX 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-35A< 13AO> 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37413M4HXXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 
Date: 

Section head 
C. s.J.anature 
Qi 
(J 
CD 
a: 

Supervisor 
s!!lnature 

Note: Please fill in all items markedliE. 

TEL Submitted by Supervisor 
Company CD CD 

tl ~ 
name ( ) ".OJ 

Customer "'''' :::> " I/JC) 

Date ~·Ui 

issued Date: 

liE 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

0 27128 0 27256 0 27512 
Address Address Address 

00001(i 
Area for ASCII codes of the 0000" 

Area for ASCII codes of the 
000016 

Area for ASCII codes of the 
OOOF16 name rI the- product 'M37413M4H' OOOF16 name of the product 'M37413M4H' OOOF'6 name cI the product 'M37413M4H' 

001Dt6 Port PO pull-up Q01G-tS Port PO pull-up 0010,6 Port PO pull-up 

001',6 Port P1 pull-up 001 ' ,8 Port PI pull-up 001',8 Port PI pull-up 

001216 Port P2 pull-up 0012,6 Port P2 pull-up 0012,6 Port P2 pull-up 
0013,6 Port P3 pull-up 0013,6 Port P3 pull-up 001 3,6 Port P3 pull-up 

001416 Port P4 pull-up 001416 Port P4 pull-up 0014,6 Port P4 pull-up 

001516 Port P5 pull-up 001516 Port P5 pull-up 001516 Port P5 pull-up 

001616 Port P2 key on wake up 001616 Port P2 key on wake up 001616 Port P2 key on wake up 

001716 Port P6 pull-up 001716 Port P6 pull-up 001716 Port P6 pull-up 

001818 Port P7 pull-up oo18-Js Port P1 pull-up 001 816 Port P1 pull-up 

00191. Port P7 key on wake up 001916 Port P7 key on wake up 001916 Port P7 key on wake up 
001A16 

IIIIIIIIIIIIII 001A16 

1// / / / / / / I I / / / I 
001A16 

Willi/II/III 1FFF16 5FFF16 DFFF16 
200016 6000,. ~16 
3FFF16 ROM(BK) 7FFF16 ROM(BK) FFFF16 ROM(BK) 

(1) Set "FF'6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of the product 'M37413M4H' to addresses 0000'6 to 

000F'6' 
Write the option data to addresses 0010'6 to 0019,6' 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-35A < 13AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37413M4HXXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (BOP6S for M37413M4HXXXFP) and attach to the mask ROM confirmation 
form. 

* 3. Comments 

* 4. Option specification (write the option data also at the specified address in the EPROM.) 

1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

address 001016 
LI ~-L~-L~--"---~-'-~-'-~-'-~-'----.-J 

2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

address 0011161 L ~-L~-L~-"-~-'-~-'-~-'-~-'----.-J 
3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

add ress 001 216 1'-----'~___1~---'~----'-~__'_~--'-~--'-~__' 
4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P37 P36 P35 P34 P33 P32 P3, P30 

address 001316 1 I. I] 
5. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 

P47 P46 P45 P44 P43 P42 P4, P40 

address 001416 III 1 
-'-~-'-~-'--~-'--~-'--~ 

6. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 

5-48 

P57 P56 P55 P54 P53 P52 P5, P50 

address 001516 1 
L-~L-~L-~~~~~~~~~~~ 

• MITSUBISHI 
;"ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-35A< 13AO> 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37413M4HXXXFP 

MITSUBISHI ELECTRIC 

7. Port P2 key on wake up (if built-in is desired write 1, if not write 0) 

I Mask ROM number I 

address 0016'6 1 KWz 1 KW61 KWS
1 

KW41 KW31 KW21 KW, 1 KWo 1 

8. Port P6 pull-up transistor (if built-in is desired write 1, if not write 0) 

P67 P66 P6s P64 P63 P62 P6, P60 

address 0017'6 1 

~-J __ ~ __ ~ __ ~ __ L-~ __ -L ___ 

9. Port P7 pull-up transistor (if built-in is desired write 1, if not write 0) 

address 0018'6 LI __ ---L-__ "-------' __ --'-__ ---'---__ --'---__ "------' 

10. Port P7 key on wake up (if built-in is desired write 1, if not write 0) 

KU 7 KU6 KUs KU4 KU s KU 2 KU, KUo 

address 0019'6 1 1 1 1 1 1 1 1 1 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-35A < 13AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37413M4HXXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Writing the name of the product and option data onto EPROMs. 

Addresses 0000'6 to 000F'6 store the name of the product and addresses 0010'6 to 0019'6 store the option data. 
Write the following ASCII codes that indicates 'M37413M4H' to addresses 0000'6 to 000F'6. 
Write data according to the option data sheet to addresses 0010'6 to 0019,6. 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 
As for the option, if the contents of the confirmation and conflict with those of the EPROMs, the contents of the 
EPROMs are preferred. 

1. Inputting the name of the product with the ASCII code. 
ASCII codes 'M37413M4H' are listed on the right. 
The addresses and data are in hexadecimal notation. 

Adress 
0000'6 
0001'6 
0002'6 
0003'6 
0004'6 
0005'6 
0006'6 
0007'6 

~'=4P~ 
'3' = 3 3,R 
'7' = 3 7 'R 
'4' = 3 4," 
'1' = 3 1 , " 
'3' = 3 3," 
'M' = 4 D 1R 
'4' = 3 4," 

Address 
0008'6 
0009'6 
000A'6 
000B'6 
000C'6 
000D'6 
000E'6 
000F'6 

'H' = 48 ," 
F Fl§.. 
F F 16 

F F '" 

F F '" 
F F '" 
F F 1R 
F F,6 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 
-~--

EPROM type 27128 27256 

The pseudo-command 
*=$COOO *=$8000 

.BYTEL:.. 'M37413M4H' .BYTEL:.. 'M37413M4H' 

This is an example when the start address of internal ROM is FOOO'6· 

2. Inputting the option data onto the EPROMs. 
Write the following pseudo-command to the assembler source file: 

EPROM type 

PO pull-up 

Pl pull-up 

P2 pull-up 

P3 pull-up 

P4 pull-up 

P5 pull-up 

P2 key on wake up 

P6 pull-up 

P7 pull-up 

P7 key on wake up 

5-50 

27128 27256 
-

* =$COlO *=$8010 

. BYTEL:..$XX .BYTEL:..$XX 

. BYTEL:..$XX . BYTEL:..$XX 

.BYTEL:..$XX .BYTEL:..$XX 

.BYTEL:..$XX .BYTEL:..$XX 

.BYTEL:..$XX .BYTEL:..$XX 

.BYTEL:..$XX .BYTEL:..$XX 

.BYTEL:..$XX . BYTEL:..$XX 

.BYTEL:..$XX . BYTEL:..$XX 

. BYTEL:..$XX .BYTEL:..$XX 

. BYTEL:..$XX .BYTEL:..$XX 

• MITSUBISHI 
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27512 

*=$0000 

.BYTEL:.. 'M37413M4H' 

27512 

* =$0010 

.BYTEL:..$XX 

.BYTEL:..$XX 

.BYTEL:..$XX 

.BYTEL:..$XX 

. BYTEL:..$XX 

.BYTEL:..$XX 

.BYTEL:..$XX 

.BYTEL:..$XX 

. BYTEL:..$XX 

. BYTEL:..$XX 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-36A < 13AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37413M6HXXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head 
C. signature 
'Qi 

" Ql 
a: 

Supervisor 
sig'nature 

Note: Please !illm all items marked*. 

Company 
TEL Submitted by Supervisor 

Ql Ql 
name ( ) " ~ c: :0 

Customer OlOi 
:0 c: 
<f)o> 

Date 
<f)._ 

Date: 
-<f) 

i~sued 

"* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

0 27128 0 27256 0 27512 

Address Address Address 

000016 Area for ASCII codes of the 000016 
Area for ASCII codes of the 

000016 
Area for ASCII codes of the 

OOOF16 name Of the produc!'M37413M6H' 
OOOF16 name of the product 'M37413M6H' OOOF16 name of the product 'M37413M6H' 

001016 Port PO puU-up 001016 Port PO pull~up 001016 Port PO pull-up 

001116 Port PI pull-up 001116 Port P1 pull-up 001116 Port PI pull-up 

001216 Port P2 pull-up 001216 Port P2 pull-up 001216 Port P2 pull-up 

001316 Port P3 pull-up 00131.6 Port P3 pull-up 001316 Port P3 pull-up 

001416 Port P4 pull-up 001416 Port P4 pull-up 0014,6 Port P4 pull-up 

001516 Port P5 pull-up 001516 Port P5 pull-up 001516 Port P5 pull-up 

001616 Port P2 key on wake up 001616 Port P2 key on wake up 001616 Port P2 key on wake up 

001716 Port P6 pu II-u P 001716 Port P6 pull-up 001716 Port P6 pull-up 

001816 Port P7 pull-up 001 816 Port P7 pull-up 001816 Port P7 pull-up 

00191~ Port P7 key on wake up 001916 Port P7 key on wake up 001916 Port P7 key on wake up 
Q01A16 

V////////~ 
001 A16 

o/UJLH~ 
001A16 

'l///////// OFFF16 4FFF16 CFFF16 
100016 

AOM(12K) 500016 
ROM(12K) 

000016 ROM(12K) 
3FFF16 7FFF16 FFFF16 

(1) Set "FF16" in the shaded area. 
(2) Write the ASCII codes that indicates the name of the product 'M37413M6H' to addresses 000016 to 

000F16. 
Write the option data to addresses 001016 to 001916, 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-36A< 13AO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37413M6HXXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (aOP6S for M37413M6HXXXFP) and attach to the mask ROM confirmation 
form. 

* 3. Comments 

* 4. Option specification (write the option data also at the specified address in the EPROM.) 

1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

PO, POe P05 PO. P03 P02 PO, POo 

address 0010'6 1 1 

2. Port P1 pull-up transistor (if built-in is desired write 1, if not write 0) 

address 0011,6 1 
L-~L-~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ 

3. Port P2 pull-up transistor (if built-in is desired write 1, if not write 0) 

P2, P2e P25 P2. P23 P22 P2, P20 

address 0012'6 1 L-__ L-~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ 
4. Port P3 pull-up transistor (if built-in is desired write 1, if not write 0) 

P3, P3e P35 P3. P33 P32 P3, P30 

address 0013,6 LI __ --'--__ --'--__ -'-__ -'--__ -'--__ """'---__ -'-------' 

5. Port P4 pull-up transistor (if built-in is desired write 1, if not write 0) 

P4, P4e P45 P44 P43 P42 P4, P40 

address 0014,6 1L---1 __ --' __ ~ __ __L __ __L __ __'_ __ __'_ __ ~ 
6. Port P5 pull-up transistor (if built-in is desired write 1, if not write 0) 

5-52 

P5, P5e P55 P5. P53 P52 P5, P50 

add ress 0015'6 IL __ --'--__ -'-__ -'--__ -'--__ """'---__ -'----__ -'-------' 

'MITSUBISH 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-36A < 13AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37413M6HXXXFP 

MITSUBISHI ELECTRIC 

7. Port P2 key on wake up (if built-in is desired write 1, if not write 0) 

I Mask ROM number I 

KW7 KWG KW5 KW. KW3 KW2 KW, KWo 

address001616 ! ! ! ! ! ! ! ! ! 

8. Port P6 pull-up transistor (if built-in is desired write 1, if not write 0) 

P67 P6G P65 P64 P63 P62 P6, P60 

address 001716 ! 
L-~ __ -L __ ~ __ ~ __ L-~ __ -L~ 

9. Port P7 pull-up transistor (if built-in is desired write 1, if not write 0) 

address 001816 ! 
~~--~--~--~--~~--~~ 

10. Port P7 key on wake up (if built-in is desired write 1, if not write 0) 

KU 7 KUG KU 5 KU. KU3 KU2 KU, KUo 

address001916 ! ! ! ! ! ! ! ! ! 

• MlTSUBiSHI "'ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH04-36A < 13AO > 

SERIES MELPS 740 MASK ROM CONFIRMATioN FORM 
SINGLE-CHIP MICROCOMPUTER M37413M6HXXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM num~er I 

Writing the name of the product and option data onto EPROMs. 

Addresses 0000'6 to 000F'6 store the name of the product and addresses 0010'6 to 0019'6 store the option data. 
Write the following ASCII codes that indicates 'M37413M6H' to addresses 0000'6 to 000F,6. 
Write data according to the option data sheet to addresses 0010'6 to 0019,6, 
If the name of the product contained in the EPROMs does not match the name on the mask ROM confirmation form, 
the ROM processing is disabled. Write the data correctly. 
As for the option, if the contents of the confirmation and conflict with those of the EPROMs, the contents of the 
EPROMs are preferred. 

1. Inputting the name of the product with the ASCII code. 
ASCII codes 'M37413M6H' are listed on the right. 
The addresses and data are in hexadecimal notation. 

Adress 
0000'6 
0001 '6 
0002'6 
0003'6 
0004'6 
0005'6 
0006'6 
0007'6 

'M' =4 D ,,, 
'3' =33 '6 
'7' = 3 7 '6 
'4'=34 16 
'1' = 3 1 16 
'3'=33 HL 

'M' =4 D , ,, 
'6' = 3 6 , ,, 

Address 
0008'6 
0009'6 
000A'6 
000B'6 
000C'6 
000D'6 
000E'6 
000F'6 

'H'=48,,, 

F F '" 
F F 16 
F F 16 
F F 16 
F F 16 
F F 16.. 

F F ,,, 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 27128 27256 

The pseudo-command 
* =$COOO *=$8000 

.BYTEL"::. 'M37413M6H' .BYTEL"::. 'M37413M6H' 

This is an example when the start address of internal ROM is FOOO'6' 

2. Inputting the option data onto the EPROMs. 
Write the following pseudo-command to the assembler source file: 

EPROM type 

PO pull-up 

P1 pull-up 

P2 pull-up 

P3 pull-up 

P4 pull-up 

P5 pull-up 

P2 key on wake up 

P6 pull-up 

P7 pull-up 

P7 key on wake up 

5-54 

27128 27256 

*=$COlO *=$8010 

. BYTEL"::.$XX . BYTEL"::.$XX 

. BYTEL"::.$XX .BYTEL"::.$XX 

. BYTEL"::.$XX .BYTEL"::.$XX 

.BYTEL"::.$XX .BYTEL"::.$XX 

.BYTEL"::.$XX .BYTEL"::.$XX 

. BYTEL"::.$XX . BYTEL"::.$XX 

.BYTEL"::.$XX .BYTEL"::.$XX 

. BYTEL"::.$XX . BYTEL"::.$XX 

.BYTEL"::.$XX .BYTEL"::.$XX 

. BYTEL"::.$XX .BYTEL"::.$XX 

• MITSUBISHI 
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-~ 

27512 

*=$0000 

.BYTEL"::. 'M37413M6H' 

27512 
-

*=$0010 

. BYTEL"::.$XX 

.BYTEL"::.$XX 

. BYTEL"::.$XX 

. BYTEL"::.$XX 

.BYTEL"::.$XX 

.BYTEL"::.$XX 

.BYTEL"::.$XX 

.BYTEL"::.$XX 

.BYTEL"::.$XX 

.BYTEL"::.$XX 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-11 A < 96AO ) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37414M5-XXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 
Date: 

Section head Supervisor 
0. sicnature slcinature 
'iii 

" CD 
II: 

Note : Please fill in all items marked * . 
Company 

TEL Submitted by Supervisor 
CIlCll 

name " ~ ( ) c ::> 

Customer .. 1;j 
::> c 
UlC) 

Date 
UI·-

Date: 
-UI 

issued 

* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

o 27128 
AddreFss~ ____ -, 

0000,. Area for ASCII 
codes dille name 
of the product 

OOOF,. 'M37414M5-' 

DOlO,. STP option 
0011,. ir-T-T'T':rT1"',.-,I 

RGlM(10K) 

3FFF,. "----------' 

o 27256 
Address 

DODO,. 'A-re-a-for-ASC-II--; 

codes d 1he name 
of the product 

OOOF,. 'M37414M5-' 

DOlO,. 
DOll,. ir-T-T'rT'T"rnrrl 

5800,. 

ROM(10K) 

7FFF,. '--------' 

(1) Set "FF16" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37414M5-' to addresses 000016 to 
000F16. ASCII codes 'M37414M5-' are listed on 
the right. The addresses and data are in hexade
cimal notation. 
Write the option data to address 001016. 

(hexadecimal notation) 

o 27512 
Address 

DODO,. rA-re-a-fo-r-AS-C-II----, 

codes dille name 
of the product 

OOOF,. 'M37414M5-' 

0010,. Ir-r-TT"':-,.."r'T'1i 

ROM(10K) 

FFFF'6 "----------' 

Address 
000016 
0001 16 
000216 -
000316 
000416 
000516 
000616 
000716 

'M' = 4 01JL 
'3' = 3 3.i6.. 
'7' = 37 ,6 
'4' - 34 16 
'1' =31 16 
'4' = 34 16 
'M' =4 0 16 
'5' = 35 16 

Address 
000816 
000916 
000A16 
000B16 
000C16 
000016 
000E16 
000F16 

'-' =2 0 16 
F F 16 
F F 16 
F F'R 
F F 16 
F F 16 
F F 16 
F F 16 
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, . MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK· ROM ORDERING METHOD 

/ 

GZZ-SH02~11A< 96AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37414M5-XXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 27128 27256 27512 

The pseudo-command 
*=A$COOO *=A$8000 *=A$OOOO 

.BYTEA 'M37414M5-' .BYTEA'M37414M5-' .BYTEA 'M37414M5-' 

This is an example when the start address of internal ROM is D800t6. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being· ordered fill out the 
appropriate mark specification form (72P6 for M37414M5-XXXFP) and attach to the mask ROM confirmation form. 

* 3. Comments 

* 4. Option specification (write the option data also to the specified address of the EPROM) 

1. STP instruction option 

o When STP instruction is valid ··•··•··•·· .... 1 01 '6 

o When STP instruction is invalid · .... · .. · .. · .. ·1 00'6 
Address 001016 

Recommend to writing the following pseudo-command to the assembler source file : 

EPROM type 27128 27256 27512 

1. STP instruction option 
*=A$C010 *=A$8010 *=A$0010 

.BYTEA$XX .BYTEA$XX .BYTEA$XX 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SHD1-86A < 91 AD> 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37415M4-XXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head 
15. siQnature 
Q; 
<> 
OJ 
a: 

Supervisor 
siQ-nature 

Note: Please fill in all items marked*. 

TEL Submitted by Supervisor 
Company (]) OJ 

" -name ( ) c ::> 

Customer "'<;; ::> c 
IIlCl 

Date .£?'(i) 

issued Date: 

*' 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We 5hall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM (hexadecimal notation) 

EPROM type 

D 27128 D 27256 D 27512 
Address Address Address 

0000 Port 1'0 u!H!I!. 0000 Port PO pull-up 0000 Port PO pull-uP 
0001 ort pu -up 0001 Port 1 pull-up 0001 Port P1 pull-up 
0002 P"ort 1'2 pu -up 0002 Port P2 pull-up 0002 Port P2 pull-up 
0003 ort u -up 0003 Port P3 pull-up 0003 Port P3 pull-up 
000' _P3_~out ut e 0004 P3s output type 000' _ P3s output ty.~ 
0005 TR ul-. 0005 rrt!!J7jl]J 0005 WRPUII-UP 0005 I111111111I 0006, 0005 

I lT7Tli 
2000 6000 EOOO 

I _ I LJ 
3FFF 

ROM(BK 
7FFF 

ROM(8K) 
FFFF 

ROM(BK) 

Set "FF'6" in the shaded area. 

*' 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (80P6S for M37415M4-XXXFP) and attach to the mask ROM confirmation 
form. 

*' 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH01-86A < 91 AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37415M4-XXXFP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

* 4. Option specification (write the option data also at the specified address in the EPROM) 

1. Port PO pull-up transistor (if built-in is desired write 1, if not write 0) 

PO? POB P05 PO, P03 P02 PO, POo 

address 0000 '6 I 
~~~~~~~~~~~~~~~ 

2. Port P1 pull-up transistor (if built-in is desired write 1. if not write 0) 

Ph P1 B P1 5 P1, P1 3 P1 2 P1, P1 0 

address 0001 '6 I 
~~~~~~~~~~~~~~~ 

3. Port P2 pull-up transistor (if built-in is desired write 1. if not write 0) 

P2? P26 P25 P2, P23 P22 P2, P20 

address 0002 '6 I 
~~~~~-L~~~~~~~~~ 

4. Port P3 pull-up transistor (if built-in is desired write 1. if not write 0) 

address 0003'6 
LI ~---'--~~~~~~~~----'-~--'-~~ 

5'. Port P35 output type (if Nch open drain is desired write 1, if CMOS write 0) 

P35 

address 0004'6 lil 0 I 0 I 0 I 0 I 0 I 0 I J 
6. CNTR pin pull-up transistor (if built-in is desired write 1, if not writ~ 0) 

5-58 

CNTR 

address 0005 '6 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I I 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH01-83A ( 8ZAO ) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE·CHIP MICROCOMPUTER M37416M2·XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 
a. ~~ sic'nature 
'iii 
(J 
<l) 

ex: 

Note: Please fill in all items marked* 

Company 
TEL Submitted by Supervisor 

m<l) 
name ( ) 

o ~ 
c ::> 

Customer ",iii 
::> c 
<1)0> 

Date 
<1).-

Date: 
-C/) 

issued 

'* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Microcomputer name: D M37416M2-XXXSP 

Checksum code for entire EPROM 

EPROM type 

D 2764 D 27128 

Address Address 
0000,. 

Area for ASCII 
0000,. 

Area for ASCII 
codes of the name codes of the name 
of the product of the product 

OOOF,. 
'M37416M2-' OOOF,. 'M37416M2-' 

1/1//1/1// '/1/////// 
1000,. 3000,. 

ROM( 4 K) ROM( 4K) 
1FFF16 3FFF'6 

(1) Set "FF16" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37416M2-' to addresses 000016 to 
000F16. ASCII codes 'M37416M2-' are listed on 
the right. The addresses and data are in hexade
cimal notation. 

D M37416M2-XXXFP 

(hexadecimal notation) 

D 27256 

Address 

000016 Area for ASCII 
codes of the name 
oUhe product 

OOOF,. 'M37416M2-' 

wn 1111 
7000,. 

ROM(4 K) 

7FFF'6 

Address 
000016 
0001 16 
000216 
0003,6 
000416 
0005,6 
000616 
000716 

'M'=40'R 
'3'=33 M 

'7' = 3 7 'R 
'4' = 3 4'R 
'1' = 3 1 '6 
'6' = 3 6 '6 
'M' = 4 O'R 
'2' = 3 2'R 

Address 
000816 
000916 
000A'6 
000B'6 
000C16 
000016 
000E16 
000F16 

'-' =2 0,. 

F F '" 
F F'R 
F F'R 
F F'R 
F F 16 

F F '" 
F F '" 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS -740 MASK ROM ORDERING METHOD 

GZZ-SH01-83A < 8ZAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37416M2-XXXSP/FP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 2764 27128 

The pseudo-command 
* ="::::'$EOOO *="::::'$COOO 

.BYTE"::::' 'M37416M2-' .BYTE"::::' 'M37416M2-' 

This is an example when the start address ,of internal ROM is FOOO'6' 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered ,fill out the 
appropriate mark specification form (52P4B for M37416M2-XXXSP ; 56P6N for M37416M2-XXXFP) and attach to 
the mask ROM confirmation form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-17A< 96AO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37420M4-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 
Date: 

Section head Supervisor a. signature signature 
Qi 

" Q) 

c: 

Note: Please fill in all items marked,*. 

TEL Submitted by Supervisor 
Company Q) Q) 

name ( ) " ~ c: ::J 

Customer me;; 
::J c: 
"'Ol 

Date Date: 
~'(i) 

issued 

9.< 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

D 27128 D 27256 
Address Address 

0000,• 
Area for ASC II 0000,• Area for ASC II 
codes d the name codes d the name 

OOOF,. 
of the product of the product 
'M37420M4-' OOOF,. 'M37420M4-' 
1---------

0010,. STP option 0010,. STP option 

0011 16 WDOG option 0011,. WDOG option 

mlllllli 11111111/ 
2000,. 6000,. 

ROM( 8 K) ROM( 8 K) 
3FFF,. 7FFF16 

(1) Set "FF,6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37420M4-' to addresses 0000'6 to 
000F'6. ASCII codes 'M37420M4-' are listed on 
the right. The addresses and data are in hexade
cimal notation. 
Write the option data to addresses 0010'6 and 
0011,6. 

(hexadecimal notation) 

D 27512 
Address 

0000,• Area for ASCII 
codes d the name 
of the product 

OOOF,• 
'M37420M4-' 

0010,. STP option 

0011,. WDOG option 

11/11/1//; 
EOOO,. 

ROM( 8K) 
FFFF,. 

Address 
0000'6 
0001'6 
0002'6 
0003'6 
0004'6 
0005'6 
0006'6 
0007'6 

'M'=4D ,6 

'3' = 3 3'6 
'7' = 3 7'6 
'4' = 3 4'6 
'2' = 3 2'6 
'0' = 3 O~EL 
'M' -4 0 '6 

'4' = 3 4 '6 

Address 
0008,6 
0009'6 
000A'6 
000B'6 
000C'6 
0000'6 
000E'6 
000F'6 

'-' = 2 D,s 
F F 16 

F F 16 

F F'6 
F F'6 
F F'6 
F F'6 
F F 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH02-17A< 96AO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE·CHIP MICROCOMPUTER M37420M4·XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 27128 27256 27512 

The pseudo-command 
*=LC.$COOO *=LC.$8000 *=LC.$OOOO 

.8YTELC. 'M37420M4-' .8YTELC. 'M37420M4-' .8YTELC. 'M37420M4-' 

This is an example when the start address of internal ROM is EOOO,6. 

'* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P48 for M37420M4-XXXSP) and attach to the mask ROM confirmation 
form. 

'* 3. Comments 

'* 4. Option specification (write the option data also to the specified address of the EPROM) 

1. 

0 STP instruction is valid ·················{~o~ 
0 STP instruction is invalid .. ·· .............. 1 00'6 1 

Address 0010 '6 

2. 

0 Reset by the watchdog ··················1 01 '6 timer is valid 
Address 0011 ,6 

0 Reset by the watchdog .......... · ...... ·1 00'6 timer is invalid 

Recommend to writing the following pseudo-command to the assembler source file: 

EPROM type 27128 27256 27512 

* =LC.$C010 *=LC.$8010 * =LC.$OO10 

STP instruction option .8YTELC.$XX .8YTELC.$XX .8YTELC.$XX 

W.D.T option .8YTELC.$XX .8YTELC.$XX .8YTELC.$XX 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH01-96A < 92AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37420M6-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 
C. signature sig"nature 

'w 
0 
<1l 
a: 

Note: Please fill in all items marked* 

Company 
TEL Submitted by Supervisor 

<1l <1l name ( ) o~ 
c: :0 

Customer OlCij 
:0 c: 

Date 
<flO) 

Date: 
~.(j) 

issued 

* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

0 27128 0 27256 
Address Address 

0000,. 
Area for ASCII 

0000,. 
Area for ASCII 

codes 01 the name codes 01 the name 
of the product of the product 

OOOF,. 'M37420M6-' OOOF,. 'M37420M6-' 

0010,. STP option 0010,. STP option 

0011,. WOOG option 0011,. WOOG option 

1000,. 1111111111 I11111111 
5000,. 

ROM(12K) ROM(12K) 
3FFF,. 7FFF,. 

(1) Set "FFI6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37420M6-' to addresses 000016 to 
000F16. ASCII codes 'M37420M6-' are listed on 
the right. The addresses and data are in hexade
cimal notation. 
Write the option data to addresses 001016 and 
0011 16, 

(hexadecimal notation) 

0 27512 
Address 

0000,. 
Area for ASCII 
codes 01 the name 
of the product 

OOOF,. 'M37420M6-' 

0010,. STP option 

0011,. WOOG option 

1111111111 
0000,. 

ROM(12K) 
FFFF,. 

Address 
000016 
0001 16 
000216 
000316 
000416 
000516 
000616 
000716 

'M'-401A 
'3' = 3 3 16 
'7' = 3 7 16 
'4' = 3 4 16 
'2' = 3 2 16 
'0' = 3 0 16 
'M' = 40 16_ 
'6'=361.6_ 

Address 
000816 
000916 
000A16 
000816 
000C16 
000016 
000E16 
000F16 

'-'=20 16 
F F 16 
F F 16 
F F 16 
F F 16 

F F..l.6.. 
F F 'A 
F F 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH01-96A < 92AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37420M6-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 27128 27256 27512 

The pseudo-command 
*=L>.$COOO *=L>.$8000 *=L>.$OOOO 

.BYTEL>. 'M37420M6-' .BYTEL>. 'M37420M6-' . BYTEL>. 'M37 420M6-' 

This is an example when the start address of internal ROM is 0000,6. 

'* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (52P4B for M37420M6-XXXSP) and attach to the mask ROM confirmation 
form. 

'* 3. Comments 

'* 4. Option specification (write the option data also to the specified address of the EPROM) 

1. 

0 STP instruction is valid ..· .. · .. · .... · .. ··1 01'6 

0 STP instruction is invalid .................. 1 00'6 
Address 0010'6 

2. 

0 Reset by the watchdog .................. 1 01'6 timer is valid 
Address 0011 '6 

0 Reset by the watchdog .................. 1 00'6 timer is invalid 

Recommend to writing the following pseudo-command to the assembler source file: 

EPROM type 27128 27256 27512 

*=L>.$C010 *=L>.$8010 *=L>.$0010 

STP instruction option .BYTEL>.$XX . BYTEL>.$XX .BYTEL>.$XX 

W.O.T option .BYTEL>.$XX .BYTEL>.$XX .BYTEL>.$XX 

Note: If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. As for the option, if the' contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-33A < 01 AO) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37424M8-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head Supervisor 

C. signature signature 

Qi 

" Q) 

CC 

Note: Please fill in all items marked,*. 

TEL Submitted by Supervisor 
Company Q) Q) 

name ( ) " ~ c: :;J 

Customer ",0; 
:;J c: 
"'0> 

Date ",.-

Date: - '" 
issued 

'* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least tWo of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

D 27256 D 27512 

Area for ASCII 
0000,. 

Area for ASCII 
0000,. 

codes r:J the name codes r:J the name 
of the product of the product 
'M37424M8-' OOOF,. 'M37424M8-' OOOF,. 

4000,. COOO,. 

ROM(16K) ROM(16K) 

7FFF,. FFFF,. 

(1) Set "FF'6" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37424M8-' to addresses 0000'6 to 
000F,6. ASCII codes 'M37424M8-' are list§.d on 
the right. The addresses and data are in hexade
cimal notation. 

Address 
0000'6 
0001 '6 
0002'6 
0003'6 
0004'6 
0005'6 
0006'6 
0007 ,6 

(hexadecimal notation) 

'M' =4 0 '6 
'3' = 3 3 '6 
'7' = 3 7 '6 
'4'=341.ft 
'2'=32L~ 
'4' - 3 4'1i 
'M' = 40 '6 
'8' = 3 8'6 

Address 
0008'6 
0009'6 
000A'6 
000B'6 
000C'6 
0000'6 
000E'6 
000F'6 

'-'= 2D...1JL 

F F 11i 

F F 16 

F F 16 
F F'6 
F F 16 
FF-.la 
FFlJi 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-33A < 01 AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37424MS-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 27256 27512 

The pseudo-command 
*=.6.$8000 * =.6.$0000 

.BYTE.6. 'M37424M8-' .BYTE.6. 'M37424M8~' 

This is an example when the start address of internal ROM is C0001S. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37424M8-XXXSP) and attach to the mask ROM confirmation 
form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ-SH03-53A ( 04AO ) 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37524M4-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Date: 

Section head SupervIsor 

15. slQnature siQ"nature 
.0; 

" II> 
a: 

Note: Please fill in all items marked*. 

TEL Submitted by Supervisor 
Company ., ., 
name ( ) " ~ 

" :::> Customer .,iii 
::l c: 

Date "'c> ",.-

Date: - "' issued 

* , _ Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 

Checksum code for entire EPROM 

EPROM type 

0 27256 0 27512 

Area for ASCII 
0000,. 

Area for ASCII 
0000,.· 

codes 01 the name codes 01 the name 
of the product of the product 
'M37524M4-' 

OOOF,. 
'M37524M4-' 

OOOF,. 

4000,. COOO,. 

ROM(16K) ROM(16K) 

7FFF,. FFFF,. 

(1) Set "FF16" in the shaded area. 
(2) Write the ASCII codes that indicates the name of 

the product 'M37524M4-' to addresses 0000'6 to 
000F16_ ASCII codes 'M37524M4 -' are listed on 
the right. The addresses and data are in hexade
cimal notation. 

Address 
0000'6 
0001 '6 
0002,6 
0003'6 
0004,6 
000516 
0006'6 
0007,6 

•. MIT5ueasH1 
"ELECTRIC 

(hexadecimal notation) 

'M' = 40 16 
Address 
0008'6 
000916 
000A16 
0008'6 
000C'6 
0000,6 
000E'6 
000F16 

'-' = 20 '6 

'3' = 3 3 ,e F Fu; 
'7' - 3 7 '6 F F 16 

'5' = 3 5 '6 F F 16 
'2' = 3 2 '6 F F 16 
'4' = 3 4 '6 F F 16 
'M'=40 '6 F F 16 
'4' = 3 4 '6 F F 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 

GZZ -SH03-53A < 04AO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37524M4-XXXSP 

MITSUBISHI ELECTRIC 

I Mask ROM number I 

Recommend to writing the following pseudo-command to the start address of the assembler source program. 

EPROM type 27256 27512 

* =.6.$8000 * =.6.$0000 
The pseudo-command 

.BYTE.c,. 'M37524M4-' .BYTE.c,. 'M37524M4-' 

This is an example when the start address of internal ROM is C00016. 

* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37524M4-XXXSP) and attach to the mask ROM confirmation 
form. 

* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

MARK SPECIFICATION FORM 
The mark specification form varies depending on the pack
age type. Fill out the mark specification form for the pack
age being ordered, and submit the form with the mask 

ROM confirmation form. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

32P4B (32-PIN SHRINK DIP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name LI ______________ -' 

Please choose one of the marking types below (A, S, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

@rr=~~==~====~~==~==~~~. 

- - - - -Mitsubishi IC catalog name 

S. Customer's Parts Number + Mitsubishi Catalog Name 

I.::!~:;~~~~~:;~~~~;::;::;~~=;::~® r-- Customer's parts number 
I r : Note: The fonts and size of characters 

__ J are standard Mitsubishi type. 

----- Mitsubishi IC catalog name 

Note1: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard Mitsubishi type. 
3: Customer's parts number can be up to 16 characters: 

Only O~9, A~Z, +, -, /, (, ), &, ©, . (period), and, (comma) are usable. 
4: If the Mitsubishi logo J.. is not required, check the box on the right. J..Mitsubishi logo is not required 

C. Special Mark Required D 

Note1: If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al
ways marked. 
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2: If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo: 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all characters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

42P4B (42-PIN SHRINK DIP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name LI ______________ -" 

Please choose one of the marking types below (A, S, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

Mitsubishi lot 
number (6-digit) 

- - -- Mitsubishi IC catalog name 

S. Customer's Parts Number + Mitsubishi Catalog Name 

@,~==~~~==~~~~==~±±~==~~ 
:--- Customer's parts number 

_ J Note: The fonts and size of characters 
are standard Mitsubishi type. 

- - - Mitsubishi IC catalog name 

Note1: The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type, 
3: Customer's parts number can be up to 15 characters: 

Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), and, (comma) are usable, 
4: If the Mitsubishi logo J.. is not required, check the box on the right J..Mitsubishi logo is not required 

C. Special Mark Required D 
,~~~~~~~~~~~~~~,@ 

Note1: If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al

ways marked. 
2: If the customer's trade mark logo must be used in the special mark, check the box below, Please submit a 

clean original of the logo. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 
The standard Mitsubishi font is used for all characters except for a logo. D 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

44P6N (44-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I 
L-~~~~~~~~~~~~ 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 
@ 

r - Mitsubishi IC catalog name 
I 

--I 

B. Customer's Parts Number + Mitsubishi Catalog Name 

@ @ 
~ - Customer's parts number 

@: Note: The fonts and size of characters are standard 
- _J Mitsubishi type. 

r - Mitsubishi IC catalog name and Mitsubishi lot number 
--l . 

I 
--~ Note4: If the Mitsubishi logo l.. is not required, check 

the box below. 
l..Mitsubishi logo is not required 

Note1: The mark field should be written right aligned. 
D 

2 : The fonts and size of characters are standard 
Mitsubishi type. 

3 : Customer's parts number can be up to 7 charac
ters: 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

C. Special Mark Required 

Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
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2: If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

SOP6 (50-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I 
L-______________________ ~ 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

B. Customer's Parts Number + Mitsubishi 
Catalog Name 

C. Special Mark Required 

- - - - - - Mitsubishi IC catalog name 

r - - Customer's parts number 
: Note: The fonts and size of characters are standard 
I 
I 
I 
I 
I 
I 
I 
I 

Mitsubishi type. 
r-- Mitsubishi IC catalog name 
I 
I 
I 
I 
I 
I 
I 

Note1: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 

____ ...I 3: Customer's parts number can be up to 9 charac
ters: 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and. (comma) are usable. 

4: If the Mitsubishi logo J. is not required, check 
the box below. 

J..Mitsubishi logo is not required 

D 
Note1: If the special mark is to be printed, indicate the 

desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

52P4B (52-PIN SHRINK DIP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name LI ______________ -.J 

Please choose one of the marking types below (A, S, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

- - - - Mitsubishi IC catalog name 

S. Customer's Parts Number + Mitsubishi Catalog Name 

f=;:~:;::;:~:;::;:~:;:~:;:~~~~~~~~@ 1- - Customer's parts number 
_ J Note: The fonts and size of characters 

are standard Mitsubishi type. 
- - -- Mitsubishi IC catalog name 

Note1: The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer's parts number can be up to 18 characters: 

Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), and, (comma) are usable. 
4: If the Mitsubishi logo J.. is not required, check the box on the right. J..Mitsubishi logo is not required 

C. Special Mark Required D 

@ 

Note1: If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al
ways marked. 
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2: If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 

The standard Mitsubishi font is used for all characters except for a logo. D 



MIT·SUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

56P6N (56-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name L-[ ---------_. ___ ~_...J 
Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

Mltsublshl lot 
number (6-dlglt) r - Mitsubishi IC catalog name 

I 
---1 

B. Customer's Parts Number + Mitsubishi Catalog Name 

~ - Customer's parts number 
: Note: The fonts and size of characters are stand,ard 
I Mitsubishi type. __ I 

r - Mitsubishi IC catalog name and Mitsubishi lot number --, 
I 

_J Note4: If the Mitsubishi logo J. is not required, check 

Note1: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 
3 : Customer's parts number can be up to 11 char

acters : 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and. (comma) are usable. 

C. Special Mark Required 

the box below. 
J.Mitsubishi logo is not required 

D 
5: Arrangement of Mitsubishi IC catalog name and 

Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu
bishi logo J. is required or not. 

Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

60P6 (60-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name ,'--_____________ ---' 

Please' choose one of the marking types below (A, B, C), and enter the Mitsubishi 1C catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

Milsubishl lot 

number (6-digil) 

B. Customer's Parts Number + Mitsubishi 
Catalog Name 

C. Special Mark Required 
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------I---Mitsubishi IC catalog name 
I 
I _____ J 

r---Customer's Parts Number 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Note: The fonts and size 
Mitsubishi type., 

r--Mitsubishi IC catalog name 
I 
I 

of characters are standard 

I 
I 
I 
I 
I 
I 

Note1: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type, 
______ .J 

3 : Customer's parts number can be up to 12 char
acters : 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and. (comma) are usable. 

4 : If the Mitsubishi logo J.. is not required, check 
the box below. 

J.. Mitsubishi logo is not required 

D 
Note1: If the Special Mark is to be printed, indicate the 

desired layout of the mark' in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6:digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (idea"y logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for a" char
acters except for a logo. 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name LI ______________ -' 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (If needed). 

A. Standard Mitsubishi Mark 

Mitsubishi lot 
number (6-digit) 

-------- Mitsubishi IC catalog name 

B. Customer's Parts Number + Mitsubishi Catalog Name 

@~~~~~~~~~~~~~~~ 
,--Customer's parts number 
: Note: The fonts and size 
I of characters are ___ I 

standard Mitsubishi 
type. 

- - ----Mitsubishi IC catalog name 

®~~~~~~~~~~fjijcrcr5ij~~@ 
Note1: The mark field should be written right aligned. 

2 : The fonts and size of characters are standard Mitsubishi type. 
3 : Customer's parts number can be up to 19 characters: 

Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), and, (comma) are usable. 
4 : If the Mitsubishi logo J. is not required, check the box on the right. 

C. Special Mark Required 

@~~~~~~~~~~~~~~ 

J. Mitsubishi logo is not required 

D 

Note1: If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al
ways marked. 

2: If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

SpeCial logo required 

The standard Mitsubishi font is used for all characters except for a logo. D 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

64P6N (64-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name LI ______________ -" 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

---l-------Mitsubishi IC catalog name 
, 

Mitsublshl lot 
number (6-digit) 

__ ...J 

~TITnn~~~TIT~~~ ® 
CD @ 

r-- Customer's parts number 
B. Customer's Parts Number + Mitsubishi Catalog Name, Note· The fonts and size 

I . of characters are standard 
, Mitsubishi type. 
: r- Mitsubishi IC catalog name 

II 

" II _______ ._J I 

I 
--------1 

, 
_______ ...J 

Note1: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. (The character size became 
smaller than A (standard Mitsubishi mark) type) 

C. Special Mark Required 

@ 
@~~~::!:'::!:'::!:!::O:';::'::!::!::!:::~~ 
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Note3: Customer's parts number can be up to 10 char
acters : 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4: If the Mitsubishi logo J. is not required, check 
the box below. 

J.Mitsubishi logo is not required 

D 
5 : Arrangement of Mitsubishi IC catalog name and 

Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu
bishi logo J. is required or not. 

Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 

. number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 

in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

64P6S (64-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name IL ______________ --.J 
Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

Mitsubishi lot 
number (6-digit) 

B. Customer's Parts Number + Mitsubishi 

Catalog Name 

r - - - Mitsubishi IC catalog name 

I 
--""1 

I 
__ .J 

1---- Customer's Parts Number 
I Note: The fonts and size of characters are standard 
I 
I 

Mitsubishi type. 

I ~--- Mitsubishi IC catalog name and Mitsubishi lot number 
II 
II 

--I 
I 
I 

--1 
I 
I ___ .J 

Note3: Customer's parts number can be up to 11 char
acters : 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4: If the Mitsubishi logo J... is not required, check 
the box below. 

J...Mitsubishi logo is not required 

Note1: The mark field should be written right aligned. D 
2 : The fonts and size of characters are standard 

Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 

C. Special Mark Required 

5: Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu
bishi logo J... is required or not. 

Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

64P6W (64-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name LI ______________ -" 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

Milsubishi 101 
number (6.digil) 

----- ---·Mitsubishi IC catalog name 

B. Customer's Parts Number + Mitsubishi Catalog Name 

r--- Customer's parts number 
: Note: The fonts and size of characters are standard 
I Mitsubishi type. 

_____ J ,-Mitsubishi IC catalog name 
I 
I _______ J Note3: Customer's parts number can be up to 12 char

acters : 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4: If the Mitsubishi logo J.. is not required, check 
the box below. 

Note1: The mark field should be written right aligned. 
J..Mitsubishi logo is not required 

D 2 : The fonts and size of characters are standard 
Mitsubishi type. 

C. Special Mark Required Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
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2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 

• MIT$lJBISHI 
"'ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

72P6 (72-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I 
'-----~~~~~~-

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

B. Customer's Parts Number + Mitsubishi 
Catalog Name 

C. Special Mark Required 

-----------Mitsubishi IC catalog name 

,- - - - Customer's parts number 
I Note: The fonts and size 
: Mitsubishi type. 

of characters are standard 

I r--Mitsubishi IC catalog name 
I I 
I I 
I I 
I I 

I 
I ___ -.l 

Note1: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 
3: Customer's Parts Number can be up to 12 char

acters : 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. ~ 

4 : If the Mitsubishi logo).. is not required, check 
the box below. 

)..Mitsubishi logo is not required 

D 
Note1: If the special mark is to be printed, indi'cate the 

desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 

• MrTSUBlSHI 
.... ELECTRIC 5-81 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

SOPS (SO-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I L ______________ ---1 

Please choose one of the marking types below (A, S, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

Milsublshi 101 
number (6-dlgll) 

- - - - --Mitsubishi IC catalog name 

S. Customer's Parts Number + Mitsubishi Catalog Name 

® ,--' Customer's parts number 
)!d!!!'!'~0!!'!!'!!!!!!&~!!!!'!~b!!,fY.!,!!~ @: Note: The fonts and size of characters are standard 

I Mitsubishi type. 
- J ,- Mitsubishi IC catalog name 

I 
__ J 

Note3: Customer's parts number can be up to 14 char-
acters : 
Only O~9, A~Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4 : If the Mitsubishi logo J. is not required, check 
the box below. 

Note1: The mark field should be written right aligned. J.Mitsubishi logo is not required 

2 : The fonts and size of characters are standard 
Mitsubishi type. 

C. Special Mark Required 

D 
Note1: If the special mark is to be printed, indicate the 

desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2: If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

BOP6N (BO·PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I J 
'---. ~~~-' 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A .. Standard Mitsubishi Mark 

Milsubishi 101 
number (6-digil) 

- - -----Mitsubishi IC catalog name 

B. Customer's Parts Number + Mitsubishi Catalog Name 

r---- Customer's parts number 
: Note: The fonts and size 
I Mitsubishi type. 

of characters are standard 

__ 1 I---Mitsubishi IC catalog name 
I 

___ J 
Note3: Customer's parts number can be up to 14 char-

acters : 
Only O~9, A~Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4: If the Mitsubishi logo )., is not required, check 
the box below. 

Note1: The mark field should be written right aligned. ).,Mitsubishi logo is not required 

2 : The fonts arid size of characters are standard 
Mitsubishi type. 

C. Special Mark Required 

D 
Note1: If the speci<;ll mark is to be printed, indicate the 

desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

80P6S (80-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I 
L-__________________________ ~ 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (it needed). 

- --., - - - Mitsubishi IC catalog name 
I 

Mitsubishl 101 
number (6-diglt) 

___ J 

I" - - - Customer's parts number 
B. Customer's Parts Number + Mitsubishi I Note: The fonts and size of characters are standard 

Catalog Name 
Mitsubishi type. 

r - - Mitsubishi IC catalog name 
I 
I 
I 
I 
I 
I 

- -l 
-. __ J 

Note1: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 

C. Special Mark Required 

®~~o~~~~~~~ 

5-84 

Note3: Customer's parts number can be up to 10 char
acters: 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4: If the Mltsubishi logo J. is not required, check 
the box below. 

J.Mitsubishi logo is not required 

D 
5: Arrangement of Mitsubishi IC catalog name and 

Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu
bishi logo J. is required or not. 

Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required D 
The standard Mitsubishi font is used for all char
acters except for a logo. 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

84PO (84-PIN PLCC) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I 
L-______________________ ~ 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

CD@ 
nn n 

0 

It.. - - - - - - - - - Mitsubishi IC catalog name 

I Mit.ubl.hl lot 

number (6-diglt) 

E 
0 O~ 
@ I5J) ,--Customer's parts number 

B. Customer's Parts Number + Mitsubishi Catalog Name I Note: The fonts and size 
® CD@ @ i Mitsubishi type. 

of characters are standard 

o 
I r-Mitsubishi IC catalog name 
I I 
I I 

Mit.ubl.hi lot 
number (6-dlgit) 

I I 
,-- ______ ...1 I 

I I 
I I 

I 
I _________ J 

Note1: The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 

C. Special Mark Required 

® CD@ @ 

o 

Note3: Customer's parts number can be up to 16 char
acters : 
Only O~9, A-Z, +, -, /, (, ), &, ©, . (period), 
and. (comma) are usable. 

4: If the Mitsubishi logo ). is not required, check 
the box below. 

). Mitsubishi logo is not required 

5 : Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu
bishi logo). is required or not. 

Note1: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 

100P6S (100-PIN QFP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name I 
L-______________________ ~ 

Please choose one of the marking types below (A, S, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

- -- -- Mitsubishi IC catalog name 

CD 
S. Customer's Parts Number + Mitsubishi Catalog Name 

,- - - - Customer's parts number 
@ ~#~~~~~~~~~~~~®I Note: The fonts and size of characters are standard 

I Mitsubishi type. 
_.-J , __ Mitsubishi IC catalog name 

I 
___ I 

Note1: The mark field should be written right aligned .. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 
C. Special Mark Required 
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Note3: Customer's parts number can be up to 14 char
acters : 
Only 0-9, A-Z, +, -, /, (, ), &, ©, . (period), 
and, (comma) are usable. 

4: If the Mitsubishi logo). is not required, check 
the box below. 

).Mitsubishi logo is not required 

D 
Note1: If the special mark is to be printed, indicate the 

desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2: If the customer's trade mark logo must be used 
in the special mark, che-ck the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub
mitted. 

Special logo required 

D 
The standard Mitsubishi font is used for all char
acters except for a logo. 



CONTACT ADDRESSES FOR FURTHER INFORMATION 

JAPAN=================== 
Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex 24532 MELCO J 
Telephone: (03) 3218-3473 

(03) 3218-3499 
Facsimile: (03) 3214-5570 

Overseas Marketing Manager 
Kita-Itami Works 
4-1, Mizuhara, Itaml-shi, 
Hyogo-ken 664, Japan 
Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile. (0727) 72-2329 

HONG KONG =============== 
Mitsubishi Electric (H.K ) Ltd. 
41st II., Manulile Tower, 169, 
Electric Road, North POint, Hong Kong 
Telex: 60800 MELCO HX 
Telephone' 510-0555 
Facsimile. 510-9830, 510-9822, 

510-9803 

SINGAPORE =============== 
MELCO SALES SINGAPORE PTE, 
LTD. 
307 Alexandra Road # 05-01/02 
Mitsubishi Electric Building 
Singapore 0315 
Telex: RS 20845 MELCO 
Telephone: 4732308 
Facsimile: 4738944 

TAIWAN =================== 
MELCO-TAIWAN CO., Ltd. 
1 st II., Chung-Ling Bldg, 
363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 
Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 
Telex: 25433 CHURYO "MELCO

TAIWAN" 

U.S.A. ========== 
NORTHWEST 
Mitsubishi Electronics America. Inc. 
1050 East Arques Avenue 
Sunnyvale, CA 94086 
Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 

SAN DIEGO 
Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 
San Diego, CA 92128 
Telephone: (619) 451-9618 
Facsimile: (619) 592-0242 

DENVER 
Mitsubishi Electronics America, Inc. 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 
Telephone: (303) 740-6775 
Facsimile' (303) 694-0613 

SOUTHWEST 
Mitsubishi Electronics America, Inc. 
991 Knox Street 
Torrance, CA 90502 
Telephone: (213) 515-3993 
Facsimile: (213) 217-5781 

SOUTH CENTRAL 
Mitsubishi Electronics America, Inc 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 
Telephone: (214) 484-1919 
Facsimile' (214) 243-0207 

NORTHERN 
Mitsubishi Electronics America, Inc. 
15612 Highway 7 #243 
Minnetonka, MN 55345 
Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 

NORTH CENTRAL 
Mitsublshl Electronics America, Inc. 
800 N. Bierman Circle 
Mt. Prospect, I L 60056 
Telephone: (312) 298-9223 
Facsimile. (312) 298-0567 

NORTHEAST 
Mitsubishi Electronics America, Inc 
200 Unicorn Park Drive 
Woburn, MA 01801 
Telephone: (617) 932-5700 
Facsimile: (617) 938-1075 

MID-ATLANTIC 
Mitsubishi Electronics America, Inc 
800 Cottontail Lane 
Somerset, NJ 08873 
Telephone: (201) 469-8833 
Facsimile: (201) 469-1 909 

SOUTH ATLANTIC 
Mitsubishi Electronics America, Inc. 
2500 Gateway Center Blvd., Suite 300 
Morrisville. NC 27560 
Telephone: (404) 368-4850 
Facsimile: (404) 662-5208 

SOUTHEAST 
Mitsubishi Electronics America, Inc 
Town Executive Center 
6100 Glades Road #210 
Boca Raton, FL 33433 
Telephone: (407) 487-7747 
Facsimile' (407) 487-2046 

CANADA 
Mitsubishi Electronics America, Inc. 
6185 Ordan Drive, Unit # 11 0 
Mississauga, OntariO, Canada L5T 2E1 
Telephone: (416) 670-8711 
FaCSimile: (416) 670-8715 

Mitsubishi Electronics America, Inc 
300 March Road, Suite 302 
Kanata, Ontario, Canada K2K 2E2 
Telephone' (416) 670-8711 
Facsimile: (416) 670-8715 

GERMANY=================== 
Mitsubishi Electric Europe GmbH 
Headquarters 
Gothear Str 8 
4030 Ratingen 1, Germany 
Telex: 8585070 MED D 
Telephone (02102) 4860 
Facsimile: (02102) 486-115 

Munich Office. 
ArabeliastraBe 31 
8000 Munchen 81, Germany 
Telex: 5214820 
Telephone: (089) 919006-09 
Facsimile: (089) 9101399 

FRANCE================= 
Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar 
92563 Rueil Malmaison Cedex 
Telex: 632326 
Telephone' 47087871 
Facsimile: 47513622 

ITALY =================== 
Mitsubishi ElectriC Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 
20041 Agrate Brianza I-Milano 
Telephone: (039) 636011 
Facsimile: (039) 6360120 

SWEDEN================= 
Mitsubishi Electric Europe GmbH 
Lastbilsvl1gen 6B 
5-19149 Sollentuna, Sweden 
Telex: 10877 (meab S) 
Telephone: (08) 960468 
Facsimile' (08) 966877 

U.K. ============ 
Mitsubishi Electric (U K.) Ltd. 
Travellers Lane 
Hatfield 
Herts AU 0 8X B, England, U K 
Telephone' (0044) 7072 76100 
Facsimile (0044) 7072 78692 

AUSTRALIA ============= 
Mitsubishi Electri" Australia Pty. Ltd 
348 Victoria Road 
Rydalmere Nsw 2116, Australia 
Private Bag No.2 Rydalmere Nsw 2116 
Telex. MESYDAA 126614 
Telephone (02) 684-7200 
Facsimile: (02) 638-7072 
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