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Preface 

The H8/3042 Series is a series of high-perfonnance microcontrollers that integrate system 
supporting functions together with an H8/300H CPU core. 
The HS/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a 
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address 
space. 
The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit 
(ITU), a programmable timing pattern controller (TPC), a watchdog timer (WDn, a serial 
communication interface (SeI), an NO converter, a D/A converter, I/O ports, a direct memory 
access controller (DMAC), a refresh controller, and other facilities. 
The address space is divided into eight areas. The data bus width and access cycle length can be 
selected independently in each area, simplifying the connection of different types of memory. 
Seven operating modes (modes 1 to 1) are provided, offering a choice of initial data bus width and 
address space size. 
With these features, the H8/3042 Series can be used to implement compact, high-perfonnance 
systems easily. 
This manual describes the hardware of the H8/3042 Series. For details of the instruction set, refer 
to the H8/300H Programming Manual. 
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Section 1 Overview 

1.1 Overview 

The H8/3042 Series is a series of microconttollers (MCUs) that integrate system supporting 
functions together with an H8/300H CPU core having an original Hitachi architecture. 

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a 
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address 
space. Its instruction set is upward-compatible at the object-code level with the H8/300 CPU, 
enabling easy porting of software from the H8/300 Series. 

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit 
(ITU), a programmable timing pattern controller (TPC), a watchdog timer (WOT), a serial 
communication interface (SCI), an NO converter, a D/A converter, I/O ports, a direct memory 
access controller (DMAC), a refresh controller, and other facilities. 

The three members of the H8/3042 Series are the H8/3042, the H8/3041, and the H8/3040. The 
H8/3042 has 64 kbytes of ROM and 2 kbytes of RAM. The H8/3041 has 48 kbytes of ROM and 
2 kbytes of RAM. The H8/3040 has 32 kbytes of ROM and 2 kbytes of RAM. 

Seven MCU operating modes offer a choice of data bus width and address space size. The modes 
(modes 1 to 7) include two single-chip modes and five expanded modes. 

In addition to the masked-ROM versions of the H8/3042 Series, the H8/3042 has a ZTA'fI'M* 
version with user-programmable on-chip PROM. This version enables users to respond quickly 
and flexibly to changing application specifications, growing production volumes, and other 
conditions. 

Table 1-1 summarizes the features of the H8/3042 Series. 

Note: * ZTAT (Zero Tum-Around Tune) is a trademarlc: of Hitachi, Lid. 
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Table 1·1 Features 

Feature 

CPU 

Memory 

Interrupt 
controller 

Bus controller 

Description 

Upward-compatible with the H81300 CPU at the object-code level 

General-register machine 

• Sixteen 16-bit general registers 
(also useable as sixteen 8-bit registers or eight 32-bit registers) 

High-speed operation 

• Maximum clock rate: 16 MHz 
• Add/subtract: 125 ns 
• Multiply/divide: 875 ns 

Two CPU operating modes 

• Normal mode (64-kbyte address space) 
• Advanced mode (16-Mbyte address space) 

Instruction features 

• 8/16132-bit data transfer, arithmetic, and logic instructions 
• Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits) 
• Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits) 
• Bit accumulator fundion 
• Bit manipulation instructions with register-indirect specification of bit positions 

H813042 

• ROM: 64 kbytes 
• RAM: 2 kbytes 

H813041 

• ROM: 48kbytes 
• RAM: 2 kbytes 

H813040 

• ROM: 32 kbytes 
• RAM: 2 kbytes 

• Seven external interrupt pins: NMI, IROo to IROs 
• 30 internal interrupts 
• Three selectable interrupt priority levels . 

• Address space can be partitioned into eight areas, with independent bus 
specifications in each area 

• Chip select output available for areas 0 to 3 
• 8-bit access or 16-bit access selectable for each area 
• Two-state or three-state access selectable for each area 
• Selection of four wait modes 
• Bus arbitration function 
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Table 1·1 Features (cont) 

Feature 

Refresh 
controller 

DMA controller 
(DMAC) 

16-bit integrated 
timer unit (ITU) 

Programmable 
timing pattern 
controller (TPC) 

Watchdog 
timer (WDT), 
1 channel 

Description 

DRAM refresh 

• Directly connectable to 16-bit-wide DRAM 
• CAS-before-RAS refresh 
• Self-refresh mode seledable 

Pseudo-static RAM refresh 

• Self-refresh mode selectable 

Usable as an interval timer 

Short address mode 

• Maximum four channels available 
• Selection of 110 mode, idle mode, or repeat mode 
• Can be activated by compare matchlinput capture A interrupts from ITU 

channels 0 to 3, SCI transmit-data-empty and receive-data-full interrupts, or 
external requests 

Full address mode 

• Maximum two channels available 
• Selection of normal mode or block transfer mode 
• Can be activated by compare matchlinput capture A interrupts from ITU 

channels 0 to 3, external requests, or auto-request 

• Five 16-bit timer channels, capable of processing up to 12 pulse outputs or 10 
pulse inputs 

• 16-bit timer counter (channels 0 to 4) 
• Two multiplexed output comparelinput capture pins (channels 0 to 4) 
• Operation can be synchronized (channels 0 to 4) 
• PWM mode available (channels 0 to 4) 
• Phase counting mode available (channel 2) 
• Buffering available (channels 3 and 4) 
• Reset-synchronized PWM mode available (channels 3 and 4) 
• Complementary PWM mode available (channels 3 and 4) 
• DMAC can be activated by compare match/input capture A interrupt 

(channels 0 to 3) 

• Maximum 16-bit pulse output, using ITU as time base 
• Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-bit groups) 
• Non-overlap mode available 
• Output data can be transferred by DMAC 

• Reset signal can be generated by overflow 
• Reset signal can be output externally 
• Usable as an interval timer 
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Table I-I Features (cont) 

Feature 

Serial 
communication 
interface (SCI). 
2 channels 

AID converter 

DI A converter 

I/O ports 

Operating modes 

Power-down 
state 

Other features 

Product lineup 

Description 

o Selection of asynchronous or synchronous mode 
o Full duplex: can transmit and receive simultaneously 
o On-chip baud-rate generator 

o Resolution: 10 bits 
o Eight channels. with selection of single or scan mode 
o Variable analog conversion voltage range 
o Sample-and-hold function 
• Can be externally triggered 

• Resolution: a bits 
• Two channels 

o 70 input/output pins 
• a input-only pins 

Seven MCU operating modes 

Address Address 
Mode Space Pins 

Mode 1 1 Mbyte A19 to Ao 
Mode 2 1 Mbyte A19 to Ao 
Mode 3 16 Mbytes A23 to Ao 
Mode 4 16 Mbytes A23 to Ao 
ModeS 1 Mbyte A19 to Ao 
ModeS 64 kbytes 

Mode 7 1 Mbyte 

• Sleep mode 
o Software standby mode 
o Hardware standby mode 

• On-chip clock oscillator 

Model (S-V) Model (3-V) 

HD6473042TF HD6473042VTF 

HD6473042F HD6473042VF 

HD6433042TF HD6433042VTF 

HD6433042F HD6433042VF 

HD6433041 TF HD6433041 VTF 

HD6433041F HD6433041 VF 

HD6433040TF HD6433040VTF 

HD6433040F HD6433040VF 

4 

Initial Bus Max. Bus 
Width Width 

a bits 16 bits 

16 bits 16 bits 

8 bits 16bits • 

16 bits 16 bits 

8 bits 16 bits 

Package 

10o-pin TOFP (TFP-100B) 

100-pin OFP (FP-100B) 

10o-pin TOFP (TFP-100B) 

10o-pin OFP (FP-100B) 

10o-pin TOFP (TFP-l00B) 

100-pin OFP (FP-100B) 

100-pin TOFP (TFP-100B) 

1 CO-pin OFP (FP-100B) 

ROM 

PROM 

Masked ROM 

Masked ROM 

Masked ROM 



1.2 Block Diagram 

Figure 1-1 shows an internal block diagram. 

UDa­
UD,­
UDo-

EXTAL­
XTAL-.­
ffiiY-

PII,oIlWR 
P6eiRWA 

P601iiii 
P&"IM 

PlalBACK 
PI,~ 

PloIWAIT 

P60aG 
~.m; 

P8z.e1i.m2 
PI,.a;1iRQ, 
PI~ROO 

H .... : • H8I3042 My. 

1~1111111 

111111111 

H8I3OOHCPU 

Figure 1·1 Block Diagram 
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1.3 Pin Description 

1.3.1 Pin Arrangement 

Figure 1-2 shows the pin arrangement of the H8/3042 Series. 

Vee 
TIOCAsITPe/PBo 
TIOC~lTPglPB, 

TIOC~/TP,oII'B2 

TIOCB./TP"IPBs 
TOCXA./TP,2iPB. 
TOCXB./TP,s/PB 5 

1~8S~I~3~~~iZI~I~~~~~i~~t~n ~ 

ORECoITP,~B& 

ADTRGIDREC,/TP,,JPB7 
RESO 

V .. 
Tx00!P9o 
TxO,lP9, 
RxD0II'92 
RxO, IP93 

iRO.,sCKo/P9. 
IRQslSCK, IP95 

0011'40 

O,IP4, 
02iP42 
DslP4a 

V .. 
0~4. 

0,JP45 
0e/P4, 

Tcpview 

(FP.l008, TFp..'00B) 

Figure 1·2 Pin Arrangement (FP·l00B or TFP·l00B, Top View) 
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1.3.2 Pin Functions 

Pin Assignments in Each Mode: Table 1-2 lists the pin assignments in each mode. 

Table 1-2 Pin Assignments in Each Mode (FP-IOOB or TFP-IOOB) 

PIn 
PInNa ... 

NcI. ... , ... 2 ... , .... 1Iodt5 IIodtI !lode 7 PIIOII ... 

Vee Vee Vee Vee Vee Vee Vee Vee 
2 P8gII'PafOOCAa P¥PeiTlOCAs PBgII'PefI"lOCAs P8gII'PeiTlOCAa P¥PiTlOCAs P8gII'PefI"lOCAs P¥PiTlOCAa NC 

PB,ITPgIIlOCBa PB,lTPeiTlOCIIa PB,lTPrnocBa PB""PiTJOCBa PB,lTPiTIOCBa PB,lTp;rrocBa PB,lTPelTlOCIIa NC 

• PIIzIIl',rrJOCA. P¥P,,tTIOCo\ PB,II'P,.ITI~ PB,II'p,rrJOCA. PBiTP,,,tnOCA.. PSzII"P,,lTJOCA. P¥P,,,tnOCA.. NC 

5 P8gII'P,,moce,. PBaITP,,1T1OCBt PBaITP,,,,,IOCa. PBtrP,,moce,. PBaITP"ITIOC8, PBalTP,,,,,IOCB, PBaJTP"mocs.. NC 

8 Pa./TP,iTOCXA. P8JTP,ifOCXA. p¥P,,trOCXA. PBIfP,iTOCXA. PBIfP,iTOCXA. Pa./TPtiTOCXA. PBP,iTOCXA. NC 

7 PBsJTP,rrocxa. PBr/fP,rrocxa. PBaITP,affOCxs.. PBsJTP,affOCXs.. PBaITP,iTOCxa. PBalTP,affOCXa. P¥P,iTOCxa. NC 

• P8gII'P,JIiIiEOt p¥p,..,1jiiECii p¥P,..oREClt P¥P,,.IIlREOe p¥p,.IilREo. P¥P, • .ORE<1 Pa.,..P,PiE'ii NC 

p¥p,pm;1 P81fP,,.oREO,t PB,ITP,,.oREO,t PBfTP,,.o""1iEO;"/ PBffP,,.oREO,1 PBfTP,,.oREo,/ PBffP,,,oREO,1 NC 
~ ~ mnm ~ mnm lDI'Im lDI'Im 

10 ~ 11m 11m ~ 11m "Am! lim Vpp 

11 V .. V. V. V .. V. V. v .. V. 
12 PI,(I'lo, f>VaITlDa f>VaITaDa PI,(I'lo, f>VaITxo, f>VaITxDa PI,(I'xDa NC 

13 PI,ITIo, PI,ITIO, PI,ITxD, PI"".o, PI,IT.o, PI,ITIO, PI""xO, NC 

14 fYlxDa fYlxDa fYlxDa PliRxDa PliRxDa fYlxDa PliRxDa NC 

15 PlrRxO, f'IaIRxo, PlrRxo, PlrRxO, "¥b0, PlrRxO, PliRxO, NC 

18 PI~ PI.JSC~ PI.JSCKaJIIIll4 PI.JSC~ PI.JSCKaJIIIll4 PI.JSC~ PI.JSC~ NC 

17 PI,ISCK,ARllS P9sJSCK,JtRllij P9sJSCK,.m; PI~K,A1m5 P9sJSCK,nml; P9sJSCK,A!m5 P9~K,1IIm5 NC ,. P4A.' P4oIDaoz p4oIDa.' P4A·2 p4oAlo.' ~ P", NC 

19 P4,ID,·' P4,lD,oz P4,1D,·' P4,1D,.2 P4,ID, ., P4, P4, NC 

20 P4A.' P4Aoz poCA·' P4A·2 p4zID2., P4z P4z NC 

21 P4A.' P4,lDaoz P4,IDa·' P4A.2 P4,IDa·' P4s P4s NC 

22 V .. V. V. V .. V. V. V .. V. 

23 P4""/' p~~oz P4JO/' P4JO/2 P4.1D/' P4. P4. NC 

24 P4A.' P4Aoz P4,'Os·' P4A·2 P4,'Os·' P4s Pes NC 

25 P4e1D,.' p..,o,oz P4VOt·' P4,.o.·2 P4a.\l,·' P4a Polo NC 

26 P4A·' P4Aoz P'A·' P4A·2 Po!A·' P~ P47 NC 

27 11 0, 0, 11 0, P3a P3. ECe 
28 0, 0, 0, 0, Da P3, P3, EO, 

28 0" 0" 0,. 0,. 0,. PIt P32 EOz 
30 0" On Ott 0" 0" P3s P3s EOs 
31 0,2 0'2 0'2 0,2 0'2 P3. P3, EO. 
32 0,. 0,. o,s o,s o,s P3s P35 EO, 

33 0" 0,. 0" 0" 0,. P3s P3, Ea. 
NoI8I: I. In modee I. 3 • .,d 5 .. ,...IoP4, ItI'1dictneclpn. P4oAlo ID Po!AlII ooIocIod aIIor •• -. butft., can be ct.tgod trr eo ... 

2. In modee 2 end 4" 0, to 0, ItI'1dictne III pi .. f'4oAla 10 Po!A.' ooIocIod aIIor •• -. but ft., can be ct.tged trr eo ... 
3. Pino m ..... NC oharId be left 1IICIIMICIod. 
4. Far doIiri. about PROM mad. _ oec:tiClt17 2. PROM Modo. 
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Table 1-2 Pin Assignments in Each Mode (FP-I00B or TFP-I00B) (cont) 

~ ------------------------------------------------------~~~~~------------------------------------------Na. Mode 1 ... 2 ... , Mode 4 ... 5 .... Made 7 PIIOM ... 

E~ 

35 Vee Vee Vee Vee Vee Vee Vee 

PI, PI, 

PI.,,, 

P2, P2, 

P2z 

48 -'1, An A" A" P2a 

51 -'1. A,. -'1. A,. 
52 -'11 A,I A,I 

PSg Vee 
P5, 

55 -'1, All -'1, A,a NC 

PSa NC 

EA,I 
NC 

HC 

81 • • • • • • NC 

B2 mv 
NC 

64 NMI NUl NMI NUl NIM NIM NIII 

15 VII 

18 EXTAl EXTAL EXTAl EXTAl EXTAl EXTAL EXTAt NC 

87 XTAt XTAt XTAl XTAt XTAl XTAt XTAt NC 

88 Vee Vee Vee Vee Vee Vee Vee Vee 
NC 

70 1m NC 

Nm.: I. In modeo I, 3, .,d 5 fie Polo III P4J bIdiano III pi .. PoIAIlII P4J007 are eoIecIed ollar • , ..... IM..., can be chqed III' 101lware. 
2. In modeo 2 and 4 fie a. ID ~ bIdiano III pi .. PoIAI til P~ are ..reeled ollar ....... IM.,., can be clwlgod III' IOIlware. 
3. Pino morMd NC ehaIId be let IIICGIIIIICIId. 
4. Far deIoi' obauI PROM mad, _ oectian 17.2, PROM Modo. 
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Table 1·2 Pin Assignments in Each Mode (FP·I00B or TFP.I00B) (cont) 

PIn 
PIn Name 

NIl. .... 1 .... 2 .... s .... 4 .... 5 ..... .... 7 PIlOll .... 

71 1M RWI{ RWI{ ifiVII RWI{ P6s P6s He 

72 lWII" lWR lWII" lWR lWII" Pe- Pe- He 

73 lilt I0Il1 I0Il1 uo. I0Il1 I0Il1 10111 V. 

74 MIl, lID, lID, MIl, lID, lID, 1010, v. 
75 IoIIlz IoIIlz IoIIlz IIl1 IIl1 M~ M~ V. 

71 AVer; AVer; AVer; AVec AVer; AVer; AVer; Ver; 

n V_ VIE, V_ V_ VIEF V_ VIEF Ver; 

71 P701~ P7o'~ P701AHe P701AHe P701ANo P701ANo P701Nlo NC 

71 P7,JAN, P7,/Nl, P7,JNl, P7,JNl, P7,IAN, P7,JNl, P7,JNl, He 

80 P7iANz P7iANz P7iANz P7iANz P7iANz P7iNlz P7iNlz He 

81 P7;AHa P7;AHa P7;AHs P7;AHe P7;ANs P7;ANs P7;Nls NC 

82 P7JAN,. P7iNl, P7JAN, P7JNl, P7,/AN, P7JAN, P7t1Nl, NC 

83 P7;ANs P7;Nl5 P7;AN5 P7;Nls P7;ANs P7;AN5 P7;Nl5 NC 

84 P701ANPo P7o'NlsfOAo P701ANoIfJAo P701NlA P7o'ANoIDAo P701ANoIfJAo P7 oINlsfOAo NC 

85 P7i~, P7iNl~, P7iANjIIlA, P7iNl~, P7iANl"DA, P7iANjIIlA, P7iNl~, NC 

II AV. AV .. AV. AV .. AV. AV. AV .. V. 

87 ~lmi ~ ~ ~ ~1\ll; ~ ~ EA" 

II PI~ PB,/CSsIIM, PB,~ PI,/CSsIIM, PB,oCS;I~ PB,AlRr, PI,.ma, PGM 

ag ~1m2 ~1m2 ~ ~1m2 ~1m2 f'8.tI1m2 f'8.tI1m2 NC 

80 ~1iImi ~A~ ~AlIOi ~A~ I¥5,A~ ~ ~ NC 

II PI~ PI,~ ~ PI~ PI,~ PI, PI, NC 

92 V .. V. V. V .. V. V. V .. V. 

93 PAofTP~ f'AoITP~ PAofTP~ PAofTP~ f'AoITP~ PAofTP..mJlO! PAofTP..mJlO! NC 
TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA 

94 PA,JTP,ITEND,I PA,ITP,ITEND,I PA,JTP,ITEND,I PA,ITP,ITEND,I PA,ITP,ITEND,I PA,ITP,ITEND,I PA,IrP,ITEND,1 NC 
TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB 

95 PAifPifrxAof PAzlrPiflOCAof PAifPiflOCAo' PAifPifOCAof PAzlrPiflOCAof PAifPifrxAof PAifPiflOCAof NC 
TCLKC TCLKC TCLKe TCLKC TCLKC TCLKe TCLKC 

96 PA;I1';rrxBoi f>As/TP;TIOCBoi PA;n',lrIOCBoi PA;n';rrxBoi PA,lrP;TIOCBoi PA;n',lrrxBoi PAsfrP;TIOCBoi NC 
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD 

97 PAJTP/frxA, PA.IrP IflOCAt PA.ITP ,1rI0CA,1 PA.ITP /frxA,1 PA.IrP ,IrIOCA, PA.ITP ,lrrxA, PA,.IrP JTIOCA, NC 
Azs An 

98 PA;n'iJ"rxB, pA;rp;nocB, PA;n'iJ"IOCB,1 PA;rPiJ"rxB,1 pA;rp;nocB, PA;n'iJ"rxB, PAiTP;nOCB, NC 

A-o. Azz 
99 ¥poIT~ PAefTPsfIlOCAz PAo/TPslrlOCAi PAsfrPoITrxAi PAefTPofllOCAoo! PAefTPsIr~ PAsfrPsfIlOCAz NC 

A21 Azt 
100 PAflJ'iTrx~ PA7IrPfTlOC~ PAflJ'71r10CBi PAflJ'iTrx8t PA71r~IrIOCB:! PAflJ'7Irrx~ PA7IrP,mOC~ NC 

Aa Aa 
Halloo: ,. In modeo I, 3, .. d 5 .. P40 to P47lundiano aI pine P4oAlo to P~~ .,. ooIec1od afIor • '-' but "Of can be ..... god ~ ootlw. •. 

2. In modeo 2 one! 4 .. 11 to ~ Iundiano aI pine P4A to p~.,. ooIec1od aflor • '-' but "Of can be ..... god ~ ootlw. •. 
3. PIne m.t.ed NC ..... Id be leI ... amoc:Iod. 
•. Fer deIIia obout PROM mod. _ oedilll 17.2. PROM Mode. 
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1.4 Pin Functions 

Table 1-3 summarizes the pin functions. 

Table 1-3 Pin Functions 

"TYPe· Symbol 

Power Vee 

Vss 

Clock XTAL 

EXTAL 

Pin No. 110 Name and Function 

1, 35, 68 Input Power: For connection to the power supply 
(+5 V). Conned all Vee pins to the +5-V system 
power supply. 

11, 22, 44, Input 
57,65,92 

Ground: For connection to ground (0 V). 
Conned all Vss pins to the o-V system power 
supply .. 

67 

66 

61 

Input For connection to a crystal. resonator. 
For examples of crystal resonator and external 
clock input, see section 18, Clock Oscillator. 

Input For connection to a crystal resonator or input of 
an external clock signal. For examples of 
crystal resonator and external clock input, see 
section 18, Clock Pulse Generator. 

Output System clock: Supplies the system clock to 
external devices 

Operating MD2 to MDo 75 to 73 Input Mode 2 to mode 0: For setting the operating . 
mode control mode. as follows. Inputs at thQse pins must not 

be changed during operation. 

MDz MD, MDo Operating Mode 

0 0 0 

0 0 1 Mode 1 

0 1 0 Mode 2 

0 1 1 Mode 3 

1 0 0 Mode 4 

1 0 1 Mode 5 

1 0 Mode 6 

1 1 1 Mode 7 
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Table 1·3 Pin Functions (cont) 

Type Symbol Pin No. VO Name and Function 

System control RES 63 Input Reset Input: When driven low. this pin resets 
the chip 

~ 10 Output Reset output: Outputs a reset signal to 
external devices 

STBY 62 Input Standby: When driven low. this pin forces 
a transition to hardware standby mode 

BREa 59 Input Bua request: Used by an external bus master 
to request the bus right 

BACK 60 Output Bua request acknowledge: Indicates that the 
bus has been granted to an external bus 
master 

Interrupts NMI 64 Input Nonmaskable Interrupt: Requests a 
nonmaskable interrupt 

1~05to 17.16. Input Interrupt request 5 to 0: Maskable interrupt 
I 0 0 90 to 87 request pins 

Address bus A23 to Ao 97 to 100. Output Address bus: Outputs address signals 
56 to 45. 
43 to 36 

Data bus 0 15 to Do 34 to 23 Input! Data bus: Bidirectional data bus 
21 to 18 output 

Bus control CS3 to CSo 88 to 91 Output Chip select: Select signals for areas 3 to 0 

AS 69 Output Address strobe: Goes low to indicate valid 
address output on the address bus 

RD 70 Output Read: Goes low to indicate reading from the 
external address space 

HWR 71 Output High write: Goes low to indicate writing to the 
external address space; indicates valid data on 
the upper data bus (015 to Os). 

lWR 72 Output low write: Goes low to indicate writing to the 
external address space; indicates valid data on 
the lower data bus (07 to Do). 

WAIT 58 Input Walt: Requests insertion of wait states in bus 
cycles during access to the external address 
space 
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Table 1·3 Pin Functions (cont) 

lYpa Symbol Pin No. UO Name and Function 

Refresh RFSH 87 Output Refresh: Indicates a refresh cycle 
controller 

CS3 88 Output Row address strobe RAS: Row address 
strobe signal for DRAM connected to area 3 

RD 70 Output Column address strobe CAS: Column 
address strobe signal for bit DRAM connected 
to area 3; used with 2WE DRAM. 

Write enable: Write enable signal for DRAM 
connected to area 3; used with 2CAS DRAM. 

HWR 71 Output Upper write: Write enable signal for DRAM 
connected to area 3; used with 2WE DRAM. 

Upper column address strobe: Column 
address strobe signal for DRAM connected to 
area 3; used with 2CAS DRAM. 

LWR 72 Output Lower write: Write enable signal for DRAM 
connected to area 3; used with 2WE DRAM. 

Lower column address strobe: Column 
address strobe signal for DRAM connected to 
area 3; used with 2CAS DRAM. 

DMA ORE01, 9,8 Input DMA request 1 and 0: DMAC activation 
controller nREOO requests 
(DMAC) 

TENDh 94,93 Output Transfer end 1 and 0: These signals indicate 

mmo that the DMAC has ended a data transfer 

16-bit TCLKDto 96 to 93 Input Clock Input D to A: External clock inputs 
integrated TCLKA 
timer"unit 

TIOC~to 4,2,99, InpuV Input capture/output compare A4 to AO: 
(ITU) 

TIOCAo 97,95 output GRA4 to GRAO output compare or input 
capture, or PWM output 

TIOCB4 to 5,3,100, InpuV Input capture/output compare B4 to BO: 
TIOCBo 98,96 output GRB4 to GRBO output compare or input 

capture, or PWM output 

TOC~ 6 Output Output compare XA4: PWM output 

TOCXB4 7 Output Output compare XB4: PWM output 
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Table 1·3 Pin Functions (cont) 

~pe Symbol PinHo. 110 Name and Function 

Programmable TP1S to 9t02 Output TPC output 15 to 0: Pulse output 
timing pattem TPo 100 to 93 
controller (TPC) 

Serial com- TxD1, 13,12 Output Transmit data (channels 0 and 1): SCI data 
munication TxDo output 
interface (SCI) 

RxD1, 15,14 Input Receive data (channels 0 and 1): SCI data 
RxDo input 

SCK1, 17,16 Input! Serial clock (channels O.and 1): SCI clock 
SCKo output inpuVoutput 

AID converter AN7 toANo 85 to 78 Input Analog 7 to 0: Analog input pins 

ADTRG 9 Input AID trigger: Extemal trigger input for starting 
AID conversion 

D/A converter DA1, DAo 85,84 Output Analog output: Analog output from the 
D/A converter 

AID and D/A AVec 76 Input Power supply pin for the AID and 
converters D/A converters. Connect to the system power 

supply (+5 V) when not using the AID and 
D/A converters. 

AVss 86 Input Ground pin for the AID and D/A converters. 
Connect to system ground (0 V) when not 
using the AID and D/A converters. 

VREF 77 Input Reference voltage input pin for the AID and 
D/A converters. Connect to the system power 
supply (+5 V) when not using the AID and 
D/A converters. 

I/O ports P17 to P1 0 43 to 36 Input! Port 1: Eight inpuVoutput pins. The direction of 
output each pin can be selected in the port 1 data 

direction register (P1 DDR). 

P27 to P20 52 to 45 Input! Port 2: Eight inpuVoutput pins. The direction of 
output each pin can be selected in the port 2 data 

direction register (P2DDR). 

P~to P30 34 to 27 Input! Port 3: Eight input/output pins. The direction of 
output each pin can be selected in the port 3 data 

direction register (P3DDR). 

P~to P40 26 to 23 Input! Port 4: Eight input/output pins. The 
21 to 18 output direction of each pin can be selected in the port 

4 data direction register (P4DDR). 
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Table 1·3 Pin Functions (cont) 

'lYpe Symbol Pin No. 110 Name and Function 

110 porta P53 to P50 56 to 53 Input! Port 5: Four inpuVoutput pins. The direction of 
output each pin can be selected in the port 5 data 

direction register (P5DDR). 

PBs to P60 72 to 69 Input! Port 6: Seven inpuVoutput pins. The direction 
60 to 58 output of each pin can be selected in the port 6 data 

direction register (P6DDR). 

P77 to P70 85 to 78 Input Port 7: Eight input pins 

P84 to P80 91 to 87 Input! Port 8: Five input/output pins. The direction of 
output each pin can be selected in the port 8 data 

direction register (P8DDR). 

P9s to P90 17 to 12 Input! Port 9: Six inpuVoutput pins. The direction of 
output each pin can be selected in the port 9 data 

direction register (P9DDR). 

PA7 to PAo 100to 93 Input! Port A: Eight input/output pins. The direction of 
output each pin can be selected in the port A data 

direction register (PADDR). 

PB7 to PBo 9to 2 Input/ Port B: Eight input/output pins. The direction of 
output each pin can be selected in the port B data 

direction register (PBDDR). 
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Section 2 CPU 

2.1 Overview 

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that 
is upward-compatible with the H81300 CPU. The H8/300H CPU has sixteen 16-bit general 
registers, can address a 16-Mbyte linear address space, and is ideal for realtime control. 

2.1.1 Features 

The H8!300H CPU has the following features. 

• Upward compatibility with H81300 CPU 

Can execute H8/300 Series object programs 

• General-register architecture 

Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers) 

• Sixty-two basic instructions 

- 8/16132-bit arithmetic and logic instructions 
- Multiply and divide instructions 
- Powerful bit-manipulation instructions 

• Eight addressing modes 

- Register direct [Rn] 
- Register indirect [@ERn] 
- Register indirect with displacement (@(d:16,ERn)or@(d:24,ERn)] 
- Register indirect with post-increment or pre-decrement [@ERn+ or @-ERn] 
- Absolute address [@aa:8, @aa:16, or@aa:24] 
- Immediate [#xx:8, #xx: 16, or #xx:32] 
- Program-counter relative [@(d:8, PC) or@(d:16, PC)] 
- Memory indirect [@@aa:8] 

• 16-Mbyte linear address space 
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• High-speed operation 

- All frequently-used instructions execute in two to four states 
- Maximum clock frequency: 16 MHz 
- 8/16132-bit register-register add/subtract 125 os 
- 8 x 8-bit register-register multiply: 875 os 
- 16 + 8-bit register-register divide: 875 ns 
- 16 x 16-bit register-register multiply: 1.375 J!S 
- 32 + 16-bit register-register divide: 1.375 J!S 

• Two CPU operating modes 

- Nonnal mode 
- Advanced mode 

• Low-power mode 

Transition to power-down state by SLEEP instruction 

2.1.2 DifTerences 'rom 881300 CPU 

In comparison to the H81300 CPU, the H8/300H has the following enhancements. 

• More general registers 

Eight 16-bit registers have been added. 

• Expanded address space 

- Advanced mode supports a maximum 16-Mbyte address. space. 
- Normal mode supports the same 64-kbyte address space as the H8/300 CPU. 

• Enhanced addressing 

The addressing modes have been enhanced to make effective use of the 16-Mbyte address 
space. 

• Enhanced instructions 

- Data IJ'ansfer, arithmetic, and logic instructions can operate on 32-bit data. 
- Signed multiply/divide instructions and other instructions have been added. 
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2.2 CPU Operating Modes 

The H8/300H CPU has two operating modes: nonnal and advanced. Nonnal mode supports a 
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. See figme 2-1. 

-i Normal mode J Maximum 64 kbytes, program 
and data areas combined 

I CPU operating modes r--
-i Advanced mode I Maximum 16 Mbytes, program 

and data areas combined 

Figure 2·1 CPU Operating Modes 
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2.3 Address Space 

Figure 2-2 shows a simple memory map for the H8/3042 Series. The H8/300H CPU can address a 
linear address space with a maximum size of 64 kbytes in nonnal mode, and 16 Mbytes in 
advanced mode. For further details see section 3.6, Memory Map in Each Operating Mode. 

The I-Mbyte operating modes use 20-bit addressing. The upper 4 bits of effective addresses are 
ignored. 

H'OOOO I I 
H'FFFF .... ____ ...... 

H'OOOOOO H'OOOOO 

H'FFFFF '--____ ..... 

H'FFFFFF "--___ ----' 

a. 1-Mbyte mode b. 16-Mbyte mode , J 
'Y' 

Normal mode Advanced mode 

Figure 2-2 Memory Map 
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2.4 Register Configuration 

2.4.1 Overview 

The H8/300H CPU has the internal registers shown in figure 2-3. There are two types of registers: 
general registers and conttol registers. 

General Raglster. (ERn) 

15 
ERO 
ER1 
ER2 
ER3 
ER4 
ER5 
ER6 
ER7 

Control Register. (CR) 

EO 
E1 
E2 
E3 
E4 
E5 
E6 
E7 

o 7 

(SP) 

o 7 o 
ROH ROL 
R1H R1L 
R2H R2L 
R3H R3L 
R4H R4L 
RSH R5L 
R6H R6L 
R7H R7L 

23 0 
pc~1 __________________________ ~I 

legend 
SP: Stack pointer 
PC: Program counter 
CCR: Condition code register 
I: Interrupt mask bit 
UI: User bit or interrupt mask bit 
H: Half-carry flag 
U: User bit 
N: Negative flag 
Z: Zero flag 
V: Overflow flag 
C: Carry flag 

Figure 2-3 CPU Registers 
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2.4.2 General Registers 

The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally 
alike and can be used without distinction between data registers and address registers. When a 
general register is used as a data register, it can be accessed as a 32-bit, 16-bit, or 8~bit register. 
When the general registers are used as 32-bit registers or as address registers, they are designated 
by the letters ER (ERO to ER7). 

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R 
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit 
registers. The E registers (EO to E7) are also referred to as extended registers. 

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and 
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit 
registers. 

Figure 24 illustrates the usage of the general registers. The usage of each register can be selected 
independently. 

• Address registers 
• 32-bit registers 

ER registers 
EROto ER7 

• 16-bit registers 

E registers 
(extended registers) 

EO to E7 

R registers 
ROta R7 

Figure 2-4 Usage or General Registers 
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RH registers 
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Rl registers 
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General register ER7 has the function of stack pointer (SP) in addition to its general-register 
function. and is used implicitly in exception handling and subroutine calls. Figure 2-5 shows the 
stack. 

1 Free are. 

SP(ER7)- I Stadtar •• 

Figure 2-5 Stack 

2.4.3 Control Registers 

The control registers are the 24-bit program counter (PC) and the 8-bit condition code register 
(CCR). 

Program Counter (PC): This 24-bit counter indicates the address of the next instruction the CPU 
will execute. The length of all CPU instructions is 2 bytes (one word) or a multiple of 2 bytes, so 
the least significant PC bit is ignored. When an instruction is fetched, the least significant PC bit is 
regarded as O. 

Condition Code Register (CCR): This 8-bit register contains internal CPU status information, 
including the interrupt mask bit (I) and half-carry (H), negative (N), zero (Z), overflow (V), and 
carry (C) flags. 

Bit 7-Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. NMI is accepted 
regardless of the I bit selling. The I bit is set to 1 at the start of an exception-handling sequence. 

Bit 6-User Bit or Interrupt Mask Bit (UI): Can be written and read by software using the 
LOC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask 
biL For details see section 5. Interrupt Controller. 
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Bit 5-Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B 
instruction is executed, this flag is set to 1 if there is a carry or borrow at bit 3, and cleared to 0 
otherwise. When the ADD.W, SUB.W. CMP.W. or NEG.W instruction is executed. the H flag is 
set to 1 if there is a carry or borrow at bit 11. and cleared to 0 otherwise. When the ADDL. 
SUB.L. CMP.L. or NEGL instruction is executed. the H flag is set to 1 if there is a carry or 
borrow at bit 27. and cleared to 0 otherwise. 

Bit 4--User Bit (U): Can be written and read by software using the LOC. STC, ANDC. ORC. 
and XORC instructions. 

Bit 3--Negative Flag (N): Indicates the most significant bit (sign bit) of data. 

Bit 2-Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data. 

Bit l-OverOow Flag (V): Set to I when an arithmetic overflow occurs. and cleared to 0 at other 
times. 

Bit O-Carry Flag (C): Set to 1 when a carry occurs. and cleared to 0 otherwise. Used by: 

• Add instructions. to indicate a carry 
• Subttact instructions, to indicate a borrow 

Shift and rotate instructions. to store the value shifted out of the end bit 

The carry flag is also used as a bit accumulator by bit manipulation instructions. 

Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LOC. 
STC. ANDC. ORC. and XORC instructions. The N, Z. V. and C flags are used by conditional 
branch (Bee) instructions. 

For the action of each instruction on the flag bits, see appendix A.I. Instruction List For the I and 
UI bits. see section 5. Interrupt Controller. 

2.4.4 Initial CPU Register Values 

In reset exception handling. PC is initialized to a value loaded from the vector table, and the I bit 
in CCR is set to 1. The other CCR bits and the general registers are not initialized. In particular. 
the stack pointer (ER7) is not initialized. The stack pointer must therefore be initialized by an 
MOV.L instruction executed immediately after a reset 
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2.5 Data Formats 

The H8/300H CPU can process 1-bit, 4-bit (BCD). 8-bit (byte). 16-bit (word). and 32-bit 
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bit n (n = O. 1. 
2 ••••• 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as 
two digits of 4-bit BCD data. 

2.5.1 General Register Data Formats 

Figures 2-6 and 2-7 show Ihe data formats in general registers. 

Data Type 

1-bit data 

1-bit data 

4-bit BCD data 

4-bit BCD data 

Byte data 

Byte data 

General 
Regiat ... 

RnH 

RnL 

RnH 

RnL 

RnH 

RnL 

Data Format 

MSB LSB 
7 0 

C~~~~~~~~~~~I : : : :.: : : I 
MSB LSB 

Figure 2-6 General Register Data Formats (1) 
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General 
Data type Register 

Word data Rn 

Word data En 

Longword data ERn 

Legend 
ERn: General register 
En: General register E 
Rn: General register R 
RnH: General register RH 
RnL: General register RL 
MSB: Most signifICant bit 
LSB: Least significant bit 

Data Format 

15 0 

1 : : : : : : : : : : : : : : : I 
MSB LSB 

15 0 

1 : : : : : : : : : : : : : : : I 
MSB LSB 

31 1615 0 

I: : : : : : : : : : : : : :: : : : : : : : : : : : : : : : : I 
MSB LSB 

Figure 2-7 General Register Data Formats (2) 

2.5.2 Memory Data Formats 

Figure 2-8 shows the data formats on memory. The H8!300H CPU can access word data and 
longword data on memory, but word or longword data must begin at an even address. If an 
attempt is made to access word or longword data at an odd address, no address error occurs but 
the least significant bit of the address is regarded as 0, so the access starts at the preceding 
address. This also applies to instruction fetches. 
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Data Type Addre •• Data Format 

..--
.-' 

7 0 

1-bit data Address L 716151413121110 

Byte data Address L MSB LSB 

Word data Address 2M MSB 

Address 2M + 1 LSB 

Address 2N MSB 

Longword data Address 2N + 1 

Address 2N + 2 

Address 2N + 3 LSB 

~ 

Figure 2-8 Memory Data Formats 

When ER7 (SP) is used as an address register to access the stack, the operand size should be word 
size or longword size. 

25 



2.6 Instruction Set 

2.6.1 Instruction Set Overview 

The H8I300H CPU has 62 types of instructions, which are classified in table 2-1. 

Table 2-1 Instruction Classification 

Function Instruction Types 

Data transfer MOV, PUSH*1. POP-1. MOVTPE-2. MOVFPE-2 3 

Arithmetic operations ADD. SUB, ADDX, SUBX, INC, DEC. ADDS, SUBS, OM, DAS, 18 
MULXU. MULXS, DIVXU, DIVXS, CMP. NEG, EXTS, EXTU 

Logic operations AND. OR. XOR. NOT . 4 

Shift operations SHAL. SHAR. SHLL. SHLR. ROTL. ROTR. ROTXL. ROTXR 8 

Bit manipulation BSET, BCLR. BNOT. BTST. BAND. BlAND. BOR. BIOR, BXOR. 14 
BIXOR. BLD. BILD. BST, BIST 

Branch Bee-3. JMP. BSR. JSR. RTS 5 

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9 

Block data transfer r EEPMOV 1 

Notes: 1. POP.W Rn is identical to MOV.W@SP+, Rn. 
PUSH.W Rn is identical to MOV.W Rn,@-SP. 
POP.L ERn is identical to MOV.L @SP+, Rn. 
PUSH.L ERn is identical to MOV.L Rn, @-SP. 

2. Not available in the H813042 Series. 
3. Bce is a generic branching instruction. 
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2.6.2 Instructions and Addressing Modes 

Table 2-2 indicates the instructions available in the H8/300H CPU. 

Table 2-2 Instructions and Addressing Modes 

Add ... sslng Mod_ 

@ @ @ @ 
(d:18, (d:24, @ERn" @ @ @ Cd:8, Cd:18, @@ 

Function IMtructlon In Rn @ERn ERn) ERn) @-ERn .. :8 88:18 88:24 PC) PC) .. :8 

Data WDV BWI.. BWI.. BWI.. BWI.. BWI.. BWl B BWI.. BWI.. 
trans_ POP,PUSH WI.. 

WDVFPE, B 
WDVTPE 

Arilhmetic ADD, CMP BWI.. BWI.. -
operations SUB Wl BWI.. -

ADDX,SUBX B B 

ADOS,SUBS - L 

INC, DEC BWI.. -
DAA,DAS B 

MULXU, BW -
MULXS, 
DIVXU, 
DIVXS 

NEG BWI.. -

EXTU,EXTS Wl -
Logic AND,OR, BWL BWI.. -
operations XOR 

NOT BWI.. -

Shift instructions BWI.. -

Bit manipulation B B B 

Branch Bcc,BSR 0 0 
JMP,JSR 0 0 0 
RTS 0 

System TRAPA 0 
control RTE 0 

SLEEP 0 
LOC B B W W W W W W 

STC B W W W W W W 

ANOC,ORC, B 
XORC 

NOP 0 
Block data transfer BW 

Legend 
B: Byte 
W: Word 
L: longword 
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2.6.3 Tables of Instructions Classified by Function 

Tables 2-3 to 2-10 summarize the instructions in each functional category. The operation notation 
used in these tables is defined next. 

Operation Notation 

Rd General register (destination). 

Rs General register (source)· 

Rn General register* 

ERn General register (32-bit register or address register) 

(EAd) Destination operand 

(EAs) Source operand 

CCR Condition code register 

N N (negative) flag of CCR 

z Z (zero) flag of CCR 

v V (overflow) flag of CCR 

C C (carry) flag of CCR 

PC Program counter 

SP Stack pointer 

#IMM Immediate data 

disp Displacement 

+ Addition 

Subtraction 

x Multiplication 

+ Division 

1\ AND logical 

v OR logical 

Exclusive OR logical 

Move 

..., NOT (logical complement) 

:31:8/:16/:24 3-, 8-, 16-, or 24·bit length 

Note: • General registers include 8-bit registers (ROH to R7H, ROl to R7l), 1S-bit registers (RD to 
R7, EO to E7), and 32-bit data or address registers (ERO to ER7). 
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Table 2·3 Data Transfer Instructions 

Instruction Size- Function 

MeV BIWIl (EAs) ~ Rd. Rs ~ (EAd) 

MOVFPE B 

MOVTPE B 

POP WIl 

PUSH WIl 

Moves data between two general registers or between a general register 
and memory. or moves immediate data to a general register. 

(EAs) ~ Ad 

Cannot be used in the HS/3042 Series. 

Rs~ (EAs) 

Cannot be used in the HS/3042 Series. 

@SP+~Rn 

Pops a general register from the stack. POP.W Rn.is identical to MOV.W 
@SP+. Rn. Similarly. POP.L ERn is identical to MOV.L @SP+. ERn. 

Rn~@-SP 

Pushes a general register onto the stack. PUSH.W Rn is identical to MOV.W 
Rn. @-SP. Similarly. PUSH.L ERn is identical to MOV.L ERn. @-SP. 

Note: • Size refers to the operand size. 
B: Byte 
W: Word 
L: Longword 
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Table 2-4 Arithmetic Operation Instructions 

Instruction Size· 

ADD, BlW/l 
SUB 

ADDX, B 
SUBX 

INC, Bm/l 
DEC 

ADDS, l 
SUBS 

OM, B 
DAS 

MULXU Bm 

MULXS Bm 

Function 

Rd ± Rs -+ Rd, Rd ± #IMM -+ Rd 

Performs addition or subtraction on data in two general registers, or on 
immediate data and data in a general register. (Immediate byte data cannot 
be subtracted from data in a general register. Use the SUBX or ADD 
instruction.) 

Rd ± Rs ± C -+ Rd, Rd ± #IMM ± C -+ Rd 

Performs addition or subtraction with carry or borrow on data in two general 
registers, or on immediate data and data in a general register. 

Rd ± 1 -+ Rd, Rd ± 2 -+ Rd 

Increments or decrements a general register by 1 or 2. (Byte operands can 
be incremented or decremented by 1 only.) 

Rd ± 1 -+ Ad. Rd ± 2 -+ Ad, Rd ± 4 -+ Rd 

Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register. 

Rd decimal adjust -+ Ad 

Decimal-adjusts an addition or subtraction result in a general register by 
referring to CCR to produce 4-bit BCD data. 

Rd x Rs -+ Ad 

Performs unsigned multiplication on data in two general registers: either 
8 bits x 8 bits -+ 16 bits or 16 bits x 16 bits -+ 32 bits. 

Rdx As -+ Ad 

Performs signed multiplication on data in two general registers: either 
8 bits x 8 bits -+ 16 bits or 16 bits x 16 bits -+ 32 bits. 

Note: • Size refers to the operand size. 
B: Byte 
W: Word 
l: Longword 
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Table 2-4 Arithmetic Operation Instructions (cont) 

Instruction Size· Function 

OIVXU 

OIVXS 

CMP 

BIW Rd + Rs -+ Rd 

Performs unsigned division on data in two general registers: either 
16 bits + 8 bits -+ 8-bit quotient and 8-bit remainder or 32 bits + 16 bits -+ 
16-bit quotient and 16-bit remainder. 

BIW Rd + Rs -+ Rd 

Performs signed division on data in two general registers: either 
16 bits + 8 bits -+ 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits-+ 
16-bit quotient and 16-bit remainder. 

BlWIl Rd - Rs, Rd - #lMM 

Compares data in a general register with data in another general register or 
with immediate data, and sets CCR according to the result. 

NEG BIWIl 0 - Rd -+ Rd 

EXTS WIl 

EXTU WIl 

Takes the two's complement (arithmetic complement) of data in a general 
register. 

Rd (sign extension) -+ Rd 

Extends byte data in the lower 8 bits of a 16-bit register to word data, or 
extends word data in the lower 16 bits of a 32-bit register to Iongword data, 
by extending the sign bit. 

Rd (zero extension) ..... Rd 

Extends byte data in the lower 8 bits of a 16-bit register to word data, or 
extends word data in the lower 16 bits of a 32-bit register to Iongword data. 
by padding with zeros. 

Note: • Size refers to the operand size. 
B: Byte 
W: Word 
L: Longword 
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Table 2-5 Logic Operation Instructions 

Instruction Size· Function 

AND BlW/l Rd A Rs -+ Rd, Rd A #IMM -+ Rd 

Performs a logical AND operation on a general register and another general 
register or immediate data. 

OR BlW/l Rd v Rs -+ Rd, Rd v #IMM -+ Rd 

Performs a logical OR operation on a general register and another general 
register or immediate data. 

XOR Bm/l Rd e Rs -+ Rd, Rd e #IMM -+ Rd 

Performs a logical exclusive OR operation on a general register and another 
general register or immediate data. 

NOT BmlL .... Rd -+ Rd 

Takes the one's complement of general register contents. 

Note: • Size refers to the operand size. 
B: Byte 
W: Word 
l: longword 

Table 2-6 Shift Instructions 

Instruction Size· Function 

SHAl, BlWIL Rd (shift) -+ Rd 
SHAR Performs an arithmetic shift on general register contents. 

SHll, Bm/l Rd (shift) -+ Rd 
SHlR Performs a logical shift on general register contents. 

ROll, Bm/l Rd (rotate) -+ Rd 
ROTA Rotates general register contents. 

ROTXL, Bm/L Rd (rotate) -+ Rd 
ROTXR Rotates general register contents through the carry bit. 

Note: • Size. refers to the operand size. 
B: Byte 
W: Word 
l: longword 
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Table 2-7 Bit Manipulation Instructions 

Instruction Size· Function 

BSET· B 

BCLR B 

BNOT B 

BTST B 

BAND B 

BlAND B 

1 -+ «bit-No.> of <EAd» 

Sets a specified bit in a general register or memory operand to 1. The bit 
number is specified by 3-bit immediate data or the lower 3 bits of a general 
register. 

0-+ (<bit-No.> of <EAd» 

Clears a specified bit in a general register or memory operand to O. The bit 
number is specified by 3-bit immediate data or the lower 3 bits of a general 
register. 

--.(<bit-No.> of <EAd» -+ (<bit-No.> of <EAd» 

Inverts a specified bit in a general register or memory operand. The bit 
number is specified by 3-bit immediate data or the lower 3 bits of a general 
register. 

--. «bit-No.> of <EAd» -+ Z 

Tests a specified bit in a general register or memory operand and sets or 
clears the Z flag accordingly. The bit number is specified by 3-bit immediate 
data or the lower 3 bits of a general register. 

C 1\ «bit-No.> of <EAd» -+ C 

ANDs the carry flag with a specified bit in a general register or memory 
operand and stores the result in the carry flag. 

C 1\ [--.«bit-No.> of <EAd»] -+ C 

ANDs the carry flag with the inverse of a specified bit in a general register or 
memory operand and stores the result in the carry flag. 

The bit number is specified by 3-bit immediate data. 

Note: • Size refers to the operand size. 
B: Byte 
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Table 2·' Bit Manipulation Instructions (cont) 

Instruction Size- Function 

BOR B 

BIOR B 

BXOR B 

BIXOR B 

BLO B 

BILO B 

BST B 

BIST B 

e v (<bit-No.> of <EM» -. e 
ORs the carry flag with a specified bit in a general register or memory 
operand and stores the result in the carry flag. 

e v [...,(<bit-No.> of <EAd>)] -. e 
ORs the carry flag with the inverse of a specified bit in a general register or 
memory operand and stores the result in the carry flag. 

The bit number is specified by 3-bit immediate data 

e e (<bit-No.> of <EAd» -. e 
Exclusive-ORs the carry flag with a specified bit in a general register or 
memory operand and stores the result in the carry flag. 

e e [...,(<bit-No.> of <EAd>)] -. e 
Exclusive-ORs the carry flag with the inverse ofa specified bit in a general 
register or memory operand and stores the result in the carry flag. 

The bit number is specified by 3-bit immediate data 

(<bit-No.> of <EAd» -. e 
Transfers a specified bit in a general register or memory operand to the 
carry flag . 

...,«bit-No.> of <EAd» -. e 
Transfers the inverse of a specified bit in a general register or memory 
operand to the carry flag. 

The bit number is specified by 3-bit immediate data 

e -. «bit-No.> of <EAd» 

Transfers the carry flag value to a specified bit in a general register or 
memory operand. 

e -....,(<bit-No.> of <EAd» 

Transfers the inverse of the carry flag value to a specified bit in a general 
register or memory operand. 

The bit number is specified by 3-bit immediate data 

Note: ... Size refers to the operand size. 
B: Byte 

34 



Table 2-8 Branching Instructions 

Instruction Size Function 

Bee Branches to a specified address if a specified condition is true. The 
branching conditions are listed below. 

Mnemonic Description Condition 

BRA (BT) Always (true) Always 

BRN (BF) Never (false) Never 

BHI High CvZ.O 

BlS low or same CvZ= 1 

Bee (BHS) Carry clear (high or same) C.O 

BCS (BlO) Carry set (low) C = 1 

BNE Not equal Z=O 

BEQ Equal Z=1 

BVC Overflow clear V.O 

BVS Overflow set V.1 

BPl Plus N-O 

BMI Minus N = 1 

BGE Greater or equal NeV-O 

BlT less than N eV-1 

BGT Greater than Zv(NeV)-O 

BlE less or equal Z v (N e V) = 1 

JMP Branches unconditionally to a specified address 

BSR Branches to a subroutine at a specified address 

JSR Branches to a subroutine at a specified address 

RTS Returns from a subroutine 
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Table 2-9 System Control Instructions 

Instruction Size· 

TRAP A 

RTE 

SLEEP 

LDC BIW 

Function 

Starts trap-instruction exception handling 

Returns from an exception-handling routine 

Causes a transition to the poWer-down state 

(EAs) ~CCR 

Moves the source operand contents to the condition code register. The 
condition code register size is one byte, but in transfer from memory, data is 
read by word access. 

STC BIW CCR ~ (EAd) 

ANDC B 

ORC B 

XORC B 

NOP 

Transfers the CCR contents to a destination location. The condition code 
register size is one byte, but in transfer to memory, data is written by word 
access. 

CCR " #IMM ~ CCR 

Logically ANDs the condition code register with immediate data. 

CCR v #IMM ~ CCR 

Logically ORs the condition code register with immediate data. 

CCR e #IMM ~ CCR 

Logically exclusive-ORs the condition code register with immediate data. 

PC+2~PC 

Only increments the program counter. 

Note: • Size refers to the operand size. 
B: Byte 
W: Word 
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Table 2·10 Block Transfer Instruction 

Instruction SIz8 Function 

EEPMOV.B if R4L :f: 0 then 
repeat @ER5+ -+ @ER6+, R4L - 1 -+ R4L 

. until R4L • 0 
else next; 

EEPMOV. W - if R4 :f: 0 then 

repeat @ER5+ -+ @ER6+, R4 - 1 -+ R4 
until R4 - 0 

else next; 

Transfers a data block according to parameters set in general registers R4L 
or R4, ERS, and ER6. 

R4L or R4: Size of block (bytes) 
ERS: Starting source address 
ER6: Starting destination address 

Execution of the next instruction begins as soon as the transfer is 
completed. 
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2.6.4 Basic Instruction Formats 

The H8/300H instructions consist of 2-byte (l-word) Units. An instruction consists of an operation 
field (OP field), a register field (r field), an effective address extension (EA field), and a condition 
field (ee). 

Operation Field: Indicates the function of the instruction, the addressing mode, and the operation 
to be carried out on the operand. The operation field always includes the first 4 bits of the 
instruction. Some instructions have two operation fields. 

Register Field: Specifies a general register. Address registers are specified by 3 bits, data 
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register 
field. 

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute 
address, or a displacement A 24-bit address or displacement is treated as 32-bit data in which the 
first 8 bits are 0 (H'OO). 

Condition Field: Specifies the branching condition of Bee instructions. 

Figure 2-9 shows examples of instruction formats. 

Operation field only 

op NOP, RTS, etc. 

Operation field and register fields 

L..-_____ o_p ____ -'--__ r_n __ ....L..-__ rm __ --I1 ADD.B Rn, Rm, etc. 

Operation field, register fields, and effective address extension 

op rn rm 
I-------------''------'------{ MOV.B @(d:16, Rn), Rm 

EA (disp) 

Operation field, effective address extension, and condition field 

op cc EA (disp) BRAd:8 

Figure 2·9 Instruction Formats 
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2.().5 Notes on Use or Bit Manipulation Instructions 

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify a bit in the 
byte, then write the byte back. Care is required when these instructions are used to access registers 
with write-only bits, or to access ports. 

The BCLR instruction can be used to clear flags in the on-chip registers. In an interrupt-handling 
routine, for example, if it is known that the flag is set to I, it is not necessary to read the flag 
ahead of time. 

2.7 Addressing Modes and Effective Address Calculation 

2.7.1 Addressing Modes 

The H8!300H CPU supports the eight addressing modes listed in table 2-11. Each instruction uses 
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct 
and immediate modes. Data transfer instructions can use all addressing modes except program­
counter relative and memory indirect Bit manipulation instructions use register direct, register 
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET, 
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit 
number in the operand. 

Table 2-11 Addressing Modes 

No. Addressing Mode 

1 Register direct 

2 Register indirect 

3 Register indirect with displacement 

4 Register indirect with post-increment 
Register indirect with pre-decrement 

5 Absolute address 

6 Immediate 

7 Program-counter relative 

8 Memory indirect 

39 

Symbol 

Rn 

@ERn 

@(d:16. ERn)/@(d:24. ERn) 

@ERn+ 
@-ERn 

@aa:8/@aa:16/@aa:24 

#xx:8/#xx:16/#xx:32 

@(d:8. PC)/@(d:16. PC) 

@@aa:8 



1 Register Direct-Rn: The register field of the insbUction code specifies an 8-, 16-, or 32-bit 
register containing the operand. ROH to R7H and ROL ~ R7L can be specified as 8-bit registers. 
RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit 
registers. 

2 Register Indirect-@ERn: The register field of the instruction code specifies an address 
register (ERn), the lower 24 bits of which contain the address of the operand. 

3 Register Indirect with Displacement-@(d:16, ERn) or @(d:24, ERn): A 16-bit or 24-bit 
displacement contained in the insbUction code is added to the contents of an address register 
(ERn) specified by the register field of the insbUction, and the lower 24 bits of the sum specify the 
address of a memory operand. A 16-bit displacement is sign-extended when added. 

4 Register Indirect with Post-Increment or Pre-Decrement-@ERn+ or @-ERn: 

• Register indirect with post-increment-@ERn+ 

The register field of the insbUction code specifies an address register (ERn) the lower 24 bits 
of which contain the address of a memory operand. After the operand is accessed, 1,2, or 4 is 
added to the address register contents (32 bits) and the sum is stored in the address register. 
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or 
longword access, the register value should be even. 

• Register indirect with pre-decrement-@-ERn 

The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field 
in the instruction code, and the lower 24 bits of the result become the address of a memory 
operand. The result is also stored in the address register. The value subtracted is 1 for byte 
access, 2 for word access, or 4 for longword access. For word or longword access, the 
resulting register value should be even. 

5 Absolute Address-@aa:8, @aa:16, or @aa:24: The instruction code contains the absolute 
address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16 bits long 
(@aa:16), or 24 bits long (@aa:24). For an 8-bit absolute address, the upper 16 bits are all 
assumed to be 1 (HFFFF). For a 16-bit absolute address the upper 8 bits are a sign extension. A 
24-bit absolute address can access the entire address space. Table 2-12 indicates the accessible 
address ranges. 
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Table 2-12 Absolute Address Access Ranges 

Absolute 
Addre.. 1-Mbyte Modes 

8 bits (@aa:8) H'FFFOO to H'FFFFF 
(1048320 to 1048575) 

16 bits (@aa:16) H'OOOOO to H'07FFF, 
H'F8000 to H'FFFFF 
(0 to 32767, 1015808 to 1048575) 

24 bits (@aa:24) H'OOOOO to H'FFFFF 
(0 to 1048575) 

16-Mbyte Modes 

H'FFFFOO to H'FFFFFF 
(16n6960 to 16n7215) 

H'OOOOOO to H'007FFF, 
H'FF8000 to H'FFFFFF 
(0 to 32767,16744448 to 16m215) 

H'OOOOOO to H'FFFFFF 
(0 to 16n7215) 

6 Immediate-llxx:8, #xx: 16, or #XX:32: The instruction code contains 8-bit (#xx:8), 16-bit 
(#Xx:I6), or 32-bit (#XX:32) immediate data as an operand. 

The instruction codes of the ADDS, SUBS, INC, and DEC instructions con~n immediate data 
implicitly. The instruction codes of some bit manipulation instructions contain 3-bit immediate 
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data 
specifying a vector address. 

7 Program-Counter Relative-@(d:8, PC) or @(d:16, PC): This mode is used in the Bcc and 
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction code is sign­
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The 
PC value to which the displacement is added is the address of the fIrst byte of the next instruction, 
so the possible branching range is-126 to +128 bytes (~3 to +64 words) or-32766 to 
+32768 bytes (-16383 to +16384 words) from the branch instruction. The resulting value should 
be an even number. 

8 Memory Indirect-@@aa:8: This mode can be used by the JMP and JSR instructions. The 
instruction code contains an 8-bit absolute address specifying a memory operand. This memory 
operand contains a branch address. The memory operand is accessed by longword access. The 
fIrst byte of the memory operand is ignored, generating a 24-bit branch address. See fIgure 2-10. 
The upper bits of the 8-bit absolute address are assumed to be 0 (H'OOOO), so the address range is 
o to 255 (H'OOOOOO to H'OOOOFF). Note that the fIrSt part of this range is also the exception vector 
area. For further details see section 5, Interrupt Controller. 
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Specified by @aa:8-
~--------------~ 

Reserved 

Branch address 

-
Figure 2-10 Memory-Indirect Branch Address Specification 

When a word-size or longword-size memory operand is specified, or when a branch address is 
specified, if the specified memory address is odd, the least significant bit is regarded as O. The 
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2, 
Memory Data Fonnats. 

2.7.2 Effective Address Calculation 

Table 2-13 explains how an effective address is calculated in each addressing mode.·In the 
I-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to 

generate a 2O-bit effective address. 
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Table 2-13 Effective Address Calculation 

Addressing Mode and 
No. Instruction Format 

Register direct (Rn) 

Ioplrmrrnl 

Effective Address Calculation Effective Address 

Operand is general 
register contents 

2 Register indirect (@ERn) 31 0 23 0 

I ·1 General register contents I ·1 1 

3 

4 

Lr--op-l,.....,-Lr""-I--' 

Register indirect with displacement 
@(d:16, ERn)/@(d:24, ERn) 

Register indirect with post-increment 
or pre-decrement 

31 o 
General register contents 

Sign extension 

Register indirect with post-increment 31 0 
@ERn+ i .1 General register contents 

I 

1,2, or 4 

Register indirect with pre-decrement 31 
@-ERn i .1 General register contents 

1,2,or4 

1 for a byte operand, 2 for a word 
operand, 4 for a longword operand 

23 0 

-1 1 

23 o 

23 0 

-1 I 
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Table 2-13 Effective Address Calculation (cont) 

Addressing Mode and 
No. Instruction Format Effective Address Calculation Effective Address 

5 Absolute address 23 8 7 0 

6 

7 

@aa:8 I H'FFFF I I 
~ ~ t 

23 1615 o 
r Sign I 

@aa:16 l!!.!lx~te~ns!!.!!io!.!J.n -----r-' 
t Op abs 

23 0 

~~ I I 
op f 

abs 

Immediate 
#xx:8, #xx:16, or #Xx:32 

op T IMM 

Program-counter relative 
@(d:8, PC) or@(d:16, PC) 

disp 

23 

Operand is immediate data 

o 
PC contents 23 0 

~ I 
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Table 2-13 Effective Address Calculation (cont) 

Addressing Mode and 
No. Instruction Format 

8 Memory indirect @@aa:8 

Normal mode 

ahs 

Advanced mode 

ahs 

Legend 
r, rm, rn: Register field 
op: Operation field 
disp: Displacement 
IMM: Immediate data 
abs: Absolute address 

Effective Address Calculation Effective Address 

15 o 23 1615 o 
H'OO '-------t .. 1 Memory contents, "''--_-'-____ ----' 

31 o 23 o 
Memory contents 



2.8 Processing States 

2.8.1 Oveniew 

The H81300H CPU has five processing states: the program execution state, exception-handling 
state, power-down state, reset state, and bus-released state. The power-down state includes sleep 
mode, software standby mode, and hardware standby mode. Figure 2-11 classifies the processing 
states. Figure 2-13 indicates the state transitions. 

Processing states Program execution state 

The CPU executes program instructions in sequence 

Exception-'handling state 

A transient state in which the CPU executes a hardware sequence 
(saving PC and CCR, fetching a vector, etc.) in response to a reset, 
interrupt, or other exception 

Bus-released state 

The extemal bus has been released in response to a bus request 
signal from a bus master other than the CPU 

Reset state 

The CPU and aU on-chip supporting modules are initialized and halted 

Power-down state Sleep mode 

The CPU is halted to conserve power 

Software standby mode 

Hardware standby mode 

Figure 2-11 Processing States 
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2.8.2 Program Execution State 

In this state the CPU executes program instructions in normal sequence. 

2.8.3 Exception-Handling State 

The exception-handling state is a transient state that occurs when the CPU alters the nonnal 
program flow due to a reset, interrupt, or trap instruction. The CPU fetches a starting address from 
the exception vector table and branches to that address. In interrupt and trap exception handling 
the CPU references the stack pointer (ER7) and saves the program counter and condition code 
register. 

Types of Exception Handling and Their Priority: Exception handling is performed for resets, 
interrupts, and trap instructions. Table 2-14 indicates the types of exception handling and their 
priority. Trap instruction exceptions are accepted at all times in the program execution state. 

Table 2-14 Exception Handling Types and Priority 

Priority Type of Exception Detection Timing 

High Reset Synchronized with clock 

Interrupt 

Trap instruction 
low 

End of instruction 
execution or end of 
exception handling· 

When TRAPA instruction 
is executed 

Start of Exception Handling 

Exception handling starts immediately 
when RES changes from low to high 

When an interrupt is requested, 
exception handling starts at the end of 
the current instruction or current 
exception-handling sequence 

Exception handling starts when a trap 
(TRAPA) instruction is executed 

Note: * Interrupts are not detected at the end of the ANDC, aRC, XORC, and lDC instructions, or 
immediately after reset exception handling. 

Figure 2-12 classifies the exception sources. For further details about exception sources, vector 
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt 
Controller. 
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Exception 
sources 

Reset 

Interrupt {
External interrupts 

Internal interrupts (from on-chip supporting modules) 

Trap instruction 

Figure 2·12 Classification or Exception Sources 

End of 
exception 
handling 

RES = 1 

Reset state ·1 

End of bus release 

Bus request 

Sleep mode 

Software standby mode 

STBY= 1, RES =0 
}4---------~-{ Hardware standby mode"2 

. Pow«~wnstate I 

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

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs 
whenever RES goes low. 

2. From any state, a transition to hardware standby mode occurs when sf BY goes low. 

Figure 2·13 State Transitions 
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2.8.4 Exception.Handling Sequences 

Reset Exception Handling: Reset exception handling has the highest priority. The reset state is 
entered when the RES signal goes low. Reset exception handling starts after that, when RES 
changes from low to high. When reset exception handling starts the CPU fetches a start address 
from the exception vector table and starts program execution from that address. All interrupts, 
including NMI, are disabled during the reset exception-handling sequence and immediately after it 
ends. 

Interrupt Exception Handling and Trap Instruction Exception Handling: When these 
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the 
program counter and condition code register on the stack. Next, if the UE bit in the system control 
register (SYSCR) is set to 1, the CPU sets the I bit in the condition code register to 1. If the UE bit 
is cleared to 0, the CPU sets both the I bit and the UI bit in the condition code register to 1. Then 
the CPU fetches a start address from the exception vector table and execution branches to that 
address. 

Figure 2-14 shows the stack after the exception-handling sequence. 

SP-4 SP (ER7) 

SP-3 SP+1 

SP-2 SP+2 

SP-1 SP+3 

SP (ER7) SP+4 

Before exception ---------.. After exception 
handling starts Pushed on stack handling ends 

Legend 
CCR: Condition code register 
SP: Stack pointer 

Notes: 1. PC is the address of the first instruction executed after the return from the 
exception-handling routine. 

2. Registers must be saved and restored by word access or longword access, 
starting at an even address. 

Figure 2·14 Stack Structure after Exception Handling 
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2.8.5 Bus-Released State 

In this state the bus is released to a bus master other dUm the CPU, in response to a bus request. 
The bus masters other than the CPU are the DMA conttoller, the refresh controller, and an 
external bus master. While the bus is released, the CPU halts except for internal operations. 
Interrupt requests are not accepted. For details see section 6.3.7, Bus Arbiter Operation 

2.8.6 Reset State 

When the RES input goes low all current processing stops and the CPU enters the reset state. The 
I bit in the condition code register is set to 1 by a reset. All interrupts are masked in the reset state. 
Reset exception handling starts when the RES signal changes from low to high. 

The reset state can also be entered by a watchdog timer overflow. For details see section 12, 
Watchdog Tuner. 

2.8.7 Power-Down State 

In the power-down state the CPU stops operating to conserve power. There are three modes: sleep 
mode, software standby mode, and hardware standby mode. 

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the 
SSBY bit is cleared to 0 in the system control register (SYSCR). CPU operations stop 
immediately after execution of the SLEEP instruction, but the contents of CPU registers are 
retained. 

Software Standby Mode: A transition to software standby mode is made if the SLEEP 
instruction is executed while the SSBY bit is set to 1 in SYSCR. The CPU and clock halt and all 
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long 
as a specified voltage is supplied the contents of CPU registers and on-chip RAM are retained. 
The I/O ports also remain in their existing states. 

Hardware Standby Mode: A transition to hardware standby mode is made when the STBY input 
goes low. As in software standby mode, the CPU and all clocks halt and the on-chip supporting 
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are 
retained. 

For further information see section 19, Power-Down State. 
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2.9 Basic Operational TIming 

2.9.1 Overview 

The H81300H CPU operates according to the system clock (,,). The interval from one rise of the 
system clock to the next rise is referred to as a "slate." A memory cycle or bus cycle consists of 
two or three Slates. The CPU uses different methods to access on-chip memory, the on-chip 
supporting modules, and the external address space. Access to the external address space can be 
controlled by the bus controller. 

2.9.2 On-Chip Memory Access Timing 

On-chip memory is accessed in two states. The data bus is 16 bits wide, permitting both byte and 
word access. Figure 2-15 shows the on-chip memory access cycle. Figure 2-16 indicates the pin 
states. 

, Bus cycle , ,. .' , , 
:-..- T1 state ... : .. T2state-.J , , 

I , I , 
Ii!J -.J \ V \ r 

I I , , , 
I , 

Internal address bus =x Address C 
I , 
I I 
I I 
I 

\ :/ Internal read signal I , 
I 
I I , , 

Internal data bus =; ( Read data }-(read access) 
I 

, 
I , , , 

I 
, 

I 

, 
~ r Internal write signal I 

I , 
I I I , , , 

Internal data bus 
~ ( Write data ~ (write access) 

! ! 

Figure 2-15 On-Chip Memory Access Cycle 

51 



" 
Address bus 

:---T1 .. I.. T2----: 

---V \~--~V~--~\~--~v____ 
• : I 

~ Add~ess C 
I 
I 
I 
I 
I 

i High 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

High impedance 

Figure 2·16 Pin States during On·Chip Memory Access 
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2.9.3 On-Chip Supporting Module Access Timing 

The on-chip supporting modules are accessed in three states. The data bus is 8 or 16 bits wide, 
depending on the register being accessed. Figure 2-17 shows the on-chip supporting module 
access timing. Figure 2-18 indicates the pin states. 

" 
Address bus 

Figure 2-17 Access Cycle for On-Chip Supporting Modules 
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I I I 

:---T1 ~14 T2 ~:4 
I I I 
I I I 

-JI \ V \ V 
I I I 

--~~~--T3~ 

\V-
I 

Address bus 
I I I =x I I 

Address _---:--_--,--_-----!c 
I 
I 
I 
I 
I 
i 

High 

015 to Do 

I 
I 
I 
I 
I 

: High impedance 
I 

Figure 2-18 Pin States during Access to On-Chip Supporting Modules 

2.9.4 Access to External Address Space 

The external address space is divided into eight areas (areas 0 to 7). Bus-controller settings 
determine whether each area is accessed via an 8-bit or 16-bit bus, and whether it is accessed in 
two or three states. For details see section 6, Bus Controller. 
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Section 3 MCU Operating Modes 

3.1 Overview 

3.1.1 Operating Mode Selection 

The H8/3042 Series has seven operating modes (modes 1 to 7) that are selected by the mode pins !:II 
<MOl to MDO> as indicated in table 3-1. The input at these pins determines the size of the address -=­
space and the initial bus mode. 

Table 3-1 Operating Mode Selection 

Operating 
Mode 

Mode 1 

Mode 2 

Mode 3 

Mode 4 

Mode 5 

Mode 6 

Mode 7 

Notes: 1. 

Description 
Mode Pins Initial Bus On-Chip On-Chip 

MOa M01 MOo Address Space Mode-1 ROM RAM 

000 

0 0 1 Expanded mode S bits Disabled Enabled·2 

0 0 Expanded mode 16 bits Disabled Enabled·2 

0 1 Expanded mode S bits Disabled Enabled·2 

1 0 0 Expanded mode 16 bit Disabled Enabled·2 

1 0 1 Expanded mode Sbits Enabled Enabled·2 

0 Single-chip normal Enabled Enabled 
mode 

1 1 Single-chip advanced Enabled Enabled 
mode 

In modes 1 to 5, an 8-bit or 16-bit data bus can be selected on a per-area basis by 
settings made in the area bus width control register (ABWCR). For details see 
section 6, Bus Controller. 

2. If the RAME bit in SYSCR is cleared to 0, these addresses become external addresses. 

For the address space size there are three choices: 64 kbytes, 1 Mbyte, or 16 Mbytes. The external 
data bus is either 8 or 16 bits wide depending on ABWCR settings. If 8-bit access is selected for 
all areas, the external data bus is 8 bits wide. For details see section 6, Bus Controller. 

Modes 1 to 4 are externally expanded modes that enable access to external memory and peripheral 
devices and disable access to the on-chip ROM. Modes I and 2 support a maximum address space 
of 1 Mbyte. Modes 3 and 4 support a maximum address space of 16 Mbytes. 
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Mode 5 is an externally expanded mode that enables access to external memory and peripheral 
devices and also enables access to the on-chip ROM. Mode 5 supports a maximum address space 
ofl Mbyte. 

Modes 6 and 7 are single-chip modes that operate using the on-chip ROM, RAM, and registers, 
and make all I/O ports available. In mode 6 the CPU operates in nonnal mode, supporting a 
64-kbyte address space. In mode 7 the CPU operates in advanced mode, supporting a I-Mbyte 
address space. 

The H8/3042 Series can be used only in modes 1 to 7. The inputs at the mode pins must select one 
of these seven modes. The inputs at the mode pins must not be changed during operation. 

3.1.2 Register Configuration 

The H8/3042 Series has a mode control register (MDCR) that indicates the inputs at the mode 
pins <MD2 to MDo), and a system control register (SYSCR). Table 3-2 summarizes these registers. 

Table 3-2 Registers 

Address· Name Abbreviation RIW Initial Value 

H'FFF1 Mode control register MDCR R Undetermined 

H'FFF2 System control register SYSCR RIW H'OB 

Note:· The lower 16 bits of the address are indicated. 
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3.2 Mode Control Register (MDCR) 

MDCR is an 8-bit read-only register that indicates the current operating mode of the 
H813042 Series. 

Bit 7 6 5 4 3 2 1 0 

MDS2 MDS1 MDSO 

Initial value 1 1 0 0 0 -* -* -* 
ReadlWrite R R R 

I 
Reserved bits Reserved bits Mode select 2 to 0 

Bits indicating the current 
operating mode 

Note: * Determined by pins MD2 to MOo. 

Bits 7 and 6-Reserved: Read-only bits, always read as 1. 

Bits 5 to ~Reserved: Read-only bits, always read as O. 

Bits 2 to O-Mode Select 2 to 0 (MDS2 to MDSO): These bits indicate the logic levels at pins 
M02 to MOo (the current operating mode). MOS2 to MOSO correspond to MD2 to MDo- MOS2 
to MOSO are read-only bits. The mode pin (M02 to MDo) levels are latched when MDCR is read. 
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3.3 System Control Register (SYSCR) 

SYSCR is an 8-bit register that controls the operation of the H8/3042 Series. 

Bit 

Innial value 

ReadlWrite 

7 6 5 

SSBY STS2 STS1 

o 
RIW 

o 
RIW 

o 
RIW 

4 

STSO 

o 
RIW 

3 2 o 
UE I NMIEG I RAME 

1 

RIW 

011 

RIW RIW 

TRA~ble 
Enables or 
disables 
on-chip RAM 

Reserved bit 

NMI edge select 
Selects the valid edge 
of the NMI input 

User bit enable 
Selects whether to use the UI bit in CCR 
as a user bit or an interrupt mask bit 

Standby timer select 2 to 0 
These bits select the waning time at 
recovery from software standby mode 

Software standby 
Enables transition to software standby mode 

Bit 7-Software Standby (SSBY): Enables transition to software standby mode. (For further 
information about software standby mode see section 19. Power-Down State.) 

When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear 
this bit. write O. 

Bit 7 
SSBY DescrIption 

o SLEEP instruction causes transition to sleep mode (Initial value) 

SLEEP instruction causes transition to software standby mode 
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Bits 6 to 4--Standby Timer Select (STS2 to STSO): These bits select the length of time the CPU 
and on-chip supporting modules wait for the internal clock oscillator to settle when software 
standby mode is exited by an external interrupt Set these bits so that the waiting time will be at 
least 8 ms at the system clock rate. For further information about waiting time selection, see 
section 19.4.3, Selection of Oscillator Waiting Time after Exit from Software Standby Mode. 

Bit 6 BitS Bit 4 
STS2 STS1 STSO Description 

0 0 0 Waiting time - 8192 states (Initial value) 

0 0 1 Waiting time - 16384 states 

0 1 0 Waiting time - 32768 states 

0 1 1 Waiting time - 65536 states 

1 0 Waiting time .131072 states 

1 1 Illegal setting 

Bit 3-Vser Bit Enable (VE): Selects whether to use the Ul bit in the condition code register as a 
user bit or an interrupt mask bit 

Bit 3 
UE Description 

o UI bit in CCR is used as an interrupt mask bit 

1 UI bit in CCR is used as a user bit 

Bit 2-NMI Edge Select (NMIEG): Selects the valid edge of the NMl input. 

Bit 2 
NMIEG Description 

o An interrupt is requested at the falling edge of NMI 

1 An interrupt is requested at the rising edge of NMI 

Bit I-Reserved: Read-only bit, always read as 1. 

(Initial value) 

(Initial value) 

Bit O-RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is 
initialized by the rising edge of the RES signal. It is not initialized in software standby mode. 

Bit 0 
RAME Description 

o On-chip RAM is disabled 

1 On-chip RAM is enabled (Initial value) 
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3.4 Operating Mode Descriptions 

3.4.1 Mode 1 

Ports 1,2, and 5 function as address pins Al9 to Ao, permitting access to a maximum I-Mbyte 
address space. The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least 
one area is designated for 16-bit access in ABWCR, the bus mode switches to 16 bits. 

3.4.2 Mode 2 

Ports 1.2, and 5 function as address pins Al9 to Ao, permitting access to a maximum I-Mbyte 
address space. The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. If all 
areas are designated for 8-bit access in ABWCR, the bus mode switches to 8 bits. 

3.4.3 Mode3 

Ports 1, 2, and 5 and part of port A function as address pins An to Ao. permitting access to a 
maximum 16-Mbyte address space. The initial bus mode after a reset is 8 bits, with 8-bit access to 

all areas. If at least one area is designated for 16-bit access in AB WCR, the bus mode switches to 
16 bits. A23 to A21 are valid when 0 is written in bits 7 to 5 of the bus release control register 
(BRCR). 

3.4.4 Mode 4 

Ports 1, 2, and 5 and part of port A function as address pins A23 to Ao, permitting access to a 
maximum 16-Mbyte address space. The initial bus mode after a reset is 16 bits, with 16-bit access 
to all areas. If all areas are designated for 8-bit access in ABWCR, the bus mode switches to 
8 bits. A23 to A21 are valid when 0 is written in bits 7 to 5 of BRCR. 

3.4.5 ModeS 

Ports 1,2, and 5 can function as address pins Al9 to Ao, permitting access to a maximum I-Mbyte 
address space, but following a reset they are input ports. To use ports 1,2, and 5 as an address bus, 
the corresponding bits in their data direction registers (PIDDR, P2DDR, and P5DDR) must be set 
to 1. The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least one area is 
designated for 16-bit access in ABWCR, the bus mode switches to 16 bits. 

3.4.6 Modes 6 and 7 

These modes operate using the on-chip ROM, RAM, and registers. All 110 ports are available. 
Mode 6 is a normal mode with a 64-kbyte address space. Mode 7 is an advanced mode with a 
i-Mbyte address space. 
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3.5 Pin Functions in Each Operating Mode 

The pin functions of ports I to 5 and port A vary depending on the operating mode. Table 3-3 
indicates their functions in each operating mode. 

Table 3-3 Pin Functions in Each Mode 

Port Mode 1 Mode 2 Mode 3 Mode 4 ModeS Mode 6" 

Port 1 A7 to Ao A7 to Ao A7 to Ao A7 to Ao P1 7 toP1 0•2 P1 7 to P1 0 

Port 2 A,s to As A,s to As A,s to As A,s to As P27 to P20•2 P27 to P20 

Port 3 O,s to Os 0 ,5 to Os O,s to Os 0 '5 to Os 0 ,5 to Os P3]to P30 

Port 4 P47 to p40.' 0 7 to 00• ' P47 to P40·' 0 7 to 00• ' P47 to p40.' P47 to P40 

PortS A '9 to A '6 A '9 to A'6 A'9 to A '6 A '9 to A'6 P53 to P50•2 PS3 to PSo 

PortA PA7 to P~ PA7 to P~ A23to A20·3 A23 to A20·3 PA7toP~ PA7 to P~ 

Notes: 1. Initial state. The bus mode can be switched by settings in ABWCR. These pins function 
as P47 to P40 in a-bit bus mode, and as 0 7 to Do in 16-bit bus mode. 

2. Initial state. These pins become address output pins when the corresponding bits in the 
data direction registers (P100R, P200R, P500R) are set to 1. 

3. A20 is always an address output pin. A23 to A21 become valid when 0 is written in bits 7 
to 5 of BRCR; initially, they fundion as PAs to P~. 

3.6 Memory Map in Each Operating Mode 

Figure 3-1 shows a memory map of the H8/3042. Figure 3-2 shows a memory map of the 
H8/304I. Figure 3-3 shows a memory map of the H8/3040. The address space is divided into 
eight areas. 

The initial bus mode differs between modes 1 and 2, and also between modes 3 and 4. 

The address locations of the on-chip RAM and on-chip registers differ between the I-Mbyte 
modes (modes 1.2,5. and 7). 16-Mbyte modes (modes 3 and 4). and 64-kbyte mode (mode 6). 
The address range specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 
and@aa:16) also differs. 
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Modes 1 and 2 Modes 3 and 4 
(1-Mbyte modes with (16-Mbyte modes with 

on-chip ROM disabled) on-<:hip ROM disabled) 

H'OOOOO 

r--~ 
--- H'OOOOOO ---

Vector area Vector area r-~ ~~ s -"' s ................ _ ........ 
:l ----------- ~gj :l :e! 0 .. .!: CD 0., ..,~ 

H'OOOFF ----------- -.~~ 1151 H'OOOOFF ... _-------- .. - c.., ~m "'., '7~ "'., ~.<: .~ QJ ~.<: .~ Q) 

°u J:J~ °u J:J~ 

Ec cD~ E:ij 
, .., 

~~ 
CD.., 

~'" ~l; ~'" H'07FFF H'OO7FFF ----------- .. --_ .. --- ---_ .. _--- .. - ----- ---

H'1FFFF Area 0 Area 0 

H'20000 ..... _-------- -.. ------- H'1FFFFF 
H'3FFFF Area 1 H'200000 ----------- ---------

---------.... ---------H'40000 Area 2 Area 1 H'5FFFF 
H'60000 Exi;;;'~-~d~';;'; --------- H'3FFFFF Area 3 

.. __ .. __ ... _ ...... ---------H'7FFFF ---.!'~~---- --------- H'400000 
H'SOOOO Area 4 Area 2 H'9FFFF 
H'AOOOO ----------- --------- H'SFFFFF AreaS ----------- ---------H'BFFFF ----------- --------- H'600000 External 
H'COOOO Area 6 address Area 3 H'DFFFF 
H'EOOOO ----------- --------- H'7FFFFF space 

Area 7 H'SOOOOO ... --- ... _----- ---------
Area 4 

H'9FFFFF 
H'FSOOO --------_ .... .. --_ .. --- H'AOOOOO 

_ ..... -... _ ..... --- ---------
H'FF70F ., AreaS 
H'FF710 Q> H'BFFFFF ., 

On-chip RAM· ., 
H'COOOOO 

..... _--_ ......... - --_ .... _---., 
!'! .. 

H'FFFOO 
......... __ ........... -- ., .., ., .., AreaS 

H'FFFOF !'! '" H'DFFFFF .., S ------_ .. _-- . __ ... -----
H'FFF10 EX1emal ~ :l H'EOOOOO 

address S g 
:l J:J Area 7 

H'FFF1B space g os 

H'FFF1C J:J ~ 
On-<:hip 

os CD 
:5 --_ ... -- ... -- ..... .. --_ .. ---registers cO H'FF8000 

H'FFFFF --- .. --- H'FFF70F .. 
H'FFF710 .. ., 

On-chip RAM· .. ., 
'" ! --_ ..... -_ ... _-- -- ., .., 

H'FFFFOO ., 
~ 

H'FFFFOF !'! .., S 
H'FFFF10 External 

.., 
:J os 0 

address S ~ :l 

H'FFFF1B space 0 ., 
~ H'FFFF1C J:J 

On-chip 
os cD 
:S ~ 

registers cO H'FFFFFF .. _ .. - ---
Note: • External addresses can be accessed by disabling on-chip RAM. 

Figure 3-1 8813042 Memory Map in Each Operating Mode (1) 
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ModeS 
Mode 6 Mode 7 (expanded mode with 

on-chip ROM enabled) (single-chip nonnal mode) (single-chip advanced mode) 

H'OOOOO 

r~-~ 
--- H'0000 H'OOOOO ---

Vector area Vector area I Memory- Vector area r~-~ ----_ ... _---- s ----------- indirect ..... -... ------- l!! 
.2 branch ::> 

~!!! Ii!:c ~! ~ .. , 
H'OOOFF .... _-------- .~ H'OOFF ----------- _ addresses H'oooFF ... --------- .. C.., .oGl 

~:I -.~ "':I ~-6 .'!::! GI 5-6 .~ CD 

On-chip ROM ..0- On-chip ROM .0-

~e ' .., Ec ' .., CD.., CD.., 
~'" On-chip ROM GIl!! ~'" 

H'07FFF ::::En H'07FFF ::::En -- .. -------- .. ---- --- --- ... -_ .. _--- --_ ..... ---
H'OFFFF 
H'10000 H'F70F H'OFFFF 

Area 0 H'F710 
H'lFFFF 
H'20000 

... -_ ..... __ .. __ ... ---_ .. -... -- On-chip RAM 
H'3fFFF Areal 

H'4OOO0 ... -----_ ... -...... ---------
Area 2 -----------

I 
H'SFFFF H'FFOO 
H'60000 

---_ .. _ ..... _ ... - --------- H'FFOF External add..- Area 3 8-bit H'7FFFF ___ .!'e'!':." ____ 
H'80000 --- ... -- ... -- H'FF1C absolute 

H'9FFFF Area 4 On-chip addresses 
H'AoooO ---------_ .. --------- H'FFFF registers 

H'BFFFF AreaS 
----------- ............ -.. --

H'COOOO 
H'DFFFF Area 6 

------_ .. _-- ---------H'EoooO Area 7 

H'F8000 ------_ ... _-- ... --- .. --- H'F8000 -- - -- - --- --- --- ---- ---
H'FF70F II) II) 

H'FF710 .. 
~FF710a 

GI 

On-chip RAM· II) 
:I 

H'FFFOO ~_~~i:_~~ - m 
:! 

!!! !!! 
.. ---- .. -- .. -- __ 51 .., .., 

H'FFFOO til .., .., 
!!! '" '" H'FFFOF .., J!! H'FFFOF :8 J!! 

H'FFF10 External 
.., 

::> ::> os '0 os '0 
address J!! II) J!! II) 

::> .0 ::> .0 

H'FFF1B space '0 os '0 os 
til :B II) :E H'FFF1C .0 H'FFF1C .0 

On-chip 
os cD On-chip 

os cD 
~ ~ :B ~ 

H'FFFFF 
registers cO registers cO H'FFFFF ---- --- --- ... ---

Note: • External addresses can be accessed by disabling on-chip RAM. 

Figure 3·1 H8I3042 Memory Map in Each Operating Mode (2) 
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Modes 1 and 2 Modes 3 and 4 
(1-Mbyte modes with (16-Mbyte modes with 

on-chip ROM disabled) on-chip ROM disabled) 

H'OOOOO 

I~-i 
--- H'OOOOOO ---

Vector area 
~ 

Vector area r~-i --- .. -----.... .._ ... _------- ~ 

" " ~! -g., .~ ! -g., 
H'OOOFF ......... -_ ....... _- -.5f~ Dca H'OOOOFF ----_ ... ----- 'g'C Dca 

call! "i"i call! 
~'6 .~ 4l ~'6 :5~ D~ 

Ec ' 'C Ec ' 'C 
CD'C CD 'C cal! ~ca cal! ~ca 

H'07FFF ::ED H'OO7FFF ::E.c 
---------- .. --- .... --- ..... -... --- ... --- --_ ..... ---

H'1FFFF Area 0 Area 0 

H'2OOQO .. _ .. _----- .... --------- H'1FFFFF 
H'3FFFF Area 1 H'2OOQOO _ .. _-------- ------ ... --....... _-_ .... --- -------_ .. H'40000 Area 2 Area 1 
H'SFFFF 
H'6OOQO Exiernaladd,_ --------- H'3FFFFF Area 3 ..... _-- ... ----- --- .. -----H7FFFF ___ ~c:.e ____ --------- H'400000 
H'80000 Area 4 Area 2 
H'9FFFF 
H'AOOOO ------- .. --- --------- H'SFFFFF 
H'BFFFF Area 5 H'600000 

.. _ ... _ .. _----- ---------........... __ .. _-- --------- External 
H'COOOO Area 6 address Area 3 H'DFFFF 
H'EOOOO 

..... ---_ ..... -.... -----_ ... _- H'7FFFFF space 
Area 7 H'800000 .. _----- ... --- ---------

Area 4 
H'9FFFFF 

H'F8000 
--_ .... _ .... -... - .. --_ .. --- H'AOOOOO 

.... -.................... ---------
H'FF70F '" 

Area 5 
H'FF71 0 '" H'BFFFFF ll! ----------- ---------On-chip RAM- '" e H'COOOOO 

'" ---_ .. _- .. -..... -ll! 'C 
Area 6 H'FFFOO '0 

H'FFFOF ~ ca 
H'DFFFFF '0 ~ ----------- .. --------H'FFF10 External 

'0 

" H'EOOOOO ca '0 
address ~ '" " .c Area? 

H'FFF1B space '0 ca 

'" :c H'FFF1C ~ cO On-chip :c ..... _ ... -_ .... --- ---- .. ---registers cO H'FF8000 
H'FFFFF --- .. --- H'FFF?OF ., 

H'FFF710 GI ., 
On-chip RAM- ., '" GI ., 

-t; .... _--_ ..... _-- -- '" H'FFFFOO '" ~ ~ H'FFFFOF '0 ~ 
H'FFFF10 External 

'0 

" ca -g 
address * .c 

H'FFFF1B space '0 ca ., :c H'FFFF1C .c 
ca cO On-Chip :ii ~ 

registers cO H'FFFFFF -_ ...... ---
Note: - External addresses can be accessed by disabling on-chip RAM, 

Figure 3-2 H8I3041 Memory Map in Each Operating Mode (1) 
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ModeS Mode 6 Made 7 (expanded mode wilh 
on-chip ROM enabled) (single-c:hip normal mode) (single-chip advanced mode) 

H'OOOOO 

l~-i 
--- H'OOOO H'OOOOO ---

Vectorarea Vector area I~~- Vector area r~-: ... ----- .. --_. SI --------.-- indirect ------_ ... _-- SI 
:0 branch ... I :0 

~I!! 0., 0., 
-0-0 _ addresses ~i H'OOOFF ----------- .!f"i i! H'OOFF ----------- H'OOOFF ----------- i! 

On-chip ROM ~ii :li! On-chip ROM fl :E! 
jj ~I On-chipROM <b:g 

:115 -II 
H'07FFF H'07FFF 
H'OBFFF ----------- ----- --- H'BFFF H'OBFFF ------.. ---- ----- ---
H'OCOOO Reserved-' H'OFFFF 
H'10000 Area 0 H'F710 
H'1FFFF 
H'20000 ---_ ... ------ --------- On-chip RAM Area 1 H'3FFFF 

----------- ---------H'40000 Area 2 H'SFFFF 
H'60000 Exi8';';'-adiI_ ------- .. -

Area 3 H'7FFFF ___ .!II?!C:.8 ____ 
--------- H'FF1C absolute H'80000 Area 4 On-chip addresses H'9FFFF ------.--_ ... --------- H'FFFF registers _ H'AOOOO AreaS H'BFFFF ------- .. --- ---------H'COOOO Area 6 H'OfFFF ----------- ... _----- ... -H'EOOOO Area 7 

H'FSOOO ---------_ .. ----- --- H'FBOOO - - - -- - --- - -- -- - ---- ---
H'FF7OF OJ .. 
H'FF710 9l '''F7108 91 

On-chip RAM-2 .. e ~n:~i~_~~ _i 
.. 

_9l ! 
H'FFFOO .. -------- ... - -0 -0 e i H'FFFOO :II i 
H'FFFOF -0 S! H'FFFOF ~ S! 
H'FFF10 External i :0 i :0 

address S! a S! a 
.2 .0 :0 .0 

space 01 1 
II 

H'FFF1B 51 ... . .. 
H'FFF1C ..a ; H'FFF1C ~ 

On-chip II On-chip 
II 

~ :a :S 
H'FFFFF 

registers ab H'FFFFF 
registers ab 

-- .. - --- ---- ---

Notes: 1, Do not access !he reserved area, 
2. External addresses can be accessed by disabling on-c:hip RAM. 

Figure 3-2 8813041 Memory Map in Each Operating Mode (2) 
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Modes 1 and 2 Modes 3 and 4 
(1-Mbyte modes with (16-Mbyte modes with 

on-chip ROM disabled) on-chip ROM disabled) 

H'OOOOO --- H'OOOOOO ---
Vector area r~-i s Vector area r~-i • ___ e ____ ... _ 

----------- S 
I!!'" :3 I!!'" :3 
:g! Ii .- ! g: H'OOOFF _._-------- -·~i H'OOOOFF -------_ ... _- -~:s illl 

Ii 
~as 

:ii~ 0-6 :iiI!! 
~i Slii ch:S -as 

H'07FFF ::::ED H'OO7FFF ::::ED 
----------- ----- --- .. _--------- ----- ---

H'1FFFF Area 0 Area 0 

H'20000 ----------- -------_ .. H'1FFFFF 
I-i'3FFFF Areal H'200000 ----------- ---------

----------- ---.-_ ..... -
H'40000 Area 2 Area 1 
H'SFFFF 
H'60000 Exi;,nat .;dd_ .. _---_ ..... -

H'3FFFFF Area 3 ----------- ---------H7FFFF ---~---- ---_ ... _--- H'400000 
H'80000 Area 4 Area 2 
H'9FFFF 
H'AOOOO ----------- --- ...... _--- H'SFFFFF AreaS .. _--------- ---------H'BFFFF ----------- --------- H'600000 External 
H'COOOO Area 6 address Area 3 
H'OFFFF ----------- --------- space 
H'EOOOO H'7FFFFF Area 7 H'800000 ----------- -----_ ... _-

Area 4 
H'9FFFFF 

H'F8000 ----------- ._--- --- H'AOOOOO ----------- ---------
H'FF70F '" 

AreaS 
H'FF71 0 OJ H'BFFFFF 

On-chip RAM· III H'COOOOO ----------- _ .. -------
: I!! 

H'FFFOO ----------- -- III ..., 
Area 6 

H'FFFOF I!! i 
H'DFFFFF ..., l!! ----------- ---------H'FFF10 External i :3 H'EOOOOO 

0 
address S .. 

.i! i Area 7 
H'FFF1B space 0 

'" :5 H'FFF1C J:) 
as ~ On-chip :E ---- .. registers H'FF8000 ----------- ---

H'FFFFF .0 ---- --- H'FFF70F '" H'FFF710 III 
On-chip RAM· .. e 
----------- _Ill ..., 

H'FFFFOO (II i 
H'FFFFOF ~ l!! 
H'FFFF10 External i :3 

address S ~ 
space .i! i 

H'FFFF1B B :ii H'FFFF1C as ~ On-chip 
~ 

H'FFFFFF 
registers 

a:I ---- ---
Note: • External addresses can be accessed by disabling on-chip RAM. 

Figure 3-3 8813040 Memory Map in Each Operating Mode (1) 
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ModeS 
ModeS Mode 7 (expanded mode with 

on-chip ROM enabled) (single-chip nonnal mode) (single-chip advanced mode) 
H'OOOOO --- H'OOOO H'OOOOO 

Vector area r~-; Vector area lMem~- Vector area r~-; -~-
----------- S -------_ .. -- indirect -----------tl ::> branch I!! '" ::> 

H'OOOFF i: _ addresses :g! 1. 
------_ .. _-- H'OOFF ----------- H'OOOFF ----------- --c:::g -i CD ·T"j -ifll . ..,. II 13 

On-chip ROM iii :a I!! 
On-chipROM On-chip ROM ~ii :a I! 

JI ob:g i ~ ob:g 
-II ~.o - II H'07FFF H'7FFF H'07FFF ----- --- ----- ---

Reserved·' 

H'10000 Area 0 

~~~=~-:11 
H'1FFFF 
H'20000 ........... _----- ------- .. -
H'3FFFF Area 1 

H'40000 ----------- ---------
H'SFFFF Area 2 
H'60000 ----------- ----_ .. _--

H'FFOF S.bit External add .... Area 3 H'7FFFF ---~---- --- .. _---- H'FF1C absoluta H'SOOOO Area 4 On-chip addresses H'9FFFF 
H'AOOOO ----------- --------- H'FFFF registers _ 

AreaS H'BFFFF ----------- ------- ... -H'COOOO AreaS H'DFFFF ----------- ---------H'EOOOO Area 7 

H'F8000 ----------- .. -- .. - --- H'F8000--- --- --------- ---- ---
H'FF70F III .. 
H'FF710 CD 

:::f~~-~~l-I 
CD 

On-chip RAM"2 .. 13 13 
CD I! I! -- ... -------- -Ia "0 "0 

H'fFFOO I! i "j 
H'FFFOF "0 S H'FFFOF -0 S 
H'FFF10 External "j 

~ 
"j ::s 

0 
address !! S .. 

::s -i ::s .0 

H'FFF1B space 0 0 III 

H'FFF1C 11 :a H'FFF1C -i :a 
On-chip 

III ob On·chip oJ!. i :S registers cO registers cO H'FFFFF H'FFFFF ---- --- --_ ... ---

Notas: 1. Do not access the reSElMld area. 
2. External addresses can be accessed by disabling on-chip RAM. 

Figure 3·3 8813040 Memory Map in Each Operating Mode (2) 
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Section 4 Exception Handling 

4.1 Overview 

4.1.1 Exception Handling Types and Priority 

As table 4-1 indicates, exception handling may be caused by a reset, ttap instruction, or interrupt 
Exception handling is prioritized as shown in table 4-1. If two or more exceptions occur 
simultaneously, they are accepted and processed in priority order. Trap instruction exceptions are 
accepted at all times in the program execution state. 

Table 4-1 Exception Types and Priority 

Priority 

High 

t 
Low 

exception 'tYpe Start of exception Handling 

Reset Starts immediately after a Iow-to-high transition at the RES pin 

Interrupt Interrupt requests are handled when execution of the current 
instruction or handling of the current exception is completed 

Trap instruction (TRAPA) Started by execution of a trap instruction (TRAPA) 

4.1.2 Exception Handling Operation 

Exceptions originate from various sources. Trap instructions and interrupts are handled as follows. 

1. The program counter (PC) and condition code register (CCR) are pushed onto the stack. 

2. The CCR interrupt mask bit is set to 1. 

3. A vector address corresponding to the exception source is generated, and program execution 
starts from that address. 

For a reset exception, steps 2 and 3 above are carried out 
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4.1.3 Exception Vector Table 

The exception sources are classified as shown in figure 4-1. Different vectors are assigned to 
different exception sources. Table 4-2 lists the exception sources and their vector addresses. 

Exception 
sources 

• Reset 

• Interrupts 

• Trap instruction 

{ Extemal interruplS: NUI,IRQ, \0 IRQ, 

Internal interrupts: 30 interrupts from on-chip 
supporting modules 

Figure 4-1 Exception Sources 

Table 4-2 Exception Vector Table 

Vector Address·' 
Exception Source Vector Number Advanced Mode Normal Mode 
Reset 0 H'OOOO to H'OO03 H'OOOO to H'OOOl 
Reserved for system use H'0004 to H'OO07 H'0002 to H'OO03 

2 H'0008 to H'OOOB H'0004 to H'OOO5 
3 H'OOOC to H'OOOF H'OOOS to H'OO07 
4 H'0010 to H'OO13 H'0008 to H'OO09 
5 H'0014 to H'OO17 H'OOOA to H'OOOB 
6 H'0018 to H'OOl B H'OOOC to H'OOOD 

External interrupt (NMI) 7 H'OOlC to H'OOlF H'OOOE to H'OOOF 
Trap instruction (4 sources) 8 H'0020 to H'OO23 H'0010 to H'OOll 

9 H'0024 to H'OO27 H'0012 to H'OO13 
10 H'0028 to H'OO2B H'0014 to H'OO15 
11 H'002C to H'OO2F H'0016 to H'OO17 

External interrupt IROo 12 H'0030 to H'OO33 H'0018 to H'OO19 
External interrupt IR01 13 H'0034 to H'OO37 H'OOlA to H'OOlB 
External interrupt IR02 14 H'0038 to H'OO3B H'OOlC to H'OO1D 
External interrupt IR03 15 H'003C to H'OO3F H'OOlE to H'OOlF 
External interrupt IR04 16 H'OO4O to H'OO43 H'0020 to H'OO21 
External interrupt IROs 17 H'0044 to H'OO47 H'0022 to H'OO23 
Reserved for system use 18 H'0048 to H'004B H'0024 to H'OO25 

19 H'OO4C to H'004F H'0026 to H'0027 
Internal interrupts*2 20 H'0050 to H'OO53 H'0028 to H'OO29 

to to to 
60 H'OOFO to H'OOF3 H'0078 to H'OO79 

Notes: 1. Lower 16 bits of the address. 
2. For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table. 
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4.2 Reset 

4.2.1 Overview 

A reset is the highest-priority exception. When the RES pin goes low, all processing halts and the 
chip enters the reset state. A reset initializes the internal state of the CPU and the registers of the 
on-chip supporting modules. Reset exception handling begins when the RES pin changes from 
low to high. 

The chip can also be reset by overflow of the watchdog timer. For details see section 12, 
Watchdog Tuner. 

4.2.2 Reset Sequence 

The chip enters the reset state when the RES pin goes low. 

To ensure that the chip is reset, hold the RES pin low for at least 20 msat power-up. To reset the 
chip during operation, hold the RES pin low for at least 10 system clock (0) cycles. See appendix 
0.2, Pin States at Reset, for the states of the pins in the reset state. 

When the RES pin goes high after being held low for the necessary time, the chip starts reset 
exception handling as follows. 

• The internal state of the CPU and the registers of the on-chip supporting modules are 
initialized, and the I bit is set to 1 in CCR. 

The contents of the reset vector address (H'OOOO to H'OOO3 in advanced mode, H'OOOO to 

H'OOOI in normal mode) are read, and program execution starts from the address indicated in 
the vector address. 

Figure 4-2 shows the reset sequence in modes 1 and 3. Figure 4-3 shows the reset sequence in 
modes 2 and 4. Figure 4-4 shows the reset sequence in mode 6. 
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Start address 
First instruction of program 

Note: After a reset, the wait-state controller inserts three wait states in every bus cycle. 
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Figure 4-3 Reset Sequence (Modes 2 and 4) 
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Internal 
address bus 

Internal 
read signal 

Internal 
write signal 

Internal 
data bus 

Vector fetch processing 
• •• 

---,,/ 

Prefetch of 
first program 
instruction 

• • • 

i 
I I 
I I 
I I 
I I 
I I 
I I ________________________ ~ ______ ~' I 
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I I 

: : 

(16 bits wide) 

(1) Address of reset vector (H'OOOO) 
(2) Start address (contents of reset vector) 
(3) First instruction of program 

Figure 4-4 Reset Sequence (Mode 6) 

4.2.3 Interrupts after Reset 

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized. PC and CCR 
will not be saved correctly. leading to a program crash. To prevent this. all interrupt requests. 
including NMI. are disabled immediately after a reset The first instruction of the program is 
always executed immediately after the reset state ends. This instruction should initialize the stack 
pointer (example: MOV.L #xx:32. SP). 
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4.3 Interrupts 

Interrupt exception handling can be requested by nine external sources (NMI, mQo to mQs) and 
30 internal sources in the on-chip supporting modules. Figure 4-5 classifies the interrupt sources 
and indicates the number of interrupts of each type. 

The on-chip supporting modules that can request interrupts are the watchdog timer (WO'I), 
refresh controller, 16-bit integrated timer-pulse unit (ITU), OMA controller (DMAC), serial 
communication interface (Sel), and AID converter. Each interrupt source has a separate vector 
address. 

NMI is the highest-priority interrupt and is always accepted. Interrupts are controlled by the 
interrupt controller. The interrupt controller can assign interrupts other than NMI to two priority 
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt 
priority registers A and B (lPRA and IPRB) in the interrupt controller. 

For details on interrupts see section 5, Interrupt Controller. 

. { NMI (1) 

( 

Externallnterrupts IROo to IROs (6) 

Interrupts WDT·1 (1) 

{

Refresh controller·2 (1 ) 
. ITU (15) 

Internal Interrupts DMAC (4) 

SCI (8) 
AID converter (1) 

Notes: Numbers in parentheses are the number of interrupt sources. 
1. When the watchdog timer is used as an interval timer, it generates an interrupt 

request at every counter overflow. 
2. When the refresh controller is used as an interval timer, it generates an interrupt 

request at compare match. 

Figure 4-5 Interrupt Sources and Number ofInterrupts 
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4.4 Trap Instruction 

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE bit is 
set to 1 in the system control register (SYSCR), the exception handling sequence sets the I bit to 1 
in CCR. If the UE bit is 0, the I and UI bits are both set to 1. The TRAPA instruction fetches a 
start address from a vector table entry corresponding to a vector number from 0 to 3, which is 
specified in the instruction code. 
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4.5 Stack Status after Exception Handling 

Figure 4-6 shows the stack after completion of trap instruction exception handling and interrupt 
exception handling. 

SP-4 
SP-3 
SP-2 
SP-1 
SP (ER7)--+ 

r--

Stack area 

....... 

--

--.... 

SP (ER7)--+ 
SP+1 
SP+2 
SP+3 
SP+4 

r-- --
CCR 
CCR· 
PCH 
PCJ, 

........... 
---... 

Before exception handling • After exception handling 
Pushed on stack 

SP-4 
SP-3 
SP-2 
SP-1 
SP (ER7)--+ 

r--

......... 

--... 

Stack area 

--.... 

a. Normal mode 

SP (ER7)--+ 
SP+1 
SP+2 
SP+3 
SP+4 

r--

........... 

--.... 

CCR 
PCe 
PCH 
PCl 

--.... 
Before exception handling • After exception handling 

Pushed on stack 

b. Advanced mode 

Legend 
PCE: Bits 23 to 16 of program counter (PC) 
PCH: Bits 15 to 8 of program counter (PC) 
PCl: Bits 7 to 0 of program counter (PC) 
CCR: Condition code register 
SP: Stack pointer 

Notes: • Ignored at retum. 
1. PC indicates the address of the first instruction that will be executed after retum. 
2. Registers must be saved in word or longword size at even addresses. 

Figure 4·6 Stack after Completion or Exception Handling 
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4.6 Notes on Stack Usage 

When accessing word data or longword data, the H8/3042 Series regards the lowest address bit as 
O. The stack should always be accessed by word access or longword access, and the value of the 
stack pointer (SP, ER7) should always be kept even. Use the following instructions to save 
registers: 

PUSH.W Rn (or MOV.W Rn, @-SP) 
PUSH.L ERn (or MOV.L ERn, @-SP) 

Use the following instructions to restore registers: 

POP.W Rn (or MOV.W @SP+, Rn) 
POP.L ERn (or MOV.L @SP+, ERn) 

Setting SP to an odd value may lead to a malfunction. Figure 4-7 shows an example of what 
happens when the SP value is odd 

CCR sp 
1-------1 

sp 
PC PC 

sp-

TRAPA instruction executed MOV. B R1L,@-ER7 .. .. 
SP set to H'FFFEFF Data saved above SP CCR contents lost 

Legend 
CCR: Condition code register 
PC: Program counter 
R1L: General register R1L 
SP: Stack pointer 

Note: The diagram illustrates modes 3 and 4. 

Figure 4-7 Operation when SP Value is Odd 
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Section 5 Interrupt Controller 

5.1 Overview 

5.1.1 Features 

The interrupt controller has the following features: 

• Interrupt priority registers (IPRs) for setting interrupt priorities 

Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis 
in interrupt priority registers A and B (lPRA and IPRB). 

• Three-level masking by the I and UI bits in the CPU condition code register (CCR) 

• Independent vector addresses 

All interrupts are independently vectored; the interrupt service routine does not have to 
identify the interrupt source. 

• Seven external interrupt pins 

NMI has the highest priority and is always accepted; either the rising or falling edge can be 
selected. For each of IRQo to IRQs. sensing of the falling edge or level sensing can be 
selected independently. 

79 



5.1.2 Block Diagram 

Figure 5-1 shows a block diagram of the interrupt controller. 

NMI 
input ---1---+---+---+1 

IAQ input ---+--+-1 

OVF 
TME 

ADI 
ADIE 

IAQ input 
section ISA 

Priority 
decision logic 

Interrupt 
request 

Vector 
number 

CPU 

Interrupt controller 

[JJ CCR 
L-__ -rr-~-+--; ~ 

Legend 

ISCA: IAQ sense control register 
IER: IRQ enable register 
ISR: IRQ status register 
IPRA: Interrupt priority register A 
IPRB:· Interrupt priority register B 
SYSCR: System control register 

SYSCR 

Figure 5-1 Interrupt Controller Block Diagram 
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5.1.3 Pin Configuration 

Table 5-1 lists the interrupt pins. 

Table 5-1 Interrupt Pins 

Name Abbreviation 110 Function 

Nonmaskable interrupt NMI Input Nonmaskable interrupt, rising edge or 
falling edge selectable 

External interrupt request 5 to 0 IROs to lROo Input Maskable interrupts, falling edge or 
level sensing selectable 

5.1.4 Register Configuration 

Table 5-2 lists the registers of the interrupt controller. 

Table 5-2 Interrupt Controller Registers 

Address·' Name Abbreviation RfW Initial Value 

H'FFF2 System control register SYSCR RIW H'OB 

H'FFF4 IRO sense control register ISCR RIW H'OO 

H'FFF5 IRO enable register IER RIW H'OO 

H'FFF6 IRO status register ISR R/(W)*2 H'OO 

H'FFF8 Interrupt priority register A IPRA RIW H'OO 

H'FFF9 Interrupt priority register B IPRB RIW H'OO 

Notes: 1. lower 16 bits of the address. 
2. Only 0 can be written, to clear flags. 
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S.2 Register Descriptions 

S.2.1 System Control Register (SYSCR) 

SYSCR is an 8-bit readable/writable register that controls software standby mode, selects the 
action of the UI bit in CCR, selects the NMI edge, and enables or disables the on-chip RAM. 

Only bits 3 and 2 are described here. For the other bits, see section 15.2, System Control Register 
(SYSCR). 

SYSCR is initialized to HOB by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 

SSBY STS2 STS1 STSO 

o 
RIW 

o 
RIW 

o 
RIW 

Standby timer 
select 2 to 0 

Software standby 

o 
RIW 
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3 2 0 

UE I NMIEG I RAME 

1 0 1 1 

RNt/ RIW RIW RIW 

T 
RAM enable 

Reserved bit 

NMI edge select 
Selects the NMI input edge 

User bIt enable 
Selects whether to use the U I bit in 
CCR as a user bit or interrupt mask bit 



Bit 3-User Bit Enable (UE): Selects whether to use the UI bit in CCR as a user bit or an 
interrupt mask bit 

Bit 3 
UE Description 

o UI bit in CCR is used as interrupt mask bit 

1 UI bit in CCR is used as user bit 

Bit 2-NMI Edge Select (NMIEG): Selects the NMI input edge. 

Bit 2 
NMiEG Description 

o Interrupt is requested at falling edge of NMI input 

Interrupt is requested at rising edge of NMI input 

5.2.2 Interrupt Priority Registers A and B (IPRA, IPRB) 

IPRA and IPRB are 8-bit readable/writable registers that control interrupt priority. 
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Interrupt Priority Register A (lPRA): IPRA is an 8-bit readable/writable register in which 
interrupt priority levels can be seL 

Bit 

Initial value 

ReadlWrite 

7 

IIPRA71 

o 
RIW 

S 

IPRASI 

o 
RIW 

543 2 o 
IPRAS I IPRA4 I IPRA3 IPRA2 IPRA1 IPRAO 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

T 
PrlorHy 
levelAO 
Selects the 
priority level 
of ITU 
channel 2 
interrupt 
requests 

Priority level A 1 
Selects the priority level 
of ITU channel 1 
interrupt requests 

Priority level A2 
Selects the priority level of 
ITU channel 0 interrupt requests 

Priority level A3 
Selects the priority level of WDT and 
refresh controller interrupt requests 

Priority level A4 
Selects the priority level of IR04 and IROs 
interrupt requests 

Priority level AS 
Selects the priority level of IR02 and IR03 interrupt requests 

Priority level A6 
Selects the priority level of IR01 interrupt requests 

Priority level A7 
Selects the priority level of IROo interrupt requests 

IPRA is initialized to H'OO by a reset and in hardware standby mode. 
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Bit 7-Priority Level A 7 (IPRA 7): Selects the priority level of IRQo interrupt requests. 

Bit 7 
IPRA7 Description 

a IROo interrupt requests have priority level 0 (low priority) (Initial value) 

1 IROo interrupt requests have priority level 1 (high priority) 

Bit 6-Priority Level A6 (IPRA6): Selects the priority level of IRQ) interrupt requests. 

Bit 6 
IPRA6 Description 

a IR01 interrupt requests have priority level 0 (low priority) (Initial value) 

IRO, interrupt requests have priority level 1 (high priority) 

Bit 5-Priority Level AS (IPRA5): Selects the priority level of IRQ2 and IRQ3 interrupt 
requests. 

BitS 
IPRAS Description 

o IR02 and IR03 interrupt requests have priority level 0 (low priority) (Initial value) 

IR02 and IR03 interrupt requests have priority level 1 (high priority) 

Bit 4-Priority Level A4 (IPRA4): Selects the priority level of IRQ4 and IRQs interrupt requests. 

Bit 4 
IPRA4 Description 

a IR04 and IROs interrupt requests have priority level 0 (low priority) (Initial value) 

IR04 and IROs interrupt requests have priority level 1 (high priority) 
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Bit 3-Priority Level AJ (IPRAJ): Selects the priority level ofWDT and refresh controller 
interrupt requests. 

Bit 3 
IPRA3 Description 

o WDT and refresh controller interrupt requests have priority level 0 
(low priority) 

(Initial value) 

WDT and refresh controller interrupt requests have priority level 1 (high priority) 

Bit 2-Priority Level A2 (IPRA2): Selects the priority level of ITU channel 0 interrupt requests. 

BIU 
IPRA2 Description 

o ITU channel 0 interrupt requests have priority level 0 (low priority) (Initial value) 

ITU channel 0 interrupt requests have priority level 1 (high priority) 

Bit I-Priority Level At (lPRAt): Selects the priority level of ITU channell interrupt requests. 

Bit 1 
IPRA1 Description 

o ITU channel 1 interrupt requests have priority level 0 (low priority) (Initial value) 

ITU channel 1 interrupt requests have priority level 1 (high priority) 

Bit O-Priority Level AO (lPRAO): Selects the priority level of lTU channel 2 interrupt requests. 

Bit 0 
IPRAO Description 

o ITU channel 2 interrupt requests have priority level 0 (low priority) (Initial value) 

1 ITU channel 2 interrupt requests have priority level 1 (high priority) 
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Interrupt Priority Register B (lPRB): IPRB is an 8-bit readable/writable register in which 
interrupt priority levels can be set 

Bit 

Initial value 

ReadIWrite 

7 

IPRB7 

o 
RIW 

6 5 

IPRB6 I IPRB5 

o 0 

RIW RIW 

4 

o 
RIW 

3 

IPRB3 

0 

RN>I 

2 0 

IPRB2 IPRB1 

0 0 0 

RN>I RN>I RIW 

T_IbH 
Priority /evel 81 
Selects the priority level 
of AID converter 
interrupt request 

Priority level B2 
Selects the priority level of 
SCI channel 1 interrupt requests 

Priority level B3 
Selects the priority level of SCI 
channel 0 interrupt requests 

Reserved bit 

Priority level 85 
Selects the priority level of DMAC 
interrupt requests (channels 0 and 1) 

Priority level 86 
Seleds the priority level of ITU channel 4 interrupt requests 

Priority level 87 
Selects the priority level of ITU channel 3 interrupt requests 

IPRB is initialized to ITOO by a reset and in hardware standby mode. 
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Bit 7-Priority Level B7 (lPRB7): Selects the priority level of I1U channel 3 interrupt requests. 

BIt7 
IPRB7 Description 

o ITU channel 3 interrupt requests have priority level 0 (low priority) (Initial value) 

ITU channel 3 interrupt requests have priority level 1 (high priority) 

Bit 6-Priority Level B6 (lPRB6): Selects the priority level of I1U channel 4 interrupt requests. 

BIt6 
IPRB6 Description 

o ITU channel 4 interrupt requests have priority level 0 (low priority) (Initial value) 

1 ITU channel 4 interrupt requests have priority level 1 (high priority) 

Bit S-Priority Level BS (lPRBS): Selects the priority level of DMAC interrupt requests 
(channels 0 and 1). 

BitS 
IPRBS Description 

o DMAC interrupt requests (channels 0 and 1) have priority level 0 
(low priority) 

(Initial value) 

1 DMAC interrupt requests (channels 0 and 1) have priority level 1 (high priority) 

Bit 4-Reserved: This bit can be written and read, but it does not affect interrupt priority. 
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Bit 3-Priority Level B3 (lPRB3): Selects the priority level of SCI channel 0 interrupt requests. 

Btt3 
IPRB3 Description 

o SCIO interrupt requests have priority level 0 (low priority) (Initial value) 

1 SCIO interrupt requests have priority level 1 (high priority) 

Bit 2-Priority Level B2 (lPRB2): Selects the priority level of SCI channell interrupt requests. 

Bit 2 
tPRB2 

o 
Description 

SCI1 interrupt requests have priority level 0 (low priority) (Initial value) 

SCI1 interrupt requests have priority level 1 (high priority) 

Bit I-Priority Level Bl (lPRBl): Selects the priority level of NO converter interrupt requests. 

Bit 1 
IPRB1 Description 

o AID converter interrupt requests have priority level 0 (low priority) (Initial value) 

1 AID converter interrupt requests have priority level 1 (high priority) 

Bit O-Reserved: This bit can be written and read, but it does not affect interrupt priority. 
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S.2.3 IRQ Status Register (lSR) 

ISR is an 8-bit readablelwritable register that indicates the status of IRQo to IRQs interrupt 
requests. 

Bit 7 6 5 4 3 2 1 o 
I IR05F I IRQ4F I IR03F I IR02F I IR01 F I IROOF 

Initial value 

ReadlWrite 

o o 

Reserved bits 

o 0 0 0 0 

R1(WY' R1(WY' R/(WY' R1(WY' R1(WY' 

I 
IRQs to IRQo flags 

o 
RI(WY' 

These bits indicatelROs to IROo 
interrupt request status 

Note: • Only 0 can be written, to clear flags. 

ISR is initialized to H'OO by a reset and in hardware standby mode. 

Bits 7 and 6-Reserved: Read-only bits, always read as O. 

Bits 5 to O-IRQs to IRQo Flags (IRQsF to IRQoF): These bits indicate the status of 
IRQs to IRQo interrupt requests. 

Bits 5to 0 
IRQ5F to IRQOF Description 

o [Clearing conditions] (Initial value) 
o is written in IROnF after reading the IROnF flag when IROnF = 1. 
IROnSe = 0, IROn input is high, and interrupt exception handling is carried out. 
IROnSC = 1 and IROn interrupt exception handling is carried out. 

1 [Setting conditions] 
IROnSC .. 0 and IROn input is low. 
IROnSC = 1 and IROn input changes from high to low. 

Note: n .. 5 to 0 
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5.2.4 IRQ Enable Register (IER) 

IER is an 8-bit readable/writable register that enables or disables IRQo to IRQs interrupt requests. 

Bit 

Initial value 

ReadIWrite 

7 

o 
RJW 

6 5 4 3 2 1 0 

I IROSE I IR04E IIR03E I IR02E I IR01 E IIROOE I 
o 0 0 0 000 

RJW RJW RJW RIW RJW RJW RIW 
--~--- I 
Reserved bits IRQs to IRQo enable 

These bits enable or disable IROs to IROo interrupts 

IER is initialized to HOO by a reset and in hardware standby mode. 

Bits 7 and 6-Reserved: These bits can be written and read, but they do not enable or disable 
interrupts. 

Bits 5 to O-IRQs to IRQo Enable (lRQSE to IRQOE): These bits enable or disable 
IRQs to IRQo interrupts. 

Bits Sto 0 
IRQSE to IRQOE Description 

o IROs to IROo interrupts are disabled (Initial value) 

IROs to IROo interrupts are enabled 
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5.2.5 IRQ Sense Control Register (ISCR) 

ISCR is an 8-bit readable/writable register that selects level sensing or falling-edge sensing of the 
inputs at pins IRQs to IRQo. 

Bit 

Initial value 

ReadlWrite 

7 

o 
RIW 

6 S 4 3 2 1 0 

IIRosse IIRQ4Se IIR03se IIR02se IIR01 se IIRoose I 

o 0 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW RIW 
--~---- I 
Reserved bits IRQs to IROo sense control 

These bits select level sensing or falling-edge 
sensing for IRO s to IROo interrupts 

ISCR is initialized to H'OO by a reset and in hardware standby mode. 

Bits 7 and 6-Reserved: These bits can be written and read, but they do not select level or 
falling-edge sensing. 

Bits 5 to O-IRQs to IRQo Sense Control (IRQ5SC to IRQOSC): These bits select whether 
interrupts IRQs to IRQo are requested by level sensing of pins lRQS to lRQi), or by falling-edge 
sensing. 

Bits 5 to 0 
IRQ5SC to IRooSC Description 

o Interrupts are requested when IROs to iROO inputs are low (Initial value) 

1 Interrupts are requested by falling-edge input at IROs to IROo 
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5.3 Interrupt Sources 

The interrupt sources include external interrupts (NMI, IRQo to IRQs) and 30 internal interrupts. 

5.3.1 External Interrupts 

There are seven external interrupts: NMI. and IRQo to IRQs~ Of these. NMI, IRQo. IRQl. and 
IRQ2 can be used to exit software standby mode. 

NMI: NMI is the highest-priority interrupt and is always accepted, regardless of the states of the 
I and UI bits in CCR. The NMIEG bit in SYSCR selects whether an interrupt is requested by the 
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector 
number 7. 

IRQo to IRQs Interrupts: These interrupts are requested by input signals at pins IRQo to IRQs. 
The IRQo to IRQs interrupts have the following features. 

• ISCR settings can select whether an interrupt is requested by the low level of the input at pins 
IRQo to IRQs. or by the falling edge. 

• lER settings can enable or disable the IRQo to IRQs interrupts. Interrupt priority levels can be 
assigned by four bits in IPRA (IPRA 7 to IPRA4). 

• The status of IRQo to IRQs interrupt requests is indicated in ISR. The ISR flags can be 
cleared to 0 by software. 

Figure 5-2 shows a block diagram of interrupts IRQo to IRQs. 

IROn input 

Note: n '" 5 to 0 

IROnSC 

t-----fS 

R 

Clear signal 

IROnE 

IROnF 

Figure 5-2 Block Diagram or Interrupts IRQo to IRQs 
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Figure 5-3 shows the timing of the setting of the interrupt flags (lRQnF). 

IRan 
input pin 

IROnF 

Note: n - 5 to 0 

,,'-----
Figure 5-3 Timing or Setting or IRQnF 

Interrupts IRQo to IRQs have vector numbers 12 to 17. These interrupts are detected regardless of 
whether the corresponding pin is set for input or output When using a pin for external interrupt 
input, clear its DDR bit to 0 and do not use the pin for chip select output, refresh output, or SCI 
input or output. 

5.3.2 Internal Interrupts 

Thirty internal interrupts are requested from the on-chip supporting modules. 

Each on-chip supporting module has status flags for indicating interrupt status, and enable 
bits for enabling or disabling interrupts. 

• Interrupt priority levels can be assigned in IPRA and IPRB. 

ITU and SCI interrupt requests can activate the DMAC, in which case no interrupt request is 
sent to the interrupt controller, and the I and UI bits are disregarded. 

5.3.3 Interrupt Vector Table 

Table 5-3 lists the interrupt sources, their vector addresses, and their default priority order. In the 
default priority order, smaller vector numbers have higher priority. The priority of interrupts other 
than NMI can be changed in IPRA and IPRB. The priority order after a reset is the default order 
shown in table 5-3. 
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Table 5-3 Interrupt Sources, Vector Addresses, and Priority 

Vector Vector Address-

Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority 

NMI External 7 H'O01 C to H'001 F H'OOOE to H'OOOF High 
pins 

IROo 12 H'0030 to H'0033 H'0018 to H'0019 IPRA7 

IRQ1 13 H'0034 to H0037 H'OO1A to H'001B IPRA6 

IRQ2 14 H'0038 to H'OO3B H'OO1C to H'OO1D IPRAS 

IRQ3 15 H'003C to H'003F H'OO1 E to H'001 F 

IRQ .. 16 H'0040 to H'0043 H'OO20 to H'0021 IPRA4 

IRQs 17 H'0044 to H'0047 H'0022 to H'0023 

Reserved 18 H'0048 to H'OO4B H'0024 to H'OO25 

19 H'004C to H'004F H'0026 to H'OO27 

WOVI Watchdog 20 H'0050 to H'0053 H'0028 to H'0029 IPRA3 
(interval timer) timer 

CMI Refresh 21 H'0054 to H'OO57 H'002A to H'OO2B 
(compare match) controller 

Reserved 22 H'0058 to H'005B H'002C to H'OO2D 

23 H'005C to H'005F H'002E to H'OO2F 

IMIAO ITU 24 H'0060 to H'0063 H'0030 to H'OO31 IPRA2 
(compare match! channel 0 
input capture AO) 

IMIBO 25 H'0064 to H'OO67 H'0032 to H'0033 
(compare match! 
input capture BO) 

OVIO (overflow 0) 26 H'0068 to H'OO6B H'0034 to H'0035 

Reserved 27 H'006C to H'006F H'0036 to H'OO37 

IMIA1 ITU 28 H'0070 to H'OO73 H'0038 to H'OO39 IPRA1 
(compare match! channel 1 
inputcapture A 1 ) 

IMIB1 29 H'0074 to H'OO77 H'003A to H'OO3B 
(compare match! 
input capture B 1 ) 

OVI1 (overflow 1) 30 H'0078 to H'OO7B H'003C to H'OO3D 

Reserved 31 H'007C to H'OO7F H'003E to H'OO3F Low 

Note: • Lower 16 bits of the address. 
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Table 5-3 Interrupt Sources, Vector Addresses, and Priority (cont) 

Vector Vector Address· 

Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority 

IMIA2 ITU 32 H'0080 to H'OO83 H'0040 to H'0041 IPRAO High 
(compare matchl channel 2 
input capture A2) 

IMIB2 33 H'0084 to H'OO87 H'0042 to H'OO43 
(compare matchl 
input capture B2) 

OVI2 (overflow 2) 34 H'0088 to H'OO8B H'0044 to H'OO45 

Reserved 35 H'008C to H'OO8F H'0046 to H'0047 

IMIA3 ITU 36 H'0090 to H'OO93 H'0048 to H'OO49 IPRB7 
(compare match channel 3 
!input capture A3) 

IMIB3 37 H'0094 to H'OO97 H'004A to H'OO4B 
(compare match! 
input capture B3) 

OVI3 (overflow 3) 38 H'0098 to H'009B H'004C to H'004D 

Reserved 39 H'009C to H'OO9F H'004E to H'004F 

IMIA4 ITU 40 H'OOAO to H'OOA3 H'0050 to H'0051 IPRB6 
(compare match! channel 4 
input capture A4) 

IMI84 41 H'OOA4 to H'OOA7 H'0052 to H'OO53 
(compare match! 
input capture 84) 

OVI4 (overflow 4) 42 H'OOA8 to H'OOAB H'0054 to H'OO55 

Reserved 43 H'OOAC to H'OOAF H'0056 to H'OO57 

DENDOA DMAC 44 H'OOBO to H'OOB3 H'0058 to H'0059 IPRB5 

DENDOB 45 H'OOB4 to H'OOB7 H'005A to H'OO5B 

DEND1A 46 H'OOB8 to H'OOBB H'005C to H'005D 

DEND1B 47 H'OOBC to H'OOBF H'005E to H'005F 

Reserved 48 H'OOCO to H'OOC3 H'0060 to H'0061 

49 H'OOC4 to H'OOC7 H'0062 to H'0063 

50 H'OOCS to H'OOCB H'0064 to H'0065 

51 H'OOCC to H'OOCF H'0066 to H'OO67 Low 

Note: • Lower 16 bits of the address. 
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Table 5-3 Interrupt Sources, Vector Addresses, and Priority (cont) 

Vector Address· 

Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority 

ERIO SCI 52 H'OODO to H'OOD3 H'0068 to H'0069 IPRB3 High 
(receive error 0) channel 0 

RXIO (receive 53 H'OOD4 to H'OOD7 H'OO6A to H'006B 
data full 0) 

TXIO (transmit 54 H'OOD8 to H'OODB H'OO6C to H'006D 
data empty 0) 

TEIO 55 H'OODC to H'OODF H'006E to H'006F 
(transmit end 0) 

ERI1 SCI 56 H'OOEO to H'OOE3 H'0070 to H'0071 IPRB2 
(receive error 1) channell 

RXll (receive 57 H'OOE4 to H'OOE7 H'0072 to H'0073 
data full 1) 

TXll (transmit 58 H'OOE8 to H'OOEB H'0074 to H'0075 
data empty 1) 

TEI1 59 H'OOEC to H'OOEF H'0076 to H'OOn 
(transmit end 1) 

ADI (AID end) AID 60 H'OOFO to H'OOF3 H'0078 to H'0079 IPRBl Low 

Note: • Lower 16 bits of the address. 
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5.4 Interrupt Operation 

5.4.1 Interrupt Handling Process 

The H8I3042 Series handles interrupts differently depending on the setting of the UE bit When 
UE = I, interrupts are controlled by the I bit When UE = 0, interrupts are controlled by the I and 
U! bits. Table 5-4 indicates how interrupts are handled for all setting combinations of the UE, I, 
andU! bits. 

NMI interrupts are always accepted except in the reset and hardware standby states. IRQ 
interrupts and interrupts from the on-chip supporting modules have their own enable bits. 
Interrupt requests are ignored when the enable bits are cleared to O. 

Table 5-4 UE, I, and VI Bit Settings and Interrupt Handling 

SYSCR 

UE 

o 

o 

o 

CCR 

UI Description 

All interrupts are accepted. Interrupts with priority level 1 have higher 
priority. 

No interrupts are accepted except NMI. 

All interrupts are accepted. Interrupts with priority level 1 have higher 
priority. 

o NMI and interrupts with priority level 1 are accepted. 

No interrupts are accepted except NMI. 

UE = 1: Interrupts IRQo to IRQs and interrupts from the on-chip supporting modules can all be 
masked by the I bit in the CPU's CCR. Interrupts are masked when the I bit is set to 1, and 
unmasked when the I bit is cleared to O. Interrupts with priority level 1 have higher priority. 
Figure 5-4 is a flowchart showing how interrupts are accepted when UE = 1. 

98 



No 

Yea 

No 

Figure 5-4 Process Up to Interrupt Acceptance when UE = 1 
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• If an interrupt condition occurs and the corresponding interrupt enable bit is set to I, an 
interrupt request is sent to the interrupt controller .. 

• When the interrupt controller receives one or more interrupt requests, it selects the highest­
priority request, following the IPR interrupt priority settings, and holds other requests 
pending. IT two or more inteirupts with the same IPR setting are requested simultaneously, the 
interrupt controller follows the priority order shown in table 5-3. 

• The interrupt controller checks the I biL IT the I bit is cleared to 0, the selected interrupt 
request is accepted. IT the I bit is set to I, only NMI is accepted; other interrupt requests are 
held pending. 

When an interrupt request is accepted, interrupt exception handling starts after execution of 
the current instruction has been completed. 

In interrupt exception handling, PC and CCR are saved to the stack area. The PC value that is 
saved indicates the address of the flrst instruction that will be executed after the return from 
the interrupt service routine. 

Next the I bit is set to I in CCR, masking all interrupts except NMI. 

• The vector address of the accepted interrupt is generated, and the interrupt service routine 
starts executing from the address indicated by the contents of the vector address. 

UE = 0: The I and VI bits in the CPU's CCR and the IPR bits enable three-level masking of 
IRQo to IRQs interrupts and interrupts from the on-chip supporting modules. 

• Interrupt requests with priority level 0 are masked when the I bit is set to I, and are unmasked 
when the I bit is cleared to O. 

• Interrupt requests with priority level 1 are masked when the I and VI bits are both set to 1, 
and are unmasked when either the I bit or the VI bit is cleared to O. 

For example, if the interrupt enable bits of all interrupt requests are set to I, IPRA is set to 
H'20, and IPRB is set to H'OO (giving IRQ2 and IRQ3 interrupt requests priority over other 
interrupts), interrupts are masked as follows: 

a. IT I = 0, all interrupts are unmasked (priority order: NMI > IRQ2 > IRQ3 >IRQo ... ). 
b. IT I = 1 and VI = 0, only NMI, IRQ2. and IRQ3 are unmasked. 
c. If I = 1 and VI = 1, all interrupts are masked except NMI. 
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Figure 5-5 shows the transitions among the above states. 

1+-0 

Ca. All interrupts are ) II 
_ unmasked ___ I_+-......;.1,_U_1 +-_0 ___ ... 

c. All interrupts are 
masked except NMI 

'--~~~----

Exception handling, 
orUI +-1 

Figure 5-5 Interrupt Masking State Transitions (Example) 

Figure 5-6 is a flowchart showing how interrupts are accepted when UE = o. 

• If an interrupt condition occurs and the corresponding interrupt enable bit is set to I, an 
interrupt request is sent to the interrupt controller. 

When the interrupt controller receives one or more interrupt requests, it selects the highest­
priority request, following the IPR interrupt priority settings, and holds other requests 
pending. If two or more interrupts with the same IPR setting are requested simultaneously, the 
interrupt controller follows the priority order shown in table 5-3. 

• The interrupt controller checks the I bit If the I bit is cleared to 0, the selected interrupt 
request is accepted regardless of its IPR setting, and regardless of the VI bit. If the I bit is set 
to 1 and the VI bit is cleared to 0, only NMI and interrupts with priority level 1 are accepted; 
interrupt requests with priority level 0 are held pending. If the I bit and UI bit are both set to 
1, only NMI is accepted; all other interrupt requests are held pending. 

• When an interrupt request is accepted, interrupt exception handling starts after execution of 
the current instruction has been completed. 

In interrupt exception handling, PC and CCR are saved to the stack area. The PC value that is 
saved indicates the address of the flrst instruction that will be executed after the return from 
the interrupt service routine. 

• The I and UI bits are set to 1 in CCR, masking all interrupts except NMI. 

• The vector address of the accepted interrupt is generated, and the interrupt service routine 
starts executing from the address indicated by the contents of the vector address. 
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No 

Yes 

Yes 
No 

Figure 5·6 Process Up to Interrupt Acceptance when UE = 0 

102 



-" 

8 

~ 
dQ' 
r: 
;: 
III • ... 

C"J'.I 
S'­na 
~~ ::Sr: 
tI'J"c::I 
~­_rn 
~.B 
::s r: 
=It -::s 
~~ 
ai 
~8. 
_It 

~ 

f 
rn 
S' -It 
> 

j 

Interrupt accepled 

Interrupllevel 
decision and wail I,nstrudion Internal 
lor end of instruction prefetch processing 

" 

Stack Vedorfetch 

Preletchof 
Interrupt 

Internal service routine 
processing Instruction 

Inte"'-"t 
request 
signal 

· · · ,(~: ::: ~., I, I 

- 't I 

Address 
bus 

. . . 
: t : I I. 

--4.,., .... , '(3) :x (5) ;X (7) :x (9) ;X (11) !II'''' 

m --.l ~ ~ L-J L-J 

HWR.LWR High LS:l--J 
015 to Do (2) (4) (6) (12) (14) 

(1) 

(2). (4) 
(3) 
(5) 
(7) 

Instrudion prefetch address (nol executed; 
return address. same as PC contents) 
Instruction code (not executed) 
Instruction preletch address (nol executed) 
SP-2 
SP-4 

(6). (8) PC and CCR saved to stack 
(9). (11) Vedor address 
(10). (12) Starting address of interrupt service routine (contents of 

vedor address) 
(13) Starting address of Interrupt service routine; (13) = (10). (12) 
(14) Rrst instrudion of interrupt service routine 

Note: Mode 2. wkh program code and stack in external memory area accessed in two states via 16-bi1 bus. 

~ :n 
[! 
9 • () -..l 

9 ~ 
~ ~ en 

a ft 
~ 5r 

[I 
S'2 
~ ~ 
~ R 
~ 5r a 
~, 8. = () 
~N 
O\~ 
Cr=-_. () 

... = 
g'e-
!" () 

i 
i 
8-
a 
a 
s· 
§ 

III 

C 
~ 
;'" 
~ 

~ 

f 
::s n 
It 



5.4.3 Interrupt Response Time 

Table 5-5 indicates the interrupt response time from the occurrence of an interrupt request until the 
fIrSt instruction of the interrupt service routine is executed. 

Table 5-5 Interrupt Response Time 

Advanced .Mode 

EJiernalft4en1ory 

On-Chip 8-Blt Bus 16·BIt Bus Norn181 
No. Hen1 Men10ry 2 States 3 States 2 States 3 States Mode 

Interrupt priority 2.1 2.1 2.1 2.1 2.1 2.1 

decision 

2 Maximum number 1 to 23 lto 27 1 to 31.4 1 to 23 1 to 25.4 1 to 23 
of states until end of 
current instruction 

3 Saving PC and CCR 4 8 12.4 4 6.4 4 
to stack 

4 Vector fetch 4 8 12.4 4 6.4 2 

5 Instruction prefetch·2 4 8 12.4 4 6.4 4 

6 Internal processing·3 4 4 4 4 4 4 

Total 19 to 41 31 to 57 43 to 73 19 to 41 25 to 49 17 to 39 

Notes: 1. 1 state for internal interrupts. 
2. Prefetch after the interrupt is accepted and prefetch of the first instruction in the interrupt 

service routine. 
3. Internal processing after the interrupt is accepted and internal processing after prefetch. 
4. The number of states increases if wait states are inserted in external memory access. 
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5.5 Usage Notes 

5.5.1 Contention between Interrupt and Interrupt-Disabling Instruction 

When an insbUction clears an interrupt enable bit to 0 to disable the interrupt, the interrupt is not 
disabled until after execution of the insbUction is completed. If an interrupt occurs while a BCLR, 
MOY. or other insbUction is being executed to clear its interrupt enable bit to 0, at the instant 
when execution of the insbUction ends the interrupt is still enabled, so its interrupt exception 
handling is carried oul If a higher-priority interrupt is also requested, however, interrupt exception 
handling for the higher-priority interrupt is carried out, and the lower-priority interrupt is ignored. 
This also applies to the clearing of an interrupt flag. 

Figure 5-8 shows an example in which an IMIEA bit is cleared to 0 in the lTV. 

• TIER write cycle by CPU • IMIA exception handling 

s 

· . · I · . · , 
Internal X TIER address X x= address bus 

Internal I write signal 

IMIEA I 
\ I 

IMIA 1\ \! 
IMFA interrupt I I signal , 

Figure 5-8 Contention between Interrupt and Interrupt-Disabling Instruction 

This type of contention will not occur if the interrupt is masked when the interrupt enable bit or 
flag is cleared to O. 
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5.5.2 Instructions that Inhibit Interrupts 

The LOC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs, 
after detennining the interrupt priority, the interrupt controller requests a CPU interrupt If the 
CPU is currently executing one of these interrupt-inhibiting instructions, however, when the 
instruction is completed the CPU always continues by executing the next instruction. 

5.5.3 Interrupts during EEPMOV Instruction Execution 

The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests. 

When the EEPMOV.B instruction is executing a transfer, no interrupts are accepted until the 
transfer is completed, not even NMI. 

When the EEPMOV.W instruction is executing a transfer, interrupt requests other than NMI are 
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at 
a transfer cycle boundary. The PC value saved on the stack is the address of the next instruction. 
Programs should be coded as follows to allow for NMI interrupts during EEPMOV.W execution: 

Ll : EEPMOV. W 
MOV.W R4,R4 
BNE Ll 
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Section 6 Bus Controller 

6.1 Overview 

The H8/3042 Series has an on-chip bus controller that divides the address space into eight areas 
and can assign different bus specifications to each. This enables different types of memory to be 
connected easily. 

A bus arbitration function of the bus controller controls the operation of the DMA controller 
(DMAC) and refresh controller. The bus controller can also release the bus to an external device. 

6.1.1 Features 

Features of the bus controller are listed below. 

• Independent settings for address areas 0 to 7 

- 128-kbyte areas in I-Mbyte modes; 2-Mbyte areas in 16-Mbyte modes. 
- Chip select signals (CSo to CS3) can be output for areas 0 to 3. 
- Areas can be designated for 8-bit or 16-bit access. 
- Areas can be designated for two-state or three-state access. 

• Four wait modes 

- Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 can be 
selected. 

- Zero to three wait states can be inserted automatically. 

• Bus arbitration function 

- A built-in bus arbiter grants the bus right to the CPU, DMAC, refresh controller, or an 
external bus master. 
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6.1.2 Block Diagram 

Figure 6-1 shows a block diagram of the bus controller. 
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Figure 6-1 Block Diagram of Bus Controller 
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'.1.3 Input/Output Pins 

Table 6-1 summarizes the bus controller's input/output pins. 

Table '·1 Bus Controller Pins 

Nama Abbreviation 110 Function 

Chip seled 0 to 3 CSOtoCS; Output Strobe signals selecting areas 0 to 3 

Address strobe AS Output Strobe signal indicating valid address output on the 
address bus 

Read RO Output Strobe signal indicating reading from the external 
address space 

High write HWR Output Strobe signal indicating writing to the external 
address space, with valid data on the upper data 
bus (015 to 08) 

Low write LWR Output Strobe signal indicating writing to the external 
address space, with valid data on the lower data 
bus (07 to Do) 

Wait WAIT Input Wait request signal for access to external three-
state-access areas 

Bus request BREQ Input Request signal for releasing the bus to an external 
device 

Bus acknowledge BACK Output Acknowledge signal indicating the bus is released 
to an external device 

'.1.4 Register Configuration 

Table 6-2 summarizes the bus controller's registers. 

Table '·2 Bus Controller Registers 

Abbrevl- Initial Value 

Address· Name ation RIW Modes 1, 3, 5 Modes 2, 4, 6, 7 

H'FFEC Bus width control register ABWCR RNI H'FF H'OO 

H'FFEO Access state control register ASTCR RNI H'FF H'FF 

H'FFEE Wait control register WCR RNI H'F3 H'F3 

H'FFEF Wait state controller enable WCER RNI H'FF H'FF 
register 

H'FFF3 Bus release control register BRCR RfN H'FE H'FE 

Note: • Lower 16 bits of the address. 
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6.2 Register Descriptions 

6.2.1 Bus Width Control Register (ABWCR) 

ABWCR is an 8-bit readable/writable register that selects 8-bit or 16-bit access for each area. 

Bit 7 S 5 4 3 2 1 0 

I ABW7 I ABWS I ABW5 I ABW4 I ABW3 I ABW2 ABW1 ABWO 

Initial {Mode 1,3.5 1 1 1 1 1 
value Mode2,4,6,7 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Bits selecting bus width for each area 

When ABWCR contains H'FF (selecting 8-bit access for all areas), the chip operates in 8-bit bus 
mode: the upper data bus (DIS to Os) is valid, and port 4 is an input/output port. When at least one 
bit is cleared to 0 in ABWCR, the chip operates in 16-bit bus mode with a 16-bit data bus (DIS to 
Do). In modes I, 3, and 5 ABWCR is initialized to H'FF by a reset and in hardware standby mode. 
In modes 2, 4, 6 and 7 ABWCR is initialized to H'OO by a reset and in hardware standby mode. 
ABWCR is not initialized in software standby mode. 

Bits 7 to O-Area 7 to 0 Bus Width Control (ABW7 to ABWO): These bits select 8-bit access 
or 16-bit access to the corresponding address areas. 

Bits 7to 0 
ABW7 to ABWO Description 

o Areas 7 to 0 are 1S-bit access areas 

Areas 7 to 0 are a-bit access areas 

ABWCR specifies the bus width of external memory areas. The bus width of on-chip memory and 
registers is fixed and does not depend on ABWCR settings. 
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6.2.2 Access State Control Register (ASTCR) 

ASTCR is an 8-bit readable/writable register that selects whether each area is accessed in two 
states or three states. 

Bit 7 6 5 4 3 2 1 0 

AST7 AST6 ASTS AST4 AST3 AST2 AST1 ASTO 

Initial value 1 1 1 1 1 1 1 1 

ReadlWrite ANI RIW ANI ANI ANI ANI ANI RIW 

Bits selecting number of states for access to each area 

ASTCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bits' to O-Area , to 0 Access State Control (AST' to ASTO): These bits select whether the 
corresponding area is accessed in two or three states. 

Bits 7to 0 
AST7 to ASTO Description 

o Areas 7 to 0 are accessed in two states 

Areas 7 to 0 are accessed in three states (Initial value) 

ASTCR specifies the number of states in which external areas are accessed. On-chip memory and 
registers are accessed in a fixed number of states that does not depend on ASTeR settings. 
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6.2.3 Wait Control Register (WCR) 

WCR is an 8-bit readable/writable register that selects the wait mode for the wait-state controller 
(WSC) and specifies the number of wait states. 

Bit 

Initial value 

ReadIWrite 

7 6 5 

Reserved bits 

4 3 2 1 o 

1 

I WMS1 I WMS2 I WC1 WCO 

o 
RJW 

o 
RJW 

1 

RJW 

1 

RJW 

Walt count 1/0 
These bits select the 
number of wait states 
inserted 

Walt mode select 1/0 
These bits select the wait mode 

WCR is initialized to H'F3 by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bits 7 to 4-Reserved: Read-only bits. always read as 1. 

Bits 3 and 2-Wait Mode Select 1 and 0 (WMSI/O): These bits select the wait mode. 

Bit 3 Bit 2 
WMS1 WMSO Description 

o o Programmable wait mode (Initial value) 

1 No wait states inserted by wait-state controller 

o Pin wait mode 1 

Pin auto-wait mode 
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Bits 1 and O-Wait Count 1 and 0 (WClIO): These bits select the number of wait states inserted 
in access to external three-state-access areas. 

Bit 1 
WC1 

o 

Bit 0 
WCO 

o 

o 

Description 

No wait states inserted by wait-state controller 

1 state inserted 

2 states inserted 

3 states inserted 

6.2.4 Wait State Control Enable Register (WCER) 

(Initial value) 

WCER is an 8-bit readable/writable register that enables or disables wait-state control of external 
three-state-access areas by the wait-state controller. 

Bit 7 6 5 4 3 2 1 0 

I WCE7 I WCE6 I WCE5 I WCE4 ! WCE3 ! WCE2! WCE1 WCEO 

Initial value 1 1 1 1 1 1 1 1 

AeadlWrite AIW RIW RIW RIW AIW AIW Am RIW 

Walt state controller enable 7 to 0 
These bits enable or disable wait-state control 

WCER is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bits 7 to O-Wait·State Control Enable 7 to 0 (WCE7 to WCEO): These bits enable or disable 
wait-state control of external three-state-access areas. 

Bits 7to 0 
WCE7 to WCEO Description 

o Wait-state control disabled (pin wait mode 0) 

1 Wait-state control enabled (Initial value) 
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6.2.5 Bus Release Control Register (BRCR) 

BRCR is an 8-bit readable/writable register that enables address output on bus lines A23 to A21 
and enables or disables release of the bus to an external device. 

Bit 7 6 5 

A23E A22E A21E 

Initial value 1 1 

Read/{ M:xS 1,2,5,6,7-
Write M:xS 3, 4 RIW RIW ANI 

I 
Address 23 to 21 enable 
These bits enable PAs to 
PA4 to be used for A23 to 
A21 address output 

4 3 

Reserved bits 

2 0 

BRLE 

1 0 

ANI 

RIW 

I 
Bus release enable 
Enables or disables 
release of the bus to 
an external device 

BRCR is initialized to H'FE by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bit 7-Address 23 Enable (A23E): Enables PAt to be used as the A23 address output pin. 
Writing 0 in this bit enables A23 address output from PAt. In modes other than 3 and 4 this bit 
cannot be modified and PAt has its ordinary input/output functions. 

Bit 7 
A23E Description 

o PA4 is the A23 address output pin 

1 P~ is the PAiTP 4fT10CA1 input/output pin (Initial value) 

Bit 6-Address 22 Enable (A22E): Enables PAs to be used as the All address output pin. 
Writing 0 in this bit enables A22 address output from PAs. In modes other than 3 and 4 this bit 
cannot be modified and PAs has its ordinary input/output functions. 

BItS 
A22E Description 

o PAs is the A22 address output pin 

1 PAs is the PAsfTPsfTIOCB1 input/output pin (Initial value) 
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Bit S-Address 21 Enable (A2IE): Enables p~ to be used as the AZI address output pin. 
Writing 0 in this bit enables AZI address output from P~. In modes other than 3 and 4 this bit 
cannot be modified and p~ has its ordinary input/output functions. 

Bit 5 
A21 E Description 

o PAs is the A21 address output pin 

PAs is the PAsfTPsfTIOCA2 input/output pin 

Bits 4 to I-Reserved: Read-only bits. always read as 1. 

Bit 0 
BRLE Description 

o The bus cannot be released to an external device; BREQ and BACK 
can be used as inpuVoutput pins 

The bus can be released to an external device 
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6.3 Operation 

6.3.1 Area Division 

The external address space is divided into areas 0 to 7. Each area has a size of 128 kbytes in the 
I-Mbyte modes. or 2 Mbytes in the 16-Mbyte modes. Figure 6-2 shows a general view of the 
memory map. 

H'OOOOO H'OOOOOO H'OOOOO On-chip ROM·1 
Area 0 (128 kbytes) Area 0 (2 Mbytes) 

Area 0 (128 kbytes) H'1FFFF H'1FFFFF H'1FFFF 
H'20000 H'200000 H'20000 

Area 1 (128 kbytes) Area 1 (2 Mbytes) Area 1 (128 kbytes) 
H'3FFFF H'3FFFFF H'3FFFF 
H'40000 H'400000 H'40000 

Area.2 (128 kbytes) Area 2 (2 Mbytes) Area 2 (128 kbytes) 
H'5FFFF H'5FFFFF H'5FFFF 
H'60000 H'600000 H'60000 

Area 3 (128 kbytes) Area 3 (2 Mbytes) Area 3 (128 kbytes) 
H'7FFFF H'7FFFFF H'7FFFF 
H'SOOOO H'800000 H'80000 

Area 4 (128 kbytes) Area 4 (2 Mbytes) Area 4 (128 kbytes) 
H'9FFFF H'9FFFFF H'9FFFF 
H'AOOOO H'AOOOOO H'AOOOO 

Area 5 (128 kbytes) Area 5 (2 Mbytes) Area 5 (128 kbytes) 
H'BFFFF H'BFFFFF H'BFFFF 
H'COOOO H'COOOOO H'COOOO 

Area 6 (128 kbytes) Area 6 (2 Mbytes) Area 6 (128 kbytes) 
H'OFFFF H'OFFFFF H'OFFFF 
H'EOOOO Area 7 (128 kbytes) H'EOOOOO Area 7 (2 Mbytes) H'EOOOO Area 7 (128 kbytes) 

On-chip RAM·l."2 On-chip RAMol."2 On-chip RAM·1,"2 

External address space"3 Extemal address space"3 H'FFFFF On-chip registers·1 

H'FFFFF On-chip registers01 H'FFFFF On-chip registers·1 

a 1-Mbyte modes b. 16-Mbyte modes with c. 1-Mbyte mode with 
(modes 1 and 2) on-chip ROM disabled on-chip ROM enabled 

(modes 3 and 4) (mode 5) 

Notes: 1. The on-chip ROM, on-chip RAM, and on-chip registers have a fixed bus width and are accessed in a 
fixed number of states. 

2. When the RAME bit is cleared to 0 in SYSCR, this area conforms to the specifications of area 7. 
3. This external address area conforms to the specifications of area 7. 

Figure 6-2 Access Area Map for Modes 1 to 4 
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Chip select signals (CSo to CS3) can be output for areas 0 to 3. The bus specifications for each 
area can be selected in ABWCR. ASTCR. WCER. and WCR as shown in table 6-3. 

Table 6-3 Bus Specifications 

ABWCR ASTCR WCER WCR Bus Specifications 

Bus Access 
ABWn ASTn WCEn WMS1 WMSO Width States Walt Mode 

0 0 16 2 Disabled 

1 0 16 3 Pin wait mode 0 

1 0 0 16 3 Programmable wait mode 

1 16 3 Disabled 

1 0 16 3 Pin wait mode 1 

1 16 3 Pin auto-wait mode 

1 0 8 2 Disabled 

1 0 8 3 Pin wait mode 0 

0 0 8 3 Programmable wait mode 

1 8 3 Disabled 

0 8 3 Pin wait mode 1 

8 3 Pin auto-wait mode 

Note: n = 0 to 7 

117 



6.3.2 Chip Select Signals 

For each of areas 0 to 3, the H8/3042 Series can output a chip select signal (CSo to CS3) that goes 
low to indicate when the area is selected. Figure 6-3 shows the output timing of a CSn signal 
(n = 0 103). 

Output of the eSn signal is enabled or disabled in the data direction register (DOR) of the 
corresponding port. A reset leaves pin eso in the output state and pins eSt to eS3 in the input 
state. To output chip select signals eSt to eS3, the corresponding OOR bits must be set to 1. 
For details see section 9,1/0 Ports. 

When the on-chip ROM is accessed. eso goes low but the AS, RD, HWR, and LWR signals 
remain high. The eSn signals are decoded from the address signals. They can be used as chip 
select signals for SRAM and other devices. 

Address 
bus ___ .:...JX External address in area n x:= 

Figure 6-3 CSn Output Timing (n = 0 to 3) 
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6.3.3 Data Bus 

The H8/3042 Series allows either 8-bit access or 16-bit access to be designated for each of 
areas 0 to 7. An 8-bit-access area uses the upper data bus (015 to Os). A 16-bit-access area uses 
both the upper data bus (DIS to Os) and lower data bus <D7 to Do). 

In read access the RD signal applies without distinction to both the upper and lower data bus. In 
write access the HWR signal applies to the upper data bus, and the L WR signal applies to the 
lower data bus. 

Table 6-4 indicates how the two parts of the data bus are used under different access conditions. 

Table 6-4 Access Conditions and Data Bus Usage 

Access Read! Valid Upper Data Bus Lower Data Bus 
Area Size Write Address Strobe (015 to OS> (07 to Do) 

8-bit-access Read RD Valid Invalid 
area Write HWR Undetermined data 

16-bit-access Byte Read Even RD Valid Invalid 
area Odd Invalid Valid 

Write Even HWR Valid Undetermined data 

Odd LWR Undetermined data Valid 

Word Read RD Valid Valid 

Write HWR, LWR Valid Valid 

Note: Undetermined data means that unpredictable data is output. 
Invalid means that the bus is in the input state and the input is ignored. 
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6.3.4 Bus Control Signal Timing 

8-Bit, Three-State-Access Areas: Figure 6-4 shows the timing of bus control signals for an 8-bit, 
three-state-access area. The upper address bus (DlS to Ds) is used to access these areas. The LWR 
pin is always high. Wait states can be inserted. 

Read 
access 

Write 
access 

I I 

!"": .. I---------Bus cycle --------t~~: 
I I I 

! ~ ~! ~ ! 
8 -J '---:--, i-j -~_--IIj--1 -

I I I 
I I I 

Address bus ==><..-----E-~;....ite-ma-I addre--SS-i-n-are--r~-n-------'X= 
I 
I 
I 

CSn ~~-----~------~-----~ 
AS 

RO 

0 15 to 08 ( Valid ) 

0 7 to Do < Invalid ) 

HWR 

LWR High 

0'5 to 08 --r----~(~ ____ +_-------V-al-id_r_!----------~vr----
I I 
I I 

---+------« Undetermined: data ~,..---

Note: n = 7 to 0 (but for CSn• n = 3 to 0) 

Figure 6-4 Bus Control Signal Timing for 8-Bit, Three-State-Access Area 
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8-Bit, Two.State-Access Areas: Figure 6-5 shows the timing of bus control signals for an 8-bit. 
two-state-access area. The upper address bus (DIS to Os) is used to access these areas. The L WR 
pin is always high. Wait states cannot be inserted. 

~i·~------Bus~cle------~.~: · . 
: T, : T2 

8 -Ji--' ---, i 
• I I • 

Address bus ==x'--__ E_xte __ ma_l_a_d __ ~ ..... ss--in--are-a--n ----ix= 
· I · CSn I 

AS 

AD 

Read 0 '5 to 08 access -~-----7--( Valid »)"---7---
07 to Do -~----__:_-( Invalid )r--:----

HWA 

LWA High 
Write 
access . 

• 
0 '5 to 08 < Valid > , , , 

07 to Do < U~determined data > , , 

Note: n = 7 to 0 (but for CSn• n = 3 to 0) 

Figure 6-5 Bus Control Signal Timing for 8-Bit, Two.State-Access Area 
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1()-Bit, Tbree-State-Acc:ess Areas: Figures 6-6 to 6-8 show the timing of bus control signals for a 
16-bit. three-state-access area. In these areas, the upper address bus (DIS to D8) is used to access 
even addresses and the lower address bus <D7 to DO> is used to access odd addresses. Wait states 
can be inserted. 

Read 
access 

Write 
access 

I I 

!"': .. It--------Bus cycle--------i .. ~: 
I I I 

; ~ ~: ~ ; 
g ~ L......-:----' j ;--j -

I I I 
I I I 

Address bus =xr------E-ve--;.n~-ex-te-m-a1-a-dd-re-ss-i-n ..... a~,....a-n -----C 
CSn 

AS 

RD 

0'5 to 08 

0 7 to Do 

HWR 

LWR 

0'5 to 08 

I 
I 
I 

I 

-~-----------~( Valid )-r---:---

--+------+------:~( Invalid )-r--:---

High 

-------4(~ ___ ----V-a-lid~-----~vr---
I 
I 
I 

------« undetermin~ data ~r---
I I 

Note: n = 7 to 0 (but for CSn• n = 3 to 0) 

Figure 6-6 Bus Control Signal Timing ror 16-Bit, Tbree-State-Acc:ess Area (1) 
(Byte Access to Even Address) 
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~:.~-------------Bus~c~--------------~.~: . .. 
~ ~ ~ ~ ~ ~ 

" -1i-1 -~_:-....., r-j -~_:j --
I I. 
I •• 
I •• 

Address bus =x ________ Od __ d .... ;e_x_te_ma __ 1 a_dd __ re_ss __ in_are ..... ;_a_n _________ x== 

--~----------'.-----!----------~~( Invalid )>-~-----

-~-----!------+--« Valid )>---!---

----------~(~ ____ ~ __ -u-n-oo--te-mn-i-ne-d_:~ __ m ________ ~~r-----

-------« Valid ~)---~ ________________ ~ __________ -J. 

Note: n = 7 to 0 (but for CSn • n = 3 to 0) 

Figure 6-7 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (2) 
(Byte Access to Odd Address) 
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Read 
access 

Write 
access 

· . : ...... ..-------Bus cycle --------t ..... : .. . 
1 ~ 1 ~ ~ l 

g --l j r---j -
I. • I. • 

Address bus ~'------E-~;...~te-ma-1 a_ddress __ i_n_a_re .... ~_n _____ -1C 
· I · 

CSn ~~ _____ ~ _____ ~ _____ ~ 

RO 

0'5 to 08 

0 7 to DO 

HWR 

LWR 

0'5 to Os 

0 7 to DO 

< Valid ) 

< Valid ) 

( Valid ~~---~---~~~--
Valid 

. , . 
( ~>----
~---------------~. 

Note: n = 7 to 0 (but for CSn• n = 3 to 0) 

Figure 6-8 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (3) 
(Word Access) 
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16-Bit, Two-State-Access Areas: Figures 6-9 to 6-11 show the timing of bus control signals for a 
16-bit, two-state-access area In these areas, the upper address bus (DlS to Os) is used to access 
even addresses and the lower address bus <D7 to Do) is used to access odd addresses. Wait states 
cannot be inserted. 

Read 
access 

Write 
access 

, , 
... : ~t----- Bus cycle ----i~ ... : , , 
: T1 T2 : 

g -.J jr---
, , , , , , 
, ------'i------_' 

Address bus ==x Even external a~ress in area n x== 
CSn 

AS 

RO 

0 15 to 08 

07 to Do 

HWR 

LWR 

015 to 08 

07 to Do 

, , , 

II----i-----I 

: High 
, , , , 

( 

( 

Valid > 
Invalid > 

-~:-----4<~_~-V-a-lid---~~r----
, , , , , , 

------« U~detennined data D~---
~--,-------~, 

Note: n = 7 to 0 (but for CSn, n = 3 to 0) 

Figure 6-9 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (1) 
(Byte Access to Even Address) 
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Read 
access 

Write 
access 

" 

, , 
: ...... e-----Bus cycle -----t .... , , 
: T, : T2 

-Ji--! ---. i 
! , , 

Admessbus ~ ~_Od_d_ex_te_ma_l_a .... ~dr_eSS_in_ar_e_a_n_--1x= 
, , , 

CSn I 
AS 

RO 

0'5 to DB -.......... ------.....-~< Invalid »)---!----
0 7 to DO -~---__:~< Valid )>--~--

HWR High 

LWR 

0'5 to De < U :determined data ~ 
! , , 

0 7 to Do < Valid ~ , 

Note: n = 7 to 0 (but for CSn, n = 3 to 0) 

Figure 6-10 Bus Control Signal Timing for 16-Bit, 1Wo-State-Access Area (2) 
(Byte Access to Odd Address) 
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I 

. -I 
,..----Bus cycle -----t.~ . 
I 
I 
I 
I Tl 
I 

" ..J 
I · I 

Address bus =:t>< _____ E_x_te_ma_'_addre---.; _SS_in_are_a_n __ ~X= 
· • I 

CSn I 
AS 

RD 

Read 0 15 to Os 
access -7-----~< Valid )~-7---

0 7 to Do -~----~< Valid )~--!---

HWR 

LWR 
Write 
access 

015 to Os < Valid y 
I 

· · 
0 7 to Do < Valid 9 · 

Note: n = 7 to 0 (but for CSn• n = 3 to 0) 

Figure 6-11 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (3) 
(Word Access) 
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6.3.5 Wait Modes 

Four wait modes can be selected for each area as shown in table 6-5. 

Table 6-5 Wait Mode Selection 

ASTCR WCER WCR 

ASTn Bit WCEn Bit WMS1 Bit WMSO Bit WSCControl Walt Mode 

0 Disabled No wait states 

0 Disabled Pin wait mode 0 

0 0 Enabled Programmable wait mode 

Enabled No wait states 

0 Enabled Pin wait mode 1 

Enabled Pin auto-wait mode 

Note: n = 7 to 0 

The ASTn and WCEn bits can be set independently for each area. Bits WMS 1 and WMSO apply 
to all areas. All areas for which WSC control is enabled operate in the same wait mode. 
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Pin Wait Mode 0: The wail state controller is disabled. Wait states can only be inserted by WAIT 
pin control. During access to an external three-state-access area. if the WAIT pin is low at the fall 
of the system clock (16) in the T 2 state, a wail state (T w) is inserted. If the WAIT pin remains low, 
wait states continue to be inserted until the WAIT signal goes high. Figure 6-12 shows the timing. 

Read 
access 

Write 
acce§ 

T, +. I' .... """ by mrr ,,"om I 
.: Tw .1. Tw : • 

WAIT pin 

Ad~e§bUS~~ ____________________________ E_x_w_m_ru_a_~ ____ r~_s ______________________________ ~ 

{ 
RD 

Data bus 

Read data 

------------------------~c==)r---

{ 

HWR.LWR 

Data bus -----~("_ _____________________________ W_ri_te_d_a_ta ________________ __'>--
Now: • Arrows indicate time of sampling of the WAIT pin. 

Figure 6-12 Pin Wait Mode 0 
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Pin Wait Mode 1: In all accesses to external three-state-access areas, the number of wait states 
(T w) selected by bilS WCI and WCO are inserted. If ~ WAIT pin is low at the fall of the system 
clock (0) in the last of these wait states, an additional wait state is inserted. If the WAIT pin 
remains low, wait states continue to be inserted until the WAIT signal goes high. 

Pin wait mode 1 is useful for inserting four or more wait states, or for inserting different numbers 
of wait states for different external devices. 

If the wait count is 0, this mode operates in the same way as pin wait mode O. 

Figure 6-13 shows the timing when the wait count is I (WCI = 0, WCO = 1) and one additional 
wait state is inserted by WAIT inpUL 

Read 
access 

" 
WAIT pin 

Address bus J'--_______ E_x_te_m_a_' a_dd_res_s ________ C 

{ 
RD 

Data bus 

Read data 
------------------------~c==)r---

~{ ~:~WR--~(r--------W-ri-m-da-ta-------~>___ 
Nom: • Arrows indicate time of sampling of the WAIT pin. 

Figure 6-13 Pin Wait Mode 1 
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Pin Auto-Wait Mode: H the WAIT pin is low. the number of wait states (T w) selected by bits 
WCI and WCO are inserted. 

In pin auto-wait mode. if the WAIT pin is low at the fall of the system clock (0) in the T 2 state. 
the number of wait states (Tw) selected by bilS WCI and WCO are inserted. No additional wait 
states are inserted even if the WAIT pin remains low. Pin auto-wait mode can be used for an easy 
interface to low-speed memory. simply by routing the chip select signal to the WAIT pin. 

Figure 6-14 shows the timing when the wait count is l. 

Read 
access 

Write 
access 

8 

Address bus -V External address X External address ~ '.....A'---____ '--______ A--

~~ __ ~I I 

~ I I 
Read data Read data 

-----~c=J~-----~c=Jr--

{

RD 

Data bus 

{

HWR'LWR 

Data bus --< Write data >-< Write data )--'--____________ ~ ~ __________________ _J 

Note: • Arrows indicate time of sampling 01 the WAIT pin. 

Figure 6-14 Pin Auto-Wait Mode 
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Programmable Wait Mode: The number of wait states (T w) selected by bits WCI and WCO are 
inserted in all accesses to external three-state-access~. Figure 6-15 shows the timing when the 
wait count is 1 (WCI = 0, WCO = 1). 

I-
T, 

-I- T2 -I- Tw -I- T3 -I 
" ~ I 
Address bus ==x Extemal address >C 
~ 

{ RD Read 
Read data access 

Data bus ( > 
{ "WR,LWR 

Write 
access 

Data bus ( Write data )-

Figure 6-15 Programmable Wait Mode 
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Example or Wait State Control Settings: A reset initializes ASTCR and WCER to H'FF and 
WCR to HF3, selecting programmable wait mode and three wait states for all areas. Software can 
select other wait modes for individual areas by modifying the ASTCR, WeER, and WCR settings. 
Figure 6-16 shows an example of wait mode settings. 

Area 0 3-state-access area, 
programmable wait mode 

Area 1 
3-state-access area, 

programmable wait mode 

Area 2 
3-state-access area, 

pin wait mode 0 

Area 3 3-state-access area, 
pin wait mode 0 

Area 4 
2-state-access area, 

no wait states inserted 

Area 5 2-state-access area, 
no wait states inserted 

Area 6 2-state-access area, 

~ 
no wait states inserted 

Area 7 2-state-access area, 
no wait states inserted 

Bit: 7 6 5 4 3 2 o 
ASTCR H'OF: 0 0 0 0 1 1 

WCER H'33: o o o o 

WCR H'F3: 1 -·1 0 o 

Note: Wait states cannot be inserted in areas designated for two-state access by ASTeR. 

Figure 6-16 Wait Mode Settings (Example) 
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6.3.6 Intertonnections with Memory (Example) 

For each area, the bus controller can select two- or three-state access and an 8- or 16-bit data bus 
width. In three-state-access areas, wait states can be inserted in a variety of modes, simplifying the 
connection of both high-speed and low-speed devices. 

Figure 6-18 shows an example of interconnections between the H8/3042 Series and memory. 
Figure 6-17 shows a memory map for this example. 

A 256-kword x 16-bit EPROM is connected to area O. This device is accessed in three states via a 
16-bit bus. 

Two 32-kword x 8-bit SRAM devices (SRAMI and SRAM2) are connected to area 1. These 
devices are accessed in two states via a 16-bit bus. 

One 32-kword x 8-bit SRAM (SRAM3) is connected to area 2. This device is accessed via an 
8-bit bus, using three-state access with an additional wait state inserted in pin auto-wait mode. 

H'OOOOOO 

H'03FFFF 

H'lFFFFF 
H'200000 

H'20FFFF 
H'21 0000 

H'3FFFFF 
H'400000 

H'407FFF 

H'SFFFFF 

H'FFFFFF 

EPROM 

On-chip RAM 

On-chip registers 

Area 0 
lS-bit, three-state-access area 

Area 1 
lS-bit, two-state-access area 

Area 2 
a-bit, three-state-access area 
(one auto-wait state) 

Figure 6-17 Memory Map (Example) 
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EPROM LA_A A,9 toA, 
A,8 toAo ,----- -

C. 110,5 to IIOa 
HS/3042 Series 

1107 to 1100 

eSO - - eE 

cs, r-- - ---. OE 

eS2 --'-
SRAMl (even addres ses) 

A'5 to A, - - A,. to Ao - -
C 1107 to 1100 

WAIT - - r-- es 

RD - f-- OE 

r-- - I-- WE 
HWR 

LWR 
SRAM2 (odd address es) 

A'5 toA, - r-- A,4 toAo - I--

A23 toA O 1/07 to 1100 

- I-- CS 

r-- - f-- OE 

- I-- WE 

0'5 to 0 8 :=;: 

0 7 to Do - P SRAM3 -
A,. to Ao 

- I--
A,4 to Ao - f--

k= 1/07 to 1100 

- f-- CS 
'-- - I-- OE 

'--- - I-- WE 
v v 

Figure 6-18 Interconnections with Memory (Example) 
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6.3.7 Bus Arbiter Operation 

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There 
are four bus masters: the CPU, DMA controller (DMAC), refresh controller, and an external bus 
master. When a bus master has the bus right it can carry out read, write, or refresh access. Each 
bus master uses a bus request signal to request the bus righL At fixed times the bus amiter 
determines priority and uses a bus acknowledge signal to grant the bus to a bus master, which can 
then operate using the bus. 

The bus arbiter checks whether the bus request signal from a bus master is active or inactive, and 
returns an acknowledge signal to the bus master if the bus request signal is active. When two or 
more bus masters request the bus, the highest-priority bus master receives an acknowledge signal. 
The bus master that receives an acknowledge signal can continue to use the bus until the 
acknowledge signal is deactivated. 

The bus master priority order is: 

(High) External bus master> refresh controller> DMAC > CPU (Low) 

The bus arbiter samples the bus request signals and determines priority at all times, but it does not 
always grant the bus immediately, even when itreceives a bus request from a bus master with 
higher priority than the current bus master. Each bus master has certain times at which it can 
release the bus to a higher-priority bus master. 

CPU: The CPU is the lowest-priority bus master. If the DMAC, refresh controller, or an external 
bus master requests the bus while the CPU has the bus right, the bus amiter transfers the bus right 
to the bus master that requested it The bus right is transferred at the following times: 

The bus right is transferred at the boundary of a bus cycle. If word data is accessed by two 
consecutive byte accesses, however, the bus right is not transferred between the two byte 
accesses. 

If another bus master requests the bus while the CPU is performing internal operations, such 
as executing a multiply or divide instruction, the bus right is transferred immediately. The 
CPU continues its internal operations. 

• If another bus master requests the bus while the CPU is in sleep mode, the bus right is 
transferred immediately. 
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DMAC: When the DMAC receives an activation request, it requests the bus right from the bus 
arbiter. If the DMAC is bus master and the refresh controller or an external bus master requests 
the bus. the bus arbiter transfers the bus right from the DMAC to the bus master that requested the 
bus. The bus right is transferred at the following times. 

The bus right is transferred when the DMAC finishes transferring 1 byte or 1 word. A DMAC 
transfer cycle consists of a read cycle and a write cycle. The bus right is not transferred between 
the read cycle and the write cycle. 

There is a priority order among the DMAC channels. For details see section 8.4.9. Multiple­
Channel Operation. 

Refresh Controller: When a refresh cycle is requested. the refresh controller requests the bus 
right from the bus arbiter. When the refresh cycle is completed. the refresh controller releases the 
bus. For details see section 7, Refresh Controller. 

External Bus Master: When the BRLE bit is set to 1 in BRCR, the bus can be released to an 
external bus master. The external bus master has highest priority. and requests the bus right from 
the bus arbiter by driving the BREQ signal low. Once the external bus master gets the bus. it keeps 
the bus right until the BREQ signal goes high. While the bus is released to an external bus master. 
the H813042/1JU holds the address bus and data bus control signals (AS, RD, HWR, and LWR) in 
the high-impedance state, and holds the BACK pin in the low output state. 

The bus arbiter samples the BREQ pin at the rise of the system clock (0). If BREQ is low, the bus 
is released to the external bus master at the appropriate opportunity. The BREQ signal should be 
held low until the BACK signal goes low. 

When the BREQ pin is high in two consecutive samples, the BACK signal is driven high to end 
the bus-release cycle. 
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Figure 6-19 shows the timing when the bus right is requested by an external bus master during a 
read cycle in a two-state-access area. There is a minimum interval of two states from when the 
BREQ signal goes low until the bus is released. 

CPU cycles 

To T, 

iii 

I 
I 

·1· T2 

I 
I 

Extemal bus released .I.CPU cycles 

I 
I 

High-impedance Address ~ ~ bus 
Address ~~~--~--~--~k~---

Data bus < 
AS, RD High 

I 
I 
I 

) 
I 
I 

n 
I 
I 
I 

High-impedance 

High-impedance 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

HWR,lWR 
High-impedance ~ ~r---

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

BREQ \ / 

Minimum 2 cycles \ 
BACK 

,- -: 
2 6 

1 low BREQ signal is sampled at rise of To state. 
2 BACK signal goes low at end of CPU read cycle, releasing bus right to extemal bus master. 
3 BREQ pin continues to be sampled while bus is released to extemal bus master. 
4,5 HighBREQ signal is sampled twice consecutively. 
6 BREQ signal goes high, ending bus-release cycle. 

Figure 6-19 External-Bus-Released State (Two-State-Access Area, During Read Cycle) 
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6.4 Usage Notes 

6.4.1 Connection to Dynamic RAM and Pseudo-Static RAM 

A different bus control signal timing applies when dynamic RAM or pseudo-static RAM is 
connected to area 3. For details see section 7, Refresh Controller. 

6.4.2 Register Write Timing 

ABWCR, ASTCR, and WCER Write Timing: Data written to ABWCR, ASTCR, or WCER 
takes effect starting from the next bus cycle. Figure 6-20 shows the timing when an instruction 
fetched from area 0 changes area 0 from three-state access to two-state access. 

" I f I , 
I ,. , I 

~U:ress )<---------'.X~-A-S-T-c-R-a-d-dr-e-ss-~X x= · . '------~ · · , .. . . ... 
· 3-state access to area 0 . 

Figure 6-20 ASTCR Write Timing 

~39 

. . ,- ., 
• 2-state access • 

to area 0 



DDR Write Timing: Data written to a data direction register (DDR) to change a eSa pin from 
eSn output to generic input. or vice versa, takes effect starting from the T 3 state of the DDR write 
cycle. Figure 6-21 shows the timing when the eS l pin is changed from generic input to CS1 
output 

" 
Address 
bus 

Figure 6·21 DDR Write Timing 

BRCR Write Timing: Data written to switch between A23• An. or A21 output and generic input 
or output takes effect starting from the T3 state of the BRCR write cycle. Figure 6-22 shows the 
timing when a pin is changed from generic input to An. An. or A21 output 

" 
Address 
bus 

L 
, ' , " 

========:~~ ________ B_R_C_R_a_d_d_re~+ ________ ~~~ __ __ 
: : 

________ ~------------------~y,r------~l,~r-'-===== High impedance, -
, ' 

Figure 6-22 BRCR Write Timing 
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6.4.3 BREQ Input Timing 

After driving the BREQ pin low, hold it low until BACK goes low. If BREQ returns to the high 
level before BACK goes low, the bus arbiter may operate incorrectly. 

To terminate the extemal-bus-released state, hold the BREQ signal high for at least three states. 
If BREQ is high for too short an interval, the bus arbiter may operate incorrectly. 
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Section 7 Refresh Controller 

7.1 Overview 

The H8/3042 Series has an on-chip refresh controller that enables direct connection of I6-bit-wide 
DRAM or pseudo-static RAM (pSRAM). 

DRAM or pseudo-static RAM can be direcdy connected to area 3 of the external address space. 
A maximum 128 kbytes can be connected in modes 1,2 and 5 (I-Mbyte modes). A maximum 
2 Mbytes can be connected in modes 3 and 4 (16-Mbyte modes). 

Systems that do not need to refresh DRAM or pseudo-static RAM can use the refresh controller as 
an 8-bit interval timer. 

7.1.1 Features 

The refresh controller can be used for one of three functions: DRAM refresh control, pseudo­
static RAM refresh control, or 8-bit interval timing. Features of the refresh controller are listed 
below. 

. Features as a DRAM Refresh Controller 

Enables direct connection of I6-bit-wide DRAM 

Selection of 2CAS or 2WE mode 

Selection of 8-bit or 9-bit column address mUltiplexing for DRAM address input 

Examples: 

- I-Mbit DRAM: 8-bit row address x 8-bit column address 
- 4-Mbit DRAM: 9-bit row address x 9-bit column address 
- 4-Mbit DRAM: lO-bit row address x 8-bit column address 

• CAS-before-RAS refresh control 

Software-selectable refresh interval 

• Software-selectable self-refresh mode 

• Wail states can be inserted 

Features as a Pseudo-Static RAM Refresh Controller 

RFSH signal output for refresh control 

• Software-selectable refresh interval 

• Software-selectable self-refresh mode 

• Wait states can be inserted 
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Features as an Interval Tuner 

• Refresh timer counter (RTCN1) can be used as an 8-bit up-counter 

• Selection of seven counter clock sources: ¢l12, ¢l18, ¢l/32, ¢l/128, ¢l1512, W2048, ¢l14096 

Interrupts can be generated by compare match between RTCNT and the refresh time constant 
register (RTCOR) 

7.1.2 Block Diagram 

Figure 7-1 shows a block diagram of the refresh controner. 

g/2, giS, g/32, 
g/128, g/512, 
g/2048, g/4096 

Clock selector 

Comparator 

!z ex: 
0 

U U 
ti: h: 

Legend 

Refresh signal 

Control logic 

ex: a: 
C/) U 
U J: 
::iE C/) 

h: u.. ex: 

Module data bus 

RTCNT: Refresh timer counter 
RTCOR: Refresh time constant register 
RTMCSR: Refresh timer control/status register 
RFSHCR: Refresh control register 

CMI interrupt 

Q) 
0 
lIS 
't: 

~ 
III 
::J 

!D 

Figure 7-1 Block Diagram or Rerresh Controller 
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7.1.3 Input/Output Pins 

Table 7-1 summarizes the refresh controller's input/output pins. 

Table 7-1 Refresh ControUer Pins 

Signal 

Pin Name Abbr. 110 Function 

RFSH Refresh RFSH Output Goes low during refresh cycles; used 
to refresh DRAM and PSRAM 

HWR Upper write/upper column UWJUCJ\S Output Connects to the UW pin of 2WE 
address strobe DRAM or UCAS pin of 2CAS DRAM 

LWR Lower writellower column LW/LCAS Output Connects to the LW pin of 2WE DRAM 
address strobe or ~ pin of 2CAS DRAM 

RD Column address strobel CASIWE Output Connects to the CAS' pin of 2WE 
write enable DRAM or WE pin of 2CAS DRAM 

CS3 Row address strobe RAS Output Connects to the RAS pin of DRAM 

7.1.4 Register Configuration 

Table 7-2 summarizes the refresh controller's registers. 

Table 7-2 Refresh Controller Registers 

Address· Name Abbreviation RIW Initial Value 

H'FFAC Refresh control register RFSHCR RIW H'02 

H'FFAD Refresh timer controVstatus register RTMCSR RIW H'07 

H'FFAE Refresh timer counter RTCNT RIW H'OO 

H'FFAF Refresh time constant register RTCOR RIW H'FF 

Note: • Lower 16 bits of the address. 
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7.2 Register Descriptions 

7.2.1 Refresh Control Register (RFSHCR) 

RFSHCR is an 8-bit readable/writable register that selects the operating mode of the refresh 
controller. 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

I SRFMD I PSRAM~ DRAME I CASIWEI M91M8 I RFSHE I I RCYCE I 
o 

RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

o 
RIW 

-r 
Refresh cycle 
enable 
Enables or 
disables 
insertion of 
refresh cycles 

Reserved bit 

Refresh pin enable 
Enables refresh signal output 
from the refresh pin 

Address multiplex mode select 
Selects the number of column address bits 

Strobe mode select 
Selects 2CAS or 2WE strobing of DRAM 

PSRAM enable and DRAM enable 
These bits enable or disable connection of pseudo-static RAM and DRAM 

Self-refresh mode 
Selects seH-refresh mode 

RFSHCR is initialized to H'02 by a reset and in hardware standby mode. 
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Bit 7--Self·Refresh Mode (SRFMD): Specifies DRAM or pseudo-static RAM self-refresh 
during software standby mode. When PSRAME = 1 and DRAME = 0, after the SRFMD bit is set 
to 1, pseudo-static RAM can be self-refreshed when the H8/3042/1/O enters software standby 
mode. When PSRAME = 0 and DRAME = I, after the SRFMD bit is set to 1, DRAM can be self­
refreshed when the H8/3042/I/O enters software standby mode. In either case, the normal access 
state resumes on exit from software standby mode. 

Btt7 
SRFMD Description 

o DRAM or PSRAM self-refresh is disabled in software standby mode (Initial value) 

1 DRAM or PSRAM self-refresh is enabled in software standby mode 

Bit 6-PSRAM Enable (PSRAME) and Bit 5-DRAM Enable (DRAME): These bits enable 
or disable connection of pseudo-static RAM and DRAM to area 3 of the external address space. 

When DRAM or pseudo-static RAM is connected, the bus cycle and refresh cycle of area 3 
consist of three states, regardless of the setting in the access state control register (ASTeR). If 
ASn = 0 in ASTCR, wait states cannot be inserted. 

When the PSRAME or DRAME bit is set to 1, bits 0, 2, 3, and 4 in RFSHCR and registers 
RTMCSR, RTCNT, and RTCOR are write-disabled, except that the CMF flag in RTMCSR can be 
cleared by writing O. 

Bit 6 Bit 5 
PSRAME DRAME Description 

o o Can be used as an interval timer (Initial value) 

DRAM can be connected 

o PSRAM can be connected 

Illegal setting 
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Bit 4-Strobe Mode Select (CAS/WE): Selects 2eAS or 2WE mode. The setting of this bit is 
valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled when the PSRAME or 
DRAME bit is set to 1. 

81t4 
CASIWE Description 

o 'ZNE mode (Initial value) 

2CASmode 

Bit 3-Address Multiplex Mode Select (M9/MB): Selects 8-bit or 9-bit column addressing. 
The setting of this bit is valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled 
when the PSRAME or DRAME bit is set to 1. 

81t3 
M9/MS Description 

o 8-bit column address mode (Initial value) 

9-bit column address mode 

Bit 2-Rerresh Pin Enable (RFSHE): Enables or disables refresh signal output from the 
RFSH pin. This bit is write-disabled when the PSRAME or DRAME bit is set to 1. 

81t2 
RFSHE Description 

o Refresh signal output at the RFSH pin is disabled (Initial value) 
(the RFSH pin can be used as a generic input/output port) 

Refresh signal output at the RFSH pin is enabled 

Bit I-Reserved: Read-only bit, always read as 1. 

Bit O-Rerresh Cycle Enable (RCYCE): Enables or disables insertion of refresh cycles. 
The setting of this bit is valid when PSRAME = 1 or DRAME = 1. When PSRAME = 0 and 
DRAME = 0, refresh cycles are not inserted regardless of the setting of this bit 

81tO 
RCYCE Description 

o Refresh cycles are disabled (Initial value) 

1 Refresh cycles are enabled for area 3 
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7.2:1. Refresh Timer Control/Status Register (RTMCSR) 

RTMCSR is an 8-bit readablelwritable register that selects the clock source for RTCNT. It also 
enables or disables interrupt requests when the refresh controller is used as an interval timer. 

Bit 7 6 5 4 3 2 0 

CMF CMIE CKS2 CKS1 CKSO 

Initial value 0 0 0 0 0 1 

ReadlWrite RlCN)* RIW RIW RIW RIW 

T 
I 

Clock select 2 to 0 Reserved bits 
These bits select an 
internal clock source 
for input to RTCNT 

Compare match Interrupt enable 
Enables or disables the CMI interrupt requested by CMF 

Compare match flag 
Status flag indicating that RTCNT has matched RTCOR 

Note: • Only 0 can be written, to clear the flag. 

Bits 7 and 6 are initialized by a reset and in standby mode. Bits 5 to 3 are initialized by a reset and 
in hardware standby mode, but retain their previous values on transition to software standby 
mode. 

Bit 7-Compare Match Flag (CMF): This status flag indicates that the RTCNT and RTCOR 
values have matched. 

Bit 7 
CMF Description 

o [Clearing condition] 
Cleared by reading CMF when CMF = 1. then writing 0 in CMF 

[Setting condition] 
When RTCNT = RTCOR 
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Bit 6-Compare Match Interrupt Enable (CMIE): Enables or disables the CM! interrupt . 
requested when the CMF flag is set to 1 in RTMCSR. The CMIE bit is always cleared to 0 when 
PSRAME= 1 or DRAME = 1. 

Bit 6 
CMIE Description 

o The CMI interrupt requested by CMF is disabled (Initial value) 

The CMI interrupt requested by CMF is enabled 

Bits 5 to 3--Clock Select 2 to 0 (CKS2 to CKSO): These bits select an internal clock source for 
input to RTCNT. When used for refresh control, the refresh controller outputs a refresh request at 
periodic intervals detennined by compare match between RTCNT and RTCOR. When used as an 
interval timer, the refresh controller generates CM! interrupts at periodic intervals detennined by 
compare match. These bits are write-disabled when the PSRAME bit or DRAME bit is set to 1. 

BitS Bit 4 Bit 3 
CKS2 CKS1 CKSO Description 

0 0 0 Clock input is disabled (Initial value) 

(6/2 clock source 

0 (6/8 clock source 

1 (6/32 clock source 

0 0 (6/128 clock source 

1 (6/512 clock source 

0 (6/2048 clock source 

1 (6/4096 clock source 

Bits 2 to ~Reserved: Read-only bits, always read as 1. 
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7.2.3 Rerresh Timer Counter (RTCNT) 

RTCNT is an 8-bit readable/writable up-counter. 

Bit 7 6 5 4 3 2 0 

Initial value 0 0 0 0 0 0 0 0 

ReadIWrite RIW RIW RIW RIW RIW RIW RIW RIW 

RTCNT is an up-counter that is incremented by an internal clock selected by bits CKS2 to CKSO 
in RTMCSR. When RTCNT matches RTCOR (compare match), the CMF flag is set to 1 and 
RTCNT is cleared to H'OO. 

RTCNT is write-disabled when the PSRAME bit or DRAME bit is set to 1. RTCNT is initialized 
to H'OO by a reset and in standby mode. 

7.2.4 Rerresh Time Constant Register (RTCOR) 

RTCOR is an 8-bit readable/writable register that determines the interval at which RTCNT is 
cleared. 

Bit 

Initial value 

ReadIWrite 

7 

1 

RIW 

6 

1 

RIW 

5 

1 

RIW 

4 

1 

RIW 

3 

1 

RIW 

2 

1 

RIW 
1 

RIW 

o 

1 

RIW 

RTCOR and RTCNT are constantly compared. When their values match, the CMF flag is set to 1 
in RTMCSR, and RTCNT is simultaneously cleared to H'OO. 

RTCOR is write-disabled when the PSRAME bit or DRAME bit is set to 1. RTCOR is initialized 
to H'FF by a reset and in hardware standby mode. In software standby mode it retains its previous 
value. 
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7.3 Operation 

7.3.1 Area Division 

One or three runctions can be selected ror the 8813042 Series rerresh controller: interfacing to 

DRAM connected to area 3, interfacing to pseudo-static RAM connected to area 3, or interval 
timing. Table 7-3 summarizes the register settings when these three functions are used. 

Table 7-3 Rerresh Controller Settings 

Usage 

DRAM Interface Register Settings PSRAM Interface Interval nmer 

RFSHCR SRFMD Selects self-refresh mode Cleared to 0 
------------------------------------------------------------------------------------------------------------------------------
PSRAME Cleared to 0 Set to 1 Cleared to 0 

DRAME Set to 1 Cleared to 0 Cleared to 0 

CAsmE Selects 2CAS or 
2WEmode 

M9/M8 

RFSHE 

RCYCE 

Selects column 
addressing mode 

Selects RFSH signal output 

Selects insertion of refresh cycles 

Cleared to 0 

RTCOR Refresh interval setting Interrupt interval setting 
-------------------------
RTMCSR CKS2to CKSO 

CMF Set to 1 when RTCNT - RTCOR 

CMIE Cleared to 0 

P8DDR 

ABWCR ABW3 Cleared to 0 

Enables or disables 
interrupt requests 

Set to 0 or 1 

DRAM Interrace: To set up area 3 for. connection to 16-bit-wide DRAM, initialize RTCOR, 
RTMCSR, and RFSHCR in that order, clearing bit PSRAME to 0 and seuing bit DRAME to 1. 
Set bit P81DDR to 1 in the port 8 data direction register (P8DDR) to enable CS3 output. In 
ABWCR, make area 3 a 16-bit-access area. 

Pseudo-Static RAM Interrace: To set up area 3 for connection to pseudo-static RAM, initialize 
RTCOR, RTMCSR, and RFSHCR in that order, setting bit PSRAME to 1 and clearing bit 
DRAME to O. Set bit P81DDR to 1 in P8DDR to enable CS3 output. 
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Interval Timer: When PSRAME = 0 and DRAME = 0, the refresh controller operates as an 
interval timer. After setting RTCOR, select an input clock in RTMCSR and set the CMIE bit to 1. 
CMI interrupts will be requested at compare match intervals determined by RTCOR and bits 
CKS2 to CKSO in RTMCSR. 

When setting RTCOR, RTMCSR, and RFSHCR, make sure that PSRAME = 0 and DRAME = O. 
Writing is disabled when either of these bits is set to 1. 

7.3.2 DRAM Refresh Control 

Refresh Request Interval and Refresh Cycle Execution: TIle refresh request interval is 
determined by the settings of RTCOR and bits CKS2 to CKSO in RTMCSR. Figure 7-2 illustrates 
the refresh request interval. 

RTeOR 

H'OO 

Refresh request __ .-In .... __ ---In .... __ ---In ..... __ --'n ..... __ --'n 

Figure '·2 Refresh Request Interval (RCYCE = 1) 

Refresh requests are generated at regular intervals as shown in figure 7-2, but the refresh cycle is 
not actually executed until the refresh controller gets the bus right 

Table 7-4 summarizes the relationship among area 3 settings, DRAM read/write cycles, and 
refresh cycles. 
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Table 7-4 Area 3 Settings, DRAM Access Cycles, and Refresh Cycles 

Area 3 Settings 

2-state-access area 
(AST3.0) 

3-state-access area 
(AST3.1) 

ReadlWrlte Cycle by CPU or·DMAC Refresh Cycle 

• 3 states • 3 states 
• Wait states cannot be inserted . • Wait states cannot be inserted 

• 3 states • 3 states 
• Wait states can be inserted • Wait states can be inserted 

To insert refresh cycles, set the RCYCE bit to 1 in RFSHCR. Figure 7-3 shows the state 
transitions for execution of refresh cycles. 

When the first refresh request occurs after exit from the reset state or standby mode, the refresh 
controller does not execute a refresh cycle, but goes into the refresh request pending state. Note 
this point when using a DRAM that requires a refresh cycle for initialization. 

When a refresh request occurs in the refresh request pending state, the refresh controller acquires 
the bus right, then executes a refresh cycle. If another refresh request occurs during execution of 
the refresh cycle, it is ignored. 

Refresh 
request· 

Refresh 
request· 

Refresh request 

Requesting bus right 

Bus granted 

Note: • A refresh request is ignored if it occurs while the refresh controller is requesting the 
bus right or executing a refresh cycle. 

Figure 7-3 State Transitions for Refresh Cycle Execution 
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Address Multiplexing: Address multiplexing depends on the setting of the M9/M8 bit in 
RFSHCR. as described in table 7-S. Figure 7-4 shows the address output timing. Address output is 
multiplexed only in area 3. 

Table 7-5 Address Multiplexing 

Address Pins A23 to A10 At As A7 At As A4 A3 A2 Al Ao 
Address signals during row A23 to A10 Ag As A7 As As ~ A3 A2 Al Ao 
address output 

Address signals during M9/M8.0 A23 to A10 Ag Ag A16 A1S A14 A13 A12 A11 A10 Ao 
column address output 

M9/M8 -1 A23 to A10 AlB A17 A16 A1S A14 A13 A12 Att Ato Ao 

I· T, 10 1_ T2 10 1_ T3 ·1 

" -.J I 
A23 toAg. Ao J >C A23 toAg. Ao -~{ bus 

>C As to A, J As to A, X A'6 to Ag 

• • .. • 
Row address Column address 

a. M9/M8 =0 

I· T, "I· T2 -I- T3 "I 

" -.J I 
A23 to A,o. Ao J >C A23 to A,o. Ao -{ bus 

>C Ag to A, J Ag to A, X A,s to A,o 

• ... .. .. 
Row address Column address 

b. M9IM8 = 1 

Figure 7-4 Multiplexed Address Output (Example without Wait States) 
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2CAS and 2WE Modes: The CAS/WE bit in RFSHCR can select two control modes for 16-bit­
wide DRAM: one using UCAS and LCAS; the other using UW and LW. These DRAM pins 
correspond to H8/304211!U pins as shown in table 7-6. 

Table 71 DRAM Pins and 8813003 Pins 

DRAM Pin 

H8I304211JO Pin CASIWE = 0 (2WE mode) CASIWE = 1 (2~ mode) 

CS3 RAS RAS 

Figure 7-5 (1) shows the interface timing for 2WE DRAM. Figure 7-5 (2) shows the interface 
timing for 2CAS DRAM. 

Read cycle 
, .. , , , 

" 
Address 
bus Column 

, , , 
CS3 Tl 

(RAS) 

Writecycle* 

.. . 

Column 

, , , -I-
Refresh cycle 

Area 3 top address 

, , , ., 

RD 
(CAS) 

'---___ I L 
HWR 

(UW) 

LWR 
(LW) 

RFSH 

L 
Note: * 16-bit access 

Figure 7-S DRAM Control Signal Output Timing (1) (2WE Mode) 
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, , , 
• , , , 

• 
Address 
bus , , , 
~ Tl (~) , , , , 
HWR 

(UCM) 

LWR 
(LCAS) 

RD 
(WE) 

RFSH 

~ Tl , , 

Note: • 16-bit access 

Read cycle 

Column 

-I­, , 
Write cycle· 

Column 

",­, , 
Refresh cycle 

Area 3 top address 

Figure 7-5 DRAM Control Signal Output Timing (2) (2'CAS Mode) 

.. , , , 

L 
L 

L 

Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is: 

(High) External bus master> refresh controller> DMA controller> CPU (Low) 

For details see section 6.3.7, Bus Arbiter Operation. 

Wait State Insertion: When bit ASTI is set to 1 in ASTeR, bus controller settings can cause 
wait states to be inserted into bus cycles and refresh cycles. For details see section 6.3.5, Wait 
Modes. 
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Self-Refresh Mode: Some DRAM devices have a self-refresh function. After the SRFMD bit is 
set to 1 in RFSHCR, when a transition to software standby mode occw's, the CAS and RAS 
outputs go low in that order so that the DRAM self-refresh function can be used. On exit from 
software standby mode, the CAS and RAS outputs both go high. 

Table 7-7 shows the pin StaleS in software standby mode. Figure 7-6 shows the signal output 
timing. 

Table 7-7 Pin States in Software Standby Mode (1) (PSRAME = 0, DRAME = 1) 

Software Standby Mode 

SRFMD = 0 SRFMD = 1 (self-refresh mode) 

Signal CAS/WE =0 CASIWE = 1 CASIWE = 0 CAS/WE = 1 

HWR High-impedance High-impedance High Low 

LWR High-impedance High-impedance High Low 

RD High-impedance High-impedance Low High 

CS3 High High Low Low 

RFSH High High Low Low 
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• 
Address 
bus 

Software 
, standby mode 

r---1 r---1 ~t .J LJ LJ .1 
, 

Oscillator 
settling time 

t ~ r---1 r---1 
J. LJ LJ I 

____________ ~~~-H-~~~-i-m~~-da--~----~------~(~------------

I 
HWR (UW) High 

LWR (LW) High 

Address 
bus 

HWR 
(UCAS) 

LWR 
(LCAS) 

a. 2 WE mode (SRFMD = 1) 

Software 
, standby mode 

r---1 r---1 ~ t .J LJ LJ .J 
, 

Oscillator 
settling time 

1 ~ r---1 r---1 
l. LJ LJ I 

____________ ~t>~-H-i9~h--i-m~~-da--n~----~------~<~-----------

! 

RD(WE) ~ 

b. 2 CAS mode (SRFMD = 1) 

Figure '·6 Signal Output Timing in Self-Refresh Mode (PSRAME = 0, DRAME = 1) 
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Operation in Power·Down State: The refresh controller operates in sleep mode. It does not 
operate in hardware standby mode. In software standby mode RTCNT is initialized, but RFSHCR, 
RTMCSR bits 5 to 3, and RTCOR retain their settings prior to the transition to software standby 
mode. 

Example 1: Connection to 2WE I·Mbit DRAM (I.Mbyte Mode): Figure 7-7 shows typical 
interconnections to a 2WE I-Mbit DRAM, and the corresponding address map. Figure 7-8 shows 
a setup procedure to be followed by a program for this example. After power-up the DRAM must 
be refreshed to initialize its internal state, Initialization takes a certain length of time, which can 
be measured by using an interrupt from another timer module, or by counting the number of times 
RTMCSR bit 7 (CMF) is set. Note that no refresh cycle is executed for the fllSt refresh request 
after exit from the reset state or standby mode (the fllSt time the CMF flag is set; see figure 7-3). 
When using this example, check the DRAM device characteristics carefully and use a procedure 
that fits them. 

HS1304211/0 
As 
A7 
A6 
As 
A4 
A3 
A2 
A, 

CS3 
~ 

RD i 
HWR 1 
LWR I 

DIS to Do V 

a. Interconnections (example) 

A7 
A6 
As 
A4 
A3 
A2 
A, 
Ao 

2 WE 1-Mbit DRAM with 
x 16-bit organization 

RAS 
CAS 
OW 
LW 
OE 

.; I/O,s to 1100 

H'60000 EJ I 
DRAM area Area 3 (1-Mbyte mode) 

H'7FFFF 

b. Address map 

Figure ,., Interconnections and Address Map for 2WE l·Mbit DRAM (Example) 
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Set area 3 for 16-bit access 

I 
Set P81 DDR to 1 for CS3 output 

I 
Set RTCOR 

I 
Set bits CKS2 to CKSO in RTMCSR 

I 
Write H'23 in RFSHCR 

I 
Wait for DRAM to be initialized 

l 
DRAM can be accessed 

Figure 7-8 Setup Procedure for 2WE I-Mbit DRAM (l-Mbyte Mode) 
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Example 2: Connection to 2WE 4-Mbit DRAM (16-Mbyte Mode): Figure 7-9 shows typical 
interconnections to a single 2WE 4-Mbit DRAM, and Ute corresponding address map. Figure 7-10 
shows a setup procedure to be followed by a program for this example. 

The DRAM in this example has lO-bit row addresses and 8-bit colwnn addresses. Its address area 
is H'600000 to H'67FFFF. 

HSI304211 10 
A18 
An 

As 
A7 
As 
As 
A4 
A3 
A2 
A1 

eS 3 
AD 

HWA 
LWA 

D1s to Do I(" 

H'600000 

H'S7FFFF 
H'680000 

H7FFFFF 

f 
i 
1 
I 

a. Interconnections (example) 

2 WE 4-Mbit DRAM with 1o-bit 
row address, 8-bit column address, 
and x 16-bit organization 

Ag 
Aa 

A7 
As 
As 
A4 
A3 
A2 
A, 
Ao 

RAS 
CAS 
OW 
LW 
OE 

11015 to 1100 

Area 3 (16-Mbyte mode) 

b. Address map 

Figure 7-9 Interconnections and Address Map for 2WE 4-Mbit DRAM (Example) 
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Set area 3 for 16-bit access 

I 
Set P81 DDR to 1 for CS3 output 

I 
Set RTCOR 

I 
Set bits CKS2 to CKSO in RTMCSR 

I 
Write H'23 in RFSHCR 

I 
Wait for DRAM to be initialized 

~ 
DRAM can be accessed 

Figure 7-10 Setup Procedure for 2WE 4-Mbit DRAM with to-Bit Row Address and 
8-Bit Column Address (16-Mbyte Mode) 
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Example 3: Connection to 2CAS 4·MbitDRAM (16·Mbyte Mode): Figure 7·11 shows typical 
interconnections to a single 2CAS 4·Mbit DRAM, and the corresponding address map. 
Figure 7·12 shows a setup procedure to be followed by a program for this example. 

The DRAM in this example has 9·bit row addresses and 9·bit column addresses. Its address area 
is H'600000 to H'67FFFF. 

H8130421110 Ag 
As 
A7 
As 
As 
A4 
A3 
A2 
Al 

CS3 
HWR 
LWR 

RD 

D1S to Do r-.. 

H'600000 

H'S7FFFF 
H'S80000 

H7FFFFF 

1 

a. Interconnections (example) 

2 CAS 4-Mbit DRAM with 9-bit 
row address, 9-bit column address, 
and x 16-bit organization 

As 
A7 
As 
As 
A4 
A3 
A2 
Al 
Ao 

RAS 
iJCAS 
LCAS 
WE 
OE 

.;' 1I01S to 1100 

Area 3 (16-Mbyte mode) 

b. Address map 

Figure 7·11 Interconnections and Address Map for 2CAS 4·Mbit DRAM (Example) 
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Set area 3 for 16-bit access 

I 
Set P81 DDR to 1 for CS3 output 

I 
Set RTCOR 

I 
Set bits CKS2 to CKSO in RTMCSR 

I 
Write H'38 in RFSHCR 

I 
Wait for DRAM to be initialized 

l 
DRAM can be accessed 

Figure 7·12 Setup Procedure ror 2eAS 4-Mbit DRAM with 9·Bit Row Address and 
9·Bit Column Address (16·Mbyte Mode) 
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Example 4: Connection to Two 4-Mbit DRAM Chips (16-Mbyte Mode): Figure 7-13 shows 
an example of interconnections to two 2CAS 4-Mbit DRAM chips, and the corresponding address 
map. Up to four DRAM chips can be connected to area 3 by decoding upper address bits A19 

and A2()o 

Figure 7-14 shows a setup procedure to be followed by a program for this example. The DRAM 
in this example has 9-bit row addresses and 9-bit column addresses. Both chips must be refreshed 
simultaneously, so the RFSH pin must be used. 

H&'30421110 ---l) 
A,e -

Ae toA , 

CS, llJv 
HWR 

LWR 
RD 

f4-RFSH 

0'5 to Do 

2 ~ 4-Mbit DRAM with &-bit 
rrNI addrasa, 9-bit column 
addrasa, and IC16-bit organization 

AI to Ao 

~r RAS -
UCAS 

No.1 
LCAS 

'- WE 
~ 

VO'5 10 VOo 

AI to Ao 

~r RAS 

UCAS 

LCAS No.2 
WE 

'-~ 

VO'5 to VOo 

a. Interconnections (example) 

H'600000 No.1 

H'67FFFF t--D_RA_M_ar_ea ___ 
H'680000 

H'6FFFFF 
H'700000 

H'7FFFFF 

No.2 
DRAM area 

Area 3 (16-Mbyte mode) 

b. Address map 

Figure 7·13 Interconnections and Address Map ror Multiple 2CAS 4·Mbit DRAM Chips 
. (Example) 
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Set area 3 for 16·bit access 

I 
Set P81 DDR to 1 for CS3 output 

I 
Set RTCOR 

I 
Set bits CKS2 to CKSO in RTMCSR 

I 
Write H'3F in RFSHCR 

I 
Wait for DRAM to be initialized 

~ 
DRAM can be accessed 

Figure 7-14 Setup Procedure for Multiple 2CAS" 4-Mbit DRAM Chips with 9-Bit 
Row Address and 9-Bit Column Address (16-Mbyte Mode) 
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7.3.3 Pseudo-Static RAM Refresh Control 

Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is 
detennined as in a DRAM interface, by the settings of RTCOR and bits CKS2 to CKSO in 
RTMCSR. The numbers of states required for pseudo-static RAM read/write cycles and refresh 
cycles are the same as for DRAM (see table 7-4). The state transitions are as shown in figure 7-3. 

Pseudo-Static RAM Control Signals: Figure 7-15 shows the control signals for pseudo-static 
RAM read, write, and refresh cycles. 

II 

Address 
bus 

CS3 

RD 

HWR 

LWR 

RFSH 

AS 

Read cycle Write cycle· Refresh cycle 

, , , , , , I , 

j( ~------------;xr------------~xr-A-r-ea-3--ro-p-ad-d-re-s-s--~ 
, , 

-n 

-n 
I 

I 
I 

L 
L 

Note: * 16-bit access 

Figure 7-1S Pseudo-Static RAM Control Signal Output Timing 
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Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is: 

(High) External bus master> refresh controller> DMA controller> CPU (Low) 

For details see section 6.3.7, Bus Arbiter Operation. 

Wait State Insertion: When bit AST3 is set to 1 in ASTCR, the wait state controller (WSC) can 
insert wait states into bus cycles and refresh cycles. For details see section 6.3.5, Wait Modes. 

Self-Refresh Mode: Some pseudo-static RAM devices have a self-refresh function. After the 
SRFMD bit is set to 1 in RFSHCR, when a transition to software standby mode occurs, the 
H8/3042/1,o's CS3 output goes high and its RFSH output goes low so that the pseudo-static RAM 
self-refresh function can be used. On exit from software standby mode, the RFSH output goes 
high. 

Table 7-8 shows the pin states in software standby mode. Figure 7-16 shows the signal output 
timing. 

Table '-8 Pin States in Software Standby Mode (2) (PSRAME = 1, DRAME = 0) 

Software Standby Mode 

Signal SRFMD=O SRFMD = 1 (self-refresh mode) 

High High 

RD High-impedance High-impedance 

HWR High-impedance High-impedance 

High-impedance High-impedance 

RFSH High Low 
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" 
Address 
bus 

CS3 High 

RD -.--J 
HWR 

LWR 

RFSH 

Software standby mode 

\ 

I 

Oscillator I 

settling time : 

I~ 
I 
I 
I 

~--~~------~----------~i< 
I "------------

High-impedance [> 
I 
I 
I 
i 
I 
I 
I 
I 
I 

I 
I 
i • I 
I 
I 
I 

"- High-impedance 
I 

V,..------------­
"---~~------~----------~, 

I I 
I I 
I I 

High-impedance ~ 
I 

V,..------------
"-------------------------~, 

I 
I 
I 

~ 
High-impedance 

~------------~----------~V,..-------------
I 
I 
I 
I 

I 

Figure 7·16 Signal Output Timing in Self-Refresh Mode (PSRAME = 1, DRAME = 0) 

Operation in Power-Down State: The refresh controller operates in sleep mode. It dOes not 
operate in hardware standby mode. In software standby mode RTCNT is initialized, but RFSHCR, 
RTMCSR bits 5 to 3, and RTCOR retain their settings prior to the transition to software standby 
mode. 
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Example: Pseudo-static RAM may have separate OE and RFSH pins, or these may be combined 
into a single OE/RFSH pin. Figure 7-17 shows an example of a circuit for generating an 
OE/RFSH signal. Check the device characteristics carefully, and design a circuit that fits them. 
Figure 7-18 shows a setup procedure to be followed by a program. 

H8130421110 PSRAM 

Figure 7-17 Interconnection to Pseudo-Static RAM with OEIRFSH Signal (Example) 
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Set P81 DDR to 1 for CS3 output 

I 
SetRTCOR 

I 
Set bits CKS2 to CKSO in RTMCSR 

I 
Write H'47 in RFSHCR 

I 
Wait for PSRAM to be initialized 

l 
PSRAM can be accessed 

Figure '·18 Setup Procedure for Pseudo-Static RAM 
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7.3.4 Interval Timing 

To use the refresh controller as an interval timer, clear the PSRAME and DRAME both to O. Mter 
setting RTCOR, select a clock source with bits CKS2 to CKSO in RTMCSR, and set the CMIE bit 
to 1. 

Timing of Setting of Compare Match Flag and Clearing by Compare Match: The CMF flag 
in RTCSR is set to 1 by a compare match signal output when the RTCOR and RTCNT values 
match. The compare match signal is generated in the last state in which the values match (when 
RTCNT is updated from the matching value to a new value). Accordingly, when RTCNT and 
RTCOR match, the compare match signal is not generated until the next counter clock pulse. 
Figure 7-19 shows the timing. 

ATCNT N X H'OO 

ATCOA N 

Compare 11 match signal 

CMFfiag 

Figure 7-19 Timing of Setting of CMF Flag 

Operation in Power-Down State: The interval timer function operates in sleep mode. It does not 
operate in hardware standby mode. In software standby mode RTCNT and RTMCSR bits 7 and 6 
are initialized, but RTMCSR bits 5 to 3 and RTCOR retain their seuings prior to the transition to 
software standby mode. 
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Contention between RTCNT Write and Counter Clear: If a counter clear signal occurs in the 
T 3 state of an RTCNT write cycle, clearing of the counter takes priority and the write is not 
performed. See figure 7-20. 

Address bus 

Internal 
write signal 

Counter 
clear signal 

ATCNT 

ATCNT write cycle by CPU 

Tl T2 T3 
14 ~14 ~14 ~I 

~~ ____ A_T_C_N_T_a_~ __ re_~ ____ --J)(~ __ __ 

X H'OO ____________________ -J N 

Figure 7-20 Contention between RTCNT Write and Clear 
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Contention between RTCNT Write and Increment: If an increment pulse occurs in the T 3 state 
of an RTCNT write cycle, writing takes priority and RTCNT is not incremented. See figure 7-21. 

Address bus 

Internal 
write signal 

RTCNT 
input clock 

RTCNT 

RTCNT write cycle by CPU 

T1 T2 T3 
1__ "I- ~I-- ... 1 

==>< ______ R_T_C_N_T __ a_dd_r_es_s ____ ~)(~ __ _ 

)( ~ ---I N 

Counter write data 

Figure 7-21 Contention between RTCNT Write and Increment 
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Contention between RTCOR Write and Compare Match: If a compare match occurs in the T 3 

state of an RTCOR write cycle. writing takes priority apd the compare match signal is inhibited. 
See figure 7-22. 

Address bus 

Internal 
write signal 

RTCNT 

RTCOR 

Compare 
match signal 

RTCOR write cycle by CPU 

T1 · T2 T3 
I" ~I· ~I" ~I 

==>< ______ R_T_C_N_T_a_d_d_~_S_S ____ _J)(~ __ __ 

__________ N _____ --JX N + 1 

_________ N ____ ~)(~ __ ~/~~-M-----
RTCOR write data .---_ .. _-----, 
I I : :, 
I I \ 

Inhibited 

Figure 7-22 Contention between RTCOR Write and Compare Match 

RTCNT Operation at Internal Clock Source Switchover: Switching internal clock sources may 
cause RTCNT to increment, depending on the switchover timing. Table 7-9 shows the relation 
between the time of the switchover (by writing to bits CKS2 to CKSO) and the operation of 
RTCNT. 

The RTCNT input clock is generated from the internal clock source by detecting the falling edge 
of the internal clock. If a switchover is made from a high clock source to a low clock source, as in 
case No.3 in table 7-9. the switchover will be regarded as a falling edge. an RTCNT clock pulse 
will be generated. and RTCNT will be incremented. 
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Table 7·9 Internal Clock Switchover and RTCNT Operation 

CKS2toCKSO 
No. Wrltenmlng RTCNT Operation 

low -+ low switchover*1 

Old clock. J I source 
\-

New clock. 

~ { source 

RTCNT n: ~ clock , , , , , 
RTCNT N Xi N+1 C , , , , 

CKS bits rewritten 

2 low -+ high switchover*2 

Old clock. J 

~ 
I source 

~ New clock 

{ source 

RTCNT n n ~ clock I , , , , , 
RTCNT N X N+1 Xi N+2 c , , , 

CKS bits rewritten 

Notes: 1. Including switchovers from a low clock. source to the halted state, and from the halted 
state to a low clock source. 

2. Including switchover from the halted state to a high clock source. 



Table 7-9 Internal Clock Switcbover and RTCNT Operation (cont) 

CKS2to CKSO 
No. Wrltenmlng RTCNT Operation 

3 High -+ low switchover"'1 

Old clock J 

~ 
source 

New clock 

{ source 

®o, RTCNT n rL clock 
, , , 

RTCNT N X N + 1 ! X N+2 C , , , , 
CKS bits rewritten 

4 High -+ high switchover 

Old clock J 

~ ~ 
source 

New clock 
source { 
RTCNT n n rL clock 

RTCNT N X N + 1 X N+:2 C 
CKS bits rewritten 

Notes: 1. Including switchover from a high clock source to the halted state. 
2. The switchover is regarded as a falling edge, causing RTCNT to increment. 
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7.4 Interrupt Source 

Compare match interrupts (CM!) can be generated when the refresh controller is used as an 
interval timer. Compare match interrupt requests are masked/unmasked with the CMIE bit of 
RTMCSR. 

7.5 Usage Notes 

When using the DRAM or pseudo-static RAM refresh function, note the following points: 

• Refresh cycles are not executed while the bus is released, during software standby mode, and 
when a bus cycle is greatly prolonged by insertion of wait states. When these conditions 
occur, other means of refreshing are required. 

• If refresh requests occur while the bus is released, the fIrst request is held and one refresh 
cycle is executed after the bus-released state ends. Figure 7-23 shows the bus cycles in this 
case. 

Bus-released state Refresh cycle CPU cycle! Refresh cycle 

" J4 
0 

RFSH 
',\ Ii 

0 
0 

Refresh J4Jl n 0 
0 
0 

request 
0 

BACK 
tf II 

Figure 7-23 Refresh Cycles when Bus is Released 
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• If a bus cycle is prolonged by insertion of wait states, the flISt refresh request is held, as in the 
bus-released state. 

• If contention occurs between a transition to software standby mode and a bus request from an 
external bus master, the bus may be released for one state just before the transition to 
software standby mode (see figure 7-24). When using software standby mode, clear the 
BRLE bit to 0 in BRCR before executing the SLEEP instruction. 

If similar contention occurs in a transition to self-refresh mode, strobe waveforms may not be 
output correctly. This can also be prevented by clearing the BRLE bit to 0 in BRCR. 

· . '. as. I Bus-released statel Software standby mode . . 
~ 1 ~I --~~r\------

· . · . · . · . -------------------------~-------------------r-------- ------------------------. 

1···········_··_··_· 

• · · 

• · · 

Address bUS _______ ~>>-------7"-----------

· 
Strobe 

~ ....... -.. -.. -.. -~ · . · . 

Figure 7-24 Contention between Bus-Released State and Software Standby Mode 
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Section 8 DMA Controller 

8.1 Overview 

The H8/3042 Series has an on.-chip DMA controller (DMAC) that can transfer data on up to four 
channels. 

8.1.1 Features 

DMAC features are listed below. 

• Selection of short address mode or full address mode 

Short address mode 

- 8-bit source address and 24-bit destination address, or vice versa 
- Maximum four channels available 
- Selection of I/O mode, idle mode, or repeat mode 

Full address mode 

- 24-bit source and destination addresses 
- Maximum two channels available 
- Selection of normal mode or block transfer mode 

• Directly addressable 16-Mbyte address space 

• Selection of byte or word transfer 

• Activation by internal interrupts, external requests, or auto-request (depending on transfer 
mode) 

- 16-bit integrated timer unit (ITU) compare match/input capture interrupts (four) 
- Serial communication interface (SCI) transmit-data-empty/receive-data-full interrupts 
- External requests 
- Auto-request 
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8.1.2 Block Diagram 

Figure 8-1 shows a DMAC block diagram. 

Internal 
interrupts 

Interrupt D 
signals D 

D 
D 

Legend 

< 

IMIAO-
IMIA1-
IMIA2-
IMIA3-
TXIO-
RXIO-

0-
f-

Control logic 

TENDC-
TENDf-

DTCROA 

ENDOA- DTCROB 
ENDOB-
END1A- DTCR1A 
END1B- DTCR1B 

! 
I Data buffer I 

0 \. 
< 

DTCR: Data transfer control register 
MAR: Memory address register 
IOAR: I/O address register 
ETCR: Execute transfer count register 

-

Internal address bus n 
I Address buffer ]C 
-/ Arithmetic-logic uni~ 

MAROA 
Chame/ 

IIOAROA 
OA 

Channel I ETCROA 
0 MAROB 

Chamel \IOAROB 
OB 

I ETCROB 
0 MAR1A 

Channel IIOAR1A 
1A 

I ETCR1A Channel 
1 MAR1B 

Channel IIOAR1B 
1B 

I ETCR1B 

0 
Internal data bus 

Figure 8-1 Block Diagram orDMAC 
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8.1.3 Functional Overview 

Table 8-1 gives an overview of the DMAC functions. 

Table 8-1 DMAC Functional Overview 

Transfer Mode 
Short 110 mode 
address • Transfers one byte or one word 
mode per request 

Full 
address 
mode 

• Increments or decrements the 
memory address by 1 or 2 

• Executes 1 to 65,536 transfers 
Idle mode 
• Transfers one byte or one word 

per request 
• Holds the memory address fixed 
• Executes 1 to 65.536 transfers 
Repeat mode 
• Transfers one byte or one word 

per request 
• Increments or decrements the 

memory address by 1 or 2 
• Executes a specified number (1 to 

256) of transfers. then returns to 
the initial state and continues 

Normal mode 
• Auto-request 

-Retains the transfer request 
internally 

-Executes a specified number 
(1 to 65,536) of transfers 
continuously 

-Selection of burst mode or 
cycle-steal mode 

• External request 
- Transfers one byte or one word 

per request 
-Executes 1 to 65,536 transfers 

Block transfer 
• Transfers one block of a specified 

size per request 
• Executes 1 to 65,536 transfers 
• Allows either the source or 

destination to be a fixed block 
area 

• Block size can be 1 to 256 bytes 
or words 
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Activation 

• Compare matchlinput 
capture A interrupts 
from ITU channels 
Ot03 

• Transmit-data-empty 
interrupt from SCI 

• Receive-data-full 
interrupt from SCI 

• External request 

Address 
Reg. Length 

Destlna­
Source tlon· 

24 8 

8 24 

24 8 

• Auto-request 24 24 
• External request 

• Compare match! 24 
input capture A 
interrupts from ITU 
channels 0 to 3 

• External request 
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8.1.4 Input/Output Pins 

Table 8-2 lists the DMAC pins. 

Table 8-2 DMAC Pins 

Channel Name 

0 DMA request 0 

Transfer end 0 

DMA request 1 

Transfer end 1 

Abbrevla- Input! 
tlon Output Function 

DREQo Input External request for DMAC channel 0 

TENDo Output Transfer end on DMAC channel 0 

DRrn1 Input External request for DMAC channel 1 

TEND1 Output Transfer end on DMAC channel 1 

Note: External requests cannot be made to channel A in short address mode. 

8.1.5 Register Configuration 

Table 8-3 lists the DMAC registers. 
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Table 8-3 DMAC Registers 

Channel Addr .... Name Abbreviation RIW Initial Value 

0 H'FF20 Memory address register OAR MAROAR RIW Undetermined 

H'FF2l Memory address register OAE MAROAE RIW Undetermined 

H'FF22 Memory address register OAH MAROAH RIW Undetermined 

H'FF23 Memory address register OAL MAROAL RIW Undetermined 

H'FF26 110 address register OA IDAROA RIW Undetermined 

H'FF24 Execute transfer count register OAH ETCROAH RIW Undetermined 

H'FF25 Execute transfer count register OAL ETCROAL RIW Undetermined 

H'FF27 Data transfer control register OA DTCROA RIW H'OO 

H'FF28 Memory address register OBR MAROBR RIW Undetermined 

H'FF29 Memory address register OBE MAROBE RIW Undetermined 

H'FF2A Memory address register OBH MAROBH RIW Undetermined 

H'FF2B Memory address register OBL MAROBl RIW Undetermined 

H'FF2E 110 address register OB lOA ROB RIW Undetermined 

H'FF2C Execute transfer count register OBH ETCROBH RIW Undetermined 

H'FF2D Execute transfer count register OBL ETCROBL RIW Undetermined 

H'FF2F Data transfer control register OB DTCROB RIW H'OO 

H'FF30 Memory address register lAR MAR1AR RIW Undetermined 

H'FF3l Memory address register 1 AE MAR1AE RIW Undetermined 

H'FF32 Memory address register 1 AH MAR1AH RIW Undetermined 

H'FF33 Memory address register 1 AL MAR1AL RIW Undetermined 

H'FF36 110 address register 1A IDAR1A RIW Undetermined 

H'FF34 Execute transfer count register 1 AH ETCR1AH RIW Undetermined 

H'FF35 Execute transfer count register 1 AL ETCR1AL RIW Undetermined 

H'FF37 Data transfer control register 1A DTCR1A RIW H'OO 

H'FF38 Memory address register 1 BR MAR1BR RIW Undetermined 

H'FF39 Memory address register 1 BE MAR1BE RIW Undetermined 

H'FF3A Memory address register 1 BH MAR1BH RIW Undetermined 

H'FF3B Memory address register 1 BL MAR1BL RIW Undetermined 

H'FF3E 1/0 address register 1 B IOAR1B RIW Undetermined 

H'FF3C Execute transfer count register 1 BH ETCR1BH RIW Undetermined 

H'FF3D Execute transfer count register 1 BL ETCR1BL RIW Undetermined 

H'FF3F Data transfer control register 1 B DTCR1B RIW H'OO 

Note: • The lower 16 bits of the address are indicated. 

185 



8.2 Register Descriptions (1) (Short Address Mode) 

In short address mode. transfers can be carried out independently on channels A and B. Short 
address mode is selected by bits DTS2A and DTSIA in data ttansfer control register A (DTCRA) 
as indicated in table 8-4. 

Table 84 Selection or Short and Full Address Modes 

Bit 2 Bit 1 
Channel DTS2A DTS1A 
0 1 1 

Other than above 

1 

Other than above 

Description 

DMAC channel 0 operates as one channel in full address mode 

DMAC channels OA and OB operate as two independent channels 
in short address mode 

DMAC channell operates as one channel in full address mode 

DMAC channels lA and lB operate as two independent channels 
in short address mode 

8.2.1 Memory Address Registers (MAR) 

A memory address register (MAR) is a 32-bit readablelwritable register that specifies a source or 
destination address. The transfer direction is determined automlltically from the activation source. 

An MAR consists of four 8-bit registers designated MARR. MARE. MARR. and MARL. All bits 
of MARR are reserved: they cannot be modified and always read 1. 

Bl 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
Initial value 1 1 1 1 1 1 1 1 Undetermined 

ReacWlrile - - - - - - - - RIWR/WR.oWRJWRlWRlWAAYRlWRlWRlWRlWRiWRlWRlWRlWRlWRlWAAYRlWRiWRIWRIWRIW 
\ J\ 1\ J\ J 

v v v v 
MARR MARE MARH MARL 

Source or destination address 

An MAR functions as a source or destination address register depending on how the DMAC is 
activated: as a destination address register if activation is by a receive-data-full interrupt from the 
serial communication interface (SCI). and as a source address register otherwise. 

The MAR value is incremented or decremented each time one byte or word is transferred. 
automatically updating the source or destination memory address. For details. see section 8.2.4. 
Data Transfer Control Registers (DTCR). 

The MARs are not initialized by a reset or in standby mode. 
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8.2.2 VO Address Registers (I0AR) 

An 110 address register (lOAR) is an 8-bit readable/writable register that specifies a source or 
destination address. The 10AR value is the lower 8 bits of the address. The upper 16 address bits 
are all 1 (H'FFFF). 

Bit 

Initial value 

ReadlWrite 

7 

RIW 

6 

RIW 

5 

RIW 

4 3 

Undetermined 

RIW RIW 

2 

RIW 

Source or destination address 

o 

RIW RIW 

An 10AR functions as a source or destination address register depending on how the DMAC is 
activated: as a source address register if activation is by a receive-data-full interrupt from the SCI, 
and as a destination address register otherwise. 

The IOAR value is held fIXed. It is not incremented or decremented when a transfer is executed. 

The 10ARs are not initialized by a reset or in standby mode. 

8.2.3 Execute Transrer Count Registers (ETCR) 

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the 
number of transfers to be executed. These registers function in one way in I/O mode and idle 
mode, and another way in repeat mode. 

• I/O mode and idle mode 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
I I I I I I I 

Undetermined Initial value 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Transfer counter 

In I/O mode and idle mode, ETCR functions as a 16-bit counter. The count is decremented by 
1 each time one transfer is executed. The transfer ends when the count reaches H'OOOO. 
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• Repeat mode 

Bit 7 6 5 4 3 2 0 

Initial value Undetermined 
ReadlWrite RNI RIW ANI ANI ANI ANI RIW RIW 

\ 
yo 

ETCRH 

I 
Transfer counter 

Bit 7 6 5 4 3 2 0 

Initial value Undetermined 

ReadlWrite RNI RNI RNI ANI RNI RNI ANI RIW 
yo 

ETCRL 

I 
Initial count 

In repeat mode, ETCRH functions as an 8-bit transfer counter and ETCRL holds the initial 
transfer count. ETCRH is decremented by 1 each time one transfer is executed. When ETCRH 
reaches H'OO, the value in ETCRL is reloaded into ETCRH and the same operation is repeated. 

The ETCRs are not initialized by a reset or in standby mode. 
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8.2.4 Data Transrer Control Registers (DTCR) 

A data transfer control register (DTCR) is an 8-bit readable/writable register that controls the 
operation of one DMAC channel. 

Bit 7 6 5 4 3 2 0 

DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO 

Initial value 0 0 0 0 0 0 0 0 

ReadJWrite RJW RJW RJW RJW RIW RIW RJW RIW 

Data tranJ.:nabf T I 
Data transfer select 

Enables or disables These bits select the data 
data transfer transfer adivation source 

Data transfer size Data transfer Interrupt enable 
Selects byte or 
word size 

Data transfer 
Increment/decrement 
Seleds whether to 
increment or decrement 
the memory address 
register 

Enables or disables the CPU interrupt 
at the end of the transfer 

Repeat enable 
Selects repeat 
mode 

The DTCRs are initialized to H'OO by a reset and in standby mode. 

Bit 7-Data Transrer Enable (DTE): Enables or disables data transfer on a channel. When the 
DTE bit is set to I, the chaDnel waits for a transfer to be requested, and executes the transfer when 
activated as specified by bits DTS2 to DTSO. When DTE is 0, the channel is disabled and does not 
accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then writing 1. 

Bit 7 
DTE Description 

o Data transfer is disabled. In va mode or idle mode, DTE is cleared to 0 (Initial value) 
when the specified number of transfers have been completed. 

1 Data transfer is enabled 

If DTIE is set to I, a CPU interrupt is requested when DTE is cleared to O. 
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Bit 6-Data Transfer Size (DTSZ): Selects the data size of each transfer. 

Bits 
DTSZ Description 

o Byte-size transfer 

Word-size transfer 

(Initial value) 

Bit 5-Data Transfer Increment/Decrement (DTID): Selects whether to increment or 
decrement the memory address register (MAR) after a data transfer in I/O mode or repeal mode. 

BitS 
DTID Description 

o MAR is incremented after each data transfer (Initial value) 

• If orsz .. 0, MAR is incremented by 1 after each transfer 
• If orsz .. 1, MAR is incremented by 2 after each transfer 

MAR is decremented after each data transfer 

• If orsz .. 0, MAR is decremented by 1 after each transfer 
• If orsz .. 1, MAR is decremented by 2 after each transfer 

MAR is not incremented or decremented in idle mode. 

Bit 4-Repeat Enable (RPE): Selects whether to transfer data in I/O mode, idle mode, or repeat 
mode. 

Bit 4 Bit 3 
RPE DTIE Description 

0 0 110 mode (Initial value) 

1 

0 Repeat mode 

Idle mode 

Operations in these modes are described in sections 8.4.2, I/O Mode, 8.4.3, Idle Mode, and 8.4.4, 
Repeat Mode. 
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Bit 3-Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DENO) 
requested when the DTE bit is cleared to O. 

Bit 3 
OnE Description 

o The DEND interrupt requested by DTE is disabled (Initial value) 

1 The DEND interrupt requested by DTE is enabled 

Bits 2 to O-Data Transfer Select (DTS2, DTSl, DTSO): These bits select the data transfer 
activation source. Some of the selectable sources differ between channels A and B. 

Channel A 

Bit 2 Bit 1 Bit 0 
OTS2A OTS1 A DTSOA Description 

o o 

o 

o Compare matchlinput capture A interrupt from ITU 
channel 0 

(Initial value) 

1 Compare match/input capture A interrupt from ITU channel 1 

o Compare matchlinput capture A interrupt from ITU channel 2 

Compare match/input capture A interrupt from ITU channel 3 

o Transmit-data-empty interrupt from SCI channel 0 

Receive-data-full interrupt from SCI channel 0 

-* Transfer in full address mode 

Note: • See section 8.3.4, Data Transfer Control Register (DTCR). 
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ChannelB 

BIt2 Bit 1 Bit 0 
DTS2B DTS1 B DTSOB Description 

o o 

1 

o 

o 

o 
1 

o 

Compare matchlinput capture A interrupt from ITU 
channel 0 

(Initial value) 

Compare matchlinput capture A interrupt from ITU channel 1 

Compare matchlinput capture A interrupt from ITU channel 2 

Compare matchlinput capture A interrupt from ITU channel 3 

Transmit~ata-empty interrupt from SCI channel 0 

Receive~ata-full interrupt from SCI channel 0 

o Falling edge of DREO input 

Low level of DREO input 

The same internal interrupt can be selected as an activation source for two or more channels at 
once. In that case the channels are activated in a priority order, highest-priority channel fmL For 
the priority order, see section 8.4.9, Multiple-Channel Operation. 

When a channel is enabled (DTE = I), its selected DMAC activation source cannot generate a 
CPU interrupL 
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8.3 Register Descriptions (2) (Full Address Mode) 

In full address mode the A and B channels operate together. Full address mode is selected as 
indicated in table 8-4. 

8.3.1 Memory Address Registers (MAR) 

A memory address register (MAR) is a 32-bit readable/writable register. MARA functions as the 
source address register of the transfer, and MARB as the destination address register. 

An MAR consists of four 8-bit registers designated MARR, MARE, MARR, and MARL. All bits 
of MARR are reserved: they cannot be modified and always read 1. 

Bit 31 30 29 28 27 26 2S 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
Ini1iaIvaJue 1 1 1 1 1 1 1 1 Undetermined 

ReadlWrh - - - - - - - - RlWRlWRlWRlWRlWRtWRIWRiWRM'RIWRiWRM'RIWRiWRM'RIWRiWRM'RIWRiWRM'RIWRiWRM' 
\ J\ J\ J\ J 

V v v v 
MARR MARE MARH MARL 

Source or destination address 

The MAR value is incremented or decremented each time one byte or word is transferred, 
automatically updating the source or destination memory address. For details, see section 8.3.4, 
Data Transfer Control Registers (DTCR). 

The MARs are not initialized by a reset or in standby mode. 

8.3.2 VO Address Registers (lOAR) 

The 1/0 address registers (IOARs) are not used in full address mode. 
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8.3.3 Execute Transrer Count Registers (ETCR) 

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the 
number of transfers to be executed. The functions of these registers differ between normal mode 
and block transfer mode. 

Nonnalmode 

ETCRA 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 
I I I I I I I I 

Initial value Undetermined 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Transfer counter 

ETCRB: Is not used in nonnal mode. 

In nonnal mode ETCRA functions as a 16-bit transfer counter. The count is decremented by 1 
each time one transfer is executed. The transfer ends when the count reaches HOOOO. ETCRB is 
not used. 
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• Block transfer mode 

ETCRA 

Bit 7 6 5 4 3 2 0 

Initial value Undetermined 

AeadlWrite RIW AIW RIW RIW RIW RIW RIW RIW 
v 

ETCAAH 

I 
Block size counter 

Bit 7 6 5 4 3 2 1 0 

Initial value Undetermined 

AeadlWrite AIW AIW AIW AIW AIW RIW AIW RIW 
yo 

ETCAAL 

I 
Initial block size 

ETCRB 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
I I I I I I I 

Undetermined Initial value 

AeadlWrite RIW AIW RIW AIW RIW RIW RIW AIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Block transfer counter 

In block transfer mode, ETCRAH functions as an 8-bit block size counter. ETCRAL holds the 
initial block size. ETCRAH is decremented by I each time one byte or word is transferred. When 
the count reaches Hoo, ETCRAH is reloaded from ETCRAL. Blocks consisting of an arbitrary 
number of bytes or words can be transferred repeatedly by setting the same initial block size value 
in ETCRAH and ETCRAL. 

In block transfer mode ETCRB functions as a 16-bit block transfer counter. ETCRB is 
decremented by 1 each time one block is transferred. The transfer ends when the count reaches 
H'OOOO. 

The ETCRs are not initialized by a reset or in standby mode. 
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8.3.4 Data Transfer Control Registers (DTCR) 

The data transfer control registers (DTCRs) are 8-bit readablelwritable registers that control the 
operation of the DMAC channels. A channel operates in full address mode when bits DTS2A and 
DTSIA are both set to 1 in DTCRA. DTCRA and DTCRB have different functions in full address 
mode. 

DTCRA 

Bit 7 6 5 4 3 2 1 0 

DTE DTSZ SAID I SAIDE I DTIE I DTS2A I DTS1A I DTSOA I 
Initial value 0 0 0 0 0 o 0 0 

ReadlWrite Rm RNJ RNJ RNJ RIW RNJ RNJ RNJ 

T Data tranI.nablT ---.---

Enables or disables 
data transfer 

Data transfer 
Data transfer size Interrupt enable 
Selects byte or Enables or disables the 
word size CPU interrupt at the end 

of the transfer 

I 
Data transfer 
select OA 
Selects block 
transfer mode 

Source address Data transfer select 
Increment/decrement 2A and 1A 
Source address Increment! These bits must both be 
decrement enable set to 1 
These bits select whether 
the source address register 
(MARA) is incremented, 
decremented. or held fixed 
during the data transfer 

DTCRA is initialized to H'OO by a reset and in standby mode. 
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Bit 7-Data Transfer Enable (DTE): Together with the OTME bit in OTCRB, this bit enables or 
disables data transfer on the channel. When the OTME and OTE bits are both set to 1. the channel 
is enabled. If auto-request is specified, data transfer begins immediately. Otherwise, the channel 
waits for transfers to be requested. When the specified number of transfers have been completed, 
the OTE bit is automatically cleared to 0. When OTE is 0, the channel is disabled and does not 
accept transfer requests. OTE is set to 1 by reading the register when OTE is 0, then writing 1. 

Btt7 
DTE Description 

o Data transfer is disabled (DTE is cleared to 0 when the specified number (Initial value) 
of transfers have been completed) 

1 Data transfer is enabled 

If OTIE is set to 1. a CPU interrupt is requested when OTE is cleared to O. 

Bit 6-Data Transfer Size (DTSZ): Selects the data size of each transfer. 

Bit 6 
DTSZ Description 

o Byte-size transfer (Initial value) 

1 Word-size transfer 

Bit 5-Source Address IncrementIDecrement (SAID) and Bit 4-Source Address 
IncrementIDecrement Enable (SAIDE): These bits select whether the source address register 
(MARA) is incremented, decremented, or held fixed during the data transfer. 

Bit 5 Bit 4 
SAID SAIDE Description 

o o MARA is held fixed (Initial value) 

1 MARA is incremented after each data transfer 

• If DTSZ - 0, MARA is incremented by 1 after each transfer 
• If DTSZ '" 1, MARA is incremented by 2 after each transfer 

o MARA is held fixed 

MARA is decremented after each data transfer 

• If DTSZ = 0, MARA is decremented by 1 after each transfer . 
• If DTSZ = 1, MARA is decremented by 2 after each transfer 
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Bit J-Data Transrer Interrupt Enable (DTIE):Enables or disables the CPU interrupt (DEND) 
requested when the DTE bit is cleared to O. 

81t3 
DTIE Description 

o The OENO interrupt requested by OTE is disabled (Initial value) 

The OEND interrupt requested by OTE is enabled 

Bits 2 and 1-Data Transrer Select 2A and lA (DTS2A, DTSIA): A channel operates in full 
address mode when DTS2A and DTS lA are both set to 1. 

Bit O-Data Transrer Select OA (DTSOA): Selects normal mode or block transfer mode. 

81tO 
DTSOA. Description 

o Normal mode (Initial value) 

Block transfer mode 

Operations in these modes are described in sections 8.4.5, Normal Mode, and 8.4.6, Block 
Transfer Mode. 
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DTCRB 

Bit 7 6 5 4 3 2 1 0 

DTME DAID I DAIDE I TMS I DTS2B I DTS1 B I DTSOB I 
Initial value 0 0 

ReadlWrite RIW RIW 

T 
Data transfer master enable 
Enables or disables data 
transfer. together with 
the DTE bit, and is cleared 
to 0 by an interrupt 

Reserved bit 

0 

RIW 

0 0 0 

RIW RIW RIW 

T 
Transfer mode select 
Selects whether the 
block area is the source 
or destination in block 
transfer mode 

0 0 

RIW RIW 

Destination address Data transfer select 
Increment/decrement 2B to OB 
Destination address These bits select the data 
Increment/decrement enable transfer activation source 
These bits select whether 
the destination address 
register (MARB) is incremented, 
decremented, or held fixed 
during the data transfer 

DTCRB is initialized to H'OO by a reset and in standby mode. 

Bit 7-Data Transfer Master Enable (DTME): Together with the DTE bit in DTCRA, this bit 
enables or disables data transfer. When the DTME and DTE bits are both set to 1, the channel is 
enabled. When an NMI interrupt occurs DTME is cleared to 0, suspending the transfer so that the 
CPU can use the bus. The suspended transfer resumes when DTME is set to 1 again. For further 
infonnation on operation in block transfer mode, see section 8.6.6, NMI Interrupts and Block 
Transfer Mode. 

DTME is set to 1 by reading the register while DTME = 0, then writing 1. 

Bit 7 
DTME Description 

o Data transfer is disabled (DTME is cleared to 0 when an NMI interrupt 
occurs) 

Data transfer is enabled 
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Bit 6-Reserved: Although reserved, this bit can be written and read. 

Bit S-Destination Address Increment/Decrement (DAID) and Bit 4-Destination Address 
IncrementlDecrement Enable (DAIDE): These bits select whether the destination address 
register (MARB), is incremented, decremented, or held fIXed during the data transfer. 

Bit 5 Bit 4 
DAID DAIDE Description 

o o MARS is held fixed (Initial value) 

MARS is incremented after each data transler 

• If DTSZ • 0, MARS is incremented by 1 after each data transfer 
• If DTSZ • 1, MARS is incremented by 2 after each data transfer 

1 o MARS is held fixed 

1 MARS is decremented after each data transf~r 

• If DTSZ .. 0, MARS is decremented by 1 after each data transler 
• If DTSZ .. 1, MARS is decremented by 2 after each data transfer 

Bit 3-Transfer Mode Select (TMS): Selects whether the source or destination is the block area 
in block transfer mode. 

Bit 3 
TMS Description 

o Destination is the block area in block transfer mode (Initial value) 

1 Source is the block area in block transfer mode 
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Bits 2 to O-Data TraDSrer Select (DTS2B, DTSIB, DTSOB): These bits select the data aransfer 
activation source. The selectable activation sources differ between nonnal mode and block 
aransfer mode. 

Normal mode 

Bit 2 Bit 1 Bit 0 
D1S2B D1S1B DTSOB Description 

0 0 0 Auto-request (burst mode) (Initial value) 

1 Cannot be used 

1 0 Auto-request (cycle-steal mode) 

1 Cannot be used 

1 0 0 Cannot be used 

1 Cannot be used 

0 Falling edge of DREQ 

1 Low level input at DREQ 

Block aransfer mode 

Bit 2 Bit 1 Bit 0 
DTS2B DT51 B DTSOB Description 

o o o Compare matcMnput capture A interrupt from ITU channel 0 (Initial value) 

Compare matcMnput capture A interrupt from ITU channel 1 

1 o Compare matcMnput capture A interrupt from ITU channel 2 

Compare matcMnput capture A interrupt from ITU channel 3 

1 o o Cannot be used 

Cannot be used 

1 o Falling edge of DREQ 

Cannot be used 

The same internal interrupt can be selected to activate two or more channels. The channels are 
activated in a priority order, highest priority fIrst. For the priority order, see section 8.4.9, 
Multiple-Channel Operation. 
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8.4 Operation 

8.4.1 Overview 

Table 8-5 summarizes the DMAC modes. 

Table 8-5 DMAC Modes 

Transfer Mode 

Short address 
mode 

Full address 
mode 

110 mode 

Idle mode 

Repeat mode 

Normal mode 

Block transfer mode 

Activation 

Compare matcMnput 
capture A interrupt from 
ITU channels a to 3 

SCI transmit-data-empty 
and receive-data-full 
interrupts 

External request 

Auto-request 

External request 

Compare matcMnput 
capture A interrupt from 
ITU channels 0 to 3 

External request 

A summary of operations in these modes follows. 

Note. 

• Up to four channels 
can operate 
independently 

• Only the B channels 
support external 
requests 

• A and B channels are 
paired; up to two 
channels are 
available 

• Burst mode or cycle­
steal mode can be 
selected for auto­
requests 

VO Mode: One byte or word is transferred per request. A designated number of these transfers 
are executed. A CPU interrupt can be requested at completion of the designated number of 
transfers. One 24-bit address and one 8-bit address are specified. The transfer direction is 
determined automatically from the activation source. 

Idle Mode: One byte or word is transferred per request A designated number of these transfers 
are executed. A CPU interrupt can be requested at completion of the designated number of 
transfers. One 24-bit address and one 8-bit address are specified. The addresses are held fixed. 
The transfer direction is determined automatically from the activation source. 

Repeat Mode: One byte or word is transferred per request. A designated number of these 
transfers are executed. When the designated number of transfers are completed. the initial address 
and counter value are restored and operation continues. No CPU interrupt is requested. One 24-bit 
address and one 8-bit address are specified. The transfer direction is determined automatically 
from the activation source. 
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Normal Mode 

• Auto-request 

The DMAC is activated by register setup alone, and continues executing transfers until the 
designated number of transfers have been completed. A CPU interrupt can be requested at 
completion of the transfers. Both addresses are 24-bit addresses. 

- Cycle-steal mode 

The bus is released to another bus master after each byte or word is transferred. 

- Burstmode 

Unless requested by a higher-priority bus master, the bus is not released until the 
designated number of transfers have been completed. 

• External request 

One byte or word is transferred per request. A designated number of these transfers are 
executed. A CPU interrupt can be requested at completion of the designated number of 
transfers. Both addresses are 24-bit addresses. 

Block Transfer Mode: One block of a specified size is transferred per request A designated 
number of block transfers are executed. At the end of each block transfer, one address is restored 
to its initial value. When the designated number of blocks have been transferred, a CPU interrupt 
can be requested. Both addresses are 24-bit addresses. 
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8.4.2 VO Mode 

I/O mode can be selected independently for each channel. 

One byte or word is transferred at each transfer request in I/O mode. A designated number of 
these transfers are executed. One address is specified in the memory address register (MAR), the 
other in the I/O address register (IOAR). The direction of transfer is determined automatically 
from the activation source. The transfer is from the address specified in IOAR to the address 
specified in MAR if activated by an SCI receive-data-full interrupt, and from the address specified 
in MAR to the address specified in IOAR otherwise. 

Table 8-6 indicates the register functions in I/O mode. 

Table 8-6 Register Functions in VO Mode 

Function 

Register 

Activated by 
SCI Recelve­
Data-Full 
Interrupt 

23 0 Destination IF ::"-"'-~M-A-R--'-----'-II address 
. . register 

23 

I AII1s 

7 0 
IIOAR I 

Source 
address 
register 

Other 
Activation 

Source 
address 
register 

Initial Setting 

Destination or 
source address 

Destination Source or 
address destination 
register address 

15 0 Transfer counter 
'=1 -E"""~C-R ------"11 

Number of 
transfers 

Legend 
MAR: Memory address register 
IOAR: VO address register 
ETCR: Execute transfer count register 

Operation 

Incremented or 
decremented 
once per transfer 

Held fixed 

Decremented 
once per 
transfer until 
H'OOOO is 
reached and 
transfer ends 

MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or 
destination address, which is incremented or decremented as each byte or word is transferred. 
IOAR specifies the lower 8 bits of a fixed address. The upper 16 bits are all Is. IOAR is not 
incremented or decremented. 

Figure 8-2 illustrates how I/O mode operates. 
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~ 
AddressT~ 

AcldressB~ 

~ 
Legend 
L = initial setting of MAR 
N = initial setting of ETCR 
Address T = L 
Address B = L + (_1)OTIO • (2 0TSZ • N -1) 

<TranSfer> 

1 byte or word is 
transferred per request 

Figure 8-2 Operation in 110 Mode 

...- IOAR 

The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at 
each transfer. When the ETCR value reaches H'OOOO, the DTE bit is cleared and the transfer ends. 
If the DTIE bit is set to I, a CPU interrupt is requested at this time. The maximum transfer count 
is 65,536, obtained by setting ETCR to H'OOOO. 

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU 
channels 0 to 3, SCI transmit-data-empty and receive-data-full interrupts, and external request 
signals. 

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR). 
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Figure 8-3 shows a sample setup procedure for I/O mode. 

I/O mode setup 

I 
Set source and 

destination addresses 

I 
Set transfer count 

J 
Read OTCR 

I 
Set OTCR 

t 
110 mode 

1 

2 

3 

4 

1. Set the source and destination addresses 
in MAR and IOAR. The transfer direction is 
determined automatically from the adivation 
source. 

2. Set the transfer count in ETCR. 
3. Read OTCR while the OTE bit is cleared to O. 
4~ Set the DTCR bits as follows. 

• Seled the DMAC activation source with bits 
OTS2 to OTSO. 

• Set or clear the OTIE bit to enable or disable 
the CPU interrupt at the end of the transfer. 

• Clear the RPE bit to 0 to select 110 mode. 
• Seled MAR increment or decrement with the 

OTIO bit. 
• Select byte size or word size with the DTSZ bit. 
• Set the OTE bit to 1 to enable the transfer. 

Figure 8-3 110 Mode Setup Procedure (Example) 

8.4.3 Idle Mode 

Idle mode can be selected independently for each channel. 

One byte or word is transferred at each transfer request in idle mode. A designated number of 
these transfers are executed. One address is specified in the memory address register (MAR), the 
other in the I/O address register (IOAR). The direction of transfer is determined automatically 
from the activation source. The transfer is from the address specified in IOAR to the address 
specified in MAR if activated by an SCI receive-data-full interrupt, and from the address specified 
in MAR to the address specified in IOAR otherwise. 

Table 8-7 indicates the register functions in idle mode. 
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Table 8-7 Register Functions in Idle Mode 

Function 

Register 

Activated by 
SCI Receive­
Data-Full 
Interrupt 

23 0 Destination 
Ir-"----.--M-A-R--.----.,I address 

23 

AII1s 

. register 

7 0 

IIOAR 1 

Source 
address 
register 

Other 
Activation 

Source 
address 
register 

Initial Sattlng 

Destination or 
source address 

Destination Source or 
address destination 
register address 

15 0 Transfer counter 
":-::-1 -E"'-~C-R ----":;1 

Number of 
transfers 

Legend 
MAR: Memory address register 
10AR: 110 address register 
ETCR: Execute transfer count register 

Operation 

Held fixed 

Held fixed 

Decremented 
once per 
transfer until 
H'OOOO is 
reached and 
transfer ends 

MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or 
destination address. IOAR specifies the lower 8 bits of a fixed address. The upper 16 bits are all 
Is. MAR and IOAR are not incremented or decremented. 

Figure 8-4 illustrates how idle mode operates. 

MAR~ <TranSfer> 

1 byte or word is 
transterred per request 

Figure 8-4 Operation in Idle Mode 
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The Il'ansfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at 
each ttansfer. When the ETCR value reaches H'OOOO, the DTE bit is cleared, the ttansfer ends, and 
a CPU interrupt is requested. The maximum ttansfer count is 65,536, obtained by setting ETCR to 
H'OOOO. 

Transfers can be requested (activated) by compare matcb/input capture A interrupts from ITU 
channels 0 to 3, SCI ttansmit-data-empty and receive-data-full interrupts, and external request 
signals. 

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR). 

Figure 8-5 shows a sample setup procedure for idle mode. 

Idle mode setup 

J 
Set source and 

destination addresses 

I 
Set transfer count 

I 
Read OlCR 

1 
Set01CR 

• Idle mode 

1 

2 

3 

4 

1. Set the source and destination addresses 
in MAR and IOAR. Ihe transfer direction is deter­
mined automatically from the activation source. 

2. Set the transfer count in EICR. 
3. Read OlCR while the OTE bit is cleared to o. 
4. Set the OlCR bits as follows. 

o Select the OMAC activation source with bits 
0152 to 0150. 

o Set the OllE and RPE bits to 1 to select idle mode. 
o Seled byte size or word size with the OlSZ bit. 
o Set the OlE bit to 1 to enable the transfer. 

Figure 8-S Idle Mode Setup Procedure (Example) 
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8.4.4 Repeat Mode 

Repeat mode is useful for cyclically transferring a bit pattern from a table to the programmable 
timing pattern controller (!PC) in synchronization, for example, with ITU compare match. Repeal 
mode can be selected for each channel independently. 

One byte or word is transferred per request in repeal mode, as in I/O mode. A designated number 
of these transfers are executed. One address is specified in the memory address register (MAR), 
the other in the 110 address register (I0AR). Al the end of the designated number of transfers, 
MAR and ETCR are restored to their original values and operation continues. The direction of 
transfer is determined automatically from the activation source. The transfer is from the address 
specified in 10AR to the address specified in MAR if activated by an SCI receive-data-full 
interrupt, and from the address specified in MAR to the address specified in 10AR otherwise. 

Table 8-8 indicates the register functions in repeal mode. 

Table 8-8 Register Functions in Repeat Mode 

Function 

Activated by 
SCI Receive-
Data-Full Other 

Register Interrupt Activation Initial Setting Operation 

Destination 
address 

F2.;;.,.3 __ .--_---...--_--:,0 register 

I MAR I 

23 7 0 
AII1s IIOAR I 

Source 
address 
register 

Transfer counter 

Source 
address 
register 

Destination or Incremented or 
source address decremented at 

Destination Source or 
address destination 
register . address 

each transfer until 
ETCRH reaches 
H·OOOO, then restored 
to initial value 

Held fixed 

Decremented once 
7 0 per transfer unti 
I ETCRH I H'OOOO is reached, 

Number of 
transfers 

. . then reloaded from 
A ETCRL 

--------~~~--------------------------7 0 Initial transfer count Number of Held fixed 
transfers I ETCRL I 

Legend 
MAR: Memory address register 
IOAR: 110 address register 
ETCR: Execute transfer count register 
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In repeat mode ETCRH is used as the transfer counter while ETCRL holds the initial transfer 
count. ETCRH is decremented by 1 at each transfer until it reaches H'OO, then is reloaded from 
ETCRL. MAR is also restored to its initial value, which is calculated from the DTSZ and DTID 
bits in 01'CR. Specifically, MAR is restored as follows: 

MAR ~ MAR - (_l)DTID . 2DTSZ • ETCRL 

ETCRH and ETCRL should be initially set to the same value. 

In repeat mode transfers continue until the CPU clears the OTE bit to O. After OTE is cleared to 0, 
if the CPU sets OTE to 1 again, transfers resume from the state at which OTE was cleared. No 
CPU interrupt is requested. 

As in I/O mode, MAR and IOAR specify the source and destination addresses. MAR specifies a 
24-bit source or destination address. IOAR specifies the lower 8 bits of a fixed address. The upper 
16 bits are all Is. IOAR is not incremented or decremented. 

Figure 8-6 illustrates how repeat mode operates. 

Address T ---

Address B ---

~ 

~ 

<TranSfer> 

1 byte or word is 
transferred per request 

Legend 
L = initial setting of MAR 
N = initial setting of ETCRH and ETCRL 
AddressT = L 
Address B = L + (_1)0TIo. (2 0TSZ• N -1) 

Figure 8-6 Operation in Repeat Mode 
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The transfer count is specified as an 8-bit value in ETCRH and ETCRL. The maximum transfer 
count is 256, obtained by setting both ETCRH and ETCRL to H'OO. 

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU 
channels 0 to 3, SCI transmit-data-empty'and receive-data-full interrupts, and external request 
signals. 

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR). 

Figure 8-7 shows a sample setup procedure for repeat mode. 

Repeat mode 

I 
Set source and 

destination addresses 

1 
Set transfer count 

I 
Read DTCR 

1 
Set DTCR 

t 
Repeat mode 

) 

2 

3 

4 

1. Set the source and destination addresses in MAR 
and IOAR. The transfer direction is determined 
automatically from the activation source. 

2. Set the transfer count in both ETCRH and ETCRl. 
3. Read DTCR while the DTE bit is cleared to O. 
4. Set the DTCR bits as follows. 

• Select the DMAC activation source with bits 
DTS2 to DTSO. 

• Clear the DTIE bit to 0 and set the RPE bit to 1 
to select repeat mode. 

• Select MAR increment or decrement with the DTID bit. 
• Select byte size or word size with the DTSZ bit. 
• Set the DTE bit to 1 to enable the transfer. 

Figure 8-7 Repeat Mode Setup Procedure (Example) 
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8.4.5 Normal Mode 

In nonnal mode the A and B channels are combined. One byte or word is ttansferred per request 
A designated number of these ttansfers are executed. Addresses are specified in MARA and 
MARB. Table 8-9 indicates the register functions in I/O mode. 

Table 8-9 Register Functions in Normal Mode 

Register Function 

23 0 Source address 
FI "'----..-l-M-A-R-A--r-! --...:;, register 

23 0 Destination 
IF "'----..-! -MA-R-B--r-! --...:;, address register 

Initial Setting 

Source address 

Destination 
address 

15 0 Transfer counter Number of Ir-o--E- T-C'-: R-A-~' transfers 

Legend 
MARA: Memory address register A 
MARB: Memory address register B 
ETCRA: Execute transfer count register A 

Operation 

Incremented or 
decremented once per 
transfer, or held fixed 

Incremented or 
decremented once per 
transfer, or held fixed 

Decremented once per 
transfer 

The source and destination addresses are both 24-bit addresses. MARA specifies the source 
address. MARB specifies the destination address. MARA and MARB can be independently 
incremented, decremented, or held fixed as data is transferred. 

The transfer count is specified as a 16-bit value in ETCRA. The ETCRA value is decremented by 
1 at each transfer. When the ETCRA value reaches H'OOOO, the DTE bit is cleared and the ttansfer 
ends. H the DTIE bit is set, a CPU interrupt is requested at this time. The maximum transfer count 
is 65,536, obtained by setting ETCRA to H'OOOO. 

Figure 8-8 illustrates how nonnal mode operates. 
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~ 

~ 
Legend 
LA = initial setting of MARA 
La = initial setting of MARB 
N = initial setting of ETCRA 
TA = LA 

<Transfer:> 

BA = LA + SAl DE • (_l)SAID • (2DTSZ • N - 1) 

Ta = La 
Ba = La + DAIDE· (_l}DAID • (2DTSZ • N -1) 

~ 

~ 

Figure 8-8 Operation in Normal Mode 

--- Address T 8 

--- Address Ba 

Transfers can be requested (activated) by an external request or auto-request An auto-requested 
transfer is activated by the register settings alone. The designated number of transfers are executed 
automatically. Either cycle-steal or burst mode can be selected. In cycle-steal mode the DMAC 
releases the bus temporarily after each transfer. In burst mode the DMAC keeps the bus until the 
transfers are completed, unless there is a bus request from a higher-priority bus master. 

For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR). 
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Figure 8-9 shows a sample setup procedure for Donnal mode. 

Normal mode 1. Set the initial source address in MARA. 
2. Set the initial destination address in MARB. 
3. Set the transfer count in ETCRA. 

Set initial source address 4. Set the OTCRS bits as follows. 
• Clear the OTME bit to O. 
• Set the OAIO and OAIOE bits to select whether 

MARS is Incremented, decremented, or held fixed. 
Set initial destination address 2 • Select the OMAC activation source with bits 

OTS2S to OTSOS. 
5. Set the OTCRA bits as follows. 

Set transfer count 3 • Clear the OTE bit to o. 
• Select byte or word size with the OTSZ bit. 
• Set the SAID and SAIOE bits to select whether 

MARA is incremented, decremented, or held fixed. 
Set OTCRS (1) 4 • Set or clear the OTIE bit to enable or disable the 

CPU interrupt at the end of the transfer. 
• Clear the OTSOA bit to 0 and set the OTS2A 

Set OTCRA (1) 5 
and OTS1A bits to 1 to select normal mode. 

6. Read OTCRS with OTME cleared to O. 
7. Set the OTME bit to 1 in OTCRS. 
8. Read OTCRA with OTE cleared to O. 

Read OTCRS 6 9. Set the OTE bit to 1 in OTCRA to enable the transfer. 

Set OTCRS (2) 7 

Read OTCRA 8 

Set OTCRA (2) 9 

Normal mode 

Note: * Carry out settings 1 to 9 with the OENO interrupt masked in the CPU. 
If an NMI interrupt occurs during the setup procedure, it may clear the OTME bit to 0, in 
which case the transfer will not start. 

Figure 8-9 Normal Mode Setup Procedure (Example) 
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8.4.6 Block Transrer Mode 

In block transfer mode the A and B channels are combined. One block of a specified size is 
transferred per requesL A designated number of block transfers are executed. Addresses are 
specified in MARA and MARB. The block area address can be either held fixed or cycled. 

Table 8-10 indicates the register functions in block transfer mode. 

Table 8-10 Register Functions in Block Transfer Mode 

Register 

23 

I 

23 

I 

0 
I I 

I 
: MARA: 
, I 

0 
I I 

I : MARB: 
I I 

Function 

Source address 
register 

Destination 
address register 

Initial Setting 

Source address 

Destination 
address 

Operation 

Incremented or 
decremented once per 
transfer, or held fixed 

Incremented or 
decremented once per 
transfer, or held fixed 

7 0 Block size counter Block size Decremented once per 
IETCRAHI transfer until H'OO is 

reached, then reloaded 
~ from ETCRAL 

--------~~r---------------------------
7 0 Initial block size Block size Held fixed 

IETCRALI 

15 o Block transfer 

I counter 

Legend 
MARA: Memory address register A 
MARB: Memory address register B 
ETCRA: Execute transfer count register A 
ETCRB: Execute transfer count register B 

Number of block Decremented once per 
trans1ers block transfer until H'OOOO 

is reached and the 
transfer ends 

The source and destination addresses are both 24-bit addresses. MARA specifies the source 
address. MARB specifies the destination address. MARA and MARB can be independently 
incremented. decremented, or held fixed as data is transferred. One of these registers operates as a 
block area register: even if it is incremented or decremented, it is restored to its initial value at the 
end of each block transfer. The TMS bit in DTCRB selects whether the block area is the source or 
destination. 
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If M (1 to 256) is the size of the block transferred at each request and N (1 to 65,536) is the 
number of blocks to be transferred, then ETCRAH and ETCRAL should initially be set to M and 
ETCRB should initially be set to N. 

Figure 8-10 illustrates how block transfer mode operates. In this figure, bit TMS is cleared to 0, 
meaning the block area is the destination. 

Block 1 

Block 2 

Block N 

Legend 
LA = initial setting of MARA 
L s = initial setting of MARB 

<Transfer:> 

M bytes or words are 
transferred per request 

M = initial setting of ETCRAH and ETCRAL 
N = initial setting of ETCRB 
TA =LA 
BA = LA + SAIDE· (_1)SAIO • (2 0TSZ • M-1) 
Ts =LB 
Bs = LS + DAIDE· (_l)OAIO • (2DTSZ • M -1) 

Block area 

Figure 8-10 Operation in Block 1i"ansrer Mode 
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When activated by a transfer request, the DMAC executes a burst transfer. During the transfer 
MARA and MARB are updated according to the DTCR settings, and ETCRAH is decremented. 
When ETCRAH reaches H'OO, it is reloaded from ETCRAL to restore the initial value. The 
memory address register of the block area is also restored to its initial value, and ETCRB is 
decremented. IfETCRB is not H'OOOO, the DMAC then waits for the next transfer request 
ETCRAH and ETCRAL should be initially set to the same value. 

The above operation is repeated until ETCRB reaches H'OOOO, at which point the DTE bit is 
cleared to 0 and the transfer ends. If the DTIE bit is set to 1, a CPU interrupt is requested at this 
time. 

Figure 8-11 shows examples of a block transfer with byte data size when the block area is the 
destination. In (a) the block area address is cycled. In (b) the block area address is held fIXed. 

Transfers can be requested (activated) by compare match/input capture A interrupts from ITO 
channels 0 to 3, and by external request signals. 

For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR). 
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Start 
(OTE = OTME = 1) 

Get bus 

Read from MARA address 

MARA = MARA + 1 

Write to MARB address 

MARS = MARS + 1 

ETCRAH = ETCRAH - 1 

Release bus 

ETCRAH = ETCRAL 
MARS = MARS - ETCRAL 

Clear OTE to 0 and end transfer 

a. OTSZ = TMS = 0 
SAID = OAIO = 0 
SAIOE = OAIOE = 1 

No 

No 

Start 
(OTE = OTME .. 1) 

Read from MARA address 

MARA = MARA + 1 

Write to MARB address 

ETCRAH = ETCRAH - 1 

Release bus 

ETCRAH = ETCRAL 

Clear OTE to 0 and end transfer 

b.OTSZ=TMS=O 
SAIO=O 
SAIOE = 1 
OAIOE =0 

Figure 8-11 Block Transfer Mode Flowcharts (Examples) 
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Figure 8-12 shows a sample setup procedure for block transfer mode. 

Block transfer mode 

Set source address 

Set destination address 2 

Set block transfer count 3 

Set block size 4 

Set OTCRB (1) 5 

Set OTCRA (1) 6 

Read OTCRB 7 

Set OTCRB (2) 8 

Read OTCRA 9 

Set OTCRA (2) 10 

Block transfer mode 

1. Set the source address in MARA. 
2. Set the destination address in MARB. 
3. Set the block transfer count in ETCRB. 
4. Set the block size (number of bytes or words) 

in both ETCRAH and ETCRAL. 
5. Set the OTCRB bits as follows. 

• Clear the OTME bit to O. 
• Set the OAIO and OAIOE bits to select whether 

MARB is incremented, decremented, or held fixed. 
• Set or clear the TMS bit to make the block area 

the source or destination. 
• Select the OMAC activation source with bits 

OTS2B to OTSOB. 
6. Set the OTCRA bits as follows. 

• Clear the OTE to O. 
• Select byte size or word size with the OTSZ bit. 
• Set the SAID and SAIDE bits to select whether 

MARA is incremented, decremented, or held fixed. 
• Set or clear the OTIE bit to enable or disable the 

CPU interrupt at the end of the transfer. 
• Set bits OTS2A to OTSOA all to 1 to select 

block transfer mode. 
7. Read OTCRB with DTME cleared to O. 
8. Set the DTME bit to 1 in DTCRB. 
9. Read DTCRA with DTE cleared to O. 
10. Set the DTE bit to 1 in DTCRA to enable 

the transfer. 

Note: • Carry out settings 1 to 10 with the DENO interrupt masked in the CPU. 
H an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in 
which case the transfer will not start 

Figure 8-12 Block Transrer Mode Setup Procedure (Example) 
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8.4.7 DMAC Activation 

The DMAC can be activated by an internal interrupt. external request, or auto-request The 
available activation sources differ depending on the transfer mode and channel as indicated in 
table 8-11. 

Table 8-11 DMAC Activation Sources 

Short Address Mode 

Channels Channels Full Address Mode 

Activation Source OAand 1A OB and 1B Normal Block 

Internal IMIAO 0 0 x 0 
interrupts IMIA1 0 0 x 0 

IMIA2 0 0 x 0 

IMIA3 0 0 x 0 

TXIO 0 0 x x 

RXIO 0 0 x x 

External Falling edge x 0 0 0 
requests of OREQ 

Low input at x 0 0 x 
OREQ 

Auto-request x x 0 x 

Activation by Internal Interrupts: When an interrupt request is selected as a DMAC activation 
source and the DTE bit is set to 1, that interrupt request is not sent to the CPU. It is not possible 
for an interrupt request to activate the DMAC and simultaneously generate a CPU interrupt. 

When the DMAC is activated by an interrupt request, the interrupt request flag is cleared 
automatically. If the same interrupt is selected to activate two or more channels, the interrupt 
request flag is cleared when the highest-priority channel is activated, but the transfer request is 
held pending on the other channels in the DMAC, which are activated in their priority order. 
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Activation by External Request: If an external request (DREQ pin) is selected as an activation 
source, the DREQ pin becomes an input pin and the corresponding TEND pin becomes an output 
pin, regardless of the port data direction register (DDR) settings. The DREQ input can be level­
sensitive or edge-sensitive. 

In short address mode and normal mode, an external request operates as follows. If edge sensing is 
selected, one byte or word is transferred each time a high-to-Iow transition of the DREQ input is 
detected. If the next edge is input before the transfer is completed, the next transfer may not be 
executed. If level sensing is selected, the transfer continues while DREQ is low, until the transfer 
is completed. The bus is released temporarily after each byte or word has been transferred, 
however. If the DREQ input goes high during a transfer, the transfer is suspended after the current 
byte or word has been transferred. When DREQ goes low, the request is held internally until one 
byte or word has been transferred. The TEND signal goes low during the last write cycle. 

In block transfer mode, an external request operates as follows. Only edge-sensitive transfer 
requests are possible in block transfer mode. Each time a high-to-Iow transition of the DREQ 
input is detected, a block of the specified size is transferred. The TEND signal goes low during the 
last write cycle in each block. 

Activation by Auto-Request: The transfer starts as soon as enabled by register setup, and 
continues until completed. Cycle-steal mode or burst mode can be selected. 

In cycle-steal mode the DMAC releases the bus temporarily after transferring each byte or word. 
Normally, DMAC cycles alternate with CPU cycles. 

In burst mode the DMAC keeps the bus until the transfer is completed, unless there is a higher­
priority bus request If there is a higher-priority bus request. the bus is released after the current 
byte or word has been transferred. 
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8.4.8 DMAC Bus Cycle 

Figure 8-13 shows an example of the timing of the basic DMAC bus cycle. This example shows a 
word-size transfer from a 16-bit tw~state access area to an 8-bit three-state access area. When the 
DMAC gets the bus from the CPU. after one dead cycle (feU. it reads from the source address and 
writes to the destination address. During these read and write operations the bus is not released 
even if there is another bus request DMAC cycles comply with bus controller settings in the same 
way as CPU cycles. 

CPU cycle 

·1· 
DMAC cycle (word transfer) 

·1· 
CPU cycle 

T1 T2 T1 T2 Td T1 T2 T1 T2 T3 T1 T2 T3 T1 T2 T1 T2 

· : Source: · • : address: Destination address . · I I 

Address J X X X X X X bus 

RD I 
I 
I 
I 
I 
I 
I 

HWR U m 
I 
I 
I 
t 

I 

LWR I 
I 
I 
I 
I 

Figure 8-13 DMA Transfer Bus Timing (Example) 

Figure 8-14 shows the timing when the DMAC is activated by low input at a DREQ pin. This 
example shows a word-size transfer from a 16-bit tw~state access area to another 16-bit two-state 
access area. The DMAC continues the transfer while the DREQ pin is held low. 
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III 

CPU cycle DMACcycie 

. I 
I 
I 
I 
I 
I 
I 

DMACcycle 
(last transfer cycle) CPU cycle 

: Source : DesIila1ial : Source : DesIilaIion : 
: : address: acttess : address : acttess : 

~ress ],.---""""""--I~ ~ ~'--~~~ ~ kr--
I ,-
I I 
I I 

Figure 8-14 Bus Timing ofDMA Transfer Requested by Low DREQ Input 

Figure 8-15 shows an auto-requested burst-mode transfer. This example shows a transfer of three 
words from a 16-bit two-state access area to another 16-bit two-state access area. 
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CPU cycle .1. DMACcycie 

T1 T2 Td T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 

1/1 
, , , , , , , , , , , , , , , I 
I : Source : 0estilaticrI : I , , 
I I I I , 
I : address :a:Idess I I I I I 
I I I I I I 

Address J ! ~ ~ ~ ~ ~ ~ ~ bus 

RD 

HWR, 
LWR 

Figure 8-15 Burst DMA Bus Timing 

When the DMAC is activated from a DREQ pin there is a minimum interval of four states from 
when the transfer is requested until the DMAC starts operating. The DREQ pin is not sampled 
during the time between the transfer request and the start of the transfer. In short address mode 
and normal mode, the pin is next sampled at the end of the read cycle. In block transfer mode, the 
pin is next sampled at the end of one block transfer. 

Figure 8-16 shows the timing when the DMAC is activated by the falling edge of DREQ in 
normal mode. 
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" 

Address 
bus 

HWR, LWR 

CPU cycle ·1· 

· --w · : · 
~ ~----,X,--_+-----, 

• •• 
Minimum 4 states • 

CPU 
DMAC cycle .1 .. cycle .lpMAC cycle 

· · · 
W 
: · 
~ ~ ~ 

u 
• 

Next sampling point 

Figure 8-16 Timing of DMAC Activation by Falling Edge of DREQ in Normal Mode 

Figure 8-17 shows the timing when the DMAC is activated by level-sensitive low DREQ input in 
normal mode. 
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CPU cycle ·1 .. DMACcycie ·1 .. CPU cycle 

T2 T1 T2 T1 T2 Td T1 T2 T1 T2 T1 T2 T1 T2 T1 

, 
: 

DREQ I : , , , , 
: 

Address ~ ~ ~ ~ X ~ C bus , , , 

RD 

HWR, LWR 
, U , , , , 
:. ... • , , 

Minimum 4 states Next sampling point 

Figure 8-17 Timing of DMAC Activation by Low DREQ Level in Normal Mode 

Figure 8-18 shows the timing when the DMAC is activated by the falling edge of DREQ in block 
transfer mode. 
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I/J 

Address 
bus ~ 

End of 1 block transfer 

DMAC cycle .!. CPU cycle .1. DIAAC cycle 

I 
I 

W 
X ~ ~ ~ ~ 

u u 
I .. Next sampling 
, 
: Minimum 4 states: :- .: 
I I 

Figure 8-18 Timing orDMAC Activation by Falling Edge orDREQ in Block Transrer 
Mode 
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8.4.9 Multiple-Channel Operation 

The DMAC channel priority order is: channel 0 > channell and channel A > channel B. 
Table 8-12 shows the complete priority order. 

Table 8-12 Channel Priority Order 

Short Address Mode Full Address Mode Priority 

ChannelOA Channel 0 High 

Channel1A Channel 1 i ChannelOB 

Channel1B Low 

Multiple-Channel Operation: If transfers are requested on two or more channels simultaneously, 
or if a transfer on one channel is requested during a transfer on another channel, the DMAC 
operates as follows. 

When a transfer is requested, the DMAC requests the bus right When it gets the bus right, it 
starts a transfer on the highest-priority channel at that time. 

Once a transfer starts on one channel, requests to other channels are held pending until that 
channel releases the bus. 

After each transfer in short address mode. and each externally-requested or cycle-steal 
transfer in normal mode. the DMAC releases the bus and returns to step 1. After releasing the 
bus, if there is a transfer request for another channel, the DMAC requests the bus again. 

After completion of a burst-mode transfer. or after transfer of one block in block transfer 
mode, the DMAC releases the bus and returns to step 1. If there is a transfer request for a 
higher-priority channel or a bus request from a higher-priority bus master, however, the 
DMAC releases the bus after completing the transfer of the current byte or word. After 
releasing the bus. if there is a transfer request for another channel, the DMAC requests the 
bus again. 

Figure 8-19 shows the timing when channel OA is set up for I/O mode and channell for burst 
mode, and a transfer request for channel OA is received while channell is active. 
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" 

DMACcycle 
(channel 1) 

T2 

, 

Address ---L 

T1 

, , 

~ bus -J'--_-l 
I , , 

: 
I , , . , 

T2 Td 

, , 
I 

! 
I 
I , 
I 

DMACcycle 
(channel OA) 

T1 T2 T1 

, , , , 
I I 

~ ~ 

T2 T1 T2 

, , 
I 

~ 

DMACcycle 
(channel 1) 

Td T1 T2 T1 

, , , , 

d 
I 

~ 

Figure 8-19 Timing of Multiple-Channel Operations 

8.4.10 External Bus Requests, Refresh Controller, and DMAC 

T2 

During a DMA transfer, if the bus right is requested by an external bus request signal (BREQ) or 
by the refresh controller, the DMAC releases the bus after completing the transfer of the current 
byte or word. If there is a transfer request at this point, the DMAC requests the bus right again. 
Figure 8-20 shows an example of the timing of insertion of a refresh cycle during a burst transfer 
on channel O. 

Refresh 
DMAC cycle (channel 0) ·1;Ycle ·1· 

DMAC cycle (channel 0) 

T1 T2 T1 T2 T1 T2 T1 T2 T1 T2 Td T1 T2 T1 T2 T1 T2 

" , , , , , , , , , 
I I I , I I I , , , , , , , 

Address J ~ ~ ~ ~ 0 ~ ~ bus , , , , , , : : : ! jU U 
' , U 

, 

Lr RD ' , I : , , , 

, 
: 
i 

U U U HWR, LWR : 
I 
I 

Figure 8-20 Bus Timing of Refresh Controller and DMAC 
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8.4.11 NMI Interrupts and DMAC 

NMI interrupts do not affect DMAC operations in short address mode. 

If an NMI interrupt occurs during a transfer in full address mode, the DMAC suspends operations. 
In full address mode, a channel is enabled when its DTE and DTME bits are both set to 1. NMI 
input clears the DTME bit to O. After transferring the current byte or word, the DMAC releases 
the bus to the CPU. In normal mode, the suspended transfer resumes when the CPU sets the 
DTME bit to 1 again. Check that the DTE bit is set to 1 and the DTME bit is cleared to 0 before 
setting the DTME bit to 1. 

Figure 8-21 shows the procedure for resuming a DMA transfer in normal mode on channel 0 after 
the transfer was halted by NMI input. 

Resuming DMA transfer 
in normal mode 

Set DTME to 1 

DMA transfer continues 

No 

2 

End 

1. Check that DTE = 1 and DTME - O. 
2. Read DTCRB while DTME - 0, 

then write 1 in the DTME bit. 

Figure 8-21 Procedure for Resuming a DMA Transfer Halted by NMI (Example) 

For information about NMI interrupts in block transfer mode, see section 8.6.6, NMI Interrupts 
and Block Transfer Mode. 
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8.4.12 Aborting a DMA Transrer 

When the OTE bit in an active channel is cleared to 0, the OMAC halts after transferring the 
current byte or word. The OMAC starts again when the OTE bit is set to l. In full address mode, 
the OTME bit can be used for the same purpose. Figure 8-22 shows the procedure for aborting a 
OMA transfer by software. 

OMA transfer abort 1. Clear the OTE bit to 0 in OTCA. 
To avoid generating an interrupt when 

I 
aborting a OMA transfer, clear the OTIE 
bit to 0 simultaneously. 

Set OTCR 1 

~ 
OMA transfer aborted 

Figure 8-22 Procedure ror Aborting a DMA Transrer 
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8.4.13 Exiting Full Address Mode 

Figure 8-23 shows the procedure for exiting full address mode and initializing the pair of 
channels. To set the channels up in another mode after exiting full address mode, follow the setup 
procedure for the relevant mode. 

Exiting full address mode 

I 
Halt the channel 

1 
Initialize DTCRS 

1 
Initialize DTCRA , 

Initialized and halted 

2 

3 

1. Clear the OTE bit to 0 in OTCRA, or wait 
for the transfer to end and the DTE bit 
to be cleared to O. 

2. Clear all OTCRS bits to O. 
3. Clear all OTCRA bits to O. 

Figure 8-23 Procedure for Exiting Full Address Mode (Example) 
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8.4.14 DMAC States in Reset State, Standby Modes, and Sleep Mode 

When the chip is reset or enters hardware or software standby mode, the DMAC is initialized. 
DMAC operations continue in sleep mode. Figure 8-24 shows the timing of a cycle-steal transfer 
in sleep mode. 

Sleep mode 
: .. , 

CPU cycl~l .. : DMACcycle 
! ~I I .. DMACcycle ~I ~ 

T2 Td T1 T2 T1 T2 Td T1 T2 T1 T2 Td 
(if 

: : : : , , , , , , , , , , , , , , 
Address bus ~ ~ ~ ~ ~ ~ C 

, , 

RD .-J U U 
HWR. LWR U U 

Figure 8-24 Timing of Cycle·Steal Transfer in Sleep Mode 
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8.5 Interrupts 

The OMAC generates only OMA-end interrupts. Table 8-13 lists the interrupts and their priority. 

Table 8-13 DMAC Interrupts 

Description 

Interrupt Short Address Mode Full Address Mode Interrupt Priority 

DENDOA End of transfer on channel OA End of transfer on channel 0 High 

i DENOOB End of transfer on channel OB 

OEN01A End oftransfer on channel1A End of transfer on channel 1 

OEN01 B End of transfer on channell B low 

Each interrupt is enabled or disabled by the OTIE bit in the corresponding data transfer control 
register (OTCR). Separate interrupt signals are sent to the interrupt controller. 

The interrupt priority order among channels is channel 0 > channell and channel A > channel B. 

Figure 8-25 shows the OMA-end interrupt logic. An interrupt is requested whenever OlE = 0 and 
OTIE= 1. 

OTE 

I 
1 OMA-end interrupt 

OTIE I 

Figure 8-25 DMA-End Interrupt Logic 

The DMA-end interrupt for the B channels (OENOB) is unavailable in full address mode. The 
DTME bit does not affect interrupt operations. 
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8.6 Usage Notes 

8.6.1 Note 00 Word Data Transfer 

Word data cannot be accessed starting at an odd address. When word-size transfer is selected. set 
even values in the memory and 110 address registers (MAR and IOAR). 

8.6.2 DMAC Self-Access 

The DMAC itself cannot be accessed during a DMAC cycle. DMAC registers cannot be specified 
as source or destination addresses. 

8.6.3 Loogword Access to Memory Address Registers 

A memory address register can be accessed as longword data at the MARR address. 

Example 

MOV.L 
MOVL 

#LBL.ERO 
ERO.@MARR 

Four byte accesses are performed. Note that the CPU may release the bus between the second byte 
(MARE) and third byte (MARR). 

Memory address registers should be written and read only when the DMAC is halted. 

8.6.4 Note on Full Address Mode Setup 

Full address mode is controlled by two registers: DTCRA and DTCRB. Care must be taken to 
prevent the B channel from operating in short address mode during the register setup. The enable 
bits (DTE and DTME) should not be set to 1 until the end of the setup procedure. 
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8.6.5 Note on Activating DMAC by Internal Interrupts 

When using an internal interrupt to activate the DMAC, make sure that the interrupt selected as 
the activating source does not occur during the interval after it has been selected but before the 
DMAC has been enabled. The on-chip supporting module that will generate the interrupt should 
not be activated until the DMAC has been enabled. H the DMAC must be enabled while the on­
chip supporting module is active, follow the procedure in figure 8-26. 

Yes 

Interrupt hand­
ling by CPU 

Enabling of OMAC 

No 

Clear selected interrupt's 
enable bit to 0 

Enable OMAC 

Set selected interrupt's 
enable bit to 1 

OMAC operates 

2 

3 

4 

1. While the OTE bit is cleared to 0, 
interrupt requests are sent to the 
CPU. 

2. Clear the interrupt enable bit to 0 
in the interrupt-generating on-chip 
supporting module. 

3. Enable the OMAC. 
4. Enable the OMAC-activating 

interrupt. 

Figure 8-26 Procedure for Enabling DMAC while On-Chip Supporting 
Module is Operating (Example) 

If the DTE bit is set to 1 but the DTME bit is cleared to 0, the DMAC is halted and the selected 
activating source cannot generate a CPU interrupt. If the DMAC is halted by an NMI interrupt, for 
example, the selected activating source cannot generate CPU interrupts. To terminate DMAC 
operations in this state, clear the DTE bit to 0 to allow CPU interrupts to be requested. To continue 
DMAC operations, carry out steps 2 and 4 in figure 8-26 before and after setting the DTME bit 
to I. 
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When an ITU interrupt activates the DMAC, make sure the next interrupt does not occur before 
the DMA transfer ends. If one ITU interrupt activates two or more channels, make sure the next 
interrupt does not occur before the DMA transfers end on all the activated channels. If the next 
interrupt occurs before a transfer ends, the channel or channels for which that interrupt was 
selected may fail to accept further activation requests. 

8.6.6 NMI Interrupts and Block Transrer Mode 

If an NMI interrupt occurs in block transfer mode, the DMAC operates as follows. 

• When the NMI interrupt occurs, the DMAC fmishes transferring the current byte or word, 
then clears the DTME bit to 0 and halts. The halt may occur in the middle of a block. 

It is possible to fmd whether a transfer was halted in the middle of a block by checking the 
block size COWlter. If the block size counter does not have its initial value, the transfer was 
halted in the middle of a block. 

If the transfer is halted in the middle of a block, the activating interrupt flag is cleared to O. 
The activation request is not held pending. 

• While the D1E bit is set to 1 and the DTME bit is cleared to 0, the DMAC is halted and does 
not accept activating interrupt requests. H an activating interrupt occurs in this state, the 
DMAC does not operate and does not hold the transfer request pending internally. Neither is a 
CPU interrupt requested. 

For this reason, before setting the DTME bit to I, first clear the enable bit of the activating 
interrupt to O. Then, after setting the DTME bit to 1, set the interrupt enable bit to 1 again. 
See section 8.6.5, Note on Activating DMAC by Internal Interrupts. 

• When the DTME bit is set to I, the DMAC waits for the next transfer request. If it was halted 
in the middle of a block transfer, the rest of the block is transferred when the next transfer 
request occurs. Otherwise, the next block is transferred when the next transfer request occurs. 

8.6.7 Memory and I/O Address Register Values 

Table 8-14 indicates the address ranges that can be specified in the memory and I/O address 
registers (MAR and IOAR). 
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Table 8-14 Address Ranges Speciraable in MAR and IOAR 

1-Mbyte Mode 16-Mbyte Mode 

MAR H'OOOOO to H'FFFFF H'OOooOO to H'FFFFFF 
(0 to 1 048575) (0 to 16777215) 

IOAR H'FFFOa to H'FFFFF H'FFFFOO to H'FFFFFF 
(1048320 to 1048575) (16776960 to 16777215) 

MAR bits 23 to 20 are ignored in I-Mbyte mode. 

8.6.8 Bus Cycle when Transrer is Aborted 

When a transfer is aborted by clearing the DTE bit or suspended by an NMI that clears the DTME 
bit, if this halts a channel for which the DMAC has a transfer request pending internally, a dead 
cycle may occur. This dead cycle does not update the halted channel's address register or counter 
value. Figure 8-27 shows an example in which an auto-requested transfer in cycle-steal mode on 
channel 0 is aborted by clearing the DTE bit in channel O. 

CPU cycle .1. DMACcycie .1. CPU cycle I DMAC 
•• cycle .1. CPU cycle 

T, T2 Td T, T2 T, T2 iT, T2 T3 :Td Td T, T2 

" 
I 
I 
I 
I 

Address bus ~ ~ X ~ X 
I 

AD -U U Lr 
HWA,LWA U 

:- -, 
I DTE bit is I 

cleared 

Figure 8-27 Bus Timing at Abort or DMA Transrer in Cycle-Steal Mode 
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Section 9 I/O Ports 

9.1 Overview 

The H8/3042 Series has 10 input/output ports (pons 1,2,3,4,5,6,8,9, A, and B) and one input 
port (port 7). Table 9-1 summarizes the port functions. The pins in each port are multiplexed as 
shown in table 9-1. 

Each port has a data direction register (DDR) for selecting input or output, and a data register (DR) 
for storing output data. In addition to these registers, ports 2, 4, and 5 have an input pull-up control 
register (PeR) for switching input pull-up transistors on and off. 

Ports 1 to 6 and port 8 can drive one TIL load and a 9O-pF capacitive load. Pons 9, A, and B can 
drive one TIL load and a 30-pF capacitive load. Ports 1 to 6 and 8 to B can drive a darlington pair. 
Ports 1,2, 5, and B can drive LEDs (with 10-mA current sink). Pins P82 to P8o. PA7 to PAa. and 
PB3 to PBo have Schmitt-trigger input circuits. 

For block diagrams of the ports see appendix C, I/O Port Block Diagrams. 
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Table 9-1 Port Functions (1) 

Port Description Pins 

Port 1 • 8-bit I/O port P17 to P1o' 
• Can drive LEOs A7 to 140 

Port 2 • 8-bit I/O port P27 to P2o' 
• Input pun-up A'5 to As 
• Can drive LEOs 

Port 3 • 8-bit I/O port P~ to P3o' 
0'5 to 08 

Port 4 • 8-bit I/O port 
• Input pun-up 

Port 5 • 4-bit I/O port PSa to P5o' 
• Input pun-up A'9 to A,a 
• Can drive LEOs 

Port 6 • 7-bit I/O port P6a/LWR. 
P6s/HWR. 
P64/RD. 
P6;¥AS 

PSiBACK. 
ps,/BREa. 
P6o'WAlT 

Port 7 • 8-bit input port P7iANiDA,. 

Port 8 

P7r1ANriDAo 

P75 to P701 
AN5toANo 

• 5-bit I/O port P8iO'SO 
• P~ to PSg have 
Schmitt inputs 

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6" 

Address output pins (A7 to 140) 

Address output pins (A'5 to As) 

Data input/output (0,5 to 08) 

Address output (A7 to Generic 
Ao> and generic input input/ 
DDR = 0: output 
generic input 
DDR = 1: 
address output 

Address output (A'5 to 
As) and generic input 
DDR=O: 
generic input 
DDR = 1: 
address output 

Generic 
input! 
output 

Generic 
input/ 
output 

Data input/output (07 to Do) and 8-bit generic input/output 
8-bit bus mode: generic input/output 

Generic 
input! 
output 16-bit bus mode: data input/output 

Address output (A'9 to A,a> Address output (A'9 to Generic 
A,a> and generic input input! 
DDR = 0: output 
generic input 
DDR = 1: 
address output 

Bus control signal output (LWR. HWR. RD. AS) Generic 
input! 
output 

Bus control signal input/output (BACK. BREa. WAIT) and 
3-bit generic input/output 

Analog input (AN7• ANa) to AID converter. analog output (DA,. 0140) 
from D/A converter. and generic input 

Analog input (AN5 to ANo) to AID converter. and generic input 

DDR = 0: generic input 
DDR = 1 (reset value): 0S0 output 

Generic 
input! 
output 

P8:¥os;!I'R03. IR03 to lR01 input, ~ to ~ output, and generic input fR03 to 
PSiOSiTRC:i2. DDR = 0 (reset value): generic input IRao 
P8,/~ DDR = 1: OS; to OS; output input and 
-P-8o':"'R-F-=S:"'FV-I-R':"'O-o-IR-ao-i-np-ut-.-R":'F-S-R-o"':u:"tp-ut":'.-a-nd-g-e-n-e-ric-i-np-utl-ou-tp-u-t--- generic 
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Table 9·1 Port Functions (1) (cont) 

Port Description 

Port 9 • 6-bit I/O port 

Port A • &-bit 110 port 
• Schmitt inputs 

Pins Mod., Mode 2 Mode 3 Mode 4 Mode 5 Mode 617 

P9!1SCK,/IROS. Inputandoutput(SCK,. SCKo. RxD,. RxDo• TxD,. TxDo) for serial 
P9...'SCKo/fRCl4. communication interfaces 1 and 0 (SCI1/0). IR05 and IRO.; input, and 
P9a'RxD,. 6-bit generic input/output 
P9iRxDo. 
P9,ITxD,. 
P901TxDo 
PA.,rrPi 
TJOCBiA20 

PAefTPe/ 
TIOCAiA21. 

PAsfTP!I 
TIOCB,!A22• 

PA.ITP...' 
TIOCA,/A23 

Output (TP7) 

from pr0-

grammable 
timing pattem 
controller (TPC). 
input or output 
(T1OCSz) for 
16-bit integrated 
timer-pulse unit 
(ITU).and 
generic input/ 
output 

TPC output 
(TPs to TP4). 
ITU input and 
output (TIOCA2• 

TIOCB,. 
TIOCA,). and 
generic input/ 
output 

Address output TPC output (TP7). ITU input or 
(A20) output (TIOCSz). and generic 

input/output 

TPCoutput 
(TPs to TP4). 
ITU input and 
output (TIOCA2• 

TIOCB,. 
TIOCA,). 
address output 
(AzJ to A2,). 

and generic 
input/output 

TPC output (TP s to TP 4). ITU 
input and output (TIOCAz. 
TIOCB,. TIOCA,). and generic 
input/output 

PAa'TPa' TPC output (TP3 to TPo). output ("TEN!),. TENDo) from DMA controller 
TIOCBoITClKD. (DMAC). ITU input and output (TClKD. TClKC. TClKB. TClKA. 
PAiTPi TIOCBo. TIOCAo). and generic input/output 
TIOCAoITClKC. 
PA,ITP,I 
TENt51ITClKB. 
PAoITPoI 
1'ENl)oITClKA 

Port B • 8-bit I/O port PB~P,sI TPC output (TP,s to TPs). DMAC input (OREal. O'R"EQ(;). trigger 
• Can drive LEOs 0REa,"/~. input (~) to AID converter. ITU input and output (TOCXB4• 
• pea to PBo PBalTP'41 TOCXA.. TIOCB4• TIOCA4• TIOCea. TIOCA3). and 8-bit generic 

have Schmitt 1mEOo. input/output 
inputs PBsfTP,ai 

TOCXB4• 
PB4ITP,i 
TOCXA.. 
PBalTP,,! 
TIOCB4• 
PBiTP,oI 
TIOCA.. 
PB,ITPglTIOCea. 
PBoITPglTIOCA3 
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9.2 Port 1 

9.2.1 Overview 

Port 1 is an 8-bit input/output port with the pin configuration shown in figure 9-1. The pin functions 
differ between the expanded modes with on-chip ROM disabled, expanded mode with on-chip 
ROM enabled, and single-chip modes. In modes 1 to 4 (expanded modes with on-chip ROM 
disabled), they are address bus output pins (A7 to AW. 

In mode 5 (expanded mode with on-chip ROM enabled), settings in the port 1 data direction 
register (PIDDR) can designate pins for address bus output (A7 to Ao) or generic input. In modes 6 
and 7 (single-chip modes), port 1 is a generic input/output port 

When DRAM is connected to area 3, A7 to Ao output row and column addresses in read and write 
cycles. For details see section 7, Refresh Controller. 

Pins in port 1 can drive one TIL load and a 90-pF capacitive load. They can also drive a darlington 
transistor pair. 

Port 1 pins Modes 1 to 4 ModeS Modes 6 and 7 

P17/A7 A7 (output) P1 7 (input)/A7 (output) P1 7 (inpUt/output) 

P1 s/As As (output) P1 s (input)lAs (output) P1 s (input/output) 

P1 s/As As (output) P1 s (input)/As (output) P1 s (input/output) 

P1 4/A4 A4 (output) P1 4 (input)lA4 (output) P1 4 (input/output) 
Port 1 

P13/A3 A3 (output) P1 3 (input)/A3 (output) P1 3 (input/output) 

P1 2/A2 A2 (output) P1 2 (input)/A2 (output) P1 2 (input/output) 

P1 1/A1 A1 (output) P1 1 (input)/A 1 (output) P1 1 (input/output) 

P1 o/Ao Ao (output) P1 0 (input)/Ao (output) P1 0 (input/output) 

Figure 9·1 Port 1 Pin Configuration 
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9.2.2 Register Descriptions 

Table 9-2 summarizes the registers of port l. 

Table 9-2 Port 1 Registers 

Initial Value 

Address· Name Abbreviation RIW Modes 1 to 4 Mode. 5 to 7 

H'FFCO Port 1 data direction register P1DDR w H'FF H'OO 

H'FFC2 Port 1 data register P1DR RIW H'OO H'OO 

Note: • lower 16 bits of the address. 

Port 1 Data Direction Register (PlDDR): PIDDR is an 8-bit write-only register that can select 
input or output for each pin in port 1. 

Bit 7 6 5 4 3 2 1 0 

I P17DDRI P1&DDRI P1sDDRI P14DDRlp13DDRlp12DDRI P11DDRlp10DDRI 

Modes{lnitial value 1 1 1 1 1 1 1 1 
1 to 4 ReadlWrite _ _ _ _ _ _ _ _ 

Modes{lnitial value 0 0 0 0 0 0 0 0 
5 to 7 ReadlWrite W W W W W W W W 

Port 1 data direction 7 to 0 
These bits select input or 
output for port 1 pins 

Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): PIDDR values are fixed at 1 
and cannot be modified. Port 1 functions as an address bus. 

Mode S (Expanded Mode with On-Chip ROM Enabled): A pin in port 1 becomes an address 
output pin if the corresponding PlDDR bit is set to 1, and a generic input pin if this bit is cleared 
toO. 

Modes 6 and 7 (Single-Chip Modes): Port 1 functions as an input/output port. A pin in port 1 
becomes an output pin if the corresponding PIDDR bit is set to I, and an input pin if this bit is 
cleared to O. 
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In modes 5 to 7, PlDDR is a write-only register. Its value cannot be read. Ail bits return 1 when 
read. 

PIDDR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a PlDDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 

Port I Data Register (PI DR): PlDR is an 8-bit readable/writable register that stores data for pins 
PI7 toPIo· 

Bit 7 6 5 4 3 2 0 

P17 P16 P1s P14 P13 P12 P11 P10 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Port 1 data 7 to 0 
These bits store data for port 1 pins 

When a bit in PlDDR is set to 1, if port 1 is read the value of the corresponding PIDR bit is 
returned directly, regardless of the actual state of the pin. When a bit in PIDDR is cleared to 0, if 
port 1 is read the corresponding pin level is read 

PIDR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.2.3 Pin Functions in Each Mode 

The pin functions of port 1 differ between modes 1 to 4 (expanded modes with on-chip ROM 
disabled), mode 5 (expanded mode with on-chip ROM enabled), and modes 6 and 7 (single-chip 
modes). The pin functions in each mode are described below. 

Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): All pins of port 1 automatically 
become address output pins. Figure 9-2 shows the pin functions in modes 1 to 4. 

A7 (output) 

As (output) 

As (output) 

A4 (output) 
Port 1 

A3 (output) 

A2 (output) 

Al (output) 

Ao (output) 

Figure 9-2 Pin Functions in Modes 1 to 4 (Port 1) 
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Mode 5 (Expanded Mode with On-Chip ROM Enabled): Address outpUt or generic input can be 
selected for each pin in port 1. A pin becomes an address output pin if the corresponding PIODR 
bit is set to I, and a generic input pin if this bit is cleared to O. Following a reset, all pins are input 
pins. To use a pin for address output, its PIODR bit must be set to 1. Figure 9-3 shows the pin 
functions in mode 5. 

When P1 DDR = 1 When P1 DDR = 0 

A7 (output) P1 7 (input) 

As (output) P1 s (input) 

As (output) P1s (input) 

A4 (output) P1 4 (input) 
Port 1 

A3 (output) P1 3 (input) 

A2 (output) P12 (input) 

A1 (output) P1 1 (input) 

Ao (output) P1 0 (input) 

Figure 9-3 Pin Functions in Mode 5 (Port 1) 

Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 1. A pin becomes an output pin if the corresponding PIODR bit is set to I, and an input pin if 
this bit is cleared to O. Figure 9-4 shows the pin functions in modes 6 and 7 . 

Port 1 

..... -. P1 7 (inpuUoutput) 

..... -. P1 s (inpuUoutput) 

P1 s (inpuUoutput) 

..--. P1 4 (inpuUoutput) 

..--. P1 3 (inpuVoutput) 

.---. P1 2 (inpuUoutput) 

..--. P1 1 (inpuVoutput) 

..--. P1 0 (inpuUoutput) 

Figure 9-4 Pin Functions in Modes 6 and 7 (Port 1) 
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9.3 Port 2 

9.3.1 Overview 

Port 2 is an 8-bit input/output port with the pin configuration shown in figure 9-5. 

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 2 consists of address bus 
output pins (A1S to Ag). In mode 5 (expanded mode with on-chip ROM enabled), settings in the 
port 2 data direction register (P2DDR) can designate pins for address bus output (A1s to As) or 
generic inpuL In modes 6 and 7 (single-chip modes), port 2 is a generic input/output porL 

When DRAM is connected to area 3, At] and As output row and column addresses in read and write 
cycles. For details see section 7, Refresh Controller. 

Port 2 has software-programmable built-in pull-up transistors. Pins in port 2 can drive one TIL 
load and a 90-pF capacitive load. They can also drive a darlington transistor pair. 

Port 2 pins Modes 1 to 4 ModeS Modes 6 and 7 

P27/A '5 A '5 (output) P27 (input)/A,S (output) P27 (input/output) 

P26/A'4 A'4 (output) P26 (input)/A'4 (output) P26 (input/output) 

P2s/A'3 A'3 (output) P2s (input)/A'3 (output) P2s (input/output) 

P24/A'2 A'2 (output) P24 (input)/A'2 (output) P24 (input/output) 
Port 2 

P23/A'l All (output) P23 (input)/Al1 (output) P23 (input/output) 

P22/A '0 A'0 (output) P22 (input)/A'0 (output) P22 (input/output) 

P2,/Ag Ag (output) P2, (input)/Ag (output) P2, (input/output) 

P2o/As As (output) P20 (input)/As (output) P20 (input/output) 

Figure 9-5 Port 2 Pin Configuration 

247 



9.3.2 Register Descriptions 

Table 9-3 summarizes the registers of port 2. 

Table 9-3 Port 2 Registers 

Initial Value 

Address· Name Abbreviation RIW Modes 1 to 4 Modes 5 to 7 

H'FFC1 Port 2 data direction register P2DDR W H'FF H'OO 

H'FFC3 Port 2 data register P2DR RIW H'OO H'OO 

H'FFD8 Port 2 input pull-up control register P2PCR RIW H'OO H'OO 

Note: • lower 16 bits of the address. 

Port 2 Data Direction Register (P2DDR): P2DDR is an 8-bit write-only register that can select 
input or output for each pin in port 2. 

Bit 7 6 5 4 3 2 1 0 

I P27DDR I P26DDRI P2sDDRI P24DDRI P23DDR I P22DDR I P21 DDRI P20DDR I 

MOdes{lnitial value 1 1 1 1 1 1 1 1 
1 to 4 ReadlWrite _ _ _ _ _ _ _ _ -

MOdes{lnitial value 0 0 0 0 0 0 0 0 
5t07 ReadlWrite W W W W W W W W 

Port 2 data direction 7 to 0 
These bits select input or 
output for port 2 pins 

Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): P2DDR values are fixed at 1 
and cannot be modified. Port 2 functions as an address bus. 

Mode 5 (Expanded Mode with On-Chip ROM Enabled): A pin in port 2 becomes an address 
output pin if the corresponding P2DDR bit is set to 1, and a generic input pin if this bit is cleared 
toO. 

Modes 6 and 7 (Single-Chip Modes): Port 2 functions as an input/output port. A pin in port 2 
becomes an output pin if the corresponding P2DDR bit is set to 1, and an input pin if this bit is 
cleared to O. 
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In modes 5 to 7, P2DDR is a write-only register. Its value cannot be read. All bits return 1 when 
read. 

P2DDR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. H a P2DDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 

Port 2 Data Register (P2DR): P2DR is an 8-bit readable/writable register that stores data for pins 
~toP20. 

Bit 7 6 5 4 3 2 1 0 

P27 P26 P2s P24 P23 P22 P21 P20 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite R!W R!W RIW RIW RIW RIW RIW R!W 

Port 2 data 7 to 0 
These bits store data for port 2 pins 

When a bit in P2DDR is set to 1, if port 2 is read the value of the corresponding P2DR bit is 
returned directly, regardless of the actual state of the pin. When a bit in P2DDR is cleared to 0, if 
port 2 is read the corresponding pin level is read. 

P2DR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 

Port 2 Input Pull-Up Control Register (P2PCR): P2PCR is an 8-bit readable/writable register 
that controls the MOS input pull-up transistors in port 2. 

Bit 7 6 5 4 3 2 1 0 

Ip27PCRlp26PCRlp2sPCRlp24PCRlp23PCRlp22PCRlp21PCRlp20P~ 
Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Port 2 Input pull-up control 7 to 0 
These bits control input pull-up 
transistors built into port 2 

In modes 5 to 7, when a P2DDR bit is cleared to 0 (selecting generic input), if the corresponding bit 
from P27PCR to P20PCR is set to 1, the input pull-up transistor is turned on. 

P2PCR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.3.3 Pin Functions in Each Mode 

The pin functions of port 2 differ between modes 1 to 4 (expanded modes with on-chip ROM 
disabled), mode 5 (expanded mode with on-chip ROM enabled), and modes 6 and 7 (single-chip 
modes). The pin functions in each mode are described below. 

Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): All pins of port 2 automatically 
become address output pins. Figure 9-6 shows the pin functions in modes 1 to 4. 

A15 (output) 

A14 (output) 

A13 (output) 

Port 2 
A12 (output) 

All (output) 

A l0 (output) 

Ag (output) 

As (output) 

Figure 9-6 Pin Functions in Modes 1 to 4 (Port 2) 
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Mode 5 (Expanded Mode with On-Chip ROM Enabled): Address output or generic input can be 
selected for each pin in port 2. A pin becomes an address output pin if the corresponding P2DDR 
bit is set to I, and a generic input pin if this bit is cleared to O. Following a reset, all pins are input 
pins. To use a pin for address output, its P2DDR bit must be set to 1. Figure 9-7 shows the pin 
functions in mode 5. 

When P2DDR = 1 When P2DDR = 0 

A 1S (output) P27 (input) 

A14 (output) P2s (input) 

A 13 (output) P2s (input) 

A12 (output) P24 (input) 
Port 2 

All (output) P23 (input) 

A l0 (output) P22 (input) 

Ag (output) P2 l (input) 

As (output) P20 (input) 

Figure 9-7 Pin Functions in Mode 5 (port 2) 

Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
pon 2. A pin becomes an output pin if the corresponding P2DDR bit is set to I, and an input pin if 
this bit is cleared to O. Figure 9-8 shows the pin functions in modes 6 and 7. 

Port 2 

I+---i~ P27 (input/output) 

14----i~ P2s (input/output) 

14----i~ P2s (input/output) 

14----i~ P24 (input/output) 

/4--- P23 (input/output) 

I+---i~ P22 (input/output) 

14----i~ P2l (input/output) 

t.--_ P20 (input/output) 

Figure 9-8 Pin Functions in Modes 6 and 7 (Port 2) 

251 



9.3.4 Input Pull-Up Transistors 

Port 2 has built-in MOS input pull-up transistors that can be controlled by software. These input 
pull-up transistors can be used in modes 5 to 7. They can be turned on and otT individually. 

In modes 5 to 7, when a P2PCR bit is set to 1 and the corresponding P2DDR bit is cleared to 0, the 
input pull-up transistor is turned on. 

The input pull-up transistors are turned otT by a reset and in hardware standby mode. In software 
standby mode they retain their previous state. 

Table 9-4 summarizes the states of the input pull-up transistors. 

Table 9-4 Input Pull-Up Transistor States (Port 2) 

Mode 

1 
2 
3 
4 

5 
6 
7 

Legend 

Reset Hardware Standby Mode 

Off Off 

Off Off 

Off: The input pull-up transistor is always off. 

Software Standby Mode Other Modes 

Off Off 

On/off On/off 

On/off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = o. Otherwise, it is off. 
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9.4 Port3 

9.4.1 Overview 

Port 3 is an 8-bit input/output port with the pin configuration shown in figure 9-9. Port 3 is a data 
bus in modes 1 to 5 (expanded modes) and a generic input/output port in modes 6 and 7 (single­
chip modes). 

Pins in port 3 can drive one TIL load and a 9O-pF capacitive load. They can also drive a darlington 
transistor pair. 

Port 3 pins Modes 1 to 5 Modes 6 and 7 

P37/01S 0 15 (inpuVoutput) P37 (input/output) 

P36/014 0 14 (inpuVoutput) P36 (input/output) 

P3S/013 0 13 (inpuVoutput) P3s (input/output) 

P34/012 0 12 (inpuVoutput) P34 (input/output) 
Port 3 

P33/011 011 (inpuVoutput) P33 (input/output) 

P32/010 010 (inpuVoutput) P32 (input/output) 

P31/09 Og (inpuVoutput) P31 (input/output) 

P30/0e Oe (inpuVoutput) P30 (input/output) 

Figure 9-9 Port 3 Pin Configuration 

9.4.2 Register Descriptions 

Table 9-5 summarizes the registers of port 3. 

Table 9·5 Port 3 Registers 

Address· Name Abbreviation RIW Initial Value 

H'FFC4 Port 3 data direction register P300R w H'OO 

H'FFC6 Port 3 data register P30R RIW H'OO 

Note: • Lower 16 bits of the address. 
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Port J Data Direction Register (PJDDR): P3DDR is an 8-bit write-only register that can select 
input or output for each pin in port 3. 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

I P37DDRI P3sQDRI P3sDDRI P34DDAI P33DDR I P32DDR I P3, DDRI P30DDA I 
o 0 0 0 0 0 0 0 

W W W W W W W W 

Port 3 data direction 7 to 0 
These bits seled input or output for port 3 pins 

Modes 1 to 5 (Expanded Modes): Port 3 functions as a data bus. P3DDR is ignored. 

Modes 6 and 7 (Single-Chip Modes): Port 3 functions as an input/output port. A pin in port 3 
becomes an output pin if the corresponding P3DDR bit is set to 1. and an input pin if this bit is 
cleared to O. 

P3DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

P3DDR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P3DDR bit is set to 1. the corresponding pin maintains its output 
state in software standby mode. 

Port J Data Register (PJDR): P3DR is an 8-bit readable/writable register that stores data for pins 
P~toP3o· 

Bit 7 6 5 4 3 2 0 

P37 P3s P3s P34 P33 P32 P3, P30 

Initial value 0 0 0 0 0 0 0 0 

AeadlWrite AIW R!W RIW RIW RIW RIW RIW RIW 

Port 3 data 7 to 0 
These bits store data for port 3 pins 

When a bit in P3DDR is set to I, if port 3 is read the value of the corresponding P3DR bit is 
returned directly. regardless of the actual state of the pin. When a bit in P3DDR is cleared to 0, if 
port 3 is read the corresponding pin level is read. 

P3DR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.4.3 Pin Functions in Each Mode 

The pin functions of port 3 differ between modes 1 to 5 (expanded modes), and modes 6 and 7 
(single-chip modes). The pin functions in each mode are described below. 

Modes 1 to 5 (Expanded Modes): All pins of port 3 automatically become data input/output pins. 
Figme 9-10 shows the pin functions in modes 1 to 5. 

Port 3 

14---<~ 0 15 (input/output) 

14---<~ 0 14 (inpuVoutput) 

14---<~ 0 13 (inpuVoutput) 

14---<~ 0 12 (input/output) 

14---'-"~ 0 11 (inpuVoutput) 

14--~ 0 10 (inpuVoutput) 

14---'-"~ 09 (input/output) 

14---'-"~ 08 (inpuVoutput) 

Figure 9-10 Pin Functions in Modes 1 to 5 (Port 3) 

Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 3. A pin becomes an output pin if the corresponding P3DDR bit is set to I, and an input pin if 
this bit is cleared to O. Figure 9-11 shows the pin functions in modes 6 and 7. 

Port 3 

14--~ P37 (input/output) 

14--~ P3s (input/output) 

14--~, P35 (input/output) 

14--~ P34 (input/output) 

14--~ P33 (input/output) 

14----,~ P32 (input/output) 

14--~ P31 (input/output) 

14--~ P30 (input/output) 

Figure 9-11 Pin Functions in Modes 6 and 7 (Port 3) 
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9.S Port 4 

9.5.1 Overview 

Port 4 is an 8-bit input/output port with the pin configuration shown in figure 9-12. The pin 
functions differ between the 8-bit bus modes and modes 6 and 7 (single-chip modes), and the 16-bit 
bus modes. 

In modes 1 to 5 (expanded modes), when the bus width control register (ABWCR) designates areas 
o to 7 all as 8-bit-access areas, the chip operates in 8-bit bus mode and port 4 is a generic 
input/output port. When at least one of areas 0 to 7 is designated as a 16-bit-access area, the chip 
operates in 16-bit bus mode and port 4 becomes part of the data bus. In modes 6 and 7 (single-chip 
modes), port 4 is a generic input/output port. 

Port 4 has software-programmable built-in pull-up transistors. 

Pins in port 4 can drive one TIL load and a 90-pF capacitive load. They can also drive a darlington 
transistor pair. 

Port 4 pins a-bit bus mode ·1 
and modes 6 and 7 

P47/07 P47 (input/output) 

P4s/Ds P4s (input/output) 

P4s/Os P4s (input/output) 

P44 /D4 P44 (input/output) 
Port 4 

P43/D3 P43 (input/output) 

P42 /02 P42 (input/output) 

P41 /01 P41 (input/output) 

P40 /Do P40 (input/output) 

Notes: 1. Initial state in modes 1, 3, and 5. 
2. Initial state in modes 2 and 4. 

Figure 9-12 Port 4 Pin Configuration 
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16-blt bus mode *2 

0 7 (input/output) 

Os (input/output) 

05 (input/output) 

0 4 (input/output) 

0 3 (input/output) 

O2 (input/output) 

D1 (input/output) 

Do (input/output) 



9.5.2 Register Descriptions 

Table 9-6 summarizes the registers of port 4. 

Table 9-6 Port 4 Registers 

Addr .... Nam. Abbreviation RIW Initial Valu. 

H'FFC5 Port 4 data direction register P4DDR w H'OO 

H'FFC7 Port 4 data register P4DR RIW H'OO 

H'FFDA Port 4 input pull-up control register P4PCR RIW H'OO 

Note: • Lower 16 bits of the address. 

Port 4 Data Direction Register (P4DDR): P4DDR is an 8-bit write-only register that can select 
input or output for each pin in port 4. 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

I P47DDR I P46DDRI P4sDDR! P44DDR! P43DDR I P42DDR! P41 DDR I P40DDR! 

o 0 0 0 0 0 0 0 

W W W W W W W W 

Port 4 data direction 7 to 0 
These bits select input or output for port 4 pins 

8-Bit Bus Mode in Modes 1 to 5 (Expanded Modes): When all areas are designated as 
8-bit-access areas, selecting 8-bit bus mode, port 4 functions as a generic input/output port. A pin in 
port 4 becomes an output pin if the corresponding P4DDR bit is set to 1, and an input pin if this bit 
is cleared to O. 

lti-Bit Bus Mode in Modes 1 to 5 (Expanded Modes): When at least one area is designated as a 
I6-bit-access area, selecting 16-bit bus mode, port 4 functions as part of the data bus. 

Modes It and 7 (Single-Chip Modes): Port 4 functions as an input/output port. A pin in port 4 
becomes an output pin if the corresponding P4DDR bit is set to 1, and an input pin if this bit is 
cleared to O. 

P4DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

P4DDR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 

257 



ABWCR and P4DDR are not initialized in software standby mode. When port 4 functions as a 
generic input/output port, if a P4DDR bit is set to 1, the corresponding pin maintains its output state 
in software standby m9(le. 

Port 4 Data Register (P4DR): P4DR is an 8-bit readable/writable register that stores data for pins 
P~toP40· 

Bit 7 6 5 4 3 2 0 

P47 P46 P4s P44 P43 P42 P41 P40 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Port 4 data 7 to 0 
These bits store data for port 4 pins 

When a bit in P4DDR is set to 1, if port 4 is read the value of the corresponding P4DR bit is 
returned directly, regardless of the actual state of the pin. When a bit in P4DDR is cleared to 0, if 
port 4 is read the corresponding pin level is read. This applies in both 8-bit and I6-bit bus modes. 

P4DR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 

Port 4 Input Pull-Up Control Register (P4PCR): P4PCR is an 8-bit readable/writable register 
that controls the MOS input pull-up transistors in port 4. 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

Ip47PCRlp46PCRlp4SPCRlp44PCRlp43PCRlp42PCRlp41PCRlp40PCRI 

o 0 0 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW RIW RIW 

Port 4 Input pull-up control 7 to 0 
These bits control input pull-up transistors built into port 4 

In modes 6 and 7 (single-chip modes), and in 8-bit bus mode in modes 1 to 5 (expanded modes), 
when a P4DDR bit is cleared to 0 (selecting generic input), if the corresponding P4PCR bit is set 
to 1, the input pull-up transistor is turned on. 

P4PCR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.5.3 Pin Functions in Each Mode 

The functions of port 4 differ depending on whether 8-bit or 16-bit bus mode is selected by 
ABWCR settings. The pin functions in each mode are described below. 

8-Bit Bus Mode in Modes 1 to 5 (Expanded Modes): Input or output can be selected separately 
for each pin in port 4. A pin becomes an output pin if the corresponding P4DDR bit is set to 1 and 
an input pin if this bit is cleared to O. Figure 9-13 shows the pin functions in 8-bit bus mode. This is 
the initial state in modes 1,3, and S. 

Port 4 

14---j~ P47 (input/output) 

14----<~ P46 (input/output) 

t-----<~ P4s (input/output) 

t-----<~ P44 (input/output) 

14----<~ P43 (input/output) 

t---~ P42 (input/output) 

~-~ P41 (input/output) 

~-~ P40 (input/output) 

Figure 9-13 Pin Functions in 8-Bit Bus Mode (Port 4) 
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16·Bit Bus Mode in Modes 1 to 5 (Expanded Modes): The input/output settings in P4DDR are 
ignored. All pins of port 4 automatically become data input/output pins. Figure 9-14 shows the pin 
functions in 16-bit bus mode. This is the initial state in modes 2 and 4. 

Port 4 

14--. 0 7 (input/output) 

14--. 0 6 (input/output) 

/4--. Os (input/output) 

/4--. 0 4 (input/output) 

1+--. 0 3 (input/output) 

/4--. O2 (input/output) 

14--. 0 1 (input/output) 

/4--. Do (input/output) 

Figure 9·14 Pin Functions in 16·Bit Bus Mode (Port 4) 

Modes 6 and 7 (Single·Chip Modes): Input or output can be selected separately for each pin in 
port 4. A pin becomes an output pin if the corresponding P4DDR bit is set to 1 and an input pin if 
this bit is cleared to O. Figure 9-15 shows the pin functions in modes 6 and 7. 

Port 4 

14--. P47 (input/output) 

14--. P46 (input/output) 

1+--. P4s (input/output) 

t---- P44 (input/output) 

14--. P43 (input/output) 

/4--. P42 (input/output) 

/4--. P41 (input/output) 

/4--. P40 (input/output) 

Figure 9·15 Pin Functions in Modes 6 and 7 (Port 4) 
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9.5.4 Input PuIl.Up Transistors 

Port 4 has built-in MOS input pull-up transistors that can be controlled by software. These input 
pull-up transistors can be used in modes 6 and 7 (single-chip modes) and in 8-bit bus mode in 
modes 1 to 5 (expanded modes). They can be turned on and off individually. 

In modes 6 and 7 and in 8-bit bus mode in modes 1 to 5, when a P4PCR bit is set to 1 and the 
corresponding P4DDR bit is cleared to 0, the input pull-up transistor is turned on. 

The input pull-up transistors are turned off by a reset and in hardware standby mode. In software 
standby mode they retain their previous state. 

Table 9-7 summarizes the states of the input pull-ups in the 8-bit and 16-bit bus modes. 

Table 9·7 Input PuIl·Up Transistor States (port 4) 

Hardware Software 
Mode Reset Standby Mode Standby Mode Other Modes 

1 to 5 a-bit bus mode Off Off On/off On/off 

16-bit bus mode Off Off 

6, 7 On/off On/off 

Legend 
Off: The input pull-up transistor is always off. 
On/off: The input pull-up transistor is on if P4PCR == 1 and P4DDR = O. Otherwise, it is off. 
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9.6 PortS 

9.6.1 Overview 

Port S is a 4-bit input/output port with the pin configuration shown in figure 9-16. The pin functions 
differ depending on the operating mode. 

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port S consists of address output 
pins. In mode S (expanded mode with on-chip ROM enabled), settings in the port S data direction 
register (PSDDR) designate pins for address bus output (A19 to Al~ or generic input. In modes 6 
and 7 (single-chip modes), port S is a generic input/output port. 

Port S has software-programmable built-in puD-up transistors. 

Pins in port S can drive one TIL load and a 90-pF capacitive load. They can also drive a LED or a 
darlington transistor pair. 

Port 5 Modes 1 to 4 Mode 5 Modes6and7 
pins 

P53 /A 19 A19 (output) P53 (input)/A19 (output) P53 (input/output) 

Port 5 
P52/A 18 A18 (output) P52 (input)/A18 (output) P52 (input/output) 

P5 l /A 17 A17 (output) P5 l (input)/A17 (output) P5 l (input/output) 

P50 /A 16 A16 (output) P50 (input)/A16 (output) P50 (input/output) 

Figure 9-16 Port 5 Pin Configuration 

9.6.2 Register Descriptions 

Table 9-8 summarizes the registers of port 5. 

Table 9-8 Port 5 Registers 

Initial Value 

Address· Name Abbreviation RIW Modes 1 to 4 Modes 5 to 7 

H'FFC8 Port 5 data direction register P5DDR W H'FF H'FO 

H'FFCA Port 5 data register P5DR RIW H'FO H'FO 

H'FFDB Port 5 input pull-up control register P5PCR RIW H'FO H'FO 

Note: • Lower 16 bits of the address. 
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Port 5 Data Direction Register (PSDDR): P5DDR is an 8-bit write-only register that can select 
input or output for each pin in port 5. 

Bit 7 6 5 4 3 2 1 0 

I I P53DDR I P52DDR I P5 1 DDR I P50DDR I 
Modes {Initial value 1 1 1 1 1 1 

1 to 4 ReadlWrite 

Modes {Initial value 1 1 0 0 0 0 

5 to 7 ReadlWrite W W W W 

Reserved bits Port 5 data direction 3 to 0 
These bits seled input or 
output for port 5 pins 

Modes 1 to 4: P5DDR values are ftxed at 1 and cannot be modifted. Port 5 functions as an address 
bus. The reserved bits (P~DDR to P54DDR) are also fIXed at 1. 

Modes 5 to 7: P5DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

P5DDR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. H a P5DDR bit is set to I, the corresponding pin maintains its output 
state in software standby mode. 

Port 5 Data Register (PSDR): P5DR is an 8-bit readable/writable register that stores data for pins 
P53 toP50• 

Bit 7 6 5 4 3 2 0 

P53 P5 2 P5 1 P50 

Initial value 1 0 0 0 0 

ReadlWrite RIW RIW RIW RIW 

Reserved bits Port 5 data 3 to 0 
These bits store data 
for port 5 pins 

When a bit in P5DDR is set to I, if port 5 is read the value of the corresponding P5DR bit is 
returned directly, regardless of the actual state of the pin. When a bit in P5DDR is cleared to 0, if 
port 5 is read the corresponding pin level is read. 

Bits P57 to P54 are reserved. They can be written and read, but they cannot be used for port input or 
output. 
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P5DR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 

Port 5 Input Pull-Up Control Register (PSPCR): P5PCR is an 8-bit readable/writable register 
that controls the MaS input pull-up transistors in port 5. 

Bit 

Initial value 

ReadlWrite 

7 6 5 

1 

Reserved bits 

4 3 2 1 0 

o 0 0 0 

ANI ANI RIW ANI 

Port 5 Input pull-up control 3 to 0 
These bits control input pull-up 
transistors built into port 5 

In modes 5 to 7, when a P5DDR bit is cleared to 0 (selecting generic input), if the corresponding bit 
from P5~ to P50PCR is set to I, the input pull-up transistor is turned on. 

PSPCR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 

9.6.3 Pin Functions in Each Mode 

The functions of port 5 differ between modes 1 to 4 (expanded modes with on-chip ROM disabled), 
mode 5 (expanded mode with on-chip ROM enabled), and modes 6 and 7 (single-chip modes). The 
pin functions in each mode are described below. 

Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): All pins of port 5 automatically 
become address output pins. Figure 9-17 shows the pin functions in modes 1 to 4. 

Port 5 

1-----1 .. A19 (output) 

t-----I" A18 (output) 

t-----I" A17 (output) 

t-----I" A16 (output) 

Figure 9-17 Pin Functions in Modes 1 to 4 (Port 5) 
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Mode 5 (Expanded Mode with On-Chip ROM Enabled): Address output or generic input can be 
selected for each pin in port 5. A pin becomes an address output pin if the corresponding PSDDR 
bit is set to 1, and a generic input pin if this bit is cleared to O. Figure 9-18 shows the pin functions 
in mode S. 

When P5DDR = 1 When P5DDR = 0 

A19 (output) P5 3 (input) 

Port 5 
A18 (output) P5 2 (input) 

A17 (output) P5 1 (input) 

A16 (output) P5 0 (input) 

Figure 9-18 Pin Functions in Mode 5 (port 5) 

Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port S. A pin becomes an output pin if the corresponding PSDDR bit is set to 1, and an input pin if 
this bit is cleared to O. Figure 9-19 shows the pin functions in modes 6 and 7. 

Port 5 

14--~ P53 (input/output) 

I+--~ P52 (input/output) 

I+--~ P51 (input/output) 

14--~ P50 (input/output) 

Figure 9-19 Pin Functions in Modes 6 and 7 (Port 5) 
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9.6.4 Input Pull-Up Transistors 

Port 5 has built-in MOS pull-up transistors that can be controlled by software. These input pull-up 
transistors can be used in modes 5 to 7. They can be turned on and off individually. 

In modes 5 to 7. when a P5PCR bit is set to 1 and the corresponding P5DDR bit is cleared to 0. the 
input pull-up transistor is turned on. 

The input pull-up transistors are turned off by a reset and in hardware standby mode. In software 
standby mode they retain their previous state. 

Table 9-9 summarizes the states of the input pull-ups in each mode. 

Table 9-9 Input Pull-Up Transistor States (Port 5) 

Mode 

1 
2 
3 
4 

5 
6 
7 

Legend 

Reset Hardware Standby Mode 

Off Off 

Off Off 

Off: The input pull-up transistor is always off. 

Software Standby Mode Other Modes 

Off Off 

On/off On/off 

On/off: The input pull-up transistor is on if P5PCR .. 1 and P5DDR .. O. Otherwise, it is off. 
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9.7 Port 6 

9.7.1 Overview 

Port 6 is a 7 -bit input/output port that is also used for input and output of bus control signals (L WR, 
HWR, RD, AS, BACK, BREQ, and W AfI1. When DRAM is connected to area 3, L WR, HWR, 
and RD also function as LW, UW, and CAS, or LCAS, UCAS, and WE, respectively. For details 
see section 7, Refresh Controller. 

Figure 9-20 shows the pin configuration 'of port 6. In modes 1 to 5 (expanded modes) the pins 
functions are LWR, HWR, RD, AS, P6VBACK, P61/BREQ, and P6cfW AlT. In modes 6 and 7 
(single-chip modes) port 6 is a generic input/output port. 

Pins in port 6 can drive one TTL load and a 30-pF capacitive load. They can also drive a darlington 
b'ansistor pair. 

Port 6 pins Modes 1 to 5 
(expanded modes) 

P6s /LWR LWR (output) 

P6 s /HWR HWR (output) 

P64 /RD RD (output) 

Port 6 P6 3 1 AS AS (output) 

P62 /BACK P62 (input/output)/ BACK (output) 

P6 1 /BREa P6 1 (input/output)/ BREa (input) 

P6o /WAIT P60 (input/output)/WAIT (input) 

Figure 9-20 Port 6 Pin Configuration 

9.7.2 Register Descriptions 

Table 9-10 summarizes the registers of port 6. 

Table 9·10 Port 6 Registers 

Address· Name Abbreviation 

H'FFC9 Port 6 data direction register P6DDR 

H'FFCB Port 6 data register P6DR 

Note: • Lower 16 bits of the address. 
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Modes 6 and 7 
(single-chip modes) 

P6s (input/output) 

P6s (input/output) 

P64 (input/output) 

P63 (input/output) 

P6 2 (input/output) 

P6 1 (input/output) 

P60 (input/output) 

RIW 

Initial Value 

Modes 1 to 5 

w H'SO 

H'SO 



Port (; Data Direction Register (P(;DDR): P6DDR is an 8-bit write-only register that can select 
input or output for each pin in port 6. 

Bit 

Initial value 

ReadlWrite 

7 S 5 4 3 2 1 0 

I PSsDDRI P6sDDR I PS4DDR I PS3DDR I PS 2DDR I P61 DDR I P60DDR I 
o 0 0 0 0 0 0 

W W W W W W w 
I I 

Reserved bit Port 6 data direction 6 to 0 
These bits select input or output for port 6 pins 

Modes 1 to 5 (Expanded Modes): P~ to ~ function as bus control output pins (L WR, HWR, 
RD, AS). P6z to P60 are generic input/output pins, functioning as output pins when bits P~DDR to 

P60DDR are set to 1 and input pins when these bits are cleared to O. 

Modes (; and 7 (Single-Chip Modes): Port 6 is a generic input/output porL A pin in port 6 
becomes an output pin if the corresponding P6DDR bit is set to I, and an input pin if this bit is 
cleared to O. Bit 7 is reserved. 

P6DDR is a write-only register. Its value cannot be read. All bits return 1 when read 

P6DDR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P6DDR bit is set to I, the corresponding pin maintains its output 
state in software standby mode. 

Port 6 Data Register (P6DR): P6DR is an 8-bit readable/writable register that stores data for pins 
P6ti toP60. 

Bit 7 6 5 4 3 2 0 

P6s P6s P64 PS 3 P62 PS1 PSo 

Initial value 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW 

I I 
Reserved bit Port 6 data 6 to 0 

These bits store data for port 6 pins 

When a bit in P6DDR is set to I, if port 6 is read the value of the corresponding P6DR bit is 
returned directly. When a bit in P6DDR is cleared to 0, if port 6 is read the corresponding pin level 
is read, except for bit 7 which reads 1. Bit 7 is reserved, cannot be modified, and always reads 1. 

P6DR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.7.3 Pin Functions in Each Mode 

Modes 1 to S (Expanded Modes): ~ to P6.3 function as bus control output pins. ~ to P60 are 
either bus control input/output pins or generic input/output pins. functioning as output pins when 
bits ~DDR to P60DDR are set to 1 and input pins when these bits are cleared to O. Figure 9-21 
and table 9-11 indicate me pin functions in modes 1 to S. 

Port 6 

t---~ LWR 

t---~ HWR 

I-----;~ RD 

1--- AS" 

(output) 

(output) 

(output) 

(output) 

P62 (input/output)/ BACK (output) 

P6 1 (input/output)/ BREa (input) 

P60 (input/output)/WAIT (input) 

Figure 9-21 Pin Functions in Modes 1 to S (Port 6) 
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Table 9-11 Port 6 Pin Functions in Modes 1 to 5 

Pin 

P6s/LWA 

P6s/HWA 

P6tBACK 

P601WAIT 

Pin Functions and Selection Method 

Functions as follows regardless of P6sDDA 

o 1 

Pin function LWAoutput 

Functions as follows regardless of P6sDDA 

o 
Pin function HWAoutput 

Functions as follows regardless of P64DDA 

o 
AD output 

Functions as follows regardless of P63DDA 

o 
AS' output 

Bit BALE in BACA and bit P62DDA select the pin function as follows 

BALE 0 1 

P62DDA 0 1 -
Pin function P62 input P62 0utput BACK output 

Bit BALE in BRCR and bit P61DDA select the pin function as follows 

BRLE 0 1 

P61DDR 0 1 -
Pin function P61 input P61 0utput SAEQ input 

Bits WCE7 to WCEO in WCER. bit WMS1 in WCR. and bit P60DDR select the 
pin function as follows 

WCER All 1s Not all 1s 

WMS1 0 1 -
P60DDR 0 1 0* 0* 

Pin function P60 input P60 0utput WAIT input 

Note: * Do not set bit P60DDR to 1. 
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Modes' and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 6. A pin becomes an output pin if the corresponding P6DDR bit is set to 1, and an input pin if 
this bit is cleared to O. Figure 9-22 shows the pin functions in modes 6 and 7. 

I+--~ P66 (input/output) 

I+--~ P6s (input/output) 

I+--~ P6 .. (input/output) 

Port 6 P63 (input/output) 

I+--~ P62 (input/output) 

I+--~ P6 1 (input/output) 

I+--~ P60 (input/output) 

Figure 9-22 Pin Functions in Modes 6 and 7 (Port 6) 
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9.8 Port 7 

9.8.1 Overview 

Port 7 is an 8-bit input port that is also used for analog input to the AID converter and analog output 
from the D/A converter. The pin functions are the same in all operating modes. Figure 9-23 shows 
the pin configumtion of port 7. 

Port7 

Port 7 pins 

t--.. P77 (input)/AN7 (input)IOA, (output) 

t--.. P7s (input)/ANs (input)lOAo (output) 

14--- P7s {input}/ANs (input) 

14--- P74 {input)/AN4 (input) 

14--- P73 (input)/AN3 (input) 

14---. P72 (input)/AN 2 (input) 

14--- P7, (input}/AN 1 (input) 

14--- P70 (input)/ANo (input) 

Figure 9-23 Port 7 Pin Configuration 
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9.8.2 Register Description 

Table 9-12 summarizes the port 7 register. Port 7 is an input-only port, so it has no data direction 
register. 

Table 9-12 Port 7 Data Register 

Address- Name Abbreviation RIW Initial Value 

H'FFCE Port 7 data register P7DR A Undetermined 

Note: * Lower 16 bits of the address. 

Port 7 Data Register (p7DR) 

Bit 7 6 5 4 3 2 0 

P77 P76 P7s P74 P73 P72 P71 P70 

Initial value -* -* -* -* -* -* -* -* 
ReadlWrite A A A R A A A A 

Note: * Determined by pins P77 to P70. 

When port 7 is read, the pin levels are always read. 
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9.9 Port 8 

9.9.1 Overview 

Port 8 is a 5-bit input/output port that is also used for eS3 to CSO output, RFSH output. and IRQ3 to 
IRQo input. Figure 9-24 shows the pin configuration of port 8. 

In modes 1 to 5 (expanded modes). the additional functions of port 8 are eS3 to eso output. RFSH 
output, and IRQ3 to IRQo input In modes 6 and 7 (single-chip modes). the additional functions of 
port 8 are IRQ3 to IRQo input 

Pins in port 8 can drive one TIL load and a 90-pF capacitive load. They can also drive a darlington 
transistor pair. Pins P82 to P80 have Schmitt-trigger inputs. 

Port 8 

Port 8 pins 

..... ----<~ P84 /CSQ 

....... ----<~ P83/CS 1 /IR03 

..... ----<~ P82 /CS 2 /IR02 

..... ----<~ P81/CS 3I1R0 1 

Pin functions In modes 1 to 5 
(expanded modes) 

P84 (input)/CSO (output) 

P83 (input)/CS1 (output)/IRO~ (input) 

P82 (input)/CS2 (output)/IR02 (input) 

P81 (input)/CSa (output)/IR01 (input) 

..... ----<~ P801 RFSH/iROQ P80 (input/output)1 RFSH (output)/IROo (input) 

Pin functions In modes 6 and 7 
(single-chip modes) 

P84 /(input/output) 

P83 /(inputloutput)1 J R03 (input) 

P82 /(input/output)1 JR02 (input) 

P81/(input/output)/IR01 (input) 

P8o/(input/output)/IROo (input) 

Figure 9-24 Port 8 Pin Configuration 
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9.9.2 Register Descriptions 

Table 9-13 summarizes the registers of port 8. 

Table 9-13 Port 8 Registers 

Address· 

H'FFCD 

Name 

Port 8 data direction 
register 

Abbreviation 

P8DDR 

H'FFCF Port 8 data register P8DR 

Note: • Lower 16 bits of the address. 

Initial Value 

RIW Mode 1 to 4 Mode 5 to 7 

w H'FO H'EO 

RIW H'EO H'EO 

Port 8 Data Direction Register (P8DDR): P8DDR is an 8-bit write-only register that can select 
input or output for each pin in port 8. 

Bit 7 6 5 4 3 2 1 0 

I I P84DDRI P83DDR I P82DDR I P81 ODR I P8oDOR I 

Modes { Initial value 1 0 0 0 0 

1 to 5 . ReadlWrite W W W W W 

Modes { Initial value 0 0 0 0 0 

6, 7 ReadlWrite W W W W W 

Reserved bRs Port 8 data direction 4 to 0 
These bits select input or 
output for port 8 pins 

Modes 1 to 5 (Expanded Modes): When bits in P8DDR bit are set to I, P84 to P81 become CSO to 

CS3 output pins and P80 becomes a generic output pin. When bits in P8DDR are cleared to 0, the 
corresponding pins become input pins. 

Modes 6 and 7 (Single-Chip Modes): Port 8 is a generic input/output port. A pin in port 8 
becomes an output pin if the corresponding P8DDR bit is set to I, and an input pin if this bit is 
cleared to o. 

P8DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

P8DDR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P8DDR bit is set to I, the corresponding pin maintains its output 
state in software standby mode. 
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Port 8 Data Register (P8DR): P8DR is an 8-bit readable/writable register that stores data for pins 
P84 toP80· 

Bit 7 6 5 4 3 2 0 

P8 4 P83 P82 P81 P80 

Initial value 1 0 0 0 0 0 
ReadlWrite ANI ANI ANI RIW RIW 

I 
Reserved bits Port 8 data 4 to 0 

These bits store data 
for port 8 pins 

When a bit in P8DDR is set to 1, if port 8 is read the value of the corresponding P8DR bit is 
returned directly. When a bit in P8DDR is cleared to 0, if port 8 is read the corresponding pin level 
is read. 

Bits 7 to 5 are reserved. They cannot be modified and always read 1. 

P8DR is initialized to H'EOby a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 

9.9.3 Pin Functions in Each Mode 

The pin functions of port 8 differ between modes 1 to 5 (expanded modes) and modes 6 and 7 
(single-chip modes). The pin functions are described below. 

Modes 1 to 5 (Expanded Modes): P84 is also used for CSO output. P83 to P81 are also used for 
CS3 to CS1 output and iRQ3 to IRQ1 input. P80 is also used for RFSH output and IRQo input. 
Figure 9-25 and table 9-14 indicate the pin functions in modes 1 to 5. 

t-I--~ P84 (input)/ CSo (output) 

...... -~ P83 (input)/CS1 (output)/IRQ3 (input) 

Port 8 P82 (input)/CS2 (output)/iRQ2 (input) 

...... -~ P81 (input)/CS3 (output)IIRQ1 (input) 

...... -~ P80 (input/output)1 RFSH (output)/IRQo (input) 

Figure 9-25 Pin Functions in Modes 1 to 5 (port 8) 
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Table 9·14 Port 8 Pin Functions in Modes 1 to S 

Pin Pin Functions and Selection Method 

P84/CSO Bit P84DDR selects the pin function as follows 

P84DDR 0 1 

Pin function P84 input CSo output 

P83"cs,ilR'03 Bit P83DDR selects the pin function as follows 

P83DDR 0 1 

Pin function P83 input CS1 0utput 

IR03 input 

P8~IR02 Bit P82DDR selects the pin function as follows 

P82DDR 0 1 

Pin function P82 input CS2 output 

IR02 input 

P81/CS3"IR01 Bit P81DDR selects the pin function as follows 

P81DDR 0 1 

Pin function P81 input CS3 output 

IR01 input 

P8ofRFSHIIRQo Bit RFSHE in RFSHCR and bit PSoDDR select the pin function as follows 

RFSHE 0 1 

P80DDR 0 1 -
Pin function P8a input P80 output RFSH output 

IROo input 
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Modes 6 and 7 (Siogle-Chip Modes): Input or output can be specified independently for each pin 
in port 8. P83 to P80 are also used for IRQ3 to lRQO input. Figure 9-26 and table 9-15 indicate the 
pin functions in modes 6 and 7. 

~-. PB4 (input/output) 

~-. P83/1RQ3 (input/output) 

Port B P82/IR0 2 (input/output) 

14--. PB1/1R0 1 (input/output) 

.---. PBolIRQ 0 (input/output) 

Figure 9-26 Pin Functions in Modes 6 and 7 (Port 8) 
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Table 9-15 Port 8 Pin Functions in Modes 6 and 7 

Pin Pin Functions and Selection Method 

Bit P84DDR selects the pin function as follows 

P84DDR 0 1 

Pin function P84 input P84 output 

Bit P83DDR selects the pin function as follows 

P83DDR 0 1 

Pin function P83 input P83 output 

IRQ3 input 

Bit P82DDR selects the pin function as follows 

P82DDR 0 1 

Pin function P82 input P82 output 

IRQ2 input 

Bit P81DDR selects the pin function as follows 

P81DDR 0 1 

Pin function P8l input P8l output 

IRQl input 

P8011RQo Bit P80DDR select the pin function as follows 

P80DDR 0 1 

Pin function P80 input P80 output 

IRQo input 
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9.10 Port 9 

9.10.1 Overview 

Port 9 is a 6-bit input/output port that is also used for input and output (TxDo• TxD1• RxDa. RxD1• 

SCKo. SCK1) by serial communication interface channels 0 and 1 (SCIO and SCll). and for lRQS 
and IRQ4 inpUL Port 9 has the same set of pin functions in all operating modes. Figure 9-27 shows 
the pin configuration of port 9. 

Pins in port 9 can drive one TfL load and a 30-pF capacitive load. They can also drive a darlington 
transistor pair. 

Port 9 pIns 

t----..,~ P9s (inputloutput)/SCK1 (input/output)IIAQs (input) 

14---"'~ P94 (inputloutput)/SCKo (inputloutput)IIAQ4 (input) 

Port 9 
P93 (inputloutput)/RxD1 (input) 

14---"'~ P92 (inputloutput)/RxDo (input) 

t----..,~ P91 (inputloutput)rrxD1 (output) 

14--. P90 (inputloutput)rrxDo (output) 

Figure 9-27 Port 9 Pin Configuration 

9.10.2 Register Descriptions 

Table 9-16 summarizes the registers of port 9. 

Table 9-16 Port 9 Registers 

Address· Name AbbrevIation 

H'FFDO Port 9 data direction register P9DDA 

H'FFD2 Port 9 data register P9DR 

Note: * Lower 16 bits of the address. 
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Port 9 Data Direction Register (P9DDR): P9DDR is an 8-bit write-only register that can select 
input or output for each pin in port 9. 

Bit 

Initial value 

AeadlWrite 

7 6 5 4 3 2 1 0 

1 0 0 0 0 0 0 

W W W W W W 

Reserved bits Port 9 data direction 5 to 0 
These bits select input or 
output for port 9 pins 

A pin in port 9 becomes an output pin if the corresponding P9DDR bit is set to I, and an input pin 
if this bit is cleared to O. 

P9DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

P9DDR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P9DDR bit is set to I, the corresponding pin maintains its output 
state in software standby mode. 

Port 9 Data Register (P9DR): P9DR is an 8-bit readable/writable register that stores data for pins 
P9s toP9o· 

Bit 7 6 5 4 3 2 0 

P9s P94 P93 P92 P91 P90 

Initial value 0 0 0 0 0 0 

AeadlWrite AIW RIW RIW RIW RIW RIW 

Reserved bits Port 9 data 5 to 0 
These bits store data 
for port 9 pins 

When a bit in P9DDR is set to I, if port 9 is read the value of the corresponding P9DR bit is 
returned directly. When a bit in P9DDR is cleared to 0, if port 9 is read the corresponding pin level 
is read 

Bits 7 and 6 are reserved. They cannot be modified and always read 1. 

P9DR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.10.3 Pin Functions 

The port 9 pins are also used for SCIO and SCIl input and output (fxOo. TxOI. Rx0o• RxDl. 
SCKo. SCK1). and for 1RQS and mQ4 inpuL Table 9-17 describes the selection of pin functions. 

Table 9·17 Port 9 Pin Functions 

Pin Pin Functions and Selection Method 

P9s1SCK,/IRQs Bit CIA in SMR of SCI1, bits CKEO and CKE1 in SCR of SCI1, and bit P9sDDR 
select the pin function as follows 

CKE1 0 1 

CIA 0 1 -
CKEO 0 1 - -
P9sDDR 0 1 - - -
Pin function P9s P9s SCK, output SCK, output SCK, input 

input output 

IROs input 

P94/SCKoIIR04 Bit CIA in SMR of SCIO, bits CKEO and CKE1 in SCR of SCIO, and bit P94DDR 
select the pin function as follows 

CKE1 0 1 

CIA 0 1 -
CKEO 0 1 - -
P94DDR 0 1 - - -
Pin function P94 P94 SCKo output SCKo output SCKo input 

input output 

IR04 input 
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Table 9·17 Port 9 Pin Functions (cont) 

Pin Pin Functions and Selection Method 

Bit RE in SCR of SCI1 and bit P93DDR select the pin function as follows 

RE 0 1 

P93DDR 0 1 -
Pin function P~ input P93 output RxD1 input 

Bit RE in SCR of SCIO and bit P92DDR select the pin function as follows 

RE 0 1 

P92DDR 0 1 -
Pin function P92 input P92 output RxDo input 

Bit TE in SCR of SCI1 and bit P91DDR select the pin function as follows 

TE 0 1 

P91DDR 0 1 -
Pin function P91 input P910utput TxD10utput 

P9ofTxDo Bit TE in SCR of SCIO and bit P90DDR select the pin function as follows 

TE 0 1 

P90DDR 0 1 -
Pin function P90 input P90 output TxDo output 
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9.11 Port A 

9.11.1 Overview 

Port A is an 8-bit input/output port that is also used for output (1P7 to TPa) from the programmable 
timing pattern controller (TPC). input and output (TIOCB2• TIOCA2• TIOCB I. TIOCAI• TIOCBo• 
TIOCAo, TCLKD. TCLKC. TCLKB. TCLKA) by the 16~bit integrated timer unit (ITU). output 
(TENDI. 1ENDo) from the DMA controller (DMAC). and address output (An to A20). Figure 9-28 
shows the pin configuration of port A. 

Pins in port A can drive one TIL load and a 30-pF capacitive load. They can also drive a darlington 
transistor pair. Port A has Schmitt-trigger inputs. 
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Port A 

Port A pins 

~--.,~ PA7fTP7 fTIOCB2/A 20 

I+--~ PAsfTP6fT1OCA2/A 21 

~--.,~ PAsfTPsfTIOCB1/A22 

I+--~ PA 4fTP4fTIOCA1/A 23 

t4-- PA:YTP3fT10CBofTCLKD. 

t4-- PA~P2fTIOCAofTCLKC 

~-~ PA 1fTP1 fTEND1 fTCLKB 

14-- PAofTPofTENDofTCLKA 

Pin functions In modes 1, 2, 5, 6, and 7 

PA 7 (inputioutput)fTP7 (output)fTlOCB 2 (inputloutput) 

PA 6 (inputioutput)fTP6 (output)fTlOCA 2 (inputloutput) 

PAs (inputioutput)fTPs (output)fTlOCB 1 (input/output) 

PA 4 (inputioutput)fTP 4 (output)fTlOCA 1 (input/output) 

PA 3 (inputioutput)fTP3 (output)fTlOCBo (inputioutput)fTCLKD (input) 

PA 2 (inputioutput)fTP 2 (output)fTlOCA 0 (inputioutput)fTCLKC (input) 

PA 1 (inputioutput)fTP 1 (output)fTEND 1 (output)fTCLKB (input) 

PAo (input/output)fTPo (output)fTENDo (output)fTCLKA (input) 

Pin functions In modes 3 and 4 

A20 

PA 6 (inputloutput)fTP6 (output)fTlOCA 2 (input/output)/A21 (output) 

PAs (inputloutput)fTPs (output)fTlOCB 1 (input/output)/A22 (output) 

PA 4 (input/output)fTP 4 (output)fTlOCA 1 (inputloutput)/A 23 (output) 

PA 3 (inputloutput)fTP3 (output)fTlOCB o (inputioutput)fTCLKD (input) 

PA 2 (inputloutput)fTP2 (output)fTlOCA o (inputioutput)fTCLKC (input) 

PA 1 (input/output)fTP1 (output)fTEND1 (output)fTCLKB (input) 

PAo (inputloutput)fTPo (output)fTENDo (output)fTCLKA (input) 

Figure 9·28 Port A Pin Configuration 
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9.11.2 Register Descriptions 

Table 9-18 summarizes the registers of port A. 

Table 9·18 Port A Registers 

Address· Name 

H'FFD1 Port A data direction register 

H'FFD3 Port A data register 

Note: • Lower 16 bits of the address. 

Abbr. 
vlatlon 

PADDR 

PADR 

Initial Value 

RIW Modes', 2, 5 to 7 Modes 3,4 

w H'OO H'BO 

RIW H'OO H'OO 

Port A Data Direction Register (PADDR): PADDR is an 8-bit write-only register that can select 
input or output for each pin in port A. 

Bit 7 6 5 4 3 2 1 0 

IPA7DDRI PAsDDRI PAsDDRI P~DDRlpA3DDRlpA2DDRI PA1 DDRlpAoDDRI 

Modes {Initial value 1 0 0 0 0 0 0 0 

3t04 ReadlWrite - W W W W W W W 

~02~es {Initial value 0 0 0 0 0 0 0 0 

5t07 ReadlWrite W W W W W W W W 

Port A data direction 7 to 0 
These bits select input or output for port A pins 

A pin in port A becomes an output pin if the corresponding PADDR bit is set to 1, and an input pin 
if this bit is cleared to O. In modes 3 and 4, PA7DDR is fixed at 1 and PA7 functions as an address 
output pin. 

PADDR is a write-only register. Its value cannot be read. All bits return 1 when read. 

PADDR is initialized to HOO by a reset and in hardware standby mode in modes 1,2,5,6, and 7. 
It is initialized to H80 by a reset and in hardware standby mode in modes 3 and 4. In software 
standby mode it retains its previous setting. If a PADDR bit is set to 1, the corresponding pin 
maintains its output state in software standby mode. 
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Port A Data Register (PADR): PADR is an 8-bit readable/writable register that stores data for 
pins PA7 to PAo. 

Bit 7 6 5 4 3 2 1 0 

PA7 PA6 PAs PA4 PA3 PA2 PA1 PAo 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RNtI ANtI ANtI ANtI ANtI ANtI ANtI ANtI 

Port A data 7 to 0 
These bits store data for port A pins 

When a bit in PADDR is set to 1, if port A is read the value of the corresponding PADR bit is 
returned directly. When a bit in PADDR is cleared to 0, if port A is read the corresponding pin level 
is read. 

PADR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.11.3 Pin Functions in Each Mode 

The port A pins are also used for 1PC output (1P7 to TPO>. ITU input/output (TIOCB2 to TIOCBo. 
TIOCA2 to TIOCAo) and input (TCLKD. TCLKC. TCLKB. TCLKA). DMAC output (fENDt. 
TENDo). and address output (A23 to A20). Table 9-19 describes the selection of pin functions. 

Table 9-19 Port A Pin Functions 

Pin Pin Functions and Selection Method 

ITU channel 2 settings (bit PWM2 in TMDR and bits IOB2 to lOBO in TIOR2), bit 
NDER7 in NDERA, and bit PA7DDR in PADDR select the pin function as follows 

Mode 1,2.5,6,7 3,4 

ITU channel 2 
settings CD in table below ® in table below -
PA7DDR - a 1 1 -
NDER7 - - 0 1 -
Pin function TIOCB2 output PA7 PA7 TP7 A20 

input output output output 

TIOCB2 input* 

Note: * TIOCB2 input when IOB2 = 1 and PWM2 = O. 

ITU channel 2 
settings ® CD ® 
IOB2 0 1 

IOB1 0 0 1 -
lOBO 0 1 - -
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Table 9-19 Port A Pin Functions (cont) 

Pin Pin Functions and Selection Method 

PAsfTPsI ITU channel 2 settings (bit PWM2 in TMDR and bits 10A2 to 10AO in TlOR2), bit NDER6 
TIOCAt in NDERA, and bit PAsDDR in PADDR select the pin function as follows 
A2l 

Mode 1,2,5,6,7 3,4 

A21E - 1 0 

ITU CD in CD in 
channel 2 table table 
settings below ® in table below below ® in table below -
PAsDDR - 0 1 1 - 0 1 1 -
NDER6 - - 0 1 - - 0 1 -
Pin function TIOCA2 PAs PAs TPs TIOCA2 PAs PAs TPs A2l 

output input output output output input output output output 

TIOCA2 input· TIOCA2 input· 

Note: • TIOCA2 input when 10A2 = 1. 

ITU channel 2 

I settings ® CD ® CD 
PWM2 0 1 

10A2 0 1 -
IOA1 0 I 0 I 1 - -
lOAD 0 I 1 I - - -

PAsfTPsf ITU channel 1 settings (bit PWM1 in TMDR and bits IOB2 to lOBO in TIOR1), bit NDER5 
TIOCB1/ in NDERA, and bit PAsDDR in PADDR select the pin function as follows 
A22 

Mode 1,2,5,6,7 3,4 

A22E - 1 0 

ITU CD in CD in 
channel 1 table table 
settings below ® in table below below ® in table below -
PAsDDR - 0 1 1 - 0 1 1 -
NDER5 - - 0 1 - - 0 1 -
Pin function TIOCBl PAs PAs TPs TIOCBl PAs PAs TPs A22 

output input output output output input output output output 

TIOCBl input· TlOCBl input· 

Note: • TIOCBl input when IOB2 = 1 and PWM1 = O. 

ITU channel 1 I settings ® CD ® 
IOB2 0 1 

IOB1 0 I 0 1 1 -
lOBO 0 I 1 I - -
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Table 9-19 Port A Pin Functions (cont) 

Pin Pin Functions and Selection Method 

The mode setting, bit A23E in 8RCR, ITU channel 1 settings (bit PWM1 in TMDR and 
bits 10A2 to 10AO in TlOR1), bit NDER4 in NDERA, and bit PA4DDR in PADDR select 
the pin function as follows 

Mode 1,2,5,6,7 3,4 

A23E - 1 0 
ITU <Din <Din 
channel 1 table table 
settings below ® in table below below ® in table below -
P~DDR - 0 1 1 - 0 1 1 -
NDER4 - - 0 1 - - 0 1 -
Pin function TIOCA1 P~ PA4 TP4 TIOCA1 P~ PA4 TP4 A23 

output input output output output input output output output 

TIOCA1 input· TIOCA1 input· 

Note: • TIOCA 1 input when 10A2 = 1. 

ITU channel 1 I settings ® <D ® <D 
PWM1 0 1 

10A2 0 1 -
IOA1 0 I 0 I 1 - -
10AO 0 I 1 I - - -

PA:iTP:v ITU channel 0 settings (bit PWMO in TMDR and bits 1082 to lOBO in TIORO), bits TPSC2 
TIOCBoI to TPSCO in TCR4 to TCRO, bit NDER3 in NDERA, and bit PA3DDR in PADDR select 
TCLKD the pin function as follows 

ITU 
channel 0 
settings <D in table below ® in table below 

PA3DDR - 0 1 1 

NDER3 - - 0 1 

Pin function TIOCBo output PA3 input PA3 output TP3 0utput 

TIOCBo input·1 

TCLKD input"2 

Notes: 1. TIOCBo input when 1082 .. 1 and PWMO = O. 
2. TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of TCR4 to TCRO. 

ITU channel 0 I settings ® <D ® 
1082 0 1 

IOB1 0 I 0 I 1 -
lOBO 0 I 1 I - -
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Table 9-19 Port A Pin Functions (cont) 

Pin 

PA-flP'Il 
TIOCAol 
TCLKC 

Pin Functions and Selection Method 

ITU channel 0 settings (bit PWMO in TMDR and bits 1OA2 to IOAO in TIORO). bits TPSC2 
to TPSCO in TCR4 to TCRO. bit NDER2 in NDERA. and bit PA2DDR in PADDR seiad 
the pin function as follows 

ITU 
channel 0 
settings <D in table below ® in table below 

PA2DDR - 0 1 1 

NDER2 - - 0 1 

Pin function TIOCAo output PA2 input PA2 output TP2 0utput 

TIOCAo input*1 

TClKC input*2 

Notes: 1. TIOCAo input when 1OA2 = 1. 
2. TClKC input when TPSC2 = TPSC1 = 1 and TPSCO = 0 in any of TCR4 to 

TCRO. 

ITU channel 0 I settings ® <D ® <D 
PWMO 0 1 

IOA2 0 1 -
IOA1 0 I 0 I 1 - -
IOAO 0 I 1 I - - -
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Table 9-20 Port A Pin Functions (cont) 

Pin Pin Functions and Selection Method 

PAl fTP11 DMAC channel 1 ,settings (bits DTS2IlIOA and DTS2Il/0B in DTCR1A and DTCR1B), bit 
TClKBI NDERl in NDERA, and bit PA1DDR in PADDR select the pin function as follows 
TEFm1 

DMAC 
channell 
settings CD in table below ® in table below 

PA1DDR - 0 1 1 

NDERl - - 0 1 

Pin function fEND, output PAl input PAl output TPl output 

TClKB input· 

Note: • TCLKB input when MDF .. 1 in TMDR, or when TPSC2 .. 1, TPSCl = 0, and 
TPSCO .. 1 in any of TCR4 to TCRO. 

DMAC 
channell 
settings ® CD ® CD ® CD 
DTS2,DTS1A Not both 1 Both 1 

DTSOA - 0 0 1 1 1 

DTS2B 0 I 1 1 0 1 0 1 1 

DTS1B - I 0 1 - - - 0 1 

PAofTPoI DMAC channel 0 settings (bits DTS2I1 lOA and DTS2Il/0B in DTCROA and DTCROB). bit 
TCLKAI NDERO in NDERA. and bit PAoDDR in PADDR select the pin function as follows mmo 

DMAC 
channel 0 
settings CD in table below ® in table below 

PAoDDR - 0 1 1 

NDERO - - 0 1 

Pin function TENDo output PAo input PAo output TPo output 

TCLKA input· 

Note: • TClKA input when MDF = 1 in TMDR, or when TPSC2 = 1 and TPSC1 = 0 in any 
of TCR4 to TCRO. 

DMAC 
channel 0 
settings ® CD ® CD ® CD 
DTS2,DTS1A Not both 1 Both 1 

DTSOA - 0 0 1 1 1 

DTS2B 0 I 1 1 0 1 0 1 1 

DTS1B - I 0 1 - - - 0 1 
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9.12 Port B 

9.12.1 Overview 

Port B is an 8-bit input/output port that is also used for TPC output (TPIS to TPs), ITU input/output 
(TIOCB4, TIOCB3, TIOCA4, TIOCA3) and ITU output (fOCXB4, TOCXA4), DMAC input 
(DREQl' DREQo), and ADTRG input to the NO converter. Port B has the same set of pin 
functions in all operating modes. Figure 9-29 shows the pin configuration of port B. 

Pins in port B can drive one TIL load and a 30-pF capacitive load. They can also drive a darlington 
transistor pair. Pins PB3 to PBo have Schmitt-trigger inputs. 

Port B pins 

..... ----<~ PB7 (inputloutput)fTP15 (output)/DREQ1 (input)/ADTRG (input) 

..... ----<~ PBs (input/output)fTP14 (output)/DREOo (input) 

Port B 

14-----<~ PBs (inputloutput)fTP13 (output)/TOCXB4 (output) 

14-----<~ PB4 (inputloutput)fTP12 (output)/TOCXA4 (output) 

..... ----<~ PB3 (inputloutput)fTP11 (output)ITIOCB4 (inpuVoutput) 

..... ----<~ PB2 (input/output)ITP1o (output)ITIOCA4 (inpuVoutput) 

..... ----<~ PB 1 (input/output)ITPg (output)ITIOCB3 (inpuVoutput) 

..... ----<~ PBo (input/output)fTPa (output)ITIOCA3 (inpuVoutput) 

Figure 9-29 Port B Pin Configuration 

9.12.2 Register Descriptions 

Table 9-20 summarizes the registers of port B. 

Table 9-20 Port B Registers 

Address· Name Abbreviation RIW 

H'FFD4 Port B data direction register PBDDR W 

H'FFD6 Port B data register PBDR RIW 

Note: • lower 16 bits of the address. 
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Port B Data Direction Register (PBDDR): PBOOR is an 8-bit write-only register that can select 
input or output for each pin in port B. 

Bit 7 6 5 4 3 2 1 0 

IPB7DDRI PB6DD~ PBsDDRI PB4DDRlpB3DDRlpB2DDRI PB1 DDR\PBoDDRI 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite W W W W W W W W 

Port B data direction 7 to 0 
These bits seled input or output for port B pins 

A pin in port B becomes an output pin if the corresponding PBO OR bit is set to 1, and an input pin 
if this bit is cleared to O. 

PBOOR is a write-only register. Its value cannot be read. All bits return 1 when read 

PBODR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a PBDOR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 

Port B Data Register (PBDR): PBOR is an 8-bit readable/writable register that stores data for pins 
PB7 toPBO. 

Bit 7 6 5 4 3 2 1 0 

PB7 PBs PBs PB4 PB3 PB2 PB1 PBo 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Port B data 7 to 0 
These bits store data for port B pins 

When a bit in PBOOR is set to 1, if port B is read the value of the corresponding PBOR bit is 
returned directly. When a bit in PBOOR is cleared to 0, if port B is read the corresponding pin level 
is read. 

PBOR is initialized to H'OO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.12.3 Pin Functions 

The port B pins are also used for TPC output (fPlS to TPs), ITU input/output (TIOCB4, TIOCBJ, 
TIOCA., TIOCAJ) and output (TOCXB4• TOCXA.). DMAC input (DREQI. DREQo). and 
ADTRG input. Table 9-21 describes the selection of pin functions. 

Table 9·21 Port B Pin Functions 

Pin Pin Functions and Selection Method 

DMAC channel 1 settings (bits DTS2I1lOA and DTS2I1/0B in DTCR1A and DTCR1B), 
bit TRGE in ADCR, bit NDER15 in NDERB, and bit PB7DDR in PBDDR select the 
pin function as follows 

P~DDR 0 1 1 

NDER15 - 0 1 

Pin function PB7 input PB7 output TP15 output 

DREQ1 input·1 

ADTRG input·2 

Notes: 1. DREQ, input under DMAC channel 1 settings CD in the table below. 
2. ADTRG input when TRGE - 1. 

DMAC 
channel 
1 settings ® CD ® CD ® 
DTS2,DTS1A Not both 1 Both 1 

DTSOA - 0 0 1 1 

DTS2B 0 I 1 1 0 1 0 1 

DTS1B - I 0 1 - - - 0 
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Table '·21 Port B Pin Functions (cont) 

Pin Pin Functions and Selection Method 

PBs' 

b~\!bo 
DMAC channel 0 settings (bits DT5211lOA and DT5211/0B in DTCROA and DTCROB). bit 
NDER14 in NDERB. and bit PB6DDR in PBDDR select the pin function as follows 

PB6DDR 0 1 1 

NDER14 - 0 1 

Pin function PB6 input PB6 °utput TP14 output 

DREOO input· 

Note: • DREOo input under DMAC channel 0 settings CD in the table below. 

DMAC 
channel 0 
settings ® CD ® CD ® CD 
DTS2.DTS1A Not both 1 Both 1 

DTSOA - 0 0 1 1 1 

DTS2B 0 I 1 1 0 1 0 1 1 

DTS1B - I 0 1 - - - 0 1 

PBsl ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER). bit NDER13 in 
TP131 NDERB. and bit PBsDDR in PBDDR select the pin function as follows 
TOCXB 4 

EXB4. 
CMD1 Not both 1 Both 1 

PBsDDR 0 1 1 -
NDER13 - 0 1 -
Pin function PBs input PBs output TP13 output TOCXB4 output 

PB41 ITU channel 4 settings (bit CMD1 in TFCR and bit EXM in TOER). bit NDER12 in 
TP12" NDERB. and bit PB4DDR in PBDDR select the pin function as follows 
TOCXA 4 

EXA4. 
CMD1 Not both 1 Both 1 

PB4DDR 0 1 1 -
NDER12 - 0 1 -
Pin function PB4 input PB4 output TP12 0utpu TOC~output 
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Table 9-21 Port B Pin Functions (cont) 

Pin Pin Functions and Selection Method 

ITU channel 4 settings (bit PWM4 in TMDR, bit CMD1 in TFCR, bit EB4 in TOER, and 
bits IOB2 to lOBO in TIOR4), bit NDER11 in NDERB, and bit PB3DDR in PBDDR select 
the pin function as follows 

ITU 
channel 4 
settings <D in table below ® in table below 

PB3DDR - 0 1 1 

NDER11 - - 0 1 

Pin function TIOCB4 output PB3 input PB3 0utput TP11 output 

TIOCB4 input· 

Note: • TIOCB4 input when CMD1 .. PWM4 .. 0 and IOB2 .. 1. 

ITU 
channel 4 
settings ® ® <D ® <D 
EB4 0 1 

CMD1 - 0 1 

IOB2 - 0 0 0 1 -
IOB1 - 0 0 1 - -
lOBO - 0 1 - - -
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Table 9-21 Port B Pin Functions (cont) 

Pin Pin Functions and Selection Method 

ITU channel 4 settings (bit CMD1 in TFCA. bit EM in TOEA. bit PWM4 in TMDA. and 
bits 1OA2 to IOAO in TIOA4). bit NDEA10 in NDEAB. and bit PB2DDA in PBDDA select 
the pin function as follows 

ITU 
channel 4 
settings <D in table below ® in table below 

PB2DDA - 0 1 1 

NDEA10 - - 0 1 

Pin function TIOC~ output PB2 input PB2 0utput TP10 output 

TIOC~ input· 

Note: • TIOCA4 input when CMD1 = PWM4 = 0 and IOA2 = 1. 

DMAC 
channel 4 
settings ® ® <D ® <D 
EA4 0 1 

CMD1 - 0 1 

PWM4 - 0 1 -
IOA2 - 0 0 0 1 - -
IOA1 - 0 0 1 - - -
IOAO - 0 1 - - - -
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Table 9-21 Port B Pin Functions (cont) 

Pin Pin Functions and Selection Method 

ITU channel 3 settings (bit PWM3 in TMDR, bit CMD1 in TFCR. bit EB3 in TOER. and 
bits IOB2 to lOBO in TIOR3). bit NDER9 in NDERB. and bit PB1DDR in PBDDR select 
the pin function as follows 

ITU 
channel 3 
settings <D in table below ® in table below 

PB1DDR - 0 1 1 

NDER9 - - 0 1 

Pin function TIOCB3 output PBl input PBl output TPgoutput 

TIOCB3 input· 

Note: • TIOCB3 input when CMD1 .. PWM3 = 0 and IOB2 = 1. 

ITU 
channel 3 
settings ® ® <D ® <D 
EB3 0 1 

CMD1 - 0 1 

IOB2 - 0 0 0 1 -
IOB1 - 0 0 1 - -
lOBO - 0 1 - - -

299 



Table 9-21 Port B Pin Functions (cont) 

Pin Pin Functions and Selection Method 

PBofTPaI ITU channel 3 settings (bit CMD1 in TFCR. bit EA3 in TOER. bit PWM3 in TMDR. and 
TIOCA3 bits 1OA2 to IOAO in TlOR3). bit NDER8 in NDERB. and bit PBoDDR in PBDDR select 

the pin function as follows 

ITU 
channel 3 
settings <D in table below ® in table below 

PBoDDR - 0 1 1 
NDER8 - - 0 1 

Pin function TIOCA3 output . PBo input PBooutput TPa output 
TIOCA3 input· 

Note: • TIOCA3 input when CMD1 - PWM3 = 0 and IOA2 - 1. 

ITU 
channel 3 
settings ® ® CD ® CD 
EA3 0 1 

CMD1 - 0 1 

PWM3 - 0 1 -
1OA2 - 0 0 0 1 - -
IOA1 - 0 0 1 - - -
IOAO - 0 1 - - - -
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Section 10 16-Bit Integrated Timer Unit (ITU) 

10.1 Overview 

The H8/3042 Series has a built-in 16-bit integrated timer unit (lTV) with five 16-bit timer 
channels. 

10.1.1 Features 

ITU features are listed below. 

Capability to process up to 12 pulse outputs or 10 pulse inputs 

Ten general registers (GRs, two per channel) with independently-assignable output compare 
or input capture functions 

• Selection of eight counter clock sources for each channel: 

Internal clocks: ~, ~/2, f/J/4, ~/8 
External clocks: TCLKA, TCLKB, TCLKC, TCLKD 

Five operating modes selectable in all channels: 

- Wavefonn output by compare match 

Selection of 0 output. 1 output, or toggle output (only 0 or 1 output in channel 2) 

- Input capture function 

Rising edge, falling edge, or both edges (selectable) 

- Counter clearing function 

Counters can be cleared by compare match or input capture 

- Synchronization 

Two or more timer counters (TCNTs) can be preset simultaneously, or cleared 
simultaneously by compare match or input capture. Counter synchronization enables 
synchronous register input and OutpUL 
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- PWMmode 

PWM output can be provided with an arbitrary duty cycle. With synchronization. up to 
five-phase PWM output is possible 

• Phase counting mode selectable in channel 2 

Two-phase encoder output can be counted automatically. 

Three additional modes selectable in channels 3 and 4 

- Reset-synchronized PWM mode 

If channels 3 and 4 are combined. three-phase PWM output is possible with three pairs of 
complementary waveforms. 

- Complementary PWM mode 

If channels 3 and 4 are combined. three-phase PWM output is possible with three pairs of 
non-overlapping complementary waveforms. 

- Buffering 

Input capture registers can be double-buffered. Output compare registers can be updated 
automatically. 

High-speed access via internal 16-bit bus 

The 16-bit timer counters. general registers. and buffer registers can be accessed at high speed 
via a 16-bit bus. 

• Fifteen interrupt sources 

Each channel has two compare match!input capture interrupts and an overflow interrupt All 
interrupts can be requested independently. 

Activation of DMA controller (DMAC) 

Four of the compare match/input capture interrupts from channels 0 to 3 can start the DMAC. 

• Output triggering of programmable pattern controller (1PC) 

Compare match/input capture signals from channels 0 to 3 can be used as TPC output 
triggers. 
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Table 10-1 summarizes the ITU functions. 

Table 10-1 ITU Functions 

Item Channel 0 Channel 1 ChBnnel2 ChBnnel3 ChBnnel4 

Clock sources Internal docks: a, al2, a/4, a/8 
External docks: TClKA, TClKB, TClKC, TClKO, selectable independenlly 

General registers GRAO,GRBO GRA1, GRB1 GRA2,GRB2 GRA3,GRB3 GRA4,GRB4 
(output comparelinput 
capture registers) 

Buffer registers BRA3, BRB3 BRA4,BRB4 

Input/output pins nOCAO, nOCA1, TIOCA2, TIOCA3, TIOCA4, 
nOCBO nOCB1 TIOCB2 nOCB3 nOCB4 

Output pins TOCXA4, 
TOCXB4 

Counter clearing function GRAO/GRBO GRA1/GRB1 GRA2lGRB2 GRA3/GRB3 GRA4/GRB4 
compare compare compare compare compare 
match or match or match or match or match or 
input capture input capture input capture input capture input capture 

Compare 0 0 0 0 0 0 
match output 0 0 0 0 0 

Toggle 0 0 0 0 
Input capture function 0 0 0 0 0 
Synchronization 0 0 0 0 0 
PWMmode 0 0 0 0 0 
Reset-synchronized 0 0 
PWMmode 

Complementary PWM 0 0 
mode 

Phase counting mode 0 
Buffering 0 0 
OMAC activation GRAO compare GRA 1 compare GRA2 compare GRA3 compare -

match or match or match or match or 
input capture input capture input capture input capture 

Interrupt sources Three sources Three sources Three sources Three sources Three sources 

• Compare • Compare • Compare • Compare • Compare 
matchlinput matchlinput matchlinput matchlinput matchlinput 
captureAO captureA1 captureA2 capture A3 captureA4 

• Compare • Compare • Compare • Compare • Compare 
matchlinput matchlinput matchlinput matchlinput matchlinput 
capture BO capture B1 capture B2 capture B3 capture B4 

• Overflow • Overflow • Overflow • Overflow • Overflow 

legend 
0: Available 
-: Not available 
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10.1.2 Block Diagrams 

lTU Block Diagram (OveraU): Figure 10-1 is a block diagram of the lTV. 

TCLKA to TCLKD 
Clock selector 

1iJ, 1iJ/2, 1iJ/4, 1iJ/8 

TOCXA4, TOCXB4 Control logic 

TIOCAO to TIOCA4 
TIOCBO to TIOCB4 

'<t Cf) C\I 0 

Cii Cii Cii Cii Cii 
c c c c c 
c c c c c 
tG tG tG tG tG 

.r::. .r::. .r::. .r::. .r::. 
0 0 0 0 0 .... .... .... .... .... 
CD CD CD CD CD 

.~ .~ E .~ ,g 0:; 

.1:! .1:! .1:! .1:! .1:! .c .c .c .c .c 
c.b c.b c.b c.b c.b 

Legend 
TOEA: Timer output master enable register (8 bits) 
TOCA: Timer output control register (8 bits) 
TSTA: Timer start register (8 bits) 
TSNC: Timer synchro register (8 bits) 
TMDA: Timer mode register (8 bits) 
TFCA: Timer function control register (8 bits) 

Figure 10-1 ITU Block Diagram (Overall) 
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Block Diagram of Channels 0 and 1: rru channels 0 and 1 are functionally identical. Both have 
the structure shown in figure 10-2. 

TClKA to TCLKD 

e. e/2. e/4. e/8 

Legend 

Clock selector 

Comparator 

I­
Z 

~ 
< co 
0:: 0:: 
C!J C!J 

TCNT: Timer counter (16 bits) 

Control logic 

0:: 
Q 
I-

0:: 
UJ 
i= 

TIOCAO 
TIOCBO 

IMIAO 
IMIBO 
OVIO 

GRA. GRB: General registers A and B (input capture/output compare registers) (16 bits x 2) 
TCR: Timer control register (8 bits) 
TIOR: Timer I/O control register (8 bits) 
TIER: Timer interrupt enable register (8 bits) 
TSR: Timer status register (8 bits) 

Figure 10·2 Block Diagram of Channels 0 and 1 (for Channel 0) 
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Block Diagram of Channel 2: Figure 10-3 is a block diagram of channel 2. This is the channel 
that provides only 0 output and 1 output 

TCLKA to TCLKD 
Clock seledor 

e, el2, e/4, e/8 

Comparator 

Legend 

TCNT2: Timer counter 2 (16 bits) 

N a: g 

Control logic 

N a: o 
i= 

~ 
w 
i= 

N a: 
~ 

TIOCA2 
TIOCB2 

IMIA2 
IMIB2 
OVI2 

GRA2, GRB2: General registers A2 and 82 (input capture/output compare registers) 

TCR2: 
TIOR2: 
TIER2: 
TSR2: 

(16 bits x 2) 
Timer control register 2 (8 bits) 
Timer VO control register 2 (8 bits) 
Timer interrupt enable register 2 (8 bits) 
Timer status register 2 (8 bits) 

Figure 10·3 Block Diagram of Channel 2 
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Block Diagrams of Channels 3 and 4: Figure 10-4 is a block diagram of channel 3. Figure 10-5 
is a bloclc diagram of channel 4. 

TClKAto 
TClKD 
9,912, 
9/4,9/8 

legend 

Clock selector 

Comparator 

TCNT3: Timer counter 3 (16 bits) 

Control logic 

CO) 

c: 
UJ 
~ 

TIOCA3 
TIOCB3 

IMIA3 
IMIB3 
OVI3 

GRA3, GRB3: General registers A3 and B3 (input capture/output compare registers) 
(16 bits x 2) 

BRA3, BRB3: Buffer registers A3 and B3 (input capture/output compare buffer registers) 

TCR3: 
TIOR3: 
TIER3: 
TSR3: 

(16 bits x 2) 
Timer control register 3 (8 bits) 
Timer VO control register 3 (8 bits) 
Timer interrupt enable register 3 (8 bits) 
Timer status register 3 (8 bits) 

Figure 10-4 Block Diagram of Channel 3 
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TCLKAto 
TCLKD 

", rlJl2, 
"/4, ,,/8 

Legend 

Clock selector 

Comparator 

TCNT4: Timer counter 4 (16 bits) 

Control logic 

TOCXA4 
TOCXB4 

TIOCA4 
TIOCB4 

IMlA4 
IMIB4 
OVI4 

GRA4, GRB4: General registers A4 and B4 (input capture/output compare registers) 
(16 bits x 2) 

BRA4, BRB4: Buffer registers A4 and B4 (input capture/output compare buffer registers) 

TCR4: 
TIOR4: 
TIER4: 
TSR4: 

(16 bits x 2) 
Timer control register 4 (8 bits) 
Timer 110 control register 4 (8 bits) 
Timer interrupt enable register 4 (8 bits) 
Timer status register 4 (8 bits) 

Figure 10-5 Block Diagram of Channel 4 
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10.1.3 Input/Output Pins 

Table 10-2 summarizes the ITU pins. 

Table 10-2 lTV Pins 

Abbr8- Input! 
Channel Name vlation Output Function 

Common Clock input A TCLKA Input External clock A input pin 
(phase-A input pin in phase counting mode) 

Clock input B TCLKB Input External clock B input pin 
(phase-B input pin in phase counting mode) 

Clock input C TCLKC Input External clock C input pin 

Clock input 0 TCLKD Input External clock 0 input pin 

0 Input capture/output TIOCAO Input! GRAO output compare or input capture pin 
compare AO output PWM output pin in PWM mode 

Input capture/output TIOCBO Input/ GRBO output compare or input capture pin 
compare BO output 

Input capture/output TIOCA1 Input/ GRA 1 output compare or input capture pin 
compare A1 output PWM output pin in PWM mode 

Input capture/output TIOCB1 Input/ GRB1 output compare or input capture pin 
compare B1 output 

2 Input capture/output TIOCA2 Input/ GRA2 output compare or input capture pin 
compare A2 output PWM output pin in PWM mode 

Input capture/output TIOCB2 Input/ GRB2 output compare or input capture pin 
compare B2 output 

3 Input capture/output TIOCA3 Input/ GRA3 output compare or input capture pin 
compare A3 output PWM output pin in PWM mode, comple-

mentary PWM mode, or reset-synchronized 
PWM mode 

Input capture/output TIOCB3 Input/ GRB3 output compare or input capture pin 
compare B3 output PWM output pin in complementary PWM 

mode or reset-synchronized PWM mode 

4 Input capture/output TIOCA4 Input! GRA4 output compare or input capture pin 
compare A4 output PWM output pin in PWM mode, comple-

mentary PWM mode, or reset-synchronized 
PWM mode 

Input capture/output TIOCB4 Input! GRB4 output compare or input capture pin 
compare B4 output PWM output pin in complementary PWM 

mode or reset-synchronized PWM mode 

Output compare XA4 TOCXA4 Output PWM output pin in complementary PWM 
mode or reset-synchronized PWM mode 

Output compare XB4 TOCXB4 Output PWM output pin in complementary PWM 
mode or reset-synchronized PWM mode 
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10.1.4 Register Configuration 

Table 10-3 summarizes the lTU registers. 

Table 10-3 lTV Registers 

Abbre- Initial 
Channel Address*1 Name vlatlon RIW Value 

Common H'FF60 Timer start register TSTR RtN H'EO 

H'FF61 Timer synchro register TSNC RIW H'EO 

H'FF62 Timer mode register TMDR RtN H'BO 

H'FF63 Timer function control register TFCR RtN H'CO 

H'FF90 Timer output master enable register TOER RtN H'FF 

H'FF91 Timer output control register TOCR RIW H'FF 

0 H'FF64 Timer control register 0 TCRO RIW H'BO 

H'FF65 Timer I/O control register 0 TIORO RIW H'88 

H'FF66 Timer interrupt enable register 0 TIERO RIW H'F8 

H'FF67 Timer status register 0 TSRO R/(Wt2 H'F8 

H'FF68 Timer counter 0 (high) TCNTOH RIW H'OO 

H'FF69 Timer counter 0 (low) TCNTOl RIW H'OO 

H'FF6A General register AO (high) GRAOH RIW H'FF 

H'FF6B General register AO (low) GRAOl RIW H'FF 

H'FF6C General register BO (high) GRBOH RtN H'FF 

H'FF6D General register BO (low) GRBOl RIW H'FF 

H'FF6E Timer control register 1 TCR1 RIW H'80 

H'FF6F Timer I/O control register 1 TIOR1 RIW H'88 

H'FF70 Timer interrupt enable register 1 TIER1 RIW H'FB 

H'FF71 Timer status register 1 TSR1 R/(Wt2 H'FB 

H'FF72 Timer counter 1 (high) TCNT1H RIW H'OO 

H'FF73 Timer counter 1 (low) TCNT1l RIW H'OO 

H'FF74 General register A 1 (high) GRA1H RtN H'FF 

H'FF75 General reg ister A 1 (low) GRA1l RIW H'FF 

H'FF76 General register 81 (high) GR81H RIW H'FF 

H'FF77 General register 81 (low) GR81l RtN H'FF 

Notes: 1. The lower 16 bits of the address are indicated. 
2. Only 0 can be written, to clear flags. 
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Table 10-3 lTV Registers (cont) 

Abbre- Initial 
Channel Address·1 Name vlation RIW Value 

2 H'FF78 Timer control register 2 TCR2 ANI H'SO 

H'FF79 Timer VO control register 2 TIOR2 ANI H'SS 

H'FF7A Timer interrupt enable register 2 TIER2 ANI H'FS 

H'FF7B Timer status register 2 TSR2 R/(W)·2 H'FS 

H'FF7C Timer counter 2 (high) TCNT2H RIW H'OO 

H'FF7D Timer counter 2 (low) TCNT2L RIW H'OO 

H'FF7E General register A2 (high) GRA2H ANI H'FF 

H'FF7F General register A2 (low) GRA2L ANI H'FF 

H'FFSO General register B2 (high) GRB2H ANI H'FF 

H'FFS1 General register B2 (low) GRB2L RIW H'FF 

3 H'FFS2 Timer control register 3 TCR3 RIW H'SO 

H'FFS3 Timer VO control register 3 TIOR3 RIW H'SS 

H'FFS4 Timer interrupt enable register 3 TIER3 ANI H'FS 

H'FFS5 Timer status register 3 TSR3 R/(Wt2 H'FS 

H'FFS6 Timer counter 3 (high) TCNT3H RIW H'OO 

H'FFS7 Timer counter 3 (low) TCNT3L ANI H'OO 

H'FFSS General register A3 (high) GRA3H RIW H'FF 

H'FFS9 General register A3 (low) GRA3L RIW H'FF 

H'FFSA General register B3 (high) GRB3H RIW H'FF 

H'FF8B General register B3 (low) GRB3L RIW H'FF 

H'FF8C Buffer register A3 (high) BRA3H RIW H'FF 

H'FF8D Buffer register A3 (low) BRA3L RIW H'FF 

H'FF8E Buffer register B3 (high) BRB3H RIW H'FF 

H'FF8F Buffer register B3 (low) BRB3L RIW H'FF 

Notes: 1. The lower 16 bits of the address are indicated. 
2. Only 0 can be written, to clear flags. 
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Table 10-3 lTU Registers (cont) 

Abbre- Initial 
Channel Address·1 Name vlatlon RIW Value 

4 H'FF92 limer control register 4 TCR4 RIW H'SO 

H'FF93 limer VO control register 4 TIOR4 RIW H'SS 

H'FF94 limer interrupt enable register 4 TIER4 RIW H'FS 

H'FF95 limer status register 4 TSR4 RI(W)*2 H'FS 

H'FF96 limer counter 4 (high) TCNT4H RIW H'OO 

H'FF97 limer counter 4 (low) TCNT4L RIW H'OO 

H'FF9S General register A4 (high) GRA4H RIW H'FF 

H'FF99 General register A4 (low) GRA4L RIW H'FF 

H'FF9A General register B4 (high) GRB4H RIW H'FF 

H'FF9B General register B4 (low) GRB4L RfIN H'FF 

H'FF9C Buffer register A4 (high) BRA4H RIW H'FF 

H'FF9D Buffer register A4 (low) BRA4L RfIN H'FF 

H'FF9E Buffer register B4 (high) BRB4H RIW H'FF 

H'FF9F Buffer register B4 (low) BRB4L RIW H'FF 

Notes: 1. The lower 16 bits of the address are indicated. 
2. Only 0 can be written, to clear flags. 
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10.2 Register Descriptions 

10.2.1 Timer Start Register (TSTR) 

TSTR is an 8-bit readable/writable register that starts and stops the timer counter (fCN1) in 
channels 0 to 4. 

Bit 7 6 5 4 3 2 1 

STR4 STR3 STR2 STR1 

Initial value 1 1 a a a a 
ReadIWrite ANI RIW ANI RIW 

I 
Reserved bits Counter start 4 to 0 

These bits start and 
stop TCNT 4 to TCNTO 

TSTR is initialized to H'EO by a reset and in standby mode. 

Bits 7 to 5-Reserved: Read-only bits, always read as 1. 

Bit 4-Counter Start 4 (STR4): Starts and stops timer counter 4 (TCNT4). 

BH4 
STR4 

a 
Description 

TCNT 4 is halted 

TCNT4 is counting 

Bit 3-Counter Start 3 (STRJ): Starts and stops timer counter 3 (fCNT3). 

BH3 
STR3 Description 

a TeNT3 is halted 

TCNT3 is counting 

Bit 2-Counter Start 2 (STR2): Starts and stops timer counter 2 (fCNT2). 

Bit 2 
STR2 Description 

a TCNT2 is halted 

TCNT2 is counting 
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Bit l-Counter Start 1 (STR1): Starts and stops timer counter 1 (rCNTl). 

Bit 1 
STR1 Description 

o TCNT1 is halted 

1 TCNT1 is counting 

Bit O-Counter Start 0 (STRO): Starts and stops timer counter 0 (fCNTO). 

Bit 0 
STRO Description 

o TCNTO is halted 

TCNTO is counting 

10.2.2 Timer Synchro Register (TSNC) 

(Initial value) 

(Initial value) 

TSNC is an 8-bit readable/writable register that selects whether channels 0 to 4 operate 
independently or synchronously. Channels are synchronized by setting the corresponding bits to 1. 

Bit 7 6 5 4 3 2 1 0 

! SYNC4! SYNC31 SYNC2 I SYNC1 I SYNCO I 
Initial value 

ReadlWrite 

Reserved bits 

o 
RIW 

o 
RIW 

o 
RIW 

I 

o 
RIW 

Timer sync 4 to 0 
These bits synchronize 
channels 4 to 0 

TSNC is initialized to H'EO by a reset and in standby mode. 

Bits 7 to 5-Reserved: Read-only bits, always read as 1. 

Bit 4-Timer Sync 4 (SYNC4): Selects whether channel 4 operates independently or 
synchronously. 

BIt4 
SYNC4 Description 

o 
RIW 

o Channel4's timer counter (TeNT 4) operates independently 
TCNT4 is preset and cleared independently of other channels 

(Initial value) 

Channel 4 operates synchronously 
TCNT4 can be synchronously preset and cleared 
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Bit 3-Timer Sync 3 (SYNC3): Selects whether channel 3 operates independently or 
synchronously. 

Bit 3 
SYNC3 Description 

o Channel 3's timer counter (TCNT3) operates independently 
TCNT3 is preset and cleared independently of other channels 

1 Channel 3 operates synchronously 
TCNT3 can be synchronously preset and cleared 

(Initial value) 

Bit 2-Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently or 
synchronously. 

Bit 2 
SYNC2 DescrIptIon 

o Channel 2's timer counter (TCNT2) operates independently 
TCNT2 is preset and cleared independently of other channels 

1 Channel 2 operates synchronously 
TCNT2 can be synchronously preset and cleared 

(Initial value) 

Bit I-Timer Sync I (SYNC I): Selects whether channell operates independently or 
synchronously. 

Bit 1 
SYNC1 Description 

o Channel 1 's timer counter (TCNT1) operates independently 
TCNT1 is preset and cleared independently of other channels 

Channel 1 operates synchronously 
TCNT1 can be synchronously preset and cleared 

(Initial value) 

Bit 0-Timer Sync 0 (SYNCO): Selects whether channel 0 operates independently or 
synchronously. 

Bit 0 
SYNCO Description 

o Channel O's timer counter (TCNTO) operates independently 
TCNTO is preset and cleared independently of other channels 

1 Channel 0 operates synchronously 
TCNTO can be synchronously preset and cleared 

315 

(Initial value) 



10.2.3 Timer Mode Register (TMDR) 

TMDR is an 8-bit readable/writable register that selects PWM mode for channels 0 to 4. It also 
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2. 

Bit 7 6 5 4 3 2 1 0 

MOF FOIR I PWM4 I PWM3 I PWM2 I PWM1 I PWMO I 
Initial value 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW ANI ANI RIW RIW 

T I 
PWM mode 4 to 0 
These bits select PWM 
mode for channels 4 to 0 

Flag direction 
Selects the setting condition for the overflow 
flag (OVF) in timer status register 2 (TSR2) 

Phase counting mode flag 
Selects phase counting mode for channel 2 

Reserved bit 

TMDR is initialized to H'80 by a reset and in standby mode. 

Bit 7-Reserved: Read-only bit, always read as 1. 

Bit 6-Phase Counting Mode Flag (MDF): Selects whether channel 2 operates normally or in 
phase counting mode. 

Bit 6 
MDF Description 

o Channel 2 operates normally (Initial value) 

Channel 2 operates in phase counting mode 

316 



When MDF is set to 1 to select phase counting mode, TCNT2 operates as an up/down-counter and 
pins TCLKA and TCLKB become counter clock input pins. TCNTI counts both rising and falling 
edges of TCLKA and TCLKB, and counts up or down as follows. 

Counting Direction Down-Counting Up-Counting 

TClKApin J High 1 low J low 1 High 

TClKB pin low J High 1 High J low 1 

In phase counting mode channel 2 operates as above regardless of the external clock edges 
selected by bits CKEG 1 and CKEGO and the clock source selected by bits lPSC2 to lPSCO in 
TCR2. Phase counting mode takes precedence over these settings. 

The counter clearing condition selected by the CCLRl and CCLRO bits in TCR2 and the compare 
match(mput capture settings and interrupt functions of TIOR2, TIER2, and TSR2 remain effective 
in phase counting mode. 

Bit 5-Flag Direction (FDIR): Designates the setting condition for the OVF flag in TSR2. The 
FDIR designation is valid in all modes in channel 2. 

Bit 5 
FDIR Description 

o OVF is set to 1 in TSR2 when TCNT2 overflows or underflows (Initial value) 

OVF is set to 1 in TSR2 when TCNT2 overflows 

Bit 4-PWM Mode 4 (PWM4): Selects whether channel 4 operates normally or in PWM mode. 

Bit 4 
PWM4 Description 

o Channel 4 operates normally (Initial value) 

Channel 4 operates in PWM mode 

When bit PWM4 is set to 1 to select PWM mode, pin TIOCA4 becomes a PWM output pin. The 
output goes to 1 at compare match with GRA4, and to 0 at compare match with GRB4. 

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD 1 and 
CMDO in TFCR, the CMDI and CMDO setting takes precedence and the PWM4 setting is 
ignored. 
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Bit 3-PWM Mode 3 (pWMJ): Selects whether channel 3 operates normally or in PWM mode. 

Bit 3 
PWM3 Description 

o Channel 3 operates normally (Initial value) 

1 Channel 3 operates in PWM mode 

When bit PWM3 is set to I to select PWM mode, pin TIOCA3 becomes a PWM output pin. The 
output goes to I at compare match with GRA3, and to 0 at compare match with GRB3. 

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMDI and 
CMDO in TFCR, the CMDI and CMDO setting takes precedence and the PWM3 setting is 
ignored. 

Bit 2-PWM Mode 2 (PWM2): Selects whether channel 2 operates normally or in PWM mode. 

Bit 2 
PWM2 Description 

o Channel 2 operates normally (Initial value) 

Channel 2 operates in PWM mode 

When bit PWM2 is set to 1 to select PWM mode, pin TIOCA2 becomes a PWM output pin. The 
output goes to 1 at compare match with GRA2, and to 0 at compare match with GRB2. 

Bit I-PWM Mode 1 (PWMl): Selects whether channell operates normally or in PWM mode. 

Bit 1 
PWM1 Description 

o Channel 1 operates normally (Initial value) 

Channel 1 operates in PWM mode 

When bit PWMI is set to 1 to select PWM mode, pin TIOCAI becomes a PWM output pin. The 
output goes to I at compare match with GRAI, and to 0 at compare match with GRBI. 
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Bit O-PWM Mode 0 (PWMO): Selects whether channel 0 operates nonnally or in PWM mode. 

Bit 0 
PWMO Description 

o Channel 0 operates normally (Initial value) 

Channel 0 operates in PWM mode 

When bit PWMO is set to 1 to select PWM mode, pin TIOCAO becomes a PWM output pin. The 
output goes to 1 at compare match with GRAO, and to 0 at compare match with GRBO. 

10.2.4 Timer Function Control Register (TFCR) 

TFCR is an 8-bit readable/writable register that selects complementary PWM mode, reset­
synchronized PWM mode. and buffering for channels 3 and 4. 

Bit 

Initial value 

ReadlWrite 

7 6 5 

CMD1 

o 
RIW 

4 

CMDO 

o 
RIW 

3 

BFB4 

o 
RIW 

2 

BFA4 

o 
RIW 

1 

BFB3 

o 
RIW 

o 
BFA3 

o 
RIW 

Reserved bits 

Combination mode 1/0 
These bits select complementary 
PWM mode or reset-synchronized 
PWM mode for channels 3 and 4 

Buffer mode B4 and A4 
These bits select buffering of 
general registers (GRB4 and 
GRA4) by buffer registers 
(BRB4 and BRA4) in channel 4 

Buffer mode B3 and A3 
These bits select buffering 
of general registers (GRB3 
and GRA3) by buffer 
registers (BRB3 and BRA3) 
in channel 3 

TFCR is initialized to H'CO by a reset and in standby mode. 

Bits 7 and 6-Reserved: Read-only bits, always read as 1. 
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Bits 5 and ~ombination Mode 1 and 0 (CMDl, CMDO): These bits select whether channels 
3 and 4 operate in normal mode, complementary PWM mode, or reset-synchronized PWM mode. 

Bit 5 BIt4 
CMD1 CMDO Description 

o o Channels 3 and 4 operate normally (Initial value) 

1 

1 o Channels 3 and 4 operate together in complementary PWM mode 

Channels 3 and 4 operate together in reset-synchronized PWM mode 

Before selecting reset-synchronized PWM mode or complementary PWM mode, halt the timer 
COWlter or COWlters that will be used in these modes. 

When these bits select complementary PWM mode or reset-synchronized PWM mode, they take 
precedence over the setting of the PWM mode bits (PWM4 and PWM3) in TMDR. Settings of 
timer sync bits SYNC4 and SYNC3 in TSNC are valid in complementary PWM mode and reset­
synchronized PWM mode, however. When complementary PWM mode is selected, channels 3 
and 4 must not be synchronized (do not set bits SYNC3 and SYNC4 both to 1 in TSNC). 

Bit 3-Buffer Mode B4 (BFB4): Selects whether GRB4 operates normally in channel 4, or 
whether GRB4 is buffered by BRB4. 

Bit 3 
BFB4 Description 

o GRB4 operates normally (Initial value) 

GRB4 is buffered by BRB4 

Bit 2-Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channel 4, or 
whether GRA4 is buffered by BRA4. 

BIU 
BFA4 Description 

o GRA4 operates normally (Initial value) 

GRA4 is buffered by BRM 

320 



Bit I-ButTer Mode B3 (BFB3): Selects whether GRB3 operates nonnally in channel 3, or 
whether GRB3 is buffered by BRB3. 

Bit 1 
BFB3 Description 

o GRB3 operates normally (Initial value) 

GRB3 is buffered by BRB3 

Bit O-ButTer Mode AJ (BFAJ): Selects whether GRA3 operates normally in channel 3, or 
whether GRA3 is buffered by BRA3. 

Bit 0 
BFA3 Description 

o GRA3 operates normally (Initial value) 

GRA3 is buffered by BRA3 

10.2.5 Timer Output Master Enable Register (TOER) 

TOER is an 8-bit readable/writable register that enables or disables output settings for channels 3 
and 4. 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

EXB4 EXA4 EB3 EB4 EA4 EA3 

1 1 1 1 1 

RIW RIW RIW RIW RIW RIW 

Reserved bits 

Master enable TOCXA4, TOCXB4 
These bits enable or disable output 
settings for pins TOCXA4 and TOCXB4 

Master enable nOCA3, nOCB3 , nOCA4, nOCB4 
These bits enable or disable output settings for pins 
TIOCA3, TIOCB3 , TIOCA4, and TIOCB4 

TOER is initialized to H'FF by a reset and in standby mode. 

Bits 7 and 6-Reserved: Read-only bits, always read as 1. 
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Bit 5-Master Enable TOCXB4 (EXB4): Enables or disables ITU output at pin TOCXB4. 

Bit 5 
EXB4 Description 

o TOCXB4 output is disabled regardless of TFCR settings (TOCXB4 operates as a generic 
input/output pin). 
H XTGD = 0, EXB4 is cleared to 0 when input capture A occurs in channel 1. 

1 TOCXB4 is enabled for output according to TFCR settings (Initial value) 

Bit 4-Master Enable TOCXA4 (EXA4): Enables or disables ITU output at pin TOCXA4. 

Bit 4 
EXA4 Description 

o TOCXA4 output is disabled regardless of TFCR settings (TOCXA4 operates as a generic 
input/output pin). 
If XTGD = 0, EXA4 is cleared to 0 when input capture A occurs in channel 1. 

TOCXA4 is enabled for output according to TFCR settings (Initial value) 

Bit 3-Master Enable TIOCB3 (EB3): Enables or disables ITU output at pin TIOCB3. 

Bit 3 
EB3 Description 

o TIOCB3 output is disabled regardless of TIOR3 and TFCR settings (TIOCB3 operates as 
a generic input/output pin). 
If XTGD = 0, EB3 is cleared to 0 when input capture A occurs in channel 1. 

TIOCB3 is enabled for output according to TIOR3 and TFCR settings (Initial value) 
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Bit 2-Master Enable 110CB4 (EB4): Enables or disables ITU output at pin TIOCB4. 

Bit 2 
EB4 Description 

o TIOCB4 output is disabled regardless of TIOR4 and TFCR settings (TIOCB4 operates as 
a generic input/output pin). 
H XTGO - 0, EB4 is cleared to 0 when input capture A occurs in channel 1. 

1 TIOCB4 is enabled for output according to TIOR4 and TFCR settings (Initial value) 

Bit 1-Master Enable TlOCA4 (EA4): Enables or disables 1111 output at pin TIOCA4. 

Bit 1 
EA4 Description 

o TIOCA4 output is disabled regardless of TIOR4, TMOR, and TFCR settings (TIOCA4 
operates as a generic input/output pin). 
If XTGO • 0, EA4 is cleared to 0 when input capture A occurs in channel 1. 

1 TIOCA4 is enabled for output according to TIOR4, TMOR, and (Initial value) 
TFCR settings 

Bit O-Master Enable TlOCAJ (EAJ): Enables or disables 1111 output at pin TIOCA3. 

Bit 0 
EA3 Description 

o TIOCA3 output is disabled regardless of TIOR3, TMOR, and TFCR settings (TIOCA3 
operates as a generic input/output pin). 
If XTGO = 0, EA3 is cleared to 0 when input capture A occurs in channel 1. 

TIOCA3 is enabled for output according to TIOR3, TMOR, and (Initial value) 
TFCR settings 
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10.2.6 Timer Output Control Register (TOCR) 

TOCR is an 8-bit readable/writable register that selects externally triggered disabling of output in 
complementary PWM mode and reset-synchronized PWM mode, and inverts the output levels. 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 

XTGD 

1 

RIW 

3 2 1 

OlS4 

1 

RIW 

o 
OlS3 

1 

RIW 

Reserved bits Output level select 3, 4 
These bits select output 
levels in complementary 
PWM mode and reset­
synchronized PWM mode 

Reserved bits 

External trigger disable 
Selects externally triggered disabling of output in 
complementary PWM mode and reset-synchronized 
PWMmode 

The settings of the XTGD, OLS4, and OLS3 bits are valid only in complementary PWM mode 
and reset-synchronized PWM mode. These settings do not affect other modes. 

TOCR is initialized to H'FF by a reset and in standby mode. 

Bits 7 to 5-Reserved: Read-only bits, always read as 1. 

Bit 4-External Trigger Disable (XTGD): Selects externally triggered disabling of lTU output 
in complementary PWM mode and reset-synchronized PWM mode. 

Bit 4 
XTGD Description 

o Input capture A in channel 1 is used as an external trigger signal in complementary PWM 
mode and reset-synchronized PWM mode. 
When an external trigger occurs, bits 5 to 0 in TOER are cleared to 0, disabling ITU 
output. 

External triggering is disabled (Initial vaJue) 
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Bits 3 and 2-Reserved: Read-only bits, always read as 1. 

Bit 1-Output Level Select 4 (OLS4): Selects output levels in complementary PWM mode and 
reset-synchronized PWM mode. 

Bit 1 
OLS4 Description 

o TIOCA3. TIOCA4. and TIOCB4 outputs are inverted 

1 TIOCA3. TIOCA4. and TIOCB4 outputs are not inverted (Initial value) 

Bit O-Output Level Select 3 (OLS3): Selects output levels in complementary PWM mode and 
reset-synchronized PWM mode. 

Bit 0 
OLS3 Description 

o TIOCB3. TOCXA4. and TOCXB4 outputs are inverted 

TIOCB3. TOCXA4, and TOCXB4 outputs are not inverted (Initial value) 

10.2.7 Timer Counters (TCNT) 

TCNT is a 16-bit counter. The lTU has five TCNTs, one for each channel. 

Channel Abbreviation Function 

0 TCNTO Up-counter 

1 TCNT1 

2 TCNT2 Phase counting mode: up/down-counter 
Other modes: up-counter 

3 TCNT3 Complementary PWM mode: up/down-counter 

4 TCNT4 Other modes: up-counter 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 

Initial value 

ReadtWrite 

I I I I I I I 
o 0 000 0 0 0 0 000 000 0 

RtW RtW RtW RtW RtW RtW RtW RtW RtW RtW RtW RIW RtW RtW RtW RtW 

Each TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock source. The 
clock source is selected by bits TPSC2 to TPSCO in TCR. 
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TCNTO and TCNTI are up-counters. TCNT2 is an up/down-counter in phase counting mode and 
an up-counter in other modes. TCNT3 and TCNT4 are up/down-counters in complementary PWM 
mode and up-counters in other modes. 

TCNT can be cleared to H'OOOO by compare match with GRA or GRB or by input capture to GRA 
or GRB (counter clearing function) in the same channel. 

When TCNT overflows (changes from H'FFFF to H'OOOO), the OVF flag is set to 1 in TSR of the 
corresponding channel. 

When TCNT underflows (changes from H'OOOO to H'FFFF), the OVF flag is set to 1 in TSR of the 
corresponding channel. 

The TCNTs are linked to the CPU by an intemal16-bit bus and can be written or read by either 
word access or byte access. 

Each TCNT is initialized to H'OOOO by a reset and in standby mode. 

10.2.8 General Registers (GRA, GRB) 

The general registers are l6-bit registers. The ITU has 10 general registers, two in each channel. 

Channel Abbreviation Function 

0 

1 

2 

3 

4 

GRAO, GRBO 

GRA1, GRB1 

GRA2, GRB2 

GRA3,GRB3 

GRA4,GRB4 

Output compare/input capture register 

Output compare/input capture register; can be buffered by buffer 
registers BRA and BRB 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I 
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

A general register is a 16-bit readable/writable register that can function as either an output 
compare register or an input capture register. The function is selected by settings in TIOR. 

When a general register is used as an output compare register, its value is constantly compared 
with the TCNT value. When the two values match (compare match), the IMFA or IMFB flag is set 
to 1 in TSR. Compare match output can be selected in TIOR. 
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When a general register is used as an input capture register, rising edges, falling edges, or both 
edges of an external input capture signal are detected and the current TCNT value is stored in the 
general register. The corresponding IMFA or IMFB flag in TSR is set to 1 at the same time. The 
valid edge or edges of the input capture signal are selected in TIOR. 

TIOR settings are ignored in PWM mode, complementary PWM mode, and reset-synchronized 
PWMmode. 

General registers are linked to the CPU by an intemal16-bit bus and can be written or read by 
either word access or byte access. 

General registers are initialized to the output compare function (with no output signal) by a reset 
and in standby mode. The initial value is H'FfFF. 

10.2.9 Buffer Registers (BRA, BRB) 

The buffer registers are 16-bit registers. The ITU has four buffer registers, two each in channels 3 
and 4. 

Channel Abbreviation Function 

3 BRA3, BRB3 Used for buffering 

4 BRA4, BRB4 • When the corresponding GRA or GRB functions as an output 

Bit 

Initial value 

ReadJWrite 

compare register, BRA or BRB can function as an output compare 
buffer register: the BRA or BRB value is automatically transferred 
to GRA or GRB at compare match 

• When the corresponding GRA or GRB functions as an input 
capture register, BRA or BRB can function as an input capture 
buffer register: the GRA or GRB value is automatically transferred 
to BRA or BRB at input capture 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 

I I I I I I I 
1111111111111111 

RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW ANI 

A buffer register is a 16-bit readable/writable register that is used when buffering is selected. 
Buffering can be selected independently by bits BFB4, BFA4, BFB3, and BFA3 in 1FCR. 

The buffer register and general register operate as a pair. When the general register functions as an 
output compare register, the buffer register functions as an output compare buffer register. When 
the general register functions as an input capture register, the buffer register functions as an input 
capture buffer register. 
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The buffer registers are linked to the CPU by an internal 16-bit bus and can be written or read by 
either word or byte access. 

Buffer registers are initialized to H'FFFF by a reset and in standby mode. 

10.2.10 Timer Control Registers (TCR) 

TCR is an 8-bit register. The ITU has five TCRs, one in each channel. 

Channel Abbreviation Function 

0 

1 

2 

3 

4 

TCRO 

TCR1 

TCR2 

TCR3 

TCR4 

Bit 

Initial value 

ReadlWrite 

TCR controls the timer counter. The TCRs in all channels are 
functionally identical. When phase counting mode is selected in 
channel 2, the settings of bits CKEG1 and CKEGO and TPSC2 to 
TPSCO in TCR2 are ignored. 

7 6 5 4 3 2 1 0 

I CCLRll CCLRO I CKEG1 I CKEGO I TPSC2 I TPSC1 I TPSCO I 
0 0 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW RIW 

T I 
Timer prescaler 2 to 0 
These bits select the 
counter clock 

Clock edge 1/0 
These bits select external clock edges 

Counter clear 1/0 
These bits select the counter clear source 

Reserved bit 

Each TCR is an 8-bit readable/writable register that selects the timer counter clock source, selects 
the edge or edges of external clock sources, and selects how the counter is cleared. 

TCR is initialized to H'80 by a reset and in standby mode. 

Bit 7-Reserved: Read-only bit, always read as 1. 
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Bits 6 and S-Counter Clear 1/0 (CCLRl, CCLRO): These bits select how TCNT is cleared. 

Bit 6 Bit 5 
CCLR1 CCLRO Description 

o o TCNT is not cleared (Initial value) 

TCNT is cleared by GRA compare match or input capture·1 

o TCNT is cleared by GRB compare match or input capture·1 

Synchronous clear: TCNT is cleared in synchronization with other 
synchronized timers·2 

Notes: 1. TCNT is cleared by compare match when the general register functions as an output 
compare register, and by input capture when the general register functions as an input 
capture register. 

2. Selected in TSNC. 

Bits 4 and 3-Clock Edge 1/0 (CKEGl, CKEGO): These bits select external clock input edges 
when an external clock source is used. 

Bit 4 Bit 3 
CKEG1 CKEGO Description 

o o Count rising edges (Initial value) 

Count falling edges 

Count both edges 

When channel 2 is set to phase counting mode, bits CKEG 1 and CKEGO in TCR2 are ignored. 
Phase counting takes precedence. 
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Bits 2 to 0-Timer Prescaler 2 to 0 (TPSC2 to TPSCO): These bits select the counter clock 
source. 

BIt2 Bit 1 Bit 0 
TPSC2 TPSC1 TPSCO Function 

0 0 0 Internal clock: 0 (Initial value) 

1 Internal clock: 012 

1 0 Internal clock: 0/4 

Internal clock: 0/8 

0 0 External clock A: TCLKA input 

External clock B: TClKB input 

0 External clock C: TClKC input 

External clock D: TClKD input 

When bit 1PSC2 is cleared to 0 an internal clock source is selected, and the timer counts only 
falling edges. When bit 1PSC2 is set to 1 an external clock source is selected, and the timer 
counts the edge or edges selected by bits CKEG 1 and CKEGO. 

When channel 2 is set to phase counting mode (MDF = 1 in TMDR), the settings of bits 1PSC2 to 
1PSCO in TCR2 are ignored. Phase counting takes precedence. 

10.2.11 Timer I/O Control Register (TIOR) 

TIOR is an 8-bit register. The ITU has five TIORs, one in each channel. 

Channel 

0 

1 

2 

3 

4 

Abbreviation 

TIORD 

TIOR1 

TIOR2 

TIOR3 

TIOR4 

Function 

TIOR controls the general registers. Some functions differ in PWM 
mode. TIOR3 and TIOR4 settings are ignored when complementary 
PWM mode or reset-synchronized PWM mode is selected in 
channels 3 and 4. 
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Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

IOB2 lOB 1 lOBO 10A2 IOA1 IOAO 

0 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW 

T I 
1/0 control A2 to AD 
These bits select GRA 
functions 

Reserved bit 

110 control B2 to BO 
These bits select GRB functions 

Reserved bit 

Each TIOR is an 8-bit readable/writable register that selects the output compare or input capture 
function for GRA and GRB. and specifies the functions of the TIOCA and TIOCB pins. If the 
output compare function is selected. TIOR also selects the type of output If input capture is 
selected. TIOR also selects the edge or edges of the input capture signal. 

TIOR is initialized to H'88 by a reset and in standby mode. 

Bit 7-Reserved: Read-only bit. always read as 1. 

Bits 6 to 4-110 Control B2 to BO (lOB2 to lOBO): These bits select the GRB function. 

Bit 6 BitS Bit 4 
IOB2 IOB1 lOBO 

0 0 0 

1 

0 

0 0 

1 

0 

1 

Function 

GRB is an output 
compare register 

GRB is an input 
capture register 

No output at compare match (Initial value) 

o output at GRB compare match·1 

1 output at GRB compare match·1 

Output toggles at GRB compare match 
(1 output in channel 2)·1. ·2 

GRB captures rising edge of input 

GRB captures falling edge of input 

GRB captures both edges of input 

Notes: 1. After a reset, the output is 0 until the first compare match. 
2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output 

instead. 
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Bit 3-Reserved: Read-only bit, always read as 1. 

Bits 2 to ~VO Control A2 to AO (lOA2 to IOAO): These bits select the GRA function. 

Bit 2 Bit 1 Bit 0 
IOA2 IOA1 lOAD 

0 0 0 

1 

0 

o o 

o 

Function 

GRA is an output 
compare register 

GRA is an input 
capture register 

No output at compare match (Initial value) 

o output at GRA compare match·1 

1 output at GRA compare match·1 

Output toggles at GRA compare match 
(1 output in channel 2)*1. ·2 

GRA captures rising edge of input 

GRA captures falling edge of input 

GRA captures both edges of input 

Notes: 1. After a reset, the output is 0 until the first compare match. 
2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output 

instead. 

10.2.12 Timer Status Register (TSR) 

TSR is an 8-bit register. The ITU has five TSRs, one in each channel. 

Channel Abbreviation Function 

o TSRO Indicates input capture, compare match, and overflow status 

TSR1 

2 TSR2 

3 TSR3 

4 TSR4 
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Bit 7 6 5 

Initial value 

ReadlWrite 

Reserved bits 

Note: * Only 0 can be written, to clear the flag. 

4 3 2 0 

1 

OVF IMFB IMFA 

1 0 0 0 

RI(W)* RI(W)* RI(W)* 

T 
Overflow flag 
Status flag indicating 
overflow or underflow 

Input capture/compare match flag B 
Status flag indicating GRB compare 
match or input capture 

Input capture/compare match flag A 
Status flag indicating GRA compare 
match or input capture 

Each TSR is an 8-bit readable/writable register containing flags that indicate TCNT overflow or 
underflow and GRA or GRB compare match or input capture. These flags are interrupt sources 
and generate CPU interrupts if enabled by corresponding bits in TIER. 

TSR is initialized to H'F8 by a reset and in standby mode. 

Bits 7 to 3-Reserved: Read-only bits, always read as 1. 

Bit 2-Overflow Flag (OVF): This status flag indicates TCNT overflow or underflow. 

Bit 2 
OVF DescriptIon 

o [Clearing condition] (Initial value) 
Read OVF when OVF = 1, then write 0 in OVF 

[Setting condition] 
TCNT overflowed from H'FFFF to H'OOOO, or underflowed from H'OOOO to H'FFFF* 

Notes: * TCNT underflow occurs when TCNT operates as an upldown-counter. Underflow occurs 
only under the following conditions: 

1. Channel 2 operates in phase counting mode (MDF = 1 in TMDR) 
2. Channels 3 and 4 operate in complementary PWM mode (CMD1 = 1 and CMDO .. 0 in 

TFCR) 
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Bit 1-Input Capture/Compare Match Flag B (IMFB): This status flag indicates GRB 
compare match or input capture events. 

Bit 1 
IMFB Description 

o [Clearing condition] (Initial value) 
Read IMFB when IMFB = 1, then write 0 in IMFB 

1 [Setting conditions] 
TCNT ... GRB when GRB functions as an output compare register. 
TCNT value is transferred to GRB by an input capture signal, when GRB functions as 
an input capture register. 

Bit O-Input Capture/Compare Match Flag A (IMFA): This status flag indicates GRA 
compare match or input capture events. 

Bit 0 
IMFA Description 

o [Clearing condition] (Initial value) 
Read IMFA when IMFA = 1, then write 0 in IMFA. 
DMAC activated by IMIA interrupt (channels 0 to 3 only). 

[Setting conditions] 
TCNT = GRA when GRA functions as an output compare register. 
TCNT value is transferred to GRA by an input capture signal, when GRA functions 
as an input capture register. 
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10.2.13 Timer Interrupt Enable Register (TIER) 

TIER is an 8-bit register. The ITU has five TIERs, one in each channel. 

Channel Abbreviation 

0 

1 

2 

3 

4 

TIERO 

TIER1 

TIER2 

TIER3 

TIER4 

Bit 

Initial value 

ReadN'lrite 

7 

Function 

Enables or disables interrupt requests. 

6 5 

Reserved bits 

4 3 2 0 

OVIE IMIEB IMIEA 

0 0 0 

RN'I RN'I RIW 

T 
Overflow Interrupt enable 
Enables or disables OVF 
interrupts 

Input capture/compare match 
Interrupt enable B 
Enables or disables IMFB interrupts 

Input capture/compare match 
Interrupt enable A 
Enables or disables IMFA 
interrupts 

Each TIER is an 8-bit readable/writable register that enables and disables overflow interrupt 
requests and general register compare match and input capture interrupt requests. 

TIER is initialized to H'F8 by a reset and in standby mode. 

Bits 7 to 3-Reserved: Read-only bits, always read as 1. 
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Bit 2-Overflow Interrupt Enable (OVIE): Enables or disables the interrupt requested by the 
OVF flag in TSR when OVF is set to 1. 

BIt2 
OVIE Description 

o OVI interrupt requested by OVF is disabled (Initial value) 

OVI interrupt requested by OVF is enabled 

Bit 1-Input Capture/Compare Match Interrupt Enable B (IMIEB): Enables or disables the 
interrupt requested by the IMFB flag in TSR when IMFB is set to 1. 

Bit 1 
IMIEB Description 

o IMIB interrupt requested by IMFB is disabled (Initial value) 

IMIB interrupt requested by IMFB is enabled 

Bit O-Input Capture/Compare Match Interrupt Enable A (lMIEA): Enables or disables the 
interrupt requested by the IMFA flag in TSR when IMFA is set to 1. 

Bit a 
IMIEA Description 

o IMIA interrupt requested by IMFA is disabled (Initial value) 

IMIA interrupt requested by IMFA is enabled 
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10.3 CPU Interface 

10.3.1 16-Bit Accessible Registers 

The timer counters (TCNTs), general registers A and B (GRAs and GRBs), and buffer registers A 
and B (BRAs and BRBs) are 16-bit registers, and are linked to the CPU by an interna116-bit data 
bus. These registers can be written or read a word at a time, or a byte at a time. 

Figures 10-6 and 10-7 show examples of word access to a timer counter (TCN1). Figures 10-8, 
10-9,10-10, and 10-11 show examples of byte access to TCNTH and TCNlL. 

On-chip data bus 

H 

E6· ~ 
CPU L Bus interface "1 t c: .. 

H 

Module 
•• LEt> data bus 

Figure 10-6 Access to Timer Counter (CPU Writes to TCNT, Word) 

On-chip data bus 

H 
.@b444k. 

CPU L Bus interface 
<C )0'&*,«++ 

H 

Module 
.am=====i~===mmri==Lmfh... data bus 

Figure 10-7 Access to Timer Counter (CPU Reads TCNT, Word) 
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On-chip data bus 

CPU <,--L __ :> Bus interface 

H 

Module 
______ L--I'o." data bus 

Figure 10·8 Access to Timer Counter (CPU Writes to TCNT, Upper Byte) 

On-chip data bus 

H 

CPU L <L..---:> Bus interface Module 
•• L~>data bus 

Figure 10·9 Access to Timer Counter (CPU Writes to TCNT, Lower Byte) 

On-chip data bus 

H H 
<$ .j ®: . ., <{*I·i[l".'mi. "lID, .00 •• 00 •• 00. 

Module 
CPU L Bus interface data bus < :> 

Figure 10·10 Access to Timer Counter (CPU Reads TCNT, Upper Byte) 
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On-chip data bus 

H 

CPU L Bus interface <'-------':> 
Module 

4 •... m .••••••••• elL.t> data bus 

Figure 10-11 Access to Timer Counter (CPU Reads TCNT, Lower Byte) 

10.3.2 8-Bit Accessible Registers 

The registers other than the timer counters, general registers, and buffer registers are 8-bit 
registers. These registers are linked to the CPU bY'an internal 8-bit data bus. 

Figures 10-12 and 10-13 show examples of byte read and write access to a TCR. 

If a word-size data transfer instruction is executed, two byte transfers are performed. 

On-chip data bus 

H 
... -tt> 

H 

CPU L Bus interface L < :> 

Figure 10-12 TCR Access (CPU Writes to TCR) 
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On-chip data bus 

Bus interface 

Figure 10-13 TCR Access (CPU Reads TCR) 
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10.4 Operation 

10.4.1 Overview 

A summary of operations in the various modes is given below. 

Normal Operation: Each channel has a timer counter and general registers. The timer counter 
counts up, and can operate as a free-running counter, periodic counter, or external event counter. 
General registers A and B can be used for input capture or output compare. 

Synchronous Operation: The timer counters in designated channels are preset synchronously. 
Data written to the timer counter in anyone of these channels is simultaneously written to the 
timer counters in the other channels as well. The timer counters can also be cleared synchronously 
if so designated by the CQ.Rl and Ca..RO bits in the TCRs. 

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goes to 1 at compare 
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending 
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB 
automatically become output compare registers. 

Reset·Synchronized PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with 
complementary waveforms. (lbe three phases are related by having a common transition point.) 
When reset-synchronized PWM mode is selected GRA3, GRB3, GRA4, and GRB4 automatically 
function as output compare registers, TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, and 
TOCXB4 function as PWM output pins, and TCNTI operates as an up-counter. TCNT4 operates 
independently, and is not compared with GRA4 or GRB4. 

Complementary PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with 
non-overlapping complementary waveforms. When complementary PWM mode is selected 
GRA3, GRB3, GRA4, and GRB4 automatically function as output compare registers, and 
TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, and TOCXB4 function as PWM output pins. 
TCNTI and TCNT4 operate as up/down-counters. 

Phase Counting Mode: The phase relationship between two clock signals input at TCLKA and 
TCLKB is detected and TCNTI counts up or down accordingly. When phase counting mode is 
selected TQ.KA and TCLKB become clock input pins and TCNTI operates as an up/down­
counter. 
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Buffering 

• If the general register is an output compare register 

When compare match occurs the buffer register value is transferred to the general register. 

If the general register is an input capture register 

When input capture occurs the TCNT value is transferred to the general register, and the 
previous general register value is transferred to the buffer register. 

• Complementary PWM mode 

The buffer register value is transferred to the general register when TCNT3 and TCNT4 
change counting direction. 

Reset-synchronized PWM mode 

The buffer register value is transferred to the general register at GRA3 compare match. 

10.4.2 Basic Functions 

Counter Operation: When one of bits STRO to STR4 is set to 1 in the timer start register 
(TSTR), the timer counter (TCNT) in the corresponding channel starts counting. The counting can 
be free-running or periodic. 

Sample setup procedure for counter 

Figure 10-14 shows a sample procedure for setting up a counter. 
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Counter setup 

Select counter clock 

Periodic counting 

Select counter clear source 

Select output compare 
register function 

Set period 

Start counter 

Periodic counter 

Free-running counting 

2 

3 

4 

5 Start counter 

Free-running counter 

Figure 10-14 Counter Setup Procedure (Example) 

5 

1. Set bits TPSC2 to TPSCO in TCR to select the counter clock source. If an external clock 
source is selected, set bits CKEG 1 and CKEGO in TCR to select the desired edge(s) of the 
external clock signal. 

2. For periodic counting, set CCLR 1 and CCLRO in TCR to have TCNT cleared at GRA 
compare match or GRB compare match. 

3. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in 
step 2. 

4. Write the count period in GRA or GRB, whichever was selected in step 2. 
5. Set the S1R bit to 1 in TS1R to start the timer counter. 
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• Free-running and periodic counter operation 

A reset leaves the counters (TCNTs) in lTU channels 0 to 4 all set as free-running counters. A 
free-running counter starts counting up when the corresponding bit in TSTR is set to I. When 
the count overflows from H'FFFF to H'OOOO, the OVF flag is set to 1 in TSR. If the 
corresponding OVIE bit is set to 1 in TIER, a CPU interrupt is requested. After the overflow, 
the counter continues counting up from H'OOOO. Figure 10-15 illustrates free-running 
counting. 

TCNTvalue 

H'FFFF 

H'OOOO 

STROto 
STR4bit 

OVF 

l---------------,/?J~ 

Figure 10-15 Free-Running Counter Operation 

Time 

When a channel is set to have its counter cleared by compare match, in that channel TCNT 
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit 
CCLRI or CCLRO in TCR to have the counter cleared by compare match, and set the count 
period in GRA or GRB. After these settings, the counter starts counting up as a periodic 
counter when the corresponding bit is set to 1 in TSTR. When the count matches GRA or 
GRB, the IMFA or IMFB flag is set to 1 in TSR and the counter is cleared to H'OOOO. If the 
corresponding IMIEA or IMIEB bit is set to 1 in TIER, a CPU interrupt is requested at this 
time. After the compare match, TCNT continues counting up from H'OOOO. Figure 10-16 
illustrates periodic counting. 
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TCNT value Counter cleared by general 

::000 t---------------,~==: 
Time 

STR bit 

IMF 

Figure 10-16 Periodic Counter Operation 

TCNT count timing 

- Internal clock source 

Bits TPSC2 to TPSCO in TCR select the system clock (0) or one of three internal clock 
sources obtained by prescaling the system clock (0{2, 0/4, 0/8). 
Figure 10-17 shows the timing. 

Internal 
clock 

TCNT input 

TCNT 

Figure 10-17 Count Timing for Internal Clock Sources 
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- External clock source 

Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TCLKD), 
and its valid edge or edges are selected by bits CKEGI and CKEGO. The rising edge, 
falling edge, or both edges can be selected. 

The pulse width of the external clock signal must be at least 1.5 system clocks when a 
single edge is selected, and at least 2.5 system clocks when both edges are selected. 
Shorter pulses will not be counted correctly. 

Figure 10-18 shows the timing when both edges are detected. 

" UL 
External II L clock input { II 1 
TCNTinput L..,\ L..,I 
TCNT N-1 >e: N >e: N + 1 

Figure 10·18 Count Timing for External Clock Sources (when Both Edges are Detected). 
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Waveform Output by Compare Match: In ITU channels 0, 1,3, and 4, compare match A or B 
can cause the output at the TIOCA or TIOCB pin to go to 0, go to I, or toggle. In channel 2 the 
output can only go to 0 or go to 1. 

• Sample setup procedure for waveform output by compare match 

Figure 10-19 shows a sample procedure for setting up waveform output by compare match. 

Output setup 

I 
Select waveform 

output mode 

I 
Set output timing 

I 
Start counter 

~ 
Waveform output 

1. Select the compare match output mode (0, 1, or 
toggle) in TIOR. When a waveform output mode 
is selected, the pin switches from its generic inpuV 
output function to the output compare function 
(TIOCA or TIOCS). An output compare pin outputs 
o until the first compare match occurs. 

2 2. Set a value in GRA or GRB to designate the 
compare match timing. 

3 3. Set the STR bit to 1 in TSTR to start the timer 
counter. 

Figure 10-19 Setup Procedure for Waveform Output by Compare Match (Example) 

Examples of waveform output 

Figure 10-20 shows examples of 0 and 1 output TCNT operates as a free-running counter, 0 
output is selected for compare match A, and 1 output is selected for compare match B. When 
the pin is already at the selected output level, the pin level does not change. 
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TCNTvalue 

H'FFFF -- -- ---- --- --- --- --- - - --- -- - -- ---- --- --- --- -- --- --- --- --- --- --- - --- -----

GRB , , , 
I 
I 

, , 
I 
I 

I I 

GRA ------- ------- ~---- -------
_______ J_____ _______ _ ______ ~ ____________ _ 

I I 
I 

I I Time 
I I 
I I 

(9 (9 
TIOCB No change , No change 1 output , 

I 
I 
I 
I 
I 

TIOCA o No change b No change o output 

Figure 10·20 0 and 1 Output (Examples) 

Figure 10-21 shows examples of toggle output. TeNT operates as a periodic counter, cleared 
by compare match B. Toggle output is selected for both compare match A and B. 

TCNTvalue 

GRB 

GRA 

H'OOOO 

TIOCB 

TIOCA 

Counter cleared by compare match with GRB 

Time 

Toggle 
'--__ -+ ____ output 

Figure 10·21 Toggle Output (Example) 
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Output compare timing 

The compare match signal is generated in the last state in which TCNT and the general 
register match (when TCNT changes from the matching value to the next value). When the 
compare match signal is generated. the output value selected in TIOR is output at the output 
compare pin (TIOCA or TIOCB). When TCNT matches a general register, the compare 
match signal is not generated until the next counter clock pulse. 
Figure 10-22 shows the output compare timing. 

" 
TCNTinput 
clock 

TCNT 

GR 

Compare 

__ ____.____.____.____._N____.____.____.____.-JX~____.____.____.____._N_+_1____.____.____.____.____._ 

N 

match signal __________ ..... 

TIOCA, 
TIOCB ____..____..____..____..____..____..____..____..____..~x~____..____...____..____..____..____..____..____._ 

Figure 10·22 Output Compare Timing 

Input Capture Function: The TCNT value can be captured into a general register when a 
transition occurs at an input capture/output compare pin (TIOCA or TIOCB). Capture can take 
place on the rising edge, falling edge, or both edges. The input capture function can be used to 
measure pulse width or period. 

Sample setup procedure for input capture 

Figure 10-23 shows a sample procedure for setting up input capture. 
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Input selection 

I 
Select input-capture input 

I 
Start counter 

+ 
Input capture 

1. Set TIOR to select the input capture function of a 
general register and the rising edge, falling edge, 
or both edges of the input capture signal. Clear the 
port data direction bit to 0 before making these 
TIOR settings. 

2 2. Set the STR bit to 1 in TSTR to start the timer 
counter. 

Figure 10·23 Setup Procedure for Input Capture (Example) 

Examples of input capture 

Figure 10·24 illustrates input capture when the falling edge of TIOCB and both edges of 
TIOCA are selected as capture edges. TeNT is cleared by input capture into GRB. 

TCNTvalue 

H'0180 
H'0160 

H'0005 
H'OOOO 

TIOCB 

TIOCA 

GRA 

GRB 

Counter cleared by TIOCB 
/ input (falling edge) 

Time 

H'0005 

H'0180 

Figure 10·24 Input Capture (Example) 
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Input capture signal timing 

Input capture on the rising edge, falling edge, or both edges can be selected by settings in 
TIOR. Figure 10-25 shows the timing when the rising edge is selected. The pulse width of the 
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system 
clocks for capture of both edges. 

" 
Input-capture input 

Internal input 
capture signal 

TeNT 

GRA,GRB 

N 

________________ ~X~ _____ N ____ __ 

Figure 10-25 Input Capture Signal Timing 
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10.4.3 Synchronization 

The synchronization function enables two or more timer counters to be synchronized by writing 
the same data to them simultaneously (synchronous preset). With appropriate TCR settings, two or 
more timer counters can also be cleared simultaneously (synchronous clear). Synchronization 
enables additional general registers to be associated with a single time base. Synchronization can 
be selected for all channels (0 to 4). 

Sample Setup Procedure for Synchronization: Figure 10-26 shows a sample procedure for 
setting up synchronization. 

Setup for synchronization 

Synchronous preset 

No 

Write to TCNT 2 

3 

5 

Synchronous preset Counter clear Synchronous clear 

1. Set the SYNC bits to 1 in TSNC for the channels to be synchronized. 
2. When a value is written in TCNT in one of the synchronized channels. the same value is 

simultaneously written in TCNT in the other channels (synchronized preset). 
3. Set the CCLR1 or CCLRO bit in TCR to have the counter cleared by compare match or input capture. 
4. Set the CCLR1 and CCLRO bits in TCR to have the counter cleared synchronously. 
5. Set the STR bits in TSTR to 1 to start the synchronized counters. 

Figure 10·26 Setup Procedure for Synchronization (Example) 
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Example or Synchronization: Figure 10-27 shows an example of synchronization. Channels 0, I, 
and 2 are synchronized, and are set to operate in PWM mode. Channel 0 is set for counter clearing 
by compare match with GRBO. Channels 1 and 2 are set for synchronous counter clearing. The 
timer counters in channels 0, I, and 2 are synchronously preset, and are synchronously cleared by 
compare match with GRBO. A three-phase PWM waveform is output from pins TIOCAO, 
TIOCAl, and TIOCA2. For further information on PWM mode, see section 10.4.4, PWM Mode. 

Value of TCNTO to TCNT2 Cleared by compare match with GRBO 

GRBO 

GRBl 

GRAO 

GRB2 

GRAl 

GRA2 

H'OOOO 

TIOCAO 

TIOCAl 

TIOCA2 

, , 
I I , 

... -- - ... --~--- ---- ... - ..... - .... - .. ----- --- .. :---- ------- ... --------_ ........ 1 ... - ......... - ....... ----
I I I I 
, I I I 

• I • I I I 

---~----~--- ------------- ----.----~--- ----------_ .. - ----~-- .. ~---- ---_ .. _---: : : : : : : : ___ ~_ .. __ ~--- ________ _ __ J ____ ! ____ ~-- ________ .. ___ l ____ ~ ___ ~ .. -- _ _______ _ 
I I : I I I: I : 

: I :::: ::: I 
---~----~--- ---- ----~--- .. - ....... ~ .... __ I _ .. _________ : ____ .. ____ ~-_--:-- .. - __ _ 

• I I I I I I 
'I I I I I 

~-r'----~' ____ ~~~'----~_+:----~_+----~~'----~~:~~~~----~ Time 

Figure 10-27 Synchronization (Example) 
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10.4.4 PWM Mode 

In PWM mode GRA and GRB are paired and a PWM wavefonn is output from the TIOCA pin. 
GRA specifies the time at which the PWM output changes to 1. GRB specifies the time at which 
the PWM output changes to O. If either GRA or GRB is selected as the counter clear source, a 
PWM wavefonn with a duty cycle from 0% to 100% is output at the TIOCA pin. PWM mode can 
be selected in all channels (0 to 4). 

Table 10-4 summarizes the PWM output pins and corresponding registers. If the same value is set 
in GRA and GRB, the output does not change when compare match occurs. 

Table 10-4 PWM Output Pins and Registers 

Channel Output Pin 1 Output o Output 

0 TIOCAO GRAO GRBO 

1 TIOCA1 GRA1 GRB1 

2 TIOCA2 GRA2 GRB2 

3 TIOCA3 GRA3 GRB3 

4 TIOCA4 GRA4 GRB4 
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Sample Setup Procedure ror PWM Mode: Figure 10-28 shows a sample procedure for setting 
upPWMmode. 

( PWMmode 

I 

Select counter clock 

I 

Select counter clear source 

L 

Set GRA 

I 

Set GRB 

I 

Select PWM mode 

I 

Start counter 

+ 
PWM mode 

1. Set bits TPSC2 to TPSCO in TCR to 
select the counter clock source. H an 
external clock source is selected, set 
bits CKEG1 and CKEGO in TCR to 
select the desired edge(s) of the 
external clock signal. 

2. Set bits CCLR1 and CCLRO in TCR 
2 to select the counter clear source. 

3. Set the time at which the PWM 
waveform should go to 1 in GRA. 

4. Set the time at which the PWM 
3 waveform should go to 0 in GRB. 

4 

5 

6 

5. Set the PWM bit in TMDR to select 
PWM mode. When PWM mode is 
selected, regardless of the TIOR 
contents, GRA and GRB become 
output compare registers specifying 
the times at which the PWM output 
goes to 1 and o. The TIOCA pin 
automatically becomes the PWM 
output pin. The TIOCB pin conforms 
to the settings of bits IOB1 and lOBO 
in TIOR. H TIOCB output is not 
desired, clear both IOB1 and lOBO to o. 

6. Set the STR bit to 1 in TSTR to start 
the timer counter. 

Figure 10-28 Setup Procedure for PWM Mode (Example) 
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Examples or PWM Mode: Figure 10-29 shows examples of operation in PWM mode. In PWM 
mode TIOCA becomes an output pin. The output goes to 1 at compare match with GRA, and to 0 
at compare match with GRB. 

In the examples shown, TCNT is cleared by compare match with GRA or GRB. Synchronized 
operation and free-running counting are also possible. 

TIOCA 

GRB 

GRA 

a. Counter cleared by GRA 

, , , , , , 

L--..--II 

H'OOOO I<:..----T-----I'~--.;.._--_f"'_--__;..---.,.., 

TIOCA 

b. Counter cleared by GRB 

Figure 10-29 PWM Mode (Example 1) 
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Figure 10-30 shows examples of the output of PWM wavefonns with duty cycles of 0% and 
100%. If the counter is cleared by compare match with GRB, and GRA is set to a higher value 
than GRB, the duty cycle is 0%. If the counter is cleared by compare match with GRA, and GRB 
is set to a higher value than GRA, the duty cycle is 100%. 

TCNTvalue 

GRB ------------------- - ~-------------------- --- ---------------.-
----~~~~~~~~~~!~-~~Y-~~?Iare match with GRB 

GRA 
--

H'OOOO 

TIOCA L 
Write to GRA Write to GRA 

a. 0% duty cycle 

TCNTvalue 

GRA ------------------- - ---------------------- --- ---.-------------
--/~~~~~~~~~~-~-bY-~-~~?lare match with GRA 

GRB 

H'OOOO 

TIOCA 

--

, , 

L..------II 
Write to GRB Write to GRB 

b. 100% duty cycle 

Figure 10-30 PWM Mode (Example 2) 
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10.4.5 Reset.Synchronized PWM Mode 

In reset-synchronized PWM mode channels 3 and 4 are combined to produce three pairs of 
complementary PWM waveforms, all having one waveform transition point in common. 

When reset-synchronized PWM mode is selected TIOCA3, TIOCB3, TIOCA4, TOCXA4, 
TIOCB4, and TOCXB4 automatically become PWM output pins, and TCNTI functions as an up­
counter. 

Table 10-5 lists the PWM output pins. Table 10-6 summarizes the register settings. 

Table 10·5 Output Pins in Reset-Synchronized PWM Mode 

Channel Output Pin Description 

3 TIOCA3 PWM output 1 
---------------------------------------------------------
TIOCB3 PWM output l' (complementary waveform to PWM output 1) 

4 TIOCA4 PWM output 2 ---------------------------------------------------------
TOCXA4 PWM output 2' (complementary waveform to PWM output 2) 

TIOCB4 PWM output 3 

TOCXB4 PWM output 3' (complementary waveform to PWM output 3) 

Table 10-6 Register Settings in Reset-Synchronized PWM Mode 

Register Setting 

TCNT3 Initially set to H'OOOO 

TCNT4 Not used (operates independently) 

GRA3 Specifies the count period of TCNT3 

GRB3 Specifies a transition point of PWM waveforms output from TIOCA3 and TIOCB3 

GRA4 Specifies a transition point of PWM waveforms output from TIOCA4 and TOCXA4 

GRB4 Specifies a transition point of PWM waveforms output from TIOCB4 and TOCXB4 
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Sample Setup Procedure for Reset-Synchronized PWM Mode: Figure 10-31 shows a sample 
procedure for setting up reset-synchronized PWM mode. 

Reset-synchronized PWM mode 

I 

Stop counter 

I 

Select counter clock 

I 

Select counter clear source 

I 
Select reset-synchronized 

PWM mode 

I 

Set TCNT 

I 

Set general registers 

I 

Start counter 

+ 
Reset-synchronized PWM mode 

2 

3 

4 

5 

6 

7 

1. Clear the STR3 bit in TSTR to 0 to 
halt TCNT3. Reset-synchronized 
PWM mode must be set up while 
TCNT3 is halted. 

2. Set bits TPSC2 to TPSCO in TCR to 
select the counter clock source for 
channel 3. H an external clock source 
is selected, select the external clock 
edge(s) with bits CKEG1 and CKEGO 
in TCR. 

3. Set bits CCLR1 and CCLRO in TCR3 
to select GRA3 compare match as 
the counter clear source. 

4. Set bits CMD1 and CMDO in TFCR to 
select reset-synchronized PWM mode. 
TIOCA3, TIOCB3, TIOCA4, TIOCB4, 
TOCXA4, and TOCXB4 automatically 
become PWM output pins. 

5. Preset TCNT3 to H'OOOO. TCNT4 
need not be preset. 

6. GRA3 is the waveform period register. 
Set the waveform period value in 
GRA3. Set transition times of the 
PWM output waveforms in GRB3, 
GRA4, and GRB4. Set times within 
the compare match range of TCNT3. 
X S GRA3 (X: setting value) 

7. Set the STR3 bit in TSTR to 1 to start 
TCNT3. 

Figure 10-31 Setup Procedure for Reset-Synchronized PWM Mode (Example) 
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Example of Reset-Synchronized PWM Mode: Figure 10-32 shows an example of operation in 
reset-synchronized PWM mode. TCNTI operates as an up-counter in this mode. TCNT4 operates 
independently, detached from GRA4 and GRB4. When TCNTI matches GRA3, TCNT3 is 
cleared and resumes counting from H'OOOO. The PWM outputs toggle at compare match of 
TCNTI with GRB3, GRA4, and GRB4 respectively, and all toggle when the counter is cleared. 

TCNT3value 

GRA3 

GRB3 

GRA4 

GRB4 

H'OOOO 

TIOCA3 

TIOCB3 

TIOCA4 

TOCXA4 

TIOCB4 

TOCXB4 

Counter cleared at compare match with GRA3 

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

, , , , , _____ L____ __________ _ ___ ~ ____________________ 1 _____ _ 

, , , , , , , , , , , , , , , 
~--~--~--+_--~--+_--~--+_--~--+_--~--~--~Time 

Figure 10·32 Operation in Reset-Synchronized PWM Mode (Example) 
(when OLS3 = OLS4 = 1) 

For the settings and operation when reset-synchronized PWM mode and buffer mode are both 
selected, see section 10.4.8, Buffering. 
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10~4.6 Complementary PWM Mode 

In complementary PWM mode channels 3 and 4 are combined to output three pairs of 
complementary, non-overlapping PWM wavefonns. 

When complementary PWM mode is selected TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, 
and TOCXB4 automatically become PWM output pins, and TCNI'3 and TCNT4 function as 
up/down-counters. 

Table 10-7 lists the PWM output pins. Table 10·8 summarizes the register settings. 

Table 10-7 Output Pins in Complementary PWM Mode 

Channel Output Pin 

3 TIOCA3 

TIOCB3 

4 TIOCA4 

TOCXA4 

TIOCB4 

TOCXB4 

Description 

PWM output 1 

PWM output l' (non-overlapping complementary waveform to PWM 
output 1) 

PWM output 2 

PWM output 2' (non-overlapping complementary waveform to PWM 
output 2) 

PWM output 3 

PWM output 3' (non-overlapping complementary waveform to PWM 
output 3) 

Table 10-8 Register Settings in Complementary PWM Mode 

Register Setting 

TCNT3 Initially specifies the non-overlap margin (difference to TCNT 4) 

TCNT4 Initially set to H'OOOO 

GRA3 Specifies the upper limit value of TCNT3 minus 1 

GRB3 Specifies a transition point of PWM waveforms output from TIOCA3 and TIOCB3 

GRA4 Specifies a transition point of PWM waveforms output from TIOCA4 and TOCXA4 

GRB4 Specifies a transition point of PWM waveforms output from TIOCB4 and TOCXB4 
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Setup Procedure for Complementary PWM Mode: Figure 10-33 shows a sample procedure for 
setting up complementary PWM mode. 

Complementary PWM mode 

I 

Stop counting 

I 

Select counter clock 

I 

Select complementary 
PWM mode 

I 

Set TCNTs 

I 

Set general registers 

I 

Start counters 

+ 
Complementary PWM mode 

2 

3 

4 

5 

6 

1. Clear bits STR3 and STR4 to 0 in 
TSTR to halt the timer counters. 
Complementary PWM mode must be 
set up while TCNT3 and TCNT 4 are 
halted. 

2. Set bits TPSC2 to TPSCO in TCR to 
select the same counter clock source 
for channels 3 and 4. If an external 
clock source is selected, select the 
external clock edge(s} with bits 
CKEG1 and CKEGO in TCA. Do not 
select any counter clear source 
with bits CCLR1 and CCLRO in TCR. 

3. Set bits CMD1 and CMDO in TFCR 
to select complementary PWM mode. 
TIOCA3, TIOCB3; TIOCA4, TIOCB4, 
TOCXA4, and TOCXB4 automatically 
become PWM output pins. 

4. Clear TCNT4 to H'OOOO. Set the 
non-overlap margin in TCNT3. Do not 
set TCNT3 and TCNT 4 to the same 
value. 

5. GRA3 is the waveform period 
register. Set the upper limit value of 
TCNT3 minus 1 in GRA3. Set 
transition times of the PWM output 
waveforms in GRB3, GRA4, and 
GRB4. Set times within the compare 
match range of TCNT3 and TCNT4. 
T S X (X: initial setting of GRB3, 
GRA4, or GRB4. T: initial setting of 
TCNT3) 

6. Set bits STR3 and STR4 in TSTR to 
1 to start TCNT3 and TCNT 4. 

Note: After exiting complementary PWM mode, to resume operating in complementary 
PWM mode, follow the entire setup procedure from step 1 again. 

Figure 10·33 Setup Procedure for Complementary PWM Mode (Example) 
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Clearing Procedure for Complementary PWM Mode: Figure 10-34 shows the steps to clear 
complementary PWM mode. 

( Complementary PWM mode 

I 
Clear complementary PWM mode 

I 

Stop counter operation 

~ 
Normal operating mode 

1 

2 

1. Clear the CMD1 bit of TFCR to 0 to 
set channels 3 and 4 to normal 
operating mode. 

2. After setting channels 3 and 4 to 
normal operating mode, wait at least 
one counter clock period, then clear 
bits STR3 and STR4 of TSTR to 0 to 
stop counter operation of TCNT3 and 
TCNT4. 

Figure 10-34 Clearing Procedure for Complementary PWM Mode 
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Examples of Complementary PWM Mode: Figme 10-35 shows an example of operation in 
complementary PWM mode. TCNT3 and TCNT4 operate as up/down-counters, counting down 
from compare match between TCNT3 and ORA3 and counting up from the point at which 
TCNT4 underflows. During each up-and-down counting cycle, PWM waveforms are generated by 
compare match with general registers ORB3, ORA4, and ORB4. Since TCNTI is initially set to a 
higher value than TCNT4, compare match events occur in the sequence TCNT3, TCNT4, TCNT4, 
TCNT3. 

TCNT3and 
TCNT 4 values 

GRA3 

GRB3 

GRM 

Down-counting starts at compare 

~_~~t~~_~~~~~~?~!:~_~~_~~~ ____ _ 
TCNT3 

::----~---------------------
II I. 

I 
II 
II 
II .. 

----:~--------X_~: ---
.. I 
•• II II 

II I' II I' 

... ", ... -r:--- --- --- -----.. .. 
II .. 

I' I' 

GRB4 
:: :: TCNT4 :: :: 

-- --:-:--- --:--t ... ----- --- ~'i'" --- {T- --- ----~~-- --r:------- -- -----
II I. II I 
It If .. II 
• I " II 
II It II 
.. II II 

I' .1 
II " I' •. t. I. 
It II 

H~OOO L---n---;t'---+~----~H---+r---H"--~~~+---~--~-----------' 
II t .. II 

II II 
II .. 
II II .. II 
It II 
II .. 
II II 
II II . 

II 

TIOCA3 
--l-l--+i---!-I 

TIOCB3 

TIOCA4 

II 

TOCXA4 :: 
II 
II 
II 
II 

T10CB4 ---lJ . 
I 
I 

II 
II 
II 

II .. I 
II 

I 
I 
I 

.. .. II " .. II .. 
Up..counting starts ~hen 
TCNT 4 underflows:: .. II 

II .. II .. .. .. .. .. .. .. .. II .. .. .. .. .. II .. .. II .. .. .. .. .. II .. .. II .. .. II II .. II I .. II I .. II I .. II I .. II .. II .. It .. II 
II II 
II II 
II II 
II II .. II .. II .. II .. It .. It .. II 

Ii 11 , , 
I I 
I I 
I I 

I TOCXB4~~ __________________ ~ I 

" .. .. 
II 
I 
I . 
I 

Time 

Figure 10-35 Operation in Complementary PWM Mode (Example 1, OLSJ = OLS4 = 1) 
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Figure 10-36 shows examples of waveforms with 0% and 100% duty cycles (in one phase) in 
complementary PWM mode. In this example the outputs change at compare match with GRB3. so 
wavefonns with duty cycles of 0% or 100% can be output by setting GRB3 to a value larger than 
GRA3. The duty cycle can be changed easily during operation by use of the buffer registers. For 
further information see section 10.4.8. Buffering. 

TCNT3and 
TCNT 4 values 

GRA3 

GRB3 

H'OOOO 

TIOCA3 

TIOCB3LJlj 

TCNT3 and 
TCNT 4 values 

GRA3 

GRB3 

LJ u 
. 

Lf 0% duty cycle .. . 
a. 0% duty cycle 

H'OOOO L-~--~~~------~--------~------~H------H~H-----~~~Time 

TIOCA3 
I I I I I I 

TIOCB3 lL-----JnL-_--..;...: .>--_ ....... : _---IM ...... _--InL-_.....Jr 
100% duty cycle 

b. 100% duty cycle 

Figure 10-36 Operation in Complementary PWM Mode (Example 2, OLS3 = OLS4 = 1) 
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In complementary PWM mode. TCNT3 and TCNT4 overshoot and undershoot at the transitions 
between up-counting and down..counting. The setting conditions for the !MFA bit in channel 3 
and the OVF bit in channel 4 differ from the usual conditions. In buffered operation the buffer 
transfer conditions also differ. Tuning diagrams are shown in figmes 1O~37 and 10-38. 

TCNT3 ~ N -1 X~_N---JX N + 1 X 

GRA3 

IMFA 

Buffer transfer 
signal (BR to GR) 

GR 

Flag not set 
,'._', , . 

Set to 1 
'. , 
'-' rr -, , , ___ L----~/ '_ 

, . 
I • 
• I . . 
I I _________________ ~X~ __________ ~\ ___ ,~j---

Buffer transfer , ' ,,' 
No buffer transfer 

Figure 10-37 Overshoot Timing 
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TCNT4 

OVF 

Buffer transfer 
signal (BR to GR) 

GR 

Underflow Overflow 

~ H'0001 X,....~-'O-O-OO....,X H'FFFF X H'OOOO C 
~ I ,.!Iag not set 
I - ~ .' " ------------------~ ~-T,--~--------

Setto 1 
, . , , 
'-' 

I , I[l ," 
- '--+---'l ':.---. . . , , 

, 0 . . __________ ~x~ ____ \-_/ ____ _ 
Buffer transfer No buffer transfer 

Figure 10-38 Undershoot Timing 

In channel 3, IMFA is set to 1 only during up·counting. In channel 4, OVF is set to 1 only when 
an underflow occurs. When buffering is selected, buffer register contents are transferred to the 
general register at compare match A3 during up-counting, and when TCNT4 underflows. 

General Register Settings in Complementary PWM Mode: When setting up general registers 
for complementary PWM mode or changing their settings during operation, note the following 
points. 

• Initial settings 

Do not set values from H'OOOO to T - 1 (where T is the initial value of TCNT3). After the 
counters start and the fU'St compare match A3 event has occurred, however, settings in this 
range also become possible. 

• Changing settings 

Use the buffer registers. Correct waveform output may not be obtained if a general register is 
written to directly. 

• Cautions on changes of general register settings 

Figure 10-39 shows six correct examples and one incorrect example. 
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GRA3 

GR 

H'OOOO 

BR 

GR 

Figure 10-39 Changing a General Register Setting by Buffer Transfer (Example 1) 

- Buffer transfer at transition from up-counting to down-counting 

If the general register value is in the range from GRA3 - T + 1 to GRA3, do not transfer a 
buffer register value outside this range. Conversely, if the general register value is outside 
this range, do not transfer a value within this range. See figure 10-40. 

GRA3 + 1 .---------- .. --------------------------- ---­
GRA3 .----------------------------------- ---- - Illegal changes 

TCNT4 

Figure 10-40 Changing a General Register Setting by Buffer Transfer (Caution 1) 
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- Buffer transfer at transition from down-counting to up-counting 

IT the general register value is in the range from H'OOOO to T - 1, do not transfer a buffer 
register value outside this range. Conversely, when a general register value is outside this 
range, do not ttansfer a value within this range. See figure 10-41. 

TCNT4 

H'OOOO .----------------------------------- ----- - -
H'FFFF .- --- -- ---- --- ------ --------- --- -- ---- - ----

Illegal changes 

Figure 10-41 Changing a General Register Setting by Burrer Transfer (Caution 2) 
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- General register settings outside the counting range (HOOOO to GRA3) 

Wavefonns with a duty cycle of 0% or 100% can be output by setting a general register to 
a value outside the counting range. When a buffer register is set to a value outside the 
counting range, then later restored to a value within the counting range, the counting 
direction (up or down) must be the same both times. See figure 10-42. 

H'OOOO .----
0% duty cycle 

Output pin 

Output pin 

BR 

GR 

Wr~e during down-counting Write during up-counting 

Figure 10·42 Changing a General Register Setting by Burrer Transfer (Example 2) 

Settings can be made in this way by detecting GRA3 compare match or TCNT4 
underflow before writing to the buffer register. They can also be made by using GRA3 
compare match to activate the DMAC. 
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10.4.7 Phase Counting Mode 

In phase counting mode the phase difference between two external clock inputs (at the TCLKA 
and TCLKB pins) is detected, and TCNT2 counts up or down accordingly. 

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock 
input pins and TCNT2 becomes an up/down-counter, regardless of the settings orbits TPSC2 to 

TPSCO, CKEG I, and CKEGO in TCR2. Settings of bits CCLRl, CCLRO in TCR2, and settings in 
TIOR2, TIER2, TSR2, GRA2, and GRB2 are valid. The input capture and output compare 
functions can be used, and interrupts can be generated. 

Phase counting is available only in channel 2. 

Sample Setup Procedure ror Phase Counting Mode: Figure 10-43 shows a sample procedure 
for setting up phase counting mode. 

C Phase counting mode ) 

I 
Select phase counting mode 

I 
Select flag setting condition 

I 
Start counter 

+ Phase counting mode 

1. Set the MDF bit in TMDR to 1 to select 
phase counting mode. 

2. Select the flag setting condition with 
the FDIR bit in TMDR. 

3. Set the STR2 bit to 1 in TSTRto start 
2 the timer counter. 

3 

Figure 10·43 Setup Procedure ror Phase Counting Mode (Example) 
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Example of Phase Counting Mode: Figure 10-44 shows an example of operations in phase 
counting mode. Table 10-9 lists the up-counting and down-counting conditions for TCNT2. 

In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted. 
The phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap 
must also be at least 1.5 states, and the pulse width must be at least 2.5 states. See figure 10-45. 

TCNT2value 

~gdoWn 

Time 
TClKB --1 ~ f ~ f l f l r 
TClKA f ~ f ~ f ~ f ~ t 

Figure 10-44 Operation in Phase Counting Mode (Example) 

Table 10-9 UplDown Counting Conditions 

Counting Direction 

TClKB 

TClKA 

TCLKA 

Phase 
difference , , .. 

Up-Counting 

J 
low 

High 

J 

Phase 
difference 
' .. 

-..;----1 

TCLKB ~ 
, , , , , , ,. .., 

Overlap 

1 
High 

.. 

, 
." 

, , , -, 
Overlap 

Down-Counting 

low High 1 low J 
1 1 Low J High 

Pulse width Pulse width .' :. .: 

L 

Phase difference and overlap: at least 1.5 states 
Pulse width: at least 2.5 states 

Figure 10-45 Phase Dift'erence, Overlap, and Pulse Width in Phase Counting Mode 
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10.4.8 Buffering 

Buffering operates differently depending on whether a general register is an output compare 
register or an input capture register, with further differences in reset-synchronized PWM mode 
and complementary PWM mode. Buffering is available only in channels 3 and 4. Buffering 
operations under the conditions mentioned above are described nexL 

• General register used for output compare 

The buffer register value is transferred to the general register at compare match. See 
figure 10-46. 

Compare match signal 

I ~ I I I 
:~~~B~A~~~H>-1,--_G_A_ ...... H Comparator R TCNT 

Figure 10-46 Compare Match Buffering 

• General register used for input capture 

The TCNT value is transferred to the general register at input capture. The previous general 
register value is transferred to the buffer register. 
See figure 10-47. 

Input capture signal 

BA GA TCNT 

Figure 10-47 Input Capture Buffering 
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• Complementary PWM mode 

The buffer register value is transferred to the general register when TCNT3 and TeNT4 
change counting direction. This occurs at the following two times: 

- When TeNT3 matches GRA3 
- When TCNT4 underflows 

Reset-synchronized PWM mode 

The buffer register value is transferred to the general register at compare match A3. 

Sample Buffering Setup Procedure: Figure 10-48 shows a sample buffering seblp procedure. 

Select general register functions 

Set buffer bits 2 

Start counters 3 

Buffered operation 

1. Set TICR to select the output compare or input 
capture function of the general registers. 

2. Set bits BFA3. BFA4. BFB3. and BFB4 in TFCR 
to select buffering of the required general registers. 

3. Set the STR bits to 1 in TSTR to start the timer 
counters. 

Figure 10-48 Buffering Setup Procedure (Example) 
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Examples or Buffering: Figure 10-49 shows an example in which GRA is set to function as an 
output compare register buffered by BRA, TCNT is set to operate as a periodic counter cleared by 
GRB compare match, and TIOCA and TIOCB are set to toggle at compare match A and B. 
Because of the buffer setting, when TIOCA toggles at compare match A, the BRA value is 
simultaneously transferred to GRA. This operation is repeated each time compare match A occurs. 
Figure 10-50 shows the tr3nsfer timing. 

TCNTvalue Counter cleared by compare match B 

~RB ----------------------- ----------------------- ----------------------- ------

H'0250 
H'0200 

H'0100 

H'OOOO 

BRA 

~RA 

TIOCB 

TIOCA 

I 

------------ --•• ------ ------------ ---------- ------------ ____ We_we •• ____ _ , 
I , 
I 

I , , 
I I -----r---------- ----- -----r---------- --------------~------- -----, 

I 
I 

~--------~I----~------~----~~_+--_4------~~~ Time 

H'0200 H'0100 H'0200 

H'0250 : H'0200 H'0200 

r-- Toggle 
L-__ ~, __ ~ ____ ---I; output 

t------&.---iU I L Toggle 
'--_____ ..J output 

t t t 
". 

Compare match A 

Figure 10-49 Register Buffering (Example 1: Buffering or Output Compare Register) 
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1/1 

TeNT 

Compare 
match signal 

Buffer transfer 
signal 

BR 

GR 

____________ n ______ JX~ ___ n_+_1 ________________ ~ ___ 

Figure 10-50 Compare Match and Burrer Transfer Timing (Example) 
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Figure 10-51 shows an example in which ORA is set to fmction as an input capture register 
buffered by BRA. and TCNT is cleared by input capture B. The falling edge is selected as the 
input capture edge at TIOCB. Both edges are selected as input capture edges at TIOCA. Because 
of the buffer setting. when the TCNT value is captured into ORA at input capture A. the previous 
ORA value is simultaneously transferred to BRA. Figure 10-52 shows the transfer timing. 

TCNTva/ue 

H10180 -----------------------------------------------------
H'0160 

H'OOOS 
H'OOOO 

TloeB 

TOICA 

GRA 

BRA 

I 

--1 

, , 
• · · • · -- --_ .. ----------- ... -- ------ --_ .......... -- --:- ----_ .. -- --_ .. 

H'OOO5 

f 

H'0160 

GRB )( ~rH-'O-1-8-0-----------

~------------~t--~ t t .. 
Input capture A 

Figure 10-51 Register ButTering (Example 2: ButTering of Input Capture Register) 
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TIOCpin ~L...~----------U---~ 
Input capture \:.., :: ~"""-I -...., 
signal -----..... .. .......... _--

TeNT n+1 

GA M 

SA m 

Figure 10-52 Input Capture and Burrer Transfer Timing (Example) 
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Figme 10-53 shows an example in which GRB3 is buffered by BRB3 in complementary PWM 
mode. Buffering is used to set GRB3 to a higher value than GRA3. generating a PWM waveform 
with 0% duty cycle. The BRB3 value is transferred to GRB3 when TCNT3 matches GRA3. and 
when TCNT4 underflows. 

TCNT3and 
TCNT 4 values 

H'1FFF 
GRA3 

TCNT3 .--------------------------------V GRB3 
I , , 

---------1---------------- ---------------.--------------, , , , , , 

H'0999 -----

H'OOOO u.....-..;..;.---i----;.;;....--~'-----_+----~~---- Time 

BRB3 

GRB3 

H0999 : 
II 

II 
II 

H'OQ99 
II 

" 

: H'1FFF 

H'1FFF H'1FFF H'OQ99 
II 
II 

II II 

TIOCA3 11......-----;4-_____________ ---+111 
, , 
I I , , 

TJOCB3! L 
Figure 10-53 Register Buffering (Example 4: ButTering in Complementary PWM Mode) 
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10.4.9 ITU Output Timing 

The ITU outputs from channels 3 and 4 can be disabled by bit settings in TOER or by an external 
trigger. or inverted by bit settings in TOCR. 

Timing of Enabling and Disabling ofITU Output by TOER: In this example an I1U output is 
disabled by clearing a master enable bit to 0 in TOER. An arbitrary value can be output by 
appropriate settings of the data register (DR) and data direction register (DOR) of the 
corresponding input/output port Figure 10-54 illustrates the timing of the enabling and disabling 
of ITU output by TOER. 

" 

Address 

TOER 

ITU output pin 

=x TOER address X 
------------------~, ~--------

I 

__ --JX'---+I __ 
Timer output 

I 
I 
I 

X ItO pert 
--------------------~, 

ITU output 

I 
I 
I 
I .. !.. Generic input/output 

Figure 10-54 Timing or Disabling or ITU Output by Writing to TOER (Example) 
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Timing or Disabling or ITU Output by External Trigger: If the XTGD bit is cleared to 0 in 
TOCR in reset-synchronized PWM mode or complementary PWM mode, when an input capture 
A signal occurs in channel I, the master enable bits are cleared to 0 in TOER, disabling ITU 
outpUL Figure 10-55 shows the timing, 

II 

TIOCA1 pin 

Input capture 
signal 

TOER 

ITU output 
pins 

+'\1 
N 

---------=----~C! I/O port 
ITU output 

ITU output Generic 
input/output 

N X ! H'CO 
I 
I 

ITU output Xr-l/O-P-ort-

ITU output Generic 
input/output 

N: Arbitrary setting (H'C1 to H'FF) 

Figure 10-55 Timing or Disabling orlTU Output by External Trigger (Example) 

Timing or Output Inversion by TOCR: The output levels in reset-synchronized PWM mode and 
complementary PWM mode can be inverted by inverting the output level select bits (OLS4 and 
OLS3) in TOCR. Figure 10-56 shows the timing, 

" 

Address ==>< ___ T_O_C_R_ad_d_re_~ __ ~~ 

ToeR __________ ~x~ ____ __ 
---~x= ITU output pin . ---------------Inverted 

Figure 10-56 Timing orInverting orITU Output Level by Writing to TOCR (Example) 
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10.5 Interrupts 

The ITO has two types of interrupts: input capture/compare match interrupts, and overflow 
interrupts. 

10.5.1 Setting of Status Flags 

Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB are set to 1 by a 
compare match signal generated when TCNT matches a general register (GR). The compare 
match signal is generated in the last state in which the values match (when TCNT is updated from 
the matching count to the next count). Therefore, when TeNT matches a general register, the 
compare match signal is not generated until the next timer clock inpUL Figure 10-57 shows the 
timing of the setting of IMFA and IMFB. 

" 
TCNTinput 
clock 

TCNT 

GR 

Compare 
match signal 

IMF 

IMI 

______ N ____ ~X~ _______________ N_+ __ 1 ____________ __ 

N 

Figure 10-57 Timing of Setting of IMFA and IMFB by Compare Match 
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Timing or Setting or IMFA and IMFB by Input Capture: IMFA and IMFB are set to 1 by an 
input capture signal. The TCNT contents are simultaneously transferred to the corresponding 
general register. Figure 10-58 shows the timing. 

Input capture 
signal 

IMF 

TeNT N 

GR ________________________ ~X~ ____________ N ____________ _ 

IMI 

Figure 10-58 Timing of Setting of IMFA and IMFB by Input Capture 

Timing or Setting or Overflow Flag (OVF): OVF is set to 1 when TeNT overflows from 
H'FFFF to H'OOOO or underflows from H'OOOO to H'FFFF. Figure 10-59 shows the timing. 
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" 

TeNT 

Overflow 
signal 

OVF 

OVI 

_____ H._FF_F_F __ ~X~ ________________ H_·O_O_OO ______________ _ 

Figure 10-59 Timing or Setting or OVF 

10.5.2 Clearing or Status Flags 

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the status flag is 
cleared. Figure 10-60 shows the timing. 

TSR write cycle 

Tl T2 T3 
I~ "I" "I" "I 

" 

Address X TSR address X 
IMF,OVF 

Figure 10-60 Timing or Clearing or Status Flags 
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10.5.3 Interrupt Sources and DMA ControUer Activation 

Each I1U channel can generate a compare match/input capture A interrupt, a compare match/input 
capture B interrupt. and an overflow interrupt In total there are 15 interrupt sources. all 
independently vectored. An interrupt is requested when the interrupt request flag and interrupt 
enable bit are both set to 1. 

The priority order of the channels can be modified in interrupt priority registers A and B (IPRA 
and IPRB). For details see section 5. Interrupt Controller. 

Compare match{mput capture A interrupts in channels 0 to 3 can activate the DMA controller 
(DMAC). When the DMAC is activated a CPU interrupt is not requested. 

Table 10-10 lists the interrupt sources. 

Table 10-10 ITU Interrupt Sources 

Interrupt DMAC 
Channel Source Description Actlvatable Priority· 

0 IMIAO Compare matchlinput capture AO Ves High 

IMIBO Compare matchlinput capture BO No 

OVIO Overflow 0 No 

IMIA1 Compare matchlinput capture A 1 Ves 

IMIB1 Compare matchlinput capture B1 No 

OVll Overflow 1 No 

2 IMIA2 Compare matchlinput capture A2 Ves 

IMIB2 Compare matchlinput capture 82 No 

OVI2 Overflow 2 No 

3 IMIA3 Compare matchlinput capture A3 Ves 

IMIB3 Compare matchlinput capture B3 No 

OVI3 Overflow 3 No 

4 IMIA4 Compare matchlinput capture A4 No 

IMI84 Compare matchlinput capture 84 No 

OVI4 Overflow 4 No Low 

Note: ·The priority immediately after a reset is indicated. Inter-channel priorities can be changed 
by settings in IPRA and IPRB. 
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10.6 Usage Notes 

This section describes contention and other matters requiring special attention during ITU 
operations. 

Contention between TCNT Write and Clear: If a counter clear signal occurs in the T 3 state of a 
TCNT write cycle, clearing of the counter takes priority and the write is not performed. See 
figure 10-61. 

TeNT write cycle 

T1 T2 T3 
I.. ~I" ~I" ~I 

Address ~ TeNT address X 

Internal write signal 

Counter clear signal 

TeNT N X H'OOOO 

Figure 10-61 Contention between TCNT Write and Clear 
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Contention between TCNT Word Write and Increment: If an increment pulse occurs in the T 3 

state of a TCNT word write cycle, writing takes priority and TCNT is not incremented. See 
figure 10-62. 

TCNT word write cycle 

" 

Address =X ___ T_C_N_T_a_d_d_re_ss __ ~X,--__ 
Internal write signal 

TCNT input clock 

TCNT X t M ________________ -J 7 N 

TCNT write data 

Figure 10-62 Contention between TCNT Word Write and Increment 
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Contention between TCNT Byte Write and Increment: If an increment pulse occurs in the T 2 

or T 3 state of a TCNT byte write cycle, writing takes priority and TCNT is not incremented. The 
TeNT byte that was not written retains its previous value. See figure 10-63, which shows an 
increment pulse occurring in the T 2 state of a byte write to TCNTH. 

TCNTH byte write cycle 

T1 T2 T3 
1'4 -I" -I.. -, 

Address ==><~ ___ T_C_N_T_H __ a~ __ r_e~ ____ -J)(~ __ __ 

Internal write signal 

TCNT input clock 

'fjl TCNTH N M 

TCNT write data I 

TCNTL X X X+1 X X 

Figure 10-63 Contention between TCNT Byte Write and Increment 
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Contention between General Register Write and Compare Match: If a compare match occurs 
in the T 3 state of a general register write cycle, writing takes priority and the compare match 
signal is inhibited. See figure 10-64. 

" 

Address 

Internal write signal 

TCNT 

GR 

Compare match signal 

General register write cycle 

T2 T3 
"I" "I- .. I 

~~ _____ G_R __ ad_d_r_eSS ______ -J)(~ __ __ 

_________ N __________ --J)(~ ___ N_+ __ 1 __ 

N X I M 
7 

General register write data 
i----------· 
: - Inhibited 
I 

Figure 10-64 Contention between General Register Write and Compare Match 
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Contention between TCNT Write and OverOowor UnderOow: If an overflow occurs in the T 3 

state of a TCNT write cycle, writing takes priority and the counter is not incremented. OVF is 
set to l.The same holds for underflow. See figure 10-65. 

Address 

Internal write signal 

TeNT input clock 

Overflow signal 

TeNT 

OVF 

TeNT write cycle 

T2 
--I- ~I-

v . TeNT address X -" ______ ---I "--

H'FFFF X tf M 

TeNT write data 7 

Figure 10-65 Contention between TCNT Write and OverOow 
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Contention between General Register Read and Input Capture: If an input capture signal 

occurs during the T 3 state of a general register read cycle, the value before input capture is read. 
See figure 10-66. 

General register read cycle 

" 

Address ~ _______ G_R_OO __ d_ress ______ ~X~ __ __ 
Internal read signal 

Input capture signal 

GR ________ x ______ -JX~ ______ M ______ _ 

Internal data bus ----~(~ ___ x __ ~)~---

Figure 10-66 Contention between General Register Read and Input Capture 
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Contention between Counter Clearing by Input Capture and Counter Increment: If an input 
capture signal and counter increment signal occur simultaneously, the counter is cleared according 
to the input capture signal. The counter is not incremented by the increment signal. The value 
before the counter is cleared is transferred to the general register. See figure 10-67. 

Input capture signal 

Counter clear signal 

TCNT input clock 

TCNT _____ N ____ -JX H'OOOO 

GR _________ J)(~ ___ N __ _ 

Figure 10-67 Contention between Counter Clearing by Input Capture and 
Counter Increment 
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Contention between General Register Write and Input Capture: If an input capture signal 
occurs in the T 3 state of a general register write cycle. input capture takes priority and the write to 
the general register is not perfonned. See figure 10-68. 

General register write cycle 

" 

Address ---v GR address X -1\ __ ---J~ 

Internal write signal 

Input capture signal 

TeNT M 

GR 

Figure 10-68 Contention between General Register Write and Input Capture 

Note on Waveform Period Setting: When a counter is cleared by compare match. the counter is 
cleared in the last state at which the TCNT value matches the geileml register value. at the time 
when this value would normally be updated to the next count The actual counter frequency is 
therefore given by the following formula: 

f= 0 
(N + 1) 

(f: counter frequency. 0: system clock frequency. N: value set in general register.) 
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Contention between ButTer Register Write and Input Capture: If a buffer register is used for 
input capture buffering and an input capture signal occurs in the T 3 state of a write cycle, input 
capture takes priority and the write to the buffer register is not perfonned. 
See figure 10-69. 

Buffer register write cycle 

T, T2 T3 
I" "I" -I" -I 

" 

Address ~~ ______ B_R_ad __ d_re_SS ______ -JX~ ____ _ 

Internal write signal 

Input capture signal 

GR N 

TCNTvalue 

BR M 

Figure 10·69 Contention between ButTer Register Write and Input Capture 
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Note on Synchronous Preset: When channels are synchronized. if a TCNT value is modified by 
byte write access, all 16 bits of all synchronized counters assume the same value as the counter 
that was addressed. 

(Example) When channels 2 and 3 are synchronized 

• Byte write to channel 2 or byte write to channel 3 

Write A to upper byte 

TCNT2 I W X 
of channel 2 

~ 

TCNT3 I y Z 

Upper byte Lower byte 
Write A to lower byte 
of channel 3 ----

• Word write to channel 2 or word write to channel 3 

TCNT2 W X 

TCNT3 Y z L..-. __ -L-__ ---' 

Upper byte lower byte 

Write AB word to 
channel 2 or 3 

TCNT2 A I X 

TCNT3 A I X 
Upper byte Lower byte 

TCNT2 Y A 

TCNT3 Y A 

Upper byte lower byte 

TCNT2 A B 

TCNT3 A B 

Upper byte Lower byte 

Note on Setup or Reset-Synchronized PWM Mode and Complementary PWM Mode: When 
setting bits CMDI and CMDO in lFCR, take the following precautions: 

• Write to bits CMDI and CMDO only when TCNTI and TCNT4 are stopped. 

Do not switch directly between reset-synchronized PWM mode and complementary PWM 
mode. First switch to normal mode (by clearing bit CMDI to 0), then select reset­
synchronized PWM mode or complementary PWM mode. 
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ITU Operating Modes 

Table 10-11 <a> ITU Operating Modes <Channel 0) 

Register Settings 

TSNC TMDR TFCR TOCR TOER TIORO TCRO 

Synchro-
Operating Mode nlzatlon MDF 

Synchronous preset SYNCO_1 

PWMmode 0 
OutpUt compare A 0 

OutpUt compare B 0 

Input capture A 0 

Input capture B 0 

FDIR PWM 

o 
PWMO-1 

PWMO_O 

0 

Comple­
mentary 
PWM 

PWMO"O -

PWMO-O -

R .. et-
Synchro-
nized Buffer-
PWM Ing 

Output 
Level 

XTGD Select 
Master Clear Clock 
Enable lOA lOB Select Select 

0 0 0 0 
00 0 0 

1OA2-0 0 0 0 
Other bits 
unrestricted 

0 1082-0 0 0 
Other bits 
unrestricted 

10A2-1 .0 0 0 
Other bits 
unrestricted 

0 1082-1 0 0 
Other bits 
unrestricted 

Counter By compare 0 0 0 0 CCLR1 - 0 0 
dearing matchlinpul CCLRO - 1 

caplUreA 

By compare 0 0 0 0 CCLRl - 1 0 
matchllnput CCLRO - 0 
captureB 

Syn- SYNCO.1 - 0 0 0 CCLR1.1 0 
c:hlOnous CCLRO - 1 
dear 

Legend: 0 Settlng available (valid). - Setdng does not affect this mode. 

Note: • The input capture funcdon cannot be used in PWM mode. "compare match A and compare match B occur simultaneously, the compare match signal is Inhibited. 
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Table 10-11 (b) lTV Operating Modes (Channell) 

TSNC 

Synchro-
Operating Mode nlzatlon 

Synchronous preset SYNC1 .1 

PWMmode 0 
Output compare A 0 

Output compare B 0 

Input capture A 0 

Input capture B 0 

Counter By compare 0 
clearing matchlinput 

capture A 

Bycompare 0 
matcMnput 
capture B 

MDF 

Syn­
chronous 
clear 

SYNC1 = 1 -

TMDR TFCR 

Reset-
Com pie- Synchro-
mentary nlzed 

FDIR PWM PWM PWM 

0 
PWM1.1 

PWM1-0 

0 

PWM1.0 -

PWM1 _0 -

o 

o 

o 

legend: 0 Setting available (valid). - Setting does not affect this mode. 

Register Settings 

TOCR 

OUtput 
Buffer- Laval 
Ing XTGD Select 

0'2 

TOER TIOR1 

Maeter 
Enable lOA lOB 

0 0 
()'1 

1OA2-0 0 
Other bits 
unrestricted 

0 1002_0 
Other bits 
unrestricted 

IOA2_1 0 
Other bits 
unrestricted 

0 1002_1 
Other bits 
unrestricted 

o o 

o o 

o o 

TCR1 

Clear Clock 
Select Select 

0 0 
0 0 
0 0 

0 0 

0 0 

0 0 

CClR1-0 0 
CClRO-1 

CClR1 -1 0 
CClRO-O 

CClR1.1 0 
CClRO.l 

Notes: 1. The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously. the compare match Signal is inhibited. 
2. Valid only when channels 3 and 4 are operating in complementary PWM mode or reset-synchronized PWM mode. 



Table 10-11 (c) lTV Operating Modes (Channel 2) 

Register SeHlngs 

TSNC TMDR TFCR TOCR TOER TIOR2 TCR2 

Reset· 
Compl.. Synchro- Output 

Synchro- mentary nlzed Buffer· Lavel Master Clear Clock 
Operating Mode nlzatlon MDF FDIR PWM PWM PWM Ing XTGD Select Enable lOA lOB Select Select 

Synchronous preset SYNC2.1 0 0 0 0 0 0 
PWMmode 0 0 PWM2.1 0" 0 0 
Output compare A 0 0 PWM2.0 10A2.0 0 0 0 

Other bits 
unrestricted 

Output compare B 0 0 0 0 1082.0 0 0 
Other bits 
unrestricted 

(.0) Input capture A 0 PWM2.0 - 1OA2.1 0 0 0 co Other bits Q) 

unrestricted 

Input capture B 0 PWM2.0 - 0 1082.1 0 0 
Other bits 
unrestricted 

Counter By compare 0 0 0 0 0 CCLR1.0 0 
dearing rnatcMnput CCLRO.1 

capture A 

Bycompare 0 0 0 0 0 CCLR1.1 0 
matchlinput CCLRO.O 
captureB 

51n- SYNC2.1 0 0 0 0 CCLR1.1 0 
chronous CCLRO.l 
dear 

Phase counting 0 MDF • 1 0 0 0 0 0 
mode 

Legend: 0 Selling available (valid). - Setting does not affect this mode. 
Note: • The Input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously. the compare match signal is inhibited. 



c.l 
fD 
fD 

Table 10-11 (d) ITU Operating Modes (Channel 3) 

Register Slitting_ 
TSNC TMDR TFCR TOCR TOER TIOR3 

Com,.. R .. at- OUtput 
Synchro- manlary Synchro- Leval 

Operating Mods I!lzatlon _!I>F FDIR PWM PWM nlztd PWM Buffering XTGD Ssleet 
Synchronous preset SVNC3 • 1 - 0 0"3 0 0 
PWM mode 0 PWM3 - 1 CMD1 - 0 CMD1 - 0 0 
OuIput compare A 0 PWM3 _ 0 CMD1 • 0 CMD1 • 0 0 

Ourput compare B 0 0 CMD1.0 CMD1.0 0 

Inpur captura A 0 PWM3.0 CMD1.0 CMD1.0 0 

Inpur captura B 0 PWM3.0 CMD1.0 CMD1.0 0 

Counler Byoompare 0 0 Illegal setting: 0"4 0 
dearing matchiinpUl CM01.1 

~turaA CMOO.O 
Byoompare 0 0 CM01-0 CMD1_0 0 
matchlinput 
~uraB 
Syn- SVNC3s1 0 Illegal setting: 0 0 
chronous CMD1.1 
dear CMOO.O 

Mastar 
Enable lOA lOB 
0"1 o 0 
o 0"2 
o 10A2.0 0 

Other bits 
unrestricted 

o 0 

EA3 ignored 10A2. 1 
Other bits Other bits 
unrestricted unrestricted 
EB3 ignored 0 
Other bits 
unrestricted 
0"1 0 

0"1 0 

0"1 0 

IOB2.0 
Other bits 
unrastricted 
0 

10A2.1 
Other bits 
unrastricted 

0 

0 

0 

Complementaty 0"3 CM01.1 CMD1.1 0 0"6 0 0 
PWMmode 
Resat-synchronized 
PWMmode 
Buffering 
(BRA) 

Buffering 
(BRB) 

0 

o o 

o o 

CMOO.O 
CMD1.1 
CMOO.1 

o 

o 

CMOO.O 
CM01.1 
CMOO.1 
o 

o 

o 
BFA3.1 
Other bits 
unrestricted 
BFB3-1 
Other bits 
unrestricted 

Q"6 o o 
0"1 o o 

0"1 o o 

TCR3 

aNr 
Sslect 
o 
o 
o 

0 

0 

0 

Clock 
Ssleet 
o 
o 
o 

0 

0 

0 

CCrn1.0 0 
CCrnO.1 

CCrn1.1 0 
ccrno.o 

CCrn1.1 0 
CCrnO.1 

CCrn1.0 0'5 
ccrno.o 
ccrn1.0 0 
CCrnO.1 

o o 

o o 

Legend: 0 Setting available (valid). - Setting does not affect this mode. 
Notes: 1. Master enable bit settings are valid only during waveform output. 

2. The input capture function cannot be used in PWM mode. If oompare match A and compare match B occur simultaneously, the compare match signal is inhibited. 
3. Do not set both channels 3 and 4 for synchronous operation when complementary PWM mode is selected. 
4. The counter cannot be cleared by input capture A when reset-synchronized PWM mode is selected. 
5. In complementary PWM mode, select the same clock source for channels 3 and 4. 
6. Use the input capture A function in channell. 
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Table 10-11 (e) ITU Operating Modes (Channel 4) 

R!Slster Settl!!!!s 
TSNC TMDR TFCR TOCR TOER TIOR4 

Comple- R ••• t- Output 
Synchro- mentary Synchro- Level Master 

2I!!ratI!!!! Mode nlzatlon MDF FDIR PWM PWM nlzed PWM Bufferl!!!! XTGD Select Enable lOA lOB 
Slnchronous preset SYNC4.1 
PWMmode 0 
Output compare A 0 

Output compare B 0 

InpLC capture A 0 

InpLC capture B 0 

Counler By compare 0 
clearing matcMnput 

capture A 
Bycompare 0 
matcMnput 
!:!!eture B 
Syn-
chronous 
clear 

Complementary 
PWMmode 
Reset-synchronized 
PWMmode 
Buffering 
(BRA) 

BUffering 
(BRB) 

SYNC4.1 

0 3 

0 

0 

o 

0 0 3 0 
PWM4 = 1 CMD1 = 0 CMD1 =0 
PWM4.0 CMD1.0 CMD1.0 

0 CMD1.0 CMD1.0 

PWM4.0 CMD1.0 CMD1.0 

PWM4.0 CMD1.0 CMD1.0 

0 Illegal setting: 0 4 

CMD1_1 
CMDO-O 

0 Illegal setting: 0 4 

CMD1.1 
CMDO.O 

0 Illegal setting: 0 4 

CMD1 _1 
CMDO-O 
CMD1-1 CMD1_1 
CMDO"O CMDO-O 
CMD1.1 CMD1-1 
CMDO.1 CMDO_1 

0 0 0 

o o o 

0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

BFM.1 
Other bits 
unrestricted 
BFB4.1 
Other bi1s 
unrestricted 

0 0 

0 0 

a· 0 
0 
0 IOA2.0 

Other bits 
unrestricted 

0 0 

EM ignored 10A2. 1 
Other bits Other bits 
unrestricted unrestricted 
EB4 ignored 0 
Other bits 
unrestricted 

A· 0 

A· 0 

A· 0 

0 

0 

A' 0 

a· o 

0 
0 2 

0 

IOB2-0 
Other bits 
unrestricted 
0 

IOB2-1 
Other bits 
unrestricted 
0 

0 

0 

0 

o 

TCR4 

Clear Clock 
Select Select 
0 0 
0 0 
0 0 

0 0 

0 0 

0 0 

CCLR1-0 0 
CCLRO-1 

CCLR1-1 0 
CCLRO.O 

CCLR1.1 0 
CCLRO.1 

CCLR1.0 AS 
CCLRO.O 

A' 0 6 

0 0 

o o 

Ligend: 0 SettingavailableTvalidT-=- Setting does not affect this mode. 
Notes: 1. Master enable bit settings are valid only during waveform output. 

2. The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited. 
3. Do not set both channels 3 and 4 for synchronous operation when complementary PWM mode is selected. 
4. When reset-synchronized PWM mode is selected, TCNT 4 operates independendy and the counter clearing function is available. Waveform output is not affected. 
5. In complementary PWM mode, select the same clock source for channels 3 and 4. 
6. TCR4 settings are valid in reset-synchronized PWM mode, but TCNT 4 operates independently, without affecting waveform output. 



Section 11 Programmable Timing Pattern Controller 

11.1 Overview 

The H8f3042 Series has a built-in programmable timing pattern controller (TPC) that provides 
pulse outputs by using the 16-bit integrated timer unit (ITU) as a time base. The TPC pulse 
outputs are divided into 4-bit groups (group 3 to group 0) that can operate simultaneously and 
independently. 

11.1.1 Features 

TPC features are listed below. 

• 16-bit output data 

Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis. 

• Four output groups 

Output bigger signals can be selected in 4-bit groups to provide up to four different 4-bit 
outputs. 

• Selectable output bigger signals 

Output bigger signals can be selected for each group from the compare-match signals of four 
ITU channels. 

• Non-overlap mode 

A non-overlap margin can be provided between pulse outputs. 

• Can operate together with the DMA controller (DMAC) 

The compare-match signals selected as trigger signals can activate the DMAC for sequential 
output of data without CPU intervention. 
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11.1.2 Block Diagram 

Figure 11-1 shows a block diagram of the TPC. 

ITU compare match signals 

Control logic 

TP'5 
TP' 4 Pulse output 
TP'3 pins, group 3 
TP'2 --------------TPl1 
TP '0 Pulse output 
TPg pins, group 2 
TPs 
TP7 
TP s Pulse output 
TP 5 pins, group 1 
TP4 --------------
TP3 
TP2 Pulse output 
TP, pins, group 0 
TP o 

Legend 
TPMR: TPC output mode register 
TPCR: TPC output control register 
NOERB: Next data enable register B 
NOERA: Next data enable register A 
PBOOR: Port B data direction register 
PAOOR: Port A data direction register 
NORB: Next data register B 
NORA: Next data register A 
PBOR: Port B data register 
PAOR: Port A data register 

PBOR 

PAOR 

PAOOR PBOOR 

NOERA NOERB 

TPMR TPCR 

---- NORB ----

----NORA ----

Figure 11-1 TPC Block Diagram 
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11.1.3 TPC Pins 

Table 11-1 summarizes the TPC output pins. 

Table 11-1 TPC Pins 

Name Symbol 110 Function 

TPC output 0 TPo Output Group 0 pulse output 

TPC output 1 TP1 Output 

TPC output 2 TP2 Output 

TPC output 3 TP3 Output 

TPC output 4 TP4 Output Group 1 pulse output 

TPC output 5 TPs Output 

TPC output 6 TPs Output 

TPC output 7 TP7 Output 

TPC output 8 TPs Output Group 2 pulse output 

TPC output 9 TPg Output 

TPC output 10 TP10 Output 

TPC output 11 TP11 Output 

TPC output 12 TP12 Output Group 3 pulse output 

TPC output 13 TP13 Output 

TPC output 14 TP14 Output 

TPC output 15 TP1S Output 
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11.1.4 Registers 

Table 11-2 summarizes the TPC registers. 

Table 11-2 TPC Registers 

Address·' Name Abbreviation RIW Initial Value 

H'FF01 Port A data direction register PAOOR W H'OO 

H'FF03 Port A data register PAOR R/(W)"'2 H'OO 

H'FF04 Port B data direction register PBOOR W H'OO 

H'FFOS Port B data register PBOR R/(W)"'2 H'OO 

H'FFAO TPC output mode register TPMR ANI H'FO 

H'FFA1 TPC output control register TPCR ANI H'FF 

H'FFA2 Next data enable register B NOERB ANI H'OO 

H'FFA3 Next data enable register A NOERA ANI H'OO 

H'FFASI Next data register A NORA ANI H'OO 
H'FFA7·3 

H'FFA4 Next data register B NORB ANI H'OO 
H'FFAS·3 

Notes: 1. Lower 1S bits of the address. 
2. Bits used for TPC output cannot be written. 
3. The NORA address is H'FFAS when the same output trigger is selected for TPC output 

groups 0 and 1 by settings in TPCR. When the output triggers are different. the NORA 
address is H'FFA7 for group 0 and H'FFAS for group 1. Similarly. the address of NORB 
is H'FFA4 when the same output trigger is selected for TPC output groups 2 and 3 by 
settings in TPCR. When the output triggers are different, the NORB address is H'FFA6 
for group 2 and H'FFA4 for group 3. 
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11.2 Register Descriptions 

11.2.1 Port A Data Direction Register (PADDR) 

PADDR is an 8"bit write-only register that selects input or output for each pin in port A. 

Bit 7 6 5 4 3 2 1 0 

I PA7 DDRI PA6DDRI PAsDDRI PA4DDRI PA3DDRlpA2DDR I PA1 DDRlpAoDDRI 

Initial value 

ReadlWrite 

o 00· 0 0 0 0 0 

W W W W W W W W 

Port A data direction 7 to 0 
These bits seled input or 
output for port A pins 

Port A is multiplexed with pins TP7 to TPo. Bits corresponding to pins used for TPC output must 
be set to 1. For further information about PADDR, see section 9.11, Port A. 

11.2.2 Port A Data Register (PADR) 

PADR is an 8-bit readable/writable register that stores TPC output data for groups 0 and I, when 
these TPC output groups are used. 

Bit 7 6 5 4 3 2 0 

PA7 PA6 PAs PA4 PA3 PA2 PA1 I PAo 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite R/(W)* R/(W)* R/(W'f R/(W'f R/(W'f R/(W)* R/(W)* R/(W'f 

I 
Port A data 7 to 0 
These bits store output data 
for TPC output groups 0 and 1 

Note: * Bits selected for TPC output by NDERA settings become read-only bits. 

For further information about PADR, see section 9.11, Port A. 
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11.2.3 Port B Data Direction Register (PBDDR) 

PBDDR is an 8-bit write-only register that selects input or output for each pin in port B. 

Bit 7 6 5 4 3 2 1 0 

I PB7 DDRI PB6 DDRI PBsDDRI PB4DDRI PB3DDRlpB2DDR I PBl DDRI PBoDDRI 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite W W W W W W W W 

I 
Port B data direction 7 to 0 
These bits seled input or 
output for port B pins 

Port B is multiplexed with pins 1P1s to 1Ps. Bits corresponding to pins used for TPC output must 
be set to 1. For further information about PBDDR, see section 9.12, Port B. 

11.2.4 Port B Data Register (PBDR) 

PBDR is an 8-bit readable/writable register that stores TPC output data for groups 2 and 3, when 
these TPC output groups are used. 

Bit 7 6 5 4 3 2 1 0 

PB7 PB6 PBs PB4 PB3 PB2 PBl PBo 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite R/(W'f R/(W'f RI(W'f R/(W'f RI(W'f RI(W}* R/(W}* R/(W)* 

I 
Port B data 7 to 0 
These bits store output data 
for TPC output groups 2 and 3 

Note: • Bits selected for TPC output by NDERB settings become read-only bits. 

For further information about PBDR, see section 9.12, Port B. 
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11.25 Next Data Register A (NORA) 

NDRA is an 8-bit readable/writable register that stores the next output data for TPC output groups 
1 and 0 (pins TP7 to TPo). During TPC output, when an lTU compare match event specified in 
TPCR occurs, NDRA contents are transferred to the corresponding bits in PADR. The address of 
NDRA differs depending on whether TPC output groups 0 and 1 have the same output trigger or 
different output triggers. 

NDRA is initialized to H'OO by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Same Trigger (or TPC Output Groups 0 and 1: IfTPC output groups 0 and 1 are triggered by 
the same compare match event, the NDRA address is H'FFAS. The upper 4 bits belong to group 1 
and the lower 4 bits to group O. Address H'FFA 7 consists entirely of reserved bits that cannot be 
modified and always read 1. 

Address H'FFAS 

Bit 

Initial value 

ReadlWrite 

Address H'FFA 7 

Bit 

Initial value 

ReadlWrite 

7 S 5 4 

NOR7 NORSI NOR5 NOR4 

0 

RIW 

7 

0 0 0 

RIW RNI RIW 

Next data 7 to 4 
These bits store the next output 
data for TPC output group 1 

S 5 4 

3 2 0 

NOR3 NOR2 NOR1 NORO 

0 0 0 0 

RNI RIW RIW RIW 

Next data 3 to 0 
These bits store the next output 
data for TPC output group 0 

3 2 o 

Reserved bits 
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DitTerent Triggers for TPC Output Groups 0 and 1: If lPC output groups 0 and 1 are triggered 
by different compare match events, the address of the upper 4 bits of NDRA (group 1) is H'FFAS 
and the address of the lower 4 bits (group 0) is H'FFA 7. Bits 3 to 0 of address H'FFAS and bits 7 
to 4 of address H'FFA 7 are reserved bits that cannot be modified and always read 1. 

Address H'FFAS 

Bit 

Initial value 

ReadlWrite 

Address H'FFA 7 

Bit 

Initial value 

ReadlWrite 

7 

NOR7 

0 

RIW 

7 

S 5 4 3 2 1 o 
NORSI NORSI NDR4 

0 0 0 1 1 

RIW RIW RIW 

Next data 7 to 4 Reserved bits 
These bits store the next output 
data for TPC output group 1 

S 5 4 3 2 1 0 

NOR3 NOR2 NDR1 NORO 

1 1 0 0 0 0 

RIW RIW RIW RIW 

Reserved bits Next data 3 to 0 
These bits store the next output 
data for TPC output group 0 
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11.2.6 Next Data Register B (NDRB) 

NDRB is an 8-bit readable/writable register that stores the next output data for TPC output groups 
3 and 2 (pins TPls to TPg). During TPC output, when an ITU compare match event specified in 
TPCR occurs, NDRB contents are transferred to the corresponding bits in PBDR. The address of 
NDRB differs depending on whether TPC output groups 2 and 3 have the same output trigger or 
different output triggers. 

NDRB is initialized to H'oo by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Same Trigger for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered by 
the same compare match event, the NDRB address is H'FFA4. The upper 4 bits belong to group 3 
and the lower 4 bits to group 2. Address H'FFA6 consists entirely of reserved bits that cannot be 
modified and always read 1. 

Address H'FFA4 

Bit 7 6 5 4 3 2 o 
I NOR1S1 NOR14 I NOR13 I NOR12 I NOR" I NOR10 I NOR9 NORa 

Initial value 

ReadlWrite 

Address H'FFA6 

Bit 

Initial value 

ReadlWrite 

o 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW 

o 
RIW 

Next data 15 to 12 Next data 11 to 8 

o 
RIW 

These bits store the next output 
data for TPC output group 3 

These bits store the next output 
data for TPC output group 2 

7 6 5 4 3 2 o 

1 1 

Reserved bits 
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Different Triggers ror TPC Output Groups 2 and 3: IfTPC output groups 2 and 3 are triggered 
by different compare match events. the address of the upper 4 bits of NDRB (group 3) is H'FFA4 
and the address of the lower 4 bits (group 2) is H'FFA6. Bits 3 to 0 of address H'FFA4 and bits 7 
to 4 of address H'FFA6 are reserved bits that cannot be modified and always read 1. 

Address H'FFA4 

Bit 7 6 5 4 3 

I NOR1S1 NOR14 I NOR13 I NOR12 I 
Initial value 0 0 0 0 1 

ReadlWrite RIW RIW RIW RIW 

Address H'FFA6 

Next data 15 to 12 
These bits store the next output 
data for TPC output group 3 

2 1 o 

1 

Reserved bits 

Bit 7 6 5 43210 

Initial value 

ReadlWrite 

1 

Reserved bits 

I NOR11 I NOR10 I NOR9 I NORa 

1 0 0 0 0 
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Next data 11 to 8 
These bits store the next output 
data for TPC output group 2 



11.2.7 Next Data Enable Register A (NDERA) 

NDERA is an 8-bit readable/writable register that enables or disables TPC output groups 1 and 0 
(TP7 to TPo) on a bit-by-bit basis. 

Bit 7 S 5 4 3 2 1 a 
I NOER71 NOERSI NOERSI NOER41 NOER3 I NOER2 I NOER1 I NOERa I 

Initial value 

ReadIWrite 

a a a a a a a a 

RIW RIW RIW RIW RIW RIW RIW RIW 

Next data enable 7 to 0 
These bits enable or disable 
TPC output groups 1 and a 

If a bit is enabled for TPC output by NDERA, then when the lTU compare match event selected 
in the TPC output control register (TPCR) occurs, the NDRA value is automatically transferred to 

the corresponding PADR bit, updating the output value. If TPC output is disabled, the bit value is 
not transferred from NDRA to PADR and the output value does not change. 

NDERA is initialized to H'OO by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bits 7 to O-Next Data Enable 7 to 0 (NDER7 to NDERO): These bits enable or disable TPC 
output groups 1 and 0 (TP7 to TPo) on a bit-by-bit basis. 

Bits 7 to 0 
NDER7 to NDERO Description 

a TPC outputs TP7 to TPo are disabled (Initial value) 
(NOR7 to NORa are not transferred to PA7 to PAo) 

TPC outputs TP7 to TPo are enabled 
(NOR7 to NORa are transferred to PA7 to PAo) 
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11.2.8 Next Data Enable Register B (NDERB) 

NDERB is an 8-bit readable/writable register that enables or disables TPC output groups 3 and 2 
(TP15 to lPg) on a bit-by-bit basis. 

Bit 

Initial value 

AeadlWrite 

7 6 5 4 3 2 1 0 

INOEA1S1 NOEA141 NOEA131 NOEA121NOEA111NOEA101 NOEA91 NOEAal 

o 0 0 0 0 0 0 0 

AIW RIW AIW RIW RIW RIW RIW AIW 

N~xt data enable 15 to 8 
These bits enable or disable 
TPC output groups 3 and 2 

If a bit is enabled for TPC output by NDERB, then when the lTV compare match event selected in 
the TPC output control register (TPCR) occurs, the NDRB value is automatically transferred to 
the corresponding PBDR bit. updating the output value. If TPC output is disabled, the bit value is 
not transferred from NDRB to PBDR and the output value does not change. 

NDERB is initialized to H'OO by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bits 7 to O-Next Data Enable 15 to 8 (NDERI5 to NDER8): These bits enable or disable TPC 
output groups 3 and 2 (TP15 to lPg) on a bit-by-bit basis. 

Bits 7to 0 
NDER15 to NDERa Description 

o TPC outputs TP15 to TPa are disabled (Initial value) 
(NOA15 to NOAa are not transferred to PB7 to PBo) 

TPC outputs TP15 to TPa are enabled 
(NOA15 to NOAa are transferred to PB7 to PBo) 
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11.2.9 TPC Output Control Register (TPCR) 

TPCR is an 8-bit readable/writable register that selects output trigger signals for TPC outputs on a 
group-by-group basis. 

Bit 7 6 5 4 3 2 1 0 

IG3CMS11G3CMSOIG2CMS11G2CMSoIG1CMS1IG1 CMSOIGOCMS11GOCMSOI 

Initial value 1 1 1 1 1 1 1 1 

ReadlWrite RIW RIW AMI AMI RIW AMI AMI AMI 

Group 3 compare T 
match select 1 and 0 
These bits seled 
the compare match G 0 2 
event that triggers r up compare 
TPC output group 3 match ~elect 1 and 0 
(TP to TP ) These bits seled 

15 12 the compare match 
event that triggers Group 1 compare 
TPC output group 2 match select 1 and 0 
(TP11 to TPa) These bits seled 

the compare match 
event that triggers Group 0 compare 
TPC output group 1 match select 1 and 0 
(TP7 to TP4 ) These bits seled 

the compare match 
event that triggers 
TPC output group 0 
(TP3 to TPo ) 

TPCR is initialized to H'fF by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 
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Bits 7 and 6-Group 3 Compare Match Select 1 and 0 (G3CMSl, G3CMSO): These bits 
select the compare match event that biggers TPC output group 3 (TPtS to 1Pt,). 

Bit 7 Bit 6 
G3CMS1 G3CMSO Description 

o 0 TPC output group 3 (TP15 to TP12) is triggered by compare match in ITU 
channel 0 

TPC output group 3 (TP15 to TP12) is triggered by compare match in ITU 
channel 1 

o TPC output group 3 (TP15 to TP12) is triggered by compare match in ITU 
channel 2 

1 TPC output group 3 (TP15 to TP12) is triggered by 
compare match in ITU channel 3 

(Initial value) 

Bits 5 and 4-Group 2 Compare Match Select 1 and 0 (G2CMSl, G2CMSO): These bits 
select the compare match event that biggers TPC output group 2 (TP11 to 1Ps). 

Bit 5 
G2CMS1 

o 

Bit 4 
G2CMSO Description 

o TPC output group 2 (TP11 to TPs) is triggered by compare match in ITU 
channel 0 

TPC output group 2 (TP11 to TPs) is triggered by compare match in ITU 
channel 1 

o TPC output group 2 (TP11 to TPs) is triggered by compare match in ITU 
channel 2 

TPC output group 2 (TP11 to TPs) is triggered by 
compare match in ITU channel 3 
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Bits 3 and 2-Group 1 Compare Match Select 1 and 0 (GICMSl, GICMSO): These bits 
select the compare match event that triggers TPC output group 1 (lP7 to TP 4)' 

Bit 3 Bit 2 
G1CMS1 G1CMSO 

0 0 

1 

1 0 

1 

Description 

TPC output group 1 (TP7 to TP 4) is triggered by compare match in ITU 
channel 0 

TPC output group 1 (TP7 to TP 4) is triggered by compare match in ITU 
channel 1 

TPC output group 1 (TP7 to TP 4) is triggered by compare match in ITU 
channel 2 

TPC output group 1 (TP7 to TP 4) is triggered by 
compare match in ITU channel 3 

(Initial value) 

Bits 1 and O-Group 0 Compare Match Select 1 and 0 (GOCMSl, GOCMSO): These bits 
select the compare match event that triggers TPC output group 0 (lP3 to TPo). 

Bit 1 
GOCMS1 

o 

Bit 0 
GOCMSO 

o 
Description 

TPC output group 0 (TP3 to TPo) is triggered by compare match in ITU 
channel 0 

TPC output group 0 (TP3 to TPo) is triggered by compare match in ITU 
channel 1 

o TPC output group 0 (TP3 to TPo) is triggered by compare match in ITU 
channel 2 

TPC output group 0 (TP3 to TPo) is triggered by 
compare match in ITU channel 3 
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11.2.10 TPC Output Mode Register (TPMR) 

TPMR is an 8-bit readable/writable register that selects nonnal or non-overlapping TPC output for 
each group. 

Bit 

Initial value 

ReadlWrite 

7 6 5 

Reserved bits 

Group 3 non-overlap 
Selects non-overlapping TPC 
output for group 3 (TP,s to TP12) 

Group 2 non-overlap 
Selects non-overlapping TPC 
output for group 2 (TP11 to TPa) 

Group 1 non-overlap 
Selects non-overlapping TPC 
output for group 1 (TP7 to TP4 ) 

Group 0 non-overlap 
Selects non-overlapping TPC 
output for group 0 (TP3 to TPo ) 

4 3 2 1 0 

1 

I G3NOV I G2NOV I G1 NOV I GONOV I 
o 0 

RIW RIW 

T 
o 

RIW 

o 
RIW 

The output trigger period of a non-overlapping TPC output wavefonn is set in general register B 
(GRB) in the ITU channel selected for output triggering. The non-overlap margin is set in general 
register A (GRA). The output values change at compare match A and B. For details see 
section 11.3.4. Non-Overlapping TPC Output. 

TPMR is initialized to H'FO by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 

Bits 7 to 4-Reserved: Read-only bits. always read as 1. 
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Bit 3-Group 3 Non-Overlap (G3NOV): Selects nonnal or non-overlapping TPC output for 
group 3 (TPtS to TPt:z). 

Bit 3 
G3NOV 

o 
Description 

Normal TPC output in group 3 (output values change at . 
compare match A in the selected ITU channel) 

Non-overlapping TPC output in group 3 (independent 1 and 0 output at 
compare match A and B in the selected ITU channel) 

(Initial value) 

Bit 2--Group 2 NOD-Overlap (G2NOV): Selects nonnal or non-overlapping TPC output for 
group 2 (TPll to TPg). 

BIU 
G2NOV 

o 
Description 

Normal TPC output in group 2 (output values change at 
compare match A in the selected ITU channel) 

Non-overlapping TPC output in group 2 (independent 1 and 0 output at 
compare match A and B in the selected ITU channel) 

(Initial value) 

Bit I--Group 1 Non-Overlap (G INOV): Selects nonnal or non-overlapping TPC output for 
group 1 (TP7 to TP 4). 

Bit 1 
G1NOV Description 

o Normal TPC output in group 1 (output values change at (Initial value) 
compare match A in the selected ITU channel) 

1 Non-overlapping TPC output in group 1 (independent 1 and 0 output at 
compare match A and B in the selected ITU channel) 

Bit O-Group 0 Non-Overlap (GONOV): Selects nonnal or non-overlapping TPC output for 
group 0 (TP3 to TPo). 

Bit 0 
GONOV 

o 
Description 

Normal TPC output in group 0 (output values change at 
compare match A in the selected ITU channel) 

Non-overlapping TPC output in group 0 (independent 1 and 0 output at 
compare match A and B in the selected ITU channel) 
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11.3 Operation 

11.3.1 Overview 

When corresponding bits in PADOR or PBOOR and NDERA or NDERB are set to I, TPC output 
is enabled. The TPC output initially consists of the corresponding PADR or PBOR contents. 
When a compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB bit 
contents are transferred to PADR or PBOR to update the output values. 

Figure 11-2 illustrates the TPC output operation. Table 11-3 summarizes the TPC operating 
conditions. 

TPC output pin 

OOR NOER 

a a 

Output trigger signal 

C 
Internal a DR Ot--------l a NOR Ot--- data bus 

Figure 11-2 TPC Output Operation 

Table 11·3 TPC Operating Conditions 

NDER DDR 

o o 
1 

1 o 

Pin Function 

Generic input port 

Generic output port 

Generic input port (but the DR bit is a read-only bit, and when compare 
match occurs, the NOR bit value is transferred to the DR bit) 

TPC pulse output 

Sequential output of up to 16-bit patterns is possible by writing new output data to NORA and 
NDRB before the next compare match. For information on non-overlapping operation, see 
section 11.3.4, Non-Overlapping TPC Output. 
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11.3.2 Output Timing 

If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and output when 
the selected compare match event occurs. Figure 11-3 shows the timing of these operations for the 
case of nonna! output in groups 2 and 3, triggered by compare match A. 

TeNT 

GRA 

Compare 
match A signal 

NORB 

PBOR 

__ ~X~ ___ N __ ~X~ __ N_+_1~X~ ____ __ 
N 

-m----...~s" n 

__________ m ________ -J)(~ _________ n ______ ___ 

Figure 11·3 Timing of Transfer of Next Data Register Contents and Output (Example) 
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11.3.3 Normal TPC Output 

Sample Setup Procedure for Normal TPC Output: Figure 11-4 shows a sample procedure for 
setting up nonnal TPC output. 

Select GR functions 1. Set TlOR to make GRA an output compare 
register (with output inhibited). 

Set GRA value 2 2. Set the TPC output trigger period. 

ITU setup 3. Select the counter clock source with bits 
TPSC2 to TPSCO in TCR. Select the counter 

Select counting operation 3 clear source with bits CCLR1 and CCLRO. 
4. Enable the IMFA interrupt in TIER. 

Select interrupt request 4 The OMAC can also be set up to transfer 
data to the next data register. 

5. Set the initial output values in the DR bits 
Set initial output data 5 of the input/output port pins to be used for 

TPCoutput. 
Select port output 6 6. Set the OOR bits of the input/output port 

pins to be used for TPC output to 1. 

Port and Enable TPC output 7 7. Set the NOER bits of the pins to be used for 
TPCsetup TPC output to 1. 

8. Select the ITU compare match event to be 
Select TPC output trigger 8 used as the TPC output trigger in TPCR. 

9. Set the next TPC output values in the NOR bits. 
Set next TPC output data 9 10. Set the STR bit to 1 in TSTR to start the 

timer counter. 
11. At each IMFA interrupt, set the next output 

ITU setup Start counter 10 values in the NOR bits. 

No 

11 

Figure 11·4 Setup Procedure for Normal TPC Output (Example) 
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Example or Normal TPC Output (Example or Five-Pbase Pulse Output): Figure 11-5 shows 
an example in which the TPC is used for cyclic five-phase pulse OutpUL 

TCNT value Compare match 

:: -I • , f f • J I I • I • I 
__ .;..'""" I I I , I I I • I I • I 

NORB so: 

PBOR 
, , , , 

TP'5 --J L 
TP'4 

TP'3 

TP'2 

TPl1 

The ITU channel to be used as the output trigger channel is set up so that GRA is an output compare 
register and the counter will be cleared by compare match A. The trigger period is set in GRA. 
The IMIEA bit is set to 1 in TIER to enable the compare match A interrupt 
H'F8 is written in PBOOR and NOERB, and bits G3CMS1, G3CMSO, G2CMS1, and G2CMSO are set in 
TPCR to select compare match in the ITU channel set up in step 1 as the output trigger. 
Output data H'SO is written in NORB. 
The timer counter in this ITU channel is started. When compare match A occurs, the NORB contents 
are transferred to PBOR and output. The compare matchlinput capture A (IMFA) interrupt service routine 
writes the next output data (H'CO) in NORB. 
Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by writing 
H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88 ... at successive IMFA interrupts. If the OMAC is set for 
activation by this interrupt, pulse output can be obtained without loading the CPU. 

Figure 11-5 Normal TPC Output Example (Five-Pbase Pulse Output) 
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11.3.4 Non-Overlapping TPC Output 

Sample Setup Procedure for Non-Overlapping TPC Output: Figure 11-6 shows a sample 
procedure for setting up non-overlapping TPC OUtpUL 

Select GR functions 1. Set TIOR to make GRA and GRB output 
compare registers (with output inhibited). 

Set GR values 2 2. Set the TPC output trigger period in GRB 

ITU setup 
and the non-overlap margin in GRA. 

3. Select the counter clock source with bits 
Select counting operation 3 TPSC2 to TPSCO in TCR. Select the counter 

clear source with bits CCLR1 and CCLRO. 
Select interrupt requests 4 4. Enable the IMFA interrupt in TIER. 

The OMAC can also be set up to transfer 

Set initial output data 5 
data to the next data register. 

5. Set the initial output values in the DR bits 
of the input/output port pins to be used for 

Set up TPC output 6 TPCoutpul 
6. Set the OOR bits of the inputloutput port pins 

Enable TPC transfer 7 to be used for TPC output to 1. 

Port and 7. Set the NOER bits of the pins to be used for 
TPC setup Select TPC transfer trigger 8 

TPC output to 1. 
8. In TPCR, select the ITU compare match 

event to be used as the TPC output trigger. 
Select non-overlapping groups 9 9. In TPMR, select the groups that will operate 

in non-overlap mode. 

Set next TPC output data 10 
10. Set the next TPC output values in the NOR 

bits. 
11. Set the STR bit to 1 in TSTR to start the timer 

counter. 
ITU setup Start counl!ir 11 12. At each IMFA interrupt, write the next output 

value in the NOR bits. 

No 

Set next TPC output data 12 

Figure 11-6 Setup Procedure for Non-Overlapping TPC Output (Example) 
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Example or Non-Overlapping TPC Output (Example or Four-Phase Complementary Non­
Overlapping Output): Figure 11-7 shows an example of the use of TPC output for four-phase 
complementary non-overlapping pulse output 

:........: Non-overlap margin , , , 

, , , , , , 

__ ~ __ ~: __ ~ __ ~r---i~~ __ ~~~ __ ~ __ ~ __ ~ __ ~~ 
, , , 

~~~~ _____ ~ ~ _____ ~t 
, , , , , , 

• The ITU channel to be used as the output trigger chamel is set up so that GRA and GAB re output 
compare registers and the counter will be cleared by compare match B. The TPC output trigger 
period is set in GAB. The non-overlap margin is set in GAA. The IMIEA bit is set to 1 in TIEA to enable 
IMFA interrupts. 

• H'FF is written in PBOOR and NOEAB, and bits G3CMS1, G3CMSO, G2CMS1, and G2CMSO are set 
Bits G3NOV and G2NOV are set to 1 in TPMA to select non-overlapping output Outputdala H'9S is 
written in NOAB. 

• The timer counter in this ITU channel is started. When compare match B occurs, outputs change from 
1 to O. When compare match A occurs, outputs change from 0 to 1 (the change from 0 10 1 is delayed 
by the value of GAA). The 1M FA interrupt service routine writes the next output dala (H'6S) in NOAB. 

• Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H'56, H'95 ... 
at successive 1M FA interrupts. If the OMAC is set for activation by this interrupt, pulse output can be 
obtained without loading the CPU. 

Figure 11-7 Non·Overlapping TPC Output Example (Four-Phase Complementary 
Non-Overlapping Pulse Output) 
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11.3.5 TPC Output Triggering by Input Capture 

TPC output can be triggered by ITU input capture as well as by compare match. If GRA functions 
as an input capture register in the ITU channel selected in TPCR, TPC output will be triggered by 
the input capture signal. Figure 11-8 shows the timing. 

" 
TIOCpin --f( 
Input capture -""1 ----, 
signal . '--__________ _ 

N=; NOR 

DR 

Figure 11-8 TPC Output Triggering by Input Capture (Example) 
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11.4 Usage Notes 

11.4.1 Operation ofTPC Output Pins 

TPo to TPIS are multiplexed with nu, DMAC, address bus, and other pin functions. When lTU, 
DMAC, or address output is enabled, the corresponding pins cannot be used for TPC outpuL The 
data transfer from NDR bits to DR bits takes place, however, regardless of the usage of the pin. 

Pin functions should be changed only under conditions in which the output trigger event will not 
occur. 

11.4.2 Note on Non·Overlapping Output 

During non-overlapping operation, the transfer of NDR bit values to DR bits takes place as 
follows. 

1. NDR bits are always transferred to DR bits at compare match A. 

2. At compare match B, NDR bits are transferred only if their value is O. Bits are not transferred 
if their value is 1. 

Figure 11-9 illustrates the non-overlapping TPC output operation. 

TPC output pin 

OOR 
a 

NOER 
a 

C 

~"F----- Compare match A 
Compare match B 

a DR 0 .... -----'"----1 

Figure 11·9 Non·Overlapping TPC Output 
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Therefore. 0 data can be transferred ahead of 1 data by making compare match B occur before 
compare match A. NDR contents should not be altered during the interval from compare match B 
to compare match A (the non-overlap margin). 

This can be accomplished by having the IMFA interrupt service routine write the next data in 
NDR. or by having the IMFA interrupt activate the DMAC. The next data must be written before 
the next compare match B occurs. 

Figure 11-10 shows the timing relationships. 

;:~e __________ ~~n~ ______________ ~n 
I ~,------------------
I 

Compare n: n 
match B ________ ......I I----I-i ----------' 1-__ -+ __________________ _ 

NOR 

DR 

I · · · NOR write NOR write 

t t 
--------~---~---~X~ ___ ~~---~X~---------

\ X \ X'--__ _ 
o output 0/1 output o output 011 output 

I I Write to NOR I I Write to NOR ---......... ot--_ ... -r .... in this interval .... -r ... --...... -r ... - in this interval -------

Do not write Do not write 
to NOR in this to NOR in this 
interval interval 

Figure 11-10 Non-Overlapping Operation and NDR Write Timing 
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Section 12 Watchdog Timer 

12.1 Overview 

The H8/3042 Series has an on-chip watchdog timer (WDT). The WDT has two selectable 
functions: it can operate as a watchdog timer to supervise system operation, or it can operate as an 
interval timer. As a watchdog timer, it generates a reset signal for the chip if a system crash allows 
the timer counter (TeNT) to overflow before being rewritten. In interval timer operation, an 
interval timer interrupt is requested at each TCNT overflow. 

12.1.1 Features 

WDT features are listed below. 

• Selection of eight counter clock sources 

• Interval timer option 

• Timer counter overflow generates a reset signal or interrupt. 

The reset signal is generated in watchdog timer operation. An interval timer interrupt is 
generated in interval timer operation. 

• Watchdog timer reset signal resets the entire chip internally, and can also be output externally. 

The reset signal generated by timer counter overflow during watchdog timer operation resets 
the entire chip internally. An external reset signal can be output from the RESO pin to reset 
other system devices simultaneously. 
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12.1.2 Block Diagram 

Figure 12-1 shows a block diagram of the WDT. 

Overflow 
TCNT Internal 

~ Read! data bus 
Interrupt • (intervallimer) control write 

I TCSR 
control 

'" 
I nterrupt signal 

Reset 
(internal. externa 

1 • t r- Internal clock sources 
812 

I RSTCSR I 
l 

8/32 

Reset control I 8/64 

I) I Clock 
8/128 "-

Clock 
selector 81256 

Legend 
8/512 

TCNT: Timer counter 8/2048 
controVstatus register 8/4096 
controVstatus register 

TCSR: Timer 
RSTCSR: Reset 

Figure 12-1 WDT Block Diagram 

12.1.3 Pin Configuration 

Table 12-1 describes the WDT output pin. 

Table 12-1 WDT Pin 

Name Abbreviation 110 Function 

Reset output RESO Output. External output of the watchdog timer reset signal 

Note: • Open-drain output. This pin should be pulled up externally to Vee regardless of whether 
reset output is used or not. 
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12.1.4 Register Configuration 

Table 12-2 summarizes the WOT registers. 

Table 12·2 WDT Registers 

Address·1 

Wrlte-2 Read Name Abbreviation RIW Initial Value 

H'FFA8 H'FFA8 Timer controVstatus register TCSR R/(W)*3 H'18 

H'FFA9 Timer counter TCNT RIW H'OO 

H'FFAA H'FFAB Reset controUstatus register RSTCSR R/(Wt3 H'3F 

Notes: 1. Lower 16 bits of the address. 
2. Write word data starting at this address. 
3. Only 0 can be written in bit 7, to clear the flag. 
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12.2 Register Descriptions 

12.2.1 Timer Counter (rCNT) 

TCNT is an 8-bit readable and writable* up-counter. 

Bit 7 6 5 4 3 2 1 0 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

When the TME bit is set to 1 in TCSR, TCNT starts counting pulses generated from an internal 
clock source selected by bits CKS2 to CKSO in TCSR. When the count overflows (changes from 
H'FF to H'OO), the OVF bit is set to 1 in TCSR. TCNT is initialized to H'oo by a reset and when 
the TME bit is cleared to O. 

Note: * TCNT is write-protected by a password. For details see section 12.2.4, Notes on Register 
Access. 
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12.2.2 Timer Control/Status Register (TCSR) 

TCSR is an 8-bit readable and writable· 1 register. Its functions include selecting the timer mode 
and clock source. 

Bit 7 6 5 4 3 2 0 

OVF I WT/IT I TME CKS2 CKS1 CKSO 

Initial value 0 0 0 1 1 0 0 0 

ReadlWrite RlC'N)*2 RIW RIW RIW RtN RIW 

T 
I 

Clock select 
These bits select the 
TCNT clock source 

Reserved bits 

Timer enable 
Selects whether TCNT runs or halts 

Timer mode select 
Selects the mode 

Overflow flag 
Status flag indicating overflow 

Bits 7 to 5 are initialized to 0 by a reset and in standby mode. Bits 2 to 0 are initialized to 0 by a 
reset In software standby mode bits 2 to o are not initialized, but retain their previous values. 

Notes: 1. TCSR is write-protected by a password. For details see section 12.2.4, Notes on 
Register Access. 

2. Only 0 can be written, to clear the flag. 
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Bit 7-Overflow Flag (OVF): This status flag indicates that the timer counter has overflowed 
from H'FF to H'OO. 

Bit 7 
OVF Description 

o [Clearing condition] 
Cleared by reading OVF when OVF - 1, then writing 0 in OVF (Initial value) 

1 [Setting condition] 
Set when TCNT changes from H'FF to H'OO 

Bit 6-Timer Mode Select (WTIIT): Selects whether to use the WDT as a watchdog timer or 
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request 
when TCNT overflows. If used as a watchdog timer, the WDT generates a reset signal when 
TCNT overflows. 

Bit 6 
WTIIT Description 

o Interval timer: requests interval timer interrupts (Initial value) 

Watchdog timer: generates a reset signal 

Bit 5-Timer Enable (TME): Selects whether TeNT runs or is halted. 

BitS 
TME Description 

o TCNT is initialized to H'OO and halted (Initial value) 

TCNT is counting 

Bits 4 and 3-Reserved: Read-only bits, always read as 1. 
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Bits 2 to O-Clock Select 2 to 0 (CKS2IlIO): These bits select one of eight internal clock 
sources, obtained by prescaling the system clock (0), for input to TCNT. 

Bit 2 Bit 1 Bit 0 
CKS2 CKS1 CKSO Description 

o 0 0 e/2 (Initial value) 

1 e/32 

0 e/64 

1 e/128 

o 0 e/256 

e/512 

0 e/2048 

1 e/4096 

12.2.3 Reset Control/Status Register (RSTCSR) 

RSTCSR is an 8-bit readable and writable· t register that indicates when a reset signal has been 
generated by watchdog timer overflow, and controls external output of the reset signal. 

Bit 7 6 5 4 3 2 o 
I WRST I RSTOE I 

Initial value 0 0 

ReadlWrite R/(W)·2 RIW 

T Reserved bits 

Reset output enable 
Enables or disables external output of the reset signal 

Watchdog timer reset 
Indicates that a reset signal has been generated 

Bits 7 and 6 are initialized by input of a reset signal at the RES pin. They are not initialized by 
reset signals generated by watchdog timer overflow. 

Notes: 1. RSTCSR is write-protected by a password. For details see section 12.2.4, Notes on 
Register Access. 

2. Only 0 can be written in bit 7, to clear the flag. 
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Bit 7-Watchdog Timer Reset (WRST): Dwing watchdog timer operation, this bit indicates that 
TeNT has overflowed and generated a reset signal. This reset signal resets the entire chip 
internally. If bit RSIDE is set to I, this reset signal is also output (low) at the RESO pin to 
initialize external system devices. 

Bit 7 
WRST Description 

o [Clearing condition] 
Cleared to 0 by reset signal input at RES pin, or by writing 0 (Initial value) 

[Setting condition] 
Set when TCNT overflow generates a reset signal during watchdog timer operation 

Bit 6-Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin of 
the reset signal generated if TCNT overflows during watchdog timer operation. 

Bit 6 
RSTOE Description 

o Reset signal is not output externally (Initial value) 

Reset signal is output externally 

Bits 5 to O-Reserved: Read-only bits, always read as 1. 
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12.2.4 Notes on Register Access 

The watchdog timer's TCNT, TCSR, and RSTCSR registers differ from other registers in being 
more difficult to write. The procedures for writing and reading these registers are given below. 

Writing to TCNT and TCSR: These registers must be written by a word transfer instruction. 
They cannot be written by byte instructions. Figure 12-2 shows the format of data written to 

TCNT and TCSR. TCNT and TCSR both have the same write address. The write data must be 
contained in the lower byte of the written word. The upper byte must contain H'SA (password for 
TCNT) or H' AS (password for TCSR). This transfers the write data from the lower byte to TCNT 
orTCSR. 

TCNTwrite 

Address 

TCSRwrite 

Address 

H'FFAS* 

H'FFAS* 

15 

15 

Note: * Lower 16 bits of the address. 

S 7 

H'SA Write data 

S 7 

H'AS Write data 

Figure 12·2 Format or Data Written to TCNT and TCSR 
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Writing to RSTCSR: RSTCSR must be written by a word transfer instruction. It cannot be 
written by byte transfer instructions. FigW"C 12-3 shows the format of data written to RSTCSR. To 
write 0 in the WRST bit, the write data must have H' AS in the upper byte and H'OO in the lower 
byte. The H'OO in the lower byte clears the WRST bit in RSTCSR to O. To write to the RSTOE bit. 
the upper byte must contain H'SA and the lower byte must contain the write data. Writing this 
word transfers a write data value into the RSlOE biL 

Writing 0 in WRST bit 15 8 7 o 
Address H'FFAA* H'A5 H'OO 

Writing to RSTOE bit 15 8 7 o 
Address H'FFAA* H'5A Write data 

Note: • Lower 16 bits of the address. 

Figure 12·3 Format or Data Written to RSTCSR 

Reading TCNT, TCSR, and RSTCSR: These registers are read like other registers. Byte access 
instructions can be used. The read addresses are H'FFA8 for TCSR, H'FFA9 for TCNT, and 
H'FFAB for RSTCSR. as listed in table 12-3. 

Table 12·3 Read Addresses or TCNT, TCSR, and RSTCSR 

Address· Register 

H'FFA8 TCSR 
H'FFA9 TCNT 
H'FFAB RSTCSR 
Note: * Lower 16 bits of the address. 
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12.3 Operation 

Operations when the WDT is used as a watchdog timer and as an interval timer are described 
below. 

12.3.1 Watchdog Timer Operation 

Figure 12-4 illustrates watchdog timer operation. To use the WDT as a watchdog timer, set the 
WT/IT and TME bits to 1 in TCSR. Software must prevent TCNT overflow by rewriting the 
TCNT value (nonna1ly by writing H'OO) before overflow occurs. If TCNT fails to be rewritten and 
overflows due to a system crash etc., the chip is internally reset for a duration of 518 states. 

The watchdog reset signal can be externally output from the RESO pin to reset external system 
devices. The reset signal is output externally for 132 states. External output can be enabled or 
disabled by the RSTOE bit in RSTCSR. 

A watchdog reset has the same vector as a reset generated by input at the RES pin. Software can 
distinguish a RES reset from a watchdog reset by checking the WRST bit in RSTCSR. 

If a RES reset and a watchdog reset occur simultaneously, the RES reset takes priority. 

H'FF 
WOT overflow 

t 
TCNTcount 
value 

TME set to 1 

I 
H·OO 

t "'-t/ OVF=1 

Start H·OO written Reset 
in TCNT 

Internal .---..., 
reset signal ____________ ...... 1 1 

I- -I 
518 states 

U 
H 

132 states 

Figure 12-4 Watchdog Timer Operation 
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12.3.2 Interval Timer Operation 

Figure 12-5 illustrates interval timer operation. To use the WDT as an interval timer, clear bit 
WT/IT to 0 and set bit TME to 1 in TCSRo An interval timer interrupt request is generated at each 
TCNT overflow. This function can be used to generate interval timer interrupts at regular 
intervals. 

HOFF 

t 
TeNT 
count value 

HOOO 

WT/IT= 0 
TME= 1 

Interval 
timer 
interrupt 

Interval 
timer 
interrupt 

Interval 
timer 
interrupt 

Interval 
timer 
interrupt 

Figure 12-5 Interval Timer Operation 
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12.3.3 Timing of Setting of Overnow Flag (OVF) 

Figure 12-6 shows the. timing of setting of the OVF flag in TCSR. The OVF flag is set to 1 when 
TCNT overflows. At the same time, a reset signal is generated in watchdog timer operation, or an 
interval timer interrupt is generated in interval timer operation. 

" 

. TeNT ___ H_'_FF_---JX H'OO 

Overflow signal -----' 

OVF 

\ 
------~~I --------------------

Figure 12-6 Timing of Setting of OVF 
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12.3.4 Timing or Setting of Watchdog Timer Reset Bit (WRST) 

The WRST bit in RSTCSR is valid when bits WT/IT and TME are both set to 1 in TCSR. 
Figure 12-7 shows the timing of setting of WRST and the internal reset timing. The WRST bit is 
set to 1 when TCNT overflows and OVF is set to 1. At the same time an internal reset signal is 
generated for the entire chip. This internal reset signal clears OVF to O. but the WRST bit remains 
set to 1. The reset routine must therefore clear the WRST biL 

" 

TeNT ___ H_'F_F_--,X H'OO 

Overflow signal 

OVF 

WOT internal 
reset 

WRST 

---_ ...... 

_______ ~Il~ __________________ ___ 

Figure 12-7 Timing of Setting of WRST Bit and Internal Reset 
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12.4 Interrupts 

During interval timer operation, an overflow generates an interval timer interrupt (WOVI). The 
interval timer interrupt is requested whenever the OVF bit is set to 1 in TCSR. 

12.5 Usage Notes 

Contention between TCNT Write and Increment: If a timer counter clock pulse is generated 
during the T 3 state of a write cycle to TCNT, the write takes priority and the timer count is not 
incremented. See figure 12-8. 

TCNT 

Internal write 
signal 

TCNTinput 
clock 

TCNT 

Write cycle: CPU writes to TCNT 

=>< ___ L 

____ N __ --JX '" 
Counter write data 

Figure 12·8 Contention between TCNT Write and Increment 

Changing CKS2 to CKSO Values: Halt TCNT by clearing the TME bit to 0 in TCSR before 
changing the values of bits CKS2 to CKSO. 
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Section 13 Serial Communication Interface 

13.1 Overview 

The H8/3042 Series has a serial communication interface (SCI) with two independent channels. 
Both channels are functionally identical. The SCI can communicate in asynchronous mode or 
synchronous mode, and has a mUltiprocessor communication function for serial communication 
among two or more processors. 

13.1.1 Features 

SO features are listed below. 

• Selection of asynchronous or synchronous mode for serial communication 

a. Asynchronous mode 

Serial data communication is synchronized one character at a time. The SCI can communicate 
with a universal asynchronous receiver/transmitter (UART), asynchronous communication 
interface adapter (AOA), or other chip that employs standard asynchronous serial 
communication. It can also communicate with two or more other processors using the 
multiprocessor communication function. There are twelve selectable serial data 
communication formats. 

- Data length: 7 or 8 bits 
- Stop bit length: 1 or 2 bits 
- Parity bie even, odd, or none 
- Multiprocessor bit: 1 or 0 
- Receive error detection: parity, overrun, and framing errors 
- Break detection: by reading the RxD level directly when a framing error occurs 

b. Synchronous mode 

Serial data communication is synchronized with a clock signal. The SCI can communicate 
with other chips having a synchronous communication function. There is one serial data 
communication formal 

- Data length: 8 bits 
- Receive error detection: overrun errors 
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• Full duplex communication 

The transmitting and receiving sections are independent, so the SCI can transmit and receive 
simultaneously. The transmitting and receiving sections are both double-buffered. so serial 
data can be transmitted and received continuously. 

• Built-in baud rate generator with selectable bit rates 

• Selectable transmit/receive clock sources: internal clock from baud rate generator. or external 
clock from the SCK pin. 

• Four types of interrupts 

Transmit-data-empty. transmit-end. receive-data-full. and receive-error interrupts are 
requested independently. The transmit-data-empty and receive-data-full interrupts can 
activate the DMA controller (DMAC) to transfer data. 
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13.1.2 Block Diagram 

Figure 13-1 shows a block diagram of the SCI. 

< 

I RDR I I 
~ 

RxD I RSR I II 

TxD 

SCK 

Legend 
RSR: Receive shift register 
RDR: Receive data register 
TSR: Transmit shift register 
TOR: Transmit data register 
SMR: Serial mode register 
SCR: Serial control register 
SSR: Serial status register 
BRR: Bit rate register 

Module data bus 

I] 
TOR I SSR I BRR 

v. SCR 
SMR TSR t- Baud rate 
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Parity check 

External clock 

Figure 13-1 SCI Block Diagram 
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13.1.3 Input/Output Pins 

The SCI has serial pins for each channel as listed in table 13-1. 

Table 13·1 SCI Pins 

Channel Name Abbreviation 110 Function 

0 Serial clock pin SCKo Input/output SCIo clock input/output 

Receive data pin RxDo Input SClo receive data input 

Transmit data pin TxDo Output SCIo transmit data output 

Serial clock pin SCK1 Input/output SCI1 clock input/output 

Receive data pin RxD1 Input SCI1 receive data input 

Transmit data pin TxD1 Output SCI1 transmit data output 

13.1.4 Register Configuration 

The SCI has internal registers as listed in table 13-2. These registers select asynchronous or 
synchronous mode, specify the data format and bit rate, and control the transmitter and receiver 
sections. 

Table 13-2 Registers 

Channel Address·1 Name Abbreviation RIW Initial Value 

0 H'FFBO Serial mode register SMR RIW H'OO 

H'FFB1 Bit rate register BRR RIW H'FF 

H'FFB2 Serial control register SeR RIW H'OO 

H'FFB3 Transmit data register TOR RIW H'FF 

H'FFB4 Serial status register SSR RJ(Wt2 H'S4 

H'FFB5 Receive data register RDR R H'OO 

H'FFBS Serial mode register SMR RIW H'OO 

H'FFB9 Bit rate register BRR RIW H'FF 

H'FFBA Serial control register SCR RIW H'OO 

H'FFBB Transmit data register TOR RIW H'FF 

H'FFBC Serial status register SSR RJ(Wt2 H'S4 

H'FFBD Receive data register RDR R H'OO 

Notes: 1. Lower 16 bits of the address. 
2. Only 0 can be written, to clear flags. 
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13.2 Register Descriptions 

13.2.1 Receive Shift Register (RSR) 

RSR is the register that receives serial data. 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 o 

The SCI loads serial data input at the RxD pin into RSR in the order received, LSB (bit 0) first. 
thereby converting the data to parallel data. When 1 byte has been received, it is automatically 
transferred to RDR. The CPU cannot read or write RSR directly. 

13.2.2 Receive Data Register (RDR) 

RDR is the register that stores received serial data. 

Bit 7 6 5 4 3 2 0 

Initial value 0 0 0 0 0 0 0 0 

ReadIWrite R R R R R R R R 

When the SCI finishes receiving 1 byte of serial data, it transfers the received data from RSR into 
RDR for storage. RSR is then ready to receive the next data. This double buffering allows data to 
be received continuously. 

RDR is a read-only register. Its contents cannot be modified by the CPU. RDR is initialized to 
H'OO by a reset and in standby mode. 

447 



13.2.3 Transmit Shift Register (TSR) 

TSR is the register that transmits serial data. 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 o 

The SCI loads transmit data from TOR into TSR, then transmits the data serially from the TxD 
pin, LSB (bit 0) fust. After transmitting one data byte, the SCI automatically loads the next 
transmit data from TOR into TSR and starts transmitting it If the TORE flag is set to 1 in SSR, 
however, the SCI does not load the TOR contents into TSR. The CPU cannot read or write TSR 
directly. 

13.2.4 Transmit Data Register (TOR) 

TOR is an 8-bit register that stores data for serial transmission. 

Bit 

Initial value 

ReadlWrite 

7 

1 

RIW 

6 

RIW 

5 

1 

RIW 

4 

1 

RIW 

3 

1 

RIW 

2 

1 

RIW 

1 

RIW 

o. 

1 

RIW 

When the SCI detects that TSR is empty, it moves transmit data written in TOR from TOR into 
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next 
transmit data in TOR during serial transmission from TSR. 

The CPU can always read and write TOR. TDR is initialized to H'FF by a reset and in standby 
mode. 
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13.2.5 Serial Mode Register (SMR) 

SMR is an 8-bit register that specifies the SCI serial communication format and selects the clock 
source for the baud rate generator. 

Bit 

Initial value 

ReadlWrite 

7 

CIA 

0 

RNI 

6 

CHR 

0 

RtN 

5 

PE 

0 

RtN 

4 

OlE 

a 
RtN 

3 

STOP 

0 

RtN 

2 1 0 

MP CKS1 CKSO 

a 0 a 
RtN RtN RIW 

T Clock select 1/0 
These bits select the 
baud rate generator's 
clock source 

Multiprocessor mode 
Selects the multiprocessor 
function 

Stop bit length 
Selects the stop bit length 

Parity mode 
Selects even or odd parity 

Parity enable 
Selects whether a parity bit is added 

Character length 
Selects character length in asynchronous mode 

Communication mode 
Selects asynchronous or synchronous mode 

The CPU can always read and write SMR. SMR is initialized to H'OO by a reset and in standby 
mode. 
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Bit 7-Communication Mode (CIA): Selects whether the SCI operates in " asynchronous or 
synchronous mode. 

BIt7 
CiA Description 

o Asynchronous mode (Initial value) 

1 Synchronous mode 

Bit 6-Character Length (CUR): Selects 7-bit or 8-bit data length in asynchronous mode. In 
synchronous mode the data length is 8 bits regardless of the CUR setting. 

Bit 6 
CHR Description 

o 8-bit data (Initial value) 

7-bit data· 

Note:· When 7-bit data is selected; the MSB (bit 7) in TOR is not transmitted. 

Bit 5-Parity Enable (PE): In asynchronous mode, this bit enables or disables the addition of a 
parity bit to transmit data, and .the checking of the parity bit in receive data. In synchronous mode 
the parity bit is neither added nor checked, regardless of the PE setting. 

Bit 5 
PE 

o 
Description 

Parity bit not added or checked (Initial value) 

Parity bit added and checked· 

Note: • When PE is set to 1, an even or odd parity bit is added to transmit data according to the 
even or odd parity mode selected by the OlE bit, and the parity bit in receive data is 
checked to see that it matches the even or odd mode selected by the OlE bit. 
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Bit 4-Parity Mode (OlE): Selects even or odd parity. The oiE bit setting is valid in 
asynchronous mode when the PE bit is set to 1 to enable the adding and checking of a parity bit 
The oiE setting is ignored in synchronous mode, or when parity adding and checking is disabled 
in asynchronous mode. 

Bit 4 
olE" 
o 
1 

Notes: 

Description 

Even parity·1 (Initial value) 

Odd parity·2 

1. When even parity is selected, the parity bit added to transmit data makes an even 
number of 1 s in the transmitted character and parity bit combined. Receive data must 
have an even number of 1s in the received character and parity bit combined. 

2. When odd parity is selected, the parity bit added to transmit data makes an odd number 
of 1s in the transmitted character and parity bit combined. Receive data must have an 
odd number of 1 s in the received character and parity bit combined. 

Bit J-Stop Bit Lengtb (STOP): Selects one or two stop bits in asynchronous mode. This setting 
is used only in asynchronous mode. In synchronous mode no stop bit is added, so the SlOP bit 
setting is ignored. 

Bit 3 
STOP Description 

o One stop bit*1 (Initial value) 

1 Two stop bits*2 

Notes: 1. One stop bit (with value 1) is added at the end of each transmitted character. 
2. Two stop bits (with value 1) are added at the end of each transmitted character. 

In receiving, only the first stop bit is checked, regardless of the SlOP bit setting. If the second 
stop bit is 1 it is treated as a stop bit. If the second stop bit is 0 it is treated as the start bit of the 
next incoming character. 
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Bit 2-Multiprocessor Mode (MP): Selects a multiprocessor formal When a multiprocessor 
format is selected, parity settings made by the PE and oiE bits are ignored. The MP bit setting is 
valid only in asynchronous mode. It is ignored in synchronous mode. 

For further information on the multiprocessor communication function, see section 13.3.3, 
Multiprocessor Communication Function. 

Bit 2 
MP Description 

o Multiprocessor function disabled (Initial value) 

1 Multiprocessor format selected 

Bits 1 and O-Clock Select 1 and 0 (CKSlIO): These bits select the clock source of the on-chip 
baud rate generator. Four clock sources are available: 0, 0/4, 0/16, and 0/64. 

For the relationship between the clock source, bit rate register setting, and baud rate, see 
section 13.2.8, Bit Rate Register. 

Bit 1 Bit 0 
CKS1 CKSO Description 

0 0 ~ (Initial value) 

0 ~/4 

0 ~/16 

~/64 
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13.2.6 Serial Control Register (SCR) 

SCR enables the SCI transmitter and receiver, enables or disables serial clock output in 
asynchronous mode, enables or disables interrupts, and selects the transmit/receive clock source. 

Bit 

Initial value 

AeadlWrite 

7 

TIE 

0 

AIW 

6 

AlE 

0 

RIW 

5 

TE 

0 

RIW 

4 

AE 

0 

RIW 

3 2 1 0 

MPIE TEIE CKE1 CKEO 

0 

RIW 

0 0 0 

RIW RIW RIW 

T Clock enable 1/0 
These bits select the 
SCI clock source 

Transmit end Interrupt enable 
Enables or disables transmit­
end interrupts (TEl) 

Multiprocessor Interrupt enable 
Enables or disables multiprocessor 
interrupts 

Receive enable 
Enables or disables the receiver 

Transmit enable 
Enables or disables the transmitter 

Receive Interrupt enable 
Enables or disables receive-data-full interrupts (AXI) and 
receive-error interrupts (EAI) 

Transmit Interrupt enable 
Enables or disables transmit-data-empty interrupts (TXI) 

The CPU can always read and write SCR. SCR is initialized to H'OO by a reset and in standby 
mode. 
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Bit 7-Transmit Interrupt Enable (l1E): Enables or disables the transmit-data-empty interrupt 
(TXI) requested when the TORE flag in SSR is set to 1 due to transfer of serial transmit data from 
TOR toTSR. 

Bit 7 
TIE Description 

o Transmit-data-empty interrupt request (TXI) is disabled· (Initial value) 

Transmit-data-empty interrupt request (lX1) is enabled 

Note: • TXI interrupt requests can be cleared by reading the value 1 from the TORE flag, then 
clearing it to 0; or by clearing the TIE bit to O. 

Bit 6-Receive Interrupt Enable (R1E): Enables or disables the receive-data-fuU interrupt 
(RXI) requested when the RDRF flag is set to 1 in SSR due to transfer of serial receive data from 
RSR to RDR; also enables or disables the receive-error interrupt (ERI). 

BitS 
RIE Description 

o Receive-end (RXI) and receive-error (ERI) interrupt requests are disabled (Initial value) 

1 Receive-end (RXI) and receive-error (ERI) interrupt requests are enabled 

Note: • RXI and ERI interrupt requests can be cleared by reading the value 1 from the RORF, FER, 
PER, or ORER flag, then clearing it to 0; or by clearing the RIE bit to O. 

Bit S-Transmit Enable (TE): Enables or disables the start of SCI serial transmitting operations. 

Bit 5 
TE Description 

o Transmitting disabled*1 (Initial value) 

Transmitting enabled*2 

Notes: 1. The TORE bit is locked at 1 in SSA. 
2. In the enabled state, serial transmitting starts when the TORE bit in SSR is cleared to 0 

after writing of transmit data into TOR. Seled the transmit format in SMR before setting 
the TE bit to 1. 
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Bit 4-Receive Enable (RE): Enables or disables the start of SCI serial receiving operations. 

Bit 4 
RE Description 

o Receiving disabled-1 (Initial value) 

Receiving enabled*2 

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF. FER. PER. and ORER flags. These 
flags retain their previous values. 

2. In the enabled state. serial receiving starts when a start bit is deteded in asynchronous 
mode. or serial clock input is detected in synchronous mode. Seled the receive format 
in SMR before setting the RE bit to 1. 

Bit 3-Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts. 
The MPIE setting is valid only in asynchronous mode. and only if the MP bit is set to 1 in SMR. 
The MPIE setting is ignored in synchronous mode or when the MP bit is cleared to O. 

Bit 3 
MPIE Description 

o Multiprocessor interrupts are disabled (normal receive operation) 
[Clearing conditions] 
The MPIE bit is cleared to O. 
MPB .. 1 in received data. 

Multiprocessor interrupts are enabled· 

(Initial value) 

Receive-data-full interrupts (RXI). receive-error interrupts (ERI). and setting of the RDRF. 
FER. and ORER status flags in SSR are disabled until data with the multiprocessor bit 
set to 1 is received. 

Note: • The SCI does not transfer receive data from RSR to RDR. does not detect receive errors. 
and does not set the RDRF. FER, and ORER flags in SSA. When it receives data in which 
MPB .. 1. the SCI sets the MPB bit to 1 in SSR. automatically clears the MPIE bit to O. 
enables RXI and ERI interrupts (if the RIE bit is set to 1 in SCR). and allows the FER and 
ORER flags to be set. 
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Bit 2-Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt 
(TEl) requested ifTDR does not contain new transmit data when the MSB is transmitted. 

BIt2 
TEIE Description 

o Transmit-end interrupt requests (TEl) are disabled· (Initial value) 

Transmit-end interrupt requests (TEl) are enabled· 

Note: • TEl interrupt requests can be cleared by reading the value 1 from the TORE flag in SSR, 
then clearing the TORE flag to 0, thereby also clearing the TEND flag to 0; or by clearing 
the TEIE bit to o. 

Bits 1 and O-Clock Enable 1 and 0 (CKElIO): These bits select the SCI clock source and 
enable or disable clock output from the SCK pin. Depending on the settings of CKE 1 and CKEO, 
the SCK pin can be used for generic input/output, serial clock output, or serial clock input. 

The CKEO setting is valid only in asynchronous mode, and only when the SCI is internally 
clocked (CKEI = 0). The CKEO setting is ignored in synchronous mode, or when an external 
clock source is selected (CKEI = 1). Select the SCI operating mode in SMR before setting the 
CKE 1 and CKEO bits. For further details on selection of the SCI clock source, see table 13-9 in 
section 13.3, Operation. 

Bit 1 Bit 0 
CKE1 CKEO Description 

0 0 Asynchronous mode Internal clock, SCK pin available for generic 
input/output ·1 

Synchronous mode Internal clock, SCK pin used for serial clock output ·1 

0 Asynchronous mode Internal clock, SCK pin used for clock output ·2 

Synchronous mode Internal clock, SCK pin used for serial clock output 

0 Asynchronous mode External clock, SCK pin used for clock input ·3 

Synchronous mode External clock, SCK pin used for serial clock input 

1 Asynchronous mode External clock, SCK pin used for clock input ·3 

Synchronous mode External clock, SCK pin used for serial clock input 

Notes: 1. Initial value 
2. The output clock frequency is the same as the bit rate. 
3. The input clock frequency is 16 times the bit rate~ 
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13.2.7 Serial Status Register (SSR) 

SSR is an 8-bit register containing multiprocessor bit values. and status flags that indicate SCI 
operating status~ 

Bit 

Initial value 

ReadlWrite 

7 

TORE 

1 

RI(W)· 

6 

RORF I 
0 

RI(W)· 

5 

ORER 

0 

RlfY'I'" 

4 

I FER 

0 

RI(W)· 

3 

PER 

0 

RlfY'I'" 

2 

TEND 

R 

1 0 

MPB MPBT 

0 0 

R R/W 

T 
Multiprocessor 
bit transfer 
Value of multi-
processor bit to 
be transmitted 

Multiprocessor bit 
Stores the received 
multiprocessor bit value 

Transmit end 
Status flag indicating end of 
transmission 

Parity error 
Status flag indicating detection of 
a receive parity error 

Framing error 
Status flag indicating detection of a receive 
framing error 

Overrun error 
Status flag indicating detection of a receive overrun error 

Receive data register full 
Status flag indicating that data has been received and stored in ROR 

Transmit data register empty 
Status flag indicating that transmit data has been transferred from TOR into 
TSR and new data can be written in TOR 

Note: • Only 0 can be written, to clear the flag. 
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The CPU can always read and write SSR. but cannot write 1 in the TORE. RDRF. ORER. PER. 
and FER flags. These flags can be cleared to 0 only if they have rust been read while set to 1. The 
TEND and MPB flags are read-only bits that cannot be written. 

SSR is initialized to H'84 by a reset and in standby mode. 

Bit 7-Transmit Data Register Empty (TORE): Indicates that the SCI has loaded transmit data 
from TOR into TSR and the next serial transmit data can be written in TOR. 

Bit 7 
TORE 
o 

Description 

TDA contains valid transmit data 
[Clearing conditions] 
Software reads TOAE while it is set to 1. then writes o. 
The DMAC writes data in TOR. 

TDA does not contain valid transmit data (Initial value) 
[Setting conditions] 
The chip is reset or enters standby mode. 
The TE bit in SCA is cleared to o. 
TDA contents are loaded into TSA, so new data can be written in TOR. 

Bit 6-Receive Data Register Full (RDRF): Indicates that RDR contains new receive data. 

Bit 6 
RDRF Description 

o ADA does not contain new receive data 
[Clearing conditions] 
The chip is reset or enters standby mode. 
Software reads RDRF while it is set to 1. then writes o. 
The DMAC reads data from RDA. 

ADA contains new receive data 
[Setting condition] 
When serial data is received normally and transferred from ASA to ADA. 

(Initial value) 

Note: The RDR contents and RDRF flag are not affected by detection of receive errors or by 
clearing of the RE bit to 0 in SCA. They retain their previous values. H the ADAF flag is still 
set to 1 when reception of the next data ends, an overrun error occurs and receive data is 
lost. 
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Bit 5-Overrun Error (ORER): Indicates that data reception ended abnonnally due to an 
overrun error. 

Bit 5 
ORER Description 

o Receiving is in progress or has ended normally 
[Clearing oonditions] 
The chip is reset or enters standby mode. 
Software reads ORER while it is set to 1, then writes O. 

A receive overrun error occurredo2 

[Setting oondition] 
Reception of the next serial data ends when RDRF - 1. 

(Initial valuet1 

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the ORER flag, which retains its 
previous value. 

2. RDR oontinues to hold the receive data before the overrun error, so subsequent receive 
data is lost. Serial receiving cannot continue while the ORER flag is set to 1. In 
synchronous mode, serial transmitting is also disabled. 

Bit 4-Framing Error (FER): Indicates that data reception ended abnonnally due to a framing 
error in asynchronous mode. 

Bit 4 
FER Description 

o Receiving is in progress or has ended normally 
[Clearing conditions] 
The chip is reset or enters standby mode. 
Software reads FER while it is set to 1, then writes O. 

A receive framing error occurred°2 

[Setting condition) 
The stop bit at the end of receive data is checked and found to be O. 

(Initial value)01 

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains its previous 
value. 

2. When the stop bit length is 2 bits, only the first bit is checked. The second stop bit is not 
checked. When a framing error occurs the SCI transfers the receive data into RDR but 
does not set the RDRF flag. Serial receiving cannot continue while the FER flag is set 
to 1. In synchronous mode, serial transmitting is also disabled. 
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Bit 3-Parity Error (PER): Indicates that data reception ended abnormally due to a parity error 
in asynchronous mode. 

BIt3 
PER Description 

o Receiving is in progresS or has ended normally·l 
[Clearing conditions] 
The chip is reset or enters standby mode. 
Software reads PER while it is set to 1. then writes o. 
A receive parity error occurred·2 
[Setting condition] 

(Initial value) 

The number of 1 s in receive data. including the parity bit, does not match the even or 
odd parity setting of OlE in SMA. 

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the PER flag, which retains its previous 
value. 

2. When a parity error occurs the SCI transfers the receive data into RDR but does not set 
the RDRF flag. Serial receiving cannot continue while the PER flag is set to 1. In 
synchronous mode, serial transmitting is also disabled. 

Bit 2-Transmit End (TEND): Indicates that when the last bit of a serial character was 
transmitted TDR did not contain new transmit data, so transmission has ended. The TEND flag is 
a read-only bit and cannot be written. 

BIt2 
TEND 

o 
Description 

Transmission is in progress 
[Clearing conditions] 
Software reads TORE while it is set to 1, then writes 0 in the TDRE flag. 
The DMAC writes data in TDR. 

End of transmission 
[Setting conditions] 
The chip is reset or enters standby mode. 
The TE bit is cleared to 0 in SCA. 
TDRE is 1 when the last bit of a serial character is transmitted. 
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Bit I-Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data 
when a multiprocessor format is used in asynchronous mode. MPB is a read-only bit and cannot 
be written. 

Bit 1 
UPB Description 

o Multiprocessor bit value in receive data is O· (Initial value) 

Multiprocessor bit value in receive data is 1 

Note: • H the RE bit is cleared to 0 when a multiprocessor format is selected, MPB retains its 
previous value. 

Bit O-Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to 
transmit data when a mUltiprocessor format is selected for transmitting in asynchronous mode. 
The MPBT setting is ignored in synchronous mode, when a multiprocessor format is not selected, 
or when the SCI is not transmitting. 

Bit 0 
MPBT Description 

o Multiprocessor bit value in transmit data is 0 (Initial value) 

Multiprocessor bit value in transmit data is 1 

13.2.8 Bit Rate Register (BRR) 

BRR is an 8-bit register that. together with the CKS 1 and CKSO bits in SMR that select the baud 
rate generator clock source, determines the serial communication bit ra~. 

Bit 

Initial value 

ReadlWrite 

7 

1 

RIW 

6 

1 

RIW 

5 

1 

RIW 

4 

1 

RIW 

3 

1 

RIW 

2 

1 

RIW 

1 

RIW 

o 

1 

RIW 

The CPU can always read and write BRR. BRR is initialized to H'FF by a reset and in standby 
mode. The two SCI channels have independent baud rate generator control, so different values can 
be set in the two channels. 

Table 13-3 shows examples of BRR settings in asynchronous mode. Table 13-4 shows examples 
of BRR settings in synchronous mode. 
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Table 13-3 Examples of Bit Rates and BRR Settings in Asynchronous Mode 

• (MHz) 

2 2.097152 2.4576 3 

Bit Rata Error Error Error Error 
(bHS/s) n N (%) n N (%) n N (%) n N (%) 

110 141 0.03 148 ~.04 174 ~.26 212 0.03 

150 103 0.16 108 0.21 127 0 155 0.16 

300 0 207 0.16 0 217 0.21 0 255 0 n 0.16 

600 0 103 0.16 0 108 0.21 0 127 0 0 155 0.16 

1200 0 51 0.16 0 54 ~.70 0 63 0 0 n 0.16 

2400 0 25 0.16 0 26 1.14 0 31 0 0 38 0.16 

4800 0 12 0.16 0 13 -2.48 0 15 0 0 19 -2.34 

9600 0 6 -6.99 0 6 -2.48 0 7 0 0 9 -2.34 

19200 0 2 8.51 0 2 13.78 0 3 0 0 4 -2.34 

31250 0 0 0 4.86 0 1 22.88 0 2 0 

38400 0 1 -18.62 0 -14.67 0 0 

• (MHz) 

3.6864 4 4.9152 5 

Bit Rata Error Error Error Error 
(bitS/s) n N (%) n N (%) n N (%) n N (%) 

110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 ~.25 

150 191 0 207 0.16 1 255 0 2 64 0.16 

300 95 0 103 0.16 127 0 1 129 0.16 

600 0 191 0 0 207 0.16 0 255 0 1 64 0.16 

1200 0 95 0 0 103 0.16 0 127 0 0 129 0.16 

2400 0 47 0 0 51 0.16 0 63 0 0 64 0.16 

4800 0 23 0 0 25 0.16 0 31 0 0 32 -1.36 

9600 0 11 0 0 12 0.16 0 15 0 0 15 1.73 

19200 0 5 0 0 6 -6.99 0 7 0 0 7 1.73 

31250 0 3 0 0 4 -1.70 0 4 0 

38400 0 2 0 0 2 8.51 0 3 0 0 3 1.73 
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Table 13-3 Examples 01 Bit Rates and BRR Settings in Asynchronous Mode (cont) 

• (MHz) 

6 6.144 7.3728 8 

Bit Rate Error Error Error Error 
(bits/a) n N (%) n N (%) n N (%) n N (%) 

110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03 

150 2 77 0.16 2 79 0 2 95 0 2 103 0.16 

300 155 0.16 1 159 a 1 191 a 1 207 0.16 

600 n 0.16 1 79 0 1 95 a 1 103 0.16 

1200 a 155 0.16 0 159 a a 191 a 0 207 0.16 

2400 a 77 0.16 0 79 a a 95 a a 103 0.16 

4800 0 38 0.16 0 39 0 a 47 a 0 51 0.16 

9600 0 19 -2.34 0 19 0 0 23 0 0 25 0.16 

19200 0 9 -2.34 0 9 0 0 11 0 a 12 0.16 

31250 0 5 a a 5 2.40 a 6 5.33 0 7 0 

38400 0 4 -2.34 a 4 a 0 5 a 0 6 -6.99 

• (MHz) 

9.8304 10 12 12.288 

Bit Rate Error Error Error Error 
(blts/s) n N (%) n N (%) n N (%) n N (%) 

110 2 174 -0.26 2 177 -0.25 2 212 0.03 2 217 0.08 

150 2 127 a 2 129 0.16 2 155 0.16 2 159 a 
300 255 0 2 64 0.16 2 77 0.16 2 79 a 
600 127 0 129 0.16 155 0.16 159 0 

1200 a 255 0 1 64 0.16 77 0.16 79 0 

2400 0 127 0 0 129 0.16 0 155 0.16 0 159 0 

4800 0 63 0 0 64 0.16 0 77 0.16 0 79 0 

9600 0 31 0 0 32 -1.36 0 38 0.16 0 39 0 

19200 0 15 0 0 15 1.73 0 19 -2.34 0 19 0 

31250 0 9 -1.70 0 9 0 0 11 0 0 11 2.40 

38400 0 7 0 0 7 1.73 0 9 -2.34 0 9 0 
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Table 13-3 Examples orBit Rates and BRR Settings in Asynchronous Mode (cont) 

• (MHz) 

14 14.7456 16 

Bit Rate Error Error Error 
(bltsls) n N (%) n N (%) n N (%) 

110 2 248 -0.17 3 64 0.70 3 70 0.03 

150 2 181 0.16 2 191 0 2 207 0.16 

300 2 90 0.16 2 95 0 2 103 0.16 

600 1 181 0.16 1 191 0 207 0.16 

1200 1 90 0.16 1 95 0 1 103 0.16 

2400 0 181 0.16 0 191 0 0 207 0.16 

4800 0 90 0.16 0 95 0 0 103 0.16 

9600 0 45 -0.93 0 47 0 0 51 0.16 

19200 0 22 -0.93 0 23 0 0 25 0.16 

31250 0 13 0 0 14 -1.70 0 15 0 

38400 0 10 3.57 0 11 0 0 12 0.16 
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TabJe 13-4 ExampJes or Bit Rates and BRR Settings in Syncbronous Mode 

• (MHz) 

Bit Rata 
2 4 8 10 16 

(bltS/s) n N n N n N n N n N 

110 3 70 

250 2 124 2 249 3 124 3 249 

500 249 2 124 2 249 3 124 

1 k 1 124 1 249 2 124 2 249 

2.5k 0 199 1 99 199 1 249 2 99 

5k 0 99 0 199 99 124 1 199 

10 k 0 49 0 99 0 199 0 249 1 99 

25 k 0 19 0 39 0 79 0 99 0 159 

50 k 0 9 0 19 0 39 0 49 0 79 

100k 0 4 0 9 0 19 0 24 0 39 

250k 0 0 3 0 7 0 9 0 15 

500k 0 0* 0 0 3 0 4 0 7 

1 M 0 0* 0 0 3 

2M 0 0* 0 

2.5M 0 0* 

4M 0 0* 

Note: Settings with an error of 1 % or less are recommended. 
Legend 
Blank: No setting available 
- Setting possible, but error occurs 
*: Continuous transmit/receive not possible 

The BRR setting is calculated as follows: 

Asynchronous mode: 

N= " x106-1 
64 x 22n-1 xB 

Synchronous mode: 

N- " x106-1 
8 x 22n-1 x B 

B: Bit rate (bits/s) 
N: BRR setting for baud rate generator (0 s N s 255) 
g: System clock frequency (MHz) 
n: Baud rate generator clock source (n - 0, 1, 2, 3) 

(For the clock sources and values of n, see the following table.) 
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SMR Settings 

n Clock Source CKS1 CKSO 

0 " 0 0 

1 ,,/4 0 1 

2 ,,116 0 

3 ,,/64 1 

The bit rate error in asynchronous mode is calculated as follows. 

{ "x1OS } 
Error (%) - (N + 1) x B x 64 X 220-1 -1 x 100 
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Table 13-5 indicates the maximum bit rates in asynchronous mode for various system clock 
frequencies. Tables 13-6 and 13-7 indicate the maximum bit rates with external clock input. 

Table 13-5 Maximum Bit Rates for Various Frequencies (Asyncbronous Mode) 

Settings 

" (MHz) Maximum Bit Rate (blts/s) n N 

2 62500 0 0 

2.097152 65536 0 0 

2.4576 76800 0 0 

3 93750 0 0 

3.6864 115200 0 0 

4 125000 0 0 

4.9152 153600 0 0 

5 156250 0 0 

6 187500 0 0 

6.144 192000 0 0 

7.3728 230400 0 0 

8 250000 0 0 

9.8304 307200 0 0 

10 312500 0 0 

12 375000 0 0 

12.288 384000 0 0 

14 437500 0 0 

14.7456 460800 0 0 

16 500000 0 0 
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Table 13-(; Maximum Bit Rates with External Clock Input (Asynchronous Mode) 

" (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/B) 

2 0.5000 31250 

2.097152 0.5243 32768 

2.4576 0.6144 38400 

3 0.7500 46875 

3.6864 0.9216 57600 

4 1.0000 62500 

4.9152 1.2288 76800 

5 1.2500 78125 

6 1.5000 93750 

6.144 1.5360 96000 

7.3728 1.8432 115200 

8 2.0000 125000 

9.8304 2.4576 153600 

10 2.5000 156250 

12 3.0000 187500 

12.288 3.0720 192000 

14 3.5000 218750 

14.7456 3.6864 230400 

16 4.0000 250000 
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Table 13-7 Maximum Bit Rates with External Clock Input (Synchronous Mode) 

• (MHz) External Input Clock (MHz) Maximum Bit Rate (blts/s) 

2 0.3333 333333.3 

4 0.6667 666666.7 

6 1.0000 1000000.0 

8 1.3333 1333333.3 

10 1.6667 1666666.7 

12 2.0000 2000000.0 

14 2.3333 2333333.3 

16 2.6667 2666666.7 
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13.3 Operation 

13.3.1 Overview 

The SCI has an asynchronous mode in which characters are synchronized individually, and a 
synchronous mode in which communication is synchronized with clock pulses. Serial 
communication is possible in either mode. Asynchronous or synchronous mode and the 
communication format are selected in SMR, as shown in table 13-8. The SCI clock source is 
selected by the CIA bit in SMR and the CKEI and CKEO bits in SCR, as shown in table 13-9. 

Asynchronous Mode 

• Data length is selectable: 7 or 8 bits. 

Parity and multiprocessor bits are selectable. So is the stop bit length (lor 2 bits). These 
selections determine the communication format and character length. 

In receiving, it is possible to detect framing errors, parity errors, overrun errors, and the break 
state. 

An internal or external clock can be selected as the SCI clock source. 

- When an internal clock is selected, the SCI operates using the on-chip baud rate generator, 
and can output a serial clock signal with a frequency matching the bit rate. 

- When an external clock is selected, the external clock input must have a frequency 
16 times the bit rate. (The on-chip baud rate generator is not used.) 

Synchronous Mode 

• The communication format has a fixed 8-bit data length. 

• In receiving, it is possible to detect overrun errors. 

An internal or external clock can be selected as the SCI clock source. 

- When an internal clock is selected, the SCI operates using the on-chip baud rate generator, 
and outputs a serial clock signal to external devices. 

- When an external clock is selected, the SCI operates on the input serial clock. The on-chip 
baud rate generator is not used. 
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Table 13-8 SMR Settings and Serial Communication Formats 

SCI Communication Format 
SMR Settings 

MultI- Stop 
Bit 7 Bit 6 Bit 2 BitS BIt3 Data processor Parity Bit 
CiA CHR MP PE STOP Mode Length Bit Bit Length 

0 0 0 0 0 Asynchronou~ 8-bit data Absent Absent 1 bit 

0 0 0 0 mode 2 bits 

0 0 0 1 0 Present 1 bit 

0 0 0 2 bits 

0 1 0 0 0 7-bit data Absent 1 bit 

0 1 0 0 1 2 bits 

0 1 0 1 0 Present 1 bit 

0 0 1 2 bits 

0 0 1 0 Asynchronous 8-bit data Present Absent 1 bit 

0 0 mode (multi- 2 bits 
processor 

0 0 format) 7-bit data 1 bit 

0 1 2 bits 

Synchronous 8-bit data Absent None 
mode 

Table 13-9 SMR and SCR Settings and SCI Clock Source Selection 

SMR SCR Settings 

Bit 7 Bit 1 Bit 0 SCI Transmit/Receive Clock 

CiA CKE1 CKEO Mode Clock Source SCK Pin Function 

0 0 0 Asynchronous mode Internal SCI does not use the SCK pin 

0 0 Outputs a clock with frequency 
matching the bit rate 

0 0 External Inputs a clock with frequency 

0 1 16 times the bit rate 

0 0 Synchronous mode Internal Outputs the serial clock 

0 1 

1 0 External Inputs the serial clock 

1 1 
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13.3.2 Operation in Asynchronous Mode 

In asynchronous mode each transmitted or received character begins with a start bit and ends with 
a stop biL Serial communication is synchronized one character at a time. 

The transmitting and receiving sections of the SCI are independent. so full duplex communication 
is possible. The transmitter and receiver are both double buffered, so data can be written and read 
while transmitting and receiving are in progress, enabling continuous transmitting and receiving. 

Figure 13-2 shows the general format of asynchronous serial communication. In asynchronous 
serial communication the communication line is normally held in the mark (high) state. The SCI 
monitors the line and starts serial communication when the line goes to the space (low) state, 
indicating a start bit One serial character consists of a start bit (low), data (LSB fIrsO, parity bit 
(high or low), and stop bit (high), in that order. 

When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the start biL 
The SCI samples each data bit on the eighth pulse of a clock with a frequency 16 times the bit 
rate. Receive data is latched at the center of each bit 

(lSB) (MSB) 

Serial data I 0 I DO I 01 I 02 I 03 I 04 I 05 I 06 I 07 I 011 I 
Start Parity 
bit Transmit or receive data bit 

1 bit 7 bits or 8 bits 1 bit or 
no bit 

One unit of data (character or frame) 

Idle (mark) state 
1 

1 

Stop 
bit 

1 bit or 
2 bits 

Figure 13-2 Data Format in Asynchronous Communication (Example: 8-Bit Data with 
Parity and 2 Stop Bits) 
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Communication Formats: Table 13-10 shows the 12 communication fonnats that can be selected 
in asynchronous mode. The fonnat is selected by settings in SMR. 

Table 13-10 Serial Communication Formats (Asynchronous Mode) 

SMR Settings Serial Communication Format and Frame Length 

CHR PE MP STOP 1 2 3 I 4 I 5 6 7 8 9 I 10 I 11 I 12 I 

0 0 0 0 s 8-bitdata ISTOP 

0 0 0 S 8-bitdata ISTOplSTOP 

0 0 0 S 8-bitdata P ISTOP 

0 0 S 8-bitdata P ISTOplSTOP 

0 0 0 S 7-bitdata ISTOP 

0 0 S 7-bit data ISTOplSTOP 

0 0 S 7-bitdata P ISTOP 

0 S 7-bit data P ISTOplSTOP 

0 0 S 8 bit data IMPslSTOP 

0 S 8 bit data IMPslSTOplSTOP 

0 S 7-bitdata I MPslSTOP 

S 7-bit data IMPslSTOplSTOP 

Legend 
s: Start bit 
STOP: Stop bit 
P: Parity bit 
MPB: Multiprocessor bit 
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Clock: An internal clock generated by the on-chip baud rate generator or an external clock input 
from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is selected 
by the CIA bit in SMR and bits CKEI and CKEO in SCR. See table 13-9. 

When an external clock is input at the SCK pin, it must have a frequency equal to 16 times the 
desired bit rate. 

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The 
frequency of this output clock is equal to the bit rate. The phase is aligned as in figure 13-3 so that 
the rising edge of the clock occurs at the center of each transmit data bit. 

Figure 13·3 Phase Relationship between Output Clock and Serial Data 
(Asynchronous Mode) 

Transmitting and Receiving Data 

SCI Initialization (Asynchronous Mode): Before transmitting or receiving, clear the 1E and RE 
bits to 0 in SCR, then initialize the SCI as follows. 

When changing the communication mode or format. always clear the TE and RE bits to 0 before 
following the procedure given below. Clearing 1E to 0 sets the TDRE flag to 1 and initializes 
TSR. Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and ORER flags and 
RDR, which retain their previous contents. 

When an external clock is used, the clock should not be stopped during initialization or 
subsequent operation. SCI operation becomes unreliable if the clock is stopped. 

Figure 13-4 is a sample flowchart for initializing the SCI. 
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Set CKE1 and CKEO bits 
in SCR (leaving TE and 

RE bits cleared to 0) 

Set TE or RE bit to 1 in SCR 
Set RIE, TIE, TEIE, and 
MPIE bits as necessary 

Transmitting or receiving 

4 

1. Select the clock source in SCR. Clear the RIE, TIE, TEIE, 
MPIE, TE, and RE bits to O. If clock output is selected in 
asynchronous mode, clock output starts immediately after 
the setting is made in SCR. 

2. Select the communication format in SMR. 
3. Write the value corresponding to the bit rate in BRR. 

This step is not necessary when an extemal clock is used. 
4. Wait for at least the interval required to transmit or receive 

1 bit, then set the TE or RE bit to 1 in SCR. Set the RIE, 
TIE, TEIE, and MPIE bits as necessary. Setting the TE 
or RE bit enables the SCI to use the TxD or RxD pin. 

Figure 13·4 Sample Flowchart for SCI Initialization 
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Transmitting Serial Data (Asynchronous Mode): Figure 13-5 shows a sample flowchart for 
transmitting serial data and indicates the procedure to follow. 

Initialize· 

Write transmit data 
in TOR and clear TORE 

flag to 0 in SSR 

Clear DR bit to 0, 
set OOR bit to 1 

Clear TE bit to 0 in SCR 

End 

2 

3 

4 

1. SCI initialization: the transmit data output function 
of the TxO pin is selected automatically. 

2. SCI status check and transmit data write: read SSR, 
check that the TORE flag is 1, then write transmit data 
in TOR and clear the TORE flag to O. 

3. To continue transmitting serial data: after checking 
that the TORE flag is 1, indicating that data can be 
written, write data in TOR, then clear the TORE 
flag to O. When the OMAC is activated by a transmit­
-data-empty interrupt request (TXI) to write data in TOR, 
the TORE flag is checked and cleared automatically. 

4. To output a break signal at the end of serial transmission: 
set the OOR bit to 1 and clear the DR bit to 0 
(OOR and DR are 110 port registers), then clear the 
TE bit to 0 in SCR. 

Figure 13-5 Sample Flowchart for Transmitting Serial Data. 
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In transmitting serial data, the SCI operates as follows. 

The SCI monitors the TORE flag in SSR. When the TORE flag is cleared to 0 the SCI 
recognizes that TOR contains new data, and loads this data from TOR into TSR. 

• After loading the data from TOR into TSR. the SCI sets the TORE flag to 1 and starts 
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty interrupt 
(TXI) at this time. 

Serial transmit data is transmitted in the following order from the TxO pin: 

- Startbit: 
- Transmit data: 
- Parity bit or multiprocessor bit: 

- Stop bit: 
- Mark state: 

One 0 bit is output 
7 or 8 bits are output, LSB first. 
One parity bit (even or odd parity) or one multiprocessor 
bit is output Formats in which neither a parity bit nor a 
multiprocessor bit is output can also be selected. 
One or two 1 bits (stop bits) are output 
Output of 1 bits continues until the start bit of the next 
transmit data. 

• The SCI checks the TORE flag when it outputs the stop bit If the TORE flag is 0, the SCI 
loads new data from TOR into TSR, outputs the stop bit, then begins serial transmission of 
the next frame. If the TORE flag is I, the SCI sets the TEND flag to 1 in SSR, outputs the 
stop bit, then continues output of 1 bits in the mark state. If the TEIE bit is set to 1 in SCR, a 
transmit-end interrupt (TEl) is requested at this time. 

Figure 13-6 shows an example of SCI transmit operation in asynchronous mode. 

Start 
__ ---,bit 

o 

TENO 
----4_~---4_--~--------+_~------~----~ 

TXI TXI interrupt handler t 

Idle (mark) 
state 

interrupt writes data in TOR and 
TXI 
interrupt 
request 

TEl interrupt request 
request clears TORE lIag to 0 

I. 
1 frame 

.1 

Figure 13-6 Example of SCI Transmit Operation in Asynchronous Mode 
(8-Bit Data with Parity and 1 Stop Bit) 



Receiving Serial Data (Asynchronous Mode): Figure 13-7 shows a sample flowchart for 
receiving serial data and indicates the procedure to follow. 

Initialize 

Read receive data 
from RDR, and clear 

RDRF flag to 0 in SSR 

End 

1. SCI initialization: the receive data function of 
the RxD pin is selected automatically. 

2, 3. Receive error handling and break 
detection: if a receive error occurs, read the 
ORER, PER, and FER flags in SSR to identify 
the error. After executing the necessary error 
handling, clear the ORER, PER, and FER 
flags all to O. Receiving caMot resume if any 
of the ORER, PER, and FER flags remains 
set to 1. When a framing error occurs, the 
RxD pin can be read to detect the break state. 

4. SCI status check and receive data read: read 
SSR, check that RDRF is set to 1, then read 
receive data from RDR and clear the RDRF 
flag to O. Notification that the RDRF flag has 
changed from 0 to 1 can also be given by the 
RXI interrupt. 

5. To continue receiving serial data: check the 
RDRF flag, read RDR, and clear the RDRF 
flag to 0 before the stop bit of the current 
frame is received. If the DMAC is activated 
by an RXI interrupt to read the RDR value, 
the RDRF flag is cleared automatically. 

Figure 13-7 Sample Flowchart for Receiving Serial Data (1) 
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No 

No 

No 

3 

Error handling 

Overrun error handling 

Framing error handling 

Parity error handling 

Clear ORER, PER, and 
FER flags to 0 in SSR 

End 

Yes 

Clear RE bit to 0 in SCR 

Figure 13·' Sample Flowchart for Receiving Serial Data (2) 
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In receiving, the SCI operates as follows. 

• The SCI monitors the receive data line. When it detects a start bit, the SCI synchronizes 
internally and starts receiving. 

• Receive data is stored in RSR in order from LSB to MSB. 

• The parity bit and stop bit are received. 

After receiving, the SCI makes the following checks: 

- Parity check: The number of Is in the receive data must match the even or odd parity 
setting of the oiE bit in SMR. 

- Stop bit check: The stop bit value must be 1. If there are two stop bits, only the fIrst stop 
bit is checked. 

- Status check: The RDRF flag must be 0 so that receive data can be transferred from 
RSR into RDR. 

If these checks all pass, the RDRF flag is set to 1 and the received data is stored in RDR. If one of 
the checks fails (receive error), the SCI operates as indicated in table 13-11. 

Note: When a receive error occurs, further receiving is disabled. In receiving, the RDRF flag is 
not set to 1. Be sure to clear the error flags to O. 

When the RDRF flag is set to I, if the RIE bit is set to 1 in SCR, a receive-data-full interrupt 
(RXI) is requested. If the ORER, PER, or FER flag is set to 1 and the RIE bit in SCR is also 
set to I, a receive-error interrupt (ERI) is requested. 

Table 13-11 Receive Error Conditions 

Receive Error Abbreviation Condition Data Transfer 

Overrun error ORER Receiving of next data ends Receive data not transferred 
while RDRF flag is still set to from RSR to RDR 
1 in SSR 

Framing error FER Stop bit is 0 Receive data transferred 
from RSR to RDR 

Parity error PER Parity of receive data differs Receive data transferred 
from even/odd parity setting from RSR to RDR 
inSMR 
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Figure 13-8 shows an example of SCI receive operation in asynchronous mode. 

Start 
bit Data 

Parity Stop Start 
bit bit bit Data 

Parity Stop 
bit bit 

01 00 101 1107101111 01001011-10710/111 Idle (mark 
state 

RORF 

B 1 FER 

RXI RXI interrupt handler t 
req~st reads data in ROR and 

clears RORF flag 10 0 Framing error. 

1 frame ERI request 

Figure 13-8 Example or SCI Receive Operation (8-Bit Data with Parity and One Stop Bit) 

13.3.3 Multiprocessor Communication 

The multiprocessor communication function enables several processors to share a single serial 
communication line. The processors communicate in asynchronous mode using a format with an 
additional multiprocessor bit (multiprocessor format). 

In multiprocessor communication, each receiving processor is addressed by an ID. A serial 
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a 
data-sending cycle. The multiprocessor bit distinguishes ID-sending cycles from data-sending 
cycles. 

The transmitting processor starts by sending the ID of the receiving processor with which it wants 
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends 
transmit data with the multiprocessor bit cleared to O. 

Receiving processors skip incoming data until they receive data with the multiprocessor bit set 
to 1. When they receive data with the multiprocessor bit set to I, receiving processors compare the 
data with their IDs. The receiving processor with a matching ID continues to receive further 
incoming data. Processors with IDs not matching the received data skip further incoming data 
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and 
receive data in this way. 

Figure 13-9 shows an example of communication among different processors using a 
multiprocessor format. 
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Communication Formats: Four formats are available. Parity-bit settings are ignored when a 
multiprocessor format is selected. For details see table 13-8. 

Clock: See the description of asynchronous mode. 

Transmitting 
processor 

Serial communication line 

Receiving 
processor A 

(10=01) 

Serial data ~ 

legend 

l 
Receiving 

processor B 

(10 = 02) 

I. 
H'01 

(MPB= 1) 

10-sending cycle: receiving 
processor address 

MPB: Multiprocessor bit 

.I. 

l l 
Receiving Receiving 

processor C processor 0 

(10 = 03) (10 = 04) 

H'M I n I 
(MPB=O) --I 

Data-sending cycle: 
data sent to receiving 
processor specified by 10 

Figure 13-9 Example or Communication among Processors using Multiprocessor Format 
(Sending Data H'AA to Receiving Processor A) 

482 



Transmitting and Receiving Data 

Transmitting Multiprocessor Serial Data: Figure 13-10 shows a sample flowchart for 
transmitting multiprocessor serial data and indicates the procedure to follow. 

Initialize 1 1. SCI initialization: the transmit data 
output fundion of the TxO pin is 

Start transmitting selected automatically. 
2. SCI status check and transmit data 

write: read SSR. check that the TORE 

Read TORE flag in SSR 2 
flag is 1. then write transmit 
data in TOA. Also set the MPBT flag to 
o or 1 in SSA. Finally. clear the TORE 

No flag to O. 
3. To continue transmitting serial data: 

after checking that the TORE flag is 1. 
indicating that data can be 

Write transmit data in written, write data in TOR, then clear 

TOR and set MPBT bit in SSR the TORE flag to o. When the OMAC 
is activated by a transmit-data-empty 
interrupt request (TXI) to write data in 

Clear TORE flag to 0 TOR, the TORE flag is checked and 
cleared automatically. 

No 4. To output a break signal at the end of 
3 serial transmission: set the OOR bit to 

1 and clear the DR bit to 0 (OOR and 
DR are va port registers). then clear 
the TE bit to 0 in seA. 

Read TEND flag in SSR 

No 

No 
4 

Clear DR bit to O. set OOR bit to 1 

Clear TE bit to 0 in SCR 

End 

Figure 13·10 Sample Flowchart for Transmitting Multiprocessor Serial Data 
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In transmitting serial data, the SCI operates as follows. 

• The SCI monitors the TORE flag in SSR. When the TORE flag is cleared to 0 the SCI 
recognizes that TOR contains new data, and loads this data from TOR into TSR. 

• After loading the data from TOR into TSR, the SCI sets the TORE flag to I and starts 
transmitting. If the TIE bit in SCR is set to 1, the SCI requests a transmit-data-empty interrupt 
(TXI) at this time. 

Serial transmit data. is transmitted in the following order from the TxD pin: 

- Start bit: One 0 bit is outpUL 
- Transmit data: 7 or 8 bits are output, LSB flTSt. 
- Multiprocessor bit: One multiprocessor bit (MPBT value) is OutpUL 
- Stop bit: One or two 1 bits (stop bits) are output. 
- Mark state: Output of 1 bits continues until the start bit of the next transmit data. 

• The SCI checks the TORE flag when it outputs the stop bit. If the TORE flag is 0, the SCI 
loads data from TOR into TSR, outputs the stop bit, then begins serial transmission of the 
next frame. If the TORE flag is 1, the SCI sets the 1END flag in SSR to 1, outputs the stop 
bit, then continues output of 1 bits in the mark state. If the 1EIE bit is set to 1 in SCR, a 
transmit-end interrupt (TEl) is requested at this time. 

Figure 13-11 shows an example of SCI transmit operation using a multiprocessor formaL 

Start 

Serial----,bito 

Multi­
processor 
bit 

~m ~~-~-~~~-~ 

TXI TXI interrupt handler TXI 
request writes data in TOR and request 

clears TORE flag to 0 

1 frame 

Multi­
processor 
bit 

Stop 
bit 

t 

1 Idle (mark) 
smte 

TEl request 

Figure 13-11 Example of SCI Transmit Operation (8-Bit Data with Multiprocessor Bit and 
One Stop Bit) 
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Receiving Multiprocessor Serial Data: Figure 13-12 shows a sample flowchart for receiving 
multiprocessor serial data and indicates the procedure to follow. 

Initialize 

Start receiving 

Set MPIE bit to t in SCR 2 

Yes 

3 

Yes 

No 

End 

4 

1. SCI initialization: the receive data function 
of the RxD pin Is selected automatically. 

2. 10 receive cycle: set the MPIE bit to 1 in SCR. 
3. SCI stabls check and 10 check: read SSR, 

check that the RDRF flag is set to 1, then read 
data from RDR and compare with the 
processor's own 10. If the 10 does not match, 
set the MPIE bit to 1 again and clear the 
RDRF nag to O. If the 10 matches, clear the 
RDRF flag to O. 

4. SCI stabls check and data receiving: read 
SSR, check that the RDRF nag is set to 1, 
then read data from RDA. 

5. Receive error handling and break detection: 
if a receive error occurs, read the 

5 

ORER and FER nags in SSR to identify the error. 
After executing the necessary error handling, 
clear the ORER and FER flags both to O. 
Receiving cannot resume while either the ORER 
or FER nag remains set to 1. When a framing 
error occurs, the RxD pin can be read to detect 
the break state. 

Figure 13-12 Sample Flowchart for Receiving Multiprocessor Serial Data (1) 
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No 

5 

Overrun error handling 

Framing error handling 

Clear ORER, PER, and FER 
flags to 0 in SSR 

End 

Yes 

Clear RE bit to 0 in SCR 

Figure 13-12 Sample Flowchart for Receiving Multiprocessor Serial Data (2) 
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Figure 13-13 shows an example of SCI receive operation using a multiprocessor format. 

MPIE 

RoRF 

Start Stop Start Stop 
bit Data (101) MPB bit bit Data (datal) MPB bit 

----.1 0 I 00 I 01 I: I 07 I 1 I 1 1 0 I 00 I 01 I: I 07 1 0 1 1 Idle (mark) 
state 

RoRvalue 

MPIE 

RORF 

AXI request AXI handler reads 
(multiprocessor RoR data and clears 

Not own 10, so 
MPIE bit is set 
to 1 again 

No AXI request, 
ADR not updated 

interrupt), MPIE - 0 RoRF flag to 0 

a Own 10 does not match data 

Start Stop Start Stop 
bit Data (102) MPB bit bit Data (data2) MPB bit 

--""1 0 I 00 I 01 I: I 07 I 1 I 1 1 0 I 00 I 01 I: I 07 I 0 I 1 Idle (mark) 
state 

~ ________ ~I ________ ~r--

RORvalue 101 102 Data 2 __________________ ~~~-J 

RXI request RXI interrupt handler Own 10, so receiving MPIE bit is set 
(multiprocessor reads ROR data and continues, with data to 1 again 
interrupt), MPIE = 0 dears RORF flag to 0 received by AXI 

interrupt handler 

b. Own 10 matches data 

Figure 13-13 Example or SCI Receive Operation (8-Bit Data with Multiprocessor Bit and 
One Stop Bit) 
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13.3.4 Synchronous Operation 

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses. 
This mode is suitable for high-speed serial communication. 

The SCI transmitter and receiver share the same clock but are otherwise independent, so full 
duplex communication is possible. The transmitter and receiver are also double buffered, so 
continuous transmitting or receiving is possible by reading or writing data while transmitting or 
receiving is in progress. 

Figure 13-14 shows the general format in synchronous serial communication. 

• Transfer direction 
One unit (character or frame) of serial data 

Serial data 

Don't care Don't care 

Note: • High except in continuous transmitting or receiving 

Figure 13-14 Data Format in Synchronous Communication 

In synchronous serial communication, each data bit is placed on the communication line from one 
falling edge of the serial clock to the next Data is guaranteed valid at the rise of the serial clock. 
In each character, the serial data bits are transmitted in order from LSB (first) to MSB (last). After 
output of the MSB, the communication line remains in the state of the MSB. In synchronous mode 
the SCI receives data by synchronizing with the rise of the serial clock. 

Communication Format: The data length is fIXed at 8 bits. No parity bit or multiprocessor bit 
can be added. 

Clock: An internal clock generated by the on-chip baud rate generator or an external clock input 
from the SCK pin can be selected by clearing or setting the CKEl bit in SCR. See table 13-9. 
When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock 
pulses are output per transmitted or received character. When the SCI is not transmitting or 
receiving, the clock signal remains in the high state. When the SCI is only receiving, it receives in 
units of two characters, so it outputs 16 clock pulses. To receive in units of one character, an 
external clock source must be selected. 
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Transmitting and Receiving Data 

SCI Initialization (Synchronous Mode): Before transmitting or receiving, clear the TE and 
RE bits to 0 in SCR, then initialize the SCI as follows. 

When changing the communication mode or fonnat, always clear the TE and RE bits to 0 before 
following the procedure given below. Clearing the TE bit to 0 sets the TORE flag to 1 and 
initializes TSR. Clearing the RE bit to O. however, does not initialize the RDRF, PER, FER, and 
ORE flags and RDR, which retain their previous contents. 

Figure 13-15 is a sample flowchart for initializing the SCI. 

Set RIE, TIE, TEIE, MPIE, 
CKE1, and CKEO bits in SCR 

(leaving TE and RE bits 
cleared to 0) 

Set TE or RE to 1 in SCR 

2 

3 

Set RIE, TIE, TEIE, and 4 
MPIE bits as necessary 

Start transmitting or receiving 

1. Select the clock source in SCR. Clear the RIE, TIE, TEIE, 
MPIE, TE, and RE bits to O. 

2. Select the communication format in SMA. 
3. Write the value corresponding to the bit rate in BRR. 

This step is not necessary when an external clock is used. 
4. Wait for at least the interval required to transmit or receive 

one bit, then set the TE or RE bit to 1 in SeR. Also set 
the RIE, TIE, TEIE, and MPIE bits as necessary. 
Setting the TE or RE bit enables the SCI to use the 
TxD or RxD pin. 

Figure 13-15 Sample Flowchart for SCI Initialization 
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Transmitting Serial Data (Synchronous Mode): Figure 13-16 shows a sample flowchart for 
transmitting serial data and indicates the procedure to follow. 

Write transmit data in 
TOR and clear TORE flag 

toOin SSR 

Clear TE bit to 0 in SCR 

End 

1. SCI initialization: the transmit data output function 
of the TxO pin is selected automatically. 

2. SCI status check and transmit data write: read SSR, 
check that the TORE flag is 1, then write transmit 
data in TOR and clear the TORE flag to O. 

3. To continue transmitting serial data: after checking 
that the TORE flag is 1, indicating that data can be 

2 written, write data in TOR, then clear the TORE flag 
to O. When the OMAC is activated by a transmit­
data-empty interrupt request (TXI) to write data in 
TOR, the TORE flag is checked and cleared 
automatically. 

3 

Figure 13·16 Sample Flowchart for Serial Transmitting 
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In transmitting serial data, the SCI operates as follows. 

The SCI monitors the IDRE flag in SSR. When the IDRE flag is cleared to 0 the SCI 
recognizes t,hat IDR contains new data, and loads this data from IDR into TSR. 

After loading the data from TOR into TSR, the SCI sets the TORE flag to 1 and starts 
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty interrupt 
(TXI) at this time. 

If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock 
source is selected, the SCI outputs data in synchronization with the input clock. Data is output 
from the TxD pin in order from LSB (bit 0) to MSB (bit 7). 

• The SCI checks the TORE flag when it outputs the MSB (bit 7). If the TORE flag is 0, the 
SCI loads data from TDR into TSR and begins serial transmission of the next frame. If the 
TORE flag is I, the SCI sets the TEND flag to 1 in SSR, and after transmitting the MSB, 
holds the TxD pin in the MSB state. If the TEIE bit in SCR is set to I, a transmit-end 
interrupt (TEl) is requested at this time. 

• After the end of serial transmission, the SCK pin is held in a constant state. 
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Figure 13-17 shows an example of SCI transmit operation. 

Serial clock 

Serial data 

TORE 

TEND 

• 

Transmit 
direction 

TXI TXI interrupt handler TXI 
request writes data in TOR request 

and clears TORE 
flag to 0 

1 frame 

Figure 13-17 Example of SCI Transmit Operation 
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Receiving Serial Data: Figure 13-18 shows a sample flowchart for receiving serial data and 
indicates the procedme to follow. When switching from asynchronous mode to synchronous 
mode, make sure that the ORER, PER, and FER flags are cleared to O. If the FER or PER flag is 
set to 1 the RDRF flag will not be set and both transmitting and receiving will be disabled. 

Read receive data 
from RDR. and clear 5 

RDRF flag to 0 in SSR 

End 

1. SCI initialization: the receive data function of 
the RxD pin is selected automatically. 

2. 3. Receive error handling: if a receive error 
occurs. read the ORER flag in SSR. then after 
executing the necessary error handling. clear 
the ORER flag to o. Neither transmitting nor 
receiving can resume while the ORER flag 
remains set to 1. 

4. SCI status check and receive data read: read 
SSR. check that the RDRF flag is set to 1. 
then read receive data from RDR and clear 
the RDRF flag to O. Notification that the RDRF 
flag has changed from 0 to 1 can also be 
given by the RXI interrupt 

5. To continue receiving serial data: check the 
RDRF flag. read RDR. and clear the RDRF 
flag to 0 before the MSB (bit 7) of the current 
frame is received. If the DMAC is activated 
by a receive-data-full interrupt request (RXI) 
to read RDR. the RDRF flag is cleared 
automatically. 

Figure 13-18 Sample Flowchart for Serial Receiving (1) 
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4 

( Error handling ) 

Overrun error handling 

ClearORER flag to 0 in SSR 

+ 
End 

Figure 13-18 Sample Flowchart for Serial Receiving (2) 

In receiving, the SCI operates as follows. 

The SCI synchronizes with serial clock input or output and initializes internally. 

Receive data is stored.in RSR in order from LSB to MSB. 

After receiving the data, the SCI checks that the RDRF flag is 0 so that receive data can be 
transferred from RSR to RDR. If this check passes, the RDRF flag is set to 1 and the received 
data is stored in RDR. If the check does not pass (receive error), the SCI operates as indicated 
in table 13-11. 

• After setting the RDRF flag to 1, if the RIE bit is set to 1 in SCR, the SCI requests a receive­
data-full interrupt (RXI). If the ORER flag is set to 1 and the RIB bit in SCR is also set to 1, 
the SCI requests a receive-error interrupt (ERI). 
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Figure 13-19 shows an example of SCI receive operation. 

Serial data 

RDRF 

ORER 

• Receive direction 

RXI RXI interrupt handler RXI 
request reads data in RDR and request 

clears RDRF flag to 0 

1 frame 

Figure 13-19 Example or SCI Receive Operation 

Overrun error, 
ERI request 

Transmitting and Receiving Serial Data Simultaneously (Synchronous Mode): Figure 13-20 
shows a sample flowchart for transmitting and receiving serial data simultaneously and indicates 
the procedure to follow. 
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No 

No 

Initialize 

Start transmitting and receiving 

Read TORE flag in SSR 

Write transmit data in TOR and 
clear TORE lIag to 0 in SSR 

Read ORER flag in SSR 

Read RORF flag in SSR 

Read receive data from RDR 
and clear RDRF lIag to 0 in SSR 

Yes 

Clear TE and RE bils to 0 in SCR 

End 

2 

4 

5 

Note: * When switching from transmitting or receiving to simultaneous 
transmitting and receiving. clear the TE and RE bils both to O. 
then set the TE and RE bilS both to 1. 

1. SCI initialization: the transmit data 
output function of the TxO pin and 
receive data input function of the 
AxO pin are selected. enabling 
simultaneous transmitting and 
receiving. 

2. SCI status check and transmit 
data write: read SSR. check that 
the TORE flag is 1. then write 
transmit data in TOR and clear 
the TORE llag to O. 
Notification that the TORE flag has 
changed from 0 to 1 can also be 
given by the TXI interrupt 

3. Receive error handling: if a receive 
error occurs. read the ORER llag in 
SSR. then after executing the neces­
sary error handling. clear the ORER 
flag toO. 
Neither Iransmitting nor receiving 
can resume while the ORER flag 
remains set to 1. 

4. SCI status check and receive 
data read: read SSR. check that 
the RORF flag is " then read 
receive data from RDR and clear 
the RDRF flag to O. Notification 
that the RORF flag has changed 
from 0 to 1 can also be given 
by the RXI interrupt 

5. To continue transmitting and 
receiving serial data: check the 
RORF lIag. read ROR. and clear 
the RDRF flag to 0 before the 
MSB (bit 7) of the currenlfrarne 
is received. Also check thai 
the TORE lIag is set to 1. indicat­
ing that data can be written. write 
data in TOR. then clear the TORE 
flag to 0 before the MSB (bit 7) of 
the current frame is transmitted. 
When the OMAC is activated by 
a transmit-<iata-empty interrupt 
request (TXt) to write data in TOR. 
the TORE lIag is checked and 
cleared automatically. When the 
DMAC is activated by a receive­
data-full interrupt request (RXI) to 
read RDR. the RORF flag is 
cleared automatically. 

Figure 13-20 Sample Flowchart for Serial Transmitting 
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13.4 SCI Interrupts 

The SCI has rour interrupt request sources: TEl (transmit-end interrupt), ERI (receive-error 
interrupt), RXI (receive-data-full interrupt), and TXI (transmit-data-empty interrupt). Table 13-12 
lists the interrupt sources and indicates their priority. These interrupts can be enabled and disabled 
by the TIE. TEIE. and RIE bits in SCR. Each interrupt request is sent separately to the interrupt 
controller. 

The TXI interrupt is requested when the TORE flag is set to 1 in SSR. The TEl interrupt is 
requested when the TEND flag is set to 1 in SSR. The TXI interrupt request can activate the 
DMAC to transfer data. Data transfer by the DMAC automatically clears the TDRE flag to O. The 
TEl interrupt request cannot activate the DMAC. 

The RXI interrupt is requested when the RDRF flag is set to 1 in SSR. The ERI interrupt is 
requested when the ORER. PER, or FER flag is set to 1 in SSR. The RXI interrupt request can 
activate the DMAC to transfer data. Data transfer by the DMAC automatically clears the RDRF 
flag to O. The ERI interrupt request cannot activate the DMAC. 

The DMAC can be activated by interrupts from SCI channel O. 

Table 13-12 SCI Interrupt Sources 

Interrupt Description Priority 

ERI Receive error (ORER, FER, or PER) 

T RXI Receive data register full (RDRF) 

TXI Transmit data register empty (TORE) 

TEl Transmit end (TEND) Low 
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13.5 Usage Notes 

Note the following points when using the SCI. 

TDR Write and TDRE Flag: The TORE flag in SSR is a status flag indicating the loading of 
transmit data from TOR into TSR. The SCI sets the TORE flag to 1 when it transfers data from 
TORtoTSR. 

Data can be written into TOR regardless of the state of the TORE flag. If new data is written in 
TOR when the TORE flag is 0. the old data stored in TOR will be lost because this data has not 
yet been transferred to TSR. Before writing transmit data in TOR, be sure to check that the TORE 
flag is set to 1. 

Simultaneous Multiple Receive Errors: Table 13-13 indicates the state of SSR status flags when 
multiple receive errors occur simultaneously. When an overrun error occurs the RSR contents are 
not transferred to RDR. so receive data is lost . 

Table 13-13 SSR Status Flags and Transfer of Receive Data 

SSR Status Flags Receive Data ___________ Transfer 

RDRF ORER FER PER RSR -+ RDR Receive Errors 

1 o o x Overrun error 

o o 1 o o Framing error 

o o o 1 o Parity error 

o x Overrun error + framing error 

o x Overrun error + parity error 

o 0 1 0 Framing error + parity error 

1 x Overrun error + framing error + parity error 

Notes: 0: Receive data is transferred from RSR to RDR. 
x Receive data is not transferred from RSR to RDR. 

498 



Break Detection and Processing: Break signals can be detected by reading the RxD pin directly 
when a framing error (FER) is detected. In the break state the input from the RxD pin consists of 
alIOs, so the FER flag is set and the parity error flag (PER) may also be seL In the break state the 
SCI receiver continues to operate, so if the FER flag is cleared to 0 it will be set to I again. 

Sending a Break Signal: When the 1E bit is cleared to 0 the TxD pin becomes an I/O POrt. the 
level and direction (input or output) of which are determined by DR and DDR bits. This feature 
can be used to send a break signal. 

After the seriallranSmitter is initialized, the DR value substitutes for the mark state until the 1E 
bit is set to 1 (the TxD pin function is not selected until the TE bit is set to 1). The DDR and DR 
bits should therefore both be set to 1 beforehand. 

To send a break signal during serial transmission, clear the DR bit to 0, then clear the TE bit to O. 
When the 1E bit is cleared to 0 the IranSmitter is initialized, regardless of its current state, so the 
TxD pin becomes an output port outputting the value O. 

Receive Error Flags and Transmitter Operation (Synchronous Mode Only): When a receive 
error flag (ORER, PER, or FER) is set to 1 the SCI will not start transmitting. even if the TDRE 
flag is cleared to O. Be sure to clear the receive error flags to 0 when starting to transmit. Note that 
clearing the RE bit to 0 does not clear the receive error flags to O. 

Receive Data Sampling Timing in Asynchronous Mode and Receive Margin: In asynchronous 
mode the SCI operates on a base clock with 16 times the bit rate frequency. In receiving, the SCI 
synchronizes internally with the fall of the start bit. which it samples on the base clock. Receive 
data is latched at the rising edge of the eighth base clock pulse. See figure 13-21. 
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Internal 
base clock · . · . · . · . · . · . · . . 

16 clocks 

8 clocks 

Receive data 
(RxO) 

: : Start bit Do: 0, 
i~:~------~+---------~--------~~--------~--

· . · . · . 
Synchronization 
sampling timing ~--------~~------------------~-------------· · . . · 
Data sampling 
timing ____________ ~n~· ____________________ ~n~: ____________ _ 

Figure 13·21 Receive Data Sampling Timing in Asynchronous Mode 

The receive margin in asynchronous mode can therefore be expressed as in equation (1). 

1 1 D-0.51 
M= 1(0.5- -)-(L-O.5)F- (1 +F) 1 x 100% ................... (1) 

2N N 

M: Receive margin (%) 
N: Ratio of clock frequency to bit rate (N = 16) 
D: Clock duty cycle (D = 0 to 1.0) 
L: Frame length (L = 9 to 12) 
F: Absolute deviation of clock frequency 

From equation (I), if F = 0 and D = 0.5 the receive margin is 46.875%, as given by equation (2). 

D =O.5,F=O 
M = [0.5 - 1/(2 x 16)] x 100% 

= 46.875% ................................................................................................. (2) 

This is a theoretical value. A reasonable margin to allow in system designs is 20% to 30%. 
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Restrictions on Usage or DMAC 

When an external clock source is used for the serial clock, after the DMAC updates TOR, 
allow an interval of at least five system clock (0) cycles before input of the serial clock to 

start transmitting. If the serial clock is input within four states of the TOR update, a 
malfunction may occur. (See figure 13-22.) 

To have the DMAC read RDR, be sure to select the SCI receive-data-full interrupt (RXI) as 
the activation source with bits DTS2 to DTSO in DTCR. 

SCK 

. . . 
~ . 

TORE IL-~_-----l 

Note: In operation with an external clock source, be sure that t > 4 states. 

Figure 13-22 Synchronous Transmission Using DMAC (Example) 
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Section 14 AID Converter 

14.1 Overview 

The H8/3042 Series includes a 100bit successive-approximations AID converter with a selection 
of up to eight analog input channels. 

14.1.1 Features 

AID converter features are listed below. 

• 100bit resolution 

• Eight input channels 

Selectable analog conversion voltage range 

The analog voltage conversion range can be programmed by input of an analog reference 
voltage at the VREF pin. 

• High-speed conversion 

Conversion time: maximum 8.4 ~ per channel (with 16 MHz system clock) 

Two conversion modes 

Single mode: AID conversion of one channel 
Scan mode: continuous conversion on one to four channels 

Four 16-bit data registers 

AID conversion results are transferred for storage into data registers corresponding to the 
channels. 

Sample-and-hold function 

• AID conversion can be externally triggered 

AID interrupt requested at end of conversion 

At the end of AID conversion, an AID end interrupt (AD!) can be requested. 
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14.1.2 Block Diagram 

Figure 14-1 shows a block diagram of the NO converter. 

Module data bus 
On-chip 
data bus 

'---------x--x----x--x---------x----x-/I~ 1'---------' 

AVec 

V REF 

AVSS 

ANo 

AN1 
AN2 
AN3 

AN4 
ANs 

AN6 
AN7 

10-bit D/A 

I , , 
I 
I 
I 

.... 
G) 

.i 
OJ 

IG) 
G) ... 

• ~ I/) 
I/)C 
1/)0 
~.~ 
~.5 
CI)( 

~ 
a. a. as 

L_ .. _____ ...... _: 
Sample-and­
hold circuit 

« co C) 0 a: a: a: a: a: CI) 
0 0 0 0 C) 
0 0 0 0 0 « « « « « 

Control circuit 

ADTRG------------------------------~ 

Legend 
ADCR: AID control register 
ADCSR: AID controVstatus register 
ADORA: AID data register A 
ADDRB: AID data register B 
ADDRC: AID data register C 
ADDRD: AID data register 0 

Figure 14-1 AID Converter Block Diagram 
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14.1.3 Input Pins 

Table 14-1 summarizes the NO converter's input pins. The eight analog input pins are divided 
into two groups: . group 0 (ANo to AN3), and group 1 (AN4 to AN7). AVec and AV ss are the 
power supply for the analog circuits in the NO converter. V REF is the NO conversion reference 
voltage. 

Table 14·1 AID Converter Pins 

Abbrevl· 
PlnName aUon 110 Function 

Analog power supply pin AVec Input Analog power supply 

Analog ground pin AVss Input Analog ground and reference voltage 

Reference voltage pin VREF Input Analog reference voltage 

Analog input pin 0 ANo Input Group 0 analog inputs 

Analog input pin 1 AN1 Input 

Analog input pin 2 AN2 Input 

Analog input pin 3 AN3 Input 

Analog input pin 4 AN4 Input Group 1 analog inputs 

Analog input pin 5 ANs Input 

Analog input pin 6 ANs Input 

Analog input pin 7 AN7 Input 

AID external trigger input pin ADTRG Input External trigger input for starting AID conversion 
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14.1.4 Register Configuration 

Table 14-2 summarizes the AID converter's registers. 

Table 14-2 AID Converter Registers 

Address·1 Name Abbreviation RIW Initial Value 

H'FFEO AID data register A (high) ADDRAH R H'OO 

H'FFE1 AID data register A (low) ADORAL R H'OO 

H'FFE2 AID data register B (high) ADDRBH R H'OO 

H'FFE3 AID data register B (low) ADDRBl R H'OO 

H'FFE4 AID data register C (high) ADDRCH R H'OO 

H'FFE5 AID data register C (low) ADDRCl R H'OO 

H'FFE6 AID data register 0 (high) ADDRDH R H'OO 

H'FFE7 AID data register 0 (low) ADDRDl R H'OO 

H'FFE8 AID control/status register ADCSR R/(Wt2 H'OO 

H'FFE9 AID control register ADCR RIW H'7E 

Notes: 1. lower 16 bits of the address 
2. Only 0 can be written in bit 7, to clear the flag. 
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14.2 Register Descriptions 

14.2.1 AID Data Registers A to D (ADDRA to ADDRD) 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

ADDRn 

Initial value 

ReadJWrite 
(n - Ate D) 

IAD9IAD8IAD~AD~AD5IAD4IAD3IAD2IAD1IADOI -I - 1 -I -I - 1 -I 
o 0 000 0 0 0 0 000 000 0 

R R R R R R R R R R R R R R R R 

AID conversion data 
10-bit data giving an 
AID conversion result 

I 
Reserved bits 

The four AID data registers (ADORA to ADORO) are 16-bit read-only registers that store the 
results of AID conversion. 

An AID conversion produces 10-bit data. which is transferred for storage into the AID data 
register corresponding to the selected channel. The upper 8 bits of the result are stored in the 
upper byte of the AID data register. The lower 2 bits are stored in the lower byte. Bits 5 to 0 of an 
AID data register are reserved bits that always read O. Table 14-3 indicates the pairings of analog 
input channels and AID data registers. 

The CPU can always read and write the AID data registers. The upper byte can be read directly. 
but the lower byte is read through a temporary register (TEMP). For details see section 14.3. CPU 
Interface. 

The AID data registers are initialized to H'OOOO by a reset and in standby mode. 

Table 14-3 Analog Input Channels and AID Data Registers 

Analog Input Channel 

Group 0 Group 1 AID Data Register 

ADORA 
ADDRB 
ADORe 
ADDRD 
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14.2.2 AID Control/Status Register (ADCSR) 

Bit 7 6 5 4 3 2 1 0 

ADF ADIE ADST SCAN CKS CH2 CH1 CHO 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite R/(W)* RIW RIW RIW RIW RIW RIW RIW 

I T Channel select 2 to 0 
These bits select analog 
input channels 

Clock select 
Selects the AID conversion time 

Scan mode 
Selects single mode or scan mode 

AID start 
Starts or stops AID conversion 

AID Interrupt enable 
Enables and disables AID end interrupts 

AID end flag 
Indicates end of AID conversion 

Note: * Only 0 can be written, to clear the flag. 

ADCSR is an 8-bit readable/writable register that selects the mode and controls the AID converter. 
ADCSR is initialized to H'OO by a reset and in standby mode. 
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Bit '-AID End Flag (ADF): Indicates the end of AID conversion. 

Bit 7 
ADF Description 

o [Clearing condition) (Initial value) 
Cleared by reading ADF while ADF - 1, then writing 0 in ADF 

[Setting conditions) 
Single mode: AID conversion ends 
Scan mode: AID conversion ends in all selected channels 

Bit 6-AID Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the 
end of AID conversion. 

Bit 6 
ADIE 

o 
Description 

AID end interrupt request (ADI) is disabled (Initial value) 

AID end interrupt request (ADI) is enabled 

Bit 5-AID Start (ADST): Starts or stops AID conversion. The ADST bit remains set to 1 during 
AID conversion. It can also be set to 1 by external trigger input at the ADTRG pin. 

Bit 5 
ADST 

o 
Description 

AID conversion is stopped (Initial value) 

Single mode: AID conversion starts; ADST is automatically cleared to 0 when conversion 
ends. 
Scan mode: AID conversion starts and continues, cycling among the selected channels, 
until ADST is cleared to 0 by software, by a reset, or by a transition to standby mode. 
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Bit 4-Scan Mode (SCAN): Selects single mode or scan mode. For further information on 
operation in these modes, see section 14.4, Operation. Clear the ADST bit to 0 before switching 
the conversion mode. 

BIt4 
SCAN Description 

o Single mode (Initial value) 

Scan mode 

Bit 3--Clock Select (CKS): Selects the AID conversion time. Clear the ADST bit to 0 before 
switching the conversion time. 

Blt3 
CKS Description 

o Conversion time = 266 states (maximum) (Initial value) 

Conversion time = 134 states (maximum) 

Bits 2 to O-Channel Select 2 to 0 (CH2 to CHO): These bits and the SCAN bit select the analog 
input channels. Clear the ADST bit to 0 before changing the channel selection. 

Group 
Selection Channel Selection Description 

CH2 CH1 CHO Single Mode Scan Mode 

0 0 0 ANo (Initial value) ANo 

ANl ANo• ANl 

0 AN2 ANoto AN2 

1 AN3 ANoto AN3 

0 0 AN4 AN4 

ANs AN4• ANs 

0 ANs AN4to ANs 

AN7 AN4 to AN7 
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14.2.3 AID Control Register (ADCR) 

Bit 7 6 5 4 3 2 o 
TRGE 

Initial value 0 

ReadlWrite Rm 

T Reserved bits 

Trigger enable 
Enables or disables external triggering of AID conversion 

ADCR is an 8-bit readable/writable register that enables or disables external triggering of NO 
conversion. ADCR is initialized to H'7F by a reset and in standby mode. 

Bit 7-Trigger Enable (TRGE): Enables or disables external triggering of AID conversion. 

Bit 7 
TRGE Description 

o AID conversion cannot be externally triggered (Initial value) 

AID conversion starts at the falling edge of the external trigger signal (ADTRG) 

Bits 6 to O-Reserved: Read-only bits, always read as 1. 
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14.3 CPU Interface 

ADORA to ADORO are 16-bit registers, but they are connected to the CPU by an 8-bit data bus. 
Therefore, although the upper byte can be be accessed directly by the CPU, the lower byte is read 
through an 8-bit temporary register (1EMP). 

An AID data register is read as follows. When the upper byte is read, the upper-byte value is 
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when the 
lower byte is read, the TEMP contents are transferred to the CPU. 

When reading an AID data register, always read the upper byte before the lower byte. It is possible 
to read only the upper byte, but if only the lower byte is read, incorrect data may be obtained. 

Figure 14-2 shows the data flow for access to an AID data register. 

Upper-byte read 

CPU 
(H'M) 

.... ...----.. 

Lower-byte read 

CPU 
(H'40) 

Module dala bus 
Bus interface 

H 
TEMP 
(!-f40) 

I 
ADDRnH ADDRnL 

(H"M) (H"40) 
(n=A 10 D) 

Module dala bus Bus interface ~ __ ~ _____ ~ ____ • 

ADDRnH 
(H"M) 

TEMP 
(H"40) 

ADDRnL 
(H"40) 

L.... ____ --L _____ -' (n = Alo D) 

Figure 14-2 AID Data Register Access Operation (Reading H'AA40) 
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14.4 Operation 

The AID converter operates by successive approximations with 10-bit resolution. It has two 
operating modes: single mode and scan mode. 

14.4.1 Single Mode (SCAN = 0) 

Single mode should be selected when only one AID conversion on one channel is required. AID 
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The 
ADST bit remains set to 1 during AID conversion and is automatically cleared to 0 when 
conversion ends. 

When conversion ends the ADF bit is set to 1. If the ADIE bit is also set to I, an ADI interrupt is 
requested at this time. To clear the ADF flag to 0, ftrst read ADCSR, then write 0 in ADF. 

When the mode or analog input channel must be switched during analog conversion, to prevent 
incorrect operation, ftrst clear the ADST bit to 0 in ADCSR to halt AID conversion. After making 
the necessary changes, set the ADST bit to 1 to start AID conversion again. The ADST bit can be 
set at the same time as the mode or channel is changed. 

Typical operations when channell (ANI) is selected in single mode are described next. 
Figure 14-3 shows a timing diagram for this example. 

1. Single mode is selected (SCAN = 0), input channel AN 1 is selected (eH2 = CH 1 = 0, 
CHO = I), the AID interrupt is enabled (ADIE = I), and AID conversion is started 
(ADST= 1). 

2. When AID conversion is completed, the result is transferred into ADDRB. At the same time 
the ADF flag is set to I, the ADST bit is cleared to 0, and the AID converter becomes idle. 

3. Since ADF = 1 and ADIE = I, an ADI interrupt is requested. 

4. The AID interrupt handling routine starts. 

5. The routine reads ADCSR, then writes 0 in the ADF flag. 

6. The routine reads and processes the conversion result (ADDRB). 

7. Execution of the AID interrupt handling routine ends. After that, if the ADST bit is set to I, 
AID conversion starts again and steps 2 to 7 are repeated. 
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14.4.2 Scan Mode (SCAN = 1) 

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the 
ADST bit is set to 1 by software or extemallrigger input, NO conversion starts on thefrrst 
channel in the group (ANo when CH2 = 0, AN4 when CH2 = 1). When two or more channels are 
selected, after conversion of the frrst channel ends, conversion of the second channel (AN 1 or 
ANs) starts immediately. NO conversion continues cyclically on the selected channels until the 
ADST bit is cleared to O. The conversion results are transferred for storage into the NO data 
registers corresponding to the channels. 

When the mode or analog input channel selection must be changed during analog conversion, to 
prevent incorrect operation, frrst clear the ADST bit to 0 in ADCSR to halt NO conversion. After 
making the necessary changes, set the ADST bit to 1. NO conversion will start again from the 
first channel in the group. The ADST bit can be set at the same time as the mode or channel 
selection is changed. 

Typical operations when three channels in group 0 (ANa to ANv are selected in scan mode are 
described next Figure 14-4 shows a timing diagram for this example. 

1. Scan mode is selected (SCAN = I), scan group 0 is selected (CH2 = 0), analog input channels 
ANa to AN2 are selected (CHI = I, CHO = 0), and NO conversion is started (ADST = 1). 

2. When NO conversion of the first channel (ANa> is completed, the result is transferred into 
ADDRA. Next, conversion of the second channel (AN 1) starts automatically. 

3. Conversion proceeds in the same way through the third channel (ANv. 

4. When conversion of all selected channels (ANa to ANv is completed, the ADF flag is set to 1 
and conversion of the frrst channel (ANa) starts again. If the ADIE bit is set to I, an ADI 
interrupt is requested at this time. 

5. Steps 2 to 4 are repeated as long as the ADST bit remains set to 1. When the ADST bit is 
cleared to 0, NO conversion stops. After that, if the ADSTbit is set to I, NO conversion 
starts again from the first channel (ANa>. 
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14.4.3 Input Sampling and AID Conversion Time 

The AID converter has a built-in sample-and-hold circuiL The AID converter samples the analog 
input at a time to after the ADST bit is set to I, then starts conversion. Figure 14-5 shows the AID 
conversion timing. Table 14-4 indicates the AID conversion time. 

As indicated in figure 14-5, the AID conversion time includes to and the input sampling time. The 
length of to varies depending on the timing of the write access to ADCSR. The total conversion 
time therefore varies within the ranges indicated in table 14-4. 

In scan mode, the values given in table 14-4 apply to the flfSt conversion. In the second and 
subsequent conversions the conversion time is fIXed at 256 states when CKS = 0 or 128 states 
whenCKS = 1. 

Address bus (2) 

Write signal -r 
Input sampling 
timing 

ADF 

Legend 
(1): ADCSR write cycle 
(2): ADCSR address 
to: Synchronization delay 
tSPL: Input sampling time 
tCONY: AID conversion time 

.S 

" , 

Figure 14·5 AID Conversion Timing 
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Table 14-4 AID Conversion Time (Single Mode) 

CKS=O CKS=1 

Symbol Min lYP Max Min lYP Max 
Synchronization delay to 10 17 6 9 

Input sampling time tSPL 80 40 

AID conversion time teONV 259 266, 131 134 

Note: Values in the table are numbers of states. 

14.4.4 External Trigger Input Timing 

NO conversion can be externally triggered. When the TRGE bit is set 10 1 in ADCR, external 
trigger input is enabled at the ADTRG pin. A high-to-low transition at the ADTRG pin sets the 
ADST bit to 1 in ADCSR, starting NO conversion. Other operations, in both single and scan 
modes, are the same as if the ADST bit had been set 10 1 by software. Figure 14-6 shows the 
timing. 

" 

ADTRG 

Internal trigger _______ ~ __ ;I----, ... ________ _ 
signal _ 

ADST 

I .. AID conversion 

Figure 14-6 External Trigger Input Timing 
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14.5 Interrupts 

The AID converter generates an interrupt (ADO at the end of AID conversion. The ADI interrupt 
request can be enabled or disabled by the ADIE bit in ADCSR. 

14.6 Usage Notes 

When using the AID converter, note the following points: 

Analog Input Voltage Range: During AID conversion, the voltages input to the analog input pins 
ANn should be in the range AVss ~ ANn ~ VREF• (n = 0 to 7) 

AVec and AVss Input Voltages: AVss should have the following value: AVss = Vss. 
If the AID converter is not used, the values should be AVec = Vee and AV ss = V ss. 

VREF Input Range: The analog reference voltage input at the VREF pin should be in the range 
V REF ~ AVec. If the AID converter is not used, the value should be V REF = Vee. 
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Section 15 D/A Converter 

15.1 Overview 

The H813042 Series includes a D/A converter with two channels. 

15.1.1 Features 

D/A converter features are listed below. 

Eight-bit resolution 
Two output channels 
Conversion time: maximum 10 ~ (with 20-pF capacitive load) 
Output voltage: 0 V to VREF 

15.1.2 Block Diagram 

Figure 15-1 shows a block diagram of the D/ A converter. 

VREF 

AVec 

DAo a·bit D/A 

DAl 

AVss 

Legend 
DACR: D/A control register 
DADRO: D/A data register 0 
DADR1: D/A data register 1 

Module data bus 

0 .... a: a: a: 
Cl Cl () 

< < < 
Cl Cl Cl 

Control circuit 

Figure 15·1 D/A Converter Block Diagram 
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15.1.3 Input/Output Pins 

Table 15-1 summarizes the D/A converter's input and output pins. 

Table 15-1 DI A Converter Pins 

Pin Name Abbreviation 110 Function 

Analog power supply pin AVec Input Analog power supply 

Analog ground pin AVss Input Analog ground and reference voltage 

Analog output pin 0 DAo Output Analog output, channel 0 

Analog output pin 1 DA1 Output Analog output, channel 1 

Reference voltage input pin VREF Input Reference voltage input 

15.1.4 Register Configuration 

Table 15-2 summarizes the D/A converter's registers. 

Table 15·2 DI A Converter Registers 

Address· Name Abbreviation RIW Initial Value 

H'FFDC c- OlA data register 0 DADRO RIW H'OO 

H'FFDD DIA data register 1 DADA1 ANI H'OO 

H'FFDE DIA control register- DACA RIW H'1F 

Note:· Lower 16 bits of the address 
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15.2 Register Descriptions 

15.2.1 D/A Data Registers 0 and 1 (DADRO/l) 

Bit 7 6 5 4 3 2 0 

Initial value 0 0 0 0 0 0 0 0 

ReadIWrite RIW RIW RIW RIW RIW RIW RIW RIW 

The D/A data registers (DADRO and DADRl) are 8-bit readable/writable registers that store the 
data to be converted. When analog output is enabled, the D/A data register values are constantly 
converted and output at the analog output pins. 

The D/A data registers are initialized to H'OO by a reset and in standby mode. 

15.2.2 D/A Control Register (DACR) 

Bit 

Initial value 

ReadlWrite 

7 6 5 

I DAOE1 I DAOEO I DAE 

o 
RIW 

o 0 

RIW RIW 

4 3 2 

[ L D/A enable 

Controls D/A conversion 

D/A output enable 0 
Controls D/A conversion and analog output 

'---- D/A output enable 1 

Controls D/A conversion and analog output 

o 

DACR is an 8-bit readable/writable register that controls the operation of the D/A converter. DACR 
is initialized to H'IF by a reset and in standby mode. 
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Bit 7-D/A Output Enable 1 (DAOEl): Controls D/A conversion and analog output 

Bit 7 
DAOE1 

o 
1 

Description 

DA1 analog output is disabled 

Channel-1 D/A conversion and DA1 analog output are enabled 

Bit 6-D/A Output Enable 0 (DAOEO): Controls D/A conversion and analog output 

Bits 
DAOEO 

o 
Description 

DAo analog output is disabled 

Channel-O D/A conversion and DAo analog output are enabled 

Bit 5-D/A Enable (DAE): Controls D/A conversion, together with bits DAOEO and DAOE1. 
When the DAB bit is cleared to 0, analog conversion is controlled independently in channels 0 
and 1. When the DAB bit is set to I, analog conversion is controlled together in channels 0 and 1. 
Output of the conversion results is always controlled independently by DAOEO and DAOEl. 

Blt7 Bit 6 BitS 
DAOE1 DAOEO DAE Description 

0 0 D/A conversion is disabled in channels 0 and 1 

0 0 D/A conversion is enabled in channel 0 

D/A conversion is disabled in channel 1 

0 D/A conversion is enabled in channels 0 and 1 

0 0 D/A conversion is disabled in channel 0 

D/A conversion is enabled in channel 1 

0 D/A conversion is enabled in channels 0 and 1 

D/A conversion is enabled in channels 0 and 1 

When the DAB bit is set to I, even if bits DAOEO and DAOEI in DACR and the ADSTbitin 
ADCSR are cleared to 0, the same current is drawn from the analog power supply as during AID 
and D/ A conversion. 

Bits 4 to O-Reserved: Read-only bits, always read as 1. 

524 



15.3 Operation 

The D/A converter has two built-in D/A conversion circuits that can perform conversion 
independently. 

D/A conversion is performed constantly while enabled in DACR. If the DADRO or DADRI value 
is modified, conversion of the new data begins immediately. The conversion results are output 
when bits DAOEO and DAOEl are set to 1. 

An example of D/A conversion on channel 0 is given next. Timing is indicated in figure 15-2. 

1. Data to be converted is written in DADRO. 

2. Bit DAOEO is set to 1 in DACR. D/A conversion starts and DAo becomes an output pin. The 
converted result is output after the conversion time. The output value is (DADRO contents/256) 
x VREF• Output of this conversion result continues until the value in DADRO is modified or the 
DAOEO bit is cleared to O. 

3. If the DADRO value is modified, conversion starts immediately, and the result is output after 
the conversion time. 

4. When the DAOEO bit is cleared to 0, DAo becomes an input pin. 

Address 
bus 

DADRO 
write cycle 

DACR 
write cycle 

DADRO Conversion data 1 

DAOEO 

DAo ---.-~----
High-impedance state 

tOCONV 

legend 
tOCONV: D/A conversion time 

DADRO 
write cycle 

Conversion 
result 1 

DACR 
write cycle 

Conversion data 2 

Conversion --- result 2 ----........... .---

tOCONV 

Figure 15-2 Example ofD/A Converter Operation 
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Section 16 RAM 

16.1 Overview 

The H8/3042 Series has 2 kbytes of on-chip static RAM. The RAM is connected to the CPU by a 
16-bit data bus. The CPU accesses both byte data and word data in two states. making the RAM 
suitable for rapid data transfer. 

The on-chip RAM is assigned to addresses H'FF710 to H'FFFOF in modes 1,2,5, and 7, addresses 
H'FFF710 to H'FFFFOF in modes 3 and 4, and addresses H'F710 to H'FFOF in mode 6. The RAM 
enable bit (RAME) in the system control register (SYSCR) can enable or disable the on-chip RAM. 

16.1.1 Block Diagram 

Figure 16-1 shows a block diagram of the on-chip RAM. 

On-chip data bus (upper 8 bits) 

On-chip data bus (lower 8 bits) 

Bus interface 

H'F710* H'F711* 

H'F712* H'F713* 

1 
On-chip RAM 

j H'FFOE* H'FFOF* 

Even addresses Odd addresses 

Note: * Address in mode 6; lower 16 bits of the address in other modes. 

Figure 16-1 RAM Block Diagram 
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16.1.2 Register Configuration 

The on-chip RAM is controlled by SYSCR. Table 16-1 gives the address and iIiitiai value of 
SYSCR. 

Table 16-1 System Control Register 

Address· Name Abbreviation RIW Initial Value 

H·FFF2 System control register SYSCR RIW H'OB 

Note: • Lower 16 bits of the address. 
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16.2 System Control Register (SYSCR) 

Bit 7 6 5 4 

I SSBY STS2 STS1 STSO 

Initial value 0 0 0 0 

ReadlWrite FWI FWI FWI FWI 

3 

UE 

1 

RIW 

2 

I NMIEG I 
0 

Rm 

o 
RAME 

1 

RIW 

T 
RAM enable bit 
Enables or 
disables 
on-chip RAM 

Reserved bit 

NMI edge select 

User bit enable 

Standby timer select 2 to 0 

Software standby 

One function of SYSCR is to enable or disable access to the on-chip RAM. The on-chip RAM is 
enabled or disabled by the RAME bit in SYSCR. For details about the other bits, see section 3.3, 
System Control Register. 

Bit O-RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is initialized 
at the rising edge of the input at the RES pin. It is not initialized in software standby mode. 

Bit 0 
RAME 

o 
Description 

On-chip RAM is disabled 

On-chip RAM is enabled (Initial value) 
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16.3 Operation 

When the RAME bit is set to I, accesses to addresses H'FF710 to H'FFFOF in modes 1,2,5, and 7, 
addresses H'FFF7IO to H'FFFFOF in modes 3 and 4, and addresses H'F7IO to H'FFOF in mode 6 are 
directed to the on-chip RAM. In modes 1 to 5 (expanded modes), when the RAME bit is cleared to 

0, the off-chip address space is accessed. In modes 6 and 7 (single-chip modes), when the RAME 
bit is cleared to 0, the on-chip RAM is not accessed: write access is ignored, and read access always 
returns H'FF. 

Since the on-chip RAM is connected to the CPU by an internalI6-bit data bus, it can be written and 
read by word access. It can also be written and read by byte access. Byte data is accessed in two 
states using the upper 8 bits of the data bus. Word data starting at an even address is accessed in 
two states using all 16 bits of the data bus. 
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Section 17 ROM 

17.1 Overview 

The H8!3042 has 64 kbytes of on-chip ROM, the H8/3041 has 48 kbytes, and the H8/3040 has 
32 kbytes. The ROM is connected to the CPU by a 16-bit data bus. The CPU accesses both byte 
data and word data in two states, enabling rapid data transfer. 

The mode pins (MD:z to MDo) can be set to enable or disable the on-chip ROM as indicated in 
ltable 17-1. 

Table 17·1 Operating Mode and ROM 

Mode Pins 

Mode M02 MOl MOo On-Chip ROM 

Mode 1 (1-Mbyte expanded mode with on-chip ROM disabled) 0 0 1 Disabled 

0 0 (external 
address area) 

Mode 2 (1-Mbyte expanded mode with on-chip ROM disabled) 

Mode 3 (16-Mbyte expanded mode with on-chip ROM disabled) 0 

Mode 4 (16-Mbyte expanded mode with on-chip ROM disabled) 0 0 

Mode 5 (1-Mbyte expanded mode with on-chip ROM enabled) 0 Enabled 

Mode 6 (single-chip normal mode) 0 

Mode 7 (single-chip advanced mode) 

The PROM version of the H8/3042 can be set to PROM mode and programmed with a general­
purpose PROM programmer. 
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17.1.1 Block Diagram 

Figure 17-1 shows a block diagram of the ROM. 

On-chip data bus (lower 8 bits) 

H'OOOO H'0001 

H'0002 H'0003 

1 
On-chip ROM 

T H'FFFE H'FFFF 

Even addresses Odd addresses 

Figure 17·1 ROM Block Diagram (8813042) 
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17.2 PROM Mode 

17.2.1 PROM Mode Setting 

In PROM mode. the H8/3042 version with on-chip PROM suspends its microcontroller functions. 
enabling the on-chip PROM to be programmed. The programming method is the same as for the 
HN27CI01. except that page programming is not supported. Table 17-2 indicates how to select 
PROM mode. 

Table 17-2 Selecting PROM Mode 

Pins 

Three mode pins (M02, M01, MOo) 

STBYpin 

P51 and P50 

Setting 

low 

High 

17.2.2 Socket Adapter and Memory Map 

The PROM is programmed using a general-purpose PROM programmer with a socket adapter to 

convert to 32 pins. Table 17-3 lists the socket adapter for each package option. Figure 17-2 shows 
the pin assignments of the socket adapter. Figure 17-3 shows a memory map in PROM mode. 

Table 17-3 Socket Adapter 

Mlcrocontroller Package Socket Adapter 

H8/3042 100-pin OFP (FP-100B) HS3042ESH01 H 

100-pin TOFP (TFP-100B) HS3042ESN01 H 

The size of the H8;3042 PROM is 64 kbytes. Figure 17-3 shows a memory map in PROM mode. 
H'FF data should be specified for unused address areas in the on-chip PROM. 

When programming the H8/3042 with a PROM programmer, set the address range to H'OOOO to 
H'FFFF and specify H'FF data for addresses H'lOOOO and up. If H'lOOOO and higher addresses are 
programmed by mistake. it may become impossible to program or verify the PROM. Attempts to 
program in page-programming mode may have the same result. 
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P8, 

P30 

P3, 

P3,_ 
P33 

P34 
P3s 
P3. 
P37 
Pl 0 

Pl, 

P1 2 
P1 3 
P1 4 
Pls 
P1 6 

P1 7 
P20 

P2, 

P22 
P23 
P24 
P2s 
P26 

P27 
P5. 
P5, 

VREF 

AVec 

Vec 

Vee 

Vee 
MOo 
MD, 

MD2 
S'mY 
AV. 

V. 

V. 

V. 
V. 

V. 
V. · . · . · . , ____ ........ ______ .... ______ .... ____ ........ ___ ...... _ ......... _11 

Note: Pins not shown in this diagram should be left open. 

PGM 31 

EOa 13 

EO, 14 

E~ 15 

E~ 17 
E04 18 

EO. 19 

EO. 20 

E~ 21 

EAo 12 
EA, 11 

EA2 10 

EA3 9 

EA4 8 

EAs 7 

EA. 6 

EA7 5 

EA. 27 

OE 24 

EA,o 23 

EA" 25 

EA,2 4 

EA'3 28 

EA'4 29 
CE 22 
Vee 32 

V. 16 

........ _ .. ____ .... __ .... __ ........... _ .. _ ....................... _ ____ .J 

Leg end 
Vpp : 

E07 
EA,. 
OE: 
CE: 

Programming voltage (12.5 V) 
to E 00: Data input/output 
to EAo: Address input 

Output enable 
Chip enable 

PGM Program 

Figure 17-2 Socket Adapter Pin Assignments 
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Address in 
MCU mode 

H'OOoo 

H'FFFF 

H'1FFFF 

On-chip PROM 

Address in 
PROM mode 

H'OOoo 

!--______ ~ H'FFFF 

Missing area· 
I 
I 
I 
I 
I 

I I 

: I H'1FFFF 
-----------------~ 

Note: • H read in PROM mode, this area returns H'FF output data. 

Figure 17·3 H8I3042 Memory Map in PROM Mode 
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17.3 Programming 

Table 17-4 indicates how to select the program, verify, and other modes in PROM mode. 

Table 17-4 Mode Selection in PROM Mode 

Pins 

Mode CE OE PGM Vpp Vee E07 to EOo EA14 to EAo 
Program L H L Vpp Vee Data input Address input 

Verify L L H Vpp Vee Data output Address input 

Program inhibited L L L Vpp Vee High impedance Address input 

L H H 

H L L 

H H H 

Legend 
L: Low voltage level 
H: High voltage level 
Vpp: Vpp voltage level 
Vee: Vee voltage level 

Read/write specifications are the same as for the standard HN27C101 EPROM, except that page 
programming is not supported. Do not select page programming mode. A PROM programmer that 
supports only page-programming mode cannot be used. When selecting a PROM programmer, 
check that it supports a byte-at-a-time high-speed programming mode. Be sure to set the address 
range to HOOOO to H'FFFF. 

17.3.1 Programming and Verification 

An efficient, high-speed programming procedure can be used to program and verify PROM data. 
This procedure programs the chip quickly without subjecting it to voltage stress and without 
sacrificing data reliability. Unused address areas contain H'FF data. Figure 17-4 shows the basic 
high-speed programming flowchart. Tables 7-5 and 17-6 list the electrical characteristics of the chip 
during programming. Figure 17-5 shows a timing chart. 
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No 

Fail 

Set programming/verification mode 
Vee = 6.0 V ±O.25 V. Vpp = 12.5 V ±O.3 V 

Set read mode 
Vee = 5.0 V ±O.25 V. Vpp = Vee 

No 

Address + 1 -t address 

Figure 17·4 High·Speed Programming Flowchart 
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Table 17-5 DC Characteristics -Preliminary-

(Conditions: V cc = 6.0 V ±O.25 V, V pp = 12.5 V ±O.3 V, V ss = 0 V, T a = 250C ±5°C) 

Item Symbol Min Typ Max Unit Test Conditions 

Input high E~to EOo• V1H 2.4 Vee + 0.3 V 
voltage EA16 to EAo. 

OE,CE, PGM 

Input low E~to EOo, V1L -0.3 - 0.8 V 
voltage EA16 to EAo, 

OE,CE, PGM 

Output high E~to EOo VOH 2.4 V IOH=-200~ 
voltage 

Output low E07 to EOo VOl 0.45 V IOL -1.6 rnA 
voltage 

Input leakage E~to EOo• Ilul 2 ~ Vin - 5.25 VlO.5 V 
current EA16 to EAo. 

OE,CE.PGM 

Vee current Icc 40 rnA 

Vpp current Ipp 40 rnA 
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Table 17-6 AC Characteristics 

(Conditions: Vee = 6.0 V ±0.25 V. V pp = 12.5 V ±O.3 V. T a = 250C ±5°C) 

Item Symbol MIn Typ Max Unit Test CondItIons 

Address setup time tAS 2 JlS Figure 17-5.1 

DE setup time toes 2 JlS 

Data setup time tos 2 JlS 

Address hold time tAH 0 JlS 

Data hold time tDH 2 JlS 

Data output disable time toF·2 130 ns 

Vpp setup time tvps 2 JlS 

Programming pulse width tpw 0.19 0.20 0.21 ms 

PGM pulse width for overwrite topw·3 0.19 5.25 ms 
programming 

Vee setup time tvcs 2 JlS 

CE setup time tees 2 JlS 

Data output delay time toe 0 150 ns 

Notes: 1. Input pulse level: 0.8 V to 2.2 V 
Input rise time and fall time S 20 ns 
liming reference levels: 1.0 V and 2.0 V for input; 0.8 V and 2.0 V for output 

2. tOF is defined at the point where the output is in the open state and the output level 
cannot be read. 

3. topw is defined by the value given in the flowchart. 
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Address 

Data 

Vpp 

Vee 

Vpp 

Vee 

=:) 
tAS 

---1 

tos 

typs 
I 

1 

J tyes 

~ 

!\ 
teES 

Program Verify 

tAH 

I F 
Input data Output data 

tOH ~ 

tpw toES toE 

topw* J 

Note: * tOPw is defined by the value given in the flowchart. 

Figure 17-5 PROM Program/Verify Timing 
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17.3.2 Programming Precautions 

• Program with the specified voltages and timing. 

The programming voltage (Vpp) in PROM mode is 12.5 V. 

Applied voltages in excess of the rated values can permanently destroy the chip. Be 
particularly careful about the PROM programmer's overshoot characteristics. 

If the PROM programmer is set to Hitachi HN27ClOi specifications, V pp will be 12.5 V. 

• Before programming, check that the chip is correctly mounted in the PROM programmer. 
Overcurrent damage to the chip can result if the index marks on the PROM programmer, 
socket adapter, and chip are not correctly aligned. 

• Don't touch the socket adapter or chip while programming. Touching either of these can cause 
contact faults and write errors. 

Select the programming mode carefully. The chip cannot be programmed in page programming 
mode. 

• The H8/3042 PROM size is 64 kbytes. Set the address range to H'OOOO to H'FFFF. When 
programming, assign H'FF data to the unused address area (H'IOOOO to H'1FFFF). 
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17.4 Reliability of Programmed Data 

A highly effective way to improve data retention characteristics is to bake the programmed chips at 
150°C, then screen them for data errors. This procedure quickly eliminates chips with PROM 
memory cells prone to early failure. 

Figure 17-6 shows the recommended screening procedure. 

Program chip and verify programmed data 

~ 
Bake chip for 24 to 48 hours at 
125°C to 150°C with power off 

~ 
Read and check program 

! 
( Install 

Figure 17-6 Recommended Screening Procedure 

If a series of programming errors occurs while the same PROM programmer is in use, stop 
programming and check the PROM programmer and socket adapter for defects. Please inform 
Hitachi of any abnormal conditions noted during or after programming or in screening of program 
data after high-temperature baking. 
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Section 18 Clock Pulse Generator 

IS.1 Overview 

The H813042 Series has a built-in clock pulse generator (CPG) that generates the system clock (0) 
and other internal clock signals (0fl to 0/4096). The clock pulse generator consists of an oscillator 
circuit, a duty adjustment circuit, and prescalers. m 
18.1.1 Block Diagram 

Figure 18-1 shows a block diagram of the clock pulse generator. 

------------------------------------------------------------------- ~P~ .-------------

XTAL -

EXTAL-

Duty 
Oscillator \-----1 adjustment r--1~-i 

circuit 
Prescalers 

" ,,/2 to ,,/4096 

Figure 18·1 Block Diagram of Clock Pulse Generator 
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18.2 Oscillator Circuit 

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock 
signal. 

18.2.1 Connecting a Crystal Resonator 

Circuit Configuration: A crystal resonator can be connected as in the example in figure 18-2. 
The damping resistance Rd should be selected according to table 18-1. An AT-cut parallel­
resonance crystal should be used. 

Cl1 

EXTAll-------1P----, ck I m-
J..AA T 
yy, 

Rd J~ Cl1 .. C L2 .10pFto22pF 
XTAl 

Figure 18-2 Connection of Crystal Resonator (Example) 

Table 18-1 Damping Resistance Value 

Frequency (MHz) 2 4 8 10 12 16 

Rd (0) 1 k 500 200 o o o 

Crystal Resonator: Figure 18-3 shows an equivalent circuit of the crystal resonator. The crystal 
resonator should have the characteristics listed in table 18-2. 

Rs 

XTAL ---. '--i~ EXTAl 

AT -cut parallel-resonance type 

Figure 18-3 Crystal Resonator Equivalent Circuit 
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Table 18-2 Crystal Resonator Parameters 

Frequency (MHz) 2 4 8 10 12 16 

Rs max (0) 500 120 SO 70 60 50 

Co (pF) 7 pF max 

Use a crystal resonator with a frequency equal to the system clock frequency (0). 

Notes on Board Design: When a crystal resonator is connected, the following points should be 
noted: 

Other signal lines should be routed away from the oscillator circuit to prevent induction from 
interfering with correct oscillation. See figure 18-4. 

When the board is designed, the crystal resonator and its load capacitors should be placed as close 
as possible to the XTAL and EXTAL pins . 

Avoid .. Signal A Signal B 

C l2 HS13042 Series 

-rlT I: 
Js 

XTAL 

I: T EXTAL 
-rlT 

Cl1 

Figure 18-4 Example of Incorrect Board Design 
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18.2.2 External Clock Input 

Circuit Configuration: An external clock signal can be input as shown in the examples in 
figure 18-5. In example b, the clock should be held high in standby mode. 

If the XTAL pin is left open, the stray capacitance should not exceed 10 pF. 

EXTAl JLJlJL External clock input 

XTAl Open 

a. XT Al pin left open 

EXTAl JLJlJL External clock input 

XTAl 
t4HC04 

b. Complementary clock input at XTAl pin 

Figure 18-5 External Clock Input (Examples) 
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External Clock: The external clock frequency should be equal to the system clock frequency (0). 
Table 18-3 and figure 18-6 indicate the clock timing. 

Table 18-3 Clock Timing 

Vee = 
2.7 Vto 5.5 V Vee = 5.0 V± 10% 

Item Symbol Min Max Min Max Unit Test Conditions 

External clock input tEXL 40 20 ns Figure 18-6 
low pulse width 

External clock input tEXH 40 20 ns 
high pulse width 

External clock rise tEXr 10 5 ns 
time 

External clock fall tEXt 10 5 ns 
time 

Clock low pulse tel 0.4 0.6 0.4 0.6 tcye ,,~5 MHz Figure 
width 80 80 ns ,,<5 MHz 20-4 

Clock high pulse tCH 0.4 0.6 0.4 0.6 tcye ,,~5 MHz 
width 80 80 ns ,,<5 MHz 

/ 
VccxO.5 

EXTAL 

/ 

Figure 18-6 External Clock Input Timing 
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18.3 Duty Adjustment Circuit 

When the oscillator frequency is 5 MHz or higher. the duty adjustment circuit adjusts the duty 
cycle of the clock signal from the oscillator to generate the system clock (0). 

18.4 Prescalers 

The prescalers divide the system clock (0) to generate internal clocks (0(2 to 0/4096). 
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Section 19 Power-Down State 

19.1 Overview 

The H8{3042 Series has a power-down state that greatly reduces power consumption by halting 
CPU functions. The power-down state includes the following three modes: 

Sleep mode 
• Software standby mode 

Hardware standby mode 

Table 19-1 indicates the methods of entering and exiting these power-down modes and the status 
of the CPU and on<hip supporting modules in each mode. 

Table 19-1 Power-Down State 

Entering 
Mode Conditions Clock 

Sleep SLEE P instruc- Active 
mode lion executed 

while SSBY = 0 
inSYSCR 

Software SLEE P instruc- Halted 
standby lion executed 
mode while SSBY _ 1 

inSYSCR 

State 

CPU Refresh Supporting 110 
CPU Registers DMAC Controller Functions RAM Ports 

Halted Held Active Aclive Active Held Held 

Halted Held Halted Halted Halted Held Held 
and and and 
reset held" reset 

Exiting 
Conditions 

, Interrupt 
, RES 
, STBY 

Hardware Low input at Halted Halted Undeter- Halted Halted Halted 
and 
reset 

Held'2 High ' STBY 
standby STBY pin mined and and impedance 'RES 
mode reset reset 

Notes: 1. RTCNT and bits 7 and 6 of RTMCSR are initialized. Other bits and registers hold their previous states. 
2. The RAME bit must be deared to 0 in SYSCR before the transition from the program execution state to hardware 

standby mode. 
Legend 
SYSCR: System control register 
SSBY: Software standby bit 
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19.2 Register Configuration 

The internal system control register (SYSCR) controls the power-down state. Table 19-2 
summarizes this register. 

Table 19-2 Control Register 

Address· Name Abbreviation 

H'FFF2 System control register SYSCA 

Note: * Lower 16 bits of the address. 

19.2.1 System Control Register (SYSCR) 

Bit 

Initial value 

AeadIWrite 

7 

SSBY 

0 

AIW 

6 

STS2 

0 

R!W 

5 4 

STS1 STSO 

0 0 

AIW R!W 

RIW Initial Value 

RJW H'OB 

3 2 

UE I NMIEG I 
1 0 

R!W R!W 

0 

AAME 

1 

RJW 

TRAMT.b,e 
Reserved bit 

NMI edge select 

User bit enable 

Standby timer select 2 to 0 
These bits select the 
waiting time at exit from 
software standby mode 

Software standby 
Enables transition to 
software standby mode 

SYSCR is an 8-bit readable/writable register. Bit 7 (SSBy) and bits 6 to 4 (STS2 to STSO) control 
the power-down state. For information on the other SYSCR bits, see section 3.3, System Control 
Register. 
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Bit 7-Software Standby (SSBY): Enables transition to software standby mode. When software 
standby mode is exited by an external interrupt, this bit remains set to 1 after the return to normal 
opemtion. To clear this bit, write O. 

Bit 7 
SSBY Description 

o SLEEP instruction causes transition to sleep mode (Initial value) 

1 SLEEP instruction causes transition to software standby mode 

Bits it to 4--Standby Timer Select (STS2 to STSO): These bits select the length of time the CPU 
and on-chip supporting modules wait for the clock to settle when software standby mode is exited 
by an external interrupt. If the clock is generated by a crystal resonator, set these bits according to 
the clock frequency so that the waiting time will be at least 8 ms. See table 19-3. If an external 
clock is used. any setting is permitted. 

Bit 6 Bit 5 Bit 4 
STS2 STS1 STSO Description 

o o o Waiting time .. 8192 states (Initial value) 

Waiting time .. 16384 states 

o Waiting time .. 32768 states 

Waiting time. 65536 states 

o Waiting time .. 131072 states 

Illegal setting 
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19.3 Sleep Mode 

19.3.1 Transition to Sleep Mode 

When the SSBY bit is cleared to 0 in SYSCR, execution of the SLEEP instruction causes a 
transition from the program execution state to sleep mode. Immediately after executing the 
SLEEP instruction the CPU halts, but the contents of its internal registers are retained. The DMA 
controller (DMAC), refresh controller, and on-chip supporting modules do not halt in sleep mode. 

19.3.2 Exit rrom Sleep Mode 

Sleep mode is exited by an interrupt, or by input at the RES or STBY pin. 

Exit by Interrupt: An interrupt terminates sleep mode and causes a transition to the interrupt 
exception handling state. Sleep mode is not exited by an interrupt source in an on-chip supporting 
module if the interrupt is disabled in the on-chip supporting module. Sleep mode is not exited by 
an interrupt other than NMI if the interrupt is masked in the CPU. 

Exit by RES Input: Low input at the RES pin exits from sleep mode to the reset state. 

Exit by STBY Input: Low input at the STBY pin exits from sleep mode to hardware standby 
mode. 
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19.4 Software Standby Mode 

19.4.1 Transition to Software Standby Mode 

To enter software standby mode, execute the SLEEP instruction while the SSBY bit is set to 1 in 
SYSCR. 

In software standby mode, current dissipation is reduced to an extremely low level because the 
CPU, clock, and on-<:hip supporting modules all hall The DMAC and on-chip supporting 
modules are reset. As long as the specified voltage is supplied, however, CPU register contents 
and on-chip RAM data are retained. The settings of the I/O ports and refresh controller* are also 
held. 

Note: • RTCNT and bits 7 and 6 of RTMCSR are initialized. Other bits and registers hold their 
previous states. 

19.4.2 Exit from Software Standby Mode 

Software standby mode can be exited by input of an external interrupt at the NMI, IRQo, IRQ1' or 
IRQ2 pin, or by input at the RES or STBY pin. 

Exit by Interrupt: When an NMI, IRQo. IRQ1, or IRQ2 interrupt request signal is received, the 
clock oscillator begins operating. After the oscillator settling time selected by bits STS2 to STSO 
in SYSCR, stable clock signals are supplied to the entire chip, software standby mode ends, and 
interrupt exception handling begins. Software standby mode is not exited if the interrupt enable 
bits of interrupts IRQo, IRQ 1 , and IRQ2 are cleared to 0, or if these interrupts are masked in the 
CPU. 

Exit by RES Input: When the RES input goes low, the clock oscillator starts and clock pulses are 
supplied immediately to the entire chip. The RES signal must be held low long enough for the 
clock oscillator to stabilize. When RES goes high, the CPU starts reset exception handling. 

Exit by STBY Input: Low input at the STBY pin causes a transition to hardware standby mode. 
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19.4.3 Selection or Waiting Time ror Exit rrom Software Standby Mode 

Bits STS2 to STSO in SYSCR should be set as follows. 

Crystal Resonator: Set STS2 to STSO so that the waiting time (for the clock to stabilize) is at 
least 8 ms. Table 19-3 indicates the waiting times that are selected by STS2 to STSO settings at 
various system clock frequencies. 

External Clock: Any value may be seL 

Table 19-3 Clock Frequency and Waiting Time ror Clock to Settle 

Waiting 
STS2 STS1 STSO Time 16 MHZ 12 MHz 10 MHz 8 MHz 6 MHz 4 MHz 2 MHz Unit 

0 0 0 8192 0.51 0.65 0.8 1.0 1.3 2.0 4.1 ms 
states 

0 0 16384 1.0 1.3 1.6 2.0 2.7 4.1 ~ 
states 

0 1 0 32768 2.0 2.7 3.3 4.1 5.5 ~ 16.4 
states 

0 65536 4.1 5.5 6.6 ~ 110.91 16.4 32.8 
states 

0 131072 [![] 110.91 @I] 16.4 21.8 32.8 65.5 
states 

Illegal setting 

CJ: Recommended setting 
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19.4.4 Sample Application or Software Standby Mode 

Figure 19-1 shows an example in which software standby mode is entered at the fall ofNMI and 
exited at the rise of NMI. 

With the NMI edge select bit (NMIEG) cleared to 0 in SYSCR (selecting the falling edge), an 
NMI interrupt occurs. Next the NMIEG bit is set to 1 (selecting the rising edge) and the SSBY bit 
is set to 1; then the SLEEP instruction is executed to enter software standby mode. 

Software standby mode is exited at the next rising edge of the NMI signal. 

Clock 
oscillator 

" 
NMI 

NMIEG 

SSBY 

19.4.5 Note 

~II~III~II~III~III~II~III~III~~\\~--~~~I~III~II~III~III~III~II~III~II 

t ~ ____________________ ~\\~ __________ ~J 
~------~\'~j-----------------------------

~------~\~\-----------------------------

: . a:. 
NMI interrupt I Software standby 
handler mode (power-
NMIEG '" 1 down state) 
SSBY = 1 

SLEEP 
instruction 

Oscillator 
settling time 
(t0sc2) 

. . . :-
NMI exception 
handling 

Figure 19-1 NMI Timing ror Software Standby Mode (Example) 

The I/O ports retain their existing states in software standby mode. If a port is in the high output 
state, its output current is not reduced. 
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19.5 Hardware Standby Mode 

19.5.1 Transition to Hardware Standby Mode 

Regardless of its current state, the chip enters hardware standby mode whenever the STBY pin 
goes low. Hardware standby mode reduces power consumption drastically by halting all functions 
of the CPU, DMAC, refresh controller, and on-chip supporting modules. All modules are reset 
except the on-chip RAM. As long as the specified voltage is supplied, on-chip RAM data is 
retained. I/O ports are placed in the high-impedance state. 

Clear the RAME bit to 0 in SYSCR before STBY goes low to retain on-chip RAM data. 

The inputs at the mode pins (MD2 to MOO) should not be changed during hardware standby 
mode. 

19.5.2 Exit from Hardware Standby Mode 

Hardware standby mode is exited by inputs at the STBY and RES pins. While RES is low, when 
STBY goes high, the clock oscillator starts running. RES should be held low long enough for the 
clock oscillator to settle. When RES goes high, reset exception handling begins, followed by a 
transition to the program execution state. 

19.5.3 Timing for Hardware Standby Mode 

Figure 19-2 shows the timing relationships for hardware standby mode. To enter hardware standby 
mode, fIrst drive RES low, then drive STBY low. To exit hardware standby mode, frrst drive 
STB Y high, wait for the clock to settle, then bring RES from low to high. 

Clock 
oscillator ~11~111~111~1"~I"~I--~~~s ____ Aill~I~III~III~11 

I~--------~~~s----------~ 
L-------s,'j~S ---I! . '. .., 

• Oscillator • 
settling time I .. 

Reset 
exception 
handling 

Figure 19-2 Hardware Standby Mode Timing 
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Section 20 Electrical Characteristics 

20.1 Absolute Maximum Ratings 

Table 20-1 lists the absolute maximum ratings. 

Table 20-1 Absolute Maximum Ratings 

-Preliminary-

Item Symbol Value UnIt 

Power supply voltage Vee -0.3 to +7.0 V 

Programming voltage Vpp -0.3 to +13.5 

Input voltage (except port 7) VIN -0.3 to Vee +0.3 

V !E 
V 

Input voltage (port 7) VIN -0.3 to AVee +0.3 V 

Reference voltage VREF -0.3 to AVee +0.3 V 

Analog power supply voltage AVee -0.3 to +7.0 V 

Analog input voltage VAN -0.3 to AVee +0.3 V 

Operating temperature ToP!' Regular specifications: -20 to +75 °C 

Wide-range specifications: -40 to +85 °C 

Storage temperature Ts1g -55 to +125 °C 

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded. 
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20.2 Electrical Characteristics 

20.2.1 DC Characteristics 

Table 2O-2lists the DC characteristics. Table 20-3 lists the permissible output currents. 

Table 20-2 DC Characteristics 

Conditions: Vec = 5.0 V ± 10%, AVec = 5.0 V± 10%, VREF =4.5 Vto AVec, 
V ss = AV ss = 0 V*. T. = -200C to + 75°C (regular specifications). 
T. = -40°C to +85OC (wide-range specifications) 

Item Symbol Min Typ Max Unit Test Conditions 

Schmitt Port A, VT- 1.0 V 
trigger input 

P8o to P82, VT+ Vee xO•7 V 
voltages 

PBo to PB3 VT+-VT- 0.4 V 

Input high RES, STBY, V1H Vee- 0.7 - Vec+ 0.3 V 
voltage NMI, M02 to 

MOo 

EXTAL Vce xO•7 - Vee+0.3 V 

Port 7 2.0 AVee +0.3V 

Ports 1, 2, 3, 2.0 Vec+ 0.3 V 
4,5,6,9, 
P83, P84, 

PB4 to PB7 

Input low RES, STBY, V1l -0.3 0.5 V 
voltage M02 to MOo 

NMI, EXTAL, -0.3 0.8 V 
ports 1, 2, 3, 
4,5,6,7,9, 
P83, P84, 

PB4 to PB7 

Output high All output pins VOH Vee- O•S - V IQH - -200 J1A 
voltage 

3.5 V 1QH--1 mA 

Note: • H the AID and O/A converters are not used, do not leave the AVec, AVss, and VREF pins 
open. Conned AVee and VREF to Vee, and conned AVss to Vss. 
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Table 20-2 DC Characteristics (cont) 

Conditions: Vee = 5.0 V ± 10%, AVec = 5.0 V ± 10%, VREF = 4.5 V to AVee, 
V ss= AV ss = 0 V·I, T. = -20°C to + 75°C (regular specifications), 
T. = -40°C to +85OC (wide-range specifications) 

Item Symbol Min 

Output low 
voltage 

All output pins VOL 
(except REOO) 
Ports 1, 2, 
5, and B 

Input leakage STBY, NMI, IIINI 
current RES, 

Three-state 
leakage 
current 
(off state) 

MD2to MDo 

Port 7 

Ports 1, 2, 
3,4,5,6, 
8to B 

Input pull-up Ports 2, -Ip 
current 4, and 5 

Input NMI CIN 

50 

Typ Max 
0.4 

1.0 

0.4 
1.0 

1.0 

1.0 

10.0 

300 

Unit Test Conditions 

VIOL = 1.6 rnA 

V 101.. -10 rnA 

V lot. = 2.6 rnA 

~ VIN - 0.5 to 
Vee-0.5 V 

~ VIN =0.5to 
AVee -0.5 V 

VIN = 0.5 to 
Vee- 0.5V 

VIN .. 0.5 to 
Vee-0.5 V 

50 pF VIN .. 0 V 
capacitance All input pins 

except NMI 

-------1-5-- f = 1 MHz 

Ta = 25°C 

Current Normal Icc 
dissipation*2 operation 

Sleep mode 

Standby 
mode*3 

35 

40 

50 

25 
30 

35 

0.01 

55 rnA f = 10 MHz 

65 rnA f .. 12 MHz 

80 rnA f = 16 MHz 

40 rnA f = 10 MHz 

45 rnA f = 12 MHz 

60 rnA f = 16 MHz 

Notes: 1. If the AID and D/A converters are not used, do not leave the AVec, AVss, and VREF pins 
open. Connect AVec and VREF to Vee, and connect AVss to Vss. 

2. Current dissipation values are for VIHmin = Vee - 0.5V and VILmax = 0.5 V with all output 
pins unloaded and the on-chip pull-up transistors in the off state. 

3. The values are for VRAM S Vee < 4.5 V, VIHmin = Vee x 0.9, and VILmax = 0.3 V. 
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Table 20-2 DC Characteristics (cont) 

Conditions: Vec= 5.0 V± 10%, AVec = 5.0 V± 10%, VREF =4.5 V to AVec, 
Vss = AVss = 0 V-I, T. = -20°C to +75°C (regular specifications), 
T. = -40°C to +85°C (wide-range specifications) 

Item Symbol 

Analog power During AID Alee 
supply current conversion 

Reference 
current 

During AID 
and D/A 
conversion 

Idle 

During AID Alee 
conversion 

During AID 
and D/A 
conversion 

Idle 

RAM standby voltage 

Min 

2.0 

Typ Max Unit Test Conditions 

1.2 2.0 mA 

2.0 5.0 mA 

0.01 5.0 

0.2 0.5 mA VREF .. 5.0 V 

0.5 1.0 mA 

0.01 5.0 

V 

Notes: 1. If the AID and D/A converters are not used. do not leave the AVec. AVss• and VREF pins 
open. Connect AVec and VREF to Vec. and connect AVss to Vss. 

2. Current dissipation values are for VIHmin - Vee - 0.5 V and V1lmax = 0.5 V with all output 
pins unloaded and the on-chip pull·up transistors in the off state. 

3. The values are for VRAM < Vce < 4.5 V. V1Hmin = Vee x 0.9. and V1lmax ... 0.3 V. 
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Table 20-2 DC Characteristics (cont) 

Conditions: Vee =2.7 V to 5.5 V. AVec = 2.7 V to 5.5 V. VREF= 2.7 V to AVec. 
V ss = AV ss = 0 V* • T. = -20°C to + 75°C (regular specifications). 
T. = -40°C to +85°C (wide-range specifications) 

Item Symbol Min lYP Max Unit Test Conditions 

Schmitt Port A. VT- Vee x 0.2 V 
trigger input PSoto PS2, 

VT+ Vee xO.7 V voltages PBo to PB3 
VT+- VT- Vee x 0.07 - V 

Input high RES, STBY, VIH Vee xO.9 - Vee + 0.3 V 
voltage NMI, MD2 to 

MOo 

EXTAL Vee xO.7 Vee + 0.3 V 

Port 7 Vee x 0.7 AVee + 0.3 V 

Ports 1, 2, 3,4, Vee x 0.7 Vee + 0.3 V 
5,6,9, PS3, 

PS4, PB4 to PB7 

Input low RES, STBY, VIL -0.3 Vee x 0.1 V 
voltage MD2 to MOo 

NMI, EXTAL, -0.3 Vee xO.2 V Vee <4.0 V 
ports 1, 2, 3, 
4,5,6,7,9, 
PS3, PS4 O.S V Vee" PB4 to PB7 4.0 Vto 5.5 V 

Output high All output pins VOH Vee - 0.5 V IOH = -200 IlA 
voltage 

Vee -1.0 V IOH --1 mA 

Output low All output pins VOL 0.4 V 101.. = 1.6 mA 
voltage (except RESO) 

Ports 1, 2, 1.0 V Vee s 4 V 
5, and B IbL =S mA, 

4 V < Vee S 5.5 V 
101.." 10 mA 

RESO 0.4 V 101.. .. 2.6 mA 

Input leakage STBY, NMI, IIINI 1.0 IlA VIN ... 0.5 to 
current RES, Vee- 0.5 V 

MD2 to MOo 

Port 7 1.0 IlA VIN .. 0.5 to 
AVee-0.5 V 

Note: ... If the AID aFld D/A converters are not used, do not leave the AVec, AVss, and VREF 
pins open. Connect AVee and VREF to Vee, and connect AVss to Vss. 
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Table 20-2 DC Characteristics (coot) 

Conditions: Vee = 2.7 V tD S.S V,AVee = 2.7 V tDS.5 V, VREF=2.7 V to AVec, 
Vss = AVss = 0 V·I, T. =-20°C tD +7SoC (regular specifications), 
T. = -40°C tD +8SoC (wide-range specifications) 

Item 

Three-state 
leakage 
current 
(off state) 

Ports 1,2, 
3,4,5,6, 
Sto B 

Input pull-up Ports 2, 
current 4, and 5 

Symbol 

-Ip 

Input NMI CIN 
capacitance All input pins 

except NMI 

Current Normal 
dissipation·2 operation 

Analog 
power 
supply 
current 

Sleep mode 

Standby 
mode·3 

During AID 
conversion 

During AID 
and D/A 
conversion 

Idle 

Alec 

Min 

10 

30 
(5.0 V) 

20 
(5.0 V) 

0.01 

1.0 

1.2 

1.S 

2.0 

0.01 

Max 
1.0 

10.0 

300 

50 

15 

36.2 
(5.5 V) 

27.4 
(5.5 V) 

5.0 

20.0 

2.0 

4.0 

5.0 

Unit Test Conditions 

~ V1N -0.5to 
Vee-0.5 V 

~ V1N ",0.5to 
Vee-0.5 V 

~ Vee'" 2.7Vto 
S.SV. 

pF 

mA 

mA 

V1N -OV 

V1N-OV 
f=1MHz 
Ta- 25°C 

f - S MHz 

f ... S MHz 

mA AVee ... 3.0 V 

mA AVee ... 5.0 V 

mA AVee ... 3.0 V 

mA AVee = 5.0 V 

Notes: 1. If the AID and D/A converters are not used, do not leave the AVee• AVss. and VREF pins 
open. Connect AVec and VREF to Vee, and connect AVss to Vss. 

2. Current dissipation values are for VIHmin - Vee - 0.5 V and V1Lmax - 0.5 V with all output 
pins unloaded and the on-chip pull-up transistors in the off state. 

3. The values are for VRAM S Vee < 2.7 V. VIHmin'" Vee x 0.9. and Vilmax = 0.3 V. 
4. Icc depends on Vee and f as follows: 

Icemax" 1.0 (mA) + O.S (mAIMHz' V) x Vee x f [normal mode] 
Icemax - 1.0 (mA) + 0.6 (mAIMHz' V) x Vee x f [sleep mode] 
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Table 20-2 DC Characteristics (cont) 

Conditions: Vee = 2.7 V to 5.5 V, AVec = 2.7 V to 5.5 V, VREF = 2.7 V to AVec, 
Vss = AVss = 0 V*, T. =-20°C to +75°C (regular specifications), 
T. = -40°C to +85°C (wide-range specifications) 

Item Symbol Min lYP Max Unit Test Conditions 

Reference During AID Alec 0.1 0.2 mA VREF = 3.0 V 
current conversion 

0.2 mA VREF -5.0 V 

During AID 0.2 0.4 mA VREF -3.0 V 
and D/A 

0.5 mA VREF = 5.0 V conversion 

Idle 0.01 5.0 ~ 

RAM standby voltage VRAM 2.0 V 

Note: • If the AID and D/A converters are not used, do not leave the AVec. AVss• and VREF 
pins open. Connect AVec and VREF to Vee. and connect AVss to Vss. 

Table 20-3 Permissible Output Currents 

Conditions: Vee = 2.7 V to 5.5 V, AVec = 2.7 V to 5.5 V, VREF = 2.7 V to AVec, 
Vss = AVss = 0 V, T. = -20°C to +75°C (regular specifications), 
T. = -40°C to +85°C (wide-range specifications) 

Item Symbol Min Typ 

Permissible output Ports 1. 2. 5. and B lot. 
low current (per pin) 

Other output pins 

Permissible output Total of 28 pins in IIoL 
low current (total) ports 1. 2, 5. and B 

Total of all output pins. 
including the above 

Permissible output All output piris IOH 
high current (per pin) 

Permissible output Total of all output pins IICH 
high current (total) 

Max 

10 

2.0 

80 

120 

2.0 

40 

Notes: 1. To protect chip reliability. do not exceed the output current values in table 20-3. 

Unit 

mA 

mA 

mA 

mA 

mA 

mA 

2. When driving a darlington pair or LED. always insert a current-limiting resistor in the 
output line. as shown in figures 20-1 and 20-2. 
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H813042 
Series 

Port 

Darlington pair 

, , , , , , , , 
~--------------- --

Figure 20-1 Darlington Pair Drive Circuit (Example) 

HB13042 
Series 

Ports 1, 2, 5, 
and B :z 600n 

",< 

11 L ..... 
~1""111111 

LED 

Figure 20-2 LED Drive Circuit (Example) 
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20.2.2 AC Characteristics 

Bus timing parameters are listed in table 20-4. Refresh controller bus timing parameters are listed 
in table 20-5. Control signal timing parameters are listed in table 20-6. Timing parameters of the 
on-chip supporting modules are listed in table 20-7. 

Table 20-4 Bus Timing (1) 

Condition A: Vec = 2.7 Vto 5.5 V, AVec = 2.7 V to 5.5 V, VREF = 2.7 V to AVec, 
Vss = AVec=O V,~ =2 MHz to 8 MHz. T. =-20°C to +75°C (regular 
specifications), T. = -4Q°C to +85°C (wide-range specifications) 

Condition B: Vee = 5.0 V ± 10%, AVec = 5.0 V ± 10%. VREF = 4.5 V to AVee• 
Vss = AVss = 0 V. ~= 2 MHz to 16 MHz. T. =-20°C to+7SOC (regular 
specifications), T. = -4Q°C to +85°C (wide-range specifications) 

CondilionA Condition B 

8MHz 10MHz 12 MHz 16 MHz Tesl 
Ilem Symbol Min Max Min Max Min Max Min Max Unit Condilions 

Clock cycle time tevc 125 500 100 SOO 83.3 500 62.5 500 ns Figure 20-4, 

Clock rise time teR 20 10 10 10 Figure 20-5 

Clock fall time teF 20 10 10 10 

Address delay time tAO 60 40 35 30 

Address hold lime tAH 25 20 15 10 

Address strobe delay tASO 60 40 35 30 
time 

Write strobe delay time twso 60 40 35 30 

Strobe delay time tso 60 40 35 30 

Write data strobe pulse tWSWt* 85 70 55 35 
width 1 

Write data strobe pulse tWSW2* 1SO 120 95 65 
width 2 

Address setup time 1 tASt 20 15 10 10 

Address setup lime 2 tAS2 80 65 SO 40 

Read data setup time tROS 50 20 20 20 

Read data hold time tROH 0 0 0 0 
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Table 20-4 Bus Timing (cont) 

Condition A: Vee = 2.7 Vto5.5 V. AVec =2.7 V to 5.5 V. VREF = 2;7 V to AVec. 
Vss = AVss =0 V. 1&=:2 MHz to8 MHz. T. =-20°C to +75OC (regular 
specifications). T. = -40°C to +85°C (wide-range specifications) 

Condition B: Vee = 5.0 V± 10%.AVec=5.0V± 10%. VREF=4.5 V to AVee. 
V ss = AV ss = 0 V. 1& = 2 MHz to 16 MHz. T. = -20OC to + 75°C (regular 
specifications). T. = -40°C to +85°C (wide-range specifications) 

Condition A Condition B 

8 MHz 10 MHz 12 MHz 16 MHz Test 
Item Symbol Min Max Min Max Min Max Min Max Unit Conditions 

Write data delay lime twoo 75 65 60 60 ns Figure 20-4. 

Write data setup lime 1 tWOSt 90 75 60 35 Figure 20-5 

Write data setup lime 2 tWOS2 15 10 10 5 

Write data holcllime tWOH 25 20 20 20 

Read data access tACCt* 110 100 80 55 
time 1 

Read data access tACC2* 230 200 160 115 
time 2 

Read data access tACC3* 55 50 40 25 
time 3 

Read data access tACC4* 160 150 120 85 
time 4 

Precharge time tPCH* 85 70 55 40 

Wait setup time twrs 40 35 25 25 ns Figure 20-6 

Wait hold time tWTH 10 10 5 5 

Bus request setup ime tBROS 40 40 40 40 ns Figure 20-18 

Bus acknowledge taAcOt 60 50 40 30 
delay time 1 

Bus acknowledge tBAC02 60 50 40 30 
delay time 2 

Bus-floating time tBZO 70 60 50 40 

Note is on next page. 
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Note: At 8 MHz. the times below depend as indicated on the clock cycle time. 
tACC1 == 1.5 x lc:ye - 78 (ns) tWSW1 - 1.0 x lc:ye - 40 (ns) 
tACC2 .. 2.5 x lc:ye - 83 (ns) tWSW2 - 1.5 x tcye - 38 (ns) 
tACC3 - 1.0 x lc:yc - 70 (ns) tPCH - 1.0 x lc:ye - 40 (ns) 
tACC4 - 2.0 x lc:ye - 90 (ns) 

At 10 MHz. the times below depend as indicated on the clock cycle time. 
tACC1 - 1.5 x lc:yc - 50 (ns) tWSW1 - 1.0 x lc:ye - 30 (ns) 
tACC2 .. 2.5 x lc:yc - 50 (ns) tWSW2 - 1.5 x tcye - 30 (ns) 
tACC3" 1.0 x lc:yc - 50 (ns) tPCH - 1.0 x lc:ye - 30 (ns) 
tACC4 .. 2.0 x lc:yc - 50 (ns) 

At 12 MHz. the times below depend as indicated on the clock cycle time. 
tACC1 - 1.5 x lc:yc - 45 (ns) tWSW1 - 1.0 x tcye - 28 (ns) 
tACC2 = 2.5 x lc:ye - 48 (ns) tWSW2" 1.5 x tcye - 30 (ns) 
tACC3 .. 1.0 x lc:ye - 43 (ns) tpCH" 1.0 x lc:ye - 28 (ns) 
tACC4 - 2.0 x lc:ye - 47 (ns) 

At 16 MHz. the times below depend as indicated on the clock cycle time. 
tACC1 .. 1.5 x lc:ye - 39 (ns) tWSW1 == 1.0 x tcye - 28 (ns) 
tACC2" 2.5 x lc:ye - 41 (ns) twsw2 = 1.5 x tcye - 28 (ns) 
tACC3 .. 1.0 x lc:ye - 38 (ns) tpCH .. 1.0 x lc:ye - 23 (ns) 
tACC4 = 2.0 x lc:ye - 40 (ns) 
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Table 20-5 Rerresh Controller Bus Timing 

Condition A: Vee = 2.7 V to 5.5 V. AVec = 2.7 V to 5.5 V. VREF= 2.7 V to AVec. 
V ss = AV ss = 0 V. ~ = 2 MHz to 8 MHz. T. = -20°C to + 7SOC (regular 
specifications). T. = -40°C to +8SoC (wide-range specifications) 

ConditionB: Vee = S.OV± 10%. AVec = S.OV± 10%. VREF=4.SV to AVec. 
Vss = AVss = 0 V. ~ = 2 MHz to 16 MHz. T. = -20OC to +7SOC (regular 
specifications). T. = -40°C to +8SoC (wide-range specifications) 

Condition A Condition B 

8 MHz 10 MHz 12 MHz 16 MHz Test 
Item Symbol Min Max Min Max Min Max Min Max Unit Conditions 

RAS delay time 1 tRAOl 60 30 30 30 ns Figure 21)-7 

RAS delay time 2 tRA02 60 30 30 30 to 
Figure 21)-13 

RAS delay time 3 tRA03 60 30 30 30 

Row address hold time· tRAH 25 20 15 15 

RAS precharge time· tRP 85 70 55 40 

CAS to RAS precharge teRP 85 70 55 40 
time· 

CAS pulse width teAS 110 40 40 40 

RAS access time· tRAe 160 150 121) 85 

Address access time tAA 105 55 55 55 

CAS access time· teAe 50 50 40 25 

Write data setup time 3 tWOS3 75 40 40 40 

CAS setup time· teSR 20 15 15 15 

Read strobe delay time tRSD 60 30 30 30 

Note: At 8 MHz. the times below depend as indicated on the clock cycle time. 
tRAH = 0.5 x tcyc - 38 (ns) tCAC ... 1.0 x tqc - 75 (ns) 
tRAC ... 2.0 x tcyc - 90 (ns) tCSR .. 0.5 x tcyc - 43 (ns) 
tRP ... tcRP = 1.0 x tcyc - 40 (ns) 

At 10 MHz. the times below depend as indicated on the clock cycle time. 
tRAH ... 0.5 x tcyc - 30 (ns) tcAC'" 1.0 x tqc - 50 (ns) 
tRAC ... 2.0 x tcyc - 50 (ns) tCSR .. 0.5 x tcyc - 35 (ns) 
tRP - tcRP • 1.0 x tqc - 30 (ns) 

At 12 MHz. the times below depend as indicated on the clock cycle time. 
tRAH" 0.5 x tcyc - 27 (ns) tCAC .. 1.0 x tqc - 43 (ns) 
tRAC .. 2.0 x tcyc - 47 (ns) tcsR ... 0.5 x tcyc - 27 (ns) 
tRP .. tcRP = 1.0 x tcyc - 28 (ns) 

At 16 MHz. the times below depend as indicated on the clock cycle time. 
tRAH .. 0.5 x tcyc - 16 (ns) 
tRAC ... 2.0 x tcyc - 40 (ns) 

tcAC - 1.0 x tqc - 38 (ns) 
tcSR'" 0.5 xtqc-16 (ns) 

tRP - tcRP" 1.0 x tcyc - 23 (ns) 
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Table 20-6 Control Signal Timing 

Condition A: Vcc = 2.7 V to 5.5 V, AVcc= 2.7 V to 5.5 V, VREF = 2.7 V to AVcc, 
V 55 = AV 55 = 0 V, ~ = 2 MHz to 8 MHz, T. = -20°C to + 75°C (regular 
specifications), T. = -40°C to +8SOC (wide-range specifications) 

Condition B: V cc = 5.0 V ± 10%, AV cc = 5.0 V ± 10%, VREF = 4.5 V to AV cc, 
V ss = AV 55 = 0 V, ~ = 2 MHz to 16 MHz, T. = -20°C to + 75°C (regular 
specifications), T. = -40°C to +8SoC (wide-range specifications) 

Item 

RES setup time 

RES pulse width 

RESO output delay 
time 

RESO output pulse 
width 

NMI setup time __ 
(NMI. IROs to IROo) 

Condition A Condition B 

8 MHz 10 MHz 12 MHz 16 MHz Test 
Symbol Min Max Min Max Min Max Min Max Unit Condition. 

~ESS 200 200 200 200 ns Figure 20-15 

~ESW 10 10 10 10 tcvc 

~ESD 100 100 100 100 ns Figure 20-16 

~ESOW 132 132 132 132 tcvc 

~MIS 150 150 150 150 ns Figure 20-17 

NMI hold time ~MIH 10 10 10 10 
(NMI. IROs to IROo) 

Interru~lse width ~MIW 200 200 200 200 
(NMI. IR02 to IROo 
when exiting software 
standby mode) 

Clock oscillator settling toSCl 20 20 20 20 ms Figure 20-19 
time at reset (crystal) 

Clock oscillator settling toSC2 8 8 8 8 ms Figure 19-1 
time in software standby 
(crystal) 
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Table 20-7 Timing or On-Chip Supporting Modules 

Condition A: Vee = 2.7 V to 5.5 V, AVec = 27 V to 5.5 V, VREF = 2.7 V to AVec, 
Vss = AVss = 0 V, 0=2MHz to8 MHz, T. =-20°C to +75OC (regular 
specifications), T. = -40°C to +85°C (wide-range specifications) 

Condition B: Vee=5.0V± IO%,AVec =5.0V± 10%, VREF =4.5VtoAVec, 
Vss = AVss =OV, 0 =2 MHz to 16 MHz, T. =-20OC to+75OC (regular 
specifications), T. = -40°C to +85°C (wide-range specifications) 

Condition A Condition B 

8 MHz 10 MHz 1211Hz 16 MHz Test 
Item Symbol Min Max Min Max Min Max Min Max Unit Condilions 

DMAC DREQsetup toRaS 40 30 30 30 ns Figure 20-27 
time 

DREQhold toRCH 10 10 10 10 
time 

TEND delay tTED1 100 50 50 50 Figure 20-25, 
time 1 Figure 20-26 

TEND delay tTED2 100 50 50 50 
time 2 

ITU limer output tTOCD 100 100 100 100 ns Figure 20-21 
delay time 

limerinput tTICS 50 50 50 50 
setup time 

limerclock tTCKS 50 50 50 50 Figure 20-22 
input setup time 

limer Single tTcKWH 1.5 1.5 1.5 1.5 tcyC 
clock edge 
pulse Both tTCKWl. 2.5 2.5 2.5 2.5 width 

edges 

SCI Input Asyn- tscyC 4 4 4 4 tcvc Figure 20-23 
clock chronous 
cycle Syn- tSCYC 6 6 6 6 

chronous 

Input clock rise tSCKr 1.5 1.5 1.5 1.5 tSCYC 
time 

Input clock fall tscKf 1.5 1.5 1.5 1.5 
time 

Input clock tscKW 0.4 0.6 0.4 0.6 0.4 0.6 0.4 0.6 
pulse width 
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Table 20-' Timing or On-Chip Supporting Modules (cont) 

Condition A: Vec = 2.7 V to 5.5 V, AVec = 2.7 V to 5.5 V, VREF= 2.7 V to AVec, 
Vss = AVss = 0 V, ~ = 2 MHz to 8 MHz, T. = -20°C to +75°C (regular 
specifications), T. = -400C to +85°C (wide-range specifications) 

Condition B: Vec = 5.0 V ± 10%, AVec = 5.0 V ± 10%, VREF = 4.5 V to AVec, 
Vss = AVss = 0 V, ~ = 2 MHz to 16 MHz, T. = -20°C to +7SoC (regular 
specifications), T. = -400C to +85°C (wide-range specifications) 
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20.2.3 AID Conversion Characteristics 

Table 20-8 lists the AID conversion characteristics. 

Table 20-8 AID Converter Characteristics 

Condition A: Vec = 2.7 V to 5.5 V, AVec =2.7 V to 5.5 V, VREF = 2.7 V to AVec, 
Vss = AVss =OV, III = 2 MHz to8 MHz, T. =-20OC to+75OC (regular 
specifications), T. = -40°C to +85°C (wide-range specifications) 

Condition B: Vec =5.0 V± 10%, AVec = 5.0V ± 10%, VREF = 4.5 V to AVec, 
Vss = AVss = OV, III = 2 MHz to 16 MHz, T. =-2OOC to+75°C (regular· 
specifications), T. = -40°C to +85°C (wide-range specifications) 

Condition A Condition B 

8 MHz 10 MHz 12 MHz 16 MHz 

Item Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

Resolution 10 10 10 10 10 10 10 10 10 10 10 10 

Conversion time 1608 1304 1102 804 

Analog input 20 20 20 20 
capacitance 

Permissible signal- 10.1 10 10 10·3 
source impedance S"2 S"4 

Nonlinearity error ±S00 ±300 ±300 ±300 

Offset error ±400 ±200 ±200 ±200 

Full-scale error ±400 ±200 ±200 ±200 

Quantization error ±CoS ±OoS ±CoS ±OoS 

Absolute accuracy ±800 ±400 ±400 ±400 

Notes: 1. The value is for 400 S AVec S 50S. 
2. The value is for 2.7 S AVec S 4.0. 
3. The value is for 13 S 12 MHz. 
4. The value is for 13 > 12 MHz. 
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JIB 
pF 

kn 

LSB 

LSB 

LSB 

LSB 
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20.2.4 D/A Conversion Characteristics 

Table 20-9 lists the D/A conversion characteristics. 

Table 20-9 DI A Converter Characteristics 

Condition A: Vec =2.7 V to 5.5 V, AVec = 2.7 V to 5.5 V, VREF =2.7 V to AVec, 
Vss= AVss =OV,0=2MHz to8 MHz, T. =-20·C to+7S·C 
(regular specifications), T. = -40·C to +8S·C (wide-range specifications) 

Condition B: Vec= S.OV± 10%,AVec= S.OV± 10%, VREF=4.SV to AVec, 
Vss = AVss = 0 V, 0= 2 MHz to 16 MHz, T. =-20·C to +7S·C 
(regular specifications), T. = -40·C to +8S·C (wide-range specifications) 

Condition A Condition B 

8 MHz 10 MHz 12 MHz 16 MHz Test 
Item Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit Conditions 

Resolution 8 8 8 8 8 8 8 8 8 8 8 8 Bits 

Conversion 10 10 10 10 v.S 2O-pF capaci-
time tive load 

Absolute ±2.0 ±3.0 ±1.0 ±1.5 ±1.0 ±1.5 ±1.0 ±1.5 LSB 2-Mn 
accuracy resistive load 

±2.0 ±1.0 ±1.0 ±1.0 LSB 4-Mn 
resistive load 
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20.3 Operational Timing 

This section shows timing diagrams. 

20.3.1 Bus Timing 

Bus timing is shown as follows: 

• Basic bus cycle: two-state access 

Figure 20-4 shows the timing of the external two-state access cycle. 

• Basic bus cycle: three-state access 

Figure 20-5 shows the timing of the external three-state access cycle. 

• Basic bus cycle: three-state access with one wait state 

Figure 20-6 shows the timing of the external three-state access cycle with one wait state 
inserted. 
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Figure 20-4 Basic Bus Cycle: Two-State Access 
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Figure 20-5 Basic Bus Cycle: Three-State Access 
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Figure 20-6 Basic Bus Cycle: Three-State Access with One Wait State 
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20.3.2 Refresh Controller Bus Timing 

Refresh controller bus timing is shown as follows: 

• DRAM bus timing 

Figures 20-7 to 20-12 show the DRAM bus timing in each operating mode. 

• PSRAM bus timing 

Figures 20-13 and 20-14 show the pseudo-static RAM bus timing in each operating mode. 

-, -, 
I I 

" J tAD 
'\ / '\ ~ 

tAD .. .. 
~ ~ - . 

RO(CAS) 

HWR(UW) 
LWR (LW) 
(read) 

HWR(UW) 
LWR(LW) 
(write) 

0 15 to Do 
(read) 

015 to Do 
(write) 

, 

, 

\w)1-
"j- ~~H ~~ 

~ ..r A tRP 

tASO 
I 

~ 
teAS 

!so J 

tAS1 
;;r 

teRP ~ L 

tRAe - I-- tASD 
tso 

tAA 

'\ ~ V ~ 

~ - tROH 
". 
#-

twOS3 

I 
#-
'It. 

Figure 20-7 DRAM Bus luning (Read/Write): Three-State Access 
-2WEMode-
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T, 

" 
Ag to A, 

tso . . . 
. . . 

,---------

,---------

HWR(U~, ____________ ~~ ________________ +-__________ ~ ____ __ 
~~ , 

" 

W-02 

Figure 20-8 DRAM Bus Timing (Refresh Cycle): Three-State Access 
-2WEMode-

Figure 20-9 DRAM Bus Timing (Self-Refresh Mode) 
-2WEMode-
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RD(WE) 
(read) 
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(write) 
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Figure 20-10 DRAM Bus Timing (ReadlWrite): Three-State Access 
-2CASMode-
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Figure 20-11 DRAM Bus Timing (Refresh Cycle): Three-State Access 
-2CASMode-
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Figure 20-12 DRAM Bus Timing (Self-Refresh Mode) 
-2CASMode-
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Figure 20-13 PSRAM Bus Timing (ReadlWrite): Three-State Access 
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,----------

C~,HWR, ______________ +-______________ ~ ________________ __ 
LWR,RD fAA02 fRA03 

Figure 20-14 PSRAM Bus Timing (Rerresh Cycle): Three-State Access 
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2033 Control Signal Timing 

Control signal timing is shown as follows: 

• Reset input timing 

Figme 20-15 shows the reset input timing. 

Reset output timing 

Figme 20-16 shows the reset output timing. 

• Interrupt input timing 

Figure 20-17 shows the input timing for NMI and mQ5 to lROo. 

Bus-release mode timing 

Figure 20-18 shows the bus-release mode timing. 

" 

Figure 20-15 Reset Input Timing 

" 

Figure 20-16 Reset Output Timing 
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" 

NMI 

IROE _________ J 

IRQL ________________ -J 

IROE: Edge-sensitive IRQ j 

IRQL: Level-sensitive iRQj (i = 0 to 5) 

tNMIW 

NMI -------------~--------1k----------IRQ j 
0= 0 to 2) 

Figure 20-17 Interrupt Input Timing 

" 

~ :O~' -----~~~~---'--~ ~,~~ --------------C 
HWR,LWR 

Figure 20-18 Bus-Release Mode TIming 
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20.3.4 Clock Timing 

Clock timing is shown as follows: 

Oscillator settling timing 

Figure 20-19 shows the oscillator settling timing. 

Figure 20·19 Oscillator Settling Timing 

20.3.5 TPC and 1/0 Port Timing 

TPC and I/O port timing is shown as follows. 

T, 

" 

Port 1 to B -------"""\ Ir-------.Jr-r-------------­
(read) 

IpWD 

Port1ro6. ------------------~x_---------
8roB 
(write) 

Figure 20·20 TPC and I/O Port Input/Output Timing 
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20.3.6 lTV Timing 

ITU timing is shown as follows: 

• ITU input/output timing 

Figure 20-21 shows the ITU input/output timing. 

• ITU external clock input timing 

Figure 20-22 shows the ITU external clock input timing. 

" 
Output 
compare· 1 

Input 
capture·2 

Notes: 1. TIOCAO to TIOCA4, TIOCBO to TIOCB4, TOCXA4, TOCXB4 
2. TIOCAO to TIOCA4, TIOCBO to TIOCB4 

TCLKAto 
TCLKD 

Figure 20·21 lTV Input/Output Timing 

tTCKWL tTCKWH 

Figure 20·22 lTV Clock Input Timing 
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203.7 SCI Input/Output Timing 

SCI timing is shown as follows: 

• SCI input clock timing 

Figure 20-23 shows the SCI input clock timing. 

• SCI input/output timing (synchronous mode) 

Figure 20-24 shows the SCI input/output timing in synchronous mode. 

SCKO, SCK1 

Figure 20-23 SCK Input Clock Timing 

tSCYC 

SCKO, SCK1 

TxDO, TxD1 _____ ""' Ir-----...... 
(transmit 
data) 

RxDO, RxD1 ___ ~ 
(receive 
data) 

Figure 20-24 SCI Input/Output Timing in Synchronous Mode 
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20.3.8 DMAC Timing 

DMAC timing is shown as follows. 

• DMAC TEND output timing for 2 state access 

Figure 20-25 shows the DMAC TEND output timing for 2 state access. 

• DMAC TEND output timing for 3 state access 

Figure 20-26 shows the DMAC TEND output timing for 3 state access. 

DMAC DREQ input timing 

Figure 20-27 shows DMAC DREQ input timing. 

" 

Figure 20-25 DMAC TEND Output Timing for 2 State Access 

" ~T_l _T,---2 _M_T3_~--JtTED2 

Figure 20-26 DMAC TEND Output Timing for 3 State Access 
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_'\._-~...----"--

Figure 20-27 DMAC DREQ Input Timing 
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Appendix A Instruction Set 

A.I Instruction List 

Operand Notation 

Symbol Description 

Ad General destination register 

As General source register 

An General register 

EAd General destination register (address register or 32-bit register) 

EAs General source register (address register or 32-bit register) 

ERn General register (32-bit register) 

(EAd) Destination operand 

(EAs) Source operand 

PC Program counter 

SP Stack pointer 

CCR Condition code register 

N N (negative) flag in CCA 

Z Z (zero) flag in CCR 

v V (overflow) flag in CCA 

C C (carry) flag in CCR 

disp Displacement 

-+ Transfer from the operand on the left to the operand on the right. or transition from 
the state on the left to the state on the right 

+ Addition of the operands on both sides 

Subtraction of the operand on the right from the operand on the left 

x Multiplication of the operands on both sides 

+ Division of the operand on the left by the operand on the right 

A logical AND of the operands on both sides 

v logical OR of the operands on both sides 

Exclusive logical OA of the operands on both sides 

..., NOT (logical complement) 

( ). < > Contents of operand 

Note: General registers include 8-bit registers (ROH to R7H and ROl to R7l) and 16-bit registers 
(RO to R7 and EO to E7). 
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Condition Code Notation 

Symbol Description 

Changed according to execution result 

• Undetermined (no guaranteed value) 

o Cleared to 0 

Set to 1 

Not affected by execution of the instruction 

Varies depending on conditions. described in notes 
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Table A·I Instruction Set 

1. Data transfer instructions 

AcIdreuing Mode and No. of 
Instruction Length (byt .. ) State. 01 

+ 

J 
c a: 

CD i i 1 ." -C 

~ 
III ~ 

! Condition Code ii c l'! .,; 
~ 

.,; ~ ~ 
Mnemonic 

t 
Operation S c ~ C5 J ~ I I H N Z V C 0 ." 

0 a: z c 
MaV.B 10:8. ReI B 10:8 -.RdS 2 - - t t 0 - 2 

MaV.BRs.ReI B AsS -. Rd8 2 - - t t 0 - 2 

MaV.B @ERs. ReI B @ERs-.RdS 2 - - t t 0 - 4 

MOV.B @(d:16. ERa). B @(d:16. ERs) -. Rd8 4 - - t t 0 - 6 
ReI 

MOV.B @(d:24. ERs). B @(d:24. ERa) -. Ad8 8 - - t t 0 - 10 
Rd 

MOV.B @ERs+. Ad B @EAs-.RD8 2 - - t t 0 - 6 
EAs32+1 -. EAs32 

MOV.B @aa:8. Rd B @aa:8-.Ad8 2 - - t t 0 - 4 

MOV.B@aa:16.Rd B @aa:16 -t Rd8 4 - - t t 0 - 6 

MaV.B @aa:24. Rd B @aa:24 -t Ad8 6 - - t t 0 - 8 

MOV.B As. @ERd B AsS-.@ERd 2 - - t t 0 - 4 

MOV.B As. @(d:16. B AsS -t @(d:16. EAd) 4 - - t t 0 - 6 
ERd) 

MOV.B As. @(d:24. B AsS -. @(d:24. ERd) 8 - - t t 0 - 10 
EReI) 

MaV.B As. @-ERd B ERd32-1 -. ERd32 2 - - t t 0 - 6 
AsS-t@ERd 

MaV.B Rs. @aa:8 B RSS -.@aa:8 2 - - t t 0 - 4 

MaV.B As. @aa:16 B AsS -.@aa:16 4 - - t t 0 - 6 

MOV.B Rs. @aa:24 B AsS -. @aa:24 6 - - t t 0 - 8 

MOV.W'xx:16. Ad W 'xx:16 -. Ad16 4 - - t t 0 - 4 

MaV.WAs.Rd W As16 -. Rd16 2 - - t t 0 - 2 

MOV.W @EAs. Rd W @EAs-.Rd16 2 - - t t 0 - 4 

MOV.W@(d:16.ERs). W @(d:16. ERs) -. Rd16 4 - - t t 0 - 6 
Rd 

MOV.W@(d:24. EAs). W @(d:24. ERa) -t Ad16 8 - - t t 0 - 10 
Ad 

MOV.W@ERs+. Rd W @EAs-.Rd16 2 - - t t 0 - 6 
ERs32+2 -.@ERd32 

MOV.W@aa:16. Rd W @aa:16 -. Ad16 4 - - t t 0 - 6 
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Table A-I Instruction Set (cont) 

Addressing Mod. and No. of 
Instruction Length (bytes) Stat •• ·1 

+ 
• c: 

it a: 

~ l ~ - 1 c: ~ .. f ~ 
1&1 • Condition Coda 

i ~ 1 i i E • 
Mnemonic ! Operation = c: , I I H N Z V C 15 .r; .. a: z c 
tllJV.W@aa:24. Ad W @aa:24 -+ Ad16 6 - - l l 0 - 8 

tllJV.W Rs. @ERd W Rs16-+@EAd 2 - - l l 0 - 4 

MOV.W As.@(d:16. W Rs16 -+@(d:16. EAd) 4 - - l l 0 - 6 
ERd) 

MOV.W Rs. @(d:24. W Rs16 -+ @(d:24. EAd) 8 - - l l 0 - 10 
ERd) 

tllJV.W Rs. @-EAd W ERd32-2 -+ ERd32 2 - - 1 1 0 - 6 
Rs16 -+@ERd 

tllJV.W Rs,@aa:16 W Rs16 -+ @aa:16 4 - - 1 1 0 - 6 

tllJV.W Rs. @aa:24 W Rs16 -+ @aa:24 6 - - t t 0 - 8 

tllJV.L #Xx:32. Ad L #XX:32 -+ Rd32 6 - - t t 0 - 6 

tllJV.L ERs. ERd L ERs32 -+ ERd32 2 - - t t 0 - 2 

tllJV.L @ERs. ERd L @ERs -+ ERd32 4 - - t t 0 - 8 

MOV.L @(d:16, ERs). L @(d:16.ERs) -+ ERd32 6 - - t t 0 - 10 
ERd 

MOV.L @(d:24. ERs). L @(d:24. ERs) ..... ERd32 10 - - t t 0 - 14 
ERd 

tllJV.L @ERs+, ERd L @ERs -+ ERd32 4 - - t t 0 - 10 
ERs32+4 ..... ERs32 

MOV.L@aa:16, ERd L @aa:16-+ERd32 6 - - t t 0 - 10 

MOV.L @aa:24. ERd L @aa:24 -+ ERd32 8 - - l t 0 - 12 

tllJV.L ERs. @ERd L ERs32 ..... @ERd 4 - - 1 t 0 - 8 

MOV.L ERs. @(d:16. L ERs32 -+@(d:16, EAd) 6 - - t t 0 - 10 
ERd) 

MOV.L ERs. @(d:24. L ERs32 ..... @(d:24, ERd) 10 - - t t 0 - 14 
ERd) 

MOV.L ERs. @-ERd L ERd32-4 ..... EAd32 4 - - t t 0 - 10 
ERs32 ..... @ERd 

tllJV.L ERs. @aa:16 L ERs32 ..... @aa:16 6 - - t t 0 - 10 

tllJV.L ERs. @aa:24 L ERs32 -+ @aa:24 8 - - t t 0 - 12 

POP.WRn W @SP-+Rn16 2 - - t t 0 - 6 
SP+2 ..... SP 

POP.LERn L @SP ..... ERn32 4 - - t t 0 - 10 
SP+4-+SP 
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Table A-I Instruction Set (cont) 

Addressing Moda and No. of 
Instruction Length (bytas) Stata. ·1 

+ 
a c 

a: .!II III II) C" ~ 1 "a 6' c a: .. 
i 

c III a: no 

i Condition Coda c 
a: ~ 

~ • ~ E • M III ~ ~ 
Mnamonlc Operation M c 

@ i , i I I H N Z V C .. a: z c 
PUSH.WRn W SP-2 ..... SP 2 - - t t 0 - 6 

Rn16 ..... @SP 

PUSH.LERn L SP-4 ..... SP 4 - - t t 0 - 10 

ERn32 ..... @SP 

MOVFPE @aa:16, B Cannot be used in the 4 Cannot be used in the 
Rd H8i3042 Series H8I3042 Series 

MOVTPE Rs, B Cannot be used in the 4 Cannot be used in the 
@aa:16 H8I3042 Series H8I3042 Series 

2. Arithmetic instructions 

Addressing Moda and No. of 
Instruction Langth (bytas) Stata. ·1 

+ 

J 
c a: 

1&1 II) 

1 ~ 
"a 

"a - • c 0 .. 0 

! c III a: no 

I Condition Coda c 
a: 

i III • i ~ • & > M C ~ @ , 0 "a 
Mnamonlc Operation M I I H N Z V C 0 .. a: z c 
ADD.B #Xx:S, Rd B Rd8+#xx:S ..... RdS 2 - t t t t t 2 

ADD.BRs, Rd B Rd8+RsS -+ RdS 2 - t t t t t 2 

AOO.w #Xx:16, Rd W Rd16+#xx:16 ..... Rd16 4 - CD t t t t 4 

ADD.WRs,Rd W Rd16+Rs16 ..... Rd16 2 - CD t t t t 2 

ADD.L #xx:32, ERd L ERd32+hx:32 -+ 6 - ® t t t t 6 

ERd32 

ADD.L ERs, ERd L ERd32+ERs32 ..... 2 - ® t t t t 2 
ERd32 

ADDX.B #xx:S, Rd B RdS+#xx:S +C -+ RdS 2 - t t @ t t 2 

ADDX.B Rs, Rd B RdS+RsS +C -+ RdS 2 - t t @ t t 2 

ADDS.L #1, ERd L ERd32+1 -+ ERd32 2 - - - - - - 2 

ADOS.L #2, ERd L ERd32+2 ..... ERd32 2 - - - - - - 2 

AOOS.L #4, ERd L ERd32+4 ..... ERd32 2 - - - - - - 2 

INC.BRd B RdS+1 ..... RdS 2 - - t t t - 2 

INC.W#1,Rd W Rd16+1 ..... Rd16 2 - - t t t - 2 

INC.W#2, Rd W Rd16+2 ..... Rd16 2 - - t t t - 2 

595 



Tlable A·1 Instruction Set (coot) 

Acldresalng Mod. and No. of 
Instruction Length (bytes) StIlt ••• , 

• • c 
a:: m l , 1 'U -C ~ 'iii 

i 
c III a:: i Condition Code c 
a:: -a ~ 1 i 

E • 
Mnemonic Operation = 

c ~ @ I I H N Z V c Is -& .. a:: z c 
INC.L #1, ERef L ERd32.1 -+ ERd32 2 - - t t t - 2 

INC.L #2, ERef L ERd32+2 -+ ERd32 2 - - t t t - 2 

DMRd B Rd8 decimal adjust 2 - • t t • - 2 
-+Rd8 

SUB.BRs,Ref B Rd8-RsB -+ Rd8 2 - t t t t t 2 

SUB.W #xx:16, Rd W Rd1&-#xx:16 -+ Rd16 4 - CD t t t t 4 

SUB.WRs, Rd W Rd16-Rs16 -+ Rd16 2 - CD t t t t 2 

SUB.L #xx:32, ERd L ERd32-#xx:32 6 - ® t t t t S 
-+ERd32 

SUB.L ERs, ERd L ERef32-ERs32 2 - ® t t t t 2 
-+ ERd32 

SUBX.B #XX:8, Rd B Rd8-#xx:8-C -+ Ref8 2 - t t ® t t 2 

SUBX.B Rs, Rd B Rd8-Rs8-C -+ RdS 2 - t t ® t t 2 

SUBS.L #1, ERd L ERd32-1 -+ ERd32 2 - - - - - - 2 

SUBS.L #2. ERd L ERd32-2 -+ ERd32 2 - - - - - - 2 

SUBS.L #4, ERd L ERd32-4 -+ ERd32 2 - - - - - - 2 

DEC.B Ref B Rd8-1 -+ Rd8 2 - - t t t - 2 

DEC.W#1, Ref W Rd16-1 -+ Rd16 2 - - t t t - 2 

DEC.W#2. Rd W Rd16-2 -+ Rd16 2 - - t t t - 2 

DEC.L #1, ERd L ERd32-1 -+ ERd32 2 - - t t t - 2 

DEC.L #2, ERd L ERd32-2 -+ ERd32 2 - - t t t - 2 

DAS.Rd B Rd8 decimal adjust 2 - • t t • - 2 
-+ Rd8 

MULXU. B Rs, Rd B RdS x Rs8 -+ Ref16 2 - - - - - - 14 
(unsigned multiplication) 

MULXU. W Rs, ERef W Rd1S x Rs16 -+ ERd32 2 - - - - - - 22 
(unsigned multiplication) 

MULXS. B Rs, Rd B RdS x Rs8 -+ Ref1S 4 - - t t - - 16 
(signed multiplication) 

MULXS. W Rs, ERd W Rd16 x Rs16 -+ ERd32 4 - - t t - - 24 
(signed multiplication) 

DIVXU. B Rs, Rd B Rd16. Rs8 -+ Rd16 2 - - @ CD - - 14 
(RdH: remainder, 
RefL: quotient) 
(unsigned division) 
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Table A·I Instruction Set (cont) 

Addressing Mode and No. of 
Instruction Length (bytas) State. ·1 

+ 
~ 

C 
II: 

iii "2' I 1 "0 -C II: ~ ii Col 

I! c III 

i Condition Coda c 
II: 

i ~ i i 
E • ! = C III as ~ 

Mnemonic Operation • II: @ I I H N Z V C z c 
DIVXU. W Rs, ERd W ERd32 + Rs16 -+ERd32 2 - - ® ~ - - 22 

(Ed: remainder, 
Rd: quotienl) 
(unsigned division) 

DIVXS. B Rs, Rd B Rd16 + RsB -+ Rd16 4 - - @ ~ - - 16 
(RdH: remainder, 
RdL: quotienl) 
(signed division) 

DIVXS. W Rs, ERd W ERd32. Rs16 -+ ERd32 4 - - @ ~ - - 24 
(Ed: remainder, 
Rd: quotient) 
(signed division) 

CMP.B #xx:B, Rd B Rd8-#xx:B 2 - t t t t t 2 

CMP.BRs,Rd B Rd8-Rs8 2 - t t t t t 2 

CMP.W #XX:16, Rd W Rdl6-#xx:16 4 - CD t t t t 4 

CMP.WRs.Rd W Rdl8-Rs16 2 - CD t t t t 2 

CMP.L #Xx:32. ERd L ERd32-#xx:32 6 - ® t t t t 4 

CMP.L ERs. ERd L ERd32-ERs32 2 - ® t t t t 2 

NEG.BRd B O-RdB -+ RdB 2 - t t t t t 2 

NEG.WRd W O-Rd16 -+ Rd16 2 - t t t t t 2 

NEG.LERd l O-ERd32 -+ E Rd32 2 - t t t t t 2 

EXTU.WRd W 0-+ «bits 15 to B> 2 - - 0 t 0 - 2 
of Rd16) 

EXTU.LERd L o -+ «bits 31 to 16> 2 - - 0 t 0 - 2 
ofERd32) 

EXTS.W Rd W «bit 7> of Rd16) -+ 2 - - t t 0 - 2 
«bits 15 to B> of Rd16) 

EXTS.LERd l «billS> of ERd32)-+ 2 - - t t 0 - 2 
«bits 31 to 16> of 
ERd32) 
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Table A-I Instruction Set (cont) 

3. Logic instructions 

Addressing Mode and No. of 
Inatructlon Length (byt •• ) Stat ••• , 

+ 

~ 
c a: 

en i , 1 " ~ c .. 
I! ~ 

w a: I Condition Code c 

i ; I i § I 
Mnemonic 

!. Opel'lltion S ~ IS I I H N Z V C ~ 0 z 

AND.B 1xx:8, Ad B Ada,.,Ixx:8 -+ Rd8 2 - - 1 1 0 - 2 

AND.BAs. Ad B Rd8ARs8 -+ AdS 2 - - 1 1 0 - 2 

AND.W 1xx:16, Ad W Rd1&#Xx:16 -+ Ad16 4 - - 1 1 0 - 4 

AND.WAs.Ad W Ad1&As16 -+ Ad16 2 - - t t 0 - 2 

AND.L 'xx:32, EAd L ERd32A#Xx:32 -+ ERd32 6 - - t t 0 - 6 

AND.L EAs. ERd L ERd32AERs32 -+ EAd32 4 - - 1 1 0 - 4 

OR.B #Xx:S, Rd B RdSv'xx:8 -+ RdS 2 - - t t 0 - 2 

ORB As, Rd B RdSvRs8 -+ Ad8 2 - - t t 0 - 2 

ORW 'xx:16, Rd W Rd16v'xx:16 -+ Ad16 4 - - t 1 0 - 4 

ORWAs,Ad W Ad16vAs16 -+ Ad16 2 - - t 1 0 - 2 

OR.L 'xx:32, ERd L ERd32v#Xx:32 -+ ERd32 6 - - t 1 0 - 6 

OR.L EAs, ERd L ERd32vERs32 -+ ERd32 4 - - t t 0 - 4 

XOR.B 'xx:S, Rd B RdSNxx:8 -+ Rd8 2 - - t t 0 - 2 

XORB Rs, Ad B Rd8$Rs8 -+ Ad8 2 - - t t 0 - 2 

XORW #XX:16, Ad W Rd100#xx:16 -+ Ad16 4 - - t t 0 - 4 

XORWRs, Ad W Rd16E&Rs16 -+ Rd16 2 - - t t 0 - 2 

XORL #Xx:32, ERd L ERd32e#xx:32 -+ ERd32 6 - - t t 0 - 6 

XORL EAs, ERd L ERd32eERs32 -+ ERd32 4 - - t t 0 - 4 

NOT.B Rd B ..,Rd8-+ Rd8 2 - - 1 t 0 - 2 

NOT.WRd W ..,Rd16 -+ Rd16 2 - - 1 t 0 - 2 

NOT.LEAd L .., Rd32 -+ Rd32 2 - - t t 0 - 2 
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Table A·I Instruction Set (cont) 

4. Shift instructions 

Addressing Moda and No. of 
Instruction Langth (bvtu) St_ta_ "1 

+ 

a c 
II: 

i , 1 'U ~ c iii u e. III II: I Condition Coda c I! ..; :t i i ~ ~ I M C ; 5 0 ~ MnlllllOl1Jc 0 Oparlliion C II: I I H N Z V C z 
SHAL.BAd a 2 - - t t t t 2 

SHAL.WAd W ~ \-0 2 - - t t t t 2 • 
SHAL.LEAd L MSa LSB 2 - - t t t t 2 

SHAR.BRd B 2 - - t t 0 t 2 

SHAR.WRd W d f{] 2 - - t t 0 t 2 
• 

SHAR.LEAd L MSB LSB 2 - - t t 0 t 2 

SHLL.BAd a 2 - - t t 0 t 2 

SHLL.WRd W EH \-0 2 - - t t 0 t 2 
• 

SHLL.LERd L MSB LSB 2 - - t t 0 t 2 

SHLR.B Ad B 2 - - t t 0 t 2 

0-1 f{] SHLR.WRd W 2 - - t t 0 t 2 • 
SHLR.LERd L MSB LSB 2 - - t t 0 t 2 

ROTXL.B Ad B 2 - - t t 0 t 2 

ROTXL.WRd W rEH h 2 - - t t 0 t 2 

ROTXLLERd L MSB-LSB 2 - - t t 0 t 2 

ROTXR.B Rd B 

H9, 
2 - - t t 0 t 2 

rl ROTXR.WAd W 2 - - t t 0 t 2 

ROTXR.LERd L MSB-LSB 2 - - t t 0 t 2 

ROTL.B Rd B 2 - - t t 0 t 2 

ROTL.WAd W Ell h 2 - - t t 0 t 2 

ROTL.LERd L MSB-LSB 2 - - t t 0 t 2 

ROTR.BRd B 

rl ~ 
2 - - t t 0 t 2 

ROTR.WRd W 2 - - t t 0 t 2 

ROTR.LERd L MSB-LSB 2 - - t t 0 t 2 
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Table A-I Instruction Set (cont) 

5. Bit manipulation instructions 

Addr_lng Mod. and No. of 
Instruction Length (bytes) Stat •• ·1 

+ 
• c a: 
~ C ~ 1 'U ~ C a: .. 
l! c III a: • CondHlon Code c 

a: "fi ~ i i I I§ ~ 
Mnemonic 

I 
Operation S ~ m (J I I H N Z V C ~ ~ 0 

BSET 'xx:3, Rd B (#xx:3 of RdS) f- 1 2 - - - - - - 2 

BSET m:3, @fRd B (#xx:3 of @ERd) f- 1 4 - - - - - - S 

BSET Ixx:3, @aa:S B (#xx:3 of @aa:S) +- 1 4 - - - - - - S 

BSETRn, Rd B (RnS of RdS) +- 1 2 - - - - - - 2 

BSET Rn. @ERd B (RnS of @ERd) +- 1 4 - - - - - - S 

BSET Rn, @aa:S B (RnS of @aa:S) +- 1 4 - - - - - - S 

BCLR m:3, Rd B (#xx:3 of RdS) f- 0 2 - - - - - - 2 

BCLR #xx:3, @ERd B (#xx:3 of @ERd) +- 0 4 - - - - - - S 

BCLR m:3, @aa:S B (#xx:3 of @aa:S) f- 0 4 - - - - - - S 

BCLR Rn, Rd B (RnS of RdS) ... 0 2 - - - - - - 2 

BCLR Rn. @ERd B (RnS of @ERd) +- 0 4 - - - - - - S 

BCLR Rn, @aa:S B (RnS of @aa:S) +- 0 4 - - - - - - S 

BNOT #xx:3, Rd B (#xx:3 of RdS) ... 2 - - - - - - 2 
...,(#xx:3 of RdS) 

BNOT #xx:3, @ERd B ('xx:3 of @ERd) ... 4 - - - - - - S 
...,(#xx:3 of@ERd) 

BNOT #xx:3, @aa:S B (#xx:3 of @aa:S) ... 4 - - - - - - S 
..., (#xx:3 of @aa:S) 

BNOTRn. Rd B (RnS of RdS) ... 2 - - - - - - 2 
...,(RnS of RdS) 

BNOT Rn. @ERd B (RnS of @ERd) f- 4 - - - - - - S 
...,(RnS of@ERd) 

BNOT Rn. @aa:S B (RnS of @aa:S) f- 4 - - - - - - S 
...,(Rn8 of@aa:S) 

BTST #xx:3, Rd B ...,(#xx:3 of RdS) .... z 2 - - - 1 - - 2 

BTST #xx:3, @ERd B ...,(#xx:3 of@ERd) .... Z 4 - - - 1 - - 6 

BTST #xx:3. @aa:S B ...,(m:3 of@aa:S) .... Z 4 - - - 1 - - 6 

BTSTRn,Rd B ...,(RnS of @RdS) .... z 2 - - - 1 - - 2 

BTST Rn, @ERd B ...,(RnSof@ERd) .... Z 4 - - - 1 - - 6 

BTST Rn. @aa:S B ...,(RnS of @aa:S) .... Z 4 - - - 1 - - 6 

BLD #xx:3, Rd B (#xx:3 of RdS) .... c 2 - - - - - 1 2 
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Table A·l Instruction Set (cont) 

Addressing Moda and No. of 
Instruction Length (bytas) Stata. 01 

+ 

J 
c a:: 

1&1 
CD "I t i ." ~ c 1 ~ 
~ C 1&1 a:: I Condition Coda 

I 
a:: i ~ • i ~ Mnemonic Operation i c 1&1 

" I H N Z V C 0 a:: 0 I z c 
BlD #XX:3, @ERd B ('xx:3 of @EReI) -t C 4 - - - - - t 6 

BlD #XX:3, @aa:8 B (#XX:3 of @aa:8) -t C 4 - - - - - t 6 

BILD Ixx:3, ReI B ..... (#XX:3 of RdS) -+ e 2 - - - - - t 2 

BILD m:3, @EAd B ..... (#XX:3 of@EAd) -t e 4 - - - - - t 6 

BILD #xX:3, @aa:8 B ..... (#XX:3 of @aa:8) -t e 4 - - - - - t 6 

85T #XX:3, Ad B e -+ ('xx:3 of Ad8) 2 - - - - - - 2 

85T 'xx:3,@EAd B e -+ ('xx:3 of@ERd24) 4 - - - - - - 8 

85T ,xx:3, @aa:8 B e -+ (#XX:3 of @aa:8) 4 - - - - - - 8 

BIST 'xx:3. Rd B ..... e -+ (,xx:3 of Rd8) 2 - - - - - - 2 

BI5T 'xx:3. @EAd B ..... C -+ (,xx:3 of @ERd24) 4 - - - - - - 8 

BI5T 'xx:3. @aa:8 B ..... C -+ (#XX:3 of @aa:8) 4 - - - - - - 8 

BAND 'xx:3, ReI B e .... (IXX:3 of Ad8) -+ e 2 - - - - - t 2 

BAND IXx:3, @ERd B C....(#Xx:3 of@ERd24) -+ C 4 - - - - - t 6 

BAND 'xx:3. @aa:8 B CA(IXx:3 of @aa:8) -t C 4 - - - - - t 6 

BlAND ,xx:3, Rd B C ......... ('xx:3 of Ad8) -+ C 2 - - - - - t 2 

BlAND 'xx:3, @ERd B C ......... (#XX:3 of@ERd24) -+ C 4 - - - - - t 6 

BlAND 'xx:3, @aa:8 B C ......... ('xx:3 of @aa:8) -+ C 4 - - - - - t 6 

BOR ,xx:3, Ad B Cv(IXx:3 of Rd8) -+ C 2 - - - - - t 2 

BOR 'xx:3, @ERd B Cv(#Xx:3 of @ERd24) -+ C 4 - - - - - t 6 

BOR #xx:3, @aa:8 B Cv(#xx:3 of @aa:8) -+ C 4 - - - - - t 6 

BIOR 'xx:3, Rd B Cv ..... (#XX:3 of Rd8) -+ C 2 - - - - - t 2 

BIOR 'xx:3, @ERd B Cv ..... (#XX:3 of@ERd24)-+C 4 - - - - - t 6 

BIOR 'xx:3, @aa:8 B Cv ..... ('xx:3 of@aa:8) -+ C 4 - - - - - t 6 

BXOR #XX:3. Ad B C$('xx:3 of Rd8) -+ C 2 - - - - - t 2 

BXOR 'xx:3. @EReI B C${IXx:3 of @ERd24) -t e 4 - - - - - t 6 

BXOR 'xx:3, @aa:S B C$(,xx:3 of @aa:S) -+ C 4 - - - - - t 6 

BIXOR #XX:3. Ad B Ce ..... ('xx:3 of RdS) -+ C 2 - - - - - t 2 

BIXOR #XX:3. @ERd B ce ..... (#Xx:3 of @ERd24) -+ C 4 - - - - - t 6 

BIXOR #XX:3, @aa:S B ce ..... (IXx:3 of @aa:S) -t e 4 - - - - - t 6 
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Table A·I Instruction Set (cont) 

6. Branching instructions 

Add ..... lng Mode and No. of 
Instruction Length (bytes) State8·' 

+ 

a c a: 

i , 1 "C ~ c ii I! c III a: • Condition Code 
Branch a: i ~ i i i § I 

Mnemonic 
l 

Operation Condition i c ~ I I H N Z V C ~ 0 a: z 

BRA d:8 (BT d:8) - If condition Always 2 - - - - - - 4 

BRA d:16 (BT d:16) - is true then 4 - - - - - - 6 
PCf-

BRN d:8 (SF d:8) - PCid else Never 2 - - - - - - 4 

BRN d:16 (SF d:16) - next; 4 - - - - - - 6 

BHld:8 - CvZ=O 2 - - - - - - 4 

BHld:16 - 4 - - - - - - 6 

BlSd:8 - CvZ.1 2 - - - - - - 4 

BlSd:16 - 4 - - - - - - 6 

BCC d:8 (BHS d:8) - C=O 2 - - - - - - 4 

BCC d:16 (BHS d:16) - 4 - - - - - - 6 

BCS d:8 (BlO d:8) - C=1 2 - - - - - - 4 

BCS d:16 (BlO d:16) - 4 - - - - - - 6 

BNEd:8 - Z .. O 2 - - - - - - 4 

BNEd:16 - 4 - - - - - - 6 

BEOd:8 - Z=1 2 - - - - - - 4 

BEOd:16 - 4 - - - - - - 6 

BVCd:8 - V=O 2 - - - - - - 4 

BVCd:16 - 4 - - - - - - 6 

BVSd:8 - V=1 2 - - - - - - 4 

BVSd:16 - 4 - - - - - - 6 

BPld:8 - N=O 2 - - - - - - 4 

BPld:16 - 4 - - - - - - 6 

BMld:8 - N=1 2 - - - - - - 4 

8M1 d:16 - 4 - - - - - - 6 

BGEd:8 - NaN =0 2 - - - - - - 4 

BGEd:16 - 4 - - - - - - 6 

BLTd:8 - N6lV=1 2 - - - - - - 4 

BLT d:16 - 4 - - - - - - 6 

BGTd:8 - Zv(NeV) 2 - - - - - - 4 
=0 

BGT d:16 - 4 - - - - - - 6 
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Table A·I Instruction Set (cont) 

Addr_lng Mode and No. of 
Instruction length (bytes) States ., 

+ 
l!l 

c 
a: 

iii C ~ 1 "0 a: ~ c c w a: • Condition Code iii c 

i Branch a: 'ri ~ • 'ri i E • .. c W @ • @ 2i ~ 
Mnemonic Operation Condition .. @ @ I I H N Z V C .. a: z c 

BlE d:8 - If condition Zv (NeY).O 2 - - - - - - 4 

BLE d:16 - is true Zv (NeY)-1 4 - - - - - - 6 
thenPC ... 
PC+delse 
next; 

JMP@ERn - PC ... ERn 2 - - - - - - 4 

JMP@aa:24 - pc ... aa:24 4 - - - - - - 6 

JMP@@aa:8 - pc ... @aa:8 2 - - - - - - 8 10 

BSRd:8 - PC ..... @-SP 2 - - - - - - 6 8 
PC ... PC+d:8 

BSRd:16 - PC ..... @-SP 4 - - - - - - 8 10 
PC ... PC+d:16 

JSR@ERn - PC ..... @-SP 2 - - - - - - 6 8 
pc ... @ERn 

JSR@aa:24 - PC ..... @-SP 4 - - - - - - 8 10 
pc ... @aa:24 

JSR@@aa:8 - PC ..... @-SP 2 - - - - - - 8 12 
pc ... @aa:8 

RTS - PC ... @SP+ 2 - - - - - - 8 10 
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Table A-I Instruction Set (cont) 

7. System control instructions 

AddrMsIng Mod. and No. of 
instruction Length (bytes) Stat •• ·1 

+ 

i 
c a: 

"2' ! 1 'V a: ~ c 
~ 

w 

I Condition Coda Ii 
I! 
It M tI 

'Wi , , i § I 
Mnemonic Operation : c 5 I I H N Z V C " 0 a: z c 
TRAPA#X:2 - PC .. @-SP 2 1 - - - - - 14 16 

CCR .. @-SP 
<veclOt'> .. PC 

RTE - CCR ... @SP+ t t t t t t 10 
PC ... @SP+ 

SlEEP - Transition to power- - - - - - - 2 
down stale 

LDC #xx:S, CCR B #xx:S .. CCR 2 t t t t t t 2 

LDCRs,CCR B RsS .. CCR 2 t t t t t t 2 

LDC @ERs, CCR W @ERs-+CCR 4 t t t t t t 6 

LDC@(d:16, ERs), W @(d:16,ERs) .. CCR 6 t t t t t t S 
CCR 

LDC@(d:24,ERs), W @(d:24, ERs) -+ CCR 10 t t t t t t 12 
CCR 

LDC @ERs+, CCR W @ERs-+CCR 4 t t t t t t S 
ERs32+2 -+ ERs32 

LDC @aa:16, CCR W @aa:16 .. CCR 6 t t t t t t S 

LDC @aa:24, CCR W @aa:24-+CCR S t t t t t t 10 

STCCCR, Rd B CCR -+ RdS 2 - - - - - - 2 

STC CCR, @ERd W CCR-+@ERd 4 - - - - - - 6 

STC CCR, @(d:16, W CCR -+ @(d:16, ERd) 6 - - - - - - S 
ERd) 

STC CCR, @(d:24, W CCR -+ @(d:24, ERd) 10 - - - - - - 12 
ERd) 

STC CCR, @-ERd W ERd32-2 -+ ERd32 4 - - - - - - S 
CCR .. @ERd 

STC CCR, @aa:16 W CCR .. @aa:16 6 - - - - - - S 

STC CCR, @aa:24 W CCR .. @aa:24 S - - - - - - 10 

ANDC .xx:S, CCR B CCIV.'xx:S .. CCR 2 t t t t t t 2 

ORC #XX:S, CCR B CCRv#xx:S .. CCR 2 t t t t t t 2 

XORC .xx:S, CCR B CCRNxx:S .. CCR 2 t t t t t t 2 

NOP - PC ... PC +2 2 - - - - - - 2 
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Table A·I Instruction Set (cont) 

8. Block transfer instructions 

Addrassing Moda and No. of 
Instruction Langth (bytas) Stata. 01 

+ 
• c: .. IX 
iii C , "CI -c: IX ~ iii 
I! c: w 

i I Condition Coda IX 

i i ~ !. M 

~ i IIn.monlc Opaflltion C c: I I H N Z V C 0 
0 IX z 

EEPMOV.B - if R4L .. 0 then 4 - - - - - - 8+ 
repeat @RS-+@RS 4n02 

R5+1 -+ R5 
RS+l -+ RS 
R4L-l -+ R4L 

until R4L=O 
else next 

EEPMOV.W - if R4 .. 0 then 4 - - - - - - 8+ 
repeat @RS-+@RS 4n02 

RS+l -+ RS 
RS+l -+ R6 
R4L-l -+ R4 

until R4=O 
else next 

Notes: 1. The number of states is the number of states required for execution when the instruction and its 
operands are located in on-chip memory. For other cases see section A.3, Number of States 
Required for Execution. 

2. n is the value set in register R4L or R4. 
<D Set to 1 when a carry or borrow occurs at bit 11 ; otherwise cleared to O. 
® Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to O. 
@ Retains its previous value when the result is zero; otherwise cleared to O. 
@) Set to 1 when the adjustment produces a carry; otherwise retains its previous value. 
@ The number of states required for execution of an instruction that transfers data in 

synchronization with the E clock is variable. 
® Set to 1 when the divisor is negative; otherwise cleared to O. 
(j) Set to 1 when the divisor is zero; otherwise cleared to O. 
@ Set to 1 when the quotient is negative; otherwise cleared to O. 
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Insttuction code: 

!~ 0 1 2 3 " 
0 NOP Table A.2 STC LDC ORC (2) 

1 Table A.2 Table A.2 Table A.2 Table A.2 OR.B 
(2) (2) (2) (2) 

2 

3 

" BRA BRN BHI BLS BCC 

5 MULXU DIVXU MULXU DIVXU RTS 

~ 
m 

6 OR 

BSET BNOT BCLR BTST 

% 7 
BIOR 

8 

9 

A 

B 

C 

0 

E 

F 

.-e- Insttuction when most significant bit of BH is O. 

ILJ- Insttuction when most significant bit of BH is 1. 

5 6 7 8 9 A B C 

XORC ANDC LOC ADD 
Table A.2 TabIeA.2 MOV (2) (2) 

XOR.B AND.B TableA.2 
SUB 

Table A.2 TabIeA.2 CMP 
(2) (2) (2) 

MOV.B 

BeS BNE BEQ BVC BVS BPL BMI BGE 

BSR RTE TRAPA Table A.2 JMP BSR (2) 

% XOR AND MOV 
BIST 

% % % Table A.2 Table A.2 EEPMOV MOV 
BIXOR BlAND BILD (2) (2) 

ADD 

ADDX 

CMP 

SUBX 

OR 

XOR 

AND 

MOV 

0 E 

ADDX 

SUBX 

BLT BGT 

JSR 

Table A.2 
(3) 

F 

Table A.2 
(2) 

Table A.2 
(2) 

BlE 

> 
N 
o 
't) 

~ .... 
O· 
:I 
(j 
o 
Q. 
tD 

:! 
~ 
't) -I-' 
'-' 



Instruction code: I 1st byte I 2nd byte I 0 
i ., 
= .... _. 
Q :s 
n 
Q 
Q. 
~ 

OA INC r:§:~m!;;~~~~~~~~m~"Ht{~;~~;:;:;g:;~m):r.4;§&~"~~if:l~~~;sm:;):m§:;:m:m:~ ADO ~ 
" OB ADDS ~;~1=:~~~'t"lii:'ii:f~mIi§i~~< .. !lli:~'f:;~~»~~) INC 1~'fJ::.'1m:~1 INC ADDS mmW~~Wf INC r~~~~ INC -t-) ...... 

OF OM 11'1~1~l~~mili~~i~~it~~~~~1~~~iliI~~~i~~m~'~~~lI ~~Jili~l~*m: MOV 

10 SHLL 11~1!lll:. SHLL SHAL 

11 SHLR jliI1'~\ SHLR SHAR 

en 12 ROTXL t~1iil~~1 ROTXL ROll 
0 
--J 13 ROlleR ROTR 

17 NOT NEG 
I:::-.x:::::::&~ e;z 

lA SUB 

lB SUB 

IF 

58 
I 

79 I MOV ADD CMP SUB OR I XOR 

7A I MOV ADD CMP SUB OR I XOR 



~ 

Instruction code: 

Noles: 1. r ie the regl8ler cleeignalion field. 
2. aa Ia the abeolute add,... field. 

~ Instruction when most significant bit of DH is O. 

ILl- Instruction when most significant bit of DH is 1. 

o 
"0 
~ 
~ 
o 
:s 
n 
8-
tD 

~ 
"0 

'Q -



A.3 Number of States Required for Execution 

The tables in this section can be used to calculate the number of states required for instruction 
execution by the H8/300H CPU. Table A-3 indicates the number of instruction fetch, data 
read/write, and other cycles occurring in each instruction. Table A-2 indicates the number of states 
required per cycle according to the bus size. The number of states required for execution of an 
instruction can be calculated from these two tables as follows: 

Number of states = I x SI +Jx SJ+ K x SK + L x SL + Mx SM + N x SN 

Examples of Calculation of Number of States Required for Execution 

Examples: Advanced mode, stack located in external address space, on-chip supporting modules 
accessed with 8-bit bus width, external devices accessed in three states with one wait state and 
16-bit bus width. 

BSET #0, @FFFFC7:8 

From table A-3, I = L = 2 and J = K = M = N = 0 
From table A-2, SI = 4 and SL = 3 
Number of states = 2 x 4 + 2 x 3 = 14 

JSR@@30 

From table A-3, I = J = K = 2 and L = M = N = 0 
From table A-2, SI = SJ = SK = 4 
Number of states = 2 x 4 + 2 x 4 + 2 x4 =24 
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Table A-2 Number of States per Cycle 

Access Conditions 

On-Chip Sup- External Device 

porting Module 8-BIt Bu. 16-Blt Bu. 

On-Chlp 8-Blt 16-BIt 2-State 3-State 2-state· 3-State 
Cycle Memory Bus Bus Access Access Access Access 

Instruction fetch SI 2 6 3 4 6+2m 2 3+m 

Branch address read SJ 

Stack operation SK 

Byte data access SL 3 2 

Word data access SM 6 4 6+2m 

Internal operation SN 

legend 
m: Number of wait states inserted into external device access 
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Table A·3 Number of Cycles per Instruction 

Instruction Branch Stack Byte Data Word Data Internal 
Fetch Addr. Read Operation Access Access Operation 

Instruction Mnemonic I J K L M N 

ADD ADD.B 'xx:8, Rd 1 
ADD.B Rs. Rd 1 
ADD.W 'xx:16, Rd 2 
ADD.WRs, Rd 1 
ADD.llxx:32, ERd 3 
ADD.l ERs, ERd 1 

ADDS ADDS '11214, ERd 1 

ADDX ADDX 'xx:8, Rd 
ADDX Rs, Rd 

AND AND.B 'xx:8, Rd 1 
AND.B Rs, Rd 1 
AND.W 'xx:16, Rd 2 
AND.W Rs, Rd 1 
AND.l 'xx:32, ERd 3 
AND.l ERs, ERd 2 

AN DC ANDC 'xx:8, CCR 

BAND BAND 'xx:3, Rd 1 
BAND 'xx:3, @ERd 2 
BAND 'xx:3, @aa:8 2 

Bee BRA d:8 (BT d:8) 2 
BRN d:8 (BF d:8) 2 
BHld:8 2 
BlSd:8 2 
BCC d:8 (BHS d:8) 2 
BCS d:8 (BlO d:8) 2 
BNE d:8 2 
BEOd:8 2 
BVCd:8 2 
BVSd:8 2 
BPld:8 2 
BMI d:8 2 
BGEd:8 2 
BlTd:8 2 
BGTd:8 2 
BlEd:8 2 
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Table A-3 Number or Cycles per Instruction (cont) 

Instruction Branch Stack Byte Data Word Data Internal 
Fetch Addr.R_d Operation Access Access Operadon 

Instruction Mnemonic I J K L M N 

Bee BRA d:16 (BT d:16) 2 2 
BRN d:16 (BF d:16) 2 2 
BHI d:16 2 2 
BlSd:16 2 2 
Bee d:16 (BHS d:16) 2 2 
BeS d:16 (BlOd:16) 2 2 
BNE d:16 2 2 
BEQ d:16 2 2 
BVe d:16 2 2 
BVSd:16 2 2 
BPld:16 2 2 
BMI d:16 2 2 
BGE d:16 2 2 
BlTd:16 2 2 
BGTd:16 2 2 
BlEd:16 2 2 

BeLA BelR #xx:3, Ad 1 
BelA #xx:3, @EAd 2 2 
BelA #xx:3, @aa:8 2 2 
BeLRAn, Ad 1 
BelR Rn, @ERd 2 2 
BelA Rn, @aa:8 2 2 

BlAND BlAND #xx:3, Ad 1 
BlAND #xx:3, @EAd 2 
BlAND #xx:3, @aa:8 2 

BILO BILO #xx:3, Rd 1 
BILO #xx:3, @EAd 2 
BILO #xx:3, @aa:8 2 

BIOR BIOR #xx:8, Rd 1 
BIOA #Xx:8, @ERd 2 
BIOA #Xx:8, @aa:8 2 

BIST BrST #xx:3, Rd 1 
BIST #xx:3, @ERd 2 2 
BrST #xx:3, @aa:8 2 2 

BIXOR BrXOR #xx:3, Rd 1 
BrXOA #xx:3, @ERd 2 
BIXOR #xx:3, @aa:8 2 

BLD BLO #xx:3, Rd 1 
BlO #xx:3, @ERd 2 
BLO #xx:3, @aa:8 2 
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Table A·3 Number or Cycles per Instruction (cont) 

Instruction Branch Stack Byte Data Word Data Internal 
Fetch Addr. Read Operation Access Access Operation 

Instruction Mnemonic I J K L M N 

BNOT BNOT #xx:3, Rd 1 
BNOT Ixx:3, @ERd 2 2 
BNOT 'xx:3, @aa:8 2 2 
BNOTRn,Rd 1 
BNOT Rn, @ERd 2 2 
BNOT Rn, @aa:8 2 2 

BOR BOR Ixx:3, Rd 1 
BOR m:3, @ERd 2 
BOR Ixx:3, @aa:8 2 

BSET BSET #xx:3, Rd 1 
BSET #xx:3, @ERd 2 2 
BSET 'xx:3, @aa:8 2 2 
BSETRn, Rd 1 
BSET Rn, @ERd 2 2 
BSET Rn, @aa:8 2 2 

BSR BSRd:8 Normal 2 

Advanced 2 2 

BSR d:16 Normal 2 1 2 

Advanced 2 2 2 

BST BST #xx:3, Rd 1 
BST #xx:3, @ERd 2 2 
BST #xx:3, @aa:8 2 2 

BTST BTST #xx:3, Rd 1 
BTST 'xx:3, @ERd 2 
BTST Ixx:3, @aa:8 2 
BTSTRn, Rd 1 
BTST Rn, @ERd 2 
BTST Rn, @aa:8 2 

BXOR BXOR #xx:3, Rd 1 
BXOR 'xx:3, @ERd 2 
BXOR #xx:3, @aa:8 2 

CMP CMP.B 'xx:8, Rd 1 
CMP.B Rs, Rd 1 
CMPW 'xx:16, Rd 2 
CMP.WRs, Rd 1 
CMP.L Ixx:32, ERd 3 
CMP.L ERs, ERd 1 

OM DMRd 1 

CAS DASRd 
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Table A-3 Number of Cycles per Instruction (cont) 

Instruction Branch Stack Byte Data Word Data Internal 
Fetch Acldr. Read Operation Accesa Access Operation 

Instruction Mnemonic I J K L M N 

DEC DEC.BAd 1 
DEC. W '1/2, Rd 1 
DEC.L '1/2, EAd 1 

DIVXS DIVXS.B Rs, Rd 2 12 
DIVXS.W Rs, ERd 2 20 

DIVXU DIVXU.B Rs, Ad 1 12 
DIVXU.W Rs, EAd 1 20 

EEPMOV EEPMOV.B 2 2n + 2.2 

EEPMOV.W 2 2n + 2.2 

EXTS EXTS.WRd 
EXTS.LEAd 

EXTU EXTU.wAd 
EXTU.LEAd 

INC INC.B Ad 
INC.W '1/2, Ad 
INC.L '1/2, EAd 

JMP JMP@ERn 2 

JMP@aa:24 2 2 

JMP @@aa:8 Normal 2 2 

Advanced 2 2 2 

JSR JSR@ERn Normal 2 1 

Advanced 2 2 

JSR@aa:24 Normal 2 1 2 

Advanced 2 2 2 

JSR @@aa:8 Normal 2 1 

Advanced 2 2 2 

LDC LDC IIxx:8. CCR 1 
LDC Rs. CCR 1 
LDC @ERs, CCR 2 
LDC @(d:16, ERs), CCR 3 
LDC @(d:24, ERs), CCR 5 
LDC @ERs+, CCR 2 2 
LDC @aa:16, CCR 3 
LDC @aa:24. CCR 4 
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Table A-3 Number or Cycles per Instruction (cont) 

Instruction Branch Stack Byte Data Word Data Internal 
Fetch Addr. Read Operation Access Access Operation 

Instruction Mnemonic I J K L M N 

MeV MOV.B #Xx:8, Rd 1 
MOV.S Rs, Rd 1 
MeV.S @ERs, Rd 1 
MOV.B@(d:16, ERs), Rd 2 
MOV.B @(d:24, ERs), Rd 4 
MOV.B @ERs+, Rd 1 
MOV.B @aa:8, Rd 1 
MOV.B @aa:16, Rd 2 
MOV.S @aa:24, Rd 3 
MOV.B Rs, @ERd 1 
MOV.B Rs, @(d:16, ERd) 2 
MOV.B Rs, @(d:24, ERd) 4 
MeV.B Rs, @-ERd 1 
MOV.B Rs, @aa:8 1 
MeV.B RS,@aa:16 2 
MOV.S Rs, @aa:24 3 
MeV.W #xx:16, Rd 2 
MOV.W Rs, Rd 1 
MOV.W @ERs, Rd 1 
MOV.W @(d:16, ERs), Ad 2 
MOV.W @(d:24, ERs), Rd 4 
MOV.w @ERs+, Rd 1 
MOV.W @aa:16, Rd 2 
MOV.W @aa:24, Rd 3 
MOV.W Rs, @ERd 1 
MOV.W RS,@(d:16, ERd) 2 
MOV.W RS,@(d:24, ERd) 4 
MOV.W Rs, @-ERd 1 
MOV.WRs,@aa:16 2 
MOV.W Rs, @aa:24 3 
MOV.L #lClC:32, ERd 3 
MOV.L ERs, ERd 1 
MOV.L @ERs, ERd 2 
MOV.L@(d:16, ERs), ERd 3 
MOV.L @(d:24, ERs), ERd 5 
MOV.L @ERs+, ERd 2 
MOV.L@aa:16, ERd 3 
MOV.L @aa:24, ERd 4 
MOV.L ERs, @ERd 2 
MOV.L ERs,@(d:16, ERd) 3 
MOV.L ERs, @(d:24, ERd) 5 
MOV.L ERs, @-ERd 2 
MOV.L ERs, @aa:16 3 
MOV.L ERs, @aa:24 4 
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Table A-3 Number of Cycles per Instruction (cont) 

Instruction Branch Stack Byte Data Word Data Internal 
Fetch Addr. Read Operation Access Access Operation 

Instruction Mnemonic I J K L M N 

MOVFPE MOVFPE @aa:16, Ad· 2 

MOVTPE MOVTPE RS,@aa:16· 2 

MULXS MULXS.B Rs, Ad 2 12 
MULXS.W Rs, ERd 2 20 

MULXU MULXU.B Rs, Rd 1 12 
MULXU.W Rs, ERd 1 20 

NEG NEG.BRd 1 
NEG.WAd 1 
NEG.LEAd 1 

NO? NOP 

NOT NOT.BRd 
NOTWRd 
NOT.LERd 

OR OR.B #Xx:8, Ad 1 
OR.B Rs, Rd 1 
OR.W #xx:16, Rd 2 
OR.WRs, Rd 1 
OR.L #xx:32, EAd 3 
OR.L ERs, ERd 2 

ORC ORC #xx:S, CCR 

POP POP.WRn 1 1 2 
POP.LERn 2 2 2 

PUSH PUSH.WRn 1 1 2 
PUSH.LERn 2 2 2 

ROTl ROTL.B Ad 
ROTL.W Ad 
ROTL.L ERd 

ROTR ROTR.BRd 
ROTR.WRd 
ROTR.lERd 

ROTXl ROTXL.B Rd 
ROTXL.W Rd 
ROTXL.LERd 

ROTXR ROTXR.BRd 
ROTXR.WRd 
ROTXR.LERd 1 

RTE RTE 2 2 2 

Note: • Not available in the HSI3042 Series. 
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TableA-3 Number of Cycles per Instruction (cont) 

Instruction Branch Stack Byte Data Word Data Internal 
Fetch Addr. Read Operation Ace .. s Aceess Operation 

Instruction Mnemonic I J K L M N 

RTS RTS Normal 2 1 2 

Advanced 2 2 2 

SHAL SHALBRd 1 
SHALWRd 1 
SHALLERd 1 

SHAR SHAR.BRd 
SHAR.wRd 
SHAR.LERd 

SHLL SHLLBRd 
SHLLWRd 
SHLLLERd 

SHLR SHLR.B Rd 
SHLR.WRd 
SHLR.LERd 

SLEEP SLEEP 

STC STCCCR, Rd 
STC CCR, @ERd 2 
STC CCR, @(d:16, ERd) 3 
STC CCR, @(d:24, ERd) 5 
STC CCR, @-ERd 2 2 
STC CCR, @aa:16 3 
STC CCR, @aa:24 4 

SUB SUB.BRs, Rd 1 
SUB.W #Xx:16, Rd 2 
SUB.W Rs, Rd 1 
SUB.L #Xx:32, ERd 3 
SUB.L ERs, ERd 1 

SUBS SUBS #11214, ERd 

SUBX SUBX #xx:8, Rd 
SUBX Rs, Rd 

TRAPA TRAPA #x:2 Normal 2 1 2 4 

Advanced 2 2 2 4 

XOR XOR.B#xx:8, Rd 1 
XOR.BRs, Rd 1 
XOR. W #xx:16, Rd 2 
XOR.WRs, Rd 1 
XOR.L #xx:32, ERd 3 
XOR.L ERs, ERd 2 

XORC XORC #Xx:8, CCR 

Notes: 1. n is the value set in register R4L or R4. The source and destination are accessed n + 1 times each. 
2. Not available in the H8f3042 Series. 
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Appendix B Register Field 

B.1 Register Addresses and Bit Names 

Datil 
AcId,. .. Reglst., Bus BnNames 

(low) Name Width Bit 7 BU BitS Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Nama 

H'1C ---
H'1D 

H'1E 

H'1F 

H'20 MAROAR 8 DMAC 

H'21 MAROAE 8 channel OA 

H'22 MAROAH 8 

H'23 MAROAl 8 

H'24 ETCROAH 8 

H'25 ETCROAL 8 

H'26 IOAROA 8 

H'27 DTCROA 8 DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO Short 
address 
mode 

DTE DTSZ SAID SAIDE DTIE DTS2A DTS1 A DTSOA Full 
address 
mode 

H'28 MAROBR 8 DMAC 

H'29 MAROBE 8 channel OB 

H'2A MAROBH 8 

H'2B MAROBL 8 

H'2C ETCROBH 8 

H'2D ETCROBL 8 

H'2E lOA ROB 8 

H'2F DTCROB 8 OTE OTSZ OTIO RPE DTIE DTS2 DTS1 OTSO Short 
address 
mode 

OTME - OAIO DAIDE TMS OTS2B DTS1B OTSOB Full 
address 
mode 

Legend 
OMAC: DMA controller 

(Continued on next page) 
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(Continued from preceding page) 

Data 
Add_ Register Bus Bit Nam .. 

(low) Nama Width Bit 7 Bit a Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ModuleNsme 

H'30 MAR1AR 8 OMAC 

H'3l MAR1AE 8 channel1A 

H'32 MAR1AH 8 

H'33 MAR1AL 8 

H'34 ETCR1AH 8 

H'35 ETCR1AL 8 

H'36 IOAR1A 8 

H'37 OTCR1A 8 OTE OTSZ OTIO RPE OTIE OTS2 OTS1 OTSO Short 
address 
mode 

OTE OTSZ SAID SA IDE OTIE OTS2A OTS1A OTSOA Full 
address 
mode 

H'38 MAR1BR 8 DMAC 

H'39 MAR1BE 8 channel1B 

H'3A MAR1BH 8 

H'3B MAR1BL 8 

H'3C ETCR1BH 8 

H'30 ETCR1BL 8 

H'3E IOAR1B 8 

H'3F OTCR1B 8 OTE OTSZ OliO RPE OTIE OTS2 OTS1 OTSO Short 
address 
mode 

OTME - OAIO DAIOE TMS OTS2B OTS1B OTSOB Full 
address 
mode 

H'40 

H'41 

H'42 

H'43 

H'44 

H'45 

H'46 

H'47 

H'48 

H'49 

H'4A 

H'4B 

Legend 
OMAC: OMA controller 

(Continued on next page) 
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(Continued from preceding page) 

Data 
Add,... Register BII8 Bit Namea 
(low) Name Width Bit 7 Bit 6 BitS Bit 4 BIt3 BltZ Bit 1 Bit 0 Module Name 

H'4C 

H'40 

H'4E 

H'4F 

H'5O 

H'51 

H'52 

H'53 

H'54 

H'55 

H'56 

H'57 

H'58 

H'59 

H'SA 

H'5B 

H'SC 

H'5D 

H'SE 

H'SF 

H'60 TSTR 8 STR4 STR3 STR2 STR1 STRO ITU 

H'61 TSNC 8 SYNC4 SYNC3 SYNC2 SYNC1 SYNCO (all channels) 

H'62 TMDR 8 MDF FDIR PWM4 PWM3 PWM2 PWM1 PWMO 

H'63 TFCR 8 CM!)1 CMDO BFB4 BFA4 BFB3 BFA3 

H'64 TCRO 8 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU channel 0 

H'65 TIORO 8 1082 IOB1 lOBO 1OA2 IOA1 IOAO 

H'66 TIERO 8 OVIE IMIEB IMIEA 

H'67 TSRO 8 OVF IMFB IMFA 

H'68 TCNTOH 16 

H'69 TCNTOL 

H'SA GRAOH 16 

H'6B GRAOL 

H'SC GRBOH 16 

H'6D GRBOL 

H'SE TCR1 8 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU channel 1 

H'6F TIOR1 8 IOB2 1OB1 lOBO IOA2 IOA1 IOAO 

Legend 
ITU: 16-bit integrated timer unit 

(Continued on next page) 
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(Continued from preceding page) 

Dat. 
Address Regl •• , Bu. Bit N.mes 

(low) Nam. Width BH7 Bit a BitS Bit 4 Bit 3 BItZ Bit 1 Bit 0 Modul.N.m. 

H70 TIER1 8 OVIE IMIEB IMIEA ITU channel 1 

H'71 TSR1 a OVF IMFB IMFA 

H72 TCNT1H 16 

H'73 TCNTll 

H'74 GRA1H 16 

H'75 GRA1l 

H'76 GRB1H 16 

H77 GRB1l 

H'78 TCR2 8 CClR1 CClRO CKEG1 CKEGO TPSC2 TPSCl TPSCO ITU channel 2 

H'79 TIOR2 a 1OB2 1OB1 lOBO 1OA2 lOA 1 IOAO 

H'7A TlER2 8 OVIE IMIEB IMIEA 

H'7B TSR2 a OVF IMFB IMFA 

H'7C TCNT2H 16 

H'7D TCNT2l 

H'7E GRA2H 16 

H'7F GRA2L 

H'oo GRB2H 16 

H'al GRB2L 

H'82 TCR3 8 CClR1 CClRO CKEGI CKEGO TPSC2 TPSC1 TPSCO ITU channel 3 

H'83 TI0R3 a 1OB2 IOBl lOBO 10A2 IOAl 10A0 

H'84 TIER3 a OVIE IMIEB IMIEA 

H'85 TSR3 a OVF IMFB IMFA 

H'86 TCNT3H 16 

H'a7 TCNT3l 

H'88 GRA3H 16 

H'a9 GRA3l 

H'IA GRB3H 16 

H'8B GRB3l 

H'BC BRA3H 16 

H'8D BRA3l 

H'aE BRB3H 16 

H'BF BRB3l 

H'90 TOER a EXB4 EXA4 EB3 EB4 EA4 EA3 ITU 

H'91 TOCR a XTGD OLS4 OLS3 (all channels) 

H'92 TCR4 a CClRl CClRO CKEGl CKEGO TPSC2 TPSCl TPSCO ITU channel 4 

H'93 TIOR4 a IOB2 lOB 1 lOBO 1OA2 lOA 1 IOAO 

legend 
ITU: 16-bit integrated timer unit 

(Continued on next page) 
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(Continued from preceding page) 

Datil 
Add_ Register Bus BhNlmel 

(low) Nlml Width Bh7 BhB Bh5 Bh4 Bh3 BhZ Bh1 BhO 

H'94 TIER4 8 OVIE IMIEB IMIEA 

H'95 TSR4 8 OVF IMFB IMFA 

H'96 TCNT4H 16 

H'97 TCNT4l 

H'98 GRA4H 16 

H'99 GRA4l 

H'9A GRB4H 16 

H'9B GRB4L 

H'9C BRA4H 16 

H'90 BRA4l 

H'9E BRB4H 16 

H'9F BRB4L 

H'AO TPMR 8 G3NOV G2NOV G1NOV GONOV 

H'A1 TPCR 8 G3CMS1 G3CMSO G2CMS1 G2CMSO G1CMS1 G1CMSO GDCMS1 GOCMSO 

H'A2 NDERB 8 NOER15 NDER14 NDER13 NDER12 NOERll NDER10 NDER9 

H'A3 NOERA 8 NOER7 NOER6 NOERS NDER4 NDER3 NOER2 NDERl 

H'A4 NORB" 8 NOR15 NOR14 NOR13 NOR12 NOR11 NOR10 NOR9 

8 NOR15 NOR14 NOR13 NOR12 

H'AS NORA" 8 NOR7 NOR6 NOR5 NOR4 NOR3 NOR2 NORl 

8 NOR7 NOR6 NOR5 NOR4 

H'A6 NORB" 8 

8 NORll NOR10 NOR9 

H'A7 NORA" 8 

8 NOR3 NOR2 NOR1 

H'Aa TCSR'2 8 OVF WTIIT TME CKS2 CKS1 

H'A9 TCNT"2 8 

H'M 

H'AB RSTCSR03 8 WRST RSTOE 

H'AC RFSHCR 8 SRFMO PSRAME ORAME CASIWE M9JM8 PFSHE 

H'AD RTMCSR 8 CMF CMIE CKS2 CKS1 CKSO 

H'AE RTCNT 8 

H'AF RTCOR 8 

Notes: 1. The address depends on the output trigger setting. 
2. For write access to TCSR and TCNT, see section 12.2.4, Notes on Register Access. 
3. For write access to RSTCSR, see section 12.2.4, Notes on Register Access. 

Legend 
ITU: 16-bit integrated timer unit 
TPC: Programmable timing pattern controller 
WDT: Watchdog timer 

NOER8 

NOERO 

NORa 

NORO 

NORa 

NORO 

CKSO 

RCYCE 

Moduli Nlma 

ITU channel 4 

TPC 

WDT 

Refresh 
controller 

(Continued on next page) 
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(Continued from preceding page) 

Data 
AcId,.. Register Bua BItNa_ 

(low) Name Width Bit 7 Bit II BItS Bit 4 Bit 3 BItZ Bit 1 Bit 0 Module Name 

H'BO SMR 8 CIA CHR PE OlE STOP MP CKSl CKSO SCI channel 0 

H'Bl BRR 8 

H'B2 SCR 8 TIE RIE TE RE MPIE TEIE CKEl CKEO 

H'B3 TOR 8 

H'B4 SSR 8 TORE RDRF ORER FER PER TEND MPB MPBT 

H'BS RDR 8 

H'B6 

H'B7 

H'B8 SMR 8 CIA CHR PE OlE STOP MP CKS1 CKSO . SCI channell 

H'B9 BRR 8 

KBA SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO 

H'BB TOR 8 

H'BC SSR 8 TORE RDRF ORER FER PER TEND MPB MPBT 

H'BD RDR 8 

H'BE 

H'BF 

KCO P1DDR 8 P17DDR PlsDDR PlsDDR P14DDR P13DDR P12DDR Pl,DDR Pl0DDR Port 1 

H'Cl P2DDR 8 P27DDR P2sDDR P2sDDR P~DDR P23DDR P22DDR P2,DDR P20DDR Port 2 

H'C2 P1DR 8 P1 7 Pls Pl s P14 P13 P12 Pl, Pl0 Port 1 

H'C3 P2DR 8 P27 P2s P2s ~ P23 P22 P2, P20 Port 2 

KC4 P3DDR 8 P37DDR P3sDDR P3sDDR P34DDR PaaDDR P~DDR P3,DDR P30DDR Port 3 

H'CS P4DDR 8 P47DDR P4sDDR P4sDDR P44DDR P4aDDR P~DDR P4,DDR P40DDR Port 4 

H'C6 P3DR 8 P37 Pas P3s P34 Paa P~ P3, P30 Port 3 

H'C7 P4DR 8 P47 P4s P4s P44 P4a P~ P4, P40 Port 4 

H'C8 PSDDR 8 PSaDDR P~DR PS,DDR PSoDDR PortS 

H'C9 P6DDR 8 P6sDDR P65DDR P64DDR P6aDDR ~DDR P6,DDR P60DDR Port 6 

H'CA PSDR 8 PSa P~ PS, PSo PortS 

KCB P6DR 8 P6s P6s P64 P6a ~ P6, P60 Port 6 

H'CC 

KCD P8DDR 8 P84DDR PSaDDR P~DDR P8,DDR P80DDR Port 8 

H'CE P7DR 8 P77 P7s P7s P74 P73 P72 P7, P70 Port 7 

H'CF P8DR 8 P84 PSa P~ P8, P80 Port 8 

H'oo P9DDR 8 P9sDDR P94DDR P9aDDR ~DDR P9,DDR P90DDR Port 9 

H'Dl PADDR 8 PA7DDR PAsDDR PAsDDR P~DDR PAaDDR PA~R PA,DDR PAcDDR PortA 

H'D2 P9DR 8 P9s P94 P9a P92 P9, P90 Port 9 

H'D3 PADR 8 PA7 PAs PAs P~ PA3 PA2 PA, PAc PortA 

Legend 
SCI: Serial communication interface 

(Continued on next page) 
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(Continued from preceding page) 

Data 
Add,. .. Register Bus BhNamea 
(low) Name Width Bh7 Bha Bh5 BU Bh3 Bh2 Bh1 BhO Modula Name 
H'D4 PBDOR 8 PB.,oDR PBeDOR PBsDDR PB4DOR PB3DOR PB2DOR PBtDOR PBoDOR PortB 
H'DS 

H'DS PBDR 8 PB7 PBe PB5 PB4 PB3 PB2 PBt PBo PortB 

H'D7 

H'DS P2PCR P27PCR P2ePCR P25PCR ~PCR P23PCR P2~PCR P2,PCR P20PCR Port 2 

H'09 

H'DA P4PCR 8 P47PCR P4ePCR P45PCR P44PCR P43PCR P42PCR P4,PCR P40PCR Port 4 

H'OB PSPCR 8 PSaPCR PS2PCR PS,PCR P50PCR PortS 

H'OC DADRO 8 DlA converter 

H'DO DADRl 8 

H'OE DACR 8 DACE 1 DACEO DAE 

H'DF 

H'EO ADDRAH 8 A09 ADS AD7 ADS ADS AD4 AD3 AD2 AID converter 

H'El ADORAL 8 ADl ADO 

H'E2 ADDRBH 8 AD9 ADS AD7 ADS ADS AD4 AD3 AD2 

H'E3 ADDRBl 8 ADl ADO 
H'E4 ADDRCH 8 AD9 ADS AD7 ADS ADS AD4 AD3 AD2 

H'ES ADDRCl 8 ADl ADO 

H'E6 ADDRDH 8 AD9 ADS AD7 ADS ADS AD4 AD3 AD2 

H'E7 ADDRDL 8 ADl ADO 

H'E8 ADCSR 8 ADF ADIE ADST SCAN CKS CH2 CHl CHO 

H'E9 ADCR 8 TRGE 

H'EA 

H'EB 

H'EC ABWCR 8 ABW7 ABW6 ABWS ABW4 ABW3 ABW2 ABWl ABWO Bus controller 

H'ED ASTCR 8 AST7 AST6 ASTS AST4 AST3 AST2 AST1 ASTO 

H'EE WCR 8 WMSl WMSO WCl WCO 

H'EF WCER 8 WCE7 WCE6 WCES WCE4 WCE3 WCE2 WCEl WCEO 

H'FO 

H'Fl MDCR 8 MDS2 MDSl MeSO System control 

H'F2 SYSCR 8 SSBV STS2 STSl STSO UE NMIEG RAME 

H'F3 BRCR 8 A23E A22E A21E BRlE Bus controller 

H'F4 ISCR 8 IR05SC IR04SC IR03SC IR02SC IR01SC IRooSC Interrupt 

H'FS IER 8 IROSE IR04E IR03E IR02E IR01E IRooE controller 

H'F6 ISR 8 IR05F IR04F IR03F IR02F IR01F IRooF 

H'F7 

H'F8 IPRA 8 IPRA7 IPRA6 IPRAS IPRA4 IPRA3 IPRA2 IPRAl IPRAO 

H'F9 IPRB 8 IPRB7 IPRB6 IPRBS IPRB3 IPRB2 IPRBl 

(Continued on next page) 
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(Continued from preceding page) 

Data 
Add,... Ragl.t.r Bu. 
(1_) Name Width Bit 7 Bit II Bit 5 

H'FA 
H'fB 
H'fC 
H'fD 
H'fE 
H'fF 

Bit Nam .. 

Bit 4 Bit 3 Bit 2 Bit 1 BHO Modula Nam. 
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B.2 Register Descriptions 

Register,\ r Register r Address to which r Name of on-<:hip acronym name the register is mapped supporting 
module 

r------------------------------------------------, 
TSTR TImer Start Register 

Initial bit 
values Inl1laf value 

AeadlWrile 

y 
Possible types of access 

R Read only 

W Write only 

RIW Read and write 

7 6 

H'60 ITU (aU dlanuels) 

543 2 0 

I STR4 I STR3 STR2 STR1 STRO 

o 0 o 0 0 

RIW RIW RIW RIW RIW 

~r------UJ 

1 TCNT3 is counting 
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Names of the 
bits. Dashes 
(-)indcala 
reserved bits. 

Descriptions 
of bit settings 



MAROA RlElWL-Memory Address Register OA RlElWL 8'20, H'21, 
H'22,H'23 

DMACO 

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Initial value 

ReadM'rite 

Bit 

Initial value 

ReadM'rite 

I II I I I I I I I I I I I I I I 
1 1 Undetermined 

- AM' AM' AM' RM' RIW AM' AM' AM' 
J \ J ... ... 

MAROAR MAROAE 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I I I I I I I 
Undetermined Undetermined 

RIW RM' AM' RIW AM' RM' RIW RM' RIW AM'RIW RIW AM' RIW AM' RIW 
\ J \ J v T 

MAROAH MAROAl 

Source or destination address 
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ETCROA HlL-Execute Transfer Count Register OA HIL 8'24,8'25 DMACO 

• Short address mode 

I/O mode and idle mode 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 
I I I I I I I I 

Initial value Undetermined 

ReadlWrite RIW RIW RIW RIW ANI RIW RNI RIW RIW RIW ANI RIW RNI RIW RIW ANI 

Repeat mode 

Bit 

Initial value 

ReadlWrite 

Bit 

Initial value 

ReadlWrite 

7 

RNI 

7 

RIW 
\ 

6 5 

RIW RNI 

6 5 

RIW RIW 

I 
Transfer counter 

4 3 

Undetermined 

RNI RIW 
.,. 

ETC ROAH 

I 
Transfer counter 

4 3 

Undetermined 

RNI RIW 
... 

ETCROAL 

I 
Initial count 
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ETCROA HlL-Execute Transrer Count Register OA H/L 
(cont) 

• Full address mode 

Nonnalmode 

H'24,H'25 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 

I I I I I I I 
Undetermined 

DMACO 

o 

Initial value 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RNI RIW RIW RIW RIW RIW RIW 

I 
Transfer counter 

Block transfer mode 

Bit 7 6 5 4 3 2 0 

Initial value Undetermined 

ReadlWrite RIW RIW RIW RIW RIW RNI AIW RIW 
\ 

yo 

ETCROAH 

I 
Block size counter 

Bit 7 6 5 4 3 2 0 

Initial value Undetermined 

ReadlWrite RIW RIW RNI RIW RIW RNI AIW RNI 
yo 

ETCAOAL 

I 
Initial block size 
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IOAROA-I10 Address Register OA 0'26 DMACO 

Bit 7 6 5 4 3 2 1 0 

Initial value Undetermined 

ReadlWrite RIW RIW ANI RIW ANI ANI RIW ANI 

Short address mode: source or destination address 
FuJI address mode: not used 
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DTCROA-Data Transrer Control Register OA 0'27 DMACO 

Short address mode 

Bit 7 6 5 4 3 2 1 0 

DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO 

Initial value 0 a 0 0 0 0 a 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW -.--- --r I T T I 
I 

Data transfer select 
Bit 2 Bit 1 Bit 0 
DTS2 DTS1 DTSO Data Transfer Activation Source 

0 0 0 Compare matchlinput capture A interrupt from ITU channel 0 
1 Compare matchlinput capture A interrupt from ITU channel 1 

1 a Compare matchlinput capture A interrupt from ITU channel 2 
1 Compare matcMnput capture A interrupt from ITU channel 3 

1 0 0 SCIO transmit-data-empty interrupt 
1 SCIO receive-data-full interrupt 

1 • Transfer in full address mode 

Data transfer Interrupt enable 
I 0 I Interrupt requested by DTE bit is disabled I 
'1 'Interrupt requested by DTE bit is enabled I 

Repeat enable 
RPE DTIE Description 

0 0 VOmode 
1 

1 0 Repeat mode 
1 Idle mode 

Data transfer Increment/decrement 
0 Incremented: H OTSZ .. 0, MAR is incremented by 1 after each transfer 

H OTSZ .. 1, MAR is incremented by 2 after each transfer 
1 Decremented: H OTSZ = 0, MAR is decremented by 1 after each transfer 

H DTSZ = 1, MAR is decremented by 2 after each transfer 

Data transfer size 
., 0 , Byte-size transfer 

.'1 , Word-size transfer 

Data transfer is disabled 
1 Data transfer is enabled 
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DTCROA-Data Transrer Control Register OA 8'27 DMACO 
(cont) 

• Full address mode 

Bit 7 6 S 4 3 2 1 0 

DTE DTSZ SAID I SAIDE I DTIE I DTS2A I DTS1A I DTSOA I 
Initial value 0 0 0 0 0 o 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW -.- I I I 

o Normal mode 

1 Block transfer mode 

Data transfer select 2A and 1 A 
I Set both bits to 1 I 

ata transfer Interru tenable D 

10 

11 

Interrupt request by DTE bit is disabled 

Interrupt request by DTE bit is enabled 

Source address Increment/decrement 
BitS Bit 4 

SAID SAIDE 

0 0 

1 

1 0 

1 

Increment/Decrement Enable 

MARA is held fixed 

Incremented: H DTSZ = 0, M ARA is incremented by 1 after each transfer 
ARA is incremented by 2 after each transfer H DTSZ= 1, M 

MARA is held fixed 

Decremented: If DTSZ = 0, M 
If DTSZ= 1, M 

ARA is decremented by 1 after each transfer 
ARA is decremented by 2 after each transfer 

Data transfer size 

10 Byte-size transfer I 
11 Word-size transfer I 

Data transfer is disabled 

1 Data transfer is enabled 
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MAROB RlElHlL-Memory Address Register OB RIEIHIL H'28,H'29, 
H'2A,H'2B 

DMACO 

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Initial value 

ReadJWrite 

Bit 

Initial value 

I I I I I I I I I I I I I I I I I 
1 1 1 Undetermined 

-FWlRIWRIWRIWRIWRIWRIWRIW 
~~ __________ ~T~ __________ JJ ~~----------~T~----------~ 

MAROBR MAROBE 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
I I I I I I I 

Undetermined Undetermined 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW FWI RIW RIW RIW RIW RIW RIW RIW RIW 
, J ~ J 

v v 

MAROBH MAROBl 

Source or destination address 
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ETCROB HlL-Execute Transfer Count Register OB WL H'2C,H'2D DMACO 

Short address mode 

I/O mode and idle mode 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Initial value 

AeadlWrite 

Repeat mode 

Bit 

Initial value 

AeadlWrite 

Bit 

Initial value 

AeadlWrite 

I I I I I I I 
Undetermined 

RIW RIW RIW RIW RIW RIW RIW RIW RIW AIW RIW RIW RIW AIW RIW AIW 

7 6 5 

RIW RIW AIW 

I 
Transfer counter 

4 3 

Undetermined 

RIW RIW 

2 o 
I 

RIW RIW AIW 
l~ ______________________ ~yr ______________________ ~J 

7 6 5 

AIW RIW AIW 

ETCAOBH 

I 
Transfer counter 

4 3 

Undetermined 

RIW RIW 

2 o 

RIW RIW RIW 
~ ____________________ ~v~ ____________________ --JJ 

ETCAOBL 

I 
Initial count 
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ETCROB HlL-Execute Transfer Count Register OB WL 
(cont) 

• Full address mode 

Nonnalmode 

H'2C,H'2D 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 

I I I I I I I 
Undetermined 

DMACO 

o 

Initial value 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Not used 

Block transfer mode 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
I I I I I I I 

Undetermined Initial value 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Block transfer counter 

IOAROB-I10 Address Register OB H'2E 

Bit 

Initial value 

ReadlWrite 

7 

RIW 

6 

RIW 

5 

RIW 

4 3 

Undetermined 

RIW RIW 

2 

RIW RIW 

Short address mode: source or destination address 
Full address mode: not used 

635 

DMACO 

o 

RIW 



DTCROB-Data Transrer Control Register OB H'2F DMACO 

Short address mode 

Bit 7 6 5 4 3 2 a 

DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSa 

Initial value a a a a a a a a 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW -.- -,- T T I 
I 

Data transfer select 
Bit 2 Bit 1 Bit a 

DTS2 DTS1 DTSa Data Transfer Activation Source 

a a a Compare matchlinput capture A interrupt from ITU channel a 

1 Compare matchlinput capture A interrupt from ITU channel 1 

1 a Compare match/input capture A interrupt from ITU channel 2 

1 Compare match/input capture A interrupt from ITU channel 3 

1 a a sCla transmit-data-empty interrupt 

1 sCla receive-data-full interrupt 

1 a Falling edge of DREQ input 

1 Low level of DREQ input 

Data transfer Interrupt enable 

a Interrupt requested by DTE bit is disabled 

1 Interrupt requested by DTE bit is enabled 
CPU interrupt requested when DTE = a 

Repeat enable 
RPE DTIE Description 

a a 110 mode 

1 

1 a Repeat mode 

1 Idle mode 

Data transfer Increment/decrement 
a Incremented: If DTSZ = a, MAR is incremented by 1 after each transfer 

If DTSZ = 1, MAR is incremented by 2 after each transfer 

1 Decremented: If DTSZ = a, MAR is decremented by 1 after each transfer 
If DTSZ = 1, MAR is decremented by 2 after each transfer 

Data transfer size 
I a I Byte-size transfer 

L 1 I Word-size transfer 

Data transfer is disabled 

1 Data transfer is enabled 
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DTCROB-Data Transrer Control Register OB H'2F DMACO 

• Full address mode 

Bit 7 6 5 

DTME DAID 

Initial value 0 0 0 

ReadlWrite RIW RIW RIW 

Data transfer select 28 to OB 

4 3 

I DAIDE I TMS 

0 0 

RIW RIW 

2 1 0 

I DTS2B I DTS1 B I DTSOB I 
o 

RIW 

o 
RIW 

o 
RIW 

Bit 2 Bit 1 Bit 0 Data Transfer Activation Source 

DTS2B DTS1B DTSOB Normal Mode Block Transfer Mode 

0 0 0 Auto-request Compare matchlinput capture 
(burst mode) A from ITU channel 0 

1 Not available Compare matchlinput capture 
A from ITU channell 

1 0 Auto-request Compare matchlinput capture 
(cycle-steal mode) A from ITU channel 2 

1 Not available Compare matchlinput capture 
A from ITU channel 3 

1 0 0 Not available Not available 

1 Not available Not available 

1 0 Falling edge of DREO Falling edge of DREO 

1 Low level input at DR EO Not available 

o Destination is the block area in block transfer mode 

1 Source is the block area in block transfer mode 

Destination address Increment/decrement 
Bit5 Bit4 

DAID DAIDE IncrementlDecrement Enable 

o 0 MARB is held fixed 

1 Incremented: If DTSZ - 0, MARB is incremented by 1 after each transfer 
If DTSZ - 1, MARB is incremented by 2 after each transfer 

o MARB is held fixed 

1 Decremented: If DTSZ = 0, MARB is decremented by 1 after each transfer 
If DTSZ = 1, MARB is decremented by 2 after each transfer 

Data transfer is disabled 

1 Data transfer is enabled 
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MARIA RlE'HlL-Memory Address Register lA RIFlHIL 0'30,0'31, DMACI 
0'32,0'33 

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

I I I I I I I I I I I I I I I I I 
Initial value 1 1 1 1 1 1 Undetermined 

ReadlWrite - RIW FWI FWI RIW RNI RIW RIW FWI 
\ J \ 

v v 

MAR1AR MAR1AE 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

I I I I I I I 
Initial value Undetermined Undetermined 

ReadlWrite RIW FWI RIW RNI FWI FWI RIW FWI RIW FWI FWI RIW RNI RIW RNI FWI 
\ J \ J 

v v 

MAR1AH MAR1AL 

Note: Bit functions are the same as for DMACO. 
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ETCRIA WL-Execute Transrer Count Register lA WL H'34,H'35 DMACI 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I 
Initial value Undetermined 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

Bit 

Initial value 

ReadlWrite 

Bit 

Initial value 

ReadlWrite 

7 

RIW 
\ 

7 

RIW 
\ 

6 5 

RIW RIW 

6 5 

RIW RIW 

Note: Bit functions are the same as for DMACO. 

IOARIA-I!O Address Register lA 

Bit 

Initial value 

ReadlWrite 

7 

RIW 

6 

RIW 

5 

RIW 

Note: Bit functions are the same as for DMACO. 

4 3 

Undetermined 

RIW RIW 
., 

ETCR1AH 

4 3 

Undetermined 

RIW RIW 
., 

ETCR1Al 

4 3 

Undetermined 

RIW RIW 
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RIW RIW RIW 
J 

2 o 

RIW RIW RIW 
. J 

H'36 DMACI 

2 o 

RIW RfW RIW 



DTCRIA-Data Transfer Control Register lA H'37 DMACI 

• Short address mode 

Bit 7 6 5 4 3 2 1 0 

DTE DTSZ I DTID RPE DTIE DTS2 DTS1 DTSO 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

• Full address mode 

Bit 7 6 5 4 3 2 1 0 

DTE DTSZ I SAID I SAIDE I DTIE I DTS2A I DTS1A I DTSOA I 
Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for DMACO. 

MARIB RlFJHlL-Memory Address Register IB RlEIHIL H'38, H'39, 
H'3A,H'3B 

DMACI 

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 

Initial value 

ReadlWrite 

Bit 

Initial value 

I I I I I I I I I I I I I I I I I 
1 1 Undetermined 

- RIW RIW RIW RIW RIW RIW RIW RIW 
~---------vv----------~' l~----------vv----------~' 

MAR1 BR MAR1 BE 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 

I I I I I I I 
Undetermined Undetermined 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 
\ , \ , 

v v 
MAR1 BH MAR1 Bl 

Note: Bit functions are the same as for DMACO. 
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ETCRIB HlL-Execute Transfer Count Register IB HIL H'3C,H'3D DMACI 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 1 1 1 1 1 1 -I 
Initial value Undetermined 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

Bit 7 6 5 4 3 2 o 

Undetermined Initial value 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 
\~------------------~v~------------------~I 

Bit 

Initial value 

ReadlWrite 

7 

RIW 
\ 

6 5 

RIW RIW 

Note: Bit functions are the same as for DMACO. 

IOARIB-I/O Address Register IB 

Bit 

Initial value 

ReadlWrite 

7 

RIW 

6 

RIW 

5 

RIW 

Note: Bit functions are the same as for DMACO. 

ETCR1BH 

4 3 

Undetermined 

RIW RIW 
v 

ETCR1BL 

4 3 

Undetermined 

RIW RIW 
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DTCRIB-Data Transfer Control Register 18 8'3F DMACI 

Short address mode 

Bit 7 6 5 4 3 2 1 0 

DTE DTSZ I DTID RPE DTIE DTS2 DTS1 DTSO 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

• Full address mode 

Bit 7 6 5 4 3 2 1 0 

DTME DAID I DAIDE I TMS I DTS2B I DTS1B I DTSOB I 
Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for DMACO. 
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TSTR-Timer Start Register 8'60 ITU (all channels) 

Bit 7 6 5 4 3 2 1 0 

STR4 STR3 STR2 STR1 STRO 

Initial value 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW 

1 TCNTO is counting 

1 TCNT1 is counting 

1 TCNT2 is counting 

1 TCNT3 is counting 

1 TCNT 4 is counting 
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TSNC-Timer Synchro Register 0'61 ITU (all channels) 

Bit 

Initial value 

ReadJWrite 

7 6 5 4 3 2 1 0 

1 

! SYNC4! SYNC3! SYNC2 ! SYNC1 ! SYNCO ! 

o 
RJW 

o 
RJW 

o 
RJW 

o 0 

RIW RJW 

T 
Timer sync 0 

o TCNTO operates independently 

1 TCNTO is synchronized 

TImer sync 1 

o TCNT1 operates independently 

1 TCNT1 is synchronized 

Timer sync 2 

o TCNT2 operates independently 

1 TCNT2 is synchronized 

Timer sync 3 

o TCNT3 operates independently 

1 TCNT3 is synchronized 

Timer sync 4 

o TCNT4 operates independently 

1 TCNT 4 is synchronized 
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TMDR-Timer Mode Register 8'62 ITU (all cbannels) 

Bit 

Initial value 

ReadiWrite 

7 6 5 4 3 2 0 

MDF FDIR I PWM4 I PWM3 I PWM2 PWM1 PWMO 

1 0 0 0 0 0 0 0 

RIW RNI RIW RIW RIW RIW RIW 

T 
o Channel 0 operates normally 

1 Channel 0 operates in PWM mode 

o Channel 1 operates normally 

1 Channel 1 operates in PWM mode 

o Channel 2 operates normally 

1 Channel 2 operates in PWM mode 

o Channel 3 operates normally 

1 Channel 3 operates in PWM mode 

o Channel 4 operates normally 

1 Channel 4 operates in PWM mode 

Flag direction 

o OVF is set to 1 in TSR2 when TCNT2 overflows or underflows 

1 OVF is set to 1 in TSR2 when TCNT2 overflows 

Phase counting mode flag 

o Channel 2 operates normally 

1 Channel 2 operates in phase counting mode 
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TFCR-Timer Function Control Register Ht63 lTV (all channels) 

6 5 4 3 2 1 0 

CMD1 CMDO BFB4 BFM BFB3 BFA3 

Initial value 1 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW 

T 
o GRA3 operates normally 

1 GRA3 is buffered by BRAS 

o GRB3 operates normally 

1 GRB3 is buffered by BRB3 

Buffer mode A4 
o GRA4 operates normally 

1 GRM is buffered by BRA4 

GRB4 operates normally 
1 GRB4 is buffered by BRB4 

Combination mode 1 and 0 
Bit 5 Bit 4 

CMD1 CMDO Operating Mode of Channels 3 and 4 

0 0 Channels 3 and 4 operate normally 

1 
1 0 Channels 3 and 4 operate together in complementary PWM mode 

1 Channels 3 and 4 operate together in reset-synchronized PWM mode 
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TCRO-Timer Control Register 0 8'64 ITUO 

Bit 

Initial value 

ReadlWrite 

7 6 S 4 3 2 1 0 

I CClR1 I CClRO I CKEG1 I CKEGO I TPSC2 I TPSC1 I TPSCO I 
o 

RIW 

o 
ANI 

o 
RIW 

Timer prescaler 2 to 0 

Bit 2 Bit 1 Bit 0 

TPSC2 TPSC1 TPSCO 

0 0 0 

1 
1 0 

1 

1 0 0 

1 

1 0 

1 

o 
ANI 

o 
ANI 

TCNT Clock Source 

Internal clock: " 
Internal clock: ,,/2 
Internal clock: ,,/4 

Internal clock: ,,/8 

o 
ANI 

External clock A: TClKA input 
External clock B: TClKB input 

External clock C: TClKC input 

External clock D: TClKD input 

o 
RIW 

Clock edge 1 and 0 

Bit 4 Bit 3 

CKEG 1 CKEGO Counted Edges of External Clock 

o 0 Rising edges counted 

Falling edges counted 

1 Both edges counted 

Counter clear 1 and 0 
Bit 6 BitS 

CClR1 CClRO TCNT Clear Source 

0 0 TCNT is not cleared 

1 TCNT is cleared by GRA compare match or input capture 

1 0 TCNT is cleared by GRB compare match or input capture 

1 Synchronous clear: TCNT is cleared in synchronization 
with other synchronized timers 
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TIORO-Timer VO Control Register 0 H'65 ITUO 

Bit 7 6 S 4 3 2 0 

I IOB2 IOB1 lOBO 10A2 IOA1 IOAO 

Initial value 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW 

I 
110 control A2 to AO 

Bit 2 Bit 1 Bit 0 
10A2 IOA1 10AO GRAFundion 

0 0 0 GRA is an output No output at compare match 
1 compare register o output at GRA compare match 

1 0 1 output at GRA compare match 
1 Output toggles at GRA compare match 

1 0 0 GRA is an input GRA captures rising edge of input 
1 capture register GRA captures falling edge of input 

1 0 GRA captures both edges of input 
1 

1/0 control B2 to BO 
Bit 6 BitS Bit 4 
IOB2 IOB1 lOBO GRB Fundicn 

0 0 0 GRB is an output No output at compare match 
1 compare register o output at GRB compare match 

1 0 1 output at GRB compare match 
1 Output toggles at GRB compare match 

1 0 0 GRB is an input GRB captures rising edge of input 
1 capture register GRB captures falling edge of input 

1 0 GRB captures both edges of input 
1 
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TIERO-Timer Interrupt Enable Register 0 H'66 ITUO 

Initial value 1 

ReadIWrite 

6 5 4 3 2 0 

OVIE IMIEB IMIEA 

1 0 0 0 

RIW ANI RIW 

T 
Input capture/compare match Interrupt enable A 
o IMIA interrupt requested by IMFA flag is disabled 

1 IMIA interrupt requested by IMFA flag is enabled 

Input capturalcompara match Interrupt enable B 
o IMIB interrupt requested by IMFB flag is disabled 
1 IMIS interrupt requested by IMFS flag is enabled 

OVerflow Interrupt enable 
o OVI interrupt requested by OVF flag is disabled 

1 OVI interrupt requested by OVF flag is enabled 
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TSRO-Timer Status Register 0 H'67 ITUO 

Bit 7 6 5 4 3 2 1 0 

OVF IMFB IMFA 

Initial value 1 1 1 0 0 0 

AeadlWrite AI(W)* A/(W)* AI(W)· 

I I I 
I 

Input capture/compare match flag A 
0 [Clearing condition] 

Aead IMFA when IMFA - 1, then write 0 in IMFA 
1 [Setting conditions] 

TCNT • GAA when GAA functions as an output compare 
register. 
TeNT value is transferred to GAA by an input capture 
signal, when GAA functions as an input capture register. 

Input capture/compare match flag B 
0 [Clearing condition] 

Aead IMFB when IMFB - 1, then write 0 in IMFB 

1 [Setting conditions] 
TeNT. GAB when GAB functions as an output compare 
register. 
TeNT value is transferred to GAB by an input capture 
signal, when GAB functions as an input capture register. 

Overflow flag 
0 [Clearing condition] 

Aead OVF when OVF = 1, then write 0 in OVF 

1 [Setting condition] 
TCNT overflowed from H'FFFF to H'OOoo 

Note: • Only 0 can be written, to clear the flag. 
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TCNTO HlL-Timer Counter 0 HIL H'68,H'69 ITVO 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
I I I I I I I I I I 

Initial value 

ReadlWrite 

o 0 000 0 0 0 0 0 0 0 000 0 

RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Up-counter 

GRAO HlL-General Register AO HIL H'6A, H'6B ITVO 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 
I I I I I I I I 

Initial value 1· 1 1 1 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Output compare or input capture register 

GRBO HlL-General Register BO HIL H'6C,H'6D ITVO 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
I I I I I I I 

Initial value 1 1 1 1 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Output compare or input capture register 

TCRI-Timer Control Register 1 H'6E ITVI 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

I CCLR1 I CCLRO I CKEG1 I CKEGO I TPSC2 I TPSC1 I TPSCO I 
1 0 0 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for ITUO. 
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TIORl-Timer VO Control Register 1 H'6F ITVl 

Bit 7 6 5 4 3 2 1 0 

IOB2 IOB1 lOBO 1OA2 IOA1 IOAO 

Initial value 0 0 0 1 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for ITUO. 

TIERl-Timer Interrupt Enable Register 1 H'70 ITVl 

Bit 7 6 5 4 3 2 0 

OVIE IMIEB IMIEA 

Initial value 0 0 0 

ReadlWrite RIW RIW RIW 

Note: Bit functions are the same as for ITUO. 

TSRI-Timer Status Register 1 H'71 ITVI 

Bit 7 6 5 4 3 2 1 0 

OVF IMFB IMFA 

Initial value 1 0 0 0 

ReadlWrite R/(W) * R/(W) * R/(W)* 

Notes: Bit functions are the same as for ITUO. 
* Only 0 can be written, to clear the flag. 

TCNTl HIL-Timer Counter 1 HIL H'72, H'73 ITVl 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 

Initial value 

ReadlWrite 

I I I I I I I I I 
o 0 000 0 0 0 0 000 000 0 

RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for ITUO. 
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GRAI HlL-General Register Al HIL H'74,H'75 ITVI 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Initial value 

ReadlWrite 

I I I I I I I 
1111111111111111 

RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for 1TU0. 

GRBI HI~eneral Register Bl HIL H'76,H'77 ITVI 

Bit 

Initial value 

ReadlWrite 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 
I I I I I I I 
1111111111111111 

RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for ITUO. 

TCR2-Timer Control Register 2 H'78 ITV2 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

I CClR1 I CClRO I CKEG1 I CKEGO I TPSC21 TPSC1 I TPSCO I 
o 0 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW RIW 

Notes: 1. Bit functions are the same as for ITUO. 
2. When channel 2 is used in phase counting mode, the counter clock source selection by 

bits TPSC2 to TPSCO is ignored. 
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TIOR2-Timer VO Control Register 2 H'79 lTU2 

Bit 7 6 5 4 3 2 1 0 

IOB2 IOB1 lOBO 10A2 IOA1 IOAO 

Initial value 1 0 0 0 1 0 a a 
ReadlWrite RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for ITUO. 
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TIERl-Timer Interrupt Enable Register 2 H'7A ITU2 

Bit 7 6 5 4 3 2 1 0 

OVIE IMIEB IMIEA 

Initial value 1 1 0 0 0 

ReadlWrite AIW RIW AIW 

Note: Bit functions are the same as for ITUO. 

TSRl-Timer Status Register 2 H'78 ITU2 

Bit 7 6 5 4 3 2 0 

OVF IMFB IMFA 

Initial value 1 0 0 0 

AeadlWrite AI(W)* A/(W)* AI(W)* 

I I 
Bit functions are the 

Overflow flag 
same as for ITUO. 

0 [Clearing condition] 
Aead OVF when OVF - 1, then write 0 in OVF 

1 [Setting condition] 
TCNT overflowed from H'FFFF to H'OOOO or underflowed from 
H'OOOO to H'FFFF 

Note: * Only 0 can be written, to clear the flag. 

TCNT2 WL-Timer Counter 2 WL H'7C,H'7D ITU2 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I 
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AeadlWrite AIW RIW AIW AIW AIW AIW AIW RIW RIW AIW AIW AIW AIW RIW AIW AIW 

I 
Phase counting mode: up/down counter 
Other modes: up-counter 
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GRAl HlL-General Register Al HIL 8'7E,8'7F lTU2 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 
I I I I I I I I 

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

ReadlWrite RIW Rm RIW RIW RIW RIW Rm RIW RIW RIW RIW RIW Rm RIW RIW RIW 

Note: Bit functions are the same as for ITUO. 

GRB2 HlL-General Register B2 HlL 8'80,8'81 lTU2 

Bit 15 14 13 12 11 10 9 8 7 654 3 2 o 
I I I I I I I 

Initial value 

ReadlWrite 

1 1 1 1 1 1 

RIW Rm RIW RIW Rm RIW Rm RIW RIW Rm RIW RIW Rm RIW RIW RIW 

Note: Bit functions are the same as for ITUO. 

TCR3-Timer Control Register 3 8'82 ITU3 

Bit 7 6 5 4 3 2 1 0 

I CCLR1 I CCLRO I CKEG1 I CKEGO I TPSC2 I TPSC1 I TPSCO I 
Initial value 

ReadlWrite 

o 
RIW 

o 
RIW 

Note: Bit functions are the same as for ITUO. 

TIOR3-Timer VO Control Register 3 

Bit 

Initial value 

ReadlWrite 

7 6 

JOB2 

o 
RIW 

5 

lOB 1 

o 
Rm 

Note: Bit functions are the same as for ITUO. 

o 
Rm 

4 

lOBO 

o 
Rm 
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o 
RIW 

3 

o 
Rm 

8'83 

2 

10A2 

o 
RIW 

o 
RIW 

IOA1 

o 
Rm 

o 
RIW 

ITU3 

o 
10AO 

o 
RIW 



TIER3-Timer Interrupt Enable Register 3 H'84 ITV3 

Bit 7 6 5 4 3 2 0 

OVIE IMIEB IMIEA 

Initial value 0 0 0 

ReadlWrite RIW RIW RfW 

Note: Bit functions are the same as for ITUO. 

TSR3-Timer Status Register 3 H'85 ITV3 

Bit 7 6 5 4 3 2 0 

OVF IMFB IMFA 

Initial value 0 0 0 

ReadlWrite R/(W)* R/(W)* R/(W)* 

I I 
Bit functions are the 

OVerflow flag 
same as for ITUO 

0 [Clearing condition] 
Read OVF when OVF = 1, then write 0 in OVF 

1 [Setting condition] 
TCNT overflowed from H'FFFF to H'OOOO or underflowed from 
H'OOOO to H'FFFF 

Note: * Only 0 can be written, to clear the flag. 

TCNT3 WL-Timer Counter 3 WL H'86, H'87 ITV3 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 

I I I I I I I 
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RfW RfW RIW RIW RfW RIW RIW RIW RfW RIW RIW RfW RIW 

I 
Complementary PWM mode: up/down counter 
Other modes: up-counter 
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GRAJ HlL-General Register AJ HIL H'88,H'89 ITV3 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I I I I 
Initial value 1 1 1 1 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Output compare or input capture register (can be buffered) 

GRBJ W~eneral Register B3 WL H'8A,H'8B ITV3 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I I 
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Output compare or input capture register (can be buffered) 

BRAJ HlL-Buffer Register AJ HIL H'8C,H'8D ITV3 

Bit 15 14 13 12 11 10 9 8 7 654 3 2 o 

I I I I I I I 
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Used to buffer GRA 

BRB3 WL-Buffer Register B3 HIL H'8E,H'8F ITV3 

Bit 15 14 13 12 11 10 9 8 7 654 3 2 o 

I I I I I I I 
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Used to buffer GRB 
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TOER-Timer Output Enable Register 0'90 ITU (all channels) 

Bit 7 6 5 4 3 2 0 

EXB4 EXA4 EB3 EB4 EM EA3 

Initial value 1 1 1 1 1 1 
ReadlWrite RIW RIW RIW RIW RIW RIW 

--r T T 
-,-- --

T 
I 

Master enable nOCA3 
I 0 1 TIOCA3 output is disabled regardless of TIOR3, TMDR, and TFCR settings 1 
11 I TIOCA3 is enabled for output according to TIOR3, TMDR, and TFCR settingsJ 

Master enable nOCA4 
1 0 1 TIOCA4 output is disabled regardless of TIOR4, TMDR, and TFCR settings I 
11 1 TIOCA4 is enabled for output according to TIOR4, TMDR, and TFCR settings 1 

Master enable nOCB4 
o TIOCB4 output is disabled regardless of TIOR4 and TFCR settings 

1 TIOCB4 is enabled for output according to TIOR4 and TFCR settings 

o TIOCB3 output is disabled regardless of TIOR3 and TFCR settings 
1 TIOCB3 is enabled for output according to TIOR3 and TFCR settings 

Master enable TOCXA4 
o TOCXA 4 output is disabled regardless of TFCR settings 

1 TOCXA4 is enabled for output according to TFCR settings 

TOCXB4 output is disabled regardless of TFCR settings 

1 TOCXB4 is enabled for output according to TFCR settings 
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TOCR-Timer Output Control Register 8'91 ITU (all channels) 

Bit 

Initial value 

ReadlWrite 

7 

1 

6 5 

I 

4 

XTGD 

1 

RIW 

Output level select 3 

3 2 1 0 

OLS4 OLS3 

1 

RIW RIW 

T 
o TIOCB3. TOCXA •• and TOCXB4 outputs are inverted 

1 TIOCB3. TOCXA4. and TOCXB4 outputs are not inverted 

Output level select 4 

o TIOCA3, TIOCA4. and TIOCB4 outputs are inverted 

1 TIOCA3. TIOCA4. and TIOCB4 outputs are not inverted 

External trigger disable 
0 Input capture A in channel 1 is used as an external trigger signal in 

reset-synchronized PWM mode and complementary PWM mode· 

1 External triggering is disabled 

Note: * When an external trigger occurs, bits 5 to 0 in TOER are cleared to 0, disabling ITU 
output. 
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TCR4-Timer Control Register 4 8'92 ITU4 

Bit 7 6 5 4 3 2 1 0 

I CCLR1 I CCLRO I CKEG1 I CKEGO I TPSC2 I TPSC1 I TPSCO I 
Initial value 

ReadJWrite 

o 0 0 0 0 0 0 

RJW RIW RIW RIW RIW RJW RIW 

Note: Bit functions are the same as for ITUO. 

TIOR4-Timer VO Control Register 4 8'93 ITU4 

Bit 7 6 5 4 3 2 1 0 

IOB2 IOB1 lOBO 10A2 IOA1 10AO 

Initial value 0 0 0 0 0 0 

ReadJWrite RJW RIW RIW RIW RNI RIW 

Note: Bit functions are the same as for ITUO. 

TIER4-Timer Interrupt Enable Register 4 8'94 ITU4 

Bit 7 6 5 4 3 2 1 0 

OVIE IMIEB IMIEA 

Initial value 1 1 0 0 0 

ReadJWrite RNI RNI RJW 

Note: Bit functions are the same as for ITUO. 

TSR4-Timer Status Register 4 8'95 ITU4 

Bit 7 6 5 4 3 2 0 

OVF IMFB IMFA 

Initial value 1 0 0 0 

ReadJWrite R/(W) * R/(W) * R/(W)* 

Notes: Bit functions are the same as for ITUO. 
* Only 0 can be written, to clear the flag. 
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TCNT4 HlL-Timer Counter 4 HIL H'96,H'97 ITU4 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
I I I I I I I I 

Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ReadlWrite ANI RIW ANI RIW RIW RIW RIW RIW RIW RIW RIW ANI RIW RIW RIW RIW 

Note: Bit functions are the same as for 1TU3. 

GRA4 HlL-General Register A4 HIL H'98, H'99 ITU4 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
I I I I I I I I 

Initial value 

ReadlWrite 

11 11 11111 111 

ANI RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for ITU3. 

GRB4 WL-General Register B4 WL H'9A,H'9B ITU4 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I I I I I I I 
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW ANI ANI RIW RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for ITU3. 

BRA4 WL-Buffer Register A4 WL H'9C;H'9D ITU4 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
I I I I I I I I 

Initial value 1 1 1 1 1 1 1 1 1· 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for ITU3. 
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BRB4 HlL-Burrer Register B4 HIL H'9E,H'9F ITU4 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 o 
I I I I I I I 

Initial value 1 1 1 1 1 1· 1 1 1 1 1 1 1 1 1 

ReadM'rite RMf RIW RIW RMf RMf RM' RMf RIW RMf RMf RMf RIW RM' RIW RIW RIW 

Note: Bit functions are the same as for nU3. 

TPMR-TPC Output Mode Register H'AO TPC 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

I G3NOV I G2NOV I G 1 NOV I GONOV I 
1 o 0 0 0 

RIW RM' RMf RIW 

---r T T T 
I 

Group 0 non-overlap 

0 

1 

Normal TPC output in group O. 
Output values change at compare match A in the selected ITU chann el. 

h Non-overlapping TPC output in group 0, controlled by compare matc 
A and B in the selected IlU channel 

Group 1 non-overlap 

0 Normal TPC output in group 1. 
Output values change at compare match A in the selected ITU channel. 

1 Non-overlapping TPC output in group 1, controlled by compare match 
A and B in the selected ITU channel 

Group 2 non-overlap 

o Normal TPC output in group 2. 
Output values change at compare match A in the selected IlU channel. 

Non-overlapping TPC output in group 2, controlled by compare match 
A and B in the selected IlU channel 

Group 3 non-overlap 

0 Normal TPC output in group 3. 
Output values change at compare match A in the selected ITU channel. 

1 Non-overlapping TPC output in group 3, controlled by compare match 
A and B in the selected ITU channel 
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TPCR-TPC Output Control Register U'AI TPC 

Bit 

Initial value 

ReadlWrite 

I 

7 6 5 4 3 2 1 0 

IG3CMS11G3CMSOI G2CMS11 G2CMSOIG1 CMS11G1 CMSol GOCMS11GOCMSOI 

1 1 1 1 1 1 1 1 

RIW RIW RIW RIW RIW RIW RIW RIW 
I I I I 

Group 0 compare match select 1 and 0 

Bl1 Bit 0 
GOCMS1 GOCMSO rru Channel Selected as Output Trigger 

0 0 TPC output group 0 (TP3 to TP 0) is triggered by oompare match in rru channel 0 
1 TPC output group 0 (TP3 to TP 0) is triggered by oompare match in rru channel 1 

1 0 TPC output group 0 (TP3 to TPo) is triggered by oompare match in rru channel 2 
1 TPC output group 0 (TP3 to TP 0) is triggered by oompare match in rru channel 3 

.J 

Group 1 compare match select 1 and 0 

Bl3 Bit 2 
G1CMS1 G1CMSO rru Channel Selected as Output Trigger 

0 0 TPC output group 1 (TP7 to TP4 ) is triggered by oompare match in rru channel 0 
1 TPC output group 1 (TP7 to TP4) is triggered by oompare match in rru channel 1 

1 0 TPC output group 1 (TP7 to TP 4) is triggered by oompare match in rru channel 2 
1 TPC output group 1 (TP7 to TP 4) is triggered by oompare match in rru channel 3 

Group 2 compare match select 1 and 0 
Bl5 Bit 4 

G2CMS1 G2CMSO rru Channel Selected as Output Trigger 
0 0 TPC output group 2 (TPll to TPa) is triggered by oompare match in ITU channel 0 

1 TPC output group 2 (TPll to TPa) is triggered by oompare match in rru channel 1 
1 0 TPC output group 2 (TPll to TPa) is triggered by oompare match in rru channel 2 

1 TPC output group 2 (TPll to TPa) is triggered by oompare match in rru channel 3 

Group 3 compare match select 1 and 0 

BH Bit 6 
G3CMS1 G3CMSO rru Channel Selected as Output Trigger 

0 0 TPC output group 3 (TP15 to TPl 2,) is triggered by oompare match in rru channel 0 
1 TPC output group 3 (TP15 to TPl2,) is triggered by oompare match in rru channel 1 

1 0 TPC output group 3 (TP15 to TPl 2,) is triggered by oompare match in rru channel 2 
1 TPC output group 3 (TP15 to TPl 2,) is triggered by oompare match in IlU channel 3 
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NDERB-Next Data Enable Register B H'A2 TPC 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 a 
INDER151NDER141NDER131NDER121NDER111NDER1al NDER91 NDERSI 

a a a a a a a a 

RIW RIW RIW RIW RIW RIW RIW RIW 

I 
Next data enable 15 to 8 

Bits 7to a 

NDER15 to NDERS Description 

a TPC outputs TP15 to TPs are disabled 
(NDR15 to NORa are not transferred to PB7 to PBo) 

1 TPC outputs TP15 to TPs are enabled 
(NDR15 to NORa are transferred to PB7 to PBo) 

NDERA-Next nata Enable Register A H'AJ TPC 

Bit 7 6 . 5 4 3 2 1 a 

I NDER71 NDER61 NDER51 NDER41 NDER31 NDER21 NDER1 I NDERO I 
Initial value a 0 0 0 0 a a 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Next data enable 7 to 0 
Bits 7to a 

NDER7 to NDERO Description 
a TPC outputs TP7 to TPo are disabled 

(NDR7to NORa are not transferred to PA7to PAo) 

1 TPC outputs TP7 to TPo are enabled 
(NDR7 to NORa are transferred to PA 7 to PAo) 
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NDRB-Next Data Register B U'A4!H'A6 

Same output trigger for TPC output groups 2 and 3 

Address H'FFA4 

Bit 

Initial value 

ReacllWrite 

7 6 5 4 3 2 

I NOR15 I NOR14 I NOR13 I NOR12 I NOR11 I NOR10 I 
o 0 0 0 0 0 

RIW RIW RIW RIW RIW RIW 

NOR9 

o 
RIW 

TPC 

o 
NORa 

o 
RIW 

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

Address H'FFA6 

Bit 

Initial value 

ReacllWrite 

7 

Output data for 
TPC output group 3 

6 5 4 

Different output triggers for TPC output groups 2 and 3 

Address H'FFA4 

3 

1 

Bit 7 6 5 4 3 

I NOR1S1 NOR14 I NOR13 I NOR12 I 
Initial value 0 0 0 0 

ReadlWrite RIW RIW RIW RIW 

Address H'FFA6 

Bit 7 

Output data for 
TPC output group 3 

6 5 4 3 

Output data for 
TPC output group 2 

2 

2 

2 

I NOR11 I NOR10 I NOR9 

Initial value 0 0 0 

ReacllWrite RIW RIW RIW 

Output data for 
TPC output group 2 
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NDRA-Next Data Register A B'AS/B'A7 TPC 

• Same output trigger for TPC output groups 0 and 1 

Address H'FFA5 

Bit 7 6 5 4 3 2 1 0 

NOR7 NOR61 NORSI NOR4 NOR3 NOR2 NOR1 NORa 

Initial value a a 0 0 a a 0 a 

Read/Write ANI RrN ANI ANI ANI ANI RIW RIW 

Output data for Output data for 
TPC output group 1 TPC output group 0 

Address H'FFA 7 

Bit 7 6 5 4 3 2 0 

Initial value 

ReadrNrite 

• Different output triggers for TPC output groups 0 and 1 

Address H'FFA5 

Bit 7 6 5 4 3 2 a 

NOR7 NOR61 NOR5 NOR4 

Initial value 0 0 0 0 1 

ReadrNrite RrN RrN Am RrN 

Output data for 
TPC output group 1 

Address H'FFA 7 

Bit 7 6 5 4 3 2 a 

NOR3 NOR2 NOR1 NORa 

Initial value 1 a a 0 0 

ReadlWrite RIW RNI RIW RIW 

Output data for 
TPC output group 0 
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TCSR-Timer Control/Status Register 

Bit 7 6 5 4 

OVF WT/IT I TME 

Initial value 0 0 0 

ReadlWrite R/(W)· RIW RIW 

I 
T 

Timer enable 
0 Timer disabled 

• TCNT is initialized to H'OO and halted 

Timer enabled 
• TCNT is counting 
• CPU interrupt requests are enabled 

o Interval timer: requests interval timer interrupts 

1 Watchdog timer: generates a reset signal 

Overflow flag 

0 [Clearing condition] 
Read OVF when OVF = 1, then write 0 in OVF 

1 [Setting condition] 
TCNT changes from H'FF to H'OO 

Note: • Only 0 can be written, to clear the flag. 
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"'AS WDT 

3 2 0 

CKS2 CKS1 CKSO 

0 0 0 

RIW RIW RIW 

I 
I 

Clock select 2 to 0 
0 0 0 0/2 

1 0/32 

1 0 0/64 

1 0/128 

1 0 0 0/256 

1 ,,/512 

1 0 0/2048 

1 ,,/4096 



TCNT-Timer Counter H'A9 (read), 
H'A8 (write) 

Bit 7 6 5 4 3 2 

Initial value 0 0 0 0 0 0 0 

ReadlWrite ANI RNI ANI ANI ANI ANI RNI 

Count value 

RSTCSR-Reset Control/Status Register H'AB (read), 
H'AA (write) 

Bit 

Initial value 

ReadNirite 

7 6 5 4 3 

I WRST I RSTOE I 
o 0 

RI(W)* RIW 

Reset output enable T I 

o Reset signal is not output externally 

1 Reset signal is output externally 
~----=---.I 

Watchdog timer reset 

0 [Clearing condition] 

2 

Reset signal input at RES pin, or 0 written by software 

1 [Setting condition] 
TCNT overflow generates a reset signal 

Note: * Only 0 can be written in bit 7, to clear the flag. 
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RFSHCR-Rerresb Control Register H'AC Rerresb controller 

Bit 

Initial value 

ReadlWrite 

7 6 S 432 1 o 
I SRFMD I PSRAM~ DRAME I CASIWEI M9IMSI RFSHE I I RCYCE I 

o 0 0 0 0 0 1 

RIW RIW RIW RIW RIW RIW 

I 
Refresh cycle enable 

o Refresh cycles are disabled 

o 
RIW 

T 
1 Refresh cycles are enabled for area 3 

Refresh pin enable 
o Refresh signal output at the RFSH pin is disabled 
1 Refresh signal output at the RFSH pin is enabled 

Address mUHlplex mode select 
OS-bit column address mode 

1 9-bit column address mode 

PSRAM enable DRAM enable 
Bit 6 BitS 

PSRAME DRAME RAM Interface 

o o Can be used as an interval timer 

DRAM can be connected 

o PSRAM can be connected 

Illegal setting 

DRAM or PSRAM seH-refresh is disabled in software standby mode 

1 DRAM or PSRAM seH-refresh is enabled in software standby mode 
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RTMCSR-Refresh Timer Control/Status Register D'AD Refresh controller 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 0 

CMF CMIE CKS2 CKS1 CKSO 

0 0 0 0 0 
R/(W). RIW RIW RIW RIW 

I 
Clock select 2 to 0 

Bit 5 Bit 4 Bit 3 

CKS2 CKS1 CKSO Counter Clock Source 

0 0 0 Clock input is disabled 

1 012 

1 0 0/8 

1 0/32 

1 0 0 0/128 

1 01512 

1 0 012048 
1 0/4096 

Compare match Interrupt enable 

o The CMI interrupt requested by CMF is disabled 

1 The CMI interrupt requested by CMF is enabled 

Compare match flag 

0 [Clearing condition] 
Read CMF when CMF • 1. then write 0 in CMF 

1 [Setting condition] 
RTCNT = RTCOR 

Note: • Only 0 can be written. to clear the flag. 
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RTCNT -Refresh Timer Counter H'AE Refresh controller 

Bit 7 6 5 4 3 2 0 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Count value 

RTCOR-Refresh Time Constant Register H'AF Refresh controller 

Bit 7 6 5 4 3 2 0 

Initial value 1 1 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Interval at which RTCNT is cleared 
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SMR-Serial Mode Register 

Bit 7 6 5 7 3 

CIA CHR PE OlE STOP 

Initial value 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RNJ 

Multiprocessor mode 

o Multiprocessor function disabled 

1 Multiprocessor format selected 

Stop bit length 

I 0 lone stop bit 

Parity mode 

o Even parity 

1 Odd parity 

Parity enable 

o Parity bit is not added or checked 

1 Parity bit is added and checked 

Character length 

o 8-bit data 

1 7-bit data 

Communication mode 

o Asynchronous mode 

1 Synchronous mode 
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H'80 SCIO 

2 1 0 

MP CKS1 CKSO 

0 0 0 

RIW RNJ RNJ 

I 
Clock select 1 and 0 

Bit 1 Bit 0 

CKS1 CKSO Clock Source 

o 0 "clock 
1 ,,/4 clock 

o ,,116 clock 

,,/64 clock 



BRR-Bit Rate Register H'BI SCIO 

Bit 7 6 5 4 3 2 0 

Initial value 1 1 1 1 1 1 1 1 

ReadlWrite Rm RIW RIW RIW RIW RIW Rm RIW 

Serial communication bit rate setting 

674 



SCR-Serial Control Register 8'82 SCIO 

Bit 7 6 5 4 3 2 0 

TIE RIE TE RE MPIE TEIE CKE1 CKEO 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW ---,- I T T T I 
I 

Clock enable 1 and 0 
Bit 1 Bit 0 

CKE1 CKEO Clock Selection and Output 
0 0 Asynchronous mode Intemal clock, SCK pin available for generic input 

Synchronous mode Intemal clock, SCK pin used for serial clock output 
1 Asynchronous mode Intemal clock, SCK pin used for clock output 

Synchronous mode Intemal clock. SCK pin used for serial clock output 
1 0 Asynchronous mode External clock. SCK pin used for clock input 

Synchronous mode External clock. SCK pin used for serial dock input 
1 Asynchronous mode External clock. SCK pin used for clock input 

Synchronous mode External clock. SCK pin used for serial dock input 

Transmlt-end Interrupt enable 
10 I Transmit-end interrupt requests (TEl) are disabled J 
11 I Transmit-end interrupt requests (TEl) are enabled I 

Multiprocessor Interrupt enable 
II 0 I Multiprocessor interrupts are disabled (normal receive operation) 
111 I Multiprocessor interrupts are enabled I 

Receive enable 
Transmit enable o I Transmitting is disabled I 
I 0 I Transmitting is disabled I 
11 I Transmitting is enabled I 

1 I Transmitting is enabled I 

Receive Interrupt enable 
I 0 I Receive-end (RXI) and receive-error (ERI) interrupt requests are disabled I 
11 I Receive-end (RXI) and receive-error (ERI) interrupt requests are enabled I 

Transmit Interrupt enable 
o Transmit-data-empty interrupt request (TXI) is disabled 
1 Transmit-data-empty interrupt request (TXI) is enabled 
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TDR-Transmit Data Register H'83 SCIO 

Bit 7 6 5 4 3 2 0 

Initial value 1 1 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Serial transmit data 
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SSR-Serial Status Register H'84 SCIO 
Bit 7 6 5 4 3 2 1 0 

I TORE I RDRF ORER FER PER TEND MPB MPBT 

Initial value 1 0 0 0 0 1 0 0 

ReadlWrite RI(W)* RI(W)* RI(W)* RI(W)* R/(W)* R R RIW 
-==r- _-----r -r-r T T T T i 

Mult~ocessor bit Mult~oce .. or bit transfer 
0 Multiprocessor bit value in 0 Multiprocessor bit value in 

receive data is 0 transmit data is 0 

1 Multiprocessor bit value in 1 Multiprocessor bit value in 

Transmit end 
receive data is 1 transmit data is 1 

0 (Clearing conditions) 
Read TORE when TORE = 1, then write 0 in TORE. 
The OMAC writes data in TOR. 

1 (Setting conditions] 
Reset or transition to standby mode. 
TE is cleared to 0 in SCR. 
TORE is 1 when last bit of 1-byte serial character is transmitted. 

Parity error 
Framing error 0 (Clearing conditions] 
0 (Clearing conditions) Reset or transition to standby mode. 

Reset or transition to standby mode. Read PER when PER = 1, then write 0 in 
Read FER when FER = 1, then write 0 PER. 
in FER. 

1 (Setting condition) 
1 (Setting condition) Parity error: (parity of receive data does not 

Framing error (stop bit is 0) match parity setting of OlE bit in SMR) 

Overrun error 
Receive data register full 0 (Clearing conditions) 
0 (Clearing conditions] Reset or transition to standby mode. 

Reset or transition to standby mode. Read ORER when aREA = 1, then write 0 in 
Read ROAF when RORF = 1, then write 0 in aREA. 
RORF. 

1 (Setting condition) The OMAC reads data from ROR. 
Overrun error (reception of next serial data 

1 (Setting condition) ends when AORF = 1) 
Serial data is received normally and transferred 
from ASR to ADA 

Transmit data register empty 
0 (Clearing conditions] 

Read TORE when TORE = 1, then write 0 in TORE. 
The OMAC writes data in TOA. 

1 (Setting conditions) 
Reset or transition to standby mode. 
TEisOin SCR 
Data is transferred from TOA to TSA, enabling new 
data to be written in TOR. 

Note:· Only 0 can be written, to clear the lIag. 
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RDR-Receive Data Register H'B5 SCIO 

Bit 7 6 5 4 3 2 a 

Initial value a a. a a a a a a 

ReadlWrite R R R R R R R R 

Serial receive data 

SMR-Serial Mode Register H'B8 SCIl 

Bit 7 6 5 4 3 2 a 

CIA CHR PE OlE STOP MP CKS1 CKSa 

Initial value 0 0 0 a a a a a 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for SCIO. 

8RR-8it Rate Register H'89 SCIl 

Bit 7 6 5 4 3 2 a 

Initial value 1 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for SCIO. 

SCR-Serial Control Register H'8A sell 

Bit 7 6 5 4 3 2 a 

TIE RIE TE RE MPIE TEIE CKE1 CKEO 

Initial value a a 0 a a a a 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Note: Bit functions are the same as for sCla. 
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TDR-Transmit Data Register H'BB SCIl 

Bit 7 6 5 4 3 2 0 

Initial value 1 1 1 1 1 1 1 1 

Read/Write ANI RNI RIW ANI ANI ANI ANI RIW 

Note: Bit functions are the same as for SCIO. 

SSR-Serial Status Register H'BC SCIl 

Bit 7 6 5 4 3 2 1 0 

TORE RDRF I ORER I FER PER TEND MPB MPBT 

Initial value 1 0 0 0 0 1 0 0 

ReadNirite RI(W)* RI(W)* R/(W)* RI(W)* RI(W)* R R RNI 

Notes: Bit functions are the same as for SCIO. 
* Only 0 can be written, to clear the flag. 

RDR-Receive Data Register H'BD SCIl 

Bit 7 6 5 4 3 2 0 

Initial value 0 0 0 0 0 0 0 0 

ReadNirite R R R R R R R R 

Note: Bit functions are the same as for SCIO. 
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PIDDR-Port I Data Direction Register H'CO Port I 

Bit 7 6 5 4 3 2 1 0 

IP17DDRI P16DDRI P1SDDRI P14DDRlp13DDRlp12DDRI P11 DDRl p10DDRI 

Mcdes{ Initial value 1 1 1 1 1 1 1 1 
1 m4 ReadlWrite _ _ _ _ _ _ _ _ 

Mcdes{ Initial value 0 0 0 0 0 0 0 0 

5107 ReadlWrite W W W W W W W W 

P2DDR-Port 2 Data Direction Register 

Port 1 Input/output select 
o Generic input pin 
1 Generic output pin 

H'el Port 2 

Bit 7 6 5 4 3 2 1 0 

I P27 DDR I P26 DDRI P2s DDR I P24 DDRI P23 DDR I P22 DDR I P21 DDR I P20 DDR I 
Mcdes{ Initial value 1 1 1 1 1 1 1 1 
1104 ReadlWrite _ _ _ _ _ - - _ 

Mcdes{ Initial value 0 0 0 0 0 0 0 0 
5107 ReadlWrite W W W W W W W W 

PIDR-Port I Data Register 

Bit 7 6 5 

P17 P16 P1s 

Initial value 0 0 0 

ReadlWrite RIW RIW RIW 

Port 2 Input/output select 

o Generic input pin 
1 Generic output pin 

H'C2 

4 3 2 

P14 P13 P12 

0 0 0 

RIW RIW RIW 

Data for port 1 pins 
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Port I 

0 

P11 P10 

0 0 

RIW RIW 



PlDR-Port 2 Data Register H'C3 Port 1 

Bit 7 6 5 4 3 2 0 

P27 P26 P2s P24 P23 P22 P21 I P20 

Initial value 0 0 0 0 0 a a a 
ReadIWrite RIW RIW RIW RIW FWI FWI FWI RIW 

Data for port 2 pins 

P3DDR-Port 3 Data Direction Register H'C4 Port 3 

Bit 7 6 5 4 3 2 1 0 

I P37DDRI P36DDRI P3sDDRI P34DDRlp33DDRlp32DDR I P31DDRlp30DDRI 

Initial value 0 0 0 0 a a a 0 

ReadlWrite W W W W W W W W 

P4DDR-Port 4 Data Direction Register 

Port 3 Input/output select 

o Generic input pin 
1 Generic output pin 

H'CS Port 4 

Bit 7 6 5 4 3 2 1 a 
I P47DDRI P46DDRI P4sDDRI P44DDRI P43DDR I P42DDR I P41 DDRI P40DDR I 

Initial value 0 a 0 0 0 0 0 0 

ReadIWrite W W W W W W W W 

Port 4 Input/output select 

o Generic input pin 
1 Generic output pin 
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P3DR-Port 3 Data Register HtC6 Port 3 

Bit 7 6 5 4 3 2 0 

P37 P3s P3s P3. P33 P32 P3, P30 
Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Data for port 3 pins 

P4DR-Port 4 Data Register HtC7 Port 4 

Bit 7 6 5 4 3 2 0 

P47 P4s P4s P4. P43 P42 P4, P40 
Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Data for port 4 pins 

PSDDR-Port S Data Direction Register HtCS PortS 

Bit 7 6 5 4 3 2 1 0 
1~--~--~----'---~I-P5-3-DD-R~lp-5-2D-D-R~lp-5-,D-D-RI~P-50-D-'DRI 

Modes{ Initial value 1 1 
110 4 ReadlWrite 

Modes{ Initial value 
510 7 ReadlWrite 

682 

o 
w 

o 
w 

o 
w 

Port 5 Input/output select 
o Generic input 
1 Generic output 

o 
w 



P6DDR-Port 6 Data Direction Register H'C9 Port 6 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

1 0 0 0 0 0 0 0 

W W W W W W w 
I 

Port 6 Input/output select 

0 Generic input 
1 Generic output 

PSDR-Port S Data Register H'CA PortS 

Bit 7 6 5 4 3 2 0 

PS3 PS2 PSt PSa 
Initial value 0 0 0 a 
ReadlWrite RIW RIW RIW RIW 

Data for port 5 pins 

P6DR-Port 6 Data Register H'CB Port 6 

Bit 7 6 5 4 3 2 0 

P66 P6s P64 P63 P62 P6l P6a 
Initial value 1 a 0 0 a a 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW 

I 
Data for port 6 pins 
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P8DDR-Port 8 Data Direction Register H'CD Port 8 

Bit 

Modes{ Initial value 
110 4 ReadlWrite 

Modes{ Initial value 
510 7 ReadlWrite 

7 

1 

P7DR-Port 7 Data Register 

Bit 

Initial value 

ReadlWrite 

7 

R 

6 

6 

R 

5 4 3 2 1 0 

1 0 0 0 0 

W W W W W 

I 

o 
w 

o 
w 

Port 8 Input/output select 

o Generic input 

1 CSoutput 

5 4 3 

P7s P74 P73 

-* -* -* 
R R R 

Data for port 7 pins 

o 
w 

o 
w 

o 
w 

=r 
Port 8 Input/output select 

o Generic input 

1 Generic output 

H'CE Port 7 

2 0 

P72 P71 P70 

-* -* -* 
R R R 

Note: * Determined by pins P77 to P70' 

P8DR-Port 8 Data Register 

Bit 

Initial value 

ReadlWrite 

7 6 

1 

5 4 

P8 4 

0 

RIW 
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H'CF Port 8 

3 2 1 0 

P83 P8 2 P81 P80 

0 0 0 0 

RIW RIW RIW RIW 

I 
Data for port 8 pins 



P9DDR-Port 9 Data Direction Register H'DO Port 9 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

o 0 0 0 0 0 

W W W W W w 
I 

Port 9 Input/output select 

o Generic input 

1 Generic output 

PADDR-Port A Data Direction Register H'DI PortA 

Bit 7 6 5 4 3 2 1 0 

. IpA7DDR\ PAsDDRI PAsDDRI PA.DDR\ PAaDDR\PA2DDR \ PA1 DDR\PAoDDRI 

Modes{ Initial value 1 0 0 0 0 0 0 0 

3,4 ReadlWrite - W W W W W W W 

Modes{ Initial value 0 0 0 0 0 0 0 0 
1,2, 
5107 ReadlWrite W W W W W W W W 

P9DR-Port 9 Data Register 

Bit 

Initial value 

ReadlWrite 

7 6 5 

P9s 

1 0 

RIW 

Port A Input/output select 

o Generic input 
1 Generic output 

H'02 

4 3 2 

P94 P93 P92 

0 0 0 

RIW RIW RIW 

Data for port 9 pins 

685 

Port 9 

0 

P91 P90 

0 0 

RIW RIW 



PADR-Port A Data Register H'D3 PortA 

Bit 7 6 5 4 3 2 0 

PA7 PAs PAs PA4 PA3 PA2 PA1 PAo 
Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW ANI RIW ANI RIW RIW ANI 

Data for port A pins 

PBDDR-Port B Data Direction Register H'D4 PortB 

Bit 

Initial value 

Read/Write 

7 6 5 4 3 2 1 0 

I PB7DDRI PBsDDRI PBsDDRI PB4 DDRI PB3DDRlpB2 DDR I PB1 DDRI PBoDDRI 

o 0 0 0 0 0 0 0 

W W W W W W W W 

Port B Input/output select 
o Generic input 
1 Generic output 

PBDR-Port B Data Register H'D6 PortB 

Bit 7 6 5 4 3 2 0 

PB7 PBs PBs PB4 PB3 PB2 PB1 PBo 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW ANI RIW ANI RIW RIW RIW 

Data for port B pins 
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PlPCR-Port 2 Input Pull-Up Control Register H'DS Port 2 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

Ip27PCRlp26PCRlp2SPCRlp24PCRlp23PCRlp22PCRlp21PCRlp20PCRI 

o 0 0 0 0 0 0 0 

ANI RIW ANI ANI RIW RIW Rm RIW 

Port 2 Input pull-up control 7 to 0 

o Input pull-up transistor is off 

1 Input pull-up transistor is on 

Note: Valid when the corresponding P2DDR bit is cleared to 0 (designating generic input). 

P4PCR-Port 4 Input Pull-Up Control Register H'DA Port 4 

Bit 7 6 5 4 3 2 1 0 

I P47PCR I P46PCRI P4sPCRI P44PCR I P43PCR I P42PCR I P41 PCR I P40PCR I 
Initial value 0 0 0 0 0 0 0 0 

ReadlWrite Rm RIW ANI ANI RIW Rm ANI RIW 

Port 4 Input pull-up control 7 to 0 

o Input pull-up transistor is off 

1 Input pull-up transistor is on 

Note: Valid when the corresponding P4DDR bit is cleared to 0 (designating generic input). 
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PSPCR-Port S Input PuD-Up Control Register H'DB PortS 

Bit 

Initial value 

ReadlWrite 

7 6 5 4 3 2 1 0 

o 0 0 0 

RIW RIW RIW RIW 

Port 5 Input pull-up control 3 to 0 

o Input pull-up transistor is off 

1 Input pull-up transistor is on 

Note: Valid when the corresponding P5DDR bit is cleared to 0 (designating generic input). 

DADRO-D/A Data Register 0 H'DC D/A 

Bit 7 6 5 4 3 2 0 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

D/A conversion data 

DADRI-DI A Data Register 1 H'DD D/A 

Bit 7 6 5 4 3 2 0 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

D/A conversion data 
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DACR-DI A Control Register H'DE D/A 

Bit 7 S 5 4 3 2 0 

I DAOE1 I DAOEO I DAE 

Initial value 0 0 0 

ReadlWrite RIW RIW RIW 

I 
~ 

D/Aenable 
Bit 7 BitS Bit 5 

DACE1 DAOEO DAE Description 
a 0 - D/A conversion is disabled in channels a and 1 

1 a D/A conversion is enabled in channel 0 
D/A conversion is disabled in channel 1 

1 D/A conversion is enabled in channels 0 and 1 
1 a 0 D/A conversion is disabled in channel 0 

D/A conversion is enabled in channel 1 
1 D/A conversion is enabled in channels 0 and 1 

1 - D/A conversion is enabled in channels a and 1 

DA 1 analog output is disabled 

1 Channel-1 D/A conversion and DA1 analog output are enabled 

ADDRA HlL-AlD Data Register A HIL H'EO,H'EI AID 

Bit 

Initial value 

ReadlWrite 

15 14 13 12 11 10 9 8 7 S 5 4 3 2 1 0 

IAD9IAD8IAD7IADSIAD5IAD4IAD3IAD2IAD1IADOI-I-I-I-I-I-1 

o 0 000 0 0 0 a 0 0 a 000 0 

R R R R R R R R R R R R R R R R 
\~----------~y~----------~ 

ADDRAH 

I 
AID conversion data 
1 a-bit data giving an 
AID conversion result 

S89 

\~----------~yr----------J 

ADORAL 

I 
Reserved bits 



ADDRB WL-AID Data Register B HIL B'E2,BtEJ AID 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

IAD9IAD8IAD~AD~AD5IAD4IAD3IAD2IAD1IADOI- 1 - 1 -I -I -I -I 
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ReadlWrite R R R R R R R R R R R R R R R R 
\~--------__ T~--------~J \~----------VT----------~ 

ADDRBH ADDRBl 

I I 
AID conversion data Reserved bits 
10-bit data giving an 
AID conversion result 

ADDRC BtL-AID Data Register C WL B'E4,B'ES AID 

Initial value 

ReadIWrite 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

IAD9IAD8IAD~AD~AD5IAD4IAD3IAD2IAD1IADOI-I-I-I-I-I-1 
o 0 0 0 0 0 0 0 0 000 000 0 

R R R R R R R R R R R R R R R R 
~--------~y~----~--~ 

ADDRCH 

I 
AID conversion data 
1 O-bit data giving an 
AID conversion result 

y 

ADDRCl 

I 
Reserved bits 

ADDRD BtL-AID Data Register D HlL B'E6,BtE7 AID 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

IAD9IAD8IAD~AD6IAD5IAD4IAD3IAD2IAD1IADOI-I-I-I-I-I-1 
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ReadlWrite R R R R R R R R R R R R R R R R 

ADDRDH 

I 
AID conversion data 
10-bit data giving an 
AID conversion result 
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~--------~T~--------~J 

ADDRDl 

I 
Reserved bits 



ADCR-AID Control Register H'E9 AID 

Bit 7 6 5 4 3 2 o 
TRGE 

Initial value 0 

ReadlWrite RIW 
--r 

AID conversion cannot be extemally triggered 

1 AID conversion starts at the fall of the external trigger signal (ADTRG) 
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ADCSR-AID Control/Status Register H'E8 AID 

Bit 7 6 5 4 3 2 0 

ADF ADIE ADST SCAN CKS CH2 CH1 CHO 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RI(W)· RIW RIW RIW RIW RIW RIW RIW 

T 
Conversion time - 266 states (maximum) 

Conversion time = 134 states (maximum) 

Channel select 2 to 0 
Group Channel 

Selection Selection Description 

CH2 CH1 CHO Single Mode Scan Mode 

0 0 0 ANo ANo 
1 

Single mode 
0 

1 Scan mode 
1 

0 0 
1 
0 

AID start 
o AID conversion is stopped 

Single mode: AID conversion starts; ADST is automatically cleared to 0 when 
conversion ends 

Scan mode: AID conversion starts and continues, cycling among the selected 
channels, until ADST is cleared to 0 by software, by a reset, or by a 
transition to standby mode 

AID Interrupt enable 

o AID end interrupt request is disabled 

1 AID end interrupt request is enabled 

AID end flag 

0 [Clearing condition] 
Read ADF while ADF = 1, then write 0 in ADF 

1 [Setting conditions] 
Single mode: AID conversion ends 
Scan mode: AID conversion ends in all selected channels 

Note: • Only 0 can be written, to clear flag. 
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ABWCR-Bus Width Control Register H'EC Bus controller 

Bit 7 6 5 4 3 2 1 0 

I ABW7 I ABW6 I ABW5 I ABW4 I ABW3 ABW2 ABW1 ABWO 

Initial {Mode 1, 3 1 1 1 1 1 1 1 

value Mode 2, 4 0 0 0 0 0 0 0 0 

ReadJWrite RNI RIW ANI ANI RIW ANI ANI RIW 

I 
Area 7 to 0 bus width control 

Bits 7to 0 

AWB7toAWBO Bus Width of Access Area 

0 Areas 7 to 0 are 16-bit access areas 

1 Areas 7 to 0 are a-bit access areas 

ASTCR-Access State Control Register H'ED Bus controller 

Bit 7 6 5 4 3 2 1 0 

AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO 

Initial value 1 1 1 1 1 1 1 

ReadNirite RNI RIW ANI ANI RNI RNI ANI RIW 

Area 7 to 0 access state control 
Bits7toO 

AST7toASTO Number of States in Access Cycle 

0 Areas 7 to 0 are two-state access areas 

1 Areas 7 to 0 are three-state access areas 
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WCR-Wait Control Register HtEE Bus controller 

Bit 7 6 5 4 3 2 1 0 

! WMS1 ! WMSO I WC1 WCO 

Initial value 0 0 1 1 

ReadlWrite RIW RIW RIW RIW 

Walt mode select 1 and 0 Walt count 1 and 0 
Bit3 Bit2 Bit 1 Bit 0 

WMS1 WMSO Wait Mode WC1 WCO Number of Wait States 

0 0 Programmable wait mode 0 0 No wait states inserted by 

1 No wait states inserted by wait-state controller 

wait-state controller 1 1 state inserted 

1 0 Pin wait mode 1 0 2 states inserted 

1 Pin auto-wait mode 1 3 states inserted 

WCER-Wait Controller Enable Register H'EF Bus controller 

Bit 7 6 5 4 3 2 1 0 

WCE7 ! WCE6! WCE5 ! WCE41 WCE3 WCE2 WCE1 WCEO 

Initial value 1 1 1 1 1 1 1 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

Wait-state control is disabled (pin wait mode 0) 

1 Wait-state control is enabled 
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MDCR-Mode Control Register UtFl System control 

Bit 7 6 5 4 3 2 0 

MDS2 MDS1 MDSO 

Initial value 0 0 0 -* -* -* 

ReadlWrite R R R 

Mode select 2 to 0 ~ 
Bit 2 Bit 1 Bit 0 

MD2 MD1 MOo Operating mode 

0 0 0 -
1 Mode 1 

1 0 Mode 2 
1 Mode 3 

1 0 0 Mode 4 

1 Mode 5 

1 0 Mode 6 

1 Mode 7 

Note: * Determined by the state of the mode pins (MD2 to MOo). 
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SYSCR-System Control Register H'Fl System control 

Bit 

Initial value 

ReadlWrite 

7 

SSBY 

0 

RIW 

6 

STS2 

0 

RIW 

5 4 3 2 o 
STS1 STSO UE I NMIEG I RAME 

0 0 1 o 1 

RIW RIW RIW RIW RIW 

r--------R-A ...... y ... abl. ~ 

NMI edge select 

o On-chip RAM is disabled 

1 On-chip RAM is enabled 

o An interrupt is requested at the falling edge of NMI 
1 An interrupt is requested at the rising edge of NMI 

User bit enable 
o CCR bit 6 (UI) is used as an interrupt mask bit 

1 CCR bit 6 (UI) is used as a user bit 

Standby timer select 2 to 0 
Bit 6 BitS Bit4 

STS2 STS1 STSO Standby TImer 

0 0 0 Waiting time - 8192 states 
1 Waiting time = 16384 states 

1 0 Waiting time - 32768 states 

1 Waiting time = 65536 states 

1 0 - Waiting time - 131072 states 

1 - Illegal setting 

Software standby 
o SLEEP instrudion causes transition to sleep mode 

1 SLEEP instrudion causes transition to software standby mode 
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BRCR-Bus Release Control Register H'FJ Bus controller 

Bit 

I 
Mod8S{ Initial value 
1,2. 
S to 7 ReadlWrite 

Modes{ Initial value 

3,4 ReadlWrite 

7 6 S 4 3 2 1 0 

A23E A22E A21E BRLE 

1 1 1 0 

RIW 

1 1 1 1 1 0 

RIW RIW RIW RIW 

Bus release enable I 
o The bus cannot be released to an external device 
1 The bus can be released to an external device 

Address 23 to 21 enable 

o Address output 

1 Other input/output 

ISCR-IRQ Sense Control Register H'F4 Interrupt controller 

Bit 7 6 S 4 3 2 1 0 

IIRosse IIRQ4Se IIR03se IIR02se IIR01 se IIRoose I 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RIW RIW RIW RIW RIW RIW RIW 

I 
IRQs to IRao sense control 

o Interrupts are requested when 1ROs to 1ROo inputs are low 
1 Interrupts are requested by falling-edge input at 1'R'05 to lRO(j 

IER-IRQ Enable Register H'FS Interrupt controller 

Bit 

Initial value 

ReadlWrite 

7 

o 
R/(W) 

6 

o 
R/(W) 

S 4 3 2 1 

I IROSE IIR04E IIR03E I IR02E IIRQ1 E I 

o 0 0 0 0 

R/(W) R/(W) R/(W) R/(W) R/(W) 

I 
IRas to IRao enable 

o IROs to IROo interrupts are disabled 
1 IROs to IROo interrupts are enabled 
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IROOE 

o 
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ISR-IRQ Status Register 

Bit 

Initial value 

ReadlWrite 

7 6 

o 0 

I 
IRQs to IRQo flag. 

BitsStoO 
IROSF to IRooF 

0 

1 

Ht F6 Interrupt controller 

5 4 3 2 1 o 
I IROSF I IRQ4F IIR03F I IR02F I IR01 F I IRooF 

o 0 0 0 0 

Rlr«t RI(W)" RI(W'f' Rlr«t RI(W)" 

Setting and Clearing Conditions 
[Clearing conditions] 

o 
RI(W'f' 

Read IROnF when IROnF - 1, then write 0 in IROnF. 
IROnSC • 0, IROn input is high, and interrupt exception 
handling is carried out. 
IRanSC • 1 and IROn interrupt exception handling is 
carried out. 

[Setting conditions] 
IROnSC .. 0 and IROn input is low. 
IROnSC = 1 and IROn input changes from high to low. 

(n = 5 to 0) 

Note: • Only 0 can be written, to clear the flag. 
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IPRA-Interrupt Priority Register A H'F8 Interrupt controUer 

Bit 7 6 S 4 3 2 0 

IIPRA7 I IPRA6 I IPRAS I IPRM I IPRA3 IPRA2 IPRA1 IPRAO 

Initial value 0 0 0 0 0 0 0 0 

ReadJWrite RNtI RNtI RNtI RNtI RNtI RNtI RNtI RNtI 

I 
Priority level A7 to AD 

o Priority level 0 (low priority) 
1 Priority level 1 (high priority) 

• Interrupt sources controlled by each bit 

Bit 7 Bit 6 Bit S Bit 4 Bit 3 BIt2 Bit 1 Bit 0 
IPRA7 IPRA6 IPRAS IPRA4 IPRA3 IPRA2 IPRA1 IPRAO 

Interrupt IROo IR01 IR02• IR04• WDT, ITU ITU ITU 
source IR03 IROs Refresh chan- chan- chan-

Con- nelO nel 1 nel2 
troller 

IPRB-Interrupt Priority Register B H'F9 Interrupt controller 

Bit 7 6 S 4 3 2 0 

I IPRB7 I IPRB6 I IPRBS I IPRB3 IPRB2 IPRB1 

Initial value 0 0 0 0 0 0 0 0 

ReadlWrite RIW RNtI RIW RIW RNtI RIW RIW RNtI 

I 
Priority level B7 to BO 
o Priority level 0 (low priority) 
1 Priority level 1 (high priority) 

• Interrupt sources controlled by each bit 

Bit 7 Bit 6 Bit S Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
IPRB7 IPRB6 IPRBS IPRB3 IPRB2 IPRB1 

Interrupt ITU ITU DMAC SCI SCI AID 
source chan- chan- chan- chan- con-

nel3 nel4 nelO nel1 verter 
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Appendix C I/O Port Block Diagrams 

C.I Port I Block Diagram 

P1 n 

WP10: Write to P100R 
WP 1: Write to port 1 
RP1: Read port 1 
n = 0 to 7 

Software 
standby Mode 617 

Mode 617 

Mode 
1 to 5 

'--~-- RP1 

Figure C·I Port I Block Diagram 

700 

Reset 

0 

c 

WP10 

Reset 

R 

a 0 
P1 nOR 

C 

WP1 

"C' 
Q) 
Co 
Co (/J 

2- :::J 
.a 

(/J 
II) :::J II) .a !!! g "0 .a i 

<a <a 
E E g g 
-= -= 



C.2 Port 2 Block Diagram 

L 

Software 
standby Mode 6f7 

AP2P 

Hardware standby 
External bus 
released 

r--< I -

P2n I--~ 

L{) 
WP2P. Wnte to P2PCR 
RP2P: Read P2PCR 
WP2D: Write to P2DDR 
WP2: Write to port 2 
AP2: Read port 2 
n = 0 to 7 

I 

I 

L{) 
Mode1to4 

;a 

Mode6f7 

J 

Mode 
1 to 5 

Lt= 
~J AP2 

Figure C-2 Port 2 Block Diagram 
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C.3 Port 3 Block Diagram 

Reset 

HarctNare standby R 
Ex1emal Mode6f7 
bus released 

Q P3nOOR 
0 

Wril9 to external 
address 

C 

WP30 

Reset 

R 
Mode6f7 

P3n 
Q 0 

P3nOR 

Mode C 

1toS 
WP3 

'--.1---- RP3 

WP30: Write to P300R 
WP3: Write to port 3 
RP3: Read port 3 
n=Ot07 

Read external 
address ----, 

Figure C-3 Port 3 Block Diagram 
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C.4 Port 4 Block Diagram 

WP4P: Write to P4PCR 
RP4P: Read P4PCR 
WP4D: Write to P4DDR 
WP4: Write to port 4 
RP4: Read port 4 
n=0107 

8-bit bus 16-bit bus 
mode mode 

Mode Mode 
617 1105 

a 

RP4P 

Write 10 external 
a 

address 

a 

_...r-~ RP4 

Read external ---1.­
address 

Figure C-4 Port 4 Block Diagram 
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Reset 

R 'C' 'C' 
CD 

1 a. 
0 a. .a. P4nPCR ID ID 

:::J :::J 

C .a .a 

~ ~ WP4P -0 -0 

Reset iii iii 
E E 

R !! ~ .5 

0 
P4nDDR 

C 

WP4D 
Reset 

R 

0 
P4n DR 

C 

WP4 



C.S Port S Block Diagram 

Software 
standby Mode 6fT 

Hardware standby 
Extemal bus 
released 

WP5P: Write to P5PCR 
RP5P: Read P5PCR 
WP5D: Write to P5DDR 
WP5: Write to port 5 
RP5: Read port 5 
n=Oto3 

t) 

Mode 
6fT 

Mode 
1to5 

RP5P 

Mode 1 to4 

'-J-+-- RP5 

Figure C-5 Port 5 Block Diagram 
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Reset 
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C 
CD CD :::J .a ~ 

WP5P S "tJ 

-8 ~ 
1U 1U 

Reset 
E ! s 

R 
.5 .5 

C 

WP5D 
Reset 

R 

a P5n DR 0 

C 

WP5 



C.6 Port 6 Block Diagrams 

Reset 

R ! 
..Q 

a D ~ 
P60 DDR "0 

C iB Bus controller 
E .----------. 

WP6D 
.I: 

WAIT Mode 617 C' - , , input 
Reset enable 

R 

a D 
P60 DR 

C 

WP6 

'-~~-RP6 

Bus controller 

WP6D: Write to P6DDR 
WP6: Write to port 6 
RP6: Read port 6 

L-__ ~ ~------------I_+__! __ WAIT 
input 

Figure C-6 (a) Port 6 Block Diagram (Pin P6o) 
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Reset 

R ! Bus .0 

~ 
controller 

Q 0 -------------
P6,DDR til 

C E 
J!! 

Mode 617 WP6D .E Bus release 
Reset enable 

R 

Q 0 
P61DR 

C 

WP6 

'---J--'--- RP6 

L----a ~-----------_+_+_-+- BREQ input 

WP6D: Write to P6DDR 
WP6: Write to port 6 
RP6: Read port 6 

Figure C-6 (b) Port 6 Block Diagram (Pin P61) 
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Reset 

R 

a D 
P62DDR 

C 

WP6D 
Reset 

R 

a D 

P62DR Bus controller 
C 

Mode6fl WP6 '-J-____ t--_____ H-r-Bus release 
enable 

WP6D: Write to P6DDR 
WP6: Write to port 6 
RP6: Read port 6 

'-r-O--- RP6 

Figure C-6 (c) Port 6 Block Diagram (Pin P62) 
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PSn 

WPSD: Write 10 PSDDR 
WPS: Write 10 port 6 
RPS: Read port 6 
n=6103 

Software 
standby Mode 617 

Mode 617 

Mode 
1105 

Reset 

R 

a 
PSnDDR 

0 

C 

WP6D 

Reset 

R 

a 0 
PSnDR 

C 

WPS 

'--J-4-- RPS 

Figure C-6 (d) Port 6 Block Diagram (Pins P6, to P~) 
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C.7 Port 7 Block Diagrams 

RP7: Read port 7 
n=Oto5 

RP7 

AID converter 
------------------I-~------''''---~' - Input enable 

L..------cJ-----t------r- Analog input 

Figure C-' (a) Port' Block Diagram (Pins P70 to P's) 

RP7 

AID converter 
------------------I-~------''''---~' - Input enable 

L------c::J-------4------..... Analog input 

DIA converter 

...--0< I--....---+_ Output enable 

L---------------.,c::::J-----+---+_ Analog output 

RP7: Read port 7 
n=6and7 

Figure C-' (b) Port' Block Diagram (Pins P7, and P77) 

709 



c.s Port 8 Block Diagrams 

Reset 

R 

rj~------------------~~Q 0 
P80 00R 

C 

WP80 
Reset 

R 

'-~--+-~----------~Q 0 
paoOR 

c 
Refresh 
controller 

WP8 Output '-.J--------+-----------+-+----enable 

'-.J--<~- RP8 

RFSH 
output 

Interrupt 
controller 

WP80: Write to P800R 
WP8: Write to port 8 
RP8: Read port a 

L-____ ~ ~-------------------4~~ IRQo 
input 

Figure C-8 (a) Port 8 Block Diagram (Pin P8o) 
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Reset 

R 

0 0 
P8nDDR 

C 

WP8 
Reset 

~1-----1r- Mode 617 R 

0 0 

'--J-+--- Mode 1 to 5 P8n DR 

C 

WP8 

'--J-;~- RP8 

Bus controller 
p------------· · I 

CS1 
CS2 
CS3 

• output ._------------

Interrupt 
controller 

t------------· · : IR01 
>-----------------------4-~--~IR02 

WP8D Write to P8DDR 
WP8: Write to port 8 
RP8: Read port 8 
n=1to3 

Figure C-8 (b) Port 8 Block Diagram (Pins P8b P82' P~) 
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r-----------------------~a D 

WP8D: Write to P8DDR 
WP8: Write to port 8 
RP8: Read port 8 

r-"l---.- Mode 6f7 

P8"DDR 
C 

WP8D 

Reset 

R 

'-~r-+_--------_+~a D 
P8"DR 

C 
""---.1--+-- Mode 1 to 5 

WP8 

'--~-- RP8 

Figure C-8 (c) Port 8 Block Diagram (Pin P84) 
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"tJ Bus controller 
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C.9 Port 9 Block Diagrams 

Reset 

R 

~ __________________ ~-r--~;Q 0 
P9nDDR 

C 

WP9D 
Reset 

R 

~~-+~--------~-HQ 0 
pgn DR 

C 

WP9 

SCI 

Output 
~----------~+-----------;-~-ena~e 

~-r----------~------------r+~Serim 

WP9D: Write to P9DDR 
Wpg: Write to port 9 
RP9: Read port 9 
n=Oand1 

'--J---<~- RP9 

Figure C-9 (a) Port 9 Block Diagram (Pins P9o, P91) 
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WP9D: Write to P9DDR 
WP9: Write to port 9 
RP9: Read port 9 
n=2and3 

Reset 
ID 

R :::I .a 
S a 0 -8 

P9nDDR ~ SCI 
C S -_ ... ----------. 

WP9D 
.5 

Reset 
Input enable 

R 

a 0 

P9nDR 

C 

WP9 

_..r----RP9 

L..-------------------.-,r- Serial receive 
data 

Figure C-9 (b) Port 9 Block Diagram (Pins P91' P9~ 
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WP9D: Write to P9DDR 
WP9: Write to port 9 
RP9: Read port 9 
n=4and5 

Reset 

R C/) 
::s .c 

0 0 i 
P9nDDR 'iii 

C E 
SCI 

WP9D ~ ------------
Clock input 

Reset enable 
R 

0 0 

P9nDR 

C 

WP9 Clock output 
enable 

Clock output 

-...-~-- RP9 

'------------------t- Clock input 

Interrupt 
controller .-------------

'----~ :::--------------t'- IR04 or IROs 
input 

Figure C-9 (c) Port 9 Block Diagram (Pins P94' P9s) 
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C~10 Port A Block Diagrams 

WPAD: Write to PADDR 
WPA: Write to port A 
RPA: Read port A 
n=Oand1 

Reset 

R II) 

.s 
~------------~a Dr---------~ ~ 

PAnDOR 
C 

WPAD 
Reset 

R 

"0 

~ 
S TPC 
.E -----------

r-+-+--+- TPC 
_............... output 

enable 

........... J--+-++---r-- Next data 

Output 
'-.J-------J-+--+-. trigger 

R~ ~'ltfClller 
~--------r_--------------------~--+_Output 

enable 
L..--+-______ -+ ___________________ -+-+--+_ Transfer 

--~--RPA 

end output 

. ___ JI.!.!. __ _ 
, , 

Counter '---------------------------------------....0-- clock input 

Figure ColO (a) Port A Block Diagram (Pins PAo, PAl) 
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Reset 

R 

~ __ ~-r------------~~a D~--------~ 
PAnDOR 

WPAD: Write to PADDR 
WPA: Write to port A 
RPA: Read port A 
n=2and3 

C 

WPAD 
Reset 

R .-+-+---- TPC 
_""1>----4 output 

enable 

'-J--4-+-+---- Next 
data 

Output 
'-..J----1f-+----!-:- trigger 

1 ______ --_. 

ITU i---------
'--t----t-----------t-t-';.- Output 

enable 
~;-----r-----------r~-r- Compam 

match 

_..r---RPA 

output 

.----+.. Input 
capture 

~-----------------+--~COUntar 
clock 
input 

Figure C-IO (b) Port A Block Diagram (pins PA2' PAy 
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Software standby 
Extemal bus released 

Reset • 
R il 

1 I 
Q D l!I i PAnDOR :a 

c 1 1 WPAD .5 .5 TPC ------------
Reset 

R r-t-t--+-t---~ TPC output 
enable 

'-J----+-+--+-+---+-OUlput trigger 

ITU 
~+-__ -4~ ________ -+4--+-+-__ ~OUtput 

enable 
'---1I----I----------H-H--~-COmpare 

match output 

'--J--- RPA 

Input 
WPAD: Write 10 PADDRL------------------------7~capture 

WPA: Write 10 port A 
RPA: Read port A 
n-4107 

Figure C-IO (c) Port A Block Diagram (Pins PA4 to PA7) 
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C.ll Port B Block Diagrams 

Reset 

R 

r-~------------~Q Dr---------~ 

PenDDR 
C 

WPBD 
Reset 

R 

_..r---RPB 

14 

.& 

~ 
1 ---~~£_-----
.5 

TPCoulput 
enable 

Next data 

Output trigger 

ITU 

Output enable 

Compare 
match output 

~ ____________________________________ ~In~t 

WPBD: Write to PBDDR 
WPB: Write to port B 
RPB: Read port B 
n-Oto3 

Figure C-lI (a) Port B Block Diagram (Pins PBo to PB3) 
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Reset ! 
R .0 

~~------------~Q D~--------~ 
! 
1 

WPBD: Write to PBDDR 
WPB: Write to port B 
RPB: Read port B 
n=4and5 

PBnDDR 
C 

WPBD 
Reset 

R 

.E TPC 

r-+-+-- TPC output 
--... enable 

'-J--+--H- Next data 

'-J------++-+ Output trigger 

ITU 
'---+----------If---------------------+--+--r Output enable 

'---;--------t------------------'1H---r- Compare 
match output 

-~--RPB 

Figure C-l1 (b) Port B Block Diagram (Pins PB4, PBs) 
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WPBD: Write to PBDDR 
WPB: Write to port B 
RPB: Read port B 

Reset 

R 

WPBD 

Reset 

'--..J----RPB 

!!I 
.Q 

; 
"0 

1 
.5 TPC 

.-44-..... TPC 
__ ......I. output 

enable 

'-.1--+-H~ Next data 

'-.1---+-4-+ Output 
trigger 

DMAC .---"'----. . 

DREQo 
input 

Figure C-U (c) Port B Block Diagram (pin PB6) 
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WPBD: Write to PBDDR 
WPB: Write to port B 
RPB: Read port B 

Reset 

R 

WPBD 

Reset 

R 

_..r-~- RPB 

rl-t--!- TPC 
____ --40 output 

enable 

'--J--t-+-i--!- Next data 

'--J----+-~ Output 
, trigger 
1 ______ --

DMAC .--------, , 

: ~REQl 
: Input 

AID converter .-----_ .. -, 

ADTRG 
input 

Figure C-ll (d) Port B Block Diagram (Pin PB7) 
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Appendix D Pin States 

D.I Port States in Each Mode 

Table 0-1 Port States 

Hardware Software Bus- Program 
Pin Standby Standby Released Execution, 
Name Mode Reset Mode Mode Mode Sleep Mode 

0 Clock output T H Clock output Clock output 

RESO T* T T T RESO 

P17 to P10 1 to 4 L T T T A7 to Ao 
5 T T keep T Input port 

(OOR .. 0) 

T T A7 to Ao 
(OOR = 1) 

6, 7 T T keep keep VO port 

P27 to P20 1 to 4 L T T T A15 to As 

5 T T keep T Input port 
(OOR = 0) 

T T A15 to As 
(OOR = 1) 

6, 7 T T keep keep 1/0 port 

P37 to P30 1 to 5 T T T T 015 to Os 

6, 7 T T keep keep VO port 

P47 to P40 1 to 5 a-bit bus T T keep keep VO port 

16-bit bus T T T T 07 to Do 

6, 7 T T keep keep VO port 

Legend 
H: High 
L: Low 
T: High-impedance state 
keep: Input pins are in the high-impedance state; output pins maintain their previous state. 
OOR: Data direction register bit 
Note: * Low output only when WOT overflow causes a reset. 
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Table D-I Port States (coot) 

Pin 
Name Mode 

1t04 

5 

6, 7 

P60 1t07 

P61 1 to 5 

6, 7 

P62 1t05 

6, 7 

6, 7 

P7s to P70 1 to 7 

Ph, P7s 1 to 7 

PSo 1 to 5 

6, 7 

Legend 
H: High 
L: Low 
T: High-impedance state 

Reset 

L 

T 

T 

T 

T 

T 

T 

T 

H 

T 

T 

T 

T 

T 

Hardware 
Standby 
Mode 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

Software 
Standby 
Mode 

T 

keep 

T 

keep 

Bus­
Released 
Mode 

T 

T 

T 

keep 

keep keep 

keep T 
(BRLE = 0) 
T 
(BRLE .. 1) 

keep keep 

keep L 
(BRLE .. 0) 
H 
(BRLE = 1) 

keep keep 

T T 

Program 
Execution. 
Sleep Mode 

Input port 
(DDR - 0) 

110 port 

110 port 
WAIT 

110 port 
BREa 

110 port 

110 port 
(BRLE - 0) 
or BACK 
(BRLE - 1) 

110 port 

AS,RD, 
HWR,LWR 

keep keep 110 port 

T T Input port 

T keep 1/0 port 

keep keep 110 port 
(RFSHE .. 0) (RFSHE = 0) (RFSHE - 0) 
RFSH H or RFSH 
(RFSHE = 1) (RFSHE - 1) (RFSHE - 1) 

keep keep 110 port 

keep: Input pins are in the high-impedance state; output pins maintain their previous state. 
DDR: Data direction register bit 
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Table~l Port States (cont) 

Hardware Software Bus- Program 
Pin Standby Standby Released execution. 
Name Mode Reset Mode Mode Mode Sleep Mode 

P83 to P81 1 to 4 T T T keep Input port 
(DDR .. 0) (DDR - 0) or 
H CS3 to cs, 
(DDR -1) (DDR - 1) 

6, 7 T T keep keep I/O port 

P84 1 t04 L T T keep Input port 
(DDR - 0) CDDR - 0) 
L oreso 
(DDR .1) (DDR .1) 

5 T T T keep Input port 
(DDR - 0) (DDR.O) 
L oreSo 
(DDR '" 1) (DDR .1) 

6, 7 T T keep keep I/O port 

P96 to P90 1 to 7 T T keep keep 110 port 

PA3 to PAo 1 to 7 T T keep keep 110 port 

PAs to PA4 3,4 T T I/O port*1 I/O port*2 A23, A22, A21 
(A23E1A22E1 
A21E - 0) or 
110 port 
(A23E1A22E1 
A21E .. 1) 

1,2,5,6,7 T T keep keep 110 port 

PA7 3,4 T T I/O port*1 I/O port*2 A20 

1,2,5,6,7 T T keep keep 110 port 

PB7 to PBo 1 to 7 T T keep keep 110 port 

Legend 
H: High 
L: Low 
T: High-impedance state 
keep: Input pins are in the high-impedance state; output pins maintain their previous state. 
DDR: Data direction register bit 
Notes: 1. The pin state depends on the DDR bit. 

2. The pin state depends on the ITU output enable and DDR bits. 
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D.2 Pin States at Reset 

Reset in T 1 State: Figure 0-1 is a timing diagram for the case in which RES goes low during the 
T 1 state of an external memory access cycle. As soon as RES goes low, all ports are initialized to 
the input state. AS, RD, HWR, and L WR go high, and the data bus goes to the high-impedance 
state. The address bus is initialized to the low output level 0.5 state after the low level of RES is 
sampled. Sampling of RES takes place at the fall of the system clock ("'). 

Access to external address 
I" .. I 

" 

RES 

Internal 
reset signal 

Address bus _________________ ~x X~ __________ H·_OO_O_OO __ O ________ ____ 

eso \ 
eS3 to eS1 __________ ~)r----------------------H-i9-h-i-m-p-ed-a-~--e 

AS 
High 

RD (read access) 
High 

HWR.LWR 
(write access) High 

Data bus 
High impedance 

(write access) 

VOport __________ ~)r----------------------H-i9-h-i-m-p-ed-a-~-----e 

Figure 0-1 Reset during Memory Access (Reset during T 1 State) 
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Reset in T z State: Figure D-2 is a timing diagram for the case in which RES goes low during the 
T2 state of an external memory access cycle. As soon as RES goes low, all ports are initialized to 
the input state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance 
state. The address bus is initialized to the low output level 0.5 state after the low level of RES is 
sampled. The same timing applies when a reset occurs during a wait state (T w ). 

Access to external address 

I" .-1 
T1 T2 T3 

" 
RES 

Internal 
reset signal 

Address bus X X H'OOOOOO 

CSo \ 
CS3 to CS1 ) High impedance 

AS I 
RD (read access) I 
---- U HWR, LWR 
(write access) 

( ) High impedance 
Data bus 
(write access) 

VO port ) High impedance 

Figure D-2 Reset during Memory Access (Reset during Tz State) 
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Reset in T 3 State: Figure 0-3 is a timing diagram for the case in which RES goes low during the 
T 3 state of an external memory access cycle. As soon as RES goes low, all ports are initialized to 
the input state. AS, RD, HWR. and LWR go high, and the data bus goes to the high-impedance 
state. The address bus outputs are held during the T3 state.The same timing applies when a reset 
occurs in the T 2 state of an access cycle to a two-state-access area. 

Access to external address 
1-- -I 

T, T2 T3 

" 

RES 

Internal 
reset signal 

Address bus X X H'OOOOOO 

eso \ 
eS3 to eSt ) High impedance 

AS 

RD (read access) 

HWR,LWR I (write access) 
High impedance 

Data bus ( ) 
(write access) 

110 port ) High impedance 

Figure D-J Reset during Memory Access (Reset during T 3 State) 
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Appendix E Timing of Transition to and Recovery from 
Hardware Standby Mode 

Timing of Transition to Hardware Standby Mode 

(l) To retain RAM contents with the RAME bit set to 1 in SYSCR, drive the RES signal low 10 
system clock cycles before the STBY signal goes low, as shown below. RES must remain low 
until STBY goes low (minimum delay from STBY low to RES high: 0 ns). 

(2) To retain RAM contents with the RAME bit cleared to 0 in SYSCR, or when RAM contents 
do not need to be retained, RES does not have to be driven low as in (1). 

Timing of Recovery from Hardware Standby Mode: Drive the RES signal low approximately 
100 ns before STBY goes high. 

t=100ns tose 
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Appendix F Package Dimensions 

Figure F-l shows the FP-lOOB package dimensions of the H8{3042 Series. Figure F-2 shows the 
1FP-lOOB package dimensions. 

C"I 
o 
+ 
o 

I . 
\D .... 

76 

100 

160+03 . - . 
014 

75 

0.20±0.1~JE 1+'10.10181 

51 

25 

50 

~. 
l' 

26 

010 
I'f- )( 

~9 " ::E 

l 0 In 
"'- 0 

N Pi 

N .... 
c:i 

Figure F -1 Package Dimensions (FP-I00B) 
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100 
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16 0+03 - . 
n14.0 

75 51 

1 I .25 
0.20H 1+10.08191 

1.00±0.20 

4ar0.101 

50 

26 

x ., 
1: 
N t 

c 
c:i 
+1 
to-
""; 0_5 0 

c J6 •• m ..... MOdO •• §OftO ... ~ 

Figure F·2 Package Dimensions (TFP.I00B) 
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