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PREFACE 

Since LSIs for the microcomputer manufactured first in Japan 

by Toshiba was put on the market in 1973, Toshiba has devoted 

efforts in strengthening its semiconductor devices for micro

computer. Toshiba has been developing various highly efficient 

and low power consumption type LSIs for microcomputers to 

more and more diversifying application fields, and supplying 

numerous kinds of new products to users. 

This manual covers the technical description of LSIs for 

microcomputers supplied by Toshiba, including TLCS-43 Series 

(NMOS), TLCS-46A Series (CMOS) and TLCS-47 Series (NMOS 

and CMOS) 4-bit single chip microcomputer, TLCS-84 Series 

(NMOS and CMOS) 8-bit single chip microcomputer and TLCS-

85A Family (NMOS) 8-bit microcomputer. 

In addition to this manual, the technical description of the 

microcomputer development system is also available. 

Further, examples of application circuits listed in this manual 

are only for reference in using the LSIs. Toshiba will not assume 

any responsibility for problem relative to patent rights which 

may be generated from use of the said application circuits. 
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TLCS-43 (4 BIT SINGLE CHIP NMOS MICROCOMPUTER) 
TLCS-43 SERIES (NMOS) 

Device Instruction Power Supply 

Number RAM ROM I/O Cycle Time Current 
(Min. ) (Typ. ) 

TMP4300C 128 x 4 Without 
35 Lines 4 "s 70 rnA 

ROM c--------
TMP4399C 128 x 4 Without 

35 Lines 4 70 rnA 
ROM "S 

, 
Power 

Supply 

5V±10% 
_. 

5V±10% 
------ ----------

TMP43l0AP 48 x 4 1024 x 8 22 Lines 4 "s 40 rnA 5V±10% 
f------

TMP43l5BP 64 x 4 1536 x 8 35 Lines 4 "s 40 rnA 5V±10% 
------- - --- ---- ----- ---_. 

TMP4320AP 128 x 4 2048 x 8 35 Lines 4 "S 40 rnA 5V±10% 
---- -- - ---- -

TMP4321AP 128 x 4 2048 x 8 35 Lines 4 ps 40 rnA 5V±10% 
-- --

TMP43l0APL 5 "' 
30 rnA 

48 x 4 1024 x 8 22 Lines f------- --- ---

TMP43l0APLL 10 ].15 15 rnA 

TLCS-46A (4 BIT SINGLE CHIP CMOS MICROCOMPUTER) 
TLCS-46A SERIES (CMOS) 

Device Instruction Power Supply 
RAM ROM I/O Cycle Time Current 

Number (Mi n.) (Typ. ) 

Without u.15 rnA 
TCP4600AC 160 x 4 

ROM at 100kHz 

TCP4620AP 
1-----

-- 96 x 4 2048 x 8 
TCP4620BP 

TCP4630AP 160 x 4 3072 x 8 
34 Lines 10 1-18 0.4 rnA 

TCP4620AF at 400kHz 
TCP4620BF 

96 x 4 2048 x 8 

TCP4630AF 160 x 4 3072 x 8 

TCP4621AP 96 x 4 2048 x 81 
I 

I 
TCP4632BF 160 x 4 3072x 8 i 57 Linesl 

I 

TLCS-47 (4 BIT SINGLE CHIP NMOS/CMOS MICROCOMPUTER) 
TLCS-47 SERIES (NMOS/CMOS) 

5.5V±10% 

Power 

Supply 

4'" 6V 

4"" 6V 

I 
Oevi ce i 

Instruction I powce:rrSe~: 1 Y ! Power I RAM ROM , 1/0 eyc 1 e Time I 
Number i (Min. ) (Typ. ) Supply i 

TMP4720P 128" 4 2048)( 8 

TMP4740P 256 " 4: 4096)( 8 I 

~ ; TMP4700C 256)( 4 without: 2 :..s 50 rnA 
zl ROM 

without i 
TMP4799C 256 x 4 : ROM 35 Lines 

I TMP47C20P 
-- ---- SV±lO% 

128 x 4 2048 x 8 I 

: TMP47C40P 2;6 x 4 I 4096 x 8 

~~lP 128 x 4 2048 x 8 I 4 u, 5 rnA 

u I TMP47C41P 256 x 4 4096 x 8 I 

TMP47C22F 192 x 4 2048 x 8 ' 55 Lines I 

Operati ng Package Alternate 

Temperature Type Source 

-10°c'" 70°C 
Ceramic 
64 Din 

-10°C'" 70°C Ceramic 
42 pin 

Plastic 
-IOoe'U 70 0 e 28 pin 

Plastic Toshiba 
-10°c'" 70°C 42 pin Original 

-IOoe'" 70<lC Plastic 

-- ----
421'in 

-IOoe'U 70 0 e Plastic 
42 pin 

Plastic 
0°C",55°C 

28 pin 

Operating Package Alternate 

Temperature Type Source 

-10°c'" 70°C Ceramic 
64 pin 

Plastic 

-30°C'U 85°C 
42 pin 

Plastic Toshiba 
Original 43 pin 

(Flat) 

-20°C'" 70°C 'P1a~ 

~ 
Plastic 
67 pin 
(Flat) 

Operating ! Package ! Alternate 

Temperature i Type Source 

Plastic 
42 Pin 

----
QIC 
80 Pin ! 

----
DIC 
42 Pin 

-JOoe '\, 70 D e '~,--- Toshiba 
Original 

Plastic: 

42 Pin 

----
Plastic 
67 Pin 
(Flat) 
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TLCS-84 (8 BIT SINGLE CHIP NMOS/CMOS MICROCOMPUTER) 
TLCS-84 SERIES (NMOS/CMOS) 

Device 
Number 

TMP8243PI 

RAM ROM I Ilnstruction Power Supply 
I/O Icycle Time Current 

(Min.) (Max.) 

I/O Expander foY THP8048PI-6/8049PJ- 20 rnA 

Power 
Supply 

5V±10% 

U) TM£1J()C49~ 2~~ ~048 x 8 I 27 Linesl-~5 Jls__ 10 rnA 
~ TMP80C39P-6' 128 x 8 --=-l sr' 2.5"s ---10 ;;;X--,5V±10% 

TLCS-8SA 
• 8 BIT MICROPROCESSOR 

Devi ce Instruction I Power Supply I Power 
Number 

Description Cycle Time Current 
(Min. ) (Max.) ,Supply 

TMP8085AP 8 Bit Mic.ru_proc.essor 1. 3 )JS I 170 rnA i 5V±10% 

• PERIPHERALS (NMOS) 

Operati ng 
Temperature 

Operating 
Temperature 

O°C'U 70°C 

Devi ce 
Description I Power Supply 1 Power I Operati ng 

Number I 
Current I 
(Max.) . Supply Temperature 

TMP8l55P 256 Byte RAM wi th rio Ports and Timer ! 180 rnA 5V±5% 
(CE: Active Low) I 

TMP8l56P 256 Byte RAM wi th I/O Ports- and Timer i 180 rnA 5V±5% 
c------ (CE: Active High) 

O°C"" 70°C I----~-------~-~- -----

TMP8355P 2K Byte Mask ROM with I/O Ports I 180 rnA 5V±5% 
------ I- - - ------.- -.- -- -

TMP8755AC 2K Byte EPROM with I/O Ports .1. 180 rnA 5V±5% 

Package Alternate 
Type Source 

iD8243 

Plastic 

40 pin 

Package Alternate 
Type Source 

Plastic 
40 pin i8085A 

Package Alternate 
Type Source 

Plastic i8155 
40 pin 

Plastic i8156 
40 pin 

Plastic i8355 
40 pin 

Ceramic i8755A 
40 pin 



4BIT SINGLE CHIP MICROCOMPUTER 

TLCS- 43(NMOS) 





II INTEGRATEDClRCUIT I 
.2 TECHNICAL DATA 

GENERAL DESCRIPTION 

TOSHIBA MOS TYPE DIGITAL 
iNTEGRATED CIRCUIT 

TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 
Silicon MOll01ithic 

N-Challnel Silicon Gate Depression Load 

T1..C5-43 is a complete single chip micro computer series h<1.ving an 

intc'rnal 4 bit parallel processing function which is suitable for con

troller applications. 

rt contains ROM (read only memory) which stores the control programs and 

tllP fixed data, RA~l (read/write mE~mory) which temporarily stores various 

data nd a plural 11ulnh~r of inpul/()utPllt ports. 

In order to ])rovide for a variety of applicatiolls the 'fLCS-43 provides 

short instruction execution time, multiple stlbrOllline Ilesting, and 

flexible input,'output ports. 

By combining index instructions wLth processing instructions, the same 

instruction call be executed for all the registers and all the input/output 

ports enabling highly efficient programes to be written. 

Ln TLCS-43, there are three versions, TMP4310AP, TNP4315BP and THP4320AP 

each of 1;vhich bas different memory capacity and different number of input/ 

output lines, so that tile optimum version for a specific application can 

be selected. Furtllermore, TMP4300C is available as the evaluator Cilip. 
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• INTEGRATEDClRCUIT 
iii. TECHNICAL DATA 

FEATURES 

0 TMP4310AP 

1024 x 8 ROM 

48 x 4 RAM 

22 I/O Lines 

0 TMP4315BP 

1536 x 8 ROM 

64 x 8 RAM 

35 I/O Lines 

0 TMP4320AP 

2048 x 8 ROM 

128 x 4 RAM 

35 I/O Lines 

0 THP4300C 

Evaluator Chip for TLCS-43 

8 

Tr~P431 OAP 

Ti>1P4320AP 

TI~P4315BP 

Tr~p4300C 

o 35 Basic instructions 

:31 ProcessinG Instructions 

4 Index Instructions 

o 4 Level Subroutine Nesting 

o Single Level External Interrupt 

o 4 ~s Instruction Executuion Time 

a Single 5V Supply 

o ROM Data Readout Instructions 

o LED Direct Drive Capability 

(Except TMP431SBP) 



• INTEGRATEDCIRCUIT TMP4310AP 
H1P4320AP 

TMP4315BP 
H-1P4300C 

TECHNICAL DATA 

TABLE OF FEATURES ------------

Feature TMP4310AP TMr4315BP TMP4320AP TMP4300C 

1,024 \,ords 1,536 Words 2,048 Words External connection 

ROM Capacity 2,048 hTords 
x 8 Bits x 8 Bits x 8 Bits x 8 Bits 

RAM Capac. i ty 
48 \,ords 64 Words 128 Words 128 Words 

x 4 Bits x 4 Bits x 4 Bits x 4 Bits 

1 Port 3 Port 3 Port 3 Ports 

Input Port 
(4 Bits) (12 Bits) (12 Bits) (12 Bits) 

2 Port 4 Port 4 Port 3 Port 
Output Port (8 Bits) ( 15 Bits) (15 Bits) (12 Bits) 

3 Port 2 Port 2 Port 3 Port 
Input/Output (10 Bits) (8 

Port 
Bits) (8 Bits) (11 B1 ts) 

Subroutine 4 Levels (including interrupt) 
Nesting Leve] 

Interrupt Level I Level 
--f-----

Nunher of 
Instructions 

35 Basic Tnstructions 

Execution Time of 4 pS (1 Cyc1e lnstruction), 8 (2 Cycle rnstruction) 
Basic Instruction 

)lS 

Input/Output 
Level 

TTL Compatihle 

Power Supply SV ± 10 % 
f----

(TYP~~~~"W j200mw Power Dissipation 200mW (TYP. ) (TYP. ) 3S0nM (TYP.) 

Operating -10°C to 70 0 e 
Ambient Temp. 

------I -Package 28 Pin 42 Pin I 42 Pin 64 Pin 
Plastic DIP Plastic DIP Plastic DIP Ceramic DIP 

I 
Process N-Challne 1 E/D MOS 

9 



• INTEGRATEDCIRCUIT 
n~p431 OAP n1P4315BP 

H1P4320AP TMP4300C 

iii» TECHNICAL DATA 

PIN CONNECT! ONS 
Top View 

(TMP4300C) 

IN 00 VDD GND 6 I, NC 
IN 01 XIN RBi' 63 INT 

IN °7 TEST XTN 62 ID 

IN 03 IO 10 XOUT 61 10 22 

OT 00 10 II 10 60 IO 21 

OT °1 IO 12 IO °2 59 IO 20 

OT °2 10 13 IO O[ 58 NC 

OT 0 3 IO °0 IO 0'1' 03 

10 20 10 01 10 S6 OT 02 

10 21 IO 0) 10 55 OT °1 
OT 10 TO 03 [ 7 51, OT 00 

OT 1[ INT l(j 53 OT 23 

01' 12 RST 15 52 OT 22 

GND OT 13 I" 5[ OT 2[ 

13 50 OT 20 

12 49 OT 13 
I [ 48 OT 12 

(TMP4315BP/TMP4320AP) 
To OT 1[ 

TEST VDn j() 1[ l,6 OT 10 

IN 00 Il'l 10 IO If 5 IN 03 

IN °1 IN 11 IN 1+!+ IN °2 
IN 0:1 TN 12 TN 43 IN 0 1 

0 3 
IN 1,2 IN 0 0 IN IN 13 

OT °0 IN 20 IN '+1 CLK 1 

OT O[ IN 2[ IN 40 AO 

OT °2 IN 22 IN 39 Al 

OT 0 3 IN 23 IN 38 A2 

OT 10 TO La IN A3 
OT 11 10 11 Ala 36 A,+ 

OT 12 10 12 Ag As 
OT 13 IO 13 As 

3 ' , A6 

OT 20 10 00 A7 33 VDD 
OT 2 [ 10 °1 
OT 22 10 °2 
OT 23 10 0 3 

OT 3 0 XOUT 

OT 31 XIN 
aT '2 RST 

GND INT 

10 



• INTEGRATEDCIRCUIT 
TECHNICAL DATA 

PIN IlA~1ES & PHI DESCRIPTION 

TMP4310AP 
TMP4320AP 

H1P4315BP 
TMP4300C 

Pin Name Input/ 
output 

Function 
4310 

4315/ 
4320 

4300 

INOo-IN03 Input 4-bit Input Port [NO 0 0 0 
~I_N_. l_o_-_I_N_l_3 __ +-_I_n_p_u_t __ ~-4---b-i-t--I-n-p-u-t--p-o-r-t __ [_N_l __________________ ~I------~--O~--4_-20~~ 

[N20- IN23 Input 4-bi t Input Port IN2 )11 0 0 
OTOo-Cl1'03 Output 4-bit Output Port OJO 0 0 0 

~---------+_------+_------------------ -~-r~~-+~~--i 
OTlo-OT13 Output 4-bit Output Port OTI 

Large sink current (IOL np~LOlnp ,vOL-2V) 0 0 0 
is possible in 
TMP4310AP/20AP/OOC. I 

01'20-01'23 4-bll Output Port 01'2 )1 
Large sink current (lOL TYP~20,"A, VOIp2V) _ 

Output 

o 0 
I is possible in I 
~--------t-------+--TM-P-4-3-20-A-P-/-OO-C-.------- ___________ + _____ _ 

OT30-0T32 Output 3-bit Output Port OT3 I 

-------

1000-lOC)] Input/ 
Output 

1020-1022 of TMP430pOoCratreIOO,~'n",), II 0 in evaluation. 

4-bit Input/Output 

IOla-1013 Input / 4-b1t Input/Output Port TOl 
Output 

~--------+-------+----------------------------
lOLo-1022 Input/ 3-bit [nput/Output Port 102 

Output 
2-blt Port (102o-1021) in TMPI.310AP 

I RST Input Initialize Signal Inpllt 

o 

o -
--t------~-----i 

o 0 

- 0 

o o The initialize operation is performed 
by placing RST terminal at low level 
for more than four clock cycles. 

r'''N=T:---------l---r-n-p-u-t--+---I-n-t-e-r-r-u-p-t--R-e-q-U-e-s-t--S-i-g-n-a-l--I-n-p-u-t--------~~------+--------j 

TEST 

(Note 1) 

Input 

The inter rut request is accepted 
by placing TNT terrr,inal at low 
level for more than our clock 
cycles. The repetetive interrupt 
should be requested, after keeping 
INT terminal at high level for two 
clock cycles or more. 

LSI Test Signal Input 

i TEST should be always kept at high level ~I 

I (open or connect an oscillation resistance 
in TMP43l0AP) except ill LSI test mode. 

o o o 

o o 

11 



• INTEGRATEDCIRCUIT 
n~p431 OAP 

TMP4320AP 

TMP4315BP 

TMP4300C 

iii » TECHNICAL DATA 

12 

XIN Input Basic Clock Terminal 

(Note 1) XIN is used as an external clock 0 0 0 input pin, or a oscillator 
connection pin. 

XOUT Output Basic Clock Terminal 

XOUT is used as a oscillator -- 0 0 
connection pin. 

Ao-AlO Output ROM Address Output (MSB: Ala' LSB: Ao) - - () 
10-17 Input ROM Data Input (MSB:I7,LSB:lo) - - 0 ----

CLKI Output Internal Clock Output - - 0 
ID Input Interrupt Operation Inhabit Input 

ID is a dedicated terminal only for 
TDS400/43, and should be always - - 0 
kept at 1m, level except in TDS400/ 
43. 

VDD +SV (Power Supply) 0 0 0 
GND OV (Power Supply) 0 0 0 

Note 1 The basic clock of TMP43l0AP 

o Internal oscillation (with resistance externally installed between 

XIN and TEST) and external clock supply can be available. 

a TEST terminal should be kept open when the basic clock is supplied 

by an external oscillator circuit. 



• INTEGRATEDCIRCUIT 
TECHNICAL DATA 

BLOCK DIAGRAM (TMP4310AP) 

;Sl ~ It;; I·~ ><: H 0::: H 

Timing 
Generator 

(TG)" 

Instruction 
Decoder 

(IDC) 

ROM 

1024 Words 
x8 Bits 

D BUS 
Sl BUS 

'" '" 
M 

6 
Z '" 0 

'" ;> 
H 
0 

~ 

I 

'" r-4 

H 
0 

n~p431 OAP 
n~p4320AP 

I' 
0 

N 

0 
H 

H1P4315BP 
H1P4300C 

~ 

I 

'" 0 

0 
H 

M 

I 

'" o 
Z 
H 

m 
I 

0 
r-4 

0 
H 

13 



• INTEGRATEDCIRCUIT 
TECHNICAL DATA 

BLOCK DIAC~r~ (H1P4315BP /TMP4320AP) 

14 

5 a[t:;It:; I~ x ~ W 0:::: H 

Timing 
Generator 

(TG) 

nstruction 
Decoder 

(IDC) 

ROM 

J536/2048 
Words 

x8 Bits 

I 

'" '" '" Z '" 0 
'-' ;> 

'""' 0 

m 

b 
r-< 

H 
0 

'" b 
N 

H 
0 

H1P4310AP 
Tr1P4320AP 

----

r- --, 
I S A I 
~ __ ....J 

N 
I 

0 
M 

H 
0 

H1P4315BP 

H~P4300C 

~ 

Ie, 
0 

Z 
e-< 

S2BUS 

II 

M 

6 
0 

0 
H 

m m 

6 b 
"""' 

N 

Z Z 
H H 

I-
I 
I 

I 
I 

M 
I 

0 
--; 

0 
H 



• INTEGRATEDCIRCUIT 
TECHNICAL DATA 

BLOCK Dl,AGRAr~ (Tf.1P4300C) 

o H tfl Z ::> z IE-<IE-< 
><>< ",H 

ID Timing 

CLKl 

F--
~--

'" Z 
<9 '" '" i> 

~ 

I 

'" a 
E-< 
0 

~ ~ 

I I 

'" '" ..... 
E-< E-< 
0 a 

TMP4310AP 

Tf.1P4320AP 

N 
I 

'" N 

a 
H 

~ 

b 
a 
a 
H 

H1P4315BP 

n1P4300C 

~ ~ 

I I 

'" '" a ..... 
Z Z 
H H 

~ 

I 
0 

N 

Z 
H 

- -

co 
I 

'" .-< 

0 
H 
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• INTEGRATEDCIRCUIT 
H1P4310AP 
TMP4320AP 

TI~P4315BP 

T~1P4300C 

16 

TECHNICAL DATA 

FUNCTIOMAL DESCRIPTION 

[Block Description] 

For all registers and 1/0 ports, MSB is the High order bit and LSB is the 

Low order bit. 

1. Arithmetic and Logical Uni t (ALU) 

The ALU is the central 4 bit parallel processing function of the 

TLeS-43. Sland S2 are the two 4 bit input words and e is the carry 

input from some previous calculation. The ALU processed these and 

outputs one 4 bit result (D) and a carry bit. 

2. Accumulator (Ae) 

The accumulator is a four bit register, which stores the data for 

arithmetic and logical operations. In addition the accumulator 

is also used to store the results of arithmetic and logical 

calculations. 

3. Status Register (ST) 

The status register lli a four bit register which contains fields to 

represent the carry flag (e), branch condidtion flag (F), interrupt 

flag (1M) and general purpose flag (G). MSB 3 o LSB 
ST 

IG 1M F 1) e 
Bit 0 of the status register is called e flag and used to 

indicate Carry (or Borrow) during arithmetic operation with 

multiple number of digits. 

2) F 

Bit 1 of the status register is called F flag and set or reset 

according to the result of logical operation or arithmetic 

operation just executed. And this bit is referred to during 

execution of conditional branch instruction in a program. 

e I 

e 



• INTEGRATEDClRCUIT 
TECHNICAL DATA 

3) HI 

H1P4310AP 

TMP4320AP 

n~p4315BP 

T~IP4300C 

Bit 2 of the status register is the interrupt flag called lM 

flag which is set or reset by program. 

1M flag being Ill" indicates the interrupt enahled condition and 

IH flag is cleared to "a" as soon as an interrupt routine is 

initiated. This is also cleared to "a" by the initLalize 

operation. 

4) G 

Bit 3 of the status register is called G flag and this one bit 

flag is used generally by programs. 

4. L Register (LR) 

L Register (lower address register) is a four bit register which 

indicates the lower order 4 bits of RAM address and is used in 

conjunction with H Register for add"!:'essing RAM. 

5. H Register (HR) 

H Register (Higher address register) is a two bit or three bit register 

which indicates the higher order two or three bits of RAM address, and 

used in conjunction with L Register for addressing RAM. 

When a program reads, the undefined higher order two bits (bit 3 and 

bit 2) or one bit (bit 3) are always processed to be zero. 

(TMP4310AP/TMP43ISBP) 

MSB I 

HR 

o LSll 

6. Input Port (INO, INI, IN2) 

(TMP4320AP/TMP4300C) 

t1SB 2 

HR 

I o LSB 

All of INO, INI and IN2 ports are the dedicated input ports having 

four bit configtlration and read the data sent from outside. 

The input ports are non-latch type ports. 

17 



• INTEGRATEDCIRCUIT H1P4310AP 
n1P4320AP 

TMP4315BP 
H1P4300C 

18 

TECHNICAL DATA 

-~±~TLC-43 
INO'IN1,rN2~ 

Internal Bus 

7. Output Port (OrO, OTl, 012, OT3) 

OTO,011 and 012 Ildve four bit configuration and OT3 has three bit 

configuration, all of which are the dedicated output ports. l'he 

content of each port is output to outside and retained until replaced 

with new data. And the content of a port can read by program. 

In this case the undefined bit 3 of OT3 port is always processed,to be zero. 

All the bits of all the output ports are set to "l" by the initialize 

operation. 

8. Input/Output Port (l00, I01, r02) 

roo and 101 have four bit configuration and 102 has two or three 

bit configuration, all af which are the input/outptlt ports. 

The content of each port is output to outside and retained until 

~Epla{:ed with new data. It can also input data from outsid~. 

Hm.\lcver, the output data must be set to "l" whenever thE:> input 

operation is performed. 

Whenver no data is input from outside, the output data to outside 

can be read by program. When the output data is reali, undefined bit 

3 and bit 2 of 102 port are always processed to be zero. 



• INTEGRATEDClRCUIT 
TECHNICAL DATA 

H1P4310AP 
n~p4320AP 

TMP4315BP 
Tr1P4300C 

All bits of the output data are set to "I" by the initialize operation. 

Internal Bus 

9. Program Counter (PC) 

The program counter is 11 bit counter which addresses the program 

stored in ROM (refer to (Note) in the ROM paragraph.) 

While the normal instructions are executed, the program COtlnter is 

incremented by word length of instruction just excuted. However, 

for branch instructions, subroutine call and interrupt operation, 

the counter is set to the values designated by the instructions. 

The counter is reset to "0" by the initialize operation. 

10. Stack 

The stack is a group of 4 words x II bits registers including the 

data counter. 

The stack is used as the save area of the program counter during 

subroutine call and interrupt operation. If it is already occupied 

up to level 2, the data counter becomes to be the stack area of 

level 3. 

11. Data Count~r (DC) 

The data counter is an 11 bit counter which addresses fixed data 

stored in ROM (refer to (Note) in the ROM paragraph.) 

The content of the data counter can be set by program. The data 

counter is also used as the deepest stack level (level 3) and when 

nesting has been done up to level 2, if further nesting is performed, 

the content as the data counter is destroyed. 

19 
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And when the data counter is being used as stack level 3, if setting 

operation is performed to the data counter, the content as stack 

level 3 is destroyed. 

12. Read Only Memory (ROM) 

The read only memory (ROM) can also store fixed data as well as 

programs which are required by users. 

ROM has a maximum capacity of 2,048 words x 8 bits and is in

dependently addressed by the program counter which addressEs the 

storage area for programs and by the data counter which addresses 

Lite storage area for fixed data. 

~or storing programs the ROM is processed as 8 bit words but for 

fixed data, 8 bit word is divided into the higher order 4 bits 

and the lower order 4 bits, namely divided to two 4 bit words of 

ROMH and ROML. 

MSB 
Address 

o 
1 

2 

D 

N 

5 4 3 o LSB 

~ 
~ G 

~~111_--+ ___ R_O_ML~ 
u 
Q 

(TMP4310AP) .... N~1,023 (T/lFi:3ISBP) .... N~I,535 (TNP4320AP) ... N~2 ,047 

(Nole) In the case of THP4310AP, both of the pro[;ram counter (PC) and the 
data counter (DC) are 11 bit counters, and if bit 10 is 11111, any 
contents of Ron arc not accessed. 
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The read/write memory (RAM) can be used as the working area for 

data processing. 

RAM has the maximum configuration of 128 words x 4 bits and is 

addressed by H Register which designates a page and T_ Register 

which designates an address in a page. 

In addition to the above, another addressing method of RAM is to 

access an address in page 0 using the index instructions (M 

instructions) wllieh will be explained later. This method is effective 

La save the contents of registers on the interrupt operation. 

The configuration of each version is as follows. 

(TMP4310AP) 

Address LRLI ______ ~ 
~ 15 14 13 12 11 10 9 8 6 5 4 1 0 

,,~" l~1 ~~=::~==I 1 ::1 1=1 ==1 1 =1 I 
(TMP4315BP) 

Address 
LR 'I ------, 

'~l f..----.l.---I 'f +-+-1 B 1 "--+1---+ H 1 '--+-+'1' I-+--' I t--+-I' 1 +-+-1 'I'--+-tl 1-j---j18 

(TMP4320AP/TMP4JOOC) 

Address L R LI ______ ..J 

15 14 1 J 12 11 10 9 8 7 6 5 4 3 2 1 0 
P age 0 

1 

2 
3 
4 H1t::==J 
5 
6 
7 

21 
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14. Timing Generator (TG) and Instruction Decoder (IDe) 

The timing generator produces a clock frequency that is dependant 

on the oscillator connected external_ly. 

Based on this timing the instruction decoder reads and decodes the 

fields unique to each instruction. 

Timing of interrupts, initialize requests etc. are also 

synchronized by the Timing Generator. 

15. Registers Dedicated to Index Instructions (SA, DA and MA) 

Refer to the paragraph of Index Instructions. 

These are 4 bit registers used by the index instructions which are 

explained later,and there are three kinds, namely SA (Source 

Address Register), DA (Destination Address Register) and MA (Memory 

Address Register). Source register code, destination register code 

and RAH address which are activated by the tndex instructions are 

input to SA, DA and MA respectively, and these are temporarily 

retained until the follmving one operation instruction is completely 

executed. 

The registers dedicated to the index instructions can not be used 

by program as additional data registers. 



• INTEGRATEDCIRCUIT 
iii :.; TECHNICAL DATA 

1. Features of TLCS-43 Machine Instructions 

H1P4310AP 
TMP4320AP 

H1P4315BP 
TMP4300C 

One of the features of the TLCS-43 Hachine [nstruction set is the 

existance of index instructions. In the case of processing instruc

tions, usually the source and destination of data have been inherent

ly defined. The index instructions modify the processing instructions 

to change the source of data to be processed or/and the destination 

of the processing results. Therefore, it is much simpler to write 

programs which require sequential operations through an area 

of memory. The extensive use of index instructions produces 

efficient programs in terms of the number of program steps. 

Another great feature is that the machine instructions with Data 

Counter (DC) maintaing ROM address in addition to PC have the 

Lnstructions which can read out the content of ROM directly, which 

allows a greater amount of fixed data to be efficiently read. 

Furthermore, with the addition of four level subroutine nesting 

ability, the subroutine call instructions of 1 byte length are 

available. This is effective in reducing overall program size. 

2. Format of Machine Instructions 

The explanation of each instructions is described according to 

the following format. 

in) x x x ) 

L~ 
~ Name of Instruction 

Nnemonic Code 

Number of Instruction 

<Symbol 
Instruction> 

Mnemonic Operation Code Operand 

23 
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[Machine Instructions] 

TLCS-43 series microcomputer is provided with 35 kinds of machine 

instructions. Unless otherwise mentioned the machine instructions are 

described as just instructions. 

Among the machine instructions of TLCS-43, 30 instructions are 

of I-byte length and 5 instructions are of 2-byte length. As regards 

the execution time of machine instructions, 28 instructions are of 1-

machine cycle and 7 instructions are of 2-machine cycle. 

Machine Instructions are classified by their functions as 

follows: 

Number of 
Instructions 
-~----

TLCS-43 ~Index Instructions ................................ 4 

Hachine Data Processing Instructions 

I~struc- Processing Data Transfer 
tlons Instructions Instructions 

Logical Operating 
Instructions ............... 10 

Bit Processing 
Instructions ................ 3 

ROM Readout lnstructions ..... 

Subroutine Instructions ........... 3 

Branch Instructions 

Total 35 
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Machine 
<Code > 

No.1 Byte 

No.2 Byte 

(Address next to) 
(+1) No.1 Byte 

< Function> 

<Status Flag> 

< Execution 
Cycle > 

< Function 
Explanation> 

Modifiable 
< Index > 

Instructions 

MSB 
7 6 5 4 

x x x x 

3 

x 

TMP4310AP 

TMP4320AP 

2 

x x 

LSB 
o 
x 

TMP4315BP 

TMP4300C 

MSB LSB 
7 6 5 4 3 210 ,-,-,-,-.....,--,---,--,---, 

Ix X x X x x x x I L _______________ ~ 

(The correspondence of the operand of 

symbol instruction and the machine code 

is recorded, if necessary.) 

The logical peration performed by this 

instruction is explained with symbols. 

(F): } 

(C) : 

The status after the execution 

of status flag is described. 

(Dependent on the data when 
designated to store data in 
status register.) 

The number of machine cycles necessary 

for executing instructions is described. 

The function of instructions is explained. 

In processing instructions, modifiable 

. index instructions are described. 

25 
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In this section, the symbols defined in Table A are used more concisely to 

express the functions of machine instructions. The storage elements, 

including input ports, related directly to the operation of 

instructions are collected in Table B. 

Table A. Symbol and their Meanings for Instructions 

I 

Symbol Meaning 

(a) The content of storage element "a". 

M[(l-I.L)] The content of RAM address designated by the 

contents of H register and L register. 

TEMP Temporary register 

ZR Virtual register of which content is "0". 

in-I ... io Data of n+l bit 

b Values inverted "1" to "0", "0" to , "1" every bit 

of "b". 

a • b "a" is replaced by the value of "b"l 

a + 1 Value added I to "a". 

a + b Value added "b" to " Ii a . 

a - b Value subtracted lib" from "a"/ 

a Ab Value of logical product of "a" and lib" for every 

bit. 

a V b Value of logical sum of "a" and "bIT for every 

bit. 

a - b Value of exclusive logical sum of I'a" and lib" for 

every bit. 
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Ones <b> 4-bit data having l's at bit positions only 

indicated by "b" and O's at all other bit 

positions. 

ROMH [(DC)] Higher order 4 bits in the content of ROM address 

indicated by the content of data counter DC. 

ROMI) (nC)] Lower order 4 bLts in the content of ROM address 

indicated by the content of data counter DC. 

M[a] Content of address llei" of RAM. 

a<b> Value of bit position "b" of II " a . 

DCH Higher order 3 bits of data counter 

DCM Intermediate order 4 bits of data counter 

DCL Lower order 4 bits of data counter 

Carry Carry resulted by operations (overflow) 

Borro'l;v Borrow resulted by operations (underflow) 

a = b "a" equals to "b" 

if a then If the condition of "all is satisfied, "b" is 

b else c performed; if not, lie" is performed 

$ ROM address in which instructions are stored 

(No.1 byte address for 2-byte instruction) 

Table B. Storage Elements Related Directly to Operation of 
Instructions 

Name Mnemonic Function 

Accumulator AC 4-bit register 

Carry flag C Carry flag of multiple digit operation 

Branch flag F Condition flag exclusive for branch 

27 
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Name 

Interrupt 
mask flag 

General pur
pose flag 

Mnemonic Function 

1M Flag masking interrupt-peration 

In case of !II", interrupt is permitted. 

G 1 bit flag used by program 

L register LR I ~J~~~;~r showing lower-ord';;~- 1;-':1t8 of RAH 

---------+---------~~~~~~--~~--~--~~--~~~ 
H register HR ~d~~~~~r showing higher order 3 bits of RAM 

Input port 

Output port 

I/O port 

Data counter 

Program 
counter 

Stack 

Read/Write 
memory 

Read only 
memory 

INa, IN1, Ports for input of external data. 
IN2 

OTO, on 
OT2, OT3 

100, 101 
102 

DC 

PC 

STK 

RAM 

ROM 

Ports for output of data 

Ports for input or output of data 

Counter to read out ROM contents as 

data 

Counter to read out the instruction 

under program 

Stack storing return address from inter

rupt routine or subroutine (PC evacuation 

area) 

Memory temporaly maintaing data 

Memory maintaining program or fixed 

data 

3. Index Instructions 

The index instructions indicate source or/and destination 

of data. The data is processed by the instructions following the 

index instructions. The fixed data source and destination are 

designated for the instructions themselves, but if the instructions 

are modified by the index instructions, the data source and 

destination become those designated by the index instructions. 



• INTEGRATEDCIRCUIT 
TECHNICAL DATA 

TMP4310AP 
TMP4320AP 

TMP4315BP 
TMP4300C 

Since the index instructions cannot process effective data 

by themselves, they are invariably used in combination with the 

processing instructions. Therefore, the interrupt operation 

cannot be performed after execution of the index instructions, 

but can be done only after completion of the processing 

instructions. 

One processing instruction can be modified by maximum three 

index instructions. l.Jhen sources or destinations have been 

indicated in duplicate, the initially indicated one becomes 

effective. 

CD (Designate Source register) Source Register Index 
Instruction 

< Symbol Instruction> 

S 

< Machine Code > MSB 
7 6 

1 o 

<Function> (SA) -r 

r or 

5 4 

o 

r 

3 
LSB 

1 0 

Operand r = r3 rz rl ro 

< Status Flag > (F) No change 

(C) No change 

< Execution Cycle> 1 Machine Cycle 

< Explanation of > Write address r of register/port, which 
Function 

becomes data source, in the source address 

register SA. The source register designated 

by this instruction is effective until the 

processing instruction is executed. 

However, if there are pural numbers of 

Instructions indicating the source register 

before the processing instruction, the initial 

index is effective. 
29 
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D (Designate Destination register) Destination Register 
Index Instruction 

<: Symbol Ipstruction :> 

< Machine Code> 

< Function> 

< Status Flag> 

< Executive Cycle> 

< Explanation of > 
Function 

MSB 
7 

1. 

D r or r 

6 5 4 

o o 1 

Operand 

(DA) ~- r 

(F) No change 

(C) No change 

1 Machine Cycle 

3 2 

r2 

LSB 
o 

ro 

Write address r of register, which 

becomes a destination as a result of 

processing, in destination address 

register DA. The destination register 

designated by this instruction is 

effective until the processing instruction 

is executed. However, if there were 

plural numbers of instructions indicating 

the destination register before the 

processing jnstruction, the initial index 

becomes effective. 

SD (Designate Source and Destination register) 

Destination Register Index Instruction 

Source & 

<-. Simbyl Instruction /" 

SD r or = r 
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< Machine Code> 

< Function> 

< Status Flag > 

<Executive Cycle> 

< Explanation of > 
Function 

MSB 
7 6 4 

0 0 0 

TMP4310AP 
TMP4320AP 

3 

r3 r2 

Operand r := r3 r2 q 

(SA) - r (DA) 

(F) 

(C) 

No change 

No change 

1 Machine Cycle 

r 

rO 

TMP4315BP 
H1P4300C 

LSB 
0 

q rol 

Write address r of the register (same re

gister) be~oming data source and destination 

in source address register SA and destination 

address register DA. The register designated 

by this instruction is effective until the 

processing instruction is executed. 

However, if the source register or the 

destination register has been indicated 

numbers times to one processing instruction 

in the same way as the instructions of Sand 

D, the index initially made to the respective 

registers becomes effective. 

G) M (Designate RAM address) RAM Address Index Instruction 

~ Symbol Instruction> 

M r or = r 

< Machine Code > 
MSB 

7 6 5 4 

1 o 

Operand 

3 

r2 

LSB 
o 
ro 

31 
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< Function > 

< Status Flag > 

< Executive Cycle > 

< Explanation of 
Function > 

(MA) - r 

(F) 

(C) 

No change 

No change 

1 Machine Cycle 

RAM address can be directly designated by 

this instruction without using H register 

and L register. 

The RAM address "r" is written in memory 

address register MA; however, the RAM which 

can be designated by this instruction is 

limited to addressed 0 - 15 (16 words in 

"0" page). These RAM addresses are 

effective until the processing instruction 

is executed; that is, the RAM address of 

the processing instruction modified by this 

instruction is designated by the memory 

address register MA regardless of the 

content of H register and L register. 

There are no changes in the contents of H 

register and L register. 

If there are numbers of RAM 

address index instructions before the 

processing instruction the value initially 

indicated becomes effective. 

4. Decision of Source and Destination by Index Instructions 

The way of modifying the processing instruction by index instructions, 

or the decision of source and destination of the processing instruction, 

is regulated as follows : 

(0) The elements not modified are unique source and destination for 

each instruction. 
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(1) Instructions related to registers and RAM (9 instructions) 

In regard to the nine instructions, such as LDM, SWP, STR, ADD, 

ADC, SUB, CND, ORM, and EOR, their sources and destinations can 

be changed by the index instructions (S, D, and SD). When 

modified by M instruction, RAM data becomes the addresses (0 -15) 

designated by M instruction. 

(2) Instructions related to register (13 Instructions) 

In regard to the thirteen instructions, such as LDA, LDT, LDI, 

LLI, CMA, NGT, ADI, ALI, SSB, RSB, LFB, LRL, and LRH, their sources 

and destinations can be changed by the index instructions (S, D, 

and SD). When modified by M instruction, the sources and destinations 

by the S or D instruction become RAM addressed (0 - 15) designated 

by M instruction. 

(3) As for SDC instruction, the source register can be designated to the 

intermediate order 4 bits of DC by S Instruction. In this case, 

the logical sum of the designated source register content and the 

immediate data is set to the intermediate order 4 bits of DC. 

When modified by M instructions the intermediate order 4 bits of 

DC become the contents of RAM addressed (0 - 15) designated by M 

instruction. 

(4) Subroutine and branch instructions (8 instructions) 

In regard to the eight instructions, such as CAL, CLS, RTN, BCF, 

BCB, JCS, JCC, and JMP, the index instructions cannot be modified. 

(If they are modified, their operations cannot be guaranteed.) 

The following figure shows diagramatically the relationship between 

the above mentioned source and destination selection regulation 

and hardware. 

33 
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The address of source register is stored in source address 

register SA by S instruction, and the source register is selected 

by the source selector accordjng to this address. 

The data from the selected source register is input into Sl of 

ALU. Either RAM or ROM is selected by the data selector as data 

input into S2 of ALU. The selection by this data selector is 

decided by the instructions. 

The address pointer of RAM has HR·LR and memory address 

register MA. Usually HR'LR is selected, but when modification is 

made by M instruction, MA is selected. The memory address is 

stored in MA by M instruction. Since either HR"LR or ~~ is used 

as address pointer, if RAM is used as source and destination 

register, the same address is selected. 

The address of destination register is stored in the destination 

address register DA by D instruction. The destination selector 

selects destination register according to this address. 

The process results output from ALU are stored in the destination 

register. 

By using SD instruction, the same register address is stored 

into source address register SA and destination address register 

DA; therefore, the source register of Sl of ALU and the destination 

of output of ALU become the same. 

As shown in the following figure the selector 'vhich changes 

the flow of processing data according to index instructions has 

the following three kinds of versions: 

(1) Source selector (Selection of source register) 

(2) Destination selector (Selection of destination register) 

(3) RAM address pointer selector 

In the case where no modification is made by index instructions, 

it may be thought that each selector makes the selection of the source 

or destination. 
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Destination 
Address 
Register DA 

H1P4310AP 

TMP4320AP 

TMP4315BP 

H1P4300C 

Source Register :---------------, 
Accumulator (AC) I 

Register (LR) 
H Register (HR) 

Input Port (INi) 
Output Port (OTi) 

I/O Port (TOi) 
I 

ROM 

i--------------, 
I I 
Accumulator (AC) I 

L Register (LR) 
H Register 

Register (NULL) 

Output Register(OTi) 

~/O Register (IOi) I 
L _________ ---.J 

Destination Register 

I 

,"1 Such a selector is determined according to the kind of instruction; 
in many cases RAM is selected, but in case of ROM readout instruction 
or immediate instruction, ROM is selected. 

"2 Usually HR and LR is selected, but in case of processing instruction 
that modification is conducted by M instruction, MA is selected. 

*2 
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Registers can be designated by Index Instructions 

Register 
Symbol Name TtlP4310AP TMP4315BP TNN320AP THP4300C 

code 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 

AC Accumulator 0 0 0 0 
ST Status 0 0 0 0 Register 

LR L Register 0 0 CS _0_ 
H[(H'L) 1 RAN 0 0 () 0_ 

INO In. Port 0 0 0 0 0 
NULL NULL 0 0 0 0 
100 I/o Port 0 0 0 0 0 
rol I/O Port 1 0_ 0 0 0 f-._-_. 
on Out. Port 1 0 0 0 0_ 
OT Out. Port 0 0 0 0 0 ------
HR H Register 0 0 0 0 
- - Not used Not used Not used Not used 

OT3 Out. Port 3 - 0 0 -
---

102 I/O Port 2 0 - - 0 
OT2 Out. Port 2 Not used 0 0 Q-
OT2 [n. Port 1 Not used 0 0 0 

c5 
-----

IN2 In. Port 2 Not used 0 0 
---

* Register code C designates 102 for THP4310AP and TMP4300C and OT3 for 

THP431SBP and TMP4320AP. Tberefore if it is required to perform evaluation 

of THP43lSBP and THP4320AP using THP4300C, 102 is used as the matching 

port for OT3. 
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5. Data Processing Instructions 

'[he data processing instructions are classifipd in four types, 

data transfer instruction, logical operation instruction, bit 

processing instruction, and ROM readout instruction. 

5.1 Data transfer instruction 

Data is handled in 4-bit units. The use of these instructions 

provide the setting of immediate data as well as the data 

transfer between two registers or between a register and RAN. 

)') LDM (Load from Hemory) Load from Memory Instruction 

< Symbol Instruction > 

< Machine Code > 

< Function > 

< Status Flag > 

< Execution Cycle > 

< Explanation of > 
Function 

Modifiable 

< Index > 
Instruction 

LDM 

MSB 
7 6 5 4 3 

a o o a 

(AC) - M[ (H-L) 1 

(F) No change 

(C) No change 

1 Machine cycle 

2 

1 

LSB 
1 a 

a 

The content of RAM address designated 

by H register and L register is loaded 

into accumulator. 

D, M 

6' SHP (S"ap) : SlvAP Instruction 

<: Symbol Instruction :> 

SHP 

MSB 
~ Machine Code ;> 7 6 

o o 

4 3 

o o 

2 1 

1 o 

LSB 
o 

37 
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< Function > 

< Status Flag ::> 

< Execution Cycle ::> 

< Explanation of ::> 
Function 

Modifiable 

< Index > 
Instruction 

(TEMP) - - (AC) 

nlP4310AP 

nlP4320AP 

(AC) M [(H'L)] 

M[ (H.L)]--(TEMP) 

(F) No change 

(C) No change 

1 Machine cycle 

TMP4315BP 

TMP4300C 

This instruction exhanges the content of 

RAM address designated by H register and 

L register content of the accumulator. 

SD, M 

(;) LDA (Load from Accumulator) Load from Accumulator Instruction 

<: Symbol Instruction ;> 

< Machine Code ::> 

< Function ::> 

< Status Flag > 

< Execution Cycle > 

< Explanation of > 
Function 

Modifiable 
< Iddex 

Instruction 
::> 

LDA 

MSB 

6 5 4 3 2 1 

LSB 

o 

o 0 1 o 1 o 1 1 

(AC) - (AC) 

(F) 

(C) 

No change 

No change 

1 MRchine cycle 

The content of accumulator is loaded into 

the accumulator. If used independetly, 

this instruction becomes a no-operation. 

instruction. 

S, D, M 

f8) STR (Store) Store Instruction 
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<Symbol Instruction> 

STR 

< Hachine Code> 

< Function > 

< Status Flag > 

< Execution Cycle > 

< Explanation of 
Function > 

Hodifiable 

< Index > 
Instruction 

TMP4310AP 
TMP4320AP 

MSB LSB 
7 6 4 0 

H1P4315BP 

TMP4300C 

~._i_O _________ O ___ O ________ O ____ O~ 
(Ae) -M[ (H·L)] 

(F) No change 

(C) No change 

1 Machine cycle 

The content of accumulator is stored 

in the RAM address designated by H 

register and TJ register. 

S, M 

9' LDT (Load and Test) : Load & Test Instruction 

<. Symbol Instruction> 

< Machine Code > 

< Function > 

< St<1tus Flag > 

<- Execution Cyc:le> 

< Explanation of > 
Function 

Hodif iable 

< Index 
Instruction 

HSB 
7 

LDT 

5 4 3 2 
LSB 
o 

o 0 o o 

(AC) - (AC) 

If (AC) ~ 0 then (F) -. - 1, else 

(F) -- 0 

(C) : No change 

1 Machine cycle 

The content of accumulator is loaded 

into the accumulator. If the data is 

zero, F is set to '11", but if not, F 

is cleared to "011. 

S, D, SD, M 
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l~ LDI (Load Immediate data) 

<: Symbol Instruction :> 

< Machine Code > MSB 
7 

0 

<: Function :> 

<: Status Flag :> 

< Execution Cycle > 

<: Explanation of > Function 

Modifiable 

< Index :> 
Instruction 

n~p431OAP 

TMP4320AP 
TMP4315BP 
TMP4300C 

Load Immediate Data Instruction 

LDI i (o~ i ~15) 

6 5 4 3 

1 0 i3 

Operand i 

(AC) - i 

(F) No change 

(C) No change 

1 Machine cycle 

= 

i2 

i3 i2 

LSB 
0 

il iO I 
il iO 

Immediate Data i is loaded into accumulator. 

D, M 

'~LLI (Load Immediate data to L register) 

L Register Instruction 

Load Immediate Data to 

40 

< Symbol Inst,uction :> 

< Machine Code :> 

< Func t ion :> 

< Status Flag :> 

< Execution Cycle > 

< Explanation of > 
Function 

MSB 
7 

0 

LLI (0;; :;15) 

LSB 
6 5 4 3 2 1 0 

I 

iO I 1 0 0 i3 i2 il 

Operand i i3 i2 il iO 

(LR) - i 

(F) No change 

(C) No change 

1 Hachine cycle 

Immediate Data i is loaded into L Register 
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Modifiable 
< Index 

Instruction 
> D, M 

5.2 Logical operation instruction 

The instructions of CMA, CND, ORM and EOR are used for logical 

operation of every bit of 4-bit data. The athers are mainly 

used for arithmetic operation. For 2-operand instruction one 

data source is a register and another is RAM. 

For the nine instructions except CHA, branch condition flag 

F is set, and for ADC instruction, carry flag C is set. 

CMA (Complement Accumulator) Complement Accumulator Instruction 

< Symbol Instruction > 

< Machine Code > 

< Function > 

< Status Flag > 

< Execution Cycle > 

< Explanation 
Function 

of > 

Modifiable 
< Index > 

Instruction 

CMA 

MSB 

7 6 5 4 

o o 1 

(AC) - CAC) 

(F) No change 

(C) No change 

1 Machine cycle 

3 

1 o 

LSB 

1 0 

1 1 

The content of accumulator is loaded 

into the accumulator after inverting 

"0" to "I" and "I" to "0" every bit. 

S, D, SD, M 

NGT (Negate) : Negate (2's complement) Instruction 

< Symbol Instruction > 
NGT 

41 
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<: Machine Code :> 
MSB 

7 5 4 3 

H1P4310AP 

H1P4320AP 

LSB 
1 0 

TMP4315BP 

H1P4300C 

[0 i 0 o o i 1 I 

42 

<: Function > 
<: Status Flag :> 

<: Execution Cycle 

< 
Explanation 
Function 

Modifiable 
< Index 

Instruction 

of 

> 

:> 

> 

ADD (Add) : Add Instruction 

< Symbol Instruction > 

< Machine Code > 

< Function > 

< Statu. Flag > 

< Execution Cycle > 

MSB 
7 

I 0 

(AC) - (AC) + I 

if Carry then (F)- .1, else (F)--O 

(e) : No change 

1 Machine cycle 

2'8 complement of the content of accumulator 

is loaded into the accumulator. If the 

original data is 0 «AC)-O), 2'. complement 

is O. In this case only, F flag is set to 

"1", but in the other cases, F flag is 

cleared to "0". In this case F flag is 

used in both meanings of carry and zero 

decision. 

S, D, SD, M 

ADD 

6 5 4 3 2 

o o I o 

(AC) _- (AC) + M [(H· L) J 

LSB 
o 
I 

if carry then (F)-----l, else (F)-_.-O 

eC) : No change 

I Machine cycle 
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< Explanation of 
Function 

< Modifiable Index 
Instruction 

Tr1P4310AP 
H1P4320AP 

n~p4315BP 

H1P4300C 

The content of RAM address designated by 

the contents (If H register and L register 

is added to the content of the accumulator, 

and the result is loaded into the accumulator. 

[f the resultant carry is "111 , F flag is set 

to Ill", and if it is "0", F flag is cleared 

to "0". 

S,D,SD,M 

'l~) ADC (Add with Carry) : Add with Carry Instruction 

< Symbol Instruction > 

< Machine Code > 

< Function > 

< Status Flag > 

< Execution Cycle> 

<-
Explanation of 
Function 

< Modifiable Index > 
Instruction 

ADC 

MSB 
7 6 4 3 2 

LSB 
1 0 

o o 1 o o 

(AC) - (AC) + H [(H·L)] + (C) 

if carry then (F)--l, (C)---l, else (F)--O 

(C)-o 

1 Hachine cycle 

The content of RAM address designated by 

H register and L register and the content 

of C flag are added to the content of 

accumulator, and the result is loaded into 

the accumulator. The conditions of Carry 

cause F flag and C flag to be set/reset. 

S, D, SD, M 

43 



44 

INTEGRATEDCIRCUIT 
TECHNICAL DATA 

TMP4310AP 

TMP4320AP 
TMP4315BP 

H1P4300C 

QJV SUB (Subtract) : Subtract Instruction 

<: Symbol Instruction:> 

< Machine Code> 

< Function> 

< Status Flag> 

< Execution Cycle> 

<: Modifiable Index 
Instruction ;> 

~ CND (Complement & AND) 

< Symbol Instruction> 

<: Machine Code > 

<: Function> 

<: Status Flag> 

SUB 

MSB 
7 6 5 4 3 

LSB 
o 

[0 0 1 1 1 1 o 1 

(AC)~M[(H-L)l - (AC) 

if borrow then (F) <- 0, else (F) <- 1 

(C) : No change 

1 Machine cycle 

The content of accumulator is subtracted 

from the content of RAM address designated 

by H register and L register, and the 

result is loaded into the accumulator. 

The conditions of underflm" cause F flag 

to be set/reset. 

S, D, 3D, M 

Complement and AND Instruction 

CND 

MSB LSB 
7 6 5 4 2 1 0 

0 a 1 1 0 a 

(AC) + (AC) M[(H-L)] 

if (AC) = a then (F) <- 1, else (F) .. 0 

(C) : No change 
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< Execution Cycle :> 

< Explanation of :> 
Function 

< Modifiable Index 
Instruction > 

~' ORM (OR) : OR Instruction 

< Symbol Instruction :> 

< Machine Code :> 
MSB 

nlP4310AP 
TMP4320AP 

1 Machine cycle 

H1P4315BP 
TMP4300C 

The logical product of every bit of the 

content of accumulators and the lis 

complement of the content of RAM address 

designated by the content of H register and 

L register is loaded into the accumulator. 

If the result is "Oil, F flag is set to "I"; 

in the other cases, F flag is cleared to 

"0". 

S, D, SD, M 

ORM 

7 6 5 4 3 1 
LSB 
o 

< Function :> 

< Status Flag :> 

< Execution Cycle > 

Explanation of > < Function 

< Modifiable Index :> 
Instruction 

a o 1 a 1 1 1 o 

(AC) - (AC) V M[(H'L)] 

if (AC)=O then (F) -1, else (F) - a 
(C) : No change 

1 Machine cycle 

The logical sum of every bit of the content 

of accumulator and the content of RAM address 

designated by H register and L register is 

loaded into the accumulator. If the result 

is "0", F flag is set to "1"; in the other 

cases, F flag is cleared to "0". 

S, D, SD, M 
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TMP4310AP 
n~p4320AP 

H1P4315BP 
TMP4300C 

IJ9) EOR (Exclusive OR) : Exclusive OR Instruction 

46 

<: Symbol Instruction :> 

<: Machine Code > 

<: Function :> 

< Status Flag > 

< Execution Cycle :> 

< 

< 

Explanation of 
Function 

Modifiable Index 
Instruction 

> 

> 

~ ADI (Add Immediate data) 

-< Symbol Instruction> 

< Machine Code > 

< Function > 

EOR 

MSB 
7 6 4 3 1 

LSB 
o 

o o o 1 

(AC) - (AC)VMr(II'L)] 

if (AC)=O then (F)-I, else (F)-O 

ce) : No change 

1 Machine cycle 

The exclusive logical sum of every bit 

of the content of accumulator and the 

content of RAM address designated by H 

register and L register is loaded into the 

accumulator. 

If the result is "OilS F flag is set to 

fll"; in the other cases, F flag is cleared 

S, D, SD, M 

Add Immediate Data Instruction 

ADl i (O;;;'i~15) 

MSB LSB 
7 6 5 4 3 2 0 

i 
0 1 i i3 i2 il iO 

1 

Operand i i3 i2 i l iO 

(AC) - CAC) + i 
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< Status Flag > 

< Execution Cycle > 

< 

> 

Modifiable Index 
Instruction 

> 

n~p431 OAP 
TMP4320AP 

TMP4315BP 
H1P4300C 

if Carry then (F) _1, else (F) ~ 0, 

(C) : No change 

1. Machine cycle 

Immediate data "III is added to the content 

of accumulator and the result is loaded into 

the accumulation. 

If the resultant carry is generated, F flag 

is set to "1"; in the other case, F f1 ag 

is cleared to "011. 

S, D, SD, H 

ALI (Add Immediate data to L register) : 

Add Immediate Data to L Register Instruction 

Symbol Instruction 

< Machine Code :> 

< Function > 

< Status Flag :> 

< Execution Cycle > 

< 

< Hodifiable Index 
Instruction > 

ALI (0 ~ ;;; 15) 

MSB LSB 
7 6 4 3 2 1 0 

~ 
i 

0 
I 

il iO 1 i3 i2 
I 

Operand i ~ i3 i2 il iO 

(LR) - (LR) + i 

if Carry then (F) -1, else (F) - 0 

(C) : No change 

1 Hachine cycle 

Immediate date IIi" is added to the content 

of L register, and the result is loaded into 

L register. If resultant carry is generated, 

F flag is set to "I"; in the other cases, F 

flag is cleared to flOl!. 

S, D, SD, 1'1 
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5.3 Bit manipulation instruction 

Ordinary data is manipulated as 4-bit units, however the use of 

these instructions enables the data to be manipulated bit by bit. 

These instructions are mainly applied to status register ST, but 

their functions can be extended to aribitrary register, output 

port and RAM by a combination of index instructions. 

~~ SSB (Set Status Bit) : Set Status Bit Instruction 

< Symbol Instruction :> 

< Machine Code :> 

< Function :> 

< Status Flag > 

< Execution Cycle > 

< Explanation of > 
Function 

< Modifiable Index 
Instruction > 

2~ RSB (Reset Status Bit) 

< Symbol Instruction ;> 

SSB b (3~ b ~O) 

MSB LSB 
7 6 5 4 3 2 1 0 

10 0 0 1 0 1 bl bO 

Operand b b l bO 

(ST) - (ST) " Ones < b'> (ST < b>-l) , 

There may be flags (bits) changed by the 

execution itself of this instruction, but 

there are no flage changed by the result 

of the execution. 

1 Machine cycle 

The bit field of the status register 

defined by low order 2 bits "b" of the 
instruction is set to a "III. 

SD, M 

Reset Status Bit Instruction 

SRB b (3 ~ b ~ 0) 
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<: Machine Code :> 

<: Function > 

<: Status Flag ~ 

<: Execution Cycle > 

<: Explanation of > 
Function 

< Modifiable Index 
Instruction > 

MSB 
7 

o 
6 5 4 

o o 

Operand b 

n1P4310AP 

TMP4320AP 

3 2 

(ST) - . (ST) !\ Ones < b> 

TMP4315BP 

TMP4300C 

LSB 
o 

There may be flags (bits) changed by the 

execution itself of this instruction, but 

there are no flags changed by tbe result 

of the execution. 

I Machine cycle 

The bit field of the status register 

defined by the low order 2 bits "b" of 

the instruction is set to a "0". 

SD, M 

~ LFB (Load complemented status Bit to F) 

Load and Complement Status Bit to F Instruction 

<: Symbol Instruction > 

<: Machine Code > 

<: Function > 

< Status Flag > 

<: Execution Cycle > 

LFB 

MSB 

7 

10 

(F) 

(F) 

(C) 

b 0.< b ,>: 0) 

LSB 

6 5 4 3 2 0 

0 0 I I 0 bl '-.;] 
Operand b = bl bO 

-5T <b;> 

According to condition of ST <',b> 

No change 

I Machine cycle 

49 



• INTEGRATEDClRCUIT 
TMP4310AP 
mp4320AP 

H1P4315BP 

TMP4300C iii » TECHNICAL DATA 

50 

< Explanation of > 
Function 

If the bit content of status register 

designated by lower order 2 bits of the 

instruction is 1, it is inverted to 0, 

and it is 0, it is inverted to 1, and then 

it is loaded into F bit. 

< Modifiable Index > 
Instruction 

5.4 ROM readout Instruction 

S, M 

SDC is the instruction by which the address on ROM of fixed data 

is set Lnto data counter DC. LRL and LRH are the instructions by 

which ROM data arc readout in the 4-bit unit. 

SDC (Set Data Counter) 

< Symbol Instruction > 

< Machine Code > 

1st Byte 

2nd Byte 

< Function > 

Set Data Counter Instruction 

SDC a 

MSB 
7 6 5 

o o 1 

7 6 5 

la 7 

I 
a 6 as 

16 -;.:;a $2032, where "a" is 
integral multiples of 16. 
I.e. a~ I6n,1 c;" n ,,'~ 127 

4 3 2 

o o o 

4 3 2 

a4 ! a alO 

o 

1 

39 

LSB 
o 

o 

0 

as 

• Operand a ~ ala a9 as a7 a6 as a4 

(DCH) 

(DCM) 

(DeL) 

ala a9 as 

a7 a6 a5 a4 

M[(H·L)] 
v',,) 1 i.e. (DC) - a+M[ (H·L)] 

< Status Flag > 

< Execution Cycle > 

(F) 

(C) 

No change 

No change 

2 Machine cycle 

0000 
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< Explanation of 
Function 

< 

Data Counter 

Nodifiable Index > 
Instruction 

MSB 

10 

\a lO 

LRL (Load ROM Lower data) 

< Symbol Instruction > 

<: Machine Code ;> 

I 

TMP4310AP 

H1P4320AP 

H1P4315BP 

H~P4300C 

This instruction sets ROM address into 

the data counter. The higher order 3 

bits of ROM address to be set are im-

mediate values, and the intermediate 4 

bits are the logical sum of intermediate 

value and virtual source register ZR, 

of which content is "011, and the lower 

order 4 hits are the content of RAM ad-

dress indicated by H register and {, re

gister. When source register is de

signated by the index instructions, ZR 

OR-ed to the intermediate 4 bits becomes 

the content of its source register, be

ing effectively activated. 

The content of data counter after the 

execution of instruction is as follows, 

if it is not modified by index instructions: 

8 7 6 5 4 3 1 

;<17 
I 

a9 as a6 as .04 tI[ (II'L) 1 

s, H 

Load ROM Lower Data Instruction 

LRL 

MSB 

6 4 

o o o 

2 

o o 

1 

1 

LSB 

o 

o 

LSB 
0 

51 
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< Function > 

< Status Flag > 

< Execution Cycle > 

< Explanation of > 
Function 

TMP4310Af' 
TMP4320AP 

(AC) __ ROML [(DC)] 

(F) No change 

(C) No change 

2 Machine cycle 

TMP4315BP 
n~p4300C 

This instruction loads the accumulator 

with the lower order 4 bits of the 

content of ROM address designated by 

the content of data counter. 

< Modifiable Index > D, M 
Instruction 

52 

~ RLH (Load ROM Higher data) 

< Symbol Instruction > 

< Machine Code > 

< Function > 

< Status Flag > 

< Execution Cycle > 

Explanation of > 
< Function 

< Modifiable Index 
Instruction 

> 

Load ROM Higher Data Instruction 

LRH 

MSB 

6 5 4 3 

o o 1 1 o 

(AC) ROMH [(DC)] 

(DC) (DC) + 1 

(F) No change 

(C) No change 

2 Machine cycle 

2 1 

o 1 

LSB 

o 

o 

This instruction loads the accumulator 

with the higher order 4 bits of the 

content of ROM address designated by the 

content of data counter; after-ward, the 

content of data counter is increased by 

one. 

D, M 
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Subroutine Instructions 

Tr~P431 OAP 

Tr1P4320AP 

TMP4315BP 

TMP4300C 

When subroutine call and illterrupt operation are performed, the value 

of PC should be stored in a stack in order to keep return address. 

Four levels of PC stacks are provided for the interrup operation and 

the suhroutine call, enabl fng four-level nesting to be performed. The 

4tll stack serves for data counter DC; therefore, wheTl data counter is 

in use, the operation of nesting should be restricted to three levels. 

Otherwise, the content of data counter is destroyed, resulting in the 

deletion of the return address. When the f()ur-level nesting is in 

operation, no interrupt operation is performed. Also, no storage of PC 

by call subroutine instruction is performed. 

@ CAL (Call subroutine) : Call Instruction (2 Bytes) 

<: Symbol Instruction :> 

<: Machine Code ;> 

1st Byte 

2nd Byte 

<: Function ;> 

<: Status Flag ;> 

<: Execution Cycle ;> 

Explanation of ;> 
Function 

CAL a 

MSB 

6 5 

o 

6 

(0;;;; a ::;;:'2047) 

4 3 2 

o 

4 3 

LSB 

o 

o 

Operand a = "10"9aSa7"6a"a4a3"2"lilO 
(PC) ~-(STK) push down 

(PC) -a 

(F) No change 

(C) No change 

2 Machine cycle 

This is a subroutine call instruction 

which directly indicates the entry 

address of subroutine. 
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< Modifiable lndex > 
, Instruct1.0n 

n~p431 OAP 

TMP4320AP 

H1P4315BP 

H1P4300C 

The return address is put into a stack, 

and the designated value (the entry address 

of subroutine) a=alOa9a8a7a6aSa4a3a2alaO is 

set to pc. 

The stack of return address is a push down 

stack which can be stacked up to 4 levels. 

Since the fourth level is a data counter, 

precautions for usc should be taken. 

No instruction 

@ CLS (Call Subroutine by single byte) Call by Single Byte 

54 

< Symbol Instruction > 

< Machine Code > 

< Function > 

< Status Flag > 

< Execution Cycle > 

< Expla?ation of > 
FunctIon 

Instruction 

CLS (0 ~i $,15) 

MSB 

6 5 4 3 

0 0 0 0 13 12 

(PC) -(STK) push down 

(PC) ~ i x 8 + 4 

(F) No change 

(C) No change 

1 Machine cycle 

I 

LSB 

1 0 

i1 iO 

This instruction stores a return ad-

dress into a stack, calculates (=000 

i3i2i1i0100) i x 8 + 4 as subroutine 

entry address from tile entry address 

No. i designated to the operand, and 

sets the result to pc. 

The stack of return address is of 

push-down stack which can stack as 

high as 4 levels. 
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< Modifiable Index> 
Instruct]on 

TMP4310AP 

H1P4320AP 

n~p4315BP 

H1P4300C 

Sillce the fOllrtll level is a data counter, 

pr~cautions for use should he taken. 

No _instructi.on 

@ RTN (Return) : Return Instruction 

< Symbol Instruction :> 

< Machine Code :> 

< Function > 

< Status Flag > 

< Execution Cycle > 

< Explanation of 
Function > 

<: Modifiable Index :> 
Instruct~on 

Branch Instruction 

RTN 

MSB 

4 

() () () o 

(PC) - (STK) last in data 

(F) No change 

(C) No change 

1. Machine cycle 

LSB 

o 

'rhis instruction causes a return from 

an interrupt routine and a subroutine 

to the main program. The newest return 

address stored in the stack is loaded 

into the program counter. 

No instruction 

Among the branch instructions, there is an on-condition-sct/cleared 

branch instruction of which condition is decided whether or not branch 

operation is performed depending upon the value of F flag in the 

program status register; therefore, it should be considered how the 

value of F flag is changed by the data processing i,nstruction just 

before the use of the conditional branch instruction. ERe is limited 

in branch rangt:~, but this instruction can reduce the number of bytes 

of ROM because of a single byte instruction. 
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The unconditional jump instruction shifts unconditionally the 

execution flow of the instruction to the address indicated by the 

address field of this instruction. 

~ BRC (ranch on Condition set) Branch on (F) 1 Forward 

Instruction 

® BRC (Branch on Condition set) Branch on (F) 1 Backward 

< Symbol Instruction > 

< Machine Code > 

< Function > 

< Status Flag > 

< Execution Cyc le > 

< Explanation of > 
Function 

Instruction 

BRC a 0;:;;, a~2047, 

(-16~a - $~15) 

MSB 

6 5 4 

a-$~O, S~l 

a-$;:;;O, S~O 

3 1 

LSB 

o 

Branch on(F)~l Forward 
Instruction 

Branch on(F)~l Backward 
Instruction 

if (F)~l then (PC)-a, else No 

operation ((PC)---(PC) + 1) 

(F) No change 

(c) No change 

1 Machine cycle 

If F flag of status flag is set to "I", 

the value of program counter is changed 

La the absolute address "a" defined by the 

operand field of the instruction. In the 

other, cases, the program counter advances 

by one and execution of the next instruction 

will be initiated without any other 

operations. 
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< Modifiable Index > 
Instruction 

H1P4310AP 

Tt~P4320AP 

TMP4315BP 

TMP4300C 

The range of absolute address lIa" is 

-16 - 15 against ROM address "$" stored 

by this instrllction itself. 

No instruction 

@ JCS (Jump on Condition Set) Jump on(F)~ 1 Instruction 

<: Symbol Instruction ;> 

< Machine Code > 

1st Byte 

2nd Byte 

< Function > 

< Status Flag > 

< Execution Cycle ;> 

< Modifiable Index > 
Instruction 

JCS a (0 ~ a ;;:;'2047) 

MSB LSB 

6 5 4 3 1 0 

! a10 ' a9 

I 

1 1 0 0 as 

5 4 0 

if (F)~l then (PC) __ a,else No Operation 

(F) No change 

(C) No change 

2 Machine cycle 

If F flag is set to !II" , this instruction 

causes to branch to the address na" 

indicated by the Im.;rer order 11 bits of 

this instruction. In the ottler cases, 

execution of the next instruction with 

be initiated without any other operations. 

No instruction 

@ JeC (Jump on Condition Cleared) Jump on (F)~O Instruction 

< Symbol Instruction > 
Jec a (0 ~ a ~2047) 
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<: Machine Code :> 

1st ByLe 

2nd Byte 

< Function :> 

< Status nag :> 

< Execution Cycle :> 

< Explanation of 
Function > 

< Modifiable Index :> 
Instruction 

HiP4310AP 

HiP4320AP 

n~p4315BP 

mp4300C 

MSB LSB 

76410 
r-;-r---,---,----,---,Ir--1r--rl --, 
~ 1 0 alO a9 as 

7 654 3 1 0 
I 

al ao 

if eF)~O then (Pel-a, else No Operation 

(F) No change 

ee) No change 

2 Machine cycle 

If F flag is cleared to "OTl, this 

instruction causes to branch to the 

address "a T1 indi cated by the lower order 

11 hits of the instruction. In the other 

cases, execution of the next instruction 

wi 1] be initiated wi thout any other 

operaLions. 

No instructi.on 

JMP (Jump) : Unconditional Jump Instruction 

< Symbo 1 lnstruction > 
JMP (0 ~ a ~ 2047) 

< Machine Code > MSB LSB 

6 5 3 2 0 

1st Byte ! awl 1 0 0 () a9 a8 

7 6 5 3 2 0 

13 7 

I 
2nd Byte 

a6 a5 a4 a3 8 2 a1 aO 
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< Function > 

< Status FLag > 

< Executi.o Cycle > 

Explanation of 
< Function > 

< Mod ifiable Index > 
Instruction 

(F) No change 

(c:) No change 

2 Machine cycle 

H1P4310AP 

mp4320AP 

H1P4315BP 

n,1P4300C 

l'his illstruciton causes an unconditional 

branch to the address n a " indicated by 

the lower order 11 bits of the instruction. 

No instruction 
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[OPERATION DESCRIPTION] 

1. Bas ic Clock 

The basic clock generates the basic timing sequences required for the 

operations of TLCS-43. There are the following methods of options 

generating the basic clock. 

(1) Direct Connection of the Oscillator 

DII--t-
,lCIN ~ COUT 

(2) Supply of External Clock 

(3) Internal Oscillation 

o 
R 43kll 

2. Initialize Operation 

When a crystal oscillator,or a ceramic 

oscillator, or a 1FT, is connected as 

shown at the left, the frequency of TLCS-

43 basic clock is equal to that of the 

oscillator. (Except TMP4310AP) 

The basic clock of TLCS-43 can also be 

supplied by an external oscillator circuit 

as shown at the left. 

The external clock input should be 

sinusoidal or square wave vibrating with 

levels between 0 volts and 5 volts. 

The basic clock of TMP43l0AP can be 

obtained by connecting the resistance as 

shown in the left figure. 

(fosc 250kHz - 450 kHz at R=43kll) 

(Except TMP43l5BP, TMP4320AP, TMP4300C) 

The initialize operation of TLCS-43 is performed by placing RST terminal 

at the low level as shown below. The minimum time period of four 

basic clock cycle is required for the low level pulse width. 

--~~~~==~_W __ ~v----
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O~H<1.5 cycles 1.5 cycles < H <4 cycles 

TMP4310AP 
n1P4320AP 

TMP4315BP 

n~p4300C 

4 cycles<H 

The initialize Hhethcr or not the ini- The initialize 
operation is not tialize operation is operation is 
performed. not definite. performed. 

One cycle is equal to one cycle of the basic clock. 

The initialize operation performs the follo\ving functions. 

Block Symbol Initialize Function 

Program counter PC Cleared to "0" 

Interrupt latch 1L Cleared 

Interrupt flag 1M Cleared to "0" disabling interrupt. 

OTO All bits are set to "III, 

TOI All bits are set to "l". 
Output port 

OT2 All bits are set to Ill". 

OT3 All bits are set to Ill", 
-~- ----_.-

100 All output bits are set to "1". 

Input/Output 101 All output bits are set to "l". 
port 102 All output bits are set to "111. 

I------------~- --~ 

Stack STK Made empty. 

l.Jhile RST terminal is held at the low level, only the above functions 

are taken place and other operations, such as execution of program are 

not performed. 

I.Jhen RST terminal is returned to the high level, the program starting 

from address 0 is executed. 

(Note) C, F and G of the status register are not reset. 

Therefore, these must be taken care of by the program. 

And any index instructions executed prior to the initialization 

are ignored. 
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IniLial~ize RST 
SWItch 

( ~c 

If a capacitor is connected to RST 

terminal as 8hOl,';11 at the left, the 

initialize operation is automatically 

performed when the power supply is 

turned on. And if it is required to 

perform the initialize operati,on manually, 

a switch should be connected for this purpose. 

3. Interrupt Operation 

(1) Interrupt Operation 

TLCS-43 has the function which allows the interrupt operation to be 

triggered externally. The interrupt operation is performed by hold

ing INT terminal at the low level for four basic clock cycles or 

more. However, several conditions must be satisfied to initiate the 

interrupt operation. Such conditions are as follows. 

1. Interrupt flag IM has been set and one or more instructions have 

veen executed after the flag was set. 

2. Four levels of subroutine nesting have not been performed. 

The interrupt request signal from outside is retained in interrupt 

latch TL located inside and once an interrupt is accepted, IL and 

inteerupt flag 1M are cleared. 

If it is desired to trigger an inteerupt again, INT termina.1 must 

be returned to the high level (for two basic clock cycles or more) 

and must be placed at the low level again. Repetitive interrupts 

are not accepted keeping TNT terminal at the low level. 

Setting and repetitive setting of IL by INT signal are performed 

in the following timings. 

(Setting Timing of fT,). 

OSW< I cycle 1 cycle;;:;'W <4 cycles 4 cycles ;:i;,w 

II is not set. Whether or not IL Ls IL is set. 
set is not definite. 
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TMP4310AP 

BMP4320AP 
H1P4315BP 
n~p4300C 

(Repetitive Setting of TL) 

~ 4 cycles 
INT~ 

W' - 0 

It is not set 
again. 

or mort= ~J' =r 
O<W' < 2 cycles 

(lI,Thether or not IL is 

set again is 110t 

definLte. 

cycles or mOH'=t--
cycles<W' 

JJ~ is set again. 

Where one cycle is equal to one cycle of the basic clock. 

When an interrupt is accepted, the content of program counter PC 

is pushed down to stack STK and the entry address (address 2) of 

the interrupt service routine Ls set in the program counter. 

The accumulator, the status register, L register and 11 register 

which are used in the interrupt program must be saved into RAM 

area ill the service routine. 

Hhen returning to execution of the main routine after completing 

the interrupt routine the saved registers are returned and the 

interrupt flag which has been reset is set to "I". Then, execution 

of Return instruction causes to return to execution of the main routine. 

(2) Timing of Interrupt Enable/Disable 

CD Interrupt Flag Set/Re,et 

~(2 cycles 
. .. "" \ ~~struction) 

Interrupt e~:~::~allze "." \ '-.~~ Initialize 

Interrupt disable ____________ --j 

\ 
L State '/ 

State Disable Enable Disable Enable Disable 
The interrupt is enabled, when one instrllction has been executed 

after SSB2 instruction was executed, and immediately disabled by 

execution of RSB2 instruction. 
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Level 

Level 

Level 
Level 

~ When stack is used up to the deepest level (level 3) 

(Assumption: 1M flag is set "1" constantly) 

I CAL lxxx CAL lxxx I RTNlxxx I CAL Ixxx I RTNI 

" " \ \ \ 
"- " \ " \ 

"'- "- \ " \ 
3 "- ) \. ~ 

~ l I L 
1 
a 

Interrupt ena~b~l~e~s~t~a~t~e~ ______ --, 
Inteerupt disable state Enable '---_ ..... 

Even if IL and 1M have been set, if the stack is occupied fully 

up to the deepest level (level 3), any interrupt are not accepted 

and must wait until level 3 becomes available. 

(3) Relationship between tNT Signal and Rs'f Signal 

When the interrupt request signal and the initialize signal occur 

simultaneously, the operation shown in the following examples 

takes place. 

INT ~::~O, ='j 
t--: cycle or mor~r------------------------

D' <1 cycle ........ The interrupt request is accepted after 

the initialize operation. 

1 cycle ~D' <5 cycles Acceptance of the interrupt request 

is not definite after the initialize 

operation. 

D',;;:; 5 cycles....... Only the initialize operAtion pe.rformed 

and the interrupt request is not 

accepted. 

Where one cycle is equal to one cycle of the basic clock. 
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4. Types of Output Buffers 

H1P4310AP 
TMP4320AP 

n1P4315BP 
n1P4300C 

For the output buffers of output ports and input/output ports, the 

following types (A) or (B) can be specified by designating a mask 

option. Since these types are selected by the same mask as the user 

program mask,these must be specified based on the mask ROM data type 

format. (Refer to the mask ROM data tape format.) 

Hhen data is input from the input/output ports, the output data must 

have been set to "1" in advance for both (A) and (B) types. 

For the electrical characteristics, refer to the paragraphs of ABSOLUTE 

ilAXIt1U:1 RATINGS and DC CHARACTERISTICS. Since the pull-up resistors 

are provided by MOS transistors, the characteristics are somewhat 

different from normal resistors. 

VOH~2.4V(IOH=-100 A) 

V OL ~ O. 4V(IOL = 1. 6mA) 

(A) Hith Pull-up Resistance 

ILO~ 20 A(VOUT=VDD) 

VOL~ O. 4V(ILO=1. 6mA) 

(B) Open Drain 

Since all the bits of TMP4300C output ports and input/output ports 

are the open drain type, the mask option can not be specified. 

5. Pull-up Resistors of RST Terminal and INT Terminal 

All versions of TLCS-43 are provided with the pull-up quasi resistors 

(typical valve of lOOk ohms) fabricated with MOS transistors for RST 

and INT terminals. The guaranteed valve of general electrical 

characteristics of these resistors are IILL MAX.=-O.l mA(VIN=O. 6V). 

(Refer to DC CHARACTERISTICS.) 
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nW4310AP 

mp4320AP 
H1P4315BP 

TMP4300C 
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[EVALUATOR CHIP DESCRIPTION] 
TMP4300C is the evaluator chip which is used for development of the 

application systems (or programs) for TLCS-43. 

For these purposes, some terminals and functions have been added to 

TMP4300C in addition to those of other TLCS-43 chips. 

The terminals and the functions dedicated to TLCS-43 development tool 

(TDS400/43) are also provided, and refer to the operation manual of 

TDS400/43 for details. 

1. Operation Timing 

The normal operation timing of TMP4300C is chown in the figure below. 

The timings of the initialize operation and tIle inlerrupt operation 

are exactly same as the operation timings of other TLCS-43 chips. 

i----- LRH/LRL ~nstnjC'tion ---I I executIon cycle 

Basic clock 00 

eLK I 

AO - AIO ~~~(p_e~) __ ~X~ __ ~(~pe~) __ ~X~ __ ~(~P~C)~~X~ __ ~(=DC~) ____ ~ 

10 - 17 ~truction ~nstruction ~H/! B! ~ Data ~ 
Instruction 

2. Example of TMP4300C Application 

The diagram below illustrates an example of conc2ction with an EPROM, 

which allows the program confirmation before confirmi.ng program to 
ROM. 

;, TMMJ23e is 2716 type EPROM with J 6K hits (2,048 words x 8 bits) 
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sv 

r 
12 

VOD 

(Output data) OTC-OT2 

Ll 

(I/O dClta) 100--102 

12 AC-ilIO 

(Input data) INO-- IN2 

-(lni tia I izei np 
(Interrupt inpu 

ut) RcST 
1'MP4300C ---

t) - [NT 

~Df 
XIN 
XOUT 10- 17 

~ 
[D GND CLK I 

I 
J,. 

CautIon for Using l02 Port 

HIP4310AP 

H1P4320AP 

Ll 

(ROM addreHs) 

8 

(Instruction/ 
ROM data) 

f- (Monitor) 

TMP4315BP 

TMP4300C 

]V 

Vee 

AC-ilIO 
Vpp 

TMMJ23C 
-----,., 

-----

cs 
0 0-0 7 PD/PGM 

GND 

h 

The output port and the input/output port of 1'LCS-43 have the con

figurations shown belov"l. 

(Output port) 

(fnput/Output port) 

Tnternal Bus [nternal Bus 

I--

f--
f---
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Therefore, when a circuit which clamps the output voltage level is 

directly connected externally to the terminal, and the output data 

is referenced by the program, it can be correctly read for the output 

port. However for the input/output ports there is possibility of reading 

erroneous data if the input voltage level is not secured by the clamp 

circuit. In order to read the data correctly, the terminals and the 

clamp circuits are required to he separated by the buffer circuits. 

When a system development is conducted for TMP43lSBP and TMP4320AP using 

TMP4300C, the pairing port for the output port OT3 is the input/output 

port 102. Therefore, when it is required for a program to reference 

output data in OT3 port in a system using TMP43lSBP or TMP4320AP,care 

should be taken not to directly connect a circuit which clamps the 

output level to 102 port, during the evaluation stage using TMP4300C. 

(Circuit of Actual Application) 

Voltage level 
Clamp circuit 

TMP43lSBP-~--------
TMP4320AP ~ 

(Circuit of Evaluation Stage) 

TMP4300C ----ft-- .-----
~ 
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Ti1,P4310,ll,P ELECTRI CAL O:ARACTERI STI CS 

ABSOLUTE MAXH1UM RATINGS 

Symbol Item 

VDn Von Supply Voltage 

VDD Input Voltage 

VOUTl Output Voltage (Except Ope,; Drain 

HIP4310AP 

TMP4320AP 

Pins) 

YOUTZ Output Voltage (Open Drain Pins) 

IOUTl Average Output Current (Except 01'1) 

IOUT2 Output Current (OT1) 

PD Power Dissopation (TA~70°C) 

TSOLDER Soldering Temperature (Soldering Time 10 sec~ 

TMP4315BP 

H1P4300C 

Rating 

-O.SV to 7V 

-0.5 V to 7V 

-O.SV to 7V 

-O.SV to lOY 

4mA 

30mA 

700mA 

260°C 

TSTG Storage Temperature -55°C to 125°C 

TOPR Operating Temperature -10°C to 70 0 e 

DC CHARACTERISTICS 

TA~-lO°C to 70°C , VDD~5V ± 10 %, Unless Otherwise Noted 

Symbol Parameter Test Conditiol1s Min. Typ. Max. 

VIHI Input lIigh Voltage (!NO,IOO,IOI,T02,ksT 2.2 VDD 

VIH2 Input High Voltage (lNT) 3.5 VDn 

VIL Input Low Voltage 0 0.1 

VCH Clock Input High Voltage (X1N) External Drive 3.8 VDD 

VeL Clock Input Low Voltage (XLN) External Drive 0 0.6 

IiNl Input Current (INa) VIWVDD 20 

Open reain VIWVDD 20 
lLN2 Input Current ClOD, 101, I02) 

Pu 1 1 Up -

I 

Open Dr8in -

IILI Input LOIiJ Current 
Pull Up VIN~0.6V -1. 6 

(TOO, IOl, 102) 

Units 

V 

V 

V 

V 

V 

IJA 

UA 

-

-

rnA 
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Symbol Parameter 

1IL2 Input Low Current(RST, INT) 

Open Drain 

[ Ul Output Lead Current 
(ClTO, OT1) Pull Up 

VllH Output High Voltage Open Drain 

Pull Up 

VOL Output Low Voltage (Note) 
f-----

IDD VDD Supply Current 
'--- ---------------------

i 

H1P4310AP 

H1P4320AP 

Test Condition 

VIN=0.6V 

VOUT""VOl) 

10H=-100uA 

r OL=1. 6rnA 

H1P4315BP 

H1P4300C 

Min. Typ. 

I 

2.4 

40 

Max. 

-0.1 

20 

-

-

0.4 

80 

Note: Output port OT1 can sink large current. (IOL TYP.=20mA,VOL=2.0V) 

HhUe sinking l.arge current, the output tow vol tage (VOl) limit is 

the following val_ue. 

AC CHA RACTER] STT CS l\efer to TUIlNG \JAVEFORMS (1). 

TA--IO·C to lO·e , VDD=5V ± 10 % , Unless Otherwise Noted. 

Vneh 

rnA 

~A 

-

-

Vl 
V 

I 
rnA I 

------------------------------.,------------,-----,-----,--,----, 
Symbol Parameter 

t~o Clock Cycle Time 

~~ -__ ~ :~:_::-_~_-_:0-_d_~_~_"~:~~ ___________________ _l_--______________ -+ _______ +_ 

to Output Delay Time 

tun -cc-= Low Level Pulse IEdth 

tRST Low Level Pulse Hidtb 

fOSC Oscillation Frequence 
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Tr1P4315BP ELECTRIC.~L CII!IRP.cTERISTICS 

ABSOLUTE l1AXUlUl1 RATINGS 

[tern 

Voo Supply Voltage 

Input Voltage 

THP4320AP H1P4300C 

~0.5V to 7V 

Symbol 

VOO 

VIN 

Voun Output Voltage (Except Open Drain Pins) '~O.5V to 7V 
-----+--~------~~ 

Voun Output Voltage (Open Orain Pins) -o.W to LOY 

~ CHARACTERISTICS 

TA--I0·C to lO·C, VUU-SV ± 10 %, Unless Otherwise Noted. 

Symbol Parameter Test Condition Min. Typ. 

VIllI Input High Voltage (INO,INI,IN2,IOO,IOl, 2.2 
RST) 

VlH2 Input High Voltage (INT) 3.5 

VIL Input Low Voltage 0 

VCH Clock Input High Voltage (XIN) External Drive 3.8 
-------'----f---

VCL Clock Input Low Voltage (XIN) External Drive 0 

IINl Input Curren t (INO, IN1, IN2) VIN-VUO 

Open Drain VIWVOO 
IIN2 Input Curren t (TOO, TOl) 

Pull up 

i IILl Input Low Current 
Open Drain 

(roo, TOl) Pull Up VIWO.6V 

IIL2 Input T.Jo\v Current(RST,INT) VIN-O.6V 

I I LO Output Lead Current Open Drain VOUT-VDO 
: (010,OT1,OT2,OT3) 
i Pull Up 
f---------------- -_.-
i VOIl I Output High Vol tage Open Drain 

I I (Except XOUT ) Pull Up I 10W-lQQuA 2.4 

'2 __ ~-"'-~l1tPut Voltage(Except XOUT) IOL-l.6rnA i 
_~Lvoo Supply Current 1,0 

l1ax. Units 

VOO V 

VOO V 

0.6 V 

VOO V 

0.6 V 

20 !,A 

20 uA 

- - i 
- -=! 
-1. 6 rnA 

-0.1 rnA 

20 1!A I 

- - l 
- -

V 

0.4 V 

80 rnA 
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AC CHARACTERISTICS 

n1P4310AP 

T~JP4320AP 

Refe, to TIMING WAVEFORMS (1). 

TA=-lO°C to 70°C, VDD=SV ~ 10 %, Unless Otherwise Noted. 

Symbol Parameter 

t¢o Clock Cycle Time Test Condition 

ts Input Set up Time 

tH Input Hold Time 

tD Output Jclay Time CL=SOP ~,R (Pull up)=50kS"l ,1TTL 

tINT INT Low Level Pulse Width 

tRST RST Low Level Pulse Ihdth 

72 

Tl1P4315BP 

Tl1P4300C 

Min. Typ. 

2 

0.9 

0.9 

4 

4 

Max. 

5 

1.8 

Units 

WS 
-

llS 
-

llS 
--

ps _ 

Clock 
Cycle 

Clock 
Cycle 
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H1P432()AP ELECTR!CAL CHARACTiRISTICS 

ABSOLUTE MAXIMUM RATINGS 

I 
Symbol Item 

VIllJ VDD Supply Voltage 

! VrN Input Voltage 

H1P4310AP 

mp4320AP 

._-
i VOUTI Output Voltage (Except OpCll DyCl Lit Pins) 

_ .. --

I VOUT2 OutpuL Vo I tage (OpICO Drain Pins) 

! lOUT 1 Average Output Current (Except OTl ,OT2) 

'IOUT2 Output Current (OTl, OT2) 

i PD Power Dissipation ('lA~70"C) 

TSOLIJER Soldering Temperature (Soldering Time lOser.) 

TSTG Storage Temperature 

TOPR Operating Temperature 

External 

External 

IINl Input Current (I NO , 1011, 1012) V1WVDll 

Open Drain VIN~VDD 

IIN2 Input Current (TOO,IOl) 
Pull up 

T lLl I Input Lmv Current Open DraLn 
(IOll, TOI) 

Pull Up VH1~O.6V 

T [L2 Input Lm.J Current (RST, nlT) VT0I~()·oV 

Open Drain 

H1P4315BP 

TMP4300C 

Rat Lng 

-O.SV Lo 

-0.5V to 

-O.SV to 

-0.5V to 

4mA 

7V 

7V 
-

7V 

10V 
-

--
30mA 

--
850mh1 

260"C 

-55"e to 125"C: 

-lO o e to 70"e 

2.2 

3.5 

0 

Drive 3.8 

Drive 0 

I 

VOUT~Vlln i I ITO Output Lead Current 

i
' (OTO, on, OT2, OT3) ii' 

Full Up 
! 

I 

VlJll v 

VDD V 

0.6 V 

VDD V 

0.6 V 

20 I l:A 

20 ' '.\ 

I 

I Von ,Output High Voltage Open Drain I I 
I Ii (Except Xour) r----------L-------------t-----j-----t----+---l 

~ , _ ____ _____ Pul~ Up _ ----I 10Il~-~OOUA___+----+---i--:c--:-+---1 
! VOL i Output Lm; Voltag~ (Except XOUT) (Yote) I' l()L~l. bmA I' 

r--~----~-----·~--------t------+-----+-f------+------I 
L l])j) I V Dn S Llpp I Y Curr __ (_'n_t ______________ --' _______ ---1 __ --L __ '---_--'-___ -" 
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SEMICONDUCTOR 

TECHNICAL DATA 

H1P431~BP 

JMP4.300C 

Note: Output port OTI and OT2 can sink large current. (I0L"TYP.~20mA, 

VOL~2.0V) 

While sinking large current, the output low voltage .(Vor) limit 

is the following value. 

AC CHARACTERISTICS Refer to TIMING WAVEFORMS (1). 

TA~-lO°C to lO'C, VDD~5V ± 10%, Unless Othecwise Noted. 

~S.::.YM=B~O::jL ____ :cp:::a.::.r:::am=e.::.t.::.e:cr _____ -l--I_~_ Tes t Cond it ions .---+=-=---+-"-'-1---1----------' 
t,,;o Clock Cycl~"-Tim,,,-_________ J

1 
__ 

Hin Typ. Max. Units 

2 5 uS __ 
t. Input Set up Time 

I---~~- - - - --- - - ~ - - I 
~t--"H:....___I_-I-n-.::.pu~-1101.cl..T~m=- -- - -------1----

tD Output Delay Time ICL~55pF,R(Pull up)~50Kn,lTTL 
~;;:- ruT -L~':;- L~~;]P~ 1 s ~Widtht---------- -'-- ----- -- ,----~ i------+---+---f-c------+ 

~~-I-------- -- ----~--------+--- --------- -------------------------
tRST RST Low Level Pulse Hidthi 

o 9 iJS 

0.9 uS 

1.8 uS 
4 Clock Cycle 

4 Clock Cycle 
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TI1P4300C ELECTRICAL CHARAC1ERISTICS 

ABSOLUTE MAXHIUN RATINGS 

Symbol Item 
---

VOO VOD Supply Voltage 

H1P4310AP 

mp4320AP 

-.---.-~---.----.-

VIN Input Voltage 

VOUTI Output Voltage (Except OpC! Drain Pins) 
_.---

VOUT2 Output Voltage (Open Drain Pins) 

lOUT] Average Output Current (Except OT1 , OT2) 

IOU12 Output Current (OT], OT2) 

PD Pmver Dissipation (TA=70 Q C) 

TSOLDER Soldering Temperature (Soldering Time 10 sec.) 

TSTG Storage Temperature 

TOPR Operating Temperature 

DC CHARACTERISTICS 

TMP4315BP 

TMP4300C 

Rating 

-0.5V to 

-O.SV to 

-O.5V to 

-0.5V to 

4mA 

30mA 

HI 

260'C 

-55°C to 

-JO'C to 

TA=-lO'C to 70·C, VDD=5V ± 10 % , Unless Otherwise Noted. 

7V 

7V 

7V 

10V 

125'C 

70'C 

Symbol Parameter Test Conditions Min. Typ. Max. 

VIm 

VIH2 

VIL 

VCH 

VCL 

lIN 

IIL2 

lLO 

VOH 

VOL 

IDD 

Input High Voltage (Except INT, XIN) (Note) 2.2 

Input High Voltage (INT) 3.5 

Input Low Voltflgc 0 

Clock Input High Voltage (XIN) External Drive 3.8 

Clock Input Low Voltage (XLN) External Drive 0 

Input Current (Except RST, INT) VIN=VDD 

Input Low Current (RST, INT) VIN=0.6V 

Output Lead Current(OTO,OTl,OT2) VOUT=VDO 

Output High Voltage (AO-AlO,eLKl) IOW-lOOuA 2.4 

Output Low Voltage (Except XOUT) (Note) IOL=1.6mA 

VDD Supply Current 70 

Note: Output Port OTI and OT2 can sink large current. (IOL TYP.=20mA, 

VOL=2.0V) Hhile sinking large current, the Output Low Voltage 

(VOL) limit and the Input High Voltage (VIHl) limit are the 

following values. 

VOL Max.=O.5V to 0.6V (IOL=1.6mA) 
VIHI Min.=2.3V to 2.4V 

VDD 

VOD 

0.6 

VDD 

0.6 

20 

-0.1 

20 

0.4 

120 

Units 

V 

V 

V 

V 

V 

pA 

rnA 
.-

"A 

V 

V 

rnA 

75 



• INTEGRATEDClRCUIT 
iii» TECHNICAL DATA 

AC CHARACTERISTICS 

TMP4310AP 

n~p4320AP 

n~p4315BP 

TMP4300C 

Refer to TIMING \,AVEFORMS (1) (2). 

TA=-lO°C to 70°C, VOD=5V ± 10 %, Unless Otherwise Noted. 

Symbol Parameter Test Conditions Min. Typ. Max. 

tq,o Clock Cycle Time 2 5 

t s Input Set up Time 0.9 

tH Input Hold Time 0.9 

tD Output Delay Time CL =50PF , R (Pull up) =50kll ,1 TTL 1.8 

tun INT Low Level Pulse 4 
Width 

tRST RST Low Level Pulse 4 
Width 

tCD Clock Output Delay CL=50PF, I TIL 0.4 
Time 

tAD Address Output CL=50PF, 1 TIL 0.95 
Delay Time 

tIS Instruction Input 0.4 
Set up Time 

tIH Instruction Input 0 
Hold Time 

tIDS 10 Input Set up Time 0.4 

tIDH 10 Input Hold Time 0.95 

7G 

Units. 

ws 

WS 

WS 

ws 

Clock Cycle 

Clock Cycle 

pS 

ps 

IlS 

ps 

ps 
-----

ps 
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TIMING WAVEFORMS 

Input 

Output 

Basic Clock (~o) 

CLK I 

ROM Address Output 
(AO - AIO) 

Instruction Input 
(10 - 17) 

lD 

tiDS 

2.2V 

0.6V 

T~1P431 OAP 

H1P4320AP 

TMP4315BP 

H1P4300C 

to OH Min.~O.9wS 

t~ OL Min.~O.9pS 

2.2V 
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n~p4320AP TMP43DDC 

DUTLI NE DRAl:LJ NGS 

(TNP43IOi\P) Unit in mm 

.. "J 

0'+0.15 2.54 Note 2 

1.4:+:0.15 

~I 

Note 1. This dimension is measured at the center of bending point of leads. 

2. Each lead pitch is 2.54mm, and all the leads are located "ithin 

.. io·. 25mm from their theoretical positions with respect to No.1 and 

No. 28 "leads. 

(TNP4315BP/TNP4320AP) Unit in mm 

O. 5tO. 1 

1. 4±O .15 c'"' 
N 15.3-18.3 

This dimension is measured at the'center of bending point of leads. 

Each lead pitch is 2.54mm, and all the leads nre located "ithin 

±O:. ?5rn!l1 if:t;oIT! ~Jl~.i! theoretical Pc:.~:.i.tfp~?_. w.i.~h respect to No. 1 

and No. 42 leads. 
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Note 1. This dimension is measured at the center of bending point of leads. 

2. Each lead pitch is 2.54mm, and all the leads are located within 

~O.25mm from their~ t.heoreti~al positions with respect to No.1 and 

No. 64 leads. 

3. The metal on the side of the package is GND Level. 
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n1P4310AP 

TMP4320AP 

Tt1P4315BP 

n~p4300C iii W TECHNICAL DATA 
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~'lASK Rm1 DATA TAPE FORMAT 

'COMMENT" 

(PUNNNi) 

@D@ 

'COMMENT" 

N8; 

@ c:J.D 

RXXXX ; 

x xx Px; 

x XX Px; 

CID c:J.D 

} ---- Leader SO or more characters of "NULL" 

------- Comment When designated by mask option the characters of 

"MASK OPTION" are output with apostrophe. 

Outputs symbolic names of bits of output port or input/ 

output port to which pull-up resistors are connected. 

Outputs symbolic names of bits to which 

pull-up resistors are connected 

for all the bits of output port 

and input/output port which has 

been designated as mask option. 

PUN1~ Bit Name 

Port Name 

Comment Outputs six characters starting from the beginn

ing of character train defined by TTL statement 

of source program and two characters of serial 

number, with apostrophe. 

(~\fhen no TTL statement exist, six characters of 

space code and two characters of serial number 

are output.) 

Outputs IIN8" which indicates that the data pattern is 8 bits 

long. (The program data follow this code.) 

Outputs the program start address following "R", in four 

frames of decimal ASCII code. 

Data and check sum of the 

first address. 

Data and check sum of the 

second address. 

Data and check sum of the 

eighth address. 

Check Sum 
Number of data bits 
having "III is output 

TvJO characters of eight 
bit data are output in 
t'\vO frames of hexadecimal 
ASCII codes. 



• INTEGRATEDClRCUIT 
ilia TECHNICAL DATA 

R xxxx ------ Nineth program address. 

TMP4310AP 

H1P4320AP 

------ Data and check sum of the nineth address 

Tt1P4315BP 

TMP4300C 

Outputs repetitively through the last data. 

Outputs symbol "$" to indicate the end of program data. 

] Trailer 50 or more characters of "NULL". 
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TMP4310APL/TMP431 

82 

TECHNICAL DATA 

SPECIFICATION OF TMP4310APL/TMP4310APLL 

This specification' is applied to TMP4310APL/TMP4310APLL, one of versions 

of TLCS-43. 

TMP4310APL/TMP4310APLL is the low power version of TMP4310AP. There are 

some differences in electrical characteristics between TMP43l0APL/TMP43l0APLL 

and TMP4310AP; however, their functions, instructions and pin connections are 

compatible. When using and examining TMP43l0APL/TMP43l0APLL, therefore, it is 

recommended that this specification be used together with the technical data 

on TMP4310AP. 

Main differences in electrical characteristics between AP and APL/APLL 

are as follows: 

1. Basic clock 

Internal oscillation (with resistance externally installed between XIN and 

TEST) and external clock supply can be available. 

1.1 Frequency of external supply clock 

f=200kHz to 400kHz (APL) (VDD=5.5V ± 20%, Topr=O°C to 55'C) 

f=50kHz to 200kHz (APLL) 

1.2 Internal oscillation frequency 

f=200kHz to 400kHz CAPL, RX=S6Hl) CVDW5.5V ± 20%, Topr=O°C to 55'C) 

f=llOkEz to :OOkHz (APLL, RX=llOkrl) 

2. Low input voltage and clock low input voltage Cat time of external supply) 

VIL HAX.=VCL MAX.=0.S5V (VDD=5.5V ± 20%, Topr=O°C to 55°C) 

3. High output voltage 

VOH MIN.=2.4V (VDD=5.5V ± 20%, Topr=O'C to 55°C, IOH=-SO~A) 

4. Supply current 

IDD TYP.=30mA, IDD ~~X.=45mA (APL) (VDD=6.0V, Topr=25°C) 

IDD TYP.=ISmA, IDD HAX.=27mA CAPLL) 

S. Pull up' res istance of RST and INT terminals is not contained. 



INTEGRATEDCI RCUIT 
TECHNICAL DATA 

TMP4310APL/TMP4310APLL BASIC CLOCK 

The methods of generating and supplying the basic clock of TMP43l0APL/ 

TMP43l0APLL are as follows: 

(1) Internal oscillation 

RX 

(2) Supply of external clock 

The basic clock of TMP43l0APL/TMP43l0APLL 

can be obatined by connecting the resis

tance as shown in the left figure. 

(fos c=200kHz to 400kHz at RX=56kQ, APL) 

(fosc=llOkHz to 200kHz at RX=llOkQ, APLL) 

The basic clock of TMP43l0APL/TMP43l0APLL 

can be supplied from the external oscil

lation circuit as shown in the left figure. 
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TMP4310APL/TMP4310APLL ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXH1UM RATING 

SYMBOL 1 T E M RATING 

VDD Supply Voltage -O.5V to 7V 
V1N Input Voltage -D.5V to 7V 

VOUTl Output Volta-ge (Except open drain terminal) -0.5V to 7V 

~T2-OutP;;tV;;ltage (Open drain te--;:;inal) --=-iiTv tol~ 
t------=-- --- - --~----~--------~~--~-------j 

T s tg S t_or ag~Tempe r ~~ re:... __________ " __ . ___ ~~ __________ _____ -=-2?~~.~ __ ~ 
Topr Operating Temperature ______ ~ ___ ~ _____ ~ D'C to 55'C __ 

Tsld Soldering Temperature 260'C (lOsec.) 

D.C. CHARACTERISTICS(VDD~5.5V±,20%, Topr~O'C to 55'C) Unless othemise 

SYMBOL! PARAMETER TEST CONDITION MIN. TYP. 

30 APL 
IDn I Supply Current VDD~6.0V, Ta=25'C 

15 APLL 

Pull-Up resistance of RST and INT terminals is not contained. 

Len" output voLtage: It is possible that output port OTl sinks large output 

current IOL Typ.~20mA (VOL~2V) for each pins. At the time 

wllen OTl sinks Inrge Olltput current, low output voltage (VOL) 

becomes VOL Hax.~'0.5V (l()L~1.6mA). 



• INTEGRATEDCIRCUIT 
TMP4310APLTMP4310APLL 

TECHNICAL DATA 

A.C. CHARACTERISTICS (VDD~S. 5V:+:20%, Topr~O'C: to 55°C) 
SYMBOL PARAMETER TEST COND I TION MIN. TYP. MAX. UNIT 

External cJock 
supply 

API 2.5 5.0 US 

APLL 2()-~ 
- . --- 1---- --f 

Clock Cyc1e Time 

~PL-t.cJ.CJ. ,1S ts I npllt Set Up Time APLL I 8 Us 

1---------------- - .. ----- APTil: 9 
tIl Input ilold 11m( - -----1---'- 1----1---

1---- 1 - , - -- - -._- -A£I:...lcr--S-t - .-"-"----
tD I OutputDcllyllnle (L~5()pF,R(Pllll ~--- f-3,1-.. 86 ---J= up)~50k ,ITTL APLL - .. s 

r-;,~NT - -;-N'l-I 0" Lc:, 1-1'1l1-;:~-Widtb-- -+-- ------ -- - --- 4 _ - Cycle 
-'- __ -_ ------- ------ - -- ---1----1-"--
~L RST LlH,,-r I evel flu}:;e hlHlth I_-=-__ ~ ___ ~ Cycle 

f I Intern:!10,ej]lation R ~56U i APL_ 2..QCl.... {+OO L~ 
usc i F[(-~quency R -110kn I i\PLL I 10 200 I kHz 
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TMP4310APL/TMP431 

TECHNICAL DATA 

TYPICAL CHARACTERISTICS 
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-

~ 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 

PIN CONNECTIONS 

OUTLINE DRAHINGS 

Z 
H 

" '" "' 

INDO 

INO 1 

1N02 

IN0 3 

OTOO 

OT01 

OTO;? 

OTOS 

102 0 

102 1 
OTIO 

OTI] 

OT12 -

GND 

TOP View 

3 

8 

10 

11 

12 

13 

14 

0.5±O.15 

l.4±0.15 

TMP4310APL/TMP4310APLL 

28 VDD 

27 XIN 

26 TEST 

25 101 0 

2. 1 0 1] 

23 101 2 
22 I013 

21 100 0 

20 1001 

19 10°2 

18 100 3 

17 TNT 
16 RST 

15 OT13 

2.54 Note2 

Unit in mm 

r::rOt61 

~ 
10.25+0.1 I 
11,,3-17.4 

Not e ]. This dimension is measured at the center of bending point of leads, 

2. Each lead pitch is 2.54mm and all the leads are located within 

±O.25mm fro~ their theoretical posj,tion w!th respect to NO,1 

NO,28 188.18, 
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TOSHIBA MOS Digital Integrated Circuit 

Silicon Monolithic 
N-channel Silicon Gate Depression Load iii :.: TECHNICAL DATA 

88 

GENERAL DESCRIPTION 

TMP432lAP is one version of single-chip microcomputer TLCS43 series processed 

with NMOS. 

Since TMP4321AP can make periodic interrupt gained by dividing the CPU clock 

to 512 or 1024 using the built-in prescaler, it is most appropriate for com

puter control, such as sequence control. 

Refer to the technical data of TLCS43 when using or considering TMP432lAP. 

FEATURES 

o Software compatible with TLCS43 series 

o ROM capacity: 2048W x 8 Bits 

o RAM capacity: l28W x 4 Bits 

0 Instruction executing rate: 4 llS 

0 Input ports: 3 x 4 Bits 

0 Input/output ports: 2 x 4 Bits 

0 Output ports: 3 x 4 Bits 

x 3 Bits 

o Interrupt level: 1 level (Interrupt by timer) 

o Subroutine nesting: 4 levels (including interrupt 
level) 

a ROM data readout instructions 

o I/O level:· TTL compatible 

o Ports available for large current output: 2 x 4 Bits 

o +5V single power operating (operating voltage 
m~rgin: 5V ± 10%) 

o Operating temperature range: -10" 70'C 

PIN CONNECTIONS 

TEST 

INDO 

INO] 

1N02 

IN03 

OTOo 

OT01 

OTD 2 

OT03 

OTIO 

OT]] 

OTl2 

OT13 

DT20 

OT21 

OT 2 2 

OT23 

OT30 

OT31 

OT32 

GND 

VDD 

INIO 

INll 

IN12 

1N13 

IN20 

IN21 

IN22 

1N23 

101 0 

1011 

I 0 12 

I013 

100 0 

1001 

10°2 

I00 3 

XOUT 

XIN 

RST 

INT 



INTEGRATEDClRCUIT 
TMP4321AP 

TECHNICAL DATA 

TIMER INTERRUPT 

The following figure shows the configuration of timer interrupt c:ircuit 

of TMP4321AP. 

f 

1 

X,N: 950 

asc t::::I \ 

CLOCK 
PllUlE 
GENID

LA---JRATOR 

INTERNAL TIMING CLOCK 

TIME-BASH; COUNTER 

illY IDER (;:J Bli BrNARY COUNTER) 

RgSET XOlIT~: 1 VDD 

1 
TO INTERNAl, 

-I LATCH 
INT 

I S.l!;LECT 1 VB TlMER OPTION 

As shown in the above figure, interrupt is not caused by external source via 

INT pin, but it is only caused by the output divided by the built-in prescaler. 

The INT pin is usually set to "R" level (open) by. the pull-up resistor, but 

it is not connected with the internal circuit. 

Assignment of selective timer opt"ion is as fo11ows 

(1) 

(2 ) 

Option INTDV7 

Option INTDV8 

is interrupted at fO~C x 512(8) cycle (Q7). 

is interrupted at __ 1 __ x 1024(8) cycle (Q8). 
fosc 

(Refer to "Mask Option Assignment"in the technical data of TLC843 for 
further details.) 

The relation between timer interrupt and reset is 

shown in the following figure. tlASK Rm1 DATA TAPE FOR"lAT 

COMMENT 

(pr]NNNIl PULL-UP 

@ @ RESISTOR 

T:. l'NTERRrJPT CYCLE BY O"PTlON ASSIGNMENT 
(INTDV7) 

Initial interrupt occurs at T/2 interval after the R8T 
or TrMRR 

(INTDVS) 

input is released, and then repeatedly occurs by e.very 

T cycle. 

@ @ 
COMMENT 

I COMMENT I 

@ @ 
MASK 

NB 
PATT,b~RN 

@ @ 
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BASIC CLOCK 

The following are four methods to generate and supply the basic clock pulse in 

the TMP432IAP. 

(1) Direct connection of crystal oscillator 

o 

Hhen a crystal oscillator has been connected 

to TMP432lAP as shown in the left figure, 

the basic clock pulse is generated at the 

frequency inherent in the crystal oscillator. 

Recommendations for CIN and COUT 

CIW COUT=60pF (fosc "" 500KHz) 

(2) Direct connection of ceramic oscillator 

(3) Direct connection of 1FT 

(4) Supply of external clock 

When a ceramic oscillator has been connected 

to TMP432lAP as shown in the left figure, 

the basic clock pulse is generated at the 

frequency inherent in the ceramic oscillator. 

Recommenda t ions for C IN and COUT 

C1N=COUT=100pF (fOSCz 500KHz) 

\fuen a 1FT has been connected to TMP432lAP as 

shown in the left figure. the basic dock 

pulse is determined according to the 

circuit constant. 

Recommendations for CrN and COUT 

C1N=COUT=lOOpF (fOSC z 500KHz) 

The basic clock pulse of TMP432lAP can be 

supplied by an external oscillating circuit 

as shown in the left figure. 



• INTEGRATEDCIRCUIT 
iii:': TECHNICAL DATA 

TMP4321AP 

HAXIHUH RATINGS 
SYMBOL ITEN RATING UNIT 

VDD Supply Voltage -0.5 '" 7 V 

VIN Innut Voltarye -0.5 '" 7 V 
VOUTI OutDut Voltage (except open drain terminal) -0.5 'V 7 V -
VOUT2 Output Voltage (open drain terminal) -0.5 'V 10 V 

IOUTI Output Current (except OTl, OT2) 4 rnA 
IOUT2 Output Current (OTI , OT2) 30 rnA 
Tstg Storage Temperature -55 '" 125 °c 
Topr Operating Temperature -10 'V 70 °c 
Tsld Solder Temperature 260 (10 sec.) °c 
Pw Power Dissipation (Ta = 70°C) 850 mW 

D.C. ELECTRICAL CHARACTERISTICS (VDD = 5V*10% Toor = -10'" 70°C) 
SYHBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 
VIRI Input High Vol tage (INO,INl,IN2,IOO,IOl,RST) - 2.2 - VDD V 
VIH2 Input High Voltage (INT) - 3.5 - VDD V 
VIL Input Low Voltage - 0 - 0.6 V 

VCH Input High Clock Voltage (XIN) - 3.8 - VDD V 
VCL Inout Low Clock Voltage (XIN) - 0 - 0.6 V 
lINl Input Current (INo, INl, IN2) VIN = VDD - - 20 ~A 

IIN2 Input Current (IOO, IOl) Open Drain VIN = VDD - - 20 ~A 
Pull Up - - -

IILl Input Low Current (IOO, 101) ~pTain - - - - -
Pull Up VIN = 0.6V - - -1.6 rnA 

lIL2 Input Low Current (RST, INT) VIN - 0.6V - - -0.1 rnA 

110 Output Leak Current (OTO ,OTI) Open Drain VOUT = VDD - - 20 ~A 
OT2,OT3 Pull Up - - - - -

VOH 
Output High Voltage Ooen Drain - - - - -
(except XOUT) Pull Up IOH =-lOO~A 2.4 - - V 

VOL Output Low Voltage (except XOUT) IOL - 1.6 rnA 0.4 V 
IDD Supply Current - - 40 80 rnA 

Output Low Voltage: Output large current IOL TYP.=20mA (VOL=2V) is made possible by output 
ports OTl, OT2. When output large current sinks, output low voltage 
becomes VOL MAX.==0.5V(IOL=1.6rnA). 

A. C. ELECTRICAL CHARACTERISTICS (VDD = 5V±lO%, Toor = -10 '\, 70°C) Refer to Timing Chart. 

SYMBOL PARANETER TEST CONDITION MIN. TYP . MAX. UNIT 
t~O Clock Cycle Time - 2 - 5 ~S 

ts Input Setup Time - 0.9 - - ~S 

tH Input Hold Time - 0.9 - - ~S 

tD Output Delay Time 
CL= 50pF , R (Pull - - 1.8 ~S 
Up)=50krl,lTTL 

tINT INT (Low Level Width) - 4 - Cycle 
tRST RST (Low Level Width) - 4 - - Cycle 
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INTEGRATEDCIRCUIT 
TMP4321AP 

TECHNICAL DATA 

TIMI NG CHART 

BASIC 
CLOCK 

(<1>0) 

INPUT 

OUTPUT 

1 Machine Oycle 

:>SV 
O.6V O.6V 

:>SV 

EXTERNAL VIEW OF PACKAGE (P~astic Package) 

42414039383'13635313332 3130Z12827 26 252423 22 

0.6V 

t<t>OH Min, = 0.9/1.8 

O.6V trpOL Min. = O. 9,aS 

Unit: mm 

~::::I::::~~ 
123456 789101112131415161718192021 NOTE 1 

53. 8 MAX 

o d ~ ~ ~ ";T"]' ~5~~~~~~~~~1~1~ 
NOTE 2 

Z54 0.5 ±0.1 

1.4± 0.15 

~ 
1153_183

3 
\ 

Note 1. The dimension of this external view indicates the lead bending center. 

Note 2. Lead pitch is 2.54mrn and tolerance is ± O.25mm against theoretical 

center of each lead that is obtained on the basis of No.1 and 

No.42 leads. 



INTEGRATED CIRCUIT 

TECHNICAL OAT A 

TI~P4399C 

TOSHIBA MOS Digital Integrated Circuit 

Silicon Monolithic 

N-channel Silicon Gate Depletion Load 

OESCRI PTlON 

TMP4399C is a single-chip microcomputer for evaluation, provided with 

the general purpose 16K EPROM (TMM323D) inserting socket, being capable of 

developing and checking hardware and software of TLCS-43 Application System 

by use of the EPROM. 

TMP4399C is equipped with a 24-pin socket which may directiy mount the 

general purpose 16K EPROM (TMM323D) on the surface of the package. There

fore, when the fixed program written in the general purpose 16K EPROM is 

mounted on the packaRe, TMP4399C becomes pin-compatible with TMP43l5BP/ 

TMP4320AP as the end product which the program has been written in the mask 

ROM. The former operates the same as the latter. 

TMP4399C can be used within the range of a microcomputer for evaluat

ing the TLCS-43 system as well as for mounting an equipment made on an ex

perimental basis. 

PIN CONNECTIONS 

TEST 

INOo 

FEATURES IN0 1 

IN02 
0 General purpose 16K EPROM TMM323D IN03 

(equivalent to INTEL2716) can be used. OTOo 

a Compatible with TLCS-43 single-chip 
OTOI 

OT02 

microcomputer family TMP43l5BP/ OT03 

4320AP in pin. OTIO 0 1 A7 Vee 
OT1l 0 2 A6 AS 

0 Compatible with TLCS-43 Series in OT12 03 A5 A9 

software. OT13 0 4 A4 Vpp 

OT20 05 A3 os 2 829 
0 ROM 2KW x 8 BIT RAM 128W x 4 BIT OT21 0 6 A2 ;-A~~-19 28 

OT22 0 7 Al ~~I?J,l~~_9 27 
0 Can be operated by +5V single power 

OT23 OS AO: D7 17 026 

supply. Vol tage margin is ±lO% equal OT30 09 DO: D6 16 025 

to that of mass-produced products. OT31 Olo Dl: D5 

OT32 20 On 1:21 D4 

Operating temperature range is -10 ru 
r-----..J 

0 GND 2_"-": 012 GND D3 

VDD 

IN10 

INll 

IN12 

1N13 

IN20 

IN21 

IN22 

IN23 

1010 

101 1 

1012 

1013 

1000 

1001 

100 2 

1003 

XOUT 

xIN 
RST 

INT 

70°C equal to that of mass--produced products. (Note) o mark: Socket for 
TMM323D 
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INTEGRATED CIRCUIT TMP4399C 

TECHNICAL OAT A 

PRECAUTIONS FOR USING TMP4399C 

1. Precautions for using OT3 Output Port 

The output port and input/output port of TLCS-43 are composed as 

shown in the following figures. 

(OUTPUT PORT) 

(INPUT/OUTPUT PORT) 

Therefore, when the circuit which clamps the output voltage level 

is connected directly to the outside of terminal, if the output data is 

referred to by the program, for the output port such data can be normally 

read, but for the input/output port erroneous data may be read unless 

the voltage level can be ensured as an input signal by the clamp circuit.' 

For the purpose of reading correct data, it is necessary to separate 

the terminal from the clamp circuit by the buffer circuit. 

The output port OT3 of TMP4399C serves as an input/output port owing 

to the configuration of the chip. In case of the system using TMP43lSBP 

or TMP4320AP, therefore, if the output data of OT3 Port must be referred 

to by the program, care should be taken that the circuit which clamps 

the output level may not be connected directly to OT3 Port at the stage of 

development where TMP4399C is used. 



•• 
INTEGRATED CIRCUIT TMP4399C 

TECHNICAL DATA 

(ACTUAL APPLICATION CIRCUIT) ( BUFFER CIRCUIT ) 

2. Precautions for using large output current 

In case of TMP4399C, each terminal of the output port OTl and OT2 
may sink large output current IOL =20mA TYP. (VOL =2V) when there ports 

sink large output current, a part of the DC electrical characteristics 

is changed. Attention should be paid to the main characteristics that 

the high input voltage of VIRI and the low output voltage of VOL at 

every terminal to be applied will become the valurs shown as follows: 

VIRl MIN. % 2.3 ~ 2.4V 

VOL MAX. % 0.5 ~ 0.6V (IOL = 1.6mA.) 

The maximum rating of large output current is 30 rnA. 
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INTEGRATED CIRCUIT TMP4399C 

TECHNICAL DATA 

ELECTRICAL CHARACTERISTICS 

MAxr1UM RATINGS , 
Symbol CHARACTERISTICS RATING UNIT 

VDD Supply Voltage -0.5 '" 7 V 

VIN Input Voltage -0.5 '" 7 V 

VOUTl Output Voltage(excepting open drain terminal) -0.5 '" 7 V 

VOUT2 Output Voltage(Open drain terminal) -0.5 '" 10 V 

IOUTl OutPut Current(Excepting OT1, OT2) 4 rnA 
IOUT2 Output Current (OT1, OT2) 30 rnA 
Tstg· Storage Temperature -55 '" 125 °c 

~ Operating Temperrrture -10 '" 70 °c 

rrsld Soldering Temperature 260 (10 sec. ) °c 

Pw Power Consumption (Ta - 70°C) 1 W 

D.C. ELECTRICAL CHARACTERISTICS (VDD~5V+10%, Topr~-10,"70°C) -
Symbol CHARACTERISTICS TEST CONDITION MIN. TYP. MAX. 

Vnn Input High V. (excepting INT ,XIN) - 2.2 - VDD 

~!lL2 Input High Voltage (INT) - 3.5 - VDD 

VIL Input Low Voltage - 0 - 0.6 

VCH Clock Input High Voltage (XIN) - 3.8 - VDD 

VCL Clock Input Low Voltage (XIN) - 0 - 0.6 

~IN Input Current (excepting RST, INT) VIN - VDD - - 20 
IIL2 Input Low Current (RST, INT) VIN ~ 0.6V - - -0.1. 

110 Out2ut Leak Current(OTO,OT1,OT2) VOUT ~ VDD - - 20 
VOH Output High Voltage (AO '" A10) IOH - 100~A 24 - -
VOL Output Low V. (e'lcepting XOUT) IOL ~ 1.6 rnA - - 0.4 

IDD Supply Voltage - - 70 120 

[Operatlon of Evaluator Chlp] Refer to the paragraph entitled "Precautions 
for Using Large Output Current". 

Refer to timing charts (1) and (2). 

A.C. ELECTRICAL CHARACTERISTICS (VDD ~ 5V ± 10%, Topr ~ -10'" 70°C) 

Symbol CHARACTERISTIC TEST CONDITION MIN. TYP. MAX. 
till 0 Clock Cycle Time - 2 - 5 
ts Input Setup Time - 0.9 - -
tH Input Hold Time - 0.9 - -
tD Output Delay Time CL-50PF 1.8 R(Pull UP) ~50k[l,lTTL - -
tiNT INT Low Level Width - 4 - -
tRST RST Low Level Width - 4 - -
tCD Clock Output Delay Time CL ~ 50PF, lTTL - - 0.4 
tAD Address Output Delay Time CL ~ 50PF, lTTL 0.95 
trs Instruction Input Setup Time - 0.4 - -
tIH Instruction Input Hold Time 0 - -

UNIT 
V 

V 
V 
V 
V 

wA 
rnA 
wA 
V 

V 

rnA 

UNIT 
~s 

WS 
~s 

IlS 

Cycle 
Cycle 
~s 

ws 
WS 
ws 



INTEGRATED CIRCUIT TMP4399C 

(1) 

(2 ) 

TECHNICAL DATA 

TIMING CHART 

Machine Cycle (Machine Cycle) 

Basic 

Clock (11 0 ) 

Input 

Output 

Basic 

Clock 

!>av 
Q6V O.6V 

ts 

'<2V 
O.6V 

'<2 V 
Q6V 

Q6V 

tCD 

!>SV !>av 
0.6 V 

0.6V 

!>av 

tS{)OH MI N. = 0.9 Its 

t>llOL MIN.=O.9,us 

t,00H MI N. = O.9/..ts 

t>ZlOL MIN. = 0.9/18 

Internal 2.2V 2.2V 

Clock (CLK1) Q6V 

ROM Address Output 
(AO"'A10) 

------+-------------+-~ 

2.2V 

Q6V 

~ tIs tIH~tIS 
I~struc- 2.2V '<2V 
tlon 06V O.6V 
Input ~· ____________________ ~LL~LL~~ 
(DOo,D7) 

(Note) Since internal clock (CLK1) is not output, it cannot be seen 

from the outside. 
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'" 00 

EXTERNAL SHAPE OF PACKAGE 

24.76±0.3 2.54X11 27.94±0.3 
- -

t 12.06±0.2 2.54±O.25 

Kl 1--------, 1 ~.f( ~~~~ '-" '-" ~ ~ ::v. ~ ....., '-0/ ~ 1 
~ 

~ '" -- ~"" 0 

D 

-@ @ Jj! 
G'rl ~. 

- : ",0 -H 
lC.:+lrl 
ril", "', "'1'" ° 

L"" "'==~~~ r ri 

1-
~..:::::.'::::: 

-",-0.91 *~-"-----
30.6MAX. -,--- 13.3±0:~ 

17.15~.915 

54.6±O,6 
r---

r-

2,54 X 20 - 50.8±0.3 

i~ I fl~ '~, I '~~~~~~~~~~~=I~ 
2.54±0.2 5 

O.46±O.1 

1.02±0.2 

I 
NI 

I 
.... 

Unit. mm m 
(') 
:J: 
Z 
() 
» 
r-

0 
» .... 
» 

0.25±0.0 5 

15.24±0.25 

z 
m 
;:::0 

~ 
E9 
("") 

~ 
C 
====i 

1 
-0 .., 
W 
<D 
<D 
n 



4BIT SINGLE CHIP MICROCOMPUTER 

TLCS- 46A(CMOS) 





INTEGRATEDClRCUIT "C2MOS" DIGITAL INTEGRATED CIRCUIT 

TECHNICAL DATA 

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER 

GENERAL DESCRIPTION 

JCP4620AP 
TCP4630AP 

SILICON MONOLITHIC 

TLCS-46A is a C2MOS high speed and low power 4-bit single chip micro

computer for consumer applications. 

A single and integral microcomputer has been composed of a 4-bit 

parallel arithmetic and logical unit (ALU), accumulator (AC), program 

memory (ROM), data memory (RAM), input/output ports, clock generator, and 

divider incorporated. 

TLCS-46A Family consists of two kinds of chips having different ROM/ 

RAM capacities for mass production and evaluator for system development. 
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FEATURES 

0 TCP4620AP 

2048 x 8 ROM 

96 x 4 RAM 

34 I/O Lines 

0 TC1'4630AP 

3072 x 8 ROM 

160 x 4 RAM 

34 I/O Lines 

0 TCP4600AP 

Evaluator Chip 

for TLCS-46A 

100 

TCP4620AP 
TCP4630AP 

a Low Power Dissipation by 

Employment of C2MOS Process 

Typical Supply Current: 400~A 

(at 400 kHz Basic Clock) 

o Single 5V Supply 

Wide Operating Range 3V to 6V 

o Wide Operating Temperature Range: -30°C to 85°C 

o 52 Instructions 

46 One Cycle Instructions 

6 Two Cycle Instructions 

o Single Level Subroutine Nesting 

o Single Level External Interrupt 

o 10~s Instruction Execution Time 

o PLA and Decode Matrix for Display Operation 

o Many Kinds of Mask Options for Optimum 

Application Systems 
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PIN CONN EeTI ONS (TOP V lEW) 

P 03 1 
P 02 2 
POl 3 

P 00 4 
P 13 5 
P '2 6 
P u 

P'O 8 

P0 67 9 
P0 66 

F0 6s 

P064 

P0 63 

P0 62 

P0 61 

P0 60 

PO S4 

PO S3 

PO S 2 

PO S1 

GND 

PIN NAMES & PIN DESCRIPTION 

Pin Name Input/Output 

Po:!! - P oo Input/Output 

42 
41 
40 

39 
3il 
31 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 

Vnn 
P 23 

P 22 

P 2l 
P 20 

P 43 
P 42 

P 41 

P 40 
PI 60 

INT 

TCP4G20AP 
TCP4b30AP 

RESET 
TEST 
CK 

XOUT 
XIN 
PI.53 
PI s2 

PI 51 

FIso 

PO so 

Function 

4-bit general purpose I/O port (I/O is 

designated by a program). 
--------------~~~~~--------------- --~ ~----

P13 - P 10 

1------
P23- P 20 

Output 4-bit general purpose output port. 

f-------- -
P43 - P40 

~--

. ----------- ---~--------------
Input or Output 4-blt ,general purpose } Input/Output is 

________________ -I--.!ICln!f!.!n1!,!1 to!.-l..c 'OJ.tU!,!tol'..\DU!.!t~.Q.\ D,o,-!r-,t~_~ 
Input or Output 4-bit general purpose des~gnated by mask 

~.!'ut/Output port op_t="Ils:.. _____ ~ 

PO -PO 
54 50 

5-digit output port for display. (Can be 
used as the general purpose 5-bit output port) 

Output 

101 



• INTEGRATEDCIRCUIT 
• » TECHNICAL DATA 

Pin Name Input/Output 

P06:)-P060 Output 

PIsrPIso Input 

PI60 Input 

---
RESET Input 

--
INT Input 

XIN Input 

XoUT Output 

CK Output 

TEST Input 

VDD 

GND 

102 

TCP4620AP 
TCP4630AP 

Function 

8-segment output port for display 

used as the general purpose 8-bit 

4-bit general purpose input port. 

I-bit general purpose input port 

internal Schmitt circuit) . 

(can be 

output 

(with a 

Initialize signal input (with a internal 

Schmitt circuit). 

port) 

Interrupt request signal input (with a inter-

internal Schmitt circuit). 

Oscillator connecting terminal 

Oscillator connecting terminal 

External timing output 
--

LSI test signal input, used by connecting 

to GND 

Power supply 

GND 



• iii;': 
INTEGRATEDCIRCUIT 

TECHNICAL DATA 

BLOCK DIAGRAM 

S T K 
r_-_-
II 

p c 

ROM 

204SwxSb 
w 

3072 x8b 

IBUS 

TCP46LOAP 
TCP4630JlP 

Register 110 

Regis ter III 

Register 112 

Regis ter 114 

Register 116 
(Reg is terlI6/1;'7) 

rL~-r-'--I, I ~==================================~==PIS3-PIso 

T G 
OSC I 

_1_1 __ ~'W' 
00 denotes mask option. TEST VDD GND RESET INT 
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FUNCTIONAL DESCRIPTION 

[SYSTEM CONFIGURATION] 

TLCS-46A consists of the following elements. 

1. BASIC ELEMENTS 

(1) Arithmetic and Logical Unit (ALU) 

(2) Accumulator (AC) 

(3) Status Register (ST) 

(4) H Register (HR), L Register (LR), Y Register (YR), Y Register Flag 

(EYR) 

(5) Port (P), Port Register (Register) 

(6) Internal Bus (IBUS) 

(7) Data Memory (RAM) 

(8) Program Memory (ROM) 

(9) Program Counter (PC) 

(10) Stack (STK), Stack Flag (FSTK) 

(11) Instruction Register (IR), Instruction Decoder (IDEC) 

(12) Clock Generator (OSC) 

(13) Divider 

(14) Timing Generator (TG) 

(1) Arithmetic and Logical Unit (ALU) 

ALU performs the principal function 

involved in the data processing of 

TLCS-46A, and consists of 4-bit 

binary parallel arithmetic circuit. 

One of the inputs of the arithmetic 

and logical unit is the accumulator 

or the status register, and another input is the internal bus, and 

the result of operation is output to the internal bus and at the 

same time, carry (barrol\T) and zero are detected. 
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iii W TECHNICAL OAT A 

(2) Accumulator (Ae) 

TCP4620AP 
TCP4630AP 

The accumulator is a 4-bit register that temporarily stores data 

for arithmetic process, arithmetic result and data from/to the 

input/output ports. 

(3) Status Register (ST) 

The status register is a 4-bit register having a meaning per bit, 

and is called H flag, D flag, e flag and Z flag in that order from 

LSB side. 

(MSB) 

3 

Z 

Q) Zero Flag (Z) 

2 

e 

1 

D 

(LSB) 

o 

H 

The zero flag (Z) is set to "1" ,if the result generated by certain 

instructions is zero. 

The zero flag is cleared, if the re~ult is not zero. 

Further, z flag is used not only for judgement of zero but also 

as a branch condition for program flow. 

@ e Flag 

When an instruction indicating updete is executed, C flag is set at 

"1" if carry is resulted at time of addition and increment, and at 

"0" if no carry is resulted. 

Further e flag is also set at "0" when borrow is resulted at time of 

substruction and at "1" when no borrow is resulted. 

e flag is used for judging size of data and for mUltiple digit 

arithmatic operation. 
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TCP4620AP 
TCP4E30AP 

106 

Q) D Flag 

D flag is used by a program as an input/output designating signal of 

the input/output port (Po). When D flag is "0", the input/output 

port serves as the input port and when D flag is "1", it serves as 

the output port. 

When the input/output port is used exclusively as the output port 

(specified by mask option), D flag becomes the general purpose flag 

bit that can be optionally used by user. 

D flag is reset at "a" by the initialize operation. 

@ H Flag 

H flag is used as a control signal for hold operation. When "I" is 

set on H flag, the timing generator is placed in hold mode and the 

operation is held suspensed. The restart from the hold mode is ac

complished by resetting H flag at "a" in the hardware processing, 

and after released from the hold mode, the process that was held sus

pended prior to the hold operation is resumed. However, interrupt 

request is not accepted under the hold operation. 

When the hold operation is not used (specified by mask option), H 

flag becomes a general purpose flag bit that can be optionally 

used by user. 

H flag is reset at "0" by the initialize operation. 

(4) H Register (HR), L Register (LR) , Y Register (YR) , Y Register 

Flag (EYR) 

H register and L register are 4-bit registers and function as an 

address pointer of the data memory (RAM) or a general purpose 

register. 
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TCP4620AP 
TCP4630AP 

When H register and L register are used as an address pointer of 

the data memory, H register represents high order 4 bits of an ad

dress and L register represents low order 4 bits, and they designate 

an address space of total 8 bits (256 words). Therefore, when 16 

words in the address space of the data memory are expressed as one 

page, H register designates a page address and L register designates 

an address in the page. 

When an undefined region without data memory is read with H register 

and L register used as address pointers of the data memory, the data 

memory contents are regarded as being undefined. Further, data 

write into an undefined region should be avoided. 

Y register is a 4-bit register and functions as an address pointer 

in page 0 of the data memory or a general purpose register. 

Y register flag is an 1-bit flag that shows as to whether H register 

or L register is used as an address pointer of the data memory. 

When Y register flag is "1" (EYR=l), Y register is selected as an 

address pointer of the data memory, and when Y register flag is 

"0" (EYR=O). H register and L register are selected as address 

pointers. 

Y register flag is set at "1" by the execution of Y register data 

setting instruction. And Y register flag is cleared at "0" by the 

execution of the instruction .,hich does not set data to data memory. 

Further,while Y register flag is set at "l",.it is kept in interrupt 

disabled (waiting) state. 

Y register flag is reset at "0" by the initialize operation. 

(5) Port (P), Port Register (Register) 

TCP4620AP/TCP4630AP is provided with a total 34 ports; input port, 

output port, input output port, and input/output port. 
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TCP4620AP 
Tcp4630AP 

Port Name 

Input Out-

Put port 

108 

When a port is used as input, it is processed as non-latch input, 

and therefore, it is necessary to hold external input data till 

completion of read-in. 

When a port is used as output, output data is set in the port re

gister by an instruction and contents of this prot register are 

output. On some ports it is possible to read contents of the port 

registers by an instruction. 

Further, the port register is reset at "a" by initialize operation. 

In addition, the input level is compatible Fith CMOS, and the output 

level is compatible with CMOS/TTL. 

Internal 
bus 

--------------------Internal 

General purpose output 
port configuration 

Port Configuration 

Symbol Pin Name Register Port 
Number Function 

Po P03 - P OQ 0 
Input out-

put port 

us 

I Gate I 

TLCS-46 A 
-

General purpose input 
port configuration 

Remarks 

Control desibnating of I/O by D flag. 

This port can be specified as an ex-

elusive use output port by mask option. 
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Port Name Symbol Pin Name Register Port 
Number Function 

Output Output 

Port 
P , P13- P IO 1 

port 

I/O Port P 2 P23 -P zo 2 I/O port 

I/O Port P, P43- P 40 4 I/O port 

Key Input 
PIs PIs 3-;PIso 

Input 

Port port 

5 

Digit 
Output 

Output PO s POS 4 -POso 
port 

Port 

Input Port PI 6 PI 60 
Input 
port 

6 

Segment 
Output 

Output P0 6 P067 --P06 0 
port 

Port 

TCP4620AP 
TCP4530AP 

Remarks 

General purpose output port. eon-

tents of registers can be read by 

an instruction. 

Input/output is specified by mask 

option. Contents of registers can 

be read by instruction at the output 

mode. 

General purpose input port with a 

l50K0\ Typical) resistor. (Pull-

up/down can be specified by mask 

options) . 

Digit output port for dynamic dis-

play. Can be specified as a gen-

eral purpose output port by mask 

options . 

General purpose input port. 

8-segment output port for dynamic 

display. Can be specified as a 

general purpose output port by 

mask options. 
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TCP4620AP 
TCP4630AP 
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Generalization of Segment Output Port (Sepcified by Mask Options) 

Port Name Symbol Pin Name Register Port 
Remarks Number 

Output 
Port 

Output 
Port 

Function 

P0 6 P063 -P0 60 6 Output 
General purpose output port. port 

P0 7 P0 73 - P0 7 0 7 Output 
General purpose output port. port 

G) Port 0 (Po) 

Port 0 is a 4-bit general purpose input/output port. This port is 

selected when Register 0 is specified in an instruction. 

Input/output designation is made by D flag of the status register. 

When D flag is "0", this port becomes the input and when D flag is 

"1", it becomes the output and output the content of Register O. 

Port 0 can be used as an exclusive output port by mask options. 

Port 1 is a 4-bit general purpose output port. This port is 

selected when Register 1 is specified in an instruction and the 

content of Register 1 is output. 

Further, the content of Register 1 can be read by an instruction. 

G:l Port 2 (P2), Port 4 (P4) 

Port 2 and Port 4 are 4-bit input/output ports that can be specified 

as either input or output by mask options. When Register 2 and Re

gister 4 are specified in an instruction, Port 2 and Port 4 are 

selected, respectively. 
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TCP4620AP 
TCFlj530AP 

In specifying input or output in a mask option, the following 

combination is possible. 

(a) pZ/F/, P4/F/-Port Z and Port 4 as output. 

(b) PZ/F/, P4/3/-Port Z as output. 

High order Z bits (P43,P4Zl of Port 4 

input, low order Z bits (P4l, P40) as 

output. 

(c) PZ/O/, P4/F/-Port as input. 

Port 4 as output. 

(d) Specify PZ/fJ/, P4/3/-Port Z as input. 

as 

High order Z bits (P43,P4Z) of Port 4 as 

input low order Z bits (P4l, P40) of Port 

4 as output. 

(el Specify PZ/O/, P4/0/-Port 2 and P4 as input. 

Further, in case of input bits these ports operate as non-latch 

inputs, and in case of output bits they operate functionally same 

as in Port 1. 

@ Output Port 5 (POS) 

Output Port 5 is a S-bit output port with the purpose of digit 

data output in dynamic display. 

When an instruction for writing data in Register 5 is executed, 

4-bit data on the internal bus is converted into S-bit data by 

the decoder matrix, this data is written into the S-bit Register 

5 and further, output to Port 5. 

User is able to specify the content of the decode matrix optionally 

by mask options. 
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Further, the content of Register S cannot be read by an instruction. 

Internal bus 1------
I 

I 
I 
I 
I 

I 
I L ______ _ 

Decode matrix --, 
I 

Set pulse S r'---L....--'-----'---~Reset signal 

Output port 5 

CD Input Port S (PIS) 

Input Port S is a 4-bit input port. This port is selected by 

a Read Register S instruction. 

Input Port S is equipped with a lSOk~( Typ.) input resistor, 

and the pull-up/down is specified by mask options. 

GD Output Port 6 (P06), Output Port 7 (P07) 

Output Port 6 is a 8-bit output port for segment data output in 

dynamic display. 

When an instruction for writing data in Register 6 is executed, a 

output data is read from 16 words x 8 bits PLA with a 4-bit data on 

the internal bus used as an address, this output data is written 

into the 8-bit Register 6, and output to Port 6. 
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TCP4G20AP 
TCP4b30AP 

User is able to specify the content of PLA optionally by mask 

options. 

Further, it is possible to specify and use output Port 6 as two 

4-bit general purpose output ports by mask options. In this 

case, the 8-bit output port is split into high order 4 bits and 

low order 4 bits, and the high order 4 bits are assigned to output 

Port 7 (Register 7) and low order 4 bits to Output Port 6 

(Register 6). 

The contents of Register 6 (and Register 7) cannot be 

read by an instruction. 

Internal 
bus 

Add.r-______________ -, 

P L A 

(16 words x 8) 

(j) Input Port 6 (PI6), Counter Buffer 

Input Port 6 is the input port of 1 terminal (PI60), but internally 

it is treated as a 4-bit data in combination with 3-bit data that are 

output from the divider (refer to Item for Divider). 
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The read circuit which reads this 4-bi.t data is called Counter 

Buffer / Input Port 6 or Counter Bllff"r simply. This counter buffer 

is selected by a Read Register 6 instruction and processed as 4-bit 

parallel non-latch input as in other input ports. 

The bit configuration of the counter buffer is such that external 

input from PI60 terminal is connected to LSB side I bit and out

put from the divider is connected to MSB side 3 bits. 

Further, the output stage of the divider to be connected is 

specified by mask options, but is fixed by a combination of an 

oscillator to be used and internal basic frequency. (Refer to 

Item for Divider.) 

A Schmitt circuit and a timing shaping shift register are con

nected to PI60 terminal, which therefore cannot be operated at 

frequency above the internal basic clock frequency. The 

internal signal from the input terminal is subject to a time delay 

of maximum. 

3 
(sec.) Internal basic frequency x 2 

(6) Internal Bus (IBUS) 

The internal bus consists of 4 bits, connects various registers 

and blocks such as the accumulator, status register, data memory, 

H register, L register, Y register, port register, ALU, etc., and 

data to be processed and data of process result are transfered 

through the internal bus. 

(7) Data Memory (RAM) 

TLCS-46A Family has the following internal data memories in order 

to store user's process data. 
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Type 

TCP4620AP 

TCP4630AP 

(TCP4600AC 

Capacity 

96 words x 4 bits 

160 words x 4 bits 

160 words x 4 bits) 

TCP4620AP 
TCP4630AP 

The data memory consists of the static memory cells. 

Addressing of the data memory is executed by contents of H re

gister/L register or Y register. 

T C P 4 6 2 0 A P 

Address [ill LR 
Pag e F E D C B A 9 8 7 6 'j 4 3 2 

0 V/ // // // 1// // 1// // V/ // // // // 1// 
1 

2 

3 
4 

5 

T C P 4 6 3 0 A pi (T C P 4 6 0 0 A C) 

Address. @] 
Pag e F E D C B A 9 8 7 6 5 4 3 2 

0 // // 1// // 1// 1// // // // // // V/ // 1// 
1 
2 

3 

4 
5 
6 
7 
8 
9 

1 0 

// V/ 

1 0 

// // 

~ portion can be referred by 

Y register. 

Addressing of Data Memory 
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(8) Program Memory (ROM) 

TLCS-46A Family has the following internal program memory 

in order to store user's process programs. 

Type 

TCP4620AP 

TCP4630AP 

(TCP4600AC 

Capacity 

2048 words x 8- bits 

3072 words x 8 bits 

No internal ROM) 

The program memory addressing is executed by the program counter 

(PC) . Inherent meaning is given to Addresses 0 and 2 

by the hardware, normal user process programs are place in Ad

dress 4 and subsequent addresses. 

Further, the program counter consists of 12 bits and is capable 

of directly specifying addresses up to 4095, however, data in an 

undefined region having no program memory loaded becomes unstable. 

T C P 4 6 2 0 A P 

Address 
0' 

(Initialize pro-) 
cess start add. J 

1 
2 cnterrupt ) liag,;ess start 
3 
4 

2043 

D 2044 
2045 

2046 
2047 

T C P 463 0 A P 

Address r=~~~~-----' o (lni tialize pro- ) 
'cess start add. 

1 
( Interrupt \ 

2 !ias~ess start) 
3 

4 

3067 
3068 
3069 
3070 

3071 
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(9) Program Counter (PC) 

TCP4620AP 
TCP4630AP 

The program counter consists of a 12-bit binary counter, adds 

count increment at every instruction fetch, and makes the ad

dressing of a program memory in which an instruction to be ex

ecuted. 

When a branch instruction, an interrupt operation, or subroutine 

instruction is executed, the contents of the program counter are 

changed. 

Addresses 0 and 2 are compulsorily set in the program counter by 

a initialize signal and an interrupt request signal, respectively. 

(10) Stack (STK) , Stack Flag (FSTK) 

The stack is used for temporary evacuation of the contents of 

the program counter when an interrupt request is accepted or a sub

routine is to be executed. 

The stack flag is a flag indicating whether the contents of the 

pro?ram counter have been evacuated in the stack. 

When the contents of the program counter are pushed down in the 

stack, the stack flag is set at "1" (FSTK~l). And when the con

tents of the stack are popped up by a RTN instruction and returned 

to the original program flow, the stack flag is set at "0" 

(FSTK~O). At time of FSTK~l, the interrupt request becomes the 

disable (waiting) state. 

Further, the stack flag is set at FSTK~l by the initialize operation. 

(11) Instruction Register (IR), Instruction Decoder (IDEC) 

The instruction register latches a 8-bit data from the program 

memory and outputs it to the instruction decoder. (Program memory 

data may be used for direct internal control.) 
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The instruction decoder receives data from the instruction re-

gister and outputs a control signal required for processing. 

(12) Clock Generator (OSC) 

TCP4620AP/TCP4630AP has a internal clock generator. By exter

nally installing a crystal oscillator/ceramic oscillator or a 

LC oscillator, required clock is easily obtained. Furhter, 

clock can be supplied externally, however, in this case, the 

clock is input through XIN terminal and XOUT terminal is kept 

open. While TCP4620AP/TCP4630AP starts by RESET, the clock 

should be always continuously supplied. 

Oscillation frequency shall be selected from several frequencies 

ranging from 20KHz to 4. 211Hz by mask options. 

TI,e clock generator has a internal 6-stage clock divider and 

specifies the optiDum divide ratio to obtain internal basic clock 

(CP) on the basis of oscillation frequency by mask options. 

The clock generator is provided with the output terminal CK for 

external timing, and output frequency is specified by mask options. 

Further, a divide ratio for obtaining internal basic clock 

and external timing output frequency specified by mask options 

(refer to Item for Divider) are determined by an oscillator 

(oscillation frequency) to be used and internal basic clock fre

quency. 



• INTEGRATEDCIRCUIT 
iii :.: TECHNICAL OAT A 

,... 
(])~ 

I "d w 
XIN OM (]) 

M ,... 
> bIJ OM 0 OM '" oJ '-' "0'-' w '" w 

XOUT OM 

'" oJ'" 
o~ 

M 
u 

00 

02 
04 

16 

32 

64 

TCP4620AP 
TCP4630AP 

(Option) 
--I 
---I 
__ J 

I 
f---

__ J 
I --, 

__ ...J 

Cp 

(Internal 
basic clock) 

Clock Generator Circuit Configuration 

(13) Divider 

CP 

The divider is a binary 16-stage divider provided for a clock 

counter, timer, etc., and makes the count of internal basic 

clock (CP) ° 

Divider (2) 

o 2 3 4 

I I I I I I 

.1_ - -:-~ i 1 iCI;a;;-k-~Pti~;;-) 
: : l..- (MS!l4C3 

I L__ C2 Count 
I 

L-----o--J---o-Cl buffer 
PI 60 (a) --------+---,.. CO 

Divider Configuration 

H flag reset 
enable 
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Of output from the l6-stage divider, 3 bits are connected to the counter 

buffer by mask options and can be read by a program as the counter buffer 

contents. 

The relation between output 3 bits that can be specified by mask options 

and the divider output stage is determined by an oscillator (oscillation 

frequency) to be used and internal basic frequency as shown below. 

400 - 400K 
3 - 3 -

Oscillator 32.76K lOOK 500K ce-
4.2M 4.2M X tal X tal Ceramic ramie 

lIFT 11FT 
X tal X tal 

Internal basic 
CP 00 clock 00 04 02 64 32 

----- ---- ----

External timing CK 32 64 CP CP CP CP 
-------- ---- ---

Cl RD9 RDB RDB RD7 RDA RD7 
Counter ----~~~ 

C2 RDA RDC RDC RDA RDB RDA 
buffer f-- ----~ 

C3 RDB RDD RDD RDD RDC RDD 

Further, the most significant bit (C3) of the counter buffer is used as a 

hold release signal (H flag reset enable signal of the status register) 

when the hold operation is used. 

In addition, only when a lOOK Xtal is used as an oscillator, the divider 

(2) is reset when the count value of the divider (2) reaches "12500" and 

the count value is reset to zero and then the count is resumed. 

(14) Timing Generator (TG) 

The timing generator consists of the internal timing signal generation 

circuit, initialize control circuit and interrupt control circuit. 
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CD Internal Timing Signal Generation Circuit 

This circuit receives the internal basic clock (CP) from the 

clock generator and generates two internal basic timing signals 

(, and (,S. 

CP 

0S .--J 

o ,'----_---'n'----_---'n'----_---'I 

@ Initialize Control Circuit 

This circuit shapes the timing of external RESET signal and 

generates an internal injtialize signal. This initialize signal 

ia used for internal initialization. (For details of the initi

alize operation refer to "Operation Description ll .) 

Q) Interrupt Control Circuit 

This circuit shapes the timing of external interrupt request 

signal INT, store it in the internal interrupt latch, and 

makes a judgement as to if the internal state is interrupt 

enable. ~Jhen it is in evable state, this circuit generates an 

interrupt request signal internally and starts an interrupt 

"p"ration, but if it is in disable state, controls the interrupt 

request to wait till it becomes enables. 

(For details of the interrupt operation refer to "Operation 

Description".) 
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[MAC~INE INSTRUCTION] 

1. Symbol Meaning 

The explanation of symbols used for the following description is col

lected in the following table. 

Symbol 

PC 

AC 

ST 

M 

LR 

HR 

YR 

EYR 

C 

Z 

R 

Program counter 

Accumulator 

Status register 

Data memory 

L register 

H register 

Y register 

Y register flag 

Meaning 

C flag of status register 

Z flag of status register 

Port register, Field designating register under instruc
tions 

I Value of immediate data field 

G Field designating bit position under bit processing 
instructions 

AP Address branched by branch instructions 

APH Field showing higher order 4 bits of AP 

APM Field showing intermediate order 4 bits of AP 

APL Field showing lower order 4 bits of AP 

(A) Content of A 

(A) Values that contents of A are inverted every bit 

+ Binary addition 

Binary subtraction 

1\ Logical AND for every bit 

v Logical OR for every bit 
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Symbol Meaning 

'" Exclusive OR for every bit 

<- Value of left side is equalized to that of right 

A<a : b> Content from b bitth to a bitth of A 
0 Value is made into one by connecting two fields 

" Value is updated by operation result 

- Value is not changed by operation result 

Push PC Content of program counter is saved in stack 

Pop PC Content of stack is returned to program counter 

Null No operation 

2. Instruction Description 

side 

The machine instruction of TLCS-46A consists of 52 kinds of in

struction, being divided roughly into 6 kinds as follows: 

Data Transfer Instruction (19 kinds) 

Operation Instruction (18 kinds) 
Machine 

Bi t manipulation Instruction (3 kinds) 
Instruction 
(52 kinds). Branch Instruction (3 kinds) 

Interrupt/Subroutine 
(3 kinds) 

Instruction 

Other Instruction (1 kinds) 

In this paragraph, the function of each instruction is described 

according to the following instruction description description format. 
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Instruction name 

Assembler 
Machine code 

mnemonic 

Function 

Operation description 

l"'"' after 
execu
tion 

Execution 
cycle 

C fl ag EYR 
after 

after execu
tion 

execution 

Instruction Description Format 

(1) Data Transfer Instruction 

LAR 

The data transfer instruction mainly provides the data transfer among 

accumulator, status register, memory (Rfu~), and registers. 

Load Accumulator from Regsiter 

7 0 

R 
1

0 ! 
0 ! 0 i 1 i 0 

1 
R I 0,;R,;7 1 

(Ae) + (R) 1 -1 - 0 

The content of register or input port designated by R 

field is loaded in accumulator. 
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Load Accumulator from 
-----------

7 

1
0 

I 

i 0 i 1 i 1 
LTR R 

1
0 1 

~-.------ ,----

(Ae) ~ (R) 

Register 

0 

R 
1 

TCP4620AP 
TCP4630AP 

and Test 

0 .:: R < 7 -

I 
The content of resister or input port designated 

'k 

I 
-

by R field 

loaded in accumulator. After execution Z flag is updated. 
------_. 

Load Accumulator from Memory 

7 0 

LAM [ 0 ! o i 0 i 0 
i o 11 i 0 i 0 [ 

(Ae) ~ (M) 

I 
-

I 
-

The content of memory is loaded in accumulator 

Note 1 

Load Accumulator from Memory and Test 

7 0 

L T M 11 i 0 I 0 i 0 i 0 i 1 i 1 i 1 I 
(Ae) +- (M) 

I * I 
-

The content of memory is loaded in accumulator. 
After execution Z flag is updated. 
Note 1 

1 

0 

is 

--

1 

0 

1 

0 
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Load Status-register from 

7 

L S M 
1 0 1 0 i 0 1 0 i 0 ! 1 i 0 i 1 

- --

Memory 

0 

I 

TCP4620AP 
TCP4630AP 

(ST) +- (M) ote 3 Note 3 

* * 

The content of memory is loaded in status register. 

Note 1 

Load Accumulator from L-register 

7 0 

L A L 1 0 i 0 i 0 ! 0 i 01 1 i 1 io I 
(AC) +- (LR) - -

The content of L register is loaded in accumulator. 

Load Accumulator from H-register 

7 0 

LA H 
1 0 : 0 i 0 i 

0 i 0 ! 1 :1 ill 

(AC) +- (HR) - -

The content of H register is loaded in accumulator. 

Load Accumulator Immediate 

7 0 

LAI I 
1 0 ! 1 i 0 i 0 I I I 0 ::: I ::: 15 

(AC) +- I - -

The value of I field is set to accumulator. 

126 
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Load L-register 

7 

LL1 I 
1

0 ill 1 ! 0 I 

(LR) + I 

The value of t 

Load H-register 

7 
LH1 I I 0 iIi 1 ! 1 I 

(HR) + I 

The value of I 

Load Y-register 

7 

LYI I I 0 I 1 : 0 :1 I 
(YR) + I 

The value of 1 
After execution, 

Immediate 

0 

I 

field is 

Immediate 

0 
I 

field is 

Immediate 

0 

I 

I o '" I 

TCP4620AP 
TCP4530AP 

.$ 15 

J 
set to L register. 

I 0 .:s I :: 15 

I 
set to H register. 

I 0 .:s I :: 15 

I 
field is set to Y register. 
Y register flag is set to "1". 

Store Accumulator to Register 

7 0 

SAR R 
1 0 i 0 ! 1 i o! 1 I R I 0 .$ R .:s 7 

(R) + (AC) I 

- I 

-
I 

-
I 

- I 
The content of accumulator is stored in the register 
designated by R field. 

1 

- 0 

1 

- 0 

1 

- 1 

1 

- 0 
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Store Accumulator to Memory 
-"-~.--.-~ ~-

7 0 

8 AM liliJololl 
-~ ;1 i 0 i 0 I 

(11) <- (AC) 

The content of accumulator 

Note 1, Note 2 

is 

TCP4620AP 
TCP4630AP 

I -

stored in memroy. 

I 
------------~ .. 

Store Status-register to l1emory 

7 0 
8811 

1 0 : 0 1 0 i 0 : 1 ! 1 I 0 :1 I 

(M) <- (81') == I 
The content of status register is stored in memory 

Note 1, Note 2 

Store Accumulator to L-register 

7 0 

8 A L 
1

0 : 0 
I o i 0: 1- i 1 I 1 :0 I I 

I 

(LR) <- (AC) 
I 

-
I 

The content of accumulator is stored in L register 

--~-.--

Store Accumulator to H-register 

7 0 
8 A H 10i o ! 0 :0 i 1 iIi 1 :1 I 

(HR) .... (AC) 

I 
-

I 
The content of accumulator is stored in H register. 
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Store Accumulator to Y-register 
c-----

7 0 
:0 I ; 0 10 :0 I SAY ~o 11 I I I 

~--------
____ 0_. __ .. _--

I J (YR) <- (AC) -
--

The content of accumulator is stored in Y register. 
After execution, Y register flag is set to I'lf! . 

Store Y-register to Register 

1 

- 1 

-- -- .------
7 0 

SYR R 
1
0 ! 0 i 1 :1 [0 I 

R 
I 

4 " R S 7 1 

(R) <- (YR) 

I 
-

I 
- 0 

------

The content of Y register is stored in register designated 
by R field. 

Clear Register 

7 0 

CLR R 10; 0 :1 ;0: 0 I R~ 0 :; R :; 7 1 

(R) <- 0 (0 s: R ~ 4) 
I 

-
I 

- 0 

110" is written in the register designated by R field (0;:;R~4). 
For S;;R27 , decode matrix output or PLA output corresponding to 
data "a" is written in the register. 
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(2) Operation Instruction 

Operation instruction has 2 operand instruction and 1 operand instruc

tion, and performs arithmetic operation and logical operation. 

Add Accumulator Immediate 

7 0 

11 
I 

:0 ill I ADI I I 0 I 0 " I " 15 1 , 

(AC) -<- (AC) + I 

I 
* 

I 
* 0 

The value of I field is added to the content of accumulator. 
After execution of instruction, Z flag and C flag are updated. 

Add and Store to Accumulator 

7 0 

A D A I 1 i o : 0;0 ! 0 i 0 ! 
0 i 0 I 1 

(AC) -<- (M) + (AC) 
I * I * 0 

The content of accumulator is added to the content of memory, 
and the result is loaded in accumulator. After execution of 
instruction, Z flag and C flag are updated. 

Add and Store to Memory 

7 0 

ADM 11 : ·0 i 0 io : 1 i o i 0 i 0 I 1 

(M) + (M) + (AC) 1 * I * -

The content of accumulator is added to the content of memory, 
and the result is stored in memory. After execution of in-
struction, Z flag and C flag are u~dated. Note 1, Note 2 

•• ___ 'u __ ._._ 

Add with Carry and Store to Accumulator 

7 0 

A C A 11 ! 0 ! 0 i 0 ! 0 : 0 i 0 ! 1 I 1 

(AC) + (M) + (AC) + (C) 
I * I * 0 

The content of accumulator and the content of C flag are added to 
the content of memory, and the result is loaded in accumulator. 
After execution of instruction, Z flag and C flag are updated. Note 1 
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Add with Carry and Store to Memory 

7 0 

11 i 0 
i 

i O :1 ! o i 0 :1 I A C M I 0 1 
i 

(M) + (M) + (AC) + (C) 
I 

;, 

I 
~'~ -

The content of accumulator and the content of C flag are added to 
the content of memory, and the result is sotred in memory. After 
execution of instruction,Z flag and C flag are updated. Note 1,Note 2 

Subtract and Store to Accumulator 

7 0 

11 i :0 : 
I I 

: 1 :0 I 
SUA 0 01 0 I 0 1 

i i 

(AC) + (M) - (AC) 

. I 
* 

I 
," 0 

The content of accumulator is subtracted from the content of 
memory, and the result is loaded in accumulator. After execution 
of instruction, Z flag and C flag are updated. Note 1 

Subtract and Store to Memory 

7 0 
SUM 11 i O i o i O i 1 

i 
0 

i 
1 

i o I 
1 I I 

i i 

(M) - (M) - (AC) 
I 

;, 

I 
,', -

The content of accumulator is subtracted from the content of 
memory, and the result is stored in memory. After execution of 
instruction,Z flag and C flag are updated. Note 1, Note 2 

Or and Store to Accumulator 

7 0 

[1 
i 

o io 
i 

:0 
i 

:0 :0 I ORA I 10 I 1 1 
I I i 

(AC) <- (M) V (AC) --~.~.- 0 

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

The logical sum of every bit of the content of memory and the 
content of accumulator is loaded in accumulator. After execu-
tion of instruction, Z flag is updated. Note 1 
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Or and Store to Memory 

7 0 
o R M 11 ! 0 : 0 ! 0 :1 i 1 i 0 ! 0 

I 

1 

(11) -<- (M) V (AC) I * I - -

The logical sum of every bit of the content of memory and the 
content of accumulator is stored in memory. After the execution 
of instruction, Z flag is updated. Note I, Note 2 

Exclusive-or and Store to Accumulator 

7 0 
E 0 A 11 ! 0 : 0 1 0 10 ! 1 

1 0 : 1 I 1 

(AC) -<- (M) '" (AC) 
I * I - 0 

The exclusive OR of every bit of the content of memory and the 
content of accumulator is loaded in accumulator. After execution 
of instruction, Z flag is updated. Note 1 

Exclusive-or and Store to Memory 

7 0 
EO M 11 ! 0 : 0 : 0 :1 1 

1 ! 0 ill 1 

(M) -<- (M) V (AC) 
I * I - -

The exclusive OR of every bit of the content of memory and the 
content of accumulator is stored in memory. After execution of 
instruction, Z flag is updated. Note 1, Note 2 

Complement Accumulator 

7 0 
C M A 

I 
1 : 0 i 0 ,! 0 : 0 : 1 : 1 :0 I 

1 

(AC) -<- (AC) I * I - 0 

The content of accumulator is inverted every bit. 
After exectuion oJ instruction, Z flag is updated. 
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Complement Accumulator 

I 
7 

C M M 11 : 0 :0 i 0 1 1 : 1 11 
I 

(M) <- (AC) 

and Store 

0 

iO I 

TCP4620AP 
TCP4630AP 

to Memory 

I * 
The content of accumulator is inverted every bit, 

---

I 
and 

is stored in memory. After execution of instruction, 
updated. Note 1, Note 2 

Load Accumulator and Increment 
--

7 0 

11 i 0 
I I 

0:0 10 :1 :1 I I C A 1 0 1 
I I I 

(AC) <- (M) + 1 
I * I 

"1" is added to the content of memory, and the result 

1 

- -

the result 
Z flag is 

I 1 

" 0 

is loaded 

~ 
in accumulator. After execution of instruction, Z flag and C 
flag are upGated. Note 1. 
Increment Memory 

7 0 

11 ! 
I 

i 0 i 1 i O :1 ! 1J I C M 0 I 0 1 
I 

(M) <- (M) + 1 
I 

7, 

I * -

Fis added to the content of memory. After execution of in-
s truction, Z flag and C flag are updated. 
Note 1, Note 2 

Increment L-register 
--

7 0 

10 1 0 : 0 : 0 ! 6 
I 

:1 
I 

I I C L 10 1 0 1 
I I 

(LR) <- (LR) + 1 
I 

-

I 
- 0 

"1" is added to the content of L register. 
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Increment H-register 

7 

I C H 1 0 i 0 [0 [0 : 0 : 0 i 

(HR) '" (HR) + 1 

0 

1 :1 I 

TCP4620AP 
TCP4630AP 

I 

"lit is added to the content of H register. 

Test Memory 

7 0 

T S M 11 ! 0 :0 : 0 : 1 ! 1 : 1 :1 I 

(M) '" (M) 
I 

-

" 
7. flag is set according to the content of memory. 
Note 1, Note 2 

(3) Bit Manipulat'ion Instruction 

.. ----. .'---

1 

I 
- 0 

1 

I 
- -

The bit manipulation instruction is performed to each bit of accmulator 

or status register. 

Test a bit for Accumulator 

7 0 

liJ_~~ \ I 

I I TBA G 010 G 0 :s G :: 3 1 I 

1----- .'[ 
I 

Null + (Ae) 1\ 2G ;- - 0 
.~-------------~-. . 

The Z flag is updated, according to the bit of accumulator 
designated by G field. 
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Tast a bit for Status-register 

7 0 

TBS G [I io : 1 : 1 : 0 : 0 [ G [ 0 :; G" -" 3 1 
Null +- (ST) A 2G 1 :k 1 - 0 

The Z flag is updated, according to the bit of status register 
designated by G field. 

Set a bit for Accumulator 

7 0 
SBA G 11 i O ! 1 [0 [0 [I I G 

I 
o ;:; G ;:; 3 1 

(AC) +- (AC) V 2G 

I 
-

I 
- 0 

The bit of accumulator designated by G field is set to "I". 

Set a bit for Status-register 

7 0 

SBS G 11 ! 0 :1 :1 [0 :1 I G I 0 ::. G -" 3 1 
(ST) +- (ST) V 2G INO~: 3 ro~e 3 0 

The bit of status-register designated by G field is set to "1". 

Clear a bit for Accumulator 

7 0 

11 :0 
I i 0 ! 1 I I I CBA G 11 10 G 0 -" G ;:; 3 1 
I I 

(AC) ,- (AC) 1\ :ZG I - 1 - 0 

The bit of accumulator designated by G field is cleared to :'0 11 • 
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Clear a bit for Status 

7 

CBS G 11 :0 :1 : 1 i 1 ! 0 I 

(ST) +- (ST) 1\ 2G 

register 

0 

G I 0 S 

TCP4£20AP 
TCP4E30AP 

G S 3 

INote 31 Note 3 
~'~ * 

The bit of status register designated by G field is cleared 
11011 • 

Invert a bit for Accumulator 

7 0 
lBA G 11io :1 io i 1 ! 1 I G I 0 .,; G .,; 3 

(AC) + (AC) V- 2G 

1 
-

1 
-

The bit of accumulator designated by G field is inverted. 

Invert a bit for Status register 

7 0 

lBS G 11 : 0 : 1 iIi 1 i 1 I G I 0 :S G .,; 3 

(ST) + (ST) V- 2G INO\e 31 Not~ 3 

1 

0 

to 

1 

0 

1 

0 

The bit of status register designated by G field is invC'.rted. 
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(4) Branch nstruction 

The branch instruction performs unconditional or conditional branch. 

Jump 

7 015 8 
JMP AP 11 i 1 i 1 :0 I 

------1-------, 
APL 1 APR I APM I 2 ______ .....L _____ ---' 

0 ~ AP ,;. 4095 

(PC) ~ AP 
I 

-
I 

- 0 

The value of AP field is set to program counter. After execution 
of instruction, 
address. 

therefore, program sequence changes to the AP 

Branch on Condition Set 

7 015 8 

I i li :0 I 
--------r------~ 

BCS AP 1 0 APL 1 ___ ~~R __ ~ ___ AE'H ___ J 
0 < AP < 4095 2 

If Z = 1 then (PC) ..;- AP, else Null 1 - 1 - 0 

The content of Z flag is Ill"! the value of AP field is set to pro-
gram counter. After executlon of instruction, therefore, program 
sequence changes to the AP address. 
If the content of Z flag is "0", the program sequence follows 
the next address wi1;hQltt. any _Qp-eration .. ----

Branch on Condition Clear 

7 015 8 

I i i Oi 11 
--------r------, 

BCC AP 1 1 APL I APR I APM I 2 _______ ....L ______ ..1 

o ,; AP " 4095 

If Z = 0 then (PC) .Ie- AP, else Null I - I - 0 

The con ten t of Z flag is "Q",the value of AP field is set to pro-
gram counter. After execution of instruction,there£ore,program 
sequence changes to the AP address. 
If the content of Z flag is "I", the prof-ram sequence follo>1s 
the next address without any operation. 
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(5) Interrupt/Subroutine Instruction 

The interrupt/subroutine instruction is used for performing a call of 

subroutine and a return from interrupt routine or subroutine. 

In addition NOP instruction is available as one other instruction. 

Call Subroutine 

7 015 8 

1 1: ! 1 : i 1 

------------, 
CAL AP 1 1 APL APR APM I 2 

_~ __________ .....J 

o S AP s 4095 

push (PC), and (PC) <- AP 
I 

-
I 

- 0 

The content (the next address) of program counter is stored in 
the stack, and the value of AP field is set to the program 
counter. The interrupt is placed in disable (queued) state 
during execution of subroutine. 

Return 

7 0 

R T N I 0: 0 :0 jo ! o i 0 i 0 ! 1 I 2 

POP (PC) [ - [ - a 

The content of the stack is restored to program counter. After 
execution of instruction, the interrupt is placed in enable statE. 

Jump by Accumulator 

7 0 

J A C 
1 a! a i 0: o ! 1 l 0 :0 ill 

2 

(PC)<-(PC)+1,and(PC)<-(PC)<11:4>o(AC) I - 1 - 0 

The content (address where JAC instruction is sroted,plus 2) of 
the incremented program counter is taken as the higher 8 bits,and 
the content of AC is taken as the lower 4 bits; then, the value 
of 12 bits in total that these contents are connected is set to 
the program counter. 

No Operation 

7 0 

1 0 i 0 :0 ! 
I i 

i o : 0 I Nap a i 0 I 0 1 
i I 

Null I- I 
- 0 

This is an instruction by which nothing is executed. 
However, Y register flag is reset to "0". 
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Note 1: The address of data memory becomes as follows; 

EYR 0, (HRoLR) 

EYR = 1 , (OoYR). 

Note 2: Care should be taken to the tact that, even after this 

instruction is ececuted, Y register flag does not change. 

Note 3: A flag may be updated as a result of processing. 
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3, LIST OF INSTRUCTIONS 

Mne-
r·lachine code 
Hexa Operation 

monic decimal Binary 

LAR li 00010iii (AC)+(Register iii) 
LTR li 00011iii (AC)+(Register iii) 

" 
LAM 04 00000100 (AC)+(M) 

0 LTM 87 10000111 (flC)+(H) 'N 
w LSM 05 00000101 (ST)+(M) cJ 

" LAL 06 00000110 (AC)+(LR) H 
w LAH 07 00000111 (AC)+(HR) rn 

" LA1 4i 0100iiii (AC)+iiii H 

LLl 6i 0110iiii (LR)+iiii 
H LHl 7i 0111iiii (HR)+iiii Q) 

CO-< LY1 5i 010liiii (YR)+iiii rn 

" SAR 2i 0010liii (Register iii)+(AC) m 
H SAl"! OC 00001100 (M) + (AC) H 

SSM OD 00001101 (M) + (ST) 
m SAL OE 00001110 (LR)+-(AC) w 

" SAH OF 00001111 (HR)+(AC) 
'" SAY 08 00001000 (YR)+(AC) 

SYR 3i 00110lii (Register 1ii)+(YR) -
CLR 2i -- 00100iii (Register iii) +-0 

ADl 9i 100liiii (AC)+- (AC)+iiii 
ADA 80 10000000 (AC)+(M)+(AC) 
ADM 88 10001000 (M) + (M)+(AC) 
ACA 81 10000001 (AC)+(M)+(AC)+(C) 

" ACM 89 10001001 (M) + (M)+(AC)+(C) 0 
'N SUA 82 10000010 (AC)+(M)-(AC) w 
cJ SUM 8A 10001010 (M) +- (M)- (AC) 
" H ORA 84 10000100 (AC)+-(M)V(AC) w 
rn ORM 8C 10001100 (M) + (M)V (AC) 
" H EOA 85 10000101 (AC)+(M)¥ (AC) 

" 
EOM 8D 10001101 (M) + (M)" (AC) 

0 CHA 86 10000110 I (AC)+TAC) 'N 
W CMM 8E 10001110 (M) +\AC) 
" H lCA 83 10000011 (AC)+(M)+l Q) 

"- lCM 8B 10001011 (M) + (M)+l 0 
lCL 02 00000010 (LR)+(LR)+l 
1CB 03 00000011 (HR)+(BR)+l 

TSM 8F 10001111 (11)+(M), if (M)=O 
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TCP4G30AP 

Update 
ot flag 

Z 

Z 
ZC 

ZC 
ZC 
ZC 
ZC 
ZC 
ZC 
ZC 
Z 
Z 
Z 
Z 
Z 
Z 
ZC 
ZC 

then Z<-l 
else Z+O Z 

Remarks 

EYR is set 

EYR is set 
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Mne-
Machine code I Update Hexa- Operation 

monic 
decimal 

Binary of flag 

c TBA Ai 101000ii if (AC)<ii>=O then Z ,. 1 
Z 

0 - eles Z+O 
'M 
'-' C then Z+l 
OJ 0 TBS Bi 101100ii if (ST)<ii>=O Z 

","'r< - eles Z+O ,,'-' 
P-,U SBA Ai 10100lii (AC)<ii>+l 
'M" -

-Jck c J.< SBS Bi 10110lii (ST) <ii>+ 1 OJ,-, -
~w CBA Ai 101010ii (AC)<ii>+O 

C 
'-'H CBS Bi 101110ii (ST)<ii>+O '1,* 
'M -

'" lBA Ai 101011ii (AC)<ii>+(AC)<ii> 
-

rBS Bi 10l11lii (ST) <ii>+1ST)<Tl> *7( 

JMP 
Ek 1110kkkk 

(PC)+iiiijjjjkkkk c ij iiiijjjj 
0 

'r< Ck 1l00kkkk 
'-' BCS if Z=l then (PC)~iiiijjjjkkkk uw ij iiiijjjj 
"J.< 
J.<W Dk 1l01kkkk (PC)+iiiijjjjkkkk ,-,,c BCC if Z=O then 
w'-' ij iiiijjjj co 

H Fk llllkkkk 
"" CAL (PC) +, (PC)+iiiij j j jkkkk ,cc ij liiij j j j 

UOj 
c 
OJ RTN 01 00000001 (PC) t 
'" '" JAC 09 00001001 (PC)-<- ( (PC)+l) <11: 4> o(AC) 

NOP 00 00000000 No Operation 

Remarks 

Asteris (>') 
denotes that, when 
Z flag and C flag 

lare designated, 
' the fags are 
updated. 

2-byte,2-cyc1e 
instruction 

" 

" 

" 
I-byte, 2-cyc1e 
instruction 

" 
EYR is reset. 

Not~! Pay attention to the conversion of the underlined machine codes. 
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4. TLCS-46A Instruction map 

~ 0 1 2 3 4 5 6 

*1 
0 NOP RTN ICL ICH LAM LSM LAL 

1 LA R 

2 C L R 

3 S Y R 

4 

5 

6 

7 

8 ADA ACA SUA ICA ORA EOA CMA 

9 

A T B A S B A 

B T B S S B S 

C 

D 

E 

F 
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7 8 

LAH SAY 

LA I 

L Y I 

L L I 

L H I 

LTM ADM 

AD I 

B C S 

B C C 

J M P 

CAL 

TCP4G20AP 
TCP4530AP 

9 A I B 

*1 
Jf;C 

L T 

S A 

ACM SUM IICM 

C B A 

C B S 

*2 

*2 

*2 

*2 

C D E 

SAl'! SSM SAL 

R 

R 

ORM EON CMM 

I B A 

I B S 

*1 - 1 byte,2-cyc1e instruction 
;'2 - 2 byte,2-cyc1e instruction 

F 

SAH 

TSM 



• INTEGRATEDCIRCUIT 
iii :,: TECHNICAL DATA 

[OPERATION DESCRIPTION] 

1. Basic Clock 

TCP46LOAP 
Tcp4E50AP 

The basic clock is used to generate the basic timing signals for the 

operation of TLCS-46A and as the clock for the divider. 

For the generation and supply of basic clock, there are following 

methods: 

(1) Connecting crystal oscillator/ceramic oscillator 

(2) Connecting 1FT 

(3) Suppling the external clock 

Open 

In case the crystal oscillator/ceramic 

oscillator is connected as shown in 

the left figure, it is possible to 

obtain the oscillation frequency 

characteristic to crystal oscillator/ 

ceramic oscillator. 

In case the 1FT is connected as shown 

in the left figure, it is possible 

to obtain the oscillation frequency 

characteristic to 1FT. 

If the external oscillator is con

nected to XIN terminal as shown in 

the left figure, it is possible to 

supply the clock from tht external. 

In this case, XOUT terminal shall 

be kept open. 
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2. Instruction Execute Cycle 

The instruction execute cycle consists of two internal timing signals, 

¢s and ¢, supplied by the timing generator. 

¢s is the signal expressing the instruction execute cycle, while ¢ is the 

signal which comes to the set timing of data memory, register, etc. 

Program X 
ceun ter __ A_a_d_d_r_e_s_s_-J B add res s 

Ins tr. 
register _______ ..J 

Internal 
bus 

Instruction Execution Timing Chart 

3. Initialize operation (System initialization) 

The initialize operation is carried out without fail after impressing 

power source on TLCS-46A, which is returned to the initial state in the 

interior. 

By keep.ing the RESET terminal to "LI1 level, the internal initialize 

signal is formed, whereby the initialize operation of TLCS-46A is executed. 

At this time, more than 2 cycles are required for the time of TIL" 

level. 
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RESET 

w < 2 cycles 

Whether or not initialize 
operation is executed is 
not difinite. 

TCP4620AP 
TCP4650AP 

W ~ 2 

Initialize 

cycles 

operation 
is executed. 

However, 1 cycle corresponds to 2 period of internal basic 

clock (CP). 

By the initialize operation, the interior of TLCS-46A comes to the 

conditions as given below: 

CD Resetting H flag and D flag of status register to "0". 

en Resetting the interrupt latch to "0". 

Q) Resetting the port register "0". 

(All output pins come to "L" level.) 

® Setting the stack flag to "1". 

~ Setting the program counter to 0 address. 

There is no influence on accumulator, ~~ta memory, H regist~r, 

L register, Y register, C flag and Z flag of status register, etc. 

The program is executed from 0 address when RESET signal comes 

to "H" level and the internal initialize signal comes to ilL" level. 
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CP 

Internal 
initialize 
signal _______ ....J 

Program--V 
counter~ ______ -4 _o~a.:..d...:d...:r...:e..:s..:s_ ..... X 
Instr. -V 
registe~ _______ -(J~~_N_O_P_1_·n_s_t_r_.--J 

1 address X ~ ,,"--, _L-
Instruction 
of 0 address 

Instruction 
of 1 address 

Start from initialization 

4. Interrupt Operation 

TLCS-46A is provided with the function permitting the external interrupt 

operation. The interruption i3 an operation enablir.g other processing 

to be preferentially made by suspending the processing underway. 

The request for interrupt operation is made by changing INT terminal 

from "H" level to "L" level and by holding the terminal on "L" level 

for more than 2 cycles. 

There are several conditions enabling TLCS-46A to start the inter

rupt operation. If the interrupt operation request is made before 

the conditions are satisfied, the interrupt operation is in standby 

state to wait until the conditions are satisfied. 

The conditions are as follows: 
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CD Data memory is not made reference with Y register. 

(EYR = 0) 

CD Stack is empty. (FSTK = 0) 

CD No hold operation (Interrupt request is ignored in hold operation.) 

The external interrupt request signal is preserved in the internal 

interrupt latch, and the interrupt latch is cleared when the 

interrupt is accepted. 

In case of repetitive interrupt request, it is required to make INT 

terminal "H" level (more than 2 cylces) and to make INT terminal ilL" 

level. Repetitive interrupt request is not accepted when INT terminal 

is ilL" level without making it "H" level. 

CD Internal latch set timing 

INT 

w < 2 cycles W > 2 cycles 

Whether or not interruption Interruption 
latch is set is not is set 
difinite. 

However, 1 cycle corresponds to 2 period of internal 

basic clock (CP). 

CD Internal latch repetitive set timing 

latch 

INT L More thanT ::::l..-- More than ~r---
'C: 2 cycles _ -W' ----- \.. 2 cycles =:y 
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w' ~ 0 
I 

0< WI < 2 cycles W, ~ 2 cycles 

Interruption latch Whether or not inter- Interruption latch 
is not set again. 

i 

ruption latch is set is set again 
again is not difinite. 

However, 1 cycle coresponds to 2 period of internal basic clock 

(CP). 

\,1,en TLCS-46A accepts the interrupt, the following processings are made: 

1 The content of program counter is stored in a save register (stack). 

2 The entry address (address 2) is set in the program counter. 

3 The interrupt latch is cleared. 

Therefore, the interrupt service routine defines 2 address of program 

memory as the top address. 

When TLCS-46A returns to the main program by completing the interrupt 

process, it follows the execution of RTN instruction. 
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CP 

INT Terminal 

TCP4520AP 
TCP4630AP 

\\-__ ----!:,~, _--,I 
Interruption 
latch set 
pulse __________ ~Il~ ________ __ 
Interruption 
latch 

Interruption 
demand signal 

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

Program 
counter 

Instruction 
register 

Stack 

Stack flag 

5. Hold Operation 

~~ ____________ -"X~ __ A __ a_d_d_r_e_s_s ___ )( 2 address ~d. 
---v X \J NOP \fl"ns t r . of 
---A L ____________ -'A ins t ruc t ion Il1... add. 

________________________________ ~)( A address 

Interrupt Acceptance Timing Chart 

In case the hold operation is designated by mask options, the opera-

tion state (normal/hold) of TLCS-46A is controlled by the H flag of 

status register. 
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When each instruction of SBS, LBS and LSM is executed, and "1" is 

set to the H flag, the internal timing signals of ~s and ~ stop 

after the completion of the execution of the instruction, whereby 

the hold operation begins. At this. time, the program counter, in

struction register and other internal registers are beld in the 

state which was before the.hold operation, but tbe interrupt request 

under waiting is ignored because the interrupt latch is cleared. 

As the clock generator does not stop, there is no influence on the 

internal basic clock and the count function of divider. 

Restart from the hold operation is made by resetting H flag to "0" 

in hardware. For the signal for resetting H flag, the output of 

divider (the MSB input (C3) of counter buffer) is used, and the 

resetting is made by detecting the trailing edge of the bit input 

(C3). 

At the input of divider is the internal clock '(CP), restart is made 

at constant intervals. 

When H flag is reset, the internal timing signals of ~s and ~ start, 

whereby the execution is countinued to start from the condition which 

is the same as that just before starting the hold operation. 
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CP 

rfls ~ 
rfl I 

Program 
A address counter 

Instruction 
register 

H flag 

CP 

H flag 

I 

n 
I 
I 
I 

n 

TCP4b20AP 
TCP4650AP 

Norr.lal 0 eration -+- Hold 0 eration 

A + 1 address 

Instruction 
of A address 

(
Instruction Of) 
setting "1" to 
H flag , 

A + 2 address 

Instruction of A + 1 adress 

Hold Operation Start Timing 

reset signal n 
----~ ~~----------------------

H flag 

rfls 

Program 
counter 

Instruction 
register 

I 

n 
Hold .?J,_eration * Normal operation 

A + 2 address 

Instruction of A + 1 add. 

X B address 

Instruction 
of A + 2 add. 

Restart Timing from Hold Operation 

I L 
n 
X C address 

Instruction 
of B address 

I 
'C 
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6, Reference to Data Memory 

There are tHO methods of making reference to data memory. 

(1) The page of data memory is designated by H register, while the 

address in the page is designated by L register. 

In the case of access to data memory, it is so arranged as to 

make access to the address designated by L register in the page 

designated by the contents of H register. 

(1 page consists of 16 words.) 

43 0 

Data Memory Address HR LR 

(2) The address in 0 page is designated by Y register. In the case 

of access to data memory immediately after writing data in Y 

register by the instructton of LYI or SAY, the access is made 

to the address designated by the contents of Y register in 0 page. 

43 0 

Data Memory Address 10 0 0 01 YR 

At the time,of making reference to data memory, it depends on 

the value of internal Y register flag (EYR) to select H register/ 

L register orY register for designating address. v,ihen EYR=O, the method 

(1) above is adopted. I,hen EYR = 1, the method (2) above is 

adopted. When data are written in Y register by SAY instruction 

or LYI instruction, "1" is set to EYR. At the time of instruction 

execution when data are not set to data memory, EYR is reset to TrO". 
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7. Input and Output Timing for Port 

TCP4620AP 
TCP4E30flP 

The input of data from the input port of TLCS-46A and the output of 

data to the output port are made by the data transfer instruction 

between accumulator and each port. 

Port Input 

As the input ports of TLCS-46A are all non-latch inputs, the input 

data is required to be stable until the completion of reading. 

At the instruction cycle of LAR or LTR instruction, input data is 

set to the accumulator. 

Port Output 

The output ports of TLCS-46A output the content of port register. 

Data are written in the port register when SAR, SYR and CLR instruc-

tions are executed. 

The digit output port (POS) and segment output port (P06l for display 

are different in output tim.ing from other output ports. 

(1s ~ I 
(1 j II 

Port 
Old data X register New data 

C. 

~ Port 
Olda data 

data 
New data 

Output Timing (PortS, PortG) 
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'/Js -.-J I 
'/J I n 

Port 
register Old data X New data 

Port 
Old data X New data data 

Output Timing (except PortS, Port6) 

8. Input/Output Switching of Port 0 

The switching of input/output of port 0 is made by the D 

flag of status register. By each instruction of SBS, CBS, IBS 

and LSM, the value of D flag is changed, whereby the switching. 

of input/output is carried out. 

~ I rl,-------,I 
~,r--, ---In'------ll 

D flag I 
:/ 

Port 0 ____ In_p_u_t __ m_o_d_e ____ ~:>C GutP~~ mode )(~ __ I_n_p_u_t_m_o_d_e ________ _ 

Input/OutpUL S,Jitching Timing of Port 0 

9. Output Terminal for External Timing 

CK terminal is equipped for taking out the output of the 

divider of clock generator. 
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The output frequency is designated by the mask options but is 

decided by the oscillator (oscillation frequency) used. The out

put frequency is either 1/32 or 1/64 of oscillation frequency or 

internal basic clock (CP). 

The output signal on CK terminal is generated after inverting the 

phase of the output of divider. 

Oscillation 
frequency 

(XIN) 
Internal basic I 
clock ---.-J L--____ ------JI 

(CP) 
External ti~ 
signal L. __________________________ ~ 

(CK) 

[Mask Options] 

Example of the internal basic clock and external 

timing waveform. 

(
The internal basic clock (CP) is 1/4 of the 

oscillation frequency. The external timing 

is CPo 

TCP4620AP /TCP4630AP have many kinds of mask options on the clock 

generator, input output ports, etc. so as to meet the extensive 

requirements from the users. 

Option Name Function 

Prescribing the oscillator and oscil-a s C 
lation frequency. 

Prescribing the dividing ratio for 
C P obtaining the internal basic clock. 

L 
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Option Name Function 

C K 
Prescribing the output frequency for 
the external timing. 

COUNTER Prescribing the reset timing of divider. 

COUNTER 
Prescribing the input of buffer. BUFFER counter 

H a L D 
Prescribing the function of H flag. 

R S T H 
Prescribing the restart signal from 
hold opration. 

S T D Prescribing the function of port O. 

P 2 Prescribing the function of port 2. 

P 4 Prescribing the function of port 4. 

P I 5 
Pres cribing the function of input 
resistance of port 5. 

DECODER Prescribing the contents of decode matrix. 

P a 6 Prescribing the function of port 6. 

P L A Prescribing the contents of PLA. 

(Note) 0 The mask options of OSC-RSTH are decided by 

the oscillator (oscillation frequency) used. 

o Use the designation paper for mask options 

which is attached to the ES order sheet. 

o Submit to us the designation paper for mask 
options together with the ES order sheet by the 

data two weeks prior to the date of submitting 
the mask tape. 
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1. Designation of Mask Options 

TCP4620AP 
TCP4630AP 

C_~p~ion Item __ J Option Name ~01 __ ~TY~P_00_2-+_TY-;P",0C;0o-3_T--~"=c---+--=-=-'-'-'_I-'T-,,Yc:.P-,,0-,,0..:.6--l 
! j'- 050 

TY7004 TYP005 
050 

I Oscillation I 003 012 400-500K 400 

~ frequency OSC 32.76K LOOK ceramic 3-4.2K 

400 
400K 

3 - 4. 2K 

Xta1 Xta1 lIFT Xtal 
ceramic 

/IFT Xtal 

Dividing ratio for CP 00 00 04 3-;~--

t}:lH~~tJ~1?f~~ti _ ~~-- ~; -= ~t '~-~g~~ - -~~== 
----

02 64 
f--- -

I 15 H I Divider 3 Input. Counter _~ __ ~2__ PD2 PD2 --Plii P02 1>])2--
Ls'l--"-II~11 eU-sf~ef--et-rt-oimlI'nnp[u-t __ ', __ POR N 7125007 1- --11-- ~~T-- ----i-"1 ---N----
I ~' CO cFI~~pLo pI~o-pT6-;;-- Ploo 1'T;;-';--
, ~ ~ 1 Buffer 1 Input I Counter -Cl_ -[D9 __ - RDB ROB -Ri:)7- ~=-- RDA-- R~ 
I § ~ iBuffer 2 Input Buffer C2 RDA RDC ROC RDA RDB--R~-
Jl~Jiu!f_eE LI.l1Ptlt ____ 1 C3 RDB ROD RDD RDD_ RDC =~~L-D.Il.....---

~-~!s+~t-condition--+ ~~t* c ~ C ~ C ~ g f- g+--
jInPu-t/out':' Port 0 , STD +-n-C-p...:R-"O-G-)-f-1-'(O:..:I'-:T-)-t--...::.::......--'---....:....--'----'----'---=--..... 

t~~~E~r~_-pm:rzt----P2 IF/ (OUT) /F/ (OUT) /0; (IN) /0/ (IN) 

....l'.~~_~]'()rt 4 ..l--__ .1'-":.... ;F / (OUT) /3r<lN/OUT) /F/ (OUT) j/3/(lN/OUT) 

j Input resistance I PIS 0 (UP) l(DOHN) 
~2~~ort 5) =--1~--~4-----~ 
, Line 0 Dico _ / ______ L 

Decode Line 1 DEcl / ;-
i matrix Line 2 )nECODER DEC2_ /1. 
I Line 3 DEC3 / / 
~__ Line 4 D~ i / 
, Output port 6/7 P06 1(P6/P7) 0(P6) 
1------- Line 0 PLAO -,' 00 / ---.1. 
I Line 1 PLhl7 11 / _-.1.. 
l!:ine 2J -PLAZ- - 22 / / 

Line 3 PLA 3 -33'"/- i / 
! Line 4 PLAiI / 44 / t / / 

Line 5 PLA5 /--65-65 --'-,-/it:z='"/ ---II I Line 6 ,PLA6-. 
--Line 7' PLA PLA7 - -- - 77 I / 
--LIi1e8 P'i:A8- I --ss; - / P L A 

Line 9 PLA9 ----gg; / / 
Line ~-J PLAA / AA / i / 
Line B ! PLAB {-BE--;- -'---j 
Line C PLAC -----cc; / / 
Line D ~ ,= DD / _ / L 
Line E PLAE EE I / / 
Line F PLAF FF / / ,- / 

I 

L~ 

/0/ (LNlJ 
/0/ (IN)! 

Note 1 : ~_tQ~~ opti on item, one of the thi ck frames hori zonta 11 y l'i ned shall be 
selected. THe whole thick frame is en,c_losed with a circule.L __ ~ ___ _ 

Note 2: Please enter the data entry mode (Jecode matrix, PLA) by yourself. 
Note 3: The formal name of option is that naming continuously the option name 

and the data in the designation column of option. 
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OSC-RSTH options can construct six kinds of combination. 

However, it is impossible to use the options by changing 
the combinations. 

Name of Option TYP TYP002' TYP TYP TYP TYP 
001 003 004 005 006 

OSC 003 012 050 050 400 400 

CP 00 00 04 02 64 32 

eK 32 64 CP CP CP CP 

PD CP CP CP CP CP CP 

COUNTER PDR PD2 PD2 PD2 PD2 PD2 PD2 

PDR N /1250Qi N N N N 

CO PI,;o PI60 PI,; 0 PI,; 0 PI,; 0 PI,;o 

COUNTER Cl RD9 RDB RDB RD7 RDA RD7 

BUFFER C2 RDA RDC RDC RDA RDB RDA 

C3 RDB RDD RDD RDD RDC RDD 

HOLD H H H 0 0 0 

RSTH C3 C3 C3 0 0 0 

CD OSC: Prescribing the oscillator and oscillation frequency. 

o OSC003 - 32.768 KHz oscillation by Xtal oscillator. 

o OSC012 - 100 KHz oscillation by Xtal oscillator. 

o OSCOSO - 400 KHz (400K'V 500KHz) oscillation by ceramic 

oscillator or 1FT. 

o OSC400 - 4194.304 KHz oscillation by Xtal oscillator. 

Note (1): It is possible to make driving from the external 

oscillator by opening XOUT terminal and by ar

rangeing XIN terminal for input. 

Note (2): The formal name of option is that naming contin

uously the option name and the data in the des

ignation column of option. 
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® CP: Prescribing the frequency dividing ratio for obtaining 

the internal basic clock. 

a CPOO Oscillation signal is made to clock. 

0 CP02 - Signal of dividing oscillation frequency into 2. 

a CP04 - Signal of dividing oscillation frequency into 4. 

0 CP32 - Signal of dividing asci llation frequency into 32. 

0 CP64 - Signal of dividing oscillation frequency into 64. 

Q) CK: Prescribing the output frequency for external timing 

0 CK32 - Signal of dividing oscillation frequency into 32. 

0 CK64 - Signal of dividing oscillation frequency into 64. 

0 CKCP - Signal of the internal basic clock frequency. 

® COUNTER: Dividers 

CP 

The divider consists of l6-stage divider and can be disassumbled 

into the basic construction of the front 2 stages [divider (1)] 

and the rear 14 stages [divider (2)]. 

(POL 2) (ROO 1 2 3 4 5 6 8 9 ABC 0 

L I Counter 
----------------~ buffer 

input 
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a PDCP - Setting the input of divider (1) to 

nal b"sic clock (CP), 

a PDRPD2 - Setting the input of divider (2) to 

of divider (1) , 

0 PDRN - Setting the function of divider (1) 

(2) as the usual binary counters. 

a PDR!12s00/ - This is the designation only at the 

of lOOK XtaL When the count value 

(2) is "12500", the divider (2) is 

turn the count value to "0", 

the inter-

the output 

and divider 

time of use 

of divider 

reset to re-

~ COUNTEP, BUFFER Prescribing the input of counter buffer 

The counter buffer is composed of 4 bits, which are marked CO, 

Cl, C2 and C3 from LSB side (Bit 0) . 

0 COPI60 - PI60 terminal input to Bit O. 

0 ClRD7 - The output of divider 10 to Bit L 

0 ClRD9 - The output of divider 12 to Bit L 

0 ClRDA - The output of divider 13 to Bit 1. 

0 CIRDB - The output of divider 14 to Bit l. 

0 C2RDA - The output of divider 13 to Bit 2. 

0 C2RDB - The output of divider 14 to Bit 2. 

0 C2RDC - The output of divider 15 to Bit 2. 

0 C3RDB - The output of divider 14 to Bit 3. 

0 C3RDC - The output of divider 15 to Bit 3. 

0 C3RDD - The output of divider 16 to Bit 3. 

® HOLD, RSTH: Prescribing the function of H flag and the signal 

for restart from the hold state. 
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a HOLDH - Hold control is carried out by H flag. 

a HOLDO - No hold is maintained. H flag is capable of being 

used as the general flag. 

a RSTHC3 - Interlocking with HOLDH. Counter buffer bit 3 is 

used as the hold restart signal. 

a RSTHO Interlocking with HOLDO. No hold is maintained. 

(2) STD-pIS Options 

STL - FIS options prescribe the state of input/output of port. 

It is possible to independently designate SID and PIS options 

respectively. 

QRJj~gn Designation of option 

STD D(PROG) 1 (OUT) ~ 
======= P2 /F/(OUT) /F/(OUT) /O/(IN) /O/(lN) 

P4 /F / (OUT) /3/(IN/OUT) /F/(OUT) /3/(IN/OUT) 

PIS O(UP) 1 (DOWN) 

------------- ----------
CD STD: Prescribing the function of port O. 

o STDD - Switching input/output of port 0 is made according 

to the contents of D flag. 

o STDI - Using as the outr-·ut of port O. In this case, 

D flag can be used as the general flag. 

@ P2, p4: Prescribing the function of port 2 and port 4. 

~ 
/O/(IN) 

/O/(IN) 

~ 

Port 2 and port 4 are the 4-bit ports to which the input or 

the output can be designated. 

The 4-bit ports are expressed by the one-figure numeric 

characters of hexadecimal digit by defining the input as 

"0" and the output as "II! for each bit. 
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(Example) 
(MSB) (LSB) 

Bit 3 2 1 0 

0 Input 
0 0 1 1 (1 ) Hexadecimal 3 

Output 

a P2/F/, P4/F/ - Prescribing both port 2 and port 4 as the 

output. 

a P2/F/, P4/3/ - Prescribing the upper 2 bits of port 4 

the input, with the others being the output. 

a P2/0/, P4/F/ - Prescribing port 2 as the input and port 4 

as the output. 

a P2/0/, P4/3/ - Prescribing the lower 2 bits of port 4 as 

as the output, with the others being the input. 

a P2/0/, P4/0/ - Prescribing both port 2 and port 4 as the 

input. 

CD PIS: Prescribing the function of the input resistance at 

port 5. 

a PI50 - Input port 5 comes to the input with pull-up 

resistance. 

a PI51 - Input port 5 comes to the input with pull-dmro 

resistance. 

(3) DECODER - PLA Options 

The decoder and PLA options are the data writing mode in which 

user designates the data. P06 option is used according to the 

function of PLA. 



INTEGRATEDCIRCUIT 
TECHNICAL DATA 

Option Names Designation 

TCP4E20AP 
TC04E:30AP 

of Oprions 

DECODER Data writing mode ~ 
P06 1 (P6/P7) 0 (P6) 

PLA General output port Data writing mode 

1 DECODER: Prescribing the contents of decode matrix. 

Operation processing and internal data are processed with 4 bits. 

However, at the output port 5, 5-bit data are produced as the 

output after the conversion into 5 lines by the decode matrix. 

(MSB) 

~L,) 
:;: 

DEC4 

DEC3 
POS4 

OJ ~ POS3 
"d ·M DECZ o H 
U w POSZ 
OJ '" DECI A;'; POSI 

DECo 
-[>--0 POSO 

The following explanation is made for the purpose of explain

ing the contents of decode matrix and has no direct relations 

with the design patterning in the actual LSI. Give your kind 

attention to this point. 

The logic of decode matrix can be expressed by the following 

formula. (See the above diagram.) 

[

DECi = D3 . DZ . Dl . DO (i = 0 - 4) j 
Where, the selection is practicable as to 

Dj (j = 0 - 3) = dj or dj or 1 

As to the designation of decode matrix, it is possible to define 

the selection as "1", '"'to define non-selection as "Oll, and to 

express d3, d3, dZ, dZ, dl, dl, dO, and dO as the continuous 

8-bit data (d3 shall be MSB) with the figures of hexadecimal 

two digits. 
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X I X I X I X x = 1 (Selection) or 
a (Non-selection) 

Hexadecimal two digits 

Note: Dj dj (dj, dj) (Selection,Non-selection)=(l, 0) 

Dj dj + (dj, dj) (Non-selection,Selection)=(O, 1) 

Dj 1 (dj, dj) (Non-selection,Non-selection)=(O,O) 

It is meaningless to select both dj and dj 

Attention shall be given to the fact that the output comes to 

"1" except initialization in case where the designation of 

(Non-selection, Non-selection) is made to all bits (DECi = 1) . 

o In case where POSO terminal output is "Hit when the data 

"1" are written in the output port 5,and the output is "L"' 

when other data are written: 

( Co,,,, 

Des~gnation: 

DECO = d3 d2 dO 

DECO 

d3 d3 d2 d2 dl dl dO do 
'----T----I 

=11 a 1 a 11 0 0 1 I 
L ____ ---L _____ -' 

= x' A9' 

o In case where POS4 terminal output is "H" when the data "e" 

- "F" are written in the output port 5,and the output is 

"L" when other data are written: 

DEC4 = d3 . d2 

DEC4 

d3 d3 d2 d2 dl dl dO dO 
,---- -,----1 

=1 a 1 0 1 1 0 0 0 0 I 
L ____ -.-l _____ -.-l 

= x' 50' 

a In the case of'POsl terminal when the output of data written 

in the output port 5 is desired: 
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DEC dl 

TCP4E20AP 
TCP4E30AP 

d3 d3 d2 d2 dl dl dO dO ,-----,-----, 
DECl ~IO 0 0 0 10 1 0 0 I 

L ____ ...L ____ -1 

* Refer to the examples of data designation. 

CD P06: Prescribing thL function of port 6. 

x' 04' 

o P060 Port is used as the 8-bit PLA data output port. 

a P061 - Port 6 is used as the two 4-bit general output port. 

(No designation can be made as to the contents of 

PLA. ) 

CD PLA: Prescribing the contents of PLA. 

Operation processing and internal data are processed with 4 bits. 

However, at the output port 6, 8-bit data are produced as the 

output after the conversion into 8 lines by PLA. 

(lj (MSB) d3 I PLAO 
';;; l7 ;:::-

w (]J ~ 
(lj .,; Ul • ..< I --.. 

.,; (]J '" I "" "" '" w 
(]J .-; .,; 00 (lj I w '" .,; S 

'M o (]J (lj 0 I 

'" (LSB) dO w.,; W (lj 

~ 0 "" W .eO 
..j" (j .-; 

"" (lj 
PLAF 

.-;.,; 

The followiug explanation is made for the purpose of explain

ing the contents of PLA and has no direct relations with the 

d'esign patterning in the actual LSI. 

Give your kind attention to this point. 
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TECHNICAL DATA 

TCPll620AP 
TCP4630AP 

PLA can be expressed as the 16 words x 8 bits memory. (Refer 

to the above diagram.) Nema1y, the 4-bit write data is the 

address of PLA, and the 8-bit data read out from PLA comes to 

the output data on the output port terminals. 

Write 
Address 

Write 
Address 

Write 
Address 

Hrite 
Address data 

0 

1 

2 

3 

PLA 5 

PLA 3 

data data data 

PLAO 4 PLA4 8 PLA8 12 PLAC 

PLAl 5 PLA5 9 PLA9 13 PLAD 

PLA2 6 PLA6 10 PLAA 14 PLAE 
~-

PLA3 7 PLA7 11 PLAB 15 PLAF 

The designation of PLA data is made to addresses by expressing 

the 8-bit data, which are MSB in POG7 terminal output and LSB 

in P060 terminal output, with 2-figure numeric characters of 

hexadecimal digit. 

o In case each output between P067 terminal and P060 terminal 

comes to H, L, II, H. L, H. H, and L when data "5" are written 

in the 8-bit output port 6, 

PO. paR PO. paR 
PO~ POm po. PO o 

,-- -- --T------, 
11011101101 
L ______ -'- _ _ _ _, ___ I 

o In case data "3" are written in output port 6 or output 

port 7 t9 use it as the 4-bit general output port, 

POn paM po. po. 
P0 67 P0 65 P0 63 P0 61 ,------,------, 
100111 0011 1 

~p-;rt 77~p~rt 6 ~ 
x' 33' 



INTEGRATEDClRCUIT 

1\ 
u 

'M 
bO 
0 

H 

oj 
'-' 
oj 
p 

] 
~ 
bO 
'M 
CJl 
<l) 
p 

TECHNICAL DATA 
TCP4620AP 
TCP4630AP 

Therefore, if data "3" are written in output port 7, each 

output between P067 terminal and P064 terminal comes to L, 

L, H, and H. At this time, each input to register 6 (con

nected to P063 terminal- P060 terminal) comes likewise to 

0, 0, 1, and 1, but each output does not change because no 

setting is made to the register. This applies to the re

verse case comes likewise. 

o Refer to the examples of the designation of data. 

Examples of the Designation of Data for Decode }latrix and PLA 

Examples of Examples of 5-1 Fig. 
General port 

Examples of seg-
General port dynamic indication ment display 

---
DECO ~ dO DECO ~ d3 d2 dl dO PLA o ~ /00/ PLA a ~ /FC/ 

-- -
DECl ~ dl DECl ~ dJ d2 dl dO PLA 1 ~ /11/ PLA l~ /60/ 

DEC2 ~ d2 DEC2 ~ d3 d2 dl dO PLA 2 ~ /22/ PLf 2~ /DA/ 
- ---

DEC3 ~ d3 DEC3 ~ d3 d2 dl dO PLA 3~ /33/ PLP 3 ~ /F2/ 
- - -

DEC4 ~ d3 DEC4 ~ d3 d2 dl dO PLA 4~ /44/ PLP 4~ /66/ 

DECO ~ /01/ DECO ~ /A9/ PLA 5~ /55/ PLA 5~ /B6/ 

DECl ~ /04/ DECI ~ /A6/ PLA 6 ~ /66/ PLA 6 ~ /BE/ 

DEC2 ~ /10/ DEC2 ~ /A5/ PLP 7 ~ /77 / PLA 7 ~ /E4/ 

DEC3 ~ /40/ DEC3 ~ /9A/ PLA 8 ~ /88/ PLA. 8 ~ /FE/ 

DEC4 ~ 1801 DEC4 ~ /991 PLA 9~ /991 PLA 9 ~ IF61 

PLA A~ lAA/ PLA A ~ IFDI 
(Evaluator built-in option) 

B ~ /BBI PLA B ~ 100/ (blank) PLA 

PL' C ~ IcCI PLA C ~ 102/ 

PLA D ~ IDD/ PLA D ~ ICEI 

PLA E ~ IEEI PLA E ~ /9EI 

PLA F~ IFFI PLA F ~ 18EI 

(Evaluator built-in option) 
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MASK ROt1 DATA TAPE FORMAT 

'COHMENT' 

@@ 

N8 

@@ 

RXXXX 

xxx l'x 

xxx Px 

xxx Px 
@@ 

RXXXX 

xxx Px 
I 
I 

I 

@@ 

$ 

..... Leader Output of more than 50 characters of "NULL" 
(No other symbols than "NULL" should be 
~xistent.) 

..... Comment Output of six characters starting from the 

beginning of character train defined by TTL 

statement of source program and two characters 

of serial number, with apostrophe. (when no 

TTL statement exist, output of six characters 

of space code and two chareaters of serial 

number. ) 

Output of "NS" indicating that the date pattern is 8 

bits long. (The program data follow this code.) 

Output of the program start address following "R" in 

four frames of decimal ASCII code. 

1st address data 

and check sum 

2nd address data 

and check sum 

8th address data 

and check sum 

9th program address 

xxxPx 

[
L- Check sum 

Number of data bits having 
"III is output. 

Data 

Two-characters of eight bit 
data are output, in two frames 
of hexadecimal ASCII code. 

9th address data and check sum 

Repeated output through the last data 

..... Output of indicating the end of program data 

Trailer: Output of more than 50 characters of "NULL". 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 
SYMBOL I ITEM 

VDD 1 Supply Voltage 

vI-;-li~;-;;tVc,-l tage 

VOUT 

PD 

Tsol 

Tstg 

Topr 

Output Voltage 

Power Dissipation 

Soldering Temperature 

Storage Temperature 

Operating Temperature 

ALLOWABLE OPERATING CONDITIONS 

TCP4E20AP 
TCP~E30AP 

RATING 

-0.3V to + 7. OV 

-0.3V to VDD + 0.3V 

-0.3V to VDD + 0.3V 

600 mW 

260°C (10 SEC) 

-55°C to + 125°C 

-30°C to + 85°C 

!--------------- Condition 
SYMBOL ITEM 

, VDD ~ 3V to 6V VDD ~ 4V to 6V 

Ta Ambient Temeprature -30°C to + 85°C -30°C to 85°C 
- -----------------

VOH Output High Voltage Min. Min. VDD -3.SV ~1.5V) 
~----~-----------~ 

VDD -3.SV(~1.5V) 

Max. 3V 
------------------ ---- ----

VOL Output Low Voltage Max. 3V 
f----- -I 

fx Xtal Operating FrequencYl 
e----- ---------'-----------1 

20KHz to 4.2MHz 

tcy Cycle Time i 10~s to 100~s 
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DC CHARACTERISTICS (Ta=-30°C to +SsoC, VDn=3V to 6V) 

SYMBOL PARAMETER TEST CONDITION tr,IN. 

VDDxO.7s 
VIl! Input High Voltage 

VDD > 4v VDDxO.7 

VIHS Input High Voltage VooxO.9 
(Schmitt) VDD ;, 4V VDDxO.8s 

VIHC Input High Vol tagecXIN Innut) VDDxO .75 
VIL Input Low Voltage 0 

VILS Input Low Voltage 0 
(Schmitt) VDD ;;, 4V 0 

VILC Input Low Voltage (XIN Input 0 
IIH Input High Current VDD=6V, VllII=6V -
IIL Input Low Current VDD=6V, VIN=OV -
RIN Input Resistance (PIS) VDD=sV 75 
VOH Output High Voltage Output 4.7 
VOL Output Low Voltage VDD=sV, Open -
IOH Output High Current -0.7 

Output High VDD=4,sV,VOH=2.4V -2.5 
IOHl Current (POs, P06) 

VDD=sV, VOH=4.2V -1.1 
I()L Output Low Current 1.6 

(POs,P06) 
VDD=4.sV, VOL=0.4sV 

lOLl Outpu_~ Current 3.5 
VDD Suppl'f- __ .(fx=32.8 KHz) -
Current ir~_. Cfx=lOO KHz) VDD=6V -

IDDO Normal (fx=400 KHz) VIN=s.9V/0.IV -
Operation f- (fx~4.l9 11Hz) -

.. _. (All valid) 

VDD Supplyf- \fx=32.8 KHz) PIS Open -
10IH Current in (fx=lOO KHz) CL = sOpF -

Hold 
(fx=400 KHz) (Note 3) -Oner"';nn 

Note 11 Typical values are at Ta=25"C and VOD=5V. 

Note 2: Output characteristic excludes XOUT terminal. 

T':P. MAX. (Note 1) 

- VDD 
VDDxO.ss VDD 
VDDxO.7s VDD 

- VDD 
- VDD 

ivDDxO.4s VDDxO.3 
VDDxO.3s VDDxO.l 

- VDDxO.15 

- VDDxO.2s 

- 20 
- -20 

150 350 
4.9 -
0.1 0.3 
-2 -
-6 -

-2.5 -
4 -
8 -

50 300 
150 450 
400 1200 

1000 3000 

15 SO 
40 120 

150 450 

Note 3: XIN input waveform at the time of measuring VDD supply current. 

90%~ 1t= 0.9VDO r-
10% O.lVOO _____ ~I 
~ tr tf (duty = 50% ) 

tr,tf < SOns 

UNIT 

V 

MA 

kll 

V 

rnA 

MA 



• INTEGRATEDCIRCUIT 
iii» TECHNICAL DATA 

TCP4t20AP 
TCP4E30AP 

AC CHARACTERISTICS (Ta=-30°C to +85'C, VDD=3V to 6V) 

SYMBOL PARAMETER TEST CONDITION MIN. 

tWXIN XIN Pluse Width External Input 
O.4/fx VIN=VIHC/VILC 

tWRESET RESET Pulse Width 2 tcy 

tWINT INT Pulse Width V IN=VmS/VILS I 2 tcy 

tWPI60 PI60 Pulse Width 2 tcy 

TYP. MAX. UNIT 

- O.6/fx SEC 
~-

- -

- - ~s 

- -
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OUTLINE DRAWINfS 

Unit in mm 

4Z 41 L,039383736353433323130292827:i!; 25242322 

1 2 3 4 8 9 1.0111213141516 V 1819:;P 21 

Note 1 

53.8 MAX. '" 15.24(TYP.) 

0.5 ± 0.151 

Note 2 1. 4 ± 0.15 

0 

-H 
0 

r-< ~~ 
~f-; 

00": 
~~ 
Z0 O. 25± 0.15 
HP< 
~~ 

"'''' 
Me') 

15.3"-'18.3 

YP 

Note 1: This dimension is measured at the center of bending point 
of leads. 

Note 2: Each lead pitch is 2.54mm, and all the leads are located 
within ± 0.15mm from their theoretical positions with 
respect to No.1 and No.42 leads. 
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"C2MOS" DIGITAL INTEGRATED CIRCUIT 

TCP4620AF 
TCP4630AF 

SILICON MONOLITHIC 

This is the specification for TCP4620AF/TCP4630AF in the TLCS-46A 

family. 

TCP4620AF/TCP4630AF is a flat package version of TCP4620AP/TCP4630AP. 

There are some differences in electrical characteristics between TCP4620AF/ 

TCP4630AF and TCP4620AP/TCP4630AP; however, their function, instruction, 

and pin description are compatible. 

When using and examining TCP4620AF/TCP4630AF, therefore, it is recommended 

that this specification be used together with the technical data on 

TCP4620AP/TCP4630AP. 

The differences in electrical characteristics between the two are as 

follows: 

1. Power Dissipation 

PD = 400 mW MAX 

2. Operating Temperature and Ambient Temperature 

Topr -20 to 70°C 

Ta -20 to 70°C 
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TCP4620AF jTCP4630AF ELECTRICAL CHARACTERISTICS 

ABSOLUTE ~1AXIr~Ur~ RATINGS 

SYMBOL ITEM Rating 
--

VDD Supply Voltage -0.3V to +7.0V 
--- ----" - ~--- "--

VIN Input Voltage -0.3V to VDD+0.3V 
-

VOUT Output Voltage -0.3V to VDD+0.3V 

PD Power Dissipation 400mw 

Tsol Soldering Temperature 260°C (10 SEC) 
--

Tstg Storage Temperature -55°C to +125°C 

Topr Operating Temperature _20°C to +70°C 

ALLOWABLE OPARATING CONDITION 
Condition 

SYMBOL ITEM ,----
VDD=3V to 6V VDD=4V to 6V 

Ta Ambient Temperature -20°C to +70°C -20°C to +70°C 
-----

VOH Output High Voltage Min. VDD -3.5V(>1.5V) Min. VDD -3.SV(>1.5V) 

VOL Output Low Voltage Max. 3V Max. 3V 

fx Xtal Operating Frequency 20KHz to 2MHz 20KHz to 4.2MHz 

tcy Cycle Time 40 ~s to 100~s 10 ~s to 100~S 
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DC CHARACTERISTICS (Ta~-20°C to 70°C, VDD~3V to 6V) 

TCP4620AF 
TCP4630AF 

SYMBOl PARAMETER TEST CONDITION MIN. TYP. MAX UNIT 
(Note __ l~)~ ____ ' __ + 

VIR Input High Voltage -----=-=- __ . ,, __ . __ ~ ____ .~_tcV;cDe,Dx=0~.~7~5'-t--;c;-_-__ t-_V",D-=D'----1 
__ ~ ___ ~ ____________ ~ ______ ~DD ;; 4V VDDxO.7 VDDxO.ss VDD 

VDDxO 9 VDDxO.75 VD~_ 
VIHS Input High Voltage (Schmitt) -VOn ;;4V----~----+-V-=D-=IJXO:85 
VIHC ---------I-cV""D=Dx'--O-. '-5--t-----~-- f--~VDDDD 

t-o:","-----+-=I-])~jJQl-Voltage (XIN In!,ui> . /, 
VIL Input Low Voltage 0 VDUXO.4s VDDXO.3 

VILS Input Low Voltage 0 VDUXO.3s VDDxO.l 
(Schmitt) VDD ~ 4V 0 - VDDxO.15 

v 

VILC Input Low Voltage (XIN In~p~u~t~)~=-~~~~~~_-r_~0~_t-__ -__ ~V~L~D~x~0~.~2~st-_~ 
IIH Input High Current VDD~6V, VIN~6V - - 20 

~~-4~~~~~~~~------4~~~~~~---+-------+-------r--~~~A 
IlL Input Low Current VDD~6V, VIN~OV - - -20 
RIN Input Resistance (PIS) VDD-5V 75 150 350 K" 

0.3 

VOH Output High Voltage 4.7 4.9 
VOL Output Low Voltage VDD~5V,Output Open - 0.1 V 

IOH Output High Current VDD~4.sV,VOH~2.4V -0.7 -2 
IOHI Output High Current -2.5 -6 - rnA 

(P05, PO_6~)_~ __ ~ ___ ~_~_V~DD~~_s_V~,_V~O~H~_4_._2_V_+--_l_.l __ t--_2_,_s~--t __ -_---j 

IOL 
lOLl 

Outpu t LQW Curren t ________ ~ VDD=4. SV, VOL =O.45~---1c".-=6--f---4'----1------1 
Output Low Current (POs, P06) 3.5 8 

VDD Supply (fx~32.8 KHz) VDD~6V - 50 300 

IDDO Current in (fx~lOO KHz) VIN~5.9V/0.lV - 150 450 
Normal Opera- (fx~400 KHz) (all valid) - 400 1200 
tion (fx~4.l9 MHz) 

(fx~32.8 K~ 
(fx~lOO KH~) 
(fx~400 KHz) 

PIS Open - 1000 3000 ~A 
t---_--+-~1~5=--+-~8~0~ 

VDD Supply Cur
rent in Hold 
Operation 

CL ~ sOpF _ 40 120 

(Note 3) 

Note 1: Typical values are at Ta~25°C and VDD~5V. 

Note 2: Output characteristic excludes XOUT terminal. 

150 450 

Note 3: XIN input waveform at the time of measuring VDD Supply Current. 

90% 

-"""""-'t-t-- O. 1 VDD 
tr duty ~ 50% 

tr, tf < SOns 
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AC CHARACTERISTICS (Ta--20°C to +70°C VDD-3V to 6V) - , -

SYMBOL PARAMETER I TEST CONDITION 

TCP4630AF 
TCP4630AF 

1 MIN. TYP. MAX. 

t\vXIN XIN Pluse Width 1 External. Input 
VIN=VIHc/Vnc 

I 0.4/fx - O.6/fx 

176 

tWRESET ·RESET Pulse Wid·~·h --~ 1 +-
~ tcy -

tWINT INT Pulse Width I VIN=VrnS/VILS I 2 tey -
~-~-- --~---------1 ~2 tcy 

f---

twp 160 Pl60 Pulse Width -

Note: Flat packages have a merit in assembly space, but they should be 

installed jn better humidity and temperature environment than 

DIP's. 

-

-

-

UNIT 

SEC 

~s 
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PIN CONNECTIONS (TOP VIEW) 

P20 

P21 

P Z2 

PZ3 

VDD 

P 03 

P02 

POI 

P OO 

2 3 4 

TCP4620AF 
TCP4630AF 

20 

19 

18 

17 

16 

15 

Note) Pins 18 and 39, power supply terminals, are connected 

in the package. 

PI 50 

P050 

VDD 

GND 

P051 

P052 
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TECHNICAL DATA 

OUTLINE DRAWINGS 
Unit in mm 

t r 0.35 

I 1.0Pltch_ 

i 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 _ _ ____ ~ __ J i 

~ ~'"-' .----=t----~ 
._ -:r l~}~_ 
l ~ --- --- 214:±J).4 --- j ~ ~l 

(260±oS) 
---- - ~------------ -~- --- ---- ~--
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INTEGRATEDCIRCUIT "C2MOS" DIGITAL INTEGRATED CIRCUIT 

TCPLI620BP 
TECHNICAL DATA SILICON MONOLITHIC 

I TENTATIVE I 

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER 

GENERAL DESCRIPTION 

This is the specification for TCP4620BP in TLCS-46A family. 

Tcp4620BP is one version of TLCS-46A developed for the purpose of re

ducing the power consumption at hold operation so as to correspond to the 

applications having utilized the features of a CMOS microcomputer. 

TCP4620BP has realized the follm,ing charactristics. 

Supply Current in hold operation IDDHS TYp.=O.1~A(VDDHS=2V) 

Hold voltage :Dn hold operation VDDHS = 2V to 6V 

TCP4620BP is a version of TCP4620AP to uhich the oscillation control 

(stop/start) function of a clock generator in hold operation has been added. 

There are some differences in function, pin description, electrical 

characteristics, and mask option concering hold operation and oscillation 

contril betHeen TCP4620BP and TCP4620AP: however, other functions, electrical 

characteristics, instructions, and pin connections are compatible. 

When using and examining TCP4620BP, therefore, it is recommended that 

this specification be used together with the technical data on TCP4620AP. 

Hain differences with TCP4620AP are as follows: 

1. Function 

o In hold operation, the input level of PI60 terminal makes possible the 

oscillation control (stop/start) of the oscillator, and th~ oscillation 

stop enables the power consumption to be reduced. 

Supply Current in hold operation (Oscillation stop) 

IDDHS TYP.=O.l~A (Ta=2SoC, VDDHS =2V) 

Hold Voltage in hold operation (Oscillation stop) 

VDDHS =2 V to 6 V 
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2. Pin Description 

o In hold opeartion, PI60 terminal will function as :::ID oscillation control 

terminal. 

P160 "HI! Osciilation stop 

Pl60 "1," Oscillation start (Continued.) 

o In either case of normal operation/hold operation, PI60 terminal is the 

reset input terminal of the divider (2). 

P160 "ll" 

PI60 "L" 

The divider (2) is reset. 

The divider (2) is not reset. (Reset is re

leased. ) 

o No Schmitt circuits are built in the following two terninals: 

PI60, INT 

3. Mask Option 

The contents only indicated on the mask option sheet of TCP4620BP can 

be designated .. 400 KHz ceramic oscillator/1FT oscillator can be used. 



INTEGRATEDCIRCUIT 
TECHNICAL DATA 

TCP4620BP 

PIN NAMES AND PIN DESCRIPTION 

Pin Name Input/Output Function 

4-bit general purpose I/O port (I/O is designated by 

P03 POO Input/Output a programe). Can be used as a dedicated output port. 
(Designated by mask options.) 

P13 PlO Output 4-bit general purpose output port. 
~ 

P23 P;ZO Input or Output 4-bit general purpose Input/Output port. Input/Output 
is design teG 

P43 P40 Input or Output 4-bit general purpose Input/Output port. gf;tT~~~. 

Output 
S-digit output port for display. 

PS4 PSO (Can be used as the general purpose output port.) 

Output 
8-segment output port for display. 

P67 P60 (ean be used as the general purpose 8·-bit output 
port (4-bit x 2» 

PI S3 Pi SO Input 4-bit general purpose input port. 
f-- ----~ --~----. ....... ----~--

I-bit general purpose input port/reset input of 
Dur-divider(2) [Note 1] (without Schmitt circuit) . 

PI60* Input ing hold operation this input functions as an 

input for stopping the oscillation and for controlling 
restart of the oscillator. * 

RESET Input Reset signal input 

INT Input Interrupt request signal input (wiyhout Schmitt circu-
it. 

XIN Input Oscillator connecting terminal. 

XOUT Output Oscillator connecting terminal. 
---" 

CK Output External timing output. 
.._".-

TEST Input LSI test signal input, used by connection Lo GND. 

VDD Power Supply 

GND GND 

Note 1) In either case of normal operation or hold bperation, the divider (2) is 

reset at "H" level input. 

Note 2) * denotes the differences between TCP4620BP and TCP4620AP/TCP4630AP. 

181 



• INTEGRATEDCIRCUIT TCP l l620BP 

182 

TECHNICAL DATA 

HOLD OPERATION 

The hold operation of TCP4620BP is performed by setting "1" to H flag. 

In other words, immediately when "1" is set to H flag by execution of SBS, 

IBS, and LSM instructions, the internal timing signals ~s and ~ are stopped 

and TCP4620BP begins hold operation. (Refer to Figs. 1 and 3.) 

During hold operation the program counter, instruction register, data 

memory, and other internal registers hold the contents stored before hold 

operation. However, the interrupt latch is cle.ared during hold operation, 

the waiting interrupt request and a new interrupt request are ignored. 

The oscillation of oscillator'is suspended by holding PI60 terminal to 

"HI! level during hold operation, so that the power consumption may be saved 

greatly. That is, while H flag A PI60 = 1, the oscillation is suspended. 

(Refer to Fig. 3.) 

TCP4620BP is restarted from hold operation due to reset of H flag to 

"0" by the rising signal of the counter buffer C2 bit. 

Since the counter buffer is the output of the divider (2) which is 

counting the internal basic clock (cp), TCP4620BP is restarted at regular 

intervals if oscillation is not suspended du·ring hold operation. (Refer to 

Fig. 2.) This is the same cperation as the hold operation of TCP4620AP / 

TCP4630AP. (However, there is a difference in nothing but restart condi

tion by mask option between ·them.) 

When the oscillation is suspended during hold operations, restart opera

tion begins in the lapse of a certain period of time after a start of 

oscillation by holding PI60 terminal to "L" level. (Refer to Fig. 4.) 

Special attention should be paid to the fact that in TCP4620BP the divider 

(2) is reset to "0" by holding PI60 terminal to "R" level. 
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TECHNICAL DATA 

---, 
PI60 \ 

CP 

Program 
Counter 

Instruction 
Register 

H Flag 

CP 

H Flag. Reset 
Enable 

H Flag 

Program 
Counter 

Instruction 
Register 

----~!-------------------------------------------------

~~~n~ ______ ~n~ ____________ ______ 
Hold Operation 

Address A + 2 

Fig. I Timing to Hold Operation (Oscillation Continuity) 

r----
/ , 

____ ~rl~ ________________________________ ___ 

Hold Operation ~ Normal Operation 

____________________________ ~n~ ______ ~ 
Address II -{- 2 X!.ddress fl."'~ X 

________________________ ~I~n~s~truction of AddcLc-',-s~f7~.~?--

Instruction of Ad,'ress A+l X '"" X / 
Instruction of A,.~~ t'e;" A+1 

Fig. 2 Restart Timing from Hold Operation (Oscillation 
Continuity) 
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TECHNICAL DATA 

CP 

\lis 

Program 
Counter 

Instruction 
Register 

H Flag 

CP 

~ n n~ ____ _ 
r-______ ~N~o~rmal Operation ~ Hold Operation 

~ Address A X Address A+IX f.ddrcss A + 2 

Instruction of 
AJdress A + 1 

Fig. 3 Timing to Hold Operation (Oscillation Stop) 

H Flag. Reset ________________ ~!,r,--------------~r-lL------------------------Enable . 

H Flag 

Program 
Counter 

Instruction 
Register 

------------------~>,r----------------, 

__________________ ~~f~--~H~O~1~d-20£P~eEr~a!t~i~o~n~~~~~N~~~Or~m~a~l~o£e~r~a~tii~on~=== 

---------j,.~-----------I 

Address A ~j~2~· ________________ =-______ =_--)(Atd~e~s ~ 
>", Instruction of Address A+2 

----.-oj:! X> '" v-:-. . Instruction ofl! Ar'rlrcss A + 1 _ . A..,L-

Instruction of ;'."dress A+~ 
Fig. 4 Restart Timing from Hold Operation (Osci~lation Stop) 
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TECHNICAL DATA 

TCP46208P MASK OPTION 

Oscillating 
Frequency 

OSC 

TYPOll 
() S 0 
400K 

Ceramic 
1FT 

Frequency division for CP 02 
,iBternal clo<Js ______ ~ __ ~ _____ _ 

~_ tim.!cIl~~LoutPll~;--- __ ~ ___ ~ ___ C":L_ 
Divider 1 inpu PD CP . 
-----~ --~r__----

COUNTER Divider_3~ COUNTER_~ r---PD2 _ 

t---~- Reset Timin, PDR f----~~t-l-.-
Buffer 0 input CO PI60 

COUNTER Buffer l-~ COUNTER-----ci- - - RDJ-

BUFFER Bill-;;:-2~ BUFFER --c-i-~ 
.--____ ---.ll.lJffer 3 input .. ___ ..c:l_ f----RDD. __ 

__ ~~ag ____ ----+--___ HOLD_ f---JI....--
Restart Signo 1 ~ RSTH C2 Rise 
1/0 Port Port 0 0 1 STD D(PROG) 1 (OUT) 

-~~+~~~~~~~~~~~~~~~~~ 
Input/Output ___ Port_z... P2 /F/(OUT) /F/(OUT) /O/(IN) I la/(IN) I 10/(IN) J 

port Port 4 P4 /F/(OUT) /3/(JN/OUT)7F7(OUTj 1/3/(lN/OU'I)1 /O/(rN) I 
t£g~5trg~i~t~yce PIS a (UP) 1 (DOWN) 

___ ~L~i:,--n--,e~0---4 DECO .J-+-
DECODE Line 1 - DECl-- T-~~ / 
MATRIX ~~_~-,,_e 2: DECODER DEC2 ~ Y- j

___ ~ine...2.~DEC3_ --+-....1. 
Line 4 DEC4 / / 

~--~~---~~-
Outpur..~t_ 6J.? _ p06 1(!,6/P7) 0 (P6) _ 

_____ Line 0 I PLAO / 0 0 ~ _I / 
Line 1 I PLAI I 1 1 / I I 

---L=-lco-n-e-D PLA2 _ / 2 2 /~ ~c~ __ ~ 
___ ~ne 31 PLA3 1..22.i._ I I 

Line 4 PLA4 / 4 4 / / I 
~--Line5 PLAS T5s---r --/--/-
-------- -~ - - - ----

P LA Line 6 ~ P L A PpLLAA67 "L6..._6 _L ~_L 
~--LL' 11: nnee 78~~ / 7 7 / I / 

_____ _ __ J :PLA~_ ! 8 8 / - r T 
Line 9 PLA9! 9 9 / I 
i:i;';-ec- PLAA / A A ~- I - -; 

- --~-----

Line 
~~ ----

Line C 

Line D 
Line E 

PLAB B B I f.___L 
FLAC ! eeL L._~/ 

}'LAD _ rL ])_DL ~_ / 
_PLAE ~ L!i...E....l_ ..J __ I_ 

~==c,~-----L=l~·n~e~F~---~P~L~AF~~/~F~F~/~~/---~/~ 
OINT and PI60 are normal input terminal containing no Srhnitt circuit. 
o In Hold operatlon, oscillation is stopped at PI60=HHH and Sl;Jrteu at PI60="L". 
a Divider (2) is reset at PI60~"H". 
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INTEGRATEDCIRCUIT 
TCPLl620BP 

TECHNICAL DATA 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING 

VDD Supply Voltage -0.3V to +7.0V 

VIN Input Voltage -0.3V to VDjj+0.3V 

VOUT Output Volatge -O.3V to VDD+0.3V 

PD Power Dissipation 600 mW 

Tsol Soldering Temperature 260°C(lO SEC) 

Tstg Storage Temperature -SSoC to +l2SoC 

Topr Operating Temperature -30 oe to + 8Soe 

ALLOWABLE OPERATING CONDITIONS 

SYMBOL ITEM CONDITION 

VDD Supply Voltage 4V to 6V 
---

Ta Ambient Temperature -30 o e to +8SoC 
---

VOH Output High Voltage Min. VDD -3. SV C?l. 5V) 
----- ----------------------

VOL Output Low Voltage Max. 3V 
---------- ------- --

fX Xtal Operating Frequency 40KHz to 400KHz 
--------~~ .. ----,-- -.------- -~ .. 

tcy Cycle Time 10l1s to 100l1s 
------------,-- ---~---

VDDHS Hold Voltage at Hold Operation 2V to 6V 
(Oscillation Stop) 
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• INTEGRATEDCIRCUIT 
TCPl.l620BP 

TECHNICAL DATA 

Normal Operation 

DC CHARACTERISTICS (Ta~-30°C to +85°C, VDD~4V to 6V) 

SYMBOL PARAMETER TEST CONDITION MIN. 
TYP. 

MAX. UNIT 
(Notell 

VIH Input High Voltage VDDxO.7 - VDD 
---

VIHS Input High Voltage (Schmitt) VDDxO.85 - VDD 
--1----------- -----

VIHC Input High Voltage (XIN) VDDXO.75 - VDD V -
VIL Input Low Voltage 0 - VDDXO.3 

--- ---
VILS Input Low Voltage (Schmitt) 0 - VDDXO.1S 

VILC Input Low Voltage (XIN) 0 - VDDxO.2S 
---- --

IIH Input High Current VDD~6V,VIN~6V - - 20 

IIL Input Low Current VDD~6v,VIN~OV - - -20 
VA 

RIN Input Resistance (PIS) VDD~5V 75 150 350 k~ 

VOH Output High Voltage 
VDD~SV,Output 

4.7 4.9 -
VOL Output Low Voltage 

Open V 
- 0.1 0.3 

IOH , Output High Current 
VDD~4.5V,VOH~2.4V 

-0.7 -2 -

IOHl Output High Current -2.5 -6 -
(POS, P06) VDD~sV, VOH~4. 2V -1.1 -2.5 - rnA 

IOL Output Low Current 1.6 4 -
lOLl Output Low Current (POs, P06) 

VDD~4.sV, VOL~0.4s 
3.5 8 -

VDD Supply Cnrrent in 
IDDO VDD~6V, fX~400kHz - 400 1L00 

I Normal Operation VIN~s. 9V/0.1V VA 
IDDH 

VDD Supply Current in Hold PIS Open, - 150 450 
operation (Oscillation Cont. CL~sOpF (Note 3) 

Note Typi-cal values are at Ta~2soC 

Note Output characteristic excludes XOUT terminal. 

Note XIN input waveform at the time of measuring VDD Supply Curren 

----''1=-1--- O. 1 VDD 
tr 

duty ~ SO% 

tr,tf < SOns 
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TECHNICAL DATA 

I Norm,,] Orerltion I 
AC CHARACTERISTICS (Ta~-30°C to +S5°C, VDD~4V to 6V) 

SYMBOL PARAMETER TEST CONDITION /lIN. TYP. MAX. UNIT I 
tWXIN XIN Pluse Width External Input 

O.4/fx - O.6/fx SEC I 
-_.-.- ~ 

VIN~VIHC/VILC 

I tWRESET RESET Pulse Width VIN=VIHS/VILS 2 tcy - -

tWINT - 2 tcy - ---I I INT Pulse Width VIN = VIH/Vn 
! 1---- -- --------- ------- ----- -.~- ~-. i---- ---

tWPI60 P160 Pulse Width (Note 1) 2tcy I - - I 
~s 

I I 

Note 1 PI6n terminal used for general purpose input port. 
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TECHNICAL DATA 

IHold Operation (Oscillation stop) I 

OC CHARACTERISTICS (Ta=-30°C to 85°C, VOO=2V to 6V) 

SYMBOL PARAMETER TEST CONDITION MIN. cf;~iel) MAX. UNIT 

VDD Hold Voltage in Hold operation 2.0 - 6.0 V 

VDDHS=2V. VU1':'1. 9V / 

Vuu Supply Current in Hold O .. lV PIS Open - 0.1 T.B.D. r 

IDDHS 
VRESET=VDDHS 

~A 
Mode VDDHS=W. VIN=4. 917 / 

O.lV PIS Open - 0.2 T.B.D. 
VRESET-VDDHS 

VIHHS Input High Voltage (P160) VDDHS=2V 1.9 - - V 

RIN Input Registance (PIS) 7S ISO 3S0 K(l 

IOHHS I Output High Current VDDHS=2V', VOWI V - -0.4 - rnA 

IOHlHS[ Output High Current(PIS,PI6) VDDHS=2V,VOH=lV - -0.9 - rnA 

I OLHS Output High Current VDDHS=2V,VOL=0.4SV - 2.0 - rnA 

IOLIHS Output High Current (P05,P06) VDDHS=2V,VOL=0.45V - 3.5 - rnA 

Note Typical values are at Ta=25°C. 
Note The limits of VIHHS, TOHHS, IOLHS and IOLIHS are equal to the limits of 

VIH, IOH, IOHI, IOC and lOCI in [Normal OperatIOn] respectively. 
(VDDHS 4V) 

AC CHARACTERISTICS (Ta=-30°C to 85°C) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tWRST Restart Internal from Hold VIN=VIH/"IL - 2050tcy ~S operation V DD=4V to 6V -
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TECHNICAL DATA 

TIMING WAVEFORMS 

(1) XIN Input Waveform 

VIHC 

JIHC fi _ tWXIN 
~--------------~ VILC 

X IN . 

tWXIN 

VICL¥ 

(2) RESET Input Waveform 

tWRESET 

(3) INT, PI60 Input Waveform 

tWINT, PI60 

-=A 11 VIJ 

INT VIH tWINT, tWPI60 
VIL 

PI60 

(4) Restart timing from Hold O~eralion after Oscillation Stop. 

CP 

H Flag. 
Reset 
Enable 

~~/~(-----------------------------t=::= tWRST 

______________ ~~~(-----------------rlL-----------
---------------~f·:?-------------------; 

H Flag 



• INTEGRATEDCIRCUIT 
TCP4620BP 

TECHNICAL DATA 

APPLICATION EXAMPLES 

[1] Battery Backup 

It is thinkable that there is a backup method which utilizes a battery 

and a capacitor, as application of the system required to uninter

ruptedly resume the process before cutting-off of the power supply 

when the power supply has been restored after the power supply was 

cut off during the operation of the system. 

Fig. 1 shows the example of utilizing a battery and Fig. 2 shows 

the example of utilizing a capacitor. In both the cases, the operations 

are almost identical. Let us explain the circuit operation of the 

example (Fig. 1) of utilizing a battery. 

Under the condition of "Main Power Voltage> Backup Voltage,1f 

the power (VDD) of 'lCP420BP is supplied from the main pO'ler supply. 

When Ql is ON, "L" level is applied to PI60 terminal. 

In other words, the oscillator is in oscillation state, and the opera

tion of TCP4620BP depends on a pror,ram. 

Under the condition of "11ain Power Voltage < Backup Voltage, II 

the power (VDD) of TCP4620RP is supplied from the battery, and when 

Ql comes into OFF state, "H" level is applied to PI60 terminal. 

In other words, the oscillator depends on the operating state of 

TCP4620BP, and if it is in hold state,. oscillation is stopped. 

\-Iben TCP4620BP is put to haLl state immediately after the power supply 

has been cut off, the oscillation is stopped, permitting a backup for 

a long period time. 
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Main 
Power 
Supply 

1 BackuP~ I Battery 

TCP4620BP 

I TCP4620BP 

GND 

Fig. 1 Example of Backup Circuit by Use of Battery 
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Hain 
Power 
Supply 

I TCP4620BP 

GND 

Fig. 2 Example of Backup Circuit by Use of Capacitor 
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iii » TECHNICAL DATA 

[2] Restart by Key Input 

The possibility of a remote control system utilizing TCP4620BP can be 

considered a8 application of a system which operates only when the key 

is fed. 

Let us explain tbe example of application in Fig. 3. Usually 

TCP4620BP is in hold state, and only when tbe key is fed, the bold 

state is released La perform the process according to the input data. 

In other words, TCP4620BP is put to hold state after data X'F' has 

been output (putting SWI to SWl6 to selection state) to its output 

port I (P~). 

When the keys (SWI to SWI6) are depressed in this state, "L" level is 

applied to PI60 terminal and the hold state is released after c~rtain 

period of time. 

The keys are scanned after the release of hold state, and the process 

is performed according to the key input data. After processing, the 

data output (X'F') to the output port I (PI) and a hold state are 

established. 

In such an application, TCP4620BP operates only when a key is depressed, 

permitting a sharp reduction in power consumption and a better display 

of the functions of TCP4620BP. 
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TECHNICAL DATA 

Key Matrix 
1-------------

I SWl iN/2 fNI3 h4 
PIO 

I (\ (' 1\( 1\ ( 
I b'W5) ~6( ""r I fJN8 

Pll 
I 

( ~( ~1~ ~~ !m2 I 
Pl2 

( ~7 ~t ~~ (wJ6 I 

P13 '- "-
TCP4620BP L __ -- -- --

PISO - 53 

CP 

H Flag 

PISO 

PISI 

PIS2 

PIS3 

PI60 ~-<E -+ 
PIS contains pull/down 

resistance at mask option. 

Fig. 3 Example of Restart Circuit by Key Input 

----------~~r(----~f~~1 

___ -'-(I_l_l_I.;...)_---j:f'--___ --f/~f~~-.2.(=ll::.:l::I:.:.)-----

___ ~ ___ ~.rr---X~--K-e~~I~put Dat~;==xL---------__ 

:1JLJ1J1rlJlILfLJlJ~ 

:f---] ( L--,){.. ___ --I 
-------~~ 

/~'f~ -----;fr--l 

--- Hold State 
Key Input -------'1 __ -Processing--+-Hold State 

Fig. 4 Example of Circuit (Fig. 3) Timing Chart 



iii. 
INTEGRATEDCI RCUIT TCP4621AP 

C2-~\OS DIGITAL INTEGRATED CIRCUIT 

TECH NICAl DATA SILICON MONOLITHIC 

GENERAL DESCRIPTION 

The TCP4621AP is a CMOS 4-bit single chip microcomputer most suitable for 

applications of driving fluorescent display tubess and of interfacing with 

high ~oltage circuits. 

Output high breakdown voltage: 

VDD - 32V (Absolute max. rating 

'Output high breakdown voltage port: 

VDD - 35V) 

14 ports (P060 to P067. paSO to POS4. P10) 

The TCP4621AP has adopted the P-channel Open Drain structure of some output ports of 

the TCP4620AP, ,esulting in high breakdown voltage. There are some difference be

tween the TCP4620AP and the TCP4621AP in electrical characterisi tcs. pin 

functions, and mask options, but the other functions~ electrical character

istics, instructions, and pin connections of the TCP4621AP are compatible 

with those of the TCP4620AP. For the use and study of this device. use 

jointly with TCP4620AP Technical Data. 

The following items are the points of difference in electrical characteristics. 

1. Operating temperature and ambient temperature 

Topr -20 to +70·C 

Ta -20 to +70·C 

2. Output high breakdown voltage port and output high level current 

IOHI (P060 to P067) ~ -lmA MIN. (VDD~4.SV. VOH~2.SV) 

IORI (POSO to POS4. PlO) ~ -7mA MIN. (VDD~4.SV. VOH~2.SV) 

3. Mask option 

The contents only which are shown on the TCP462lAP mask option sheet can 

be designated. 400 KHz ceramic/IFT can be used as an oscillator. 
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INTEGRATEDCIRCUIT 
TCP4621/\P 

TECHNICAL DATA 

PIN NAMES & PIN DESCRIPTION 

Pin Name Pin No. Input/Output Function 

4-bit general purpose I/O port (I/O is 

4 Input/Output changed over by a program.) This port can 
, be used as a dedicated output. (I/O is 

~ ___________ +-_______ +--______________ tdeSignated by mask options.) 

I 4-bit general purpose output port 

:~PIO ~ __ + Output 1_:O~~~ii;:~~r~S a_~utPu~_~igh breakdown 

P23 to P20 _": ___ 1 '"''''--'''-~O","", l HH ,e,,""' '''"'"' ",,,010,,,,,, ,m 

P0 5!, I * S-digit Output high breakdown vol tage 
to S Output I port for disp] ay: (Can be used as the 

c '43 " ~ ,,"' _ --'1-'"'"'--""-M,", "",,'I"","", I, """'''' "' ... 1 "U ,",. 

POSO I I general purpose output port.) 

P067 ---------1- 8-segment output high hr:,kdown port for 

to 8 I I di sp t ay l Can be usee! as the general pur-
Output 8 () 1 P060 I pose -bit output port 4 x 2 bits. 

~~ISO 4 r----~~:~--------~-bit general pu~~-=-se input port 
4-------~-- ----- ---

PI60 I nput internal Schmitt circuit) 
~-~---+--------- ~-~- ----~--.-----I

' I I-bit general purpose input port (with an 

RESET 1 In Reset input terminal (with an internal 

~---- ~-;---l----I pu:",---1-:::::::p:i::~~-~~~:;ut terminal (with an 

INT nput internal Schmitt circuit) 
f-----------I------- ---------- ----------~----------------------------_j 

KIN I Input Oscillator connecting terminal 
-- ----- -------._-----

KOUT 1 Output Oscillator connecting terminal 
.. --------- --------- --------1 

C K I 
~-----+----

Output External timing output 

TEST r Input ~"-".cJ.l'y_con,,-=_cting 

~-;1---------------- _:_: __ :_e_r __ s_u_p._.P __ l_Y ______ ~ ______________________ _ 

1 to GND at all times 

GND 

Note) The asterisk(*) indicates the points of difference between the TCP4620AP 
and this devi ce. 

Output high breiJ_kdown voltage ports are of P-channel open drain structure ~ 



INTEGRATEDCIRCUIT 
TCP4621AP 

iii. TECHNICAL DATA 

TCP4621AP MASK OPTIONS 

TYP021 TYP022 
Oscillation 050 050 

o S C 400K 400K 
frequency ceramic ceramic 

1FT 1FT 
Dividing ratio for CP 02 02 internal clock 
Exteroa1 timing output CK CP PD2 
W Di vider 1 Input PD CP CP 

'" Divider 3 Input COUNTER PDR PD2 PD2 
8~ Reset timing PDR N /12500/ - Buffer 0 Input CO PI60 P160 H 
0) H 
'-' 0) Buffer 1 Input r,oUNTER C1 RD7 RDB 
"'~ Buffer 2 Input BUFFER -CZ RDA ROC ;:l~ 

o " Buffer 3 Input C3 RDD RDD 0'" 
H flag HOLD 0 H 
Restart condition RSTH 0 C3 
Input/Out- Port 0 put port STD D(PROG) 1 (OUT) 

1/0 Port 
Port 2 P2 /F/(OUT) /F/COUT) jOlON) I/O/(IN) I la/ON) I 

--,;:_ . Port 4 p4 /F/COUT) /3/ (IN/Oill') /F/(OUT)I/3/(IN,oUT) I 10/(IN) I 
Input resistance P1S a (UP) 1 (DOHN) 
(Input port 5) 

Line 0 DECO / I 
Decode Line 1 DECI / / 
matrix Line 2 DECODER DEC2 / / 
( P05 ) Line 3 DEC3 / / 

Line 4 DEC4 I / 
Output port ~~ P06 1(P6/P7) 0 (P6) 

Line 0 PLAO / 00 / / / 
Line 1 PLAI / 11 / / / 
Line 2 PLA2 / 22 / / / 
Line 3 PLA3 / 33 / / / 
Line II PLA4 / 44 / / / ------,,-
Line 5 PLA5 / 55 / / / 
Line 6 PLA6 / 66 / / / 

P L A Line 7 PLA7 / 77 / / / 

(P06) 
Line 8 P L A PLA8 / 88 / / / 
Line 9 PLA9 / 99 I / / 
Line A PLAA / AA / / / 
Line B PLAB / BB I / ./ 
Line C PLAC / CC / / -----4-Line D PLAD / DD / / / 
Line E PLAE / EE / / / 
Line F PLAF / FF / / / 
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INTEGRATEDCIRCUIT 
TCP4621AP 

TECHNICAL DATA 

ABSOLUTE MAXH1UM RATINGS 

SYMBOL ITEM RATING UNIT 

VDD Supply Voltage -0.3 to +7.0 V 

VIN Inpu t Vol tage -0.3 to VDD+0.3 V 

VOUTl Output Voltage 
-0.3 to VDD+0.3 V (except POS,P06,PlO) 

'----

VOUT2 Output Voltage VDD -3S to VDD+0.3 V (POS ,P06 ,PlO) 

PD Power Dissipation 600 mW 

Tsol Soldering Temperature·Time 260 (10 SEC) °c 

Tstg Sot rage Temperature -55 to +12S °c 

Topr Operating Temperature -20 to +70 "C 

AllOWABLE OPERATING CONDITIONS 

RATING 
SYMBOL ITEM UNIT 

VDD = 4 to 6V 

Ta Ambient Temperature - 20 to +70 °c 

VOUT Output Voltage 
Max. VDD - 32 V (p06, POS, PlO) 

fx X'tal Operating Frequency 40 to 400 KHz 

tcy Cycle Time 10 to 100 /IS 
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TECHNICAL DATA 

DC CHARACTERISTICS (Ta -20°C to + 70°C VDD 4V to 6V) 

SYMBOL PARAMETER TEST CONDITION RATING 
MIN. TYP. MAX. 

VIH Input High Voltage VDDxO.7 VDDxO.55 VDD 
VIHS Input High Voltage (Schmitt) VDDxC.S5 VDDxO.75 VDD 
VIHC Input High Voltage (XIN inl2ut VDDxO.75 - VDD 
VIL Input Low Voltage 0 VDDxO.45 VDDxO.3 
VILS Input Low Voltage (Schmit t) 0 VDDxO.35 VDDxO.15 
VILC Input Low Voltage (XIN input) - - VDDxO .25 
IIH Input High Current VDD~6V VIN~V - - 20 
IIL Input Low Current VDD~6V VIN~OV - - -20 
RIN Input Resistance (PIS) VDD~5V 75 150 350 
VOH Output High Voltage 

VDD~5V , 4.7 4.9 -
VOL Output Low Voltage 

Output Open 
0.1 0.3 -

IOH Output High Current VDD~4.5V VOH~2.4V -0.7 - -
IOHI Output . I (p06) VDD~4.5V VOH~2.5V -1 - -

Hlgh Current i(P05 PlO) VDD~4. 5V, VOH~2 .5V -7 - -
IOL Output Low Current VDD~4.5V,VOL~0.45V 1.6 - -
lLO Output Leak Current 

VDD~6V, VOUT~-26V - - -20 . (POS P06. PlO) 

IDDO VDD Supply Current in Normal VDD~6V, VlN~5. 9V/D.lV _ - 400 1200 Operation (fX ~ 400kHz) (all valid) 

IDDH VDD Supply Curren t in Hold PIS Open CL~50pF 
150 450 Operation (£X ~ 400kHz) Output Open -

Note 1: Typical values are at Ta~25°C and VDD~5V. 

2: Output characteristic excludes XOUT terminal. 

3: XIN input waveform at the time of measuring VDD supply current. 

---0.9 VDD 

-~'H--O. 1 VDD 
tf 

AC CHARACTERISTICS (Ta -20 to +70°C, VDD 4 to 6V) 

duty ~ 50% 

tr,tf < 50 ns 

UNIT 

V 

WA 

K~ 

V 

rnA 

WA 

WA 

SYMBOL PARAMETER TESTCONDITION MIN. TYP. MAX. UNIT 

XIN Pulse Width i External Input 
0.4/fx 0.6/fX SEC tWXIN VIN~VIHC/VILC 

-

tWRESET RESET Pulse Width 2 tcy - -
--

tWINT INT' Pulse Width VIWVIHS/VILS 2. tcy - - jlS 

tWPI60 PI60 Pulse Width 2 tcy - -
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INTERFACE OF FLUORESCENT DIAPLAY TUBE 
VDD=5V 

-II=;; P060 
-I\=;; P061 
-ll=;; P062 
-l~ P063 
-I~ po64 
-Ii=;; Ipons 
-IE P066 

-Ii.;; P 67 

--le: P 54 
----It" P 0 

GND 

TCpLl621AP 

k-~~~--~------L---L-____ -L ____ ~_V 

INTERFACE WITH PMOS f 
VDD 

l 
VSS 

-it: P050 
I 
I 
I 
I 

-l~ P054 
PMOS 

TCP462IAP 

----
RL RL 

VDD GND 

1 
-VI 1 
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INTEGRATED CIRCUIT TCP4632BF 
C2-MOS DIGITAL INTEGRATED CIRCUIT 

• » TECHNICAL DATA SILICON MONOLITHIC 

GENERAL DESCRIPTION 

The TCP4632BF is a C2MOS 4-bit single-chip microcomputer capable of 

directly driving liquid crystal display provided with 1/3 or 1/4 duty, and 

is most suitable for use in a wid~ ra~ge of application field~, such as a 

systeI1:. requiring 1m,] p()~Jer d i s~;ipation. 

The TCP4632BF contains the controller and driver for driving the liquid 

crystal display (hereinafter referred to as LCD) to the TCP4630AP. For the 

use and study of this devic~, refer to the technical data for the TCP4630AP 

in addition to this technical data. 

FEATURES 

o C2HOS 4-bit single-chip microcomputer of low po\.~er riissipatiol 

3072 words x 8-bit 

o Memory capacity 

Program region (RON) 

Data region (RAM) 160 words x 4-bit (including RAM for display) 

a Instruction execution time: 10 WS (400kHz ceramic oscillator/1FT) 

o 52 instructions 

a Built-in LCD controller 

1/3 or l/!, duty (dcsi3nated l)y mask option,) 

a Built-in LCD direct driver 

Common output 

Segment output 

a Input/Output port 

I/O port 1 

1 

1 

4 pins 

24 pins 

x 4-bit (I/O 

x 4-bit (I/O 

x 4-bi t (I/O 

can be switched by programs.) 

can be designated by mask options.) 

can be designated by mask options.) 
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202 

Output port 

Input port 

3 x 4-bit (General purpose output port) 

1 x 4-bit (Pull-up/Pull-down resistor with input 

resistance ,can be selected.) 

1 x 4-bit 

o External power supply is available for LCD (VLCD) 

o Built-in display decoder (Can be designated by mask options with 

decoder data.) 

o Blanking operation 

o Hold operation (LCD can be displayed during hold operation.) 

o Power-down mode (Display blanking) 

o 67-pin plastic package 
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PIS3 to 

P1so 

INTEGRATED CIRCUIT 

TECHNICAL DATA 

BLOCK DIAGRAM 

TCP4632BF 

Register 110 P03 
to POD 

Register III P13 
to PIO 

Register 112 P23 
to P20 

Register 114 P43 
to P40 

'-D 
VLCD 

~ w 
w Shift Register ""'" " '"' 

(J) U 
<lJ (J) 8 W ScgO 84-< 24b x 4 blJOj 
blJ'H (J)"" to Seg23 
(J) ~ lfJ 

lfJP=> 

COMO 
to COM3 

~~~~~~~~~~~================tposo ~ to POS3 

~~~~~~1=================~P060 j to P063 
PI60 

~--~~~--l-CK 

XIN 
XODT 
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PIN CONNECTIONS (Top View) 

TCP4632BF 

32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 

,54 ,,) 0 7 8 9 ]Ull1210141o 16171819 ill 21 

PIN NAMES/PIN DESCRIPTION 

Input/ 
TCP4620AP/30AP TCP4632BF 

Pin Name 
~-

No.of 
Output 

No.of 
Function Function 

pins pins 

TEST Input 1 
LSI test input (always 1 LSI test input (always 
kept set at O. ) kept set at O. ) 

1----

XIN Input 1 Oscillator connecting 
1 

Oscillator connecting 
terminal terminal 

KOUT Output 1 
Oscillator connecting 

1 Oscillator connecting 
terminal terminal 

--1-----

PIS Input 4 
General purpose 
port 

input 4 
General purpose input 
port 

---
RESET Input 1 Reset input 1 Reset input 

-.- -" --
--
INT Input 1 Interrupt input 1 Interrupt input 

-_.-

Genl?YRl purpose input General purpose input 
PI6 Input 1 1 
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• ¥ TECHNICAL DATA 

Pin Name Input/ !No.of 
Output I pins 

TCP4620AP~/~3~O~A~P~~~ __ ~~~,-~_T_C_P_4_6_3_2B_F~~~~~~ 
I No. of 
i pins 

Po 

P2 

Function 

I/O 4 I/O port 

Output 4 I 
General purpose output 

4 

4 

Function 

I/O port 
I 

I General purpose output 
i port 
! 

Input/ 4 I General purpose input! 4 I General purpose input/ I
I t· port 

! Output -t-0_u_tP_u._t_p __ o_r_t ________ -+' ___ -+ output port 

P4 i Input/ I 4 General purpose input/ r General purpose input/ 

r---____ +-!O_u_t~ output p_o.r __ t ________ . , __ 4_+_o_u_t_p_u_t_p_o_r_t ______ --l 

VDD ill Power supply I 2 Power supply 

I Output 

! 
Output I 4 

P07 Output 4 

POs I Output s 

PLA output port 

PLA output port 

Decode matrix output 
port 

I 24 

4 

4 

4 

LCD segment driver out
put 

General purpose output 
port 

General purpose output 
port 

LCD common driver output 
t------+.---~_+~~+-~~----.--.~~~~+_~-+_-------~~--__t 

~---f_-- -

GND 1 

CK Output 1 

1 

GND 1 

External timing output 1 

LCD external power sup
ply terminal 

GND 

External timing output 
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CONFIGURATION OF PORT AND REGISTER 

Name 
Sym-

Pin Name 
Reg. 

Function Remarks 
bol No. 

* 
1 '/0 .w"d,'", is controlled by D flag 

I/O Port Po P03 to POO 0 I/O Port of.ST. 
be designated Thls port can as a 

dedicated output port by mask options. 
--- -- ----

~---- General purpose output port. 
Output P, P13 to PIO I 3 . Port r The contents of reglster can be re-

art ferred to by a program. 
--

Input/ Input/ i Input/output can be designated by mask 

* Output P 2 P23 to F20 2 Output options. The contents of register can 
Port Port be referred to by a program. 

Command Command LCD display is controlled by a 2-bit 

Register CiS --- 3 Register 
register. The contents of register 
can be referred to by a program. 

* 
---

Input/ Input/ Input/output can be designated by mask 
Output P 4 I P43 to P40 4 Output options. The contents of register can 
Port Port be referred to by a program. 

* 

Input Input 
General purpose input port with ISOk(l 

Port 
PIs PIS3 to PIS O Port 

(TYP.) resistance. Pull-up/Pull-down 
I designation can be made by mask options. 

S 

Output 

iPOS3 
Output 

General purpose output port. 

Port 
PO s to PO'lO Port 

The contents of register can not be re-
ferred to by a program. 

* 

I-bit general purpose input port. 

Input 
PI 6 F160 

Input 
(Built-in Schmitt circuit). Port Port 

6 

Output Output General purpose output port. 

Port 
P0 6 1P063 to :'°60 Port 

The contents of register can not he 
referred to by a program. 

* 
_._ .. ---

PLA. PLA can be used as a display data 

* PLA PLA --- 7 PLA decoder or a data decoder. The contents 
of decode is designated by mask options. 
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Note The asterisk (*) indicates the points of difference between TCP 

4620AP/TCP4630AP and this device. 

(a) Neither command register nor PLA (available for reference by a 

program) is contained in the TCP4620AP/TCP4630AP. 

(b) Since POs and PO. contain neither decode matrix nor PLA, the 

number of output pins of each port is 4. 

(c) Care should be taken to the fact that Po, P" P4 , PO s and PO. of 

this device are different from those of TCP4620AP/TCP4630AP in 

electrical characteristics. 

LCD CONTROLLER/DRIVER 

The TCP4632BF contains a driver circuit capable of directly, dynam

ically driving the LCD provided with 1/3 or 1/4 duty by the 1/3 bias method. 

LCD connection terminals amount to 29 in total as follows: 

Common driver output (COMO to COM3) 

Segment driver outrut (SEGO to SEG23) 

VLCD terminal as LCD driving power terminal 

4 

24 

The display ability makes it possible directly to drive the following 

LCDs according to the number of time divisions: 

(a) 1/4 duty (1/3 bias) LCD 

Max. 96 segments (12 digits x 8 segments) 

(b) 1/3 duty (1/3 hlas) LCD 

Max. 72 segments (8 digits x 9 segments) 
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BLOCK DIAGRAr~ OF LCD DRIVE CONTROLLER 

SEGO ---------------------- SEG23 COMO ----- COM3 

Segment latch & driver 

Shift Register 

IBUS 

CONTROL OF DRIVE CIRCUIT 

The operation of LCD drive circuit is controlled by the contents of 

command register. The command register is a 2-bit register and is accessed 

as register No. '3'. Both of two bits are reset to "0" by an initialize 

operation. 

Command 
Register 
(Regster) 

No. 3 
Control of Display/Display Data Rewrite 

r" 0: Rewritabl" status of dicp1ay data (The use of l· P06 is irhibited.) 
1: Display status of display data (The use of p06 

is permitted) 

Control of Dispaly 

Establishment of blanking status or blank
ing status 

Release of blanking status or display status 

~ned Bit I 
In case of reference by program, data is un

defined. 
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iii' TECHNICAL DATA 

DISPLAY OPERATION 

SETUP OF DISPLAY DATA 

The TCP4632BF internal processing data corresponds to LCD drive terminal 

in such a way as bit 0, bit 1, bit 2 and bit 3 of the processing data cor

respond to each segment data of COMO, COMl, COM2, and COM3, respectively. 

MSB 
3 

: 
2 

: : 

LSB 
o 

I 

II.Lk Corresponds 
Corresponds 
Corresponds 
Corresponds 

to segment data of COMO 
to segment data of COMI 
to segment data of COM2 
to segment data of COM3 

The conversion of LCD display data is arbitrarily set up by a program or 

by a built-in PLA register (setup of the contents by mask options). 

TRANSFER OF DISPLAY DATA 

LCD display data setup by a program or PLA register is displayed by 

transferring it to the shift register of LCD driver by the program. 

The transfer method is divided into two categories: one is that the 

converted data is transferred as it is, and another is that a displaying 

data region set up in the data memory (RAM) is transferred after it has been 

once stored. Even by either method, each bit of LCD segment (dot) and 

TCP4632BF internal processing data corresponds to each other by one to one. 

209 



A 

~ INTEGRATED CIRCUIT TCP4632BF 

iii 5; TECHNICAL DATA 

210 

Bit 
Addr~ 

0 

2 

3 

22 

23 

MSB LSB 
3 2 1 0 

(SEGO) 

(SEGl) 

(SEG2 ) 

( SEG3) 

(COM3) (COM2) (COMl) (COMO) 

In case data memory is provided with display region 

",Bit MSB LSB 

Regi s t ei"--.. r-....:3'---,-----.::2_,---=l'------,-~0~ I I (SEGi) 

(COM3) (COM2) (COMl) (COMO) (i = 0 to 23) 

In case processing data intact is transferred 

Each bit of display data expresses data of segment (dot) equivalent 

to (SEGi COMj : 0 s.i ::.23, O::.j ::.3). When the data displays "1", the display 

lights. In case of the use of LCD with 1/3 futy (COMO to COIl17), 

the data of bit 3 (MSB) has no meaning as a LCD display data. 

$-t 
~)-' 
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Transfer and rewrite of display data is made by a program as follows: 

First, clear SCAN bit to '0'. (Immediately after initialization, the 

bit is at '0'.) Next, transfer 4-bit data equivalent to SEG. 23 to 

Register No.6 (SAR 6), and then transfer 4-bit data equivalent to 

SEG 22. Continuously transfer 4-bit data in sequence by programs 

until the transfer of data equivalent to SEG. 0 is comleted. 

This operation sllows 4x24-bit data to be written into the shift 

register within LCD drive circuit. After the data transfer of 24 

words has been finished, SCAN bit is set to '1'. When SCAN bit goes 

to '1', writing into the shift register is inhibited, and LCD begins to 

be driven by the data newly held. Data switching is made from COMj to 

come next (data output equivalent to bit j to SEGi) and is automat

ically scanned to the next COMj+l. 

In the case that the period (period of SCAN = 0) of 24-word data transfer 

by means of a program is within the one COM period (1/4fF), the blank period 

does not corne into the transfer period, and the display contents are 

switched. However, in the case that the period (period of SCAN = 0) of 24-

word data transfer by means of a program crosses switching of COM (this 

phenomenon presents by timing of data transfer period or it presents 

when the data transfer period becomes longer than one COM period), no 

correct display data is secured during the period; thus, a blank is 

automatically inserted in the period. 

\fuen the display data is transferred to a shift register equivalent to 

Register No.6 during the period of SCAN 0, all of 24 words must be 

transferred to the shift register. However, if SEGO to SEGk-l outputs 

only, not all of SEGO "v SEG23 outputs, are used, k ;lOrd only can be 

transferred. 
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In case of SCAN = 0, write in Register No.6 (SAR = 6) means write 

in the shift register as a display data. In case of SCAN = 1, however, 

it means write in output port P06' 

VDD -

COMO 

VLCD -

VDD -

COMl 

VDD -

COM2 

VLCD -

VDD -

COM3 

SCAN u 
I~'-----------------------Display Status----------------------

l-----i 

Transfer of Display Data 

As the display data transfer period is short, it does not come in the 

blanking period. 
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VDD -

COMO 

VLCD -

VDD -

COMl 

VDD -

COM2 

TCP4632BF 

VDD 

COM3 = J'I-----,LJr-------------Ir'~ 
VLCD -

SCAN Ill/Ill 

Display Status Diaplay data Transfer Display Status 

I I 
Blanking 

As the display data transfer period is long, it comes in the 

blanking period. 
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LCD FRAME FREQUENCY 

Frame frequency (LCD drive frequency) is given by the built-in devider. 

The frame frequency fF is given from internal clock frequency fCp by the 

following formula: 

Where,m is the number of divider stages. Wben fx = 400 kHz and f 

m is set to 9. n is the number of time division. Therefore, 

In case of 1/3 duty 

In case of 1/4 duty 

The period equivalent to one COM is 

2m 

fCp 
('" 

fF • 130 Hz 

fF 98 Hz 

therefore, when m = 9, the period is equivalent to 256 steps. 

LCD DRIVE WAVEFORr~ 

200 kHz, 

TCP4632BF is capable of directly, dynamically driving the·LCD provided 

with 1/3 or 1/4 Juty by 1/3 bias method. 

In case of 1/3 or 1/4 duty, the voltage a~plied to LCD is + (VDD - VLCD) 

to -(VDD - VLCD). 

I--l/f~ 

~nn o 

~~ Data 1 -------~ Data 0---

1/6 duty (1/3 bias) drive 
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TECHNICAL DATA 

--------- Data 1 - --------- Data 0 

l/~ duty (1/3 bias) drive 

(Note) fF: LCD frame frequency 

VLCD : VLCD terminal voltage 

TCP4632BF 
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TECHNICAL DATA 

Each terminal waveform in case of displaying data "3" at 1/4 duty is as 
follmJs: 

I I I ~I 
Data of COMO 
Data of COMI 
Data of COM2 
Data of COM3 
Data of reversed polarity 

o 0 
VDD 

SEGo 

VLCD 

0 1 1 

SEGI 

VDD j 
l I 

VLCD 1 

VDD -

'l COMO 

VLCDJ 
VDD~r 

I I 
I , 

VLCD ~ 
3 2 o 

COM2 VDD:~ n n: 
VLCD~ U L-J U 

a £ e d 
1 0 0 1 

b g c h 
1 1 1 0 

VDD jL COM3 U VLCD -

f-l/fF ~ 

SEGo 
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The voltage between each SEG - COM is as follows: 

1 

SEGO-COM3'~: ~~--~--4--4----~--4-
I 

(Segment a);-
1 

ON -'-
1 

-(VDD-VLCD)l 

SEGO-COM2 [Lil t 
(Segment f~ U U ~ 

OFF 

SEGO-COMl CLn 'lJ 
(Segment ej U L.-J : 

OFF 

SEGO-COM1~: --~----~4--4-----4--~ 
1 

(Segment d)l 

ON 

SEGl -COM 3 ----1-----------+--------
(Segment b) 

ON 

(Segment g) 

ON 

SEGI-COM1---+-----------+--------

(Segment c) 

ON 

I , 
SEGl - COMO -:>-------------I-----------+_ 

I 

(Segment h) ~ 

OFF 
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TECHNICAL DATA 

LCD DRIVE VOLTAGE 

VLCD is an input terminal of LCD driving power. LCD drive voltage 

is required to be supplied between VDD-VLCD' 

If the operation voltage of the TCP4632BF is identical with the 

LCD drive voltage, VLCD is connected to GND. 

The supply of drive voltage generated by LCD drive circuit is con

trolled within this device according to the operating status of CPU. 

In the following cases that there is a possibility of keeping LCD drive 

circuit stationary for a long period of time, the supply of LCD drive 

voltage is cut with the built-in switch. 

CD Initialize operation 

@ SCAN = 0 and H = I 

I 

VDD r----.l I + 
I 
I _ 

l J- I 

VLCD I 

0 GND 
I 

The switch turned off by initialize operation is turned on by sett

ing the SCAN bit of command register to '1', thus resulting in the sup

ply of LCD drive voltage. After that, even if the SCAN bit of command 

register is reset to '0', LCD drive voltage is kept supplied. 
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For performing hold operation, H must be set to 'I' in a state of 

SCAN = 1 and at time of normal LCD display because rewrite of display 

data has been already finished. In this case, LCD drive circuit is 

still in operation to continue display. However, while display data is 

being rewritten, if H is set to 

of LCD drive voltage is cut. 

'1' at time of SCAN = 0, the supply 

When the supply of LCD drive voltage is cut with the built-in switch, 

all of SEG and COM outputs attain VDD lelvel. 

OUTPUT PORT (P05, P06) 

POS and P06 are 4-bit general purpose output ports. Each port is 

provided with a latch, and its contents are held until they are rewritten 

by a program. Each bit is reset to "011 by initialize operation, but the 

contents being held cannot be referred to by the program. 

The authorization/inhibit of content rewrite by the program of P06 

is controlled by SCAN bit of command register. 

Command regist·er Object of content reVJrite by 
SCAN program 

0 Output to shift register 
(LCD segment data) 

1 Output to P06 

Unlike POS and P06 of TCP4630AP, those of TCP4632BF do not contain 

decode matrix, and ?LA; therefore, there is difference between them in 

output timing. 
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¢s 

IL----__ Il'------

Port data X New data 
------------------~ 

Old data 

Output timing of POS and P06 of TCP4630AP 

Port data _________ O_l_d __ d_a_t_a __ ~~~ ____ N_e_w __ d_a_t_a ____ __ 

Output timing of POS and P06 of TCP4632BF 

PLA 

A program can make reference of PLA by use of a decoder for display 

data or the like. If 4-bit BCD data is written in PLA (Register No.7) 

by a program, one of sixteen addresses is selected by 4-to-16 decoder 

within PLA, and the corresponding 8-bit data is written in PLA register. 

PLA contents of PLA register can be read out by executing the in

struction for making reference of PLA. How to read out 8-bit data of 

PLA register varies with option designation of 1/3 duty or 1/4 duty. 

PLA register is not affected by reset operations. 

(a) Designating 1/4 duty by options 

The 8-bit data can be read out by executing the instruction for 

making reference of PLA register two times. In other words, 4-bit 

(bit 3 to 0) data on the lower level can be read out by the first 

execution of the instruction (LAR 7) for making reference of PLA 
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after BCD data has been written in PLA (SAR 7), and similarly 4-bit 

(bit 7 to 4) data on the higher level can be read out by the second 

execution of the same instruction. 

When the same data is read out again, and when PLA register is required 

to be urd~ted, the reabout must be performed after neD data has been 

Hritten in the PLA over again. 

Internal bus 

Addres~s~ ______________________ -, 

Deco er 
PLA 

..-!,--t--.j 4 to 16 Bit 
(16 words x 8) 

7 ______ 4 
Bit 

3--------- 0 
117 \--------- } 

Register 

Multi-

plexer 

117 

(b) Designating 1/3 duty by optio'1' 

The 8-bit data can be read out by executing the instruction for 

making reference of PLA register three times. In other words, 

3-bit (bit 2 to 0) data on the lower level can be read out by the 

first execution of the instruction (LAR 7) for making reference of 

PAL after BCD data has been written in PLA (SAR 7), and similarly 

3-bit (bit 5 to 3) data on the intermediate level can be read out 

by the second execution of the same instruction, and also 2-bit 

(bit 7 to 6) data on the higher level by the third execution of the 

same instruction, respectively. 
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Whi.le the reference instruction above mentioned is being executed, 

bit (bit 3) on MSB side of the lower or intermediate level and 

2 bits (bit 3 and 2) on MSB side of the higher level are always 

read out as zero. When the same data is read out again, and when 

PLA registAr is required to l1e uudated, the re,1.dout ~ s pel::'formecl 

after BCD data has been written in the PLA over again. 

Internal bus 

Address 
.-------~-------, 

~ Deco er PLA 

~----+--I ~. 4 to 16 (16 words x 8) 
Bit 

117'---------- 7 6 5------3 

~ 1 J -----J 

117 

2------- 0 

j--------j 
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LCD DATA TRANSFER PROGRAM - EXAMPLE 

LR 

~ 0 1 I 2 3 4 5 6 7 8 9 AlB C 0 E F H 

! 1 
2 4 7 i 8 

12-
7 r+- Digit 3 5 6 9 10 11 digit 
~ ---~ --- 'lis t--- r---

8 t--j-- SEG23 21 19 17 15 13 11 9 3 SEG 1 
~ ,-- -.-~------- --

9 SEG22 20 18 16 14 12 10 8 6 4 2 SEG 0 

Example of a program which the data of HR = 7 and LR 4 to F 

are displayed on LCD through segment conversion 

LCD: 1/4 duty, 12 digits (24 Seg.) 

Convert 12 digits of HR = 7 and 

LR= 4 to F to segments by PLA to 

transfer toHR=8,9,and LR=4 to F. 

Set the mode to register 3 (C/S 

REG. ) REG3 ~ 2 

Setup of trans

fer mode 
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TECHNICAL DATA 

Trnasfer the dispaly data con

verted to segments of HR = 8, 

9, and LR=4 to F to LCD driver. 

Set the mode to register 3 

(ciS REG). 

REG3 ~ 3 

Setting of dis

play mode 



• INTEGRATED CIRCUIT 

iliiE TECHNICAL DATA 

10 **·k 
20 

0100 30 
0100 64 40 START: 
0101 77 50 NEXT: 
0102 04 60 
0103 2F 70 
0104 78 80 
0105 17 90 
0106 OC 100 
0107 79 110 
0108 17 120 
0109 OC 130 
010A 02 140 
OlOB 06 150 
018C 90 160 
010D D110 170 
010F 42 180 TRANS: 
0110 2B 190 
0111 64 200 
0112 78 210 TRANSF: 
0113 04 220 
0114 2E 230 
0115 79 240 
0116 04 250 
0117 2E 260 
0118 02 270 
0119 06 280 
011A 90 290 
o lIB D2ll 300 
011D 43 310 D1SP: 
OllE 2B 320 

330 
340 

I -I J 
-, 

'_I. I_I. 

TCP4632BF 

TCP4632BF LCD DATA TRANSFER PROGRAM 

ORG 
LL1 
LH1 
LAM 
SAR 
LHI 
LAR 
SAM 
LH1 
LAR 
SAM 
1CL 
LAL 
ADI 
BCC 
LA1 
SAR 
LL1 
LHI 
LAM 
SAR 
LH1 
LAM 
SAR 
1CL 
LAL 
ADI 
BCC 
LAI 
SAR 

100H 
4 
7 

7 
8 
7 

9 
7 

0 
NEXT 
2 
3 DISP~l,SCAN~O 

4 
8 

6 
9 

6 

0 
TRANSF 
3 
3 DISP~SCAN=l 

J I 
I_I. 

COMO] 
COM 1 

COM2 

COM3 

SET 

SET 

A 

~ 
~ 

0/1';; 
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TCP4632BF MASK OPTIONS 

TYP032 
Oscillation 050 

OSC 400K 
frequency ceramic 

1FT 
Dividing ratio for CP 02 
internal clock 

--

External timing output CK CI 
'-' Divider I Input PD CP 
0: Divider 3 Input COUNTER PDR PD2 8 ~ Reset timing PDR N 
'-< Buffer 0 Input CO PI60 
OJ '-< 
'-' OJ Buffer 1 Input COUNTER Cl RD7 
0:4-< 

Buffer 2 Input BUFFER C2 RDA ::>4-< 
o ::> 

UP'> Buffer 3 Input C3 RDD 
H flag 

-~-

HOLD H 
Restart condition RSTH C3 
Input/Out- Port 0 STD D(PROG) 1 (OUT) put port 
Input/Out- Port 2 P2 /F/(OUT) /F/(OUT) /0/ (IN) I /0/ Dlit I/O/(INll 
put port Port 4 P4 /F / (OUT) /3/ (IN/OUT) /F/ (OUT) 1/3/ (IN/OUT)I/o/ (IN)l 
Input resistance 

PIS 0 (UP) I (DOWN) 
(Input l'ort 52 

Line 0 PLAO / / 
Line I PLAI / / 
Line 2 PLA2 / / 
Line 3 PLA3 / / 
Line ~ PLA4 / / 
Line 5 PLA5 / / 
Line 6 PLA6 / / 

P L A Line 7 P L A PLA7 / / 
(1/7) Line 8 PLA8 / / 

Line 9 PLA9 / / 
~~ PLAA j--+ Line B PLAB 
Line C PLAC / / 
Line D PLAD / / 
Line E PLAE / / 
Line F PLAF / / 

Oscillation Stop RSTX N 
~f!trol PI60 

LCD Duty DUT 4 3 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL RATING UNIT 

Voo Supply Voltage -0.3 to +7.0 v 
r--------------------

VIN Input Voltage -0.3 to VOD + 0.3 I 
f------f--------------- --------- -----------------1-------1 

v 

VOUT Output Voltage -0.3 to Voo + O. 3 V 

Power Dissipation 400 mW 
1------1--------------------1------------------+------1 

Tsol Soldering Temperature·Time 260 (10 SEC) 

Tslg Storage Temperature -55 to +125 °C 
f------+------------ --- f---------------------+-----\ 

Topr Operating Temperature -20 to +70 

ALLOWABLE OPERATING CONDITIONS 

SYMBOL ITEM RATING UNIT 

VOO Supply Voltage 4 to 6 V 
--f-------

Ta Ambient Temperature -20 to +70 °c 
---

lOUT Max. Output Current ±3 rnA 
r--~- ._----- -~--- --_. ---- - ---"--- .. -- ----.-------~------

fx X'tal Operating Frequency I 40 to 400 kHz 

tCY Cycle Time 
~---

, 10 to 100 I ~s 

VLCO LCO Supply Voltage 
-VOO to -2.7 V 

(VLCO is ~rith respect to VOO) 
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DC CHARACTERISTICS (Ta = -20 to +70°C, VDD = 4 to 6V) 

SYMBOL· 

VIR 
VIHS 
VIHC 

VIL 
VILS 
VILC 

IIR 
IlL 
RIN 
VOH 
VOL 
IOH 

IOH2 

IOH3 
IOL 

IOL2 

10L3 
ROS3; 
ROSO 
ROC3, 
Raco 
ROS2, 
ROSI 
ROC2 
ROCl' 
VOSI 
VOS2 

IDDO 

IDDH 

PARAMETER TEST CONDITION 

Input High Voltage 
Input High Vol tage (Schmitt) 
Input High Voltage (XThl I~ut) 

Input Low Voltage 
Input Low Voltage (Schmitt) 
Input Low Voltage (XIN Input) 
Input High Current VDD-6V, VIN-6V 
Input Low Current VDD 6V, VIN OV 
Input Resistance (PIs) VDD-5V 
Output High Voltage (Port) VDD-5V, Output open 
Output Low Voltage (Port) VDD-5V, Output open 
Output High Current (P, ) VDD-4.5V,VOH-2.4V 
Output High Current 

VDD=4.5V,VOH=2.4V 
(Po ,P a ,Plo CK) 

Output High Current (P s ,p.) VDD-4.5V,VOH-2.4V 
Output Low Current (P, ) VDD-4.5V,VOL-0.45V 
Output Low Current 

VDD=4.5V,VOL=0.45V (Po ,P 2 ,P 4 ,CK) 
Output Low Current (P s ,P.) VDD=4.5V,VOL-0.4SV 

Output Impedance (SEG) VDD 5V,VDD VLCD 3V 
(Note 5) 

Output Impedance (COM) VOUT=VLCD+O.5V/ 
VDD-O.5V 

VDD=5V,VDD-VLCD=3V Output Impedance (SEG) 
(Note 5) 

Output Impedance (COM) VOUT=3+0.5V/ 
4-0.5V 

Output Intermediate 
VDD=5V,VDD-VLCD=3V Voltage (SEG,COM) 

VDD Supply Current in NQrmal 
Operation (Note 4) 

VDD Supply Current in Hold fx = 400 kHz 
operation 

Typical values are at Ta=25°C and VDD=5V. 
Output characteristic excludes XOUT terminal. 

MIN. 

VDDxO.7 
VDDxO.85 
VDDxO.75 

0 
0 
0 
-

75 
4.7 
-

-0.7 

-0.35 

-0.15 
1.6 

0.8 

0.4 

-

-
-
-

3 - 0.2 
4 - 0.2 

-

-

(Note 1) MAX. UNIT TYP. 
- VDD 
- VDD 
- VDD V - VDDxO.3 
- VDDxO.15 
- VDDxO.25 
- 20 IJA 20 

150 350 krl 
4.9 - V 0.1 0.3 
- -
- -
- -

rnA - -
- -
- -
2 T.B.D 

2 T.B.D 
krl 

20 T.B.D 

20 T.B.D 

3 3 +0.2 V 4 4 +0.2 

600 T.B.D 
IlA 

250 T.B.D 

Note 1) 
2) 
3) Output current at the time when other terminals than those to be tested are 

228 

open. 
4) Test conditions of current dissipation 

VDD = 6V, VIN = VIH/VIL(all valid), PIS Open, CL = 50pF 
XIN Input waveform 

9jf% 
__ -=1",,0 0.1 V D D 

tr 

5) lfuen supplying VLCD power, Hhen switching input/output. 

duty= 50% 

t r • t f < bOns 

! 
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OUTLINE DRAWINGS 

0.8 pi tch II ():lO 

~ 
C 1. 2 5 I 

I 
20.0 ± 0.1 

0.7 
MARK ------

r.~ ______ ~2~l.h~O.4~ ______ ~ 
r- (26.0~O.5) 

Unit nun 

en 
c 

" Q 
c 
N 
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CMOS 4-BIT SINGLE CHIP MICROCO~1PUTER 

GENERAL DESCRIPTION 

TCP4600AC is a system development evaluator of TLCS-46A family, and 

makes it possible to configure a system equal to TCP4620AP/TCP4630AP by 

program memory (ROM) and the external circuits relative to mask options. 

Since this technical data mainly makes mention of the function of an 

evaluator of TCP4600AC, it is recommended that instruction and detail be 

referred to the technical data of TCP4620AP/TCP4630AP. 

FEATURES 

o External ROM 4K x 8 Max. 

o Internal RAM 160 x 4 

o Single SV Supply 

Wide Operating Range: 4V to 6V 

o Wide Operating Temperature Range: -10°C to 70°C 

o Terminals for System Debugging 

External-Circuit Terminal for Realization of all the Mask Option 

of TLCS-46A 



III ~~ : 

" Z z -i 
n -I 

~ m 
64 0 (') VDD Pco z 

:z ::r: ;::0 P" 63 Po, m Z ~ P" 62 Poz n n -j rn P" 61 Pos 
0 » 0 P,o 60 RD/D1o z r-

('") V> 
0 PC ll 59 RD/DI, 
» ;::0 PC IO 58 RD/Dlz -j -I ('") PC 9 57 RD/D1s 0 » C " PC. 56 RD4 <: =t PC, 55 RDs 

rn PC 6 54 RD6 ::E 

PC s 53 RD, 
PC 4 52 R/H 

pC/riOs INTH 
PC/DO z MH 
PC/DO, 49 RS 
PC/DOc 48 SEL 2 

PCH 47 SELs 
ST(D) SEL 4 

WEN 45 SELs --j 

" PO€>7 SEL6 ::g 
POe; 6 43 SEL, c", 

C, P0 65 INT 0 
J> RESET 
" 0s 

1/5 
CP 
ST(H) 
HOLD 
RSTH 
PO so 

GND 

N 
w 
I-' 
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TECHNICAL OAT A 

PIN NAMES & PIN DESCRIPTION 

Pin Name Input/Output Function 

4-bit general purpose I/O port 

I-
_P __ ~O_3~-~ __ ~P __ OO II Input/Output State of input/output is designated by WEN 

terminal input. (common to TLCS-46A family) 
--+-----------~------------~---~ 

4-bit general purpose output port 
P _ P , Output 

13 10 (common to TLCS-46A family) 
~-~- -r'------- ~---~-------~---~~--- ------ ------------

PO - PO 
54 50 

Output 

Output 

f------------

RESET Input 

5-digit output port for display Content of 

built-in decode matrix is already designated 

(common to TLCS-46A family) 
---------- ---------------

8-segment output port for display 

PLA is already designated 

Built-in 

__ ~~~_~to TLCS-46A __ f_a_m __ l_'l_y~) _____________ ~ 

Initialize Signal Input (without Schmitt cir
cuit) (common to TLCS-46A family) 

1---------- \--------------- ------~-----------_____________ --1 

INT Input 

e------ -1-------

PC ,, - PC 4 
Output 

I----------~--+--~--~-------
PC/D0 3 -

PC/DO o 
Output 

Interrupt request signal input (without 

Schmitt circuit) 

(common to TLCS-46A family) 

The higher order 8-bit address output to 
external ROM 

The lower order 4-bit address output to 
external ROM/Port data output 

-------

RD,- RD 
I------ ~- +-~~ 

Input The higher order 4-bit data input from external ROM 

RD/DI 3 -

RD/D1o 
1-----

SEL, -
SEL z 

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

Input 

- j-~--::u~pu t 

The lower order 4-bit data input from external 

ROM/Input port 
----~--------- ----~------------

Selection signal output for external port 
register and input port 



INTEGRATEDCIRCUIT 
TCP4500AC 

iii:': TECHNICAL DATA 

Pin Name Input/Output Function 

WEN Input Designate signal input for Input/Output of 

port 0 
--

HOLD Input Hold operation control signal input 

-- Restart control signal input at time of RSTH Input hold oneration 
- ------- ---- ---- ---------

ST(D) Output D flag output 

ST(H) Output I! flag output 
-----~-.-

CP Input Internal basic clock input 

r/;S, ¢ Output Basic timing output 

RS Output Internal reset signal ()utput 

MH Input l1onitor hold control signal input 
(for system debug) 

R/H Output Run/Hold status signal output 

(for system debug) 

PCI! Input 
I 

Program counter hold control signal input 

(for system debug) 
.. 

INTH Input Interrupt hold control signal input 

(for system debug) 

VDD Power supply 
I--- ----------

GND GND 
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BLOCK DIAGRAM 

PC/D03 
-pc/DOo I STK 

PCH --tl---+'TI~~_P~C~ __ J 
I, 
I L __ .J I 

PCll-P04 (:::::: :::' ______ J 
I 

RD7-RD4==============~ 
RD/DI 3 

- RD/Dlo 

SEL 7 

- SEL, 

ST(D) 
ST(H) 

RAM 

160W x 4b 

TCP4600AC 

IBUS 

Registe r #0 

Register 115 

Register 116 

HOLD 

I RSTH 
INTR 

"'" I INTH RS T G E 
1MB 

'0 /H 

~ CP 

-1-1 RS s RJ'!'SE'f rN'i' V D D G ND 



• INTEGRATEDClRCUIT 
TCP1~bOOAC 

TECHNICAL DATA 

FUNCTIONAL DESCRIPTION 

TCP4600AC is a system development evaluator which is used for 

developing TLCS-46A application system (program) and for confirming its 

operation. This makes it possible to form a configuration equal to 

TCP4620AP/TCP4630AP by program memory (hereinafter called ROM) and the 

external circuits relative to mask options. 

1. Connection of Program Memory 

Program counter (PC, 12 bits) output is used as address signal of ex

ternal R0I1 (maximum capacity is 4096 words x 8 bits). Since the lower 

order 4 bits of address signal is multiplexed with the output of port 

data, it is necessary that they are externally separated. 

The data (8 bits) read out of ROM is read as instruction code in 

TCP4600AC. At this time, the data line of the lower order 4 bits 

is also used as port input data, so that it is necessary that data 

line is externally multiplexed. 

¢S \L.... ____ ..-I/ 

\ 
X PCll-PC4 _________ P_C_l_l __ -_P_C_4 __ (_A_d_d_re_s_s __ A_) ______ ~ 

PC/D03 
-PC/DOO PC3 - PCO (Address A) 

\ 
/ 

(Address B) 

(Address B) 

RD7-RD4 

RD/ DI 3 
- RD/D10 

~%~~~Q~~~~~r(A)~~~ 

~~"\'X por6a~~put X0(~~~~r(~)~~~~ 
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2. Schmitt Circuit 

Each terminal of RESET, INT, and PI60 of TCP4620AP/TC4630AP are input 

terminals with Schmitt circuit. However, since no Schmitt circuit is 

contained in TCP4600AC, the circuit must be externally configured. 

It is necessary to add shift register for timing shaping to PI60 

terminal. 

RESET Input 
INT Input 0-----~~~-4 

Schmitt Circuit 

>-+---ID+-J ~ 
L-________ ~ __ ~ ~.~ 

S<;.hmitt Circuit ..c 00-
G'" ~ Q 

3. Oscillator and Divider 

CP 

(To evaluator) 

RESET/INT 

CP 

The mask options, which relate to the oscillator and divider of 

TCP4620AP/TCP4630AP, differ according to an oscillator to be used. For 

TCP4600AP these mask options are composed of external circuits. 

PI60(a) 
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TECHNICAL DATA 

(1) Oscillator 

The basic clock (CP) of TCP4600AC is externally supplied. 

In this case, the divider forming the basic clock as well as 

the oscillation circuits of the oscillator to be used are 

externally composed, and the output of a divider suitable for 

oscillation frequency is supplied, as a basic clock, to the 

CP terminal of TCP4600AC. 

Since TCP4600AC is not provided with the CK terminal for external 

timing, a signal equivalent to the CK terminal must be also com

posed of external circuit. 

While the power is being supplied to the evaluator chip, the 

clock must be being supplied to the CP terminal at all times. 

Input 

Output 

CK Output 

(Note) "-=X:-" means that either is connected. 

(So with the following figures.) 
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TCP4600AC 

(2) Divider 

An example of cricuit configuration around a divider is shown as follows: 

CP -

238 

Q, 

Divider 
r~ 

(1) l!k 2 stages D 
L---

~ CLOCK 

Divider (2) Reset 
~ 14 stages 

i\ ' , I ~ 
C; 0- c Id"llc1 

> ------ ?< )< 
-------- r---

"I" 

~ 
--- ------ ------ i i I r ----I 

~Identity ~\ 
Dete.c- C2 

tion Circuit 
~ 

Co 

The portion of ~ is required only when lOOK Xtal is designated 

by mask options of mass production chip ,and further l4-stage divider 

(2) is used as a resettab1e divider of count value "12500". 

Counter 
Buffer 
Input 
Data 
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4. Input Port and Output Port 

The input port and output port in TCP4620AP/TCP4630AP have plentiful 

mask options. In TCP4600AC, such mask options are composed of 

external circuits. 

(1) Input port 

The data of input port is input from RD/DI terminal. 

When the data of input port (port No. i) is input to RD/DI 

terminal during the period of time when the equation, 

SELi . Ws = 1 (i : port No.), 

holds, TCP4600AC starts reading it as input port data. 

(2) Output port 

The data of output port is output from PC/DO terminal. 

Since TCP4600AC outputs the data of output port (port No. i) 

from PC/DO terminal during the period of time when the equation, 

SELl· W = 1 (i: port No.), 

hold, this data is writte?l in the externally installed register: 

Further, ~ince at time of system reset an internal initialize 

signal is output from RS terminal, it is necessary to clear 

(all "0") the port register by use of this signal and to ini

tialize it. 

~s \\.-__ .......... / \L-_----'/ 

SELi ~ / '1/ 'II 
SELj ill 'II \ 11/1 

_~£~~i~~fP~~r~aia '/t\\\\\\\\ \\\\\\ \\\\\\\\\ 

_P~~~~~~\\\\\\\\\ \\\\\\\\\\\\\\\W~~p~~r~aja ~ 
239 
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(3) Port 0 

(4) 

Prot 0 is a port that can make switching of input/output by 

program (D flag of ST), and can be designated to a port ex

clusivelly used for output by mask options. 

In TCP4600AC, the mask option of this port can be realized by 

use of each terminal of WEN and ST(D). 

WEN terminal is an input line that defines whether port 0 is 

placed in an output mode or an input mode. When the 

terminal is at "1" level, it places port 0 in an output mode 

and when it is at "0" level, it places port 0 in an input 

mode. 

A state of D flag of status register is output from ST (D) 

terminal. 

0 When input and output are switched hy use of program, 

WEN = ST(D) 

WEN terminal is externally connected to ST(D) 

terminal. 

0 When port 0 is used as port exclusivelly for output, 

WEN = ,"I" 

WEN terminal is fixed to "1" level. 

Port 2 and Port 4 

Port 2 and Port 4 are input/output selectable ports by use of 

mask options. 

when these ports are used as input ports, the external input 

data is input to RD/DI terminal during the period when each of 

the following equations holds: .SELZ 0s = 1 and SEL4 . 0s = 1. 
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¢S 

SELZ 

On the other hand, when these prats are used as output ports, 

output data are output to PC/DO terminal during the period when 

each of the following equations holds: 

SELZ ¢ = 1 and SEL4· ¢ = 1. 

Therfore, this data is written in the register externally 

installed, and is output to the outside through a buffer. 

And, at the time when the equations, such as SELZ . ¢s = 1 and 

SEL4 . ¢s = 1, hold, the outputs of respective registers are 

input to RD/DI terminal. The externally installed register must 

be cleared (all "0") by the internal initialize signal from RS. 

terminal. 

RS 

FC/DO 

SELZ 

¢S 

RD/DI 

-----f-"4'------lD CR Q 1---..---1 4 

\L.... __ ----'/ 

\I..-__ {\L.... __ ---'/ 

Output data 
of each unit 

PC/DO 

Register 
____________ ~L~~ ____ ~----------------

External 
Output 

RD/DI 
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(5) Port 3 

Port 3 is I/O port exclusively used for TCP4600AC. The function 

of port 3 is the same as the function of other ports. 

This port is designated as register No. 113" even in case where 

it is used as either of input port or output port. 

(6) Output port 5 and output port 6 (output port 7) 

For TCP4600AC, each output terminal of POS and P06 is available 

as output for display. However, when it is used as general 

output port or when it is used after changing the, contents of 

decode matrix or PLA, it is configured by external circuit. 

The contents of decode matrix and PLA built in TCP4600AC are 

as follows: 

Contents of Decode Matrix 

Write Data F-6 5 4 3 2 1 0 

POS4 0 1 0 0 0 0 0 
OJ 
W 

'" POS3 0 0 1 0 0 0 0 w 
[/] 

w 
POS2 0 0 0 1 0 0 0 :l 

P< w 

" POSI 0 0 0 0 1 0 0 0 

POSO 0 0 0 0 0 1 0 



INTEGRATEDCI RCUIT 
TCP4bUOAC 

TECHNICAL DATA 

PLA 

PLA can be expressed as memory of 16 words x 8 bits. 

The 4~bit write data for port 6 is the address of PLA, and the 8-bit 

data read out from PLA comes to the output data of the output port. 

When the data of 8 bits output at this time is expressed by hexadecimal 

2 digits, PLA built-in TCP4600AC is as follows: 

Address Data Form of 
haracter 

0 FC a 
1 60 I 
2 DA 2 
3 F2 :1 
4 66 Y 
5 B6 5 
6 BE 6 
7 E4 '7 
B FE B 
9 F6 q 
A FD D. 
B 00 (Blank) 
C 02 -
D CE P 
E 9E E 
F BE F 
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TECHNICAL DATA 

When the built-in decode matrix and PLA are used changing their 

contents or are used as general output ports, they are externally 

configured by use of data output PC/DO, select signals SELS, SEL6 

and SEL7 and timing signal ~. 

RS 

PCLDO 

SELs 

SEL, 

SELi 
(i=S,6,7) 

PC/D03 
- PC/DOO 

CR Q 1---+--oL.S'1 

8 CR 4 
B h'--"--~--!D Q,I---f--;-C, 

G 

External Out
put Data (POs ) 

External Out
put Data 
(P06H/P07) 

External Out
put Data 
(P06L/P06) 

\1...--__ 

\'--------'/ 
\'--___ 1 

\'\'\\\\\\\\\\\\\ Xo<~"::""' ,!»:-\ 
Output -0 External 

Output Timing of POS, P06 (P07) 

':i 
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5. Hold Operation 

TCP4620AP/TCP4630AP is provided with hold function. In TCP4600AC, 

this function is configured by each terminal of HOLD, RSTH and 

ST(H), and the siganl of C3 which is MSB of counter buffer input 

configured by external circuits. (For C3, refer to the figure of 

divider.) 

In case hold operation is performed: 

HOLD 

RSTH 

ST(H) Designation of hold operation application 

Designation of hold operation release signal 

Each terminal of HOLD and ST(H) is externally connected. 

C3 signal that is MSB of counter buffer is input to RSTH 

terminal. 

In case hold operation is not performed: 

HOLD 

RSTH 

"0" Designation of no use of hold operation 

"0" Designation of no use of hold operation 

Each terminal of HOLD and RSTH is fixed to the 

"a" level. 

CONTROL TERMINALS FOR DEBUG 

There are some functions and terminals to make easy the development 

of TLCS-46A application system (program). 

(1) MH terminal (Monitor hold control input) 

Monitor hold function stops the operation of TCP4600AC by unit of 

execution instruction. 
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The operation stops after completion of current excecution instruction 

by inputting "I" level into ME terminal. However, during til" period of 

Y register flag (EYR = 1), the operation does not stop. When the system 

enters into the interrupt service routine, if stop request is made, the 

system stops after having jumped to the interrupt service rout.ine. 

In the stop state, program counter output the next address. Restart 

is made by inputting "0" level into MH terminal, and the first cycle 

makes instruction fetch and at the same time executes NOP instruction 

internally. 

(2) R/H terminal (Run/Hold status output) 

Run/Hold monitor function is the response singnal of monitor hold func

tion. During stop of operation by monitor hold fUDction,"Q" level is 

output from R/H terminal (which is reset by the instruction cycle just 

short of stopping by MH signal), and during normal operation "1" level 

is output from R/H terminal. 

(3) PCH terminal (Program counter hold control input) 

Program counter hord function holds the previous state without updating 

the value of program counter. This function is operated by inputting 

"1" level into PCH terminal. 

(4) INTH terminal (Interupt hold control input) 

Interrupt hold function is a function to make interrupt request waiting. 

Even if interrupt latch is set by inputting "1" level into INTH terminal, 

jump to interrupt routine is not performed. In this case, interrupt 

request is kept waiting until "a" level is input into INTH terminal. 



INTEGRATEDCI RCUIT 
TECHNICAL DATA 

ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM 

VDD Supply Voltage 

TCPl1600AC 

RATING 

-0.3V to +7.0V 

-0.3V to VDD+0.3V 
~~--~----------------------+------

VIN Input Voltage 

VOUT Output Volatage -0.3V to VDD+0.3V 

PD Power Dissipation 600 mW 

.TS~ ___ I--Solde.':.ing Temperatur-=~~ime __ . ___ 26_0_"~_(10 ~~~ ____ . __ 

_ ~~ __ Stora!: __ ~~eratur,, ________________ -:-~_5_"_~ ~_~~2_~:~ _____ _ 

Topr Operating Temperature -lO"C to +70"C 

ALLOWABLE OPERATING CONDITIONS 
SYMBOL PARAMETER RATING 

Ta Ambient Temperature -10°C to +70°C 

VDD Supply Voltage 4V to 6V 
----- ------------------- ._-------- ----

VOH Output High Voltage Min. VDD-3. 5V <2: 1. 5V) 
-------- ._----_. ---

VOL Output Low Voltage Max. 3V 

fcp Basic Clock Frequency 20KHz to 200KHz 

DC CHARACTERISTICS (Ta=-lO°C to 70"C VDD=4V to 6V) , 
SYMBOL PARAMETER I TEST CONDITIONS MIN. (N~~:i) I MAX. TUNIT 

VIH Input Hill.h Voltage ! VDDxO.7 VDDx055 VDD ! --L 
VDDXO.45[VDl)XO.3 

V 
VIL Input Low Voltage ! 0 

IIH Input High Current VDD=6V, VIN=6V - ! - 20 I 
IIL Input Low 

---------, 
VDD=6V, VIN=OV - I : IJA 

Current - -20 -+-------------_ .. _-

Output open~-l VOH Output High Voltage 4.9 - I 
VDD=5V, I V 

VOL Output Low Voltage 0.1 0.3 I 

1_0 . 7 
I 

-
IOH Output High Current VDD=4.5V, -2 --=-~ 
IOHI 

Output High Current VOH=2.4V -2.5 -6 I---~--~ (P05, P06) : VDD=5V, VOH=4.2V -1.1 -2.5 rnA 
- ---~-----l IOL Output Low Current 1.6 4 

lOLl OU~r~85~0~0~)rr~~_t ______ ~VDD=4 .5V, VOL =0.4SV 3.2 8 
--j 

VDD Supply Current in V -6 f 
_.---- --_ ...... _- -*H-:-I DDO NoU!la __ QgeraUQu___ DD- V, cp=lOOKHz - 150 

VDDaSu~ply urrent in 'Output ~en 
-- - IJA 

IDDH 01 Operation i VIN="5.9V OJ. V (Note 2) - 40 120 

Notel: Typical values are at Ta=25"C and VDD=5V. 
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TECHNICAL DATA 

Note 2: CP input waveform at the time of VDD Supply Current 

90% 0.9VDD 

10% 
----.:~'=_+- 0 . 1 VDD 

tr tf 

AC CHARACTERISTICS (Ta~-lO°C to +70°C, VDD=4V to 6V) 

SYMBOL 

tCI 

tAD 

tAHl 

tAH2 

tRDD 

tRDH 

tSELDl 
tSELD2 

tSELH 

tWDS 

tWOH 

tIDS 

trDH 

tMHD 

tMHH 

tPCHD 

tPCHH 

trNTHD 

tINTHH 

twcp 

tWRESET 
tWINT 

Note 1 

Note 

PARAHETEll. TEST COlleJITlON 

Timing Signal Inhibit Time 

Address Delay Time 

Address Hold Time CL = 50 pF 

" " 
Data Delay Time 

Data Hold Time ( Note 2) 

SEL Delay Time (for Input) 
SEL Delay Time (for Output) 

SEL Hold Time 

Write Data Set Up Time 

Write Data Hold Time 

Read Data Set Up Time 

Read Data Hold Tiem 

MH Input Delay Time 

MH Input Hold Time 

PCH Input Delay Time 

PCH Input Hold Time 

INTH Input Delay Time 

INTH Input Hold Time 

CP Pulse Width 

RESET Pulse Width VIN=VIH/VIL 

TNT Pulse Width 

Typical values are at Ta=2s'C and VDD=5V. 

AC test condition 

___ -'J./ E- VDD /2 

HIN. 

150 

-
80 

200 

-
---

80 

-
100 

300 

500 

300 

1000 

100 

-
100 

-
100 

-
100 

0.4/fc 

2 tcy 
2 tcy 

__ -+ ____ *"J VDD/2 

J tii 

(
duty ~ 50% \ 

tr, tf < SOns) 

N6H:, MAX. UNIT 

- 1500 ns 

- 2000 ns 

- - ns 

- - ns 

- 1000 ns 

- - ns 

- 1000 ns 

- 500 ns 

- - ns 

- - ns 

- - ! ns 

- - ns 

- - ns 

- 500 ns 

- - ns 

- 500 ns 

- - ns 

- 500 ns 

- - ns 

- 0.6/fc> SEC 

- - ~s 

- - ~s 



INTEGRATEDCIRCUIT 
TECHNICAL DATA 

TIMING WAVEFORMS 

PCi 
(i=4-11) 

PC/DCi -
(i=O~3) 

RDi+4 
RD/Dli 
(i=O-3) 

SELi 
(i=2-7) 

MH 

PCR 

INTR 

~-----i tSELDl 

TCP4600AC 

(OUTPUT) 
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(I) 

'" 
~ OUTLINE DRAWINGS 

co.: 
~ 
E-< 
<D 

Cll 
N 
Ol 

c-

"' 
"' "' 
~ 

" "' 
'" "' rl 

"' 0 

"' >< rn «: " 00 ;;:; 
" rj 
c- Ol 

" W 

" " 
"' " 
" " 
" " '" " rl 

" 
~ 
0> 

" 
gj 
c-

" 
" " "' " 
;'; 

" " 
O.8MIN. 

5.0MAX. 

to 

:'l 
0 

0 
Z 

rl 

ci 
+1 
"' Ol 

1\: ci 

'" "' N 

I 
0: 

N 
N 

Ol 
GO 

.., "' "' ~ oj r-! 
o 0 

" +1 +1 
~ 1:'- t<) 

N: C\?.qJ 
~)=~+ ci 

2.5MIN. 

Note 1; This dimension is measured at the center of bending point of leads. 

Note 2: The lead pitch is 2.S4mm, and all the leads are located within 

±0.2Smm from their theoretical positions with respect to No.1 and 

No. 64 leads. 

Note 3; The metal on the side of the package is GND level. 
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TCP4600AC 

TECHNICAL DATA 

PRECAUTIONS FOR USE 

(1) Clock at time of power supplied 

When TLCS-46A starts by RESET, clock must be always supplied. There 

is no problem when clock is obtained by externally mounting the 

oscillator of crystal, celamic or 1FT by use of internal clock generator 

in TCP4620AP/TCP4630AP, but care should be exercised when clock is 

externally supplied or when TCP4600AC is used. 

(2) Control of I/O port 

In port 0, Input/Output can be switched -by program; therefore, care 

should be taken not to become driver short between the port and 

external circuit. 

(3) Current capacity of output port 

Each of output port 5 and output port 6 has a large current capacity 

as port for display. However, if the output port is supplied with a 

large current exceeding its capacity, it may cause destruction or 

deterrioration in character. 

(4) Handling of unused terminal 

When an unused input terminal is left open, it may cause malfunction 

and increase in power dissipation; therefore, insure to connpct the 

terminals to VDD or GND level. (It is the safest method to connect 

termianl via resistance.) 

Further, insure to connect TEST terminal toGND because this terminal 

is installed for LSI testing. 
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TCP4600AC 

TECHNICAL DATA 

(5) Electrostatic destruction 

In TLCS-46A series, the input circuit is provided with protec.tive 

resistance and protective diode for preventing electrostatic 

destruction. However, the surge equivalent weight is small as 

compared with discrete resistance and diode; therefore, carry 

TLCS-46A series in a conductive container so as not to add the 

surge directly into the system, when required. 

(6) Latch-up phenomenon 

When the voltage lower than GND or the voltage higher than VDD 

is applied to input terminal and output terminal, a phenomenon 

called latch-up characteristic of CMOS presents. This phenomenon 

may cause destruction and degradation of elements; therefore, 

care should be> 'taken not to apply the voltage exceeding the max

imum rating to the input terminal and output terminal. 
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INTEGRATED CIRCUIT 

TECH NICAl DATA 

TOSHIBA MOS " .~..I' "" TY~E DIGITAL INTEGRATED"C~~~ 

TLCS-47 ~1>~ 
SILICON t10NOLITIlIC ~ 

4-8IT SINGLE CHIP MICROCOMPUTER TLCS-47 

GENERAL DESCRIPTION 

The TLCS-47 is the high speed and high performance, 4-bit single chip 
microcomputer series designed for general purpose use. 

The TLCS-47 has variously powerful functions in order to meet with the 
advanced and complicated applications, which will be made in near future. 
In addition, software compatible NMOS family (TLCS-47N) and CMOS family 
(TLCS-47C) are also provided. 

FEATURES 
4-bit, single chip microcomputer 
with built-in 

ROM, RAM, input/output port, 
divider, timer/counter, and 
serial port. 

Memory capacity 
ROH Max 4,096 x 8 bits 

· RAH : Hax 256 x 4 bits 

Instruction execution time 
· NHOS family 2vs(at 4MHz clock) 
· C~OS family 4vs( ) 

Efficient instruction set 
90 instructions 

· Software compatible in the 
series 

Subroutine nesting: Max. 15 levels 

6 interrupts (External : 2, 
Internal : 4) 

Independently latched control 
and multiple interrupt control 

Input/Output (Standard) 
Input 1 port !I- pins 
Output(corresponding to PLA) 

2 ports S pins 
I/O 4 ports 16 pins 
I/O (Note) 2 ports 7 pins 

Note : These I/o ports are also used 
for the interrupt input, timer/ 
counter input, and serial port; 
therefore, it is programmably 
selectable for each application. 

PLA data conversion function (instruction) 
output of data to output port (8-bit) 

Data table look-up and table search 
function (instruction) 

Table can be set up in the whole 
ROM area. 

l2-bit timer/counter (2 channels) 

Serial port with 4-bit buffer 

IS-stage divider (with 4-stage pres caler) 

Buil t-in high output current terminals 
(NHOS family) 

Typ. 20mA x 8 bits, LED direct drive 
is available. 

Built-in high breakdown voltage output 
terminals (CHOS version) 

Hax. 42V breakdown voltage 
FL tube direct drive is available. 

Built-in LCD drive circuit (automatic 
display) (CMOS version) 

LCD direct drive is available 
(1/4 duty LCD, Max. 12-digit display) 
1/4, 1/3, 1/2 duties or static LCD drive 
are programmably selectable. 

Stand-by operation (NMOS/CMOS) 
Battery back-up, battery operation 
and condenser back-up are available. 

On chip oscillator 

TTL/CMOS compatible 

+5V single power supply 
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iii » TECHNICAL DATA 

Configuration of TLCS-47 Series 

Family TLCS-47N 

~~ Item TMP4740P TMP4720P TMP4700C TMP4799C 

ROM Capacity Bytes 
4,096 2,048 

(External) (External) 
4,096 4,096 

RAM Capacity Words 256 128 256 256 

Instruction Execution time us 2 

No. of instructions 90 

Subroutine nesting Levels Max. 15 
r-----. 

External 2 
Interrupts 

(Serial I/O, timer/counter overflow(2) , Internal 4 
timer of divider) 

Timer/counter Channels 2 
(Bit length) Bits 12 

---- (Event counter, timer and pulse width 

(Mode) measurement mode is programmably 
selectable.) 

Serial port Bits 4 (With buffer) 

(Mode) 
(Receive/transmit mode is programmably 
selectable.) 

(Clock) 
(External/internal, and leading/trailing 
edge mode are programmably selectable.) 

Divider Stage 18 (With 4-stage prescaler) 

..., Input 4 

" P< Out~U\) (corresponding ..., 8 
" Ul 

to LA 
0..., 

I/O Bits "--H 16 ..., 0 "p.. I/O (Combined use) 7 P< 

" H. Total 35 

With built-in high output 
current terminals 

8 

With built-in high break-
down voltage terminals 

Bits -

With built-in LCD driver -

Memory Standby function YES 

Hold func t ion -
Clock oscillator With built-in 

Power supply V + 5.0 

Process Nch S i Gate E/D MOS LSI 

Package DIP - 42 QIC-80 DIC-42 

Remark Evaluator Evaluator 
Chip Chip(Pig~ 

back type 
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iii » TECHNICAL DATA 

Configuration of Series 

Series TLCS - 47 
- T--.. --.--------

Family TLCS-47N TLCS-47C (Eval~ator) 
ChlP - ... -~---

:-:--------~ t ~me Item TMP4740P TMP4720P TMP47C10F TMP47C20P TMP47C22F TMP4700C 

ROM Capacity Eytes 4,096 2,048 4,096 2,048 2,048 (External) 
4,096 

RAM Capacity Words 256 128 256 128 192 256 
Instruction 

f--------- - .. ----- --

Execution time ~s 2 4 2 
----~---------.------

No. of 
instructions 90 

-
Subroutine Leyel,s Max. 15 nesting ----- -- --------- _. 
Inter- External 2 
rupts Internal 4 (Serial I/O, timer/counter ovcrf]ow(2), tirr.er of divider) 

--
Timer/counter Channel s 2 

(Bit length) Hits 12 
(Event counter, tiner and pulse width measurement 

(Mode) mode is programmably selectable.) 
Serial port Bits 4 (With buffer) 

(Mode) (Receive/transmit mode is prof,rammably selectable. ) 

(Clock) 
(External/internal, and leadingj trai 1 Lng edge mode 
are programmably selectable.) 

Divider Stage 18 (With 4-stage prescaler) 
Input 4 4 4 

'-' Output (cor-

" "" responding to 8 0 8 
'-' PLA) 
" UJ 0'-' I/O 
~~ Bits 16 16 16 
,,~ I/O 

"" (Combined use) 7 7 7 r:: 
H 

Total 35 27 35 
With built in 
high output cur- YES YES 
rent terminals 
With built-in 
high hrcc,kdmm YES 
voltage tern:inal 
With built-in YES 
LCD driver 
Memory Standby YES 
function YES 
Hold function YES YES (YES) 

Clock oscillator With built-in 

Power supply V + 5.0 

Process Nch Si Gate C2MOS 
Nch Si Gate 

E/D HOS LSI Si Gate LSI E/D MOS LSI 
Package DIP - 42 I FP - 67 I OIC - 80 
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INTEGRATED CIRCUIT 

iIi:¥ TECHNICAL DATA 

TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCVIT& 
'( 

TMP4740P TMP4720P ~~ 
SILICON MONOLITHIC ~~t 

N-CI~NNEL SILICON GATE DEPRESSION LOAD ,. 

NMOS 4-81T SINGLE CHIP MICROCOMPUTER (TLCS-47N) TMP4740P, TMP4720P 

GENERAL DESCRIPTION 

The TLCS-47 is the high speed and high performance, 4-bit single chip 

microcomputer series designed for the general purpose use, 

The TLCS-47 has variously powerful functions in order to meet with the 

advanced and complicated applications, which will be made in near future. 

In addition, software compatible NMOS family (TLCS-47N) and CMOS family 

(TLCS-47C) are also provided. 

The TMP4740P and TMP4720P are the standard chips for the TLCS-47N. 

These chips are similar to each other, except memory capacity. 

The TMP4700C is an evaluator chip used for the system development. 

Part No. ROM (Bit) RAM (Bit) 

TMP4740p 4,096 x 8 256 x 4 

TMP4720p 2,048 x 8 128 x 4 

TMP4700C Externally provided 256 x 4 
(4,096 x 8) 
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ilia TECHNICAL DATA 
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FEATURES 

4-bit single chip microcomputer with built-in ROH, RAH, input/output port, 
divider, timer/counter, and serial port. 

Instruction execution time : 2 WS (at 4 MHz clock) 

Effective instruction set 
90 instructions, Software compatible in the seires 

Subroutine nesting : Haximum 15 levels 

6 interrupts (External : 2, Internal : 4) 
Independently latched control and multiple interrupt control 

Input/Output port (35 pins) 
Input 
Output (corresponding to PLA) 
I/O 
I/O (Note) 

1 
2 
4 
2 

port 4 pins 
ports 8 pins 
ports 16 pins 
ports 7 pins 

Note : These I/O ports are also used for the interrupt input, timer/ 
counter input, and serial port; therefore, it is programmably 
selectable for each application. 

PLA data converting function (Instruction) 
Output of data to output port (8-bit) 

Table look-up and table search function (Instruction) 
Table can be set up in the whole ROH area. 

l2-bit timer/counter (2 channels) 
Event counter, timer, and pulse width measurement mode is programmably 
selectable. 

Serial port with 4-bit buffer 
Receive/Transfer mode is programmably selectable. 
External/Internal clock and Leading/Trailing edge mode are programmably 
selectable. 

l8-stage divider (with 4-stage precaler) 
Frequency applied for timer interrupt of divider is programmably 
selectable. 

High output current (Output ports) 
TYP. 20mA x 8 bits, LED direct drive is nvailable. 

Hemory stand-by function 

On chip oscillator 

TTL/CHOS Compatible 

Battery backup is available. 

+5V single power supply 

42-pin DIL plastic package 

N-channel Si gate E/D MOS LSI 



INTEGRATED CIRCUIT 

iii» TECHNICAL DATA 

PIN CONNECTIONS (TOP VIEW) 

PIN NAMES AND PIN DESCRIPTION 

Pin Name No.of pin. Input/Output 

K03 'VKOO 4 Input 

PI3 'V PI 0 4 Output 
P23 'V P20 4 Output 

R43'VR40 4 I/O 

RS3",RSO 4 I/O 
R53 'V R5 0 4 I/O 

R73cc R70 4 I/O 

RS3 (TI) I I/O 

RS2 (INTI) I I/O 

RSI (T2) I I/O 

RSO (INT2) I I/O 

R92 (SCK) I I/O 
R91 (SO) I I/O 

R90 (ST) I I/O 

XIN, XOUT 2 Input, Output 

RESET I Input 

TEST I Input 

VDD 1 Power supply 
VHH 1 Power supply 
VSS 1 Pm:ver supply 

Input port 

Output port 

" 
I/O port 

" 
" 

" 
I/O port or 
I/O port or 

I/O port or 

I/O port or 

I/O port ur 
I/O port or 

I/O port or 

H1PLl7LIOP 

TrW4720P 

Function 

(Corresponding 
( " 

to PLA) 
) 

timer/counter input 

interrupt input 

timer/counter input 

interrupt input 

shift clock for serial port 

serial output 

serial input 

Resonator connection terminals 

Initialize signal input 

(Low level is input. ) 

+5V 
+5V (Memory power supply) 

OV 
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~~~~ ~ " 
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~ 

TF.'::::! 

X1N 

XOUT 

BLOCK DIAGRAM 

m' 
ri' 
~, 

'"" I 

~: 
,jI 

"ROM 

PC 

Wy AX 

I 
ALU 

FD 

DC 1-----
L_T.z.1_ 

RAM L TC2 
I --,~ 
I L:: 

I STACK 

VDD 

VHH 

Vss 

R92 (SCK) 
R91 (SO) 
ROO (81) 

BLOCK NAMES AND DESCRIPTION 

PC 
ROM 

Block Name 

IR, decoder 
HR, LR 

RAA 
RAM 
STACK 
SPW 
DC, data table 
AX, AY 
ALU 
AC 
FLAG (CF,ZF,SF,GF) 
K, P, R 
INTR Control 

FD 
TCI, TC2 
TC control 
SIO control 
SYS cantrol 
CG, TG 

Function 

Program counter (12 bits) 
Program memory (including fixed data) 
Instruction register, Decoder 
H register (page assignment of RAM), L register (address assign
ment in RAM page), (each 4-bit register) 
RAM address buffer register (8 bits) 
Data memory 
Save area of program counter and flags (r-t~ area) 
Stack pointer word (RAM area) I 
Data counter (12 bits, RAM area), Data table (ROM area). 
Temporary register of ALU input 
Arithmetic and logic unit 
Accumulator 
Flags 
Ports 
Interrupt control (ElF: Enable interrupt master F/F, EIR: Enable 

interrupt register) 
Frequency divider (4-stage prescaler + 18 stages) 
l2-bit timer/counter 2 channels (RAM area) 
Timer/counter control 
Serial port control 
Generation of various internal control signals 
Clock generator, Timing generator 



INTEGRATED CIRCUIT TMP4740P 

TMP4720P 

iii» TECHNICAL DATA 

FUNCTIONAL DESCRIPTION 

1. System Configuration 

1. Program Counter (PC) 

2. Program Memory (ROM) 

3. R Register (RR) , L Register (LR) , RA}\ Address Buffer Register (RAA) 

4. Data Memory (RAM) 

(1) Stack (STACK) 

(2) Stack Pointer Word (SPW) 

(3) Data Counter (DC) 

5. ALU, Accumulator (AC) 

6. Flags (FLAC) 

7. Ports (PORT) 

8. Interrupt Control Circuit (INTR) 

9. Frequency Divider (FD) 

10. Timer/Counter (TCl, TC2) 

11. Serial Port (SID) 

Concerning the above component parts, the configuration and functions of 
hardwares are described 

Hexadecimal notation is used for the description, charts, and tables in order 
to indicate the address and the like, without assigning identification symbols 
as far as it does not give rise to confusion. 

The following names and symbols are used unconsciously. 

(a) CPU Control Processing Unit except for tile buHt--in p-cri"heral 
circuitry, sllch as interrupt control circuit, timer/counter, 
Qnd serial port. 

(b) CP Clock pulse generated in the clock oscillator. 
It is called the "basic clock ll or merely "clock". 

(c) fc Indicates the frequency of the clock oscillator, namely, the 
frequency of the basic clock. 

(d) MSB/LSB Indicates Most/Least Significant Bit. 

(e) F/F Indicates Flip/Flop. 
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TMP4740P 
TMP4720P 

~~ 
~~ 

~~). 
------------------------------------~---------------------------------------------~ 
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1.1 Program Counter (PC) 

It is a l2-bit binary counter, and the contents of the program counter 

indicate the address of program memory in which the next instruction to be 

executed is stored. 

The program counter generally gains increment at every instruction fetch by 

the number of bytes assigned to the instruction. However, when executing 

the branch and subroutine instructions or receiving the interrupt, the 

values specified by these instructions and operation are set. 

Value "0" is specified by initializing the program counter. 

The page structure of program memory is made with 64 words per page. 

The TMP4740P has 64 pages and the TMP4720P 32 pages. 

At the execution of (ESS a) instruction, the value assigned by the 

instruction is set in the lower 6 bits of the program counter when the 

branch condition is met. That is, the (ESS a) instruction is used as a 

branch or jump instruction within a page. If the (ESS a) instruction is 

stored in the last address of the page, the value in the higher 6 bits 

of the program counter indicates that the branch or jump instruction to 

the next page is executed. 

At the execution of (CALL a) instruction, the value specified by 

the instruction is set in the program counter after the previous contents 

of the program counter has been saved in the stack. Since 11 bits are 

of the address bit length whit:h can be assigned by the instruction, the 

call address of subroutine should be in the range of addresses 000 - 7FF. 



• .~ INTEGRATED CIRCUIT 

TECHNICAL DATA 

MSB 

PCH PCM 

PC, '/ PC,o/ PC./ PCB PC,/PC6/ PCs/PC" 
'-------

TMP4740P 
TMP4720P 

peL 

LSB 

PC3/ PCz/ PC, / PC o 
-~ 

, 
Page assignment Address assignment in page 

(a) Configuration of Program Counter 

(page)(~ddress) ROM 

~n 01 
02 

0 
03 

) 
3E ~~ 3F ----
00 

1 

3F 

~=~ { 
00 
01 

) 
r 

~ 
3C 

63 

1 
3D 
3E 
3F 

(b) Configuration of ROM 

ROM (Page) (.~ddress) r ~~" 
I l i 

-

f---~-

BSS a (~ote) 

!----OOa 
Hl 

3F 

~--
XXX 

(Address) 

000 
001 
002 

003 

03E 

03F 
040 

07F 
080 
081 

FFC 

FFD 
FFE 
FFF 

(Execution flow) 

(Only when branch con-) 

: 

dition is met 

Note: "a" shall be 
indicated by 
hexadecimal. 

(c) Special example of branch caused by (BSS a)instrustion. 
Fig.l.l.l Program Countel and Program Memory (ROM) 
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TMP4740P 

TMP4720P 

1.2 Program Memory (ROM) 

264 

Processing programs and fixed data are stor2d in the program 

memory. The next instruction to be executed is read out from the 

address indicated by the contents of the program counter. 

The fixed data stored in the program memory can be read by 

using the ROM data referring instruction or the PLA referring 

instruction. The ROM data referring instruction reads out the 

higher or lower 4-bit data of the fixed data stored in the address 

decided by the data counter [(LDH A, @DC+) and (LDL A, @DC) in

struction respectively], and stores the data in the accululator. 

The. PLA referring instruction (OUTB @HL) reads out the fixed data 

(8-bit) stored in the address decided by the contents of the data 

memory indicated by the contents of Hand L registers as well as 

contents of the carry flag, and outputs the data to output ports 

(P2 • PI) • 

Addresses are individually assignged to the program memory and 

data memory, so that the fixed data in the ROM area cannot 'be directly 

read out by the address of the data memory. 

Specific Addresses of Program Memory 

The following addresses of the program memory are used for 

specific purposes. When not used for these purposes, the specific 

addresses can be used to store the processing programs and fixed data. 
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Specific Address 

000 
(001) 

002 
(003) 

004 
(005 ) 

006 
(007) 

008 
(009 ) 

--
OOA 

(OOB) 

DOC 
(ODD) 

------- ----------
8n +6 

(n ~ 1 '015) 
086 (Note) 

FED 
2 

FFF 

Start 

INTl 

ISIO 

lOVFl 

IOVF2 
e---

ITMR 

INT2 

TMP4740P 
TMP4720P 

Specific Purposes 

address by initialization 

Interrupt vector address 

Interrupt vector address 

Interrupt vector address 

Interrupt vector address 

Interrupt vector address 

Interrupt vector address 
------~ --

Call address by instruction (CALLS 

PLA data conversion table 

Note 086 (hexadecimal) ~ 134 (decimal) 

Table 1.2.1 Specific Addcess of Progr,1m 11eDory 

a) 
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The TMP4740P and TMP4720P contain a program memory with 4,096 x 8-bit 

(addresses 000 - FFF) capacity and 2,048 x 8-bit (addresses 000 - 7FF) capacity, 

respectively. But the TMP4720p cont;;ins a program counter wit~1 12-bit length. 

Therefore, when one of addresses 800 - FFF is accessed in a program, the ROM 

data corresponding to addresses 000 - 7FF read out. It is because there is 

no physical ROM in addresses 800-FFF, but the MSB in the program counter is 

not decoded. For example, when the data located in address FF3 is output to 

a port by the PLA referring instruction on a program, the data located in 

address 7F3 is read out. In the TMP4720P, the PLA data conversion table 

(addresses FEO - FFF) is, therefore, located in addresses 7EO - 7FF. 

"0" [(Nap) instruction] is read out for the ROM data within the range 

of the built-in ROM capacity, if it is not specified by the user. 

Address 

000 

800 

FEO 

FFF 

ROM 

(Program) 
data 

Address 

000 

( 

7EO 
l 

7FF 
800 
(~OOO) 

ROM 

(Program) 
data 

I 1 
1 I 
I 1 
I 1 

t l' 
1 I 
1 1 

FEO I 1 1--____ --I 
(~7EO), I 
S 1 1 

FFF L ______ .J 

(~7FF) 

(TMP4740P) (TMP4720P) 

Fig. 1.2.1 ROM Capacity and Address 

>--
(Immage of ad-) 
dresses 000" 
7FF 
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~ 
~~J.. ____________________________________ -L ___________________________________________ ~ 

1. 3 H Register (HR) , L Register (LR), and RAM Address Buffer Register (RAA) 

The Hand L registers are 4-bit registers used CiS the data 

memory address pointers or general purpose registers. 

The page structure of the data memory is based on 16 words per 

page. Pages are specified by H register, and addresses in page are 

done by L register, respectively. TMP4740p has 16 pages and TMP4720P 

8 pages. 

The L register is also used to specify the bits corresponding to 

pins R73 'C R40 of the I/O port when instructions (SET @L), (CLR @L), 

and (TEST @L), are executed. 

The RAM address buffer register is a temporary register used to 

specify the address in the data memory, and serves as an input of the 

RAM address decoder. Normally, the data specified by the contents 

of the Hand L registers or immediate data of an instruction is fed 

into the WI address buffer register. 
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~Address 

MSB LSB 

HR LR 

HR31 HR21 HR11 HRO LR31 LR2[ LR1 [ LRO 

"------,.,---y " , 
Page specification Address specification 

in page 

LR 

P~FEii--c ------~--------B A9876543 2 -10 
a 
1 + -+ -+ + -+ -+ -+ -+ -+ -+ -+ -+ -t -t -+ 

2 -+ -+ -+ -+ -+ -+ + + -+ -+ -+ + -+ -+ + 
-+ -+ -+ 

~Incrernent direction 
+ + 3 ++++++++-+ 

4 i- -t + -+ + -+ -+ -+ -+ -+ + -+ -+ + -+ 
-+ i- -+ -+ i- -+ -+ + -+ + + + -+ -+ -+ -

5 + -+Dt"J:tm~nt+ d1Act"'iot + + -6 -+ -+ + 
-+ i- -+ -+ + + t + + t + -+ '+ -+ -+ 

~ S 
t t t -+ + + -+ + -+ + -+ -+ t -+ + 

9 -+ + -+ i- + -+ -+ -+ -+ + + + -+ + -+ 
+ + + -+ + + -+ -+ -+ + + + + + -+ A 
-+ + -+ -+ + i- -+ -+ + -+ -+ + -+ + -+ 

B + C -+ + -+ -+ -+ -+ + i- + + + +- + + 
+ -t -+ -+ -+ + -+ + + -+ -+ + + + + 

D + + + + + -+ + -+ + + -+ -+ -+ -+ -+ 
+ t- -+ i- i- -+ + + -+ + + + + i- + 

Configuration of RAM 

Fig. 1.3.1 H Register, L Register and Data Memory (RAM) 
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1.4 Data Memory (RAM) 

TMP4740P 
TMP4720P 

The processing data of user are stored in the data memory. 

The data is read out or written in according to the address indicated 

by the contents of the RAM address buffer register. 

Specific addresses of data memory I 

The data memory is also used for the following specific purposes. 

When it is not used for the respective purposes, the RAM of the 

corresponding address can be used to store the user processing data. 

(1) Stack (STACK) 

(2) Stack pointer word (SPW) 

(3) Data counter (DC) 

(4) Timer/Counter (TCI, TC2) 

(1) Stack (STACK) 

The stack, which is contained in the data memory (one level of 

the stack consists of 4-word RAM), is area to save the contents of 

the program counter (return address) and flag prior to jumping to the 

processing program at time of subroutine call or interrupt acceptance. 

To return from the processing program, (RET) instruction is used to 

restore the contents saved in the stack to the program counter, and 

(RETI) instruction is used to restore the contents saved in the stack 

to the program counter and fla~s. 

The location of the stack to save/restore the contents is deter

mined by the stack pointer word, which is automatically decremented 

after the saving operation, and incremented prior to the restoring 

operation. 
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(2) Stack Pointer Word (SPW) 

The address FF in the data memory is called a stack ~ointer 

word and decides the stack pointer. The stack is contained in the 

r~M, and accessed by the stack pointer. 

The stack pointer is decided with the format shown in Fig. 1.4.1, 

but this address indicates the lOeler RAM address in each level of the 

stack. 

Values "E" - 110" can be assigned for the stack pointer word, so 

that the maximum of 15 nesting levels are available for the stack. 

However, when the timer/counter mentioned following is used, the level 

containing the RAM address corresponding to the timer/counter cannot 

be used for the stack (value "F" is not assigned to the stack pointer 

word, because the stack contains the RAM address corresponding to the 

stack pointer word). The stack pointer word is automatically updated 

by the subroutine call or interrupt acceptance; however, it cannot 

exceed the allowable size of the stack for the system configuration. 

Since the stack pointer word is never ini tialized in terms of 

hardware, it is necessary to set it to the highest possible level of 

the stack in the user's initialization prpgram. For instance, it is 

set to He" level when the two channels of timer/counter are used. 

Note: The "level" indicates the depth of the nesting in the stack as 

well as the location of the next available stack. That is, it 

represents the contents of the stack pointer word. 
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\Addres~ FED C B A 9 8 7 6 5 4 3 2 1 0 
Page 

B 

c:..,--
~--r-T -T -.,.--+ ---1--1--:--1- -~- L -~ - ~~-

C 
D 
E 

F 

I I I I I I I I I I I I I I I 
I I I I I I I , 

Level 3 Level 2 Level 1 Level 0 

" 7 " 6 " 5 " 4 
" 11 " 10 " 9 " 8 

pwj DC *1 TC2 *1 TC1 " 12 

l---Stack 

* : Can be used to store the user processing data 

(a) Specific purposive map of RMI 

(Stack pointer word) 
RAM address : FF 

MSB 
7 

(Stack pointer) 1 

MSB LSB 
3 2 1 0 

ISPW,ISPW21 SPw,lsPWo I 

6 5 4 3 2 1 
LSB 
o 

(b) Stack pointer and stack pointer word 

Address 

2 

E2 
E3 

E4 
E5 
E6 
E7 
E8 

E9 
EA 
EB 
EC 
ED 

2 

~ 
peR'" 

FLAG'" 
PCL" 
PCM" 
PCR" 

~G;;-
PCL' 

PCM' 

I-PCL 
fLAG' 

PCL 
PCM 

~ 

(c) Structure of stack 

" 0 
'M 

t " >J 
0 U 

'M OJ 
>J ... 
U 'M 
OJ '0 ... 

cr- 'M '" .-/ '0 ... 
OJ 0 

~ 
OJ >J 
> '" C\l ~ 

+ '" '" 

\ I 
u 
C\l 

.-/ >J 

"'0'" ~.-/ 

"' 

i 

Fig. 1.4.1 Specific Address and Stack of Data Memory 
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(3) Data Counter (DC) 

Data counter is a l2-bit binary counter used to specify the 
address when the data table in the ROM area is referred (ROM data 
referring instruction). 

The RAM address with 4-bit uuit is allocated to the data counter, 
so that the initial value setting and the content reading of the data 
counter can be executed by the RAM manipulative instructions. 

MSB LSB 
D C 

(Data Counter) 

(RAM Address) (FE) (FD) (FC) 

Fig. 1.4.2 Data Counter and RAM Address 

(4) Timer/Counter (TCl, TC2) 

The two channels of l2-bit timer/counter are built-in, and the RAM 
address with 4-bit unit is allocated to the timer/counter, so that the 
initial value setting and the content reading of the timer/counter can 
be executed by the RAM manipulative instructions. 

When the timer/counter 1 is not used, the stack lower from level 13 
can be used. When both of the timer/counter 1 and 2 are not used, the 
stack lower from level 14 can be used. 

MSB LSB 

(Timer/Counter 1) 
TCI 

TCIL 
(RAM Address) (F6) (F5) (F4) 

LSB 

(Timer/Counter 2) TC2 

(RAM Address) (FA) (F9) (F8) 

Fig. 1.4.3 Timer/Counter and RAM Address 

(5) Page 0 in Data Memory 

Page 0 in the data memory (addresses 00 - OF) is effectively used 
as a flag or pointer in a user's program. 
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I RAM Capaci ty I 
Data memory contained in TMP4740p has a 256 x 4-bit (addresses 00-

FF) capacity, and that contained in TMP4720P has a 128 x 4-bit (addresses 

00 - 7F) capacity. 

Since the TMP4720P also has the RAM address buffer register of 8-bit 

length, there is no physical RAM in addresses 80 - FF in the TMP4720P. 

However, the RAM equivalent to addresses 00 - 7F are referred when addresses 

80 - FF ~re accessed in a program, because the MSB of RAM address buffer 

register is not decoded. That is, the specific RAM address is distributed 

to CO - FF in a program, but the RAM equivalent to addresses 40 - 7F are 

assigned in the TMP4720P. 

Address 

00 

80 

FF 

RAM 

( da~a ) 
reglon 

Specific 
address 
region 

(TMP4740P) 

Address 

00 

RAM 

( Da~a ) 
reglon 

Specific 
address 

7F region 
80 I 
(=00) J I 

J I 
I I 
I J (J I 

) L-----1 
I I 
I I 

FF: I 
(=7F) L _____ ...l 

(TMP4720P) 

(a) RAM Capacity and Address 

Address RAM 

00 

J 
J 

I J L _____ .J 
I I 
t (Not) t 
I used I 
J J 
J I 
I J 

(
Image of ) 
addresses 
00", 7F 

EO 

f 
I I 

Specific 
address 
region 

FF 

(b) :ZAM Map example of TMP4720P 

(TC" TC, and staCk) 
5 level are used. 

Fig. 1.4.4 RAM Capacity and Address 
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1.5 ALU, Accumulator (AC) 

The ALU is a circuit used for various arithmetic and logical 

operation for 4-bit binary data. It performs the operation designated 

by the instruction, and outputs the 4-bit result, carry (C), and 

zero detection signal (Z). 

The accumulator is a 4-bit register to use a source operand 

for the arithmetic operation, and in which the result is stored. 

AY are temporary registers.) 

Output of result 

MSB LSB 
310 

(Accumulator) 

Fig. 1.5.1 ALU, Accumulator 

Detection of operating condition 

Output C from the ALU indicates the carry output from the most 

significant position in the addition operation. 

However, the subtraction is executed with the addition of the 2'8 com

plement, so that output C in the subraction operation indicates the 

"non-borrow" from the most si8nificant position (i.e., in case of nOll

borrow, C = "1"). Accordingly, borrow (B) can be represented with "C". 

Output Z indicates the zero detection signal tu which "1" is applied 

when all of the 4-bit data transferred to accumulator or output of the ALU 

are cleared to zero'. 
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~~ ,()~~ 
~ 

"'?~).. 
------------------------------~------------------------------------~ 

Example (4-bit operation) 

( a) 4 + 5 (C 0, Z 0) 

(b) + 9 0 (C 1, z 1) 

( c) 3 - 1 (B 0, Z 0) 

( d) 0 (B 0, Z 1) 

(e) 6 8 -2 or E (B 1, Z 0) 

Note B C is indicated. 

1.6 Flag (FLAG) 

Flag is a 4-bit register used to store the condition of arith

metic operation, and of which the set/reset conditions are specified 

by the instruction. The flag consisting of CF, ZF, SF, and GF is 

saved in the stack when the interrupt is accepted. By executing the 

(RETI) instruction, it is restored from the stack to the conditions 

immediately before the interrupt is accepted. 

3 o 

Fig. 1.6.1 Flag 

(1) Carry Flag (CF) 

~his flag is used to holrl the carry in the addition operation 

as an input to th~ ALU by the (ADDC A, @I!L) instruction ae. well as 

to hold the non-borrow in the subtraction operation (the (:arry in the 

addition of the 2's complement) as an input to the ALU by the 

(SUBRC A, @HL) instruction. The rotate instruction makes the flag 

hold the data shifted out of the accumulator. 
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(2) Zero Flag (ZF) 

This flag is stored the zero detection signal (Z) when the 

instruction desi8nate to change. "1" is set if all 4 bits are cleared 

to zero by an arithmetic operation or data processing. 

(3) Status Flag (SF) 

This flag is set or reset according to the condition specified 

by the instruction. With the exception of particular cases, it is 

usually presented at every execution of an instruction, and holds 

the contents of the result during execution of the next instruction. 

It is normally set to 111", but is reset to "a'· for a time under the 

certain condition (it varies according to the instruction, for ex

amples, when the result is zero, when carry occurs in the addition, 

or when borrow occurs in the subtraction, the flag is reset). 

The status flag is referred to as branch condition in a branch 

instruction. The memory location is branched when this flag is set 

to "l"; therefore, normally the branch instruction can be required 

as llunconditional jump instruction". On the contrary, the instruction 

becomes a "conditional instruction l1 if it is executed immediately 

after loading the instruction to set/reset the status flag according 

to the condition determined by some previous instruction. 

The status flag is initialized to "I" at initialization, 

and is also set to "1" after the contents have been saved in the 

stack when the interrupt is accepted. The contents saved in the 

stack is restored by the (RETI) instruction. 

(4) General Flag (GF) 

This is a single-bit general purpose flag, being set or reset, 

and also used in a test by a program. This can be used for any 

purpose in the user program. 
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Data transfer to/from the external circuitry, and command/ 

status/data transfer between the built-in periferal circuitry 

are carried out by the input / output irs t""tUC tions. 

(a) Input/Output port : Data transfer to/from external circuitry. 

(b) Command/data output 

(c) Status/data input 

Control of circuitry of built-in 

peripheral circuitry, and output of data. 

Input of status signal(Note) and data from 

the built-in peripheral circuitry. 

Note Status signal is provided from serial port and is 

different from th2 status flag (SF). 

To transfer the data or to control the circuitry, each port 

or register is selected by designating the address (Port address) 

by input/output operational instructions (13 instructions) in the 

same way as the memory. 

The port address is composed of 5 bits (addresses 0 - 31). 

The address to be acc(~ssed differs according to a instruction. 

By way of caution, the port address space is independent of the 

program mer lory address space and tlle data memory address space. 

Every output port contains a latch in order to hold the output 

data. Since every input port is operated without latching, it is 

desired to externally hold the data to be input from the external 

devices till the data is completely read out, or to read the data 

several times to confirm the contents. 

The details to specify the input/output circuit format of ports 

and initialization of the output latch are 2.6 (2) Input/Output Circuit 

Forrri1t. 

277 



N 

" 00 
Input/Output Instructions 

Port 
ad-

dress 

Symbol 
(Input/ 
Output) 

Port, Register 
(Input/Output) IN %P, A lOUT A ,%P 

IN %P .@HL , OUT@HL,%P 
SET%P,b 

OUT 11K, %P I OUTB @HLI CLR%P, b 
00 
01 
02 

IPOO / OPOO Ko Input port / 
/ / p, Output 

IPOI OPOI P,Output latch port 
IP02/0P02 P2 /P 2 " 

IP03/0P03 

o 
o 
o 

03 
04 IP04/0P04 R4 I/O port 0 
051 IPOS/OPOS Rs 0 
06 lP06/0P06 R6 0 
07 lP07/0P07 R, 0 
08 . IP08/0POS R8 0 
09 I IP09/0P09 R9 " 0 I 
OA I IPOA/OPOA I 
OB 1 IPOB/OPOB 

OD IPOD/OPOD ____ ( ,,) Senal 

OE I IPOE/OPOE Status input/ --- 0 

o 
o 

o 
o 
o 
o 
o 
o 

o 
o 

a 
o 
o 
o 
o 
o 

o 
o 

o 
o 
o 
o 
o 
o 

buffer register (Reception) 
buffer register (Transmission) 

TEST %P,b 
TESTP%P,b 

a 
o 
a 

o 
o 
a 
a 
o 
o 

o 

SET 
CLR 
TEST 

o 
o 
o 
o 

@L 
@L 
@L 

OC IPOC/OPOC ---, J(.;:.:c~) Ser~al 

~OF/OPOF (i') / (*") 0 0 
10 I /OpIO / -----f----+---t---+--~---_____l_----~ 

o 

11 

12 
13 
14 
15 
16 
17 
18 
19 
lA 
IB 
lC 
ID 
IE 
IF 

Note 1: 
Note 2: 
Note 3: 

/OPll /P 2 'p, output port 
(8-bit output) 

/OP12 
/OP13 
/OP14 
/OplS 
/OP16 
/OP17 
/OPIS 
/OP19 
/OPlA 
/OPIB 
/OPIC 
/OPID 
/OplE 
/OPIF 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ (a) 

/ 
/ 
/ (b) 
/ (c) 
/ 
/ (d) 

o 

(a) Control with timer interrupt of divider! 
(b) Timer/Counter 1 control -

o 
(c) Timer/Counter 2 control 
(d) Serial port control 

o 
o 

o 
Inputs (IPIO - IPIF) of port addresses 10 - IF remain undefined. 
Port addresses with "_-" mark are reserved addresses and cannot be used at user's program. 
OPll is automatically accessed by (OUTB @HL) instruction, but cannot be done by the instructions 
other than this one. 

Table 1.7.1 Port Address Allocation and Input/Output Instructions 

III N~ 

--1 
m 
n 
I 
Z 
n » 
r-

o 
» 
--1 
» 

~ 
~ 
E9 
() 

e 
=i 

--I --I 
33 
--0 --0 
-10:" -10:" 
'-J '-J 
N-IO:" 
00 
--0 --0 

~~ -

/p;~,,~~'t> .. : 
~~ , 
~ , 
~ 
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(1) KO (K03 'CKOO) Port 

This is a 4-bit port used for inpllt. 

Input data ~--o (Pin) 

MSB LSB 
3 0 

I Ko 31 Ko ,IKe, I Kool 

Fig. 1. 7 . I Ko Por t 

These ports are 4-bit ports with a latch usrd for 

output. The latch data can be read by the instruction. 

These two ports can independently access by specifying port ad

dresses IPOI/OPOI, and IP02/0P02. In addition, they can output 8-bit 

data by the (OUTB @HL) instruction. 

PLA dC'.ta conversion 

A hardware PLA is not contained in the system; however, the func

tion equivalent to it can be performed by access to the PLf. data con-

version table provided in the ReM by usc of the (CUTB @HL) instruction. 

The PLA referring instruction (OUTB @HL) : This instruction reads out 

the 8-hit data stored in the program memory, whose address is determined 

by the contents of the clata memory indicated by the contents of the Hand 

L registers as well as the contents of the carry flag, and outpllts the 

data to 8-bit ports p2 and Pl. At this time OF]! is automatically 

selected as the port address. 
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Ports Pl and P2 are capable of reading the latch data by the 

instruction, so that the data output by the PLA refe.rring instruc

tion can be qualified or modified; that is, the convert pattern can 

be changed or the numbers of pattern will be increased. 

MSB LSB 
76S432l0 

Conversion data Ip"lp"lp"lp,olp,,1 p"lp,,1 p,ol 

Input data ~ "

Output data~ (Pin) 

Fig. 1.7.2 P, and P, Ports 

(3) R4 (R43 'C R40), RS (RS3 'C RSO), R6 (R63 'C R60), R7 (R73 'C R70) Port 

Each of these ports is a 4-bit I/O port with a latch. The 

latch should be set to "l" when the port is used as an input port. 

Pins R73 - R40 can be 

used for bit scanning for 

set/reset and test accord

ing to the contents of the 

L register by executing 

the (SET @L), (CLR @L) and 

(TEST @L) instructions. 

Table 1.7.2 shows the pins 

corresponding to the con

tents of the L register. 

L register Correspond- L register Correspmd-
3121110 ing Pin 3121110 ing Pin 

0 0 0 0 R40 1 0 0 0 R60 

0 0 0 1 R41 1 0 0 1 R61 

o 0 1 0 R42 1 0 1 0 R62 

0 (J 1 1 R43 1 0 1 1 R63 

0 1 0 0 RSO 1 1 0 0 R70 

0 1 0 1 RS1 1 1 0 1 R71 

0 1 1 0 RS2 

I 

1 1 1 0 R72 

0 1 1 1 RS3 1 1 1 1 R73 

Table 1.7.2 Correspondence of Individual 

Bits of L Register and I/J Port 
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Input data 

~
<t-

: Note 

Latch I (Fin) Output data 

Note For bit set/reset of port, 
latch output serves as input data. 

Fig. 1.7.3 

(4) RS (RS3 RSO) Port 

This is a 4-bit I/O port with a latch. The latch should be set 

to "1" when the port is used as an input port. 

It is a port common to external interrupt input or external timer/ 

counter input. When it is driven by the external circuitry, such as 

external interrupt input or external timer/counter input, the latch 

must be set to "1", When it is used as normal I/O port, some measures, 

such as inhibition of the external interrupt input acceptance or disable 

of the mode depending on the external input of the timer/counter should 

be taken in a program. 

(Note) When pin RS2 (INTI) is used as a port, INTI interrupt request 

takes place because the falling edge of the pin input/output 

is detected (interrupt enabling master F/F is normally set to 

"111). This causes the CPU to process a dummy interrupt 

acceptance [e.g. the (RETI) instruction only is executed}. 

When pin RSO (INT2) is used, INT2 interrupt request also 

takes place in the same manner as the case of pin RS2, but 

the interrupt request is not accepted by merely resetting 

the LSB (EIRO) of the enable interrupt register to "0" in 

advance. Therefore, the above processing is not required. 
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Can t rol input 

Input data 

Output data 

TMP4740P 
TMP4720P 

(Pin) 

Note: For bit set/reset of port, latch 
output serves as input data. 

Fig. 1.7.4 R8 Port 

(5) Rg(R92 0, RgO) Port 

This is a 3-bit I/O port with a latch, and the latch must be 

set to 11111 when it is used as input port. 

The Rg port is also used as serial port. The latch must be set to 

"I" when Rg port is used as serial port. The port used as normal 

I/O port is not entirely influenced by 

Pin R93 is not mounted in the port, but 

pin Rg3 in a program. 

MSB 

r'} - _. ,..-:::"'---r:'='--r::~.., 

Serial control 
Input data 

Output dara 

Serial control 

I 
I 
I L ___ ~ __ ~~~~ __ ~ 

disabling the serial port. 

"I" is read by accessing 

(Pin) 

to 

Note: For bit set/reset of port, latch 
output serves as input data. 

Fig. 1.7.5 R9 Port 
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1.8 Interrupt control circuit (INTR) 

TMP4740P 
TMP4720P 

Interrupt factors are composed of two from the external 

circuitry, and four from the internal circuitry. By setting the 

interrupt latch provided for each factor, an interrupt request is 

generated to the CPU. The interrupt latch is set when the edge of 

the input signal is detected. 

The interrupt request is not always accepted hy the CPU if 

generated. It is not accepted till the priority in the six factors 

determined according to the hardware and the enahling/disabling 

control by the program become all affirmative. 

In order to control enabling/disabling of interrupt by the 

program, an F/F (ElF) and a 4-bit register (EIR) are provided. 

By using these means, preferential acceptance of the interrupt 

factors by the program, and multiple interrupt control can be 

realized. 
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TMP4740P 
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Priority Interrupt Enable con-
Vector Factor dition accord-according Latch Address 

to hardware ing to program 
- .. -~---. 

External interrupt 1 (INTl) 
(Higher) 

INTLS 
(Note 1) 

1 ElF = 1 
" "-----

Serial 
Input/Output (ISIO) 2 INTL4 EIF' EIR3 = 1 

'"' 
interrupt 

p, 
Timer counter 1 ::J 

'" '" <l! 
Overflow (IOVF1) 3 INTL3 EIF' EIR2 = 1 

'"' interrupt 

" .r< 

rl Timer counter 2 

'" Overflow (IOVF2) 4 INTL2 (Note 2) 

" H EIF.EIR1 = 1 OJ interrupt 
'"' " H Timer interrupt (Note 2) (ITMR) 5 INTL1 

o·~ divider EIF· EIR1 = 1 

6 
External interrupt 2 (INT2) INTLO EIF'EIRO = 1 

(Lower) 

Interrupt enabling master F/F Interrupt enabling register (EIR) 

MSB LSB 
3 2 1 0 

(Note 1) Since EIR register cannot make disabling of the INTI 

interrupt, this interrupt is always accepted under the 

interrupt enabled condition (ElF = 1). Therefore, this 

should be used for the interrupt requiring the first 

priority such as emregency interrupt. 

(Note 2) The given acceptance condition by the program is the same 

in IOVF2 and ITMR; accordingly, the action of these inter

rupts to the acceptance/inhibition control is the same. 

Table 1.8.1 Interrupt Factors 

002 

004 

006 

008 

OOA 

OOC 
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INT2 

[Interrupt Latch] 
(INTI) 

Priority 

'~~ __ -l::~~~~;;;;~====~~deCision (Is ICD ci rcuit 

(ITMR) 

(INT2) 

EIR) 

EIR2 

EIR} 

EIRO 
CR 

Fig. 1.S.l Interrupt Control Circuit 

Instruction 
I cycle 

Address/information 
7 

Acceptance signal 

lnterru t 
request signal 

,1-------------------- -
I 

_I_n_IR _____ ..J! 

_I_N_T_L~l __________ --...I/ 

;::INc..;T:.:L"'O ____ ----'/ 

ElF \~---------------------
-~----~---- ><. >~ ;:.c----X-

Execution of Interrupt accept- Execution of aOA Execution of 
instruction ance processing address instruc

tion (Jump in
struction) 

instruction 

Note: On the assumption that E1Rl= 1, without other interrupt requests 

Fig. 1.S.2 Interrupt Acceptance Timing Chart (Example) 
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(1) Interrupt processing 

TMP4740P 
TMP4720P 

The interrupt request signal to be sent to the CPU is held by 

the interrupt latch till the request is accpeted or the latch is 

reset by the initialization operation or instruction. 

The processing for the interrupt acceptance is performed 

within two instruction cycle time after the completion of the ex

ecution of instruction (after the completion of the timer/counter 

processing if it is required). 

The following operations are performed by the interrupt service 

program. 

CD The contents of the program counter and flag are saved in the 

stack. 

GD The vector address is set to the program counter according to 

the interrupt factor. 

(A jump instruction to each interrupt service program is usually 

stored in the program memory corresponding to the vector 

address.) 

® The status flag is set to "1". 

® The interrupt enabling master F IF is reset to "0" to inhihit 

the subsequent interrupt acceptance for a time. 

~ The interrupt latch of the accepted interrupt factor is reset 

® The instruction stored in the vector address is executed. 

The interrupt service program terminates after the execution of the 

(RETI) instruction. 

The following operations are performed by the (RETI) instruction. 
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TMP4740P 
TMP4720P 

Q) The contents of the program counter anJ flag are. restored out 

of the stack. 

® The interrupt enabling master F/F is set to 111". 

When the multiple interrupt is accepted, the interrupt enabling 

master F/F should be set by the instruction. At this time, the enabl

ing/disabling for each interrupt factor can be changed by updating 

the interrupt enabling register by the (XCH A, EIR) instruction. 

The program counter and flag are automatically saved/restored in 

the interrupt processing. However, if saving/restoring of the ac

cumulator and other registers is necessary, it should be designated 

by a program. 

(2) Interrupt control by program 

This is an enabling interrupt master F/F. Interrupt is put in 

the interrupt acceptance enabling state by setting the ElF to "1". 

It is reset to "0" immediately after having accepted an interrupt to 

inhibit the subsequent interrupt acceptance for a time, but is set 

to "1" again by the (RETI) instruction after the completion of the 

interrupt service program to return the enable state again. And then 

the other interrupt can be received. 

The ElF can be se t/ rese t in a program by using the (ElCLR IL, r) 

and (DICLR IL, r) instructions. It is reset to "a" at initialization 

operation. 

EIR register 

This is a 4-bit register used for selection/control of enabl

ing/disabling of the interrupt acceptance in a program. 
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Read/write operation is performed by use of the (XCH A, EIR) 

instruction. It is set to "0" at the initializati')n operation. 

Interrupt latch 

The interrupt latches (INT1S - INTLO) provided for each inter

rupt factor are set by the rising edge of the input signal if the 

interrupt is caused by the internal factors, and are set by the 

falling edge of the input pin if it is caused by the external fac

tors. Then, interrupt request signal is sent to the CPU. The 

interrupt latch holds the signal till the interrupt request is ac

cepted, and is reset to "0" innnediately after the interrupt has been 

accepted. 

Since the interrupt latch can be reset to "0" by the (EIC1R 

11, r), (DIC1R 11, r) and (CLR 11, r) instructions, the interrupt 

request signal can be initialized by a program. The latch is reset 

to "0" at the initialization operation. 

1.9 Frequency divider (FD) 

The divider (FDI - FD18) is made up 18-stage binary counter, 

and its output is used to generate various internal timing. 

The basic clock (fc Hz) is divided into sixteen by the timing 

generator and input to the divider; therefore, the output frequency 

at the last stage is fc/222 Hz. 

It is reset to "0" at the initialization operation. 

Timer Interrupt of divider (ITMR) 

The divider is capable of sending the interrupt request for a 

certain frequency. Four different frequencies can be selected 

for timer interrupt by instructions. 
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The command register is accessed as port address OP19, and is reset 

to "011 at time of the initialization. 

The timer interrupt of divider is cnused from the rising edge 

of the first output of the divider after the data has been written 

in the command resister. 

Basic 
clock (CP) 

(fc Hz) 

(a) Strueture of frequency divider 

MSB 

(Port address) 
3 

OP19 

7~ 

~'c 

;, 

" 
,', 

(b) Command register 

LSB 
a 

(1' : don It care) 

0 * * 
a a 
a 

a 

Interrupt fre
quency (Hz) 

fe/2 10 
fe/2 11 

fe/2 12 
fe/2 13 

Dis'lb1e 

Interrupt frequency 

I For example, 
i fc~4.1943()4Mllz 

! 4,096 Hz 

I 
2,048 Hz 
1,024 Hz 

512 Hz 

Fig. 1.9.1 Frequency Divider 

fe/2 10Hz 

fe/2 11 Hz 

fe/2 12Hz 

fc/2 l3Hz 
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1.10 Timer/Counter (TCl , TCZ) 

TMP4740P 
TMP4720P 

Two channels of 12-bit binrtry counter is contaIned to count 

time or event. 

Since the RAM address with 4-bit unit is allocated to the 

timer/counter, the initial value setting and the content reading 

of the ti:ner/count:er can be executpd by the RAM manipulated 

instructions. 

MSB LSB 

(Timer/Counter l)E TCI 
TClH TCIM TClL 

(RAM Address) (F6) (F5) (F4) 

MSB LSB 

2) I TC2 
(Timer/Counter 

TC2H TC2M TC2L 

(RAM Address) (FA) (F9) (FS) 

Fig. 1.10.1 Timer/Counter 

(1) Timer/Counter Control 

The timer/counter is controlled by the command specifying 

the operation mode. The command register for the timer/counter 

1 and timer/counter 2 is accessed as port addresses OPIC and 

OPID, respectively. It is reset to "0" at the initialization 

operation. The count operation is started from the first rising 

edge of the count pulse applied by setting the value (mode) to 

the command register. 

When the timer/counter is not used, the RAM addresses 

corresponding to the timer/counter can be used to store the 

user processing data by selecting the "disable" state. In the 

timer mode, the external input pins can be used as I/O ports 

[RS3 (Tl), RSI (T2) J. 
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TCl Command register 
(Port Address OP1C) 

TC2 Command register 
(Port Address OP1D) 

MSB 
3 

MSB 
3 

LSB 
1 0 

LSB 
1 0 

TMP4740P 
TMP4720P 

Selection of Count Mode I 
Disable state 

Event count mode 

(Counts external input) 

Timer mode 

(Counts internal pulse.) 

11 Pulse width measureMent mode 

r 01 

10 

11 

(a) Command register 

Internal Pulse Max. Set tin 
Rate (Hz) Time ( SEC) 

£c/2 l0 222/fc 

fc/2 l4 226 / fc 

fc/2 l8 2 3O /£c 

£c/222 2 34 /fc 

(b) Selection of timer rate 

(Counts the pulse obtained by 

sampling of external input by 

use of internal pulse.) 

Selection of Internal 
(Divider Output) Rate 

fc/2 l0 Hz 

fc/2 l4 Hz 

fc/2 l8 Hz 

fc/2 22 Hz 

(fc: Basic 

4,096 

256 

16 

1 

is counted. 

is counted. 

is counted. 

is counted. 

clock frequency) 

Max. Setting 
Time (SEC) 

1 

16 

256 

4,096 

Pulse 

Fig. 1.10.2 Control of Timer/Counter 
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(2) Count Operation 

When the rising edge of the count pulse is detected, the count 

latch is set to send a count request to the CPU. 

The count operation of the timer/counter is performed requiring 

one instruction cycle time after completion of the instruction ex

ecution. The execution of the next instruction and the acceptance 

of the interrupt request are kept waiting during the operation. 

When the count request is sent from the timer/counter 

the same time, the count request of the timer/counter 

entially executed. 

and 1, at 

is prefer-

The maximum frequency applied to the external input pin under 

the event counter mode is fc/32 Hz if one channel is used. When 

two channels are used, fc/32 Hz is applied to the timer/counter 1, 

and fc/40 Hz to the timer/counter 2. 

In the timer mode, the maximum frequency is determined by 

a command. 

The maximum frequency applied to the external input pin in the pulse 

width measurement mode should be the frequency level available for 

analyzing the count value in the program. Normally, the frequency 

sufficiently slower than the designated internal pulse rate is 

applied to the external input pin. 
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TMP4740P 
TMP4720P 

Count pulse 

Counter ~~ ____ n __ + ______ ~X n + 2 X n + 3 

(a) Event counter/timer mode 

External input pin 

Internal pulse 

Count pulse 

Counter n. _____ -'X n+l X n+2 X n+3X n+4 

(b) Pulse width measurement mode 

Fig. 1.10.3 Mode and Count Value of Timer/Counter 

Decrease in execution speed of instruction due to count operation 

The CPU carries out the count operation requiring one instruction 

cycle time for the count request. Therefore, this causes the decrease 

in the apparent speed of instruction execution. Some examples are 

shown below : 

(a) In the timer mode with count pulse rate of fc/2 l0 Hz : 

The count operation is inserted once every 128-instruction 

cycle time, so that the apparent speed is decreased by 1/127~0.8% 

instruction execution speed. For example, the apparent speed is 

2.016~s to 2~s instruction execution speed. 

(b) In the event count mode 

It depends on the count pulse rate applied to the external 

input pin. In the worst case, when the timer/counter 1 and 2 

are operated at the same time with the maximum count pulse rate, 

the count operation is inserted once every 4-instruction cycle 

time for the timer/counter 1, and once every 5-instru~tion cycle 

time for the timer/counter 2. 
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The apparent speed of the instruction execution, therefore, de

creases by 9/11~.82%. The apparent speed is 3.64ws to 2ws instruc-

tion execution speed. 

(3) Interrupt by overflow (IOVF1, IOVF2) 

At the tilT'c Whr?ll the ovcrflovl occurs, the tjmer/counter g2ne

rates the interrupt request. 

That is, the interrupt request is generated when the count value of 

FFF is changed to 000. The counting is continued after the interrupt 

request signal is generated. Assuming that the CPU provides the 

interrupt enabling state, and that the interrupt is accepted as soon 

as the overflow interrupt has been generated, the interrupt process

ing can be performed in the sequence illustrated in Fig. 1.10.4. 

I 

Count ~ 

Instruction 
cycle 

Count request ~~-----------------------
Detection of overflow n~ ____________________ __ 
Occurrence of IOVF 

---.----- .....,.------- -----------------~ ------- - ------
Execution 
of in
struction 

Fig. 1.10.4 

Count 
cycle 

Execution 
of in
struction 

Interrupt 
acceptance 
processing 

Timing Chart of Timer/Counter in 

Interrupt by Overflow 

Execution of 
instruction 
(jump) 
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~~ 
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1.11 Serial Port (SID) 

A 4-bit serial port with a buffer is provided to transfer the 

serial data from/to the external circuitry. It is connected to 

the external circuitry through three pins [R92 (SCK), R9l (SO), R90 

(S1)]. Since these pins are also used as port R9, the output latch 

of the R9 port should be set to "l" when the serial port is used. 

When it is not used, the pins can be used as I/O port R9· 

Pin RgO in the transmit mode and pin R9l in tile receive 

mode are also available as I/O port pin. 

(1) Circuit configuration 

The serial port consists of a 4-bit shift register, a 4-bit 

buffer register, and its control circuit. 

SI 

(~erial data) 
lnput plD 

ISla 

(Internal 
MSB 

3 

3 

Stat'~s 

o 

I L..._'---I _ __ '- _ .J 

(Internal Bus) 

SO 

SCK 

data) 
pln 

(Serial shift clock 
input/output pin 

SR 
SB 

4-bit shift register 
4-hit huffer register 

SIOC : Serial port control circuit 
~s : Internal shift clock 
ISla: Interrupt request 

Fig. 1.11.1 Circuit Configuration of Serial Port 
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(2) Serial port control 

The serial port operation is controlled by the command. The 

command register is accessed with port address OPIF, and reset to 

"0" at the initializatio~1 operation. The operation status can be 

informed through the status input, which is accessed with port 

address IPOE. 

Serial port com
mand register 
(Port address) 
OP1F 

Serial port 
status input 
(Port address) 
IPOE 

MSB 
3 

I 

MSB 
3 

ISIOF I 

2 

RM 

2 

SEF [ 

LSB 
1 0 

[ 
-I 

LSB 
a 

Serial transfer enable or 
start request. 

a Serial transfer disable or 
end request. 

Recei ve mode 

o Transmit modp 

o 

Shift operation at the lead
ing edge of the shift clock 

Shift operation at the trail
ing edge of the shift clock 

External input is served 
as shi ft clock. 

Internal clock is served 
as shift clock. 

* I " (* don't care) 

Operating condition of serial transfer 

a Stopping or disabling condition 
of serial transfer 

Shifting operation C311 be monitored, 
and is used at time of transfer 
end request. 

Fig. 1.11.2 Command Register, Status Input 
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(3) Shift clock (SCK) 

The following shift clock modes can be selected by the contents 

of the command register. 

(a) Clock source (External/internal mode) 

(b) Shift edge of clock (Leading edge/trailing edge mode) 

Internal clock mode 

fC/2 7 Hz is used for the shift clock (when the basic clock fre

quency fc is 4.194304 MHz, the shift clock frequency is 32.768 kHz.). 

At this time, the clock is supplied to the external devices through 

the SCK pin. If the data setting (transmit mode) or the data read

ing (receive mode) rate by the program cannot follow the clock rate, 

the shift clock is automatically stopped and the next shift operation 

is suspended until the data processing is completed ("Wait"operation). 

External clock mode 

The shift operation is performed by the clock provided from the 

external circuitry since the SCK pin serves as an input. 

Leading edge shift mode 

Data is transmitted (transmit mode) or received (receive mode) 

at the leading edge of the SCK pin signal. 

Trailing edge shift mode 

Data is received (receive mode) at the trailing edge of the 

SCK pin signal. 

The SCK pin must be set to the "high" level when the serial trans

fe~ is started. In the internal clock mode, the SCK pin is automat

ically set to the "high" level because it serves as an output. 
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(4) Operation mode 

Selection of the following three transfer modes is available 

by changing the combination of the RM bit and 1M bit of the com

mand register. 

RM 1M ECKM 
Operation Mode (Bit 2) (Bi t 1) (Bit 0) 

0 0 1/0 Can not be used 

0 1 1/0 
Transmit mode (Note) 
(External/Internal clock) 

1 0 1/0 
Receive(Trailing edge shift) mode 
(External/Internal clock) 

1 1 1/0 
Receive(Leading edge shift) mode 
(External/Internal clock) 

(Note) Leading edge shift operation is performed. 

Table 1.11.1 Operation Mode of Serial Port 

In the transmit mode, the 4-bit data written to the buffer 

register frow the CPU is shifted out by the shift register, and is 

output in the SO pin from the data of the LSB in sequence. The buf

fer register is accessed as the port address OPOF. 

In the receive mode, the data to be input to the SI pin is 

shifted toward the LSB by the shift register in sequence, and is 

set in the buffer register after the 4-bit data has been received. 

The CPU reads the contents of the buffer register, which is 

accessed as the port address IPOF. 
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Transmi t mode I 

TMP4740P 
TMP4720P 

After this mode is set in the command register, the first 

transmit data (4-bit) is written in the buffer register (the data 

cannot be written in the buffer register, if the transmit mode is not 

set). Then the data can be transmitted by setting the ESIO (MSB 

of command register) to "1". The con tent of the buffer register 

is transferred to the shift register by the first shift clock, and 

the data in the LSB (DO) is output to the SO pin. The buffer regis

ter then becomes empty, so that the internl?t (ISlO) requcsti!1g the 

next data takes pJ ace (buffer empty). After that, the remaining data 

(DI - D3) is automatically shifted out by the shift register by one 

data at a shift clock. The control hy use of a program is not 

necessary in this operation. 

Data is written in the buffer register by outputting the next 

transmit data (4-bit) to the port address OPOF in the interrupt 

service program, and at the same time the interrupt request is 

reset to "0". 

Internal clock operation 

In case of fc/2 7 Hz internal clock operation, if the next data 

is not set in the buffer register (OPOF has not been accessed by the 

program) though the 4-bit data has been entirely shifted out, the 

shift clock automatically stops, and the wait operation is taking 

place until the data is set. 

The maximum transmission rate is 31250 bit/sec. at the 4 t1Hz 

basic clock. 
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External clock operation 

Since the shift operation synchronizes entirely with the clock 

provided from the external circuitry, the data should have been 

written in the buffer register before the next 4-bit data is shifted 

out. Therefore, the transfer rate is determined by the maximum 

time lag from the receipt of interrupt request (ISla) to the writing 

of data in the buffer register by the interrupt service program. 

so 

ISla 

SB (OPOF) ~,--D _________ -II-~'-________ ---I 

(a) Internal clock operation (with wait operation) 

ESIO ~ 

SCK (INPUT) 

so 

ISla 

(b) External clock operation 

Fig. 1.11.3 Transmit Hade 
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Completion of transmission 

TMP4740P 
TMP4720P 

When the buffer register becomes empty, the interrupt occurs 

to request the next data. In case where the transmission is desired 

to be completed after the data is entirely transferred, the transmit 

operation can be stopped upon completion of transferring the current 

data shifted out, by resetting the ESIO to "Oil without outputting 

the data. Whether or not the transfer operation is completed can 

be sensed in a program by the SIOF (MSB of the status input). 

In the external clock operation, the ESIO must be reset to "0" 

before the next data is shifted out as in the data updating opera

tion (however, the data is not updated when the operation is com-

pleted) . When the wait operation have been already performed in 

the internal clock operation, the data transfer is terminated 

immediately after ESIO = o. 

One word transfer can be terminated by ESIO = 0 in the inter

rupt service program on receipt of the interrupt caused by the buffer 

empty. 
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ESIO 

SIOF 

SEF 

SCK 

so 

ISla 

SB(OPOF) 

ESIO 

SIOF 

SEF 

so 

ISla 

----------------~~~--_rl------------~~ 
L ________ _ 

(a) Internal clock operation (with wait operation) 

SB (OPOF) ...:D"-_________ -' \....::.-__________________ __ 

ESIO 

STOF 

SEF 

SCK 

So 

ISIO 

SB(OPOF) 

(b) External clock operation 

(c) Completion at one-word transfer 

Fig. 1.11.4 Completion of Transmission 
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Data can be received by setting the receive mode in the command register 

as well as by setting the ESIO (MSB of command register) to "1". 

When the four data are received from the ST pin, the 4-bit data is 

transferred from the shift register to the buffer register. At t'le same time, 

interrupt (ISIO) takes place to request the data reading (buffer full). 

Since the shift register has been transferring the data to the buffer reg

ister, the shift operation is continued without waiting for the data being 

read. 

When the data received from the port address IPOF is read in the inter

rupt service program, the interrupt request is reset. And then the next 4-bit 

data is transferred from the shift register to the buffer register if the 

buffer register has been full. 

Internal clock operation 

During the operation of the internal clock of fe/2 7Hz, if the next 4-

bit data is not read out of the buffer register (the IPOF has not been ac

cessed) in the program th')Ue;h the I,-bit data has been entirely input, the 

shift clock automatically stops, and the wait operation is taking place 

uotil the data is read out. 

The maximum receiving rate is 31250 bi.t/sec at the 4 MHz basic clock. 

External clock operation 

Since the shift operation synchronizes entirely with the clock provided 

from the external circuitry, the current data should have been read by the 

instruction before the next 4-bit data is transferred to the buffer register. 

The transfer rate is, therefore, determined by the maximum time lag from the 

receipt of interrupt request (ISIO) to the read of the data in the buffer 

register by the interrupt service program. 
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ESIO 
r-----------------------~:~1--------------~f~ 
~ 

SCK (OUTPUT 

SI 

Shift t ttl t 

~a SB g~~'--D_"'(~----4 
Read (IPOF)i 

D' 

ISIO 

(a) Internal clock operation (with ",ait operation) 

ESIO ~ 

SCK (INPUT) 

SI 

Shift (Sampling) 

_---1.~~~\~-+------'~s~ 
Read (IPOF) D ~ 

ISIO 

SB 

(b) External clock operation 

Fig. 1.11.5 Receive (trailing edge shift) Mode 
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When all of the data are read, the receiving of data can be 

completed upon termination of the current data transfer, by resetting 

the ESIO to "0". 

Whether or not the data transmission is terminated can be sensed 

in a program by the SIOF (MSB of status input). 

To complete the receive operation when the synchronization is 

desired between the serial transfer and interrupt service program 

(indicates datn reading or completion of receivinf,), there are two 

ways according to the speed of shift clock. 

The receive/transmit mode must be maintained without switching 

the mode until the last data "is read out even if the completion of the 

data transfer is indicated; otherwise the contents of the buffer reg

ister will be lost. 

(a) Sufficiently slow data transfer rate (external clock operation) 

If the timing, operated by the external clock, is slow enough to 

reset the ESIO to "0" prior to the generation of the next shift clock, 

the ESIO can be reset to "0" in the interrupt service program which 

is loaded to read out the last data. Thereafter the last ,lata is read. 
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ESIO 

SlOF 

SEF 

SCK 

Sl 

ISla 

SB 

Read (IPOF) 

Fig. 1.11.6 Completion of Receiving (at slow transfer rate) 

(b) Fast transfer rate 

If the shift operation for the next data may start before the 

current data is read out by receipt of the interrupt request becuase 

the transfer rate is too fast, the interrupt service program which is 

loaded to read out the last data but one should be used to reset the 

ESIO to "0" after confirming that the SEF (bit 2 of status input) has 

been set to "1". 

Thereafter, the data should be read. No operation is required to 

complete the data transfer in the interrupt service program for read

ing the last data. 
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TMP4740P 
TMP4720P 

ES10 

S10F 

SEF 

SCK 

SI 

IS10 

SB 

Read 

The method mentioned above is usually taken for the internal 

clock operation. In the external clock operalion, however, the reset 

of the ESIO and the read of data must be completed before the last 

data is transferred to the buffer register. 

Ca) Program sequence of receive end indication 

~~j----------------------if_--------------------~h 

~I~------------------~r--------------_r~~r-----+, 

D~ , 

D' D" 

( IPOF) ------_0 

(h) Timing Chart 
(in case of internal clock operation with wait operation) 

Fig. 1.11.7 Completion of Receiving (at fast transfer rate) 

'''~ 
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TECHNICAL DATA 

(c) One word transfer 

TMP4740P 
TMP4720P 

The data receive operation starts after the ESIO is set to "1". 

Then, the ESIO is reset to "0" after confirming that the SEF status 

is set to "1", In this sequence, one interrupt cas,ued by the buffer 

full takes place; therefore, the data should be read out by the 

service program. 

(a) Program sequence of receiving start/end indication 

ESIO 

SIOF 

SEF 

SCK 

SI 

ISIO 

SB 

Read (IPOF) 
(b) Timing Chart 

Fig. 1.11. 8 Receiving Start/Com,lntion (at one word transfer) 
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I Receive (leading edge shift) mode I 

TMP4740P 
TMP4720P 

With this mode set in the command register, the data can be 

received by setting the ESIO (MSB of command register) to "1". 

When the four data are receivpd f:om the 51 pin, the 4-hit 

data is transferred from the shift register to the buffer register. 

At the same time, the interrupt (ISla) occurs to request the data 

reading (buffer full). Since the shift register is transferring 

the data to the buffer register, the shift operation has been con-

tinued without waiting for the data being read. 

When the data received from the port address IPOF is read in 

the interrupt service program, the interrupt request is reset. 

And then the next 4-bit data is transferred from the shift register 

to the buffer register if the buffer register has been full. 

Thp basic operation in the receive (leading edge shift) mode is 

equivalent to that in the receive (trailing edge shift) mode except 

that the edge for the shift clock is different, and that at time of 

the transfer start, the first shifted data has been already input 

from the external circuitry before the first shift clock is applied 

to the data receipt. Timing charts are shown below. 
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ESIO ---.Jr----------------< 

SIOF 

SEF 

SCK(OUTPUT) 

S1 

Shift (Sampling) 

ISIO 

Read (IPOF) 

~r\\nD------~r~A~~ 
\~~ 

SB 

(a) Internal clock operation (with wait opcraticn) 

ESIO 

SIOF 

SEF 

SCK(INPUT) 

51 

Shift 

SB 

Read 
~~0F>~l=i2F 

(IPOF) ~ 

ISIO 

(b) External clock operation (at slow t f ) rans er rate 



..o~~ 
TMP4740P ~~ 

• » TECHNICAL DATA TMP4720P ~'1. 
------------------~--------------------~~~~ 

INTEGRATED CIRCUIT 

ES10 

SIOF 

SEF 

SCK(INPUT) 

SI 

Shift 

ISIO 

SB D' 

Read (IPOF) 

(c) External clock operation (at fast transfer rate) 

ESIO 

SIOF 

SEF 

SCK 

SI 

Shift (Sampling) 

ISIO 

SB 

Read (IPOF) 

(d) One-word transfer 

Fig. 1.11.9 Receive(Leading Edge Shift)Mode 
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TECHNICAL DATA 

2. Basic operation and pin operation 

1. Instruction cycle 

2. Basic clock (CP) generation 

3. Initialization operation 

4. Memory st.:lnd-·by function 

5. Interrupt input 

6. Input/output port 

7. Othe r pins 

TMP4740P 
TMP4720P 

The timing in each basic operation, and the configuration, function, 

and timing of the pins are described according to the above items. 

The operation and timing vlitb each conponent of the hardware arc 

covered in detail in the description of each item of the components. 

Different input/output port circuit system can be specified accord

ing to the port. The details to specify the type of input/output port 

cIrcuit are ~iven in the descreption covering the program tape format. 

2.1 Instruction cycle 

The instruction execution and the internal hardware control are 

synchronized wi th the basic clock (CP, fc HZ). 

The minimum unit of the instruction execution is called the 

"instruction cycle", and all instructions are executed by one or two 

instruction cycles, each of which is called one-cycle instruction or 

two-cycle instruction. 
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TMP4740P 
TMP4720P 

An instruction cycle consists of four machine cycles (MI 'U M4), 

and each machine cycle requires two basic clock times. 

CP 

M4 ~ 
Mafhine cycte 

I Instruction Cycle -----I 

PC+ 1 ~PC PC~RO':':M____) 
ROM7IR·Decoder 

RAM·RegisterrALU ALU~RAM·Register 

Port ~t Por~tpu 

Fig. 2.1.1 Instruction Cycle 

2.2 Basic clock (CP) generation 

An oscillation circuit is contained, and tbe necessJry clock i~.; 

easily generated by connecting the resonator to external pins (X1N • 

XOUT)' By the way, the oscillation circuit serves as sC:lmitt circuit. 

The clock gen(~r<Jted in the osci 11<1tion circuit is called the 

"basic clock" with which the internal control is synchronized. 

The basic clock is applied to the timing generator and the control 

circuit of system to provide various control signals. 
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TMP4740P 
TMP4720P 

A~ 
"1~J. 

______________________________ J-____________________________________ ~ 
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The following are the examples of the resonator connection. 

(a) For X-tal or ceramic resonator 

(b) For RC 

XIN XO UT 

9 
(Open) 

(e) For external .oscillator 

Fig. 2.2.1 Resonator Connections 

2.3 Initialization operation 

Initialization operation is performed by keeping the RESET pin 

to the low level. However, the following conditions are required to 

put the initialization operation into practice with certainty 

CD The supply voltage is within the operating voltage. 

(£) The asci 11ation cireui t operates stably. 

CD The RESET is held at the low level in at least three instruc

tion cycle time. 
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H1P4740P 
H1P4720P ~~ 

~~' 
------------------~------------------- ~ 

The following processings are performed by the initialization operation. 

CD Reset the program counter to "0". 

(2) Set the status flag to "1". 

Q) Reset the interrupt enabling master F/F and the interrupt 

enabling register to "0", and also reset the interrupt 

latch to "0". 

® Reset the divider to "0". 

CD Initialize the input/output port and command register to the 

fixed level. 

The initialization operation is released due to the rise of the 

RESET pin to the high level, and the program can be executed from 

address 0 in sequence. 

The RESET pin serves as Schmitt circuit input, and is connected with 

pull-up resister ('" 200k~ TYP., MOS-load resister). 

2.4 Memory Stand-by function 

Even during the cut off of the main power supply (VDD) , the 

RAM data can be held with low power dissipation by connecting the 

back-up power supply to the VHH pin. This memory stand-by operation 

is performed by the following procedure. 

CD Keep the RESET pin at the low level in at least three 

instruction cycle tirle ~eforc the 'TDD poper ~o"s to 

the minimum operating voltage. 

CD Hold the low level of the RESET pin. At the same time, the 

level of the VHH voltage should be kept at that of more than 

rnimimum stand-by voltage. 
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The operation should be started from initialization operation 

after the main power supply is resumed. 

The power dissipation at the stand-by time can be minimized by 

this function. 

2.5 Interrupt input 

Two pins (INTI, INT2) are provided for the external interrupt 

input. Since these pins are cornmon pins with RS port, they can be 

used as 1/0 pins (RS2' RSO) respectively, if not used as the inter

rtl1Jt input pins. 

The interrupt via INT2 can be inhibited at any time by the 

program, but the interrupt via INTI is not inhibited by it inde

pendently. Therefore, when this pin is used for the RS2 port, the 

interrupt will always take place due to the detection of the falling 

edge of the signal. It is necessary to set a dummy interrrupt service 

program including the (RETI) instruction only, even if the INTI ls 

not used. 

The interrupt latch is set by the falling edge of the external 

inputs (INT], INTZ ), and an interrupt request is made to 

the CPU. To assure that the interrupt latch is positively set or 

reset, and that the next interrupt request is set, both of the high 

and low levels should be kept for more than two instrucLion cycle 

time. 

The external interrupt input is the Schmitt circuit input. 
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Instruction 
cycle 

-+----+1 ----+------j---

TMP4740P 
TMP4720P 

\L ________________ -L,r-__ -__ -_--__ --__ -__ -_-__ -__ -__ -__ --_--__ -__ -__ --_--__ -__ --__ -__ -_-__ -_ 

INTLI 

ElF 

_____ ---1/ \L __________ __ 

\'----_--------../ 
---j-- -- - -+-- -- ~·+f ~----~'+I ~-----+-'I - - - ---t-

Execution 
of 
instruction 

Interrupt 
acceptance 
process 

Execution of ad- Execution 
dress 002 (RETI) of 
instruction instruction 

Fig. 2.5.1 Interrupt Timing (Dummy process of INTI interrupt) 

2.6 Input/output port 

(1) Input/output timing 

The timing to read the external data from the input port or I/O 
port is in H3 machine cycle in the second cycle of the input instruc
tion (two-cycle instruction). Since this timing cannot be externally 
recognized, the transient input data should be processed by a program. 

The timing to output the data to the output port or I/O port is 
in H4 machine cycle in the second cycle of the output instruction 
(two-cycle instruction), but this timing cannot be externally recognized. 

Input instruction 
1st Cycle 2nd Cycle 

~M-l-,-M-2-,-M-3---, ,-M-4---+1-:-M-l-,-M2 , M 3 :JIj 
lnput strobe ~ 

(a) Input Timing 

Output instruction 
1st Cycle 2nd Cycle 

Gl I M2 ~ M3+M41 Ml-+~.2~ 
Latch strobe 

____________________________________ IL 

External pin ----------------------~~ 
(b) Output Timing 

Fig. 2.6.1 Input/Output Timing 
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(2) Input/Output circuit format 

The input/output circuit format of the input/output port is 

shown following. 

For the THP4740P and the THP4720P, any of the input/output circuit 

systems shown in the following tables can be selected. You can 

specify your input/output circuit system when requesting the program 

tape. 

"IOCODE AA" is employed if not specified. 

Input/Output Circuit Code (IOCODE) AA 

~ Input Output I/O I/O I/O 
lr- (KO) (P I ,P2 ) (R4 , RS,R6) (R7) (RS,Rg) 
tdt 

I/O R 

~r :1F :1r ~jf ~quiv- ~ rlent 
,ircui t 

R = lk>l (TYP .) R = lk>l (TYP .) R = lk>l (TYP. ) R = lk>l (TYP. ) 

------------------ ---- ----

a High threshold! o Sink open a Sink open a Sink open a Schmitt cir-
input. drain output. drain output. drain output. euit input. 

o No resistor is a High output a Output latch a Output latch o Sink open 

Remark contained. 
current. is initializ- is initialized drain output. 

a Output latch ed to the high to the high 
a Output latch 

is initialized 
level. level. 

is initialized 

I 
to the high to the high 
level. level. 

Note The input/output port of the evaluator chip THP4700C is made up with 

the circuit system equivalent to this input/output circuit system; 

therefore, the system of the THP4700C can become equivalent to that 

of the THP4740p or the THP4720P by externRlly installing EPROl! 

(program memory) on the TMP4700C (but TMP4700C is not contained the 

pull-up resistor with RESET pin and the pull-down resistor with 

TEST pin.). 
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Input/Output Circuit Code (IOCODE) AE 
--

~ 
Input outP~ I/O 

Cir (Ke) (P 1 ,P,) (R4, Rs , PcG) euit 

~ :A? 
RIN RL 

I/O 
R 

~~ ~ R equiv-
alent 
cir-
cuit RIN~lOOkll (TYP.) RL ~ Skll (TYP. ) 

R ~ lkll R ~ lkll (TYP. ) 

0 High threshold 0 Sink open 0 Sink open 
input drain output. drain Dutpu t. 

lRemark 
0 Pull-up o High output o Pull-up re-

resistor is current. sis tor is COD-

contained. 
Output latch 

tained. 
0 

is initialized 0 Output latch is 
to the high level ini tialized to 

the high level. 

Input/Output Circuit Code (IOCODE) AF 

~ Input Output I/O 
Cj -

(Ke) (P l' P,) (R4,R5,R6) euit 

:jf, I/O 
R RL 

equiv-~ ~~ ~ R 
alent 
cir-
cuit 

RIN~lOOIl (TYP. ) RL ~ Skll (TYP. ) 
R ~ lkll (TYP. ) R ~ lHl (TYP. ) 

o High threshold 0 Sink open 0 S~nk open 
input drain output. drain output. 

o Pull-down o High outpu t o Pull-up re-
resistor is current. sistor COD-

Remark contained. tained. 
0 Output latch 

is ini tialized 0 Output latch 
to the high level is ini tialized 

to the high level 

TMP4740P 
TMP4720P 

I/O 
(R7) 

~ 
R ~ lkn (TYP. ) 

0 Sink open 
drain output. 

o Output latch 
is ini tialized 

I/O 
(Re ,R9 ) 

I 

I~,~ 
R ~ lkll (TYP. ) 

0 Schmitt cir-
euit input. 

0 Sink open 
drain output. 

to the high level 0 
Output latch 
is ini tialized 

to the high level 

I/O I/o 
(Il7) (Re ,R 9 ) 

~ :=;-Iq? 
R ~ lkll (TYP. ) R ~ lkQ (TYP. ) 

0 Sink open 0 Schmit t cir-
drain output. euit input. 

o Output latch 0 Sink open 
is i ni tialized drain output. 

to the high level 0 
Output latch 
is ini tialized 

to the high level 
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Input/Output Circuit Code (IOCODE) AH 

I 
T~~--

~ Input Output I/O Cir-
cuit (Ko) (P, ,P 2 ) (R4,RS,RS) 

~ :~ 
I/O R RIN 

equiv-

~ alent 
cir-
cuit 

RIN~IOOHl (TYP.) RL~5HI (TYP. ) 
R ~ lkn (TYp. ) R ~ lkn (TYP. ) 

o High threshold 0 Sink open 0 Sink open 

input drain output. drain output. 

o Pull-up o High output o Pull-up re-

Remark resis tor is current. sistor is can-
contained. 

Output latch 
tained. 

0 

is ini tialized 0 Output latch 
to the high level is ini tialized 

to the 1m, level 

Input/Output Circuit Code (IOCODE) AI 

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

Input Output I/o 
Cir-

(Ko) (P, ,P,) (R 4 ,R S ·11 5 ) u't 

~ 
I/O R RL 

equiv-

~ ~'r ~ alent 
cir- R 

euit -<P 
RIN~lOOkrl (TYP. RI,~5kll (TYP. ) 
R ~ lkQ (TYP. ) R ~ lkn (TYP. ) 

o High threshold 0 Sink open 0 Sink open 
input drain output. drain output. 

o Pull-down o High output 0 Pull-up re-
Remark resis tor is curren t. sistoris can-

contained. 
Outpu t latch 

tained. 
0 

is initialized a Output latch 
to the hi gh leve 1 is illitialized 

to the low level 

320 

TMP4740P 
TMP4720P 

I/O 
(:(7 ) 

~ 
R ~ lkrl (TYP. ) 

0 Sink open 
drain output. 

o Output latch 
is ini tialized 

--
I/O 

(Ra ,R9) 

!-::;~~ 
R ~ lkrl (TYP.) 

0 S chrnitt cir-
euit input. 

0 Sink open 
drain output. 

to the high level a 
Output latch 
is ini tialized 

to the hi gh leve I 

----I/O-~ --T 
I/O 

(F /) (Ra ,R9) 

I 

-~W ~-Iq~ 
~ 

R ~ lkrl (TYP. ) R ~ lkll (TYP. ) 

0 Sink open 0 Schmitt cir-
dr;ain output. euit input. 

o Output latch 
1 0 Sink open 

is initialized drain output. 
to the high level 0 

Output latch 
is ini tialized 

to the high leve I 
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~~ 
~~~ 

~'" ..,~~ 
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2.7 Other pins 

Timer/Counter input 

Two pins (Tl, T2) are provided for the external timer/counter 

inpllts. Since these pins are rOITlJ'lon nins ~]i th 'R.S port~ they can he 

also used as I/O pins (RS3, RS I )' respectively, if not ',s('cl as the 

timer/counter inputs. 

The count latch is set by the rising edge of the external input 

(Tl, T2 ), and a count request is made to the CPU. To assure that the 

count latch is positively set or reset, both of the high and low 

levels should be kept for more tham two instruction cycle ti~cs. 

The external timer/counter input is the Schmitt circuit input. 

Serial port 

This port is connected to the external cireui try via three pins 

(SCK, SO, SI) , which are also used for the Rg port. These pins can 

be used as the pins of the Rg port (R92, R9l, R90), if not used for 

the serial port. 

To assure that the shift operation is positively performed in the 

external clock mode, both of the high and low levels should be kept 

for more than two instruction cycle times. 

The SCK input in the external clock mode and the SI input in the 

receive mode are Schmitt cj rcui t inputs. 

TEST pin 

This pin is used for the shipment test. To operate the user 

system with this pin, the input should be surely set to the low level. 

By the way, TEST pin is connected with pull-down resistor ('" 70kl) TYP., 

MOS-load resistor). 
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3. Instructions 

The TLCS-47 series microcomputer is provided with 90 instructions, 

which are software compatible within the series. The instructions of 

the TLCS-47 series is consist of I-byte instructions or 2-byte instruc

tions. To classify them in terms of the execution time, there are 

I-cycle instructions and 2-cycle instructions. 

I-byte, I-cycle instructions are mainly used in this series, and 

are arranged so as to improve the program efficiency. 

l-byte I-cycle instruction 40 

I-byte 2-cycle instruction 11 

2-byte 2-cycl~ instruction 39 

Total 90 

(a) Classification by byte/cycle 

Move instruction (Note 1) 22 

Compare instruction 6 

Arithmetic instruction 16 

Logical instruction 9 

Bit manipulation instruction 24 

Input/Output instruction (Note 2) 6 

Branch, suLroutine instruction 6 

Other instruction 

(Note 1) 

(Note 2) 

Total 90 

Including ROM data referring instructions 

Including PLA referring instruction. 

(b) Classification by function 

Table 3.0.1 Classification of Instructions. 
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3.1 Description of symbols 

The following symbols are used for describing the instructions in the 

followipg explanations. 

Symbol Description 
~---------+~-------------~----------.----------------------~ 

AC 

M[x] 

HR 

LR 

P [p] 

FLAG 

CF 

ZF 

SF 

GF 

PC 

STACK[(SPW) ] 

SPW 

ElF 

EIR 

INTLj 

DC 

ROM[x] 

(ROMH, ROML) 

+ 

V 

't 

Accumulator 

Data memory (Address x) 

H register 

L register 

Port (Address p) 

Flag 

Carry flag 

Zero flag 

Status flag 

Gene r al flag 

Program counter 

Stack (Stack level is indicated by the contents of stack 

pointer word.) 

Stack pointer word 

Enable interrupt master F/F 

Enable interrupt register 

Interrupt latch (j ~ 5 - 0) 

Data counter 

Program memory (Address x) 

(High-order 4 bits or low-order 4 bits are expressed by 

suffix H/L.) 

Transfer 

Exchange 

Addition 

Substraction 

Logical ANI:: 0 1 tl-:e co~-yesponding bits 

Logical OR of the {~()rresponding bits 

Exclusive OR of the ('orres')onding bits 
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Symbol 

-
( CF) Inversion 

null Processed 

(AC) Contents 

(II. L) Contents 

M[(H.L)] Contents 

coupling 

(AC) <b> Contents 

(LR)<3:2> Contents 

(rC)<ll :6> 

I 

Contents 

TMP4740P 
TMP4720P 

Description 

of carry flag contents 

result is transferred nowhere 

of accumulator 

of 8 bits coup1ing H register with L 

of data r:Jcmory for wlcich the contents 

H register Wit:l L register is used as 

of bit assigned by b of accumulator. 

of bit 3 to bit 2 of J~ register 

of bit 11 to bit 6 of program counter 

register 

of 8 bit,; 

address. 

3.2 Description of instructions <',): Note 1 (,,,,): Exec. cycle (,;*): Hexadecimal 

Item Assembler Object Code I Function 1 Flag(*) 1<,<") 
I ~ Mo emoni c i---_~~.--_--~~~+_-----~__cc__-~c----.~c----____c----,---lI-"C:.:F.J.:lz"'F:.J°I"-:s=-F,--I~I 
~ __ +-_____ ~ ___ B_i_n_a_r~Y ___ +-_(_*'_*~)~ _______ F_u_n_c_t_1_'ona1 Description 

I ~ Z 1 I 1 

c 
0 

.r< .., 
U 

" H .., 
en 

" H 

'" ~ 
0 :s 

324 

LD A, @HL 

f---

[,~ 
I LD HL, x 

0000 1100 OC (AC)<-M[(H·L) ] 

a 0 1 1 

X7 X f,X"X" 

a a 1 0 

X7 X 6 X 5 X 4 

1 1 

Loads the contents of the data memory sper
ified by the Hand L registers in the ac~ 
cumulator. 

C • (AC)+M[x] I ~ Z 1 I 2 
--------~----'--"'----=--'-"=-----j 

Loads the contents of the data memory spe-
cificd by the x of the instruction fiQld in 

! t:te acculliUlalor. 
lOa a 2 8 i --=-(L--=-:R=--)-=-*-M:"':[-X~=--],=--(--=-:HR-)-=-*--M-[X-'t---l]~---------'I-~~~~l'--l2~ 

_v_ xHxL X'==X7X6X5X4X3X200 ____ -"-___ ---'-__ 

l'~C Loads the consecutive two-word contents of 
the data memory specified by the x' (modi~ 

fied x) of the instruction field in the H 

~'-#k--l' oi~O-Ok-Jk-'-k-:k:14- kl ;:~),Lk::_i_s_t_er_s_. __ ~ ___ ~ I ~ Z 1 I 1 

I Loads the immediate data k of the instruc--

I i tion field in the accumulator. Serves as 
the clear instruction ~vhen k == O. 
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TMP4740P 
TMP4720P 

IIItems Assembler 
I L.------"I Mnemonic 
Class 

Object Code 

Binary 

Function 

Cl;<,) Functional Description 

IFlag(*) I (*") 
CF ZF SF 

" o 

LD H, Ilk 1 1 a a k,k,k,k o C k-r~(H-R-)'-k--------------------TI------1-'-11~ 

Loads the immediate u.J.ta k of the ins truc-
Serves as the 

~
ion field in the H register. 

clear instruction when k = O. 
~------~-------------------- -------------------------.------,---~ 

1 1 1 a k,k,k,ko E kl (LR)*-k l- - 1 I 1 LD L, Ilk 

I~L~o~a~d~s~t~h-e--i~mm--e-d~l~.-a-t-e-,d-a~t~a--ck~o'f~t~l~le~l~·n~s~t~r~o~cL-~~ ticn field in the L register. Serves as the 
, clear iost ruction when k = O. 

LDL A, @DC a a 1 1 a a 1 1 3 3 .J..AC)<-ROML[(DC)] 
Loads the lower-order 4 bits of the data read 
out of the data table of the program memory 

i specified by the data counter, in the ac-

~-- ---------1----+-------------------,----,-------1 'to cumulator. 

ILDH A,@DC+ a a 1 1 a a 1 a 32 (AC)<-ROMH[(DC)], (DC)<-(DC)+l 1- Z 1 I 2 

' i read out of the data table of the program 
Ii

i Loads the higher-order 4 bits of the data 

I memory specified by the data counter, in the 

II 

accumulator, and then increments the contents 
, of the data counter. [Note 2] 

,ST A, @HL a a 0 a 1 1 1 1 I 0 F M[(H.L) ]<-AC 1- - 1 I 1 

I
, I f--;o;--c--'---'-c'-i-------;----c---c----------'-;-c------c--"--~~ I Stores the contents of the accumulator in the 

I ___________ -+ _________________ -+I _____ -+ __ d_a_t_a __ m_e_m_o_r_y_ specified by the Hand L registers. 

ST A,@HL+ 0 a a 1 1 0 1 a 11 A M[(H-L) ]<-(AC-)-:--(LR)=(Ll~)-+i-----=r- Z ~~ 
Stores the contents of the accumulator in the 

I data memory specified by the Hand L regis-
ters, and then increments the contents of the 
L register. [Note 3] 

ISTA,@HL- 00011011 IE M[(H.L)]<-(AC), (LR),-(LR)-l l-zEll 
Stores the contents of the accumulator in the b I data memory specified by the Hand T. regis-
ters, and then decreQcnts the contents of the 

i L register. [Note 3] 
, S T-A~ -x-----+-0--0--1-1---1--l-1--1-+-3--F-+-M-r-X-] <---( A-C-)-------- - -- ------T - 1 I 2 

I
· II xHxL Stores the contents of the accumulator in the 

X7 X 6 X S X
L, X3 X 2 X 1 X O data memory specified by the x of the instruc-

, I tion field. 

if-S-T-llk-,-@-H-L+-+-1-1-1-1--k-:k-2-k , k J F k- ~-c;.-;:)-]-~-k-, (LR) <- ( LR) +l - I - Z C I 1 

Stores the immed-iate uata k of the ins true··· 
ti on field in the data memory specified by 
the Hand L registers, and then increments 
the contents of the L register. [Note 3] 
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• INTEGRATED CIRCUIT 

.» TECHNICAL DATA 

I~ Assembler Object Code Mnemonic 
Class 

Binary (l*) r--
ST Ilk, y a a 1 a 1 1 a 1 2 D 

k3k,k,ko Y3Y2Y1YO 
k y 

-
MOV H, A 000 1 000 a 1 0 

-
MOV L, A o 0 0 1 o 0 a 1 1 1 

" XCH A, H o 0 1 1 000 a 3 0 
0 
'rl 
'-' u 
~ 
'-' XCH A, L a 0 1 1 o 0 0 1 3 1 U] 

" H 

(!J 

~ 

~ XCH A,EIR a 0 0 1 o 0 1 1 1 3 

XCH A,@HL o 000 1 1 0 1 o D 

XCH A, x a 0 1 1 110 1 3 D 

X7 X 6 X S X 4 X3 X 2 X l xoi xHxL 

c-------- . 

XCH HL, x a 0 1 a 1 0 0 1 2 9 

X7 X 6 X S X I.o X3 X 2 X I X O 
xHxL 
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TMP4740P 
TMP4720P 

Function I Flag(*) 1(**) 
j CFjZFjSF j 

Functional Description 

M[y]+k I- - I I 2 
Stores the immediate value k of the instruc 
tion field in the data memory specified by 
y (page 0) of the instruction field. Serves 
as the clear instruction when k = O. 

(AC)+(HR) I- z II 1 
Loads the contents of the H register in the 
accumulator. 

(AC)+(LR) I - Z 1 I 1 
Loads the contents of the L register in the 
accumulator. 

(HR)t(AC) T- z 1 I 2 
Exchanges the contents of the accumulator for 
those of the H register. [Note 2] 

(LR):',:(AC) I- z I I 2 
Exchanges the contents of the accumulator for 
those of the L register. [Note 2] 

(EIR)t(AC) I - - 11 1 
Exchanges the contents of the accumulator for 
those of the interrupt enable register. 

M[(H·L) ]:',:(AC) 1- z 11 1 
Exchanges the contents of the accumulator for 
those of the data memory specified by the H 
and L registers. [Note 2] 

M[x]t(AC) 1- z 11 2 
Exchanges the contents of the accumulator for 
those of the data memory specified by the x 
of the instruction field. [Note 2] 

I- II M[xl';:(LR) ,M[x'+l]t(HR) - 2 
X'=X7X6XSX4X3X200 

Exchanges the contents of the Hand L regis 
ters for consecutive two-word contents of 
the data memory specified by the x' (modified 
x) of the instruction field. 



• " INTEGRATED CIRCUIT ~.o~~~/,t_ 
TMP4740P ~~-~~ 
TMP4720P '-<I 

;;8; » TECHNICAL OAT A ~ 
--~------------~----------------~ 

Items 
I~ Assembler 
I Class\ Mnemoni c 

Object Code Function iF1ag(;'ll(;",) 
CF ZF SF 

CMPR A,@HL 

r-------Bi-n-a-r-y----~("*~i'~)+--------- Functional Description 

000 1 o 1 1 0 1 6 null'-M[(fl_:.0J-(AC) ______ U z z I 1 
Compares the contents ;-£ the data memory spec
ified by the Hand L registers with those of 
the accumulator. 

~--- -- - - - -------------- --------------------- -]-;=-

I CMPR A, x 00 1 1 1 1 10 3 E [lill~M[xl-(AC) ~Z Z I 2 

I XHXL Compares the c-Ontentsof-the dat-a memory spec- I L X7X6XSX4 X3 X 2 X I X O ifled by the x of the instruction field with ! 

I
I CMPR -A-, i-1k-ll~ ~ -~ 1 - ~3~-~-~};~~~-::-:-k~;A~;~--a~~-um-u-l"-tOr. --- _~ z t 1 ' 

o I I Compares the immediate data k of the in-

I 
struction field with the contents of the ac-

I cumulator. Serves as the accumulator test 
I I I instruction when k = o. 

ICMPR H,llk II ~ ~ ~ i ~3t~'~OII ~ ~ I ~~!~::~H~~e im-m--e-d-i-a-t-e-d--at---;,--k-----JO-f.--t--h-e-Z-in-B_-'I,---=---2--4 

struction fi(~ld with the contents of the H 
I register. Serves as the H register test in-
! struction when k::= O. 

iCMPR L,llk +----100 ;-;--1~-; 0 3 8 null+k-(LR)---------_~_Z B t 2 

1 0 a 1 k3k2k,ko 9 k Compares the immediate date 1, of th" in-

I
I struction field with the contents of the L 

1 

register. Serves as the L register test in-

I! struction when k= O. ! 

1-11 C-MP-R-y-,I-lk-+-1-0-0--1--0 -1-~-1--;- ; E nul1+k-M-bl-- ______ h---z.....u:::J 
I k y Compares the immediate data k of the in- t 

k3k2klko Y3 Y2 YI Yoi struction field with the contents of the data 

11 11 memory specified by the y (page 0) of the in
struction field. Serves as the data memory 

I I test instruction when k=O. 

i--~-.~~-4-I-N-C-A------~-Z~--l~~ ~-~--8--~-(-A-C-)~-(-A-C)+1 _______ ~~~----L~--~--~~-~~C~~~l~ 
~ u Increments the contents of the accumulator . 

.2 2 

.~ ~ 
~CS 

INC L 00011000 18 f-Oc( L::cR:.:'),-~-,(-=L:cR:,-) +~l~c-o------------;c--c-;- _ I - Z c t 1 
Increments the contents of the L register. 
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• iii:'; 

I~ 
Class 

328 

INTEGRATED CIRCUIT 

TECHNICAL DATA 

TMP47l l0P 
n1P4720P 

Assembler 

Mnemonic 

. INC @HL 

Function] F1ag(*) ] (*'<) 
e--_~~ ___ ~~~+" __ " __ """"~_~c-----c---:_~,-,IC",FLI:Z",-FI=:S",-F"---I--l 

Functional Description 

Object Code 

Binary (,'11,') 

o 0 o 0 1 0 1 0 o A ~.L) ]+M[(H·L) ]+l" 1- Z ell 
Increments the contents of the data memory 
specified by the Hand L registers. 

----I--~---"------"-~----~- -,----,--1 
I DEC A 0 0 0 0 1 0 0 1 j 0 9 ~C)+(AC) -1____ ] - Z B I 1 
I I Decrements the contents of the accumulator. 

I::: :, --~ :~JI-~· :,~~~;~~~;;;;:,~;;;::::.:::;ili~:t: 
II' . I specified by the Hand L registers. 

ADDC A'@~~~;;--l~~ 5 , (AC)'"(AC)+M[(H·L) ]+(CF) Ie -z--c'I-1--1 

I , J YddS the contents of the data memory spec-i ified by the Hand L registers as well as 
I : those of the carry flag to those of the ac-
I I cumulator, and places the result in the ac-
I cumulator. 

~@m~oololl 1 11 7 : (AC)+-(~~);M[(H~L)l--- _____ ~ __ J- Z C I 1 

I
" Adds the contents of the data memory spec-

I 
ified by the Hand L registers to those of 

I I the accumulator, and places the result in the 

IADD A~#k~1 0 0 1 1 1 () 0 011"""3 8-~;~~;:~-"""'------"" -T~~T:d 
; 0 0 0 0 k3k2k,ko 0 k ,Adds the immediate data k of the instr,;c"t"{on 
I field to the contents of the accumulator, and 
; I : I places the result in the accumulator. Serves 
I l . as the correction instruction for decimal ad-

~, Ilk h 0 i-I 1 0 0 0 3 sl~~;::~s~t~~~~n_ when k== 61~_r -:':g L~ 
, 1 C k I Adds the immediate do.ta k of tLe instruction 
i 1 0 0 k3k,k,ko 1 
i I field to t lC cont 7Dts of the H register, Clnd 

! places the result in the H register. Serves 

I 
as the H register increment instruction or 
the de cremen tins t ruction when k = 1 or F, 
respectively_ 



~ 
Class 

INTEGRATED CIRCUIT 
TMP4740P 
TMP4720P 

Assembler 
Mnemonic 

ADD L, Ilk 0 0 I 

I 0 0 
I 
I 

r" "@,,-, " 0 0 I 

0 1 0 

I 

I 

Object Code 

Binary U~,) 

I 

0 

I 

0 

I 0 o 0 3 8 

k3k2k,ko 
8 k 

(LR)+(LR)+k 1- z c 1 2 
~A~dd~s~t'he~i~mm--ed7i~a-~t-e--d'a-t-a-k~f-· -t:-he--Li-n-s~tr-c~'c~t~i~on~ 

field to the contents of the L register, and 
places the result in the L register. 

1--0-0 -0- 3- ~ ~!!.L) l+!!L<..~~ ____ · 1-=- z ~l-b-
k,k2k,ko 4 k Adds the immediate data k oftne lnstructlon 

I field to the contents of the data memory 

I 
specified by the Hand L register, and 

i places the result in the data memory. Serves 

I as the correction instruction for the decimal 
I , addi tion and subt raction when k ~ 6 or A. 

ADD y,iik 0 0 I 0 I I I I t2-;~[Yl+H[Yl+k . _____ =r-=-_z...d.~ 
I k3k2k,ko I k Y Adds the immediate data k of the instruction 

I

I I Y3Y2Y,YO I field to contents of the data memory spEcified 
I : by the y (page 0) of the instruction field, 

I I ! and places the result in the data memory. 
I I i Serves as the correction instruction for 

I II [ ~:c~~al addj tion and subtrartial1 when k = 6 

:SUBRC~@HLI 0-0 010100- ~4~~~~;~)1-(t\C)-(c}~=- ___ JB z_-d_L 
I I Subtracts the contents of the accumulator and 
I lithe inverse contents of the carry flag from 
I I i I the contents of the data memory specified by 
I I the nand L registers, and places the result 
! I i I in the accumulator. 

iSUBR A~#kloOlllOo-0-l381 (AC)-:-k-~(AC)----===--==J -:.J=-Bl 2 

: I 0 0 0 I k k k k I I k Subtracts the -contents of the accumulator 
i ! 3 2 1 0 I II from the irrnnediate data k of the instruction 
I field~ and places the result in the accumu-
I Ilator. Serves as the accumulator 2'5 campIe-

I
I [I III I metH instruction or the data inversion (1' s 

complement) instruction ~vhen k= 0 or F, 
respectively. 
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• INTEGRATED CIRCUIT 
TMP4740P 
TMP4720P ili3i; TECHNICAL DATA 

330 

\Items Assembler I Object Code Function IFlag(") 1(**) 
CF ZF SF I C~l Mnemord c 1- (' ) 

ass I Binary ** Functional Description 

~o SUBR@HL,I'kloool 1 1 a ° a 3 8 M[(H.L) ]-<-k-M[(H.L)J 1- Z 13 1 2 
~ 1 a 1 k 3 k,k,k o 5 k Subtracts the contents of the data memory 

OJ I specified by the Hand L registers from the 
.~ ~ I I immediate data k of the instruction field, 

S "I and places the result in the data memory. 

~ ~ :~~~~~i~~ ~~e t~:t~a::m~~~e!:~o~o7i7:m~:~p~:= 
~ H I _ Gi ~~~t) instruction when k= 0 or F,respective-

,--. \:~ ° ~~ 1 a 1 0 5 I r=:~ (rotate left) Ic C 11 I ROl ~ by 1 bit Z 
'I Rotates the contents of the a-c-c-u-mLu·cl-a-t-o-r--"a-n--od--1 

~-A--I" " ;-;- ;-,-,~;, ~J"~~;';:::::':"[C [:o~ I'~ 
I i Rotates the contents ·Ofthe accumulator and 
I' carry flag to the right by one bit. [Note 4] 

lAND A,@HL -1--1 O--OOil-llo·ll~-~~C)+(AC)AM[(H.L)] 1- Z z 1 1 
§ I I Carries out the logical AND of the corre-
~ j I sponding bits with the contents of the accu-
u ! : j roulator and those of the data mer,lOry specifi-:l I I 
;:; I I el by the Hand L register, and places the 
~ f--- I ~ result in the ,accumulator. 

; lAND A,f'k--to--Oli-lO-oO I-;--;(~~-(~-----------=~ z z 1 2 

() I I ° 1 1 3k Carries out the logical AND of the corre-
0b1

j 
1

0 k3k2klko sT'onJing bits with the. contr::>.nts of the aCC'.I-
3 m'llator and thp. immediate (hta k o~ tJ":0 in-

s~ruction field. anrl places tIle result in the 
I ~ accumulator . 

. AND (lHL, Ilk 0 ° 1 1 1 0 ° 0 3 8 MI(H. L) ]+M [ (.c:H~. L~)'.!]ccA"k,_~ __ ~~.t-I---,=z--,=z_L...OI2'----1 
I 0 1 1 1 k 3 k,k , k o 7 k Carries out the logical AND of the corre-

sponding bits with the conLPnts of the data 

I
I memory snecified by the Hand L registers and 

the immerliete data k of the instruction field 
and places the result in the data memory. 



• iliz 
INTEGRATED CIRCUIT 

TECHNICAL DATA 

TMP4740P 
TMP4720P 

n • LFl;;g(")J( ... , .. ) 
___ . __ ,._.J_I1_c_t_'_o_n _________ .. ____ 11"c"'FCl'I" ;z",F,,1 :s>.!F:..Ic...."_"-l 

\rtems 
L........, Assembler 

Cl as 8 Mnemon i c 

Obj ect Code 

Binary Functional Description 

1 1 0 1 1 D r;(~g~~C)~~~[(I;-:-L2J-==-~ ___ ._ d~3:-W. 
I Carries out the logical OR of the coyrespond-

I. I jng bits with the contents of the accumulator I ,I and those 0: the data memory specified by the 
I 1 ,H and 1, reglsters, and places the result in 
I ~ the accumulator. 

OR A, @HL / 

! 

o 0 0 1 

i 

I 
lOR A, Ilk i 0 0 1 1 1 0'0 -;;- 1--3;: ~(~C;l:::'(AC)Vk . __ J..=_z Z 1 2 

c i 0 0 10k k k k 12k ';arries out the logical OR of the correspond· 
o I 3 2 1 °1 ing bits with the contents of the a.ccumulator! I 

"B I I and the immediate data Ie of the istruction 
i t I ! I fielo, and places the resul t in the accumulator. 

~ IOR@HL Ilk 10011 10 0 ~l.;;.uH.L)]"M[(H.L)]Vk /- z zL~_ 
rl~ I ' II 0 1 10 k k k k 1 6 k 1 Carries O'-1t the logical OR of the correspond-. 

1 

'U 3 2 1 0 ling bits with the contents of tl1e data memory I 
u . I I specified by the H a~d J. registers and the 

':;b Ii 1-00 I irnn;ediate c,'lta k of the instruction field, 
,.3 I : and places the result in the data memory. 

I XOR A,@HLOO 0 1 1 1 1 l-+-l-F-+-(A-r,)+(AC)VM[(H.L)] 1- ZZ 1 1 

,
J CCai-ries out the logical exclusive OR of the 

'lcorrA~pon~in~ bits with the contellts of the 
'I accumelator and trose of data mc~ory specifi-i 

~ I ed loy the H an,j L registerc._ apc ~laces the . 
! re~ult in the accumulator. 

---i TEST CF t-;;-·~-o -O'-;-~--;:-~ 0 6 ~F)+(CF), (CF)+O . 1 0 - * 1 1 

I
· 1'1 ,I Places the inverse contents of the carry flag 

in the status flag, and then resets the carry 
I flag to "0" . 

. ~ r----------+------------------r----~------------------------------,----.--.---~ 
'-' c TEST A, b 0 I 0 1 1 1 b,b o [5 C+b,-oC(S,Fc-')_+_('-A-;-C"')_<_b,>_--:-_~---_------c~+-I---o--c--*-I'-:-:l=-:-J 
~ ,~ I Places the inverse contents of the bit, which 
& 0 is specified by the b of the instruction 
"2 ~ field, of the accumulator, in the status flag. 

~ ~ ~~~~~_t~~~~~~~~~_t~~-]~.~~~~~~~--------------"l----~~~~ 
W H TEST @HL,b 0 1 0 1 1 0 b,b o 5 S+b ~)+M[(H.L) ]<b> 1- - * I 1 
~ Places the inverse contents of the bit, which 

is specified by the b of the instruction 
field, of the data memory specified by the H 
and L registers, in the status flag. 
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• INTEGRATED CIRCUIT 

.~ TECHNICAL OAT A 

Ie: Assembler Object Code 
Mnemonic Class Binary U\,) 

TEST y, b 0 0 1 1 1 0 0 1 3 9 

1 0 b,b o Y3Y2YlYO 
8+b y 

I TEST %P,b 0 o 1 1 1 0 1 1 3 B 

1 0 b,b o 8+bP 
P3 P2 PI po 

" a .,., 
'-' TEST @L 0 0 1 1 0 1 1 1 3 7 u 

" " '-' 

'" " H 

" 0 .,., 
'-' 

'" TESTP CF o 0 0 0 010 0 o 4 c-< 

" P-.,., 
" '" I :<: 

'-' TESTP ZF o 0 o 0 1 1 1 0 o E .,., 
'" 

TESTP GF o 0 0 0 000 1 0 1 

TESTPy,b 0 0 1 1 1 0 0 1 3 9 

1 1 b,b o Y3Y2Y1YO 
C+b y 

332 

TMP4740P 
TMP4720P 

Function IFlag(") 1 (**) 
CF ZF SF 

Functional Description 

(SF)~M[yl<b > 1- - * 1 2 
Places the inverse contents of the bit, which 
is specified by the b of the instruction 
field, of the data memory specified by the y 
(page 0) of the instruction field, in the 
status flag. 

(SF)~P[pl<b> 1- - ;< 1 2 
Places the inverse contents of the bit, which 
is specified by the b of the instruction 
field, of the port (port register in the 
output port, and pin input in the injJut and 
I/O port) specified by the p of the ins truc-
tion :::ield, in the status flag. 

(SF)~P[(LR)<3:2>+41«LR)<1:0» 1- - *1 2 
Places the inverse contents of the bit, which 
is specified by the lower-order two bits of 
the L register, of the ports R4 - R7 (pin 
input) specified by the higher two bits of 
the L register, in the status flag. 

(SF)~(CF) , (CF)~l 11 - *1 1 
Places the contents of the carry flag in the 
status flag, and tren sets the carry flag to 
"1". 

(SF)~(ZF) 1- - ,< 1 1 
Places the contents of the zero flag in the 
status flag. 

(SF)~(GF) 1- - ;, 1 1 
Places the contents of the general flag in 
the status flag. 

(SF)~M[yl<b> 1 - - *1 2 
Places the contetilts of the bit, which is 
specified by the b of the instruction field, 
of the data memory specified by the y (page 
0) of the instruction field, in the status 
flag. 



•

' II INTEGRATED CIRCUIT ~;~~/A_ 
TMP4740P , -~~ 

___ ~ __ lp_. ________________ ~ ___________ TM_P4_7_20_P ________ ~~ 11ft' TECHNICAL DATA _~ 

Items 
Assembler Object Code I Flag(*) I (**) 

I~ 
Funclion 

Mnemonic ! CF!ZF!SF! 
Binary ( ;i~,) Functional Description 

TESTP%P,b 0 a 1 1 1 0 1 1 3 B (SF)"-P[p]<b> 1- - *1 2 

1 1 bib o 
C+b P Places the contents of the bit, which is spec-

P3P2PIPO 
ified by the b of the instruction field, of 
the port (port register for the output port, 
and pin input for the input or I/O ports), 
which is specified by the p of the instruc-
tion field, in the status flag. 

SET GF o 0 0 0 o 0 I I 0 3 (GF)+l J- - rI I 
Sets the general flag to "1". 

--

SET @HL, b 0 1 0 1 0 0 bibo 5 b M[(H.L) ]<b>+l I- - 11 1 
Sets the bit, which is specified by the b of 

" 
the instruction field, of t:le data memory 

0 specified by the Hand L registers, to "I". '''; 
l-> 
C) 

1- 1 I ::J SET y, b 0 o 1 1 100 1 3 9 M[y]<b>+-l - 2 ~ 
l-> b y Sets the bit, which is specified by the b of Ul 0 o b, bo 
" 

Y3Y2YlYO 
the instruction field, of the H data memory 

" specified by the y (page 0) of the instruc-
a tion field, to "111. '''; 
l-> 

'" I- I I H SET %p, b 0 0 1 1 1 0 I I 3 B P[p]<b>-<-l - 2 ::J 
p. b y Sets the bit, which is specified by the b of '''; 0 0 bib o 

" P3P2PIPO 
the instruction field, of the port specified '" ~ by the p of the instruction field, to "I". 

l-> 
'''; 

I- II '" SET @L o 0 1 1 0 1 0 0 3 4 P [(LR)< 3:2 >+4] «LR) <1 :0»+1 - 2 
Sets the bit, which is specified by the lower 
-order two bits of the L register, of the 
ports R4 - R7 specified by the higher-order 
two bits of the L register, to "1". 

CLR GF o 0 0 0 0 0 1 0 0 2 ( GF)+-O 1- - 11 1 
Clears the general flag to "0". 

CLR @HL, b 0 1 0 1 0 1 b,bo 54+b M[(H·L) ]<b> + 0 1- - 11 1 
Clears the bit, which 'is specified by the b 
of the instruction field, of the data memory 
specified by the H and L register, to "a". 
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INTEGRATED CIRCUIT 

iii W TECHNICAL DATA 

TMP4740P 
TMP4720P 

Items 
Assembler Object Code Function IFlag(*) I (H) 

'--~ 
Mnemoni c I 

I cFlzrlsFI 
Class Binary a~,) Functional Description 

CLR y, b 0 0 1 1 1 0 0 1 3 9 M[y]<b>"""0 1- - 11 2 

0 1 b,b o 
4+b y CTears the b:Ct, which is specified by the b 

Y3Y2Y1YO of the instruction field, of the data memory 
specified by the y (page 0) of the inst'ruc-
Li.on field, to "0". 

CLR %P, b o 0 1 1 1 0 1 1 3 B P[p]<b>"""O 1- - 11 2 

o 1 b,b o 
{,+b p Clears i:h,,-lJit;--which is specified by the b 

P3P2PIPO of the instruction field, of the port spec-

" ified by the p of the instruction field, to 0 
'rl "0" . '" u 
;;j 

I- II H CLR @L a 0 1 1 0 1 0 1 3, 5 P[(LR)<3:2>+4]«LR)<1:Q»"""0 - 2 
'" Ul 

" Clears the bit, which is specified by the 
H I lower-order two bits of t;w L register, of the 

" 0 ports R4 - R7 specified by the higher-order 
'rl two bits of the L register, to "0". 
'" '" ,-, 

(INTL)<5:0>"""(INTL)<5:0>Ar<5:0> 1- - 11 2 ::J CLR IL, r 0 0 1 1 011036 
" 'rl ~----

" 1 1 rsr l. r3 r 2r l r ol C+rHrL Resets the interrupt latch INTLj when the rj 
OJ of the instruction field is "0", (j = 5 - 0) :c 

'" (EIF-;<l, I 
11 

'rl EICLR IL,r o 0 1 1 0 1 1 0 3 6 PO 2 
L,+rHrL (INTL) <5: O>"""(INTL) <5: 0>Ar<5: 0> - -

0 1 rSr4 r3 r 2r l r O 
Sets the interrupt enable master F/F to "I". 
Interrupt latch INTLj is reset when the rj 
of the inst ruction field is "0". (j = 5 - 0) 

DICLR IL,r 0 0 1 1 0 1 1 0 3 6 (EIF)"""O, I 
11 8+rHrL 

(IN1'L) <5: 0>-< (INTL) <5: 0>Ar<5: 0> - - 2 
1 0 rSr4 r3 r 2r l r O 

Resets the interrupt enable master F/F to 
"0". In terrupt latch INTLj is reset when 
the rj of the instruction field is "0". 
(j = 5 - 0) 

I " 1- -zl " 0 IN %P, A 0 0 1 1 1 0 1 0 3 A (Ae)"""p [p] z 2 H'rl 

'" 2 P Places the i"put data from the specified '" u 0 0 1 0 
port 

::J ;;j P3P2PIPO 
" H 

by the p of the instruction field in the ac-

" '" H '" cumulator. 
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TMP4740P ~"~~ 
iii » TMP4720P ~~-<i.t'\L TECHNICAL DATA ~r,-

__________________________________ L-_________________________________________ ~ 

'~ 

I~ Assembler Object Code Function I Flag('<) I (*") 

Mnemonic -- CF ZF SF 
Class Binary C:;, ) Functional Description 

IN %P, @HL 0 0 1 1 1 0 1 0 3 A M[(H 0 L) ]+P [p] 1- - 7:1 2 

0 1 1 0 6 P Places the input data from the port specified P3P2PIPO 
by the of the instruction field in the data p 
memory spe ci fied by the Hand L registers. 

OUT A, %P 0 0 1 1 1 0 1 0 3 A P [p ]+(AC), P=P4 P3 P2 P I PO 1- - II 2 
- 8+2P4P Outputs the contents of the accumulator to 1 0 P40 P3P2PIPO 

the port specified by the p of the inst ruc-
tion fieldo (0 :c p :c 31) 

" OUT @HL,%P 0 0 1 1 1 0 1 0 3 A P[p]+M[(HoL) 1, P=P4P3 P2 P I PO 1 - - II 2 0 
"M - C+2P4P Outputs the contents of the data memory w 1 1 P-40 P3P2PIPO () specified by the Hand L registers the ~ to 
H port specified by the p of the instruction w 
lfl fieldo (0 ~p ~3l) " H 

w OUT Ilk,%P 0 0 1 0 1 100 2 C P[p]+k 1- - 11 2 ~ 
p, 

k P Outputs the immediate data k of the ins truc-w k3k2klko ;J P3P2Plflo 
tieD field the specified by the p of 2. to port 

w the instruction fieldo Serves as the clear 
~ instruction when k = O. p, 

" H 

P[2]OP[1]+ROM[FO(E+(CF»OM[(}loL)]]/ __ 11 2 
OUTB @HL 0 o 0 1 o 0 1 0 1 2 

I 

fo.:irpui:-s-The data (eight bits) of the program 
memory located in addresses FEO - FFF, which 
use a five-bit data connecting the con ten ts 
of the data memory specified by the H and L 
registers and those of the carry flag, as 
lower-order five-bit addresses, to the P2 -
PI ports. 

-
<J) § (PC)+-a else nullo I- 11 BS a 0 1 1 0 8U a 108 93e 6 aH If SF~1 then - 2 
" OM Places the immediate data a of the instruc-OM W 
W () a7a6 a 5a 4 a3 a 2a la aM aL tion field in the program counter if the .c ::J ::J 

() 0 H 
status flag is at 111". If the status flag ~ H W 

'" .n lfl is at "0", sets the status flag only to "1", >-< ::J ~ 
"''''H and moves to the next address 0 
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I~ Assembler Object Code 
Mnemonic 1---

Class Binary U*) 

BSS a 1 a dsdl, d 3 d 2 d 1 d o 8+dHdL 

" 0 
'M 

"' u 

" ... 
"' en 

" CALL a a a 
H 

1 a o 8108988 2 aH 

Q) 878685 8 4 8382 8 180 
aM aL 

" 'M 

"' " 0 ... 
.D 

" Ul 

;, 
u 

" '" ... 
PO 

CALLS a a 1 1 I n3 n 2 U II1o 7 n 

RET a 0 1 0 I 0 I 1 2 A 

336 

TMP4740P 
TMP4720P 

Function I Flag(*) I (**) 
! CF!ZF!SF! 

Functional Description 

If SF=l then (PC)+a else null, I_ 
I I 1 

a=(PC)<1l·6 > ·d 
-

Carries out the branch within a page (64-
byte) if the status flag is at "1"; brings 
the innnediate value d of the instruction 
field into the lower-order six bits of the 
program counter. Since the updated value 
remains in the higher-order six bits, if 
this instruction is specified in the last 
address in the page, branching is carried 
out to the next page. If the status flag is 
at "0", it sets the status flag only to "1", 
and moves to the next address. [Note 5] 

STACKI(SPW) ]+(PC) ,(SPW)+(SPW)-ll_ 
-I 2 -

(PC)+a, 0<a<2,047 
Carries out the subroutine call; saves the 
contents of the program counter in the stack, 
and decrements the stack pointer word, and 
then places the immediate data a of the in-
struction field in the program counter. 
However, the call address of the subroutine 
must be in the addresses 000 -7FF. 

[Note 5] 

STACK[(SPW)]+(PC) ,(SPW)+(SPW)-l!_ -I 2 
(PC)+a, a=8n+6(n*0), l34(n=0) 

-

Carries out the short form subroutine call. 
The operation is the same as that of the 
"CALL" instruction except that the value to 
be set in the program counter is automatic-
ally defined by the n of t,he instruction 
field. [Note 5] 

(SPW)+(SPW)+l,(PC)+STACK[(SPW)]I- - -I 2 
Returns from the subroutine to the previous 
program; incremetlts the stack pointer word, 
and restores the data of the return address 
from the stack to the program counter. 



INTEGRATED CIRCUIT 

.W TECHNICAL DATA 

TMP4740P 
TMP4720P 

I~ 
Assembler Object Code Function I Flag(*) I (,'*) 

CF lzF SF 
Mnemonic 

Class Binaty CA) Functional Description 

()) I 
RETI 2 

(SPW)+(SPW)+l , J* **T 2 
" 0 0 1 0 1 0 1 1 B (FLAG'PC)+STACK[(SPW)], (EI_~)~ .r< " " 0 
;:J .r< Returns from the interrupt processing routine; 
o " H U 

.D " 
increments the stack pointer word, and re-

" H 
Ul " 

stores the data of the return address from 

.c en the stack and the data of the flag, to the 
" U H program counter and the flag, respec:::ively. 

" '" And then, it sets the interrupt enable master H 

'" F/F to "1". 

H 
()) 

.c 
" 0 

------~----I--I NOP 0 0 0 0 0 0 0 0 0 no operation - - - I 1 U 
;:J " I 0 H 0 Moves to the next instruction without perform-W·,.-j 

en " ing any operation. 

" H 

Note 1. Setting Condition of Flag. 

"C" indicates the carry output from the most significant position 

in the addition operation, and "BIT indicates the borrow output from the 

wost significant positior in the subtract::on operation. 

"ZII indicates the zero detection signal to which "1" is applied 

only wten either the ALU output of the processing result or all 

four bits of the data transferred to the accumulator are zero. 

The flag is set to "e", I!G", "B", "Z", liZ", "1", or "0" according 

to the data processing rusult. The value specified by the function is 

set to the flag with the mark "*", and the mark 

in the state of the flag. 

denotes no change 

Note 2. The zero flag is set according to the data set in the accumulator. 

Note 3. The flags (ZF, SF) are set according to the result of increment or 

decrement of the L register. 

Note 4. The carry is the data shifted out from the accumulator. 

Note 5. The contents of the program counter indicate the next address of 

the instruction to be executed. 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS (Vss=OV) 

SYMBOL ITEM 

VDD 

VHH 
Supply Voltage 

VIN Input Voltage 

VOUTl Output Voltage (Except Open Drain 

VOUTZ Output Voltage (Open Drain Port) 

lOUT Output Current (PJ, PZ) 

PD Power Dissipation (Topr=70°C) 

Tsol Soldering Temperature· Time 

Tstg Storage Temperature 

Topr Operating Temperature 

RECOM~1ENDED OPERATING CONDITIONS (VSS=OV) 

SYMBOL ITEM 

Topr Operating Temperature 

VDD 

VHH 
Supply Voltage 

VHHl Supply Voltage (Memory Stand-by) 

VIHl High Level Input Voltage (R4 '" R7) 

Port 

VIH2 High Level Input Voltage (Except R4'" R7) 

VILl Low Level Input Voltage (Except KO) 

VU2 Low Level Input Voltage (KO) 

fC Clock Frequency 

tWCH High Level Clock Pulse Width(Note 1) 

tWCL Low Level Clock Pulse Width (Note 1) 

(Note 1) For external clock operation. 

TMP4740P 
TMP4720P 

RATING 

-0.5 '" 7 

-0.5 '" 7 

-0.5 '" 7 

-0.5 '" 10 

30 

850 

260 (10 sec) 

-55 '" 125 

-30 '" 70 

CONDITION 

VIN=VIH 

VIN=VIL 

Ui-rJT;, 

V 

V 

V 

rnA 

mW 

°c 

MIN. MAX. m:TTS 

-30 70 °c 

4.5 5.5 
V 

3.5 5.5 

2.2 VDD 

3 VllD 
V 

0 0.8 

0 1.2 

0.4 4.2 MHz 

80 -
nS 

80 -



INTEGRATED CIRCUIT 

iii » TECHNICAL DATA 

TMP4740P 
TMP4720P 

DC CHARACTERISTICS (Vss=ov, VDD=vHH=5V±10%, Topr=-30 ~ 70°C) 

SYMBOL PAMMCTER CONDITION 

VHS Hysteresis Voltage 
(Schmitt Circuit Input) 

~- ---

Input Current (Note 2) IINI 
(KO, RESET, TEST) VDD=VHH=5.5V, VIN=5.5V 

IIN2 
Input Current VDD=5.5V, VIN=5.5V 

MIN. 

-

-

-(Open Drain R Port) 
Low Level Input Current 

------ c----
IlL (R Port with Pull-up Resistor) VDD=5.5V, VIN=0.4V -

ILO 
Output Leak Current 

VDD=5.5V, VOUT=5.5V 
(Open Drain P, R Port) -

VOH 
High Level Output Voltage 

(R l'ort witlJ Full-up Resistor) 
VDD=4.5V, I OH=-200wA 2.4 

VOL Low Level Output Voltage VDD=4.5V, IOL =1. 6rnA 
(Except KOUT) -

TOL Low Level Output Curren t VDD=5V, VOL=lV -
(PI, P2) 

IDD+IHH Supply Current VDD=VHH=5.5V -
IHHI Supply Current(Mewory Stand-by) VDD=V SS ' VHW 3. 5V -

(Note 1) Typical values are at Topr=25°C, VDD=VHH=5V. 

Notel 
MAX. UNITS TYP. 

0.5 - V 

- 20 WA 

- 20 pA 
--

- -2 rnA 

- 20 wA 

- - V 

I - 0.4 V 

20 - rnA 

50 100 rnA 

5 10 rnA 

(Note 2) When an input resistor is built in the device, the input current through 
the resistor is eliminated. 

AC CHARACTERISTICS (VSs=OV, VDD=VHH=5V±10%, Topr=-30 ~ 70°C) 

SYMBOL PARNIETER CONDITION 

tcy Instruction Cycle Time 

tSDH Shift data hold time (Note 1) 

AC TIMI NG CHART 

. Serial Port (Co~pletion of t~nnsnli~slon) 

SO ~ 1.5V 

MIN. TYP. MAX. UNITS 

1.9 - 20 liS 

0.5tcy-30G - - nS 

(Note 1) External circuit 
for serial ports 
SCK and SO 
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TMP4720P . ~~ 

---------------~----------------~ 
INTEGRATED CIRCUIT 

iii :.: TECHNICAL DATA 

EXTERNAL DIMENSION VIEW 

Unit in rum 

41 39 37 35 33 31 29 27 25 23 

Note I 
15.24(TYP.) 

53.8 MAX. 5° 

0.: 
3 

:i O.2S±O.1 
Note 2 O.S±O.l H ~ 

:;: 
2.54 

1. 4±O.lS <n "; 15.3"'18.3 

N ;:', 

Weight 5.7g (TYP.) 

Note 1. This dimension is measured at the center of bending point of 

leads. 

Note 2. Each lead pitch is 2.54mm, and all the leads are located within 

±O.2Smm from their theoretical positions with respect to No.1 

and No.42 leads. 



_______ IN_T_6G __ RA_J_ffi __ CI_RC_U_IT~ _________ ~~_~~_~_~~_~ ____ ~ __ ~~_~~ iii» TECHNICAL DATA _~ 

Specification of program tape and input/output circuit format 

Engineering Samples(ES) of the TMP4740P and TMP4720p will be made if 

you specify the program data and input/output circuit format by use of a 

paper tape. 

The paper tape format is equivalent to the Hex. format of Intel Co. 

(Format I). 

The program data should be specified within the address space corres

ponding to the built-in ROM capacity; the addresses 000 - 7FF denote the 

address range in the TMP4720P. Accordingly, if the PLA data conversion 

table (addresses FEO - FFF) is used, the table data must be assigned as 

the data located in addresses 7EO - 7FF. 

1. Specification of input/output circuit format 

The paper tape of format I starts recording the program data after 

record mark ":", but the input/output circuit code should be specified 

just before the first record mark. 

The "IOCODE XX" format is used to define the input/output circuit 

code. XX denotes the proper input/output circuit code (two alphabet"). 

(Note) If the input/output circuit code is not specified, "IOCODE AAn is 

employed. It should be noted that if the specified format is 

different from the standard one, and if the specified input/output 

circuit code is illegal, such specifications may be considered 

to have not been made. 

(Example of tape list) 

TOSHIBA MTCROCOMPUTER TLCS-47 
IOCODE AA 
:l00000000665C7D79CF50F3F951FED55A8FF16E570 
:1000l00088884DDE67E31F5D8ABA6DF292Fl13FSCl 
: I00020004FFlF 

:l007EOOOB53D42EOEC32546025B7308CDD52063DID 
:l007FOOOB4BE9E9E345B6138060B20BC372BF60BD6 
: OOOOOOOlFF 

341 



• INTEGRATED CIRCUIT 

,. » TECHNICAL DATA 

TMP4740P 
TMP4720P 

342 

2. Program tape format (Format I) 

Comment 

©D 
@ 

©D 
@ 

: 

~~-
@ 

: 

.... Leaders Hore than 50 characters of "NULe' 

record mark ":" and 

not included. Not specially 
Spe ci fi cation ot the required. 
input/output circuit format. 

-

Cor.lrtcn t( ~~~c~~~u~~~~~~u~re ) ] 

-:--.' Specifica.tion ofth;-TnputEUtput Circurtj 
format IOCODll XX (XX denotes the input/out It is considered 
put circuit code) (It does not matter if to be no specifica-
there is "NULL" from immediately after @, tioll, if not specified. 

@ to immediately before record marking.) 

--- ~ord mark(start of record) --

] 

(
the number of program data within one reCOrdj Record 
is represented by two-digit hexadecimal nota

length tioll. "00" denotes the end of data. 

Load (the first address of the record is represented) 
address by four-digit hexadecimal notation. 

Record 
type 

.... Data 

... Checksum 

"00" 
( "01" 

Normal re cord 
End of file record 

(i-byte data is represented by ) 
two-digit hexadecimal notation. 

(

two-digit hexadecimal notation is used to re_j 
present the data of the lower-order eight bits 
in the value which the data covering from the 
record length up to immediately before the 
checksum is subtracted from the initial 
value O. 

Record mark (the same procedure is repeated hereinafter.) 

~} ... 
LY 

Trailers More than 50 characters of "NULL II 
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LI ST OF INSTRUCT IONS 

AS36TQbler 

Classi Mnemonic 

floot:u:n 

LD A ,@-:lL 

A I X 00 11 11 00 X7X{;X5X4X3)(2)[jl<O :) C 

LD HL, X 00 10 10 00 X7l4:;x5x4X3x2xlXO 2 8 

LD 

TMPl~7L!OP 

TMpL!720P 

(AC) «--M[ (HoL)] 

*' 
1 1 *2 

- Z 1 2 *2 

1 2 

i~=--="-""=-+~=-=-=-=-=-=:'2:'"-i--'"~_~+'""'[,,(,,-H o-,=L,,) ,-l ",--M[ (HoL) J !\ K I - z 
(AI~)<!-(AcJVM[(H'L)J-------r=z: Zl1 

(AC)-(Ac)Vr:: i - Z z l 2 

M[(HoL)J_M[(HoL)] Vk - Z z i ~ 
OR A .""L 00 01 11 01 1 C 

A .$ 00 11 10 00 00 10 l<3k2Klko " 8 

OR @HL,$ 00 11 10 00 01 10 1I:3k2k}kO 3 8 

XOR A .""L 00 01 11 11 1 F 
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TMPLI740P 

H1P4720P TECHNICAL DATA 

(cont i nued) 

Item 
ObJ eet Code 

Assembler 
it'unctlon 

MnemonIC 2nd 
Dyte Is1; Byte 

TES'!' o 6 

'I'EST A, b 

TEST @l-lL, b 

TEST y, b 

TEST 'fop , b 

00 00 01 10 

01 01 11 b:\bo 

01 01 10 btbO 

00 11 10 01 10 b j boY3Y2YlYO 

00 II 10 11 10 b1iJoP3P2PIPO 

5 efb 

58+b 

3 9 8+b 

8" 

(SF) +-- (c"F) , (CF) +--0 

(SF) +-- (AC)<b> 

(SF) +-- M[(HoL) ]<b> 

Y (iiF)<--M[yJ<h> 

P (SF')<-- P[p]<b> 

o 4 

o F 

o 1 

(SF) +-- PTfLR)?3. 2>H}«(LR)<1 :0'» 

(SF) <-- (CJi') , (CF) ...... l 

I 
(SF) <-- (ZF') 

(SF) +- COlo') 

Y (SF)+--Mly]<b? 

~-C-_~_C= ___ ~-=~_~~ __________ -+~_~ _____ -hP~[(~L~R~)<=3~:2=~-,,4_J<_(_LR_)_<l_;~~~ ____ 

from the most slgnlflcant posltlon 
lndlcates the bOrloW output from the 

most slgnltIcant posItion III the But>traction OperatIon. 
~jj" the :;;ero detectIon Slgnal 10 WhlCh ~l~ l8 applIed 

ofJly eIther the ALl) outPllt of the processlUp, result or all 
fOUl In ts of the data 

'fl'c flag IS set to 
to the Gil. til. Plocessing 

In the st.ate of the flag, 

no change 

accordIng to t.he data set In the accumulator. 
set according to the result of lnCI ernent or 

r. regIsteJ. 
NOte 4. The c1lrry 1S the data shlfted out from accumulator. 
NOi,e 5. '['he c"ntents of the program counter Indlcate the next address of 

the Instruction to be executed. 

n 
Flags 

o - * 1 

- -"* 1 

- -"* 1 

- * 2 

- - * 2 

- -"* 2 

1 -'* 1 

- * 1 

- X 1 



W 
-I> 
l.n 

Operat ion Code Map 

T.]) A,#k -T-----SET @-ll b' - - - -- -~_+____---"' CLH(aJ-IL'~,[,EST@-lL'b _________ ..1..~ 

CALLS a 

H , iJ-k 

A, #k 

L, #k 

#k , @HL+ 

( caution) 

2. C=::J lS Indic1;I.ted 2-byte 

(cont inued ) 

III N~ : 
--I 
m 
() 
:::c 
Z 
n » 
r-

0 
» 
--I 
» 

-I -I 
3: 3: 
-0 -0 
.j::- .c
'J 'J 
N .c
O 0 
-0 -0 

Z 

@ 
A:J 

~ 
ron 
0 
("') 

~ c: 
=i 

~i~ A~/ 
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INTEGRATED CIRCUIT 
TOSHIBA HOS TYPr, Drc:ITIlL INTEGRATED CIRCUIT 

TMP4700C "1?/1--~ 
SILICOI>! MONOLITHIC '<I~y 

TECHNICAL DATA N-CHANNEL SILICON GATE DEPRESSION LOAD 

NMOS 4-BIT SINGLE CHIP !"iICROCOMPUTER (TLCS··4nJj nlP4700C 

GENERAL DESCRIPTION 

The TLCS-47 is the high speed and high performance,4-bit single chip 
microcomputer ser~es designed for general purpose use. 

The TLCS-47 has var~ously powerful functions in order to meet with the 
advanced and complicated applications, which will be made in near future. 
In addition, software compatible Nl!OS faP.1ily (TLCS-47i':) and CMOS family 
(TLCS-47C) are also provided. 

The TMP4700C is the system development evaluator chip used for 
developmental and operational check of the TLCS-47 application systems 
(programs) . 

Although the TLCS-47N and the TLCS-47C have different electric 
characteristics and some functions, the individual configuration of a 
functionally equivalent system is possible by using the TMP4700C. 

Furhter, when the TMP4700C is used, the evaluation bOD.rc1s oq:.rivalent to 
H'''pective versions of the TLC5-47 should be us,,,]. 



INTEGRATED CIRCUIT 
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~~~).-" • » TECHNICAL DATA 

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

H1P4700C 

PIN NAMES AND PIN DESCRIPTIONS 

Pin Names No.of 
I/O Functions Pins 

K03 '\; Koo 4 Input Input port 
1--------- -- -------- ------------- --~ 

P '3 'V P10 4 Output Output port (corresponding to PLA) 
P23 'U P20 4 Output " ( " ) 

--f----- .----.~- - ----~- ---------------
R43 '" R40 4 I I/O I/O port 
RS3 '" Rso 

4 + '/0 
" 

R. 3 'U R60 

J_)~~_ " 
R73 'U R70 " - .. _- ----_._-
R. 3 (T 1) 1 I/O I/O port or timer/counter input 
R. 2 (INT ,) 1 I/O " or interrupt input 
R. , (T2) 1 I I/O " or timer/counter input 
R. o (INT2) 1 . I/O " or interrupt input 

--- - ---~ -1------- ----------.------ ---------
R'2 (SCK) 1 I/O 1/0 port or shift clock for SeriflJ. port 
R91 (SO) 1 I/O " or serial output 
R. o (SI) 1 I/O " or serial input 

--- - ._-----------
All '" Ao 12 Output Program memory address 
17 (HLT) 1 Input Program data input (Holt request s~gnal input) 
I. (INH) 1 Input " (Inhibit control signal input) 
Is (SPI) 1 Input " (Port control signal input) 
14(DI4) "'Io(Olo) 5 Input " (Data input) 

---1------------ ------------ .. _------------_. 
003 (CF) 1 Output Data Output (Carry flag monitor) 
D02 (LRo) 1 Output " (L register monitor) 
00, (DEP) 1 Output " (Port control signal output) 
00 0 (DP) 1 Output " ( " ) ._---_. --------- -----------------------------------------
PNR3 '" PNRo 4 Output Port address output 

CLK 1 Output Strobe signal 
STo, ST , 2 Output State signal 

&A, SB 2 Output Status signal 
MR 1 Output Master reset signal output 
HFR 1 Output Hold monitor output 
CALD 1 Input Data fetch cycle request signal input 
SELC 1 Input Clock select input 
HOLD 1 Input Hold signal input 

XIN, XOUT 2 Input, 
Output 

Resonator connection terminal 

RESET 1 Input Initialize signal input 
TEST 1 Input (Low level is input. ) 

VDD 1 Power 
+SV supply 

VHH 1 Power 
+5V (Nemory power supply) supply 

VSS 1 Power 
OV 

supply 
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BLOCK DIAGRAr'i 

A, , 
\ 

Ao 
I, 
5 

15 
IdDI4) 

\ 
Io(D1o) 

HFR 
HOLD 
CALD 
MR 
RESET 
TEST 
XIN 
XOUT 

I~ 

PC 

RAM 

L~!:l<':~_ 
: Tel 
t-----~ 

I TC 2 
1------,--
, 'SPW I L __ 

: STACK 

VDD 
VHH 

VSS 

R92 (SCK) 
R9 ,(SO) 
R 9o (SI) 

BLOCK NAMES AND DESCRIPTIONS 
Block Names 

PC 
IR, decoder 
HR, LR 

RAA 
RAM 
STACK 
SPW 
DC 
AX, AY 
ALU 
AC 
FLAG(CF,ZF,SF,GF) 
K, P, R 
INTR can t ro 1 

FD 
TC" TC 2 

TC control 
510 control 
HOLD control· 
SYS control 
CG, TG, 

Functions 
Program counter (12 bits) 
Instruction register, Decoder 
H register (page assignment of RAN), L register (address 
assignment in RAM page), (each 4-bit. register) 
RAM address buffer register (8 bits) 
Deta memory 
Save area of program counter and 
Stack pointer word (RAM area) 
Data counter (12 bits, RAM area) 
Temporary r~gister of ALU input 

I 
Arithmetic and logic unit 
Accumulator 
Flags 

I Ports 
Interrupt control 

flags. (RAM area) 

(ElF: Enable interrupt master F/F, EIR: Enable interrupt 
register) 

Frequency divider (4-stage prescaler + 18 stages) 
l2-bit timer/counter 2-channels (RAl1 area) 
Timer/counter control 
Serial port control. 
Control of hold function 
Generation of various internal control signals 
Clock gen~rator, timing generator 
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INTEGRATED CIRCUIT 
TMP4700C 

TECHNICAL DATA 

FUNCTIONAL DESCRIPTION 

The TMP4700C is the system development evaluator chip for the 

TLCS-47. When a program memory (equivalent to T~~2732D, TMM323D-l) 

is externally mounted, it is possible to con figurate a system equivalent 

to the TMP4740P or the TMP4720P (the input/output circuit format, 

however, must be equivalent to (rOCODE AA) and in the case of (rOCODE 

AE) and (IOCODE AF), externally mounted resistors are required). 

In the case of other input/output circuit formats of the TMP4740P 

and TMP4720P, or in the case of other NMOS family or CM.oS family, it 

is also possible to configurate an equivalent system by adding an ex

ternal circuit using an evaluator chip dedicated terminal. There

fore, in appliea t ion sys tcm~> of thesp mode Is, the evalua t i on boards 

equivalent to respective versions shall be used. 

Further, when the TMP4700C is used, the technical descriptions 

for respective versions and the instruction manuals for equivalent 

eva].uation boards, debugging tools and the like shall also be 

read. 

The operation of the TMP4700C is described in the following on 

the basis of the terminal functions. 

1. TLCS-47N standard chip equivalent terminals 

The terminals shown in Fig. 1.1 have the functions and 

characteristics equivalent to the input/output circuit format 

(rOCODE AA) of the standard chips (TMP4740P, TMP4720P) of the 

TLCS-47N. Therefore, in this case it is possible to configurate 

an equivalent system by externally mounting a program memory. 
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TECHNICAL DATA 

VDD 
VHH 

VSS 

RESET 
TEST 

nTll 
:J "" ;; 
2 c' 2 

0 

:J N 

"" ~ 

,,; 
2 

0 

oJ 

TMP4700C 

TMP4700C 

1} 1} 1} 
M 

r2 J. ,,;; 

I~ ~12 ~IQ 2 2 2 ~~ 

N Z ~H au 
0 0 t,!:j e~ ~e 0 J. ,,;; '" 0 N o 0 ~ N 

J. . . . .~ JJ '" '" "'''' Fig.l.l TLCS-47N Standard Chip (10CODEAA) Equivalent Terminals 

2. Connection of Program Memory 

As an externally mounted program memory, a programable ROM 

equivalent to the TMM2732D (4K x 8 bits) or TMM323D-l (2K x 8 bits) 

is used. 

The connecting r.1cthod of a program memory and the timing chart are 

shown in Fig. 2.1. 

Further, All and 17 (HLT) terminals in the diagram are MSB, 

respectively. 



INTEGRATED CIRCUIT 
Tt~P4700C 

iii » TECHNICAL DATA 

+5V +5V 

I I 
VDD Ao 12 Ao VCC 

( 5 
Au (ROM Address) All 

TMP4700C TMM2732D 

I, (HLT) B 0, 
5 \ 

Io(DIo) 
(Instruction/ ) 

0 0 

ROM data -
ST, OE/VPP 

VSS GND CE il 
l 7fT 

Note 1. lVhen the TMM323D-l is used, the TMP4700C output terminal 
All should be opened. 

Note 2. The instruction/ROM data input terminal has a built-in 
pull-up resistors. 

(a) Connection of Program Memory 

ST, --.-J L 

All r"lvAo X X WW1~ 
17 'U 10 ----=v Via V wa WW 'Wi: 

(b) Program Memory Access Timing Chart 

Fig. 2.1 Connection of Program Memory 
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TMP4700C 

TECHNICAL DATA 

3. Control Terminals for External Circuits 

(1) Timing signals (CLK, STO, ST1, SELC) 

in order for the timing control of the external circuits, 

types of signals are tra!lsrnitted from the timing generator e)f 

the TMP4700C. 

The TMP4700C is capable of supporting either system of the TLCS-47N 

and the TLCS-47C. For sclecting these systems, the SELC signal 

input is used. 

The timing chart of these signals is shown in Fig. 3.1. 

Further, the SELC terminal has a built-in pull-up resistor. 

CLK 

STo \'---____ --.J/ 

ST, ___ -J/ \1-_____ _ 

(a) TLCS-47N Support (SELC = 1) 

XIN 

CLK 

STo -.l \ / 

ST, / \ 

Note: These are somewhat different from the operating 

timings of CMOS family. 

(b) TLCS-47C Support (SELC = 0) 

Fig. 3.1 Clock Timing Chart 
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TECHNICAL OAT A 

(2) System control signal inputs 

17 (HLT) 

HLT signal is the halt request signal input to the TMP4700C 

at time of the system debugging. HLT signal input is multiplexed 

with data input from the external ROM and a signal is input when 

STI signal is at high level. 

When a low level signal is input into HLT signal input and 

accepted, the TMP4700C starts the halt operation. At this time, 

CPU executes no operation cycle, but as long as HLT request is 

being accepted, it stops the divider to operate (therefore, the 

counting for the timer interruption of divider, the internal clock 

to the timer/counter and the internal shift clock for serial 

transfer are also stopped, accordingly), and furthermore, it 

inhibits the timer/counter operation and acceptance of interrupt 

requests. 

However, a request for LCD data fetch cycle, which is used on LCD 

driver built-in version is accepted (one instruction cycle). 

Further, the interrupt latch and the count latch for the timer/ 

counter are set/reset independently of HLT operation and subsequent 

1NH operations. 

Further, 17 (HLT) terminal has a built-in pull-up resistor. 

INH signal is the control signal input for temporarily inhibit

ing the divider operation, timer/counter operation and interrupt 

request acceptance at time of the system debugging. INH signal input 

is multiplexed with data input from the external ROM and a signal is 

input when STl is at high level. 
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As long as a low level signal is input into INH input and is being 

accepted, the TMP4700C stops the divider to operate and inhibits the 

timer/counter operation and acceptance of interrupt requests. However, 

a request for LCD data fetch cycle, which is used on LCD driver built-in 

version is accepted (one i.nstrttction cycle). 

Since this INH operation can be controlled independently of HLT 

operation, it can be used in normal system program operation. Further

more, it also can be used for controlling the internal monitor at time 

of the system debugging. 

Further, 16 (1NH) terminal has a built-in pull-up resistor. 

HOLD 

This input is equivalent to the HOLD terminal provided in the 

TLCS-47C. 

As the system operation for the hold function, operation of this 

input is similar to that of each version of the TLCS-47C for HOLD 

terminal input except the followings: 

CALD 

(a) The oscillator is not stopped (normal oscillation is continued). 

(b) Supply current don't decrease from the value of the TMP4700C 

operating current. 

Further, this HOLD terminal has a built-in pull-up resistor. 

This is a request signal input for the data fetch cycle, which is 

used on LCD driver built-in version. 

When a low level signal is input into the CALD input and accepted, 

the TMP4700C executes the LCD data fetch cycle (one instruction cycle). 

Further, this CALD terminal has a built-in pull-up resistor. 
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TMP4700C 

..... ~~~' 
~/~ 

'<I~r 

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

(3) System control signal outputs 

SA, SB 

MR 

HFR 

SA and SB signal outputs are signals for monitoring the internal 

operation of the TMP4700C (See Table 3.1). These signals are switched 

for every instruction cycle. 

SA SB 

0 0 Executes the first cycle of an instruction 

0 1 Executes the LCD data fetch cycle by a CALD request 

0 Executes the halt operation by a HLT request 

Executes other operations 

Table 3.1 SA, SB Signal Outputs 

This is a response signal to RESET signal input, and is the 

system reset signal. 

This f:ignal is a monitor signal relative to the hold operation 

and is also used for an external circuit control. 

(4) Port control 

(a) 

In order to support the versions of TLCS-47 series commonly, 

the TMP4700C is able to input data from an external circuit or to 

output data to a register created in an external circuit. 

Control signals 

PNR3 '" PNRO 

bit outputs indicating port addresses. 

DOD (DP) , DOl (DEP) 

These signals (DP, DEP) control the port write/read by the external 
circuits. They are multiplexed with data output (DO) and are trans
mitted when STI signal is at high level. 
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IS (SPI) 

SPT signal controls the port read by the external circuits. 

This signal is multiplexed with data input from an external ROM and 

is input when STI signal is at high level. 

(b) Data inputs 

These (D14 ~ DIO) are the data input terminals at time of the 

read operation from the external circuits. They are mUltiplexed with 

data inputs from the external ROM and are input when STI signal is at 

high level. 

(0) Data outputs 

D03 (CF), D02 (LRO), DOl (DEP), DOO (DP) 

These (D03 ~ DOO) are the data output terminals at time of the 

write operation to the external circuits. These outputs dre multi

plexed with other outputs and are transmitted out when ST1 signal 

is at low level. 

Note: The port output timing on each versions of the TI,CS-47 

series and that on the TMP4700C external circuit somewhat 

differ each other. 

D03 (CF) 

Contents of the carry flag are transmitted. This CF output is 

mulLiplexed with tile data output (DO) and is sent out Hhen STl 

signal is at high level. 

D02 (LRO) 

Contents of LSB of L register is transmitted. This LRO output 

is multiplexed with the data output (DO) and is sent out when ST 1 

signal is at high level. 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE I~AXIr1U~1 RATII~G 

SYHBOL 

n1P4700C 

(Vss = OV) 

lTEH RATING UNIT 

:::: ~ -t VDD Supply Voltage 

Vol tage 

Voltage (Except Open Drain 
I -0.5 'V 

------------- -- -t--
VOUT2 Output Vol tage (Open Drain Port) -0.5 'V 10 

lOUT I Output Current \p " P,) ,--:io-----~- rnA 

V 

--P-D--t p-;;-~~ r-Di-~~ i pa ;i;;;-(To~ ~~ -70~c:-)-----f- 1 

TSOll-s~id~ring ie-;;;;~~~~~;;-~-ii~--' -- ---i6'O(i();~c .) 
----I --------- --- ------,--- -, ----------- -

w 

Tstg 'Storage Temperature -55 'V 125 

Topr Operating Temperature -30 'V 70 

RECOMI·1ENDED OPERATING CONDITIONS (Vss = OV) 

SYMBOL ITEM I CONDITION ! ,UN. I MAX. UNIT 

_.!opr _ ~pe.':~ing Temperature 1_ __ t -30~, 70 

~ I Supply Voltage 'I 4.5 ' 5.5 

~~H JI-- -- - - - I t--.J V 
_IIHHI Supply -,,-,,It,,~ (t1"mory.:>.tdlld- by1_ _ __ ' _3 ___ ,'; -~:.5--L---

VIRI + High Level Input Vnl tage ----j--~2-: 2 VDD 
(Note 1) ~ I I 

~IR2 'llighTevPl Tlll)1lt Voltage-------- - ~ ~ 
___ ----1-----,_______ (Note 21.------1- _~ V 

VILI I Low Level Tnput VOItage _ , I 0 0 8 I 

lL' I (ExccJ'..t KQ) , fJ~ I • I VI~L2 -Low TeveTlil!,iiT V-iiTfage - - --0 J 1 2 i 
--- (KO) --l -----, --,--- ' . ' 

[C Clock Frequency I 0.4 I 4. 2 ! MHz 

t WCH High Level Clock 1'uls0 (~~~~h3) I VIN =VIH- 80-t-_~ I nS 

t\,CL Low Level C; ocl< Pulse \i~~~~ 3) j VIN = VI~ -801 - 1 
(Note 1) Application terminals: R4 'V R 7 , I, (HLT) 'V IO(DIO) 

(Note 2) Application terminals: Inputs other than application 
termianl (Note 1 ) 

(Note 3) Foy external clock operation 
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D.C. CHARACTERISTICS (VSS = OV, VDD = VHH = 5V±lO%, Topr = -30 'V 70°C) 

SYMBOL PARAMETER CONDITION MIN. T~:). I MAX. UNIT 

V Hysteresis Voltage I I 
~_ e-i~c_hmit ~ Ci r-,,-ui t_ Input) ________ ------------+--~--t~~f--+-V--i 

IINI Inpu~~urr:=ntQ<O,_~~SE~EE:S~DD=VHH=5.5V,VIN=5. 5V - i - : 20 

IINZ Input Current (R Port) I VDD=5.5V, VIN=5.5V ! '20 
-.-.-- -~I!---+----+---

IlL Current U",) VDD=5.5V, VIN=0.4V i ,-2 rnA 

_~L0_~~.~~_:ea1Z3f,e (~~~l{B~~~-;---VDD--;;S~-5V---:VOUT:5-~5V -~ 1 -I 20 wA 

'" I ","-,e~"O"'J;:.t,,",e __ ,""",."",,"-,"o"'tD·-1 - : -, V 
V I Low Level Output Voltage V =4 5V I =1 6 A I - -: 0 4 ! 

OL (Except XOUT) DD . , OL • m , : . : 

IOL -r-CowLeveTOUfptnJ 7u~~)nt VDD=5V, VOL=IV 20 --:--..,~ 

IDD+IHH Supply Current VDD=VHH=5.5V 70 1150 

IHHI SuppJy Current 
(Memory stand-by) VDD=VSS, VHH=3.5V 5 I 10 

(*) TYP, va I ues are at Topr=25 °c, VDD=VHH=5V. 
(**) Application terminals: HOLD, CALD, SELC, 17 (HLT) 'V 10 (DIo). 
C***) Application terminals: Control output terminal specific to evaluation. 

A.C. CHARACTERISTICS 
(1) 

(VSS = OV, VDD = VHH = 5V±lO%, Topr = -30 'V 70°C) 

SYMBOL I PARAMETER CONDITION I MIN. TYP. I MAX. 

tcy I Instruclion Cycle Time )-1 1.9 
- I 40 

tSDH I Shift Data Holding Time -(Note 1) 0.5tcy ~300 - I -
(Note 1) SCK, SO Terminal External Circuit 

o-l VDD 

10krl 

r 50PF 

(2) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. 

tAD Address Delay Time CL = 100pF - - 270 

tIS Data Set-up Time " 150 - -
tIH Data Hold Time " 50 - -

Unit 

uS 

nS 

UNIT 

nS 

rnA 



• INTEGRATED CIRCUIT 
TiI]P4700C 
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A.C. Timing Chart 

(1) Serial Port (Completion of transmission) 

SCK ~~.5V 
tSDH --r--

so ==>< X 'lL31. 5V 

(2) 
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EXTERNAL. DIMENS IONS 
Unit : rom 

45.0 MAX. 

28.0 ± 0.3 

~ 

II1l h 
~ 

t= 
r="-

I=;:l '" -<t 

C 
""E: = 0 

==t 

~ '" 

D 
::::::I 

-,==. 

0 >< 

c = +1 ;3 

~ 

P.- o 0 

""'Eo 

~ 
00 '" - ~ N -<t 

""'Eo =. -
f=::l 

""EO: =. c 
r= 8 

--e: j = 
C 1 = 

:::;t 

L nl IlL 1L ru 111 l 

0 '" N ~ 
I~· 1.47 ± 0.3 

~ ~ ~ 

-\ '" r- oo r-
N 

~ ,..; N ~ 

25 0 ± 0 3 

I booo~ooaoaoaoooo~ooo' I I 

Wei ht g 5.9 T g ( YP.) 
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TOSHIBA MOS TYPE DIGITAL 

TMP4799C 

SILICON MONOLITHIC 

~"1/1t: 
~-9r 

N-CHANNEL SILICON GATE DEPRESSION LOAD ~ 

NMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47N) Tt1P4799C 

GENERAL DESCRIPTION 

The TLCS-47 is the high speed and high performance, 4-bit single chip 

microcomputer series designed for the general purpose use. 

The TLCS-47 has veriousl y powerful fune tions in order to mee t wi th 

the advanced and complicated applications, which will be made in near future. 

In addi tion, software compa tible NMOS fami 1 y (TLCS-47N) and C~!OS family 

(TLCS-47C) are also provided. 

TMP4799C is the system development evaluator chip, which is equipped 

with a 24-pin socket which may directly mount the general purpose 32K EPROM 

(THM2732D) on the top of the -pacY,a!~f'.. Thcrr:fnre, Wl1'?Il t 11(>_ progY~lm 

wri tten in the 32K EPROM is moun ted on the package, TMP4799C be,'omcs pi'l 

compatible with TMP4740p, TMP4720p and can be used for (levelopmental and 

operational check of thc TLCS-47N application systems and programs. 

The former operates the same as the latter. 

Tf'.fP4799C can be used wi thin the range (If a microcomputer for the 

TLCS-47N system as well as for mounting an equipment made on an experimental 

basis. 

361 



• •• 

362 

INTEGRATED CIRCUIT 
TMP4799C 

TECHNICAL DATA 

FEATURES 

General purpose 32K EPROM TMM2732D (equivalent to INTEL 2732) can 
be used. 

Compatible with TLCS-47N single chip microcomputer family 
TMP4740p/TMP4720p in pin. 

Compatible with TLCS-47 series in software. 

ROM 4,096 x 8 BIT (external), fAN 256 x 4 BlT (internal) 

PIN CONNECTIONS (Ton View) 

vee 24 ~, 

A6 AS 23 

3 At A9 

4 A4 

f'- A3 

::: AO 07 

9 OU 06 l6 

1C 01 

11 02 

12 GND 

Ob 15 

0-1 14 

03 13 

VDD 

Rst2(SCK) 

R91(EO) 

R9()(Sl) 

Rt<3(T.i) 

RS:.?(INTJ) 

RBl\T2) 

R8C(INT2) 

VHH 

REsEr 
XOUT 

XIN 

TEST 

K03 

KOZ 

KJ.l 

KG;} 

pz:; 

P22 

P21 

P20 

(NOTE) Nark Socket for TMN2732D 
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PIN NA~lES AND PIN DESCRIPTIONS 

Pin Names No. of Input! Func tions pins Output 

KO 3 "c KOO 4 Input Input port 
--

P j 3 "c P 10 4 Output Output pOT t (corresponding to PLA) 

P 23 "c P20 4 Output " ( " ) 

R43 '" R40 4 I/O I/O port 

RS3 " Rso 4 I/O " 
RG 3 0" R60 " I/O " 
R73 "c R 

70 
4 I/O " 

RS3 (T I) 1 I/O I/O port or timer / coun ter input 

RS2 (INTI) 1 I/O " or in terrup t input 

RSI (T2 ) 1 I/O " or timer / coun ter input 

Rso (INT2 ) 1 I/O " or interrupt input 

Rgz (SCK) I I/O I/O port or shift clock for serial port 

R91 (SO) 1 I/O " or serial output 

RgO (SI) 1 I/O " or serial input 

X1N , XeUT 2 Input, Resonator connection terminals 
Output 

--- 1 Input Initialize signal input RESET 

TEST 1 Input (Lm" level is input. ) 
f--------

VDD 1 Power +SV 
supply 

VHH 1 Power +5V (Memory power supply) 
supply 

VSS 1 power 
Ov 

supply 

Hd ={---All '" Ao 12 Output Program memory address 

07 " 0 0 8 Input Program data input 

OE/Vpp 1 Output Output buffer con tra1 
Socke t for 

CE 1 Output Chip Enable (connected with VSS) I TMM2732D 

VCC 
-

I power +SV (connected with VDD) I supply I 
GND I ~\i;~h OV (connected with VSS) 

Note RESET terminal has no built-in pull-up resistor as well as 

TEST terminal has no buD t-in pull-down resistor. 
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BLOCK DIAGRA~1 

,----, 
IAII '" Ao I 
I I 
:°7'" 00 : 
I OE/Vpp: 
i CE I 
I VCC I 
L~N2l_---1 

RESET 
TEST 
XIN 

XoUT 

DC 

RAM 

C) (Y) 0 (Y'"JC) ('!) 0 (>")0 ('()a mo (Y) 

o'Vo .-j 'Vr---< M'V0J ..j" 'U.j- Ui 'V lO U) 'Ul!) 1'- 'Vt'--

~ ~ '" '" '" p, '" '" '" '" '" '" '" '" 

R92 (SCK) 
RgI (SO) 

RgO (SI) 

RS3 (:!:l.L 
RS2 (INTI) 
RSI (T2 ) 

Rao (INT2) 

BLOCK NAMES AND DESCRIPTIONS 

Block Names 
PC 
1R, decoder 
HR, LR 

RAA 
RAM 
STACK 
SPIV 
DC 
AX, AY 
ALU 
AC 
FLAG(CF,ZF,SF,GF) 
K, P, R 
1NTR control 

FD 
TCI, TC2 
TC control 
S10 control 
SYS control 
CG, TG 

Program counter (12 bits) 
Instruction register, Decoder 

Functions 

H register (page assignment of RAM), L register (address assign
ment in RAM page), (each 4-bit register) 
RAM address buffer register (8 bits) 
Deta memory 
Save area of program counter and flags (RAM area) 
Stack pointer word (RAM area) 
Data counter (12 bits, RAM area) 
Temporary register of ALU input 
Arithmetic and logic unit 
Accumulator 
Flags 
Ports 
Interrupt control (ElF: Enable interrupt master F/F, 

EIR: Enable interrupt register) 
Frequency divider (4-stage prescaler + 18 stages) 
l2-bit timer/counter 2-channels (RAM area) 
Timer/counter control 
Serial port control 
Generation of various internal control signals 
Clock generator, timing generator 
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FUNCTIONAL DESCRIPTION 

TMP4799C is the system development evaluator chip for the TLCS-47N. 
When the 32K EPROM (TMM2732D) in which the program is written is mounted 
on the package, it is possible to configurate a system equivalent to 
TMP4740p or TMP4720p. 

The precautions for using TMP4799C are described. 

1. Program Memory (ROM) and ROM address 

The precautions for using TMP4799C as an evaluator chip for TMP4720P 
are described. 

TMP4720p contains a program memory with 2,048 x 8-bit (addresses 000 - 7FF) 
capacity. In case of TMP4720P, the PLA data conversion table must be located 
in addresses 7EO - 7FF, because the MSB in the program counter is not decoded 
and there is no physical ROM in addresses 800 - FFF. 

When TMP4799C is 
length is decoded and 
000 - FFF) capacity. 
therefore, located in 

used with 32K EPROM, the program counter with 12-bit 
there is a program memory with 4,096 x 8-bit (addresses 
In case of TMP4799C, the PLA data conversion ~able is, 
addresses FEO - FFF. 

No precaution is required, when TMP4799C is used as an evaluator chip for 
TMP4740P. It is because the former has the same address space as the latter. 

Fig. 1.1 shows the ROM address space of TMP4740P, TMP4720p and TMP4799C. 

Addressr-____ R_O_M ____ -, 
000 

Addressr-____ R_O_M ____ -, 
000 

Addres 
00 

s 
0 

ROM I ('m,""~ ""-l (Program, Da tal 

800 

FEO PLA data 
1 conversion 

FFF table 

(TMP4740p) (TMP4720p) 

Fig. 1.1 ROM Capacity and Address 

a 

C 

F 

cot used V 
in case of 
TMP4720p 

~~~v~~~ion 
table 

(TMP4799C) 
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2. Data Memory (RAM) and RAM address 

The precautions for using TMP4799C as an eval ua tor chip for TMP4720p 
are described. 

Data memory contained in TMP4720p has a 128 x 4-bit (addresses 00 - 7F) 
capacity, and the specific RAM address, which is used for the stack area, 
the data counter, etc., is located in addresses 40 - 7F. It is because the 
MSB of RAM address buffer register is not decoded and there is no physical 
RAM in addresses 80 - FF in TMP4720P. 

In case of TMP4 799C, the RAM address buffer regis ter wi th 8-bi t length 
is decoded and there is da ta memory wi th 256 x 4-bi t (addresses 00 - FF) 
capacity. TI,en the specific RAM address area is located in addresses CO - FF 

in TMP479JC, while it located in addresses 40 - 7F in cl 'Ml'i,720P. Further, it 
is necessary to pay attention to the addresses of the data memory in case of 
acc_essing the data in the specifjc RAM adJress are3. 

Fig. 2.1 shows the RAM address space of TMP4740P, TMP4720P and TMP4799C. 

RAM 
Addressr----------, 

00 

3e 

( Data) 
region 

Specific 
address 
region 

FrL--___ --' 

(TMP4740P) 

RAM RAM 
Address Address 

00 00 
( Data) 
region ( ( Data ) 

region 

h 
3F 

Specific cmage 
\ 

address of ad-

7F 
region dress ) 

301 
00 - 7F 

(=00) : 

J 
I I 
I I t------""1 CO 
I I 

( I I 

I I 

cot USed) In case 
of 
TMP4720P 

Specific 
address 
region 

FF' I FF 
HFj--- --- _..J 

(TMP4720P) (TMP4799C) 

Fig. 2.1 RAM Capacity and Address 
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3. Input/Output cirelli t format 

Fig. 3.1 shows the input/output circuit format of TMP4799C which 

is equivalent to "rOCODE AA" of TMP4740p and TMP4720p. 

~ Input Output I/O I/O I/O 
Cir- (KO) (PI, P2) (RL" Rs, RS) (R7) (Rs,Rg) 
cuit 

I/O ~ -t>o-1r ::g;' ::-{f ~$' equiv-
alent 
Circuit 

R=lkll (TYP.) R=lkCl (TYP. ) R=lkll (TYP. ) R=lkll (TYP. ) 

-
o High thresh- o Sink open- o Sink open- o Sink open- o Schmi tt cir-

old input. drain output. drain output. drain output. cui t input. 

0 No resis tor o High output o Output latch o Output latch a Sink apen-
is contained. current. is ini tializ- is ini tial i zed drain output. 

Remark 
o Output latch I ed to the to the high 

o Output latch 
is initi.alized high level. level. 

is initialized 
to the high I to the high 

level. I level. 

Note TMP4799C does not contain the pull-up resister wi th RESET pin and docs not 

contain the pull-down resister with TEST pin. It is necessary to providE' 

RESET pin wi th the pull-up ret3is ter ('" 200krl TYP.) and to ;)rovide ';'EST pin 

,Jith the puU-down re,;ister (R. 70kll TYP.), respectively. 

Fig. 3.1 Input/Output circuit format of TMP4799C 

TMP4799C cannot be used as an evaluator chip for TMP4740P or TMP4720P 

which employs "rOCODE AH" or "IOCODE AI", because the output latches of 

R4, RS, R6 are ini tialized to the high level in the former and to the low 

level in the latter. 
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INTEGRATED CIRCUIT 
TMP4799C 

TECHNICAL DATA 

It is necessary to provide the pull-up or pull-down resisters with 

KO port and to provide the pull-up resisters with R4, R5, R6 ports when 

TMP4799C is used as an evaluator chip for TMP4740P or TMP4720p which 

employs "IOCODE AE" or "IOCODE AF", respectively. Fig. 3.2 shows the 

examples of the external circuitries. 

(1) The external circuitry for TMP4799C 
(equivalent to "IOCODE AE") 

RIN~lOOk>l 

r------------ ----- --1 
I TMP4799C I 
I I 
I I 

I 
I 
I 
I 
I 
I 

KO 

I AA,R5,~ 
I I 
L __________________ J 

(2) The external circuitry for TMP4799C 
(equivalent to nIOCODE AFn) 

Fig. 3.2 Example of external circuitry for TMP4799C 



INTEGRATED CIRCUIT 
TMP4799C • » TECHNICAL DATA 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE ~lAXIMUM RATINGS (VSS=OV) 

SYMBOL ITEM RATING UNITS 

VDD 
Supply Voltage -0.5 'V 7 V 

VHH 

VIN Input Vol tage -0.5 'V 7 V 

VOUTl Output Vol tage (Except Open Drain Port) -0.5 'V 7 
V 

VOUT2 Output Voltage (Open Drain Port) -0.5 ", 10 

lOUT Output Current (Pl. P2) 30 rnA 

PD Power Dissipation (Topr=70°C) 1 W 

Tso l Soldering Temperature. Time 260 (10 sec) 

Tstg Storage Temperature -55 'V 125 °c 

Topr Operating Temperature -30 'V 70 

RECOMI1ENDED OPERATING CONDITIONS (VSs=OV) 

SYMBOL ITEM CONDITION MIN. MAX. UNITS 

Topr Operating Temperature -30 70 °c 

VDD 
Supply Voltage 4.5 5.5 

VHH V 

VHHI Supply Voltage (Memory Stand-by) 3.5 5.5 

VI HI High Level Input Voltage (R4 'V R7 ) 2.2 VDD 

VIH2 High Level Input Voltage (Except R4 'V R7) 3 VDD 
V 

VILl Low Level Input Voltage (Except KO) 0 0.8 

VIL2 Low Level Input Voltage (KO) 0 1.2 

fC Clock Frequency 0.4 4.2 MHz 

tWCH High Level Clock Pulse Width (Note 1) VIN=VIH 80 -
nS 

tWCL Low Level Clock Pulse Width (Note 1) VIN=VIL 80 -

(Note 1) For external clock operation. 
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INTEGRATED CIRCUIT • TMP4799C 

iii' TECHNICAL OAT A 

D.C. CHARACTERISTICS (Vss=ov, VDD=VHWSV±lO%, Topr=-30 "'70°C) 

SYMBOL PARAMETER CONDITION 

VHS 
Hysteresis Vol tage 
(schmitt Circuit Input) 

IINI Input Current (KO,RESET,TEST) VDD=VHH=S,SV,VI~S,SV 

IIN2 Input Current (R Port) VDD=S.SV, VIN=S.SV 

IIL Current (**) VDlfS,SV, VIWO.4V 
r----
110 Output Leakage Current VDD=S.SV, VOUT=S,5V (p, R Port) 

VOH 
High Level Output Vol tage 

VDD=4.SV,IOH=-400~A (*',*) 
Low Level Output Vol tage 

VOL (Except XoUT) VDD=4.SV, IOL =1. 6rnA 

10L 
Low Level Output Current 

VDD=SV, VOL=lV (r] , P2 ) 
._-

IDD+IHH Supply Current VDD=VHH=S,SV 

IHHI 
Supply Current 

(Memory stand-by) VDlfVSS, VHW 3. SV 

(*) TYP. values are at Topr=2SoC, VDD=VHH=SV, 
(*',) Application terminals : 07 '" 00 
(**,,) Appl ication terminals : A 11 '" Ao, OE/Vpp 

A. C. CHARACTERISTICS (VSs=OV, VDD=VHH=SV±10%, Topr=-30 ,\, 70 C e) 

(1) 

SYMBOL PAR.'.METER CONDITION NIN. 

tcy Instruction Cycle Time 1.9 

tSDH 
--r-----.--

O.Stcy-300 Shift Data Hal ding Time (Note 1) 

(Note 1) SCK, SO Terminal External Circuit 

o-j VDD 

10krl 

50pF 

(2) 

MIN. 

-

-
-
-

-

2.1, 

-

-

-

-

SYMBOL PAR.'.METER CONDITION MIN. 

tAD Address Delay Time CL=lOOpF -
tIS Data Set-up Time " 150 

tIH Data Hold Time " 50 

370 

TYP. 
(i') 

MAX. UNIT 

0.5 - V 

- 20 

- 20 
~A 

--
- -2 rnA 

- 20 ~A 

- -
V 

- 0.4 

20 - rnA 

70 150 
rnA 

5 10 

TYP. MAX. UNIT 

- 20 ~S 

- - nS 

TYP. MAX. UNIT 

- 270 

- - uS 

- -



INTEGRATED CIRCUIT 
TMP4799C • » TECHNICAL DATA 

A.C. Timing Chart 

(1) Serial Port (Completion of transmission) 

( 2) 

eLK 
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INTEGRATED CIRCUIT 
TMP4799C • » TECHNICAL DATA 

EXTERNAL DIMENSION VIEW 

Uni t in nun 

2349±03 2.54xll 2'7,94 ± 0.3 

lO.79±O.2 2. 54± o. 25 

~'f' "f' "f' "f' "f''lT "f' "f' ""'\ 

~ 
~ 

c-i 
c-i t 0 

-H 0 " " " .. 0 
0 '" '" "-

;:1 ~ 

~~~~ ~~~~ I 
CC 
c-i 

I I"f' 'l""I""W "I"-W 'f' "I" "I" 

I 

.1 
10.91 ± 0.1 

13.3 ± 0.1 
30.6MAX. 

17. 15 ± 0.15 

54.6 ± 0. 6 

2.54x 20- 1.27= 49.53±O.3 

0,25 ±O,05 
::: .. 54± 

15.24±0.25 
1.4 ±O. 2 

Weight 13g (TYP.) 
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INTEGRATED CIRCUIT 
TMP4799C 

., ¥ TECHNICAL DATA 

CONNECTION OF PROGRAM MEMORY 

When TMP4799C operates as the evaluator chip for TMP4720P, 

TMM323D--l (2,048 x 8 bit) can be used as the program memory_ 

The connecting method of a program memory is shown below. 

rSV 

1 Lvpp 

I 
VDD (Open) Vee 

All r--
11 

AIO'VAo AIO 'V AO 

TMP4799C (ROM Address) TMM323D--l 
8 

07 'V 00 07 'V 00 

(Ins truc tion/ 
ROM data) 

PD/PGM -
OE/VpP CS 

VSS GND 

1 j 

J.. 

Pin Names of Pin Names of Connection 
TMM323D--l TMM2732D 

-
PD/PGM CE No change 

CS OE/Vpp No change 

VPP AI! All is open. 

Vpp is connee ted to VDD -

TMP4799C 11sed "'ith TMM2732D, in which the program is written 

in the range of addresses 000 - 7FF, operates the same as TMP4720p 

when the connecting method shown below is adopted. 
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• INTEGRATED CIRCUIT 
TMP4799C 

iii» TECHNICAL DATA 

I +5V 

1 1 
VDD (Open) (to eND) Vee 

All I-- ~ All 

11 
A IO '\, Ao A IO " Ao 

THP479ge 
(ROH Address) 

8 THH2732D 

07 '\, 00 07 '\, 00 
(Ins true tion/ 

ROH data) 

OE/VpP DE/Vpp eE~ 
VSS GND 

1 I 
.1 

All of THP479ge is open. 

All of THH2732D is connec ted to VSS' 

374 



TLCS-47(C) 
-TMP47C40P 
-TMP47C20P 
-TMP47C41P 
-TMP47C21P 
-TMP47C22F 





INTEGRATED CIRCUIT 
~,jQ'9.~ ~~ 

TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT 

TMP47C40P, TMP47C41P ~~~17 
TMP47C20P, TMP47C21P ~~ iii » TECHNICAL DATA 

SILICON MONOLITHIC SILICON GATE CMOS 

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47C) 
TMP47C40P, TMP47C20P, TMP47C41P, TMP47C21P 

GENERAL DESCRIPTION 

The TLC5-47 is the high speed and high performance, 4-hit single chip 

microcomputer series designed for the general purpose use. 

The TLCS-47 has variously powerful functions in order to meet with 

advanced and complicated applications, which will be made in near future. 

In addition, software compatible NMOS family (TLCS-47N) and CMOS family 

(TLCS-47C) are also provided. 

The TMP47C40P and TMP47C20P are the standard chips for the TLCS-47C. 

These chips are similar to each other, except memory capacity. And in the 

case of high breakdown voltage output type, production part's number is 

TMP47C41P or TMP47C21p. The TMP4700C: (NMOS) is an evaluator chip used 

for the system development. 

Part No. I ROM (Bit) 
~-------i--- ----- ------------ ---------------j 

~40/41P I 4,096 : __ 8 ____ f-_~~_ 

RAM (Bit) 

TMP47C20/211' I 2,048 / 8 128 x 4 

TMP4700C 
t ------------ \------

~xternal~; provided 256 x 4 
I (4,096 x 8) 
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INTEGRATED CIRCUIT TMP47C40P, TMP47C41P 

.» TECHNICAL DATA TMP47C20P, THP47C21P 

376 

FEATURES 

4-bit single chip microcomputer with built-in 
ROM, RAM, input/output port, divider, timer/counter, and serial port. 

Instruction execution time: 4~s (at 4 MHz clock) 

Effective instruction set 
90 instructions, software compatible in the series 

Subroutine nesting: Maximum 15 levels 

6 interrupts (External: 2, Internal: 4) 
Independently latched control and multiple interrupt control 

Input/output port (35 pins) 

Input 
Output (corresponding to PLA) 
I/O 
I/O (Note) 

1 port 
2 ports 
4 ports 
2 ports 

4 pins 
8 pins 

16 pins 
7 pins 

Note: These I/O ports are also used for the interrupt input, timer/ 

counter input, and serial port; therefore, it is programmably 

selectable for each application. 

PLA data converting function (Instruction) 
Output of data to output port (8-bit) 

Table look-up and table search function (Instruction) 
Table can be set up in the whole ROM area. 

l2-bit timer/counter (2 channels) 
~~i~~t~gy~~er, timer, and pulse width measurement mode is programmably 

Serial port with 4-bit buffer 
Receive/transfer mode is programmably selectable. 
External/internal clock and leading/trailing edge mode are programmably 
selectable. 

l8-stage divider (with 4-stage prescaler) 
Frequency applied for timer interrupt of divider is progracrmably selectable. 

High breakdown voltage output (20 pins) 

Maximum rating 42V, FL tube direct drive is available. 

Hold function 
Battery operation/condenser backup is available. 

On chip oscillator 

TTL/CMOS compatible 

+5V single power supply 

42-pin DIL plastic package 

Si-gate CMOS LSI 



INTEGRATED CIRCUIT TMP47C40P, TMP47C41P 

TECHNICAL DATA 
TMP47C20P, TMP47C21P 

PIN CONNECTIONS (Top View) 

R4 0 VDD 

R41 41 R92 (ScK) 

R42 40 R91 (so) 

R43 4 39 R90(81) 

R50 5 38 R83 (Tl) 

R51 37 R82 (INTl) 

R52 7 36 RS 1 (T2) 

R53 8 35 R80(INT2) 

R60 9 34 HOLD 

R6i 10 33 REsET 
R62 11 32 XOUT 

R63 12 31 XIN 

R70 13 30 TEST 

R71 14 29 K03 
1\72 15 28 K02 
R73 16 27 

KOI 
PlO 17 26 KOD 

Pll 18 25 P23 

P'2 19 24 P22 

P'3 20 23 P21 

VDD 21 22 Pzo 

PIN NAMES AND PIN DESCRIPTION 

Pin Name No. of 
Input/Output Function pins 

K03 "-'Koo 4 Input Input port 
P13 rvP lO 4 Output Output port (Corresponding to PLA) 
P23 ruP20 4 Output H ( " .. ~ 
R43 rvR 40 4 I/O ITO·port 
Rs 3 'V R5 0 4 I I/O " 
R63'VR60 4 I I/O " 
R73 rvR 70 4 I/O " 
R03 (Tl) 1 I/O I/O port or timer/counter input 
R. 2 (INTl) 1 I/O I/O port or interrupt input 
RBl (T2) 1 I/O T/O port or timer/counter input 
R. o (INT2) 1 I/O I/O port or interrUPt inpet 
R92 (SCK) 1 I/O I/O port or shift clock for serial port 
R91 (SO) 1 I/O I/O port or serial output 
R90 (51) 1 I/O I/O port or serial input 
XIN, XoUT 2 Input ,Output Resonator connection terminals 
RESET 1 Input Initialize signal input 
HOLD 1 Input Hold signal input 
TEST 1 Input (Low level is inlJUt. ) 
VDD 1 Power Supply +5V 
VSS 1 Power Supply OV 
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• INTEGRATED CIRCUIT TMP47C40P; TMP47C41P 
TMP47C20P; TMP47C21P •• TECHNICAL DATA 

378 

BLOCK DIAGRAr~ 

r---------~--~==~==~ 
VDD 
VSS 

RESET 

TEST 

XIN 

XOUT 

I 
I 

QJI 

'" HI 
'-' ,1:>1 

'" "" '" '-'I I 

Hold 
control 

SYS 
control 

ROM 

PC 

FD 

H 
QJ 

'" '" 0 H U 
QJ 

'" 

RAM 

I DC 
f--- ----
lTC, 
:- -TC2--

,"""---,.--
I : SPW 
I ---
I 
I STACK 

R9 , (SCk) 
R9 , (SO) 
R90 (Sl) 

BLOCK NAMES AND DESCRI PTION 

Block Name 

PC 
ROM 
IR, decoder 
HR, LR 

RAA 
RAM 
STACK 
SPW 
DC, data table 
AX, AY 
ALU 
AC 
FLAG (CF,ZF,SF, 
GF) 
K, P, R 
INTR can trol 

FD 
TCl, TCZ 
TC control 
SIO control 
HOLD control 
SYS control 
CG, TG 

Function 

Program counter (lZ bits) 
Program memory (including fixed data) 
Instruction register, Decoder 
H register (page assignment of RAM), L register (address 
assignment in RAM page), (each 4-bit register) 
RAM address buffer register (8 bits) 
Data memory 
Save area of program counter and flEigs (RAM ared) 
Stack pointer word (RAM area) 
Data counter (12 bits, RAM area), Data table (ROM area). 
Temporary register of ALU input 
Arighmetic and logic unit 
Accumulator 
Flags 

Ports 
Interrupt control 
(ElF: Enable interrupt master F/F, EIR: Enable interrupt 
register) 
Frequency divider (4-stage pres caler + 18 stages) 
lZ-bit timer/counter Z channels (RAM area) 
Timer/counter control 
Serial port control 
Control for hold function 
Generation of various internal control signals 
Clock generator, Timing generator 



• INTEGRATED CIRCUIT 

.2 TECHNICAL DATA 

TMplj7C40P 

TMP47C20P 

"~~~~ 

~';" ~;.. " 
------------------------~-------------------------------~ 

FUNCTIONAL DESCRIPTION 

1. System Configuration 

1. Program Counter (PC) 

2. Program Memory (ROM) 

3. H Register (HR) , L Register (LR), RAM Address Buffer Register (RAA) 

4. Data Memory (RAl-1) 

(1) Stack (STACK) 

(2) Stack Pointer Word (SPW) 

(3) Data Counter (DC) 

5. ALU, Accumulator (Ae) 

6. Flags (nAC) 

7. Ports (PORT) 

8. Interrupt Control Circuit (INTR) 

9. Frequency Divider (FD) 

10. Timer/Counter (TCI, Te2) 

11. Serial Port (SIO) 

12. Hold Control Circuit (HOLDe) 

Concerning the above component parts, the configuration and functions of 
h3rdwares are described 

Hexadecimal notation is used for the description, charts, and tables in order 
to indicate the address and the like, without assigning identification symbols 
as far as it does not give rise to confusion. 

The following names and symbols are used unconsciously. 

(a) CPU Control Processing Unit except for the built-in peripheral 
circuitry, such as interrupt control circuit, timer/counter, 
and serial port. 

(b) CP Clock pulse generated in the clock oscillator. 
It is called the "basic clock" or merely "clock". 

(c) fc Indicates the frequency of the clock oscillator, namely, the 
frequency of the basic clock. 

(d) MSB/LSB Indicates Most/Least Significant Bit. 

(e) F/F Indicates Flip/Flop. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

1.1 Program Counter (PC) 

TMP47C40P 
TMP47C20P 

It is a 12-bit binary counter, and the contents of the program counter 

indicate the address of program memory in which the next instruction to be 

executed is stored. 

The program counter generally gains increment at every instruction fetch by 

the number of bytes assigned to the instruction. However, when executing 

the branch and subroutine instructions or receiving the interrupt, the 

values specified by these instructions and operation are set. 

Value "0" is specified by initializing the program counter. 

The page structure of program memory is made with 64 words per page. 

The TMP47C40p has 64 pages and the TMP47C20p 32 pages. 

At the execution of (BSS a) instruction, the value assigned by the 

instruction is set in the lower 6 bits of the program counter when the 

branch condition is met. That is, the CBSS a) instruction is used as a 

branch or jump instruction within a page. If the (BSS a) instruction is 

stored in the last address of the page, the value in the higher 6 bits 

of the program counter indicates that the branch or jump instruction. to 

the next page is executed. 

At the execution of (CALL a) instruction, the value ~pecified by 

the instruction is set in the program counter after the previous contents 

'of the program counter has been saved in the stack. Since 11 bits are 

of the address bit length which can be assigned by the instruction, the 

call address of subroutine should be in the range of addresses 000 - 7FF. 



• iii. 
INTEGRATED CIRCUIT TMP47C40P 

TMP47C20P 
TECHNICAL OAT A 

MSB LSB 

PCH peM PCL 

,PC,,! Pc,o! PC. J PC. PC 7 J PC 6 J PC s j PC 4 PC, J PC, J PC, l PC o 
\ 

Page aSSl.gnment Address asslgnment 1n page 

(a) Configuration of Program Counter 
(page) (",ddress) ROM (Address) 

" r1r r- 1 m 

1 

2 

63 

~l ;: r=J 
[ ::~ 
{

DO 
01 

3(,~-. L' 3D 
3E 

3F 

(b) Configuration of ROM 

(Page) (~ddress) _ r ~~ge F==========-l 

1 ) 

l 

ROM 

3f BSS d (~ote) 

i+l P-b---------l: -

03E 

03F 
040 

07F 
080 
081 

He 
FFD 
FFE 
FFF 

(Execution flow) 

(Only when branch con-) 

~ dition is met 

Note: "a" shall be 
inc!icated by 

I 

J 
hexadecimal. 

_3_F_ C==::::;:::=;;;J 
(c) Special example of branch caused by (BSS a)instrustion. 

Fig.l.l.l-_ Pro~ram Counter and Program Memorv (ROM) 
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INTEGRATED CIRCUIT TMP47C40P 

TMP47C20P 
iIi:at TECHNICAL DATA 

382 

1.2 Program Memory (ROM) 

Processing programs and fixed dala are st{)red in the program 

memory. The next instruction to be executed is read out from the 

address indicated by the contents of the program counter. 

The fi xed da ta stored. in the program memory can be read by 

using the ROM data referring instruction or the PLA referring 

instruction. The ROM data referring instruction reads out the 

higher or lower 4-bit data of the fixed data stored in the address 

decided by the data counter [(LDH A, @DC+) and (LDL A, @DC) in

struction respectively], and st01:PS the data in the accululator. 

Thp PLA referring instruction (OUTB @HL) reads out the fixed data 

(8-bit) stored in the address decided by the contents of the data 

memory indicated by the contents of Hand L registers as well as 

contents of the carry flag, and outputs the data to output ports 

(P2 . PI). 

Addresses are individually assignged to the program memory and 

data memory, so that the fixed data in the ROB area cannot be directly 

read out by the address of the data memory. 

I Specific Addresses of Program Memory 

The following addresses of the program memory are used for 

specific purposes. When not used for these purposes, the specific. 

addresses can be used to store the processing programs and fixed data. 



• iii» 
INTEGRATED CIRCUIT 

TECHNICAL OAT A 

Specif ic Address 

000 
(DOl) Start 

002 
(003) INTl 

--
004 ISIO 

(005) 

006 
(007) 

IOVFl 
f----~~~ -~--.-+----. 

ODS i 
---(?~~~)-T ~OVF2 

OOA 
(OOB) ITMR 

I 
DOC 

(DOD) INT2 

8n+6 
(n- 1 '015) Call 

086 (Note) 

FEO 

TMP47C40P 
TMP47C20P 

Specific Purposes 

address by initialization 

Interrupt vector address 

Interrupt vector address 

Interrupt vector address 

lnterrupt vector address 

Interrupt vector address 

Interrupt vector address 

address by instruction (CALLS 

2 PLA data conversion table 
FFF 

Note 086 (hexadecimal) = 134 (decimal) 

Table 1.2.1 Specific Address of Prof,ram }1emory 

--

a) 
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INTEGRATED CIRCUIT TMP47C40P 
TMP47C20P 

iii » TECHNICAL DATA 

384 

I ROM CAPACITY I 
The TMP47C40p and Tl":'47C20r cont,dn a program memory wi th ",096 x 8-bi t 

(addresses 000 - FFF) capacity and 2,048 x 8-bi t (addresses 000 - 7FF) capacity, 

respectively. But the Tr'pl+7C2(1p contains a program counter with l2-bit length. 

Therefore, when one of addresses 800 - FFF is accessed in a program, the ROM 

data corresponding to addresses 000 - 7FF read out. It is because there is 

no physical ROM in' addresses 800-FFF, but the MSB in the program counter is 

not decoded. For example, when the data located in address FF3 is output to 

a port by the PLA referring instruction on a program, the data located in 

address 7F3 is read out. In the TMP4 7C,"OP, the PLA data conversion table 

(addresses FED - FFF) is, therefore, located in addresses 7EO - 7FF. 

"0" [(NOP) instruction] is read out for the ROM data within the range 

of the built-in ROM capacity, if it is not specified by the user. 

Address 

000 

800 

\ 
FED 

FFF 

ROM 

" o 
Ul ... 
'" > 
" o 
u 

'" 

Address 

000 

( 

7EO 
l 

7FF 
800 

.(=000) 

ROM 

I I 
I I 
I I 
I I 

t t 
I I 
I I 

FED I I 
(=7EO)~------i 
S I I 

FFF L ______ J 
(=7FF) 

(THP47C40P) (Tl'T47C20P) 

Fig. 1.2.1 ROM Capacity and Address 

>--
(Immage of ad-) 
dresses 000"-
7FF 



INTEGRATED CIRCUIT 

TECHNICAL DATA 

TMP47C40P 
TMP47C20P 

1.3 H Register (HR), L Register (LR) , and RAM Address Buffer Register (RAA) 

The Hand L registers are 4-bit registers used as the data 

memory address pointers or genera~ purpose registers. 

The page structure of the data memory is based on 16 words per 

page. Pages are specified by H register, and addresses in page are 

done by L register, respectively. nw47C40p has 16 pages and TMP47C20p 

8 pagcs. 

The L register is also used to specify the bits corresponding to 

pins R73 co R40 of the I/O port when instructions (SET @L), (CLR @L), 

and (TEST @L), are executed. 

The RAM address buffer register is a temporary register used to 

specify the address in the data memory, and serves as an input of the 

RAM address decoder. Normally, the data specified by the contents 

of the Hand L registers or immediate data of an instruction is fed 

into the RAM address buffer register. 
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INTEGRATED CIRCUIT TMP47C40P 

TMP47C20P 
TECHNICAL DATA 

Address 

Page 

0 

3 
4 

5 
6 

: 7 
~ 1 8 

19 

IA 
B 
C 

D 

E 

F 

Fig. 1. 3.1 

MSB LSB 

HR LR 
f--~ 

HR3I l:IR2I HR1 I HRO LR31 LRZ r LR1r LRO 

Page specification Address specification 
in page 

LR 

~-~--.-- --~--

F E D C B A 9 8 7 6 5 4 3 2 1 0 

+ + + -+ + + + + + + + + ~ ~ + 
+ + + + + + + + + + + + + + + 
+ + + '4=I':1:cr$m.j:nt:r dir$C\iof + + + 
+ + -+ .. + + + + + + + + + + + 
+ + + + + -+ -+ + + + + + + + .. -

+ -+ D:crtm~nt+ dtr~cAot + + + + + -

+ i .. +++t++t+T'+ + .. 
+ t + + + + + -+ + -+ + + + -+ + 
+ + + ~ + + + + + + + ~ + + + 
+ -+ -+ + + + + + + + + + + -+ + 

-+ + + -+ + + + + + + + + + + + 
~ .. -+ + + + + t ~ + + + +~ + .. ~ -+ -+ + + -+ + + + + + + -+ + 
t -+ + + -+ -+ + -+ + -+ + + + -+ + 
+ + + + -+ + + ++ -+ + -+ + -+ + 

Configuration of RAM 

H Register, L Register and Data Memory (RAM) 
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INTEGRATED CI RCUIT 

TECHNICAL DATA 

1.4 Data Memory (RAM) 

TMP47C40P 
TMP47C20P 

The processing data of user are stored in the data memory. 

The data is read out or written in according to the address indicated 

by the contents of the RAM address buffer register. 

1 Specific addresses of data memory I 

The data memory is also used for the following specific purposes. 

When -it is not used for the respective purposes, the RAM of the 

corresponding address can be used to store the user processing data. 

(1) Stack (STACK) 

(2) Stack pointer word (SPW) 

(3) Data counter (DC) 

(4) Timer I Co un ter (TCl, TC2) 

(1) Stack (STACK) 

The stack, which is contained in the data memory (one level of 

the stack consists of 4-word RAM), is area to save the contents of 

the program counter (return address) and flag prior to jumping to the 

processing program at time of subroutine call or interrupt acceptance. 

To return from the processing program, (RET) instruction is used to 

restore the contents saved in the stack to the program counter, and 

(RETI) instruction is used to restore the contents saved in the stack 

to the program counter and flags. 

The location of the stack to save/restore the contents is deter

mined by the stack pointer word, which is automatically decremented 

after the saving operation, and incremented prior to the restoring 

operation. 
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(2) Stack Pointer Word (SPW) 

The address FF in the data memory is called a stack pointer 

word and decides the stack pointer. The stack is contained in the 

r~, and accessed by the stack pointer. 

The stack pointer is decided with the format shown in Fig. 1.4.1, 

but this address indicates the lower RAM address in each level of the 

stack. 

Values "E" - "a" can be assigned for the stack pointer word, so 

that the maximum of 15 nesting levels are available for the stack. 

However, when the timer/counter mentioned following is used, the level 

containing the RAM address corresponding to the timer/counter cannot 

be used for the stack (value "F" is not assigned to the stack pointer 

word, because the stack contains the RAM address corresponding to the 

stack pointer word}. The stack pointer word is automatically updated 

by the subroutine call or interrupt acceptance; however, it cannot 

exceed the allowable size of the stack for the system configuration. 

Since the stack pointer word is never initialized in terms of 

hardware, it is necessary to set it to the highest possible level of 

the stack in the user's initialization prpgram. For instance, it is 

set to "c" level when the two channels of timer/counter are used. 

Note: The "level" indicates the depth of the nesting in the stack as 

well as the location of the next available stack. That is, it 

represents the contents of the stack pointer word. 
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___ TM_P4_7_C4_0P __ ~_A_~~ 
_ TMP47C20P ~~ 

,Addres( FED C B A 9 8 7 6 5 4 3 2 1 0 
Page 

B 

,--

C 

D 
E 

F 

, I I I I j 

~-r-T -T"-,.--f-~-...,--I--I- _L_I- --'- _ L-I_ 
I I I ~ I I I : I I I : : I J 

Level 3 Level 2 Level 1 Level 0 

" 7 " 6 " 5 " 4 
" 11 " 10 " 9 " 8 

pwj DC *\ TC2 *\ TC1 " 12 

Stack 

* : Can be used to store the user processing data 

(a) Specific purposive map of RAM 

(Stack pointer word) 
RAM address FF 

(Stack pointer) 

MSB 
7 

MSB LSB 
3 2 1 a 

\Spw,!SPw, I spw,lsPWo I 
6 5 4 3 2 

1 Ispw,lspw, I spw,l SPWol 0 

LSB 
a 

(b) Stack pointer and stack pointer word 

Address 

2 

E2 
E3 

E4 
ES 
E6 
E7 
E8 

E9 
EA 
EB 

EC 
ED 

------PQ1"t 

FLAG'" 
peL '1 

PCM" 
PCR" 
FLAG" 
PCL' 
PCM' 
PCR' 

r---r-~~ 
PCL 
PCM 

L-----'" 

(c) Structure of stack 

c 
a 
·rl 

+ 
C '"' a <.J 

·rl '" '"' " <.J ·rl 

'" "0 .... 
'" ·rl '" .-i "0 I-< 

'" a 
:> QJ '"' ~ :> CIl 

'" ~ 
+ 

U) 

-" 

I ~ 
<.J 

'" '"" '"' '"0'" i;r< 

'"' 

t 

Fig. 1.4.1 Specific Address and Stack of Data Memory 
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(3) Data Counter (DC) 

Data counter is a 12-bit binary counter used to specify the 
address when the data table in the ROM area is referred (ROM data 
referring instruction). 

The RAM address with 4-bit unit is allocated to the data counter, 
so that the initial value setting and the content reading of the data 
counter can be executed by the RAM manipulative instructions~ 

MSB LSB 
D C 

(Data Counter) 

(RAM Address) (FE) (FD) (FC) 

Fig. 1.4.2 Data Counter and RAM Address 

(4) Timer/Counter (TCI, TC2) 

The two channels of 12-bit timer/counter are built-in, and th~ RAM 
address with 4-bit unit is allocated to the timer/counter, so that the 
initial value setting and the content reading of the timer/counter can 
be executed by the RAM manipulative instructions. 

When the timer/counter 1 is not used, the stack lower from level 13 
('an be used. When both of the timer / counter 1 and 2 are not used, the 
stack lower from level 14 can be used. 

MSB LSB 

(Timer/Counter 1) I TCI j TCI H TCl M TClL 
(RAM Address) (F6) (F5) (F4) 

MSB LSB 

(Timer/Counter 2) ~TC2H TC2 I TC2M TC2L 

(RAM Address) (FA) (F9) (F8) 

Fig. 1. 4. 3 Timer/Counter and RAM Address 

(5) Page 0 in Data Memory 

Page 0 in the data memory (addresses 00 - OF) is effectively used 
as a flag or pointer in a user's program. 
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I RAM Capaci ty I 

TMP47C40P 
TMP47C20P 

Data memory contained in Tt'rP47C J.Gp has J 256>< 4-bit (addresses r,O

FF) capacity, and that contained in . ;'f:'47C2r)P 1;"8 a L':' x 4-bit (addres""s 

00 - 7F) capacity. 

Since the TMP47C20p also has the RA~ address buffer register of S-bit 

length, there is no physical RAM in addresses 80 - FF in the T~:D47C2nn. 

However, the RAM equivalent to addresses 00 - 7F are referred when addresses 

80 - FF .?l'e accessed in a program, because the MSB of RAM address buffer 

register is not decoded. That is, the specific RAM address is distributed 

to CO - FF in a program, but the RAM equivalent to addresses 40 - 7F are 

assigned in the T'·lpLt 7C20P. 

Address 

00 

) 

80 

FF 

RAM 

( da~a ) 
regl0n 

< 

Specific 
address 
region 

(THP47C40p) 

Address 

00 

) 

RAM 

( Da:a ) 
reglon 

Specific 
address 

7F region 
80 I 

(~OO) I I 
I I 
I I 

l LJ, 
FF I i j 
(~7F) L _____ -l 

(a) RAM Capacity and Address 

Address 

(
Image of ) 
addresses 
00"" 7F 

00 

EO 

) 
FF 

RAM 

I 
I 

I I 
L _____ ...l 
I I 
~ (Not) t 

used I 
I 
I 
1 

I I 

Specific 
t address 

reglon 

(b) RAM Map example of nlP47C20P 

(TC" TC 2 and stack) 
5 level are used. 

Fig. 1.4.4 RAM Capacity and Address 
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1.S ALU, Accumulator (AC) 

The ALU is a circuit used for various arithmetic and logical 

operation for 4-bit binary data. It performs the operation designated 

by the instruction, and outputs the 4-bit result, carry (C) ,and 

zero detection signal (Z). 

The accumulator is a 4-bit register to use a source operand 

for the arithmetic operation, and in which the result is stored. 

AY are temporary registers.) 

Output of result 

MSB LSB 
3 2 0 

(Accumulator) I [ [I 

Fig. 1.5.1 ALU, Accumulator 

Detection 'of operating condition 

Output C from the ALU indicates the carry output from the most 

significant position in the addition operation. 

However, the subtraction is executed with the addition of the 2's com

plement, so that output C in the subraction operation indicates the 

"non-borrow" from the most significant position (i:e., in case of non

borrow, C == "I"). Accordingly, borrow (B) can be represented with "e". 
Output Z indicates the zero detection signal to which "1" is applied 

when all of the 4-bit data transferred to accumulator or output of the ALU 

are cleared to zero. 



_
__ !t_ir_~_, __ IN_TIG __ RA_J_ED_C_I_RC_U_IT~ _______ T_T~_~~_~~_~~_~ ____ ~ ___ -~~~ _~ TECHNICAL DATA ~~ 

Example (4-bit operation) 

(a) 4 + 5 9 (C 0, Z 0) 

(b) + 9 0 (C 1, Z 1) 

( c) 3 1 2 (B 0, Z 0) 

( d) 2 0 (B 0, Z 1) 

(e) 6 8 -2 or E (B 1, Z 0) 

Note B C is indicated. 

1.6 Flag (FLAG) 

Flag is a 4-bit register used to store the condition of arith

metic operation, and of which the se"t/reset conditions are specified 

by the instruction. The flag consisting of CF, ZF, SF, and GF is 

saved in the stack when the interrupt is accepted. By executing the 

(RETI) instruction, it is restored from the stack to the conditions 

immediately before the interrupt is accepted. 

o 

I CF I ZF I SF I GF 

Fig. 1.6.1 Flag 

(1) Carry Flag (CF) 

This flag is used to hold the carry in the addition operation 

as an input to the ALU by the (ADDC A, @HL) instruction as well as 

to hol~ the non-borrow in the subtraction operation (the carry in the 

addition of the 2's complement) as an input to the ALU by the 

(SUBRC A, @HL) instruction. The rotate instruction makes the flag 

hold the data shifted out of the accumulator. 
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TECHNICAL DATA 

(2) Zero Flag (ZF) 

TMP47C40P 
TMP47C20P 

This flag is stored the zero detection signal (Z) when the 

instruction designate to change. "I" is set if all 4 bits are ,cleared 

to zero by an arithmetic operation or data processing. 

(3) Status Flag (SF) 

This flag is set or reset according to the condition specified 

by the instruction. With the exception of particular cases, it is 

usually presented at every execution of an instruction, and holds 

the contents of the result during execution of the next instruction. 

It is normally set to "III, but is reset to "0" for a time under the 

certain condition (it varies according to the instruction, for ex

amples, when the result is zero J when carry occurs in the addition, 

or when borrow occurs in the subtraction, the flag is reset). 

The status flag is referred to as branch condition in a branch 

instruction. The memory location is branched when this flag is set 

to "l"; therefore, normally the branch instruction can be required 

as "unconditional jump instruction". On the contrary, the instruction 

becomes a "conditional instruction" if it is executed inunediately 

after loading the instruction to set/reset the status flag according 

to the condition determined by some previous instruction. 

The status flag is initialized to "111 at initialization, 

and is also set to iiI" after the contents have been saved in the 

stack when the interrupt is accepted. The contents saved in the 

stack is restored by the (RETI) instruction. 

(4) General Flag (GF) 

This is a single-bit general purpose flag, being set or reset, 

and also used in a test by a program. This can be used for any 

purpose in the user program. 
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1.7 Port (PORT) 

TMP47C40P 
TMP47C20P 

Data transfer to/from the external circuitry, and command/ 

status/data transfer between the built-in periferal circuitry 

are carried out by the input/output instructions. 

(a) Input/Output port : Data transfer to/from external circuitry. 

(b) Command/data output 

(c) Status/data input 

Control of circuitry of built-in 

peripheral circuitry, and output of data. 

Input of status signal(Note) and data from 

the built-in peripheral circuitry. 

Note Status signal is provided from serial port and llold 

control circl:it, and is different from the status flag (SF). 

To transfer the data or to control the circuitry, each port 

or register is selected by designating the address (Port address) 

by input/output operational instructions (13 instructions) in the 

same way as the memory. 

The port address is composed of 5 bits (addresses 0 - 31). 

The address to be accessed differs according to a instruction. 

By way of caution, the port address space is independent of the 

program memory address space and the data memory address space. 

Every output port contains a latch in order to hold the output 

data. Since every input port is operated without latching, it is 

desired to externally hold the data to be input from the external 

devices till the data is completely read out, or to read the data 

several times to confirm the contents. 

The details to specify the input/output circuit format of ports 

and initialization of the output latch are 2.6 (2) Input/Output Circuit 

Format. 
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'" '" Port 
ad

dress 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
OC 
OD 
OE 
OF 
10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
lA 
lB 
lC 
lD 
IE 
IF 

Ins t6ic-flons 

Symbol Port, Register ~ 
(Input/ (Input/Output) IN %P, A OUT A ,%P I SET%P, b 
Output) IN %P.@HLI OUT@HL,%P OUT 11K, %P OUTB @HL' CLR%P, b 

IPOO/OPOO Ko Input port / P Out ut 0 
IFOl/0POl P,Output latch/ ~or/ 0 0 0 0 
IP02/0P02 P, /P," 0 0 0 0 
IP03/0P03 
IP04/0P04 R4 I/O port 0 0 0 0 
IP05/0POS R5 0 0 0 0 
IP06/0P06 R. 0 0 0 0 
IP07/0P07 R, 0 0 0 0 
IF08/0POB R. 0 0 0 0 
IP09/0P09 R. 0 0 0 0 
IPOA/OPOA 

i~~~j~~~~ ( *) Serial buffer register (Reception) 

TEST %P,b 
TESTP%P,b 

o 
o 
o 

o 
o 
o 
o 
o 
o 

IPOD/OPOD (**) Serial buffer register (Transmission) 

IPOE/OPOE Status input/ 0 1 I 0 
IPOF /OPOF (*) / (**) 0 0 0 

/OPlO .--- / (a)-----~--

/OPll /P"P, output port 0 
(8-bit output) 

/OP12 / 

/OP13 / I 
/OP14 / 
lOP 15 / 
/OP16 / (a) Hold control 
lOP] 7 / (b) Control with timer interrupt of divider 
/OP18 / (c) Timer/Counter 1 control 

/OP19 / (b) 
/OPlA / 
lOP lB / 
/OPlC / (c) 
/OPlD / (d) 
lOP IE / 
/OPlF / (e) 

o 
(d) Timer/Counter 2 control 
(e) Serial port control 

o 
o 

o 

SET 
CLR 
TEST 

o 
o 
o 
o 

@L 
@L 
@L 

Note 1: Inputs (IPlO - IPIF) of port addresses 10 - IF remain undefined. 
Note 2: Port addresses with " __ " mark are reserved addresses and cannot he llsf'd at user's program. 
Note 3: OPII is automatically accessed by (OUTB @HL) instruction, but cannot be done by the instructions 

other than this one. 

Table 1.7.1 Port Address Allocation and Input/Output Instructions 

I 
N* 
-i 
m 
() 
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Z 
n 
> r-

o 
> 
-i 
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m 
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~ 
eJ 
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e 
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..c
'-J 
("') 

..c
O 
"0 

' .' ...... ~'b, 
, '. AIi."> ' M·········! 

.. p1!" i 
~.Ji. , 
~. 



• iii» 
INTEGRATED CIRCUIT 

TECHNICAL DATA 

(1) KO (K03 'CKOO) Port 

This is a 4-bit port used for input. 

TMP47C40P 

TMP47C20P 

Input data ~-----<<ll----D (Pin) 

MSB LSB 
3 Z 1 0 

1 K 0 ,I Ko 21Ko ,1K 0 01 

Fig. 1.7.1 Ko Port 

(Z) PI (P13 'CPlO), P2 (PZ3 'CP ZO ) Port 

These ports are 4-bit ports with a latch used for 

output. The latch data can be read by the instruction. 

These two ports can independently access by specifying port ad

dresses IPOl/OP01, and IPOZ/OP02. In addition, they can output 8-bit 

data by the (OUTB @HL) instruction. 

PLA data conversion 

A hardware PLA is not contained in the system; however, the func

tion equivalent to it can be performed by access to the PLA data con-

version table provided in the ROM by use of the (CUTB @HL) instruction. 

The PLA referring instruction (OUTB @HL): This instruction reads out 

the 8-bit data stored in the program memory, whose address is determined 

by the contents of the data memory indicated by the contents of the Hand 

L registers as well as the contents of the carry flag, and outputs the 

data to 8-bit ports pZ and Pl. At this time OPll is automatically 

selected as the port address. 
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TECHNICAL DATA 

TMP47C40P 
TMP47C20P 

Ports PI and P2 are capable of reading the latch data by the 

instruction, so that the data output by the PLA referring instruc

tion can be qualified or modified; that is, the convert pattern can 

be changed or the numbers of pattern will be increased. 

MSB LSB 
76S43210 

Conversion data ip2.ip22!PH !P2o!p,,! Pu!p.,! p.ol 

Input data .• -~ .... 

Output data~ (Pin) 

Fig. 1.7.2 P , and P2 Ports 

(3) R4 (R43 "R40), RS (RS3" RSO), R6 (R63 "R60), R7 (R73" R70) Port 

Each of these ports is a 4-bit I/O port with a latch. The 
latch ;,hould he set to "1" v,lhen the port is used as an input port. 
(But, these purts are only userl to output ports with some input/output 
circuits.) 

Pins R73 - R40 can be 

used for bit scanning for 

set/reset and test accord-

ing to the contents of the 

L register by executing 

the (SET @L), (CLR @L) and 

(TEST @L) instructions. 

Table 1.7.2 shows the pins 

corresponding to the con

tents of the L register. 

Dtm-f-~ Correspond- L register orrespcnd-
3 2 1 0 ing Pin 31 2 1110 ing Pin 

000 0 R40 1 000 R60 

o 0 0 1 R41 1 0 0 1 R61 

o 0 1 0 R42 1 0 1 0 R62 

o 0 I I R43 1 0 1 1 R63 

0 1 0 0 RSO 1 1 0 0 R70 

0 1 0 I RSl 1 1 0 1 R71 

0 I 1 0 RS2 1 1 I 0 R72 

0 I 1 I RS3 1 1 1 1 R73 

Table 1.7.2 Correspondence of Individual 

Bits of L Register and 1/0 Port 
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Input data 

Output data 

Fig. 1. 7.3 

(4) RS (RS3 ~ RSO) Port 

TMP47C40P 

TMP47C20P 

(Pin) 

Note : For bit set/reset of port, 
latch output serves as input data. 

This is a 4-bit I/O port with a latch. The latch should be set 

to "}" when the port is used as an input port. 

It is a port common to external interrupt input or external timer/ 

counter input. When it is driven by the external circuitry, such as 

external interrupt input or external timer/counter input, the latch 

must be set to "1". When it is used as normal I/O port, some measures, 

such as inhibition of the external interrupt input acceptance or disable 

of the mode depending on the external input of the timer/counter should 

be taken in a program. 

(Note) When pin RS2 (INTI) is used as a port, INTI interrupt request 

takes place because the falling edge of the pin input/output 

is detected (interrupt enabling master F/F is normally set to 

"1"). This causes the CPU to process a dummy interrupt 

acceptance [e.g. the (RETI) instruction only is executedl. 

When pin RSO (INT2) is used, INT2 interrupt request also 

takes place in the same manner as the case of pin RS2' but 

the interrupt request is not accepted by merely resetting 

the LS.B (EIRO) of the enable interrupt register to "0" in 

advance. Therefore, the above processing is not required. 

399 



INTEGRATED CIRCUIT TMP47C40P 
TMP47C20P • » TECHNICAl.DATA 

400 

Control input 

Input data 

Output data (Pin) 

Note: For bit set/reset of port, latch 
output serves as input data. 

Fig. 1.7.4 R. Port 

(5) Rg (Rg2 '" RgO) Port 

This is a 3-bit I/O port with a latch, and the latch must be 

set to "1" when it is used as input port. 

The Rg port is also used as serial port. The latch must be set to 
111" when Rg port is used as serial port. The port used as normal 

I/O port is not entirely influenced by disabling the serial port. 

Pin R93 is not mounted in the port, but 111" is read by accessing to 

pin Rg3 in a program. 

Serial control 
.Input data 

Output dara 

Serial control 

(Pin) 

Note: For bit set/reset of port, latch 
output serves as input data. 

Fig. 1.7.5 R. Port 
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1.8 Interrupt control circuit (INTR) 

TMP47C40P 

TMP47C20P 

Interrupt factors are composed of two from the external 

circuitry, and four from the internal circuitry. By setting the 

interrupt latch provided for each factor, an interrupt request is 

generated to the CPU. The interrupt latch is set when the edge of 

the input signal is detected. 

The interrupt request is not always accepted by the CPU if 

generated. It is not accepted till the priority in the six factors 

determined according to the hardware and the enabling/disabling 

control by the program become all affirmative. 

In order to control enabling/disabling of interrupt by the 

program, an F/F (ElF) and a 4-bit register (EIR) are provided. 

By using these means, preferential acceptance of the interrupt 

factors by the program, and multiple interrupt control can be 

realized. 
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TMP47C40P 

TMP47C20P 
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Priority Interrupt Enable con-:-
Factor according dition accord-

Latch 
to hardware ing to program 

External interrupt 1 (INTI) 
(Higher) 

INTLS 
(Note 1) 

1 ElF = 1 

Serial 
Input/Output (ISla) 2 lNTL4 EIF'EIR3 = 1 

.... interrupt 
A Timer counter } " H 

(IOVFl) I I H Overflow 3 INTL3 ElF'ElR2 = 1 
Q) .... interrupt I " '''; 

! ,...; Timer counter 2 I 

'" Overflow (IOVF2) 4 
I 

INTL2 (Note 2) 

" ... EIF.EIR} = } 
<lJ interrupt .... 
.:: Timer interrupt 

(lTMR) S INTLl (Note 2) 
of divider EIF.EIRl = 1 

External interrupt 2 (INT2) 
6 

(Lower) 
INTLO EIF'EIRO = 1 

Interrupt enabling master F/F Interrupt enabling register (EIR) 

MSB LSB 
3 2 1 0 

(Note 1) Since EIR register cannot make disabling of the INTI 

interrupt, this interrupt is always accepted under the 

interrupt enabled condition (ElF = 1). Therefore, this 

should be used for the interrupt requiring the first 

priority such as emregency interrupt. 

(Note 2) The given acceptance condition by the program is the same 

in lOVF2 and lTMR; accordingly, the action of these inter

rupts to the acceptance/inhibition control is the same. 

Table 1.B.l Interrupt Factors 

Vector 
Address 

002 

004 

006 

OOB 

aDA 

OOC 
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[Interrupt Latch! 

TMP47C40P 

TMP47C20P 

Priority 

(lI~SlIQ02-~~~~~~~~~~~===r~~decision ~ circuit 

( IOVFl) 
Vector 

l(~IQO~VKF~2~) ____ l:~-L~~~~~~1==r~:jaddress 

Acceptance signal 

Reset by 
instruction 

Hardware reset 

Fig. 1.8.1 

Instruction 
I cycle 

INT2 

_I_TMR _____ ..J! 

_IN_T_L..=l ____ --'f 

"'IN-=T __ LO"--___ --lf 

ElF 

E1R3 

EIR2 

EIR1 

E1RO 
CR 

Interru t 
request signal 

Interrupt Control Circuit 

r--------------------
I 

\~-------------------
->"-- --- _---- "'" ')E ::><: --- -?oE.-

Execution of Interrupt accept- Execution of aDA Execution of 

Note: 

instruction anee processing 

On the assumption that EIR1 = 1, 

address instruc- instruction 
tion(Jump in-
struction) 

without other interrupt requests 

Fig. 1.8.2 Interrupt Acceptance Timing Chart (Example) 
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INTEGRATED CIRCUIT TMP47C40P 
TMP47C20P 

,o~~ ... ~. '.~ .....•... 

... ~ 
'<I . .. ~J.. TECHNICAL DATA 

(1) Interrupt processing 

The interrupt request signal to be sent to the CPU is held by 

the interrupt latch till the request is accpeted or the latch is 

reset by the initialization operation or instruction. 

The processing for the interrupt acceptance is performed 

within two instruction cycle time after the completion of the ex

ecution of instruction (after the completion of the timer/counter 

processing if it is required). 

The following operations are performed by the interrupt service 

program. 

Q) The contents of the program counter and flag are saved in the 

stack. 

QD The vector address is set to the program counter according to 

the interrupt factor. 

(A jump instruction to each interrupt service program is usually 

stored in the program memory corresponding to the vector 

address.) 

CD The status flag is set to "1". 

® The interrupt enabling master F /F is reset to "0" to inhibit 

the subsequent interrupt acceptance for a time. 

CD The interrupt latch of the accepted interrupt factor is reset 

to "Oil. 

® The instruction stored in the vector address is executed. 

The interrupt service program terminates after the execution of the 

(RETI) instruction. 

The following operations are performed by the (RETI) instruction. 
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CD The contents of the program counter and flag are restored out 

of the stack. 

@ The interrupt enabling master F/F is set to "1". 

When the multiple interrupt is accepted, the interrupt enabling 

master F/F should be set by the instruction. At this time, the enabl

ing/disabling for each interrupt factor can be changed by updating 

the interrupt enabling register by the (XCH A, EIR) instruction. 

The program counter and flag are automatically saved/restored in 

the interrupt processing. However, if saving/restoring of the ac

cumulator and other registers is necessary, it should be designated 

by a program. 

(2) Interrupt control by program 

This is an enabling interrupt master F/F. Interrupt is put in 

the interrupt acceptance enabling state by setting the ElF to "III. 

It is reset to HO" immediately after having accepted an interrupt to 

inhibit the subsequent interrupt acceptance for a time, but is set 

to Ill" again by the (RETI) instruction after the completion of the 

interrupt service program to return the enable state again. And then 

the other interrupt can be received. 

The ElF can be set/reset in a program by using the (EICLR IL,r) 

and (DICLR IL, r) instructions. It is reset to "0" at initialization 

operation. 

ErR register 

This is a 4-bit register used for selection/control of enabl

ing/disabling of the interrupt acceptance in a program. 
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Read/write operation is performed by use of the (XCH A, EIR) 

instruction. It is set to "a" at the initialization operation. 

Interrupt latch 

The interrupt latches (INTLS - INTLO) provided for each inter

rupt factor are set by the rising edge of the input signal if the 

interrupt is caused by the internal factors, and are set by the 

falling edge of the input pin if it is caused by the external fac

tors. Then, interrupt request signal is sent to the CPU. The 

interrupt latch holds the signal till the interrupt request is ac

cepted, and is reset to "0" innnediately after the interrupt has been 

accepted. 

Since the interrupt latch can be reset to "0" by the (EICLR 

IL, r), (DICLR IL, r) and (CLR IL, r) instructions, the interrupt 

request signal can be initialized by a program. The latch is reset 

to 110" at the initialization operation. 

1. 9 Freq uency di vider (FD) 

The divider (FDl - F~8) is made up 18-stage binary counter, 

and its output is used to generate various internal timing. 

The basic clock (fc Hz) is divided into sixteen by the timing 

generator and input to the divider; therefore, the output frequency 

at the last stage is fc/2 22 Hz. 

It'is reset to "0" at the initialization operation. 

Timer Interrupt of divider (ITMR) 

The divider is capable of sending the interrupt request for a 

certain frequency. Four different frequencies can be selected 

for timer interrupt by instructions. 

'" 



INTEGRATED CIRCUIT TMP47C40P ~~ 
TMP47C20P ':'~-1~ 

___ il ___ lr __ • ____ T_E_CH_N __ IC_A_L_D_A_T_A __ -L ____________________________ ~ 

The command register is accessed as port address OP19, and is reset 

to "0" at time of the initialization. 

The timer interrupt of divider is caused from the rising edge 

of the first output of the divider after the data has been written 

in the command resister. 

Basic 
clock (CP) 

(fc Hz) 

(a) Structure of frequency divider 

MSB 

(Port address) 
3 2 

OP19 

* 0 * 

* 0 

* 0 

* 
* 

LSB 
0 

(* : don't care) 

* Disable 

0 Interrupt frequency 

0 

Interrupt fre- 1 For example, 
I fc=4.194304MHz quency (Hz) 

fc/2 10 4,096 Hz 
fc/211 2,048 Hz 
fc/2 12 1,024 Hz 
fc/2 13 512 Hz 

(b) Command register 

Fig. 1.9.1 Frequency Divider 

fc/2 1OHz 

fc/2 11Hz 

fc/21 2Bz 

fc/2 13Hz 
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1.10 Timer/Counter (TCI • TC2) 

Two channels of 12-bit binary counter is contained to count 

time or event. 

Since the RAM address with 4-bit unit is allocated to the 

timer/counter, the initial value setting and the content reading 

of the timer/counter can be executed by the RAM manipulated 

instructions. 

MSB LSB 

(Timer/Counter 1)1 TCI 

TClH TC1M TClL 

(RAM Address) (F6) (F5) (F4) 

MSB LSB 

2) 1 
TC2 

(Timer/Counter 
TC2H TC2M TC2L 

(RAM Address) (FA) (F9) (FS) 

Fig. 1.10.1 Timer/Counter 

(1) Timer/Counter Control 

The timer/counter is controlled by the command s'pecifying 

the operation mode. The command register for the timer/counter 

1 and timer/counter 2 is accessed as port addresses OPlC and 

OPID~ respectively. It is reset to "0" at the initialization 

operation. The count operation is started from the first rising 

'edge of the count pulse applied by setting the value (mode) to 

the command register. 

When the, timer/counter is not used, the RAM addresses 

corresponding to the timer/counter can be used to store the 

user processing data by selecting the "disable" state. In the 

timer mode, the external input pins can be used as I/O ports 

[RS3 (Tl). RSI (T2)]. 
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TCl Command register 
(Port Address OPIC) 

TCZ Command register 
(Port Address OPID) 

MSB LSB 
3 Z 1 a 

MSB 
3 

I 
LSB 

1 0 

Selection of Count Mode I 
00 Disable state 

01 Event count mode 

(Counts external input) 

10 Timer mode 

(Coun ts internal pulse.) 

11 Pulse width measure~ent mode 

(Counts the pulse obtained by 

sampling of external input by 

use of internal pulse.) 

Selection of Internal Pulse 
(Divider Output) Rate 

00 fc/Z lO Hz is counted. 

L- 01 fc/Z14 Hz is counted. 

10 fc/Z lB Hz is counted. 

11 fc/Z ZZ Hz is counted. 

(a) Command register (fc: Basic clock frequency) 

Internal Pulse Max. 
Wor example, fc=4.l94304 MHz 

Settin 
Rate (Hz) Time (SEC) 

Internal Pulse Max. Setting 
Rate (Hz) Time (SEC) 

fc/2 l0 222/fc 4,096 1 

fc/2l4 
I 

226/fc 256 16 
---_. ---

fc/Z lB 23O /fc 16 Z56 

fc/2 22 2 34 /fc 1 4,096 

(b) Selection of timer rate 

Fig. 1.10.Z Control of Timer/Counter 
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(2) Count Operation 

When the rising edge of the count pulse is detected, the count 

latch is set to send a count request to the CPU. 

The count operation of the timer/counter is performed requiring 

one instruction cycle time after completion of the instruction ex

ecution. The execution of the next instruction and the acceptance 

of the interrupt request are kept waiting during the operation. 

When the count request is sent from the timer/counter 1 and 2, at 

the same time, the count request of the timer/counter is prefer-

entially executed. 

The maximum frequency applied to the external input pin under 

the event counter mode is fc/t4 Hz if one channel is used. When 

two channels are used, fc/64 Hz is applied to the timer/counter 1, 

and fc/SO Hz to the timer/counter 2. 

In the timer mode, the maximum frequency is determined by 

a command. 

The maximum frequency applied to the external input pin in the pulse 

width measurement mode should be the frequency level available for 

analyzing the count value in the program. Normally, the frequency 

sufficiently slower than the designated internal pulse rate is 

applied to the external input pin. 
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Count pulse ~l,-__ ~ 
Counter ~ n+l X n + 2 X'-_n_+_3 ____ _ 

(a) Event counter/timer mode 

External input pin 

Internal pulse 

Count pulse 

Counter _n ____ ~X n+l X n+2 X n+3X n+4 

(b) Pulse width measurement mode 

Fig. ].10.3 Mode and Count Value of Timer/Counter 

Decrease in execution speed of instruction due to count operation 

The CPU carries out the count operation requiring one instruction 

cycle time for the count request. Therefore, this causes the decrease 

in the apparent speed of instruction execution. Some examples are 

shown below : 

(a) In the timer mode with count pulse rate of fc/2 10 Hz : 

The count operation is inserted once every 6l-instructi'lil 

cycle time, so that the apparent speed is decreased by l/"3"1.6:~ 

instruction execution speed. For example, the apparent speed is 

4.06311S to 4us instruction execution speed. 

(b) In the event count mode 

It depends on the count pulse rate applied to the external 

input pin. In the worst case, when the timer/counter land 2 

are operated at the same time with the maximum count pulse rate, 

the count operation is inserted once every 4-instruction cycle 

time for the timer/counter 1, and once every 5-instruction cycle 

time for the timer/counter 2. 
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The a.pparent speed of the instruction execution, therefore, de

creases by9/11'=.82%. The apparent speed is 7.28~s to 4~s instruc

tion execution speed. 

(3) Interrupt by overflow (IOVF1, IOVF2) 

At the tiwe when the overflov7 occurs, the timer/counter gene

rates the interrupt request. 

That is, the interrupt request is generated when the count value of 

FFF is changed to 000. The counting is continued after the interrupt 

request signal is generated. Assuming that the CPU provides the 

interrupt enabling state, and that the interrupt is accepted as soon 

as the overflow interrupt has been generated, the interrupt process

ing can be performed in the sequence illustrated in Fig. 1.10.4. 

I 

Count ~ 

Instruction 
cycle 

Count request r--l~ ________________________ __ 
Detection of overflow n~ ____________________ ___ 
Occurrence of IOVF 

_____ -- __________________ 'S _----- __ .~.~ ________ .. _________ _ 

Execution 
of in
struction 

Fig. 1.10.4 

Count 
cycle 

Execution 
of in
struction 

Interrupt 
acceptance 
processing 

Timing Chart of Timer/Counter in 

Interrupt by Overflow 

Execution of 
instruction 
(jump) 
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A 4-bit serial port with a buffer is provided to transfer the 

serial data from/to the external circuitry. It is connected to 

the external circuitry through three pins [R92 (SCK) , R9l (SO), R90 

(SI)]. Since these pins are also used as port R9, the output latch 

of the R9 port should be set to "1" when the serial port is used. 

When it is not used, the pins can be used as I/O port R9. 

Pin R90 jn the transmit mode and pin R91 in the receive 

mode are also available as I/O port pin. 

(1) Circuit configuration 

The serial port consists of a 4-bit shift register, a 4-bit 

buffer register, and its control circuit. 

Sl 

(~erial ~ata) 
1nput pln 

(Internal 
MSB 

3 

Status I ............. _+ __ '-_...J 

(Internal Bus) 

SO 

SCK 

Serial shift clock 
(input/output pin 

SR 
SB 

4-bit shift register 
4-bit buffer register 

SIOC : Serial port control circuit 
~s : Internal shift clock 
ISla: Interrupt request 

Fig. 1.11.1 Circuit Configuration of Serial Port 
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(2) Serial port control 

The serial port operation is controlled by the command. The 

command register is accessed with port address OPIF, and reset to 

"a" at the initializatioa operation. The operation status can be 

informed through the status input, which is accessed with port 

address IPOE. 

Serial port com
mand register 
(Port address) 
OPIF 

Serial port 
status input 

(Port address) 
IPOE 

MSB 
3 2 

MSB 
3 

ISIOFI 
2 

SEF I 

LSB 
1 0 

LSB 
1 0 

Serial transfer enable or 
start request. 

o Serial transfer disable or 
end request. 

o 
Receive mode 

Transmit modp 

Shift operation at the lead
ing edge of the shift clock 

Shift operation at the trail
ing edge of the shift clock 

External input is served 
as shift clock. 

o Internal clock is served 
as shift clock. 

(* don't care) 

Operating condition of serial transfer 

o Stopping or disabling condition 
of serial transfer 

Shifting operation can be monitored, 
and is used at time of transfer 

.end request. 

Fig. 1.11. 2 Command Register, Status Input 
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The following shift clock modes can be selected by the contents 

of the command register. 

(a) Clock source (External/internal mode) 

(b) Shift edge of clock (Leading edge/trailing edge mode) 

Internal clock mode 

fC/2 7 Hz is used for the shift clock (when the basic clock fre

quency fc is 4.194304 MHz, the shift clock frequency is 32.768 kHz.). 

At this time, the clock is supplied to the external devices through 

the SCK pin. If the data setting (transmit mode) or the data read

ing (receive mode) rate by the program cannot follow the clock rate, 

the shift clock is automatically stopped and the next shift operation 

is suspended until the data processing is comple ted ("Wai t" operation) . 

External clock mod~ 

The shift operation is performed by the clock provided from the 

external circuitry since the SCK pin serves as an input. 

Leading edge shift mode 

Data is transmitted (transmit mode) or received (receive mode) 

at the leading edge of the SCK pin signal. 

Trailing edge shift mode 

Data is received (receive mode) at the trailing edge of the 

SCK pin signal. 

The SCK pin must be set to the "high" level when the serial trans

fer is started. In the internal clock mode, the SCK pin is automat

ically set to the "high" level because it serves as an output. 
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(4) Operation mode 

Selection of the following three transfer modes is available 

by changing the combination of the RM bit and 1M bit of the com

mand register. 

RM LM ECKM 
(Bit 2) (Bit 1) (Bit 0) Operation Mode 

0 0 1/0 Can not be used 

0 1 1/0 
Transmit mode (Note) 
(External/Internal clock) 

! Receive(Trailing edge shift) mode 1 0 1/0 
(External/Internal clock) 

r--

1 1 1/0 
Receive(Leading edge shift) mode 
(External/Internal clock) 

(Note) Leading edge shift operation is performed. 

Table 1.11.1 Operation Mode of Serial Port 

In the transmit mode, the 4-bit data written to the buffer 

register from the CPU is shifted out by the shift register, and is 

output in the SO pin from the data of the LSB in sequence. The buf

fer register is accessed as the port address OPOF. 

In the receive. mode, the data to be input to the SI pin is 

shifted toward the LSB by the shift register in sequence, and is 

set in the buffer register after the 4-bit data has been received. 

The CPU reads the contents of the buffer register, which is 

accessed as the port address IPOF. 
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After this mode is set in the command register, the first 

transmit data (4-bit) is written in the buffer register (the data 

cannot be written in the buffer register, if the transmit mode is not 

set). Then the data can be transmitted by setting the ESIO (MSB 

of connnand register) to "l". The content of the buffer register 

is transferred to the shift register by the first shift clock, and 

the data in the LSB (DO) is output to the SO pin. The buffer regis

ter tIleD becomes empty, so that the interrupt (ISIO) requesting the 

next data takes place (buffer empty). After that, the remaining data 

(Dl - D3) is automatically shifted out by the shift register by one 

data at a shift clock. The control by use of a program is not 

necessary in this operation. 

Data is written in the buffer register by outputting the next 

transmit data (4-bit) to the port address OPOF in the interrupt 

service program, and at the same time the interrupt request is 

reset to "0". 

Internal clock operation 

In case of fc/2 7 Hz internal clock operation, if the next data 

is not set in the buffer register (OPOF has not been accessed by the 

program) though the 4-bit data has been entirely shifted out, the 

shift clock automatically stops, and the wait operation is taking 

place until the data is set. 

The maximum transmission rate is 31250 bit/sec. at the 411Hz 

basic clock. 
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External clock operation 

Since the shift operation synchronizes entirely with the clock 

provided from the external circuitry, the data should have been 

written in the buffer register before the next 4-bit data is shifted 

out. Therefore, the transfer rate is determined by the maximum 

time lag from the receipt of interrupt request (ISIO) to the writing 

of data in the buffer register by the interrupt service program. 

ESIO 

so 

ISIO 

SB(OPOF) L-D __________________ ~~-A~----------------~ 

(a) Internal clock operation (with wait operation) 

ESIO --.J 
SCK (INPUT) 

so 

ISIO 

SB(OPOF)~ D 

(b) 

D"~ 
External clock operation 

Fig. 1.11. 3 Transmit I-lode 
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Completion of transmission 

When the buffer regist~r becomes empty, the interrupt occurs 

to request the next data. In case where the transmission is desired 

to be completed after the data is entirely transferred, the transmit 

operation can be stopped upon comple~ion of transferring the current 

data shifted c·ut, by resetting the ES10 to "0" without outputting 

the data. Whether or not the transfer operation is completed can 

be sensed in a program by the SIOF (MSB of the status input). 

In the external clock operation, the ES10 must be reset to "all 
before the next data is shifted out as in the data updating opera

tion (however, the data is not updated when the operation is com-

pleted) . When the wait operation have been already performed in 

the internal clock operation, the data transfer is terminated 

immediately after ESIO = O. 

One word transfer can be terminated by ESIO = 0 in the inter

rupt service program on receipt of the interrupt caused by the buffer 

empty. 
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ESIO 

SHiF 

SEF 

SCK 

so 

IS10 

SB(OPOF) _D~ ___ _ 

(a) Internal clock operation (wjth wait operation) 

ESIO 

SIOF 

SEF 

so 

ISla 

SB(OPOF) ~D~ _____ ~~ __________ __ 

ESIO 

SIOF 

SEF 

SCK 

so 

ISla 

SB (OPOF) 

(b) External clock operation 

~LD~ __________ ~ ___ 

(c) Completion at one-word transfer 

Fig. 1.11.4 Completion of Transmission 
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Data can be received by setting the receive mode in the command register 

as well as by setting the ESIO (MSB of command register) to "1". 

When the four data are received from the SI pin, the 4-bit data is 

transferred from the shift register to the buffer register. At t~e same time, 

interrupt (ISIO) takes place to request the data reading (buffer full). 

Since the shift register has been transferring the data to the buffer reg

ister, the shift operation is continued without waiting for the data being 

read. 

When the data received from the port address IPOF is read in the inter

rupt service program, the interrupt request is reset. And then the next 4-bit 

data is transferred from the shift register to the buffer register if the 

buffer register has been full. 

Internal clock operation 

During the operation of the internal clock of fe/2 7Hz, if the next 4-

bit data is not read out of the buffer register (the IPOF has not been ac

cessed) in the program thou~h the 4-bit data has been entirely input, the 

shift clock· automatically stops, and the wait operation is taking place 

until the data is read out. 

The maximum receiving rate is 31250 bit/sec at the 4 MHz basic clock. 

External clock operation 

Since the shift operation synchronizes entirely with the clock provid~d 

from the external circuitry, the current data should have been read by the 

instruction before the next 4-bit data is transferred to the buffer register. 

The transfer rate is, therefore, determined by the maximum time lag from the 

receipt of interrupt request (ISIO) to the read of the data in the buffer 

register by the interrupt service program. 
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ESIO ~r----------------------~r,r'------------~'r--

SCK (OUTPUT 

SI 

Shift (Sampling) 

ISIO 

SB 

Read (IPOF) 

(a) Internal clock operation (with ~ait operation) 

ESIO -.l 

SCK (INPUT) 

SI 

Shift (Sampling) 

ISIO 

SB S~D\~-+-----,ri?sJ 
Read (IPOF-) ____ ---I \OJ ~ 

(b) External clock operation 

Fig, 1.11.5 Receive (trailing edge shift) Mode 
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Completion of receiving 

When all of the data are read, the receiving of data can be 

completed upon termination of the current data transfer, by resetting 

the ESIO to "0". 

Whether or not the data transmission is terminated can be sensed 

in a program by the SlOF (MSB of status input). 

To complete the receive operation when the synchronization is 

desired between the serial transfer and interrupt service program 

(indicates data reading or co~pletion of receiving), there are two 

ways according to the speed of shift clock. 

The receive/transmit mode must be maintained without switching 

the mode until the last data is read out even if the completion of the 

data transfer is indicated; otherwise the contents of the buffer reg

ister will be lost. 

(a) Sufficiently slow data transfer rate (external clock operation) 

If the timing, operated by the external clock, is slow enough to 

reset the ESIO to "Oil prior to the generation of the next shift clock, 

the ESIO can be reset to "0" in the interrupt service program which 

is loaded to read out the last data. Thereafter the last data is read. 
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ESIO 

SIOF 

SEF 

SCK 

Sl 

ISIO 

SB 

Read (IPOF) 

Fig. 1.11.6 Completion of Receiving (at slow transfer rate) 

(b) Fast transfer rate 

If the shift operation for the next data may start before the 

current data is read out by receipt of the interrupt request becuase 

the transfer rate is too fast, the interrupt service program which is 

loaded to read out tbe last data but one should be used to reset the 

ES10 to "0" after confirming that the SEF (bit 2 of status input) has 

been set to "l". 

Thereafter, the data should be read. No operation is required to 

complete the data transfer in the interrupt service program for read

ing the last data. 
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ESIO 

SIOF 

SEF 

SCK 

SI 

ISIO 

SB 

TECHNICAL DATA 

The method mentioned above is usually taken for the internal 

clock operation. In the external clock operation, however, the reset 

of the ESIO and the read of data must be completed before the last 

data is transferred to the buffer register. 

(a) Program sequence of receive end indication 

~I~I------------------~~----------------~h 

D' D" 

Read (IPOF) --____ ~ 

(b) Timing Chart 
(in case of internal clock operation with wait operation) 

Fig. 1.11.7 Completion of Receiving (at fast transfer rate) 
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(c) One word transfer 

The data receive operation starts after the ESIO is set to "1". 

Then, the ESIO is reset to "0" after confi rming that the SEF status 

is set to "1". In this sequence, one interrupt casued by the buffer 

full takes place; therefore, the data should be read out by the 

service program. 

(a) Program sequence of receiving start/end indication 

ESIO 

SIOF 

SEF 

SCK 

SI 

ISIO 

SB 

Read (IPOF) 
(b) Timing Chart 

Fig. 1.11.8 Receiving Start/Completion (at one word transfer) 
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I Receive (leading edge shift) mode I 

With this mode set in the command register, the data can be 

received by setting the ESIO (MSB of command register) to "1". 

When the four data are received from the SI pin, the 4-bit 

data is transferred from the shift register to the buffer register. 

At the same time, the interrupt (ISIO) occurs to request the data 

reading (buffer full). Since the shift register is transferring 

the data to the buffer register, the shift operation has been con-

tinued without waiting for the data being read. 

When the data received from the port address IPOF is read in 

the interrupt service program, the interrupt request is reset. 

And then the next 4-bit data is transferred from the shift register 

to the buffer register if the buffer register has been full. 

The basic operation in the receive (leading edge shift) mode is 

equivalent to that in the receive (trailing edge shift) mode except 

that the edge for the shift clock is different, and that at time of 

the transfer start, the first shifted data has been already input 

from the external circuitry before the first shift clock is applied 

to the data receipt. Timing charts are shown below. 
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ES10 ~ 

SIOF 

SEF 

SCK(OUTPUT) 

SI 

TMP47C40P 

TMP47C20P 

Shift (Sampling) ttl t ! 

\ 
~r~\~D--------'r~I~~~ 

\~~ 

IS10 

SB 

Read (IPOF) 

(a) Internal clock operation (with wait operation) 

ESIO 

SIOF 

SEF 

SCK(INPUT) 

SI 

Shift (Sampling) 

SB 

Read 

(b) External clock operation (at slow transfer rate) 
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(c) External clock operation (at fast transfer rate) 

ES10 

S10F 

SEF 

SCK 

SI 

Shift (Sampling) 

1S1O 

SB 

Read (lPOF) 

(d) One-word transfer 

Fig. 1.11.9 Receive(Leading Edge Shift) Mode 
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1.12 Hold control circuit (HOLDC) 

The hold function is the function that holds the status (contents 

of the data memory, program counter and other registers) immediately 

before the system operation is stopped at lower power consumption making 

the most of the features of CMOS. The hold function is controlled by the 

HOLD terminal and the command register. 

There are two operation modes for the hold operation as shown below. 

The designation for the hold operation start is made by the command 

in either mode. 

(a) Backup mode 

The HOLD terminal input controls the request/release of the hold 

operation. Namely, it is the state of the hold that the HOLD input 

is at the low level, and it is the state of the normal operations 

that the HOLD input is at the high level. 

This mode is used for backup of the capacitor when the main power 

supply is cut off, backup of the battery for a long time, etc. 

(b) Clock mode 

When the hold operation is started by the command even when the 

HOLD terminal input is at the either levels, the hold operation is 

continued till the leading edge of the HOLD terminal input is 

detected. This mode is used when signals in constant cycle are 

applied to the HOLD ten .. lnal input in applications, for example, 

the clock or timer applications, where relatively short period 

program processings are repeatedly executed in constant cycle. 

For instance, the signal is applied to the HOLD input from a 

source of oscillation at low power consumption. 
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TECHNICAL DATA 

HOLD 

HOLD 

~~; 0,"'''00 ~:." o,m"oo-~ 
~::::cting by the program, Restarted by the hardware. 

start the hold operation. (Whenever the HOLD 

(a) Backup Mode 

terminal input is at high 
level, the Il(lrmaJ orerntion 
is restarted.) 

~.f--' -
operation ' 

~-<r--Hold operation -~-l.-L-,-<r--~Hold operation----

(b) Clock Mode 

Fig. 1.12.1 Hold Modes 

The hold operation is 

started by the program. 

Restarted by the hardware 

according to the leading 

edge of the IlOLD input. 

431 



INTEGRATED CIRCUIT 

iii » TECHNICAL DATA 

TMP47C40P 

Tf'1P47C20P ~~J. ~ ------------------------------------~----------------------------------

432 

(1) Control of hold function 

The hold operation is started by a command. The command 

register is accessed as the port address OPIO, and operation 

mode selection, start control and set-up of warming-up time at 

time of restart are designated. Furthermore, it is possible to 

read the status of the HOLD terminal input from the status 

input. The status input is accessed as the port address IPOE. 

~1SB LSB 

~~!~a~~n~~~~n r-"-3--,---=--,-,,,::,,-,-_0"--,1 C": don't care) 

is ter (Port . 

address OPlO) I I 

-trO'l'O~ '::. Inhibiting code 
Set the hold operation by the clock 
mode 

Hold function 
status input 
(Port address 
IPOE) 

Set the hold operation by the back
up mode 

I I Set-up of Warming-up Time I 

L' [0: Set at 218 x 1000/fc msec. 

01 : Set at 214 x 1000/fc msec. 

1": Set at 26 x 1000/fc msec. 

(fc : basic clock frequency) 

Warming-up TjTIe (m SEC) For example, 
at fc~411Hz (m SEC) 

218 x 1000/fc ~ 65.5 
214 x 1000/fc 7 4.1 
26 x 1000/fc 7 0.016 

MSB LSB 
3 0 

~(*: 

L{ 
don't care) 

HOLD input is at low levl'l 
(Hold operation request) 

HOLD input is at high level 

Fig. 1.12.2 Hold Function Control 
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(2) Hold operation 

The hold operation holds the followiTlg state: 

Tr1P47C40P 

Tr1P47C20P 

CD The oscillation is stopped, and all internal operat ion are stopped. 

(Z) The frequency divider is reset to "0". 

(] The data memory, registers and port latches are held at the state 

immediately before the hold operation is started. It is therefore 

necessary to program in advance for the processing of uninterruptable 

program or status of the output terminal_o 

® The program counter holds address of the instruction following the 

instruction directing start of the hold operation. 

The hold operation is started under either mode when data is set in 

a command register. In the case of the backup mode, it is therefore 

necessary to rccogniz~ the status of the ~10LD in;>ut (the l101d operation 

rcqllest) on the program. To do this, the following two methods are 

considered available: 

(a) Test HLDF of the status input 

(h) Apply the HOLD input to the INTI input as an interrupt request. 

The hold operation is released when the HOLD terminal input becomes 

the high level. That is, under the backup mode, the hold status is kept 

held as long as the HOLD input is at the low level. However, if the HOLD 

input is already at the high level when a command directing start of the 

hold operation is executed, the hold operation is not started but the 

restarting sequencf' is started. Under the clock mode, the hold operation 

is continued till the leading edge of the HOLD input is detected. 
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Further, in the hold operation, current consumption based on the 

oscillator and internal hardware is reduced, but current consumption based 

on the terminal interface (depending upon the ext0rnal circuit and program) 

is not directly concerned with the hardware operation of the hold function, 

and it is therefore necessary to pay attention in designing system as well 

as interface circuits. When the input level is stable at the VDD/VSS level, 

current flows scarcely through the CMOS circuit. On the other hand, when 

the input level is floating from the VDD/VSS level (by about 0.3 ~ O.SV), 

current will flow through the CMOS circuit. Therefore, in a case where 

the signal level at the I/O port (the open drain output with an input 

port circuit connected) becomes the 3-state status when the output transis

tor is cut off, current flows through the input port resistor and it is 

therefore necessary to fix the signal level by pulling up, etc. 

Restart from Hold 

434 

The restart from hold is performed in the following sequence. 

CD Oscillation is started. 

CD The internal operation is kept stopped for a period of warming-up 

time assigned by the hold setting command to prevent the malfunction 

due to unstable oscillation. 

CD After the warming-up time has passed(Note), the normal operation is 

restarted by the instruction following the instruction directing the. 

hold setting. Further, the divider starts to operate from the state 

where it has been reset to "0". 

Note : Since the warming-up time is obtained from the value counted the 

basic clock by the divider, if oscillation frequency fluctuates 

at time of the restarting from the hold operation, the warming-up 

time shown in Fig. 1.12.2 may include errors. It is therefore 

necessary to regard the warming-up time as an approximate value. 

The hold operation is released when the RESET terminal is set at the 

low level and the normal operation (the initialization operation) is 
immediately executed. 



INTEGRATED CIRCUIT 

• » TECHNICAL DATA 

2. Basic operation and pin operation 

1. Instruction cycle 

2. Basic clock (CP) generation 

3. Initialization operation 

4. Bold Input 

5. Interrupt input 

6. Input/output port 

7. Other pins 

TMP47C40P 
TMP47C20P 

The timing in each basic operation, and the configuration, function, 

and timing of the pins are described according to the above items. 

The operation and timing with each conponent of the hardware are 

covered in detail in the description of each item of the components. 

Different input/output port circuit system can be specified accord

ing to the port. The details to specify the type of input/output port 

circuit are given in the descreption covering the proRram tape format. 

2.1 Instruction cycle 

The instruction execution and the internal hardware control are 

synchronized with the basic clock (CP, fc Hz). 

The minimum unit of the instruction execution is called the 

"instruction cycle II , and all instructions are executed by one or two 

instruction cycles, each of which is called one-cycle instruction or 

two--cycle instruction. 
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H1P47C20P 

An instruction cycle consists of four machine cycles (MI 'CM4). 

and each machine cycle requires four basic clock t imps. 

CP 

Ml 

l/fc 

++-

~ ______________ ~r--

Machine cycle 
I 1 
I· Instruction Cycle 

ROM+IR·Decoder 
> 
RAM.Registor+~LU ALU+~.Registor 

Po~put Por~tput 

Fig. 2.1.1 Instruction Cycle 

2.2 Basic clock (CP) generation 

An oscillation circuit is contained, and the necessary clock 

is easily generated by connecting the reso~ator to external pins 

(Xn~, XOUT)' By the way, the oscillation circuit serves as Schmitt 

circuit. 

The clock generated in the oscillation circuit is called the 

"basic clock" with which the internal control is synchronized. The 

basic clock is applied to the timing generator and the control cir

cuit of system to provide various control signals. 
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TMP47C40P 
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The following are the examples of the resonator conncction. 

(a) For X-tal or ceramic resonator 

(b) For RC 

XIN 

(Open) 

(c) For external oscillator 

Fig. 2.2.1 Resonator Connections 

2.3 Initialization operation 

Initialization operation is performed by ke~ping the RESET pin 

to the low level. However, the following conditions are required to 

put the initialization operation into practice with certainty 

CD The supply voltage is within the operating voltage. 

GO The oscillation circuit operates stably. 

Gl The RESET is held at the low level in at least three instruc

tion cycle time. 
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The following processing are performed by the initialization 

operation. 

CD Reset the program counter to "a" 

<V Set the status flag to "1". 

CD Reset the interrupt enabling master F/F and the interrupt 

enabling register to "0", and also reset the interrupt 

latch to "0". 

@ Reset the divider to "0". 

CD Initialize the input/output port and command register to 

the fixed level. 

The initialization operation is released due to the rise of 

the RESET pin to the high level, and the program can be executed 

from address a in sequence. 

The RESET pin serves as Schmitt circuit input, and is connected 

with pull-up resistor (% 200k>l TYP., MaS-load resistor). 

2.4 Hold input 

The hold function is the function that holds the status im

mediately before the system operation is stopped at low power con

sumption. The HOLD terminal serves as Schmitt circuit input and is 

used to the signal input requesting or releasing of the hold operation. 

Further, for details o~ the hold operation, refer to the description 

of the hold control circuit. 

Caution: To restart the system operati'on from the hold operation 

at low holding voltage, the following precaution is required. 

When supply voltage rises from holding voltage to operat

ing voltage, the RESET input is also at the high 

level and rises together with supply voltage. 
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HlP47C2.0P 

If a time constant circuit, etc. are externally added in 

this case, voltage build-up at the RESET input 'Jill be 

slO<ifer than that of supply voltage. Therefore, if vol tage 

l.evel at thl' l{ESET input drops below tll{' non-revprsible 

high level (Sch~itt circuit) ut the RESET terminal Input 

at this time, the initialization {)peraliun may possibly 

be executpd. 

2.5 Interrupt input 

Two pins (INTI, INT2) are provided for the external interrupt 

input. Since these pins are common pins with RS port, they can be 

used as I/O pins (RS2, RSO) respectively, if not used as the inter

rupt input pins. 

The interrupt via INT2 can be inhibited at any time by the 

program, but the interrupt via INTI is not inhibited by it inde

pendently. Therefore, when this pin is used for the RS2 port, 

the interrupt will always take place due to the detection of the 

falling edge of the signal. It is necessary to set a dummy inter

rupt service program including the (RETI) instruction only, even 

if the INTI is not used. 

The interrupt latch is set by the falling edge of the external 

inputs (INTI' 1NT2), and an interrupt request is made to the CPU. 

To assure that the interrupt latch is positively set or reset, 

and that the next interrupt request is set, both of the high and 

low levels should be kept for more than two instruction cycle time. 

The external interrupt input is the Schmitt circuit input. 
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INTLl 

ElF 

Instruction 
cycle 

\~ ______________ ~/_r_-_-__ ~=_-_-__ -_-__ -_-__ -_-__ -_-__ -__ -_-__ -_-__ -_-___ -
_______ .....J! 

-+-----+---
Execution 
of 
instruction 

\~--------------------------------
\'-------, 

-·+I------------~I~----------~-----_r_ 
Interrupt 
acceptance 
process 

Execution of ad- Execution 
dress 002 (RETI) of 
instruction instruction 

Fig. 2.5.1 Interrupt Timing (Dummy process of INTI interrupt) 

2.6 Input/output port 

(1) Input/output timing 

The timing to read the external data from the input port or I/O 
port is in M3 machine cycle in the second cycle of the input instruc
tion (two-cycle instruction). Since this timing cannot be externally 
recognized, the transient input data should be processed by a program. 

The timing to output the data to the output port or I/O port is 
in N4 machine cycle in the second cycle of the output instruction 
(two-cycle instruction), but this timing cannot be externally recognized. 

1st Cycle 2nd Cycle 
Input instruction 

Input strobe ~ 

(a) Input Timing 

Output instruction 
Is t Cycle 

~ 1 M3 IM4 

2nd Cycle 

Latch strobe 
_______________ ~rL 

External pin --------------------~~ 
(b) Output Timing 

Fig. 2.6.1 Input/Output Timing 
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(2) Input/output circuit format 

C>( 
'-' 

'-' '" 5.~ 
'-' 0 
,,"-' 

0 

The input output circuit format of the input/output port is shown following. 
For the TMP47C40P, TMP47C20P, TMP47C41F and TMP47C21P, any of the input/ 
output circuit systems shown in the following tables can be selected. You 
can specify your input/output circuit system when requesting the program tape. 
(In the case of high breakdown voltage output type, production part's number 
is TMP47C4lP or TMP47C21P.) 

*. Port **. Circuit 

Input/Output Circuit Code (IOCODE) FA 

Input (Ko) Output (p, ,P,) I/O I/O (R 7) I/O (RB,R.) 
(R.,Rs ,R6 ) 

R 

~ -- '-', 
~r J :J:!f '-' .r< 

" " p.u 

~~~~~~lk(J " '" H .r< 
R = lkrl (TYP.) R = lkrl(TYP.) (TYP.) u 

0 No res is tor 0 Sink open 0 Sink open 10 Sink open 0 Schmitt cir-
is contained. drain output. drain output. drain output. cuit input. 

"" o Output latch 0 Output latch 0 Ou tpu t latch o Sink open 
'" is initial- is initial- is ini tial- drain output. '" S ized to r:he ized to the ized to the o Output latch OJ 
~ 

high level. high level. high level. is initial-
ized to the 
high level. 

Input/Output Circuit Code (IOCODE) HA 

~ Input (Ko) Outpu t (P, ,P,) 1/0 1/0 (R7) I/O (R B,R 9 ) 
CR. ,Rs ,R6) 

'-' 

~f 
'-' '" -?-;F: -t-1C :if 5.~ 
'-' 0 

~ ,,"-' 
0 -- '-' ,-,.r< 

" " p.u 

" '" H·r< 
u R z lkrl (TYP.) R = lkrl (TYP.) R = lkrl (TYP.) 

._---

o No resistor o Source open o Source open o Sink open o Schmitt cir-
is contained. drain output. drain output. drain output euit input. 

"" 
o High breakdmm o High breakdown 

Output latch o Sink open 
... voltage output voltage output 0 drain output. 
'" o Output latch is ini tial-S o Output latch o Output latch OJ ized to the ~ is initial- is initialized is initial-

ized to the to the low level high level. 
ized to the 

low level 0 Only foy high level. 
output 

(Note: In this case, production part's number is TMP47C41P or TMP47C2lP.) 
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*. Port **. Circuit 

Input/Output Circuit Code (IOCODE) FE 
~-- ._-:TO I 

- ._._----

~ Input (Ko) Output (P, ,P,) I/O (R, ) I/O (Rc , P 9) "* R". 5 ~Rb 
I 

~l~ 
I 

Ijl ,"" i -j>. ~r ! :J =!f i:~f I 

:; .~ I I 
I 

~ ~ ; I 
p. U ! 

,5 5~.,,"(m,) I 
! R=lUl (TYP.) R = lk[l (TYP.) . R = lk[l (TYP. ) 

I 
(TYP. ) 

f----. . ... -~ .. ~-~-+.~ .. -.-~~~-
I '0 Sink open I o Pull-up , 0 Sink open 0 Sink open 0 cir-

resistor is drain output drain output drain output cuit input 

I 
contained. 

Output 0 latch I 
I 

0 Output latch 0 Output latch 0 Sink open 

"" is initial- is initial- is initial- drain output 
H 

ized the ized the ized the '" to 
I 

to to 
latch e 

high level. high level. o Output 
(]) high level. 

is initial-'" ized to the 
high level. 

*: Port **: Circuit 

Input/Output Circuit Code (IOCODE) FC 
~---~--~- ... ---.-~. 

*', * Input (Ko) Output (P"P,) ( ItO . \ R4, 5,R6 I/O (R7) I/O (RR ,Pg) 

'-' 
'-' '" 

:~f 
~ e 

:iF -::~ 
~ H 
'-' 0 R 

~~r---O ~ '" 0 

T ~ '-' 
'-' ." 
[B I 
.5 .~ I 

ul 

! RIN=70k[l (TYP.) 
R = lk[l (TYP.) R = lk'l (TYP. ) R= Ike) (TYP.) R = lk[l (TYP.) 

.-~ -----

0 Pull-down 0 Sink open 0 Sink open 0 Sink open 0 Schmitt cir-
resistor is drain output drain output drain output cuit input 
contained. 

o Output latch Output latch o Output latch Sink open 
"' 

0 0 

'" is initial- is initial- is initial- drain output 
'" ized the ized the ized the e to to to 

o Output latch (]) 

high level. high level. high level. '" 

I 

is initial-
ized to the 
high level. 
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Input/Output Circuit Code (IOCODE) HB 

~ Input (Ko) Output (P, ,P 2 ) (R4 :k~ R.) 

... 

~ ... '" 

~C ~C 
&~ RIN 
... 0 R 
,,~ 

0 -- ... ... ·M 

" " <>'<.J 
.::: I-< 

H ·M RIN= 70k[l (TYP .) u 

R = lk[l (TYP. ) 

o Pull-up o Source open o Source open 
resis tor is drain output. drain output. 
contained. 

o High breakd01m o High breakdown 
.>l voltage outpu~ 0 

vol tage output 
I-< Output latch '" J o Output latch is initial-

is initial- ized to the 
ized to the low level. 
low level. o Only for 

outout. 

H1P47C40P 

TMP47C20P 

*: Port **: Circuit 

I/O (R7) 1/0 (Ra,Rg) 

:§ :§ 
R= lk[l (TYP.) R= lk[l (TYP.) 

o Sink open o Schmitt cir-
drain output. cuit input. 

o Output latch o Sink open 
is initial- drain output. 
ized to the 
high level o Output latch 

is initial-
ized to the 
high level. 

(Note: In this case, productlon part's number is TMP47C4lP or TMP47C2IP.) 

*. Port **. Circuit 

Input/Output Circuit Code (IOCODE) HC 

~ Input (Ko) Output (P, ,P 2 ) (R.::k~ ILl I/O (R7) I/O (Ra,Rg) 

... 
... '" 

:j :2f 
&~ 

~C ~C 
... 0 

T ,,~ 

0 -- ... ... ·M 

" " <>.u 
.::: I-< 
H ·M 

U 
R IN= 70k [l(TYP.) 
R = lk[l (TYP.) R = lk[l (TYP.) R = lk[l (TYP.) 

o Pull-down o Source open o Source open o Sink open o Schmitt cir-
resistor is drain output. dr ain ou tpu t. drain output. cuit input. 
contained. o High breakdown 0 High breakdown o Output latch o Sink open .>l voltage output I-< vol tage outpu is initial- drain output. 

'" o Output latch 
m o Output latch is initial- ized to the 

o Output latch 00: high level. is initial- ized to the is initial-
ized to the high level. ized to the 
low level. o Only for high level. 

output. 
(Note: In this case, pr~duction part's number ~s TMP47C4lP or TMP47C2IP.) 
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2.7 Other pins 

Timer/Counter input 

TMP47C40P 

TMP47C20P 

Two pins (TI, T2) are provided for the external timer/counter 

inputs. Since these pins are common pins ';.Jith 'R.8 port, they can he 

also used as I/O pins (RS3' RSI )' respectively, if not used as the 

timer/counter inputs. 

The count latch is set by the rising edge of the external input 

(TI, T2), and a count request is made to the CPU. To assure that the 

count latch is positively set or reset, both of the high and low 

levels should be kept for more tham two instruction cycle tiJT'.es. 

The external timer/counter input is the Schmitt circuit input. 

Serial port 

This port is connected to the external cireui try via three pins 

(SCK, SO, 51) , which are also used for the Rg port. These pins can 

be used as the pins of the Rg port (Rg2, KgI, R9O), if not used for 

the serial port. 

To assure that the shift operation is positively performed in the 

external clock mode, both of the high and low levels should be kept 

for more than two instruction cycle times. 

The SCK input in the external clock mode and the SI input in the 

receive mode are Schmitt circuit inputs. 

TEST pin 

This pin is used for the shipment test. To operate the user 

system with this pin, the input should be surely set to the low level. 

By the way, TEST pin is connected with pull-down resistor (~70kQ TYP.). 
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3. Instructions 

The TLCS-47 series microcomputer is provided with 90 instructions, 

which are software compatible within the series. The instructions of 

the TLCS-47 series is consist of l-byte instructions or 2-byte instruc

tions. To classify them in terms of the execution time, there are 

l-cycle instructions and 2-cycle instructions. 

I-byte, l-cycle instructions are mainly used in this series, and 

are arranged so as to improve the program efficiency. 

I-byte l-cycle instruction 40 

I-byte 2-cycle instruction 11 

2-byte 2-cycle instruction 39 

Total 90 

(a) Classification by byte/cycle 

Move instruction (Note 1) 22 

Compare instruction 6 

Arithmetic instruction 16 

Logical instruction 9 

Bit manipulation instruction 24 

Input/Output instruction (Note 2) 6 

Branch, sulJroutine instruction 6 

Other instruction 

(Note 1) 

(Note 2) 

Total 90 

Including ROM data referring instructions 

Including PLA referring instruction. 

(b) Classification by function 

Table 3.0.1 Classification of Instructions. 
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3.1 Description of symbols 

The following symbols are used for describing the instructions in the 

followipg explanations. 

Symbol 
--

AC 

M[x] 

HR 

LR 

p[p] 

FLAG 

CF 

ZF 

SF 

GF 

PC 

STACK [( SPW) ] 

SPW 

EIF 

EIR 

INTLj 

DC 

ROM [x] 

(ROMH, ROML) 

c;: 

+ 

A 

V 

't 

i 

Description 

Accillllulator 

Data memory (Address x) 

H register 

L register 

Port (Address p) 

Flag 

Carry flag 

Zero flag 

Status flag 

General flag 

Program counter 

Stack (Stack level is indicated by the contents of stack 

pointer word.) 

Stack pointer word 

Enable interrupt master F/F 

Enable interrupt register 

Interrupt latch (j=5 - 0) 

Data counter 

Program memory (Address x) 

(High-order 4 bits or low-order 4 bits are expressed by 

suffix H/L.) 

Trans fer 

Exchange 

Addition 

Substraction 

Logical AN]; OC the corresponding bits 

Logical OR of the corresponding bits 

Exclusive OR of the corresponding bits 
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Symbol 

TMP47C40P 

TMP47C20P 

Description 

( CF) Inversion of carry flag contents 

null Processed result is transferred nowhere 

(AC) Contents of accumulator 

(H.L) Contents of 8 bits coupling H register with L register 

M[(H.L)] Contents of data Y.leIDory for which the contents of 8 bits 
, 

coupling H register wit:1 L register is used as address. 

(AC)<b> Contents of bit assigned by b of acc.umulator. 

(LR)<3:2> Contents of bit 3 to bit 2 of L register 

(PC)<1l:6> Contents of bit 11 to bit 6 of program counter 

3.2 Description of instructions U): Note 1 (**): Exec. cycle C:*): Hexadecimal 

Item 
Assembler Ob j ect Code Function IFlag(*) 1(**) 

i~, Mnemonic 1--.. -~--- I CFlzFlsFI 
Class' Binary (A) Functional Description 

LD A, @HL o 0 0 0 1 1 o 0 0 C (AC)+M[(H·L) 1 1- z 11 1 
Loads the contents of the data memory spec-
ified by the H and L registers in the ac-

I----
cumulator. 

" LD A, x o 0 1 1 1 1 0 0 3 C (AC)+M[x] 1- Z 11 2 
0 

Loads the of the data memory spe-·M xHxL contents .., X7 X 6X5Xt, X3 X 2 X I X 
<J cified by the x of the instruction field in 
:;l 
H the accumulator. .., 

! 1- 1 I 2 

Ul 

0 0 1 0 1 0 o 0 2 (LR)+M[~],(HR)+M[x+l] " LD HL, x 8 
r 

X'=X7X6 X S X 4X3 X 2 00 -
CJ X7 X 6 X S X t, X3 X 2 X 1 X O 

xHxL 

" I Loads the consecutive two-word contents of 
0 

the data memory specified by the 
, 

(modi-::;: x 
fied x) of the instruction field in the H 

1 and L registers. 

LD A, ilk 0 1 0 0 k3k2klko 4 k (AC)+ k 1- Z 1 1 1 
Loads the immediate data k of the instruc-
tion field in the accumulator. Serves as 
the clear instruction when k = o. 
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I\Items Assembler 
, L ~ Mnemoni c 
Class 

Obj ect Code 

Binary (A) 

Function 

Functional Description 

IFlag(*) 1(**) 
CF ZF 5F 

I 

LD H, Ilk 

LD L, ilk 

1 1 0 0 k 3 k, k , k 0 C k I-+(::H R"O),;-~'-Ok:"'-'_~----cc;-.,---.--,----.-_-;-c;,--JI_---;-:--,.-;::-cl",--:,I--"l'--l 
Loads the immediate data k of the instruc-

I 1 1 I 0 k,k,k,k. 

I tion field in the H register. 
clear instruction when k == O. 

E k, (LR)~k 

j Loads the immediate data k of 
i tion field in the L register. 
, clear instruction when k = O. 

Serves as the 

1- - 1 1 1 
the instruc 
Serves as the 

LDL A,@DCO 0 1 1 0 0 1 1 3 3 ~~-~-~~~-:-R~~~~=;~I~i-~w-Ce~)~~_-o-r-d~e-r--4~b~1~'t~s--O-f~~~h-~--~'a~t-:-ILr-;-a-drl 
out of the data table of the program memory 
specified by the data counter, in the ac
cumulator. 

FA,@DC+ I 0 0 1 1 0 0 1 0 3 2 (AC)~ROMH[(DC)], (DC)~(DC)+l 1- Z 1 1 2 
Loads the higher-order 4 bits of the data 
read out of the data table of the program 
memory specified by the data counter, in the 
accumulator, and then increments the contents 

i ' 

of the data counter. [Note 2] 

~ 8T A, @HL 000 0 1111:OF M[(H·L)]~AC J- -lJ 1 
~s-t:he contents of the accumulator in the H 

C! 
:> 

i t-________ -t-________________ -t-____ +_d_a_ta __ m_e_m_o_r_"'-Y specified by the Hand L registers. 

1010 1 A M[(H·L)]~(AC), (LR}+(LR)+l 1- Z C I 1 :i5 ST A,@HL+ o 0 0 1 
Stores the contents of the accumulator in the 
data memory specified by the Hand L regis
ters, and then increments the contents of the 

____________ t-________________ t-__ ~~L--r-e~g-i-s-t-e-r-.--------------------_r--[N-O_t~e~3r]--~ 
8T A,@HL- 0 0 0 1 1 0 1 lIB M[(H.L)]~(AC), (LR)+(LR)-l 1- Z B I 1 

5T A, x o 0 1 1 1 1 1 1 

X3 X 2 X t X O 

3 F 

Stores the contents of the accumulator in the 
data memory specified by the Hand t regis
ters, and then decrements the contents of the 
L register. [Note 3J 

M[x]~(AC) 1- - 11 2 
Stores the contents of the accumulator in the 
data memory specified by the x of the instruc
tion field. 

5T #k,@HL+l 1 1 1 k,k,k,k o F k ~~~J~~~~~~~~~)~~.;~:~,~~~~~R~~~~d~~~~~~~~~+~~-a7t-a-.k--O~f~t~hl-:~i~~-s~~~r~Lc-_~l--4 
tion field in the data memory specified by 
the Hand L registers, and then increments 
the contents of the L register. [Note 3] 
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Items I I 
I~ Assembler Flag(*) (**) Object Code Function 
Class Mnemonic r--____ ~~--------~--~~---------~~--~--~~--~~~-~IC~F~I:z~F~'I~:SF~'L-I--~ 

Binary cl*) Functional Description 

" o 

ST Ilk, y 00101101 

I 

2 D M[y]~k I - - 1 I 2 
k y Stores the immediate value k of the instruc

tion field in the data memory specified by 
y (page 0) of the instruction field. Serves 
as the clear instruction when k = o. 

r-------~----------------+_--~----------------------------,,----_,--~ 

~MOV H, A I 0 a 0 1 0 0 0 0 1 0 (AC)+(HR) 1- Z 11 1 
i I I Loads the contents of the H register in the 
I I i I accumulator. 
~------ii-----------------jL------t---------------'------------------'------~----i 

IMOV L, A --j __ O_O __ O_1 ___ 0_0 __ 0_1~1_1_1-+_(_A_C)_+_(_LR_) ________________ -,I_-__ Z __ l_l,-l~ Loads the conte·nts--OT the L register in the 
accumulator. 

i XCH A, H 0 0 1 1 0 0 0 0 3 0 (HR):t(AC) I - Z 1 1 2 
! Exchanges the contents of the accumulator for 

IXCH A, L 

XCH A,EIR 

XCH A,@HL 

XCH A, x 

XCH HL, x 

: those of the H register. [Note 2] 

o a 1 1 000 1 3 1 I (LR):';:( AC) J-zll2 
I Exchanges the contents of the accumulator for 

o a 0 1 

I i those of the L repster. [Note 2] 

-0-0-1-1-+--1 7WR) :t(AC) 1 - - 1 1 1 

I Exchanges the contents of the accumulator for 
those of the interrupt enable regist~r. 

a 0 a 0 1 1 0 1 0 D ~M-,-[ (o;-H=--._L,--) ",,] :';:",(ccA:,cC,--) ----c--c---------oo~--'----I---c;-z~l-'-I--i-1'---j 
Exchanges the contents of the accumulator for 
those of the data memory specified by the H 

00111101 

o 0 1 0 1 001 

and L registers. [Note 2] 

3 D M[x]:t(AC) I - Z 1 I 2 

XHXLll Exchanges the contents of the accumulator for 
those of the data memory specified by the x 
of the instruction field. [Note 2] 

XHxL jEXChanges the contents of the Hand L regis 
ters for consecutlve two-word contents of 

I the data memory specified by the x· (modified 
x) of the instruction field. 
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iii» TECHNICAL DATA 

Items 
Assembler 

I~ Object Code Mnemonic 
Binary Cb) 

1 CMPR A,@HL I o 0 0 1 0 1 1 0 1 6 

: ! 

I r'; ,,-,- -

o 0 1 1 1 1 1 0 3 E 
XijxL 

X7 X 6 X SX .. X 3 X2 X I X O 

I 

I CMPR A, Ilk 1 1 0 1 k3 k 2klko D k 

" 0 

I 'r< I w 
I g I 

i 
! 

'- i w 
! 

I 
on 

" 
ICMPR H,llk 

H 
0 0 1 1 1 0 0 0 3 8 

<ll 
1 1 0 1 k3k2klko D k '" <t 

P- I E 
I 0 i u 
I 

f--" 1-------
CMPR L,lik o 0 1 1 1 0 0 0 3 8 

1 o 0 1 k3 k 2klko 9 k 

CMPR y,ilk o 0 1 0 1 1 1 0 2 E 

k3k2k,ko 
k y 

Y3Y2Y1YO 

u " INC A 0 o 0 0 1 0 o 0 0 8 "j "~ 
<ll U 
E ~ 
.c H 
~w INC L o 0 0 1 1 000 1 8 
H on 
<.5 

450 

TMP47C40P 

TMP47C20P 

Function IFlag(*) 1(**) 
I CFlzFlsF I 

Functional Description 

nulJ<.M[ (H· L) ]-(AC) IB Z 21 1 
Compares the contents of the data~memory spec-
ified by the Hand L registers with those of 
the accumulator. 

nill+M [xl -(AC) IB z 21 2 
Compares the contents of the data memory spec-
ified by the x of the instruction field wi th 
those of the accumulator. 

null*"k-(AC) IB z21 1 
Compares the immediate data k of the in-
struction field with the contents of the ac-
cumulator. Serves as the accumulator test 
instruction when k ~ O. 

null *k-(HR) l-zBl2_ 
Compares the immediate data k of the in- I 

strllction field with the contents of the H 
register. Serves as the H register test in-
struction when k ~ O. 

null+k-(LR) 1- Z BI 2 
-" 

Compares the immediate data k of the iil-
struction field with the contents of the L 
register. Serves as the L register test in-
struction when k ~ O. 

nul1+k-M[yJ IB Z Z I 2 
Compares the immediate data k of the in 
struction field with the contents of the data 
memory specified by the y (page 0) of the in-
struction field. Serves as the data memory 
test instruction when k ~ O. 

(AC)+(AC)+l 1- Z C I 1 
Increments the contents of the accumulator. 

(LR) +( LR) +l l- Z ei 1 
Increments the contents of the L register. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

TMP47C40P 
TMP47C20P 

Items Assembler 

'~ Mnemonic 
Class 

Object Code 

I----=Bc-in-ary-- Ci'»--
Function iFlag(*)i(**) 

_________ c--__ c---c--'I-=C~FJ.::I:Z~FI"'S=_F"___ l--j 
Functional Description 

- INC @HL a a a a 1 a 1 a a A f-';~-,~-,~,,~-~-~-,~~~c;:-'~~['c~"~-'e-' Lcc~'-o,-l :~~ e-n~t-s--o-;f:-Ct'h-e-d,Jl-c;-a---'!=-e-:-,~-lLy--"l'---1 
, specified by the Hand L registers. 

(AC)+(AC)-l I - Z B I 1 
Decrements the contents of the accumulator. 

I DEC A --: a a a a 100109 

i , r------------ - - ----,--- - - ---------- ------------,----,---1 
! DEC L a a a 1 1 0 a 1 , 1 9 ~R)~_(~~l I - z c~ l i Decrements the contents of the L register. 
1--------- ~- -------------+ -1------- ------ ---------------~---~---j 

IDEC @HL 0 a a 0 101 a B I ~!~~~~~~~~[~~?~~~knts of the L-a !e:oL 1 

L~----------i~-----------~----I~s-pecifi~~-~the Hand L registers. 

iADDC A,@HL!OOOI a 1 a 1 : 1 5 (AC)+(AC)+M[(H_'L=-):",l,-+.~(.:cCF::..o)~~:--_L-'Clc--=z---,c-,l---,l'--1 
Adds the--Contents of the data memory spee-

i 

I ADD 

I ified by the Hand L registers as well as 
i those of the carry flag to those of the ac

cumulator, and places the result in the ac
cumulator. i 

I 

A,@HLiO 0 0 1 a 1 1 ~l(~~)+(AC)+M[(H'L)"-l_~_~_~ __ [ } c_~ 
I I I, Adds the contents of the data memory spec-
I ' I ified by the Hand L registers to those of 
I I ~-he accumula tor ~ and places the resul t in the 
: I accumulator. 

- ---------------~-,-----,---1 

',: ADD A, Ilk I' a a 1 1 1 0 a a 3 S (AC)+(AC)+k I - z c I 2 
a a a a k 3 k , k , k 0 a k f-c'A"d"';d-'.s--c't';:'h:":e~i~mm-e-d·l~-a-t~e-d7a---t-a~k'-o~f:-Ct'h-e-'--ci~n--s-'t=-r-u-'c-ct;-i~o~n'---1 

I' field to the contents of the accumulator, and 
I places the result in the accumulator. Serves 
I I as the correction instruction for decimal ad-
L__ di tion and subtraction when k = 6 or A. 

rADDH, Ilk -- 0 -0-1-1--1-0-0--0--+-3-S--+-(-H-R-)+-(H-R-)-+-k-----------t,.----z-_-~-.-~-2-----1 
1 100 

C k ~ the immediate data k of the instruction 
field to the contents of the H register, and 

I places the result in the H register. Serves 
as the H register increment instruction or l the decrement instruction when k=l or F, 
respectively. 
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~ Assembler 
Class Mnemonic 

Object Code Funct;ion 1Flag(*) 1(**) 
CF ZF SF 

Functional Description 

u -,.., 
w 
<l1 
6 .s 

-,.., 
h 
« 

ADD L, Ilk 

ADD @HL,llk 

! , 

I : 
I ADD 
I 

y, ilk 
I 

o 0 1 1 

1 0 0 0 

-- - -

a a 1 1 

a 1 a 0 

0 a 1 0 

k3k2klko 

100038 
8 k k3k,klkol 

(LR)+(LR)+k 1-zc12 
Adds the immediate data k of the instruction 

I field to the contents of the L register, and 
I places the result in the L register . 

--
. _____ . __ J 

1 a a a 
k3k2k\ko 

I 

1 1 1 1 

Y3Y2Y1YO 

3 
4 

2 
k 

8-1~[(;.w];~[~;~-- ----_-~z-c-'-I -2-

k ! Adds the immediate datal( oTtl'ie.lTnstructlon 
field to the contents of the data memory 

, specified by the Hand L register, and 
places the result in the data memory. Serves 
as the correction instruction for the decimal 
addi tion and subtraction when k = 6 or A. 

F M[y ]+Mfy ]+k 
y Adds the immediate data k of the instruction 

field to contents of the data memory specified L by the y (page 0) of the instruction field, 
and places the result in the data memory_ 
Serves as the correction instruction for 

, decimal addition and subtraction when k = 6 

! SUBRC A, @H~O 1-0--1 -0 -(J-~;G~;~~(H -L) J- (Ae) -(QL ___ J~_ z ~ 
I I I ~ Subtracts the contents of the accumulator and 

I,!, II I' 

the inverse contents of the carry flag from 
the contents of the data memory specified by 

I the Hand L registers, and places the result 
I in the accumulator. 

SUB--R-A--,#-k--~0--0--1-1---1-0--0--0-+-3-8~-(-A-C-)+-k---(-A-C-)-----------------,�----Z~B~~1-2-j 
o a a 1 k3k,k,ko 1 k Subtracts the contents of the accumulator 

from the immediate data k of the instruction 
field, and places the result in the accumu
lator. Serves as the accumulator 2's comple
ment instruction or the data inversion (l's 
complement) instruction when k=O or F, 
respectively_ 
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iii » TECHNICAL DATA 

~temsT Object Code Function IFlag(*) 1(**) 1~~!Assembler 
Cl I Mnemoni c CF ZF SF I 

ass l Binary (*\) Functional Description 

SUBR@HL,llk 0 0 1 1 1 0 0 0 3 8 M[ (H, L) ]~k-M[ (H, L)] 1- z III 2 

0 1 0 1 k3 k 2klko 
5 k Subtracts the con ten ts of the data memory 

c 
u 0 specified by the Hand L registers from the ,-

immediate data k of the instruction field, ~ .., 
1 

'" and places the result in the data memory. E 
>:: i ~ Serves as the data memory 2's complement in-'" '" ,~ If. struction or the data inversion (l's comple-l- e 

< ~ ment) instruction when k == 0 or F, respective-
I , ly, I 

I 

1 

Ic cl ROLC A 10 0 0 0 0 1 0 1 0 5 i 4m---aD--J 
(rotate left) 

Z 1 
1 

by 1 bit 

: I 
I 

Rotates the contents of the accumulator and 
1 ' carry flag to the left by one bit. [Note 4] 

r,:T~~J (rotate right) Ic cl 7 ~ Z 1 
by 1 bit 

Rotates the contents of the accumulator and 
carry flag to the right by one bit, [Note 4] 

---~--~~ . ------------- __ J. __ , ___ 

1- Z 1 AND A,@HL iO o 0 1 1 1 1 0 1: E 
I 

(AC)' (AC)AM [(H, L) _L ___ z 1 
c 

! 

I Carries out the logical AND of the carre-I I 0 I 
'M 

! 
i I 

! 
spanding bits with the contents of the aceu-

+.' 
OJ i mulator and those of the data memory specifi-
::J I 

" 
, 

I 

I ed by the !1 and L register, and places the 
+.' 

, 
If. 

i 

I result in the accumulator. c 
f--.-~ f--~ 

I- ii ~ AND A, Ilk '0 0 1 1 1 0 o 0 3 8 (AC)~(AC)Ak Z 2 
'" 3 k Carries out the logical AND of the u 

0 0 1 1 k3 k 2k,ko corre-
'M sponding bits with the contents of the co aceu-
0 mulator and the immediate data k of the in-.-l 

struetion field, and places the result in the 
accumulator. 

AND @HL,llk 0 0 1 1 1 0 ° 0 I 3 8 M[ (H, L) ]~M[ (H' L) ]Ak 1- Z Z 1 2 

Ilk Carries out the logical AND of the eorre 
0 1 1 1 k3 k 2klko sponding bits with the contents of the data 

memory sDecified by the Hand L registers and 
the immerli?te data k of the instruction field 
and places the result in the data memory. 
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~tems It:::: Assembler Object Code Function IFlag(*) 1(**) 
CF ZF SF 

Class Mnemonic Binary Functional Description 

lOR A, @HL 

I 

o 0 0 1 1 1 0 1 1 D (AC)-<-(AC)VM[(HoL) J -1- Z z I 1 
Carries out the logical OR of the correspond

I ing bits with the contents of the accumulator 
and those of the data memory specified by the 

IH and L registers, and places the result in 
I the accumulator. 

" r OR A, Ilk a 0 1 1 

o 0 1 0 

3 8 
2 k 

(AC)+(AC)Vk ---l~ Z~ 
Carries out the logical OR of the correspond
ing bits with the contents of the accumulator 
and the immediate data k of the istruction 
field, and places the resul t in the accumulator. 

o , 
0;j I 

Co 

" ... .., 
'" .5 'OR @HL,llk 00111000138 M[ (H 0 L) J-<-M[ (Ho L) JVk 1- z z I 2 

A 1 1 0 ' 6 k Carries out the logical OR of the correspond-
k3 k 'klkOI M I I ing bits with the contents of the data memory 

~ I' II specified by the H a~d L registers and the 
.~,' immediate d3ta k of the instruction field, 
~ I ________ + __ -+I_a_n_d places the resul t in the data memory. 

I XOR A, @HL I 0 0 a 1 1 1 1 1 11 F '(AC)-<- (AC)VM[ (H 0 L) 1 I - z z I 1 

" o 
OM 

.., " OJ 0 
.-; OM " .., p.u 
OM :l 

" H 

I I I ~rries oui--thelogical exclusive OR of the 
I I I jcorreSpondin£ bits with the contents of the 

i ed by the Hand L registers _ apd places the I 

"" 

0 _,,,~ accumulator and those of data memory speciii-

i ----1 re;::;ult in the acc __ um_u_l_a_t_o_r_o ___ --, ___ -, __ -l 

i[TEST CF I~o 0 0 0110 06 (SF)-<-(cr), (CF)<-O 10 - * 11 
Places the inverse contents of the carry flag 
in the status flag, and then resets the carry 

TEST A, b 010 1 

fJag to "0". 

lIb 1 b o 5 C+b 1-c'-(::;S"-F!...)-<-.....o(A=C);...<_b::c>~--------c-.JI--~_:--*---,-;-1",,1'-:--1 
Places the inverse contents of the bit, which 
is specified by the b of the instruction 
field, of the accumulator, in the status flag. 

OJ '-' 

; 5 rT-E-S-T--@~H-L-,-b-r~O--1-O~1---1~0~b-,b~o-r5--8+-b-t-(-S-F-)+-M==[=(H=o=L=)=J=<=b=>~~~~~~~~~~~~~~~~1~-~~-~~~*_~1~~1~~ 
~ Places the inverse contents of the bit, which 

is specified by the b of the instruction 
field, of the data memory specified by the H 
and L registers, in the status flag. 



INTEGRATED CIRCUIT 

TECHNICAL DATA 

Ie: Assembler Object Code 
Mnemonic 

Class Binary </*) 
TEST y, b 0 0 1 1 1 0 0 1 3 9 

1 0 b1b o Y3Y2Y1YO 
8+b y 

I 
I 

TEST %P,b 0 0 1 1 1 0 1 1 3 B 

1 0 b1b o 
IS+b P 

P3P2 Pl po 

c 
.S 
~ I TEST @L 0 0 1 1 0 1 1 1 3 7 u 
~ 

I 

" ~ 
"' c 

H 

! 
c 
a .,.. 
w 

I TESTP I rn CF o 0 0 0 0 1 0 0 
i 

0 4 M 
~ I P-

I 'M 

! c I rn 
;,: 

~ TESTP ZF o 0 0 0 1 1 1 0 0 E 
'M 
co 

TESTP GF 000 0 000 1 0 1 

TESTP y,b 0 0 1 1 1 0 0 1 3 9 

1 1 b1b o Y3Y2YlYO 
C+b y 

TMPL!7C40P 

TMPL!7C20P 

Function IFlag(') 1(**) 
CF ZF SF 

Functional Description 

---
I- * I (SF)+M[y]<b> - 2 

Places the inverse con ten ts of the bit, which 
is specified by the b of the instruction 
field, of the data memory specified by the y 
(page 0) of the instruction field, in the 
status flag. 

I (SF)+P[p]cb> I - - * I 2 
I Places the inverse can tents of the bit, which 
is specified by the b of the instruction 
field, of the port (port register in the 
output port, and pin input in the input and 
I/O port) specified by the p of the ins truc-
tion field, in the status flag. 

(SF)+P [(LR) <3: 2 >+4] < (LR) <1: 0» 1- - * 1 2 
Places the inverse contents of the bit, whi ch 
is specified by the lower .... order two bi ts of 
the L register, of the ports R4 - R7 (pin 
input) specified by the higher two bits of , 
the L register, in the status flag. 

(SF)+(CF) , (CF)+l 11 - * I 1 
Places the contents of the carry flag in the 
status flag, and then sets the carry flag to 
"I". 

(SF)+(ZF) 1- - *1 1 
Places the contents of the zero flag in the 
status flag. 

(SF)+(GF) T- - *1 1 
Places the contents of the general flag in 
the status flag. 

(SF)<-M[y]<b> 1- - * I 2 
Places the contents of the bit, which is 
specified by the b of the instruction field, 
of the data memory specified by the y (page 
0) of the instruction field, in the status 
flag. 
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Items 

.~ 

to 
0 .,., 
w 
u 
~ 
H 
W 

'" " H 

" 0 
''''; 

'"' oJ 

"" ~ 
P-

''''; 

r:: 
oJ 

::c 
w 
'M 

456 

INTEGRATED CIRCUIT 

TECHNICAL DATA 

Assembler l Object Code 
Mnemonic ~. lnary U,,) 

TESTP %P , b ! 0 0 I 1 1 0 I 1 3 B 

I 11 I b1b o 
C+b P 

P3P2PIPO 
. I 
I ' 
I 1 

~ I I ' 

I SET GF I O--;~~--O--;;-~ 0 J 

I I 
SET @HL, blo 1 0 1 o 0 b, bois b 

I 
1 I J I SET 

y, b 0 0 1 1 1 0 0 9 
I b Y 0 0 hI bo Y3Y2 Yl yo: 

I I I 
I 

I 
~ 

ISET %p, b 0 0 I 1 1 o I 1 3 B 
b Y 0 0 b,b o P3P2PIPO 

r---'----
SET @L 0 0 I 1 0 1 0 0 3 4 

I 

CLR GF 0 o 0 0 0 0 1 o I 0 2 

--t-

TMP47C40P 

TMP47C20P 

Function lFlag(*) j (**) 
I CFlzFlsFI 

Functional Description 

(SF)+P[p]<b> 1- - * I 2 
Places the contents of the bit, which is spec-
ified by the b of the instruction field, of 

i the port (port register for the output port, 

" and pin input for the input or 1/0 ports), 
j which is specified by the p of the ins truc-
i tion field, in the status flag. 

I (GF)+l I - - 1 I 1 
Jsets the general flag to "1". 

M[ (H· L)] <b>+l 1- - 1 I 1 
I Sets the bit, which is specified by the b of 
I the instruction field, of the cata memory 

specified by the Hand L registers, to "1" .. 

M[y]<b>~l I- - II 2 
Sets the bit, which is specified by the b of 
the instruction field, of the data memory 
specified by the y (page 0) of the instruc-
tion field, to "l". 

P[p]<b>+l I- - I I 2 
Sets the bit, which is specified by the b of 
the instruction field, of the port speci fied 
by the p of the instruction field, to "I" .. 

I P[(LR):}:2>::,:4),(LR) <1:0»+1 1- - 11 2 
I Sets the bi t, which is specified by the lower 

-order two bits of the L register, of the 

I ports R4 - R7 specified by the higher-order 
I two bits of the L register, to "Ill, 

(GF)+O 1- --~r-;:-
j Clears the general flag to 0 

I 
CLR @HL, b 0 1 0 1 0 1 b1 bo 54+b M[(H·L)]<b> ~O 1- - lJ 1 

Clears the bit, which is specified by the b 
of the instruction field, of the data memory 
specified by the Hand L register, to "0", 



INTEGRATED CIRCUIT 

TECHNICAL DATA 

TMP47C40P 

TMP47C20P 

Items 
I~ Assembler 

Mnemon i c 
Class 

Object Code 
f---------B-j -n-a-r-y--~~( /:,J 

Function IFlag(*) 1(**) 
I cFlzrlsFl 

CLR y, h i () 0 1 1 

I 0 1 b1b o 

I 

I 

----r------ -- -

b 0 0 1 1 

0 1 

I 0 0 1 

Y3Y2Y1YO 

------
1 0 1 1 

3 9 
4+b y 

- -_._--

3 B 
4+b p 

Functional Description 

I-M~[-,,--y"--J<_b~'-,_0 _ ___ 1- -}~ 
Clears the bit, which is specified by the b 
of the instruction field, of the data memory 
specified by the y (page 0) of the instruc-
tion field, to 110". 

P[~J~~----------L_- 11 2 

Clears the bit, whic-h is specified by the b 
b 1 b o P3P2P1PO i of the instruction field, of the port spec-

ified by the p of the instruction field, to 
!! "0". 
,--- ------l---------+----_+_ --- - -------,----.-----4 
I CLR@L',I 0 0 1 1 0 1 0 1 3 5 P [( LR) <3 : 2 >+4 J < (LR) < 1 : 0> ><-0 I - - 1 I 2 

I Clears the bit, which is specified by the 
I I lower-order two bits of the L register, of the 

I! 

I i ports R4 - R7 specified by the higher-order 
, two bi ts of the L register, to "0". 

(INTL) <5 :O>+(INTL) <5 :O>Ar< 5 :~----1-~1-2~ 
Resets the interrupt latch INTLj when the rj 

i , 

I 
I 

I 
6 CLR IL, r 0 0 1 1 o 1 1 0 3 

of the instruction field is "0". (j = 5 - 0) 
1 1 rsr" r3 r 2r l r JC+rHrL 

I , 

r------+--------~-.-_+----------------_.---,_-~ 

3 6 i (EIF)~l, 1_ - 112 , EICLR 
I 

IL, rOO 1 1 

'0 1 r,r4 
, I 

I 
I 

1 

: 

DICLR IL, riO 0 1 1 

1 0 rsrl.o 

IN %P, A 001 1 

o 0 1 0 

o 1 1 0 
'0 4+rHrL' (INTL)<5:0>~(INTL)<5:0>AT<5:0> 

Sets the interrupt enable master FIF to "I". 
Interrupt latch INTLj is reset when the rj 
of the instruction field is "0". (j = 5 - 0) 

o 1 1 0 3 6 -(EIF)+{), I I 
8+rHrL (INTL)<5:0>-< (INTL)<5:0>Ar<5:0> - - I 2 

Resets the interrupt enable master F/F to 
"0". Interrupt latch INTLj is reset when 
the rj of the instruction field is "0". 
(j = 5 - 0) 

1 0 1 0 3 A (AC)~P[pJ 1- z z T 2 
2 P Places the input data from the port specified 

by the p of the instruction field in the ac-
cumulator. 

457 



458 

I~ 
Class 

~ 
0 

.r< ., 
u 
;:J 
H ., 
"' " H 

., 
" p. ., 
" 0 

~ 

~ 
co -

INTEGRATED CIRCUIT TMP47C40P 

TMP47C20P 
TECHNICAL DATA 

Assembler Object Code Function 1Flag(*) 1(**) 
CF zFI~'F Mnemonic r 

Binary (:,,) Functional Description 

IN %P, @HL 0 0 1 1 1 0 1 0 3 A M[ (H. L) )~P [p) 1- - 2-1 2 

0 1 1 0 6 P Places the input data from the port specified P3P2P1PO 
by the p of the instruction field in the data 
memory speci fied by the H and L registers. 

--

OUT A, %P 0 0 1 1 1 0 1 0 3 A P[p)~(AC), P=PqP3P2P1PO I- - 1 I 2 
-

P3P,P,PO 8+2P4P Outputs the contents of the accumulator to 1 0 P40 
I I the port specified by the P of the inst Tue-

I i tlon field. (0 "p ,,31) 
I I 

I 

OUT @". "'j @ 0 , ,- '@~:f' @ 'I, J<M'" ".J]' ~,,""".'. 1- - 1 I 2 

I 1 1 - 0 P P C+2P4P r Outputs the contents of the data memory 
P-4 P3P" 0 specified by the Hand L the regIsters to 

port specified by the of the Instructlon p 
field. (0 "P ,,31) 

OUT Ilk,%P o 0 1 0 1 100 2 C P[p)+k T- - 1 I 2 
k P Outputs the immediate data k of the ins truc-k3k,k,ko P3P,P d'c 

tien field the specified by the p of to port 
I I the instruction fie ld. Serves as the clear 

I 
I 

I 

instruction when k = O. I 
i 

IOUTB @HL 0 o 0 1 o 0 1 0 1 2 f[2)oP[l)~ROM[F'(E+(CF))'M[(H'L)J11 __ 11 2 

I 
f-o.:rt-p-uts the data (eight bi ts) of the program 

memory located in addresses FEO - FFF, which 
use a five-bit data connecting the contents 
of the data memory specified by the Hand L 
regi sters and those of the carry flag, as 
lower-order fi ve-bi t addresses) to the P2 -
PI ports. 

~ .~ BS a 0 1 1 0 aU a lOa 9CJa 6 aH If SF=l then (PC)+a else null. 1 - - II 2 
.r< ., Places the immediate data a of flle instruc-., u a7 a 6 a 5 a 4 a3 a 2 a l a aM aL 

.c " " tion field iv. the program counter if the 
u 0 '"' flag is "l", If the status flag " H ., status at 
<11 .n "' is ItO" , the flag only "I", H " " at sets status to 
"HIl ... 

and moves to the next address. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

TMP47C40P 

TMP47C20P 

Object Code Function I Flag(*) I (**) 
I CFjZFjSFj 

\T terns Assembler 
~---, 

Class Mnemonic -----,..-ffi)I--~-~-- Functional Description 

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

BSS a 

Binary 

11 0 d,d, d 3 d,d,d o 8+dHdL i If SF~l then (PC)+a else null, 1 __ 111 
I ~a~~~(~p~C~)~<~1~1~·6~>~.~d~ __ ~ __ ~~ __ L-__ ~77 __ ~ 

Carries out the branch within a page (64-
byte) if the status flag is at "I"; brings 
the immediate value d of the instruction 

I field into the lower-order six bits of the 
I I program counter. Since the updated value 
I I remains in the higher-order six bits, if 
I I this instruction is specified in the last 
I I address in the page, branchIng 15 carrIed 

I lout to the next page. If the status flag is 

1 

at "0", It sets the status flag only to "1", 
I ~and moves to the next address. [Note 51 rCACAL'L' a I: a 010--;;-3wa 9 a 81 ;~';;;:-I STACK[(SPW)]+(PC),(SPW)+(SPW)-ll_ - -I 2 
laMaL i (PC)+a, 0,;a,;2,047 

a7 a 6a 5 a 4 a3 a 2a 1a O jCarrles out the subroutine call; saves the 
contents of the program counter In the stac~ 

I and decrements the stack pOInter word, and 

CALLS a 

RET 

! i then places the immediate data a of the in-
I struction field in the program counter. 

I a 1 1 1 

a 0 1 a 

! I However, the call address of the subroutine 
'must be in the addresses 000 -7FF. 

n 

[Note 5] 

STACK [(SPW)]+(PC) ,(SPW)<-(SPW)-ll ___ I 2 
(PC)+a, a~8n+6(MO), 134(n~0) 

Carries out the short form subroutine call. 
The operation is the same as that of the 
"CALL" instruction except that the value to 
be set in the program counter is automatic
ally defined by the n of the instruction 
field. [Note 5J 

1 a 1 -~ 2;- -(~;W)+(SPW)+l, (PC)+STACK[ (SPW) II - - -I 2 
~tirn·sfro~ubroutine to the previous 

program; increments the stack pointer word, 
i and restores the data of the return address 

_1 from the stack to the program counter. 
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• INTEGRATED CIRCUIT TMP47C40P 

TMP47C20P 
iii:'; TECHNICAL DATA 

460 

:~ Assembleri Obj ec t Code ! Function I Flag(*) 1(**) 
CF fT.F SF 

Class 
Mnemonic ! 

I Binaty 
j 

I ( * ) Functional Description 
! ** 

<lJ RETI 0 0 
I 2 

I (SPW)+(SPW)+l, I 
* * * I 2 

" 0 1 1 1 1 I B : (FLAG'PC)+STACK[ (~':2J_,_~EIT)+l -rl " '-' 0 I 
I 0 

= or-! 
, 

Returns from the interrupt processing routine; c w I I 
~ 

~ i increments the stack pointer word, and re--g 
~ 

! stores the data of the return address from C/O w 
en j co, ",,' """ co, ,." "' co, ""e, " ,0, -'= " v ~ program counter and the flag, respectively. 

" cO And then, it sets the interrupt enable master c. 

'" , F/F to "1". 
~---- - -- ~- ----- - ------ ---+---. -----._ .. ---.-----. r---. ··I---· 

:.-. 0 ,I i'~OP 0 0 0 0 0 0 o 0 I 0 0 I no operati.".~_ _ _____ -: __ - _~ 
(l) ~ "I 

-B t -~l 
I 

I I Moves to the next instruction without perform-
0", '-' I ing any operation. c 

>-

Note l. ~e~ting Condition of Flag: 

"C" indicates the carry output from the most significant position 

in the addition operation, and "B" indicates the borrow output from the 

wost significant positio~ in the subtraction operation. 

rrZ!! jndicates the zero detection signal to which "1" is applied 

onlv wLen ei ther the AU' output of the' processing resul t or Cl11 

four bits of the data transferred to the accumulator are zero. 

The flag is set to "e", IIC", "13", "Z", liZ", "1", or "0" according 

to the data processing rusult. The value specified by the function is 

set to the flag with the mark "*", and the mark 

in the state of the flag_ 

denotes no change 

Note 2. The zero flag is set according to the data set in the accumulator. 

Note 3_ The flags (ZF, SF) are set according to the result of increment or 

decrement of the L register. 

Note 4_ The carry is the data shifted out from the accumulator. 

Note 5. The contents of the program counter indicate the next address of 

the instruction to be executed. 



INTEGRATED CIRCUIT 

iii » TECHNICAL OAT A 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIt~UM RATINGS (Vss ~ ov) 

SYMBOL ITEM 

VDD Supply Voltage 
--.--- -- ---

VIN Input Voltage 
1----------- ----------

VOUTl Output Voltage 
(Except open drain terminal) 

1------ -------

VOUT2 Output Voltage 
(Sink open drain terminal) 

VOUT3 Output Voltage 
(S('urce open r.1rnin terninal) 

-"----" -----
PD Power Djssipatioll (T"l'r~70°C) 

-0.5 

-0.5 

TMP47C40P 
TMP47C20P 

RATING 

'" 7 

'" VDD + 0.5 
----

-0.5 '" VDD + 0.5 

-0.5 '" 10 

-15 '" VDD + 0.5 

600 

UNIT 

V 

V 

V 

mW 

Tsld Soldering Tempe ra ture . Time __ ...26~_~~ sec._~ 
Tstg Storage Temperature -55 '" 125 °c 

----- --- "----_ .. _--
Topr Operating Temperature -30 '" 70 

RECOM~1ENDED OPERATING CONDITIONS (Vss ~ OV) 

SYMBOL ITEM CONDITION MIN. MAX. 

Toor Operatinp, Temperature -30 70 
VDD Supoly Voltage 4.5 6 
VDDH Supply Voltage (Hold) 2 6 

VIHl 
Input High Voltage (Except 

VDDx O. 7 VDD Schmitt circuit inout) [Note 1] 
Input High Voltage VDD ;.4.5V 

VIH2 
(Schmitt circuit innut) VDDXO.75 VDD 

VIH3 Input High Voltage Vnn < 4.5 VDD x 0.9 VDD 

VILI 
Input Low Voltage (Except 

11 
0 VDD x 0.31 Schmitt circuit input) [Note 

Input Low Voltage VDD ~ 4.5V 
VIL2 

(Schmitt circuit innut) 0 VDDxO.25 

VIL3 Input Low Voltage VDD < 4.5V 0 VDD x 0.1 

VOUT Output Voltage (Source open 
VDD-35 VDD drain Pl P? PI, 'V Ph ) 

fC Clock Frequency 0.4 4.2 
tWCH Clock Hio:h Pulse Width [Note 21 Vnl~ VTl-1 80 -
tWCL Clock Low Pulse Width [Note 2] VIN~ VIL 80 -

(Note 1) R4 ",F6 ports are exclusively used for output except the sink open 
drain output. 

(Note 2) In case of the external clock operation. 

UNIT 

°c 

V 

V 

V 

MHz 

ns 
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D.C. CHARACTERISTICS (VSS = OV, VDD = 5V±lO%, Topr = -30 '" 70°C) 

SYMBOL 

(Note 1) 
(Note 2) 

(Note 3) 

Parameter CONDITION 

TYP. values show those when Topr=2SoC, VDD=SV, 

MIN. 
Note 1 < 

TYP. 
MAX. I UNIT 

When the KO port has a built-in input resist{Jr, current by r0-sistor 
is excluded. 
When KO port has a built-in input resistor, cur-tent va] ue is that at 
time of open. Further, voltage level at R port is valid. 

A.C. CHARACTERISTICS (VSS = OV, VDD = SV±lO%, Topr = -30 '" 70°C) 

Parameter CONDITION 
Instruct ion Cycle Time 
Shift Data Hold Time (Note 1) 

A.C. TIMING fHART 

Serial Port (Completion of Transmission) 

~r---.--~~;·-:----------~l.SV SO 

(Note 1) SCK, SO terminal 
external circuit 

VDD 

10krl 

SOpF 



INTEGRATED CIRCUIT TMP47C40P 
TMP47C20P 

TECHNICAL OAT A 

EXTERNAL DIMENSION VIEH 

41 39 37 35 33 31 29 27 25 23 

1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 
11 13 ]5 17 19 2J 

53.8 MAX. 

0.5±0.] Z 
H 
::s 

Unit in mm 

0.25+0.1 3 I 
Note 2 

2.54 
1. 4±O. 15 u-, 

N 

15.3,,"18.3 

Weight 5.7g (TYP.) 

Note 1. This dimension is measured at the center of bending point of 

leads. 

Note 2. Each lead pitch is 2. 54mm, and all the leads are located within 

±0.25mm from their theoretical positions with respect to No.1 

and No.42 leads. 
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Specification of program tape and input/output circuit format 

Engineering Samples(ES) of the TMP47C40P, TMP47C20?, TMP47C41P and 

TMP47C2lp will be made if you specify the pror,rarr. data and input/output 

circuit format by use of a paper tape. 

The paper tape format is equivalent to the Hex. format of Intel Co. 

(Forma t I). 

The program data should be specified within the address space corres

ponding to the built-in ROM capacity; the addresses 000 - 7FF denote the 

address range in the TNP47C2()p and Tl!p47C2IP. Accordingly, if the PLP data 

conversion table (o.ddrccs2s l'EO - l'l'F) is nsed, the tab1" dilta must be 

assigned as the data located in ilddress~s 7EO - 7FF. 

1. Specification of input/output circuit format 

The paper tape of Format I starts recording the program data after 

record mark ":", but the input/output circuit code should be specified 

just before the first record mark. 

The "IOC(YDE XX" format is used to define the input/output circuit 

code. XX denotes the 'proper input/output circuit cod" (two alphabE'ts). 

(Note) If the input/output circuit code is not specified, "IOCODE FA" 

OR "lo-CaDE flA" are employed. Tt ShOllld b" noted that if tlIe 

specified format is differ~n~ from the stilndard one, ilnd if the 

speci fied input/output circuit code is illegal, such specifications 

may be cons'dered to have not been made. 

,(Example of tape lis t) 

TOSHIBA MICROCOMPUTER TLCS-47 
IOCODE FA 
:100000000665C7D79CF50F3F95lFED55A8FF16E570 
:lOOOl00088884DDE67E3lF5D8ABA6DF292Fl13F5Cl 
: lO0020004FFlF 

:l007EOOOB53D42EOEC32546025B7308CDD52063DlD 
:l007FOOOB4BE9E9E345B6138060B20BC372BF60BD6 
:OOOOOOOlFF 



• iii. 
INTEGRATED CIRCUIT TMP47C40P 

TMP47C20P 

..o~~ I 

~/.~ 
TECHNICAL DATA 

~ 
'<1~).. 

----~---------------------~ 
2. Program tape format (Format 1) 

Comment 

-

-.~ .. -

--.-

. . .. Leaders t10re than 50 characters of "NULL" 

record mark II: II and 

Cor.lr.lCn L( ~~;c~~~u~~~~~~u~re ) } 
not included. Not specially 

Specification at the required. 
~input/output riTc'uit format. 

I ~.SPPCi fiC3t-~OfthCillplit})utPut. Circmti 
<f..l fur~at rOCOD'F, XX (XX denotes the input/out It is considered 

put cirCllit corle) (It does not matter if to be no specifica-
there is "Nl!LL l1 from immediately after crJD, tioTI, if not specified. 
l.r~ to immerl iate] y before record marking.) J 
--- ~o~~-;rk~rt~cord) --

Record (the number of program data within one reCOrdj 
length is represented by two-digit hexadecimal nota

tion. ''~O'' denotes the end of data. 

Load (the first address of the record is represented) 
address by four-digit hexadecimal notation. 

Re cord 
type 

.... Data 

. " Checksum 

1100" 
(1101" 

Normal re cord 
End of file record 

(l-bvte data is represented by ) 
two-digit hexadecimal 110tation. 

two-digit hexadecimal notation is used to re_) 

(

present the data of the lower-order eight bits 
in the value which the data covering from the 
record length up to immediately before the 
checksum is subtracted from the initial 
value O. 

Record mark (the same procedure is repeated hereinafter.) 

r4} ... 
L/ 

Trailers More than 50 characters of "NULL" 
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Tr'lPl17C4QP 

TMP47C20P '<1'<;-), 
~~~/~~-

__________________________ L-________________________ __ 
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LI ST OF I NSTRUCT IONS 

Classi 
flC'dtlC(l 

LD 

LD 

LD 

XCH 

XCH 

XCH 

XCH 

A ,EIR 

A ,@BL 

A X 

HL, X 

A ,@BL 

A X 

A ,#1< 

00 01 00 

00 00 II 

00 11 11 

00 10 10 

Object Code 

11 

01 

01 J(7x6xSx4x3x2xlXO 

01 x7x6x5x4X3X2XjX{) 

1 F 

M[(HoL) J;o! (AC) 

xHx L M[x] +=! CAC) 

M[x' J+=! (LR) ,lACx' +lJ~(HR) ,x '=;X1X5X5X4X3XZOO 

cull ..... -M [(HoLl]-(Ac) -- -- Ii 

XHXL rMII--M [x]-CAC) 

null<---k-(AC) 

null~-k -eBB) 

-
C 

-
-
-

-
-

-

-

z B 
Z C 

C 

z z; 

Z Z 
Z Z 
Z Z 
z ,I 
Z Z;, 

Z ~ 

2 

1 

1 

1 

2 

2 

1 

2 

2 

1 

*' 

*2 
*2 

" *' 

*, 
*, 



INTEGRATED CIRCUIT 

iii W TECHNICAL DATA 

TMP47C40P 

n1P47C20P 

(cont i nued) 

Item 

" -. o 

Assembler 

DbJ ect Code 

Blnary 

1st. Byte I 2nd Byte 

Hexadec).Inal 

'" I 2nd Byte Byte 

Function 

00000110 0 6 (SF) o-(c'F) ,(CF)+-O 

TF.ST A, b 01 01 11 htbo 5 eft! (SF)+-- (AC)<tV 

1'EST @HL, b 01 01 10 0100 5 8+b (s~,)+-~ 

TF.ST y. b 00 11 10 01 10 b 1'ooVaY2YlYo .3 9 8+b y (SF)+-MlyJ<b> 

TES1' %p • b 00 11 10 11 10 b1boP3P2PIPO .3 8 8+b P (SF)+- p[p]<b.> 

TEST@LOO 11 01 11 .3 .., (SF)+- Dlp [7C"LR"')7<3"':'":C+='"'R"'C'LD'R)<=' '"': 0""» 
TESTP 00000100 0 4 (8F)_ (CF),(CF)_J. 

TESTP ZF 00 00 11 10 0 E (SF) +- (ZF) 

TESTP GF 00 00 00 01 (Sf;') +- (GF) 

TESTP Y , b 

TESTP %po b 

0011 10 01 11 b 1boVsY2VIYO .3 9 efb y (SF)_M[Y]<lV 

00 11 10 11 11 Il,.boP3P1!PlPo .3 8 efb P (SF)_ P[p]<b> 

" Flags ~~ 

~~ 
o - * 1 

- - * 1 

- -"* 1 

- - * 2 

- .- * 2 

- -"* 2 

'. 1 - ~ * 1 

~ ~ * 1 

~ ~ * 2 

~ - * 2 

.~ ::~ 
00000011 0 .3 (010')+-1 

@HL, b 01 01 00 b1bo 5 b M[(HoL):kb>+-1 

1 1 

- - 1 1 

~ SET y ,b 00 11 10 01 00 btboY3Y2YtYO :3 9 Y M[y]<b)o+-1 - - 1 2 

%p ,b 00 11 10 11 00 btbuPJP2PIPO :3 B b P P[p)<b>O- 1 

f:S"E-=T---'@'cL:-=-_f:0f:0_'::-:'_0::-:'~OOo-____ -+f:3 4 P[(LR)<:3 : 2.-'>t4 )«LR}<l: 0»+-1 
CLR OF 00 00 00 10 0- 2 (o-F) +-0 

~ - 1 2 

1 1 

~ ~ 1 1 

~ - 1 2 

~ ~ 1 2 

- ~ 1 2 

CLR ~HL, b 01 01 01 btbO 

CLR y, b 00 11 10 01 01 b t boYaY2YIYO 

CLR %p, b 00 11 10 11 01 bt buPlP2Pt'Il(J 

CLR @L 00 11 01 01 

CLR IL r 00 11 01 10 11 TsT"r3r2r1TO 

EICLR I,L r 00 11 01 10 01 rst4l'Sl'2rtTO 

DICLR IL r 00 11 01 10 10 r5t"r3r2tlrO 

IN %p, A 00 11 10 10 00 10 P3P2P1PO 

IN %p .@Hl. 00 11 10 10 01 10 P3P2PtPo 

OUT A ,%p 00 11 10 10 10 P"o P3P2PIPO 

OUT @HL,%p 00 11 10 10 11 P,t0 P3i>2PlPo 

OUT #k ,%p 00 10 11 00 ksk:zklkoP3P2PIPo 

OUTB @IlL 

B8 

BSS 

CALL 

CALLS a 

RET 

RETI 

00 01 00 10 

01 10 an¥9'1sa.,a~sa4aaa~laO 

10 dsd"dsd2dtdo 

00 10 0 aloa9ll8a7a~sa"a~~laO 

01 11 nJll~IDo 

00 10 10 10 

00 10 10 11 

54+b M[(HOL)]<b>+-O 

:3 9 4+b Y M[y)<b>+-O 

:3 B 4+b P p[p]<b>+-O 

:3 5 P[(LRY.....3:2>+4]«LR)<l:O»+-O 

:3 6 c+rHrL (INTL)<5:0>+- (INTL)<.5:0)Ar<5:0> 1 2 

:3 6 4+rSrL (EIF)+-I,(INTL)<.S:n> .... (INTL)<:S:O>I'Il<!i:O> ~ - 1 2 

:3 6 s+THrL {IHF)+-O,(INrL)<S:O>+-(INTL)<..s:O>Ar<e:o> ~ - 1 2 

2 P (AC)+-P[pJ - Z Z 2 

:3 A 6 P M[(HOL)]+-P[p] - - Z 2 

:3 A at2P4P p[p]+-(AC) P=P~P3P2PIPO 1 2 

:3 A C+2p"p p[p]+-M[(HoL)], P=P4oPlP2PIPo - - 1 2 

2 C k P pep] +- k - - 1 2 

1 2 P[2]OP[I]+-ROM[Fo(EH-(CF»oM[(HoL)]] 1 2 

S aH aM aL If SF-I then(pC)+-a else nUll. 1 2 

8+dHdL If SF=1 thell(pC)+-a else nUll,a-=(PC)<ll:d>-d - - 1 1 *5 

2 aH aM aL STACK[(SPW)J+-(PC),(SPW)+-(SPW) 1, 2 *5 

(pc)+-a,0~a";:;::2,047 

STACK[ (SPW)] +- (PC), (SPW) +- (SPW)-I, -- - 2 *5 

(PC)+-a,a-en+s (n\Q) ,1:34(n=u) 

2 A (SPW)+-(SPW)+l, (PC)+-STACK[(SPW)] 

2 8 (Spw)+-(sPW)+1 ,(FLAooPC)+-STACK[(SPW)J * * * 2 

( 1!lI1")+-1 

~ NOP 00 00 00 00 o 0 no operation - - - 1 

Note I, SettIng Condition of Flag, 
~C" Indicates the carry output from the most signlflcant POSitIon 

In the addition operation, and "B" indicates the borrow output from the 
most slgnl.flcant pOSItion In the subtraction operation, 

·Z" IndlCateS the zero detection slgnal La which -I" lS applJ.ed 
only when either the ALU output of the processIng result or all 
four bits of the datil transferred to the accumulator are zero. 

The flag 113 set to ftC", "C", "s", ·Z", ftZ", "I" ,or"O" accordlng 
to t.he data processlng rusult. The value speCifIed by the functIon 119 
set to the flag wJ.th the mark "*",and the mark "-" denotes no change 
In t.he state of the flag. 

Note ? ... The zero flag IS se:!; according to the data set 1n the accumulator. 
Note !3. The flags(ZF,SF)are set accordlng to the result of Increment or 

decrement of the L register. 
NOte 4. The carry IS the data sh1fted out frolll the accumUlator, 
Note 5. 'rhe cf'ntents of the program counter Ind1cate the next address of 

the Instruction to be executed. 
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C/O 

Operat ion Code Map 

~.eP" _~~+~~I~ NOP o , 
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TMP47C22F IT~~ 
TECHNICAL DATA SILICON MONOLITHIC SILICON GATE CMOS ~ 

CMOS 4-8IT SINGLE CHIP MICROCOMPUTER (TLCS-47C) TMP47C22F 

GENERAL DESCRIPTION 

The TLCS-47 is the high speed and high performance, 4-bit single chip 
microcomputer series designed for general purpose use. 

The TLC5-47 has variously powerful functions in order to meet with the 
advanced and complicated applications, which will be made in near future. 
In addition, software compatible NMOS family (TLCS-47N) and CMOS family 
(TLCS-47C) are also provided. 

The TMP47C22F is a chip countaining LCD driver for the TLCS-!+ 7C. The memory 
capacity consists of ROM 2,048 x 8 bits and RAM 192 x 4 bits. The TMP4700C 
(NMOS) is an evaluator chip used for the system development. 

FEATURES 

4-bit single chip microcomputer with built-in 
ROM, RAM, input/output port, divider, timer/counter, and serial port. 

Instruction execution time: 4 WS (at 4 MHz clock) 
Effective instruction set 

90 instructions, software compatible in the series 
Subroutine nesting: Maximum 15 levels 
6 interrupts (External: 2, Internal: 4) 

Independently latched control and multiple interrupt control 
Input/output port (27 pins) 

Input 1 port 4 pins 
I/O 4 ports 16 pins 
I/O (Note) 2 ports pins 

Note: These I/O ports are also used for the interrupt input, timer/counter 
input, and serial port; therefore, it is programmably selectable for 
each application. 

Table look-up and table search function (Instruction) 
Table can be set up in the whole ROM area. 

l2-bit timer/counter (2 channels) 
Event counter, timer, and pulse width measurement mode is programmably 
selectable. 

Serial port with 4-bit buffer 
Receive/Transfer mode is programmably selectable. 
External/internal clock and leading/traiUng ~dgc rno0c arc programrr,ahly 

selectable. 
IS-stage divider (with 4-stage prescaler) 

Frequency applied for timer interrupt of divider is programmably selectable. 
LCD drive circuit (automatic display) built-in 

LCD direct drive is available (Max. l2-digit display at 1/4 duty LCD) 
• 1/4, 1/3, 1/2 duties or static drive are programmably selectable. 

Hold function 
Battery operation/condenser backup is avilable. 

On Chip oscillator 
TTL/CMOS compatible 
+5V single power supply 
67-pin flat package 
Si-gate CMOS LSI 
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PIN CONNECTIOi~S (Top View) 

PIN NAoJES AND PIN DESCRIPTIONS 

Pin Names 
No.of 

I/O Pins 
----

i K03 '\.. Koo 4 Input 
I R43 "V R40 I 4 I/O I 

I 
4 I/O R" '\.. Rso 

I R63 'V R60 4 I/O 
R" ~RH 4 I/O 

R83 (Tl) 1 I/O 
R82 (INTI) I I I/O 

I R8, (T2) I ' I/O 
I I/O 
f----

R9, (SCK) I I/O 

i R9, (SO) I I/O 
R90 (SI) I I/O 

Input port 

I/O port 
" 
" 
" 

I/O port or 
I/O port or 
I/O port or 
I/O port or 

TI4P47C22F 

Note 1. Pin 27 is connected to 
pin 61 through external 
circuit. 

2. N.C. No connection 

Functions 

timer/counter input 
interrupt input 
timer/counter input 
interrupt input 

---- .- ---- -----,.,,--------- ~-----------
I/O port or shift clock for serial port 

" or serial output 
" or serial input 

,," '''''' l' 
f-------~.--- ..-- -- I·· .~ ------ ------- ------ -~-

SEG, 3 ",SEGo 24 Output LCD Segment driver output 
COM 4 '" COM, 4 Output LCD Common driver output 

KIN, KeUT Input, I 
terminal 2 

J 
Resonator connection 

--- Output 

I 
RESET I Input Initialize signal input --
HOLD I Input Hold signal input 
TEST I Input (Low level is input. ) e---

VDD I Power 
+SV 

supply 

VSS 1 
Power 

OV supply 

VLC I 
Power 

LCD drive supply supply power 
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BLOCK :lIP,';RA~: 

RESET 
TEST 

XIN 
XoUT 

ROM 

PC 

... 
OJ 

~ .", 
0:: 0 
H " OJ gJ .", 

L __ ~~ __ 

I TC l 
1------

RAM I TC 2 ,----,--
: l:'~~ 
I STACK 
I 

o ~ 0 ~ 0 ~ 0 ~ 

~ "'J ~ ruJ ~ ruJ ~ 'V~ 

VDD 

VSS 

R92 (SCi() 
R9l (SO) 
R9o (SI) 

RB3 (T l) 

RB2 (INT l ) 

RBl (T 2 ) 

RB 0 (INT 2) 

3LOCK i'IArlE M:J DE~C!UPTION 

PC 
ROM 

Block Names 

IR, decoder 
HR, LR 

RAA 
RAM 
STACK 
SPW 
DC, data table 
AX, AY 
ALU 
AC 
FLAG{CF,ZF,SF,GF) 
K, R 
INTR control 

FD 
TC l , TC 2 

TC control 
SIO control 
LCD qrive control 

( COM,SEG) 
HOLD control 
SYS CONTROL 
CG, TG 

Functions 
Program counter (12 bits) 
Program memory 
Instruction register, Decoder 
H register (Page assignment of RAM), L register (address 
assignment in RAM page), (each 4-bit register). 
RAM address buffer register (8 bits) 
Data memory 
Save area of program counter and flags {RAM area) 
Stack pointer word (RAM area) 
Data counter (12 bits,RAM area), Data table (ROM area) 
Tempoerary register of ALU input 
Arithmetic and logic unit 
Accumulator 
Flags 
Ports 
Interrupt control 
(ElF: Enable interrupt master F/F, EIR: Enable inter
rupt register) 

Frequency divider (4-stage prescaler + 18 stages) 
l2-bit timer/counter 2 channels (RAM area) 
Timer/counter control 
Serial port co~trol 
LCD drive control 

Control of hold function 
Generation of various internal control signals 
Clock generator, timing generat~_ 
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FUNCTIONAL DESCRIPTIO~ 

Concerning the TMP47C22F, the configuration and functions of 

hardwares are described. 

As the description haG been provided with priority on those 

parts differing from the TMP47C20P (The TLCS-47C standard chip), the 

technical material for the TMP47C20P shall also be referred to. 

1. System Configuration 

The configuration will be explained with priority given primarily 

to the LCD drive circuit. 

1.1 Program Counter (PC), Program Memory (ROM) 

The TMP47C22F is in 32 page configuration in a unit of 64 

words per page with the bui.lt-in 12 bit program counter and 2,048 

x 8 bit (000 '" 7FF addresses) program memory. 

Further, as the TMP47C22F has no built-in output ports Pl 

and P2, the instr~ction (OUTE @HL) and PLA data conversion table 

cannot be used. 

The relationship between RO!'1 capacity and addresses is shm:vn in 

Fig. 1.3.1. 

1.2 H Register (HR), L Register (LR) 

The Hand L registers are 4-bit registers used as the data 

memory address pointer or general purpose registers, respectively. 
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1.3 RAM Address Buffer Register (RAA), Data Memory (RAM) 

The TMP47C22F contains a data memory with 192 x 4-bit (ad

dresses 00'" BF) and is in 12 pages configuration in a uni t of 

16 words per page. 

On the other hand, since RAM address buffer register (RAA) 

has B-bit length, addresses CO'" FF have no physical RAM, but the 

higher order 2 bits (RAA7 and RAA6) are decoded to [(00), (01) 

and (1*). * denotes "don't care." 1; therefore, when addresses 

CO", FF are accessed on a program, RAM equivalent to addresses 

BO", BF is accessed. In other words, on a program a specific ad

dress of RAM is addressed to addresses CO'" FF, while on the TMP 

47C22F, RAM equivalent to addresses BO'" BF is allocated. 

The relationship between RAM capacity and addresses is shown 

in Fig. 1.3.1. 

Address ROM Address RAM 

000 00 
Program (Data) 

( data ) area 

) f- \ 
7FF 

7F BOO 
BO (=000) 

I 
I ',odH, II I address 

) '" "" SF area I 
I 
f- CO , , ) I (=?O)r------: J I 

I 
(Image of ad-) I I 'j, 

FFF I 
I dresses 000 FF I I I 

(=BF) L _______ J (Image of ad-) (=7FF) 
L _______ ..I 

- 7FF 
dresses 80 ~ 
BF 

Fig. 1.3.1 ROM/RAM Capacity and Addresses 
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1.4 ALU, Accumulator (AC), Flag (FLAG) 

The ALU is a circuit used for various operation for 4-bit binary 

data. It performs the operation designated by the instruction, and 

outputs the 4-bit result, carry (C), and zero detection signal (Z). 

The accumulator is a 4-bit register to use a source operand for 

the arithmetic operation, and in which the result is stored. 

Flag is a 4-bit register used to store the conditions of arithmetic 

operation, and of which the set/reset conditions are specified by the 

instruction. The flag consisting of CF, ZF, SF, and GF is saved. in 

the stack when the interrupt is accepted. By executing the (RETI) 

instruction, it is restored from the stack to the condition immediately 

before the interrupt is accepted. 

1.5 Port (PORT) 

Data transfer to/from the external circuitry, and command/status/ 

data transfer between of the built-in peripheral circuitry are carried 

out by the input/output instructions. 

Since the TMP47CZZF has no built-in outputs ports PI and PZ, 

(OUTB @HL) instruction cannot be used; therefore lZ kinds of instructions 

become available as effective input/output instructions. 

The details to specify the input/output circuit format of ports 

and initialization of the output latches are 2.3 Input/Output Port 

(Input/Output Circuit Format). 



..,. 
'-J 

'" 

I ---- III N~ : Port Symbol ~~~utPut Instructions ad- (Input/ 
Port,Register ~I" %P A OUT A , %P r -. - SET-%P-i,FrEST %P, b I SET L 

dress Output) 
(Input/Output) :I;j iP,'@HL OUT@HL,%P OUTIiK,%P IOUTB @HT~LR %P:bl TESTP%P,b I tk~T @1~ 

00 IPOO/OPOO Ko Input port/ - 0 1 i 0 

I 
01 IPOI/OPOI - I 

I 02 IP02/0P02 -
03 IP03/0P03 - i 
04 IP04/0P04 R4 I/O port 0 a 0 0 a 0 
as IPOS/OPOS Rs " 0 a a a a 0 
06 IP06/0P06 R6 " 0 0 0 0 0 I a 

I 07 IP07/0P07 R7 " a a a 0 0 I 0 
OS IPOS/OPOS R8 " 0 0 0 0 0 I 09 IP09/0P09 R9 " 0 0 0 0 0 I 

OA IPOA/OPOA -
OB IPOB/OPOB - C',) Serial buffer register (Reception) DC IPOC/OPOC I -
OD IPOD/OPOD - (**) Serial buffer register (Transmission) 

OE IPOE/OPOE I Status input/ - 0 0 
OF IPOF/OPOF ( *) / (><*) 0 0 0 
10 /OPlO /Hold control 0 I 

11 /OP11 / -
I 12 /OP12 / -

13 /OP13 / - (a) Control with timer interrupt of divider 
14 /OP14 / - (b) LCD drive control (1), (2) I 
15 /OPls / - (c) "_ee/e",""c,e , '''"Co'"' I 
16 /OP16 / - (d) Timer counter 2 control 
17 /OPl7 / - i (e) Serial port control I 
IS /OPIS / - I 
19 /OPI9 / (a) 

I ~ I i IA I /OPIA : / (b) (1) 

I IB /OPIB I / " (2) o 1 

IC /OPIC ' / (c) I o I 
ID /OPID I / (d) 

I 
a 

I 
IE /OplE / -
IF /OPIF / (e) 0 

Note 1: Inputs (IPIO °c IPIF) of port addresses 10 OC IF remain undefined. 
Note 2: rort addresses ""\lith "_I! mark are reserved addresses and cannot be used user I s program. 

TabJe 1.5.1 Port Address Allocation and Input/Output Instructions 
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(1) KO (K03'" KOO) Port 

This is a 4-bit port used for input. 

Each of these ports is a 4-bit I/O port with a latch. 

The latch should be set to "1" when the port is used as an 

input port. 

Pins R73 - R40 can be used for bit scanning for set/reset 

and test according to the contents of the L register by ex

ecuting the (SET @L), (CLR @L) and (TEST @L) instructions. 

(3) RS (RS3,"RSO) Port 

This is a 4-bit I/O port with a latch. The latch should be 

set to "I" when the port is used as an input port. 

It is a port common to external interrupt input or external 

timer/counter input. When it is used as normal I/O port, 

some measures, such as inhibition of the external interrupt 

input acceptance or disable of the mode depending on the 

external input of the timer/counter should be taken in a 

program. 

(4) Rg (R92,"R90) Port 

This is a 3-bit I/O port with a latch, and the latch must be 

set to "III when it is used as input port. 

The Rg port is also used as serial port. The port used as 

normal I/O port is not entirely influenced by disabling the 

serial port. 

Pin R93 is not mounted in the port, but "I" is read by ac

cessing to pin R93 in a program. 
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1.6 Interrupt Control Circuit (INTR) 

Interrupt factors are composed of two from the external circuitry, 

and four from the internal circuitry. By setting the interrupt latch 

provided for each factor, an interrupt is generated to the CPU. 

The interrupt latch is set when the edge of the input signal is detected. 

1.7 Frequency Divider (FD) 

The divider (FD 1 - FDIS) is made up IS-stage binary counter, and 

its output is used to generate various internal timing. 

1.8 Timer/counter (TC I , TC2) 

Two channels of 12-bit binary counter is contained to count time or 

event. 

Count Operation_ 

When the rising edge of the count pulse is detected, the count latch 

is set to send a count request to the CPU. 

The maximum frequency applied to the timer/counter is as follows. 

In the timer mode, the maximum frequency is determined by a command. 

The maximum frequency applied to the external input pin in the pulse 

width measurement mode should be the frequency level available for 

analyzing the count value in the program. 

Normally, the frequency sufficiently slower than the disignated 

internal pulse rate is applied to the external input pin. 

The maximum frequency applied to the external input pin under the 

event counter mode:> is dt~pendL'nt upon the operating state of the LCD 

drive circuit. 
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(a) At time of blanking operation 

Frequency applied at time of a single channel operation is 

fc/64 Hz. When channels are operated simultaneously, 

timer/counter 1 is fc/64 Hz and timer/counter 2 is fe/SO Hz. 

(b) When LCD display is enabled 

Frequency applied at time of a single channel operation is 

fc/128 Hz. When 2 channels are operated simultaneously, 

both timer/counter 1 and timer/counter 2 are fc/144 Hz. 

1.9 Serial Port (SID) 

A 4-bit serial port with a buffer is provided to transfer 

the serial data from/to the external circuitry. According to the 

contents of the command register, either one of transmit mode, receive 

(trailiag edge shift) mode or receive (leading edge shift) 

mode can be selected. 

1.10 Hold Control Circuit (HOLDC) 

The hold function is the function to hold the status imme-

diately before the system operation is stopped at low power con

sumption making the nost of the features of CHOS. 

The hold function is controlled by HOLD terminal input and com

mand register. 
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1.11 LCD Drive Circuit (LCDC) 

The THPI,7C22F has the built-in circuit that directly drives the 

liquid crystal display (LCD) and its control circuit. 

The TMP47C22F has the following connecting terminals with LCD: 

(a) Common output terminals (COMl - COM4) 

(b) Segment output terminals (SEGO - SEG23) 

In addition, VLC terminal is provided as the drive power terminal. 

As display data transfer operations to tIle drive circuit are 

entirely executed by the hardware automatically on the TMP47C22F, it 

is possible to illuminate LCD if only display data is stored in the 

data memory. 

The devices that can be directly driven is selectable from LCD 

devices of following drive methods: 

(a) 1/4 duty (1/3 bias) LCD 

Max. 96 segments (12 digits x 8 segments) can be driven. 

(b) 1/3 duty (1/3 bias) LCD 

Max. 72 ssgrnents (8 digits x 9 segments) can be driven. 

(c) 1/2 duty (1/2 bias) LCD 

Max. 48 segments (6 digits x 8 segments) can be driven. 

(d) Static LCD 

Max. 24 segments (3 digits x 8 segments) can be driven. 
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(1) Circuit configuration 

The LCD drive circuit consists of the function blocks shown 

in Fig. 1.11.1. 

SEGo 

Latch & Driver 

Shift Register 

COM, 

I---Clock __ 

(From Divider) 
ddress Contro 

I & Latch 

--~.--.- ... ~-----_~_~ ____ l __ _ 

Fig. 1.11.1 LCD Dri ve Ci reui t 

Internal Bus 

(Connect to the) 
Data Memory 
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(2) Control of drive circuit 

The operation of LCD drive circuit is controlled by the command. 

The command registers are accessed as port addresses OPIA and OPIB~ 

and are reset to "s" and "0" at initiali.::ation, respectively. 

Command 
regis ter 
(Port ad
dress aPIA) 

Command 
register 
(Port ad
dress OPlB)" 

MSB LSB 
r-,,-3 -,-_2----,- 1 0 

:nAB =EJ 

l'ISB 
3 

I Selection of LCD drive frequency I 
Frame frequency is based on fe/2 15Hz. 

fe/2 14Hz. 
(fe: Basic clock frequency) 

Designation of display data address bank 

! fOOO : 
(Display area in data memory is 
designated as addresses 00 cc 17 

20 cc 37 
40 cc 57 
60 cc 77 
80 cc 97 
AD"" B7 
CO"" 07 
EO"" F7 

I ! 001 : 

L' 1010: 
---------.j all : 

'100 : 

LSB 
1 0 

1101 : 
'110 : 
l11l : 

Note: The areas in parenthese are not 
actually designated. 

(*: Don't care) 

1 Designation of driving method I 

rOOD 1/4 duty LCD driving method is designated, 
iDOL 1/3 

~-----11 010 1/2 
1011 Static LCD driving method is designated. 
ll** Designation of driving method is held. 

I Oisplay Control I 
Blanking is applied or continued. 
Blanking is released and enables LCD 
display. 

Fig. 1.11.2 Control of Drive Circuit 

481 



• ' INlEGRATED CIRCUIT TMP47r22F.0.9~ 
"1~,-.» r 

----------------------~---------------------------~, 
TECHNICAL DATA 

482 

Drive waveform of LCD 

The LCD drive method is selected according to DTY of command register 2. 
DTY is reset to "0" at initialization. 

The drive method is initialized according to a LCD used in the initial 
program. (In the case of a 1/4 duty LCD, it is set at initialization.) 
Thereafter, DTY sets disable code only. 

Examples of LCDs and their drive waveforms are shown in Fig. 1.11. 3. 

~r-___ l_/_fF+~ __ ' ___ . __ ~~r--l __ -+-+Il-+ __ ~ __ ~_V:CD 
? u u c=J 

Data "1" Data "a" 

(a) 1/4 duty (1/3 bias) drive 
l/fF 

I ~ =-VLCD V JHtJc 
Data "I" Data "0" -VLeD 

(bl 1/3 duty (1/3 bias) drive 

l/fF 

I~ 
~LJ 

o 

Data "1" Data "0" 

(c) 1/2 duty (1/2 bias) drive 

l/fF 

o 

Data "1" Data "0" 

LCD Frame frequency, VLCD=VDD-VLC 

(d) Static drive 

(Note) fF 

FiS. 1.11.3 LCD Drive Waveform (COM-SEG Terminals) 
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LCD Frame frequency 

Frame frequency (LCD drive frequency) is given by the built-in 

frequency divider. It is possible to select base frequency (either one 

of 2 kind frequencies obtained from the divider) by SLF of command 

register 1. SLF is reset to "0" at the initialization. 

Frame frequency (fF ) is set according to the drive method and base 

frequency as shown in the following table: 

SLF 
Base fre- Frame Frequency (Hz) 
quency(Hz) 1/4 Duty 1/3 Duty 1/2 Duty Static 

fc fc 4 fc ~" fc fc 
0 215 2i5 3" 2i5 2 -215 215 

(fc=4 MHz) 122 163 -;- 244 -;- 122 

fc fc 4 fc ~"~ fc 

1 2i4 2i5 3" 2i5 2 215 215 

(fc=2 MHz) 122 -;- 163 244 .. 122 

(fc: Basic clock frequency) 

Table 1.11.1 LCD Frame Frequency Setting 
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LCD drive voltage 

The VLC terminal is the LCD drive power terminal. LCD 

drive voltage (VLCD) is given by VDD - VLC. Therefore, if CPU 

operating voltage and LCD drive voltage are same, connect the 

VLC terminal to the VSS terminal. 

Drive voltage applied to the LCD drive circuit is internally 

turned ON/OFF according to the operating state of CPU. That is, 

at the time of initialize operation and hold operation, the built

in power switch is automatically turned off to cut off drive 

voltage. 

The LCD power switch turned off by the initialize operation 

is automatically turned on when EDSP (MSB of command register 2) 

is set at "1" and voltage is applied to the drive circuit. 

Thereafter, as the power switch is not turned off by the blanking 

control by means of a program, drive voltage is kept applied to 

the drive circuit. 

On the other hand, the power switch is also turned off at 

the time of the hold operation, LCD display is turned off and the 

hold operation is executed at low power consumption. After the 

hold is released, the TMP47C22F is automatically returned to the 

state immediately before the hold operation was started. 

Further, when the built-in power switch is OFF, VDD level 

voltage is generally at either CO'~ terminals or SEG terminals. 
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(3) Display operation 
Display data setting 

TMP47C22F 

Display data is stored in the display area (max. 24 words) 

in the data memory. The conversion process of ordinary data into 

LCD display data is executed by instructions (ROM data referring 

instruction is mainly used.), 

Display data converted and stored in the display area is 

automatically transfered to the LCD drive cireui t and displayed 

by the hardware without any participation by a program. 

Therefore, change of display pattern is possible by changing only 

data in the display area in the data memory by a program. 

The LCD segment (dol) corresponds to each bit in the display 

area in the data memory on the one-for-one basis. This relation 

is shown in Fig. 1.11.4. 

~ Bit 
Address ~ 3 

(Di"slel;y) 0 

1 

2 
3 

22 
23 

f---- I 
f---- .- I 
f-- --+ 
f- i 

1 1 

1 o 

J 

1 
---+----+-

(SEGa) 

(SEGl) 

( SEG2 ) 
( SEG3) 

(SEG22) 

(SEG23) 

Fig. 1.11.4 LCD Diaply Data Area (Data Memory) 
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Where, each bit of the display data memory shows data of segment 

(dot) equivalent to Sr,Gi, COMj (0 < i ~ 23, :;, j ~ 4), and when 

data is "I", the LCD illuminates. 

Number of segments that can be driven varies depending upon the 

LCD drive method. This denotes that even in the display area of the 

data memory, number of bits used for storing display data varies. 

(a) 1/4 duty LCD (COM3 - COM I are used) 

All bits in the display area becomes display data. 

(b) 1/3 duty LCD (COM3 - COMI are used) 

Bit 2 - Bit a only become display data. 

(c) 1/2 duty LCD (COM2 - COMI are used) 

Bit 1 and Bit a only become display data. 

(d) Static LCD (COMI only is used) 

Bit a only becomes display data. 

Therefore, the data memory bits that are not used for storing 

display data or are equivalent to addresses to which no LCD is connected 

in the display area can be used for storing ordinary user's processing 

data. 

As stated above, the data memory is used for storing display data 

(max. 24 words), and it is possible to set an address space in the data 

memory, to which this display area is to be set, by DAB of command 

register 1 (See Fig. 1.11.2.). 

As the command register 1 is reset at "8" at initialization, the 

display area is initialized to 80 - 97 addresses. 



~ 

I 

INTEGRATED CIRCUIT 
TMP47C22F 

iii » TECHNICAL DATA 

Transfer of display data 

Display data that has been set in the display area of the data 

memory is automatically transfered to the drive circuit. 

This operation is executed in the following sequence. 

A display data transfer request is sent from the LCD drive circuit 

to CPU. Upon completion of an instruction under execution (if the timer/ 

counter processing and the interrupt acceptance processing exist, after 

they are executed), CPU sends segment (dot) data in the display data area 

to the drive circuit in one instruction cycle. 

This data sending cycle is taken place when drive voltage is kept 

applied to the LCD display drive circuit. Therefore, after intialize 

operation, this cycle is not taken place until EDSP is set to "1". 
Frequency of data sending cycle insertion is as follows: 

(a) In case of other than static drive at SLF=O, 24 times in 512 

instruction cycles. 

(b) In case of static drive at SLF=O, 24 times in 2,048 instruction 

cycles. 

(c) In case of other than static drive at SLF=l, 24 times in 256 

instruction cycles. 

(d) In case of static drive at SLF=l, 24 times in 1,024 instruction 

cycles. 

Therefore, when LCD display is enable, the apparent speeds in above 

cases are decreased by 4.9, 1.2, 10.3 and 2.4%, respectively. For instance, 

in case of other than the static drive at SLF=O. The apparent" speed is 

4.2 ~s to 4 ~s instruction execution speed. 
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Blanking Operation 

When EDSP (MSB of command register 2) is reset to "0", the 

LCD display becomes blank. EDSP is reset to "0" at initializa

tion. 

The blanking operation turns off the LCD by conditioning 

non-lighting operation level voltage to COM terminals. On the 

other hand, the SEC terminals ~re kert continued at normal operat

ing state. (In the case of static drive, no voltage is applied 

to COM-SEC terminals when the LCD is turned off by data, however, 

as the blanking operation keeps the COM terminal at constant 

VLCD/2 level, the LCD is turned off and the state between COM-

SEC terminals where the LCD is driven by VLCD/2. Therefore, 

note that the display state is somewhat different in these cases.) 

For drive waveforms, refer to Figl 1.11.6 - Fig. 1.11.9. 

When EDSP is set at "1", the LCD display is enabled and the 

LCD display is made according to data stored in the display area 

of the data memory. 

Further, when EDSP is initially set at "I" after the ini

tialization, the LCD power switch is also turned ON and drive voltage 

is applied to the drive circuit. 

LCD Display Control by Program 

Provided that EDSP has been set at "1", the LCD is automat

ically turned ON according to data stored in the display area of 

the data memory. However, prior to actual display operation it 

is normally necessary to initialize as shown in Fig. 1.11.5. 
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To drive the 1/4 duty LCD, 80 - 97 addresses in the display 

area of the data memory are used, and to operate it at SLF = 0 

(low speed operation), when EDSP is set to "l" after initializa

tion of data in the display area, the display operation is started. 

( Initialize 

I 
Set ting of LCD drive method 

(DTY) 

T 
Setting of Frame Frequency (SloE) 
Setting of Display are;l 
in the data memory 

(DAB) 

l 
Setting of clear or Initial 
Value of Display area in the 
data Memory 

1 
Re lease of Blanking (EDSP) 

J 

Display Operation 

U' Setting command) 

Set "00*;'(11 at port address 
OP1B. [Note 1] 
(Thereafter, use hl/O 1*'" 
only. 

Set "**;'0'(11 at port address 
OP1A. [Note 2] 

Set "11*,',11 at port address 
OP1B. 

[Note 1] Classification of commands for port address OP1B. 

"0000" '\; ''~Oll'' 
"01**" 
"11:1,*" 
"10*,',11 

Setting of LCD drive method 
Blanking by program 
Releasing of blanking (display enable) 
Cannot be used 

[Note 2] Normally, only one time of setting is required at the time of 
initialization, but as an exception, commands should be set at port 
address OP1A under the blanking state whenever the display area 
are switched. 
Fig. 1.11.5 Initialization of LCD Drive by Program 
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H1P47C22F 
TECHNICAL DATA 

Examples of display data when a numeral ctisp1ay is Dade by 

using the 1/4 duty LCD are shown in Table 1.11.2. For the connect

ing method of COM terminals tiud SEG terminals, the example shown in 

Fig. 1.11.6 is used. 

~ay data memory 
Display High order Low order 

address address 

ill 0 1 1 1 1 1 

NU-! ~~lay data memory 
1 Display iHigh order Low order 

mera : address address 

5 
I I 
LI. --+-------+-----

I 
I o 0 0 0 o 1 1 0 6 

2 J 1 1 1 0 
i----.-.-. '--- ....... --

3 ~' 1010 0111 

001 1 

8 
f------- ---=-- ------ ------

4 i '-I 0011 0110 9 

Table 1.11.2 Examples of Display Data (1/4 Duty LCD) 

Further, examples of display data when a numeral display similar 

to Table 1.11.2 is made by using the 1/3 duty LCD are shown in Table 

1.11.3. For the connecting method of COM terminals and SEG terminals, 

the example shown in Fig. 1.11.7 is used. 

Disp1av data memory Display data memory Nu- Nu-
meral High order Middle or- Low order 

rneral 
High order Middle or- Low order 

address der address 

0 * * 1 1 * 1 0 1 
----f--

I * * 0 0 ~'; 0 o 0 
._---f------

2 * * 1 0 * 1 1 1 

3 * " 0 0 * 1 1 1 

4 * * 0 1 * 0 1 0 

Table 1.11. 3 
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address address der address address 

* 1 1 1 5 * * 0 1 * 1 1 1 * 0 1 
----

* 0 1 1 6 I * * 1 1 * 1 1 1 * 0 1 
------

I * 0 0 1 7 * * 0 1 " 0 0 1 }', 0 1 
1-- -1 

" 0 1 1 8 i * * 1 1 " 1 1 1 * 0 1 

* 0 1 1 9 * * 0 1 " 1 1 1 * 0 1 

(* : don't care) 

Examples of Display Data (1/3 Duty LCD) 

0 

0 

1 

1 

1 
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')isplay Output 

The following are the examples of display output from LCD drive 

circuit according to each drive method. 

[l74 Duty (1/3 Bias) Drivel 

(EDSP) 

SEGO 

COHl 

COM2 

[0 COM3 

lJo 
OCM4 

-VLC 
(VLCD=VDD-VLC) 

-VLCD 
(Display data memory) 

+--+-+-+--- 0 
Address Data 

I 0 1 0 1 1 
101 1 

o 
(Selected) 

COM3 - SEG1----fu~-~ 

(Non-selected) 

(a) Example of connection 
and display character 

(b) Example of drive output 

Fig. 1.11.6 Example of 1/4 Duty LCD Display Output 
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1 1/3 Duty (1/3 B'as) I . .L Driv: 

-"(%tf~ 
~(}{ 

Address 

a 

2 

(EDSP) -----------

SEGO 

SEGI 

SEG2 

COMI 

-VLC 

-VDD 

--VLC 

:::--"'DD 

- -VLCD 
- VLCD 

(',: Don't care) COM2 - SEG2=====:J:==::f=====t:====F===t-----=--(Non-selecte~) ~ 
(a) Example of connection and display character (b) Example of drive output - -VLCD 

Fig. 1.11.7 Example f / a 1 3 Duty LCD Display Output 
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11/2 Duty (1/2 Bias) Drive I 

(Display data memory) 

Address Data 

o " * 0 

-I: * 0 

(EDSP) 

SEGO 

SEGI 

SEG2 

SEG3 

COMI 

COMI - SEGO 

(Selected) 

H1P47C22F 

I I 
- VDD 

- VLC 

I I 
VDD 

VLC 

~ L 
VDD 

- VLC 

- VDD 

- VLC 

- VDD 

VLC 

VDD 

VLC 

(VLCD~VDD-VLC) 

- VLCD 

,~- 0 

3 " ,< COMl - SEG2 ----,LJ--,----lDL---L-~-- F -
(Non-Selected) ~ __ ---.J -~O (*: Don't care) 

(a) Example of connection 
and display character 

(b) Example of drive output 

Fig. 1.11.8 Example of 1/2 Duty LCD Display Output 
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I Static Drive I 

~ ~a -n SEGl 

c:>.~ 
~~ 
~U~ 

(Display data memory) 

Address Data 

* * * 1 

* * * 0 

" * * 1 

(EDSP) ---________ ~ 

SEGo - VDD 

- VDD 

- VDD 

__ VLC 

(VLCD~VDD-VLC) 

COMI _ SEGO-- +--l=?u_-~- ~LCD 
(Selected) -- -VLCD 

-- VLCD 
o 
1 
2 
3 
4 
5 
6 

* 
* 

* 
* 

* 1 

* 0 

COM1- SEG4!1----------------q- - 0 

(Non-Selected) --~ 

494 

* * * 1 

* * * 1 

" * * 0 

(',: Don't care) 

(a) Example of connection 
and display character 

Fig. 1.11.9 

(b) Example of drive output 

Example of Static LCD Display Output 
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2. Basic operation and pin operation 

2.1 Instruction cycle, basic clock generation 

As the oscillation circuit has been built in, when the external 

(XIN, XOUT) are connected to the oscillator, required clocks can be 

easily obtained. Further, this oscillation circuit is the Schmitt 

circuit. The clocks obtainable from the oscillation circuit are 

called the basic clock (CP, fc Hz). The basic clock is input into 

the timing generator and system control circuit froD where various con

trol signals are generated. 

The instruction execution and the internal hardware control 

are synchronize'd with the basic clock. An instruction cycle con

sists of four machine cycles (MI ~ M4), and each machine cycle re

quires four basic clock times. 

2.2 Initialization operation, Hold function, interrupt input and others 

Initialization operation is performed by keeping the RESET 

pin to the low level. By this initialize operation, the internal 

registers are initialized and at the same time, the LCD power 

switch is turned OFF. Further, no pull-up resistor is built in 

the RESET termianl of the TMP47C22F. 

The hold function is the function to hold the status just 

before the system operation is stopped at low power consumption 

by making the most of the features of CMOS. The HOLD terminal 

is the signal input for the hold operation request and hold opera

tion release request. 
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Two pins (INTI, INT2) are provided for the external inter-

rupt input. Since these pins are common pins with RS port, they can 

be used as I/O pins respective] y, if not used as the 

interrupt input pins. The interrupt latch is set by the falling 

edge of the external interrupt inputs. 

The TEST terminal is used at time of the shippint test. 

When a user's system is to be operated, low level voltage should 

be positively applied. Further, the TEST terminal of the TMP 

47C22F has no built-in pull-down resistor. 
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2.3 Input/Output port 

Input/output Circuit Format 

TMP47C22F 

The input/output circuit format of the input/output port is ShOvffi following. 

For the THP47C22F, any of the input/output circuit systems shown in the follow
ing tables ca~ be selected. You can s~ecify your inpllt/Otltput circuit system 
when requesting the program tape. "raCaDE GD" is employed if not specified. 

.,---2nput/Output Circuit Code ilOCODE) GA 
~~------ .. ---------
Cir- Port Input ' I/O 
cuit ~' (Ko) (R 4 ,R s ,R 6 ) 

I~ I/o 

,:::-~t equiv-
alent 
cir-
cuit 

R~ lko. (TYP.) t R~ lko. (TYP.) 
f---- -- --- --- - --- -------------

o No resistor o Sink open 
is contained drain output 

o Output latch 
is ioi-

Remark tialized to 
the high level 

~ut/Output Circuit Code (IOCODE) GD 
~p~l-- - Input ---r--- 1/0---
I~~i~ ! (Ko) (IL.,P.S ,R6) 

--------r I/O I/O 
(R,) (R 8 ,R 9 ) 

I 

~~! -:Yq~ 
R~ lko. (TYP.) 

---------

0 Sink open 
drain output 

0 Output latch 
is ini-
tialized to 
the high level 

r---I /O -
I rp7 ') 

R~ IkQ (TYP.) 

a Schmitt cir-
cuit input 

0 Sink open 
drain output 

0 Output latch 
is initialized 
to the high level 

I/O 
(R8 ,R9) 

I/O 
equiv

alent 
cir
cuit 

i 

I VDD I 

o No resistor 
is con tained 

Remark 

I 

o Schmitt cir-open 

output I 0 drain output 

o Output latch Output latch 0 Sink open 

cuit input 

is ini
tialized to 
the high level 

is in i- drain output 

tialized to 0 Output latch 
the high level is initialized 

to the high level 
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Input/Out;>ut Circuit Code (I0CODE) GB 

~p-
--,----------------,----~~---

Ci-;,,:::~~rt Input I/O I/o I/o 
cuit --~ (Ko) (R4,Rs ,R6) (R, ) (R s ,R 9 ) 

I/O 

~~ equiv- R RIN 

~ =-:if ~f1? alent 
cir-
cuit 

~ 
RIN ~ 70kll (TYP 0) 
R~ lkll (TYP 0) R~ lkll (TYPo) R~ lkll (TYPo) R~ lkll (TYPo) 

r- -------1--------- --

0 Scnmitt cir-
0 Pull-up re- o Sink open o Sink open euit input 

sis tor is drain output drain output 
Sink open 

contained 
0 

Remark 0 Output latch o Output latch drain output 
is ini- is in i-

Output latch 
tialized tialized 

0 
to to 

is initialized I the high level the high level 
to the high level 

Input/Output Circuit Code (IOCODE) GC 

~~T--- Input I 
T---------r 

I/O I/O I/P 
2t'it I (Ko) I (R 4 ,Rs ,R6) I (R,) I (R B ,R 9 ) 

I I 
i 

I/O I 
equiva-

T:-:gI-:j}{J ~~}? lent 
cir-
cuit 

RIN ~ 70kll(TYP j 
R~ lkll (TYPo) _ R~ lkll (TYPo) R~ lkll (TYPo) R ~ lkll (TYP 0 ) 

------
o Pull-down re- 0 Sink open o Sink open o Schmitt cir-

sis tor is drain output drain output euit input 
can tained 

o Output latch o Output latch o Sink open 
Remark 

is ini- is in i- drain output , 
tialized to tialized to 

o Output latch I the high level the high level is initialized 
to the high level 
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Input/Output Circuit Code (IOCODE) GE 
---- ---,-

~:: 
Input I/O I/O I/O 

Cir- (Ko) (R, ,Rs ,R.) (R 7 ) (Ra,R.) cuit 

I/O ~I:s& equiva- R RIN I~ ::-:tf ~~f~ lent 
cir- R 

cuit 
RIN = 70k>l (TYF.) 
R= lk>l (TYP.) R= lk>l (TYP. ) R= lk>l (TYP. ) R= lk>l (TYP. ) 

o Pull-up o Push-pull o Sink open o Schmitt cir-

resi\stor is output drain output euit input 
containl'd 

o Output latch o Output latch o Sink open Remark 
is ini- is in i- drain output 
tialized to tialized to o Output latch 

the high level the high level is initialized 

I to the high level 

Input/Output Circuit Code (IOCODE) GF 

~T Input ! I/O T I/O I/O Cir- , 
cuit _, (Ko) : (R"Rs,R.) (R 7 ) (Ra,R.) 

i. ::f I/O I 
equiva- I 

~~p ;::"~~ ,~ 
CU1t I 

RIN=70k>l(TYP.) 

t-R= lk>l (TYP.) R= lk>l (TYP.) R= lk>l (TYP.) R= lk>l (TYP.) 

o Push-pull o Sink open o Pull-down o Schmit t cir-
resistor is output drain output euit input 
contained 

o Output latch o Output latch o Sink open 
Remark is ini- is ini- drain output 

tialized to tialized to o Output latch 
the high level the high level is initialized 

to the high level 
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3. Instructions 

The TLCS-47 series microcomputer is provided with 90 

instructions, which are soft't'lare compatible within the 

series. The instructions of the TLCS-47 series is consist of I-byte 

instructions or 2-byte instructions. To classify them in terms of the 

execution time, there are I-cycle instructions and 2-cycle instructions. 

I-byte, I-cycle instructions are mainly used in this series, 

and are arranged so as to improve the program efficiency. 

The TMP47C22F is software compatible with other 

versions of the TLCS-47 series; however, since it has no 

built-in output ports PI and P2, (OUTB @HL) instruction cannot be 

used, so that 89 instructions becorJe available as effective 

instructions. 

I-byte 
I-byte 
2-byte 

I-cycle instruction 
2-cycle instruction 
2-cycle instruction 

(a) Classification by byte/cycle 

Move instruction(Note) 
Compare instructi.on 
Arithmetic" instruction 
Logical instruction 
Bit manipulation instruction 
Input/Output instruction 
Branch-subroutine instruction 
Other instruction 

40 
11 -1 
39 

Total 90-1 

22 
6 

16 
9 

24 
6 -1 
6 
1 

Total 90-1 

(Note): Including ROM data referrins instructions 

(b) Classification hy function 

Table 3.0.1 Classification of instructions 
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1 tem 

Classi 

ObJect I'olc 

B 1nary 

2nd Byte 

A ,@-lL 00 00 11 00 

A ,X 00 11 11 00 X7X()X5X4X:3x2xIXO 

HL, X LD 

00 01 00 11 

XCI-l A .@HL 00 00 11 01 

XCH A, X 00 11 11 01 x7x6xSX4X3x2x\xO 

XCj{ HL, X 00 10 10 01 x7x6x5x4x3X2XtXo 

CMPh 

CMPR 

I CMPR 

CMPR 

A ,@l:L 00 01 01 10 

A , X 

A,=!-/-1< 

H ,j#( 

00 11 11 10 x7x6x5x4x3X:2x,xO 

11 01 kgk2kll<O 

00 11 10 00 11 01 k3k2kjko 

00 11 10 00 10 01 k3k2kJkO 

00 10 11 10 k3k2>::lkOV3Y2YIVO 

00 01 10 00 

3 E 

3 8 

o 8 

1 B 

n1P47C22F 

(EIR)¢(AC) 

M[(HoL)],:::! (Ae) 

xHx L M[xJ;::!(AC) 

null_M [(H'L)]-(Ar.) 

xHxL null_M [xJ-C;C) 

I null_k_(AC) 

k : null-k -Um) 

: ; i :~~~:: ~~~;~ 
I (M')-(Ac)+1 

(LR)_(LR) + 1 

- Z 1 1 

- Z 1 1 

- 7. 1 1 *2 

- Z. 1 2 *2 

B z Z 1 

z ~i 2 is z r B 2 

B 2 

B z Z 2 

- Z C 1 

- Z C 1 

~~~'~--'~~~~~--------~~0~9----~~7~~c~~~~~~L;~~~;~:_~[(~:~'L~1~J+~l~_ --------t= z C 1 

B 1 

Z Ii 1 

Z Ii 1 

ROLe A 

RORe A 

AND A ,@HL 

AND A ,j#( 

ANO @HL,+Ik 

OR A ,@)!L 

A ,j#( 

@.flL,-lj::k 

XOR A ,@HL 

o B 

15 

00 11 10 00 01 01 k3k2kJkO 

00 01 01 

(LR)-(LR) -1 

\i[ (HoL)]_M[ (HoL)] - 1 

(Ac)-CAe) +M[(H.L)]+ (CF) 

(AC)_(AC) + M[(Hoi...)] 

k i (AC)-(AC)+k 

: I ~~:~:;::~:: 

1= 
C Z C 1 

- Z C 1 

- Z r 2 

- Z C 2 

- Z C 2 

k Y M[y]-M[Y]+k - Z C 2 

(AC)_M[(Hor,)]_(AC)_:'CF) B Z B 1 
(AC)_k_(AC) - Z B 2 

M[(HoL)]_k_M[(H.L)] Z B 2 

100 

00 00 01 11 
--------

) 
~ (rotatelehbyl Z C 1 *4 

.-+~~ ____ ~,~~~A~C~~F~~(~cc~m~,~e~n~g~I"~~~l~b~"~) __ ~~~~1 *, 
i (Ac)-(AC)!\M[(HoL)] 

:3 k '(AC)_(AC)!\k 

00 01 11 10 

'00 1110 00 00 

100 11 10 00 01 

00 01 11 01 

00 11 10 00 00 

00 11 10 00 01 

00 01 11 11 

11 k3k2kJkO 3 

11 k3k2kJkO 3 

10 k3k2klkO 

10 k3k2klkO 

8 

" I' M[ (1-1oL)) _M[ (HoL)]!\ K 

(Ac)-(AC)Vk 

M[(HoL)]_M[(H·L)] Vk 
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(cont inued) 

Item 

elas s ~ 
flcatlOrl 

ObJ eet Code 

Assembler 
BInary 

MnemonIC I I 1st Byte 2nd Byte 

TEST CF 100 00 01 10 

TEST A, b 01 01 11 ~bo 

TEST @HL, b 01 01 10 b]bO 

TEST y. b 100 11 10 01 10 b 1boY3YZY1YO 

TEST %p ,b 00 11 10 11 10 b i boPaP2P1PO 

TEST @L 00 11 01 11 

TESTP 00 00 01 00 

TESTP ZF 00 00 II 10 

TESTP OF 00 00 00 01 

TESTP Y , b 00 11 10 01 11 b 1boYSY2YtYO 

TESTP 'fop, b 00 11 10 11 11 b1boP3P2P1PO 

SET 00 00 00 11 

SET @HL, b 01 0100 b1b(l 

SET Y , b 00 11 10 01 00 b1bOYSY2YtYO 

%p , b 00 11 10 11 00 b 1boP3P2PlPO 

@L 00 11 01 00 

CLR OF 00 00 00 10 

CLR ~HL, b 01 01 01 blbo 
CLR y , b 00 II 10 01 01 b 1bOY3Y2YIYO 

CLR r"" , b 00 11 10 11 01 b1 boPlP2PIPO 

CLR @L 00 11 01 01 

'" 1_2n,d 
Byte Byte 

0 6 

5 C+b 

58+b 

S 9 8+b 

3 B 8+b 

S 7 

0 , 
0 B 

S 9 CH 

Nb 

FUllctlon 

(S1<') +---(C"F), (CF) +---0 

(SF)<-~ 

(SF) __ M[(HoL) J<b> 

Y (SF)<--M[yJ<P> 

p (SF) <-- P[P]<b> 

(SF) +-- p",[7CCiLR")<"'S":02>J-=''':k7('LR",)<i/;--l:'''0'''>''> 

(Sfi')+-- (CF),(CF) <-1 

I i::~: i~:~ 
) (SF)+--M[yJ<b> 

P (SF)- P[p)<b> 

o 3 (GF) <--- 1 

5 b M[(H·L) }<b>+---l 

3 9 b Y M[yJ<b>+--1 

S B 

3 , 

o 2 

54+b 

3 9 4+b Y M[yk"b>+---Q 

3 B 4+b P P[pKb> ....... O 

3 5 P[(LR)<3 :2:>+4 k(LR)<l: O»+-- 0 

o - * 1 

- - * 1 

- - * 1 

- - * 2 

1 1 

- - 1 2 

11 
- - 1 1 

- - 1 2 

- - 1 2 

CLR IL r 
EICLR I.L r 
DICLR IL r 

00 II 01 10 II TSr.,T3 T ZT I T O 

00 11 01 10 01 T5 f 4 f 3 f 2TI TO 

00 11 01 10 10 T5 T4 f 3 T2flTO 

3 6 

3 6 

3 6 

C+rHfL (INTL)<5:0>.-(INTLJ<5:0)(V<5:0> 112 

4+rHfL (EIF')<-l, (IN'rL)<S: 0>"'" (INTLY'::S:d>N--:::p:d> - - 1 \ 2 

8+rHfL (E:IF)<---O,(INrL)<5:0::>+--(lNTL)<.5:0)l\r<5:d> -

IN %p ,A 00 11 10 10 00 10 P3P2P]PO 2 P (AC)<-P[pJ - Z Z 2 

IN %p ,@HL 00 11 10 10 01 10 PaP2PIPo 3 A 6 P M[(H·L)J+--P[pJ - - Z 2 

OUT A ,%p 00 11 10 10 10 p~O P3P2P]PO - - 1 2 

OUT 2 C k P p[p]_k - - 1 2 

OUTB @HL 00 01 00 10 

BS 01 10 aUaup.~8a7a6asa4a~2alaO 

10 dSd4d3d2d1dO 

6 aH aM aI, If SF-I then(pC)+--a else nUll. - 1 2 

CALL 00 10 0 al0aga8a7asa5a4a3a~laO 

8+dHdL If SF=l then(PC)+--a else null,a={PC)<ll:d>d - - 1 1 *5 

2 aH aM aL STACKUSPW)]+--(PC),(SPW)+--(SPW) 1, 2 *5 

CALLS a 

2 A 

(PC) ...... a, O~ a ~ 2,04'1 

STACK[(SPW)] +-- (PC), (SPW) +-- (SPW)~1, 

(pC)+--a,a=Bn+6(n~) ,134(n=Cl) 

(spw)+--(spw) +1, (PC)+--STACK[(SPW)] 

- 2 *5 

RET 

RETI 

00 10 10 10 

00 10 10 11 2 B (SPW)-(SPW)+1 • (FLAO.PC)+-STACK[(SPW)J, * * * 2 

(EIF)+-1 

00 00 00 00 o 0 no opera tion 

Note 1. SettIng Condl tlon of Flag. 
~C~ Indicates the carry output from the most signIfIcant posItIon 

in the addItIon operatIon, and ~B~ indIcates the borrow output from the 
POSl tion In the subtraction 

IS applIed 
only when e1 ther the ALU output of the processIng resul t or all 
four bIts of the data transferred to the accumulator are zero. 

The flag IS set to "C~,"C~."B"."Z","Z","l",or·O" according 
to the data processing rusult. The valu", I:lpecifled the functIon is 
set to the flag WI th the mark "*" ,and the mark "~.. no change 
In the state of the flag. 

Note 2. The zero flag IS set according to the data set In the accumulator. 
Note 3. The f1ags(ZF,SF)are set accordIng to the result of lncrement or 

decrement of the L register. 
NOte 4. The carry IS the data shIfted out from the accumulator. 
Note 5. The ccntents of the program counter Indicate the next address of 

the lnstruction to be executed. 
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INTEGRATED CIRCUIT 
Tr~p47C22F 

iii » TECHNICAL DATA 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXH1UM R_IITINGS (VSS OV) 

SYMBOL ITEM RATING UNIT 

'iDn Supply Voltage "-t"-- -0 . 5 'V 7 

VLC Supply Voltage (LCD Drive) 

Input Voltage 

-1 ~_y __ D_D_+_O_. 5_--1 ___ ----1 

__ ~ __ -:-O. 5 " VDD+O ._5_-+-_V_--1 

I -0. 5 " VDD+O. 5 
VOUTI Output Voltage (Except open drain 

/---___ +__ t_e_:..mi.:'--,,~)_ 

~_! Ou~~u_t_V~_ltage_«()peIl~r,,~n~e!~~?al) _+ ___ -_0_._5_" __ 10 __ r-___ --j 

VUl 

V 

PD Poser Dissipation (Topr = 70°C) 400 mW 
-- -------------- ------ - ------1--

Tsld , Soldering Temperature' Time 260 (10 sec.) 

~-!St.;;;;.ge- T~;;p~r;tu-;:~- -----/------ -55 " 125°C 
---;------------------------ -------------

Topr i Operating Temperature -30 'V 70 

RECOin~ENDED OPERATING CONDITIONS (VSS OV) 

SYMBOL ITEM CONDITION MIN. MAX. UNIT 

~r __ L OP."rating Temp=~atur-,,---___ ----------f _-_3_0_--+ __ 7_0_+_o_C_-1 

VDD ; Supply Voltage ! 4.5 6 
1------- -- ,---------- ---------------+--------+--'-'-'--+-----:...---i 

VDDH ; Supply Voltage (Hold), 2 6 

~----+-s.;pply Voltage (LCD Drive) --t--------l 0 i VDD-2. 7 
f-------, -- .. ------ ----------.---------------------- --1- --- ----f---

VIHI High Level Input Voltage I V 0 I V ( ) ~ DDx . 7 I DD 
_Ex,,-ep~_Schmitt<::i:::'':.t1~~2.nput : VDD;. 4.5V ' ___ -+_ ----~ 

VIH2 

VIH3 

High Level Input Voltage i VDDxO.75 i VDD 
(Schmitt circuit input)! I 

--------- --- --f------- ----- -~---

l!i:;h Level Input Voltage i VDD < 4. 5V , VDDxO. 9 VDD 

VILI -+ -- Lo'-, Level Input V~lt;g;----rl 
(Except Schmitt circuit input) I 

---I VDD;' 4. 5V 1------j--------1 

o VDDxO.3 

VIL2 I t~~h:~~;\;~~~Jt V~~;~;) I i o VDDxO.25 

V 

V 

I--~~':'_ _ r:'':'.:ive~_Inp_u~ _~o!.r-,,~~ ___ ~ __ V_D_D_<_4_. _5 V_+-__ O_----ii--V_D_Dx_O_._l-+ __ ----I 

fC _~~~:Ic.!r::CJ_t1=~_~~___ ----i.------- O.4_+-_4_._2 __ +_MH_z----i 
tWCH High Level Clock Pulse Ividth(Note 1) VIN = VIH 80 

~L Lo;::-L~~~lci-;~k-l'~is~ l1id;h(llo~~- l~t-viN-;' VIL-----SO-
nS 

(Note 1) For external clock operation 
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• INTEGRATED CIRCUIT 
TI"PLf7C22F 

iii 5; TECHNICAL DATA 

D.C. CHARACTERISTICS (VSS=OV, VDD=5V±l0%, Topr=-30'C 70° e) 

SYMBOL P.;HAMETER 

HYSTB:RE8.!S VCJLTl,GE \.S:HMITT 

! 
9L'PJ'r,";" \.;CRHENI \ AT ,]FERJ..TTNY' 

1--_1_"_I1_J_+ \NCiTE.'," 

DDH 
SLTeI'I.-{ OPRRENT 
,NOTE.c) 

\ ,\ T WJLDIl'W) 

\ N\~''.:'E •. ~ AT TIME OF LEVEL 8W1TC'HIN:J WHEN THE 
\NOTB~ •. · :~H()WF ON-RE81STid';'"jE AT 'liME OF LEVEL ~~WIT::::H1N',} WHEN -:'HE 

LlSEI'. 
\ W.'::T8~." WHEt: KLi H..\:-: ~D" P:llLT-IN INP[,T RE~HSTEH, C:JRRENT 

YCRTHF.JH, \"OL'TMJE :-:FlYEl AT R "R)RT IS VALLT'. 

A.C. CHARACTERISTICS (Vss=OV, 

PARAMETER CONDLTION 

I tl',Y I 

I 
MI N. 'TIT ,i,NJTE.::" MAX. LIN. ': 

., 

T ,E.:=: 

: .. T .s .r 
T ,"S,D 

kil 
T. B.D 

" B D 

T .B.D 

(+.C· 

, 
.~-I-

.:c: 

P D m;", 

T F D ,a; 

RESISTER J~ EX ::_.~.TnED. 

OH DUT':' LCD 18 l]8ED. 
lH 2TATI·; L·:;D 1.3 

TlL',-:- AT TIME OF OPEN, 

MIN. I ~'yp. I MAX. I UN!" I 
.'." I I 4C I .ItS I 

I 1,SDI1 I SHIFT DAT\ HOLD TIME [NOTE i.L~ tcy -~ 0,_' I I I nS I 

A. C. TI rv'IilG C~I\RT 
\ NOTE • .i. 

• SERIAL PORT (Compl ~tion of Tra'lsmission) 
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• INTEGRATED CIRCUIT 

iii:': TECHNICAL DATA 

EXTERNAL DIMENSIONS 

0.8 Pitch 

1- -[ 
MARKING AREA 

I 

I 

L __ -~ 

20.0 ± 0.1 

MARK 

21.4 ± 0.4 

(26.0 + 0.5) 

TMP47C22F 

Uni t mm 

31 

"" m 

25 

'"' 23 

0.7 

N 

2 
o 
N 

r-l 

c:: 
+t 

c: 
" r-l 

" 
0 

+1 

" 
en 
r-l 

Weight 1.3g (TYP.) 

;;:; 
c:: 
+t 

c: 
0 
;::; 
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INTEGRATED CIRCUIT 
H1p l 17C22F 

TECHNICAL DATA 

Specification of program tape and input/output circuit format 

The THP47C22F will be able to made enginnering samples (ES) if you 

specify the program data and input/output circuit format by use of a 

paper tape. 

The paper tape format is equivalent to the Hex. format of Intel 

Co. (Format 1). 

The program data should be specified wi thin the address space 

corresponding to the built-in ROH capacity: the addresses 000 - 7FF 

denote the address range in the THP47C22F. 

1. Specification of input/output circuit format 

The paper tape of Format I starts recording the program data 

after record mark ":", but the input/output circuit code should be 

specified just before the first record mark. 

The "rOCODE XX" format is used to define the input/output circuit 

code. XX denotes the proper input/output circuit code (two alphabets). 

(Note) If the input/output circuit code is not specified, "IOCODE GD" 

is employed. It should be noted that if the specified format 

is different from the standard one, and if the specified input/ 

output circuit code is illegal, such specifications may be 

considered to have not been made. 

(Example of tape list) 

TOSHIBA HICROCOHPUTER TLCS-47 
IOCODE GD 
:100000000665C7D79CF50F3F95lFED55A8FF16E570 
:1000100088884DDE76E3lF5D8ABA6DF292Fl13F5Cl 
:l00020004FFlF 

:1007EOOOB53D42EOEC32546025B7308CDD52063DlD 
:1007FOOOB4BE9E9E345B6l38060B20BC372BF60BD6 
:OOOOOOOIFF 



• INTEGRATED CIRCUIT TMP47C22F "~ 
iii» TECHNICAL DATA ~ 

~~~------------~------------------------~~~ 
2. Program tape format (Format I) ~ 

Leaders Hare than 50 characters of "NULL II 

record mark ": II and 

not included. Not specially 
Specificatlon of the required. 

Conunent 

@) 

cord"ent( ~~;c~~~u~~~~~~u~re ) } 

f input/output circuit format. 

~peclficatlon ofth~put.EUtput Ciycurtj 
format IOCODE XX (XX denotes the input/out It is considered 

@ 

@) 
@ 

: 

@) 
@ 

: 

put circuit code) (It does not matter if to be no specifica-
there is "NULL!! from immediately after CClD, tion, if not specified. 

@ to immediately before record marking.) 

--- -Record mark (start of record) --

Record (the number of program data within one record~ 
length is represented by two-digit hexadecimal nota

tion. 1100" denotes the end of data. 

Load (the first address of the record is represented) 
address by four-digit hexadecimal notation. 

Re cord 
type 

. . .. Dilta 

... Cht:.cksum 

Normal record 
End of file record 

(I-byte data is represented by ) 
two-digit hexadecimal notation. 

(

two-digit hexadecimal notation is used to re-) 
present the data of the lower-order eight bits 
in the value ",-'hich the data covering from the 
record length up to immediately before the 
checksum is subtracted from the initial 
value O. 

Record mark (the same procedure is repeated herejnafter.) 

~} ... 
L/ 

Trailers More than 50 characters of "NULI/' 
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BBIT SINGLE CHIP MICROCOMPUTER 

TLCS- 84(NMOS/CMOS) 





INTEGRATEDCIRCUIT 
TECHNICAL DATA 

8-BIT SINGLE-CHIP MICROCm1PUTER 

GENERAL OESCRIPTION 

TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

H1P8048P /8048PI 

H1P8035P / 8035PI 

N-CHANNEL SILICON GATE MOS 

The TMP8048P, from here on referred to as the THP8048, is a single chip 
microcomputer fabricated in N-channel Silicon Gate MOS technology which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 64 x 8 RAM data memory, lK x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The ~W8048 is particularly efficient as a controller. It has extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. 

The Tl1P8035P is the equivalent of a TMP8048 without ROM program memory on 
chip. By using this device with external EPROM or RAM, software debugging 
becomes easy. 

FEATURES 

Compatible with Intel's 8048 

2.5 wS Instruction Cycle 

All instruction 1 or 2 cycles 

Over·90 instructions; 70% single byte 

Easy expandable memory and I/O 

64 x 8 RAM 

27 I/O lines 

Interval Timer/Event Counter 

Single level interrupt 

Single SV supply 

lK x 8 masked ROM -40'e to +85'e Operation (Tl1P8048PI/ 
TMP8035PI : Industrial Specification) 

PIN CONNECTIONS (Top View) 
TO 

XTALl 
XTAL2 
RESET 

SS 
INT 

EA 
RD 

PSEN 
WR 

ALE 
DBO 
DBI 
DB Z 
DB3 
DB4 
DBs 
DB6 
DB7 

(OV)VSS 

Vce (+sV) 
Tl 
1'27 
P26 
P2s 
P2I, 
P17 
P16 
PIS 
P14 
P13 
P12 
Pll 
PIO 
VDD(+sV) 
PROG 
P23 
P22 
P2l 
P20 
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• INTEGRATEDCIRCUIT TMP8048P/8048PI 
H1P8035P/8035PI 

510 

TECHNICAL DATA 

BLOCK DIAGRAM 

Oscillation 
Frequency 

Control and 

XTALz 
XTAL1 RESET INT EA 

H 0 ~ HH p.t%J 
.g '" " " .., :>< 

" '" "Ort n> rt 

" 
,... n> 

" n> 
rn n> 

rt H rt rt'" '" .., 
'" H .., 

" III H .g til III 
rt .g n> H 
0 rt H .., 

" n» 
rt no. 

rtl 

gister/ 

Decoder 1====:::;-, 

Accumula tor 
Bit Test 

Timing Circuit 

SS ALE PSEN ill WR PROG Note 1) 

'---y--J 

til t"'> til"" & til OJ ..... III 0- rt .., :i.e " rto- .., 0 rt 
()Q " .., o ()Q III o III 
H :Tn> ". .., "." Note 2) n> rn ro III til n> p. 

til'" S rt n> 
til rt .., .., 
rt .., 0 
n> 0 ". 

"0 ". n> 
n> '" 

2 

6 

Mask ROM 

lK x 8 

(Program 
Area) 

RAM 

64 x 8 

The"lower order 4 bits of 
port 2 output latch are 
used also for input/outpt 
operations with the I/O 
expander. 

The output latch of port 
address is also used for 

output . 



INTEGRATEDClRCUIT 
TECHNICAL DATA 

PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Circuit GND potential 

VDD (Power Supply) 

H1P 8048P / 8048P I 

H1P8035P/8035PI 

+SV during operation Low power standby pin for TMP8048 RAM 

VCC (Main Power Supply) 

+SV during operation 

PROG (Output) 

Output strobe for the TMP8243P I/O expander 

PlO-Pl7 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup -;; SOKll ). 

P20-P27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup:; SOKll ). 

P20-P23 Contain the four high order pn)gram counter bits during an external 

program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 

DBa -DB7 (Input/Output, 3 State) 

Ture bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions ,JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

Tl (Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/StRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with condItional jump 
instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low) Used as a Write Strobe to 
External Data Memory. 
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• INTEGRATEDCIRCUIT HlP8048P /8048PI 

H1P8035P /8035PI 

512 

TECHNICAL DATA 

RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and"is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

58 (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being executed. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High). 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 

FUNCTIONAL DESCRIPTION 

1. System Configuration 

The following system functions of the TMP8048 are described in detail. 

(1) Program Memory (6) Stack (Stack Pointer) 

(2) Data Memory 

(3) I/O Port 

(4) Timer/Counter 

(5) Interrupt Control Circuit 

(1) Program Memory 

(7) Flag 0, Flag 1 

(8) Program Status Word (PSW) 

(9) Reset 

(10) Oscillator Circuit 

The maximum memory that can be directly addressed by the TMP8048 is 
4096 bytes. The first 1024 bytes from location 0 through 1023 can be 
internal resident mask ROM. The rest of the 3072 bytes of addressable 
memory are external to the chip. The TIW8035 has no internal resident 
memory; all memory must be external. 



• INTEGRATEDClRCUIT TMP8048P /8048P I 
TMP8035P/8035PI -:=e ww:.-;. TECHNICAL OAT A 

There are three locations in Program Memory of special importance. 

Location 0 

Address 
4095 

2048 

2047 

1024 
1023 

Memory Bank I 

Memory Bank 0 

Program Memory Area 

Activating the Reset line of the processor causes the first instruc
tion to be fetched from Location O. 

Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

Location 7 

A timer/counter interrupt resulting from a timer/counter overflow 
(if enabled) causes a jump to a subroutine defined by address held 
in Location 7. 

Program addresses 0-2047 and 2048-4095 are caLled memory banks 0 
and I respectively. Switching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of an 
unconditional jump instruction or call instruction executed after using 
SEL MBO or SEL MEl. 

Reset operation automatically selects Bank O. 

(2) Data Memory 

Resident Data Memory (volatile RAM) is organized as 64 words by 8-bits wide. 

The first 8 locations (0 - 7) of the memory array are designated as working 
registers and are directly addressable by several instructions. 
By executing a Register Bank switch instruction (SEL RBI) locations 24 - 31 
are designated as the working registers in place of 0 - 7. 
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INTEGRATEDCI RCUIT 
TECHNICAL DATA 

Address~------------~ 
63 

Data Memory 

32 
31 R-;;;i-;'t~-ia~kl-
24 RBI 
23 ----------

8 Level Stack 

8 
(16 byte) 

7 R-;;~i~te~ -B~;k-O-
o RBO 

Internal Data Memory Area 

mp8048P/8048PI 

TMP8035P /8035PI 

RAM locations 8 - 23 serve a dual role in that they contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 

ALL 64 locations are indirectly addressable through either of two RAM 
Pointer Registers which reside at RO and R1 of the Register array. 

The T11P8048 architecture allows extension of the Data Memory to 256 words. 

(3) Input/Output Ports 

The T}w8048 has 27 I/O lines which can be used for either input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 "test" inputs which can alter program sequences when, tested by con
ditional jump instructions. 

Ports I and 2 are each 8-bits wide and have identical characteristics. 
Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

All lines of Ports I and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure I)". Each line is 
continously pulled to a +5V level through a high impedance resistive device 
(50K n) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL gate thus allowing the same 
pin to be used for both input and output. In order to speed up the "0" 
to "I" transition a low impedance device (5K n) is switched in momentarily 
whenever a "I" is written to line. When a "0" is written to line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capability. 



INTEGRATEDCIRCUIT H1P8048P / 8048P I 
TMP8035P /8035PI • = ~ TECHNICAL DATA 

ANL. ORL 

Internal Bus--t-...... -ID Q 

D-Type 

Flip-Flop 

+5V +5V 

CLK Q ~~----I 

Write Pulse.--+-~------~ 

Inter Buffer 

IN 

50kQ 

Fig.l Input/Output Circuit of Port 1, Port 2 

50kQ I/O pins 
Portl or 2 

Reset initializes all lines to a high impedance "1" state. 

When external data memory area is not addressed during execution of an 
internal program, Port 0 (DBO - DB7) becomes a true bidirectional port 
(bus) with associated input and output strobes. If bidirectional feature 
not needed Bus can serve as either a statically latched output port or 
a non-latched input port. However, I/O lines of this port cannot be 
intermixed. 

As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

As a bidirectional port the MOVX instruction5 are used to read and write 
the port which generate the WR RD strobes. 

When not being written or read, the Bus lines are in a high impedance 
state. 

(4) Timer/Event Counter 

The 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 

Timer lDOde 
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INTEGRATEDClRCUIT 
TECHNICAL DATA 

(2) External input clock form Tl terminal 

(minimum cycle time 3 x ALE cycle) 

H1P8048P /8048P I 
TMP8035P / 8035PI 

Event Counter mode 

The counter is preset table and readable with two MOV instructions 
which transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is initial
ized solely by the MOVT, A instruction. The counter is stopped by a 
Reset or STOP TCNT instruction and remains stopped until started by 
START T instruction or as an event counter by a START CNT. Once started 
the counter will increment to its maximum count (FF) and overflow to 
Zero continuing its count until stopped 'by a STOP TCNT instruction or 
RESET. 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a subroutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with the 
conditional JUMP (JTF). The flag is reset by executing a JTF or by RESET. 
Figure 2 illustrates the concept of the timer circuit. 

XTAL/lS 
1/32 

Pre-scaler 

Cleared on Start Timer 

Tl f-----IEdge Detector 

8-Bit Timer/ 

Counter 

IT 
Read/Write Enable 

JTF Instruction 

Timer Interrupt 
Request Flip-Flop 

INT 

Timer Interrupt Enable 

Fig.2 Concept of Timer Circuit 



• INTEGRATEDCIRCUIT 
iii » TECHNICAL DATA 

TMP8048P /8048PI 

TMP8035P/8035PI 

JTF 
lust ruction 

Reset 

Timer Overflow 

8 

Timer 
Flag F-F 
R 

Conditional Jump Logic 

-----+.--j8 QI-------1 

Timer Interrupt 
Execution------~.-' 

Reset 

INT pin 

ALE 

Timer 
Overflow 
R F-F 

Inter-
rupt 
F-F 

RETR 
Instruc
tion 

K QI-------1---.., 
H-t-~---lD 

r-~m,,_-,External inter
CLK rupt Recognized 

Q 

Last cycle 
of Inst ructlon 

EN T 
Instruction N TCNT I 8 .... Q 

Instruction ~ 
H 

H H 
Q) Q) 
I'i .... r.>< 

REj..:irL 

Reset----~-+--------------------J 

Instruction 

Fig.3 

DI8 TCNTl 
Instruction 

Concept of Interrupt Control Circuit 

(5) Interrupt Control Circuit 

Timer interrupt 
Recognized 

Execution of Inter
rupt Call Instruction 

There are two distinct types of Interrupts in tne TMP8048. 

(1) External Interrupt from the TNT terminal 

(2) Timer Interrupt caused by timer overflow 
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• INTEGRATEDCIRCUIT TMP8048P/8048PI 

H1P8035P/8035PI 

.¥ TECHNICAL DATA 

518 

The interrupt system is single level in that once an interrupt is detected 
all further interrupt requests are ignored until execution of an RETR 
(which should occur at the end of an interrupt service routine) reenables 
the interrupt input logic. 

An interrupt sequence is initiated by applying a low level "0" to the INT 
pin. INT is level triggered and active low which allows "Wire Oring" of 
several interrupt sources. The interrupt level is sampled every machine 
cycle during ALE and when detected causes a "jump to subroutine" at Loca
tion 3. As in any call to subroutine, the Program Counter and Program 
Status Word are saved in the stack. 

When an overflow occurs in the internal timer/event counter an interrupt 
request is generated which is reserviced as outlined in previous paragraph 
except that a jump to Location 7 is used instead of 3. If INT and times 
overflow occur simultaneously then external request INT takes precedence. 

If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter mode. 
A "1" to "0" transition on Tl will cause an interrupt vector to Location 7. 

The interrupt service routine pointed to be addresses in Location 3 or 7 
must reside in memory between 0 and 2047, i,e., Bank O. 

Figure 3 illustrates the concept of the interrupt control circuit. 

(6) Stack (stack Pointer) 

An interrupt or Call to a subroutine causes the contents of the program 
counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Word (PSI-/ explained in section (8)). Data RAM 
locations, 8 through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

The stack pointer when initialized points to RAM locations 8 and 9. The 
first subroutine jump or interrupt results in the program counter contents 
being transferred to Locations 8 and 9. Then the stack pointer is incre
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are 'obviously possible. 

At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 
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TMP8048P /8048PI 

H1P8035P /8035PI 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

PSW I PC8'V 11 _______ L ________ 9 

8 
o 

PC4'U 7 

Stack 
Pointer 

(7) Flag 0, Flag 1, (FO, Fl) 

I 
I PCO'U 3 

RAM 
Address 

The rJ.:P8048 has two flags FO and F1 which are used for conditional 
jump. These flags can be set, reset and tested with the conditional 
jump instruction JFO. 

FO is a part of the program status word (PSW) and is saved in the 
stack area when a subroutine is called. 

(8) Program Status Word (PSW) 

An 8-bit status word which can be loaded to and from the accumulator 
exsists called the Program Status Word (PSW). The PSW is read by a 
MOV A, PSW and written to by a MOV PSW, A. The information available 
in the PSW is shown in the diagram below. 
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INTEGRATEDCI RCUIT HlP 8048P / 804 8P I 

H1P8035P / 8035PI 

TECHNICAL DATA 

Stack Pointer 

I C lAC I Fa I BS ~ 52 

MSB I IU LSB 

Saved in stack area 
at the time of Sub
rout ine Call. 

Spare ("1" during Read) 

Bits a - 2 

Bit 3 

Stack Pointer Bits(So, Sr, S2) 

Not used ("1" level when read.) 

Working Register Bank Switch Bit 
(BS) 

Bit 4 

Bit 5 

Bit 6 

Bit 7 

(9) Reset 

a Bank a 
1 Bank 1 

Flag 0 (FO) 

Auxiliary Carry (AC) carry bit generated by an ADD 
instruction and used by the decimal adjust instruction 
DA, A (AC) 

Carry (C) flag which indicates that the previous 
operation has resulted in the accumulator. 
(C) 

The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup resistor which in 
combination with an external l~F capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized. 

lHl r ....l...-O---"NIr----..----.d RESET 

lllF J. 
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If the pulse is generated externally the reset pin must be held at ground 
(~O.5v)for at least 50mS after the power supply is within tolerance. 

Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank O. 

(iv) Selects Memory Bank O. 

(v) Sets BUS (DBO - DB7) to high impedance state. (Except when EA = 5V) 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer. 

(ix) Clears Timer Flag. 

(x) Clears FO and Fl. 

(xi) Disables clock output from TO. 

(10) Oscillator Circuit 

TMP8048 can be operated by the external clock input in addition to 
crystal oscillator as shown below. 

....-__ --4- XTALl 

+5V 

XTAL 1 
10--+---1' 

....-_ ... _~3./" XTAL 2 __ """,,_-...._...::..v XTAL2 
+5V 

2Q pF l 

2. Basic Operation and Timing 

The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with 1/0 Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 
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(1) Instruction Cycle 

· The instructions of TMP8048 are executed in one or two machine cycles, 
and one machine cycle consists of five states. 

· Fig. 4 illustrates its relationship with the clock input to CPU. 

· ~2 clock shown in Fig.4 is derived to outside by ENTO CLK instruction. 

· ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 

(2) External Memory Access Timing 

(i) Program Memory Access 

TMP8048 programs are executed in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal programs. 

(3) Execution of external program only. 

The external program memory is accessed (instructions are fetched) 
automatically when the internal ROM address is exceeded in mode (2) 
and from initial start address 0 in mode (3). 

In the external program memory access operation, the following will occur 

The contents of the l2-bit program counter will be output on BUS(DBO -
DB7) and the lower 4-bits of Port 2. 

Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address externally. 

Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 

BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word" 

Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

• In the extended data memory access operation during READ/HRITE cycle the 
following occurs 

The contents of RO Rl is output onto BUS (DBO - DB7). 

ALE indciates address is valid. The trailing edge of ALE is used to 
latch the address externally. 

A read RD or write WR pulse on the corresponding output pins indicates 
the type of data memory access in progress. Output data valid at trail
ing edge of WR and input data must be valid at trailing edge of RD. 

Data (8-bits) is transferred over BUS. 



INTEGRATEDCIRCUIT H1P8048P /8048P I 

Tt1P8035P /8035PI iii. TECHNICAL DATA 

XTAL l Input 

(6MHz) 

~l 
(2MHz) 

Generated 
internally ~2 

State 

ALE 

(400KHz) 

P20--p23 

DBO - DB7 

ALE 

1 
Instruction 

Fetch 

(500ns) 

1 State 

2 

Decode 
3 4 5 1 

Execution Execution Execution 

(2.5)1 sec) 

r: Next Address Latch Timing 

Fig.4 Instruction Cycle Timing 

Address Address Address 

Instruction 

~~I --~\~~I~I --~\~~I~I --~L 
Fig.S Timing of External Program Memory Access 
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Program Address Data Address,-____ ... program Address 

DBO - DB7 

ALE 

RD (WR) 

\ I 
PSEN 

\ \ 
External Data Memory Access Instruction 

Suggest we have two diagrams 

rI Read 
ALE -----1 IL-________ __ 

ALE 

Write 

BUS BUS 

WR 

\ 

Fig.6 Timing of Accessing External Data Memory 
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iii. TECHNICAL DATA 

• Figure 6 illustrates the timing of accessing the external data memory 
during execution of external program. 

(3) Interface with I/O Expander (TMP8243P) 

The T:1P8048 I/O can be easily expanded using the TMP8243 I/O Expander. 
This device uses only the lower half 4-bits of Port 2 for communication 
with the TMP8048. The TMP8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lower half of Port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer con
sists of two 4-bit nibbles the first containing the "OP Code" and port 
address and the second containing the actual 4-bits of data. 

+l2V r-__________________________________________________ __ 

oJ EA 

RESET OV:.. ___________ ;(f ____ -P 

ALE 

DBO- DB7 

P20, P21 

;' 

Input of Internal 
ROM Address 

Input of Internal ROM Address 

Fig.7 Ti~ing of Rading Internal Program Memory 

5V 

5V 10K 
SS 

10K R~ 

Input of Internal 
ROM Address 

Input of Internal 
ROM Address 

5V D 
S 

QI-----

I 74 

F~o-. ---4---I~ X>--4-----I T R Q 

ALE 

Fig.8(a) Single Step Circuit 
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(4) Reading of Internal Program Memory 

The processor is placed in the READ mode by applying +12V to the EA pin 
and OV to the RESET pin. The address of the location to be read is then 
applied to BUS and toe low order 2-bits of Port 2. The address is latched 
by a 0 to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on toe eight lines of BUS. 

Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure 8 (a) combined with the SS pin and AlE pin. 

A D-type flip flop with set and reset is used to generate SS. In the run 
mode SS is held high by keeping the flip flop set. To enter single step, 
set is removed allowing AlE to bring SS low via reset input. The next 
instruction is started by clocking a "1" into the FF which will not appear 
on SS unless ALE is high removing reset. In response to SS going high 
toe processor begins an instruction fetch which brings AlE low resetting 
FF and causing the processor to again enter the stopped state. 

The timeing deagram in this case is as shown in Figure 8 (b). (EA = 5V). 

(6) Lower Power Stand-by Mode . 

. The TMP8048 has been organized to allow power to be removed from all but 
the volatile, 64 x 8 data RAM array. In power down mode the contents 
of data RAM can be maintained while drawing typically 10 - 15% of normal 
operating power requirements. 

vee serves as the 5V supply for the bulk of the Tl~3048 while the VDD 
supplies only the RAM array. In standby mode vee is reduced to OV but VDD 
is kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as power is removed from vee. 

ALE 

DBO - DB7 

P20 - P23 

\L ________________________ __ 

\ / L _________ J For two 
Instruction Inputr-_______________________ i_n_s_tructic 

--A-d-d-r-e-s-s-(-P-e-)-----~ (~_A_d_d_r_e_s_s __ (P_e_+_l_) ________ __ 

Address (PC) ~~_A_d_d_r_e_ss __ (_P_e_+_l_) ________ __ 

Port20 -23 
Data 

Fig.8(b) Single Step Operation Timing 
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I NSTRUCTI ON 
ACCUMULATOR INSTRUCTION 

Instruction Code 
Mnemonic 

D7 D6 D5 D4 D3 D2 

ADD A,Rr 0 1 1 0 1 r 

ADD A,@Rr 0 1 1 0 0 0 

ADD A,ilData 0 0 0 0 0 0 
d7 d6 d5 d4 d3 d2 

ADDC A,Rr 0 1 1 1 1 r 

ADDC A,@Rr 0 1 1 1 0 0 

~DDC A ,IIDa ta 0 0 0 1 0 0 
d7 d6 d5 d4 d3 d2 

ANL A,Rr 0 1 0 1 1 r 

ANL A,@Rr 0 1 0 1 0 0 

ANL A,ilData 0 1 0 1 0 0 
d7 d6 d5 d4 d3 d2 

ORL A,Rr 0 1 0 0 1 r 

ORL A,@Rr 0 1 0 0 0 0 

ORL A,ilData 0 1 0 0 0 0 
d7 d6 d5 d4 d3 d2 

XRL A,Rr 1 1 0 1 1 r 

XRL A,@Rr 1 1 0 1 0 0 

XRL A,lIData 1 1 0 1 0 0 
d7 d6 dS d4 d3 d2 

INC A 0 0 0 1 0 1 

DEC A 0 0 0 0 0 1 

CLR A 0 0 1 0 0 1 

CPL A 0 0 1 1 0 1 

DA A 0 1 0 1 0 1 

SWAP A 0 1 0 0 0 1 

Dl DO 

r r 

0 r 

1 1 
dl dO 

r r 

0 r 

1 1 
dl dO 

r r 

0 r 

1 1 
dl dO 

r r 

0 r 

1 1 
dl dO 

r r 

0 r 

1 1 
dl dO 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

Tt~P8048P / 8048P I 

TMP8035P /8035PI 

Operation 

(A)+(A)+(Rr) 
r = 0-7 

(A)+(A)+(Rr) 
r = 0, 1 

(A)+(A)+Data 

(A)+(A)+(Rr)+(C) 
r = 0-7 

(A)+(A)+( (Rr) )+(C) 
r = 0 1 , 

(A)+(A)+Data+(C) 

(A)+(A)I\(Rr) 
r = 0 - 7 

(A)+(A)I\ (eRr)) 

r = 0, J 

(A)+(A)!\Data 

(A)+(A)V (Rr) 
r = 0 - 7 

(A)+(A)V «Rr)) 
r = 0, 1 

(A)+(A)VData 

(A)+(A)V(Rr) 
r = 0-7 

(A)+ (A)"'V «Rr)) 
r = 0, 1 

(A)+ (A)"\tData 

(A)+(A)+l 

(A)+(A)-l 

(A)+O 

(A)+NOT (A) 

Decimal Adj ust 
Accumulator 

(A4-7):t(A0-3) 

Bytes Cycles 
Flag 

'c~ 
1 1 0 0 

1 1 0 0 

2 2 0 0 

1 1 0 0 

1 1 0 0 

2 2 0 0 

1 1 - -

1 1 - -

2 2 - -

1 1 - -

1 1 - -

2 2 - -

1 1 - -

1 1 - -

2 2 - -

1 1 - -
1 1 - -
1 1 - -
1 1 - -
1 1 0 -

1 1 - -
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TECHNICAL DATA 

Mnemonic 
Instruction Code 

D7 D6 DS D4 D3 D2 

RLA 1 1 1 0 0 1 

RLC A 1 1 1 1 0 1 

RRA 0 1 1 1 0 1 

RRC A 0 1 1 0 0 1 

Input/Output Instruction 

Instruction Code 
Mnemonic D7 D6 D5 D4 D3 D2 

IN A,Pp 0 0 0 0 1 0 

OUTL Pp,A 0 0 1 1 1 0 

ANL Pp ,I/Data 1 0 0 1 1 0 
d7 d6 dS d4 d3 d2 

ORL Pp,lIData 1 0 0 0 1 0 
d7 d6 dS d4 d3 d2 

INS A,BUS 0 0 0 0 1 0 

OUTL BUS,A 0 0 0 0 0 0 

NL BUS ,I/Data 1 0 0 1 1 0 
d7 d6 dS d4 d3 d2 

ORL BUS ,f/Data 1 0 0 0 1 0 
d7 d6 dS d4 d3 d2 

MOVD A,Pp 0 0 0 0 1 1 

MOVD Pp,A 0 0 1 1 1 1 

528 

D1 DO 

1 1 

1 1 

1 1 

1 1 

D1 DO 

P P 

P P 

P P 
d1 d{) 

P P 
d1 dO 

0 0 

1 0 

0 0 
dl dO 

0 0 
dl dO 

P P 

P P 

H1P8048P /8048PI 

H1P8035P /8035PI 

Operation 

(An+l)+ (An) 
n = 0 - 6 

(AO)+(A7) 

(An+l)+(An) 
n = 0 - 6 

(C)+(A7) 
(AO)+(C) 

(An)+ (An+ 1) 
n = 0 - 6 

(A7)+(AO) 

(An)+ (An+l) 
n = 0 - 6 

(C)+(AO) 
(A7)+(C) 

Operation 

(A)+(Pp) 
P = 1, 2 

(Pp)+(A) 
P = 1, 2 

(pp)+(Ppll\Data 
P = 1, 2 

(pp )+(pp) VData 
P = 1, 2 

(A)+(BUS) 

(BUS)+(A) 

{BUS)+(BUS)AData 

(BUS)+(BUSlVData 

(AO- 3)+(Pp) 
(A4-7)+O 
P = 4 - 7 

(Pp )+ (AD- 3) 
P = 4 - 7 

Bytes Cycles 
Flag 

r--cAt 
1 1 - -

1 1 - -

1 1 - -

1 1 - -

Flag 
Bytes Cycles Trft 

1 2 - -I 

! 
1 2 - -

2 2 - -

2 2 - -

1 2 - -
1 2 - -
2 2 - -

2 2 - -

1 2 - -

1 2 - -
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Instruction Code 
Mnemonic 

D7 D6 D5 D4 D3 D2 

ANLD Pp,A 1 0 0 1 1 1 

ORLD Pp,A 1 0 0 0 1 1 

Register Instruction 

Mnemonic Instruction Code 

D7 D6 DS D4 D3 D2 

INC Rr 0 0 0 1 1 r 

INC @Rr 0 0 0 1 0 0 

DEC Rr 1 1 0 0 1 r 

Branch Instruction 

Mnemonic 
Instruction Code 

D7 D6 DS D4 D3 D2 

JMP Address alO a9 a8 1 0 1 
a7 a6 as a4 a3 a2 

JMPP @A 1 0 1 1 0 0 

D.JNZ Rr, 1 1 1 0 1 r 
Addr('ss a7 a6 as a4 a3 a2 

JC Address 1 1 1 1 0 1 
a7 a6 as a4 a3 a2 

JNC Address 1 1 1 0 0 1 
a7 a6 as a4 a3 a2 

Dl DO 

P P 

P P 

Dl DO 

r r 

0 r 

r r 

D1 DO 

0 0 
al aO 

1 1 

r r 
al aO 

1 0 
al aO 

1 0 
al aO 

H1P8048Pj8048PI 
TMP8035P j8035PI 

Operation 

(Pp)+ (pp)" (AQ- 3) 
P = 4 - 7 

(Pp)+(pp) V(AO- 3) 
P = 4 - 7 

Operation 

(Rr)+(Rr)+l 
r = 0 - 7 

«Rr) )+«Rr»+1 
r = 0, 1 

(Rr)+(Rr)-l 
r = 0- 7 

Operation 

(PCQ-7)+(aQ-7) 
(PC8-l0)+(a8-l0) 
(PCll)+DBF 

(PCQ-7)+( (A» 

(Rr)+(Rr)-l 
if Rr not 0 
(PCQ-7)+(aQ-7) 

(PCQ-7)+(aQ-7) 
if C = 1 
(PC) = (PC)+2 
if C = 0 

(PCQ-7)+(aQ-7) 
if C = 0 
(PC)+(PC)+2 
if C = 1 

~~ Bytes Cycles 
C AC 

1 2 - -

1 2 - -

Bytes Cycles ~~ 
C AC 

1 1 - -

1 1 - -
1 1 - -

Bytes Cycles 
Flag 

ferAe 
2 2 - -

1 2 - -
2 2 - -

2 2 - -

2 2 - -
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TECHNICAL DATA 

Instruction 
Mnemonic 

D7 D6 D5 D4 D3 

JZ Address 1 1 0 0 a 
a7 a6 a5 a4 a3 

JNZ Address 1 a a 1 a 
a7 a6 a5 a4 a3 

JTO Address 0 a 1 1 0 
a7 a6 a5 a4 a3 

JNTO Address 0 a 1 a 0 
a7 a6 a5 a4 a3 

JTl Address a 1 0 1 a 
a7 a6 a5 a4 a3 

~NTI Address a 1 0 a a 
a7 a6 a5 a4 a3 

JFO Address 1 a 1 1 a 
a7 a6 a5 a4 a3 

JFl Address a 1 1 1 a 
a7 a6 a5 a4 a3 

JTF Address a a a 1 a 
a7 a6 a5 a4 a3 

JN1 Address 1 a 0 a a 
a7 a6 a5 a4 a3 

JBh Address h2 hI ])0 1 a 
a7 a6 a5 a4 a3 

530 

DZ Dl DO 

1 1 0 
a2 al aO 

1 1 a 
a2 al aO 

1 1 a 
a2 al aO 

1 1 0 
a2 a1 aO 

1 1 a 
a2 al aO 

1 1 a 
a2 al aO 

1 1 0 
a2 al aO 

1 1 o· 
a2 al aO 

1 1 a 
a2 al aO 

1 1 a 
a2 al aO 

0 1 a 
a2 al aO 

H1P8048P /8048PI 

H1P8035P /8035PI 

Operation 

(PCG-7)-<-(aG- 7) 
if (A) = a 
(PC)-<-(PC)+2 
if (A) 40 a 
(PCO- 7)-<-(aG-7) 
if (A) '" a 
(PC)+-(PC)+2 
if (A) = a 
(PCO-7)+(aG-7) 
if TO = 1 
(pC)-<-(PC)+2 
if TO = a 
(PCG- 7)+(aG-7) 
if TO = a 
(PC)-<- (PC)+2 
if TO = 1 

(PCG- 7)+(aG- 7) 
ifT1=1 
(PC)+(PC)+2 
ifT1=O 

(PCO- 7)-<-(aO- 7) 
ifT1=O 
(PC)-<-(PC)+2 
ifT1=1 

(PCG- 7)+(aO-7) 
if FO = 1 
(PC)-<-(PC)+2 
ifFO=O 

(PCG-7)-<-(aG-7) 
if Fl = 1 
(PC)-<-(PC)+2 
if Fl = 0 

(PCG-7)-<-(aG-7) 
if TF = 1 
(pC)-<-(PC)+2 
if TF = a 
(PCG-7)+(aG-7) 
if INT = a 
(PC)-<-(PC)+2 
if INT = 1 

(PCG-7)-<-(aG-7) 
if Bh = 1 
(PC)-<-(PC)+2 
if Bh = a 
(h = 0-7) 

Bytes 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

~1~ Cycles 
C AC 

2 - -

2 - -

2 - -

2 - -

2 - -

Z - -

2 - -

2 - -

2 - -

2 - -

2 - -



• INTEGRATEDCIRCUIT 
iii :.: TECHNICAL DATA 

Subroutine Instruction 

Mnemonics 
Instruction Code 

D7 D6 DS D4 D3 D2 

CALL Address alO a9 a8 I 0 I 
a7 a6 as a4 a3 a2 

RET 1 0 0 0 0 0 

RETR I 0 0 I 0 0 

Flag Manipulation Instruction 

Mnemonics 
Instruction Code 

D7 D6 DS D4 D3 D2 

CLR C I 0 0 I 0 I 

CPL C I 0 I 0 0 I 

CLR FO I 0 0 0 0 I 

CPL FO I 0 0 I 0 I 

CLR Fl 1 0 1 0 0 1 

CPL Fl i 0 1 1 0 1 

Data Transter Instruction 

Mnemonics 
Instruction Code 

D7 D6 DS D4 D3 D2 

MOV A,Rr I I I 1 I r 

MOV A,@Rr 1 1 I I 0 0 

MOV A,IIData 0 0 I 0 0 0 
d7 d6 d5 d4 d3 d2 

MOV Rr,A I 0 I 0 I r 

DI DO 

0 0 
al aO 

I I 

I I 

D1 DO 

I I 

I I 

0 I 

0 I 

0 1 

0 I 

Dl DO 

r r 

0 r 

1 I 
dl dO 

r r 

TMP 804 8P j 804 8P I 

TMP8035P j8035PI 

Operation 

«SP) )-<-
(PC) , (PSW4- 7) 

(SP)-<-(SP)+1 
(PC8-10)-<-(a8--10) 
(PCO-7)+ (aD- 7) 
(PCll)-<-DBF 

(SP)-<-(SP)-l 
(PC)-<-«SP) ) 

(SP)-<-(SP)-l 
(PC)-<-«SP) ) 
(PSW4-7)-<-«SP) ) 

Operation 

(C)-<-O 

(C)-<-NOT(C) 

(FO)-<-O 

(FO)-<-NOT(FO) 

(FI)-<-O 

(Fl)-<-NOT(FI) 

Operation 

(A)-<-(Rr) 
r = 0-7 

(A)-<-«Rr) ) 
r = 0, 1 

(A)-<-Data 

(Rr)-<-(A) 
r = 0 - 7 

Flag 
Bytes Cycles t---

C AC 

2 2 - -

I 2 - -

I 2 - -

Bytes Cycles 
FI~g 

-r-"'-
C AC 

I I 0 -
I I 0 -
I I - -
1 1 - -
I 1 - -
I 1 - -

Bytes Cycles 
Flag 

0---'-
C AC 

1 1 - -

I 1 - -

2 2 - -

I 1 - -
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.» TECHNICAL OAT A 

Instruction Code 
Mnemonics 

D7 D6 D5 D4 D3 D2 Dl 

MOV @Rr,A 1 a 1 0 0 0 0 

MOV Rr, {IData 1 a 1 1 1 r r 
d7 d6 d5 d4 d3 d2 dl 

MOV @Rr,IiData 1 0 1 1 0 a 0 
d7 d6 d5 d4 d3 d2 dl 

MOV A,PSW 1 1 0 0 0 1 1 

MOV PSW,A 1 1 0 1 0 1 1 

XCH A,Rr 0 0 1 0 1 r r 

XCH A,@Rr 0 0 1 0 0 0 0 

XCHD A,@Rr a 0 1 1 0 0 0 

MOVX A,@Rr 1 0 0 0 0 0 0 

MOVX @Rr,A 1 0 0 1 a a 0 

MOVP A,@A 1 0 1 0 0 0 1 

MOVP3 A,@A 1 1 1 0 0 0 1 

Timer/ Counter Instructi on 

Mnemonics 
Inst ruction Code 

D7 D6 DS D4 D3 D2 Dl 

MOV A,T 0 1 0 0 0 0 1 

MOV T,A 0 1 1 0 0 0 1 

STRT T 0 1 0 1 0 1 0 

STRT CNT 0 1 0 0 0 1 0 

532 

DO 

r 

r 
dO 

r 
dO 

1 

1 

r 

r 

r 

r 

r 

1 

1 

DO 

0 

0 

1 

1 

TMP8048P/8048PI 

H1P8035P/8035PI 

Operation 

«Rr) )+(A) 
r = 0, 1 

(Rr)+Data 
r = 0 - 7 

«Rr) )+Data 
r = 0, 1 

(A)+(PSW) 

(PSW)+(A) 

(A).t(Rr) 
r = 0-7 

(A):t:< (Rr» 
r = 0, 1 

(AD- 3):t:«RrO- 3» 
r = 0, 1 

(A)+«Rr) ) 
r = 0, 1 

«Rr) )+(A) 
r = 0, 1 

(PCD-7)+(A) 
(A)+«PC» 

(PCD-7)+(A) 
(PC8-11 )+0011 
(A)+«PC) ) 

Operation 

(A)+(T) 

(T)+(A) 

Counting is 
started in the 
timer mode 

Counting is 
started in the 
event counter 
mode 

~~ Bytes Cycles 
C AC 

1 1 - -

2 2 - -

2 2 - -

1 1 - -
1 1 - -
1 1 - -

1 1 - -

1 1 - -

1 2 - -

1 2 - -

1 2 - -

1 2 - -

Bytes Cycles 
Flag 
~r-

C AC 

1 1 - -
1 1 - -
1 1 - -

1 1 - -



• INTEGRATEDClRCUIT 
.¥ TECHNICAL DATA 

Mnemonics 
Instruction Code 

D7 D6 D5 D4 D3 D2 

STOP TCNT 0 I I 0 0 I 

EN TCNT] 0 0 I 0 0 I 

DIS TCNT] 0 0 I I 0 I 

Control Instruction 

Mnemonics 
Instruction Code 

D7 D6 D5 D4 D3 D2 

EN I 0 0 0 0 0 I 

DIS I 0 0 0 I 0 I 

SEL RBO 1 1 0 0 0 I 

SEL RBI I I 0 I 0 1 

SEL MBO 1 I I 0 0 I 

SEL MBl I I I I 0 1 

ENTO CLK 0 I I 1 0 1 

NOP 0 0 0 0 0 0 

Dl DO 

0 I 

0 I 

0 1 

DI DO 

0 I 

0 1 

0 I 

0 I 

0 1 

0 I 

0 I 

0 0 

n~p 8048P j 8048P I 

n1P8035Pj8035PI 

Operation 

Stop both time 
accumulation and 
event c-ounting 

Timer interrupt 
is enabled 

Timer interrupt 
is disabled 

Operation 

External inter-
rupt is enabled 

External inter-
rupt is disabled 

(BS)+O 

(BS)+1 

(DBF)+O 

(DBF)+1 

TO is enabled to 
act as the clock 
output 

No operation 

Bytes Cycles 
Flag 
~,--

C AC 

I 1 - -

I 1 - -

I 1 - -

Bytes Cycles 
Flag 

r--r--
C AC 

1 I - -

I I - -

1 1 - -
1 1 - -
I I - -
I I - -
1 I - -

1 I - -
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INTEGRATEDCI RCUIT 
TECHNICAL DATA 

IfMP8048P/ 8035P t 
ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM 

VDD VDD Supply Voltage (with respect 

VCC VCC Supply Voltage (with respect 

VINA Input Voltage (Except EA) 

VINB Input Voltage (Only EA) 

PD Power Dissipation (Ta=70·C) 

to GND 

to GND 

TMP8048P/8048PI 

TMP8035P/8035PI 

(VSS)) 

(VSS)) 

TSOLDER Soldering Temperature (Soldering Time 10 sec) 

TSTG Storage Temperature 

TOPR Operating Temperature 

RATING 

-0.5V to +7V 
-0.5V to +7V 

-0.5V to +7V 

-0.5V to +13V 
1.5W 

260°C 

-55°C to 150°C 

O°C to 70°C 

DC CHARACTERISTICS TA=O°C to 70°C, VCC=VDD=+5V±10%, VSS=OV, Unless Otherwise Noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL 
Input Low Voltage 

-0.5 - 0.8 V (Except XTALl, XTAL2, RESET) 

VILI Input Low Voltage 
-0.5 - 0.6 V 

(~TALl, XTAL2, RESET) 

VIR Input High Voltage 
2.0 - VCC V 

(Except XTALl, XTAL2, RESET) 

VIHI 
Input High Voltage 

3.8 - VCC V (XTALl, XTAL2, RESET) 

VOL Output Low Voltage (BUS) I OL=2.0mA - - 0.45 V 

VOLl 
Output Low Voltage 

I OL=1.8mA - 0.45 V (RD, WR, PSEN, ALE) -
VOL2 Output Low Voltage (PROG) IOL=1. OmA - - 0.45 V 

VOL3 
Output Low Voltage 

I OL=1.6mA 0.45 - - V 
(For other output pins) 

VOH Output High Voltage (BUS) I OH=-400IlA 2.4 - - V 

VORl 
Output High Voltage 

IOH=-lOOIlA 2.4 - - V 
(RD, WR, PSEN, ALE) 

VOH2 
Output High Voltage 

IOH=-401lA 2.4 - - V 
(For other output pins) 

hI Input Leak Current (Tl, INT) VSS;VIN;V.CC - - ±10 IlA 

ILIl 
Input Leak Current VSS+0.45~VIN~VCC -500 IlA (PlO-17 , P20:'P27, EA, SS) - -

I LO 
Output Leak Current (BUS, TO) 

VSS+0.45;VIN;VCC - - ±10 IlA 
(High impedance condition) 

IDD VDD Supply Current - - 15 mA 

IDn+ICC Total Supply Current - - 135 mA 



INTEGRATEDCIRCUIT 
TECHNICAL DATA 

T~1P8048P / 8048PI 

mp8035P /8035PI 

AC CHARACTERISTICS TA=O° C to 70 ° c, V CC=VllD=+5V'1 0%, VSS=OV, Unless otherwise Noted. 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tLL ALE Pulse Width 400 - - ns 

tAL Address Setup Time (ALE) 120 - - ns 

tLA Address Hold Time (ALE) 80 - - ns 

tcc Control Pulse Width (PSEN, RD, WR) 700 - - ns 

tDW Data Setup Time (WR) 500 - - ns 

tWD Data Hold Time (WR) 120 - - ns 

tCY Cycle Time 2.5 - 15.0 )Js 

tDR Hold Time (PSEN, 
- CL =20pF Data RD) 0 - 200 ns 

tRD Data Input Read Time (PSEN, RD) - - 500 ns 

tAW Address Setup Time (WR) 230 - - ns 
.--

tAD Address Setup Time (Data Input) - - 950 ns 

t AFC Address Float Time (RD, PSEN) 0 - - ns 

tCA Internal between Control Pulse 
10 - -and ALE ns 

tcp Port Control Setup Time (PROG) 110 - - ns 

tpc Port Control Hold Time (PROG) 100 - - ns 

tpR Port 2 Input Data Set Time (PROG) - - 810 ns 

tDP Output Data Setup Time (PROG) 250 - - ns 

tpD Output Data Hold Time (PROG) 65 - - ns 

tpF Port2 Input Data Hold Time (PROG) 0 - 150 ns 

tpp PROG Pulse Width 1200 - - ns 

tpL Port2 I/O Data Setup Time 350 - - ns 

tLP Port2 I/O Data Hold Time 150 - - ns 

Note tcy=2.5)Js, Control Output: CL=80 pF, BUS Output: CL=150pF, PORT20 - 23: CL=80pF. 
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INTEGRATEDCIRCUIT 
TECHNICAL DATA 

ITMP8048PI/8035PI : INDUSTRIAL SPECIFICATION [ 
ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM 

VDD VDD Supply Voltage (with respect to 

VCC VCC Supply Voltage (with respect to 

VINA Input Voltage (Except EA) 

VINB Input Voltage (Only EA) 

PD Power Dissipation (Ta= 70 ° C) 

GND 

GND 

H1P8048P/8048PI 
mp8035P/8035PI 

(VSS) ) 

(VSS)) 

TSOLDER Soldering Temperature (Soldering Time 10 sec.) 
TSTG Storage Temperature 

TOPR Operating Temperature 

RATING 

-O.sV to +7V 

-O.sV to +7V 

-O.sV to +7V 

-0.5V to +l3V 

1. 5W 

260°C 

-55°C to 150°C 

-40°C to 85°C 

DC CHARACTERISTICS ITA=-40°C to 85°C I VCC=VDD=+SV+IO% VSS=OV Unless otherwise Not, , - 0, , 
SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL 
Input Low Voltage 

-0.5 - 0.7 (Except XTALl, XTAL2,RESET) V 

VILl 
Input Low Voltage 

-0.5 - 0.6 V 
(XTP.Ll , XTAL2, RESET) 

VIH 
Input "High Voltage 

VCC V 
(Except XTALI,XTALZ,RESET) 2.2 -

VIla 
Input High Voltage 

3.8 - VCC V 
(XTALI, XTAL2, RESET) 

VOL Output Low Voltage (BUS) IOL=1. 6mA - - 0.45 V 

VOLl 
Output Low Voltage 

IOL=1. 6mA - 0.45 V 
(RD, WR, PSEN, ALE) -

VOL2 Output Low Voltage (PROG) I OL=0.8mA - - 0.45 V 

VOL3 
Output Low Voltage 

IOL=1. 2mA - - 0.45 V 
(For other output pins) 

VOH Output High Vol tage (BUS) IOH=-280iJA 2.4 - - V 

VOHl 
Output High Voltage 

IOH=-80vA 2.4 - - V 
(RD, WR, PSEN, ALE) 

VOH2 
Output High Voltage 

IOH=-30 vA 2.4 - - V 
(For other output pins) 

ILl Input Leak Current(TI,INT) VSS~VIN~VCC - - ±10 VA 

ILll Input Leak Current 
VSS+O.45~VIN~VCC - - -600 vA 

(PlO-17, P20-27 , EA, SS) 

ILO Output Leak Current(BUS,T~ 
VSS+O. 45~VIN~VCC - - ±l0 vA 

(High impedance condition) 

IDD VDD Supply Current - - 20 mA 

IDD+ICC Tot~ Supply Current - - 145 mA 



INTEGRATEDClRCUIT H1P8048Pj8048PI 

n~P8035Pj8035PI iliz TECHNICAL DATA 

AC CHARACTERISTICS 

SYMBOL 

tLL 

tAL 

tLA 

tcc 

tDW 

tWD 

tcy 

tDR 

tRD 

tAW 

tAD 

tAFC 

tCA 

tcp 

tpc 

tpR 

t DP 

tpD 

tpF 

tpp 

tPL 

t LP 

- , - - - 0, - , !TA--4DOC to 85°ci VCC-VDD-+5V+1D% VSS-OV Unless otherwise Noted 

PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

ALE Pulse Width 200. - - ns 

Address Setup Time (ALE) 120. - - ns 

Address Hold Time (ALE) 80. - - ns 

Control Pulse Width(PSEN,RD,WR) 40.0. - - ns 

Data Setup Time (WR) 420. - - ns 

Data H';ld Time (WR) CL=2OpF 80. - - ns 

Cycle Time 2.5 - 15.0. \IS 

Data Hold Time (PSEN, RD) 0. - 20.0. ns 

Data Input Read Time (PSEN, RD) - - 40.0. ns 

Address Setup Time (WR) 230. - - ns 

Address Setup Time (Data Input) - - 60.0. ns 

Address Float Time (RD, PSEN) -40. - - ns 
Internal between Control Pulse 10. - - ns and ALE 
Port Control Setup Time (PRQG) 115 - - ns 

Port Control Hold Time (PRDG) 65 - - ns 

Port 2 Input Data Set Time (PRDG) - - 860. ns 

Dutput Data Setup Time (PROG) 230 - - ns 

Output Data Hold Time (PROG) 25 - - ns 

PortZ Input Data aold Time (PROG) 0 - 160 ns 

PROG Pulse Width 920. - - ns 

Port Z I/O Data Setup Time 30.0. - - ns 

Port 2 I/O Data Hold Time 120. - - ns 

Note tcy=Z.5\1s, Control Output: CL=8DpF, BUS Output: CL=lSOpF, PORT 20 - 23: 

~=8DpF. 
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INTEGRATEDCIRCUIT 
TECHNICAL DATA 

lIMING WAVEFORM 

A. Instruction Fetch from External Program Memory 

tCY 

ALE 

BUS 

B. Read from External Data Memory 

ALE 

RD 

BUS 

C. Write into External Data Memory 

ALE 

BUS 

T~lP8048P /8048P I 

H1P8035P /8035PI 



• INTEGRATEDCIRCUIT 
iii W TECHNICAL DATA 

H1P8048P /8048PI 

H1P8035P / 8035PI 

D. Timing of Port 2 during Expander Instruction Execution 

ALE 

PORTZO 

I PCR 
PORT23 
(Output Data) 

PORT20 
I PCR 

PORT23 

(Input Data) Port 

PROG 

* Input Enabled State 

TYPICAL CHARACTERISTICS 

1) BUS: TOR - VOR 

-50 VDD=VCC=SV 

TA=25°C 

! -30 

p:: 
0 

H -10 

"- ....... r--... 
........... r--o 

o 2 VOR (V) 4 

2) PI, P2:TOR -VOR 

-500 VDD=VCC=5V 

<-
C 

TA=25°C 

p:: -300 
0 

H 

-100 -r-
t--

2 4 

VOR (V) 

3) BUS, PI, P2: TOL - VOL 

50 -

H 30 o 
H 

10 

a 
o 

;' 

,../ 

VDD=VCC=SV 

TA=2SoC 

---
2 4 

VOL (V) 
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• :W TECHNICAL DATA 

540 

PROGRAM TAPE FOR 

TMP8084 programs are delivered in the form of paper tape with the following 
format and it is required to attach the tape list. The format of paper tape is 
same as the Tnte1 type object tape (hexadecimal tape output by Intel MDS system, 
(1) Tape Format PROMPT 48 Development Tool, etc.) 

1il } Leader, 50 "NULL" characters or more 

Comments Comment (Record mark":" is not included) ) 
CR) 

: - - - - Record Mark 

Option 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

Normal Record "00" 
Record Type (2 Digits) "01" End of File Record 

Data 

~ Check Sum (2 hexadecimal digits) 

CR Dummy characters (RUBOUT, BLANK) before and after "(CR) (LF)" are 
LF optional. 
: - - - - - - Record Mark (Repeated below) 

~ W j,U""" 50 ",m,," ch.,"c'~ ... , ='" 

(2) Example of Tape List 

TOSHIBA MICRO COMPUTER TLCS-84 
:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884DDE67D31F5D8ABA6DF292Fl13F5C1 
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
:10003000197352F729F12F79AA9C057C5B851EED77 

:1003C0005DFDB5E556A67277F61A51C631CF9FOE80 
:1003DOOOBD2F6F20E8BB1977E3FB5AD1F41FDAA7E2 
:1003EOOOB53D42EOEC32546025B7308CDD52063D1D 
:1003FOOOB4BE9E9E345B6138060B20VC372BF60BD6 
:OOOOOOOlFF 



• INTEGRATEDCIRCUIT H1P8048P /8048P I 

mp8035P/8035PI 

TECHNICAL DATA 

OUTLINE DRAWING 

~~ 
1234 S 6 7 8910111213141S1617181920 C"\ 

o 
+1 .,., 

.,., 
H 

o 
+1 .,., 
M 

Unit in mIn 

(Note 1) 
lS.24±0.1 

0.2S±0.1 

SO.7±O.lS M IS. 00 'V 17.8 

(Note 2) 

Note 1. This dimension shows the center of curvature of leads. 

2. This dimension shows spread of leads. 

3. The pitch of leads is 2.S4 and the tolerance is ±0.2S from the 
theroretical center of each lead obtained having No.1 lead and 
No. 1, 0 lead as the reference. 

Note Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
cricuitry. 

© June 1981 Toshiba Corporation 
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INTEGRATEDCIRCUIT 

•• TECHNICAL DATA 

TOSHIBA MaS DIGITAL INTEGRATED CIRCUIT 

n~P8049P /8049P-6/ 8049PI-6 
Ttlp8039P /8039P-6/8039PI-6 
N-CHANNEL SILICON GATE MaS 

542 

8-BIT SINGLE-CHIP MICROCOMPUTER 

GENERAL DESCRIPTION 

The TMP8049P, from here on referred to as the TMP8049, is a single chip 
microcomputer fabricated in N-channel Silicon Gate MOS technology which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP8049 is particularly efficient as a controller. It has extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. 

The TMP8039p is the equivalent of a ·TMP8049 without ROM program memory on 
chip. By using this device with external EPROM or RAM, software debugging 
becomes easy. 

The TMP8049P-6/TMP8039P-6 is a lower speed (6MHz) version of the 
TMP8049P/TMP8039P. 

FEATURES 

Compatible with Intel's 8049 

1.36~S Instruction Cycle 

All instruction 1 or 2 cycles 

Over 90 instructions; 70% single byte 

Easy expandable memory and I/O 

2K x 8 masked ROM 

PIN CONNECTIONS (Top View) 
TO 

XTALI 
XTAL2 
RESET 

SS 
INT 

EA 
RD 

PSEN 
WR 

ALE 
DBO 
DBI 
DB2 
DB3 
DB4 
DBs 
DB6 
DB7 

(OV)VSS 

128 x 8 RAM 

27 I/O lines 

Interval Timer/Event Co~nter 

Single level interrupt 

Single SV supply 

-40°C to +8s o C Operation (TMP8049PI-6/ 
TMP8039PI-6 : Industrial Specification 

VCC (+sV) 
Tl 
P27 
P26 
P2s 
P24 
Pl7 
P16 
PIS 
P14 
P13 
P1 2 
Pu 
PIO 
VDD(+sV) 
PROG 
P23 
P22 
P21 
P20 



• INTEGRATEDClRCUIT 
TECHNICAL DATA 

BLOCK DIAGRAM 

INT 

Oscillation 
Frequency 

Control and 

XTAL 2 
XTAL I RESET INT EA 

H 0 '" HH 0.'" 

" (JJ ro " " " >0 >;;j n (JJ >;;jrt ro rt 

" ,..- ro 
" ro 

(JJ ro 
rt f-' rt rt" (JJ " (JJ f-' " " Il> H " (l)Il> 

rt " '" ro f-' 
0 "" rt f-' 

" " ro :P-
rt n 0. 

rt I 

Timing 

SS ALE 

(I) r:P-,..- Il> 0. 

" rto. 
(jQ " " f-' ,,"ro 
ro (JJ 

(I)(JJ 
(I) rt 
rt " ro 0 

"" "" ro 

TMP8049P/8049P-6/8049P!-6 

H1P8039P /8039P- 6/ 8039P!-6 

gister/ 

Decoder~======~ 

Accumulator 
Bit Test 

Condi tional 
Jump Circuit 

2 

6 

Mask ROM 

2K x 8 

(Program 
Area) 

RAM 

128 x 8 

Circuit 

PSEN RD WR 

'-,r-----J 

(I) >;;j tj 
rt " Il> 

" 0 rt o (jQ Il> 

"" " ro Il> (I) 
i;l rt 

" 0 
0-
ro 
(JJ 

PROG 

(I)", 

H,fJ 
o Il> 

""" ro 0. 
ro 

" 

Note 1) The lower order 4 bits of 
port 2 output latch are 
used also for input/output 
operations with the I/O 
expander_ 

Note 2) The output latch of port a 
is also used for address 
output. 

543 



• INTEGRATEDCIRCUIT TMP8049P/8049P-6/8049PI-6 
n~P8039P /8039P-6/8039P 1-6 
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TECHNICAL DATA 

PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Circuit GND potential 

VDD (Power Supply) 

+sV during operation Low power standby pin for TMP8D49 RAM 

VCC (Main Power Supply) 

+SV during operation 

PROG (Output) 

Output strobe for the TMP8243P I/O expander 

PIO-PI ? (Input/Output) Port I 

8-bit quasi-bidirectional port (Internal Pullup';; SDK" ). 

P2D-P 2? (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pull up;;; sOK" ). 

P20-P23 Contain the four high order program counter bits during an external 

program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 

DBO -DB? (Input/Output, 3 State) 

Ture bi.directional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

TI (Input) 

Input pin testable using the JTI and JNTI instruction. Can be designated 
'the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low) Used as a Write Strobe to 
External Data Memory. 



• INTEGRATEDClRCUIT 
TECHNICAL DATA 

RESET (Input) 

TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step'l 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being executed. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High). 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 

FUNCTIONAL DESCRIPTION 

1. System Configuration 

The following system functions of the TMP8049 are described in detail. 

(1 ) Program Memory (6) Stack (Stack Pointer) 

( 2) Data Memory (7) Flag 0, Flag 1 

(3) I/O Port (8) Program Status Word (PSW) 

(4 ) Timer/Counter (9) Reset 

(5 ) Interrupt Control Circuit (10) Oscillator Circuit 

(1) Program Memory 

The maximum memory that can be directly addressed by the TMP8049 is 
4096 bytes. The first 2048 bytes from location 0 through 2047 can be 
internal resident mask ROM. The rest of the 2048 bytes of addressable 
memory are external to the chip. The TMP8039 has no internal resident 
memory; all memory must be external. 
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INTEGRATEDCI RCUIT 
TECHNICAL DATA 

TMP8049Pj8049P-6j8049PI-6 

TMP8039P /8039P- 6/ 8039PI-6 

There are three locations in Program Memory of special importance. 

Location 0 

Address 
4095 

2048 

2047 

o 

Memo ry Bank 1 

Memory Bank 0 

Program Memory Area 

Activating the Reset line of the processor causes the first instruc
tion to be fetched from Location O. 

Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
Causes a jump to subroutine defined by address held in Location 3. 

Location 7 

A timer/counter interrupt resulting from a timer/counter overflow 
(if enabled) causes a jump to a subroutine defined by address held 
in Location 7. 

Program addresses 0-2047 and 2048-4095 ar~ called memory banks 0 
and 1 respectively. Switching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of an 
unconditional jump instruction or call instruction executed after using 
SEL MBO or SEL MBl. 

Reset operation automatically selects Bank O. 

(2) Data Memory 

Resident Data Memory (volatile RAM) is organized as 128 words by 8-bits wide. 

The first 8 locations (0 - 7) of the memory array are designated as working 
registers and are directly addressable by several instructions. 
By executing a Register Bank switch instruction (SEL RBI) locations 24 - 31 
are designated as the working registers in place of 0 - 7. 



INTEGRATEDCIRCUIT 
TECHNICAL OAT A 

Addressr--------------, 
127 

Data Memory 

32 
31 Re;i~~e-;,-Ba~k-l-
24 RBI 
23-----------

8 Level Stack 

8 
(16 byte) 

7 Resister Bank 0 

O'--____ RB_O_-' 

TMP8049Pj8049P-6j8049PI-6 

n~P8039P j8039P-6j8039PI-6 

Internal Data Memory Area 

RAM locations 8 - 23 serve a dual role in that they contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 

ALL 128 locations are indirectly addressable through either of two RAM 
Pointer Registers which reside at RO and Rl of the Register array. 

The TMP8049 architecture allows extension of the Data Memory to 256 words. 

(3) Input/Output Ports 

The TMP8049 has 27 I/O lines which can be used for either 'input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 "test" inputs which can alter program sequences when tested by con
ditional jump instructions. 

Ports I and 2 are each 8-bits wide and have identical characteristics. 
Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1). Each line is 
continously pulled to a +5V level through a high impedance resistive device 
(50K Q) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL gate thus allowing the same 
pin to be used for both input and output. In order to speed up the "0" 
to "1" transition a low impedance device (5K Q) is switched in momentarily 
whenever a 111" is written to linea When a "all is written to line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capability. 
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S48 

INTEGRATEDCIRCUIT TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 

TECHNICAL DATA 

ANL, ORL 

Internal Bus--..,... ..... -j D Q 

D-Type 

Flip-Flop 

+SV +sv 

CLK Q 1---+----1 

Write Pulse--~-+--------~ 

Inter Buffer 

IN 

SDk" 

Fig.l Input/Output Circuit of Port 1, Port 2 

SOk" I/O pins 
Portl or 2 

Reset initializes all lines to a high impedance "I" state. 

When external data memory area is not addressed during execution of an 
internal program, Port a (DBa - DB7) becomes a true bidi rectional port 
(bus) with associated input and output strobes. If bidirectional feature 
not needed Bus can serve as either a statically latched output port or 
a non-latched input port. However, I/O lines of this port cannot be 
i.ntermixed. 

As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and .\'1R strobe lines. 

As a bidirectional port the MOVX instructions are used to read and write 
the port which generate the WR RD strobes. 

When not being written or read, the Bus lines are in a high impedance 
state. 

(4) Timer/Event Counter 

The 8-bit ninary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 

Timer mode 



• INTEGRATEDClRCUIT 
iii. TECHNICAL DATA 

H1P8049P j8049P-6j8049P 1-6 

TMP8039Pj8039P-6j8039P]-6 

(2) External input clock form Tl terminal 

(minimum cycle time 3 x ALE cycle) 

Event Counter mode 

The counter is presettable and readable with two MOV instructions 
which transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is initial
ized solely by the MOVT, A instruction. The counter is stopped by a 
Reset or STOP TCNT instruction and remains stopped until started by 
START T instruction or as an event counter by a START CN!. Once started 
the counter will increment to its maximum count (FF) and overflow to 
Zero continuing its count until stopped by a STOP TCNT instruction or 
RESET .. 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a SUDyoutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with'the 
conditional JUMP (JTF). The flag is reset by executing a JTF or by RESET. 
Figure 2 illustrates the concept of the timer circuit. 

XTAL/15 
1/32 

Pre-scaler 

Cleared on Start Timer 

STOP TCNT 0 

1'1 t---~-lEdge Detector 

STRT T 
8-Bit Timer/ 

o Counter 

CNT 

n 
Read/Write Enable 

JTF Instruction 

Timer Interrupt 
Request Flip- Flop 

INT 

Timer Interrupt Enable 

Fig.2 Concept of Timer Circuit 
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INTEGRATEDCIRCUIT 
TECHNICAL DATA 

JTF 
Instruction 

Reset 

Timer Overflow 

S 

Timer 
Flag F-F 
R 

TMP8049Pj8049P-6j8049PI-6 

TMP8039Pj8039P-6j8039PI-6 

Conditional Jump Logic 

----~--1S Q~-----f-

Timer Interrupt 
Execution------~.-' 

Reset 

INT pin 

Timer 
Overflow 
R F-F 

Inter-

RETR 
Instruc
tion 

ALE 

rupt 
F-F r-~~~,External inter 

CLK Q rupt Recognize 
LK Qr----1~~~~--_1D 

Last cycle 
of Instructlon 

EN I 
Instruction N TCNT 1 S '-' Q 

Instruction e 
H H 
(lJ (lJ 
a,-,~ 

R ~ ..:i rL 

Reset----~-+------------------~ 

Instruction 

Fig.3 

DIS TCNTI 
Instruction 

Concept of Interrupt Control Circuit 

(5) Interrupt Control Circuit 

Timer interrup 
Recognized 

Execution of Inter
rupt Call Instruction 

There are two distinct types of Interrupts in the TMP8049. 

(1) External Interrupt from the INT terminal 

(2) Timer Interrupt caused by timer overflow 



INTEGRATEDCI RCUIT 
TECHNICAL DATA 

TMP8049P/8049P-6/8049PI-6 

TMP9039P/8039P-6/8039PI-6 

The interrupt system is single level in that once an interrupt is detected 
all further interrupt requests are ignored until execution of an RETR 
(which should occur at the end of an interrupt service routine) reenables 
the interrupt input logic. 

An interrupt sequence is initiated by applying a low level "0" to the INT 
pin. INT is level triggered and active low which allows "Wire Oring" of 
several interrupt sources. The interrupt level is sampled every machine 
cycle during ALE and when detected causes a "jump to subroutine" at Loca
tion 3. As in any call to subroutine, the Program Counter and Program 
Status Word are saved in the stack. 

When an overfl"aw occurs in the internal timer/event counter an interrupt 
request is generated which is reserviced as outlined in previous paragraph 
except that a jump to Location 7 is used instead of 3. If INT and times 
overflow occur simultaneously then external request INT takes precedence. 

If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter mode. 
A "I" to 11011 ,transition on T1 will cause an interrupt vector to Location 7. 

The interrupt service routine pointed to be addresses in Location 3 or 7 
must reside in. memory between a and 2047, i,e., Bank O. 

Figure 3 illustrates the concept of the interrupt control circuit. 

(6) Stack (stack Pointer) 

An interrupt or Call to a subroutine causes the contents of the program 
counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Word (PSW explained in section (8». Data RAM 
locations, 8 through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

The stack pointer when initialized points to RAM locations 8 and 9. The 
first subroutine jump or interrupt results in the program counter contents 
being transferred to Locations 8 and 9. Then the stack pointer is incre
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are obviously possible. 

At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 
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INTEGRATEDClRCUIT 
TECHNICAL DATA 

7 

6 

5 

4 

3 

2 

1 

T~P8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 

I 
I 
I 

I 
I 
I 
I 

I 
I 
I 
I 
I 

I 

I 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

psw I pc8"v 11 _______ L ________ 9 

8 
o 

PC4"v 7 

Stack 
Pointer 

(7) Flag 0, Flag 1, (FO, Fl) 

I 
I PCO"v 3 

RAM 
Address 

The TMP8049 has two flags FO and Fl which are used for conditional 
jump. These flags can be set, reset and tested with the conditional 
jump inst ruction JFO. 

FO is a part of the program status word (PSW) and is saved in the 
stack area when a subroutine is called. 

(8) Program Status Word (PSW) 

An 8-bit status word which can be loaded to and from the accumulator 
exsists called the Program Status Word (PSW). The PSW is read by a 
MOV A, PSW and written to by a MOV PSW, A. The information available 
in the PSW is shown in the diagram below. 



INTEGRATEDCI RCUIT TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 

TECHNICAL DATA 

Stack Pointer 

C lAC I FO I BS ~ S2 I S1 

MSB LSB 

Saved in stack area 
at the time of Sub
routine Call. 

Spare ("1" during Read) 

Bits 0 - 2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Bit 7 

(9) Reset 

Stack Pointer Bits(SO, S1, S2) 

Not used ("1" level when read.) 

Working Register Bank Switch Bit 
(BS) 

o Bank 0 

1 Bank 1 

Flag 0 (FO) 

Auxiliary Carry (AC) carry bit generated by an ADD 
instruction and used by the decimal adjust instruction 
DA, A (AC) 

Carry (e) flag which indicates that the previous 
operation has resulted in the accumulator. 

(e) 

The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pu11 up resistor which in 
combination with an external l~F capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized. 

lHl 
~-L-O-~~----~------qRESET 

~ I)1F r 
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INTEGRATEDCIRCUIT 
TECHNICAL DATA 

TMP8049Pj8049P-6j8049PI-6 

TNP8039P j8039P-6j8039PI-6 

If the pulse is generated externally the reset pin must be held at ground 
(~0.5v)for at least 50mS after the power supply is within tolerance. 

Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank O. 

(iv) Selects Memory Bank O. 

(v) Sets BUS (DBa - DB7) to high impedance state. (Except when EA = 5V) 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer. 

(ix) Clears Timer Flag. 

(x) Clears Fa and Fl. 

(xi) Disables clock output TO. 

(10) Oscillator Circuit 

TMP8049 can be operated by the external clock input in addition to 
crystal oscillator as shown below. 

XTAL 1 
r--~----t" 

.-_-4-_--=3'-[ XT AL 2 

10pF I 

2. Basic Operation and Timing 

+5V 

470Q 
2 XTAL 1 

)o--I--r 

TTL Gate 

::-_4",,70fy-Q_-+._.:.3y XTAL 2 
+5V 

The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 



• INTEGRATEDCIRCUIT 
,. » TECHNICAL DATA 

(1) Instruction Cycle 

TMP8049P/8049P-6/8049PI-6 

H1P8039P / 8039P- 6/8039PI-6 

The instructions of TMP8049 are executed in one or two machine cycles~ 
and ODe machine cycle consists of five states. 

Fig.4 illustrates its relationship with the clock input to CPU. 

~2 clock shown in Fig.4 is derived to outside by ENTO CLK instruction. 

ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 

(2) External Memory Access Timing 

(i) Program Memory Access 

TMP8049 programs are executed in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal programs. 

(3) Execution of external program only. 

The external program memory is accessed (instructions are fetched) 
automatically when the internal ROM address is exceeded in mode (2) 
and from initial start address 0 in mode (3). 

In the external program memory access operation, the following will occur 

The contents of the l2-bit program counter will be output on BUS(DBO -
DB7) and the lower 4-bits of Port 2. 

Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE Is used to latch the address externally. 

Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 

BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

• In the extended data memory access operation during READ/WRITE cycle the 
following occurs 

The contents of RO Rl is output onto BUS (DBO - DB7). 

ALE indciates address is valid. The trailing edge of ALE is used to 
latch the address externally. 

A read RD or write WR pulse on the corresponding output pins indicates 
the type of data memory access in progress. Output data valid at trail
ing edge of WR and input data must be valid at trailing edge of RD. 

Data (8-bits) is transferred over BUS. 
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• INTEGRATEDCIRCUIT 
TECHNICAL DATA 

XTALl Input 

(6Ml1z) 

¢l 
(2Ml1z) 

Generated 
internally ¢2 

State 
1 

lnst ruct ion 
Fetch 

1 State 

Decode 

TMP8049P/8049P-6/8049PI-6 

H1P8039P /8039P-6/ 8039P 1-6 

3 4 5 
Execution Execution Execulion 

1 Cycle 

1 

L 
Next Address Latch Timin, 

556 

ALE 
(400kHz')-------------------------" 

Fig.4 Instruction Cycle Timing 

P20 - p23 Address Address 

DBO - DBl 

Instruction 

ALE 

Address 

------~~~----r---~ I 
~~I --~\~~~I --~\~~I~~L 

Fig.5 Timing of External Program Nemory Access 



INTEGRATEDCIRCUIT 
TECHNICAL OAT A 

Program Address 

n~P9049P j8049P-6j8049P 1-6 
TMP8039P/8039P-6/8039PI-6 

Data Address Program Address 
~---""'" 

DBO - DB7 

ALE 

RD (WR) 

\ I 
PSEN 

\ I \ 
External Data Memory Access Instruction 

Suggest we have two diagrams 

1\ Read 

ALE ----l \~------------------- ALE 

Write 

BUS BUS 

WR 

Fig.6 Timing of Accessing External Data ~emory 

r 
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• INTEGRATEDCIRCUIT n1P8049P /8049P-6/8049PI-6 

H1P8039P /8039P-6/8039P 1-6 • » TECHNICAL DATA 

558 

• Figure 6 illustrates the timing of accessing the external data memory 
during execution of external program. 

(3) Interface with I/O Expander (TMP8243P) 

The TMP8049 I/O can be easily expanded using the TMP8243 I/O Expander. 
This device uses only the lower half 4-bits of Port 2 for communication 
with the TMP8049. The TMP8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lo~er half of Port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer con
sists of two 4-bit nibbles the first containing the "OP Code" and port 
address and the second containing the actual 4-bits of data. 

+12V r-__________________________________________________ __ 

EA OJ 

RESET OV~ __________ ~r----~ 

AlE 

DBO - DB7 

P20, P21 

Input of Internal 
ROM Address 

Output of Internal 
ROM Data 

Input of Internal ROM Address 

Fil3.7 Tining of Rading Internal Program Memory 

5V 

5V 10K 
SS 

10K R~ 
5V D 

S 
Q 

F-L 74 

T 
R Q 

Fig.8(a) Single Step Circuit 

Input of Internal 
ROM Address 

Input of Internal 
ROM Address 
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INTEGRATEDCI RCUIT 

TECHNICAL DATA 

TMP8049P/8049P-6/8049PI-6 

n1P8039P /8039P-6/ 8039PI-6 

(4) Reading of Internal Program Memory 

The processor is placed in the READ mode by applying +12V to the EA pin 
and OV to the RESET pin. The address of the location to be read is then 
applied to BUS and the low order 2-bits of Port 2. The address is latched 
by a 0 to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure B (a) combined with the SS pin and ALE pin. 

A D-type flip flop with set and reset is used to generate SS. In the run 
mode SS is held high by keeping the flip flop set. To enter single step, 
set is removed allowing ALE to bring SS low via reset input. The next 
instruction is started by clocking a "1" into the FF which will not appear 
on SS unless ALE is high removing reset. In response to SS going high 
the processo,r begins an instruction fetch which orings ALE low resetting 
FF and causing the processor to again enter the stopped state. 

The timeing deagram in this case is as shown in Figure 8 (b). (EA = 5V). 

(6) Lower Power Stand-by Mode. 

The TMPB049 has been organized to allow power to be removed from all but 
the volatile. 12B x B data RAM array. In power down mode the contents 
of data RAM can be maintained while drawing typically 10 - 15% of normal 
operating power requirements. 

VCC serves as the 5V supply for the bulk of the TMPB049 while the VDD 
supplies only the RAM array. In standby mode VCC is reduced to OV but VDD 
is kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as power is removed from VCC. 

~ ____ ~I \L ____________________________ _ 

ALE \ / L __________ J For two 
___________________ Instruction Input_r-_______________________ i_n~s_truction 

Address (PC) >-0 <Io-_A_d_d_r_e_s_s_CP_C_+_l_) ____ _ DBO - DB7 

P20 - P23 Address (PC) ~~_A_d_d_r_e_s_s_C~P_C_+_l~) ____ __ 

Port20 - 23 
Data 

Fig.B(b) Single Step Operation Timing 
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INTEGRATEDCI RCUIT 
TECHNICAL DATA 

INS TRUCTI ON 

ACCU~1ULATOR INSTRUCTION 

Instruction Code 
Mnemonic 

D7 D6 D5 D4 D3 D2 

ADD A,Rr 0 1 1 0 1 r 

ADD A,@Rr 0 1 1 0 0 0 

ADD A,lIData 0 0 0 0 0 0 
d7 d6 d5 d4 d3 d2 

ADDC A,Rr 0 1 1 1 1 r 

ADDC A,@Rr 0 1 1 1 0 0 

ADDC A,llData 0 0 0 1 0 0 
d7 d6 dS d4 d3 d2 

ANL A,Rr 0 1 0 1 1 r 

ANL A,@Rr 0 1 0 1 0 0 

ANL A,lIData 0 1 0 1 0 () 

d7 d6 d5 d4 d3 d2 

ORL A,Rr 0 1 0 0 1 r 

ORL A,@Rr 0 1 0 0 0 0 

ORL A,llData 0 1 0 0 0 0 
d7 d6 d5 d4 d3 d2 

XRL A, Rr 1 1 0 1 1 r 

XRL A,@Rr 1 1 0 1 0 0 

XRL A,llData 1 1 0 1 0 0 
d7 d6 d5 d4 d3 d2 

INC A 0 0 0 1 0 1 

DEC A 0 0 0 0 0 1 

CLR A 0 0 1 0 0 1 

CPL A 0 0 1 1 0 1 

DA A 0 1 0 1 0 1 

SWAP A 0 1 0 0 0 1 

560 

Dl 

r 

0 

1 
dl 

r 

0 

1 
dl 

r 

0 

1 
dl 

r 

0 

1 
dl 

r 

0 

1 
dl 

1 

1 

1 

1 

1 

1 

TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 

Operation Bytes 
DO 

r (A)+(A)+(Rr) 1 
r ~ 0 - 7 

r (A)+(A)+(Rr) 1 
r = 0, 1 

1 (A)+(A)+Data 2 
dO 

r (A)+(A)+(Rr)+(C) 1 
r ~ 0- 7 

r (A)+(A)+( (Rr) )+(C) 1 
r ~ 0, 1 

1 (A)+(A)+Data+(C) 2 

dO 

r (A)+(A)f\(Rr) 1 
r ~ 0 - 7 

r (A)+(A)fI «Rr)) 1 
r ~ 0, 1 

1 (A)+(A)!\Data 2 
dO 

r (A)+(A)V(Rr) 1 
r ~ 0 - 7 

r (A)+(A)V «Rr)) 1 
r ~ 0, 1 

1 (A)+(A)VData 2 
dO 

r (A)+(A)\t(Rr) 1 
r ~ 0 - 7 

r (A)+(A}'V«Rr) ) 1 
r ~ 0, 1 

1 (A)+(A)\tData 2 
dO 

1 (A)+(A)+l 1 

1 (A)+(A)-l 1 

1 (A)+O 1 

1 (A)+NOT (A) 1 

1 Decimal Adj list 1 
Accumulator 

1 (A4- nt(AO-3) 1 

~~ Cycles 
C AC 

1 0 0 

1 0 0 

2 0 0 

1 0 0 

1 0 0 

2 0 0 

1 - -

1 - -

2 - -

1 - -

1 - -

2 - -

1 - -

1 - -

2 - -

1 - -
1 - -

1 - -

1 - -

1 0 -

1 - -



• INTEGRATEDClRCUIT 
iii:': TECHNICAL DATA 

Instruction Code 
Mnemonic 

D7 D6 DS D4 D3 D2 

RLA 1 1 1 0 0 1 

RLC A 1 1 1 1 0 1 

I 
RR A 0 1 1 1 0 

I 
1 

RRC A 0 1 1 0 0 1 

Input/Output Instruction 

Instruction Code 
Mnemonic D7 D6 D5 D4 D3 D2 

IN A,Pp 0 0 0 0 1 I 0 

I OUTL Pp,A 0 0 1 1 1 0 

ANL Pp, IIData 1 0 0 1 1 0 
d7 d6 d5 d4 d3 d2 

ORL Pp,IIData 1 0 0 0 1 0 
d7 d6 d5 d4 d3 d2 

INS A,BUS 0 0 0 0 1 0 

OUTL BUS,A 0 0 0 0 0 0 

ANt BUS, IIData 1 0 0 1 1 0 
d7 d6 d5 d4 d3 d2 

ORL BUS, IIData 1 0 0 0 1 0 
d7 d6 d5 d4 d3 d2 

MOVD A,Pp 0 0 0 0 1 1 

MOVD Pp,A 0 0 1 1 1 1 

I 

Dl 

1 

1 

1 

1 

Dl 

P 

P 

P 
d1 

P 
d1 

0 

1 

0 
d1 

0 
d1 

P 

P 

TMP8049P/8049P-6/8049PI-6 

H1P8039P /8039P-6/ 8039P 1-6 

'Do- Operation Bytes 

1 (An+l)+(An) 1 
n = 0 - 6 

(AO)*(A7) 

1 (An+l)+ (An) 1 
n = 0 - 6 

(C)+(A7) 
(AO)+(C) 

1 (An)+(An+l) 1 
n = 0 - 6 

(A 7)+(AO) 

1 (An)+(An+l) 1 

I 

n = 0 - 6 
(C)+(AO) 
(A7)+(C) 

DO Operation Bytes 

P (A)+(Pp) 1 
P = 1, 2 

P (Pp)+(A) 1 
P = 1, 2 

P (pp)+(Ppl!\Data 2 
dO P = 1, 2 

P (pp)+ (pp) VDat a 2 
dO P = 1, 2 

0 (A)+(BUS) 1 

0 (BUS)+(A) 1 

0 (BUS)+(BUS)AData 2 
dO 

0 (BUS)+(BUS )VData 2 
dO 

P (AO-3)+(Pp) 1 
(A4-7)+O 
P = 4 - 7 

P (Pp)+(AO-3) 1 
P = 4 - 7 

Cycles 
Flag 

'c:AC-
1 - -

1 - -

1 - -

1 - -

Cycles 
Flag 

"A-Tc 
2 - -

2 - -

2 - -

2 - -

2 - -
2 - -
2 - -

2 - -

2 - -

2 - -
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• » TECHNICAL OAT A 

Instruction Code 
Mnemonic 

D7 D6 D5 D4 D3 D2 

ANLD Pp,A I 0 0 I I I 

ORLD Pp,A 1 0 0 0 1 1 

Register Instruction 

Mnemonic Instruction Code 

D7 D6 D5 D4 D3 D2 

INC Rr 0 0 0 1 1 r 

INC @Rr 0 0 0 1 0 0 

DEC Rr I I 0 0 I r 

Branch Instruction 

Mnemonic Instruction Code 

D7 D6 D5 D4 D3 D2 

JMP Address alO a9 a8 1 0 1 
a7 a6 as a4 a3 a2 

JMPP @A I 0 I I 0 0 

DJNZ Rr, 1 I 1 0 1 r 
Address a7 a6 as a4 a3 a2 

JC Address 1 1 I I 0 I 
a7 a6 as a4 a3 a2 

JNC Address 1 I I 0 0 1 
a7 a6 as a4 a3 a2 

562 

Dl 

P 

P 

Dl 

r 

0 

r 

D1 

0 
al 

1 

r 
al 

1 
al 

1 
al 

TMP8049Pj8049P-6j8049PI-6 

H1P8039P j8039P-6/8039P I-6 

DO 
Operation Bytes 

P (pp )-<-(pp)/\ (AO- 3) 1 
P = 4 - 7 

P (Pp )-<-(Pp) V(AO- 3) 1 
P = 4 -7 

DO 
Operation Bytes 

r (Rr)+(Rr)+1 I 
r = 0 - 7 

r «Rr) )+«Rr»+1 I 
r = 0, I 

r (Rr)+(Rr)-1 1 
r = 0 - 7 

DO 
Operation Bytes 

0 (PCO-7)+(aO-7) 2 
aO (PC8-10)+(a8-10) 

(PCll)+DBF 

I (PCO- 7)+( (A» I 

r (Rr)+(Rr)-1 2 
aO if Rr not 0 

(PCO-7)+(aO-7) 

0 (PCO-7)+(a0-7) 2 
aO ifC = 1 

(PC) = (PC)+2 
if C = 0 

0 (PCO-7)+(aO-7) 2 
aO if C = 0 

(PC)+(PC)+2 
if C = I 

~':!L Cycles 
C AC 

2 - -

2 - -I 

Cycles 
Flag 

e~ 

1 - -

I - -

1 - -

Cycles 
Flag 

eTc 
2 - -

2 - -

2 - -

2 - -

2 - -



INTEGRATEDClRCUIT 
ilia TECHNICAL DATA 

Instruction 
Mnemonic 

D7 D6 D5 D4 D3 

JZ Address 1 1 0 0 0 
a7 a6 a5 a4 a3 

JNZ Address 1 0 0 1 0 
a7 a6 a5 a4 a3 

JTO Address 0 0 1 1 0 
a7 a6 a5 a4 a3 

JNTO Address 0 0 1 0 0 
a7 'a6 a5 a4 a3 

JTl Address 0 1 0 1 0 
a7 a6 a5 a4 a3 

JNTl Address 0 1 0 0 0 
a7 a6 a5 a4 a3 

JFO Address 1 0 1 1 0 
a7 a6 a5 a4 a3 

JFl Address 0 1 1 1 0 
a7 a6 a5 a4 a3 

JTF Address 0 0 0 1 0 
a7 a6 a5 a4 a3 

JNl Address 1 0 0 0 0 
a7 a6 a5 a4 a3 

JBb Address b2 bl bO 1 0 
a7 a6 a5 a4 a3 

D2 Dl 

1 1 
a2 al 

1 1 
a2 al 

1 1 
a2 al 

1 1 
a2 al 

1 1 
a2 al 

1 1 
a2 al 

1 1 
a2 al 

1 1 
a2 al 

1 1 
a2 al 

1 1 
a2 al 

0 1 
a2 al 

TMP8049P/8049P-6/8049PI-6 
H1P8039P / 8039P- 6/8039PI-6 

DO 
Operation IBytes 

0 (PCQ-7)+(aO-7) 2 
aO if (A) = 0 

(PC)+(PC)+2 
if (A) t 0 

0 (PCO-7)+(aO-7) 2 
aO if (A) 

" 0 
(PC)+(PC)+2 
if (A) = 0 

0 (PCO- 7)+(aQ-7) 2 
aO if TO = 1 

(pC)+(PC)+2 
if TO = 0 

0 (PCO-7)+(aO-7) 2 
aO if TO = 0 

(PC)+ (PC) +2 
if TO = 1 

0 (PCO-7)+(aO-7) 2 
aO ifTl=l 

(pC)+(PC)+2 
ifTl=O 

0 (PCO- 7)+(aO- 7) 2 
aO ifTl=O 

(pC)+(PC)+2 
ifTl=l 

0 (PCO-7)+(aO-7) 2 
aO if FO = 1 

(PC)+ (PC)+2 
ifFO=O 

0 (PCQ-7)+(aO-7) 2 
aO if Fl = 1 

(PC)+(PC)+2 
if Fl = 0 

0 (PCQ-7)+(aO-7) 2 
aO if TF = 1 

(PC)+ (PC)+2 
if TF = 0 

0 (PCO-7)+(aQ-7) 2 
aO if INT = 0 

(PC)+ (PC)+2 
if INT = 1 

0 (PCQ-7)+(aQ-7) 2 
aO if Bb = 1 

(PC)+(PC)+2 
if Bb = 0 
(b = 0 - 7) 

~~ Cycles 
C AC 

2 - -

2 - -

2 - -

2 - -

2 - -

2 - -

2 - -

2 - -

2 - -

2 - -

2 - -
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INTEGRATEDCIRCUIT 
TECHNICAL DATA 

Subroutine Instruction 

Mnemonics 
Instruction Code 

D7 D6 DS D4 D3 D2 

CALL Address alO a9 a8 1 0 1 
a7 a6 as a4 a3 a2 

RET 1 0 0 0 0 0 

RETR 1 0 0 1 0 0 

Flag Manipulation Instruction 

Mnemonics 
Ins t ruct ion Code 

D7 D6 DS D4 D3 D2 

CLR C 1 0 0 1 0 1 

CPL C 1 0 1 0 0 1 

CLR Fa 1 a a 0 0 1 

CPL Fa 1 a 0 1 0 1 

CLR Fl 1 0 1 0 0 1 

CPL Fl 1 0 1 1 0 1 

Data Transter Instruction 

Mnemonics 
Instruction Code 

D7 D6 DS D4 D3 D2 

MOV A,Rr 1 1 1 1 1 r 

MOV A,@Rr 1 1 1 1 0 0 

MOV A,llData a 0 1 0 0 0 
d7 d6 dS d4 d3 d2 

MOV Rr,A 1 0 1 0 1 r 

564 

Dl 

0 
al 

1 

1 

Dl 

1 

1 

0 

0 

0 

0 

Dl 

r 

0 

1 
dl 

r 

TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 

DO 
Operation Bytes 

0 ((SP))+ 2 
aO (PC), (PSW4- 7) 

(SP)+(SP)+l 
(PC8-10)+(a8-10) 
(PCO- 7)+ (aO-7) 
(PCll)+DBF 

1 (SP)+(SP)-l 1 
(PC)+ ((SP)) 

1 (SP)+(SP)-l 1 
(PC)+((SP)) 
(PSW4-7)+( (SP)) 

Operation Bytes 
DO 

1 (C)+O 1 

1 (C)+NOT(C) 1 

1 (FO)+O 1 

1 (FO)+NOT (Fa) 1 

1 (Fl)+O 1 

1 (Fl)+NOT(Fl) 1 

Operation Bytes 
DO 

r (A)+(Rr) 1 
r = 0-7 

r (A)+( (Rr)) 1 
r = 0, 1 

1 (A)+Data 2 
dO 

r (Rr)+(A) 1 
r = 0 - 7 

Flag 
Cycles -~ 

C AC 

2 - -

2 - -

2 - -

Cycles r-E~ 
C AC 

1 0 -
1 0 -
1 - -
1 - -
1 - -
1 - -

Cycles 
Flag 

r---
C AC 

1 - -

1 - -

2 - -

1 - -



• INTEGRATEDCIRCUIT 
-= ~.oIIK"- TECHNICAL DATA 

Instruction Code 
Mnemonics 

D7 D6 D5 D4 D3 D2 Dl 

MOV @Rr,A 1 0 1 0 0 0 0 

MOV Rr,ilData 1 0 1 1 1 r r 
d7 d6 d5 d4 d3 d2 dl 

MOV @Rr,ilData 1 0 1 1 0 0 0 
d7 d6 dS d4 d3 d2 dl 

MOV A,PSW 1 1 0 0 0 1 1 

MOV PSW,A 1 1 0 SL 0 1 1 

XCH A,Rr 0 0 1 0 1 r r 

XCll A,@Rr 0 0 1 0 0 0 0 

XCHD A,@Rr 0 0 1 1 0 0 0 

MOVX A,@Rr 1 0 0 0 0 0 0 

MOVX @Rr,A 1 0 0 1 0 0 0 

MOVP A,@A 1 0 1 0 0 0 1 

MOVP3 A,@A 1 1 1 0 0 0 1 

Timer/Counter Instructi on 

Mnemonics 
Instruction Code 

D7 D6 D5 D4 D3 D2 Dl 

MOV A,T 0 1 0 0 0 0 1 

MOV T,A 0 1 1 0 0 0 1 

STRT T 0 1 0 1 0 1 0 

STRT CNT 0 1 0 0 0 1 0 

TMP8049P/8049P-6/8049P]-6 

H1P8039P /8039P- 6/ 8039P]-6 

DO 
Operation Bytes 

r «Rr) )~(A) 1 
r == 0, 1 

r (Rr)~Data 2 
dO r = 0 - 7 

r «Rr) )~Data 2 
dO r = 0, 1 

1 (A)~(PSW) 1 

1 (pS\,)~(A) 1 

r (A).;': (Rr) 1 
r = 0 - 7 

r (A):;':«Rr) ) 1 
r == 0, 1 

r (AO-3):;':«RrO-3) ) 1 
r = 0, 1 

r (A)~«Rr) ) 1 
r = 0, 1 

r «Rr) )'-(A) 1 
r = 0, 1 

1 (PCO- 7)~ (A) 1 
(A)~«PC) ) 

1 (PCO-7)~(A) 1 
(PC8-11 )~OOll 
(A)~( (PC)) 

Operation Bytes 
DO 

0 (A)~(T) 1 

0 (T)~(A) 1 

1 Counting is 1 
st~rted in the 
timer mode 

1 Counting is 1 
started in the 
event counter 
mode 

~~ Cycles 
C AC 

1 - -

2 - -

2 - -

1 - -
1 - -
1 - -

1 - -

1 - -

2 - -

2 - -

2 - -

2 - -

Cycles 
Flag 
--

C AC 

1 - -

1 - -
1 - -

1 - -
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• INTEGRATEDClRCUIT 
-= ftC.-;. TECHNICAL DATA 

Mnemonics 
Instruction Code 

D7 D6 DS D4 D3 D2 

STOP TCNT 0 I I 0 0 I 

EN TCNTl 0 0 1 0 0 I 

DIS TCNTI 0 0 1 1 0 I 

Control Instruction 

Mnemonics 
Instruction Code 

D7 'D6 D5 D4 D3 DZ 

EN I 0 0 0 0 0 I 

DIS I 0 0 0 I 0 I 

SEL RBO I I 0 0 0 I 

SEL RBI I 1 0 I 0 1 

SEL MBO I I I 0 0 1 

SEL MBI 1 I I I 0 1 

ENTO CLK 0 I 1 I 0 I 

NOP 0 0 0 0 0 0 

566 

Dl 

0 

0 

0 

Dl 

0 

0 

0 

0 

0 

0 

0 

0 

TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 

Operation Bytes 
DO 

I Stop both time I 
accumulation and 
event counting 

I Timer interrupt I 
is enabled 

1 Timer interrupt I 
is disabled 

Operation Bytes 
DO 

I External inter- I 
rupt "is enabled 

I External inter- I 
rupt is disabled 

I (BS)+O I 

I (BS)+l I 

1 (DBF)+O I 

I (DBF)+1 I 

I TO is enabled to I 
act as the clock 
output 

0 No ope ra t ion I 

Cycles 
Flag 
-~ 

C AC 

I - -

I - -

1 - -

Cycles Flag 
-~ 

C AC 

I - -

1 - -

I - -
1 - -
I - -
I - -
I - -

I - -



• INTEGRATEDCIRCUIT 
.W TECHNICAL DATA 

\TMP8049P/8039P/8049P-6/8039P-6\ 

ABSOLUTE MAXIMU~1 RATINGS 

SYMBOL ITEM 

VDD VDD Supply Voltage (with respect 
f------

VCC VCC Supply Voltage (with respect 

VINA Input Voltage (Except EA) 

VINB Input Voltage (Only EA) 

PD Power Dissipation (Ta=25° C) 

TSOLDER Soldering Temperature (Soldering 

to 

to 

H1P8049P /8049P- 6/8049PI-6 

n~P8039P / 8039P-6/8039PI-6 

RATING 

GND (VSS)) -0.5V to +7V 

GND (VSS)) -0.5V to +7V 

-0.5V to +7V 

-0.5V to +l3V 

1. 5W 

Time 10 sec.) 260°C 

TSTG Storage Temperature -55°C to 150°C 

TOPR Operating Temperature O°C to 70°C 

DC CHARACTERISTCS 
TA=O°C to 70°C, VCC=VDD=+5V±10%, VSS=OV, Unless Otherwise Noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL Input Low Voltage -0.5 - O.S V 

VIR 
Input High Voltage 

2.0 - VCC V 
(Except XTAL1, XTAL2, RESET) 

VIHl 
Input High Voltage 

3.S - VCC V (XTAL1, XTAL2, RESET) 

VOL Output Low Voltage (BUS) IOL=2.0mA - - 0.45 V 

VOLl Output Low Voltage 
IOL=l. SmA - - 0.45 V (iill, WR, PSEN, ALE) 

VOL2 Output Low Voltage (PROG) IOL=l.OmA - - 0.45 V 

VOL3 Output Low Voltage 
IOL=l. 6mA (For other output pins) 

- - 0.45 V 

VOH Output High Voltage (BUS) I OH=-400jJA 2.4 - - V 

VOHl 
Output High Voltage 

IOH=-lOOjJA (RD, WR, PSEN, ALE) 2.4 - - V 

VOH2 
Output High Voltage 

IOH=-40]JA 2.4 - - V 
(For tothe output pins) 

IU Input Leak Current (Tl, INT) VSS;;VIN;;VCC - - I ±l0 ]JA 

IUl 
Input Leak Current 

VSS+0.45;;VIN';VCC - - -500 ]JA 
(PlO-17 , P20-P27, EA, 55) 

ILO 
Output Leak Current (BUS, TO) 

VSS+0.45';;VIN';VCC - - ±10 vA 
(High impedance condition) 

IDD VDD Supply Current - - 50 mA 
--

IDD+ICC Total Supply Current - - 170 rnA 

567 



• INTEGRATEDCIRCUIT 
• = .-. TECHNICAL DATA 

AC CHARACTERISTICS 

TMP8049P/8049P-6/8049PI-6 
n1P8039P /8039P- 6/ 8039PI - 6 

TA=O°C to 70°C, VCC=VDD=+5V±10%, VSS=OV, Unless Otherwise Noted 

TMP8049P/ TMP8049P-6/ 
SYMBOL PARAMETER TEST CONDITION TMP8039P TMP8039P-6 UNI 

MIN. MAX. MIN. MAX. 

tLL ALE Pulse Width 150 - 400 - n 

tAL Address Setup Time (ALE) 70 - 150 - n 

tLA Address Hold Time (ALE) 50 - 80 - n 

Control Pulse Width 
tcc (PSEN, RD, 

- 300 - 700 - n WR) 

tDW Data Setup Time (WR) 250 - 500 - n 

tWD Data Hold Time (WR) CL=20pF 40 - 120 - n 

Cycle Time 
llMHz XTAL 

i tCY (6MHz XTAL for -6) 1.36 15.0 2.5 15.0 ~ 
I 

tDR Data Hold Time (PSEN, RD) 0 100 0 200 n 

tRD 
Data Input Read Time - 200 - 500 (PSEN, RD) 

n 

tAW Address Setup Time (WR) 200 - 230 - n 

tAD 
Address Setup Time 
(Data Input) - 400 - 950 n 

tAFC 
Address Float Time 
(RD, PSEN) -10 - 0 - n 

Port Control Setup Time 
tcp (PROG) 100 - llO - n 

Port Control Hold Time 
60 tpc - 130 - n 

(PROG) 

tpR 
Port 2 Input Data Set Time 
(PROG) 

- 650 - 810 n 

Output Data Setup Time 
tDP (PROG) 200 - 220 - n 

tpD 
Output Data Hold Time 20 - 65 
(PROG) 

- n 

Port 2 Input Data Hold Time 
tpF (PROG) 0 150 0 150 n 

tpp PROG Pulse Width 700 - 1510 - n 
-----

tPL Port 2 I/O Data Setup Time 250 - 500 - n. 

tLP Port 2 I/O Data Hold Time 120 - 150 - n: 

Control Outputs CL=80pF, BUS Outputs 
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• INTEGRATEDClRCUIT 
iii:':' TECHNICAL DATA 

TMP8049P/8049P-6/8049PI-6 
THP8039P / 8039P-6/ 8039PI-6 

\TMP8049PI-6/8039PI-6 : INDUSTRIAL SPECIFICATION. \ 

ABSOLUTE MAXIMUM RATINGS 
SYMBOL ITEM RATING 

VDD VDD Supply Voltage (with respect to GND (VSS)) -0.5V to +7V 

VCC VCC Supply Voltage (with respect ro GND (VSS)) -0.5V to +7V 

VINA Input Voltage (Except EA) -0.5V to +7V 

VINB Input Voltage (Only EA) -0.5V to +13V 
PD Power Dissipation (Ta=25° C) 1. 511 

TSOLDER Soldering Temperature (Soldering Time 10 sec.) 260°C 

TSTG Storage Temperature -55°C to 150°C 
TOPR Operating Temperature -40°C to 85° C 

DC CHARACTERISTICS ,---_____ --, 
ITA=-400C to 85°C I VCC=VDD=+5V±10% VSS=OV, Unless Otherwise Noted. , , 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL Input Low Voltage -0.5 - 0.6 V 

VIH 
Input High Voltage 

2.2 V --- - VCC (Except XTALl, XTAL2, RESET) 

VIHI 
Input High Voltage 

3.8 - VCC V 
(XTALl, XTAL2, RESET) 

VOL Output Low Voltage (BUS) IOL=1. 6mA - - 0.45 V 

VOLl 
Output Low Voltage 

IOL=1. 6mA - - 0.45 V 
(RD, WR, PSEN, ALE) 

VOL 2 Output Low Voltage (PROG) I OL=0.8mA - - 0.45 V 

VOL3 
Output Low Voltage 

IOL=1. 2mA - - 0.45 V (For other output pins) 

VOH Output High Voltage (BUS) I OH=-80)lA 2.4 - - V 

VOHI 
Output High Voltage 

I OH=-80)lA 2.4 V (RD, WR, PSEN, ALE) - -

VOH 2 
Output High Voltage 

IOH~30)lA 2.4 V (For other output pins) - -

ILl Input Leak Current (Tl, INT) VSS~VIN~VCC - - ±10 )lA 

ILll 
Input Leak Current 

VSS+0.45;iVIN~VCC - - -700 )lA 
(FlO-17, P20-P27, EA, 58) 

110 
Output Leak Current (BUS, TO) 

VSS+0.45~VIN~VCC - - ±10 jlA 
(High impedance condition) 

IDD VDD Supply Current - - 50 mA 

IDD+Icc Total Supply Current - - 170 mA 
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INTEGRATEDCIRCUIT 
TECHNICAL DATA 

AC CHARACTERISTI CS 

H1P8049P /8049P-6/8049P 1-6 
TMP8039P/8039P-6/8039PI-6 

, - 0, , ITA=-40°C to 85°ci VCC=VDD=+5V+lO% VSS=OV Unless otherwise Noted 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

tLL ALE Pulse Width 200 - - ns 

tAL Address Setup Time (ALE) 120 - - ns 

tLA Address Hold Time (ALE) 80 - - ns 

tcc Control Pulse Width(PSEN,RD,WR) 400 - - ns 

tDW Data Setup Time (WR) 420 - - ns 

tWD Data Hold Time (WR) CL=20pF 80 - - ns 

tcy Cycle Time 2.5 - 15.0 llS 

tDR Data Hold Time (PSEN, RD) 0 - 200 ns 

tRD Data Input Read Time (PSEN, RD) - - 400 ns 

tAW Address Setup Time (WR) 230 - - ns 

tAD Address Setup Time (Data Input) - - 600 ns 

tAFC Address Float Time (RD, PSEN) -40 - - ns 

tCA Internal between Control Pulse 10 - - ns and ALE 
tcp Port Control Set up Time (PROG) 115 - - ns 

tpc Port Control Hold Time (PROG) 65 - - ns 

tpR Port 2 Input Data Set Time (PROG) - - 860 ns 

t DP Output Data Setup Time (PROG) 230 - - ns 

tpD Output Data Hold Time (PROG) 25 - - ns 

tpF Port2 Input Data Hold Time (PROG) 0 - 160 ns 

tpp PROG Pulse Width 920 - - ns 

tpL Port 2 I/O Data Setup Time 300 - - ns 

t LP Port 2 I/O Data Hold Time 120 - - ns 

Note tcy=2.5jls, Control Output: CL=80pF, BUS Output: CL=150pF, PORT 20-23: 

CL=80pF. 



• INTEGRATEDCIRCUIT TMP8049P/8049P-6/8040PI-6 
TMP8039P/8039P-6/8039PI-6 

iii. TECHNICAL OAT A 

TI MI NG WAVEFORM 

A. Instruction Fetch from External Program Memory 

tCY 

ALE 

BUS 

B. Read from External Data Memory 

ALE 

RD 

BUS 

C. Write into External Data Memory 

ALE 

BUS 
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INTEGRATEDCI RCUIT 
iii ¥ TECHNICAL OAT A 

TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 

D. Timing of Port 2 during Expander Instruction Execution 

ALE 

PORTZO -"'r-----""'\-J.....--~rT=;:--"" j",.--__ ~ 
I PCH 

PORT23 
(output Data) 

PORTZO 
I PCH 

PORT23 
(Input Data) Port 

PROG 

* Input Enabled State 

TYPICAL CHARACTERISTICS 

-50 

j -30 

:>:i o 
H 

<-
2 
:>:i 
0 

H 

572 

-10 

o 

-500 

-300 

-100 

VDD=VCc=5V 

TA=25°C 

"'-' ......... 
........ r--

o 2 VOH (V) 4 

2) PI, P2:IOH -VOH 

VDD=VCC=5V 

TA=25°C 

--.... r--... 
2 4 

YOH (V) 

3) BUS, PI, P2: IOL - VOL 

50 

j 
,..., 30 
o 

H 

10 

o o 

", 

VDD=VCc=5V 

TA=25°C 

~ 
/' 

2 4 

VOL (V) 



• INTEGRATEDCIRCUIT 
Wi » TECHNICAL DATA 

PROGRAM TAPE FORMAT 

H1P8049P /8049P-6/ 8049PI-6 

T~1P8039P /8039P- 6/8039P 1-6 

TIW8049 programs are delivered in the form of paper tape with the following 
format and it is required to attach the tape list. The format of paper tape is 
same as the Intel type object tape (hexadecimal tape output by Intel MDS system, 
(1) Tape Format PROMPT 48 Development Tool, etc.) 

0I } Leader, 50 "NULL" characters or more 

Comments ---- - Comment (Record mark 11:" is not included) I 
CR) 
LF 

1--.!.:--1- - - - - Record Mark 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

1100" Normal Record 

Option 

Record Type (2 Digits) "01" End 0 f File Record 

Data 

~ Check Sum (2 hexadecimal digits) 

CR) Dummy characters (RUBOUT, BLANK) 
LF optional. 
: ------ Record Mark (Repeated below) 

before and after "(CR) (LF)" are 

A 
~ 

}Trailer, 50 "NULL" charact(Hs or more 

(2) Example of Tape List 

TOSHIBA MICRO COMPUTER TLCS-84 
:100000000665C7D79CF50F3F95lFEDSSA8FF16ES70 
:1000l00088884DDE67D3lF5D8ABA6DF292Fl13F5Cl 
:100020004FFlFB5DFFDAA96A99CF7DF94A346B7C09 
:10003000l97352F729F12F79AA9C057C5B85lEED77 

: 100 3C0005DFDB5E556A6 72 77F6lASl C63l CF9FOE80 
:1003DOOOBD2F6F20E8BB1977E3FBSADlF4lFDAA7E2 
:1003EOOOBS3D42EOEC32546025B7308CDD52063DlD 
:1003FOOOB4BE9E9E345B6l38060B20VC372BF60BD6 

.: 00000001 FF 
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INTEGRATEDCIRCUIT 
TECHNICAL DATA 

OUTLINE DRAWING 

H1P8049P / 8049P-6/ 8049P I - 6 

n1P8039P /8039P-6/8039PI-6 

Unit in mm 

1234567891011121314151617181920 '" 
o 
+1 
'0 

50.7±0.15 M 

(Note 1) 

0.25±0.1 

15.000,17.8 

(Note 2) 

Note 1. This dimension shows the center of curvature of leads. 

2. This dimension shows spread of leads. 

3. The pitch of leads is 2.54 and the tolerance is ±0.25 from the 
theroretica1 center of each lead I'btained having No.1 lead and 
No. 40 lead as the reference. 

Note Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implIed, and Toshiba 
reserves the right, at any time without notice, to change said 
cricuitry. 

© June 1981 Toshiba Corporation 



• INTEGRATEDClRCUIT 
iii » TECHNICAL OAT A 

INPUT/OUTPUT EXPANDER 

GENERAL DESCRIPTION 

TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

TMP8243P/TMP8243PI 

N-CHANNEL SILICON GATE MOS 

The THP8243P is an input/output expander designed specifically to provide a low 

cost means of I/O expansion for the TLCS-84 family. 

The I/O ports of the TMPS243P serve as a direct extension of the resident I/O 

facilities of the TLCS-S4 microcomputers and are accessed by their own MOVD, 

ANLD, and ORLD instructions. 

FEATURES 

a Low cost 

a Simple interface to TLCS-S4 microcomputers 

a Four 4-bit I/O ports 

a AND and OR directly to ports 

a Single 5V supply 

o High output drive 

a Direct extension of resident TMPS04SP/TMPS049P I/O ports. 

a Compatible with intel's S243 

a -40°C to +S5°C Operation (TMPS243PI: Industrial Specification) 

PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM 

P50 vee 

P40 P51 

P41 P52 

P42 P53 PORT 2 
P43 P60 

OS P61 

PROG P62 

P23 P63 

P22 P73 

Bel P72 

P20 P71 

GND P7a 

PORT 4 

PORT 5 

PORT 6 

PORT 7 

575 



• INTEGRATEDCIRCUIT TMP8243P/TMP8243PI 

576 

TECHNICAL DATA 

PIN NAMES AND PIN DESCRIPTION 

PROG (Input) 

Clock Input. A high to low transistion on PROG signifies that address and 

control are available on P20-23, and a low to high transition signifies that 

data is available on P20-23. 

CS (Input) 

Chip Select Input. A high on CS inhibits any change of output or internal 

status. 

P20-23 (Input/Output, 3-state) 

Four (4) bit bi-directional port contains the address and control bits on a 

high to low transition of PROG. During a low to high transition contains the 

data for a selected output port if a write oepration, or the data from a 

selected port before the low to high transition if a read operation. 

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state) 

Four (4) bit bi-directional I/O ports. May be programmed to be input (during 

read), low impedance latched output (after write) or a 3-state (after read). 

Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

VCC (Power) 

+5 volt supply 

GND (Power) 

o volt supply 

FUNCTIONAL DESCRIPTION 

General Operation 

The TMP8243P contains four 4-bit I/O ports which serve as an extension of the 

on-chip I/O and are addressed as ports 4-7. The following operations may be 

performed on these ports. 

o Transfer accumulator to port 

o Transfer port to accumulator 

o AND accumulator to port 

o OR accumulator to port 
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TECHNICAL DATA 

All communication between the TMP8048P and the TMP8243P occurs over Port 2 

(P20-23) with timing provided by an output pulse on the PROG pin of the pro

cessor. Each transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that address is present 

while a low to high transition indicates the presence of data. Additional 

TMP8243P'S may be added to the 4-bit bus and chip selected using additional 

output lines from the TMP8048P/8035P. 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 6, 

and 7 to the tri-state and port 2 to the input mode. The PROG pin may be either 

high or low when power is applied. The first high to low transition of PROG 

causes device to exit power on mode. The power on sequence is initiated if Vee 
drops below IV. 

P21 

o 
o 
I 

I 

Write Modes 

P20 

o 
I 

o 
I 

Address Code 

Port 4 

Port 5 

Port 6 

Port 

P23 

o 
o 
I 

I 

P22 

o 
I 

o 
I 

Instruction Code 

Read 

Write 

ORLD 

ANLD 

The device has three write modes. MOVD Pi, A directly writes new data into the 

selected port and old data is lost. ORLD Pi, A takes new data, OR's it with 

the old data and then writes it to the port. ANLD Pi, A takes new data AND's 

it with the old data and then writes it to the port. Operation code and port 

address are latched from the input port 2 on the high to low transition of the 

PROG pin. On the low to high transition of. PROG data on port 2 is transferred 

to the logic block of the specified output port. 

After the logic manipulation is performed, the data is latched and outputed. 

The old data remains latched until new valid outputs are entered. 
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iii. 

578 

TECHNICAL DATA 

Read Mode 

The device has one read mode. The operation code and port address are latched 

from the input port 2 on the high to low transition of the PROG pin. As soon 

as the read operation and port address are decoded, the appropriate outputs are 

3-stated, and the input buffers switched on. The read operation is terminated 

by a low to high transition of the PROG pin. The port (4, 5, 6 or 7) that was 

selected is switched to the 3-stated mode while port 2 is returned to the 

input mode. 

Normally, a port will be in an output (write mode) or input (read mode). If 

modes are changed during operation, the first read following a write should be 

ignored; all following reads are valid. This is to allow the external driver 

on the port to settle after the first read instruction removes the low impedance 

drive from the TMP8243P output. A read of any port will leave that port in a 

high impedance state. 

125 

! 
~ 100 
0 

H ..., 

Eo< 
75 

z 

~ 
50 u 

~ z 
H 

'" 
:;] 25 
Eo< 
0 
Eo< 

0 
0 

GUARANTEED WORST CASE 
CURRENT SINKING 
CAPABILITIES OF ANY I/O 
PORT PIN vs. TOTAL SINK 
CURRENT OF ALL PINS 

1 2 3 4 5 6 8 9 10 11 

MAXIMUM SINK CURRENT ON ANY PIN@.45V 
MAXIMUM IOL WORST CASE PIN(mA) 

12 13 
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TECHNICAL DATA 

Sink Capability 

The TMP8243P can sink 5 rnA@.45V on each of its 16 I/O lines simultaneously. 

If, however, all lines are not sinking simultaneously or all lines are not fully 

loaded, the drive capability of any individual line increases as is shown by 

the accompanying curve. 

For example, if only 5 of the 16 lines are to sink current at one time, the 

curve shows that each of those 5 lines is capable of sinking 9 rnA@.45V (if any 

lines are to sink 9 rnA the total IOL must not exceed 45 rnA or five 9 rnA loads). 

Example: How many pins can drive 5 TTL loads (1.6 rnA) assuming remaining pins 

are unloaded? 

IOL = 5 x 1.6 rnA = 8 rnA 

sIaL = 60 rnA from curve 

#pins = 60 rnA + 8 rnA/pin = 7.5 

In this case, 7 lines can sink 8 rnA for a total of 56 rnA. This leaves 

4 rnA sink current capability which can be divided in any way among the 

remaining 9 I/O lines of the TMP8243P. 

Example: This examples shows now the use of the 20 rnA sink capability of port 

7 affects the sinking capability of the other I/O lines. 

An TMP8243P will drive the following loads simultaneously. 

2 loads - 20 rnA@lV {port 

8 loads - 4 rnA@.45V 

6 loads - 3.2 rnA@.45V 

only) 

Is this within the specified limits? 
sIaL = (2 x 20) + (8 x 4) + (6 x 3.2) 91.2 rnA. From the curve: 

for 101 = 4 rnA, sIaL = 93 rnA since 91.2 rnA < 93 rnA the loads are 

within specified limits. 

Although the 20 rnA@lV load are used in calculating sIaL, it is the 

largest current required @.45V which determines the maximum allow

able sIaL. 
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TECHNICAL DATA 

ITMP8243PI 
ABSOLUTE ~1AXH1U~1 RATINGS 

Symbol Item Rating 

Vee Vee Supply Voltage with Respect to GND -0.5V to +7.0V 
VIN Input Voltage with Respect to GND -O.SV to +7.0V 

VOlIT Output Voltage with Respect to GND -O.5V to +7.0V 
PD Power Dissipation sOOmw 

TSOLDER Soldering Temperature (Soldering Time 10 sec.) 260°C 
TSTG Storage Temperature -55°e to +l50oe 
TOPR Operating Temperature oDe to +70o e . , D.C. CHARACTERISTICS TA = DoC to 70°C, Vee 5V ±- lU% 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

VIL Input Low Voltage -0.5 O.S V 

VIH Input High Voltage 2.0 Vct O.5 V 

VOLI Output Low Voltage Ports 4-7 IOL = 5mA* 0.45 V 

VOL2 Output Low Voltage Port 7 IOL = 20mA 1 V 

VOL 3 Output Low Voltage Port 2 I OL=0.6mA 0.45 V 

VORl Output High Voltage Ports 4-7 I OH=-240pi\ 2.4 V 
--. 

VOll2 Output High Voltage Port 2 IOH=-lOOpA 2.4 

IILI Input Leakage Port 4-7 OV'::VIN'::VCC -10 20 pA 

IIL2 Input Leadage Port 2, es, PROG av.:svIN.:sVCC -10 10 pi\ 

ICC VCC Supply Current 10 20 mA 
IOL Sum of all IOL of 16 Outputs 5 mA Each Pin SO mA 

* See following graph for additional sink current capability 

A.C. CHARACTERISTICS TA = DOC to 70°C, VCC = 5V ±- 10% 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

tA Code Valid Before PROG CL = 80pF 100 ns 

tB Code Valid After PROG CL = 20pF 60 ns 

tc Data Valid Before PROG CL = SOpF 200 ns 

tD Data Valid After PROG CL = 20pF 20 ns 

tH Floating After PROG eL = 20pF 0 150 ns 

tK PROG Negative Pulse Width 700 ns 

tCs CS Valid Before/After PROG 50 ns 

tpo Ports 4-7 Valid After PROG CL = 100pF 700 ns 

tLPl Ports 4-7 Valid Before/After PROG 100 ns 

tAce Port 2 Valid After PROG CL = SOpF 650 IlS 
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TECHNICAL DATA 

ITMP8243PI : INDUSTRIAL SPECIFICATION I 

ABSOLUTE ~1AXIMUM RATINGS 
Symbol Item 

VCC VCC Supply Voltage with Respect to GND 

VIN Input Voltage with Respect to GND 

VOUT Output Voltage with Respect to GND 

PD Power Dissipation 

TSOLDER Soldering Temperature (Soldering Time 10 sec.) 
TSTG Storage Temperature 

TOPR Operating Temperature 

D.C. CHARACTERISTICS 

Symbol Parameter Tes L Condition 

Vn Input Low Voltage 

VIR Input High Voltage 

VOLI Outptu Low Voltage Ports 4- 7 IOL=4.5mA 

VOL2 Output Low Voltage Port 7 IOL=20mA 

VOL 3 Output Low Voltage Port 2 I OL=0.6mA 

VOHI Output High Voltage Ports 4-7 I OH=-240\lA 

VOH 2 Output High Voltage Port 2 IOH=-lOO\lA 

IILl Input Leakage Ports 4-7 OViVINiVCC 

IILZ Input Leakage Port 2, CS,PROG OV':VIN':VCC 

ICC VCC Supply Current 

IOL Sum of all IOL of 16 outputs 4. SmA each pin 

Min. 

-0.5 

2.0 

2.4 

2.4 

-10 

-10 

* See following graph for additional sink current capability 

A.C. CHARACTERISTICS 
Symbol Parameter Test Condition Min. 

tA Code Valid before PROG CL = SOpF 100 

tB Code Valid after PROG CL = 20pF 60 

tc Data Valid before PROG CL = SOpF 200 

tD Data Valid after FROG CL = 20pF 20 

tH Floating after PROG CL = 20pF a 
tK PROG Negative Pulse Width 700 

tcs CS Valid before/after PROG 50 

tpo Ports 4-7 Valid after PROG CL = 100pF 

tLPl Ports 4-7 Valid before/after PROG 100 

tACC Port 2 Valid after PROG CL = 80pF 

Rating 

-0.5V to +7.0V 

-0.5V to +7.0V 

-0.5V to +7.0V 

SOOmW 

260°C 

-55°C to +150°C 

-40°C to +S5°C 

Typ. Max. Units 

O. S V 

VCC+0.5 V 

0.45 V 

1 V 

0.45 V 

V 

20 \lA 

10 \lA 
10 20 mA 

72 mA 

Typ. Max. Units 

ns 

ns 

ns 

ns 

150 ns 

ns 

ns 

700 ns 

ns 

650 ns 
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TECHNICAL DATA 

TI ru NG ~·!AVE rOR~1 

PROG 

PORTZ FLOAT 

PORTZ 

tpo 

PORT4-7 PREVIOUS OUTPUT VALID 

trp 

PORT4-7 INPUT VALID 

tcs 
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TECHNICAL DATA 

OUTLINE DRAWINGS 

Unit in mm 

] 2 3 4 5 6 7 8 9 Ie II 12 

17.4MAX. 

Note: Each lead pitch is 2.54mm. All leads are located within 

O.25mm of their true longitudinal position with respect 

to No.1 and No.24 leads. 

All dimensions are in millimeters. 
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INTEGRATED CIRCUIT 
n1P8022P 

TECHNICAL DATA 

GE NE RAL DES CRI P TI ON 

The THP8022P is one version of the TLCS-84 family, which is an 8-bit 

single chip microcomputer containing AID converter. 

The CPU, data meI'lory (RAH) , program memory (ROH) , I/O port, and timer, 

which are basic functions as a computer, and further, AID converter, 

comparator input port, zero-cross ditection circuit, etc. are all 

integra Led on single chip. 

FEATURES 

Compatible with Intel's 8022 

2K x 8 ROH, 64 x 8 RAH, 28 I/O Lines 

8 Bit Interval Timer/Event Counter 

On-chip 8 Bit AID Converter; Two Input Channel s 

8 Comparator Inputs (PORTO) 

Zero Cross Detection Capability 

High Current Drive Capability (VOL<2.5V @IOL=7mA) 

8 Level Subroutine Nesting 

Two Interrupts - External and Timer 

Instructions - 8048 Subset 

8.38 sec Cycles; All Instructions I or 2 Cycles 

Single 5V Supply (4.5V to 6.5V) 
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iIi¥ TECHNICAL DATA 

PIN CONNECTIONS (TOP VIEW) 

f%6 

P;';:" 

(+tJVJ Avec 
VAREF Pins fOI 1;/ D [ 

CorNectec8 ~-___ _ AN" 

ANlJ 

COlIlfUl'atur inlut, 

reference PotenTlal 

P:JHT 

(Comnxator myut ') 

- CrOst> 

(uVl 

d:c tE:~:J:LlK1 mpu:, \. JV) 

AVS9 

TO 

VTIl 

FY 
FOl 

!DC 
F03 

P04 

I-Db 

IDe 
!D7 
AlE 

Tl 

Vss 

PIN NAMES ArID DESCFIPTION 

Pin Name Pin No. Input/ 
Output 

XTALl 22 
XTAL2 23 Input 

RESET 24 Input 

\+0V) 

] ¢:=:? PORT;2 

J <==> PORT' 

<=> PQRT-L 

Function 

A terminal for connecting tile osci.llatoy 

or an input terminal for the external clock. 

Hi"h active signal and initializes 

the chip. When a low level voltage is ap-

plied to this pin, a program starts from ad-

dress o. 
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Pin Name Pin No. 
Input/ 

Function 
Output 

Ecternal interrupt input. 

Since this pin is of a level interrupt type, 

TO 8 Input it is required to be held at low level until 

an interrupt is accepted. Further, this pin 

serves as a test flag input for the condi-

tional jump instructions (JTl and JNTl). 

This pin is an external clock input for the 

timer counter at the time of the event 

Tl 19 Input counter mode, and has a buil t-in zero-cross 

ditection circuit. Further, it serves as a 

test flag input for the conditional jump in-

structions (JTl and JNTl). 

Address Latch Enable pin. 

This pin is a clock output that regards 1 

ALE 18 Output machine cycle (clock cycle x 30) as a cycle. 

(It is also used for the address btch in 

the test mnde 2. ) 

PROG 37 Output Output strobe for the I/O expander 8243. 

I 

I 8-bit open drain port. 
i Since this pin has a buil t-in comparator 

which regards the voltage applied to VTR pin 
POD cc P07 

lOcc17 I/O 
(PORTO) as a comparison voltage, it can change the 

input inverse level. 

It contains a mask option with a pull-up 

resistor. 
L-_ 

586 



• INTEGRATEDClRCUIT 
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Pin Name Pin No_ Inpu t/ 
Function 

Output 

PIO 'CP27 
25'032 I/O (PORTl) 

8-bit quasi-bidire("ti()nal port. 

1------- ------ ------- ---- -------~. ---- ------- --- -----. ---~ 

33'036 8-bit-bidirectional po r t. 
P20'CP27 

38,39 I/O The lower order 4-bit pins P20 P23 (PORT2) to serve 
1,2 

as lines connecting the 4-bit I/O expander 

8243_ 

VTH 9 i Input PORTO threshold reference pin. 

I 
_. 

Analog input to A/D converter. 

AND, ANI 6,5 I Input , 
This pin switches the channels by use of 

l-J soft according to SEL ANO and SEL ANI in-

structions. (2 channels) 

I I The referencE'_ voltage of A/D Conve rte r 

VAREF 4 I Input Establishes the upper li!TIit of AID conversion 

ran~e. 

Avee 3 
I 

Power +5V (For A/D converter section) 
supply 

AVSS 7 " +5V (For !l/D converter section) 

vee 40 " +5V 

VSS 20 " +OV 

Substrate potential output pin. 

[ 

This pin is used for the purpose of connect-

SUBST 21 Output ing a bypass capacitor across the VSS pin 

for improving the accuracy of the A/D con-

verter by stabilizing the substrate potential_ 
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BLOCK DIAGRAt~ 
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OscillCJ.:JJY 

In f-J.J t 

8022 Block Diaqram 

Flap' 

InruL 
S truoo 

AddncN81Jiltch 

gllabjp 
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iii.. TECHNICAL DATA 

DESCRIPTION OF INSTRUCTIONS 

a The table of instructions for the TMP8022P is described by 

use of the following symhols and abbreviations. 

A Accumulator 

AC Auxiliary carry 

addr Lower order 8-bit address 

C Carry 

CRR AID conversion result register 

data 8-bit data 

Pp Port p=O, 1, 2 or P~4 'V 7 

PC Program counter 

Rr Register r=O, 1 or r=O 'V 7 

SP Stack pointer 

T Timer 

TF Timer flag 

TO Test 0 

Tl Test 1 

(x) Contents of x 

«x) ) Contents of address indicated by x 

1\ AND 

v Logical OR 

Exclusive OR 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

" I 0 
or! • .--! 
r./).w Mnemonics 
co '" 
'" u 

'"" or< 
U4-< 

ADD A, Rr 

ADD A, @Rr 

ADD A, Iidata 

ADDC A, Rr 

ADDC A, @Rr 

ADDC A, IIdata 

.§ ANL A, Rr 

'"' u 
~ ANL A, @Rr 

'"' en 
,5 ANL A, IIdata 

" ORL 
o 

A, Rr 

'"' '" '"" ~ 
S 
u 
u 

<C 

ORL A, @Rr 

ORL A, Iidata 

XRL A, Rr 

XRL A, @Rr 

XRL A, IIdata 

INC A 

DEC A 

CLR A 

CPL A 

DA A 

I 

TMP8022 Instruction List (I) 

Functional description 

(A)~(A)+(Rr) r=0-7 

(A)~(A)+( (Rr» r=O,l 

(A)~(A)+data 

(A)~(A)+(Rr)+(C) r=0-7 

[ Effected [ 

Flag iBytes 

C AC I 

o 0 ! 1 

o 

! 0 

o 

o 

o 

o 

(A)~(A)+«Rr»+(C) r=O, 1 i 0 o 

(A)~(A)+data+(C) 

(A)~(A) i\ (Rr) r=0-7 

(A)~(A)i\ «Rr» r=O, 1 

(A)~(A)i\ data 

(A)~(A)V (Rr) 

(A)+-(A)V «Rr» 

(A)~(A) V data 

(A)~(A)V (Rr) 

(A)*-(A)V «Rr) 

(A)*-(A)+l 

(A)~O 

(A)+NOT(A) 

r=O-7 

r=O, 1 

r=0-7 

r=O, 1 

o 0 2 

2 

1 

2 

1 

1 

I Decimal aJju:;t A 

I 
Operation 

Cycles Code 

I (Hexadecimal) 

1 I 68-6F 

I 1 60, 61 

I 
2 03 

78-7F 

70-71 

2 13 

58-SF 

50-51 

2 53 

48-4F 

40-41 

43 

D8-DF 

DO-Dl 

D3 

17 

07 

27 

37 

57 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

Mnemonics 

SWAP A 

RL A 

RLC A 

RR A 

RRC A 

Functional Description 

i (A4-7), (AO-3) 

(An+1)+(An ),(AO)+(A7) 
n=0-6 

(An+1)+(An),(C)+(A7) 
n=0-6, (AO)+(C) 

(An) (An+l) , (C)+(AO) 
n=0-6 (A7)+(C) 

-"--"- "---f---"" --- ------"---" 

IN A,Pp (A)+(Pp) p=0,1,2 

OUTL Pp,A 

MOVD A, Pp 

MOVD Pp,A 

(Pp)+(A) 

(AO-3)+(PP) 
(A4-7)' 0 

(Pp )+-(AQ-3) 

p=4-7 

p=4-7 

Effected Operation 

Flag Bytes Cycl es Code 

C AC (Hexadecimal) 

47 

E7 

o 1 F7 

1 77 

o 1 67 

- 1-"--------1 

2 OB, 09, OA 

2 90, 39, 3A 

1 ~C-OF 

2 3C-3F 

I 
ANLD Pp,A (Pp)+(Pp) /\ (AO-3) p=4-7 i - 2 9C-9F 

ORLD Pp,A ! (Pp)+(Pp) V (AQ-3) p=4-7! - 2 BC-BF hf-------- +----- ----- - c_" ___ " ______ ~ _____ : ________ ~ 

~ o~ INC Rr !, (Rr)+(Rr)+l r=0-7 - - 1 lIB-IF 
'-' '-' 
on U ' 

001 e INC @Rr I «Rr»+«Rr»+l r=O,l 

~ §~ JMP -ad-d-r--+-~--(P-C-0---7-)+-u-p-~e; 3-bit of 

~ Operation code 

~ JMPP @A I 

E DJNZ Rr, addr I 

JC addr 

(PCO-7 )+«A) ) 

(Rr)+(Rr)-l,If (r)~O 

(PCO-7)+addr 

! 

1---
1 

I 

1 

2 

2 

i 

10-11 

-----~-------I 
2 

2 

2 

2 

I 

04,24,44,64 
B4,A4,C4,E4 

B3 

EB-EF 

F6 
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TECHNICAL DATA 

" Effected ! Operation I 0 

IBYtes 
OM -.-1 
OJ '-' Mnemonics Functional Description Flag Cycles Code 
OJ " 
" U rl • .., 

C AC (Hexadecimal) u""' 

JNC addr If (C)~O, (PCO_7)~addr - - 2 2 

I 
E6 

JZ addr If (A)~O, (PCO-7)~addr - - 2 2 : C6 

" 
I 

0 JNZ addr If (A) ",0 , (PCO-7 )~addr - - 2 2 96 . .., 
'-' u 

" JTO addr If TO~l, (PCO-7) ~ addr - - 2 2 36 ~ 

I '-' 
OJ 

I " JNTO addr If TO~O, (PCO-7) ~ addr - - 2 2 26 rl 

.c JTl addr If T1~1, (PCO-7) ~ addr - - , 
2 2 56 u 

" 
If Tl~O, (PCO-7) ~ addr ,- - I 2 " ~ JNTl addr 2 46 pO 

JTF addr 
H "~'. (,,"~,) •• ", I ~ I : 2 16 

I---1-- ------- --

~;D:-(P~),(~;):(~;)~T - - 1 CALL addr 2 14,34,54,74 

" (PCO-7 )~addr . 94,B4,D4,F4 Q) 0 

" 'M (PC8_1O)~Upper 3-bit of I ' . .., '-' 
'-' u 

" " operation code ! 

o " " '-' .D OJ RET (SP) ~ (SP)-l - - 1 2 83 " " i cnH 
(PC) ~ ((SP)) 

" 

I----u-r---- ,-------------- ------ - -------- ---- ----- ---- ------t------
" CLR C (C)~O 0 - 1 1 i 97 

OJ "" 
, 

oc'-' 0 
cD U)"r-! 

~r5~ CPL C (C)~NOT(C) 0 - 1 1 
, 

A7 

MOV A,Rr (A) ~ (Rr) r~0-7 - - 1 1 F8-FF 

" 0 
MOV A,@Rr (A) ~ ( (Rr)) .r< 

w r~O,l - - 1 1 FO-F1 
u 

" MOV A,lldata (A) ~ data " w - - 2 2 23 

" 2 MOV Rr,A (Rr) ~ (A) r~O-7 - - 1 1 A8-AF 
OJ 
OJ 

MOV @Rr,A ( (Rr)) ~ (A) r~O,l 1 1 AO-Al " - -
£ 
" MOV Rr,lIdata (Rr) ~data r~O-7 - - 2 2 B8-8F 
'-' 
~ 
p 

MOV @Rr,lldata ((Rr)) ~ data r~O,l - - 2 2 BO-B1 
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TECHNICAL DATA 

" I a 
or-! or-! 
(JJ.w Mnemonics 
en '" 
'" U rl .r< 
u"-' 

" 
XCH 

o XCH en .r< 
CJ '-' 
> u 
2 ~ XCHD 

'-' 
("Ij (JJ 

~.5 MOVP 
A 

A,Rr 

A,@Rr 

a,@Rr 

A,@A 

~ § I::: --::: -
" .r< ~ '-' 

<'5 ~ STRT T 

~ t I 
~ C I STRT CNT 

Functional Description 

CA) ,'(Rr) 

(A) /«Rr)) 

r=0-7 

r=O,l 

(AO-3)': «Rr)) r=O,l 

Effected 

Flag 

C AC 

(PCO-7)+-(A) [Note] i -
(A)+-(~~~ _____ J_ 

(A) +- (T) i -

(T) +- (A) 

Start timer 

Start counter 

Bytes 
I 

Operat~on 

CVllcs Code 

I (Hexade cimal) 

1 i 28-2F 

1 20-21 

1 30-31 

2 A3 

---

1 42 

1 i 62 

1 55 

1 45 
.r< H 
H 

STOP TCNT Stop timer/counter - - I 1 1 65 
f-.-,,~,,+~-------'---- ----1--- ------------.-------~--~_+_--- -~~__r--~----- ---'-------. -----------1 

Z.~ RAD (A) +- (CRR) I - - i 1 2 80 
" '-' OJ u 
5 ~ SEL ANO ANO Selection, Conversion 
o '-' 

U en 

" AH 

~ 

" " 0 

SNL 

EI 

DIS 

~~. ~ EN 
;::; u 
h ~ 

~ t:: DIS 
" en 

" " c;H RETI 

ANI 

1 

TCNTl 

TCNTl 

restart 1 85 

ANI I - 1 95 
--- ------ - -----i-------------+---------t---- ~-------i 

Ep.able cxter'"1:11 

Disable exterr.:.:>l inte 

Enable timer/counter 
interrupt 

Disable timer/counter 
interrupt 

(SP) +- (SP) - 1 
(PC) +- «SP)) 

05 

15 

1 25 

1 35 

93 

I----I----------l-----------~--- ------ +------~-------
Nap No Operation 00 

Note) MOVP A, @A loads the contents of address indicated by accumulator 

A in the page, into accumulatorA. After the execution, the contents 

of PC indicate the next address. 
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ilia TECHNICAL DATA 
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!,jQP 

INC INC 

@HO @~l 

XCH XCH 

A(iiY.O A,@IU 

XCHD XCHD 
3 

TMP8022P Instruction List (I) 

3 4 

AD;) JMP EN I 

ADDC CALL DISI JTF 

A,±t 

DSC 

A 

HIe 

A 

I IN I IN IN 

IA.PO At?l A,P2 

INC INC INC 

B 

INC 

A RO RI R2 R3 

C D F 

MOVO MOVO MOVD MO'JD 

A , P4- A,PS A,P6 A,P? 

INC INC INC [W-: 

R4 R5 H7 

MOV JMP gN JNTO CLR XCH XCH XCH XCH XCH XCH XCB XCH 

A ,t; 'rCNrI A A,RO A,Rl A,R2 A,R3 A,R4 A,R5 A,n6 A,B? 

CALL Drs JTU CPL OU1'L OU'l'L MOYO MOVO MO'/D MOVO 

r--~ A.@.hO~~ TeN'I'I A PI,A P2,A P4,A P5,A P6,A P7,A 

OHL OtH. Mlri om, JMP ~iTH'l' IN'i'l S'.'iA~J OEL OIu., OHL OiU... OHL OHL Ok,L r.n:L 

A,(a;n.O A,(a?J A. t; A, RO A, RIA, H2 A I 1\.3 A, R4- A I R!1 A, H6 A I R7 

ADD AD!) MOV J MP !lTOF ~.R(.:' ADD A;)D ADD ADD ADlJ ADD ADD ADD 
6 

r __ -t_A_"'_},_',0-t-A_,(ii_a._iUi-:' _' A_r _-t-__ r'I_'C_N_'I'-t-_--i,-A_-tA_, _R0-t_A_,_R_l-t-A_,_"_2j-A_,. ,_1,3--t-A_,_R_'--t-'_' _' "_'_' rA I H6 A, R7 

ADDe ADDC CALL I P'~.' ADDC I AJJl)C AIJDC ADDC ADDC 

A,@T-<:O A,(t!;P r A,RO A,Rl A,R2 A,R3 A,R4 

AOlJC ADne A!JDe 

A, R5 A, R6 A, R7 

H.AD 

OUTL 

PO ,A 

A 

MOV MOV 

1---___ (o,p,O, ~t @Tu,t: 

hE'1' JMP S!'~L 

AND 

OI1LD ORLD OH!.,D OIti..,D 

P4,A P5,A ?6,A P7,A 

r-U"-,TI CALL Sli.:L JNZ CLR A.!'-l'LD .. ".:>lL!) AHLI) AtlI..,j) 

P4,A P5,A P5,A P7,A 

MOV!) JMP 

A ,@~\ 

J MPi~ CALL 

@.". 

ANl 

J MP JZ 

:?L M<W M\)V MuV MOV MOV M0V MOV MOV 

HO,.A Rl,A R2,A R3,A R4,A 1\5,A Ro,A R7,A 

MOV MO'.' MUV MOV Mi)V MOV MOV MOV 

~O,!t- Rl,1t H2,tj R3,;t R4.# R5,t~ h6,t~ H7,tt 

f------ - ----+---+---+--+-+-+-+-+-+--/---I---/--+--+---I 
XHL XRL ZhL XH_L :<HL XHL XHL XKL XI~L XHL 

D 
A,r: AtkO A,RI A,R2 A,R3 A,R4 A,R5 A,R6 A,R7 

JMf' JH:: KL DJNZ D.INZ DJNZ nJNz. DJNZ DJNZ UJNZ DJNZ 

!Anv ~,1()'J CALI, J C RLC MOV ~ ... !,)V MOV MOV MOl MOV MOV t,.{OV 

A A,ED A,Rl A,[1.2 A,R3 A,R4 A,R5 A , R6 A,R? 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

VCC Supply Voltage -0. S 'C + 7 V 
r------.""" ~~"" 

VINA Input Voltage (Except PRESET,PROG,Tl) -0. S 'C + 7 V 
r-------"" ~-~~-~--- "-- "------+----1 

VINB Input Voltage (Only PRESET,PROG,Tl) 

~ _f--__ ~~~r:.!iS s~~_<l1:~~ _____ " _____ ~r-O. 5 1 ~_0_+_1_3_+--:-_j 
Topr Operating Temperature a 'C 70 °c 

. - -"-, -- ----

Tstg Storage Temperature i -5S 'C ISO °c 

DC CHARACTERISTICS Topr =oC 'C70°C, VCC =S.SV±lV, VSS =OV 

SYMBOL PARAMETER i TEST CONDITION MIN. TYP. MAX. UNIT 

i 0.8 ~_V_I_L_"_-4_Input Low Voltage -O.S VTH Open V 
I 

VIL 

VIR 

VIRI 
----

VIH2 

VIH3 
----

VIR 

VOL 

VOLI 

VOH 

Input Lm, Voltage 
(PORTO) 

Input High Voltage 

I 
""f-"~-

. VCC=S. OV±lO% 

i -O.S 
I 

2.0 I 

VTH 
-0.1 

VCC 

V 

V 
(All Except XTAL, RESET) VTH Open 

-,------------If-----+!--~-~--__j 
Input High Voltage VCC=S.SV±lV 3.0 VCC V 
(All Except XTAL, RESET)! VTH Open 

-"-----"-" - --- --- ""-I-~ --------+---+--+--+---1 
Input High Voltage 'I 1 VTH 
(PORTO) -++0.1 

Input Righ Voltage T ~---I---+-!v-c-c-f-, --v-l 

(PRESE_T,XTALI) I -t_3_._0~-~-t---+'""~ 
PORTO Threshold I 0 0.4 V 

Comparison Voltage ----t----"-------+_ vcc 

:~::~: ~:: ~:~:::: _~_+-~~~;.!~~ _~--+__ :::S 
(PIO, PIl) 1 m I 

-OuTput High VOl tage (An 1---"-"-------+--+--f---+---I 

VCC V 

V 

V 

~~;~sO) Open Drajn Option-i IOH = -SO~A 2.4 i V 
f-----+ ----------- ------ ---------- i-------------------

Input Current ILl (Tl) VSS=O.4SV~VIN~VCC ±200 ~A 

t----~-t"-- ------"-" ---~-~ -~--"~------__t--_t---+_---1---j 

ILO 
Output Leak Current 
(Open Drain Option-Port 0 

t------j-
ICC VCC Supply Current 

VSS=0.4SV~VIN~VCC ±10 

SO 100 rnA 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

AC CHARACTERISTICS 1 Ta = O°C 'C 70°C VCC = 5.5V ± IV, VSS = OV 

SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT 

tCY Cycle Time At 3MHz XTAL 10vs 8.38 50.0 I 
jJS 

----.--- -- ---
Zero-cr::oss Dete.ctjon Tnput 

i VACpp VZX (Tl) 
1 

: 
3 

AZX Zero-cross Acuracy 60Hz Sinewave ±l35 mV 

Detection Input 
1----------

FZX 
Zero-cross 

0.05 1 KHz Frequency 

AC CHARACTERISTICS 2 Ta=O° 'C70°C VCC=5.5V ± IV, VSS=OV 

SYMBOL PARAMETER CONDITION MIN. MAX. UNIT 

tcp Port Control Setup Before 0 5 VS 
Fall in" Edge of Prog _____ +-_. _+_--+_----j 
port Control Hold After I 

l----_t_P_C_-I.3 Falling Edge_ "L.l.'E()_g ____ +_-------- ~ __ +-~-. ~-I----c--I1-"--
~ Prop; to Time p2 Input mus , 
~ be Valid I 1.0 JJS 
6' ---------------+-------~------__jl---r 

i 

---

tDP 

--

7.0 JJS " Output Data Setup Time 
1--------1 ~ ---------- ------------+--+--+---1 

tPD c 
'" ~ 

tpF "-' 

8.3 VS Output Data Hold Time 
-----------~----~--_+---------+_---r_-_+--_1 

Input Data Hold Time 0 150 vs 

tpp PROG Pulse Width 8.3 JJS 

tpRL 

" 0 
'0' 

tpL -I-' 

" '" '" tLP ~~ 
0 
,.., 

tPFL OJ 

" '" 0 

tLL z 

ALE to Time p2 Tnput must 
be V~lid 3.6 JJS 

1----------- --- ----------~--r_--_+--+_--___t 

Output Data Setup Time 0.8 JJS 

Output Data Hold Time 1.6 JJS 

Input Data Hold Time 0 JJS 

ALE Pulse Width Max. at tCy=8.38jJs 3.9 23.0 JJS 

Test Condition tCY = 8.38 JJS 



iliz 
INTEGRATED CIRCUIT 

TECHNICAL DATA 

A/D CONVERTER CHARACTERISTICS Ta~O"C 70"C, VCC~5.5V±lV, VSS~OV, AVCC~5.5±lV, 
AVSS~OV, AVCC/2;;, VAREF ;;,AVcc 

PARAMETER MIN. TYP. MAX. UNIT REMARK 

Resolution ! 8 I Bits 

~Ol ute~ccur~Cj_=~~-t ~--io: -r 8% FST -=-~LSB ------,-L_S __ B_-+-_N-_ot_e_l_) -I 

Sample Set1lp Before FallIng 1 0.20 lit I 
Edge of ALE (tSS) CY 
Sample Hold After Fallin?; --- 0.-10-.1 -.---------t-----1i-----------l 
~_ of ~J<:......<.:s~ _________ "___ ___ __ tCY 

Input Capacitance 1 pF 

Conversion Time 4 4 tCY 

Note 1) It is required that the analog input terminal is kept at a 

constant voltage during the smapling time (tss + tSH)· 
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iIi~ TECHNICAL DATA 

THlI NG Dr AGRAt~ t,~y 

AL S \'---
~ LP 

________________ -J)~--------O-U-T-F-"-C--D-A-T-A--------~~L---------------

_-----'I \L---_-----J! \~ 
tpp 

~-

FHe' } 

\ 

t::;r t.pe tm- tFD 
"._--

) 
i~ 

K FOHT 

i~ 
l'OKT OUTFO':' 

POKT I NPU'l' 
----------~~---t-P-H-----~---IN-,P-U-T-"~~---------

A1ALOoJ- IN.r-UT 

1\ 
tS.3 tSH 

AND ,ANI 

) K 
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iii ¥ TECHNICAL DATA 

PROGRAM DELIVERY OF TMP8022p 

The program delivery of the TMP8022P is performed by using a paper tape 

of the following format. At the same time, it is required that mask 

options should be clearly designated. The format of the paper tape is 

the same as the Intel ' s type objec"t t;lpe (tlvXu(!('cim~ll t;lpe ()lltPllt by 

Tnte1 MilS system, PROMPT 48 ilevelopment TOOl, etc.) 

(1) Mask Option 

It is required that the presence of pull-up resistors is designated 

as to the 8 bits of PORTO, and the rJ terminal. 

It is required that a mask option designation form attached to the 

ES Order Instruction Sheet is used for designation of mask option. 

It is required that the mask option designation form is submitted 

together with the ES Order Instruction Manual within two weeks be

fore the sumbission date of tape. 

Example of mask option designation 

o : loIithout pull-up register 

~ 
PORTO 

name 
Option 

7 6 5 4 3 
desi~.r:_ati.?~ --1---_._- --
Presence of 
pull-up re- 1 0 0 0 1 
sister 

loIith pull-up register 

Tl 

2 I 1 0 

1 I 0 0 1 

In this case, the presence of pull-up resistors is as follows: 

Pins with pull-up resistors ...... P07, P03, P02 and Tl 

Pins without pull-up resistors ... p06, ros, p04, POI and rOO 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

(2) Tape Format 

"NULL" characters or more 01 } Leader, 50 

Comments ----- Comment 
(CR) 

(Record mark ":" is not included) 

} Option LF 
1----::'------1- ---- Record mark 

} Record Length (2 hexadecimal digits) 

} Loading Address (4 hexadecimal digits) 

{ , 00' Normal 
Record Type (2 digits) '01' ..... End of 

Data 

Check Sum (2 hexadecimal digits) 

record. 
fEe record 

Dummy characters (RUBOUT, BLANK) between and after" CR LF" 

Record Mark 

(3) Example of Tape List 

TOSHIBA MICRO COMPUTER TLSC-84 
:100000000665C7D79CF50F3F95lFED55A8FF16E570 
:1000100088884dde67D3lF5D8ABA6DF292Fl13F5Cl 
:100020004FFlFB5DFFDAA96A99CF7DF94A346B7C09 
:10003000l97352F729F12F79AA9C057C5B85lEED77 

:1003C0005DFDB5E556A67277F6lA5lC63lCF9FOE80 
:1003DOOOBD2F6F20E8BB1977E3FB5ADlE4lFDAA7E2 
:1003EOOOB53D42EOEC32546025B7308CDD52063DlD 
:1003FOOOB4BE9E9E345B6l38060B20BC372BF60BD6 
:OOOOOOOIFF 



• INTEGRATEDClRCUIT 
iii:': TECHNICAL DATA 

2 3 4. 0 0 7 ::3 9 10 11 12 13 1·1 1:) 16 17 13 l~j 2J 

~NOTP:l) 

2.54 

cO 
rl 

o 

R 
- I U.25_~U.l 

50.7=-0.15 15.00 ~ 17.80 

\ :-JOTE :2 ) 

Note: 1. This dimension shows the center of curvature of leads. 

2. This dimension shows spread of leads. 

3. The pitch of leads is 2.54 and the tolerance is ±O.25 
from the theoretical center of each lead obtained 
No.40 lead as the reference. 
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TOSHIBA MOS TYPE DIGITAL 

INTEGRATED CIRCUIT 

TMP80C49P-6, TMP80C39P-6 iii :.: TECHNICAL DATA Silicon Monolithic 

602 

8-BIT SINGLE-CHIP MICROCOMPUTER CMOS Silicon Gate 

GENERAL DESCRIPTION 
The TMP80C49P-6 is a single chip microcomputer fabricated in Silicon 

Gate CMOS technology which provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-hit CPU, 128 x 8 RAM data memory, 2K x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP80C49P-6 is particularly efficient as a controller. It has exten
sive bit handling capability as well as facilities for hoth binary and RCD 
arithmetic. 

The TMP80C39P-6 is the equivalent of a TMP80C49P-6 without ROM program 
memory on chip. By using this device with external EPROM or RAM, software 
debugging becomes easy. 

FEATURES 
Software compatible with TMP8049P/i8049 

CMOS/LSI for low power dissipation -
less than 50 m\' at SV, 6M}]z 

High Noise Immunity 

2.5~s Instruction Cycle 

Extended temperature operati.on: 

-40°C to +R5°C 

PIN CONNECTIONS (TOP VIEW) 

TO 
XTALI 
XTAL 2 
RESET 

SS 
INT 

EA 
Rfj 

PSEN 
WI< 

ALE 
DBO 
DBI 
DB2 
DB3 
DB4 
DBS 
DB6 
DB? 
VSS 

Single power supply 

2K x 8 masked ROM 

128 x 8 RAM 

27 I/O lines 

Interval Timer/Event Counter 

Power Down Mode 

VCC(+SV) 
TI 
P27 
P26 
P25 
P 24 

PI? 
PIG 

~15 
14 

PI3 
PI2 
FI! 
FlO 
N 
PROG 
P23 
P22 
P21 
P20 



~. INTEGRATEDCIRCUIT 
iill » TECHNICAL OAT A 

BLOCK DIAGRM 

TMP80C49P-6 

n~P80C39P-6 
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TMP80C39P-6 iii W TECHNICAL DATA 

604 

PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 
Circuit GND potential 

VCC (Power Supply) 
+SV during operation 

PS (Input) 
The control signal for the pm;,;rer saving at the power dowen mode 

(Activf' Low) 

PROG (Output) 
Output strobe for the TMP8243P I/O expander. 

PIO-P17 (Input/Output) Port 1 
8-bit quasi-bidirectional port (Internal Pullup _ SOK0 ). 

P20-P27 (Input/Output) Port 2 
8-bit quasi-bidirectional port (Internal Pullup ~ SOK0 ). 

P20-P23 contain the four high order program counter bits during an external 
program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 

DBa-DB 7 (Input/Output, Tri-State) 
True bidrectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

TO (Input/Output) 
Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using EN TO CLK instruction. 
TO is also used during programming. 

Tl (Input) 
Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the tirner/STRT CNT instruction. 

INT (Input) 
External interrupt input. Initiates 
Interrupt is disabled after a reset. 
instruction. (Active low) 

RD (Output) 

an interrupt if interrupt is enabled. 
Also testable with conditional jump 

Output strobe activated druing a 
the Bus from an external device. 
Memory (Active Low). 

Bus read. Can be used to enable data onto 
Used as a Read Strobe to External Data 



• INTEGRATEDClRCUIT 
iii:':' TECHNICAL DATA 

WR (Output) 

n~P80C49P-6 

TMP80C39P-6 

Output strobe during a Bus write (Artive Low). Used as a Write Strobe to 
External Data Memory. 

RESET (Input) 
Active Low signal which is used to initialize the Processor. Also 
used during the power down mode. 

ALE (Output) 
Address Latch Eanble. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 
Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 
Single step input can be used in conjunction with ALE to IIsingle step" 
processor through each instruction when SS is low the CPU is placed 
into a wait state after it has completed the instruction being executed. 
Also used during the power down mode. 

EA (Input) 
External Access input: ~vhich forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for test
ing and program verification. (Active High) 

XTAL 1 (Input) 
One side of rrystal input for internal oscillator. Also input for 
external source. 

XTAL 2 (Input) 
Other side of crystal input. 

605 



INTEGRATED CIRCUIT 

iii » TECHNICAL DATA 

ABSOLUTE MAXI MUM RAT! NGS 

SYMBOL ITEM 

Vee Vee Supply Voltage (with respec t 

VINA Input Voltage (Except EA) 

VINB Input Voltage (Only EA) 

PD Power Dissipation (Ta=85°e) 

TSOLDER Soldering Temperature (Soldering 

TSTG Storage Temperature 

TOPR Operating Temperature 

to GND 

TMP80C49P-6 
n1P80C39P-6 

RATING 

(VSS)) -0.5V to +?V 

-0.5V to Voe+0. 5V 

-O.5V to +l3V 

250mW 

Time 10 sec) 260°C 

_65°C to 150°C 
.. ~ 

_40°C to 85°C 

DC CHARACTERISTICS (I) TOPR=-40°C to 85°C, Vee=+5V±10%, VSS=OV, unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL Input Lm, Vol tage -0.5 - 0.8 V 

VIH 
Input High Vol tage (Except 

2.2 - Vec V XTALl, XTAL2, RESET, TO, Tl) 

VIHI 
Input High Voltage 

O.?Vee Vce V (XTALl , XTAL2, RESET) -

VIH2 Input High Voltage (TO, T]) 0. 5Vee - Vec V 

VOL 
Output Low Voltage 

IOL=1. 6rnA - - 0.45 V 
(Except PIO-PI?, P20-P27) 

VOLl 
Output Low Voltage 

IOL=I.2rnA 0.45 V (PIO-PI? , p20-P27) - -

VOHll 
Output High Vol tage 

IOH=-1.6mA 2.4 - - V 
(Except PIO-Pl?, p20-P27) 

VOHl2 
Output High Voltage 

IOH=-400~A 
Vee - - V (Except FlO-PI?, P20-P27) -0.8 

VOH2l 
Output High Voltage 

IOH=-50~A 2.4 V (PIO-PI? , P20-P27) - -

VOH22 
Output High Voltage 

IOH=-25~A Vee - - V 
(PIO-Pl? , P20-P27) -0.8 

ILI 
InpuL Leak Current 

VSS:;'Vnl~Vee - - no ~A 
(Tl, INT, EA, PS) 

lUI Input Leak Current (SS, RESET) VSS~VIN~Vee - - -50 uA 

ILI2 
Input Leak Current 

VSS+0.45V~VIN~Vee -500 (PIO-PI? , P20-P27) - - uA 

lLO Output Leak Current (BUS, TO 
VSS+0.45V~VIN:VeC ±lO 

(High impedance condition) - - ~A 

Vce=5V,fxTAL=6MHz 

ICC Vee Supply Current VIH=Vee-0 . 2V - - 10 rnA 
VIL=0.2V, eX2=OpF 
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iii » TECHNICAL DATA 

DC CHARACTERISTICS (II) 

T~1PSOC49P-6 

H1PSOC39P-6 

TOPR=-40"C to R5"C, VcC=+5V±20%, VSS=OV. Unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. 

VIL Input Low Vo ltaf,e -0.5 

VIII 
Input lIigh Voltage (Except 

O. 5Vee XTALl, XTAL2, RESET, TO, Tl) 

VIIIl 
Input lIigh Voltage 

O. 7Vee (XTALI, XTAL2, RESET) 

V III 2 Input lIigh Voltage (TO, Tl) O.Wee 

VOL 
Output Low Voltage 

IOL=1. 6rnA (Except PIO-PI7, p20-p27) -

VOLl 
Output Low Voltage 

IOL=1. 2mA (PIO-PI7, P20-P27) -

VOlll2 
Output lIigh Voltage 

IOH=-4OO vA 
Vee 

(Except PIO-PI7, P20-P27) -0.8 

VOH22 Output High Voltage 
IOH=-2SlJA 

Vee 
(P10-PI7, P20-P27) -0.8 

Input Leak Current 
VSS~VIN~Vee ILl (Tl , INT, EA, PS) -

lUI Input Leak Current (55, RESET) VSS';;VIN';;VCe -

ILI2 
Input Leak Current 

VSS+0.45V~VIN~VeC 
(PIO-P17 , p20-p27) -

110 
Output Leak Current (BUS, TO) 

VSS+0.115V~VIN';;VCC (lligh impedance condition) 
-

VCC 5V, f XTAL=6M11z 

ICC Vee Supply Current VIII=Vec-O. 2V, -
Vu =0. 2V.~ CXz=0pF 

TYP. MAX. UNIT 

- 0.15 V 
Vce 

- VCC V 

- VCC V 

- Vec V 

- 0.45 V 

- 0.1+5 V 

- - V 

- - V 

- ±10 vA 

- _ VCC 
vA 

0.1 
_ Vee vA - 0.1 

- +10 vA 

- 10 rnA 
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• INTEGRATEDCIRCUIT iii. TECHNICAL DATA 

AC CHARACTERISTICS 

TMP80C49P-6 
TMP80C39P-6 

TOPR=-40°C to 85°C, VCC =+5V±20%, VSS=OV. Unless Otherwise Noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. 

tLL ALE Pulse Width 40() - -
tAL Address Setup Time (ALE) 150 - -

tLA Address Hold Time (ALE) 80 - -

tcc Control Pulse Width (PSEN, RD, WR) 700 - -
tDW Data Setup Time (WR) 500 - -
tWD Data Hold Time (WR) CL=20pF 120 - -

tCY Cycle Time 2.5 - 15.0 

tDR Data Hold Time (PSEN, RD) 0 - 200 

tRD Data Input Read Time (PSEN, RD) - - 500 

tAW Address Setup Time (WR) 230 - -
tAD Address Setup Time (Data Input) - - 950 

tAFC Address Float Time (RD, PSEN) 0 - -
tcp Port Control Setup Time (PROG) 110 - -
tpc Port Control Hold Time (PROG) 130 - -

tpR Port 2 Input Data Set Time (PROG) - - 310 

tDP Output Data Setup Time (PROG) 220 - -
tpD Output Data Hold Time (PROG) 65 - -
tpF Port 2 Input Data Hold Time (PROG) 0 - 150 

tpp PROG Pulse Width 1510 - -

tpL Port 2 I/O Data Setup Time 600 - -
tLP Port 2 I/O Data Hold Time 150 - -

Note tcy=2.5~s (fx=6MHz) 

Control Outputs; CL=80pF, BllS Outputs CL=150pF 
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UNITS 
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ns 

ns 

ns 

ns 

~s 

ns 

ns 
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ns 

ns 

ns 

ns 

ns 
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• INTEGRATEDCIRCUIT TMP80C49P-6 
H1P80C39P- 6 ;;a;;:= 

wc~ TECHNICAL DATA 

TIMING WAVEFORM 

A. Instruction Fetch from External Prooram ~1emory 

ALE 

BUS 

B. Read from External Data Me~ory 

ALE 

tc 

BUS 
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iii :.: TECHNICAL DATA 

C. Write into External Data Memory 

BUS 

TMP80C49P-6 
TMP80C39P-6 

D. Timing of Port 2 durinq Expander Instruction Execution 

ALE 

PORTZO 
PCR 

PORT23 
(Data Output Operation) 

PORTZO 
PCR 

PORT23 
(Data Input Operation) 

PROG 

* Input Enabled State tpp 
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POWER DOWN MODE (I) ------ Data Hold :1ode in RA~1 

H1P80C49P- 6 

TMP80C39P-6 

The operation of oscillation circuit is suspended by setting PS terminal 

to low level after RESET terminal has been set to low level. Conse1uently, 

all the data in RAM area can be held in low power consumpti.on. 

The minimum hold voltage of Vee in this mode is 2V. 

PS terminal is set to high level to resume osillation after Vee has been 

reset to 5V, and then RESET terminal is set to high level, thus, the normal 

mode is restarted from the initialize operation (address 0). 

DC CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITION IIIN. TYP. I !-'AX. 

VSBI Standby Vol tage (l) 2.0 - I 6.0 

ISBI Standby Current (1) VCC~5V, VIWVCC-O. 2\1, VlL~O. 2V - 0.5 10 

AC CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

tpsHP Power Save Hold Time (RESET) 10 - -

tpSSR Power Save Setup Time (RESET) 10 - -
. 

tVH VCC Hold Time (PS) 5 - -

tvs VCC Setup Time (PS) 5 - - I 
Note tcy~2.5vs (fx~6Ml1z) 

TIMING WAVEFORM 

} ,( 1 tVH tvs 
\ 

PS 1 
I tpSHR tpSSR 

UNIT 

V 

vA 

UNIT 

vS 

mS 

lJS 

vS 
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POWER DOWN r'10DE (II) ------ All Data Hold ~1ode 

The operation of oscillation circuit is suspended by setting PS terminal 

to low level after SS terminal has been set to low level. Consequently, 

all data can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 3V. 

PS terminal is set to high level to resume oscillation after Vec has been 

reset to 5V, and then SS terminal is set to high] ('vf>.l. thus. the normal 

mode is restarted continuously from the state just before the power dmvl1 mode (II). 

DC CHARACTERISTICS (TOPR~-40°C to 85°C, VSs~OV) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

VSB2 Standby Voltage (2) 3.0 - 6.0 V 

VCC~5V,VIWVCC-O. 2V~VlL ~0:-2\ 
1---

ISB2 Standby Current(2) 0.5 I 10 ~A 

AC CHARACTERISTICS (TOPR~-40°C to 85°C, VCC~5V+20%, VSS~OV) -

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tpSHS Power Save Hold Ti.me (SS) 5 - - ~s 

tpSSS Power Save Setup Time (SS) 10 - - mS 

tVH VCC Hold Time (ps) 5 - - wS 

tvs VCC Setup Time (PS) 5 - - ~S 

Note tcy~2.5us (fx~6MHz) 

TIMING WAVEFORM 

Vcc 1 ~ 
tvs -\ tVH 

~ 
t PSHS t PSSS 
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PIN STATUS IN THE POWER DOWN MODE 

E~ch pin status in the power down mode (I)/(Il) is shown in the following table. 

PIN NAME POI,ER DOWN MODE (1) POWER DOWN MODE ( II) 

DBD - DB7 High Impedance High Impedance 

Input Disabled Input Disabled 

p20 - P23 Output "0" (at EA~l) 

High Impedance (at EA~O) Output PCII 

Input Disabled 

p24 - P27 High Impedance Output the data Contained 

Input Disabled in the Port (Open Drain) 

PlO - P17 High Impedance Output the data Contained 

Input Disabled in the Port (Open Drain) 

TO High Impedance lIigh Impedance 
Input Disabled Input Disabled 

Tl Input Disabled Input Disabled 

XTALI High Impedance High Impedance 
XTAL2 

RESET, 
- Input Disabled when oscil- Input Disabled when oscil-
SS 

lat~r is stopped Pull-up latar is stopped Pull-up 
transistor turned off transistor turned oft 

INT, EA Input Disabled when oscil- Input Disabled when osc:il-

latar is stopped lat~r is stopped 

RD, WR Output "1" Output "1" 

ALE Output "0" Output "I" 

PROG Output "1" Output "1" 

--
PSEN Output "0" (at EA~l) 

"1" (at EA~O) 
Output "1" 

Output 
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OUTLINE DRAWING 

40 39 383736 35 3433 32 31 302928 27 26 2524 23 22 2,1 

2.54 (Note 2) 

~ 
1 2 3 4 5 6 7 8 9 1011 12 1314 15 16 17 1819 20 

50.7±O.15 

Unit in mm 

M 

0 
+1 
0 

~ 

o 
+1 
en 
~ 

en 
H 

0 
+1 
en 
~ 

(Note 1) 

~ F9 
I 0.25±0.1 

15.00"'17.8 

Note 1. This dimension is measured at the center of rending point of leads 

2. Each lead pitch is 2.54nm, and all the leads are located within 

±0.25mm from their theoritical positions with respect to No.1 

and No.42 leads. 
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INPUT/OUTPUT EXPANDER 

GENERAL DESCRIPTION 

TOSHIBA MOS TYPE DIGITAL INTEGRAED CIRCUIT 

Tt·1P82C43P 
SILICON MONOLITHIC CMOS SILICON GATE 

The TMP82C43p is an input/output expander designed specifically to provide 

a low cost means of I/O expansion for the TLCS-84C family. 

The I/O ports of the TMP82C43p serve as a direct extension of the resident 

I/O facilities of the TLCS-84C microcomputers and are accessed by their own 

MOVD, ANLD, and ORLD instructions. 

FEATURES 

o CMOS LSI for low power dissipation 

o Low cost 

o Simple interface to TLCS-84C microcomputers 

o Four 4-bit I/O ports 

o AND and OR directly to ports 

o Single 5V supply 

o High output drive 

o Direct extension of resident 111P80C49p-6 I/O ports. 

o PIN compatible with intel's 8243 

o Extended operati.on temperature range _40°C to 85°C 

BLOCK OIAGRM1 
PIN CONNECTION (TOP VIEW) 

PROG 
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TECHNICAL DATA 

PIN NAMES AND PIN DESCRIPTION 
PROG (Input) 

Clock input. A high to low transistion on PROG signifies that address and 

control are available on P20-23, and a low to high transition signifies 

that data is available on P20-23. 

CS (Input) 

Chip Select Input. A high on CS inhibits any change of output or internal 

status. 

P20-23 (Input/Output, 3-state) 

Four (4) bit bi-directional port contains the address and control bits on a 

high to low transition of PROG. During a low to high transition contains 

the data for a selected output port if a write operation, or the data from 

a selected port before the low to high transition if a read operation. 

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state) 

Four (4) bit bi-directional I/O ports. May be programmed to be input (during 

read), low impedance latched output (after write) or a 3-state (after read). 

Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

Vcc (Power) 

+5 volt supply 

GND (Power) 

o volt supply 

FUNCTIONAL DESCRIPTION 

General Operation 

The TMP82C43P contains four 4-bit I/O ports which serve as an extension of 

the on-chip I/O and are addressed as ports 4-7. The following operations 

may be performed on these ports. 

o Transfer accumulator to port 

o Transfer port to accumulator 

o AND accumulator to port 

OR accumulator to port 



INTEGRATEDCI RCUIT 
n~P82C43P 

TECHNICAL OAT A 

All communication between the microcomputer (TMP80C49P-6) and the TMP82C43P 

occurs over Port 2 (P20-23) with timing provided by an output pulse on the 

PROG pin of the processor. Each transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that address is present 

while a low to high transition indicates the presence of data. Additional 

TMP82C43p's may be added to the 4-bit bus and chip selected using additional 

output lines from the microcomputer. 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 

6, and 7 to the tri-state and port 2 to the input mode. The PROG pin may be 

either high or low when power is applied. The first high to low transition 

of PROG causes device to exit power on mode. The power on sequence is ini

tiated if VCC drops below lV. 

P21 

a 
a 

1 

Write Modes 

P20 

a 
1 

a 
1 

Address Code 

Port 4 

Port 5 

Port 6 

Port 

P23 

a 
a 
1 

1 

P22 

a 

a 
1 

Instruction Code 

Read 

Write 

ORLD 

ANLD 

The device has three write modes. MOVD Pi, A directly writes new data into 

the selected port and old data is lost. ORLD Pi, A takes new data, OR's it 

with the old data and then writes it to the port. ANLD Pi, A takes new data 

AND's it with the old data and then writes it to the port. Operation code 

and port address are latched from the input port 2 on the high to low transi

tion of the PROG pin. On the low to high transition of PROG data on port 2 

is transferred to the logic block of the specified output port. 

After the logic manipulation is performed, the data is latched and outputed. 

The old data remains latched until new valid outputs are entered. 
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TECHNICAL DATA 

Read Mode 

The device has one read mode. The operation code and port 'address are 

latched from the input port 2 on the high to low transition of the PROG 

pin. As soon as the read operation and port address are decoded, the 

appropriate outputs are 3-stated, and the input buffers switched on. 

The read operation is terminated by a low to high transition of the 

PROG pin. The port (4, 5, 6 or 7) that was selected is switched to the 

3-stated mode while port 2 is returned to the input mode. 

Normally, a port will be in an output (write mode) or input (read mode). 

If modes are changed during operation, the first read following a write 

should be ignored; all following reads are valid. This is to allow the 

external driver on the port to settle after the first read instruction 

removes the low impedance drive from the TMP82C43P output. A read of 

any port will leave that port in a high impedance state. 
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TMP8243P 
ABSOLUTE MAXIMUM RATINGS 
SYMBOL ITEM RATING 

Vee Vee Supply Voltage with Respect to GND -0.5V to +7.0V 
--. -_. -- -----_.- -_. ------- ----

VIN Input Voltage with Respect to GND -O.SV to Vce+0 . 5V 
---f--_. -------

VOUT Output Voltage with Respect to GND -0.5V to Vee+0 . 5V 

PD Power Dissipation 250mW 
~ .. 

SOLDE Soldering Temperature (soldering Time 10 sec.) 260 0e 
-~---

TSTG Storage Temperature _65°e to +l50'e 
-

TOPR Operating Temperature _40°C to +85°C 

D.C. CHARACTERISTICS (I) TOPR=-400e ~ 85°e, Vee=5V±10%, VSS=OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNITS 

VIL Input Low Voltage -0.5 0.8 V 

VIR Input High Voltage 2.2 V 
-

VOLl Output Low Voltage Ports 4-7 I OL=5mA 0.45 V 

VOL2 Output Low Voltage Port 7 I oL=20mA 1.0 V 

VOL3 Output Low Voltage Port 2 I OL=0.8mA 0.45 V 
~--.. ---------"--_. 

VOHll Output High Voltage Ports 4-7 lOW-I. 2rnA 2.4 V 

VOH21 Output High Voltage Port 2 I IOW- O. 6mA 2.4 V 

VOHl2 Output High Voltage Ports 4-7 I IOW- O. 6rnA Vce- 0 . 8 V 

VOH 22 Output High Voltage Port 2 IOH=-0.3mA Vee- 0 . 8 V 

IILl Input Leakage Port 4-7 V SS2V IN2V ec I no ]JA 

1IL2 Input Leakage Port 2, CS,PROG . VSS2VIN2VCe I ±IO ]JA 

IeCl Power Supply eurrent (1) 
VCC=5V, VIL =0.2V i VIR=Vec-0.2V 2 rnA 
PROG PERIOD=5]JS 
Vce-5V, VIL -0.2V 

Ice2 Power Supply Current (2) VIH=VCC-0.2V 1 C ]JA 
PROG=Vec- 0 . 2V 

IOL Sum of all IOL of 16 Outputs SmA Each pin 80 rnA 
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D.C. CHARACTERISTICS (IT) TOPR=-40°C to S5'C, VCC=5V±20%, VSS=OV 

SYMBOL PARA~IETER TEST CONDITION MIN. TYP. MAX. UNITS 

VIL Input Low Voltage 4.0V-"VCC-"4.5V -0.5 0.15VCC V 
--~- ---

VIR Input High Voltage 5.5V-"VCCS6.0V 0.5VCC VCC V 

VOLl Output Low Voltage Ports 4-7 IOL=4mA 0.45 V 

VOL 2 Output Low Voltage Port 7 IOL=15mA 1.0 V 

VOL3 Output Low Voltage Port 2 lOL=0.6rnA 0.45 V 

VOn12 Output High Voltage Ports 4-7 IOW- 2OO uA VCC-D.S V 

VOH22 Output High Voltage Port 2 lOW-lOOwA VCC-O.S V 
--

10L Sum of all IOL of 16 outputs 4rnA Each Pin 64 rnA 

A.C. CHARACTERISTICS TOPR=-40°C to SO°C, VCC=5V±20%, VSS=OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNITS 

tA Code Valid Before PROG CL=80pF 100 ns 
----~-----------.--.-

tB Code Val ici \rter PROG CL=20pF 60 ns 
-- --

tc Data Valid Before PROG CL=SOpF 200 ns 

tD Data Valid After PROG CL=20pF 20 ns 

tH Floating After PROG CL=20pF 0 I 150 ns 

tK PROG Negative Pulse Width 700 ns 
f------

tcs CS Valid Before/After PROG 50 ns 

tpo Ports 4-7 Valid After PROG CL=lOOpF 700 ns 

tIP Ports 4-7 Valid Before/After 
100 PROG ns 

-

t ACC Port 2 Valid After PROG CL=SOpF 650 ns 
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THHNG WAVEFORM 

PROG 

PORT2 FLOAT 

PORT2 

PORT4-7 PREVIOUS OUTPUT VALID 

PORT4-7 INPUT VALID 
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OUTLINE DRAWINGS 

PLASTIC PACKAGE 

Unit in mm 

(Note) 

Note Each lead pitch is 2.54mm. All leads are located within 

O.25mm of their true longitudinal position with respect 

to No.1 and No.24 leads. 



8BIT MICROPROCESSOR 

TLCS- 85A(NMOS) 





RESET 

INTEGRATEDCIRCUIT TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

TMP8085AP 
TECH NICAl DATA N-CHANNEL SILICON GATE MOS 

8-BIT SINGLE CHIP MICROPROCESSOR 

GENERAL DESCRIPTION 

The TMPSOS5AP, from here on referred to as the TMPSOS5A, is a new generation, 
complete S bit parallel central processing unit (CPU). Its instruction set is 
100% software compatible with the TMP90S0A (SOSOA) microprocessor, and it is 
designed to improve the present 90S0's performance by higher system speed. 
Its high level of system integration allows a minimum system of there IC's : 
TMPSOS5A (CPU), TMPSI55P/TMPS156P (RAM/IO) and TMPS755AC (EPROM/IO)/ TMPS355P 
(ROM/IO). The TMPSOS5A uses a mUltiplexed data bus. The address is plit 
between the S bit address bus and the S bit data bus. The on-chip address 
latches of TMPS155P/TMPSI56P/TMPS755AC/TI1PS355P memory products allow a direct 
interface with TMPSOS5P. 

FEATURES 

100% Software Compatible with TMP90S0A 
1.3 s Instruction Cycle 
Single +5V Power Supply 
On-Chip Clock Generator (with External Crystal or RC Network) 
On-Chip System Controller; Advanced Cycle status information available for 

Large System Control 
4 Vectored Interrupts (One is Non-Maskable) Plus an TMP90S0A compatible interrupt 
Decimal, Binary and Double Precision Arithmetic 
Serial In/Serial Out Port 
Direct Addressing Capability to 64K Bytes of Memory 
Compatible with Intel's SOS5A 

PIN CONNECTION 
(TOP VIEW) 

SO 
SI 

VCC 
HOLD 
HLDA 
CLK(OUT) 
RESET IN 
READY 
1O/M 
SI 
RD 
WR 
ALE 
So 
A15 
Al4 
A]3 
Al2 

BLOCK DIAGRAM 

INTR 

All r-----~~------~ESETOUT 

FIGURE 2. 

Ala 
A9 
As 

H1P8085A PINOUT 
DIAGRAM 

DATA/ADDRESS BUS 
ADO-7 

ADDRESS BUS 
AS-l'i 

CLK X2...RD So ALE HOLD 
Xl WR SI HLDA 

INTA IO/M READY 
FIGURE 2. TMP8085A 

PINOUT DIAGRM1 
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PIN NAME AND PIN DESCRIPTION 

Xl, X2 (Input) 

Crystal, LC, or RC network are connected to Xl and X2 to drive the internal clock 
generator. Xl and X2 can also be driven from an externally derived frequency 
source. The input frequency is devided by 2 to g~ve the processor's internal 
operating frequency. 

CLK (Output) 

Clock Output for use as a system clock. The period of CLK is twice the Xl. X2 
input period. 

RESET IN (Input) 

The RESET Input initialize the processor by clearing the program counter, instruc
tion register, SOD latch, Interrupt Enable flip-flop and HLDA flip-flop. The 
address and data buses and the control lines are 3-stated during RESET and because 
of the asynchronous nature of RESET, the processor's internal registers and flags 
may be altered by RESET with unpredictable results. RESET IN is a Schmitt
triggered input, allowing connection to an RC network for power on RESET delay. 
The TMP8085A is held in the reset condition as long as RESET IN is applied. 

RESET OUT (OUTPUT) 

The RESET OUT signal indicates that the TMP8085A is being reset. It can be used 
as a system reset. It is synchronized to the processor clock and lasts an integral 
number of clock periods. 

SOD (Output) 

Serial output data line. The output SOD is set or reset as specified by the SI~[ 
instruction. 

SID (Input) 

Serial input data line. The data on this line is loaded into accumulator bit 7 
whenever a RIM instruction is executed. 

INTR (Input) 

INTERRUPT REQUEST signal provides a mechanism for external devices to modify the 
instruction flow of the program in progress. It is sampled only during the next 
to the last clock cycle of an instruction and during Hold and Halt states. If it 
is recognized, the processor will complete the execution of the current instruc
tion, and then the Program Counter (PC) will be inhibited from incrementing and 
an INTA will be issued. During this cycle a RESTART or CALL instruction can be 
inserted to jump to the interrupt service routine. The INTR is enabled and dis
abled by software. It is disabled by RESET and immediately after an interrupt is 
accepted: 
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H1P8085AP 

INTA (Output) 

INTERRUPT ACKNOWLEDGE: Occurs in response to an Interrupt input and indicates 
that the processor will be ready for an interrupt instruction on the data bus. 
It is used instead of (and has the same timing as) RD during the instruction 
cycle after an INTR is accepted. 

RST 5.5 } 
RST 6.5 
RST 7.5 

(Inputs) 

RESTART INTERRUPTS: These three inputs have the same timing as INTR exept they 
cause an internal RESTART to be automatically inserted. These interrupts have 
a higher priority than INTR. The priority of these interrupts is ordered as 
shown Table 1. They may be individually masked out using the SIM instruction. 

TRAP (Input) 

Trap interrupt is a nonmaskable RESTART interrupt. It is sampled at the same 
timing as INTR or RST 5.5 - 7.5. It is unaffected by any mask or Interrupt 
Enable. It has the highest priority of any interrupt. 

ADO - AD7 (Input/Output, 3 - state) 

Lower 8 bits of the memory address (or I/O address) appear on the bus during the 
first clock cycle (Tl state) of a machine cycle. It then becomes the data bus 
during the second and third clock cycles. 

AS - A15(Output, 3-state) 

The most significant 8 bits of the memory address or the 8 bits of .the I/O address, 
3-stated during Hold and Halt modes and during RESET. 

So, Sl, and IO/M (Output) 
Machine cycle status: 

IO/i! Sl So 

0 I 1 

0 I 0 

0 0 I 

1 1 0 

I 0 I 

1 1 1 

TS 0 0 

TS X X 

TS X X 

Status 

Opcode fetch 

Memory read 

Memory write 

I/O read 

I/O write 

Interrupt Acknowledge 

Halt 

Hold 

Reset 

Note: TS 3-state (high impedance) 

X unspecified 
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ALE (Output) 

Address Latch Enable: It occurs during the first clock state of a machine cycle 
and enables the address to get latched into the on-chip latch of peripherals. 
The falling edge of ALE can be used to strobe the status information. ALE is 
never 3-stated. 

WR (Output, 3-state) 

WRITE control: A low level on WR indicates the data on the Data Bus is to be 
written into the selected memory or I/O location. Data is set up at the trailing 
edge of WR. It is 3-stated during Hold and Halt modes and during RESET. 

RD (Output, 3-state) 

READ control: A low level on RD indicates the selected memory or I/O device to 
be read and that the Data Bus is available for the data transfer, 3-stated during 
Hold and Halt modes and during RESET. 

READY(Input) 

When READY is absent (low), indicating the external operation is not complete, 
the processor will enter the Wait state. It will wait an integral number of 
clock cycles for READY to go high before completing the read or write cycle. 

HOLD (Input) 

The Hold input allows an external signal to cause the processor to relinquish 
control over the address bus and the data bus. When Hold goes active, the 
processor completes its current operation, activates the HLDA output, and puts 
the Address, Data, RD, WR, and IO/M lines into their high-impedance state. 
Internal processing can continue. The Holding device can then utilize the 
address and data buses without interference. The processor can regain the bus 
only after the Hold is removed. 

HLDA (Output) 

The Hold Acknowledge output signal is a response to a Hold input. It indicates 
that the processor has received the HOLD request and it will relinquish the 
bus in the next cycle. HLDA goes low after the Hold request is moved. The 
processor takes the bus one half clock cycle after HDLA goes low. 

Vee 
+5 volt supply 

VSS 
Ground Reference 
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FUNCTIONAL DEScRIPTION 

The TMP8085A is a complete 8-bit parallel central processor. Its basic clock 
speed is 3 MHz. Also it is designed to fit into a minimum system of three IC's: 
The CPU (TMP8085A), a RAM I/O (TMP8155P or TMP8156P), and a ROM or EPROM I/O chip 
(TMP8355P or TMP8755AC). 

The TMP8085A is provided with internal 8-bit registers and 16-bit registers. The 
TMP8085A has eight addressable 8-bit registers. Six of them can be used either 
as 8-bit registers or as 16-bit register pairs. In addition to the register 
pairs, the TMP8085A contains two more 16-bit registers. The TMP8085A register 
set is as follows: 

The accumulator (A Register) is the focus of all of the accumulator instructions, 
which include arithmetic, logic, load and store, and I/O instructions. 

The program counter (PC) always points to the memory location of the next 
instruction to be executed. 

General - purpose registers BC, DE, and HL may be used as 8-bit registers or as 
three 16-bit registers, interchangeably, depending on the instruction being 
performed. 

The stack pointer (sp) is a special data pointer that always points to the stack 
top (next available stack address). 

The flag register contains five one-bit flags, each of which records processor 
status information and may also control processor operation. 

The five flags in the TMP8085A CPU are shown below: 

The carry flag (C) is set and reset by arithmetic operations. An addition opera
tion that resutls in an overflow out of tbe high-order bit of the accumulator 
sets the carry flag. The carry flag also acts as a "borrow" flag for subtract 
instruction. 

The auxiliary carry flag (AC) indicates overflow out of bit 3 
in the same way that C flag indicates overflow ou t of bit 7. 
commonly used in BCD arithmetic. 

of the accumulator 
This flag is 

The sign flag (S) is set to the condition of the most significant (MSB) bit of 
the accumulator following the execution of arithmetic or logic instructions. 

The zero flag (Z) is set if the result generated by certain instructions is zero. 
The zero flag is cleared if the result is not zero. 

The parity flag (P) is set to I if the parity (number of I-bits) of the accumu-
lator is even. If odd, it is cleared. 
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In the TMP8085A microprocessor are contained the functions of clock generation, 
system bus control, and interrupt 'priority selection, in addition to execution 
of the instruction set. The TMP8085A uses a multiplexed Data Bus. The address 
is split between the higher 8-bit Address Bus and the lower 8-bit Address/Data 
Bus. During the first T state (Tl clock cycle) of a machine cycle the lower 
order address is sent out on the Address/Data Bus. These lower 8 bits may be 
latched externally by the Address Latch Enable signal (ALE). During the rest 
of the machine cycle the data bus is used for memory or I/O data. 

INTERRUPT AND SERIAL 110 

The TMP8085A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, RST 7.5, and TRAP. 
INTR is identical in function to 9080A INT. Each of three RESTART inputs 5.5, 
6.5, 7.5, has a programmable mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 

The three RESTART interrupts cause the internal execution of RESTART if the 
interrupts are enabled and if the interrupt mask is not set. The nonmaskable 
TRAP causes internal execution independent of the state of the interrupt 
enable or masks. 

There are two different types of inputs in the restart interrupts. RST 5.5 and 
RST 6.5 are high levelsensitive like INTR and are recognized with the same 
timing as INTR.RST 7.5 is rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an internal flip-flop which generates 
the interrupt request. The RST 7.5 request flip-flop remains set until the 
request is serviced. Then it is reset automatically. This flip-flop may also be 
reset by using the SIM instruction or by issuing a RESET IN to the TMP8085A. The 
RST 7.5 internal flip-flop will be set by a pulse on the RST 7.5 pin even when 
the RST 7.5 interrupt is masked out. 

The interrupts are·arranged in a fixed priority that determines which interrupt 
is to be recognized if more than one is pending : TRAP-highest priority. 
RST 7.5, RST 6.5, RST 5.5, INTR - lowest priority. This priority scheme 
does not take into account the priority of a routine that was started by a higher 
priority interrupt. RST 5.5 can interrupt a RST 7.5 routine if the interrupts 
were reenabled before the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic errors such as power failure or bus 
error. It is not affected by any flag or mask. The TRAP input is both edge and 
level sensitive. The TRAP input must go high and remain high until it is acknow
ledged. It will not be recognized again until it goes low, then high again. 
This avoids any false triggering due to noise or logic glitches. 
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TABLE 1. INTERRUPT PRIORITY; RESTART ADDRESS, AND SENSITIVITY 

Name Priority 
Address Branched to 

Type Trigger 
When Interrupt Occurs 

TRAP 1 24 (Hex. ) Rising edge and high level 
sampled. 

RST 7.5 2 3C (Hex. ) Rising edge (latched). 
-~ 

RST 6.5 3 34 (Hex) High level until sampled. 

RST 5.5 4 2C (Hex. ) High level until sampled. 

INTR 5 See Note ( 2) High level until sampled. 

Notes: (1) The processor pushes the PC on the stack before branching 
to the indicated address. 

until 

(2) The address branched to depends on the instruction provided 
to the TMP8085A when the interrupt is acknowledged. 

The TRAP interrupt is special in that it disables interrupts, but preserves 
the previous interrupt enable status. Performing the first RIM instruction 
following a TRAP interrupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent RIM instruction 
provide current interrupt enable status. Performing a RIM instruction follow
ing INTR, or RST 5.5 - 7.5 will provide current interrupt enable status, 
revealing that interrupts are disabled. 

The serial I/O system is also controlled by the RIM and SIM instructions. 
SID is read by R~, and SIM sets the SOD date. 

BAS I C TIMI NG 
The execution of each instruction by the TMP8085A consists of a sequence of 
from one to five machine cycles, and each machine cycle consists of a 
minimum of from three to six clock cycles. Most machine cycles consist of 
three T states, (cycles of the CLK output) with the exception of opecode 
fetch, which normally has either four or six T states (unless WAIT or HOLD 
states are forced by the receipt of READY or HOLD inputs). Any T state 
must be one of ten possible states, shown in Table 3. 
At the beginning of every machine cycle, the TMP8085A sends out three status 
signals (IO/M, Sl, SO) that define what type of machine cycle is about to 
take pl~ce. The TMP8085A also sends out a l6-bit address at the beginning 
of every machine cycle to identify the particular memory location or I/O 
port that the machine cycle applies to. 

The special timing signal, ADDRESS LATCH ENABLE (ALE), is used a strobe to 
sample the lower 8-bits of address on the ADO - AD7 lines. ALE is present 
during Tl of every machine cycle. Control lines RD (INTA) and WR become 
active later, at the time when the transfer of data is to take pIece. 
Figure 3 shows an instruction fetch, memory read and I/O write cycle (as would 
Occur during processing of the OUT instruction). 
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TABLE 2. TMP8085A MACHINE CYCLE CHART 

MACHINE CYCLE lO/M Sl SO RD WR INTA 

OPCODEFE'I:CH a 1 1 a 1 1 

MEMORY READ a 1 a a 1 1 

MEMORY WRITE a 0 1 1 a 1 

I/O READ 1 1 a a 1 1 

I/O WRITE 1 0 1 1 a 1 

ACKNOWLEDGE OF INTR 1 1 1 1 1 a 
BUS IDLE: DAD 0 1 a 1 1 1 

ACK. OF 
1 1 1 1 1 1 

RST, TRAP 

HALT TS 0 a TS TS 1 

NOTE: a = Logic "0", 1 = Logic "1", TS = High Impedance 

TABLE 3, TMP8085A MACHINE STATE CHART 

}IACHINE 
1O/M -- --

STATE 51,SO AS-AlS ~DO-AD7 RD,WR INTA ALE 

Tl X X X X 1 1 l' 

T2 X X X X X X a 
TWAIT X X X X X X a 
T3 X X X X X X a 
T4 1 ot X TS 1 1 a 
TS 1 ot X TS 1 1 a 
T6 1 ot X TS 1 1 0 

TRESET X TS TS TS TS 1 a 
THALT a TS TS TS TS 1 0 

THOLD X TS TS TS TS 1 a 

NOTES: (1) a = Logic "0", 1 = Logic "1", TS = High Impedance, X = Unspecified 

(2) 'ALE not generated during 2nd and 3rd machine cycles of 
DAD instruction 

(3) t IO/M = 1 during T4 - T6 of INA machine cycle 



a
w ..... 

CLK=l 

AS - A15 

ADO_7 

ALE 

1ID 

WR 

101M 

STATUS SlS0 11 (FETCH) 10 (READ) 01 (WRITE) 

FIGURE 3. TMP8085A BASIC SYSTEM TIMING 
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DRIVING THE Xl AND X2 INPUTS 

You may drive the clock inputs of the TMP8085A with a crystal, an LC tuned 
circuit, an RC network or an external clock source. The driving frequency 
must be at least I MHz, and must be twice the desired internal clock frequency. 

A. Quartz Crystal Clock Driver 

If a crystal used, it must have the following characteristics. 

Parallel resonance at twice the clock frequency desired 

Cs (shunt capacitance) S 7 PF 

RS (equivalent shunt resistance) S 75 Ohms 

~ 
Xl 

IWZl f TMP8085AP 

= 1~----4-----~X2 L... _____ _ 

Note a value of the external capacitors Cl and C2 between Xl, X2 
and ground. In case of the crystal frequency above 4 MHz, it is 
recommended that you choose a value of lOpF for Cl and C2 and less 
than 4 MHz, 20pF capacitors are recommended. 
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B. LC Turned Circuit Clock Driver 

A parallel-resonant LC circuit may be used as the frequency-determining 
network for the TMP808SA, providing that its frequency tolerance of 
approximately 10% is acceptable. The components are chosen from the 
formula. 

f 
1 

2n IL (Cext + Cint) 

The use of an LC circuit is not recommended for frequencies higher than 
approximately S MHz. 

- ---l TMP808SA 
Xl I 

Cext 
-L Cint 

Lex T 
X2 I " 15 pF ___ J 

C. RC Circuit Clock Driver 

An RC circuit may be used as the frequency - determining network for the 
TMP 80SSA if maintaining a precise clock frequency is of no importance. 
Variations in the on-chip timing generation can cause a wide variation 
in frequency when using RC circuit. The driving frequency generated by 
the circuit shown is approximately 3 MHz. It is not recommended that 
frequencies greatly higher or lower than this be attempted. 

3 MHz 
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D. External clock Driver Circuit 

+5V 

Duty 45 '" 55% 

TMP8085A 

POWER ON AND RESET IN 

The TMP 8085A is not guaranteed to work until 10 ms after VCC reaches 4.75 V. 
It is suggested that RESET IN be kept low during this period. 
Note that the 10 ms period does not include the time it takes for the power 
supply to reach its 4.75 V level. 
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INSTRUCTION SET 

Symbols and Abbreviations 

SYNBOLS 

ddd,sss 

r,rl,r2 

d8 

d16 

addr8 

addr 

RP 

S 

R 

DEFINITION 

The bit pattern designating one of the registers 
A,B,C,D,E,H,L (ddd=destination, sss=source): 

dde! or sss REGISTER NANE 

111 A 
000 B 
001 C 
010 D 
all E 
100 H 
101 L 
110 N (Memory) 

One of the registers A,B,C,D,E,H,L 

8-bit data quantity 

16-bit data quantity 

8-bit address of an I/O device 

16-bit address quantity 

The bit pattern designating one of the register 
pairs B,D,H,SP: 

RP REGISTER PAIR rp (rpH) (rpL) 

00 B B-C 
OJ,.- D D-E 
10 H H-L 
11 SP SF 

The second byte of the instruction 

The third byte of the instruction 

Affected 

Set 

Reset 

Not affected 
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Data Transfer 

Mnemonic 
Instruction Code 

Operation States 
Flag 

D7 Db Ds D4 D3 D2 Dl Do 
Bytes 

C Z S P AC 

MOV rl, r2 0 1 d d d S S S (rl) of- (r2) 1 4 - - - - -

MOV M, r 0 1 1 1 0 S S S [ (H) (L)] of- (r) 1 7 - - - - -
--

MOV r, M 0 1 d d d 1 1 0 (r) <- [ (H) (L) ] 1 7 - - - - -

MVI r, d8 0 0 d d d 1 1 0 (r) <- (B2 ) 2 7 - - - - -
B2 

MVI M, d8 0 0 1 1 0 1 1 0 [ (H)(L)] <- (B2) 2 10 - - - - -
B2 

LDA addr 0 0 1 1 1 0 1 0 (A) <- [(B3 )(B2)] 3 13 - - - - -

B2 

B3 

LDAX B 0 0 0 0 1 0 1 0 (A) <- [(B)(C)] 1 7 - - - - -

LDAX D 0 0 0 1 1 0 1 0 (A) <- [(D)(E)] 1 7 - - - - -

LHLD addr 0 0 1 0 1 0 1 0 (L) <- [(B3)(B2)] 3 16 - - - - -
B2 

(H) <- [(B 3)(B2 )+l] 
B3 

LXI H, d16 0 0 1 0 0 0 0 1 (H) <- (B3 ) 3 10 - - - - -

B2 (L) <- (B2) 

B3 

LXI D, d16 0 0 0 1 0 0 0 1 (D) <- (B 3 ) 3 10 - - - - -

B2 (E) <- (B2 ) 

B3 

LXI B, d16 0 0 0 0 0 0 0 1 (B) <- (B3) 3 10 - - - - -
B2 (C) <- (B2 ) 

B3 
1------

LXI SP, d16 0 0 1 1 0 0 0 1 (SP)H <- (B 3 ) 3 10 - - - - -

B2 (SP)L of- (B 2 ) 

B3 

SHLD addr 0 0 1 0 0 0 1 0 [(B3)(B2)] <- (L) 3 16 - - - - -

B2 [(B 3)(B2)+I] <- (H) 

B3 

STA addr 0 0 1 1 0 0 1 0 [(B3) (B2)] <- (A) 3 13 - - - - -
B2 

B3 

636 



• INTEGRATEDCIRCUIT 
iii » TECHNICAL DATA 

Mnemonic 

STAX B 

STAX D 
--
SPHL 

XCHG 

XTHL 

~-

IN addr8 

OUT addr8 

Branch 

Mnemonic 

JMP addr 

JNZ addr 

Instruction Code 
D7 Db Ds D4 Dj D2 D, Do 

0 0 0 0 0 0 1 0 

0 0 0 1 0 0 1 0 

1 1 1 1 1 0 0 1 
--

1 1 1 0 1 0 1 1 

1 1 1 0 0 0 1 1 

1 1 0 1 1 0 1 1 

B2 

1 1 0 1 0 0 1 1 

B2 

Instruction Code 

1 1 0 0 0 0 1 1 

B2 

1 1 000 010 

B2 

B3 

Tf'IP8085AP 

Operation 

[(B)(C)] +- (A) 
f--- ----

[(D)(E)] +- (A) 

(SP) +- (H)(L) 
t-------

(H) +- (D) 

(L) +- (E) 

(L) <- [(SP) ] 

(H) <- [(SP)+l] 

(A) <- (data) 

(data) <- (A) 

Operation 

(PC) <- (B3) (B2) 

If Z = 0 

(PC) +- (B3)(B2), 

If Z = 1 

(PC) +- (PC) + 3 

(PC) +- (B3)(B2), 

If C = 0 

(PC) +- (PC) + 3 

Bytes 

1 

1 

1 

1 

1 

2 

2 

Bytes 

3 

3 

3 

I 

States Flag 
C Z S P AC 

7 - - - - -
7 - - - - -
6 - - - - -
4 - - - - -

16 - - - - -

--
10 - - - - -

10 - - - - -

States 
Flag 

C Z S PAC 

10 - - - - -

7/10 - - - - -

7/10 - - - - -

I 
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Mnemonic Instruction Code operation Bytes States Flag 
07 0 6 05 04 03 O2 OJ 00 C Z S PAC 

JPO addr 1 1 1 a a a 1 a If P =0 3 7/10 - - - - -
B2 (PC) +- (B3) (B2 ) , 

B3 If P = 1 

(PC) +- (PC) + 3 

JPE addr 1 1 1 a 1 a 1 a If P =1 3 7/10 - - - - -
B2 (PC) +- (B3)(B2), 

B3 If P =0 

(PC) +- (PC) + 3 
--
JP addr 1 1 1 1 a a 1 a If 8=0 3 7/10 - - - - -

B2 (PC) +- (B 3)(B2), 

B3 If 8 = 1 

(PC) +- (PC) + 3 
------

JM addr 1 1 1 1 1 0 1 a If S = 1 3 7/10 - - - - -
B2 (PC) +- (B 3)(B2), 

B3 If S = 0 

(PC) +- (PC) + 3 

CALL addr 1 1 0 0 1 1 0 1 [(SP)-l] +- (PCH) 3 18 - - - - -

B2 [(SP)-2J -<- (PCL) 

B3 (SP) +- (SP) - 2 

(PC) +- (B3)(B2) 

CNZ addr 1 1 0 a a 1 0 0 If Z = 0, 3 9/18 - - - - -
B2 

the actions 
specified in the 

B3 CALL instruction 
are performed. 

If Z = 1 

(PC) -<- (PC)'+ 3 

CZ addr 1 1 0 0 1 1 0 0 If Z = 1, 3 9/18 - - - - -
B2 

the actions 
specified in the 

B3 CALL instruction 
are performed. 

If Z=O, 

(PC) +- (PC) + 3 
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Mnemonic Instruction Code 
Operation Flag 

Bytes States C Z S P AC 

CNC addr 1 1 010 1 0 0 If C = 0, 3 9/18 - - - - -
the actions 
specified in the 

I CALL instruction 
are performed. 

If C = 1 

f-------- - - -----+ -
CC addr 11 

, 
1 o 1-i-1-00- '1--~'--~-:-'-~-a:-C-!1-'-;:-:-C~-+-_3-----1-3--~/1i; - - - - -

, B2 specified in the 
I, 

B3 CALL instruction 
i are performed. 

CPO add-r- -----l,1---1---1-- [I ~ ~;C~: 0 
(PC) + 3 -J -3-- t, -9-/-18 - ----_--_ _ 

ill -0-B-01-OO- ~~eP a:~io~:------ Iii 1[' 
2 specified in the 

B3 CALL instruction 
I are performed. 

I IIfP=1 , 

\-------- k.1 1 --1--0 1- -- -- - - -I ~;~~- (PC~---+ __ --h 
CPE addr 1 0 0 ~ P -1, 3 I 9/18-

I I the ac tions , 
. E2 I specified in the I 

I
I B3 ' CALL instruction I' 

i are performed. 

j IIIfP:O 

--------1 

P' (PC) +- (PC) + 3 
~---- 1 1 ---1---1---0---1--0-0--~s-=-0-,------l--3---l--9-/-1-8- =-~-~---=---=-

B2 

B3 

the actions 
specified in the 
CALL instruction 
are performed. 

If S=1 

(PC) +- (PC) + 3 
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Mnemonic 
Instruction Code 

Operation Bytes States l C 
Flag 

D7 Ds Ds D. D3 D2 Dl Do Z S P AC 

CM addr 1 1 1 1 1 1 0 0 If S = I, 3 9/18 1- - - - -
the actions 

B2 specified in the 
B3 CALL instruction 

are performed. 

If S =0 

(PC) + (PC) + 3 
.-

RET 1 1 0 0 1 0 0 1 (PCL) + [(SP) 1 1 10 - - - - -
(PCR) + [(SP)+1j 

(SP) + (SP) + 2 

RNZ 1 1 0 0 0 0 0 0 If Z = 0, 1 6/12 - - - - -
the actions 
specified in the 
RET inAtruction 
are performed. 

If Z = 1 

I 
(PC) + (PC) + 1 

RZ 11 1 0 0 1 0 0 0 If Z =1, 1 6/12 - - - - -
I the actions 
I specified in the 

RET instruction 
·are performed. 

If Z =0 

(PC) + (PC) + 1 

RNC 1 1 0 1 0 0 0 0 If C = 0, 1 6/12 - - - - -
the actions 
specified in the 
RET instruction 
are performed. 

If C = 1 

(PC) + (PC) + 1 
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Mnemonic 
Instruction Code 

Operation Bytes States 
Flag 

D7 D6 Ds D, D, D2 Dl Do C Z S P AC 

RC 1 1 0 1 1 0 0 
01 

If C = 1, 1 6/12 - - - - -
the actions 
specified in the 

I 
RET instruction 
are performed. 

, 
If C = 0 I i!''c '''' H RPO 1 1 1 0 0 0 0 o IfP=O, 1 6/12 - - - - -
the actions 
specif ied in the 
RET instruction 
are performed. 

If P = 1 

i (PC) *- (PC) + 1 
--

RPE 11 1 1 0 1 0 0 0 If P = 1, 1 6/12 - - - - -
i the actions 
I I specified in the 
I 

I 

I 
RET instruction 

i 
are performed. I I 

I 
If P =0 I 

I (PC) *- (PC) + 1 
~--------------1-----.--- I ------- 1------

RP ;1 1 1 1 0 0 0 0 

I 
If S = 0, 1 6/12 - - - - -

i 
the actions 

I specified in the 
RET instruction 
are performed. 

If S = 1 

(PC) *- (PC) + 1 
----------- - --- -------------

RM 1 1 1 1 1 0 0 0 If S = 1, 1 6/12 - - - - -
the actions 

I specified in the 
RET instruction 
are performed. 

If S = 0 

(PC) *- (PC) + 1 
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Mnemonic 
Instruction Code Operation Bytes States Flag 

D7 D6 Ds D4 D3 D2 DJ Do C Z S P AC 

PCHL 1 1 1 0 1 0 0 1 (PCH) +- (H) 1 6 - - - - -
(PCL) +- (L) 

~----- -- ... _--""- --~---------------~~ 

RST 1 1 A A A 1 1 1 [(SP)-l] +- (PCIl) 1 12 - - - - -
[ (SP) --2] +- (PCL) 

(SP) +- (SP) - 2 

(PC) +- (00000000 
OOAAAOOO) 

Arithmetic 

Mnemonic 
Instruction Code Operation Bytes States Flag 

D7 D6 Ds D, D3 D2 DJ Do C Z S P AC 

ADD r 1 0 0 0 0 S S S (A) +- (A) + (r) 1 4 0000 0 
f--
ADCr 1 0 0 0 1 S S S (A) +- (A) + (r) + (C) 1 4 o 0 0 0 0 

-- ----
ADD M 1 0 0 0 0 1 1 0 (A) +- (A)+[ (H) (L)] 1 7 o 0 0 0 0 

--
(A)+- (A) +[(H)(L)] +( C) ADeM 1 0 0 0 1 1 1 0 1 7 o 0 0 0 0 

f--- ------ ------
ADI dS 1 1 0 0 0 1 1 0 (A) +- (A) + (B2) 2 7 o 00 0 0 

B2 

ACI dS 1 1 0 0 1 1 1 0 (A) +- (A)+(B2 )+(C) 2 7 o 0 0 0 0 

B2 

0 0 0 (H)(L) +- (H)(L)----r--- --'" 
o - - -DAD rp 0 R P 1 1 1 10 -

+ (rH) (rL) 

SUB r 1 0 0 1 0 S S S (A) +- (A) - (r) 1 4 o 0 0 0 0-
-~------- ----------

SBB r 1 0 0 1 1 S S S (A) +- (A) - (r) - (C 1 4 o 0 0 0 0 

SUB M 1 0 0 1 0 1 1 0 (A) +- (A)-[(H)(L)] 1 7 • o 0 0 0 0 
-

SBB M 1 0 0 1 1 1 1 0 I (A)+-(A) - [(HXL)]- (C) 1 7 o 000 0 
I 

SUI dS 1 1 0 1 0 1 1 0 
I (A) +- (A) - (B2) 2 7 o 0 0 0 0 

B2 
------ -----,---------

SBI dS 1 1 0 1 1 1 1 0 (A) +- (A) - (B2) - (C 2 7 o 0 0 0 0 

B2 
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Mnemonic Instruction Code 
Operation States Flag 

D7 D6 Ds D4 D3 D2 DJ Do Bytes 
C Z S P AC 

DAA 0 0 1 0 0 1 1 1 The 8-bit number 1 4 0 000 0 
in the accumulator 
is adjusted to 
form two 4-bit BCD 
digits by the 
following process. 

Accumulator 

7 4 3 0 

I X I y I 
cd @]) 

l. If y ~10 or 
AC=l, 

(A) + (A) + 6 

2. If X~ 10 or 
C=l, 

(A) 4-7 +(A)4-7 +6 
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Logical Instruction 

Mnemonic Operation Instruction Code Bytes States Flag 
C Z S P AC 

ANA r 1 0 1 0 0 S S S (A) +- (A) II (r) 1 4 ROO 0 S 

ANA 11 
1----
ANI d8 

1 0 1 0 0 1 1 0 (A) +_ (A) II [ (H) (L) 1 1 7 ROO 0 S 
-----+--------+----+---+----~ 

1 1 1 0 0 1 1 0 (A) +- (A) II (B2) 2 7 ROO 0 S 

B2 

~--------+t-~0~1~~0:--~1~S~~S~S~+-(A~)~+--'(A")~Y~(-r')--+~1~+-~4'-+=R~O~O-=O-=R~ 
f-----------i---c------------------------c-.--,-c-_+----j__--f---------i 

XRA M 1 0 1 0 1 1 1 ° (A) +- (A) 'If [ (H) (L) 1 1 7 ROO 0 R 
~--d-8-----+-1--l--1--0---1--~O--(A)--+---(-A-~)-~~(B-l~)--+-2-j---7-~R-0-0-0-R~ 

Bl 

ORAr 'l-oi--l-O--g-S-S-(A)-';:--(A)V(r) 1 4 ROOO R 
t-------t----------------c--~~~-c-~t----+-~~~~~-~ 
1-0_RA_l_1 ___ --iLl_0 __ l __ ~_ 0 1 1 0 (A) +- (A)-:-V_[_(;-H_):-(L_) __ ]+--cl:_t----:::7--+_R-=-0-:0:--::-0_R~ 

ORI d8 1 1 1 1 0 1 1 ° (A) +- (A) V (Bl ) 2 7 ROO 0 R 

Cl1P rIO 1 lIS S S (A) - (r) 

Cl1P 11 1 0 1 1 1 1 1 0 (A) - [(H)(L)] 
f-------I---

CPI d8 1 1 1 1 1 1 1 0 (A) - (Bl) 

CMA 

RLC 

RRC 

o 0 1 0 1 1 1 1 (A) +- (A) 

o 0 0 0 0 1 1 1 (An+l) +- (An) 

(Ao) +- (M) 

(C) +- (A7) 

o 0 0 0 1 1 1 1 (An) <: (An+l) 

(A7) +- (Ao) 

(C) +- (Ao) 

1 

1 

2 

1 

1 

1 

1 

4 0 0 0 0 0 

700000 

7 0 0 0 0 0 

4 

4 0----

40----; 

4 o - - - -RAL JO 0 0 1 0 1 1 1 (An+l) +- (An) 

(C) +- (A7) 

_______ _ ________________ -iI_(_A_o_)_+_(C_) ___ _+-~_---4_----
RAR o 0 0 1 1 1 1 1 (An) +- (An+l) 

(C) +- (Ao) 

(M) +- (C) 

1 4 0----
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Increment and Decrement 

Mnemonic 
Instruction Code 

Operation Bytes States 
Flag 

D7 D6 D5 D4 D3 D2 D1 Do C Z S P AC 

INR r 0 0 d d d 1 0 0 (r) <- (r) + 1 1 4 - 000 0 

INR M 0 0 1 1 0 1 0 0 [(H)(L)] <- [(H)(L)]+1 1 10 - 00 0 0 
r----------------------- ----- --_.- "------ --_._---_.- ----- ---- .. ~- --------

INX rp 0 0 R P 0 0 1 1 (rH)( rL)<-( rH)( rL)+l 1 6 - - - - -
~-----.-. ----------------1 

DCR r 0 0 d d d 1 0 1 (r)<-(r)-l 4 - 000 0 

DCR M 0 0 1 1 0 1 0 1 [(H)(L») + [(H)(L»)-l 1 10 - 00 0 0 
---------- ------

DCX rp 0 0 R P 1 0 1 1 (rH)( rL)<- (rH)(rL)-l 1 6 1- - - - -

Stack 

Mnemonic 
Instruction Code 

Operation Bytes States C 
Flag 

D7 D6 D5 ~4 Da D2 D1 Do Z S P AC 

PUSH rp 1 1 R P 0 1 0 1 [(SP)-I] <- (rH) 1 12 - - - - -
[(SP)-2] <- (rL) , 
(Sp) -+ (SP) - 2 

Note: Register 
pair rp=SP may notl 
be specified. t--l---' PUSH PSW 1 1 1 1 0 1 0- 1 [(SP)-l] <- (A) 12 - - - - -
[(SP)-2] <-

I 
D7D6D5D4D3D2D1Do 

I 
Is IzlxlAclxlplxlcl 

I 

MSB 

(SP) <- (SP) - 2 

POP rp 1 1 R P 0 0 0 1 (n,) <- [(SP») 1 10 - - - - -
(rH) <- [(SP)+l] 

(SP) <- (SP)+2 
I -1-0-oo-1-1(C) <- [(SP)] 0 000 0 0 POP PSW 
11 

1 1 1 10 

(P) <- [(SP) 12 
(AC) <- [(SP»). 

(Z) <- [(SP)]6 

(S) <- [(SP) 17 
(A) <- [ (SP)+l) 

(SP) <- (SP) + 2 
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Tf'lP8085AP 

Control 

Mnemonic 
Instruction Code 

Operation Bytes States C 
Flag 

D7 D6 Ds D, D3 D2 DI Do Z S P AC 

HLT a 1 1 1 a 1 1 a Halt 1 5 - - - - -
---~,~---"-- f----

STC ' a a 1 1 a 1 1 1 (C) + 1 1 4 a - - - -
._ .. ------------ ---

CMC 0 a 1 1 1 1 1 1 (C) + (C) 1 4 0 - - - -
-

EI 1 1 1 1 1 a 1 1 Enable interrupts 1 4 - - - - -
Note: Interrupts 
are not recognized 
during the EI in-
struction. 

--~---- ----- ------ ----
DI .1 1 1 1 0 a 1 1 Disable interrupts 1 4 - - - - -

I I Note: Interrupts 
I lare not recognized 

I 
during the DI in-
struction. 

~ 0 0 0 0 0 0 

--~--

NOP No operation is 1 4 - - - - -
performed. 

1----- (A)+-RIM - 0 OlO-OO-O-O~ 1 4 - -
d7 = SID 

d6 = 17 

ds = 16 

d, = 15 

d3 = IE 

d2 = M7 

dl = M6 

do = M5 

SIM a a 1 1 a a a a IF (A) 6 = 1; 1 4 - - - - -
SOD + (Ab 

I ,IF(A) 3 = 1; 

M7 + (Ah 

M6 + (A) I 

MS + (A) 0 

,IF(Ah = 1; 

RST7.5 RESET 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Item Ratings 

VCC Vcc Supply Voltage -O.SV to 7.0V 

VIN Input Voltage with Respect to VSS -O.SV to 7.0V 
--------~---------

VOUT Output Voltage with Respect to VSS -O.SV to 7.0V 

PD Power Dissipation 1.51-1 

Tsolder Soldering Temperature (Soldering Time 10 sec.) 260°C 

Tstg Storage Temperature -55°C to 150° C 

Topr Operating Temperature O°C to 70° C 

DC CHARACTERISTICS 

Symbol Parameter Test Conditions Min. Typ. Hax. Units 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee V +0.5 

VOL Output Low Voltage IOL = 2rnA 0.45 V 

VOH Output High Voltage IOH - -40011A 2.4 V 

ICC Power Supply Current 170 rnA 

IlL Input Leakage VIN - VCC +10 llA --
lLo Output Leakage O. 45~VOUT;;;V~C 10 llA 

VILR Input Low Level (RESET) -0.5 0.8 V 

VIHR Input High Level (RESET) 2.4 VCC 
+0.5 

V 

VHY Hysteresis (RESET) 0.25 V 

647 



• INTEGRATEDCIRCUIT 
H1P8085AP 

TECHNICAL DATA 

AC CHARACTERISTICS 

TA = o°c to 70°C, VCC = 5V ± 5%, VSS = OV, Unless Otherwise Noted. 

Test ! 
Symbol Parameter Conditions Hin. I Typ. Max. Unit, 

tCYC CLK Cycle Period 320 2000 ns 
~-~ 

tL CLK Low Time - Standard lsOpF Loading 80 ns 
- Lightly Loaded [2] 100 ns 

tH CLK High Time - Standard lsOpF Load- 120 ns 
ing 

Loaded[2] - Lightly 150 ns 

tr,tf CLK Rise and Fall Time 30 ns 

tXKR Xl Rising to CLK Rising 30 120 ns 

tXKF Xl Rising to CLK Falling 30 150 ns 

tAC AS-IS Valid to Leading Edge of 
Control[l] 270 ns 

tACL AO-7 Valid to Leading of Control 240 ns 

tAD AO-Is Valid to Valid Data In 575 ns 
-

tAFR Address Float after Leading Edge 0 ns 
of READ (INTA) 

tAL AS-IS Valid before Trailing 
of ALE [I] 

Edge CL =lsOpF 115 ns 

tALL AO-7 Valid before Trailing Edge of ALE 90 ns 

tARY READY Valid from Address Valid tCYC=320ns 220 ns 

tCA Address (AS - Als) Valid after Control 120 ns 

tcc Width of Control Low (RD, WR, INTA) 400 ns 
Edge of ALE 

tCL Trailing Edge of Control to Leading 50 ns 
Edge of ALE 

tDW Data Valid to Trailing Edge of WRITE 420 ns 
--

tHABE HLDA to Bus Enable 210 ns 

~Il!_ Bus Float after HLDA 210 ns 

tHACK HLDA Valid to Trailing Edge of CLK llO ns 

tHDH HOLD Hold Time 0 ns 

tHDS HOLD Setup Time to Trailing Edge of 170 ns 
CLK 

tINH INTR Hold Time 0 ns 
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H1P8085AP 

Symbol Parameter Test 
Min. Typ. Max. Conditions 

tINS INTR, RST and TRAP Setup Time to 160 
Falling Edge of CLK 

tLA Address Hold Time after ALE 100 
--

tLC Trailing Edge of ALE to Leading Edge 130 
of Control 

tLCK ALE Low during CLK High 100 

tLDR ALE to Valid Data during Read 

tLDW ALE to Valid Data during Write 

tLL ALE Width 140 

tLRY ALE to READY Stable 

tRAE Trailing Edge of READ to Re-Enabling 150 
of Address 

tRD READ (or INTA)to Valid Data 

tRV Control Trailing Edge to Leading 400 
Edge of Next Control 

tRDH Data Hold Time After READ INTA 0 

tRYH READY Hold Time 0 

tRYS READY Setup Time to Leading Edge 110 
of CLK 

tWD Data Valid After Trailing Edge of 100 
WRITE 

tWDL LEADING Edge of ~ITE to Data Valid 

Notes: 1. AS-IS address specs apply to 101M, So and 51 except AS-IS 

are undifined during T4 - T6 of OF cycle whereas 101M, SO, 
and Sl are stable. 

2. Loading equivalent to 50 pF t 1 TTL input. 

3. All timings are measured at output voltage 

VL = 0.8 V, VH = 2.0 V. 

4. To calculate timing specifications at other value of tCYC 

use Table 4. 

460 

200 

110 

300 

40 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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nlP8085AP 

TABLE 4. BUS TIMING SPECIFICATION AS A TCYC DEPENDENT 

tAL (1/2) T - 45 MIN 

tLA (1/2) T - 60 MIN 

tLL (1/2) T - 20 MIN 

tLCK (1/2) T - 60 MIN 

tLC (1/2) T - 30 MIN 

tAD (5/2 + N) T - 225 MAX 

tRD (3/2 +N) T - 180 MAX 

tRAE (1/2) T - 10 MIN 

tCA (1/2) T - 40 MIN 

tDW (3/2+N)T-60 MIN 

tWD (1/2) T - 60 MIN 

tcc (3/2+N) T-80 MIN 

tCL (1/2) T - 110 MIN 

tARY (3/2) T - 260 MAX 

tHACK (1/2) T - 50 MIN 

tHABF (1/2) T + 50 MAX 

tHABE (1/2) T + 50 MAX 

tAC (2/2) T - 50 MIN 

tL (1/2) T- 80 MIN 

tH (1/2) T - 40 MIN 

tRV (3/2) T - 80 MIN 
tLDR (4/2) T - 180 MAX 

Note: N is equal to the total WAIT states. 

T = tCYC 
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Tr~P8085AP 

" "eo, 
tr tH tf 

CLK OUTPUT ~ ~ . 
tXKF L tCYC 

FIGURE 4. CLOCK TIMING \~AVEFORM 

T2 T3 
CLK 

} tLCK tCA 

=>< ADDRESS, 
I 

STATUS 
tAD tRAE 

=> ADDRESS 1>-- - )< DATA IN -----<= 
tLL tLA ~ 

f+. tRDH 
ADO 'V AD7 

tLDR tCL 
'} ~ I-- tAFR .y 

~ tLC II tRD 
tAC tcc 

ALE 

.12 

FIGURE 5. READ OPERATION 

I Tl I T2 I T3 I 
CLK \L_--'/~--\'-__ /~--\'-_--'/~--\L __ 

=>< ADDRESS, STATUS 

tCA I 

=>< ADDRESS '> DATA OUT 

tLDW tDloJ tWD -I 
tWDL 

ALE .j 
tLC tCL I 

tcc 

tAC t 

FIGURE 6. WRITE OPERATION 
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CLK 

---('---
tRDH 

ALE 

RD/INTA---+-f--"""\ f---+- tCc 

READY --------~I 

tRYS 
i---_~t A",R"'Y~-l-----,~ t RYH 

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

FIGURE 7. READ OPERATION WITH WAIT CYCLE (TYPICAL) 

- SAME READY TIMING APPLIES TO WRITE OPERATION 

CLK 

INTR 

-t==~~t~H~D~H_4--_7 
HOLD _______________ t_H_D_S-J ~_J ~~ ____________ __ 

HLDA _____________ -..~~l__1 __ 
tHACK tHABF 

ADDRESS ---01----------- 1"-----

ADO 'V 7 XADDRESS>---~--

: 

'-- -Ir------- ___ J 

FIGURE 8. INTERRUPT AND HOLD TIMING 
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OUTLINE DRAWING 

40 Pins Plastic Package 

1 2 3 4 5 6 7 8 9 10 111213 1415 16 1718 19 20 

2.54 ± 0.25 

50.7 ± 0.15 

nlP8085AP 

': 
a 
+1 
a 
..-< 

"" a 
+1 
U") 

".; 

U") 

.-; 
a 
+1 

"; 

"" 

Unit in rom 

(Note 1) 

~ 
0.25±O.l 

15.00'" 17.80 

(Note 2) 

Notes: 1. This dimension shows the center of curvature of leads 

2. This dimension shows spread of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

Tl'lP8155P 

TMP8156p 

N-CHANNEL SILICON GATE MOS 

2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 

GENERAL DESCRIPTION 

The TMP 8155P/8156P are RAM including I/O ports and counter/timer on the chip 
for using in the TLCS-85A microcomputer system. The RAM portion is designed 
with 2K bit static cells organized as 256 x 8. The 14 bit programmable counter/ 
timer is the down counter. It provides either a square wave or terminal count 
pulse for the cpu system depending on timer mode. 

The I/O portion is consists of 2 programmable 8 bit I/O ports and 1 program~ 
mable 6 bit I/O port. The programmable I/O ports can be operated by BASIC 
MODE and STROBE MODE. 

FEATURES 

Compatible with Intel's 8155/8516 
Single '+5 V Power Supply 
Access Time: 400 ns (MAX.) 
Internal Address Latch 
2 Programmable 8 Bit I/O Ports and 1 Programmable 6 Bit I/O Port. 
256 Word x 8 Bits RAM 
Programmable 14 Bit Binary Counter/Timer 
Multiplexed Address and Data Bus 
Chip Enable Active High (TMP8l56P) or Low (TI!PS155P) 
40 pin DIP 

PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM 

---, 
I 
I 
I 

PC3 
PC4 

TIMER IN 
RESET 

PCS 
TIMER OUT 

10/M 
CEOR CE 

RD 
WR 

ALE 
ADO 
AD) 
AD2 
AD3 
AD4 
ADS 
AD6 
AD? 

VCC 
PC 2 
PCl 
PCo 
PE? 
PB6 
PBs 
PB 4 
PB3 
PE2 
PB l 
PBo 
PAl 
PA6 

\-.3 CC (+5V) 

I r- vss (OV) 

VSS 1-____ -' 

PAS TIMER 
PA4 IN 
PA 3 
PA2 

PAl 
PAo 

FI GURE 2 
FIGURE 1 TMP8155P /8156P PINOUT DIAGRN1 

I 
I 
I 
I 
I 
I 
I 
I ______ ...J 

8 8 
PBO_7 PAO- 7 

TMP8155P/8156P FUNCTIONAL BLOCK DIAGRAM 
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PIN NAMES AND PIN DESCRIPTION 

RESET (INPUT) 

TYP8l55P,TYP8l56P 

The Reset signal is a pulse provided by the TMP8085A to initialize the 
system. Input high 09 this line resets the chip and initializes the .three 
I/O ports to input mode. Th~ width of RESET pulse should typically be 

two TMP8085A clock cycle times. 

ADO~7 (INPUT / OUTFUT, 3-STATE) 
These are 3-state Address/Data lines that interface with the CPU lower 
8-bit Address/Data Bus'. The 8-bit address is latched into the address. 
latche on the falling edge of the ALE. The address can be applied to the 
memory section or the I/O section depending on the polarity of the 101M 
input signal. The 8-bit data is either written into the chip or read 
from the chip depending on the status of WR or RD input signal. 

CE OR IT (INPUT) 

Chip Enable: On the TMP8155P, this pin is CE and is ACTIVE LOW. 
On the TMP8156P, this pin is CE and is ACTIVE HIGH. 

Input low on this line with the Chip Enable active enables the ADO~7 
buffers. If IO/M pin is low, the RAM content will be read out to the 
AD bus. Otherwise the content of the selected I/O port or command/ 
status register will be read to the AD bus. 

Input low on this line with the Chip Enable active causes the data on the 
AD lines to be written to the RAM or I/O ports a.nd connnand/status register 
depending on the polarity of IO/M. 

ALE (INPUT) 
Address Latch Enable: This control signal latches both the address on the 
ADON7 lines and the state of the Chip Enable and rO/M into the chip at the 
falling edge of ALE. 

IO/Memory Select: This line selects the memory if low and selects the I/O 
and command/status register if high. 

PAO~7(INPUT/OUTPUT,3-STATE) 

These 8 pins are general purpose I/O pins. The in/out direction is selected 
by programming the Command Register. 
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TECHNICAL DATA 

These 8 pins are general purpose I/O pins. The in/out direction is selected 
by programming the Command Register. 

These 6 pins can function as either input port, output port, or as control 
signal for PA and PB. Programming is done through the Command Register. 
When PCO'V5 are used as control signals, they are defined the folloHing: 

PCo - A INTR (Port A Interrupt) 

PCI - A BF (Port A Buffer Full) 

PC2 - A STB (Port A Strobe) 

PC3 - B 'INTR (Port B Interrupt) 

PC4 - B BF (Port B Buffer Full) 

PCs - B STB (Port B Strobe) 

TIMER IN (INPUT) 

This is the input to the counter-timer. 

TIMER OUT (OUTPUT) 

This pin is the timer output. This output can be either a square wave or 
a pulse depending on the timer mode. 

Vec (Power) 
+5 volt supply 

VSS (Power) 
Ground Reference 
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TECHNICAL DATA 

FUNCTIONAL DESCRIPTION 

PROGRAMMING OF THE COMMAND REGISTER 

The command register consists of eitht latches. Four bits (0-3) define the 
mode of the ports, two bits (4·-5) enable or disable the interrupt from port 
C when it acts as control port, and the last two bits (6-7) are for the timer. 

The command register contents can be altered at any time by using the I/O 
address XXXXOOO during a HRITE operation. The function of each bit of the 
command byte is defined in FUGURE 3. 

ADDRESS I x I x I x I x I x I a I 0 I 0 I x Don't care 
Logic "1" 
Logic "0" 

1 
AD7 AD6 AD5AD4 AD) AD2 ADI ADO o 

~lm¥~RITM2ITMlIIEBIIEAlpC2IpC11 PB j PA I 

658 

~=DEFINE 
DEFINE 

DEFINES 

PAO-7 
} 0 INPUT 

PBO- 7 1 OUTPUT 

{OO 
MODE 1 

11 = MODE 2 
PCO_5 01 

00 Nap 

MODE 3 
10 = MODE 4 

ENABLE PORT A 
INTERRUPT } 1 = ENABLE 

ENABLE PORT B 0 = DISABLE 
INTERRUPT 

DO NOT AFFECT COUNTER 
OP~RATION 

01 STOP -Nap IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE. TIMER IS RUNNING 

10 STOP AFTER TC - STOP IMMEDIATELY 
- TIMER COMMAND - AFTER PRESENT TC IS REACHED (Nap 

IF TIMER HAS NOT STARTED) 

11 START - LOAD MODE AND COUNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND COUNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
IS REACHED. 

FIGURE 3 COM~1AND REGISTER BIT ASSIGN~1ENT 
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TECHNICAL DATA 

READING THE STATUS REGISTER 

The status register consists of seven latches, one for each bit; six (0-5) for 
the status of the ports and one (6) for the status of the timer. 

The status of the timer and the I/O section can be polled by reading the Status 
Register (Address XXXXXOOO). Status word format is shown in FIGURE 4. 

Note that you may never write to the status register since the command register 
shares the same I/O address and the command register is selected when a write 
to that address is issued. 

ADDRESS L-__ x __ ~_x __ -L __ x __ ~ __ x __ ~_x __ -L~O __ ~~O __ L-_O~~ 

STATUS 
REGISTER 

FIGURE 4 STATUS REGISTER BIT ASSIGNNENT 

A INTERRUPT REQUEST 

PORT A BUFFER FULL/EMPTY 
(INPUT / OUTPUT) 

PORT A INTERRUPT ENABLE 

PORT B INTERRUPT REQUEST 

PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

PORT B INTERRUPT ENABLE 

TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
Cis REGISTER AND BY HARDWARE 
RESET) 
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TECHNICAL DATA 

INPUT/OUTPUT SECTION 

COMMAND/STATUS REGISTER (C/S) 

Both register have the common address xxxxxOOO. When the CiS registers 
are selected during WRITE operation, a command is written into the CiS 
register. The contents of this register are not accessible through the pins. 
When the CiS is selected during a READ operation, the status information of 
the I/O ports and the timer becomes available on the ADO-7 lines. 

PA Register - This register can be programmed to be either input or output 
ports depending on the status of the contents of the CiS Register. 
Also depending on the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The I/O pins assigned in 
relation to this register are PAO-7. The address of this register is 
XXXXXOOI. 

PB Register This register functions the same as PA Register. The I/O 
pins assigned are PBO-7. The address of this register is XXXXXOIO. 

PC Register - This register has the address XXXXXOll and contains only 
6-bits. The 6-bits can be programmed to be either input ports, output 
ports or as control signals for PA and PB by properly programming the 
AD2 and AD3 bits of the cis register. 

When PCO-5 is used as a control port, 3-bits are assigned for Port A and 
3 for Port B. The first bit is an interrupt that the TMP8l55P/8l56P issues. 

The second is an output signal indicating whether the buffer is full 
or empty, and the third is an input pin to accept a strobe for the strobed 
input mode. See Table 2. 

When the port C is programmed to either MODE 3 or MODE 4, the control 
signals for PA and PB are initialized as follows: 

~L MODE BF INTR STB 

INPUT MODE Low Low Input Control 

OUTPUT MODE Low High Input Control 
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TECHNICAL OAT A 

To summarize, the register's assignments are shown TABLE 1. 

TABLE 1 1/0 PORT ADDRESSING SCHEME 

I/O ADDRESS 
PIIDUTS SELECTION NO. OF BITS 

A7 A6 AS A4 A3 AZ Al AO 

X X X X X 0 0 0 Internal Command/Status Register 8 

X X X X X 0 0 1 PAO-7 General Purpose I/O Port A 8 

X X X X X 0 1 0 PBO-7 General Purpose I/O Port B 8 

X X X X X 0 1 1 PCO-7 General Purpose I/O Port or 6 

Control 

X X X X X 1 a 0 Low-Order 8 bits of Timer Count 
"" .. ~-

X X X X X 1 0 1 High 6 bits/Z bits of Timer Count 

TABLE 2 TABLE OF PORT CONTROL ASSIGNMENT 

Pin MODE 1 MODE Z MODE 3 MODE 4 

PCO Input Port Output Port A lNTR (Port A Interrupt) A lNTR (Port A Interrupt) 

PCI Input Port Output Port A BF (Port A Buffer Full) A BF (Port A Buffer Full) 

PCZ Input Port Output Port A STB(Port A strobe) A STB (Port A Strobe) 

PC3 Input Port Output Port Output Port B INTR (Port B Interrupt) 

pc4 Input Port Output Port Output Port B BF (Port B Buffer Full) 

PCS Input Port Output Port Output Port B STB (Port B Strobe) 
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TECHNICAL DATA 

TIMER SECTION 
The timer is a 14-bit down-counter that counts the 'timer input' pulses and 
provides either a square wave or pulse when terminal count (TC) is reached. 

The timer has the I/O address XXXXXlOO for the low order byte of the register 
and the I/O address XXXXXlOl for the high order byte of the register. 

To program the timer, the COU~~ LENGTH REGISTER is loaded first, one byte at a 
time, by selecting the timer addresses. Bits 0-13 will specify the length of the 
next count and bits 14-15 will specify the timer output mode. The value loaded 
into the count length register can have any value from 2H through 3FFFH in 
bits 0-13. 

I M2 I Ml I T131 T12 I TIl I TIO I T9 I TS 
, " 

TIMER llODE MSB OF COUNT LENGTH 

I 
LSB OF COUNT LENGTH 

FIGURE 5 TIMER FROMAT 
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TECHNICAL OAT A 

There are four timer modes which are defined by M2 and Mi. 

M2 Ml 

o 0 ------- Put out low during second half of count. 

o 1 -------Continuous square wave; The period of the square-wave 
equals the count length programmed with automatic 
reload at terminal count. 

1 0 -.------ Single pulse upon TC being reached. 

1 1 ------- Continuous pulses. 

Note: In case of an odd-numbered count, the first half-cycle of the 
square-wave output, which is high, is one count longer than the 
second (low) half-cycle as shown in FIGURE 6. 

5 4 3 2 1 5 4 3 2 

TIMER IN 

M2 Ml 

0 0 

0 1 

1 0 LJ 

1 I 5 

I 

1 1 LJ ~ 
I I 

Load reload reload 

FIGURE 6 ASYMMETRICAL SQUARE-WAVE OUTPUT RESULTING FROM COUNT OF 5 
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TECHNICAL DATA 

Bits 6-7 (TM2 and TMI) of command register contents are used to start and 
stop the counter. There are four commands to choose from; 

TM2 TMI 

o 
o 

I 

I 

o 
I 

o 

1 

Nap: Do not affect counter operation. 

STOP: Nap if timer has not started; stop counting if the 
timer is running. 

STOP AFTER TC: Stop immediately after present TC is reached. 
(Nap if timer has not started) 

START: Load mode and count length and start immediately 
after loading (if timer is not presently running). 
If timer is running, start the new mode and count length 
immediately after present TC is reached. 

Note that while the counter is counting, you may load a new count and mode 
into the count length resisters. Before the new count and mode will be used 
by the counter, you must issue a START command to the counter. This applies 
even though you may only want to change the count and use the previous mode. 

The counter in the TMP8l55P/8l56P is not initialized to any particular mode 
or count when hardware RESET occurs, but RESET does stop the counting. 
Therefore you must issue a START command via the cis register, because count
ing cannot begin following RESET. 

Please note that the timer circuit on the TMP8l55P/8156P chip is designed 
to be a square-wave timer, not an event counter. To achieve this, it counts 
down by twos twice in completing one cycle. Thus, its registers do not 
contain values directly representing the number of TIMER IN pulses received. 
You cannot load an initial value of 1 into the count register and cause the 
timer to operate, as its terminal count value is 10 (binary). After the 
timer has started counting down, the values residing in the count registers 
can be used to calculate the actual number of TIMER IN pulses required to 
complete the timer cycle if desired. To obtain the remaining count, 
perform the following operations in order: 

1. Stop the count. 
2. Read in the l6-bit value from the count length registers. 
3. Reset the upper two mode bits. 
4. Reset the carry and rotate right one position all 16 bits through 

carry. 
5. If carry is set, add 1/2 of the full original count (1/2 full count-l 

if full, count is odd.) 

Note: If you started with an odd count and you read the count length register 
before the third count pulse occurs, you will not be able to 
discern whether one or two counts has occurred. Regardless of this. 
the TMP8l55P/8l56P always counts out the right number of pulses in 
generating the TIMER DUT waveforms. 
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TECHNICAL DATA 

ABSOLUTE MAXIMUM RATINGS 

Symbol Item Rating 

VCC Vce Supply Voltage with Respect to VSS -0.5V to +7.0V 

VIN Input Voltage with Respect to VSS -O.W to +7.0V 

VOUT Output Vol tage with Respect to VSS -0.5V to +7.0V 

PD Power Dissipation 1.5W 

TSOLDER Soldering Temperature (Soldering Time 10 sec. ) 260°C 

TSTG Storage Temperature -55°C to +150°C 

TOPR Operating Temperature O°C to +70'C 

D,C, CHARACTERISTICS 

Symbol Parar.leter Test Conditions Min. Typ. Max. Units 

Vn Input Low Voltage -0.5 0.8 V 

VIR Input High Voltage 2.0 VCC+0.5 V 

VOL Output Low Voltage IOL = 2rnA 0.45 V 

VOH Output High Voltage IOH = -400\1A 2.4 V 

In Input Leakage VIN = Vce to OV ±10 \1A 

110 Output Leakag<; Current 0.45V :0. VOUT.:o..VCC ±l0 \1A 

ICC VCC Supply Current 180 rnA 

In(CE) Chip Enable Leakage 

8155 
VIN VCC to av. +100 \1A = 8156 -100 \1A 
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• INTEGRATEDCIRCUIT 

666 

TECHNICAL DATA 

A,C, CHARACTERISTICS 
TA=OO to +70·0 VCC=+5V+5% . ~ 

Symbol Parameters 

tAL Address to Latch Set Up Time 

tLA Address Hold Time after Latch 

t LC Latch to READ/WRITE Control 

tRD ~~~~~n?ata out Delay from READ 

tAD Address Stable to Data Out Valid 

tLL Latch Euable Width 
tRDF Data Bus Float After READ 

tCL READ/WRITE control Latch Euable 

tcc READ/WRITE Control Width 

tDW Data In to WRITE Set Up Time 

two Data iu Hold Time After WRITE 

tRV Recovery 1;ime Between Controls 

TWP WRITE to Port Output 

TpR Port Input Setup Time 
t RP Port Iuput Hold Time 
t Strobe to Buffer Full SBF 
tss Strobe Width 

tRBE READ to Buffer Empty 

tS1 Strobe to INTR On 

tRDI READ to INTR Off 

tpss Port Setup Time to Strobe 
t pHS Port Hold Time After Strobe 

tSBE Strobe to Buffer/Empty 

tWBF WRITE to Buffer Full 

tWI WRITE to INTR Off 

tTL TIMER-IN to TIMER-OUT Low 

tTH TIMER-IN to TIMER-OUT High 

tRDE Data Bus Enable from READ Coutrol 

tL TIMER-IN Low Time 

tH TIMER-IN High Time 

TMP8155P,TMP8156P 

Test Conditio Min. Typ. Max. Units 

50 us 

80 uS 

100 ns 

170 ns 

400 ns 

100 nS 

0 100 ns 

20 us 

250 ns 

150 us 

lSOpF Load 0 us 

300 ns 

400 ns 

70 us 

50 us 

400 us 

200 ns 

400 us 

400 ns 

400 us 

50 ns 

120 us 
400 nS 

400 ns 

400 us 

400 us 

400 ns 

10 ns 

80 us 

120 ns 



INTEGRATEDCIRCUIT 
TECHNICAL DATA 

TIMING WAVEFORMS 

A. READ CYCLE 

or CE(8155) 
CE(8156) 
10/11 

ALE 

B. WRITE CYCLE 

or CE(8155) 
CE(8156) 
10/11 

ADO-7 

ALE 

tcc 

tcc 

TYP8155P,TYP8156P 

VALID 
DATA ------<'-----

FIGURE 7 READ/WRITE TIMING DIAGRAMS 
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• INTEGRATEDCIRCUIT TMP8155P,TMP8156P 

TECHNICAL DATA 

A. BASIC INPUT MODE 

RD 

PORT 

ADO_7 - ---------

B. BASIC OUTPUT MODE 

\ r 
L---, I-- twp 

-----~ 

ADO_7 -------' '-----=::......",,-J "--l----

PORT 

FIGURE 8 BASIC 110 TIMING ~AVEFORM 
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• INTEGRATEDCIRCUIT 
TECHNICAL DATA 

A. STROBED INPUT MODE 

BF 

STROBE 

INTR 

RD 

~ 

JI 
I 

>-- tss -

tpss 

INPUT DATA 
FROM PORT X 

B. STROBED OUTPUT MODE 

BF 

tSBF 

t}- tSI 

Jf 

tPHS 

D< 

tWBF 

INTR 

OUTPUT DATA 
TO PORT 

tWI I 

i / 

TMP8155P,TMP8156P 

\ 

_tRBE_ 

~ 
tRDI--l 

\ / 

j \L 
ItSBE 

'1 I 

/ 
I-

tSI 
;t 

twp 

X 

FIGURE 9 STROBED I/O TIMING WAVEFORM 
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• INTEGRATEDCIRCUIT TMP8155P,TMP8156P 

670 

TECHNICAL DATA 

LOAD RELOAD COUNTER FROM CLR~ 

TIMER IN 

TIMER OUT 
(PULSE) 

TIMER OUT 
(SQUARE WAVE) 

"Note I), 
\_- --' 

\ (Note 1) / 
'-- -----_../ 

Note 1: The timer output is periodic 
if in an automatic 
reload mode (Ml Mode Bit = 1) 

I I 

FIGURE 10 TIMER OUTPUT WAVEFORM COUNTDOWN FROM 5 TO 1 



• INTEGRATEDCIRCUIT TMP81SSP,TMP81S6P 

TECH NICAL DATA 

OUTLINE DRAWING 

40 Pins Plastic Package 

40 39 38 37 36 35 34 33 32 3l:J) 29 28 27 26 25 24 23 22 21 Unit in mm 

1 2 3 4 S 6 7 8 9 lO 11 12 13 14 IS 16 171819 20 

'" .-< 

~~ _~-+-'-+~ 
. ' .. ' ',' --

-, 
'" 

SO.7±0.lS 

o 
+1 

'" 
'" 

Note: 1. This dimension shows the center of curvature of leads. 

2. This dimension shows spread of leads. 

3. All dimensions are in millimeters. 

(Note 1) 

~ 
1

10. 2S±O.1 j 
lS.OO"- 17.80 

(Note 2) 
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CEl 
CE Z 
CLK 

RESET 
NC 

READY 
rolM 

lOR 
RD 

row 
ALE 
ADo 
AD1 
AD2 
AD3 
AlJ4 
AD5 
AD6 
AD] 

VSS 

FIGURE 
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TOSHIBA MaS DIGITAL INTEGRATED CIRCUIT 

TMP8355P INTEGRATED CIRCUIT 
N-CHANNEL SILICON GATE MaS 

TECHNICAL DATA 

16,384 BIT ROM WITH I/O PORTS 

GENERAL DESCRIPTION 
The TMP8355P is a ROH and I/O chip to be used in the TLCS-85A microcomputer 
system. The ROM portion is organized as 2,048 words by 8 bits. 
The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 
8 port lines, and each I/O port line is individually programmable as input 
or output. 

FEATURES 
2048 words x 8 bits ROM 
Single + 5V Power Supply 
Internal Address Latch 
2 General Purpose 8-Bit I/O Ports 
Access Time : 400 ns (MAX.) 
Each I/O Port Line Individually Programmable as Input or Output 
MUltiplexed Address and Data Bus 
40 pin DIP 
Compatible with Inptel's 8355 

PIN CONNECTIONS (TOP VIEW) BLOCK DIAGRAM 
IO/FI 

ADO- 7 
1 VCC 8 40 ----- -------, 2 39 PB7 I 
3 38 PB6 CLK I 
4 37 PB5 READY I 

I 
5 36 PB4 I 
6 3'1 PB3 r-- vce 
7 34 PB2 L VSS 

I 
8 33 PBl I 
9 32 PBO I 

I 10 31 PA7 2K x 8 Bit 
11 30 PAG 
1Z Z9 PA5 ROM 
13 Z8 PA4 
14 27 PA3 
15 26 PAZ 
16 25 PAl 
17 24 PAa 
18 23 Ala 
19 22 Ag 
20 Z1 As 

H1P8355P PINOUT DIAGRAM FIGURE 2 TMP8355P FUNCTIONAL BLOCK DIAGRAM 



INTEGRATEDCIRCUIT 
TECHNICAL DATA 

PIN NAMES AND PIN DESCRIPTION 

ALE (INPUT) 

When Address Latch Enable goes high, AD O--7, 10/H, A8-1 0, CE2, and CEl, enter the 
address latches. The signals (ADO-7, IO/N, AS-la' CE2, CEll are latched in at 
the trailing edge of ALE. 

ADO_7 (INPUT/OUTPUT) 3-STATE) 
Bi-directional Address/Data bus. The lower 
applied to the bus lines when ALE is high. 
selected based on the latched value of ADO' 
Chip Enables are active, the output buffers 

AB-10 (INPUT) 

S-bits of the ROM or I/O address are 
During an I/O cycle, Port A or Bare 
If RU or lOR is low when the latched 

present data on the bus. 

These are the high order bits of the ROM address. They do not affect I/O 
operations. 

CEll CE2 (INPUT) 
CHIP ENABLE INPUTS:~lis active low and CE2 is active high. Both chip enables 
must be active to permit accessing the ROM. 

IO/M (INPUT) 

If the latched IO/M is high when RD is low, the output data comes from an I/O port. 
If it is low the output data comes from the ROM .• 

RD (INPUT) 

If the latched Chip Enables are active when RD goes low, the ADO_7 output buffers 
are enabled and output either the selected ROM location or I/O port. 
When both RD and lOR are high, the ADO_7 output buffers are 3-stated. 

lOW (INPUT) 
If the latched Chip Enables are active, a low on lOW causes the O'Jtp"t port pointed 
to by the latched value of ADO to be written with the data on ADO_7' 
The state of IO/M is ignored. 

ClK (INPUT) 

The CLK is used to force the READY into its high state after it has been forced low 
by CEI lOW, CE2 high, and ALE high. 
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INTEGRATEDCI RCUIT 
TMP8355P 

TECHNICAL DATA 

READY (OUTPUT) 3-STATE) 

READY is a 3-state output controlled by CEl' CE2' ALE and CLK. 
READY is forced low when the Chip Enables are active during the time ALE is high, 
and remains low until the rising edge of the next CLK. 

PAO - PA7 (INPUT/OUTPUT) 3-STATE) 

These are general purpose I/O pins. Their input/output direction is determined by 
the contents of Data Direction Register (DDR). Port A is selected for write 
operations when the Chip Enables are active,and lOW is low and a 0 was previously 
latched from ADO. 
Read operation is selected by either lOR low, active Chip Enables and ADO low, 
or IO~ high, RIT low, active Chip Enables, and ADO low. 

PBo - PB7 (INPUT/OUTPUT) 3-STATE) 

This general purpose I/O port is identical to Port A except that it is selected by 
a 1 latched from ADO. 

RESET (INPUT) 

In normal operation,an input high on RESET causes all pins in Ports A and B to 
assume input mode (clear DDR register). 

lOR (INPUT) 

When theChip Enables are active, a Iowan TIT[ will output the selected I/O port 
onto the AD bus. lOR low performs the same function as the combination of IO/R 
high and RIT low. When lOR is not used in a system, TOR should be tied to Vce "1". 

Vee (POWER) 

+5 volt supply. 

VSS (POWER) 

Ground Reference 



INTEGRATED CIRCUIT 
TMP8355P 

TECHNICAL DATA 

FUNCTIONAL DESCRIPTION 

ROM SECTION 

The TMP8355P contains an 8-bit address latch which allows it to interface 

cirectly to TLCS-85A microcomputer system without additional hardware. 

The ROM portion of the chip is addressed by the II-bit address (A8-10, ADO-7) 

and CEo The address, IO/M, CEZ and CEI are latched into the address latches 

on falling edge of ALE. If the Chip Enables (CE Z and CEll are active and 

IO/M is low when RD goes low, the contents of the ROM location addressed by 

the latched address are put out on the ADO-7 lines. 

I/O SECTION 

The rio port portion consits of two 8-bit I/O ports and two 8-bit Data 

Direction Registers (DDR). The I/O portion of the chip is addressed by the 

latched value of ADO and ADI. Contents of Port A and Port B can be read and 

written, but the contents of DDR's cannot be read. The contents of the 

selected I/O port can be read out when the latched Chip Enable are active and 

ei ther RD goes low with IO/M high, or lOR goe.s low. 

The two 8-bit DDR's (DDRA and DDRB) are used to determine the input/output 

status of each pin in the corresponding port. 

A '0' specifies an input mode and a '1' specifies an output mode. 

The two 8-bit DDR' s are cleared by RESET signal. The table 1 summarize Port 

and DDR designation. 

TABLE 1, SELECTION OF PORT AND DDR DESIGNATION 

ADI ADO Selection 

0 0 Port A 

a 1 Port B 
I---

1 0 Port A Data Direction Register (DDR A) 

1 I Port B Data Direction Register (DDR B) 
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INTEGRATEDCIRCUIT 
n1P8355P 

TECHNICAL OAT A 

ABSOLUTE MAXIMUM RATINGS 

Symbol Item Rating 

VCC VCC Supply Voltage with Respect to VSS -005V to 7 00V 
-,------------------ -----

VIN Input Voltage with Respect to VSS -005V to 700V 

VOUT Output Voltage with Respect to VSS -005V to 700V 

PD Power Dissipation 1051<1 
1-------1---- ---

TSOLDER Soldering Temperature (Soldering Time 10seco) 260°C 
--f-- -

TSTG Storage Temperature -55°C to+150°C 

TOPR Operating Temperature O°C to+70 °c 

D.C. CHARACTERISTICS 
TA = DOC to 70°C, Vcc 5V :J: 5% 

Symbol Parameter Test Conditions Min. Typo Max. Units 

Vn Input Low Voltage -005 008 V 
I- --

VIR Input High Voltage 200 VCC+00 5 V 

VOL Output Low Voltage IOL = 2mA 0045 V 
--

VOH Output High Voltage IOH = -400]lA 204 V 

IlL Input Leakage Current VIN = VCC to OV :J: 10 iJA 

lLO Output Leakage Current 0045 ';Vout ';VCC :J: 10 iJ A 

ICC VCC Supply Current 180 mA 
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• INTEGRATEDCIRCUIT 
Tr'lP8355P 

TECH NICAl DATA 

A,C, CHARACTERISTICS 

TA = O°C to 70°C, VCC 5V + 5% 

Symbol Parameter Test 
Conditions 

Min. Typ. Max. Units 

tCYC Clock Cycle Time 320 ns 

tL CLK Low Width 80 ns 
-----

tH CLK High Width 120 ns 

tr,tf CLK Rise and Fall Time 30 ns 

tAL Address to Latch Set Up Time 50 ns 

tLA Address Hold Time after Latch 80 ns 

tLc Latch to READ/WRITE Control 100 ns 

tRD Valid Data Out Delay from 150pF 170 ns 

READ Control 

tAD Address Stable to Data Out Valid Load 400 I ns 

tLL Latch Enable Width 100 ns 

tRDF Data Bus Float after READ a 100 ns 

tCL READ/WRITE Control to Latch Enalile 20 ns 

tcc READ/WRITE Control Width 250 ns 

tDW Data In to HRITE Set Up Time 150 ns 

tWD Data In Hold Time after \\TRITE 10 ns 

twp WRITE to Port Output 400 I ns 

tpR Port Input Set Up Time 50 i ns 

tRP Port Input Hold Time 50 ns 

t RYH READY Hold Time 0 160 ns 

tARY ADDRESS (CE) to READY 160 ns 

tRV Recovery Time between Controls 300 ns 

tRDE Data Out Delay from READ Controls 10 ns 

tLCK ALE Low during CLK High 100 ns 
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INTEGRATEDCIRCUIT 
H1P8355P 

TECHNICAL DATA 

TIMING WAVEFORMS 

AS-IO, 101M =:) ADDRESS K ADDRESS 

----1 1\ \ 

ALE ~ \ 

ADO_7 

tLL tLA tAD tRDF _---l-
-\ ADD ESS Il-----r-) DATA - -< ADDRESS )---~ 

-~ -I 

tRD +-wn 
~ ADD ~ESS K ). DATA r -X ADDRESS 

tDW 

~ . --tcc 

FIGURE 3 PROM READ, 1/0 READ, AND WRITE TIMING 

T t H f 

...: 

1/ \ 

TL 
I-- tr 

tCYC 

FIGURE 4 CLOCK SPECIFICATION FOR TMP8355P 
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INTEGRATEDCIRCUIT 
TECHNICAL DATA 

eLK 

ADO_7' AS-IO 

101M 

ALE 

READY 

TMP8355P 

FIGURE 5 WAlT STATE TIMING (READY = 0) 

A. INPUT MODE 

RD, TOR 

PORT INPUT 

ADO_7 

B. OUTPUT MODE 

PORT OUTPUT 

ADO-7 

FIGURE 6 1/0 PORT TIMING 
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INTEGRATEDCI RCUIT 
TECHNICAL DATA 

PROGRAM TAPE FORMAT 
TMP8355P programs are delivered in the form of punched paper tape or the 
8755A from which to copy. In case of the 8755A, Toshiba needs two pieces. 

(1) Tape Format 

fir } Leader, 50 "NULL" characters or more 

Comments Comment (Record mark":" is not included) ) 
(CR) Option 

t---':'---i - - - - - Record Mark 
Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

Normal Record HOO" 
Record Type (2 Digits) "01" End of File Record 

Data 

~ Check Sum (2 hexadecimal digits) 

CR Dummy characters (RUBOUT, BLANK) before and after" (CR) (LF)" are 
LF optional. 
: - - - - -- Record Mark (Repeated below) 

~ r:c:1 ),..n,., 50 "NOn" o'md.., '" ~n 
(2) Example of Tape List 

TOSHIBA MICRO COMPUTER TLCS-84 
:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884DDE67D31F5D8ABA6DF292Fl13F5Cl 
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
:10003000l97352F729F12F79AA9C057C5B85lEED77 

:1003COOOSDFDB5E556A67277F6lA5lC63lCF9FOE80 
:1003DOOOBDZF6F20E8BB1977E3FB5ADlF4lFDAA7EZ 
:1003EOOOB53D42EOEC32546025B7308CDD52063DID 
:1003FOOOB4BE9E9E345B6l38060B20VC372BF60BD6 
:OOOOOOOlFF 



• INTEGRATEDClRCUIT TrlP8355P 

TECHNICAL DATA 

OUTLINE DRAWING 

40 Pins Plastic Package 

Unit in mm 

123 4 567 8 9 ill II ~~ M ~ M ~ m WOO 

"' 
(Note 1) 

~ r:! 
o 0 

~--~-'I--~+-
15.00 -17.80 

50.7 ± 0.15 
(Note 2) 

Note: 1. This dimension shows the center of curvature of leads. 

2. This dimension shows spread of leads. 

3. All dimensions are in millimeters. 
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INTEGRATEDCI RCUIT 
TECHNICAL DATA 

16,384 BIT EPROM WITH I/O PORTS 

GENERAL DESCRIOTION 

The TMP8755AC is an erasable and 
electrically reprogrammable ROM 
(EPROM) and I/O chip to be used in 
the TLCS-85A microcomputer system. 
The PROM portion is organized as 
2,048 words by 8 bits. 

FEATURES 

U.V. Erasable and Electrically 
Reprogrammable ROM (2,048 x 8) 
Single +5V Power Supply (VCC) 
Internal Address Latch 

TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

THP8755AC 

N-CHANNEL SILICON TATE MOS 

The I/O portion consists of two general 
purpose I/O ports. Each I/O port has 
eight port lines, and each I/O port 
line is individually programmable as 
input or output. 

Each I/O Port Line ,Individually 
programmable as Input or Output. 
Multiplexed Address and Data Bus 
40 pin DIP 

2 General Purpose 8 bit I/O Ports 
Access Time: 450 ns (MAX.) 

Compatible wih Intel's 8755A 

PIN CONNECTIONS (TOP VIEW) 

PROG/CE 'VCC CLK 
CE PB7 READY 

CLK PBG 
RESET PBs 

VDD PB, 
READY PB, 

IO/M PB2 
IOR PBI 
lID PBo 

lOW PA7 
ALE PA G 
ADO PAs 
ADI PA, 
AD2 PA, 
AD, PA. 
AD, PAl 
ADs PAD 
AD6 AID 
A~7 A9 
VSS As 

FIGURt: 1 PINOUT DIAGRAM 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BLOCK DIAGRAM 

PR,.. iro IOR 

2K x 8 bit 

EPROM 

8 ,-------, 
I 
I 
I 
I 
LVI 
I r- V( 
I---- Vi 
I 
18 
I 

: OOR 8 I 
L I 
----------------------~ 

FIGURE 2 TI1P8755AC FUNCTIONAL BLOCK DIAGRAM 
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INTEGRATEDCIRCUIT TliP8755AC 

TECHNICAL DATA 

PIN NAMES AND PIN DESCRIPTION 

ALE (Input) 

When Address Latch Enable goes high, ADO_7' IO/M, AS-IO, CEZ, and CEI 
enter the address latches. The signals (ADO-7, IO/H, AS-IO, CE) are 
latched in at the trailing edge of ALE. 

ADO-7 (Input/Output, 3-state) 

Bi-directional Address/Data bus. The lower S-bit of the PROM or I/O 
address are applied to the bus lines when ALE is high. During an I/O 
cycle, Port A or B are selected based on the latched value of ADO. 
If RIT or TOR is low when the latched Chip Enables are active, the output 
buffers present data on the bus. 

AS-IO (Input) 

These are the high order bits of the PROM address. They do not affect 
I/O operations. 

PROG/CEI, CEZ (Input) 

CHIP ENABLE INPUTS: CEI is active low and CEZ is active high. 
Both chip enables must be active to permit accessing the PROM.CEI is 
also,used as a programming pin. 

lO/M (Input) i 

If the latched IO/M is high when RD is low, the output data comes from an 
I/O port. If it is low the output data comes from the PROM. 

RD (Input) 

If the latched Chip Enables are active when RD goes low, the ADO-7 output 
buffers are enabled and output either the selected PROM location or I/O ports. 
When both RD and lOR are high, the ADO_7 output buffers are 3-stated. 

lOW (Input) 

If the latched Chip Enables are active, a low on lOW causes the output port 
pointed to by the latched value of ADO to be written with the data on ADO-7. 
The state of IO/M is ignored. 

CLK (Input) 

The CLK is used to force the READY into its high state after it has been 
forced low by CEI low, CEZ high, and ALE high. 
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INTEGRATEDCIRCUIT TMP8755AC 

TECHNICAL DATA 

READY (Output, 3-state) 

READY is a 3-state output controlled by CEl, CE2, ALE and CLK. 
READY is forced low when the Chip Enables are active during the time ALE 
is high, and remains low until the rising edge of the next CLK. 

PAo - PA7 (Input/Output, 3-state) 

These are general purpose I/O pins. Their input/output direction is 
determined by the contents of Data Direction Register (DDR). Port A is 
selected for write operations when the Chip Enables are active and lOW 
is low and a a was previously latchedJ.!.om ADO' ADI' 
Read operation is selected by either lOR low and active Chip Enables and 
ADO and ADI low, or 10/11 high, RD low, active Chip Enables, and ADO and ADI low. 

PBO - PB7 (Input/Output, 3-state) 

This general purpose I/O port is identical to Port A except that it is 
selected by a 1 latched from ADO and a a from ADI' 

RESET (Input) 

In normal operation, an input high on RESET causes all pins in Ports A and 
B to assume input mode (clear DDR register). 

lOR (Input) 

When the Chip Enables are active, a low on lOR will output the selected I/O 
port onto the AD bus., lOR low ~forms the same function as~e co~bination 
of IO/M high and RD low. IVhen lOR is not used in a system, lOR should be 
tied to Vee "I". 

VCC (Power) 
+5 volt supply 

VSS (Power) 
Ground Reference 

VDD (Power) 

VDD is a programming vo.ltage and must be tied to +5V when the TMP8755AC is 
being read. For programming, a high voltage is suppl ied with VDD~25V, typical. 



• INTEGRATEDCIRCUIT 
TMP8755AC 

TECHNICAL DATA 

FUNCTIONAL DESCRIPTION 

PROM SECT! ON 

The TMP8755AC contains em 8--bit address 1 atch \dlich allo"]8 It to interface 
directly to TLCS-8SA microco~puter system without additional hardware. 
The PROM portion of the citip is addressed by the ll-bit address (A8-l0,ADO_7) 
and CEo The address, IO/M and CE are latched into the address latches on the 
falling edge of ALE. If the Chip Enables (CE2 and CEll are active and 
lolR is low when RD goes low, the contents of the EPROM location addressed 
by latched address are output onto the ADO-7 lines. 

I/O SECTION 
The I/O port portion consists of two 8-bit I/O ports and two 8-bit Data 
Direction Registers (DDR). 
The I/O portion of the chip is addressed by the latched value of ADO and 
ADI. 
Contents of Port A and Port B can be read and written, but those of DDR's 
cannot be read. A port can be read out when the latched Chip Enables are 
active and either RD goes low with 101M high, or lOR goes low. 
The two 8-bit DDR's (DDRA and DDRB) are used to determine the input/output 
status of each pin in the correspinding port. 
A '0' specifies an input mode and a 'It specifies an output mode. 
The two 8-bit DDR's are cleared by RESET signal. The table 1 summarizes 
Port and DDR designation. 

TABLE 1 SELECTION OF PORT AND DDR DESIGNATION 

ADI ADO Selection 
---~---

0 0 Port A 

0 I Port B 

1 0 Port A Data Direction Register (DDR A) 

I I Port B Data Direction Register (DDR B) 
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• INTEGRATEDCIRCUIT TllP8755AC 

686 

TECHNICAL DATA 

ERASURE CHARATERISTICS 

The TMP8755AC can be erased by applying light with wavelengths shorter 
than 4000 A. (lA = 10-8 cm). Sunlight and the fluorescent lamps may include 
3000 ~ 4000 A wavelength components consequently when used under such lighting 
for extended periods of time, an opaque seal will be required to protect the 
TMP8755AC. Generally, ultraviolet light with a wavelength of 2537 A is 
recommenoed for TMP8755AC-erasing, and in this case the integrated does 
(ultraviolet light intensity [W/cm2 j x time [sec ]) should be over 15 
[W • sec / cm2 ] • 

If the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of I-em from the lamp surface, erasure should be completed in about 
60 minutes. 

And using a lamp whose ultraviolet light intensity is a 12000 [~W/cm2] will 
reduce the exposure time to about 20 minutes. (In this case the integrated 
dose should be 12000 [ttW/cm2 ] x (20 x 60) [sec];;' 15 [W· sec/cm2 ].) 

PROGRAMMING 
Initially when received by customers all bits of the TMP8755AC are in the 
"I" state which LS the erased state. Therefore programming is carried out 
by electrically writing in the "0" state at the desired bit locations. 
A progranuned "0" can only be changed to a "1" by ultraviolet erasure. 
The program mode itself consists of programming a single address at a time, 
giving a single 50 ms pulse for every address. 
Preliminary timing diagrams and parameter values pertaining to the THP8755AC 
programming operation are contained in Figure 7. 



• INTEGRATEDCIRCUIT TMP8755AC 

TECHNICAL DATA 

ABSOLUTE MAXIMUM RATINGS 

Symbol Item Rating 

VCC VCC Supply Voltage with Respect to Vas -o.sv to +7.0V 

VDD VDD Supply Voltage for Programming with Respect to VSS -o.sv to +26.5V 

VIN Input Voltage with Respect to VSS -O.sV to +7.0V 

VOUT Output Voltage with Respect to VSS -O.sV to +7.0V 

PD Power Dissipation l.sW 

TSOLDER Seldering Temperature (Soldering Time 10 sec.) 260°C 

TSTG Storage Temperature -55°C to +. 150°C 

TOPR Operating Temperature O°C to ~70°C 

D,C, CHARACTER I ST I CS 

Symbol Parameter Test Conditions Min. Typ. Max. Units 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 VCC+O.S V 

VOL Output Low Voltage IOL = 2rnA 0.45 V 

VOH Output High Voltage IOH = -400jlA 2.4 V 

IlL Input Leakage Current VIN = VCC to OV ±10 )lA 

lLO Output Leakage Current 0.4s:S;Vout:S VCC ±l0 )lA 

ICC VCC Supply Current 180 rnA 
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INTEGRATEDCIRCUIT TMP8755AC 

TECHNICAL DATA 

A,C, CHARACTERISTICS 

SV .± 5% VDD VCC + (),.6V 

Symbol Parameter Test Condition Min. Typ. Max. Units 

tCYC Clock Cycle time 320 ns 

tL CLK Low Width 80 ns 

tH CLK High Width 120 ns 

tr> tf CLK Rise and Fall Time 30 ns 

tAL Address to Latch Set Up Time 50 ns 

tLA Address Hold Time after Latch 80 ns 

tLC Latch to READ/WRITE Control 100 ns 

tRD Valid Data Out Delay from 150pF 170 ns 
READ Control 

tAD Address Stable to Data Out Valid Load 450 ns 

tLL Lat~h Enable Width 100 ns 

tRDF Data Bus Float after READ 0 100 ns 

tCL READ/WRITE Control to Latch Enable 20 ns 

tcc READ/I·nUTE Control Width 250 ns 

tDW Data In to WRITE Set Up time 150 ns 

two Data In Hold Time after WRITE 30 ns 

twp WRITE TO Port Output 400 ns 

tpR Port Input Set Up Time 50 ns 

tRP Port Input Hold Time 50 ns 

tRYH READY Hold Time 0 160 ns 

tARY Address (CEl to READY 160 ns 

tRV Recovery Time between Controls 300 ns 

tRDE Data Out Delay from READ Controls 10 ns 
-

tLD ALE to Data Out Valid 350 ~lS 

tLCK ALE Low during CLK high 100 ns 
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• INTEGRATEDCIRCUIT TMP8755AC 

iii :,: TECHNICAL DATA 

D.C. CHARACTERISTICS FOR PROGRAMMING 

TA = 25'C± 5°C, VCC = SV ± 5% , VSS = OV 

Symbol Parameter Min. Typ. Max': Units 

VDD Supply Voltage for programming 24 2S 26 V ,-

IDD Supply Current 30 ,rnA 

A.C. CHARACTERISTICS FOR PROGRAMMING 

TA = 25'C± 5°C, Vee = 5V ±5% , VSS = OV 

Symbol Parameter Min. Typ. Max. Units 

tps Data Set Up Time 10 ns 

tpD Data Hold Time 0 ns 

ts Program Pulse Set Up Time 2 ]JS 

tH Program Pulse Hold Time 2 ]JS 

tpR Program Pulse Rise Time 10 2000 ns 

tpF Program Pusle Fall Time 10 2000 'QS 

tPRG Program Pulse Width 45 50 ms 
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INTEGRATEDCIRCUIT TIlP8755AC 

TECHNICAL DATA 

TIMING WAVEFORMS 
~ 

V O/M ADDRESS ADDRESS 
~ 

A8-l0' I 

~ 

--.J 
,1\ \ 

f-*4 tLL tLA_ tAD tRDF 

ALE 

~ ADDF ESS >-~--p DATA - -< ADDRESS >--------1 

tRDE 

"-

ADO_7 

lOR, RD 
tRD ~ 

==> ADD! ESS J DATA r IX' ADDRESS 
ADO_7 

IOW 
tDW 

tCL 1\ 
tLC tcc !-------- TRV ' 

Note: CEI must remain low for the entire cycle. 

FIGURE 3 PROM READ. 1/0 READ. AND WRITE TIMING 

TH l I- tf 

1 

/ \ 
TL 

tr 

tCYC 

FIGURE 4 CLOCK SPECIFICATION FOR TMP8755AC 
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INTEGRATEDCI RCUIT 
TECHNICAL DATA 

CLK 

ADO-7, A8-10 

IO!H 

CEZ 

CEI 

ALE 

READY 

TldP8755AC 

tRYH 

tARY 

FIGURE 5 WAIT STATE TIMING (READY= 0) 

A. I NPUT MODE 

PORT INPUT 

ADO_7 

B. OUTPUT MODE 

PORT OUTPUT 

ADO-7 

FIGURE 6 I/O PORT TIMING 

,----------
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TECHNICAL DATA 

FUNCTION 

ALE 

AS-IO, IO/M 

PROG/CEI 

+ 25 V 

VDD +5V 

RD 

I PROGRAM CYCLE *VERIFY CYCLE PROGRAM 

r-----' ---·+-----1" -'---r CYCLE 

~~ __________ ~r-\~ ____ __ 

ts 

DATA TO BE 
PROGRAMMED --~---

-0------. -
* VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE 

(WITH VDD = 5V FOR TMPS755AC) 

FIGURE 7 PROGRAM MODE TIMING DIAGRAM 



INTEGRATEDCIRCUIT TMP8755AC 

TECHNICAL DATA 

QUTLI NE DRAW I NG 

40 Pins Ceramic Package 

40 393837 36 35 343332 313029 2827 26 252423 2221 

1 2 3 4 5 6 7 8 9 10 11 121314 15 16 17 18 19 20 

o 

+ 1 

1.02TYP. 

I 
I 2.54± 0.25 

'~'T H , , , , , , , , , 

110.46 ± 0.05 

50.8 ± 0.6 

Note 1. This dimension shows spread of leads. 

2. All dimensions are in millimeters. 

~ 
"; ,.., 

,R 

~ 

~ 
"'! ... 

C; 
0 

+, 
"! 
M 

. 

o 
+1 
00 

'" 

Unit in mm 

15.5"'17.0 

(Note 1) 
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• INTEGRATEDCIRCUIT 
TOSHIBA MOS TYPE DEGITAL 

INTEGRATED CIRCUIT 

TMP8259AP 
iii ¥ TECHNICAL DATA 

Silicon Monolithic 
N Channel Silicon Gate MOS 

694 

PROGRAMMABLE I NTE RF.L'i'T CONTROL~l R 

GENERAL DESCRIPTION 

The TMP82S9AP is a programmable interrupt controller designed for use 

with the TLCS-8SA microcomputer system. It handles up to eight vectored 

priority interrupts for the CPU. It is cascadable for up to 64 vectored 

priority interrupts without additional circuitry. 

FEATURES 

o Eight Level Priority Controller. 

o Expandable to 64 Level. 

o Interrupt Modes, Interrupt Mask, Vectored Address Programmable. 

o Single +SV Power Supply. 

o 808SA, 8086 Microcomputer System Compatible. 

o Compatible with Intel's 82S9A. 

PIN CONNECTIONS (TOP VIEW) 

Vee 
AO 
INTA 
IR7 
I R6 
rRo 
.J:R4 
IR3 
IR2 
IRl 
IRO 
INT 
SF/EN 
DAS2 



• INTEGRATEDCIRCUIT T~lP8259AP 

TECHNICAL DATA 

PIN NAMES AND PIN DESCRIPTION 

Pin Name Inpu t / Outpu t Function 
- ~ ---~----------~--- . - _._- -------~ --~---------- ---

Chip Select Input. A low on this pin enables 
- - -
CS Input RD and WR communication between the CPU and the 

-- -
I 8259A. INTA functions are independent of CS. 

i-writ-:- Control-Inp~-low- on 
~--

this pin when 
- ~ " " '00 ,".0," co, ""A C" 
WR Input accept corrnnand 

words from CPU. 
1--------- 1-- - -- - ----

I -
I 

Read Control Input. A low on this pin when CS 
-

RD Input i is low enables the 8259A to release status 

I onto the data bus for the CPU. 
----1-

I 

I Biderectional Data Bus. Command status and in-

DO'" D7 Input/Output 

I 

terrupt-vector information is transfered via 
I this bus. 
-t----~___: -- "~.---------~--

I Cascade Lines. The CAS lines form a private 
I 

CASO '" Input/Output 8259A bus to control a multiple 8259A structure. 

CAS2 I 
I These pins are outputs for a master 8259A and 

inputs for a slave 8259A. 
--- .---------- -

Slave Program/Enable Buffer. This is a dual 

function pin. When in the buffered mode it can 

SP/EN Input/Output be used as on Output to control buffer trans-
-

ceivers (EN). When not in the buffered mode it 

is used as an inpul to designate a master 8259A 

(SP=l) or a slave (Sp=O) . 
--

Interrupt Request Output. This pin goes high 

INT Output whenever a valid interrupt request is asserted. 

It is used to interrupt the CPU. Thus it is 

connected to CPU's interrupt pin. 
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TECHNICAL DATA 

Pin Name Input/Output Function 
~-

Interrupt Request Inputs. An interrupt request 

is executed by raising an IR input (low to high), 
IRa - IR7 Input and holding it high until it is acknowledged 

(Edge Triggered Mode) , or just by a high level 
on an IR input (Level Triggered Mode). 

I------~-~ -~--~- ~~-
~----~- ~ ------- -- ~ - - - ----- -----------

Interrupt Acknowledge Input. This pin is used 
-- to enable 8259A interrupt-vector data onto the INTA Input 

of interrupt acknowledge 

pulses issued by the CPU. 
~~ 

I ,'''" """'," ""'""0'" 
f---- - ------~--~ ------ -

I 
AD Input 

------
VCC 

r------
VSS 

BLOCK DIAGRAM 

CASo 

'~ASl 

CAB2 -t-~"P-

SF/EN 

AD Address Line. This pin acts in conj unction 
-with the CS, WR, and RD pins. It is used by the 

8259A to decipher various command words the CPU 
wri tes and status the CPU wishes to read. It 

is typically connected to the CPU AD address 

line. 
-----------

+5V Power Supply 

Ground 



INTEGRATEDCIRCUIT TMP8259AP 
TECHNICAL DATA 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL 1 ITEM I RATING 
r----1···--···----··-·-.-------.-- --- -.+--

VCC ,VCC Supply Voltage (with respect to GND(VSS)) I -0. 5V to +7V 

~IN i Input~Olta.:"'~--------=-=~ __ ~.5V to +7V 

L lW 
f-------,--.----.--------.-.- -------------- ----

Power Dissipation 

~ __ l _ t_~O_l_d_e_r_i_ng __ T_eIl1\1~_~t_~_r_e ______ .________ I 260' C 

Tstg ,Storage Temperature T65'C to 150°C 

~-op-r-t-;~~~n~-:;:~mpe~~~~~ i O°C to Wc 

DC CHARACTERISTICS Topr~O'C to 70°C,VCC~+5V*10%,VSS~OV,Unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 
----r'--'- ---.----.------

-0.5 I -VIL -L- Input Low Voltage 0.8 V 
-- ------_._.- +--I I Vcc+O_] VIH : Input High Voltage 2.0 - V 
~----+-------------- r----------1--

VOL I Output Low Voltage IOL ~ 2.2mA - - 0.45 V 

VOH I Output High~ltage +,~H ~ ~40~)lA 2.4 - - I V I I 
--

I 

: 
I . IOH ~ -lOO)lA 3.5 - I - V i Output Hlgh Voltage ~ _____ 1 I 

VOHONT) 
I (INT) I 2.41 I I V IOH ~ -400)lA - i -
I . __ . ------T . 

I 
I ±10 I ILl Input Leak Current I OV:s VIN :': VCC - - I )lA 

'w, ! 0.",,, k •• C.",", r·,,,· ",. 'cc - - ±10 )lA ---;1---------- - ---_.-[----

ICC VCC Supply Current 85 rnA 

I 
Input -~urre=~----~N ~ OV - - -300 )lA 

ILIR OR) 
I VIN ~ VCC - - 10 )lA 
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• INTEGRATEDCIRCUIT TMP8259AP 
TECHNICAL DATA 

AC CHARACTERISTICS Topr=O°C 'C 70°C, VCC=5V+IO%, VSS=OV, Unless otherwise noted. 

TIMING REQUIREMENTS 

SYMBOL PARAMETER MIN. MAX. UNIT 
---- ----- . ~-- - ----- .----~~--- --'--- 1-----

TAHRL AQ/CS Setup Time (RD/INTM) 0 - ns 
------------------- -

TRHAX AO/CS Hold Time (RD/INTAt) 0 - ns 

TRLRH RD Pulse Width 235 - ns 
C---------------

TAHWL AO/CS Setup Time (WR+) 0 - ns 
-

TWHAX AO/CS Hold Time (WRt) a - ns 
---------

TWLWH WR Pulse Width 290 - ns 

TDVWH DO - D7 Setup Time (WRt) I 240 - ns 

TWHDX DO - D7 Hold Time (WRt) 0 - ns 

TJLJH Interrupt Request Pulse Width (LOW) 100 - ns 

TCVIAL Cascade Setup Time (Second or Third INTM) 55 - ns 
--

TRHRL RDt to Next Command 160 - ns 

TWHRL WRt to Next Command 190 - ns 

RESPONSE CHARACTERISTICS 

SYMBOL PARAMETER TEST MIN. TYP. MAX. UNIT CONDITIONS 

TRLDV Valid Data Delay (RD/INTA.) - - 200 ns 

TRHDZ Data Floating (RD/INTAt) DO - D7 - - 100 ns 

TJHIH Interrupt Output Delay (IRt) CL = 100pF - - 350 ns 

TIALCV Val id Cas cade Delay (INTM) INT - - 565 ns 

TRLEL Enable Active (RD/INTM) CL = 100pF - - 125 ns 

TRHEH Enable Inactive (RD/INTAt) 
CASO - CAS2 

- - 150 ns 

TAHDV Valid Data Delay (AO/CS) CL = 100pF - - 200 ns 

TCVDV Valid Data Delay (CASO- CAS 2) - - 300 ns 

NOTE: AC TESTING. Inputs are driven at VL=0.45V and VH=2.4V. 

Measurements are made at VL=0.8V and VH=2.0V. 
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INTEGRATEDCI RCUIT 
H1P8259AP 

iii» TECHNICAL DATA 
TIMING WAVEFORMS 

HRITE OPERATION 

WR 

l'AHWL 
os 

AO 

DO---D7 

READ Ann TNTA OPERATIO"! 
TRi.RE 

:R"'C 

INTA 

cs 

TR=-=l 
__ ~_ ~A~IJ\' _____ ~,--______ _ 

INTA SEQUENCE 

IR ~"Z= ~I ___ ~\-----,\ ~-) ~----

OTHER TIMING 

CABO -CAS:.2 _________ ...L-t-__ t_..L.. ______ _ 
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TECHNICAL DATA 

OUTLINE DRAWING 

UNIT : mm 

bJ 

Note: Each lead pitch is 2.54mm, and all the leads are located 

within *O.25mm from their theoritical positions with respect 

to No.1 and No.42 leads. 
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• MICROCOMPUTER 

-= ftC.-.. TECHNICAL DESCRIPTION 

Microcomputer Technical Description 

m CROCOt1PUTER APPLI CAT! ON DEVELOPMENT TOOL 

GENERAL DESCRIPTION 
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MICROCOMPUTER 

TECHNICAL DESCRIPTION 

DEVECOPMENT TOOLS 

Toshiba's single-chip microcomputer development tool has the 

TDS400 ,microcomputer application development system and the dedicated 

debugging system. 

MICROCOMPUTER APPLICATION DEVELOPMENT SYSTEM TDS400 

By exchanging portions of the control board and software, the TDS400 

system can be changed into the following development systems: 

(1) TDS400/43 TLCS-43 Application Development System 

(2) TDS400/46 TLCS-46A Application Development System 

(3) TDS400/84 TLCS-84 Application Development System 

The TDS400 system is hereinafter described under the name of the 

TDS400/xx (xx denotes the name of the microcomputer series of 43, 46 or 84). 

DEDICATED DEBUGGING SYSTEM 

The dedicated debugging system can be realized by combining the 

debugging board and the emulation board, consisting of the following 

products. 

(1) BM4304 TLCS-43 debugging board + BM4303 TLCS-43 emulation board 

(2) BM4604 TLCS-46A debugging board + BM4603B TLCS-46A emulation board 

(3) BM8404 TLCS-84 debugging board + BM8403 TLCS-84 emulation board 



MICROCOMPUTER 

TECHNICAL DESCRIPTION 

1. MICROCOMPUTER APPLICATION DEVELOPMENT SYSTEM TDS400 

1.1 SYSTEM CONCEPT 

The TDS400/xx system is the application program development 

support system of Toshiba's single-chip microcomputer. Micro

computer application program development is divided into two 

main categories, programming and real time debugging. These 

functions can be performed consecutively through the TDS400/xx 

system. 

o Programming: 

(1) Programming and editing of source program 

(2) Assembling source program (converting to machine code) 

(3) Loading, modifying and writing into EPROM in the object 

program 

o Real time debugging: 

(1) Allows to execute and debug program at a state with the 

application circuit. (direct modification with machine 

codes) 

(5) Monitoring and revising of internal status during program 

execution. 

(6) Data exchange with EPROM (read/write) 

The following mannuals are available as system documents relative 

to the functions and operating instructions of the TDS400/xx: 

(A) Operating Instructions (Description of the functions and 

operations of the above-mentioned (1) to (6). 

(B) Instruction Manuals (configuration description of hardware). 
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M ICROCOM PUlER 

TECHNICAL DESCRIPTION 

1.2 HARDWARE CONFIGURATION 

The TDS400/xx is a sytem which a microcomputer consists of 

TMP8085A MPU, 16 K-byte ROM, and 48K-byte RAM has been equipped 

with various auxiliary memories and input/output interfaces. 

To ensure a more useful development system, it is provided with 

16K EPROM wirter, emulation board, program memory (4 K-byte RAM) 

which can be substituted with ROM, and dedicated debugging console. 

The TDS400/xx hardware configuration is given in Fig.l, and 

its conceptrual system view in Fig.2, respectively. In Fig.l 

solid line boxes show basic configuration units, while dotted 

line boxes indicate optional units. The units enclosed with 

broken lines are supplied by users, as required. Shaded boxes 

indicate the specific units depending on the series of a micro

computer. Other units are common to both. 

When used as a programming system, this system requires a minimum 

of one console I/O device for input/output of commands and ap

plication program data. When the system is used as a real-time 

debugging tool, operation is made through the attached debugging 

console. Real time execution can be obtained by removing the 

single chip microprocessor from the application circuit (user 

system) and plugging in the DIP socket from the emulation board. 



MICROCOMPUTER 

-::s: R.: ~ TECHNICAL DESCRIPTION 

TMP 808S MPU 

Casale Input/Output 
in terface 

16 K-byte ROM 
48 K-byte RAM 

Panel Interface 
(EPROM Writer) 

Control Circuit 
(Program Memory) 

r--------------, 
I Indirect Memory I 

(64 K-byte RAM) I L _____________ ...J 

1'- -------, 

Casale I/O I 
,----- ---_/ 

Debugging 
Console Panel 

Emulation Board 

Typuter M-SOO Series 

r----------, 
I I 

I 
DIP Type I 
Connector I 

I 
+SV I I 

(BM4303/4603B/8403) 
I Application I 

~ Circuit Board J 
r -:. ==::: I --:::-~~=..., 
: Power Supply : 

1'------- --, 
L __________ -J 

rpTR-PTPP-rin-;:';-r-,:OX --,~, PTR I Ricoh PTR-400 

: RS 232C'standard ~,:.=====::.:< 
Llr:s~.r.J~c~ ______ ~\:.==~~=.::.:::-=) Ricoh TP-60 

i;; ~ ~';bo~;d- - - - ...., '... .. Printer ) Diablo HI-1200 

I Interface ~ --~~:::::::::.::: 
L ____________ ..J 'CRT Display" ADDS-S80A 

' .. ----- -_/ 

r-------------., '-;:;l-;:;:;-i-;;;:-o-n-'I Toshiba VM-l7A or Home Mode TV 
I Floppy Disk Interface I , _________ , 

compact Keyboard KB-2 

I Digital Cassette I / Floppy Disk j 
I Interface ~ \ ,---------- -/ 

L--~o~~<-"~::,~: --~~~~~iH~~~i~~ 
,_D!2~.."~ 5.:'~.:.t.:.e_) 

Asia AFD-002A 

(Toshiba ND-lOx2) 

AsLa ADC-OOIA 

(Toamco CP-lOOESx2) 

Fig. 1 TDS400/xx Hardware Configuration 

Solid line boxes: basic configuration Dotted lines: Optional units 

Broken lines: user-supplied 

microcomputer 

Shaded line boxes: specific to 
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ills:: ~ TECHNICAL DESCRIPTION 

r------ - --I 
I Indirect Memory I 
I 1---1 
I (64 K-byte) I I 
'-, r.J I 

L _______ -' I 

Debugging Consoel 

r- ---- --Z~;g~;al-~a~~~t~~<) 
'-- --------_ ...... 

- - - - - - - - --, 
r- - ---< __ !~~~I.:.O:'_~~~ ___ 1 

,'---- ----- -"'\ 

r--- ,~ __ K.:~J:.o:':~:d __ ~1 
I • 
I ,'- ------- --, 

,- ---{ TV ) 
11 .... __________ ..... 

II ---------_ 
I I ,--( CRT Display': 
I; I ,-----------' 
" ~--- -- --- ---, 
II r-( Printer J 
I I, ,----------
I' I' ~.----------, 
I' II r-\ PTP ) 
I' II, '-----------~ 

I: iii ,---- ----- ---', 
I, I:'r-\, ____ P~R _____ -' 

~ t ,~_-~Jt~~!lf;:~~~~] 
I 

Optional 

Standard 
Interface is 
packed. 

Emulation Board 

DIP-type Connector 

Fig. 2 Conceptual System View of TDS400/xx System 
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MICROCOMPUTER 

TECHNICAL DESCRIPTION 

1.3 SOFTWARE CONFIGURATION 

As shown in ·Fig.3, the TDS400/xx system software consists 

of a programming system segment and debugging console control 

segment. Shaded portions indicate the specific program depend

ing on the microcomputer series. Other programs are common to 

both. 

These programs are firmwared in 16 K-byte ROM within the main 

memory of the TMP8085A system: therefore, no loading of system 

programs is required, thus programs being able to be immediately 

operated. However, for operating option programs, such as as

sembler programs, the programs must be separately loaded. 

The system program USes a 2 K-byte as dedicated data area. 

Furthermore, a 4K-byte RAM is designated as dedicated area (called 

the back-up memory) for internal save and transmission in the 

program memory. The remaining 42 K-byte RAM area is a free area 

used as user programs, symbol tables, current file, or assembler 

program. (See Fig. 4) 

1.4 PROCESS FLOW OF APPLICATION PROGRAM DATA 

Fig. 5 shows a conceptual flow chart of the application 

program data for application program development and evaluation 

by using the TDS400/xx system (as programming system or debugg

ing console) 

1.5 PROGRAMMING SYSTEM 

The programming system is provided for facilitating the 

programming work (development) of application software. 
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MICROCOMPUTER 

TECHNICAL DESCRIPTION 

Programming system 14K bytes 

Command processing (monitoring) 

File control (input/output) 

Editor 

2K bytes 

System control 

Fig. 3 TDS400/xx System Program Configuration 

Shaded element: Portions depending to microcomputer series 

Address 
(hexade cimal) 

0000 

3FFF 
4000 

47FF 
4800 

FFFF 
FOOO 

5 
FFFF 

Fig. 4 

Purpose of using main mem9ry 

System program 
(16 K-byte ROM) ROM 16K bytes 

--
System data 

(2K bytes) 

User program, 

Symbol table, RAM 48K bytes 

Current files, or 

Assembler program, 

(42K Bytes) 

Back-up memory 
(4K bytes) 

TDS400/xx Main Memory Configuration 



MICROCOMPUTER 

TECHNICAL DESCRIPTION 

r----- --, 
I External storage I 

L __ ~vic~_ J 

r------, 
I Input/output I 

L.:.. '::e~i.:: __ J 
Debugging Console Programming System 

Fig. 5 Data Flow of Application Program 

,,: Operation from the debugging console. 

o Operation through the porgramming system. 
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MICROCOMPUTER 

TECHNICAL DESCRIPTION 

The TDS400/xx programming system operates according to an 

input command from the input/output device. The following out

line shows the outline of utilization form at each step in ap

plication software programming. 

(1) In making a source program by expressing the control process

ing contents of application system in assembler language, 

the source program is entered directly through the keyboard 

or via paper tape, etc., revised and edited statement (line) 

by statement (line). If the program was structured into 

blocks, when it was written, the program can be easily edited 

into a single program and then punched onto paper tape, etc. 

(2) In assembling the source program, the assembler program is 

activated. Each pass of the program listing, object tape 

output, and generation of object program (machine code) in 

the main memory can be selected from the commands of input/ 

output device. 

(3) At the machine code level, the following functions can be 

implemented: object program loading, transmission, modifying, 

dumping, format change on the paper tape and writing into 

16K EPROM. 

The entire programming system can be operated from a single 

input/output device l ), but for performing the operation at high

speed,multiple input/o~tput devices can also be utilized. 

Note 1) Can use teletype, CRT display, or TV·keyboard 



MICROCOMPUTER 

TECHNICAL DESCRIPTION 

(a) 64 K-byte indirect memory --- can be used as a temporary 

file memory, For example, if the paper tape source program 

is once stored in this memory, the program will become much 

faster and easier to excute. The source program, however, 

is restricted to about 1.5 ~ 2 K-byte because of memory 

capacity. 

(b) Floppy disk --- a file memory (random file) similar to in

direct memory. Memory capacity is approximately 250 K-byte. 

Each disc can store 6 K ~ 8 K-step source program. The pro

cessing rate is lower than that of indirect memory. 

(c) Paper tape reader and Paper tape punch --- allows faster 

processing of paper tape. 

Printer -- speeds up program listing output 

CRT display -- convenient for editing and modifying applica

tion programs. 

(d) Digital cassette --- can be used as a sequential file, instead 

of paper tape. This eliminates the bother of rewinding and 

remounting paper tape, improving speed and ease of handling. 

(e) Television receiver and simple keyboard --- useful as low 

cost input/output devices. 

1.6 DEBUGGING CONSOLE 

The debugging console is designed for easy real time de

bugging of the application system. 

The debugging console, mounted in the front panel of the 

TDS400, is a dedicated console. Hajor functions performed by 

this console are as follows: 
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MICROCOMPUTER 

TECHNICAL DESCRIPTION 

(1) Real time emulation can be performed. For application 

program memory, the user can select either program memory 

(RAM) within the TDS400/xx or external memory (EPROM) within 

the er.1Ulation board. 

(2) Program memory read and write is done directly 

through the debugging console. 

(3) Loading to program memory: 

(i) The program can be loaded directly from program EPROM. 

(ii) The program can also be loaded from the back-up memory 

within the development systemNote 2) 

(4) Contents of the program memory: 

(i) Can be written directly into 16K EPROM. 

(ii) Can be. compared with the contents of programmed EPROM. 

(iii) Can be transferred and saved to the back-up memory 

(5) Direct read and write can be performed with RAM or register 

built into the single-chip microcomputer just as with program 

memory. 

(6) Application programs can be initiated from any address. 

(7) Application ptograms may be stopped at. any time(~hH~ in 

operation. ~ 

(8) Address-stop function provided. 

Note 2) The back-up memory is a point of contact between the 

debugging console function and the programming system 

function. The programming system can load the back-up 

memory with an object program, and the contents ofsthe 

back-up memory can be put Qut onto paper tape, etc. 

(in various formats). 
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TECHNICAL DESCRIPTION 

(9) Single-step operation possible. 

(10) Dummy interrupt signal can be entered through the debugging 

console. 

(11) Logical levels of all pins of microcomputer chip are always 

indicated. Voltage of the threshold value can be see at any 

level. 

1.7 EMULATION BOARD 

In the last step of application system development, it be

comes extremely important to be able to check the system opera

tions as close to the end product as possible. For answering 

this need, emulation board (BM4303/BM603B/BM8403) is available, 

as show~ in Table 1. These emulation board are integrated with 

the evaluator chip and are designed to use EPROM in the program 

r..1emory section. Fig. 6 shows the conceptualized drawings of 

these emulation boards. 

Besides the circuits attached to the evaluator chip, the 

emulation board has interface circuits for connecting to the ap

plication development system TDS400 and free space for mounting 

a small number of peripheral circuits. Fot the program memory, 

24-pin DIP soc.kets are provided so as to mal<e it possible to use 

16K EPROM TMl1323 (2716) unit. 

When this emulation board is connected with the TDS400, the 

user can choose to put the application program either into pro

gram memory (RAM) within the TDS400/xx or into EPROM on the 

emulation board. The former freely permits reading and reload

ing of program memory contents through the TDS400/xx debugging 

console, making debugging of the application program during 

development very convenient. 
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MICROCOMPUTER 

TECHNICAL DESCRIPTION 

The latter does not permit reading and writing of the applica

tion program contents. However, in either case the application 

program can easily be checked by using the function of the de

bugging console of TDS400/xx while monitoring or changing 

internal status of the microcomputer. 

IVhen the emulation board is disconnected from the TDS400, 

EPROM within the board is automatically used as program memory 

and the board can be used as an independent emulation board. 

The BM4302/4602A makes a compact emulation boards, equipped 

with one/two 16K EPROM TMM323 • (2716) as program memory. This 

board is useful for field-testing the applied product, but lacks 

free space and an interface to TDS400. 

Each emulation board provides each microcomputer chip and 

a DIP-type equivalent connector. With the microcomputer chip 

removed from the application circuit (user system) and this 

connector connected with its place, operations can be performed 

as if a single-chip microcomputer were mounted. 

When the application circuit is simple and no application 

circuit board has been provided, system development and evalua

tion can be accomplished by mounting a peripheral circuit in 

the free space on the emulation board. 

Fig. 7 illustrates a concenptualized view of each using 

situation of these emulation boards. Optimum emulation board 

and evaluation means can be selected according to the evalua

tion objectives of the application system. 
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• = _ TECHNICAL DESCRIPTION 

Table 1 Single-chip Microcomputer Emulation Board 

Board Evaluator Program memory EPROM Oscil- Free Power 

EPROM Qt. of lator Supply Remarks 
Name Chip Socket (Hz) Space Required 

1FT Can be used invidid-
BM4303 TMP4300C 16 K (one) 1 

(455K) Yes 5V ually or connected 
TDS400/43 

Can be used individ-
BM4603B Tcp4600AC 16 K (two) 2 

1FT Yes 5V ually or connected (400K) 
TDS400/46 

Crystal Can be used individ-
BM8403 TMP8039-6 16 K (two) 2 Yes 5V ually or connected 6M TDS400/84 
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DIP-type connector 

Interface circuit 
and Attached 
circuit 

42-pin 

40-pin 

BM4603B 

BM8403 

DIP-type connector 

Plug-in to TDS400 

Plug-in to TDS400 

BM4603B/8403 

Fig. 6 Emulation Boards·-- Conceptualized Drawings 

(Note: Ev-chip is an abbreviation of evaluator chip.) 
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TECHNICAL DESCRIPTION 

Plugging in 
the TDS400 

Type of 
mounting for 
the app Ii ca tion 
cireui t 
(Peripheral circuit) 

Verifying or dubugging 

operations of systems 

by replacing the micro

computer chip within 

the applicaiton cir

cuit board. 

For verifying or de

bugging operations by 

mounting the micro

computer peripheral 

circuit of the applica

tion ci rcui t on the free 

space. 

For plugging in the TDS400 

to verify operations. 

To mount application pro

gram in: 

o TDS400 program memory 
(RAM) or 

o Emulation board EPROM 

Micro
computer 

Power 
Su I 

Plugging in 
TDS400 

Application 
circui t board 

Plugging in 
TDS400 

Peripheral cir
cui t of the ap
plication system 

For verifying opera

tions of the applica

tion system by use of 

the emulation board 

alone or for making 

field tes t. 

Micro
computer 

Power 
Supply 

Application 
circuit board 

Peripheral circuit 
of the application 
system 

Fig. 7 Examples of Emulation Board Usage 
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TECHNICAL DESCRIPTION 

2. DEDICATED DEBUGGING SYSTEM 

2.1 SYSTEM CONCEPT 

The dedicated debugging system is formed by a combination of 

the debugging board (BM4304/4604/8404) and emulation board. 

The debugging board is a low cost development tool for debugging 

application software and hardware to which Toshiba's single

chip microcomputer is applied. For assembling a program, other 

means must be utilized. 

Fig. 8 shows the conceptualized drm,ing of this development 

syscem. In this drawing, the portions enclosed with solid lines are 

the units of minimum requirement for program debugging, while 

those enclosed with broken lines are the units supplied by user 

as required. The shaded portions which the cable connecting the 

debugging board to emulation board has been removed, indicate 

the structure to make it possible to execute application programs 

through EPROM on the emulation board. 

Major functions of the debugging board are as follows: 

(1) Real-time emulation possible. The program memory (RAM 4K 

bytes) of the debugging board is used as an application 

program memory. 

(2) The contents of the program memory can be read and written 

directly from the console. 

(3) The program loading can be performed from the l<Titten EPROM 

to the program memory. 

(4) Direct read and write can be performed to RAM, register 

and I/O device contained in the single-chip I!licrocomputer 

in the same way as the program memory. 



MICROCOMPUTER 

-~ ..: ~ TECHNICAL DESCRIPTION 

(5) Application programs can be initiated from any address. 

(6) Application programs can be stopped at any time while in 

operation. 

(7) Address-stop function provided. 

(8) Single-s tep operation possible. 

(9) Pseudo interrlmt signal can he entered through the debugging 

console. 
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Debugging Console 
(Console) 

50-pin Flat Cable 

Emulation Board 

DIP-type Connector 

Fig. 8 Conceptualized Drawing of Dedicated Debugging System 
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TECHNICAL DESCRIPTION 

3. PRODUCTS CONFIGURATION FOR APPLICATION DEVELOPMENT SUPPORT SYSTEM 

Depending on the user's needs, the TDS400 and emulation board 

can be converted or expanded. For example, conversion of the 

TDS400/43 system to the TDS400/46 system can be accomplished by 

replacing BM4301A + BM4303 + SW4323 "ith BMi+601A + BM4603B + SW 

4623, and vice versa. 

The optional I/O interface boards are common to all the TDS400 

development systems. These interfaces can be attached directly to 

the supposed standard I/O equipment and/or auxiliary memory devices 

(See Fig. 1). Further, these equipment and devices are so designed 

as to be used without modification of the system soft"are. 

Therefore, it is very convenient for user to keep various kinds 

of several emulation boards at hand in order to forward verificati.on 

Hork of application systems smoothly. 
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Com-
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to 

Model No. 

TDS400 

SWOO5l 

i 

i 
SWOO6l 

~ 

! BM4001 I 

i 

BM4002 

BM4003 

I 
I 
I BM4004 

I 

I 
PRODUCTS CONFIGURATION FOR APPLICATION DEVELOPMENT TOOL NS 

Description 
Configuration of Accompanying Remarks Products Materials 

Microcomputer appli- BM4006A + SW4006A Refer to each Products name of com-
cation system 400 Optional board system component bined system, peri ph-
(Toshiba MDS model (BM4001 'C 5) eral equipment is 
400) supplied by user. 

Paper tape output Card image magnet- For object output of 
program/ ACOS (PT out- ic tape (9 tracks) I SW005l Instruc- cross assembler 
put program on ACOS) of source program tion manual (SWxx53) 

(FORTRAN) 

Paper tape output Paper tape (ASCII 
SW006l Instruc- For object output of 

program/NOVA (PT out- code) of source 
tion manual 

cross assembler 
put program on NOVA) program (FORTRAN) ( SWxx63) 

-I s: ITl 
() (; J: 
~ :D 
() 0 l> 

8 r 
0 s: ITl 
C/) 

"'U () 

2:1 c: 
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64KB Indirect memory Board module (1) BM4001 Instruc-
Mounted on BM4006A tion manual 

Board module (1), Ditto 
General I/O interface I intra-board con- BM4002 Instruc-

RS232C, PTR, PTP & 
nection cable (2), tion manual 

Printer connector board(l) 

Board module (1) , I 

keyboard (1), intra-i BM4003 Instruc- Ditto 
TV· Key board in terf ace board connection i tion manual Connected to NTSC type 

cable (2), con-_1 of TV set 
nector board (1) 

Board module (1), I Ditto 

intr~-boad con- I BM4004 Instruc- Can be connected to 
Floppy disk interface two FD drives of nectlon cable (1) L 1 

connector board lon manua single-s,ided single ~ 
( 1) density 
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Model No. 

BM400S 

BM4006A 

SW4006A 

TDS400/43 

BM430lA 

BM4303 

BM4304 

Description_ 

Digital cassette 
interface 

TDS400 hardware 
main frame 

TDS400 system A 
monitor program 

Toshiba MDS400 for 
TLCS-43 

TDS400/43 control-
ler 

TLCS-43 emulation 
board 

TLCS-43 debugging 
board 

Configuration of 
Products 

Board module (1), 
intra-board con-
nection cable (2), 
connector board 
(1) 

A set of TDS400 
basic hardware wi th 
power supply in 
cabinet 

EPROM (8) (monitor 
program,16K ~ytes) 

TDS400 + BH430lA 
+BM430):+SW4323 

Board module (1), 
EPROM (1), (con-
trol program, 2K 
bytes) 

Board module (1), 
EPROM (1), Cables 
(2) to LSI socket 

Board module (1), 
cable (1) connect-
ing with BM4303 

I 
NS 

Accompanying 
Remarks Materials -i 3: IT'I 

Mounted on BM4006A 

BM400S Instruc-
Can be connected to 
two 10"/ sec DC handlers tion manual 

BM4006A Instruc- EPROM writer with de-
tion manual bugging console, serial 

port (1) 

(") 
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TDS400 System A System control program 
operation manual, packed in main memory 

, SW4006A instruc- region of BM4006A 
tion manual 

Products name of com-
Refer to each bined system. Periph-
system component eral equipment is sup-

plied by user 

TDS400/43 debugger 
operation manual, EPROM is repalced with 
BM430lA Instruc- a part of Stl4006A in 
tion manual main memory area 

Board with functions 
BM4303 Instruc- equivalent to LSI of 
tion manual TLCS-43. With inter-
- face to TDS400 

BM4303 debugging Used for debugging by 
board operation connecting with BM4303 
manual. BM4303 
instruction manual 
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43 

46A 

110del No. 

SW4323 

SW4353 

SW4363 

SW4393S 
SW4393D 

TDS400/46 

BM460lA 

Description 

TLCS-43 assembler 
on TDS400 

TLCS-43 cross as-
sembler on ACOS 

TLCS-43 cross as-
sembler on NOVA 

TLCS-43 assembler/ 
iMDS 

TLCS-46A applica-
tion development 

TDS400/46 control-
ler) 

Configuration of 
Products 

EPROM (3) (Assembler 
program 6K bytes) 

Card image magnet-
ic tape (9 tracks) 
of source program 
(FORTRAN) 

Paper tape(ASCII 
code) of source 
program (FORTRAN) 

Diskette(l) (ISIS-
II file) 
S: single side 

single density. 
D: single side 

double density. 

TDS400 + BM460lA + 
BM4603B + SW4623 

Board module (I), 
EPROM (1) (con-
trol porgram 2K 
bytes) 

Accompanying. 
Materials 

TLCS-43 assembly 
language manual. 
SW4323 Instruc-
tion manual 

TLCS-43 assembly 
language manual. 
SW43S3 Instruc-
tion manual 

TLCS-43 assembly 
language manual. 
SW4363 Instruc-
tion manual 

TLCS-43 assembly 
language manual. 
SW4393S, D 
ins truction manual 

Refer to each 
system component 

TDS400/46 debug-
ger operation 
manual. 
BM4601A instruc-
tion manual 

Remarks 

Loaded from EPROM 
writer (/reader) of 
TDS400 

Used together with 
SWOOSl 

Used together with 
SWOO61 

Operates under ISIS-
II 

Products name of com-
bined system, periph-
eral equipment is 
supplied by user. 

EPROM is replaced with 
a part of SW4006A in 
main memory area 
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46A [ BM4603B 

BM4604 

SW4623 

SW4653 

SW4663 

SW4693S 
SW4693D 

84 TDS400/84 

Description 

TLCS-46A emulation 
board 

TLCS-46A debugging 
board 

TLCS-46A assembler 
on TDS400 

TLCS-46A cross as-
sembler on ACOS 

TLCS-46A cross as-
sembler on NOVA 

TLCS-46A assembler 
on iMDS 

Toshiba MDS400 for 
TLCS-84 

Configuration of 
Products 

Board module (1) , 
EPROM (2), Cable 
(1) to LSI socket 

Board module (1) , 
Cable (1) to BM4603B 

EPROM (3) (assembler 
program 6K bytes) 

Card image magnet-
ic tape (9 tracks) 
of source program 
(FORTRAN) 

Paper tape (ASCII 
code) of source 
program (FORTRAN) 

Diskette (1) (1S1S-
II file) 
S: single side 

single density. 
D: single side 

double density. 

TDS400 + BM840lA + 
BM8403 + SW8423A 

Accompanying 
Remarks Materials 

Board with functions 
BM4603B Instruc- equivalent to LSI of 
tion manual TLCS-46A. With inter-

face to TDS400 

BM4604 debugging 
board Operation Used for debugging by 
manual. BM4604 connecting with BM4603B 
instruction manual 

TLCS-46A assembly 
Loaded from EPROM language manual. 
writer (/reader) of SW4623 instruc-
TDS400 

tion manual 

TLCS-46A assembly I 

language manual. 
Used together with SWOO5l SW4653 instruc-

tion manual 

TLCS-46A assembly 
language manual. 
SW4663 instruc- Used together with SWOO6l 

tion manual 

TLCS-46A assembly 
language manual. 
SW4693S, D 

Operates under ISIS-II 

instruction manual 

Products name of com-
Refer to each bined system periph-
system component eral equipment is sup-

plied by user. 
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Model No. 

BM8401A 

BM8403 

BM8404 

SW8423A 

SW84S3 

SW8SS3 

Description 

TDS400/84 controller 

TLCS-84 emulation 
board 

TLCS-84 debugging 
board 

TLCS-84 assembler 
on TDS400 

TLCS-84 cross as-
smebler on ACOS 

TLCS-8S cross as-
sembler on ACOS 

Configuration of 
Products 

Board module (1), 
EPROM (1) (control 
program 2K bytes) 

Board module (1), 
EPROM (1). Cable 
(~) to LSI socket 

Board module (1), 
Cable (1) to 
BM8403 

EPROM (5) (as sembler 
program 10K bytes) 

Card image magnet-
ic tape (9 tracks) 
of source program 
(FORTRAN) 

Card image magnet-
ic tape (9 tracks) 
of source program 
(FORTRAN) 

I 
NS 

Accompanying Remarks Materials 

TDS400/84 debug-
ging operation EPROM is replaced with 
manual. a part of SW4006A in 
BM8401A instruc- main memory region 
tion manual 

Board with functions 
BM8403 Instruc- equivalent to TMP8048, 
tion manual 8049-6. With interface 

to TDS400 

BM8404 debugging 
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board operation Used for debugging by 
manual. BM8404 connecting with BM8403 
ins truction manual 

TLCS-84 assembly 
Loaded from EPROM language manual. 
writer (/reader) of SW8423A ins truc- TDS400 tion manual 

TLCS-84 assembly 
language manual. Used together with 
SW84S3 ins truc- SWOOSl 
tion manual 

TLCS-8S assembly 
language manual. Used together with 
SW8SS3 ins truc- SWOOSl 
tion manual 



SW0051 PAPER TAPE OUTPUT PROGRAM / ACOS 

GENERAL DESCRIPTION 

This program outputs the object program translated with a cross assembler to 
the paper tape with various formats. 
The program can be loaded on the general-purpose computer ACOS600 or 700. 

PRODUCT CONFIGURATION 

o Magnetic tape (9 tracks) 1 
(Card (IBM29 code) image of a source 
program written in FORTRAN (JIS7000, 
partially GMAP)). 

o SWOOSI Instruction manual 

FEATURES AND MAIN SPECIFICATIONS 

(1) Using this program, paper tapes can be made up to be used for various 
EPROM writers, production system of masked ROMs, and application 
development system. 

(2) The formats of the object paper tape are divided broadly into I-bit BNPF 
format and 4-bit hexadecimal expressing format .• 

(3) For the hexadecimal format, 8 formats can be specified by selecting the 
output system such as start and end symbols of data, and addressing and 
checksum modes. 

(4) Output range and block length can be specified. 

OPERATING ENVIRONMENT (Host Machine) 

Processing unit: ACOS600/700 with more than 64K words (more than 17-bit 
words) 

Operating system: ACOS-6 
Peripheral equipment: Magnetic disk, magnetic tape, line printer, card reader, 

paper tape punch, etc. 

OPERATING PROCEDURE 

Compile the program first and load it in the host system. According to OS 
from the host machine, specify the file and output format to operate the 
program. 

TECHNICAL MATERIALS 

(1) SW4353, SW4653, SW8453, SW8553 Instruction Manuals 
(2) ACOS600/700 FORTRAN Language Description 
(3) ACOS600/700 Job Control Language (JCL) Description 
(4) ACOS600/700 IMCV Editing Program Manual 
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SW0061 PAPER TAPE OUTPUT PROGRAM / NOVA 

GENERAL DESCRIPTION 

This program outputs the object program translated with a cross assembler to 
the paper tape with various formats. 
The program can be loaded on the micromputer NOVA. 

PRODUCT CONFIGURATION 

o Magnetic tape (ASCII code) 
(Source program written in FORTRAN 
(JIS7000) ) 

o SW006l Instruction Manual 

FEATURES AND MAIN SPECIFICATIONS 

1 

(1) Using this program, paper tapes can be made up to be used for various 
EPROM writers, production system of masked ROMs, and application 
development systems. 

(2) The formats of the object paper tape are divided broadly into I-bit BNPF 
format and 4-bit hexadecimal expressing format. 

(3) For the hexadecimal format, 8 formats can be specified by selecting the 
output systems such as start and end symbols of data, and addressing and 
checksum modes. 

(4) Output range and block length can be specified. 

OPERATING ENVIRONMENT (Host Machine) 

Processing unit: NOVA with more than 64K words (more than 16-bit words) 
Operating system: RDOS 
Peripheral equipment: Magnetic disk, line printer, console typewriter, paper 

tape reader, paper tape punch, etc. 

OPERATING PROCEDURE 

Compile the program first and load it in the host system. According to OS 
from the host machine, specify the file and output format to operate the 
program. 

TECHNICAl MATERIAlS 

(1) SW4363, SW4663 Instruction Manuals 
(2) NOVA FORTRAN IV Description Manual (Data General) 
(3) NOVA RDOS Description Manual, CLI Series (Ditto) 
(4) NOVA RDOS Description Manual, System Utility Series (Ditto) 



BM4001 64KB INDIRECT MEMORY 

GENERAL DESCRIPTION 

A memory board of 64,536 bytes (64KB) to be mounted in TDS400 (BM4006A). 
Generally this board is used as an auxiliary memory. 

PRODUCT CONFIGURATION 

o Board module 

o BM4001 Instruction Manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) This memory can be used as a high-speed file memory. 
(2) Assembling or the like is simple and fast if this memory is used as a 

file to store a source program or an object program. 
(3) OS can specify this memory as a main memory. 
(4) Thirty-two 16K dRAMs (TMM4l6P-3) are provided for BM400l. 
(5) Module dimensions are l80mm x 230mm x approx. lSmm with edge connector 

of 144 pins. 
(6) Approx. power dissipation is 5V x lA, -5V x lmA, or l2V x O.lA. 

OPERATING CONDITIONS 

The indirect memory is inserted in the slot "MEM2" within the TDS400 
(BM4006A), being operated by OS (control program) from SW4006A or the like. 

TECHNICAl MATERIAlS 

(1) TDS400 System A Operation Manual 
(2) BM4006A Instruction Manual 
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BM4002 GENERAL I/O INTERFACE 

GENERAL DESCRIPTION 

An interface board through which RS232C type I/O device, PTR, PTP, and 
printer are connected to the TDS400. The connectors for four I/O devices are 
provided separately. 

PRODUCT CONFIGURATION 

o Board module 1 

o Connector board 1 

o Inter-board connection cable 2 

o BM4002 Instruction Manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) Processing capability of the TDS400 can be sharply increased by the 
high-speed I/O device. 

(2) RS232C ports are available for console I/O devices. 
(3) 15 versions (50 - 9600 baud) can be selected for the baud rate of 

RS232C ports. 
(4) RS232C type I/O devices (e.g. ADD's Model ADDS580) can be directly 

connected. 
(5) Paper tape reader PTR-400 (Ricoh Denshi Industry Co.) can be directly 

connected. 
(6) Paper tape punch TP-60 (Ricoh Denshi Industry Co.) can be directly 

connected. 
(7) Printer l200Hy Type 1 (Diablo System Inc.) can be directly connected. 
(8) Module dimensions are l80mm x 230mm x approx. l5mm with edge connector 

of 144 pins. 
(9) Approx. power dissipation is 5V x 0.7A, l2V 1 x O.lA, or -12V x O.lA. 

OPERATING CONDITIONS 

The interface board is inserted in the slot "GIO" within the TDS400 (BM4006A). 
Mount the connector board on the back panel of the TDS400 and connect each 
unit with the inter-board connection cable. Each I/O device must be 
connected to the connector board with the dedicated cable (user's supplied 
connector for the TDS400 has 25 pins). The interface board is operated by OS 
(control program) of SW4006A or- the like. 

TECHNICAl MATERIAlS 

(1) TDS400 System A Operation Manual 
(2) BM4006A Instruction Manual 
(3) CRT Terminal Model 580 Instruction Manual (Matsushita Electric Trading 

Co. ) 
(4) RICOM PTR-400 READER Specifications (Ricoh Denshi Industry Co.) 
(5) RICOM TP-60 PERFORATOR Specification and Operating Manual 

(Ricoh Denshi Industry Co.) 
(6) Model 1200 Hytype 1 Printer Maintenance Manual (Diablo System Inc.) 



BM4003 TV· KEYBOARD INTERFACE 

GENERAL DESCRIPTION 

An interface board through which the NTSC system TV screen and a full 
keyboard are connected to the TDS400. That is, a CRT input/output device can 
be configured at low cost. 

PRODUCT CONFIGURATION 

o Board module 1 
o Connector board with RF module 1 
o Inter-board connection cable 2 
o Full keyboard with a cable 1 
o BM4003 Instruction Manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) A low cost CRT input/output device usable for a console can be 
configured. 

(2) Using BM4003, NTSC system home TV set or a monitoring TV set can be 
directly connected to the TDS400. 

(3) Full keyboard (KB-2) with touch-key system is packed. (ACSII 
specification) 

(4) Module dimensions are l80mm x 230mm x approx. lSmm with edge connector 
of 144 pins. 

(S) Keyboard dimensions are l76mm x 34Smm x SSmm. 
(6) Approx. power dissipation is SV x O.7A, -SV x 30mA, or l2V x SOmA. 

OPERATING CONDITIONS 

The interface board is inserted in the slot "TV" within the TDS400 (BM4006A). 
The connector board is installed on the back panel of the TDS400 to connect 
each unit with the inter-board connection cables. Then user's TV set (the 
cable is user-supplied) and full keyboard are connected. This makes the 
TDS400 operate as a console I/O device or TV (similar to CRT display) output 
device. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 
(2) BM4006A Instruction Manual 
(3) Toshiba Color TV 20G600 Instruction Manual 
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BM4004 FLOPPY DISK INTERFACE 

GENERAL DESCRIPTION 

An interface board through which two floppy disk drives (standard 8" single
sided single density) are connected to the TDS400. 

PRODUCT CONFIGURATION 

o Board module 1 
o Connector Board 1 
o Inter-board connection cable 1 
o BM4004 Instruction Manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) Mass storage (256K bytes/disk) random file can be made up by using 
BM4004 floppy disk interface. 

(2) BM4004 controls two sets of floppy disk drive ND-10 (standard 8" 
single-sided single density). 

(3) At least four sets of floppy disk drive can be controlled by using two 
boards of BM4004. However, the drivers, to the number of two, can be 
used for SW4006A. 

(4) Available is a couple of floppy disk drive AFD-002 (Asia Mfg. Co.) which 
can be directly connected to the TDS400. 

(5) Module dimensions are l80mm x 230mm x approx. l5mm with edge connector 
of 144 pins. 

(6) Approx. power dissipation is 5v x O.5A. 

OPERATING CONDITIONS 

The interface board is inserted in the slot "FDC1" within the TDS400 
(BM4006A). The connector board is installed on the back panel of the TDS400 
to connect each unit with the inter-board connection cable. The drive units, 
such as AFD-002A, are connected to the TDS400. The drive units are operated 
by a command from the console I/O device. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 
(2) BM4006A Instruction Manual 
(3) AFD-002A Instruction Manual (Asia Mfg. Co.) 
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BM4005 DIGITAL CASSETTE INTERFACE 

GENERAL DESCRIPTION 

An interface board through which two digital cassette handlers (lO"/sec) are 
connected to the TDS400. 

PRODUCT CONFIGURATION 

o Board module 
o Connector board 1 
o Inter-board connection cable 2 
o BM400S Instruction Manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) Mass storage sequential file can be made up by using BM400S digital 
cassette interface. 

(2) Two sets of digital cassette handlers CP-100EB (Toshiba-Ampex SOOBPI, 
10" /sec) can be controlled by using the BM400S. 

(3) Available is a couple of digital cassette handler ADC-001A (Asia Mfg. 
Co.) which can be directly connected to the TDS400. 

(4) Module dimensions are lSOmm x 230mm x approx. lSmm with edge connector 
of 144 pins. 

(5) Approx. power dissipation is SV x O.SA. 

OPERATING CONDITIONS 

The interface board is inserted in the slot "DCC" within the TDS400 
(BM4006A). The connector board is installed on the back panel of TDS400 to 
connect each unit with the inter-board connection cable. Then the handler, 
such as model ADC-001A, is connected to the TDS400. The handler is operated 
by a command from the console I/O device. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 
(2) BM4006A Instruction Manual 
(3) ADC-001A Instruction Manual (Asia Mfg. Co.) 
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BM4006A TD5400 HARDWARE MAINFRAME 

GENERAL DESCRIPTION 

A basic hardware of microcomputer development system used for developing 
various microcomputer application system and application softwares. The 
system configuration is convenient for consecutively performing application 
software production, edit assembling, application system debugging, and test 
evaluation, etc. 

PRODUCT CONFIGURATION 

o Set of TDS400 basic hardware 
(mainframe, power cord, connector) 

o BM4006A Instruction Manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) The control display panel of debugging console is provided in front of 
the mainframe. 

(2) Reader/writer for EPROM (equivalent to TMM323, 2714) is equipped with 
the TDS400. 

(3) Console I/O interface (serial transmission, 50 ~ 9,600 baud) is provided 
in the TDS400. 

(4) The main memory consists of 48K-byte RAM and 16K-byte EPROM (socket). 
A monitor program (e.g. SW4006, option) is mounted in the EPROM. 

(5) By installing optional interface boards, various peripheral equipment 
can be connected to the mainframe. 

(6) Real-time debugging of application system, such as TLCS-43/46A/84, is 
available by exchanging some interface boards of EPROMs (control 
programs). 

(7) Frame dimensions are 470mm (W) x 580mm (L) x 295mm (H). 
(8) Approx. power dissipation is AC100V (50 or 60Hz), 350VA (Max.). 

OPERATING CONDITIONS 

By loading TDS400 monitor program 
connecting the console I/O device 
minimum system can be configured. 
mounting various interface boards 

TECHNICAL MATERIALS 

(SW4006A) for system control, and by 
such as teletypewriter (user-supplied), a 
A system more usable can be built up by 

and by connecting peripheral equipment. 

(1) TDS400 System A Operation Manual 
(2) SW4006A Instruction Manual 
(3) BM4001, BM4002, BM4003, BM4004 and BM4005 Instruction Manuals 
(4) BM4301A, BM4601A and BM8401 Instruction Manuals 
(5) Typuter MODEL-502 Type Specification (CASIO Computer) 



SW4006A TDS400 SYSTEM A MONITOR PROGRAM 

GENERAL DESCRIPTION 

A resident program within the EPROM of the TDS400 main memory. This system 
program can be used for various processing operations according to the 
command from the console I/O device. 

PRODUCT CONFIGURATION 

o EPROM (TMM323) 8 
(16K-byte program) 

o TDS400 System A Operation Manual 1 
o SW4006A Instruction Manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) This program facilitates creation, modification, and edit of source 
program for application systems. 

(2) Control programs for the peripheral equipment, such as floppy disk, are 
contained in the monitor program. 

(3) Assemblers and compilers are provided for various types of 
microcomputers (option). 

(4) Loading or modifying the object programs of application systems as well 
as reading or writing into EPROM can be performed. 

(5) This is a resident program within a main memory EPROM, so that it 
operates immediately after the power is turned on. 

OPERATING ENVIRONMENT 

Processor 

Console I/O device 
Optional peripheral equipment: 

OPERATING PROCEDURE 

BM4006A (48K-byte RAM) and optional board 
modules. 
Teletypewriter, etc. 
Floppy disk, CRT, printer, PTR, PTP, digital 
cassette, etc. 

Insert the eight EPROMs in EPROM sockets, according to their corresponding 
numbers, on the BM4008 board of "MEM1" slot within BM 4006A. Select the I/O 
device used as a system console, and input the command from this console to 
control the operating system. 

TECHNICAL MATERIALS 

(1) BM4006A Instruction Manual 
(2) BM400l, BM4002; BM4003, BM4004 and BM4005 Instruction Manuals 
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BM4301A T05400/43 CONTROLLER 

GENERAL DESCRIPTION 

A special module for making the TDS400 to the TDS400/43 debugger. It can 
debug the application systems (software and hardware) of the TLCS-43 by 
connecting BM4303 (TLCS-43 emulation board). 

PRODUCT CONFIGURATION 

o Board module 1 
o EPROM (TMM323) (Control program) 1 
o TDS400/43 debugger operation 

manual 1 
o BM4301A Instruction Manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) Application program can be executed with real-time operation by loading 
it in the dedicated program memory (RAM) within this board or in the 
EPROM on BM4303. 

(2) Programs can be transmitted to and from EPROM or the back-up memory (a 
part of TDS400 main memory). Information stored in the back-up memory 
can be output to the paper tape, etc. in various formats (TDS400 
function) . 

(3) Direct read/write of the registers and RAMs contained in the CPU, and 
program memory (corresponding to ROM) within this board can be 
performed. 

(4) Various functions, such as execution and halt of programs, address 
stopping, single-step operation, and dummy interrupt signal input, are 
provided. 

(5) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(6) Approx. power dissipation is 5V x 1.3A, -5V x 30mA, or l2V x 5OmA. 

OPERATING CONDITIONS 

This board is inserted in slot "43C/46C" within the TDS400 (BM4006A). The 
control program is loaded in the BM4008 board of slot "MEMl" where EPROM No. 
7 is mounted after having removed EPROM. BM4303 and application system 
(board) are connected to this board, which is operated by controlling the 
TDS400 debugging console. 

TECHNICAL MATERIALS 

(1) BM4006A Instruction Manual 
(2) BM4303 Instruction Manual 
(3) TDS400 System A Operation Manual 



BM4303 TLCS-43 EMULATION BOARD 

GENERAL DESCRIPTION 

This is an emulation board that can be performed as equivalent to the single
chip microcomputer LSI of TLCS-43 series. Interface circuit is provided in 
this board for being connected to the host system (TDS400, BM4304). EPROM 
(for 2K bytes) can be installed as a program ROM. 

PRODUCT CONFIGURATION 

o Board module 1 
o EPROM (TMM323) 1 
o LSI socket connection cable 2 
o BM4303 Instruction Manual 

FEATURES AND MAIN SPECIFICATIONS 

(1) This is an emulation board that can be replaced directly with TMP43l0, 
TMP4315 or TMP4320. 

(2) 2 K-byte EPROM can be installed as a program ROM. 
(3) Interface circuit to be connected to the TDS400 (BM430lA) or BM4304, and 

free space (for mounting application system circuit or interface) are 
provided in the board. 

(4) As a program memory, this emulation board can select EPROM within the 
board or memory in the host system to execute the application program 
stored on these units. 

(S) This emulation board has a function capable of executing the application 
program while monitoring Or modifying the internal status on of the 
microcomputer under the control by the host system. 

(6) When the emulat~on board is disconnected from the host system, it is 
also operated as an independent emulation board. 

(7) Module dimensions are 230mm x 230mm x approx. 30mm. 
(8) Power dissipation is less than SV (±S%) x O.SA. (Extra l2V and -SV 

power supplies are required when using 8K-bit EPROM.) 

OPERATING CONDITIONS 

EPROM, in which the application program has been written, is mounted on this 
board, and two cables from the board is inserted in the sockets of the 
microcomputer LSI of application system. The power supply (user-supplied) 
and host system (TDS400 or BM4304) are connected to the board for operation. 

TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 
(2) TLCS-43 System Manual 
(3) TDS400/43 Debugger Operation Manual, BM430lA Instruction Manual 
(4) BM4304 Debugging Board Operation Manual, BM4304 Instruction Manual 
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BM4304 TLCS-43 DEBUGGING BOARD 

GENERAL DESCRIPTION 

This board is a control board for debugging of the application system (or 
program) of the TLCS-43. The debugging system of the TLCS-43 is made up by 
connecting it to the BM4303 (TLCS-43 emulation board). 

PRODUCT CONFIGURATION 

o Board module 
o BM4303 connection cable 
o BM4304 debugging board operation 

Manual 
o BM4304 Instruction Manual 

FEATURES AND MAIN SPECIFICATIONS 

1 
1 

(1) BM4304 board is provided with a console unit consisting of a display for 
addresses, data and system condition, and 32 keys. 

(2) Application program is executed by emulator chip (TMP4300) of BM4303 
after having been transmitted to the EPROM program memory within this 
board via the EPROM socket. 

(3) Direct read/write of register or RAM within the microcomputer LSI is 
available. 

(4) Application program can be modified with machine code level. 
(5) Application program can be started with any address and stopped at any 

time. 
(6) Address stop and single step operation functions are provided. 
(7) Dummy interrupt signals can be generated from the console on the board. 
(8) Module dimensions are 300rom x 300rnm'x approx. 3Ornm. 
(9) Power dissipation is less than 5V (±5%) x 2.5A. 

OPERATING CONDITIONS 

This board is connected with BM4303 that have been connected to the 
application system. The application program is written in EPROM, and EPROM 
is installed on the BM4304 board. The power (user-supplied) is turned on and 
the instructions from the console on BM4304 board are given to operate the 
system. 

TECHNICAL MATERIALS 

(1) BM4303 Instruction Manual 



SW4323 TLCS-43 ASSEMBLER/TDS400 

GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS-43. 
The TDS400 (Microcomputer Developing System 400) is used for operating this 
assembler. 

PRODUCT CONFIGURATION 

o EPROM (TMM323) 3 
(Assembler program) 

o TLCS-43 Assembler Language Manual I 
o SW4323 Instruction Manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx 950 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 
(3) 16 reserved symbols are provided for register name or the like. 
(4) + and - are available for operators. 
(5) Provided are 7 assembler directives and 35 instructions. 

(6) Source program can be input from any input device. 
(7) Assemble list can be output to any output device. 
(8) Object program is created as a ROM image in the TDS400. The TDS400 can 

output this program in various formats. Direct write in the EPROM is 
also available. 

OPERATING ENVIRONMENT 

Processor 
Operating system 
Peripheral equipment: 

OPERATING PROCEDURE 

TDS400 (48K-byte RAM) 
System A monitor program (SW4006A) 
Console I/O device (e.g. teletypewriter), optional 
floppy disk, CRT, printer, PTR, PTP, etc. 

This assembler is operated by a command sent to the TDS400 from the console 
I/O device (or other devices). This assembler program itself should be 10 
loaded in the EPROM writer socket on the front panel of the TDS400. 

TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 
(2) TLCS-43 System Manual 
(3) TLCS-43 Collected subprograms 
(4) TDS400 System A Operation Manual 
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SW4353 TLCS-43 CROSS ASSEMBLER/ACOS 

GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-43. General-purpose computer ACOS600 or 700 can be used to load the 
program. 

PRODUCT CONFIGURATION 

a Magnetic tape (9 tracks) 
(Card (IBM29 code) image of source 
program written in FORTRAN 
(JIS7000, partially GMAP) 

o TLCS-43 Assembler Language Manual 1 
o SW4354 Instruction Manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 500 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants-can be handled. 
(3) 16 reserved symbols are provided for register name or the like. 
(4) + and - are available for operators. 
(5) Provided are 11 assembler directives and 38 instructions. 

(6) Punched card or paper tape can be used for the input medium of the 

(7) 
(8) 

source program. 
Assemble list can be output to a line printer. 
Object program is created in the host system. 
output program ACOS (SW005l), this program can 
in various formats. 

OPERATING ENVIRONMENT 

Using the paper tape 
be output to paper tapes 

Processor ACOS600 or 700 with more than 64K-words 
(more than l7-bit words) 

Operating system 
Peripheral equipment: 

OPERATING PROCEDURE 

ACOS-6 
Magnetic disk, magnetic tape, line printer, card 
reader, paper tape reader, (and paper tape punch), 
etc. 

First compile this cross assembler to load in the host system. According to 
the OS of the host machine, define various files, and specify the input and 
output conditions to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 
(2) TLCS-43 System Manual 
(3) TLCS-43 Collected subprograms 
(4) SW005l Instruction Manual 
(5) ACOS600/700 FORTRAN Language Description 
(6) ACOS600/700 Job Control Language (JCL) Description 
(7) ACOS600/700 IMCV Edit Program Description 



SW4363 TLCS-43 CROSS ASSEMBLER/NOVA 

GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-43. Mini-computer NOVA can be used to load the program. 

PRODUCT CONFIGURATION 

o Paper tape (ASCII code) 1 
(Source program written in 

FORTRAN (JIS7000» 
o TLCS-43 Assembler Language Manual 
o SW4363 Instruction Manual 

FEATURES AND MAIN SPECIFICATIONS 

(1) Up to 100 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 
(3) 16 reserved symbols are provided for register name or the like. 
(4) + and" - are available for operators. 
(5) Provided are 11 assembler directives and 38 instructions. 

(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 
(8) Object program is created in the host system. Using the different paper 

tape output program/NOVA (SW006l), this program can be output to paper 
tapes in various formats. 

OPERATING ENVIRONMENT 

Processor 
Operating system 
Peripheral equipment: 

OPERATING PROCEDURE 

NOVA with more than 32K-words. (l6-bit words) 
RDOS 
Magnetic disk, line printer, console typewriter, paper 
tape reader, (and paper tape punch), etc. 

First compile this cross assembler to load in the host system. According to 
the OS of the host machine, specify various files to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 
(2) TLCS-43 System Manual 
(3) TLCS-43 Collected Subprograms 
(4) SW006l Instruction Manual 
(5) NOVA FORTRAN IV Description Manual (Japan Data General) 
(6) NOVA ROOS Description Manual, CLI Series (Ditto) 
(7) NOVA ROOS Description Manual, System Utility Series (Ditto) 
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SW4393S, SW4393D TLCS-43 ASSEMBLER/iMDS 

GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS-43. 
The intellec MDS is used for operating this assembler. 

PRODUCT CONFIGURATION 

o DisketteNote ) 

o 
(Assembler program ISIS-II file) 
TLCS-43 Assembler Language 
Manual 

o SW4393S, SW4393D Instruction 
Manual 

Note) Sw4393S is of single-sided 
single density. 
SW4393D is of single-sided 
double density. 

FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 600 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 
(3) 16 reserved symbols are provided for register name or the like. 
(4) + and - are available for operators. 
(5) Provided are 7 assembler directives and 35 instructions. 

(6) The source program is input from ISIS-II diskette file. 
(7) Assemble list can be output to any output device. 
(8) The object program is created on the diskette in format I (Intel hexade

cimal format) or format M (masked ROM production format). This program 
can be punched out to the paper tape by COpy command from ISIS-II, and 
also can be directly written in the EPROM. 

OPERATING ENVIRONMENT 

Processor 
Operating system 
Peripheral equipment: 

OPERATING PROCEDURE 

iMDS with more than 32K bytes 
ISIS-II 
Console I/O device (e.g. teletypewriter), floppy disk, 
optional CRT, printer, PTR, PTP, PROM programmer, etc. 

Copy the program to the system diskette. Then specify the file and assembler 
parameter according to the OS from the host machine. 

TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 
(2) TLCS-43 System Manual 
(3) TLCS-43 Collected Subprograms 
(4) ISIS-II System User's Guide (Intel) 



BM4601A T05400/46 CONTROLLER 

GENERAL DESCRIPTION 

A special module for making the TDS400 to the TDS400/46 debugger. It can 
debug the application systems (software and hardware) of the TLCS-46A by con
necting BM4603B (TLCS-46 emulation board). 

PRODUCT CONFIGURATION 

o Board module 1 
o EPROM (TMM323) 1 

(Control program) 
o TDS400/46 Debugger 1 

Operation Manual 
o BM4601A Instruction Manual 

FEATURES AND MAIN SPECIFICATIONS 

(1) Application program can be executed with real-time operation by loading 
it in the dedicated program memory (RAM) within this board or in the 
EPROM on BM4603B. 

(2) Programs can be transmitted to and from EPROM or the back-up memory (a 
part of TDS400 main memory). Information stored in the back-up memory 
can be output to the paper tape, etc. in various formats (TDS400 
function) . 

(3) Direct read/write of the registers and RAM contained in the CPU, and 
program memory (corresponding to ROM) within this board can be performed. 

(4) Various functions, such as execution and halt of programs, address 
stopping, single-step operation, and dummy interrupt signal input, are 
provided. 

(5) Module dimensions are l80mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(6) Approx. power dissipation is 5V x 1.3A, -5V x 30mA, or l2V x SOmA. 

OPERATING CONDITIONS 

This board is inserted in slot "43C/46C" within the TDS400 (BM4006A). The 
control program is loaded in the BM4008 board of slot "MEMl" where EPROM No. 
7 is mounted after having removed EPROM. BM4603B and application system 
(board) are connected to this board, which is operated by controlling the 
TDS400 debugging console. 

TECHNICAL MATERIALS 

(1) BM4006A Instruction Manual 
(2) BM4603B Instruction Manual 
(3) TDS400 System A Operation Manual 
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BM4603B TLCS-46A EMULATION BOARD 

GENERAL DESCRIPTION 

This is an emulation board that can be performed as equivalent to the single
chip microcomputer LSI of TLCS-46A series. Interface circuit is provided in 
this board for being connected to the host system (TDS400, BM4604). EPROM 
(for 4K bytes) can be installed as a program ROM. 

PRODUCT CONFIGURATION 

o Board module 1 
o EPROM (TMM323) 2 
o LSI socket connection cable 1 
o BM4603B Instruction Manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) This is an emulation board that can be replaced directly with TCP4620A, 
TCP4630A or TCP4620B. 

(2) 4K-byte EPROM can be installed as a program ROM. 
(3) Interface circuit to be connected to the TDS400 (BM4601A) or BM4604, and 

free space (for mounting application system circuit or interface) are 
provided in the board. 

(4) As a program memory, this emulation board can select EPROM within the 
board or memory in the host system to execute the application program 
stored on these units. 

(5) This emulation board has a function capable of executing the application 
program while monitoring or modifying the internal status on of the 
microcomputer under the control by the host system. 

(6) When the emulation board is disconnected from the host system, it is also 
operated as an independent emulation board. 

(7) Module dimensions are 230mm x 230mm x approx. 30mm. 
(8) Power dissipation is less than 5V (±5%) x O.5A. (Extra l2V and -5V 

power supplies are required when using 8K-bit EPROM.) 

OPERATING CONDITIONS 

EPROM, in which the application program has been written, is mounted on this 
board, and two cables from the board is inserted in the sockets of the 
microcomputer LSI of application system. The power supply (user-supplied) 
and host system (TDS400 or BM4604 are connected to the board for operation. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 
(2) TLCS-46A System Manual 
(3) TDS400/46 Debugger Operation Manual, BM4601A Instruction Manual 
(4) BM4604 Debugging Board Operation Manual, BM4604 Instruction Manual 



BM4604 TLCS-46A DEBUGGING BOARD 

GENERAL DESCRIPTION 

This board is a control board for debugging of the application system (or 
program) of the TLCS-46A. The debugging system of the TLCS-46A is made up by 
connecting it to the BM4603B (TLCS-46A emulation board). 

PRODUCT CONFIGURATION 

o Board Module 1 
o BM4603B Connection cable 1 
o BM4604 Debugging board 1 

operation manual 
o BM4604 Instruction manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) BM4604 board is provided with a console unit consisting of a display for 
addresses, data and system condition, and 32 keys. 

(2) Application program is executed by emulator chip (TCP4600A) of BM4603B 
after having been transmitted to the EPROM program memory within this 
board via the EPROM socket. 

(3) Direct read/write of register or RAM within the microcomputer LSI is 
available. 

(4) Application program can be modified with machine code level. 
(5) Application program can be started with any address and stopped at any 

time. 
(6) Address stop and single step operation functions are provided. 
(7) Pseudo interrupt signal can be generated from the console on the board. 
(8) Module dimensions are 300mm x 300mm x approx. 30mm. 
(9) Power dissipation is less than 5V (±5%) x 2.5A. 

OPERATING CONDITIONS 

This board is connected with BM4603B that have been connected to the 
application system. The application program is written in EPROM, and EPROM 
is installed on the BM4604 board. The power (user-supplied) is turned on and 
the instructions from the console on BM4604 board are given to operate the 
system. 

TECHNICAL MATERIALS 

(1) BM4604B Instruction Manual 
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SW4623 TLCS-46A ASSEMBLER/TDS400 

GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS-
46A. TDS400 (Microcomputer Developing System 400) is used for operating 
this assembler. 

PRODUCT CONFIGURATION 

0 EPROM (TMM323) 3 
(Assembler program) 

0 TLCS-46A Assembly 1 
language manual 

0 SW4623 Instruction manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 950 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 
(3) 13 reserved symbols are provided for I/O port name or the like. 
(4) + and - are available for operators. 
(5) Provided are 6 assembler directives and 53 instructions. 

(6) Source program can be input from any input device. 
(7) Assemble list can be output to any output device. 
(8) Object program is created as a ROM image in the TDS400. The TDS400 can 

output this program in various formats. Direct write in the EPROM is 
also available. 

OPERATING ENVIRONMENT 

Processor 
Operating system 
Peripheral equipment: 

OPERATING PROCEDURE 

TDS400 (48K-byte RAM) 
System A monitor program (SW4006A) 
Console I/O device (e.g. teletypewriter), optional 
floppy disk, CRT, printer, PTR, PTP, etc. 

This assembler is operated by a command sent to the TDS400 from the console 
I/O device (or other devices). This assembler program itself should be 
loaded in the EPROM writer socket on the front panel of the TDS400. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 
(2) TLCS-46A System Manual 
(3) TLCS-46A Collected Subprograms 
(4) TDS400 System A Operation Manual 



SW4653 TLCS-46A CROSS ASSEMBLER/ACOS 

GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-46A. General-purpose computer ACOS600 or 700 can be used to load the 
program. 

PRODUCT CONFIGURATION 

o Magnetic tape (9 tracks) 1 
(Card (IBM29 code) image of 
source program written in 
FORTRAN (JIS700, partially GMAP) 

o TLCS-46A Assembly Language 1 
Manual 

o sw4653 Instruction Manual 

FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 500 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 
(3) 16 reserved symbols are provided for I/O port name or the like. 
(4) + and - are available for operators. 
(5) Provided are 11 assembler directives and 53 instructions. 

(6) Punched card or paper tape can be used for the input medium of the 

(7) 
(8) 

source program. 
Assemble list can be output to a line printer. 
Object program is created in the host system. 
output program ACOS (SW005l), this program can 
in various formats. 

OPERATING ENVIRONMENT 

Using the paper tape 
be output to paper tapes 

Processor ACOS600 or 700 with more than 64K-words 
(more than l7-bit words) 

Operating system 
Peripheral equipment: 

OPERATING PROCEDURE 

ACOS-6 
Magnetic disk, magnetic tape, line printer, card 
reader, paper tape reader, (and paper tape punch), etc. 

First compile this cross assembler to load in the host system. According to 
the OS of the host machine, define various files, and specify the input and 
output conditions to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 
(2) TLCS-46A System Manual 
(3) TLCS-46A Collected Subprograms 
(4) SW005l Instruction Manual 
(5) ACOS600/700 FORTRAN Language Description 
(6) ACOS600/700 Job Control Language (JCL) Description 
(7) ACOS600/700 IMCV Edit Program Description 
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SW4663 TLCS-46A CROSS ASSEMBLER/NOVA 

GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-46A. Mini-computer NOVA can be used to lead the program. 

PRODUCT CONFIGURATION 

o Paper tape (ASCII code) 
(Source program written in 
FORTRAN (JIS7000)) 

o TLCS-46A Assembly Language 
Manual 

o SW4363 Instruction Manual 

FEATURES AND MAIN SPECIFICATIONS 

(1) Up to 100 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 
(3) 13 reserved symbols are provided for I/O port name or the like,. 
(4) + and - are available for operators. 
(5) Provided are 11 assembler directives and 53 instructions,. 

(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 
(8) Object program is created in the host system. Using the different paper 

tape output program/NOVA (SW006l), this program can be output to paper 
tapes in various formats. 

OPERATING ENVIRONMENT 

Processor 
Operating system 
Peripheral equipment: 

OPERATING PROCEDURE 

NOVA with more than 32K-words. (16-bit words} 
RDOS 
Magnetic disk, line printer, console typewriter, 
paper tape reader, (and paper tape punch), etc. 

First compile this cross assembler to load in the host system. According to 
the OS of the host machine, specify various files to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 
(2) TLCS-46A System Manual 
(3) TLCS-46A Collected Subprograms 
(4) SW006l Instruction Manual 
(5) NOVA FORTRAN IV Description Manual (Data General) 
(6) NOVA RDOS Description Manual, CLI Series (Ditto) 
(7) NOVA RDOS Description Manual, System Utility Series (Ditto) 



SW4693S, 4693D TLCS-46A ASSEMBLER/iMDS 

GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS-
46A. The intellec MDS is used for operating this assembler. 

PRODUCT CONFIGURATION 

o 

o 

o 

DisketteNote ) 
(Assembler program 
ISIS-II file) 
TLCS-46A Assembley 
Language Manual 
SW46935, SW4693D Instruction 
Manual 

Note) SW4693A is of single-sided 
single density. 
SW4693D is of single-sided 
double density. 

FEATURES AND MAIN SPECIFICATIONS 

1 

1 

(1) Up to approx. 600 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 
(3) 13 reserved symbols are provided for I/O port name or the like. 
(4) + and - are available for operators. 
(5) Provided are 6 assembler directives and 53 instructions. 

(6) The source program is input from ISIS-II diskette file. 
(7) Assemble list can be output to any output device. 
(8) The object program is created on the diskette in format I (Intel 

hexadecimal format) or format M (masked ROM production format). This 
program can be punched out to the paper tape by COPY command from 
ISIS-II, and also can be directly written in the EPROM. 

OPERATING ENVIRONMENT 

Processor 
Operating system 
Peripheral equipment: 

OPERATING PROCEDURE 

iMDS with more than 32K bytes 
ISIS-II 
Console I/O device (e.g. teletypewriter), floppy disk, 
optional CRT, printer, PTR, PTP, PROM programmer, etc. 

Copy the program to the system diskette. Then specify the file and assembler 
parameter according to the OS from the host machine. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated~ Circuit Technical Data 
(2) TLCS-46A System Manual 
(3) TLCS-46A Collected Subprograms 
(4) ISIS-II System User's Guide (Intel) 
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BM8401A TDS400/84 CONTROLLER 

GENERAL DESCRIPTION 

A special module for making the TDS400 to the TDS400/84 debugger. It can 
debug the application systems (software and hardware) of the TLCS-84 by 
connecting BM8403 (TLCS-84 emulation board). 

PRODUCT CONFIGURATION 

o Board module 1 
o EPROM (TMM323) 1 

(Control program) 
o TDS400/84 Debugger operation 

manual 
o BM840lA Instruction Manual 

FEATURES AND MAIN SPECIFICATIONS 

(1) Application program can be executed with real-time operation by loading 
it in the dedicated program memory (RAM) within this board or in the 
EPROM on BM8403. 

(2) Programs can be transmitted to and from EPROM or the back-up memory (a 
part of TDS400 main memory). Information stored in the back-up memory 
can be output to the paper tape, etc. in various formats (TDS400 func
tion). 

(3) Direct read/write of the registers and RAM contained in the CPU, and 
program memory (corresponding to ROM) within this board can be 
performed. 

(4) Various functions, such as execution and halt of programs, address 
stopping, single-step operation, and dummy interrupt signal input, are 
provided. 

(5) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(6) Approx. power dissipation is 5V x lAo 

OPERATING CONDITIONS 

This board is inserted in slot "43C/46C" within the TDS400 (BM4006A). The 
control program is loaded in the BM4008 board of slot "MEMl" where EPROM No. 
7 is mounted after having removed EPROM. BM8403 and application system 
(board) are connected to this board, which is operated by controlling the 
TDS400 debugging console. 

TECHNICAL MATERIALS 

(1) BM4006A Instruction Manual 
(2) BM8403 Instruction Manual 
(3) TDS400 System A Operation Manual 



BM8403 TLCS-84 EMULATION BOARD 

GENERAL DESCRIPTION 

This is an emulation board that can be performed as equivalent to the single
chip microcomputer LSI of TLCS-84 series. Interface circuit is provided in 
this board for being connected to the host system (TDS400, EM8404). EPROM 
(for 4K bytes) can be installed as a program ROM. 

PRODUCT CONFIGURATION 

o Board module 1 
o EPROM (TMM323) 1 
o LSI socket connection cable 2 
o BM8403 Instruction Manual 

FEATURES AND MAIN SPECIFICATIONS 

(1) This is an emulation board that can be replaced directly with TM8048 or 
TMP8049. The emulator chip is TMP8039-6. 

(2) 4K-byte EPROM can be installed as a program ROM. 
(3) Interface circuit to be connected to the TDS400 (BM8401A) or BM8404, and 

free space (for mounting application system circuit or interface) are 
provided in the board. 

(4) As a program memory, this emulation board can select EPROM within the 
board or memory in the host system to execute the application program 
stored on these units. 

(5) This emulation board has a function capable of executing the application 
program while monitoring or modifying the internal status on of the 
microcomputer under the control by the host system. 

(6) When the emulation board is disconnected from the host system, it is 
also operated as an independent emulation board. 

(7) Module dimensions are l80mm x 230mm x approx. 3Omm. 
(8) Power dissipation is less than SV (±S%) x O.SA. 

OPERATING CONDITIONS 

EPROM, in which the application program has been written, is mounted on this 
board, and two cables from the board is inserted in the sockets of the micro
computer LSI of application system. The power supply (user-supplied) and 
host system (TDS400 or BM8404) are connected to the board for operation. 

TECHNICAL MATERIALS 

(1) TLCS-84 Integrated Circuit Technical Data 
(2) TDS400/84 Debugger Operation Manual, BM8401A Instruction Manual 
(3) BM8404 Debugging Board Operation Manual, BM8404 Instruction Manual 
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BM8404 TLCS-84 DEBUGGING BOARD 

GENERAL DESCRIPTION 

This board is a control board for debugging of the application system (or 
program) of the TLCS-84. The debugging system of the TLCS-84 is made up by 
connecting it to the BM8403 (TLCS-84 emulation board). 

PRODUCT CONFIGURATION 

0 Board module 1 
0 BM8403 Connection cable 1 
0 BM8404 Debugging board 1 

Operation Manual 
0 BM8404 Instruction Manual 1 

FEATURES AND MAIN SPECIFICATIONS 

(1) BM8404 board is provided with a console unit consisting of a display for 
addresses, data and system condition, and 32 keys. 

(2) Application program is executed by emulator chip (TMP8035, TMP8039-6) of 
BM8403 after having been transmitted to the EPROM program memory within 
this board via the EPROM socket. 

(3) Direct read/write of register or RAM within the microcomputer LSI is 
available. 

(4) Application program can be modified with machine code level. 
(5) Application program can be started with any address and stopped at any 

time. 
(6) Address stop and single step operation functions are provided. 
(7) Dummy interrupt signals can be generated from the console on the board. 
(8) Module dimensions are 300mm x 300mm x approx. 3Omm. 
(9) Power dissipation is less than 5V (±5%) x 2.5A. 

OPERATING CONDITIONS 

This board is connected with BM8403 that have been connected to the applica
tion system. The application program is written in EPROM, and EPROM is 
installed on the BM8404 board. The power (user-supplied) is turned on and 
the instructions from the console on BM8404 board are given to operate the 
system. 

TECHNICAL MATERIALS 

(1) BM8403 Instruction ~anual 



SW8423A TLCS-84 ASSEMBLER/TDS400 

GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS-B4. 
The TDS400 (Microcomputer Developing System 400) is under for operating this 
assembler. 

PRODUCT CONFIGURATION 

o EPROM (TMM323) 5 
(Assembler program) 

o TLCS-B4 Assembly Language 
Manual 

o SWB423A Instruction Manual 

FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 950 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 
(3) 34 reserved symbols are provided for register name or the like. 
(4) + and - are available for operators. 
(5) Provided are 6 assembler directives and lOB instructions. 

(6) Source program can be input from any input device. 
(7) Assemble list can be output to any output device. 
(8) Object program is created as a ROM image in the TDS400. The TDS400 can 

output this program in various formats. Direct write in the EPROM is 
also available. 

OPERATING ENVIRONMENT 

Processor 
Operating system 
Peripheral equipment: 

OPERATING PROCEDURE 

TDS400 (48K-byte RAM) 
System A monitor program (SW4006A) 
Console I/O device (e.g. teletypewriter), optional 
floppy disk, CRT, printer, PTR, PTP, etc. 

This assembler is operated by a command sent to the TDS400 from the console 
I/O device (or other devices). This assembler program itself should be 
loaded in the EPROM writer socket on the front panel of the TDS400. 

TECHNICAL MATERIALS 

(1) TLCS-84 Integrated Circuit Technical Data 
(2) TDS400 System A Operation Manual 
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SW8453 TLCS-84 CROSS ASSEMBLER/ACOS 

GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-S4. General-purpose computer ACOS600 or 700 can be used to load the 
program. 

PRODUCT CONFIGURATION 

o Magnetic tape (9 tracks) 
(Card (IBM29 code) 
image of source program written 
in FORTRAN (JIS7000, 
partially GMAP) 

o TLCS-84 Assembly Language 
Manual 

o SWS453 Instruction Manual 

FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 500 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 
(3) 34 reserved symbols are provided for register name or the like. 
(4) + and - are available for operators. 
(5) Provided are 11 assembler directives and 108 instructions. 

(6) Punched card or paper tape can be used for the input medium of the 

(7) 
(S) 

source program. 
Assemble list can be output to a line printer. 
Object program is created in the host system. 
output program ACOS (SW005l), this program can 
in various formats. 

OPERATING ENVIRONMENT 

Using the paper tape 
be output to paper tapes 

Processor ACOS600 or 700 with more than 64K-words 
(more than l7-bit words) 

Operating system 
Peripheral equipment: 

OPERATING PROCEDURE 

ACOS-6 
Magnetic disk, magnetic tape, line printer, card 
reader, paper tape reader, (and paper tape punch), etc. 

First, compile this cross assembler to load in the host system. According to 
the OS of the host machine, define various files, and specify the input and 
output conditions to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-S4 Integrated Circuit Technical Data 
(2) SW005l Instruction Manual 
(3) ACOS600/700 FORTRAN Language Description 
(4) ACOS600/700 Job Control Language (JCL) Description 
(5) ACOS600/700 IMCV Edit Program Description 



SW8553 TLCS-85 CROSS ASSEMBLER/ACOS 

GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-85. General-purpose computer ACOS600 or 700 can be used to load the 
program. 

PRODUCT CONFIGURATION 

o Magnetic tape (9 trucks) 1 
(Card (IBM29 code) image of 
source program written in 
FORTRAN (JIS 7000, 
partially (;MAP» 

o TLCS-85 Assembly Language 
Manual 

o SW8553 Instruction Manual 1 

FEATURES AND MAIN SPECIF·ICATIONS 

(1) Up to approx. 500 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 
(3) 10 reserved symbols are provided for register name or the like. 
(4) 11 arithmetic and logical operators are available. 
(5) Provided are 13 assembler directives and 113 instructions. 

(6) Punched card or paper tape can be used for the input medium of the 

(7) 
(8) 

source program. 
Assemble list can be output to a line printer. 
Object program is created in the host system. 
output program ACOS (SW0051), this program can 
in various formats. 

OPERATING ENVIRONMENT 

Using the paper tape 
be output to paper tapes 

Processor ACOS600 or 700 with more than 64K-words 
(more than l7-bit words) 

Operating system 
Peripheral equipment: 

OPERATING PROCEDURE 

ACOS-6 
Magnetic disk, magnetic tape, line printer, card 
reader, paper tape reader, (and paper tape punch), etc. 

First, compile this cross assembler to load in the host system. According to 
the OS of the host machine, define various files, and specify the input and 
output conditions to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-85 Integrated Circuit Technical Data 
(2) SW005l Instruction Manual 
(3) ACOS600/700 FORTRAN Language Description 
(4) ACOS600/700 Job Control Language (JCL) Description 
(5) ACOS600/700 IMCV Edit Program Description 
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