
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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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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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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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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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. 



INTEGRATED CIRCUIT 

iii ¥ TECHNICAL DATA 

___ 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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iii¥- TECHNICAL DATA 

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. 



_
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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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(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 
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N* 
-i 
m 
() 
:z: 
Z 
n 
> r-

o 
> 
-i 
> 

-i :s: 
"0 
..c
'-J 

~ 
o 
"0 

m 
;::0 

~ 
eJ 
(") 

e 
====i 

-i :s: 
"0 
..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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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. 
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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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TMP47C20P 

402 

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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(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. 



• iliz 
INTEGRATED CIRCUIT 

TECHNICAL OAT A 

TMP47C40P 
TMP47C20P 

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. 

'" 
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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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1.11 Serial Port (SIO) 

TMP47C40P 

TMP47C20P 

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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(3) Shift clock (SCK) 

TMP47C40P 
TMP47C20P 

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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Transmi t mode I 

TMP47C40P 
TMP47C20P 

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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___ Ii ___ Ar_·_· ____ T_E_C_H_N_IC_A_l_D_A_T_A __ ~ ______________________________ ~ 

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. 

419 



• iii-

420 

INTEGRATED CIRCUIT TMP47C40P 
TMP47C20P 

TECHNICAL DATA 

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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Receive (trailing edge shift) mode 

TMP47C40P 

TMP47C20P 

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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INTEGRATED CIRCUIT TMP47C40P 

TMP47C20P 
TECHNICAL DATA 

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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TMP47C20P 

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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TMP47C40P 
TMP47C20P 

, ~J.. ~.~-1 
______________________________ L-__________________________ ___ 

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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TECHNICAL DATA 

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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~ ~ TMP47C20P ""~1-'1~ 
7ft ~ TECHNICAL DATA "f~J..~ 

--------------~-----------------"~ 

(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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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. 
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(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. 
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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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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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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. 



INTEGRATED CIRCUIT H1P47C40P 

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 



INTEGRATED CIRCUIT TMP47C40P, TMP47C41P .» TECHNICAL DATA TMP47C20P, TMP47C21P 

(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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n1P47C20P ~1-~ iii » TECHNICAL DATA 

------------------~--------------------~, 

*. 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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INTEGRATED CIRCUIT 

TECHNICAL DATA 

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.). 



1 •
" INTEGRATED CIRCUIT TMP47C40P ~~~~~A;d 

TMP47C20P ~v:., 
___ il ___ lp_· ____ T_E_C_H_N_IC_A_l_D_A_T_A __ ~ ______________________________ ~ 

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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TECHNICAL DATA 

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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'9, 'i!.', iii» TECHNICAL DATA,"T).. 
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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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INTEGRATED CIRCUIT TMP47C40P 
TMP47C20P 

iii » TECHNICAL DATA 

452 

~ 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_ 



__ *_-__ ,,_INTEG __ RA_J_ED_C_IR_C_U_IT-L-___ T_MP_47_C4_0P _ __ ~_.~~~J.. TMP47C20P ~'<I~ 
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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454 

~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 
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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. 
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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. 
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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" 

465 



• INTEGRATED CIRCUIT 

•• TECHNICAL DATA 

Tr'lPl17C4QP 

TMP47C20P '<1'<;-), 
~~~/~~-

__________________________ L-________________________ __ 

466 

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 

" *' 

*, 
*, 
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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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Operat ion Code Map 

~.eP" _~~+~~I~ NOP o , 

LD A,#k 

SET @IlL, b CLR @lL,b 'rEST @HL~-- 'l'~:ST A,b 

CAl,LB a 

L 
B 

f-
#I< 

A, ilk 

f--;;--+--
L, #k 

#\<;, @-luI-

( cautIon) 

l. Blank codee are 

2. C:::==:::::S' lS lndlc"ted 2-byte 

(cont inued ) 

I 
N~ 

z 
--I -t 

~ m 
() 
:I: :;::0 
Z 

~ R rn > 0 r-

0 (") 
> 

~ -t 
> c 

=i 

-I -I 

~ ~ 
..t::" ..r::-
"-J "-J 
n n 
N .)::
CJ C) 
-0 -0 

~ 
/ ~"»~ t//i' ~ , 

/~~ i 


