
• iliz 
INTEGRATED CIRCUlTm""M "'" m' """, """M".~~ 

TMP47C22F IT~~ 
TECHNICAL DATA SILICON MONOLITHIC SILICON GATE CMOS ~ 

CMOS 4-8IT SINGLE CHIP MICROCOMPUTER (TLCS-47C) TMP47C22F 

GENERAL DESCRIPTION 

The TLCS-47 is the high speed and high performance, 4-bit single chip 
microcomputer series designed for general purpose use. 

The TLC5-47 has variously powerful functions in order to meet with the 
advanced and complicated applications, which will be made in near future. 
In addition, software compatible NMOS family (TLCS-47N) and CMOS family 
(TLCS-47C) are also provided. 

The TMP47C22F is a chip countaining LCD driver for the TLCS-!+ 7C. The memory 
capacity consists of ROM 2,048 x 8 bits and RAM 192 x 4 bits. The TMP4700C 
(NMOS) is an evaluator chip used for the system development. 

FEATURES 

4-bit single chip microcomputer with built-in 
ROM, RAM, input/output port, divider, timer/counter, and serial port. 

Instruction execution time: 4 WS (at 4 MHz clock) 
Effective instruction set 

90 instructions, software compatible in the series 
Subroutine nesting: Maximum 15 levels 
6 interrupts (External: 2, Internal: 4) 

Independently latched control and multiple interrupt control 
Input/output port (27 pins) 

Input 1 port 4 pins 
I/O 4 ports 16 pins 
I/O (Note) 2 ports pins 

Note: These I/O ports are also used for the interrupt input, timer/counter 
input, and serial port; therefore, it is programmably selectable for 
each application. 

Table look-up and table search function (Instruction) 
Table can be set up in the whole ROM area. 

l2-bit timer/counter (2 channels) 
Event counter, timer, and pulse width measurement mode is programmably 
selectable. 

Serial port with 4-bit buffer 
Receive/Transfer mode is programmably selectable. 
External/internal clock and leading/traiUng ~dgc rno0c arc programrr,ahly 

selectable. 
IS-stage divider (with 4-stage prescaler) 

Frequency applied for timer interrupt of divider is programmably selectable. 
LCD drive circuit (automatic display) built-in 

LCD direct drive is available (Max. l2-digit display at 1/4 duty LCD) 
• 1/4, 1/3, 1/2 duties or static drive are programmably selectable. 

Hold function 
Battery operation/condenser backup is avilable. 

On Chip oscillator 
TTL/CMOS compatible 
+5V single power supply 
67-pin flat package 
Si-gate CMOS LSI 
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PIN CONNECTIOi~S (Top View) 

PIN NAoJES AND PIN DESCRIPTIONS 

Pin Names 
No.of 

I/O Pins 
----

i K03 '\.. Koo 4 Input 
I R43 "V R40 I 4 I/O I 

I 
4 I/O R" '\.. Rso 

I R63 'V R60 4 I/O 
R" ~RH 4 I/O 

R83 (Tl) 1 I/O 
R82 (INTI) I I I/O 

I R8, (T2) I ' I/O 
I I/O 
f----

R9, (SCK) I I/O 

i R9, (SO) I I/O 
R90 (SI) I I/O 

Input port 

I/O port 
" 
" 
" 

I/O port or 
I/O port or 
I/O port or 
I/O port or 

TI4P47C22F 

Note 1. Pin 27 is connected to 
pin 61 through external 
circuit. 

2. N.C. No connection 

Functions 

timer/counter input 
interrupt input 
timer/counter input 
interrupt input 

---- .- ---- -----,.,,--------- ~-----------
I/O port or shift clock for serial port 

" or serial output 
" or serial input 

,," '''''' l' 
f-------~.--- ..-- -- I·· .~ ------ ------- ------ -~-

SEG, 3 ",SEGo 24 Output LCD Segment driver output 
COM 4 '" COM, 4 Output LCD Common driver output 

KIN, KeUT Input, I 
terminal 2 

J 
Resonator connection 

--- Output 

I 
RESET I Input Initialize signal input --
HOLD I Input Hold signal input 
TEST I Input (Low level is input. ) e---

VDD I Power 
+SV 

supply 

VSS 1 
Power 

OV supply 

VLC I 
Power 

LCD drive supply supply power 
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BLOCK :lIP,';RA~: 

RESET 
TEST 

XIN 
XoUT 

ROM 

PC 

... 
OJ 

~ .", 
0:: 0 
H " OJ gJ .", 

L __ ~~ __ 

I TC l 
1------

RAM I TC 2 ,----,--
: l:'~~ 
I STACK 
I 

o ~ 0 ~ 0 ~ 0 ~ 

~ "'J ~ ruJ ~ ruJ ~ 'V~ 

VDD 

VSS 

R92 (SCi() 
R9l (SO) 
R9o (SI) 

RB3 (T l) 

RB2 (INT l ) 

RBl (T 2 ) 

RB 0 (INT 2) 

3LOCK i'IArlE M:J DE~C!UPTION 

PC 
ROM 

Block Names 

IR, decoder 
HR, LR 

RAA 
RAM 
STACK 
SPW 
DC, data table 
AX, AY 
ALU 
AC 
FLAG{CF,ZF,SF,GF) 
K, R 
INTR control 

FD 
TC l , TC 2 

TC control 
SIO control 
LCD qrive control 

( COM,SEG) 
HOLD control 
SYS CONTROL 
CG, TG 

Functions 
Program counter (12 bits) 
Program memory 
Instruction register, Decoder 
H register (Page assignment of RAM), L register (address 
assignment in RAM page), (each 4-bit register). 
RAM address buffer register (8 bits) 
Data memory 
Save area of program counter and flags {RAM area) 
Stack pointer word (RAM area) 
Data counter (12 bits,RAM area), Data table (ROM area) 
Tempoerary register of ALU input 
Arithmetic and logic unit 
Accumulator 
Flags 
Ports 
Interrupt control 
(ElF: Enable interrupt master F/F, EIR: Enable inter­
rupt register) 

Frequency divider (4-stage prescaler + 18 stages) 
l2-bit timer/counter 2 channels (RAM area) 
Timer/counter control 
Serial port co~trol 
LCD drive control 

Control of hold function 
Generation of various internal control signals 
Clock generator, timing generat~_ 
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FUNCTIONAL DESCRIPTIO~ 

Concerning the TMP47C22F, the configuration and functions of 

hardwares are described. 

As the description haG been provided with priority on those 

parts differing from the TMP47C20P (The TLCS-47C standard chip), the 

technical material for the TMP47C20P shall also be referred to. 

1. System Configuration 

The configuration will be explained with priority given primarily 

to the LCD drive circuit. 

1.1 Program Counter (PC), Program Memory (ROM) 

The TMP47C22F is in 32 page configuration in a unit of 64 

words per page with the bui.lt-in 12 bit program counter and 2,048 

x 8 bit (000 '" 7FF addresses) program memory. 

Further, as the TMP47C22F has no built-in output ports Pl 

and P2, the instr~ction (OUTE @HL) and PLA data conversion table 

cannot be used. 

The relationship between RO!'1 capacity and addresses is shm:vn in 

Fig. 1.3.1. 

1.2 H Register (HR), L Register (LR) 

The Hand L registers are 4-bit registers used as the data 

memory address pointer or general purpose registers, respectively. 
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1.3 RAM Address Buffer Register (RAA), Data Memory (RAM) 

The TMP47C22F contains a data memory with 192 x 4-bit (ad­

dresses 00'" BF) and is in 12 pages configuration in a uni t of 

16 words per page. 

On the other hand, since RAM address buffer register (RAA) 

has B-bit length, addresses CO'" FF have no physical RAM, but the 

higher order 2 bits (RAA7 and RAA6) are decoded to [(00), (01) 

and (1*). * denotes "don't care." 1; therefore, when addresses 

CO", FF are accessed on a program, RAM equivalent to addresses 

BO", BF is accessed. In other words, on a program a specific ad­

dress of RAM is addressed to addresses CO'" FF, while on the TMP 

47C22F, RAM equivalent to addresses BO'" BF is allocated. 

The relationship between RAM capacity and addresses is shown 

in Fig. 1.3.1. 

Address ROM Address RAM 

000 00 
Program (Data) 

( data ) area 

) f- \ 
7FF 

7F BOO 
BO (=000) 

I 
I ',odH, II I address 

) '" "" SF area I 
I 
f- CO , , ) I (=?O)r------: J I 

I 
(Image of ad-) I I 'j, 

FFF I 
I dresses 000 FF I I I 

(=BF) L _______ J (Image of ad-) (=7FF) 
L _______ ..I 

- 7FF 
dresses 80 ~ 
BF 

Fig. 1.3.1 ROM/RAM Capacity and Addresses 
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1.4 ALU, Accumulator (AC), Flag (FLAG) 

The ALU is a circuit used for various operation for 4-bit binary 

data. It performs the operation designated by the instruction, and 

outputs the 4-bit result, carry (C), and zero detection signal (Z). 

The accumulator is a 4-bit register to use a source operand for 

the arithmetic operation, and in which the result is stored. 

Flag is a 4-bit register used to store the conditions of arithmetic 

operation, and of which the set/reset conditions are specified by the 

instruction. The flag consisting of CF, ZF, SF, and GF is saved. in 

the stack when the interrupt is accepted. By executing the (RETI) 

instruction, it is restored from the stack to the condition immediately 

before the interrupt is accepted. 

1.5 Port (PORT) 

Data transfer to/from the external circuitry, and command/status/ 

data transfer between of the built-in peripheral circuitry are carried 

out by the input/output instructions. 

Since the TMP47CZZF has no built-in outputs ports PI and PZ, 

(OUTB @HL) instruction cannot be used; therefore lZ kinds of instructions 

become available as effective input/output instructions. 

The details to specify the input/output circuit format of ports 

and initialization of the output latches are 2.3 Input/Output Port 

(Input/Output Circuit Format). 



..,. 
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'" 

I ---- III N~ : Port Symbol ~~~utPut Instructions ad- (Input/ 
Port,Register ~I" %P A OUT A , %P r -. - SET-%P-i,FrEST %P, b I SET L 

dress Output) 
(Input/Output) :I;j iP,'@HL OUT@HL,%P OUTIiK,%P IOUTB @HT~LR %P:bl TESTP%P,b I tk~T @1~ 

00 IPOO/OPOO Ko Input port/ - 0 1 i 0 

I 
01 IPOI/OPOI - I 

I 02 IP02/0P02 -
03 IP03/0P03 - i 
04 IP04/0P04 R4 I/O port 0 a 0 0 a 0 
as IPOS/OPOS Rs " 0 a a a a 0 
06 IP06/0P06 R6 " 0 0 0 0 0 I a 

I 07 IP07/0P07 R7 " a a a 0 0 I 0 
OS IPOS/OPOS R8 " 0 0 0 0 0 I 09 IP09/0P09 R9 " 0 0 0 0 0 I 

OA IPOA/OPOA -
OB IPOB/OPOB - C',) Serial buffer register (Reception) DC IPOC/OPOC I -
OD IPOD/OPOD - (**) Serial buffer register (Transmission) 

OE IPOE/OPOE I Status input/ - 0 0 
OF IPOF/OPOF ( *) / (><*) 0 0 0 
10 /OPlO /Hold control 0 I 

11 /OP11 / -
I 12 /OP12 / -

13 /OP13 / - (a) Control with timer interrupt of divider 
14 /OP14 / - (b) LCD drive control (1), (2) I 
15 /OPls / - (c) "_ee/e",""c,e , '''"Co'"' I 
16 /OP16 / - (d) Timer counter 2 control 
17 /OPl7 / - i (e) Serial port control I 
IS /OPIS / - I 
19 /OPI9 / (a) 

I ~ I i IA I /OPIA : / (b) (1) 

I IB /OPIB I / " (2) o 1 

IC /OPIC ' / (c) I o I 
ID /OPID I / (d) 

I 
a 

I 
IE /OplE / -
IF /OPIF / (e) 0 

Note 1: Inputs (IPIO °c IPIF) of port addresses 10 OC IF remain undefined. 
Note 2: rort addresses ""\lith "_I! mark are reserved addresses and cannot be used user I s program. 

TabJe 1.5.1 Port Address Allocation and Input/Output Instructions 
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(1) KO (K03'" KOO) Port 

This is a 4-bit port used for input. 

Each of these ports is a 4-bit I/O port with a latch. 

The latch should be set to "1" when the port is used as an 

input port. 

Pins R73 - R40 can be used for bit scanning for set/reset 

and test according to the contents of the L register by ex­

ecuting the (SET @L), (CLR @L) and (TEST @L) instructions. 

(3) RS (RS3,"RSO) Port 

This is a 4-bit I/O port with a latch. The latch should be 

set to "I" when the port is used as an input port. 

It is a port common to external interrupt input or external 

timer/counter input. When it is used as normal I/O port, 

some measures, such as inhibition of the external interrupt 

input acceptance or disable of the mode depending on the 

external input of the timer/counter should be taken in a 

program. 

(4) Rg (R92,"R90) Port 

This is a 3-bit I/O port with a latch, and the latch must be 

set to "III when it is used as input port. 

The Rg port is also used as serial port. The port used as 

normal I/O port is not entirely influenced by disabling the 

serial port. 

Pin R93 is not mounted in the port, but "I" is read by ac­

cessing to pin R93 in a program. 
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1.6 Interrupt Control Circuit (INTR) 

Interrupt factors are composed of two from the external circuitry, 

and four from the internal circuitry. By setting the interrupt latch 

provided for each factor, an interrupt is generated to the CPU. 

The interrupt latch is set when the edge of the input signal is detected. 

1.7 Frequency Divider (FD) 

The divider (FD 1 - FDIS) is made up IS-stage binary counter, and 

its output is used to generate various internal timing. 

1.8 Timer/counter (TC I , TC2) 

Two channels of 12-bit binary counter is contained to count time or 

event. 

Count Operation_ 

When the rising edge of the count pulse is detected, the count latch 

is set to send a count request to the CPU. 

The maximum frequency applied to the timer/counter is as follows. 

In the timer mode, the maximum frequency is determined by a command. 

The maximum frequency applied to the external input pin in the pulse 

width measurement mode should be the frequency level available for 

analyzing the count value in the program. 

Normally, the frequency sufficiently slower than the disignated 

internal pulse rate is applied to the external input pin. 

The maximum frequency applied to the external input pin under the 

event counter mode:> is dt~pendL'nt upon the operating state of the LCD 

drive circuit. 
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(a) At time of blanking operation 

Frequency applied at time of a single channel operation is 

fc/64 Hz. When channels are operated simultaneously, 

timer/counter 1 is fc/64 Hz and timer/counter 2 is fe/SO Hz. 

(b) When LCD display is enabled 

Frequency applied at time of a single channel operation is 

fc/128 Hz. When 2 channels are operated simultaneously, 

both timer/counter 1 and timer/counter 2 are fc/144 Hz. 

1.9 Serial Port (SID) 

A 4-bit serial port with a buffer is provided to transfer 

the serial data from/to the external circuitry. According to the 

contents of the command register, either one of transmit mode, receive 

(trailiag edge shift) mode or receive (leading edge shift) 

mode can be selected. 

1.10 Hold Control Circuit (HOLDC) 

The hold function is the function to hold the status imme-

diately before the system operation is stopped at low power con­

sumption making the nost of the features of CHOS. 

The hold function is controlled by HOLD terminal input and com­

mand register. 
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1.11 LCD Drive Circuit (LCDC) 

The THPI,7C22F has the built-in circuit that directly drives the 

liquid crystal display (LCD) and its control circuit. 

The TMP47C22F has the following connecting terminals with LCD: 

(a) Common output terminals (COMl - COM4) 

(b) Segment output terminals (SEGO - SEG23) 

In addition, VLC terminal is provided as the drive power terminal. 

As display data transfer operations to tIle drive circuit are 

entirely executed by the hardware automatically on the TMP47C22F, it 

is possible to illuminate LCD if only display data is stored in the 

data memory. 

The devices that can be directly driven is selectable from LCD 

devices of following drive methods: 

(a) 1/4 duty (1/3 bias) LCD 

Max. 96 segments (12 digits x 8 segments) can be driven. 

(b) 1/3 duty (1/3 bias) LCD 

Max. 72 ssgrnents (8 digits x 9 segments) can be driven. 

(c) 1/2 duty (1/2 bias) LCD 

Max. 48 segments (6 digits x 8 segments) can be driven. 

(d) Static LCD 

Max. 24 segments (3 digits x 8 segments) can be driven. 
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(1) Circuit configuration 

The LCD drive circuit consists of the function blocks shown 

in Fig. 1.11.1. 

SEGo 

Latch & Driver 

Shift Register 

COM, 

I---Clock __ 

(From Divider) 
ddress Contro 

I & Latch 

--~.--.- ... ~-----_~_~ ____ l __ _ 

Fig. 1.11.1 LCD Dri ve Ci reui t 

Internal Bus 

(Connect to the) 
Data Memory 
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(2) Control of drive circuit 

The operation of LCD drive circuit is controlled by the command. 

The command registers are accessed as port addresses OPIA and OPIB~ 

and are reset to "s" and "0" at initiali.::ation, respectively. 

Command 
regis ter 
(Port ad­
dress aPIA) 

Command 
register 
(Port ad­
dress OPlB)" 

MSB LSB 
r-,,-3 -,-_2----,- 1 0 

:nAB =EJ 

l'ISB 
3 

I Selection of LCD drive frequency I 
Frame frequency is based on fe/2 15Hz. 

fe/2 14Hz. 
(fe: Basic clock frequency) 

Designation of display data address bank 

! fOOO : 
(Display area in data memory is 
designated as addresses 00 cc 17 

20 cc 37 
40 cc 57 
60 cc 77 
80 cc 97 
AD"" B7 
CO"" 07 
EO"" F7 

I ! 001 : 

L' 1010: 
---------.j all : 

'100 : 

LSB 
1 0 

1101 : 
'110 : 
l11l : 

Note: The areas in parenthese are not 
actually designated. 

(*: Don't care) 

1 Designation of driving method I 

rOOD 1/4 duty LCD driving method is designated, 
iDOL 1/3 

~-----11 010 1/2 
1011 Static LCD driving method is designated. 
ll** Designation of driving method is held. 

I Oisplay Control I 
Blanking is applied or continued. 
Blanking is released and enables LCD 
display. 

Fig. 1.11.2 Control of Drive Circuit 
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Drive waveform of LCD 

The LCD drive method is selected according to DTY of command register 2. 
DTY is reset to "0" at initialization. 

The drive method is initialized according to a LCD used in the initial 
program. (In the case of a 1/4 duty LCD, it is set at initialization.) 
Thereafter, DTY sets disable code only. 

Examples of LCDs and their drive waveforms are shown in Fig. 1.11. 3. 

~r-___ l_/_fF+~ __ ' ___ . __ ~~r--l __ -+-+Il-+ __ ~ __ ~_V:CD 
? u u c=J 

Data "1" Data "a" 

(a) 1/4 duty (1/3 bias) drive 
l/fF 

I ~ =-VLCD V JHtJc 
Data "I" Data "0" -VLeD 

(bl 1/3 duty (1/3 bias) drive 

l/fF 

I~ 
~LJ 

o 

Data "1" Data "0" 

(c) 1/2 duty (1/2 bias) drive 

l/fF 

o 

Data "1" Data "0" 

LCD Frame frequency, VLCD=VDD-VLC 

(d) Static drive 

(Note) fF 

FiS. 1.11.3 LCD Drive Waveform (COM-SEG Terminals) 
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LCD Frame frequency 

Frame frequency (LCD drive frequency) is given by the built-in 

frequency divider. It is possible to select base frequency (either one 

of 2 kind frequencies obtained from the divider) by SLF of command 

register 1. SLF is reset to "0" at the initialization. 

Frame frequency (fF ) is set according to the drive method and base 

frequency as shown in the following table: 

SLF 
Base fre- Frame Frequency (Hz) 
quency(Hz) 1/4 Duty 1/3 Duty 1/2 Duty Static 

fc fc 4 fc ~" fc fc 
0 215 2i5 3" 2i5 2 -215 215 

(fc=4 MHz) 122 163 -;- 244 -;- 122 

fc fc 4 fc ~"~ fc 

1 2i4 2i5 3" 2i5 2 215 215 

(fc=2 MHz) 122 -;- 163 244 .. 122 

(fc: Basic clock frequency) 

Table 1.11.1 LCD Frame Frequency Setting 
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LCD drive voltage 

The VLC terminal is the LCD drive power terminal. LCD 

drive voltage (VLCD) is given by VDD - VLC. Therefore, if CPU 

operating voltage and LCD drive voltage are same, connect the 

VLC terminal to the VSS terminal. 

Drive voltage applied to the LCD drive circuit is internally 

turned ON/OFF according to the operating state of CPU. That is, 

at the time of initialize operation and hold operation, the built­

in power switch is automatically turned off to cut off drive 

voltage. 

The LCD power switch turned off by the initialize operation 

is automatically turned on when EDSP (MSB of command register 2) 

is set at "1" and voltage is applied to the drive circuit. 

Thereafter, as the power switch is not turned off by the blanking 

control by means of a program, drive voltage is kept applied to 

the drive circuit. 

On the other hand, the power switch is also turned off at 

the time of the hold operation, LCD display is turned off and the 

hold operation is executed at low power consumption. After the 

hold is released, the TMP47C22F is automatically returned to the 

state immediately before the hold operation was started. 

Further, when the built-in power switch is OFF, VDD level 

voltage is generally at either CO'~ terminals or SEG terminals. 
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(3) Display operation 
Display data setting 

TMP47C22F 

Display data is stored in the display area (max. 24 words) 

in the data memory. The conversion process of ordinary data into 

LCD display data is executed by instructions (ROM data referring 

instruction is mainly used.), 

Display data converted and stored in the display area is 

automatically transfered to the LCD drive cireui t and displayed 

by the hardware without any participation by a program. 

Therefore, change of display pattern is possible by changing only 

data in the display area in the data memory by a program. 

The LCD segment (dol) corresponds to each bit in the display 

area in the data memory on the one-for-one basis. This relation 

is shown in Fig. 1.11.4. 

~ Bit 
Address ~ 3 

(Di"slel;y) 0 

1 

2 
3 

22 
23 

f---- I 
f---- .- I 
f-- --+ 
f- i 

1 1 

1 o 

J 

1 
---+----+-

(SEGa) 

(SEGl) 

( SEG2 ) 
( SEG3) 

(SEG22) 

(SEG23) 

Fig. 1.11.4 LCD Diaply Data Area (Data Memory) 
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Where, each bit of the display data memory shows data of segment 

(dot) equivalent to Sr,Gi, COMj (0 < i ~ 23, :;, j ~ 4), and when 

data is "I", the LCD illuminates. 

Number of segments that can be driven varies depending upon the 

LCD drive method. This denotes that even in the display area of the 

data memory, number of bits used for storing display data varies. 

(a) 1/4 duty LCD (COM3 - COM I are used) 

All bits in the display area becomes display data. 

(b) 1/3 duty LCD (COM3 - COMI are used) 

Bit 2 - Bit a only become display data. 

(c) 1/2 duty LCD (COM2 - COMI are used) 

Bit 1 and Bit a only become display data. 

(d) Static LCD (COMI only is used) 

Bit a only becomes display data. 

Therefore, the data memory bits that are not used for storing 

display data or are equivalent to addresses to which no LCD is connected 

in the display area can be used for storing ordinary user's processing 

data. 

As stated above, the data memory is used for storing display data 

(max. 24 words), and it is possible to set an address space in the data 

memory, to which this display area is to be set, by DAB of command 

register 1 (See Fig. 1.11.2.). 

As the command register 1 is reset at "8" at initialization, the 

display area is initialized to 80 - 97 addresses. 
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Transfer of display data 

Display data that has been set in the display area of the data 

memory is automatically transfered to the drive circuit. 

This operation is executed in the following sequence. 

A display data transfer request is sent from the LCD drive circuit 

to CPU. Upon completion of an instruction under execution (if the timer/ 

counter processing and the interrupt acceptance processing exist, after 

they are executed), CPU sends segment (dot) data in the display data area 

to the drive circuit in one instruction cycle. 

This data sending cycle is taken place when drive voltage is kept 

applied to the LCD display drive circuit. Therefore, after intialize 

operation, this cycle is not taken place until EDSP is set to "1". 
Frequency of data sending cycle insertion is as follows: 

(a) In case of other than static drive at SLF=O, 24 times in 512 

instruction cycles. 

(b) In case of static drive at SLF=O, 24 times in 2,048 instruction 

cycles. 

(c) In case of other than static drive at SLF=l, 24 times in 256 

instruction cycles. 

(d) In case of static drive at SLF=l, 24 times in 1,024 instruction 

cycles. 

Therefore, when LCD display is enable, the apparent speeds in above 

cases are decreased by 4.9, 1.2, 10.3 and 2.4%, respectively. For instance, 

in case of other than the static drive at SLF=O. The apparent" speed is 

4.2 ~s to 4 ~s instruction execution speed. 
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~ TECHNICAL DATA ., 

Blanking Operation 

When EDSP (MSB of command register 2) is reset to "0", the 

LCD display becomes blank. EDSP is reset to "0" at initializa­

tion. 

The blanking operation turns off the LCD by conditioning 

non-lighting operation level voltage to COM terminals. On the 

other hand, the SEC terminals ~re kert continued at normal operat­

ing state. (In the case of static drive, no voltage is applied 

to COM-SEC terminals when the LCD is turned off by data, however, 

as the blanking operation keeps the COM terminal at constant 

VLCD/2 level, the LCD is turned off and the state between COM-

SEC terminals where the LCD is driven by VLCD/2. Therefore, 

note that the display state is somewhat different in these cases.) 

For drive waveforms, refer to Figl 1.11.6 - Fig. 1.11.9. 

When EDSP is set at "1", the LCD display is enabled and the 

LCD display is made according to data stored in the display area 

of the data memory. 

Further, when EDSP is initially set at "I" after the ini­

tialization, the LCD power switch is also turned ON and drive voltage 

is applied to the drive circuit. 

LCD Display Control by Program 

Provided that EDSP has been set at "1", the LCD is automat­

ically turned ON according to data stored in the display area of 

the data memory. However, prior to actual display operation it 

is normally necessary to initialize as shown in Fig. 1.11.5. 
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INTEGRATED CIRCUIT 
TMP47C22F 

TECHNICAL DATA 

To drive the 1/4 duty LCD, 80 - 97 addresses in the display 

area of the data memory are used, and to operate it at SLF = 0 

(low speed operation), when EDSP is set to "l" after initializa­

tion of data in the display area, the display operation is started. 

( Initialize 

I 
Set ting of LCD drive method 

(DTY) 

T 
Setting of Frame Frequency (SloE) 
Setting of Display are;l 
in the data memory 

(DAB) 

l 
Setting of clear or Initial 
Value of Display area in the 
data Memory 

1 
Re lease of Blanking (EDSP) 

J 

Display Operation 

U' Setting command) 

Set "00*;'(11 at port address 
OP1B. [Note 1] 
(Thereafter, use hl/O 1*'" 
only. 

Set "**;'0'(11 at port address 
OP1A. [Note 2] 

Set "11*,',11 at port address 
OP1B. 

[Note 1] Classification of commands for port address OP1B. 

"0000" '\; ''~Oll'' 
"01**" 
"11:1,*" 
"10*,',11 

Setting of LCD drive method 
Blanking by program 
Releasing of blanking (display enable) 
Cannot be used 

[Note 2] Normally, only one time of setting is required at the time of 
initialization, but as an exception, commands should be set at port 
address OP1A under the blanking state whenever the display area 
are switched. 
Fig. 1.11.5 Initialization of LCD Drive by Program 
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H1P47C22F 
TECHNICAL DATA 

Examples of display data when a numeral ctisp1ay is Dade by 

using the 1/4 duty LCD are shown in Table 1.11.2. For the connect­

ing method of COM terminals tiud SEG terminals, the example shown in 

Fig. 1.11.6 is used. 

~ay data memory 
Display High order Low order 

address address 

ill 0 1 1 1 1 1 

NU-! ~~lay data memory 
1 Display iHigh order Low order 

mera : address address 

5 
I I 
LI. --+-------+-----

I 
I o 0 0 0 o 1 1 0 6 

2 J 1 1 1 0 
i----.-.-. '--- ....... --

3 ~' 1010 0111 

001 1 

8 
f------- ---=-- ------ ------

4 i '-I 0011 0110 9 

Table 1.11.2 Examples of Display Data (1/4 Duty LCD) 

Further, examples of display data when a numeral display similar 

to Table 1.11.2 is made by using the 1/3 duty LCD are shown in Table 

1.11.3. For the connecting method of COM terminals and SEG terminals, 

the example shown in Fig. 1.11.7 is used. 

Disp1av data memory Display data memory Nu- Nu-
meral High order Middle or- Low order 

rneral 
High order Middle or- Low order 

address der address 

0 * * 1 1 * 1 0 1 
----f--

I * * 0 0 ~'; 0 o 0 
._---f------

2 * * 1 0 * 1 1 1 

3 * " 0 0 * 1 1 1 

4 * * 0 1 * 0 1 0 

Table 1.11. 3 
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address address der address address 

* 1 1 1 5 * * 0 1 * 1 1 1 * 0 1 
----

* 0 1 1 6 I * * 1 1 * 1 1 1 * 0 1 
------

I * 0 0 1 7 * * 0 1 " 0 0 1 }', 0 1 
1-- -1 

" 0 1 1 8 i * * 1 1 " 1 1 1 * 0 1 

* 0 1 1 9 * * 0 1 " 1 1 1 * 0 1 

(* : don't care) 

Examples of Display Data (1/3 Duty LCD) 

0 

0 

1 

1 

1 
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')isplay Output 

The following are the examples of display output from LCD drive 

circuit according to each drive method. 

[l74 Duty (1/3 Bias) Drivel 

(EDSP) 

SEGO 

COHl 

COM2 

[0 COM3 

lJo 
OCM4 

-VLC 
(VLCD=VDD-VLC) 

-VLCD 
(Display data memory) 

+--+-+-+--- 0 
Address Data 

I 0 1 0 1 1 
101 1 

o 
(Selected) 

COM3 - SEG1----fu~-~ 

(Non-selected) 

(a) Example of connection 
and display character 

(b) Example of drive output 

Fig. 1.11.6 Example of 1/4 Duty LCD Display Output 
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1 1/3 Duty (1/3 B'as) I . .L Driv: 

-"(%tf~ 
~(}{ 

Address 

a 

2 

(EDSP) -----------

SEGO 

SEGI 

SEG2 

COMI 

-VLC 

-VDD 

--VLC 

:::--"'DD 

- -VLCD 
- VLCD 

(',: Don't care) COM2 - SEG2=====:J:==::f=====t:====F===t-----=--(Non-selecte~) ~ 
(a) Example of connection and display character (b) Example of drive output - -VLCD 

Fig. 1.11.7 Example f / a 1 3 Duty LCD Display Output 
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11/2 Duty (1/2 Bias) Drive I 

(Display data memory) 

Address Data 

o " * 0 

-I: * 0 

(EDSP) 

SEGO 

SEGI 

SEG2 

SEG3 

COMI 

COMI - SEGO 

(Selected) 

H1P47C22F 

I I 
- VDD 

- VLC 

I I 
VDD 

VLC 

~ L 
VDD 

- VLC 

- VDD 

- VLC 

- VDD 

VLC 

VDD 

VLC 

(VLCD~VDD-VLC) 

- VLCD 

,~- 0 

3 " ,< COMl - SEG2 ----,LJ--,----lDL---L-~-- F -
(Non-Selected) ~ __ ---.J -~O (*: Don't care) 

(a) Example of connection 
and display character 

(b) Example of drive output 

Fig. 1.11.8 Example of 1/2 Duty LCD Display Output 
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I Static Drive I 

~ ~a -n SEGl 

c:>.~ 
~~ 
~U~ 

(Display data memory) 

Address Data 

* * * 1 

* * * 0 

" * * 1 

(EDSP) ---________ ~ 

SEGo - VDD 

- VDD 

- VDD 

__ VLC 

(VLCD~VDD-VLC) 

COMI _ SEGO-- +--l=?u_-~- ~LCD 
(Selected) -- -VLCD 

-- VLCD 
o 
1 
2 
3 
4 
5 
6 

* 
* 

* 
* 

* 1 

* 0 

COM1- SEG4!1----------------q- - 0 

(Non-Selected) --~ 

494 

* * * 1 

* * * 1 

" * * 0 

(',: Don't care) 

(a) Example of connection 
and display character 

Fig. 1.11.9 

(b) Example of drive output 

Example of Static LCD Display Output 
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2. Basic operation and pin operation 

2.1 Instruction cycle, basic clock generation 

As the oscillation circuit has been built in, when the external 

(XIN, XOUT) are connected to the oscillator, required clocks can be 

easily obtained. Further, this oscillation circuit is the Schmitt 

circuit. The clocks obtainable from the oscillation circuit are 

called the basic clock (CP, fc Hz). The basic clock is input into 

the timing generator and system control circuit froD where various con­

trol signals are generated. 

The instruction execution and the internal hardware control 

are synchronize'd with the basic clock. An instruction cycle con­

sists of four machine cycles (MI ~ M4), and each machine cycle re­

quires four basic clock times. 

2.2 Initialization operation, Hold function, interrupt input and others 

Initialization operation is performed by keeping the RESET 

pin to the low level. By this initialize operation, the internal 

registers are initialized and at the same time, the LCD power 

switch is turned OFF. Further, no pull-up resistor is built in 

the RESET termianl of the TMP47C22F. 

The hold function is the function to hold the status just 

before the system operation is stopped at low power consumption 

by making the most of the features of CMOS. The HOLD terminal 

is the signal input for the hold operation request and hold opera­

tion release request. 
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Two pins (INTI, INT2) are provided for the external inter-

rupt input. Since these pins are common pins with RS port, they can 

be used as I/O pins respective] y, if not used as the 

interrupt input pins. The interrupt latch is set by the falling 

edge of the external interrupt inputs. 

The TEST terminal is used at time of the shippint test. 

When a user's system is to be operated, low level voltage should 

be positively applied. Further, the TEST terminal of the TMP 

47C22F has no built-in pull-down resistor. 
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TECHNICAL DATA 

2.3 Input/Output port 

Input/output Circuit Format 

TMP47C22F 

The input/output circuit format of the input/output port is ShOvffi following. 

For the THP47C22F, any of the input/output circuit systems shown in the follow­
ing tables ca~ be selected. You can s~ecify your inpllt/Otltput circuit system 
when requesting the program tape. "raCaDE GD" is employed if not specified. 

.,---2nput/Output Circuit Code ilOCODE) GA 
~~------ .. ---------
Cir- Port Input ' I/O 
cuit ~' (Ko) (R 4 ,R s ,R 6 ) 

I~ I/o 

,:::-~t equiv-
alent 
cir-
cuit 

R~ lko. (TYP.) t R~ lko. (TYP.) 
f---- -- --- --- - --- -------------

o No resistor o Sink open 
is contained drain output 

o Output latch 
is ioi-

Remark tialized to 
the high level 

~ut/Output Circuit Code (IOCODE) GD 
~p~l-- - Input ---r--- 1/0---
I~~i~ ! (Ko) (IL.,P.S ,R6) 

--------r I/O I/O 
(R,) (R 8 ,R 9 ) 

I 

~~! -:Yq~ 
R~ lko. (TYP.) 

---------

0 Sink open 
drain output 

0 Output latch 
is ini-
tialized to 
the high level 

r---I /O -
I rp7 ') 

R~ IkQ (TYP.) 

a Schmitt cir-
cuit input 

0 Sink open 
drain output 

0 Output latch 
is initialized 
to the high level 

I/O 
(R8 ,R9) 

I/O 
equiv­

alent 
cir­
cuit 

i 

I VDD I 

o No resistor 
is con tained 

Remark 

I 

o Schmitt cir-open 

output I 0 drain output 

o Output latch Output latch 0 Sink open 

cuit input 

is ini­
tialized to 
the high level 

is in i- drain output 

tialized to 0 Output latch 
the high level is initialized 

to the high level 
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Input/Out;>ut Circuit Code (I0CODE) GB 

~p-
--,----------------,----~~---

Ci-;,,:::~~rt Input I/O I/o I/o 
cuit --~ (Ko) (R4,Rs ,R6) (R, ) (R s ,R 9 ) 

I/O 

~~ equiv- R RIN 

~ =-:if ~f1? alent 
cir-
cuit 

~ 
RIN ~ 70kll (TYP 0) 
R~ lkll (TYP 0) R~ lkll (TYPo) R~ lkll (TYPo) R~ lkll (TYPo) 

r- -------1--------- --

0 Scnmitt cir-
0 Pull-up re- o Sink open o Sink open euit input 

sis tor is drain output drain output 
Sink open 

contained 
0 

Remark 0 Output latch o Output latch drain output 
is ini- is in i-

Output latch 
tialized tialized 

0 
to to 

is initialized I the high level the high level 
to the high level 

Input/Output Circuit Code (IOCODE) GC 

~~T--- Input I 
T---------r 

I/O I/O I/P 
2t'it I (Ko) I (R 4 ,Rs ,R6) I (R,) I (R B ,R 9 ) 

I I 
i 

I/O I 
equiva-

T:-:gI-:j}{J ~~}? lent 
cir-
cuit 

RIN ~ 70kll(TYP j 
R~ lkll (TYPo) _ R~ lkll (TYPo) R~ lkll (TYPo) R ~ lkll (TYP 0 ) 

------
o Pull-down re- 0 Sink open o Sink open o Schmitt cir-

sis tor is drain output drain output euit input 
can tained 

o Output latch o Output latch o Sink open 
Remark 

is ini- is in i- drain output , 
tialized to tialized to 

o Output latch I the high level the high level is initialized 
to the high level 
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Input/Output Circuit Code (IOCODE) GE 
---- ---,-

~:: 
Input I/O I/O I/O 

Cir- (Ko) (R, ,Rs ,R.) (R 7 ) (Ra,R.) cuit 

I/O ~I:s& equiva- R RIN I~ ::-:tf ~~f~ lent 
cir- R 

cuit 
RIN = 70k>l (TYF.) 
R= lk>l (TYP.) R= lk>l (TYP. ) R= lk>l (TYP. ) R= lk>l (TYP. ) 

o Pull-up o Push-pull o Sink open o Schmitt cir-

resi\stor is output drain output euit input 
containl'd 

o Output latch o Output latch o Sink open Remark 
is ini- is in i- drain output 
tialized to tialized to o Output latch 

the high level the high level is initialized 

I to the high level 

Input/Output Circuit Code (IOCODE) GF 

~T Input ! I/O T I/O I/O Cir- , 
cuit _, (Ko) : (R"Rs,R.) (R 7 ) (Ra,R.) 

i. ::f I/O I 
equiva- I 

~~p ;::"~~ ,~ 
CU1t I 

RIN=70k>l(TYP.) 

t-R= lk>l (TYP.) R= lk>l (TYP.) R= lk>l (TYP.) R= lk>l (TYP.) 

o Push-pull o Sink open o Pull-down o Schmit t cir-
resistor is output drain output euit input 
contained 

o Output latch o Output latch o Sink open 
Remark is ini- is ini- drain output 

tialized to tialized to o Output latch 
the high level the high level is initialized 

to the high level 
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3. Instructions 

The TLCS-47 series microcomputer is provided with 90 

instructions, which are soft't'lare compatible within the 

series. The instructions of the TLCS-47 series is consist of I-byte 

instructions or 2-byte instructions. To classify them in terms of the 

execution time, there are I-cycle instructions and 2-cycle instructions. 

I-byte, I-cycle instructions are mainly used in this series, 

and are arranged so as to improve the program efficiency. 

The TMP47C22F is software compatible with other 

versions of the TLCS-47 series; however, since it has no 

built-in output ports PI and P2, (OUTB @HL) instruction cannot be 

used, so that 89 instructions becorJe available as effective 

instructions. 

I-byte 
I-byte 
2-byte 

I-cycle instruction 
2-cycle instruction 
2-cycle instruction 

(a) Classification by byte/cycle 

Move instruction(Note) 
Compare instructi.on 
Arithmetic" instruction 
Logical instruction 
Bit manipulation instruction 
Input/Output instruction 
Branch-subroutine instruction 
Other instruction 

40 
11 -1 
39 

Total 90-1 

22 
6 

16 
9 

24 
6 -1 
6 
1 

Total 90-1 

(Note): Including ROM data referrins instructions 

(b) Classification hy function 

Table 3.0.1 Classification of instructions 
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iii » TECHNICAL DATA 

1 tem 

Classi 

ObJect I'olc 

B 1nary 

2nd Byte 

A ,@-lL 00 00 11 00 

A ,X 00 11 11 00 X7X()X5X4X:3x2xIXO 

HL, X LD 

00 01 00 11 

XCI-l A .@HL 00 00 11 01 

XCH A, X 00 11 11 01 x7x6xSX4X3x2x\xO 

XCj{ HL, X 00 10 10 01 x7x6x5x4x3X2XtXo 

CMPh 

CMPR 

I CMPR 

CMPR 

A ,@l:L 00 01 01 10 

A , X 

A,=!-/-1< 

H ,j#( 

00 11 11 10 x7x6x5x4x3X:2x,xO 

11 01 kgk2kll<O 

00 11 10 00 11 01 k3k2kjko 

00 11 10 00 10 01 k3k2kJkO 

00 10 11 10 k3k2>::lkOV3Y2YIVO 

00 01 10 00 

3 E 

3 8 

o 8 

1 B 

n1P47C22F 

(EIR)¢(AC) 

M[(HoL)],:::! (Ae) 

xHx L M[xJ;::!(AC) 

null_M [(H'L)]-(Ar.) 

xHxL null_M [xJ-C;C) 

I null_k_(AC) 

k : null-k -Um) 

: ; i :~~~:: ~~~;~ 
I (M')-(Ac)+1 

(LR)_(LR) + 1 

- Z 1 1 

- Z 1 1 

- 7. 1 1 *2 

- Z. 1 2 *2 

B z Z 1 

z ~i 2 is z r B 2 

B 2 

B z Z 2 

- Z C 1 

- Z C 1 

~~~'~--'~~~~~--------~~0~9----~~7~~c~~~~~~L;~~~;~:_~[(~:~'L~1~J+~l~_ --------t= z C 1 

B 1 

Z Ii 1 

Z Ii 1 

ROLe A 

RORe A 

AND A ,@HL 

AND A ,j#( 

ANO @HL,+Ik 

OR A ,@)!L 

A ,j#( 

@.flL,-lj::k 

XOR A ,@HL 

o B 

15 

00 11 10 00 01 01 k3k2kJkO 

00 01 01 

(LR)-(LR) -1 

\i[ (HoL)]_M[ (HoL)] - 1 

(Ac)-CAe) +M[(H.L)]+ (CF) 

(AC)_(AC) + M[(Hoi...)] 

k i (AC)-(AC)+k 

: I ~~:~:;::~:: 

1= 
C Z C 1 

- Z C 1 

- Z r 2 

- Z C 2 

- Z C 2 

k Y M[y]-M[Y]+k - Z C 2 

(AC)_M[(Hor,)]_(AC)_:'CF) B Z B 1 
(AC)_k_(AC) - Z B 2 

M[(HoL)]_k_M[(H.L)] Z B 2 

100 

00 00 01 11 
--------

) 
~ (rotatelehbyl Z C 1 *4 

.-+~~ ____ ~,~~~A~C~~F~~(~cc~m~,~e~n~g~I"~~~l~b~"~) __ ~~~~1 *, 
i (Ac)-(AC)!\M[(HoL)] 

:3 k '(AC)_(AC)!\k 

00 01 11 10 

'00 1110 00 00 

100 11 10 00 01 

00 01 11 01 

00 11 10 00 00 

00 11 10 00 01 

00 01 11 11 

11 k3k2kJkO 3 

11 k3k2kJkO 3 

10 k3k2klkO 

10 k3k2klkO 

8 

" I' M[ (1-1oL)) _M[ (HoL)]!\ K 

(Ac)-(AC)Vk 

M[(HoL)]_M[(H·L)] Vk 
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502 

(cont inued) 

Item 

elas s ~ 
flcatlOrl 

ObJ eet Code 

Assembler 
BInary 

MnemonIC I I 1st Byte 2nd Byte 

TEST CF 100 00 01 10 

TEST A, b 01 01 11 ~bo 

TEST @HL, b 01 01 10 b]bO 

TEST y. b 100 11 10 01 10 b 1boY3YZY1YO 

TEST %p ,b 00 11 10 11 10 b i boPaP2P1PO 

TEST @L 00 11 01 11 

TESTP 00 00 01 00 

TESTP ZF 00 00 II 10 

TESTP OF 00 00 00 01 

TESTP Y , b 00 11 10 01 11 b 1boYSY2YtYO 

TESTP 'fop, b 00 11 10 11 11 b1boP3P2P1PO 

SET 00 00 00 11 

SET @HL, b 01 0100 b1b(l 

SET Y , b 00 11 10 01 00 b1bOYSY2YtYO 

%p , b 00 11 10 11 00 b 1boP3P2PlPO 

@L 00 11 01 00 

CLR OF 00 00 00 10 

CLR ~HL, b 01 01 01 blbo 
CLR y , b 00 II 10 01 01 b 1bOY3Y2YIYO 

CLR r"" , b 00 11 10 11 01 b1 boPlP2PIPO 

CLR @L 00 11 01 01 

'" 1_2n,d 
Byte Byte 

0 6 

5 C+b 

58+b 

S 9 8+b 

3 B 8+b 

S 7 

0 , 
0 B 

S 9 CH 

Nb 

FUllctlon 

(S1<') +---(C"F), (CF) +---0 

(SF)<-~ 

(SF) __ M[(HoL) J<b> 

Y (SF)<--M[yJ<P> 

p (SF) <-- P[P]<b> 

(SF) +-- p",[7CCiLR")<"'S":02>J-=''':k7('LR",)<i/;--l:'''0'''>''> 

(Sfi')+-- (CF),(CF) <-1 

I i::~: i~:~ 
) (SF)+--M[yJ<b> 

P (SF)- P[p)<b> 

o 3 (GF) <--- 1 

5 b M[(H·L) }<b>+---l 

3 9 b Y M[yJ<b>+--1 

S B 

3 , 

o 2 

54+b 

3 9 4+b Y M[yk"b>+---Q 

3 B 4+b P P[pKb> ....... O 

3 5 P[(LR)<3 :2:>+4 k(LR)<l: O»+-- 0 

o - * 1 

- - * 1 

- - * 1 

- - * 2 

1 1 

- - 1 2 

11 
- - 1 1 

- - 1 2 

- - 1 2 

CLR IL r 
EICLR I.L r 
DICLR IL r 

00 II 01 10 II TSr.,T3 T ZT I T O 

00 11 01 10 01 T5 f 4 f 3 f 2TI TO 

00 11 01 10 10 T5 T4 f 3 T2flTO 

3 6 

3 6 

3 6 

C+rHfL (INTL)<5:0>.-(INTLJ<5:0)(V<5:0> 112 

4+rHfL (EIF')<-l, (IN'rL)<S: 0>"'" (INTLY'::S:d>N--:::p:d> - - 1 \ 2 

8+rHfL (E:IF)<---O,(INrL)<5:0::>+--(lNTL)<.5:0)l\r<5:d> -

IN %p ,A 00 11 10 10 00 10 P3P2P]PO 2 P (AC)<-P[pJ - Z Z 2 

IN %p ,@HL 00 11 10 10 01 10 PaP2PIPo 3 A 6 P M[(H·L)J+--P[pJ - - Z 2 

OUT A ,%p 00 11 10 10 10 p~O P3P2P]PO - - 1 2 

OUT 2 C k P p[p]_k - - 1 2 

OUTB @HL 00 01 00 10 

BS 01 10 aUaup.~8a7a6asa4a~2alaO 

10 dSd4d3d2d1dO 

6 aH aM aI, If SF-I then(pC)+--a else nUll. - 1 2 

CALL 00 10 0 al0aga8a7asa5a4a3a~laO 

8+dHdL If SF=l then(PC)+--a else null,a={PC)<ll:d>d - - 1 1 *5 

2 aH aM aL STACKUSPW)]+--(PC),(SPW)+--(SPW) 1, 2 *5 

CALLS a 

2 A 

(PC) ...... a, O~ a ~ 2,04'1 

STACK[(SPW)] +-- (PC), (SPW) +-- (SPW)~1, 

(pC)+--a,a=Bn+6(n~) ,134(n=Cl) 

(spw)+--(spw) +1, (PC)+--STACK[(SPW)] 

- 2 *5 

RET 

RETI 

00 10 10 10 

00 10 10 11 2 B (SPW)-(SPW)+1 • (FLAO.PC)+-STACK[(SPW)J, * * * 2 

(EIF)+-1 

00 00 00 00 o 0 no opera tion 

Note 1. SettIng Condl tlon of Flag. 
~C~ Indicates the carry output from the most signIfIcant posItIon 

in the addItIon operatIon, and ~B~ indIcates the borrow output from the 
POSl tion In the subtraction 

IS applIed 
only when e1 ther the ALU output of the processIng resul t or all 
four bIts of the data transferred to the accumulator are zero. 

The flag IS set to "C~,"C~."B"."Z","Z","l",or·O" according 
to the data processing rusult. The valu", I:lpecifled the functIon is 
set to the flag WI th the mark "*" ,and the mark "~.. no change 
In the state of the flag. 

Note 2. The zero flag IS set according to the data set In the accumulator. 
Note 3. The f1ags(ZF,SF)are set accordIng to the result of lncrement or 

decrement of the L register. 
NOte 4. The carry IS the data shIfted out from the accumulator. 
Note 5. The ccntents of the program counter Indicate the next address of 

the lnstruction to be executed. 
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INTEGRATED CIRCUIT 
Tr~p47C22F 

iii » TECHNICAL DATA 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXH1UM R_IITINGS (VSS OV) 

SYMBOL ITEM RATING UNIT 

'iDn Supply Voltage "-t"-- -0 . 5 'V 7 

VLC Supply Voltage (LCD Drive) 

Input Voltage 

-1 ~_y __ D_D_+_O_. 5_--1 ___ ----1 

__ ~ __ -:-O. 5 " VDD+O ._5_-+-_V_--1 

I -0. 5 " VDD+O. 5 
VOUTI Output Voltage (Except open drain 

/---___ +__ t_e_:..mi.:'--,,~)_ 

~_! Ou~~u_t_V~_ltage_«()peIl~r,,~n~e!~~?al) _+ ___ -_0_._5_" __ 10 __ r-___ --j 

VUl 

V 

PD Poser Dissipation (Topr = 70°C) 400 mW 
-- -------------- ------ - ------1--

Tsld , Soldering Temperature' Time 260 (10 sec.) 

~-!St.;;;;.ge- T~;;p~r;tu-;:~- -----/------ -55 " 125°C 
---;------------------------ -------------

Topr i Operating Temperature -30 'V 70 

RECOin~ENDED OPERATING CONDITIONS (VSS OV) 

SYMBOL ITEM CONDITION MIN. MAX. UNIT 

~r __ L OP."rating Temp=~atur-,,---___ ----------f _-_3_0_--+ __ 7_0_+_o_C_-1 

VDD ; Supply Voltage ! 4.5 6 
1------- -- ,---------- ---------------+--------+--'-'-'--+-----:...---i 

VDDH ; Supply Voltage (Hold), 2 6 

~----+-s.;pply Voltage (LCD Drive) --t--------l 0 i VDD-2. 7 
f-------, -- .. ------ ----------.---------------------- --1- --- ----f---

VIHI High Level Input Voltage I V 0 I V ( ) ~ DDx . 7 I DD 
_Ex,,-ep~_Schmitt<::i:::'':.t1~~2.nput : VDD;. 4.5V ' ___ -+_ ----~ 

VIH2 

VIH3 

High Level Input Voltage i VDDxO.75 i VDD 
(Schmitt circuit input)! I 

--------- --- --f------- ----- -~---

l!i:;h Level Input Voltage i VDD < 4. 5V , VDDxO. 9 VDD 

VILI -+ -- Lo'-, Level Input V~lt;g;----rl 
(Except Schmitt circuit input) I 

---I VDD;' 4. 5V 1------j--------1 

o VDDxO.3 

VIL2 I t~~h:~~;\;~~~Jt V~~;~;) I i o VDDxO.25 

V 

V 

I--~~':'_ _ r:'':'.:ive~_Inp_u~ _~o!.r-,,~~ ___ ~ __ V_D_D_<_4_. _5 V_+-__ O_----ii--V_D_Dx_O_._l-+ __ ----I 

fC _~~~:Ic.!r::CJ_t1=~_~~___ ----i.------- O.4_+-_4_._2 __ +_MH_z----i 
tWCH High Level Clock Pulse Ividth(Note 1) VIN = VIH 80 

~L Lo;::-L~~~lci-;~k-l'~is~ l1id;h(llo~~- l~t-viN-;' VIL-----SO-
nS 

(Note 1) For external clock operation 
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• INTEGRATED CIRCUIT 
TI"PLf7C22F 

iii 5; TECHNICAL DATA 

D.C. CHARACTERISTICS (VSS=OV, VDD=5V±l0%, Topr=-30'C 70° e) 

SYMBOL P.;HAMETER 

HYSTB:RE8.!S VCJLTl,GE \.S:HMITT 

! 
9L'PJ'r,";" \.;CRHENI \ AT ,]FERJ..TTNY' 

1--_1_"_I1_J_+ \NCiTE.'," 

DDH 
SLTeI'I.-{ OPRRENT 
,NOTE.c) 

\ ,\ T WJLDIl'W) 

\ N\~''.:'E •. ~ AT TIME OF LEVEL 8W1TC'HIN:J WHEN THE 
\NOTB~ •. · :~H()WF ON-RE81STid';'"jE AT 'liME OF LEVEL ~~WIT::::H1N',} WHEN -:'HE 

LlSEI'. 
\ W.'::T8~." WHEt: KLi H..\:-: ~D" P:llLT-IN INP[,T RE~HSTEH, C:JRRENT 

YCRTHF.JH, \"OL'TMJE :-:FlYEl AT R "R)RT IS VALLT'. 

A.C. CHARACTERISTICS (Vss=OV, 

PARAMETER CONDLTION 

I tl',Y I 

I 
MI N. 'TIT ,i,NJTE.::" MAX. LIN. ': 

., 

T ,E.:=: 

: .. T .s .r 
T ,"S,D 

kil 
T. B.D 

" B D 

T .B.D 

(+.C· 

, 
.~-I-

.:c: 

P D m;", 

T F D ,a; 

RESISTER J~ EX ::_.~.TnED. 

OH DUT':' LCD 18 l]8ED. 
lH 2TATI·; L·:;D 1.3 

TlL',-:- AT TIME OF OPEN, 

MIN. I ~'yp. I MAX. I UN!" I 
.'." I I 4C I .ItS I 

I 1,SDI1 I SHIFT DAT\ HOLD TIME [NOTE i.L~ tcy -~ 0,_' I I I nS I 

A. C. TI rv'IilG C~I\RT 
\ NOTE • .i. 

• SERIAL PORT (Compl ~tion of Tra'lsmission) 
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• INTEGRATED CIRCUIT 

iii:': TECHNICAL DATA 

EXTERNAL DIMENSIONS 

0.8 Pitch 

1- -[ 
MARKING AREA 

I 

I 

L __ -~ 

20.0 ± 0.1 

MARK 

21.4 ± 0.4 

(26.0 + 0.5) 

TMP47C22F 

Uni t mm 

31 

"" m 

25 

'"' 23 

0.7 

N 

2 
o 
N 

r-l 

c:: 
+t 

c: 
" r-l 

" 
0 

+1 

" 
en 
r-l 

Weight 1.3g (TYP.) 

;;:; 
c:: 
+t 

c: 
0 
;::; 
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• iii' 
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INTEGRATED CIRCUIT 
H1p l 17C22F 

TECHNICAL DATA 

Specification of program tape and input/output circuit format 

The THP47C22F will be able to made enginnering samples (ES) if you 

specify the program data and input/output circuit format by use of a 

paper tape. 

The paper tape format is equivalent to the Hex. format of Intel 

Co. (Format 1). 

The program data should be specified wi thin the address space 

corresponding to the built-in ROH capacity: the addresses 000 - 7FF 

denote the address range in the THP47C22F. 

1. Specification of input/output circuit format 

The paper tape of Format I starts recording the program data 

after record mark ":", but the input/output circuit code should be 

specified just before the first record mark. 

The "rOCODE XX" format is used to define the input/output circuit 

code. XX denotes the proper input/output circuit code (two alphabets). 

(Note) If the input/output circuit code is not specified, "IOCODE GD" 

is employed. It should be noted that if the specified format 

is different from the standard one, and if the specified input/ 

output circuit code is illegal, such specifications may be 

considered to have not been made. 

(Example of tape list) 

TOSHIBA HICROCOHPUTER TLCS-47 
IOCODE GD 
:100000000665C7D79CF50F3F95lFED55A8FF16E570 
:1000100088884DDE76E3lF5D8ABA6DF292Fl13F5Cl 
:l00020004FFlF 

:1007EOOOB53D42EOEC32546025B7308CDD52063DlD 
:1007FOOOB4BE9E9E345B6l38060B20BC372BF60BD6 
:OOOOOOOIFF 



• INTEGRATED CIRCUIT TMP47C22F "~ 
iii» TECHNICAL DATA ~ 

~~~------------~------------------------~~~ 
2. Program tape format (Format I) ~ 

Leaders Hare than 50 characters of "NULL II 

record mark ": II and 

not included. Not specially 
Specificatlon of the required. 

Conunent 

@) 

cord"ent( ~~;c~~~u~~~~~~u~re ) } 

f input/output circuit format. 

~peclficatlon ofth~put.EUtput Ciycurtj 
format IOCODE XX (XX denotes the input/out It is considered 

@ 

@) 
@ 

: 

@) 
@ 

: 

put circuit code) (It does not matter if to be no specifica-
there is "NULL!! from immediately after CClD, tion, if not specified. 

@ to immediately before record marking.) 

--- -Record mark (start of record) --

Record (the number of program data within one record~ 
length is represented by two-digit hexadecimal nota­

tion. 1100" denotes the end of data. 

Load (the first address of the record is represented) 
address by four-digit hexadecimal notation. 

Re cord 
type 

. . .. Dilta 

... Cht:.cksum 

Normal record 
End of file record 

(I-byte data is represented by ) 
two-digit hexadecimal notation. 

(

two-digit hexadecimal notation is used to re-) 
present the data of the lower-order eight bits 
in the value ",-'hich the data covering from the 
record length up to immediately before the 
checksum is subtracted from the initial 
value O. 

Record mark (the same procedure is repeated herejnafter.) 

~} ... 
L/ 

Trailers More than 50 characters of "NULI/' 
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