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TECHNICAL DATA SILICON MONOLITHIC SILICON GATE CMOS

CMOS 4-BIT 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 TLCS-47 has variously powerful functions in order to meet with the
advanced and complicated applications, which will be made in near future.
In addition, software compatible NMOS family (TLCS-47N) and CMOS family
(TLCS-47C) are also provided.

The TMP47C22F is a chip countaining LCD driver for the TLCS-47C. The memory
capacity consists of ROM 2,048 x 8 bits and RAM 192 x 4 bits. The TMP4700C
(NMOS) 1is 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 us (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
1/0 4 ports 16 pins
1/0 (Note) 2 ports 7 pins

Note: These I/0 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.

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

Serial port with 4-bit buffer
Receive/Transfer mode is programmably selectable.
External/internal clock and leading/trailing odge mode arc programmably
selectable.

18-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. 12-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 27 is connected to
pin 61 through external
circuit.

. N.C. No connection

oy
PIN NAYES AND PIN DESCRIPTIONS £
Pin Names No'.of 1/0 Functions
Pins
Kos ™ Koo 4 Input Input port
Rus v Ruo 4 I/0 1/0 port
Rss v Rso 4 1/0 "
Res v Reo 4 I/0 "
Rss v Ryo 4 1/0 "
Res (T1) 1 I/0 I/0 port or timer/counter input
Rs2 (INTL) 1 1/0 I/0 port or interrupt input
Re: (T2) 1 1/0 I/0 port or timer/counter input
Rgo (INT2) 1 1/0 I/0 port or interrupt input
Ro2 (SCK) 1 1/0 1/0 port or shift clock for serial port
Ro1 (S0) 1 1/0 " or serial output
Rso (SI) 1 1/0 " or serial input
SEG25VSEGo 24 Output LCD Segment driver output
COM, "vCOM, 4 Output | LCD Common driver output
XN, Xout 2 Input, Resonator connection terminal
—_ Output
RESET 1 Input Initialize signal input
HOLD 1 Input Hold signal input
TEST 1 Input (Low level is input.)
Power
v 1 +
DD supply v
Power
7
vss 1 supply ov
Power .
VLC 1 supply LCD drive power supply
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3LOCK MAME AND DESCRIPTIO

Block Names

Functions

PC

ROM

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., TC»

TC control

SIO control

LCD %Eive control
OM, SEG)

HOLD control

SYS CONTROL

cG, TG

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

(EIF: Enable interrupt master F/F, EIR: Enable inter-
rupt register)

Frequency divider (4-stage prescaler + 18 stages)
12-bit timer/counter 2 channels (RAM area)
Timer/counter control

Serial port coatrol

LCD drive control

Control of hold function
Generation of various internal control signals
Clock generator, timing generator
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FUNCTIONAL DESCRIPTION

Concerning the TMP47C22F, the configuration and functions of
hardwares are described.

As the description has 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 built-in 12 bit program counter and 2,048

x 8 bit (000 ~ 7IF addresses) program memory.

Further, as the TMP47C22F has no built-in output ports Pj1
and P2, the instruction (OUTB @HL) and PLA data conversion table
cannot be used.

The relationship between ROM capacity and addresses is shown in

Fig. 1.3.1.

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

The H and 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 unit of

16 words per page.

On the other hand, since RAM address buffer register (RAA)
has 8-bit length, addresses CO™ FF have no physical RAM, but the
higher order 2 bits (RAA7 and RAAg) are decoded to [(00), (O1)
and (1*). * denotes "don't care.'"]; therefore, when addresses
CO~ FF are accessed on a program, RAM equivalent to addresses
80~ 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 80" 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
7FF 7F
800 ' 1 2 80 b
(=000) ! !
: ) g Specific|
i |
& . address
X ! BF area
1 | v, 1] <
| . €O i |
. | (=80)r--===" sl
| i % :
! | Image of ad- l *
FFF L H (dtesses 000 > FF | ' Image of ad
- [ —~ = [ S, J -
(=7FF) 7FF (=BF) (dresses 80~>
BF

Fig. 1.3.1 ROM/RAM Capacity and Addresses
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1.4

1.5

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.

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 TMP47C22F has no built-in outputs ports Py and P,
(OUTB @HL) instruction cannot be used; therefore 12 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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Port | Symbol . L" Input/Qutput Ipstructions
ad- | (Input/ P°rt’R7§15ter) Iv %p, A | OUT 4 , %P SET %p,b| TEST %P,b | SET @I
dress | Output) (Input/Output {IN 7P,@HL | OUT@HL,ZP |OUT#K,%P |OUTB @HL| cr.) % b] TESTPP, b “Br §%
00 IPOO/OPO0 | Ko Input port/ - 0 | [¢]
01 |IP01/0PO1 - !
02 |IP02/0P02 - ;'
03 |1P03/0P03 - |
04 |IP04/0P04 R4 I/0 port 0 0 0 0 i 0 ‘ 0
05 |IP05/0P05 Rs " 0 0 0 0 I 0 ! 0
06 1P06/0P06 Re " 0 0 0 0 : 0 i 0
07 1P07/0P07 R, " 0 0 0 0 i 0 i 0
08 |IP08/0POS Re 0 0 0 0 0 1
09  |TP09/0P09 Ry v 0 0 0 o 0 |
0A {IPOA/OPOA - . |
| |
0B 1POB/OPOB - (*) Serial buffer register (Reception)
oc IPOC/OPOC - (**) Serial buffer register (Transmission)
0D |IPOD/OPOD - & : i
OE IPOE/OPOE | Status input/ - 0 0
OF _|IPOF/OPOF (%) /(%) 0 ’ 0 ’ 0 {
10 /0P10 /Hold control l 0 ’ !
11 /OP11 / - ‘
12 /0P12 | / -
13 /OP13 : / - (a) Control with timer interrupt of dividef
14 /OP14 / - (b) LCD drive control (1), (2)
15 /OP15 / - (c) Timer/counter 1 control
16 /OP16 / - (d) Timer counter 2 control
17 /OP17 / - i (e) Serial port control
18 /OP18 : / - |
19 /OP19 /(@ 1‘ 0
1A /OP1A | /() Q) 0
1B /OP1B / n (2) 0
1cC /0P1C / (c) 0
1D /OP1D / (d) 0
1E /OP1E / -
1F /OP1F / (e) 0
Note 1: TInputs (IP10 "% IP1F) of port addresses 10" 1F remain undefined.
Note 2: Port addresses with "-" mark are reserved addresses and cannot be used user's program.

Table 1.5.1

Port Address Allocation and Input/Output Instructions

- -
wses

V1va 1DINHIIL
LINDAID @EWVADAINI

4223 hdi1
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(1

(2)

(3)

(4)

Ko (K03 Kooy Port

This is a 4-bit port used for input.

R4 (R43VR40),R5 (R53VR50),Re (R63VR60), R7 (R73“R70) Port

Each of these ports is a 4-bit I/0 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.

Rg (Rg3VRgp) Port

This is a 4-bit I/0 port with a latch. The latch should be

set to "1" when the port is used as an input port.

It is a port common to external interrupt input or external
timer/counter input. When it is used as normal I/0 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.
Rg (R92VR9Q) Port
This is a 3-bit I/0 port with a latch, and the latch must be

set to "1" when it is used as input port.

The R9 port is also used as serial port. The port used as
normal I/0 port is not entirely influenced by disabling the

serial port.

Pin Rg3 is not mounted in the port, but "1" is read by ac-

cessing to pin R93 in a program.
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1.6 lInterrupt 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 (FDX - FD1g) is made up 18-stage binary counter, and

its output is used to generate various internal timing.

1.8 Timer/counter (TCl, 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 dependent upon the operating state of the LCD

drive circuit.
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1.9

1.10

(a) At time of blanking operation

Frequency applied at time of a single channel operation is
fc/64 Hz. When 2 channels are operated simultaneously,

timer/counter 1 is fc/64 Hz and timer/counter 2 is fc/80 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/l44 Hz.

Serial Port (SIO)

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

mode can be selected.

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 most of the features of CMOS.

The hold function is controlled by HOLD terminal input and com-

mand register.
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LCD Drive Circuit (LCDC)

The TMP47C22F 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 (COM; - COMg)
(b) Segment output terminals (SEGy — SEG23)

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

As display data transfer operations to the 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 ssgments (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.

SEG2s SEGo COM,, COM,
Latch & Driver Common Control

77777 Shift Register § Driver

i

Data select
Control

]

,Connect to the
Data Memory

)

VLC [Leb Power
CHH s Bias MSB LSB f Timing Clock
S
Control 3 2 1 o |DutySelect|||Blanking C°§E£?£Wh‘*_ (From Divider)
[ Command Register ]L_Control Control] Wddress Contro]
Command Register 2 & Latch
{ I { Internal Bus

— ]

Reset control
Hold control

Fig. 1.11.1 LCD Drive Circuit
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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 OPlA and OP1B,

and are reset to "8" and "0'" at initialization, respectively.

MSB LSB
Command 3 2 L 9
register 1 DAB
(Port ad- —————t—=

LSelection of LCD drive frequEDcy]

| 0 : Frame frequency is based on fc/2l5Hz.
1 : n fc/2l4Hz.

(fc: Basic clock frequency)

dress OP1lA)

LDesignation of display data address bank1

(000 . (Display area in data memory is )
! ' “designated as addresses 00~ 17
1001 : " 20 37
010 : v 40 57
L 011 : " 60 v 77
1100 : " 80~ 97
1101 : ( " A0V B7 )
[ 110 = ( " COv D7 )
Llll s ( " EOVF7 )

Note: The areas in parenthese are not
actually designated.

MSB LSB
Command 3 2 1 0
register 2 %: Don'
(Port ad- EDSP DTY (*: Don't care)

dress OP1B), rl)esignation of driving methodJ

000 : 1/4duty LCDdriving method is designated,

001 : 1/3 " "
} 010 : 1/2 " "
|01l : Static LCD driving method is designated.

Ll** : Designation of driving method is held.

NDisplay Control

| (0 : Blanking is applied or continued.
Blanking is released and enables LCD

L Lo 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.

1/fy

. ~Viep
I_J—L_—\ 1.1 0

[0 S O N

Data "1" Data ''0" —-V1iep

(a) 1/4 duty (1/3 bias) drive
1/fp
Fp_______—~_

—Vicp

N N

|
L—]_|—J | N R R [ A
"l” Data "0" :_

Data

-Viep

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

1/f
/fF

1 — VLcp
= - =0

— -V
Data "1" Data '"0O" LCD

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

1/fp
r-———-“—w —VLCD
N 0

— -y
Data "1" Data "O" L.CD

(d) Static drive
(Note) fp : LCD Frame frequency, Vpcp=Ynp-ViC
Fig. 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 (fy) is set according to the drive method and base

frequency as shown in the following table:

sLp| Base fre- Frame Frequency (Hz)
quency (Hz) 1/4 Duty | 1/3 Duty | 1/2 Duty| Static
fe fe 4. % | 4, fc fe
0 215 215 3515 2 715 215
(fc=4 MHz) 122 < 163 T 244 $ 122
fo fe 4 fc 4. fc fo
1 a4 | 215 3515 2 515 215
(fe=2 MHz)‘ 122 2 163 2 244 2122

(f.: Basic clock frequency)

Table 1.11.1 LCD Frame Frequency Setting
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LCD drive voltage

The Vic terminal is the LCD drive power terminal. LCD
drive voltage (Vicp) is given by Vpp - Vpc. Therefore, if CPU
operating voltage and LCD drive voltage are same, connect the

Vic terminal to the Vgg 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, Vpp level

voltage is generally at either COM terminals or SEG terminals.
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(3) Display operation
Display data setting
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 circuit 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 (dot) 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.

\\\f?t
Address 3 2 1 0

Displ
Claea?y o (SEGQ)
1 (SEG1)
2 (SEG2)
3 (SEG3)

22 (SEG22)
23 (SEG23)

(CoM4) (COM3) (COMp) (COMy )

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 SPGi, COMj (0 < i < 23, 1 < j < 4), and when

data is "1'", 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 (COM4 - COM; are used)
All bits in the display area becomes display data.

(b) 1/3 duty LCD (COM3 - COM; are used)
Bit 2 - Bit O only become display data.

(c) 1/2 duty LCD (COMj - COM; are used)
Bit 1 and Bit O only become display data.

(d) Static LCD (COMj only is used)

Bit 0 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) 1In case of other than static drive at SLF=0, 24 times in 512

instruction cycles.

(b) In case of static drive at SLF=0, 24 times in 2,048 instruction

cycles.

(¢) 1In case of other than static drive at SLF=1, 24 times in 256

instruction cycles.

(d) In case of static drive at SLF=1, 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=0. The apparent speed is

4.2 us to 4 ys instruction execution speed.
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Blanking Operation

When EDSP (MSB of command register 2) is reset to "0", the
LCD display becomes blank. EDSP is reset to "O" at initializa-

tioun.

The blanking operation turns off the LCD by conditioning
non-lighting operation level voltage to COM terminals. On the
other hand, the SEG terminals are kept continued at normal operat-
ing state. (In the case of static drive, no voltage is applied
to COM-SEG terminals when the LCD is turned off by data, however,
as the blanking operation keeps the COM terminal at constant
Vicp/2 level, the LCD is turned off and the state between COM-

SEG terminals where the LCD is driven by Vicp/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 "1" after the ini-

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

is applied to the drive circuit.

LCD Display Control by Program

Provided that EDSP has been set at "1", the LCD is automat-—
ically turned ON according to data stored in the display area of
the data memory. However, prior to actual display operation it

is normally necessary to initialize as shown in Fig. 1.11.5.
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To drive the 1/4 duty LCD, 80 - 97 addresses in the display
area of the data memory are used, and to operate it at SLF = 0
(low speed operation), when EDSP is set to "1" after initializa-

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

Initialize (* : Setting command)

: Set "00**" at port address

- Setting of LCD drive method OP1B. [Note 1]
n 155
(dTY) (Thereafter, use "1/0 g
only.

+ Setting of Frame Frequency (SLP
+ Setting of Display area
in the data memory

(DAB)

: Set "X*%x" at port address
OP1A. [Note 2]

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

Release of Blanking (EDSP) : Set "11#*" at port address
OP1B.

Display Operation

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

"0000" V"0011" :  Setting of LCD drive method

"QLxx" : Blanking by program

M11ER" : Releasing of blanking (display enable)
"1O% " :  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 OP1lA under the blanking state whenever the display area
are switched.

Fig. 1.11.5 1Initialization of LCD Drive by Program
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Examples of display data when a numeral display is made by
using the 1/4 duty LCD are shown in Table 1.11.2. For the connect-
ing method of COM terminals and SEG terminals, the example shown in

Fig. 1.11.6 is used.

Nu— Display data memory Nu- Display data memory
v Display | High order | Low order v Display | High order | Low order
meral meral
address address address address
7 p—
0 L;l 1101 1111 5 L7 1011 0101
/ —
1 / 0000 0110 6 éj 1111 0101
2 ! 1110 0011 7 ’_/’ 0001 <0111
3 1010 0111 8 f? 1111 0111
| 4 0011 0110 9 Lf 1011 0111
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.
Nu- Display data memory Nu- Display data memory
v 1 High order | Middle or- | Low order meral High order | Middle or- |Low order
mera address der address address address der address address
0 * % 11 *101 *111 5 * % 01 *111 *010
1 * % 00 *000 *011 6 * % 11 *111 *010
2 * % 10 *111 *001 7 * % 01 *001 *011
3 * %00 *111 *011 8 * %11 *111 011
4 * % 01 010 *011 9 * %01 *111 *011

(* : don't care)

Table 1.11.3 Examples of Display Data (1/3 Duty LCD)
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ﬁi TECHNICAL DATA

Nisplay Output

The following are the examples of display output from LCD drive

circuit according to each drive method.

E/A Duty (1/3 Bias) Driv:]

(EDSP) n
— Vi¢
SEGo SEG] — Vpp
SEG _
: — ViC
COoM2
J—IW -
COM3 coMp — Vig
w W — Vop
CoM —Vic
P — VDD
0 covs T—JT_I‘L - e
— Vpp
| S

= anm
|

- (VLCD=VDD-VLC)
o)
(Display data memory) -
CoM] - SEGy—|—] T M 0
7 -
Address Data (Selected)J = = L
0 0101 —-Viep
1 1011 - Viep
COM3 - SEG] lr—lu ur—
(Non-selected)
—VLcD
(a) Example of connection (b) Example of drive output

and display character

Fig. 1.11.6 Example of 1/4 Duty LCD Display Output
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[1/3 Duty (1/3 Bias) Drive

e

o~ —VDD
cot W -

—VLC

—Vbp

—VLC

SEG
(EDSP) 1
SEG SEGQ
—Vpp
SEGo -
—Vi¢
3 —VpD
SEG] _—_l_ T
Y————— —Vic
—VDD
—Vic
CoMy
! —VpD
CcoM3 coy _]_——r_l_\__,——'l_—

S (VL.cp=Vpp-VLC)
(Display data memory) ~VLeD
- — -
Address Data COM; ~ SEGy — 0
0 #(0)1 0 (Selected)
— -VLcp
1 *# 111 — VLCD
2 *001
COM - SEG2 = | } =

(*: Don't care) -
(Non-selected)

(a) Example of connection (b) Example of drive output
and display character

Fig. 1.11.7 Example of 1/3 Duty LCD Display Output
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ﬁi TECHNICAL DATA

[1/2 Duty (1/2 Bias) Drive

(EDSP)
] S

_sEe3 q SEGO
— Vpp
{ Lj )&SEGZ SEGq
———J — V¢
V0 se

— —— — Vp
COMp SEG]
— Vic
— Vop
SEGy
— Ve

— — v

COMy SEG, 1 DD

— Vic

P Il — VD

COMp

I/ _ 1] e
B _—

< — VLC

© (VL.cp=VpD-VL.C)

(Display data memory) — VLeop

Address Data CoM; - SEGo S 0
0 £ % Q1 -
(Selected)
1 * % Q0 1 —— —‘— — VLD
2 % %10 — Viep
3 PR | -
coM, -
1- SEG) T 0
(*: Don't care) (Non-Selected) -
— -VLcD
(a) Example of connection (b) Example of drive output

and display character

Fig. 1.11.8 Example of 1/2 Duty LCD Display Output
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SR>  TECHNICAL DATA

SEG
P (zose -

SEG5 U SEG]
——Y SEG6 SEG) — — Vmp
SEGz.{ I SEG2 :
SEG7 — — Vi
SEG o=l
——— —V
SEG, _ DD
E— — Vic
————— — VDD
comMy SEGy - .
— Vic
o~ — Vpp
, 0 CoMp

(Display data memory) COM, - SEGq

Address Data
0 * % % 1 (Selected)
1 * % % (
2 P
3 P COMj1 - SEG4
4 * k% Q (Non-Selected) —_ -
5 % % * ] Vi
6 * k Kk ] ]
7 % % % (b) Example of drive output
(*: Don't care)

(a) Example of connection
and display character

Fig. 1.11.9 Example of Static LCD Display Output
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2.

2.

1

Basic operation and pin operation
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 from where various con-

trol signals are generated.

The instruction execution and the internal hardware control
are synchronized with the basic clock. An instruction cycle con-
sists of four machine cycles (M] ~ M4), and each machine cycle re-

quires four basic clock times.

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 (TNTI, fﬁfz) are provided for the external inter-
rupt input. Since these pins are common pins with Kg port, they can
be used as 1/0 pins respectively, 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
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2.3 Input/Output port

Input/output Circuit Format

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

For the TMP47C22F, any of the input/output circuit systems shown in the follow-
ing tables can be selected. You can specify your input/output circuit system

when requesting the program tape. "“IOCODE GD" is employed if not specified.

Input/Cutput Circuit Code (IOCODE) GA

B |
o~ Port Input 1/0 1/0 1/0
cuit (Ko) (R4 ,Rs,Re) (R7) (Re,Ro)
1/0 R 49_‘_' _q>_.L{ _q>-Li
equiv- []—”VVV—Dﬂ}<t>— —
alent R R R
cir-
cuit

R= 1kQ (TYP.) R=1kQ (TYP.) R=1kQ (TYP.) R= 1k (TYP.)

o No resistor o Sink open o Sink open o Schmitt cir-
is contained drain output drain output cuit input
o Output latch | o Output latch | o Sink open
is ini- is ini- drain output
Remark tialized to tialized to

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

Input/Output Circuit Code (IOCODE) GD

cirs Port] Input 1/0 1/0 1 1/0
cuit | (Ko ) ‘Ru,Rs,Re) (R, 1 (Ra,Rg)
1/0 Vpp j
equiv- H
alent R ~[>o~|_{ —[>o—‘_|
elr- D T 2R 9 2R S r
cuit
R= 1kQ (TYP.) R=1kQ (TYP.) R=1k® (TYP.) R=1kQ (TYP.)
o No resistor o Push-pull o Sink open o Schmitt cir-
is contained output drain output cuit input
o Output latch o Output latch | o Sink open
Remark is ini- is ini- drain output
tialized to tialized to

o Output latch
is initialized
to the high level

the high level the high level
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TMP47C22F

Input/Output Circuit Code

(IDOCODE) GB

is ini-
tialized to
the high level

is ini-
tialized to
the high level

o Output latch
is initialized
to the high level

- Port Input 1/0 I/0 I/0
Cir—>C p
cuit (Ko) (R4 ,Rs,Re) (R7) (Rs,Rs)
\4
1/0 DD
equiv- r SRIN
alent D 0 - [:
cir- R R
cuit E]
RIN = 70kQ(TYP.)
R= 1k (TYP.) R=1kQ (TYP.) R=1kQ (TYP.) R=1kQ (TYP.)
o Schmitt cir~
o Pull-up re- o Sink open o Sink open cuit input
sistor is drain output drain output .
contained o Sink open
Remark o Output latch |o Output latch drain output

Input/Output Circuit Code

(IOCODE) GC

o Port Input 1/0 1/0 ] 1/p
cuit (Ko) (R4 ,Rs,Re) (R7) | (Re,Ro)
!
1/0 R §
equiva-
lent R I l_.|<. L|.. L|~._
cir- IN R R R
cuit
RIN = 70kQ(TYP.)
R=1kQ (TYP.) R=1kQ (TYP.) R= 1kQ (TYP.) R= 1k (TYP.)
o Pull-down re- | o Sink open o Sink open o Schmitt cir-
sistor is drain output drain output cuit input
contained .
Remark o Output latch |o Output latch |o Sink open

is ini-
tialized to
the high level

is ini-
tialized to
the high level

drain output
o Output latch
is initialized
to the high level




| INTEGRATED CIRCUIT

TMPY7C22F
ﬁz" TECHNICAL DATA
Input/Output Circuit Code (IOCODE) GE
I Port Input T 1/0 1/0 1/0
cuit (Ko) (Ru,Rs,Ra) (R,) (Rs,Ro)
VDD VDD
1/0 R
equiva- R IN _—DOT_4 ——DX%lﬂ
lent =
cir- R R
cuit
RIN = 70kQ(TYP.)
R= 1k (TYP.) R= 1k (TYP.) R=1kQ (TYP.) R=1kQ (TYP.)
o Pull-up o Push-pull o Sink open o Schmitt cir-
resiﬁtor is output drain output cuit input
Remark contained o Output latch | o Output latch o Sink open

is ini-
tialized to
the high level

is ini-
tialized to
the high level

drain output
o Output latch
is initialized
to the high level

Input/Output Circuit Code (IOCODE) GF
T
anJort ! Input ! 1/0 [ 1/0 1/0
cuit ; (Ko) i+ (Rua,Rs,Re) “ (R7) (Re,Rse)
i T
R VDD
1/0 DocD_
equiva- R 4-DO~LI
IN .
lt?nt = Sr R
cir-
cuit
RIN=70k Q(TYP.)
R=1kQ (TYP.) R= 1k (TYP.) R=1kQ (TYP.) R= 1k (TYP.)
o Pull-down o Push-pull o Sink open o Schmitt cir-
resistor is output drain output cuit 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 highlevel
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3. Instructions

The TLCS-47 series microcomputer is provided with 90
instructions, which are software compatible within the
series. The instructions of the TLCS-47 series is consist of l-byte
instructions or 2-byte instructions. To classify them in terms of the

execution time, there are l1-cycle instructions and 2-cycle instructions.

1-byte, l-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 P; and P2, (OUTB @HL) instruction cannot be

used, so that 89 instructions become availatle as cffective

instructions.
1-byte l-cycle instruction 40
1l-byte 2-cycle instruction 11-1
2-byte 2-cycle instruction 39
Total 90-1
(a) Classification by byte/cycle
Note
Move instruction( ote) 22
Compare instruction 6
Arithmetic instruction 16
Logical instruction 9
Bit manipulation instruction 24
Input/Output instruction 6 -1
Branch-subroutine instruction 6
Other instruction 1
Total 90 -1

(Note): Including ROM data referring instructions
(b) Classification by function

Table 3.0.1 Classification of instructions
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Oject Code ¥ |
Assembler Flags |o0)
Binary Hexadecimal Function i
Mnemonic Tov T om g
1st Byte —! 2nd Byte Byte| myse CF|2F sr|%
LD A ,@iL | 00 00 11 00 oc (ac) «m[(HeL)] - 2 1|1
LD A, X 00 11 11 00 X7XgXsX4X3XpX1XQ 3 € xpxp | (AC)eM[x) -z 1}z
LD HL, X 00 10 10 00 X7XeXsXgXaXoXiXo | 2 8  xpxp, | (LR)«M[x'], (HR) —M[#+1], ¥ =xoxgugxsxaxe® — — 1|2
LD A K 01 00 Kgkpkjky a4k (AC)+& - 7 11
LD H o,k 11 00 kzkpkikg Cc k (HR) & - - 1|1
LD L ik 11 10 k3kpkikg B K (LR) +k - = 1(1
LDL A ,@C |00 11 00 11 3 3 (AC)«ROM [ (DC) ] [ SRS Y
LDH A ,@DC+| 00 11 00 10 32 (AC) «ROMy [ (DC) T, (DC) «— (DC)+1 ~ 7 1| 2| %2
ST A ,@HL |00 00 11 11 oF ML (HeL) ]« (AC) - - 1|1
ST A ,@HL+| 00 01 10 10 1A M{(HeL)Je(AC), (LR) « (LR) +1 — 72 T|1|%3
ST A ,@HL—] 00 01 10 11 1B M[(H*L) )<= (AC), (LR) ¢ (LR) —1 — z T|1|x%3
a7 A, X 00 11 11 11 XgxeXsXgxgXpXiXo | 8 F  xpx [MlxJe(ac) - — 1|2
E ST H#K,@HLA+ | 11 11 kakekiko F ok M{(HL) J¢=k, (LR)«=(LR) + 1 — 7 C{1| %3
= ST Hk, y 00 10 11 01 k3kpkiko¥3¥2¥1Yo 2 D k y |Mlylex - = 1|2
MOV H , A 00 01 00 00 10 (AC) « (BR) - 2 1f1
MOV L, A 00 01 00 01 11 (ac)« (LR) - 7 1{1
XCH A, H 00 11 00 00 30 (HR) = (aC) — 7 1| 2]|%2
' XCH A, L {00 11 00 Ol 31 (LR) = (aC) - 7 1|2|%2
XCH A ,EIR | 00 01 00 11 13 (EIR) & (AC) - —1l1
XCH A ,@HL | 00 00 11 01 0D M{ (H+L) ] (AC) — % 1{1| %=
XCH A, X 00 11 11 01 XqXgX5X4XaXp¥X1Xg 3 D xyxy |Mlx]=(aC) — 7 1| R %2
XCH  HL, X 00 10 10 01 X7Xg¥sXq¥X3xpX1Xo | 2 9  xyxy | MIx' )= (LR) Mx'+H1]e (HK), x ‘=7 x5 X5 4 X3%200 - — 12
CMPR A ,@L | 00 01 01 10 16 null<M [ (HeL)]—(AC) B oz 7|1
CMPR A , X 00 11 11 10 xqXgXsXgXgXpXjXg | 3 B xyxp | nulleM [x]—(ac) B oz 72
E CMPR A ,#k 11 01 kgkpkjkg D k null<—k —(AC) B oz Z|1
5 CMPR H ,#k 00 11 10 00 11 01 kakpk kg 38 nullek —(HR) - 2z Bz
S CMPR L ,ftk [ 00 11 10 00 10 01 KgkpKikg 3 8 null<k —(LR) -z B2
CMPR y ,7k 00 10 11 10 kgkpkikovayayiYo | 2 E nullek —M{y] EIAE
INC A 00 00 10 00 08 (ac)«e(aC)+1 -z C|1
INC L 00 01 10 00 18 (LR) < (LR) + 1 - 2z T
INC  @HL 00 00 10 10 0 A M (HoL) JeM[ (HeL)Y H1 - 2z Tl1
DEC A 00 00 10 01 09 (AC)¢=(AC) —1 T - 72 B|1
DEC L 00 01 10 01 19 (LR)«(LR) —1 - z Bla
DEC @HL 00 00 10 11 0 B ML(HeL)JeM[(H-L)]—1 — 7z B|1
S |ADDC A ,@HL |00 01 01 01 15 (AC)«(AC) +M[(H-L) ]+ (CF) ¢ z Tj1
é ADD A ,@HL | 00 01 01 11 17 (AC)«—(aC) + M[(H-L)) — 2z Tl
S | ADD A Lk 00 11 10 00 00 00 kskpkjkg | 3 8 0 k | (AC)+(AC) +k - 7 T{z
::. ADD H ,Hk 00 11 10 00 11 00 kgkakikg 38 C k | (HR)«=(HR) + x — z Tla
ADD L ,#k 00 11 10 00 10 00 kakpkykg 3 8 8 % | (LR)«<(LR) +k — 7z Tz
ADD  @HL,#k 00 11 10 00 01 00 kgkgkikg 3 8 4 k | M{(HeL)J¢M[(HeL)]+Xk — z CTl2
ADD  y K 00 10 11 11 k3kpkikoyayzyi¥o | 2 F k oy [MlyleMly]+x — 7 T|2
SUBRC A ,@HL | 00 01 01 00 14 (AC)«—M[ (H+L) }-(aC)— TF) B oz Bj1
SUBR A ,#k 00 11 10 00 00 01 kgkpkikg 38 1 k | (AC)ek—(AC) - 2 B|=2
SUBR @HL,#k 00 11 10 00 01 01 kzkak ko 3 8 K | M{(HeL)Jek —M[ (HeL)] — 7 B2
ROLC A 00 00 01 01 0 s CCF-—{AC - (rotate left by 1 bit) c 7z Tl %e
RORC A 00 00 01 11 07 (rotate right by 1 bit) c 2 T|1]%e
AND A ,@HL | 00 01 11 10 1B (ACY<«—(AC) AM[(H-L)] - 2z 7|1
© | AND A Kk 00 11 10 00 00 11 k3kpkjko | 3 8 3 k | (AC)e(aC) Ak -z 7|2
5 AND  @HL,#K 00 11 10 00 01 11 kakpkyky | 3 8 7 k| M{(HeL) ] ML (BL)J A« -z 7|2
3 [or A ,@HL | 00 01 11 01 1D (A)«—(Ac) VM (H-L)] — 7z Z]1
OR A Lk 00 11 10 00 00 10 k3kpkjky | 3 8 2 k| (AC)e=(ac)Vk - 2 7|2
OR  @HL,H#k 00 11 10 00 01 10 kakpk;Ky 3 8 6 k |M{(HeL)JeM[(H*L)IVk — 2 Z|z2
XOR A ,@HL |00 01 11 11 : 1F (AC) «—(ac) MM (H-L)] — 2 Z}1
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(cont inued)

Object Code *1 of
e
Assembler Binary Hexadecimal Function Flage §:
&
Haemonte 1st Byte 2nd Byte B:;stte Ezyn:e iZF|SF 5
TEST CF 00 00 01 10 0 6 (8F) + (CF), (CF) «o0 0 — %1
TEST A , b |01 01 11 bdy 5 C+b (sF) « (AC)> - —x|1
TEST @HL, b |01 01 10 byby 5 8+b (sF) « M[(H+L) Kb> - — %1
TEST y , b [00 11 10 01 10 bybeysyeyiYo | 5 9 8+b y|(SF)« MlyI<t> - —%{2
TEST %p , b |00 11 10 11 10 bybgppepypp | 3 B 8+b p| (SF)« PLpI<v> - — x|z
TEST @L 00 11 01 11 3 v (SF) « PL(LR)<G:2>ta K(LR)<1: 05> — - x|z
TESTP CF 00 00 01 00 0 4 (8F) « (CF),(CF)«1 1 =% |1
TESTP ZF 00 00 11 10 0 E (SF) « (2F) - — %1
TESTP GF 00 00 00 01 o 1 (SF) « (GF) - = %1
€ |TesTP y , b |00 11 10 01 11 bybgysyayivo 3 9 C+b y|(sF)«Myl> - — %|2
:3 TESTP %p, b |00 11 10 11 11 bbopzpzpiPo 3 B C+b p|(SF)« P[pl<p> - - %2
3 [sET GF 00 00 00 11 0 3 (eF)« 1 — — 11
" [SET @HL, b |01 01 00 byby 5 b M[(HeL) Kb>«1 - — 1)1
£ [sET y ,b |00 1110 01 00 bibgysyaive | 3 9 b y|MIyK>e1 - -1z
s |SET %p , b |00 11 10 11 00 bibopspempPo | 3 B b  p| P[plkd>e 1 - -1z
A |sET @L 00 11 01 00 3 4 PL(LR)<3 :2>+4 J<(LR)<1:03>+ 1 - = 1]2
CLR  GF Q0 00 00 10 0 2 (aF) <0 - —11
CLR @HL, b |01 01 01 byby 5 4+b M[(EL) Kb>+0 - —1{1
CLR Yy , b {00 11 10 01 01 byboysyz¥i¥o 3 9 440 y/Myl<b>e<o - — 1|2
CLR %p , b |00 11 10 11 01 b;bop3p2P;Po 3 B 4+b p|P[plb>«o0 - — 1|2
CLR @L 00 11 01 01 3 5 PL(LR)<S 12>+ K(LR)<1: 03>« 0 - -1z
CLR IL , r |00 11 01 10 11 rsryrararyry 3 6 Ctryry| (INTL)<5:0>< (INTL)<S:0>Ar<5:0> - — 1|2
EICLR IL , r {00 11 01 10 01 rgryrarpryTo 3 6 atryrp| (BIF) 1, (INTL)<5:0> e (INTLXSIGAEIC — — 1| 2
DICLR IL , r |00 11 01 10 10 rgryrarar;ro 3 6 8tryry| (BIF)« 0,(INTL)<5: 0>+ (INTL)<5:00Ar<s:0> — — 1|2
IN %p , A |00 11 10 10 00 10 papepyPp | 3 A 2 p | (AC)«P[p] — 772
'é IN ° %p ,@Hﬂ 00 11 10 10 01 10 papepypp | 3 A 6 p |M[(H+L)]«P[p] - —Zla
;5 ouT A ,%p |00 11 10 10 10540 P3pepiPo | 3 A 8+264p| pLp]« (AC) s D =DPgP3P2P1 Py - — 1=
Y |oUT @HL,%p |00 11 10 10 1150 pspeypo | 3 A CH2Pyp|plpleM{(H'L)],  ©=pep3p2mino - -1z
é OUT 4k ,%p | 00 10 11 00 kgkokikopgpapipo | 2 C k p |plplek - —1]z2
= [oUTB @HL 00 01 00 10 1 2 P[2]eP[1J<ROM[Fe(E+(CF))eM[(H-L)]] |— — 1|2
BS a 01 10 aympgagaragagaazmiag | 6 ag ay ap|If SP=1 then(PC)«a else mull. - —1|=2
2 |Bss a 10 dsdqdgdadydg 8+dpdy, If SF=1 then(PC)+a else null,a=(PCXIl:g=d [— — 1|1 |%5
E CALL a 00 10 0ajpagagazagasasazagajag| 2 ay ay ap,| STACK[ (SPW) ] (PC),(SPW)«(SPW)—1, |— — —|=2 |*5
E (PC)+a,0La2,047
2 |cALLS a 01 11 nznynyng 7 n STACK([(SPW) ]« (PC), (SPW) « (SPW)-1, — - —|2|%s
& (PC)<+a,a=80+6(n%0),154(n=0)
§ RET 00 10 10 10 2 A (SPW)«(SPW) +1 , (PC)«STACK[ (SPW) ] - - =2
& |RETI 00 10 10 11 2 B (8PW)+(SPW) +1 , (FLAG*PC)«STACK[(SPW)],| ¥ * % | 2
= (BIF)«<1
& |vop 00 00 00 00 o 0 . |no operation e
i=}

Note L seumg Condition of Flag.
i1ndicates the carry output from the most significant position
in the addition operation, and "B” indicates the borrow output from the
most significant position in the subtraction operation.
“%” 1ndicates the zero detection signal to which "1” 1s applied
only when either the ALU output of the processing result or all
four bits of the data transferred to the accumulatoT are zero.
The flag 1s set to "C”,"C”,"B”,"2”,"Z","1”,0r"0” according
to the data processing rusult, The value specifled by the function is
set to the flag with the mark "%”,and the mark "-" denotes no change
1n the state of the flag.
Note 2 The zero flag 1s se} according to the data set in the accumulator.
Note & The flags(ZF,SF)are set according to the result of increment or
decrement of the L register.
NOte 4. The carry 1s the data shifted out from the accumulator.
Note & The contents of the program counter indicate the next address of
the 1nstruction to be executed.
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INTEGRATED CIRCUIT

g i THP47C22F
ﬁ"'z" TECHNICAL DATA

ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXTMUM RATINGS (Vgg = 0V)

SYMBOL ITEM ! RATING UNIT
VDD uupplv Voltage ‘ —0 5 7

,_jgfl,ﬂ, Voupply Voitaéé kLCD Efiyf) - _i -0.5 ~ Vvpp+0.5
VIN.A, ,{?R?t Voltég?‘ ‘ ‘i-—O 5~ VDD+0.5 v
VouT1 S:EE:EaY?ltage (Except open drain ~0.5 ~ VDDH0.5 v

Output Voltage (Opendraln tevmlnal) B -0.5 ~ 10
Pégé;ﬁD1581pat10n (Topr- 70°C) 400 mW
erlﬂéiEgméerature 'T1me 260 (10 sec.)
Stor;;grfemheraturér o -55 v 125 °C
Operating Temperatugei_wrMi—_ | -30 v 70
RECOIMMENDED OPERATING CONDITIONS  (Vsg = OV)

SYMBOL ITEM CONDITION MIN. MAX. UNIT
Topr Operating Temperature -30 70 °C
VDD A_i Supply Voltage“wﬁ“_ i 4.5 6
VDDH ? Supply Voltage (Hold) : 2 6 Y
VLC Supply Voltage (Lep. Drive) L JF o Vpp-2.7
VinL High Level Input Voltage | §VDDxO 7 VDD

|~ . (Except Schmitt circuit imput) = oo 5y

2 (e eirenit impury | Vopx0.75 | Vo
ViH3 ' © ligh fevel Inputw\};)lrtra!ge o VDD< 4.5V VDpDx0.9 VDD v
VLl : ?;Zx;iygihizgstczgiifgeinput) 0 Vo003

VpD Z 4.5V

v | fon Lovel Topu Volcons 0 vomas
VIiL3 Low Level Input Voltage VDD < 4.5V 0 Vppx0.1

_‘¥EA—t;J,,ClOék %requency 0.4 4.2 MHz
tWcH |High Level Clock Pulse ‘\hdth(Note D, VIN= VIH 80 -
tWCL  |Low Level Clock Pulse Uidth(Note 1)| VIN=VIL 80 - ns

(Note 1) For external clock operation
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INTEGRATED CIRCUIT N

RS  TECHNICAL DATA

D.C. CHARACTERISTICS (Vgg=0V, Vpp=5V+10%, Topr=-30"70°C)
SYMBCOL P:\RAMETER CCNDPLITION J MIN, TYF, NOTE, 1" MAX, UN.T
|

HYSTERESIS VOLTAGE (SJHMITT
CIRCUIT INFUT}

Vie - L~ - v

Ty INPUT CURKENT (KO,RESET,HOLT, - . .
TEST® ( NOTEL o : PR i
Ting INFUT CURRENT \OFEN DRAIN R PORT - - R
1: LOW LEVEL INPUT XURRENT (FUSH- Vo -
- PULL K FORT) pp™ +V - - | - ma
] INFUT RECISTANCE (KO WITH INPUT .
IN RESISTOR" B e kQ

OUTP"T LEAKAGE CU'RRENT - OFEN

v eV, VonT :
DRAIN R FORT) oo o B

) o5 | HIGH LEVEL (PUSH-PULL R L -

Von 2 FORT T .
e v
£0 | LOW LEVEL (R PORT" Vpp- iV, by, 1AM - - -+

HIGH-LOW LEVEL (SEGY(NOTE, 4,8 | Vpp= &,V op\NOTE, &
w | HIGHLOW LEVEL \COM (NOTE,4,8° | VOUT VDp=-aV. Yo+ eV - 1

y5C LEVEL \SEG'NOTE, &

Rog.. Roat

v kQ
Ry oy Koo | i %, ,% LEVEL COM.. NOTE, 4 \ - .
52 |2 LEVEL (SEJ'.NOTE,:
L% LEVEL (20M)(NOTE,:" - -
25 LEVEL (SEG,COM):(NCTE, 4 4=k 4
L2 LEVEL ,SE?,20M (NOTE, :) Vo SV 3 2 v
© LEVEL (SEG,-0M). NOTE,4) B R
foro :;(;;;TE CURRENT (AT OPERATING' ‘;??“,I,;A‘;D,m 5V, Vio” Vas B . T, B.D| ma
) SUPFLY OURRENT (AT HOLDING) Viy sViall valid - -
! DDH (NOTE, 5) op=t 3pF, Sxin=CxouT ~pF - e T.E,D| #4

TYP,VALUES SHOW THOSE WHEN Topr™ , Vppmov.
WHEN TEE KO FORT HAZ 4 BUILT-IN INFUT RESISTER, CURRENT RY RESISTER 1& EXLUDED,

DUTY LCD 1§ USED,

Lo
ON-KRESTSTANCE AT TIME OF LEVEL SWiTCHING WHEN THE B
DR STATIY LCD 18

\NOTE, » GHOWS ON-RERISTANSE AT TIME OF LEVEL SWITCHING WHEN THE
USED,

(NCTE,~ ' WHEN KC PORT HAS 4 BU
FURTHER, VOLTAGE LEV

AT TIME OF OPEN,

ILT-IN INPUT RESISTER, CURRENT VALUE I¥
[. AT R PORT I& VALLD,

B

A.C. CHARACTERISTICS (Vgg=OV, Vpp=5V+10%, Topy=-30"70°C)

SYMBOL PARAMETER CONDITION MIN, TYP. MAX, UNIT
tey INSTRUCTION CYCLE TIME 8 - s s
tsDH SHIFT DATA HOLD TIME (NOTE . Bty GO0 - 0s

(NOTE.." §

A.C. TIMING CHART XTRRNAL SIROST

ERNAL CIRCUILT

.« SERTAL PORT (Completion of Transmission) Vop

) X X ‘ X ey
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<4,
INTEGRATED CIRCUIT ,
TMPL7C22F %‘9
- I
‘ ﬁi TECHNICAL DATA
EXTERNAL DIMENSIONS
Unit : mm ~
0. 3
0.8 Pitch = g
5455525.5049&34’74645444-‘342414—039383'736353453
| s— - L)
156 o
1157 RETT T
s e r T AT A w| @
 — MARKING | AREA | WELT 3 o o| ©
—T 1 e0 | ‘ T 4 4| +
=== BEEE=S— o | o
[CTTe2 ‘ ) Fiod) v o | 4 n o
CTT163 \ ! » T - - S
CTT 64 2T T
CITes __J f< 5 o i —
[T T]es Al 8 s
—r1]ev ?z:l::l
'L(’) ,(\ 12 57 4 56 7 89 lOlll 121314 15 161718 19 20 21
20.0 + 0.1
— MARK 7
% /S _2_.21'\:2.7
S A A |
! 1
B IA g
SR
‘ 21.4 + 0.4 Clsl <@
| M
(26.0 + 0.5)

Weight 1.3g (TYP.)
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TMPH7C22F

INTEGRATED CIRCUIT

ﬁi TECHNICAL DATA

Specification of program tape and input/output circuit format

The TMP47C22F 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 T1).

The program data should be specified within the address space
corresponding to the built-in ROM capacity; the addresses 000 - 7FF
denote the address range in the TMP47C22F.

1. Specification of input/output circuit format

The paper tape of Format I starts recording the program data
after record mark ":", but the input/output circuit code should be

specified just before the first record mark.

The "IOCODE XX' format is used to define the input/output circuit
code. XX denotes the proper input/output circuit code (two alphabets).

(Note) 1If the input/output circuit code is not specified, "IOCODE GD"
is empioyed. 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 MICROCOMPUTER TLCS-47

IOCODE GD

:100000000665C7D79CF50F 3F951FED55A8FF16E570
:1000100088884DDE76E 31F5D8ABA6DF292F113F5C1
:100020004FF1F '

:1007EOOOBS3D42EOEC3§546025B7308CDD52063D1D
:1007FO00B4BE9EIE345B6138060B20BC372BF60BD6
:00000001FF
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INTEGRATED CIRCUIT - ’4,,4/

ﬁi TECHNICAL DATA

2. Program tape format (Format I)

Comment

D

w

Specification of the

Leaders More than 50 characters of 'NULL"

record mark ":" and
the input/output
Comment| oircyit format are

Not speciall
not included. ot speclally

required.

input/output circuit format.

Specification of the inputhutput circuit )
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 CB, tion, if not specified.
@ to immediately before record marking.)

c®
awp

68

.. @;é@

Record mark (start of record)

the number of program data within one record
Record [ S .
lengrh | 1S represented by two-digit hexadecimal nota-
g tion. "00" denotes the end of data.

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

)

Record ,'"00" ..... Normal record

type "o1" ..., End of file record

(l—byte data is represented by

Data A . .
two~digit hexadecimal notation.
two-digit hexadecimal notation is used to re-
present the data of the lower-order eightbits
in the value which the data covering from the
Checksum

record length up to immediately before the
checksum is subtracted from the initial
value 0.

Record mark (the same procedure is repeated hereinafter.)

Trailers More than 50 characters of "NULL"
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