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PREFACE

Since LSIs for the microcomputer manufactured first in Japan
by Toshiba was put on the market in 1973, Toshiba has devoted
efforts in strengthening its semiconductor devices for micro-
computer. Toshiba has been developing various highly efficient
and low power consumption type LSIs for microcomputers to
more and more diversifying application fields, and supplying
numerous kinds of new products to users.

This manual covers the technical description of LSIs for
microcomputers supplied by Toshiba, including TLCS-43 Series
(NMOS), TLCS-46A Series (CMOS) and TLCS-47 Series (NMOS
and CMOS) 4-bit single chip microcomputer, TLCS-84 Series
(NMOS and CMOS) 8-bit single chip microcomputer and TLCS-
85A Family (NMOS) 8-bit microcomputer.

In addition to this manual, the technical description of the
microcomputer development system is also available.

Further, examples of application circuits listed in this manual
are only for reference in using the LSIs. Toshiba will not assume
any responsibility for problem relative to patent rights which

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

Device Instruction|Power Supply P:)wer Operating Package|Alternate
Number RAM ROM 1/0 Cycle Time Current
(Min.) Typ. Supply | Temperature Type Source
TMPA300C 1284 |WEEROUE |35 pines| 4 g 70 ma sv:107 | -10°C™70°¢ |CoTamie
_ROM 64 pin
MPA399C 128 x4 |MEEROUE |35 1ines| 4 us 70 mA 5v:10% | -10°c~ 70°¢ | Ceramic
ROM 42 pin
Plasti
TMP4310AP | 48x 4 | 1024 x 8|22 Lines 4 us 40 mA 5v+10% |-10°C~70°C zgals,inc
. . ° .. |Plastic | Toshiba
TMP4315BP | 64 x4 [1536 % 8|35 Lines 4 us 40 mA 5V£10% | -10°C~70°C 142 pin | original
TMP4320AP | 128x 4 | 2048 %8 |35 Lines| . 4 us 40 mA 5V+10% | -10°C~ 70°C Z%asgic
e | pin
TMP4321AP | 128X 4 |2048 % 8 |35 Lines| 4 us 40 mA 5V+10% L-1o°cm 70°C E;asﬁic
I pin
TMP4310APL 5 us 30 mA Plastic
48 x 4 [1024 x 8|22 Li 5.5V+10% 0°Cn 55°C
TMP4310APLL ) e T 0 e 15 ma ~ 28 pin
TLCS-46A (4 BIT SINGLE CHIP CMOS MICROCOMPUTER)
TLCS-46A SERIES (CMOS)
Device Instruction |Power Supply P 0 .
RAM ROM 170 Cycle Time Current ower perating | Package| Alternate
Number (Min.) (Typ.) | Supply |Temperature Type Source
Without 0.15 mA o o~ |Ceramic
TCP4600AC 160 x 4 |WHEio at 100kHz | 47OV |TLO7CMT0%C L in
TCP4620A]
— —P— 96 x 4 | 2048 x 8 Plastic
TCP4620BP -30°C~ 85°C
42 pin
Iﬁgzzggzi 160%4 |3072X8 |5, 1 ines| 10 us 0.4 mA 46y
at 400kHz plasti Toshiba
Topagoopr | 204 | 2048x8 : P550he | origtnal
TCP4630AF (160x 4 (3072x 8 (Flat)
TCP4621AP | 964 |2048% 8 -20°c~ 70°c [Plastic
42 pin
Plastic
TCP4632BF |160x 4 [3072 %8 |57 Lines 67 pin
. (Flat)

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

i ! ~ Instruction | Power Supply | . '
T Device - “ foM 10 ] Cyc]ZuTime Currentp yi Power | Operating | Package | Alternate
: Number (Min.) (Typ.) " Supply | Temperature | Type Source
TMP4720P |128 x4 2048 x 8 Plastic :
TMPA740P |256 x 41 4096 X 8 ¢ 42 Pin |
. —_—
@ | ; :
gl . without 24 50 mA - ac |
§ | ™PAT00C 256 x4 | i oE s 80 Pin |
. without ! DIC .
- TMPA799C {256 x4 1 ~ poy 35 Lines: S 42Pn !
f 5V£10% -30°C v 70°C —————— Toshiba
| TMP47C20P 128 x4 2048 x8 | Original
" TMP4TCA0P 256 x 4, 4096 < 8 Plastic!
L : . 42 Pin
§ | TMPATC21P|128 x 4 2048 X 8 4 us 5 mA
© 1 TMP47C41P 256 x 4 4096 8 !
! 1 H
THPA7C22F 192 < 41 2048 x 8 1 55 Lines! Saiing
" . (Flat)




TLCS-84 (8 BIT SINGLE CHIP NMOS/CMOS MICROCOMPUTER)
TLCS-84 SERIES (NMOS/CMOS)

s Instruction|Power Supply| 5 t t
Device RAM ROM 1/0 Cycle Time Current Power Operating |Package |Alternate
Number (Min.) (Max.) Supply | Temperature| Type Source
TMP8048P 64 %8 [1024 x 8 2.5 us 135 mA 18048
TMP8035P 64 x 8 - 2.5 us 135 ma 18035L
TMP8049P-6 | 128 x 8 [2048 x 8 2.5 us 170 mA
THPBO30P-6 | 1288 | - 2.5 us 170 ma 0°¢c~70°C 18039-6
| MP804gP 128 x 8 (2048 x 8 | 1.36 us 170 mA Plastic | 18049
£|mpsosop  [128x8| - 27 Lines| 1 36 ys 170 ma | SV*10% 40 pin | 18039
TMP8048P1 64 x 8 11024 x 8 2.5 us 145 wA iD8048
TMP8035P1 64 %8 - 2.5 us 145 mA iD8035
TMPB049PI-6| 128 x 8 2048 X 8 2.5 us 170 mA -40en 85°C 1D8049
TMP8039PI-6] 128 x 8 - 2.5 us 170 mA iD8039
TMPB243P | T/0 Expander for THPS048P/TMP804OP 20 mA | Svt10% B e | 18243
TMP8243PI | I/0 Expander for TMP8O4SBPTI-6/8049PI-§ 20 mA 5V:10%  |-40°C~ 85°C P;f;;ﬁ 1D8243
« | TMPBOC49P-6] 12 2048 x 8 . 10 mA i
= casp 8 x8 “81 37 Lines 2218 s5v£107  |-40°cn8sec [Frastie
S | TMPB0OC39P-6] 128 x 8 - 2.5 us 10 mA 40 pin
TLCS-85A
+ 8 BIT MICROPROCESSOR
Device Instruction Power Suppl i Package
Description Cycle Time CurranB !y | Power Operating ckage| Alternate
Number (Min.) (Max. ) Supply | Temperature| Type Source
TMP80BSAP |8 Bit Microprocessor| 1.3 ye 170 mA | 5vi10% | 0°c~v70°C Pi(a,s;iﬁ 180854
- PERIPHERALS (NMOS)
Device Description Powgzrigﬁgly Power Operating | Package|Alternate
Number (Max.) Supply | Temperature| Type Source
256 Byte RAMwith I/0 Ports and Timer 180 o Plastic | .
TMP8155P (CE: Active Low) mA 5V5% 40 pin 18155
TMPS156P 256 Byte RAMwith I/0 Ports z.md T%mer 180 mA 5y£59 Plasti..c 18156
(CE: Active High) 0°C~ 70°C 40 pin
TMP8355P 2K Byte Mask ROM with 1/0 Ports 180 ma 5V+5% Fo e | 18355
TMPS755AC (2K Byte EPROM with 1/0 Ports 180 ma 5V£5% Ceramic | ;g7555

40 pin




4BIT SINGLE CHIP MICROCOMPUTER

TLCS-43(NMOS)
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INTEGRATEDCIRCUIT TOSHIBA MOS TYPE DIGITAL

INTEGRATED CIRCUIT
THP4310AP  THMP4315BP
TECHNICAL DATA TMP4320AP  THP4300C

Silicon Monolithic
N-Channel Silicon Gate Depression Load

GENERAL DESCRIPTION

TLCS-43 is a complete single chip micro computer series having an
internal 4 bit parallel processing function which is suitable for con-
troller applications.

It contains ROM (read only memory) which stores the control programs and
the fixed data, RAM (read/write memory) which temporarily stores various

data nd a plural number of input/output ports.

In order to provide for a variety of applications the TLCS-43 provides
short instruction execution time, multiple subroutine nesting, and
flexible input’/output ports.

By combining index instructions with processing instructions, the same
instruction can be executed for all the registers and all the input/output

ports enabling highly efficient programes to be written.

In TLCS-43, there are three versions, TMP4310AP, TMP4315BP and TMP4320AP
each of which bhas different memory capacity and different number of input/
output lines, so that the optimum version for a specific application can

be selected. Furthermore, TMP4300C is available as the evaluator chip.



INTEGRATEDCIRCUIT

s TECHNICAL DATA

FEATURES

o TMP4310AP
1024 x 8 ROM
48 x 4 RAM
22 I1/0 Lines

o TMP4315BP
1536 x 8 ROM
64 x 8 RAM
35 1/0 Lines

o TMP4320AP
2048 x 8 ROM
128 x 4 RAM
35 1/0 Lines

o TMP4300C

| Evaluator Chip for TLCS-43

TMP4310AP  TMP4315BP
TMP4320AP  TMP4300C

35 Basic instructions

31 Processing Instructions

4 Index Instructions

4 Level Subroutine Nesting

Single Level External Interrupt

4 us 1nstruction Executuion Time

Single 5V Supply

ROM Data Readout Instructions

LED Direct Drive Capability
(Except TMP4315BP)



gz INTEGR ATEDCIRCUIT TMP4310AP  TMP43158P

TMP4320AP TMP4300C

ﬁz TECHNICAL DATA

TABLE OF FEATURES

Feature TMP4310AP TMP4315BP TMP4320AP TMP4300C
1,024 Words 1,536 Words 2,048 Words External connection
ROM Capacity 2,048 Words
x 8 Bits x 8 Bits x 8 Bits x 8 Bits
RAM Capacity 48 Words 64 Words 128 Words 128 Words
x 4 Bits x 4 Bits x 4 Bits x 4 Bits
1 Port 3 Port 3 Port 3 Ports
Input Port (4 Bits) (12 Bits) (12 Bits) (12 Bits)
2 Port 4 Port 4 Port 3 Port
Output Fort (8 Bits) (15 Bits) (15 Bits) (12 Bits)
3 Port 2 Port 2 Port 3 Port
Input/Output (10 Bits) (8 Bits) (8 Bits) (11 Bits)
Port
Subroutine

Nesting Level 4 Levels (including interrupt)

Interrupt Level 1 Level

Nunber of

. 35 Basic Instructions
Instructions

Execution Time of

Basic Instruction 4 ps (1 Cycle Imstruction), 8 u$ (2 Cycle Instruction)

Input/Output TTL Compatible
Level
Power Supply 5V + 10 %

Power Dissipation| 200mW (TYP.) 200mW (TYP.) 200mW (TYP.) | 350mW (TYP.)

Operating

_1n° °
Ambient Temp. 107C to 70%C

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

Process N-Channel E/D MOS
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TMP4310AP TMP4315BP
Fhachiba INTEGRATEDCIRCUIT THP4320AP  TMP4300C
TECHNICAL DATA
PIN CONNECTIONS R
Top View
(TMP4310AP) (TMP4300C)
N0, [ 1 28 7 vpp ovp O ! 64 7]
INO, ] 2 27 [J XIN RST [ 2 63 [
N 0, [ 3 26 [ TEST Xy O 3 62 [
IN O3 [ 25 [ 10 19 Xour [ & 61 [
OT 0g [} © 25 [ 10 1, 10 03 5 60 [
oT 0, [ 6 23 [ 10 1, 10 020 & 59 [
ot 0, O 7 22 [1 10 1, 10 0,0 7 58 1
oT 0, 21 {J 10 0, 10 0o 8 57 [
10 20 [ 9 20 {] 10 01 10 137 9 s6 [ 1
10 21 o 19 [ 10 0y 10 12710 55 [
0T 1o [J11 18 [ 10 03 I, O sy [
0T 1, []12 17 [ INT g [Che 53 [
0T 12 []13 16 [] RST Is [Ois 52 [
Gp [ 1w 15 [1 0T 1, 1, O 51
I, [Ois 50 [
1, [Le w9 [
r, O ug ]
(TMP4315BP/TMP4320AP) 1 Ohis w7 0
JE— \_ 0
TEST [ 1! w2 [ vpp o 1,019 ue ]
w o0 2 w1 1IN 1, 10 1,020 ws [
o, 3 40 [ N 1, N 2521 ut ]
oo, 39 [0 1N 1, IN 2,22 43 ]
N 03[ 5 38 0y 1, N 2,23 w2 [
or 0, © 37 0 1y 24 202" w1
or 0,4 7 36 [ 1v 2,4 IN 1425 vo [
or 0, s 35 [ IN 2, IN 1,026 39 [
or 0;0 9 3y ] IN 23 IN 1,427 38}
oT 19 10 33 [ 10 1o N 128 3710
or 1,0 1 s2 [ 10 1, Ay 029 36 ]
or 1,012 311 10 1, Ag 330 357
0T 13[] 13 30 [ 10 13 Ag 31 SR
oT 205 14 29 ] T0 0Op Ay [J32 337
or 2,[] 15 28 [ 10 0,
OT 22E 16 27 [ 10 0,
oT 23[: 17 26 J 10 03
or 3,0 18 25 1 Xour
or 3,4 1° 2+ XN
ot 3,00 20 23 1 RST
eNp [ 21 22 [1 INT

10

NC
INT
Ip
10
10
I0
NC
oT
oT
oT
oT
oT
oT
oT
oT
oT
oT
oT
oT
IN
IN
IN
IN

2y
21
29

CLK 1



C|RCU”- TMP4310AP TMP4315BP
g INTEGRATED TMP4320AP  TMP4300C
R
- 4 TECHNICAL DATA
PIN NAMES & PIN DESCRIPTION
Pin Name Input/ Function 4315/
output 4310 4320 4300
INOo-INO3 Input 4-bit Input Port INO O Q O
INlo-1IN13 Input 4-bit Input Port INI J— O O
IN20-1IN23 Input 4-bit Tnput Port IN2 - C) C)
0T00-0T03 Output | 4-bit Output Port OTO O Q
0Tlo-0T13 Output 4-bit Output Port OT1
Large sink current (IOL TYP=20mA ,VOL=2V)
is possible in C) C)
TMP4310AP/20AP/00C.
0T20-0T23 Output 4-bit Output Port OT2
Large sink current (IOL TYP=20mA,VOL=2V)| ___
is possible in C> <>
TMP4320AP/00C.
0T30-0T32 Output 3-bit Output Port OT3
1020-1022 of TMP4300C are available - O -
in evaluation.
T1000~-1003 Input/ | 4-bit Input/Output Port I0O0
Output () C) C)
I0lo-1013 Input/ 4-bit Input/Output Port T01
Output O O O
1020-1022 Input/ 3-bit Input/Output Port 102
OUEPUL | ) it Port (1020-1021) in TMP4310AP Ol —10
ST Input Initialize Signal Input
. The initialize operation is performed () () C)
i by placing RST terminal at low level
; for more than four clock cycles.
INT Input Interrupt Request Signal Input
The interrut request is accepted
by placing INT terminal at low
level for more than our clock
cycles. The repetetive interrupt <> CD C:
should be requested, after keeping
INT terminal at high level for two
clock cycles or more.
TEST Input LST Test Signal Input
(Note 1) TEST should be always kept at high level O O -
(open or connect an oscillation resistance]
in TMP4310AP) except in LSI test mode.

11



TMP4310AP TMP4315BP

INTEGRATEDCIRCUIT

SRZZ  TECHNICAL DATA

XIN Input Basic Clock Terminal

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

O

XOoUT Output Basic Clock Terminal
XOUT is used as a oscillator - (:
connection pin.
Ao-A10 Output ROM Address Output (MSB:AIO,LSB:AO) J— —
To-17 Input ROM Data Input (MSB:I;,LSB:Io) _ —
CLK1 Output Internal Clock Output — _
ID Input Interrupt Operation Inhobit Input

ID is a dedicated terminal only for
TDS400/43, and should be always _— _
kept at low level except in TDS400/

Ol O OOl O

43.
VbD +5V  (Power Supply) O O
GND OV (Power Supply) O O

Note 1 The basic clock of TMP4310AP
o Internal oscillation (with resistance externally installed between
X1N and TEET) and external clock supply can be available.
o TEST terminal should be kept open when the basic clock is supplied

by an external oscillator circuit.

12



C TMP4310AP  TMP4315BP
. |NTEGRATED\-IRCUIT TMP4320AP  TMP4300C
b~
SR  TECHNICAL DATA
BLOCK DIAGRAM (TMP4310AP) o
=z a = | é:
| = Z [}
x’w *‘@ i Z
11
||
ol S9BUS
Téming tor_—
enera —_ _
(16)- (52 DAl fra o
Instructionf—e ll !
Decoder | .. .
(IDC) e I
TT
[
il === | >
|
] e
ROM — RAM llr
E— :‘ 48 Words |-
x4 Bits K:_J
1024 Word ‘—_ — == =
rds “l
x8 Bits |L
o= L=
i =
I| S TK N—— —
L =
L= DC ;
[ | NN
—
—) -
ST
N BEE
ALU
D BUS
S) BUS TJI 1T |1 . ﬂL Jll
0TO 0T1 [to2] ||[z0o0] || [101]
ﬂ
] L U
T 7 n T T
a a =} o o o o
z =) o — o~ o —
&) =
= [ o o o
(=} o — = —




R

TMP4310AP  TMP4315BP
INTEGRATEDCIRCUIT
TECHNICAL DATA
BLOCK DIAGRAM (TMP4315BP/TMP4320AP) s & 8
3 EEE)E }E E E &
[ lm - = = =
[ ]
I
Timing . 52BUS
Generator ,..:LL_‘ r__‘LL_., r__‘LL..L_
(16) LSA JIDAJIMALF ";
[nstruction |—= =|
Decoder - -
(IDC)  |fm -
i
1 — | i
L
|
R o Ran | ¢
— 64/128 i
1536/2048 i IR ==
Words — @:“] =
x8 Bits [1
€-—= pc EEE
] —
!I S TK 1 [I
1
= —
|
[ —_—
—
N
ALM
D BUS
5, BUS JM[ _ IT T ] ﬂ il I
[or 0] [oT 1] oT 2 [oT 3] [t0 0] [ro17]
L — U
! 1 1 ! | 1
2 & & - N =y S 5
&) =3
5 8 g 5 2 S

14




TMP4310AP TMP4315BP

INTEGRATEDCIRCUIT TMP4320AP  TMP4300C

SR  TECHNICAL DATA

BLOCK DLAGRAM (TMP4300C)
= [}

o = n |z
] ‘M‘H
[
[ i

IN 23

[ —_—
[

O
D Timing

Generator ~
CLK1 (1¢) S ¢

R
=
5
s

Instructionf—
Decoder |—

|
|
(IDC) p— .
|
M — E :;
— I
'L‘-ZI L R
e R AM [t
— 128 Words<—_4J|
’l — X 4B1ts¢—_|—= :\/
|
Ac-A10 &= ::_—_Tr*_ PC L_:l HR
e —
| N
l} S TEK e ——i
1 -
=1 nc v
To-17

— —— =
>
—a
ALU
D BUS
S, BUS 1 [1 I 1 T [

GND ——
Vpp =



TMP43T0AP TMP4315BP

INTEGRATEDCIRCUIT TMP4320AP  TMP4300C |

R=

TECHNICAL DATA

16

FUNCTIONAL DESCRIPTION

[Block Description]

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

Low order bit.

1.

Arithmetic and Logical Unit (ALU)

The ALU is the central 4 bit parallel processing function of the
TLCS-43. Sjyand S, are the two 4 bit input words and C is the carry
input from some previous calculation. The ALU processed these and

outputs one 4 bit result (D) and a carry bit. LJ]
Sy C

\

ALU

Accumulator (AC) D Carry
The accumulator is a four bit register, which stores the data for
arithmetic and logical operations. In addition the accumulator

is also used to store the results of arithmetic and logical

calculations.

Status Register (ST)
The status register is a four bit register which contains fields to
represent the carry flag (C), branch condidtion flag (F), interrupt

flag (IM) and general purpose flag (G). MSB 3 2 1 0 LSB
ST

1) ¢ GlIMlFlC]

Bit O of the status register is called C flag and used to
indicate Carry (or Borrow) during arithmetic operation with
multiple number of digits.

2) F
Bit 1 of the status register is called F flag and set or reset
according to the result of logical operation or arithmetic
operation just executed. And this bit is referred to during

execution of conditional branch instruction in a program.



TMP4310AP TMP43158BP

oM INTEGRATEDCIRCUIT TMP4320AP  TMP4300C

SRZZ  TECHNICAL DATA

3) IM
Bit 2 of the status register is the interrupt flag called IM
flag which is set or reset by program.
IM flag being ''1" indicates the interrupt enabled condition and
IM flag is cleared to "0'" as soon as an interrupt routine is
initiated. This is also cleared to "0" by the initialize
operation.

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

flag is used generally by programs.

4. L Register (LR)
L Register (lower address register) is a four bit register which
indicates the lower order 4 bits of RAM address and is used in

conjunction with H Register for addressing RAM.

5. H Register (HR)
H Register (Higher address register) is a two bit or three bit register
which indicates the higher order two or three bits of RAM address, and

used in conjunction with L Register for addressing RAM.

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

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

(TMP4310AP/TMP4315BP) (TMP4320AP/TMP4300C)
MSB 1 0 LSB MSB 2 1 0 LSB
'
6. Input Port (INO, IN1, 1N2)
All of INO, INl and IN2 ports are the dedicated input ports having

four bit configuration and read the data sent from outside.

The input ports are non-latch type ports.



TMP4310AP  TMP4315BP
Foshiba INTEGRATEDCIRCUIT TMP4320AP  TMP4300C
7R

TECHNICAL DATA

T TLC-43
INO,IN1,IN2[ Gate

Tnternal Bus

7. Output Port (070, OT1, 0T2, 0T3)
0T0,0T1 and OT2 have four bit configuration and OT3 has three bit
configuration, all of which are the dedicated output ports. The
content of each port is output to outside and retained until replaced
with new data. And the content of a port can read by program.
In this case the undefined bit 3 of OT3 port is always processed,tobe zero.
All the bits of all the output ports are set to '"1" by the initialize

operation.

Internal Bus

8. Input/Output Port (I0C, 101, 102)
100 and I01 have four bit configuration and 102 has two or three
bit configuration, all of which are the input/output ports.

The content of each port is output to outside and retained until
veplaced with new data. It can also input data from outside.
However, the output data must be set to "1" whenever the input

cperation is performed.

Whenver no data is ianput from outside, the output data to outside
can be read by program. When the output data is read, undefined bit

3 and bit 2 of I02 port are always processed to be zero.

18
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INTEGRATEDCIRCUIT Teasone  Testee

TMP4300C

TECHNICAL DATA

10.

11.

All bits of the output data are set to "1'" by the initialize operation.

TLCS-43

[ cate | [Latch/Driver]

Internal Bus

Program Counter (PC)
The program counter is 11 bit counter which addresses the program

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

While the normal instructions are executed, the program counter is
incremented by word length of instruction just excuted. However,
for branch instructions, subroutine call and interrupt operation,
the counter is set to the values designated by the instructions.

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

Stack

The stack is a group of 4 words x 11 bits registers including the
data counter.

The stack is used as the save area of the program counter during
subroutine call and interrupt operation. If it is already occupied
up to level 2, the data counter becomes to be the stack area of

level 3.

Data Counter (DC)
The data counter is an 11 bit counter which addresses fixed data

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

The content of the data counter can be set by program. The data
counter is also used as the deepest stack level (level 3) and when
nesting has been done up to level 2, if further nesting is performed,

the content as the data counter is destroyed.

19
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INTEGRATEDCIRCU” TMP4320AP  TMP4300C

TECHNICAL DATA

20

12.

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

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

level 3 is destroyed.

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

programs which are required by users.

ROM has a maximum capacity of 2,048 words x 8 bits and is in-
dependently addressed by the program counter which addresses the
storage area for programs and by the data counter which addresses

the storage area for fixed data.

For storing programs the ROM is processed as 8 bit words but for
fixed data, 8 bit word is divided into the higher order 4 bits
and the lower order 4 bits, namely divided to two 4 bit words of

ROMH and ROMf,.

MSB 7 6 5 4 3 2 1 0 LSB

Addaess

1
2
. “‘—t:::::\\\
o H <+

- ¥ _
ROMy ROMp,

o ‘

=%} i ()

a
(TMP4310AP).... N=1,023 (TMP4315RP). ... N=1,535 (TMP4320AP) . .

. N=2,047

(Note) 1In the case of TMP4310AP, both of the program counter (PC) and the
data counter (DC) are 11 bit counters, and if bit 10 is "1, any

contents of ROM are not accessed.
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-

i B

Read/Write Memory (RAM)
The read/write memory (RAM) can be used as the working area for

data processing.

RAM has the maximum configuration of 128 words x 4 bits and is
addressed by H Register which designates a page and 1. Register

which designates an address in a page.

In addition to the above, another addressing method of RAM is to
access an address in page 0 using the index instructions (M
instructions) which will be explained later. This method is effective
to save the contents of registers on the interrupt operation.

The configuration of each version is as follows.

(TMP4310AP)

. 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
(S AN I Y N A A
| I N N I I I
2
3
(TMP4315BP)
LR
Address |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Page
1
2
3
(TMP4320AP/TMP4300C)
LR
Address 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Page

~N oL PN =O

21
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14. Timing Generator (TG) and Instruction Decoder (IDC)
The timing generator produces a clock frequency that is dependant
on the oscillator connected externally.
Based on this timing the instruction decoder reads and decodes the

fields unique to each instruction.

Timing of interrupts, initialize requests etc. are also

synchronized by the Timing Generator.

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

..... Refer to the paragraph of Tndex Instructions.

These are 4 bit registers used by the index instructions which are
explained later,and there are three kinds, namely SA (Source

Address Register), DA (Destination Address Register) and Ma (Memory
Address Register). Source register code, destination register code
and RAM address which are activated by the index instructions are
input to SA, DA and MA respectively, and these are temporarily
retained until the following one operation instruction is completely

executed.

The registers dedicated to the index instructions can not be used

by program as additional data registers.

22
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1. Features of TLCS-43 Machine Instructions
One of the features of the TLCS-43 Machine Instruction set is the
existance of index instructions. 1In the case of processing instruc-
tions, usually the source and destination of data have been inherent-
ly defined. The index instructions modify the processing instructions
to change the source of data to be processed or/and the destination
of the processing results. Therefore, it is much simpler to write
programs which require sequential operations through an area
of memory. The extensive use of index instructions produces

efficient programs in terms of the number of program steps.

Another great feature is that the machine instructions with Data
Counter (DC) maintaing ROM address in addition to PC have the
instructions which can read out the content of ROM directly, which

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

Furthermore, with the addition of four level subroutine nesting
ability, the subroutine call instructions of 1 byte length are

available. This is effective in reducing overall program size.

2. Format of Machine Instructions
The explanation of each instructions is described according to

the following format.
M) X xx ( )

t—————— Name of Instruction

Mnemonic Code

Series Number of Instruction

Symbol
Instruction

<

= Mnemonic Operation Code Operand
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[Machine Instructions]

TLCS-43 series microcomputer is provided with 35 kinds of machine
instructions. Unless otherwise mentioned the machine instructions are

described as just instructions.

Among the machine instructions of TLCS-43, 30 instructions are
of 1-byte length and 5 instructions are of 2-byte length. As regards
the execution time of machine instructions, 28 instructions are of 1-

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

Machine Instructions are classified by their functions as

follows:
Number of
Instructions
Index Instructions...........uuiiiiiiiiiinnnnnnnnn. 4
TLCS-43 . .
. —Data Processing Instructions
Machine
Instruc- .
tions Processing Data Transfer
Instructions Instructions ................ 7

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

Bit Processing

| Instructions ................ 3

'—ROM Readout Instructions ..... 3
—Subroutine Instructions ........... 3
L—Braﬁch Instructions ............... 5
Total 35
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Machine
Code

No.l Byte

No.2 Byte

Address next to

((+1) No.l Byte

)

< Function >

< Status Flag >

Execution

< Cycle >

Function >
Explanation

Modifiable
< Index ~
Instructions

TMP4310AP TMP4315BP
TMP4320AP TMP4300C
MSB LSB

MSB LSB
7 6 5 4 3 2 1 0
[T T—7 1 il T ™~
| |
O

(The correspondence of the operand of
symbol instruction and the machine code

is recorded, if necessary.)

The logical peration performed by this

instruction is explained with symbols.

(F): } The status after the execution

().

of status flag is described.
(Dependent on the data when

designated to store data in
status register.)

The number of machine cycles necessary

for executing instructions is described.

The function of instructions is explained.

In processing instructions, modifiable

-index instructions are described.

25
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In this section, the symbols defined in Table A are used more concisely to
express the functions of machine instructions. The storage elements,
including input ports, related directly to the operation of

instructions are collected in Table B.

Table A. Symbol and their Meanings for Instructions

Symbol Meaning
(a) The content of storage element "a'".
M[(H.L)] The content of RAM address designated by the
contents of H register and L register.
TEMP Temporary register
ZR Virtual register of which content is "0O".
in ip-1...14 Data of n+l bit
b Values inverted "1" to "0", "0" to,"1" every bit
Of ”b" .
a<b "a" is replaced by the value of '"b'"/
a+1 Value added 1 to "a'".
a+b Value added '"b" to "a".
a-b Value subtracted "b" from "a"/
aANb Value of logical product of "a" and "b" for every
bit.
ay b Value of logical sum of "a'" and "b" for every
bit.
a-b>b Value of exclusive logical sum of "a" and "b" for
every bit.

26
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TMP4315BP
TMP4300C

Ones <b> 4-bit data having 1's at bit positions only
indicated by '"b" and O's at all other bit
positions.

ROMy [ (DC) ] Higher order 4 bits in the content of ROM address
indicated by the content of data counter DC.

ROME, [ (DC) ] Lower order 4 bits in the content of ROM address
indicated by the content of data counter DC.

Mla] Content of address "a" of RAM.
a<b > Value of bit position "b" of "a'.
DCy Higher order 3 bits of data counter
DCy Intermediate order 4 bits of data counter
DCp, Lower order 4 bits of data counter
Carry Carry resulted by operations (overflow)
Borrow Borrow resulted by operations (underflow)
a=> "a'" equals to "b"
if a then I1f the condition of "a" is satisfied, "b" is
b else c performed; if not, "c¢'" is performed
$ ROM address in which instructions are stored
(No.1l byte address for 2-byte instruction)
Table B. Storage Elements Related Directly to Operation of
Instructions
Name Mnemonic Function
Accumulator AC 4-bit register
Carry flag C Carry flag of multiple digit operation
Branch flag F Condition flag exclusive for branch

27
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Name Mnemonic Function
Interrupt M Flag masking interrupt-peration
mask flag In case of "1", interrupt is permitted.
General pur-| G 1 bit flag used by program
pose flag
L register IR 53 igggr showing lower order 4 %its of RAM
ﬁ register HR Rsgister showing higher order 3 bits of RAM
address
Input port INO, IN1,| Ports for input of external data.
IN2
Output port 0TO, OT1 Ports for output of data
0T2, OT3
1/0 port 100, I01 Ports for input or output of data
102
Data counter DC Counter to read out ROM contents as
data
Program PC Counter to read out the instruction
counter
under program
Stack STK Stack storing return address from inter-
rupt routine or subroutine (PC evacuation
area)
Read/Write RAM Memdry temporaly maintaing data
memory
Read only ROM Memory maintaining program or fixed
memory

data

3. Index Instructions

The index instructions indicate source or/and destination

of data.

index instructions.

The data is processed by the instructions following the

The fixed data source and destination are

designated for the instructions themselves, but if the instructions

are modified by the index instructions, the data source and

destination become those designated by the index instructions.
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Since the index instructions cannot process effective data
by themselves, they are invariably used in combination with the
processing instructions. Therefore, the interrupt operation
cannot be performed after execution of the index instructions,
but can be done only after completion of the processing

instructions.

One processing instruction can be modified by maximum three
index instructions. When sources or destinations have been

indicated in duplicate, the initially indicated one becomes

effective.
() S (Designate Source register) : Source Register Index
Instruction
< Symbol Instruction >
S ror=r
< Machine Code > MSB LSB
7 6 5 4 3 2 1 0

T T T T T T T
Ll 0 1 0 E r3 r2 r] r61
1

Operand r = r3 r) r] IQ

<Function > (SA) =—r

< Status Flag > (F) : No change
(C) : No change

< Execution Cycle >1 Machine Cycle

Expla?ation of > Write address r of register/port, which

Function becomes data source, in the source address
register SA. The source register designated
by this instruction is effective until the
processing instruction is executed.
However, if there are pural numbers of
Instructions indicating the source register
before the processing instruction, the initial

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

< Symbol Ipsttruction >

D r or = r
<C Machine Code =>
MSB LSB
7 6 5 4 3 2 1 0
T T T T T
1 0 0 1 r3 r) r] rQ

Operand r = r3 ry r] rQ
< Function = (DA) «—r

< Status Flag > (F) : No change
(C) : No change

< Executive Cycle => 1 Machine Cycle

Explanation of Write address r of register, which
< . >

Function

becomes a destination as a result of
processing, in destination address
register DA. The destination register
designated by this instruction is
effective until the processing instruction
is executed. However, if there were
plural numbers of instructions indicating
the destination register before the
processing instruction, the initial index

becomes effective.

(:) SD (Designate Source and Destination register) : Source &

Destination Register Index Instruction

< Simbyl Instruction >

SD r or = r
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< Machine Code >

MSB 1L.SB
7 6 5 4 3 2 1 0
T T L { T T T
1 0 0 0} r3 12 ry  rQ
1

Operand r = r3 r) ry rg

< Function > (SA) — r (DA) — ¢

< Status Flag > (F) : No change
(C) : No change

< Executive Cycle > 1 Machine Cycle
Explanation of - Write address r of the register (same re-
Function

gister) becoming data source and destination
in source address register SA and destination
address register DA. The register designated
by this instruction is effective until the
processing instruction is executed.

However, if the source register or the
destination register has been indicated
numbers times to one processing instruction
in the same way as the instructions of S and
D, the index initially made to the respective

registers becomes effective.

C) M (Designate RAM address) : RAM Address Index Instruction

< Symbol Instruction >

< Machine Code >
MSB LSB
7 6 5 4 3 2 1 0

T T T
rj3 ro ry rQAJ

Operand r =13 712 r] rQ
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< Function > MA) — T

< Status Flag > (F) : No change
(C) : No change

< Executive Cycle > 1 Machine Cycle

< Explanation of RAM address can be directly designated by

Function

>

this instruction without using H register

and L register.

The RAM address "r'" is written in memory

address register MA; however, the RAM which

can be designated by this instruction is

limited to addressed 0 - 15 (16 words in

"0" page). These RAM addresses are

j ‘effective until the processing instruction
is executed; that is, the RAM address of

| the processing instruction modified by this
instruction is designated by the memory

1 address register MA regardless of the

content of H register and L register.

There are no changes in the contents of H

register and L register.

If there are numbers of RAM

address index instructions before the

processing instruction the value initially

indicated becomes effective.

4. Decision of Source and Destination by Index Instructions
The way of modifying the processing instruction by index instructions,
or the decision of source and destination of the processing instruction,

is regulated as follows

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

each instruction.
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(1

(2)

3

%)

Instructions related to registers and RAM (9 instructions)

In regard to the nine instructions, such as LDM, SWP, STR, ADD,
ADC, SUB, CND, ORM, and EOR, their sources and destinations can
be changed by the index instructions (S, D, and SD). When
modified by M instruction, RAM data becomes the addresses (0 -15)

designated by M instruction.

Instructions related to register (13 Instructions)

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

LLI, CMA, NGT, ADI, ALI, SSB, RSB, LFB, LRL, and LRH, their sources
and destinations can be changed by the index instructions (S, D,

and SD). When modified by M instruction, the sources and destinations
by the S or D instruction become RAM addressed (0 - 15) designated

by M instruction.

As for SDC instruction, the source register can be designated to the
intermediate order 4 bits of DC by S Instruction. In this case,

the logical sum of the designated source register content and the
immediate data is set to the intermediate order 4 bits of DC.

When modified by M instructions the intermediate order 4 bits of

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

instruction.

Subroutine and branch instructions (8 instructions)

In regard to the eight instructions, such as CAL, CLS, RTN, BCF,
BCB, JCS, JCC, and JMP, the index instructions cannot be modified.

(I1f they are modified, their operations cannot be guaranteed.)
The following figure shows diagramatically the relationship between

the above mentioned source and destination selection regulation

and hardware.
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The address of source register is stored in source address
register SA by S instruction, and the source register is selected
by the source selector according to this address.

The data from the selected source register is input into S1 of
ALU. Either RAM or ROM is selected by the data selector as data
input into S2 of ALU. The selection by this data selector is

decided by the instructions.

The address pointer of RAM has HR-LR and memory address
register MA. Usually HR:LR is selected, but when modification is
made by M instruction, MA is selected. The memory address is
stored in MA by M instruction. Since either HR-LR or MA is used
as address pointer, if RAM is used as source and destination
register, the same address is selected.

The address of destination register is stored in the destination
address register DA by D instruction. The destination selector
selects destination register according to this address.

The process results output from ALU are stored in the destination

register.

B& using SD instruction, the same register address is stored
into source address register SA and destination address register
DA; therefore, the source register of S1 of ALU and the destination

of output of ALU become the same.

As shown in the following figure the selector which changes
the flow of processing data according to index instructions has

the following three kinds of versions:

(1) Source selector (Selection of source register)
(2) Destination selector (Selection of destination register)
(3) RAM address pointer selector

In the case where no modification is made by index instructions,
it may be thought that each selector makes the selection of the source
or destination.
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Source Register

1
l—Accumulator (AC)
l=—Status Register(ST)

~ HR LR
S /L Register (LR) LR ] |
Source Ad- N 9 }~—H Register (HR) ——
dress Re- ey I RAM Addressg|
gister gp — @ e RAM N | Pointer
i it AM Selector
{ & = Input Port (INi) :
[
w

— Output Port (OTi)
=—1/0 Port (I0i)
|

[
Sl S2 =
(=]

ROM

Selector

Carry r— ______________ —T

—=—Accumulator (AC)
—=—Status Register (ST

1 Register (LR)

D In-
struction

|
{

Destination |—=H Register (HR) ~

Address | Virtual Register(NULL) RAM  Address

Register DA N . Pointer
RAM RAM Selector

—=Output Register(0Ti)
—~—E/O Register (10i)

S p—
Destination Register

*2

Destination Selector

]

|

|
M In- ]
struction

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

#2 Usually HRand LR is selected, but in case of processing instruction
that modification is conducted by M instruction, MA is selected.
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Registers can be designated by Index Instructions
Regioter Symbol Name TMP4310AP | TMP4315BP | TMP4320AP | TMP4300C
0 AC Accumulator C) C) () C)
' 7| Resisrer O O O O
2 LR | L Register O O O O
3 M[(H-L)] | RAM O O O O
4 INO In. Port O () () () ()
5 NULL | NULL O O O O
6 100 | I/0 Port 0 O O O O
7 101 | 1/0 Port 1 O O O O
8 OT1l | Out. Port 1 O O O O
9 oT Out. Port 0 C) () C) C)
A HR H Register Q Q O O
B - - Not used Not used Not used Not used
c OT3 | Out. Port 3 — () C) —_
102 | I/0 Port 2 O — — O
D OT2 | Out. Port 2 Not used O O O
0T2 | In. Port 1 Not used (:) (:) (:
IN2 | In. Port 2 Not used () C) C)

* Register code C designates I[02 for TMP4310AP and TMP4300C and OT3 for

TMP4315BP and TMP4320AP.

Therefore if it is required to perform evaluation

of TMP4315BP and TMP4320AP using TMP4300C, I02 is used as the matching
port for OT3.
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5. Data Processing Instructions
The data processing instructions are classified in four types,
data transfer instruction, logical operation instruction, bit

processing instruction, and ROM readout instruction.

5.1 Data transfer instruction
Data is handled in 4-bit units. The use of these instructions
provide the setting of immediate data as well as the data

transfer between two registers or between a register and RAM.

o

It

LDM (Load from Memory) : Load from Memory Instruction

A

Symbol Instruction >

<< Machine Code = MSB LSB

<< TFunction > (AC) =— M[(H-L)]

< Status Flag > (F) : No change
(C) : No change

< Execution Cycle > 1 Machine cycle

Explanation of The content of RAM address designated
< v X >

unction

by H register and L register is loaded
into accumulator.
Modifiable

< Index > D, M
Instruction

‘6) SWP (Swap) : SWAP Instruction

< Symbol Instruction =

SWP
MSB LSB
<< Machine Code > 7 6 5 4 3 2 1
T T T T T
( 0 0 1 0 0 1 0 1
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< Function > (TEMP) - - (AC)
(AC) = - M [(H-1)]
M[ (H.L)]-=-(TEMP)
< Status Flag > (F) : No change
(C) : No change
<< Execution Cycle = 1 Machine cycle
< Explanation of = This instruction exhanges the content of
Function

RAM address designated by H register and
L register content of the accumulator.
Modifiable

< Tndex > Sh, M
Instruction

f?‘ LDA (Load from Accumulator) : Load from Accumulator Instruction

<< Symbol Instruction >
LDA

< Machine Code > MSB LSB

< Function > (AC) = (AC)

< Status Flag > (F) : No change
(C) : No change

< Execution Cycle > 1 Machine cycle
« Explanation of > The content of accumulator is loaded into
Function

the accumulator. If used independetly,
this instruction becomes a no-operation
instruction.

Modifiable

< Irdex = S, D, M
Instruction

STR (Store) : Store Instruction

~
.00;

38



Foshiba
R

INTEGRATEDCIRCUIT

TECHNICAL DATA

<< Symbol Instruction >

TMP4310AP TMP43158P
TMP4320AP TMP4300C
LSB
6 5 4 3 2 1 0

(ac)  =M[ (H-1)]
(F) : No change
(C) : No change

1 Machine cycle

The content of accumulator is stored
in the RAM address designated by H

register and L register.

S, M

& Test Instruction

LDT

STR
<< Machine Code > MSB
7
0
< Function >
< Status Flag >
< Execution Cycle >
Explanation of
Function
Modifiable
< Index >
Instruction
‘9% LDT (Load and Test) : Load
<< Symbol Tnstruction =
<. Machine Code =
MSB
7
T
0
< Function >
< Status Flag >
< Execution Cycle =
< Expla?atlon of >
Function
Modifiable
< TIndex >

Instruction

(AC) = (AC)

If (AC) = O then (F) —. -1, else
(F) =-0
(C) : No change

1 Machine cycle

The content of accumulator is loaded
into the accumulator. If the data is
zero, F is set to "1", but if not, F
is cleared to "0O".

s, D, D, M
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'ig)LDI (Load Immediate data) : Load Immediate Data Instruction

< Symbol Instruction =
LDI 1 (0si £15)

< Machine Code > M!;B LSB

0 1 1 0 iy dip ip ig

Operand 1 = i3 ip iy ig
< Function =>> (AC) =— i

< Status Flag = (F) : No change
(C) : No change

Execution Cycle > 1 Machine cycle
1 Explanation of Immediate Data i is loaded into accumulator.
< X >
Function
Modifiable
< Index = D, M
Instruction

p

‘iD LLI (Load Immediate data to L register) : Load Immediate Data to

L Register Instruction

< Symbol Instruction =>

LLI i (0=1iZ15)
<< Machine Code =
MSB LSB
7 6 5 4 3 2 1 0
T T T L 1 T T

0 1 0 0 i3z ip 13 ig

Operand i = i3 ip i1 ig

< Function > (LR) = i

< Status Flag > (F) : No change
(C) : No change

< Execution Cycle > 1 Machine cycle
< Explanation of - Immediate Data i is loaded into L Register
Function
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Modifiable
<< Index
Instruction

TMP4315BP
TMP4300C

TMP4310AP
TMP4320AP

Logical operation instruction

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

operation of every bit of 4-bit data.

used for arithmetic operation.

The athers are mainly

For 2-operand instruction one

data source is a register and another is RAM.

For the nine instructions except CMA, branch condition flag

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

@§¥CMA (Complement Accumulator)

<< Symbol Instruction >

< Machine Code =

< Function -~

<< Status Flag >
Execution Cycle >
Explanation of

= Function =
Modifiable

< Index
Instruction

@E'NGT (Negate) Negate (2's

< Symbol Instruction =

: Complement Accumulator Instruction

CMA

(ac) = (a0)
(F) : No change
(C) : No change

1 Machine cycle

The content of accumulator is loaded
into the accumulator after inverting

"0" to "1" and "1" to "0" every bit.

S, D, SD, M

complement) Instruction

NGT
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Machine Code >

Function

>

Status Flag >

< Execution Cycle >

< Explanation of
Function =
Modifiable

< Index >

Instruction

114) ADD (Add)

TMP4310AP TMP4315BP
TMP4320AP TMP4300C
MSB LSB
7 6 5 4 3 2 1 0
T T T T v T T T
[0 0 1 1 1 0 0 1 ]

(AC) = (AC) + 1

if Carry then (F)—.-1, else (F)—-0
©)

: No change
1 Machine cycle

2's complement of the content of accumulator
is loaded into the accumulator. If the

original data is 0 ((AC)=0), 2's complement
is 0. 1In this case only, F flag is set to
"1", but in the other cases, F flag is

cleared to "0". 1In this case F flag is
used in both meanings of carry and zero

decision.

S, D, SD, M

: Add Instruction

< Symbol Instruction =

Machine Code =

>

Function

Status Flag >
Execution Cycle

>

42

ADD
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(O 0 1 0 1 1 0 %AJ
(AC) =~ (AC) + M [(H-L)]

if carry then (F)=-1, else (F)—-0
(c)

: No change

1 Machine cycle
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Explanation of - The content of RAM address designated by

Function . .
the contents of H register and L register

is added to the content of the accumulator,

and the result is loaded into the accumulator.

[f the resultant carry is "1" , F flag is set
to "1", and if it is "0", F flag is cleared

to "O"

Modifiable Index

Instruction = S, D, 8D, M

fi@vADC (Add with Carry) : Add with Carry Instruction

< Symbol Instruction >
ADC

< Machine Code =

< Function = (AC) = (AC) + M [(H-L)] + (C)
< Status Flag = if carry then (F)=-1, (C)=-1, else (F)=-0
(C>‘-0
< Execution Cycle => 1 Machine cycle
Explanation of The content of RAM address designated by
< . >
Function

H register and L register and the content
of C flag are added to the content of
accumulator, and the result is loaded into
the accumulator. The conditions of Carry
cause F flag and C flag to be set/reset.

« Modifiable Index =

Instruction S, D, SD, M
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SUB (Subtract) : Subtract Instruction

< Symbol Instruction >

< Machine Code >

< Function > (AC)=-M[(H-L)] - (AC)

<< Status Flag > if borrow then (F) <0, else (F) <1
(C) : No change

< Execution Cycle> 1 Machine cycle
< Explanation of ~ The content of accumulator is subtracted
Function

from the content of RAM address designated
by H register and L register, and the
result is loaded into the accumulator.

The conditions of underflow cause F flag

to be set/reset.

Modifiable Index

Instruction > 8, D, 8D, M

(:)CND (Complement & AND) : Complement and AND Instruction

< Symbol Instruction >

< Machine Code >

< Function > (AC) + (AC) ,/ M[(H-L)]

< Status Flag > if (AC) = 0 then (F)<«1l, else (F)<«O0
(C) : No change
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<< Execution Cycle >

<

Explanation of -
Function

Modifiable Index
Instruction

@g'ORM (OR) : OR Instruction

<

<

Symbol Imstruction >

Machine Code =

TMP4310AP TMP4315BP
TMP4320AP TMP4300C

1 Machine cycle

The logical product of every bit of the
content of accumulators and the 1's
complement of the content of RAM address
designated by the content of H register and
L register is loaded into the accumulator.
If the result is "0", F flag is set to "l1";
in the other cases, F flag is cleared to

non,

S, D, SD, M

ORM

Function :f

Status Flag >

Execution Cycle >

Explanation of >
Function

Modifiable Index >
Instruction

(AC) = (AC) v M[®H'L)]

if (AC)=0 then (F)—=1, else (F)=0
(C) : No change

1 Machine cycle

The logical sum of every bit of the content
of accumulator and the content of RAM address
designated by H register and L register is
loaded into the accumulator. If the result
is "0", F flag is set to "1"; in the other

cases, F flag is cleared to "0".

S, D, SD, M
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@E)EOR (Exclusive OR) : Exc

<< Symbol Instruction =

< Machine Code >

TMP4310AP TMP4315BP
TMP4320AP TMP4300C
lusive OR Instruction
EOR
MSB LSB

< Function >

<< Status Flag >

< Execution Cycle =

Explanation of
Function

Modifiable Index
Instruction

>

(20) ADI (Add Immediate data)

<< Symbol Instruction =

< Machine Code ==

<< Function =

(AC) =— (AC)WMI(H-L)]

if (AC)=0 then (F)=1, else (F)=20
(C) : No change

1 Machine cycle

The exclusive logical sum of every bit

of the content of accumulator and the
content of RAM address designated by H
register and L register is loaded into the
accunulator.

If the result is "0", F flag is set to
"1"; in the other cases, F flag is cleared

to "Q"

S, b, SD, M
: Add Immediate Data Instruction

ADI i (0 i=15)

MSB LSB
7 6 5 4 3 2 1 0
T T T =T T T
0 1 1 1 i3 i2 i1 io

Operand 1 = i3 iy i iy

(AC) = (AC) + i
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< Status Flag =

< Execution Cycle >

Explanation of
Function

< =>

Instruction

Modifiable Index >

TMP4310AP TMP4315BP
TMP4320AP TMP4300C

if Carry then (F)=1, else (F) =0,
(C) : No change

1 Machine cycle

Immediate data "i" is added to the content

of accumulator and the result is loaded into
the accumulation.

If the resultant carry is generated, F flag
is set to "1"; in the other case, F flag

is cleared to "0".

S, D, SD, M

@I}ALI (Add Immediate data to L register)

Add Tmmediate Data to L Register Instruction

Symbol Instruction

< Machine Code ==

< Function =

< Status Flag >

< FExecution Cycle =

< Expla?ation of
Function

>

Modifiable Index
Instruction

>

ALT i (0= i £15)
MSB LSB
7 6 5 4 3 2 1 0

T T T T
0 1 0 1 ti3 1ip i1 io

Uperand i = i3 ip i3 ig

(LR) = (LR) + i

if Carry then (F) =1, else (F) =0
(C) : No change

1 Machine cycle

Immediate date '"i" is added to the content

of L register, and the result is loaded into
T register. If resultant carry is generated,
F flag is set to "1"; in the other cases, F

flag is cleared to "O".

S, D, SD, M
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5.3 Bit manipulation instruction

@

Ordinary data is manipulated as 4-bit units, however the use of
these instructions enables the data to be manipulated bit by bit.
These instructions are mainly applied to status register ST, but
their functions can be extended to aribitrary register, output

port and RAM by a combination of index instructions.

SSB (Set Status Bit) : Set Status Bit Instruction

Symbol Instruction >
SSB b 3= b=0)

Machine Code =
MSB LSB
7 6 5 4 3 2 1 0
T T T 1 |l T T
0 0 0 1 0 1 by by

Operand b = by by

Function = (ST) = (ST) \V Ones < b> (ST <. br=1)

Status Flag > There may be flags (bits) changed by the
execution itself of this instruction, but
there are no flage changed by the result
of the execution.

Execution éycle > 1 Machine cycle

Explanation of The bit field of the status register

Function

> .
defined by low order 2 bits "b" of the

instruction is set to a "1".

Modifiable Index > Sb, M
Instruction
RSB (Reset Status Bit) : Reset Status Bit Instruction

Symbol Instruction =

SRB b (3=bx0)

W
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< Machine Code =

MSB LSB
7 6 5 4 32 1 0
T T T T T T T
0 0 0 1 1 1 by bq]

Operand b = by bg

<< Function > (ST) = -(ST) A Ones < b> (ST <b>=0)

<< Status Flag > There may be flags (bits) changed by the
execution itself of this instruction, but
there are no flags changed by the result

of the execution.

<< Execution Cycle = 1 Machine cycle
= Explanation of > The bit field of the status register
Function

defined by the low order 2 bits "b" of

the instruction is set to a "0".

< ?odlflab}e Index - SD, M
nstruction

®

LFB (Load complemented status Bit to F)

Load and Complement Status Bit to F Instruction

<Z Symbol Instruction =
LFB b 32 bx=0)

< Machine Code > MSB LSB

<< Function > (F) = - -ST «b>

< Status Flag > (F) : According to condition of ST «<b>
(C) : No change

< Execution Cycle > 1 Machine cycle
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P Explanation of > If the bit content of status register
Function

designated by lower order 2 bits of the
instruction is 1, it is inverted to O,

and it is 0, it is inverted to 1, and then
it is loaded into F bit.

Modifiable Index -~ S, M
Instruction

5.4 ROM readout instruction
SDC is the instruction by which the address on ROM of fixed data
is set into data counter DC. LRL and LRH are the instructions by

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

@5) SDC (Set Data Counter) : Set Data Counter Instruction

< Symbol Instruction =

SDC a 16 wa <2032, where "a" is
( integral multiples of 16. )
i.e. a= 16n,l < n - 127

j >
< Machine Code MSB LSB

lst Byte 0 0 1 0 0 0 0 ©

7 6 5 4 3 2 1 0
T T

2nd Byte a; ag a; a 0 : ag ag ag
1

® Operand a = ajg 8 ag a7 ag ag 3, 0000
< Function -

(bCy) = ajgagag
(DCy) == a;agasa, v (ZR) i.e. (DC)= -a+M[(H-L)]
(DCL) = M[(H-1)]
<< Status Flag — (F) : No change
(C) : No change

<< Execution Cycle -~ 2 Machine cycle
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< Explagation of - This instruction sets ROM address into
Function the data counter. The higher order 3

bits of ROM address to be set are im-
mediate values, and the intermediate 4

bits are the logical sum of intermediate
value and virtual source register ZR,

of which content is "0", and the lower
order 4 bits are the content of RAM ad-
dress indicated by H register and L re-
gister. When source register is de-
signated by the index instructions, ZR
OR-ed to the intermediate 4 bits becomes

the content of its source register, be-

ing effectively activated.

The content of data counter after the
execution of instruction is as follows,

if it is not modified by index instructions:

MSB LSB

10 9 8 7 6 5 4 3 2 1 0
Data Counter T T

T T
ajg a9 ag la; ag as ag |
I {

< Modifiable Index - S, M
Instruction
ég} LRL (Load ROM Lower data) : Load ROM Lower Data Instruction

<< Symbol Instruction =

LRL

<< Machine Code — MSB LSB
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<

A ®

<

Function >

Status Flag >

Execution Cycle >

Expl tion of
Xp a?a o >
Function

Modifiable Index >
Instruction

RLH (Load ROM Higher data)

Symbol Instruction

Machine Code >

Function =~

Status Flag >

Execution Cycle =

Explanation of -
Function

Modifiable Index >
Instruction

TMP4310AP TMP4315BP
TMP4320AP TMP4300C

(AC) = ROM;  [(DC)]

(F) : No change
(C) : No change

2 Machine cycle

This instruction loads the accumulator
with the lower order 4 bits of the
content of ROM address designated by

the content of data counter.

D, M

: Load ROM Higher Data Instruction

LRH

(AC) -— ROM,, [(DC)]
(DC) =— (DC) + 1

(F) : No change
(C) : No change

2 Machine cycle

This instruction loads the accumulator
with the higher order 4 bits of the
content of ROM address designated by the
content of data counter; after-ward, the
content of data counter is increased by

one.

D, M
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6 Subroutine Instructions
When subroutine call and interrupt operation are performed, the value
of PC should be stored in a stack in order to keep return address.
Four levels of PC stacks are provided for the interrup operation and
the subroutine call, enabling four-level nesting to be performed. The
4th stack serves for data counter DC; therefore, when data counter is
in use, the operation of nesting should be restricted to three levels.
Otherwise, the content of data counter is destroyed, resulting in the
deletion of the return address. When the four-level nesting is in

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

by call subroutine instruction is performed.

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

< Symbol Instruction =

CAL a (0= a £2047)

< Machine Code > MSB LSB
7 6 5 4 3 2 1 0

lSt Byte T T f T T T T
1 1 0 0 1 ajy 3 ag
7 6 5 4 3 2 1 0

T T T T T T T
Znd Byte a; ag as a; a3 ap ay ag

Operand a = ajgagaga;agaya,azaya)dg
<< Function > (PC) —=(STK) push down :
(PC) =—a
< Status Flag > ) (F) : No change

(C) : No change

Execution Cycle = 2 Machine cycle

Explanation of = This is a subroutine call instruction
Function which directly indicates the entry

address of subroutine.
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Modifiable Index
Instruction

<

>

TMP4310AP
TMP4320AP

TMP4315BP
TMP4300C

The return address is put into a stack,

and the designated value (the entry address
of subroutine) a=al0a%9a8a7a6a5a4a3a2alal is
set to PC.

The stack of return address is a push down
stack which can be stacked up to 4 levels.

Since the fourth level is a data counter,

precautions for use should be taken.

No instruction

‘ CLS (Call Subroutine by single byte) : Call by Single Byte

< Symbol Instruction

< Machine Code =

‘ < Function >
< Status Flag >

< Execution Cycle >

<:‘Explanation of >
Function

54

Instruction

CcLS i (0 <i =15)
MSB LSB
7 6 5 4 3 2 1 0
T T T I T T LI
0 0 0 0 ! i3 12 11 19
!

Operand i=i3ipijig

(PC) —=(STK) push down
(PC)=—1 x 8+ 4

(F) : No change
(C) : No change

1 Machine cycle

This instruction stores a return ad-
dress into a stack, calculates (=000
i31911ip100) 1 x 8 + 4 as subroutine
entry address from the entry address
No. i designated to the operand, and
sets the result to PC.

The stack of return address is of
push-down stack which can stack as

high as 4 levels.
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Since the fourth level is a data counter,

precautions for use should be taken.

<i Modifiable Index >> No instruction
Instruction

(30) RTN (Return) : Return Instruction
< Symbol Tnstruction >
RTN
< Machine Code > MSB LSB
7 6 5 4 3 2 1 0
T T T T T T T
L 0 0 1 0 0 1 1 141
<< Function > (PC) =— (STK) last in data
<< Status Flag > (F) : No change
(C) : No change
< Execution Cycle > L Machine cycle
= Explanation of - This instruction causes a return from
Function . .
an interrupt routine and a subroutine
to the main program. The newest return
address stored in the stack is loaded
into the program counter.
Modifiable Index > No instruction

Instruction

7 Branch Instruction
Among the branch instructions, there is an on-condition-set/cleared
branch instruction of which condition is decided whether or not branch
operation is performed depending upon the value of F flag in the
program status register; therefore, it should be considered how the
value of F flag is changed by the data processing instruction just
before the use of the conditional branch instruction. BRC is limited
in branch range, but this instruction can reduce the number of bytes

of ROM because of a single byte instruction.
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The unconditional jump instruction shifts unconditionally the
execution flow of the instruction to the address indicated by the

address field of this instruction.

CgD BRC (ranch on Condition set) : Branch on (F) = 1 Forward

Instruction

32) BRC (Branch on Condition set) : Branch on (F) = 1 Backward

Instruction
<< Symbol Instruction =
BRC a 0< a £ 2047,
(-16ga - $£15)

<< Machine Code = MSB LSB
7 6 5 4 32 1 0
T T T T T T
1 1 S 1 : iz ip i1 g
1

a-S=ij3ipijig
a-$20, S=1 ... Branch on(F)=1 Forward
Instruction
a-$=20, S=0 ... Branch on(F)=1 Backward
Instruction

<< Function = if (F)=1 then (PC)=—-a, else No
operation ((PC)=— (PC) + 1)

<C Status Flag > (F) : No change
(C) : No change

< Execution Cycle > 1 Machine cycle
< Explanation of — If F flag of status flag is set to "1",
Function

the value of program counter is changed

to the absolute address "a" defined by the
operand field of the instruction. In the
other cases, the program counter advances

by one and execution of the next instruction
will be initiated without any other

operations.
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&)

<

The range of absolute address "a'" is

-16 - 15 against ROM address "$" stored

by this instruction itself.

Modifiable Index > No instruction

Instruction

JCS (Jump on Condition Set) : Jump on(F)= 1 Instruction

Symbol Instruction >

Jes a (0 £ a £2047)
< Machine Code =~ MSB LSB
7 6 5 4 3 2 1 0
lst Byte T T T T T T
1 1 1 0 0 ialo ag ag
7 6 5 4 3 2 1 0
2nd Byte T LI T T T T
a7y ag as5 a4 a3 ap aj ag
Operand a=ajpagagajagasajsasagala(
< Function -~ if (F)=1 then (PC)=—a,else No Operation
< Status Flag > (F) : No change
(C) : No change
Execution Cycle > 2 Machine cycle
Explanation of If F flag is set to "1", this instruction
Function causes to branch to the address "a"
indicated by the lower order 11 bits of
this instruction. 1In the other cases,
execution of the next instruction with
be initiated without any other operations.
Modifiable Index - No instruction
~ TInstruction
65) JCC (Jump on Condition Cleared) : Jump on (F)=0 Instruction
<< Symbol Instruction >

Jce a (0 = a <2047)
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<< Machine Code =

lst Byte

2nd Byte

<< Function >

< status Flag >

Execution Cycle >

Explanation of
Function

Modifiable Index

<
Instruction >

35) JMP (Jump)

< Symbol Instruction

<< Machine Code >

1st Byte

2nd Byte

58

>

TMP4310AP
TMP4320AP

MSB

TMP4315BP
TMP4300C

ay ag a5 a4 a3 ap al

Operand

if (F)=0
(F) : No
©)

change

: No change
2 Machine cycle

If F flag is cleared to "0",
instruction causes to branch
address ''a" indicated by the
11 bits of the instruction.

cases, execution of the next

a=ajg ag ag a7 ap as a,4 ajg ap al ag

then (PC)=-a, else No Operation

this

to the

lower order
In the other

instruction

will be initiated without any other

operations.

No instruction

: Unconditional Jump Instruction

(0 < a £2047)

ay ag as alk a3 an ay

a0

Operand

a=aj(Q ag ag ay ag as a4 ajz ap aj agp
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< Function =

< Status Flag >

< Executio Cycle >

Explanation of
Function

Modifiable Index >
Instruction

TMP4310AP TMP4315BP
TMP4320AP TMP4300C

(PC)=—a

(F) : No change
(C) : No change

2 Machine cycle

This instruciton causes an unconditional

branch to the address "a" indicated by

the lower order 11 bits of the instruction.

No instruction
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[OPERATION DESCRIPTION]

1. Basic Clock

TMP4310AP
TMP4320AP

TMP4315BP
TMP4300C

The basic clock generates the basic timing sequences required for the

operations of TLCS-43.

generating the basic clock.

There are the following methods of options

(1) Direct Connection of the Oscillator

1

] b
10—

=CIN = Cout

777
(2) Supply of External Clock

I |
]

Xout
+5 OPEN

External

Oscillator ——g

(3) Internal Oscillation

R = 43kQ

2. Initialize Operation

When a crystal oscillator,or a ceramic
oscillator, or a IFT, is connected as
shown at the left, the frequency of TLCS-
43 basic clock is equal to that of the
TMP4310AP)

oscillator. (Except

The basic clock of TLCS-43 can also be
supplied by an external oscillator circuit
as shown at the left.

The external clock input should be
sinusoidal or square wave vibrating with

levels between 0 volts and 5 volts.

The basic clock of TMP4310AP can be
obtained by connecting the resistance as
shown in the left figure.

250kHz - 450 kHz at R=43kR)
(Except TMP4315BP, TMP4320AP, TMP4300C)

(fosc =

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

at the low level as shown below.

The minimum time period of four

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

W |

S —

*V___._____
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0<W<1.5 cycles 1.5 cycles<W<4 cycles 4 cycles gW

The initialize
operation is
performed.

Whether or not the ini-
tialize operation is
not definite.

The initialize
operation is not
performed.

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

The initialize operation performs the following functions.

Block Symbol Initialize Function
Program counter PC Cleared to "0"
Interrupt latch 1L Cleared
Interrupt flag ™ Cleared to "0" disabling interrupt.
0TO All bits are set to "1".
TO1 All bits are set to "1".
¢ -
Output port 0T2 All bits are set to "1".
0T3 All bits are set to "1".
100 All output bits are set to "1".
Input/Output 101 All output bits are set to "1".
port 102 All output bits are set to "1".
Stack STK Made empty.

While RST terminal is held at the low level, only the above functions
are taken place and other operations, such as execution of program are

not performed.

When RST terminal is returned to the high level, the program starting

from address 0 is executed.

(Note) C, F and G of the status register are not reset.
Therefore, these must be taken care of by the program.
And any index instructions executed prior to the initialization

are ignored.
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If a capacitor is connected to RST
Initialize | wom terminal as shown at the left, the
. RST
Switch

initialize operation is automatically
o performed when the power supply is
=C turned on. And if it is required to
T '~ perform the initialize operation manually,

a switch should be connected for this purpose.

3. Interrupt Operation

(1) Interrupt Operation
TLCS-43 has the function which allows the interrupt operation to be
triggered externally. The interrupt operation is performed by hold-
ing INT terminal at the low level for four basic clock cycles or
more. However, several conditions must be satisfied to initiate the

interrupt operation. Such conditions are as follows.

1. Interrupt flag IM has been set and one or more instructions have
veen executed after the flag was set.

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

The interrupt request signal from outside is retained in interrupt
latch IL located inside and once an interrupt is accepted, IL and

inteerupt flag IM are cleared.

If it is desired to trigger an inteerupt again, INT terminal must
be returned to the high level (for two basic clock cycles or more)
and must be placed at the low level again. Repetitive interrupts

are not accepted keeping INT terminal at the low level.

Setting and repetitive setting of IL by INT signal are performed

in the following timings.

(Setting Timing of TL)

—_—y
INT P —

0<W<1 cycle 1 cycleLW<4 cycles 4 cycles EW

IL is not set. Whether or not 1L is IL is set.
set is not definite.
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(Repetitive Setting of TI)

{*4 cycles or more—=— w‘:::i-A cycles or more‘j
INT

W'=0 O0<W'<2 cycles 2 cycles<W'
IL is not set Whether or not 1L is T, is set again.
again. set again is not
definite.

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

When an interrupt is accepted, the content of program counter PC
is pushed down to stack STK and the entry address (address 2) of

the interrupt service routine is set in the program counter.

The accumulator, the status register, L register and H register
which are used in the interrupt program must be saved into RAM

area in the service routine.

When returning to execution of the main routine after completing
the interrupt routine the saved registers are returned and the
interrupt flag which has been reset is set to "1". Then, execution

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

(2) Timing of Interrupt Enable/Disable
(i) Interrupt Flag Set/Reset

I ? I SSB2 l XXX ] RSB2 | XXX [SSB2 l XXX I SSB2 I I
\ ~(2 cycles
\\\ \ ~ igstruction)
Initialize ~ \ \\\ Initialize
Interrupt enable N ~
State N
Interrupt disagizl - r - 1 . 1
State Disable Enable Disable Enable Disable

The interrupt is enabled, when one instruction has been executed
after SSB2 instruction was executed, and immediately disabled by

execution of RSB2 instruction.
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(:) When stack is used up to the deepest level (level 3)

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

417 CAL Jxxx CAL |xxx | RTN|xxx | CAL lxg;erTNI
\
AN \ N\ \
AN N\ \ N\ \
Level 3 AN
N
Level 2
Level 1
Level 0

Interrupt enable state

Inteerupt disable state puaple |Disable Enalbe Disable |Enable

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

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

and must wait until level 3 becomes available.

(3) Relationship between INT Signal and RST Signal

When the interrupt request signal and the initialize signal occur
simultaneously, the operation shown in the following examples

takes place.
l—4 cycle or more—m

T /

le— D'

RST

4 cycle or more—

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

the initialize operation.

1 cycle gb' <5 cycles ... Acceptance of the interrupt request
is not definite after the initialize
operation.

D'>5 cycles ..... .. Only the initialize operation performed

and the interrupt request is not
accepted.

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

For the output buffers of output ports and input/output ports, the
following types (A) or (B) can be specified by designating a mask
option. Since these types are selected by the same mask as the user
program mask,these must be specified based on the mask ROM data type

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

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

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

For the electrical characteristics, refer to the paragraphs of ABSOLUTE
MAXTIUM RATINGS and DC CHARACTERISTICS. Since the pull-up resistors
are provided by MOS transistors, the characteristics are somewhat
different from normal resistors.

D

. = < =
VOHE:Z AV(IOH 100 A) ILO__ZO A(VOUT VDD)

VOLs;O.AV(IOL= 1.6mA) ‘ VOL5;0.4V(ILO=1.6mA)
(A) With Pull-up Resistance (B) Open Drain

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

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

Pull-up Resistors of RST Terminal and INT Terminal

All versions of TLCS-43 are provided with the pull-up quasi resistors
(typical valve of 100k ohms) fabricated with MOS transistors for RST
and INT terminals. The guaranteed valve of general electrical
characteristics of these resistors are Ijpy MAX.=-0.1 mA(Vyy=0.6V).
(Refer to DC CHARACTERISTICS.)

65



INTEGRATEDCIRCUIT
S

TMP4310AP  TMP4315BP
TECHNICAL DATA TMP4320AP TMP4300C

66

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

application systems (or programs) for TLCS-43.
For these purposes, some terminals and functions have been added to

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

The terminals and the functions dedicated to TLCS-43 development tool
(TDS400/43) are also provided, and refer to the operation manual of

TDS400/43 for details.

1. Operation Timing
The normal operation timing of TMP4300C is chown in the figure below.
The timings of the initialize operation and the interrupt operation

are exactly same as the operation timings of other TLCS-43 chips.
1 machi LRH/LRL instruction —
cycle execution cycle

. i N e BN s I s B
Ag = A10 X o X (o) X (PC) X (00 X_ay
Ip - 17 Vﬁlnstruction %(Instruction @( LRH/LRL. VK Data Wﬁ(:

Instruction

Basic clock ¢0

2. Example of TMP4300C Application
The diagram below illustrates an example of connection with an EPROM,
which allows the program confirmation before confirming program to

ROM.

* TMM323C is 2716 type EPROM with 16K bits (2,048 words x 8 bits)



lNTEGRATEDClRCUlT TMP4310AP TMP4315BP

ﬁz TECHNICAL DATA TMP4320AP TMP4300C

v 5V
T 0
12 VDD
(Output data) - 0TC-0T2
11 5
(1/0 data)y — <Z__y 100-102 " cc
12 Ac=Ao AC-A10
(Input data) 77" 1y w2 (ROM address) Vop
(Tnitialize input) ] RST  oypia00c ne323c
(Interrupt input) — INT T
XIN 8 CcS
Ip-T K -0
XouT 07 - 997 pp/pen
0 (Instruction/
ROM data) GND
T T
D GNp  CLK 1 f—= (Monitor)

3 Caution for Using 102 Port
The output port and the input/output port of TLCS-43 have the con-

figurations shown below.

(Output port)

A

- — (Input/Output port)

Buffer/Driver

TLCS-43

TLCS-43

Latch Gate Latch/Driver

Internal Bus Internal Bus
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TMP4310AP
TMP4320AP

TMP43158BP
TMP4300C

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

directly connected externally to the terminal, and the output data

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

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

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

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

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

When a system development is conducted for TMP4315BP and TMP4320AP using

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

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

output data in OT3 port in a system using TMP4315BP or TMP4320AP,care

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

output level to I02 port, during the evaluation stage using TMP4300C.

(Circuit of Actual Application)

Voltage level
Clamp circuit

N

OT3

TMP
TMP

NN
[SVIO8)
N
ou
>
ForY

(Circuit of Evaluation Stage)

Voltage level
Clamp circuit

i

Buffer circuit

TMP4300C



INTEGRATEDCIRCUIT

TMP4310AP TMP4315BP
- v
ﬁ > TECHNICAL DATA TMP4320AP  TMP4300C
THMP4310AP ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Symbol Item Rating
Vpp Vpp Supply Voltage -0.5V to 7V
Vpp Input Voltage -0.5V to 7V
Vourl Output Voltage (Except Oper Drain Pins) -0.5V to 7V
VouT2 Output Voltage (Open Drain Pins) -0.5V to 10V
IouTl Average Output Current (Except OT1) 4mA
Loyt Output Current (OT1) 30mA
Pp Power Dissopation (TA=70°C) 700mA
TSOLDER Soldering Temperature (Soldering Time 10sec) 260°C
TsTg Storage Temperature -55°C to 125°C
ToPR Operating Temperature -10°C to 70°C
DC CHARACTERISTICS

Tp=-10°C to 70°C , Vpp=5V * 10 %, Unless Otherwise Noted

Symbol Parameter Test Conditions| Min.| Typ. Max.{Units
VIHL Tnput High Voltage (INO,I00,I01,T02,RST 2.2 Vpp | V
ViH2 Input High Voltage (INT) 3.5 VpD \Y
V11, Input Low Voltage 0 0.1 v
VcH Clock Input High Voltage (Xyy) External Drive | 3.8 Vpp \
ver Clock Input Low Voltage (X1y) External Drive | O 0.6 | V
TNl Input Current (INO) VIN=VDD 20 WA

Open Train Vin=Vpp 20 HA
I1n2 Input Current (I00,I01,I02) Pl Up ~ _
Open Drain - -
Tl Input Low Current _
Pull U ViN=0.6V -1. mA
(100,101, 102) P IN
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TECHNICAL DATA TMP4320AP TMP4300C

TMPA310AP  TMP4315BP

Symbol : Parameter Test Condition | Min.| Typ.| Max. |Unch
Iipo Input Low Current (RST, INT) Vin=0.6V -0.1] mA
Open Drain Vour=Vpp 20 HA
I1o Output Lead Current
(0TO, OTL) Pull Up - -
Vou Output High Voltage Open Drain - -
Pull Up Top=-100uA 2.4 v
VoL Output Low Voltage (Note) Top=1.6mA 0.4 |V
Ipp Vpp Supply Current 40 80 mA

Note: Output port OTLl can sink large current. (Lgj, TYP.=20mA,Vy;=2.0V)
While sinking large current, the output low voltage (Vgp)limit ig
the following value.

Vor, Max.=0.5V (IOL=1'6mA)

AC CHARACTERISTICS Refer to TIMING WAVEFORMS (1).

TA=-10°C to 70°C , Vpp=5V ¥ 10 % , Unless Otherwise Noted.

Symbol Parameter Test Condition | Min.|Typ.|Max.|Units
tho Clock Cycle Time 2 5 E}
tg Input Set up’Time 0.9 us
ty Input Hold Time 0.9 us
tp Output Delay Time CL=50PF,R(Pull~ 1.8 us
up)=50k ,1TTL
tINT INT Low Level Pulse Width 4 Clock
Cycle
tRST RST Low Level Pulse Width 4 Clock
Cycle
fosc Internal Oscillation Frequence R=43k 250 450 kHz
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HiP4 31 00 58P
R  TECHNICAL DATA | Tieazawp | THPA300C
TMP4315BP ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS o
Symbol B _Ifém ' Rating
Vpp Vpp Supply Voltage ‘ -0.5V ‘to 7V
ViN | Input Voltage .~ .= - cl 005 to v | s
VouTl Output Voltage (Except Opéhl 6;ain Pins) =0.5V to 7V
VouT2 Output Voltage (Open Drain Pins) -0.5V to 10V
TouT1 Averééé“BﬁEESt Cutrrent N 4mAC T
Pp Power Dissopation (TA=70°C) o 700mW
ISOLDER Soldering fé&ggraturéngbldering Tipe, 105gc) ‘260TC ‘ ,
TSTG Storage Temperature -55°C to 125°C
TOPR Operating Temperature - ~10°C to 70°C
'C CHARACTERISTICS
TA=-10°C to 70°C, Vpp=5V + 10 %, Unless Otherwise Noted.
Symbol Parameter Test Condition | Min.| Typ.|Max.|Units
Vint Input High Voltage (EﬁQ,INl,INZ,IOO,TOI, 2.2 VpD \Y
RST)
Viu2 Input High Voltage (INT) 3.5 Vpp | V
ViL Input Low Voltage 0 0.6 v
VeH Clock Input High Voltage (X1n) External Drive | 3.8 VpDp \
r7Vc[‘ Clock Input Low Voltage (Xin) External Drive | O 0.6 v
TN Input Current (INO,INI1,IN2) VIN=VDD 20 HA
Open Drain Vin=Vpp 20 uA
T1yn2 Input Current (100,I01) Pull up - _
It Input Low Current Open Drain B B
(100,7101) Pull Up ViN=0.6V -1.6| mA
T2 Input Low Current (RST, INT) Vin=0.6V -0.1{ mA
! Iio Output Lead Current Open Drain Vout=Vpp 20 UA
| (0T0,0T1,0T2,0T3) Pull Up _ -
? Vou Output High Voltage Open Drain - -
| (Bxcept Xoyr) Pull Up Tog=-100uA 2.4 v
: Vol Low Output Voltage(Except XQUT) Ior,=1.6mA ‘ 0.4
Ipp Vpp Supply Current 40 80 mA
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INTEGRATEDCIRCUIT

TMP4310AP TMP4315BP

e v \

ﬁ > TECHNICAL DATA TMP4320AP  TMP4300C
AC CHARACTERISTICS Refer to TIMING WAVEFORMS (1).
TA=-10°C to 70°C, Vpp=5V ¥ 10 %, Unless Otherwise Noted.

Symbol Parameter Min.| Typ.| Max.| Units
téo Clock Cycle Time Test Condition 2 5 us
tg Input Set up Time 0.9 us
ty Input Hold Time .9 us
tp Output Delay Time Cy=50PF,R(Pull up)=50kQ ,1TTL 1.8 us |
tINT INT Low Level Pulse Width 4 Clock

Cycle
tRST RST Low Level Pulse Width 4 Clock
Cycle
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TMP4310AP TMP4315BP
ﬁ i TECHNICAL DATA TMP4320AP  TMP4300C
TMP4320AP ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Symbol Item Rating
Vpp Vpp Supply Voltage -0.5V to 7V
VIN Input Voltage -0.5V to 7V
Vourly | Output Voltage (Except Open Drain Pins) 20.5V to 7V |
Vour2 Output Voltage (Open Drain Pins) -0.5V to 10V
%TOUTI Average Output Current (Except OT1,0T2) 4mA N
Toyur2 Output Current (OT1, 0T2) 30mA
Pp Power Dissipation (TA=70°C) 850md |
TsoLpEr | Soldering Temperature (Soldering Time 10sec.) 260°C
Tgrg Storage Temperature -55°C to 125°C
TopR Operating Temperature -10°C to 70°C
DC CHARACTERISTICS
TA=-10°C to 70°C, Vpp=5V ¥ 10 %, Unless Otherwise Noted
Symbol Parameter Test Conditions| Min.| Typ. M;x.Units
Vil Tnput High Voltage (INO, INL,IN2,T00,101,RST) 2.2 Vpp | v
Vino Input High Voltage (INT) 3.5 Vpp | V
Vg, Input Low Voltage 0 0.6 \Y
Ven Clock Input High Voltage (X1y) External Drive| 3.8 Vpp| V
Ve Clock Input Tow Voltage (Xry) External Drive| 0 0.6 v
TNy Input Current (INO, IN1, IN2) Vin=Vpp 20 | uA
Open Drain ViN=VpD 20 A
L1y2 Input Current (I00,I01) Pull up ~ ”
Tt Input Low Current Open Drain - -
(100, T01) Pull Up Vin=0.6V -1.6/ mA
T1L2 Tnput Low Current (RST, INT) Vin=0.6V ~0.1] mA
I1o Output Lead Current Open Drain Vour=VpD 20 WA
(0TO, OT1, 0T2, OT3) Pall Up - -
Von Output High Voltage Open Drain - -
(Except Xoyr) Pull Up Toj=-100uA 2.4 v
Vor, Output Low Voltage (Except Xopr) (ﬁote) Ipr,=1.6mA 0.4 v
E Inp Vpp Supply Current 40 | 80 | mA
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SR 3>  TECHNICAL DATA

Note: Output port OT1 and OT2 can sink large current. (Ipp,-TYP.=20mA,
Vor=2.0V) '
While sinking large current, the output low voltage (Vo) limit
is the following value.

Vo, Max.=0.5V (IOL=1.6mA)

AC CHARACTERISTICS Refer to TIMING WAVEFORMS (1).

TA=-10°C to 70°C, Vpp=5V + 10%, Unless Otherwise Noted.

THP43158P

SYMBOL Parameter Test Conditions Min {Typ.| Max. Units
téo Clock Cycle Time e 2 5 us
ts Input Set up Time ) 0.9 us
tH Inéﬂt Hold Time ’ 0.9 us
tp Output Delay Time Cp=55pF,R(Pull up)=50KQ,1TTL 1.8 us
CINT INT Low Level Pulse Width 4 Clock Cycle
tRsT | RST Low Level Pulse Width 4 Clock Cycle)
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INTEGRATEDCIRCUIT

TMP4315BP

TMP4310AP
= T TECHNICAL DATA TMP4320AP  TMP4300C
TMP4300C ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
Symbol Ttem Rating '
Vpp VDD Supply Voltage -0.5V to 7V
VIN Input Voltage -0.5V to 7V
1 Vour1 Output Voltage (Except Opet Drain Pins) -0.5V to 7V
Vout2 |Output Voltage (Openuﬁgéig Pins) -0.5V to 10V
ToyT1 |Average Output Current (Except OT1, 0T2) 4mA
IoyT2 . |Output Current (OTL, 0T2) 30mA
Pp Power Dissipation (TA=70°C) 1w
TSoLDER [Soldering Temperature (Soldering Time 10 sec.) 260°C
Tsrg Storage Temperature -55°C to 125°C
VVVVV TOPR Operating Temperature -10°C to 70°C
' DC CHARACTERISTICS
7 TA=-10°C to 70°C, Vpp=5V * 10 % , Unless Otherwise Noted.
Symbol Parameter Test Conditions ; Min.| Typ.| Max. Units
Vil Input High--Voltage (Except INT, X1N) (Note) 2.2 | Vpp | V
-Vig2 - |Input High Voltage (INT) 3.5 Vpp | V
V1L Input Low Voltage 0 0.6 v
Vel Clock Input High Voltage (X1y) External Drive 3.8 Vpp | V
Ver Clock Input Low Voltage (XN) External Drive 0 0.6 v
ITN Input Current (Except RST, INT) VIN=VDD 20 BA
I112 Input Low Current (RST, INT) Vin=0.6V -0.1| mA
I10 Output Lead Current(0TO,0T1,0T2) Vout=VDD 20 uA
VoH Output High Voltage (A0O-A10,CLKL) Iop=-100uA 2.4
Vo1, Output Low Voltage (Except Xgur) (Note) Iop=1.6mA 0.4
Ipp Vpp Supply Current 70 120 | mA
Note: Output Port OTl and OT2 can sink large current. (Ipl, TYP.=20mA,

Yor=2.0V)

While sinking large current, the Output Low Voltage

(Vor,) limit and the Input High Voltage (Vig1) limit are the

following values.

VoL Max.=0.5V to 0.6V
Vigl Min.=2.3V to 2.4V

(Ipp=1.6mA)
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TMP4310AP TMP4315BP
-
ﬁ > TECHNICAL DATA TMP4320AP  TMP4300C
AC CHARACTERISTICS Refer to TIMING WAVEFORMS (1) (2).
TA=-10°C to 70°C, Vpp=5V * 10 %, Unless Otherwise Noted.
Symbol Parameter Test Conditions Min.|Typ.| Max.|Units.
tdo Clock Cycle Time 2 5 us
tyg Input Set up Time .9 us
ty Input Hold Time .9 us
tp Output Delay Time Cp=50PF,R(Pull up)=50kQ ,l1 TTL 1.8 | us
tyNT | INT Low Level Pulse 4 Clock Cycle
Width
trsT | RST Low Level Pulse 4 Clock Cycle
Width
| tep | Clock Output Delay C=50PF, 1 TIL 0.4 | ps
Time
tap |Address Output C=50PF, 1 TIL 0.95( us
Delay Time
trs |Instruction Input 0.4 us
\ Set up Time
tIH Instruction Input 0 us
Hold Time
tips |ID Input Set up Time 0.4 us
tipy | ID Input Hold Time 0.95 us




bz INTEGRATEDCIRCUIT

SR3>  TECHNICAL DATA

TIMING WAVEFORMS

IMachine Cycle

TMP4310AP TMP4315BP
TMP4320AP TMP4300C

Basic Clock (dqg)

6V tg OH Min.=0.9yS
t4 OL Min.=0.9uS

o
(o))
<
=
E

tg tH
Input 2.2V 2.2V
.6V 0.6V
I
Output 0.6V
t4oH

Basic Clock (4q) x
0.6V o

t4or

v—-{tCD -

3 3.8V tg OH Min.=0.9us
tg OL Min.=0.9us

CLK 1 7*2.ZV

x [ 2.2V
- 0.6V J

ROM Address Output -2.2V
(49 - A10) 0.6V
tis ——CTHf— t1s
et - 2.2V %L 2.2V
nstruction Input
ZEX L 0.6V
(Ip - I7) 10,6V
t1ps —*1pH — t1ps
~2.2V 2.2V
1D
KO-V 0.6V
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TMP4315BP
. TMP4300C

TMP4310AP
- TMP4320AP

OUTLINE DRAWIMNGS
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INTEGRATEDCIRCUIT TMP4310AP TMP4315BP

ﬁz TECHNICAL DATA TMP4320AP TMP4300C

MASK ROM DATA TAPE FORMAT

-—-- Leader 50 or more characters of "NULL"
'COMMENT"| --—---- Comment  When designated by mask option the characters of
am ""MASK OPTION" are output with apostrophe.
(PUNNNi) | =—===—== Outputs symbolic names of bits of output port or input/
output port to which pull-up resistors are connected.

Outputs symbolic names of bits to which
pull-up resistors are connected PUNHM%
for all the bits of output port Bit Name
and input/output port which has Port Name
been designated as mask option.

"COMMENT"| —-=-——= Comment Outputs six characters starting from the beginn-

ing of character train defined by TTL statement

of source program and two characters of serial
number, with apostrophe.

(When no TTL statement exist, six characters of

space code and two characters of serial number

are output.)

N8; | = Outputs "N8" which indicates that the data pattern is 8 bits
long. (The program data follow this code.)
RXXXX ; | --—————- Outputs the program start address following "R", in four

frames of decimal ASCII code.

X xx Py | —T000- Data and check sum of the
first address. L X xx Px
X xx Pyxs | ————= Data and check sum of the I;_— Check Sum

Number of data bits

. d . X .
second address having "1'" is output

. Data

Two characters of eight
bit data are output in
two frames of hexadecimal

eighth address. ASCII codes.

X xx Pxs | -————- Data and check sum of the
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TMP4310AP TMP4315BP

ﬁ E TECHNICAL DATA TMP4320AP TMP4300C

R XXXX 3

X xx Pxs

Nineth program address.

Data and check sum of the nineth address

Outputs repetitively through the last data.

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

Trailer 50 or more characters of "NULL".
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SRR  TECHNICAL DATA

TMP4310APL/TMP4310
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SPECIFICATION OF TMP4310APL/TMP4310APLL

This specification’is applied to TMP4310APL/TMP4310APLL, one of versions
of TLCS-43.

TMP4310APL/TMP4310APLL is the low power version of TMP4310AP. There are
some differences in electrical characteristics between TMP&BIOAPL/TMP4310APLL

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

compatible. When using and examining TMP4310APL/TMP4310APLL, therefore, it is

recommended that this specification be used together with the technical data

on TMP4310AP.

Main differenpgs in‘elecgrigalvcharacteristip§ between AP and APL/APLL
are as follo&é} o ' o o ; :
1. Basic clock
Internal oscillation (with resistance externally installed between Xy and
TEST) and external clock supply can be available.
1.1 Frequency of external supply clock
f=200kHz to 400kHz (APL) (Vpp=5.5V + 20%, Topr=0°C to 55°C)
f=50kHz to 200kHz (APLL)
1.2 Internal oscillation frequency
£=200kHz to 400kHz (APL, Rx=56kQ) (Vpp=5.5V + 20%, Topr=O°C to 55°C)
f=110kHz to Z00kHz (APLL, Rx=110kQ)

2. Low input voltage and clock low input voltage (at time of external supply)
V1L MAX.=Vcp MAX.=0.55V (Vpp=5.5V + 20%, Topy=0°C to 55°C)
3. High output voltage
Vog MIN.=2.4V (Vpp=5.5V + 20%, Topr=0°C to 55°C, Igp=—50uA)
4. Supply current
Ipp TYP.=30mA, Ipp MAX.=45mA (APL) (Vpp=6.0V, Topr=25°C)
Ipp TYP.=15mA, Ipp MAX.=27mA (APLL)

5. Pull up resistance of RST and INT terminals is not contained.



bz INTEGRATEDCIRCUIT

ﬁ‘i TECHNICAL DATA

TMP4310APL,/TMP4310APLL -

TMP43T0APL/TMP4310APLL BASIC CLOCK

The methods of generating and supplying the basic clock of TMP4310APL/
TMP4310APLL are as follows:

(1) Internal oscillation

The basic clock of TMP4310APL/TMP4310APLL
can be obatined by connecting the resis-
tance as shown in the left figure.

Xy [TEs7] (fosc=200kHz to 40OkHz at Rg=56kq, APL)

(fosc=110kHz to 200kHz at Ry=110kQ, APLL)

Rx

(2) Supply of external clock

The basic clock of TMP4310APL/TMP4310APLL

| can be supplied from the external oscil-

lation circuit as shown in the left figure.

fxternal

Oscillation
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R

TMP4310APL."TMP4310APLL

TECHNICAL DATA

TMP4310APL/TMP43T0APLL ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATING
SYMBOL I TEM RATING
VpD Supply Voltage -0.5V to 7V
ViN Input Voltage -0.5V to 7V
VoyT1 | Output Voltage (Except open drain terminal) -0.5V to 7V
VouT2 | Output Voltage (Open drain terminal) -0.5V to 10V
Tstg Storage Temperature -55°C to 125°C
Topr | Operating Temperature 0°C to 55°C
Tsld | Soldering Temperature 260°C (10sec.)

D.C. CHARACTERISTICS(Vpp=5.5V+20%, Topr=0°C to 55°C) Unless otherwise noted.

SYMBOL PARAMETER TEST CONDITION MIN.|TYP. | MAX.|UNIT
VIHL | tnput High| (INO,100,101,102,RST) - 2.2{ - |vbDp | V
Vin2 Vo%tage (INT) - 3.5 - VDD v
VIL Input Low Voltage - 0| - 0.55] V
Veu Clock Input High Voltage (XIN) External clock 3.8 - VDD v
VoL Clock Input Low Voltage (Xry) supply 0 - 0.5} V
TIN1 Input Current (INO,RST,INT) VIN = VDD - - 20| uA
1 Irae Input Current Open Drain ViN = Vpp - - 20| pA
N2 (100, 101, 102) Pull Up - U I B R
Il Input Low Current Open Drain - - - - —
(100, 101, 1I02) Pull Up ViN = 0.55V - ~ |-1.6] mA
T Output Leak Current | OPeR Drain Vout = VpD - - 20| pA
1o (0TO, OT1) Pull Up - - - - -
Open Drain - - - - -
. [
VOH | Output High Voltage ™y 1T 700 = —50ua T4l - | - | v
VoL Output Low Voltage Ior, = 1.6mA - - 0.4 \Y
APL —9co - 30 45| mA
L Supply € t Vpp=6.0V, Ta=25°C
bp uppty turren APLL “ 15[ 27| mA

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

Low output voltage:

84

current Igp Typ.=20mA (Vor=2V) for each pins.

It is possible that output port OTl sinks large output

At the time

when CT1 sinks large output current, low output voltage (VOL)

becomes VOI, Max.2:0.5V (lpr=1.6mA).



Fhoshiba

INTEGRATEDCIRCUIT

TMP4310APL.“TMP4310APLL

-
FRIZ  TECHNICAL DATA
A.C. CHARACTERISTICS (VDD=5.5V+20%, Topr=0°C to 55°C)
SYMBOL PARAMETER TEST CONDITION MIN.|TYP. |MAX. |[UNIT
N APL 2.5 - 5.0 us
“Tock Cvele Time External clock
t$0 Clock Cycle Time supply APLL ST o 20 s
e 1 St Un T APL | 0.9 | - - bs
S nput Se p Time - APl 18 o = s
[ 0 APL | 0.9 | = - us
t ime -
i nput Hold ine A N
Cr=50pF, R(pull | APL | - | - |1.8 ] us
del¢ > L 5
tp Output Delay Time up)=50ke, ITTL | APLL| = | - [3.6 1 us
EINT INT Low Level Pulsc Width - 4 - - [Cycle
tRST RST Low Level Pulse Width - 4 - - |Cycle
£ Internal Oscillation R =56k APL | 200 - | 400 | kHz
08¢ Trequency R =110k APLL | 110 - 200 | kHz
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Fehita INTEGRATEDCIRCU!T

B3> TECHNICAL DATA

TMP4310APL,/TMP4310,

TYPICAL CHARACTERISTICS

fosc.~— VDD . L fose = Ta

400 400
Ta=25T Vpp=607
. 350 350
—
. | — ~—1 ]
500 — 300 |—I——T—]
sl Ry=56kQ Rx=56kQ
N (APL 5 APL)
o 250 m 250
A A4
< o
© 5 R00 o 200
o o .
L] H
I
150 —] 150
1 Rx=110kQ [ ) Ryx=110k{
) 17|77 (aPLL) L
100 100 APLL
50 50
40 50 60 20 o 10 20 30 40 50 60
Vpp (VOLT) Ta (T)
fosc - Rx
450
Vpp=607
400 Ta=25C
TMP4310APL
| TMPa3104PLL
350 \
n (APL)
o 300
fi Frequency
i Counter
@ 250 TC4069UBP
Al
200
APLL
150 (APLD) TEST CIRCUIT
100

20 80 120 160 200 240
Ry (kQ)
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INTEGRATEDCIRCUIT

SRZF  TECHNICAL DATA

TMP4310APL/TMP4310APLL

PIN CONNECTIONS

Top View

INOp —=1 N 28— VDD
INO; —= 2 27— XIN
INOp —= 3 26 |—— TEST
INOg —=] 4 25— I01g
0TOg = 5 R4 f—e101,
010, —| 6 23— 101,
0TOp ~—{ 7 22 = 101g
0TOz ——1 8 21 fe—w 100,
1029=——= 9 20— 1003
1027 =110 19— 100y
0T1p~ 11 18f—= I00g
0T1; = 12 17 f——TINT
0Tl ~—- 153 16f— RBT
GND ——- 14 15p—= 0T1g

OUTLINE DRAWINGS

Note 1.

2

Ao nnnnln o B e B

Unit in mm

=r=r=
R15 ! b
| 3
- N =
} | =
' <
| ~
uuuuuuuluuuuuuu
% 374 MAX, 1524 TYP,
= 50
0~
a4 A
iRpa Celie 7
T [
b 0,2510.1
=] 0.54+0.15 254 Notez
" T 163~-174
g 141015
=
3
s

Notel

This dimension is measured at the center of bending point of leads,

Bach lead pitch is 254mm,

and all the leads are located within

+025mm from their theoretical pesition with respect to No,1 and

No 28 lesds,
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INTEGRATEDCIRCUIT TMP4321AP -

TOSHIBA MOS Digital Integrated Circuit -
Silicon Monolithic
TECHNICAL DATA N-channel Silicon Gate Depression Load

88

GENERAL DESCRIPTION

TMP4321AP is one version of single-chip microcomputer TLCS43 series processed

with NMOS.

Since TMP4321AP can make periodic interrupt gained by dividing the CPU clock
to 512 or 1024 using the built-in prescaler, it is most appropriate for com-

puter control, such as sequence control.

Refer to the technical data of TLCS43 when using or considering TMP4321AP.

FEATURES

o Software compatible with TLCS43 series
o ROM capacity: 2048W x 8 Bits

o RAM capacity: 128W x 4 Bits

o Instructioﬁ executing rate: 4 us

o Input ports: 3 x 4 Bits PIN CONNECTIONS

o Input/output ports: 2 x 4 Bits

o Output ports: 3 x 4 Bits

. TEST[J1 42 [1Vpp

1x 3’B1ts voo0 2 a g

o Interrupt level: 1 level (Interrupt by timer) oy Qs 0PI,
INOo [ 4 39 [JIN1g

o Subroutine nesting: 4 levels (including interrupt Nog [0 5 38 [JIN1g
level) orog0s 37 [JINzg

o ROM data readout instructions OTOJEV o [Nz
070,18 35 [JIN22

o TI/0 level: TTL compatible" . or0z [ s []IN2g
: o0r19 [J10 = Q1019

o Ports available for large current output: 2x4 Bits or1; [Ju1 sz [1101;
) ‘ or1y 12 a J1o1,

o +5V single power operating (operating voltage or1g s ® f1o1
margin: 5V + 10%) 3

020 12 20 J 1004

o Operating temperature range: -10~70°C orz; [is s 1100,
orz, s 27 100,
oT2g 17 26 1004

or3g 18 25 Jxour

oty [Jae 2 Px1y

orss [Jz0 2z [JRST

aND Q= 22 JINT




INTEGRATEDCIRCUIT

— TMP4321AP
FRZE  TECHNICAL DATA

TIMER INTERRUPT

The following figure shows the configuration of timer interrupt circuit
of TMP4321AP.

INTERNAL TIMING CLOCK

I
|
" N
E¢¢_aocx TIME-BASE COUNTER
PULSE ;
fosc = GENE- DIVIDER . (2 BIT BINARY COUNTER)
-T:_é)__RATOR —
Your 1 ) Q7 a8
" Vv ReseT — 1
: | i al TO INTERNAL
| : () —o0—; LATCH
INT |__._'k£5_°___l

| SELECTIVE TIMER OPTION

As shown in the above figure, interrupt is not caused by external source via
INT pin, but it is only caused by the output divided by thebuilt-in prescaler.
The INT pin is usually set to "H" level (open) by.the pull-up resistor, but

it is not connected with the internal circuit.
Assignment of selective timer option is as follows

(1) Option INTDV7 is interrupted at x 512(S) cycle (Q7).

fosc

1

“Fosc ¥ 1024(S) cycle (Q8).

(2) Option INTDV8 is interrupted at

(Refer to "Mask Option Assignment'in the technical data of TLCS43 for
further details.)

The relation between timer interrupt and reset is

shown in the following figure. MASK ROM DATA TAPE FORMAT

iC

RST INPUT___ | 'COMMENT' COMMENT

. @ @

v Lg ' PULL-UP
INTERRUPT }__T/n T — (PUNNNI) -
PUTSE T @ RESISTOR

T: INTERRUPT CYCLE BY OPTION ASSIGNMENT

(INTDV7)
A . . s or TIMER
Initial interrupt occurs at T/2 interval after the RST . (INTDVS)
input is released, and then repeatedly occurs by every @ COMMEN
| 'commnr ! MMENT
T cycle. @
MASK
PATTERN

N8
@ @
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Foshiba
R

INTEGRATEDCIRCUIT

TECHNICAL DATA

TMP4321AP

920

BASIC CLOCK

The following are four methods to generate and supply the basic clock pulse in
the TMP4321AP.

(1) Direct connection of crystal oscillator

L

| When a crystal oscillator has been connected
X X
l_EN L_Sgﬂ to TMP4321AP as shown in the left figure,

[] the basic clock pulse is generated at the

frequency inherent in the crystal oscillator.
= CIN == Cour

.

3
N

Recommendations for CIN and CoUT
CiN=CouT=60pF (fosc = 500KHz)

(2) Direct connection of ceramic oscillator

When a ceramic oscillator has been connected

1 ) )
to TMP4321AP as shown in the left figure,
IXINI IXOUTI ! ° &
the basic clock pulse is generated at the

) |[ﬂ | frequency inherent in the ceramic oscillator.

E Coyrt Recommendations for Cyy and Coyr
CiN=Coyr=100pF (fogc ~ 500KHz)

1

| | When a IFT has been connected to TMP4321AP as

shown in the left figure, the basic clock
pulse is determined according to the

circuit constant.

Recommendations for Cyy and Coyp
Cn=Coyr=100pF (fpgc ~ 500KHz)
(4) Supply of external clock

XIN IXOUTl The basic clock pulse of TMP4321AP can be
OPEN supplied by an external oscillating circuit
OSCILLATING
CIRCUIT as shown in the left figure.
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INTEGRATEDCIRCUIT

TMP4321AP

-
SR  TECHNICAL DATA
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
VDD Supply Voltage -0.5 v 7 \4
VIN Input Voltage -0.5 v 7 v
VouT1 Output Voltage (except open drain terminal) -0.5 v 7 \4
VouT2 Output Voltage (open drain terminal) -0.5~10 v
IouT1 Output Current (except OT1, 0T2) 4 mA
TouT2 Output Current (OTLl, OT2) 30 mA
Tstg Storage Temperature -55 ~ 125 °C
Topr Operating Temperature -10 ~ 70 °C
Tsld Solder Temperature 260 (10 sec.)| °C
Py Power Dissipation (Ta =70°C) 850 m
D.C. ELECTRICAL CHARACTERISTICS (VDD = 5V+10%, Topr = -10 " 70°C)

SYMBOL PARAMETER TEST CONDITION | MIN.[TYP.| MAX.{ UNIT
VIH1 |Input High Voltage (INO,IN1,IN2,100,I01,RST) - 2.2 - |Vpp v
VIH2 |Input High Voltage (INT) - 3.5 - |Vpp v
VIL Input Low Voltage - 0 - 0.6 v
VCH Input High Clock Voltage (XIN) - 3.8/ - |Vpp v
VL Input Low Clock Voltage (XIN) - 0 - |0.6 v
IIN1 Input Current (INo, IN1, IN2) VIN = VDD _ ~ 120 uA
IIN2 Input Current (I00, IO1) Open Drain VIN = VDD = - 120 uA

Pull Up - - - - -

IIL1  |Input Low Current (I00, IOl Open Drain = =L == =
P (100, T01) 5T, VIN = 0.6V| - | - |-1.6] maA

I11.2 | Input Low Current (RST, INT) VIN = 0.6V | - - |-0.1| mA
110 Outout L 0T0,0T1, | Open Drain VOUT = VDD - - 120 LA
utpu eak Current (OT2,0T3) Pull Tp - - = = =

Yon Output High Voltage Open Drain - - - - -
(except XOUT) Pull Up ToH =-100uA | 2.4 - - v

VoL Output Low Voltage (except XOUT) IoOL = 1.6 mA| - - 10.4 \
IDpD Supply Current - - | 40 |80 mA

Output Low Voltage : Output large current IOL TYP.=20mA

A.C. ELECTRICAL CHARACTERISTICS

ports OT1l, OT2. When output large
becomes VOL MAX.=0.5V(IQL=1.6mA).

(VDD = 5V+10%, Topr

(VOL=2V) is made possible by output
current sinks, output low voltage

-10 v 70°C) Refer to Timing Chart.

SYMBOL PARAMETER TEST CONDITION | MIN.| TYP.MAX.| UNIT
t40 Clock Cycle Time - 2 - |5 us
ts Input Setup Time - 0.91 - - us
tH Input Hold Time - 0.9 - - us
tD Output Delay Time Skgigg;b?§§;¥} - - |1.8 ] usS
EINT INT (Low Level Width) - 4 - - |[Cycle
ERST RST (Low Level Width) - - 4 — |7 = Jcycie

o1



2y INTEGRATEDCIRCUIT
R

TMP4321AP
TECHNICAL DATA )

TIMING CHART

1 Machine Cycle
tgo
BASIC tpoL t¢oH
CLOCK tgon Min, = 0948
(o) x 38V a8V 38V )
0.6V 0.6V N 067 KMV tgoL Min, =0.948
L ts tH
RRV 227V
INPUT 0.67 067
L)
‘ OUTPUT 0.6V

| EXTERNAL VIEW OF PACKAGE (Pdastic Package)

Unit: mm
424140 59 3837 36 35 33 32 51 302028 27 26 2524 23 R2
RL3 . ]
) ~
| (LT LT LYY PP LY (P PP I PIP L U PLYLPLPLY
1253456 7 8 910111213141516171819%021
: NOTE 1
1 538 MAX, ° ;\. 1624 (TYP.)
‘ o =1 2 af 5
5 H =
/—/\ o 1% T\
Al vyl
| | 1
| 025 + 0.1 \ll
! o
‘ 3
~ NOTE 2 .
° 254 0.5+01 =
' 141015 2 163~183
[

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

Note 2. Lead pitch is 2.54mm and tolerance is + 0.25mm against theoretical
' center of each lead that is obtained on the basis of No.l and

No.42 leads.
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4399C

TOSHIBA MOS Digital Integrated Circuit

INTEGRATED CIRCUIT Tip

R=E

TECHNICAL DATA

Silicon Monolithic

N-channel Silicon Gate Depletion Load

DESCRIPTION

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

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

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

by use of the EPROM.

TMP4399C is equipped with a 24-pin socket which may direct’ly mount the

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

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

mounted on the package, TMP4399C becomes pin-compatible with TMP4315BP/

There-

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

ROM. The former operates the same as the latter.

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

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

perimental basis.

PIN CONNECTIONS

TEsT 2 A rzz vop

oo 2 541 [11N1g

FEATURES o) 3 120 [ 1N3,
1Nog e 139 [1IN1

o General purpose 16K EPROM TMM323D N0y s 138 MiNig
(equivalent to INTEL2716) can be used. 0T0q [6 187 M 1N2g
oto, 7 186 [ INZ

o Compatible with TLCS-43 single-chip orog s :ss[]lsz
microcomputer family TMP4315BP/ otog ]9 134 [J1nzg
4320AP in pin. 0T 10 O1 a7 vy 2a OB [J 1030
oty i Oz 46 as 25 Opz [J101)

o Compatible with TLCS-43 Series in oTig [hz O3 a5 A9 22 0:31 101,
software. oT1g 13 Q¢ a4 Vpp 21 OJSO 1015
: o129 1 Os a3 __§_~2_.829 [ 1000
o ROM 2KWx 8 BIT RAM 128W x 4 BIT orzy s O6 42 a10 19 O 28[]100;
27 [ 100
o Can be operated by +5V single power Z:‘Zi Ei: 8; i;??g’?fd}l%_g% glooz
supply. Voltage marginis +10% equal orso 18 Qs 1o, Ds 16 O 25 [JXour

to that of mass-produced products. ors; e Qwo mi Ds 15 2¢ [ X1y
o013z CJzo Qu1 1@ Dy 14 QO 23[]RsT

o Operating temperature range is =10 GND Ez_l_,rOm aND Dy 18 Q22 [ INT

70°C equal to that of mass-produced products. (Note) O mark: Socket for

TMM323D



INTEGRATED CIRCUIT  Tweaseac

R TECHNICAL DATA

PRECAUTIONS FOR USING TMP4399C
1. Precautions for using OT3 Output Port

The output port and input/output port of TLCS-43 are composed as
shown in the following figures.

(OUTPUT PORT)

A\

(INPUT/OUTPUT PORT)

TLCS-43

r BUFFER/DRIVER I

TLOS-43

LATCH I GATE —| I LATCH, DRIVER ]

INTERNAL BUS INTERNAL BUS

Therefore, when the circuit which clamps the output voltage level
is connected directly to the outside of terminal, if the output data is
referred to by the program, for the output port such data can be normally
read, but for the input/output port erroneous data may be read unless
the voltage level can be ensured as an input signal By the clamp circuit.
For the purpose of reading correct data, it is necessary to separate

the terminal from the clamp circuit by the buffer circuit.

The output port 0T3 of TMP4399C serves as an input/output port owing
to the configuration of the chip. In case of the system using TMP4315BP
or TMP4320AP, therefore, if the output data of OT3 Port must be referred
to by the program, care should be taken that the circuit which clamps
the output level may not be connected directly to OT3 Port at the stage of
development where TMP4399C is used.
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INTEGRATED CIRCUIT THPa399C

SRS  TECHNICAL DATA

(ACTUAL APPLICATION CIRCUIT) ( BUFFER CIRCUIT )
VOLTAGE LEVEL VOLTAGE LEVEL
CLAMP CIRCUIT CLAMP CIRCUIT

0

TMP4315BP
TMP43R20AP
0T3

BUFFER CIRCUIT
()

TMP4399C

2. Precautions for using large output current

In case of TMP4399C, each terminal of the output port OT1 and OT2
may sink large output current IOL =20mA TYP. (VOL =2V) when there ports

sink large output current, a part of the DC electrical characteristics
is changed. Attention should be paid to the main characteristics that

the high input voltage of Vyy; and the low output voltage of Vq, at

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

Vigy MIN. & 2.3 v 2.4V

Vor, MAX. & 0.5 n 0.6V (Ig; = 1.6mA.)

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

fu-l?il)a

R TECHNICAL DATA
ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS
Symbol CHARACTERISTICS RATING UNIT
VDD Supply Voltage -0.5 v 7 v
VIN Input Voltage -0.5 v 7 v
VOUT1 | Output Voltage (excépting open drain terminal) -0.5 v 7 v
VOUT2 | Output Voltage(Open drain terminal) -0.5 v 10 v
IQUT1 | Output Current(Excepting OT1, OT2) 4 mA
10UT2 | Output Current (OT1, 0T2) 30 mA
Tstg | Storage Temperature =55~ 125 °C
Topr Operating Temperature -10 ~ 70 °C
Tsld | Soldering Temperature 260(10 sec.)| °C

Py Power Consumption (Ta =70°C) 1 W
D.C. ELECTRICAL CHARACTERISTICS (VDD =5V +10%, Topr =-10 ~ 70°C)
Symbol CHARACTERISTICS TEST CONDITION MIN.| TYP. | MAX. | UNIT
VIHI | Input HighV. (excepting INT,XIN) - 2.2 | - |Vbp | V
VIH2 | Input High Voltage (INT) - 3.5 | - |VDD v
ViL Input Low Voltage - 0 - 0. )\
VcH Clock Input High Voltage (XIN) - 3.8 | - VDD v
VCL Clock Input Low Voltage (XIN) - 0 - 0.6 v
I1N Input Current(excepting RST, INT)| VIN = VDD - - 20 | pA
I1L2 | Input Low Current (RST, INT) Viy = 0.6V _ = [-0.1e| mA
110 Qutput Leak Current(0T0,0T1,0T2) | VOUT = VDD - - 20 | uA
Vol Output High Voltage (A0 vA10) Toy = -100uA 24 - _ v
VoL Output Low V. (excepting XOUT) IoL = 1.6 mA - - 0.4 v
IpD Supply Voltage - - 70 | 120 | mA
[Operation of Evaluator Chip] Refer to the paragraph entitled "Precautions
for Using Large Output Current".
Refer to timing charts (1) and (2).

A.C. ELECTRICAL CHARACTERISTICS (Vpp =5V + 10%, Topr =-10~ 70°C)
Symbol CHARACTERISTIC TEST CONDITION MIN.| TYP. | MAX. | UNIT
td0 Clock Cycle Time - 2 - 5 us
ts Input Setup Time - 0.9 - - us
tH Input Hold Time - 0.9 - - us
tD Output Delay Time R%iiﬁ?) 50k, 1TTL _ _ 1.8 | us
tINT | INT Low Level Width - 4 - - [Cycle
tRST | RST Low Level Width - 4 - - [Cycle
tCD Clock Output Delay Time CL = 50PF, 1TTL - - 0.4 | us
tAD Address Output Delay Time CL = 50PF, 1TTL - - 10.95]| us
t1s Instruction Input Setup Time - 0.4 - - us
t1g Instruction Input Hold Time — 0 - — us
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INTEGRATED CIRCUIT

il
R

TECHNICAL DATA

TMP4399C

(1

(2)

TIMING CHART

1 Machine Cycle (Machine Cycle)

toon MIN, =098
tpo1, MIN.=C9us

tgon MIN.=09Us
tpoL MIN, =09us

)’ RRV

tpo
| tepoL | teon
Basic (¢§ \ e a8y wov |
Clock $0) Rosv o8V \osV Ko.sv
L ts 2:!
ot / %ﬁw =) /
u .,
06V Q6V
sy
tp
Output o6V
taon
Basic 38V a8v
| 06V vV 6V
Clock (40) 08 i -
teoL
—~tgp — top b
Internal lazv x
Clock (CLK1) (BGV
taD

ROM Address Output]
(AgnALQ)

£ 22v
- Q6V

——t1s —it1m ~—t1s
Ir’lstruc— 2RV 2.2V
tion 06V [
Input
(DoD7)
(Note) Since internal clock (CLK]) is not output, it cannot be seen

from the outside.
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EXTERNAL SHAPE OF PACKAGE NI
2476103 254X 11 = 2794103 Z
1206102 2544025 Unit: mm (r_v‘; g
% =
@& ©© A =
f — ) > 9
O -
| o O
o] O] | >
3‘13 ﬂ _ - ——H O] M| ® - R
e 0y ! #3109 > i
il g o) e =
\ y ) O B —
@@ BALE)(A) (BB (B (AL LALD)
&G &G E GO
1091401
133+01 306MAX,
1715+Q15
546106

J66EPdWL

254 X R0 = 508+03

—
1
'

10MAX,

R.54+03

T e WL L 5 5 N

VTTTVTYYTryyveysvyyy 'T

8,0MAX

2541025
Il ozs+005
046+0.1 | 1524025
102402 =




4BIT SINGLE CHIP MICROCOMPUTER

TLCS-46A(CMOS)






R

INTEGRATEDCIRCUIT ""C2ZMOS" DIGITAL INTEGRATED CIRCUIT

TCPU620AP
TECHNICAL DATA TCPL4B30AP

SILICON MONOLITHIC
CMOS 4-BIT SINGLE CHIP MICROCOMPUTER
GENERAL DESCRIPTION

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

computer for consumer applications.

A single and integral microcomputer has been composed of a 4-bit
parallel arithmetic and logical unit (ALU), accumulator (AC), program
memory (ROM), data memory (RAM), input/output ports, clock generator, and

divider incorporated.

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

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

TCP4620AP
=~
HRZE  TECHNICAL DATA TCPLE30AP
FEATURES
o TCP4620AP o Low Power Dissipation by
2048 x 8 ROM Employment of C2ZMOS Process
96 x 4 RAM Typical Supply Current : 400uA
34 1/0 Lines (at 400 kHz Basic Clock)
o TCP4630AP o Single 5V Supply
3072 x 8 ROM Wide Operating Range : 3V to 6V
160 x 4 RAM
34 1/0 Lines o’ Wide Operating Temperature Range: -30°C to 85°C
o TCP4600AP o 52 Instructions
Evaluator Chip 46 One Cycle Instructions
for TLCS-46A 6 Two Cycle Instructions

o Single Level Subroutine Nesting

o Single Level External Interrupt

o 10us Instruction Execution Time

o PLA and Decode Matrix for Display Operation

o Many Kinds of Mask Options for Optimum

Application Systems
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INTEGRATEDCIRCUIT

TCP4620AP
L~ .
FRZZ  TECHNICAL DATA TCPL630AP
PIN CONNECTIONS (TOP VIEW)
A\
Pos 01 420 Vpp
POZ E 2 41 j P23
Po: 3 400 P
Poo O 4 390 py,
Pia” g s 380 Pao
P12 ge 370 Pus
Pu 7 36 g P.:
P Os 35 Pu,
POss g9 340 Puo
POse gio 33 [ Pleo
POss gir 32 O INT
Poeu gi2 31 [J RESET
POes (13 30 f TEST
POs.  [l4 29 B cK
POs, 0is 28 O XouT
POso gle 27 @ XN
POs, 0i7 26 [0 PIss
POss  [18 25 A PIse
POs2 (19 24 0 Pls
POs; 020 23 0 Plso
GND 021 22 [ POso
PIN NAMES & PIN DESCRIPTION
Pin Name Input/Output Function
Poas - Poo Input/Output 4—bit general purpose I/0 port (I/O is
designated by a program).
P;5-Pio Output 4-bit general purpose output port.
- " 4-bit general purpose ;
e Lo o LSBT T e
- 4-bit 1 L
Tee e ﬁ“..p”t oF ouenst | tapur/Bitpat phre o ) options
Posz.-‘POso Output 5-digit output port for display. (Can be
used as the general purpose 5-bit output port)
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INTEGRATEDCIRCUIT

TCP4620AP

TECHNICAL DATA TCP4630AP
Pin Name Input/Output Function
POg3-POg Output 8-segment output port for display (can be
used as the general purpose 8-bit output port)
PI53-PIsq Input 4-bit general purpose input port.
PIgo Input 1-bit general purpose input port (with a
internal Schmitt circuit).
RESET Input Initialize signal input (with a internal
Schmitt circuit).
- Interrupt request signal input (with a inter-
INT Input X P q & P
internal Schmitt circuit).
XIN Input Oscillator connecting terminal
Xout Output Oscillator connecting terminal
CK Output External timing output
TEST Input LSI test signal input, used by connecting
to GND
VDD Power supply
GND GND
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| INTEGRATEDCIRCUIT

FRZZ  TECHNICAL DATA

BLOCK DIAGRAM

TCPL4EZ0AP
TCP4E3CAP

IBUS
S TK
] , 1k
N2 Register #0 Fos= Poo
L D
ROM J
W
2048"x8b Register #1 | —P15” P1o
3072"x8b
IR H

::::::j::PLA :::]

Y Decode i . £ P.,-PO
7 . 71 Register #5 s4 50
'\Matrlx

B <

RAM 7
96" x 4b N | RS«
B0Y x Ab INTR<

6 0 denotes mask option.

Register #6 POs;~POso
(Register #6/17), POgs~POso )
PO73-P0s0
PIss—PIso
I, Timing
s circuit [ PLeo
!—— Divider
A._ﬁ‘ch
Clock
divider]
XN
T G 1
0scC | =
XouT
TEST Vpp GND  RESET INT
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INTEGRATEDCIRCUIT
TCPL4620AP

FRSF  TECHNICAL DATA TCP4630AP

FUNCTIONAL DESCRIPTION

[SYSTEM CONFIGURATION]

TLCS-46A consists of the following elements.

1. BASIC ELEMENTS

(1) Arithmetic and Logical Unit (ALU)

(2) Accumulator (AC)

(3) Status Register (ST)

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

(EYR)

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

(6) Internal Bus (IBUS)

(7) Data Memory (RAM)

(8) Program Memory (ROM)

(9) Program Counter (PC)
(10) Stack (STK), Stack Flag (FSTK)

(11) Instruction Register (IR), Instruction Decoder (IDEC)
(12) Clock Gemerator (0SC)
(13) Divider
(14) Timing Generator (TG)

(1) Arithmetic and Logical Unit (ALU) Internal bus

ALU performs the principal function L

involved in the data processing of

TLCS-46A, and consists of 4-bit

ALU
binary parallel arithmetic circuit.
. . C,Z
One of the inputs of the arithmetic ST

and logical unit is the accumulator
or the status register, and another input is the internal bus, and
the result of operation is output to the internal bus and at the

same time, carry (barrow) and zero are detected.
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(2)

(3)

Accumulator (AC)

The accumulator is a 4-bit register that temporarily stores data
for arithmetic process, arithmetic result and data from/to the

input/output ports.

Status Register (ST)

The status register is a 4-bit register having a meaning per bit,
and is called H flag, D flag, C flag and Z flag in that order from
LSB side.

(MSB) (LSB)
3 2 1 0

z c,D HJ

C) Zero Flag (Zz)

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

The zero flag is cleared, if the result is not zero.

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

as a branch condition for program flow.

C Flag

When an instruction indicating update is executed, C flag is set at
"1" if carry is resulted at time of addition and increment, and at

"0" if no carry is resulted.

Further C flag is also set at "0'" when borrow is resulted at time of
substruction and at "1" when no borrow is resulted.
C flag is used for judging size of data and for multiple digit

arithmatic operation.
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@ D Flag

D flag is used by a program as an input/output designating signal of
the input/output port (Po). When D flag is "0", the input/output
port serves as the input port and when D flag is "1", it serves as

the output port.

When the input/output port is used exclusively as the output port
(specified by mask option), D flag becomes the general purpose flag
bit that can be optionally used by user.

D flag is reset at "O0" by the initialize operation.

® H Flag

H flag is used as a control signal for hold operation. When "1" is
set on H flag, the timing generator is placed in hold mode and the
operation is held suspensed. The restart from the hold mode is ac-
complished by resetting H flag at "0" in the hardware processing,

and after released from the hold mode, the process that was held sus-
pended prior to the hold operation is resumed. However, interrupt

request is not accepted under the hold operation.

When the hold operation is not used (specified by mask option), H
flag becomes a general purpose flag bit that can be optionally

used by user.

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

(4) H Register (HR), L Register (LR), Y Register (YR), Y Register
Flag (EYR)
H register and L register are 4-bit registers and function as an
address pointer of the data memory (RAM) or a general purpose

register.
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(5)

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

the data memory, H register represents high order 4 bits of an ad-
dress and L register represents low order 4 bits, and they designate
an address space of total 8 bits (256 words). Therefore, when 16
words in the address space of the data memory are expressed as one
page, H register designates a page address and L register designates

an address in the page.

When an undefined region without data memory is read with H register
and L register used as address pointers of the data memory, the data
memory contents are regarded as being undefined. Further, data

write into an undefined region should be avoided.

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

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

Y register flag is an 1-bit flag that shows as to whether H register
or L register is used as an address pointer of the data memory.

When Y register flag is "1" (EYR=1), Y register is selected as an
address pointer of the data memory, and when Y register flag is

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

pointers.

Y register flag is set at "1" by the execution of Y register data
setting instruction. And Y register flag is cleared at "0" by the
execution of the instruction which does not set data to data memory.
Further,while Y register flag is set at "1", .it is kept in interrupt
disabled (waiting) state.

Y register flag is reset at "0" by the initialize operation.
Port (P), Port Register (Register)

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

output port, input output port, and input/output port.
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When a port is used as input, it is processed as non-latch input,

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

completion of read-in.

When a port is used as output, output data is set in the port re-
gister by an instruction and contents of this prot register are
output. On some ports it is possible to read contents of the port

registers by an instruction.

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

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

level is compatible with CMOS/TTL.

Internal Internal

——1 J o bus < bus

Register Gate

Gate
J [

Driver/
Buffer
TLCS-46A TLCS-46A
-
General purpose output General purpose input
port configuration port configuration

Port Configuration

Port Name

Register Port

Symbol| Pin Name Number Function

Remarks

Input Out-

Put port

Control designating of I/0 by D flag.
Input out- )

Po Pos = Poo 0 This port can be specified as an ex-

put port clusive use output port by mask option. .
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Register Port

. Remarks
Number Function

Port Name Symbol| Pin Name

General purpose output port. Con-

Output Output
Port P, P53 -Pio 1 port tents of registers can be read by
an instruction.
Input/output is specified by mask
1/0 Port P, Po3 -Pao 2 I1/0 port option. Contents of registers can
be read by instruction at the output
mode.
1/0 Port P, Pus - Puo 4 I/0 port
General purpose input port with a
K Q( Typical i . P -
ey Input PIs PIso-Plsg Input 150K (Typical ) resistor (Pull
Port port up/down can be specified by mask
options).
5
Digit output port for dynamic dis-
Digic Output play. Can be specified as a gen-
Output POs | PO54~POso port eral purpose output port by mask
Port .
options.
Input Port PIe Pleo igstt General purpose input port.
6
8-segment output port for dynamic
Segment Output display. Can be specified as a
--P
Output BOs | POs7 -P0so port general purpose output port by
Port

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

Register Port

N Remarks
Number Function

Port Name | Symbol Pin Name

Output POs PO¢s = POgo 6 Output General purpose output port.
Port port
Output Output
PO P0O,5; ~ PO 7 General purpose output port.
Port 7 73 70 port purp P p

C) Port 0 (Po)
Port 0 is a 4-bit general purpose input/output port. This port is

selected when Register 0 is specified in an instruction.

Input/output designationis made by D flag of the status register.
When D flag is "0", this port becomes the input and when D flag is

"1", it becomes the output and output the content of Register 0.

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

@ Port 1 (Pl')

Port 1 is a 4-bit general purpose output port. This port is
selected when Register 1 is specified in aninstruction and the

content of Register 1 is output.

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

C) Port 2 (P2), Port 4 (Py4)

Port 2 and Port 4 are 4-bit input/output ports that can be specified
as either input or output by mask options. When Register 2 and Re-
gister 4 are specified in an instruction, Port 2 and Port &4 are

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

combination is possible.

(a) p2/F/, P4/F/-Port 2 and Port 4 as output.

(b) P2/F/, P4/3/-Port 2 as output.
High order 2 bits (P43,P42) of Port 4 as
input, low order 2 bits (P41, P40) as
output.

(c) P2/0/, P4/F/-Port 2 as input.
Port 4 as output.

(d) Specify P2/8/, P4/3/-Port 2 as input.
High order 2 bits (P43,P42) of Port 4 as
input low order 2 bits (P41, P40) of Port

4 as output.

(e) Specify P2/0/, P4/0/-Port 2 and P4 as input.

Further, in case of input bits these ports operate as non-latch
inputs, and in case of output bits they operate functionally same

as in Port 1.

® output Port 5 (POs5)

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

data output in dynamic display.

When an instruction for writing data in Register 5 is executed,
4-bit data on the internal bus is converted into 5-bit data by
the decoder matrix, this data is written into the 5-bit Register

5 and further, output to Port 5.

User is able to specify the content of the decode matrix optionally

by mask options.
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Further, the content of Register 5 cannot be read by an instruction.

|

Internal bus [~ 7~ 77777 Decode matrix -

Set pulse 5 Reset signal
———{ Register 5 l—-—~

LLLL

Output port 5

Input Port 5 (PIs)

Input Port 5 is a 4-bit input port. This port is selected by

a Read Register 5 instruction.

Input Port 5 is equipped with a 150kQ( Typ.) input resistor,

and the pull-up/down is specified by mask options.

Output Port 6 (POg), Output Port 7 (PO7)

Output Port 6 is a 8-bit output port for segment data output in

dynamic display.

When an instruction for writing data in Register 6 is executed, a
output data is read from 16 words x 8 bits PLA with a 4-bit data on
the internal bus used as an address, this output data is written

into the 8-bit Register 6, and output to Port 6.
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User is able to specify the content of PLA optionally by mask

options.

Further, it is possible to specify and use output Port 6 as two
4-bit general purpose output ports by mask options. In this
case, the 8-bit output port is split into high order 4 bits and
low order 4 bits, and the high order 4 bits are assigned to output
Port 7 (Register 7) and low order 4 bits to Output Port 6

(Register 6).

The contents of Register 6 (and Register 7) cannot be

read by an instruction.

Internal
bus
Add.
T
Deco+ ;
der | P LA
|
to 16 | (16 words x 8)
1
(MSB)
—0
Reg.6/ (] g | Output
Reg.7 H—n [ Port 6
B (or Output
Set pulse 6/ port 7)
Set pulse 7
—t
Reg. 6 o Output
Il [ port 6
(LSB) | |
Set pulse 6
Reset signal

C) Input Port 6 (PIg), Counter Buffer

Input Port 6 is the input port of 1 terminal (PIgg), but internally
it is treated as a 4-bit data in combination with 3-bit data that are

output from the divider (refer to Item for Divider).
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(6)

(7

The read circuit which reads this 4-bit data is called Counter
Buffer/Input Port 6 or Counter Buffer simply. This ceunter buffer
is selected by a Read Register 6 instruction and processed as 4-bit

parallel non-latch input as in other input ports.

The bit configuration of the counter buffer is such that external
input from PIgQ terminal is connected to LSB side 1 bit and out-

put from the divider is connected to MSB side 3 bits.

Further, the output stage of the divider to be connected is
specified by mask options, but is fixed by a combination of an
oscillator to be used and internal basic frequency. (Refer to

Item for Divider.)

A Schmitt circuit and a timing shaping shift register are con-
nected to PIgp terminal, which therefore cannot be operated at
frequency above the internal basic clock frequency. The
internal signal from the input terminal is subject to a time delay

of maximum.

3
Internal basic frequency x 2

(sec.)

Internal Bus (IBUS)

The internal bus consists of 4 bits, connects various registers
and blocks such as the accumulator, status register, data memory,
H register, L register, Y register, port register, ALU, etc., and
data to be processed and data of process result are transfered

through the internal bus.

Data Memory (RAM)

TLCS-46A Family has the following internal data memories in order

to store user's process data.
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Type

TCP4620AP
TCP4630AP
(TCP4600AC

TCPL4620AP
TCPL4630AP

Capacity

96 words x 4 bits
160 words x 4 bits
160 words x 4 bits)

The data memory consists of the static memory cells.

Addressing of the data memory is executed by contents of H re-

gister/L register or Y register.

TCP40620AP

Address
Page F E D B A 9 8 7 6 5 4 0
0
1
(] 2
3
4
5
TCP4630AP/ (TCP46O0OAC
Address ,
Page F E D C B A 9 8 7 6 5 4 0
0
1
2
3
(]
5
6
7
8
9

[Z ] portion can be referred by

Y register.

Addressing of Data Memory
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(8) Program Memory (ROM)

TLCS-46A Family has the following internal program memory

in order to store user's process programs.

Type Capacity
TCP4620AP 2048 words x 8 bits
TCP4630AP 3072 words x 8 bits
(TCP4600AC . No internal ROM)

The program memory addressing is executed by the program counter
(PC). Inherent meaning is given to Addresses 0 and 2
by the hardware, normal user process programs are place in Ad-

dress 4 and subsequent addresses.

Further, the program counter consists of 12 bits and is capable
of directly specifying addresses up to 4095, however, data in an

undefined region having no program memory loaded becomes unstable.

TCP 4620AP TCP 4630AP
Address Initialize pro-, Address (Initialize pro-
f cess start add.’ 2 ‘cess start add.)
2 (éggggggpgtar£> 2 (égéggggpgtare
3 3
4 e 4
pows [ @
2044
2045
2046
2047 3067
3068
3069
3070
3071
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9

(10)

(11)

Program Counter (PC)

The program counter consists of a 12-bit binary counter, adds
count increment at every instruction fetch, and makes the ad-
dressing of a program memory in which an instruction to be ex-—

ecuted.

When a branch instruction, an interrupt operation, or subroutine
instruction is executed, the contents of the program counter are

changed.

Addresses 0 and 2 are compulsorily set in the program counter by

a 1initialize signal and an interrupt request signal, respectively.

Stack (STK), Stack Flag (FSTK)

The stack is used for temporary evacuation of the contents of
the program counter when an interrupt request is accepted or a sub-

routine is to be executed.

The stack flag is a flag indicating whether the contents of the

program counter have been evacuated in the stack.

When the contents of the program counter are pushed down in the
stack, the stack flag is set at "1" (FSTK=1). And when the con-
tents of the stack arepopped up by a RTN instruction and returned
to the original program flow, the stack flag is set at "Q"
(FSTK=0). At time of FSTK=1, the interrupt request becomes the

disable (waiting) state.

Further, the stack flag is set at FSTK=1 by the initialize operation.

Instruction Register (IR), Instruction Decoder (IDEC)

The instruction register latches a 8-bit data from the program
memory and outputs it to the instruction decoder. (Program memory

data may be used for direct internal control.)
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(12)

The instruction decoder receives data from the instruction re-

gister and outputs a control signal required for processing.

Clock Generator (0SC)

TCP4620AP/TCP4630AP has a internal clock generator. By exter-
nally installing a crystal oscillator/ceramic oscillator or a
LC oscillator, required clock is easily obtained. Furhter,
clock can be supplied externally, however, in this case, the
clock is input through Xy terminal and Xour terminal is kept
open. While TCP4620AP/TCP4630AP starts by RESET, the clock

should be always continuously supplied.

Oscillation frequency shall be selected from several frequencies
ranging from 20KHz to 4.2MHz by mask options.

The clock generator has a internal 6-stage clock divider and
specifies the optimum divide ratio to obtain internal basic clock

(CP) on the basis of oscillation frequency by mask options.

The clock generator is provided with the output terminal CK for

external timing, and output frequency is specified by mask options.

Further, a divide ratio for obtaining internal basic clock

and external timing output frequency specified by mask options
(refer to Item for Divider) are determined by an oscillator
(oscillation frequency) to be used and internal basic clock fre-

quency.
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00
j(pytion)
PP
3~
X . T g o -
N i R cp
-
X, o] §§ 3 e _.l.(ﬂ—o___J’_ (Internal
ouT ge |32 __4 basic clock)
o les ]
l =
b
?(Option)

o oo}

Clock Generator Circuit Configuration
(13) Divider

The divider is a binary l6-stage divider provided for a clock

counter, timer, etc., and makes the count of internal basic

clock (CP).
T T T T T T T 1 T T
Divider ! | | | | Divider (2) ! | 1 | |
R I TR D RN TR TR I
stage 0 12,3 415/6!7 189 A BjC D
(LRD? RD9|RBA[RDB RDC&RDD
| : | : | :
[ R SN SO RO N
: ]l— T(Mask option)
[ )
Lo LoliSE), c3
1 L — —-0+4—>C(C2 Count
L— ———-01+—>Cl puffer
PIso(a) Cco

H flag reset
enable

Divider Configuration
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Of output from the 16-stage divider, 3 bits are connected to the counter
buffer by mask options and can be read by a program as the counter buffer

contents.

The relation between output 3 bits that can be specified by mask options
and the divider output stage is determined by an oscillator (oscillation

frequency) to be used and internal basic frequency as shown below.

400 ~ | 400K 5 )
Oscillator 32.76K | 100K S00K | ce- 4.2M | 4.oM
X tal X tal Ceramic ramic X tal X tal
/IFT /IFT
Internal basic ., 00 00 04 02 64 32
| clock

External timing CK 32 64 Cp Cp CP CPp
| c1 | Rroy RDB RDB RD7 RDA RD7
Counter c2| moa | moc | wmoc RDA RDB RDA

buffer - b —
c3 | ros RDD RDD RDD RDC RDD

Further, the most significant bit (C3) of the counter buffer is used as a
hold release signal (H flag reset enable signal of the status register)

when the hold operation is used.

In addition, only when a 100K Xtal is used as an oscillator, the divider
(2) is reset when the count value of the divider (2) reaches "12500" and

the count value is reset to zero and then the count is resumed.

(14) Timing Generator (TG)

The timing generator consists of the internal timing signal generation

circuit, initialize control circuit and interrupt control circuit.
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C) Internal Timing Signal Generation Circuit

This circuit receives the internal basic clock (CP) from the

clock generator and generates two internal basic timing signals

$ and és.

() Initialize Control Circuit

This circuit shapes the timing of external RESET signal and
generates an internal initialize signal. This initialize signal
ia used for internal initialization. (For details of the initi-

alize operation refer to "Operation Description".)

C) Interrupt Control Circuit
This circuit shapes the timing of external interrupt request
signal iﬁf, store it in the internal interrupt latch, and
makes a judgement as to if the internal state is interrupt
enable. When it is in evable state, this circuit generates an
interrupt request signal internally and starts an interrupt
operation, but if it is in disable state, controls the interrupt

request to wait till it becomes enables.

(For details of the interrupt operation refer to "Operation

Description".)
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[MACHINE INSTRUCTION]

1. Symbol Meaning

The explanation of symbols used for the following description is col-

lected in the following table.

Symbol

Meaning

PC
AC
ST
M
LR
HR
YR
EYR

Program counter
Accumulator
Status register
Data memory
register

register

L

H

Y register
Y register flag

C flag of status register
Z flag of status register

Port register, Field designating register under instruc-
tions

Value of immediate data field

Field designating bit position under bit processing
instructions

Address branched by branch instructions
Field showing higher order 4 bits of AP
Field showing intermediate order 4 bits of AP

Field showing lower order 4 bits of AP

Content of A

Values that contents of A are inverted every bit
Binary addition

Binary subtraction

Logical AND for every bit

Logical OR for every bit
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Symbol Meaning
W Exclusive OR for every bit
<« Value of left side is equalized to that of right side
A<a : b> Content from b bitth to a bitth of A
° Value is made into one by connecting two fields
* Value is updated by operation result
- Value is not changed by operation result
Push PC Content of program counter is saved in stack
Pop PC Content of stack is returned to program counter
Null No operation
Instruction Description

The machine instruction of TLCS-46A consists of 52 kinds of in-

struction, being divided roughly into 6 kinds as follows:

Data Transfer Instruction (19 kinds)

Operation Instruction (18 kinds)
Machi . .
Iac ine Bit manipulation Instruction (8 kinds)
nstruction
(52 kinds), Branch Instruction (3 kinds)
InterrupF/Subroutlne (3 kinds)
Instruction
Other Instruction (1 kinds)

In this paragraph, the function of each instruction is described

according to the following instruction description description format.
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Assembler

mnemonic

Instruction name

Execution

Machine code cyele

orres Sref| TR
Function after
lexecu~- |execu-— .
execution

tion tion

Operation description

Instruction Description Format

(1) Data Transfer Instruction

The data transfer instruction mainly provides the data transfer among

accumulator, status register, memory (RAM), and registers.

Load Accumulator from Regsiter

LAR R

(AC) « (R) - |- 0

The content of register or input port designated by R

field is loaded in accumulator.
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Load Accumulator from Register and Test

7 0
| I
LTR R Lp{o ;0:1 }1‘ R 1 0<R<7 1
(aC) < (R) - 0
The content of resister or input port designated by R field is
loaded in accumulator. After execution Z flag is updated.
Load Accumulator from Memory
7 0
T T T T T
LAM LO ]010}101011 10,0 1
1 I 1 1 1 ] L
(AC) « (1) - - 0
The content of memory is loaded in accumulator
Note 1
Load Accumulator from Memory and Test
7 0
T T T T
LTM 1}0}0}0}0,1“{1 1
(AC) < () * - 0

The content of memory is loaded in accumulator.
After execution Z flag is updated.
Note 1
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Load Status-register from Memory
7 0
T T T T T T T
LSM 0 ;0 : 0 } 0 iO ! l; 0 ;1 J
(ST) <« (M) oti 3N02?3
The content of memory is loaded in status register.
Note 1
Load Accumulator from L-register
7 0
T
LAL 010101010111110
1 ] 1 | 1 1 1
(AC) « (LR) - -
The content of L register is loaded in accumulator.
Load Accumulator from H-register
7 0
LAH [o‘noroioioilhil
| |
(AC) <« (HR) - -
The content of H register is loaded in accumulator.
Load Accumulator Immediate
7 0
T T
LAI I Ii'llO’O I J 0<Ic< 15
1 i 1
(AC) < I - -
The value of I field is set to accumulator.
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Load L-register Immediate
7 0
LLI I oillLlEOJ 1 J 0<1Izc<15
(LR) « I

The value of I field is set to L register.

Load H-register Immediate

7 0
LHI T oil'ilil I J 0<Ic<1s
|

(HR) « I

The value of I field is set to H register.

Load Y-register Immediate

7
T T
LYI I OE 1 :0 :l

0
I Agj 0<Ic<15

(YR) < I

The value of I field is set to Y register.
After execution, y register flag is set to "1".

Store Accumulator to Register

~

0
| T T |
|
SAR R 0; 0: 1I 0! ll R 0<Rx7

(R) « (AC)

designated by R field.

The content of accumulator is stored in the register
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Store Accumulator to Memory

7
T T T
S AM [Ol 0; 0 |0} 1i 1,010

) « (AC) -

The content of accumulator is stored in memroy.

Note 1, Note 2

Store Status-register to Memory

7 — 0
S S M 01010 :0
1 L 1

M) « (ST) -

The content of status register is stored in memory

Note 1, Note 2

Store Accumulator to L-register

7 T T T
S AL 0 :0 ! 0{ 0; l; 111 :0

(LR) « (AC) -

" The content of accumulator is stored in L register

Store Accumulator to H-register

7 0
SAH |o

(HR) « (AC) _

The content of accumulator is stored in H register.
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Store Accumulator to Y-register

7 0
T T T T T T T

[O:Oioiollioioiﬂ

(YR) <« (AC) - _

The content of accumulator is stored in Y register.
After execution, Y register flag is set to "1".

Store Y-register to Register

7 0

0 : 0 %l 11 10 R 4
1

1A
w
A
~

(R) < (YR) S

The content. of Y register is stored in register designated
by R field.

SAY
SYR R
CLR R

Clear Register

(R) <« 0 (0 £ Rg &) - -

"0" is written in the register designated by R field (0SRS4),

For 55Rs7, decode matrix output or PLA output corresponding to

data "0" is written in the register.
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(2) Operation Instruction

Operation instruction has 2 operand instruction and 1 operand instruc-

tion, and performs arithmetic operation and logical operation.

Add Accumulator Immediate

7 0
T T
ADI {l :0 :0 1 l 1 0<TIc<15 1
(AC) < (AC) + I * % 0
The value of I field is added to the content of accumulator.
After execution of instruction, Z flag and C flag are updated.
Add and Store to Accumulator
7 0
T
ADA Llioioloiofolmﬂ 1
I | | 1 1 | L
(AC) « (M) + (AC) * * 0
The content of accumulator is added to the content of memory,
and the result is loaded in accumulator. After execution of
instruction, Z flag and C flag are updated.
Add and Store to Memory
7
T T T T, T T 1
ADM [110j070110 fo}0] 1
1 1 1 I L1 L
M) « ) + (A0) * % -
The content of accumulator is added to the content of memory,
and the result is stored in memory. After execution of in-
struction, Z flag and C flag are updated. Note 1, Note 2
Add with Carry and Store to Accumulator
7 0
T T T
ACA [170 Tofojojolol] 1
I L | 1 1 | 1
(AC) « (M) + (AC) + (C) * * 0

The content of accumulator and the content of C flagare added to
the content of memory, and the result is loaded in accumulator.
After execution of instruction,Z flag and C flagare vpdated. Note 1)




INTEGRATEDCIRCUIT

R

TCPU620AP

TECHNICAL DATA TCP4630AP

Add with Carry and Store to Memory

7 0
T T T T T T T
ACM 110101041 101011 1
I 1 L1 1 1
D « M) + (AC) + (©) * * -
The content of accumulator and the content of C flag are added to
the content of memory, and the result is sotred in memory. After]
execution of instruction,Z flagand C flag are updated. Note1,Note 2
Subtract and Store to Accumulator
7 0
T T T T T T
SUA 11010;070;0 110 1
1 Il I B 1 1
(AC) <« (M) - (AC) * * 0
The content of accumulator is subtracted from the content of
memory, and the result is loaded in accumulator. After execution
of instruction, Z flag and C flag are updated. Note 1
Subtract and Store to Memory
7 0
SUM 1}0{0{0}1}0}1I0J 1
1 1 1 1 1 1 1
M) - 0D - (AC) * * -
The content of accumulator is subtracted from the content of
memory, and the result is stored in memory. After execution of
instruction,Z flag and C flag are updated. Note 1, Note 2
Or and Store to Accumulator
7 0
T T T T T T T
ORA 1101010 10111010 J 1
1 1 1 it I 1 1
(AC) < (M) v (AC) * - 0

The logical sum of every bit of the content of memory and the
content of accumulator is loaded in accumulator. After execu-
tion of instruction, Z flag is updated. Note 1
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Or and Store to Memory
7 0
T T T T T 1
ORM 110 :0 :O {l :l :O 1 0
1 1
™) « ) v (AC) * - -
The logical sum of every bit of the content of memory and the
content of accumulator is stored in memory. After the execution
of instruction, Z flag is updated. Note 1, Note 2
Exclusive-or and Store to Accumulator
7 0
T ] T T
E O A 14040 10,0 121011 1
L I T B
(AC) « (M) » (AC) * - 0
The exclusive OR of every bit of the content of memory and the
content of accumulator is loaded in accumulator. After execution
of instruction, Z flag is updated. Note 1
Exclusive-or and Store to Memory
7 0
EOM Ffo{oloilfl'.oll 1
L1 TS SR TR B |
M) « (M) ¢ (AC) * - -
The exclusive OR of every bit of the content of memory and the
content of accumulator is stored in memory. After execution of
instruction, Z flag is updated. Note 1, Note 2
Complement Accumulator
7 0
T T T T T T T
cMaA 11010,1010 11110 | 1
L 1 1 1 1 1 1
(AC) « (AC) % - 0
The content of accumulator is inverted every bit.
After exectuion of instruction, Z flag is updated.
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CMM

Complement Accumulator and Store to Memory

7 0

T T T T T T T
1 :0 104012111140 1
1 1 I 1 I

() « (AC) * _ _

The content of accumulator is inverted every bit, and the result
is stored in memory. After execution of instruction, Z flag is
updated. Note 1, Note 2

Load Accumulator and Increment

7 0
T
110,010,010 ,1 1 1
1 1 1 1 L ] 1

(AC) « (1) + 1 * * 0

"1" is added to the content of memory, and the result is loaded
in accumulator. After execution of instruction, Z flag and C
flag are updated. Note 1.

ICM

Increment Memory

7 0
1i00 oiliollil 1
i 1

T T
1 I
1 1

*

(M)f-kM) + 1 *

"1" is added to the content of memory. After execution of in-
struction, Z flag and C flag are updated.
Note 1, Note 2 .

Increment L-register

ICL

7 0
T T T T T L
010|0|O;0x0|l}il 1
1 L 1 1 1 1

(LR) « (LR) + 1 - - 0

"1" is added to the content of L register.
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Increment H-register
7 0
ICH LO:O:O:O:O}O}I}I 1
L 1 L 1 1 I} 1
(HR) + (HR) + 1 - - 0

"1" is added to the content of H register.

Test Memory

7 0

TS M Llloioiohllil:q 1
1 | 1 I 1 1

™) « () %> _ _

: 7 flag is set according to the content of memory.
‘ Note 1, Note 2 :

(3) Bit Manipulafion Instruction

The bit manipulation instruction is performed to each bit of accmulator

or status register.

Test a bit for Accumulator

TBA G 1

Null < (AC) A 26 * - 0

The Z flag is updated, according to the bit of accumulator
designated by G field.
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Tast a bit for Status-register
7 0
T T T T T
TBS G 110 r11t11t0 10 [ G J 0 < G 3 1
| | 1 | I
Null « (ST) A 26 * - 0
The Z flag is updated, according to the bit of status register
designated by G field.
Set a bit for Accumulator
7 0
SBA G ﬁﬁﬁioloillc I 0<Gz<3 1
1 1 1 1 1
(AC) « (AC) v 26 - - 0
The bit of accumulator designated by G field is set to "1".
Set a bit for Status-register
7 0
SBS G 1 : 0 :1 ll : 0 :l G 0<Gz<3 1
(ST) . (ST) v 26 1Noi§ 3 No;e 3 0
The bit of status-register designated by G field is set to "1".
Clear a bit for Accumulator
7 0
CBA G Ltiotionio]l 6 | oscs<3 1
1 1 1 ]
(AC) < (aC) A 26 - _ 0

The bit of accumulator designated by G field

is cleared to '0".
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Clear a bit for Status register
7 0
T T T T T
CBS G [l:O}l:l:l}O] G} 0=6G6G=<3
(ST) « (ST) A 2G Noti, 3 Noti 3
The bit of status register designated by G field is cleared to
llOll.
Invert a bit for Accumulator
7 0
T T T
IBA G b:011l0:1:l| G—I 0<Gzx3 1
(AC) < (AC) ¥ 26 - - 0
The bit of accumulator designated by G field is inverted.
Invert a bit for Status register
7 0
T T T T T
IBS G 1!0!1|1|l|l|Gj 0<6Gz=<3
Il 1 1 1 ]
(ST) < (ST) + 26 Not: 3Not§: 3
The bit of status register designated by G field is inverted.
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Branch

nstruction

The branch instruction performs unconditional or conditional branch.

Jump
7 015 8
1111110 AP 1“&“‘T"&“7 2
ENESES R R R
0 < AP = 4095
(PC) < AP _ _ 0

The value of AP field is set to program counter. After execution|

of instruction, therefore, program sequence changes to the AP
address.

Branch on Condition Set

7 015 8
T T I T T T —
i
1111010 APT, _____f?iﬂ___ _J_____AEM__._J
0 < AP < 4095 2
If Z = 1 then (PC) <« AP, else Null - - 0

The content of Z flag is "1",the value of AP field is set to pro-
gram counter. After execution of instruction, therefore, program

sequence changes to the AP address.
If the content of Z flag is "0", the program sequence follows
the next address without any operation.

(4)

JMP AP
BCS AP
BCC AP

Branch on Condition Clear

7 o1s 8
111011 AP Ty 1 ap | 2
L : { L L - _H_ - M._ —d

0 < AP < 4095

If Z = 0 then (PC) « AP, else Null - - 0

The content of Z flag is "0",the value of AP field is set to pro-
gram counter. After execution of instruction,therefore,program
sequence changes to the AP address.

If the content of Z flag is ""1'", the program sequence follows

the next address without any operation.
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(5) Interrupt/Subroutine Instruction

The interrupt/subroutine instruction is used for performing a call of

subroutine and a return from interrupt routine or subroutine.

In addition NOP instruction is available as one other instruction.

Call Subroutine

7 015 8
T T T I -
CAL AP Ll: 1 :1 :l i AP1, APy APy | 2
_____________ —
0 < AP < 4095
push (PC), and (PC) <« AP - - 0
The content (the next address) of program counter is stored in
the stack, and the value of AP field is set to the program
counter. The interrupt is placed in disable (queued) state
during execution of subroutine.
Return
7 0
T T T T T T T
RTN 0! 0 :0 :0 1 01 0{ 0,1 2
1 1 1
POP (PC) - - 0
The content of the stack is restored to program counter. After
execution of instruction, the interrupt is placed in enable state.
Jump by Accumulator
7
T T T T T T T
Jac 0:0:0:0:1;0;0:11 2
(PC)+(PC)+1,and(PC)«(PC)<11l:4>0(AC) [ - - 0
The content (address where JAC instruction is sroted,plus 2) of
the incremented program counter is taken as the higher 8 bits,and
the content of AC is taken as the lower 4 bits; then, the value
of 12 bits in total that these contents are connected is set to
the program counter.
No Operation
7 0
T T T T T T T
N OP 0 [0 10 : 0! 0 :O ! 0: 0 1
Null - - 0

This is an instruction by which ncthingis executed.
However, Y register flag is reset to "0".
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Note 1: The address of data memory becomes as follows;

EYR = 0, (HReLR)
EYR = 1, (0oYR).

Note 2: Care should be taken to the tact that, even after this

instruction is ececuted, Y register flag does not change.

Note 3: A flag may be updated as a result of processing.
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3, LIST OF INSTRUCTIONS
Mne— Machine code ) Update
monic d}eli}i(:al Binary Operation ot flag Remarks
LAR 1i 00010iii | (AC)«(Register iii)
LTR 1i 00011iii | (AC)«(Register iii) Z
=« | LAM 04 00000100 | (AC)<«(M)
S| L™ 87 10000111 | (AC)<« () Z
51 LsM 05 00000101 | (ST)+«(M) 7C
£ | LAL 06 00000110 | (AC)«(LR)
W | LAH 07 00000111 | (AC)<«(HR)
S| LA 4i 0100iiii | (AC)«iiii
LLI 61 01104iiii | (LR)<«iiii
% | LHI 7i 0111iiii | (HR)<diiii
A ERA el 5i 0101iiii | (YR)«iiii EYR is set
5 SAR 2i 00101iii | (Register iii)<«(AC)
H | saM oc 00001100 | (M) < (AC)
SSM 0D 00001101 | (M) < (ST)
‘ S| SAL OE 00001110 | (LR)<(AC)
| S| SAH | OF |00001111 | (HR)<(AC)
SAY 08 00001000 | (YR)+(AC) EYR is set
SYR 31 001101ii | (Register 1ii)<(YR)
CLR 2i 00100iii | (Register iii)<0
ADI 9i 1001iiii | (AC)«(AC)+iiii Zc
ADA 80 10000000 | (AC)«(M)+(AC) Zc
ADM 88 10001000 | (M) « (M)+(AC) zc
ACA 81 10000001 | (AC)<(M)+(AC)+(C) zC
g AM 89 10001001 | (M) < (M)+(AC)+(C) Zc
o suA 82 10000010 | (AC)<«(M)-(AC) ZC
9| suM 8A 10001010 | (M) « (M)-(AC) zC
5| ora 84 10000100 | (AC)<«(M)V (AC) A
2| ORM 8C 10001100 | (M) « (M)V (AC) A
= | EO0A 85 10000101 | (AC)<«(M)¥(AC) A
o | EOM 8D 10001101 | (M) « (M)¥ (AC) Z
S CMA 86 10000110 | (AC)<(AC Z
S o 8E 10001110 | (M) «TACY Z
51 1cA 83 10000011 | (AC)<(M)+1 7C
& | IcM 8B 10001011 | (M) < (M)+1 ZC
ICL 02 00000010 | (LR)<(LR)+1
ICH 03 00000011 | (HR)<(HR)+1
: . then Z<«1
TSM 8F 10001111 | (M)« (M), if (M=0 ;.0 5 o 7
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Moe— Machine code ) Update
. Hexa- . Operation it Remarks
monic . Binary of flag
decimal
. then Z+1
o L. .
S TBA Al 101000ii | if (AC)<ii>=0 eles Z<0 Z
=g A .. then Z <« 1 Asteris (%)
< o =
= T8s Bi 10110041 | if (ST)<i1>=0 eles Z+0 z denotes that, when
&g SBA AL 101001ii | (AC)<ii><«1 7Z flag and C flag
g 45| sBS Bi 101101ii | (ST)<ii><«1 *% ]are designated,
Z(g CBA Ai 101010ii | (AC)<ii><«0 the fags are
5= CBS Bi 101110ii | (ST)<ii><«0 ** updated.
= IBA Ai 101011ii | (AC)<ii>«(AC)<ii>
IBS Bi 101111i1 | (ST)<ii>«(ST)<ii> wx
I T B s ponnl I SO RETEERERE(SARS e hioyele
g ij iiiijjjj instruction
o
S| BCS Ck 1100kkkk if Z=1 then (PC)<«iiiijjjjkkkk "
23 Dk |110Lick
E el
o<l BeC Dk 1101Lickelck if 2=0 then (PC)<iiiijjjjkkkk "
25 ij iiiijijj
— Fk 1111kkkk | O o N i e "
ﬁ% CAL 13 1111319 ] (PC)¥, (PC)«iiiijjjjikkkk
= l-byte, 2-cycle
S | RIN | 0L |00000001 | (PC)+ AN
Q instruction
JAC 09 00001001 | (PC)«((PC)+1)<11l:4>0(AC) "
NOP 00 00000000 | No Operation EYR is reset.
Note: Pay attention to the conversion of the underlined machine codes.
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4. TLCS-46A Instruction map
L
H 0 1 2 3 4 5 6 7 8 9 A B C D E F
*1 *1

0 |NOP |RTN | ICL| ICH {LAM |LSM |LAL {LAH |SAY JAC SAM | SSM |SAL |SAH
1 L AR LTR
2 CLR S AR
3 SYR
4 LATI
5 LYT1I
6 LLI
7 LHI
8 |ADA |ACA | SUA | ICA |ORA | EOA |CMA |[LTM |ADM |ACM |SUM |ICM | ORM | EOM |CMM |TSM
9 ADTI
A T B A S B A CBA I BA
B TBS SBS CBS I BS

%
c Bcs 2
D Bcc *?

*
E JMP 2

*
F CAL 2

*1 - 1 byte,2-cycle instruction
*2 - 2 byte,2-cycle instruction
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[OPERATION DESCRIPTION]

1. Basic Clock

TCPu620AP
TcP4ESOAP

The basic clock is used to generate the basic timing signals for the

operation

of TLCS-46A and as the clock for the divider.

For the generation and supply of basic clock, there are following

methods:

(1)

XN Xour

Cout

CIN;J; RE T

(2) Connecting IFT
Cin out
(3) Suppling the external clock

LEFN XouT

Open

External oscil
lation circuit

Connecting crystal oscillator/ceramic oscillator

In case the crystal oscillator/ceramic
oscillator is connected as shown in
the left figure, it is possible to
obtain the oscillation frequency
characteristic to crystal oscillator/

ceramic oscillator.

In case the IFT is connected as shown
in the left figure, it is possible
to obtain the oscillation frequency

characteristic to IFT.

If the external oscillator is con-
nected to XIN terminal as shown in
the left figure, it is possible to

supply the clock from the external.

In this case, XQUT terminal shall

be kept open.
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2. Instruction Execute Cycle

The instruction executecycle consists of two internal timing signals,

#s and 4, supplied by the timing generator.

s is the signal expressing the instruction execute cycle, while ¢ is the

signal which comes to the set timing of data memory, register, etc.

UL
¢ f—Instruction—
excute
IS R N S
¢S
o L 1 Il [ 1 [
Program
counter A address B address C address D address
Instr. Instr.Content)Y Instr.Content)YInstr. (Content
register xOfA:gdd. I)XOfB'a(gd. )Xof_g: ada. “)x
Internal x X X X x x X X
bus

Instruction Execution Timing Chart

3. Initialize operation (System initialization)

The initialize operation is carried out without fail after impressing
power source on TLCS-46A, which is returned to the initial state in the

interior.

By keeping the RESET terminal to "L'" level, the internal initialize
signal is formed, whereby the initialize operation of TLCS-46A is executed.
At this time, more than 2 cycles are required for the time of "L"

level.
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RESET
TN
W < 2 cycles W > 2 cycles
Whether or not initialize Initialize operation
operation is executed is is executed.
not difinite.

However, 1 cycle corresponds to 2 period of internal basic
clock (CP).

By the initialize operation, the interior of TLCS-46A comes to the

conditions as given below:

Resetting H flag and D flag of status register to "0".
Resetting the interrupt latch to "0".

Resetting the port register "0".

(A1l output pins come to "L'" level.)

Setting the stack flag to "1".

O OO0

Setting the program counter to 0 address.

There is no influence on accumulator, data memory, H register,

L register, Y register, C flag and Z flag of status register, etc.

The program is executed from O address when RESET signal comes

to "H" level and the internal initialize signal comes to "L" level.
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CP ‘ I I I I l I I I l I I | I I l l l
RESET | l
Internal
initialize
signal

o | ] [ ] . [

Program !
counter X 0 address X 1 address X X
54
Instr. NOP Instruction )(?nstruction )(
register OP instr. X of 0 address /\of 1 address

Start from initialization

7.

Interrupt Operation

TLCS-46A is provided with the function permitting the external interrupt
operation. The interruption is an operation cnabling other processing
to be preferentially made by suspending the processing underway.

The request for interrupt operation is made by changing INT terminal

from "H" level to "L" level and by holding the terminal on "L"
for more than 2 cycles.

level

There are several conditions enabling TLCS-46A to start the inter-
rupt operation. If the interrupt operation request is made before
the conditions are satisfied, the interrupt operation is in standby
state to wait until the conditions are satisfied.

The conditions are as follows:
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C) Data memory is not made reference with Y register.
(EYR = 0)
Stack is empty. (FSTK = 0)

©e

No hold operation (Interrupt request is ignored in hold operation.)

The external interrupt request signal is preserved in the internal
interrupt latch, and the interrupt latch is cleared when the

interrupt is accepted.
In case of repetitive interrupt request, it is required to make INT
terminal "H" level (more than 2 cylces) and to make INT terminal "L"

level. Repetitive interrupt request is not accepted when INT terminal

is "L" level without making it "H" level.

() Internal latch set timing

INT —-\t__ W _¥,;,—-—

W < 2 cycles W > 2 cycles
Whether or not interruption Interruption latch
latch is set is not is set
difinite.

However, 1 cycle corresponds to 2 period of internal

basic clock (CP).

C) Internal latch repetitive set timing

INT More than More than
-2 cycles W' 2 cycles
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W' =0 l 0<W' <2 cycles W' > 2 cycles
Interruption latch | Whether or not inter- | Interruption latch
is not set again. ruption latch is set is set again
again is not difinite.
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However, 1 cycle coresponds to 2 period of internal basic clock
(Cp).

When TLCS-46A accepts the interrupt, the following processings are made:

1 The content of program counter is stored in a save register (stack).
2 The entry address (address 2) is set in the program counter.

3 The interrupt latch is cleared.

Therefore, the interrupt service routine defines 2 address of program

memory as the top address.

When TLCS-46A returns to the main program by completing the interrupt

process, it follows the execution of RTN instruction.
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s | L
INT Terminal \

Interruption
latch set

pulse

—f
Interruption
latch |
Interruption
demand signal
Program x ‘X x 3
counter A address 2 address add.
Instruction >< X Y NOP Instr.of
register instruction 2 add.

Stack 4)( A address

Stack flag ’

Interrupt Acceptance Timing Chart

5. Hold Operation

In case the hold operation is designated by mask options, the opera-
tion state (normal/hold) of TLCS-46A is controlled by the H flag of

status register.
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When each instruction of SBS, LBS and LSM is executed, and "1" is
set to the H flag, the internal timing signals of ¢S and § stop
after the completion of the execution of the instruction, whereby
the hold operation begins. At this. time, the program counter, in-
struction register and other internal registers are held in the-
state which was before the hold operation, but the interrupt request

under waiting is ignored because the interrupt latch is cleared.

As the clock generator does not stop, there is no influence on the

internal basic clock and the count function of divider.

Restart from the hold operation is made by resetting H flag to "0"
in hardware. For the signal for resetting H flag, the output of
divider (the MSB input (C3) of counter buffer) is used, and the
resetting is made by detecting the trailing edge of the bit input
(C3).

At the input of divider is the internal clock (CP), restart is made

at constant intervals.

When H flag is reset, the internal timing signals of g and ¢ start,
whereby the execution is countinued to start from the condition which

is the same as that just before starting the hold operation.
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o] )

Normal operationaf- Hold operation

Program

counter A address A + 1 address)\ A + 2 address

Instruction x Instruction

register of A address Instruction of A + 1 adress
Instruction of
ﬁe%%lng " to>|

H flag ag

Hold Operation Start Timing

H flag

reset signal ’ I

l

H flag E
" i I s O s
o I I B [

Hold operation‘—4*‘Normal operation
Program A + 2 address x B address x C address x
counter

Instruction Instruct1 Instruction
register Instruction of A + 1 add.j of 4 + 2 add of B address

Restart Timing from Hold Operation
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6. Reference to Data Memory

There are two methods of making reference to data memory.

(1)

(2)

The page of data memory is designated by H register, while the
address in the page is designated by L register.

In the case of access to data memory, it is so arranged as to
make access to the address designated by L register in the page
designated by the contents of H register.

(1 page consists of 16 words.)

Data Memory Address

The address in O page is designated by Y register. In the case
of access to data memory immediately after writing data in Y
register by the instruction of LYI or SAY, the access is made

to the address designated by the contents of Y register in 0 page.

7 43 0

Data Memory Address 000 O

At the time, 6 of making reference to data memory, it depends on

the value of internal Y register flag (EYR) to select H register/
Lregister orY register for designating address.When EYR=0, the method
(1) above is adopted. When EYR = 1, the method (2) above is
adopted. When data are written in Y register by SAY instruction

or LYI instruction, "1" is set to EYR. At the time of instruction

execution when data are not set to data memory, EYR is reset to "0".
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Input and Output Timing for Port

The input of data from the input port of TLCS-46A and the output of
data to the output port are made by the data transfer instruction

between accumulator and each port.

Port Input

As the input ports of TLCS-46A are all non-latch inputs, the input

data is required to be stable until the completion of reading.

At the instruction cycle of LAR or LTR instruction, input data is

set to the accumulator.

Port Output

The output ports of TLCS-46A output the content of port register.
Data are written in the port register whem SAR, SYR and CLR instruc-

tions are executed.

The digit output port (PO5) and segment output port (PO6) for display

are different in output timing from other output ports.

o — L1
o L
Port
register 0ld data X New data
P
dort Olda data % New data
ata

Output Timing (Port5, Portl)
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« L
L L

Por? 01d data ><7New data
register

Port

data 01d data >< New data

Output Timing (except Port5, Port6)

8. Input/Output Switching of Port 0

The switching of input/output of port O is made by the D
flag of status register. By each instruction of SBS, CBS, IBS
and LSM, the value of D flag is changed, whereby the switching.

of - input/output is carried out.

a

1f
D flag ' 44]

7
Port O Input mode jy( Cutput mode ><: Input mode

77

Input/Outpul Switching Timing of Port O

9. Output Terminal for External Timing

CK terminal is equipped for taking out the output of the

divider of clock generator.
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The output frequency is designated by the mask options but is
decided by the oscillator (oscillation frequency) used. The out-
put frequency is either 1/32 or 1/64 of oscillation frequency or

internal basic clock (CP).

The output signal on CK terminal is generated after inverting the

phase of the output of divider.

Oscillation

frequency | | | | | ' I
X1v)

Internal basic

cloc ] r——
(CpP)

External timing ‘ [ |

signal

(CK)

Example of the internal basic clock and external
timing waveform.

The internal basic clock (CP) is 1/4 of the
oscillation frequency. The external timing signal

is CP.

[Mask Options]

TCP4620AP/TCP4630AP have many kinds of mask options on the clock
generator, input output ports, etc. so as to meet the extensive

requirements from the users.

Option Name Function
Prescribing the oscillator and oscil-
0O s C .
lation frequency.
P Prescribing the dividing ratio for
¢ obtaining the internal basic clock.
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Option Name Function
¢ X Prescribing the output frequency for
the external timing.
COUNTER Prescribing the reset timing of divider.
COUNTER P .
BUFFER Prescribing the input of counter buffer.
HOLD Prescribing the function of H flag.
Prescribing the restart signal from
RSTH 7
hold opration.
S T D Prescribing the function of port O.
P 2 Prescribing the function of port 2.
P 4 Prescribing the function of port 4.
Prescribing the function of input
P I 5 .
resistance of port 5.
DECODER Prescribing the contents of decode matrix.
P 0 6 Prescribing the function of port 6.
P L A Prescribing the contents of PLA.

(Note) o The mask options of OSC-RSTH are decided by

the oscillator (oscillation frequency) used.

0o Use the designation paper for mask options
which is attached to the ES order sheet.

0o Submit to us the designation paper for mask
options together with the ES order sheet by the

data two weeks prior to the date of submitting
the mask tape.
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1. Designation of Mask Options

E Option Item Option Name | TYPOO1 TYP0O2 TYPOO3 TY?004 TYPOO5 | TYPOO6
050 050 .
Oscillation osc | 52 76 loox | 400-500K GOOK 5 a2k | 3-4u2
frequency ceramic ceramlc Xtal Xtal
L D /TFT /IFT
AL S A -
| internal clock [ ?En _9?,“_ 03_ - | mfg___a
External timing output! CK Cp CP Ccp
L Divider 1 Imput = PD ~¢cp | cp cr
§ & |Divider 3 Input ; Counter PDR | PD2 PD2 PD2 |
8 ¢ [Reset timing PDR N N N
5, [Buffer 0 Toput [ €O Pleo “Pleo. Pleo
2 o |Buffer 1 Input | Counter Cl [ R RDB | _RD7 _RD7
5& [Buffer 2 Input . Buffer €2 |  RI RDC RDA RDA |
S & [Buffer 3 Input c3 RDD. RDD RDD
H flag [ HoLD | O H 0 0
[ Restart condition ~ " RSTH | C3 0 0
Input/Out- ) T
Port 0 STD | P(PROG) 1(0UT)
| put port
1/0 port _Port 2 p2 [ /F/(our) | /F/(oUT | /0/ ANy | /0/(IN) | /O/(IN)
Port &4 P4 | /F/(0UT) | /3(m/oun)| /F/(0UT) |/3/AmjouT)] /O/(IN)
Input resistance
(Input port 5) 3 PI5 0(UP) 1 (DOWN)
~ Line 0 | DECO |/ /
Decode Line 1 | DEC1 |/ /
matrix Line 2 DECODERDEC2 |/ — /
Line 3 DEC3 |/ /
Line &4 DEC4 |/ /
Output port 6/7 ! PO6 | 1(P6/P7) 0(P6)
I Line 0 | PLAO |/ 00 / |/ /
Line 1 PLA1 |/ 11 / |/ /
Line 2| pLA2 [/ 22 / [/ /
"Line 3 | PLA3 [/ 33 / [/ /
Line & PLAL [/ 44 [ |/ /]
Line 5 PLAS |/ S5/ |\/ ]
“Line 6 | PLA6 |/ 66 / |/ /
P 1A _Line 7 'PLA PLAT |/ 77 / |J /
Line 8 PLA8 |/ 88 /|/ /
Line 9 | PLA9 | 99 / |/ /
Line A PLAA |/ aA / |/ /
“Line B PLAB |/ BB / |, /
Line C | PLAC |/ cc / |/ /
Line D | PLAD |, DD / |/ /
Line E PLAE |/ EE / |/ /[
Line F PLAF |/ FF / ]/ /

Note 1: As to each option item, one of the thick frames horizontally lined shall be
selected. (The whole thick frame is enclnsed with a circuTe.

Note 2: Please enter the data entry mode {(decode matrix, PLA) by yourself.

Note 3: The formal name of option is that naming continuously the option name
and the data in the designation column of option.

157



INTEGRATEDCIRCUIT

il
R

TCP4E20AP

TECHNICAL DATA TCPLE30AP

158

(1)

0SC -~ RSTH Options

0SC-RSTH opti

ons can construct six kinds of combination.

However, it i

s impossible to use the options by changing

the combinations.
. TYP TYP TYP TYP |TYP
Name of Option 001 TYP0O02 003 | 004 005 006
0SC 003 012 050 050 400 | 400
CP 00 00 04 02 64 32
€K 32 64 CP Cp Ccp Cp
PD cp CP Cp CP Cp Cp
COUNTER PDR PD2 PD2 PD2 PD2 PD2 PD2
PDR N /1300 | N N N N
Cco Plso | Plso | PIso | PLo | Plso | PLso
COUNTER C1 RD9 RDB RDB RD7 RDA RD7
BUFFER C2 RDA RDC RDC RDA RDB RDA
C3 RDB RDD RDD RDD RDC RDD
HOLD H H H 0 0 0
RSTH c3 c3 c3 0 0
0SC: Prescribing the oscillator and oscillation frequency.
o 0SC003 - 32.768 KHz oscillation by Xtal oscillator.
o 0SC012 - 100 KHz oscillation by Xtal oscillator.
o 0SC050 - 400 KHz (400K~ 500KHz) oscillation by ceramic
oscillator or IFT.
o 0SC400 - 4194.304 KHz oscillation by Xtal oscillator.
Note (1): It is possible to make driving from the external
oscillator by opening XouT terminal and by ar-
rangeing XIN terminal for input.
Note (2): The formal name of option is that naming contin-

uously the option name and the data in the des-

ignation column of option. .
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CP: Prescribing the frequency dividing ratio for obtaining

TCP4E20AP
TCP4630AP

the internal basic clock.

o CPOO
o CPO2
o CPO4
o CP32
o CP64
CK: Pr
o CK32
o CK64
o CKCP
COUNTER:

- Oscillation signal

- Signal
- Signal
- Signal

- Signal

escribing
- Signal
- Signal

- Signal

of dividing
of dividing
of dividing

of dividing

is made to clock.

oscillation frequency
oscillation frequency
oscillation frequency

oscillation frequency

the output frequency for external

of dividing oscillation frequency

of dividing oscillation frequency

into 2.

into 4.

into 32.

into 64.

timing

into 32.

into 64.

of the internal basic clock frequency.

Dividers

The divider consists of 16-stage divider and con be disassumbled

into the basic construction of the front 2 stages [divider (1)]

and the rear 14 stages [divider (2)].

o

Divid- T T T T T T T T T
er (1) | : : ! I : Divi?er(?) : ! ! :
|
112 3,4 7516,;7 (8'9l10l11112]13 14[1516
(pD1 2) (RDO 1 2 3 4 5 6 7 8 9 A B C D

L

!

Counter
buffer
input
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PDCP

PDRPD2

PDRN

PDR/12500/ -

COUNTER BUFFER

TCPL620AP
TCP4320AP

Setting the input of divider (1) to the inter-

nal basic clock (CP).

Setting the input of divider (2) to the output
of divider (1).

Setting the function of

(2) as the usual binary

This is the designation

of 100K Xtal.

When the

divider (1) and divider

counters.

only at the time of use

count value of divider

(2) is "12500", the divider (2) is reset to re-

turn the count value to "0".

Prescribing the input of counter buffer

The counter buffer is composed of 4 bits, which are marked CO,

€1, €2 and C3 from LSB side (Bit 0).

o

COPI60

C1RD7

C1RD9

C1RDA |

C1RDB

C2RDA

C2RDB

C2RDC

C3RDB

C3RDC

C3RDD

HOLD, RSTH:

PIg0 terminal input to Bit O.

The output of

The

The

The

The

The

The

The

The

The

output
output
output
output
output
output
output
output

output

of

of

of

of

of

of

of

of

of

diyider
divider
divider
divider
divider
divider
divyider
divider
divider

divider

10

12

13

14

13

14

15

14

15

16

to

to

to

to

to

to

to

to

to

to

Bit

Bit

Bit

Bit

Bit

Bit

Bit

Bit

Bit

Bit

1.

1.

1.

3.

3.

3.

Prescribing the function of H flag and the signal

for restart from the hold state.
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o HOLDH
o HOLDO
o RSTHC3
o RSTHO
STD - PI5 Op

STL - P15 options prescribe the state of input/output of port.

It is possible to independently designate STD and P15 options

TCUE20AP
TCHE30AP

- Hold control is carried out by H flag.

- No hold is maintained.

H flag is capable of being

used as the general flag.

- Interlocking with HOLDH.

used as the hold restart signal.

- Interlocking with HOLDO.

tions

No hold is maintained.

Counter buffer bit 3 is

respectively.
Fﬁgﬁégn Designation of option
STD D(PROG) 1 (0UT)
P2 /F/(0UT) }/F/(OUT) /0/(IN) /0/ (IN) /0/(IN)
P4 /¥/(OUT) }/3/(IN/OUT) JF/(ouT) | /3/(IN/OUT) /0/ (1IN)
PI5 0(UP) 1(DOWN)

STD: Prescribing the function of port 0.

o STDD - Switching input/output of port O is made according

to the contents of D flag.

o STD1 - Using as the output of port 0. In this case,

P2, P4:

D flag can be used as the general flag.

Prescribing the function of port 2 and port 4.

Port 2 and port 4 are the 4-bit ports to which the input or

the output can be designated.
The 4-bit ports are expressed by the one-figure numeric

characters of hexadecimal digit by defining the input as

"0" and the output as "1" for each bit,
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(Example)  \ism) (LSB)
Bit 3 2 1 0
: : ! 0 : Input X -
0 i 0 ! 1 J 1 (1 . Outpug Hexadecimal = 3

162

(3)

o P2/F/, P4/F/ - Prescribing both port 2 and port 4 as the

output.

o P2/F/, P4/3/ - Prescribing the upper 2 bits of port 4

the input, with the others being the output.

o P2/0/, P4/F/ - Prescribing port 2 as the input and port 4

as the output.

o P2/0/, P4/3/ - Prescribing the lower 2 bits of port 4 as

as the output, with the others being the input.

o P2/0/, P4/0/ - Prescribing both port 2 and port 4 as the

input.
P15: Prescribing the function of the input resistance at
port 5.

o PI50 - Input port 5 comes to the input with pull-up

resistance.

o PI51 - Input port 5 comes to the input with pull-down

resistance.

DECODER - PLA Options

The decoder and PLA options are the data writing mode in which
user designates the data. P06 option is used according to the

function of PLA.
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Option Names Designation of Oprions
DECODER Data writing mode
P06 1 (P6/P7) 0 (P6)
PLA General output port Data writing mode

1  DECODER: Prescribing the contents of decode matrix.

Operation processing and internal data are processed with 4 bits.
However, at the output port 5, 5-bit data are produced as the

output after the conversion into 5 lines by the decode matrix.

(MSB) 44 / DEC4

o - PO
E s DEC3 >4
o PR T by P053
00 dy Y| DEC2 o 0
=] “
i ] B3| oeer |E D ros2
o ((LSB) ° SiCe & PO51
=

T~ > ®oso

The following explanation is made for the purpose of explain-
ing the contents of decode matrix and has no direct relations
with the design patterning in the actual LSI. Give your kind

attention to this point.

The logic of decode matrix can be expressed by the following

formula. (See the above diagram.)

DECi = D3 + Dy - Dy - Dg (i = 0-4)

Where, the selection is practicable as to

Dj(j = 0-3) = dj or dJ or 1
As to the designation of decode matrix, it is possible to define
the selection as "1",*to define non-selection as "0", and to
express Eé, ds, Eé, dz, Ei, di, Eo, and dg as the continuous
8-bit data (33 shall be MSB) with the figures of hexadecimal
two digits.
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d3 d3 T[az’dz di, dy §aa.do
X 1 X 1 x 1 x x 1 x x 1 x x = 1 (Selection) or
L *%, 1 - ; = 0 (Non-selection)

Hexadecimal two digits

Note: Dj = Hj > (Ej, dj) = (Selection,Non-selection)=(1, 0)
Dy = dj » (Ej, dj) = (Non-selection,Selection)=(0, 1)
Dj = 1 ~ (Ej, dj) = (Non-selection,Non-selection)=(0,0)

It is meaningless to select both Ej and dj

Attention shall be given to the fact that the output comes to
"1" except initialization in case where the designation of

(Non-selection, Non-selection) is made to all bits (DECi=1).

o 1In case where PO5g terminal output is "H" when the data
"1" are written in the output port 5,and the output is "L"

when other data are written:

Logic: DECO = d3 - d2 - dl - d0

d d
== Pl
Designation: DECO = 0 1 O-rl 0 0 i_} = X' A9’

o In case where POs, terminal output is "H" when the data "C"
- "F" are written in the output port 5,and the output is

"L" when other data are written:

Logic: DEC4 = d3 - d2

d3 d3 d2 d2 d1 dl d0 do0

. [
Designation: DEC4 =0 1 0 110 0 O d?
L

= X' 50'

o In the case of'P051 terminal when the output of data written

in the output port 5 is desired:
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Logic: DEC = dl

d3 d3 d2 d2 d1 d1 d0 do
[ e T
=10 0 0 010 1 0 0 = X' 04"

—_——— _— ——

Designation: DEC1
* Refer to the examples of data designation.

PO6: Prescribing the function of port 6.
o POp0Q - Port 6 is used as the 8-bit PLA data output port.

o POg1 - Port 6 is used as the two 4-bit general output port.
(No designation can be made as to the contents of

PLA.)

PLA: Prescribing the contents of PLA.

Operation processing and internal data are processed with 4 bits.
However, at the output port 6, 8-bit data are produced as the

output after the conversion into 8 lines by PLA.

PR s PR P :
< hel | 9] Bl | ~ 067
et d2 5] N ©
— © | o D |
3 a |G g e s
T S8 L ]® Sa| !l |a
B (LsB) dO o | |w o {20 e
"] < 0o - 9o ) POg0
PLAF = — 9 2

The following explanation is made for the purpose of explain-
ing the contents of PLA and has no direct relations with the
design patterning in the actual LST.

Give your kind attention to this point.
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PLA can be expressed as the 16 words x 8 bits memory. (Refer
to the above diagram.) Nemaly, the 4-bit write data is the
address of PLA, and the 8-bit data read out from PLA comes to

the output data on the output port terminals.

Write Write Write Write

data Address data Address data Address data Address
0 PLAO 4 PLA4 8 PLAS 12 PLAC
1 PLAL 5 PLAS 9 PLA9 13 PLAD
2 PLA2 6 PLA6 10 PLAA 14 PLAE-
3 PLA3 7 PLA7 11 PLAB 15 PLAF

The designation of PLA data is made to addresses by expressing
the 8-bit data, which are MSB in POé7 terminal output and LSB
in POg0 terminal output, with 2-figure numeric characters of

hexadecimal digit.

o In case each output between P07 terminal and POg(Q terminal
comes to H, L, H, H. L, H. H, and L when data "5" are written

in the 8-bit output port 6,

a(POsy)

POes POsy  POs2  POso

f
b
Poo_ P0e FOs  F0w (Posz)/g(poso (POs

PIAS=—"f7"———"—7T—————— b
'L 0 1 1 ;0 1 1 01 e c E::>
4 | (POs3 [d(POs, [(POss)
he
(POso)

o 1In case data "3" are written in output port 6 or output

port 7 to use it as the 4-bit general output port,

POss POss POs2 POs
POs;  POss PO063 POa
T T T T T T 1
PLA3 =10 0 1 1 10 0 1 1; =X'33"
e —
S—Port 7—’;}\\Port 6 —
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Therefore, if data '"3" are written in output port 7, each

output between P07 terminal and POg4 terminal comes to L,

L, H, and H.

At this time, each input to register 6 (con-

nected to P0g3 terminal- POgQ terminal) comes likewise to

0, 0, 1, and 1, but each output does not change because no

setting is made to the register.

verse case comes likewise.

This applies to the re-

o Refer to the examples of the designation of data.

Examples of the Designation of Data for Decode Matrix and PLA
o | e varion® | | conerat pore | XamPie of see”
DECO = dO DECO = d3 d2 d1 do PLA 0= /00/ | PLA 0= /FC/

o | DECL = d1 DECL = d3 d2 dl d0 PLA 1= /11/ | PLA 1= /60/
| DEC2 = d2 DEC2 = d3 dZ d1 do PLA 2= /22/ | PL¢ 2= /DA/
= | pEC3 = 43 DEC3 = d3 d2 d1 d0 PLA 3= /33/ | PLA 3= /F2/
DEC4 = d3 DEC4 = d3 d2 dI do FLA 4= /44/ | PLA 4= /66/
@ | DECO = /01/ | DEGO = /A9/ FPLA 5= /55/ | PLr 5= /B6/
é’ DECL = /04/ | DECL = /A6/ PLA 6= /66/ | PLs 6= /BE/
§ DEC2 = /10/ | DEC2 = /A5/ PLA 7= /77/ | PLA 7= [E4/
2| DEC3 = /40/ | 'DEC3 = /9A/ PLA 8= /88/ | PLA 8= /FE/
§ DEC4 = /80/ | DEC4 = /99/ PLA 9= /99/ | PLA 9= /F6/
PLA A= /AA/ | PLA A= /FD/
(Evaluator built-in option)

PLA B= /BB/ | PLA B=/00/ (blank)
PLA C= /CcC/ | PLA C= /02/
PLA D= /DD/ | PLA D= /CE/
PLA E= /EE/ | PLA E= /9E/
PLA F= /FF/ | PLA F= /8E/

(Evaluator built-in option)
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MASK ROM DATA TAPE FORMAT

|
i
I
|
'COMMENT'

@ @

N8
B B

RXXXX
Xxx Px

Xxx PX

Xxx Px

@aD

RYXXX

XXX Px
|

|
@ @

—_—— - »

>

>

- TCP4&20AP
TCP4E30AP

Output of more than 50 characters of 'NULL"

(No other symbols than "NULL" should be

existent.)

Output of six characters starting

from the

beginning of character train defined by TTL

statement of source program and two characters

of serial number, with apostrophe.

(when no

TTL statement exist, output of six characters

of space code and two chareaters of serial

number. )

Output of 'N8" indicating that the date pattern is 8

bits long.

(The program data follow this code.)

Output of the program start address following "R" in

four frames of decimal ASCII code.

1st

and
2nd

and

8th

and

9th

9th

address data

check sum

address data

check sum

address data

check sum

program address

XxxPX
Check sum

Number of data bits having
"1" is output.

Data

Two-characters of eight bit

data are output, in two frames
of hexadecimal ASCII code.

address data and check sum

Repeated output through the last data

Output of indicating the end of program data

Trailer:

Output of more than 50 characters of "NULL".
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
SYMBOL ITEM RATING
Vpp Supply Voltage ~0.3V to + 7.0V
VIN Input Voltage —-03\; tO‘ViD[:+(33V”4m_
Vout Output Voltmage o iE:f&Vto Vpp + 0.3V
Ph | Power Dissipation ’ 600w
Tsol éoldering Te[;zrp;gfait];e_” - 260°C (10 SEC)
Tstg Storage Temperature -55°C to + 125°C
Topr | Operating Temperature -30°C to + 85°C
ALLOWABLE OPERATING CONDITIONS
1 Condition
SYMBOL LTEM ,w Vpp = 3V to 6V K o VDD = 4V to 6V
Ta Ambient Temeprature E -30°C to + 85°C i -30°C to 85°C
Vou Output High Voltage | Min. Vpp -3.5V(z1.5V) Min.VDpDp -3.5V (>1.5V)
VoL Output Low Voltage 7 Max. 3V . ! Max. 3V
fx Xtal Operating Frequency 20KHz to 2MHz E 20KHz to 4.2MHz ]
‘t;y Cycle Time 1 - Vl:(r)us to 100usm" ' 10us to 100us |
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DC CHARACTERISTICS

TCP4
TCPY

(Ta=-30°C to +85°C, Vpp=3V to 6V)

£20AP
£30AP

SYMBOL PARAMETER TEST CONDITION | MIN. |ooePe ) wax. | uNit
. VppxO0.75 - Vbp
Vin Input High Voltage VDD = 4V VDpx0.7 [VDDx0.55 VoD
VIHS | Input High Voltage Vppx0.9 [VDDx0.75 VDD
(Schmitt) VDD 2 4V VDDx0.85 - Vpp
VIHC |[Input High Voltage(XIN Input) Vppx0.75 - VDD v
VIL [Input Low Voltage 0  WpDx0.45 |Vppx0. 3
y1pg [Ioput Low Voltage 0 [VDDx0.35 |VDpx0.1
(Schmitt) Vpp = 4V 0 - Vppx0.15
ViLc | Input Low Voltage (XIN Input 0 - Vppx0.25
Ity | Input High Current VDD=6V, VIyN=6V - - 20
ITL Input Low Current Vpp=6V, VIN=0V - - -20 uA
RIN Input Resistance (PI5) Vpp=5V 75 150 350 k@
Vou Output High Voltage Output 4.7 4.9 -
Vpp=5V, v
Vo, | Output Low Voltage Open - 0.1 0.3
I Output High C t -0. - -
o1 put *781 Curren Vpp=k. 5V, Vor=2. 4V 9.7 2
Output High -2.5 -6 -
I0HL | Current (P05, PO6) ]
ren Vpp=5V, VoH=4.2V -1.1 -2.5 - mA
IgL | Output Low Current -
9 i : VDD=4.5V, VOL=0.45V 1.6 4
IoLl | Output Low Current (PO5,P0g) 3.5 8 -
Vpp Supply] (fx=32.8 KHz) - 50 300
Current in  (fx=100 Kiz) Vpp=6V - 150 450
IpDO | Normal (=401 =
0 (£x=400 KHz) VIN=5.9V/0.1V - 400 1200 LA
eration [ 7 (fx=4.19 Maz) |
P (fx=4.19 MHz) (A1l valid) - 1000 3000
Vpn Suppl (fx=32.8 KHz) PI5 Open - 15 80
Tprg gg?gengpig (Ex=100 Kiz) CL = 50pF Z 40 120
Ogeration (£x=400 KHz) (Note 3) ~ 150 450
Note 1% Typical values are at Ta=25°C and Vpp=5V.
Note 2: Output characteristic expludes XoyT terminal.
Note 3: XIN input waveform at the time of measuring Vpp supply current.

0.9VDD

(

duty = 50%

tr,tf < 50ns>
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AC CHARACTERISTICS (Ta=-30°C to +85°C, Vpp=3V to 6V)

SYMBOL PARAMETER TEST CONDITION MIN. |TYP. MAX. UNIT
tWXIN | XIN Pluse Width EXt@;;i%,Iég‘}‘\’,gm 0.4/fx | - |0.6/fx| SEC
CWRESET | RESET Pulse Width 2 tey | - -

EWINT INT Pulse Width VINTVIHS/VILS 2 tey - - us
tWPI60 |PI60 Pulse Width 2 tey - -
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OUTLINE DRAWINCS
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TCPLE2CAP
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| 53.8 MAX.

50

1.0 £ 0.5

13.8 MAX.

Note 1
15.24(TYP.)
ga
7
oo
oA )
=~ 0.25+0.15
(=R
= T
=
[Talia}
g 15.3~18.3

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

of leads.

Note 2: Each lead pitch is 2.54mm, and all the leads are located
within £0.25mm from their theoretical positions with

respect to No.l and No.42 leads.
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. INTEGRATEDCIRCUIT . s
- TCPLB3CAF
ﬁz TECHNICAL DATA SILICON MONOLITHIC

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER

This is the specification for TCP4620AF/TCP4630AF in the TLCS-46A

family.

TCP4620AF/TCP4630AF is a flat package version of TCP4620AP/TCP4630AP.
There are some differences in electrical characteristics between TCP4620AF/

TCP4630AF and TCP4620AP/TCP4630AP; however, their function, instruction,

and pin description are compatible.

When using and examining TCP4620AF/TCP4630AF, therefore, it is recommended

that this specification be used together with the technical data on

TCP4620AP/TCP4630AP.

The differences in electrical characteristics between the two are as

follows:
1. Power Dissipation

Py = 400 mW MAX

2. Operating Temperature and Ambient Temperature

T

opr = —20 to 70°C

Ta = -20 to 70°C
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TCPLE20AF
TCP4630AF
TECHNICAL DATA
TCP4620AF /TCP4630AF ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
SYMBOL ITEM Rating
Vpp Supply Voltage -0.3V to +7.0V
Vin Input Voltage -0.3V to Vpp+0.3V
Vour Output Voltage -0.3V to Vpp+0.3V
Pp Power Dissipation 400my
Tsol Soldering Temperature 260°C (10 SEC)
Tstg Storage Temperature -55°C to +125°C
Topr Operating Temperature -20°C to +70°C

ALLOWABLE OPARATING CONDITION

Condition
SYMBOL| ITEM — - -
Vpp=3V to 6V Vpp=4V to 6V
Ta Ambient Temperature -20°C to +70°C -20°C to +70°C
Vou Output High Voltage Min. Vpp -3.5V(>1.5V) Min. Vpp -3.5V(>1.5V)
VOL | Output Low Voltage Max. 3V Max. 3V
fx Xtal Operating Frequency)| 20KHz to 2MHz 20KHz to 4.2MHz
tcy | Cycle Time 40us to 100us

10us to 100us
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TECHNICAL DATA

DC CHARACTERISTICS

TCPL620AF
TCP4B30AF

(Ta=-20°C to 70°C, Vpp=3V to 6V)

SYMBOL| PARAMETER TEST CONDITION | MIN. IYP. MAX.  [UNIT
(Note 1)
VIH | Input High Voltage . YDDx0.75 - VDD
VoD 2 4V Vopx0.7 | VbDx0.55 VDD
VDpx0.9 | VDDx0.75| VDD
) I i ( itt
THS nput High Voltage SC?ml ) VDD 2 4V Vppx0. 85 - VDD
VIHC | Input High Voltage (XIN Input) VDDx0.75 - Vpp v
ViL Input Low Voltage 0 Vppx0.45| Vppx0. 3
Vrpg | Input Low Voltage 0 Vppx0. 35| Vppx0. 1
(Sghmitt) Vpp 2 4V 0 - Vppx0.15
VILC | Input Low Voltage (XIN Input) 0 - VLDx0.25
Ity | Input High Current Vpp=6V, VIN=6V - 20 LA
171, | Input Low Current VD=6V, VIN=0V - - -20
RIN | Input Resistance (PI5) VpDp=5V 75 150 350 KQ
VOH |Output High Voltage 4.7 4.9 -
= A
Vol | Output Low Voltage VDD=5V, Output Open - 0.1 0.3
Output High t -0.7 -2 -
ToH utpu %g. Curren Vpp=4.5V,VoH=2.4V I~
Iogy |Output High Current -2.5 -6 - A
(P05, POg) Vpp=5V, VoH=4.2V | -1.1 -2.5 -
I § t .6 4 -
OL Output Low Current | Vpp=4.5V, Vor=0.451} 1
IOL1l | Output Low Current (PO5, P0Op) 3.5 8 -
VpDp Supply (fx=32.8 KHz) Vpp=6V - 50 300
1pDo Current in (£x=100 KHz) VIN=5.9V/0.1V - 150 450
Normal Opera- | (fx=400 KHz) (all valid) - 400 1200
tion (£x=4.19 MHz) | PI5 Open - 1000 3000 | uA
VDD Supply Cur-| (£x=32.8 KHz) = 50pF - 15 80
1 in Hold - G = >0 .
ppy |rent in Ho (£x=100 KHz) 40 120
Operation (£x=400 KHz) (Note 3) - 150 450
Note 1: Typical values are at Ta=25°C and Vpp=5V.
Note 2: Output characteristic excludes Xoyr terminal.
Note 3: XN input waveform at the time of measuring Vpp Supply Current.

907%

0.1Vpp

tr

0.9Vpp

tf

50%
tr, tf < 50ns

duty =
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TCPL4B30AF
FRIE  TECHNICAL DATA

AC CHARACTERISTICS (Ta=-20°C to +70°C, VpD=3V to 6V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
EWXIN XIN Pluse Width EXtéi;‘;“l/I;‘C‘%iLc 0.4/fx| - |0.6/fx| SEC

YWRESET | RESET Pulse Width 2 tey| - -

EWINT INT Pulse Width VIN=Vigs/VILs 2 tey - - us

tWP160 P160 Pulse Width 2 tey - -

Note: Flat packages have a merit in assembly space, but they should be
installed in better humidity and temperature environment than

DIP's.
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PIN CONNECTIONS (TOP VIEW)

LNI

S ra@sma
1 1noyx
— 1 NIx
a— 1

[N —— e

R Ig1g

[ eas—
b me— A
S wg
B o
S 091g
] — =1
] e— . 15

29 25 24 23
Poo 35
P21 136
Py, 37
Poz 138 20 [ PIg
Vpp 39 19 [———1P0s50
Pog T——J40 18 ———Vpp
Pop 11 17 [———1GND
Por 42 16 [————1PO0s51
Poo 43 15 [—————JP0s52

10 1112 13 14

[4501° 4 em—
T90q ]
09%0q ————]
¥Soa C———1
€504 o]

Note) Pins 18 and 39, power supply terminals, are connected

in the package.
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TCPLB30AF
$RB3>  TECHNICAL DATA

OUTLINE DRAWINGS

Unit in mm

—- 035

l 10 pitch
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TCP4620BP
TECHNICAL DATA STLICON MONOLITHIC

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER
GENERAL DESCRIPTION
This is the specification for TCP4620BP in TLCS-46A family.

TCP4620BP is one version of TLCS-46A developed for the purpose of re-
ducing the power consumption at hold operation so as to correspond to the

applications having utilized the features of a CMOS microcomputer.
TCP4620BP has realized the following charactristics.

Supply Current in hold operation IppHS TYP.=0.1pA (VppHS=2V)

Hold voltage in hold operation VDDHS = 2V to 6V

TCP4620BP is a version of TCP4620AP to which the oscillation control

(stop/start) function of a clock generator in hold operation has been added.

There are some differences in function, pin description, electrical
characteristics, and mask option concering hold operation and oscillation

contril between TCP4620BP and TCP4620AP; however, other functions, electrical

characteristics, instructions, and pin connections are compatible.

When using and examining TCP4620BP, therefore, it is recommended that

this specification be used together with the technical data on TCP4620AP.

Main differences with TCP4620AP are as follows:

1. Function

o In hold operation, the input level of PIgp terminal makes possible the
oscillation control (stop/start) of the oscillator, and the oscillation

stop enables the power consumption to be reduced.

Supply Current in hold operation (Oscillation stop)
IDDHS TYP.=0.1uA (Ta=25°C, Vppyg=2V)

Hold Voltage in hold operation (Oscillation stop)
VDDHS =2V to 6V
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ﬁi TECHNICAL DATA

TCP4620BP

2. Pin Description

o In hold opeartion, PIgp terminal will function as an oscillation control

terminal.
PIgg = "H" ........ Oscillation stop
Plgg = "L" ........ Oscillation start (Continued.)

o In either case of normal operation/hold operation, PIgqg terminal is the

reset input terminal of the divider (2).

PIgg = "H" ........ The divider (2) is reset.
PIgg = "L" ........ The divider (2) is not reset. (Reset is re-
leased.)

o No Schmitt circuits are built in the following two terminals:

PI60, INT

3. Mask Option

The contents only indicated on the mask option sheet of TCP4620BP can

be designated., 400 KHz ceramic oscillator/IFT oscillator can be used.
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- TCPL620BP
FRIE  TECHNICAL DATA
PIN NAMES AND PIN DESCRIPTION
Pin Name Input/Output Function
4-bit general purpose I/0 port (I/0 is designated by
Po3  Poo Input/Output |5 programe). Can be used as a dedicated output port.
(Designated by mask options.)
P13 Pig Output 4-bit general purpose output port.
Py3 Pyg Input or Output |4-bit general purpose 1nput/Output port. Input/Output
is design ted
Ps3 Puo Input or Output |4-bit general purpose'Input/Output port. ggtgggg
5-digit output port for display.
P54 Pso Output (Can be used as the general purpose output port.)
8-segment output port for display.
P67 P60 Output 5 ° pv Py s
(Can be used as the general purpose 8-bit output
port (4-bit x 2))
PIsq Pis Input 4-bit general purpose input port.
1-bit general purpose input port/reset input of
divider(2) [Note 1] (without Schmitt circuit). Dur-
PIgo* Input ing hold operation this input functions as an
input for stopping the oscillation and for controlling
restart of the oscillator. *
RESET Input Reset signal input
INT Input Interrupt request signal input (w%ghout Schmitt circu-
1 .
XN Input Oscillator connecting terminal.
XouT Output Oscillator connecting terminal.
CK Output External timing output.
TEST Input LSI test signal input, used by connection to GND.
Vpp Power Supply
GND GND

Note 1) In either case of normal operation or hold operation, tihe divider (2) is

reset at "H" level input.

Note 2) * denotes the differences between TCP4620BP and TCP4620AP/TCP4630AP.
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HOLD OPERATION

The hold operation of TCP4620BP is performed by setting "1" to H flag.
In other words, immediately when "1" is set to H flag by execution of SBS,
IBS, and LSM instructions, the internal timing signals és and ¢ are stopped

and TCP4620BP begins hold operation. (Refer to Figs. 1 and 3.)

During hold operation the program counter, instruction register, data
memory, and other internal registers hold the contents stored before hold
operation. However, the interrupt latch is cleared during hold operation,

the waiting interrupt request and a new interrupt request are ignored.

The oscillation of oscillator is suspended by holding PIgQ terminal to
"H" level during hold operation, so that the power consumption may be saved
greatly.That is, while H flag A PIgg = 1, the oscillation is suspended.
(Refer to Fig. 3.)

TCP4620BP is restarted from hold operation due to reset of ‘H flag to

"0" by the rising signal of the counter buffer C2 bit.

Since the counter buffer is the output of the divider (2) which is
counting the internal basic clock (cp), TCP4620BP is restarted at regular
intervals if oscillation is not suspended during hold operation. (Refer to
Fig. 2.) This is the same cperation as the hold operation of TCP4620AP/
TCP4630AP. (HoWever,.there is a difference in nothing but restart condi-

tion by mask option between them.)

When the oscillation is suspended during hold operations, restart opera-—
tion begins in the lapse of a certain period of time after a start of
oscillation by holding PIgg terminal to "L" level. (Refer to Fig. 4.)
Special attention should be paid to the fact that in TCP4620BP the divider

(2) is reset to "0" by holding Plgg terminal to "H" level.
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TCP4G20BP
R TECHNICAL DATA
PIgo ) —-_\‘\\
« LML
Ps | l | | |
¢ L ] [ ]

Normal Operation —ej«——Hold Operation

ggﬁ%g:‘;‘ X Address A XAddress A+l X Address A + 2

Instruction Instruction In et f
Register x £ hddresam A\ trstrughion ofy v 1

H Flag I

Fig. 1 Timing to Hold Operation (Oscillation Continuity)

Plgg /
o LI LT

H Flag, Reset
Enable I I

H Flag I

Hold Operation -« Normal Operation

s | —
[ ] [

¢
Program -
Counter Address A 4 2 X;j_drgss A X
! Instruction of Address 242
Instruction
Register Instruction of Adcress A+l X o~ X el

Instruction of Aldvess A+3

Fig. 2 Restart Timing from Hold Operation (Oscillation
Continuity)
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TECHNICAL DATA

|=— Oscillation Stop

R S N B

?s
o 11 | [
Normal Operation —sj«— Hold Operation
codgran Y address A X Address A+1Y Address A + 2
Instruction Instruction Instruction of
Register of Address A Address A + 1
H Flag ‘
Fig. 3 Timing to Hold Operation (Oscillation Stop)
Oscil- I
PIgg  lation 1 £

Stop  —

Cp

H Flag. Reset
Enable

H Flag
s
¢

Pr
Cog

ram
ter

&

Instruction
Register
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7 r l
Hold Operation ———{4—-—Norma1 Operation
XAddress X
A+ 3

Instruction of Address A+2
X~ X~

Instruction of fddress A+2

25
Address A + 2

2/

7
Instruction of{ Address A + 1
7

Fig. 4 Restart Timing from Hold Operation (Oscidlation Stop)



INTEGRATEDCIRCUIT

R

[e)

INT and PI60 are normal input terminal containing no Schmitt circuit.
In Hold operation, oscillation is stopped at PI0="H" and startea at PLgo=""L".

Divider (2) is reset at PIgp="H'".

TCP4620BP
TECHNICAL DATA
TCP4620BP MASK OPTION TYPO11
= 050
Oscillating 0s ¢ Céﬁgﬁ;c
Frequency IFT
Frequency diyision for
intgrnalycloZk cP 02
Ext. timing output CK Cp
Diyider 1 inpuf PD CP -
COUNTER Divider 3 input, COUNTER PDR PD2
Reset Timing PDR N
Buffer 0 input Cco P160
COUNTER Buffer 1 input | COUNTER Cl RD7
BUFFER Buffer 2 input | BUFFER  C2 | RDA
Buffer 3 input Cc3 RDD
i H Flag HOLD H
Restart Signal RSTH | C2 Rise
1/0 Port Port 0 STD | D(PROG) | 1 (OUT)
Input/Output Port 2 P2 |/¥/(ouT) |[/F/(0UT) | /O/(IN) |/O/(IN) | /O/(IN)
© port Port &4 P4 |/F/(OUT) |/3/(W/0UT) | /F/(OUT) |/3/(M/oUTD)| /0/(IN)
TRROG. FesiErayee prs [0 () | 1 (oowm)
Line 0 DECO | / /
DECODE Line L DECL | / /
MATRIX ______ Line 2 | DECODER DEC2 | / /
Line 3 DEC3 | / /
Line 4 | DEC4 | / /|
Output Port 6/7 P06 1(P6/P7)| O (P6)
Line 0 pLa0 [/ o0/ |7 7]
"Line 1 | PLAL [/ 11/ |/ /
Line 2 PLA2 |/ 22/ |/ /
Line 3 PLA3 |/ 33/ |/ /
Line 4 PLA4 /4 4/ / /
Line 5 PLAS / 55/ / /
PLA6G |/ 66/ |/ /
rra S VYR VR A
PLA8 |/ 88/ |/ /
PLA9 [/ 99/ |/ /
PLAA |/ AA/ |/ T
PLAB |/ BB/ |/ /
PLAC |/ cc/ |/ /
PLAD |/ DD/ |/ /
PLAE |/ EE/ |/ /
Line F PLAF |/ FF / |/ /
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B3>  TECHNICAL DATA

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

TCPL620BP

SYMBOL ITEM RATING

Vpp Supply Voltage -0.3V to +7.0V
Vin Input Voltage -0.3V to Vpp+0.3V
Voyr | Output Volatge -0.3V to Vpp+0.3V
Pp Power Dissipation 600 mW

Tsol Soldering Temperature 260°C(10 SEC)
Tstg Storage Temperature -55°C to +125°C
Topr Operating Temperature -30°C to + 85°C

ALLOWABLE OPERATING CONDITIONS

SYMBOL ITEM CONDITION
Vop Supply Voltage 4V to 6V
Ta Ambient Temperature -30°C to +85°C
Vou Output High Voltage N Vpp —3.5V(z1.5V)
Vor, Output Low Voltage 3v
fx Xtal Oéerating Frequency a 40KHz to 400KHz
tey Cycle Time 10us to 100us
VDDHE Hold Voltage at Hold Operation 2V o 6V
(Oscillation Stop)

186




INTEGRATEDCIRCUIT

L -
R

TECHNICAL DATA

Normal Operation
DC CHARACTERISTICS (Ta=-30°C to +85°C, Vpp=4V to 6V)

TCP4520BP

SYMBOL PARAMETER TEST CONDITION MIN. IYP. MAX. UNIT
(Notel)
Vig | Input High Voltage ) VpDx0.7 - Vpp
ViHs | Input High Voltage (Schmitt) Vppx0.85 - VDD
Vigc| Input High Voltage (XIN) Vppx0.75 - VDD v
VIL Input Low Voltage 0 - Vppx0.3
ViLs | Input Low Voltage (Schmitt) 0 B Vppx0.15
ViLc| Input Low Voltage (XIN) 0 - Vppx0.25
I7y | Input High Current VpDp=6V, VIN=6V - - 20 A
Ir;, | Input Low Current Vpp=6V,VIN=0V - = -20 H
RIN | Input Resistance (PI5) VpD=5V 75 150 350 kQ
VoH Output High Voltage . -
P & & Vpp=5V,Output Open 4.7 4.9 v
VoL | Output Low Voltage - 0.1 0.3
Iog | Output High Current -0.7 -2 -
9 & VpD=4.5V,VOH=2.4V
Togp | Output High Current -2.5 -6 -
(P05, P06) VDD=5V, VoH=4.2V -1.1 -2.5 - mA
Ip1, | Output Low Current 1.6 4 -
Vpp=4.5V, Vor=0.45V]
IoLl | Output Low Current (P05,P06) 3.5 8 -
Vpp Supply Current in
Ippo| [P TUPPY Vpp=6V, fx=400kHz - 400 1200
Normal Operation VIN=5.9V/0.1V A
IpDH VDD SuEply Curfent %n Hold PI5 Open, _ 150 450
operation (Oscillation Cont.) CL=50pF (Note 3)
Note : Typical values are at Ta=25°C
Note : Output characteristic excludes Xoyr terminal.
Note : XN input waveform at the time of measuring Vpp Supply Curren

907%
io%

tr

0.1 Vpp

ff

N

duty = 50%

tr,tf <50ns
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RS  TECHNICAL DATA

[Norma1 Orer1t10n|

AC CHARACTERISTICS

TCPL4620BP

(Ta=-30°C to +85°C, Vpp=4V to 6V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. |UNIT |
tWXIN XIN Pluse Width External Input 0 - |

) VIN-VIge/VILC A/ Ex 0.6/fx| SEC I
YWRESET | RESET Pulse Width Vin=V1us/ViLs 2 tey - - :
CWINT INT Pulse Width ViN = VIH/VIL 2 tey - - i
tWPI60 P160 Pulse Width (Note 1) | 2tcy - - us
Note 1 :

1188

PI¢n terminal used for general purpose input port.
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|H0]d Operation (Oscillation stopﬂ

DC CHARACTERISTICS

TCPL4620BP

(Ta=-30°C to 85°C, Vpp=2V to 6V)

TYP.
SYMBOL PARAMETER TEST CONDITION MIN. (Notél) MAX. [UNIT
Vpp Hold Voltage inHold operation 2.0 - 6.0 v
Vppug=2v, VIN=1.9V/
Y Supply Current in Hold 0.1V PI5 Open - 0.1 T.B.D. -
IppHS VRESET=VDDHS A
Mode VDDHS=5V.VIN=4.9V/
0.1V PI5 Open - 0.2 T.B.D.
, VRESET="pDHS
VIHHS | Input High Voltage (P160) VDDpHS=2V 1.9 - - v
RIN Input Registance (PI5) 75 150 350 KQ
Iogns | Output High Current Vppus=2V, Vog=1V - -0.4 = mA
Ion1ng| Output High Current (PI5,P16) | Vppug=2V,Vop=1V - -0.9 _ mA
IOLHS Output High Current Vppug=2V,Vor,=0.45V - 2.0 - mA
IgL1pg| Output High Current (P05,P06) | Vppug=2V,Vy;=0.45V - 3.5 - mA
Note 1 Typical values are at Ta=25°C.
Note 2 The limits of Vigps, Iopus, IorHs and IgnlHS are equal to the limits of

AC CHARACTERISTICS

VIiH, I0oH, I0H1, IoCc and Ipcl in |Normal Operation| respectively.

(VppHS 4V)

(Ta=-30°C to 85°C)

SYMBOL

PARAMETER

TEST CONDITION

MIN.

TYP.

MAX.

UNIT;

EWRST

Restort Internal from Hold
operation

Vin=Vria ViL
Vpp=4V to 6V

2050tcy

us
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SR  TECHNICAL DATA

TIMING WAVEFORMS

(1) Xy Input Waveform
Vine

- tWXIN
IHC tWXIN f 7 v /
a 4( ILC ICL 4
XN i

(2) RESET Input Waveform

tWRESET 1
|
jrvlls Vi1s

(3) TINT, Plgg Input Waveform

tWINT, PIgo

e v |
INT I yINT, tWPTg, VIH v/
' % VIL IL

PIgo

(4) Restart timing from Hold Operation after Oscillation Stop.

PIgo Vi

{
77 tWRST |
' l
cp I l | ‘ ! ' | ’ ‘ ‘l l l | l , l | [ I
H Flag. ( -_]

Reset
Enable

H Flag

190



INTEGRATEDCIRCUIT

L~
R

TCP4620BP

TECHNICAL DATA

APPLICATION EXAMPLES

[1]

Battery Backup

It is thinkable that there is a backup method which utilizes a battery
and a capacitor, as application of the system required to uninter-
ruptedly resume the process before cutting-off of the power supply
when the power supply has been restored after the power supply was

cut off during the operation of the system.

Fig. 1 shows the example of utilizing a battery and Fig. 2 shows
the example of utilizing a capacitor. In both the cases, the operations
are almost identical. Let us explain the circuit operation of the

example (Fig. 1) of utilizing a battery.

Under the condition of '"Main Power Voltage > Backup Voltage,"
the power (Vpp) of TCP420BP is supplied from the main power supply.
When Q1 is ON, "L" level is applied to PIgp terminal.

In other words, the oscillator is in oscillation state, and the opera-
tion of TCP4620BP depends on a program.

Under the condition of "Main Power Voltage < Backup Voltage,'

the power (Vpp) of TCP4620BP is supplied from the battery, aund when

Q1 comes into OFF state, "H'" level is applied to PIgQ terminal.

In other words, the oscillator depends on the operating state of

TCP4620BP, and if it is in hold state,,oscillation is stopped.

When TCP4620BP is put to holl state immediately after the power supply
has been cut off, the oscillation is stopped, permitting a backup for

a long period time.
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TCP4620BP
FHREE  TECHNICAL DATA
Main
Power bt ’ VDD
Supply
-[_ Backup § TCP4620BP
I‘ Battery
Plgg
GND
Q1 7J,7
-
Fig. 1 Example of Backup Circuit by Use of Battery
Main
Power B $ Vbp
Supply 1

I § TCP4620BP

Plg0

GND

Q Jr

Fig. 2 Example of Backup Circuit by Use of Capacitor



Foshiba
R

INTEGRATEDCIRCUIT TCPUG20BP

TECHNICAL DATA

(2]

Restart by Key Input

The possibility of a remote control system utilizing TCP4620BP can be
considered as application of a system which operates only when the key

is fed.

Let us explain the example of application in Fig. 3. Usually
TCP4620BP is in hold state, and only when the key is fed, the hold

state is released to perform the process according to the input data.

In other words, TCP4620BP is put to hold state after data X'F' has
been output (putting SW1l to SW16 to selection state) to its output
port 1 (P1).

When the keys (SW1 to SW16) are depressed in this state, "L'" level is
applied to PIgQ terminal and the hold state is released after certain

period of time.

The keys are scanned after the release of hold state, and the process
is performed according to the key input data. After processing, the
data output (X'F') to the output port 1 (P1) and a hold state are

established.

In such an application, TCP4620BP operates only when a key is depressed,

permitting a sharp reduction in power consumption and a better display

of the functions of TCP4620BP.
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Key Matrix

TCP4620BP

_____________ 1
| SWi [SW2 |oWs [swa |
P l [%\f#\gﬁ}\ Jan
v SRR
P11 ! ./;ﬁ@}/ N
Py, ! Cif r%“g§m
P 5 r\j;é@Féhrihs!
13 EEANPANVAN |
PIso
PISl
PIs52
PIs3
pgo —oC_E—=— |

P10 - 13
PIso - 53
cP

H Flag
PIgo

PI5 contains pull/down

resistance at mask option.

Fig. 3 Example of Restart Circuit by Key Input
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aun XV qaea X (111)

7 ¥ 1S 3

;
* Keg Input Data x
—~ - o

R

Key Input
Hold State ——‘4—————*+*—?rocessiné—-f——Hold State

Fig. 4 Example of Circuit (Fig. 3) Timing Chart



INTEGRATEDCIRCUIT TCPLB21AP

C2-MOS DIGITAL INTEGRATED CIRCUIT
TECHNICAL DATA SILICON MONOLITHIC

GENERAL DESCRIPTION

The TCP4621AP is a CMOS 4-bit single chip microcomputer most suitable for
applications of driving fluorescent display tubess and of interfacing with

high woltage circuits.

Output high breakdown voltage:
Vpp - 32V (Absolute max. rating Vpp - 35V)
*Output high breakdown voltage port:

14 ports (POgg to POg7, PO5qg to POs54, Ppg)

The TCP4621AP has adopted the P-channel Open Drain structure of some output ports of
the TCP4620AP, resulting in high breakdown voltage. There are some difference be-
tween the TCP4620AP and the TCP4621AP 1in electrical characterisitcs, pin
functions, and mask options, but the other functions, electrical character-—
istics, instructions, and pin connections of the TCP4621AP are compatible

with those of the TCP4620AP. For the use and study of this device, use
jointly with TCP4620AP Technical Data.

The following items are the points of difference in electrical characteristics.

1. Operating temperature and ambient temperature
Topr = -20 to +70°C
Ta = -20 to +70°C

2. Output high breakdown voltage port and‘output high level current
I0H1 (POgQ to POg7) = -1mA MIN. (Vpp=4.5V, Vop=2.5V)
I0HL (POs5Q to POs54, Pig) = —7mA MIN. (Vpp=4.5V, Vop=2.5V)

3. Mask option
The contents only which are shown on the TCP4621AP mask option sheet can

be designated. 400 KHz ceramic/IFT can be used as an oscillator.
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SRZE  TECHNICAL DATA

PIN NAMES & PIN DESCRIPTION

Pin Name | PinNo. Input/Output Function

4-bit general purpose I/0 port (I/0 is
changed over by a program.) This port can
be used as a dedicated output. (I/0 is
designated by mask options.)

Pg3 to Pgo 4 Input/Output

4-bit general purpose output port
Py3 to Pyg 4 Output * P10 only is a output high breakdown
voltage port

Py3 to Py 4 Input or Output 4-bit general purpos Input/Output port
P43 to PAO 4 Input or Output Input/Output is designated by mask options.
POs5y * 5-digit Output high breakdown voltage
to 5 Output port for display. (Can be used as the
P05 general purpose output port.)
POg7 * 8-segment output high breakdown port for
to 8 display [Can be used as the general pur-
PO Output pose 8-bit output port (4 x2 bits).]
PIsgg
to PISO 4 Input 4-bit general purpose input port
1-bit general purpose input port (with an
Pl60 L Input internal Schmitt circuit)
RESET 1 Input ReseF angt t?rmlnal (with an internal
Schmitt circuit)
Tﬁ? 1 Input ?nterrupt rquest ?nqu terminal (with an
internal Schmitt circuit)
XIN 1 Input Oscillator connecting terminal
XoUT 1 Output Oscillator connecting terminal
C K 1 Output External timing output
TEST 1 Input Used by connecting to GND at all times
Vop 1 Power supply
GND 1 GND

Note) The asterisk(*) indicates the points of difference between the TCP4620AP
and this device.

Output high breakdown voltage ports are of P-channel open drain structure.
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SR> TECHNICAL DATA
TCP4621AP MASK OPTIONS
TYP021 | TYP022
Oscillation 050 050
0scC 400K 400K
frequency ceramic | ceramic
IFT IFT
Dividing ratio for
internal clock cP 02 02
External timing output CK Cp PD2
o Divider 1 Input PD CP Ccp
g Divider 3 Input| COUNTER PDR PD2 PD2
8% Reset timing PDR N /12500/
&, Buffer 0 Input | co PI60 P160
o o Buffer 1 Input | COUNTER C1 RD7 RDB
EIE Buffer 2 Input | BUFFER  C2 RDA RDC
O A Buffer 3 Input C3 RDD RDD
H flag HOLD 0 | H
Restart condition RSTH 0 C3
Input/Out- 5 stp | p(PrOG) | 1 (oUT)
put port
1/0 port Port 2 p2 | /F/(oun)| /F/(ouT) | /o/(IN) [ /o/(IN) | /o/(IN)
Port 4 p4 | /F/(ouT)|/3/(m/oun)| /F/(OUT)]{/3AINOUT) | /0/(IN)
Input resistance
(Input port 5) P15 0 (UP) | 1 (DOWN)
Line 0 DECO | / /
Decode Line 1 DECL}) / /
matrix Line 2 |DECODER DEC2 | / /
(PO5) Line 3 DEC3| / /
Line &4 DEC4 | / /
Output port 6/7 P06 | 1(P6/P7)] O (P6)
Line O PLAO / 00 / / /
Line 1 pral| /11 /1 7/ /
Line 2 pLA2 | /22 /| / /
Line 3 pLA3l /33 /1 / /
Line 4 | PLAL| [ 44 [ | ] /
Line 5 PLAS | /55 /| / /
Line 6 pLA6 | /66 / | / /
P LA Line 7 PLA7| /77 /| / /
(P06) Iine 8 [P L A PLA8Y| /88 /| /., /
Line 9 PLA9 | /99 /| / /
Tine A PLAA] / AA/ |/ /
Line B PLAB| /BB /| / -/
Line C PLAC| /cc /| / /
Line D PLAD| /DD / | / /
Line E PLAE| / EE /| / /
Line F PLAF| / FF /| / /
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ABSOLUTE MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
VDD Supply Voltage -0.3 to +7.0 v
VIN Input Voltage -0.3 to Vppt0.3 v
V, Output Voltage _
ouTL | P05 B06.P10) 0.3 to Vpp+0.3 v
\ Output Voltage
oUT2 VDD -35 to Vpp+0.3 v
(P05 ,P0g ,P10) o Voo
Pp Power Dissipation 600 mW
Tsol Soldering Temperature-Time 260 (10 SEC) °C
Tstg Sotrage Temperature =55 to +125 °c
Topr Operating Temperature -20 o, +70 °C
ALLOWABLE OPERATING CONDITIONS
RATING
SYMBOL ITEM UNIT
Vpp = 4 to 6V
Ta Ambient Temperature -20 to +70 °C
Output Voltage
Vout Max. VDD - 32 v
(P06, POs5, P10) o
fx X’tal Operating Frequency 40 to 400 KHz
tey Cycle Time 10 to 100 us
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DC CHARACTERISTICS (Ta = -20°C to +70°C, Vpp = 4V to 6V)
RATING
P
SYMBOL ARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
VIH | Input High Voltage VDDx0.7 |VDDx0.55| VDD
VIHS Input High Voltage (Schmitt) VDDx0.85|VDDxO0. 75 VDD
VIHC | Input High Voltage (XINinput) VDDx0.75 - VDD v
VIiL Input Low Voltage 0 |VDDxO0. 45 |VDDx0. 3
VILS | Input Low Voltage (Schmitt) 0 |VpDx0.35 |VDDx0.15
VILC | Input Low Voltage (XIN input) - - VDDx0 .25
I1H Input High Current VDD=6V, VIN=6V - - 20 A
I1L Input Low Current VDD=6V, VIN=0V - - -20
RIN Input Resistance (PI5) VDD=5V 75 150 350 K&
Vod Output High Voltage 4.7 4.9 -
VD= . .
VoL Output Low Voltage DD=5V, Output Open - 0.1 0.3 v
I0H Output High Current VDD=4.5V,VOH=2.4V -0.7 - -
1 . | (Po6) [VDD=4.5V,VOH=2.5V -1 - -
OH1 | Output High Current](?oS,PlO) VDD=4. 5V, VOH=2. 5V =7 = ~ mA
IoL Output Low Current VDD=4.5V,V0L=0. 45V 1.6 - -
Output Leak Current
ILo VDD=6V, VOUT=-2 - - -20 uA
‘(IPOS, P06, P10) p=bv, Tou oV
DD Supply Current in Normal |VDD=6V,VIN=5.9V/01V
IppO > . .
Operation (fyx= 400kHz) (all valid) 400 1200 A
TpDH VDD Supply Current in Hold PI5 Open CL=50pF 150 450 H
Operation (fx= 400kHz) Output Open -
Note 1: Typical values are at Ta=25°C and VDD=5V.
2: Output characteristic excludes Xgur terminal.
3: XN input waveform at the time of measuring Vpp supply current.
90% - g 0.9 Vpp
lOZ-7Z
0.1 Vpp
tr ] tf 5 duty = 50%
; tr,tf <50 ns
AC CHARACTERISTICS (Ta = -20 to +70°C, VDD = 4 to 6V)
SYMBOL PARAMETER TESTCONDITION MIN. TYP. MAX. UNIT
. External Input
X -
tWXIN IN Pulse Width VIN=VIHC/VILC 0.4/£x 0.6/fy | SEC
tWRESET | RESET Pulse Width 2 tey - -
tWINT INT Pulse Width ViN=VIHS/VILS 2, tey - - us
tWP160 PI60 Pulse Width 2 tcey - -
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INTERFACE OF FLUORESCENT DIAPLAY TUBE
%DD=5V

it | Po60
._|F PO61
—i=_|P062
—=_|Po63

—i= | Po64
=

P065
PO66
—i= | PO67

TCP4621AP

_‘l
—= |plo

GND 3Ry TLgRLf R, SRL — - TRL Ry,

INTERFACE WITH PMOS -ll/ll
’ 1
v
DD Vss
<] Poso
|
i
& PO54
PMOS
TCP4621AP
L
L 1
GND )
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GENERAL DESCRIPTION

The TCP4632BF is a C2MOS 4-bit single-chip microcomputer capable of
directly driving liquid crystal display provided with 1/3 or 1/4 duty, and
is most suitable for use in a wide range of application fields, such as a

system requiring low power dissipation.

The TCP4632BF contains the controller and driver for driving the liquid
crystal display (hereinafter referred to as LCD) to the TCP4630AP. For the
use and study of this device, refer to the technical data for the TCP4630AP

in addition to this technical data.

FEATURES

o C2MOS 4-bit single-chip microcomputer of low power dissipation

o Memory capacity
Program region (ROM) 3072 words x 8-bit
Data region (RAM) 160 words x 4-bit (including RAM for display)

o Instruction execution time: 10 us (400kHz ceramic oscillator/IFT)
o 52 instructions

o Built-in LCD controller

1/2 or 1/4 duty (desiznated by mask options)

o Built-in LCD divect driver
Common output 4 pins

Segment output 24 pins

o Input/Output port
1/0 port 1 x 4-bit (I/0 can be switched by programs.)
1 x 4-bit (I/0O can be designated by mask options.)
1 x 4-bit (I/0 can be designated by mask options.)

201



INTEGRATED CIRCUIT S—

Ry TECHNICAL DATA

Output port 3 x 4-bit (General purpose output port)

Input port 1 x 4-bit (Pull-up/Pull-down resistor with input
resistance,can be selected.)

1 x 4-bit
o External power supply is available for LCD (Vicp)

o Built-in display decoder (Can be designated by mask options with

decoder data.)
o Blanking operation
o Hold operation (LCD can be displayed during hold operation.)
o Power-down mode (Display blanking)

o 67-pin plastic package
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BLOCK DIAGRAM

1BUS

L

1

RV Register #0 —.

M—
ROM
K
3072 x 8b ﬂ L P13
i I

IR [—)‘ Register #1 : to P10

m ;:{ Register #2 }*jn_n_J > P23
to Pop

D

v
° o LCD
E’ | Shift Register 5’5
28 b X w [p Seel
e 24b x4 g g to Seg23
"I M el
o
a
ﬂ a
Q
coM -
LCD Timing |l (- | L comy
Control Cir- ) _f to COM3
cuit
#3_ {1 o/S Register]
YR — DISP|SCAN

i T lenli Lodoo

1
It i
i1 l# ’(
Y 4 POs0
Register #5 [—— to POs53
RAM

160 x 4b SCAN P50
Register #6 F to P0g3

| Timing Pulse PI
PIg3 to > - Shaping 60
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50 — ~CK
=
< Divi
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PIN CONNECTIONS (Top

DRH OO ™ W g
R e e e R R R B

o — o~
OO VIV IVT VT COT O
OOCHEAARFNEHAN ZERE M
AR R NBT RN BRD RN

Annpapraananononmn

TCP4632BF

© 0

o o>
joNuRe]
B EERE
0 wnw

100010000011

PIN NAMES/PIN DESCRIPTION

5453 SREL D 49464746 45 44 4542 41 40 30 3337 3635¢

©

s o
B
nw
1]
34 33

32 1 SEG4
31 =1 SEG3
30 3 SEG2
29 3 SEG1
28 |2 SEGO
27 (=3 Vpp
26 = P43
25 = P42
24 =3 P4l
23 = P40
[

PR3

TCP4620AP/30AP TCP4632BF
. Input/
Pin Name No.of . |No.of .
Output . Function . Function
pins pins
|
\
LSI test input (always | LSI test input (always
TEST Input 1 kept set at 0.) 1 kept set at 0.)
XIN Tnput 1 Osc1}lator connecting 1 Osc1%lator connecting
terminal terminal
XoUT Output 1 Osci%lator connecting 1 Osci}lator connecting
terminal terminal
PIs Input 4 General purpose input 4 General purpose input
port port
RESET Input 1 Reset input 1 Reset input
INT Input 1 Interrupt input 1 Interrupt input
General purpose input General purpose input
PIp Input 1 1
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T / TCP4620AP/30AP TCP4632BF
Pin Name nput No.of . No.of .
Output . Function : Function
pins pins
Po 1/0 4 1/0 port 4 I/0 port
P1 Output 4 gz:iral purpose output 4 gi:iral purpose output
P Input/ 4 General purpose input/ 4 General purpose input/
2 Output output port output port
Py Input/ 4 General purpose input/ 4 General purpose input/
Output output port output port
VDD 1 Power supply 2 Power supply
’ .

SEGon23 | Output 24 ESE segment driver out-
POg Output 4 PLA output port 4 ﬁs:iral purpose output
PO7 Output 4 PLA output port
P05 OQutput 5 Deifide matrix output 4 gir;iral purpose output

po

COMgv3 4 LCD common driver output

LCD external power sup-—
Viep ! ply terminal
GND 1 GND 1 GND
CK Output 1 External timing output 1 External timing output
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CONFIGURATION OF PORT AND REGISTER

TCP4632BF

Name Sym- Pin Name Reg. Function Remarks
bol No.
I/0 switching is controlled by D flag
. of ST.
* | 1/0 Pore | Po P03 to Poo 0 | 1/0 Port This port can be designated as a
dedicated output port by mask options.
General purpose output port.
Output P, P13 to Pyg 1 Output The contents of register can be re-
Port Port
ferred to by a program.
Input/ Input/ Input/output can be designated by mask
* Output P, Pp3 to Pyp 2 Output options. The contents of register can
Port Port be referred to by a program.
Command Command LCD.dlsplay is controlled by a.2~b1t
* . c/s _— 3 . register. The contents of register
Register Register
can be referred to by a program.
Input/ Input/ | Input/output can be designated by mask
* | Output P, P43 to Pyuo 4 Output options. The contents of register can
Port Port be referred to by a program.
General purpose input port with 150kQ
Input PIs PIs3 to PIg Input (TYP.) resistance. Pull-up/Pull-down
Port 0 Port ) X .
designation can be made by mask options.
5
General purpose output port.
o] t
* ;ggz P0s [PO53 to PO5( nggﬁt The contents of register can not be re-
ferred to by a program.
1-bit general purpose input port,
Input Input . PN . . :
Port Ple Pleo Port (Built-in Schmitt circuit).
6
General purpose output port.
B Output POs [POg3 to POg Output The contents of register can not be
Port Port
referred to by a program.
PLA. PLA can be used as a display data
* PLA PLA e 7 PLA decoder or a data decoder. The contents
of decode is designated by mask options.
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Note The asterisk (*) indicates the points of difference between TCP

4620AP/TCP4630AP and this device.

(a) Neither command register nor PLA (available for reference by a

program) is contained in the TCP4620AP/TCP4630AP.

(b) Since POs and POe¢ contain neither decode matrix nor PLA, the

number of output pins of each port is 4.

(c) Care should be taken to the fact that Po,, P,, P., POs and POs of
this device are different from those of TCP4620AP/TCP4630AP in

electrical characteristics.

LCD CONTROLLER/DRIVER

The TCP4632BF contains a driver circuit capable of directly, dynam-
ically driving the LCD provided with 1/3 or 1/4 duty by the 1/3 bias method.

LCD connection terminals amount to 29 in total as follows:

Common driver output (COMO to COM3) 4
Segment driver output (SEGO to SEG23) 24
VLCD terminal as LCD driving power terminal 1

The display ability makes it possible directly to drive the following
LCDs according to the number of time divisions:

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

Max. 96 segments (12 digits x 8 segments)

() 1/3 duty (1/3 bias) 1.CD
Max. 72 segments (8 digits x 9 segments)

207



INTEGRATED CIRCUIT —

R TECHNICAL DATA

BLOCK DIAGRAM OF LCD DRIVE CONTROLLER

SEGO SEG23 COMO ————- CoM3
. Common controlj
S 1 h &d
egment latc river s driver
Shift Register Timing -—J AJ v
Control LCD Power LCD
& bias ﬂ
SCAN | DISP control
11
CommandiRegister PR Clock
342 l 1 E 0 Divider 0scC
IBUS

CONTROL OF DRIVE CIRCUIT

The operation of LCD drive circuit is controlled by the contents of

command register. The command register is a 2-bit register and is accessed

as register No. '3'. Both of two bits are reset to "0" by an initialize
operation.

MSB LSB

3 2 1 0

Command i
Register i DISP SCA%

i L
(Rgiﬁtgr) — ] Control of Display/Display Data Rewritej

7 0: Rewritable status of display data (The use of
P06 is irhibited.)

Ll: Display status of display data (The use of P06
is permitted)

l Control of Dispaly 1

0: Establishment of blanking status or blank-
> ing status

1: Release of blanking status or display status

Undefined Bit

In case of reference by program, data is un-

- =

defined.
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DISPLAY OPERATION
SETUP OF DISPLAY DATA

The TCP4632BF internal processing data corresponds to LCD drive terminal
in such a way as bit 0, bit 1, bit 2 and bit 3 of the processing data cor-
respond to each segment data of COMO, COMl, COM2, and COM3, respectively.

MSB LSB

L~ Corresponds to segment data of COMp
L—————— Corresponds to segment data of COMjp
L————————— Corresponds to segment data of COMp
Corresponds to segment data of COMj3

The conversion of LCD display data is arbitrarily set up by a program or

by a built-in PLA register (setup of the contents by mask options).

TRANSFER OF DISPLAY DATA

LCD display data setup by a program or PLA register is displayed by

transferring it to the shift register of LCD driver by the program.

The transfer method is divided into two categories: one is that the
converted data is transferred as it is, and another is that a displaying
data region set up in the data memory (RAM) is transferred after it has been
once stored. Even by either method, each bit of LCD segment (dot) and

TCP4632BF internal processing data corresponds to each other by one to one.
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Bit MSB LSB
Addézéé\\ 3 2 10

0 (SEGQ)
1 (SEG1)
2 (SEG2)
3 (SEG3)

oS ~ T =
22 (SEG22)
23 (SEG23)

(COM3) (COM2) (COM1) (COMO)

In case data memory is provided with display region

Bit MSB LSB
Register 3 2 1 0

T T Jes

(COM3) (COM2) (COM1) (COMO) (=0 to 23)

In case processing data intact is transferred

Each bit of display data expresses data of segment (dot) equivalent
to (SEGi COMj : 0 <i <23, O¢<j <3). When the data displays "1", the display
lights. In case of the use of LCD with 1/3 futy (COMO to COM2),
the data of bit 3 (MSB) has no meaning as a LCD display data.
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TECHNICAL DATA

Transfer and rewrite of display data is made by a program as follows:

First, clear SCAN bit to '0'. (Immediately after initialization, the
bit is at '0'.) Next, transfer 4-bit data equivalent to SEG. 23 to
Register No. 6 (SAR 6), and then transfer 4-bit data equivalent to
SEG 22. Continuously transfer 4-bit data in sequence by programs

until the transfer of data equivalent to SEG. 0 is comleted.

This operation sllows 4x24-bit data to be written into the shift
register within LCD drive circuit. After the data transfer of 24

words has been finished, SCAN bit is set to 'l'. When SCAN bit goes

to 'l', writing into the shift register is inhibited, and LCD begins to
be driven by the data newly held. Data switching is made from COMj to
come next (data output equivalent to bit j to SEGi) and is automat-

ically scanned to the next COMj+l.

In the case that the period (period of SCAN = 0) of 24-word data transfer

by means of a program is within the one COM period (1/4£fF), the blank period
does not come into the transfer period, and the display contents are
switched. However, in the case that the period (period of SCAN = 0) of 24-
word data transfer by means of a program crosses switching of COM (this
phenomenon presents by timing of data transfer period or it presents

when the data transfer period becomes longer than one COM period), no
correct display data is secured during the period; thus, a blank is

automatically inserted in the period.

When the display data is transferred to a shift register equivalent to

Register No.6 during the period of SCAN = 0, all of 24 words must be
transferred to the shift register. However, if SEGO to SEGk-1 outputs
only, not all of SEGO ~ SEG23 outputs, are used, k word only can be

transferred.
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In case of SCAN = 0, write in Register No. 6 (SAR = 6) means write
in the shift register as a display data. In case of SCAN = 1, however,

it means write in output port POg.

Vpp
COMO

VLCD

Vpp -
CoM1

Viep -

Vpp
COM2 [ \ ’_ —
VLep -~

Vpp
COM3

Vicp

SCAN M

Display Status

T

b
Transfer of Display Data

As the display data transfer period is short, it does not come in the
blanking period.
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Vop ~
coMo _

ViCD -

Vicp

CoM2

Viep -

COM3

Viep

—
o>\ al

A=anin

4

SCAN M

.
I |

fe e

Display Status Diaplay data Transfer Display Status

Blanking

As the display data transfer period is long, it comes in the

blanking period.
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LCD FRAME FREQUENCY

Frame frequency (LCD drive frequency) is given by the built-in devider.
The frame frequency fr is given from internal clock frequency fcp by the

following formula:

fp = fop x -
2 xn

.

Where,m is the number of divider stages. When fx = 400 kHz and £ = 200 kHz,

m is set to 9. n is the number of time division. Therefore,
In case of '1/3 duty fr 5 130 Hz
In case of 1/4 duty fr = 98 Hz

The period equivalent to one COM is

om . om-1

< = )
fep fey

therefore, when m = 9, the period is equivalent to 256 steps.

LCD DRIVE WAVEFORM

TCP4632BF is capable of directly, dynamically driving the 'LCD provided
with 1/3 or 1/4 duty by 1/3 bias method.

In case of 1/3 or 1/4 duty, the voltage applied to LCD is + (Vpp - Vicp)

to -(Vpp - Vicp) -

fe—1/f5=
— (Vpp-VLCD)
H—H1 —
—~(VDpp-VLCD)
Data 1 Data O

1/4 duty (1/3 bias) drive
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e—1/fF—

T

N

~———Data 1 ——>=——Data 0

&
TCP4632BF (f@
N
— (Vpp-VLCD)
I I
I
_——’(VDD—VLCD)

—_—

1/3 bias) drive

1/2 duty (
(Note) fp : LCD frame frequency
VLCD : VLcp terminal voltage
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Each terminal waveform in case of displaying data "3" at 1/4 duty is as

follows:

SEGQ

SEGy

CoMg

CoMy

COMy

COM3

1 0 o1 7/
VDD -
i i
I 1
: 1
1 E
I 1
VLCD*
0
Vpp -

1

VicD

11 1
Vbp - f‘T

|

Vicp —

VDD -

]

VLcD -

VDD —

VDD

Vicp

Vicp -
—1/fF —

TCP4632BF

Data of COMgy
Data of COM1
Data of COM2
Data of COM3
Data of reversed polarity

%)
Q

3 2 1

a £ e d
1 0 0

b c h
1 & 1 1

Z,

Z
&5

SEGQ

SEG]
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The voltage between each SEG -COM is as follows:

VDD-VLCD - -
~ - L
SEGQ-COM3— ~ SEGj-COMj3
(Segment a)4:- I——J é (Segment b) — r
on A I |
- (VDD-VLCD)L L i )

u N : ﬂ‘
SEGQ-COM9 +  SEG1-COM2

-
I
(Segment f)ii I—- J “'_—j (Segment g) —‘l

OFF - ON - I I
0 ' L
SEG)-COM+ L SEG1-COMp

-
)
|| L

(Segment e} (Segment c)

ON - OFF

OFF - ON -
] r -
L i ]
: !
" _‘I I | — r
1 1] 1
SEGo-COMg: : SEG1- COMo
1 1 1
(Segment d)L L (Segment h) 4
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SIS  TECHNICAL DATA

LCD DRIVE VOLTAGE

VLcp is an input terminal of LCD driving power. LCD drive voltage

is required to be supplied between Vpp-VicD-

If the operation voltage of the TCP4632BF is identical with the
LCD drive voltage, Vicp is connected to GND.

The supply of drive voltage generated by LCD drive circuit is con-
trolled within this device according to the operating status of CPU.
In the following cases that there is a possibility of keeping LCD drive
circuit stationary for a long period of time, the supply of LCD drive

voltage is cut with the built-in switch.
C) Initialize operation

(@ SCAN =0 and H=1

1
|
[ OVpDp |
i o
<{LCD 1 oy |
«{Drive i —_ |
<~jVoltage 1
<«Circuit j - {
I
L qVLep | Ir
| I
! i
1 |
i |
1 i
GND
— bow —

The switch turned off by initialize operation is turned on by sett-
ing the SCAN bit of command register to 'l', thus resulting in the sup-
ply of LCD drive Voltage. After that, even if the SCAN bit of command

register is reset to '0', LCD drive voltage is kept supplied.
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TECHNICAL DATA

For performing hold operation, H must be set to 'l' in a state of
SCAN = 1 and at time of normal LCD display because rewrite of display
data has been already finished. 1In this case, LCD drive circuit is
still in operation to continue display. However, while display data is
being rewritten, if H is set to 'l' at time of SCAN = 0, the supply

of LCD drive voltage is cut.

When the supply of LCD drive voltage is cut with the built-in switch,

all of SEG and COM outputs attain Vpp lelvel.

OUTPUT PORT (P05, P06)

PO5 and P06 are 4-bit general purpose output ports. Each port is
provided with a latch, and its contents are held until they are rewritteun
by a program. Each bit is reset to "0" by initialize operation, but the

contents being held cannot be referred to by the program.

The authorization/inhibit of content rewrite by the program of P06

is controlled by SCAN bit of command register.

Command register Object of content rewrite by
SCAN program
0 Output to shift register

(LCD segment data)

1 Output to P06

Unlike PO5 and P06 of TCP4630AP, those of TCP4632BF do not contain
decode matrix, and PLA; therefore, there is difference between them in

output timing.
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TCP4632BF

P N B
o] [

Port data 01d data

X New data

Output timing of PO5 and P06 of TCP4630AP

Port data 0ld data )X(

New data

Output timing of PO5 and P06 of TCP4632BF

| PLA

" 220

A program can make reference of PLA by use of a decoder for display

data or the like. If 4-bit BCD data is written in PLA (Register No.7)

by a program, one of sixteen addresses is selected by 4-to-16 decoder

within PLA, and the corresponding 8-bit data is written in PLA register.

PLA contents of PLA register can be read out by executing the in-

struction for making reference of PLA. How to read out 8-bit data of

PLA register varies with option designation of 1/3 duty or 1/4 duty.

PLA register is not affected by reset operations.

(a) Designating 1/4 duty by options

The 8-bit data can be read out by executing the
making reference of PLA register two times. In
(bit 3 to 0) data on the lower level can be read

execution of the instruction (LAR 7) for making

instruction for
other words, 4-bit
out by the first

reference of PLA
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R TECHNICAL DATA

after BCD data has been written in PLA (SAR 7), and similarly 4-bit
(bit 7 to 4) data on the higher level can be read out by the second
execution of the same instruction.

When the same data is read out again, and when PLA register is required

to be updated, the reabout must be performed after BCD data has been

wvritten in the PLA over again.

Internal bus

Address

PLA
(16 words x 8)

Decoder

4 to|l6e Bit Bit
______ L P —

[y S—
[7 PLA  Register ::J

N\

#7 R

Multi-

plexer

#7

(b) Designating 1/3 duty by options

The 8-bit data can be read out by executing the instruction for
making reference of PLA register three times. In other words,
3-bit (bit 2 to 0) data on the lower level can be read out by the
first execution of the instruction (LAR 7) for making reference of
PAL after BCD data has been written in PLA (SAR 7), and similarly
3-bit (bit 5 to 3) data on the intermediate level can be read out
by the second execution of the same instruction, and also 2-bit
(bit 7 to 6) data on the higher level by the third execution of the

same instruction, respectively.
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R

While the reference instruction above mentioned is being executed,
1 bit (bit 3) on MSB side of the lower or intermediate level and
2 bits (bit 3 and 2) on MSB side of the higher level are always

read out as zero. When the same data is read out again, and when
PLA register is required to be updated, the readout is performed

after BCD data has been written in the PLA over again.

Internal bus

Address
Decoder PLA
4 toll6 (16 words x 8)
Bit
..... _ /R
B B oy
r‘r PLA register AJ
Muti- f[o—
]
plexer K-
#7
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LCD DATA TRANSFER PROGRAM - EXAMPLE

LR
HR 0123456789ABCD[EF
1 12—
, pigie|2 |3 |4 |5 |6 |7 |89 1011 00
8 sec23|21[19]17{15|13)11]9 [ 7 | 5| 3sEc 1
9 sEG22[20(18[16|14]12]10 |8 [ 6 | 4] 2 [sEG 0

Example of a program which the data of HR = 7 and LR = 4 to F

are displayed on LCD through segment conversion

LCD: 1/4 duty, 12 digits (24 Seg.)

‘START)

Convert 12 digits of HR = 7 and

LR=4 to F to segments by PLA to
transfer toHR=8,9,and LR=4 to F.

Set the mode to register 3 (C/S Setup of trans-—
REG.) REG3 <« 2 fer mode
TRANSF
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3

TCP4632BF

l

Trnasfer the dispaly data con-

verted to segments of HR = 8,

9, and LR=4 to F to LCD driver.

Set the mode to register 3
(C/S REG).
REG3 < 3

Setting of dis-

play mode
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0100
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
010A
010B
016ec
010D
010F
0110
0111
0112
0113
0114
0115
0116
0117
0118
0119
011A
011B
011D
Ol11E

10

20

30

64 40
77 50
04 60
2F 70
78 80
17 90
oc 100
79 110
17 120
0c 130
02 140
06 150
90 160
D110 170
42 180
2B 190
64 200
78 210
04 220
2E 230
79 240
04 250
2E 260
02 270
06 280
90 290
D211 300
43 310
2B 320
330
340

Il l

|

Z
TCPLE32BF %

H EETY TCP4632BF LCD DATA TRANSFER PROGRAM

ORG

START: LLI
NEXT; LHI
LAM

SAR

LHI

LAR

SAM

LHI

LAR

SAM

ICL

LAL

ADI

BCC

TRANS : LAI
SAR

LLI

TRANSF: LHI
LAM

SAR

LHI

LAM

SAR

ICL

LAL

ADI

BCC

DISP: LAT
SAR

1

100H
4
7

7
8
7

~ O

s DISP=1,SCAN=0 SET

o Pr~wWwNZ O

o o

TRANSF

3 ; DISP=SCAN=1 SET

[SEGO | SEG;J:SEG2JSEG3‘J;———

_ 1
lSEGzzlSEGza

coMg
COM1
comp|
coms
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TECHNICAL DATA
TCP4632BF MASK OPTIONS
TYP032
Oscillation 050
0SscC 400K
frequency ceramic
IFT
Pividing ratio for cp 02
internal clock
External timing output CK Cl
L Divider 1 Input PD CP
§ ., Divider 3 Input| COUNTER PDR PD2
3 @ Reset timing PDR N
5 Buffer O Input Cco PI60
29 Buffer 1 Input COUNTER _ Cl1 RD7
24 Buffer 2 Input BUFFER C2 RDA
© M Buffer 3 Input C3 RDD
H flag HOLD H
Restart condition RSTH C3
Input/Out-
put port Port O STD D (PROG) 1 (oUT)
Input/Out- Port 2 P2 | /F/(OUT) | /F/(OUT)| /O/(IN) /0/(IN) |/0/(IN)
put port Port 4 P4 | /F/(OUT) |/3/ (IN/OUT)|/F/ (OUT) |/3/ (IN/OUT){/0/ (IN)
Input resistance
(Input port 5) P15 | 0 (Up) 1 (DOWN)
Line 0 PLAO | / /
Line 1 PLALl | / /
Line 2 PLA2 | / /
Line 3 PLA3 | / /
Line 4 PLA4 | / /
Line 5 PLAS | / /
Line 6 PLA6 | / /
PLA Line 7 | , , , PLA7T| / /
#7) Line 8 PLA8 | / /
Line 9 PLA9 | / /
Line A PLAA | / /
Line B PLAB | / /
Line C PLAC | / /
Line D PLAD | / /
Line E PLAE | / /
Line F PLAF / /
Oscillation Stop
Control  PI60 RSTX N
LCD Duty DUT 4 3
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ABSOLUTE MAXIMUM RATINGS
SYMBOL ITFM RATING UNIT
Vpp Supply Voltage -0.3 to +7.0 v
VIN Input Voltage 7:0.3 to Vpp+0.3 v
Vout Output Voltage -0.3 to VDD +0.3 v
Pp Power Dissipation 400 mW
Tsol Soldering Temperature-Time 260 (10 SEC) °C
Tslg Storage Temperature -55 to +125 °C
Topr Operating Temperature -20 to +70 °C
ALLOWABLE OPERATING CONDITIONS
SYMBOL ITFM RATING UNIT
VDD Supply Voltage 4 to 6 v
Ta Ambient Temperature -20 to +70 °C
IouT Max. Output Current +3 mA
fy X'tal Operating Frequency‘r 40 to 400 kHz
tcy Cycle Time 10 to 100 us
Ve (V]]:gg Siusppu}:'i]tk\xlorlet;f:ct to VDD) ~VoD to -2.7 v
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FRS  TECHNICAL DATA <
DC CHARACTERISTICS (Ta=-20 to +70°C, Vpp=4 to 6V)
SYMBOL | PARAMETER TEST CONDITION MIN. (N;;S b MAX. UNIT
VIH Input High Voltage Vppx0.7 - VDD
VIHS Input High Voltage (Schmitt) VDDx0.85 - VDD
VIHC Input High Voltage (xyy Input) VDDxO0. 75 - VDD v
VIL Input Low Voltage 0 - VDDx0.3
VILS Input Low Voltage (Schmitt) 0 - Vppx0.15
VILC Input Low Voltage (XIN Input) 0 - Vppx0.25
I1H Input High Current Vpp=6V, VIN=6V - - 20 LA
111, Input Low Current Vpp=6V, VIN=0V - - -20
RIN Input Resistance (PIs) VDD=5V 75 150 350 kQ
VOH Output High Voltage (Port) Vpp=5V, Output open| 4.7 4.9 - v
VOL Output Low Voltage (Port) Vpp=5V, Output open - 0.1 0.3
IOH Output High Current (P,) VDD=4.5V,VOH=2.4V | -0.7 - -
Output High Current _ - _ _ _
Lon2 (Po,Py,Pu,CK) | VDD 4.5V,VoH=2.4V 0.35
I0H3 | Output High Current (Ps,Ps) VpD=4.5V,VOH=2.4V | -0.15 - - oA
I0L Output Low Current (P,) VDD=4.5V,VOL=0.45V | 1.6 - -
Output Low Current
I VpDp=4.5V,VoL=0.45V 0.8 - -
oLz (Po,Ps,Py,CK) | VPD™4-5V,V0L=0.45
10L3 | Output Low Current (Ps,Pe) VDD=4.5V,VOL=0.45V | 0.4 - -
Ros3, VDD=5V,VDD-VLCD=3V
) - T.B.
EOSO OEEPut Impedance (SEG) (Note 5) 2 D
0C3, VouT=VLCD+0.5V/ B
Roco Output Impedance (COM) VDD-0.5V 2 T.B.D -
R0S2, | output Impedance (SEG) VDD=5V,VDD-VLCD=3V | _ 20 T.B.D
Ros1 (Note 5)
R VouT=3+0.5V/
0C2, - .B.
RoC1 Output Impedance (COM) 4-0.5V 20 T.B.D
Vosl | Output Intermediate B - 3-0.2 3 3+0.2
Vos2 Voltage (SEG,COM) VDD=5V,VDD-VLCD=3V | 7—G 53 +0.2] "
VpD Supply Current in Normal _
po Operation (Note 4) 600 T.B.D A
IbDH VDD Supp}y Current in Hold fx = 400 kHz _ 250 T.B.D
operation
Note 1) Typical values are at Ta=25°C and Vpp=5V.
2) Output characteristic excludes XoyT terminal.
3) Output current at the time when other terminals than those to be tested are
open.
4) Test conditions of current dissipation
Vpp =6V, VIN =VIg/ViL(all valid), PIs Open, CL =50pF
XIN Input waveform
90%7 —09Vpp
—  10% 4 =
10 FT—0.1Vpp duvy=50%
t oy F—te tr,ty << 50ns
e 5) When supplying Vicp power, When switching input/output.
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OUTLINE DRAWINGS

Unit mm
| |08 pitch | uso 5
I 4
&
1
B
54 53 52 S1 5049 484746 45 4’445 42 41403938 3736 35 34 33
| s e
T 56 - -
o i ! 3 3
1T 68 | MARKING 3N . e — |
T %9 ! fiZo) o s |
T 60 AREA 20 [T T/ I
=== - EEE- W S| S
I P e 33 e
 ———— 5 | 26 T T [l — ~
s e s [P ! 25 FT—3 e
I T1s5 24T
1 6 - - 2 [T
1 67 2
,\1 2 3 45 6 7 89 101l 1213141516 17181920 21
20.0+0.1
0.7
- MARK 20~27
(e}
rr ey S —
o
[l ™,
C
' A\ -
— 1
T 3 g E
21.4x0.4 ~ q
[
(26.0%20.5)
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— TCP4600AC
R TECHNICAL DATA SILICON MONOLITHIC

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER
GENERAL DESCRIPTION

TCP4600AC is a system development evaluator of TLCS-46A family, and
makes it possible to configure a system equal to TCP4620AP/TCP4630AP by

program memory (ROM) and the external circuits relative to mask options.

Since this technical data mainly makes mention of the function of an
evaluator of TCP4600AC, it is recommended that instruction and detail be

referred to the technical data of TCP4620AP/TCP4630AP.

FEATURES

o External ROM 4K x 8 Max.
o Internal RAM 160 x 4
o Single 5V Supply
Wide Operating Range: 4V to 6V
o Wide Operating Temperature Range: -10°C to 70°C
o Terminals for System Debugging
External-Circuit Terminal for Realization of all the Mask Option

of TLCS-46A
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Vpp[]
P50
P, 0
P,, O
Pxo[
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PC,o [
PCo
PCq
PC,
PCs
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PC,
PC/D0O5 [
PC/DO, [
PC/DO, O
PC/D0, [
Pcu [J
ST(D) O
WEN []
P067 E
POss []
POess []
PO, O
POss []
P062 E
P06, [
POeo []
POs, [
POs5 []
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~
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&= TECHNICAL DATA
PIN NAMES & PIN DESCRIPTION
Pin Name | Input/Output Function
4-bit general purpose I/O port
Poa-Poo Input/Output State of input/output is designated by WEN
terminal input. (common to TLCS-46A family)
4-bit general purpose output port
P o -p Output
13 10 (common to TLCS-46A family)
5-digit output port for display Content of
PO, - PO_ - Output built-in decode matrix is already designated
(common to TLCS-46A family)
8-segment output port for display  Built-in
PO, - PO, ! Output PLA is already designated
(common to TLCS-46A family)
RESET I . Initialize Signal Input (without Schmitt cir-
npu cuit) (common to TLCS-46A family)
Interrupt request signal input (without
INT Input Schmitt circuit)
(common to TLCS-46A family)
The higher order 8-bit address output to
PC,,- PC, Output external ROM
P -
C/D03 Output The lower order 4-bit address output to
PC/DO, P external ROM/Port data output
RD,- RD, Input The higher order 4-bit data input from external ROM
Ro/o1- )
3 The lower order 4-bit data input from external
RD/DI Input
o ROM/Input port
SEL7 - Selection signal output for external port
SEL.» Output . .
register and input port
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TCP4600AC

Pin Name Input/Output Function

WEN Input Designate signal input for Input/Output of
port 0

HOLD Input Hold operation control signal input
Restart control signal input at time of

RSTH Input hold operation e

ST(D) Output D flag output

ST (H) Output H flag output

cp Input Internal basic clock input
Bé, r) Output Basic timing output

RS Output Internal reset signal output

MH Tnput Monitor hold control signal input
(for system debug)

R/H Output Run/Hold status signal output
(for system debug)

PCH Input Program counter hold control signal input
(for system debug)

i 14 t

INTH Tnput Interrupt hold control signal inpu

(for system debug)
. Vpp Power supply
GND GND
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TCP4©J0AC

BLOCK DIAGRAM

|| 1BUS
PC/DO3 £
-PC/DOg ] .ﬁ‘ STK
PCH T PC
1y T
I BN Register #0 [——) Pos=Poo
PCll—PO/,C _________ !
—WEN
ya
RD7 -RD, ¢
RD/DI5 | ]
'RD/DIo —| l:
— Register #1 [ ;PI s=Pio
N

'._

ecode
i POs =P
m ')Hiatrix Register #5 54=P0s
SEL, I
- SEL,

AC —
q PLA \Register #6 YPOs ;P06

» ALU

ST(D) =—

HOLD
ST(H) —=—ro ST

v ‘ RSTH

] INTR
-

——————————————
R | INTH
-
i 5 TG | MH
= —
[1r YR [ |R/H

HR
T
1 Lo - % e P
I L 4
i N
RAM
160 x 4b )

B I

Rs—al—_gg RESET__INT VDD GND
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TECHNICAL DATA

FUNCTIONAL DESCRIPTION

TCP4600AC is a system development evaluator which is used for

developing TLCS-46A application system (program) and for confirming its

operation. This makes it possible to form a configuration equal to

TCP4620AP/TCP4630AP by program memory (hereinafter called ROM) and the

external circuits relative to mask options.

Connection of Program Memory

Program counter (PC, 12 bits) output is used as address signal of ex-
ternal ROM (maximum capacity is 4096 words x 8 bits). Since the lower
order 4 bits of address signal is multiplexed with the output of port

data, it is necessary that they are externally separated.

The data (8 bits) read out of ROM is read as instruction code in
TCP4600AC. At this time, the data line of the lower order &4 bits
is also used as port input data, so that it is necessary that data

line is externally multiplexed.

[

PC11-PCy PC11 - PC4 (Address A) TXLA, (Address B)

PC/DO

—PC/Dgo M?,- PCo (Address A)% WWrite Data Mddress B)
D7 - Program

RD7-RD4 AN \MData (A))Q

RD/DI3 ort Input Program W

-RD/DIg Data ><:><;§ ta (Ai>€§\
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TCP4ECOAC

2. Schmitt Circuit

Each terminal of RESET, INT, and PIg0 of TCP4620AP/TC4630AP are input
terminals with Schmitt circuit. However, since no Schmitt circuit is

contained in TCP4600AC, the circuit must be externally configured.

It is necessary to add shift register for timing shaping to PIgg

terminal.

AAN

RESET Tnput

INT Input s vV {:>X*C£:> (To evaluator)

RESET/INT

Schmitt Circuit

L PIGO (a)

PIg0 0— D

Schmitt Circuit G

o

Shift
register
ol

[2) o
Shift
reFister
o

Shift
register

I
)

3. Oscillator and Divider

The mask options, which relate to the oscillator and divider of
TCP4620AP/TCP4630AP, differ according to an oscillator to be used. For

TCP4600AP these mask options are composed of external circuits.
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R TECHNICAL DATA

(@)

Xour O- Dc 6-stage
divider

Oscillator

The basic clock (CP) of TCP4600AC is externally supplied.

In this case, the divider forming the basic clock as well as
the oscillation circuits of the oscillator to be used are
externally composed, and the output of a divider suitable for
oscillation frequency is supplied, as a basic clock, to the

CP terminal of TCP4600AC.

Since TCP4600AC is not provided with the CK terminal for external
timing, a signal equivalent to the CK terminal must be also com-

posed of external circuit.

While the power is being supplied to the evaluator chip, the

clock must be being supplied to the CP terminal at all times.

Input
Xy O—]

Output

Oscillator 3S %g%%gi

] ﬂ\/ CP (to evaluator)
N . =

7
7
7

CK Output

(Note) " :je— " means that either is connected.

(So with the following figures,)
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(2) Divider

An example of cricuit configuration around a divider is shown as follows:

U

ce ol | o
— +—Qq G
Divider Q
1) Q
2 stages| 2 D

Divider (2)
CLOCK 14 stages

et EE 444

rqn

1
Ca Counter
Identity Detec— Ca Buffer
tion Circuit C, Input
- "7;‘ > | Data
o
Input ) 5 by
Flee o7 P & D& D& 50
o o o o o
ite Circut 585 5% 2%
Schmitt Circuit I_Gw ¥Q I,@ ) ,—G g
cP cp (43

The portion of is required only when 100K Xtal is designated
by mask optionsof mass production chip,and further l4-stage divider

(2) is used as a resettable divider of count value "12500".
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4. Input Port and Qutput Port

The input port and output port in TCP4620AP/TCP4630AP have plentiful
mask options. 1In TCP4600AC, such mask options are composed of

external circuits.

(1) Input port

The data of input port is input from RD/DI terminal.
When the data of input port (port No. i) is input to RD/DI
terminal during the period of time when the equation,
SEL{ * #s = 1 (i : port No.),
holds, TCP4600AC starts reading it as input port data.

(2) Output port

The data :of output port is output from PC/DO terminal.

Since TCP4600AC outputs the data of output port (port No. i)

from PC/DO terminal during the period of time when the equation,
SEL; - § =1 (i : port No.),

hold, this data is writtem in the externally installed register:

Further, since at time of system reset an internal initialize

signal is output from RS terminal, it is necessary to clear

(all "0") the port register by use of this signal and to ini-

tialize it.

i/ -/ A/
Grral\ / W W
AN T, AN A\
Frro00, AN \ NGRS

239



INTEGRATEDCIRCUIT

R

TCP4600AC

TECHNICAL DATA

240

(3)

(4)

Port 0

Prot 0 is a port that can make switching of input/output by
program (D flag of ST), and can be designated to a port ex—

clusivelly used for output by mask options.

In TCP4600AC, the mask option of this port can be realized by
use of each terminal of WEN and ST(D).

WEN terminal is an input line that defines whether port O is
placed in an output mode or an input mode. When the
terminal is at "1" level, it places port O in an output mode
and when it is at "0" level, it places port 0 in an input

mode.

A state of D flag of status register is output from ST (D)

terminal.

o When input and output are switched by use of program,
WEN = ST(D)
WEN terminal is externally connected to ST(D)

terminal.

o When port O is used as port exclusivelly for output,
WEN = "1"

WEN terminal is fixed to "1" level.

Port 2 and Port 4

Port 2 and Port 4 are input/output selectable ports by use of
mask options.

When these ports are used as input ports, the external input
data is input to RD/DI terminal during the period when each of

the following equations holds: SELy - 