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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 — = —
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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;
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<< 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.

63



INTEGRATEDCIRCUIT

= T4 TECHNICAL DATA THP4320AP

TMP4310AP TMP4315BP
TMP4300C

64

(:) 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.)
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[EVALUATOR CHIP DESCRIPTION]
TMP4300C is the evaluator chip which is used for development of the

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

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

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

TDS400/43 for details.

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

73




T SEM!CONDUCTOR e

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

83
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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.



Q?%SZZba

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.

111



INTEGRATEDCIRCUIT
S

TCP4620AP

TECHNICAL DATA TCP4630AP

112

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)
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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.

134



| INTEGRATEDCIRCUIT

R

TCP4620AP
TECHNICAL DATA TCPL4B30AP
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)

153



INTEGRATEDCIRCUIT TCPUEL0AP

TECHNICAL DATA TCP4E30AP

« 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.
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(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.



INTEGRATEDCIRCUIT

R TECHNICAL DATA

(2)

©)

@

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
TCPLE30AP

Unit in mm
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[
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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
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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)
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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)
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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
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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
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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.)
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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
PT
50 — ~CK
=
< Divi
PLA iz i TG ivider
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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)
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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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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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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 []
POs, [
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~
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1 HOLD
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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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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

234



B
Nt

INTEGRATEDCIRCUIT

TCP4600AC
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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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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(@)

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
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(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 - $s = 1 and SEL4 - @g =

1.
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On the other hand, when these prots are used as output ports,
output data are output to PC/DO terminal during the period when
each of the following equations holds:

SEL2 - § =1 and SEL4; - @ = 1.
Therfore, this data is writtenin the register externally
installed, and is output to the outside through a buffer.
And, at the time when the equations, such as SEL? * @s = 1 and
SEL4 - @ = 1, hold, the outputs of respective registers are
input to RD/DI terminal. The externally installed register must

be cleared (all "0") by the internal initialize signal from RS.

terminal.
RS I
FC/DO 4 b CR Q N 4 Output data
| of each unit
a G
SEL?
Bs
4

RD/DI \ |

L W e WY e W
R, _/ \__/
T WA\ [
Pc/p0 N\ \Xput pata_ NNNRN
Register X \ N

\ \
b D —
R/2T - AN A SN\
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(5)

(6)

Port 3
Port 3 is I/0 port exclusively used for TCP4600AC. The function

of port 3 is the same as the function of other ports.

This port is designated as register No. "3" even in case where

it is used as either of input port or output port.

Output port 5 and output port 6 (output port 7)

For TCP4600AC, each output terminal of PO5 and POg is available
as output for display. However, when it is used as general
output port or when it is used after changing the. contents of

decode matrix or PLA, it is configured by external circuit.

The contents of decode matrix and PLA built in TCP4600AC are

as follows:

Contents of Decode Matrix

Write Data F-6 5 4 3 2 1 0
° P05y, 0 1 0 0 0 0 0
é P053 0 0 1 0 0 0 0
‘é P05 0 ol o110 |0 ]o
g P05, 0 ol oo |1]o0olo

PO50 0 0 0 0 0 1 0
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PLA

TCP45U0AC

PLA can be expressed as memory of 16 words x 8 bits.

The 4-bit write data for
data read out from PLA comes to the output data of the output port.

When the data of 8 bits output at this time is expressed by hexadecimal

port 6 is the address of PLA, and the 8-bit

2 digits, PLA built-in TCP4600AC is as follows:

Address

Data

Form of
Character

o

HE OO EDP> W uwo U ~wiN =

FC
60
DA
F2
66
B6
BE
E4
FE
F6
FD
00
02
CE
9E

QoI cwhu~Q

.

(Blank)

mmT

a(P0s7)
———

£ (POs2) i%lib (POss)

e(POc,a)i ﬂcgoﬁ)

d(POss)  DP
(POs o)

243




Zzz  INTEGRATEDCIRCUIT

FRZE  TECHNICAL DATA

TCP4600AC

When the built-in decode matrix and PLA are used changing their

contents

or are used as general output ports, they are externally

configured by use of data output PC/DO, select signals SEL5, SELg

and SEL;7 and timing signal @.

RS

PC/DO

4 | Decode

SELs

|

Matrix

SEL,

SELe

[

p CR Q 5]I>—> External Out-

put Data (POs)

4r\\\ External Out-

put Data
(PO6H/PO7)

___*7L§{:>>__ﬂ_External Out-
put Data

(PO6L/P0g)

s _L
_/

SELj
(i=5,6,7)

./

PC/DO3
-PC/DOg

ort Output ;X\
Data

External OQutput

XN
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5. Hold Operation

. TCP4620AP/TCP4630AP is provided with hold function. In TCP4600AC,

this function is configured by each terminal of HOLD, RSTH and

ST(H), and the siganl of C3 which is MSB of counter buffer input

configured by external circuits. (For C3, refer to the figure of

divider.,)

In case hold
HOLD

RSTH

In case hold

HOLD =

RSTH =

operation is performed:

= ST(H) : Designation of hold operation application

= C3 : Designation of hold operation release signal
Each terminal of HOLD and ST(H) is externally connected.
C3 signal that is MSB of counter buffer is input to RSTH
terminal.

operation is not performed:

"o : Designation of no use of hold operation

"o : Designation of no use of hold operation

Each terminal of HOLD and RSTH is fixed to the

0" level.

CONTROL TERMINALS FOR DEBUG

There are some functions and terminals to make easy the development

of TLCS-46A application system (program).

(1) MH terminal

(Monitor hold control input)

Monitor hold function stops the operation of TCP4600AC by unit of

execution instruction.
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(2)

(3

(4)

The operation stops after completion of current excecution instruction
by inputting ""1" level into MH terminal. However, during "1" period of
Y register flag (EYR = 1), the operation does not stop. When the system
enters into the interrupt service routine, if stop request is made, the

system stops after having jumped to the interrupt service routine.

In the stop state, program counter output the next address. Restart
is made by inputting "0" level into MH terminal, and the first cycle
makes instruction fetch and at the same time executes NOP instruction

internally.

R/H terminal (Run/Hold status output)

Run/Hold monitor function is the response singnal of monitor hold func-
tion. During stop of operation by monitor hold function,"0" level is
output from R/H terminal (which is reset by the instruction cycle just
short of stopping by MH signal), and during normal operation "1" level

is output from R/H terminal.

PCH terminal (Program counter hold control input)

Program counter hold function holds the previous state without updating
the value of program counter. This function is operated by inputting

"1" level into PCH terminal.

INTH terminal (Interupt hold control input)

Interrupt hold function is a function to make interrupt request waiting.
Even if interrupt latch is set by inputting "1" level into INTH terminal,
jump to interrupt routine is not performed. 1In this case, interrupt

request is kept waiting until "O" level is input into INTH terminal.
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS
SYMBOL ITEM RATING
Vpp Supply Voltage -0.3V to +7.0V
Viy Input Voltage -0.3V to Vpp+0.3V
Vout Output Volatage -0.3V to Vpp+0.3V
Pp Power Dissipation 600 mW
sol Soldering Temperature & Time 260°C (10 SEC)
stg Storage Temperature —55 C to +125°C
i opr Operating Temperature - —10 6 ;;m;76”6“> ]

DC CHARACTERISTICS (Ta=-10°C to 70°C, Vpp=4V to 6V)

ALLOWABLE OPERATING CONDITIONS

SYMBOL PARAMETER RATING
Ta Ambient Temperature -10°C to +70°C
Vpp Supply Voltage 4V to 6V
- Vor Output High Voltage Min. VDD—3.5V(;31.5V5
VoL Output Low Voltage Max. 3V
fep Basic Clock Frequency 20KHz to 200KHz

SYMBOL PARAMETER TEST CONDITIONS MIN. | ered) | MAX. |UNIT
Viy Input High Voltage VppX0.7 | Vppx055| vpp
Vg Input Low Voltage 0 Vppx0.45/Vppx0.3 v
Ity Input High Current Vpp=6V, Viy=6V - - 20 i
I Input Low Current Vpp=6V, Viy=0V - - S0
S s 7| £
Ion Output High Current Vpp=4.5V, |—0.7 -2 -
ToHT Oz;g;t gé%? Current : Vog=2-4V -2.5 -6 -
, TVpp=5V, Vog=4.2V | -1.1 -2.5 - mA

I0L Output Low Current ' 1.6 4 -
tou1 | Outpys, Loy Current T Vpp=4.5V, Vor=0.45V [~ ; -

| Tppo DDNE;‘,P,’,E}Y Curren in  Vipe6v, fep=100KHz | - 150 | 450 R
Ioon | VoS OpeCaien | QUUPAEORSY (e - | 40 | 10 |

Notel: Typical values are at Ta=25°C and Vpp=5V.
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Note 2:

CP input waveform at the time of Vpp Supply Current

TCPHGO0AC

90%

10%
0.1Vpp
tr

0.9Vpp

AC CHARACTERISTICS (Ta=-10°C to +70°C, Vpp=4V to 6V)

d

(

uty = 50%
tr,tf < 50ns,

SYMBOL PARAMETER 'TEST CONDITION MIN. [ nd¥E+) MAX. | UNIT
ECI Timing Signal Inhibit Time 150 - 1500 ns
tAD Address Delay Time - - 2000 ns
tAH1 Address Hold Time CL = 50 pF 80 - - ns
tAH2 " " 200 - - ns
tRDD Data Delay Time - - 1000 | ns
tRDH Data Hold Time (Note 2) 80 - - ns
CSELD1 |SEL Delay Time (for Input) - - 1000 | ns
1 CSELD2 |[SEL Delay Time (for Output) 100 - 500 | ns
tSELH SEL Hold' Time 300 - - ns
twDsS Write Data Set Up Time 500 - - ns
typH Write Data Hold Time 300 - - ns
tips Read Data Set Up Time 1000 - - ns
tIDH Read Data Hold Tiem 100 - - ns
tMHD MH Input Delay Time - - 500 ns
CMHH MH Input Hold Time 100 - - ns .
tPCHD PCH Input Delay Time - - 500 ns
tPCHH PCH Inpu't Hold Time 100 - - ns
CINTHD | INTH Input Delay Time - - 500 ns
LINTHH INTH Input Hold Time 100 - - ns
twcp CP Pulse Width 0-4/feff - [0.6/f SEC
CWRESET | RESET Pulse Width ViN=Viu/VIL |2 tey _ _ us
CWINT INT Pulse Width 2 tey - - us
Note 1 : Typical values are at Ta=25°C and Vpp=5V.
Note 2 : AC test condition
KVpp/2
Vpp/2
tii
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TIMING WAVEFORMS

és ﬁl\ \_———
é R—
L -
< CAHL
it} PC
(i=4-11)
e ><S ' WDATA
Rl 4 tRDD_ tRDH
Di+
?Eigfi) X\\\\ \\\\ IDATA W o \\\\\\\ \K\
& - s tSELH
?ESJ) wy (INPUT) I (OUTPUT) ’%\\\E
tSELDL . tSELD?

= Ve \

N XN
XN

EMHD —_—

tPCHD _S] —
EINTHD —
o \::zig<f \\g§:><:,

PCH
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Note 1: This dimension is measured at the center of bending point of leads.
Notg 2: The 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. 64 leads.
Note 3; The metal on the side of the package is GND level.
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PRECAUTIONS FOR USE

(1

(2)

(3

)

Clock at time of power supplied

When TLCS-46A starts by RESET, clock must be always supplied. There

is no problem when clock is obtained by externally mounting the
oscillator of crystal, celamic or IFT by use of internal clock generator
in TCP4620AP/TCP4630AP, but care should be exercised when clock is
externally supplied or when TCP4600AC is used.

Control of I/0 port

In port 0, Input/Output can be switched by program; therefore, care
should be taken not to become driver short between the port and

external circuit.

Current capacity of output port

Each of output port 5 and output port 6 has a large current capacity
as port for display. However, if the output port is supplied with a
large current exceeding its capacity, it may cause destruction or

deterrioration in character.

Handling of unused terminal

When an unused input terminal is left open, it may cause malfunction
and increase in power dissipation; therefore, insure to connect the
terminals to Vpp or GND level. (It is the safest method to connect

termianl via resistance.)

Further, insure to connect TEST terminal to. GND because this terminal

is installed for LSI testing.
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(5) Electrostatic destruction

In TLCS-46A series, the input circuit is provided with protective
resistance and protective diode for preventing electrostatic
destruction. However, the surge equivalent weight is small as
compared with discrete resistance and diode; therefore, carry
TLCS-46A series in a conductive container so as not to add the

surge directly into the system, when required.

(6) Latch-up phenomenon

When the voltage lower than GND or the voltage higher than Vpp
is applied to input terminal and output terminal, a phenomenon
called latch-up characteristic of CMOS presents. This phenomenon
may cause destruction and degradation of elements; therefore,
care should be-taken not to apply the voltage exceeding the max-

imum rating to the input terminal and output terminal.
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4-BIT SINGLE CHIP MICROCOMPUTER TLCS-47

GENERAL DESCRIPTION

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

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

FEATURES
« 4-bit, single chip microcomputer « PLA data conversion function (instruction)
with built-in output of data to output port (8-bit)

ROM, RAM, input/output port,
divider, timer/counter, and
serial port.

+ Data table look-up and table search
function (instruction)
Table can be set up in the whole
+ Memory capacity ROM area .
ROM : Max 4,096 x 8 bits . .
RAM : Max 256 % 4 bits + 12-bit timer/counter (2 channels)

+ Instruction execution time * Serial port with 4-bit buffer

. NMOS family 2ps(at 4MHz clock) + 18-stage divider (with 4-stage prescaler)
- OMOS family 4us( " ) + Built-in high output current terminals
« Efficient instruction set (NMOS family)
. 90 instructions Typ. 20mA x8 bits, LED direct drive
. Software compatible in the is available.
series

* Built—in high breakdown voltage output
+ Subroutine nesting: Max. 15 levels terminals (CMOS version)
Max. 42V breakdown voltage

* 6 interrupts (External : 2, FL tube direct drive is available.

Internal : 4)
Independently latched control + Built-in LCD drive circuit (automatic
and multiple interrupt control display) (CMOS version)
- LCD direct drive is available
(1/4 duty LCD, Max. 12-digit display)
<« 1/4, 1/3, 1/2 duties or static LCD drive
are programmably selectable.

- Input/Output (Standard)
Input 1 port 4 pins
Output(corresponding to PLA)
2 ports 8 pins
1/0 4 ports 16 pins + Stand-by operation (NMOS/CMOS)
I/0 (Note) 2 ports 7 pins Battery back-up, battery operation

Note : These T/0 ports are also used and condenser back-up are available.

for the interrupt input, timer/ - On chip oscillator
counter input, and serial port;
therefore, it is programmably

selectable for each application. + 45V single power supply

» TTL/CMOS compatible
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Configuration of TLCS-47 Series
Family TLCS-47N
tem Unit Name | mvp4740p | TMP4720P | TMP4700C | TMP4799C
ROM Capacity Bytes 4,096 2,048 (Ext?rnal)(Ext?rnaB
RAM Capacity Words 256 128 256 256
Instruction Execution time | Us 2
No. of instructions 90
Subroutine nesting Levels | Max. 15
External 2
Interrupts
Internal 4 (Serial I/0, timer/counter overflow(2),
timer of divider)
Timer/counter Channels 2
(Bit length) Bits 12
(Event counter, timer and pulse width
measurement mode is programmably
(Mode) selectable.)
Serial port Bits 4 (With buffer)
(Receive/transmit mode is programmably
(Mode) selectable.)
(External/internal, and leading/trailing
(Clock) edge mode are programmably selectable.)
Divider Stage 18 (With 4-stage prescaler)
; | Input | 4
Q. Output (correspondin
Za|to bra) P 8 8
S 5| I/0 Bits 16
§‘m I/0 (Combined use) 7
. Total 35
With built-in high output 8
current terminals
With built-in high break- Bits —
down voltage terminals
With built-in LCD driver —
Memory Standby function YES
Hold function —
Clock oscillator With built-in
Power supply v + 5.0
Process Nch Si Gate E/D MOS LSI
Package DIP - 42 QIC-80 DIC-42
Evaluator |Evaluator
Remark Chip Chip(Pig
back type
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Configuration of Series

Series TLCS - 47
Family TLCS-47N TLCS-47C (Bvaluator,
chip
Ttem Unit Name | 1Mp4740P| TMP4720P TMP47CLOF TMP47C20P [TMP47C22F | TMP4700C
ROM Capacity Bytes | 4 096 2,048 4,096 2,048 2,048 (Eftgggal)
RAM Capacity Words 256 128 256 128 192 ’ 256
Instruction 2 4 2
Execution time us
No. of
instructions 20
Subr?utlne Levels |Max. 15
nesting
Inter- _External 2
rupts  Internal 4 (Serial 1/0, timer/counter overflow(2),timer of divider)
Timer/counter Channel g 2
(Bit length) | Bits 12
(Event counter, timer and pulse width measurement
(Mode) mode is programmably selectable.)
Serial port Bits 4 (With buffer)
(Mode) (Receive/transmit mode is programmably selectable.)
(Clock) (External/internal, and leading/trailing edge mode
o¢ are programmably selectable.)
Divider Stage 18 (With 4-stage prescaler)
Input 4 4 4
= Output (cor-
& responding to 8 0 8
2@ | PLA)
5% 170 Bits 16 16 16
o
s | I/0
& |(Combined use) 7 ! !
A=
Total 35 27 35
With built-in
high output cur- YES YES
rent terminals
With built-in
high breskdown YES
veltage terminalg
With built-in
ES
LCD driver i
Memory Standby YES
function YES
Hold function YES YES (YES)
Clock oscillator With built-in
Power supply v + 5.0
Nch Si Gate ) Nch Si Cate
Process E/D M0S LST ] Si Gate CZMOS LSI E/D MOS LSI
Package DIP - 42 [ FP -67 QIC - 80
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N-CHANNEL SILICON GATE DEPRESSION LOAD

NMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47N) TMP4740P, TMP4720P

GENERAL DESCRIPTION

The TLCS-47 is the high speed and high performance, 4-bit single chip

microcomputer series designed for the general purpose use.

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

The TMP4740P and TMP4720P are the standard chips for the TLCS-47N.
These chips are similar to each other, except memory capacity.

The TMP4700C is an evaluator chip used for the system development.

Part No. ROM (Bit) RAM (Bit)
TMP4740P 4,096 x 8 256 % 4
TMP4720P 2,048 x 8 128 x 4

Externally provided
TMP4700C (4,096 x 8) 256 x 4
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FEATURES

.

.

.

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

Instruction execution time : 2 ps (at 4 MHz clock)

Effective instruction set
90 instructions, Software compatible in the seires

Subroutine nesting : Maximum 15 levels

6 interrupts (External : 2, Internal : 4)
Independently latched control and multiple interrupt control

Input/Output port (35 pins)

Input 1 port 4 pins
Output (corresponding to PLA) 2 ports 8 pins
1/0 4 ports 16 pins
1/0 (Note) 2 ports 7 pins

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

PLA data converting function (Instruction)
Output of data to output port (8-bit)

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

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

Serial port with 4-bit buffer
Receive/Transfer mode is programmably selectable.
External/Internal clock and Leading/Trailing edge mode are programmably
selectable.

18-stage divider (with 4-stage precaler)
Frequency applied for timer interrupt of divider is programmably
selectable.

High output current (Output ports)
TYP. 20mA x 8 bits, LED direct drive is available.

Memory stand-by function : Battery backup is available.
On chip oscillator

TTL/CMOS Compatible

+5V single power supply

42-pin DIL plastic package

N-channel Si gate E/D MOS LSI
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Ri. ) Vop
PIN CONNECTIONS (TOP VIEW) ®., g 2 Ros\ 50K
Ren Q3 v ARy, (80,
LI Y 22 ARag ST
Rao O & 38 Prg a1 1)
R, O% " BRg (INT. )
Rez O~ 26 [IRg T2
Raz O 8 5 BRa, INTA
Rg. [ @ 4 Pugy
Rsy g w0 RESET
Rgp O
Rez O .2
R [ .2
R-..s
R~ O .2
R:5 0O .5
Fiog.v
P =
Po e
P.: g
Vss Q7
PIN NAMES AND PIN DESCRIPTION
Pin Name |No.of pins| Input/Output Function
Ky3 VKo 4 Input Input port
P13VvPy 4 Output Output port (Corresponding to PLA)
Py Py 4 Output " ( " )
Ry3 v Ryg 4 1/0 I1/0 port
Rs3vRsg 4 1/0 "
Re3 v Reo 4 1/0 "
R734R70 4 I/0 "
Rg3 (T1) 1 1/0 1/0 port or timer/counter input
Rg, (INTI) 1 1/0 1/0 port or interrupt input
Rgp (T2) 1 1/0 1/0 port or timer/counter input
Rgy (INT2) 1 1/0 1/0 port or interrupt input
Rg, (SCK) 1 1/0 1/0 port or shift clock for serial port
Ro1 (S0) 1 I/0 1/0 port or serial output
Rgg (ST) 1 1/0 1/0 port or serial input
XN, XguT 2 Input, Output Resonator connection terminals
RESET 1 Input Initialize signal input
TEST 1 Input (Low level is input.)
VbD 1 Power supply +5V
VuH 1 Power supply +5V (Memory power supply)
Vss 1 Power supply ov
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BLOCK DIAGRAM
- ! 1o ~— Vpp
T — e ]
3 % 281 | Van
A—7: ROM E — <<t RAM |___TCZ__ Vss
3 2| P o
Eh = |
i I STACK
T( @ e T
S10 Rgy (SCK)
control ~
I-—n—r—| control E“ Ry (80)
RRTET —=] 8Y8 E
control INTR ~ R&ﬁ(_)
TRET — — w = Rgj (TNTT)
Z|control | oiew ReT(T2
Xin == TG = > Ry (INTR)
Xour =]
o i e e

BLOCK NAMES AND DESCRIPTION

Block Name Function
PC Program counter (12 bits)
ROM Program memory (including fixed data)
IR, decoder Instruction register, Decoder
HR, LR H register (page assignment of RAM), L register (address assign-
ment in RAM page), (each 4-bit register)
RAA RAM address buffer register (8 bits)
RAM Data memory
STACK Save area of program counter and flags (RAM area)
SPW Stack pointer word (RAM area)
DC, data table Data counter (12 bits, RAM area), Data table (ROM area).
AX, AY Temporary register of ALU input
ALU Arithmetic and logic unit
AC Accumulator
FLAG (CF,ZF,SF,GF) |Flags
K, P, R Ports
INTR Control Interrupt control (EIF: Enable interrupt master F/F, EIR: Enable
interrupt register)
FD Frequency divider (4-stage prescaler + 18 stages)
TCy, TCp 12-bit timer/counter 2 channels (RAM area)
TC control Timer/counter control
SIO control Serial port control
SYS control Generation of various internal control signals
CG, TG Clock generator, Timing generator
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FUNCTIONAL DESCRIPTION

1. System Configuration

Program Counter (PC)

Program Memory (ROM)

H Register (HR), L Register (LR), RAM Address Buffer Register (RAA)
Data Memory (RAM)

(1) Stack (STACK)

(2) Stack Pointer Word (SPW)

(3) Data Counter (DC)

5. ALU, Accumulator (AC)

6. Flags (FLAC)

7. Ports (PORT)
8
9

~ oW oN e

. Interrupt Control Circuit (INTR)
. Frequency Divider (FD)

10. Timer/Counter (TCy, TC2)

11. Serial Port (SIO)

Concerning the above component parts, the configuration and functions of
hardwares are described :

Hexadecimal notation is used for the description, charts, and tables in order
to indicate the address and the like, without assigning identification symbols
as far as it does not give rise to confusion.

The following names and symbols are used unconsciously.

(a) CpPU Control Processing Unit except for the built-in peripheral
circuitry, such as interrupt control circuit, timer/counter,
and serial port.

(b) cCp Clock pulse generated in the clock oscillator.
It is called the "basic clock" or merely "clock'".

(¢) fc Indicates the frequency of the clock oscillator, namely, the
frequency of the basic clock.

(d) MSB/LSB Indicates Most/Least Significant Bit.
(e) F/F Indicates Flip/Flop.
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Program Counter (PC)
It is a 12-bit binary counter, and the contents of the program counter
indicate the address of program memory in which the next instruction to be

executed is stored.

The program counter generally gains increment at every instruction fetch by
the number of bytes assigned to the instruction. However, when executing
the branch and subroutine instructions or receiving the interrupt, the
values specified by these instructions and operation are set.

Value "0" is specified by initializing the program counter.

The page structure of program memory is made with 64 words per page.

The TMP4740P has 64 pages and the TMP4720P 32 pages.

At the execution of (BSS a) instruction, the value assigned by the
instruction is set in the lower 6 bits of the program counter when the
branch condition is met. That is, the (BSS a) instruction is used as a
branch or jump instruction within a page. If the (BSS a) instruction is
stored in the last address of the page, the value in the higher 6 bits
of the program counter indicates that the branch or jump instruction to

the next page is executed.

At the execution of (CALL a) instruction, the value specified by
the instruction is set in the program counter after the previous contents
of the program counter has been saved in the stack. Since 11 bits are
of the address bit length which can be assigned by the instruction, the

call address of subroutine should be in the range of addresses 000 - 7FF.
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MSB LSB
PCy PCy

PCy,
PCHIPCm[ PCqIPCe PC7‘PC5 PCstPCL, Pcs—( PCzerC,JPCO

<

Page assignment Address assignment in page
(a) Configuration of Program Counter
(page)(?gdgggg) ROM (Address)

00 000
01 001
02 002
0 03 003
g J. L g
- s
3E 03E
3F [ 03F
00 040
1 g = = S
3F 07F
00 080
2 01 081
L L
( I T
3C FFC
63 3D FFD
3E FFE
3F FFF
(b) Configuration of ROM
Address .
(Page)(in page),’—~_59ﬂf——”‘" (Execution flow)
00

(Only when branch cou—)
dition is met
3F  |BSS a (Note) Note: "a" shall be
00 indicated by
hexadecimal.
o |
a XXX
3F

(c) Special example of branch caused by (BSS a)instrustion.
Fig.1.1.1 Program Counte: and Program Memory (ROM)
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Program Memory (ROM)

Processing programs and fixed data are storad in the program
memory. The next instruction to be executed is read out from the

address indicated by the contents of the program counter.

The fixed data stored in the program memory can be read by
using the ROM data referring instruction or the PLA referring
instruction. The ROM data referring instruction reads out the
higher or lower 4-bit data of the fixed data stored in the address
decided by the data counter [(LDH A, @DC+) and (LDL A, @DC) in-
struction respectively], and stores the data in the accululator.
The PLA referring instruction (OUTB @HL) reads out the fixed data
(8-bit) stored in the address decided by the contents of the data
memory indicated by the contents of H and L registers as well as
contents of the carry flag, and outputs the data to output ports
(P2 - P1).

Addresses are individually assignged to the program memory and
data memory, so that the fixed data in the ROM area cannot be directly

read out by the address of the data memory.

LSpecific Addresses of Program Memof;gl

264

The following addresses of the program memory are used for
specific purposes. When not used for these purposes, the specific

addresses can be used to store the processing programs and fixed data,
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Specific Address Specific Purposes
000 R .
(001) Start address by initialization
002
(003) INT1 Interrupt vector address
004
(005) ISIO Interrupt vector address
006
(007) IOVFl1 Interrupt vector address
008
(009) IOVF2 Interrupt vector address
00A
(00B) ITMR Interrupt vector address
00C
(00D) INT2 Interrupt vector address
8n +6
(n=1~15) Call address by instruction (CALLS a)
086 (Note)
FEO
4 PLA data conversion table
FFF

Note : 086 (hexadecimal) = 134 (decimal)

Table 1.2.1 Specific Address of Program Memory
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ROM CAPACITY

The TMP4740P and TMP4720P contain a program memory with 4,096 x 8-bit
(addresses 000 - FFF) capacity and 2,048 x 8-bit (addresses 000 - 7FF) capacity,
respectively. But the TMP4720P contains a program counter with 12-bit length.
Therefore, when one of addresses 800 - FFF is accessed in a program, the ROM
data corresponding to addresses 000 - 7FF read out. It is because there is
no physical ROM in addresses 800-FFF, but the MSB in the program counter is
not decoded. For example, when the data located in address FF3 is output to
a port by the PLA referring instruction on a program, the data located in
address 7F3 is read out. In the TMP4720P, the PLA data conversion table
(addresses FEO - FFF) is, therefore, located in addresses 7EQ - 7FF.

"0" [(NOP) instruction] is read out for the ROM data within the range

of the built-in ROM capacity, if it is not specified by the user.

Address ROM Address ROM
000 000
(Program) Program)
data data
(1T
g -
0
] 7E0
s
g 7FF
800 i 1 i 800 I
5 (=000) 1 |
> | ]
o ] i
3 4 &L
o T T
i | |
] ! !
FEO < FEO L;“_____J Immage of ad—)
§ = (=7E0) | dresses 000V
~ ! 1| T7FF
FFF FFF b 3
(=7FF)
(TMP4740P) (TMP4720P)

Fig. 1.2.1 ROM Capacity and Address
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1.3 H Register (HR), L Register (LR), and RAM Address Buffer Register (RAA)
The H and L registers are 4-bit registers used as the data

memory address pointers or general purpose registers.

The page structure of the data memory is based on 16 words per
page. Pages are specified by H register, and addresses in page are
done by L register, respectively. TMP4740P has 16 pages and TMP4720P

8 pages.

The L register is also used to specify the bits corresponding to
pins Ry3Vv R, of the I/0 port when instructions (SET @L), (CLR @L),

and (TEST @L), are executed.

The RAM address buffer register is a temporary register used to
specify the address in the data memory, and serves as an input of the
RAM address decoder. Normally, the data specified by the contents
of the H and L registers or immediate data of an instruction is fed

into the RAM address buffer register.
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LSB

MSB

LR

HR

HR4 | BR, HRy | HR( LR3 LRy LR1 LRO

Address specification

in page

Page specification

Address
Page

FEDCBAY9 87 6543210

4 4 4 4+
rection

o+ 4+ 4

4+ 4 -

ncrement

+

T
o+ 4+ 4 4+ 44+ 4 4 4+
+

o+ o+ o+ +

o T A i S
-+ + 4+ + ++ 4+ + 4+ 4+ +
-+ 4+ 4+ 4+ + 4+ + A+ 4+
-+ 4+ + 4+ + + + + 4+ 4+ + 4+ + 44
-4+ 4+ 4+ 4+
-4+ 4 4+ 4+ 4+
-+ 4+ + + +
-+ + + 4+ + + 4+ 44+

L+ 4 + F

R I I I T R T S S T
- + +
+ + E
+
-+ o+ o+

L+ 4 4

O N MOF NOM™~O0ON < MO A K K

Configuration of RAM

Fig. 1.3.1 H Register, L Register and Data Memory (RAM)
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1.4 Data Memory (RAM)

The processing data of user are stored in the data memory.
The data is read out or written in according to the address indicated

by the contents of the RAM address buffer register.

[ﬁPecific addresses of data memoryJ

The data memory is also used for the following specific purposes.
When it is not used for the respective purposes, the RAM of the

corresponding address can be used to store the user processing data.

(1) Stack (STACK)

(2) Stack pointer word (SPW)
(3) Data counter (DC)

(4) Timer/Counter (TCl, TC2)

(1) Stack (STACK)

The stack, which is contained in the data memory (one level of
the stack consists of 4-word RAM), is area to save the contents of
the program counter (return address) and flag prior to jumping to the
processing program at time of subroutine call or interrupt acceptance.
To return from the processing program, (RET) instruction is used to
restore the contents saved in the stack to the program counter, and

(RETI) instruction is used to restore the contents saved in the stack

to the program counter and flags.

The location of the stack to save/restore the contents is deter-

mined by the stack pointer word, which is automatically decremented
after the saving operation, and incremented prior to the restoring

operation.
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(2) Stack Pointer Word (SPW)

The address FF in the data memory is called a stack nointer

word and decides the stack pointer. The stack is contained in the

RAM, and accessed by the stack pointer.

The stack pointer is decided with the format shown in Fig. 1.4.1,

but this address indicates the lower RAM address in each level of the

stack.

Values "E" - "0" can be assigned for the stack pointer word, so
that the maximum of 15 nesting levels are available for the stack.
However, when the timer/counter mentioned following is used, the level
containing the RAM address corresponding to the timer/counter cannot
be used for the stack (value "F" is not assigned to the stack pointer
word, because the stack contains the RAM address corresponding to the
stack pointer word). The stack pointer word is automatically updated
by the subroutine call or interrupt acceptance; however, it cannot

exceed the allowable size of the stack for the system configuration.

Since the stack pointer word is never initialized in terms of
hardware, it is necessary to set it to the highest possible level of
the stack in the user's initialization prpgram. For instance, it is

set to "C" level when the two channels of timer/counter are used.

Note: The "level" indicates the depth of the nesting in the stack as
well as the location of the next available stack. That is, it

represents the contents of the stack pointer word.



TMP4740P
TMP4720P

INTEGRATED CIRCUIT

ﬁE TECHNICAL DATA

Address F E DC B A9 8 7 65 4 3210
Page

B

/’/,Stack

H EHO O

spw] oc |*[ Te2 [*[ tar v 12
* : Can be used to store the user processing data

(a) Specific purposive map of RAM

MSB LSB

3 2 1 0
(Stack pointer word) T T
RAM address : FF lSPwa SPW;|SPW;’SPW0J
MSB LSB
7 6 5 4 3 2 1
(Stack pointer) I 1 l 1 {spw3 0 | 0 ’
I

SPW2

SPW,ISPWO

(b) Stack pointer and stack pointer word

Address o
2 // - E
E2 pcy'"' ]
E3 FLAG"' 5 ?:)
B4 pCr" 87
E5 poy’ | 4 | © &
E6 PCy" % g H
E7 FLACT |}, @ &
E8 PCL’ *- g
E9 Poi’ | o
EA _P_CH’ SH
EB TLAG'

EC PCY,
ED PCM
I3

(¢)  Structure of stack

Fig. 1.4.1 Specific Address and Stack of Data Memory
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(3) Data Counter (DC)

Data counter is a 12-bit binary counter used to specify the
address when the data table in the ROM area is referred (ROM data
referring instruction).

The RAM address with 4-bit unit is allocated to the data counter,
so that the initial value setting and the content reading of the data
counter can be executed by the RAM manipulative instructions.

MSB LSB

D C
(Data Counter) DCy | DCy | DCp

(RAM Address) (FE) (FD) (FC)

Fig. 1.4.2 Data Counter and RAM Address

(4) Timer/Counter (TCl, TC2)

The two channels of 12-bit timer/counter are built-in, and the RAM
address with 4-bit unit is allocated to the timer/counter, so that the
initial value setting and the content reading of the timer/counter can
be executed by the RAM manipulative instructions.

When the timer/counter 1 is not used, the stack lower from level 13
can be used. When both of the timer/counter 1 and 2 are not used, the
stack lower from level 14 can be used.

MSB LSB
TC1l
T4
(Timer/Counter 1) TCIy l TCly l TCIL
(RAM Address) (F6) (F5) (F4)
MSB LSB
. TC2
T
(Timer/Counter 2) TCoy rﬁTCZM I TC2L
(RAM Address) (FA) (F9) (F8)

Fig. 1.4.3 Timer/Counter and RAM Address

(5) Page 0 in Data Memory

Page 0 in the data memory (addresses 00 - OF) is effectively used
as a flag or pointer in a user's program.
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RAM Capacity

Data memory contained in TMP4740P has a 256 x 4-bit (addresses 00 -
FF) capacity, and that contained in TMP4720P has a 128 x 4-bit (addresses
00 - 7F) capacity.

Since the TMP4720P also has the RAM address buffer register of 8-bit
length, there is no physical RAM in addresses 80 - FF in the TMP4720P.
However, the RAM equivalent to addresses 00 - 7F are referred when addresses
80 - FF are accessed in a program, because the MSB of RAM address buffer
register is not decoded. That is, the specific RAM address is distributed
to CO - FF in a program, but the RAM equivalent to addresses 40 - 7F are

assigned in the TMP4720P.

Address RAM Address RAM Address RAM
00 00 00
data Data ( Data
region region region
L N S Ry
1 SF

Specific | |
address | |
7F region ! !
& I 1
80 i ’ 80 ! 1 1 |
(=00) I i & ot . &
] ) T ( ) T
| | | used |
| ! ] |
X L L ' ‘
T | 1
A T_ ______ ]’ r_—Image of o | |
Specific I ! (addresses) Specific
address : l 00~ 7F f address |

region FF \ | PP region

FF (=7F) b—==—= J
(TMP4740P) (TMP4720P)
(a) RAM Capacity and Address (b) RAM Map example of TMP4720P

(TC,, TC, and stack

5 level are used.

Fig. 1.4.4 RAM Capacity and Address
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1.5 ALU, Accumulator (AC)

The ALU is a circuit used for various arithmetic and logical
operation for 4-bit binary data. It performs the operation designated
by the instruction, and outputs the 4-bit result, carry (C), and

zero detection signal (Z).

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

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

<l (AX and AY are temporary registers.)
Qutput of result

MSB LSB

3 2 1 0

Fig. 1.5.1 ALU, Accumulator

Detection of operating condition

Output C from the ALU indicates the carry output from the most
significant ﬁosition in the addition éperation.
However, the subtraction is executed with the addition of the 2's com-
plement, so that output C in the subraction operation indicates the
"non-borrow" from the most significant position (i.e., in case of non-
borrow, C = "1"). Accordingly, borrow (B) can be represented with "C".

Output Z indicates the zero detection signal to which "1" is applied
when all of the 4-bit data transferred to accumulator or output of the ALU

are cleared to zero.
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Example (4-bit operation)

(a) 4+5=9 (C=0,2=0)

(b 7+9=0 (C=1,2=1)

(¢) 3-1=2 (B =0, Z=0)

(d) 2-2=0 (B=0,2=1)

(e) 6 ~-8=-2o0rE (B=1, Z =0)
Note : B = C is indicated.

1.6 Flag (FLAG)

Flag is a 4-bit register used to store the condition of arith-
metic operation, and of which the set/reset conditions are specified
by the‘instruction. The flag consisting of CF, ZF, SF, and GF is
saved in the stack when the interrupt is accepted. By executing the
(RETI) instruction, it is restored from the stack to the conditions

immediately before the interrupt is accepted.

3 2 1 O

z

Fig. 1.6.1 Flag

(1) Carry Flag (CF)

This flag is used to hold the carry in the addition operation
as an input to the ALU by the (ADDC A, @HL) instruction as well as
to hold the non-borrow in the subtraction operation (the carry in the
addition of the 2's complement) as ap input to the ALU by the
(SUBRC A, @HL) instruction. The rotate instruction makes the flag

hold the data shifted out of the accumulator.
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(2) Zero Flag (ZF)
This flag is stored the zero detection signal (Z) when the
instruction designate to change. "1" is set if all 4 bits are cleared

to zero by an arithmetic operation or data processing.

(3) Status Flag (SF)

This flag is set or reset according to the condition specified
by the instruction. With the exception of particular cases, it is
usually presented at every execution of an instruction, and holds
the contents of the result during execution of the next instruction.
It is normally set to "1", but is reset to "0" for a time under the
certain condition (it varies according to the instruction, for ex-
amples, when the result is zero, when carry occurs in the addition,

or when borrow occurs in the subtraction, the flag is reset).

The status flag is referred to as branch condition in a branch
instruction. The memory location is branched when this flag is set
to "1"; therefore, normally the branch instruction can be required
as "unconditional jump instruction". On the contrary, the instruction
becomes a "conditional instruction" if it is executed immediately
after loading the instruction to set/reset the status flag according

to the condition determined by some previous instruction.

The status flag is initialized to "1" at initialization,
and is also set to "1" after the contents have been saved in the
stack when the interrupt is accepted. The contents saved in the

stack is restored by the (RETI) instruction.

(4) General Flag (GF)

This is a single-~bit general purpose flag, being set or reset,
and also used in a test by a program. This can be used for any

purpose in the user program.
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1.7 Port (PORT)

Data transfer to/from the external circuitry, and command/
status/data transfer between the built-in periferal circuitry

are carried out by the input/output irstiructions.

(a) Input/Output port : Data transfer to/from external circuitry.

(b) Command/data output : Control of circuitry of built-in

peripheral circuitry, and output of data.

(c) Status/data input : Input of status signal(NOte) and data from

the built-in peripheral circuitry.

Note : Status signal is provided from serial port and is

different from thz status flag (SF).

To transfer the data or to control the circuitry, each port
or register is selected by designating the address (Port address)
by input/output operational instructions (13 instructions) in the
same way as the memory.

The port address is composed of 5 bits (addresses 0 - 31).
The address to be accessed differs according to a instruction.
By way of caution, the port address space is independent of the

program meriory address space and the data memory address space.

Every output port contains a latch in order to hold the output
data. Since every input port is operated without latching, it is
desired to externally hold the data to be input from the external
devices till the data is completely read out, or to read the data

several times to confirm the contents.

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

and initialization of the output latch are 2.6 (2) Input/Output Circuit
Format.
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Input/Outpul Instructions
Pgrt Symbol Port, Register SET QL
dare' (Input/ (Input/Output) INZP, A |OUT A ,7P SET%P,b| TEST %P,b| CLR  @L
S| Output) IN %P, @HL | OUT@HL, %P | OUT#K, %P | OUTB @HL| CLR%P,b| TESTP%P,b| TEST @L
00 | IPO0/OP0OO |Ko Input port /P Sutout 0 - 0
01 | IPO1/0POL|P,Output latch/ Gl " 0 0 0 0 0
02 | IP02/0P02|P, " /P, v 0 0 0 0 0
03 | TPO3/0P03 —
04 | TPO4/0P04 R, 1/0 port 0 0 0 0 0 0
05 | IPO5/0P05 Rs " 0 0 0 0 0 0
06 | IPO6/0P06 Re " 0 0 0 0 0 0
07 | IP07/0P07 R, " 0 0 0 0 0 0
08 | IP08/0P0O8 Rs " 0 0 0 0 0
09 | TP09/0P0O9 Re " 0 0 0 0 0
0A | TPOA/OPOA —_—
0B IPOB/OPO% T (*) Serial puffer register (Reception)
0C | IPOC/OROC (**%) Serial buffer register (Transmission)
0D | IPOD/OPOD - E
OE | IPOE/OPOE |Status input/ ———— [} 0
OF | IPOF/OPOF (*) / (*%) 0 0 0
10 /0P10 / |
/P,+P, output port |
1 /OPLL (8-bit output) E 0
12 /0P12 /
13 /0P13 /o
14 /OP14 / —
15 /0P15 / —
i? ;ggi? ; - (a) Céntrol with timer interrupt of divider
18 /oP18 / (b) Timer/Counter 1 control
19 /OP19 /@ o | I
1A /OP1A / (c) Timer/Counter 2 control
1B /OP1B / (d) Serial port control
1c /OP1C / (b) 0
1D /OP1D / (c) 0
1E /OP1E /
1F /OP1F / (d) 0

Note 1: Inputs (IP10 - IP1F) of port addresses 10 - 1F remain undefined.
Note 2: Port addresses with "——

" mark are reserved addresses and cannot be used at user's program.

Note 3: OP11 is automatically accessed by (OUTB @HL) instruction, but cannot be done by the instructions

other than this one.

Table 1.7.1 Port Address Allocation and Input/Output Instructions
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(1) Kp (Kg3 vKgp) Port

This is a 4-bit port used for input.

Input data <+————~———<}————-——1 ](Pin)

MSB LSB

32 1 0

Fig. 1.7.1 Ko Port

(2) Py (Py37vP1g), P2 (P23 vPyq) Port

These ports are 4-bit ports with a latch used for

output. The latch data can be read by the instruction.

These two ports can independently access by specifying port ad-
dresses IP01/0P0O1, and IPO2/0P02. In addition, they can output 8-bit
data by the (OUTB @HL) instruction.

PLA data conversion
A hardware PLA is not contained in the system; however, the func-
tion equivalent to it can be performed by access to the PLA data con-

version table provided in the RCM by use of the (CUTB @HL) instruction.

The PLA referring instruction (OUTB @HL) : This instruction reads out
the 8-bit data stored in the program memory, whose address is determined
by the contents of the data memory indicated by the contents of the H and
L registers as well as the contents of the carry flag, and outputs the
data to 8-bit ports P2 and Pl. At this time OPll is automatically

selected as the port address.
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Ports Pl and P2 are capable of reading the latch data by the
instruction, so that the data output by the PLA referring instruc-
tion can be qualified or modified; that is, the convert pattern can

be changed or the numbers of pattern will be increased.

MSB LSB
1 0
Conversion data Pss|P22|Pay|P2o[Pis|Pi2| P P,4

Input data —5——~—————T

Output data Latch (Pin)

Fig. 1.7.2 P, and P, Ports

(3) R4(R43VR40), R5(R53 VRsp), Re(R63 VRe0), R7(R73 vR70) Port

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

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

Pins R73 -R40 can be L register|Correspond-L register Correspond-|
used for bit scanning for 3|ZJIIO ing Pin BIZJIIO ing Pin
set/reset and test accord- 0000 R40 1000 R60
ing to the contents of the 0001 R4l 1001 R61
L register by executing 0010 R42 1010 R62

0

the (SET @L), (CLR @L) and | OO L 1| Re3 | 10111 Re3

0100 Rs0 1100 R70
(TEST @L) instructions.

0101 R51 1101 R71
Table 1.7.2 shows the pins

0110 R52 1110 R72
corresponding to the con-

0111 R53 1111 R73
tents of the L register.

Table 1.7.2 Correspondence of Individual

Bits of L Register and I/J Port
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Input data

Output data ——{Latch (Pin)

Note : For bit set/reset of port,
latch output serves as input data.

Fig. 1.7.3 Ry v Ry Ports

(4) Rg (Rg3 ™ Rgy) Port

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

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

It is a port common to external interrupt input or external timer/
counter input. When it is driven by the external circuitry, such as
external interrupt input or external timer/counter input, the latch
must be set to "1". When it is used as normal I/0 port, some measures,
such as inhibition of the external interrupt input acceptance or disable
of the mode depending on the external input of the timer/counter should

be taken in a program.

(Note) When pin Rgp (INTI) is used as a port, INTl interrupt request
takes place because the falling edge of the pin input/output
is detected (interrupt enabling master F/F is normally set to
"1"). This causes the CPU to process a dummy interrupt
acceptance [e.g. the (RETI) instruction only is executed].
When pin Rgg, (INT2) is used, INT2 interrupt request also
takes place in the same manner as the case of pin Rgyp, but
the interrupt request is not accepted by merely resetting
the LSB (EIRg) of the enable interrupt register to "0" in

advance. Therefore, the above processing is not required.
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MSB LSB
3 2 1 0

Rss Rs2 Rg: Rso
(T1) [ (INTI)| (T2) | (INT2)

Control input
Input data

Output data Latch (Pin)

Note: For bit set/reset of port, latch
output serves as input data.

Fig. 1.7.4 Re Port

(5) R9(Rgy vRgg) Port

This is a 3-bit I/0 port with a latch, and the latch must be
set to "1" when it is used as input port.
The Rg port is also used as serial port. The latch must be set to
"1" when Rg port is used as serial port. The port used as ncrmal
I/0 port is not entirely influenced by disabling the serial port.
Pin Rg3 1s not mounted in the port, but "1" is read by accessing to

pin R93 in a program.

Serial control
Input data

Output dara

{1 pin)

Serial control
Note. For bit set/reset of port, latch
output serves as input data.

Fig. 1.7.5 Re Port



L~
R

INTEGRATED CIRCUIT THPL7140P

TMPL720P
TECHNICAL DATA

1.8

Interrupt control circuit (INTR)

Interrupt factors are composed of two from the external
circuitry, and four from the internal circuitry. By setting the
interrupt latch provided for each factor, an interrupt request is
generated to the CPU. The interrupt latch is set when the edge of

the input signal is detected.

The interrupt request is not always accepted by the CPU if
generated. It is not accepted till the priority in the six factors
determined according to the hardware and the enabling/disabling

control by the program become all affirmative.

In order to control enabling/disabling of interrupt by the
program, an F/F (EIF) and a 4-bit register (EIR) are provided.
By using these means, preferential acceptance of the interrupt
factors by the program, and multiple interrupt control can be

realized.




TMPL720P

INTEGRATED CIRCUIT TMPL740P

ﬁi TECHNICAL DATA

Priority Interrupt Enable con- Vector
Factor according Latchp qition accord- Address
to hardware ing to program
Higher Note 1
External interrupt 1 (INT1) (Higher) INTLsg (Note 1) 002
1 EIF = 1

Serial

Input/Output (IS10) 2 INTL, EIF-EIR3 = 1 004

interrupt
&
2 Timer counter 1
5 Overflow (IOVF1) 3 INTL3 EIF-EIRy = 1 006
£ | interrupt .
el
— Timer counter 2
2 | overflow (10VF2) 4 INTLy (Note 2; 008

. EIF-EIRy =
é interrupt 1
= Timer interrupt

o PY(rmr) 5 INTL, (Note 2) | (oa
ot divider EIF-EIR] =1
6
External interrupt 2 (INT2) INTLg ETF-EIRg = 1 00C
(Lower)
Interrupt enabling master F/F Interrupt enabling register (EIR)
MSB LSB
3 2 1 0
EIF [EIR3,EIR2'EIR11EIRO]

(Note 1) Since EIR register cannot make disabling of the INT1
interrupt, this interrupt is always accepted under the
interrupt enabled condition (EIF = 1). Therefore, this
should be used for the interrupt requiring the first

priority such as emregency interrupt.
(Note 2) The given acceptance condition by the program is the same
in- IOVF2 and ITMR; accordingly, the action of these inter-

rupts to the acceptance/inhibition control is the same.

Table 1.8.1 Interrupt Factors
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[Tnterrupt Latch]

(INTD)
2 nre Priority
s e
“":D—ZFDIEE,tE}ﬂ
(IOVF1)
3O 2 s Y 1 D {vector
(10VF2) address
T2 _:D_ E INTLe ‘l ’__D-’ %igsra‘ Address information
_ﬁ_.ﬁ__,.
ITMR
¢ ) S Py ;i:)_dcircuit X
ry - INTL, Acceptance signal
— ket bt =
(INT2)
—~ Nt @
ro :D_‘ RN Interrupt
request signal
EIR?)—J
EIRy| |
Reset by EIR) b—- EIF
instruction TR, CR
CR
Hardware reset )

Fig. 1.8.1 Interrupt Control Circuit

Instruction
; (cycle ) ' ' ; '

4

e
INT2 \ /

TTMR /

INTLL / \
INTLQ /

EIF \

Se— — - e e —
Execution of Interrupt accept- Execution of 00A  Execution of
instruction ance processing address instruc- instruction

tion (Jump in-
struction)

Note: On the assumption that EIR] = 1, without other interrupt requests
Fig. 1.8.2 Interrupt Acceptance Timing Chart (Example)
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(1) 1Interrupt processing

The interrupt request signal to be sent to the CPU is held by
the interrupt latch till the request is accpeted or the latch is

reset by the initialization operation or instruction.

The processing for the interrupt acceptance is performed
within two instruction cycle time after the completion of the ex-
ecution of instruction (after the completion of the timer/counter
processing if it is required).

The following operations are performed by the interrupt service

program.

C) The contents of the program counter and flag are saved in the

stack.

C) The vector address is set to the program counter according to
the interrupt factor.
(A jump instruction to each interrupt service program is usually
stored in the program memory corresponding to the vector

address.)
(:) The status flag is set to "1".

C) The interrupt enabling master F/F is reset to "0" to inhibit

the subsequent interrupt acceptance for a time.

C) The interrupt latch of the accepted interrupt factor is reset
to "0".

C) The instruction stored in the vector address is executed.

The interrupt service program terminates after the execution of the
(RETI) instruction.

The following operations are performed by the (RETI) instruction.

286



- INTEGRATED CIRCUIT THPL740P

TMP4720P
z TECHNICAL DATA

C) The contents of the program counter and flag are restored out

of the stack.

(@) The interrupt enabling master F/F is set to "1".

When the multiple interrupt is accepted, the interrupt enabling
master F/F should be set by the instruction. At this time, the enabl-
ing/disabling for each interrupt factor can be changed by updating

the interrupt enabling register by the (XCH A, EIR) instruction.

The program counter and flag are automatically saved/restored in
the interrupt processing. However, if saving/restoring of the ac-
cumulator and other registers is necessary, it should be designated

by a program.

(2) Interrupt control by program

EIF
This is an enabling interrupt master F/F. Interrupt is put in

the interrupt acceptance enabling state by setting the EIF to "1".

It is reset to "O" immediately after having accepted an interrupt to

inhibit the subsequent interrupt acceptance for a time, but is set

to "1" again by the (RETI) instruction after the completion of the

interrupt service program to return the enable state again. And then

the other interrupt can be received.

The EIF can be set/reset in a program by using the (EICLR IL,r)
and (DICLR IL, r) instructions. It is reset to "O" at initialization

operation.

EIR register
This is a 4-bit register used for selection/control of enabl-

ing/disabling of the interrupt acceptance in a program.
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Read/write operation is performed by use of the (XCH A, EIR)

instruction. It is set to '0" at the initialization operation.

Interrupt latch

The interrupt latches (INTL; - INTL;) provided for each inter-
rupt factor are set by the rising edge of the input signal if the
interrupt is caused by the internal factors, and are set by the
falling edge of the input pin if it is caused by the external fac-
tors. Then, interrupt request signal is sent to the CPU. The
interrupt latch holds the signal till the interrupt request is ac-
cepted, and is reset to '"0" immediately after the interrupt has been

accepted.

Since the interrupt latch can be reset to "0" by the (EICLR
IL, r), (DICLR IL, r) and (CLR IL, r) instructions, the interrupt
request signal can be initialized by a program. The latch is reset

to "0" at the initialization operation.

Frequency divider (FD)

The divider (Fp; - FDjg) is made up 18-stage binary counter,

and its output is used to generate various internal timing.

The basic clock (fc Hz) is divided into sixteen by the timing
generator and input to the divider; therefore, the output frequency
at the last stage is £c/222 Ha.

It is reset to "O" at the initialization operation.

Timer Interrupt of divider (ITMR)

The divider is capable of sending the interrupt request for a

certain frequency. Four different frequencies can be selected

for timer interrupt by instructions.
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The command register is accessed as port address OP19, and is reset

to "0" at time of the initialization.

The timer interrupt of divider is caused from the rising edge
of the first output of the divider after the data has been written

in the command resister.

Basic
clock (CP) |Prescaler m
1 2 3 & 5|6 7|8 9 |10 |11§1213 14|15 |16 17|18 22
(fc Hz) @6 j(fc/16 Hz) (£c/2°%H2)

(a) Structure of frequency divider

MSB LSB
3 2 1

0
Port address .. ,

* 0 * % : Disable
* 1 0 0 Interrupt frequency f£c/210Hz
¥ 1 0 1 " fe/21lHz
* 1 1 0 : " fc/21%8z
* 1 1 1 " fc/213Hz
Interrupt fre- |For example,
quency (Hz) fe=4.194304MHz
fc/210 4,096 Hz
fc/211 2,048 Hz
fc/212 1,024 Hz
fc/213 512 Hz

(b) Command register

Fig. 1.9.1 Frequency Divider
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Timer/Counter (TCy, TCjp)

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

time or event.

Since the RAM address with 4~bit unit is allocated to the
timer/counter, the initial value setting and the content reading
of the timer/counter can be executed by the RAM manipulated

instructions.

MSB LSB
(Timer/Counter 1) Tcl
TclH | TclM | TClL
(RAM Address) (F6) (F5) (F&4)
MSB LSB
(Ti /C t 2) 1e2
tmer/Lounter TC2H | TC2M | TC2L
(RAM Address) (FA) (F9) (F8)

Fig. 1.10.1 Timer/Counter

(1) Timer/Counter Control

The timer/counter is controlled by the command specifying
the operation mode. The command register for the timer/counter
1 and timer/counter 2 is accessed as port addresses OP1C and
OP1D, respectively. It is reset to "0" at the initialization
operation. The count operation is started from the first rising
edge of the count pulse applied by setting the value (mode) to

the command register.

When the timer/counter is not used, the RAM addresses
corresponding to the timer/counter can be used to store the
user processing data by selecting the "disable" state. In the
timer mode, the externsal input pins can be used as I/0 ports

[R83 (T1), Rgq (T2)1].
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. MSB LSB
TCl Command register 3 P 1 0

(Port Address OP1C) []jj:l

MSB LSB
TC2 Command register

(Port Address OP1D) D:ED
Lfélection of Count Model

00 : Dpisable state

01 : Event count mode
(Counts external input)
10 : Timer mode

(Counts internal pulse.)

11 : Pulse width measurement mode
(Counts the pulse obtained by

sampling of external input by

use of internal pulse.)

Selection of Internal Pulse
(Divider Output) Rate

00 : fc/210 Hz is counted.
01 : £c/214 Hz is counted.
10 : fc/218 Hz is counted.
11 : fc/222 Hz is counted.

(a) Command register (fc: Basic clock frequency)

For example, fc=4.194304 MHz

Internal Pulse| Max. Settin Internal Pulse | Max. Settin

Rate (Hz) Time (SEC) Rate (Hz) Time (SEC)g
fc/210 222/fc 4,096 1
/214 226 /5¢ 256 16
fc/218 230/fc 16 256
fe/222 234/£c 1 4,096

(b) Selection of timer rate

Fig. 1.10.2 Control of Timer/Counter
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(2) Count Operation

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

latch is set to send a count request to the CPU.

The count operation of the timer/counter is performed requiring
one instruction cycle time after completion of the instruction ex-
ecution. The execution of the next instruction and the acceptance
of the interrupt request are kept waiting during the operation.

When the count request is sent from the timer/counter 1 and 2, at
the same time, the count request of the timer/counter 1 is prefer-

entially executed.

The maximum frequency applied to the external input pin under
the event counter mode is fc/32 Hz if one channel is used. When
two channels are used, fc/32 Hz is applied to the timer/counter 1,

and fc/40 Hz to the timer/counter 2.

In the timer mode, the maximum frequency is determined by
a command.
The maximum frequency applied to the external input pin in the pulse
width measurement mode should be the frequency level available for
analyzing the count value in the program. Normally, the frequency
sufficiently slower than the designated internal pulse rate is

applied to the external input pin.
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Count pulse I r____—___—_—-T_________
Counter n)( n+ 1 Xn+2 Xn+3

(a) Event counter/timer mode

External input pin ——-l ;
Internal pulse ____J L___J ( J I I I | I I
Count pulse l I I l l I ' l

Counter n Xn+1Xn+ZXn+3Xn+4

(b) Pulse width measurement mode

Fig. 1.10.3 Mode and Count Value of Timer/Counter

Decrease in execution speed of instruction due to count operation

The CPU carries out the count operation requiring one instruction
cycle time for the count request. Therefore, this causes the decrease
in the apparent speed of instruction execution. Some examples are

shown below :

(a) In the timer mode with count pulse rate of fc/ZlO Hz :

The count operation is inserted once every 128-instruction
cycle time, so that the apparent speed is decreased by 1/127%0.8%
instruction execution speed. For example, the apparent speed is

2.016ps to 2us instruction execution speed.

(b) 1In the event count mode :

It depends on the count pulse rate applied to the external
input pin. In the worst case, when the timer/counter 1 and 2
are operated at the same time with the maximum count pulse rate,
the count operation is inserted once every 4-instruction cycle
time for the timer/counter 1, and once every 5-instruction cycle

time for the timer/counter 2.
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The apparent speed of the instruction execution, therefore, de-
creases by 9/11=82%. The apparent speed is 3.64us to 2us instruc-

tion execution speed.

(3) Interrupt by overflow (IOVF1l, IOVF2)

At the time when the overflow occurs, the timer/counter gene-
rates the interrupt request.
That is, the interrupt request is generated when the count value of
FFF is changed to 000. The counting is continued after the interrupt
request signal is generated. Assuming that the CPU provides the
interrupt enabling state, and that the interrupt is accepted as soon
as the overflow interrupt has been generated, the interrupt process-—

ing can be performed in the sequence illustrated in Fig. 1.10.4.

Instruction
cycle
+ + . t + ~+ + .
Count pulse I 1
Count request l
Detection of overflow I
Occurrence of IOVF I |
—— e —— e > e m— ~—
Execution Count Execution Interrupt Execution of
of in- cycle of in- acceptance instruction
struction struction  processing (jump)

Fig. 1.10.4 Timing Chart of Timer/Counter in

Interrupt by Overflow
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Serial Port (SIO)

A 4-bit serial port with a buffer is provided to transfer the
serial data from/to the external circuitry. It is connected to
the external circuitry through three pins [R92 (SCK) , Rg1 (SO), R9Q
(SI)]. Since these pins are also used as port Rg, the output latch
of the R9 port should be set to "1" when the serial port is used.

When it is not used, the pins can be used as 1/0 port R9.

Pin R9p in the transmit mode and pin Rgj in the receive

mode are also available as I/0 port pin.

(1) Circuit configuration
The serial port consists of a 4-bit shift register, a 4-bit
buffer register, and its control circuit.

(Internal Bus)

MSB LSB
3 2 1 0
SB
3 2 1 0
Serial data) Serial data)
input pin output pin
$s | O s
S10C SCK
L3I0/ (Serial shift clock )
input/output pin
3 2%1 0
- T
Command
register
Staius
v ——td
(Internal Bus)
SR : 4-bit shift register SIOC : Serial port control circuit
SB : 4-bit buffer register #s  :Internal shift clock

ISTIO : Interrupt request
Fig. 1.11.1 Circuit Configuration of Serial Port
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(2) Serial port control

The serial port operation is controlled by the command. The

command register is accessed with port address OP1F, and reset to

"0" at the initialization operation.

The operation status can be

informed through the status input, which is accessed with port

address IPOE.

MSB LSB
Serial port com- 3 2 1 0
mand register [ESIO, RM ‘ LM;EC%;J
(Port address)
OP1F

1
0
MSB LSB
Serial port 3 2 1 0

status input

Port address)

[SIOF' SEF’ % ‘ % ] (%
(poE

(1
Lo

Fig. 1.11.2
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: Serial transfer enable or

start request.

: Serial transfer disable or

end request.

: Receive mode

;. Transmit mode

: Shift operation at the lead-

ing edge of the shift clock

: Shift operation at the trail-

ing edge of the shift clock

External input is served
as shift clock.

Internal clock is served
as shift clock.

: don't care)

Operating condition of serial transfer

Stopping or disabling condition
of serial transfer

Shifting operation can be monitored,
and is used at time of transfer
end request.

Command Register, Status Input
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(3) shift clock (SCK)

The following shift clock modes can be selected by the contents

of the command register.

(a) Clock source (External/internal mode)

(b) Shift edge of clock (Leading edge/trailing edge mode)

Internal clock mode

fc/27 Hz is used for the shift clock (when the basic clock fre-
quency fc is 4.194304 MHz, the shift clock frequency is 32.768 kHz.).
At this time, the clock is supplied to the external devices through
the SCK pin. If the data setting (transmit mode) or the data read-
ing (receive mode) rate by the program cannot follow the clock rate,
the shift clock is automaticaily stopped and the next shift operation

is suspended until the data processing is completed ("Wait'operation).

External clock mode

The shift operation is performed by the clock provided from the

external circuitry since the SCK pin serves as an input.

Leading edge shift mode

Data is transmitted (transmit mode) or received (receive mode)

at the leading edge of the SCK pin signal.

Trailing edge shift mode

Data is received (receive mode) at the trailing edge of the
SCK pin signal.

The SCK pin must be set to the "high" level when the serial trans-—
fer is started. In the internal clock mode, the SCK pin is automat-

ically set to the "high'" level because it serves as an output.
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(4) Operation mode

Selection of the following three transfer modes is available
by changing the combination of the RM bit and LM bit of the com-

mand register.

RM LM ECKM o - Mod
(Bit 2) | (Bit 1) | (Bit 0) peration Hode
-
0 0 1/0 Can not be used
Transmit mode (Note)
0 1 1/0
/ (External/Internal clock)
1 0 1/0 Receive(Trailing edge shift) mode
(External/Internal clock)
1 1 1/0 Receive(Leading edge shift) mode
(External/Internal clock)

(Note) Leading edge shift operation is performed.

Table 1.11.1 Operation Mode of Serial Port

In the transmit mode, the 4-bit data written to the buffer
register fror the CPU is shifted out by the shift register, and is
output in the SO pin from the data of the LSB in sequence. The buf-

fer register is accessed as the port address OPOF.

In the receive mode, the data to be input to the SI pin is
shifted toward the LSB by the shift register in sequence, and is
set in the buffer register after the 4-bit data has been received.

The CPU reads the contents of the buffer register, which is

accessed as the port address IPOF.
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Transmit mode

After this mode is set in the command register, the first
transmit data (4-bit) is written in the buffer register (the data
cannot be written in the buffer register, if the transmit mode is not
set). Then the data can be transmitted by setting the ESIO (MSB
of command register) to "1". The content of the buffer register
is transferred to the shift register by the first shift clock, and
the data in the LSB (Dg) is output to the SO pin. The buffer regis-
ter then becomes empty, so that the interrupt (ISIO) requesting the
next data takes place (buffer empty). After that, the remaining data
(D] - D3) is automatically shifted out by the shift register by one
data at a ghift clock. The control by use of a program is not

necessary in this operation.

Data is written in the buffer register by outputting the next
transmit data (4-bit) to the port address OPOF in the interrupt
service program, and at the same time the interrupt request is

reset to "0".

Internal clock operation

In case of fc/27 Hz internal clock operation, if the next data
is not set in the buffer register (OPOF has not been accessed by the
program) though the 4-bit data has been entirely shifted out, the
shift clock automatically stops, and the wait operation is taking

place until the data is set.

The maximum transmission rate is 31250 bit/sec. at the 4 lfHz

basic clock.
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External clock operation

Since the shift operation synchronizes entirely with the clock
provided from the external circuitry, the data should have been
written in the buffer register before the next 4-bit data is shifted
out. Therefore, the transfer rate is determined by the maximum
time lag from the receipt of interrupt request (ISIO) to the writing

of data in the buffer register by the interrupt service program.

ESIO l
s&eoveon L LML
s0 V- X o X0 X2

ISIO

SB(OPOF)%( D T N\

(a) Internal clock operation (with wait operation)

ESIO l
s (oeon L L LML L L L L L L LT

50 IR G G D € G G b Gk

SB(OPOF) %(T) X o’ DSl )C

(b) External clock operation

Fig. 1.11.3 Transmit Mode
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Completion of transmission

When the buffer register becomes cmpty, the interrupt occurs
to request the next data. In case where the transmission is desired
to be completed after the data is entirely transferred, the transmit
operation can be stopped upon completion of transferring the current
data shifted out, by resetting the ESIO to "O" without outputting
the data. Whether or not the transfer operation is completed can

be sensed in a program by the SIOF (MSB of the status input).

In the external clock operation, the ESIO must be reset to "0"
before the next data is shifted out as in the data updating opera-
tion (however, the data is not updated when the operation is com-
pleted). When the wait operation have been already performed in
the internal clock operatioﬁ, the data transfer is terminated

immediately after ESIO = O.

One word transfer can be terminated by ESIO = 0 in the inter-
rupt service program on receipt of the interrupt caused by the buffer

empty.
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ESTO T

SIOF

SeE —f_*“j—;m
sCK L s I I

S0 (Do X D1 X D2 XD3 (Do XD1' XD2"XD3"

IS10 A ’ T -y
SB(OPOF) D G

(a) Internal clock operation (with wait operation)
[

[%7] =
= 0
(=} =
] (e}

S0

ISIO

SB(OPOF)

(b) External clock operation

/{T_

ESTO

L

SIOF
SEF
SCK

S0

ISIO0

SB(OPOF) KD

(c) Completion at one-word transfer

Fig. 1.11.4 Completion of Transmission
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I Receive (trailing edge shift) mod%;]

Data can be received by setting the receive mode in the command register
as well as by setting the ESIO (MSB of command register) to "1".
When the four data are received from the 81 pin, the 4-bit data is
transferred from the shift register to the buffer register. At the same time,
interrupt (ISIO) takes place to request the data reading (buffer full).
Since the shift register has been transferring the data to the buffer reg-
ister, the shift operation is continued without waiting for the data being
read.

When the data received from the port address IPOF is read in the inter-
rupt service program, the interrupt request is reset. And then the next 4-bit
data is transferred from the shift register to the buffer register if the

buffer register has been full.

Internal clock operation

During the operation of the internal clock of fc/27Hz, if the next 4-
bit data is not read out of the buffer register (the IPOF has not been ac-
cessed) in the program though the 4-bit data has been entirely input, the
shift clock automatically stops, and the wait operation is taking place
until the data is read out.

The maximum receiving rate is 31250 bit/sec at the 4 MHz basic clock.

External clock operation

Since the shift operation synchronizes entirely with the clock provided
from the external circuitry, the current data should have been read by the
instruction before the next 4-bit data is transferred to the buffer register.
The transfer rate is, therefore, determined by the maximum time lag from the
receipt of interrupt request (ISIO) to the read of the data in the buffer

register by the interrupt service program.
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5 1 TMP4740P
§E 3>  TECHNICAL DATA THPA7208
ESTO ] i
se coumeor—— [ [ LML LT T AL LT L
ST 7 Dy YD; XD, YD3 Y Do'Y D1 Y2 ! D3' ADo" }D1" Dz"{ D3"
shift (Sampling) 4 4 4 f N R
1s10 N J'
58 e T X
Read (IPOF) J e
(a) 1Internal clock operation (with wait operation)
ESIO _J

304

ST Wil S Y O €D CH CH O OB R €9 X
shift (Sampling)  p 4 4} f o p

N N

SB XD AX D' D"
Read (IPOF) \

(b) External clock operation

Fig. 1.11.5 Receive (trailing edge shift) Mode
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Completion of receiving

When all of the data are read, the receiving of data can be
completed upon termination of the current data transfer, by resetting

the ESIO to "O".

Whether or not the data transmission is terminated can be sensed

in a program by the SIOF (MSB of status input).

To complete the receive operation when the synchronization is

desired between the serial transfer and interrupt service program
(indicates data reading or completion of receiving), there are two

ways according to the speed of shift clock.

The receive/transmit mode must be maintained without switching
the mode until the last data is read out even if the completion of the
data transfer is indicated; otherwise the contents of the buffer reg-

ister will be lost.

(a) Sufficiently slow data transfer rate (external clock operation)

If the timing, operated by the external clock, is slow enough to
reset the ESIO to "O" prior to the generation of the next shift clock,

the ESIO can be reset to "0" in the interrupt service program which

is loaded to read out the last data. Thereafter the last data is read.
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ESIO

SIOF

SEF

SCK A S (N B U B N B O

SI p2'Y Dp3' Y D" X Di" X D" Y p3' 7

1510 r(;L
\

” - V) X

Read (IPOF) \u \0(

Fig. 1.11.6 Completion of Receiving (at slow transfer rate)

(b) Fast transfer rate

If the shift operation for the next data may start before the
current data is read out by receipt of the interrupt request becuase
the transfer rate is too fast, the interrupt service program which is
loaded to read out the last data but one should be used to reset the
ESTO to "0" after confirming that the SEF (bit 2 of status input) has
been set to "1'".

Thereafter, the data should be read. No operation is required to
complete the data transfer in the interrupt service program for read-

ing the last data.
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N

AN

Q

\'96\

<

7z,
%,
%

S
KA

ESIO

SIOF

SEF

SCK

ST

ISIO

SB

Read

The method mentioned above is usually taken for the internal

clock operation. In the external clock operation, however, the reset

of the ESIO and the read of data must be completed before the last

data is transferred to the buffer register.

(a) Program sequence of receive end indication

/L—Y_—

~f ~I ' 4

L+

4

e s s U s O O B

D GRS €00 15 G

D3v&/

-D3" m’ -D]”' D2v"v

D Yo'

X

\
Xo

1§ 5§

(IPOF) — a0

(b) Timing Chart

(in case of internal clock operation with wait operation)

Fig. 1.11.7 Completion of Receiving (at fast transfer rate)
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(c) One word transfer

The data receive operation starts after the ESIO is set to "1".
Then, the ESIO is reset to "0" after confirming that the SEF status
is set to "1". 1In this sequence, one interrupt casued by the buffer
full takes place; therefore, the data should be read out by the

service program.

(a) Program sequence of receiving start/end indication

ESIO

SIOF

SEF

SCK
SI

ISIO

SB

Read (IPOF)

(b) Timing Chart

Fig. 1.11.8 Receiving Start/Completion (at one word transfer)
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[Receive (leading edge shift) model

With this mode set in the command register, the data can be

received by setting the ESIO (MSB of command register) to "1".

When the four data are received from the ST pin, the 4-bit
data is transferred from the shift register to the buffer register.
At the same time, the interrupt (ISIO) occurs to request the data
reading (buffer full). Since the shift register is transferring
the data to the buffer register, the shift operation has been con-

tinued without waiting for the data being read.

When the data received from the port address IPOF is read in
the interrupt service program, the interrupt request is reset.
And then the next 4-bit data is transferred from the shift register

to the buffer register if the buffer register has been full.

The basic operation in the receive (leading edge shift) mode is
equivalent to that in the receive (trailing edge shift) mode except
that the edge for the shift clock is different, and that at time of
the transfer start, the first shifted data has been already input
from the external circuitry before the first shift clock is applied

to the data receipt. Timing charts are shown below.
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o _| —a
SIF | "

s L ! Lﬁ:
B T I T 1 1 I B ¢

N /2D C ED CB £ U O ¢

Shift (Sampling) f T ? 1 f ’ ! ?
ISIO ALEX -
Read (IPOF) \

(a) Internal clock operation (with wait operaticn)

Esto __ ] %

SIOF I
SEF [

seerveury [ LU O U
St 7707 Do X 01 X D2 XD X o' X0y X, X 3" Xno" X01" X02"X 05" 77777
Shift (Sampling) f f ! f } } f ! ! | } {
1810 B _
. O

X\
Read (IPOF) _l \i \_._(.

(b) External clock operation (at slow transfer rate)
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ESIO .—J /'l_f—

SIOF

SEF

ST

Shift (Sampling)

1510 J N

Read (IPOF) \——41 4 \

ESIO I ;‘

SIOF

SEF

SCK

......

S1

Shift (Sampling)

ISI0

o
Read (IPOF) \

(d) One-word transfer

Fig. 1.11.9 Receive(Leading Edge Shift)Mode
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2. Basic operation and pin operation
1. JInstruction cycle
2. Basic clock (CP) generation
3. Initialization operation
4. Memory stand-by function
5. Interrupt input
6. Input/output port

7. Other pins

The timing in each basic operation, and the configuration, function,

and timing of the pins are described according to the above items.

The operation and timing with each component of the hardware are

covered in detail in the description of each item of the components.

Different input/output port circuit system can be specified accord-
ing to the port. The details to specify the type of input/output port

circuit are given in the descreption covering the program tape format.

2.1 Instruction cycle

The instruction execution and the internal hardware control are

synchronized with the basic clock (CP, fc Hz).

The minimum unit of the instruction execution is called the
"instruction cycle", and all instructions are executed by one or two
instruction cycles, each of which is called one-cycle instruction or

two-cycle instruction.
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An instruction cycle consists of four machine cycles (M1 v Mg),

and each machine cycle requires two basic clock times.

1/fe

-
O p| I

M2

M3

JHH

My

MaEhine cyc}e
fe————— Instruction Cycle —————=
PC+1+PC PC~ROM
ROM=IR-Decoder

RAM-Register>ALU ALU-RAM-Register
Port Input

Port Outpu

Fig. 2.1.1 Instruction Cycle

Basic clock (CP) generation

An oscillation circuit is contained, and the necessary clock is
easily generated by connecting the resonator to external pins (Xyy,

XouT). By the way, the oscillation circuit serves as schmitt circuit

The clock generated in the oscillation circuit is called the
"basic clock" with which the internal control is synchronized.
The basic clock is applied to the timing generator and the control

circuit of system to provide various control signals.
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The following are the examples of the resonator connection.

XIN y_ 1 XOUT
Cerami

ICIN I Cout

(a) For X-tal or ceramic resonator

XIN XouT
R
T C
777
(b) For RC
XIN XouT
(Open)

(c) For external oscillator

Fig. 2.2.1 Resonator Connections

2.3 Initialization operation

Initialization operation is performed by keeping the RESET pin
to the low level. However, the following conditions are required to

put the initialization operation into practice with certainty
@ The supply voltage is within the operating voltage.
@ The oscillation circuit operates stably.

(® The RESET is held at the low level in at least three instruc—

tion cycle time.
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The following processings are performed by the initialization operation.

@ Reset the program counter to "O".
@ set the status flag to "1".

(® Reset the interrupt enabling master F/F and the interrupt
enabling register to "O", and also reset the interrupt

latch to "0".
@ Reset the divider to "O".

(® Initialize the input/output port and command register to the

fixed level.

The initialization operation is released due to the rise of the
RESET pin to the high level, and the program can be executed from

address 0 in sequence.

The RESET pin serves as Schmitt circuit input, and is connected with

pull-up resister (= 200k TYP., MOS-load resister).

2.4 Memory Stand-by function

Even during the cut off of the main power supply (Vpp), the
RAM data can be held with low power dissipation by connecting the
back-up power supply to the Vgy pin. This memory stand-by operation

is performed by the following procedure.

@ Keep the RESET pin at the low level in at least three

instruction cycle time before the Vpp power goes to

the minimum operating voltage.

Hold the low level of the RESET pin. At the same time, the
P
level of the VyH voltage should be kept at that of more than

mimimum stand-by voltage.
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The operation should be started from initialization operation

after the main power supply is resumed.

The power dissipation at the stand-by time can be minimized by

this function.

2.5 Interrupt input

Two pins (INT1, INT2) are provided for the external interrupt
input. Since these pins are common pins with Rg port, they can be
used as I/0 pins (Rgy, Rgy) respectively, if not used as the inter-

rupt input pins.

The interrupt via INTy can be inhibited at any time by the
program, but the interrupt via INT] is not inhibited by it inde-
pendently. Therefore, when this pin is used for the Rgy port, the
interrupt will always take place due to the detection of the falling
edge of the signal. It is necessary to set a dummy interrrupt service
program including the (RETI) instruction only, even if the INT; is

not used.

The interrupt latch is set by the falling edge of the external

inputs (INT7, INT2 ), and an interrupt request is made to

the CPU. To assure that the interrupt latch is positively set or
reset, and that the next interrupt request is set, both of the high
and low levels should be kept for more than two instruction cycle

time.

The external interrupt input is the Schmitt circuit input.
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Instruction
cycle

_.+,_____.’_ _____ o + e — - — -

T
Execution Interrupt Execution of ad- Execution
of acceptance dress 002 (RETI) of
instruction process instruction instruction

Fig. 2.5.1 Interrupt Timing (Dummy process of INT] interrupt)

2.6 Input/output port
(1) Input/output timing

The timing to read the external data from the input port or I/0
port is in M3 machine cycle in the second cycle of the input instruc-
tion (two-cycle instruction). Since this timing cannot be externally
recognized, the transient input data should be processed by a program.

The timing to output the data to the output port or I/O port is
in M4 machine cycle in the second cycle of the output instruction
(two-cycle instruction), but this timing cannot be externally recognized.

lst Cycle 2nd Cycle
Input instruction —

My My M3z My M Mp M3 My

Input strobe r_1

(a) Input Timing

L 1st Cycle n 2nd Cycle

[:Ml M2 +M§,.;.M&lk@l Mo M My _]_

Latch strobe J_L

External pin 4>xf’/————

(b) Output Timing

Output instruction

Fig. 2.6.1 Input/Output Timing



PRl INTEGRATED CIRCUIT THPL740P
' TMPL720P
= TECHNICAL DATA
(2) Input/Output circuit format

The input/output circuit format of the input/output port is

shown following.

For the TMP4740P and the TMP4720P, any of the input/output circuit

systems shown in the following tables can be selected.

You can

specify your input/output circuit system when requesting the program

tape.

""IOCODE AA" is employed if not specified.

Input/Output Circuit Code (IOCODE) AA
t
RS Input Output 1/0 1/0 1/0
Ell,i; (o) (Py,Py) (Ry,R5,Rg) (R7) (Rg,Rq)
1/0 R
equiv= | Maww{>o{>- -{>o—|5 >o— <> o—
hlent R R R
Circuit
R = 1k (TYP.) R = 1k® (TYP.)| R = 1k (TYP.) | R = 1k (TYP.)
o High threshold] o Sink open o Sink open o Sink open o Schmitt cir-
input. drain output. drain output. drain output. cuit input.
o No resistor is o High output o Qut?uF %ap?h ° QutPuF %at?h o Sink open
. current. is initializ- is initialized| drain output.
Remark | contained. ed to thehigh| to the high
o Qutput latch & 8 o Qutput latch
S e s s level. level. e e e s as
is initialized is initialized|
to the high to the high
level. level.
Note : The input/output port of the evaluator chip TMP4700C is made up with

the circuit system equivalent to this input/output circuit system;

therefore, the system of the TMP4700C can become equivalent to that
of the TMP4740P or the TMP4720P by externally installing EPROM
(program memory) on the TMP4700C (but TMP4700C is not contained the

pull-up resistor with RESET pin and the pull-down resistor with

TEST pin.).
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Input/Output Circuit Code (I0CODE) AE
» Port input Output /0 1/0 1/0
Cuic (Ko) (P1,P2) (Ry,Rs,Rg) (®7) (Ro,Ro)
}:’DD Vpp
. IN RL
1/0 ~Do—‘—”i———D ~D0—L—| Do_‘—_l D°
lequiv—
alent R R R
cir-
cuit | RIN=100kQ(TYP.) RL = 5kQ (TYP.) _ _
R = 1k R =1k (TYP.) R =1k (TYP.) R =1k (TYP.)
o High threshold | o Sink open o Sink open o Sink open o Schmitt cir-
input drain output. drain output. drain output. cuit input.
o Pull-up o High output o Pull-up re- o Output latch |o Sink open
Remark resistor is current. sistor is con- isinitialized| drain output.
contained. o Output latch tained. to the high levelo Output latch
isinitialized|o Output latch is is initialized

to the high level

initialized to
the high level.

to the high level

to the highlevel

isinitialized
to the high level

Input/Output Circuit Code  (IOCODE)  AF
™ ort Input Output 1/0 I/0 1/0
cuit (Ko) (P1.P2) (Ry,Rs5,Re) (R7) (Re,Rs)
VDD
R Ry
1/0
equiv- B %__{ _D‘)—I__l [ ]
alent N i R R R
cir-
cuit
RIN=1000 (TYP.) RL, = 5k (TYP.)
R =1k (TYP.) R-1lko (Typ.) | M@ (TYP.) 1 R=1k0 (TYP.)
o High threshold | o Sink open o Sink open o Sink open o Schmitt cir-
input drain output. drain output. drain output. cuit input.
o Pull-down o High output o Pull-up re- o Output latch |o Sink open
R " resistor is current. sistor con- isinitialized| drain output.
emar X . .
contained. o Output latch tained. to the high level0 Output latch
isinitialized|o Output latch isinitialized

to the high level
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to the high level

isinitialized
to the low level

TMP4740P
-— TMP4720P
ﬁz TECHNICAL DATA
Tnput/Output Circuit Code  (IOCODE) AH
ot Input Output 1/0 1/0 I/0
cuit (Ko) (P,,P,) (R, ,Rs,Rg) (”7) (Rs,Rs)
VoD VDD
1/0 R RIN R
equiv- m ‘[>°*|__I ‘[>°‘\___|
al'ent R R R
cir—
cuit
RIN=100KkQ(TYP.) RL=5kQ (TYP.) ,
R=1kQ (TYP.) R=1ko (Typ.) | R-IK® (IYP.) | R=1k (TYP.)
o High threshold |o Sink open o Sink open o Sink open o Schmitt cir-
input drain output. drain output. drain output. cuit input.
o Pull-up o High output o Pull-up re- o Output latch [o Sink open
Remark| resistor is current. sistor is con- isinitialized| drain output.
contained. o Output latch tained. to the high level o Output latch
isinitialized|o Output latch isinitialized

to the high level

RIN=100k2 (TYP.)
R=1k2 (TYP.)

RL=5kQ (TYP.)
R=1kQ (TYP.)

R =1kQ (TYP.)

Input/Output Circuit Code (TOCODE) AT
Cirf’ort Input Output 1/0 1/0 1/0
Ui—l; (Ko) (P1 ,Pz) (quR5bR6) (R7) (Rs,Rs)
VDD
I/0 R Ry,
equiv- ~D0—L—_|5/’—-D ‘DO—]__' —[>°—|_| «Do—|_——'
alent
cire R R R
cuit —

R=1k& (TYP.)

Remark

o High threshold
input

o Pull-down
resistor is
contained.

o Sink open

drain output.

o High output

current.

o Output latch
isinitialized
to the high level

o Sink open

drain output.

o Pull-up re-
sistoris con-

tained.

o Output latch
isinitialized
to the low level

o Sink open
drain output.

o Output latch
isinitialized

to the high level

o Schmitt cir-
cuit input.

o Sink open
drain output.

o Output latch
isinitialized

to the high level
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2.7 Other pins

Timer/Counter input

Two pins (T1, Tp) are provided for the external timer/counter
inputs. Since these pins are common nins with Rg port, they can be

also used as I/0 pins (R83, RSl)’ respectively, if not used as the

timer/counter inputs.

The count latch is set by the rising edge of the external input
(Ty, Ty), and a count request is made to the CPU. To assure that the
count latch is positively set or reset, both of the high and low

levels should be kept for more tham two instruction cycle tirmes.

The external timer/counter input is the Schmitt circuit input.

Serial port

This port is connected to the external circuitry via three pins
(SCK, SO, SI), which are also used for the Rg port. These pins can
be used as the pins of the Rg port (R92, Rg9], R9Q), if not used for

the serial port.

To assure that the shift operation is positively performed in the
external clock mode, both of the high and low levels should be kept

for more than two instruction cycle times.

The SCK input in the external clock mode and the SI input in the

receive mode are Schmitt circuit inputs.

TEST pin

This pin is used for the shipment test. To operate the user
system with this pin, the input should be surely set to the low level.
By the way, TEST pin is connected with pull-down resistor (= 70kQ TYP.,

MOS-load resistor).
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3. Instructions

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

l-cycle instructions and 2-cycle instructions.

1-byte, l-cycle instructions are mainly used in this series, and

are arranged so as to improve the program efficiency.

1-byte l-cycle instruction 40
1-byte 2-cycle instruction 11
2-byte 2-cycle instruction 39

Total 90

(a) Classification by byte/cycle

Move instruction (Note 1) 22
Compare instruction 6
Arithmetic instruction 16
Logical instruction 9
Bit manipulation instruction 24
Input/Output instruction (Note 2) 6
Branch, subroutine instruction 6
Other instruction 1

Total 90

(Note 1) : Including ROM data referring instructions

(Note 2) : Including PLA referring instruction.

(b) Classification by function

Table 3.0.1 Classification of Instructions.
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3.1 Description of symbols

The following symbols are used for describing the instructions in the

followirg explanations.

Symbol Description
AC Accumulator
M[x] Data memory (Address x)
HR H register
LR L register
Plp] Port (Address p)
FLAG Flag
CF Carry flag
ZF Zero flag
SF Status flag
GF General flag
PC Program counter
STACK[(SPW) ] Stack (Stack level is indicated by the contents of stack

pointer word.)

SPW Stack pointer word

EIF Enable interrupt master F/F

EIR Enable interrupt register

INTLj Interrupt latch (j=5 - 0)

DC Data counter

ROM[x] Program memory (Address x)

(ROMH , ROMy,) (High-order 4 bits or low-order 4 bits are expressed by

suffix H/L.)

“ Transfer

5 Exchange

+ Addition

- Substraction

A Logical ANLC of the corresponding bits
\% Logical OR of the corresponding bits
ha Exclusive OR of the corresnonding bits
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Symbol Description
(cm Inversion of carry flag contents
null Processed result is transferred nowhere
(AC) Contents of accumulator
(1n.L) Contents of 8 bits coupling H register with L register
M[(H.L)] Contents of data memory for which the contents of 8 bits

coupling H register with L register is used as address.

(AC) <b> Contents of bit assigned by b of accumulator.
(LR)<3:2> Contents of bit 3 to bit 2 of L register
(PC)<11:6> Contents of bit 11 to bit 6 of program counter

3.2 Description of instructions (*): Note 1 (**): Exec.cycle (;%): Hexadecimal

*
Ltem | pssembler Object Code Function Flag (%) (%)
cl Mnemonic CF|ZF[SF
ass Binary [€5) Functional Description
LDA, GHL (0000 1100| 0C | (AC)<M[(H-L)] [-z1]1

Loads the contents of the data memory spec—
ified by the H and L registers in the ac-
cumulator.

DA, x 0011 1100]| 3C  (AC)<M[x] -z 1]2
xyxy, - Loads the contents of the data memory spe-—
cified by the x of the instruction field in
tie accumulator. '

LD HL, x 0010 1000|238 ' (LR)*M[K],(HR)«M[x}1]
xpXy, | X' =X7XeXs5X4X3%,00
Loads the consecutive two-word contents of
| the data memory specified by the x' (modi-
fied x) of the instruction field in the H
and L registers.

ID A, # |0 100 kokokiko| 4 Kk | (AC)<k [z 1]1
Loads the immediate data k of the instruc-
tion field in the accumulator. Serves as
the clear instruction when k= 0.

X7XeX5Xy X3X2X1Xo

- - 112

X7XeXs5Xy X3X2X3Xo

Move Instruction
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Items

Class

Assembler
Mnemonic

Object Code

Flag(*)
CF[ZF[SF

Function

)

Binary

Functional Description

Move Instruction

LD H, #k

110 0 kskokiko

c k

(HR) <k [- -1 1

Loads the immediate data k of the instruc-
tion field in the H register. Serves as the
clear instruction when k=0.

LD L, fk

1110 kskak ko

|

(LR <k - -1]1

Loads the immediate data k of the instruc—
tion field in the L register. Serves as the
clear instruction when k=0.

LDL A, @DC

001%

33

(AC)«ROML[(DC) ] [-z1]2

Loads the lower-order 4 bits of the data read
out of the data table of the program memory
specified by the data counter, in the ac-
cumulator.

LDH A,@DC+

0010

32

[ (AC)«ROMH[(DC) ], (DC)«(DC)+1 ]- z 1 ] 2

Loads the higher-order 4 bits of the data
read out of the data table of the program
memory specified by the data counter, in the
accumulator, and then increments the contents
of the data counter. [Note 2]

ST A, @HL

1111

OF

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

Stores the contents of the accumulator in the
data memory specified by the Hand L registers.

ST A,@HL+

1010

1A

M{(H-1) ]<(AC), (LR)<(LR)+1 [-zc]1

Stores the contents of the accumulator in the
data memory specified by the H and L regis-—
ters, and then increments the contents of the
L register. [Note 3]

ST A,@HL-

1011

1B

M[(H.L)]<(AC), (LR)<(LR)-1 [-z3] 1

Stores the contents of the accumulator in the
data memory specified by the H and L regis-
ters, and then decrements the contents of the
L register. [Note 3]

ST A, x

0011

X7XeXs5Xy

1111

X3X2X1Xo

3F
XX,

M[x]<(AC) [--1]2

Stores the contents of the accumulator in the
data memory specified by the x of the instruc-
tion field.

ST #k,@HL+

1111

kskokiko

F k

M[(H-L) J<k, (LR) < (LR)+1 - z¢c] 1

Stores the immediate data k of the instruc-
tion field in the data memory specified by
the H and L registers, and then increments
the contents of the L register. [Note 3]
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Ltems
Assembler . . Flag(*) | sy
Mnemoni ¢ Object Code Function CF[ZF[SF (#%)
Class - - Py
Binary (&) Functional Description .
ST#,y | 0010 1101]|2D]| Mylk [- - 1] 2
k y | Stores the immediate value k of the instruc-
kskokik
s¥afakto Yayzyayo tion field in the data memory specified by
y (page 0) of the instruction field. Serves
as the clear instruction when k=0. '

MOVH, A | 0001 0000| 10| (AC)<(HR) [—21|1
Loads the contents of the H register in the
accumulator.

MOVL, A [ 0001 0001|171/ (AC)«(LR) 1—2111
Loads the contents of the L register in the
accumulator.

o« |xcH A, H 0011 000030 (HR)Z(AC) 1—21{2

3 Exchanges the contents of the accumulator for

§ those of the H register. [Note 2]

<

% |XCHA, L [ 0011 0001]31]| (LRI(AC) ‘ 1-21[2

£ Exchanges the contents of the accumulator for

] those of the L register. [Note 2]

<

=~ |XCH A,EIR | 0001 0011]13]| (EIR)3(AC) !— -—1| 1
Exchanges the contents of the accumulator for
those of the interrupt enable register.

XCH A,@HL | 0000 1101/ 0D |M(H-L)IZ(AC) l- z 1] 1
Exchanges the contents of the accumulator for
those of the data memory specified by the H
and L registers. [Note 2]

XCH A, x 0011 1101/ 3D ]| Mx]J5(AC) I—zllz

xyx[, | Exchanges the contents of the accumulator for
H7ReXsHa FaRziaXo those of the data memory specified by the x
of the instruction field. [Note 2]
1< 1 <
XCHHL, x | 0010 1001|209 |MEIS(LR),Mx"+1]5(HR) - -1 2
XHXL X =X7X6X5X4X3X200

X7XeXs5Xy X3X2X1Xo

Exchanges the contents of the H and L regis-
ters for consecutive two-word contents of
the data memory specifiedby the x' (modified
x) of the instruction field.
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ltems ) ) ssembler Flag(*)

Mnemoni c Object Code Function CElZE[SE

—

*%)

Class| :
Binary (’3‘*) Functional Description

CMPR A,@HL|[0 001 011016 |nulleM[(H-L)]-(AC) |§ z ZJ 1
Compares the contents of the data memory spec-—
ified by the H and L registers with those of

the accumulator.

B . R
CMPR A, x |0011 1110 3E |nilleM[x]-(AC) |§ Z ZJ 2
Compares the contents of the data memory spec-
ified by the x of the instruction field with
those of the accumulator.

X
X;XeXs5Xu X3X2X,Xo| “HXL

CMPR A,#k | 110 1 kskzkiko| D k | null¢k-(AC) (B zZ I 1
Compares the immediate data k of the in-
struction field with the contents of the ac-
cumulator. Serves as the accumulator test
instruction when k= 0.

3 8 | null<k—(HR) !— 7 B l 2
Compares the immediate data k of the in-
struction field with the contents of the H
register. Serves as the H register test in-
struction when k=0.

CMPR H, #k

= o
= O

Compare Instruction
o~
o
=
M
= O
N
= O
o
©
S}

-

1000 nullck-(LR) l— Z B | 2
kskok,ko| 9 k [ Compares the immediate data k of the in-
struction field with the contents of the L
register. Serves as the L register test in-
struction when k=0.

null<k-M[y] lg 7z 72| 2

k y [ Compares the immediate data k of the in-
struction field with the contents of the data
memory specified by the y (page 0) of the in-
struction field. Serves as the data memory
test instruction when k=0.

w
fer]

CMPR L, #k

= o
oo
o
=

CMPR Y,#k [0 010 1110

[
el

kskokiko yay2yiYo

INC A 0000 1000 (08 | (AC)«<(AC)+L l-zEJl
Increments the contents of the accumulator.

INC L 0001 100018 |(LR(LR+L JI-ZEII
Increments the contents of the L register.

Arithmetic
Instruction
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I tems

Class

Assembler

Mnemonic

Object Code

X Flag(*)
Function CfﬁﬁJSF (*%)

Binary

Functional Description

Arithmetic Instruction

{INC @HL

00 1010

M[(H-L) [*M[(H-L) ]+1 l— Z EI 1

Increments the contents of the data memory
specified by the H and L registers.

DEC A

(AC)<«(AC) -1 |— z E] 1

Decrements the contents of the accumulator.

DEC L

(LR)«(LR) -1 [- z E[ 1

Decrements the contents of the L register.

DEC @HL

M[(H-L) J<M[(H-L) -1 |- z38]1

Decrements the contents of the data memory
specified by the H and L registers.

ADDC A,@HL

(AC)+(AC)+M[(H-1) ]+(CF) |c z El 1

Adds the contents of the data memory spec—
ified by the H and L registers as well as
those of the carry flag to those of the ac-
cumulator, and places the result in the ac-
cumulator.

ADD A,@HL

(AC)<(AQ)+M[(H-1) ] f- z Ef 1

Adds the contents of the data memory spec-—
ified by the H and L registers to those of
the accumulator, and places the result in the
accumulator.

ADD A, #k

(=)

11 1000
00 kskokiko

(AC)+(AC)+k I- z EI 2

Adds the immediate data k of the instruction
field to the contents of the accumulator, and
places the result in the accumulator. Serves
as the correction instruction for decimal ad-
dition and subtraction when k=6 or A.

ADD H, f#k

11 1000
0 0 kskokiko

(HR)* (HR) +k |- z "6| 2

Adds the immediate data k of the instruction
field to the contents of the H register, and
places the result in the H register. Serves
as the H register increment instruction or
the decrement instruction when k=1 or F,
respectively.
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x
tems Assembler Object Code ( Function g;ﬁgﬁ;; (*%)
Class Mnemonic Binary (£%) Functional Description
ADD L,#k | 0011 1000 (LR)<{LR)+k |- z E} 2

0w
~

Adds the immediate data k of the instruction
field to the contents of the L register, and
places the result in the L register.

1000 kskskiko

ADD @HL,# |0 011 1000 |3 8 | M[(H-L)]*M[(H-L) ]+k l— Z C l 2
4 k | Adds the immediate data k of the instruction

0100 kskzkiko field to the contents of the data memory

specified by the H and L register, and

places the result in the data memory. Serves

as the correction instruction for the decimal

addition and subtraction when k=6 or A.

ADD v, f#ik 0010 1111 Mlyl<M[y]+k I— z EJ 2
Adds the immediate data k of the instruction
field to contents of the data memory specified
by the y (page 0) of the instruction field,
and places the result in the data memory.
Serves as the correction instruction for
decimal addition and subtraction when k = 6
or A.

kol
T

kskakiko y3y2y1Vo

Arithmetic Instruction

SUBRCA,GHLI0 0 01 0100 |1 4 | (AC)<M[(H-L)]-(AC)~(CF) f,B z E[ 1
Subfracts the contents of the accumulator and
the inverse contents of the carry flag from
the contents of the data memory specified by
the 71 and L registers, and places the result
in the accumulator.

(AC)<k~(AC) L— z Bl 2
Subtracts the contents of the accumulator
from the immediate data k of the instruction
field, and places the result in the accumu-
lator. Serves as the accumulator 2's comple-
ment instruction or the data inversion (1's
complement) instruction when k=0 or F,
respectively.

SUBR A, #k 0011 1000
0001 kskakiko

oW
= o
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(%)

Mnemonic T n P
Class Binary (s%) Functional Description

M[(H-L) J«k-M[(H-L) ] ,— Z B l 2
Subtracts the contents of the data memory
specified by the H and L registers from the
immediate data k of the instruction field,
and places the result in the data memory.
Serves as the data memory 2's complement in-
struction or the data inversion (1's comple-
ment) instruction when k=0 or F,respective~
ly.

SUBR @HL, #k

[}
o

11 1000
0101 kskaok,ke

W
= o

Arithmetic
Instruction

(rotate left
by 1 bit
Rotates the contents of the accumulator and
carry flag to the left by one bit. [Note 4]

ROLC A 0000 0101 /|05 ) czcl1

rotate right =
RORC A 0000 011107 (bylbit ) |[czc| 1

Rotates the contents of the accumulator and
carry flag to the right by one bit.[Note 4]

1110 ]1E | (AQ)«(AQ)MM[(H-L)] ,— Zz 7 } 1
Carries out the logical AND of the corre-
sponding bits with the contents of the accu-
mulator and those of the data memory specifi-
el by the H and L. register, and places the
result in the accumulator.

o
<
f=l
-

AND A,@HL

AND A, #k 0011 1000 |38 | (AC)«(AC)Ak ]- zE| 2

3 k | Carries out the logical AND of the corre—
0011 kokskiko sponding bits with the contents of the accu-
milator and the immediate data k of the in-
struction field. and places the result in the
accumulator.

AND HL,#k |00 11 1000 |38 | M{(H-L) [“M[(H-T) ]Ak - zz]2
7 k | Carries out the logical AND of the corre-
0111 kskzkiko sponding bits with the contents of the data
memory svecified by the H and L registers and
the immediate data k of the instruction field)|
and places the result in the data memory.

Logical Instruction
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tems . i Flag(*)
. 38
Assembler Object Code Function CFIZFISF

Mnemonic " ) "
Class! Binary (#%) Functional Description

(%)

ORA, @GHL | 0001 1101| 1D [(AQ)«(AQVYM[(H-L)] !— Z Z | 1
Carries out the logical OR of the correspond—
ing bits with the contents of the accumulator
and those of the data memory specified by the
' H and T registers, and places the result in
the accumulator.

(ACY<(AC)Vk {— z 21 2
Carvies out the logical OR of the correspond-
ing bits with the contents of the accumulator'
and the immediate data k of the istruction
field, and places the result in the accumulator.

OR A, #k 0011 10600
0010 kskakiko

N W
=

Instruction

M[(H-L) J«M[(H.L) Jvk [-2z]>
Carries out the logical OR of the correspond-
ing bits with the contents of the data memory
specified by the H and L registers and the
immediate data k of the instruction field,
and places the result in the data memory.

OR @L,#k | 0011 1000
0110 kskykiko

N w
= oo

Logical

[ =
XOR A, GHL| 0001 1111 |1F |(AC)«(AC)¥M[(H-L)] L; Z Z l 1
Carries out the logical exclusive OR of the
correcponding bits with the contents of the
accumulator and those of data memory specifi-
ed by the H and L registers. and places the
result in the accumulator.

TEST CF 0000 0110 ({06 |(3F«(CF), (CF<0 |0 - *I 1
Places the inverse contents of the carry flag
in the status flag, and then resets the carry
flag to "O".

TEST A, b |0101 11b,bo|5 Ctb| (SF)«(AC)<b> l—-*il
Places the inverse contents of the bit, which
is gpecified by the b of the instruction
field, of the accumulator, in the status flag,

Instruction

TEST @L,b |0 1 0 1 1 0 bibo|58+b | (SF)«M[(H.L)J<b> [- - «] 1
Places the inverse contents of the bit, which
is specified by the b of the instruction
field, of the data memory specified by the H
and L registers, in the status flag.

Bit Manipulation
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TEST y, b 1 0011 1001| 39 | (SH*M[yl<b> l- - % | 2
10 bibo Yayayiyo 8+b y | Places the inverse contents of the bit, which

is specified by the b of the instruction
field, of the data memory specified by the y
(page 0) of the instruction field, in the
status flag.

[=)

11 1011 3B | (SE)*P[pl<b> [— - % l 2
8+b P | Places the inverse contents of the bit, which
is specified by the b of the instruction
field, of the port (port register in the
output port, and pin input in the input and
1/0 port) specified by the p of the instruc—
tion field, in the status flag.

TEST %P,b | O

[
(=}

bibo P3Pz P1 Po

o

[o]

1

5 | TEST @L 0011 0111 37 |(SF)«P[(LR)<3:2>+4]<(LR)<1:0>> l— - % l 2

2. Places the inverse contents of the bit, which

bt is specified by the lower-order two bits of

5 the L register, of the ports R4 - R7 (pin
input) specified by the higher two bits of

g the L register, in the status flag.

o

S |TESTP CF (0000 0100| 04 | (SF)«(CF), (CR)<l 1 - «] 1

3, Places the contents of the carry flag in the

= status flag, and then sets the carry flag to

o "l"~

=

et TESTP ZF 0000 1110 0E | (SF)«(ZF) I— - * l 1

= Places the contents of the zero flag in the

status flag.

TESTP GF 0000 0001} 01 | (SF)«(GF) . [ - =% l 1
Places the contents of the general flag in
the status flag.

11 1001 39 | (SF)«M[yl<b> | - - % [ 2
C+b y | Places the contemts of the bit, which is
specified by the b of the instruction field,
of the data memory specified by the y (page
0) of the instruction field, in the status
flag.

o

TESTPy,b | 0

1 1 bybo ysy2y1Y¥o
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TESTP%ZP,b | 0 0 1 1 101 1|3 B | (SP)<«P[pl<b> 1_ - x| 2

C+b P | Places the contents of the bit, whichis spec-
ified by the b of the instruction field, of
the port (port register for the output port,
and pin input for the input or I/0 ports),
which is specified by the p of the instruc-
tion field, in the status flag.

1 1 bibo psp2PiPo

SET CF 0000 0011[0 3| (GR+1 J-'lrl
Sets the general flag to "1".

SET @HL, b/ 0 10 1 0 0 bibo/5 b | M[(H-L)]<b>1 1— - 1T1
Sets the bit, which is specified by the b of
the instruction field, of the data memory

=

S specified by the H and L registers, to "1".

i)

o

2 [SET y, b 0011 1001{3 9 |Mylb>el J--1J2

o b Sets the bit, which is specified by the b of

a b1 b s P y

s 00 Bibo yay23130 the instruction field, of the data memory

= specified by the y (page 0) of the instruc-

9 tion field, to "1".

3

T |SET Zp, b {0011 101 1|3 B |Plpl<b><l [- - 1J 2

i b Sets the bit, which is specified by the b of

G bib y > P y

g 0.0 babo papzpapo the instruction field, of the port specified

= by the p of the instruction field, to "1".

4

Bl

A |SET @L 0011 0100 /(3 4 |P[(LR)<3:2>+4]<(LR)<1:0>>«1 !— - 1| 2
Sets the bit, which is specified by the lower
-order two bits of the L register, of the
ports R4 - R7 specified by the higher-order
two bits of the L register, to "1".

CLR GF 0000 0010|0 2 | (GF<«O |— -1 l 1
Clears the general flag to "0".
CLR @HL, b |0 10 1 O 1 bybo|5 &+b | M[(H-L)]<b> <0 J- -1 s
Clears the bit, which ‘is specified by the b
- of the instruction field, of the data memory

specified by the H and L register, to "O0".
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Assembler Object Code
Class Mnemonic Binary (.,:f‘.,:;) Functional Description
CLR y, b 011 10013 9 |Myl<b><«0 ——ll 2
01b.b 4+b y [Clears the bit, which is specified by the b
1Do Ysy2¥1Yo of the instruction field, of the data memory
specified by the y (page 0) of the instruc-
tion field, to "0".
CLR%ZP, b {0011 1011|3 B P[pl<b>+0 - - ll 2
4+b p [Clears the bit, which is specified by the b
01 byb > y
1Po PaP2Pibeo of the instruction field, of the port spec-
g ified by the p of the instruction field, to
'C'! "o,
o
E
5 |CLR QL 0011 01013, 5]|P[(LR)<3:2>+4]<(LR)<1:0>><0 I- - 1L 2
E Clears the bit, .which is specified by the
lower-order two bits of the L register, of the
g ports R, - Ry specified by the higher-order
](.:: two bits of the L register, to "0".
—
2 |CLRIL, r {0011 0110| 3 6| (INTL)<5:0>«(INTL)<5:0>Ar<5:0> T- - 1] 2
o -
I3 C+ryry| Resets the interrupt latch INTLj when the rj
& 1 rsfu Tsrarato of the instruction field is "0". (j=5-0)
el
& |EICLR IL,r [0011 01103 6| (EIF)=<l, -1l e
1 rsrs rararyiroe| HFTATL (INTL)<5:0>«(INTL)<5:0>Ar<5:0>
she terzhate Sets the interrupt enable master F/F to '"1".
Interrupt latch INTLj is reset when the rj
of the instruction field is "0". (j=5-0)
DICLR TL,r [0 011 0110 |3 6| (EED,
gtrnr,| (INTL)<5:0><(INTL)<5:0>Ar<5:0> | = = 1} 2
0 rsry rsrar Yo R*L +
Resets the interrupt enable master F/F to
"0". Interrupt latch INTLj is reset when
the rj of the instruction field is "0".
(3=5-0)
£ =
S5 |z, a4 (0011 10103 A|(AC)<P[p] [-zzlz
= 2 P [Places the input data from the port specified
§~§ 0010 PspzpPpo by the p of the instruction field in the ac-
=i cumulator.
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Mnemonic - % - —
Class! Binary (%) Functional Description
IN %P, GHL| 00 11 1010|3 A |M[(H-L)]«P[p] ‘- - 7| 2
6 P | Places the input data from the port specified
0110 papzpipo by the p of the instruction field inthe data
memory specified by the H and L registers.
OUT A, P |00 11 1010|3 A |P[p]l«(AC), P=P,PsP,P,Po T— - 1| 2

8+2p,p | Outputs the contents of the accumulator to
the port specified by the p of the instruc-
tion field. (0 <p <31)

10 E;O P3P2P:1Po

OUT @HL,%P [0 0 11 10 10|3 A |P[p]«M[(H-L)], P=P.PsP,P.Po |- - 1] 2
o C+2p4p [ Outputs the contents of the data memory

1 70 PaP2PiPo specified by the H and L registers to the

port specified by the p of the instruction

field. (0 <p <31)

—

Plpl<k i— - 1) 2
Outputs the immediate data k of the instruc-
tion field to the port specified by the p of
the instruction field. Serves as the clear
instruction when k= 0.

ouT #k ,%P 0010 1100
kskakiko Psp2p1po

oo
- Nel

Input/Output Instruction

OUTB @HL 0001 00101 2 P[2]P[1]«ROM[F: (E+(CF))M[ (HL)]]| - - 1 2

| Outputs the data (eight bits) of the program
memory located in addresses FEO - FFF, which
use a five-bit data connecting the contents
of the data memory specified by the H and L
registers and those of the carry flag, as
lower-order five-bit addresses, to the P2 -
P; ports.

BS a 0110 auavasas 6 ay |If SF=1 then (PC)+a else null. I— -1 I 2
Places the immediate data a of the instruc-
tion field in the program counter if the
status flag is at "1". If the status flag
is at "0", sets the status flag only to "1",
and moves to the next address.

a786dsds d3zaz2a:1ad ay ay,

Branch-
Subroutine
Instruction
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Items

Class

Assembler
Mnemonic

Object Code

Flag(*)
CF|[ZF[SF

Function

(*%)

Binary

Functional Description

Branch-Subroutine Instruction

BSS a

1 0 dsda dadzdido

If SF=1 then (PC)<a else null,

a=(PC)<11+6 > +d - -1t

Carries out the branch within a page (64-
byte) if the status flag is at "1'"; brings
the immediate value d of the instruction
field into the lower-order six bits of the
program counter. Since the updated value
remains in the higher-order six bits, if
this instruction is specified in the last
address in the page, branching is carried
out to the next page. If the status flag is
at "0", it sets the status flag only to "1",
and moves to the next address. [Note 5]

CALL a

0010 0 apasas

a73d6dsdy a3azaidao|

2 aH
ayp aL,

STACK [(SPW) ]«(PC) , (SPW) «(SPW) -1

(PC)<a, 0 <a<2,047 -2

Carries out the subroutine call; saves the
contents of the program counter in the stack,
and decrements the stack pointer word, and
then places the immediate data a of the in-
struction field in the program counter.
However, the call address of the subroutine
must be in the addresses 000 -7FF.

[Note 5]

CALLS a

0111 ns3npnino

STACK [(SPW) ]«(PC) , (SPW)« (SPW) -1

(PC)<a, a=8n+6(nt0), 134(n=0) |~ ~ ~| 2

Carries out the short form subroutine call.
The operation is the same as that of the
"CALL" instruction except that the value to
be set in the program counter is automatic-
ally defined by the n of the instruction
field. [Note 5]

0010 1011

(SPW)*(SPW)+1,(PC)«STACK[(SPW)]I— - -] 2

Returns from the subroutine to the previous
program; incremepts the stack pointer word,
and restores the data of the return address
from the stack to the program counter.
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ﬁi TECHNICAL DATA

Item| Agsembler Object Code Function kg;%E%fz{(**)
Mnemonic N R T ISE

Class Binaty (%) Functional Description

o (SPW)<(SPW)+1, .ok

g5 | BT 0010 1011 |2 B rpac.pc)<STACKI(SPW)], (EIF)<l 2
fh)

210 Returns from the interrupt processing routine;
B E increments the stack pointer word, and re-
ah stores the data of the return address from
=2 the stack and the data of the flag, to the
g+ program counter and the flag, respectively.

o And then, it sets the interrupt enable master
= F/F to "1".
5 g | NoP 0000 0000 |0 0]no operation | ---]1
5538 Moves to the next instruction without perform-|
cav ing any operation.

i

Note 1. Setting Condition of Flag.

"C" indicates the carry output from the most significant position
in the addition operation, and "B'" indicates the borrow output from the
rost significant position in the subtraction operation.

"Z" indicates the zero detection signal to which "1" is applied
only when either the ALU output of the processing result or all
four bits of the data transferred to the accumulator are zero.

The flag is set to "C'", 'C", "B", "z", "Z", "1", or "0" according
to the data processing rusult. The value specified by the function is
set to the flag with the mark "*", and the mark "-" denotes no change

in the state of the flag.
Note 2. The zero flag is set according to the data set in the accumulator.

Note 3. The flags (ZF, SF) are set according to the result of increment or

decrement of the L register.
Note 4. The carry is the data shifted out from the accumulator.

Note 5. The contents of the program counter indicate the next address of

the instruction to be executed.
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INTEGRATED CIRCUIT THPL74OP

e TECHNICAL DATA

ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (Vgs=0V)

SYMBOL ITEM RATING UNITS
VDD

Supply Voltage -0.5 7 v
VHH
Vin Input Voltage -0.5 ~v 7 v
Voutl Output Voltage (Except Open Drain Port} =-0.5 ~ 7
Vour2 Output Voltage (Open Drain Port) -0.5 ~ 10 v
Lout Output Current (P7, P2) 30 mA
Pp Power Dissipation (Topr=70°C) 850 mW
Tso1 Soldering Temperature - Time 260 (10 sec)
Tstg Storage Temperature =55 ~ 125 °C
Topr Operating Temperature -30 ~ 70

RECOMMENDED OPERATING CONDITIONS (Vgg=0V)

SYMBOL ITEM CONDITION MIN. MAX, | UNITS
Topr Operating Temperature -30 70 °C
Vpp

Supply Voltage 4.5 5.5
Vi v
VHH1 Supply Voltage (Memory Stand-by) 3.5 5.5
Vil High Level Input Voltage (R4 ™ R7) 2.2 Vpp
Vin2 High Level Input Voltage(Except R4VR7) 3 VoD
Vi1 Low Level Input Voltage (Except Kp) 0 0.8 !
ViL2 Low Level Input Voltage (Kg) 0 1.2
fc Clock Frequency 0.4 4.2 MHz
tycH High Level Clock Pulse Width(Note 1) Vin=Vin 80 -
tycL Low Level Clock Pulse Width (Note 1) ViN=ViL 80 - ns

(Note 1) For external clock operation.
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~ §R3>  TECHNICAL DATA

DC CHARACTERISTICS  (Vgg=0V, Vpp=Vgu=5V:10%, Topr=-30 v 70°C)

SYMBOL PARAMETER CONDITTON min. (195 wax. [ontTs
v Hysteresis Voltage . 0.5 -
HS (Schmitt Circuit Input) -3 v
1 Input Current (Note 2) B B B A
INL (Ko, RESET, TEST) Vpp=Yyg=5-5V, Viy=5.5V - -l 20 | w
Input Current
I P Viyn=5. =5. - - A
N2 (Open Drain R Port) pp=>-3V> Vyy=3-5V 20 1w
T Low Level Input Current v
1L (R Port with Pull-up Resistor) |'DD=5.5V, Viy=0.4V - - -2 | mA
Output Leak Current
I = = - -
LO (Open Drain P, R Port) Vpp=5-5V, Voyr=3-5V 20 | pA
High Level Output Voltage
\ Vpp=4.5V, Iny=-200uA 2.4 - - \Y
OH (R Fort with Full-up Resistor) | DP > TOH
VoL Low Level Output Voltage Vpp=4.5V, Igr=1.6mA n 0.4 v
(Except X0UT) ’ - N
I Low Level Output Current Vnn=5V. Var=1V _ 2 _
1 oL (P, P2) DD=2Vs VOL 0 mA
Ipptiyy | Supply Current Vpp=Vyp=>- 5V - 50 100 | mA
‘ IHHL  |Supply Current(Memory Stand-by) [Vpp=Yss»> Vim=3-5V - 5 10 | mA

(Note 1) Typical values are at Topr=25°C’ Vpp=Vuy=5V.

(Note 2) When an input resistor is built in the device, the input current through
the resistor is eliminated.

AC CHARACTERISTICS (Vgs=0V, Vpp=Vgp=5V+10%, Topr=-30"70°C)

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. |UNITS
tey Tnstruction Cycle Time 1.9 - 20 us
tgpy Shift data hold time (Note 1) 0.5tcy-300 - - nS

AC TIMING CHART
Vpp

10K®

;L?OpF

. Serial Port (Completion of transmicsion)

tspH (Note 1) External circuit
for serial ports
SCK and SO
50 X X X F1.5v




TMPL4720P

INTEGRATED CIRCUIT TMPL7LOP

HR3Z  TECHNICAL DATA

EXTERNAL DIMENSION VIEW

Unit in mm

41 39 37 35 33 31 29 27 25 23

42 740 38" 36 34 32 26 24 22
miihmhmh mmmmmmmm mrhmhrhm
8 1R es L as Y AL O, —
R 1.3 ) 5
@ S
L —
wwwmmwmmwmwwwwwmmmwwm
1012 14 16 _18. 20
123456780910 12,14 .16 .18 20, R Cote 1
' g E 15.24(TYP.)
S 50
53.8 MAX. s "
+H | O} .
o - fﬁj
A
} —
|
r(' 1/
I . 3
| e 0.25%0.1
0.5+0.1 EE
1.440.15 n| 2 15.3+18.3
~le

Weight 5.7g (TYP.)

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

leads.
Note 2. Each lead pitch is 2.54mm, and all the leads are located within
+0.25mm from their theoretical positions with respect to No.l

and No.42 leads.
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R=

TMP4720P

TECHNICAL DATA

Specification of program tape and input/output circuit format

Engineering Samples(ES) of the TMP4740P and TMP4720P will be made if
you specify the program data and input/output circuit format by use of a
paper tape.

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

(Format T).

The program data should be specified within the address space corres—
ponding to the built-in ROM capacity; the addresses 000 - 7FF denote the
address range in the TMP4720P. Accordingly, if the PLA data conversion
table (addresses Fro - FFF) is used, the table data must be assigned as

the data located in addresses 7E0O - 7FF.

Specification of input/output circuit format

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

just before the first record mark.

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

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

(Note) If the input/output circuit code is not specified, '"IOCODE AA" is
employed. It should be noted that if the specified format is
different from the standard one, and if the specified input/output
circuit code is illegal, such specifications may be considered

to have not been made.
(Example of tape list)

TOSHIBA MICROCOMPUTER TLCS-47

T10CODE AA
:100000000665C7D79CF50F3F951FED55A8FF16E570
:1000100088884DDE67E31F5D8ABA6GDF292F113F5C1
:100020004FF1F

:1007E000B53D42E0EC32546025B7308CDD52063D1D
:1007F000B4BEIEIE345B6138060B20BC372BF60BD6
:00000001FF
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INTEGRATED CIRCUIT NPLTLOP

ﬁz TECHNICAL DATA

TMP4720P

2. Program tape format (Format I)

Comment

@

ap

(Y
@

Specification of the

Leaders More than 50 characters of "NULL"

record mark ":" and
the input/output
Cotmenti ojrcuit format are

Not eciall
not included. ot sp Y

required.

input/output circuit format.

Specification of the inputfutput circuit .
format IOCODE XX (XX denotes the input/out It is considered
put circuit code) (It does not matter if to be no specifica-
there is "NULL" from immediately after R, tion, if not specified.
@B to immediately before record marking.)

188

Record mark (start of record)

the number of program data within one record

Record | ; L. .

length | 1S represented by two-digit hexadecimal nota-
8 tion. "00" denotes the end of data.

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

)

Record ,"00" ..... Normal record
type "ol ..., End of file record

(l-byte data is represented by )

Data - . .
two-digit hexadecimal notation.
two-digit hexadecimal notation is used to re—
present the data of the lower-order eight bits
in the value which the data covering from the
Checksum R

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

Record mark (the same procedure is repeated hereinafter.)

Trailers More than 50 characters of "NULL"



INTEGRATED CIRCUIT

R=E

TECHNICAL DATA

TMPL7L0P
TMPL720P -

LIST OF INSTRUCTIONS

Opect Code x| g

Assembler Flags |_J
Binary Hexadecimal Function k]

Mnemonic v T om g

1st Byte 2nd Byte Byte| Byse CF‘IZF[S =

LD A ,@L |00 00 11 00 oc (AC)+M[(H+1)] -z 1l

LD A, X 00 11 11 00 XqXeXsX4X3X2X1XQ 3C xyxy | (AC)eM[x] - % 1{2

LD HL, X 00 10 10 00 X7XeXsXgXsXpXixp | 2 8  xyxp | (LE)eM{x], (HR) e~ M[ d+1], ¥ =x7xgXgXexaxad — — 1|2

LD A ik 01 00 K3kpkyKg 4k (AC)«x - 74 1f1

LD HoHk 11 00 kskpkyke C ok (HR) «=k - - il1

LD L itk 11 10 k3kpkykg Bk (Lin) % - - 11
DL A ,@C | 00 11 00 11 35 (ac) —romy [ (D6)] I 1T

LDH A ,@DC+| 00 11 00 10 3 2 (AC) «ROMy [(0C) T, (DC) = (DC) 1 - 2 1|2

ST A ,@HL | 00 00 11 11 0 F ML(H+L) 4 (aC) - = 1/1

ST A ,@iL+|{ 00 01 10 10 1A M (HeL)Je (AC), (LR}« (LR) + 1 - 2 Tl

ST A L@HL—| 00 01 10 11 1B M{(HeL) ]+ (AC), (LR) = (LR) —1 — 2z EB|1

° ST A, %X 00 11 11 11 XyxgXsX4XgKoXiXg 8 F  xpxq M{x ] (ac) - — 1|2
gz qsT HKO@HLH | 11 11 kakekiko FoK ML (H=L) ]k, (LR) e~ (LR) + 1 - 72 Tl
st #K, y | 00 10 11 01 kgkokpke¥a¥a¥1¥e | 2 D &k v | M{ylek - — 1!z
MOV H , A 00 01 00 00 10 (AC) «—(HR) -z 1j1

MOV L, A |00 01 00 01 11 (A0) & (LR) - 2 111

XCH A, H |00 11 00 00 30 (HR) & (AC) -z 1|2

XCH A, L 00 11 00 01 31 (LR) = (AC) - 2 1(2

XCH A ,EIK | 00 01 00 11 13 (EIR) & (AC) - — 1f1

XCH A ,@HL | 00 00 11 01 0 D M (HeL) ] = (AC) - 2 1|1

ACH A, X |00 11 11 01 xqXeXs¥axaxpxixy | 3 D xpyx; | Mx]=(ac) 2 1(2

XCH  HL, X 00 10 10 01 X7XeX5X4XgXX1Xp 2 9 xyxp | MIX ]& @OR) Mx'+1] (HR), % =7 x x5 X4 X3 %500 - — 1|z
CMPR A ,@HL | 00 01 01 10 16 nulleM [(HeL)J—(aC) B oz Zj1
CMPR A , X 00 11 11 10 x7xeXsXgXgpXaXo | 3 B xgxp [ nulleM [x]—(ac) B o2 72

5 CMPR A,k 11 01 Kgkakjkg Dk nullek —(AC) B 2 7|1
H CMPR H ,#k 00 11 10 00 11 01 K3kpk;Xp 3 8 D k | oull<k —(HR) - z B|2
S |ewPR Lk 00 11 10 00 10 01 KgKpkjkg | 3 8 9 k | nulle—k ~(LR) 2z B|2
CMPR Yy ¥k 00 10 11 10 KgkokiKoysVeyiye | 2 B X y {oullex-My] B 7 7|2

INC A 00 00 10 00 o8 (AC) = (AC) +1 - 2z T|1

NG L 00 01 10 00 18 (LR) ¢ (LR) + 1 - 2 Th

INC @HL 00 00 10 10 0 A M (HeL)JeM[(B-L) 1 — z T|1

DEC A 00 00 10 01 09 (AC)« (AC) — 1 -z B|1

DEC L 00 01 10 01 19 (LR)«—(LR) — 1 - z Bla

DEC (@HL 00 00 10 11 0B ML (L) JeM[(HeL)]—1 -~ 4 Bl1

< ADDC A ,@HL | 00 01 01 01 15 (AC)«(Aac) +M[(H-L) ]+ (CF) c z T|1
'é ADD A ,@HL | 00 01 01 11 17 (AC)+~ (AC) +M[(H-1)] - 2z Tl
3 ADD A ik 00 11 10 00 00 00 kakgkj kg 3 8 0 k | (AC)«(AC) + k - 7 Cl2
2 ADD H 8k 00 11 10 00 11 00 Kk3kakikg 38 C k | (HR)«(HR) + k — 2 Tla
ADD L,k 00 11 10 00 10 00 K3kgkkg | 3 8 8 k | (LR« (LR) +k — 7 T|z2
ADD  @HL,#k 00 11 10 00 01 00 Kgkpkikg | 3 8 4 k | M{(HeL)JeM{(H-L)]+ X% —- 7z T|2

ADD y Hk 00 10 11 11 kzkpkyKoyayzViVo | 2 F x y | M{yle-Mlyl+k — 7 Tz
SUBRC A ,@HL | 00 01 01 00 14 (AC)«M[ (HeL) J-(AC)— TF) B Bl
SUBR A ,#k 00 11 10 00 00 01 K3kzkykg 3 8 k | (AC)+k—(AC) - Blz2
SUBR @HL,#k 00 11 10 00 01 01 KgKokjko 3 8 5 k | M{(HeL)Jek —M[(HeL)] — 7 B2
ROLC A 00 00 01 01 05 LCF—TAC 1)  (rotate left by 1 bit) c z T|1
RORC A 00 00 01 11 0 7 (rotate right by 1 bit) c z Tl1

AND A ,@dL | 00 01 11 10 18 (ACY+—(ac) AM[(H-L)] - 2z Z|1

o | AND A itk 00 11 10 00 00 11 Kgkpkikg | 3 8 3 k! (AC)+-(AC) Ak -z 7|2
5 AND @HL ,##K 00 11 10 0D Ol 11 Kzkplyky | 3 9 7 k[ ML(HeL)Je-M[(HL)IA -z 7|2
3 [or A H@HL |00 01 11 01 1D (AC)(AC) VM (HeL)] - 2 Z|1
OR Ak 00 11 10 00 00 10 K3kzKikg | 3 8 2 x| (aC)—(ac)Vk -z Ziz2

OR  @HL,H#k 00 11 10 00 01 10 kgkokyke | 3 8 6 k | M{(HeL)]+M[(B-L)IVk - 2 Tz
XOR A ,@L | 00 01 11 11 1F (AC) +(AC) ¥ MI(H-L)] — 7 Z|1

*2
*2

*2
*2
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| INTEGRATED ClRCU'T TMPL7LOP

R TECHNICAL DATA TMP4720P

Ccont inued)

Object Code 1
an
Assembler Binary Hexadecimal Function Tlase §S
Mnemonic K
’ rme | e o] e e &
TEST CF 00 00 01 10 0 6 (SF) « (CF),(CF)+o0 0 — ¥|1
TEST A , b [0l 01 11 byby 5 C+b (8F) « (AC)<o> - = x|1
TEST @HL, b | 01 01 10 byby 5 8+b (SF) « M[(H+L) Kb> - — x|
TEST y , b |00 11 10 01 10 biboysyayrve | 3 9 &+b y|(SF)« My J<B> - = %2
TEST %p , b |00 11 10 11 10 bybypspepypp | 3 B 8+Db p| (SF)« P[pI<o> - - x|z
TEST @L 00 11 01 11 3 7 (8F) « P[(LR)<5: 2>F4 K(LR)<1: 05> - — x|z
TESTP CF 00 00 01 00 0 4 (sF)« (CF),(CF)«1 1 =1
TESTP ZF 00 00 11 10 [} (SF) « (ZF) - — *%|1
TKSTP OF 00 00 00 01 0 1 (sF) « (G¥) - = x|1
§ TESTP y , b |00 11 10 01 11 bybgy3yay1Vo 3 9 C+b y| (sF)+« Myt - - %2
E TESTP %p. b |00 11 10 11 11 bybypapzp1Pe 3 B C+b p|(SF)« PlpI<t> - = %2
2 |sET aF 00 00 00 11 o 3 (GF)« 1 — —1f2
E SET @HL, b |01 01 00 byby 5 b M[(HeL) Kt>«1 - — 12
= |SET Yy , b |00 11 10 01 00 bybyysyavive 3 9 b yiMylb>e1 - —1}2
5 [SET %p , b |00 11 10 11 00 bybepsppPe | 3 B b p| Plplb>e1 - —1l=2
A |ser @ 00 11 01 00 3 4 PL(LR)<3:2>+4 J<(LR)<1:0>>« 1 - —1{2
CLR GF 00 00 00 10 0 2 (aF) +0 - — 1)1
CLR @HL, b |01 01 01 byby 5 4+b M[(HL) Kb>«0 - — 11
CLR y , b |00 11 10 01 01 biboysyavivo | 3 9 atb y|Mlyl<d><o0 - -1z
CLR %p , b |00 11 10 11 01 bbebspepipp | 3 B 4+b p|P[pl<t>«0 - -1z
CLR @L 00 11 01 01 3 5 PL(LR)<E 1224 K(LR)<1:03>«0 - -1z
CLR IL , r |00 11 01 10 11 rgryTarority | 3 6 Ctryrp| (INTL)<5:0>« (INTL)<5:0>Ar<5:0> - — 1|2
EICLR IL , r |00 11 01 10 Ol rsryTararTy 3 6 atryry| (BIF) &1, (INTL)<5:0>¢ (INTLKE: ARG — — 1 2
DICLR IL , r |00 11 01 10 10 rgryrgrpryTo 3 6 8tryry| (BIF)+0,(INTL)<6:0>+(INTL)<5:0>Ar<6:0| - — 1| 2
IN %p , A |00 11 10 10 00 10 p3pepiPg 3 A 2 p |(AC)«P[p] - 2 7|2
'gi IN  %p ,@HL{00 11 10 10 01 10 DP3pgpipg | 3 A 6 p |M[(HeL)]«P[p] . -~ 7|2
FERCEES A ,%p |00 11 10 10 1050 pspapipo | 3 A 8+263p| plp ] (AC) ) P = PgP3 P2 P1 P - -1z
g OUT  @HL,%p | 00 11 10 10 1150 pgpepypo | 3 A CHREyp| plpleM{(H*L)],  p = pep3p2pipo - —-1|2
é ouT #k ,%p |00 10 11 00 kzkpkjkopgpempo | 2 C k p |plplek - -1z
~ |oUTB @HL 00 01 00 10 1 2 P[2]+P[1]e-ROM[Fe(E+(CF))sM[(H+1L)]] - — 1|2
BS a 01 10 ayypoagaragasasagagaag | 6 apg ay ap| If SF=1 then(PC) <« a else null. - — 1|2
% |Bss a 10 dsdgdadadydg 8+apdy, If SF=1 then(PC)+a else null,a=(PC)XILi€=d |[— — 1|1 |%5
g CALL a 00 10 Oajeagarag@a@mgaidg| 2 ay ay aL| STACK[(SPW) J« (PC),(SPW)«(SPW) -1, — — —|2]|%5
2 (PC)+a,0La 2,047
5
E CALLS a 01 11 ngnynyng 7 n STACK[(SPW) J« (PC), (SPW) « (SFW)-1, - —| 2 |%5
4 (PC)«a,a=8n+6(n%0),134(n=)
% RET 00 10 10 10 2 A (SPW)«(8PW)+1 , (PC)«STACK[ (SPW)] - - =]z
& RETI 00 10 10 11 2 B (SPW) <« (SPW) +1, (FLAG*PC)«STACK[(SPW)],| ¥ * % | 2
- (BIF)«1
& |wop 00 00 00 00 o o no operation - - =|1
<}

Note 1 Setting Condition of Flag.

“C” indicates the carry output from the most significant position
1n the addition operation, and "B” indicates the borrow output from the
most significant position 1n the subtraction operation.

"2” indicates the zero detection signal to which "1” 1s applied
only when either the ALU output of the processing result or all
four bits of the data transferred to the accumulator are zero.

The flag 1s set to "C”,*T","B”,"2”,"Z”,"1”,0r"0” according
to the data processing rusult. The value specified by the function 1s
set to the flag with the mark "¥”,and the mark "-” denotes no change
in the state of the flag.

Note 2 The zero flag 1s se} according to the data set 1n the accumulator.

Note & The flags(%ZF,SF)are set according to the result of increment or
decrement of the L register.

NOte 4. The carry 1s the data shifted out from the accumulator.

Note & The centents of the program counter indicate the next address of
the 1nstruction to be executed.
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—
Operation Code Map (continued ) Z
-
lst byte code 0OP36 0P38 OP39 OP3A OP3B m
over e}
nighe ° tE A e i A I I =T 2nd byte 36 38 39 3A 3B
Coathasner Xz =
o |NoP [TESTHCLR [SET |TESTHROLC |TEST [RORC [INC [DEC [INC [DEC LD [XCH |TESTP[ST R ADD Z >
GF OF | GF GF | A CF. A A A | @L| @IL A,@d4ﬂL ZF _|A,@HL A, #k @) —f
L [MOV |Mov JouTh[xCi [sUBRGADDC |OMPR[ADD [INC [DEC |sT |ST OrR  |AND [XOR . SUBR > m
H,A| LA | @LARIR |A,@ul@n|a@ia,@] L L |a@ita@i- AGHL |A,GHL A @HL) A, #Hk - U
N LD NXCH RET |RETI [0UTNST “CMPRYADD B oR SET ® N SET
CALL @ u,x| HL, 4 itk Ptk y |y ik ly bk A, Hk ¥i b %p, A %P, b o ()
T
5 | %08 [xor [wp il [oBT LR oo, JTBOT | oo d oo ool opag)[PD JECH JOMPRNST s AND > —
AH| AL [AECHA@IC| @ | @ @L A, [ Ayx| Ayx | A,X A, Hk ~
+ LD A,#k " ADD
g @iL, #k > C
SET @iL, b CLE @L,b TEST @HL,b TEST A,b 5 Susm —
s BT @iL, ’ ’ ’ EICIR @i, #k CLR CLR —_]1
" s R s w,r OR ¥, b N 7P, b
@, #k Jep , @HL.
AND
7 CALLS k2
@ @, #k
ADD 0UT
8 8 N
L, #k LA, %D
CMPR
° pss a ° DICIR L, #k TEST ! TEST
L, ¢ y, b 1 ouT %p , b
A A “ A,%
B B
ADD ouT
c LD H c
) WK H, #k @HL,%op —_ —
CMPR TESTP
D CMPR A, Hk D CLR TESTP ES = =
H, #k y, b %p » b =
iL,r 50T el O
B LD L, #k B I I=
@IL,%p NN
® sT #K, @L+ r B g
T T
(caution)

1. Blank codes are reserved.
2 [ s indicated 2-byte instruction.
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INTEGRATED CIRCUIT

TECHNICAL DATA

TMP4700C

STLICON MONOLITHIC
N-CHANNEL SILICON GATE DEPRESSION LOAD

NMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLC5-47H) TMP4700C

GENERAL DESCRIPTION

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

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

The TMP4700C is the system development evaluator chip used for
developmental and operational check of the TLCS-47 application systems
(programs).

Although the TLCS-47N and the TLCS-47C have different electric
characteristics and some functions, the individual configuration of a
functionally equivalent system is possible by using the TMP4700C.

Furhter, when the TMP4700C is used, the evaluation boards cquivalent to
respective versions of the TLCS-47 should be used.

PIN CONNECTIONS (Top View)

h
Al

— — o
o e e
‘o [ ] A =1
0 m N - B
0 @ O s
B E23SFSEsEAES ISR E
wEEE S s R ARl ERE S S PO
nOoOoOonooanNAnNnanNnoAnoann
- - s . 3
Rss ng5968s5'75655b45352:315049484'74645444\,422é:MR
DOo(LP) ez 300 sy
Doy ibERY 063 38 sTo
DOg{ LRp) g 64 371 SELC
DOg(CF) 65 360 vy
Reo ges 351 HOTD
Re1 ge 34 TEST
Rez des 33[1 RESET
Reg Oes 32 Xoyr
Rvo gro 311 X1y
Ryl w1 30 TALD
Ryg Ovz 2003 HFR
Rz (= k2 80 sp
Io(DIg) Ova 27[ Koz
I;(DI;) O 261 Koz
I2(DIg) Owe 2501 Koy
Iz(DIz) O 2401 Koo
I4(DIg) O 233 A1
I15(SPI) [ gfﬂ A10
I6(INE) O% 2 345 67 8 9 1011121514 151617 18 1920 Ag
U U0 D OO0 U0 oo ooouoo o
"é
|
‘?4 o o Sal 2 -~ g mL’J <+ 0 ™~
o
LI B R A AN A I I 4



~N ’9@(
PP INTEGRATED CIRCUIT “,
/3
| ‘ THP4700C N
ﬁz" TECHNICAL DATA \P
N
PIN NAMES AND PIN DESCRIPTIONS
Pin Names No..of /0 Functions
Pins
Kos v Koo 4 Input Input port
Pis v Pio 4 Output Output port (corresponding to PLA)
P23 Vv Pao 4 Output " ( " )
Rus ™ Ruo 4 /0 I/0 port
Rss Vv Rso 4 1/0 "
Res v Reo 4 I/0 "
Ry3 v Ryo 4 1/0 "
Rgs (Ty) 1 1/0 I/0 port or timer/counter input
Rg2 (INT,) 1 1/0 " or interrupt input
Re: (T2) 1 1/0 " or timer/counter input
Rso (INT2) 1 1/0 " or interrupt input
Ro2 (SCKR) 1 1/0 1/0 port or shift clock for seriai port
Ro (s0) 1 1/0 " or serial output
Roo (S1) 1 1/0 " or serial input
Ayl Vv Ao 12 Output— Program memory address
I, (HLT) 1 Input Program data input (Holt request signal input)
Ie (INH) 1 Input " (Inhibit control signal input)
Is (SPT) 1 Input " (Port control signal input)
1,(DI4) VIo(DIo) 5 Input " (Data input)
DOs (CF) 1 Output Data Output (Carry flag monitor)
DO» (LRo) 1 Output " (L register monitor)
DO. (DEP) 1 Output " (Port control signal output)
DOo (Dp) 1 Output L "
PNR3; v PNRo 4 Output Port address output
CLK 1 Output Strobe signal
STo, ST, 2 Output State signal
8A, SB 2 Output Status signal
MR 1 Output Master reset signal output
HFR 1 Output Hold monitor output
CALD 1 Input Data fetch cycle request signal input
SELC 1 Input Clock select input
HOLD 1 Input Hold signal input
Input . :
2 3
XIN, XOUT Output Resonator connection terminal
RESET 1 Input Initialize signal input
TEST 1 Input (Low level is input.)
Power
Vpp 1 supply +5V
Power
VHH 1 supply +5V (Memory power supply)
Power
Vss 1 supply ov
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TMP4700C

INTEGRATED CIRCUIT
R=E

TECHNICAL DATA

BLOCK DIAGRAM

Ay, ‘L_E(_:______ ~— VDD
A‘o — b o | TC, ~— VHH
: [ — RAM  F—=-——1
1 < 2| s LIc, | fvss
S — (3] 24 i e R
Is ,g -?é | IL.S_P_w
1“(3314):::,'; | STACK
Lo(Dlo) :
L~ Ry, (SCK)
f l { l TC 92
HFR =] AY AX controll S10 1 2 Rs1(80)
TO6TH HOLD [;»__EE_____J contro Ron(ST)
HOLD — - Rso
CAID —o controlf ALU
MR =—|  sys 2| INTR
— e~ Rg3(Ty)
RESET —| control P 1 w»—R:z(ﬁ’m
TEST —] K jcontro Fﬂ‘-*Ra;ETz)
XIN TG " Reo (INT,)
Xour =
[ T 1 0lxe][Pi]P2 [[Re] Rs] Re[ Ry
S ¥ o nan 1:2 Id o o 3 o L
- m g : o ’\Im (-] '\'m (<] n O’\Jl'l
'52 BEEIR £ R8BS LWL W e 2Mee e
BLOCK NAMES AND DESCRIPTIONS
Block Names Functions

INTR control

FD

TC,, TC,

TC control
SIO control
HOLD control.
SYS control
CcG, TG,

PC Program counter (12 bits)

IR, decoder Instruction register, Decoder

HR, LR H register (page assignment of RAM), L register (address
assignment in RAM page), (each 4-bit.register)

RAA RAM address buffer register (8 bits)

RAM Deta memory

STACK Save area of program counter and flags (RAM area)

SPW Stack pointer word (RAM area)

DC Data counter (12 bits, RAM area)

AX, AY Temporary register of ALU input

ALU Arithmetic and logic unit

AC Accumulator

FLAG(CF,ZF,SF,GF) Flags

K, P, R Ports

Interrupt control

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

Trequency divider (4-stage prescaler + 18 stages)

12-bit timer/counter 2-channels (RAM area)

Timer/counter control

Serial port control.

Control of hold function

Generation of various internal control signals

Clock _generator, timing generator -
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INTEGRATED CIRCUIT

TECHNICAL DATA

TMP4700C

FUNCTIONAL DESCRIPTION

The TMP4700C is the system development evaluator chip for the
TLCS-47. When a program memory (equivalent to TMM2732D, TMM323D-1)
is externally mounted, it is possible to configurate a system equivalent
to the TMP4740P or the TMP4720P (the input/output circuit format,
however, must be equivalent to (IOCODE AA) and in the case of (TOCODE

AE) and (IOCODE AF), externally mounted resistors are required).

In the case of other input/output circuit formats of the TMP4740P
and TMP4720P, or in the case of other NMOS family or CMOS family, it
is also possible to configurate an equivalent system by adding an ex-
ternal circuit using an evaluator chip dedicated terminal. There-
fore, in application systems of thesc models, the evaluation boards

equivalent to respective versions shall be used.

Further, when the TMP4700C is used, the technical descriptions

for respective versions and the instruction manuals for equivalent

~evaluation boards, debugging tools and the like shall also be

read.

The operation of the TMP4700C is described in the following on

the basis of the terminal functions.

1. TLCS-47N standard chip equivalent terminals

The terminals shown in Fig. 1.1 have the functions and
characteristics equivalent to the input/output circuit format
(IOCODE AA) of the standard chips (TMP4740P, TMP4720P) of the
TLCS-47N. Therefore, in this case it is possible to configurate

an equivalent system by externally mounting a program memory.
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INTEGRATED CIRCUIT —

SRS TECHNICAL DATA

VoD —o
VHH .|
Vss —f
TMP4700C
XN
X0UT |
RESET —~—{
TEST __.]
P00 e e PIITT]
o - o & 0n © ~ ~
M 2% =% [ -1 24 ~ ~ - —~
ER) B ERE B B Ez"’,:;";::gl(%
© °© =) o o o o |H HH HW nwn
o Ll o 3 n 0 NN N N NN NN
[ o ~ o o M o 4 w o 4w
®© ® ®© o O o o0
o Mo et el

Fig.1.1  TLCS-47N Standard Chip (IOCODEAA) Equivalent Terminals

2. Connection of Program Memory

As an externally mounted program memory, a programable ROM
equivalent to the TMM2732D (4K x 8 bits) or TMM323D-1 (2K x 8 bits)
is used.

The connecting method of a program memory and the timing chart are

shown in Fig. 2.1.
Further, Aj] and I7 (HLT) terminals in the diagram are MSB,

respectively.
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| » INTEGRATED CIRCUIT

TMP4700C
ﬁi TECHNICAL DATA
+5V +5V
VDD Ao 12 Ao VCC
s s
Au (ROM Address) A
TMP4700C TMM2732D
1, (HLT) 8 0,
SOk —
Lo (Do) Instruction/) 0o
ROM data

ST OE/VPP CE
Vss ’ /END ¢

Note 1. When the TMM323D-1 is used, the TMP4700C output terminal
A1l should be opened.

Note 2. The instruction/ROM data input terminal has a built-in
pull-up resistors.

(a) Connection of Program Memory

ST,

Au VAo X X 0K
I, oo /4 ) 4 \%/ /e /B

(b) Program Memory Access Timing Chart

Fig. 2.1 Connection of Program Memory



TMP4700C

. INTEGRATED CIRCUIT

FR3Z  TECHNICAL DATA

3. Control Terminals for External Circuits
(1) Timing signals (CLK, STQ, STy, SELC)
In order for the timing control of the external circuits,
3 types of signals are transmitted from the timing generator of
the TMP4700C.
The TMP4700C is capable of supporting either system of the TLCS-47N
and the TLCS-47C. For selecting these systems, the SELC signal
input is used.

The timing chart of these signals is shown in Fig. 3.1.

Further, the SELC terminal has a built-in pull-up resistor.

LSRR I I U U I O I
ax /[ /[ /L
sto /| \_ VAR
s1, — A\

(a) TLCS-47N Support (SELC = 1)

xw  JUUUUUUUUUUvvyuuyuuLe
ak /N o/ / /o
sto [ \ YA
ST, / \

Note: These are somewhat different from the opcrating

timings of CMOS family.

(b) TLCS-47C Support (SELC = 0)

Fig. 3.1 Clock Timing Chart
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(2) System control signal inputs
17 (HLT)

HLT signal is the halt request signal input to the TMP4700C
at time of the system debugging. HLT signal input is multiplexed
with data input from the external ROM and a signal is input when

STy signal is at high level.

When a low level signal is input into HLT signal input and
accepted, the TMP4700C starts the halt operation. At this time,
CPU executes no operation cycle, but as long as HLT request is
being accepted, it stops the divider to operate (therefore, the
counting for the timer interruption of divider, the intermal clock
to the timer/counter and the internal shift clock for serial
transfer are also stopped, accordingly), and furthermore, it
inhibits the timer/counter operation and acceptance of interrupt
requests.

However, a request for LCD data fetch cycle, which is used on LCD
driver built-in version is accepted (one instruction cycle).
Further, the interrupt latch and the count latch for the timer/
counter are set/reset independently of HLT operation and subsequent

INH operations.
Further, 17 (HLT) terminal has a built-in pull-up resistor.

16 (ﬁ)

Eﬁﬁ'signal is the control signal input for temporarily inhibit-
ing the divider operation, timer/counter operation and interrupt
request acceptance at time of the system debugging. INH signal input
is multiplexed with data input from the external ROM and a signal is

input when STj is at high level.
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As long as a low level signal is input into INH input and is being
accepted, the TMP4700C stops the divider to operate and inhibits the
timer/counter operation and acceptance of interrupt requests. However,
a request for LCD data fetch cycle, which is used on LCD driver built-in

version is accepted (one instruction cycle).

Since this INH operation can be controlled independently of HLT
operation, it can be used in normal system program operation. Further-
more, it also can be used for controlling the internal monitor at time

of the system debugging.
Further, Ig (INH) terminal has a built-in pull-up resistor.

HOLD
This input is equivalent to the HOLD terminal provided in the

TLCS-47C.

As the system operation for the hold function, operation of this
input is similar to that of each version of the TLCS-47C for HOLD

terminal input except the followings:

(a) The oscillator is not stopped (normal oscillation is continued).

(b) Supply current don't decrease from the value of the TMP4700C

operating current.
Further, this HOLD terminal has a built-in pull-up resistor.

CALD

This is a request signal input for the data fetch cycle, which is

used on LCD driver built-in version.

When a low level signal is input into the CALD input and accepted,

the TMP4700C executes the LCD data fetch cycle (one instruction cycle).

Further, this CALD terminal has a built-in pull-up resistor.
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(3) System control signal outputs
SA, SB
SA and SB signal outputs are signals for monitoring the internal

operation of the TMP4700C (See Table 3.1). These signals are switched

for every instruction cycle.

SA SB

0 0 Executes the first cycle of an instruction

0 1 Executes the LCD data fetch cycle by a CALD request
1 0 Executes the halt operation by a HLT request

1 1

Executes other operations
Table 3.1 SA, SB Signal Outputs
MR

This is a response signal to RESET signal input, and is the

system reset signal.
HFR

This signal is a monitor signal relative to the hold operation

and is also used for an external circuit control.
(4) Port control

In order to support the versions of TLCS-47 series commonly,
the TMP4700C is able to input data from an external circuit or to
output data to a register created in an external circuit.

(a) Control signals

PNR3 v PNRq
4 bit outputs indicating port addresses.
DOy (DP), DOy (DEP)

These signals (DP, DEP) control the port write/read by the external
circuits. They are multiplexed with data output (DO) and are trans-—
mitted when ST] signal is at high level.
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15 (SPI)

SPI signal controls the port read by the external circuits.
This signal is multiplexed with data input from an external ROM and

is input when ST signal is at high level.
(b) Data inputs
I (D1g) v Tg (DIg)

These (D14 v DIg) are the data input terminals at time of the
read operation from the external circuits. They are multiplexed with
data inputs from the external ROM and are input when STy signal is at

high level.
(¢) Data outputs

D03 (CF), DOz (LRg), DO7 (DEP), DOg (DP)

These (D03 v DOp) are the data output terminals at time of the
write operation to the external circuits. These outputs are multi-
plexed with other outputs and are transmitted out when ST1 signal

is at low level.

Note: The port output timing on each versions of the TLCS-47
series and that on the TMP4700C external circuit somewhat

differ each other.

D03 (CF)

Contents of the carry flag are transmitted. This CF output is
multiplexed with the data output (DO) and is sent out when STy

signal is at high level.

DOy (LRg)

Contents of LSB of L register is transmitted. This LRQ output
is multiplexed with the data output (DO) and is sent out when STy

signal is at high level.
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATING (Vss = 0V)

SYMBOL ITEM J RATING UNIT
Voo | Supply Voltage -0.5 v 7 v
«Vew B

VIN . Input Voltage ' -0.5 n 7 v
VOUT1 Output Voltage (Except Open Drain ; 0.5 7
Port) | i
- e e e \
VOUT2 | Output Voltage (Open Drain Port) I =0.5 ~ 10
Iout Output Current (P,, P») 30 © mA
PD Power Dissipation (Topr =70°C) 1 W
Tsol Soldering Temperature - Time 260(10sec.)
Tstg Storage Temperature -55 ~ 125 °C
Topr Operating Temperature ' -30 ™~ 70
RECOMMENDED OPERATING CCNDITIONS (Vgs =0V)
SYMBOL - ITEM CONDITION +IN. | MAX. | UNIT
Topr Operating Temperature -30 70 °C
v
DD Supply Voltage 4.5 5.5

VHH | v

VHH1 Supply Voltage (Memory Stand-by) 3.5 5.5

VIHL High Level Tnput VaTFg%g R 2.2 VDD

VIH2 High Level Tnput Vo(;g%i 2 3 VDD v

Low Level Tnput Voltage
| VLl v P (Bcept KQ) 0 0.8
VIL2 Low Teevel Tnput VOTEE%? i 0 1.2
e Clock Frequency 0 0.4 4.2 | MHz
High Level Clock Pulse Width oy
i T . TeveT CTock PuTse a6 3) | = = - nS
ow Level Cloc ulse Width
tyet, - (Note 3y | VIN=VIL 80 -

(Note 1) Application terminals: R, ~ R,, I,(HLT) ~ Io(DIg)

(Note 2) Application terminals: Inputs other than application
termianl (Note 1)

(Note 3) For external clock operation
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D.C. CHARACTERISTICS

(Vss =0V, Vpp =Vyyg = 5V+£10%, Topr =-30 ~70°C)

TYP.
SYMBOL PARAMETER CONDITION MIN. (%) MAX. | UNIT
Hysteresis Voltage
v Y 8 - -
HS (Schmitt Circuit Input) 0.5 v
IIN1 Input Current (KO,RESET,TEST) | VDD=VHH=5.5V,VIN=5.5V - - 20 A
u
TIIN2 Input Current (R Port) VDD=5.5V, VIN=5.5V - - 20
IIL Current (*%) VDD=5.5V, VIN=0.4V - - =2 mA
10 | Output Leakage Qurrent VDD=5.5V, VOUT=5.5V | - | - | 20 | yA
voy | "ieh Level Outpuf VoTtage VDD=4.5V,10H=-400pA | 2.4 | - | -
P 1 \
Low Level Output Voltage :
v . =4. =1. - - 1 0.
oL (Except X0UT) VDD=4.5V, Ipr=1.6mA 1 0.4
0L Low Tevel OurpuIE](’IulEfent VDD=5V, VOL=1V - 20 - mA
IDD+IHH | Supply Current VDD=VHH=5. 5V - 70 150 mA
Supply Current
IHH1 PPy (Memory stand-by) | YDD=VSS, VHH=3.5V - 5 10
(%) TYP: values are at Topr=25°C, Vpp=Vyg=>5V.
(*%) Application terminals: HOLD, CALD, SELC, I,(HLT) vIo(DIo).
(*#*%%) Application terminals: Control output terminal specific to evaluation.
A.C. CHARACTERISTICS (VSS =0V, Vpp =VHH = 5V+10%, Topr =-30 ~70°C)
(1)

SYMBOL PARAMETER CONDITION MIN. TYP. ’ MAX. Unit
tcy Instruction Cycle Time 1.9 - 40 us
tSDH Shift Data Holding Time (Note 1) 0.5tcy - 300 - - nS
(Note 1) SCK, SO Terminal External Circuit

VDD
10kQ
ISOPF
(2)

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
tAD Address Delay Time CL = 100pF - - 270
tIs Data Set-up Time " 150 - - ns
tIH Data Hold Time " 50 - -
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A.C. Timing Chart

(1) Serial Port (Completion of transmission)

s\ / \L__ 1.5V
tSDH

50 X X X F1.su

(2)

CLK [\ [\ _fi5 1.5V
STo ] \ j—F_
ST1 ‘—__—__—_j* —J;tAé——.—

A11 4 AQ

1.5V
17 v I 1.5V &
tIs tIH
;...._;._ﬁ____,
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EXTERNAL_ DIMENSIONS
45.0 MAX.

28.0 + 0.3

0.45

(.

m

28.0 + 0.3
45.0 MAX.

| FEWWW

25.0 £ 0.3

1.47 £ 0.3 ‘1 —]

D.25+0.05
1.740.5

1.840.2
2.7 MAX.

1

= bothoAC AR ARtteARAEAe T T |

Weight 5.9g (TYP.)
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NMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47N) TMP4799C

GENERAL DESCRIPTION

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

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

(TLCS-47C) are also provided.

TMP4799C is the system development evaluator chip, which is equipped
with a 24-pin socket which may directly mount the general purpose 32K EPROM
(TMM2732D) on the top of the package. Thercfore, when the program
written in the 32K EPROM is mounted on the package, TMP4799C becomes pin
compatible with TMP4740P, TMP4720P and can be used for developmental and
operational check of the TLCS-47N application systems and programs.

The former operates the same as the latter.

TMP4799C can be used within the range of a microcomputer for the
TLCS-47N system as well as for mounting an equipment made on an experimental

basis.
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FEATURES
* General purpose 32K EPROM TMM2732D (equivalent to INTEL 2732) can
be used.

© Compatible with TLCS-47N single chip microcomputer family
TMP4740P/TMP4720P in pin.

Compatible with TLCS-47 series in software.

* ROM 4,096 x 8 BIT (external), FAM 256 x4 BIT (internal)

PIN CONNECTIONS (Top View)

rao [t _/ 20 v
re1 []2 41 [] ro2(3K)
rax [z 4 [ ro1so)
ras [Ja 32 [ Roo(sI)
Rs0 []% 48 [J Res(T1)
ro1 []s 57 [ mex(INT1)
r2 [ 36 [ RBL(T2)
res [z 35 [ Reo(INTZ)
reo [Jo 34 [J veH
ge |oar Ve 24 {0 1 ——

rel []1c 3s [J RESET
rRez [ ° A6 A ] xour

< O
Res [ue- © ho ]
R»\ T a2 S P

- & 2
HZ E; S o = o g EEST

- z 03

. 8 A2 A0 19
B2 [Qus " o 28 [J koe
RS [].6° B8O ] KoL
po Qu-° O 7L e 1 koo

9 oo :
Pl Q18" o1 08 18 Oty 0 ps
. .
Pz [Jio 0o 15 {1\ 24 [] P2z
P13 e~ 1 O o O R
112 GND 03 13

vss []=1 - 22 ] PRo

(NOTE) Mark : Socket for TMM2732D
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PIN NAMES AND PIN DESCRIPTIONS
Pin Names Ngingf éﬂggﬁ{ Functions
Ko v Koo 4 Input Input port
| P13 v Py 4 Output | Output port (corresponding to PLA)
Pyy v Py 4 Output " ( " )
Ry3 v Ryq 4 1/0 1/0 port
Rs3 v Rsg 4 I/0 "
Rg3 v Reo 4 1/0 "
Rs "Ry 4 1/0 !
Rgy (Ty) 1 1/0 1/0 port or timer/counter input
Rg, (INT)) 1 1/0 " or interrupt input
Ry, (T) 1 1/0 " or timer/counter input
R (INTZ) 1 1/0 " or interrupt input
Rq, (SCK) 1 1/0 1/0 port or shift clock for serial port
Rg; (S0) 1 1/0 " or serial output
Rgq (SI) 1 1/0 " or serial input
XINs 2 Input, | posonator connection terminals
IN UT OQutput
RESET 1 Input Initialize signal input
TEST 1 Input (Low level is input.)
VDD 1 Power 1 45y
supply
VHH 1 zgggfy +5V (Memory power supply)
v, 1 Power
5§ supply ov
A v Ap 12 Output | Program memory address
07 ~ Qg 8 Input Program data input
OE/Vpp 1 Output | Output buffer control Socket for
CE 1 Output | Chip Enable (connected with Vgg) T™MM2732D
Vee 1 Eagg{y +5V (connected with Vpp)
GND 1 Egggfy 0V  (connected with Vgg)

Note : RESET terminal

has no built-in pull-up resistor as well as

TEST terminal has no built-in pull-down resistor.
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BLOCK DIAGRAM
A DC .V
DD
IAll mAOl <: é; ~ [_-T_C;__ — VHH
3 = ey S
107«:0o ' = it B 43 RAM | TC, ~—Vgg
| | 9 P4 == T
% | o & LSPW
| OE/vpp! =] = A
| c& :._ | STACK
_ 1
| VﬁcD 1 2] & S
LED_1 & ] I__'I TC I —=Rg (STK)
AY control s1o o-._..Rgl(so)
L_FD____] control 5 D)
_ ALU — “Rsao( )
RESET —» & T,
TEST -—=f| Control Il Rl INTR o~=Rg2 (INT;)
XN — ™| control = R81(Tp)
= ~*Rgo (INT,)
o L
[¥o 12y [ 2 ][Ry R [Re [ Ry

P2o
B
P23
Ry
4
Rys
Rsp
4
Rs3
Rego
I
Re3

P123<=
&
P

R70 ¢=)

Koo
2
Kos
P1o
B
R73

BLOCK NAMES AND DESCRIPTIONS

Block Names

Functions

PC
IR, decoder
HR, LR

RAA
RAM
STACK
SPW
DC
AX, AY
ALU
AC

K, P, R
INTR control

FD

TCy, TCy
TC control
SI10 control
SYS control
CG, TG

FLAG(CF, ZF, SF,GF)

Program counter (12 bits)

Instruction register, Decoder

H register (page assignment of RAM), L register (address assign-

ment in RAM page), (each 4-bit register)

RAM address buffer register (8 bits)

Deta memory

Save area of program counter and flags (RAM area)

Stack pointer word (RAM area) .

Data counter (12 bits, RAM area)

Temporary register of ALU input

Arithmetic and logic unit

Accumulator

Flags

Ports

Interrupt control (EIF: Enable interrupt master F/F,
EIR: Enable interrupt register)

Frequency divider (4-stage prescaler + 18 stages)

12-bit timer/counter 2-channels (RAM area)

Timer/counter control

Serial port control

Generation of various internal control signals

Clock generator, timing generator
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FUNCTIONAL DESCRIPTION

TMP4799C is the system development evaluator chip for the TLCS-47N.
When the 32K EPROM (TMM2732D) in which the program is written is mounted

on the package, it is possible to configurate a system equivalent to
TMP4740P or TMP4720P.

The precautions for using TMP4799C are described.
1. Program Memory (ROM) and ROM address

The precautions for using TMP4799C as an evaluator chip for TMP4720P
are described.

TMP4720P contains a program memory with 2,048 x 8-bit (addresses 000 - 7FF)
capacity. 1In case of TMP4720P, the PLA data conversion table must be located
in addresses 7EO - 7FF, because the MSB in the program counter is not decoded
and there is no physical ROM in addresses 800 - FFF.

When TMP4799C is used with 32K EPROM, the program counter with 12-bit
length is decoded and there is a program memory with 4,096 x 8-bit (addresses
000 - FFF) capacity. 1In case of TMP4799C, the PLA data conversion *=able is,
therefore, located in addresses FEO - FFF.

No precaution is required, when TMP4799C is used as an evaluator chip for
TMP4740P. It is because the former has the same address space as the latter.

Fig. 1.1 shows the ROM address space of TMP4740P, TMP4720P and TMP4799C.

Address ROM Address ROM Address ROM
000 000 000
(Program, Data) (Program, Data) (Program, Data)
Image
780 [TPIA data of ad-\ 7E
7F conversion dress z
800F 1 gop —table 000 -/ 1 L ]
! 7er /800
1 | Not used
| | <in case of
| | TMP4720P
|
! |
FEO| PLA data FEO, ~ T T T~ 1 FEQ PIA data
! conyversion 3 H 14 conversion
FFF| table FFF L 3 FFH table
(TMP4740P) (TMP4720P) (TMP4799C)

Fig. 1.1 ROM Capacity and Address
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2. Data Memory (RAM) and RAM address

The precautions for using TMP4799C as an evaluator chip for TMP4720P
are described.

Data memory contained in TMP4720P has a 128 x 4-bit (addresses 00 - 7F)
capacity, and the specific RAM address, which is used for the stack area,
the data counter, etc., is located in addresses 40 - 7F. 1t is because the
MSB of RAM address buffer register is not decoded and there is no physical
RAM in addresses 80 - FF in TMP4720P.

In case of TMP4799C, the RAM address buffer register with 8-bit length
is decoded and there is data memory with 256 x 4-bit (addresses 00 - FF)
capacity. Then the specific RAM address area is located in addresses CO - FF
in TMP4799C, while it located in addresses 40 - 7F in TMP4720P. Further, it
is necessary to pay attention to the addresses of the data memory in case of
accessing the data in the specific RAM address area.

Fig. 2.1 shows the RAM address space of TMP4740P, TMP4720P and TMP4799C.

RAM RAM RAM
Address Address Address
00| 00 00
( Data ) ( Data
region 8 region)
L | 3F
( Data ) Specific Tmage
reglon, address of ad-
sr| resion dress Not used
o B 00 - 7F L/ in case
80 801 l‘ <Of 1
(=00) | TMP4720P
! |
' |
|
[ "' co -
Specific | | Specific
address 1 | 8 address
region | | region
F¥ FF| ! FF|
(=77} ===~ -
(TMP4740P) (TMP4720P) (TMP4799C)

Fig. 2.1 RAM Capacity and Address
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3. Input/Output circuit format
Fig. 3.1 shows the input/output circuit format of TMP4799C which
is equivalent to "IOCODE AA" of TMP4740P and TMP4720P.
port
) Input Output 1/0 1/0 1/0
Cir- (Kp) (P1,P2) (Ry,Rs, Rg) (R7) (Rg,Rg)
cuit
1/0 R ]
equiv- D—wv—[>°4>—4>°—l§ l>°—ﬂE"L g |0 % D0 3k
alent
Circuit a
R=1kQ (TYP.) R=1kQ (TYP.) R=1kQ (TYP.) R=1kQ (TYP.)
o High thresh- |° Sink open- ° Sink open- o Sink open-— o 8chmitt cir-
old input. drain output. drain output.| drain output. cuit input.
° No resistor |°High output ° Qutput latch |°Qutput latch ° Sink open-
is contained.| current. is initializ-| is initialized drain output.
Remark o Output latch ﬁ? Eolzh:1 ;Z t?e high o Output latch
is initialized 8 Vet Vel is initialized
to the high to the high
level. level.
Note : TMP4799C does not contain the pull-up resister with RESET pin and does not
contain the pull-down resister with TEST pin. It is necessary to provide
RESET pin with the pull-up resister (= 200kQ TYP.) and to provide TEST pin

with the pull-down resister (&~70kQ TYP.), respectively.

Fig. 3.

1 Input/Output circuit format of TMP4799C

TMP4799C cannot be used as an evaluator chip for TMP4740P or TMP4720P
which employs '"IOCODE AH" or "IOCODE AI", because the output latches of

R4, R5, R6 are initialized to the high level in the former and to the low

level in the latter.
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#
Nt

It is necessary to provide the pull-up or pull-down resisters with
KO port and to provide the pull-up resisters with R4, R5, R6 ports when
TMP4799C is used as an evaluator chip for TMP4740P or TMP4720P which
employs "IOCODE AE" or "IOCODE AF", respectively. Fig. 3.2 shows the

examples of the external circuitries.

VDD e e e
:_ TMP4799C
Ryy+100kS {
[>o—] |
KO port
| ; s |
| = 1 |
| —og—
|
| R4, RS, R6 |
! I
L |

(1) The external circuitry for TMP4799C
(equivalent to "IOCODE AE")

r TMP4799C

© Dol

RIN=100kQ

(2) The external circuitry for TMP4799C
(equivalent to "IOCODE AF")

Fig. 3.2 Example of external circuitry for TMP4799C
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (Vgg=0V)
SYMBOL ITEM RATING UNITS
VDD

Supply Voltage -0.5 ~ 7 \
ViH
ViN Input Voltage -0.5 v 7 v
VouTl | Output Voltage(Except Open Drain Port) -0.5 v 7
Vouyr2 | Output Voltage (Open Drain Port) -0.5 v 10 v
IoyT Output Current (Py, Pjp) 30 A
Pp Power Dissipation (Ty,-=70°C) 1 W
Tsol Soldering Temperature « Time 260 (10 sec)
Tstg Storage Temperature -55 v 125 °C
Topr Operating Temperature =30 ~ 70
RECOMMENDED OPERATING CONDITIONS (Vgg=0V)
SYMBOL ITEM CONDITION MIN, MAX. UNITS
Topr Operating Temperature -30 70 °C
VbD
= Supply Voltage 4.5 5.5 -
VyH1 Supply Voltage (Memory Stand-by) 3.5 5.5
Vinl High Level Input Voltage (R, vR,) 2.2 Vpp
Vg2 High Level Input Voltage (Except R, VR;) Vpp
ViLL Low Level Input Voltage (Except K ) 0 0.8 v
VI1.2 Low Level Input Voltage (Kgo) 0 1.2
fc Clock Frequency 0.4 4.2 MHz
tycH | High Level Clock Pulse Width (Note 1) Viy=Vig 80 -
tycL Low Level Clock Pulse Width (Note 1) VIN=VIL 80 - ns

(Note 1) For external clock operation.
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D.C. CHARACTERISTICS (Vgg=0V, Vpp=Vg=5V£10%, Topy=-30 ~70°C)

SYMBOL PARAMETER . CONDITION MIN. TZI; © | MAX. | UNIT
- Hysteresis Voltage _ 0.5 _ v

Vs (schmitt Circuit Input) i
1N Input Current (Kg,RESET,TEST) |[Vpp=Vgy=5.5V,V{g=5.5V| - - 20 N
TIN2 Input Current (R Port) Vpp=5.5V, Vig=5.5V - - 20 | ¥
I71, Current (%%) VDpp=5.5V, ViN=0.4V - - -2 mA
1 Output Leakage Current - _ _ _

10 "R port) [VDD=5-5Vs Voyr=5-5V 20 | A
High Level Output Voltage
Vo igh Lev P (5**) Vpp=4.5V, Tou=—-400uA | 2.4 | - -
Y4
Low Level Output Voltage _ _
VoL (Except XOUT) Vpp=4.5V, IOL—1.6mA - - 0.4
Low Level Output Current _ _
Tor put Gurrent, Vpp=5Y, Vor=1vV - 20 | - mA
Ipptigg | Supply Current Vpp=Vgy=5- 5V - 70 | 150 nA
Supply Current _ -
‘ Ty pPPLYy (Memory stand-by) IVbp=Vss, VHH=3.5V - 5 10
!
‘ (*)  TYP. values are at T, =25°C, Vpp=Vyu=5V.
(*%) Application terminals : Oy v O _
l (*%%) Application terminals : Aj; VAp, OE/Vpp

A.C. CHARACTERISTICS (Vsg=0V, Vpp=Vyg=5V+10%, Topr=-30 70°C)

(1)

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. | UNIT
tey Instruction Cycle Time 1.9 - 20 us
tspy Shift Data Holding Time (Note 1) 0.5tcy-300 - - nS
(Note 1) SCK, SO Terminal External Circuit

VoD
10kQ
50pF

(2)

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. | UNIT
tAD Address Delay Time C1=100pF - - 270
t1s Data Set-up Time " 150 - - nS
t1H Data Hold Time " 50 - -
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ﬁi TECHNICAL DATA

TMP 4799C

A.C. Timing Chart

(1) Serial Port (Completion of transmission)

sec U \J—__\__-Ll.sv

tspH

W XXX

A
A1 v Ag 1.5V

0, ~ 0 / N\ wo.sv &

18 Cry




INTEGRATED CIRCUIT

j;d?ilza
TMP4799C
ﬁzﬂ TECHNICAL DATA
EXTERNAL DIMENSION VIEW
Unit in mm
23.4940.3 2.54x11=27.94 +03
10.79% 02 - 2.5440.25
m —) .
33 4 o 7
H H 3l g 3
SEE ! Ml
10.91+0.1 30.6MAX
13.3+0.1 )
1715+ 0.15
54.6+0.6
2.54 X 20— 1.27 = 49.53+ 0.3
"
3 ©
3 5 [ + ]
K M |
| o .
= o
—1 LA S R R SR B Q
TYYTTToTy ﬂrw ‘ﬂ”TTT”ﬂ”ﬁ”me [
l . 0.2540.05
0.5+ 0.1 %54+ 0.25 |
o o 15.24 £0.25
sl 9 1.440.2
H  H
o ©

Weight 13g (TYP.)

372



i
B

INTEGRATED CIRCUIT

TECHNICAL DATA

TMP4799C

CONNECTION OF PROGRAM MEMORY

When TMP4799C operates as the evaluator chip for TMP4720P,
TMM323D-1 (2,048 x 8 bit) can be used as the program memory.

The connecting method of a program memory is shown below.

?+5V

VpD (Open) v Vee
— PP

A1
11
7 —MA10 v Ag

(ROM Address) TMM323D-1
8
0700 K A

(Instruction/
ROM data) PD/PGM

Ajgnhg
TMP4799C

07~ 00

C)l
w0

oE/Vpp

Vgg GND
!

Pin Names of | Pin Names of Connection
TMM323D-1 TMM2732D

CE No change

PD/PGM

csS OE/ Vpp No change

Ayy is open.
Vpp is connected to Vpp.

Vpp

TMP4799C used with TMM2732D, in which the program is written
in the range of addresses 000 - 7FF, operates the same as TMP4720P

when the connecting method shown below is adopted.
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, TMP4799C
ﬁ"i TECHNICAL DATA

Q 45V
Vpp (Open)  (to GND) Vee
A I—%n
11
Ajg A 7 DAV A
(ROM Address)
TMP4799C 8 TMM2732D
07VvOoN 07~ 00
(Instruction/
ROM data)
OE/ VPP OE/ Vpp CE|
Vss GND —’

Ay of TMP4799C is open.

A7y of TMM2732D is connected to Vgg.
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TMPL7CLOP, TMP47C41P
TMP47C20P, TMP47C21P

SILICON MONOLITHIC SILICON GATE CMOS

INTEGRATED CIRCUIT TOSHTBA MOS TYPE DIGITAL INTEGRATE>CIR€U.I‘;

ﬁ"’z’ TECHNICAL DATA

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47C)
TMP47C40P, TMP47C20P, TMP47C41P, TMP47C21P

GENERAL DESCRIPTION

The TLCS-47 is the high speed and high performance, 4-bit single chip

microcomputer series designed for the general purpose use.

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

The TMP47C40P and TMP47C20P are the standard chips for the TLCS-47C.
These chips are similar to each other, except memory capacity. And in the
case of high breakdown voltage output type, production part's number is
TMP47C41P or TMP47C21P. The TMP4700C (NMOS) is an evaluator chip used

for the system development.

Part No. ROM (Bit) RAM (Bit)
TMP47C40/41P 4,096 x 8 256 x 4
TMP47C20/21P 2,048 x 8 128 x 4

Externally provided
TMP4700C (4,09 x 8) 256 x 4
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INTEGRATED CIRCUIT TMPL7CLOP, TMPL7CL1P

TECHNICAL DATA TMP47C20P, TMPL7C21P

FEATURES

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

Instruction execution time: 4us (at 4 MHz clock)

Effective instruction set
90 instructions, software compatible in the series

Subroutine nesting: Maximum 15 levels

6 interrupts (External: 2, Internal: 4)
Independently latched control and multiple interrupt control

Input/output port (35 pins)

Input 1 port 4 pins
Output (corresponding to PLA) 2 ports 8 pins
I/0 4 ports 16 pins
1/0 (Note) 2 ports 7 pins

Note: These I/0 ports are also used for the interrupt input, timer/
counter input, and serial port; therefore, it is programmably
selectable for each application.

PLA data converting function (Instruction)
Output of data to output port (8-bit)

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

12-bit timer/counter (2 channels)

Event counter, timer, and pulse width measurement mode is programmably
selectable.

Serial port with 4-bit buffer
Receive/transfer mode is programmably selectable.

External/internal clock and leading/trailing edge mode are programmably
selectable.

18-stage divider (with 4-stage prescaler)
Frequency applied for timer interrupt of divider is programmably selectable.

High breakdown voltage output (20 pins)
Maximum rating 42V, FL tube direct drive is available.

Hold function
Battery operation/condenser backup is available.

On chip oscillator
TTL/CMOS compatible

+5V single power supply
42-pin DIL plastic package
Si-gate CMOS LSI



TMP47C4OP, TMP47Cu41P
TMP47C20P, TMP47C21P

| INTEGRATED CIRCUIT

FHRE3F  TECHNICAL DATA

PIN CONNECTIONS (Top View)

56 Rgy (T2)

Re0f 1 +2fvpp
Re10 2 41f Rgp (5CK)
Rgzl 3 401 Rg; (80)
Ryl 4 39P Rgo(8I)
Rgol S 380 Ry (T1)
Rs1 0 6 370 Rgy, (INT1)
7
8

35 Rgo (INTZ)

Rgof o 34 P HOLD
Rg1 P RESET
Rez ;EOUT
R

ng ﬂTégT
Ry P Kog
272 ;Koz
710 he0s
P13 NPoq
P12 fP2z

PIN NAMES AND PIN DESCRIPTION

Pin Name No: of Input/Output Function
pins

Kos VKoo 4 Input Input port

P13 VvP;o 4 Output Output port (Corresponding to PLA)
Py3vP,o 4 Output " ( " )
Rus VRuo 4 I/0 I/0 port

Rss VRso 4 I/0 "

Res VReo 4 1/0 "

R;3 VR0 4 1/0 "

Res (T1) 1 1/0 I1/0 port or timer/counter input
Rez (INT1) 1 I/0 1/0 port or interrupt input

Re;, (T2) 1 1/0 1/0 port or timer/counter input
Reo (INT2) 1 1/0 I1/0 port or interrupt input

Rs2 (SCK) 1 I/0 1/0 port or shift clock for serial port
Ro; (S0) 1 1/0 I1/0 port or serial output

Roo (SI) 1 I/0 1/0 port or serial input

XIN, XOUT 2 Input,Output | Resonator connection terminals
RESET 1 Input Initialize signal input
HOLD 1 Input Hold signal input
TEST 1 Input (Low level is input.)
VDD 1 Power Supply | +5V
Vss 1 Power Supply | OV




INTEGRATED CIRCUIT

R=

TECHNICAL DATA

TMPL7CHOP, TMP47CL1P
TMP47C20P, TMP47C21P
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BLOCK DIAGRAM

: Lo |
ol E o 1 TC, ~— Vss
@~ <l o TTEITT
55 o gl e || R TG
= s | |E ! isew]
I
: I STACK
AY AX TC L~ —Rs2 (5Ck)
control SI0 o RZ?(SO)
Hold control ~ ‘s
control FD l—‘ e =Roo ( 1)
AC
SYS [
RESET —wf 1 E INTR le—=Rgs (T1)
TEST — contro ONjn Y = cof—=Rsz (INTI).
KIN = | control Fite =Rgy (T2)
CG TG
X —
out [k [[ Py [ o ][ R [Rs [ R [ &y
o U 3 9% ¢ ¢ O
$vg 290300 agonigng al
Y P - =~ R N =)

BLOCK NAMES AND DESCRIPTION

INTR control

FD

TC1, TC2

TC control
SIO control
HOLD control
SYS control
CG, TG

Block Name Function
PC Program counter (12 bits)
ROM Program memory (including fixed data)
IR, deccder Instruction register, Decoder
HR, LR H register (page assignment of RAM), L register (address
assignment in RAM page), (each 4-bit register)
RAA RAM address buffer register (8 bits)
RAM Data memory
STACK Save area of program counter and flags (RAM area)
SPW Stack pointer word (RAM area)
DC, data table Data counter (12 bits, RAM area), Data table (ROM area).
AX, AY Temporary register of ALU input
ALU Arighmetic and logic unit
AC Accumulator
FLAG (CF,ZF,SF,| Flags
GF)
K, P, R Ports

Interrupt control

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

Frequency divider (4-stage prescaler + 18 stages)

12-bit timer/counter 2 channels (RAM area)

Timer/counter control

Serial port control

Control for hold function

Generation of various internal control signals

Clock generator, Timing generator

—=Rgo (INT2)




INTEGRATED CIRCUIT —— T,

TMP47C20P 4,

R

TECHNICAL DATA

FUNCTIONAL DESCRIPTION

1. System Configuration

1. Program Counter (PC)

2. Program Memory (ROM)
3. H Register (HR), L Register (LR), RAM Address Buffer Register (RAA)

4. Data Memory (RAM)
(1) Stack (STACK)
(2) Stack Pointer Word (SPW)
(3) Data Counter (DC)

o N O

ALU, Accumulator (AC)

Flags (FLAG)

Ports (PORT)

Interrupt Control Circuit (INTR)

9. Frequency Divider (FD)

10. Timer/Counter (TC1, TC2)

11. Serial Port (SIO)
12. Hold Control Circuit (HOLDC)

Concerning the above component parts, the configuration and functions of
hardwares are described

Hexadecimal notation is used for the description, charts, and tables in order
to indicate the address and the like, without assigning identification symbols
as far as it does not give rise to confusion.

(a)

(b)

(c)

(d)
(e)

The following names and symbols are used unconsciously.

CpPU Control Processing Unit except for the built-in peripheral
circuitry, such as interrupt control circuit, timer/counter,
and serial port.

cp Clock pulse generated in the clock oscillator.
It is called the "basic clock” or merely "clock".

fe Indicates the frequency of the clock oscillator, namely, the
frequency of the basic clock.

MSB/LSB Indicates Most/Least Significant Bit.
F/F Indicates Flip/Flop.
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INTEGRATED CIRCUIT TMP47 CHOP

TMP47C20P
TECHNICAL DATA

1.1

380

Program Counter (PC)
It is a 12-bit binary counter, and the contents of the program counter
indicate the address of program memory in which the next instruction to be

executed is stored.

The program counter generally gains increment at every instruction fetch by
the number of bytes assigned to the instruction. However, when executing
the branch and subroutine instructions or receiving the interrupt, the
values specified by these instructions and operation are set.

Value "0" is specified by initializing the program counter.

The page structure of program memory is made with 64 words per page.

The TMP47C40P has 64 pages and the TMP47C20P 32 pages.

At the execution of (BSS a) instruction, the value assigned by the
instruction is set in the lower 6 bits of the program counter when the
branch condition is met. That is, the (BSS a) instruction is used as a
branch or jump instruction within a page. TIf the (BSS a) instruction is
stored in the last address of the page, the value in the higher 6 bits
of the program counter indicates that the branch or jump instruction to

the next page is executed.

At the execution of (CALL a) instruction, the value specified by

the instruction is set in the program counter after the previous contents

‘of the program counter has been saved in the stack. Since 11 bits are

of the address bit length which can be assigned by the instruction, the

call address of subroutine should be in the range of addresses 000 - 7FF.



| . INTEGRATED CIRCUIT TMPL7CLOP

TMP47C20P
R TECHNICAL DATA
MSB LSB
PCy PCy PCy,
T
PC,JPC,O PC,IPCG PC;}PCSIPCSIPcb PC;[PC;IPC,[PCO
Page assignment Address assignment in page
(a) Configuration of Program Counter
(page) ($ddress) ROM (Address)
( 00 000
|01 001
boo2 002
o ! 03 003
| S T = g
|
[ 3E 03E
3F O3F
00 040
1 g L = g
3F O7F
00 080
2 01 081
f 1 T
( L T
| 3¢ FFC
63 ( 3D FFD
3E FFE
3F FFF
(b) Configuration of ROM
Address i
(Page)(in page),——_JEEL——‘”’ {Execution flow)
[ 00

Only when branch con-
dition is met

)

3F  IBSS a (Note) Note: "a" shall be
00 T T T indicated by
} hexadecimal.
o | J
a XXX
3F

(c) Special ekample of branch caused by (BSS a)instrustion.

Fig.1.1.1” Program Counter and Program Memorv (ROM)
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INTEGRATED CIRCUIT TMP47C40P

TMP47C20P
TECHNICAL DATA

1.2

Program Memory (ROM)

Processing programs and fixed data are stored in the program
memory. The next instruction to be executed is read out from the

address indicated by the contents of the program counter.

The fixed data stored in the program memory can be read by
using the ROM data referring instruction or the PLA referring
instruction. The ROM data referring instruction reads out the
higher or lower 4-bit data of the fixed data stored in the address
decided by the data counter [(LDH A, @DC+) and (LDL A, @DC) in-
struction respectively], and stores the data in the accululator.
The PLA referring instruction (OUTB @HL) reads out the fixed data
(8-bit) stored in the address decided by the contents of the data
memory indicated by the contents of H and L registers as well as
contents of the carry flag, and outputs the data to output ports

(P2 - P1).

Addresses are individually assignged to the program memory and
data memory, so that the fixed data in the ROM area cannot be directly

read out by the address of the data memory.

Specific Addresses of Program Memory

382

The following addresses of the program memory are used for
specific purposes. When not used for these purposes, the specific

addresses can be used to store the processing programs and fixed data,



INTEGRATED CIRCUIT THP47CHOP

TMPL7C20P
R TECHNICAL DATA

Specific Address Specific Purposes
000 P .
(001) Start address by initialization
002 INT1 Interrupt vector address
(003) P
004
(005) ISIO0 Interrupt vector address
006 IOVF1 Interrupt vector address
(007) nterrup
008 IOVF2 Interrupt vector address
(009) nterrup
00A
(00B) ITMR Interrupt vector address
00C
(00D) INT2 Interrupt vector address
8n +6
(n=1115) Call address by instruction (CALLS a)
086 (Note)
FEO
4 PLA data conversion table
¥FF

Note : 086 (hexadecimal) = 134 (decimal)

Table 1.2.1 Specific Address of Program Memory
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INTEGRATED CIRCUIT THP47CLOP

R TECHNICAL DATA

ROM CAPACITY

The TMP47C40P and TMP47C20F contain a program memory with 4,096 x 8-bit
(addresses 000 - FFF) capacity and 2,048 x 8-bit (addresses 000 - 7FF) capacity,
respectively. But the TMP47C20P contains a program counter with 12-bit length.
Therefore, when one of addresses 800 - FFF is accessed in a program, the ROM
data corresponding to addresses 000 - 7FF read out. It is because there is
no physical ROM in addresses 800-FFF, but the MSB in the program counter is
not decoded. For example, when the data located in address FF3 is output to
a port by the PLA referring instruction on a program, the data located in
address 7F3 is read out. In the 'TMP47C?0P, the PLA data conversion table

(addresses FEO - FFF) is, therefore, located in addresses 7E0 - 7FF.

"0" [(NOP) instruction] is read out for the ROM data within the range

of the built-in ROM capacity, if it is not specified by the user.

Address ROM Address ROM
000 000
Program Program)
data data
(17
s -
fel
3 7%0
g 7FF
800 i 1 b 800 .
5 (=000) 1 i
> I [}
g ! -
o 4 L
° T T
o [} ]
S ! !
FEO < FEO L e ! Immage of ad-)
{ 2 (=7E0), 11 ‘dresses 000n
~ ! 1 7FF
FFF FFF | S 4
(=7FF)
(TMP47C40P) (TMP47C20P)

Fig. 1.2.1 ROM Capacity and Address
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| INTEGRATED CIRCUIT THPU7CLOP

SRS  TECHNICAL DATA

1.3 H Register (HR), L Register (LR), and RAM Address Buffer Register (RAA)
The H and L registers are 4-bit registers used as the data

memory address pointers or general purpose registers.

The page structure of the data memory is based on 16 words per
page. Pages are specified by H register, and addresses in page are
done by L register, respectively. TMP47C40P has 16 pages and TMP47C20P

8 pages.

The L register is also used to specify the bits corresponding to
pins Ry3v R, of the I/0 port when instructions (SET @L), (CLR @L),

and (TEST @L), are executed.

The RAM address buffer register is a temporary register used to
specify the address in the data memory, and serves as an input of the
RAM address decoder. Normally, the data specified by the contents
of the H and L registers or immediate data of an instruction is fed

into the RAM address buffer register.
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INTEGRATED CIRCUIT THP47CHOP
TMP47C20P
ﬁ"'z" TECHNICAL DATA
MSB LSB
HR LR
—;;; HR2 HR1 HRO LR3_ LR2 LRl LR0

Page specification  Address specification
in page

LR

\\\égiiii%
Page FEDGCBAY9 87 654 3210

i

T
)
———e
oMY O > 0000 N N O

Fig. 1.3.1

386

LN B [ D AU B S S AR RSN NS BN SN AN B

F+ 4+ + 4+ 4+ 4+ 4+ 4+ 4+ 4+ 4+ + 4+ + o
L4 4 4 4+ 4+ + 44 4 4+ + 4+ + 4

rement d ct
F o+ 4+ + + + 4+ + A
F++ 4+ 4+ 4+ 4+ + 4+ 4+ + 4+ + + + + A
P+ 4+ + + 4+ 4+ 4+ 4+ + 4+ + + 4 + 4 -
[0 77 Tnderbmend dirdecion &t ]
F+ 4+ + 4+ + + + F 4+ + + + 4+ -
F+ + + + 4+ ++ 4+ + 4+ 4 + 4 + 4
F+ 4+ 4+ 4+ ++ 4+ 4+ 4+ 4 4+ 4 + + + A
F+ 4+ + 4+ + 4+ 4+ + 4+ 4+ 4+ + + 4+ + A
F4+ 4+ 4+ + 4+ 4 4o
F+ 4+ 4+ + 4+ 4 4
F+ 4 4+ + 4+ 4+ 4+ + + + + 4+ 4+ 4+ + 4
F++ + 4+ 4+ ++ + 4+ 4+ + + 4+ + A
F+ + 4+ + 4+ 4+ 4+
FENUY U DU N S NS SIS SHNN SN S S S S R
Configuration of RAM
H Register, L Register and Data Memory (RAM)




INTEGRATED CIRCUIT TMPL7CHOP

TMP47C20P
R TECHNICAL DATA

1.4 Data Memory (RAM)

The processing data of user are stored in the data memory.
The data is read out or written in according to the address indicated

by the contents of the RAM address buffer register.

) (épecific addresses of data memoryJ

The data memory is also used for the following specific purposes.
When it is not used for the respective purposes, the RAM of the

corresponding address can be used to store the user processing data.

(1) Stack (STACK)

(2) Stack pointer word (SPW)
(3) Data counter (DC)

(4) Timer/Counter (TCl, TC2)

(1) Stack (STACK)

The stack, which is contained in the data memory (one level of
the stack consists of 4-word RAM), is area to save the contents of
the program counter (return address) and flag prior to jumping to the
processing program at time of subroutine call or interrupt acceptance.
To return from the processing program, (RET) instruction is used to
restore the contents saved in the stack to the program counter, and

(RETI) instruction is used to restore the contents saved in the stack

to the program counter and flags.

The location of the stack to save/restore the contents is deter-

mined by the stack pointer word, which is automatically decremented
after the saving operation, and incremented prior to the restoring

operation.



INTEGRATED CIRCUIT TMP47CLOP

TMP47C20P

Toshiba

ﬁ"i TECHNICAL DATA

(2) Stack Pointer Word (SPW)

The address FF in the data memory is called a stack pointer

word and decides the stack pointer. The stack is contained in the

RAM, and accessed by the stack pointer.

The stack pointer is decided with the format shown in Fig. 1.4.1,

but this address indicates the lower RAM address in each level of the

stack.

Values "E" - "0" can be assigned for the stack pointer word, so
that the maximum of 15 nesting levels are available for the stack.
However, when the timer/counter mentioned following is used, the level
containing the RAM address corresponding to the timer/counter cannot
be used for the stack (value "F" is not assigned to the stack pointer
word, because the stack contains the RAM address corresponding to the
stack pointer word). The stack pointer word is automatically updated
by the subroutine call or interrupt acceptance; however, it cannot

exceed the allowable size of the stack for the system configuration.

Since the stack pointer word is never initialized in terms of
hardware, it is necessary to set it to the highest possible level of
the stack in the user's initialization prpgram. For instance, it is

set to "C" level when the two channels of timer/counter are used.

Note: The "level" indicates the depth of the nesting in the stack as
well as the location of the next available stack. That is, it

represents the contents of the stack pointer word.
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TMPL7 C20P
R3> TECHNICAL DATA

Address F E DC B A9 8 7 65 4 3210

TPages T T ]
O 0 1 0 S A B A AR
R I L I
C Level 3| Level 2 | Level 1 Level 0
D " 7 " 6 " 5 " A /Stack
E " 11 v 10 " 9 " 8
F g oc |*] T2 |*] Ta1 v 12
* : Can be used to store the user processing data
(a) Specific purposive map of RAM
MSB LSB
X 3 2 1 0
(Stack pointer word) T
RAM address : FF EPWa spw,}spw,lsr’woJ

MSB LSB
7 6 5 4 3 2 1 0

(Stack pointer) {l { 1 JSng SPW,T‘SPWOI 0 ‘ 0 ]

SPW,

(b) Stack pointer and stack pointer word

Address -
e r_<:“ﬁ ‘ 3
B2 Yo §3
E3 FLAG™' b 5
E4 pCL" L
E5 PCM" 5 © 5

[
E6 pCy" § % Z’
E7 FLAG" ¢ @ ~
E8 PCL' g
E9 v
EA PCH' 3"
EB TLAG'
EC PCL
ED PCM b
: l

(c)  Structure of stack

Fig. 1.4.1 Specific Address and Stack of Data Memory
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TMP47C20P
TECHNICAL DATA

390

(3) Data Counter (DC)

Data counter is a 12-bit binary counter used to specify the
address when the data table in the ROM area is referred (ROM data
referring instruction).

The RAM address with 4-bit unit is allocated to the data counter,
so that the initial value setting and the content reading of the data
counter can be executed by the RAM manipulative instructions.

MSB LSB
D ~C

(Data Counter) DCy l DCy { DCy,

(RAM Address) (FE) (FD) (FC)

Fig. 1.4.2 Data Counter and RAM Address

(4) Timer/Counter (TCl, TC2)

The two channels of 12-bit timer/counter are built-in, and the RAM
address with 4-bit unit is allocated to the timer/counter, so that the
initial value setting and the content reading of the timer/counter can
be executed by the RAM manipulative instructions.

When the timer/counter 1 is not used, the stack lower from level 13
can be used. When both of the timer/counter 1 and 2 are not used, the
stack lower from level 14 can be used.

MSB LSB
. TC1
(Timer/Counter 1) TCly [ TCly { TCIL,
(RAM Address) (F6) (F5) (Fé)
MSB LSB
. TC2
(Timer/Counter 2) TC2g l TC2y l TCIL
(RAM Address) (FA) (F9) (F8)

Fig. 1.4.3 Timer/Counter and RAM Address

(5) Page 0 in Data Memory

Page 0 in the data memory (addresses 00 - OF) is effectively used
as a flag or pointer in a user's program.
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R

TECHNICAL DATA TMP47C20P

RAM Capacity

Data memory contained in TMP47C4AGP has a 256 X 4-bit (addresses €0 -
FF) capacity, and that contained in “NP47C20P Las a 127 x4-bit (addresscs

00 - 7F) capacity.

Since the TMP47C20P also has thc RAM address buffer register of 8-bit
length, there is no physical RAM in addresses 80 - FF in the TMPL7C20P,
However, the RAM equivalent to addresses 00 - 7F are referred when addresses
80 - FF are accessed in a program, because the MSB of RAM address buffer
register is not decoded. That is, the specific RAM address is distributed
to CO - FF in a program, but the RAM equivalent to addresses 40 - 7F are
assigned in the TMP47C20P.

Address RAM Address RAM Address RAM
00 00 00
data Data Data
region region region
3 :
d L 4
] T SF
Specific | !
address l :
;g region L 3
B ) | 1 ! |
80 (=00) 1 ' L Not . &
| ' T ( )T
1 ! y used |
| ! | \
L4 L
> L o | 1
] ‘;_ ______ ’I Image of EO !
Specific 1 | (addresses) Specific
address } : 00 7F address |
region FF \ ! region
FF (=7F) be—— ==~ J FF
(TMP47C40P) (TMP47C20P)
(a) RAM Capacity and Address (b) RAM Map example of THP47C20P

TC;, TC. and stack
5 level are used.

( )

Fig. 1.4.4 RAM Capacity and Address
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SR TECHNICAL DATA

TMPL7C20P

1.5 ALU, Accumulator (AC)

The ALU is a circuit used for various arithmetic and logical
operation for 4-bit binary data. It performs the operation designated
by the instruction, and outputs the 4-bit result, carry (C), and

zero detection signal (Z).

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

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

Output of result

MSB LSB

3 2 1 0

Fig. 1.5.1 ALU, Accumulator

Detection of operating condition

Output C from the ALU indicates the carry output from the most
significant position in the addition operation.
However, the subtraction is executed with the addition of the 2's com-
plement, so that output C in the subraction operation indicates the
"non-borrow" from the most significant position (iie., in case.of non-
borrow, C = "1"). Accordingly, borrow (B) can be represented with "C".

Output Z indicates the zero detection signal to which "1" is applied
when all of the Ajbit data transferred to accumulator or.output of the ALU

are cleared to zero.
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Example (4-bit operation)

(a) 4+5=29 (C=0,2z=0)

(b) 7+9=0 (C=1,12=1)

() 3-1=2 (8 =0, z2=0)

(d) 2-2=0 (B=0,2z=1)

(e) 6 - 8=-2o0rE (B=1, Z2=0)
Note : B = C is indicated.

1.6 Flag (FLAG)

Flag is a 4-bit register used to store the condition of arith-
metic operation, and of which the set/reset conditions are specified
by the instruction. The flag consisting of CF, ZF, SF, and GF is
saved in the stack when the interrupt is accepted. By executing the
(RETI) instruction, it is restored from the stack to the conditions

immediately before the interrupt is accepted.

(1) Carry Flag (CF)

This flag is used to hold the carry in the addition operation
as an input to the ALU by the (ADDC A, @HL) instruction as well as
to hold the non-borrow in the subtraction operation (the carry in the
addition of the 2's complement) as an input to the ALU by the
(SUBRC A, @HL) instruction. The rotate instruction makes the flag

hold the data shifted out of the accumulator.
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(2) Zero Flag (ZF)

This flag is stored the zero detection signal (Z) when the
instruction designate to change. '"1" is set if all 4 bits are cleared

to zero by an arithmetic operation or data processing.

(3) Status Flag (SF)

This flag is set or reset according to the condition specified
by the instruction. With the exception of particular cases, it is
usually presented at every execution of an instruction, and holds
the contents of the result during execution of the next instruction.
It is normally set to "1", but is reset to "0" for a time under the
certain condition (it varies according to the instruction, for ex-
amples, when the result is zero, when carry occurs in the addition,

or when borrow occurs in the subtraction, the flag is reset).

The status flag is referred to as branch condition in a branch
instruction. The memory location is branched when this flag is set
to "1"; therefore, normally the branch instruction can be required
as "unconditional jump instruction'". On the contrary, the instruction
becomes a '"conditional instruction'" if it is executed immediately
after loading the instruction to set/reset the status flag according

to the condition determined by some previous instruction.

The status flag is initialized to "1" at initialization,
and is also set to "1" after the contents have been saved in the
stack when the interrupt is accepted. The contents saved in the

stack is restored by the (RETI) instruction.

(4) General Flag (GF)

This is a single-bit general purpose flag, being set or reset,
and also used in a test by a program. This can be used for any

purpose in the user program.
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1.7 Port (PORT)

Data transfer to/from the external circuitry, and command/
status/data transfer between the built-in periferal circuitry

are carried out by the input/output instructions.

(a) Input/Output port : Data transfer to/from external circuitry.

(b) Command/data output : Control of circuitry of built-in

peripheral circuitry, and output of data.

(c) Status/data input : Input of status signal(NOtE) and data from

the built-in peripheral circuitry.

Note : Status signal is provided from serial port and iiold

control circuit, and is different from the status flag (SF).

To transfer the data or to control the circuitry, each port
or register is selected by designating the address (Port address)
by input/output operational instructions (13 instructions) in the
same way as the memory.

The port address is composed of 5 bits (addresses 0 - 31).
The address to be accessed differs according to a instruction.
By way of caution, the port address space is independent of the

program mermory address space and the data memory address space.

Every output port contains a latch in order to hold the output
data. Since every input port is operated without latching, it is
desired to externally hold the data to be input from the external
devices till the data is completely read out, or to read the data

several times to confirm the contents.

The details to specify the input/output circuit format of ports
and initialization of the output latch are 2.6 (2) Input/Output Circuit

Format.
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Tnput/Outpul Instructions m
Port Symbol Port, Register I SET QL
dad' (Input/ (Input/Output) INZP, A |OUT A ,%P | SET%P,b| TEST %P,b| CLR  @L Nt
TesS| Output) IN %P ,@HL | QUT@HL , %P | OUT#K, %P | OUTB @HL| CLR%P,b| TESTP%P,b | TEST QL
00 | IPO0/OP0OO|Ko Input port /P Outout 0 0
01 |IP01/0POL|POutput latch/ Yore’ 0 0 0 0 0
02 | IP02/0P02|P, " /Py 0 ! 0 0 0 0 —
03 | 1P03/0P0O3 _ | a
04 | IP04/0PO4 R, 1/0 port 0 0 0 0 0 0 I
05 | IPO5/0PO05 Rs " 0 0 0 0 0 0 V4
06 | IP06/0PO6 Re " 0 0 0 0 0 0 0
07 | IP07/0P07 R, " 0 0 0 0 0 0 'Z
08 | IP08/0PO8 Re " 0 0 0 0 0
09 |IP09/0POY Ry 0 0 0 0 0 9
0A |IPOA/OPOA  — >
gg ggg;gggg o (*) Serial puffer register (Reception) >
oD | IPOD/OPOD _ (**) Serial buffer register (Transmission)
OE | IPOE/OPOE|Status input/ 0 0
OF | IPOF/OPOF (*) / (**) 0 0 0
10 /OP10 pup t/ . (;’ao) .
2P, outpu r
11 /0P11 (8-bit output) 0
12 /0P12 /
13 /OP13 /[ —
14 /OP14 ;] —
ig 5822 j (a) Hold control
17 JOP17 / (b) C(jntro] with timer interrupt of divider
18 /0P18 / (c) Timer/Counter 1 control
19 /0P19 /() 0 [
1A /OP1A / (d4) Timer/Counter 2 control
1B * /OP1B / (e) Serial port control
1C /0P1C / (c) | 0
1D /OP1D / () 0
1E /OP1E / —
1F /OP1F / (e) 0
Note 1: Inputs (IP10 - IP1F) of port addresses 10 - 1F remain undefined.
Note 2: Port addresses with "—" mark are reserved addresses and cannot be used at user's program.
Note 3: OP1l is automatically accessed by (OUTB @HL) instruction, but cannot be done by the instructions
other than this one.
Table 1.7.1 Port Address Allocation and Input/Output Instructions
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(1) Ko (Kgj “Kpp) Port

This is a 4-bit port used for input.

Input data <————~———<&—-—-————1 '(Pin)

MSB LSB

3 0
e fere

Fig. 1.7.1 Ko Port

(2) Py (Py3~P1g), P2 (P23%vPyy) Port

These ports are 4-bit ports with a latch used for

output. The latch data can be read by the instruction.

These two ports can independently access by specifying port ad-
dresses 1P01/0P01, and IPO2/0P02. In addition, they can output 8-bit
data by the (OUTB @HL) instruction.

PLA data conversion
A hardware PLA is not contained in the system; however, the func-
tion equivalent to it can be performed by access to the PLA data con-

version table provided in the RCM by use of the (CUTB @HL) instruction.

The PLA referring instruction (OUTB @HL) : This instruction reads out
the 8-bit data stored in the program memory, whose address is determined
by the contents of the data memory indicated by the contents of the H and
L registers as well as the contents of the carry flag, and outputs the
data to 8-bit ports P2 and Pl. At this time OP1l is automatically

selected as the port address.
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Ports Pl and P2 are capable of reading the latch data by the
instruction, so that the data output by the PLA referring instruc-

tion can be qualified or modified; that is, the convert pattern can

be changed or the numbers of pattern will be increased.

MSB LSB
3 2 1 0
Conversion data F;g[}’zg P21 | P20 P,3]Pu P P,ol

Input data
Output data Latch 4[:>—~__[] (Pin)

Fig. 1.7.2 P, and P, Ports

(3) R4(R43VvR40), R5(R53 vRs50), Re(R63 vR0), R7(R73vR70) Port

Each of these ports is a 4-bit I/O port with a latch. The
latch should be set to "1" when the port is used as an input port.

(But, these ports are only used to output ports with some input/output
circuits.)

Pins R73 - R40 can be Lregister|CorrespondL register |Correspand-|
used for bit scanning for 312]1]0 ing Pin 312]1 0 |ing Pin
set/reset and test accord- 0000 Ra0 1000 Re0
ing to the contents of the 0001 Ra1 1001 Ro1
L register by executing botvo R42 1o10 R62
the (SET @L), (CLR @L) and | 0011 Ra3 1011 Re3

0100 Rso 1100 R70
(TEST @L) instructions.

0101 R51 1101 R71
Table 1.7.2 shows the pins

0110 R52 1110 R72
corresponding to the con-

0111 R53 1111 R73
tents of the L register.

Table 1.7.2 Correspondence of Individual

Bits of L Register and 1/0 Port
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Input data

Output data —f Latch (Pin)

Note : For bit set/reset of port,
latch output serves as input data.

Fig. 1.7.3 Ry "™ Ry Ports

(4) Rg (Rg3 ™ Rgg) Port

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

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

It is a port common to external interrupt input or external timer/
counter input. When it is driven by the external circuitry, such as
external interrupt input or external timer/counter input, the latch
must be set to "1". When it is used as normal 1/0 port, some measures,
such as inhibition of the external interrupt input acceptance or disable
of the mode depending on the external input of the timer/counter should

be taken in a program.

(Note) When pin Rgy (INT1) is used as a port, INTl interrupt request
takes place because the falling edge of the pin input/output
is detected (interrupt enabling master F/F is normally set to
"1"). This causes the CPU to process a dummy interrupt
acceptance [e.g. the (RETI) instruction only is executed].
When pin Rgy (INT2) is used, INT2 interrupt request also
takes place in the same manner as the case of pin Rgy, but
the interrupt request is not accepted by merely resetting
the LSB (EIRg) of the enable interrupt register to "0" in

advance. Therefore, the above processing is not required.
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MSB LSB
3. 2 1 0
Res Rs2 Re1 Rso
(T1) | (INTI)| (T2) | (INT2)

Control input
Input data

Output data Latch

(Pin)

Note: For bit set/reset of port, latch
output serves as input data.

Fig. 1.7.4 Re Port

(5) R9(Rgp vRgQ) Port

This is a 3-bit I/O port with a latch, and the latch must be
set to "1" when it is used as input port.
The Rg port is also used as serial port. The latch must be set to
"1" when Rg port is used as serial port. The port used as normal
I/0 port is not entirely influenced by disabling the serial port.
Pin Rg3 is not mounted in the port, but "1" is read by accessing to

pin R93 in a program.

MSB LSB
.3 2 1 0
| Rsz2 |Re1]| Reo
1 ___[(5CK)| (s0)[ (ST)

Serial control
Input data

Output dara (Pin)

Serial control
Note: For bit set/reset of port, latch
output serves as input data.

Fig. 1.7.5 Re Port
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Interrupt control circuit (INTR)

Interrupt factors are composed of two from the external
circuitry, and four from the internal circuitry. By setting the
interrupt latch provided for each factor, an interrupt request is
generated to the CPU. The interrupt latch is set when the edge of

the input signal is detected.

The interrupt request is not always accepted by the CPU if
generated. Tt is not accepted till the priority in the six factors
determined according to the hardware and the enabling/disabling

control by the program become all affirmative.

In order to control enabling/disabling of interrupt by the
program, an F/F (EIF) and a 4-bit register (EIR) are provided.
By using these means, preferential acceptance of the interrupt
factors by the program, and multiple interrupt control can be

realized.
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Priority Interrupt [ERable con- Vector
Factor according Latchp ?ition accord—| a4 oco
to hardware ing to program
Higher Note 1
External interrupt 1 (INT1) (Hig ) INTLs (No ) 002
1 EIF = 1
Serial
Input/Output (1810) 2 INTL, EIF-EIR3 = 1 004
interrupt
-
g Timer counter 1 !
g Overflow (I0VF1) 3 INTL3 EIF-EIR =1 006
+ | interrupt
be
— | Timer counter 2 R
2 | overflow (I0VF2) 4 INTLy (Note 2) 008
S | interrupt EIF-EIR; = 1
=
= Timer interrupt
, PE (1mvR) 5 INTL, (Note 2) | gpp
of divider EIF-EIR} = 1
i 6 ooc
External interrupt 2 (INT2) INTLg EIF-EIRg = 1
(Lower)
Interrupt enabling master F/F Interrupt enabling register (EIR)
MSB LSB
3 2 1 0
ETF lEIR3]EIR2{EIR1]EIR0‘

(Note 1) Since EIR register cannot make disabling of the INT1
interrupt, this interrupt is always accepted under the
interrupt enabled condition (EIF = 1). Therefore, this
should be used for the interrupt requiring the first

priority such as emregency interrupt.
(Note 2) The given acceptance condition by the program is the same
in IOVF2 and ITMR; accordingly, the action of these inter-

rupts to the acceptance/inhibition control is the same.

Table 1.8.1 Interrupt Factors
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( [Interrupt Latch]
INT1) —
# Dk

(1S10) decision

rA_:D—%EM—IAQ‘I:D—' circuit
(I0VF1)

r3_\:1 )_;Esjgm_mﬂ Vector
(I0VF2) address

ERDY E!Rmm QI %iz:ra" Address information
(1ITMR)

5D

circuit
vriy ¢ Acceptance signal
(INT2)

“r/o‘:D— R INTLO € riD—‘

Interrupt
request signal

EIR3t+—
EIRZ__J

Reset by EIR) — EIF

instruction EIRg CR
CR

Hardware reset )

Fig. 1.8.1 Interrupt Control Circuit

Instruction
, ,cycle ' y ; ; ' .
+ + t +

——
INT2 \ J

ITMR /

INTL1 / \
INTLQ /

EIF \

D — - > — - —><—
Execution of Interrupt accept- Execution of 00A  Execution of
instruction ance processing address instruc- instruction

* tion (Jump in-
struction)

Note: On the assumption that EIR] = 1, without other interrupt requests

Fig. 1.8.2 Interrupt Acceptance Timing Chart (Example)
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(1) Interrupt processing

The interrupt request signal to be sent to the CPU is held by
the interrupt latch till the request is accpeted or the latch is

reset by the initialization operation or instruction.

The processing for the interrupt acceptance is performed
within two instruction cycle time after the completion of the ex-
ecution of instruction (after the completion of the timer/counter

processing if it is required).

The following operations are performed by the interrupt service

program.

C) The contents of the program counter and flag are saved in the

stack.

C) The vector address is set to the program counter according to
the interrupt factor.
(A jump instruction to each interrupt service program is usually
stored in the program memory corresponding to the vector

address.)
(:) The status flag is set to '1'".

C) The interrupt enabling master F/F is reset to "0" to inhibit

the subsequent interrupt acceptance for a time.

C) The interrupt latch of the accepted interrupt factor is reset

to "O".

() The instruction stored in the vector address is executed.

The interrupt service program terminates after the execution of the
(RETT) instruction.

The fdllowing operations are performed by the (RETI) instruction.
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C) The contents of the program counter and flag are restored out

of the stack.

C) The interrupt enabling master F/F is set to "1".

When the multiple interrupt is accepted, the interrupt enabling
master F/F should be set by the instruction. At this time, the enabl-
ing/disabling for each interrupt factor can be changed by updating

the interrupt enabling register by the (XCH A, EIR) instruction.

The program counter and flag are automatically saved/restored in
the interrupt processing. However, if saving/restoring of the ac-
cumulator and other registers is necessary, it should be designated

by a program.

(2) Interrupt control by program

EIF

This is an enabling interrupt master F/F. Interrupt is put in
the interrupt acceptance enabling state by setting the EIF to "1".
It is reset to "O" immediately after having accepted an interrupt to
inhibit the subsequent interrupt acceptance for a time, but is set
to "1" again by the (RETI) instruction after the completion of the

interrupt service program to return the enable state again. And then

the other interrupt can be received.

The EIF can be set/reset in a program by using the (EICLR IL,r)
and (DICLR IL, r) instructions. It is reset to "O" at initialization

operation.

EIR register
This is a 4-bit register used for selection/control of enabl-

ing/disabling of the interrupt acceptance in a program.
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Read/write operation is performed by use of the (XCH A, EIR)

instruction. It is set to '"O" at the initialization operation.

Interrupt latch

The interrupt latches (INTLs - INTLg) provided for each inter-
rupt factor are set by the rising edge of the input signal if the
interrupt is caused by the internal factors, and are set by the
falling edge of the input pin if it is caused by the external fac-
tors. Then, interrupt request signal is sent to the CPU. The
interrupt latch holds the signal till the interrupt request is ac-
cepted, and is reset to "0" immediately after the interrupt has been

accepted.

Since the interrupt latch can be reset to "0" by the (EICLR
IL, r), (DICLR IL, r) and (CLR IL, r) instructions, the interrupt
request signal can be initialized by a program. The latch is reset

to "0" at the initialization operation.

Frequency divider (FD)

The divider (FD; - FDyg) is made up 18-stage binary counter,

and its output is used to generate various internal timing.

The basic clock (fc Hz) is divided into sixteen by the timing
generator and input to the divider; therefore, the output frequency
at the last stage is £c/222 2.

It is reset to "0" at the initialization operation.

Timer Interrupt of divider (ITMR)

The divider is capable of sending the interrupt request for a

certain frequency. Four different frequencies can be selected

for timer interrupt by imstructions.
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The command register is accessed as port address OP19, and is reset

to "0" at time of the initialization.

The timer interrupt of divider is caused from the rising edge
of the first output of the divider after the data has been written

in the command resister.

Basic
clock (CP) |[Prescaler ”
(fc Hz) (TG) (£¢/16 Hz) 2|3 aflslel7le|e |10]211{12{13]14]15]16|17]18 (£¢/2%%H2)

(a) Structure of frequency divider

MSB LSB
3 2 1 0

Port address % '

* 0 * * : Disable
* 1 0 o Interrupt frequency fc/210Hz
* 1 0 1 " fc/211Hz
i 1 1 0 " fc/212p2
* 1 1 1 " fc/2134,
Interrupt fre- |For example,
quency (Hz) fe=4.194304MHz
fc/210 4,096 Hz
fe/211 2,048 Hz
fc/212 1,024 Hz
fc/213 512 Hz

(b) Command register

Fig. 1.9.1 Frequency Divider
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1.10

Timer/Counter (TCy, TCj)

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

time or event.

Since the RAM address with 4-bit unit is allocated to the
timer/counter, the initial value setting and the content reading
of the timer/counter can be executed by the RAM manipulated

instructions.

MSB LSB
(Timer/Counter 1) Tcl

Tcls | TclM | TCIL
(RAM Address) (F6) (F5) (F4)

MSB LSB
(Timer/Counter 2 C2
imer/Counter 2)[™rooy | 7cam | TeaL
(RAM Address) (Fp) (F9) (F8)

Fig. 1.10.1 Timer/Counter

(1) Timer/Counter Control

The timer/counter is controlled by the command épecifying
the operation mode. The command register for the timer/counter
1 and timer/counter 2 is accessed as port addresses OP1C and
0OP1D, respectively. Tt is reset to "0" at the initialization
operation. The count operation is started from the first rising
‘edge of the count pulse applied by setting the value (mode) to

the command register.

When the timer/counter is not used, the RAM addresses
corresponding to the timer/counter can be used to store the
user processing data by selecting the 'disable'" state. In the
timer mode, the external input pins can be used as I/O ports

[R83 (T1), Rgy (T2) 1.
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TCl Command register MSB LSB

(Port Address OP1C) ﬁ]jj
MSB LSB
TC2 Command register 3 2 1 0
(Port Address OPLD) [:::I:::[::]:::]
[Selection of Count ModeJ

00 : Disable state
01 : Event count mode
(Counts external input)

10 : Timer mode

(Counts internal pulse.)
11 : Pulse width measurement mode
(Counts the pulse obtained by

sampling of external input by

use of internal pulse.)

Selection of Internal Pulse
(Divider Output) Rate

00 : fc/210 Hz is counted.
01 : fc/214 Hz is counted.

10 : fc/218 Hz is counted.
11 : fc/222 Hz is counted.

(a) Command register (fc: Basic clock frequency)

1 For example, fc=4.194304 MHz

Internal Pulse Méx' Setting— o nal Pulse Max. Setting

Rate (Hz) Time  (SEC) Rate (Hz) Time (SEC)
fc/210 222/fc 4,096 1
fe/2l4 226/¢¢ 256 16
fc/218 230/¢¢ 16 256
fe/222 234/ ¢ 1 4,096

(b) Selection of timer rate

Fig. 1.10.2 Control of Timer/Counter
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(2) Count Operation

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

latch is set to send a count request to the CPU.

The count operation of the timer/counter is performed requiring
one instruction cycle time after completion of the instruction ex-
ecution. The execution of the next instruction and the acceptance
of the interrupt request are kept waiting during the operation.

When the count request is sent from the timer/counter 1 and 2, at
the same time, the count request of the timer/counter 1 is prefer-

entially executed.

The maximum frequency applied to the external input pin under
the event counter mode is fc/€4 Hz if one channel is used. When
two channels are used, fc/64 Hz is applied to the timer/counter 1,

and fc/80 Hz to the timer/counter 2.

In the timer mode, the maximum frequency is determined by
a command.
The maximum frequency applied to the external input pin in the pulse
width measurement mode should be the frequency level available for
analyzing the count value in the program. Normally, the frequency
sufficiently slower than the designated internal pulse rate is

applied to the external input pin.
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Count pulse ___j——__—-] J l I
Counter n>< n+ 1 Xn+2 Xn+3

(a) Event counter/timer mode

External input pin ————' L_____.
Internal pulse ___J I I | I l r__——l____r___l____f——_
Count pulse AI 41 | l I L

Counter n 44)(7n + 1 )(Aﬁ + 24)< n+ 3 )( n+ 4

(b) Pulse width measurement mode

Fig. 1.10.3 Mode and Count Value of Timer/Counter

Decrease in execution speed of instruction due to count operation

The CPU carries out the count operation requiring ome instruction
cycle time for the count request. Therefore, this causes the decrease
in the apparent speed of instruction execution. Some examples are
shown below :

(a) In the timer mode with count pulse rate of fc/ZlO Hz

The count operation is inserted once every 6L~instructinmn
cycle time, so that the apparent speed is decreased by 1/6351.6%
instruction execution speed. For example, the apparent speed is

4.063us to 4ps instruction execution speed.

(b) In the event count mode :

It depends on the count pulse rate applied to the external
input pin. In the worst case, when the timer/counter 1 and 2
are operated at the same time with the maximum count pulse rate,
the count operation is inserted once every 4-instruction cycle
time for the timer/counter 1, and once every 5-instruction cycle

time for the timer/counter 2.
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The apparent speed of the instruction execution, therefore, de-
creases by 9/11=82%. The apparent speed is 7.28yus to 4us instruc-

tion execution speed.

(3) Interrupt by overflow (IOVFl, IOVF2)

At the time when the overflow occurs, the timer/counter gene-
rates the interrupt request.
That is, the interrupt request is generated when the count value of
FFF is changed to 000. The counting is continued after the interrupt
request signal is generated. Assuming that the CPU provides the
interrupt enabling state, and that the interrupt is accepted as soon
as the overflow interrupt has been generated, the interrupt process-

ing can be performed in the sequence illustrated in Fig. 1.10.4.

Instruction
cycle

+— + + +
+— + + +

Count pulse I l,
Count request I I

Detection of overflow rl
Occurrence of IOVF I |
—————— ——— e - > —— i — e —
Execution Count Evecution Interrupt Execution of
of in- cycle of in- acceptance instruction
struction struction processing (jump)

Fig. 1.10.4 Timing Chart of Timer/Counter in

Interrupt by Overflow
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1.11 Serial Port (SIO)

A 4-bit serial port with a buffer is provided to transfer the
serial data from/to the external circuitry. It is connected to
the external circuitry through three pins [R92 (§EE), Rgy (SO), R90
(SI)]. Since these pins are also used as port Rg, the output latch
of the R9 port should be set to "1" when the serial port is used.

When it is not used, the pins can be used as I/0 port R9.

Pin R9Q in the transmit mode and pin Rgj in the receive

mode are also available as I/0 port pin.

(1) Circuit configuration

The serial porﬁ consists of a 4-bit shift register, a 4-bit

buffer register, and its control circuit.

(Internal Bus)

MSB LSB
3 2 1 0
SB
3 2 1 0
Serial data) Serial data)
input pin output pin
$s | 0 &
SIOC ScK
L0 (Serial shift clock )
input/output pin
3 231 0
Cormand
register
Staius '
i -
(Internal Bus)
SR : 4-bit shift register SIOC : Serial port control circuit
SB : 4-bit buffer register #s :Internal shift clock

ISIO : Interrupt request
Fig. 1.11.1 Circuit Configuration of Serial Port
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(2) Serial port control

The serial port operation is controlled by the command. The
command register is accessed with port address OP1lF, and reset to
"0" at the initialization operation. The operation status can be
informed through the status input, which is accessed with port
address IPOE.

MSB LSB
Serial port com-— 3 2 1 0
mand register [ESIO] M ] LMIE&@”
(Port address)
OP1F

[l : Serial transfer enable or
start request.

LO : Serial transfer disable or
end request.

rl : Receive mode
0 : Transmit mode

1 : Shift operation at the lead-
ing edge of the shift clock

LO : Shift operation at the trail-
ing edge of the shift clock

1 : External input is served
as shift clock.

0 : Internal clock is served
as shift clock.
MSB LSB
Serial port 3 2 1 0

status input [éIOFl SEF! % l % ' (*

(Port address
1 : Operating condition of serial transfer
0 : Stopping or disabling condition

IPOE
of serial transfer

don't care)

Shifting operation can be monitored,
_— : and is used at time of transfer
.end request.

Fig. 1.11.2 Command Register, Status Input
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(3) Shift clock (SCK)

The following shift clock modes can be selected by the contents

of the command register.

(a) Clock source (External/internal mode)

(b) Shift edge of clock (Leading edge/trailing edge mode)

Internal clock mode

fc/p7 Hz is used for the shift clock (when the basic clock fre-
quency fc is 4.194304 MHz, the shift clock frequency is 32.768 kHz.).
At this time, the clock is supplied to the external devices through
the SCK pin. If the data setting (transmit mode) or the data read-
ing (receive mode) rate by the program cannot follow the clock rate,
the shift clock is automatically stopped and the next shift operation

is suspended until the data processing is completed (''Wait'operation).

External clock mode

The shift operation is performed by the clock provided from the

external circuitry since the SCK pin serves as an input.

Leading edge shift mode

Data is transmitted (transmit mode) or received (receive mode)

at the leading edge of the SCK pin signal.

Trailing edge shift mode

Data is received (receive mode) at the trailing edge of the

SCK pin signal.

The SCK pin must be set to the "high" level when the serial trans-—
fer is started. In the internal clock mode, the SCK pin is automat-

ically set to the "high" level because it serves as an output.
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(4) Operation mode

Selection of the following three transfer modes is available
by changing the combination of the RM bit and LM bit of the com-

mand register.

RM M ECKM o t1 Mod
(Bit 2) | (Bit 1) | (Bit 0) peration Hode

0 0 1/0 Can not be used

0 1 1/0 Transmit mode (Note)
(External/Internal clock)

1 0 1/0 Receive(Trailing edge shift) mode
(External/Internal clock)

1 1 1/0 Receive(Leading edge shift) mode
(External/Internal clock)

(Note) Leading edge shift operation is performed.

Table 1.11.1 Operation Mode of Serial Port

| In the transmit mode, the 4-bit data written to the buffer
register from the CPU is shifted out by the shift register, and is
output in the SO pin from the data of the LSB in sequence. The buf-

fer register is accessed as the port address OPOF.

In the receive . mode, the data to be input to the SI pin is
shifted toward the LSB by the shift register in sequence, and is
set in the buffer register after the 4-bit data has been received.

The CPU reads the contents of the buffer register, which is

accessed as the port address IPOF.
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After this mode is set in the command register, the first
transmit data (4-bit) is written in the buffer register (the data
cannot be written in the buffer register, if the transmit mode is not
set). Then the data can be transmitted by setting the ESIO (MSB
of command register) to "1". The content of the buffer register
is transferred to the shift register by the first shift clock, and
the data in the LSB (D) is output to the SO pin. The buffer regis-
ter then becomes empty, so that the interrupt (ISIO) requesting the
next data takes place (buffer empty). After that, the remaining data
(D] - D3) is automatically shifted out by the shift register by one
data. at a shift clock. The control by use of a program is not

necessary in this operation.

Data is written in the buffer register by outputting the next
transmit data (4-bit) to the port address OPOF in the interrupt
service program, and at the same time the interrupt request is

reset to "0".

Internal clock operation

In case of fc/27 Hz internal clock operation, if the next data
is not set in the buffer register (OPOF has not been accessed by the
program) though the 4-bit data has been entirely shifted out, the
shift clock automatically stops, and the wait operation is taking

place until the data is set.

The maximum transmission rate is 31250 bit/sec. at the 4 MHz

basic clock.
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External clock operation

Since the shift operation synchronizes entirely with the clock
provided from the external circuitry, the data should have been
written in the buffer register before the next 4-bit data is shifted
out. Therefore, the transfer rate is determined by the maximum
time lag from the receipt of interrupt request (ISIO) to the writing

of data in the buffer register by the interrupt service program.

ESIO l
secoveon L L LML L

s0 %/ £ €
1S10 d

SB(OPOF)%CD N ==

(a) 1Internal clock operation (with wait operation)

ESIO l
s& own L L L UL L L L

s0 K X2 X X0 X0 )Yy )X Yo X=X 2™

ISIO0

]
SB(OPOF) % D ‘ X o X o )C

(b) External clock operation

Fig. 1.11.3 Transmit Mode
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Completion of transmission

When the buffer register becomes cmpty, the interrupt occurs
to request the next data. In case where the transmission is desired
to be completed after the data is entirely transferred, the transmit
operation can be stopped upon complefion of transferring the current
data shifted out, by resetting the ESIO to "0" without outputting
the data. Whether or not the transfer operation is completed can

be sensed in a program by the SIOF (MSB of the status input).

In the external clock operation, the ESIO must be reset to "O"
before the next data is shifted out as in the data updating opera-
tion (however, the data is not updated when the operation is com-
pleted). When the wait operation have been already performed in
the internal clock operation, the data transfer is terminated

immediately after ESIO = 0.
One word transfer can be terminated by ESIO = O in the inter-

rupt service program on receipt of the interrupt caused by the buffer

empty.

419



e INTEGRATED CIRCUIT © TMPLTCHOP

' ; TMP47C20P
R TECHNICAL DATA ‘

ESIO : T

SIOF +f
SEF
SCK

SO

(Do™ XD17 )
1S10 " i s i
‘\J_l—/

SB (OPOF) D 7 XD
4

SO

ISIO

SB(OPOF)

ESTO — /L)_
1

SIOF
SEF
SCK

SO

ISI0

SB (OPOF)

(c) Completion at one-word transfer

Fig. 1.11.4 Completion of Transmission
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l Receive (trailing edge shift) mode ]

Data can be received by setting the receive mode in the command register
as well as by setting the ESIO (MSB of command register) to "1".
When the four data are received from the SI pin, the 4-bit data is
transferred from the shift register to the buffer register. At the same time,
interrupt (ISIO) takes place to request the data reading (buffer full).
Since the shift register has been transferring the data to the buffer reg-
ister, the shift operation is continued without waiting for the data being
read.

When the data received from the port address IPOF is read in the inter—
rupt service program, the interrupt request is reset. And then the next 4-bit
data is transferred from the shift register to the buffer register if the

buffer register has been full.

Internal clock operation

During the operation of the internal clock of fc/27Hz, if the next 4-
bit data is not read out of the buffer register (the IPOF has not been ac-
cessed) in the program though the 4-bit data has been entirely input, the
shift clock-automatically stops, and the wait operation is taking place
until the data is read out. -

The maximum receiving rate is 31250 bit/sec at the 4 MHz basic clock.

External clock operation

Since the shift operation synthronizes entirely with the clock proﬁi&éd
from the external circuitry, the current data should have been read by the
instruction before the next 4-bit data is transferred to the buffer register.
The transfer rate is, therefore, determined by the maximum time lag from the
receipt of interrupt request (ISIO) to the read of the data in the buffer

register by the interrupt service program.
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ESTO | " 7
ST 7 Dg YD; XD, XD3 Y Do'Y D1’ Yp2' D3' ADo" XD1" Y D' D3"
Shift (Sampling) } ! | 4 { t ) f { f 4

ISIO

N ‘
s T A AN

Read (IPOF)

(a) Internal clock operation (with wait operation)

ESIO __J 7
s (weon L LU LLLuuTue
1 TN Do X 21 X 22 Xms X o X p X22 X3 o™ X or X 02 X"

Shift (Sampling) I D S R D R R S N B

1S10 J\ f - J—

. € G &
Read (IPOF) \ 9!

(b) External clock operation

Fig. 1.11.5 Receive (trailing edge shift) Mode
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Completion of receiving

When all of the data are read, the receiving of data can be
completed upon termination of the current data transfer, by resetting
the ESIO to "O".

Whether or not the data transmission is terminated can be sensed

in a program by the SIOF (MSB of status input).

To complete the receive operation when the synchronization is
desired between the serial transfer and interrupt service program
(indicates data reading or completion of receiving), there are two

ways according to the speed of shift clock.

The receive/transmit mode must be maintained without switching
the mode until the last data is read out even if the completion of the
data transfer is indicated; otherwise the contents of the buffer reg-

ister will be lost.

(a) Sufficiently slow data transfer rate (external clock operation)

1f the timing, operated by the external clock, is slow enough to
reset the ESIO to "O" prior to the generation of the next shift clock,
the ESIO can be reset to "0" in the interrupt service program which

is loaded to read out the last data. Thereafter the last data is read.
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ESIO

SIOF

SEF

SCK I R N I N

SI AR D N G
IS10
SB D )}\ D' X\ D"

Read (IPOF) x AX\“

Fig. 1.11.6 Completion of Receiving (at slow transfer rate)

(b) Fast transfer rate

1f the shift operation for the next data may start before the
current data is read out by receipt of the interrupt request becuase
the transfer rate is too fast, the interrupt service program which is
loaded to read out the last data but one should be used to resetlthe
ESIO to "O" after confirming that the SEF (bit 2 of status input) has
been set to "1".

Thereafter, the data should be read. No operation is required to
complete the data transfer in the interrupt service program for read-

ing the last data.
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ESIO

SIOF

SEF

SCK

S1

ISIO

SB

Read

The method mentioned above is usually taken for the internal
clock operation. In the external clock operation, however, the reset
of the ESIO and the read of data must be completed before the last

data is transferred to the buffer register.

(a) Program sequence of receive end indication

Y - }
] 1] — a P
—— =
DR O X ) C
(IPOF) — .3 )|

(b) Timing Chart
(in case of internal clock operation with wait operation)

Fig. 1.11.7 Completion of Receiving (at fast transfer rate)
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(c) One word transfer

The data receive operation starts after the ESIO is set to "1'".
Then, the ESIO is reset to "0" after confirming that the SEF status
is set to "1". 1In this sequence, one interrupt casued by the buffer
full takes place; therefore, the data should be read out by the

service program.

(a) Program sequence of receiving start/end indication

Read (IPOF)

(b) Timing Chart

Fig. 1.11.8 Receiving Start/Completion (at one word transfer)
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[Receive (leading edge shift) model

With this mode set in the command register, the data can be

received by setting the ESIO (MSB of command register) to "1".

When the four data are received from the SI pin, the 4-bit
data is transferred from the shift register to the buffer register.
At the same time, the interrupt (ISIO) occurs to request the data
reading (buffer full). Since the shift register is transferring
the data to the buffer register, the shift operation has been con-

tinued without waiting for the data being read.

When the data received from the port address IPOF is read in
the interrupt service program, the interrupt request is reset.
And then the next 4-bit data is transferred from the shift register

to the buffer register if the buffer register has been full.

The basic operation in the receive (leading edge shift) mode is
equivalent to that in the receive (trailing edge shift) mode except
that the edge for the shift clock is different, and that at time of
the transfer start, the first shifted data has been already input
from the external circuitry before the first shift clock is applied

to the data receipt. Timing charts are shown below.
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ESIO __J 7]

SIOF _J 4t

sr ] L 1 ; §
et D I T o U 1 i Y e O

SEN /A0 € £ U £ O 03 o
shift (samplingy | 4 b 4 f b }

IS10 R 7 —

Read (IPOF)

—=0

(a) Internal clock operation (with wait operation)

ESTO ___ | k

SIOF
SEF r‘*

SCK (INPUT)

St 77, o X 21 X 02 X235 X Dg"Xp1" X0, X03Xo" X017 X02"X 05" 77777
Shift (Sampling) 4 4 4 } 4 4 f { t |

N

s Do Xe: X
Read (IPOF) ) \_.‘L \__.Q

(b) External clock operation (at slow transfer rate)
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Shift (Sampling)

ESIO _I /‘I___)____

SIOF ] /
SEF [ L] 1

SCK (INPUT)

S1

Do D, D, D3 DO' Dl' D2' D3' DD” Dl” DZ” D3n

shift (sampling) | | | I N } } A S

1810 N [ B
SP T 077/7777727 77K D Xo X o

Read (IPOF) \__( \

(c) External clock operation (at fast transfer rate)

SIOF

ESIO
; /
—
SEF
SCK

......

SI

ISI0

SB D
Read (IPOF)

(d) One-word transfer

Fig. 1.11.9 Receive(Leading Edge Shift)Mode
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1.12 Hold control circuit (HOLDC)

The hold function is the function that holds the status (contents
of the data memory, program counter and other registers) immediately
before the system operation is stopped at lower power consumption making
the most of the features of CMOS. The hold function is controlled by the

HOLD terminal and the command register.

There are two operation modes for the hold operation as shown below.
The designation for the hold operation start is made by the command

in either mode.

(a) Backup mode

The HOLD terminal input controls the request/release of the hold
operation. Namely, it is the state of the hold that the HOLD input
is at the low level, and it is the state of the normal operations
that the HOLD input is at the high level.

This mode is used for backup of the capacitor when the main power

supply is cut off, backup of the battery for a long time, etc.

(b) Clock mode

When the hold operation is started by the command even when the
HOLD terminal input is at the either levels, the hold operation is
continued till the leading edge of the HOLD terminal input is
detected. This mode is used when signals in constant cycle are
applied to the HOLD teri.inal input in applications, for example,
the clock or timer applications, where relatively short period
program processings are repeatedly executed in constant cycle.

For instance, the signal is applied to the HOLD input from a

source of oscillation at low power consumption.
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— ————————
HOLD
Hold operation ——————YNormal operation
Detecting by the program, Restarted by the hardware.
start the hold operation. (Whenever the HOLD
terminal input is at high
level, the normal operation
is restarted.)
(a) Backup Mode
——
HOLD f e

—**{T———Hold operation —=

Normal operation
YLCK———\Hold operation ————

(b) Clock Mo

Fig. 1.12.1

The hold operation is

started by the program.

Restarted by the hardware
according to the leading

edge of the HOLD input.

de

Hold Modes
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(1) Control of hold function

The hold operation is started by a command. The command
register is accessed as the port address OP10, and operation
mode selection, start control and set-up of warming-up time at
time of restart are designated. Furthermore, it is possible to
read the status of the HOLD terminal input from the status

input. The status input is accessed as the port address IPOE.

MSB LSB
Hold function 3 2 1 Q
command reg- (*: don't care)
ister (Port
address OP10)

*0 : Inhibiting code

01 : Set the hold operation by the clock
mode

11 : Set the hold operation by the back-
up mode

L?et—up of Warming-up Time

00 : Set at 218 x 1000/fc msec.
01: Set at 214 x 1000/fc msec.
1% : set at 2° x 1000/ fc msec.

(fc : basic clock frequency)

Warming-up Time (m SEC) atF%z=iﬁﬁ2Pé:éEC)

218 x 1000/f, £ 65.5
214 x 1000/f¢ £ 4.1
26 x 1000/fc + 0.016

Hold function

status input
(Port address
IPOE)

(*: don't care)

1 : HOLD input is at low level
(Hold operation request)

0 : HOLD input is at high level
Fig. 1.12.2 Hold Function Control
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(2) Hold operation
The hold operation holds the following state:

@ The oscillation is stopped, and all internal operation are stopped.

S)

The frequency divider is reset to "0".

® The data memory, registers and port latches are held at the state
immediately before the hold operation is started. Tt is therefore
necessary to program in advance for the processing of uninterruptable

program or status of the output terminal.

@ The program counter holds address of the instruction following the

instruction directing start of the hold operation.

The hold operation is started under either mode when data is set in
a command register. In the case of the backup mode, it is therefore
necessary to recognize the status of the JOLD input (the hold operation
request) on the program. To do this, the following two methods are

considered available:
(a) Test HLDF of the status input

(b) Apply the HOLD input to the INTj input as an interrupt request.

The hold operation is released when the HOLD terminal input becomes
the high level. That is, under the backup mode, the hold status is kept
held as long as the HOLD input is at the low level. However, if the HOLD
input is already at the high level when a command directing start of the
hold operation is executed, the hold operation is not started but the
restarting sequence is started. Under the clock mode, the hold operation

is continued till the leading edge of the HOLD input is detected.
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Further, in the hold operation, current consumption based on the
oscillator and internal hardware is reduced, but current consumption based
on the terminal interface (depending upon the external circuit and program)
is not directly concerned with the hardware operation of the hold function,
and it is therefore necessary to pay attention in designing system as well
as interface circuits. When the input level is stable at the Vpp/Vgg level,
current flows scarcely through the CMOS circuit. On the other hand, when
the input level is floating from the VDD/VSS level (by about 0.3 v 0.5V),
current will flow through the CMOS circuit. Therefore, in a case where
the signal level at the I/O port (the open drain output with an input
port circuit connected) becomes the 3-state status when the output transis-
tor is cut off, current flows through the input port resistor and it is

therefore necessary to fix the signal level by pulling up, etc.

Restart from Hold

The restart from hold is performed in the following sequence.

@ Oscillation is started.

@ The internal operation is kept stopped for a period of warming-up
time assigned by the hold setting command to prevent the malfunction
due to unstable oscillation.

Note :
( ), the normal operation is

® After the warming-up time has passed
restarted by the instruction following the instruction directing the
hold setting. Further, the divider starts to operate from the state

where it has been reset to "0".

Note : Since the warming-up time is obtained from the value counted the
basic clock by the divider, if oscillation frequency fluctuates
at time of the restarting from the hold operation, the warming-up
time shown in Fig. 1.12.2 may include errors. It is therefore

necessary to regard the warming-up time as an approximate value.

The hold operation is released when the RESET terminal is set at the

low level and the normal operation (the initialization operation) is
immediately executed.
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2.1

asic operation and pin operation
Instruction cycle

. Basic clock (CP) generation
Initialization operation

Hold Tnput

Interrupt input

Input/output port

Other pins

The timing in each basic operation, and the configuration, function,

iming of the pins are described according to the above items.

The operation and timing with each component of the hardware are

ed in detail in the description of each item of the components.

Different input/output port circuit system can be specified accord-
o the port. The details to specify the type of input/output port

it are given in the descreption covering the program tape format.

Instruction cycle

The instruction execution and the internal hardware control are

synchronized with the basic clock (CP, fc Hz).

The minimum unit of the instruction execution is called the
"instruction cycle', and all instructions are executed by one or two
instruction cycles, each of which is called one-cycle instruction or

two-cycle instruction.
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An instruction cycle consists of four machine cycles (M} VMg).

and each machine cycle requires four basic clock times.

1/fc

ik o
e Rnnnpnnpinnupnnnn

e
R —

N e
s -
2 [

Machine cycle
je————— Instruction Cycle —— =
PC+1-PC PC~>ROM
ROM~IR.Decoder
RAM-Registor>ALU ALU~RAM-Registor

Port lnput Port Output

Fig. 2.1.1 Instruction Cycle
2.2 Basic clock (CP) generation

An oscillation circuit is contained, and the necessary clock
is easily generated by connecting the resonator to external pins
(XIN, Xoyt). By the way, the oscillation circuit serves as Schmitt

circuit.

The clock generated in the oscillation circuit is called the
"basic. clock" with which the internal control is synchronized. The
basic clock is applied to the timing generator and the control cir-

cuit of system to provide various control signals.
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The following are the examples of the resonator connection.

XINy_t,1 XoUT
Cerami

J;CIN ;[; Cout

(a) For X-tal or ceramic resonator

XIN XouT
R
l;c
(b) TFor RC
XIN Xour
(Open)

(¢) For external oscillator

Fig. 2.2.1 Resonator Connections

2.3 Initialization operation

Initialization operation is performed by keeping the RESET pin
to the low level. However, the following conditions are required to

put the initialization operation into practice with certainty
@ The supply voltage is within the operating voltage.
@ The oscillation circuit operates stably.

(® The RESET is held at the low level in at least three instruc-

tion cycle time.
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The following processing are performed by the initialization

operation.
@® Reset the program counter to "O"
® set the status flag to "1".

® Reset the interrupt enabling master F/F and the interrupt
enabling register to "0", and also reset the interrupt

latch to "O0".
@ Reset the divider to "O".

(® Initialize the input/output port and command register to

the fixed level.

The initialization operation is released due to the rise of
the RESET pin to the high level, and the program can be executed

from address O in sequence.

The RESET pin serves as Schmitt circuit input, and is connected

with pull-up resistor (4 200k TYP., MOS-load resistor).

Hold input

The hold function is the function that holds the status im-
mediately before the system operation is stopped at low power con-
sumption. The HOLD terminal serves as Schmitt circuit input and is
used to the signal input requesting or releasing of the hold operation.
Further, for details of the hold operation, refer to the description

of the hold control circuit.

Caution: To restart the system operation from the hold operation
at low holding voltage, the following precaution is required.
When supply voltage rises from holding voltage to operat-
ing voltage, the RESET input is also at the high
level and rises together with supply voltage.
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If a time constant circuit, etc. are externally added in
this case, voltage build-up at the RESET input will be
slower than that of supply voltage. Therefore, if voltage

level at the RESET input drops below the non-reversible

high level (Schmitt circuit) at the RESET terminal input
at this time, the initialization operation may possibly

be executed.

Interrupt input

Two pins (INTy, INT2) are provided for the external interrupt
input. Since these pins are common pins with Rg port, they can be
used as I/0O pins (R82, R80) respectively, if not used as the inter-

rupt input pins.

The interrupt via INT) can be inhibited at any time by the
program, but the interrupt via INT; is not inhibited by it inde-
pendently. Therefore, when this pin is used for the Rg82 port,
the interrupt will always take place due to the detection of the
falling edge of the signal. It is necessary to set a dummy inter-—
rupt service program including the (RETI) instruction only, even

if the INT] is not used.

The interrupt latch is set by the falling edge of the external
inputs (Eﬁi}; fﬁf}), and an interrupt request is made to the CPU.
To assure that the interrupt latch is positively set or reset,
and that the next interrupt request is set, both of the high and

low levels should be kept for more than two instruction cycle time.

The external interrupt input is the Schmitt circuit input.
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INTEGRATED CIRCUIT THP47CLOP

TMP47C20P

R TECHNICAL DATA

Instruction
cycle

_...I‘____._." _____ -t ’ -t - — —

T T

Execution Interrupt Execution of ad- Execution
of acceptance dress 002 (RETI) of
instruction process instruction instruction

Fig. 2.5.1 Interrupt Timing (Dummy process of INT; interrupt)

2.6 Input/output port
(1) Input/output timing

The timing to read the external data from the input port or I/0
port is in M3 machine cycle in the second cycle of the input instruc-
tion (two-cycle instruction). Since this timing cannot be externally
recognized, the transient input data should be processed by a program.

The timing to output the data to the output port or I/0 port is
in M4 machine cycle in the second cycle of the output instruction
(two-cycle instruction), but this timing cannot be externally recognized.

lst Cycle 2nd Cycle

Mlj_MZ +M3 My IMl#Mz ,M3+M;u_x .

t -+ 1

Input strobe , l

(a) Input Timing

Input instruction

. . 1st Cycle 2nd Cycle
Output instruction . e |

M M M3 | My M1 , My M3 M_‘

Latch strobe r-l-
External pin 41>(f”———_

(b) Output Timing

Fig. 2.6.1 Input/Output Timing



- INTEGRATED CIRCUIT TMPU7CLOP, TNPL7CLIP

TECHNICAL DATA TMP47C20P, TMP47C21P

(2) Input/output circuit format

The input output circuit format of the input/output port is shown following.
For the TMP47C40P, TMP47C20P, TMP47C41F and TMP47C21P, any of the input/
output circuit systems shown in the following tables can be selected. You
can specify your input/output circuit system when requesting the program tape.
(In the case of high breakdown voltage output type, production part's number
is TMP47C41P or TMP47C21P.)
*: Port *%: Circuit

Input/Output Circuit Code  (IOCODE) FA

* Input (Ko) Output (P,,P,) 1/0 1/0 (R;) 1/0 (Rg,Re)
% % (Ru,Rs,R¢)
e
oa
22« Do—f Do Do
58| OwDod> | Do R R R
2.
P
ER-]
U
e =
T38| R = 1ka (TYP.) R = 1kQ(TYP.) | R = 1ko (TYP.) | R = 1kQ (TYP.)
o No resistor o Sink open o Sink open o Sink open o Schmitt cir-
is contained. drain output. drain output. drain output. cuit input.
* o Output latch o Output latch |o Output latch o Sink open
o is initial- is initial- is initial- drain output.
§ ized to the ized to the ized to the o Output latch
high level. high level. high level. is initial-
ized to the
high level.
Input/Output Circuit Code (IOCODE) HA
* 1/0 1/0 (R7) 1/0 (Rg,Rs)
en Input (Ko) Output (P,,P,) (Ru,Rs,Rs) / 7 / 8>Rs
5
o
2E VDD VDD
22 O Bpodqy | D Do Do Dk r
Su R
e
ERE]
a0
e
©| R = 1kQ (TYP.) R = 1kQ (TYP.) | R = 1kQ (TYP.)
o No resistor o Source open o Source open |o Sink open o Schmitt cir-
is contained. dfaln output, drain output. drain output cuit input.
o o High breakdown | o High breakdown o lateh | © Sink open
H voltage output|  voltage output]® Yutput 'aic drain output.
£ o Output latch | 5 Qutput latch is initial- o Output latch
S is initial- ized to the

is initialized is initial-

iged to the to the low level high level. ized to the
low level o only for - high level.
output

(Note: In this case, production part's number is TMP47C41P or TMP47C21P.)



INTEGRATED CIRCUIT

Foshiba TMP47C40P
‘ TMP47C20pP
= TECHNICAL DATA
*: Port *%: Circuit
Input/Output Circuit Code (IOCODE) FB D
ol Input (Ko) Output (P,,P,) ‘Rufég,Rh) [ 1/0 (Ry) 1/0 (Rg,Rg)
|
Vpp l
-
e Ry D o D
Sg R R R R
2= _4>o___4
~ &
oo 7 |
5 3 |
(" INo) H
S5 | i
S| RIN=70kQ(TYP.) | t
R = 1kQ (TYP.) . R=1kQ (TYP.) R =1k& (TYP.) R =1kQ (TYP.)
o Pull-up o Sink open o Sink open 1 o Sink open o Schmitt cir-
resistor is drain output drain output drain output cuit input
contained. ! .
o Output latch o Output latch | o Output latch o Sink open

2 is initial- is initial- is initial- drain output

] ized to the ized to the ized to the o Output latch

) i . i . i .

g high level high level high level is initial-
ized to the
high level.

*: Port *%: Circuit
Input/Output Circuit Code (I6C6bE) FC
o Input (Ko) | Output (P,,Ps) (Re 42 Re) 1/0 (R7) 1/0 (Rg,R9)
R
L]
5 B |
585
R R — | Do >o-— Do
D” | R R
D‘ﬂ R %
23 IN
£ g
e
O
RIN=70k® (TYP.)
R = 1kf (TYP.) R =1k2 (TYP.) R= 1k (TYP.) R =1kQ (TYP.)
o Pull-down o Sink open o Sink open o Sink open o Schmitt cir-
resistor is drain output drain output drain output cuit input
contained. .

. o Output latch o Output latch | o Output latch | o Sink open

P is initial- is initial- is initial- drain output

g ized to the ized to the ized to the Output latch

4 high level. high level. high level. o tutput atc
is initial-
ized to the
high level.




| INTEGRATED CIRCUIT TMPL7CHOP

S  TECHNICAL DATA TMP47C20P

*: Port **: Circuit

Input/Output Circuit Code (IOCODE) HB

ot Input (Ko) Output (P,,P3) (Rafé?,Rb) 1/0 (R7) L/0 (Rg,Rq)
o Vpp
ER: R VoD )
S R ] L R C R
2. Do Do
o
ER!
[S"N9)
Y]
=8 | RIN=70kQ(TYP.)
R = 1k (TYP.) R=1kQ (TYP.) R=1kQ (TYP.)
o Pull-up o Source open o Source open o Sink open o Schmitt cir-
resistor is drain output. drain output. drain output. cuit input.
contained. o High breakdown

0 High breakdown o Output latch | o Sink open

%4 voltage output voltage output is initial- drain output.
= o Output latch 1zed to the
5 o Output latch is initial- high 1 1 o Output latch
= is initial- ized to the igh eve is initial-
ized to the low level. ized to the
low level. o Only for high level.
output. .

(Note: In this case, production part's number is TMP47C41P or TMP47C21P.)
*; Port **: Circuit

Input/Output Circuit Code (TOCODE) HC

k| Input (Ko) | Output (P,,Py) Rtk ko) 1/0 (Ry) 1/0_(Rg,Rg)
e
58 y
o DD Vpp
38 R So—r Do
34 4> = ® ®
33 RIN
a0
& N
=3
RIN=70k (TYP.)
R = 1kQ (TYP.) R =1k (TYP.) R =1k (TYP.)
o Pull-down o Source open |o Source open o Sink open o Schmitt cir-
resistor is drain output. drain output. drain output. cuit input.
" contained. o Highbreakdown|© Highbreakdown | o gutput latch | o Sink open
M voltage output Voltage output is initial- drain output.
g o Output latch ized to the
2 o Output latch is initial- hieh level o Output latch
is initial- ized to the & : is initial-
ized to the high level. ized to the
low level. o Only for - high level.
output.

(Note: In this case, production part's number is TMP47C41P or TMP47C21P.)
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INTEGRATED CIRCUIT TMP47CLOP

TMP47C20P
R TECHNICAL DATA

2.7 Other pins

Timer/Counter input

Two pins (T1, Tp) are provided for the external timer/counter
inputs. Since these pins are common pins with Rg port, they can be

also used as I1/0 pins (R83, R81), respectively, if not used as the

timer/counter inputs.

The count latch is set by the rising edge of the external input
(Tl, TZ)’ and a count request is made to the CPU. To assure that the
count latch is positively set or reset, both of the high and low

levels should be kept for more tham two instruction cycle tires.

The external timer/counter input is the Schmitt circuit input.

Serial port

This port is connected to the external circuitry via three pins
(SCK, SO, SI), which are also used for the Rg port. These pins can
be used as the pins of the Rg port (R92, R91, R9p), if not used for

the serial port.

To assure that the shift operation is positively performed in the
external clock mode, both of the high and low levels should be kept

for more than two instruction cycle times.

The SCK input in the external clock mode and the SI input in the

receive mode are Schmitt circuit inputs.

TEST pin

This pin is used for the shipment test. To operate the user
system with this pin, the input should be surely set to the low level.

By the way, TEST pin is connected with puli—down resistor (= 70kQ TYP.).
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INTEGRATED CIRCUIT

R

TECHNICAL DATA

TMPL7 C4OP
TMP47C20P

Instructions

which are software compatible within the series.

The TLCS-47 series microcomputer is provided with 90 instructions,

The instructions of

the TLCS-47 series is consist of l-byte instructions or 2-byte instruc-

tions.

To classify them in terms of the execution time, there are

l-cycle instructions and 2-cycle instructions.

1-byte, l-cycle instructions are mainl

y used in this series, and

are arranged so as to improve the program efficiency.

(a)

(®)

1-byte l-cycle instruction 40
1-byte 2-cycle instruction 11
2-byte 2-cycle instruction 39

Total 90

Classification by byte/cycle
Move instruction (Note 1) 22
Compare instruction 6
Arithmetic instruction 16
Logical instruction 9
Bit manipulation instruction 24
2

Input/Output instruction (Note 2) 6
Branch, subroutine instruction 6
Other instruction 1

Total 90
(Note 1) Including ROM data referring instructions
(Note 2) Including PLA referring instruction.

Classification by function

Table 3.0.1 Classification of Instruc

tions.
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R=

INTEGRATED CIRCUIT

TECHNICAL DATA

TMP47C4OP
TMP47C20pP

446

3.1 Description of symbols '

The following symbols are used for describing the instructions in the

following explanations.

STACK[(SPW) ]

SPW
EIF

EIR

INTLj

DC

ROM[x]
(ROMy , ROM],)

"

+

4 < >

Symbol Description
AC Accumulator
M(x] Data memory (Address x)
HR H register
LR L register
Plp] Port (Address p)
FLAG Flag
CF Carry flag
ZF Zero flag
SF Status flag
GF General flag
PC Program counter

Stack (Stack level is indicated by the contents of stack

pointer word.)

Stack pointer word

Enable interrupt master F/F

Enable interrupt register

Interrupt latch (j=5 - 0)

Data counter

Program memory (Address x)
(High-order 4 bits or low-order 4 bits are expressed by
suffix H/L.)

Transfer

Exchange

Addition

Substraction

Logical ANL of the corresponding bits

Logical OR of the corresponaing bits

Exclusive OR of the corresponding bits




INTEGRATED CIRCUIT

L
R

TECHNICAL DATA

TMP47 CLOP
TMP47C20P

Symbol Description
(CF) Inversion of carry flag contents
null Processed result is transferred nowhere
(AC) Contents of accumulator
(H.L) Contents of 8 bits coupling H register with L register
M[(H.L)] Contents of data memory for which the contents of 8 bits
coupling H register with L register is used as address.
(AC) <b> Contents of bit assigned by b of accumulator.
(LR)<3:2> Contents of bit 3 to bit 2 of L register
(PC)<11:6> Contents of bit 11 to bit 6 of program counter
3.2 Description of instructions (*): Note 1 (*%*): Exec.cycle (f;): Hexadecimal
*
[tem | assembler Object Code Function Flag(©) (%)
Mnemonic CFLZFTSF
Class Binary [ED) Functional Description

DA, GHL (0000 1100| 0C | (AC)<M[(H-L)] J-z1]1
Loads the contents of the data memory spec-
ified by the H and L registers in the ac-
cumulator.

g (wax [0011 1100 3cC | (AQ)Hx] 1-z1]2

b X XeXsXa XaXax,xd XHXL Loads the contents of the data memory spe —

g 7RefsRe A3f2tatq cified by the x of the instruction field in

I8 the accumulator.

Z loHL, x 0010 1000] 28 (LR)“MX],(HR)<M[x+1] 1l

) X,XeXsXs X3X2XiXo| SHXL | X'=X,X6XsXuX3%200

g 7Refs e Sefata o | Loads the consecutive two-word contents of

= : the data memory specified by the x' (modi-
fied x) of the instruction field in the H
and L registers.

LD A, #k |0 1 0 0 kskak,ke| 4 k | (AC)+k [-z1]1
Loads the immediate data k of the instruc-
tion field in the accumulator. Serves as
the clear instruction when k= 0.




INTEGRATED CIRCUIT

L~
R

TECHNICAL DATA

TMP47C4OP
TMPY47C20P

Items |Assembler ) . Flag(*)

Mnemoni c Object Code Function CFIZF|SF (**)

Class Binary (%) Functional Description

LD H, # | 110 0 kskzkyko | C k| (HR)<k [- -1

Loads the immediate data k of the instruc-
| tion field in the H register. Serves as the
. clear instruction when k=0.

LDL, # | 1110 kskakuko | E k| (LR)<k [- - 1]
Loads the immediate data k of the instruc-
tion field in the L register. Serves as the
clear instruction when k= 0.

LDL A, @DC{ 0011 0011} 33| (AC)«~ROML[(DC)] |— Z 1 I'Z
Loads the lower-order 4 bits of the data read
out of the data table of the program memory
specified by the data counter, in the ac-
cumulator.

LDH A,6DC+] 0011 0010 32| (AQ)<ROM{[(DC)], (DO)«(DO)+L |- z 1] 2

i Loads the higher-order 4 bits of the data

! read out of the data table of the program

.S ; memory specified by the data counter, in the

i) accumulator, and then increments the contents

v

z ! of the data counter. [Note 2]

9 ST A, GHL |[0000 1111/ 0F | M[(HL)]<AC - -1]1

flr} Stores the contents of the accumulator in the

9 data memory specified by the Hand L registers.

2 [STAGHL+ {0001 1010/| 1A |M(H-L) J«(AC), (LR)<(LR)+1 [-zc]1
Stores the contents of the accumulator in the
data memory specified by the H and L regis-
ters, and then increments the contents of the
L register. [Note 3]

ST A,@HL- |0 001 101 1| 1B |MI(H.L)]<(AC), (LR)«(LR)-1 J-z38]1
Stores the contents of the accumulator in the
data memory specified by the H and L regis-
ters, and then decrements the contents of the
L register. [Note 3]

ST A, x 0011 1111|3F|Mx]<(AC) [- - 1] 2

xyXp, | Stores the contents of the accumulator in the
X7XeXsXu X3XaXiXo data memory specified by the x of the instruc-
tion field.

ST #k,@HL+| 1 1 1 1 kakzkiko| F k | M[(H-L) <k, (LR)«(LR)+1 [-z7¢] 1

Stores the immediate data k of the instruc-
tion field in the data memory specified by
the H and L registers, and then increments
the contents of the L register. [Note 3]
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) INTEGRATED CIRCUIT TMP47 CHOP

‘ TMP47C20P
R TECHNICAL DATA

Ltems
Assembler ) . Flag(*) | .4
oo Muemonic Object Code Function CHZE[ST (*%)
Binary [€:8) Functional Description
ST#,y | 0010 1101|2D]| Myl [- - 1] 2
k Stores the immediate value k of the instruc-
kskak,k y
sfa¥ako Yayzyaye tion field in the data memory specified by
y (page 0) of the instruction field. Serves
as the clear instruction when k=0.

MOVH, A | 0001 0000| 10| (AC)<@ER) ‘-lel
Loads the contents of the H register in the
accumulator.

MOV L, A 0001 000111 (AC)«<(LR) l-z1]1
Loads the contents of the L register in the
accumulator.

= |XCHA,H [ 0011 0000/ 30| (HR)X(AC) ]—21L2

g Exchanges the contents of the accumulator for

; | those of the H register. [Note 2]

<

‘;,‘IXCHA,L 0011 0001/ 31| (LRI(AC) I—21]2

£ Exchanges the contents of the accumulator for

g those of the L register. [Note 2]

o

= |XCH A,EIR | 0001 0011]|13] (EIR)S(AC) ]--1L1
Exchanges the contents of the accumulator for
those of the interrupt enable register.

XCH A,@HL | 0000 1101 0D ]| M[(H-L)]S(AC) l- Zz 1 ‘ 1
Exchanges the contents of the accumulator for
those of the data memory specified by the H
and L registers. [Note 2]

XCH A, x 0011 1101 3D |Mx]%AC) ]—21]2

xpx], | Exchanges the contents of the accumulator for
FrXeXsXu XaXaXaiXo those of the data memory specified by the x
of the instruction field. [Note 2]
« ' «
XCH HL, x | 0010 1001 |29 | MXIS0R, M +1IS(HR) - -1l 2
% X =X7;X6X5XuX3X200
X7XeXsXy X3X2XyXoe| BNl Exchanges the contents of the H and L regis-
ters for consecutive two-word contents of
the data memory specifiedby the x' (modified
x) of the instruction field.
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TMP47C20P

INTEGRATED CIRCUIT THPL7 CLOP

$R3>  TECHNICAL DATA

Items Assembler Flag(*)

Mnemonic Object Code Function CFIZFISE

(%%)

Class

Binary (%) Functional Description

CMPR A,@GHL [0 0 01 01 10|16 |null-M[(H-L)]-(AC) |§ z EI 1
i Compares the contents of the datamemory spec-—
ified by the H and L registers with those of
the accumulator.

CMPR A, x (0011 1110/ 3E |nillM[x]-(AC) Lﬁzilz
Compares the contents of the data memory spec-—
ified by the x of the instruction field with
those of the accumulator.

XHX
X7XeXs5Xy X3X2X1Xo HXL

CMPR A,#k |11 01 kskokiko| D k | null<k-(AC) ’B z 7z J 1
i Compares the immediate data k of the in-

[ struction field with the contents of the ac-
! | cumulator. Serves as the accumulator test
instruction when k= 0.

null<k-(HR) l- z E[ 2
Compares the immediate data k of the in-
struction field with the contents of the H
register. Serves as the H register test in-
struction when k=0.

CMPR H, #k

w
©

= o
o
o~
=
=~
M
O
%
O
M
~ O
(-]
|}
=

Compare Instruction

CMPR L, #k

=]
[eNe}
(=N

3 8 | null«k-(LR) I— Z B l72
9 k | Compares the immediate data k of the in-
struction field with the contents of the L
register. Serves as the L register test in-
struction when k=0.

o

CMPR Y,# {0010 1110 |2E |null«k-M[y] 13 Z Z rz
k y | Compares the immediate data k of the in-
struction field with the contents of the data
memory specified by the y (page 0) of the in-
struction field. Serves as the data memory
test instruction when k= 0.

kskzkiko yay2y1yo

INC A 0000 1000 |08 | (AC)+(AC)+1 l-zE[1
Increments the contents of the accumulator.

INC L 0001 1000 |18 | (LR<(LR)+1 I—ZELI
Increments the contents of the L register.

Arithmetic
Instruction|
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| INTEGRATED CIRCUIT THPL7 C4OP

: TMPL47C20P
R TECHNICAL DATA

Adds the contents of the data memory spec-

tems | Assembler Object Code Function Flag(*) (*%)
Mnemoni e - CF|ZF[SF
Class m ¢ Binary (%&) Functional Description
{INC @HL 0000 101004 [M[(H~L)]<—M[(H~L)]+l l— zZ E] 1
Increments the contents of the data memory
specified by the H and L registers.
DEC A 0000 1001 {09 | (AC)<(AC)-1 ]- zZ ﬂ 1
; l Decrements the contents of the accumulator.
DEC L 0001 1001 .19 | (LR«<(LR)-1 1-2%]1
) i Decrements the contents of the L register.
N f - - —
DEC @HL 10000 1011 0B |M[(H-L)]J«M[(H-L)]-1 [& Z Bgr 1
} ‘ Decrements the contents of the data memory
i i [ specified by the H and L registers.
! |
! IADDC A, @HL : 0001 0101 ; 15 | (AC)«<(AC)+M[(H-L) ]+(CF) TC z ET 1
| !

|
{ ified by the H and L registers as well as
! | those of the carry flag to those of the ac-
’ | i cumulator, and places the result in the ac-
i i cumulator.
|
1
1
|
1
1
L

ADD A,@HL 0001 0111

Arithmetic Instruction

17 | (AC)<(AC)+M[(H-1)] [- z cl 1
Adds the contents of the data memory spec-
ified by the H and L registers to those of
the accumulator, and places the result in the
accumulator.

8 | (AC)+«(AC)+k ]— Z C l 2
Adds the immediate data k of the instruction
field to the contents of the accumulator, and
places the result in the accumulator. Serves
as the correction instruction for decimal ad-
dition and subtraction when k=6 or A.

ADD A, fk 0011 1000
0000 kskrkjko

o w
-

8 | (HR)«(HR)+k ]- z ET 2
Adds the immediate data k of the instruction
field to the contents of the H register, and
places the result in the H register. Serves
as the H register increment instruction or
the decrement instruction when k=1 or F,
respectively.

ADD H, #k 0011 1000
1100 kskzkiko

O w
o~




INTEGRATED CIRCUIT TMPL7CLOP

TMP47C20P

R TECHNICAL DATA

*
Lems | \ssembler Object Code Function g;f*ng(ls)F (%)
Class Mnemonic Binary (%) Functional Description
ADD L, #k 0011 1000 |38 | (LR“{LR)+k l- zEl 2

KakoK K 8 k | Adds the immediate data k of the instruction
3nemito field to the contents of the L register, and
places the result in the L register.

1000

M[(H-L) ]*M[(H-L) ]+k T— z ET 2
Adds the immediate data k of the instruction
i field to the contents of the data memory
specified by the H and L register, and
places the result in the data memory. Serves
as the correction instruction for the decimal
addition and subtraction when k=6 or A.

ADD @HL,#k | 0 01 1 10
0100 ksks

=~ oo !

ADD vy, #k 0010 1111 |2F |MylM[yl+k ]- zEl 2
k y | Adds the immediate data k of the instruction
field to contents of the data memory specified
by the y (page 0) of the instruction field,
and places the result in the data memory.
Serves as the correction instruction for
decimal addition and subtraction when k = 6

kskakiko ysy2y1yo

Arithmetic Instruction

] or A.

SUBRCA,GHLI0 0 01 0100 |14 | (AC<M[(H-L)]-(AC)-(CF) }E z E] 1
Subtracts the contents of the accumulator and
the inverse contents of the carry flag from

} the contents of the data memory specified by

] the H and L registers, and places the result

! in the accumulator.

SUBR A,#/k [0 011 1000 |38 | (AC)<k—-(AC) [- z E[ 2

1 k [ Subtracts the contents of the accumulator
0001 kskakiko . ; . .
from the immediate data k of the instruction
field, and places the result in the accumu-
lator. Serves as the accumulator 2's comple-
ment instruction or the data inversion (1's
complement) instruction when k=0 or F,
respectively.
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TMP47 C20P

| INTEGRATED CIRCUIT THPL7CHop

' §R3E  TECHNICAL DATA

Flag(*)

Assembler Object Code Function CFJZF|SF

|Mnemonic

tems( (**)

Class Binary (%%) Functional Description

M[(H-L) J<k-M[(H-1)] l- z E[ 2
Subtracts the contents of the data memory
specified by the H and L registers from the
immediate data k of the jinstruction field,
and places the result in the data memory.
Serves as the data memory 2's complement in-
struction or the data inversion (1l's comple-
ment) instruction when k=0 or F,respective-
ly.

SUBR@HL,#k (0 01 1 1000
0101 kskak,ko

v w
= o

Arithmetic
Instruction

rotate left =
ROLC A 0000 0101({05 (bylbit ) czc|1
: | Rotates the contents of the accumulator and
| carry flag to the left by one bit. [Note 4]

rotate right =
0 S . cz 1

RORC A 0000 011107 (bylblt ) C
Rotates the contents of the accumulator and
' carry flag to the right by one bit.[Note 4]

AND A,GHL [0 001 1110 ! 1E | (AQ)<(ACQ)AM[(H-L)] ]— z ZI 1
i i Carries out the logical AND of the corre-
sponding bits with the contents of the accu-
mulator and those of the data memory specifi-
ed by the P and L register, and places the
result in the accumulator.

|

|
L
|

o
(=}
[
[

|AND A, #k 1000 {38 | (AC)«(AC)Ak I- 7 Z l 2

| 0011 kik,k,k 3 k | Carries out the logical AND of the corre-
3%2%1%0 sponding bits with the contents of the accu-

mulator and the immediate data k of the in-

struction field, and places the result in the

accumulator.

1000 |38 |M[(H-L)J«M[(H-L)]Ak [— z E] 2
7 k | Carries out the logical AND of the corre-
0111 kskzkiko sponding bits with the contents of the data
memory svecified by the H and L registers and
the immediate data k of the instruction field)
and places the result in the data memory.

Logical TInstruction

(=}
o
=
—

AND @HL, #k

453



INTEGRATED CIRCUIT TMP47CL4OP

TMPL7 C20P
R TECHNICAL DATA

Flag(*)
CFIZFISF

tems

(%)

Assembler Object Code Function

Class Mnemonic Binary (£§) Functional Description

ORA, @GHL | 0001 1101} 1D |[(AC)«(AC)YM[(H-L)] I- Z 7 I 1
Carries out the logical OR of the correspond-
ing bits with the contents of the accumulator
and those of the data memory specified by the
H and L registers, and places the result in

; the accumulator.

|
ORA, #f/k | 0011 1000 T73 8 | (AC)<(AC)Vk l— Z E-I 2
2 k |Carries out the logical OR of the correspond-
| kskzk,k
0010 3nzttoe ing bits with the contents of the accumulator
and the immediate data k of the istruction
field, and places the result in the accumulator.

M[(H-L)]J«M[(H.L) Jvk ]- zZ E] 2
Carries out the logical OR of the correspond-
ing bits with the contents of the data memory
specified by the H and L registers and the
immediate data k of the instruction field,
and places the result in the data memory.

'OR @HL, #k 1000
1 10110 kskzkiko

o
o
[
-
©

Instruction

N w
=~

,

Logical

XOR A, GHL/1 0001 1111 |1F |(AC)«(AC¥M[(H-L)] l— Z 7 l 1
Carries out the logical exclusive OR of the
corresponding bits with the contents of the

| accumulator and those of data memory specifi-
| ed by the H and L registers. anrd places the
result in the accumulator.

TEST CF 0000 0110106 |(SF)«~(CF), (CF)<0 10—*] 1
Places the inverse contents of the carry flag
in the status flag, and then resets the carry
f‘lag to "O".

TEST A, b |0 101 1 1b;bo|5 Ctb| (SF)+(AC)<b> ]7— - % L 1
Places the inverse contents of the bit, which
is specified by the b of the instruction
field, of the accumulator, in the status flag,

Instruction

TEST GHL,b |0 1 0 1 1 0 bibo|58+b | (SF)«M[(H.L) J<b> [- -«
Places the inverse contents of the bit, which
is specified by the b of the instruction
field, of the data memory specified by the H
and L registers, in the status flag.

Bit Manipulation
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INTEGRATED CIRCUIT THPU7CHOP
Toshiba
- TMPL47C20P
' ﬁ"i TECHNICAL DATA
tems Assembler Object Code Function g;ﬁﬁ%;; (*%)
Class Mnemonic Binary (&) Functional Description
TEST y, b 011 1001 39 | (SF*Myl<b> [- - <]
8+b Places the inverse contents of the bit, which
b.b y s
0 Babo ysyzyaye is specified by the b of the instruction
field, of the data memory specified by the y
i (page 0) of the instruction field, in the
i status flag.
TEST %P,b 011 1011, 3B | (SF)“Plp]-b- [- —«] >
0 bibo papep pof8+b P | Places the inverse contents of the bit, which
1Do 1

|

is specified by the b of the instruction
field, of the port (port register in the
output port, and pin input in the input and
I/0 port) specified by the p of the instruc-
tion field, in the status flag.

=
: Sk
Y |ITEST QL 011 0111} 37 |(SFH)*P[(LR)<3:2>+4]<(LR)<1:0>> ]ﬁ- - *] 2
2] Places the inverse contents of the bit, which
o is specified by the lower-order two bits of
= the L register, of the ports R4- R7 (pin
input) specified by the higher two bits of
s ] the L register, in the status flag.
o
E TESTP CF 000 010 0} 0 4 | (SF)«(CF), (CFH+«1 ll - * I 1
2 ! Places the contents of the carry flag in the
{ - status flag, and then sets the carry flag to
i 5 nyn
=
2 | TESTP ZF 000 1110 0E |(SPH«(ZP) I- - *[ 1
= Places the contents of the zero flag in the
status flag.
TESTP GF 000 0001|071 | (SFH)<(GF) [- - «]1
Places the contents of the general flag in
the status flag.
TESTP y,b 011 1001 39 [ (SF)«M[yl<b> T— - *1 2
bib C+b y | Places the contents of the bit, which is
1 bibo yayayaye specified by the b of the instruction field,
of the data memory specified by the y (page
0) of the instruction field, in the status
flag.
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INTEGRATED CIRCUIT TMPL7 C4OP

TMPY47C20P
[~ T TECHNICAL DATA

*
Ltems Assembler Object Code Function Flagﬁ ) (**)
Mnemonic . CﬂZFﬁF
Class Binary (%) Functional Description
TESTP%P,b | 0011 101 1|3 B | (SF)«P[pl<b> [— - % I 2

C+b P | Places the contents of the bit, whichis spec-
ified by the b of the instruction field, of
the port (port register for the output port,

i and pin input for the input or I/O ports),
which is specified by the p of the instruc-

| tion field, in the status flag.

1 1 bibo P3sp2P1po

r
|SET GF 0000 0011|0 3 | (GF)~1 |“1]1
Sets the general flag to "1".

SET @L, b| 0 10 1 0 0 bibe 5 b | M[(H-L)]<b>1 ]- - 1| 1
Sets the bit, which is specified by the b of
the instruction field, of the data memory
specified by the H and L registers, to "1".

SET y, b 0011 10013 9 |Mlyl<b><l l— -1 T 2
Sets the bit, which is specified by the b of
the instruction field, of the data memory
specified by the y (page 0) of the instruc-
tion field, to '"1".

0 bibo Y3¥2 Y1 Yo

SET 7%Zp, b |00 11 101 1|3 B |P[pl<b><l AL— -1 I 2
y | Sets the bit, which is specified by the b of
the instruction field, of the port specified
by the p of the instruction field, to "1"

0 0 bibo P3sp2pPiPo b

Bit Manipulation Instruction

SET @L 0011 01003 4 |P[(LR)v3:2>+4]<(LR)<1:0>><1 [— -1 I 2
Sets the bit, which is specified by the lower
-order two bits of the L register, of the
ports R4 - Ry specified by the higher-order
two bits of the L register, to "1".

CLR GF 0000 001010 2 | (GF)+«O l——lll
Clears the general flag to "O".

CLR @HL, b |0 1 01 O 1 bibo|54+b|M[(H-L)]<b><«0 I— - lJ 1

Clears the bit, which is specified by the b

of the instruction field, of the data memory
specified by the H and L register, to "0".




R=

INTEGRATED CIRCUIT

TECHNICAL DATA

TMP47 CLOP
TMPL7C20P 4,9}'

o *
Itenms Assembler Object Code Function P—‘—E—I—H;E‘ZF(S; (**)
Class Mnemon i c Binary (y;ky;) Functional Description
CLR y, b 0011 10013 9 |Myl<b><0 ——l|2
[O 1bb 4+b y | Clears the Bit, which is specified by the b
i Do Ysy2¥aryo of the instruction field, of the data memory
. specified by the y (page 0) of the instruc-—
I tion field, to "0".
R e
CLR %P, b iOOll 10113 B|P[pl<b><0 ]——1172
4+b p [ Clears the bit, which is specified by the b
101 b,b 3 ’
1Po PsPzPaPo of the instruction field, of the port spec-
5 ! ified by the p of the instruction field, to
- no,
o
=3
| & | CLR @1 0011 0101]3 5 |P[(LR)<3:2>+4]<(IR)<1:0>><0 ]_ - 1J 2
: E Clears the bit, which is specified by the
| ! lower-order two bits of the L register, of the
k g ports R4 - Ry specified by the higher-order
| E two bits of the L register, to "0".
! Z ICLRIL, r [0011 01 10| 3 6] (INTL)<5:0>(INTL)<5:0>Ar<5:0> | - — 1J 2
T C+ryry] Resets the interrupt latch INTLj when the rj
£ r Tor HTL P J J
= L1 Ysru rars ,ro‘: of the instruction field is "0". (j=5-0)
= f
1 & (EICLRIL,r /0011 0110/]3 6](EIF)-+1, S I
! [ 4trgry) (INTL)<5:0>«(INTL)<5:0>Ar<5:0>
! Ty T3Tor, T
! O 1 rsru Tsrafavo Sets the interrupt enable master F/F to "1".
! Interrupt latch INTLj is reset when the rj
of the instruction field is "0". (j=5-10)
L
I
DICIR TL,r (0011 0110 |3 6| (EIF)0,
0 Stryry, (INTL)<5:0>«(INTL)<5:0>Ar<5:0> | = = 1| 2
1
Ts¥u YsTzTiTo Resets the interrupt enable master F/F to
"0". 1Interrupt latch INTLj is reset when
the rj of the instruction field is "0".
(j=5-0)
= -
S5 |mp, A 0011 1010|3 A|(AC)<P[p] I-zz] 2
= 0010 2 P |Places the input data from the port specified
B E PsPzPiPo by the p of the instruction field in the ac-
- w cumulator.




INTEGRATED CIRCUIT TMPL7 C4OP

TMP47C20P
SR>  TECHNICAL DATA

*
Ltems Assembler Object Code Function Flag(*) (*%)
Mnemonic CFIzF[SF
Class Binary () Functional Description
INZP, GHL [0 011 1010|3 A |M[(H.L)]<P[p] ,- -z 2
6 P Places the input data from the port specified

110 PsPzPiPo by the p of the instruction field inthe data
memory specified by the H and L registers.
OUT A4, ZP |0 011 1010|3 A |P[p]<(AC), P=P.P.P,P,Po - - 1] >

8+2p,p | Outputs the contents of the accumulator to
the port specified by the p of the instruc-
tion field. (0 <p <31)

10 ;;O PsP2P1Po

OUT @HL,%P [0 0 11 1010|3 A |P[p]«M[(H-L)], P=P,PsP,P,P, I— -1 [ 2
C+2p4p | Outputs the contents of the data memory
specified by the H and L registers to the
port specified by the p of the instruction
field. (0 <p <31)

11770 P3p2P1iPg

Plp]<k 4[— -1 2
Outputs the immediate data k of the instruc-
tion field to the port specified by the p of
the instruction field. Serves as the clear
instruction when k=0.

oUT #k,%P 0010 1100
kskzkiko P3P2P1Pad

= N
Yoo

Input/Output Instruction

OUTB @HL 10 001 00101 2 plofp[1]<RoM[F-(E+(CF))M (BL)]1| - - 1| 2

L‘51_17:';5uts the data (eight bits) of the program
memory located in addresses FEO - FFF, which
use a five-bit data connecting the contents
of the data memory specified by the H and L
registers and those of the carry flag, as
lower-order five-bit addresses, to the Py -
P; ports.

BS a 0110 auawasas 6 ay | If SF=1 then (PC)<a else null.AL— -1 I 2
Places the immediate data a of the instruc-—
tion field ip the program counter if the
status flag is at "1". If the status flag
is at "0", sets the status flag only to "1",
and moves to the next address.

4736d534 323323389 ayM ap

Branch-
Subroutine
Instruction
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] INTEGRATED CIRCUIT THP47 C4OP

TMP47C20P
R TECHNICAL DATA

Ttems Flag(*)

Assembler Object Code Function CHZF|SF (**%)

Mnemonic |— " X - P
Class Binary ’(i&) Functional Description

BSS a 1 0 dsds dsdad,do|8+dydy, | If SF=1 then (PC)<a else null,
a=(PC)<11-6 > -d

Carries out the branch within a page (64-

| byte) if the status flag is at "1"; brings
the immediate value d of the instruction
field into the lower-order six bits of the
program counter. Since the updated value

! remains in the higher-order six bits, if
this instruction is specified in the last

| address in the page, branching is carried
out to the next page. If the status flag is
at "0", it sets the status flag only to "1",
and moves to the next address. [Note 5]

- -1 1

Instruction

]CALL a 0010 0 apasag 2 all | STACK[(SPW)]«(PC), (SPW)«(SPW)-1| _ _ | ,

ay ag, (PC)«a, 0 <a<2,047
Carries out the subroutine call; saves the

! contents of the program counter in the stdck,
and decrements the stack pointer word, and
then places the immediate data a of the in-
struction field in the program counter.
However, the call address of the subroutine
must be in the addresses 000 -7FF.

i ) [Note 5]

ayaeasas, as3aza,ao

Branch+Subroutine

CALLS a 0111 nsnnnol 7 n STACK [(SPW) ]«(PC) , (SPW)« (SPW) -1
(PC)<a, a=8n+6(n¥0), 134(n=0)
Carries out the short form subroutine call.
The operation is the same as that of the
"CALL" instruction except that the value to
be set in the program counter is automatic-
ally defined by the n of the instruction
field. [Note 5]

- - -] 2

RET 0010 1011{2 A (SPW)*(SPW)+1,(PC)*STACK[(SPW)]T- - —l 2
Returns from the subroutine to the previous
program; increments the stack pointer word,
and restores the data of the return address
from the stack to the program counter.
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TMP47C20P

INTEGRATED CIRCUIT THP47C4OP

R TECHNICAL DATA

Item| Agsembler Object Code Function Flag(*) (%)
Mnemonic CE PF |SF
Class Binaty %(;;) ! Functional Description
i ,

! [ (SPW)<«(SPW)+1

Y ‘ B > * % %

£ | RETI J 0010 10112 B pac.pc)«STACK](SPW)], (EIF)<l 2

& 0O

5309 ‘ ZReturns from the interrupt processing routine;
59 | | increments the stack pointer word, and re-
a5 | stores the data of the return address from
=2 i the stack and the data of the flag, to the
g7 program counter and the flag, respectively.

< i And then, it sets the interrupt enable master
= F/F to "1".

L& | xor 0000 000O0|0 0|no operation [ ---]1
5538 | | Moves to the next instruction without perform-
©gw Aling any operation.

i)

Note 1 Setting Condition of Flag.

""C" indicates the carry output from the most significant position
in the addition operation, and "B" indicates the borrow output from the
most significant positiorn in the subtraction operation.

'"Z" indicates the zero detection signal to which "1" is applied
onlv when either the ALU output of the processing result or all
four bits of the data transferred to the accumulator are zero.

The flag is set to "C", "C", '"B", "z", "Z", "1", or "0" according
to the data processing rusult. The value specified by the function is
set to the flag with the mark "*", and the mark '"-'" denotes no change

in the state of the flag.
Note 2. The zero flag is set according to the data set in the accumulator.

Note 3. The flags (ZF, SF) are set according to the result of increment or

decrement of the L register.
Note 4. The carry is the data shifted.out from the accumulator.

Note 5. The contents of the program counter indicate the next address of

the instruction to be executed.
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e INTEGRATED CIRCUIT THPU7C4OP
TMPL7C20P
R TECHNICAL DATA
ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (Vgg = 0V)
SYMBOL ITEM RATING UNIT
VDD Supply Voltage -0.5 v 7 \
VIN Input Voltage -0.5 v vpp + 0.5 v
Output Voltage
\Y - o
ouTl (Except open drain terminal) 0.5 Vpp + 0.5
v Output Voltage _
ouT2 (Sink open drain terminal) 0.5 10 v
Output Voltage
v P o g
ouT3 (Scurce open drain terminal) =35~ Vpp + 0.5
Pp Power Dissipation (Topr=70°C) 600 mW
Tsld Soldering Temperature - Time 260 (10 sec.)
Tstg Storage Temperature -55 v 125 °C
Topr Operating Temperature -30 v 70
RECOMMENDED OPERATING CONDITIONS (Vss = 0V)

SYMBOL ITEM CONDITION MIN. MAX. UNIT
Topr Operating Tcmperature -30 70 °C
VDD Supply Voltage 4.5 6 v
VDDH Supply Voltage (Hold) 2 6

Input High Voltage (Except
VIHL Schmitt circuit input) [Note 1] Vppx 0.7 VoD
- Vpp » 4.5V
ViH2 Input High Voltage Vinx0. 75 VD
(Schmitt circuit input) DD=Y- D
V13 Input High Voltage Vpp <4.5 Vppx 0.9 VDD v
Input Low Voltage (Except
VILl Schmitt circuit input) [Note 1] . 0 Vpbpx0.3
VIL2 Input Low Voltage DD > - 0 Vpnx0.25
(Schmitt circuit input) DDxV-
VIL3 Input Low Voltage VDD < 4.5V 0 Vppx 0.1
Output Voltage (Source open
v P g P - v
out drain P], P2, P4 vP6) Vop-35 VoD
fc Clock Frequency 0.4 4.2 MHz
tWCH Clock High Pulse Width [Note 2] VIN=VIH 80 - ns
tWCL Clock Low Pulse Width [Note 2] VIN= VIL 80 -
(Note 1) R4 vBg ports are exclusively used for output except the sink open

(Note

drain output.

2) In case of the external clock operation.




INTEGRATED CIRCUIT TMP47 CLOP

THP47C20P
RS  TECHNICAL DATA

D.C. CHARACTERISTICS (Vss =0V, Vpp =5V+10%, Topr =-3070°C)

SYMBOL Parameter CONDITTION | MIN. N‘;;;L MAX. | UNIT
Hysteresis Voltage _ 0 _ 5
Vis (Schmitt circuit input) -7 j ‘ v
Input Current . : i
—— - - . 20
I (K0, RESET, HOLD, TEST) [Note 2] | Vpp=5.5V, LT -
N2 Input Current VIN=5.5/0V o Po420 |
(Sink open drain R port) : : |
Input Low Current VDD=5.5V i !
I P g - - 22 A
1L (Push-pull R, “R,) | viN=0.4v i , i
Input resistor ' ;
R 0 70 . 150 | k®
™ (Ko with input resistor) | 42 ?
Lol Output Leak Current \Y% s _ _ 20‘
" | (Sink open drain P, R port) VOUT=5.5V | : LA
102 ﬂ Output Leak Current (Source VDp=5.5V, B | _ ; _20
open drain P1,P2,R4 VRe) | Vour=-32v - L
Output High Voltage VDD=4.5V, '
Vi - 2.4 - [
Ofi1 (Push pull R7 v R9) 10H=-200y4 B
Vo2 Output High Voltage (Source Vpp=4.5V, 2.4 - -
open drain P, P2) TOH=-1.6mA ’ i v
Vo3 77#763E6ﬁ5“ﬁ1gh Voltage (Source Vpp=4.5V, 2.4 _ _
| open drain R " Rg) I0H=-10mA :
VoL, I Output Low Voltage (P, R port Vpp=4.5v, _ _ 0.4
| except source open drain) IoL=1.6mA
1 Operating Supply VDD (VDDH)=5.5V, fC= _ 5 T.B.D| mA
bpo Current [Note 3] _ | 4MHz, VIN=5.3/0.2V R
Holding Supply (all valid) CL=50pF,
I - 0.5 T.B.D A
DDH Current [Note 3] CXIN=CxouT=10pF "

(Note 1) TYP. values show those when Topr=25°C, Vpp=5V.

(Note 2) When the Kg port has a built-in input resistor, current by resistor
is excluded.

(Note 3) When KQ port has a built-in input resistor, currvent value is that at
time of open. Further, voltage level at R port is valid.

A.C. CHARACTERISTICS (VSs =0V, VDD =5V+10%, Topr =-3070°C)
SYMBOL Parameter CONDITION MIN. TYP. MAX. UNIT
tcy Instruction Cycle Time 3.8 - 40 us
tSDH Shift Data Hold Time (Note 1) 0. 5tcy-300 - - ns

A.C. TIMING CHART (Note 1) SCK, SO terminal

; . P external circuit
e Serial Port (Completion of Transmission) L eireu

o e VpD
S tSDH 10kS
50 X X X Fiw T
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TMP47C20P

INTEGRATED CIRCUIT THP47CHOP

R TECHNICAL DATA

EXTERNAL DIMENSION VIEW

Unit in mm

41 39 37 35 33 31 29 27 25 23
4 36 2 30,2

Z
=
[ve]
-
+ ——p—t b} — s | B
P i i T G T O L T T Oy T oy
2 9 10,12 .14 _ 16 _18 2
L2356 111451 1516171819205, _ Note 1
e 15.24(TYP.)
‘ L w ZE O -
53.8 MAX. s = 5
N +f 00 . ’v
o Kl
. o |~
—
'f ” f’g' 1
b T J J
-~ 3°
B 0.25%0.1
3 ’0.5:0.1 E I
1.410.15 n : 15.3118.3
o~ ~

Weight 5.7g (TYP.)

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

Note 2. Each lead pitch is 2.54mm, and all the leads are located within
+0.25mm from their theoretical positions with respect to No.1l

and No.42 leads.



INTEGRATED CIRCUIT TMPA47C4OP

R

TMP47C20P
TECHNICAL DATA

464

Specification of program tape and input/output circuit format

Engineering Samples(ES) of the TMP47C40P, TMP47C20P, TMP47C41P and
TMP47C21P will be made if you specify the program data and input/output
circuit format by use of a paper tape.

The paper tape format is equivalent to the Hex. format of Intel Co.
(Format I).

The program data should be specified within the address space corres-
ponding to the built-in ROM capacity; the addresses 000 - 7FF denote the
address range in the TMP47C20P and TMP47C21P. Accordingly, if the PLA data
conversion table (addresses FEO - TFF) is used, the table data must be

assigned as the data located in addresses 7EQ - 7FF.

Specification of input/output circuit format

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

just before the first record mark.

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

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

(Note) If the input/output circuit code is not specified, "IOCODE FA"
OR "IOCCDE HA" are employed. Tt should be noted that if the
specified format is different from the standard one, and if the
specified input/output circuit code is illegal, such specifications

may be considered to have not been made.
(Example of tape list)

TOSHIBA MICROCOMPUTER TLCS-47

10CODE FA

:100000000665C7D79CF50F 3F951FED55A8FF16E570
:1000100088884DDE67E31F5D8ABA6DF292F113F5C1
:100020004FF1F

:1007E000B53D42EOEC3254602587308CDDS52063D1D
:1007F000B4BE9E9E345B6138060B20BC372BF60BD6
:00000001FF



INTEGRATED CIRCUIT TMPL7 C4OP

R TECHNICAL DATA

TMP47C20P

2. Program tape format (Format 1)

//
T . ... Leaders More than 50 characters of "NULL"
A g
T T record mark ":" and
. < the input/output >
....... Comnent] 3 i
Comment c1r(‘L.11t format are Not specially
| not included. equired
! CR Specification ot the requ )
ad input/output circuit format.
Specification of the inputbutput circuit ) )
format TOCODE XX (XX denotes the input/out+ It is considered
- put circuit code) (It does not matter if to be no specifica-
R there is "NULL" from immediately after R, tion, if not specified.
ap 1P to immediately before record marking.) J
: ...  Record mark (start of record)
Re cord the number of program data within one record
T length (is represented by two-digit hexadecimal nota-
& tion. '"00" denotes the end of data.
! Load the first address of the record is represented)
address 'by four-digit hexadecimal notation.
Record ,"00" ..... Normal record
type "ol ..., End of file record
l-byte data is represented by
Data ( ;. ) X
two-digit hexadecimal notation.
‘ two-digit hexadecimal notation is used to re-
present the data of the lower-order eight bits
Checksum in the value which the data covering from the
record length up to immediately before the
® checksum is subtracted from the initial
@ value 0.
PR Record mark (the same procedure is repeated hereinafter.)
BN r
@®
({5
: .. Trailers More than 50 characters of "NULL"



INTEGRATED CIRCUIT S

R TECHNICAL DATA TMPL7C20P

LIST OF INSTRUCTIONS

1ten Object Code * | o
Assembler T Flags |
Binary Hexadecimal Function bl
Classi| Mnemonic T H
f1caticn 1st Byte l 2na Byte é;te e cr-‘lzylw;
LD A ,@HL | 00 00 11 00 0 cC (AC) «M[(H+L)] - 2 1|1
LD A, X |00 11 11 00 xyxeXsxgXgkexiXo | 8 C  xyxp | (AC)«M[x] - 2 1|2
LD HL, X 00 10 10 00 X7XgXsXsXaXpXyXo | 2 8  xpxp | (LR)M[x'], (HR) =M t+1], X =x7xXsXgx%p® — — 112
LD A LHK 01 00 kakpk;Kg 4 k (AC) «%k - 4 1|1
LD HoHk 11 00 k3kpkiKg c k (HR) +% - - 1|1
LD L ,Hk 11 10 kzkpkykg E k (LR)+k ~ 1]
DL A ,@C |00 11 00 11 35 (ac) «RoML [ (DC) ] B 1] 2
LDH A ,@0C+| 00 11 00 10 3 2 (AC)+ROMy [ (DC) ], (DC) + (DC)+1 - 7 1|2 %2
8T A ,@HL | 00 00 11 11 0 F M[(HeL)J« (AC) - - 1|1
| sT A ,@HL+| 00 01 10 10 1A M[(HeL)J«=(AC), (LR) ¢ (LR) + 1 — 2z 1| %3
}s’r A ,@HL—| 00 01 10 11 i 1B M[ (HeL) ]« (AC), (LR) = (LR) =1 — 2 B|1| %3
o ‘s’r A, X 00 11 11 11 XXeXsXgksXpXiXo | 3 F  xyx) | M{x]e(aC) - = i 2
3 ST #K,@HL+ | 11 11 kskzkiko ' F ok M[ (HeL) J¢=k, (LR)¢=(LR) + 1 — 72 Cl1|x3
= ls’r H#’, y 00 10 11 01 kgkpkjkKo¥3¥a¥1¥o 20 k y {Mlylek - = 1|2
MOV H , A |00 01 00 00 10 (AC)«(HR) -z 1|1
MOV L, A |00 01 00 01 11 (AC) = (LR) - 2 111
XCH A, H 00 11 00 00 30 (HR) & (AC) = 2 1|2 %2
XCH A, L |00 11 00 01 31 (LR) = (AC) - 2 12| %
XCH A ,EIR |00 01 00 11 13 (BIR) & (AC) - = 1)1
XCH A ,@L | 00 00 11 01 0D M[(HsL)] = (AC) - 7 11| %2
XCH A, X |00 11 11 01 xyxgXsXeXgkpXixg | 3 D xyx | M[x]= (AC) - 72 1| 2]| %2
XCH  HL, x 00 10 10 01 X7XgXsX4XgXpX1¥g 29 xyxp M[x']z(r.R)M[x'ﬂ].-:(m),x'q-,xﬁ 5%413%200 - — 1|2
CMPR A ,@HL | 00 01 01 10 16 null«M [ (HeL)]—(AC) E oz 7|1
CMPR A , X 00 11 11 10 x7XgXsXgXgXpXyXg | 3 B xgxp | nulleM [x]—(aC) B oz 2
E CMPR A ,#k 11 01 K3Kpkiko Dk null<k —(AC) B oz 7|1
g |oMPR H L,k 00 11 10 00 11 01 kgkpk kg 38 aulle-k —(HR) - z B|2
S | oMPR L, #k 00 1i 10 00 10 01 kgkpkjke | 3 8 null«k - (LR) - % B|2
|CMPR y hk | 00 10 11 10 kgkakikey3Yzy1¥o 2 B nullek —M[y] B v F| 2
INC A ["00 00 10 00 08 (AC)+(AC) +1 ~ 2 CTl1
l INC L 00 01 10 00 18 (LR) < (LR) + 1 - 2z Tl
| INC @HL 00 00 10 10 0 A ML (HeL) Je=M[ (HeL) 41 - 2 T|1
DEC A 00 00 10 01 09 (AC)(AC) =1 -z Bl
DEC L 00 01 10 Ol 19 (LR)+«(LR) = 1 - 72 Bja1
DEC @iL 00 00 10 11 0B ML (HeL) JeM[(HeL)]~1 - 2 B|1
Y |ADDC A ,@HL | 00 01 01 01 15 (AC)«(AC) + M[(H-L) ]+ (CF) c z Tl
g ADD A ,@HL | 00 01 01 1l 17 (AC) = (AC) +M[(B-L)] - 2z T|1
£ |ADD A ,#k 00 11 10 00 00 00 kgkpkkg | 3 8 0 k| (AC)«(AC) + k - 7 Tl2
E ADD  H ,Hk 00 11 10 00 11 00 kgkzkikg | 3 8 C k { (HR) «(HR) 4 k - 2 Tz
ADD L ,Hk 00 11 10 00 10 00 kskgkikg | 3 8 8 k | (LR)+ (LR) +k - 2 T|2
ADD  @HL,#k 00 11 10 00 01 00 kgkpkikg | 3 8 4 k | M{(HeL)JeM[(HeL)] + k - 7 T|=2
ADD y ,#k 00 10 11 11 k3kpK1KoV3yayiVo 2 F k y (MlyleMlyl+x — 2 Tz
SUBRC A ,@HL | 00 01 01 00 14 (AC)«=M[ (HeL) J-(AC)— TF) Bz B|1
SUBR A ,#k 00 11 10 00 00 01 kakpkjkg 38 k | (AC) ¢k —(aC) - 7 B|2
SUBR @HL,#k 00 11 10 00 01 01 kgkpkjko | 3 8 k [ M[(HeL) ]k —M[ (HeL)] — 7 B|2
ROLC A 00 00 01 01 [} LCF=—{AC 1~ (rotate left by 1 bit) C 2 T|1| %4
RORC A 00 00 01 11 o7 L{ACIH-F (rotate right by 1 bit) ¢ 2 Tl1|%a
AND A ,@HL | 00 01 11 10 1B (AC) «(AC) A M (HL) ] - 2 Z{1
o |AND A #k 00 11 10 00 00 11 k3kpkikg | 3 8 3 k| (AC)+=(AC)Ak - 772
':17 AND @HL,#k 00 11 10 00 01 11 Kzkpkjkog | 3 8 7 k| M{(HeL)JM[(HeL)JA K - 2z 7|2
S [or A ,@L |00 01 11 01 1D (AC) «(AC) VM[(H+L)] - 2 71
OR A Lk 00 11 10 00 00 10 kgkgkjkg 3 8 2 k | (aC)«e(ac)Vk - 2 7{z2
OR  @HL,#k 00 11 10 00 01 10 Kgkokky | 3 8 6 k | M{(HeL)]+M[(B-L)]Vk - 2 Y‘ 2
XOR A ,@L | 00 01 11 11 1F [ (aC)«—(ac) YM[(H-1) ] - 2 7)1
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TECHNICAL DATA TMP47C20P

(cont inued)

Item Object Code . c::
Assembler Binary Hexadec imal Function oo 25
Classi| Mnemonic lst | 2nd §
ficatio 1t Byte 2nd Byte Byte | Byte 4
TEST CF 00 00 01 10 0 6 (8F) « (CF), (CF) «0 0 - Xx|1
TEST A , b |01 01 11 bby 5C+b (87) « (ACYIB> - - x|a
TEST @HL, b |01 01 10 bby 5 8+b (s1)« M[(HeL > - —%|2
TEST 'y , b |00 11 10 01 10 bybgysyzy Yo 3 9 8+b y| (SF)« M[y<b> - - % |2
TEST %p , b |00 11 10 11 10 bybopspappp | 3 B 8+b p| (SF)« P[plas - - x|z
TEST @L 00 11 01 11 3 (8F) « PI(LR)<E 2514 I(LR)<1 1055 - - x|z
TESTP CF 00 00 01 00 [ (sF)« (CF),(CF)+1 PR Y
TESTP &F 00 00 11 10 [} (SF) « (zr) - * 1
TESTP GF 00 00 00 01 0 1 (8K) « (Gr) - = %1
§ |TESTP y , b |00 11 10 01 11 biboyayzyive | 3 9 C4bd y| (SF) e M[yI<t> - — %2
E TESTP %p. b [00 11 10 11 11 b3bop3pzp1Py 3 B C+b p|(SF)« P(pl<o> - = x| 2
”é SET  GF 00 00 00 11 0 3 [CHEE - - 11
‘H |SET @HL, b {01 01 00 byby 5 b M[(HeL) Kb>«1 - =11
£ |spr Yy , b |00 11 10 01 00 bybyysyay1ve 3 9 b ylMykKbrel - — 1|2
» |SBT %p , b [00 11 10 11 00 bybop3pzP1Po 3 B b p|Plplkbo>e1 - — 1|2
a |ser @ 00 11 01 00 3 4 P[(LR)<S : 24 J(LR)< - =12
CLR  OF 00 00 00 10 0 2 (oF) «0 - -1
CLR @HL, b |01 01 01 Dbyby 5 4+b M[(H+L) Kb>«0 - =11
CLE y , b |00 11 10 01 01 byboysyzy;vo | 3 9 4+b y|/M{yJ<d>«o0 - =12
CLR %p , b |00 11 10 11 01 bdopspeppo | 3 B 4+b p| Plpl<t>«o0 - - 12
CLR @L 00 11 01 01 3 5 P[(LR)<3 244 J(LR)<1:0>>+ 0 - — 12
CLR IL , r |00 11 01 10 11 rsrerararyrg | 3 6 Ctrgry| (INTL)<5:0> 4 (INTL)<S : 05Ar<s 10> - -1z
EICLR IL , r |00 11 01 10 Ol rgryrgrpryXy 3 6 atryry| (BIF)«1, (INTL)<S5:0> e (INTLXS: ARSI = — 1| 2
DICLR IL , r |00 11 01 10 10 Isrqrararyry 3 6 8tryry| (BIF)« 0,(INPL)<5 10>+ (INTL)<5:05Ar<5:0> — — 1|2
IN %p , A {00 11 10 10 00 10 P3PapsPy 3 A 2 p|(AC)«P[p] - 2 Z|2
':;: N %p ,@HL{ 00 11 10 10 01 10 pspppipo | 8 A 6 p [M{(HeL)]«<P[p] - —-7|2
g ouUT A ,%p [00 11 10 10 1050 PspapiPo | 3 A 8+2Pyp| plple (AC) f P = DPgP3P2 Py Po - - 1|2
Y |OUT @HI,%p |00 11 10 10 11 50 pepepipe | 3 A C4+2Fp| plpleM{(H-L)], P = PgeP3 P2 P1 Po - -1z
:. oUT 4k ,%p |00 20 11 00 kgkpk;kopspepypp | 2 C %k p |[plplek - — 12
= |0UTB @HL 00 01 00 10 1 2 P[2]+P(1 ]« ROM[Fe(B+(CF))oM[(HeL)]] |- — 1|2
BS a 01 10 apaypoagaraeasasazasaag | 6 ay ay ap| If SF=1 then(PC)+a else null. - =12
E BSS a 10 dgdgdadadidg 8+dpdy, If 8F=1 then(PC)+a else null,a=(PC)I1:€»d | — — 1|1 |%5
& [cALL a 00 10 Oajgagagarasasasazaga;ag| 2 ay ay af| STACK[(SPW) ]« (PC),(SPW)«(SPW)~1, |— — —[2 |5
E (PC)+a,0L a 2,047
2 |caLLs a 01 11 ngnpnyng 7 0 STACK([ (SPW) ]+ (PC),(SPW) « (SPW)-1, — =] 2 |%5
& (PC)+a,a=8n+6 (n¥0),134(n=0)
é RET 00 10 10 10 2 A (SPW)« (SPW) +1, (PC)«STACK[ (SPW) ] - — =2
& |RETI 00 10 10 11 2 B (8PW)« (SPW)+1 , (FLAG*PC)«STACK[(SPW)],| ¥ * % | 2
— (BIF)+1
& |nop 00 00 00 00 0o o no operation - — =1
S

Note 1. Setting Condition of Flag.

“C” 1ndicates the carry output from the most significant position
in the addition operation, and "B” indicates the borrow output from the
most significant position in the subtraction operation.

"7” 1indicates the zero detection signal to which "1” 1s applied
only when either the ALU output of the processing result or all
four bits of the data transferred to the accumulator are zero.

The flag is set to "C","C”,"B","2”,"Z","1",0r"0” according
to the data processing rusult, The value specified by the function 1s
set to the flag with the mark "X”,and the mark "-" denotes no change
in the state of the flag.

Note 2 The zero flag 1s se} according to the data set in the accumulator.

Note & The flags(ZF,SF)are set according to the result of increment or
decrement of the L register.

NOte 4. The carry is the data shifted out from the accumulator.

Note & The contents of the program counter indicate the next address of
the 1nstruction to be executed.
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Operation Code Map Ccontinued ) __.Z
-
1st byte code] OP36 0P38 0P39 0P3A 0P3B m 8
Qver 0 1 2 3 4 5 6 7 8 9 A B c D B F n
highe) 36 38 39 3A L3 I >
o |NOP [TESTHCLR [SET |TRSTHROLC |TEST[RORC [INC [DEC [INC |DEC [LD [xcH |TmSTelst N ADD Z >
GF | oF | oF GF| A | CcF | A A | a | @) @ |a@uria@aL| 7P |A,@HL| A, #k (@) =
MOV |MOV | OUTB|XCH |SUBRJADDC |CMPR|ADD -|INC |DEC |§T |ST OR  |AND [XOR ' SUBR >
1 H,A| L,A| @IL[ABIR |A,@HLA@HLIA@ILA,@L L L @A A @A |A@HL A, GHL |A @1 1  dik P
B RET |RETI |OUT ST NCMPRYADD B OR SET ™ SET
chib 2 itk 7,y |y, 36 ly A, itk vob | %A | %p,b o ()
XCH |XCH |LDH |LDL |SET LD XCH CMPRNST AND > —
OP3A)| (OPZB 3
3 AH | AL A@I:i-L @vL (0Faa) (0ras) A,x| A,X| A | A,X A, H#k — z
2 oo n
4 4 >
o, e c
SET @HL, b CLR @iL,b TEST @HL,b TEST A,b 5 SUBR —
° BT @iL, ' ’ ’ EICIR @HL, #k CLR CLR —
IL, T OR ¥y, b N 7op , b
BS 6 ’ ’ ’
6 a @iL, #k Jop , @HL |
7 CALLE a k4 AND
@iL, #k
o ADD 0UT
8 L, #k A, %0
BSS 9 MR
° 2 DICIR L, #k TEST TEST
N N IL,r y, b oUT %p , b
s A, %p
B N H
ADD ouT
c LD H, #k c
’ H, #k @HL, %p
CMPR TESTP
D CMPR A, #k D CLR TESTP 4
H, #k y, b %p ;b ) =
1L,r 5UT = =
E LD L, #k B 5T 0
@HL,%p i
F sT #k , @it F (\lj g
N =
(caution) % —OU

1 Blank codes are reserved.

2 1s 1ndicated 2-byte instruction.
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INTEGRATED CIRCUIT TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUI/I‘@//D

THPL7C22F s,

TECHNICAL DATA SILICON MONOLITHIC SILICON GATE CMOS

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47C) TMP47C22F
GENERAL DESCRIPTION

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

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

The TMP47C22F is a chip countaining LCD driver for the TLCS-47C. The memory
capacity consists of ROM 2,048 x 8 bits and RAM 192 x 4 bits. The TMP4700C
(NMOS) 1is an evaluator chip used for the system development.

FEATURES

* 4-bit single chip microcomputer with built-in

ROM, RAM, input/output port, divider, timer/counter, and serial port.
Instruction execution time: 4 us (at 4 MHz clock)
Effective instruction set

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

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

Input 1 port 4 pins
1/0 4 ports 16 pins
1/0 (Note) 2 ports 7 pins

Note: These I/0 ports are also used for the interrupt input, timer/counter
input, and serial port; therefore, it is programmably selectable for
each application.

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

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

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

18-stage divider (with 4-stage prescaler)

Frequency applied for timer interrupt of divider is programmably selectable.
LCD drive circuit (automatic display) built-in
« LCD direct drive is available (Max. 12-digit display at 1/4 duty LCD)
. 1/4, 1/3, 1/2 duties or static drive are programmably selectable.
Hold function
Battery operation/condenser backup is avilable.
On Chip oscillator
TTL/CMOS compatible
+5V single power supply
67-pin flat package
Si-gate CMOS LSI
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TMP47C22F

Pin 27 is connected to
pin 61 through external
circuit.

. N.C. No connection

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

T
Al b o
Gl 5 =
Si ROM 5 § ___g RAM
@ | o %
[
TC SI10 l~—— Rg, (SCK)
AY AX i
- ) - | ax ] control control E“ Ro 1 (S0)
—] FD e
RESET —~f | SYS INTR e Rg3(T4)
TEST __| control LCD ofe——TRg, (INT,)
drive control| {®Ml. o~
XIN — TG L-R91(T2)
Xour — control Rgo (INT,)
COM | SEG Ko | R [Rs [ R, [ ®,
L3I0 g
3 S As 00 P S a,08, 88, ¢
> 38’8 ®m ', oo o Ve ot Vel Ved o Ve
O own wn B4 4

3LOCK MAME AND DESCRIPTIO

Block Names

Functions

PC

ROM

IR, decoder
HR, LR

RAA
RAM

STACK

SPW

DC, data table
AX, AY

ALU

AC
FLAG(CF,ZF,SF,GF)
K, R

INTR control

FD

TC., TC»

TC control

SIO control

LCD %Eive control
OM, SEG)

HOLD control

SYS CONTROL

cG, TG

Program counter (12 bits)

Program memory

Instruction register, Decoder

H register (Page assignment of RAM), L register (address
assignment in RAM page), (each 4-bit register).

RAM address buffer register (8 bits)

Data memory

Save area of program counter and flags (RAM area)
Stack pointer word (RAM area)

Data counter (12 bits,RAM area), Data table (ROM area)
Tempoerary register of ALU input

Arithmetic and logic unit

Accumulator

Flags

Ports

Interrupt control

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

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

Serial port coatrol

LCD drive control

Control of hold function
Generation of various internal control signals
Clock generator, timing generator
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TECHNICAL DATA

TMP47C22F

FUNCTIONAL DESCRIPTION

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

As the description has been provided with priority on those
parts differing from the TMP47C20P (The TLCS-47C standard chip), the
technical material for the TMP47C20P shall also be referred to.

1. System Configuration

The configuration will be explained with priority given primarily

to the LCD drive circuit.

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

The TMP47C22F is in 32 page configuration in a unit of 64
words per page with the built-in 12 bit program counter and 2,048

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

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

The relationship between ROM capacity and addresses is shown in

Fig. 1.3.1.

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

The H and L registers are 4-bit registers used as the data

memory address pointer or general purpose registers, respectively.
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| INTEGRATED CIRCUIT
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- SIR3E  TECHNICAL DATA

1.3 RAM Address Buffer Register (RAA), Data Memory (RAM)
The TMP47C22F contains a data memory with 192 x 4-bit (ad-
dresses 00" BF) and is in 12 pages configuration in a unit of

16 words per page.

On the other hand, since RAM address buffer register (RAA)
has 8-bit length, addresses CO™ FF have no physical RAM, but the
higher order 2 bits (RAA7 and RAAg) are decoded to [(00), (O1)
and (1*). * denotes "don't care.'"]; therefore, when addresses
CO~ FF are accessed on a program, RAM equivalent to addresses
80~ BF is accessed. In other words, on a program a specific ad-
dress of RAM is addressed to addresses CO" FF, while on the TMP
47C22F, RAM equivalent to addresses 80" BF is allocated.

The relationship between RAM capacity and addresses is shown

in Fig. 1.3.1.

Address ROM Address RAM
000 ) 00
Program Data
( data ) area
7FF 7F
800 ' 1 2 80 b
(=000) ! !
: ) g Specific|
i |
& . address
X ! BF area
1 | v, 1] <
| . €O i |
. | (=80)r--===" sl
| i % :
! | Image of ad- l *
FFF L H (dtesses 000 > FF | ' Image of ad
- [ —~ = [ S, J -
(=7FF) 7FF (=BF) (dresses 80~>
BF

Fig. 1.3.1 ROM/RAM Capacity and Addresses
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1.4

1.5

ALU, Accumulator (AC), Flag (FLAG)

The ALU is a circuit used for various operation for 4-bit binary
data. It performs the operation designated by the instruction, and

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

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

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

Flag is a 4-bit register used to store the conditions of arithmetic
operation, and of which the set/reset conditions are specified by the
instruction. The flag consisting of CF, ZF, SF, and GF is saved in
the stack when the interrupt is accepted. By executing the (RETI)
instruction, it is restored from the stack to the condition immediately

before the interrupt is accepted.

Port (PORT)

Data transfer to/from the external circuitry, and command/status/
data transfer between of the built-in peripheral circuitry are carried

out by the input/output instructions.

Since the TMP47C22F has no built-in outputs ports Py and P,
(OUTB @HL) instruction cannot be used; therefore 12 kinds of instructions

become available as effective input/output instructions.

The details to specify the input/output circuit format of ports
and initialization of the output latches are 2.3 Input/Output Port

(Input/Output Circuit Format).
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Port | Symbol . L" Input/Qutput Ipstructions
ad- | (Input/ P°rt’R7§15ter) Iv %p, A | OUT 4 , %P SET %p,b| TEST %P,b | SET @I
dress | Output) (Input/Output {IN 7P,@HL | OUT@HL,ZP |OUT#K,%P |OUTB @HL| cr.) % b] TESTPP, b “Br §%
00 IPOO/OPO0 | Ko Input port/ - 0 | [¢]
01 |IP01/0PO1 - !
02 |IP02/0P02 - ;'
03 |1P03/0P03 - |
04 |IP04/0P04 R4 I/0 port 0 0 0 0 i 0 ‘ 0
05 |IP05/0P05 Rs " 0 0 0 0 I 0 ! 0
06 1P06/0P06 Re " 0 0 0 0 : 0 i 0
07 1P07/0P07 R, " 0 0 0 0 i 0 i 0
08 |IP08/0POS Re 0 0 0 0 0 1
09  |TP09/0P09 Ry v 0 0 0 o 0 |
0A {IPOA/OPOA - . |
| |
0B 1POB/OPOB - (*) Serial buffer register (Reception)
oc IPOC/OPOC - (**) Serial buffer register (Transmission)
0D |IPOD/OPOD - & : i
OE IPOE/OPOE | Status input/ - 0 0
OF _|IPOF/OPOF (%) /(%) 0 ’ 0 ’ 0 {
10 /0P10 /Hold control l 0 ’ !
11 /OP11 / - ‘
12 /0P12 | / -
13 /OP13 : / - (a) Control with timer interrupt of dividef
14 /OP14 / - (b) LCD drive control (1), (2)
15 /OP15 / - (c) Timer/counter 1 control
16 /OP16 / - (d) Timer counter 2 control
17 /OP17 / - i (e) Serial port control
18 /OP18 : / - |
19 /OP19 /(@ 1‘ 0
1A /OP1A | /() Q) 0
1B /OP1B / n (2) 0
1cC /0P1C / (c) 0
1D /OP1D / (d) 0
1E /OP1E / -
1F /OP1F / (e) 0
Note 1: TInputs (IP10 "% IP1F) of port addresses 10" 1F remain undefined.
Note 2: Port addresses with "-" mark are reserved addresses and cannot be used user's program.

Table 1.5.1

Port Address Allocation and Input/Output Instructions

- -
wses

V1va 1DINHIIL
LINDAID @EWVADAINI

4223 hdi1
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(1

(2)

(3)

(4)

Ko (K03 Kooy Port

This is a 4-bit port used for input.

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

Each of these ports is a 4-bit I/0 port with a latch.
The latch should be set to "1" when the port is used as an

input port.

Pins R73 - R40 can be used for bit scanning for set/reset
and test according to the contents of the L register by ex-

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

Rg (Rg3VRgp) Port

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

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

It is a port common to external interrupt input or external
timer/counter input. When it is used as normal I/0 port,
some measures, such as inhibition of the external interrupt
input acceptance or disable of the mode depending on the
external input of the timer/counter should be taken in a

program.
Rg (R92VR9Q) Port
This is a 3-bit I/0 port with a latch, and the latch must be

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

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

serial port.

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

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

Interrupt factors are composed of two from the external circuitry,
and four from the internal circuitry. By setting the interrupt latch
provided for each factor, an interrupt is generated to the CPU.

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

1.7 Frequency Divider (FD)

The divider (FDX - FD1g) is made up 18-stage binary counter, and

its output is used to generate various internal timing.

1.8 Timer/counter (TCl, TC2)

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

event.

Count Operation

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

is set to send a count request to the CPU.

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

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

The maximum frequency applied to the external input pin in the pulse
width measurement mode should be the frequency level available for
analyzing the count value in the program.

Normally, the frequency sufficiently slower than the disignated

internal pulse rate is applied to the external input pin.

The maximum frequency applied to the external input pin under the
event counter mode is dependent upon the operating state of the LCD

drive circuit.
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1.9

1.10

(a) At time of blanking operation

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

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

(b) When LCD display is enabled

Frequency applied at time of a single channel operation is
fc/128 Hz. When 2 channels are operated simultaneously,

both timer/counter 1 and timer/counter 2 are fc/l44 Hz.

Serial Port (SIO)

A 4-bit serial port with a buffer is provided to transfer
the serial data from/to the external circuitry. According to the
contents of the command register, either one of transmit mode, receive
(trailing edge shift) mode or receive (leading edge shift)

mode can be selected.

Hold Control Circuit (HOLDC)

The hold function is the function to hold the status imme-
diately before the system operation is stopped at low power con-

sumption making the most of the features of CMOS.

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

mand register.
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LCD Drive Circuit (LCDC)

The TMP47C22F has the built-in circuit that directly drives the
liquid crystal display (LCD) and its control circuit.

The TMP47C22F has the following connecting terminals with LCD:
(a) Common output terminals (COM; - COMg)
(b) Segment output terminals (SEGy — SEG23)

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

As display data transfer operations to the drive circuit are
entirely executed by the hardware automatically on the TMP47C22F, it
is possible to illuminate LCD if only display data is stored in the

data memory.

The devices that can be directly driven is selectable from LCD

devices of following drive methods:
(a) 1/4 duty (1/3 bias) LCD
Max. 96 segments (12 digits x 8 segments) can be driven.
(b) 1/3 duty (1/3 bias) LCD
Max. 72 ssgments (8 digits x 9 segments) can be driven.
(c¢) 1/2 duty (1/2 bias) LCD

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

(d) Static LCD

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

The LCD drive circuit consists of the function blocks shown

in Fig. 1.11.1.

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

77777 Shift Register § Driver

i

Data select
Control

]

,Connect to the
Data Memory

)

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

— ]

Reset control
Hold control

Fig. 1.11.1 LCD Drive Circuit
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(2) Control of drive circuit

The operation of LCD drive circuit is controlled by the command.
The command registers are accessed as port addresses OPlA and OP1B,

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

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

LSelection of LCD drive frequEDcy]

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

(fc: Basic clock frequency)

dress OP1lA)

LDesignation of display data address bank1

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

Note: The areas in parenthese are not
actually designated.

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

dress OP1B), rl)esignation of driving methodJ

000 : 1/4duty LCDdriving method is designated,

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

Ll** : Designation of driving method is held.

NDisplay Control

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

L Lo display.

Fig. 1.11.2 Control of Drive Circuit
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Drive waveform of LCD

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

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

Examples of LCDs and their drive waveforms are shown in Fig. 1.11.3.

1/fy

. ~Viep
I_J—L_—\ 1.1 0

[0 S O N

Data "1" Data ''0" —-V1iep

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

—Vicp

N N

|
L—]_|—J | N R R [ A
"l” Data "0" :_

Data

-Viep

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

1/f
/fF

1 — VLcp
= - =0

— -V
Data "1" Data '"0O" LCD

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

1/fp
r-———-“—w —VLCD
N 0

— -y
Data "1" Data "O" L.CD

(d) Static drive
(Note) fp : LCD Frame frequency, Vpcp=Ynp-ViC
Fig. 1.11.3 LCD Drive Waveform (COM-SEG Terminals)
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LCD Frame frequency

Frame frequency (LCD drive frequency) is given by the built-in
frequency divider. It is possible to select base frequency (either one
of 2 kind frequencies obtained from the divider) by SLF of command

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

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

frequency as shown in the following table:

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

(f.: Basic clock frequency)

Table 1.11.1 LCD Frame Frequency Setting
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LCD drive voltage

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

Vic terminal to the Vgg terminal.

Drive voltage applied to the LCD drive circuit is internally
turned ON/OFF according to the operating state of CPU. That is,
at the time of initialize operation and hold operation, the built-
in power switch is automatically turned off to cut off drive

voltage.

The LCD power switch turned off by the initialize operation
is automatically turned on when EDSP (MSB of command register 2)
is set at "1" and voltage is applied to the drive circuit.
Thereafter, as the power switch is not turned off by the blanking
control by means of a program, drive voltage is kept applied to

the drive circuit.

On the other hand, the power switch is also turned off at
the time of the hold operation, LCD display is turned off and the
hold operation is executed at low power consumption. After the
hold is released, the TMP47C22F is automatically returned to the

state immediately before the hold operation was started.

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

voltage is generally at either COM terminals or SEG terminals.
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(3) Display operation
Display data setting
Display data is stored in the display area (max. 24 words)

in the data memory. The conversion process of ordinary data into
LCD display data is executed by instructions (ROM data referring

instruction is mainly used.).

Display data converted and stored in the display area is
automatically transfered to the LCD drive circuit and displayed
by the hardware without any participation by a program.
Therefore, change of display pattern is possible by changing only

data in the display area in the data memory by a program.
The LCD segment (dot) corresponds to each bit in the display

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

is shown in Fig. 1.11.4.

\\\f?t
Address 3 2 1 0

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

22 (SEG22)
23 (SEG23)

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

Fig. 1.11.4 LCD Diaply Data Area (Data Memory)
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Where, each bit of the display data memory shows data of segment
(dot) equivalent to SPGi, COMj (0 < i < 23, 1 < j < 4), and when

data is "1'", the LCD illuminates.

Number of segments that can be driven varies depending upon the
LCD drive method. This denotes that even in the display area of the

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

(a) 1/4 duty LCD (COM4 - COM; are used)
All bits in the display area becomes display data.

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

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

(d) Static LCD (COMj only is used)

Bit 0 only becomes display data.

Therefore, the data memory bits that are not used for storing
display data or are equivalent to addresses to which no LCD is connected
in the display area can be used for storing ordinary user's processing

data.

As stated above, the data memory is used for storing display data
(max. 24 words), and it is possible to set an address space in the data
memory, to which this display area is to be set, by DAB of command

register 1 (See Fig. 1.11.2.).

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

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

Display data that has been set in the display area of the data
memory is automatically transfered to the drive circuit.

This operation is executed in the following sequence.

A display data transfer request is sent from the LCD drive circuit
to CPU. Upon completion of an instruction under execution (if the timer/
counter processing and the interrupt acceptance processing exist, after
they are executed), CPU sends segment (dot) data in the display data area
to the drive circuit in one instruction cycle.

This data sending cycle is taken place when drive voltage is kept
applied to the LCD display drive circuit. Therefore, after intialize
operation, this cycle is not taken place until EDSP is set to "1".

Frequency of data sending cycle insertion is as follows:

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

instruction cycles.

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

cycles.

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

instruction cycles.

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

cycles.

Therefore, when LCD display is enable, the apparent speeds in above
cases are decreased by 4.9, 1.2, 10.3 and 2.4%, respectively. For instance,
in case of other than the static drive at SLF=0. The apparent speed is

4.2 us to 4 ys instruction execution speed.
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Blanking Operation

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

tioun.

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

SEG terminals where the LCD is driven by Vicp/2. Therefore,
note that the display state is somewhat different in these cases.)

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

When EDSP is set at '"1", the LCD display is enabled and the
LCD display is made according to data stored in the display area

of the data memory.
Further, when EDSP is initially set at "1" after the ini-

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

is applied to the drive circuit.

LCD Display Control by Program

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

is normally necessary to initialize as shown in Fig. 1.11.5.

488



INTEGRATED CIRCUIT

L —
R

TECHNICAL DATA

TMPL47C22F 2 2N

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

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

Initialize (* : Setting command)

: Set "00**" at port address

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

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

(DAB)

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

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

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

Display Operation

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

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

"QLxx" : Blanking by program

M11ER" : Releasing of blanking (display enable)
"1O% " :  Cannot be used

[Note 2] Normally, only one time of setting is required at the time of
initialization, but as an exception, commands should be set at port
address OP1lA under the blanking state whenever the display area
are switched.

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

Fig. 1.11.6 is used.

Nu— Display data memory Nu- Display data memory
v Display | High order | Low order v Display | High order | Low order
meral meral
address address address address
7 p—
0 L;l 1101 1111 5 L7 1011 0101
/ —
1 / 0000 0110 6 éj 1111 0101
2 ! 1110 0011 7 ’_/’ 0001 <0111
3 1010 0111 8 f? 1111 0111
| 4 0011 0110 9 Lf 1011 0111
Table 1.11.2  Examples of Display Data (1/4 Duty LCD)
Further, examples of display data when a numeral display similar
to Table 1.11.2 is made by using the 1/3 duty LCD are shown in Table
1.11.3. For the connecting method of COM terminals and SEG terminals,
the example shown in Fig. 1.11.7 is used.
Nu- Display data memory Nu- Display data memory
v 1 High order | Middle or- | Low order meral High order | Middle or- |Low order
mera address der address address address der address address
0 * % 11 *101 *111 5 * % 01 *111 *010
1 * % 00 *000 *011 6 * % 11 *111 *010
2 * % 10 *111 *001 7 * % 01 *001 *011
3 * %00 *111 *011 8 * %11 *111 011
4 * % 01 010 *011 9 * %01 *111 *011

(* : don't care)

Table 1.11.3 Examples of Display Data (1/3 Duty LCD)
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Nisplay Output

The following are the examples of display output from LCD drive

circuit according to each drive method.

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

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

= anm
|

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

and display character

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

e

o~ —VDD
cot W -

—VLC

—Vbp

—VLC

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

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

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

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

Fig. 1.11.7 Example of 1/3 Duty LCD Display Output
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[1/2 Duty (1/2 Bias) Drive

(EDSP)
] S

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

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

— — v

COMy SEG, 1 DD

— Vic

P Il — VD

COMp

I/ _ 1] e
B _—

< — VLC

© (VL.cp=VpD-VL.C)

(Display data memory) — VLeop

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

and display character

Fig. 1.11.8 Example of 1/2 Duty LCD Display Output
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SEG
P (zose -

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

(Display data memory) COM, - SEGq

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

(a) Example of connection
and display character

Fig. 1.11.9 Example of Static LCD Display Output
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2.

1

Basic operation and pin operation
Instruction cycle, basic clock generation

As the oscillation circuit has been built in, when the external
(XIN, XoUT) are connected to the oscillator, required clocks can be
easily obtained. Further, this oscillation circuit is the Schmitt
circuit. The clocks obtainable from the oscillation circuit are
called the basic clock (CP, fc Hz). The basic clock is input into
the timing generator and system control circuit from where various con-

trol signals are generated.

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

quires four basic clock times.

Initialization operation, Hold function, interrupt input and others

Initialization operation is performed by keeping the RESET
pin to the low level. By this initialize operation, the internal
registers are initialized and at the same time, the LCD power
switch is turned OFF. Further, no pull-up resistor is built in

the RESET termianl of the TMP47C22F.

The hold function is the function to hold the status just
before the system operation is stopped at low power consumption
by making the most of the features of CMOS. The HOLD terminal
is the signal input for the hold operation request and hold opera-

tion release request.
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Two pins (TNTI, fﬁfz) are provided for the external inter-
rupt input. Since these pins are common pins with Kg port, they can
be used as 1/0 pins respectively, if not used as the
interrupt input pins. The interrupt latch is set by the falling

edge of the external interrupt inputs.

The TEST terminal is used at time of the shippint test.
When a user's system is to be operated, low level voltage should
be positively applied. Further, the TEST terminal of the TMP

47C22F has no built-in pull-down resistor.
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2.3 Input/Output port

Input/output Circuit Format

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

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

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

Input/Cutput Circuit Code (IOCODE) GA

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

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

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

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

Input/Output Circuit Code (IOCODE) GD

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

o Output latch
is initialized
to the high level

the high level the high level
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Input/Output Circuit Code

(IDOCODE) GB

is ini-
tialized to
the high level

is ini-
tialized to
the high level

o Output latch
is initialized
to the high level

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

Input/Output Circuit Code

(IOCODE) GC

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

is ini-
tialized to
the high level

is ini-
tialized to
the high level

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

is ini-
tialized to
the high level

is ini-
tialized to
the high level

drain output
o Output latch
is initialized
to the high level

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

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

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

1-byte, l-cycle instructions are mainly used in this series,

and are arranged so as to improve the program efficiency.

The TMP47C22F is software compatible with other

versions of the TLCS-47 series; however, since it has no
built-in output ports P; and P2, (OUTB @HL) instruction cannot be

used, so that 89 instructions become availatle as cffective

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

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

Table 3.0.1 Classification of instructions
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Oject Code ¥ |
Assembler Flags |o0)
Binary Hexadecimal Function i
Mnemonic Tov T om g
1st Byte —! 2nd Byte Byte| myse CF|2F sr|%
LD A ,@iL | 00 00 11 00 oc (ac) «m[(HeL)] - 2 1|1
LD A, X 00 11 11 00 X7XgXsX4X3XpX1XQ 3 € xpxp | (AC)eM[x) -z 1}z
LD HL, X 00 10 10 00 X7XeXsXgXaXoXiXo | 2 8  xpxp, | (LR)«M[x'], (HR) —M[#+1], ¥ =xoxgugxsxaxe® — — 1|2
LD A K 01 00 Kgkpkjky a4k (AC)+& - 7 11
LD H o,k 11 00 kzkpkikg Cc k (HR) & - - 1|1
LD L ik 11 10 k3kpkikg B K (LR) +k - = 1(1
LDL A ,@C |00 11 00 11 3 3 (AC)«ROM [ (DC) ] [ SRS Y
LDH A ,@DC+| 00 11 00 10 32 (AC) «ROMy [ (DC) T, (DC) «— (DC)+1 ~ 7 1| 2| %2
ST A ,@HL |00 00 11 11 oF ML (HeL) ]« (AC) - - 1|1
ST A ,@HL+| 00 01 10 10 1A M{(HeL)Je(AC), (LR) « (LR) +1 — 72 T|1|%3
ST A ,@HL—] 00 01 10 11 1B M[(H*L) )<= (AC), (LR) ¢ (LR) —1 — z T|1|x%3
a7 A, X 00 11 11 11 XgxeXsXgxgXpXiXo | 8 F  xpx [MlxJe(ac) - — 1|2
E ST H#K,@HLA+ | 11 11 kakekiko F ok M{(HL) J¢=k, (LR)«=(LR) + 1 — 7 C{1| %3
= ST Hk, y 00 10 11 01 k3kpkiko¥3¥2¥1Yo 2 D k y |Mlylex - = 1|2
MOV H , A 00 01 00 00 10 (AC) « (BR) - 2 1f1
MOV L, A 00 01 00 01 11 (ac)« (LR) - 7 1{1
XCH A, H 00 11 00 00 30 (HR) = (aC) — 7 1| 2]|%2
' XCH A, L {00 11 00 Ol 31 (LR) = (aC) - 7 1|2|%2
XCH A ,EIR | 00 01 00 11 13 (EIR) & (AC) - —1l1
XCH A ,@HL | 00 00 11 01 0D M{ (H+L) ] (AC) — % 1{1| %=
XCH A, X 00 11 11 01 XqXgX5X4XaXp¥X1Xg 3 D xyxy |Mlx]=(aC) — 7 1| R %2
XCH  HL, X 00 10 10 01 X7Xg¥sXq¥X3xpX1Xo | 2 9  xyxy | MIx' )= (LR) Mx'+H1]e (HK), x ‘=7 x5 X5 4 X3%200 - — 12
CMPR A ,@L | 00 01 01 10 16 null<M [ (HeL)]—(AC) B oz 7|1
CMPR A , X 00 11 11 10 xqXgXsXgXgXpXjXg | 3 B xyxp | nulleM [x]—(ac) B oz 72
E CMPR A ,#k 11 01 kgkpkjkg D k null<—k —(AC) B oz Z|1
5 CMPR H ,#k 00 11 10 00 11 01 kakpk kg 38 nullek —(HR) - 2z Bz
S CMPR L ,ftk [ 00 11 10 00 10 01 KgkpKikg 3 8 null<k —(LR) -z B2
CMPR y ,7k 00 10 11 10 kgkpkikovayayiYo | 2 E nullek —M{y] EIAE
INC A 00 00 10 00 08 (ac)«e(aC)+1 -z C|1
INC L 00 01 10 00 18 (LR) < (LR) + 1 - 2z T
INC  @HL 00 00 10 10 0 A M (HoL) JeM[ (HeL)Y H1 - 2z Tl1
DEC A 00 00 10 01 09 (AC)¢=(AC) —1 T - 72 B|1
DEC L 00 01 10 01 19 (LR)«(LR) —1 - z Bla
DEC @HL 00 00 10 11 0 B ML(HeL)JeM[(H-L)]—1 — 7z B|1
S |ADDC A ,@HL |00 01 01 01 15 (AC)«(AC) +M[(H-L) ]+ (CF) ¢ z Tj1
é ADD A ,@HL | 00 01 01 11 17 (AC)«—(aC) + M[(H-L)) — 2z Tl
S | ADD A Lk 00 11 10 00 00 00 kskpkjkg | 3 8 0 k | (AC)+(AC) +k - 7 T{z
::. ADD H ,Hk 00 11 10 00 11 00 kgkakikg 38 C k | (HR)«=(HR) + x — z Tla
ADD L ,#k 00 11 10 00 10 00 kakpkykg 3 8 8 % | (LR)«<(LR) +k — 7z Tz
ADD  @HL,#k 00 11 10 00 01 00 kgkgkikg 3 8 4 k | M{(HeL)J¢M[(HeL)]+Xk — z CTl2
ADD  y K 00 10 11 11 k3kpkikoyayzyi¥o | 2 F k oy [MlyleMly]+x — 7 T|2
SUBRC A ,@HL | 00 01 01 00 14 (AC)«—M[ (H+L) }-(aC)— TF) B oz Bj1
SUBR A ,#k 00 11 10 00 00 01 kgkpkikg 38 1 k | (AC)ek—(AC) - 2 B|=2
SUBR @HL,#k 00 11 10 00 01 01 kzkak ko 3 8 K | M{(HeL)Jek —M[ (HeL)] — 7 B2
ROLC A 00 00 01 01 0 s CCF-—{AC - (rotate left by 1 bit) c 7z Tl %e
RORC A 00 00 01 11 07 (rotate right by 1 bit) c 2 T|1]%e
AND A ,@HL | 00 01 11 10 1B (ACY<«—(AC) AM[(H-L)] - 2z 7|1
© | AND A Kk 00 11 10 00 00 11 k3kpkjko | 3 8 3 k | (AC)e(aC) Ak -z 7|2
5 AND  @HL,#K 00 11 10 00 01 11 kakpkyky | 3 8 7 k| M{(HeL) ] ML (BL)J A« -z 7|2
3 [or A ,@HL | 00 01 11 01 1D (A)«—(Ac) VM (H-L)] — 7z Z]1
OR A Lk 00 11 10 00 00 10 k3kpkjky | 3 8 2 k| (AC)e=(ac)Vk - 2 7|2
OR  @HL,H#k 00 11 10 00 01 10 kakpk;Ky 3 8 6 k |M{(HeL)JeM[(H*L)IVk — 2 Z|z2
XOR A ,@HL |00 01 11 11 : 1F (AC) «—(ac) MM (H-L)] — 2 Z}1
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TMP47C22F

. INTEGRATED CIRCUIT

ﬁz TECHNICAL DATA

(cont inued)

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

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

g i THP47C22F
ﬁ"'z" TECHNICAL DATA

ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXTMUM RATINGS (Vgg = 0V)

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

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

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

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

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

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

VpD Z 4.5V

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

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

(Note 1) For external clock operation
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INTEGRATED CIRCUIT N

RS  TECHNICAL DATA

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

HYSTERESIS VOLTAGE (SJHMITT
CIRCUIT INFUT}

Vie - L~ - v

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

OUTP"T LEAKAGE CU'RRENT - OFEN

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

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

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

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

y5C LEVEL \SEG'NOTE, &

Rog.. Roat

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

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

DUTY LCD 1§ USED,

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

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

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

AT TIME OF OPEN,

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

B

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

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

(NOTE.." §

A.C. TIMING CHART XTRRNAL SIROST

ERNAL CIRCUILT

.« SERTAL PORT (Completion of Transmission) Vop

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

Weight 1.3g (TYP.)
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TMPH7C22F

INTEGRATED CIRCUIT

ﬁi TECHNICAL DATA

Specification of program tape and input/output circuit format

The TMP47C22F will be able to made enginnering samples (ES) if you
specify the program data and input/output circuit format by use of a

paper tape.

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

Co. (Format T1).

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

1. Specification of input/output circuit format

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

specified just before the first record mark.

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

(Note) 1If the input/output circuit code is not specified, "IOCODE GD"
is empioyed. It should be noted that if the specified format
is different from the standard one, and if the specified input/
output circuit code is illegal, such specifications may be

considered to have not been made.

(Example of tape list)

TOSHIBA MICROCOMPUTER TLCS-47

IOCODE GD

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

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

ﬁi TECHNICAL DATA

2. Program tape format (Format I)

Comment

D

w

Specification of the

Leaders More than 50 characters of 'NULL"

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

Not speciall
not included. ot speclally

required.

input/output circuit format.

Specification of the inputhutput circuit )
format IOCODE XX (XX denotes the input/out It is considered
put circuit code) (It does not matter if to be no specifica-
there is "NULL" from immediately after CB, tion, if not specified.
@ to immediately before record marking.)

c®
awp

68

.. @;é@

Record mark (start of record)

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

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

)

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

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

(l—byte data is represented by

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

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

Record mark (the same procedure is repeated hereinafter.)

Trailers More than 50 characters of "NULL"
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8BIT SINGLE CHIP MICROCOMPUTER

TLCS-84(NMOS/CMOS)






,NTEGRATEDC'RCUIT TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT '

TMP8048P/8048P1
L~ .
R TECHNICAL DATA TNPB035P/8035P 1
N-CHANNEL SILICON GATE MOS

8-BIT SINGLE-CHIP MICROCOMPUTER

GENERAL DESCRIPTION

The TMP8048P, from here on referred to as the TMP8048, is a single chip
microcomputer fabricated in N-channel Silicon Gate MOS technology which
provides internal 8-bit parallel architecture.

The following basic architectural functions of a computer have been
included in a single chip; an 8-bit CPU, 64 X 8 RAM data memory, 1K X 8 ROM
program memory, 27 I/0 lines and an 8-bit timer/event counter.

The TMP8048 is particularly efficient as a controller. It has extensive
bit handling capability as well as facilities for both binary and BCD arithmetic.

The TMP8035P is the equivalent of a TMP8048 without ROM program memory on
chip. By using this device with external EPROM or RAM, software debugging
becomes easy.

FEATURES

. Compatible with Intel's 8048 * 64 x 8 RAM

+ 2.5 yS Instruction Cycle « 27 1/0 lines

+ All instruction 1 or 2 cycles . Interval Timer/Event Counter

« Over 90 instructions; 70% single byte + Single level interrupt

. Easy expandable memory and I/0 - Single 5V supply

+ 1K x 8 masked ROM . =40°C to 485°C Operation (TMP8048PT/

| TMP8035PT : Industrial Specification)
PIN CONNECTIONS (Top View)

)

odt N~ 40hvge (+5v)
XTAL1 02 398 T1
XTALp O3 38D oy
RESET g4 37P Pag
5SS 45 360 st
INT 06 35p0 Pyy
E_A 07 340 Py
RD 8 330 P16
PSEN 09 320 Pyg
WR 010 310 Py
ALE O11 300 P13
DBQ Oi12 290 P12
DB]. gis3 280 Pll
DB, 14 278 P10
DB, Q15 26 O Vpp (+5V)
DB 16 250 PROG
DBs H17 240 Pyq
DBg gis8 233 Pyo
DB, §19 220 Py
covyVss H20 211 Py,
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Fhshita lNTEGRATEDC'RCU'T TMP8048P/8048P1

—— THP8035P/8035P T
SR3Z  TECHNICAL DATA

BLOCK DIAGRAM

DBp-DB7

) 1 1 P2P27

Port 0 Port 1 Port 2
Buffer Buffer Buffer

— A
INT
T (2)ﬂ ﬂ (1)ﬂ 4
Oscillati
Fizzue:c;on Output Output Output 2
Latch Latch Latch ———————>3 Mask ROM
1K x 8
1/480 ‘ ' ~ (PZ‘;ES‘“‘
Interrupt | Timer/ i PCH PCL
Circuit Counter

Accumu- Tempo- . RAM Address|
F1 -
lator rary Reg. ags fnstruc PSW Register
tion Re-
U —
| _lgister/
Accumula— Timer 64 x 8
tor Latch) Decoder Flag
FO Fi_ LCarry

Accumulator .
Bit Test | conditional
Jump Circuit
Tog Tp INT
Control and Timing Circuit ‘ ’ [
XTAL,
XTAL, RESET INT EA SS ALE PSEN RD WR PROG| Note 1) The lower order 4 bits of
1 T ? t ? l T T T port 2 output latch are
used also for input/outpt
NI — X
He wyp aw v prpoy P w operations with the I/0O
98 $9fiia gfic § 8% expander.
)
E’ A I n g2 Note 2) The output latch of port C
gf 5 -§ EFL » E"’ 8 ,g 4 is also used for address
R e o> © O o output.
E 6on ° o ®
et [ 1]
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M INTEGRATEDCIRCUIT S

L -
R

TMP8035P/8035P1
TECHNICAL DATA

PIN NAMES AND PIN DESCRIPTION

Vggs (Power Supply)
Circuit GND potential
Vpp (Power Supply)
+5V during operation Low power standby pin for TMP8048 RAM
Vec (Main Power Supply)
+5V during operation
PROG (Output)
Output strobe for the TMP8243P I/0 expander
P19-Py7 (Input/Output) Port 1
8-bit quasi-bidirectional port (Internal Pullup¥ 50KQ ).
PygPyy (Input/Output) Port 2
8-bit quasi-bidirectional port (Internal Pullup=x= 50KQ ).
P20-P23 Contain the four high order program counter bits during an external
program memory fetch and serve as a 4-bit I/0 expander bus for the TMP8243P.
DBy -DB; (Input/Output, 3 State)

Ture bidirectional port which can be written or read synchronously using
the RD, WR strobes. The port can also be statically latched. Contains
the 8 low order program counter bits during an external program memory
fetch, and receives the addressed instruction under the control of PSEN.
Also contains the address and data during an external RAM data store
instruction, under control of ALE, RD, and WR.

Tg (Input/Output)
Input pin testable using the conditional transfer instructions JTO and
JNTO. Tg can be designated as a clock output using ENTO CLK instruction.
Ty (Input)
Input pin testable using the JT1 and JNT1 instruction. Can be designated
the event counter input using the timer/STRT CNT instruction.
INT (Input)
External interrupt input. Initiates an interrupt if interrupt is enabled.

Interrupt is disabled after a reset. Also testable with conditional jump
instruction. (Active Low)

RD (Output)

Output strobe activated during a Bus read. Can be used to enable data
onto the Bus from an external device. Used as a Read Strobe to External
Data Memory (Active Low).

WR (Output)

Output strobe during a Bus write (Active Low) Used as a Write Strobe to
External Data Memory.
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RESET (Input)

Active Low signal which is used to initialize the Processor. Also used
during Power down.

ALE (Output)

Address Latch Enable. This signal occurs once during each cycle and is
useful as a clock output. The negative edge of ALE strobes address into
external data and program memory.

PSEN (Output)

Program Store Enable. This output occurs only during a fetch to extermal
program memory (Active Low).

'SS (Input)

Single step input can be used in conjunction with ALE to "single step”
processor through each instruction when SS is low the CPU is placed into
a wait state after it has completed the instruction being executed.

EA (Input)

External Access input which forces all program memory fetches to reference
external memory. Useful for emulation and debug and essential for testing
and program verification. (Active High).

XTAL 1 (Input)

One side of crystal input for internal oscillator. Also input for exter-
nal source.

XTAL 2 (Input)
Other side of crystal input.

FUNCTIONAL DESCRIPTION

1. System Configuration
The following system functions of the TMP8048 are described in detail.

(1) Program Memory (6) Stack (Stack Pointer)

(2) Data Memory (7) Flag 0, Flag 1

(3) 1/0 Port (8) Program Status Word (PSW)
(4) Timer/Counter (9) Reset

(5) Interrupt Control Circuit (10) Oscillator Circuit

(1) Program Memory

+ The maximum memory that can be directly addressed by the TMP8048 is
4096 bytes. The first 1024 bytes from location O through 1023 can be
internal resident mask ROM. The rest of the 3072 bytes of addressable
memory are external to the chip. The TMP8035 has no internal resident
memory; all memory must be extermal.
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(2)

There are three locations in Program Memory of special importance.

Address
4095

Memory Bank 1

2048
2047

1024
1023 /// Memory Bank O

nternal ROM

Program Memory Area

Location O

Activating the Reset line of the processor causes the first instruc-
tion to be fetched from Location 0.

Location 3

Activating the interrupt line of the processor (if interrupt enabled)
causes a jump to subroutine defined by address held in Location 3.

Location 7

A timer/counter interrupt resulting from a timer/counter overflow
(if enabled) causes a jump to a subroutine defined by address held
in Location 7.

Program addresses 0-2047 and 2048-4095 are called memory banks 0

and 1 respectively. Switching of memory banks is achieved by changing the
most significant bit of the program counter (PC) during execution of an
unconditional jump instruction or call instruction executed after using
SEL MBO or SEL MBl.

Reset operation automatically selects Bank O.

Data Memory

Resident Data Memory (volatile RAM) is organized as 64 words by 8-bits wide.

The first 8 locations (0 - 7) of the memory array are designated as working
registers and are directly addressable by several instructions.

By executing a Register Bank switch instruction (SEL RB1) locations 24 - 31
are designated as the working registers in place of 0 - 7.
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3

Address
63

Data Memory

32L ___________

31| pesister Bank 1

24 RB1
23 T T T T T T
8 Level Stack
s (16 byte)
7[Resister Bank O |
0 RBO

Internal Data Memory Area

RAM locations 8 - 23 serve a dual role in that they contain the program
counter stack which is a stack 2 bytes wide by 8 levels deep. These
locations store returning addresses from subroutines. If the level of
subroutine nesting is less than the permitted 8, you free up 2 bytes of
RAM for general use for every level of nesting not utilized.

ALL 64 locations are indirectly addressable through either of two RAM
Pointer Registers which reside at RO and Rl of the Register array.

The TMP8048 architecture allows extension of the Data Memory to 256 words.

Input/Output Ports

The TMP8048 has 27 I/O lines which can be used for either input or output.
These I/0 lines are grouped into 3 ports each having 8 bidirectional lines
and 3 "test" inputs which can alter program sequences when tested by con-

ditional jump instructions.

« Ports 1 and 2 are each 8-bits wide and have identical characteristics.

Data written to these ports is statically latched and remains unchanged
until rewritten. As input ports these lines are non-latching, i.e., inputs
must be present until read by an input instruction.

+ All lines of Ports 1 and 2 are called quasi-bidirectional because of a

special output circuit structure (illustrated in Figure 1). Each line is
continously pulled to a +5V level through a high impedance resistive device
(50K Q ) which is sufficient to provide the source current for a TTL high
level yet can be pulled low by a standard TTL gate thus allowing the same
pin to be used for both input and output. In order to speed up the "0"

to "1" transition a low impedance device (5K9) is switched in momentarily
whenever a '"'1" is written to line. When a "0" is written to line a low
impedance device overcomes the pullup and provides TTL current sinking
capability.
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[—-CLK Q |
Write Puls .

ANL, ORL
11 +5V 45V

N

250k

D-Type

D 50k I/0 pins
Flip-Flop Portl or 2

Inter Buffer
]

w T

Fig.1 Input/Output Circuit of Port 1, Port 2

Reset initializes all lines to a high impedance "1" state.

When external data memory area is not addressed during execution of an
internal program, Port O (DBO - DB7) becomes a true bidirectional port
(bus) with associated input and output strobes. If bidirectional feature
not needed Bus can serve as either a statically latched output port or

a non-latched input port. However, I/0 lines of this port cannot be
intermixed.

As a static port data is written and latched using the OUTL instruction
and inputted using the INS instruction these two commands generate
pulses on the corresponding RD and WR strobe lines.

As a bidirectional port the MOVX instructions are used to read and write
the port which generate the WR RD strobes.

. When not being written or read, the Bus lines are in a high impedance

(4)

state.

Timer/Event Counter

The 8-bit bBinary up counter can use either of the following frequency
inputs

(1) Internal clock (1/480 of 0SC frequency)

vessnessssss Timer mode
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(2) External input clock form Tl terminal
(minimum cycle time 3 x ALE cycle)

seseessssssss Event Counter mode

.

The counter is presettable and readable with two MOV instructions
which transfer the content of the accumulator to the counter and vice
versa. The counter content is not affected by a Reset and is initial-
ized solely by the MOVT, A instruction. The counter is stopped by a
Reset or STOP TCNT instruction and remains stopped until started by
START T instruction or as an event counter by a START CNT. Once started
the counter will increment to its maximum count (FF) and overflow to
Zero continuing its count until stopped by a STOP TCNT instruction or
RESET.

The increment from maximum count to Zero (overflow) results in the setting

of an overflow flag and the generation of an interrupt request. When

interrupt acknowledged a subroutine call to Location 7 will be initiated.

Location 7 should store the starting address of the timer or counter

service routine. The state of the overflow flag is testable with the

conditional JUMP (JTF). The flag is reset by executing a JTF or by RESET.
| Figure 2 illustrates the concept of the timer circuit.

Timer Overflow Flag

1/32 ' Flip-F1l
XTAL/15—=] — f——ptor
Pre-scaler
Cleared on Start Timer JTF Instruction
STRT T
8-Bit Timer/
STOP TCNT O Counter 1
STRT CNT Timer Interrupt
Request Flip-Flop
Edge Detector Read/Write Enable | ‘ INT

Timer Interrupt Enable

Fig.2 Concept of Timer Circuit
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JTF 1S Conditional Jump Logic
Instruction: Timer
Flag F-F
R
Reset
Timer Overflow
S Q
Timer
Timer Interrupt Overflow s
Execution: R F-F S %5 LLQ
Reset RETR 523
Instruc— R £ 3 5
tion Hm o
INT pin[ P
Inter- l————
rupt
F—%‘ IR External inter-
ALE oLk 3 ) Q rupt Recognized
Last cycle Timer %nterrupt
of Instructon Recognized
U;__;_
CLR
EN T TCNT 1
Instruction —]S 4 Qf—EN TCNT1l-—s & Q H
27 Instruction 2 Execution of Inter-
e 5y rupt Call Instruction
R A8
R 584 R & &
Reset
II)rngtiﬁction DIS TCNT1
Instruction

Fig.3 Concept of Interrupt Control Circuit

(5) 1Interrupt Control Circuit

. There are two distinct types of Interrupts in the TMP8048.
(1) External Interrupt from the INT terminal

(2) Timer Interrupt caused by timer overflow
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The interrupt system 1s single level in that once an interrupt is detected
all further interrupt requests are ignored until execution of an RETR
(which should occur at the end of an interrupt service routine) reenables
the interrupt input logic.

+ An interrupt sequence is initiated by applying a low level "0" to the INT
pin. INT is level triggered and active low which allows "Wire Oring" of
several interrupt sources. The interrupt level is sampled every machine
cycle during ALE and when detected causes a "jump to subroutine" at Loca-
tion 3. As in any call to subroutine, the Program Counter and Program
Status Word are saved in the stack.

. When an overflow occurs in the internal timer/event counter an interrupt
request is generated which is reserviced as outlined in previous paragraph
except that a jump to Location 7 is used instead of 3. 1If INT and times
overflow occur simultaneously then external request INT takes precedence.

- If an extra external interrupt is needed in addition to INT this can be
achieved by enabling the counter interrupt, loading FFH in the counter
(one less than the terminal count), and enabling the event counter mode.
A "1" to "0" transition on Tl will cause an interrupt vector to Location 7.

+ The interrupt service routine pointed to be addresses in Location 3 or 7
must reside in memory between 0 and 2047, i,e., Bank O.

Figure 3 illustrates the concept of the interrupt control circuit.

(6) Stack (stack Pointer)

« An interrupt or Call to a subroutine causes the contents of the program
_counter to be stored in one of the 8 register pairs of the Program Counter
Stack. The pair to be used is determined by a 3-bit stack pointer which is
part of the Program Status Word (PSW explained in section (8)). Data RAM
locations, 8 through 23 are available as stack registers and are used to
store the program counter and 4-bits of PSW as shown in the figure.

. The stack pointer when initialized points to RAM locations 8 and 9. The
first subroutine jump or interrupt results in the program counter contents
being transferred to Locations 8 and 9. Then the stack pointer is incre-
mented by one to point to Locations 10 and 11. Eight levels of subroutine
areyobviously possible.

. At the end of a subroutine signalled by a RET or RETR causes the stack

pointer to be decremented by one and the contents of the resulting pair
to be transferred to the Program Counter.
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ﬁ z TECHNICAL DATA TMP8035P/8035P1
T
1 23
7 |
: 22
1
6 | 21
| 20
|
5 | 19
! 18
4 E 17
| 16
3 ! 15
| 14
1
9 : 13
! 12
I 11
1 I
! 10
PSW Ji_ PC8 11 9
PCAV7 1 PCON 3 8
Stack RAM
Pointer Address

(7) Flag 0, Flag 1, (F0, Fl)

« The TMP8048 has two flags FO and Fl which are used for conditional
jump. These flags can be set, reset and tested with the conditional
jump instruction JFO.

« FO is a part of the program status word (PSW) and is saved in the
stack area when a subroutine is called.

(8) Program Status Word (PSW)
* An 8-bit status word which can be loaded to and from the accumulator
exsists called the Program Status Word (PSW). The PSW is read by a

MOV A, PSW and written to by a MOV PSW, A. The information available
in the PSW is shown in the diagram below.
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Stack Pointer

[ e o s Pl o)

" L

Saved in stack area Spare ("1" during Read)
at the time of Sub-
routine Call.

Bits 0 - 2 : Stack Pointer Bits(Sg, Si1, S2)

Bit 3 : Not used ("1" level when read.)
Bit 4 : Working Register Bank Switch Bit
(8S)
0 = Bank O
1 = Bank 1
Bit 5 : Flag 0 (FO)
Bit 6 ¢ Auxiliary Carry (AC) carry bit generated by an ADD
instruction and used by the decimal adjust instruction
DA, A (AC)
Bit 7 : Carry (C) flag which indicates that the previous
operation has resulted in the accumulator.
©)
(9) Reset

. The reset input provides a means for initialization of the processor.
This Schmitt trigger input has an internal pullup resistor which in
combination with an external 1luF capacitor provides an internal reset
pulse sufficient length to guarantee that all internal logic is

initialized.
S k&l
—0 O M J- RESET
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+ If the pulse is generated externally the reset pin must be held at ground
(2£0.5v) for at least 50mS after the power supply is within tolerance.

+ Reset performs the following functions within the chip:

(1)
(ii)
(iii)
(iv)
()
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

Sets PC to Zero.

Sets Stack Pointer to Zero.

Selects Register Bank O.

Selects Memory Bank O.

Sets BUS (DBO - DB7) to high impedance state. (Except when EA = 5V)
Sets Ports 1 and 2 to input mode.
Disables interrupts (timer and external).
Stops Timer.

Clears Timer Flag.

Clears FO and Fl.

Disables clock output from TO.

(10) Oscillator Circuit

+ TMP8048 can be operated by the external clock input in addition to
crystal oscillator as shown below.

20 PF;;

+5V

2f xraL 1 C xraL 1

AN

- XTAL 2

2. Basic Operation and Timing

The following basic operations and timing are explained
(1) Instruction Cycle

(2) External Memory Access Timing

(3) Interface with I/0 Expander TMP8243P
(4) Internal Program Verify (Read) Timing
(5) Single Step Operation Timing

(6) Low Power Stand-by Mode
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(1) Instruction Cycle
- The instructions of TMP8048 are executed in one or two machine cycles,
and one machine cycle consists of five states.
+Fig.4 illustrates its relationship with the clock input to CPU.
. $2 clock shown in Fig.4 is derived to outside by ENTO CLK instruction.

- ALE can be also used as the clock to indicate the machine cycle as well
as giving the external address latch timing.

(2) External Memory Access Timing
(i) Program Memory Access
+ TMP8048 programs are executed in the following three modes.

(1) Execution of internal program only.
(2) Execution of both external and internal programs.
(3) Execution of external program only.

The external program memory is accessed (instructions are fetched)
automatically when the internal ROM address is exceeded in mode (2)
and from initial start address 0 in mode (3).

. In the external program memory access operation, the following will occur
. The contents of the 12-bit program counter will be output on BUS(DBO -
DB7) and the lower 4-bits of Port 2.

. Address Latch Enable (ALE) will indicate the time at which address is
valid. The trailing edge of ALE is used to latch the address externally.

« Program Store Enable (PSEN) indicates that an external instruction
fetch is in progress and serves to enable the external memory device.

. BUS (DBO - DB7) reverts to Input mode and the processor accepts its
8-bit contents as an Instruction Word.
+ Figure 5 illustrates the timing.

(ii) Access of External Data Memory

- In the extended data memory access operation during READ/WRITE cycle the
following occurs

. The contents of RO Rl is output onto BUS (DBO - DB7).

+ ALE indciates address is valid. The trailing edge of ALE is used to
latch the address externally.

. A read RD or write WR pulse on the corresponding output pins indicates
the type of data memory access in progress. Output data valid at trail-
ing edge of WR and input data must be valid at trailing edge of RD.

Data (8-bits) is transferred over BUS.
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internally ¢2
State 1 . 2 3 4 5 1
Instruction Decode Execution Execution Execution
Fetch
(500ns)
1 State (2.51 sec)
|

ALE I l

(400KHz)

Fig.4  Instruction Cycle Timing

Next Address Latch Timing

Port Port Port
P20 -P23 x Dgga X Address DataA>< Address Data Address

Add- Add- dd-
DBO — DB7 3‘—<ress ‘> /\ ress \/ < >_®—

Instruction Instruction
- M M m

Fig.5 Timing of External Program Memory Access
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R
Instruction Input/Output Data Instruction

ALE / \
D (WR)
A
PSEN
I |—

|_ External Data Memory Access Instruction |
r~ -

Suggest we have two diagrams

/-—\ Read /—\ Write
ALE ALE
BUS ~ Add.) —( Data p— BUS {Add.> \f Data >—“
RD WR
I |

Fig.6 Timing of Accessing External Data Memory
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e Figure 6 illustrates the timing of accessing the external data memory
during execution of external program.

(3) Interface with I/0 Expander (TMP8243P)

+ The TMP8048 I/0 can be easily expanded using the TMP8243 I/0 Expander.
This device uses only the lower half 4-bits of Port 2 for communication
with the TMP8048. The TMP8243 contains four 4-bit I/0 ports which serve
as extensions of one chip I/0 and are addressed as Ports (4-7). All
communication takes place over the lower half of Port 2 (P20 - P23) with
timing provided by an output pulse on the PROG pin. Each transfer con-
sists of two 4-bit nibbles the first containing the "OP Code" and port
address and the second containing the actual 4-bits of data.

+12V
EA ov
RESET OV (\
—_—
ALE 1 A A WL B \
— Input of Internal Output of Internal j>§5;nput of Internal
DBO - DB7 ROM Address ROM Data ROM Address
Input of Tnternal
P20, P21 Input of Internal ROM Address ROM Address

Fig.7 Timing of Rading Internal Program Memory

5v
5V 10K
Ss
10K RUN ;L

5v sv—p S q §S

| 10K 74
T R Q

.

Fig.8(a) Single Step Circuit
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(5)

(6)

Reading of Internal Program Memory

The processor is placed in the READ mode by applying +12V to the EA pin
and OV to the RESET pin. The address of the location to be read is then
applied to BUS and the low order 2-bits of Port 2. The address is latched
by a 0 to 1 transition on RESET and the high level causes the contents of
program memory location addressed to appear on the eight lines of BUS.

Figure 7 illustrates the timing diagram for this operation.
Single Step Operation.

+ A single step feature useful for debug can be implemented by utilizing a
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin.

. A D-type flip flop with set and reset is used to generate SS. In the run
mode SS is held high by keeping the flip flop set. To enter single step,
set 1s removed allowing ALE to bring SS low via reset input. The next
instruction is started by clocking a "1" into the FF which will not appear
on SS unless ALE is high removing reset. In response to SS going high
the processor begins an instruction fetch which brings ALE low resetting
FF and causing the processor to again enter the stopped state.

« The timeing deagram in this case is as shown in Figure 8 (b). (EA = 5V).

Lower Power Stand-by Mode.

- The TMP8048 has been organized to allow power to be removed from all but
the volatile, 64 x 8 data RAM array. In power down mode the contents
of data RAM can be maintained while drawing typically 10 - 15% of normal
operating power requirements.

VCC serves as the 5V supply for the bulk of the TMP3048 while the VDD
supplies only the RAM array. In standby mode VCC is reduced to OV but Vpp
is kept at 5V. Applying a low level to reset inhibits any access to the
RAM by the processor and guarantees that RAM cannot be inadvertently
altered as power is removed from VCC.

s/ \
B T
ALE \—————/ U ‘e ey For two

Instruction Input instructic

DBO — DB7 Address (PC) )—D—-——-( Address (PC+l)

P20 - P23 Address (PC) X X Address (pc+1)

Port20 —23
Data

Fig.8(b) Single Step Operation Timing



iz INTEGRATEDCIRCUIT TMPB048P/8048P 1
- TMP8035P/8035P1
e~
FRZE  TECHNICAL DATA
INSTRUCTION
ACCUMULATOR INSTRUCTION
Instruction Code Flag
Mnemonic Operation Bytes|Cycles
D7 D6 D5 | D4 | D3 D2 D1 | DO C {AC
ADD A,Rr 0 1 1 0 1 r r r (A)«<(A)+(Rr) 1 1 Ol O
r=0-7
ADD A, @Rr 0 1 1 0 0 0 0 r (A)<(A)+(Rx) 1 1 O] O
r=20,1
ADD A, #Data] 0 0 0 0 0 0 1 1 (A)<(A)+Data 2 2 (G N6
d7 | dé6 ds5 | d4 d3 d2 | d1 | do
ADDC A,Rr 1 1 1 r T r | (A)<(A)+(Rr)+(C)| 1 1 (o] 6]
r=0-7
ADDC A,@Rr | O 1 1 1 0 0| 0 r J(A)<A)+((Rr))+(O 1 1 O] O
r=20 1
ADDC A, #Data 0 0 0 1 0 0 1 1 (A)«(A)+Data+(C) 2 2 (O Ne]
d7 | dé d5 | d4 d3 d2 | 41 | dO
ANL A,Rr r r r | (A)<(A)A(Rr) 1 1 -1 -
r=0-7
ANL A, @Rr 0 1 0 1 0 0 0 r | (A)<(A)A((Rr)) 1 1 -] -
r=0,1
ANL A,#Data | O 1 0 1 0 0 1 1 (A)<(A)AData 2 2 - | -
d7 | dé d5 | d4 d3 d2| d1 | 4O
ORL A,Rr 1 T r r (A)<(A)V(Rr) 1 1 -] -
r=0-7
ORL A, @Rr 0 1 0 0 0 0 0] r | (A«(AV((Rr)) 1 1 - -
r=0, 1
ORL A, #Data 0 1 0 0 0 0 1 1 (A)<(A)vData 2 2 - -
d7 | d6 d5 | d4 d3 d2| d1 | 40
XRL A,Rr 1 0 r T r (A)«(A)¥(Rr) 1 1 -1 -
r=0-7
XRL A,@Rr 1 1 0 1 0 0 0 r (A)«<(AY((Rr)) 1 1 - -
r=0, 1
XRL A,#Data | 1 1 0 1 0 0 1 1 (A)«(A)vData 2 2 - -
d7 | dé d5 | d4 d3 | d2 dl | 40
INC A 0 0 0 1 0 1 1 1 (A)«(A)+1 1 1 - -
DEC A 0 0 0 0 0 1 1 1 (A)«(A)-1 1 1 -1 -
CLR A 0 0 1 0 0 1 1 1 (A)<0 1 1 - -
CPL A 0 0 1 1 0 1 1 1 (A)<NOT (A) 1 1 - -
DA A 0 1 0 1 0 1 1 1 Decimal Adjust 1 1 ol -
Accumulator
SWAP A 01 ol o 0] 1 1| 1 | (A4-7)Z(A0-3) 1 1 - -
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Instruction Code . Flag
Mnemonic 57T D61 D51 D41 D31 D2 1 01 1 10 Operation Bytes |Cycles CTAC
RL A 1 1 1 0 0 1 1 1 (An+1)+«(An) 1 1 - -
n=0-6
(A0)« (A7)
RLC A 1 1 1 1 0 1 1 1 (An+1)+(An) 1 1 -1 -
n=0-6
(C)+(A7)
(A0)+(C)
RR A 0 1 1 1 0 1 1 1 (An)<(An+1) 1 1 -] -
n=0-6
(A7)+(A0)
RRC A 0 1 1 0 0 1 1 1 (An)<(An+1) 1 1 - -
n=0-6
(C)+(A0)
(A7)+«(C)
Input/Output Instruction
Instruction Code I Flag
Mnemonic ['p7 ] p6[ D5 [ D4 | D3| D2 | DL | DO Operation Bytes|Cycles 7 Tac
IN A,Pp 0 0 0 0 1 0 P P | (A)«(Pp) 1 2 -1 -
P=1, 2
OUTL Pp,A | O | O 1 | 1 | 1| 0 | P | P | (Pp)«(a) 1 2 |- -
P=1, 2
ANL Pp,#Datal 1 0 0|1 1 0 P P | (Pp)«(Pp)AData 2 2 (- -
d7 d6 | d5 | d4 d3 | d2 dl do P=1, 2
ORL Pp,#Data| 1 0 0 0 1 0 P P | (Pp)«(Pp)VData 2 2 - -
d7 d6 | d5 | d4 d3 | d2 dl do P=1, 2
INS A,BUS 0 0 0 1 0 0 (A)+(BUS) 1 2 - -
OUTL BUS,A 0 0 0 0 0 0 1 0 (BUS)+(A) 1 2 -1 -
NI, BUS, #Datal 1 0 0 1 1 0 0 0 | (BUS)<«(BUS)AData 2 2 -] -
d7 d6| 45 | d4 d3 | d2 dl do
ORL BUS, #Data| 1 of o} o 1 0 0 0 | (BUS)«(BUS)yData 2 2 |- -
d7 d6| 45| d4 d3 | d2 dl do
MOVD A,Pp 0 0 0 0 1 1 P P | (A0-3)«(Pp) 1 2 -] -
(A4-T7)+0
P=4-7
MOVE Pp,A| O| 0| 1| 1| 1| 1 | P | P |(Pp)«(AO-3) 1 2 |- -
P=4-7
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. . Instruction Code X cvel Flag
emonic o7 D6 1 05 D4 | D3 D2 | o1 D0 Operation Bytes|Cycles ¢ lac
ANLD Pp,A 1 0 0 1 1 1 P P | (Pp)«(Pp)A(AO-3)| 1 2 - -
P=4~-7
ORLD Pp,A 1 0| o0 0|1 1P P | (Pp)«(Pp)V(AO-3)| 1 2 - -
P=4-7
Register Instruction
Mnemonic Instruction Code Operation Bytes|Cycles Flag
D7 D6 D5 | D4 | D3 D2 | D1 DO C {AC
INC Rr 0 0 0 1 1 r T r | (Rr)+(Rr)+1 1 1 - -
r=0-7
INC @Rr 0 0 0 1 0 0 0 r | ((Rr))<((Rr))+1 1 1 -l -
r=20, 1
DEC Rr 1 1 0 0 1 T T r | (Rr)«(Rr)-1 1 1 - -
r=0-7
Branch Instruction
Mnemonic Instruction Code Operation Bytes|Cycles Flag
D7 | D6 | D5 { D4 | D3 | D2 | D1 | DO C |AC
JMP Address | alO| a9 | a8 1 0 1 0 0 | (PCO-7)+«(a0-7) 2 2 -1 -
a7 | a6 | a5 | a4 | a3 | a2 | al | a0 | (PC8-10)«(a8-10)
(PC1l1)<DBF
JMPP @A 1 0 1 1 0 0 1 1 (PCO-7)«((A)) 1 2 -1 -
DJINZ Rr, 1 1 1 0 1 r T r | (Rr)+(Rr)-1 2 2 -1 -
Address a7 | a6 | a5 ab | a3 | a2 | al a0 |if Rr not O
(PCO-7)+(al0-7)
JC Address 1 1 1 1 0 1 1 0 | (PCO-7)«(a0-7) 2 2 -1 -
a7 | a6 | a5 | a4 | a3 | a2 {al | a0 {if C =1
(PC) = (PC)+2
if C=0
JNC Address| 1 1 1 0 0 1 1 0 | (PCO-7)«(a0-7) 2 2 -1 -
al | a6 | a5 | a4 | a3 | a2 | al | a0 [if C =0
(PC)«(PC)+2
ifc=1
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INTEGRATEDCIRCUIT

TMP8048P/8048P1
MP80 03
TMP8035P/8035P1
FRZE  TECHNICAL DATA
o i Instruction 1 Flag
ti t
emome I'D7 [ D6 [ b5 [ D4 | D3] D2 DL ] DO Operation Bytes|Cycles| T -
JZ Address| 1 1 0 0 0 1 1 0 (PCO-7)«(a0-7) 2 2 - -
a7 | ab | a5 | a4 | a3 | a2 | al | a0 | if (A) = 0
(PC)«(PC)+2
if (A) # 0
JNZ Address | 1 0 0 1 0 1 1 0 (PCO-7)<(a0-7) 2 2 -1 -
a7 | a6 | a5 | a4 | a3 | a2 | al | a0 | if (A) % O
(PC)«(PC)+2
if (A) =0
JTO Address | O 0 1 1 0 1 1 0 (PCO-7)«(al~7) 2 2 - -
a7l | a6 | a5 ab | a3 | a2 | al | a0 | if TO = 1
(PC)«(PC)+2
if TO = 0
JNTO Address| O 0 1 0 0 1 1 0 (PCO-7)«(al-7) 2 2 - -
a7 1 a6 | a5 ab | a3 | a2 | al | a0 | if TO =0
(PC)<(PC)+2
if TO =1
JT1 Address | O 1 0 1 0 1 1 0 (PCO-7)«(a0-7) 2 2 - -
a7 | ab [ a5 | a4 | a3 | a2 |al |a0 |if TL =1
(PC)<+(PC)+2
if TL=0
IUNT1 Address | O 1 0 o] 0 1 1 0 (PCO-7)«(al-7) 2 2 - -
a7 | a6 | a5 ab | a3 | a2 | al |a0 | if T1 =0
(PC)«(PC)+2
ifTl =1
JFO Address | 1 0 1 1 0 1 1 0 (PCO-7)<«(a0-7) 2 2 -] -
a7 | a6 | a5 at | a3 | a2 |al a0 |if FO =1
(PC)«(PC)+2
if FO = 0
JF1 Address | O 1 1 1 0 1 1 0. (PCO-7)<(a0-7) 2 2 - -
a7 | ab |a5 | a4 | a3 | a2 {al (a0 |[if F1 =1
(PC)«(PC)+2
if F1 =0
JTF Address | O 0 0 1 0 1 1 0 (PCO-7)<(al0-7) 2 2 -1 -
a7 | a6 | a5 | a4 | a3 | a2 |al |a0 |4if TF =1
(PC)+(PC)+2
if TF = 0
JN1 Address | 1 0 0 0 0 1 1 0 (PCO-7)«(al-7) 2 2 - |-
a7 | a6 |a5 | a4 | a3 |a2 |al |a0 | if INT =0
(PC)<(PC)+2
if INT =1
JBb Address | b2 bl | BO 1 0 0 1 0 (PCO-7)<(al0-7) 2 2 - |-
a7 a6 | a5 | a4 | a3 |a2 al (a0 | if Bb =1
(PC)«(PC)+2
if Bb =0
(b=0-7)




_ INTEGRATEDCIRCUIT

TMP8048P/8048P1
‘ TMP8035P/8035P1
e
#RZZ  TECHNICAL DATA
Subroutine Instruction
Instruction Code
Mn i ti Byt
emonics 57 56 T 55 5 TD3 To2 THL 190 Operation ytes|Cycles AC
CALL Address|al0 | a9 [a8 | 1 | O 100 |0 | ((sP))« 2 2 |--
a7 a6 |a5 | a4 | a3 | a2 | al | a0 (pC), (PSW4-T7)
(SP)«(SP)+1
(PC8-10)+(a8-10)
(PCO-7)«(a0-7)
(PC11)+DBF
RET 1 0 0 0 0 0 1 1 (SP)«(SP)-1 1 2 -1 -
(PC)+((SP))
RETR 1 0 0 1 0 0 1 1 (SP)«(SP)-1 1 2 - -
(PC)+((SP))
(PSW4-7)«((SP))
Flag Manipulation Instruction
Mnemonics Instruction Code Operation Bytes |Cycles Flag
D7 D6 D5 | D4 | D3 D2 | D1 {DO C |AC
CLR C 1 0 0 1 0 1 1 1 (C)<0 1 1 ol -
CPL C 1 0 1 0 0 1 1 1 (C)<«NOT(C) 1 1 Ol -
CLR FO 1 0 0 0 0 1 0 1 (F0)+0 1 1 -1-
CPL FO 1 0 0 1 0 1 0 1 (FO)+NOT (FO) 1 1 -{-
CLR F1 1 0 1 0 0 1 0 1 (F1)<0 1 1 - |-
CPL F1 1 ]lo|l1]1]0o 1|0 |1 |(F)NoT(FL) 1 1 |-]-
Data Transter Instruction
Mnemonics Instruction Code Operation Bytes |Cycles Flag
D7 D6 | D5 D4 | D3 D2 | D1 | DO C |AC
MOV A,Rr 1 1 1 1 1 r r r (A)«(Rr) 1 1 - |-
r=0-7
MOV A,@Rr 1 1 1 1 0 0 0 r (A)<((Rr)) 1 1 - |-
r=20,1
MOV A, #Data | O 0 1 0 0 0 1 1 (A)<Data 2 2 - |-
d7 dé6 | d5 d4 | d3 d2 {d1 | do0
MOV Rr,A 1[0 r|lr |t | (Re)«(a) 1 1 |-~
r=0-7




INTEGRATEDCIRCUIT THPB048P/8048P 1
TMP8035P/8035P1
R
- TECHNICAL DATA
e s Instruction Code 5 Flag
emonic t Byt 1
" 'p7 o6 [p5 [ o4 [03 [ 2 [o1 | pO Operation |Bytes| Cycles|™ T, -
MOV @Rr,A 1 0 1 0 0 0 0 r ((Rr))<(A) 1 1 -1-
r=0,1
MOV Rr,{#Datal| 1 0 1 1 1 r r T (Rr)<Data 2 2 - |-
d7 | d6 | d5 | d4 | d3 | d2 [ dl | dO r=0-7
MOV @Rr, #Data| 1 0 1 1 0 0 0 r ((Rr))<Data 2 2 -] -
d7 | d6 |d5 | d4 | d3 | d2 | dl | dO r=20,1
MOV A,PSW 1 (A)<(PSW) 1 1 - -
MOV PSW,A 1 0 1 1 1 1 (PSW)<(A) 1 1 |-]-
XCH A,Rr 0 1 0 1 r r T (A)Z(Rr) 1 1 - |-
r=0-7
XCH A,@Rr 0 0 1 0 0 0 0 T (A)Z((Rr)) 1 1 - |-
r=20,1
XCHD A,@r | 0 | 0 |1 | 1 |0 | 0 |0 | r [(A0-3)2((Rr0-3))| 1 1 |-]-
r=20,1
MOVX A,@Rr 1 0 0 0 0 0 0 r (A)<((Rr)) 1 2 - -
r=20,1
MOVX @Rr,A | 1 | O | O 110 0o r | ((Rr))<(a) 1 2 | -]-
r=20,1
MOVP A,CA 1 0 1 0 0 0 1 1 (PCO-7)+(A) 1 2 -1=
(A)«((pC))
MOVP3 A, QA 1 1 1 0 0 0 1 1 (PCO-7)+«(A) 1 2 - |-
(PC8-11)+«0011
(A)«((pC))
Timer/Counter Instruction
Mnemonics Instruction Code Operation Bytes| Cycles Flag
D7 | D6 | D5 D4 | D3 | D2 Dl DO C |AC
MOV A,T 1 0 0 0 0 (A)«(T) 1 1 -] =
MOV T,A 1|1 o]0 |O (T)«(a) 1 - -
STRT T 1 0 1 0 1 1 |Counting is 1 - -
started in the
timer mode
STRT CNT 0 1 0 0 0 1 0 1 |Counting is 1 1 -1 -
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started in the
event counter
mode




INTEGRATEDCIRCUIT

TMP8048P/8048P1
. =y TMP8035P/8035P1
FRZZ  TECHNICAL DATA
Fla
Mnemonics Instruction Code Operation Bytes |Cycles g
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO AC
STOP TCNT 0 1 1 0 0 1 0 1 Stop both time 1 1 - -
accumulation and
event counting
EN TCNT1 0 0 1 0 0 1 0 1 Timer interrupt 1 1 -1 -
is enabled
DIS TCNT1 0 0 1 1 0 1 0 1 Timer interrupt 1 1 - =
is disabled
Control Instruction
Mnemonics Instruction Code Operation Bytes| Cycles Flag
; D7 D6 D5 | D4 | D3 D2 | D1 DO C|AC
EN I 0 0 0 0 0 1 0 1 | External inter— 1 1 - -
rupt is enabled
DIS I 0 0 0 1 0 1 0 1 | External inter— 1 1 -1 -
rupt is disabled
SEL RBO 1 1 0 0 0 1 0 1 (BS)+0 1 1 -1 -
SEL RB1 1 1 0 1 0 1 0 1 (BS)<1 1 1 -1 =
i SEL MBO 1 1 1 0 0 1 0 1 (DBF)<0 1 1 -1 -
‘ SEL MB1 11| 1f1|lof1]o0o] 1] (mra 1 1 |- -
ENTO CLK 0 1 1 1 0 1 0 1 | Ty is enabled to| 1 1 - -
act as the clock
output
NOP 0 0 0 0 0 0 0 0 | No operation 1 1 -1 -
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INTEGRATEDCIRCUIT

TMP8048P/8048P1
ﬁ" TMP8035P/8035P1
- 4 TECHNICAL DATA
TMP8048P./ 8035P
ABSOLUTE MAXIMUM RATINGS
SYMBOL ITEM RATING
Vpp Vpp Supply Voltage (with respect to GND (Vss)) -0.5V to +7V
Vee Vee Supply Voltage (with respect to GND (Vgg)) -0.5V to +7V
ViNA Input Voltage (Except EA) -0.5V to +7V
VinB Input Voltage (Only EA) ~0.5V to +13V
Pp Power Dissipation (Ta=70°C) 1.5W
TSOLDER | Soldering Temperature (Soldering Time 10 sec) 260°C
Tste Storage Temperature -55°C to 150°C
Topr Operating Temperature 0°C to 70°C
DC CHARACTERISTICS  pp0°¢ to 70°C, VogeVpp=+5VE10%, Vgg=0V, Unless Otherwise Noted.
SYMBOL PARAMETER TEST CONDITIONS | MIN. TYP. MAX. UNIT
Input Low Voltage
VL (Except XTAL1l, XTAL2, RESET) -0.5 B 0.8 v
ViL1 Input Low Voltage . _
(XTALl, XTAL2, RESET) 0.5 0.6 v
Input High Voltage
Vin P g 8 - v v
(Except XTALl, XTAL2, RESET) 2.0 cc
Input High Voltage
v _ v,
THL | (XTALL, XTAL2, RESET) 3.8 v
VoL Output Low Voltage (BUS) Io1=2.0mA - - 0.45 v
Output Low Voltage
V bl — Ior= - -
oLl (RD, WR, PSEN, ALE) OL=1.8mA 0.45 v
Vor2 Output Low Voltage (PROG) IoL=1.0mA - - 0.45 \
v Output Low Voltage I 0.45 v
OL3 (For other output pins) OL=1.6mA )
Vou Output High Voltage (BUS) LoH=-400uA 2.4 - - \
Output High Voltage
\ — e I 2.4 - - \
OH1 (RD, WR, PSEN, ALE) Ot=-100pA
Output High Voltage _
\Y Tog=- 2.4 - v
OHZ (For other output pins) OH=-40uA
i1 Input Leak Current (T1, INT) VgsSViNsVec - - +10 LA
Input Leak Current < <
1 - Vaa+0.455V xSV _ N
LIL | (p10-17, P20-P27, EA, %) 58 IN="cC 500 | wA
Output Leak Current (BUS, TO)
I i Vgs+0.455VNS - - +10 A
LO (High impedance condition) ss*+0.43=V1N=Vee s
Ipp VDD Supply Current - - 15 mA
Ippticec | Total Supply Current - - 135 mA
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” INTEGRATEDCIRCUIT —

e TMP8035P/8035P1
R TECHNICAL DATA

AC CHARACTERISTICS TA=0°C to 70°C, Voc=Vpp=+5V*10%, ygg=0V, Unless otherwise Noted.
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
1L ALE Pulse Width 400 - - ns
tAL Address Setup Time (ALE) 120 - - ns
tLA Address Hold Time (ALE) 80 - - ns
tee Control Pulse Width (PSEN,RD,WR 700 - - ns
Epw Data Setup Time (WR) 500 - - ns
twD Data Hold Time (WR) 120 - - ns
tcy Cycle Time 2.5 - 15.0 Us
tDR | Data Hold Time (PSEN, RD) C1=20pF 0 - 200 ns
trD Data Input Read Time (PSEN,RD) - - 500 ns
AW Address Setup Time (WR) 230 - - ns
£AD Address Setup Time (Data Input) - - 950 ns
‘tAFC Address Float Time (RD, PSEN) 0 - - ns
tea :ggezzgl between Control Pulse 10 _ _ ns
tep Port Control Setup Time (PROG) 110 - - ns
tpCc | Port Control Hold Time (PROG) 100 - - ns
tpr Port 2 Input Data Set Time(PROG) - - 810 ns
tpp Output Data Setup Time (PROG) 250 - - ns
tpp Output Data Hold Time (PROG) 65 - - ns
tpy Port2 Input Data Hold Time (PROG) 0 - 150 ns
tpP | PROG Pulse Width 1200 - - ns
tpy, Port2 I/0 Data Setup Time 350 - - ns
trp Port2 I/0 Data Hold Time 150 - - ns

Note : tCy=2.5us, Control Output: CL=80 pF, BUS Output: CL=150pF, PORT20 - 23: Cr=80pF.
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INTEGRATEDCIRCUIT N

TMP8035P/8035P1
-
SR>  TECHNICAL DATA

[TMP8048P1/8035PT : INDUSTRIAL SPECIFICATION]

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING
Vpp VDD Supply Voltage (with respect to GND (Vss)) ~-0.5V to +7V
Vee Voe Supply Voltage (with respect to GND (Vgg)) -0.5V to +7V
VINA Input Voltage (Except EA) -0.5V to +7V
VINB Input Voltage (Only EA) -0.5V to +13V
Pp Power Dissipation (Ta=70°C) 1.5W
TSOLDER | Soldering Temperature (Soldering Time 10 sec.) 260°C
Tstg Storage Temperature ~55°C to 150°C
ToPR Operating Temperature -40°C to 85°C

DC CHARACTERISTICS [TA=-40°C to 85°C|, Vgc=Vpp=+5V+10%, Vgg=0V, Unless otherwise Note

SYMBOL PARAMETER TEST CONDITIONS | MIN. | TYP. | MAX. | UNIT
Input Low Voltage
v _ _ _
L (Except XTAL1, XTAL2,RESET) 0.5 0.7 v
Input Low Voltage
VL1 P v Yo tag -0.5 - 0.6 v

(XTAL1, XTAL2, RESET)
Input ‘High Voltage
(Except XTALl,XTAL2,RESET) 2.2
Input High Voltage
(XTALLl, XTAL2, RESET)

VoL Output Low Voltage (BUS) IoL=1.6mA - - 0.45 v

3.8 - Vee v

Output Low Voltage

VoLl — Ior= - - 0.45 \
oL (RD, WR, PSEN, ALE) OL=1.6mA

Vor2 Output Low Voltage (PROG) Io1,=0.8mA - - 0.45 v

VoL3 Output Low Voltage ToL=1. 2mA B _ 0.45 v

(For other output pins)

Von Output High Voltage (BUS) I0H=~280pA 2.4 - - \
Output High Voltage

v it High Ve Tot=- . - -

OHl (RD, WR, PSEN, ALE) OH=-80},A 2.4 v
Output High Voltage

v Ton=- 2.4 - - v

OH2 (For other output pins) Oli=-30yA

I Input Leak Current(T1,INT)| VggSVinSVee - - +10 vA
Input Leak Current

B v - 4SSV < - - | -600 | wa

L1 (P10-17, P20-27, EA, §8) | VsstO-#32Vin=Vec

T Output Leak Current(BUS,TO) Veut0. 455V <Y _ _ 10 N

Lo (High impedance condition) S8 ="IN="CC = H

Tpp VDD Supply Current - - 20 mA

IpptIce Tota} Supply Current - - 145 mA
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L~
R

TECHNICAL DATA

TMP8048P/8048P1
TMP8035P/8035P1

AC CHARACTERISTICS

TA=-40°C to 85°C|, Vcc=VDD=+5V+10%, VSS=0V, Unless otherwise Noted.

Cp=80pF.

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT
tLL ALE Pulse Width 200 - - ns
tAL Address Setup Time (ALE) 120 - - ns
trA Address Hold Time (ALE) 80 - - ns
tee Control Pulse Width(ﬁ\l,ﬁ,—w—R) 400 - - ns
tow Data Setup Time (—ﬁ) 420 - - ns
tWD | Data Hold Time (WR) CL=20pF 80 - - ns
tey Cycle Time 2.5 - 15.0 us
DR | Data Hold Time (PSEN, RD) 0 - 200 ns
trp Data Input Read Time (PSEN,RD) - - 400 ns
taw Address Setup Time (WR) 230 - - ns
taD Address Setup Time (Data Input) - - 600 ns
tAFC | Address Float Time (RD, PSEN) -40 - - ns
tea Internal between Cont;roul1 1;;}135&3 10 _ - as
tecp Port Control Setup Time (PROG) 115 - - ns
tpe Port Control Hold Time (PROG) 65 - - ns
tpr Port 2 Input Data Set Time (PROG) - - 860 ns
tpp Output Data Setup Time(PROG) 230 - - ns
tpp Output Data Hold Time (PROG) 25 - - ns
tpy Port2 Input Data Hold Time (PROG) 0 - 160 ns
tPP | PROG Pulse Width 920 - - ns
tpL | Port 2 I/O Data Setup Time 300 - - ns
tLP | Port 2 I/O Data Hold Time 120 - - ns

Note : tcy=2.5us, Control Output: Cp=80pF, BUS Output: Cy=150pF, PORT 20 - 23:
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INTEGRATEDCIRCUIT oot a0sset

-— TMP8035P/8035P1
ﬁz TECHNICAL DATA

TIMING WAVEFORM

A. Instruction Fetch from External Program Memory

tey
tiL
ALE 7 Vi \
tAFC tca
]

PSEN tLP&

t tcc

AL i tpr

BUS L X

é trD Instruction

Address tAD

B. Read from External Data Memory

ALE __/_\ \_

Eca

tAFC tDR

BUS 7/ B Data
trD

Address tAD

C. Write into External Data Memory

CA
. tce
WR S
tDW tup
t
Address A




8 eGRATEDCROUT

L —
R

TECHNICAL DATA

TMP8048P/8048P1
TMP8035P/8035P1

Ton (ma)

ToH (pA)

D. Timing of Port 2 during Expander Instruction Execution

ae [\

tpr, |  frp
PORT20 =1
XA Port
POR|T23 PCH / (Cootrol MDutput Data
_/
(Output Data) Port [20~23 | | tpr | . tpr
PORT20 Data %
x X oFt v (:::
POR&23 FoH , WeoRttor X« X
(Input Data) Port 20 -23 5CP ‘rC Input Data
Data
PROG N —
/
tpp
* Input Enabled State
TYPICAL CHARACTERISTICS
1) BUS: Iy - Vog 3) BUS, P1, P2: IgL - VoL
-50 Vpp=Vec=5V 50— Vpp=Vce=5V
TA=25°C 3 TA=25°C
~
~-30 = 30
~10 Y 10—~
0 % 2 4
0 2 Von W 4
Yo
2) Pl, P2:IOH —VOH
-500 Vpp=Vcc=5V
TA=25°C
-300
~100 P
% 2 4
Vou (v)
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TECHNICAL DATA

540

PROGRAM TAPE FORMAT

TMP8084 programs are delivered in the form of paper tape with the following
format and it is required to attach the tape list. The format of paper tape is
same as the Intel type object tape (hexadecimal tape output by Tntel MDS system,

a) Tape Format PROMPT 48 Development Tool, etc.)
a ! A }Leader, 50 "NULL" characters or more
Comments | ~--- - Comment (Record mark ":" is not included)
gg?; Option
e fm---- Record Mark

Record Length (2 hexadecimal digits)

Loading Address (4 hexadecimal digits)

"00" .... Normal Record
Record Type (2 Digits) mg1" |, .. End of File Record

Data

s

Check Sum (2 hexadecimal digits)

(CR) Dummy characters (RUBOUT, BLANK) before and after "(CR)(LF)" are
(R optional.
HI bbb Record Mark (Repeated below)

3)
¢

P . A ]Trailer, 50 "NULL" characters or more

(2) Example of Tape List

TOSHIBA MICRO COMPUTER TLCS-84

:100000000665C7D79CF50F3F951FED55A8FF16E570
:1000100088884DDE67D31F5D8ABA6DF292F113F5C1
:100020004 FF1FB5DFFDAA96A99CF7DF94A346B7C09
:10003000197352F729F12F79AA9C057C5B851EED77

fesesen

:1003C0005DFDB5E556A67277F61A51C631CFIFOE80
:1003D000BD2F6F20E8BBL977E3FB5AD1 FA1FDAATE2
:1003E000B53D42EOEC32546025B7308CDD5206 3D1D
:1003F000B4BE9E9IE345B6138060B20VC372BF60BD6
:00000001FF



: |NTEGRA'|’EDC|RCU|T TMP8048P/8048PT

-— TMP8035P/8035P1
SR3>  TECHNICAL DATA

OUTLINE DRAWING

403938 37 36 3534 3332 31 302928 27262524 232221 Unit in mm
__T;T-
—
=)
H
<
)
—
a
RS (Note 1)
550 (Note 3) el H 15.24+0.1
| 4 °
_.T__ K
56 7 89 1011121314151617181920(
]
) “'2
} 50.7+0.15 “@ 15.0017.8
| (Note 2)
Note : 1. This dimension shows the center of curvature of leads.

2. This dimension shows spread of leads.

3. The pitch of leads is 2.54 and the tolerance is *0.25 from the
theroretical center of each lead obtained having No.1 lead and
No. 40 lead as the reference.

Note : Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implled, and Toshiba
reserves the right, at any time without notice, to change said
cricuitry.

© June 1981 Toshiba Corporation
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TMP8049P/8049P-6/8049P1-6

INTEGR ATEDC'RCU”’ TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT

ﬁ E TECHNICAL DATA TMP8039P/8039P-6/8039P1-6

542

N-CHANNEL SILICON GATE MOS
8-BIT SINGLE-CHIP MICROCOMPUTER

GENERAL DESCRIPTION

The TMP8049P, from here on referred to as the TMP8049, is a single chip
microcomputer fabricated in N-channel Silicon Gate MOS technology which
provides internal 8-bit parallel architecture.

The following basic architectural functions of a computer have been
included in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM
program memory, 27 I/O lines and an 8-bit timer/event counter.

The TMP8049 is particularly efficient as a controller. It has extensive
bit handling capability as well as facilities for both binary and BCD arithmetic.

The TMP8039P is the equivalent of a -TMP8049 without ROM program memory on
chip. By using this device with external EPROM or RAM, software debugging
becomes easy.

The TMP8049P-6/TMP8039P-6 is a lower speed (6MHz) version of the
TMP8049P/TMP8039P.

FEATURES
- Compatible with Intel's 8049 + 128 x 8 RAM
1.36uS Instruction Cycle . 27 I/0 lines
+ All instruction 1 or 2 cycles . Interval Timer/Event Counter
+ Over 90 instructions; 70% single byte - Single level interrupt
. Easy expandable memory and I/0 « Single 5V supply
2K x 8 masked ROM . =40°C to +85°C Operation (TMP8049PI-6/

TMP8039PI-6 : Industrial Specification
PIN CONNECTIONS (Top View)

To 1 N hoh vee (+5v)
XTAL1 02 390 T1
XTALy O3 380 Poy
RESET 4 37pQ0 Pog
55 05 36 Py
INT 6 351 Py
FA Q7 340 Pyy
RD g 330 pyg
PSEN 09 32p Pye
WR 010 310 Py
ALE 011 300 P13
pBg 12 290 Pqy
DBy 013 28H P11
DB, 014 270 P1o
DB §15 263 Vpp (+5v)
pB;, 016 250 PROG
DBs 017 24 Pysy
DBg Ois 2303 Poo
DB7|:19 22 Py
mwthzo 211 Py




L
R=

INTEGRATEDCIRCUIT

TECHNICAL DATA

TMP8049P/8049P-6/8049P1-6
TMP8039P/8039P-6/8039P1-6

INT

BLOCK DIAGRAM

DBo-DB7

{

P10-P11

P2P27

[AiPort 0 l
Buffer

Port 1 Port 2
Buffer Buffer

1 ()
Oscillation YT
Frequenc utpu

v 7 Latch

1/480

Inferrup tl_ | Timer/
Circuit Counter,

U 0

2K x 8

TT (1)TT F 4
Output Output 2
TLatch Latch ———————> Mask ROM

: (Program
Area)
PCH PCL

— T, -
Accumu empo Flags
lator rary Reg.|
Accumula
tor Latch|

RAM Address|
[nstruc-| | PSW Register

tion Re-
3 RAM
| {gister/

Timer 128 x 8
Decoder Flag
FO F1 1 Carry
Accumulator s
t
Bit Test :::> Conditional

Jump Circuit

To T, INT

Control and Timing
XTAL,

1]

XTAL, RESET INT EA SS ALE PSEN RD WR PROG| Note 1) The lower order 4 bits of
T T ? T T T port 2 output latch are
used also for input/output
N NI . -
He ®mop o ep @ FRoer 9 @ operations with the I/0
58 §3% 83 5 a&H3 & K3 expander.
S B @ E0 OO0 R 0% O ® o ®
[ A s A o g2 Note 2) The output latch of port 0
g, 5 5 (,S“,_’. o %”” 3 g 5] istalio used for address
- I output.
A L z
et ] ®n
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PIN NAMES AND PIN DESCRIPTION

Vgg (Power Supply)
Circuit GND potential
Vpp (Power Supply)
+5V during operation Low power standby pin for TMP8049 RAM
Vee (Main Power Supply)
+5V during operation
PROG (Output)
Output strobe for the TMP8243P I/0 expander
P1o-P17 (Input/Output) Port 1
8-bit quasi-bidirectional port (Internal Pullup 50KQ ).
Pyg~Py; (Input/Output) Port 2
8-bit quasi-bidirectional port (Internal Pullup = 50KQ ).
P20-P23 Contain the four high order program counter bits during an external
program memory fetch and serve as a 4~bit I/0 expander bus for the TMP8243P.
DBy -DBy (Input/Qutput, 3 State)

Ture bidirectional port which can be written or read synchronously using
the RD, WR strobes. The port can also be statically latched. Contains
the 8 low order program counter bits during an external program memory
fetch, and receives the addressed instruction under the control of PSEN.
Also contains the address and data during an external RAM data store
instruction, under control of ALE, RD, and WR.

To (Input/Output)

Input pin testable using the conditional transfer instructions JTO and
JNTO. Tg can be designated as a clock output using ENTO CLK instruction.

Ty (Input)

Input pin testable using the JT1 and JNT1 instruction. Can be designated
‘the event counter input using the timer/STRT CNT instruction.

]
=)

(Input)

External interrupt input. Initiates an interrupt if interrupt is enabled.
Interrupt is disabled after a reset. Also testable with conditional jump
instruction. (Active Low)

RD (Output)

Output strobe activated during a Bus read. Can be used to enable data
onto the Bus from an external device. Used as a Read Strobe to External
Data Memory (Active Low).

WR (Output)

Output strobe during a Bus write (Active Low) Used as a Write Strobe to
External Data Memory.
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RESET (Input)

Active Low signal which is used to initialize the Processor. Also used
during Power down.

ALE (Output)

Address Latch Enable. This signal occurs once during each cycle and is
useful as a clock output. The negative edge of ALE strobes address into
external data and program memory.

PSEN (Output)

Program Store Enable. This output occurs only during a fetch to external
program memory (Active Low).

Ss (Input)

Single step input can be used in conjunction with ALE to "single step"
processor through each instruction when SS is low the CPU is placed into
a wait state after it has completed the instruction being executed.

EA (Input)

External Ac¢cess input which forces all program memory fetches to reference
external memory. Useful for emulation and debug and essential for testing
and program verification. (Active High).

XTAL 1 (Input)

One side of crystal input for internal oscillator. Also input for exter-
nal source.

XTAL 2 (Input)

Other side of crystal input.

FUNCTIONAL DESCRIPTION

1. System Configuration
The following system functions of the TMP8049 are described in detail.

(1) Program Memory (6) Stack (Stack Pointer)

(2) Data Memory (7) Flag 0, Flag 1

(3) 1I/0 Port (8) Program Status Word (PSW)
(4) Timer/Counter (9) Reset

(5) 1Interrupt Control Circuit (10) Oscillator Circuit

(1) Program Memory

+ The maximum memory that can be directly addressed by the TMP8049 is
4096 bytes. The first 2048 bytes from location 0 through 2047 can be
internal resident mask ROM. The rest of the 2048 bytes of addressable
memory are external to the chip. The TMP8039 has no internal resident
memory; all memory must be external.
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(2)
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There are three locations in Program Memory of special importance.

Address
4095

Memory Bank 1

2048

2047 // i,

Internal ROM
Memory Bank 0

Program Memory Area
Location 0O

Activating the Reset line of the processor causes the first instruc-
tion to be fetched from Location O.

Location 3
Activating the interrupt line of the processor (if interrupt enabled)
causes a jump to subroutine defined by address held in Location 3.
Location 7
A timer/counter interrupt resulting from a timer/counter overflow

(if enabled) causes a jump to a subroutine defined by address held
in Location 7.

Program addresses 0-2047 and 2048-4095 are called memory banks 0

and 1 respectively. Switching of memory banks is achieved by changing the
most significant bit of the program counter (PC) during execution of an
unconditional jump instruction or call instruction executed after using
SEL MBO or SEL MBI1.

Reset operation automatically selects Bank 0.

Data Memory

Resident Data Memory (volatile RAM) is organized as 128 words by 8-bits wide.

The first 8 locations (0 - 7) of the memory array are designated as working
registers and are directly addressable by several instructions.

By executing a Register Bank switch instruction (SEL RB1) locations 24 - 31
are designated as the working registers in place of 0 - 7.
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Address
127
Data Memory
32
31| Resister Bank 1
24 RB1
23 T T T T T T T
8 Level Stack
8 (16 byte)
7[Resister Bank 0 |
0 RBO

Internal Data Memory Area

+ RAM locations 8 - 23 serve a dual role in that they contain the program

(3)

counter stack which is a stack 2 bytes wide by 8 levels deep. These
locations store returning addresses from subroutines. If the level of
subroutine nesting is less than the permitted 8, you free up 2 bytes of
RAM for general use for every level of nesting not utilized.

ALL 128 locations are indirectly addressable through either of two RAM
Pointer Registers which reside at RO and Rl of the Register array.

The TMP8049 architecture allows extension of the Data Memory to 256 words.

Input/Output Ports

The TMP8049 has 27 I/0 lines which can be used for either ‘input or output.
These I/0 lines are grouped into 3 ports each having 8 bidirectional lines
and 3 "test" inputs which can alter program sequences when tested by con-

ditional jump instructions.

Ports 1 and 2 are each 8-bits wide and have identical characteristics.

Data written to these ports is statically latched and remains unchanged
until rewritten. As input ports these lines are non-latching, i.e., inputs
must be present until read by an input instruction.

All lines of Ports 1 and 2 are called quasi-bidirectional because of a
special output circuit structure (illustrated in Figure 1). Each line is
continously pulled to a +5V level through a high impedance resistive device
(50K Q) which is sufficient to provide the source current for a TTL high
level yet can be pulled low by a standard TTL gate thus allowing the same
pin to be used for both input and output. In order to speed up the "0"

to "1" transition a low impedance device (5KQ) is switched in momentarily
whenever a "1" is written to line. When a "0" is written to line a low
impedance device overcomes the pullup and provides TTL current sinking
capability.
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ANL, ORL
11 +5V  +5V
—

250k

Internal Bus D Q __i::)___* 50

D-Type

. _ 1 50k I/0 pins
Flip-Flop Portl or 2

I_ CLK qQ |
Write Pul ’

Inter Buffer

pd!

w1

Fig.l Input/Output Circuit of Port 1, Port 2

Reset initializes all lines to a high impedance "1" state.

When external data memory area is not addressed during execution of an
internal program, Port O (DBO - DB7) becomes a true bidirectional port
(bus) with associated input and output strobes. If bidirectional feature
not needed Bus can serve as either a statically latched output port or

a non-latched input port. However, I/O lines of this port cannot be
intermixed.

. As a static port data is written and latched using the OUTL instruction
and inputted using the INS instruction these two commands generate
pulses on the corresponding RD and WR strobe lines.

* As a bidirectional port the MOVX instructions are used to read and write
the port which generate the WR RD strobes.

- When not being written or read, the Bus lines are in a high impedance
state.

(4) Timer/Event Counter

« The 8-bit binary up counter can use either of the following frequency
inputs

(1) Internal clock (1/480 of 0SC frequency)

cesesssssss. Timer mode
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(2) External input clock form Tl terminal
(minimum cycle time 3 x ALE cycle)

veesesssss... Event Counter mode

The counter is presettable and readable with two MOV instructions
which transfer the content of the accumulator to the counter and vice
versa. The counter content is not affected by a Reset and is initial-
ized solely by the MOVT, A instruction. The counter is stopped by a
Reset or STOP TCNT instruction and remains stopped until started by
START T instruction or as an event counter by a START CNT. Once started
the counter will increment to its maximum count (FF) and overflow to
Zero continuing its count until stopped by a STOP TCNT instruction or
RESET.

The increment from maximum count to Zero (overflow) results in the setting
of an overflow flag and the generation of an interrupt request. When
interrupt acknowledged a subroutine call to Location 7 will be initiated.
Location 7 should store the starting address of the timer or counter
service routine. The state of the overflow flag is testable with the
conditional JUMP (JTF). The flag is reset by executing a JTF or by RESET.
Figure 2 illustrates the concept of the timer circuit.

Timer Overflow Flag

1/32 Flip-Flo
XTAL/15— — | =-1P P
Pre-scaler
Cleared on Start Timer JTF Instruction
STRT T
8-Bit Timer/
STOP TCNT O —
e} Counter
STRT CNT Timer Interrupt
Request Flip-Flop
Fdge Detector Read/Write Enable | INT

Timer Interrupt Enable

Fig.2 Concept of Timer Circuit
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JTF ’—- S Conditional Jump Logic
Instruction Timer
Flag F-F
R
Reset

Timer Overflow

S Q
Timer
Tiger Int':errupt Overflow g & é'ucm
xecution R F-F %m LLQ
Reset RETR s go E
Instruc= |[R § 5 8
tion | oo
N pin[ P

Inter— I———'
F_l%t B External inter

CLK i
ALE rupt Recognize
LCLK Q

Last cycle
of Instruction

Timer interrup
Recognized

q

CLR

EN I oNT 1
Instruction — S & Q N TCNT 1 —5 & Q—
[ Instruction 2 Execution of Inter-
E'E ’;) 5 rupt Call Instruction
oo (=R
REEL REEL
Reset
DIS 1
Instruction DIS TCNTL
Instruction

Fig.3 Concept of Interrupt Control Circuit

(5) Interrupt Control Circuit

. There are two distinct types of Interrupts in the TMP8049.
(1) External Interrupt from the INT terminal

(2) Timer Intérrupt caused by timer overflow
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(6)

The interrupt system is single level in that once an interrupt is detected
all further interrupt requests are ignored until execution of an RETR
(which should occur at the end of an interrupt service routine) reenables
the interrupt input logic.

An interrupt sequence is initiated by applying a low level "0" to the INT
pin. 1INT is level triggered and active low which allows "Wire Oring" of
several interrupt sources. The interrupt level is sampled every machine
cycle during ALE and when detected causes a "jump to subroutine" at Loca-
tion 3. As in any call to subroutine, the Program Counter and Program
Status Word are saved in the stack.

When an overflow occurs in the internal timer/event counter an interrupt
request is generated which is reserviced as outlined in previous paragraph
except that a jump to Location 7 is used instead of 3. If INT and times
overflow occur simultaneously then external request INT takes precedence.

If an extra external interrupt is needed in addition to INT this can be
achieved by enabling the counter interrupt, loading FFH in the counter

(one less than the terminal count), and enabling the event counter mode.

A "1" to "0" transition on Tl will cause an interrupt vector to Location 7.

The interrupt service routine pointed to be addresses in Location 3 or 7
must reside in.memory between O and 2047, i,e., Bank O.

Figure 3 illustrates the concept of the interrupt control circuit.

Stack (stack Pointer)

An interrupt or Call to a subroutine causes the contents of the program
counter to be stored in one of the 8 register pairs of the Program Counter
Stack. The pair to be used is determined by a 3-bit stack pointer which is
part of the Program Status Word (PSW explained in section (8)). Data RAM
locations, 8 through 23 are available as stack registers and are used to
store the program counter and 4-bits of PSW as shown in the figure.

The stack pointer when initialized points to RAM locations 8 and 9. The
first subroutine jump or interrupt results in the program counter contents
being transferred to Locations 8 and 9. Then the stack pointer is incre-
mented by one to point to Locations 10 and 11. Eight levels of subroutine
are obviously possible.

At the end of a subroutine signalled by a RET or RETR causes the stack
pointer to be decremented by one and the contents of the resulting pair
to be transferred to the Program Counter.
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T
| 23

7 |
! 22

1
! 21

6 i
! 20
| 19

5 1
| 18
i 17

4 |
g 16

1
3 ! 15
i 14

1
5 : 13
! 12
: 11

1 1
! 10

T

N
[ e Jresvi s
PC4v 7T ! PCO~ 3 8
Stack RAM
Pointer Address

(7) Flag 0, Flag 1, (FO, F1)

The TMP8049 has two flags FO and Fl which are used for conditional
jump. These flags can be set, reset and tested with the conditional
jump instruction JFO.

. FO is a part of the program status word (PSW) and is saved in the
stack area when a subroutine is called.

(8) Program Status Word (PSW)

+ An 8-bit status word which can be loaded to and from the accumulator
exsists called the Program Status Word (PSW). The PSW is read by a
MOV A, PSW and written to by a MOV PSW, A. The information available
in the PSW is shown in the diagram below.
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Stack Pointer

KRCAEI /4 EA e

50 |

MSB ‘

“ ’ LSB

Saved in stack area Spare (1" during Read)
at the time of Sub-
routine Call.

Bits 0 - 2
Bit 3
Bit 4

Bit 5
Bit 6

Bit 7

(9) Reset

Stack Pointer Bits(Sg, Si, S2)
Not used ("1" level when read.)

Working Register Bank Switch Bit

(BS)
0 = Bank O
1 = Bank 1
Flag 0 (FO)

Auxiliary Carry (AC) carry bit generated by an ADD
instruction and used by the decimal adjust instruction
DA, A (AC)

Carry (C) flag which indicates that the previous
operation has resulted in the accumulator.

©)

. The reset input provides a means for initialization of the processor.
This Schmitt trigger input has an internal pullup resistor which in
combination with an external 1uF capacitor provides an internal reset
pulse sufficient length to guarantee that all internal logic is

initialized.
| 1kQ
o M RESET

e &
7
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. If the pulse is generated externally the reset pin must be held at ground
(£0.5vV) for at least 50mS after the power supply is within tolerance.

+ Reset performs the following functions within the chip:
(i) Sets PC to Zero.
(ii)  Sets Stack Pointer to Zero.
(iii) Selects Register Bank 0.
(iv)  Selects Memory Bank 0.
(v) Sets BUS (DBO - DB7) to high impedance state. (Except when EA = 5V)
(vi) Sets Ports 1 and 2 to input mode.
(vii) Disables interrupts (timer and external).
(viii) Stops Timer.
(ix) Clears Timer Flag.
(%) Clears FO and Fl.
(xi) Disables clock output TO.

(10) Oscillator Circuit

+ TMP8049 can be operated by the external clock input in addition to
crystal oscillator as shown below.

+5V

XTAL 1 XTAL 1

10pF I[ l |

=

3[ XTAL 2 C XTAL 2

2. Basic Operation and Timing

The following basic operations and timing are explained
(1) Instruction Cycle

(2) External Memory Access Timing

(3) Interface with I/0 Expander TMP8243P

(4) Internal Program Verify (Read) Timing

(5) Single Step Operation Timing

(6) Low Power Stand-by Mode
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(1) Instruction Cycle
« The instructions of TMP8049 are executed in one or two machine cycles,
and one machine cycle consists of five states.
+ Fig.4 illustrates its relationship with the clock input to CPU.
+ $2 clock shown in Fig.4 is derived to outside by ENTO CLK instruction.

» ALE can be also used as the clock to indicate the machine cycle as well
as giving the external address latch timing.

(2) External Memory Access Timing
(i) Program Memory Access

+ TMP8049 programs are executed in the following three modes.

(1) Execution of internal program only.
(2) Execution of both external and internal programs.
(3) Execution of external program only.

The external program memory is accessed (instructions are fetched)
automatically when the internal ROM address is exceeded in mode (2)
and from initial start address 0 in mode (3).

. In the external program memory access operation, the following will occur

- The contents of the 12-bit program counter will be output on BUS(DBO -
DB7) and the lower 4-bits of Port 2.

Address Latch Enable (ALE) will indicate the time at which address is
valid. The trailing edge of ALE is used to latch the address externally.

Program Store Enable (PSEN) indicates that an external instruction
fetch is in progress and serves to enable the external memory device.

- BUS (DBO - DB7) reverts to Input mode and the processor accepts its
8-bit contents as an Instruction Word.
+ Figure 5 illustrates the timing.

(ii) Access of External Data Memory

¢ In the extended data memory access operation during READ/WRITE cycle the
following occurs
. The contents of RO Rl is output onto BUS (DBO - DB7).

+ ALE indciates address is valid. The trailing edge of ALE is used to
latch the address externally.

. A read RD or write WR pulse on the corresponding output pins indicates
the type of data memory access in progress. Output data valid at trail-
ing edge of WR and input data must be valid at trailing edge of RD.

+ Data (8-bits) is transferred over BUS.
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(6MHz)
oy — | L I
Generated r——] ﬂ l l r——] I__l
internally ¢2
State ! 2 3 4 5 1
Instruction Decode Execution Execution Execution
Fetch

1 State 1 Cycle

Next Address Latch Timing

ALE I l’

(400kHz)

Fig.4 Instruction Cycle Timing

Port Port Port
P20 - P23 >< Data X Address Data X Address XData Address
Add- Add- Add-
DBO - DB7 H ress >—"—'< ress > <
Instruction Instruction )

Fig.5 Timing of External Program Memory Access
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Program Address Data Address Program Address

DD Gibe

) Input/Output Data Instruction

[]
. —
D W —

L External Data Memory Access Instruction |
r =

DBO - DB7

Instruction

Suggest we have two diagrams

) l—-\ Read ﬂ Write
| ALE ALE
- - [ " \ [

Fig.6 Timing of Accessing External Data Memory
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e Figure 6 illustrates the timing of accessing the external data memory
during execution of external program.

(3) 1Interface with I/0 Expander (TMP8243P)

» The TMP8049 I/0 can be easily expanded using the TMP8243 I/O Expander.
This device uses only the lower half 4-bits of Port 2 for communication
with the TMP8049. The TMP8243 contains four 4-bit I/0 ports which serve
as extensions of one chip I/0 and are addressed as Ports (4-7). All
communication takes place over the loWer half of Port 2 (P20 - P23) with
timing provided by an output pulse on the PROG pin. Each transfer con-
sists of two 4-bit nibbles the first containing the "OP Code" and port
address and the second containing the actual 4-bits of data.

+12v
EA ov
JL
RESET 0V 4 (\
—~f {
ALE [17 III l ‘ A 9 t )
- Input of Internal Output of Internal Input of Internal
DBO = DB7 ROM Address ROM Data ROM Address
Input of Internal
P20, P21 Input of Internal ROM Address ROM Address

Fig.7 Timing of Rading Internal Program Memory

5y
5V 10K
Ss
10K RUN J,
5y sv—{p 5 q 58
| 10K 74
T R Q

Fig.8(a) Single Step Circuit
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(4)

(5)

(6)

Reading of Internal Program Memory

. The processor is placed in the READ mode by applying +12V to the EA pin
and OV to the RESET pin. The address of the location to be read is then
applied to BUS and the low order 2-bits of Port 2. The address is latched
by a 0 to 1 transition on RESET and the high level causes the contents of
program memory location addressed to appear on the eight lines of BUS.

« Figure 7 illustrates the timing diagram for this operation.

Single Step Operation.

+ A single step feature useful for debug can be implemented by utilizing a

circuit shown in Figure 8 (a) combined with the SS pin and ALE pin.

. A D-type flip flop with set and reset is used to generate SS. In the run

mode SS is held high by keeping the flip flop set. To enter single step,
set is removed allowing ALE to bring SS low via reset input. The next
instruction is started by clocking a "1" into the FF which will not appear
on SS unless ALE is high removing reset. In response to SS going high

the processor begins an instruction fetch which brings ALE low resetting
FF and causing the processor to again enter the stopped state.

« The timeing deagram in this case is as shown in Figure 8 (b). (EA = 5V).

Lower Power Stand-by Mode.

The TMP8049 has been organized to allow power to be removed from all but
the volatile, 128 x 8 data RAM array. In power down mode the contents
of data RAM can be maintained while drawing typically 10 - 157 of normal
operating power requirements.

VCC serves as the 5V supply for the bulk of the TMP8049 while the VDD
supplies only the RAM array. In standby mode VCC is reduced to OV but Vpp
is kept at 5V. Applying a low level to reset inhibits any access to the
RAM by the processor and guarantees that RAM cannot be inadvertently
altered as power is removed from VCC.

s—/ \
H T
ALE ———_\—————————j e _J For two

Instruction Input instruction
DBO - DB7 _ Address (PC) W Address (PCH1)

P20- P23 Address (PC) X X Address (PC+l)

Port20- 23
Data

Fig.8(b) Single Step Operation Timing
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INSTRUCTION
ACCUMULATOR INSTRUCTION
Instruction Code Flag
Mnemonic Operation Bytes|Cycles
D7 | D6 | DS | D4 [D3 | D2 | D1 | DO c |AC
ADD A,Rr 0 1 1 0 1 r r r (A)<(A)+(Rr) 1 1 Ol O
r=0-7
ADD A, @Rr 0|1 1 0 0 0| 0 | r | (A)<(A)+(Rr) 1 1 (o] e}
r=20, 1
ADD A,#Data| 0 0 0 0 0 0] 1 1 | (A)«(A)+Data 2 2 ol o
d7 | d6 | d5 | d4 | d3 | d2| d1 | dO
ADDC A,Rr 0 1 1 r r r | (A)«@Q)+Re)+HEC)| 1 1 (ol Ne)
r=0-7
ADDC A, @Rr 0 1 1 1 0 0 0 r [(A)<(A)+((Rr))+(C) 1 1 [e]Ne)
r=20 1
ADDC A,#Data | 0 | O 0 1 0 0| 1 1 | (A)«<(A)+Data+(C)| 2 2 O] O
d7 | d6 | d5 | d4 | d3 | d2| d1 | dO
ANL A,Rr 1 1 1 r T r | (A)<(AA(Rr) 1 1 -l -
r=0-7
ANL A, @Rr 0|1 0|1 0 0 0 | r | (A@A(Rr)) 1 1 - -
r=0,1
ANL A, #Data | 0O 1 0 1 0 0 1 1 (A)<(A)AData 2 2 -1 -
d7 | d6 | d5 | d4 | d3 | d2| d1 | dO
ORL A,Rr 1 0 0 1 r r r | (A)<(A)V(Rr) 1 1 - |-
r=0-7
ORL A, @Rr 0 1 0 0 0 0 0 r | (A)<(A)V((Rr)) 1 1 - -
r=0,1
ORL A,#Data { 0O 1 0 0 0 0 1 1 (A)<(A)vData 2 2 - -
d7 | d6 | d5 | d4 | d3 | d2| d1 | dO
XRL A,Rr 1 1 0] 1 1 r| r | r | (A)*¥V(Rr) 1 1 - -
r=0-7
XRL A, @Rr 1)1 0| 1 0} o0 0| r | (A)«(A)Y((Rr)) 1 1 - -
r=0,1
XRL A,#Data | 1 1 0| 1 0| o0 1 1 | (aA)«<(A)yData 2 2 -] -
d7 | d6 | d5 | d4 | d3 | d2 | d1 | dO
INC A 0] 0 0| 1 0] 1 1 1 | (A)«<(a)+1 1 1 -1 -
DEC A 0| o0 0] o0 0] 1 1 1 | A<@-1 1 1 - -
CLR A 0| o0 1 0 0| 1 1 1 | (A)<0 1 1 - -
CPL A 0] o0 1 1 0| 1 1 1 | (A)<NOT (A) 1 1 - -
DA A 0 1 0 1 0 1 1 1 | Decimal Adjust 1 1 ol -
Accumulator
SWAP A 0| 1 0| 0 0 1 1 1 | (A4-7)Z(A0-3) 1 1 - -
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"o 3 Instruction Code o 1 B ovel Flag
emonte  ho T pg | D5 | D& D3| D2 | DL | DO peration ytes |Cycles—¢Tac
RL A 1 1|1 0| o] 1 1 1 (An+1)<(An) 1 1 - -
n=0-6
(A0)+(AT7)
RLC A 1 11 1 0| 1 11 (An+1)<(An) 1 1 -1 -
n=0-6
(©)+ (A7)
(A0)«(C)
RR A 0 1] 1 1] 0] 1 1|1 (An)+(An+1) 1 1 - -
n=0-6
(A7)« (AD)
RRC A 0 1 1 0 0 1 1 1 (An)<(An+1) 1 1 - -
n=0-6
(€)«(A0)
(A7)<(C)
Input/Output Instruction
Instruction Code Flag
Mnemonic ["p7 [ D6 | D5 | D4 | D3] D2 | D1 | DO Operation  |Bytes|Cycles/z T3¢
IN A,Pp 0 o] 0] o0 110 P P | (A)<(Pp) 1 2 |- -
P=1, 2
OUTL Pp,A | O 0| 1|1 1,0 P P | (Pp)<(A) 1 2 |- -
P=1, 2
ANL Pp,#Data| 1 0 0! 1 1 0 P P | (Pp)«(Pp)AData 2 2 |- -
a7 de | d5 | d4 d3 | d2 dl do P=1, 2
ORL Pp,#Dataj 1 0 0 0 1 0 P P (Pp)+(Pp)VData 2 2 -] -
d7 | d6| d5 | d4 | d3| d2 | d1 | dO| P =1, 2
INS A,BUS | O 0| 0 1|0 0 0 | (A)+(BUS) 1 2 |- -
OUTL BUS,A | 0O 0| 0] 0 0| 0 1 0 | (BUS)<(A) 1 2 |- -
ANL BUS, #Data] 1 0 0 1 1 0 0 0 | (BUS)«<(BUS)AData 2 2 |- -
d7 | d6| d5| d4 | d3| d2 | 41 | dO
ORL BUS, #Data| 1 0, 0} 0 1/ 0 0 0 |(BUS)«(BUS)yData | 2 2 |- -
d7 d6| d5 | d4 d3 | d2 dl do
MOVD A,Pp | O 0| o] o 1 1 P P | (A0-3)<(Pp) 1 2 |- -
(A4-7)+0
P=t4-7
MOVD Pp,A | O 0| 1 1 1 1 P P | (Pp)<(A0-3) 1 2 |- -
P=4-7
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o X Instruction Code . Flag
emonic D7 26 1 D5 o | 03 YR 20 Operation Bytes|Cycles ¢ | ac
ANLD Pp,A 1 0 0 1 1 1 P P | (Pp)«(Pp)A(AO-3)| 1 2 -1 -
P=4-7
ORLD Pp,A 100 | o0o}1 ] 1]|P | P |@EpcEpVA0-3)| 1 2 - -
P=4-7
Register Instruction
Mnemonic Instruction Code Operation Bytes|Cycles Flag
D7 | D6 | D5| D4 | D3 | D2 | D1 | DO C |AC
INC Rr 0 0 0 1 1 r r r | (Re)<(Rr)+1 1 1 -1 -
r=0-7
INC @Rr 0 0 0 1 0 0 0 r | ((Rr))<((Rr))+1 1 1 - -
r=0,1
DEC Rr 1 1 0 0 1 r r r | (Rr)«(Rr)-1 1 1 - -
r=0-7
Branch Instruction
Mnemonic Instruction Code Operation Bytes|Cycles Flag
D7 D6 | D5 D4 | D3 | D2 D1 DO C |AC
JMP Address | al0| a9 | a8 1 0 1 0 0 | (PCO-7)«(a0-7) 2 2 - -
a7 | a6 | a5 | a4 | a3 | a2 | al | a0 | (PC8-10)+«(a8-10)
(PC11)<DBF
JMPP @A 1 0 1 1 0 0 1 1 | (PCO-7)<((A)) 1 2 - -
DINZ Rr, 1 1 1 0 1 r r r | (Rr)<(Rr)-1 2 2 - -
Address a7 | a6 | a5 abk | a3 | a2 | al a0 |if Rr not O
(PCO-7)«(a0-7)
JC Address 1 1 1 1 0 1 1 0 | (PCO-7)+(a0-7) 2 2 - -
al | a6 | a5 | a4 | a3 | a2 | al a0 |[if C =1
(PC) = (PC)+2
ifC=0
JNC Address| 1 1 1 0 0 1 1 0 | (PCO-7)<(a0-7) 2 2 - -
a7 | a6 | a5 | a4 | a3 | a2 | al | a0 |if C =0
(PC)«(PC)+2
ifCc=1
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TECHNICAL DATA

o X Instruction 1 Flag
i 0] ti Byt
emOmEe 57 D6 [ b5 [ D4 | D3 | D2 b1 | DO peration Bytes) Cyclesf T
JZ Address| 1 1 0 0 0 1 1 0 (PCO-7)«(a0-7) 2 2 - -
a7 a6 | a5 | a4 a3 a2 | al | a0 if (A) =0
(PC)«(PC)+2
if (A) #0
JNZ Address| 1 0 0 1 0 1 1 0 (PCO-7)«(al-7) 2 2 - -
a7 | a6 | a5 | a4 | a3 | a2 [ al [ a0 | if (A) ¥ O
(PC)«(PC)+2
if (A) = 0
JTO Address | O 0 1 1 0 1 1 0 (PCO-7)«(a0-7) 2 2 -] -
a7 | ab | a5 ab | a3 | a2 | al | a0 | if TO =1
(PC)«(PC)+2
if TO = 0
JNTO Address| O 0 1 0 0 1 1 0 (PCO-7)+(a0-7) 2 2 - -
a7 | ‘a6 | a5 a4 | a3 | a2 | al | a0 | if TO = O
(PC)«(PC)+2
if TO =1
JT1 Address | O 1 0 1 0 1 1 0 (PCO-7)+(a0-7) 2 2 - -
a7 | a6 | a5 ab | a3 | a2 | al |a0 | if T1 =1
(PC)«(PC)+2
if TL =0
IUNT1 Address | O 1 0 0 0 1 1 0 (PCO-7)«(al0-7) 2 2 - -
a7 | a6 | a5 | a4 | a3 | a2 | al |a0 | if T1 =0
(PC)<«(PC)+2
if Tl =1
JFO Address | 1 0 1 1 0 1 1 0 (PCO-7)+(a0-7) 2 2 - -
a7 | a6 | a5 | a4 | a3 | a2 | al |a0 | if FO =1
(PC)«(PC)+2
if FO = 0
JF1l Address | 0 1 1 1 0 1 1 0 (PCO-7)+«(a0-7) 2 2 - |-
a7 | ab | a5 | a4 | a3 | a2 | al |a0 | if F1 =1
(PC)<(PC)+2
if F1 = 0
JTF Address | 0 0 0 1 0 1 1 0 (PCO-7)«(al0-7) 2 2 - |-
a7 | a6 | a5 | a4 | a3 | a2 |al |a0 |if TF =1
(PC)«(PC)+2
if TF = 0
JN1 Address | 1 0 0 0 0 1 1 0 (PCO-7)<«(al-7) 2 2 - |-
a7 | a6 | a5 ab [ a3 |a2 |al |a0 | if INT = 0O
(PC)«(PC)+2
if INT = 1
JBb Address |b2 | bl | bO 1 0 0 1 0 (PCO-7)<(a0-7) 2 2 - |-
a7 | a6 |a5 | a4 | a3 |a2 |al |a0 |if Bb =1
(PC)«(PC)+2
if Bb = 0
(b=0-7)
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TECHNICAL DATA
Subroutine Instruction
3 Instruction Code . Flag
Mnemonics Operation Bytes [Cycles
D7 | D6 | D5 | D4 | D3 | D2 | DI | DO AC
CALL Address|{alO | a9 | a8 1 0 1 0 0 ((sP))« 2 2 - -
a7 a6 | a5 a4 | a3 | a2 | al | a0 (PC), (PSW&-T7)
(SP)«(SP)+1
(PC8-10)«(a8-10)
(PCO-7)<(a0-7)
(PC11)<«DBF
RET 1 0 0 0 0 0 1 1 (SP)«(sSp)-1 1 2 - |-
(PC)<((spP))
RETR 1 0 0 1 0 0 1 1 (SP)«(SP)-1 1 2 - -
(PCY«((sP))
(PSW4-7)«((SP))
Flag Manipulation Instruction
Mnemonics Instruction Code Operation Bytes |Cycles Flag
D7 D6 D5 | D4 | D3 D2 (D1 | DO AC
CLR C 1 0 0 1 0 1 1 1 (C)<«0 1 1 ol -
CPL C 1 0 1 0 0 1 1 1 (C)+NOT(C) 1 1 Ol -
CLR FO 1 0 0 0 0 1 0 1 (F0)<0 1 1 = [~
CPL FO 1 0 0 1 0 1 0 1 (FO)<NOT (FO) 1 1 - |-
CLR F1 1 0 1 0 0 1 0 1 (F1)<0 1 1 - -
CPL F1 1 0 1 1 0 1 0 1 (F1)<NOT (F1) 1 1 - -
Data Transter Instruction
Mnemonics Instruction Code Operation Bytes |Cycles Flag
D7 D6 | D5 D4 | D3 D2 | D1 | DO C [AC
MOV A,Rr 1 1 1 1 1 r r r (A)<(Rr) 1 1 - -
r=0-7
MOV A,@Rr 1 1 1 1 0 0 0 r (A)<((Rr)) 1 1 - |-
r=0,1
MOV A, #Data | O 0 1 0 0 0|1 1 (A)«Data 2 2 - |-
d7 | d6 | d5 d4 | d3 | d2 | dl | dO
MOV Rr,A 1 0 1 0 1 r T r (Rr)<«(A) 1 1 - |-
r=0-7
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TECHNICAL DATA

Instruction Code Flag
Mnemonics Operation Bytes| Cycles
D7 | D6 | D5 | D4 | D3 | D2 | DL | DO C |AC
MOV @Rr,A 1 0 1 0 0 0 0 r ((Rr))<(A) 1 1 - |-
r=20,1
MOV Rr,#Data| 1 0 1 1 1 r r T (Rr)<«Data 2 2 - -
d7 | d6 |[d5 | d4 |d3 | d2 [dl | dO r=0-7
MOV @Rr, #Data| 1 0 1 1 0 0 0 r ((Rr))<Data 2 2 - -
d7 | d6 | d5 d4 | d3 d2 | dl do r=0,1
MOV A,PSW 1 1 0 0 1 1 1 (A)«(PSW) 1 1 - |-
MOV PSW,A 1 1 4l 0 1 1 1 (PSW)<(A) 1 1 - |-
XCH A,Rr 0 0 1 0 1 r | r r (A)Z(Rr) 1 1 |-1-
r=0-7
XCH A,@Rr oo |1 oo 0o (o0 r | (AZ((Rr)) 1 1| -1-
r=20, 1
XCHD A,@Rr | O | O | 1 110 0| o0 r | (A0-3)Z((Rr0-3))| 1 1 |-
r=0,1
MOVX A, @Rr 1 0 0 0 0 0 0 r (A)<((Rr)) 1 2 - |-
r=0,1
MOVX @Rr,A | 1 [ O | O 1|0 oo r | ((Rr))<(8) 1 2 -
r=0,1
MOVP A, QA 1 0 1 0 0 0 1 1 (PCO-7)<(A) 1 2 - -
(A)«=((?C))
MOVP3 A, @A 1 1 1 0 0 0 1 1 (PCO-7)<(A) 1 2 - -
(PC8-11)«0011
(A« ((PO))
Timer/Counter Instruction
Mnemonics Instruction Code Operation Bytes| Cycles Flag
D7 | D6 | D5 D4 | D3 | D2 D1 DO C |AC
MOV A,T 1 0 0 0 0 1 0 (A)<(T) 1 1 - -
MOV T,A 1 1 0 0 0 1 0 (T)«(A) 1 1 - -
STRT T 1 0 1 1 0 1 |Counting is 1 1 - -
started in the
timer mode
STRT CNT 0 1 0 0 0 1 0 1 |Counting is 1 1 - -
started in the
event counter
mode
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. Flag
Mnemonics Instruction Code Operation Bytes|Cycles
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO AC
STOP TCNT 0 1 1 0 0 1 0 1 Stop both time 1 1 - -
accumulation and|
event counting
EN TCNT1 0 0 1 0 0 1 0 1 Timer interrupt 1 1 - -
is enabled
DIS TCNTI1 0 0 1 1 0 1 0 1 Timer interrupt 1 1 - -
is disabled
Control Instruction
Mnemonics Instruction Code Operation Bytes| Cycles Flag
D7 |'D6 | D5 | D4 | D3 | D2 | DI | DO C|AC
EN I 0 0 0 0 0 1 0 1 External inter- 1 1 - -
rupt -is enabled
DIS I 0 0 0 1 0 1 0 1 External inter-— 1 1 - -
rupt is disabled
SEL RBO 1 1 0 0 0 1 0 1 (BS)<0 1 1 -1 -
SEL RB1 1 1 0 1 0 1 0 1 (BS)<1 1 1 - -
SEL MBO 1 1 1 0 0 1 0 1 (DBF)+«0 1 1 - -
SEL MB1 1 1 1 1 0 1 0 1 (DBF) <1 1 1 -1 -
ENTO CLK 0 1 1 1 0 1 0 1 | Tg is enabled to| 1 1 - -
act as the clock
output
NOP 0 0 (] 0 0 0 0 0 | No operation 1 1 - -
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R TECHNICAL DATA

[TMPB049P/8039P/8043P-6/8039P-6|

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING

Vpp Vpp Supply Voltage (with respect to GND (Vgg)) -0.5V to +7V
Vee VCC Supply Voltage (with respect to GND (Vgg)) ~0.5V to +7V
VINA Input Voltage (Except EA) -0.5V to +7V
VINB Input Voltage (Only EA) -0.5V to +13V
Pp Power Dissipation (Ta=25°C) 1.5W
TSOLDER|Soldering Temperature (Soldering Time 10 sec.) 260°C
TsTG Storage Temperature =55°C to 150°C
ToPR Operating Temperature 0°C to 70°C

DC CHARACTERISTCS
TA=0°C to 70°C, Vgg=Vpp=+5Vt10%, Vgg=0V, Unless Otherwise Noted.

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT

ViL Input Low Voltage -0.5 - 0.8 \4
Input High Voltage

Vin P & & [— 2.0 - vce \
(Except XTALl, XTAL2, RESET)
Input High Voltage

A e .8 - \

ML (xrAL1, XTAL2, RESET) 3 cel v
VoL, Output Low Voltage (BUS) IoL=2.0mA - - 0.45 v
VoLl Output Low Voltage Tor=1. _ _ 0.

(RD, WR, PSEN, ALE) OL=1.8mA 5 v
VoL2 Output Low Voltage (PROG) IoL=1.0mA - - 0.45 v
V- Output Low Voltage
oL3 Ior=1. - - 0.45 v
(For other output pins) OL=1. 6mA
VoH Output High Voltage (BUS) ToH=-4000A 2.4 - - v
Output High Voltage
\ —_ Iop= - -
OHl | (RD, WR, PSEN, ALE) OH=-1001uA 2.4 v
Output High Voltage I
OH=-40pA 2.4 - - v
Von2 (For tothe output pins) M
I Input Leak Current (Tl, INT) | Vss<VinSVec - - +10 uA
Input Leak Current
I — Vaa+0. 455V <V - - -500 A
LIl | (p10-17, P20-P27, EA, SS) ssT P=TIN=Nce !
Output Leak Current (BUS, TO) _
I < < - +10 uA

Lo (High impedance condition) Vgg+0. 452VIN=Vee

Ipp Vpp Supply Current - - 50 mA
IpptIcc |Total Supply Current - - 170 mA
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AC CHARACTERISTICS

TA=0°C to 70°C, Vgo=Vpp=+5V£l0%, Vgg=0V, Unless Otherwise Noted

TMP8049P/ | TMP8049P-6/
SYMBOL PARAMETER TEST CONDITION TMP8039P TMP8039P-6 |UNT
MIN. | MAX. MIN. MAX.
L ALE Pulse Width 150 - 400 - n
tATL, Address Setup Time (ALE) 70 - 150 - n
trA Address Hold Time (ALE) 50 - 80 - n
Control Pulse Width
tee (PSEN, ®D, WR) 300 - 700 - n
i i
tpw Data Setup Time (WR) 250 - 500 - n
tyD | Data Hold Time (WR) CL=20pF 40 - | 120 - n
t Cycle Ti 11MHz XTAL 36 |15.0 | 2.5 [15.0
cY yele time (6MHz XTAL for -6)| : : : "
tpr Data Hold Time (PSEN, RD) 0 100 0 200 n
Data Input Read Time
trp (PSEN, RD) - 200 - 500 n
tAw Address Setup Time (WR) 200 - 230 - n
¢ Address Setup Time
AD (Data Input) - 400 - 950 n
tAFC Address Float Time
A (RD, PSEN) -10 - 0 - n
Port Control Setup Time 100 110
tece | (PrROG) - - n
tpe Port Control Hold Time 60 _ 130 _ n
(PROG)
tpR igigGi Input Data Set Time _ 650 B 810 n
Output Data Setup Time
tpp (PROG) 200 - | 220 - n
Output Data Hold Time
t 20 - 65 - n
PD (PROG)
Port 2 Input Data Hold Time
tpp (PROG) 0 150 0 150 n
tpp PROG Pulse Width 700 - |1510 - n
tpr, Port 2 I/0 Data Setup Time 250 - 500 - n
trp Port 2 I/0 Data Hold Time 120 - 150 - m

568

Control Outputs : C;=80pF, BUS Outputs :

Cy,=150pF
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R TECHNICAL DATA

[TMPB049PI-6/8039P1-6 : INDUSTRIAL SPECIFICATION.]
ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING

Vpp Vpp Supply Voltage (with respect to GND (Vgg)) -0.5V to +7V
Vee VcC Supply Voltage (with respect ro GND (Vgg)) -0.5V to +7V
VINA Input Voltage (Except EA) -0.5V to +7V
Ving  |Input Voltage (Only EA) -0.5V to +13V
Pp Power Dissipation (Ta=25°C) 1.5W
TgoLDER|Soldering Temperature (Soldering Time 10 sec.) 260°C
TsTe Storage Temperature -55°C to 150°C
Topr Operating Temperature -40°C to 85°C

DC CHARACTERISTICS

[TA=-40°C to 85°C | Voo=Vpp=+5V£10%, Vgg=0V, Unless Otherwise Noted.

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT
ViL Input Low Voltage -0.5 = 0.6 v
Toput High Voltage
A% R - v
1 (Except XTALl, XTAL2, RESET) 2.2 Vee
Input High Voltage
v - v v
THL | (XTAL1, XTAL2, RESET) 3.8 cc
Vor Output Low Voltage (BUS) Lor=1.6maA - - 0.45 v
Output Low Voltage
\Y . IoL= - - 0.45 A
OLl | (RD, WR, PSEN, ALE) OL=1. bmA 7
Vor2 Output Low Voltage (PROG) Io1,=0. 8mA - - 0.45 v
Output Low Voltage
\/ Tor= _ - .
oL3 (For other output pins) OL=1. ZmA 0.45 v
Vou Output High Voltage (BUS) Ton=-80ua 2.4 - - v
Output High Voltage
V, fub gl Tog= - -
OHL | ®D, WR, PSEN, ALE) OH=-80vA 2.4 v
Output High Voltage
v IoH=- - -
oH2 (For other output pins) OH=—30y4 2.4 v
L Input Leak Current (T1, INT) VggSV1nSVee - - $10 | A
Input Leak Current
I < -
11 —_— Vggt+0. 455V NV - -700 A
L (P10-17, P20-P27, EA, S8) s m=vee e
Output Leak Current (BUS, TO) _

I < < - +10 A
L0 (High impedance condition) Vsst0. 452VN=Ycc H
Ipp Vpp Supply Current - - 50 mA
IDD+ICC Total Supply Current - - 170 mA
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AC CHARACTERISTICS

TA=-40°C to 85°C|, Vcc=VDD=+5V*+10%, VSS=0V, Unless otherwise Noted.

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT
tLL ALE Pulse Width 200 - - ns
EAL Address Setup Time (ALE) 120 - - ns
tra Address Hold Time (ALE) 80 - - ns
tee Control Pulse Width(ﬁgﬁﬁ,ﬁﬁ;ai) 400 - - ns
tow Data Setup Time (WR) 420 - - ns
typ Data Hold Time (WR) CrL=20pF 80 - - ns
tecy Cycle Time 2.5 - 15.0 us
tpR Data Hold Time (Pﬁl, RD) 0 - 200 ns
trD Data Input Read Time (PSEN,RD) - - 400 ns
Eaw Address Setup Time (WR) 230 - - ns
EAD Address Setup Time (Data Input) - - 600 ns
tAFC | Address Float Time (RD, PSEN) -40 - - ns
tca Internal between Cont;gﬁ Efése 10 _ - ns
tcp Port Control Setup Time (PROG) 115 - - ns
tpe Port Control Hold Time (PROG) 65 - - ns
tpr Port 2 Input Data Set Time(PROG) - - 860 ns
tpp Output Data Setup Time (PROG) 230 - - ns
tpD Output Data Hold Time (PROG) 25 - - ns
tpr Port2 Input Data Hold Time (PROG) 0 - 160 ns
tpP | PROG Pulse Width 920 - - ns
YpL | Port 2 I/0 Data Setup Time 300 - - ns
tLP | Port 2 I/0 Data Hold Time 120 - - ns

Note : tcy=2.5us, Control Output: Cy=80pF, BUS Output: Cp=150pF, PORT 20-23:

CL=80pF.




INTEGRATEDCIRCUIT TMPBO49P/8049P-6/8040P -6

TMP8039P/8039P-6/8039P1-6
SR3Z  TECHNICAL DATA

TIMING WAVEFORM

A. Instruction Fetch from External Program Memory

tey

tLL

ALE ] 47"_'_'"\\___

EAFC tca

PSEN tLA1N

s L X7IIA- R

13:0) Instruction

Address

tAD

B. Read from External Data Memory

me /L S\

t
tec CA
RD
tAFC | DR
s TR XN s
tRD
Address tAD

C. Write into External Data Memory

CA
tee
WR 7
Cow twp
L P

Address
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SRS  TECHNICAL DATA

D. Timing of Port 2 during Expander Instruction Execution

ALE _/—\

—/| tca
tpr, | t1p tpp tpp
PORT20 '
Port
POR|T23 PCH L 7 X.Control Qutput Data x
(Output Data) Port |20 —23 | | EpRr | .tpF
PORT20 Data g‘ . A
x ort v,
PORIT23 o , KeofFror X« X :
(Input Data) Port 20—23 tCP trc Input Data
Data

PROG 7

PP

* Input Enabled State

TYPICAL CHARACTERISTICS

1) BUS:Igy - Voy 3) BUS, P1, P2: Tor, - VoL

-50 Vpp=Vcc=5V 50 Vpp=Vcc=5V
TA=25°C < TA=25°C
E -3 N 2 p—
o] AN /
(=]
=10 \\ 10—
0 GO 2 4
0 2 You (v) 4
Vo, (V)
2) P1, P2:Igy -Vou
~500 Vpp=Vge=5V
E TA=25°C
= -300
[}
S
~100 - Py
0
0 2 4
Vou (v)
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TECHNICAL DATA

PROGRAM TAPE FORMAT

TMP8049 programs are delivered in the form of paper tape with the following
format and it is required to attach the tape list. The format of paper tape is
same as the Intel type object tape (hexadecimal tape output by Intel MDS system,

(1) Tape Format PROMPT 48 Development Tool, etc.)
i
A ! L. {Leader, 50 "NULL" characters or more
Comments | ---- - Comment (Record mark ":" is not included)
EE?; Option
N Record Mark
Record Length (2 hexadecimal digits)
Loading Address (4 hexadecimal digits)
"00" .... Normal Record
Record Type (2 Digits) wg1" | .. End of File Record
Data
Check Sum (2 hexadecimal digits)
(CR) Dummy characters (RUBOUT, BLANK) before and after "(CR) (LF)" are
(LF) optional.
HE Record Mark (Repeated below)
= ’E
(CR)
(LF) _
1
L i A ]Trailer, 50 "NULL" characters or more

(2) Example of Tape List

TOSHIBA MICRO COMPUTER TLCS-84

:100000000665C7D79CF50F3F951FED55A8FF16E570
:1000100088884DDE67D31F5D8ABA6DF292F113F5C1
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09
:10003000197352F729F12F79AA9C057C5B851EED77

R

:1003C0005DFDB5E556A67277F61A51C631CFIFOESO
:1003D000BD2F6F20E8BB1977E3FB5AD1 F41FDAATE2
:1003E000B53D42E0EC32546025B7308CDD5206 3D1D
:1003F000B4BE9E9E345B6138060B20VC372BF60BD6
.:00000001FF
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ﬁz TECHNICAL DATA

OUTLINE DRAWING

403938 37 36 3534 3332 31 3029 28 27 262524 232221 Unit in mm

13.4%0.15

(Note 1)
15.24+0.1

_E__

0.25+0.1

3.5+0.15

el
(Note 3) <
IS
-~

’ 2.54

50.7+0.15 « 15.0017.8

(Note 2)

Note : 1. This dimension shows the center of curvature of leads.
2. This dimension shows spread of leads.

3. The pitch of leads is 2.54 and the tolerance is +0.25 from the
theroretical center of each iead obtained having No.l lead and
No. 40 lead as the reference.

Note : Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implled, and Toshiba
reserves the right, at any time without notice, to change said
cricuitry.

© June 1981 Toshiba Corporation
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TMP8243P/TMP8243P1
ﬁﬂl TECHNICAL DATA N-CHANNEL SILICON GATE MOS

INPUT/OUTPUT EXPANDER

GENERAL DESCRIPTION

The TMP8243P is an input/output expander designed specifically to provide a low

cost means of I/0 expansion for the TLCS-84 family.

The I/0 ports of the TMP8243P serve as a direct extension of the resident 1/0
facilities of the TLCS-84 microcomputers and are accessed by their own MOVD,

ANLD, and ORLD instructions.

FEATURES

o Low cost

o Simple interface to TLCS-84 microcomputers

o Four 4-bit I/0 ports

o AND and OR directly to ports

o Single 5V supply

o High output drive

o Direct extension of resident TMP8048P/TMP8049P I/0 ports.

o Compatible with intel's 8243

o -40°C to +85°C Operation (TMP8243PI: Industrial Specification)

PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM

ADDRESS

DECORDER PORT 4

INPUT
pso [1 Voo INSTRUC. BUFFER
P20 [z P51 DECODER
Pal (]2 P52 PORT 5
Paz 4 P53 PORT 2 (:D MUX
P55 P60 INPUT
— BUFFER
cse 19(1 P61 E—
PROG [ 7 1 P6R _._1 PORT 6
r2a{]8 P63 S
rz2 o 160 75 PROC ] E [
S
pz1 0 P72 8
Pzo] P71
axnol] P70 PORT 7
RESET
CIRCUIT
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PIN NAMES AND PIN DESCRIPTION

PROG (Input)
Clock Input. A high to low transistion on PROG signifies that address and
control are available on P20-23, and a low to high transition signifies that

data is available on P20-23.

cs (Input)
Chip Select Input. A high on CS inhibits any change of output or internal

status.

P20-23 (Input/Output, 3-state)

Four (4) bit bi-directional port contains the address and control bits on a
high to low trénsition of PROG. During a low to high transition contains the
data for a selected output port if a write oepration, or the data from a

selected port before the low to high transition if a read operation.

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state)
Four (4) bit bi-directional I/O ports. May be programmed to be input (during
read), low impedance latched output (after write) or a  3-state (after read).

Data on pins P20-23 may be directly written, ANDed or ORed with previous data.

Vee (Power)
+5 volt supply

GND (Power)
0 volt supply

FUNCTIONAL DESCRIPTION

General Operation
The TMP8243P contains four 4-bit I/0 ports which serve as an extension of the
on-chip I/0 and are addressed as ports 4-7. The following operations may be
performed on these ports.

o Transfer accumulator to port

o Transfer port to accumulator

o AND accumulator to port

o OR accumulator to port
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All communication between the TMP8048P and the TMP8243P occurs over Port 2
(P20-23) with timing provided by an output pulse on the PROG pin of the pro-

cessor. Each transfer consists of two 4-bit nibbles.

A high to low transition of the PROG line indicates that address is present
while a low to high transition indicates the presence of data. Additional
TMP8243P'S may be added to the 4-bit bus and chip selected using additional
output lines from the TMP8048P/8035P.

Power On Initialization

Initial application of power to the device forces input/output ports 4, 5, 6,
and 7 to the tri-state and port 2 to the input mode. The PROG pin may be either
high or low when power is applied. The first high to low transition of PROG
causes device to exit power on mode. The power on sequence is initiated if Vgg

drops below 1V.

P21 P20 Address Code P23 P22 Instruction Code
0 0 Port 4 0 0 Read

0 1 Port 5 0 1 Write

1 0 Port 6 1 0 ORLD

1 1 Port 7 1 1 ANLD

Write Modes

The device has three write modes. MOVD Pi, A directly writes new data into the
selected port and old data is lost. ORLD Pi, A takes new data, OR's it with
the old data and then writes it to the port. ANLD Pi, A takes new data AND's
it with the old data and then writes it to the port. Operation code and port
address are latched from the input port 2 on the high to low transition of the
PROG pin. On the low to high transition of PROG data on port 2 is transferred

to the logic block of the specified output port.

After the logic manipulation is performed, the data is latched and outputed.

The old data remains latched until new valid outputs are entered.
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Read Mode

The device has one read mode. The operation code and port address are latched
from the input port 2 on the high to low transition of the PROG pin. As soon

as the read operation and port address are decoded, the appropriate outputs are
3-stated, and the input buffers switched on. The read operation is terminated
by a low to high transition of the PROG pin. The port (4, 5, 6 or 7) that was
selected is switched to the 3-stated mode while port 2 is returned to the

input mode.

Normally, a port will be in an output (write mode) or input (read mode). If
modes are changed during operation, the first read following a write should be
ignored; all following reads are valid. This is to allow the external driver

on the port to settle after the first read instruction removes the low impedance
drive from the TMP8243P output. A read of any port will leave that port in a

high impedance state.

125
~ 100
—
=)
s
“w
o 75 |
Z
=
% 50 + GUARANTEED WORST CASE
- CURRENT SINKING
Z CAPABILITIES OF ANY I/0
7 PORT PIN vs. TOTAL SINK
= 25  CURRENT OF ALL PINS
=
o
=

0 1 1 1 1 1 1 1 1 1 1 1

0601 2 3 4 5 6 7 8 9 10 11 1213

MAXIMUM SINK CURRENT ON ANY PING.45V
MAXTIMUM Iop, WORST CASE PIN(mA)
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Sink Capability

The TMP8243P can sink 5 mA@.45V on each of its 16 I/0 lines simultaneously.

If, however, all lines are not sinking simultaneously or all lines are not fully

loaded, the drive capability of any individual line increases as is shown by

the accompanying curve.

For example, if only 5 of the 16 lines are to sink current at one time, the

curve shows that each of those 5 lines is capable of sinking 9 mA@.45V (if any

lines are to sink 9 mA the total IQL must not exceed 45 mA or five 9 mA loads).

Example:

Example:

How many pins can drive 5 TTL loads (1.6 mA) assuming remaining pins

are unloaded?

IoL = 5 x 1.6 mA = 8 mA
eIOL = 60 mA from curve
fipins = 60 mA ¢+ 8 mA/pin = 7.5 = 7

In this case, 7 lines can sink 8 mA for a total of 56 mA. This leaves
4 mA sink current capability which can be divided in any way among the
remaining 9 I/0 lines of the TMP8243P.

This examples shows now the use of the 20 mA sink capability of port
7 affects the sinking capability of the other I/0 lines.

An TMP8243P will drive the following loads simultaneously.

2 loads - 20 mA@lV (port 7 only)
8 loads - 4 mA@.45V

6 loads - 3.2 mA@.45V
Is this within the specified limits?

eloL = (2 x 20) + (8 x 4) + (6 x 3.2) = 91.2 mA. From the curve:
for Igp, = 4 mA, e€Iol, = 93 mA since 91.2 mA <93 mA the loads are
within specified limits.

Although the 20 mA@1lV. load are used in calculating eIpp, it is the
largest current required @.45V which determines the maximum allow-

able €Ipg,.
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TMP824 3P

ABSOLUTE MAXIMUM RATINGS

Symbol Item Rating
Vee Vee Supply Voltage with Respect to GND -0.5V to +7.0V
VIN Input Voltage with Respect to GND ~0.5V to +7.0V
Vout Output Voltage with Respect to GND =0.5V to +7.0V
Pp Power Dissipation 800mw
TSoLDER Soldering Temperature (Soldering Time 10 sec.) 260°C

Tsre

Storage Temperature

-55°C to +150°C

Topr

Operating Temperature

0°C to +70°C

D.C. CHARACTERISTICS TA = 0°C

to 70°C, Vg¢ = 5V + 10%

A.C. CHARACTERISTICS

Tpo = 0°C to 70°C, Vcc = 5V + 10%

Symbol Parameter Test Condition Min. Typ.| Max. |Unit
Vi |Input Low Voltage -0.5 0.8 v
VIH Input High Voltage 2.0 VCEO-S v
VOL1 |Output Low Voltage Ports 4-7 IoL = 5SmA* 0.45 \Y
VoL2 |Output Low Voltage Port 7 1oL, = 20mA 1 \
VoL3 |Output Low Voltage Port 2 To1=0. 6ma 0.45 \Y
Voul |Output High Voltage Ports 4-7 Lon=-240uA 2.4 v
Vop2 |Output High Voltage Port 2 IoH=-100pA 2.4
1111 |Input Leakage Port 4-7 0VEVINSVeg -10 20 LA
I112 |Input Leadage Port 2, €S, PROG 0VsViysVec -10 10 A
Icc Vee Supply Current 10 20 mA
I0L |Sum of all IOL of 16 Outputs 5 mA Each Pin 80 mA
* See following graph for additional sink current capability

Symbol Parameter Test Condition |[Min. | Typ.| Max. |Unit
tA [Code Valid Before PROG CL < gopr 100 ns
tB |Code Valid After PROG Cp, = 20pF 60 ns
tC Data Valid Before PROG CL, = 80pF 200 ns
tp |Data Valid After PROG Cp, = 20pF 20 ns
tg |Floating After PROG Cp, = 20pF 0 150 ns
tg |PROG Negative Pulse Width 700 ns
tcs |CS Valid Before/After PROG 50 ns
tpp |Ports 4=7 Valid After PROG Cr, = 100pF 700 ns
tLP1 |Ports 4-7 Valid Before/After PROG 100 ns
tACC |Port 2 Valid After PROG CL = 80pF 650 ns
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LTMP8243PI : INDUSTRIAL SPECIFICATION}

ABSOLUTE MAXIMUM RATINGS
Symbol Item Rating
Vee Vee supply Voltage with Respect to GND ~0.5V to +7.0V
Vin Input Voltage with Respect to GND -0.5V to 4+7.0V
Vout Output Voltage with Respect to GND -0.5V to +7.0V
Pp Power Dissipation 800mW

TSOLDER | Soldering Temperature (Soldering Time 10 sec.) 260°C
Tsre Storage Temperature -55°C to 4+150°C
ToPR Operating Temperature -40°C to +85°C

D.C. CHARACTERISTICS  TA=-40°C to 85°C, V¢=5V+10%

Symbol Parameter Test Condition Min. Typ. Max. | Units
VIL Input Low Voltage -0.5 0.8 Y
Vig Input High Voltage 2,0 Veet+0.5 v
VoLl Outptu Low Voltage Ports 4-7 | LOL=4.5mA 0.45 v
VoL2 Output Low Voltage Port 7 IoL=20mA 1 A
Vo3 Output Low Voltage Port 2 Io1.=0. 6mA 0.45 A
Vo1 Output High Voltage Ports 4-7 IOH=—240uA 2.4 v
Vou2 Output High Voltage Port 2 ToH=-1001A 2.4

I Input Leakage Ports 4-7 0vV<VINsVce -10 20 HA
112 Input Leakage Port 2, CS,PROG|[ OVSVINSVee -10 10 A
Icc Vee Supply Current 10 20 mA
Ion Sum of all Iy of 16 outputs 4.5mA each pin 72 mA

* See following graph for additional sink current capability

A.C. CHARACTERISTICS  TA=-40°C to 85°C, Vg=5V*10%

Symbol Parameter Test Condition Min. Typ. Max. | Units
tA Code Valid before PROG CL, = 80pF 100 ) ns
tB Code Valid after PROG Cy, = 20pF 60 ns
te Data Valid before PROG Cr, = 80pF 200 ns
tp Data Valid after PROG C1, = 20pF 20 ns
ty Floating after PROG CL = 20pF 0 150 ns
tg PROG Negative Pulse Width 700 ns
tcs CS Valid before/after PROG 50 ns
tpo Ports 4-7 Valid after PROG Cr, = 100pF 700 ns
tLPl  |Ports 4-7 Valid before/after PROG 100 ns
tacc Port 2 Valid after PROG C1, = 80pF 650 ns

© 581
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TIMING WAVEFORM

PROG o
C /|
tg
ta ELS.{ '_,EL. -~
PORT2 NSTRUCTIONY ~ FLOAT X DATA }< FLOAT
tACC
_lw
PORT2 OUTPUT
VALID
tpo
PORT4-7 PREVIOUS OUTPUT VALID oy
tIp| _tIp
PORT4-7 INPUT VALID ;(
tcs tcs
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OUTLINE DRAWINGS

Unit in mm

R4 23 2221 201918 17161514 13

>
<
=
[y
<
q HL
T OOy OO T o Ty
123466 789101112
324 MAX, | 1624 TYP
S
<
=
el
Y S o g i i_] i..‘._‘
254 +0.26 14015 =
T
! 05+015 = 174 MAX,
o~
3

Note: Each lead pitch is 2.54mm. All leads are located within
0.25mm of their true longitudinal position with respect
to No.l and No.24 leads.

All dimensions are in millimeters.
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GENERAL DESCRIPTION

The TMP8022P is one version of the TLCS-84 family, which is an 8-bit

single chip microcomputer containing A/D converter.

The CPU, data memory (RAM), program memory (ROM), I/0 port, and timer,
which are basic functions as a computer, and further, A/D converter,
comparator input port, zero-cross ditection circuit, etc. are all

integraced on single chip.

FEATURES

o Compatible with Intel's 8022

o 2K x 8 ROM, 64 x 8 RAM, 28 I/0 Lines

o 8 Bit Interval Timer/Event Counter

o On-chip 8 Bit A/D Converter; Two Input Channels
o 8 Comparator Inputs (PORTO)

o Zero Cross Detection Capability

o High Current Drive Capability (Vgyy<2.5V @Igp=7mA)
° 8 Level Subroutine Nesting

e Two Interrupts - External and Timer

°o Instructions - 8048 Subset

o 8.38 sec Cycles; All TInstructions 1 or 2 Cycles

° Single 5V Supply (4.5V to 6.5V)
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PIN CONNECTIONS (TOP VIEW)

PoRTs  <=> l: LI = \_/ 4 [ vee (+0V)
A = Sl m )
(+5V) avee d & 381 Pea <= poR1z
Pine for 47D —_—— VAREF O 4 3’7E PROG ———
—_—— AN O & 3¢ PR
Converters
—_—— ANO g s 2 Per
(ov) avse 0 7 P Pal < rorr-
— 10 938 35 [ Peo
Comparator inpat — VIH O » = A P17
reference Potential PO Oio 31 0 Pig
POl Oui 30 A Pid
302 = b 9 A Pid
PORT 0 @ PO .3 280 P13 <:> FORTL
(Comarator input) PO4 14 A Pl
o> Oio 26 [ Pl
o 016 2 [ P10
PO7  Quiv 24 @ RESE] & ——o
—~—— AIE O3 23 [ XTALR =~ —————
Zere - Cross —_— - T1 die 20 [ XTALL —_—
ditection mpuy (oV) vss  Oxo ?1 [3 SUBST —_—
PIN NAMES AND DESCRIPTION
Pin Name | Pin No. Tnput/ Function
Output
XTALL 29 A terminal for connecting the oscillator
XTAL2 23 Input or an input terminal for the external clock.
High active signal and initializes
RESET 24 Input the chip. When a low level voltage is ap-
plied to this pin, a program starts from ad-
dress 0.
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Input/

Pin No.
Output

Pin Name

Function

TO 8 Input

Ecternal interrupt input.

Since this pin is of a level interrupt type,
it is required to be held at low level until
an interrupt is accepted. Further, this pin
serves as a test flag input for the condi-

tional jump instructions (JT1 and JNTL).

T1 19 Input

This pin is an external clock input for the
timer counter at the time of the event

counter mode, and has a built-in zero-cross
ditection circuit. Further, it serves as a
test flag input for the conditional jump in-

structions (JT1 and JNT1).

ALE 18 Output

Address Latch Enable pin.
This pin is a clock output that regards 1
machine cycle (clock cycle x30) as a cycle.

(It is also used for the address latch in
the test mode 2.)

PROG 37 Output

Output strobe for the I/O expander 8243.

P00 ~PO7 1/0
(porTO) | 10M7

8-~bit open drain port.

Since this pin has a built-in comparator
which regards the voltage applied to VIH pin
as a comparison voltage, it can change the
input inverse level.

It contains a mask option with a pull-up

resistor.
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Pin Name Pin No. Input/ Function
Output

1:;8;;;?7 25132 1/0 | 8-bit quasi-bidirectional port.

P20 VP27 33736 ] 8-bit-bidirectional port.

38,39 I/0 The lower order 4-bit pins P20 to P23 serve

(PORT2) U

’ [ as lines connecting the 4-bit I/0 expander
r 8243.
| .
VTH 9 Input \ PORTO threshold reference pin.
Analog input to A/D converter.

ANO, ANL 6,5 Input This pin switches the channels by use of
soft according to SEL ANO and SEL ANl in-
structions. (2 channels)

The reference voltage of A/D Converter
VAREF 4 Input Establishes the upper limit of A/D conversion
range.
AVCC 3 Power +5V  (For A/D converter section)
supply
AVSS 7 " 45V  (For A/D converter section)
vce 40 " +5V
VSs 20 " +0V
Substrate potential output pin.
This pin is used for the purpose of connect-
SUBST 21 Output ing a bypass capacitor across the VSS pin
for improving the accuracy of the A/D con-
verter by stabilizing the substrate potential.
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BLOCK DIAGRAM

VTH

8022 Block Diagram

RAM
P'ORT® |POR I PORT.

Cex8
RAM Stack
reas| | Accumulator .
3 8 8 Latch Fointer
T T O T
Instruction - -
Register

Instruction

Decoder

— N/

Control and Timing Circuits

Interr-

upt
Circw t

XTAL1 XTALZ

=3
s

TO PROG RESET ALE

|

N——
Oscillator

Input

—

T

Flag Reset
- Expnder Address latch
Input
Strobe Enable

A/D
Converte

r

ANO AN1
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DESCRIPTION OF INSTRUCTIONS
o The table of instructions for the TMP8022P is described by

use of the following symbols and abbreviations.

A :  Accumulator

AC : Auxiliary carry

addr : Lower order 8-bit address

C :  Carry

CRR : A/D conversion result register
data : 8-bit data

Pp : Port p=0, 1, 2 or P=4"V7
PC : Program counter

Rr : Register r=0, 1 or r=0~7

SP : Stack pointer

T : Timer

TF : Timer flag

TO : Test O

T1 : Test 1

(x) : Contents of x

((x)) : Contents of address indicated by x
A :  AND

v : Logical OR

A~ : Exclusive OR
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TMP8022 Instruction List (I)

.- Effected I Operation

2 13 Mnemonics Functional description Flag iBytes Cycles Code

g E C AC l (Hexadecimal)
ADD A, Rr (A)<(A)+(Rr) r=0-7 O O ; 1 1 68-6F
ADD A, @Rr (A)«<(A)+((Rr))  r=0,1 0] (@] ; 1 1 60, 61
ADD A, f#data (A)«(A)+data O O ; 2 2 03
ADDC A, Rr ()« (A+R)+(C) r=0-7 | O O b1 1 78-7F
ADDC A, @Rr (A)<(A)+((Rr))+(C) r=0, 1 i O O 1 1 70-71
ADDC A, #data | (A)<(A)+data+(C) , o 0 2 2 13

g ANL A, Rr (A)<(A)A (Rr)  r=0-7 J - - 1 58-5F

5ANL A, @Rr | (A)<@WA(®RD) r=0,1 - - | 1 1 | 5051

g ANL A, #data (A)<(A)NA data ; - - 2 2 53

. |oRL A, Rr (8)<(A)V (Rr) r=0-7 - - 1 1 48-4F

Loé ORL A, @Rr A)<(A)V ((Rr)) =0, 1 ‘ - - 1 40-41

§ ORL 4, #data | (A)<(A)Vdata } - -z 2 43

< IXRL A, Rr W@ ®Re) =07 | - - 1 1 D8-DF
XRL A, @Rr (A)<(A)% ((Rr)) =0, 1 - - 1 1 DO-D1
XRL A, fdata | (A)«(A)¥+data - - 2 2 D3
INC A (A)<(A)+1 - - 1 1 17
DEC A (A)<(a)-1 - - 1 1 07
CLR A (A)<0 - - 1 1 27
CPL A (A)<NOT(A) - - 1 1 37
DA A Decimal adjust A O - 1 1 57
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y 8 Effected Operation
U
® %] Mnemonics Functional Description Flag Bytes Cycles Code
© O
Sa C AC (Hexadecimal)
g SWAP A (A4-7) [ (A0-3) - - 1 1 47
o
i
g RL A I (An+1)<(Ap), (A0) < (A7) - - 1 1 E7
It | n=0-6
&
- RLC A (Ap+1)+(An), (C)<(A7) O - 1 1 F7
o n=0-6, (AQ)«(C)
o H
Ee] i
S| RRA (A)<(An+1), (AD)<(80) | - - 1 1 77
E :
2 RRC A (An) (An+1), (C)+(AQ) o - 1 1 67
2 n=0-6 (A7)« (C) 4‘
IN  A,Pp (A)<(Pp) p=0,1,2 | - - 1 2 08, 09, OA
- OUTL  Pp,A (Pp)<(a) p=0,1,2 - - 1 2 90, 39, 3A
[e]
o
a9 MOVD A, Pp (40-3)+(Pp) p=4-7 - - 2 0C-OF
2 (A4-7)< 0 !
2 |
2 {
= MOVD Pp,A (Pp)<(A0-3) p=4-7 L= - 1 2 3C-3F
2 | ANLD Pp,A (Pp)«<(PP) A (A0=3) p=4-7 | - - . 1 2 9C-9F
> i
ORLD Pp,A (Pp)<(Pp) v (AQ-3) p=4-7 - - 1 2 8C-8F
§al e R ®Ro)«<®O+ r=0-7 | - - 1 1 18-1F
o |
w O H |
T E| INC  @Rr ((Rr))<((Rr))+1 r=0,1 - - i 1 10-11
g5 | s
A S I ;
g | JMp  addr (PCo-7)<«Upper 3-bit of - - 2 2 04,24, 44,64
o Operation code | 84 ,AL,C4 B4
(9]
2 |
5 JMPP @A (PCO-7)«((A)) - -1 2 B3
1%}
=]
- DINZ Rr,addr (Rr)<(Rr)-1,1f (r)x0 - - 2 2 E8-EF
§ (PC-7)<«addr
I
& | JC addr Ir (0)=1, (PCy_y)+addr - - 2 2 ¥6
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&
P

, 8 Effected Operation
o
2 § Mnemonics Functional Description Flag Bytes Cycles Code
il C AC (Hexadecimal)
JNC addr If (C)=0, (PCp-7)<addr - - 2 2 E6
Jz addr If (A)=0, (PCO-7)+addr - - 2 2 c6
o
S JNZ  addr If (A)=0, (PCo-7)<addr - - 2 2 96
iu)
9}
2| JT0  addr If T0=1, (PCQ-7) < addr - - 2 2 36
o
w
£ | JUNTO addr 1f T0=0, (PCO-7) *addr - - 2 2 26
§ JT1  addr If T1=1, (PCo-7) < addr - - 2 2 56
]
& | JNT1 addr 1f T1=0, (PCQ-7) <addr - - 2 2 46
JIF  addr If TF=1, (PCg-7) +addr - - 2 2 16
CALL addr ((SP))«(PC), (SP)<«(SP)+1 - - 1 2 14,34,54,74
o § (PCO-7)<addr 94,84 D4, F4
53 (PCg_y1g)«Upper 3-bit of
53 operation code
Q M
-
§ § RET (SP) < (SP)-1 - - 1 2 83
(PC) < ((SP))
(9]
wiol CLRC (C)<0 o - 1 1 97
oL O
T80 crL c (C)<NOT(C) - 1 1 A7
Bfel o
MOV A,Rr (A) < (Rr) r=0-7 - - 1 1 F8-FF
=1
o | MOV A,E@Rr (A) < ((Rr))  1r=0,1 - - 1 1 FO-F1
(9
£ | MOV A,#data | (A) «data - - 2 2 23
[}
ad MOV Rr,A (Rr) « (A) r=0-7 - - 1 1 A8-AF
v
“g MOV G@Rr,A ((Rr)) < (A)  r=0,1 - - 1 1 A0-A1
3 MOV Rr,#data (Rr) «+data r=0-7 - - 2 2 B8-8F
<
S | MOV @Rr,#data| ((Rr)) <data r=0,1 - - 2 2 BO-B1
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, & Effected Operation
5 g Mnemonics Functional Description Flag Bytes Cycles Code
o O
Sa (o AC 4 (Hexadecimal)
[
XCH A,Rr (A) J(Rr) r=0-7 - - |1 1 28-2F
<] [
S| XCH A,@Rr (8) Z((Rr)) r=0,1 - - 1 1| 20-21
U i
> Q |
23| XCHD  a,@Rr | (A0-3) 2 ((Rr)) r=0,1 O T T R
R l§
© 0
S 5] MOVP  A,@A (PCp-7)<(A) [Note] | - - |1 2 ‘ A3
a L) < ((0) | ; i
e - S R
MOV AT (A) « (D) P- - ; 1 1
- ! i
S g Mov T,A i (T) < (A) - - 1 | 62
o ’ !
j=ap S |
S8 35| SIRT T Start timer - -1 1 55
~ N |
oo
¢ 2| STRT  CNT Start counter ! 1 45
o
& l
STOP TCNT Stop timer/counter - - ! 1 1 65
= [ !
v o ! | |
5 2| RAD i (A) < (CRR) - - 1 2 80
B e | | |
> 3 . . | i
E Rl sEL ANO ? ANO Selection, Conversion| _ - 11 1 85
o w J restart S
=}
=R |
S | s ANt ’ AN1 " " - - |1 1 95
| 1
B ! [
EI 1 | Frable external interrupt - - 1 1 05
DIS 1 Disable exterrel interrupt‘ - _ 1 1 15
=]
23 Enable timer/counter
E-g EN TCNT1 interrupt - - 1 1 25
g é DIS TCNT1 Disable timer/counter _ _ 1 1 35
s [ interrupt |
c e !
S| RETI [ (SP) <« (SP) - 1 | - - 1 2 93
(PC) + ((SP))
NOP No Operation - - 1 1 00

Note) MOVP A, @A loads the contents of address indicated by accumulator
A in the page, into accumulatorA. After the execution, the contents

of PC indicate the next address.
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INTEGRATED CIRCUIT

R=

TECHNICAL DATA

TMP8022P Instruction List (I)

RO-3
[04 0 1 2 3 4 5 6 7 8 9 A B c D E F
o NOP ADD | JMP |[ENI psc |IN IN IN MOVD |MOVD | MOVD|MOVD
Ayt A |A.PO |A,P1|A,P2 A,P& |A,P5|A,P6[A,P7
INC |INC ADDC| CALL|DISI |JTF |INC |INC |INC |INC |INC |INC |INC |INC |INC
1 @RO |@31 A,# A RO R1 R2 R3 R4 R5 “6 R7
XCH |[XCH MOV [ JMP |EN |JNTO [CLR [¥CH |XCH [XCH |XCH |XCH |XCH |XCH |XCH
2 A [@H0| A,@R)] Ay TCNTT A |A,RO |A,R1|A,R2|A,R3 |A,R4 |A,R5|A,R6{A,RY
XCHD [ XCHD CALL|DIS [JTU |CPL OUTL | OUTL, MOVD | MOVD { MOVD|{MOVD
8 A@ROA,@ TCN'L'Y A P1,A|P2,A P4,A |P5,A| P6,A|P7,A
ORI, |ORL, MOV | ORL { JMP [STRI [JNTL ORI | OWL |ORL |ORL [ORL |ORL |ORL |OLL
‘ A@ROJA,@RA,T | A, CNT A |A,RO [A,R1|A,R2|A,R3 [A,R4 |A,R5|A,KE|A, R?
AlL|ANL ANL | CALL|STRT |[JT1 |DA  [ANI. |ANL |ANL |ANL |ANL |ANL | AL [ANL
® A,@RO| A, @R A T A |A,RO |A,R1|A,R2[A,R3 |A, K4 [A,E5|A,R6|A,R7
ADD |ADD MOV JMP |STOF ®RC |ADD | ADD |ADD |ADD [ADD |ADD | ADD |ADD
° A,@V0|A,@RYT, A TCNT A JA,RO |A,RLA,R2|A, B3 [A, K4 |A,R5| A, B6|A,R7
ADDC [ADDC CALL RE  |ADDC | ADDC | ADDC| ADDC |ADDC | ADDC | ADDC | ADDC
7 A,@T0| A,@RY A |A,RO |A,RL|A,R2|A,R3|A,R4 |A,R5|A,R6|A,R7
RAD RET | JMP |SEL ORLD |ORLD| ORLD|ORLD
8 ANO P4,A |P5,A| P6,A|P7,A
0 oUTL RETI| CALL[SEL |JNZ |CLR ANLD [ ANLD| ANLD [ANLD
PO, A AN1 Pa,A | P5,A| P5,A[P7,A
MOv MoV MOV JMP SPL [MOV MOV MoV [MOV [MOV MOV | MOV [MOV
i @10,A|@R1, A A,@A C |RO,A |R1,A|R2,A{R3,A |R4,A | R5,A| R6,A|R7,A
MOV [MOV JMUPF| CALL MOV MOV [MOV [MOV [MOV  |[MOV [MoV [MOV
P @R, #|@8, @A RO,4 | R1, | R2,H| R34 | R4, % | RS, #| K6, it |R7,1F
c JMp J7
XRL | ¥RL WML | CALL L | ¥BL | XRL {XRL | XRL | XKL | XRL |XAL
K AGHO|A,@ 1 A, A,RO | A,R1|A,R2{A,R3 [A,R4 |A,R5| A,R6|A,R7
) IMr INT | HL  |DINZ | DiNZ |DINZ|DINZ | DINZ | DINZ{ DINZ |[DINZ
* & [0, | re, ulns, b | ne | vs, 4| re i fir 8
) MOV MOV CALL Jc RLC MOV | MoV |MOV [MOV [MOZ [MOV | MOV |MOV
F AfeHO| A @1 & |A,PO|A,R1|A,B2[A,R3|A,R4 [A,R5| A,R6 |A,R7
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] INTEGRATED CIRCUIT

L~
R

TECHNICAL DATA

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT

vce Supply Voltage -0.5 v +7

VINA Input Voltage (Except PRESET,PROG,T1) -0.5 v +7 v

VINB Input Voltage (Only PRESET,PROG,T1) -0.5 v +13 v

Pp Power Dissipation 1.0 W

Topr Operating Temperature 0~ 70 °C

{ Tstg Storage Temperature -55 ~ 150 °C
DC CHARACTERISTICS Topr = °C~70°C, VCC =5.5V4 1V, Vgs =0V

SYMBOL PARAMETER TEST CONDITION MIN. | TYP. | MAX. | UNIT

VIL Input Low Voltage VTH Open -0.5 0.8 v
Input Low Voltage VTH

VIL (PORTO) 0.5 -0.1 v
Input High Voltage VCC=5.0V+10%

VIH 2. vce \
(A11 Except XTAL, RESET) | VTH Open 0 c
Input High Voltage VCC=5.5V+1V

VIHL (A1l Fxcept XTAL, RESET) | VTH Open 3.0 vee v
Input High Voltage VTH

ViH2 (PORTO) +0.1 vee v
Input High Voltage

VIH3 (PRESET, XTALT) 3.0 vce \
PORTO Threshold 0.4

VIH Comparison Voltage 0 vce v

VOL Output Low Voltage IOL =1.6mA 0.45 v
Output Low Voltage _

VOL1 (P10, P11) IOL =7 mA 2.5 v
Output High Voltage (All

VOH unless Open Drain Option-{ IOH =-50uA 2.4 \
port 0)

11 f%‘l’;‘t Current VS§=0. 45VsVINSVCC £200 | uA

1L0 Output Leak Current VS5=0. 45V<VINSVCC £10 | uA
(Cpen Drain Option-Port O

1icc Vce Supply Current 50 100 | mA
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INTEGRATED CIRCUIT

R TECHNICAL DATA

AC CHARACTERISTICS 1

Ta=0°C~70°C Vgg=5.5V + 1V, Vgg =0V

SYMBOL PARAMETER TEST CONDITION MIN. | MAX. | UNIT
tCcY Cycle Time At 3MHz XTAL 10us | 8.38 | 50.0 | us
- Detection T t
Vax Zero-cross Detectio npu 1 3 VACpp
(T1)
AZX Zero-cross Acuracy 60Hz Sinewave +135 | mV
- Detection Tnput
Fzx Zero-cross De P 0.05 1 Kz
Frequency
AC CHARACTERISTICS 2  Ta=0°n70°C Vgg=5.5V ¢+ 1V, Vgg =0V
SYMBOL PARAMETER CONDITION MIN. | MAX. | UNIT
Port Control Setup Before
tee Falling Edge of Prog 0.5 Hs
" Port Control Hold After 0.8
BC £ | Falling Edge of Prog : s
g Prog to Time P2 Input must 10
PR |5 | e valid : s
2,
S
tpp w | Output Data Setup Time 7.0 us
13}
o
tpp 5 | Output Data Hold Time 8.3 us
[=¥
X
tpF # | Input Data Hold Time 0 150 us
tPP PROG Pulse Width 8.3 us
ALE to Time P2 Input must
PRL | _ | be valid 36 | us
3
tpL = | Output Data Setup Time 0.8 us
~
v
tLp & | Output Data Hold Time 1.6 us
—
tPFL ‘é Input Data Hold Time 0 us
-~
9]
tLL = | ALE Pulse Width Max. at tCy=8.38us 3.9 |23.0 | us
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Test Condition tcy = 8.

38 us Cp, =80 pF




-, INTEGRATED CIRCUIT

R TECHNICAL DATA

A/D CONVERTER CHARACTERISTICS

Ta=0°C

70°c, Vce=5.5V+1V, VSS=0vV, AVCC=5.5+1V,
AVss=0V, AVcC/2 < VAREF < AVGe

PARAMETER MIN. | TYP. MAX. UNIT REMARK
Resolution 8 Bits
Absolute Accuracy % .8% FST + 1/2LSB LSB Note 1)
Sample Setup Before Falling 0.20 .
Edge of ALE (S$S) e cy
Sample Hold After Falling !
Edge of ALE (USH) | 0-10 ey
Input Capacitance T 1 pF
Conversion Time 4 4 tcy

Note 1) It is required that the analog input terminal is kept at a

constant voltage during the smapling time (tgg + tgp)-
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R

TECHNICAL DATA

TIMING DIAGRAM

toy
Ty
A. NORMAL INSTRUCTION
ALE _—7 7{_—_—\_
trL LLp
s —
FORT O7TEUT OUT FUT DATA
A
r.m. A_+___tm
7L
FORT INFUT ! INFUT DATA
_‘_
B. EXPANDER INSTRUCTION
ALE —_/__—\ /—___—\—
tpp |
FROZ _____.___.._\
93 Tec | “oF YED
' p
= FORT
HTPOT
PORT OUTPOT | coNTROL

PORT INFUT

PR

C. AMALOG INFUT

ALE

ANO,ANL

pp
— INPUT DATA P
tgs  |sH

598




Fhoshiba
R

INTEGRATEDCIRCUIT

TECHNICAL DATA

PROGRAM DELIVERY OF TMP8022p

The program delivery of the TMP8022P is performed by using a paper tape

of the following format.

options should be clearly designated.

At the same time, it is required that mask

The format of the paper tape is

the same as the Intel's type object tape (hexadecimal tape output by

Intel MDS system, PROMPT 48 Development Tool, etc.)

(1) Mask Option

It is required that the presence of pull-up resistors is designated

as to the 8 bits of PORTO, and the Tl terminal.

It is required that a mask option designation form attached to the

ES Order Instruction Sheet is used for designation of mask option.

It is required that the mask option designation form is submitted

together with the ES Order Instruction Manual within two weeks be-

fore the sumbission date of tape.

Example of mask option designation

0 : Without pull-up register

1 : With pull-up register

Terminal PORTO
Option e o
. . 4 3 2 1 0
designation
Presence of
pull-up re- 0 1 1 0 0 1
sister

In this case, the presence of pull-up resistors is as follows:

Pins with pull-up resistors

Pins without pull-up resistors

. P07, P03, PO2 and T1
. P06, 105, P04, POl and POO



INTEGRATED CIRCUIT

ﬁ"i TECHNICAL DATA

(2) Tape Format

S~
~ ! % | Leader, 50 "NULL" characters or more
Comments | -=--- Comment (Record mark ":" is not included)
.
Option
H ----- Record mark
]Record Length (2 hexadecimal digits)
}Loading Address (4 hexadecimal digits)
. {'OO' .+... Normal record.
Record Type (2 digits) ‘ro1v ..., . End of file record
Data
Ll
Check Sum (2 hexadecimal digits)
Dummy characters (RUBOUT, BLANK) between and after " CR LF "
. Record Mark
F =  (Repeated below)
ap
1
4 | 4 } Trailer, 50 "NULL" characters or more
)
,[///’\\\\[

(3) Example of Tape List

TOSHIBA MICRO COMPUTER TLSC-84

:100000000665C7D79CF50F 3F951FED55A8FFL6E570
:1000100088884dde67D31F5D8ABA6DF292F113F5C1
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09
:10003000197352F729F12F79AA9C057C5B851EED77

:1003CO0005DFDB5E556A67277F61A51C631CFIFOE8O
:1003D000BD2F6F20E8BB197 7E3FB5AD1E41FDAATE2
:1003E000B53D42E0EC32546025B7308CDD52063D1D
:1003FO00B4BE9E9E345B6138060B20BC372BF60BD6
:00000001FF



o™ INTEGRATEDCIRCUIT

R TECHNICAL DATA

GNIT @ mm
4 33 38 37 36 35 44 33 32 Bl 30 2 ¢ 27 2 25 24 23 22 21
T+ttt T 1 [
0
“
m o]
- b
=)
\V @
%
i
| ! | | | | il It | | |
1 2 3 4 5 6 7 3 9 1011 12 13 14 15 16 1718 19 20
0 NOT &
@ (NOTE 1)
nl o 15.24 0.1
2.54 o W
i
[ e}
Ay %
|
]

0.3

15.00 ~ 17. 80
(NOTE 2 )

§0.7 = 0.15

3.5

Note: 1. This dimension shows the center of curvature of leads.

2. This dimension shows spread of leads.

w

The pitch of leads is 2.54 and the tolerance is 0.25
from the theoretical center of each lead obtained
No.40 lead as the reference.



TOSHIBA MOS TYPE DIGITAL
INTEGRATEDCIRCUI

> TMP80C49P-6, TMP80C39P-6
SR3>  TECHNICAL DATA

Silicon Monolithic

8-BIT SINGLE-CHIP MICROCOMPUTER CMOS Silicon Gate

GENERAL DESCRIPTION

The TMP80C49P-6 is a single chip microcomputer fabricated in Silicon
Gate CMOS technology which provides internal 8-bit parallel architecture.

The following basic architectural functions of a computer have been
included in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K X 8 ROM
program memory, 27 I/0 lines and an 8-bit timer/event counter.

The TMP80C49P-6 is particularly efficient as a controller. It has exten-
sive bit handling capability as well as facilities for both binary and BCD
arithmetic.

The TMP80C39P-6 is the equivalent of a TMP80C49P-6 without ROM program
memory on chip. By using this device with external EPROM or RAM, software
debugging becomes easy.

FEATURES
- Software compatible with TMP8049P/i8049 - Single power supply
+ CMOS/LSI for low power dissipation - + 2K x 8 masked ROM

less than 50 mW at 5V, 6MHz 128 x 8 RAM

- High Noise Immunity 27 1/0 lines

* 2.5us Instruction Cycle Interval Timer/Event Counter
+ Extended temperature operation:

-40°C to +85°C

+ Power Down Mode

PIN CONNECTIONS (TOP VIEW)

Todt  \/ 40|V (+5V)
XTAL; 2 9PN
XTAL, 3 38[@P27
RESETJ4 37RP2e

5535 36 Pss
INT 16 35[@P,,
EACY7 3% [P,,
RDLI8 33874
PSENEY9 328 5
WREJ10 31pgpy,
ALECLL 30PP
DBo 12 29AP12
DB 13 28 an
DB, 14 27 B3P
DB3§15 26 :P%O
DB, 416 25 FAPROG
DBsl7 24 :|P23
DB, CJ18 233F,,
DB7519 22[P,;
Vgs 420 21[P,,
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"=

TECHNICAL DATA

BLOCK DIAGRAM

[RE SIS R VY e

TMP80C49P-6
TMP8B0OC39P-6

IF«;;- LL bButfer

INT
Oseitlatlon ﬂ uxﬁ
froausney Output Luatput Outpnt
i;atch Liateh { 1
M=ok ROM
2k X 8
—
(Propran Aram)
lnterrupt Timsr,”
Cireuit o our.tor PoL
BN ﬁ
Accumi~ Tempo—
[ l Tary Regl rP lags
S RAM Addre]

Instruc- se Reglsts'l

tion Re- l

gister,” Ei mer @ RaM

Decouer Flag o
128% 8

FoFl Ty

Aceumida l:ur
3

H.

Jondition:

? 3

Nete 1) The Tewer crder 4 Dit
of purt 2 witput lztch

Ly

ws  BF

AL

vontrel and Timing

cirenit

WR

are used 4 for input
T Siutpat operations with
the L0 expander.

-..
-

e o= w U
el Nox o
= o Do @ =
@9 T m D T &
25 & 28 =
g = = w B
=} et
& T )
< =1 D >
3 3 e
a

-1

Note £)The vutpit lateh of port
U is aise used for ad-
aress wubput,
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INTEGRATEDCIRCUIT TMP80C49P-6

TECHNICAL DATA TMP80C39P-6

604

PIN NAMES AND PIN DESCRIPTION

Vgg (Power Supply)
Circuit GND potential

Vge (Power Supply)
+5V during operation

PS  (Input)
The control signal for the power saving at the power dowen mode
(Active Low)

PROG (Output)
Output strobe for the TMP8243P I/0 expander.

P10-P17 (Input/Output) Port 1
8-bit quasi-bidirectional port (Internal Pullup = 50KQ ).

R

P20-P27 (Input/Output) Port 2
8-bit quasi-bidirectional port (Internal Pullup = 50KQ ).

P20-P23 contain the four high order program counter bits during an external

program memory fetch and serve as a 4-bit I/0 expander bus for the TMP8243P.

DBO-DB7 (Input/Output, Tri-State)
True bidrectional port which can be written or read synchronously using
the RD, WR strobes. The port can also be statically latched. Contains
the 8 low order program counter bits during an external program memory
fetch, and receives the addressed instruction under the control of PSEN.
Also contains the address and data during an external RAM data store
instruction, under control of ALE, RD, and WR.

To (Input/Output)
Input pin testable using the conditional transfer instructions JTO and
JNTO. TQ can be designated as a clock output using ENTO CLK instruction.
TO is also used during programming.

T1 (Input)
Input pin testable using the JT1 and JNT1 instruction. Can be designated
the event counter input using the timer/STRT CNT instruction.

INT (Input)
External interrupt input. Initiates an interrupt if interrupt is enabled.
Interrupt is disabled after a reset. Also testable with conditional jump
instruction. (Active low)

RD (Output)

Output strobe activated druing a Bus read. Can be used to enable data onto

the Bus from an external device. Used as a Read Strobe to External Data
Memory (Active Low).



B
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|NTEGRATEDCIRCU” TMP80C49P-6

TECHNICAL DATA TMP8OC39P-6

WR (Output) )
Output strobe during a Bus write (Active Low). Used as a Write Strobe to
External Data Memory-

RESET (Input)
Active Low signal which is used to initialize the Processor. Also
used during the power down mode.

ALE (Output)
Address Latch Eanble. This signal occurs once during each cycle and is
useful as a clock output. The negative edge of ALE strobes address into
external data and program memory.

PSEN (Output)
Program Store Enable. This output occurs only during a fetch to external
program memory (Active Low).

SS (Input)
Single step input can be used in conjunction with ALE to 'single step"
processor through each instruction when SS is low the CPU is placed
into a wait state after it has completed the instruction being executed.
Also used during the power down mode.

EA (Input)
External Access input which forces all program memory fetches to reference
external memory. Useful for emulation and debug and essential for test-
ing and program verification. (Active High)

XTAL 1 (Input)
One side of crystal input for internal oscillator. Also input for

external source.

XTAL 2 (Input)
Other side of crystal input.
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INTEGRATED CIRCUIT pEOCHSP

TMP80C39P-6

FHR3Z  TECHNICAL DATA

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING

Vee Voo Supply Voltage (with respect to GND (Vgg)) -0.5V to +7V
Vina Input Voltage (Except EA) -0.5V to Vgc+0.5V
VINB Input Voltage (Only EA) -0.5V to +13V
Pp Power Dissipation (Ta=85°C) 250mW
TSOLDER| Soldering Temperature (Soldering Time 10 sec) 260°C

Tste Storage Temperature ~65°C to 150°C
Topr Operating Temperature -40°C to 85°C

DC CHARACTERISTICS (I) TOPR=—40°C to 85°C, Voo=+5V+10%, Vgg=0V, unless otherwise noted.

SYMBOL PARAMETER TEST CONDITIONS MIN. | TYP. | MAX. | UNIT

V1L Input Low Voltage -0.5 - 0.8 v
Input High Voltage (Except

VIH  \yTALI, XTAL2, RESET, TO, T1) 2.2 - Vee v
Input High Voltage

v age _

THL  |(XTAL1, XTAL2, RESET) 0.7Vvec | - Yee v

VIH2 |Input High Voltage (TO, T1) 0.5Vee | - Vee v
Output Low Volt

VoL Py oW Vo age Ior=1.6mA - - 0.45 v

(Except P10-P17, P20-P27)

Output Low Voltage
\ P g _
OLL | (p10-P17, P20-P27) Ior=1.2mA - - 0.45 v

Output High Voltage

v, Iog=- - -

OHLL | (gycept PLO~P17, P20-P27) OH=-1.6mA 2.4 v
Output High Voltage Ve

VOH12 | (gycept P10-P17, P20-P27) Ton=-400uA ~0.8 - - v
Output High Voltage

v, P g g _

OH2L | (p10-p17, P20-P27) Ton=-50uA 2.4 - - v
Output High Voltage T Vee

VOH22 | (p10-p17, P20-P27) OH=-25uA 0.8 - - v
Input Leak Current <

T]_,I (T1, TNT, EA, %) VSS=VIN§VCC - - +10 uA

Ip11 |Input Leak Current (58,RESET) | VggiViniVee - - _50 A
Input Leak Current

12 pro-p17, p20-p27) Vgs+0.45ViVINSVee | - - | =500 A
Output Leak Current (BUS, TO

T P ak Curr , < < R

Lo (High impedance condition) Vggt0.45V=V =Yg - *10 vaA

V=5V, fxTAL=6MHZ

Icc | VeC Supply Current Vig=Vee-0-2V - - 10 mA
Vy1=0.2V, Cygo=0pF
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TECHNICAL DATA

DC CHARACTERISTICS (I1)

TOPR=—40°C to 85°C, VCC=+5ViZOZ, VSS=OV, Unless otherwise noted.

TMP80C49P-6
TMP8OC39P-6

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT
0.15
Vi, Input Low Voltage -0.5 - Vee \
Input High Voltage (Except
v P & & 4 0.5V - v v
TH lxTALl, XTAL2, RESET, TO, T1) ce cc
Input High Voltage
\ — - \ v
THL | (XTALl, XTAL2, RESET) 0.7Vee ce
Vig2 |Input High Voltage (TO, T1) 0.5Vce - Ve v
Output Low Voltage
Tor= - -
VOL | (Except P10-P17, P20-P27) oL=1.6mA 0.45) v
Output Low Voltage
VoLl |(p10-p17, P20-P27) Tor=1.2mA - - 0.45| v
,
Output High Voltage vee
Vi Iog=-— - - v
OH12) (gycept P10-P17, P20-P27) OH=-400uA 0.8
Output High Voltage Vee
v - - - v
OH221 (p10-p17, P20-P27) Ton=-25ua -0.8
Input Leak Current < <
— — VggVinsV - _ +
LI (11, TWT, A, P%) $s=VIN="CC £10 A
P \
111 |Input Leak Current (5SS, RESET)| Vgs<VInsVce - - —-69% LA
Input Leak Current Vee
IL12 | (pro-p17, P20-P27) Vsst0- 45V=VInsvee| - - |Tex | ™
+ 3
Output Leak Current (BUS, TO) <y <
Lo (High impedance conditio;) Vggt0. 45VaVinsVeg| - - £10 LA
VCC=5V, fXTAL=6MHZ
Icc  |Vee Supply Current Vig=Vcc-0.2V, - - 10 mA
Y =0.2V, Cygy=OpF




INTEGRATEDCIRCUIT

R TECHNICAL DATA TMP8OC39P-6

AC CHARACTERISTICS B

Topr=—40°C to 85°C, Vgc=+5V$20%, Vgg=0V, Unless Otherwise Noted.

SYMBOL PARAMETER TEST CONDITIONS| MIN. TYP. | MAX%. | UNITS
tLL | ALE Pulse Width 400 - - ns
EAL, Address Setup Time (ALE) 150 - - ns
tLA Address Hold Time (ALE) 80 - - ns
tec Control Pulse Width (PSEN, RD, WR) 700 - - ns
Cow Data Setup Time (WR) 500 - - ns
typ Data Hold Time (WR) Cr=20pF 120 - - ns
tey Cycle Time 2.5 - 15.0 Hs
tpr Data Hold Time (PSEN, RD) 0 - 200 ns
trp Data Input Read Time (PSEN, RD) - - 500 ns
AW Address Setup Time (WR) 230 - - ns
tAD Address Setup Time (Data Input) - - 950 ns
tapc | Address Float Time (RD, PSEN) 0 - - ns
tep Port Control Setup Time (PROG) 110 - - ns
tpc Port Control Hold Time (PROG) 130 - - ns
tpRr Port 2 Input Data Set Time (PROG) - - 310 ns
tpp Output Data Setup Time (PROG) 220 - - ns
tpp Output Data Hold Time (PROG) 65 - - ns
tpp Port 2 Input Data Hold Time (PROG) 0 - 150 ns
tpp PROG Pulse Width 1510 - - ns
tpL Po;t 2 1/0 Data Setup Time 600 - - ns
trLp Port 2 1/0 Data Hold Time 150 - - ns

Note : tcy=2.5ps (fx=6Miz)
Control Outputs : C;=80pF, BUS Outputs ; C;=150pF
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@ba |NTEGRATEDCIRCUIT TMP80C49P-6

TMP80C39P-6
SR  TECHNICAL DATA

TIMING WAVEFORM

A. Instruction Fetch from External Proaram Memory

tey
tLL
ALE \ 2 \
t t
AEC CA
]
PSEN
.
T
tar, LA cc
———Fr
Inst
trp
tAD

B. Read from External Data Memory

e[\ o\

tc
tee
RD
t ! o t
AFC
| TAFC ] | DR
tRD
tAD
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INTEGRATEDCIRCUIT

TMP80C39P-6
ﬁi TECHNICAL DATA

C. Write into External Data Memory

S ]

tca
tee

Cow  twp

-
BUS %Address%; ﬁ pata ﬁ

t

AW

D. Timing of Port 2 during Expander Instruction Execution

_F_
ALE / \ Z \ j
t
CA
t t t t
PL LP DP PD
PORT20 = o — I
ren Data 23 Control \ Output Data A
PORT23 -
(Data Output Operation) O tpp i °F
B
PORT20 | e
PoRT23 PCH Data Control \ Data
i t t 0
(Data Input Operation) cP PC ‘v
PROG [_
* Input Enabled State tpp
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POWER DOWN MODE (I) ------ Data Hold Mode in RAM

The operation of oscillation circuit is suspended by setting PS terminal
to low level after RESET terminal has been set to low level. Consequently,

all the data in RAM area can be held in low power consumption.

The minimum hold voltage of Vgg in this mode is 2V.

PS terminal is set to high level to resume osillation after Vcc has been
reset to 5V, and then RESET terminal is set to high level, thus, the normal

mode is restarted from the initialize operation (address 0).

DC CHARACTERISTICS  (Topr=-40°C to 85°C, Vgg=0V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
VgBl | Standby Voltage (1) 2.0 - 6.0 v
Isp1 Standby Current (1) |Vee=5%Vig=V¢c=0.2V,Vyrr=0.2V - 0.5 | 10 uA

AC CHARACTERISTICS (Tgpr=—40°C to 85°C, Vgg=5V+20%, Vgg=0V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tPSHR | Power Save Hold Time (RESET) 10 - - us
tpsSR | Power Save Setup Time (RESET) 10 - - mS
tyn Vee Hold Time (PS) 5 _ _ us
tys Vee Setup Time (PS) 5 - - us

Note : tcy=2.5us (fx=6MHz)

TIMING WAVEFORM

tyH = tys

tPSHR TpSSR 6
11
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POWER DOWN MODE (II) ------ A11 Data Hold Mode

The operation of oscillation circuit is suspended by setting PS terminal
to low level after SS terminal has been set to low level, Consequently,
all data can be held in low power consumption.

The minimum hold voltage of Vge in this mode is 3V.

PS terminal is set to high level to resume oscillation after Vee has been
reset to 5V, and then SS terminal is set to high level, thus, the normal

mode is restarted continuously from the state just before the power down mode (II).

DC CHARACTERISTICS (Tgpr=-40°C to 85°C, Vgg=0V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
VSB2 |Standby Voltage(2) 3.0 - 6.0 v
Igg2 |Standby Current(2) Vee=5V,Vr=Vec-0. 2V, V1 =0. 2V| = 0.5 | 10 HA

AC CHARACTERISTICS (Topr=-40°C to 85°cC, Vee=5V+20%, Vss=0v)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. ‘MAX. UNIT
LPSHS |Power Save Hold Time (38) 5 - - us
tPSSS|Power Save Setup Time (§§) 10 - - mS
tvi  |VcC Hold Time (PS) 5 - - us
tys |Vee Setup Time (PS) 5 - - us

Note : tcy=2.5us (fx=6MHz)

TIMING WAVEFORM

Vee

= _—&ﬂ tyg = tvs [_
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PIN STATUS IN THE POWER DOWN MODE

Each pin status in the power down mode (I)/(II) is shown in the following table.

PIN NAME POWER DOWN MODE (1) POWER DOWN MODE (IT1)
DBO - DB7 High Impedance High Impedance
Input Disabled Input Disabled
P20 - P23 Output "0" (at EA=1)
High Impedance (at EA=0) Output PCH
Input Disabled
P24 - P27 High Impedance Output the data Contained
Input Disabled in the Port (Open Drain)
P10 - P17 High TImpedance Output the data Contained
Input Disabled in the Port (Open Drain)
To High Impedance High Impedance
Input Disabled Input Disabled
T1 Input Disabled Input Disabled
égik% High Impedance High Impedance
RESET. SS Input Disabled when oscil- Input Disabled when oscil-
’ lator is stopped Pull-up lator is stopped Pull-up
transistor turned off transistor turned off
iNT, EA Input Disabled when oscil- Input Disabled when oscil-
lator is stopped lator is stopped
RD, WR Output "1" Output "1"
ALE Output "0" output "1"
PROG Output "1" Output "1"
PSEN Output "0" (at EA=1)
Output "1"

Output "1" (at EA=0)
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OUTLINE DRAWING

40 39 383736 35 3433 32 31 302928 27 26 2524 23 22 21 Unit in mm
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~
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|+
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S
LN Baal
~
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123 4 56 7 8 91011121314151617181920 - 0.25+0.1
= 15.00017.8
50.7+0.15 =
- .
el
Note : 1. This dimension is measured at the center of hending point of leads

2. Each lead pitch is 2.54mm, and all the leads are located within
+0.25mm from their theoritical positions with respect to No.l
and No.42 leads.
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INPUT/OUTPUT EXPANDER

GENERAL DESCRIPTION

The TMP82C43P is an input/output expander designed specifically to provide

a low cost means of I/0 expansion for the TLCS-84C family.

The I1/0 ports of the TMP82C43P serve as a direct extension of the resident
I1/0 facilities of the TLCS-84C microcomputers and are accessed by their own

MOVD, ANLD, and ORLD instructions.

FEATURES

o CMOS LSI for low power dissipation

° Low cost

o Simple interface to TLCS-84C microcomputers
o Four 4-bit I/0 ports

o AND and OR directly to ports

o

Single 5V supply

° High output drive

o Direct extension of resident TMP80C49P-6 1/0 ports.
o PIN compatible with intel's 8243

o Extended operation temperature range =-40°C to 85°C

BLOCK DIAGRAM
PIN CONNECTION (TOP VIEW)

ADDRESS
DECORDER|

PORT 2(11’) MUX

PROG —] :> AND/OR INPUT

LOGIC

L
4

—*iﬁCONTROL I |

RESET
CIRCUIT
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PIN NAMES AND PIN DESCRIPTION

PROG (Input)

Clock input. A high to low transistion on PROG signifies that address and
control are available on P20-23, and a low to high transition signifies

that data is available on P20-23.

CS (Input)
Chip Select Input. A high on CS inhibits any change of output or internal

status.

P20-23 (Input/Output, 3-state)

Four (4) bit bi-directional port contains the address and control bits on a
high to low transition of PROG. During a low to high transition contains
the data for a selected output port if a write operation, or the data from

a selected port before the low to high transition if a read operation.

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state)
Four (4) bit bi-directional I/O ports. May be programmed to be input (during
read), low impedance latched output (after write) or a 3-state (after read).

Data on pins P20-23 may be directly written, ANDed or ORed with previous data.

Vee (Power)
+5 volt supply

GND (Power)
0 volt supply

FUNCTIONAL DESCRIPTION

General Operation
The TMP82C43P contains four 4-bit I/O ports which serve as an extension of
the on-chip I/0 and are addressed as ports 4-7. The following operations

may be performed on these ports.

o Transfer accumulator to port
o Transfer port to accumulator
o AND accumulator to port

o OR accumulator to port
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All communication between the microcomputer (TMP80C49P-6) and the TMP82C43P
occurs over Port 2 (P20-23) with timing provided by an output pulse on the

PROG pin of the processor. Each transfer consists of two 4-bit nibbles.

A high to low transition of the PROG line indicates that address is present
while a low to high transition indicates the presence of data. Additional
TMP82C43P's may be added to the 4-bit bus and chip selected using additional

output lines from the microcomputer.

Power On Initialization

Initial application of power to the device forces input/output ports 4, 5,

6, and 7 to the tri-state and port 2 to the input mode. The PROG pin may be
either high or low when power is applied. The first high to low transition
of PROG causes device to exit power on mode. The power on sequence is ini-

tiated if Vgg drops below 1V.

P21 P20 Address Code P23 P22 Instruction Code

0 0 Port 4 0 0 Read
0 1 Port 5 0 1 Write
1 0 Port 6 1 0 ORLD
1 1 Port 7 1 1 ANLD

Write Modes

The device has three write modes. MOVD Pi, A directly writes new data into
the selected port and old data is lost. ORLD Pi, A takes new data, OR's it
with the old data and then writes it to the port. ANLD Pi, A takes new data
AND's it with the old data and then writes it to the port. Operation code
and port address are latched from the input port 2 on the high to low transi-
tion of the PROG pin. On the low to high transition of PROG data on port 2

is transferred to the logic block of the specified output port.

After the logic manipulation is performed, the data is latched and outputed.

The old data remains latched until new valid outputs are entered.
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Read Mode

The device has one read mode. The operation code and port -address are
latched from the input port 2 on the high to low transition of the PROG
pin. As soon as the read operation and port address are decoded, the
appropriate outputs are 3-stated, and the input buffers switched on.
The read operation is terminated by a low to high transition of the
PROG pin. The port (4, 5, 6 or 7) that was selected is switched to the

3-stated mode while port 2 is returned to the input mode.

Normally, a port will be in an output (write mode) or input (read mode).
If modes are changed during operation, the first read following a write
should be ignored; all following reads are valid. This is to allow the
external driver on the port to settle after the first read instruction
removes the low impedance drive from the TMP82C43P output. A read of

any port will leave that port in a high impedance state.
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ABSOLUTE MAXIMUM RATINGS
SYMBOL ITEM RATING
Vee Voe Supply Voltage with Respect to GND -0.5V to +7.0V
Vin Input Voltage with Respect to GND -0.5V to Vpct0.5V
Vour Output Voltage with Respect to GND -0.5V to Vggt+0.5V
Pp Power Dissipation 250mW
Tsorper Soldering Temperature (soldering Time 10 sec.) 260°C
Tgre Storage Temperature -65°C to +150°C
ToPR Operating Temperature -40°C to +85°C
D.C. CHARACTERISTICS (I) Tgpg=—40°C " 85°C, V(=5V*10%, Vgg=0
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNITS
Vil |Input Low Voltage -0.5 0.8 v
Vig |Input High Voltage 2.2 v
VoLl |Output Low Voltage Ports 4-7 IOL=5mA 0.45 v
VorL2 |Output Low Voltage Port 7 Io1,=20mA 1.0 v
VoL3 |Output Low Voltage Port 2 I191,=0.8mA 0.45 v
Voni1|Output High Voltage Ports 4-7 | Igg=-1.2mA 2.4 v
Vou21|Output High Voltage Port 2 Iog=-0.6mA 2.4 v
VoH12|Output High Voltage Ports 4-7 | Igg=—0.6mA Vee-0.8 v
Von22|Output High Voltage Port 2 Iog=-0.3mA Vee-0.8 v
I111 |Input Leakage Port 4-7 VssSViNVec +10 WA
I1L2 |Input Leakage Port 2, CS,PROG |Vgg=ViNSVec +10 uA
Voo=5V Vyp,=0.2V
Iccl |Power Supply Current (1) VIH=VC(’Z'O'2V 2 A
PROG PERIOD=5y8
Vee=5V,V11=0.2V
Icc2 |Power Supply Current (2) Vig=Vcc-0.2V 1C HA
PROG=V(-0. 2V
IoL  |Sum of all Igp of 16 Outputs |S5mA Each pin 80 mA
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D.C. CHARACTERISTICS (II) Topg=-40°C to 85°C, V(c=5V+20%, Vgg=0V

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNITS
VIL | Input Low Voltage 4.0VEVeeS4.5V | -0.5 .15V¢e v
Vig | Input High Voltage 5.5V<Ves6.0V | 0.5Vcc Vee v
Vo1 | Output Low Voltage Ports 4-7 Iop=4mA 0.45 v
VoL2 | Output Low Voltage Port 7 Igp=15mA 1.0 \Y
VoL3 Output Low Voltage Port 2 Top,=0. 6mA 0.45 v
Vo2 Output High Voltage Ports 4-7 Tog=-200pA | Vee-0.8 v
Vou22| Output High Voltage Port 2 Tog=-100pA | Vcc-0.8 \Y
Tor | sum of all Ioy, of 16 outputs 4mA Each Pin 64 mA

A.C. CHARACTERISTICS  Topr=-40°C to 80°C, V(c=5V20%, Vgg=0V
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNITS
ta Code Valid Before PROG C1,=80pF 100 ns
tg Code Valid .ifter PROG CL=20pF 60 ns
tc Data Valid Before PROG CL=80pF 200 ns

1l
tp Data Valid After PROG Cr=20pF 20 ns
ty Floating After PROG CL=20pF 0 150 ns
tx PROG Negative Pulse Width 700 ns
tcs CS Valid Before/After PROG 50 ns
tpg | Ports 4-7 Valid After PROG CL=100pF 700 ns
trp | Ports 4-7 Valid Befgre/After 100 ns
tacc | Port 2 Valid After PROG C1=80pF 650 ns
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TIMING WAVEFORM

PROG

PORT2

PORT2

PORT4-7

PORT4-7

FLOAT

>

OUTPUT
VADID

tp

PREVIOUS OUTPUT VALID

0
OUTPUT
VALID

.
.y

INPUT VALID

X
X

)
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PLASTIC PACKAGE

Unit in mm

(Note) aot

Note : Each lead pitch is 2.54mm. All leads are located within

0.25mm of their true longitudinal position with respect

to No.l and No.24 leads.
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8-BIT SINGLE CHIP MICROPROCESSOR
GENERAL DESCRIPTION

The TMP8085AP, from here on referred to as the TMP8085A, is a new generation,
complete 8 bit parallel central processing unit (CPU). Its instruction set is
100% software compatible with the TMP9080A (8080A) microprocessor, and it is
designed to improve the present 9080's performance by higher system speed.

Its high level of system integration allows a minimum system of there IC's :
TMP8085A (CPU), TMP8155P/TMP8156P (RAM/IO) and TMP8755AC (EPROM/IO)/ TMP8355P
(ROM/I0). The TMP8085A -uses a multiplexed data bus. The address is plit
between the 8 bit address bus and the 8 bit data bus. The on-chip address
latches of TMP8155P/TMP8156P/TMP8755AC/TMP8355P memory products allow a direct
interface with TMP8085P.

FEATURES

100% Software Compatible with TMP9080A
1.3 s Instruction Cycle
Single +5V Power Supply
On-Chip Clock Generator (with External Crystal or RC Network)
+ On-Chip System Controller; Advanced Cycle status information available for
Large System Control
- 4 Vectored Interrupts (One is Non-Maskable) Plus an TMP9080A compatible interrupt
Decimal, Binary and Double Precision Arithmetic
Serial In/Serial Out Port
Direct Addressing Capability to 64K Bytes of Memory
Compatible with Intel's 8085A

PIN CONNECTION BLOCK DIAGRAM
(TOP VIEW) INTR
: e — | RST5.5,6.5,7.5

16

; — 2
FIGURE 2. TMP8OS5A PINOUT ATAADDRESS]. | [EDDRESS i CLXXLRD S"S?LEHLHSAL P
DIAGRAM UE 5 TNTA T0/M READY

FIGURE 2. TMP8085A
PINOUT DIAGRAM

! | TRAP
ACCUMULATOR L_i [TEMP. | _| 15
LATCH REf. lr-— INTERRUPT CONTROL]
| 1
YE(I)EI;EE&%V (ALT) / | L[ TNTERRUPT MASK |~-S0D
:_ _| SERTAL I/0 L s1D
CONTROL
[ACCUMULATOR] IFLAG-REGJ'—‘l
| INSTRUCTION
| REGISTOR
TEMP—REG. | TEMP-REG. 4: |
B — REG. C - REG. | INSTRUCTION
D - REG. | E - REG. | DECODER &
H - REG. | L - REG. | | MACHINE CycLE
STACK POINTER (SP) | ENCODING
PROGRAM COUNTER (PC) : ! ESET OUT
INCREMENTER/DECREMENTER | | | -
ADDRESS LATCH I~ [[TMING AND CONTROL | mrsw T
|

e [T

DATA/ADDRESS BUS ADDRESS BUS
ADg— 7 Ag—15
623




INTEGRATEDCIRCUIT

TMP8O85AP

R TECHNICAL DATA

624

PIN NAME AND PIN DESCRIPTION
X1, X2 (Input)

Crystal, LC, or RC network are connected to X1 and X to drive the internal clock
generator. X] and X2 can also be driven from an externally derived frequency
source. The input frequency is devided by 2 to give the processor's internal
operating frequency.

CLK (Output)

Clock Output for use as a system clock. The period of CLK is twice the X1, X2
input period.

RESET IN (Input)

The RESET Input initialize the processor by clearing the program counter, instruc-
tion register, SOD latch, Interrupt Enable flip-flop and HLDA flip-flop. The
address and data buses and the control lines are 3-stated during RESET and because
of the asynchronous nature of RESET, the processor's internal registers and flags
may be altered by RESET with unpredictable results. RESET IN is a Schmitt-
triggered input, allowing connection to an RC network for power on RESET delay.
The TMP8085A is held in the reset condition as long as RESET IN is applied.

RESET OUT (OUTPUT)

The RESET OUT signal indicates that the TMP8085A is being reset. It can be used
as a system reset. It is synchronized to the processor clock and lasts an integral
number of clock periods.

SOD (Output)

Serial output data line. The output SOD is set or reset as specified by the SIM
instruction.

SID (Input)

Serial input data line. The data on this line is loaded into accumulator bit 7
whenever a RIM instruction is executed.

INTR (Input)

INTERRUPT REQUEST signal provides a mechanism for external devices to modify the
instruction flow of the program in progress. It is sampled only during the next
to the last clock cycle of an instruction and during Hold and Halt states. If it
is recognized, the processor will complete the execution of the current instruc-
tion, and then the Program Counter (PC) will be inhibited from incrementing and
an INTA will be issued. During this cycle a RESTART or CALL instruction can be
inserted to jump to the interrupt service routine. The INTR is enabled and dis-
abled by software. It is disabled by RESET and immediately after an interrupt is
accepted.
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INTA (Output)

INTERRUPT ACKNOWLEDGE: Occurs in response to an Interrupt input and indicates
that the processor will be ready for an interrupt instruction on the data bus.
It is used instead of (and has the same timing as) RD during the instruction
cycle after an INTR is accepted.

RST 5.5
RST 6.5 (Inputs)
RST 7.5

RESTART INTERRUPTS: These three inputs have the same timing as INTR exept they
cause an internal RESTART to be automatically inserted. These interrupts have
a higher priority than INTR. The priority of these interrupts is ordered as
shown Table 1. They may be individually masked out using the §IM instruction.

TRAP (Input)

Trap interrupt is a nonmaskable RESTART interrupt. It is sampled at the same
timing as INTR or RST 5.5 - 7.5. It is unaffected by any mask or Interrupt
Enable. It has the highest priority of any interrupt.

ADQ - AD7 (Input/Output, 3 - state)

Lower 8 bits of the memory address (or I/0 address) appear on the bus during the
first clock cycle (T3 state) of a machine cycle. It then becomes the data bus
during the second and third clock cycles.

A8 - A15(Output, 3-state)

The most significant 8 bits of the memory address or the 8 bits of the I/0 address,
3-stated during Hold and Halt modes and during RESET.

S0, S1, and I0/M (Output)
Machine cycle status:

10/M 51 So Status
0 1 1 Opcode fetch
0 1 0 Memory read
0 0 1 Memory write
1 1 0 1I/0 read
1 0 1 I1/0 write
1 1 1 Interrupt Acknowledge
TS 0 0 Halt
TS X X Hold
TS X X Reset

Note: TS = 3-state (high impedance)
X = unspecified .
625
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ALE (Output)

Address Latch Enable: It occurs during the first clock state of a machine cycle
and enables the address to get latched into the on-chip latch of peripherals.
The falling edge of ALE can be used to strobe the status information. ALE is
never 3-stated.

ﬁi‘(OUEput, 3-state)

WRITE control: A low level on WR indicates the data on the Data Bus is to be
written into the selected memory or I/O location. Data is set up at the trailing

edge of WR. It is 3-stated during Hold and Halt modes and during RESET.
RD (Output, 3-state)

READ control: A low level on RD indicates the selected memory or I/0 device to
be read and that the Data Bus is available for the data transfer, 3-stated during
Hold and Halt modes and during RESET.

READY (Input)

When READY is absent (low), indicating the external operation is not complete,
the processor will enter the Wait state. It will wait an integral number of
clock cycles for READY to go high before completing the read or write cycle.

HOLD (Input)

The Hold input allows an external signal to cause the processor to relinquish
control over the address bus and the data bus. When Hold goes active, the
processor completes_its current operation, activates the HLDA output, and puts
the Address, Data, RD, ﬁﬁ, and I0/M lines into their high-impedance state.
Internal processing can continue. The Holding device can then utilize the
address and data busés without interference. The processor can regain the bus
only after the Hold is removed.

HLDA (Output)

The Hold Acknowledge output signal is a response to a Hold input. It indicates
that the processor has received the HOLD request and it will relinquish the

bus in the next cycle. HLDA goes low after the Hold request is moved. The
processor takes the bus one half clock cycle after HDLA goes low.

Vee
+5 volt supply

Vss
Ground Reference
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FUNCTIONAL DESCRIPTION

The TMP8085A is a complete 8-bit parallel central processor. Its basic clock
speed is 3 MHz. Also it is designed to fit into a minimum system of three IC's:
The CPU (TMP8085A), a RAM I/0 (TMP8155P or TMP8156P), and a ROM or EPROM I/0 chip
(TMP8355P or TMP8755AC) .

The TMP8085A is provided with internal 8-bit registers and 16-bit registers. The
TMP8085A has eight addressable 8-bit registers. Six of them can be used either
as 8-bit registers or as 16-bit register pairs. In addition to the register
pairs, the TMP8085A contains two more 16-bit registers. The TMP8085A register
set is as follows:

- The accumulator (A Register) is the focus of all of the accumulator instructions,
which include arithmetic, logic, load and store, and I/0 instructions.

The program counter (PC) always points to the memory location of the next
instruction to be executed.

General - purpose registers BC, DE, and HL may be used as 8-bit registers or as
three 16-bit registers, interchangeably, depending on the instruction being
performed.

- The stack pointer (sp) is a special data pointer that always points to the stack
top (next available stack address).

The flag register contains five one-bit flags, each of which records processor
status information and may also control processor operation.

The five flags in the TMP8085A CPU are shown below:

(MSB)
Dy D¢ Ds D4 D3 D2 D1 Do

S Z AC P C

- The carry flag (C) is set and reset by arithmetic operations. An addition opera-
tion that resutls in an overflow out of the high-order bit of the accumulator
sets the carry flag. The carry flag also acts as a 'borrow" flag for subtract
instruction.

The adxiliary cérry flag (AC) indicates overflow out of bit 3 of the accumulator
in the same way that C flag indicates overflow out of bit 7. This flag is
commonly used in BCD arithmetic.

- The sign flag (S) is set to the condition of the most significant (MSB) bit of
the accumulator following the execution of arithmetic or logic instructions.

- The zero flag (Z) is set if the result generated by certain instructions is zero.
The zero flag is cleared if the result is not zero.

- The parity flag (P) is set to 1 if the parity (number of 1l-bits) of the accumu-
lator is even. If odd, it is cleared.
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In the TMP8085A microprocessor are contained the functions of clock generation,
system bus control, and interrupt priority selection, in addition to execution
of the instruction set. The TMP8085A uses a multiplexed Data Bus. The address
is split between the higher 8-bit Address Bus and the lower 8-bit Address/Data
Bus. During the first T state (T] clock cycle) of a machine cycle the lower
order address is sent out on the Address/Data Bus. These lower 8 bits may be
latched externally by the Address Latch Enable signal (ALE). During the rest
of the machine cycle the data bus is used for memory or I/0 data.

INTERRUPT AND SERIAL 1/0

The TMP8085A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, RST 7.5, and TRAP.
INTR is identical in function to 9080A INT. Each of three RESTART inputs 5.5,
6.5, 7.5, has a programmable mask. TRAP is also a RESTART interrupt but it is
nonmaskable.

The three RESTART interrupts cause the internal execution of RESTART if the
interrupts are enabled and if the interrupt mask is not set. The nonmaskable
TRAP causes internal execution independent of the state of the interrupt

enable or masks.

There are two different types of inputs in the restart interrupts. RST 5.5 and
RST 6.5 are high levelsensitive like INTR and are recognized with the same
timing as INTR,RST 7.5 is rising edge-sensitive.

For RST 7.5, only a pulse is required to set an internal flip-flop which generates
the interrupt request. The RST 7.5 request flip-flop remains set until the
request is serviced. Then it is reset automatically. This flip-flop may also be
reset by using the SIM instruction or by issuing a RESET IN to the TMP8085A. The
RST 7.5 internal flip-flop will be set by a pulse on the RST 7.5 pin even when

the RST 7.5 interrupt is masked out.

The interrupts are’arranged in a fixed priority that determines which interrupt
is to be recognized if more than one is pending : TRAP-highest priority.

RST 7.5, RST 6.5, RST 5.5, INTR - lowest priority. This priority scheme

does not take into account the priority of a routine that was started by a higher
priority interrupt. RST 5.5 can interrupt a RST 7.5 routine if the interrupts
were reenabled before the end of the RST 7.5 routine.

The TRAP interrupt is useful for catastrophic errors such as power failure or bus
error. It is not affected by any flag or mask. The TRAP input is both edge and

level sensitive. The TRAP input must go high and remain high until it is acknow-
ledged. It will not be recognized again until it goes low, then high again.

This avoids any false triggering due to noise or logic glitches.
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TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY

Name Priorit Address Branched to Type Trigger
2 tority When Interrupt Occurs P 88
TRAP 1 2 (Hex.) Rising edge and high level until
sampled.
RST 7.5 2 3C (Hex.) Rising edge (latched).
RST 6.5 3 34 (Hex) High level until sampled.
RST 5.5 4 2C (Hex.) High level until sampled.
INTR 5 See Note (2) High level until sampled.

Notes: (1) The processor pushes the PC on the stack before branching
to the indicated address.

(2) The address branched to depends on the instruction provided
to the TMP8085A when the interrupt is acknowledged.

The TRAP interrupt is special in that it disables interrupts, but preserves

the previous interrupt enable status. Performing the first RIM instruction
following a TRAP interrupt allows you to determine whether interrupts were
enabled or disabled prior to the TRAP. All subsequent RIM instruction
provide current interrupt enable status. Performing a RIM instruction follow-
ing INTR, or RST 5.5-7.5 will provide current interrupt enable status,
revealing that interrupts are disabled.

The serial I/0 system is also controlled by the RIM and SIM instructions.
SID is read by RIM, and SIM sets the SOD date.

BASIC TIMING

The execution of each instruction by the TMP8085A consists of a sequence of
from one to five machine cycles, and cach machine cycle consists of a
minimum of from three to six clock cycles. Most machine cycles consist of
three T states, (cycles of the CLK output) with the exception of opecode
fetch, which normally has either four or six T states (unless WAIT or HOLD
states are forced by the receipt of READY or HOLD inputs). Any T state
must be one of ten possible states, shown in Table 3.

At the beginning of every machine cycle, the TMP8085A sends out three status
signals (I0O/M, S1, SQ) that define what type of machine cycle is about to
take place. The TMP8085A also sends out a 16-bit address at the beginning
of every machine cycle to identify the particular memory location or I/0
port that the machine cycle applies to.

The special timing signal, ADDRESS LATCH ENABLE (ALE), is used a strobe to
sample the lower 8-bits of address on the ADg - AD7 lines. ALE is present
during T1 of every machine cycle. Control lines RD (TNTA) and WR become
active later, at the time when the transfer of data is to take plece.

Figure 3 shows an instruction fetch, memory read and I/0 write cycle (as would
occur during processing of the OUT instruction).
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TABLE 2. TMP8085A MACHINE CYCLE CHART
MACHINE CYCLE 10/M | s1 S0 RD WR | INTA
OPCODE .FETCH 0 1 1 0 1 1
MEMORY READ 0 1 0 0 1 1
MEMORY WRITE 0 0 1 1 0 1
1/0 READ 1 1 0 0 1 1
1/0 WRITE 1 0 1 1 0 1
ACKNOWLEDGE OF INTR 1 1 1 1 1 0
BUS IDLE : DAD 0 1 0 1 1 1
ACK. OF 1 1 1 1 1 1
RST, TRAP
HALT TS 0 0 TS TS 1

NOTE: O0=Logic "0", 1=TLogic "1", TS =High Impedance

TABLE 3. TMP8085A MACHINE STATE CHART

ugg;l;gE $1,S0 | I0/M |Ag-AjsADg-AD7| RD,WR| INTA | ALE
T1 X X X X 1 1 1°
Ty X X X X X X 0
TWAIT X X X X X X 0
T3 X X X X X X 0
T4 1 ot X TS 1 1 0
Ts5 1 of X TS 1 1 0
Tg 1 ot X TS 1 1 0
TRESET X TS TS TS TS 1 0
THALT 0 TS TS TS TS 1 0
THOLD X TS TS TS TS 1 0

NOTES: (1) 0=Logic "0", 1=TLogic "1", TS=High Impedance, X=Unspecified

(2) °ALE not generated during 2nd and 3rd machine cycles of
DAD instruction

(3) + 10/M =1 during T4 - Tg of INA machine cycle
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DRIVING THE X1 AND X2 INPUTS

You may drive the clock inputs of the TMP8085A with a crystal, an LC tuned
circuit, an RC network or an external clock source. The driving frequency
must be at least 1 MHz, and must be twice the desired internal clock frequency.

A. Quartz Crystal Clock Driver

If a crystal used, it must have the following characteristics.

- Parallel resonance at twice the clock frequency desired
+ Cg (shunt capacitance) < 7 PF

* Rg (equivalent shunt resistance) < 75 Ohms

1L X
I 1

TMP8085AP

.||—l
—8H

X2

Note a value of the external capacitors Cj and C2 between X1, X2
and ground. In case of the crystal frequency above 4 MHz, it is
recommended that you choose a value of 10pF for Cj; and Cp and less
than 4 MHz, 20pF capacitors are recommended.
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LC Turned Circuit Clock Driver

A parallel-resonant LC circuit may be used as the frequency-determining
network for the TMP8085A, providing that its frequency tolerance of

approximately 10% is acceptable. The components are chosen from the
formula.

1
21 VL (Cext + Cint)

The use of an LC circuit is not recommended for frequencies higher than
approximately 5 MHz.

~—~71 TMP8085A
L |
Lex Cext = Cint
T X2 _i ~15 pF

RC Circuit Clock Driver

An RC circuit may be used as the frequency - determining network for the
TMP 8085A if maintaining a precise clock frequency is of no importance.
Variations in the on-chip timing generation can cause a wide variation
in frequency when using RC circuit. The driving frequency generated by
the circuit shown is approximately 3 MHz. It is not recommended that
frequencies greatly higher or lower than this be attempted.

X1

20pF = 10K f = 3 MHz

X3

|
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D. External clock Driver Circuit

+5V

Duty 45 v 55%
470 Q

o «

+5V

TMP8085A
470 8

X2

POWER ON AND RESET IN

The TMP 8085A is not guaranteed to work until 10 ms after Vgg reaches 4.75 V.
It is suggested that RESET IN be kept low during this period.

Note that the 10 ms period does not include the time it takes for the power
supply to reach its 4.75 V level.
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INSTRUCTION SET
Symbols and Abbreviations
SYMBOLS DEFINITION
ddd, sss The bit pattern designating one of the registers

A,B,C,D,E,H,L (ddd=destination, SssS=source):
ddd or sss REGISTER NAME

111 A
000 B
001 C
010 D
011 E
100 H
101 L
110 M (Memory)
r,rl,r2 One of the registers A,B,C,D,E,H,L

d8 8-bit data quantity

dié6 16-bit data quantity

addr8 8-bit address of an 1/0 device

addr 16-bit address quantity

RP The bit pattern designating one of the register
pairs B,D,H,SP:

REGISTER PAIR

RP P (rpH) (rpL)

00 B B-C

03,. D D-E

10 H H-L

11 SP Sp
B, The second byte of the instruction
By The third byte of the instruction
(4] Affected
S Set
R Reset

- Not affected
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Data Transfer
Mnemonic D7 ]I)t:s;:"u;t;.lgr; gjd;, Do Operation Bytes |[States CZ glggAc

MOV rl, r2 0 1 d d d 8 S8 S |(rl) <« (xr2) 1 4 |- - - = -

MOV M, r 01 1 1 0 S S S |[[(HM@] =<« (r) 1 7 |-=-=-- -

MOV r, M 01 d dd 1 1 0 |(r)« [(W] 1 7 |---- -

MVI r, d8 0 0d dd 1 1 0 ()=« (B2) 2 7 |-=-=-- -
B2

MVI M, d8 00 1 1 0 1 1 0 {[M(@]=<« (B2) 2 10 -——-—-—— -
B2

LDA addr 0 0 1 1 1 0 1 0 {() <« [(B3)(B2)] 3 13 |- === -
B2
Bs

LDAX B 0 0 01 1 (A) « [(B)(O)] 1 7 |-=-==- -

LDAX D 0 01 1 1 A) <« [(D)(E)] 1 7 -——— -

LHLD addr 0 1 0B21 1 (L) « [(B3)(B2)] 3 6 |---- -
B3 H) < [(B3)(By)+1]

LXI H, d16 [0 0 1 0 0O 0 0 1 [(H) < (B3) 3 10 [---- -
B2 (L) < (B2)
B3

LXI D, dl6 0 0 01 0 0 0 1 |(D) =<« (B;) 3 10 |- --- -
B2 (E) « (B2)
Bs

1LXI B, d16 0 0 00 0 0 0 1 {(B) <« (Bs) 3 10 |- =--- -
B, (€) < (B2)
Bs

LXI Sp, dl6 0 01 1 0 0 0 1 |(SP)g =~ (B3) 3 10 -——— -
B, (sP)y, < (B2)
Bs

SHLD addr 0 01 00 0 1 0f[[G®EGEI]=<« @ 3 16 [---- -
B, [(B3) (B2)+1] « (H)
B;

STA addr 0 0 1 1 0 0 1 0 |[(B3)(B2)] « (A) 3 13 |- -=-=- -
B2
Bs
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Mnemonic D, gzs;zu;tig? gzdgl Do Operation Bytes |States 7 glggAC
STAX B 00 0 0 O 0 1 O [®B)Y(C)] « (&) 1 7 -—-— -
STAX D 000 100 1 0][ME]<(Q 1 7 o
SPHL 111110 01 (SP) < (H)(L) 1 6 --—- -
XCHG 11101 0 11 (") « (D) 1 4 - - - -
(L) « (E)
XTHL 1 1 1 0 0 0 1 1 | (L)<« [(sP)] 1 16 --- -
(H) < [(SP)+1]
IN addrg 1 1 0 1 1 0 1 1 | (A) < (data) 2 10 -——— -
B,
OUT addr8 1 1 0 1 0 0 1 1 | (data) « (A) 2 10 -——
By
Branch
Mnemonic B; ;:ngussig: g:dgl Do Operation Bytes |States ZF;as iC
JMP addr 1 1 0 0 0 0 1 1 | (PC) <« (B3)(By) 3 10 -—— =
B2
Ba
JNZ addr 11 0 0 0 01 0 |IfZ=0 3 7/10 - - = -
B2 (PC) < (B3)(B2),
B3 If 2=1
(PC) « (PC) +3
JZ addr 110 0 1 01 0 [Ifz=1 3 7/10 -—— -
B2 (BC) <« (B3)(B2),
B3 If Z=0
(PC) « (PC) +3
JNC addr 11 0 1 0 0 1 0 |IfC=0 3 7/10 --- -
Bz (PC) < (B3)(B2),
B3 If C=1
(PC) < (PC) +3
JC addr 1101 1 01 0 |IfC=1 3 7/10 -—— -

(PC) « (B3)(B2),
If C=0
(PC) <« (PC) +3
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Mnemonic D, ;:s;:ug:igz gjdgl Dy Operation Bytes Stateﬁc 7 gl;gAc
JPO addr 11109 01 0 |IfP=0 3 7/10 |- - - - -
By (PC) <« (B3)(B2),

Bj If P=1
(PC) « (BC) +3
JPE addr 1110101 0 |IfP=1 3 7/10 |- - - - -
By (PC) + (B3)(B2),
Bg If P=0
(PC) « (PC) +3
JP addr 111 1 0 0 1 0 |IfsS=0 3 7/10 |- - - - -
B, (2C) « (B3) (B2),
Bs If S=1
(PC) « (PC) +3
JM addr 111110 1 0 [IfS=1 3 7/10 |- - - - -
B, (PC) « (B3)(B2),
By If S=0
(PC) « (PC) +3
CALL addr 1 10 0 1 1 0 1 [(SP)-1] « (PCH) 3 18 |- - == -
B, [(sP)-2] « (PCL)
B3 (SP) < (Sp) -2
(PC) « (B3)(B2)
CNZ addr 1100 01 0 0 |IfZ=0, 3 ‘9/18 -———— -
Ba the ?cFion§
specified in the
B3 CALL instruction
are performed.
If Z=1
(PC) « (PC)' +3
cz addr 11001 10 0 [If2Z=1, 3 9/18 |- -~ - -
B the :ftction:.;
2 specified in the
B CALL instruction
3 are performed.
If Z=0,
(PC) + (PC) +3
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Mnemonic

Instruction Code

D7

Dg¢ Ds Dy D3 D D, Dy

Operation

Bytes

States

Flag

S P AC

CNC addr

1 01 01 0O
B2
Bs

If C=0,

the actions
specified in the
CALL instruction
are performed.

If C=1
(PC) « (PC) +3

9/18

CC addr

If c=1,

the actions
specified in the
CALL instruction
are performed.

If C=0
(PC) « (PC) +3

9/18

CPO addr

B2
Bs

If P=0,

the actions
specified in the
CALL instruction
are performed.

If P=1
(PC) « (PC) +3

9/18

CPE addr

01100
By
By

If P=1,

the actions
specified in the
CALL instruction
are performed.

If P=0
(PC) « (PC) +3

9/18

CP addr

1 01 00
By
Bs

If S=0,

the actions
specified in the
CALL instruction
are performed.

If S=1
(PC) « (PC) +3

9/18
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Mnemonic

Instruction Code

D; D Ds Dy D3 Dy D; Do

Operation

Bytes

States

Flag

S P AC

CM addr

1

1 1 1 1 1 00
B,
Bs

If s=1,

the actions
specified in the
CALL instruction
are performed.

If S=0
(PC) « (PC) +3

9/18

RET

(PCL) « [(sP)]
(PCH) <« [(SP)+1]
(SP) « (SP) +2

10

If 2=0,

the actions
specified in the
RET instruction
are performed.

If Z=1
(PC) « (PC) +1

6/12

RZ

If Z=1,

the actions
specified in the
RET instruction

‘are performed.

If 2=0
(PC) « (PC) +1

6/12

If C=0,

the actions
specified in the
RET instruction
are performed.

If C=1
(PC) « (PC) +1

6/12
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. Instruction Code . n Flag
Mnemonic D, Dg Ds Ds D; D, D1 Dp Operation Bytes|States C 7S TP AC
RC 1101 1 0 0 0} IfcCc=1, 1 6/12 |- - - = -

the actions
specified in the
RET instruction
are performed.
If C=0

(PC) « (PC) +1

RPO 111 0 0 0 0 0| If P=0, 1 6/12 |- - - = -
the actions
specified in the
RET instruction
are performed.

If P=1
‘ (PC) « (PC) +1
| RPE 11101 00 0] If£P=1, 1 6/12 |- = = = =

the actions

i specified in the
RET instruction
are performed.
If P=0

(PC) « (PC) +1

RP 111100 00O If $=0, 1 6/12 |- - - - -
the actions
specified in the
RET instruction
are performed.

If s=1
(PC) < (PC) +1
RM 11111 0 0 0] Ifs=1, 1 6/12 |~ - - = -

the actions
specified in the
RET instruction
are performed.
If S=0

(PC) <« (PC) +1
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Mnemonic Dy ;Isls;:u;:i;: g:dgl Do Operation Bytes States 7 gl;gAC
PCHL 11 1 0 1 0 01 (PCH) <« (H) 1 6 |- === -
(PCL) « (L)
RST 1 1 A A A1 11 [(8P)-1] « (PCE) 1 12 |- = = - -
[(sp)-2] + (pCL)
(SP) « (SP) -2
(PC) « (00000000
00AAA000)
Arithmetic
Mnemonic Dy De ;2S]§fu§§i§: g‘:dgo Operation Bytes|State c 7 gligAC
ADD r 1 0 0 0 0 s s s (A) < (A) +(r) 1 4 10000 O
ADC r 1 0 0 01 s s s (A) « (A)+(x)+(C) 1 410000 O
ADD M 1 00 0 0 1 1 0 |(A)<« @H@E@W]| 1 7 {0000 O
ADC M 1 0 0 0 1 1 1 0 | (A)e+[@EXDI+C)] 1 7 |loooo o
ADI d8 1 10 0 0 1 1 0 |(A) <« (A)+(B2) 2 7 (0000 O
B2
ACI d8 1 1 0 0 1 1 1 0 |(A) « (A)+(B2)+(C)| 2 7 |0000 0
B
DAD rp 00 RP1 O0O01 (H) (L) « (H)(L) 1 10 |0 - - - -
+ (rH) (rL)
SUB r 1 0 01 0 S S s (A) <« (A) - (v) 1 4 0000 O
SBB r 1 0 01 1 s s s A) + A)-(r)-(c) 1 4 10000 O
SUB M 1 0 01 0 1 1 0 |(A) <« Q-[m(W] 1 7,|/0000 0
SBB M 10011110 (A)«A)-[EXI-(C)| 1 7 (0000 O
SUI d8 1 1 0 1 0 1 1 0 | (A) <« (A)-(3B2) 2 7 {10000 O
B2
SBI d8 1 1 0 1 1 1 1 0 |(A)<«(A)-(B2)-(C) 2 7 |0000 O
B2
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. Instruction Code . o Flag
tat
Mnemonic D; Ds Ds Dy D; D2 D; Do Operation Bytes|States CZS P AC
DAA 0O 0 1 0 01 1 1 The 8-bit number 1 4 0000 O

in the accumulator
is adjusted to
form two 4-bit BCD
digits by the
following process.

Accumulator

[y
1. If Y>10 or
AC=1,
(A) < (A) +6
2. If X>10 or
C=1,
(A) y=74(A)y—7+6
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Logical Instruction
Mnemonic 5= ézsrt):’ulc):ig: IC):dfn Do Operation Bytes|States iz lsqia;gAC
ANA r 1 0 0 S S |(A) « (A) A (¥) 1 4 00 S
ANA M 1 00 1 0 [M«@WA®M@OI] 1 7 S
ANT d8 1 1 1 0 0 1 1 0 [(A) <« (A)A (B) 2 7 0 S
B2
XRA T 1 01 0 1S S S [(A)<« @AYF() 1 4 R R
XRA M 101 01 11 0 [(A«@VF@@WI]| 1 7 R
XRI d8 11 1 0 1 1 1 0 ((a) < (A)V(B) 2 7
B2
ORA T 1 1 0 S S S [(A) <« AV () 1 4 000 R
ORA M 1 101 1 0 [(A«@VI@m@WI| 1 7 R 0 R
ORI d8 1 0 1 1 0 [(A) < (A)V(B) 2 7 0 R
B2
CMP r 1 11 S 8§ ) - (r) 1 4 loo
cMP 1 111 11 @A) - [@M@] 1 7 0
CPI d8 11 1111 (a) - (B2) 2 7
By
CMA 0 01 0 1 1 1 1 [(a) <« () 1 4 |- - -- -
RLC 0 0 0 0 0 1 1 1 |(Ang;) <« (An) 1 4 {0 --- -
(Ag) < (A7)
(©) < (A7)
RRC 00 0 0 1 1 1 1 |(An) < (Ant1) 1 4 |0 --- -
(A7) < (Ao)
(€) <« (Ao)
RAL 0 001 01 1 1 |(Ant) < (An) 1 4 {0 - -~ -
(€) « (A7)
(A9) < (O)
RAR 0 0 01 1 1 1 1 |(an) < (Ant1) 1 4 10 --- -
(€) < (Ao)
(A7) < (C)
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Increment and Decrement -
R Instruction Code . « Flag
Mpemonic D7 De Ds Ds D3 D2 D1 Do Operation Bytes| States CZSPAC
INR r 0 0d d d 1 00 (r) « (r)+1 1 4 |- 00
INR M 0 0 1 1 01 0O [(H)(L)] < [(HXL)]+1 1 10 |(-00 (o]
INX rp 0 0 R P O O 11 (rH)(rL)«(rH)X(rL)+1 1 6 |- -=-- -
DCR r 0 0d dd 1 01 (r) <« (r) -1 1 4 |-000 O
DCR M 0O 0 1 1 0 1 01 [(HX(L)] < [(H)(L)]-1 1 10 |- 000 O
DCX rp 0O 0 RP 1 0 11 (rH)(rL)« (rHX(rL)~-1 1 6 |- --- -
Stack
. Instruction Code . o Flag
Mnemonic D; Ds Ds Ds Ds D D; Do Operation Bytes| State 757 AC
PUSH rp 11 R P 01 01 [(SP)-1] < (rH) 1 12 --=-=- -
[(sP)-2] < (rL)
(SP) > (SpP) -2
Note: Register
| pair rp=SP may not
i be specified.
' PUSH PSW 11 11 0 1 01 [(SP)-1] <« (A) 1 12 -—-—— =
‘ [(sp)-2] «
D7DeDsD+D3sD2DiDo

|

|

| [x[ac]x]e]x]c]
MSB

(SP) < (Sp) -2

POP rp 1 1 R P 0 0 0 1 | (r1) < [(SP)] 1 0 |- --- -
(rH) < [(SP)+1]
(SP) < (SP)+2

POP PSW 1 1 1 1 0 0 0 1 |(C)=«I[(sP)]o 1 10 [0000 O
(P) « [(SP)]2
(AQ) < [(SP)]a
(z) < [(SP)]s
(8) < [(sP)]7
(A) < [(sP)+1]
(SP) « (SP) +2
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Control

Mnemonic

Instruction Code

De Ds Dy

D3 D2

D1

Do

Operation

Bytes

States|

Flag
S P AC

o
N

HLT

Halt

STC

@€ «1

CMC

© < @©

o| ©
i
1
1
1

EI

~lololo
Rlolo |~
Rl e =
e I

=l OO

ol H|m |~

[S R A

=)

Enable interrupts

Note: Interrupts
are not recognized
during the EI in-
struction.

e

I

DI

Disable interrupts

Note: Interrupts

are not recognized
during the DI in-

struction.

NOP

No operation is
performed.

RIM

@A) «
d; =
de =
ds =
a, =
d; =
dy =
d; = M6
do = M5

SID
17
16
15
IE
M7

[}

SIM

00 1 10 0 00O

TF(A)s = 13
SOD < (A)7
LIF(A)3 = 1;
M7 < (A)2
M6 < (A))
M5 < (A)g
LIF(A)w = 13

RST7.5  RESET
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ABSOLUTE MAXIMUM RATINGS
Symbol Item Ratings
VCC Vee Supply Voltage -0.5V to 7.0V
VIn Input Voltage with Respect to VSS =0.5V to 7.0V
Vour Output Voltage with Respect to Vss -0.5V to 7.0V
Pp Power Dissipation 1.5W
Tgolder| Soldering Temperature (Soldering Time 10 sec.) 260°C
Tstg Storage Temperature -55°C to 150°C
Topr Operating Temperature 0°C to 70°C

DC CHARACTERISTICS

Tp=0°C to 70°C, Vg =5V+5%

Symbol Parameter Test Conditions | Min. Typ. | Max.|Units
V11, Input Low Voltage -0.5 0.8 v
VIH Input High Voltage 2.0 vee Y
+0.5
I VoL Output Low Voltage Iop = 2mA 0.45 v
Vor Output High Voltage Ipog = -400pA 2.4 v
Icc Power Supply Current 170 mA
Iy, Input Leakage Vin = Vce +10 LA
L0 Output Leakage O'AS:VOUT:VQC 10 VA
VILR Input Low Level (RESET) -0.5 0.8 v
VIHR Input High Level (RESET) 2.4 +gcg
iy Hysteresis (RESET) 0.25 v
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AC CHARACTERISTICS

TA=0°C to 70°C, Vgg=5V* 5%, Vgg=0V, Unless Otherwise Noted.

Symbol Parameter Congii;ons Min. | Typ. Max. |Units
tcyYe CLK Cycle Period 320 2000 ns
t1, CLK Low Time - Standard 150pF Loading 80 ns

- Lightly Loaded [2] 100 ns
tH CLK High Time ~ Standard 150pF Load- 120 ns
ing
- Lightly Loaded[?] 150 ns
tr,tf| CLK Rise and Fall Time 30 ns
txkr | X1 Rising to CLK Rising 30 120 ns
txKF | X1 Rising to CLK Falling 30 150 ns
tAC Ag_15 Valid to Leading Edge of
Controllll] 270 ns
tacL | Ap-7 Valid to Leading of Control 240 ns
tAD Ap-15 Valid to Valid Data In 575 ns
tAFR | Address Float after Leading Edge 0 ns
of READ (INTA)
tAL A8-15 Valid before Trailing Edge C1,=150pF 115 ns
of ALEI[1]
tarl, | AO-7 Valid before Trailing Edge of ALE 90 ns
tARY READY Valid from Address Valid tcyc=320ns 220 ns
tcA Address (A8 - Al5) Valid after Control 120 ns
tCce Width of Control Low (ﬁﬁ; ﬁﬁ, INTA) 400 ns
Edge of ALE
tCL Trailing Edge of Control to Leading 50 ns
Edge of ALE
tpw Data Valid to Trailing Edge of WRITE 420 ns
tHABE | HLDA to Bus Enable 210 ns
tyaBrF| Bus Float after HLDA 210 ns
tgack| HLDA Valid to Trailing Edge of CLK 110 ns
typy | HOLD Hold Time 0 ns
tgps | HOLD Setup Time to Trailing Edge of 170 ns
CLK
tiyg | INTR Hold Time 0 ns
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Symbol Parameter Test Min Typ. Max. | Units
Conditions
LINS INTR, RST and TRAP Setup Time to 160 ns
Falling Edge of CLK
tLA Address Hold Time after ALE 100 ns
t1c Trailing Edge of ALE to Leading Edge 130 ns
of Control
tyck | ALE Low during CLK High 100 ns
tEDR | ALE to Valid Data during Read 460 ns
tLpW | ALE to Valid Data during Write 200 ns
tLL ALE Width 140 ns
tLry | ALE to READY Stable 110 ns
tRAE | Trailing Edge of READ to Re-Enabling 150 ns
of Address
tRD READ (or INTA)to Valid Data 300 ns
tRy Control Trailing Edge to Leading 400 ns
Edge of Next Control
tppy | Data Hold Time After READ INTA Q ns
tRyH | READY Hold Time 0 ns
tRYS READY Setup Time to Leading Edge 110 ns
of CLK
tWD Data Valid After Trailing Edge of 100 ns
WRITE
typL | LEADING Edge of WRITE to Data Valid 40 ns
Notes: 1. Ag-15 address specs apply to I0/M, Sg and S7 except Ag-15
are undifined during T4 - Tg of OF cycle whereas Io/ﬁ, S0»

and Sy are stable.

2. Loading equivalent to 50 pF 4+ 1 TTL input.

3. All timings are measured at output voltage

VL = 0.8 v, VH =2.0V.

4. To calculate timing specifications at other value of tgyc

use Table 4.
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TABLE 4, BUS TIMING SPECIFICATION AS A Tcyc DEPENDENT

tAL (1/2) T-45 MIN
trA (1/2) T-60 MIN
tLL (1/2) T-20 MIN
tLCK (1/2) T-60 MIN
tLe (1/2) T-30 MIN
tAD (5/2+0N) T-225 MAX
tRD (3/2+N) T-180 MAX
tRAE (1/2) T-10 MIN
tcA (1/2) T-40 MIN
tDw (3/24N) T-60 MIN
twD ' (1/2) T-60 MIN
tce (3/2+N) T-80 MIN
teL (1/2) T-110 MIN
tARY (3/2) T-260 MAX
tHACK (1/2) T-50 MIN
tHABF (1/2) T+50 MAX
tHABE (1/2) T+50 MAX
tAC (2/2) T-50 MIN
tg, (1/2) T1-80 MIN
tH (1/2) T-40 MIN
tRV (3/2) T-80 MIN
tLDR _(4/2) T-180 MAX

Note: N is equal to the total WAIT states.

T = tcyc
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xpmeor 0\ \ [ \ / AN -\
ti ty - tf
CLK OUTPUT —j[tXKR 3 } ‘17
tXKF 20 tcye

FIGURE 4. CLOCK TIMING WAVEFORM

| T1 | To I T3 |
N2 W2 N A
tLCK tca
Agv Als
S0S1 10/M ><_ tAI:)DDRESS , STATUS =

ADQ ~ AD7 il ADDRESS jﬁ-— -< > DATA IN | -—--——-<

tRDH
|t tLA
tLDR tCcL
7 EAFR 1’4
ALE tAL TLC RD '
tAC tce

RD, INTA ] -t

1

FIGURE 5. READ OPERATION

| gl | T2 | T3 |
VA
A8 15 ADDRESS, STATUS
SpS1 I0/M tca
ADQ ~ AD ADDRESS DATA |OUT
0 7 j
tLDW tDW tWD
tWDL A
ALE __// \ -
tLc tec tCL
WR -
tAC N 7

FIGURE 6. WRITE OPERATION
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| T1 | T2 | Twatr | T3 | T
\ - N N\
CLK j tLCK ] tca
Ag A i 35
8 1f X\ ADDRESS, STATUS e ]
SpS1 I0/M tAD 3 tRAE
D < 55 fDATA
ADy v ADy AEDRESSJ}_——< (¢ ><( IN _--<
27
TLiL ] [ tLA tLDR _LL trom
ALE N I tAFR B teL
tAC “RD
RD/INTA \ tcc |
\( —<C qﬂ
tLRY 7
tRYS|
CARY ¥

{ trRYH
READY \ ; ¥y

FIGURE 7. READ OPERATION WITH WAIT CYCLE (TYPICAL)
- SAME READY TIMING APPLIES TO WRITE OPERATION

M T T2 | T3 | TMTHOLD] THOLD | THOLD [ T1
NS
tINS | €INH
INTR
EHDS H- CHDH "
HOLD X/ \
HLDA Y, e
EHACK tHABF - THABE
A8 ALS W ADDRESS - — i —— —— — o — — —— ] C
10/M
AD, ADDRESS Y- —— —CALLINSD} — — | — — p — — — — — | —
o7 >( -« e BUS FLOATING
{C
TNTA \ / ”
— —
WK, RD N -

FIGURE 8. INTERRUPT AND HOLD TIMING
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OUTLINE DRAWING

40 Pins Plastic Package
Unit in mm

03938 3736 3534 33 32 31 30 2928 27 26 25 24 232221
chhchdichh oy PP e PR
a
Jan S
- b +l
1 N il <
o
—
—
C gy e e g S S e o e e
12 3456 78910111213 1415 161718 19 20
(Note 1)
ny
o - 15.24+ 0.1
2.54%0.25 bl Bt
ol =
I Al o
] pr Tﬂrh o e e ey e qrr Tqaarrrr e
RS
- ]|0-25%0.1
)
o 15.00~ 17.80
50.7 +0.15 - (Note 2)

Notes: 1. This dimension shows the center of curvature of leads
2. This dimension shows spread of leads.

3. All dimensions are in millimeters.
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TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT

M INTEGRATEDCIRCUIT TMP8155P

TMP8156P
TECHNICAL DATA N- CHANNEL SILICON GATE MOS

mable 6 bit I/0 port.
MODE and STROBE MODE.

2048 BIT STATIC MOS RAM WITH I/0 PORTS AND TIMER

GENERAL DESCRIPTION

The TMP 8155P/8156P are RAM including I/O0 ports and counter/timer on the chip
for using in the TLCS-85A microcomputer system.
with 2K bit static cells organized as 256 x 8.

timer is the down counter.
pulse for the cpu system depending on timer mode.

FEATURES

- Compatible with Intel's 8155/8516
+ Single +5 V Power Supply
+ Access Time: 400 ns (MAX.)

Internal Address Latch

+ 2 Programmable 8 Bit I/0 Ports and 1 Programmable 6 Bit I/O Port.
* 256 Word x 8 Bits RAM

* Programmable 14 Bit Binary Counter/Timer

* Multiplexed Address and Data Bus

* Chip Enable Active High (TMP8156P) or Low (TMP8155P)

The RAM portion is designed
The 14 bit programmable counter/
It provides either a square wave or terminal count

The I/0 portion is consists of 2 programmable 8 bit I/0 ports and 1 program-
The programmable I/O ports can be operated by BASIC

FIGURE 1 TMP8155P/8156P PINOUT DIAGRAM

- 40 pin DIP
PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM
U ADQ-. Io/F_ =
pcod1 40b ec 0=-7 WR RESET
PCy, 02 39f PC, e e =0
TIMER INQ 3 38P pc) | i
RESET ] 4 37B PCy IrADDRESS LATCH
e g4 31 Eeo :L [CHp— CONTROL CIRCUITl ;
TIMERI'_((;I/]; E 3 gzg 11:11;6 i —Vcc(+5V)
/M 5 | 2 Y -
CEog CEQ 8 33 P, | ora SoaR TS| Lvgs comy
RDO9 32 PB3 ! '
WRg 10 31p B, I ] |
ALEQ11 30P PBy ! i I
AD, O 0 PB I
ap) g 13 gg: pA‘; “COUNTER LEGTH REG.| |
AD, 14 27h PAg I '
AD3 15 2603 PAs TIMER i Cec] [C2e] [pa | :
AD, ] 16 250 PAy, N I R D
AD; g 17 240 PA, - “1'6 8 Ts
AD, 018 230 pa,
A% H19 22f1 pa2 Tlgl}?% PCo_s PBo_; PAg_;
ngt 20 210 pag , B
FIGURE 2 TMP8155P/8156P FUNCTIONAL BLOCK DIAGRAM
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PIN NAMES AND PIN DESCRIPTION
RESET (INPUT)

The Reset signal is a pulse provided by the TMP8085A to initialize the
system. Input high op this line resets the chip and initializes the three
I/0 ports to input mode. Theé width of RESET pulse should typically be

two TMP8085A clock cycle times.

ADg~7 (INPUT / OUTFUT, 3-STATE)

These are 3-state Address/Data lines that interface with the CPU lower
8-bit Address/Data Bus. The 8-bit address is latched into the address
latche on the falling edge of the ALE. The address can be applied to the
memory section or the I/0 section depending on the polarity of the IO/M
input signal. The 8-bit data is either written into the chip or read
from the chip depending on the status of WR or RD input signal.

CE OR CE (INPUT)

Chip Enable: On the TMP8155P, this pin is CE and is ACTIVE LOW.
On the TMP8156P, this pin is CE and is ACTIVE HIGH.

RD (INPUT)

Input low on this line with the CHip Enable active enables the ADgy,y
buffers. If IO/M pin is low, the RAM content will be read out to the
AD bus. Otherwise the content of the selected I/0 port or command/
status register will be read to the AD bus.

WR (INPUT)

Input low on this line with the Chip Enable active causes the data on the
AD lines to be written to the RAM or I/0 ports and command/status register

depending on the polarity of I0/M.

ALE (INPUT)

Address Latch Enable: This control signal latches both the address on the
ADQ~7 lines and the state of the Chip Enable and IO/M into the chip at the
falling edge of ALE.

10/M- CINPUT)

I0/Memory Select: This line selects the memory if low and selects the I/0
and command/status register if high.

PA0N7(INPUT/OUTPUT,B—STATE)

These 8 pins are general purpose I/0 pins. The in/out direction is selected
by programming the Command Register.
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PBQ~7 (INPUT/OUTPUT, 3-STATE)

These 8 pins are general purpose I/0O pins. The in/out direction is selected
by programming the Command Register.

PCG~5 (INPUT/OUTPUT, 3-STATE)

These 6 pins can function as either input port, output port, or as control
signal for PA and PB. Programming is done through the Command Register.
When PCpnj5 are used as control signals, they are defined the following:

PCy - A INTR (Port A Interrupt)

PC1 - A BF (Port A Buffer Full)

PCy - A STB (Port A Strobe)

PC3 - B-INTR (Port B Interrupt)

PC4 - B BF (Port B Buffer Full)

PC5 - B STB (Port B Strobe)

TIMER IN (INPUT)

This is the input to the counter-timer.

TIMER ouT (ouTPUT)

This pin is the timer output. This output can be either a square wave oOr
a pulse depending on the timer mode.

Vee (Power)
+5 volt supply

Vgg (Power)
Ground Reference

657



INTEGRATEDCIRCUIT

SRZZ  TECHNICAL DATA

FUNCTIONAL DESCRIPTION

PROGRAMMING OF THE COMMAND REGISTER

The command register consists of eitht latches. Four bits (0-3) define the
mode of the ports, two bits (4-5) enable or disable the interrupt from port
C when it acts as control port, and the last two bits (6-7) are for the timer.

The command register contents can be altered at any time by using the I/O
address XXXX000 during a WRITE operation. The function of each bit of the
command byte is defined in FUGURE 3.

ADDRESSl x l X [ X I X l x I 0 J 0 ] 04] x = Don't care
1 = Logic "1"
AD7 AD6 AD5AD4 AD3 AD2 AD1 ADO 0 = Logic "0"
COMMAND |7 IEB'
REGISTER[ My lTMll TEA|PC,|PCy | PB | PA
_ —_
DEFINE PAQ-7
]_ 0 = INPUT
‘———DEFINE PBj_jy 1 = OUTPUT
00 = MODE 1
11 = MODE 2
L— - DEFINES PC
0-57 01 = MODE 3
10 = MODE 4
ENABLE PORT A
INTERRUPT 1 = ENABLE
ENABLE PORT B | O = DTSABLE

INTERRUPT

00 = NOP - DO NOT AFFECT COUNTER
OPERATION

01 = STOP -NOP IF TIMER HAS NOT STARTED;
STOP COUNTING IF THE TIMER IS RUNNING

10 = STOP AFTER TC - STOP IMMEDIATELY
‘= TIMER COMMAND — AFTER PRESENT TC IS REACHED (NOP
IF TIMER HAS NOT STARTED)

11 = START - LOAD MODE AND COUNT LENGTH
AND START IMMEDIATELY AFTER
LOADING (IF TIMER IS NOT PRESENTLY
RUNNING) . IF TIMER IS RUNNING, START
THE NEW MODE AND COUNT LENGTH
IMMEDIATELY AFTER PRESENT TC
IS REACHED.

FIGURE 3 COMMAND REGISTER BIT ASSIGNMENT
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READING THE STATUS REGISTER

The status register consists of seven latches, one for each bit; six (0-5) for
the status of the ports and one (6) for the status of the timer.

The status of the timer and the I/0 section can be polled by reading the Status
Register (Address XXXXX000). Status word format is shown in FIGURE 4.

Note that you may never write to the status register since the command register
shares the same I/0 address and the command register is selected when a write
to that address is issued.

ADDRESS | x | x [ x | x [ x [ o | o | o ]
AD7 AD6 AD5 AD4 AD3 AD2 ADl ADO
STATUS
INTE| B | INTR |[INTE| A |IN
REGISTER TIMER | T L [ TER I ar | AN

L*-PORT A INTERRUPT REQUEST

PORT A BUFFER FULL/EMPTY
(INPUT/OUTPUT)

'————— PORT A INTERRUPT ENABLE

= PORT B INTERRUPT REQUEST

PORT B BUFFER FULL/EMPTY
(INPUT/OUTPUT)

PORT B INTERRUPT ENABLE

TIMER INTERRUPT (THIS BIT

IS LATCHED HIGH WHEN
TERMINAL COUNT IS

REACHED, AND IS RESET TO
LOW UPON READING OF THE

C/S REGISTER AND BY HARDWARE
RESET)

FIGURE 4 STATUS REGISTER BIT ASSIGNMENT
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INPUT/OUTPUT SECTION
COMMAND/STATUS REGISTER (c/$)

Both register have the common address xxxxx000. When the C/S registers

are selected during WRITE operation, a command is written into the C/S
register.  The contents of this register are not accessible through the pins.
When the C/S is selected during a READ operation, the status information of
the I/0 ports and the timer becomes available on the ADQ_7 lines.

PA Register — This register can be programmed to be either input or output
ports depending on the status of the contents of the C/S Register.

Also depending on the command, this port can operate in either the basic
mode or the strobed mode (See timing diagram). The I/0 pins assigned in
relation to this register are PAg_7. The address of this register is
XXXXX001.

PB Register — This register functions the same as PA Register. The I/0
pins assigned are PBp-7. The address of this register is XXXXX010.

- PC Register — This register has the address XXXXX01l and contains only
6-bits. The 6-bits can be programmed to be either input ports, output
ports or as control signals for PA and PB by properly programming the
AD2 and AD3 bits of the C/S register.

When PCo-5 is used as a control port, 3-bits are assigned for Port A and

3 for Port B. The first bit is an interrupt that the TMP8155P/8156P issues.
The second is an output signal indicating whether the buffer is full

or empty, and the third is an input pin to accept a strobe for the strobed

input mode. See Table 2.

When the port C is programmed to either MODE 3 or MODE 4, the control
signals for PA and PB are initialized as follows:

CONTRGL u—

MODE BF INTR STB
INPUT MODE Low Low Input Control
OUTPUT MODE Low High Input Control
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To summarize, the register's assigmments are shown TABLE 1.

TABLE 1

1/0 PORT ADDRESSING SCHEME

I/0 ADDRESS

Ap| As

Ay

A3

Ay

Ap

=
o

P INOUTS

SELECT ION

NO. OF BITS

>

>

X

X

0

Internal

Command/Status Register

o]

o=

PAg-7

General Purpose I/O Port A

PBo-7

General Purpose I/O Port B

R AR

5| |

>l

PCo-7

General Purpose I/0 Port or

Control

o | 0 | 0o

>

>
>

0

Low-Order 8 bits of Timer Count

1

High 6 bits/2 bits of Timer Count

TABLE 2 TABLE OF PORT CONTROL ASSIGNMENT

Pin

MODE 1

MODE 2

MODE 3 MODE 4

PCO
PC1
PC2
PC3
PC4
PC5

Input
Input
Input
Input
Input
Input

Port

Port

Port

Port

Port

Port

Output Port

Output Port

Output Port

Output Port

Output Port

Output Port

A INTR (Port A Interrupt)
A BF (Port A Buffer Full)
A STB(Port A strobe)
Output Port

Output Port

Output Port

A INTR (Port A Interrupt)
A BF (Port A Buffer Full)
A STB (Port A Strobe)
B INIR (Port B Interrupt)
B BF (Port B Buffer Full)
B STB (Port B Strobe)
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TIMER SECTION

The timer is a 14-bit down-counter that counts the 'timer input' pulses and
provides either a square wave or pulse when terminal count (TC) is reached.

The timer has the I/0 address XXXXX100 for the low order byte of the register
and the I/0 address XXXXX101 for the high order byte of the register.

To program the timer, the COUNI LENGTH REGISTER is loaded first, one byte at a
time, by selecting the timer addresses. Bits 0-13 will specify the length of the
next count and bits 14-15 will specify the timer output mode. The value loaded

into the count length register can have any value from 2y through 3FFFy in
bits 0-13.

|M2 | M1 ’ T13] leTTu[Tlo [ T9 | Tsl
N T -
TIMER MODE MSB OF COUNT LENGTH

|7 [ [ts[m [ms[m2m [ |
: .
LSB OF COUNT LENCTH

FIGURE 5 TIMER FROMAT
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There are four timer modes which are defined by M2 and M1.

M2 Ml

0 ———— Put out low during second half of count.

1 ——— Continuous square wave; The period of the square-wave
equal s the count length programmed with automatic
reload at terminal count.

1 0 ———— Single pulse upon TC being reached.
1 1 ——— Continuous pulses.

Note: In case of an odd-numbered count, the first half—cycle of the
square-wave output,which is high, is one count longer than the
second (low) half-cycle as shown in FIGURE 6.

| s ] & | 3 |2 | 1| s |4 | 32 | 1]|5]
M2 M1
0 0 I
0 1 | r____
1 0 | I
1 1 I I ]
Load reload reload

FIGURE 6 ASYMMETRICAL SQUARE-WAVE OUTPUT RESULTING FROM COUNT OF 5
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Bits 6-7 (TM2 and TM1) of command register contents are used to start and
stop the counter. There are four commands to choose from;

™2  TM1
0 0 NOP: Do not affect counter operation,
0 1 STOP: NOP if timer has not started; stop counting if the
timer is running.
1 0 STOP AFTER TC: Stop immediately after present TC is reached.
(NOP if timer has not started)
1 1 START: Load mode and count length and start immediately

after loading (if timer is not presently running).
If timer is running, start the new mode and count length
immediately after present TC is reached.

Note that while the counter is counting, you may load a new count and mode

into the count length registers. Before the new count and mode will be used
by -the counter, you must issue a START command to the counter. This applies
even though you may only want to change the count and use the previous mode.

The counter in the ' TMP8155P/8156P is not initialized to any particular mode
or count when hardware RESET occurs, but RESET does stop the counting.
Therefore you must issue a START command via the C/S register, because count-
ing cannot begin following RESET.

Please note that the timer circuit on the TMP8155P/8156P chip is designed

to be a square-wave timer, not an event counter. To achieve this, it counts
down by twos twice in completing one cycle. Thus, its registers do not
contain values directly representing the number of TIMER IN pulses received.
You cannot load an initial value of 1 into the count register and cause the
timer to operate, as its terminal count value is 10 (binary). After the
timer has started counting down, the values residing in the count registers
can be used to calculate the actual number of TIMER IN pulses required to
complete the timer cycle if desired. To obtain the remaining count,

perform the following operations in order:

1. Stop the count. .

2. Read in the 16-bit value from the count length registers.

3. Reset the upper two mode bits.

4. Reset the carry and rotate right one position all 16 bits through
carry.

5. If carry is set, add 1/2 of the full original count (1/2 full count-1

if full count is odd.)

Note: If you started with an odd count and you read the count length register
before the third count pulse occurs, you will not be able to
discern whether one or two counts has occurred. Regardless of this,
the TMP8155P/8156P always counts out the right number of pulses in
generating the TIMER OUT waveforms.
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ABSOLUTE MAXIMUM RATINGS

Symbol Item Rating
Vee Ve Supply Voltage with Respect to Vgg -0.5V to +7.0V
VIN Input Voltage with Respect to Vgg ~0.5V to +7.0V
Vour Output Voltage with Respect to V§S -0.5V to +7.0V
Pp Power Dissipation 1.5W
TsoLDER | Soldering Temperature (Soldering Time 10 sec.) 260°C

TsTg Storage Temperature -55°C to +150°C
TOPR Operating Temperature 0°C to +70°C

D.C. CHARACTERISTICS

Tp=0°C to +70°C, Vgg=+5V = 5%

Symbol Paranmeter Test Conditioms Min. Typ. Max. Units
VIL Input Low Voltage -0.5 0.8 v
VIH Input High Voltage 2.0 Veet0.5 v
VoL Output Low Voltage Ior, = 2mA 0.45 v
Von Output High Voltage Iog = -400uA 2.4 A
I11, Input Leakage ViN = Vge to OV +10 LA
Ir0 Output Leakage Current 0.45V < Voyr < Ve +10 HA
Icc Vce Supply Current 180 mA
I11,(CE) Chip Enable Leakage

o o = e 50 00 |
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A.C. CHARACTERISTICS
TA=0C to +70°C , Vec=+5V+5%

Symbol Parameters Test Conditiorn Min. Typ. Max. Units
tAL Address to Latch Set Up Time 50 ns
tra Address Hold Time after Latch 80 ns
te Latch to READ/WRITE Control 100 ns
tRD Xziéiogata out Delay from READ 170 s
tAD Address Stable to Data Out Valid 400 ns
tLL Latch Enable Width 100 ns
ERDF Data Bus Float After READ 0 100 ns
toL READ/WRITE control Latch Enable 20 ns
tce READ/WRITE Control Width 250 ns
Eow Data In to WRITE Set Up Time 150 ns
twp Data in Hold Time After WRITE 150pF Load 0 ns
ERV Recovery Time Between Controls 300 ns
Twp WRITE to Port Output 400 ns
TpR Port Input Setup Time 70 ns
tRp Port Input Hold Time 50 ns
tsgr | Strobe to Buffer Full 400 | ns
tss Strobe Width 200 ns
tRBE READ to Buffer Empty 400 ns
tsr Strobe to INTR On 400 ns
YRp1 | READ to INTR Off 400 | ns
tpgs Port Setup Time to Strobe 50 ns
tpHS Port Hold Time After Strobe 120 ns
tSBE Strobe to Buffer Empty 400 ns
tWBF | WRITE to Buffer Full 400 | ns
twr WRITE to INTR Off 400 | ns
1L TIMER-IN to TIMER-OUT Low 400 | ns
ton TIMER-IN to TIMER-OUT High 400 | ns
tRDE Data Bus Enable from READ Control 10 ns
ty TIMER-IN Low Time 80 ns
ty TIMER-IN High Time 120 ns
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TIMING WAVEFORMS

A. READ CYCLE

or CE(8155)

CE(8156) i ] X
10/M taD
= o\
X — : >§ VALID N __
ADy_, ADDRESS | —Z Brxis .<
I TAL

t
ALE LA / \
tLL N
’ "R_DEJ ERDF
R®D — tRD / K
)‘tL

~— tcn —
tee tRry
B. WRITE CYCLE
CE(8155)
°T CE(8156) X X X
10/M I~
ADDRESS )
ADy_- X - X VALID DATA X
— tLA
' —tDW—] — Tcp
ALE \ \
T {
™ ELL e o€ —— typ ——
\ J
— tCC ——| —— tgry

FIGURE 7 READ/WRITE TIMING DIAGRAMS
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A. BASIC INPUT MODE

r g
PORT \ x
L e

B. BASIC OUTPUT MODE

PORT >§ N\

FIGURE 8 BASIC 1/0 TIMING WAVEFORM
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TMP8155P, TMP8156P

A. STROBED INPUT MODE

}__

o I:RBE.-I

BF
|___ tSBF
|
STROBE Z?.-tSI
tss —
INTR tRoI
RD
tpss tpHS
INPUT DATA )Z‘
FROM PORT b

B. STROBED OUTPUT MODE

BF
STROBE

tWBF
INTR \

tW1

W ——\ 1

twp

OUTPUT DATA
TO PORT

FIGURE 9

STROBED 1/0

TIMING WAVEFORM
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LOAD COUNTER FROM CLR\J RELOAD COUNTER FROM CLR\J

[ 2 |

1 tr s b, 2[1 sl

TIMER IN

TIMER OUT ‘(\Note i
(PULSE) ~—— try

TIMER OUT A 7 toL,
\ (Note 1) /
(SQUARE WAVE) ~ v

Note 1: The timer output is periodic
if in an automatic
reload mode (M] Mode Bit =1)

FIGURE 10 TIMER OUTPUT WAVEFORM COUNTDOWN FROM 5 1o 1
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TMP8155P, TMP8156P

OUTLINE DRAWING

40 Pins Plastic Package

40 3938 37335 3438 323130 2928 272625 24232 21
dpoh PR dr s ca GRS P G Gh g g g
v T v T T T T T T * :ﬂ
N D ] (T ! S
~
(Y S
I P TR I P B S 4
pepp R epeh 5 cp ep AR I5 db &5 dh da dp oh A5 IR
12 34 56 7 8910111213 141516 171819 20
wy
o
2.54%0.25 Z, 3
B

3.5

50.7%0.15

Note: 1.
2. This dimension shows spread of leads.

3. All dimensions are in millimeters.

Unit in mm

(Note 1)

15.2440.1

U |

1[0.25%0.1

15.00"v17.80

(Note 2)

This dimension shows the center of curvature of leads.
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16,384 BIT ROM WITH I/0 PORTS

GENERAL DESCRIPTION

The TMP8355P is a ROM and I/0 chip to be used in the TLCS-85A microcomputer
system. The ROM portion is organized as 2,048 words by 8 bits.

The I/0 portion consists of 2 general purpose I/0 ports. Each I/0 port has
8 port lines, and each I/0 port line is individually programmable as input
or output.

FEATURES

+ 2048 words x 8 bits ROM

+ Single + 5V Power Supply
+ Internal Address Latch

+ 2 General Purpose 8-Bit I/0 Ports
+ Access Time : 400 ns (MAX.)
+ Each I/0 Port Line Individually Programmable as Input or Output
+ Multiplexed Address and Data Bus

* 40 pin DIP
* Compatible with Inptel's 8355

PIN CONNECTIONS (TOP VIEW)

TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT

TMP8355P

N-CHANNEL SILICON GATE MOS

BLOCK DIAGRAM
10/ {5 TOR

- Ag-A10GECEy | ALE TOW RESET  ADgj— 7
CE; g 1 Ny 40 pvee - 3_11111_1_ _¥“l“l‘{“‘l ______ s
CE, O 2 39 OBy [ B
clk 3 38 Opeg  CLK Control circuit ~|Buf- |
RESET 1] & 37 Opgs READY~JI— Address Latch Decoder st fer |
NeQ o5 36 OPBy | t {
READY 0 ¢ 35 OPB3 | A ]8 — VvCC
10/M g 7 34 OBy | 11 DDR II__ VSS
TR 8 33 Orpgy | |
xog o9 32 ppag | X :
IOW@ 10 31 Ppaz ! 2K x 8 Bit M out- __lguf- 8
ALEQ 11 30 [ PAg | put [rter Coa
ADp O 12 29 R PAs | ROM latch atch | 0—-7
1
ADL O 13 28 EPM : 5 ot ] |
ADy O 14 27 [1PA3 | N gut— L fer |18
AD3 § 15 26 P 2ay ' Late8locen] | P
A, O 16 25 [0 PAL : | 2*0—7
ADs O 17 24 [ PAy B I
ADg [ 18 23 0 Ay } L_DDR !
ADy O 19 22 0 Ag I 8 !
vss 20 21 g b 4
FIGURE 1 TMP8355P PINOUT DIAGRAM FIGURE 2 TMP8355P FUNCTIONAL BLOCK DIAGRAM
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PIN NAMES AND PIN DESCRIPTION

ALE (INPUT)

When Address Latch Enable goes high, ADj.7, 10/M, Ag-10, CEp, and CEp, enter the
address latches. The signals (ADy-7, 10/, Ag_10s CE2, CE1) are latched in at
the trailing edge of ALE.

ADg-7 (INPUT/OUTPUT, 3-STATE)

Bi-directional Address/Data bus. The lower 8-bits of the ROM or I/0 address are
applied to the bus lines when ALE is high. During an I/0 cycle, Port A or B are
selected based on the latched value of ADy. If RD or IOR is low when the latched
Chip Enables are active, the output buffers present data on the bus.

Ag-10 CINPUT)

These are the high order bits of the ROM address. They do not affect I/0
operations.

CE1, CE2 (INPUT)

CHIP ENABLE INPUTS:CEl is active low and CEjy is active high. Both chip enables

must be active to permit accessing the ROM.

10/M (INPUT)

If the latched I0/M is high when RD is low, the output data comes from an I/0 port.
i If it is low the output data comes from the ROM. -

RD (INPUT)

If the latched Chip Enables are active when RD goes low, the ADy_; output buffers
are enabled and output either the selected ROM location or I/O port.
When both RD and TOR are high, the ADy_; output buffers are 3-stated.

TOW (INPUT)

If the latched Chip Enables are active, a low on IOW causes the output port pointed
to by the latched value of ADy to be written with the data on ADg_j5.
The state of I0/M is ignored.

cLk (INPUT)

The CLK is used to force the READY into its high state after it has been forced low
by CE; 10W, CEj high, and ALE high.
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READY (OUTPUT, 3-STATE)
READY is a 3-state output controlled by CEl, CEy, ALE and CLK.

READY is forced low when the Chip Enables are active during the time ALE is hlgh
and remains low until the rising edge of the next CLK.

PAg - PA7 (INPUT/OUTPUT, 3-STATE)
These are general purpose I/0 pins. Their input/output direction is determined by
the contents of Data Direction Register (DDR). Port A is selected for write

operations when the Chip Enables are active,and TOW is low and a O was previously
latched from ADg.

Read operation is selected by either IOR low, active Chip Enables and ADgy low,
or I0/M high, RD low, active Chip Enables, and ADg low.

PBg - PB7 (INPUT/OUTPUT, 3-STATE)

This general purpose I/0 port is identical to Port A except that it is selected by
a 1 latched from ADg.

RESET (INPUT)

In normal operation,an input high on RESET causes all pins in Ports A and B to
assume input mode (clear DDR register).

TOR (INPUT)

When the Chip Enables are active, a low on TOR will output the selected I/0 port
onto the AD bus. TOR low performs the same function as the combination of I0/M
high and RD low. When TOR is not used in a system, TOR should be tied to Voo "1".

Vee (POWER)
+5 volt supply.

Vss (POWER)

Ground Reference
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FUNCTIONAL DESCRIPTION

ROM SECTION

The TMP8355P contains an 8-bit address latch which allows it to interface
cirectly to TLCS-85A microcomputer system without additional hardware.
The ROM portion of the chip is addressed by the 11-bit address (A8-10, ADgp-7)
and CE. The address, IO/M, CEp and Cfi are latched into the address latches
on falling edge of ALE. If the Chip Enables (CE2 and EEE) are active and
10/M is low when RD goes low, the contents of the ROM location addressed by

the latched address are put out on the ADp-7 lines.

I/0 SECTION

The I/0 port portion consits of two 8-bit I/0 ports and two 8-bit Data
Direction Registers (DDR). The I/O portion of the chip is addressed by the
latched value of ADp and ADj. Contents of Port A and Port B can be read and
written, but the contents of DDR's cannot be read. The contents of the
selected I/0 port can be read out when the latched Chip Enable are active and
either RD goes low with IO/ﬁ-high, or IOR goes low.

The two 8-bit DDR's (DDRA and DDRB) are used to determine the input/output
status of each pin in the corresponding port.

A '0' specifies an input mode and a 'l' specifies an output mode.

The two 8-bit DDR's are cleared by RESET signal. The table 1 summarize Port

and DDR designation.

TABLE 1, SELECTION OF PORT AND DDR DESIGNATION

ADq AD( Selection
0 0 Port A
0 1 Port B
1 0 Port A Data Direction Register (DDR A)
1 1 Port B Data Direction Register (DDR B)
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TMP8355P

ABSOLUTE MAXIMUM RATINGS

Symbol Item Rating
Vee Vce Supply Voltage with Respect to Vgg -0.5V to 7.0V
VIN Input Voltage with Respect to Vgg -0.5V to 7.0V
Vout Output Voltage with Respect to Vgg -0.5V to 7.0V
Pp Power Dissipation 1.5W

TgoLper | Soldering Temperature (Soldering Time 10sec.) 260°C

Tgre Storage Temperature -55°C to+150°C
TOPR Operating Temperature 0°C to+70°C
D.C. CHARACTERISTICS
TpA = 0°C to 70°C, Vee = 5V T 5%

Symbol Parameter Test Conditions Min Typ. | Max. Units
V11, Input Low Voltage -0.5 0.8 v
Vg Input High Voltage 2.0 Veet0.5) v
VoL Output Low Voltage Iop, = 2mA 0.45 v
Vou Output High Voltage Iog = -400uA 2.4 v
Iy, Input Leakage Current ViN = Vg to OV * 10 UA
Iro Output Leakage Current 0.45 <Vout <V T 10 HA
Ice Vce Supply Current ) 180 mA
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A.C., CHARACTERISTICS
Tp = 0°C to 70°C, Vge = 5V 1 5%
Symbol Parameter Conggigons Min. | Typ. | Max. |Units
teye Clock Cycle Time 320 ns
ty . CLK Low Width 80 ns
ty CLK High Width 120 ns
tr’tf CLK Rise and Fall Time 30 ns
tAL Address to Latch Set Up Time 50 ns
t1A Address Hold Time after Latch 80 ns
tic Latch to READ/WRITE Control 100 ns
trRp Valid Data Out Delay from 150pF 170 ns
READ Control
tAD Address Stable to Data Out Valid Load 400 ns
try, Latch Enable Width 100 ns
tRDF Data Bus Float after READ 0 100 ns
teL READ/WRITE Control to Latch Enable 20 ns
tee READ/WRITE Control Width 250 ns
o Data In to WRITE Set Up Time 150 ns
twp Data In Hold Time after WRITE 10 ns
typ WRITE to Port Output 400 ns
tpr Port Input Set Up Time 50 ns
trp Port Input Hold Time 50 ns
tRYH READY Hold Time 0 160 ns
tARY | ADDRESS (CE) to READY 160 ns
try Recovery Time between Controls 300 ns
tRDE Data Out Delay from READ Controls 10 ns
t1.cK ALE Low during CLK High 100 ns
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TIMING WAVEFORMS

CEz'UE]_

ALE

oW

Ag_10, I0/M Y  ADDRESS >< X ADDRESS
).
T [ FAL ) Y \
CLL |l trA tAD tRDF
>§‘ ADDRESS -~~~ )( DATA | h-—+—( ADDRESS H———e—
X V.
1 Ty
\ RDE 2
/ \—
tRD L twp
X‘ ADDRESS ;xL, DATA k ADDRESS | X
tpw
\ / A
tcL
tic tee try
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FIGURE 3

PROM READ, 1/0 READ, AND WRITE TIMING

Ty

tf

ty

teye

FIGURE 4 CLOCK SPECIFICATION FOR TMP8355P
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TMP8355P

CLK J_\I K__;/_\ / \ /

ADg-7, Ag-10 ){ X 7(

10/M

4
CEp, CE, /) ear otk \\

/T / D\
READY = @ ————— J—\ 7 ————— e e

EARY
FIGURE 5 WAIT STATE TIMING (READY =0)

A. INPUT MODE

RD, TOR

PORT INPUT y' )(
_—

A D —

B, OUTPUT MODE

TOW N\ il
t

WP
PORT OUTPUT ; L

ADg-7 X X

FIGURE 6 1/0 PORT TIMING
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PROGRAM TAPE FORMAT

TMP8355P programs are delivered in the form of punched paper tape or the
8755A from which to copy. In case of the 8755A, Toshiba needs two pieces.

(1) Tape Format

)
1
1
jj///j\\\t[ }Leader, 50 "NULL" characters or more

- H F
W Comments | ----- Comment (Record mark ":" is not included)
(cr)
Opti
(LF) prion
N R Record Mark

Record Length (2 hexadecimal digits)

Loading Address (4 hexadecimal digits)

"00" .... Normal Record
Record Type (2 Digits) wp1" ... End of File Record

Data
=3 =
Check Sum (2 hexadecimal digits)
(Cr) Dummy characters (RUBOUT, BLANK) before and after "(CR)(LF)" are
(LF) optional.
I Rl b Record Mark (Repeated below)
A =
(CR)
(LF)

A ]Trailer, 50 "NULL" characters or more

(2) Example of Tape List

TOSHIBA MICRO COMPUTER TLCS-84

:100000000665C7D79CF50F3F951FED55A8FF16E570
:1000100088884DDE67D31F5D8ABA6DF292F11 3F5CL
:100020004 FF1FB5DFFDAA96A99CF7DF94A346B7C09
:10003000197352F729F12F79AA9C057C5B851EED77

ceesee

.

:1003C0005DFDB5E556A67277F61A51C631CFIFOESO
:1003D000BD2F6F20E8BB1977E3FB5AD1 F41 FDAA7E2
:1003E000B53D42E0EC32546025B7308CDD5206 3D1D
:1003F000B4BE9EIE345B6138060B20VC372BF60BD6
:00000001FF
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OUTLINE DRAWING

40 Pins Plastic Package
Unit in mm

40 39 38 37 36 35 34 33 32 3130 29 28 27 26 25 24 23 22 21

S s 2 2 5 g 5 oA RIS S 2 5P 5 5 6 G _
L P . o~ s
f N v p

M TR T S P L ] -

5 2 & &5 s 2 25 2 2 2 2 2 25 el o 25 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

(Note 1)
15.2¢ £ 7.1

2.54 £ 0.25

1.0+0.3
3.5 +0.15

0.25 £0.1

15.00 ~17.80

3.5+ 0.3

50.7 £0.15 (Note 2)

Note: 1. This dimension shows the center of curvature of leads.
2. This dimension shows spread of leads.

3. All dimensions are in millimeters.
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TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT

om  INTEGRATEDCIRCUIT THPE755AC

N-CHANNEL STLICON TATE MOS
-
ﬁz TECHNICAL DATA

16,384 BIT EPROM WITH I/0 PORTS
GENERAL DESCRIOTION

The TMP8755AC is an erasable and The I/0 portion consists of two general
electrically reprogrammable ROM purpose I/0 ports. Each I/O port has
(EPROM) and I/0 chip to be used in eight port lines, and each I/0 port
the TLCS-85A microcomputer system. line is individually programmable as
The PROM portion is organized as input or output.

2,048 words by 8 bits.

FEATURES

* U.V. Erasable and Electrically . Each I/0 Port Line .Individually
Reprogrammable ROM (2,048 x 8) programmable as Input or Output.

* Single +5V Power Supply (Vcc) « Multiplexed Address and Data Bus

+ Internal Address Latch + 40 pin DIP

+ 2 General Purpose 8 bit I/O Ports . Compatible wih Intel's 8755A

. Access Time: 450 ns (MAX.)

BLLOCK DIAGRAM

PROG RD  Tor
o TALE
PIN CONNECTIONS (TOP VIEW) 8-10 lcg, (M| | TOW |RESET  ADo-7
L 4
— W T T
ey L CLK Control circuit - |
PROG/CEg 2 AObVCC ; Address Latch Decorde But '
CEQ] 2 39 PRy READY =1+ 81  fer |
cik g 3 38 PBo | L i
RESET [ 4 370 PBs | s Il-—V1
vop O 5 36 PRy : M A — Vi
READY ] 6 35[0 PB3 | —— DOR — Ve
10/ 7 34 PB2 | |
TOR [ 8 33pPB;y I A Bai_] 18
R Qo9 323 PBo I lout- led £y ot
Tow g 10 31 PA, | Put 8 1ated PAg-
aed 11 - 30[PA, : 2K x 8 bit | 2= i
ADo [ 12 29[0PAs | EPROM |
AD: O 13 28 A PAY | N N Ll K
AD2 f] 14 270 PA3 | L | {put -err K
ADs O 15 2601PA, I latct{8|1atch pB,
aps O 16 250 PA1 { [
ADs O 17 24 PAo | B !
~ I
ADg O 18 230 A10 | . 4 ]
“AD7 [ 19 22 A, I DDR | g |
vss O 20 2114, b= - 4
FIGURE 1  TMP8755AC PINOUT DTAGRAM FIGURE 2 TMP8755AC FUNCTIONAL BLOCK DTAGRAM
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ﬁi TECHNICAL DATA

PIN NAMES AND PIN DESCRIPTION
ALE (Input)

When Address Latch Enable goes high, ADg-7, 10/M, Ag_10, CE2, and EEI
enter the address latches. The signals (ADg-7, I0/M, A8-10, CE) are
latched in at the trailing edge of ALE.

ADQ-7 (Input/Output, 3-state)

Bi-directional Address/Data bus. The lower 8-bit of the PROM or I/0
address are applied to the bus lines when ALE is high. During an I/0
cycle, Port A or B are selected based on the latched value of ADg.

If RD or TOR is low when the latched Chip Enables are active, the output
buffers present data on the bus.

A8-10 (Input)

These are the high order bits of the PROM address. They do not affect
I/0 operations.

PROG/CE1, CE2 (Input)

CHIP ENABLE INPUTS: CE] is active low and CEy is active high.
Both chip enables must be active to permit accessing the PROM.CE]l is
also used as a programming pin.

10/M (Input) |

If the latched I0/M is high when RD is low, the output data comes from an
I/0 port. If it is low the output data comes from the PROM.

RD (Input)
If the latched Chip Enables are active when ﬁﬁ-goes low, the ADg-7 output

buffers are enabled and output either the selected PROM location or I/0 ports.
When both RD and IOR are high, the AD0_7 output buffers are 3-stated.

IOW (Input)

If the latched Chip Enables are active, a low on IOW causes the output port
pointed to by the latched value of ADjy to be written with the data on ADg-7.
The state of I0/M is ignored.

CLK (Input)

The CLK is used to force the READY into its high state after it has been
forced low by CE] low, CE2 high, and ALE high.
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READY (Output, 3-state)

READY is a 3-state output controlled by CEj, CEp, ALE and CLK.
READY is forced low when the Chip Enables are active during the time ALE
is high, and remains low until the rising edge of the next CLK.

PAQ - PA7 (Input/Output, 3-state)

These are general purpose I/0 pins. Their input/output direction is

determined by the contents of Data Direction Register (DDR). Port A is
selected for write operations when the Chip Enables are active and IOW

is low and a 0 was previously latched_from ADy, ADjp.

Read operation is selected by either IOR low and active Chip Enables and

ADg and ADy low, or IO/M high, RD low, active Chip Enables, and ADg and AD1 low.

PBQ - PB7 (Input/Output, 3-state)

This general purpose I/0 port is identical to Port A except that it is
selected by a 1 latched from ADy and a O from ADjp.

RESET (Input)

In normal operation, an input high on RESET causes all pins in Ports A and
B to assume input mode (clear DDR register).

IOR (Input)

When the Chip Enables are active, a low on TOR will output the selected 1/0
port onto the AD bus., TOR low performs the same function as_the combination
of I0/M high and RD low. When IOR is not used in a system, IOR should be
tied to Vgg "1".

Vee (Power)
+5 volt supply

Vgg (Power)
Ground Reference

Vpp (Power)

Vpp is a programming voltage and must be tied to +5V when the TMP8755AC is
being read. For programming, a high voltage is supplied with Vpp=25V, typical.
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FUNCTIONAL DESCRIPTION

PROM_SECTION

The TMP8755AC contains an 8-bit address latch which allows it to interface
directly to TLCS~85A microcomputer system without additional hardware.

The PROM portion of the chip is addressed by the 1l-bit address (A8-10,ADg_7)
and CE. The address, I0/M and CE are latched into the address latches on the
falling edge of ALE. If the Chip Enables (CEp and CE]) are active and

10/M is low when RD goes low, the contents of the EPROM location addressed
by latched address are output onto the ADp-7 lines.

1/0 SECTION

The 1/0 port portion consists of two 8-bit I/0 ports and two 8-bit Data
Direction Registers (DDR).
The 1/0 portion of the chip is addressed by the latched value of ADgy and
AD7q.
Co%tents of Port A and Port B can be read and written, but those of DDR's
cannot be read. A port can be read out when the latched Chip FEnables are
active and either RD goes low with I0/M high, or TOR goes low.
The two 8-bit DDR's (DDRA and DDRB) are used to determine the input/output
' status of each pin in the correspinding port.
A '0'" specifies an input mode and a 'l' specifies an output mode.
The two 8-bit DDR's are cleared by RESET signal. The table 1 summarizes
Port and DDR designation.

TABLE 1 SELECTION OF PORT AND DDR DESIGNATION

ADy | ADg Selection
0 0 Port A
0 1 Port B
1 0 Port A Data Direction Register (DDR A)
1 1 Port B Data Direction Register (DDR B)
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ERASURE CHARATERISTICS

The TMP8755AC can be erased by applying light with wavelengths shorter

than 4000 X. (14=10"8 cm). Sunlight and the fluorescent lamps may include
3000 v 4000 & wavelength components consequently when used under such lighting
for extended periods of time, an opaque seal will be required to protect the
TMP8755AC. Generally, ultraviolet light with a wavelength of 2537 A is
recommended for TMP8755AC-erasing, and in this case the integrated does
(ultraviolet light intensity [W/cm?] x time [sec ]) should be over 15

W+ sec /sz].

If the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a
distance of l-cm from the lamp surface, erasure should be completed in about
60 minutes.

And using a lamp whose ultraviolet light intensity is a 12000 [pW/cm2] will
reduce the exposure time to_about 20 minutes. (In this case the integrated
dose should be 12000 [4W/cm?] x (20 x 60) [sec] =15 [W - sec/cm?].)

PROGRAMMING

Initially when received by customers all bits of the TMP8755AC are in the
"1" state which is the erased state. Therefore programming is carried out
by electrically writing in the "O" state at the desired bit locations.

A programmed "O" can only be changed to a "1" by ultraviolet erasure.

The program mode itself consists of programming a single address at a time,
giving a single 50 ms pulse for every address.

Preliminary timing diagrams and parameter values pertaining to the TMP8755AC
programming operation are contained in Figure 7.
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ABSOLUTE MAXIMUM RATINGS

Symbol Item Rating

vee Ve Supply Voltage with Respect to Vgs ~0.5V to +7.0V
Vpp Vpp Supply Voltage for Programming with Respect to Vss -0.5V to +26.5V
VN Input Voltage with Respect to Vss -0.5V to 47.0V
Vout Output Voltage with Respect to Vss -0.5V to +7.0V
Pp Power Dissipation 1.5W

Toorper| Seldering Temperature (Soldering Time 10 sec.) 260°C

Tgrg Storage Temperature -55°C to+150°C
ToPR Operating Temperature 0°C to +/0°C

D.C. CHARACTERISTICS

TA=0°C to 70°C, Vgg = 5V 5%, Vpp = Vgot 0.6V

Symbol Parameter Test Conditions Min. | Typ. | Max. Units
Vip Input Low Voltage -0.5 0.8 v
VIH Input High Voltage 2.0 Vcet0:5 \
Vor, Output Low Voltage IoL = 2mA 0.45 v
Vo Output High Voltage Tog = -400pA 2.4 v
Iy, Input Leakage Current Vin = V¢¢ to OV 10 HA
Ii0 Output Leakage Current 0.45<Voyut < Ve +10 HA
Icc Vce Supply Current 180 mA
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A.C. CHARACTERISTICS
A = 0Cto 70C, Vg = 5V + 5Z  Vpp = Voo F 0.6V
Symbol Parameter Test Condition| Min. | Typ. | Max. | Units
teye Clock Cycle time 320 ns
tL CLK Low Width 80 ns
tH CLK High Width 120 ns
tysts CLK Rise and Fall Time 30 ns
tAL Address to Latch Set Up Time 50 ns
tra Address Hold Time after Latch 80 ns
tLg Latch to READ/WRITE Control 100 ns
tRD Valid Data Out Delay from 150pF 170 ns
READ Control
tAD Address Stable to Data Out Valid Load 450 ns
tLL Latth Enable Width 100 ns
tRDF Data Bus Float after READ 0 100 ns
tCL READ/WRITE Control to Latch Enable 20 ns
tce READ/WRITE Control Width 250 ns
tpw Data In to WRITE Set Up time 150 ns
tWp Data In Hold Time after WRITE 30 ns
twp WRITE TO Port Output 400 ns
tpPR Port Input Set Up Time 50 ns
tRP Port Input Hold Time 50 ns
ERYH | READY Hold Time 0 160 | ns
tARY Address (CE) to READY 160 ns
tRy Recovery Time between Controls 300 ns
tRDE Data Out Deléy from READ Controls 10 ns
‘LD | ALE to Data Out Valid 350 | as
tLCcK ALE Low during CLK high 100 ns
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D.C. CHARACTERISTICS FOR PROGRAMMING

TA = 25C+ 5C, Vgo = 5V + 5% , Vgg = OV

Symbol Parameter Min. | Typ. | Maxi | Units
Vpp Supply Voltage for programming 24 25 26 v
Ipp Supply Current 30 ,mA

A.C. CHARACTERISTICS FOR PROGRAMMING

TA = 25C+ 5C, Vee = 5V 5% , Vgg = ov

Symbol Parameter Min. Typ. |Max. Units
tpg Data Set Up Time 10 ns
tpp | Data Hold Time 0 ns
ts Program Pulse Set Up Time 2 Hs
ty Program Pulse Hold Time 2 us
tpr | Program Pulse Rise Time 10 2000 ns
tpg | Program Pusle Fall Time 10 2000 ns
tPRG | Program Pulse Width 45 50 ms
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Foshiba INTEGRATEDCIRCUIT TMP8755AC

il
FRZE  TECHNICAL DATA
TIMING WAVEFORMS
Ag_19> I0/M :)f ADDRESS | X ADDRESS
PROG/CE1 _\ J

CE) 7 N AN
ALE ) ALk ]_—_—\_____

tLL T
LA _| tAD tRDF _ |

ADg_7 ){ ADDRESS }-———{ X DpaTA ;}-—ﬁ-—< ADDRESS ~p————

— - r—.—
- \ tRDE
, .
TOR, RD N / . \
tRD WD

4

X ADDRESS }( )( DATA X appeess
ADQg_7 * T
- tDW s \
oW \ A e N\

tLC tee TRV'V

Note: CE] must remain low for the entire cycle.

FIGURE 3 PROM READ, 1/0 READ, AND WRITE TIMING

Ty - tf
/-L
‘—_——J _L_—-————-n
Ty,
ty
teye

FIGURE U4 CLOCK SPECIFICATION FOR TMP8755AC



Zz®  INTEGRATEDCIRCUIT
RE

-—

TECHNICAL DATA

TMP8755AC

CLK / \ J/ \ / \ // w\ / \
_ -
ADo-z(,) /;8 10 )gk x X X:
4
2 ——"/ tAL ,, FLCK \ X
iy —\x tRYH
ALE / \
READY = ——————1 —"_\‘ /. N
LARY
FIGURE 5 WAIT STATE TIMING (READY= ()
A. INPUT MODE
RD, TOR
tpr trp
PORT INPUT >< S \}<
ADg.7  mmm— < A e

B, OUTPUT MODE

0w

—

PORT OUTPUT

ADg_7

X

FIGURE 6

1/0 PORT TIMING
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INTEGRATEDCIRCUIT

SRS  TECHNICAL DATA

PROGRAM CYCLE | *VERIFY CYCLE PROGRAM
FUNCTION J—L l— —'[ CYCLE

ALE / \ / \
n DATA TO BE oo .
ADg_, XADMSX >i PROGRAMMED ; XADDRFS} '< DATA >
Ag-10,10/M %Dmﬁssx X&DIRBSCX
CEp N / \
tpg tpp

PROG/CE ]

tg

+25v ¥ p
T \(

Vpp +5V

tpR tPRG  tpp

* VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE
(WITH Vpp = 5V FOR TMP8755AC)

FIGURE / PROGRAM MODE TIMING DIAGRAM
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INTEGRATEDCIRCUIT

SR  TECHNICAL DATA

OUTLINE DRAWING

40 Pins Ceramic Package

40 393837 3635 343332 313029 2827 26 252423 2221
chehrhchrhehchrhrhechrhohehrhrhoprhehrrhoh

Unit in mm

a
S
™ e ——— +
Y z
! 3
e e e e e i
123 45 6 78 91011121314 151617 1819 20
g 2| 4
c 1.02TYP. 2.54%0.25 ol o
+ ﬁ‘f‘“‘ SR
~
N [ 1
i J
i\
; 0.25+0.05
“
0.46 + 0.05 ©
+i
o~
-
50.8 * 0.6 15.5717.0
; !
(Note 1)

Note 1. This dimension shows spread of leads.

2. All dimensions are in millimeters.
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TOSHIBA MOS TYPE DEGITAL

INTEGRATEDCIRCUIT INTEGRATED CIRCUIT

TMP8259AP

Silicon Monolithic
TECHNICAL DATA N Channel Silicon Gate MOS

PROGRAMMABLE TNTERR.?T CONTROLLER
GENERAL DESCRIPTION

The TMP8259AP is a programmable interrupt controller designed for use
with the TLCS-85A microcomputer system. It handles up to eight vectored
priority interrupts for the CPU. It is cascadable for up to 64 vectored

priority interrupts without additional circuitry.

FEATURES

o Eight Level Priority Controller.

o Expandable to 64 Level.

o Interrupt Modes, Interrupt Mask, Vectored Address Programmable.
o Single +5V Power Supply.

o 8085A, 8086 Microcomputer System Compatible.

o Compatible with Intel's 8259A.

PIN CONNECTIONS (TOP VIEW)

|

Ts 01 25'] Vee
WE O 2 27 Ao
RD O3 B[ INTA
Dv g4 250 IRy
De O 5 2¢[ 1IRg
Ds g6 A IRs
be Qv 22 IRa
Dz gs A IR
Dz o of IR
D1 o 19[ IRl
Do Qu 180 IRo
CASy Har @ INT
cas; Qs 18 SP/AN
Vgs Q14 1BA casp




TMP8259AP

* INTEGRATEDCIRCUIT

SR> TECHNICAL DATA

PIN NAMES AND PIN DESCRIPTION

Pin Name

Input/Output

Input

Function

Chip Select Input. A low on this pin enables
RD and WR communication between the CPU and the

8259A. INTA functions are independent of cs.

Write Control Input. A low on this pin when

€S is low enables the 8259A to accept command

words from CPU.

Read Control Input. A low on this pin when CS
is low enables the 8259A to release status

onto the data bus for the CPU.

Do v D7

Input/Output

Biderectional Data Bus. Command status and in-
terrupt-vector information is transfered via

this bus.

CASQ ~
CAS)

Input/Output

Cascade Lines. The CAS lines form a private

These pins are outputs for a master 8259A and

inputs for a slave 8259A.

8259A bus to control a multiple 8259A structure.

SP/EN

Input/Output

Slave Program/Enable Buffer. This is a dual

function pin. When in the buffered mode it can
be used as on Output to control buffer trans-

ceivers (Eﬁ). When not in the buffered mode it
is used as an input to designate a master 8259A

(SP=1) or a slave (5p=0).

INT

Output

Interrupt Request Output. This pin goes high
whenever a valid interrupt request is asserted.
It is used to interrupt the CPU. Thus it is

connected to CPU's interrupt pin.




INTEGRATEDCIRCUIT

R=

TECHNICAL DATA

TMP8259AP

Pin Name Input/Output Function
Interrupt Request Inputs. An interrupt request
is executed by raising an IR input (low to high),
IRg - IR7 Input and holding it high until it is acknowledged
(Edge Triggered Mode), or just by a high level
on an IR input (Level Triggered Mode).
Interrupt Acknowledge Input. This pin is used
— 2 i - h
NTA Tnput to enable 8259A interrupt-vector data onto the
data bus by a sequence of interrupt acknowledge
pulses issued by the CPU.
AQ Address Line. This pin acts in conjunction
with the E, ﬁ, and RD pins. It is used by the
8259A to decipher various command words the CPU
Ap Input
writes and status the CPU wishes to read. It
is typically connected to the CPU Ag address
line.
vce +5V Power Supply
Vss Ground
BLOCK DIAGRAM
B be—o»— INTA
DATA — COCNTROL LOGIC INT
Dy~Dg <:> BIS
BUFFER I T T
1
10
D . INTERR- IR
B0 ———=q resp/ b8 ME— UPT IR
TR |0 WRITE |e— SERVICE@ CREQ”U@J %gz
LOGIC REG FESCLVER REG. 1R5
© (1s8) (IRR) iR7
por i - I
PEEN] CASCADE -+ Voo
SAS1 BUFFER/ INTERRUPT MASK REG.
casg ‘V‘;}»@RA’I‘(XJ'- /LJQ ; -1 Vsg
span L%




INTEGRATEDCIRCUIT I

BRSZ  TECHNICAL DATA

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING
vee Vce Supply Voltage (with respect to GND (Vgg)) | -0.5V to +7V
VIN Input Voltage -0.5V to +7V
Pp - Power Dissipation 1w
Tsol | Soldering Temperature 260°C
Tstg Storage Temperature -65°C to 150°C
Topr Operating Temperature 0°C to 70°C

DC CHARACTERISTICS Topr=0°C to 70°C,VCC=+5V#10%,Vss=0V,Unless otherwise noted.

SYMBOL - PARAMETER TEST CONDITIONS MIN. | TYP. | MAX. |UNIT

VIL Input Low Voltage -0.5 - 0.8 v
VIH Input High Voltage 2.0 - [Yeewos v
VoL Output Low Voltage IoL = 2.2mA - - 0.45 \
Vou Output High Voltage I0oH = -400uA 2.4 - - \
Output High Voltage Ton = -100uA 3.5 B - v

Vou (INT) (INT)
Iog = -400uA 2.4 - - v
It Input Leak Current L 0V < VIN < Vi - - +10 LA
I1L0L Output Leak Current 0.45V < VIN < Ve - - +10 LA
Ice Vee Supply Current - - 85 mA
Input Current VN = 0V - B -300 HA

ILIR (IR)
Vin = Vce - - 10 uA
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INTEGRATEDCIRCUIT —

R TECHNICAL DATA

AC CHARACTERISTICS Topy=0°C ™ 70°C, Vc=5V+10%, Vgg=0V, Unless otherwise noted.

TIMING REQUIREMENTS

SYMBOL PARAMETER MIN. | MAX. | UNIT
TAHRL Ao/f:;é,w S:t::p Time (RD/INTA+) 0 - ns
TRHAX AQ/CS Hold Time (RD/INTAt) 0 - ns
TRLRH RD Pulse Width 235 - ns
TAHWL A0/CS Setup Time (WRY) 0 - ns
TWHAX AQ/CS Hold Time (WR%) 0 - ns
TWLWH WR Pulse Width 290 - ns
TDVWH Do - D7 Setup Time (WR%) 240 - ns
TWHDX DO - D7 Hold Time (WR%) <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>