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TOSHIBA MICROCOMPUTER LSI DATA BOOK

Thank you very much for your interest in Toshiba microcomputer LSI's. Since a
microprocessor LSI family manufactured first in Japan by Toshiba was put on
the market 1in 1973, Toshiba has devoted efforts in strengthening the
microcomputer LSI devices. Toshiba has 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 customers.
This manual covers the technical description of microcomputer LSIs supplied by
Toshiba, including TLCS-42 Series (NMOS and CMOS) and TLCS-47 Series (NMOS and
CMOS) 4-bit single chip microcontrollers, TLCS-48 Series (NMOS and CMOS) 8-bit
single chip microcontrollers, TLCS-Z80 Family (CMOS) and TLCS-85 Family (NMOS)
8-bit microprocessors and microperipherals.

Toshiba has provided following product literature for microcomputers and
development tools:

1. PRODUCTS LIST : MICROCOMPUTER LSI AND TOOL

2. PRODUCTS BRIEF: MICROCOMPUTER LSI AND TOOL

3. MICROCOMPUTER LSI DATA BOOK [MCU, MPU & MPR Device Spec.] (This manual)
4. TLCS-42 SYSTEM MANUAL [MCU spec., ASM42 & RTE42]

5. TLGS-47 SYSTEM MANUAL [MCU spec., ASM47, PL47 & App.Guide]

6. TLCS-48 SYSTEM MANUAL [MCU spec., ASM48 & App.Guidel

7. TLCS-Z80 SYSTEM MANUAL [MPU + MPR spec. & RMAC80]

8. TLCS-85 SYSTEM MANUAL [MPU + MPR spec. & ASM85]

9. TDS800A/RTE OPERATION MANUAL [TDS800A, RTE47, RTE48 & RTE80]

10. RTE OPERATION MANUAL [RTE42, RTE47 & RTE80] (Planned)

Toshiba reserves all copyrights for the above-mentioned literature. (July
1984, Integrated Circuit Division, Toshiba Corporation)

Note) TLCS-85 = TLCS-85A
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MICROCOMPUTER PRODUCTS LIST

o 4bit Single Chip Microcntroller

TLCS-42 Series (NMOS Version)

| Type Number | ROM | RAM [ 1/0 | Pin [ Remarks

| | (it) | (bit) | (bit) | | |

| TMP4240P [ 512 x 8 | [ 11 1 16 | |

| *TMP4250N | | 32x4 | 23 | 28 | |

| *TMP4260P [ 1,024 x 8 | | T 11 |~ 16 | Freq. Divider|

| *TMP4270N | |7 23 |” 28 | Freq. Divider|

Note) * : under development

TLCS—42 Series (CMOS Version)

| Type Number | ROM | RAM | 1/0 | Pin | Remarks |

| | it) | (bit) | (bit) | | |

| *TMP42C00Y | External | | 23 | 64 | Evaluator |

| | 1,024 x 8 | [ | | |

| TMP42C40P | 512 x 8 | | 11 | 16 | Freq. Divider|

| *TMP42C 50N | | 32x4 | 23 | 28 | Freq. Divider|

| *TMP42C60P | 1,024 x 8 | | 11 | 16 | Freq. Divider|

| *IMP42C 70N | | | 23 | 28 | Freq. Divider|

Note) * : under development

TLCS-47 Series (NMOS Version)

| Type Number | ROM | RAM | 1/0 | Pin | Remarks |

| [ (bit) | (bit) | (bit) | | |

| TMP4700AC |External | 256 x 4 | | 80 | Evaluator |

| | 4,096 x 8 | | 35 | [ |

| TMP4720P TMP4720N | 2,048 x 8 | 128 x 4 | | 42 | LED drivers |

| TMP4740P TMP474LON | 4,096 x 8 | | | | LED drivers |

| *TMP4 746N | | 256 x4 |_57 | 64 | |

| TMP4799C TMP4799E |External | | 35 | 42 | Piggy Back |
| 4,096 x 8 | | | | |

Note) * : under development

TLCS-47 Series (CMOS Version)

| Type Number | ROM | RAM | I/0 |Pin|Inst.Cycle|l Remarks |

| | (bit) | (bit) |(bit)]| [Time (us) | |

| TMP47C20P TMP47C20N | 1128 x 4] 35 | 42] 4 | |

|_TMP47C21P TMP47C2IN |2,048 x 8| | | 4 |VFT drivers

| _TMP47C22F 1192 x 4] 27 | 67| 4 [LCD drivers

| TMP47C40P TMP47C4ON | | |35 | 42| A | |

|_TMP47C41P TMP47C4IN [4,096 x 8256 x 4| [ | 4 [VFT drivers

| TMP47C46N | | |57 | 64l 4 | |

| _TMP47C4TN | | | |1 4 |VFT drivers |

| *TMP47C 200N | 128 x 4| 35 | 42| 2 | |

| *TMP47C 210N 2,048 x 8 | |1 2 |VFT drivers

| *TMP47C220F | 1192 x 41 27 | 67| 2 |ICD drivers

| _TMP47C400N | | 735 | 42] 2 | |

| _TMP47C410N |4,096 x 8|256 x 4| | 2 |VFT drivers

| TMP47C420F | | |_27 | 67| 2 |ICD drivers |

| TMP47C432N | | | '35 | 42| 2 | PWM

Note) * : under development
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o 8bit Single Chip Microcontroller

TLCS-48 Series (NMOS Version)

| Type Number | ROM | RAM | I/0O [Operating|Pin|Compatible
| | (bit) |(bit) [(bit)[Temp. (C)] | Component
| TMP8022P 12,048 x 8] |28 | I 18022

| TMP8048P  (TMP8035P)  |1,024 x 8|64 x 8| | 0 to 70] |8048 (8035L)
| *TMP8048N *(TMP8035N) | (External| | | [ 1= ()
| TMP8048PI (TMP8035PI) | 4,096x8) | | | =40 to 85| 118048 (i8035L)
| "TMP8049P  (TMP8039P) | | 27 | | 4018049 (8039)
| *TMP8049N  (TMP8039N)  |2,048 x 8| [ (1991 0 to 70| |- ()
| "TMP8049P-6 (TMP8039P-6) |(External|l28x 8| | | 18049-6
| | 4,096x8) | | | | 1___ (8039-6)
| *TMP8049N-6 (TMP803IN-6) | | | | . (&)
|_TMP8049PI-6 (TMP80O39PI-6) | | I |-40 to 85|__ |i8049(i8039)
| TMP8043P | I/0 Expander | 0 to 70| 2418243
| TMP8043PI | |-40 to 85|  |i8243
Note) * : under development
TLCS-48 Series (CMOS Version)
| Type Number |  ROM | RAM | I/O |Operat. |Pin| Remarks
| | (bit) |(bit) |(bit)|Temp.(C)]| |
| [1,024 x 8] | | | |
| TMP8OC48AP (TMP80C35AP) | (External|64 x 8] |-40to 85|
| | 4,096x8) | | | [
| TMP80C49AP (TMPBOC39AP) |2,048 x 8| | 27 | 0 to 70| 40|
| TMP80C49AP-6 | (External|128x 8| (19)|-40to 85|
| (TMP80C39AP-6) | 4,096x8) | | [ [
| TMP8OC50AP (TMP80C40AP) 12,048 x 8 [ | 0 to 70| |
| TMP80C50AP-6 | (External|256x 8| | | |
| (TMP80C39P-6) | 4,096x8) | | |-40to 85| |
| _TMP80C43P | 1/0 Expander | | 2
o 8bit Microprocessor
TLCS-280 Family (CMOS Version)
| Type Number | Function |Inst. Cyclel|Supply |Pin | Remarks
| | |Time  (us)|Current(ma) |
| _TMPZ84CO0P 280 MPU (4MHz) | 1.0 | 15 [ 40 | MpU
| T6497 |Clock Generator/Controller | 2 | 16 | CLK
| *IMPZ84C10P |DMA Controllor | TBD | 40 | DMA
| TMPZ84C20P |Parallel I/0 Controller | 2 | | PIO
|* TMPZ84C30P |Counter /Timer Circuit | 3 | 28| CTC
| *TMPZ84C40P/41P/42P | Serial I1/0 Cntroller | TBD | 40 | sI0

Note) * : under development
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TLCS-85 Family (NMOS Version)

|
|
I
|
|
I
|
|
|
|
I
[

I
|
I
I
I
I
I
|
|
|
I

Type Number | Function [Inst. Cycle|Supply [Pin|Compatible]
| [Time  (us)|Current(mA)| |Component |
TMP80C85AP [8bit MPU [ 1.3 [ 170 | |8085AP (-) |
*(TMP8O85AN) | I I | 40]
TMP8155/56P |2KB RAM with I/0 and Timer | 180 |__18155/56
TMP8251AP |Prog. Communication | 100 | 2818251A
Interface | I___I
TMP8253P-5 |Prog. Interval Timer | 140 |_2418253-5
TMP8255AP -5 |Prog. Peripheral Interface | 120 |~4018255A-5
TMP8259 AP |Prog. Interrupt Controller | 85 |_2818259A
TMP8279P-5 |Prog. Keyboard/Display | 120 | |8279-5
| Interface | |
TMP8355P*(TMP8355N) |16KB ROM with I/0 Ports | 180 | 4018355 (-)
TMP8755AC |16KB EPROM with I/0 Ports | | |8755A
Note) * : under development ,() : Shrunk DIP
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TOSHIBA TLCS-42 LSI DEVICES PREFACE

PREFACE

This part describes the detail functions and specifications of LSI devices of
a 4-bit microcontroller TLCS-42 series. The TLCS-42 series is designed to
replace small scale logic composed of several gates with a single chip
microcontroller and to reduce the cost of application system. The TLCS-42
enhances versatility of the application systems without additional expense.
Consequently, the TLCS-42 series has superior performance per cost in low end
microcontroller application field.

Toshiba reserves all copyrights for this publication. (July 1984, Integrated
circuit Division, Toshiba corporation)
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TOSHIBA 1. General Description

1.

General Description

The TLCS-42 series is a 4-bit microcontroller series developed aiming at
cost performance so that relatively small scale logic may be integrated in
the microcomputers, and is available in NMOS version (TLCS- 42N) and CMOS
version (TLCS-42C) provided with software compatibility.

Features
o ROM 512 x 8 bits (0.5K byte)

1024 x 8 bits (1K byte)
o RAM 32 x 4 bits
o Basic instructions 42 (NMOS)

44 (CMOS)

o Instruction execution time 2.5 us (at 2MHz clock)
o Subroutine nesting 1 level
o Table search function by programs
o Built-in frequency divider for timer

(NMOS version is available in ROM 1K byte products only.)
o With hold function
(CMOS version only)

o Input/Output port 11 lines (16-pin products)
23 lines (28-pin products)
o Package 16-pin plastic DIL

28-pin plastic shrink type DIL

+5V

———
Xour VDD——T

(=]
I—T—>XIN
AL S

Vpp RST ] —
; 3-BIT 1,0 PORT

PO
4-BIT L/0 PORT Y C—
,J,_—VSS 4-BIT 1/0 PORT

Fig. 1.1 Application example of TMP4240P (NMOS 0.5K ROM 16 PIN)

MCU42-1



TOSHIBA 1. General Description

1.2 Series configuration

i Version 1 TLCS-42N (NMOS) TLCS-42C (CMOS) :
| Leen|Unit [ Product No.| (&) | (&) | (&) | (@) | (&) | (® | (@ | (&) | G |
|RoM Capaci lsyee | 512 | 512 11024 11024 | 512 | 512 11024 11024 1 ¥
| pacity |Byte | 512 | >l2 ;1024 | | 212 | | 11024 J1024 |
;RAM Capacity fWord { 32 f 32 ; 32 ; 32 : 32 } 32 = 32 ; 32 { 32 I
| . [ | |
|Instru?t10n' | us | 2.5 to 25 |
Iexecutlon time | | |
| . [ | I |
yo. of b§51c |Rind | 42 | Lb |
Ilnstructlon ' ' | |
}Subroutine ‘Level% 1 1
| | | I
|D1v1der for |Stagel 11 (2048 divided frequencyes) |
't].mer I | I
:Hold function : - ! Available {
} : 1/0 1 1 11 } 23 ‘ 11 1 23 % 11 ‘ 19 1 11 { 19 1 23 I
| [ e | | | | | | | | | |
IPort | Output [ Bit [ | | | | | 4 | | 4 | T
| | Total % = 11 } 23 ‘ 11 1 23 1 11 1 23 1 11 = 23 ‘ 23 1
ILatge current I Bit | | | ! ' | ] I ' I
|Laree e R R e A e
| | | | | | | I | |
lClock oscillation : Built-in :
|c1rcu1t |
{Power supply { v +5V I
IPackage (*) |D1P16=D1928=D1P16}D1P28=D1P16{D1P28=DIP16:DIP28}PGA641
:Process {Nch Si-Gate E/D MOS LSI; CMOS Si-Gate MOS LSI :
IPiggy board ‘ BM4210 {
;(**) RTE42 ; BM4220 or BM1020 + BM4221 {

(*): Package DIP16 16-pin plastic DIL DIP28 28-pin plastic shrink DIL
PGA64 64-pin ceramic Pin Grid Array package

(*¥*%): Development tool

(¥%%): external

(Note): (a) TMP4240P (b) TMP4250N (c) TMP4260P (d) TMP4270N
(e) TMP42C40P (£) TMP42C50N (g) TMP42C60P (h) TMP42C70N
(i) TMP42C00Y

MCU42-2



TOSHIBA 2. Pin Name and Pin Description

2. Pin Name and Pin Description

2.1 Pin connections
The TLCS-42 series is available in the products packed into a 16-pin
plastic mold DIL package shown in Fig. 2.1 (1) and in the products packed
into a shrink type 28-pin plastic mold DIL package shown in Fig. 2.1 (2).
The HOLD pin which serves as port P22 is available for the products only
of CMOS version, but not for those of NMOS version.

(1) For a l6-pin product, the ports are all I/O ports and 1l lines in total.
In NMOS version, the pull-up resistor can be specified to all the ports
in the unit of bit as mask option. In CMOS version, all the ports are
programmable I1/0 ports, and input/output can be specified, in 4-bit unit
for PO and Pl, in 3-bit unit for P2.

(2) For 28-pin products, the function of 28-pin products are equal to those
of 16-pin products. The ports of P3, P4 and P5 are increased, resulting
in 23 I/0 lines.

For NMOS version, ports of P3 to P5 are of the same configuration as
ports of PO to P2. For CMOS version, Ports of P3 to P4 can specify I/O
by mask option. Port P5 serves as CMOS output.
—_— Xour §1 VoD
XouT O:x 16 j Vpp X g=< P53
EEE,E 2 15[ P22 (HOLD) iig EZ iii
ST [ ° 1 %I PR1 po1 [s P50
P00 [« 13[] pzo poz Q6 P43
po1 []5 120 m3 pos O7 P42
P10 O8 P4l
roz [ 1] 2z P11 EQ P40
bos [ 7 10 P11 P12 [ P35
vgs O o[ p1o P13 P32
P20 O P31l
P21 O P30
Vsg PR (HOID)
(HOLD) pin function is available (HOLD) pin function is available
for the products only of CMOS for the products only of CMOS
version. version.
TMP4240P, TMP4260P TMP4250N, TMP4270N
TMP42C40P, TMP42C60P TMP42C50N, TMP42C70N
Fig. 2.1(1) Pin connection of Fig. 2.1(2) Pin Connection of
16-pin Products 28-pin Products

MCU42-3



TOSHIBA 2. Pin Name and Pin Description

2.2 Pin function
(1) NMOS Version (TLCS-42N)

Pin Symbols|Pin Name| I/0
P00 - P03 |Port PO| I/O
| |

Functional Description
4-bit I/0 port (with pull-up resistor or
open-drain)

P10 - P13 |Port P1| I/O 4-bit 1/0 port (with pull-up resistor or
| | open—drain)
P20 - P22 |Port P2| I/O 3-bit I/0 port (with pull-up resistor or
| | open-drain)
P30 - P33 |Port P3| I/0 4-bit 1I/0 port (with pull-up
| resistor or open-drain) 28-pin

[
|
|
|
|
|
|
|
|
| | resistor or open-drain) only
P50 - P53 |Port P5| I/0 | 4-bit 1I/0 port (with pull-up
| | | resistor or open-drain)
XIN [Clock |Input | Ceramic oscillator connecting pin.
| input] | If external clock input is provided for XIN,
tl
|
|
|
|

| |
| |
| |
| |
| |
| |
| I
| Bl

| | |
| P40 - P43 |Port P4| 1/0 | 4-bit 1/0 port (with pull-up |__ products]
| | | |
| |

| |
| |
| |
| [
| |
| |
| |
| |

XOUT |" output|Output| XOUT should be open.

- |Reset | When "L'" is set over 3 instruction cycle, the
RST | input | CPU is initialized.

VDD | Power | - Power supply +5V

VSS | e8oD | - Power supply 0OV

(1) CMOS Version (TLCS-42C)

Pin Symbols|Pin .Name| I/0 | Functional Description
P00 - P03 |Port PO| I/O :4-bit 1/0 port (Programmable I/0 of 4-bit
unit)

P10 - P13 |Port Pl| I/0 |4-bit 1I/0 port (Programmable I/0O of 4-bit
| | |unit)

P20 - P22 |Port P2| I/O |3-bit 1I/0 port (Programmable I/O of bit
| } [unit)
|

|

|

|

|

|

|

| —
| |P22 is served as hold release pin (HOLD) too
| P30 - P33 |Port P3| I/O |4-bit I/O port (Note 1)
|

|

|

|

|

|

|

|

|

|

:
|
|
|
|
|
.l
|
P40 - P43 |Port P4| I/0 |4-bit I/0 port (Note 1) }
P50 - P53 |Port P5|Output |4-bit output port (CMOS output) |
| | 28-pin products only |
XIN [Clock  |Input [Ceramic oscillator connecting pin. |
| input | |1f external clock input is provided for XIN, |
XOUT |" output|Output |XOUT should be open. |
_ |Reset | |When "L" is set over 3 instruction cycle,
RST | input | |the CPU is initialized. |
VDD | Power | - |Power supply +5V
VSS | 68D | - | Power supply 0V |

(Note 1) One of three types of I/0 circuit, CMOS output, CMOS input and NMOS
input/output, can be chosen by mask option.

MCU42-4



TOSHIBA 3. Operational Description

3. Operational Description

3.1 Configuration
The block diagram in Fig. 3.1 (1) shows the configuration of TLCS-42

series.
PORT REGISTER
STACK REGISTER (STK) (PR)
PROGRAM COUNTER (PC) K—> ' PORT PO P00
(PO) pos
MEMORY BANK DATH
REGISTER COUNTER [
(MBR) (pe) PORT P1 P10
| — 2
PROGRAM (P1) 13
MEMORY
INSTRUCTION 23
(ROM) REGISTER (IR) — PORT P2 ;
(P2) P2 2/HOLD
X
INSTRUCTION PORT P3 P30
DE —
CODER (I DEC) (P3) P33
*
K/ FORT P4 MIO
e =
ACCUMULATOR N
o) [ FORT ¥5 FP
(ps) P53
DATA MEMORY T —~
T (RAM) ~—| CIRCUIT RST
(Ra)

|— HOLD
CONTROLL !
H FLac TIMING

L 1L REGISTER GENERATOR
REGISTER | [ REGISTER (HR) |CF | SF K (Ta)
(LR) (LLR) TIMER TTLOCK

le{ CIRCUIT|—  GENERATOR
Y, 0 ﬂ (1C) (ca)

Fig. 3.1 (1) TLCS-42 Block Diagram

Notes: o The ports with * mark are 28-pin package products only.
o ROM 0.5K byte products of NMOS version are not provided with
timer circuit.
o Port register, input function of HOLD pin and hold controlling
circuit are available for the products only of CMOS version.

MCU42-5



TOSHIBA 3. Operational Description

3.2 Description of each block

(€]

1]

2]

(2)

Program counter (PC)

This is a 10-bit binary counter which specifies the address of ROM.
Generally the program counter gains one increment at every instruction
fetch. However, when executing the branch and subroutine instructioms,
the values specified by these instructions and operations are set as
shown in Fig. 3.2 (1).

| Execution | Condition | Program counter

| Instruction]| |PC9 PC8 PC7 PC6 PC5 PC4 PC3 PC2 PCl PCO |

| Normal | | |
. . - Increment

| instruction]| |

| SF=0 Tncrement |

| |SF=1. PCO to [ The value specified |

| |PC5 are not | Hold | by BSS

| (BSSa) |all "1". | | |

| |SF=1. PCO to | | The value specified |

| |PC5 are all | Increment | by BSS |

[ |"1". l l

| (BSSa) im- | SF=0 } Increment |

| mediately | | |

| after (LD | SF=1 |Contents of MBR| The value specified

| MBR, #k) | [ | by BSS |

’ (CALLSa) = _ : o [The value speci-| {

|fied by CALLS | 0

Fig. 3.2 (1) PC Operation

Branch instruction (BSSa)

At the execution of (BSSa) instruction, after the PC has gained one in-—
crement, the value specified by the instruction is set in the lower 6
bits of PCO to PC5 only when the branch condition is set. Therefore, if
the (BSSa) instruction is stored in the last address of the page, it
becomes a branch instruction in the next page.

Branching to all the program areas can be made by executing the (BSSa)
instruction immediately after (LD MBR,#k) instruction under the condition
of SF=1.

At this time, the contents of MBR is set in the higher 4 bits of PC6 to
PC9.

Subroutine call instruction (CALLSa)

At the execution of (CALLSa) instruction, the value specified by the
instruction is set in PCl to PC4 and other values than it are set in "0".

Therefore, the start address of the subroutine must be in the address 2n
(1 < n <15).

Stack register (STK)

This is a 10-bit register in which the return address from the subrou-
tine is stored.

When (CALLSa) instruction is executed by address PCi, the address PCi +
1, which has gained one increment, is stored in the STK, and the contents
are returned to the PC by (RET) instruction.

The subroutine can be used by one level only.
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(3)

(4)

PC
| | | [ |
| PC % 1 PCY - PC6 1 PC5 - PCO {
|
(CALLSa) (RET) At time when SF=1
Instruction Instruction (BSSa) instruction immediately
PCi after (LD MBR,#k) instruction

| |
| | | MBR |
| STK(PCi + 1) |
| | (LD MBR,#k) Instruction
Fig. 3.2 (2) STK Operation

Bus

Fig. 3.2 (3) MBR Operation

Memory bank register (MBR)

This is a 4-bit register, and when the branch is implemented to all
program areas, the contents of this MBR are set in the higher 4 bits of
the PC.

The values specified by (LD MBR,#k) instruction are set in the MBR. Only
when the (BSSa) instruction has been executed immediately after this
instruction under the condition of SF=1, the contents of MBR are set in
the higher 4 bits of the PC.

When another instruction subsequent to (LD MBR,#k) has been executed, and
then the (BSSa) instruction is executed, the contents of MBR are not set
in the higher 4 bits of the PC.

Data counter (DC)

The data counter, a 4-bit register, specifies the ROM address when the
ROM contents are used as fixed data.

When the ROM data referring instruction (LDL A, @DC) or (LDH A, @DC)
instruction 1is executed, the lower 4 bits of ROM address form the
contents of DC and all the higher 6 bits are forced to be at "1".

"1" only at time of execution (LDL A,@DC)
or (LDH A,@DC) instruction

RoMm
ADDRESS

| PC9 ~ PC4 I PC3~PCO I BUS

Fig. 3.2 (4) DC Operation

MCU42-7



TOSHIBA 3. Operational Description

(5)

(6)

Therefore, the last 16 addresses of ROM are specified by the DC, and will
be able to be used as the fixed data.

Since the DC is provided with the functions of data transfer to or from
the accumulator, increment, and decrement.

Program memory (ROM)

The program memory is a mask ROM, where the programs and the fixed data
are stored.

The ROM capacity is available in two types, 0.5k (512 x 8 bits) capacity
and 1k (1024 x 8 bits) capacity.

000 | Start addresses by initi- 000 Start addresses by
| alize initialize

| | | |
002 | | 002 | __ |
: | T |__ call addresses by | : | |_ call addresses]|
: | |7 (caLLsa) l : | | by (cALLSa) |
01E | _| | 0lE | __ |
| | | |
| | | |
I | | |
1F0 | | | | |
: | |_ Areas usable as | | |
: | | fixed data | | |
IFF | | | |
| |
| |
3F0 || I
: | |_ Areas usable |
: [ as fixed datal
3FF | |

0.5K Type (512 x 8 bits) 1K Type (1024 x 8 bits)

Fig. 3.2 (5) Configuration of ROM

H register (HR), L register (LR), LL register (LLR) and Data memory (RAM)
The RAM has the capacity of 128 bits (32 x 4 bits) with the page
structure based on 16 words per page.

The HR is a l-bit register, and is used to specify the pages of RAM. The
LR is a 4-bit register, and is used to specify the addresses in pages of
RAM. The LLR is a 3-bit register, and is used as an address pointer of
RAM instead of the HR or LR only at time of the execution of (LD A,x) or
(ST A,x) instruction.

The addresses 0O to 7 in page O are the RAM areas where the LLR can
directly use by an instruction.
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LR I TLR

"1", FOR(LD A,X) AND (ST A,X)INSTRUCTION
() avorass smr

FOR EACH PAGE
USABLE AREA WITH DIRECT ACCESS

(0 ~F)
INSTRUCTIONS, ADDRESS O~7 OF PAGE O
PAGE SET
(0~1) P ED C B A 9 8 7 6 54 3 2 1 0
T T T T T T T T T T
0 [ [
T T | — T
R I T O S T ST S
Fig. 3.2 (6) Configuration of RAM

(7) Arithmetic and logical unit (ALU), accumulator (AC)
The ALU is used for arithmetic and logical operation for 4-bit binary
data.
In the operation instruction, the ALU performs the specified operation
and outputs the 4-bit result and carry (C). Further it is the central
circuit for the transfer, input/output, logical, and bit manipulation
instructions, and in the input/output and logical instructions it outputs
zero detection signal (Z) detecting the data to be transferred to the
accumulator or memory.
The accumulator AC is a 4-bit register central to operation, logical
transfer and input/output.

Ay | |_Ax |
I I MSB LSB
V -——C, 3 2 1 0
in
ALU AX and AY denote L l ' ’
temporary register,
Z and Cin denotes the AC
C carry input speci-

fied by the instruction
Result output

Fig. 3.2 (7) ALU and AC

Carry (C) and zero detection signal (2)

Output C from the ALU indicates the carry output from the most
significant position in the addition operation. However, the subtraction
is processed as the addition of the 2's complement, so that the output C
in the subtraction operation indicates the 'mon-borrow'" from the most
significant position. Z is set to "l1" when the data transferred to
accumulator or memory by the input instruction is "0" or when the data
transferred to accumulator by the logical instruction is "0".

(8) Flags (CF, SF)
Each of carry flag (CF) and status flag (SF) is a 1-bit flag set/reset or
held according to the conditions specified by an instruction.
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TOSHIBA 3. Operational Description

Carry flag (CF)

This flag is used not only for an input to the ALU, but to hold the carry
or the non-borrow (the carry in the binary addition of the 2's
complement) in the operation result of (ADDC A, @HL) and (SUBRC A, @HL)
instruction.
The carry flag is set by (SET CF) instruction and reset by (CLR CF)
instruction.

Status flag (SF)

The status flag is referred to as branch condition in a branch
instruction. When SF=1, the memory location 1is branched; normally the
branch instruction can be regarded as "unconditional jump instruction".
However, the instruction becomes a "conditional jump instruction'" if it
is eXecuted immediately after the instruction to set/reset the status
flag according to the condition specified by an instruction.

The status flag is initialized to "1" at initialization.

(9) Port (PO, P1, P2, P3, P4, P5)
NMOS version (TLCS-42N) and CMOS version (TLCS-42C) are different in the
circuit configuration of port.
P2 port only is a 3-bit port, and the others are 4-bit ports.
The 16-pin package products contain 11 I/O lines of PO to P2, and the
28-pin package products contain 23 I/0 lines of PO to P5.
1] NMOS version
All ports are of the same circuit configuration as shown in fig. 3.2 (8).
The data of accumulator are output by (OUT A,ZP) instruction, and those
of RAM by (OUT @HL, %P) instruction, respectively.
The data input from ports are transferred to accumulator by (IN Z%P,A)
instruction, and are transferred to RAM by (IN %P,@HL).
At time of initialization, the output latch is initialized to "1", then
the port is forced to the "1" state.
VoD E
‘é Vpp=56V
BUS o
TR1(MASK OPTION) -
IN - 30}
T OUTPUT TRANSISTOR
J4 R=1kQTYP. our 20} CHARACTERISTIC
‘\Jgggjv' 0 (TR2)
10}
LATCH tVOUT 1 L L L !
- e Q—|>o—| TR2 1 5 Vout (V)
.—Ol—
} oz PULL-UP RESISTOR
ouT CHARACTERI SRIC
(TR1)
-03)
Fig. 3.2 (8) NMOS Version Fig. 3.2 (9) NMOS Version
Circuit Configuration of Port Characteristic of Port
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2]

Option:

In Fig 3.2 (8), TRl is a pull-up resistor by mask option, and all the
ports can be specified in the bit unit. Fig. 3.2 (9) shows the standard
characteristics of a port.

The output transistor TR2 is large in current driving performance and is
low in impedance, so that if it is used as input port, it is necessary to
use after having turned off the output transistor TR2 to force it to the
"1'" level. In this case, if the pull-up resistor TRl is optionally
provided, the input impedance will become the characteristics of TRI.

CMOS version
Ports PO to P2 are programmable I/0 ports which input or output can be
specified by a program.
Ports P3 to P4 are optionally hardware-selectable I/0 ports, and are so
designed that CMOS output, NMOS input/output or CMOS input with puil-up
resistor may be selected. P5 is a CMOS output port.
BUS 1,0 SELECT 8IGNAL
"1",FOR OUTPUT ' DD
ouT
ouT
LATCH
D Q O
SZ TR2 T
Vout
| ﬂ R=1kQ TYP.
N L{E& 7rg
PULL-DOWN TRANSISTOR
Fig. 3.2 (10) CMOS Verson Port
2]
o
o
MSB 20 N
3 2 1 0 228 3 &
I I | | | © \[: OQ;.
| | | | Port resister PR 53 = &
—_— I 2 §§
! I b & (Vpp=57)
P2 Pl PO _ E &
| | |_| 0: POO - PO3 Input S
| | | 1: POO - PO3 Output 10k
| | — .0 PULL-DOWN TRANSISTOR(TR3)
| | | 0: P10 - P13 Input 5+
| | 1: P10 - P13 Output =0 -
| _ o 1 2 3 4 /5 Vour (V)
| | 00: P20 - P22 Input sk
| | 0l: P20 Output
| | P21, P22 Input —10t OUTPUT TRANSISTOR (TR1)
| 10: P20, P2l Output
| P22 Input
| 11: P20 - P22 Output Fig. 3.2 (11) CMOS Version

Characteristics of Port PO to P2
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Port PO to P2
The circuit configuration is shown in Fig. 3.2 (10), and the standard
characteristics are shown in Fig. 3.2 (11).
Input/output can be controlled by the data set to the port register (PR)
by (MOV A,P) instructionm.
Independently of the port register, the data of accumulator or RAM are
transferred to the output latch by (OUT A,%P) or (OUT @HL,%P)
instruction, and the port data are transferred to accumulator or RAM by
(IN %P,A) or (IN %P,@HL) input instruction.
Since at time of initialization all the bits of the port register PR is
initialized to "0", ports PO to P2, are forced to the input mode. A port
interfaced, as output, with an external circuit is forced to the input
mode. When the output transistors, TRl and TR2 are turned OFF, the level
of port becomes unstable, which is likely to lead to the flow of
excessive current. Therefore, CMOS version is so designed that the port
impedance may not become high by the pull-down transistor TR3 being
turned ON. The output latch is initialized to "1" at time of
initialization.

|Mask Option Code| P30 - P33 | P40 - P43 |
| (A) | CMOS Output | CMOS Output |
[ (B) | NMOS I/0 | CMOS Output |
| ©) | NMOS  I/0 | NMOS I/0 |
| (D) | CMOS Input | CMOS Input |

Fig. 3.2 (12) CMOS Version Mask Option Table for P3, P4

Hold terminal (HOLD)
The port of P22 is provided with the (HOLD pin) function as a hold
release signal input in addition to the function of a general pin. When
the CMOS version is at a hold state, if the HOLD terminal is forced to a
"H" level, the hold state is released.

Ports, P3 to P5
As for the ports of P3 and P4, one of four kinds of options of (A), (B),
(C) and (D) as shown in Fig. 3.2 (12) can be chosen. There are three
types of port configuration of CMOS output, NMOS input/output, and CMOS
input. P5 is fixed to CMOS output.

BUS ouT
ouT VoD BUS 1
l LTATCH .
TATGH +—D a—>o—]
—1p Q
<} M,
T R=1k TYP,
IN
Fig. 3.2 (13) CMOS Version Fig. 3.2 (14) CMOS Version
Circuit Configuration of Circuit Configuration of
Port P3 to P5 CMOS Output Port P3 and P4 NMOS I/0
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CMOS Output
The circuit configuration is shown in Fig. 3.2 (13).
The data of accumulator or RAM are transferred to the output latch by the
output instruction of (OUT A,%P) or (OUT @HL,%P), and are output as they
are.
The characteristics of output transistor TRl and TR2 are the same as
those in Fig. 3.2.(11).
The output latch is initialized to "1" at time of initialization.

NMOS Input/Output
The circuit configuration is shown in Fig. 3.2 (14).
The configuration is the same as that of NMOS version except the mask
option of pull-up resistor.
The shift of the output level can be made by the external pull-up
resistor. Being used as the input port, this is an input of high
impedance. The data are transferred to the output latch by the output
instruction. When the output transistor is OFF ("1" output state), the
port data are transferred to the inside by the input instruction. The
characteristics of output transistor TR2 are the same as those of TR2 in
Fig. 3.2 (11).
At time of initializatoin, the output latch is initialized to "1".

CMOS Input
The circuit configuration is shown in Fig. 3.2 (15).
When ports, PO to P2, are in the input mode, these ports serve as the
CMOS input with pull-up resistor.
The port data are transferred to the inside by the input instruction.
The standard chracteristics are shown in Fig. 3.2 (16).

VoD g{/ Vpp= 5V
BUS =
finy
Vin(¥)
R
1N -10
M- - i
R=1kQ TYP. -20
IN T
-30
Vi
Fig. 3.2 (15) CMOS Version ) Fig. 3.2 (16) Characteristics
Circuit Configuration of CMOS input of CMOS Input with
with Pull-up Resistor (P3, P4) Pull-up Resistor

(10) Reset circuit (RG)

When the RST terminal is as the "L" level during three instruction cycles
at the least (15 clock cycles) under the condition that the power voltage
VDD is within the range of the regular voltage, and that oscillation is
stable, the CPU is initialized.

The reset input circuit has become the Schmitt circuit with a pull-up
resistor, so that a power-on reset becomes possible by externally
connecting the capacitor for reset with the diodes for electric
discharge.
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The Circuit configuration of the RST input is shown in Fig. 3.2 (17) and
(18), and the standard characteristics are shown in fig. 3.2 (19) and
(20), respectively.

v v
Vpp DD DD VoD
OUTER CIRCUIT OUTER CIRCUIT
F Y TR1 X
Irn
- TR2 TRZ
1 AAA <
EST PN p—)yq 1ve, Z BST PN R—1kQ TYP.
- g
& vin(Vig, Vo) - Vin (Vrg, V1p)
77‘7' ks
Fig. 3.2 (17) NMOS Version Fig. 3.2 (18) CMOS Version
RST Input circuit RST Input Circuit
g
3
=
~ =
g &
= 25k cMOs
h 1 2 8 & 8 Vin(v)
1 1 1 ]
RO Vpp=5V
-10 (Vop )
_20 15F
VIn
~30 ) Vin _— NMOS
r —v
_40 Y 1L
_50 osl Vin
-60f
L L 1 1 L
1 2 3 4 5 vpp(V)
Fig. 3.2 (19) RST Input Circuit Fig. 3.2 (20) RST Input Circuit
Pull-up Resistor Characteristic (TR1) Schmitt Characteristic (TR2)

(11

Clock generation circuit (CG), Timer circuit (TC)

Oscillation is effected by a ceramic oscillator and the oscillation clock
pulses form clock frequencies. Since the range of clock frequencies is
from 0.2 MHz to 2 MHz, the ceramic oscillation is required to have a
capacity of 1 MHz or 2 MHz as the standard. Fig. 3.2 (21) shows the
clock generation circuit for NMOS version and Fig. 3.2. (22) the clock
generation circuit for CMOS version. With reference to Fig. 3.2 (22),
when the status of "hold" is assumed by a (HOLD) instruction, the HOLD A
signal changes to "0" and the oscillation is completely stopped. As soon
as the action for releasing the status of "hold" is initiated, the signal
is changed to "1" and the oscillation is restarted.

During the reception of an input from an external clock, XOUT is set to
an open status by an input from XIN.
The timer circuit is not found in the ROM 0.5K byte grade of NMOS
version. Fig. 3.2 (23) shows the configuration of the timer circuit.
The timer circuit is formed of 2 binary counters TC which divide the
oscilaltion clock pulse into 2048 equal parts.
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VoD :g?
1
Eaa

or ¢4——>0—4 TP
L .
2 R=1kQ TYP. 3 R=05kQ TYP.
CERAMIC RESONATOR

CERAMIC RESONATOR

h_|D|___ CSA 1000MK

mpS 1 ¥our CSA 2000MK CSA 2000MK
XoUT CSA 1000MK
(MURATA) (MURATA)
= 50~100pF T 50~100pF
;I; l j:50~1 00pF l 50~100pF
Fig. 3.2 (21) NMOS Version Fig. 3.2 (22) CMOS Version
Clock Generation Circuit Clock Generation Circuit
Counter for releasing '"HOLD"
Timer counter TC
cp N
Clock Genera-— 1/2048 Fre- 1/8 Frequen-—
tion Circuit quency Divider cy Divider

Output for restarting the
normal operaton
(CMOS Version only)

P2 input instruction >

Bus (3rd bit)

Fig. 3.2 (23) Configuration of Timer Cicuit

When the oscillation frequency (fc) is 2 MHz, the timer circuit functions
as a timer having a time cycle of about lms. By the input instruction of
(IN ZP,A) or (IN %ZP,@HL), the output from the timer is transferred as the
data of the third bit of P2 to the accumulator or RAM. In CMOS version,
the 1/2048 frequency divider is used additionally for the purpose of
interjecting a warming-up time between the time the status of '"HOLD" is
released and the time the oscillation is stabilized.

Since the warming-up time 1is required to be ample enough to permit
further division of the output of TC into 8 equal parts and issuance of
an output for restarting the normal operation, its duration is 2!°x 1000
/fc (msec). Both the TC and the 1/8 frequency divider are initialized
to "0" when the status of "initialization" and the status of '"HOLD" are
assumed .

(12) Hold control circuit
The hold function is the function that holds the inside status at lower
power consumption immediately before the system operation is stopped by
the function provided to the CMOS version only.
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1]
2]

3]

4]

The CPU is forced into the hold state by (HOLD) instruction, and the hold
state is kept held as long as the hold terminal input HOLD is at the "L"
level. The hold state is released when the hold terminal input HOLD goes
to the "H" level, and the CPU retunrs to the normal operation.

The hold operation holds the following state:

The oscillation is stopped, and all internal operations are stopped.

The timer counter TC (1/2048 frequency divider) and counter for releasing
hold (1/8 frequency divider) are reset to "0".

The conditions of data memory, register, output latch and so on just
before hold mode are kept.

The program counter holds the address of the instruction following (HOLD)
instruction.

a) Output Circuit b) CMOS Input with Pull-up

5V=0V 5V 5V—0V

5v  LEAKAGE LEAKAGE
CURRENT CURRENT
" M \\_/
LEVEL
SWITCH

EXTERNAL CIRCUIT EXTERNAL CIRCUIT

Fig. 3.2 (24) HOLD Operation Interface with The External Circuit

In the hold operation, care should be taken to see that no current flows
in the interface with an external circuit. In case where the power
supply for external circuit is dropped to OV, it is required that the
output terminals are forced to the "L" level before they start the hold
operation, because if the output is at the "H" level as shown in Fig. 3.2
(24) a) "Output Circuit', sometimes the current flows through parasitic
diodes, etc. of external circuit. Special attention should be paid to
the CMOS input circuit with pull—-up shown in b), and it is necessary to
use the input circuit by such a method as the current pass is cut off by
means of a switch or the like.
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4. Basic Operations

4.1 Instruction cycle

The execution of instructions and the operation of the internal hardware
are synchronized with the basic clocks (CP, fc Hz).

The minimum unit of the execution of instructi6ns is called a
"instruction cycle." All the 1instructions are executed in one
instruction cycle or in two instruction cycles. The instructions thus
executed are respectively called '"one-cycle instruction" or '"two-cycle
instruction."

FIRST CYCLE SECOND CYCLE
¢
INPUT INSTRUCTION x X
21 |
INPUT STROBE l
e [MLMUMMUMUUUUUL

N

o T =
o | Fig. 4.2(1) 1Input Timing
3 js._
j=—=t CLOCK CYCLE
INSTRUCTION
CYCLE
PC :( L
“FIRST CYCLE i SECOND CYCLE ,
RoM y X l l l
R \ L QUTPUT INSTRUCTION x ‘

INSTRUCTION ':)ﬁ 4 23 L 1
BUS EJ T [ \__J \__J  OUTPUT LATCH PULSE J'_l__
X

(REGISTER—ALU) (ALU—RBGISTER)

PORT OUTPUT

Fig. 4.1 1Instruction Cycle Fig. 4.2 (2) Output Timing

The instruction cycles occur in the three basic states of ¢0, f1, and 03,
each composed of five clock cycles.

The instructions are executed between one PO and next $0. In the state
of f1, the source data from the RAM or the register are fed out on the
bus and stored in the temporary register of ALU. In the state of §3, the
output data of ALU are fed out on the bus and stored in the RAM or the
register.

4.2 1I/0 timing
(1) The external data from the port are fed in at the state Pl of the second
cycle of the input instruction (two-cycle instructiom).
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(2)

1]
2]
3]
4]
5]

The input data from the port are fed out on the bus during the state f1
of the second cycle, latched to the temporary register of the accumulator
at the fall of the state @l, and stored during the state @3 in the
accumulator or the RAM.

Output timing

The data are fed out to the port at the state @3 of the second cycle of
the output instruction (two-cycle instruction). The output data are fed
out during the state §3 of the second cycle onto the bus and latched by
the pulse (the pulse shifted by one half time cycle of CP from the state
#3 of the second cycle during the output instruction).

The data from the port undergo a change at the rising edge of the output
latch pulse.

Initialization operation

If 1] the supply voltage is within the regular voltage, 2] the
oscillation is stable, and 3] the RST terminal is held at the "L" level
in three instruction cycles at least, the CPU is initialized.

The reset circuit contains a delay circuit synchronized with the internal
timing behind the Schmitt circuit in order to_avoid transfer at unstable
level. Therefore, the input signal of RST terminal required for
producing the internal reset signal is related to internal timing. This
relation is shown in Fig. 4.3 (1). If the RST terminal is at the "L"
level of 12 clock cycle or more, the CPU is sure to be initialized.

In the initialization operation, the internal hardware are initialized as
follows:

Reset the program counter to "0".

Set the status flag SF to "1". (Carry flag CF is indefinite.)

Reset the timer counter TC and the hold releasing counter to "0".
Initialize the output latch to "1'.

Initialize the port register PR to "0". (CMOS version only)

RST Pin Level Initialization Operation

0 to 2 clock cycle Not initialized

4 clock cycle or more Initialization release

=
[0}
<
[}
—

l
Il
[
l
I
|
|
!
I
I|
|

|
'|L|| '
| 3 to 11 clock cycle Indefinite
|
| 12 clock cycle or more Initialized
|
"H" | 0 to 3 clock cycle Indefinite
Level |
|
|

Fig. 4.3 (1) Initialization Operation
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5. Instructions

5.

5.

Instructions

1 Description of symbols

The following symbols are used for

following explanations.

Symbol | Description

AC | Accumulator

M[x] | Data memory (Address x)

HR | H register

LR | L register

PR | Port register

FLAG | Flag

CF | Carry flag

SF | Status flag

PC | Program counter

STACK | Stack

MBR | Memory bank register

DC | Data counter

ROM[x] | Program memory (Address x)

(ROMH,ROML) | High-order 4 bits or low-order 4 bits are expressed by suf-
| £ix H/L

- | Transfer

+ | Addition

- | Subtraction

A | Logical AND of the corresponding bits

Vv | Logical OR of the corresponding bits

Yi_ | Logical exclusive OR of the corresponding bits

(cF) } Inversion of carry flag contents

null | Processed result is transferred nowhere or nothing is ex-—
| ecute.

(ac) | Contents of accumulator

(H.L) | Contents of 5 bits coupling H register with L register

M[(H.L)] | Contents of data memory for which the contents of 5 bits
| coupling H register with L register is used as address.

Plp] | Contents of port register for which p is used address or
| contents of terminal

(AC)<b> | Contents of bit assigned by b of accumulator

(LR)<3:2> | Values of bit 3 to bit 2 of L register (4 bit)

(PC)<10:6> | Values of bit 10 to bit 6 of program counter (10 bit)

describing the instructions in the

:
|
I
I
I
|
[
I
[
|
|
|
[
I
|
I
[
I
I
I
|
|
|
I
I
|
I
|
|
I
I
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TOSHIBA 5. Instructions
5.2 Description of instructions (*): Execution cycle
_Item|Assembler |_ Object Code | Function Flag *)

Class| Mnemonic | Binary |Hex.|

|LD A,@HL 0000 0110| 06 |

LD A,#k 0001

LD L,#k 0010

(AC) <-- M[(H.L)]

Loads the contents of the data
memory specified by the H and L
registers in the accumulator.

(AC) <=k
Loads the immediate value k of

the instruction field in the ac-—
cumulator. Serves as the clear
instruction when k=0.

(LR) <--K

Loads the immediate value k of
the instruction field in the L
register. Serves as the clear

instruction when k=0.

LD A,x 1001

Data transfer instruction

LDL A,@DC |0110

LDH A,@DC |0110

ST A,@HL

|
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| |
| |
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| |
| |
| |
| |
| |
| |
| I
| |
| |
| |
| |
| |
| |
| |
| |
|LD MBR,#k |1011
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|
|
I
I
I
|
|
I
|
I
I
I
|
|
I
|
I
I
I
I
:
I
|
I
|
I
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:
I
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I
I
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I

(AC) <—— M[(x)]
Loads the contents of the data

instruction field in the accumu-
lator.

(MBR) <-- k

Stores the immediate value k of
the instruction field in the
memory bank register. Serves as
the jump instruction to the whole
address area when combines with
the BSS instruction.

(AC) <-- ROML [(DC)]

Loads the lower-order &4 bits of
the data table of the program
memory specified by the data
counter in the accumulator.

(AC) <-- ROMH [(DC)]

Loads the higher-order 4 bits of
the data table of the program
memory specified by the data
counter in the accumulator.

|
Ic
|--
|
| -
[
|
|--
|
I -
|
|
|
[-
|
| -
|
|
|
|--
|
|-
memory specified by the x of the |
|
|
|--
|
| -
|
|
|
I
|
|--
I
| -
|
|
|
|--
|
| -
|
|
|--

|
M[(H.L)] <-- (AC) I
Stores the contents of the accu- | -
mulator in the data memory speci-|
fied by the H and L registers. |
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TOSHIBA 5. Instructions

Item|Assembler Object Code | Function |Flag |(*
Class| Mnemonic Binary |Hex.]| |CF|SF|

|
| ST #k,@HL

0011 kkkk| 3k | M[(H.L)] <-- k |

| Stores the immediate value k of 1
| the instruction field in the data

| memory specified by the H and L

| registers. Serves as the clear

| instruction when k=0.

1001 1xxx|98+x| M[x] <-- (AC)
| | Stores the contents of accumula-
| tor in the data memory specified
| | by x of the instruction field.

ST A,x

(LR) <-- (AC)
Stores the contents of accumu-
lator in the L register.

MOV A,L  |0000 1100| oC
|
|

|
I
|
I
0000 1111| OF | (AC) <-- (LR)
| | Loads the contents of the L reg-

|

|

|

|

|

ister in the accumulator.

Data transfer instruction

(AC) <-- (DC)
|
|

Loads the contents of the data
counter in the accumulator

MOV A,D 0000 1101} op | (DC) <-- (AC)
| | Stores the contents of the ac-

I

I

|

1

|

|

I

|

|

|

[

| |

[ |

| |

| |

I |

| |

| |

MOV D,A  |0000 1110| OE |

| I

| |

I I

| |

| [
| | | cumulator in the data counter.

|

[

|

|

|

|

|

|

|

|

|

|

|

|

|

I

I

|

|

|

|

|

[ (PR) <-- (4C)
| Stores the contents of the ac-
| cumulator in the port register.

MOV A,P  |0111 1110
|

!
| -===-| | —--

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| |
| |
| |
IN ZP,A |0110 OPPP| 6P

|

|

1

|
I
|
|
I
|
|
I
I
I
|
|
I
1
[MOV L,A
I
|
I
|
I
|
|
|
I
I
I
|
I

| (ac) <-- Plp]

| Loads the input data from the

| port specified by the P of the

| instruction field in the accumu-
| lator.

IN %P,@HL |0110 1PPP|68+P| M[(H.L)] <-- P[p]

| Stores the input data from the
port specified by the P of the
instruction field in the data
memory specified by the H and L

registers.

I/0 instruction

P[p] <-- (AC)

Outputs the contents of the ac-
cumulator to the port specified
by the p of the instruction

)|
|
il
|
|
|
|
1
I
|
I
|
-=|
|
|
|
-=|
|
|
-
|
|
|
7
I
|
--1
:
I
--1
|
I
|
|
I
-
|
|
|
|
|
|
-=|
|
|
|
|

field. |

[
I |
I I
| I
[

I I
|

I | |
I | | I
I I I |
| I I |
I I | |
I I [==—-1
l 10111 OPPPI 7P %
| I I I
I I | |
I I | I
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TOSHIBA 5. Instructions
Item|Assembler |_Object Code | Function Flag |(%*)
Class| Mnemonic | Binary |Hex.|

OUT @HL,ZP|0111 1PPP|78+P]|

Plp] <—- M[(H.L)]

Outputs the contents of the data
memory specified by the H and L
registers to the port specified

field.

0000 0011} 03

ADDC A,@HL|{0000 0100| 04

0100 kkkk| 4k

Operation instruction

0101 kkkk

0000 0101 05

|
|
|
|
|
}
|
|
:
{
|
|
|
|
|
|
|
|
|
|
|
[
|
|
|
|
f
|
|
|
|
|
|
|
|
|
|
|
|
|
| 0000 1011
|

|

I
I
| | |
| I I
| | !
| | |
I | I
I I I
I | [
[ ! |
| [ I
| | |
I | I
I I I
I I |
I I I
I | |
| I |
I I |
I I I
I I I
I | |
[ I |
| | I
I | |
| I I
! | |
I I I
[ | I
| I |
| | I
I I I
| I |
I | |
I I |
I [ |
I I I
| I I
| I |
I | I
| | |
I | |
! | I
[ | |-
I I |
| I |
I I |

|
|
|
|
1
|
by the P of the instruction |
[
|
(AC) <-- (AC)+M[(H.L)]

Adds the contents of the data |
memory specified by the H and L |
registers to those of the accumu-|
lator, and stores the result in |
the accumulator.

(AC) <-- (AC)+M[(H.L)]+(CF)
Adds the contents of carry flag

stores the result in the accumu-
lator.

|
|
I
|
to the ADD instruction, and |
|
|
|
|

(AC) <-- (AC)+k
Adds the immediate value k of thel

of the accumulator, and stores
the result in the accumulator. |
Serves as the correction instruc-|
tion for the decimal addition and|
subtraction when k=6 or A.

(LR) <-= (LR)+k

Adds the immediate value k of the
instruction field to the contents
of the L register, and stores

the result in the L register.

(AC) <-- M[(H.L)]-(AC)-(CF)
Subtracts the contents of the
accumulator and the inverse con-
tents of the data carry flag from
the contents of the data memory
specified by the H and L regis-
ter and stores the result in the
accumulator.

(DC) <-— (DC)+1
Increments the contents of data

|
|
[
|
|
|
|
}
I
|
|
|
I
|
|
|
|
|
:
I
[
I
instruction field to the contents| |
|
|
|
:
I
|
-
|
|
|
T
|
|
|
|
I
I
-
|
-1
counter . |

| -
|

|

|

|
-
|

| ¢
l

|

|

I
|-

|

|

|
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5. Instructions

|
I
|
|
I
|
I
|
I
I
|
I
|
l
|
|
I
I
|
|
I
|
I
I
|
I
|
I
I
I
l
|
I
|
I
I
I
I
I
I
I
|
I
I
I
|
I
|
|
|

Item|Assembler |_ Object Code |

Class| Mnemonic | Binary |Hex.]|

Function

Operation instruction

INC @HL

0000 1001] 09 |

M[(H.L)] <-- M[(H.L)]+1
Increments the contents of data
memory specified by the H and L
registers.

0000 1010

0A

(DC) <-- (DC)-1
Decrements the contents of data
counter.

0000 1000

08

M[(H.L)] <-- M[(H.L)]-1
Decrements the contents of data
memory specified by the H and L
registers.

Logical Operation instruction

0000 0000

00

(AC) <-- (AC) M[(H.L)]
Carries out the logical AND of
the corresponding bits with the
contents of the accumulator and
those of the data memory spcfi-
fied by the H and L registers,
and stores the result in the
accumulator.

0000 0001

01

Carries out the logical OR of
the corresponding bits with the
contents of the accumulator and
those of the data memory spcfi-
fied by the H and L registers,
and stores the result in the
accumulator.

0000 0010

02

(AC) <-- (AC) M[(H.L)]

Carries out the logical exclusive
OR of the corresponding bits with
the contens of the accumulator
and those of data memory speci-—
fied by the H and L registers,
and stores the result in the ac-
cumulator

Bit Processing

1000 1000

88

(HR) <--1
Sets the H register to "1".

1000 1001

|
I
|
I
|
I
I
I
|
I
|
|
I
|
I
I
|
I
|
|
I
I
I
|
I
|
|
I
|
|
|
I
|
I
|
I
I
I
I
I
I
I
|
I
I
I

89

|
I
I
I
l
I
I
|
|
I
I
-
I
I
I
|
:
I
{
|
|
|
’
|
I
-1
|
I
I
I
|
|
I
I
=1
|
I
ol
I
|
|
|
I

(CF) <--1
Sets the carry flag to "1".

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
(AC) <-- (AC) M[(H.L)] {
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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TOSHIBA 5. Instructions

Item|Assembler |__Object Code | Function |Flag
Class| Mnemonic | Binary |Hex.|
|
| SET @HL,b

1000 00bb|80+b| M[(H.L)]1<b> <--1

Sets the bit, which is specified
by the b of the instruction
field, of the data memory speci-
fied by the H and L registers, to
"1".

(HR) <-- 0
Sets the H register to '"0".

CLR H 1000 1010

CLR CF 1000 1011 (CF) <—-0

Sets the carry flag to "0".

CLR @HL,b |1000 Olbb|84+b| M[(H.L)I<b> <--0

Sets the bit, which is specified
by the b of the instruction
field, of the data memory speci-
fied by the H and L registers, to

non

|
|
|
[J—

TEST @HL,b|1000 11bb|8C+b

|
I
|
I
{
I
[
I
|
I
I
|
I
I
[
I
|
I
I
|
|
-
|
[
I
|
I
I
|
I
|
|
I
I
|
|
[
I
I
|
|
|

|
I
|
|
|
|
|
|
|
|
|
|
|
[
|
|
|
|
|
|
I
B —— [
(SF) <-- M[(H.L)I<b> |
Stores the inverse contents of |
the bit, which is specified by |
|

|

|

|

[

|

|

|

I

[

|

I

|

[

[

I

[

|

[

|

|

|

{

Bit Processing instruction

the b of the instruction field,
of the data memory specified by
the H and L registers, in the

|
I
-
I
|
|
I
|
|
|
|
|
|
|
|
:
I
|
! status flag.
|
|
|
}
I
|
|
[
|
|
|
|
I
|
I
I
|

TESTP CF |0111 0111] 77 | (SF) <-- (CF)

Stores the contents of carry flag
in the status flag.

BSS d 11dd dddd|cC IF SF=1 then (PC) <-- a else
null, a=PC<9:6>d

Carries out the branch within a

page if the status flag is at

"1"; brings the immediate value

d of the instruction field into

the lower-order 6 bits of the

program counter. If this in-

struction is specified in the

last address in the page, branch-

ing is carried out to the next

page. If the status flag is

"0", sets it to "1", and

moves to the execution of the

next address instruction.

Branch

I
I
I
I
I I
| |
| I
I |
I |
I I
I I
I |
I |
I I
| I
| I
I |
I I
I |
| I
| I
I |
| |
I I
I I
| [
| I
| |
| |
I |
I |
I I
I |
I I
| I
| |
| I
I I
I I
I I
[ I
| I
| I
I [
I I
I |
I I
I |
I I
I I

MCU42-24



TOSHIBA 5. Instructions
| Item|Assembler Object Code | Function |[Flag | (%)
|Class| Mnemonic Binary |Hex.| |c

CALLS a 1010 nnnn| An |

Subroutine

152050 !

Carries out the subroutine call. | -
Saves the contents of the program|

the immediate value n of the in- |
struction field, then stores it |
in the program counter.

RET 0110 1110} 6E

(PC) <-- STACK
subroutine.
return address from |
program counter. |

Returns from
Restores the
stack to the

|
|
|
|
|
|
counter in the stack, and doubles| |
|
[
|
|
|
|
|

0000 0111} 07

Moves to the hold mode.

7F

Others

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
o111 1111

| |
| I I
I I | |
I I I |
| I I |
I | | I
l I | I
I | I |
I I I |
| I |----1
| | | I
| | I I
l I | |
| | I |
| | [===-I
| I I I
| | I |
l | l |

No operation
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TOSHIBA 5. Instructions
5.3 List of Instructions
*: Note
*%: Cycle
Item Assembler Object code . Flag*l
Class Mnemonic Binary Hex. Functions CF SF**
a LD A, @HL | 00000110 06 | (AC)<«M[(H.L)] -l1]1
3 ID A, #K 0001KKKK 1K | (AC)<K -l1]1
] LD L, #K 0010KKKK 2K | (LR)<K -11]1
2 LD A, X 10010XXX | 90+X | (AC)«M[X] -l1]2
a LD MBR, #K | 1011KKKK BK | (MBR)<K -|-1]1
5 LDL A, @C |01100111 67 | (AC)~ROML[(DC) ] -11]2
“ LDH A, @DC | 01100110 %66 | (AC)<ROMH[ (DC) ] -|1]2
& ST A, @HL | 01110110 76 | M[(H-L) ]« (AC) -1111
2 ST #K, @HL | 0011KKKK 3K | M[(H-L) ]*K -l1]1
2 ST A, X 10011XXX | 98+X | M[X]«(AC) |12
= MOV A, L 00001100 0C | (LR)<(AC) -l11
3 MOV L, A 00001111 OF | (AC)+(LR) -11]1
A MOV D, A 00001110 OE | (AC)<(DC) -11]1
MOV A, D 01111110 oD | (DC)<«(AC) -l1]1
MOV A, P 01111110 7E | (PR)<(AC) -1 |13
IN %p, A 01100PPP 60+P | (AC)<P[p] -7 2
o IN %p, @HL | 01101PPP 68+P | M[(H-L)]<P[p] -17|2
= OUT A, Zp 01110PPP 70+P |P[pl«(AC) -11]2
ouT @HL, %P | 011lllppp 78+P |P[pl« M[(H-L)] -1112
ADD A, @HL | 00000011 03 | (AC)<(AC)+M[ (H-1) ] -iC|1
o ADDC A, @HL | 00000100 04 | (AC)<(AC)+M[ (H-L) ]+(CF) c|t|1
g 9 ADD A, K 0100KKKK 4K | (AC)<(AC)+K -|T|1
i ADD L, #K 0101KKKK 5K | (LR)<«(LR)+K -T2
R SUBRC A, @HL | 00000101 05 | (AC)<M[ (H-L) ]~ (AC)~-(CF) cjcl|1
gh o INC D 00001011 0B | (DC)«(DC)+1 -lc|1
5 INC @HL 00001001 09 |[M[(H-L)]+M[(H-L) J+1 -lcl1
DEC D 00001010 0A | (DC)<«(DC)-1 -lci1
DEC @HL 00001000 08 |M[(H-L) ]*+M[(H-L)1-1 -lcl1
S AND A, @HL | 00000000 00 | (AC)<(AC)AM[(H-L)] -1Z |1
o OR A, @HL | 00000001 01 | (AC)«(AC)VM[(H-L)] -1Z|1
3 XOR A, @L | 00000010 02 | (AC)<(AC)»M[(H-L)] -Z]1
SET H 10001000 88 | (HR)<«1 -l12
o0 SET CF 10001001 89 | (CF)<«1 112
o SET @HL, b | 100000bb 80+b |M[(H-L)]<b><«1 -l1f2
o CLR H 10001010 8A | (HR)<0 -|1]2
g CLR CF 10001011 88 | (CF)<0 of1)2
a CLR  @HL, b | 100001bb 84+b | M[(H-L) J<b>+0 -11]2
o TEST @HL, b | 100011bb 8C+b | (SF)«M[ (H-L) J<b> N
a TESTP CF 01110111 77 | (SF)«(CF) -|*|1

MCU42-26



TOSHIBA 5. Instructions
5.3 List of Instructions
*: Note
*%: Cycle
- *1
Lem Assembler Gbjeet cods Functions Flag |,
Class Mnemonic Binary Hex. CF|SF
2 |BSS a 1ldddddd CO+d |If SF=1 then (PC)<«a else
@ null, a=(PC)<9:6>+d - 12 [*2
5 3 |CALLS a 1010nnnn An  |STACK«(PC), (PC)<a, a=2n,
g8 5 155n>0 - =2
A & | RET 01101110 6E | (PC)«STACK -l-12
)
HOLD 00000111 07 HOLD - |= |1 [*3
Oth
€S\ Nop 01111111 7F |no operation - -1
Note 1) The contents of the program counter indicate the next address of the

Note 2)

Note 3)

instruction to be executed.

The setting condition '"C" of flag indicates the carry output from the
most significant position in the addition operation, and the no borrow
output from the significant position in the subtraction operation.

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

The flag is det to 'C","C","Z2","1" or "0" according to the data
processing result. The value specified by the function is set to the
flag with mark "*", and the "-" denotes no change in the state of the
flag.

MOV A, P and HOLD are equivalent operations to NOP in NMOS version.
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TOSHIBA 6. Electrical Characteristics. Outline Drawing

6. Electrical Characteristics. Outline Drawing

6.1 Electrical characteristics

(1) Electrical characteristics NMOS version (TMP4240P, TMP4250N, TMP4260P,
TMP4270N)

ABSOLUTE MAXIMUM RATINGS (VSS=0V)

| SYMBOL | ITEM I RATING [ ONIT |

| VDD | Supply Voltage | 0.5 - 7 v

| VIN | Input Voltage | -0.5 - 7 | v

| VOUT1 | Output Voltage (except open drain pin) | -0.5 - 10 |7 v

| VOUT2 | Output Voltage (open drain pin) | -0.5 - 15 | \

|” PD | Power Dissipation (Topr=85°C) | 300 | mW

| Tsld | Soldering Temperature. Time | 260 (10 sec) | ‘Cc |

| Tstg | Storage Temperature | -55 - 125 | _‘c

| Topr | Operating Temperature | -40 - 85 | ‘¢

RECOMMENDED OPERATING CONDITIONS (VSS=0V, VDD=5V110%)

| SYMBOL | PARAMTER | CONDITION | MIN. | MAX. | UNIT |

| _Topr | Operating Temperature | | -40 | 85 | °c

|_VDD | Supply Voltage | | 4.5 5.51 v |

| | | | | | |

| _VvIHl | Input High Voltage(exc.RST input) | | 2.2 | vbp | v

| | | | | | |

| VIH2 | Input High Voltage(RST input) [ | 3 | wvbD | v

| | | | | | |

] VILL | Input Low Voltage (exc.RST input)]| | 0 | 0.8 | \

| | | | | | |

| VIL2 | Input Low Voltage (RST input) | | o0 | 0.61 v

| fc | Clock Frequency | | 0.2 | | MHz

|  tWCH | High Clock Pulse Width (Note 1) | VIN=VIH | 100 | - | ns

|__tWCL | Low Clock Pulse Width (Note 1) | VIN=VIL | 100 | - | ns
(Note 1) Under external clock operation

D.C CHARACTERISTICS (VSS=0V, VDD=5V+10%, Topr=—40 to 85°C)

| SYMBOL | PARAMETER [ CONDITION  |[MIN.|TYP.| MAX.|UNIT|

| | | | | | | |

|_VHS |Hysteresis Voltage(RST input)|Ta=25°C | =103l - | v|

| | [ | | [ |

| IIN1 |Input Current (RST input) [VDD=5.5V,VIN=0.6V |~ | -50| -100| pA |

| IIN2 |Input Current (*) |[VDD=5.5V,VIN=0.4V | - |-0.1| -2 | pA |

| IIL |Input Low Current (¥%) | vDD=5.5V,VIN=0.6V | - | - |-0.36] mA |

| ILO |Output Leakage Current (%) | vDD=5.5V,VOUT=5.5V| - | 0.1} 2 | _pA |

| IOH |Output High Current |VDD=4.5V,VOH=2.4V | =50 - | - | pA |

| IOL1 |OQutput Low Current 1 |vDD=4.5V,VOL=0.4V | 1.6 6 | - | mA |

| IOL2 |Output Low Current 2 (Note 2)|VDD=4.5V,VOL=1.2V | 10 | 16 | - | mA |

| VOH |Output High Voltage |vDD=5.0V,I0H=-5pA | 4.7| 4.9] - | Vv |

| IDD _ |Supply Current | VDD=5.5V |- 1131 28 | mA |
(Note 2) POO to P03 only is possible. IOL is possible up to 30mA in the

sum total. (*): With pull-up, Ta=25°C. (**%): Open drain
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TOSHIBA 6. Electrical Characteristics. Outline Drawing

A.C CHARACTERISTICS (VSS=0V, VDD=5V+10%, Topr=-40 to 85°C)

| SYMBOL | PARAMETER | CONDITION  |MIN.|TYP.| MAX.|UNIT]|
| tecy | Instruction Cycle Time | | 2.5] | 25 | ps |

(2) Electrical characteristics CMOS version TMP42C40P, TMP42C60P

ABSOLUTE MAXIMUM RATINGS (VSS=0V)

| SYMBOL | ITEM ] RATING [ UNIT |
| _vDD | Supply Voltage | -0.5 -7 |V
|” VIN | Input Voltage |7=0.5 = vDD+0.5 |~ V |
|_VOUT | Output Voltage | -0.5 - vDD+0.5 | Vv |
| _PD | Power Dissipation (Topr=85°C) [ 300 | mW
| Tsld | Soldering Temperature. Time | 260 (10 sec) | 'Cc |
| Tstg | Storage Temperature | -55 - 125 | "c |
| _Topr | Operating Temperature | -40 - 85 | ‘c
RECOMMENDED OPERATING CONDITIONS (VSS=0V, VDD=5V120%)
SYMBOL PARAMTER CONDITION MIN. | MAX. | UNIT
Topr Operating Temperature -40 | 85 | °C
VDD Supply Voltage 4.0 | 6.0 | v
__ | |

VIHI Input High Voltage(exc .RST input) vDDx0.7| VvDD | v
|

VIH2 Input High Voltage(RST input) | v
|

|
0 |]vDDx0.3| Vv

I |

| |
| |
| |
| |
| |
| [
| | vDDx0.8| VDD
| |
| [
[ |
| |
| |
| |
| [

|
|
|
|
|
|
|
| __
VIL1 | Input Low Voltage (exc.RST input)
|
|
|
|
|
1

VIL2 Input Low Voltage (RST input) 0 | vDDx0 .2 | v
fc Clock Frequency 0.2 | 2 | MHz
tWCH High Clock Pulse Width (Note 1) VIN=VIH 100 |~ - | ns
tWCH Low Clock Pulse Width (Note 1) VIN=VIL 100 | - | ns
(Note 1) Under external clock operation
D.C CHARACTERISTICS (VSS=0V, VDD=5V+20%, Topr=-40 to 85°C)
| SYMBOL | PARAMETER | CONDITION  |MIN.|TYP.| MAX.|UNIT|
| | | | | | | |
| VHS |Hysteresis Voltage(RST input)|Ta=25°C | -10.31 - | v|
| IIH |Input High Current (PORT) VDD=6.0V,VIN=6.0V | 20| 40{ 100 | uwA |
| | | | | | |
| IIL  |Input Low Current (RST) |vDD=5.0V,VIN=0V | - | -30]/-100 | pA |
| VOH |Output High Voltage |VDD=5.0V,I0H==5pA | 4.7] 4.9 - | Vv |
| I0H |Output High Current | VDD=4.0V,VOH=2.4V |-1.0]-2.5] - | mA |
| IOL |Output Low Current |VDD=4.5V,VOL=0.4V | 1.6] 3 | - | mA |
| IDDO |Operating Supply Current (*) |VDD=6.0V,fc=2MHz | - | 0.8] 3 | mA |
| _IDDH |Holding Supply Current [VDD=5.0V, (*%) | =1 0.11 5 | pA

(*): The RST pin is OV, XOUT under external clock operation and port is
released for supply current. (¥*%): Releases except for supply pin.
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TOSHIBA 6. Electrical Characteristics. Outline Drawing

A.C CHARACTERISTICS (VSS=0V, VDD=5.0V+20%, Topr=-40 to 85 °C)

| SYMBOL | PARAMETER | CONDITION |MIN.|[TYP.| MAX.|UNIT|
| tcy | Instruction Cycle Time | | 2.5] | 25 | ps |

(3) Electrical characteristics CMOS version (TMP42C50N, TMP42C70N)

ABSOLUTE MAXIMUM RATINGS (VSS=0V)

| SYMBOL | ITEM I RATING [ UNIT |
| vDD | Supply Voltage | -0.5 -7 | v

| VIN | Input Voltage |™=0.5 - vDD+0.5 |V

|  VOUT1 | Output voltage (except open drain pin) | -0.5 - VDD+0.5 | v

| _VOUT2 | Output Voltatge (open drain pin) | -0.5 - 12 | v

| PD | Power Dissipation (Topr=85°C) | 300 | mW

| Tsld | Soldering Temperature. Time |~ 260 (10 sec) | ¢ |
| Tstg | Storage Temperature [ -55 =125 | ‘¢ |
| Topr | Operating Temperature | -40 - 85 | ‘¢
RECOMMENDED OPERATING CONDITIONS (VSS=0V, VDD=5ViZOZ)

| SYMBOL | PARAMTER |CONDITION| MIN. | MAX. | UNIT |
| Topr | Operating Temperature | | -40 | 85 | °c

| VDD | Supply Voltage | | 4.0 | 6.0 | v

| | | | | [ |
| VIHL | Input High Voltage(exc.RST input)]| |vDDx0.7| VDD | v

| | | | | | |
| VIH2 | Input high Voltage(RST input) | |vDDx0.8] VDD | ¥

| | | | | | |
| VILL | Input Low Voltage (exc.RST input) | | 0o |vbDx0.3| v |
| | | | | [ |
| VIL2 | Input Low Voltage (RST input) | | 0o |vbDx0.2| VvV

| fc | Clock Frequency | | 0.2 | 2 | MHz

| tWCH | High Clock Pulse Width (Note 1) | VIN=VIH | 100 | - | ns

| _tWCL | Low Clock Pulse Width (Note 1) | VIN=VIL | 100 | - | =ns

(Note 1) Under exterhal clock operation

D.C CHARACTERISTICS (VSS=0V, VDD=5V+20%, Topr=—40 to 85°C)

| SYMBOL | PARAMETER | CONDITION  |MIN.|TYP.| MAX.|UNIT|
| | | | [ | | |
| VHS |Hysteresis Voltage(RST input)|Ta=25°C | =103 - | v/
! 1IH ‘Input High Current (PO,P1,P2)|VDD=6.0V,VIN=6.0V | 20| 40| 100 1 A :
| | |

| IIN1 |Input Low Current (RST) |VDD=5.0V,VIN=0V | - | -30]|-100 | pA |
| IIL |Input Low Current (a) | vDD=6.0V,VIN=0.6V | - | -30]-100 | pA |
| VOH |Output High Voltage(b) | vDD=5.0V,I0H=-5pA | 4.7] 4.9] - | _V

| IOH |Output High Current | VDD=4.0V,VOH=2.4V [-1.0/-2.5] - | mA |
| IOL |Output Low Current |vDD=4.5V,VOL=0.4V | 1.6/ 3 | - | mA |
| IIN2 |Input Current (c) | VDD=6.0V,VIN=0.4V | - |-0.1] =2 | pA |
| ILO |Output Leakage Current (c) | VDD=6.0V,VIN=6.0V | - | 0.1] 2 | pA |
| IDDO |Operating Supply Current (d) |vDD=6.0V,fc=2MHz | - | 0.8] 3 | mA |
| IDDH |Holding Supply Current |VvDD=5.0V. (e) | -] o0.1] 5 | pAl|
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TOSHIBA 6. Electrical Characteristics. Outline Drawing

(a): With pull-up P3, P4 (b): CMOS Output (c¢): N-ch open drain drain
P3,P4 -

(d): The RST pin is OV, XOUT under external clock operation and port is re-
leased for supply current. (e): Releases except for supply pin. When NMOS
I/0 port is specified under mask option, this port is fixed at OV.

A.C CHARACTERISTICS (VSS=0V, VDD=5V+20%, Topr=-40 to 85°C)

| SYMBOL | PARAMETER ] CONDITION  [MIN.|TYP.| MAX.|UNIT|
| tcy | Instruction Cycle Time | |72.5] |25 | ps |

6.2 Outline Drawing

(1) 16 PIN Type

Unit: mm
16 15 14 13 12 11 10 9 EIAJ SC-503-16A
L1 0] [ = JEDEC  MO-COLAC
3 TOSHIBA 5-22E
H
R1.0 3{ 1
©
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025
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%
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(Note) Each lead pitch is 2.54mm, and all the leads are located within
+0.25mm from their theoretical positions with respect to No. 1
and No. 16.

]
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(2) 28 PIN Type
Unit: mm
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+0.25mm from their theoretical positions with respect to No.l
and No. 28.

-

018 Tar
10201 178 0257 hos

MCU42-32



TOSHIBA 7. Designation of Formats of Program Tape and I/0 Circuit

7.

()

Designation of Formats of Program Tape and I/0 Circuit

The user of TLCS-42N and TICS-42C is requested to designate his program
data and I/0 circuit forms with a paper tape. We will draw up evaluation
samples based on the information.

The format of this paper tape is required to conform to the Hex Format of
Intel (I Format).

Of course, the program data must be designated within the address space
proper for the capacity of the ROM incorporated. The address space covers
the 000 - 1FF locations in the case of ROM 0.5K version.

Designation of I/0 circuit formats

The paper tape of I Format starts recording the program data by the record
mark ":". The designation of an I/0 circuit code 1is effected by the
parenthesized data contents immediately preceding the first record mark.
The designation of the I/0 circuit code is effected with the name of the
pin of the relevant port (NMOS) or with the option code indicated by the
alphabetic characters, A - D (CMOS).

(Note) Where the I/0 circuit code is not designated, TLCS-42N processes the

(2)

data on the assumption that no pull-up resistance is involved and the
28-pin grades (TMP42C50N and TMP42C70N) of TLCS-42C are not allowed
to accept any program tape because the I/0 circuit format is not
definite. The acceptance of a program tape is made impossible when
the designated format is not correct or when an illegal I/0 circuit
code is designated.

Example of port mask OPTION Format (contents of paper tape)
Example of NMOS version

(P00)

(po1)

(P02)

(P03) Only the port which has the pin name designated

(P20) within the parentheses in the paper tape incorporates

(P40) such designation has no built-in pull-up resistor.
(P41) Any two successive sets of parentheses must be served
(P42) from each other by insertion of <CR> <LF> codes with-
(P43) out fail.

|
|
|
|
|
(p21) | a built-in pull-up resistor. The port which has no
|
|
|
_

Example of CMOS version
(A) ........ Any one of the alphabetic characters, A - D, must be
select without fail. (cf. Fig. 3.2 (12))
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(3) Tape format

|  Leader, 50 "NULL" characters or more

... Comment (Record mark ":" is not included)
Option
... Specification of I/0 circuit code

... Record mark

|  Record Length (2 hexadecimal digits)

| Loading Address (4 hexadecimal digits)

| Record type (2 digits) | "00" Normal code
I |_"00" End of file code

Data

| Check Sum (2 hexadecimal digits)
Dummy characters (RUBOUT, BLANK) may be present
between and after "(CR) (LF)"

... Record mark
(Repeated below)

--  Trailer, 50 "NULL" character or more
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(4) Example of tape list (TMP4270N)

TOSHIBA MICRO COMPUTER TLCS-42N

(P00)

(pP0O1)

(P32)

(P33)

(P50)

(P52)
:100000000665C7D79CF 50F 3F951FED55A8FF 16E570
:1000100088884DDE67D31F5D8ABA6DF 292F 113F5C 1
:100020004FF IFB5DFFDAA96A99CF 7DF 94A346B7C09
:10003000197352F7 29F 12F79AA9C057C5B851EED7 7

:1003C0005DFDB5ES556A67277F61A51C631CF9FOE80
:1003D000BD2F 6F 20E8BB1977E3FB5ADIE41FDAATE 2
:1003E000B53D42EOEC32546025B87308CDD52063D1D
:1003F000B4BE9EIE3A5B6138060B20BC372BF60BD6
:00000001FF

(5) Example of tape list (TMP42C70N)

TOSHIBA MICRO COMPUTER TLCS-42C
(8)

:100000000665C7D79CF 50F 3F 951FED55A8FF16E570
:1000100088884DDE67D31F5D8 ABA6DF 292F113F5C1
:100020004FFIFB5DFFDAA96A99CF 7DF 94A346B7C09
:10003000197352F7 29F 12F79AA9C057C5B851EED7 7

:1003C0005DFDB5E556A67277F61A51C631CFIFOE80
:1003D000BD2F 6F 20E8BB1977E3FB5ADIE41FDAATE 2
:1003E000B53D42EQEC32546025B7308CDD52063D1D
:1003F000B4BE9E9E3A5B6138060B20BC372BF60BD6
:00000001FF
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POSTSCRIPT

This manual is a reference for the customer applying the TLCS-42 series. It
contains the function and specification of each LSI device of the TLCS-42.

The examples of application circuits described here are shown as the reference
for explanation. Toshiba assumes no responsibility for any problems caused by
using these examples. The information herein is subject to change without
prior notice.

This manual has been prepared by the following section.

Microcomputer LSI Application Engineering Section
Integrated Circuit Division, Toshiba Corporation

1 Komukai-Toshiba-cho, Saiwai-ku, Kawasaki, 210, Japan
Phone: Japan (81)44-511-3111
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TOSHIBA TLCS-47 LSI DEVICES PREFACE

PREFACE

This part describes the detail functions and specifications of the LSI devices
of the single chip microcontroller TLCS-47 series. The TLCS-47 series con—
sists of NMOS and CMOS devices. These are pin and software compatible with
each others. The TLCS-47 has an improved system architecture, highly effi-
cient instruction set and variety in I/0 characteristics. There are NMOS
devices of high-speed and high—current driving output and CMOS devices of low
and high-breakdown voltage out put or build-in liquid crystal driving circuit.
The TLCS-47 is a new-generation high performance microcontroller series with a
multiple interrupt processing mechanism, sufficient subroutine nesting stack,
two timer/event counters, sireal I/0 port with buffer, etc. Toshiba has
further plans to develop optimum chips for each application field by attach-
ing, eliminating, or modifying additional circuits and input-output functions.

Toshiba reserves all copyrights for this publication. (July 1984, Integrated
Circuit Division, Toshiba Corporation)
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TOSHIBA TLCS-47 LSI DEVICES GENERAL DESCRIPTION

GENERAL DESCRIPTION

The TLCS-47 is the high speed and high performance, 4-bit single chip micro-
computer series suitable for microcontroller. Various powerful functions have
been integrated on the TLCS-47 chips in order to meet with the advanced and
complicated applications, which will be made in near future. The TLCS-47
series consists of software compatible NMOS devices and CMOS devices.

FEATURES

(1) 4-bit single chip microcomputer with built-in

ROM, RAM, I1/0 ports, divider, timer/counters, and serial port.
(2) Memory capacity

ROM: Max. 4,096 x 8 bits and RAM: Max. 256 x &4 bits
(3) 1Instruction execution time

NMOS: 2us (at 4MHz clock) and CMOS: 4us (at 4MHz clock)
(4) Efficient instruction set

90 instructions, Software compatible in the series
(5) Subroutine nesting: Max. 15 levels
(6) 6 interrupts (External: 2, Internal: &)

Independently latched, multiple levels of interrupts
(7) Input/Output (Standard products have 35 I/0 pins)

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

Note: These I/0 ports are also used for the interrupt inputs, timer/
counter inputs, and serial ports, respectively, and programmably
selectable for each application.

(8) Data conversion instruction: from 5 bits (C,AC) to 8 bit output port.
Equivalent to PLA function
(9) Data counter and Read ROM instruction
Table of constant data can be set up in the whole ROM area.
(10) Two 12-bit timer/counters
(11) Serial port with 4-bit buffer
(12) 18-stage divider (with 4-stage prescaler)
(13) Built-in high current outputs (NMOS devices)
Typ. 20mA x 8 bits, directly driving LED
(14) Built-in high breakdown voltage outputs (CMOS devices)
Max. 42V breakdown voltage, directly driving vacuum fluorescent tube
(15) Built-in LCD drive circuit (automatically display) (CMOS devices)
Directly driving liquid crystal display (Max. 12-digits at 1/4 duty)
1/4, 1/3, 1/2 duties or static LCD drive is programmably selectable.
(16) Stand-by operation (NMOS/CMOS)
Battery back-up, battery operation and condenser back-up are available.
(17) On chip oscillator
(18) TTL/CMOS compatible
(19) +5V single power supply
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TOSHIBA TLCS-47 LSI DEVICES PRODUCTS LIST

LIST OF TLCS-47 LSI DEVIGES (1/2)

| | [
| Series | TLCS~47 NMOS |
| | | TMP47 | TMP47 | TMP47 | TMP47 [*TMP47 |
| Item |__Unit |_00AC |__ 99G |_ 20P/N |_40P/N |__ 46N |
|ROM Capacity | | External | | |
| | Bytes | 4,096 | 4,096 | 2,048 | 4,096 | 4,096 |
|RAM Capacity |Nibbles| 256 | 256 | 128 | 256 | 256 |
|Inst. Execution Time | usec. | 2
|No. of Instructions | | 90 |
|Subroutine Nesting | Levels|Max.15
| External | | 2
| Interrupts Internal | | 4 (Serial 1/0, timer/counter (2),

| | and divider)
|Timer/counter | Ch. | 2
| (Bit length) | Bits | 12
| | | Event counter, timer or pulse widch |
| (Mode) | | measurement 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 are
| | | programmably selectable. |
|Divider | Stages| 18 (With 4-stage prescaler)
| |_Input l [ 4 [ 4 [ 4 |
| Input/| Output (equivalent | 8 | 8 | 8
|Output| to PLA) | | | | |
|Ports | Output | Bits | - | - | 8
| | 1/0 | | 16 | 16 [ 30 [
| |T/0(Combined use) | | 7 | 7 | 7
| | Total | | 35 | 35 |57 |
|With built-in high | | 8 8 8 |
| current outputs | Bits |
|With built-in high [ | - - - |
|breakdown voltage outputs | |
|With built-in LCD driver] | - - -
|Memory Standby operation| | YES
|Hold operation | - |
|Clock oscillator | | on chip
| Power supply | v | +5.0
| Process | | Si Gate Nch E/D MOS
{Package | | [ [P: DIP-42 [ Shrunk |

| | QIc-80| DIC-42 [N: Shrunk DIP-42| DIP-64 |
| | | (Evaluator Chip)] BM4T17 [ BM4717 |
|Emulator for debugging | | | (Piggy back +BM4710 |+BM4710 |
| | l | type) | [+BM4714 |
*

: Under Development
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LIST OF TLCS-47 LSI DEVICES (2/2)

|
Series | TLCS-47CMOS

| TMP47| TMP47| TMP47| TMP47| TMP47[ TMP4T
Unit |C20P/N|C40P/NIC21P/NIC41P/N| C22F | C46N

|

|

|

| Item
|ROM Capacity

|

Bytes | 2,048 4,096| 2,048| 4,096| 2,048] 4,096
Nibbles| 128] 2561 128]  256| 192] 256

|RAM Capacity

|
| Emulator for debugging

| BM4717 | BM4717 |
BM4717 + BM4711A  |+BM4711A|+BM4711A]|
| +BM4712A 1 +BM4T714 |

|
|
| |
| |
| |
| |
| |
|Inst. Execution Time | usec. | 4 |
|[No. of Imstructions | | 90 |
| Subroutine Nesting | Levels|Max.l5 |
| External | 2 |
|Interrupts Internal | | 4 (Serial 1/0, timer/counter (2), |
| | and divider) |
I Timer/counter | ch. | 2 |
| (Bit length) | Bits | 12 |
| | | Event counter, timer or pulse widch |
| (Mode) | | measurement mode is programmably |
| | | selectable. |
|Serial port | Bits | 4 (With buffer) I
| (Mode) | | Receive/transmit mode is |
| | | programmably selectable. |
| (Clock) | | External/internal, and leading/ |
| | | trailing edge mode are |
| | | programmably selectable. |
|Divider | Stages]| 18 (With 4-stage prescaler) |
| | Input | | 4 | 4 I 4 | 4 |
|Input/| Output (equivalent | 8 | 8 | - 1 8 |
|Output| to PLA) | | | | | |
|Ports | Output | Bits | - | 12 [ - 1 8 [
| |_1/0 | | 16 | 4 | 16 | 30 |
| |1/0(Combined use) | | 7 | 7 | 7 17 |
| | Total | | 35 | 35 | 27 | 57 |
|With built-in high | | - | - -1 - |
| current outputs | Bits | | | | [
|With built-in high | | - | 8+ 12 I -1 - |
| breakdown voltage outputs | | | | |
|With built-in LCD driver] | - | - 124 + 4] - |
|Memory Standby operation]| | - |
|Hold operation | | YES |
|Clock oscillator | | on chip |
| Power supply | v | +5.0 |
| Process | | _Si Gate CMOS [
| Package | | P:DIP-42 [ FP-67 | Shrunk |
| |_N:Shrunk DIP-42 | |_DIP-64 |

| |

| |

| |
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SILICON MONOLITHIC
ﬁzﬂ TECHNICAL DATA
N-CHANNEL SILICON,  GATE DEPRESSION LOAD

|NTEGRATED CIRCUIT TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT

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 TMP4700AC is an evaluator chip used for the system development.

Part No. ROM (Bit) RAM (Bit)
TMP4740P 4,096 x 8 256 x 4
TMP4720P 2,048 x 8 128 x 4
TMP4700AC Externally provided

o (4,096 x 8) 256 x 4

Excerially provided
TMP4799C (4,096 x 8) 256 x 4
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TOSHIBA TMP4740P ,TMP4720FP

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)
Tnput 1 port 4 pins
tput (corresponding to PLA) 2 ports 8 pins
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 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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TMP47 40P, TMP4720P

[ .
Reo Q) 42 BVop
PIN CONNECTIONS (TOP VIEW) Ry tf2 41 AR, (5CK)
Raz Q3 40 ARy (80)
Raa Q4 39 ARgy(SI)
Rgo O ® 58 ro (1)
Re1 s 37 ORgy(INTL)
Rop O 7 36 PRg | (T2)
Rez O 8 35 ARg, TNT2)
Rgo O © 54 Dvyy
Rg1 O 10 33 D RESET
Reg O 11 32 Hxour
Res O 12 3l Exry
Ryo 13 50 OTEST
Ryigas 29 AKog
Ryp Q10 28 PKoy
Ryg O 16 27 PKoy
Pioguyv 26 Koo
P11 [ 18 25 P Pgg
Pz O 19 24 PPz
P1z RO 23 BPyy
Vgg O 21 22 PPy
PIN NAMES AND PIN DESCRIPTION
Pin Name [No.of ping] Input/Output Function
[SEREST 4 Input Input port
P13VvPyg 4 Output Output port (Corresponding to PLA)
P,3n Py 4 Output " ( " )
Ry3vRyp 4 1/0 I/0 port
Rs3 v Rsp 4 1/0 "
Rg3 v Reo 4 1/0 "
R73+R70 4 1/0 "
Rg3 (T1) 1 I/0 I/0 port or timer/counter input
Rg, (INTIL) 1 I/0 T1/0 port or interrupt input
Rgy (T2) 1 I/0 I/0 port or timer/counter input
Rgo (INT2) 1 1/0 I/0 port or interrupt input
Rgy (SCK) 1 1/0 1/0 port or shift clock for serial port
Ra1 (S0) 1 I/0 I/0 port or serial output
Rgg (SI) 1 I/0 1/0 port or serial input
XIN> XouT 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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TOSHIBA TwmiP47 40P ,TMP4720P
BLOCK DIAGRAM
. I pe ~— Vpp
! i =
=H % _Ter | HH
o ROM il —5 RAM :__T_C."f_.. Vss
g: % | LSPW
g
H { STACK
TC T4
sIO < Rgz(SCK)
1
Ilon—tij control E“’ Rg (80)
RESET —] sYS
HESET Zontrol E INTR [ Rgs (Tl
TEST —= =1 control gg)}:: Rgz INT )
XN —= " & o RgO(INTZ)
= mi
o [Fo][ea]me J{naf®s]5a] v
o M O N O M o [ Ne) M O [}
:?” 3 ATE AT 2T TS ETE
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)
TC1, TCa 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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TmP4740P,TMP4720P

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 o N oy

. Flags (FLAC)
. Ports (PORT)

ALU, Accumulator (AC)

. Interrupt Control Circuit (INTR)

. Frequency Divider (FD)

10. Timer/Counter (TC1, 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.

(a)

(b)

(c)

(@
(e)

The following names and symbols are used unconsciously.

CpPU

cp

fc

MSB/LSB
F/F

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

Clock pulse generated in the clock oscillator.
It is called the "basic clock" or merely "clock".

Indicates the frequency of the clock oscillator, namely, the
frequency of the basic clock.

Indicates Most/Least Significant Bit.

Indicates Flip/Flop.
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TOSHIBA TMP4740P,TMP4720P

1.1 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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TOSHIBA TMP4740P, TMP4720P

MSB LSB
PCy PCy PCp,
PC14PC10 Pgil?cs PC;| PCe| PCs| PC4| PCs| PC2| PC, | PCo

<
Page assignment Address assignment in page

(a) Configuration of Program Counter

(page)(ggdggzz) ROM (Address)
00 000
01 001
02 002
0 03 003
A A
T =
3E 03E
3F 03F
00 040
1 (7 x S
3F 07F
00 080
2 01 081
{1 T
3C FFC
63 3D FFD
3E FFE
3F FFF
(b) Configuration of ROM
Address .
(Page)(in page) ROM (Execution flow)
00
i
(Only when branch con—)
dition is met
3F BSS a (Note) Note: "a" shall be
00 indicated by
hexadecimal.
i+l g
a XXX
3F

(c) Special example of branch caused by (BSS a)instrustion.
Fig.1.1.1 Program Counter and Program Memorv (ROM)

MCU47-10




TOSHIBA

TMP4740P,TMP4720P

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 accululater.
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 bv the address of the data memory.

LSpecific Addresses of Program Memorzgl

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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TOSHIBA TMP4740P, TMP4720P

Specific Address Specific Purposes
000 e s .
(001) Start address by initialization
002 INT1 Interrupt vector address
(003) up
004
(005) ISI0O Interrupt vector address
006 IOVF1 Interrupt vector address
(007) P
008 IOVF2 Interrupt vector address
(009) nterrupt vector
00A
(00B) ITMR Interrupt vector address
0oc INT2 Interrupt vector address
(00D) upt vee
8n +6
! (n=1~15) Call address by instruction (CALLS a)
086 (Note)
FEO
I PLA data conversion table
FFF

Note : 086 (hexadecimal) = 134 (decimal)

Table 1.2.1 Specific Address of Program llerory
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TOSHIBA TMP4740P,TMP4720P

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 )
( ﬁ: x
g -
e}
3 7E0
§
g 7FF
800 i 1 o 800 |
5 (=000) 1 |
> | |
: ! '
3} £L
o T T
u | |
,‘g [} ] r__J
FEO < FEO | __ | (Immage of ad-,
! = (=7E0) Tl ‘dresses 000
" | ] 7FF
FFF FFF |, 4
(=7FF)
(TMP4740P) (TMP4720P)

Fig. 1.2.1 ROM Capacity and Address
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TOSHIBA TMP4740P,TMP4720P

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 Ry3vRy,g of the I/O port when instructions (SET @L), (CLR @L),

and (TEST @L), are executed.

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

into the RAM address buffer register.
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TMP4740P, TMP4720P

TOSHIBA

LSB

MSB

LR

HR

HR4 HR, HRIW HR,y LR3 LR, LR1 LRO

Address specification

in page

Page specification

Address
Page

FEDCBAY9 87 65 4 3210

T
F ot 4+ 4+ 4 4+ + + 4+ 4+ 4+ +

+ + 4
+ + + A
+ o+ 4+

+ 4+

+ o4 4+ + +
nt direction
+ +
+

dgrgcf&on

+ + +

+
n
+

+
em
+

ncrem
it S S S S S S S S S S S e

H 4+ 4+ 4+ 4+ +
-+ o+ A+ 4
T T s T b I S
E o+ 4+ 4+ 4+
-+ + + + + + 4+

F 4+ + 4+ + + + + + + + 4+ + + + + -
F+ +++++ 4+ +++ 4+ 4+ + + +

F 4+ 4+ + 4+ + 4 + + 4+ + + + 4+ + + -
F+ 4+ + 4+ € -

+
F+ + + 4+ + + 4+ + ++ + 4+ + 4+ + A

F+ + 4+ + + + +
F o+ + 4+
L+ 4+ + & +

O N O F INWO M~ OO MO AME K

Configuration of RAM

Fig. 1.3.1 H Register, L Register and Data Memory (RAM)
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TOSHIBA TMPA4740P ,TMP4720P

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 memory

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) Sstack (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 1in the stack to the program counter, and

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

to the program counter and flacs.

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.

MCU47-16




TOSHIBA TMP4740P,TMP4720P

(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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TOSHIBA TMP47 40P, TMP4720P

Address F E DC B A9 87 65 4 3210

Trages T T ]

B "I"_r‘_T_?_T"'}__‘I_—""":__"_L_“_f—‘—_:>—(
1 i

i [ | i
| L 1

Level 3| Level 2 | Leyel 1 Level O

C

D w7 w6 w5 " 4‘/Stack
E " 11| v 10| v 9 —

F

'
kel pc [*] 12 [*] a1 | 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)
RAM address : FF ISPW3 SPW. | SPW, SPW;oI
MSB LSB
7 6 5 4 3 2 1 0

(Stack pointer) l 1 ) 1 ‘SPwslstz SPW,I SPWo

(b) Stack pointer and stack pointer word

Address o
B ] - .E
E2 pcy' S8 o
E3 FLAG"' jf ‘3 0’3
B4 e | f £
E5 PCM" < © 3
E6 pcy" | § % §
E7 FLAG" * L oA
E8 PCL' i
E9 POy’ EO(‘Z T l
EA _PCH' 3r-4
EB TLAG'

EC PCL T
ED PCM
I3

(¢)  Structure of stack
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TOSHIBA TMP47 40P ,TMP4720P

(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 | Doy [ 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
(Ti /C t 1) Tl
mer/Counter Telg [ oIy ‘ TCiL
(RAM Address) (F6) (F5) (F4)
MSB LSB
. TC2
(Timer/Counter 2) T2y l G2y 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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TOSHIBA

TMPA4740P,TMP4720P

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
:F r
3 Y ~ R -
T 5%
| Specific | |
address : :
7F region L ¥
80 | 1 % i ' !
(=00) ! L Not | &
i H T ) T
| ! y used |
(L L
1 | 1
L L 4 | |
5 N I_ ______ } Image of EO i
Specific 1 H (addresses) Specific
address 1 } 00~ 7F ; Jaddress |
| region | FF | ! FF region
FF | (=7F) b= ===
(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.

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 (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.

MCU47-21
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TMP4740P,TMP4720P

1.

Example (4-bit operation)

(a) 4+5=9 (c=0,2=0)
() 7+9=0 (C=1,2=1)
() 3-1=2 (B=0,2=0)
(d) 2-2=0 (B=0,2=1)
(e) 6 -8=-20rE (B=1,2=0)

Note : B = C is indicated.

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 0
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 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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TMP4740P,TMP4720P

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 irstructions.

(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 menory 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 3.6 (2) Input/Output Circuit
Format.
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Tnput/Output Instructions

Port Symbol Port, Register SET @L
(fd's (Input/ (Input/Output) INZP, A |OUT A ,7%P SET%P,b| TEST %P,b| CLR QL
ressS| Output) IN %P, @HL| OUT@HL, %P | OUT#K, %P | OUTB @HL| CLR%P,b| TESTP%P,b | TEST @L

00 | IPO0/OP00|K, Input port /P Output 0 0

01 |IP01/0POL|P,Output latch/ 3 cP* 0 0 0 0 0

02 |IP02/0P02|P, " P, v 0 0 0 0 0

03 | IP03/0P03

04 | IPO4/OP0O4 R, I/0 port 0 0 0 0 0 0
05 | IPO5/0P05 Rs " 0 0 0 0 0 0
06 | IP06/0P06 Re " 0 0 0 0 0 0
07 | IPO7/0P07 R, " 0 0 0 0 0 0
08 | IP0O8/0P0O8 Re " 0 0 0 0 0

09 | IP09/0P09 Rs " 0 0 0 0 0

0A | IPOA/OPOA E—

8? iggg;gﬁgg - (*) Serial puffer register (Reception)

0D | TPOD/OPOD (**) Serial buffer register (Transmission)

OE | IPOE/OPOE|Status input/ ———— 0 0

OF | IPOF/OPOF (*) /(%) 0 0 0

10 /OP10

/P2+P, output port

1 /0P11 (8-bit output) 0

12 /0P12 /

13 /OP13 / —

14 /OP14 /[ —

15 /OP15 /[ —

i? ﬁggi? ; (a) Control with timer interrupt of divider

18 /OP18 / (b) Timer/Counter 1 control

19 /0P19 /(@ 0 !

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: OPll 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

valHSO1

dO0ZLVdWNL  dOV LYV dINL
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(1) Ko (Kg3 vKpp) Port

This is a 4-bit port used for input.

Input data —< 44—{ ' (Pin)

MSB LSB
3 2 1 0

Fig. 1.7.1 Ko Port

(2) P1 (P13 vP10), P2 (P23 vPyg) 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 IP0O1/0P0O1, and IPO2/0P02. 1In 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 P1. 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 inereased.

MSB LSB
2 1 0
Conversion data ‘Pzz P;zlP2, P2o| P13 P14P,1‘Piﬂ

Input data
Output data Latch D———D (Pin)

Fig. 1.7.2 P, and P, Ports

(3) R4(R43VR40), R5(R53 VR50), R (R63 VRe0), R7(R73“R70) 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 |Correspmd-
used for bit scanming for 3I2I1[0 ing Pin 3]2|l[0 ing Pin
set/reset and test accord- 0000 R40 1000 R60
ing to the contents of the 0001 Rs1 Loo1 R61
L register by executing 0010 Ra42 1010 R62
the (SET @L), (CLR @L) and | C 01 1| R4z | 1011 Re3

0100 Rs50 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/0 Port

MCU47-27




TMP4740P,TMP4720P

Input data

Output data ——=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 " Rgp) 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 Rgp, 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
Rgs Rg2 Rea Rso
(T1) | (INT1)| (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(Rg92 VRgQ) 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 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

i Roz [Ro1[ Roo
N (SCK)| (S0)|(ST)

Serial control
Input data

Note

Output dara —{Latch (Pin)

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

Fig. 1.7.5 Rs Port
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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.
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Priority Interrupt |Enable con- Vector
Factor according Latchp éition accord- Address
to hardware ing to program
(Higher Note 1
External interrupt 1 (INT1) & ) INTLg (Note 1) 002
1 EIF = 1
Serial
Input/Output (1S10) 2 INTL; | EIF-EIRg = 1 | 004
interrupt
o
é‘ Timer counter 1
E Overflow (IOVF1) 3 INTL3 EIF*EIRp = 1 006
= interrupt
et
— Timer counter 2
o (Note 2)
£ | Overflow (IOVF2) 4 INTLy 008
8 | interrupt EIF-EIR) = 1
=
= Timer interrupt
) PY amm) 5 INTL, (Note 2) | (o4
of divider EIF-EIRy = 1
6
External interrupt 2 (INT2) INTLg ETF-EIRy = 1 00c¢
(Lower)
Interrupt enabling master F/F Interrupt enabling register (EIR)
MSB LSB
3 2 1 0
ETF [EIR3' EIRzlEIR1’ EIROI

(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]

(INT1) > — .‘
rSW Priority
(IS10) decision
BN ovammmm— . .
”'—:D“ [;INI‘LQQ‘I _D_, circuit
(IOVF1)
r3— S Q
N sl s
IOVF2)
rZ‘D—:ﬂI —{ )—{genera~ | address information
tion —_ -
are Q circuit
— ‘D{ﬂl D |_Acceptance signal
(INT2) I J:)_,
—j )_ Q
ro :%i:jEfEEE_J Interrupt
request signal
EIR3}—
EIR,| |
Reset by EIRl_ EIF
_instruction | ) CR
CR
Hardware reset )

Fig. 1.8.1 Interrupt Control Circuit

Instruction
,cycle ' 4 ' L

)
—t

— -
INT2 \ L

ITMR

INTL] / \

INTLO /

EIF \

— ___._..x_—___ ___._><_
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.
(@ 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.)
C) The status flag is set to "1".

(® The interrupt enabling master F/F is reset to "O" to inhibit

the subsequent interrupt acceptance for a time.
() 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.
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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 '"0" 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 "0" at initialization

operation.

EIR register
This is a 4-bit register used f,r selection/control of enabl-

ing/disabling of the inter, .pt acc ptance in a program.
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Read/write operation is performed by use of the (XCH A, EIR)

instruction. It is set to "O0" at the initialization operation.

Interrupt latch

The interrupt latches (INTLs - INTL;y) 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; - 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 Hz.

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 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 D,
— > 1 2 3 4 5| 6 7 8 9 |10 |11)12(13 (14|15 [16f 17|18 22
(fc Hz) (T6) _ |(fc/16 Bz) (£c/2°"Hz)

(a) Structure of frequency divider

MSB LSB
32 1 0

Port address *. '

* 0 * * : Disable
% 1 0 0 : Interrupt frequency fc/210Hz
1 0 1 : " fc/211lnz
# 1 1 0 " fc/zlzﬁz
* 1 1 1 " fc/213uz
Interrupt fre- |For example,
quency (Hz) fc=4.194304MHz
fc/210 4,096 Hz
fo/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 (TCl, TC9)

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) Icl

Tcin | TemM | TClL
(RAM Address) (F6) (F5) (F4)

MSB LSB
(Timer/Counter 2) 1e2
tmer/tounter TC2H | TCaM | 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. Tt is reset to "O" 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

[Rgy (T1), Rgy (T2)].
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. MSB LSB
TCl Command register 3 9 1 0

(Port Address OP1C) [:::I:::[::I:::]

MSB LSB
TC2 Command register 3 2 1 0
(Port Address OP1D)

[Selection of Count Mod%J
Y | ———

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 : £c/22? Hz is counted.

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

[For example, fc=4.194304 Miz
Internal Pulse | Max. Settin }

. Internal Pulse| Max. Setting

Rate (Hz) | Time (SEC) | ""poio (hz) Time (SEC)
fc/210 222/fc 4,096 1
fe/214 226/¢c 256 16
fc/218 230/ ¢ 16 256
fe/222 234/ fc 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 I I l I |

Counter

n )(7 n+1 44)(7 n+ 2 )( n+ 3

(a) Event counter/timer mode

External input pin ——————————J 441__________
Internal pulse _J—l I L l l l j l | I—
Count pulse J L J L ] L f__1

Counter

n x n 44144><¥? + 2 )(, n+ 3 )(7n + 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/Z10 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

2.016us to 2us instruction execution speed.

(b) In the event count mode

Tt 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) 1Interrupt 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 t t u

Count pulse | l
Count request I l

Detection of overflow r1
Occurrence of IOVF l |
e — > - ——— - -~ ——
Execution Count Execution Interrupt Execution of
of in- eyele of in- acceptance instruction
struction y 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 (SCK), Rgi (SO), R9g
(SI)]. Since these pins are also used as port Rg9, 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 R9Q in the transmit mode and pin Rgj in the receive

mode are also available as I/O port pin.

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

(Internal Bus)

MSB LSB
3 241 0
SB
3 2 1 0
(Serial data) (Serial data)
input pin output pin
s R
-] sck
SIOC
1810 Serial shift clock )
input/output pin
3 231 0
Conmand
register
Sta%us |
L —_————d
(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 acceséed with port
address IPOE.

MSB LSB
Serial port com— 3 2 1 0
mand register lESIO[ RM i LMIECkg]
(Port address)
OP1F

: Serial transfer enable or
start request.

VN
-

[=)

Serial transfer disable or
end request.

: Receive mode

—\
—

g

: 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

=

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 I I l « I J B '
(Port address SIOF| SEF * (* : don't care)
IPOE )

;f 1 : Operating condition of serial transfer

»LO : Stopping or disabling condition
of serial transfer

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

Fig. 1.11.2 Command Register, Status Input
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(3) Shift clock (SCK)

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/97 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 IM bit of the com-

mand register.

RM LM ECKM o i 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 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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Trans 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 (Dy) 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
(D1 - 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 lMHz

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
SCK(OUTPUT)

50 2o X 22 X0= X0s
ISI0
sB(OPOF) 77 D N 7 5

3 15

(a) Internal clock operation (with wait operation)

ESIO l
s oon L LU LU

50 7D B D €O €D 4D G €D G

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 completion 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 "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 operation, the data transfer is terminated

immediately after ESIO = O.

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.
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ESIO

SIOF

SEF
SCK

SO

ISIO

SB(OPOF)

[
I

ESIO )l‘-;l
SIOF

SO

ISIO

SB(OPOF)

(b) External clock operation

ESIO

SIOF
SEF
SCK
S0

ISIO

SB (OPOF)

(c) Completion at one-word transfer

Fig. 1.11.4 Completion of Transmission
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[7Receive (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/2’Hz, 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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ESTO v "
ST 7 Dy XD; X D, XD3 X Do'Y D1 YD2' f D3' XDo" XD1" Y 2" D3"
Shift (Sampling) T ! 4 ' f T ) { 1 f f

ISTIO

N ,
2 T~ Yo

Read (IPOF)

0

(a) Internal clock operation (with wait operation)

ESIO l
SCK (INPUT) ||I||||I||||||||l||l|l|l

1 Wiy £ C.09 €9 €9 €D 0D D CD €9 N
Shift (Sampling) T f ? T T 1 f T ? T T T

e N

Read (IPOF) ; L

(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
P prog

is loaded to read out the last data. Thereafter the last data is read.
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==
ESIO 1

SIOF

SEF __——-—-__1—'——‘——-—J

SCK LI 7 7 I T /L__l___
L

ST D2'X D3' Y Do" X Di" X" D" ¥ 3"

ISI0

X
5B D X o X\

Read (IPOF) \k \,o

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

i

(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
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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The method mentioned above is usually taken for the internal
clock operation. 1In 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

ESIO i — ,Ll
SIOF J’ f —
SEF 1t 1] —if 1 F 4
st LID GEWETI EX1) €15 CIND SRNCTSD CE GO Gl A V7
1810 1R ! . [{

, N \
SB D XD' D L AXXD'"

Read (IPOF) — =0 3 - \—4

(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 ESTO 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

ISIO0

SB D

Read (IPOF)
(b) Timing Chart

Fig. 1.11.8 Receiving Start/Completion (at ome word transfer)
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Receive (leading edge shift) mong

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 —

sor [ i

SN/ O 623 OB C10. O, G

sniee sampiing) {00 b 444 1

S, 77%% %IF D Y

o
Read (IPOF) \
Q

(a) 1Internal clock operation (with wait operation)

"_n—j
gsto __ | j{___
SIOF |
SEF B

'SCK (INPUT)

7% 10 X D1 X D2 X235 X Do X01" X2 X3 X0o" X1 X02"X 05" 77777,
Shift (Sampling) 1 1 { t f 1 { { f 1 ’ ?

SI

ISI0 & 1 f j\ﬁ
s 7 1 > o B\

Read (IPOF) N0 S

(b) External clock operation (at slow transfer rate)
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ST

Shift (Sampling) ? f ? 1 1 1 1 ’ 1 * 1
ISIO ] F ‘1
S8 7772727277777 7K o X! X o"

Read (IPOF) ‘\\\_‘_< - \

(c) External clock operation (at fast transfer rate)

SIOF

ESIO
; /
|
SEF
SCK

SI

Shift (Sampling)

ISIO

)
Read (IPOF) \

(d) One-word transfer

Fig. 1.11.9 Receive(Leading Edge Shift) Mode
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2. 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

(Note 1)

Move instruction 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 2.0.1 Classification of Instructions.
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2.1 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.)
h Transfer
5 Exchange
+ Addition
Substraction
A Logical AND of the corresponding bits
\% Logical OR of the corresponding bits
v Exclusive OR of the corresvonding bits
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Symbol Description

(CF) Inversion of carry flag contents

null Processed result is transferred nowhere

(AC) Contents of accumulator

(H.1L) 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

2.2 Description of instructions

(*): Note 1 (*#%*): Exec.cycle (;%): Hexadecimal

LEem | pssembler Object Code Function Flag(%) (%)
Class|| Mnemonic : - PR CF|2FISF
Binary [€:9) Functional Description

DA, GHL |0 000 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 |LD A, x 0011 1100} 3C (AC)M[x] I - 7 LJ 2

b XrXeXsKa KsXaX,xd SHXL Loads the contents of the data memory spe —

Y cified by the x of the instruction field in

5 the accurnulator.

2 lpHL, x [0010 1000[28 | (LR<M[],(HR)M[xH1] 1l

o X7XKeXsXs X3X2X1Xo| “HXL X =Xy X5 XuX5%,00

3 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.

DA, # |0 100 kikskiko 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.
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Items

Class

Assembler
Mnemonic

Object Code

Flag(*)
CF[ZF[SF

Function

(%)

Binary

Functional Description

Move Instruction

LD H, #

110 0 kskakiko

(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, #k

1110 kskakiko

(LR)*<k T- - 1T 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

(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+

0011 0010

32

(AC)<ROME[(DC) ], (DO)<(DO)+1 |- 2 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

0000 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,GHL+

0001 1010

1A

MI(H-1)]<(AC), (LR)«(LR)+1 |- z C| 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-

0001 1011

1B

M[(H.L)]«(AC), (LR)<(LR)-1 J-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 1111

X7X6Xs5Xu X3X2X)1Xo

3F
XHX,

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 kskzkiko

F k

M[(H-L) J«k, (LR)< (LR)+1 - zc] 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(*) | rux
o1acdMmemonic Object Code Function CFZE[SE (%)
Binary &) Functional Description
ST#k,y | 0010 1101]2D]| MyJk [- - 1] 2
k Stores the immediate value k of the instruc-
kakaok,k y
akakako yayayayo 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)<WMR) |—21| 1
Loads the contents of the H register in the
accumulator.

MOV L, A 0001 000111/ (AC)<(LR) 1-21]1
Loads the contents of the L register in the
accumulator.

a XCH A, H 0011 0000 30| (HR)X(AC) |— z 1 T 2

S Exchanges the contents of the accumulator for

§ those of the H register. [Note 2]

I

% |XCHA, L | 0011 00001]| 31| (LRS(AC) |-21lz

S Exchanges the contents of the accumulator for

2 those of the L register. [Note 2]

o

= |XCH A,EIR | 0001 0011]|13/| (EIR)Z(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)]IS(AC) |— 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]5(AC) l— Z 1 I 2

xgx[, | Exchanges the contents of the accumulator for
¥rXeXsXe XoXaXaXo those of the data memory specified by the x
of the instruction field. [Note 2]
< 1 <
XCHHL, x | 0010 1001|209 | MXISLR),Mx"+1IS(HR) - -1l 2
% X =X7X6X5%X4X3X200
X7XeXsXa XaXaXiXo| Bl 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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Items

Class

Assembler
Mnemonic

Object Code

Flag(*)
CF|ZF[SF

Function

(*%)

Binary

&)

Functional Description

Compare Instruction

CMPR A,@HL

0001 0110

CMPR A, x

16

null-M[(H-L) ]-(AC) IE z EI 1

Compares the contents of the datamemory spec-
ified by the H and L registers with those of
the accumulator.

0011 1110

X7X6Xs5Xs4 X3X2X1Xo

3 E
XHXL

nilleM[x]-(AC) IE z 2 ] 2

Compares the contents of the data memory spec-
ified by the x of the instruction field with
those of the accumulator.

CMPR A, #k

1101 kskokiko

D k

null<k-(AC) Lﬁ zz |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.

CMPR H, #k

= o
= o
o
b
=
P
= O
%
=~ O
2
~ O
S

null<k-(HR) I— Zz 3B I 2

Compares the immediate data k of the in-
struction field with the contents of the H
register. Seryves as the H register test in-
struction when k=0.

CMPR L, #k

= O
o o

o =
-

nullck-(LR) l- Z 3B I 2

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.

CMPR ¥, #k

0010 1110
kskzkiko yay2yi1Yyo

null<k-M[y] I—g 77 l 2

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

Arithmetic
Instruction]

INC A

0000 1000

(AC)+(AC)+1 ]- z EI 1

Increments the contents of the accumulator.

INC L

0001 1000

(LR)+(LR)+1 l- A El 1

Increments the contents of the L register.
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tems

Class

Assembler

Mnemonic

Object Code

Flag(*)

Function CF]ZF]SF

(%)

Binary

(&%)

Functional Description

INC @HL

00 1010

0 A

M[(H-L) J*M[(H-L) ]+1 I— z E[ 1

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

DEC A

00 1001

(AC)<(AC) -1 r- z E[ 1

Decrements the contents of the accumulator.

DEC L

01 1001

(LR)<(LR) -1 |- z EI 1

Decrements the contents of the L register.

DEC @HL

00 1011

M[(H-L) J<M[(H-1)]-1 [-z3]1

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

ADDC A,@HL

01 0101

(AC)«(AC)+M[ (H-L) ]+(CF) |c z EI 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.

Arithmetic Instruction

ADD A,@HL

01 0111

(AC)<(AC)+M[(H-1) ] |- z EI 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

011 1000
000 kskakiko

o w
~

(AC)«(AC)+k |- 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, #k

011 1000

0 0 kskakiko

(HR)< (HR) +k I- z¢l 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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tems

Class

Assembler
Mnemonic

Object Code

Flag(*)
CF[ZF|SF

Function

(x%)

Binary

Ciex)

Functional Description

Arithmetic Instruction

ADD L,#k

0011 1000
1000 kskakiko

o W
~ oo

ADD @HL, #k

0011 1000
0100 kskakiko

(LR)«{LR)+k l— z E] 2

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

M[(H-L) J*M[(H-L) ]+k ]- 4 EI 2

Adds the immediate data k of the instruction
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 vy, fk

0010 1111
kskakiko ysy2yi1¥o

Mlyl<M[yl+k !- z EI 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.

SUBRC A, @GHL

0001 0100

(ACY-M[(H-L) I- (AC) - (CF) ’E z EI 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

0011 1000
0 O O l k—3k2klk—0

(AC)<k~-(AC) I- z ET 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.
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Class!

Assembler
Mnemonic

Object Code

Flag(*)
CF[ZF[SF )

Function

Binary

( :‘ck-k)

Functional Description

Arithmetic
Instruction

SUBR @HL, #k

(=)

011 1000
101 kskakiko

U w
faale]

M[(H-L)]<k-M[(H-1)] [- zZ El 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 (1l's comple-
ment) instruction when k=0 or F,respective-
1y.

Logical Instruction

ROLC A

00 0101

rotate left =
(bylbit ) czc|1

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

RORC A

00 0111

rotate right =
by 1pie ) |© 7€)1

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

AND A,@HL

01 1110

(AC)« (AC) AM[ (H-L) ] l-z27]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.

AND A, ik

011 1000
011 kskekiko

(AC)<(AC) Mk l- z EI 2

Carries out the logical AND of the corre-
sponding bits with the contents of the accu-
milator and the immediate data k of the in-
srruction field, and places the result in the
accumulator.

AND -@HL, ffk

o

11 1000
11 kskakiko

M{(H.L) J<M[ (H-1) JAk - zz]2

Carries out the logical AND of the corre-
sponding 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.
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tems

Class

Assembler
Mnemonic

Object Code

Flag(*)
CFIzE[SF

Function

(*%)

Binary

(%)

Functional Description

Instruction

Logical

OR A, @HL

01 1101

1D

(AQ) < (AQVM(H-1) ] |- zz]

|
I

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.

OR A, #k

11 1000
1 0 kskakiko

(AC)“(AC)Vk l— A i 2

Carries out the logical OR of the correspond-
ing bits with the contents of the accumulator
and the immediate data k of the istruction

field, and places the result in the accumulator.

OR @HL, #k

110 kskakiko

11 1000

ML(H-1) JeM[ (H.1) vk - 270

Carries out the logical OR of the correspond-
ing bits with the contents of the data memory
specified by the H and I registers and the
immediate data !: of the instruction field,
and places the result in the data memory.

XOR A, @HL

01 1111

(AC)« (AC)¥M[(H-1) ] [- z 7 r 1

Carries out the logical exclusive OR of the
correcpondine bits with the contents of the
accumulator and those of data memory specifi-
ed by the H and L registers. ard places the
result In the accumulator.

Bit Manipulation
Instruction

TEST CF

00 0110

(SE)«(CF), (CR)<0 |0 - *J 1

Places the inverse contents of the carry flag
in the status flag, and then resets the carry
flag to "O".

TEST A, b

01 11bibo

5 C+b

(sF)<(AC) <b> [- - «]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,

TEST @HL,b

01 10 bibo

5 8+b

(SF)<M[(H.L) ]<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.
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*
Ltems|  cembler Object Code Function §§§§§S; (%)
Class| remenic Binary (#%) Functional Description
TEST y, b 011 1001]| 39 | (SF*N[yl<b> [- - «] 2
0 bibo y3y2y1y08+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.

-

bibo y3y2y1Yo

TEST %P,b 011 1011| 3B | (SF)*P[p]l<b> l— - % l 2
0 bibo papz pipo 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—

o tion field, in the status flag.

o

g TEST @L 011 0111} 37 | (SF)*P[(LR)<3:2>+4]<(LR)<1:0>> - - % l 2

2 Places the inverse contents of the bit, which

b is specified by the lower-order two bits of

s 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

& |TESTP CF 000 010004 |(SB)«(CH, (CRA<«1 1 -] 1

3 Places the contents of the carry flag in the

| status flag, and then sets the carry flag to

o l’l’l.

=

& | TESTP ZF 000 1110 0E | (SF)«(ZF I— - % l 1

= Places the contents of the zero flag in the
status flag.

TESTP GF 000 0001| 01 | (SH+(GH ]— - % Lﬁl
Places the contents of the general flag in
the status flag.

TESTP y,b 011 1001} 39 | (SH)«M[yl<b> l— - * I 2

C+b y | Places the contents of the bit, which is

specified by the b of the instruction field,
of the data memory specified by the y (page
0) of the instruction field, in the status
flag.
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1 bibo P3p2P1Po

*
fems Assembler Object Code Function g;ﬁiﬁsi (F*)
Class Mnemonic Binary (%) Functional Description
TESTP %P,b 11 1011|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,
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.

Bit Manipulation Instruction

SET GF 00 0011({0 3 | (GF)<«1 I——lll
Sets the general flag to "1".

SET @HL, b 01 00 bibo|5 b | M[(H-L)]<b>1 I— - 1L1
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 "l1'".

SET y, b 011 1001/[3 9 |Mylbsel J—-lIZ

b Sets the bit, which is specified by the b of
b, b y > p y
0 Pibo ys¥2y1¥o the instruction field, of the data memory
specified by the y (page 0) of the instruc-
tion field, to "1".
SET %Zp, b 011 101 1{3 B |Plpl<b>«l l— - ll 2
Sets the bit, which is specified by the b of
b y >
0 Babo Papzpipo the instruction field, of the port specified
by the p of the instruction field, to "1".

SET eL 11 01003 4 |PI(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 — Ry specified by the higher-order
two bits of the L register, to "1".

CLR GF 00 00100 2 | (GF)<0 41— - 1| 1
Clears the general flag to "0".

CLR @HL, b 01 01 bybo|54+b|M[(H-L)]<b><0 |- - 1[ 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".
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%
ttems Assembler Object Code Function Flag(*) (**)
Mnemonic = CF|ZE|SF
Class! Binary (%) Functional Description
CLRy, b 0011 1001(3 9| Myl<b><«0 I— - ll 2

4+b y | Clears the bit, which is specified by the b
of the instruction field, of the data memory
specified by the y (page 0) of the instruc-
tion field, to "0".

0 1 bibo yay2y1Yo

CLRZ%ZP, b 10011 1011|3 B|P[pl<b>«0 - - 1| 2
4+b p | Clears the bit, which is specified by the b
01 bib ’ y
B0 PsPzPibPo of the instruction field, of the port spec-
g ified by the p of the instruction field, to
‘Li no,
9]
=1
5 |cLR @L 0011 0101|3 5]|P[(LR)<3:2>+4]<(LR)<1:0>>«0 L— - 1L 2
E Clears the bit, which is specified by the
lower-order two bits of the L register, of the
g ports R4 - Ry specified by the higher-order
}(_-: two bits of the L register, to "0".
—
2 |CLRIL, r {0011 01103 6| (INTL)<5:0>(INTL)<5:0>Ar<5:0> [_ -1 2
i : - -
o C+rpryf Resets the interrupt latch INTLj when the rj
g 1 1 ¥sXe Xaratato 4 of the instruction field is "0". (§j=5-0)
+
& |EICLRIL,r |00 11 0110]|3 6|(EIF)<1,

4trgry| (INTL)<5:0><(INTL)<5:0>Ar<5:0> |~ ~ 12

1 IsCy T3laliT -+
shu Tetziato 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)

DICIR TL,r [0 011 0110 |3 6| EIF<0,
gtrmry| (INTL)<5:0><(INTL)<5:0>Ar<5:0> | - — 1| 2
0 TsTa Tsrar,ro| O FHIL

Resets the interrupt enable master F/F to
"0". 1Interrupt latch INTLj is reset when
the rj of the instruction field is "O".

(j=5-0)
=} —
S3 |INZP, A (0011 10103 A|(ACQ)<P[p] ]—zzl 2
= § 0010 papspipo 2 P |Places the input data from the port specified
af by the p of the instruction field in the ac-
H oo cumulator.
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Items

Class!

Assembler
Mnemonic

Object Code

. Flag(*) o
Function CFIZFISF (%%)

Binary

Functional Description

Input/Output Instruction

IN 7P, @HL

0011 1010
0110 psp2piP9

M[(H-1) ]<P[p] l— - Z[ 2

Places the input data from the port specified
by the p of the instruction field in the data
memory specified by the H and L registers.

OUT A, %P

0011 1010
10 ;«0 P3sP2P1Po

3 A
8+7p4p

P[p]<(AC), P=P.PsPsP,Po [- - 1] 2

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

OUT @HL,ZP

0011 1010
11 FAO P3P2P1Po

3 A
C+234p

P[p]«M[(H-L)], P=P,P5P,P,P, T- - 1] 2

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)

OUT #k,%P

0010 1100
kskzkiko pPap2pPiPd

N
s~ Mol

Ppl<k l——ll 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.

OUTB @HL

0001 0010

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.

Subroutine
Instruction

Branch-

BS a

0110 anapasas

ayaedsas aszazajao

6 ay
ay ay,

If SF=1 then (PC)<«a else null. I- - lA[ 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.
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Items

Class!

Assembler
Mnemonic

Object Code

Flag(*)

Function CHZF|SF

(+%)

Binary

(&)

Functional Description

Branch-+Subroutine Instruction

BSS a

1 0 dsd, dsd2d.do|

8+dydy,

If SF=1 then (PC)«a else null, | _ _ 1 1
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]

CALL a

0010 O apasasg

dyaedsas asazaidao

2 aH
ayM aj,

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 nsnzning

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

(PC)<a, a=8n+6(n+0), 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; increments the stack pointer word,
and restores the data of the return address
from the stack to the program counter.
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Item| pAgsembler Object Code Function Flag(*) | (sx)
M . CF ZF [SF
nemonic : "
Class Binaty (%) Functional Description
° (SPW)<+(SPW)+1, .o
£ o | RETI 0010 1011 |2 B (nyrc.pc)esTACK(SPW)], (EIF)<1 *2
HE)
37 Returns from the interrupt processing routine;
hs increments the stack pointer word, and re-—
ab stores the data of the return address from
o a 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
M F/F to "1".
54 | o 0000 0000 |0 0|no operation | ---]¢t
553 Moves to the next instruction without perform-|
cav ing any operation.
=
Note 1. Setting Condition of Flag.
"C" indicates the carry output from the most significant position
y P g
in the addition operation, and "B'" indicates the borrow output from the
most significant position in the subtractfon 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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3. Basic operation and pin operation
1. Instruction 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.

3.1 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 (M} v~ Mg),

and each machine cycle requires two basic clock times.

1/

|

cp

-
L . i

M2

M3

JEE

My,

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

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

Port Outpu

Fig. 3.1.1 Instruction Cycle

3.2 Basic clock (CP) generation

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

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 g _¢,1 XOUT
Cerami

C C
IN
l I ouT

(a) For X-tal or ceramic resonator

XIN XoUT
R
J;C
(b) For RC
XIN XouT
(Open)

(c) For external oscillator

Fig. 3.2.1 Resonator Connections

3.3 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 "0".
Set the status flag to "l1'".

Reset the interrupt enabling master F/F and the interrupt
enabling register to "0", and also reset the interrupt

latch to "0".
Reset the divider to '0".

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 (=z300kQ TYP., MOS-load resister).

3.4 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 Vygy 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 hefore the Vpp porer goes te

the minimum operating voltage.

@ Hold the low level of the RESET pin. At the same time, the
level of the VHH 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.

3.5 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 (Rgp, Rgp) respectively, if not used as the inter-

rupt input pins.

The interrupt via INTp 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 (INTy, 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.

MCU47-79




TOSHIBA

TMP4740P, TMP4720P

Instruction
cycle

e Rt vt “+ oo +-
Execution Interrupt Execution of ad- Execution
of acceptance dress 002 (RETI) of
instruction process instruction instruction

Fig. 3.5.1 Interrupt Timing (Dummy process of INTj interrupt)

3.6 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.

Ist Cycle 2nd Cycle
Input instruction —— ]
Mi_Mp My My | My Mp My My |

Input strobe r—q

(a) Input Timing

Ist Cycle ) 2nd Cycle )
Ly My s e [ v s, |
Latch strobe
External pin :><”—‘—_—

(b) Output Timing

Output instruction

Fig. 3.6.1 Input/Output Timing
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(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.

"TOCODE AA" is employed if not specified.

Input/Output Circuit Code (IOCODE) AA
t
AN Input Output 1/0 1/0 1/0
Cir- (®q) (®1,P,) (R, Rs, Re) ®,) (Rg,Rg)
cuit
1/0 R
equiv- | M am—{>o> | Lo >o— > o—
alent R R R
Cireuit
R = 1k& (TYP.) R = 1k (TYP.)| R = 1kQ (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 ?utgu? %at?h o QUtPuF %at?h osing open
. current. is initializ- is initialized| drain output.
Remark | contained. ed to thehigh| to the high
o Qutput latch & & o Qutput latch
C ssae s level. level. e e 4
is initialized is initialized]
to the high to the high
level. level.
Note: The input/output port of the evaluator chip TMP4700AC is made up with

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

therefore, the system of the TMP4700AC can become equivalent to that

of the TMP4740P or the TMP4720P by externally installing EPROM

(program memory) on the TMP4700AC (but TMP4700AC 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 (IOCODE) AE
C‘Port Tnput Output 1/0 1/0 1/0
Cuit (Ko) (P1,P>) (Ry,Rs,Re) (®7) (Rs,Ro)
lyDD VDD
R IN RL
1/0 4>n1_—_4 —t>w1___4 )
lequiv- R DO_L—I R m R
alent
cir- <
cuit | RIN=100kQ(TYP.) RL =5k (TYP.) B _
R = 1Ko R =1k (TYP.) R=1ka (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
Remar resistor is current. sistor is con- isinitialized| drain output.
X ] . . he hi
contained o Output latch tained to the high level o Output latch
isinitialized|o Output latch is is initialized
to the high level| initialized to to the high level
the high level.
Input/Output Circuit Code  (IOCODE)  AF
» ort Input Output 1/0 /0 1/0
R (Ko) (P;.P3) (Ry,Rs,Re) (R7) (Rg,Re)
VDD
R R
1/0 L
equiv- R ‘Dﬁ—ﬂ; D ‘Do—l_ﬂ > ]
alent IN R R R
cir-
cuit
RIN=1009 (TYP.) RL = 5k (TYP.)
R=1kQ (TYP.) R =1kQ (TYP.) R = 1k® (TYP.) R =1kQ (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 X resistor is current. sistor con- isinitialized| drain output.
emar : . .
contained. o Output latch tained. to the high level o Output latch
isinitialized|o Output latch isinitialized
to the highlevel| disinitialized to the high level
to the high level
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to the high level

isinitialized
to the low level

Tnput/Output Circuit Code  (TOCODE) AH
c1zfrt Input Output 1/0 1/0 1/0
cuit (Ko) (Py,P2) (Ry,Rs,Re) (Ry) (Rs,Ro)
VDD Vpp
1/0 R PLRIN R
equiv— _D ~Do—l—| ‘DO—L_|
alent R R R
cir-
cuit
RIN=100kQ(TYP.) RL=5k§ (TYP.)
R=1ko (TYP.) R=1ke (ryp.) | %= 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 level o Output latch
is initializedjo Output latch isinitialized

to the high level

o Output latch
isinitialized
to the high level

o Output latch
isinitialized
to the low level

Input/Output Circuit Code (TOCODE) AT
Cir""“ Input Output 1/0 1/0 1/0
cult (Ko) (Pl,Pz) (RL\MR57R5) (R7) (Rs,R9)
VDD
1/0 R R,
equiv- ‘D‘»I____‘ ~D0—L__l -Do—-l—“ —{>o—‘—‘
alent R R
cir- R
cuit
R N
IN=100k® (TYP.) RL=5kQ (TYP.) _ _
R=1k0 (TYP.) R=1ko (ryp.) | RTIKE (TYP.) | R=1ki (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
Remark resistor is current. sistoris con- isinitialized|{ drain output.
contained. tained. to the high level

o Output latch
isinitialized
to the high level
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3.7 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 (Rg3, Rgi), respectively, if not used as the

timer/counter inputs.

The count latch is set by the rising edge of the external input
(T3, Typ), 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 R9 port. These pins can
be used as the pins of the Rg port (R92, R91, 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 (= 70k TYP.,

MOS-1load resistor).
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TENTATIVE
ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Vgg=0V)

SYMBOL ITEM RATING UNITS
VDD

Supply Voltage -0.5 7 v
VHH
Vin Input Voltage -0.5 7 v
VouT1 Output Voltage (Except Open Drain Port} =-0.5 7
Vour2 Output Voltage (Open Drain Port) -0.5 ~ 10 v
Tout Output Current (Py, P2) 30 mA
Pp Power Dissipation (Topr=70°C) 850 mW
Tsol 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
VoD

Supply Voltage 4.5 5.5
Vuy v
VHH1 Supply Voltage (Memory Stand-by) 3.5 5.5
V1iH1 High Level Input Voltage (R4 ™ Ry) 2.2 Vpp
Vin2 High Level Input Voltage(Except R4VR7) 3 VpD
Vir1 Low Level Input Voltage (Except Kp) 0 0.8 v
ViL2 Low Level Input Voltage (Kg) 0 1.2
fc Clock Frequency 0.4 4,2 MHz
twcH High Level Clock Pulse Width(Note 1) Vin=V1g 80 -
tycL Low Level Clock Pulse Width (Note 1) VIN=VIL 80 - ns

(Note 1) For external clock operation.
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DC CHARACTERISTICS

(Vss=0V, VDD=VHH=5Vilo%, Topr=‘30 v 70°C)

SYMBOL PARAMETER CONDITION MIN. ¥$§?1 MAX. |UNITS
V. Hysteresis Voltage _ _
HS (Schmitt Circuit Input) 0.5 v
Input Current (Note 2
TN (Kg) ¢ ) Vpp=Yyy=5-5V, Vy=5.5V - - | 20 | ua
Input Current
1 P = = - -
N2 (Open Drain R Port) Vpp=3+5V, Vy=5.5V 20 | wA
1 Low Level Input Current v
IL (R Port with Pull-up Resistor) | DD=5.5V, Vyy=0.4V - - -2 | mA
Output Leak Current
I = = - -
Lo (Open Drain P, R Port) Vpp=2-3Vs> Vour=s-5V 20 | yA
High Level Output Voltage
\ Vpyp=4.5V, I,3=-200uA 2.4 - - \
OH (R Port with Full-up Resistor) | DD > “OH s
v, Low Level Output Voltage Vnn=4.5V. Inr=1.6mA
oL (Except X0UT) pp=4-5V, IgL=1. - - los | v
TorL %gY,L%;§l Output Current Vpp=5V, Vor=1V - 20 _ mA
Ipptlyy | Supply Current Vpp=Vug=>5.5V - 50 120 | mA
THH1  |Supply Current(Memory Stand-by) |Vpp=Vsss> Vpp=3-5V - 5 10 | mA
(Note 1) Typical values are at Topr=25°C, Vpp=Vygnu=>5V.
(Note 2) When an input resistor is built in the device, the input current through
P g

the resistor is eliminated.

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

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

AC TIMING CHART

VpD

. Serial Port (Completion of transmicsion)

10KQ

SO

tspH
X X X F1.5v

;L?OpF

(Note 1) External circuit
for serial ports
SCK and SO
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EXTERNAL DIMENSION VIEW

Note 1.

Note 2.

Unit in mm

41 39 37 35 33 31 29 27 25 23
42 40 38 36 34 32 30 28 26 24 22
mdimmmcmmmrhmmobichrhmohmo ot

e e

A A
P P

T T O O T O T 0 O T GO O L G i i
12 3456738

13.8 MAX.

—— |

9 10, 12 .14 18 20
11121314 151617181920y, - Note 1
wi| g 15.24(TYP.)
| n| <| & °
. 53.8 MAX. S| Zla >
5 ©| » ,v
ol M
-l
- [ £
& 0.25%0.1
B
n 15.318.3
c

Weight 5.7g (TYP.)

This dimension is measured at the center of bending point of

leads.

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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INTEGRATEDC'RCUIT TMP4740N, TMP4720N

ﬁ b TECHNICAL DATA SILTCON MONOLITHIC
N-CHANNEL SILICON GATE DEPRESSION LOAD

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47N)

TMP4740N, TMP4720N

GENERAL DESCRIPTION

TMP4740N and TMP4720N are the shrunk package versions of TMP4740P and
TMP4720N, respectively. Their function, instruction, pin description and
electrical characteristics are compatible. The package area is reduced

to around 70 percent in comparison with the standard package.
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EXTERNAL DIMENSION VIEW

Unit in mm

42 4140 39 3837 36 3534 33 32 31 30 29 28 27 26 2524 2322

140 £ 0.2

1 I — il
P S o o T
123 4567 8 9101112131415 16171819 2021

380 + 0.2

1524 +015 Note 1

35+0.2

07+0.3

0.46+01

10 = 0.2

0.8] typ.
30103

0.23 typ

0.46 £ 01

Weight 4.0g (TYP.)

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

Note 2. Each lead pitch is 1.78mm, 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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TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT

INTEGRATEDCIRCUIT TMPU700AC

SILICON MONOLITHIC
ﬁz“"‘ TECHNICAL DATA N-CHANNEL SILICON GATE DEPRESSION LOAD

NMOS 4-BIT SINGLE CHIP MICROCOMPUTER TLCS-47(N) TMP4700AC
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 TMP4700AC 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 TMP4700AC.

Further, when the TMP4700AC is used, the evaluation boards equivalent to
respective versions of the TLCS-47 should be used.

PIN CONNECTIONS (Top View)

~ o~
~ — o
Mo e e
|o o H H‘Z N‘z
R 0 n H|H -
D R~ O s s
S ERIIIGEEE AT I o R gOK
L Tl SR el O G e
oonoaoaoononaonnonnn
5352 515049 48 4746 45 44 43 42 41
Rss o] 60 59585756 55 54 55 52 51 504 Sl g
D0o(DP) [6z 390 sT)
Do, (DEP) 063 381 sTo
DOo(LRg) 64 37[1 TELC
Doz(CF) []65 26 Vug
Rgo ges 35 HOLD
Re1 gev 34[d TEST
Rez ges 53 RESET
Rg3 geo 32H Koyt
Rvo gwo 310 X1y
Ryy g1 30 TALD
Ryz Ovz 29[ HFR
Rysz Ovs 281 sB
10(DIg) O7a 270 Koz
1;(PI1) Ows 261 Koz
15(D1g) Owe 2501 Koy
13(PIz) O 2401 Kgo
1,(0Ig) Ows 2300 A1
I5(SPI) 079 g%:l A10
Te(IN®) O%F 2 5 45 67 8 9 1011121514 151617 18 1030 Ag
DO0UDU0 000000000000 oog
I
5
~ O H XMy o am
~ So RS o) ~
L I A Al RGP S

MCU47-90




TOSHIBA TMP4700AC

PIN NAMES AND PIN DESCRIPTIONS

Pin Names NQ'Of 1/0 Functions
Pins
Kos v Koo 4 Input Input port
Pis Vv Pyo 4 Output Output port (corresponding to PLA)
P2s v Pao 4 Output " ( " y
Ras © Ruo 4 I/0 I/0 port
Rss Vv Rso 4 1/0 "
Res Vv Reo 4 I/0 "
Rss v Ryo 4 1/0 n
Res (T:) 1 1/0 I/0 port or timer/counter input
Rg2 (INT,) 1 I/0 " or interrupt input
Re: (T2) 1 1/0 " or timer/counter input
Rgo  (INT2) 1 1/0 " or interrupt input
Ro2 (SCK) 1 1/0 1/0 port or shift clock for serial port
Roy (s0) 1 1/0 " or serial output
Reo  (SI) 1 1/0 " or serial imput
Ayy v Ao 12 Output Program memory address
1, (HLT) 1 Input Program data input (Holt request signal input)
Is (INH) 1 Input " (Inhibit control signal input)
Is (SPI) 1 Input " (Port comtrol signal imput)
L,(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 " " )
PNRs v PNRo 4 Output Port address output
CLK 1 Output Strobe signal
STo, ST, 2 Output State signal
SA, 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 . .
Z s
XIN, XoUT Output Resonator connection terminal
RESET 1 Input Initialize signal input
TEST 1 Input (Low level is input.)
Power
VDD 1 supply +5V
Power
pl
VHH 1 supply +5V (Memory power supply)
Power
Vss 1 supply ov
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BLOCK DIAGRAM

. L_pc__ | [—"Vop

N " o~ I, — VHH

° o =) T

157 = o E _E BT s

Ts |l | LseW
L.(SDL.):;) | STACK
Io(DIo) :

.~ R, (5CK)

HFR (Car ] s1o T E——— R:(SO)
wors —J[Boo [0 | control e Roo(SI)
CALD —f contro

MR - sYs INTR

i, e Res (T1)
RESET — | control L RSZ(IﬁT )
TEST — control r?'——szgTz)l
N 16 T Rao (INT;)
ot [T A el mlm ][RR &[5

S M O - ;mg n’\)o o,\lg o P e 00 o ° m o, m o0 0
& Shhdan ERRMBLME TSN e atzetEa e
BLOCK NAMES AND DESCRIPTIONS
Block Names Functions

PC
IR,
HR,

decoder
LR

RAA

RAM

STACK

SPW

DC

AX, AY

ALU

AC

FLAG(CF, ZF,SF,GF)
K, P, R

INTR control

FD

TC,, TC:

TC control
SIO control
HOLD control
SYS control
CG, TG,

Program counter (12 bits)

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)

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)

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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FUNCTIONAL DESCRIPTION

The TMP4700AC 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 (IOCODE

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 these models, the evaluation boards

equivalent to respective versions shall be used.

Further, when the TMP4700AC 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 TMP4700AC 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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VpDp —]
VHH
Vss —

XN ]
XouT—_|

RESET ——
TEST —

TMP4700AC

Koo VKos

Fig.1.1

PioVPis

Poo VP23 <

Ruo VRys &
Rso VRs3 Pt
Reo VRes <&

R70 VRy3 &)

RSO (INTZ)
Re1 (T2)

—~—

—

Re2 (INT:) < ]

-—
-~

RBS(TI)
Ro0(SI)
Re1(S0)

—~——

Ro2 (SCK) ol

TLCS-47N Standard Chip (TOCODEAA) Equivalent Terminals

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, A1] and I7 (HLT) terminals in the diagram are MSB,

respectively.
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+5V +5v
VDD Ao 12 Ao VeC
s s
Aul (RoM Address) | A4t
TMP4700AC TMM2732D
1, (HLT) 8 07
i e s—
To (Do) Instruction/) Oo
ROM data

ST OE/VPP CE
Vss ' / GND

Note 1. When the TMM323D-1 is used, the TMP4700AC output terminal
A11 should be opened.

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

(a) Connection of Program Memory

ST,

X X X
R/ NS 7/ W/ S/}

(b) Program Memory Access Timing Chart

Fig. 2.1 Connection of Program Memory
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1

Control Terminals for External Circuits

Timing signals (CLD, STg, ST1, SELC)

In order for the timing control of the external circuits,

3 types of signals are transmitted from the timing generator of
the TMP4700AC.

The TMP4700AC 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.

XN

CLK
STo
ST,

(a)
XIN
CLK
STo

ST,

(®)

N O Oy

_/ \ /
N \

TLCS-47N Support (SELC = 1)

Juyvuvuvyyuduuuruuyuuy

/- \ YA
E— \

Note: These are somewhat different from the operating

timings of CMOS family.

TLCS-47C Support (SELC = 0)

Fig. 3.1 Clock Timing Chart
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(2)

17

e

System control signal inputs
(HLT)

HLT signal is the halt request signal input to the TMP4700AC
at time of the system debugging. HLT signal input is multiplexed
with data input from the external ROM and a signal is input when

ST1 signal is at high level.

When a low level signal is input into HLT signal input and
accepted, the TMP4700AC starts the half 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 internal 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, Iy (HLT) terminal has a built-in pull-up resistor.

(TNH)

INH 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 ST; 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 TMP4700AC 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 TMP4700AC

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 TMP4700AC 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 TMP4700AC(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 TMP4700AC 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 " PNRq
4 bit outputs indicating port addresses.
DOy (DP), DOy (DEP)

These signals {(DP, DEP) -control the port write/read by the extermal
circuits. They are multiplexed with data output (DO) and are trans-
mitted when ST] signal is at high level.
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I5 (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 STy signal is at high level.

(b) Data inputs
Iy (DI4) Vv Ig (Dlo)
These (DI4 Y DIO) 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 ST] signal is at

high level.

(c) Data outputs
D03 (CF), DOy (LRg), DO7 (DEP), DOy (DP)

These (D03 v DOg) 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 ST7 signal
is at low level.

Note: The port output timing on each versions of the TLCS-47
series and that on the TMP4700AC 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.

D02 (LRg)

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

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

SYMBOL ITEM RATING UNIT
VDD Supply Voltage -0.5 ~ 7 v
VHH
VIN Input Voltage -0.5 ~ 7 v
VOUT1 gzgi;t Voltage (Except Open Drain 0.5~ 7 ,
Vour2 Output Voltage (Open Drain Port) -0.5 ~ 10
Iout OQutput Current (P,, P2) 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 CONDITIONS (Vgs =0V)

SYMBOL ITEM CONDITION MIN. | MAX. | UNIT
Topr Operating Temperature -30 70 °C
VDD Supply Voltage 4.5 5.5
VHH v
VHH1 Supply Voltage (Memory Stand-by) 3.5 5.5
VIHL High Level Tnput Volﬁggg N 2.2 VDD
VIH2 High Level TInput Vo%gggz 2) 3 VDD v
VILL Low Level Tnput Volgﬁggept xQ) 0 0.8
VIL2 Low Level Tnput VOIEE%§ 0 1.2

e Clock Frequency 0.4 4.2 | MHz
tycH High Level Clock PuTEe(ﬁggghB) VIN = VIH 80 _ s
el Low Level Clock PUISiAEEgEQ 3 VIN = VIL 80 _

(Note 1) Application terminals: R4 ~ Ry, 1, (HLT) ~ I0(DIgp)
(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 =Vyy = 5V+£10%, Topr =-30 ~70°C)

TYP.
SYMBOL PARAMETER CONDITION win. | G max. | ontr
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
TIN2 Input Current (R Port) VDD=5.5V, VIN=5.5V - - 20
IIL Current (%) VDD=5.5V, VIN=0.4V - - -2 mA
Lo | Outeut Leakage purient o) VDD=5.5V, VOUT=5.5V | - | - | 20 | uA
Vou High Level Output Voltage VDD=4.5V, TOH=—400pA | 2.4 | - -
\Y
Low Level Output Voltage _ _ _ _
VoL (Except %0UT) VDD=4.5V, Ipp=1.6mA 0.4
1o | Pow Level Outpuf Cuprent VDD=5V, VOL=1V - 20| - | m
IDD+IHH | Supply Current VDD=VHH=5. 5V - 70 150 mA
Supply Current — -
IHH1 PPy (Memory stand-by) | VDD=VSS, VHH=3.5V - 5 10
(*) TYP, values are at Topr=25°C, Vpp=Vgg=5V.
(*%) Application terminals: HOLD, CALD, SELC, I,(HLT) vIo(DIo).
(***) Application terminals: Control output terminal specific to evaluation.

A.C. CHARACTERISTICS

(VSS = 0V, VDD = VHH = 5V£10%, Topr =-30 ~70°C)

(1)

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. Unit
tey 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
I50pF
(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)

sk \_/ \__/ \_Srsv

tSDH
50 X X X T1.5v

(2)
o[ \ T
STy R | tA3—~——
A11 1, A0 ;EI.SV
1741 { 1.57] NN

tIs tTH
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EXTERNAL DIMENSIONS

Unit : mm

D S _45.0 MAX.
-~ . . 28.040.3
f TN
[T}
~
o
-~ N
@ .
1|3
| =
SN I
=3 _ B R

L]

25.0 + 0.3 S o E
o
L 1.47 £ 0.3 § X % ~
l p [ I
P"—'————__—!h'lrlnnlnnhﬂnnnﬂnnﬂnnnﬂﬂl = 1
[ ooto o o o e o A e ] T

Weight 5.9g (TYP.)
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STLICON MONOLITHIC
R TECHNICAL DATA N-CHANNEL SILICON GATE DEPRESSTON LOAL

TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT
INTEGRATED CIRCUIT TP a6

NMOS 4-BIT SINGLE CHIP MICROCOMPUTER TLCS-47(N) TMPA799C

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. Therefore, 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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TOSHIBA TMP4799C

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

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

« Compatible with TLCS-47 series in software.

+ ROM 4,096 x8 BIT (external), IAM 256 x4 BIT (internal)

PIN CONNECTIONS (Top View)

reo [ U/ 42 J vip
rel [z 41 [1 Roe(5CK)
raz [Js 40 [] Ro1(s0)
R3[4 39 [J Roo(SI)
Rs0 [15 38 [] Rrea(T1)
rsl [Je 37 [J Rez(INT1)
re []7 36 [ R8L(T2)
res []8 35 [ Reo(INTZ)
re0 []o 34 [ vee
El 01 a7 vee 2¢ O H
re1 [Ji0°~ 83 [] RESET
Oz a6 A8 23 O
RrR62 [J11 32 [J xour
O3 a5 a9 22 O
Res []1z7 31 [J xin
C4e as a1l 21 O
R70 Elsf\s o o % ,j:soj'rﬁsr
R71 [:1456 o 20 [] ko3
> o )
7z [Qis” N M09 C op ] koz
R73 |:1608 o CE 18 O, ] o1
A )
P10 [] mcg 00 o7 : 26 [] Koo
P I:leolo o g: %2 s Noes
P12 leOu o0z o 15 Oy ] P22
. -
P15 oo S 4 O
M
vss [Ja 08 13 22 ] P20

(NOTE) C Mark : Socket for TMM2732D
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TMP4799C
PIN NAMES AND PIN DESCRIPTIONS
Pin Names Ngingf éﬁg;&é Functions
Kos v Ky 4 Input Input port
Py3 v Py 4 Output | Output port (corresponding to PLA)
Poy v Py 4 Output " ( " )
Ry3 ™ Ry 4 1/0 I/0 port
Rs3 " Rsp 4 1/0 "
Re3 v Reo 4 1/0 "
R7 3 v R70 4 /0 "
Rgy (T)) 1 1/0 I1/0 port or timer/counter input
Rg, (INT;) 1 1/0 " or interrupt input
Rg, (T,) 1 1/0 " or timer/counter input
Reo (INTZ) 1 I/0 " or interrupt input
Rg, (SCK) 1 /0 1/0 port or shift clock for serial port
Rq; (SO) 1 1/0 " or serial output
Rgg (SI) 1 1/0 " or serial input
2 Input . .
XrNs XouT Outpué Resonator connection terminals
RESET 1 Input Initialize signal input
TEST 1 Input (Low level is input.)
VpD 1 Power | 45y
supply
vV Power
HH 1 supply +5V (Memory power supply)
v, 1 Power
58 supply ov
Ay v Ay 12 Output Program memory address
07 v 0p 8 Input Program data input
OE{Y?P 1 Output | Output buffer control Socket for
CE 1 Output | Chip Enable (connected with Vgg) T™MM2732D
Vee 1 gﬁg;{y +5V (connectej wit: VDD;
ower 0V (connected with V,
GND 1 Fonery ( ss
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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TOSHIBA TMP4799C
-~ C v
DD
At 7ol eeeae—-
: o) A 5 o " rey ~— ViH
3 St
107005 | =3 T B I |
: S 2 e Tspw
OE -
| PP 7T | STACK
K l
| &5 "— R, (SCK
LENY TC == Rg2 (5CK)
A "
- |control| s10 ofe=Rg; (SO)
¥D V control [ 1)
| ] 7 61
90
RESET — & =Ry, (T1)
Control m| INTR w""Rgg (INT7)
TEST —=f p{,»R 1
XN —~ [ control 81(T2)
UT
[Ko [[») T2 ][Ry TR TRe [ Ry

BLOCK NAMES AND DESCRIPTIONS

=
Pf3¢::

o ™ o o (32] o oM o o o o o
oVo o~ SV o Vr v Ve o Vo N
MoOoM oA AR M oMM M X ~

Block Names

Functions

PC
IR, decoder

HR, LR

RAA
RAM
STACK
SPW

DC

AX, AY
ALU

AC

K, P, R
INTR control

FD

TCy, TCp

TC control
SI0 control
SYS control
CG, TG

FLAG(CF, ZF, SF,GF)

Program counter (12 bits)
Instruction register, Decoder

H register (page assignment of RAM),
ment in RAM page),

L register (address assign-
(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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TOSHIBA TMP4799C

FUNCTIONAL DESCRIPTION

TMP4799C is the system development evaluator chip for the TLCS-47N.
When the 32K EPROM (TMM2732D) in which the program is writter 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. In case of TMP4799C, the PLA data conversion table 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
7§0 PLA data of ad-\ 7E
7FF conversion dress
800F ] 800 table Nooo - z i ]
: 7r 800
| | Not used
| | <in case of
| | TMP4 720P
|
:_ I
FEO| PLA data FEO, ~ T T T T~ 1 FEQ| PLA data
! conversion 4 H 14 conversion
FFF| table FFF L 3 FFH table
(TMP4740P) (TMP4720P) (TMP4799C)
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TOSHIBA TMP4799C

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. Tt 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 7MP4720P. 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
( Datan> ( Data
regio Z region)
| 3F
( Data ) Specific Tmage
reglomn, address of ad-
7F region J dress Not used
o e 00 - 7F |/ in case |]
80 80I | of
(=00, | TMP4720P
! |
! |
|
| - co .
Specific | | Specific
address | | 8 address
region l : region
F FF FF|
e

(TMP4740P) (TMP4720P) (TMP4799C)

Fig. 2.1 RAM Capacity and Address

MCU47-110




TOSHIBA

TMP4799C

3. TInput/Output circuit format
Fig. 3.1 shows the input/output circuit format of TMP4799C which
is equivalent to "TOCODE AA" of TMP4740P and TMP4720P.
port
) Input Output 1/0 I/0 1/0
Cir- (Ko) (P1,P2) (Ry ,Rs, Rg) (R7) (Rg,Rg)
cuilt
9| O o> [ oy Do—| S D
equiv- R R R
alent
Circuit]
R=1kQ (TYP.) R=1kQ (TYP.) R=1kQ (TYP.) R=1kQ (TYP.)
o High thresh- [° Sink open- e Sink open— ° Sink open- ° Schmitt 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 Qutput latch ﬁg Eolzhzl ;szge high o Output latch
is initialized gh Level- : is initialized
to the high to the high
level. level.
Note :

level

contain the pull-down resister with TEST pin.

It is necessary

: TMP4799C does not contain the pull-up resister with RESET pin and does not

to provide

RESET pin with the pull-up resister (= 300k 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

in the latter.
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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 o~
r TMP4799C
Ryys1 00k |

| KO port ———{>x>——{ :
| 3
I = 1
| .
| |
| R4, R5,R6 |
! I
L |

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

r TMP4799C

© ot

RINE100k0

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

Fig. 3.2 Example of external circuitry for TMP4799C

MCU47-112




TOSHIBA TMP4799C

TENTATIVE
ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS (Vgg=0V)

SYMBOL ITEM RATING UNITS
oD Supply Voltage -0.5 7 v
VHH

Vin Input Voltage -0.5 ~ 7 v
Vourl | Output Voltage(Except Open Drain Port) -0.5~ 7 v
Voyr2 | Output Voltage (Open Drain Port) -0.5 v 10

Tour Output Current (Py, Pp) 30 mA
Pp Power Dissipation (T,p,=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
VDD

Vi Supply Voltage 4.5 5.5 v
ViH1 Supply Voltage (Memory Stand-by) 3.5 5.5

Vinl High Level Input Voltage (R, vR,) 2.2 VDD

VIn2 High Level Input Voltage (Except R, “R;) 3 VpD

ViLl Low Level Input Voltage (Except Ky) 0 0.8 v
VL2 Low Level Input Voltage (Kg) 0 1.2

fc Clock Frequency 0.4 4.2 MHz
tycH | High Level Clock Pulse Width (Note 1) ViV 80 -

twcL 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=Vyp=5V*10%, Topy=-30 +70°C)

SYMBOL PARAMETER CONDITION MIN. f:f' MAX. | UNIT
Hysteresis Voltage _ _

Vis (schmitt Circuit Input) 0.5 v

TNl Input Current (Kg,RESET,TEST) [Vpp=Vyy=5.5V,Viy=5.5V| - - 20 N

T1N2 Input Current (R Port) Vpp=5.5V, Viy=5.5V - - 20 | ¥

Iyg, Current (%*%) Vpp=5.5V, ViN=0.4V - - -2 mA

Output Leakage Current _ _
Iro P 8 UETR port) |VDp=5:5Vs Vour=5-5V - - 20 | pA
High Level Output Voltage
Vou igh Level Outp (5**) Vpp=4.5V, Igy=-400pA | 2.4 | = -
\
Low Level Output Voltage _ _
VoL (Except Xour) Vpp=4.5V, Igp=1l.6mA - - 0.4
Low Level Output Current _ _
ToL P P, Vpp=5V, V=1V - 20 | - mA
IpptIgy | Supply Current Vpp=Vug=>5. 5V - 70 | 150 .
Supply Current _ -

Iyul PPLY (Memory stand-by) Vpp=Vss, VHH=3.5V - 5 10

(%)  TYP. values are at T,,=25°C, Vpp=Vgg=5V.

(**) Application terminals : 07 ™ 0p _

(#%%) Application terminals : Aj] vAg, OE/Vpp

A.C. CHARACTERISTICS (Vss=OV, Vpp=Vgy=5V+10%, Topr=-30 70°C)

(1)

SYMBOL PARAMETER CONDITION MIN. TYP MAX. | UNIT
tey Instruction Cycle Time 1.9 - 20 us
ESDH Shift Data Holding Time (Note 1) 0. 5tcy-300 - - ns
(Note 1) SCK, SO Terminal External Circuit

VDD
10k§
50pF

(2)

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. | UNIT
tAD Address Delay Time CL=100pF - - 270
t1s Data Set-up Time " 150 - - nS
tIH Data Hold Time " - -
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A.C. Timing Chart

(1) Serial Port (Completion of transmission)

=T\ T\ fe

tSDH

0w XX

(2)

o / j / \ 7Ll.sv\ /'_\_Jl.sv
OE]Vpp ‘_“““““J/ j\’

A1l v Ag 1.5V

07 ~ 0g / AKX 57 R

I8 try
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EXTERNAL DIMENSION VIEW

Unit in mm

“349+03 ~ S X 1Ll=4794+03

10791 02 L 94+ 0 Rb

—‘

o 1) ‘
— . «
ol o R ~ P

RIS B
H By - 21 = H
w| T Hl | o
A 13 P H o ©
: v o 6:2 — 0;
E w .

1 J Bl

1091401
133401

30 6MAX ,

17 1564018

54 60 6

254X 20— 1R7=4953+03

FAFPTTTTITTTT T Y ]

AX
5

.r_ 10MAX,
—

—
—==
—e=—T1

0 R5+00U5

1524+0 25

14402

40+£05
09+03

Weight 13g (TYP.)
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TOSHIBA

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.

o5V
VoD (Open) l Vee
Al — Vpp
11
Ay = VA10 v A
TMP4799C (ROM Address) TMM323D-1
8
070 ¢ ”a 07 v 00
(Instruction/
ROM data) PD/PCM
OE/VpP s
Vsg GND
Pin Names of | Pin Names of PN
t
TMM323D-1 TMM2732D Connection
PD/PGM CE No change
S OE/ Vpp No change
v Ay Ay is open.
PP ! Vpp is connected to 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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Q +5v
VDD (open)  (to GND) Vee
A L—1%n
11 N
Aygvag 7 )Alo"' Ay
(ROM Address)
TMP4799C 8 TMM2732D
07 v 0o = 07~ 00
(Instruction/
ROM data)
OE/Vep OF/Vpp CE|
Vss GND

A1 of TMP4799C is open.

Ayq of TMM2732D is connected to Vgg.
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INTEGRATED CIRCUIT

= T TECHNICAL DATA

TMP4746N
NMOS 4-BIT SINGLE CHIP MICROCOMPUTER

The TMP4746N is a 4-bit single chip microcomputer with built-in ROM, RAM, input/output
port, divider, timer/counter, and serial port.

FEATURES

. ROM: 4,096 x 8 Bit

+ RAM: 256 x 4 Bit PIN CONNECTIONS (Top View)

- Instruction execution time: 2 us (at 4 MHz clock)

- Effective instruction set Rpo ¢ 1 ~ 64 1hVpp
90 instructions, Software compatible in the series Rp1 g 2 63 ORc3

- Subroutine nesting: Maximum 15 levels ;40 g 2 62 ORc2

+ 6 interrupts (External: 2, Internal: 4) R4l g 61 DRcy
Independently latched control and multiple interrupt R2§ E Z gg 3§gg(§éﬁ)
control

« Input/Output port (57 pins) ggg E g Z? gggég:?;
Input 1 port 4 pins Rsp g 9 56 BRg3(T1)
Output (corresponding to PLA) 2 ports 8 pins Rs3 g 10 55 BR82 (TVT1)
Output 2 ports 8 pi Reo 411 54 ARgI(T2)

pins Rgy o 12 53 B Rgo (TRTD
1/0 8 ports 30 pins Rg% d 13 £ :VSS(INTZ)
1/0 (Note) 2 ports 7 pins Rgy d 14 51 B Xour
Note: These 1/0 ports are also used for the interrupt R70 g 15 50 o X1y
input, timer/counter input, and serial port; R71 d 16 49 o RESET
therefore, -it is programmably selectable for 372 g i; 48 pKe3
each application. R73 E 19 23) B K02

- PLA data converting function (Instruction) rAO d 20 43 3501
Output of data to output port (8-bit) Rﬁ% d 21 44 b Rgg

+ Table look-up and table search function (Instruction) Ra3 d 22 43 B Ry2
Table can be set up in the whole ROM area. Poo d 23 42 B Rp1

e 12-bit timer/counter (2 channels) Po1 0O 24 41 5 Rrpo
Event counter, timer, and pulse width measurement mode Pp2 d 25 40 4 P33
is programmably selectable. Pp3 O 26 3943 p3)

+ Serial port with 4-bit buffer P10 Q 27 38 P31
Receive/Transfer mode is programmably selectable. P11 g 28 37p P30
External/Internal clock and Leading/Trailing edge mode Py, g 29 36 pPa3
are programmably selectable. P13 O %8 35p P22

* 18-stage divider (with 4-stage precaler) 3EST = 32 34 H P21
Frequency applied for timer interrupt of divider ss G 3p P20

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
64-pin DIL plastic shrunk package
N-channel Si gate E/D MOS LSI
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TMP4746N BLOCK DIAGRAM

oL
4
z o s | |
ol o <
Sl 4,096 x 8 =l s <
Eey ] ~
@ ° =
O
'
vl | P | [gfs Re2GE0
<2 control | == Ro1 (50)
R90(SI)
SYS INTR
REE?T | control o R83(Tl)
T —= control| |ZF— R82€%§}T)
X t— R81
IN 7 RSO(TN’TY)
X 1 {cel | 16
ouT
s [ Re [ Ry
[3a] Oﬁ'\’m ON("\
alNe) O ™~ ~
N -
PIN NAMES AND PIN DESCRIPTION
Pin Name [No.ofPing Input/Output Functions
Kp3 Vv Koo 4 Input Input port
P13%v Pjp 4 Output Output port (Corresponding to PLA, High
P23 P3p 4 Output " ( " currentg
P03 Vv PQo 4 Output "
P33~ P30 4 Output "
R43 Vv Ryp 4 1/0 I/0 port
Rs3 ™V Rgg 4 1/0 "
Rg3 "V Rg0 4 1/0 "
R73 " R70 4 1/0 "
RA3 v RAQ 4 1/0 "
RB3 v RBO 4 1/0 "
Rc3 ~ Reo 4 1/0 "
RD1 v RDO 2 1/0 "
R83 (T1) 1 1/0 1/0 port or timer/counter input
R82 (INT1) 1 I/0 1/0 port or interrupt input
Rg1 (T2) 1 I/0 1/0 port or timer/counter input
R80 (INTZ) 1 I/0 1/0 port or interrupt input
Rgp E'SCK) 1 1/0 1/0 port or shift clock for serial port
Rgy (SO) 1 1/0 I1/0 port or serial output
Rgg (SI) 1 1/0 1/0 port or serial input
XINz XouT 2 Input, Output Resonator connection terminals
RESET 1 Input Initialize signal input
TEST 1 Input (Low level is input.)
VDD 1 Power supply +5V
Vig 1 Power supply +5V (Memory power supply)
Vss 1 Power supply ov
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TMPL47CLOP, TMP47C41P
TMP47C20P, TMP47C21P
SILICON MONOLITHIC SILICON GATE CMOS

INTEGR ATED CIRCU”' TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT
oshiba

ﬁz 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 fo 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 TMP4TOGAC (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
TMP4700 AC EXte”(‘ZfégépZO‘gded 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: 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
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.

* 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)

Evint 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

* 45V single power supply

* 42-pin DIL plastic package
¢ Si-gate CMOS LSI
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PIN CONNECTIONS (Top View)

PIN NAMES AND PIN DESCRIPTION

42fvpp

[ Rgp (5CK)
B Rgy (80)

P Ryo(S1)

P Rg (T1)

{ Ry, (TNT1)
HRgq (T2)

P Rgo (INTZ)
1 HOLD

D RESET

f XouT
DXrn
NTEST
PXos

0o o RV

Koz
;K01
Koo
NPoy
NPoo
RP21
2P g0

Pin Name No: of Input/Output Function
pins

Kos VKoo 4 Input Input port
P53 VP, 4 Output Output port (Corresponding to PLA)
P23 VvPao 4 Output " ( " )
Rus VRao 4 I/0 I/0 port

Rs3 VRso 4 I/0 "

Res VReo 4 1/0 "

R;3 VRy0 4 1/0 "
Res (TL) 1 1/0 I1/0 port or timer/counter input
Rgz (INT1) 1 1/0 I/0 port or interrupt input
Rg, (T2) 1 1/0 I/0 port or timer/counter input
Reo (INT2) 1 1/0 1/0 port or interrupt input
Re. (SCK) 1 I/0 I/0 port or shift clock for serial port
Roy (SO) 1 1/0 I/0 port or serial output
Roo (SI) 1 1/0 1/0 port or serial input
XIN, XOUuT 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 | 45V
vss 1 Power Supply | OV
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BLOCK DIAGRAM

; L oc_ |V
g 4 U N
Eg; ROM @l o — 3 RAM ;__'gggz___
: s | |E Ioisew
I
. | STACK
AY AX TC -~ ~Rs2 (SCK)
control SIO Ro, (S0)
fold control 2 o
it et
RESET —f | SYS E INTR e —Ras (T1)
TEST —o] control . cof—Rs2 (INT1)
XIN — = control] |ff=—=Rg; (&
X CG TG ~—Rg0 (INT2)
OUT —
<] M
T U U F)3 [0} [
Svg 2l Al AT 2vn onvs 2T
MoOM oM AN A M M MM M M
BLOCK NAMES AND DESCRIPTION
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

INTR control

FD

TC1, TC2

TC control
SI0 control
HOLD control
SYS control
CG, TG

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
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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)

Sw N =

Data Memory (RAM)

(1) Stack (STACK)

(2) Stack Pointer Word (SPW)

(3) Data Counter (DC)

5. ALU, Accumulator (AC)

6. Flags (FLAG)

7. Ports (PORT)

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

10. Timer/Counter (TCy, 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.

The following names and symbols are used unconsciously.

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

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

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

(d) MSB/LSB Indicates Most/Least Significant Bit.
(e) F/F Indicates Flip/Flop.
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1.1 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 tytes 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 of 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.

MCU47-126




TOSHIBA TMP47C40P, TMP47C41P, TMP47C20P, TMP47C21P

MSB LSR
PCy PCy PCp,
PC,,'PC;O PC,IPC. PC7]PC6 PCs| PC, PC;I PC;’PC;LEFO
Page assignment Address assignment in page
(a) Configuration of Program Counter
Address
(page) (§; pape) ROM (Address)
00 000
01 001
02 002
0 03 [ 003
g L ~ g
3E 03E
3F 03F
00 040
1 b 4
[ 1 |
3F 07F
00 080
2 01 081
= L
3C FFC
63 3D F¥D
3E FFE
3F FFF
(b) Configuration of ROM
Address .
(Page)(in a e) ROM (Execution flow)
(
00
i
(Only when branch con—)
dition is met
aF 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 Counter and Proeram Memorv (ROM)
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1.2 Program Memory (ROM)

Processing programs and fixed dJata 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
(r2 - Pl).

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

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 o .
(001) Start address by initialization
002
(003) INT1 Interrupt vector address
004 ISIO Interrupt vector address
(005)
006 IOVF1 1Interrupt vector address
(007) up
008 IOVF2 1Interrupt tor addres
(009) nterrup vecto ess
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
FFF

Note : 086 (hexadecimal) = 134 (decimal)

Table 1.2.1 Specific Address of Program Memorv
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ROM CAPACITY

The TMP47C40P and TMP47C20F contain a program wemory with 4,096 x 8-bit
(addresses 000 - FFF) capacity and 2,048x 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 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

R -
0
8 7%0
g 7FF

800 i b o 800 |
5 (=000) 1 1
> | |
: ! »
o L L
o T T
o 1 1
& ! |

FEO < FEO L_______J (Immage of ad-,

{ = (=7E0) h dresses 000~
f— [ ] 7FF
FFF FFF | J
(=7FF)
(TMP47C40P) (TVMP47C20P)

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. TMP47C40P has 16 pages and TMP47C20P

8 pages.

The L register is also used to specify the bits corresponding to
pins Ry3Vv R4 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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MSB LSB

HR LR

HR4 | HRy | HR; | HRjy | LRg LR, LR1 LR0

Page specification  Address specification
in page

=
=

%‘S

Page FEDCBA9 87 65543210
O T r r 1 T 1717 1T 1T 71T 1T 7T 777
ARt AL I B e e e A
F o+ + o+ 4+ + + 4+ +
2 rement direct
3~+++ + + + 4+ +
P A AR R R e I
5~+++—+++++++++4+4—
- + 4+ + + 4
of * e ngiigmgnt dﬁrgcfgon *
7— + 4+ + 4+ + + + + + + + + + -

R R IR A IR
;9— + + 4+ 4+ ++ 4+ + 4+ 4+ 4+ 4+ + + + 4
AF + 4+ 4+ + +++ + + 4+ + + 1+ + + A
sl + 4 4+ + + + 4+ + 4+ + + 4+ 4+ 4 4
C-+4++++++-t++++++—
D-44+—r+++++++++-++—
EL+++++++++++++++-
F4+++4+++++ 4+ 4+ + 4+ + 1
L S S S S

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.

[;pecific addresses of data memory

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)
(2)
(3)
(%)

Stack (STACK)
Stack pointer word (SPW)
Data counter (DC)

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.

MCU47-133




TOSHIBA TMP47C4OP,TMP47C41P,TMP47020P,TMP47021P

IS

(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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Address F E DC B A9 87 65 4 3210

Page ™ T
B "
1
C Level 3| Level 2 | Level 1 Level 0
D " 7 " 6 " 5 " 4 /Stack
E " 11 v 10 "9 " 8
F ge pc_ |*[ Tc2 [*] Tc1 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
RAM address : FF li’walspw2 spw,lspwo_]

MSB LSB
7 6 5 4 3 2 1 0

(Stack pointer) Ll ] 1 ISngJSsz SPW;[Squ 0 l 0 l

(b) Stack pointer and stack pointer word

Address e
o . .
E2 pcy" 5 ©
E3 FLAG"" ‘L 5k
Eb pcL"” g
ES Po” | o s &
E6 pcy" § 2o
E7 FLAG" & &
E8 pCL' * fg
E9 PCM’ )

B [roy | & j
EB TLAG' | '
EC | PCL__ | J{ i
ED | PCM X
. = |

(c) 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 instructioms.

MSB LSB

D C
(Data Counter) DCq J DCyM 1 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
Ti
(Timer/Counter 1) TCl, , TCly l TCIL,
(RAM Address) (F6) (F5) (F4)
MSB LSB
. TC2
(Timer/Counter 2) TC2g ] TC2y ATgiTCZL
(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 TMP47C40P has a 256 x 4-bit (addresses 00 -
FF) capacity, and that contained in TMP47C20P has a 128 x 4-bit (addresses
00 - 7F) capacity.

Since the TMP47C20P also has the RAM address buffer register of 8-bit
length, there is no physical RAM in addresses 80 - FF in the TMP47C20P.
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 L
] 3
w L \-. X -
] 5F
Specific | |
address : :
a3 region L 1
80 - b 80
(=00)

1

'

| '

| i

: i

5 L & e

S T I_ ______ T Tlmage of )

|
|
|

Specific ; addresses E0 Specific
address 1 00 7F ; N addfess R
- region §£7F) L J FF region
(TMP4 7C40P) (TMP47C207P)
(a) RAM Capacity and Address (b) RAM Map example of TiP47C20P

TC,, TC2 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.

(AX and AY are temporary registers.)
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 (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 ef the ALU

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

(a) 4+5=9 (C=0,2z=0)
(b) 7+9=0 (C=1,z=1)
() 3-1=2 (B=0,2Z=0)
(d 2-2=0 (B=0,2z=1)
(e) 6 —8=-2o0rE (B=1, 2 = 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 0

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 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 externmal 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 lold

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 memory address space and the data memory address space.

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

several times to confirm the contents.

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

and initialization of the output latch are 3.6 (2) Input/Output Circuit
Format.
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P Symbol Tnput/Output Instructions
th 4 Port, Register SET QL
da (Input/ (Input/Output) INZP, A |OUT A ,%P SETZP,b| TEST %P,b| CLR  @L
TeSS| Output) IN %P,@HL| OUT@HL, %P |OUT#K,%P | OUTB @HL| CLRZP,b| TESTP%P,b| TEST @L
00 | IPOO/OP0O0|Ko Input port /P Detout 0 0
01 |IPO1/0POL|P,Output latch/ % orcP" 0 0 0 0
02 | IP02/0P02|P; " /P2 ¢ 0 0 0 0 0
03 | IPO3/0P03
04 | IPO4/OPO4 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 ¥07/0P07 R, " 0 0 0 0 0 0
08 | IPO8/0P08 Re " 0 0 0 0 0
09 | IP09/0P09 Rs " 0 0 0 0 0
0A | IPOA/OPOA E—
0B IPOB/OPO? - (*) Serial buffer register (Reception)
oc | IPOC/OPOC —_— o) serial bugr , T Lo
op | IPOD/0OPOD _ (**%) Serial buffer register (Transmission)
OE | IPOE/OPOE|Status input/ 0 0
OF | IPOF/OPOF|  (*) [ (%) 0 0 0
10 /0P10 purp T T -
2+ P, output port
11 /0P11 (8-bit output) 0
12 /0P12 /
13 /0P13 / —
14 /OP14 /) —
ig ;gg}z j - (a) Hold control
17 J0P17 /) — (b) Control with timer interrupt of divider
18 /OP18 / (c) Timer/Counter 1 control
19 /0P19 /o) 0 ’
1A /OP1A / (1) Timer/Counter 2 control
1B /OP1B / (c¢) Serial port control
1C /OP1C / (c)
1D /OP1D / 0
1E /OP1E / '“SEZ——
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: OPll 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 (Kg3 vKpp) Port

This is a 4-bit port used for input.

Input data

(2) Py (Pp3~Py1g), P2 (P23 vPyg) 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 IPO1/0P0l, and IPO2/0PO2. 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
2 1 0
Conversion data [P“ P2l Pas|Pao|Pis PUIP“ P,(]

Input data =——

Output data lLatch 4{:>>———ﬁ:] (Pin)

Fig. 1.7.2 P, and P, Ports

(3) R4(R43VR40), R5(R53 VR50), R6(R63 VRe0), R7(R73VvR7Q) Port

Each of these ports is a 4-bit I/0O 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|Correspond{L register|Correspand-
used for bit scanning for 3[2[1]0 |ing Pin 3[2[1]0 Jing Pin
set/reset and test accord- 0000 Ra0 1000 R60
ing to the contents of the coo1 Ra1 1001 Re1
L register by executing 0010 R42 1010 R62
the (SET @L), (CLR €L) and | OO 1 1| Re3 | 1011} Re3

0100 Rgo 1100 R70
(TEST @L) instructions.

0101 Rs51 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 —=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 ™ Rgp) 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.
P P P

It is a port common to external interrupt input or external timer/
counter input. When it is driven by the externmal 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 Rgy (INTI) is used as a port, INT1 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 (RET1) instruction only is executed].
When pin Rg, (INT2) is used, INT2 interrupt request also
takes place in the same manner as the case of pin Rgp, 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

Note: For bit set/reset of port, latch

output serves as input data.

Fig. 1.7.4 Re Port

(5) R9(Rg92 vRgg) 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 1SB
3 2 1 0

{ Rs2 [Rs:[Rso
L__ | s0)lsD

Serial control
Input data

JR—

Note
Output dara —flLatcht—- “‘{>L‘D (Pin)

Serial control ——

Note. For bit set/reset of port, latch

output serves as input data.

Fig. 1.7.5 Rs Port
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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 (ETF) 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 1 Enable con-
Fact nterrupt [ 07 _ Vector
or according Latch éltlon accord Address
to hardware ing to program
Higher) Note 1
External interrupt 1 (INT1) (Hig INTLs5 (No ) 002
1 EIF = 1
Serial
Input/Output (1510) 2 INTL, | EIF-ETR3 = 1 | 004
interrupt
+
g Timer counter 1 !
z Overflow (I0VF1) 3 INTL3 EIF-EIRy =1 006
b interrupt
o
— Timer counter 2
& | overflow (1I0VF2) 4 INTL) (Note 2) 008
S EIF-EIR; = 1
8 | interrupt
[
= Timer interrupt
o PY (1mMR) 5 INTL, (Note 2) | gpp
of divider EIF-EIR; = 1
6
External interrupt 2 (INT2) INTLg EIF-EIRg = 1 00c
(Lower)
Interrupt enabling master F/F Interrupt enabling register (EIR)
MSB LSB

3 02 1 0
EIF [E1R3,EIR2JEiEITEIROl

(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 vondition by the program is the same
in I0VF2 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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(INTL)

[Interrupt Latch]

‘{S—D ; E INTLS j Priority
decision
(1S10) pme— S
T/ S Q| circuit
Y oo O
(I0VF1)
r3—‘D—ﬁ Jgﬂ‘ﬂ“lﬁ QI ——D—, Vector
(TOVF2) address
- T senera-
2 R INTLR -
t
(ITMR) o
T "_L_‘D_. — Q __D__,Clrcult
(INT2) BE‘—J
\11‘/0 HH L INTLO & 1O
EIR3}—
EIRzL__
Reset by EIRy EIF
instruction TR CR
CR
Hardware reset ¥

Fig.

1.8.1

Interrupt Control Circuit

Instruction

— ,cycle

Address information

Acceptance signal
ekt s =

Interrupt
request signal

INT2 \

ITMR

INTL]

INTLO /

EIF

e — — - e~
Execution of

instruction

Note:

Fig. 1.8.2

On the assumption that EIR] =

Interrupt Acceptance Timing Chart (Example)

Interrupt accept-
ance processing

Execution of 00A
address instruc-
tion (Jump in-
struction)

R _>§_
Execution of
instruction

1, without other interrupt requests
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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 inirialization 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.
() The interrupt latch of the accepted interrupt factor is reset
tO I'OII
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.
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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 "0" 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 (INTLs - INTLO) provided for each inter-
rupt factor are set by the rising edge of the input signal if the
interrupt is caused by the internal factors, and are set by the
falling edge of the input pin if it is caused by the external fac-
tors. Then, interrupt request signal is sent to the CPU. The
interrupt latch holds the signal till the interrupt request is ac-
cepted, and is reset to "0" immediately after the interrupt has been

accepted.

Since the interrupt latch can be reset to "O" 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; - FDyjg) is made up 18-stage binary counter,

and its output is used to generate various internal timing.

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

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 22
_crock A N
(fc HZ) (TG) (fc/le HZ) 3 4 5| 6 7 8 9 110111213 {1415 |16| 17|18 (fC/2 Hz)

(a) Structure of frequency divider

MSB LSB
3 2 1 0

Port address . '

* 0 % % : Disable
* 1 0 0 : Interrupt frequency fc/210Hz
* 1 0 1 " fc/211Hz
*x 1 1 0 : " fc/212Hz
* 1 1 1 " fc/213uz
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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1.10

Timer/Counter (TCy, TCy)

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

Tcli | TemM | Teiw
(RAM Address) (F6) (F5) (F4)

MSB LSB
(Timer/c » C2
imer/Counter TC2H | TcoM | 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
0P1D, respectively. It is reset to "O" 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/0 ports
[Rg3 (T1), Rg; (T2)].
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TC1 Command register 9 1 LSB

MSB
(Port Address OP1C) m

MSB LSB
TC2 Command register 3 2 1 0

(Port Address OP1D) :l:[l:l
| l Selection of Count ModeJ

00 : pisable 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 : £c/210 Hz is counted.
01 : fc/214 Hz is counted.
10 : fc/218 Hz is counted.
11 : £c/22? Hz is counted.

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

T 1 1 Max or example, fc=4.194304 MHz

nternal Pulse o Settin Internal Pulse| Max. Setting)

Rate (Hz) Time (SEC) Rate (Hz) Time  (SEC)
fc/210 222 /fc 4,096 1
fe/214 226/¢c 256 16
fc/218 230/fc 16 256
fc/222 234/fc 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 41 I L_________
Counter n x n+1 )(7 n+ 2 x n+ 3

(a) Event counter/timer mode

Fxternal input pin — ] L
Internal pulse I o r 1 JgrJrrIr—
Count pulse [ S R S R N I |

Counter n Xn+1Xn+TX n+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/Z10 Hz :

The count operation is inserted once every 64-instructinn
cycle time, so that the apparent speed is decreased by 1/63%1.6%
instruction execution speed. For example, the apparent speed is

4.063us to 4us instruction execution speed.

(b) In the event count mode

It depends on the count pulse rate applied to the external
input pin. In the worst case, when the timer/counter 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 7.28us to 4us 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 1s, 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 | 1
Count request I |

Detection of overflow r]
Occurrence of IOVF I I
——————— -———— e - - ———— —
Execution Count Erecution Interrupt Execution of
of in- of in- acceptance instruction
cycle

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 (SCK) , Rg1 (SO), R9o
(s1)].

of the R9 port should be set to "1" when the serial port is used.

Since these pins are also used as port Rg, the output latch
When it is not used, the pins can be used as I/0 port R9.

Pin R90 1n 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
SI SR SO
Serial data) Serial data)
input pin output pin
$s P
sIoC U scx
IST
P (Serial shift clock |
input/output pin
3 231 0O
Cormand
register
Stakus |
L ——d

SR
SB

(Internal Bus)

: 4-bit shift register
: 4-bit buffer register

Fig. 1.11.1

SIOC : Serial port control circuit
#s :Internal shift clock
ISIO : Interrupt request

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 IESIO] RM I LM!ECKM]
Port address)

(OPlF
[1 : Serial transfer enable or
start request.
LO : Serial transfer disable or
end request.
rl : Receive mode
—Lo : 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
Port address

ISIOF{ SEFl * J * (* : don't care)
GpoE )

_I 1 Operating condition of serial transfer
lo

Stopping or disabling condition
of serial transfer

Shifting operation can be monitored,
—_ : and is used at time of tramsfer
.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/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 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 i 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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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 (DO) 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 ’
sekcovreony L L LU
50 XX 2> X 02 22 X0s

D'

IS10

SB(OPOF) %( D N 7 \

(a) Internal clock operation (with wait operation)

ESIO ’

SCK (INPUT)

v

7,00 DU G (D £ G G GD Gk

SO

ISIO0

__N_\J_\J_
SB(OPOF)%@ X o X" )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 "O0" 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 operation, the data transfer is terminated

immediately after ESIO = O.

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.
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ESIO — T "E_
S S -
SIOF

1S10 — ’ N
SB (OPOF) D - D'

[ |

SO

ISIO i L r
SB(OPOF) D XD’

ESIO

L

SIOF
SEF
SCK

SO

1510 ___j;’[—Q__
SB(OPOF) /&

(c) Completion at one-word transfer.

Fig. 1.11.4 Completion of Transmission
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[7Receive (trailing edge shift) mode J

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 intérrupt 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 imput, 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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.

ESTO | " -

sk couredy | LU LU Ay

ST 7 Dy YD; Y D, XD3 X Doy D1 YD2' D3' Xpo" XD1" Y p2' D3"
shift (Sampling) 4 f f } | f | I B

1810 R _'< ﬁi
5B Thse X

Read (IPOF)

—Q

(a) Internal clock operation (with wait operation)

ESIO I
s& v L LU L LU L LT L LU

st TR 2o X2 X 22 Xps X 20X 1 X2 X3 Koo X ou X 22 X0s”
Shift (Sampling) T t 1 ! r ] f f f f ? ?

ISI0 V—_—’\——Tr—’_
SB XD X 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 "0".

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
(1ndicates 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 "0'" 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

I
SEF

SCK J S S A I B R B |
SI D EENED D G G G/
ISTO l—éL
$B D D' )}\ D"

Read (IPOF) \\x

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
ESIO 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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The method mentioned above is usually taken for the internal
clock operation. 1In 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

ESIO f -4 q

SIOF d o

SEF §f U If— ~| I > J
51 0 SIS G0 €1 (TUD T CEib L CIN LA X%

1S10 "1_R * h}\ ’ -

SB D XD' 3 ‘XD" bt D'

4f 7 L -

Read (IPOF) — g \_.J -

(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

Read (IPOF)

(b) Timing Chart

Fig. 1.11.8 Receiving Start/Completion (at one word transfer)
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ngceive (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 l ;l
SIOF 4 N

o 4
SEF | 1

seoureony L LU T WS
ST Do Y01 X 2 XD: X Do Y01 XDz XD3'

shift (Sampling) | + 1 b 4} !

ISI0 ;\ f

K4
Read (IPOF) \
2l

(a) Internal clock operation (with wait operation)

gsto _ | 5_;
sior [

SEF

R
sekaveory L LU o ryuruyrye T
St 270, 0o X 21 X D2 X231 X" X0y" X2 Y03 Yoo Xo1" X02"X 05" 77777,
Shift (Sampling) ! ! { t i { { { { { ! }
ISI0 ‘ -
O & G Xz
Read (IPOF)

(b) External clock operation (at slow transfer rate)
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BSIO g ;L___)____
G

SIOF ] /
SEF r 1] L

SCK(INPUT)

S1

Shift (Sampling) 1 f 1 1 1 1 ? f ? 1 ’
1S10 B . | ]
st 7777722777 77277X — X X o

Read (IPOF) \ﬂ \

(c) External clock operation (at fast transfer rate)

ESIO _r—/[ 7
—J

SIOF
SEF
SCK

SI

Shift (Sampling)

Is10

SB D1
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 ecycle are
applied to the HOLD terminal inmput 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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— r o
HOLD
Hold operation ———————«—::::::Normal 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 k——\ Y \____49______

f

Normal operation
—-Ct*——ﬂold operation—«—il—/-(t—Hold operation ———

The hold operation is

started by the program.

Restarted by the hardware
according to the leading

edge of the HOLD input.

(b) Clock Mode

Fig. 1.12.1 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-

L up mode

LSet—up of Warming-up Timé1

00 : Set at 218 x 1000/f, msec.
01 : Set at 214 x 1000/f. msec.
1% : Set at 20 x 1000/f¢c msec.

(fc : basic clock frequency)

Warming—up Time (m SEC) atF?§=2§ﬁgpé:éEC)

218 x 1000/f, + 65.5
214 x 1000/fc 4.1
26 x 1000/fc = 0.016

MSB LSB

3 2 1 0
B
% | % | * [HDF

1 : HOLD input is at low level
(Hold operation request)

Hold function

status input
(Port address
IPOE)

: 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.
@ The frequency divider is reset to '"0".

® The data memory, registers and port latches are held at the state
immediately before the hold operation is started. It is therefore
necessary to program in advance for the processing of uninterruptable

program or status of the output terminal.

@ 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 AOLD 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 INT; 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.

N
@ After the warming-up time has passed( ote)’ the normal operation is

restarted by the instruction following the instruction directing the
hold setting. Further, the divider starts to operate from the state

where it has been reset to "0".

Note : Since the warming-up time is obtained from the value counted the
basic clock by the divider, if oscillation frequency fluctuates
at time of the restarting from the hold operation, the warming-up
time shown in- Fig. 1.12.2 may include errors. It is therefore

necessary to regard the warming-up time as an approximate value.

The hold operation is released when the RESET terminal is set at the

low level and the normal operation (the initialization operation) is
immediately executed.
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2. 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

(Note 1)

Move instruction 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 2.0.1 Classification of Imstructions.
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2.1 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]
(ROMH , ROM[,)

+t

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 ANC of the corresponding bits

Logical OR of the corresponding bits

Exclusive OR of the corresponding bits
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Symbol Description
(cP) 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

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

*
Ltem | Assembler Object Code Function g;ﬁfgbz,(**)
Class| Mnemonic Binary [EN) Functional Description
LDA, GHL {0000 1100 0C | (AC)<M[(H-L)] [-z1]a

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

DA, x |0011 1100| 3¢ | (AQ)<M[x] [-z1]2
Loads the contents of the data memory spe —

cified by the x of the instruction field in
the accumulator.

LDHL, x |0010 1000]| 28 ' (LR)*M[X],(HR)<M[x%1]

X"'=X,X6X5XuX3%X200

X»XeXsXu X3X2X1Xd THXL

- -1]2

XHXL, .
X7Xe6XsXy X3X2X;3Xo N
{ 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, #& |0 100 kskskike| 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.

Move Instruction
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Items |Assembler . . Flag(*)
Mnemoni c Object Code Function CFIZF[SF (**) |
Class Binary (#5) Functional Description
LD H, #k 1100 kskok,ko | 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.

DL, # | 1110 kskakiko | E k| (LR)<k [- -1l

T

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

LDL A, @C| 0011 0011 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+| 0 0 11 00 10| 32 | (ACQ)<ROM[(DC)], (DO)«(DO)+L |- 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]

STA, @GHL |0 000 1111 0F | M(H-L)]<«AC [--1]1

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

Move Instruction

STA,GHL+ |00 01 1010| 1A /|M(H-L)]<(AC), (LR)<(LR)+1 [-z¢]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- {0001 101 1|1B |M(H.LI«(AC), (LR)«(LR)-1 [-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 4, x 0011 1111|3F | Mx]<(AC) - -1]2

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

X7Xe6XsXu X3X2X1Xo

ST #i,@HL+ | 1 1 1 1 kskek,ko| F k | M[(H-L)J«k,(LR)«(LR)+1 [-z¢c]

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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[ tems

Class!

Assembler
Mnemonic

Object Code

Flag(*)
CF|[ZF[SF

(%%)

Function

Binary

Functional Description

Move Instruction

ST #k, y

0010 1101
kskaokiko y3y2yiyo

Mlyl+k [- -1] 2

Stores the immediate value k of the instruc-
tion field in the data memory specified by

y (page 0) of the instruction field. Serves
as the clear instruction when k=0.

MOV H, A

0001 0000

10

(AC)<(HR) [- z 1‘ 1

Loads the contents of the H register in the
accumulator.

MOV L, A

0001 0001

11

(AC)«(LR) ]- Z 1! 1

Loads the contents of the L register in the
accumulator.

0011 o000

30

(HR)$(AC) I— zZ 1} 2

Exchanges the contents of the accumulator for
those of the H register. [Note 2}

0011 0001

31

(LR)3(AC) l- Z 1! 2

Exchanges the contents of the accumulator for
those of the L register. [Note 2]

XCH A,EIR

0001 0011

13

(EIR) 5(AC) l- - 1! 1

Exchanges the contents of the accumulator for
those of the interrupt enable register.

XCH A,@HL

0000 1101

oD

M[(H-L) 15(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

X7XeXsXy X3X2X3Xo

3D
XHXL

M[x]5(AC) ]- z 1] 2

Exchanges the contents of the accumulator for
those of the data memory specified by the x
of the instruction field. [Note 2]

XCH HL, x

0010 1001

X7XeXsXsy X3X2X31Xo

29
XHXL

M[x15(LR) ,M[x"+1]%5(HR)

- -1 2
X'=X7XeX5XuX3X200

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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Increments the contents of the L register.

Items
Assembler . Flag(*) | 4
— Mnemoni ¢ Object Code Function CFIZFISF (*%)
Binary (&) Functional Description
CMPR A,@HL {0 0 01 0110 |16 |nullM[(H-L)]-(AC) IE z EI 1
Compares the contents of the data'memory spec-
ified by the H and L registers with those of
the accumulator.
CMPRA, x {0011 1110/ 3E |nillM[x]-(AC) LE zZ Lz
xyx], | Compares the contents of the data memory spec-—
X7XeXsXe XsXaXaido ified by the x of the instruction field with
those of the accum