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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 in 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 [MeU, MPU & MPR Device Spec.] (This manual) 

4. TLCS-42 SYSTEM MANUAL [MCU spec. , ASM42 & RTE42] 

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

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

7. TLCS-ZSO SYSTEM MANUAL [MPU + MPR spec. & RMACSO] 

S. TLCS-85 SYSTEM MANUAL [MPU + MPR spec. & ASMS5] 

9. TDSSOOA/RTE OPERATION MANUAL [TDSSOOA, RTE47 , RTE4S & RTESO] 

lO. RTE OPERATION MANUAL [RTE42, RTE47 & RTESO] (Planned) 

Toshiba reserves all copyrights for the above-mentioned Ii terature. 
19S4, Integrated Circuit Division, Toshiba Corporation) 

Note) TLCS-85 _ TLCS-85A 
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TOSHIBA MICROCOMPUTER PRODUCTS LIST 

MICROCOMPUTER PRODUCTS LIST 

o 4bit Single Chip Microcntroller 

TLCS-42 Series (NMOS 
I Type Number 
I 
I 
I 
I 
I 

TMP4240P 
*TMP4250N 
*TMP4260P 
*TMP 427 ON 

Version) 
I ROM 
I (bit) 
I 512 x 8 
I 
I 1,024x8 
I 

Note) * : under development 

TLCS-42 Series (CMOS Version) 
I Type Number I ROM 
I I (bit) 
I*TMP42COOY I External 
1_-----,_-,--,-_____ 1 1,024 x 8 
I TMP42C40P I 512 x 8 
I*TMP42C50N I 
I *TMP42C60P l-:-l,-'0;-::;274-x--;;8:-
I*TMP42C70N I 
Note) * : under development 

TLCS-47 Series (NMOS Version) 
I Type Number I ROM 
I I (bit) 
I TMP4700AC IExternal 

I 
I 
I 
I 
I 

RAM 
(bit) 

32 x 4 

RAM 
(bit) 

32 x 4 

RAM 
(bit) 

256 x 4 

I 
I 
I 
I 
I 

I/O Pin 
(bit) I 

11 I Ie 
-2-3-1-2-8-

11 1-1-6-
23 1-2-8-

I/O I Pin 
(bit) I 

23 I 64 
I 

-1-1-1-1-6-
23 1-2-8-
11 I 16 

-2-3-1-2-8-

I/O I Pin 
(bit) I 

35 

I 
I 
I 
I 
I 

Remarks 
I 

I 
Freg. Divider 
Freq. Divider 

Remarks 

Evaluator 

Freg. Dividerl 
Freg. Divider I 
Freg. Divider I 
Freg. Divider I 

Remarks 

Evaluator 
I I 4,096 x 8 
I TMP4720P TMP4720N I 2,048 x 8 
I TMP4740P TMP4740N I 4,096 x 8 

128 x 4 

I 80 
I_-
I 42 ----=-LE=D::--:d:-r"7i-ve-r-s-
I LED drivers 

I*TMP4746N I 256 x 4 -5-7-1-6-4-
I TMP4799C TMP4799E I-=Ex-t-e-r-n-al=--- -3-5--1-4-2---~P~ig-g-y~B-ac~k--

I 14,096x8 I 
Note) * : under development 

TLCS-47 Series (CMOS Version) 
I Type Number I ROM RAM I I/O IPinlinst.Cyclel Remarks 
I I (bit) I (bit) I (bit) I ITime (us) I 
I TMP47C20P TMP47C20N I 1128 x 41 35 I 421 4 I 
I TMP47C21P TMP47C21N 12,048 x 81 I I I 4 IVFT drivers 
I TMP47C22F I 1192 x 4 1-----z7 167 I 4 ILCD drivers 
I TMP47C40P TMP47C40N I I 1351421 4 I 
I TMP47C41P TMP47C41N 14,096 x 81256 x 41 I I 4 IVFT drivers 
I TMP47C46N I I 1~1641 4 I 
I TMP47C47N I I I I I 4 IVFT drivers 
I*TMP47C200N I 1128 x 41351421 2 I 
I*TMP47C210N 12,048 x 81 I I I 2 IVFT drivers 
I*TMP47C220F I 1192 x 4 1-----z7 1671 2 ILCD drivers 
I TMP47C400N I I 135 I 421 2 I 
I TMP47C410N 14,096 x 81256 x 41 I I 2 IVFT drivers 
I TMP47C420F I I 1-----z7 167 I 2 ILCD drivers 
I TMP47C432N I I 1351421 2 IpWM 
Note) * : under development 
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TOSHIBA MICROCOMPUTER PRODUCTS LIST 

o Sbit Single Chip Microcontroller 

TLCS-4S Series (NMOS Version) 
I Type Number I ROM I RAM I I/O 10peratingiPiniCompatibie 
I I (bid I (bit) I (bid I Temp • (C) I I Component 
I TMPS022P 12,04s x SI I 2S I I IS022 
I TMPS04SP (TMPS03SP) 11,024 x SI64 x SI--I 0 to 701 I'=-SO::C4'""S'-T:(S:-::0-::-3S::-::L")-
I*TMPS04SN *(TMPS03SN) I (External I I I I I (-) I 
I TMPS04SPI (TMPS03SPI) I 4,096xS)1 I 1-40 to ssl liS04S(iS03SL)I 
I TMPS049P (TMPS039P) I 1--1 27 I I 40ls049 (S039) I 
I*TMPS049N (TMPS039N) 12,04S x sl I (9)1 0 to 701 I (-) I 
I TMPS049P-6 (TMPS039P-6) I (Externall12Sx SI I I IS049-6 I 
I I 4,096xS)1 I I I I (S039-6)1 
I*TMPS049N-6 (TMPS039N-6) I I I I I I (-) I 
I TMPS049PI-6(TMPS039PI-6) I I I 1-40 to ssl I iS049(iS039) I 
I TMPS043P I I/O Expander I 0 to 70124IS243 I 
I TMPS043PI I 1-40 to ssl I iS243 I 
Note) * : under development 

TLCS-4S Series (CMOS Version) 
I Type Number I ROM I RAM I I/O I Operat. IPinl Remarks 
I I (bit) I (bid I (bid I Temp. (C) I I 
I 11,024 x sl I I I I 
I TMPSOC4SAP (TMPSOC35AP) I (External 164 x sl 1-40to ssl I 
I I 4,096xS)I I I I I 
I TMP80C49AP (TMPSOC39AP) 12,04S x sl I 27 I 0 to 701 401 
I TMPSOC49AP-6 I (External 112Sx sl (19) 1-40to 8s1 I 
I (TMP80C39AP-6) I 4,096xS) I I I I I 
I TMPSOCSOAP (TMPSOC40AP) 12,048 x SI I I 0 to 701 I 
I TMPSOCSOAP-6 I (External12S6x sl I I I 
I (TMPSOC39P-6)I 4,096xS)1 I 1-40to ssl I 
I TMP80C43P I I/O Expander I 1241 

o Sbit Microprocessor 

TLCS-Z80 Family (CMOS Version) 
I Type Number I Function I Inst. Cycle I Supply IPin I Remarks 
i I ITime (us)ICurrent{mA) I 1 

1 TMPZS4COOP Izso MPU (4MHz) 1.0 1 IS 1 40 1 MPU 
I T6497 IClock Generator/Controller 1 2 I~I CLK 
I*TMPZS4CIOP IDMA Control lor I TBD I~I DMA 
I TMPZS4C20P 1 Parallel I/O Controller I 2 I 1 PIO 
I TMPZS4C30P ICounter/Timer Circuit 1 3 I~I CTC 
I*TMPZS4C40P/41P/42P ISerial I/O Cntroller I TBD I~I SIO 
Note) * : under development 
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TOSHIBA MICROCOMPUTER PRODUCTS LIST 

TLCS-85 Family (NMOS Version) 
I Type Number I Function IInst. CyclelSupply IPinlCompatiblel 
I I ITime (us) ICurrent(mA) I IComponent I 
I TMP80C85AP 18bit MPU I 1.3 I 170 I 18085AP (-) I 
I *(TMP8085AN) I I I I 40 I I 
I TMP8155/56P 12KB RAM with I/O and Timer I 180 I 18155/56 I 
I TMP8251AP IProg. Communication I 100 1~18251A I 
I I Interface I I I I 
I TMP8253P-5 I Prog. Interval Timer I 140 12418253-5 I 
I TMP8255AP 5 IProg. Peripheral Interface I 120 IlfOI8255A 5 I 
I TMP8259AP I Prog. Interrupt Controller I 85 12s18259A I 
I TMP8279P-5 IProg. Keyboard/Display I 120 1-18279-5 I 
I I Interface I I I I 
I TMP8355P*(TMP8355N) 116KB ROM with I/O Ports I 180 140 18355 (-) I 
I TMP8755AC 116KB EPROM with I/O Ports I I 18755A I 
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. 
circuit Division, Toshiba corporation) 

MCU42-i 
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TOSHIBA 1. General Description 

1. General Description 

1.1 

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 
0 ROM 512 x 8 bits (0.5K byte) 

1024 x 8 bits OK byte) 
0 RAM 32 x 4 bits 
0 Basic ins true t ions 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 lK byte products only.) 
o With hold function 

(CMOS version only) 
a Input/Output port 

o Package 

~ 
VDD 

4-BIT I/O 

0 

;J; 

PORT 

11 lines (16-pin products) 
23 lines (28-pin products) 
l6-pin plastic DIL 
28-pin plastic shrink type DIL 

+5V 

XOUT 

XIN 

RST pzk;====:::::> 
3-BIT I/O PORT 

PO 

PI 1<====:::::) 
Vss 4- BIT I/o PORT 

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

MCU42-l 



TOSHIBA 1. General Description 

1.2 Series configuration 

Version I TLCS-42N (NMOS) TLCS-42C (CMOS) I 
______________ +1 __ -. __ -. __ -. __ -+ __ -. __ -. __ -. __ -. ___ 1 

IItemlunitlproduct No.1 (a) (b) I (c) I (d) (e) (f) I (g) I (h) I (i) I 

II ROM Capacity I B I 512 512 111024 111024 512 512 111024 111024 I (***) I I yte I 11024 I 

I RAM Capacity IWord I 32 32 I 32 I 32 32 32 I 32 I 32 I 32 I 
I I " I I I 
I nstru~tlOn" I us I 2.5 to 25 I 
I executlOn t1me I I I 
I-----------il-------,Ir---------------,--------------------I 

I No. of bas ic I Kind I 42 44 I 
I instruction I I I 

I b" I I I ISu rout1ne ILevel I 

ID" "d I I 
I :V1 er for IStage 11 (2048 divided frequencyes) I 
It1mer I I 

IHOld function Available I 

I I/O 11 23 I 11 23 11 I 19 I 11 I 19 I 23 I 
I I I I I I I 

I Port Output Bi t - I I 4: : 4: : 

I Total 11 23 I 11 23 11 I 23 I 11 I 23 I 23 I 
I I I I I I I 
I I I I I I I 
ILarge current Bit 4 4 I 4 4 - I - I - I - I - I 
loutput I I I I I I 

IC~OCk"osci11ation Built-in I 
ICUCU1t I 

I Power supply V I +5V I 

Iprocess INCh Si-Gate E/D MOS LSII CMOS Si-Gate MOS LSI I 
I Piggy board II BM4210 : 

I (**) RTE42 I BM4220 or BMl020 + BM4221 I 

(*): 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 
(e) TMP42C40P 
(i) TMP42COOY 

(b) TMP4250N 
(f) TMP42C50N 

MCU42-2 

(c) TMP4260P 
(g) TMP42C60P 

(d) TMP4270N 
(h) TMP42C70N 



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 l6-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 16-pin product, the ports are all I/O ports and 11 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 I/O 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/O 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. 

xOUT VDD 

XIN P22 (HOLD) 

RST P21 

POO P20 

POI Pl3 

P02 Pl2 

1>03 Pll 

VSS PIO 

(HOLD) pin function is available 
for the products only of CMOS 
version. 

TMP4240P, TMP4260P 
TMP42C40P, TMP42C60P 

Fig. 2.1(1) Pin connection of 
l6-pin Products 

MCU42-3 

XOUT VDD 
xIN P53 
RST P52 
POO P51 
POI P50 
P02 P43 
P03 P42 
PIO PH 
Pll P40 

PIZ P33 

Pl3 P32 

P20 P31 
P21 P30 

Vss P22 (HOW) 

(HOLD) pin function is available 
for the products only of CMOS 
version. 

TMP4250N, TMP4270N 
TMP42C50N, TMP42C70N 

Fig. 2.1(2) Pin Connection of 
28 -pin Produc ts 



TOSHIBA 2. Pin Name and Pin Description 

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

I pin Symbols I Pin Name I~I-:--:-:-----:::-;-:::_F::..:u~n~c:..!t:..:;i;.::o::;n::!a;.l.-:D::.:e::.;s::-:c:..::r-=i",p.::.t.::.io::.:n::..,--:-___ _ 
I POO - P03 IPort pol I/O 4-bit I/O port (with pull-up resistor or 
I I I open-drain) 
I PlO - P13 IPort Pli I/O 4-bit I/O port (with pull-up resistor or 
I I I open-drain) 
I P20 - P22 IPort P21 I/O 3-bit I/O port (with pull-up resistor or 
I I I open-drain) 
I P30 - P33 IPort P31 I/O 4-bit ,I/O port (with pull-up 
I I I resistor or open-drain) 
I P40 - P43 IPort P41 I/O 4-bit I/O port (with pull-up 
I I I resistor or open-drain) 
Ipso - PS3 IPort psi I/O 4-bit I/O port (with pull-up 
I I I resistor or open-drain) 

28-pin 
I products 
1- only 

_I 

I XIN IClock I Input Ceramic oscillator connecting pin. 
I I input I If external clock input is provided for XIN, 
I XOUT I" outputlOutput XOUT should be open. 
I I Reset I When "L" is set over 3 instruction cycle, thel 
I RST I input I CPU is initialized. I 
I VDD I Power I Power supply +SV I 
I VSS I GND I Power supply OV I 

(1) CMOS Version (TLCS-42C) 

IPin SymbolslPin.Namel I/O I Functional Description I 
I POO - P03 IPort pol I/O 14-bit I/O port (Programmable I/O of 4-bit I 
I I I I unit) I 
I PlO -P13 IPort PII I/O 14-bit I/O port (Programmab Ie I/O of 4-bit I 
I I I I unit) I 
I P20 - P22 I Port P21 I/O 13-bit I/O port (Progr ammab Ie I/O of bit I 
I I I I unit> I 
I I I Ip22 is served as hold release pin (HOLD) too. I 
I P30 - P33 I Port P31 I/O 14-bit I/O port (Note 1) } I 
I P40 - P43 I Port P41 I/O 14-bit I/O port (Note 1) I 
I PSO - PS3 I Port pslOutput 14-bit output port (CMOS output) ~ I 
I I I I 28-pin products onl~. ~ I 
I XIN IClock I Input ICeramic oscillator connecting pin. I 
I I input I IIf external clock input is provided for XIN, I 
I XOUT I" output I Output IXOUT should be open. I 
I I Reset I IWhen "L" is set over 3 instruction cycle, I 
I RST I input I Ithe CPU is initialized. I 
I VDD I Power I IPower supply +SV I 
I VSS I GND I IPower suppl~ OV I 

(Note 1) One of three types of I/O circuit, CMOS output, CMOS input and NMOS 
input/output, can be chosen by mask option. 
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TOSHIBA 3. Operational Description 

3. Operational Description 

3.1 Configuration 
The block diagram in Fig. 3.1 (0 shows the configuration of TLCS-42 
series. 

PROORAM 

MEMORY 

(ROM) 

STACK REGISTER (STK) 

Fig. 3.1 (1) TLCS-42 Block Diagram 

Notes: 0 The ports with * mark are 28-pin package products only. 
o ROM O.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. 
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TOSHIBA 3. Operational Description 

3.2 Description of each block 
(1) Program counter (PC) 

This is a la-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 instructions, 
the values specified by these instructions and operations are set as 
shown in Fig. 3.2 (1). 

Execution I Condition I Program counter 
Instruction I I PC9 PCS PC7 PC6 PC5 PC4 PC3 PC2 PCI PCO 

Normal I I Increment 
ins truc t ion I I 

I SF-O I Increment 
I SF-I. PCO to 1 I The value specified 
IpC5 are not I Hold I by BSS 

(BSSa) lall "1". I I 
I SF-I. PCO to I I The value specified 
I PC5 are all I Increment I by BSS 
1"1". I I 

(BSSa) im- I SF-O I Increment 
mediately I I 
after (LD I SF=1 IContents of MBRI The value specified 
MBR, ifok) I I I by BSS 

(CALLSa) I I 0 
IThe value speci 

a 
I I Ified by CALLS 

Fig. 3.2 (1) PC Operation 

1] 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,ifok) instruction under the condition 
of SF=I. 
At this time, the contents of MBR is set in the higher 4 bits of PC6 to 
PC9. 

21 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 "a". 
Therefore, the start address of the subroutine must be in the address 2n 
(l < n <15). 

(2) Stack register (STK) 
This is a la-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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PC 
1 
1 

1 

------(~C7AL~L~S~a')------(RET) 

3. Operational Description 

PC 
I 

PCg - PC6 1 PCS - PCO 
1 

At time when SF=l 
Instruction Instruction (BSSa) instruction immediately 

after (LD MBR,#k) instruction PCi 
1--1 
1 MBR 1 

STK(PCi + 1) 1 1 

~MBR,#k) Instruction 
Fig. 3.2 (2) STK Operation 

Bus 

Fig. 3.2 (3) MBR Operation 

(3) 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=l, 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. 

(4) 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 is 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". 

ROM 
ADDRESS 

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

BUS 

Fig. 3.2 (4) DC Operatiorr 
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TOSHIBA 3. Operational Description 

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. 

(5) 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-I 000 Start addresses by I alize initialize 

I I 
002 I 002 I 

Call addresses by I I - Call addresses I 
(CALLSa) I I by (CALLSa) I 

OlE I OlE I I 
I I 
I I 
I I 

lFO I I 
Areas usab le as I I 
fixed data I I 

iFF I I 
I 
I 

3FO I 
Areas usable I 
as fixed datal 

3FF I 

o .5K Type (512 x 8 bits) 1K Type 0024 x 8 bits) 

Fig. 3.2 (5) Configuration of ROM 

(6) H register (HR) , L register (LR), LL register (LLR) and Data memory (RAM) 
The RAM has the capacity of 128 bits 02 x 4 bits) with the page 
structure based on 16 words per page. 
The HR is a 1-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 0 to 7 in page 0 are the RAM areas where the LLR can 
directly use by an instruction. 
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TOSHIBA 3. Operational Description 

HR 

USABLE AREA WITH DIRECT ACOESS 
INSTRUOTIONS,ADDRESS 0-7 OF PAGE 0 

PAGE SET f 
(0-1 ) FED C B A 9 8 7 5 4 3 2 1 

: I ! i i 1 iii ! i it! iii 
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. 

Z 
C 

AY AX 

Result output 

~--C. 
1n 

AX and AY denote 
temporary register, 
and Cin denotes the 
carry input speci-

MSB 
3 

fied by the instruction 

Fig. 3.2 (7) ALU and AC 

Carry (C) and zero detection signal (Z) 

2 

AC 

LSB 
o 

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 "non-borrow" from the most 
significant position. Z is set to "1" 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 I-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=l, the memory location is 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, PI, P2, P3, P4, PS) 
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 l6-pin package products contain II I/O lines of PO to P2, and the 
28-pin package products contain 23 I/O lines of PO to PS. 

I] 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,%P) instruction, and those 
of RAM by (OUT @HL, %p) instruction, respectively. 
The data input from ports are transferred to accumulator by (IN %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. 

IN 

tVOUT 

OUT 

Fig. 3.2 (8) NMOS Version 
Circuit Configuration. of Port 
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Fig. 3.2 (9) NMOS Version 
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Option: 
In Fig 3.2 (8), TRI 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 TRI is optionally 
provided, the input impedance will become the characteristics of TRI. 

2] CMOS version 
Ports PO to P2 are programmable I/O ports which input or output can be 
specified by a program. 
Ports P3 to P4 are optionally hardware-selectable I/O 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. 

MSB 
3 2 o 

P2 PI PO 
I I I I 
I I I 
I I 
I I I 
I I 
I 
I 
I 
I 

BUS I/O SELECT SIGNAL 
nl~,~OR OUTPUT VVD 

TRI 

TR2 

Fig. 3.2 (10) CMOS Verson Port 
'" ",'" 

(;20 H 
H ,., 

-:;; o ill H 
PH Z 
I rn 0 ~ 

t VOUT 

Port resister PR j~ eo 

" ~H 

-
0: POO - P03 Input 
1 : POO - P03 Output 

-0: PlO - P13 Input 
1 : PlO -P13 Output 

00: P20 - P22 Input 
01 : P20 Output 

P2l, P22 Input 
10: P20, P2l Output 

P22 Input 

- 11: P20 - P22 Output 

MCD42-11 

0 

~ 
H 

20 
eo 

" 0 15 
H 

IO 
40 

20 

0 

-5 

-IO OUTPUT TRANS ISTQR (TRl) 

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) instruction. 
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. 

IMask Option Codel P30 P33 P40 P43 
I (A) I CMOS Output CMOS Output 
I (B) I NMOS I/O CMOS Output 
I (C) I NMOS I/O NMOS I/O 
I (D) I 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 

Fig. 3.2 (13) CMOS Version 
Circuit Configuration of 
Port P3 to P5 CMOS Output 

MCU42-l2 

OUT 

IN 

Fig. 3.2 (14) CMOS Version 
Circuit Configuration of 
Port P3 and P4 NMOS I/O 
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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 TR1 and TR2 are the same as 
those in Fig. 3.2.(11). 
The output latch is initialized to "I" 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 instruetion. The 
characteristics of output transistor TR2 are the same as those of TR2 in 
Fig. 3.2 (1ll. 
At time of initializatoin, the output latch is initialized to "I". 

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). 

VDD 
BUS 

RI 
lIN 

R~ 1 k,[l TYPo 

IN 

VIN 

Fig. 3.2 (15) CMOS Version 
Circuit Configuration of CMOS input" 

with Pull-up Resistor (P3, P4) 

(10) Reset circuit (RG) 

01 
VDD= 5V 3 

z 
H 

H 
VIN(V) 

5 

-10 

- 20 

-30 

Fig. 3.2 (16) Characteristics 
of CMOS Input with 
Pull-up Resistor 

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. 

MCU42-13 



TOSHIBA 3. Operational Description 

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. 

VDD 

OUTER OIROUIT 

TR2 

+ 

Fig. 3.2 (17) NMOS Version 

RST Input circuit 

~ 
~ 

H 1 2 3 4, 5 VINey) H 

-60 

Fig. 3.2 (19) RST Input Circuit 
Pull-up Resistor Characteristic (TRl) 

VDD 
VDD 

OUTER OIRCUIT 

RI 
_lIN 

TR2 

R~lk.U TYP. 

+ t 
VIN(VIH. VIL) 

Fig. 3.2 (18) CMOS Version 

RST Input Circuit 

20 

15 

10 

05 

1 2 3 4, 5 VDD( v) 

Fig. 3.2 (20) RST Input Circuit 
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 O.SK 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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OP OP 

HOLD A >---t-----r,_ 

o 

OERAMIC RESONATOR 

CSA 2,OOOMK 

CSA 1,OOOMK 

(MURATA) 15 D-IOOPF 150-lo0PF 

Fig. 3.2 (21) NMOS Version 
Clock Generation Circuit 

Clock Genera­
tion Circuit 

CP 
Timer counter TC 

1/2048 Fre­
quency Divider 

C P r---L-J 

CERAMIC RESONATOR 

CSA 2)JOOMK 

XOUT eSA I,OOOMK 

(MURATA) 

I 50-100pF 

Fig. 3.2 (22) CMOS Version 
Clock Generation Circuit 

Counter for releasing "HOLD" 

1/8 Frequen- \--___ ----._ 
cy Divider 

Output for restarting 
normal operaton 
(CMOS Version only) 

th~ 
P2 input instruction >----------~~ 

Bus C3rd 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 %P,A) or (IN %P,@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 is 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 13 X 1000 
/fc (msed. 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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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: 
1] The oscillation is stopped, and all internal operations are stopped. 
2] The timer counter TC (1/2048 frequency divider) and counter for releasing 

hold (l/8 frequency divider) are reset to "0". 
3] The conditions of data memory, register, output latch and so on just 

before hold mode are kept. 
4] The program counter holds the address of the instruction following (HOLD) 

instruction. 

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

5\HOV 5V 5V-->OV 

~~T __ ~~~~_ 
SWITOH 

EXTERNAL OIRCUIT 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 instructions 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 

[ I 
INPUT INSTRUCTI~-------'--------'C 

., ~L-__ ~/lL ___ _ 

INPUT STROB_E ________ --1n .... ____ _ 
_ 11 

- Wi- Fig. 4.2(1) Input Timing 

J-'--
r- CLOCK CYCLE 

INSTRUCTION 
CYCLE 

PC 

1 

1 

ROM 

IR 

FIRsT CYCLE 

i I 
OUTPUT INSTRUCTI~============~============c 

INSTRUCTION y .3 ____ ~!l~ ____ ~~ 
BUS '9 q LJ LJ OUTPUT LATCH PULS_E ___________ ~IL 

(REGISTER_ALU) (ALU---+Rl!lHSTER) PORT OUTPU~T ____________ x=:= 

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

The instruction cycles occur in the three basic states of ~O, ~l, and ~3, 
each composed of five clock cycles. 
The instructions are executed between one pO and next ~O. In the state 
of ~l, the source data from the RAM or the register are fed out on the 
bus and stored in the temporary register of ALD. In the state of ~3, the 
output data of ALD are fed out on the bus and stored in the RAM or the 
register. 

4.2 I/O timing 
(1) The external data from the port are fed in at the state ~l of the second 

cycle of the input instruction (two-cycle instruction). 
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The input data from the port are fed out on the bus during the state ¢l 
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. 

(2) Output timing 
The data are fed out to the port at the state ~3 of the second cycle of 
the out'put 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. 

4.3 Initialization operation 
If 11 the supply voltage is within the regular voltage, 21 the 
oscillation is stable, and 31 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: 

11 Reset the program counter to "a". 
21 Set the status flag SF to "I". (Carry flag CF is indefinite.) 
31 Reset the timer counter TC and the hold releasing counter to "a". 
41 Initialize the output latch to "1'. 
51 Initialize the port register PR to "0". (CMOS version only) 

RST Pin Level Initialization Operation 

a to 2 clock cycle Not initialized 
"LII 

3 to 11 clock cycle Indefinite 
Level 

12 clock cycle or more Initialized 

tlHII a to 3 clock cyc Ie Indefinite 
Level 

4 clock cycle or more Initialization release 

Fig. 4.3 (1) Initialization Operation 
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5. Instructions 

5.1 Description of symbols 
The following symbols are used for describing the ins;:ructions in the 
following explanations. 

Symbol 
AC 
M[x] 
HR 
LR 
PR 
FLAG 
CF 
SF 
PC 
STACK 
MBR 
DC 
ROM[x] 
(ROMH,ROML) 

+ 

1\ 
V 
V 
(CF) 
null 

(AC) 
(H.Ll 
M[(H.Ll] 

p[p] 

(AC) <b> 
(LR)O:2> 
(PC)<lO:6> 

Accumulator 
Data memory (Address x) 
H register 
L register 
Port register 
Flag 
Carry flag 
Status flag 
Program counter 
Stack 
Memory bank register 
Data counter 

Description 

Program memory (Address x) 
High-order 4 bits or low-order 4 bits are expressed by suf­
fix H/L 
Transfer 
Addition 
Subtraction 
Logical AND of the corresponding bits 
Logical OR of the corresponding bits 
Logical exclusive OR of the corresponding bits 
Inversion of carry flag contents 
Processed result is transferred nowhere or nothing is ex­
ecute. 
Contents of accumulator 
Contents of 5 bits coupling H register with L register 
Contents of data memory for which the contents of 5 bits 
coupling H register with L register is used as address. 
Contents of port register for which p is used address or 
contents of terminal 
Contents of bit assigned by b of accumulator 
Values of bit 3 to bit 2 of L register (4 bit) 
Values of bit 10 to bit 6 of program counter (10 bit) 
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5.2 Description of instructions (*): Execution cycle 

I ItemlAssembler I Ob;ect Code I Function I~I(*)I 
IClassl Mnemonic I Binary IHex.1 ICFlsFI I 
1-----1----------1---------1----1----------------------------------1--1--1---1 
I ILD A,@HL 10000 01101 06 I (AC) <-- M[(H.L)] I I I I 
I I I I I Loads the contents of the data I -I 11 1 I 
I I I I I memory specified by the Hand L I I I I 
I I I I I registers in the accumulator. I I I I 
I 1----------1---------1----1----------------------------------1--1--1---1 
I ILD A,lIk 10001 kkkki 1k I (AC) <-- k I I I I 
I I I I I Loads the immediate value k of I -I 11 I 
I I I I I the instruction field in the ac- I I I I 
I I I I I c~mu1ator. Serves as the clear I I I I 
I I I I I instruction when k=O. I I I I 
I 1----------1---------1----1---------------------------------- --1--1---1 
I I I I I (LR) <-- K I I I 
I ILD L,lIk 10010 kkkki 2k I Loads the immediate value k of -I 11 11 

I I I I the instruction field in the L I I I 
I I I I register. Serves as the clear I I I I 
I I I I instruc tion when k=O. I I I I 
1----------1--------------1----------------------------------1--1--1---1 
ILD A,x 11001 Oxxxi 9x I (AC) <-- M[(x)] I I I I 
I I I I Loads the contents of the data I -I 11 21 
I I I I memory specified by the x of the I I I I 
I I I I instruction field in the accumu- I I I I 
I I I I lator. I I I I 

~ 1----------1---------1----1----------------------------------1--1--1---1 
.2l ILD MBR,lIk 1·1011 kkkki Bk I (MBR) <-- k I I I I 
"' § I I I I Stores the immediate value k of I -I -I 11 
t I I I I the instruc tion field in the I I I I 
oS I I I I memory bank regis ter. Serves as I I I I 
'til I I I I the jump instruction to the whole I I I I 
~ I I I I address area when combines with I I I 

I I I I the BSS instruction. I I I 
1----------1---------1----1----------------------------------1--1-- ---I 
ILDL A,@DC 1011001111 67 I (AC) <-- ROML [(DC)] I I I 
I I I I Loads the lower-order 4 bits of I -I 11 21 
I I I I the data table of the program I I I I 
I I I I memory spec ified by the data I I I I 
I I I I counter in the accumulator. I I I I 
1----------1---------1----1----------------------------------1--1--1---1 
ILDH A,@DC 10110 01101 66 I (AC) <-- ROMH [(DC)] I I I I 
I I I I Loads the higher-order 4 bits of I -I 11 21 
I I I I the data table of the program I I I I 
I I I I memory spec ified by the data I I I I 
I I I I counter in the accumulator. I I I I 
1----------1---------1----1----------------------------------1--1--1---1 
1ST A,@HL 10111 01101 76 I M[(H.L)] <-- (AC) I I I I 
I I I I Stores the contents of the accu- I -I 11 11 
I I I I mulator in the data memory speci-I I I I 
I I I I fied by the Hand L registers. I I I I 
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I ItemlAssembler I Object Code I Function I~I (*) I 
I C lass I Mnemonic I Binary I Hex. I CF I SF I I 
1-----1----------1---------1----1---------------------------------- --1--1---1 
lisT #k,@HL 10011 kkkki 3k I M[(H.L)] <-- k I I I 
I I I I I Stores the immediate value k of -I 11 I 
I I I the instruction field in the data I I I 
I I I memory specified by the Hand L I 
I I I registers. Serves as the clear I 
I I I instruction when k=O. I 
I 1----------1---------1----1---------------------------------- --I--
lisT A,x 11001 1xxxl98+xl M[x] <-- (AC) I I I 

I 
I 

I I I I I Stores the contents of accumula- -I 11 2 
I § I I I I tor in the data memory specified I I 
I :0 I I I I by x of the instruction field. 
I g 1------------------------------------------------------------

t IMOV A,L 10000 1100 I OC I (LR) <-- (AC) 
~ I I I I Stores the contents of accumu-

-,-l I I I I lator in the L register. 
~ ----------1---------1---- ----------------------------------
':;; MOV L,A 10000 1111 OF (AC) <-- (LR) 
~ Loads the contents of the L reg-
t ister in the accumulator. 

MOV D,A 0000 1110 OE (AC) <-- (DC) 

1---------- ---------

Loads the contents of the data 
counter in the accumulator 

IMOV A,D 0000 1101 OD (DC) <-- (AC) 
I Stores the contents of the ac-
I I cumulator in the data counter. 
1------------------------------------------------------------
IMOV A,P 10111 1110 I 7E I (PR) <-- (AC) 
I Stores the contents of the ac-
I cumulator in the port register. 

-----1---------- ---------

o ...... 
H 

lIN %p ,A 

I 
I 
I 
I 

0110 OPPP 6P 

1---------- ---------
IN %P,@HL 0110 lPPP 68+P 

(AC) <-- p[p] 
Loads the input data from the 
port specified by the P of the 
instruction field in the accumu­
lator. 

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 Hand L 
registers • 

OUT A,%P 0111 OPPP 7P p[p] <-- (AC) 
Outputs the contents of the ac­
cumulator to the port specified 
by the p of the instruction 
field. 
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zl 
I 
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I ItemlAssembler I Object Code Function I~I (*)1 
IClassl Mnemonic I Binary IHex. ICFlsFI I 
1-----1----------1---------1---- ----------------------------------1--1--1---1 
I lOUT @HL,%pI0111 1Ppp178+P p[pl (-- M[(H.L)] I I I I 
I I I I Outputs the contents of the data I -I 11 2 I 
I 2. I 1 I memory spec ified by the Hand L I I I 
I H I I registers to the port specified I I I 
I I 1 by the P of the instruction I I I 
I 1 I I fie ld. I I I 
1-----1---------- ---------1---------------------------------------1--1--1---1 
I IADD A,@HL 10000 00111 03 I (AC) (-- (AC)+M[(H.L)] I I I I 
I I I I I Adds the contents of the data I I I I 
I I I I I memory specified by the Hand L I -I cl 1 I 
I I I I I registers to those of the accumu-I I I 
I I I I I lat?r, and stores the result in I I I 
I I I I I the accumulator. I I I 
I 1----------1---------1----1----------------------------------1--1--1---
I IADDC A,@HLloooo 01001 04 I (AC) (-- (AC)+M[(H.L)]+(CF) I I _I I 
I I I I I Adds the contents of carry flag I C I C I I 
I I I I I to the ADD instruction, and I I I I 
I I I I stores the result in the accumu- I I I 

~ o ..... 
w 
cJ 
;::J 
H 
W 
UJ 
~ ..... 

I I I la tor. I I I 
1---------- ---------1----1----------------------------------1-- --1---1 
IADD A,ffok 0100 kkkki 4k I (AC) (-- (AC)+k I I I 
I I I I Adds the immediate value k of the I I I I 
I 1 instruction field to the contentsl I I 
1 I of the accumulator, and stores -I C 

I the result in the accumulator. I 
I Serves as the correction instruc- I 
I tion for the decimal addition and I 

I I 1 subtraction when k=6 or A. I I I I 
----------1---------1----1----------------------------------1--1--1---1 
ADD L ,ffok 10101 kkkk I Sk I (LR) (-- (LR)+k I I I I 

I I Adds the immediate value k of thel -I cl 2 I 
I I instruction field to the contents I I I 1 
I I of the L register, and stores I I 

I 1 I the result in the L register. I I 
1----------1--------- ----1----------------------------------1-- --1---
ISUBRC A, 10000 0101 as I (AC) <-- M[(H.L)]-(AC)-(CF) I 
I @HL I I Subtracts the contents of the Icc 
I I I accumulator and the inverse con- I 
I I I tents of the data carry flag froml 
I I I the contents of the data memory I 

I specified by the Hand L regis- I 
I ter and stores the result in the I 

I I accumulator. I 
---------- ---------1----1----------------------------------1--

IINC D 
I 
I 

10000 10111 OB I (DC) (-- (DC)+l I 
I I I Increments the contents of data I -I C 
I I I counter. I I I 
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I ItemlAssembler I Object Code I Function I~I (*) I 
IClassl Mnemonic I Binary IHex.1 ICFlsFI I 
1-----1----------1---------1----1----------------------------------1--1--1---1 
I I INC @HL 10000 1001 09 I M[ (H.L)] <-- M[ (H.L) ]+1 I I I I 
I § I I I Increments the contents of data I -I cl 1 I 
I j I I I memory specified by the Hand L 
I CJ I I registers. 

: ~ :;~~-;----- ;;;;-~;~~ -~~-:-(~;)-~==-(~;)=~------------------ -- -- ---
I ,~ I I Decrements the contents of data I -I C I 1 I 
I § I I I I counter. I I I I 
I j 1----------1---------1----1----------------------------------1--1--1---

~ DEC @HL 10000 1000 08 M[(H.L)] <-- M[(H.L)]-l I 
~ I Decrements the contents of data - ci 1 
8< I memory spec ified by the Hand L I 

I registers. I 
1-----1----------1---------1----1----------------------------------1--1--1---1 

lAND A,@HL 10000 00001 00 I (AC) <-- (AC) M[(H.L)] I I I I 
I I I I Carries out the logical AND of - Z 
I I the corresponding bits with the 
I I contents of the accumulator and 

I those of the data memory spcfi-

§ : !~:ds~~r~~et~ea~~S~l~eI~s~~:s, 
j I accumulator. I I I 
g 1---------- --------- ----1----------------------------------1--1--1---
t lOR A,@HL 0000 0001 01 I (AC) <-- (AC) M[ (H.L)] I I 
~ I I I Carries out the logical OR of I -) z 
': I I I the corresponding bits with the I I 
,~ I I I contents of the accumulator and I I 
"cil I I I those of the data memory spcfi- I I 
~ I I I fied by the Hand L registers, I I 
8< I I I and stores the result in the I I 

I I I I accumulator. I I I 

] : ~;;-~~;~~-I ~~~~-~~~~: -~;-: -(~~)-~==-(~~)---~[(~~~)l---------: --: --: ---: 
~ I I I Carries out the logical exclusivel -I 21 I 
H I I I OR of the corresponding bits withl I I I 

I I the contens of the accumulator I 
I I and those of data memory speci- I 
I I fied by the Hand L registers, I 

I and stores the result in the ac- I 
I cumulator I 

-----1---------- --------- ----1---------------------------------- ---I 
M ISET H 1000 1000 88 I (HR) <-- 1 I I I 
,~ I I Sets the H register to "1". I -I 11 2 
~ ----------1---------1---- ----------------------------------1--1--1---
1] SET CF 11000 10011 89 (CF) <-- I I I 
~ I I Sets the carry flag to "1". I 11 11 2 
"" I I I I I 
.~ I I I I I 
'" I I I I I 
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I ItemlAssembler I Object Code I Function I~I (*) 
IClassl Mnemonic I Binary IHex.1 ICFlsFI 
1-----1----------1---------1----1----------------------------------1--1--1---
I ISET @HL,b 11000 OObblso+bl M[(H,L)l<b) <-- 1 I I I 
I I I I I Sets the bit, which is specified 2 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

00 
<:1 
''; 
til 
til 
Q) 
() 

o 
H 

P-< 
..., 
''; 

"" 

by the b of the instruction I 
field, of the data memory spec i- I 
fied by the Hand L registers, to I 
"I" . I I I I 

1----------1---------1----1----------------------------------1--1--1---1 
ICLR H 11000 10101 SA I (HR) <-- a I I I I 
I I I I Sets the H register to "a". I -I 11 2 I 
1----------1---------1----1----------------------------------1--1--1---1 
ICLRCF 11000 10111 SB I (CF) <-- a I I I I 
I I I I Sets the carry flag to "0". I a I 11 2 I 
1----------1---------1----1----------------------------------1--1--1---1 
CLR @HL,b 11000 01bb S4+b M[(H.L)l<b) <-- a I I 

Sets the bit, which is specified 2 I 
by the b of the instruction I 
field, of the data memory speci- I 
fied by the Hand L registers, tol I 
"a". I I I 

----------------------------------1--1--1---1 
TEST @HL,bll000 11bb SC+b (SF) (-- M[(H.L)l<b) I I I 

Stores the inverse contents of I -I * 2 I 
the bit, which is specified by I I I 
the b of the instruction field, 
of the data memory specified by 
the Hand L registers, in the 

I status flag. 
---------- --------- ----1----------------------------------
TESTP CF 

BSS d 

0111 0111 77 I (SF) <-- (CF) 
Stores the contents of carry flag 
in the status flag. 

11dd dddd CO+d IF SF=l then (PC) <-- a else 
null, a=PC<9:6)·d 

Carries out the branch within a 
page if the status flag is at 
"I"; 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 "I", and 
moves to the execution of the 
next address instruction. 
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I ItemlAssembler I Object Code I Function I Il'!&....1 (*) 
IClassl Mnemonic I Binary IHex.1 ICFlsFI 
1-----1----------1---------1----1----------------------------------1--1--1---
I ICALLS a 11010 nnnni An I STACK <-- (PC), (PC) <-- a, a~2n I I I 
I I I I 15 __ >n>0 I 
I I I I I 
I I I I Carries out the subroutine call. I 2 
I I I I Saves the contents of the programl 
I ~ I I I counter in the stack, and doubles 
I j I I I the immediate value n of the in-
I 5 I I I struction field, then stores it 

" I .g I I I I in the program counter. I I 
I ~ 1----------1---------1----1----------------------------------1--1--1---1 
I I RET lalla 1110 I 6E I (PC) <-- STACK I I I I 
I I I I I Returns from subroutine. I -I -I 2 I 
I I I I I Restores the return address from I I I I 
I I I I I stack to the program counter. I I I I 
1-----1----------1--------- ----1----------------------------------1--1--1---1 
I ~ I HOLD 10000 Olll 07 I Moves to the hold mode. I -I -I 1 I 
I ~ 1----------1--------- ----1----------------------------------1--1--1---1 
I is INOP 10111 1111 7F I No operation I -I -I 1 I 
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5_3 List of Instructions 

~ 
Assembler Object 
Mnemonic Class Binary 

<=i LD A, @HL 00000110 
0 

LD A, 11K 0001KKKK -,.., 
+-I LD L, 11K 0010KKKK CJ 
::> LD A, X 10010XXX H 
+-I 

LD MBR, 11K 10 llKKKK CIl 
<=i LDL A, @DC 01100111 0,.., 

H LDH A, @DC 01100110 
Cll ST A, @HL 01110110 'H 
CIl ST 11K, @HL 00 llKKKK § 
H ST A, X 10011XXX 
+-I MOV A, L 00001100 
OJ MOV L, A 00001111 +-I 
OJ MOV D, A 00001110 ~ 

MOV A, D 01111110 
MOV A, P 01111110 

IN %p, A 01100PPP 
0 IN %p, @HL 01101PPP 
...... OUT A, %p 01110PPP H 

OUT @HL, %p 01111ppp 

ADD A, @HL 00000011 
<=i ADDC A, @HL 00000100 

<=i 0 ADD A, 11K 0100KKKK 0 0,.., 
0,.., +-I ADD L, 11K 0101KKKK +-I CJ 

OJ ::> SUBRC A, @HL 00000101 H H 
Cll +-I INC D 00001011 6' CIl 

<=i INC @HL 00001001 0,.., 
DEC D 00001010 
DEC @HL 00001000 

~~ 

U AND A, @HL 00000000 
0,.., 

OR A, @HL 00000001 blJ 
0 XOR A, @HL 00000010 H 

SET H 10001000 
blJ SET CF 10001001 <=i 0,.., 

SET @HL, b 100000bb CIl 
CIl CLR H 10001010 Cll 
CJ CLR CF 10001011 0 ... CLR @HL, b 100001bb 0-

+-I TEST @HL, b 100011bb 
0,.., 

TESTP CF 01110111 
"" 

code 

Hex_ 

06 
1K 
2K 

90+X 
BK 
67 
'66 
76 
3K 

9&tX 
OC 
OF 
OE 
OD 
7E 

60+P 
6&tp 
70+P 
7&tP 

03 
04 
4K 
5K 
05 
OB 
09 
OA 
08 

00 
01 
02 

88 
89 

80+b 
8A 
8B 

84+b 
8C+b 

77 
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Functions 

(AC)+M[ (H_ L)] 
(AC)+K 
(LR)+K 
(AC)+M[X] 
(MBR)+K 
(AC)+ROML [(DC) ] 
(AC)+ROMH [ (DC) ] 
M[ (H- L) ]+(AC) 
M[ (H- L) ]+K 
M[X]+(AC) 
(LR)+(AC) 
(AC)+(LR) 
(AC)+(DC) 
(DC)+(AC) 
(PR)+(AC) 

(AC)+P [p] 
M[ (H-L)] +P [p] 
P[ p ]+(AC) 
P[p]+ M[(H-L)] 

(AC)+(AC)+M[(H-L) ] 
(AC)+(AC)+M[ (H-L) ]+(CF) 
(AC)+(AC)+K 
(LR)+ (LR)+K 
(AC)+M[(HoL) ]-(AC)-(CF) 
(DC)+(DC)+l 
M[(H-L) ]+M[(H-L)]+l 
(DC)+(DC)-l 
M[(H-L) ]+M[(H'L) ]-1 

(AC)+(AC)AM[ (HoL)] 
(AC)+(AC)vM[ (H-L)] 
(AC)+(AC)vM[ (H- L)] 

(HR)+l 
(CF)+ 1 
M[(HoL) ]<b>+l 
(HR)+O 
(CF)+O 
M[(H-L) ]<b>+O 
(SF)+M[ (HoL) ]<b> 
(SF)+(CF) 

*: Note 
**: Cyc le 

p-?~ 'i'o~ 
CF SF 

- 1 1 
- 1 1 
- 1 1 
- 1 2 
- - 1 
- 1 2 
- 1 2 
- 1 1 
- 1 1 
- 1 2 
- 1 1 
- 1 1 
- 1 1 
- 1 1 
- 1 1 

- Z 2 
- Z 2 
- 1 2 
- 1 2 

- e 1 
C e 1 
- C 1 
- e

l
2 

C C 1 -I C 1 
- CI 1 
- C, 1 
- C 11 

- Z 1 
- z 1 
- Z 1 

- 1 ' 2 
1 1 2 
- 1 2 
- 1 2 
0 1 2 
- 1 2 
- * 2 
- * 1 
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5.3 List of Instructions 

~ 
Object code Assembler 

Class Mnemonic Binary Hex. 

'" BSS a 11dddddd CO+d <=1 

"" .r< 
-I.J 

..c: ::> CALLS a 1010nnnn An cJ 0 
g H 

.g H RET 01101110 6E '" Ul 

• 

Others HOLD 00000111 07 
NOP 01111111 7F 

Functions 

If SF=l then (PC)+a 
null, a=(PC)<9:6>'d 
STACK+(PC), (PC)+a, 
l5~n>0 

(PC)+STACK 

HOLD 
no operation 

else 

*: Note 
**: Cycle 

*1 

(lr 
*i~ 

CF SF 

I 
- 1 2 

a=2n, 
- - 2 
- - 2 

- - 1 
- - 1 

Note 1) The contents of the program counter indicate the next address of the 
instruction to be executed. 

,,2 

Note 2) 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","Z",ulll 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. 

Note 3) MOV A, P and HOLD are equivalent operations to NOP in NMOS version. 
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z 
0 
rt 

'" ~ I~ 0 1 2 3 4 5 6 

"' ...... 
t-'lt>:l 
::r' ..... 

0 
AND OR XOR ADD ADDC SUBRC LD 
A, @HI A.@HL A,@HL A,@HL A,@HL A,@HL A,@HL 

'" ll> ::l 
.".:>;" 1 LD 
..... 
o n 
n 0 
:>;"p. 

'" 
2 LD 

:e: ......... 
rt '" ::r' 

D~ 
ll> "" 

3 ST 

4 ADD 
'1 ..... 

'" ::l '" ",p. 5 ADD 

~~ c ..... .,.. '" 
~ ~. 
'" ::l CX> m 

rt 
'1 

6 IN %p, A 
LDH 
A,@DC 

A, %p 
ST 

7 OUT A,@HL 
c:: n 
rt ..... @HL, b CLR @HL, b 8 SET 
0 
::> 

9 LD A, x 

A 

B 

C 
t--

D 
t---

E 
t---

F 

7 8 9 A B 

DEC INC DEC INC 
HOLD @HL @HL D D 

A, 11K 

L, 11K 

11K, @HL 

A, 11K 

L, 11K 

LDL IN %p, @HL A.@DC 
TESTP OUT @HL, %p CF 

SET SET CLR CLR 
H CF H CF 

ST A, 

CALLS a 

LD MBR, 11K 

B S S a 

C D E F 

MOV MOV MOV MOV 
A,L A,D D,A L,A 

RET 

MOV 
NOP A,P 

TEST @HL, b 

x 

L 

t"" 

t"" 
0 
:e: 
'" '1 

0 
'1 
P. 

'" '1 

::c 

::c ..... 
0<1 
::r' 

'" '1 

0 
'1 
p. 

'" '1 

ent-'l 
• 0 .,..'" ::c 

H 
Ht>:I 
::l P>­
m 
rt 
'1 
c:: 
n 
rt ..... 
o 
::l 

n 
o 
p. 

'" 
~ 

'1:l 

en 

H 
::l 

'" rt 
'1 
c:: 
n 
rt ..... 
0 
::l 
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TOSHIBA 6. Electrical Characteristics. Outline Drawing 

6. Electrical Characreristics. Outline Drawing 

6.1 Electrical characteristics 
(1) Electrical characteristics NMOS version (TMP4240P, TMP42S0N, TMP4260P, 

TMP4270N) 

ABSOLUTE MAXIMUM RATINGS (VSS=OV) 

SYMBOL ITEM RATING I UNIT I 
VDD SUEEll Voltage -0. S - 7 I--v-I 
VIN InEut Voltage -O.S - 7 I--v-I 
VOUTl OutEut Voltage (exceEt 0Een drain Einl -O.S - 10 I V I 
VOUT2 OutEut Voltage (ol2en drain Ein) -O.S - IS I V I 
PD Power DissiEation (ToEr-8S'C) 300 I rnW I 
Tsld Soldering TernEerature. Time 260 (10 sec) I ·C I 
Tstg Storage TernEerature -SS - 12S I 

--,C-
I 

TOl2r 0Eerating TernEerature -40 - 8S I 
--,C-

I 

RECOMMENDED OPERATING CONDITIONS (VSS=OV, VDD=SV+10%) 

SYMBOL I PARAMTER I CONDITION I MIN. I MAX. I UNIT I 
TOl2r I 0l2erating TernEerature I 1--=401-8-S-I--'c-1 
VDD I SUl2l2ll Voltage �-----�~I~I--v-I 

I I 1--1--1--1 
VIH1 I InEut High Vo1tage(exc.m inl2utll I 2.2 I VDD I V I 

I I 1--1--1--1 
VIH2 I InEut High Voltage(m inl2ut) I I 3 I VDD I V I 

I I 1--1--1--1 
VIL1 I InEut Low Voltage (exc.m inEutll I 0 I 0.8 I V I 

I I 1--1--1--1 
VIL2 I InEut Low Voltage (m inEut) I I 0 I 0.6 I V I 
fc I Clock Freguencl I IOTI--2-1~1 
tWCH I High Clock Pulse Width (Note 1) I VIN-VIH I~I---I~I 
tWCL I Low Clock Pulse Width (Note 1) I VIN-VIL I~I---I~I 
(Note 1) Under external clock operation 

D.C CHARACTERISTICS (VSS=OV, VDD=SV~10%, Topr=-40 to 8S'c) 

I SYMBOL 1 ____ ---'Pc:cA:::.RA=-=.:ME=.T=-:E=-:R"---___ 1 CONDITION I MIN. I TYP. I MAX. I UNIT I 
1--1 I - ---1-1 
1~IHysteresis Voltage(m inEut)ITa=2S'C - I 0.31 I V I 
I I I I 1-1--1-
1~IInEut Current (m inl2utl IVDD=S.SV,VIN=0.6V I - I -sol -1001~ 
1~IInEut Current (*) IVDD-S.SV,VIN-0.4V 1-----1-0.11--=z-1~ 
1~IInEut Low Current (**) IVDD-S.SV,VIN-0.6V 1-----1-----1-0.361 rnA 
1~IOutEut Leakage Current (*) IVDD-S.SV,VOUT-S.svi - I 0.11 2 I pA 
1~IOutl2ut High Current IVDD-4.SV,VOH-2.4V I -SOI ___ -_I_-_I~1 
I lOLl 10ut12ut Low Current 1 IVDD-4.SV,VOL-0.4V I 1.61 6 I I rnA I 
I IOL2 10ut12ut Low Current 2 (Note 2)IVDD-4.SV,VOL-1.2V I-ro-I~I--I~I 
1~IOutl2ut High Voltage IVDD-S.OV,IOH--SpA I 4.71 4.91 - I V I 
I IDD ISUPEll Current IVDD-S.SV I - I 13 I 28 I rnA I 

(Note 2) POO to P03 only is possible. IOL is possible up to 30rnA in the 
sum total. (*): With pull-up, Ta=2S·C. (**): Open drain 
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TOSHIBA 6. Electrical Characteristics. Outline Drawing 

A.C CHARACTERISTICS (VSS=OV, VDD=SV~lO%, Topr=-40 to 8S'C) 

I SYMBOL I PARAMETER CONDITION IMIN.ITYP.I MAX.luNITI 
------'--'-"--'----I---z:5I--~I }ls I I tcy I Instruction Cycle Time 

(2) Electrical characteristics CMOS version TMP42C40P, TMP42C60P 

ABSOLUTE MAXIMUM RATINGS (VSS=OV) 

SYMBOL ITEM RATING I UNIT I 
VDD ~Su-p-p~1~y~V~07l-t-ag-e----------------~0-.~S--~7~-I--v-1 

-----:V~I:,::N:--- Input Voltage -0.5 - VDD+O.S I--v-I 
VOUT Output Voltage -0.5 - VDD+O.S I--v-I 
PD Power Dissipation (Topr=8S'C) 300 I mW I 

------:T='s'-lccd:-- ---::-S-=-o '::-ldo-'e'-r"""'i-=n"'g--=-=T"-em=-p"'e=-:r"'a'-t-'u-"r-=-e"-. "":T='1'""" m'-e----"------ -2::-6:;-:OO--;("::1"'0-"'--s-ec-)~ 1--' c-I 

Tstg Storage Temperature -S5 - 125 I-'-c-I 
Topr -.::-O::.pe"'r'-'a"'t""i:--n-'=g.o:.::'T""em::.p'-'e""r::.::aO'=t-'=u'-r-e---------- ---_..::.4C"-0-_ -'8""S""--I--' c-I 

RECOMMENDED OPERATING CONDITIONS (VSS=OV, VDD=5V+20%) 

SYMBOL I PARAMTER I CONDITION I MIN. I MAX. I UNIT I 
Topr I Operating Temperature I -40 I 8S I 

--,C-
I 

VDD I Supply Voltage I 4.0 I 6.0 I V I 
I I I I I I 

VIHI I Input High Voltage(exc .RST input} I IVDDxO.71 VDD 1 V I 
I I I 1 I I 

VIHZ 1 Input High Voltage(RST input) I IVDDxO.81 VDD I V I 
I I I I I I 

VILI I Input Low Voltage (exc .RST input) 1 I 0 IVDDxo.31 V I 
I I I I I 1 

VILZ I Input Low Voltage (RST input) I I 0 IVDDxO .21 V 1 
fc I Clock Freguency I I O.Z I Z I MHz 1 
tWCH I High Clock Pulse Width (Note 1) I VIN-VIH I 100 I I ns I 
tWCH I Low Clock Pulse Width (Note 1) I VIN-VIL I 100 I I ns I 
(Note 1) Under external clock operation 

D.C CHARACTERISTICS (VSS=OV, VDD=SV::':.20% , Topr=-40 to 85 ·C) 

I SYMBOL I 
1--1 

____ ........::Pc:.:A:::;R::.;:A;;;:ME=-T::..;E=-:R"--___ I ___ -'C:...:O"'N:.::D-=I-=-T;::.IO-=-N"--_1 MIN. I TYP • I MAX. 1 UNIT I 
I 1-:1-'----

1~IHysteresis 
1~IInput High 

Voltage(RSTinput}ITa=2S'C I -10.3:1 I vi 
Current (PORT) IVDD-6.0V,VIN-6.0V 1--.lQ1 401 100 I pA 1 

I I 
1~IInput Low Current (RST) 
1~IOutput High Voltage 
1~IOutput High Current 
1~IOutput Low Current 
I IDDO 10perating Supply Current 
I IDDH IHolding Supply Current 

I I I 1 II 
IVDD=S.OV,VIN=OV I -:1 -301-l001~1 
IVDD-S.OV,IOH--5pA 14'":714:91--1 vi 
IVDD-4.0V,VOH-Z.4V 1-1.01-z.SI--1 rnA I 
IVDD-4.5V,VOL-0.4V 11""":61-3-1--1 rnA !I 

(*) IVDD=6.0V,fc-ZMHz 1---I-O:SI-3-1~1 
IVDD=5.0V, (**) 1---1---0-:11-5-1 }lA I 

(*): 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=OV, VDD=5.0V~ZO%, Topr=-40 to 85 ·C) 

I SYMBOL I PARAMETER 
I tcy I Instruction Cycle Time 

__ -",-C::cON::::D:.:I:.:.T-=-IO:::.:N,,--_1 MIN. I TYP. I MAX. I UNIT I 
1---z.5 I--I---n-I )ls 

(3) Electrical characteristics CMOS version (TMP4ZC50N, TMP4ZC70N) 

ABSOLUTE MAXIMUM RATINGS (VSS=OV) 

SYMBOL ----=-_--::------=-----=-__ ---'I:;.:T;.::E::..:M~ ___________ ---'RA~Tc::I=N-=-G-_1 UNIT I 
__ V~D~D~--7Su~p~p~1~y~V~o:.:.1-=-t~ag~e~------------------------ __ ----=--~0~.:.:S~-~7~~I---v-1 

VIN Input Voltage -0.5 - VDD+0.5 I---v--I 
VOUTI Output voltage (except open drain pin) -0.5 - VDD+0.5 I---v-I 
VOUT Z -::-Ou::::.::.,t p",u"-,t,"=-,V-,,,o~l-;:.t~a t~g~e;:-:(:..::o",p:.::e.!!n_d,,-r,-,ao-:i:-;n~p~i.!!n.!.-) _____________ -~0~.~5=---.:!:.1"-Z _I V I 
PD Power Dissipation (Topr-85'C) 300 I mW I 
Tsld Soldering Temperature. Time --~Z6~0~(~1~0"-s-e-c')--1 ·C I 
T t -S':-'t::'=':::~~T~=~~::"=----"'=----------- -55 - lZ5 I ·C I s g orage emperature 
Topr Operating Temperature -40 - 85 I--'c--I 

RECOMMENDED OPERATING CONDITIONS (VSS=OV, VDD=SV~ZO%) 

SYMBOL PARAMTER I CONDITION I MIN. MAX. I UNIT I 
Topr Operating Temperature I I -40 ---8-S--I---'c--1 
VDD Supply Voltage I I 4.0 ~ I---v--I 

I I I I I 
VIHI Input High Voltage(exc.RST input) I IVDDxO.71 VDD I V I 

I I I I I 
VIHZ Input high Voltage(RST input) I I VDDxO .81 VDD I V I 

I I I I I 
VILI Input Low Voltage (exc.RST input) I I 0 I VDDxO .31 V I 

I I 1--1---1 
VILZ InputLowVoltage(RSTinput) I I 0 IVDDxO.zl V I 
fc Clock Frequency I I 0 .Z I---z---I~I 
tWCH High Clock Pulse Width (Note 1) I VIN=VIH I 100 I 1---;;-;;--1 
tWCL Low Clock Pulse Width (Note 1) I VIN-VIL I 100 I I ns I 

(Note 1) Under external clock operation 

D.C CHARACTERISTICS (VSS=OV, VDD=5V~ZO%, Topr=-40 to 8S'C) 

I SYMBOL I ________ ----'P-"A"'RA=ME"-'T::.::E:.:R'-----_____ I ____ c"-'O""N'-"D~I_=_TI=_:O"_'_N'____I MIN. I TYP. I MAX. I UNIT I 
1---1 I - - --1-1 

1~IHysteresis Voltage(RST input)ITa=ZS'C I - I 0.31 I V I 
1~IInput High Current (pO,Pl,pz)lvDD-6.0V,VIN-6.0V I~I 401 100 I pA I 
I I I I I I I I 
1~IInput Low Current (RST) IVDD=5.0V,VIN=OV 1_-_1 -301-100 I~I 
1~IInput Low Current (a) IVDD=6.0V,VIN=0.6V 1_-_1 -301-100 I~I 
1~IOutput High Voltage(b) IVDD=S.OV,IOH=-S)lA I 4.71 4.91 I V I 
1~IOutput High Current IVDD=4.0V,VOH=Z.4V 1-1.01-2.51---1 rnA I 
I~I Output Low Current I VDD-4 .5V, VOL=O .4V 1~1-3-1----1---;;;A I 
I IIN2 I Input Current (c) IVDD-6.0V,VIN=0.4V 1---I-o.ll-=Z--1 pA I 
1~IOutput Leakage Current (c) IVDD-6.0V,VIN=6.0V I - I 0.11 2 I~I 
I IDDO IOperating Supply Current (d) IVDD-6.0V,fc=2MHz I - I 0.81 3 I rnA I 
I IDDH IHolding Supply Current IVDD-S.OV. (e) 1---ICJ:lI--s--1 pA I 
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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 c lock operation and port is re­
leased for supply current. (e): Releases except for supply pin. When NMOS 
I/O port is specified under mask option, this port is fixed at OV. 

A.C CHARACTERISTICS (VSS=OV, VDD=SV~20%, Topr=-40 to 8S'C) 

I SYMBOL I PARAMETER 
I tcy I Instruction Cycle Time 

6.2 Outline Drawing 

(1) 16 PIN Type 

14t015 2.54 

__ --"'-C.::.:ON:;.:D:..:I:..::T.::.IO::.:N"--_IMIN.ITYP.I MAX.luNITI 
12.51--I~1 ps I 

it ::1 
O.5!~ 025 

'I ~I Jf1'62±0.25 ! 
L~l 

v-t l \~ 
~ 

0_15° o2s!8ts 

Unit: mm 

EIAJ SC-503-16A 
JEDEC MO-C01AC 
TOSHIBA 5-22E 

(Note) Each lead pitch is 2.S4mm, and all the leads are located within 
+O.2Smm from their theoretical positions with respect to No.1 
and No. 16. 

(2) 28 PIN Type 
Unit: mm 

[::::::~:::]J ,tl~ 
1 2 3 4 S 6 1 a 9 10 11 121314 

(Note) Each lead pitch is 1.78mm,and the leads are located within 
+O.2Smm from their theoretical positions with respect to No.1 
and No. 28. 
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TOSHIBA 7. Designation of Formats of Program Tape and I/O Circuit 

7. Designation of Formats of Program Tape and I/O Circuit 

The user of TLCS-42N and TLCS-42C is requested to designate his program 
data and I/O 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 - IFF locations in the case of ROM O.SK version. 

(1) Designation of I/O circuit formats 
The paper tape of I Format starts recording the program data by the record 
mark ":". The designation of an I/O circuit code is effected by the 
parenthesized data contents immediately preceding the first record mark. 
The designation of the I/O 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/O circuit code is not designated, TLCS-42N processes the 
data on the assumption that no pull-up resistance is involved and the 
28-pin grades (TMP42CSON and TMP42C70N) of TLCS-42C are not allowed 
to accept any program tape because the I/O 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/O circuit 
code is designated. 

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

(POO) 
(POI) 
(P02) 
(P03) 
(P20) 
(P2l) 
(P40) 
(P4t) 
(P42) 
(P43) 

Only the port which has the pin name designated 
within the parentheses in the paper tape incorporates 
a built-in pull-up resistor. The port which has no 
such designation has no built-in pull-up resistor. 
Any two successive sets of parentheses must be served 
from each other by insertion of <CR> <LF> codes with­
out fail. 

Example of CMOS version 
(A) • . . . . . . . Anyone of the alphabetic charac ters, A - D, must be 

select without fail. (cf. Fig. 3.2 (12» 
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(3) Tape format 

1---------------1 
I I 
I I 
I I 

I Comments 
1---------------
1---------------
1---------------
I-----(CR)------I 
1---------------1 
I-----(LF)------I 
1---------------1 
------ : ------1 
---------------1 
---------------1 
---------------1 
---------------1 
---------------1 
---------------1 
---------------1 

1---------------
1---------------
1---------------
1---------------
1---------------
1---------------
I 
I 
I 
I 
I 
I 

1---------------1 
1---------------1 
1---------------1 
I-----(CR)------I 
1---------------1 
I-----(LF)------
1---------------
1------ : ------
1---------------
I I 

----- (CR) ------

-----(LF)------

1---------------1 

Leader, 50 "NULL" charac ters or more 

Comment (Record mark":" is not inc luded) 
Option 
Specification of I/O circuit code 

Record mark 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

Record type (2 digits) 1-"00" Normal code 
1_"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 
(POO) 
(POI) 
(P32) 
(P33) 
(P50) 
(P52) 
:I00000000665C7D79CF50F3F951FED55A8FFI6E570 
: IOOOl00088884DDE67D3lF5D8ABA6DF292FI 13F5CI 
:I00020004FFIFB5DFFDAA96A99CF7DF94A346B7C09 
:I0003000197352F729F12F79AA9C057C5B851EED77 

:I003C0005DFDB5E556A67277F6IA5IC631CF9FOE80 
:I003DOOOBD2F6F20E8BB1977E3FB5ADIE4IFDAA7E2 
:I003EOOOB53D42EOEC32546025B7308CDD52063DID 
:I003FOOOB4BE9E9E3A5B6138060B20BC372BF60BD6 
:OOOOOOOIFF 

(5) Example of tape list (TMP42C70N) 

TOSHIBA MICRO COMPUTER TLCS-42C 
(A) 

:l00000000665C7D79CF50F3F95IFED55A8FFI6E570 
: IOOOl00088884DDE67D31F5D8ABA6DF292Fl13F5C 1 
:l00020004FFIFB5DFFDAA96A99CF7DF94A346B7C09 
:I0003000197352F729F12F79AA9C057C5B851EED77 

:I003C0005DFDB5E556A67277F6IA51C631CF9FOE80 
:I003DOOOBD2F6F20E8BBI977E3FB5ADIE4IFDAA7E2 
:I003EOOOB53D42EOEC32546025B7308CDD52063DID 
:I003FOOOB4BE9E9E3A5B6138060B20BC372BF60BD6 
:OOOOOOOIFF 
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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 

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/O 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/O 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. 
Circuit Division, Toshiba Corporation) 

MCU47-i 
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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, I/O 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) Instruction 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: 4) 

Independently latched, multiple levels of interrupts 
(7) Input/Output (Standard products have 35 I/O 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/O 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 l2-bit timer/counters 
(11) Serial port with 4-bit buffer 
(12) l8-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. l2-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 

MCU47 1 



TOSHIBA TLCS-47 LSI DEVICES PRODUCTS LIST 

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

I I 
I Series I TLCS-47 NMOS 
I I TMP47 I TMP47 I TMP47 I TMP47 
I Item Unit I OOAC I 99C I 20P/N I 40P/N 
IROM Capacity 1---I~e~1 I 
I I Bytes I 4,096 I 4,096 I 2,048 I 4,096 
I RAM Capacity INibblesl 2561 2561 1281 256 

I*TMP47 
I 46N 
I 
I 4,096 
I 256 

IInst. Execution Time I~I 2 
INo. of Instructions I �----9~0~---------------------------------

ISubroutine Nesting I LevelslMax.15 
I External 1---1~~~2~---------------------------------

I Interrupts Internal I I 4 (Serial I/O, timer/counter (2), 

:=T-;-im--er-/'c-o-u-n-t-e-r-----------: Ch.: 2 and divider) 

I -7("'B-;-i-t-:;-le-n-g-t-;h-;):-I~1 12 
I 1---1 Event counter, timer or pulse widch 
I (Mode) I I measurement mode is programmably 
I I I selectable. 
l=s-e-r'ia-l~p-o-r~t~~~~~~~~~~~~I~I-----4~(~W~1~·t~h~b~u~f~f~e-r')---------------------

(Mode) 1---1 Receive/transmit mode is 
I I programmably selectable. 

----(,-,C=-=l-o-c"""k')-I I External! internal, and leading/ 
I I trailing edge mode are 
I I programmably selectable. 

I Divider I Stagesl----718~(~W~1~·t~h~4~-~s~t~akg-e~p~re~s~c~a~1~e~r~)-----------

I I Input 1---' 4 I 4 
IInput/1 Output (equivalent I 8 I 8 
I Output I to PLA) I I I 
IPorts I Output I Bits I I 
I I I/O I I 16 I 16 
I I I/O( Combined use) I I 7 I 7 
I I Total I 1---;;3~5------1---""'35=------
I With built-in high I I 8 8 
I current outputs I Bits I 
I With built-in high I I 
I breakdown voltage outputs I 

4 
8 

8 
30 

57 
8 

IWith built-in LCD driver I I __ ~~ ________________________________ __ 
IMemory Standby operationl I YES 

IHoid operation I I ______ ~~----------------------------__ 
IClock oscillator I 1 __ ~o~n-7ch~1~·p~ __________________________ ___ 
IPower supply I V I + 5.0 
I Process I 1--~S~i~G~a~t-e--;N"""c-;-h~E~/=D~MO~S~-------------------

I Package I I I I P: DIP-42 I Shrunk 
I I I IC-801 DIC-42 IN: Shrunk DIP-42I DIP-64 
I I I (Evaluator Chip) I BM4717 BM4717 
IEmulator for debugging I I I (Piggy back +BM4710 I+BM4710 
I I I I type) I I+BM4714 
* : Under Development 
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TOSHIBA TLCS-47 LSI DEVICES PRODUCTS LIST 

LIST OF TLCS-47 LSI DEVICES (2/2) 

I I 
I Series I TLCS-47CMOS 
I I TMP47 I TMP47 I TMP47 I TMP47 I TMP47 I TMP47 
I Item Unit IC20P/Nlc40P/Nlc2lP/Nlc4lP/NI C22F I C46N 
IROM Capacity 1---1---1---1--1--1---1---

I I~I 2,0481 4,0961 2,0481 4,0961 2,0481 4,096 
IRAM Capacity INibblesl 1281 2561 1281 2561 1921 256 
IInst. Execution Time I~I 4 
I No. of Ins truc tions 1---1----:9::-:0~---------------
ISubroutine Nesting I LevelslMax.15 
I External 1---1~~~2~---------------

I Interrupts Internal I I 4 (Serial I/O, timer/counter (2), 
I I I and divider) 
I Timer/counter I Ch. 1--~2~~=-~~~~-----------

I (Bit length) I BitS I 12 
I 1---1 Event counter, timer or pulse widch 
I (Mode) I I measurement mode is programmably I 
I I I se Ie c tab Ie. I 
I Serial port I BItS 1---'4;-,,-,;(:.,oW;:;:i-"-t';:'h:=:b"'u'-'f;-:f~e-r')----------1 
I (Mode) 1---1 Receive/transmit mode is I 
I I I programmably selectable. I 
I (Clock) I I External/internal, and leading/ I 
I I I trailing edge mode are I 
I I I programmably selectable. I 
I Divider I Stages I 18 (With 4-stage pres caler) I 
I I Input I I 4 I 4 I 4 I 4 I 
I Input/ I Output (equivalent I 8 I 8 I I 8 I 
I Output I to PLA) I I I I I I 
IPorts I Output I Bits I I 12 I I 8 I 
I I I/O I I 16 I 4 I 16 I 30 I 
I II/O(Combineduse)1 I 7 I 7 I 7 I 7 I 
I I Total I 1---=-35=----1 35 1-2-7-1-5-7--1 

IWith built-in high I I I I I I 
I current outputs I Bits I I I I I 
IWith built-in high I I I 8 + 12 I I I 
I breakdown voltage outputs I I I I I 
IWith built-in LCD driverl I I 124 + 41 I 
IMemory Standby operation I I I 
IHold operation I I YES I 
I Clock oscillator I I on chip I 
IPower supply I V I + 5.0 I 
I Process I I Si Gate CMOS I 
I Package I I P:DIP-42 I FP-67 I Shrunk I 
I I I N:Shrunk DIP-42 I I DIP-64 I 
I I I I BM471 7 I BM4 71 7 I 
IEmulator for debugging I I BM4717 + BM47llA I+BM47llAI+BM471lAI 
I I I I+BM47l2AI+BM47l4 I 
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TECHNICAL DATA 

TMP4740P TMP4720P 
INTEGRATED CIRCUIT TOSHIBA MOS TYPE DIGITAL INTEGRATED CI~r,UIT • iliz SILICON MONOLITHIC 

N-CHANNEL SILICON,GATE DEPRESSION LOAD 

W10S 4-BIT SINGLE CHIP MICROCO~1PUTER (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 develoume'lt. 

Part No. ROM (Bit) RAM (Bit) 

TMP4740P 4,096 x 8 256 x 4 

TMP4720P 2,048 x 8 128 x 4 

'nlp11700i\C Externally provided 
(4,096 x 8) 

256 x 4 

nIP 4 799C E¥ceIlally provided 256 x 4 
(4,096 x 8) 



TOSHIBA TMP4740P,TMP4720P 

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 co~patible 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) 
1nput 1 port 4 pins 

tput (corresponding to PLA) 2 ports S pins 
4 ports 16 pins 

1/0 (Note) 2 ports 7 pins 

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

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

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

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

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

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

High output current (Output ports) 
TYP. 20mA x S bits, LED direct drive is 1vailable. 

Memory stand-by function 

On chip oscillator 

Battery backup is available. 

TTL/CMOS Compatible 

+5V single power supply 

42-pin DIL plastic package 

N-channel Si gate E/D MOS LSI 
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TOSHIBA TMP4740P,TMP4720P 

R40 VDD 
PIN CONNECTIONS (TOP VIEW) R41 R92(SCK) 

R42 R9l(SO) 

R4;~ RgO(SI) 

R50 RS3(:!:..!.L 
RbI RS2(INTI) 

Rb2 RSI(T2) 

Hb3 RSO,INT2) 
RSO VHH 

R61 RESEr 

RS2 XOUT 
RS3 XIN 
R70 TEST 
R71 K03 
Rn K02 
R73 KOI 
PIa KOO 
Pil PZ3 
P1z PZZ 

PI3 PZI 

VSS PZO 

PIN NAMES AND PIN DESCRIPTION 

Pin Name No.of pillE Input/Output Function 

K03 '" KOO 4 Input Input port 

P13 "'P IO 4 Output Output port (Corresponding to PLA) 

PZ3 '" Pzo 4 Output " ( " ) 

R43 '" R40 4 I/O I/O port 

RS3"'Rso 4 I/O " 
R63 '" R60 4 I/O " 
R73 '" R70 4 I/O " 

Re3 (TI) I I/O I/O port or timer/counter input 

Re2 (INTI) I I/O I/O port or interrupt input 

ReI (T2) I I/O I/O port or timer/counter input 

Reo (INT2) I I/O I/O port or interrupt input 

R9Z (SCK) I I/O I/O port or shift clock for serial port 

R91 (SO) I I/O I/O port or serial output 

R90 (SI) I I/O I/O port or serial input 

XIN, XOUT 2 Input, Output Resonator connection terminals 

RESET I Input Initialize signal input 

TEST I Input (Low level is input.) 

VDD 1 Power supply +5V 
VHH I Power supply +5V (Memory power supply) 

VSS 1 Power supply OV 
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TOSHIBA 

RE"SET 

TEST 

XIN 

XOUT 

BLOCK DIAGRAM 

m' 
'"' ;;:, 
'" , 
0' 
ti' 
cd' 

ROM 

PC 

FD 

~ tDJ 
.-., 0 

cil 

W I . 
AL;] 

HAM 

TMP4740P,TMP4720P 

(TIL 
(INTl ) 
('l'3l.. 
(INTZ) 

BLOCK NAMES AND DESCRIPTION 

PC 
ROM 

Block Name 

IR, decoder 
HR, LR 

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

FD 
TC1, TC2 
TC control 
SIO control 
SYS control 
CG, TG 

Function 

Program counter (12 bits) 
Program memory (including fixed nata) 
Instruction register, Decoder 
H register (page assignment of RAM), L register (address assign­
ment in W1 page), (each 4-bit register) 
RM1 add,ess buffer register (8 bits) 
Data memory 
Save area of program counter and flags (I:LM area) 
Stack pointer word (RAM area) 
Data counter (12 bits, WI area), Data table (ROM area). 
Temporary register of ALU input 
Arithmetic and logic unit 
Accumulator 
Flags 
Ports 
Interrupt control (ElF: Enable interrupt master F/F, EIR: Enable 

interrupt register) 
Frequency divider (4-stage pres caler + 18 stages) 
12-bit timer/counter 2 channels (RAl1 area) 
Timer/counter control 
Serial port control 
Generation of various internal control signals 
Clock generator, Timing generator 
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TOSHIBA 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) 

5. ALU, Accumulator (AC) 

6. Flags (FLAC) 

7. Ports (PORT) 

S. Interrupt Control Circuit (INTR) 

9. Frequency Divider (FD) 

10. Timer/Counter (TCl, TC2) 

11. Serial Port (SIO) 

Concerning the above component parts, the configu~ation 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 faT the bullt-in p~ri~heral 
circuitry, such as inte.rrupt 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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TOSHIBA TM P 4740P,TMP4720P 

1.1 Program Counter (PC) 

It is a l2-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 

PCR PCM PCL 

PCI1pCI~ PC.1 PC s pC7i pC6i Pcsi PC 4 PC31 PC21 PC , I PC o 

, \ . 
Page assignment Address assignment in page 

(a) Configuration of Program Counter 

(page)(~ddress) ROM (Address) 

ln1re ~ ~~~ 
a 03 ~ 003 

63 

( :i~ 
(id~ 

(b) Configuration of ROM 

(Page) (Address) ROM 
ln page 
--0-0- -

i ) 
3F BSS a (~ote) 

[ 
00 

Hl 
a 

3F 

XXX 

03E 

03F 

040 

07F 

080 

081 

FFC 
FFD 
FFE 
FFF 

(Execution flow) 

(Only when branch con-) 

j dition is met 

Note: l1a" shall be 
indicated by 
hexadecimal. 

(c) Special example of branch caused by (BSS a)instrustion. 
Fig.l. 1.1 Program Counter and Program Memory (RON) 
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TOSHIBA TM P4740P,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 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 Hand L registers as well as 

contents of the carry flag, and outputs the data to output ports 

(P2· PI). 

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. 

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 f{xed data. 
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TOSHIBA TMP4740P,TMP4720P 

Specific Address Specific Purposes 

000 
Start address by initialization 

(001) 
----- -

002 INTl Interrupt address 
(003) 

vector 

004 ISIO 
(005) 

Interrupt vector address 

006 IOVFl Interrupt address 
(007) vector 

008 IOVF2 Interrupt address (009) vector 
-"" 

OOA 
ITMR (OOB) Interrupt vector address 

DOC 
INT2 (ODD) Interrupt vector address 

8n + 6 
(n = 1 "'15) Call address by instruction (CALLS a) 

086 (Note) 

FEO 
2 PLA data conversion table 

FFF 

Note 086 (hexadecimal) = 134 (decimal) 

Table 1.2.1 Specific Add,ess of Progrnm 11enory 
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TOSHIBA TMP4740P,TMP4720P 

I ROM CAPACITY I 
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 ,,,it11 l2-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 7EO - 7FF. 

"0" [(Nap) 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 

000 

800 

\ 
FED 

FFF 

ROM 

(Program) 
data 

" a 

" (I) 

'"' OJ 
g; 
a 
<J 

Address ROM 

000 

( 

7EO 
l 

7FF "-
800 1-1-----' 
(=000) I : 

I I 

~ 
I I 

t t 
I I 
I I 

FED I I 
(=7EO)~------i 

S I I 
FFF L ______ .J 
(=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 Hand 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 R73~R40 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 Hand L registers or immediate data of an instruction is fed 

into the RAM address buffer register. 
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TOSHIBA 

AddresB 

Page 

0 
1 

2 
3 
4 

5 
6 

~ 8 
9 
A 
B 

II 

TMP4740P,TMP4720P 

MSB LSB 

HR LR 

HR31 HR21 HRI I HRO LR31 LR2 T LRI T LRO 

~-v " ~ -~ 

Page specification Address specification 
in page 

LR 

F E D C B A 9 8 7 6 5 4 3-210 

+ -+ -+ + + + -+ + + + -+ + -t -t + -
+ -+ + ++-++++++++ + + 
+- -+ -+ 

~Increment direction 
+ + + + + + + + + + 4 

+ + + -I + -+ -I + + -I + + + + -I 

+ + + 4 + -I -I -+ -+ + + + -I + -I -

+ 4D:crtm~nt d1Act\ot + -+ -+ + -I -

-+ -t + -I + -+ t + + + + -I '+ -I -I 

+ t + + + + -I + + + + -I + -I + 

+ + -I -t + -I -+ + + + + -t -I + -I 

+ -I + + + + + + + + -I + + + -I 

-I -I + -I + + + + -I + + -I + + -+ 

+ + + + + + -I + -t + + + + -I + 
-I -t -t -r + + + + + + + + -I -+ + 
+ + -I -I -+ -+ + -I + -I + + + -+ -+ 

+ + + + -+ + + -I + -+ + -I + -I -I 

Configuration of RAM 

Fig. 1. 3.1 H Register, L Register and Data Memory (RAM) 

MCU47-1S 



TOSHIBA TMP4740P,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 indicdted 

by the contents of the RAM address buffer register. 

I Specific addresses of data memory I 
The data memory is also used for the following specific purposes. 

When it is not used for the respective purposes, the RAM of the 

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

(1) Stack (STACK) 

(2) Stack pointer word (SPW) 

(3) Data counter (DC) 

(4) Timer/Counter (TC1, 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 fla~s. 

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 

r~M, 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 lo",er 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 llsed 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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,Addres~ FED C B A 9 8 7 6 5 4 3 2 1 0 
Page I I I I 1-: 

(Stack pointer 
RAM address 

B '---=::--i-i-T-i--t-i--:--:--~-~-i"-i-~~-

C 

D 

E 

F 

I I I I I I I 

Level 3 Level 2 Level 1 Level 0 

~~~~7~ ____ ~6~~~~5-+ __ ~ __ ~4~~Stack 
11 10 9 8 

spwi DC * I TC2 *1 TCI 12 

* : Can be used to store the user processing data 

(a) Specific purposive map of RMI 

word) 
FF 

MSB 
7 

MSB LSB 
3 2 1 0 

Ispw 3 jsPW2j spw,jsPWo I 
6 5 4 3 2 1 

LSB 
o 

(Stack pointer) 1 o 

(b) Stack pointer and stack pointer word 

Address 
~ 
0 

2 .r< 

peR'" 

+ 
~ '-' 

E2 0 u 
.r< <l! 

E3 FLAG'" '-' ... 
u 'r< 

E4 PCL" 
<l! -0 ... 

'" .r< <l! 
E5 peM" .-< -0 ... 

<l! 0 

E6 PCH" > <l! '-' 
j > "' 

FLAG" '" gj E7 t tn 

-'" 

I I E8 PCL' u 

'" E9 PCM' 
.-< '-' 
<l!otn 

EA PCR' ~.-< 
H 

EB rLAG' 

t EC PCL 
ED PCM 

2 

(c) Structure of stack 
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(3) Data Counter (DC) 

Data counter is a l2-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) 

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

Fig. 1.4.2 Data Counter and RAM Address 

(4) Timer/Counter (TCl, TC2) 

The two channels of l2-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 

(Timer/Counter 1) 
TCI 

(RAM Address) (F6) (F5) (F4) 

MSB LSB 

(Timer/Counter 2) TC2 

(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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I RAM Capaci ty 1 

Data memory contained in TMP4740P has a 256 x 4-bit (addresses DO­

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 e·qui valent 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 

00 

) 

80 

1 ( da~a ) 
reg10n 

<, 

Specific 
address 

:1 region 
FF 

(TMP4740P) 

Address 

00 

) 

RAM 

( Da~a ) 
reg10n 

Specific 
address 

7F region 
80 I 

(~OO) 1 : 
I I 
I 1 (1 1 

) L-----1 
1 I 
I I 

FF l I 
(~7F) '- _____ ...J 

(TMP4720P) 

(a) .RAM Capacity and Address 

Address 

(
Image of ) 
addresses 
00'" 7F 

00 

EO 

) 
FF 

RAM 

I 
I 

I 1 L _____ ...J 
I I 
~ (Not ) ~ 

used I 
I 
I 
I 

1 I 

Specific 
address 
region 

(b) :(AM 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 (Ae) 

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 (e), 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. 

AY are temporary registers.) 

Output of result 

MSB LSB 
3 2 1 0 

(Accumulator) LI __ ~I __ -L __ ~~ 

Fig. 1.5.1 ALU, Accumulator 

Detection of operating condition 

Output e 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 e 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 "CII. 

Output Z indicates the zero detection signal to which "I" is applied 

when all of the 4-bit data transferred to accumulator or output of the ALU 

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

(a) 4 + 5 9 (C 0, Z 0) 

(b) 7 + 9 0 (C I, Z 1) 

(c) 3 1 2 (B 0, Z ~ 

(~ 2 2 0 (B 0, Z 1) 

(e) 6 8 -2 or E (B 1, Z 0) 

Note B C is indicated. 

1.6 Flag (FLAG) 

Flag is a 4-bit register used to store the condition of arith­

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

by the instruction. The flag consisting of CF, ZF, SF, and GF is 

saved in the stack when the interrupt is accepted. By executing the 

(RE~I) instruction, it is restored from the stack to the conditions 

immediately before the interrupt is accepted. 

(1) Carry Flag (CF) 

3 2 1 o 

I CF I ZF I SF GF 

Fig. 1.6.1 Flag 

This flag is used to hold the carry in the addition operation 

as an input to th~ 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, @RL) 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 sign21 (2) when the 

instruction desi8nate 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 "I", 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 11111 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 perifera1 circuitry 

are carried out by the input/output irst1"uctions. 

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

(b) Command/data output 

(c) Status/data input 

Control of circuitry of built-in 

peripheral circuitry, and output of data. 

Input of status signa1(Note) and data from 

the built-in peripheral circuitry. 

Note Status signal is provided from serial port and is 

different from th2 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 a(;'dress to be acc0.ssed differs according to a instruction. 

By way of caution, the port address space is independent of the 

program meGlory 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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fl 
C1 
.0-

" I 
tv 
'-" 

Port Symbol 
Input/Output Instructions 

Port, Register SET @L 
ad- (Input/ (Input/Output) IN %P, A OUT A ,%P SET%P ,b TEST %P,b CLR @L 

dress Output) IN %P @HL OUT@HL %P OUTIIK,%P OUTB @HL CLR%P,b TESTP%P,b TEST @L 
00 IPOO/OPOO Ko Input port / P 1 Output a a 
01 IPOl/OPOl P,Output latch/ port a a a a a 
02 IP02/0P02 P2 " /P2" a a a a a 
03 IP03/0P03 ---
04 IP04/0P04 R4 I/O port a a a a a a 
as IPOS/OPOS Rs " a a a a a a 
06 IP06/0P06 R6 " a a a a a a 
07 IP07/0P07 R7 " a a a a a a 
08 IP08/0P08 R. " a 

I 

a a a a 
09 IP09/0P09 Rg " 0 0 a a 0 
OA IPOA/OPOA ---
OB IPOB/OPOB --- ( *) Serial Duffer register (Reception) 
OC IPOC/OPOC --- (*,,) Serial buffer register (Transmission) 
OD IPOD/OPOD ---
OE IPOE/OPOE Status input/ --- 0 a 
OF IPOF /OPOF (*) / (**) a a a 
10 /OPIO / --
11 /OP11 

/Po·p, output port a 
(8-bit output) 

12 /OP12 / ---
l3 /OPl3 / ---

14 /OP14 / ---
IS /OPIS / ---
16 /OP16 / --- (a) Control with timer interrupt of divider 
17 /OP17 / ---

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

19 /OPI9 / (a) a I I 
lA /OPIA / --- (c) Timer/Counter 2 control 
lB /OPIB / --- (d) Serial port control 
lC /OPIC / (b) 

I 

a 

I 
lD /OPID / (c) 0 
IE /OPIE / ---
IF /OPIF / (d) 0 

Note 1: Inputs (IPIO - IPlF) of port addresses 10 - IF 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 

-I 
o 
(f) 

I 

OJ 
» 

-I 
So 
"U 
-i'> 
'-.i 
-i'> 
o 
"U 

-I 
So 
"U 

-i'> 
'-.i 
N 
o 
"U 
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(1) KO (K03 '\,KOO) Port 

This is a 4-bit port used for input. 

Input data <;------<<]'----0 (Pin) 

MSB LSB 
3 1 0 

I Ke31 Ko zlKo 1 [Keel 

Fig. 1. 7 . 1 Ke Port 

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

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

These two ports can independently access by specifying port ad­

dresses IP01/OP01, and IP02/0P02. In addition, they can output 8-bit 

data by the (OUTB @HL) instruction. 

PLA data conversion 

A hardware PLA is not contained in the system; however, the func­

tion equivalent to it can be performed by access to the PLA datn con­

version table provided in the ROM 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 Hand 

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 PI 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 
76543210 

Conversion data I PZ3jpz z\ Pz , I Pz 0\ PlO\ p,zl P "I p,o\ 

Input data ~ ~ .. 

Output data ~--~ tell (Pin) 

Fig. 1.7.2 P, and P z Ports 

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

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

Pins R73 - R40 can be 

used for bit scanning for 

set/reset and test accord­

ing to the contents of the 

L register by executing 

the (SET @L), (CLR @L) and 

(TEST @L) instructions. 

Table 1.7.2 shows the pins 

corresponding to the con­

tents of the L register. 

L register Correspond· L register Correspmd-
3121110 ing Pin 3121110 ing Pin 

0 0 o 0 R40 1 0 0 0 R60 

0 o 0 1 R41 1 0 0 1 R61 

o 0 1 0 R42 1 0 1 0 R62 

o 0 1 1 R43 1 0 1 1 R63 

0 1 0 0 RSO 1 1 o 0 R70 

0 1 0 1 RS1 1 1 0 1 R71 

0 1 1 0 R52 1 1 1 0 R72 

o 1 1 1 R53 1 1 1 1 R73 

Table 1.7.2 Correspondence of Individual 

Bits of L Register and I/O Port 
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Input data 

Output data (Pin) 

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

Fig. 1.7.3 

(4) RS (RS3 ~ RSO) Port 

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

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

It is a port common to external interrupt input or external timer/ 

counter input. When it is driven by the external circuitry, such as 

external interrupt input or external timer/counter input, the latch 

must be set to "1". When it is used as normal I/O port, some measures, 

such as inhibition of the external interrupt input acceptance or disable 

of the mode depending on the external input of the timer/counter should 

be taken in a program. 

(Note) When pin RSZ (INTI) is used as a port, INTI 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 RSO (INTZ) is used, INTZ interrupt request also 

takes place in the same manner as the case of pin RSZ' but 

the interrupt request is not accepted by merely resetting 

the LSB (EIRO) of the enable interrupt register to "0" in 

advance. Therefore, the above processing is not required. 
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Control input 

Input data 

Output data =&a I1ltch ' (Pin) 

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

Fig. 1.7.4 RB Port 

(5) Rg (Rn 'V RgO) Port 

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

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

The Rg port is also used as serial porco The latch must be set to 

"1" when Rg port is used as serial port. The port used as normal 

I/O port is not entirely influenced by 

Pin R93 is not mounted in the port, but 

pin Rg3 in a program. 

Serial control 
Input data 

Output dara 

Serial control 

MSB 

r-~- - -'----=-""T":-"-"""-"-'" 
I 
I 
I 
~---~--~~~~--~ 

disabling the serial port. 

"1" is read by accessing 

(Pin) 

to 

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

Fig. 1.7.5 R9 Port 
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1.S 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 (ElF) 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 clition accord-according Latch Address 
to hardware ing to program 

----

External interrupt 1 (INTl) 
(Higher) 

INTLS 
(Note 1) 

1 EIF = 1 

Serial 
Input/Output (ISIO) 2 TNTL4 EIF- EIR3 = 1 

" 
interrupt 

'" Timer counter 1 ;:J 
H 

(IOVFl) H Overflow 3 INTL3 EIF- EIR2 = 1 
(l) 

" interrupt 

" 'M 

rl Timer counter 2 
ro Overfl ow (IOVF2) 4 INTL2 (Note 2) 

" H EIF.EIR1 = 1 
(l) interrupt 
" " H Timer interrupt (Note 2) (ITMR) 5 INTLI 

of divider EIF.EIRI = 1 

External interrupt 2 (INT2) 
6 

(Lower) 
INTLO EIF'EIRO = 1 

Interrupt enabling master F/F Interrupt enabling register (EIR) 

MSB LSB 
3 2 1 0 

(Note 1) Since EIR register cannot make disabling of the INTI 

interrupt, this interrupt is always accepted under the 

interrupt enabled condition (ElF = 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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(INTl) 
rS 

(Isla) 
r4 

(IOVF1) 
r3 

(IOVF2) 
r2 

(ITMR) 
rl 

(INT2) 

rO 

Reset by 
instruction 

Hardware reset 

[1nterrupt Latch] 

EIR3 

EIR2 

EIRl 

lURa 
CR 

TMP4740P,TMP4720P 

Address information 
/ 

Acceptance signal 

signal 

Fig. 1.8.1 Interrupt Control Circuit 

Instruction 
I cycle 

INT2 
r--------------------
I 

_I_TMR _____ ..J! 

_I_NT_L....:1"--____ ..J/ 

~IN"'To.::L"'O'---___ __'/ 

ElF \ 
->«.----~----')c. >~ )<----~-

Execution of Interrupt accept- Execution of OOA Execution of 
instruction ance processing address instruc- instruction 

tion (Jump in-
struction) 

Note: On the assumption that EIR1~ 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. 

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

stack. 

GD 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.) 

Q) The status flag is set to "1". 

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

the subsequent interrupt acceptance for a time. 

CD The interrupt latch of the accepted interrupt factor is reset 

to "0 11 • 

QD 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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CD The contents of the program counter and flag are restored out 

of the stack. 

® The interrupt enabling master F/F is set to "I". 

When the multiple interrupt is acceptcn, 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 

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

the interrupt acceptance enabling state by setting the ElF 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 ElF 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 ace 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 "a" at the initializati'Jll operation. 

Interrupt latch 

The interrupt latches (INTLS - 1NTLO) 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" innnediately after the interrupt has been 

accepted. 

Since the interrupt latch can be reset t'O "0'" by the :(EI'CLR 

1L, r), (D1CLR 1L, r) and (CLR 1L, r) instructions, the inten:upt 

request signal can be initialized by a program. The latch is rese!: 

to "Ofl at the initi8.1ization operation. 

1.9 1'req-ueney divider (FD) 

The di vide·r (FDI - FDlS) is -made up IS-st.a:ge binary c'Ounter, 

and its 'output is used to gener.ate va;rious int,ernal timing ... 

The basic clock (fc Hz) is divided into six.teen by the timing 

generator and input to the divider; therefDre, the 'Output frequency 

at the last s-tage is fc/2 22 Hz. 

It is reset to "0 11 at the initialization nper.atiion. 

Timer Interrupt of divider (ITMR) 

The divideT is -capable of sendiIl"g the int:er1l"upt request: for a 

certain frequency. FOUT diffe.rent frequenci'e:s can be sel.ected 

for :timer interrupt by instructinns. 
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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 c~used from the rising edge 

of the first output of the divider after the data has been written 

in the command resister. 

Basic 
clock (CP) 

(fc Hz) 

(a) Structure of frequency divider 

MSB LSB 

(Port address) 
3 2 0 

(1' : don't care) 
OP19 

'i', 0 " * Disable 

* 0 0 Interrupt frequency fe/2 10Hz 

* 0 1 fc/2 11Hz 

" 0 fc/2 12 Hz 

* 1 fe/2 13Hz 

Interrupt fre- For example, 

quency (Hz) fc=4.194304MHz 

fc/2 1O 4,096 Hz 
fc/2 11 2,048 Hz 
fc/2 12 1,024 Hz 
fc/2 13 512 Hz 

(b) Command register 

Fig. 1.9.1 Frequency Divider 
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1.10 Timer/Counter (TCl' TC2) 

Two channels of l2-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)1 TCI 

TClH TCIM TCIL 

(RAM Address) (F6) (FS) (F4) 

MSB LSB 

(Timer/Counter 2) 1 
TC2 

TC2H TC2M TC2L 

(RAM Address) (FA) (F9) (FS) 

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 OPIC and 

OPlD, respectively. It is reset to "0" at the initialization 

operation. The count operation is started from the first rising 

edge of the count pulse applied by setting the value (mode) to 

the command register. 

When the timer/counter is not used, the RAM addresses 

corresponding to the timer/counter can be used to store the 

user processing data by selecting the "disable" state. In the 

timer mode, the external input pins can be used as I/O ports 

[RS3 (Tl), RSI (T2)]. 
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TCI Command register 
MSB 

3 2 1 
(Port Address OPIC) 

MSB 
TC2 Command register 3 2 1 
(Port Address OPID) 

(a) Command register 

Internal Pulse Max. Set tin 
Rate (Hz) Time (SEC) 

----

fc/Z lO Z22/fc 

fc/214 Z26/fc 
"----""---

fc/21S Z30/fc 

fc/2 22 234 / fc 

(b) Selection of timer rate 

LSB 
0 

LSB 
0 

00 

01 

10 

TMP4740P,TMP4720P 

Selection of Count Mode I 
Disable state 

Event count mode 

(Counts external input) 

Timer mode 

(Counts internal pulse.) 

11 Pulse width measurc~ent mode 

00 

01 -
10 

11 

(Counts the pulse obtained by 

sampling of external input by 

use of internal pulse.) 

Selection of Internal Pulse 
(Divider Output) Rate 

fc/2 10 Hz is counted. 

fc/Z 14 Hz is counted. 

fc/2 1S Hz is counted. 

fc/Z 2Z Hz is counted. 

(fc: Basic clock frequency) 

lFor example, fc~4.l94304 MHz 

Internal Pulse Max. Setting 
Rate (Hz) Time (SEC) 

4,096 1 

256 16 
-----" 

16 256 

1 4,096 

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. w~en 

two channels are used, fc/32 Hz is applied to the timer/counter I, 

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 

Counter ~ _____ n_+ __ l ____ -"X n + 2 X n + 3 

(a) Event counter/timer mode 

External input pin 

Internal pulse 

Count pulse 

Counter _ll ____ --'X n+l X n+2 X n+3X n+4 

(b) Pulse width measurement mode 

Fig. 1.10.3 Mode and Count Value of Timer/Counter 

Decrease in execution speed of instruction due to count operation 

The CPU carries out the count operation requiring 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/2 l0 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 

2.0l6ps to 2ps instruotion 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/ll~.82%. The apparent speed is 3.64~s to 2~s instruc­

tion execution speed. 

(3) Interrupt by overflow (IOVF1, IOVF2) 

At the tiIPe when the overflm·] 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. 

I 

Count ~ 

Instruction 
cycle 

Count request r--l~ ______________________ __ 
Detection of overflow n~ ______________________ _ 
Occurrence of IOVF 

---.----- .....,.------ ----------.. ------~~.'---------.. -------~--
Execution 
of in­
struction 

Fig. 1.10.4 

Count 
cycle 

Execution 
of in­
struction 

Interrupt 
acceptance 
processing 

Timing Chart of Timer/Counter in 

Interrupt by Overflow 

MCU47-4l 
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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), R9l (SO), RgO 

(SI)]. Since these pins are also used as port Rg, the output latch 

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

When it is not used, the pins can be used as I/O port Rg. 

Pin RgO in the transmit mode and pin R91 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. 

SI 

(~erial ~ata) 
lnput pln 

Status I 
L...-L_-I- __ I... _ .J 

(Internal Bus) 

SO 

SCK 

(Serial shift clock 
input/output pin 

SR 4-bit shift register SIOC : Serial port control circuit 
SB 4-bit buffer register rPs: Internal shift clock 

ISla: 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 OPIF, and reset to 

"0" at the initializatiO'a operation. The operati<;>n status can be 

informed through the status input, which is accessed with port 

address IPOE. 

Serial port com­
mand register 
(Port address) 
OPIF 

Serial port 
status input 
(Port add res s) 
IPOE 

MSB 
3 

MSB 

LSB 
210 

3 2 
LSB 

I 0 

/SIOFI SEF I 

1 Serial transfer enable or 
start request. 

o Serial transfer disable or 
end request. 

1 Receive mode 

o Transmit modp 

I Shift operation at the lead­
ing edge of the shift clock 

o Shift operation at the trail­
ing edge of the shift clock 

I External input is served 
as shift clock. 

o Internal clock is served 
as shift clock. 

(* don't care) 

I Operating condition of serial transfer 

o 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/2 7 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 ("Waitlloperation). 

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 serlal 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 1M bit of the com­

mand register. 

RM 1M ECKM 
Operation Mode (Bit 2) (Bit 1) (Bit 0) 

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 fro~ 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. 

MCU47-45 



TOSHIBA TMP4740P,TMP4720P 

I Transmi t mode I 

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 

(Dl - 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 fcl2 7 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 bitl sec. at the 411Hz 

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 (ISla) to the writing 

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

so 

ISIO 

SB(OPOF) D 
~'L---------------~·rJ~------------~ 

(a) Internal clock operation (with wait operation) 

ESIO ~ 

SCK (INPUT) 

so 

-~-----I~ 
SB(OPOF) ~ D X D' X D" ~ 

ISla 

(b) External clock operation 

Fig. 1.11. 3 Transmit Hade-
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Completion of transmission 

When the buffer register becomes empty, 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 ~an be stopped upon completion of transferring the current 

data shifted out, by resetting the ES10 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 "011 

before the next data is shifted out as in the data updating opera­

tion (however, the data is not updated when the operation is COID-

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 ~ 0 in the inter­

rupt service program on receipt of the interrupt caused by the buffer 

empty. 
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ES10 

SIOF 

SEF 

SCK 

so 

ISIO 

SB(OPOF) 

ESIO 

SIOF 

SEF 

so 

IS10 

SB(OPOF) 

ESIO 

SIOF 

SEF 

SCK 

so 

ISIO 

SB(OPOF) 

TMP4740P,TMP4720P 

(a) Internal clock operation (with wait operation) 

(b) External clock operation 

~~D~ ____________ __ 

(c) Completion at one-word transfer 

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

Data can be received by setting the receive mode in the command register 

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

When the four data are received from the ::>1 pin, the 4-bit data is 

transferred from the shift register to the buffer register. At t'1e same time, 

interrupt (ISla) 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 7Hz, if the next 4-

bit data is not read out of the buffer register (the I?OF has not been ac­

cessed) in the program thour;h the [,-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 (ISla) to the read of the data in the buffer 

register by the interrupt service program. 
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ESIO ~~------------------------~>·~I--------------~fr--

SCK (OUTPUT 

SI 

Shift 

=777777TT177777rrT17Tf>~ 11 

~~~D~S=~--~:fl=~=/LD_'~ ____ ~ 
~~-----oo 

ISIO 

SB 

Read (IPOF) 

( a) Internal clock operation (with "ait operation) 

ESIO -----l 
SCK 

SI 

Shift (Sampling) 

ISIO 

~\J SB 

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". 

~lether 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 receivinf), 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 "0" prior to the generation of the next shift clock, 

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

is loaded to read out the last data. Thereafter the last 0ata is read. 
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ESIO 

SIOF 

SEF 

SCK 

SI 

ISIO 

SB 

Read (IPOF) 

TMP4740P,TMP4720P 

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 "I". 

Thereafter, the data should be read. No operation is required to 

complete the data transfer in the interrupt service program for read­

ing the last data. 
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ESIO 

SIOF 

SEF 

SCK 

SI 

ISla 

SB 

TMP4740P,TMP4720P 

The method mentioned above is usually taken for the internal 

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

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

data is transferred to the buffer register. 

(a) Program sequence of receive end indication 

~.~·--------------------~h~·------------------~·~ 

~rl------------------~.r---------------~~r-----+, 

D~ 1 

----i 

~~+---"r-~~----------~ 
~~+-__ -,'cD_' ____ ~ ________ ,~ __ +-~~D_'_'~~ ________ ~~ ____ J\~ __ 4-

Read (IPOF)--____o 

(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 "a" after confirming that the SEF status 

is set to "I". In 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 

ISla 

SB 

Read (IPOF) 

Fig. 1.11. 8 

(b) Timing Chart 

Receiving Start/Completion (at one word transfer) 
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I Receive (leading edge shift) mode I 

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 receivp.d F~0m 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 

SlOF 

SEF 

SCK(OUTPUT) 

SI 

Shift (Sampling) 

SB 

Read 

(a) Internal clock operation (with wait operation) 

ESlO 

SlOF 

SEF 

SCK(INPUT) 

SI 

Shift (Sampling) \ t 

SB 

Read 

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

SIOF 

SEF 

SCK(lNPUT) 

Sl 

Shift 

lSIO 

SB 

Read (lPOF) 

TMP4740P,TMP4720P 

D D' 

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

ESID 

SlOF 

SEF 

SCK 

Sl 

Shift (Sampling) 

ISla 

SB 

Read (IPOF) 

(d) One-word transfer 

Fig. 1:11.9 Receive(Leading Edge ShifqMode 
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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 I-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, 1-cycle instructions are mainly used in this series, and 

are arranged so as to improve the program efficiency. 

I-byte I-cycle instruction 40 

I-byte 2-cycle instruction 11 

2-byte 2-cycle instruction 39 

Total 90 

(a) Classification by byte/cycle 

Move instruction (Note 1) 22 

Compare instruction 6 

Arithmetic instruction 16 

Logical instruction 9 

Bit manipulation instruction 24 

Input/Output instruction (Note 2) 6 

Branch, suLroutine instruction 6 

Other instruction I 

(Note 1) 

(Note 2) 

Total 90 

Including ROM data referring instructions 

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 

followi~g explanations. 

Symbol Description 
1------+----------------------------------1 

AC 

M[x] 

HR 

LR 

P [p 1 

FLAG 

CF 

ZF 

SF 

GF 

PC 

STACK [( SPW) ] 

SPW 

EIF 

EIR 

INTLj 

DC 

ROM [x] 

(ROMH • ROMLl 

+ 

V 

"'t 

Accumulator 

Data memory (Address x) 

H register 

L register 

Port (Address p) 

Flag 

Carry flag 

Zero flag 

Status flag 

General flag 

Program counter 

Stack (Stack level is indicated by the contents of stack 

poin ter 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 or t~e cocresponding bits 

Logical OR of the corresponding bits 

Exclusive OR of the corresDonding bits 
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Symbol Description 

(CF) Inversion of carry flag contents 

null Processed result is transferred nowhere 

(AC) Contents of accumulator 

(H.L) Contents of 8 bits coupling H register with L register 

M[(H.L)] Contents of data memory for which the contents of 8 bits 

coupling H register with L register is used as address. 

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

(LR)<3:2> Contents of bit 3 to bit 2 of L register 

(PC) <11: 6> Contents of bit 11 to bit 6 of program counter 

2.2 Description of instructions ("): No!:e 1 (""): Exec.cycle (l'*): Hexadecimal 

Hem 
Assembler 

i~ 
Class :Mnemonic 

LD A, @HL 

" LD A, x 
0 

OM 
'-' 
cJ 
;:J 
H 
'-' 
C/l 

" LD HL, x 
H 

(j) 

? 
0 
;;: 

LD A, Ilk 

Object Code Function 

Binary (,?'*) Functional Description 

o 0 o 0 

o 0 1 1 

X7 X 6 X S X 4 

o 0 1 0 

X7 X 6 X S X 4 

110 0 o C (AC)+M[(H·L) 1 
Loads the contents of the data memory spec­
ified by the Hand L registers in the ac­
cumulator. 

1 1 0 0 3 C I (AC)+M[x] I - Z 1 I 2 
x x I Loads the contents of the data memory spe-

X3 X 2 X 1 X H L 
I cified by the x of the instruction fi_cld in 

--r--~ tLe accurr,ulator. I I 
1 0 0 0 2 8 I (LR)+M[,(] , (HR)+-M[x+l] __ 1 2 
X3 X 2 X 1XO xHxL X'=X7X6XSX4X3X200 

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. 

o 1 0 0 k3k2k,ko 4 k f-~(A~C",)~+-=:k=-:-c;-_:------,;-;---:---,----;---,--_~+-I----:Z,---l~-L-I~l----j 
Loads the immediate data k of the instr:lc-­
tion field in the accumulator. Serves as 
the clear instruction when k ~ O. 

MCU47-6l 



TOSHIBA TMP4740P,TMP4740p 

:tt~ Assembler Obj ect 
:Mnemonic 

Code Function IFlag(*) 1<,,*) 
I CFIZFISF I 

Class Binary c.;A) Functional Description 

LD H, Ilk 1 1 o 0 k3kzk,ko C k ~,k 1- - 1 1 1 
Loads the immediate data k of the instruc-
tion field in the H register. Serves as the 

, clear instruction when k = O. 

LD L, Ilk 1 1 1 0 k3kzk,ko E k (LR)~k 1- - 1 I 1 
Loads the immediate data k of the ins true 
tion field in the L register. Serves as the 
clear instruction when k = O. 

LDL A, @DC o 0 1 1 001 1 3 3 (AC)~ROML!(DC) 1 1- Z 1 I 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+ o 0 1 1 o 0 1 0 3 2 (AC)~ROMH [(DC)] , (DC) ~(DC) +1 1- Z 1 I 2 
Loads the higher-order 4 bits of the data 
read out of the data table of the program 

" 0 memory specified by the data counter, in the 
'M 

'" accumulator, and then increments the contents 
() 

of the data counter. [Note 2] ;:l 

'" '" ST A, @HL o 0 0 0 III 1 o F M [(H. L) 1 -< (AC) 1- - 1 1 1 en 

" Stores the contents of the accumulator in the H 

(lJ data memory specified by the Hand L registers. 
:> 
0 ST A,@HL+ o 0 0 1 1 0 1 0 1 A M[(H·Lll~(AC) , (LR)~(LR)+l 1- Z cl 1 :s 

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

ST A,@HL- 000 1 1 0 1 1 1 B M[ (H. L)]~(AC) , (LR)~(LR) -1 1- Z B 1 1 
Stores the contents of the accumulator in the 
data memory specified by the Hand L regis-
ters, and then decrements the contents of the 
L register. [Note 3] 

ST A, x o 0 1 1 III 1 3 F M[xl~(AC) 1- - 11 2 
xHxL Stores the contents of the accumulator in the 

X7 X 6 X S X 4 X3 X 2 X I X O 
data memory specified by the x of the instruc-
tion field. 

ST Ilk ,@HL+ 1 1 1 1 k3 k Zk,ko F k M [(H' L) ]~k, (LR)~(LR)+l 1- Z ci 1 
Stores the immediate data k of the ins t ruc·-
tion field in the data memory specified by 
the Hand L registers, and then increments 
the contents of the L register. [Note 3] 
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~tems IL-----. Assembler 
Class Mnemonic 

I::l o 
• .-f .... 
(J 

" H .... 
'" I::l 

H 

ST Ilk, y 

MOV H, A 

MOV L, A 

XCII A, H 

XCII A, L 

XCII A,ErR 

XCII A,@HL 

XCII A, x 

XCII HL, x 

Object Code 

Binary (A) 

001011012D 

k3k2k.ko Y3Y2Y.YO k Y 

M[y]-<-k 

TMP4740P,TMP4720P 

Function 

Functional Description 

I F1ag(*) 1(**) 
I CFIZFISF I 

I - - 1 I 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= O. 

o 0 0 1 0 0 0 0 1 0 (AC) -<-(HR) I - Z 1 I 1 
Loads the contents of the H register in the 
accumulator. 

o 0 0 1 0 0 0 1 1 1 (AC)+(LR) I - Z 1 I 1 

00110000 30 

00110001 31 

0001001113 

Loads the contents of the L register in the 
accumulator .. 

(HR):';:(AC) I - Z 1 I 2 
Exchanges the contents of the accumulator for 
those of the H register. [Note 2] 

(LR):';:(AC) 
Exchanges the contents of the 
those of the L register. 

accumulator for 
[Note 2] 

(EIR):';:(AC) I - - 1 I 1 
Exchanges the contents of the accumulator for 
those of the interrupt enable register. 

o 0 0 0 1 1 0 laD M [(H· L) ] :';:(AC) I - Z 1 I 1 
Exchanges the contents of the accumulator for 
those of the data memory specified by the H 
and L registers. [Note 2] 

o 0 1 1 1 1 0 1 3 D ~M~[X~]:';:~(~A~C~)~,-__ ~ __ ~-,~,-__ ~I_-__ ~Z~1~1~2~ 
Exchanges the contents of the accumulator for 
those of the data memory specified by the x 
of the instruction field. [Note 2] 

M[x'lt(LR) ,M[x'+l]:';:(HR) I I 29 --12 
X'=X7X6X5X~X3X200 

XHXL ~E~x~c~h~an~g~e~s~t~h~e~c~o~n~t~e=n~t=s-=o'f~t~h=e-nH~a=n'd~L-=r=e~g7i=s---i 
o 0 1 0 100 1 

ters for consecutive two-word contents of 
the data memory specified by the x' (modified 
x) of the instruction field. 
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Items Assembler IFlag(*) 1(**) 
~ Object Code Function Mnemonic CF ZF SF r------ Binary (b) Functional Description 

CMPR A,@HL a a 0 1 a 1 1 a 1 6 nulJ:<.M[(H·L) l-(AC) Is Z zl 1 
Compares the contents ofrhe data-memory spec 
ified by the H and L registers with those of 
the accumulator. 

_.-
-------~ r--

IB zl CMPR A, x a a 1 1 1 1 1 a 3 E nill+M[xl-(AC) Z 2 
XHxL Compares the contents of the data memory spec-

X7 X 6 X S X 4 X:3 X 2 X I X O ified by the x of the instruction field with 
those of the accumulator. 

CMPR A,llk 1 1 a 1 k3k2k,ko D k null+k-(AC) III zzl 1 .: Compares the - innUediate--d'itak of the in-a 
·M 
+J struction field with the contents of the ac-
" cumulator. " Serves as the accumulator test 
'" instruction when k= O. +J 
Ul 
.: 

1- Z s~ H 
CMPR H,llk a a 1 1 1 0 o a 3 8 null+k-{HR) 

OJ 
1 1 a 1 k3k2k,ko D k Compares the immediate data k of '" the in-

C( 
p. struction field with the contents of the H 
S register. Serves as the H register test in-a 
u 

struction when k = O. 

CMPR L,llk a a 1 1 laO a 3 8 null+k-{LR) 1- Z sl 2 
1 a a 1 k3k2klko 9 k Compares the immediate data k of the in-

struction field with the contents of the L 
register. Serves as the L register test in-
struction when k= O. 

CMPR y,llk a a 1 0 1 1 1 0 2 E null+k-M[y 1 IB Z Z 1 2 

k3k2k.ko k y Compares the immediate data k of the in-
Y3Y2Y.YO 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= O. 

" " INC A o 0 0 0 1 0 0 0 0 8 (AC)+(AC)+l 1- Z C 1 1 oj .~ 
OJ +J Increments the contents of the accumulator. 
s " '" " 1- CJ +J '" INC L o 0 0 1 1 0 0 0 1 8 {LR)+(LR)+l Z 1 .M +J 

'" Ul Increments the of the L register. <,5 contents 
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IS 
Assembler 

Object Code Function 1 Flag(*) 1 (**) 
Mnemonic I CFlzFlsF I 

Class Binary ( ;i'<,,) Functional Description 

INC @HL o 0 o 0 1 0 1 0 o A M[(H.L) ]+M[(H·L)]+1 1- Z cl 1 
Increments the contents of the data memory 
specified by the Hand L registers. 

DEC A o 0 0 0 1 0 0 1 o 9 (AC)+(AC)-l 1- Z B 1 1 
Decrements the contents of the accumulator. 

DEC L o 0 0 1 100 1 1 9 (LR)+(LR)-l 1- Z BI 1 
Decrements the contents of the L register. 

DEC @HL o 0 0 0 1 0 1 1 o B M[(H.L) ]+M[(H·L) ]-1 1- Z BI 1 

" 
Decrements the contents of the data memory 

0 specified by the Hand L registers. ·M 
~ 

1 C cl C) 

" ADDC A,@HL o 0 0 1 o 1 0 1 1 5 (AC)+(AC)+M[(H.L) ]+(CF) Z 1 H ., Adds the contents of the data memory spec-u; 

" ified by the Hand L registers as well as 
H 

C) 
those of the carry flag to those of the ac-

·M cumulator, and places the result in the ac-., 
(JJ cumulator. 
S .c: r - cl 
., 

ADD A,@HL o 0 0 1 o 1 1 1 (AC)+(AC)+M[(H.L)] ·M 1 7 Z 1 H 
<11 Adds the contents of the data memory spec-

ified by the Hand L registers to those of 
the accumulator, and places the result in the 
accumulator. 

ADD A, ilk 0 0 1 1 1 0 0 0 3 8 (AC)+(AC)+k 1- Z cl 2 

o 0 0 0 k3k2klko o k 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, Ilk 0 0 1 1 1 0 0 0 3 8 (HR)+(HR)+k 1- Z cl 2 

1 1 0 0 k3k2klko C k Adds the immediate data k of the instruction 
field to the conten~s of t'1e 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, 
respecti vely. 
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~ Assembler Object Code Function I Flag(") I (H) 
I CFlzFlsF I 

Class 
Mnemonic 

Binary ( H) Functional Description 

ADD L, Ilk 0 0 1 1 1 0 0 0 3 8 (LR)+(LR)+k 1- Z C I 2 

1 0 0 0 k3 k 2k,ko 8 k Adds the immediate data k of the instruction 
field to the contents of the L register, and 
places the result in the L register. 

------- - - -----~-

l- ei ADD @HL,lIk 0 0 1 1 1 0 0 0 3 8 M[(H·L) ]+M[(H.L) ]+k z 2 

k3 k 2k,ko 4 k Adds the immediate data k of the instructlon 
0 1 0 0 

field to the contents of the data memory 
specified by the Hand 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. 

0 

1- ci 'N ADD y,llk 0 o 1 0 1 1 1 1 2 F M[y]+M[y]+k Z 2 .w 
(J 

k Adds the immediate data k of the instruction " k3k2k,ko y 
'" Y3Y2Y1YO field to contents of the data memory sp£cified .w 
'" by the y (page 0) of the instruction field, " H 

and places the result in the data memory. 
(J 

Serves as the corre ctien instruction for 'N 
.w decimal addition and subtraction when k ~ 6 <1J 
Ei or A . .c 
.w 
'N 

____ LB Z B 1 '" SUERC A, @HL o 0 0 1 0 1 0 0 1 4 (AC)+M[(H·L)]- (AC)-(CF) 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 11 and L registers, and places the result 
in the accumulator. 

SUER A,llk 0 0 1 1 1 0 0 0 3 8 (AC)+k-(AC) 1- Z BI 2 

0 0 0 1 k3k2kl.ko 1 k Subtracts the con ten ts 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 (l's 
complement) instruction when k ~ 0 or F, 
respecti vely. 
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Items 
I~ Assembler 
Class l1nemonic 

Object Code 

Binary (,,,J 

Function 

Functional Description 

iFlag(*) 1(**) 
ICFizFlsF I 

SUBR@HL,llk 0 0 

" a 1 
u 0 

-M OM 
W .w 
Q) u 
E " .c " w W 

'M U) 

H " ~ H 

1 1 1 0 a a 
a 1 k3k2klko 

3 8 
5 k 

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

,~_o_--+---------~-~------------~--~--~---------------(~r~o~t~a~t~e--1e~f~t~)--'I~C--Z---C~'-I~l~ 
ROLC A 0 a a a a 1 a 1 0 5 ~ by 1 bi t 

Rotates the contents of the -a-c-c-UIIl-..l.u-1~a-t-o-r--'a-n-cd;--l 

~--------+-----------------

RaRC A a 0 a a all 1 

carry flag to the left by one bit. [Note 4] 

~-;-~- ~ ~ I (rotate right) Ic Z ell 
~ by 1 bit 
Rotates the contents of the accumulator and 
carry flag to the right by one bit. [Note 4] 

f-~-------+-----,--- ---------~-- ~~--------------------------,--I-----Ir---I 
AND A,@HLaoal 1 1 1 OlE ~(A~C",),-;~-,(",A'CC),-,-A.:oM",[-,(C'H,-,. L~)""]---;-~;--;c=---;c-:-,-L----,=Z,---,Z'--L--=-l--j 

Carries out the logical AND of the corre­
sponding bits with the contents of the accu­
mulator and those of the data meraory specifi­
el by the Band L register, and ;>laces the 
result in the accumulator. 

AND A,llk 

AND {lHL, Ilk 
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Ie: 
Class 

Assembler Object Code 
Mnemonic f-------

Binary 

OR A, @HL 0 0 0 I I I 0 I 

I 
---- ----

OR A, Ilk 0 0 1 1 1 0 0 0 

0 0 1 0 k3k2klko 

U~,) 

I D 

------

, 3 8 
2 k 

TMP4740P,TMP4720P 

Function 

Functional Description 

~' (AC)I£MUJ1·L)L ______ ~l=-~iL._ 
Carries out the logical OR of the corrcspond­

I iug bits with the contents of the accumulator 
land those of the data memory specified by the 
IH and L registers, and places the result in 
the accumulator. 

L-::C) ,~~~)V ~________. ----=J-=-__ z-~ 
Carries out the logical OR of the correspond­
ing bits with the contents of the accumulator 
Clnd trH: immediate' data k of the istruction 
field, and places the resul t in the acc.umulator. 

~-------+--------------+---~---------.-----------------~-----,--~ 
OR @HL,llk I 0 0 1 1 100 0 3 8 M[(H.L)]+M[(H.L)]Vk 1- Z z 1 2 

o 1 10k k k k 1 6k ~-ries out the logical OR of the corresponcl-
3 2 1 °1 ing bits with the COL tents of the data memory 

, 
" I ' spec i f'ied by the !l a:ld I registers and the 

imrr:ediate c3ta 1 of the instruction field, 
auJ places the result in the data memory. 

XOR A, @HL 0 0 0 I III 1 l-~+(AC)'fM[(H'L) 1 =- Z Z I 1 

Dcarries out the logical exclusive OR of the 
c0rrecponciine hj ts with the contents of tr.e 

I accllTIlL'laLor and trose of data memory speci.Ll-
ed Ly the P pnl J register~ avd plares the 

___ . __ ~ ____ ~ ____ i __ re--;u 1 t In the ac~mulat_o_r __ ' ___ ~ ___ -r_.----1 

TEST CF 100 0 0 0 I 1 0 10 6 ~CF), (g,F)<-O___ 10 - * I 1 

I, Places the inverse contents of the carry flag 
I in the status flag, and then resets the carry 

flag to "0". 

~ " TEST A, b 0 I 0 1 ;-'l~ b"bfO 5 C+b (SF)+(ACl<i» 1 ~ -- "I 1 
~ .~ places the inverse contents of the bit, which 
& 0 is specified by the b of the instruction 
'2 e field, of the accumulator, in the status flag. 
~ ~ I--------~----------~---+-----------------,----,--~ 
,-,.5 TEST @HL,b 0 I 0 1 1 0 b,b o 5 8+b ~",::M[(H~21<b>________ 1- - ',I 1 
~ Places the inverse contents of the bit, which 

is specified by the b of the instruction 
field, of the data memory specified by the H 
and L registers, in the status flag. 
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Items 
Assembler Object Code Function I Flag(*) 1(*,,) 

IL-. Mnemonic CF ZF SF 
Class Binary (A) Functional Description 

TEST y, b 0 0 1 1 1 0 o 1 3 9 (SF)+M[y ]<b > 1- - * I 2 

1 0 b,b o 
8+b y Places the inverse contents of the bit, which 

Y3YZY1YO 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. 

TEST %P,b 0 011 1 0 1 1 3 B (SF)+P [p] <b> 1- - *1 2 

1 o b,b o 
8+b P Places the inverse contents of the bit, which 

P3P2P1PO is specified by the b of the instruction 
field, of the port (port register in the 
output port, and pin input in the in;mt and 
I/O port) specified by the p of the ins truc-

" 
tioD ~ield, in the status flag. 

0 
'M 

1- *1 
., TEST @L 001 1 o 1 1 1 3 7 (SF)+P [(LR) <3: 2 >+4] < (LR) <1: 0» - 2 u 
~ Places the inverse contents of the bit, which H ., 

is specified by the lower-order two bits of U) 

" the L register, of the ports R4 - R7 (pin H 

input) specified by the higher two bits of 

" the L register, in the status flag. 0 
'M ., 

o 4 (SF)+( CF) , ( CF)+l 11 *1 1 '" TESTP CF o 000 o 1 0 0 -...; 
~ Places the contents of the carry flag in the 
"" 'M status flag, and then sets the carry flag to 
" '" "1", :>: 

., TESTP ZF o 0 0 0 1 110 o E (SF)+(ZF) T - - *1 1 'M 

'" Places the contents of the zero flag in the 
status flag. 

TESTP GF 000 0 o 0 0 1 o 1 (SF)+(GF) 1- - *1 1 
Places the contents of the general flag in 
the status flag. 

TESTPy,b 0 o 1 1 1 0 0 1 3 9 (SF)+M[y]<b> 1- - *1 2 

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

1 Y3Y2Y1YO 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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Items 
Assembler Object Code Function I Flag( *) I (H) 

'--, Mnemonic I--~ CF ZF SF 
Class Binary (lik) Functional Description 

TESTP %P, b 0 0 1 1 1 0 1 1 3 B (SF)+P[p]<b> 1- - *1 2 

1 1 b 1 b o 
C+b P Places the contents of the bit, which is spec-P3P2PIPO 

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. 

-
SET GF 0 0 o 0 o 0 1 1 0 3 (GF)+l I- - I I 1 

Sets the general flag to "I". 

SET @HL, b 0 1 0 1 o 0 b,bo 5 b M[ (H. L) ]<b>+l 1- - 11 1 
Sets the bit, which is specified by the b of 

" 
the instruction field, of t:,e cata memory 

0 specif'ied by the Hand L registers, to "1" . 'M 

'" U 

I- II ~ SET y, b 0 0 1 1 100 1 3 9 M[y J<b>+l - 2 
'"' '" b y Sets the bit, which is specified by the b of "' 0 a b, bo Y3Y2YlYo " the instruction field, of the data memory H 

" specified by the y (page 0) of the instruc-
0 tion field, to "I". 'M 

'" '" I- II rl SET %p, b 0 0 1 1 1 0 1 1 3 B P [pJ<b>+l - 2 " '" b y Sets the bit, which is specified by the b of 'M 0 0 b,b o 
" P3P2PIPO the instruction field, of the port specified '" :<: by the p of the instruction field, to "1". 
'" 'M 

I- II '" SET @L 0 0 1 1 0 1 0 0 3 4 P[(LR)<3:2>+4J«LR)<1:0»+1 - 2 
Sets the bit, which is specified by the lower 
.... order two bits of the L register, of the 
ports R4 - R7 specified by the higher-order 
two bits of the L register, to Ill". 

CLR GF o 0 0 0 0 0 1 0 0 2 (GF)+O 1- - 11 1 
Clears the general flag to 0 

CLR @HL, b 0 1 0 1 0 1 b,b o 54+b M[(H·L) ]<b> +0 1- - 11 1 
Clears the bit, which is specified by the b 
of the instruction field, of the data memory 
specified by the Hand L register, to "0". 
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Items Assembler Object Code Function IF1ag(*) I (**) 
I~ Mnemonic CF zr SF 
Class Binary (!:*) Flffictiona1 Description 

CLR y, b 0 0 1 1 1 0 o 1 3 9 M[y]<b> + 0 1- - 11 2 

0 1 b i b o 
4+b y C.lears the bit, which is specified by the b 

Y3YaYIYo of the instruction field, of the data memory 
specified by the y (page 0) of the instruc-
tion field, to tlO". 

CLR %P, b o 0 1 1 1 0 1 1 3 B P[p]<b> +0 1- - 11 2 

o 1 b i b o 
4+b p Clears the bit, which is specified by the b 

P3P2PIPO of the instruction field, of the port spec-
<l 
0 ified by the p of the instruction field, to 

.r< "0" . ..., 
r.J 
::l 

I- II " CLR @L o 0 1 1 o 1 0 1 3 5 P[(LR)<3:2>+4]«LR)<l:O>>+O - 2 ..., 
'" Clears the bit, which is specified by the <l 

H 
lower-order two bi ts of the L regis ter, of the 

<l 
0 ports Rt, - R7 specified by the higher-order 

.r< two bits of the L register, to uO". ..., 
<d 

.-< 

(INTL)<5 :O>+(INTL)<5:0>Ar<5:0> I- II ::l CLR IL, r o 0 1 1 OIl 0 3 6 - 2 Po .r< 
C+IHrL Resets the interrupt latch INTLj when the rj <l 1 1 rSr4 r3r 2r l r O <d of the instruction field is "0". (j = 5 - 0) :.: 

..., 

11 

.r< EICLR IL,r 0 0 1 1 o 1 1 0 3 6 (EIF)+l. I <Q 2 
4+IHrL (INTL)<5:0>+(INTL)<5:0>Ar<5:0> - -

0 1 r5 r 4 r3r ar l r O 
Sets the interrupt enable master F/F to "I". 
Interrupt latch INTLj is reset when the rj 
of the instruction field is "0". (j = 5 - 0) 

DICLR IL,r o 0 1 1 o 1 1 0 3 6 (EIF)+O, I 11 8+IHrL (INTL)<5:0>+(INTL)<5:0>Ar<5:0> - - 2 
1 0 rSr4 r3 r 2r l r O Resets the interrupt enable master F/F to 

"0". Interrupt latch INTLj is reset when 
the rj of the instruction field is "0". 
(j = 5 - 0) 

I <l 

I- ii <l 0 IN %P, A 0 0 1 1 1 0 1 0 3 A (AC)+P[p] Z 2 H·r< ... 
2 P Places the i:tput data from the port specified ..., r.J 

0 0 1 0 " ::l P3P2PIPO 
Po" by the p of the instruction field in the ac-
<l ... 
H '" cumulator. 
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.~ Assembler Object Code Function lF1ag(") I (;,;,) 
Mnemonic CF ZF SF 

Class Binary (/*) Functional Description 

IN %P, @HL o 0 1 1 1 0 1 0 3 A M[(H.L) ],-P[p] 1- - zl 2 

0 1 1 0 6 P Places the input data from the port specified P3PZP1PO by the p of the instruction field in the data 
memory speci fied by the H and L registers. 

OUT A, %1' 001 1 1 0 1 0 3 A P[p],-(AC) , P=P4P 3 P ZP IPO 1- - 11 2 
- 8+2P4P Outputs the contents of the accumulator to 1 0 P40 P3P2PIPO 

the port specified by the p of the instruc-
tion field. (0 ~p ~31) 

-

" OUT @HL,%P o 0 1 1 1 0 1 0 3 A P [p] +M [(H· L) ] , P~P4P3P2P,PO 1- - 11 2 0 .... - C+2P4P Outputs the contents of the data memory .... 1 1 1'"40 P3P2PIPO u specified by the Hand L registers the " to 

'"' port specified by the of the instruction .... p 
"' field. (0 ""p",,31) " H 

.... OUT Ilk,%P o 0 1 0 110 0 2 C P [p]+k I - - 11 2 " 0- k P Outputs the immediate data k of the instruc .... k3k2k,ko 
" P3P2P,P 

tioD field the specified by the p 0 to port of 

--- the instruction field. Serves as the clear .... 
:l inst ruction when k = o. if 

H 

P[2 1.P[11+ROM[F.(F:+(CF)).M[(H.L)lll_ - 11 2 OUTB @HL 000 1 o 0 1 0 1 2 

ro,utputs the data (eight bits) of the program 
memory located in addresses FED - FFF, which 
use a five-bit data connecting the con ten ts 
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 -
P1 ports. 

~ .~ BS a 0 110 aUalOa98s 6 aH If SF~l then (PC)+a else null. 1- - 11 2 
·rl .... 

a7 a 6 a 5a4 a3 a Za l a Places the immediate data a of the instruc- 1 
.... u aM aL tion field in the program counter if the .c " :l 

U 0 '"' 
status flag is at "1". If the status flag 'I " '"' .... '" .D Ul 

'"' ::> " 
is at "0", sets the status flag only to "1", 

"'UlH and moves to the next address. 
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~ Assembler Object Code Function I Flag(*) I (**) 

Mnemonic ! CF!ZF!SF! 
Class Binary U'*) Functional Description 

BSS a 1 0 d.d. d.d 2 d,d o 8+dHdL If SF=l then (PC)+-a else null, I_ II 1 a=(PC)<1l·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 

0: 
address in the page, branching is carried 

0 out to the next page. If the status flag is .... .., at "0", it sets the status flag only to "1", 
e) 

and moves to the next address. [Note 5] " ... .., 

-I 
OJ 

CALL a o 0 1 0 o aIDa.a, 2 aH STACKI(SPW)]+-(PC), (SPW)+-(SPW)-ll_ 0: - 2 H 

OJ a7a6aSata a9a2a1a(] aMaL (PC)+-a, 0 < a < 2,047 
0: Carries out the subroutine call; saves the .... 

contents of the program counter in the stac~ .., 
" 0 and decrements the stack pointer word, and ... then places the immediate data a of the in-..0 

" '" struction field in the program counter. 
;, However, the call address of the subroutine 
e) 

must be in the addresses 000 -7FF. 0: 
OJ ... [Note 5] 
"" 

CALLS a o III n3n 2n 1I1o 7 n STACK[(SPW)]+(PC) ,(SPW)+(SPW)-ll_ 
-I 2 

(PC)+a, a=8n+6(n*0), 134(n=0) -
Carries out the short form subroutine call. 
The operation is the same as that of the 
"CALL" instruction except that the value to 
be set in the program counter is automatic-
ally defined by the n of the instruction 
field. [Note 5] 

RET o 0 1 0 1 0 1 1 2 A (SPW)+(SPW)+l, (PC)+STACK[ (SPw)]1 - - -I 2 
Returns from the sUbroutine to the previous 
program; increments the stack pointer word, 
and reotores the data of the return address 
from the stack to the program counter. 

MCU47-73 



TOSHIBA TMP4740P,TMP4720P 

I~ Assembler Object Code Function I Flag(*) T (**) 

Mnemonic 
CF ~F SF 

Class Binaty (A) Functional Description 

OJ RET! o 0 1 0 1 0 1 1 2 B 
(SPW)+(SPW)+l, 

(EIF)+l I * * * I 2 ~ (FLAG'PC)+STACK[(SPW) 1 , ..... ~ 
... 0 "' ..... Returns from the interrupt processing routine; 
0'" 
... " increments the stack pointer word, and re-
.0 "' "' ... stores the data of the return address from "' ... 

'" the stack and the data of the flag, to the ..c: ~ " ..... program counter and the flag, respectively. 
~ 
OJ And then, it sets the interrupt enable master ... 
~ F/F to "1". 

I Nap o 0 0 0 o 0 0 0 0 0 no operation I - - -1 1 ... " 
OJ "' 

~ ..c: ... 0 Moves to the next instruction without perform-+oJ.-.,J -r4 

0"'''' ing any operation. p ..... 

Note 1. Setting Condition of Flag. 

"c" indicates the carry output from the most significant position 

in the addition operation, and "B" indicates the borrow output from the 

reost significant position in the subtract~on operation. 

"z" indicates the zero detection signal to which "1" is applied 

only wr.en either the ALU output of the processing resul t or all 

four bits of the data transferred to the accumulator are zero. 

The flag is set to "e", liC", liB", "Z", I'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 conponent 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 (Ml rv M4), 

and each machine cycle requires two basic clock times. 

CP 

L-____________ ~~ 

MaFhine cyct e 

~--- Instruction Cycle--------~·~I 

( 
PC+l+PC PC+ROM ) 

ROM+IR·Decoder • 

RAM·Register+ALU ALU+R~M'Register 

Port~t Por~tpu 

Fig. 3.1.1 Instruction Cycle 

3.2 Basic clock (CP) generation 

An oscillation circuit is contained, and the necess3.ry clock is 

easily generated by connecting the resonator to external pins (X IN , 

XOUT). By the way, the oscillation circuit serves as sc~mitt circuit. 

The clock generated in the oscillation circuit is called the 

"basic clock" with which the inte.rnal control is synchronized. 

The basic clock is applied to the timing generator and the control 

circuit of system to provide various control signals 0" 
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The following are the examples of the resonator connection. 

(a) For X-tal or ceramic resonator 

(b) For RC 

XIN XcVT 

9 
(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 condi tions are required to 

put the initialization operation into practice with certainty 

QD The supply voltage is within the operating voltage. 

GD The oscillation circuit operates stably. 

CD 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. 

Q) Reset the program counter to "0". 

CV Set the status flag to "1". 

CD 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". 

CD 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 ('" 300kQ TYP., MOS-load resister). 

3.4 Memory Stand-by function 

Even during the cut off of the main power supply (VDD) , the 

RAM data can be held with low power dissipation by connecting the 

back-up power supply to the VHH pin. This memory stand-by operation 

is performed by the following procedure. 

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

instruction cycle time ~efore the ':rDD pOTIer SO"8 to 

the minimum operating voltage. 

CD Ho~d 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 (INTI, INT2) are provided for the external interrupt 

input. Since these pins are common pins with R8 port, they can be 

used as I/O pins (RS2, RSO) respectively, if not used as the inter­

rupt input pins. 

The interrupt via INT2 can be inhibited at any time by the 

program, but the interrupt via INTI is not inhibited by it inde­

pendently. Therefore, when this pin is used for the RS2 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 INTI is 

not used. 

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

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

the CPU. To assure that the interrupt latch is positively set or 

reset, and that the next interrupt request is set, both of the high 

and low levels should be kept for more than two instruction cycle 

time. 

The external interrupt input is the Schmitt circuit input. 
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INTI 

INTLI 

ElF 

Instruction 
cycle 

---r--- +- -----t--------j--

TMP4740P,TMP4720P 

-t-------t------ --t-----t--
\~ _____________ ~!_r_-__ -__ -_-__ -__ -_-__ -_-__ -__ -__ -__ -_-__ -__ -_-__ -__ -_-__ -___ -

/ 

-+----+----
Execution 
of 
instruction 

-I 
Interrupt 
acceptance 
process 

\ 

\'--------'/ 
I' 'I ------t--
Exc.cution of ad- Execution 
dress 002 (RETE) of 
instruction instruction 

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

3.6 Input/output port 

(1) Input/output timing 

The timing to read the external data from the input port or I/O 
port is in MJ 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. 

1st Cycle 2nd Cycle 
Input instruction 

Input strobe ~ 

Ca) Input Timing 

Output instruction 

Latch strobe ------------------~~ 
External pin -----------------~~ 

(b) Output Timing 

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. 

"IOCODE AA" is employed if not specified. 

Input/Output Circuit Code (IOCODE) AA 

~ Input I/O I/O I/O Output 
ir- (Ko) (P I ,P2) (R4 , Rs ,R6) (R 7) (R8 ,R9) 
uit 

I/O R 

~r :1r $ ~ oquiv-~ lent 
~ircl1it 

R = lk" (TYP.) R = lHI (TYP .) R = lk" (TYP. ) R = lk" (TYP. ) 

-.~-
,'-'--, .--------

o High threshold a Sink open o Sink open o Sink open o Schmitt cir-
input. drain output. drain output. drain output. euit input. 

o No resis tor is 
o High output o Output latch o Output latch o Sink open 

Remark contained. 
current. is initializ- is initialized drain output. 

o Output latch 
ed to the high to the high 

o Output latch 
is initialized 

level. level. 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.). 

Mcu47-8l 



TOSHIBA TMP4740P,TMP4720P 

Input/Output Circuit Code (IOCODE) AE 

~ 
Input Output I/O I/O I/O 

Ci (Ko) (P, ,P 2 ) (R4,RS ,RG) (R7 ) (Re ,Rg) euit 

~ :£? RIN 1 RL 
R 

I/O 

~~ ~ R :::Iq? :;-0/ ~quiv-
alent 
cir-
cuit RIN~IOOk(l(TYP.) RL ~ Sk(l (TYP. ) 

R ~ lk(l (TYP. ) R ~ lk(l (TYP. ) 
R ~ lk(l R ~ lk(l (TYP. ) 

o High threshold o Sink open 0 Sink open 0 Sink open 0 Schmitt cir-

input drain output. drain output. drain output. cui t input. 

)(emark 
0 Pull-up o High output o Pull-up re- o Output latch o Sink open 

resistor is current. sistcr is con- is ini tialized drain output. 
contained. 

o Output latch 
tained. to the high level 0 

Output latch 
is initialized 0 Output latch is is ini tialized 

to the hi gh leve I ini tialized to to the high level 
the high level. 

Input/Output Circuit Code (IOCODE) AF 

~ Input Output I/O I/O I/O 
Cj -

(Ko) (P, .P 2 ) (R4,Rs,R5) (rr 7) (Re ,Rg) euit 

~ I/O 
R RL 

equiv-~ ~r ~ R ~? ~~-Iq? alent 
cir-
cuit 

RIN~IOO(l (TYP. ) RL ~ SHl (TYP. ) 
R ~ lk(l (TYP. ) R ~ lk(l (TYP. ) 

R ~ IHl (TYP. ) R ~ lk(l (TYP. ) 

o High threshold o Sink open o Sink open o Sink open o Schmit t cir-
input drain output. drain output. drain output. euit input. 

o Pull-down o High output o Pull-up re- o Output latch o Sink open 
resistor is current. sister con- is jnitialized drain output. 

Remark contained. tained. to the high level 0 
o Output latch Output latch 

is initialized 0 Output latch is initialized 
to the high level is ini tialized to the high level 

to the high level 
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Input/Output Circuit Code (IQCi5DE) AH 

~ I 
~-----.--- ~ ,-------~ 

Cir- Input Output 1/0 I/O I/O 

cuit (Ko) I (P " P 2 ) (R4 , RS , R6 ) ("7 ) (Ra, R9 ) 

~ ~ 
I/O R RIN 

equiv-

~--o ::w ~-I~ alent 
cir- I 
cuit 

I RIN~IOOk[](TYP.) RL~5k[] (TYP. ) R ~ lk[] (TYP. ) R ~ lk[] (TYP. ) R ~ lk[] (TYP. ) R ~ lk[] (TYP.) 

o High threshold 0 Sink open 0 Sink open 0 Sink open 0 Schmitt cir-

input drain output. drain output. drain output. cuit input. 

0 Pull-up 0 High output o Pull-up re- o Output latch 0 Sink open 

Remark resis tor is current. sis tor is COD- is ini tialized drain output. 
contained. 

latch 
tained. to the high level 0 

Output latch 0 Output 
is ini tialized 0 Output latch is ini tialized 

to the high level is iui tialized to the high level 
to the low level 

Input/Output Circuit Code (IQCQDE) AI 

~--- Inp~~---- -
~~-----

Output I/O I/O I/O 
C~it (Ko) ~ (P " P 2 ) (R4 ,Rs ,R6 ) (R 7) (R.,R9 ) 

~~ 
I/O R RL 

equiv- o-r ~,r ~ ~? :-4q? alent 
cir- R 

cuit 

RIN~IOOk[] (TYP. ) RL~5k[] (TYP. ) 
R= lkn (TYP. ) (TYP. ) R ~ lk[] (TYP. ) R ~ lk[] (TYP. ) 

R ~ lkn 

o High threshold 0 Sink open 0 Sink open 0 Sink open 0 Schmitt cir-
input drain output. drain output. drain output. cuit input. 

o Pull-down [0 High output o Pull-up re- o Output latch 0 Sink open 
Remark resistor is current. sis tor is con- is initialized drain output. 

contained. tained. to the high level 0 
o Output latch Output latch 

is iui tialized 0 Output latch is ini tialized 
to the high level is initialized to the high level 

to the low level 
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3.7 Other pins 

Timer/Counter input 

Two pins (TI, T2) are provided for the external timer/counter 

inputs. Since these pins are (,OITlf'1on nins uith 'Rg port., they ran he 

also used as I/O pins (RS3, RSI), respect-fveIy, if not ',sed as the 

timer/counter inputs. 

The count latch is set by the rising edge of the external input 

(Tl, T2 ), 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, R90) , if not used for 

the serial port. 

To assure that the shift operation is positively performed in the 

external clock mode, both of the high and low levels should be kept 

for more than two instruction cycle times. 

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

receive mode are Schmitt circuit inputs. 

TEST pin 

This pin is used for the shipment test. To operate the user 

system with this pin, the input should be surely set to the low level. 

By the way, TEST pin is connected with pull-down resistor (~70kQ TYP., 

MOS-load resistor). 
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TENTATIVE 
ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS (Vss=OV) 

SYMBOL ITEM RATING U~nT;, 

VDD 
Supply Voltage -0.5 '" 7 V 

VHH 

VIN Input Voltage -0.5 '" 7 V 

VOUTI Output Voltage (Except Open Drain Port -0.5 '" 7 

VOUT2 (Open Drain Port) 
V 

Output Voltage -0.5 '" 10 

lOUT Output Current (PI, P2) 30 rnA 

PD PO~ley Dissipation (Topr=70°C) 850 mW 

Tsol Soldering Temperature' Time 260 (10 sec) 

Tstg Storage Temperature -55 '" 125 °c 

Topr Operating Temperature -30 '" 70 

RECOM~1ENDED OPERATING CONDITIONS (VSs=OV) 

SYMBOL ITEM CONDITION MIN. MAX. UNITS 

Topr Operating Temperature -30 70 °c 

VDD 
Supply Voltage 4.5 5.5 

VHH V 

VHHl Supply Voltage (Memory Stand-by) 3.5 5.5 

VIRI High Level Input Voltage (R4 '" R7) 2.2 VDD 

VIH2 High Level Input Voltage (Except R4'" R7) 3 VDD 
V 

VILl Low Level Input Voltage (Except KO) 0 0.8 

VIL2 Low Level Input Voltage (KO) 0 1.2 

fC Clock Frequency 0.4 4.2 MHz 

tWCH High Level Clock Pulse Width(Note 1) V1N=VIH 80 -
Low Level Clock Pulse Width (Note 1) 

nS 
tWCL VIN=VIL 80 -

(Note 1) For external clock operation. 
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DC CHARACTERISTICS (VSS=OV, VDD=VHH=5V±10%, Topr=-30 ~ 70°C) 

SYMBOL PAR,\MCTER CONDITION MIN. Notet 
MAX. UNITS TYP. 

VHS Hysteresis Voltage - 0.5 - V 
(Schmitt Circuit Input) 

IINl Input Current (Note 2) 
~A 

(KO) VDD=VHH=5.5V, VIN=5.5V - - 20 

IIN2 
Input Current VDD=5.5V, VIN=5.5V 20 11A (Open Drain R Port) - -

IIL 
Low Level Input Current 

VDD=5.5V, (R Port with Pull-up Resistor) VIN=0.4V - - -2 rnA 

lLO 
Output Leak Current 

VDD=5.5V, VOUT=5.5V 20 (Open Drain P, R Port) - - ~A 

VOH 
High Level Output Voltage VDD=4.5V, IOH=-200~A 2.4 - - V 

(R Port with Full-up Resistor) 

VOL Low Level Output Voltage VDD=4.5V, IOL =1. 6rnA 0.4 V 
(Except XOUT) - -

IOL Low Level Output Current VDD=5V, VOL=IV - 20 - rnA (PI, P2) 
IDD+IHH Supply Current VDD=VHH=5.5V - 50 120 rnA 

IHHI Supply Current(Memory Stand-by) VDD=V SS ' VHH=3.5V - 5 10 rnA 

(Note 1) Typical values are at Topr=25°C, VDD=VHH=5V. 

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

AC CHARACTERISTICS (VSS=OV, VDD=VHW5V±10%, Topr=-30 ~ 70°C) 

SYMBOL PARM1ETER CONDITION 

tcy Instruction Cycle Time 

tSDH Shift data hold time (note 1) 

AC TIMING CHART 

• Serial Port (Completion of traDspJic,sion) 

So 
~:" 

1. 5V 
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\ 

EXTERNAL DIMENSION VIElv 

Unit in mm 

41 39 37 35 33 31 29 27 25 23 

·~,~:1:~:'::~:~:~:!::~] 
1 2 3 4 5 6 7 8 9 101112131415161718192021 

Note 1 

~ ~ 15.24(TYP.) 
i>" 

;!i E-< 
5° 53.8 MAX. 

'" CD 

cO 0'1 
~ 

~ 
3 

Z 0.25±0.1 
0.5±0.1 i>" 

Note 2 H E-< 
:>: 2.54 

1.4±0.15 '" ": 15.3'018.3 

~ 8 

Weight 5.7g (TYP.) 

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

leads. 

Note 2. Each lead pitch is 2.54mm, and all the leads are located within 

±0.25mm from their theoretical positions with respect to No.1 

and No.42 leads. 
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iii. INTEGRATED CIRCUIT 

TECHNICAL DATA 

TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT 

TMP4740N, TMP4720N 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE DEPRESSION LOAD 

010S 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47N) 

TMP4740N, TMP4720N 

GENERAL DESCRIPTION 

TMP4740N and TMP4720N are the shrunk package versions of T~W4740P 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. 

MCU47-88 



TOSHIBA TMP4740N,TMP4720N 

E XTE RNAL DI MENS I ON VI EW 

Unit in mm 

1. 2 3 4567 8 91.0 ll1.21.31.4J.51.61.71.81.92021. 

l5.24± O.l5 Note 1 

1.5.3-1.7.4 

0.23 typ. 

0.46 ±o~ 

Weight 4.Og (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 ±O.2Smm from their theoretical positions with respect 
to No.1 and No.42 leads. 
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TOSHIBA MOS TYPE DIGITAL INTEGRATED 

• INTEGRATEDCIRCUIT TMP4700AC 
SILICON MONOLITHIC .» TECHNICAL DATA N-CHANNEL SILICON GATE DEPRESSION 

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

GENERAL DESCRIPTION 

CIRCUIT 

LOAD 

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) 

R53 
DOO(DP) 

DOl (DE,P) 

D02(J~RO) 
D03( CF) 

R60 

R61 
R62 

R63 
R70 
Rn 
R72 

R73 

lO(DIO) 

11(D1I) 

12(D1 2) 
13(D1 3) 

14'cDl.) 

15(SPI) 
16 (1 NH) 

o rl N: !:') U:l 0 rl C\l 
o rl N rl rl rl rl U:l N C\l C\l 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

MCU47-90 

MR 

STI 
STO 

SELC 

VHH 
HOI .. D 
TEST 
RESET 

XOUT 
XIN 
CALD 

HFR 

SE 

K03 
KD2 
KDl 

KDO 
All 
AID 

Ag 



TOSHIBA TMP4700AG. 

PIN NAMES AND PIN DESCRIPTIOfiS 

Pin Names 
No.of 

I/O Functions: 
Pins 

K03 'V Koo 4 Input Input port 

P" "- P '0 4 Output Output port (corresponding to PLA) 
P23 'V P20 4 Output " ( " ) 

R43 'V R40 4 I/O I/O port 
RS3 'V Rso 4 I/O 

I " 
R63 'V R60 4 I/O " 
R" 'V R70 

4 ti/O-- " ------
R83 (T,) I I/O I/O port or timer/counter input 
R82 (INT , ) I I/O " or interrupt input 
R81 (T 2) __ L+--~j~ If or timer/counter input 
R80 (INT 2) " or interrupt input 

-~- - l----
R92 (SCK) I I I/O I/O port or shift clock for serial port 
R91 (SO) I I/O " or serial output 
R90 ( SI) 1 I/O " or serial input 

------
A" 'V Ao 12 Output Program memory address 
17 (HLT) I Input Program data input (Holt request signal input) 
16 (INH) 1 Input " (Inhibit control signal input) 
Is (SPI) I Input " (Port control signal input) 
14 (DI4) 'VIo(DIo) 5 Input " (Data input) 

--
D03 (CF) 1 Output Data Output (Carry flag monitor) 
D02 CLRo) 1 Output " (L register monitor) 
DO, CDEP) 1 Output " (Port control ~ignal output) 
DO o (DP) 1 Output " ( ) 

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

PNR 3 'V PNRo 4 Output Port address output 
CLK I Output Strobe signal 

ST o , ST , 2 Output State signal 
SA, SB 2 Output Status signal 

MR 1 Output Master reset signal output 
HFR I Output Hold monitor output 
CALD I Input Data fetch cycle request signal input 
SELC 1 Input Clock select input 
HOLD I Input Hold signal input 

XIN, XOUT 2 Input, 
Resonator connection terminal 

Output 
RESET 1 Input Initialize signal input 
TEST 1 Input (Low level is input.) 

VDD 1 Power 
+5V supply 

VHH 1 
Power 

+5V (Hemory power supply) 
supply 

VSS 1 
Power 

011 
supply 
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TOSH 1 SA 

BLOCK DIAGRAf;1 

A" 
I 

Ao 
17 
S 

Is 
h(Dl.) 

\ 
10(D1 0) 

HFR 
HOLD 
CALD 
MR 
RESET 
TEST 
XIN 
XoUT 

SYS 

PC 

FD 

" 0 

... 
OJ 
'0 

PO 0 
H cJ 

OJ 
'0 

~ 
~ 

RAM 

!-_!!C: __ 
I Tel 
t------

TMP4700AC 

VDD 
VHH 

VSS I TC 2 
1--- 1 --

I 'SPW I L..: __ 

: STACK 

R. ,(SCK) 
R.,(SO) 
R. o (SI) 

I~ ~O.-i O:::O::::<"lOOITlOI'lOITlO<"l 
......:I H H --< i=CI z 'V:z; 0 'V 0 0 'V 0 .... 'V.... N 'V N .;t 'V-1 
UU)U)U)U) p... p..Q 0::'::: ~ p... p... p... p... 0::: 0::: 

BLOCK NAMES AND DESCRIPTIONS 
Block Names 

PC 
lR, decoder 
HR, LR 

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

FD 
Tel, TC 2 

TC control 
S10 control 
HOLD control 
SYS control 
CG, TG, 

Functions 
Program counter (12 bits) 
Instruction register, Decoder 
H register (page assignment of RAN), L register (address 
assignment in RAM page), (each 4-b.iL 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 r€gister of ALU input 
Arithmetic and logic unit 
Accumulator 
Flags 
Ports 
Interrupt control 
(ElF: Enable interrupt master F/F, EIR: Enable interrupt 
register) 

Frequency divider (4-stage prescaler + 18 stages) 
l2-bit timer/counter 2-channels (RN1 area) 
Timer/counter control 
Serial port control. 
Control of hold function 
Generation of various internal control signals 
Clock_gen~rator, timing generator 
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TOSHIBA 

FUNCTI ONAl OESCR I PTI ON 

The TMP4700AC is the system development evaluator chip for the 

TLCS-47. When a program memory (equivalent to TMM2732D, TMM323D-l) 

TMP4700AC 

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 con figurate 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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VDD 
VHH 

VSS 

RESET 
TEST 

" :J 
2 

0 

:J 

N 
p, p, 

2 2 

~ 
0 
N 

p, p, 

TMP4700AC 

1} 1} 
" J c2 ,:;: 

2 2 2 
0 0 

J c2 . 
'" 

TMP4700AC 

1} 
~ 

I~ ~I~ ~IQ 2 ~~ 

N Z ~H OU 
~~ e~ ~~ 

~ 0 N " 0 
~ N 

r2 r2 r2 w m JJ "'''' 
Fig.lol TLCS-47N Standard Chip (IOCODEAA) Equivalent Terminals 

2. Connection of Program Memory 

As an externally mounted program memory, a programable ROM 

equivalent to the TMM2732D (4K x 8 bits) or TMM323D-I (2K x 8 bits) 

is used. 

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

shown in Fig. 2.1. 

Further, All and 17 (HLT) terminals in the diagram are MSB, 

respectively. 

MCU47-94 



TOSHIBA TMP4700AC 

+5V +5V 

'I 'I 
VDD Ao 12 Ao VCC 

\ ) 

Au (ROM Address) All 

TMP4700AC TMM2732D 

17 (HLT) 8 0 7 
5 I 

Io(D1o) 
(Instruction/) 

0 0 

ROM data 

VSS 
ST, OE/VPP CE 'l 

GND 

l ti-r 

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

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

(a) Connection of Program Memory 

ST, ~ L 

Au '\.lAo X X ~d 
I7 "u 10 .=J" '%?1l V W%J l2W m 

(b) Program Memory Access Timing Chart 

Fig. 2.1 Connection of Program Memory 
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TOSHIBA TMP4700AC 

3. Control Terminals for External Circuits 

(1) Timing signals (CLD, STO, STl, SELC) 

In order for the timing control of the external circuits, 

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.l. 

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

XIN 

CLK 

STo 

ST, 

(a) 

XIN 

CLK 

STo 

ST, 

~ \ / 

/ \ 

TLCS-47N Support (SELC 1) 

-.! / 

/ \ 

Note: Thehe are somewhat different from the operating 

timings of CMOS family. 

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

Fig. 3.1 Clock Timing Chart 
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TOSHIBA TMP4700AC 

(2) System control signal inputs 

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 

STI signal is at high level. 

When a low level signal is input into liLT 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 

1NH operations. 

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

16 (INH) 

1NH 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. 1NH signal input 

is multiplexed with data input from the external ROM and a signal is 

input when STI is at high level. 
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TOSHIBA TMP4700AC 

As long as a low level signal is input into INH input and is being 

accepted, the TMP4700AC stops the divider to operate and inhihits 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 j_Dstruction 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, 16 (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: 

CALD 

(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. 

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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TOSHIBA TMP4700AC 

(3) System control signal outputs 

SA, SB 

MR 

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 

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

system reset signal. 

HFR 

This f:ignal is a monitor signal relative to the hold operation 

and is also used for an external circuit control. 

(4) P-ort con~trol 

In "'rder to support the v.ersions of TLCS-47 s·eries 'Commonly, 

the TMP4700AC is able to input data from .an ~ext""rnal cir.cuic or to 

output data to ·a register created in .a<'l external ·circl1it. 

(a) Control signals 

4 bit outputs indi-ca.ting port addresses. 

DOO (DP), nOl (DEP) 

These signals .(DP, ·DEP) ~control 'the port write/read by the external 
circuits. 'They are multiplexed with <lata output (DO) and .are trans­
-mit~ted when -STI signal is at high level. 
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TOSHIBA TMP4700AC 

IS (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 STI signal is at high level. 

(b) Data inputs 

These (DI4 ~ 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 STI signal is at 

high level. 

(c) Data outputs 

D03 (CF), D02 (LRO) , DOl (DEP), DOO (DP) 

These (D03 ~ DOO) 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 STI 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 STI 

signal is at high level. 

D02 (LRO) 

Contents of LSB of L register is transmitted. This LRO output 

is mUltiplexed with the data output (DO) and is sent out when STI 

signal is at high level. 
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TENTATIVE 
ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATING (VSS ~ ov) 

SYMBOL ITEM 

VDD Supply Voltage ---~ 

VHH 
"~----------

VIN Input Voltage 

VOUTl Output Voltage (Except Open Drain 
Port) 

-
VOUT2 Output Voltage (Open Drain Port) 

lOUT Output Current \..P 1 , P 2 ) 

PD Power Dissipation (Topr ~ 70' C) 

Tsol Soldering Temperature' Time 

Tstg Storage Temperature 

Topr Operating Temperature 

RECOM~lENDED OPERATING CONDITIONS C'VSS ~ OV) 

I 

f 
I 

I 
I 

SYMBOL ITEM CONDITION 

Topr Operating Temperature 

RATING 

-0.5 'C 7 

-0.5 'C 7 

-0.5 'C 7 

-0.5 'C 10 

30 

1 

260 (lOsec.) 

-55 'C 125 

-30 'C 70 

rUN. MAX. 

-30 70 
"----------- ---"--

VDD Supply Voltage 4.5 5.5 
VHH 

VHHl Supply Voltage (Memory Stand-by) 3.5 5.5 

VIHl High Level Input Voltage 2.2 VDD ,fNote 1) 
VIH2 High Levi?TInput vo(tage 3 VDD "" Note 2) 
VILI Low Level Input VO.la~~ePt KO) 0 0.8 

VIL2 ---r:ow Leve.l input VOi{~~) 0 1.2 

fC Clock Frequency 0.4 4.2 

t WCH High Level Clock Pulse (~~~~h3) VIN ~ VIH 80 -
t WeL Low Leve l Ciock Pu.lse \n~~~ 3) VIN ~ VIL 80 -

(Note 1) Application terminals: R4 rv R7 , 17 (HLT) 'C IO(DIO) 

TMP4700AC 

UNIT 

V 

V 

V 

rnA 

W 

°c 

UNIT 

'c 

V 

V 

MHz 

nS 

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

(Note 3) For external clock operation 
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TOSHIBA TMP4700AC 

D.C. CHARACTERISTICS (VSS = OV, VDD = VHH = 5V±lO%, Topr = -30'" 7O°C) 

SYMBOL PARAMETER CONDITION MIN. 
TYP. 

MAX. (*) 

VHS Hysteresis Voltage - 0.5 -(Schmitt Circuit Input) 

IINl Input Current (KQ,RESET,TEST) VDD=VHH=5.5V,VIN=5.5V - - 20 

lIN2 Input Current (R Port) VDD=5.5V, VIN=5.5V - - 20 

IlL Current (**) VDD=5. 5V, VIN=0.4V - - -2 

ILO Output Leakage(~urkPP,;rt) VDD=5.5V, VOUT=5.5V - - 20 

VOH High Level OutP1lt, YOl tage 
(***) VDD=4.5V,IOH=-400IlA 2.4 - -

Low Level Output Voltage 
VOL (Except XoUT) VDD=4.5V, IOL=1. 6rnA - - 0.4 

lOL Low Level Output Current 
(p], P2) VDD=5V, VOL=lV - 20 -

IDD+IHH Supply Current VDD=VHH=5.5V - 70 150 

IHHI Supply Curreul 
(Memorv stand-by) VDD=VSS, VHH=3.5V - 5 10 

TYP. values are at Topr=25°C, VDD=VHH=5V. 
Application terminals: HOLD, CALD, SELC, 17 (HLT) "'Io(Dlo). 

(*) 
(**) 
(***) Application terminals: Control output terminal specific to evaluation. 

A.C. CHARACTERISTICS 
(1) 

(VSS = OV, VDD = VHH = 5V±lO%, Topr = -30'" 70°C) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. 

tcy Instruction Cycle Time 1.9 - 40 

tSDH Shift Data Holding Time (Note 1) 0.5tcy-300 - -
(Note 1) ~,SO Terminal External Circuit 

~
VDD 

lOkI) 

r 50PF 

(2) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. 

tAD Address Delay Time CL = 100pF - - 270 

tIS Data Set-up Time n 150 - -
tIH Data Hold Time n 50 - -

MCU47-l02 

Unit 

IlS 

nS 

UNIT 

nS 

UNIT 

V 

IlA 

rnA 

IlA 

V 

rnA 

rnA 



TOSHIBA 
TMP4700AC 

A.C. Timing Chart 

(1) Serial Port (Completion of transmission) 

SCK 

SO 

(2) 

CLK 

STo ~ 
STl 

tAD 

All ",AO 1.5V 

17 '" 10 
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TOSHIBA TMP4700AC 

EXTERNAL DIMENSIONS 
Unit : nun 

45.0 MAX -- - --

________ ~_~0.3 ---- ------

1 
,-I-- ---

"I 

r lJrj ntlll nuntJn1 ~JnUrllnl __ rnJrrlrU 1 
~ 

c::: 
r=- :;;:L '" .0-

.,; 
c::: =-

0 
:::f 

~+ -.= 
:::f 

c; 

-

0 ~ 
--e=: 

~ 
+1 

~ 

'" ~ ~ 

t==-

'=l 
~ co '" 

'=l 
.-' N .0-

c:: 
-

- -eo, =t 
'='-

~ 

-- ~ 

-
1 F.= 

-J]I1 ~nUnJllllnW 11 Ilnll 11111 1111 J 

- - >< 

I 1.47±0.3 I I 
0 '" N 

0 ~ ~ 
~ 

-Ii 

'" ro- r0-
N 

~ ~ ~ 

I b~oo8000COOOO~OOQOOOI 
-~ 

J 

25.0 + 0.3 

Weight 5.9g (TYP. ) 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT 

TMP4799C 

SILICON MONOLITHIC 

N-L,HANNEL SILICON GATE DEPRESSION LOAC 

NMOS 4-BIT SI NGLE CHIP MICROCOMPUTER TLCS-47 (N) n~p~ 799C 

GENERAL DESCRIPTION 

The TLCS-47 is the high speed and high performance, 4-bi t 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 packa~e. Therefore, when the progr:lm 

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 used. 

Compatible with TLCS-47N sin~le chip microcomputer family 
TMP4740p/TMP4720p in pin. 

Compatible with TLCS-47 series in software. 

ROM 4,096 x 8 BIT (external), lAIl 256 x 4 BIT (internal) 

PIN CONNECTIONS (Top View) 

R40 VDD 

R41 _(SOK) 

R42 R91(SO) 

R43 R90,SI) 

R50 R83(TI) 

R51 R82(INTl) 

R52 RBl(T2) 

R53 R80(INT2) 

R60 
0 34 VHH 

A7 vee 24 
R6I 33 RESEr 

A6 AS 23 ~) 
R62 32 XOUT 

A5 A9 22 0 
R63 

0 31 XIN 
A4 All 21 

R70 30 TEST 
A3 OJV\'PP 20 ;_) 

R71 29 K03 

Rn 
AlO 19 C 28 K02 

R73 
CE 18 (J 27 KOI 

AD 07 17 0 26 PIa KOO 
00 06 16 r, 

Pll ~ 25 PZl 

P12 
05 15 0 24 P22 

P13 
04 14 0 23 P21 

VSS 03 13 
P20 

(NOTE) C Mark Socket for TMM2732D 
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PIN NM1ES AND PIN DESCRIPTIONS 

Pin Names No. of Input~ Functions pins Output 

K03 'C Ko 0 4 Input Input port 

P13 'C PIO 4 Output Output port (corresponding to PLA) 

P 23 'C P 20 4 Output " ( " ) 

R43 'C R40 4 I/O I/o port 

RS3 0, RsO 4 I/O " 
R63 'C R50 4 I/O " 
R73 'C R 

70 
4 I/O " 

RS3 (T 1) I I/O I/O port or timer/counter input 

RS2 (INTI) I I/O " or interrupt input 

RBI (T2 ) 1 I/O " or timer/counter input 

Rso (INT 2) I I/O " or interrupt input 

R92 (SCK) I I/O I/O port or shift clock for serial port 

R91 (SO) I I/O " or serial output 

R90 (SI) I I/O " or serial input 

XIN , XoUT 2 Input, Resonator connection terminals 
Output 

RESET I Input Initialize signal input 

TEST 1 Input (Low level is input. ) 

VDD I Power +SV 
supply 

VHH I Power +SV (Memory power supply) supply 

VSS I Power OV 
supply 

All 'C Ao 12 Output Program memory address 

07 'C 00 8 Input Program data input 

OE/Vpp I Output Output buffer control 

CE 1 Output Chip' Enable (connected with VSS) 

VCC 1 power +SV (connected with VDD) 
supply 

GND I ~~~~lv OV (connected with VSS) 

Note RESET terminal has no built-in pull-up resistor as well as 

TEST terminal has no built-in pull-down resistor. 

MCU47-l07 
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TOSHIBA TMP4799C 

r----. VDD 
IAII 'CAO I 

~ 

~ 
VHH I I G) 

107 'COD I "d 
VSS "" 0 RAM 

I H U I CJ 

I OE/Vpp: 
"d 

I CE I 
I VCC I 

R92 (SCK) L~NJ:l_~ 

~ R91 (SO) 

ALU 
RgO (SI) 

RESET RS3 (:£lL 
TEST RS2 (INTj) 

RSI(T2) 
XIN 

RSO(INT2) 
XoUT 

BLOCK NAMES AND DESCRIPTIONS 
Block Names 

PC 
IR, decoder 
HR, LR 

RAA 
RAM 
STACK 
SPIV 
DC 
AX, AY 
ALU 
AC 
FLAG(CF,ZF,SF,GF) 
K, P, R 
INTR control 

FD 
TCI, TC2 
TC control 
SIO control 
SYS control 
CG, TG 

Program counter (12 bits) 
Instruction register, Decoder 

Functions 

H register (page assignment of RAM), L register (address assign­
ment in RAM page), (each 4-bit register) 
RAM address buffer register (8 bits) 
Deta memory 
Save area of program counter and flags (RAM area) 
Stack pointer word (RAM area) 
Data counter (12 bits, RAM area) 
Temporary register of ALU input 
Arithmetic and logic unit 
Accumulator 
Flags 
Ports 
Interrupt control (ElF: Enable interrupt master F/F, 

EIR: Enable interrupt register) 
Frequency divider (4-stage prescaler + 18 stages) 
l2-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 writteD 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. In 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 
length is decoded and 
000 - FFF) capacity. 
therefore, located in 

used with 32K EPROM, the program counter with l2-bit 
there is a program memory with 4,096 x 8-bit (addresses 
In case of TMP4799C, the PLA data conversion table is, 
addresses FEO - FFF. 

No precaution is required, when TMP4799C is llsed 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,~ ____ R_O_M ____ ~ 
000 

800 

I 
FEO PLA data 

2 conversion 
FFF table 

(TMP4740p) (TMP4720p) 

MCU47-l09 

s Addres 
00 Ie 

;( 

I( 

.;( 

ROM 

(Program, Da ta) 

cot used V 
in case of 
TMP4720p 

PLA -clata 
conversion 
table 

(TMP4799C) 



TOSH I SA 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. It 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 T:MP4799C, while it located in addresses 40 - 7F in r.L'MPLt 720p. 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 are~. 

Fig. 2.1 shows the RAM address space of TMP4740P, TMP4720P and T~W4799C. 

RAM 
Address:.----------, 

00 

80 

( Data) 
region 

Specific 
address 
region 

FI.L.... ___ -' 

(TMP4740P) 

RAM RAM 
Address Address 

00 00 
( Data) 
region I ( Data) 

region 

n 
3F 

Specific 

cmage 
) 

address of ad-
7F region dress 

801 I 00 - 7F 

(=00) : I 

J 
I 

I I 
I I t------, 

CO 
I I 

( I I 
I I 

cot USed) l.n case 
of 
TMP4720p 

Specific 
address 
region 

FFI I FF 
(=7F:!----- _..J 

(TMP4720P) (TMP4799C) 

Fig. 2.1 RAM Capacity and Address 
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TOSHIBA TMP4799C 

3. Input/Output circuit format 

Fig. 3.1 shows the input/output circuit format of TMP4799C which 

is equivalent to "TOCODE AA" of TMP4740p and TMP4720P. 

I~ Clr-
cuit 

I/O 
equiv-
alent 
Circuit 

0 

0 

Remark 

Notc 

Input Output I/O I/O I/O 
(KO) (P],P2) (R4, RS, R6) (R7) (Ra. R9 ) 

~ ~r :::If.. :if] ~ 
R=lkll (TIP.) R=lkll (TIP. ) R=lkn (TIP. ) R=lkll (TIP. ) 

High thresh- o Sink open- o Sink open- o Sink open- o Schrnd tt cir-
old input. drain output. drain output. drain output. cuit input. 

No resis tor o High au tpu t o Output latch o Output latch o Sink open-
is contained. current. is ini tializ- is initialized drain output. 

o Output latch 
ed to the to the high 

o Output latch 
is initialized high level. level. 

is initialized 
to the high to the high 
level. level. 

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

contain the pull-down resist€r with TEST pin. It is necessary to provide 

RESET pin with the pull-up resis ter ('" 300kll TIP.) and to provide TEST pin 

"ith the pull-down resister (""70U] TIP.), respectively. 

Fig. 3.1 Input/Output circuit format of TMP4799C 

TMP4799C cannot' be used as an evaluator chip for TMP4740P or TMP4720P 

which employs "IOCODE AH" or "IOCODE AI", because the output latches of 

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

level in the latter. 

MCU47-l11 



TOSHIBA TMP4799C 

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 eval ua tor chip fa r TMP4740p or TMP4720p which 

employs "IOCODE AE" or "IOCODE AF", respectively. Fig. 3.2 shows the 

examples of the external cireui tri es. 

foo ~-------~~~~Z-------~ 
RIN~lOOkQ~ 

I KO port ---{:>0---1 
I 
I 
I 
I 
I R4,RS,R6 
I I 
L._ - _____ ---------- ___ ..1 

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

1------ ------ -- --- --1 
I TMP4799C I 

I I 
I I 

I 
I 
I 
I 
I 
I 

KO 

I R4,R5,R6 
I I 
L ___ ------ _________ J 

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

Fig. 3.2 Example of external circuitry for TMP4799C 
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TOSHIBA TMP4799C 

TENTATIVE 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE ~lAXIMUM RATINGS (VSS=OV) 

SYMBOL ITEM RATING UNITS 

VDD 
Supply Voltage -0.5 'V 7 V 

VHH 

VIN Input Voltage -0.5 'V 7 V 

VOUTl Output Vol tage (Except Open Drain Port) -0.5 'V 7 
V 

VOUT2 Output Voltage (Open Drain Port) -0.5 'V 10 

lOUT Output Current (Pl. P2) 30 rnA 

PD Power Dissipation (Topr=70°C) 1 W 

Tsol Soldering Temperature. Time 260 (10 sec) 

Tstg Storage Temperature -55 'V 125 °c 
--

Topr Operating Temperature -30 'V 70 

RECOMMENDED OPERATING CONDITIONS (VSS=OV) 

SYMBOL ITEM CONDITION MIN. MAX. UNITS 

Topr Operating Temperature -30 70 °c 

VDD 
Supply Vol tage 4.5 5.5 

VHH V 

VHHI Supply Voltage (Memory Stand-by) 3.5 5.5 

VIHI High Level Input Voltage (R4 'V R7) 2.2 VDD 

VIH2 High Level Input Voltage (Except R4 'V R7) 3 VDD 
V 

VILI Low Level Input Voltage (Except KO) 0 0.8 

Vn2 Low Level Input Voltage (KO) 0 1.2 

fC Clock Frequency 0.4 4.2 MHz 

tWCH High Level Clock Pulse Width (Note 1) V1N=VIH 80 -
nS 

tWCL Low Level Clock Pulse Width (Note 1) VIWVIL 80 -

(Note 1) For external clock operation. 
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D. C. CHARACTERISTI CS (VSS=ov, VDD=VHWsV±lO%, Topr=-30 '" 70 0 e) 

SYMBOL PARAMETER CONDITION 

VHS 
Hysteresis Vol tage 
(schmi tt Circuit Input) 

IINI Input Current (K O, RESET, TEST) VDD=VHH=s.sV,VI~s.sV 

IIN2 Input Current (R Port) VDD=s.sV, VIN=s.sV 

IlL Current (H) VDD=s.sV, VIW O. 4V 

lLO Output Leakage Current VDD=s.sV, VOUT=s.5V (p, R Port) 

VOH 
High Level Output Voltage 

VDD=4.5V,IOH=-400~A <',*;, ) 
Low Level Output VOL (Except KaUT) 

Vol tage 
VDW4. SV, IOL =1. 6rnA 

IOL Low Level Output Current VDD=5V, VOL =1 V (p I' P2) 

IDD+IHH Supply Current VDD=VHWs.sV 

IHHI Supply Current VDD=VSS, VHW 3. 5V (Memory stand-by) 

(*) TYP. values are at Topr=25°C, VDD=VHH=5V. 
(**) Application terminals : 07 '" 00 
(***) Application terminals: All "'Ao, OE/Vpp 

A.C. CHARACTERISTICS (VSS=OV, VDD=VHWsV±lO%, Topr=-30 '" 70°C) 
(1) 

SYMBOL PARAMETER CONDITION NIN. 

tcy Instruction Cycle Time 1.9 

tSDH Shift Data Holding Time (Note 1) 0.5tcy-300 

(Note 1) SCK, SO Terminal External Circuit 

~
VDD 

10kCl 

sOpF 

(2) 

MIN. 

-

-
-
-

-

2.4 

-

-

-

-

SYMBOL PARAMETER CONDITION MIN. 

tAD Address Delay Time CL=lOOpF -
tIS Data Set-up Time " 150 

tIH Data Hold Time " 50 

MCU47-114 
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TYP. 
MAX. UNIT 

(1<) 

0.5 - V 

- 20 

- 20 ~A 

- -2 rnA 

- 20 ~A 

- -
V 

- 0.4 

20 - rnA 

70 150 
rnA 

5 10 

TYP. MAX. UNIT 

- 20 ~S 

- - nS 

TYP. MAX. UNIT 

- 270 

- - nS 

- -



TOSHIBA TMP4799C 

A.C. Timing Chart 

(1) Serial Port (Completion of transmission) 

eo, ~r __ t_:_~_~_VIr-_____ _ 

SO 1.5v 

(2) 

1.5V 
CLK 

1. 5V 
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TOSHIBA TMP4799C 

EXTERNAL DH1ENSION VIEW 

Unit in rom 

, 4 u ':3 9 -± ' 3 ,~ t"'·l X 1 1 = ,(, '1 94 t 0.3 

1079 I 02 -t-t-"--" 4±C 'J "b 

t:I:"""""""""""""" 
~ 

b 'f" 'f' 'f' 'f' 'f" 'f" 'f' 'f' i--
, 

~ ~ 'I rl 

" N 
, 0 

" ~ "' 0 ::s ii : ~ ~ 
" 

,0 

~ffi""ft ~~~~ 
" , " 

" ,~ 0' 

" 
," 

I'f" 'f" '¥ 'f" 'f" 'f"'f"'f"'f"'f"W 

IDS:!l±Ol 
306MAX ~I 13.3 ± 0 1 

l71bj,)15 

h4 6 ± l) 6 .1 

;;,b4x20-1:27=4yb3-±03 

U2tl±UU5 
o 5± 0 1 ::. .')4 ± I) 2 b 

1.') 24±U25 

o 14- ±O Z 
~ ~ 
o Ol 

Weight 13g (TYP.) 
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CONNECTION OF PROGRAM MEMORY 

When TMP4799C operates as the evaluator chip for TMP4720P, 

TMM323D-l (2,048 x 8 bit) can be used as the program memory. 

The connecting method of a program memory is shown below. 

f5V 

J Lvpp 

I 
VDD (Open) VCC 

All f---' 
11 

Al o '\A 0 AIO'VAO 

TMP4799C (ROM Address) TMM323D-l 
8 

07 'V 00 07 'V 00 
(Instruction/ 

ROM data) PD/PGM -
OE/VpP CS 

VSS GND 

I j 

..1 

Pin Names of Pin Names of Connection 
TMM323D-l TMM2732D 

PD/PGM CE No change 

CS OE/Vpp No change 

VPP All All is open. 

VPP is connected to VDD • 

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. 

MCU47-117 

TMP4799C 



TOSHIBA TMP4799C 

i+5V 

r I 
VDD (Open) (to GND) Vee 

All - .,r- All 

11 
AlO '" Ao AlO '" Ao 

TMP4799C 
(ROM Address) 

8 TMM2732D 

07'" 00 07'" 00 
(Ins truc tion/ 

ROM data) 

OE/VpP DE/Vpp 
CEl 

Vss GND 

I 1 
.1 

All of TMP4799C is open. 

All of TMM2732D is connected to Vss· 
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INTEGRATED CIRCUIT TMP4746N 

TECHNICAL DATA 

TMP4746N 
NMOS 4-BIT SINGLE CHIP MICROCOMPUTER 

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

FEATURES 

ROM: 4,096 x 8 Bit 
RAM: 256 x 4 Bit 
Instruction execution time: 2 ~s (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 (57 pins) 

Input 1 port 4 pins 
Output (corresponding to PLA) 2 ports 8 pins 
Output 2 ports S pins 
I/O 8 ports 30 pins 
I/O (Note) 2 ports 7 pins 

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

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

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

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

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

Memory stand-by function: Battery backup is available. 
On chip oscillator 
TTL/CMOS Compatible 

• +SV single'power supply 
64-pin DIL plastic shrunk package 
N-channel Si gate E/D MOS LSI 

GTIAI (2) 

MCU47-119 

PIN CONNECTIONS (Top View) 

VDD 

RC3 
RC2 
RCI 
Rca 
R92 (SCK) 
R91(SO) 
R90(SI) 
P·83(Tl) 
R82(INTl) 
RSI(T2) 
R80(INT2) 
VHH 
XOUT 
XIN 
RESET 
K03 
K02 
KOI 
KOO 
RB3 
RB2 
RBI 
RBO 
P33 
P32 
P3l 
P30 
P23 
P22 
P2I 
P20 
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TMP4746N BLOCK DIAGRAM 

RESET 
TEST 

XIN 
XOUT 

..-<' 

..0' 
<Il' 
..." 

<Il' 
.." 

<Il' 
"0, 

SYS 

ROM 

4,096 x 8 

PC 

FD 

TMP4746N 

o C""'i a ("<') 0 C"J a M a MO M a (""') C M 0 C"l 
Or---O 0'-'--0 ,......,r--'r-1 C"-Jr--'C"J ("""'\""'M-.;:t"'...;:r- 1Il""""1.f") -.c'""....o r---""r-... 
;::.:: :::.::: P4 p.... P-< P-< p.... P-< P-< P-.P::; p::; p::; ~ c:::: p::; p::; p::; 

R92(SCK) 
R91 (SO) 
RgO(SI) 

PIN NAMES AND PIN DESCRIPTION 

Pin Name No. of Pine Input/Output Functions 

K03 '" KOO 4 Input Input port 

P13'" P 10 4 Output Output port (Correspondlng to PLA, High 

P 23 '" P 20 4 Output :: ( 11 current ~ 

p 03 '" P 00 4 Output 
P 33 '" P 30 4 Output " 
R 43 '" R40 4 I/O I/O port 
R 53 '" R 50 4 I/O " 
R63'" R60 4 I/O " 
R 73 '" R 70 4 I/O " 
RA3 '" RAO 4 I/O " 
RB3 '" RBO 4 I/O " 
RC3 '" RCO 4 I/O " 
RDl '" ROO 2 I/O " 
R 83 (Tl) 1 I/O I/O port or timer/counter lnput 

R 82 (INTl) I I/O I/O port or interrupt input 
R81 (T2) I I/O I/O port or timer/counter input 

KSUiINTi) 1 I/O I/O port or interrupt input 

R92i"S"CKl 1 I/O I/O port or shift clock for serial port 
R 91 SO) 1 I/O I/O port or serial output 

R 90 (SI) 1 I/O I/O 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.) 

00 I Power supply +SV 
VHH I Power supply +SV (Memory power supply) 
VSS 1 Power supply OV 

Mcu47-l20 
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INTEGRATED CIRCUIT 

TECHNICAL OAT A 

TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT 

TMP47C40P, TMP47C41P 
TMP47C20P, TMP47C21P 

SILICON MONOLITHIC SILICON GATE CMOS 

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

GENERAL DESCRIPTION 

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

microcomputer series designed for the general purpose use. 

The TLCS-47 has variously powerful functions in order to meet with 

advanced and complicated applications~ which will be made in near future. 

In addition, software compatible NMOS family (TLCS-47N) and CMOS family 

(TLCS-47C) arc 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 TMP47C2lP. The TMP470GAC(NMOS) is an evaluator chip used 

for the system development. 

1'art No. ROM (Bit) RAM (Bit) 

TMP47C40/4lP 4,096 x 8 256 x 4 

TMP47C20/2lP 2,048 x 8 128 x 4 
~ 

TMP4700AC 
Externally provided 

256 x 4 
(4,096 x 8) 
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TOSHIBA TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

FEATURES 

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

Instruction execution time: 4~s (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 
Output (corresponding to PLA) 
I/O 
I/O (Note) 

I 
2 
4 
2 

port 4 pins 
ports 8 pins 
ports 16 pins 
ports 7 pins 

Note: These I/O ports are also used for the interrupt input, timer/ 

counter input, and serial port; therefore, it is programmably 

selectable for each application. 

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

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

l2-bit timer/counter (2 channels) 
~~I~~t~by~~er, timer, and pulse width measurement mode is programrnably 

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 vol tage output (20 pins) 

Maximum,rating 42V, FL tube direct drive is available. 

Hold function 
Battery operation/condenser backup is available. 

On chip oscillator 

TTL/CMOS compatible 

+5V single power supply 

42-pin DIL plastic package 

Si-gate CMOS LSI 
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TOSHIBA TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

PIN CONNECTIONS (Top View) 

R40 VDD 
R41 2 41 R92 (sck) 
R42 3 40 R91(SO) 

R43 4 "9 RgO (8l) 

R50 5 38 H8 ,(Tl) 
R51 07 RH~(INTl) 

R52 36 RSl(TZ) 

R53 35 Rso(INT:;) 

R60 9 34 HOLD 

R61 10 00 REsET 
R62 11 32 XOUT 
R63 12 :.51 XIN 

R70 13 00 TEST 

R71 29 K03 
R72 28 K02 
R73 KOI 
PIO Koo 
Pll PZ3 
P12 P22 

P13 PZl 

VDD P 20 

PIN NAMES AND PIN DESCRIPTION 

Pin Name No. of 
Input/Output Function 

pins 

Ko 3 f\, Ko 0 4 Input Input port 
P13 rvP 10 4 Output Output port (Corresponding to PLA) 
P2l rvP20 4 Output " ( " ~---
R43 rvR 40 4 I/O I/O port 
Rs 3 'V Rs 0 4 I/O " 
R63 '\.rR60 4 I/O " 
R73 'VR 70 4 I/O " 
Ra3 (TI) I I/O I/O port or timer/counter input 
Ra2 (INTl) I I/O I/O port or interrupt input 
RSl (T2) I I/O I/O port or timer/counter input 
Rao (INT2J I I/O I/O port or interrupt input 
R92 (SCK) I I/O I/O port or shift clock for serial port 
R91 (SO) I I/O I/O port or serial output 
R90 (SI) I I/O I/O port or serial input 
XIN, XOUT 2 Input,Output Resonator connection terminals 
RESET I Input Initialize signal input 
HOLD I Input Hold signal input 
TEST I Input (Low level is input. ) 
VDD I Power Supply +SV 
VSS 1 Power Supply OV 
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BLOCK DIAGRAI~ 

1 
1 

TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

I DC VDD 
H 1--- ----

VSS QJ I TC , 
"0 /------all 

oj MI 

:;;~: ROM ~ 0 
H <J ~ RAM I TC 2 

~--,--

P "" QJ I L~~W "0 I 
I 
I STACK 

PC 

Wy AXITC I _ control _ 

1--_--.l'::::~FD-----'1 ALU UfJ L--__ ---' 

~ 

02 (SCK) 
01 (SO) 

Roo (SI) 

RESET 

TEST 
XU. 

XOUT 

Iljl~I~I~ H 

----'='--
i"< 

~ 

INTR 

contro 

R8s (Tl) 
82 (INTl) 

R81 (T2) 
80 (INT2) 

BLOCK NAMES AND DESCRIPTION 
Block Name 

PC 
ROM 
IR, decoder 
HR, LR 

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

FD 
TCl, TC2 
TC control 
SIO control 
HOLD control 
SYS control 
CG, TG 

Function 

Program counter (12 bits) 
Program memory (including fixed data) 
Instruction register, Decoder 
H register (page assignment of RAM), L register (address 
assignment in RAM page), (each 4-bit register) 
RAM address buffer register (8 bits) 
Data memory 
Save area of program counter and flags (RAM area) 
Stack pointer word (RAM area) 
Data counter (12 bits, RAM area), Data table (ROM area). 
Temporary register of ALU input 
Arighmetic and logic unit 
Accumulator 
Flags 

Ports 
Interrupt control 
(ElF: Enable interrupt master F/F, EIR: Enable interrupt 
register) 
Frequency divider (4-stage pres caler + 18 stages) 
l2-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 

MCU47-l24 



TOSHIBA TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

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) 

5. ALU, Accumulator (AC) 

6. Flags (FLAG) 

7. Ports (PORT) 

8. Interrupt Control Circuit (INTR) 

9. Frequency Divider (FD) 

10. Timer/Counter (TCI, TC2) 

II. Serial Port (SIO) 

12. Hold Control Circuit (HOLDe) 

Concprning the above component parts, the configuration and functions of 
h,lrdwares are described 

Hexadecimal notation is used for the description, ctlarts, and table~ 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 l2-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. 
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MSB ., 
PCH peM PCL 

.pclli pClol pc._J pc. PC, J pc • .l PC 51 pc. pc • .l pc,1 pc,l pC o 
, , 

Page assignment Address assignment ~n page 

(a) Configuration of Program Counter 

(page)(~ddress) ROM (Address) 

ln~re ~ ~~: 
o 01 r====l 003 

1 

2 

63 

[ ::~ 
i }c§ 

3]) 

3E 
3F 

(b) Configuration of ROM 

(Page)(~ddress) ROM 
~ 

00 
-

) 
3F BSS a (Note) 

--l-'O-

HI 
a XXX 

1-------

__ 3F_ 

03E 

03F 

040 

OlF 
080 

081 

FFC 

FFD 
FFE 

FFF 

(Execution floW) 

(Only when brdnch con-) j dition is met 

Note: Iia ll shall be 
inClcat ed by 
hexadecimal. 

(c) 

Fig.l.!'l 
Special example of branch caused by (BSS a)instrustion. 

Program Conntet and PrnQram Memorv (ROM) 
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1.2 Program Memory (ROM) 

Processing programs and fixed Jala are st"red 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 (1OL A, @DC) in­

struction respectively), and St0TP' the data in the accululator. 

Thp 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 Hand L registers as well as 

contents of the carry flag, and outputs the data to output ports 

(p2 • PI). 

Addresses are individually assignged to the program memory and 

datd memory, so that the fixed data in the ROB area cannot be directly 

read out by the address of the data memory. 

I 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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Speci fie Address Specific Purposes 

000 
(00l) Start address by initialization 

002 
INTl 

(003) 
Interrupt vector address 

004 
ISla (005) Interrupt vector address 

006 
(007) 

IOVFl Interrupt vector address 

f----------.-- _.- ----+-----
OOS I 

(009) I IOVF2 Interrupt vector address 

OOA 

I (OOB) ITMR Interrupt vector address 

DOC 
(DOD) 

INT2 Interrupt vector address 

8n +6 
(n = 1 "'15) Call address by instruction (CALLS a) 

086 (Note) 

FEO 
2 PLA data conversion table 

FFF 

Note 086 (hexadecimal) = 134 (decimal) 

Table 1.2.1 Specific Address of Program Hcmorv 
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I ROM CAPACITY I 
The TMP47C/fllp and TF;'47C20r contain a program '","'Iory wi th ,~, 096 x 8-bi t 

(addresses 000 - FFF) capacity and 2 ,048x 8-bit (addresses 000 - 7FF) capacity, 

respectively. But tile Ttlp47C2C'r 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 TM"47C"OP, the PLA data conversion table 

(addresses FED - FFF) is, therefore, located in addresses 7EO - 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 

000 

800 

\ 
FEO 

FFF 

ROM 

OJ ... 
CJl 
:> 

" o 
u 

'" 

Address 

000 

( 

7EO 
l 

7FF 
800 
(=000) 

ROM 

I I 
I I 
I I 
I I 

t 9 
I I 
I I 

FEO I I 
(=7EO)i------; 

\ I I 
FFF L ______ J 
(= 7FF) 

(TtIP4 7C40p) (TtT47C21lI') 

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 Hand 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. T1W47C I,OP haG 16 pages and TMP47C20p 

8 pages. 

The L register is also used to specify the bits corresponding to 

pins R73~R40 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 Hand L registers or immediate data of an instruction is fed 

into the RAM address buffer register. 
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MSB LSB 

Address 

Page 

a 

2 

3 
4 

5 
6 

~ 
7 

1 8 
! 9 

A 

B 
C 

D 
E 

Fig. 1. 3.1 

Page specification Address specification 
in page 

LR 

---- -------------"---
F E D C B A987654 3 2 1 a 

+ -+ + -I -I -I -I -I -I -I -+ -I -+ -+ + 
-I -I + + + -I + + + -I + + -I -I + 
+ -+ + :;I'Cj:cr;fm*n\ d~r'i-c\io~ + + -+ 
;- -+ + -+ + -+ + -I + + + + + + + 
+ + + -+ + -+ -I + -+ + + + -+ + + 
+ + + +++++-1:+++ + + + -

~ement dlrection 
-I i -I -+ + -I t + -I + + -I "+ + + 
-I t + -I + + -+ + + + -I -I + -I + 
+ -I -I ;- ;- + + + -I -t -I -+ ;- -I ;-

;- -t -I -I + -I -I + -I -I ;- + t + + 
-+ -I ;- -+ + ;- -I -t -I + + -I + -I -I 

-+ -+ -I + + + -+ + -I -+ -+ + + -t + 
-+ -+ -+ -t + + + -+ + ;- + + -+ -+ + 
-+ -I -t -t + -I -+ -+ -I -I + ;- + -+ -I 

+ t- -+ -t -+ -+ + + -+ -I + + ++ + 

Configuration of RAM 

H Register, L Register and Data Memory (RAM) 
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1.4 Data Memory (RAM) 

The processing tlata of llser 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. 

I Specific addresses of data memoryl 

The d.1ta memory is also used for the following specific purposes. 

When it is not used for the respective purposes, the RAM of the 

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

(1) Stack (STACK) 

(2) Stack pointer word (SPW) 

( 3) Data counter (DC) 

( 4) Timer / Co un ter (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 savp/restore the contents is deter­

mined by the stack pointer word, which is automatically decremented 

after the saving operation, and incremented prior to the restoring 

operation. 
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(2) Stack Pointer Word (SPW) 

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

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

r~, 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 lOvler 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 lie" 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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,Addres\, FED C B A 9 8 7 6 5 4 3 2 1 0 
Page I • I I IT 

(Stack pointer 
RAM address 

B 

C 

D 
E 

F 

~'--'-T -T-,---{--I--,--I--I- _1-_1- - ..... - L--l_ 
I I I I I I I I I I I I I I I 

I I I I I 

Level 3 Level 2 Level 1 Level 0 

t-__ ~~7~ __ ~~~6~ __ ~~5~~~" __ ~44r~Stack 
11 10 9 8 

Pw! DC * I TC2 * I TCI 12 
* : Can be used to store the user processing data 

(a) Specific purposive map of RAM 

word) 
FF 

MSB 
7 

MSB LSB 
3 2 1 0 

ISPW 3 !SPW,! SPw,lsPW o I 
6 5 4 3 2 

LSB 
o 

(Stack pointer) o 

(b) Stack pointer and stack pointer word 

Address c 
0 

.c-< 

PCH'" 

+ 
" " E2 0 oJ .,.., Q) 

E3 FLAG 1T ' 
... H 
oJ :; 

E4 PCL" 
Q) 
H 

cr- .c-< Q) 

E5 PC}!" .-< "d ... 
Q) 0 

E6 PCH" ~ 
Q) .jJ 

> '" FLAG" '" 3l E7 t Vl 
-'" E8 PCL' oJ 

I I '" E9 PQj' 
.-< ... 
WaUl 

EA PCH' ~ ..... ,., 
I 

EB rLAG' t EC P~lc __ i ED PCM 

I <' 

(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 instructions. 

MSB LSB 
D C 

(Data Counter) 

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

Fig. 1.4.2 Data Counter and RAM Address 

(4) Timer/Counter (TCl, TC2) 

The two channels of l2-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 
he executed by the RAM manipulative instructions. 

When the timer/counter 1 is n0t 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 
TCl 

(Timer/Counter 1) 
TClL 

(RAM Addr.ess) (F6) (F5) CF4) 

(Timer/Counter 2) 

(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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I RAM Capacity I 
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 

00 

80 

FF 

RAM 

( data ) 
reglon 

Specific 
address 
region 

(THP47C40P) 

Address RAM 

00 

( Da~a) 1 reglon 

7F 
80 I 
(~OO) I 

Specific 
address J 
region 

I 
I 
I 
I 
I 

I 
I 
I 

~ + 
1-------.1 
I I 
I I 

FF: i 
(~7F) L _____ .J 

(';'~lpl; 7C20?) 

(a) RAM Capacity and Address 

Address RAM 

00 

I 
I 
I I 
L _____ ...J 
I I 

~ (Not ) t 
I used I 
I I 
I I 
I I 

(
Image of ) 
addresses 
OO'C 7F 

EO 

) 

I I 

Specific 
~ add,:ess , 

reglon 
FF 

(b) RAM Map example of TI-lp47C20p 

(TC" TC 2 and stack) 
5 level are used. 

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

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 (e), 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. 

AY are temporary registers.} 

Output of result 

MSB LSB 
3 2 0 

(Accumulator) I I I I 

Fig. 1.5.1 ALU, Accumulator 

Detec~ion of operating condition 

Output e 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 corn­

plement, so that output e in the subraction operation indicates the 

"non-borrow" from the most significant position (i .. e.~ in case of nOD­

borrow, C = "1 H) .. Accordingly, borrow (B) can be represented with "C"'. 

Output Z indicates the zero detection signal to which 1-11" is applied 

when all of the 4-bit data transferred to accumulator or output of the ALU 

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

(a) 4 + 5 9 (C 0, Z 0) 

(b) 7 + 9 0 (C 11 Z 1) 

( c) 3 1 2 (B 0, Z 0) 

(d) 2 2 0 (B 0, Z 1) 

(e) 6 8 -2 or E (B 1, Z 0) 

Note B C is indicated~ 

1. 6 Flag (FLAG) 

Flag is a 4-bit register used to store the condition of arith­

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

by the instruction. The flag consisting of CF, ZF, SF, and GF is 

saved in the stack when the interrupt is accepted. By executing the 

(RETI) instruction, it is restored [rom the stack to the conditions 

immediately before the interrupt is accepted. 

3 2 o 

I CF I ZF I SF I GF 

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 hole 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 "Oil 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 111"; 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 !lag, 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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Port (PORT) 

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

status/data transfer between the built-in periferal circuitry 

are carried out by the input/output instructions. 

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

(b) Command/data output 

(c) Status/data input 

Control of circuitry of built-in 

peripheral circuitry, and output of data. 

Input of status signal(Note) and data from 

the built-in peripheral circuitry. 

Note Status signal is provided from serial port and l!old 

control circI'it, and is difccrent 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 initializatio~ of the output latch are 3.6 (2) Input/Output Circuit 

Format. 
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§ 
.0-.... 
I .... 
.0-
N 

Port Symbol 
Input/Output: InstructionR 

Port, Register SET @L 
ad- (Input/ (Input/Output) IN %P, A OUT A ,%1' SET%P,b TEST %P,b CLR @L 

dress Output) IN %P @HL OUT@HL %P OUTIiK,%P OUTB @HL CLR%P,b TESTP%P,b TEST @L 
00 IPOO/OPOO Ko Input port / P 1 Output 0 0 
01 IP01/0P01 P1 0utput latch/ port 0 0 0 0 0 
02 IP02/0P02 P2 " /P2 II 0 0 0 0 0 
03 IP03/0P03 ---
04 IP04/0P04 R. I/O port 0 0 0 0 0 0 
05 IP05/0P05 R. II 0 0 0 0 0 0 
06 IP06/0P06 R. II 0 a 0 0 0 0 
07 11:'07/0P07 R, II 0 0 0 0 0 0 
08 IP08/0P08 R. II 0 0 0 0 0 
09 IP09/0P09 R. II 0 0 0 0 0 
OA IPOA/OPOA ---
OB IPOB/OPOB --- ( *) Serial buffer register (Reception) 
OC IPOC/OPOC --- (**) Serial buffer register (Transmission) 
00 IPOD/OPOD ---
OE IPOE/OPOE Status input/ --- 0 0 
OF IPOF/OPOF .~L._ / (**) o _ 0 0 
10 /OPIO / (a) 

-- _._-

i1 /OP11 
/P.·P, output port 0 

(8-bit output) 
12 /OP12 / --
13 /OP13 / ---

I 14 /OP14 / ---
IS /OPls / -- (a) lIold control 
16 /OP16 / -- (b) Control with timer interrupt of divider 
17 /OPI7 / ---
18 /OPI8 / --- (c) Timer/Counter 1 control 

19 /OP19 / (b) 0 I I 
lA /OPIA / -- (I) Timer/Counter 2 control 
IB /OP1B / -- (Q) Serial port control 
1C /OPIC / (c) 

I 

0 
lD /OP1D / (d) 0 
IE /OP1E / ---
IF /OPlF / (e) 0 

Note 1: 
Note 2: 

Inputs (IP10 - IPlF) of port addresses 10 - IF remain undefined. 
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 (K03 "'KOO) Port 

This is a 4-bit port used for input. 

Input data -----<<I~---D (Pin) 

MSB LSB 
3 2 I 0 

I Ko 31 Ko 21Ko 1 I Kool 

Fig. 1.7.1 Ko Port 

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

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

These two ports can independently access by specifying port ad­

dresses IP01/0POI, and IP02/0P02. In addition. they can output 8-bit 

data by the (OUTB @HL) instruction. 

PLA data conversion 

A hardware PLA is not contained in the system; however, the func­

tion equivalent to it can be performed by access to the PLA data con­

version table provided in the ROM by use of the (OUTB @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 Hand 

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 OPII is automatically 

selected as the port address. 
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Ports PI 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 
76S43210 

Conversion data Ip23!P22!P2l!P20Ip13! Pl2!Pll! p,ol 

Input data ~ .... 

Output data ~ (Pin) 

Fig. 1.7.2 P , and P 2 Ports 

Each of these ports is a 4-bit I/O port with a latch. The 
latch should be set to "1" when the port is used as an input port. 
(But, these ports are only llsed to output ports with some input/output 
circuits.) 

Pins R73 - R40 can be 

used for bit scanning for 

set/reset and test accord­

ing to the contents of the 

L register by executing 

the (SET @L), (CLR @L) and 

(TEST @L) instructions. 

Table 1.7.2 shows the pins 

corresponding to the con­

tents of the L register. 

L register Correspond- L register orrespmd-
3121110 ing Pin 31 2 1110 ing Pin 

0 o 0 0 R40 1 o 0 0 R60 

000 1 R41 1 001 R61 

o 0 1 0 R42 1 0 1 0 R62 

0 o 1 1 R43 1 0 1 1 R63 

0 1 0 0 I RSO 1 1 0 0 R70 

0 1 0 1 RS1 1 1 0 1 R7l 

0 I 1 0 RS2 

I 
1 1 1 0 R72 

0 1 1 I RS3 1 1 1 1 R73 

Table 1.7.2 Correspondence of Individual 

Bits of L Register and I/O Port 
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Input data 

Output data (Pin) 

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

Fig. 1.7.3 Ry '" R7 Ports 

(4) RS (RS3 ~ RSO) Port 

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

to 111" 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/O port, some measures, 

such as inhibition of the external interrupt input acceptance or disable 

of the mode depending on the external input of the timer/counter should 

be taken in a program. 

(Note) When pin RS2 (INTI) is used as a port, INTI 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 (RETl) instruction only is executedl. 

When pin RSO (INT2) is used, INT2 interrupt request also 

takes place in the same manner as the case of pin RS2. but 

the interrupt request is not accepted by merely resetting 

the LSB (EIRO) of the enable interrupt register to "0" in 

advance. Therefore, the above processing is not required. 
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Control input 

Input data 

Output data ~ ~ (Pin) 

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

Fig. 1.7.4 R. Port 

(5) 1<9 (R92 'V R90) Port 

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

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

The R9 port is also used 

Ifl" when R9 port is used 

I/O port is not entirely 

Pin 1<93 is not mounted 

pin R93 in a program. 

Serial control 
Input data 

{lutput da,a 

Serial control 

in 

as serial port. The latch must be set to 

as serial port. The port used as normal 

inf luenced by disabling the serial port. 

the port, but "'11111 is read by accessing to 

Note: FaT bit set/reset of port, latch 
output serv€s as input data. 
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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 inteFrupt 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 (ElF) and a 4-bit register (ErR) 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-
Factor according dition accord-

Latch 
to hardware ing to program 

External interrupt 1 (INTI) 
(Higher) 

INTL5 
(Note 1) 

1 ElF = 1 

Serial 
Input/Output (ISIO) Z INTL4 ElF' EIR3 = 1 

'"' 
interrupt 

'" Timer counter 1 ::> 
H 

(IOVFl) I 

I 
H Overflow 3 1NTL3 EIF'EIRZ = 1 
<lJ 

'"' interrupt 

" I . .., --
M Timer counter 2 I I 

I 
(Note 2) I 

'" Overflow (IOVFZ) 4 INTL2 
" .. ElF.EIR j = 1 
<lJ interrupt 
'"' I 
" 
""I 

Timer interrupt (Note 2) (ITMR) 5 INTLI 
of divider EIF.EIRI = 1 

6 
INTLO External interrupt 2 (INT2) EIF'EIRO = 1 

(Lower) 

Interrupt enabling master F/F Interrupt enabling register (EIR) 

MSB LSB 
3 Z 1 0 

(Note 1) Since EIR register cannot make disabling of the INTI 

interrupt, this interrupt is always accepted under the 

interrupt enabled condition (ElF = 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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Vector 
Address 

OOZ 

004 

006 

008 

OOA 

OOC 
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[Interrupt Latchl 
(INTl) 

Priority 

'(JI~S~I~O~ __ ~Jl::-J~~~;;;;~==~~~decision 
j circuit 

(IOVFl) 
Vector 

~(~I~O~V!F~21) ____ ~::-l~~~~~~~~~~address genera-

~!!~~ ____ ~~~~~~;;~~bb~~~tion (ITMR) circuit 

EIR3 

EIR2 

Acceptance signal 

Reset by 
instruction 

EIRl 

BIRO 
CR 

Hardware reset 

Fig. 1.8.1 Interrupt Control Circuit 

INT2 

Instruction 
I cycle 

_I_T_MR _____ ...J! 

_I_N_TL-'l'--____ f 

"'IN;;:.T:.:L"'O'-___ ---'f 

ElF 

r--------------------, 

\ 
_><'-____ ~--_-1>< >~ )<----~-

Execution of Interrupt accept- Execution of OOA Execution of 

Note: 

instruction anee processing 

On the assumption that EIRl = l, 

address instruc- instruction 
tion (Jump in-
struction) 

without other interrupt requests 

Fig. 1.8.2 Interrupt Acceptance Timing Chart (Example) 
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(1) Interrupt process-ing 

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 in)Llalization 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. 

CD The contents of the program counter and flag are saved in the 

stack. 

GD 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. ) 

Q) The status flag is set to "I". 

® The interrupt enabling master F IF is reset to "On to inhibit 

the subsequent interrupt acceptance for a time. 

~ The interrupt latch of the accepted interrupt factor is reset 

to "all. 

® The instruction stored in the vector address is executed. 

The interrupt service program terminates after the execution of the 

(RETI) instruction. 

The follawing operations are peFformed by .the (RETI) instruction. 
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CD The contents of the program counter and flag are restored out 

of the stack. 

® The interrupt enabling master F IF is set to "111. 

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 

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 

lnterrupt service program to return the enable state again~ And then 

the other interrupt can be received. 

The ElF 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 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 - 1NTLO) 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" innnediately after the interrupt has been 

accepted. 

Since the interrupt latch can be reset to "0" by the (EICLR 

1L, r), (D1CLR IL, r) and (CLR 1L, r) instructions, the interrupt 

request signal can be initialized by a program, The latch is reset 

to "0" at the initialization operation. 

1.9 Frequency divider (FD) 

The divider (FDl - F~8) is made up l8-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 "0" at the initialization operation. 

Timer Interrupt of divider (ITMR) 

The divider is capable of sending the interrupt request for a 

certain frequency. Four different frequencies can be selected 

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

to nOli 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) 

(fc Hz) 

(a) Structure of frequency divider 

MSB LSB 

(Port address) 
3 2 0 

(*: don't care) 
OP19 

* 0 * * Disable 

* 0 0 Interrupt frequency fe/2 10Hz 

* 0 fc/211Hz 

* 0 fe/2 12 Hz 

* fe/2 13Hz 

Interrupt fre- For example, 

queney (Hz) fe=4.194304MHz 

fe/2 1O 4,096 Hz 
fc/2 11 2,048 Hz 
fc/2 12 1,024 Hz 
fc/2 13 512 Hz 

(b) Command register 

Fig. 1.9.1 Frequency Divider 
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1,10 Timer/Counter (TCI' TC2) 

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)1 TCI 
TCIH TCIM TClL 

(RAM Address) (F6) (FS) CF4) 

MSB LSB 

(Timer/Counter 2) 1 
TC2 

TC2H TC2M TC2L 

(RAM Address) (FA) (F9) (F8) 

Fig, 1.10,1 Timer/Counter 

(1) Timer/Counter Control 

The timer/counter is controlled by the command specifying 

the operation mode, The command register for the timer/counter 

1 and timer/counter 2 is accessed as port addresses OPIC and 

OPID, respectively, It is reset to "0" at the initialization 

operation, The count operation is started from the first rising 

edge of the count pulse applied by setting the value (mode) to 

the command register, 

When the timer/counter is not used, the RAM addresses 

corresponding to the timer/counter can b~ 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 

[RS3 (Tl), RSI (T2)}. 
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TCI Command register 
(Port Address OPlC) 

TC2 Command register 
(Port Address OPlD) 

(a) Command register 

Internal Pulse 
Rate (Hz) 

fc/2 l0 

fc/2 l4 
--

fc/2 I8 

fc/2 22 

TMP47C4QP,TMP47C41P,TMP47C2QP,TMP47C21P 

MSB 
3 2 1 

MSB 
3 2 1 

Max, Set tin 
Time (SEC) 

222 /fc 
:----
I 226/fc 

23O /fc 

234/fc 

LSB 
0 

LSB 
0 

00 

01 

10 

Selection of Count Mode I 
Disable state 

Event count mode 

(Counts external input) 

Timer mode 

(Counts internal pulse,) 

11 Pulse width measure~ent mode 

(Counts the pulse obtained by 

sampling of external input by 

use of internal pulse,) 

Selection of Internal Pulse 
(Divider Output) Rate 

00 fc/2 l0 Hz is counted. 

01 fc/2 l4 Hz is counted. 

10 fc/2 l8 Hz is counted. 

11 fc/2 22 Hz is counted. 

(fc: Basic clock frequency) 

or example, fc=4,194304 MHz 
Internal Pulse Max, Setting 

Rate (Hz) Time (SEC) 

4,096 1 

256 16 

16 256 

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 

entially executed. 

is prefer-

The maximum frequency applied to the external input pin under 

the event counter mode is fc/t4 Hz if one channel is used. When 

two channels are used, fc/b4 Hz is applied to the timer/counter 1, 

and fc/SO 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 

Counter ~ __ n_+_l_--IX n + 2 X n + 3 

(a) Event counter/timer mode 

External input pin 

Internal pulse 

Count pulse 

Counter _n _____ ..Jx n+l X n+2 X n+3X n+4 

(b) Pulse width measurement mode 

Fig. 1.10.3 Mode and Count Value of Timer/Counter 

Decrease in execution speed of instruction due to count operation 

The CPU carries out the count operation requiring 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/2 l0 Hz : 

The count operation is inserted once every 6LI-lnstructirln 

cycle time, so that the apparent speed is decreased by 1/(d"'1.6% 

instruction execution speed. For example, the apparent speed is 

4.06311s to 411s 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 7.28~s to 4~s instruc­

tion execution speed. 

(3) Interrupt by overflow (IOVF1, IOVF2) 

At the tiIPe when the overflo'Y] occurs, the timer/counter gene­

rates the interrupt request. 

That 18, 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. 

I 

Count ~ 

Instruction 
cycle 

Count request ~~-------------------------
Detection of overflow n~ ______________________ _ 
Occurrence of IOVF 

---- - - - - - -- -- - - -- ----------- - - - --.~.~--------
Execution 
of in­
struction 

Fig. 1.10.4 

Count 
cycle 

Ey.ecution 
of in­
struction 

Interrupt 
acceptance 
processing 

Timing Chart of Timer/Counter in 

Interrupt by Overflow 
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1.11 Serial Port (SID) 

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) , R91 (SO), R90 

(SI)]. Since these pins are also used as port R9, the output latch 

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

When it is not used, the pins can be used as I/O port R9. 

Pin R90 1n the transmit mode and pin R9l 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. 

SI 

(~erial ~ata) 
lnput pln 

(Internal 
MSB 

3 

Status I ...... --'_-+ __ '-_ .J 

(Internal Bus) 

clock 
pin 

SR 
SB 

4-bi~ shift register 
4-bit buffer register 

SIOC : Serial port control circuit 
~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 OPIF, and reset to 

"0" at the initializatio;I operation. The operation status can be 

informed through the status input, which is accessed with port 

address IPOE. 

Serial port com­
mand register 
(Port address) 
OPlF 

Serial port 
status input 

(Port address) 
IPOE 

MSB 
3 

MSB 
3 

Fig. 1.11.2 

2 

RM 

2 

LSB 
1 0 

1 
LSB 
o 

Serial transfer enable or 
start request. 

o Serial transfer disable or 
end request. 

o 
Receive mode 

Transmit modp 

Shift operation at the lead­
ing edge of the shift clock 

Shift operation at the trail­
ing edge of the shift clock 

External input is served 
as shi ft clock. 

o Internal clock is served 
as shift clock. 

don't care) 

Operating condition of serial transfer 

Stopping or disabling condition 
of serial transfer 

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

.end request. 

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

The following shift clock modes can be selected by the contents 

of the command register. 

(a) Clock source (External/internal mode) 

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

Internal clock mode 

fc/Z 7 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 1M bit of the com­

mand register. 

RM 1M ECKM 
(Bit 2) (Bit 1) (Bi t 0) Operation Mode 

0 0 1/0 Can not be used 

0 1 1/0 
Transmit mode (Note) 
(External/Internal clock) 

! 

I 
Receive(Trailing edge shift) mode 

I 0 1/0 
(External/Internal clock) 

1-----

1 1 
I 

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 frow 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 51 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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I Transmi t 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 t 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 flyst 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 (ISlO) requesting the 

next data takes place (buffer empty), After that, the remaining data 

(Dl - 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/2 7 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 stop-s, and the wait operation is taking 

place until the data is set. 

The maximum transmission rate is 31250 bit/sec. at the 411Hz 

basic clock. 

MCU47-163 



TOSHIBA TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

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, 

~~~'--_1'-~ ___ '-_ ~".~ 
SB(OPOF)~~~_D __________________ ~~-,,~ ________________ ~~. 

sa 

ISla 

(a) Internal clock operation (with wait operation) 

SCK (INPUT) 

so 

-~~ 
SB(OPOF) ~ D X D' X D" ~ 

ISla 

(b) External clock operation 

Fig. 1.11. 3 Transmit tlode 
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Completion of transmission 

When the buffer register becomes empty, 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 "a" 
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 = 0 in the inter­

rupt service program on receipt of the interrupt caused by the buffer 

empty. 
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ESIO 

S10F 

SEF 

SCK 

so 

IS10 

SB(OPOF) 

ESIO 

S10F 

SEF 

SCK 

so 

1S1O 

TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

(a) Internal clock operation (with wait operation) 

SB(OPOF) -'D'--_____ ~ \..~ _________ _ 

ES10 

S10F 

SEF 

SCK 

so 

1S1O 

SB(OPOF) 

(b) External clock operation 

~LD~ ______________ _ 

(e) Completion at one-word transfer~ 

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

Data can be received by setting the receive mode in the command register 

as well as by setting the ESlO (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 (ISla) 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 fe/2 7Hz, if the next 4-

bit data is not read out of the buffer register (the lPOF has not been ac­

cessed) in the program thouZh 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 t11"ansfer rate is, therefore, determined by the maximum time lag from the 

receipt of interrupt request (ISla) to the read of the data in the buffer 

register by the interrupt set'vice program. 
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ESIO 

SCK 

.-----------------------~r~r--------------~f,r--
~ 

SI 

Shift (Sampling) 

ISla 

SB 

Read 

(a) Internal clock operation (with wait operation) 

ESIO ~ 

SCK (INPUT) 

SI 

Shift (Sampling) 

(b) External clock operation 

Fig. 1.11.S 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 transmi ssion is terminated can be sensed 

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

To complete the receIve operation when the synchronization is 

deslred between the serial transfer and lnterrupt service program 

(,nd,cates 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 "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 

SEF 

SCK 

SI 

ISla 

SB 

Read (IPOF) 

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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ESIO 

SIOF 

SEF 

SCK 

SI 

ISIO 

SB 

Read 

TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

The method mentioned above is usually taken for the internal 

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

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

data is transferred to the buffer register. 

(a) Program sequence of receive end indication 

~I~!------------------~~------------------'h 

~~j------------------~~--------------~~~---,h 

D~,.:.D...;2:.'_' .J\....::~/\.:-=-

:cs: 
~~::;=::,======~:=j~==~~=~=~:======::=~====~:~==1= 

(IPOF) .0 

(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 "I". 

Then, the ESIO is reset to "0" after confirming that the SEF status 

is set to "1". In 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 

ESI0 

SIOF 

SEF 

SCK 

Sl 

ISIO 

SB 

Read (IPOF) 
(b) Timing Chart 

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

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

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

When the four data are received from the S1 pin, the 4-bit 

data is transferred from the shift register to the buffer register. 

At the same time, the interrupt (ISla) 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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ES10 

S10F 

SEF 

SCK(OUTPUT) 

SI 

Shift (Sampling) 

IS10 

SB ~-------~~A\-D----~;'~I~~ 
\~-~ Read (IPOF) 

(a) Internal clock operation (with wait operation) 

ESIO 

S10F -.-J 
SEF 

SCK(INPUT) 

SI 

Shift (Sampling) 

SB 

Read 

(b) External clock operation (at slow transfer rate) 
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ES10 

S10F 

SEF 

SCK(INPUT) 

Sl 

Shift 

IS10 

SB 

Read 
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D' 

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

ES10 

S10F 

SEF 

SCK 

Sl 

Shift (Sampling) 

lS10 

SB 

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 

~OLD terminal and the command register. 

There are two operation modes for the hold operation as shown below. 

The designation for the hold operation start is made by the command 

in either mode. 

(a) Backup mode 

The HOLD terminal input controls the request/release of the hold 

operation. Namely, it is the state of the hold that the HOLD input 

is at the low level, and it is the state of the normal operations 

that the HOLD input is at the high level. 

This mode is used for backup of the capacitor when the main power 

supply is cut off, backup of the battery for a long time, etc. 

(b) Clock mode 

When the hold operation is started by the command even when the 

HOLD terminal input is at the either levels, the hold operation is 

continued till the leading edge of the HOLD terminal input is 

detected. This mode is used when signals in constant cycle are 

applied to the HOLD terminal input in applications, for example, 

the clock or timer applications, where relatively short period 

program processings are repeatedly executed in constant cycle,. 

For instance, the signal is applied to the HOLD input from a 

source of oscillation at low power consumption_ 
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HOLD 

HOLD 

TMP47C40P,TMP47C41P,TMP47C20 P ,TMP47C21P 

~1c:::,::::"::o:,,, 'co,".~~:,::,::,::: ',u,"m. 
start the hold operation. (Whenever the HOLD 

(a) Backup Mode 

terminal input is at high 
level, the 11t)Yffidl operation 
is restarted.) 

~f--' -
operation j 

~-Q---Hold operation-~+.L--c<---Hold operation-----

(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 OPlO, 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~~O~ 
command reg- (*: don't care) 
ister (Port 
address OP10) 

Hold function 
status input 
(Port address 

IPOE) 

Fig. 1.12.2 

Inhibiting code 

Set the hold operation by the clock 
mode 

Set the hold operation by the back­
up mode 

I Set-up of Warming-up Time I 

lo Set at 218 x 1000/fc msec. 

~ 01 Set at 214 x 1000/fc msec. 

1* Set at 26 x 1000/fc msec. 

(fc : basic clock frequency) 

Warming-up Time (m SEC) For example, 
at fc~411Hz (mSEC) 

218 x 1000/fc - 65.5 
214 x 1000/fc " 4.1 
26 x 1000/fc ~ 0.016 

(*: don't care) 

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

a HOLD input is at high level 

Hold Function Control 
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(2) Hold operation 

The hold operation holds the following state: 

CD The oscillation is stopped, and all internal operation are stopped. 

(2) The frequency divider is reset to "0". 

CD 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. 

QV 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 HOLD in;JUt (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 INTI 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 sequencp 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 stahle at the VDD/VSS level, 

current flows scarcely through the CMOS circuit. On the other hand, when 

the input level is floating from the Vnn/Vss level (by about 0.3 'C 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. 

Q) 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. 

(l) After the warming-up time has passed (Note), 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 th~ 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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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 I-byte instructions or 2-byte instruc­

tions. To classify them in terms of the execution time, there are 

I-cycle instructions and 2-cycle instructions. 

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

are arranged so as to improve the program efficiency. 

I-byte 

I-byte 

2-byte 

I-cycle 

2-cycle 

2-cycle 

instruction 

instruction 

instruction 

(a) Classification by byte/cycle 

40 

11 

39 

Total 90 

Move instruction (Note 1) 22 

Compare instruction 6 

Arithmetic instruction 16 

Logical instruction 9 

Bit manipulation instruction 24 

Input/Output instruction (Note 2) 6 

Branch, subroutine instruction 6 

Other instruction 1 

(Note 1) 

(Note 2) 

Total 90 

Including ROM data referring instructions 

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 

following explanations. 

Symbol Description 
~--.---------+---------------------------------------------------~ 

AC II_ 

M[x] 

HR 

LR 

P[p] 

FLAG 

CF 

ZF 

SF 

GF 

PC 

STACK [( SPW) ) 

SPW 

ElF 

EIR 

INTLj 

DC 

ROM [x) 

(ROMH,ROMd 

+ 

f\ 

y 

y 

Accumulator 

Data memory (Address x) 

H register 

L register 

Port (Address p) 

Flag 

Carry flag 

Zero flag 

Status flag 

General flag 

Program co un ter 

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 bi ts are expressed by 

suffix H/L.) 

Transfer 

Exchange 

Addition 

Subst raction 

Logical AN]; of the corresponding bits 

Logical OR of the corresponding bits 

Exclusive OR of the corresponding bits 
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Symbol Description 

-
(CF) Inversion of carry flag contents 

null Processed result is transferred nowhere 

(AC) Contents of accumulator 

(H.L) Contents of 8 bits coupling H register with L register 

M[ (H. L) 1 Contents of data memory for which the contents of 8 bits 

I coupling H register with L register is used as address. 
I 
I 

(AC) <b> 1 Contents of bit assigned by b of accumulator. 
I 

(LR)<3:2> Contents of bit 3 to bit 2 of L register 

(PC)<1l:6> Contents of bit 11 to bit 6 of program counter 

2.2 Description of instructions (*): Note 1 (**): Exec.cycle (t*): Hexadecimal 

Item 
Assembler Object Code Function lFlag(*) 1(**) 

1'---. I CFlzFlsFI 
Class Mnemonic f---------

Binary ( £*) Functional Description 

LD A, @HL 000 0 1 1 o 0 0 C i (AC)<-Mj(H·L) 1 1- Z 11 1 
Loads the contents of the data memory spec-
ified by the H and L registers in the ac-
cumulator. 

" LD A, x o 0 1 1 1 1 0 0 3 C (AC)~[xl /- z 1/ 2 
0 

oM xHxL Loads the contents of the data memory spe-... X7 X 6 X 5X,- X3 X 2 X I X 
tJ cified by the x of the instruction field in 
" H the accUIIlulator. ... 
'" o 0 1 0 o 0 (LR)<-M[~l,(HR)<-M[x+ll I- I I 2 " LD HL, x 1 0 2 8 

H 
X'=X7X6XSX4X3X200 

-
<lI X 7 X6 X S X 4 X3 X 2 X I XO 

xHxL 
~ 

? ! Loads the consecutive two-word contents of 
0 

:>: the data memory specified by the x' (modi-

i fied x) of the inst ruction field in the H 
1 and L registers. 

LD A, Ilk 0 1 0-0 k3 k 2k,ko 4 k I(AC)+k 1- Z 1 I 1 
Loads the immediate data k of the instruc-
tion field in the accumulator. Serves as 
the clear instruction when k= O. 
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I\Items Assembler 
I L-------, Mnemonic 
Class 

LD H, Ilk 

LD L, ilk 

TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

Object Code Function IFlag(*) 1(**) 
/CF/ZF/SF/ 

Binary (A) Functional Description 

1 1 a a k3k2k,ko C k f--o'-(H=R:.:-)~+-"k~_c--_cc-_---c-_~_-=--,-LI--c-_--,----:olc-LC-11"---l 
Loads the immediate data k of the instruc-

I tion field in the H register. Serves as the 
I clear instruction when k ~ O. 

-I----+-~ 

1 1 1 a k3k2k,ko E k· (LR)+k 
1 Loads the immediate data k of 
I tion field in the L register. 
i clear instruction when k=O. 

J- - 111 
the ins true 
Serves as the 

f-------+------ -~-- --~f-'-'------------,----,---l 
3 3 (AC)+ROMLI (DC)] 1- Z 1 1 2 LDL A, @DC a a 1 1 a all 

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. 

c 
c 
.~ 

'"' u 

" H 

o 0 1 0 3 2 (AC)+ROMH[(DC)], (DC)+(DC)+l 

I Loads the higher-order 4 bits of the data 
read out of the data table of the program 

I memory specified by the data counter, in the 
acctllllulator, and then increments the contents 

r--:um-,,@OG>I 0 , , " 

i of the data counter. [Note 2] 

1sT A,@HL 0 O-O-O--l-l-l-l-+'~OF I M[~(H-'L-)-l-<-A-C-' 1- - 1 1 1 '"' "' " H ! Stor'e--s the contents of the accuIDulator in the 
ill 
>-
~ ST A,@HL+ 

r-____ ---1f-__ ~~ _____ _+--_+'-d-a-t-a_m-e-m_or2'.~ec~fied by the Hand L registers. 

o 0 0 1 1 0 1 0 1 A M[(H'L)]+(AC) , (LR)+(LR)+l 1- Z cL 1 

ST A,@HL-

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

o a 0 1 1 0 1 1 1 B M[(H.L)]+(AC), (LR)+(LR)-l j - Z B 1 1 
Stores the contents of the accumulator in the 
data memory specified by the Hand t regis­
ters, and then decrements the contents of the 
L register. INote 3] 

F k M[(H'L)]+k,(LR)+(LR)+l 1- z ell 
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 3J 
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IS Assembler I Flag(*) 1(**) Object Code Function 
Class Mnemonic I CFIZFISF I 

Binary (A) Functional Description 

ST Ilk, y o 0 1 0 1 1 0 1 2 D M[y]+k \- - 1\ 2 

k3 k 2klko Y3Y2YlYO k Y Stores the innnediate 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 ~ O. 

IMOV H, A o 001 000 0 1 0 (AC) +(HR) I-"d~-I Loads the contents of the H register In the 

I 
accumulator. 

- o 0 0 1 000 1 (AC)+(LR) "~" Z_~ MOV L, A 1 1 
~\he contents of "the"""L"re-gisterin the 

accumulator. 

<=: iXCH A, H 0 011 000 0 3 0 (HR),;:(AC) I - Z 1 I 2 
0 Exchanges the contents of the accumulator for .,., 

oW those of the H register. [Note 2] ~ 

iXCH ~:~-+ 0 
~ I- I I oW 011 o 0 0 1 3 1 (LR):(AC) Z 2 '" <=: I Exchanges the contents of the acctnUulator for H 

w ~."f the L register. [Note 2] 
;> 
a 

1- -U-i-:-;;; XCH A,EIR 000 1 o 0 1 1 1 3 (ErR) .t(AC) 
Exchanges the contents of the accumulator for 
those of the interrupt enable regist~r . 

i XCH A,@HL o 0 0 0 1 1 0 1 o D M[(H·L) ]:(AC) 1- Z 11 1 

i 

Exchanges the contents of the accumulator for 
those of the data memory specified by the H 
and L registers. [Note 2] 

XCH A, x o 0 1 1 1 1 0 1 3 D M[x]';:(AC) 1- Z 11 2 
xHxL Exchanges the contents of the accumulator for 

X7 X 6 X S X ", X3 X 2 X I XO those of the data memory specified by the x 
of the instruction field. [Note 2] 

XCH HL, x o 0 1 0 100 1 2 9 
M[x1:';(LR),M[x'+1]';:(HR) [ - - 1 I 2 
Xt=X7X6X5X~X3X200 

X7 X6 X5X" X3 X 2 X I X O 
XHXL Exchanges the contents of the Hand L regis 

ters for consecutive two-word contents of 
the data memory specified by the x' (modified 
x) of the instruction field. 
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Items 
Assembler IFlag(*) 1(**) ~ Object Code Function 

Class Mnemonic ICFlzFlsF I 
Binary ( *'*) Functional Description 

CMPR A,@HL 0 o 0 1 o 1 1 0 1 6 nul~M[(H'L) ]-(AC) Ii Z zl 1 

I Compares the contents of the data 'memory spec-
ified by the Hand L registers with those of 
the accumulator. 

CMPR A, x o 0 1 1 1 1 1 0 3 E nill+M[x]-(AC) IB Z Z I 2 
XHxL Compares the contents of the data memory spec-

X7 X 6 X S X 4 X::.t X 2 X 1 X O ified by the x of the instruction field with 
those of the accumulator. 

CMPR A,lIk 1 1 0 1 k3k2k,ko D k null+k-(AC) lil zzl 1 

'" 0 i Compares the immediate data k of the in-.... i '" struction field with the contents of the ac-
e.> , ctnnulator. Serves as the accumulator e test 

'" instruction when k= O. 
<Il 

'" null+k-(HR) I - Z B L H 
CMPR H,llk 0 0 1 1 1 0 0 0 3 8 

OJ 
1 1 0 1 k3k 2k,ko D k ... Compares the immediate data k of the in 

'" "" struction field with the contents of the H 
E register. Serves as the H register in-0 test 
u 

st ruction when k = O. 

CMPR L,llk 0 0 1 1 1 000 3 8 null+k-(LR) 1- Z il 2 
1 0 0 1 k3k2k,ko 9 k Compares the immediate data k of the in-

struction field with the contents of the L 
register. Serves as the L register test in-
struction when k = O. 

CMPR Y,ilk o 0 1 0 1 1 1 0 2 E null+k-M[y] IB Z zl 2 

k3 k 2k,ko 
k y Compares the immediate data k of the in-

Y3Y.Y,YO 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 = O. 

~ .~ INC A 000 0 1 000 o 8 (AC)+(AC)+l 1- Z C I 1 
"'.., Increments the contents of the accumulator. 
~ ~ 
.c '" 

I- e I 1 
..,.., 

INC L o 0 0 1 1 000 1 8 (LR) +( LR) + 1 Z oM til 

... " Increments the contents of the L register. <H 

MCU47-l86 



TOSHIBA 

I~ Assembler 

Class Mnemonic 

INC @HL 

TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

Object Code 

Binary (*'x) 

Function 

Functional Description 

I Flag( *) 1(**) 
! CF!ZF!SF! 

o 0 0 0 I 0 1 0 0 A ,......,M,-[ (,-,H,-.~L"-) "-.]+...:M,,['-'.(;oH-,' L,:,-,),-,]c:+-=:l __ ~~_~,---I---=z-=c-,l-,--"l:........j 
Increments the contents of the data memory 
specified by the Hand L registers. 

000 0 100109 (AC)+(AC)-l T- Z 81 1 
Decrements the contents of the accumulator. 

I~EC A 

f------+'~----,-~- ----r--- --,--------------.---.-----1 
DE C L 0 0 0 1 1 0 0 1 ' 1 9 ( LR) + ( LR) -1 I - Z B I 1 

! 
i 

Decrements the contents of the L register. 

@HL o 0 0 0 10110B M[(H. L) ]+M[ (H'L) ]-1 ~ IDEC 
~ Decrements the contents of the data memory 

~ I~' _____ +-________ +-__ ~s~p~e~c~i~f~i~e~d-b~y-t~h~e-H-a-nd-L_re~~g~1·~s~te~rrs-.-----,--~ 
e :ADDC A,@HL 0001 0101 i 15 (AC)+(AC)+M[(H.L)]+(CF) I C Z cl I 
~ I ! Adds the contents of the data memory spec-
~ ified by the Hand L registers as well as 
C) 

.r< 
'-' 

'" .E 
'-' -;:: ADD A,@HL 
<>: 

i ADD A, Ilk 

ADD H, Ilk 

000 1 

o 0 I I 

o 0 0 0 

o 0 1 1 

1 1 0 0 

those of the carry flag to those of the ac­
! cumulator, and places the result in the ac­

cumulator. 

011117 ~~~~~~~!~+~~~~~;~)~:~~~~~~=:~~=;~~~]~O~f--th~e--~da--ta--m-e-lLo--ry~Zs~el_ 1 

ified by the Hand L registers to those of 
the accumulator, and places the result in the 
accumulator. 

'--f-- I I 
I 0 0 0 3 8 (AC)+(AC)+k - Z C 2 
k.k 2 k 1 k o 0 k 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
di tion and subtraction when k = 6 or A. 

1 0 0 0 

k,k,klko 

3 8 
C k 

(HR)+(HR)+k I - Z C I 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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TOSHIBA 

~tems Assembler 

I~ Mnemonic 
Class 

ADD L,llk 

ADD @HL,llk 

ADD y,llk 

TMP47C4QP,TMP47C41P,TMP47C2QP,TMP47C21P 

Object Code 

o 0 1 1 

1 0 0 0 

1 0 0 0 3 8 
8 k 

Function 

Functional Description 

(LR)+(LR)+k 

IFlag(*) 1 (**) 
CF ZF SF 

1- Z c 1 2 
Adds the immediate data k of the instruction 
field to the contents of the L register, and 

I places the result in the L register. 

o 0 1 1 -1 0 OO-+--3-8-f-M-[-(H'L)]+M[(H.L)]+k 1- z c T 2 

4 k 'Adds the innnediate data k6r-fneL rnstructlon o 1 0 0 k3k2klko 

0010llll2F 

k3k2k,ko Y3Y2Y,YO k Y 

field to the contents of the data memory 
specified by the Hand L register, and 
places the result in the data memory. 
as the correction instruction for the 
addition and subtraction when k = 6 or 

Serves 
decimal 
A. 

MIy]+Mly]+k 1- Z C T_L 
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. 

S VB RC A, @HL 0 0 0 1 0 1 0 0 1 4 '~~[(~'L)J~(AC)-(CFL_~ __ Ji Z B I 1 

0011100038 

o 0 0 1 k3k2k,ko 1 k 

Subtracts the contents of the accumulator and 
the inverse contents of the carry flag from 
the contents of the data memory specified by 
the Rand L registers, and places the result 
in the accumulator. 

(AC)+k-(AC) 1- Z B 1 2 
Subtracts the contents of the accumulator 
from the immediate data k of the instruction 
fjeld, and places the result in the accumu­
lator. Serves as the accumulator 2' s comple·· 
ment instruction ~r the data inversion (l's 
complement) instruction when k = 0 or F, 
respectively. 
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TOSHIBA TMP47C4QP.TMP47C41P.TMP47C20P.TMP47C21P 

~tem~ I Object Code Function IFlag(*) 1(**) I~; Assembler CF ZF/SF / 
Class/Mnemonic Binary (**) Functional Description 

SUBR@lIL,lIk o 0 1 1 1 0 0 0 3 8 M[(H·L) ]+k-M[(H.L)] 1- Z B 1 2 

o 1 0 1 k3k2k,ko 5 k Subtracts the contents of the data memory 
" specified by the Hand L registers from the '-' a 

.~ 

immediate data k of the instruction field, '-' '-' 
<lI v and places the result in the data memory. I" :J 
.c ... Serves as the dat..l memory 2'8 complement in-'-' '-' 
'M '" I struction or the data inversion (l's comple-... c I <: H ment) instruction when k = 0 or F ,respective-

i I lYI 

I ~ (rotate left) Ic cl ROLC A o 0 0 0 o 1 0 1 I o 5 Z 1 
CF AC ____ ~ ...lJ>.i~_ 

I 
Rotates the contents of the accumulator and I I 

carry flag to the left by one bit. [Note 4] 
--

cl RORC A o 0 0 0 o 1 1 1 a 7 ~ 
(rotate right) I C Z 1 

, by 1 bit 
Rotates the contents of the accumulator and 

, 
carry flag to the right by one bit.rNote 4] 

- ---
I- zl AND A,@HL 0 001 1 1 1 0 i 

], E ~~C) flMl(II-.!:-_) ] _______ z 1 
c I Carries out the logical AND of the corre-a 

I sponding bits with the contents of the accu-
'-' I 

I '-' mula tor and those of the data memory specifi-
~ I 

I ed by the F and L register, and places the '-' 
<1l result in the accumulator. c 
~ 

1- Z z I -;;; lAND A,ilk 0 0 1 1 1 0 0 0 3 8 (AC)+(AC)flk 2 
I 3 k Carries out the logical AND of the corre-u 

0 0 1 1 k3k 2k,ko 'M sponding bits with the contents of the accu-bO 
a mulator and the immediate data k of the in-..., 

struction field, and places the result in the 
accumulator. 

AND @HL,llk o 0 I I I 0 0 0 3 8 M[(H·L) ]+Mr(H'L) ]flk 1- Z Z 1 2 

o I I 1 k3k2k,ko 7 k Carries out the logical AND of the corre-
sponding bits with the contents of the data 
memory snecified by the Hand L registers and 
the immediate data k of the instruction field 
and places the result in the data memory. 
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TOSHIBA TMP47C4QP,TMP47C41P,TMP47C20P,TMP47C2IP 

~ Assembler Object Code Function /hag(*) / (**) 
ICFlzFlsF I 

Class 
Mnemonic 

Binary ( .f*) Functional Description 

OR A, @HL o 0 o 1 lID 1 1 D (AC)+(AC)VM[ (H· L) ] 1- Z Z 1 1 
Carries out the logical OR of the correspond-
ing bits with the contents of the accumulator 
and those of the data memory specified by the 
Hand L registers, and places the result in 
the accumulator. 

OR A, Uk 0 0 1 1 1 0 0 0 3 8 (AC)+(AC)Vk 1- Z z I 2 

0 0 1 0 k3k2klko 2 k Carries out the logical OR of the correspond-

" ing bits with the contents of the accumulator 0 ..... 
and the immediate data k of the istruction .., 

U field, and places the result in the accumulator. " ... .., 
1- z 1 2 

UJ OR @HL,lIk 0 0 1 1 100 0 3 8 M[ (H. L) ]+M[ (H. L) ]Vk Z " H 
6 k Carries out the logical OR of the correspond-

0 1 1 0 k3 k 2klko 
~ ing bits with the contents of the data memory 

'" specified by the H a~d L registers and the U ..... immediate data Ie of the instruction field, bIl 
0 and places the. resul t in the data memory. ,..., 

XOR A, @HL o 0 0 1 1 1 1 1 1 F (AC)+ (AC)'tM[ (H· L)] 1- z z 1 1 
Carries out the logical exclusive OR of the 
correspondin~ bits with the contents of the 
accumulator and those of data memory speciii-
ed by the Hand L registers. aDd places the 
result in the accumulator. 

TEST CF o 0 0 0 o 1 1 0 o 6 (SF)+(CF) , (CF)+O 10 - * I 1 
Places the inverse contents of the carry flag 
in the status flag, and then resets the carry 
flag to 110". 

" 0 

1- *1 ..... TEST A, b 010 1 lIb, b o 5 C+b (SF)+(AC)<b> - 1 .., " 
'" 0 Places the inverse contents of the bit, which .......... " .., is specified by the b of the instruction pou 

..... " field, of the accumulator, in the status flag. " ... '" .., :>: UJ 

1- *1 " TEST @HL,b 010 1 lOb, b o 58+b (SF)+M[(H.L) ]<b> - 1 ..,H 
..... 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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TOSHIBA TMP47C40P,TMP47C41P,TMP47C20P,TMP47C2IP 

Items 
Assembler Object Code Function lFlag(*) 1(**) 

IL-.. Mnemonic CF ZF SF 
Class Binary (A) Functional Description 

TEST y, b 0 0 1 1 1 0 0 1 3 9 (SF)+Mly]<b> I~ - *1 2 

1 0 b1b o 
8+by Places the inverse contents of the bit, which 

Y3YZY1YO 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, 

TEST %P,b 0 0 1 1 1 0 1 1 3 B (SF)~P[pl,b/ 1- - *1 2 

1 0 b1b o 
8+b P Places the inverse contents of the bit, which 

P3 P2 PI po is specified by the b of the instruction 
field, of the port (port register in the 

I 
output port, and pin input in the input and 
I{O port) specified by the p of the instruc-

c i tion field, in the status flag, 
c I . .., 

1- *1 w TEST @L o 0 1 1 o 1 1 1 3 7 (SF)+P[(LR)<3:2>+4]«LR)<1:0» - 2 u 
~ Places the inverse contents of the bit, which 
'" w is specified by the lower-order two bits of U) 

" the L register, of the ports R4 - R7 (pin H 

input) specified by the higher two bits of 
c the L register, in the status flag, a . .., 
w 

11 *1 oj TESTP CF o 000 o 100 o 4 (SF)+( CF) , (CF)d - 1 ..., 
~ Places the contents of the carry flag in the P-. .., status flag, and then sets the carry flag to c 
oj tll". :;; 

w TESTP ZF o 0 0 0 1 1 1 0 o E (SF)+(ZF) 1- - * I 1 . .., 
'" Places the contents of the zero flag in the 

status flag, 

TESTP GF o 000 000 1 o 1 (SF)+(GF) 1- - *1 1 
Places the contents of the general flag in 
the status flag. 

TESTP y,b 0 011 100 1 3 9 (SF)+M[y 1 <b> 1- - *1 2 

1 1 b,b o 
C+b y Places the contents of the bit, which is 

Y3Y2YlYO 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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TOSHIBA TMP47C4QP.TMP47C41P,TMP47C2QP,TMP47C21P 

Items 
I~ Assembler 

1 Mnemonic 
C ass 

~Obiect Code Function IFlag(*) 1(**) 
/ CFTzIiTsF/ 

" 0 
'M 
w 
U 
;1 
,~ 

'J 
<il 

" H 

I Binary (*,,) 

TESTP %P, b I 0 0 1 1 1 0 1 1 3 B 

11 1 b,b o P3P2P,PO C+b P 
i 

Functional Description 

(SF)+ P [p]<b> 
Places the contents of the bit, which is 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 Dy the p of the instruc­

i-S-E-'T-G-F---I- O-OOO--O~ -~---; .. ~(ccGF::..),-~-=l~ ____ ~=_. __ ~~_...J'L_-__ -.-:=.l-"--'-=1'----. 
Sets the general flag to "1". 

tion field, in the status flag, 

SET @HL, b 0 1 0 1 

SET y, b 0 0 1 1 

0 0 b, bo 

o 0 0 0 

0 0 b1b o 

1 0 0 1 

Y3 Y2 Yl yo 

o 0 1 0 

5 b 

3 9 
b y 

M[ (H, L)] <b>+ 1 
Sets the bit, which is specified by the b of 
the instruction field, of the cata memory 
specified by the Hand L registers, to "1". 

Sets the bit, which- is specified by the b of 
the instruction field, of the data memory 
specified by the y (page 0) of the instruc­
tion field, to "1". 

;-;- P[p)<bH1 1- - 1 I 2 
b y t-Sets the bit which is specified by the b of 

the instruction field, of the port specified 
by the p of the instruction field, to "1". 

3 4 

o 2 

~[(-L--R-)I-·-3-:2·->-+-4-)-'·-(-L-R-)-<-1-:0->->-~-1-----.I-----~--l·!--;--

~S~e7t~s~tLh~e~bTi7t-,~w~h~i~ch~1~·s~s~p~e~c~1'·fTl"e~d~b~y~the lower 
-order two bits of the L register, of the 
ports R4 - R7 specified by the higher-order 
two bits of the L register, to "1'1. 

(GF)~O 

Clears the general flag to o 
. +-- I I 

01b,bo 54+b M[(H'L)J<b>~O - - 1 1 
~lears the bit, which is specified by the b 
of the instruction field, of the data memory 
specified by the Hand L register) to "0". 
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TOSHIBA 

Items 
I~ Assembler 

1 :Mnemon 1 C 
C ass 

CLR y, b 

~---

CLR %P, b 

TMP4ZC4QP,TMP4ZC41P,TMP4ZC2QP,TMP4ZC21P 

1 Flag(*) 1<**) 
_______ O __ b_j_e_c_t __ C_o_d_e-r~o~--~---------F-u-n--c-tl-·o-n~----____ ~--~IC~F~'I~:Z~F~rS~F~~L---~ 

Binary (*'{-j,,) Functional Description 

o 0 1 1 1 0 0 1 39M [y 1 <b < 0 1 - - l1 2 
o 1 b,b o y,Y2Y,YO 4+b y ~ears--ttl;;-bit, which is specifiedby the b 

! of the Instructlon fIeld, of the data memory 

I
, specified by the y (page 0) of the instruc­

tion field, to "0". 
c--- - --- - .-.--- -------- .----.--------------.-.~----~----

o 0 1 1 1 0 1 1 3 B ~~~------. __ G __ -=--ll~ 
o 1 b,b o P3P,P,PO 4+b p Clears the bit, which is speclfied by th" b 

of the instruction field, of the port spec­
ified by the p of the instructlon field, to 
"0" . 

-----------+-----------
1- - 1 1 2 CLR @L 

CLR IL, r 

EICLR lL,r 

DICLR IL,r 

I e 
e a IN %P, A r-<'.O 
~ J 
OJ :: 
p. ... 
e '-" 
~ Ul 

o 0 1 1 0 I 0 1 3 5 P [(LR) <3 :2>+4] «LR) <I: ()>>-<-O 
Clears the bit, which is specified by the 
lower-order two bits of the L register, of tlle 
ports R4 - R7 specified by the higher-order 
two bits of the L register, to "0". 

o 0 I 1 0 1 1 0 3 6 (INTL)<5 ;O>-<-(INTL)<5:(»Ar<5:0 ·1-- 1 1 2 

1 1 r.:;r4 r3 r 2 r l r O C+rHrl Resets the interrupt latch INTLl when the rj 
of the instruction field is "0". (J ~ 5 - 0) 

------------------- -

o 0 I 1 0 1 1 0 3 6 I (EIF) -<- l, I T 2 
o 4+rHrL' ONTL)<5:0>+ (TNTL)<5:0>Ar<~ - I 

1 r5 r 4 r3 r 2r l r O rsets the interrupt e-nablemaster F~/:F~t-o--'-.'~'l~'"'~. 

0 0 1 1 0 1 1 0 

1 0 rs r4 r.3 r Z r l r O 

0 0 1 1 1 0 1 0 

0 0 1 0 P3P2PIPO 

3 6 
S+rHrL 

3 A 
2 P 

Interrupt latch INTLj is reset when the rj 
of the lnst ruction field is "0". (j = 5 - 0) 

(EIF)-<-C, I 
(INTL)<5:0>-<-(INTL)<5:0>Ar<5:0> - - IT 2 

Resets the interrupt enable master F/F to 
"all. Interrupt latch INTLj is reset when 
the rj of the instruction field is "0". 
(j~5-0) 

(P.C)~P[pl /- z zT 2 
Places the iilput data from the port sped tied 
by the p 01 the instruction field in the ac-
cUInulat(lr. 
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TOSHIBA TMP4ZC4QP,TMP4ZC4lP,TMP4ZC2QP,TMP4ZC2lP 

I~ Assembler Object Code Function IFlag(") I (*") 

Mnemonic CF ZFlsF. 
Class Binary (*"*) Functional Description 

IN %P, @HL o 0 1 1 1 0 1 0 3 A M[ (H ,L)]+P [pI 1- - z I 2 

o 1 1 0 6 P Places the input data from the port specified P3P.P,PO by the p of the instruction field in the data 
memory specified by the Hand L registers. 

OUT A, %1' 0 011 1 0 1 0 3 A P[p]+(AC), P=P.P 3P2 P,P O 1- - 11 2 
- 8+2- Outputs the contents of the accumulator to 1 o P.O P3P. P1Po i P4P 

the port specified by the p of the inst ruc-
I tion field. (0 ~p ~31) 

" OUT @HL,%P 0 011 1 0 1 0 3 A P[p]+M[(H'L)], P=P,.P 3P2 P,P O 1- - 11 2 0 
'M - C+2P4P Outputs the contents of the data memory ... 

1 1 1'40 P3P.P,PO OJ specified by the Hand L registers to the :> ... port specified by the p of the inst ruction ... 
'" field. (0~ps.3l) " H 

... OUT i/k,%P o 0 1 0 1 100 2 C P[p]+!< 1- - 11 2 :> 

"" k P Outputs the immediate data k of the ins truc-... k3k.k,ko P3P.P,P :> tion field to the port specified by the p of 0 -- the instruction field. Serves as the clear ... 
:> I instruction when k = o. 0-

" ~ 
~[2]oP[ll+ROMIF'(E+(CF»)'MI(H'L)J'I'_ - 11 2 

OUTB @HL a a a 1 a a 1 a 1 2 

routputs 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 Hand L 
registers and those of the carry flag, as 
lower-order five-bit addresses, to the P2 -
PI ports. 

OJ § BS a all a aUa1089Be 6 aH If SF=l then (PC) .. a else null, I - - 1 I 2 
" 'M rrraces the immediate data a of the instruc-....... 

87 8 68,5340 a3 a 2a la • 4..1 u .. aM aL 
..c:: :> " tion field in the program counter if the 
OJ 0 ... 

status flag is at "1". If the status flag " ... ... <ll .D .. 
is at "0", sets the status flag only to "I", ... :> " ",,,,H 
and moves to the next address. 
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TOSHIBA TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

r terns 
Assembler Object Code I I Flag(*) I (**) 

''-----) Function 
Mnemonic -- lCFjZFjSFj 

Class Binary R~) Functional Description 

BSS a 1 0 d~d<. d 3 d 2 d 1 d o 8+dHdL If SF~l then (PC)+a else null, I_ II 1 
a~(PC) d1·6 > • 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 bi t50 of the 
program counter. Since the updated value 
remains in the higher-order six bits, if 
this instruction is speci fied in the last 

" 
address in the page, branching ;is carried 

0 out to the next page. If the status flag is 
'M 
w at "a", it sets the status flag only to 111", 

... and moves to the next address. [Note 5] 
w 
~ 

CALL a o 0 1 0 o 310393S 2 STACKI(SPW}J+(PC),(SPW)+(SPW)-ll _ -I .s aH 
2 -

'" 37 3 635 3 4 33 3 2 3 1 3 0 
aM aL (PC)+a,0,;a,;2,047 

c Carries out the subroutine call; saves the '-w contents of the program counter in the stack, 
~ 
0 and decrements the stack pointer word, and ... 
.c then places the inunediate data a of the in-
c7. struction field in the program counter. 
.= However, the call address of the subroutine 
c must be in the addresses 000 -7FF. 
'" ... [Note 5] 
'" 

CALLS a 0 1 1 1 n3 n 2 n l11o 7 n STACK[(SPW)]+(PC) ,(SPW)+(SPW)-lj_ 

-J 2 
(PC)+a, a~8n+6(n*0), 134(n=0) -
Carri~s out the short form subroutine call. 
The operation is the same as that of the 
"CALLI! instruction except that the value to 
be set in the program counter is automatic-
ally defined by the n of the instruction 
field. [Note SJ 

RET o 0 1 0 1 0 1 1 2 A (SPW)<- (SPW)+l, (PC) <-STACK [(~-PW) J/ - - -/ 2 
Returns from the-subroutine to the previous 
rrogram~ increments the stack pointer word. 
Jnj restores the data of the return address 
fr(lm the stack to the progran counter. 
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TOSHIBA TMP47C4QP,TMP47C41P.TMP47C2QP,TMP47C21P 

\ Itemi Assembler Object Code Function I Flag(*) 1(**) 
~ Mnemonic ~ ______________ .-__ ~~ ___________________________ ~_~C~F~'~~F~S~F~ __ ~ 
Class Binaty (*\) Functional Description 

RETI 

o 0 0 0 o 0 0 0 a 0 

(SPW)+(SPW)+I, I 
(FLAG' PC)+STACK [ (SPW) 1, (EIF)+-l * 
Returns from the interrupt processing routine; 
increments the stack pointer word, and re­
stores the data of the return address from 
the stack and the data of the flag, to the 
program counter and the flag, respectively. 
And then, it sets the interrupt enable master 
F/F to "I". 

no operCltion I - - ~ I 1 ______ ~ ________ ~~ _______________ L-___ ~-L __ ~ 

Moves to the next instruction without perform­
ing any operation. 

Note 1. Setting Condition of Flag. 

Note 2. 

Note 3. 

"c" indicates the carry output from the most significant position 

in the addition operation, and "B" indicates the borrow output from the 

wost significant positior.. in the subtraction operation5 

nZ" indicatec, the zero detection signal to which "I" is applied 

onlv w},CTI either tl1(> ALL' output of thf' proceo:.;sing result or all 

four bits of the data transferred to the accumulator are zero. 

The flag is set to "e", "e", "B", "Z", "Z", "I" ~ or "0" according 

to the data processing rusult. The yalue specified by the function is 

set to the flag with the mark "*", and the mark 

in the state of the flag. 

denotes no change 

The zero flag is set according to the data set in the accumulator . 

. '~ 
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. Hold Tnp:It 

5. Interrupt input 

6. 1nput/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 conponent 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 wi th the basi c 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 (Ml 'UM4)' 

and each machine cycle requires four basic clock times. 

CP 

M2 

J L-____________ ~r__ 

Machine cycle 
I· • 1 

I. Instruction Cycle 

PC+l+PC 

ROM+IR·Decoder 
• 

PC+ROM 

• 1 

RAM'Registor+~LU ALU+~'Registor 

Po~put Por~tput 

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 

{XIN, Xour). By the way, thc oscillation circuit serves as Schmitt 

circuit. 

The clock generated in the oscillation circuit is called the 

"basic clock" with which the internal control is synchronized. The 

basic clock is applied to the timing generator and the control cir­

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

(a) For X-tal or ceramic resonator 

(b) For RC 

XOUT 

9 
(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 

QD The supply voltage is within the operating voltage. 

GD The oscillation circuit operates stably. 

Gl The RESET is held at the low level in at least three instruc­

tion cycle time. 
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The following processing are performed by the initialization 

operation. 

CD Reset the program counter to "a" 

CV Set the status flag to "I". 

CD Reset the interrupt enabling master F/F and the interrupt 

enabling register to "0", and also reset the interrupt 

latch to "Oil. 

@ Reset the divider to "0". 

CD Initialize tbe 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 tbe program can be executed 

from address 0 in sequence. 

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

with pull-up resistor (:t 300krl TYP., MOS-Ioad resistor), 

3.4 Hold input 

The hold function is the function that holds the status im­

mediately before the system operation is stopped at low power con­

sumption. The HOLD terminal serves as Schmitt circuit input and is 

used to the signal input requesting or releasing of the hold operation. 

Further, for details 0: the hold operation, refer to the description 

of the hoJd control circuit. 

Caution: To restart the system operation from the hold operation 

at low holding voltage, tile following precaution is required. 

When supply voltage rises from holding voltage to operat-

ing voltage, the RESET input is also at the high 

level and rises together with supply voltage. 
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II a time constant circuit, etc. are externally added in 

this case, voltage build-up at the RESET input \Jill be 

slO\.;er than that of supply voltage. Therefore, if voltage 

level at the I~ESET Input drops below tile non-reversible 

high 1evel (Sch~itt circuit) .1t the RESET terminal input 

at this time, ttlC initializatioll operation may possibly 

be executed. 

3.5 Interrupt input 

Two pins (INTI, INT2) are provided for the external interrupt 

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

used as I/O pins (RS2, RSO) respectively, if not used as the inter­

rupt input pins. 

The interrupt via INT2 can be inhibited at any time by the 

program, but tile interrupt via INTI is not inhibited by it inde­

pendently. Therefore, when this pin is used for the RS2 port, 

the interrupt will always take place due to the detection of the 

falling edge of the signal. It is necessary to set a dummy inter­

rupt sC:'rvice program including the (RETI) ins truction only, even 

if the INTl is not used. 

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

inputs (INTI' 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 shuuld be kept for more than two instruction cycle time. 

The external interrupt input is the Schmitt circuit input. 
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INTLl 

ElF 

TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

Instruction 
cycle 

\~ ______________ L;-_-__ -_-__ -_-_-__ -_-__ -_-__ -_-__ -_-__ -_-__ -_-__ -_-_-___ -

_____ ----J/ \L ______________________________ _ 

\'-____ -J/ 
-+ -- - -+--- --_. 1-1 -----+1 ~------.....,·Ir- --- ---t-

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 INTI interrupt) 

3.6 Input/output port 

(1) Input/output timing 

The timing to read the external data from the input port or I/O 
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 he processed hy 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), hut this timing cannot be externally recognized. 

1st Cycle 2nd Cycle 
Input instruction 

Input strobe ~ 

Ca) Input Timing 

Output instruction 
1st Cycle 2nd Cycle 

M2 I M3 1 

Latch strobe 
_______________ -JrL 

External pin -----------------~~ 
(h) Output Timing 

Fig. 3.6.1 Input/Output Timing 
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(2) 
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.., 0 
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;:> ;:> 
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... ... 
til 

ID 
~ 

1:;Z 
.., 

.., <\I 

5.~ 
.., 0 
;:>r.. 
0 -- .., "'oM 
;:> ;:> 
o.u " ... HOM 

U 

... ... 
til a 
~ 

Input/output circuit format 

The input output circuit format of the input/output port is shown following. 
For the TMP47C40P, TMP47C20P, TMP47C4lP and TMP47C2lP, any of the input/ 
output circuit systems shown in the following tables can be selected. You 
can specify your input/output circuit system when requesting the program tape. 
(In the case of high breakdown voltage output type, production part's number 
is TMP47C4lP or TMP47C2lP.) 

*. Port **. Circuit 
Input/Output Circuit Code (IOCODE) FA 

Input (Ko) Output (P " P 2 ) 
I/O I/O (R 7) I/O (Rs ,Rg) 

(R4 ,Rs ,R.) 

:5- :5 :!f ~r R 

~ 

R = lkO (TYP. ) R = lkO(TYP.) R = lkO (TYP.) R = lkO (TYP.) 

o No resistor o Sink open o Sink open o Sink open 0 Schmitt cir-
is contained. drain output. drain output. drain output. cuit input. 

o Output latch o Output latch o Output latch o Sink open 
is initial- is initial- is initial- drain output. 
ized to r:he ized to the ized to the o Output latch 
high level. high level. high level. is initial-

ized to the 
high level. 

Input/Output Circuit Code (IOCODE) HA 

Input (Ko) Output (P " P 2 ) 
I/O I/O (R7 ) I/O (Rs ,R.) 

(R4 ,Rs ,R.) 

~ ~t ~C :if ~ 
R = lkO (TYP. ) R = lkO (TYP. ) R = lkO (TYP. ) 

o No resis tor o Source open o Source open o Sink open o Schmitt cir-
is contained. drain output. drain output. drain output cuit input. 

o High breakdmm o High breakdown 
Output latch o Sink open 

voltage output voltage output 0 drain output • 
o Output latch is initial-o Output latch o Output latch 

is initial- is initialized ized to the 
is initial-

ized to the to the low level high level. 
ized to the 

low level o Only for high level. 
output 

(Note: In this case, production part's number is TMP47C4lP or TMP47C21P.) 
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*. Port **. CIrcuit 

Input/Output CIrcuit Code (IOCODE) FB _~ ___ _ 

~-;;;;~'~~:;J::::To;'~;;;;;~:'~: t ~ ,E, , T---;;;;( ", u r' I" ("'" , 

~~ JR1N 1:~9~ 1-{><>--1~ I ~)~r ~ ~ o.!. -Po--{>-I ---t>o---I r i -t>o-----1 R I l P I-{><>-----i l R 

I! 0 ;;~~:.ri~i -, :500::;,) ::~;~;t~, I ~~~,J ::;~~';~;i: 
contained. I I I 

o Output latch 'I 0 ?ut~u:: latch 'I 0 Output latch 0 Sink open 
is initial- I 18 lnlt~al- is initial- drain output 
ized to the ized to the ized to the 
high level. high level. high level. 

o Output latch 
is initial­
ized to the 
high level. 

*: Port **: Circuit 

[nput/Output Circuit Code (IOCODE) FC 
~----- ------ ----------,:...---
1** (I---_ Input (Ko) Output (P"P2) ~Lk2'R6 I/O (R7) 1/0 (Re ,E9) 

'-' 
'-, '" " " 

=~ :1f -t» j~f 
Po'" 
"-' 0 

R f--D "'" 0 o----r::>O--<C>-1 -{>o----I -. '--' 
'-' 'M 
oJ :l RIN 1 PoU '" ,., I -+ H''''' 

U 

I RIN=70kSl (T'iP')( 
, R ~ lkSl (TYP. ) Gno (,,,, R = lkSl (TYP.) R = lkSl (TYP. ) l----1-- - - -- -- - - - - ~- J-----------

[0 Pull--down a Sink open o Sjnk open 0 Sink open 0 Schmitt cir-
resistor is drain output I drain output dra10 output cuit input 

! contained. 
0 Output latch 0 Output latch 1° Output latch ° Sink open 

"" '"' i is initial- is initial- is initial- drain output ,. I 
" i ized to the ized to the ized to the 

latch (I) 

high level. high level. 
0 Output 

'" high level. 
1 is initial-

I 
I 

ized to the , high level. I 
'--- I 
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RIN~70k[i,(TYP. ) 

R ~ lk[i, (TYP.) 
I-~I--~ --- ~- ~---

o Pull-up 
resistor is 
contained. 

TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

o Source open 
drain output. 

o Source open 
drain output. 

o High hrcakdm<H 
vol tage output 
Output latch 

o High brcakdo,"n 
voltage output 0 

a Output latch 
is initial­
ized to the 
low level. 

is initial­
ized to the 
10\\7 levc]. 

o Onlv for 
out~ut. 

*. Port **. Circuit 

R~ lkn (TYP.) 

o Sink open 
drain output. 

o Output latch 
is initial­
ized to the 
high level 

R ~ lk[i, (TYP.) 
f---~ ~-~--~--~---~ 

o Schmitt cir-~ 

cuit input. 

o Sink open 
drain output. 

o Output latch 
is initial­
ized to the 
high level. 

(Note: In thlS case, productlon part's number lS TMP47C41P or TMP47C2IP.) 

*. Port **. Circuit 
--

Input/Output Circuit Code (IOCODE) HC 

~ 
-------- ----- _.- ~-

lR. ~k~ 
--,---~ 

Input (Ka) Output (p, ,P z ) K6 ) I/O (R7 ) I/O (Ro,Rg) 

w I 
w '" 

~ '~~ I-P-~rff 
::J s J VDD 

~~J~ 
P.H 
W a 

T ::J "'" 0 

--{>-1~ 
--<}-«J- R I ~ R 

---. w 
W 'M 
::J ::J 
p. u 

" H H 'M 
U 

RIN~70k Il(TYP.) 
R ~ lkll (TYP.) .' ~ '" (~": '-f ' ~ "''' (TI'.) 

---~ ------------
a Pull-down a Source open a Source open o Sink open 0 Schmitt cir-

resistor is drain output. drain output. drain output. cuit input. 
contained. ° High breakuown 0 High br"akdown o Output latch Sink open 0 

'" voltage uutput 'To1 tage outpu t H is initial- drain output. 
'" a Output latch 
m o Output latch is initial-

ized to the 
o Output latch 

'" high level. is initial- ized to the is initial-
ized to the high level. ized to the 
low level. 0 Only for high level. 

output. 

(Note, In this case. produc tion part's number lS TMP47C4lP or TMP4 7C21P.) 

MCU47-20S 



TOSHIBA TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

3.7 Other pins 

Timer/Counter input 

Two pins (Tl, T2) are provided for the external timer/counter 

inputs. Since these pins are common pins \Ji th 'RoB port, they can he 

also used as I/O pins (RS3' RS I )' respectively, if not used as the 

timer/counter inputs. 

The count latch is set by the rising edge of the external input 

(Tl, T2), 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 ti~es. 

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

Serial port 

This port is connected to the external cireui try via three pins 

(SCK, SO, SI) , which are also used for the Rg port. These pins can 

be used as the pins of the Rg port (R92, Rgl, R90), 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.). 
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TENTATIVE 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS (Vss ~ OV) 

SYMBOL ITEM RATING UNIT 

Vnn Supply Voltage -0.5 'V 7 V 

VIN Input Vol tage -0.5 'V Vnn + 0.5 V 

VOUTl Output Voltage 
-0.5 'V Vnn + 0.5 (Except open drain terminal) 

VOUT2 Output Voltage 
-0.5 'V 10 V (Sink open drain terminal) 

VOUTJ Output Voltage 
- 35 'V Vnn + 0.5 (Scurce open crain termin.]l) 

Pn Power Dissipation (T()pr~70°C) 600 mW 

Tsld Soldering Temperature· Time 260 (10 secJ __ 

Tstg Storage Temperature -55 'V 125 °c 

Topr Operating Temperature -30 'V 70 

RECOM~1ENDED OPERATING CONDITIONS (VSS ~ OV) 

SYMBOL ITEM CONDITION MIN. MAX. 

Topr Operatinr, Temperature -30 70 
VDn Supply Vol tage 4.5 6 
VnDH Supply Voltage (Hold) 2 6 

VIHl 
Input High Voltage (Except 

VDD x O. 7 VDn Schmitt circuit input) [Note 1] 
Input High Voltage VDD ? 4.5V 

VIH2 
(Schmitt circuit input) VDDXO.75 VnD 

VIH3 'Input High Vol tage Vnn < 4.5 VDD x 0.9 VnD 

VILl 
Input Low Voltage (Except 

0 Vnnx 0.3 Schmitt circuit input) [Note 1] 
VDD;' 4.5V 

VIL2 Input Low Voltage 
0 VDnXO . 25 (Schmitt circuit input) 

VIL3 Input Low Voltage VDD < 4. 5V 0 VDD x 0.1 

VOUT Output Voltage (Source open 
VDD-35 VDD drain Pl P2 PA ""Pfi) 

fC Clock Frequency 0.4 4.2 
tWCH Clock High Pulse Width [Note 2] VIN = V~1i 80 -
tWCL Clock Low Pulse Width [Note 2] VIN = VIL 80 -

(Note 1) R4 'V R6 ports are exclusively used for output except the sink open 
drain ou tpu t. 

(Note 2) In case of the external clock operation. 
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TOSHIBA TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

D. C. (}lARACTERISTI CS (vss=ov, VDD=sV±lO%, Topr=-30 'C 70°C) 

SYMBaL PARAHETER caNDITION 
Note 1 

MIN. TYF. MAX. UNIT 

- I 0.7 ----r-
i 

VHS Hysteresis Voltage 
___ (S"hrnitt ~rcuit input)_ _ _________ _ 

I --'-Input Current 

INI (KO, Houi\ [Note 2] VDD=5.sV 

I1N2 Input Current V1N=s.s/OV 
~ ___ -+~(~S_l_'n_k_open drain R port) --0 

- V 

±20 
! wA 

~2a I 
I Input Low Curren:t:------------ VDD:;;S-:-SV, _ 

__ 1L __ c-c.Cl'uSh-PlJ~I<z.."'-R_~ ___ . ____ ...\7.1N=0.:4_V ____ + ___ + __ ---j ___ +--_--l 
RIN Input resistor 

-2 rnA 

I 

2.4 

(KO with input resistor) 
1----- -Outpu-tLeak--Curren t- .-- ------ VDD-s. SV, 

1LOl (Sink open drain F, R port) VOUT=s.5V -
I Output-Leak-CurreIlt(Source--- -VDD=": SV ~-+-----

L02 open drain F 1 ,F2 ,R4 'C R6) VaUT=-32V 
f---- ---f--------------------- .-------- ---------------

VOHI Output High Voltage VDD=4. 5V, 2.4 
______ ---J.f'.':lsh ~~_!(L~__________ _I_Q.H=- 20o..ll.L-l--__ -+-___ f.--_----1 

V Output High Voltage (Source VDD=4.sV 
OH2 open drain Fl, P2) IOH=-1.6~ 

------OufpuC riIghV6Tt-age\Source --- --VDD=4.::'sccV"',=-+--
Vo.H3 open drain R4 'C RG) 1aH=-lOmA 2.4 

--- ----o,;r-pllt Low VOltage(P;-Rport VDD=4.sv, 
VOL except source open drain) I OL=1.6mA 

ape rating Supply VDDlVD-D---H~)--cs~.~s~V~,'~f~c~-~-+----~---+--
Current [Note 3] 4MHz, VIN=S.3/0.2V 

30. ISO. Hi 

20. 
: pA 

-20. I 

- I 
-

V 
- I 

! 

0..4 

6 rnA 

IDDH 
Holding Supply (all valid) CL=sOpF, 
Current [Note 3] CX1N=CXo.UT=10pF 

20 iJ A 

(Note 1) TYP. values show those when Topr=2soC, VDD=5V. 
(Note 2) When the Ka port has a built-in input resistor, current by resistor is 

excluded. 
(Note 3) When Ka port has a built-in input resistor, current value is that at 

time of open. Further, voltage level at R port is valid. 

A. C. CHARACTE RISTI CS 

A. C. TIMING CHART 

Serial Port (Completion of Transmission) 

MCU47-208 
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TOSHIBA TMP47C40P,TMP47C41P,TMP47C20P,TMP47C21P 

EXTERNAL DIMENSION VIE\, 

Unit in nun 

41 39 37 35 33 31 29 27 25 23 

~:1:~:::~:~:~:!:~~] 
I 2 3 4 5 6 7 8 9 10 12 14 16 18 20 

11 13 15 17 19 21 Note I 

x ~ 15.24(TYP.) 
[: 

---~- "'" 5° 53.8 MAX. cO :z. 
, co M 0 M 

~ ~ 
3 

O.5±0.1 E5 ~ 
Note 2 f-o 

:z. 
2.54 en IS.3'cI8.3 

1.4±O.lS en M 
N 

Weight 5.7g (TYP.) 

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

leads. 

Note 2. Each lead pitch is 2.54mm, and all the leads are located within 

±O.2Smm from their theoretical positions with respect to No.1 

and No.42 leads. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

TOSHIBA HOS TYPE DIGITAL INTEGRATED CIRCUIT 

TMP47C40N,TMP47C41N 

TMP47C20N,TMP47C21N 

SILICON HONOLITHIC SILICON GATE HOS 

CNOS 4-BIT SINGLE CHIP ~lICROn~PUTER (TLCS-47C) 

TNP47C40N, TNP47C20N, H1P47C41N, H1P47C21N 

GENE RAL DES CRI PTI ON 

THP47C40N, THP47C20N, THP47C4lN and THP47C21N are the shrunk package 

versions of THP47C40P, THP47C20P, THP47C4lP, T~W47C2lP.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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TOSHIBA TMP47C40N,TMP47C20N,TMP47C41N,TMP47C21N 

E XTE RNAL OJ r~ENS I (l'j VI EW 

Unit in mm 

1 2 ::3 4 5 6 '7 8 9 10111213 141516 1718 19 2J 21 

38.0 ± 0.2 
Note 1 

C"'· "" 

I. 15,3-17.4 

0.23 typo 

O.46±O . .l 

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 ±O.2Smm from their theoretical positions with 
respect to No.1 and No.42 leads. 
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• iii. TECHNICAL DATA 

TOSHIBA 110S TYPE DIGITAL INTEGRATED CIRCUIT 

TMP47C22F 
SILICON MONOLITHIC SILICON GATE C110S 

INTEGRATED CIRCUIT 

CMOS 4-BIT SINGLE CHIP MICROCmlPUTER TLCS-47(C) H1P47C22F 

GENERAL DESCRIPTION 

The TMP47C22F is a chip countaining LCD driver for the TLCS-47C. 

The memory capacity consists of ROH 2,048 x 8 bits and RAH 192 x 4 bits. 

The THP4700AC (NHOS) is an evaluator chip lIsed for the system development. 

FEATURES 

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

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

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

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

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

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

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

lZ-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 mocle are programrr.ahly 
selectable. 

l8-stage divider (with 4-stage prescaler) 
Frequency applied for timer interrupt of divider is programmably selectable. 

LCD drive circuit (automatic display) built-in 
LCD direct drive is available (Hax. l2-digit display at 1/4 duty LCD) 

• 1/4, 1/3, 1/2 duties or static drive are programmably selectable. 
Hold function 

Battery operation/condenser backup is avilable. 
On Chip oscillator 
TTL/CHOS compatible 
+5V single power supply 
67-pin flat package 
Si-gate CMOS LSI 
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PIN CONNECTIONS (Top View) 

PIN NAMES AND PIN DESCRIPTI~NS 

Pin Names 

Ko'3 'U Ko 0 

R43 ,\, R40 

Rs -3 ,\., Rs 0 

RS3 

Ra2 

Rao 

(Tl) 
(INTI) 
(12) 
(INI2) 

Rg , (SCK) 
Rg 1 (SO) 
Rg 0 (SI) 

No.of I/O 

IP~-"-~~ 
'1 4 I I/O 

, 4 I I/O 
4 I/O 

I 4 I/O 

'\'- 1 -T I/O 

I ,-

1 

1 I I/O 
I I I/O 
I I I/O 

1 

SEC, 3 ",SECD I 
COM 4 "'(;()~ 1 -li 

1 +----i /0 

I I/O 

1 _\ 1/0 

24 Output 
4 Output 

XlN, XOUT 

RESET 
HOLD 
TEST 

VDD 

Vss 

VLC 

I 

Input, 
Output 

1 

lnput 
Input 

I Input 

I Power 
supply 

supply 
1 Power 

supp I,y 

TMP47C22F 

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

2. N.C. No connection 

Functions 

InpuL port 

I/O port 

--- --------- ---------

I/O port or timer / coun ter input 
I/O port or interrupt input 
I/O port or timer/counter input 

1/0 port or interrupt input 

I/O port or shift clade for 
or serial output 
or serial input 

LCD Segment driver output 
LCD Common d ri ver au tpu t 

serial 

ReSoDdtor connec.tion terminal 

Initialize signal input 
Hold signal input 
(Low level is input.) 

+5V 

OV 

LCD drive pmver supply 

I 
I 
I ---------] 

port 

I 

~1 
I 

------J 
I 

---L------ -- ----

1 llower 
~--------- -----~----- ------------------J 
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BLOCK DIAGRAM 

HOLD 

RESET 
TEST 

XIN 

XoUT 

:61 
"'I 
wI 
;31 
"'I "", 

ROM 

PC 

'"' CJ 

"" a 
u 
CJ 

"" 
RAM 

L __ ~~ __ 

: ___ T~~_ 

~-}SiL 
: ~!'!I 
: STACK 

o m 0 ~ 0 mom 

J r".,J ~ rv;3 ~ rvJ ~ '\.,~ 

TMP47C22F 

VSS 

R92 (SCK) 
R9 ,(SO) 
R90 (SI) 

R83 (T,) 
R82 (INT,) 
R 8 ,(T 2 ) 

Rso (INT 2 ) 

~~ NAME AND DESCRIPTION 
f---------Block Names Functions 

Program counter (12 bits) 
Program memory 

PC 
ROM 
IR, decoder 
HR, LR 

RAA 
RAM 
STACK 
SP" 
DC, data table 
AX, AY 
ALU 
AC 
FLAG(CF,ZF,SF,GF) 
K, R 
INTR can t ro 1 

FD 
Tel, TC z 
TC control 
SIO control 
LCD drive control 

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

Instruction register, Decoder 
H register (Page assignment of 
assignment in RAM page), (each 
RAM address buffer register (8 
Data memory 

RAM), L register (address 
4-bit register). 
bits) 

Save area of program counter and flags (RAM area) 
Stack pointer word (RAM area) 
Data counter (12 bits,RAM area), Data table (ROM area) 
Tempoerary register of ALU input 
Arithmetic and logic unit 
Accumulator 
Flags 
Ports 
Interrupt control 
(ElF: Enable interrupt master F/F, ElR: Enable inter­
rupt regi_ster\ 

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

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

MCU47-214 



TOSHIBA 

FUNCTIONAL DESCRIPTION 

Concerning the TMP47C22F, the configuration and functions of 

hardwares are described. 

As the description has been provided with priority on those 

parts differing from the TMP47C20p (The TLCS-47C standard chip), 

the technical material for the TMP47C20P shall also be referred to. 

1. System Configuration 

1.1. Program Memory (ROM) 

The TMP47C22F is in 32 page configuration in a unit of 

64 words per page with the built-in 12 bit program counter 

and 2,048 x 8 bits (000 ~ 7FF addresses) program memory. 

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

and P2, the instruction (OUTB @HL) and PLA data conversion table 

cannot be used. 

TMP47C22F 

The relationship between ROM capacity and addresses is shown 

in Fig. 1. 2.1. 
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1. 2 Da ta Memory (R<~M) 

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

dresses 00 'V BF) and is in 12 pages configuration in a unit of 

16 words per page. 

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

has 3-bi t length, addresses CO'" FF have no physical RAM, but the 

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

and (l~\"). ,,,: denotes "don I t care. "]; therefore, when addresses 

CO'\; FF are accessed on a program, RAM equivalent to addresses 

80,,-, BF is accessed. In 0ther words, on a program a specific ad­

dress of RAM is addressed to addresses CO '0 FF, while on the TMP 

47C22F, RAM equivalent to addresses 80", BF is allocated. 

The relationship between RAM capacity and addresses is shown 

in Fig. 1. 2.1. 

Address 

000 

7FF 
800 
(~OOO) 

FFF 
( ~7FF) 

ROM Address RAM 

I 

Program 
( data) 

, 
I 

4> 

, I (Image of ad-

L _______ J ~ ~e;;~s 000 ) 

00 

7F 
80 

Specific 1 
address J 

EF area 

co I I 

) 'i' ~ 
(~?O)~-·-·---: 1 
FF ' I 

, 'Image nf ad-(~BF) L _______ J ) ( ~ ) 

dresses 3D ~ 
BF 

Fig. 1. 2.1 ROM/RAM Capacity and Addresses 
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1. 3 Port (PORT) 

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

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

out by the input/output instructions. 

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

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

(Input/Output Circuit Format). 

1.4 Timer/counter (TCI, TC,) 

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

time or event. 

The maximum frequency applied to the external input pin under the 

event counter mode is dependent upon the operating state of the LCD 

drive circuit. 

(a) At time of hlanking operation 

Frequency applied at time of a single channel operation is 

fe/64Hz. When 2 channels are operated simultaneously, timer/ 

counter 1 is fe/64Hz and timer/counter 2 is fe/80Hz. 

(b) When LCD display is enabled 

Frequency applied at time of a single channel operation is 

fe/128Hz. When 2 channels are operated simultaneously, both 

timer/counter 1 and timer/counter 2 are fe/144Hz. 
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1.5 

TMP47C22F 

LCD Drive Circuit (LCDC) 

The T!IP47C22F has the built-in circuit that directly drives the 

liquid crystal display (LCD) and its control circuit. 

The TMP47C22F has the following connecting terminals with LCD: 

(a) Cornman output terminals (COMl - COM4) 

(b) Segment output terminals (SEGO - SEG23) 

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

As display data transfer operations to the drive circuit are 

entirely executed by the hardware automatically on the TMP47C22F, it 

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

data memory. 

The devices that can be directly driven is selectable from LCD 

devices of following drive methods: 

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

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

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

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

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

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

(d) Static LCD 

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

The LCD drive circuit consists of the function blocks shown 

in Fig. 1. 5.1. 

SEGo 

Latch & Driver 

Shift Register 

Fig. 1.5.1 LCD Drive Circuit 

MCU47-219 
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Clock 
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Data Memory 
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(2) Control of drive circuit 

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

TIle command registers are accessed as port addresses aPlA and OPIB, 

and are reset to "8ft and "0" at initiali3ation, respectively. 

Command 
register 1 
(Port ad­
dress OPlA) 

Command 
register 2 
(Port ad­
dress OPlB) 

a 
1 

I Selection of LCD drive frequency I 

Frame frequency is based on fc/2 l5Hz. 
fe/2 14Hz. 

(fc: Basic clock frequency) 

I Designation of display data address bank I 

rooo :' (Display area in data memory is 
designated as addresses OO'C 17 

001 : 20'C 37 
010 : 40'C 57 

L-~~~~-1 all : 60'C 77 

}lSB 
3 2 

LSB 
1 0 

100 : 80'C 97 
101 : AD 'C B7 
llO : CO'C D7 
III EO'C F7 

Note: The areas in parenthese are not 
actually designated. 

(*: Don' t care) 

L-,t=='====::::! I Designation of driving method I 

Fig. 1.5.2 

a 
1 

1/4 duty LCD dri ving method is designated, 
1/3 
1/2 
Static LCD driving method is designated. 
Designation of driving method is held. 

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

Control of Drive Circuit 
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Drive waveform of LCD 

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

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

Examples of LeDs and their drive waveforms are shown in Fig. 1.5.3. 

l/fF 

~.~ 

--'--V- cfl:f"L1------.-O 
Data "1" Data "0" - -VLCD 

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

-+-----'f---+-- () 

"1" Data "0" 
--._----_._---------------

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

l/fF 

I~ 
~LJ 

Data "1" Data "0" 

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

l/fF 

o 

-VLCD 

o 

Data "I" Data "0" 

(d) Static drive 

(Note) fF 

Fig. 1.5.3 

LCD Frame frequency, VLCIrVDIrVLC 

LCD Drive Waveform (COM-SEG Terminals) 
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LCD Frame frequency 

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

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

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

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

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

frequency as shown in the following table: 

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

fc fc 4 fc ~,~ fc 
0 215 215 3'215 2 215 215 

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

fc fc 4 fc 4 fc ~ 
1 214 214 3'214 2' 214 214 

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

(fc: Basic clock frequency) 

Table 1. 5.1 LCD Frame Frequency Setting 
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LCD drive voltage 

The VLC terminal is the LCD drive power terminal. LCD 

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

operating voltage and LCD drive voltage are same, connect the 

VLC terminal to the VSS terminal. 

TMP47C22F 

Drive voltage applied to the LCD drive circuit is internally 

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

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

in power switch is automatically turned off to cut off drive 

voltage. 

The LCD power switch turned off by the initialize operation 

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

is se t at "1" and voltage is applied to the drive cireui t. 

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

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

the drive circuit. 

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

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

hold operation is executed at low power consumption. After the 

hold is released, the TMP47C22F is automatically returned to the 

state immediately before the hold operation was started. 

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

voltage is generally at either CO'~ terminals or SEC terminals. 
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Display data setting 
Display data is stored in the display area (max. 24 words) 

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

LCD display data is executed by instructions (ROM data referring 

instruction is mainly used~). 

Display data converted and stored in the display area is 

automatically transfered to the LCD drive circui t and displayed 

by the hardware without any participation by a program. 

Therefore, change of display pattern is possible by changing only 

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

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

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

is shown in Fig. 1.5.4. 

~ Bit 
Address ~ 3 

(D~{l:Y) 0 
1 o 

1 

2 
3 

22 
23 

Fig. 1.5.4 

I 
I 
I 

f---

t 

(SEGo) 

(SEGl) 

( SEG2 ) 
(SEG}) 

(SEGn) 

(SEG23) 

(COM4) (COM3) (COM2)(COMl) 

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

(dot) equivalent to SfSi, COMj (0 < i < 23, 1 ~'O j < 4), and when 

data is "I", the LCD illuminates. 

Number of segments that can be driven varies depending upon the 

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

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

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

All bits in the display area becomes display data. 

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

Bit 2 - Bit 0 only become display data. 

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

Bit 1 and Bit 0 only become display data. 

(d) Static LCD (COMl only is used) 

Bit 0 only becomes display data. 

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

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

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

data. 

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

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

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

register 1 (See Fig. 1.5.2.). 

As the command register 1 is reset at 118" at initialization, the 

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

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

memory is automatically transfered to the drive circuit. 

This operation is executed in the following sequence. 

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

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

counter processing and the interrupt acceptance processing exist, after 

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

to the drive circuit in one instruction cycle. 

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

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

operation, this cycle is not taken place until EDSP is set to Ill". 

Frequency of data sending cycle insertion is as follows: 

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

instruction cycles. 

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

cycles. 

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

instruction cycles. 

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

cycles. 

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

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

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

4.2 ~s to 4 ~s instruction execution speed. 
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Blanking Operation 

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

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

tion. 

The blanking operation turns off the LCD by conditioning 

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

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

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

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

as the blanking operation keeps the COM terminal at constant 

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

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

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

For drive waveforms, refer to Fig. 1.5.6 - Fig. 1.5.9. 

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

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

of the data memory. 

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

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

is applied to the drive circuit. 

LCD Display Control by Program 

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

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

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

is normally necessary to initialize as shown in Fig. 1.5.5. 
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To drive the 1/4 duty LCD, 80 - 97 addresses in the display 

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

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

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

( Initialize 

I 
Setting of LCD drive method 

(DTY) 

I --
Setting of Frame Frequency (SU) 
Setting of Display arc<'J 
in the data memory 

(DAB) 

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

I 
Release of Blanking (EDSP) 

T 
(DisP1,ay operati00 

(* Setting command) 

Set "00*),(11 at port address 
OPIB. [Note 1] 
(Thereafter, use "I/O I **" 
only. 

Set "~bb'o\:" at port address 
OPIA. [Note 2] 

Set "11**" at port address 
OPIB. 

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

"0000 IT '\; "001111 
"01,'>*" 
"11**" 
"10*'k" 

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

[Note 2] (jormally, only one time of setting is required at the time of 
initialization, but as an exception, commands should be set at port 
address OPIA under the blanking state whenever the display area 
are switched. 

Fig. 1.5.5 Initialization of LCD Drive by Program 
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Nu-

TMP47C22F 

Examples of display data when a numer"1 display is Dade by 

using the 1/4 duty LCD are shown in Table 1. 5. 2. For the connect-

ing method of COM terminals and SEC terminals, the example shown in 

Fig. 1.5.6 is Hsed. 

Display datd memory Nu- ~~:Lay_~~ memory 
Display High order Low order Display High order Low order 

meral 
address address 

meral 
address address 

0 
I , 

1 1 0 1 1 1 1 1 5 5 1 0 1 1 0 1 0 1 LI. 
f-------~ -

1 f 0 0 0 0 0 1 1 0 6 L 1 1 1 1 0 1 0 1 f L I 
-~--~ e- t- ---- - ---- --- --"-" ~ - ---

2 
-, 

1 1 1 0 0 0 1 1 7 
,-, 

0 0 a 1 a 1 1 1 , 
- --~-

3 

4 

Nu-
meral 

a 

1 
1-----

2 

3 

4 

------ ---- ------, 
1 a 1 0 a 1 1 1 8 

,-, 
1 1 1 1 0 1 1 1 :J CL --- ------ -- -------- ------ - - ---,. 

U 0 0 1 1 a 1 1 a 9 0 1 a 1 1 a 1 1 1 I , 
Table 1. 5. 2 Examples of Display Data (1/4 Duty LCD) 

Further, examples of display data when a numeral display similar 

to Table 1.5.2 is made by using the 1/3 duty LCD are shown in Table 

1. 5. 3. For the connecting method of COM terminals and SEG terminals, 

the example shown in Fig. 1.5.7 is used. 

Disllav data memor~_ Display data memory Nu-
High order Middle or- Low order 

meral 
High order Middle or- Low order 

address der address 

* * 1 1 * 1 a 1 
.----- -~" ~--

" * 0 0 * 0 0 0 
-------j--------

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

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

* * 0 1 * 0 1 0 

Table 1. 5. 3 

address address der address address 

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

* 0 1 1 6 * * 1 1 * 1 1 1 * 0 1 
+----~----------- -~-- t----

* 0 0 1 7 * * 0 1 " 0 0 1 * 0 1 
t------- -- - -------, 

* 0 1 1 8 * * 1 1 " 1 1 1 * 0 1 
+-------- ------- ---------e-

* 0 1 1 9 * * 0 1 * 1 1 1 -* 0 1 

(* : don't care) 

Examples of Display Data (1/3 Duty LCD) 
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Display Output 

The following are the examples of display output from LCD drive 

circuit according to each drive method. 

11/4 Duty (1/3 Bias) Drivel 

(EDSP) 

SEGO 

SEGI 

COM2 

COM3 

VDD 

-- VLC 
-VDD 

~VLC 

--VDD o 
l( -VLC 

(VLCD=VDD-VLC) 

(Display data memory) 

Address Data 

O~ 
1 ~ 

COMI - SEGO n rll n _ n r--l n J LJ LJL,ILJ UL 
(Selected) U 

o 

---VLCD 

VLCD 

COM3-SEGl------~-------+l==J---+CJ-+LJ-~r--I~LJ~r------

(Non-selected) 
(a) Example of connection 

and display character 
(b) Example of drive output 

Fig. 1.5.6 Example of 1/4 Duty LCD Display Output 
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11/3 Duty (1/3 Bias) Drivel 

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

SEGO 

SEG2 

COM2 

COM3 

TMP47C22F 

--VLC 

-VDD 

---4iLC 
(VLCD=VDD-VLC) 

~LCD (Display data memory)~ 

Address Data COMI - SEGl~------+--'====~------+=====------==----
o (Selected) 

- -VLCD 
VLCD 

* 0 1 0 

o 

* 1 1 1 

2 "s * 0 1 

(*: Don't care) 
COM2- SEG2======J====j========1========fr====l====~c=========~~~ 

(Non-selected) 

(a) Example of connection 
and display character 

(b) Example of drive output 

Fig. 1.5.7 Example of 1/3 Duty LCD Display Output 
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/1/2 Duty 0/2 Bias) Drive I 

(EDSP) 

SEGO 

COMI 

TMP47C22F 

I 
VDD 

VLC 

I 
VDD 

VLC 

L 
VDD 

- VLC 

- VDD 

VLC 

VDD 

VLC 

VDD 

VLC 

(VLCD=VDD-VLC) 
VLCD (Display data memory) 

Address Data 

o 
1 

2 

3 

* * 0 1 

~ -
COMI - SEGO I~----~--c- 0 

(Selected) ---.J ~ - -VLCD 
* * 0 1 

* * 1 0 

* * 1 1 
COMI - SEG2 ---.LJ--,-JD--L-.-----+F--

(Non-Selected) ~ (*: Don't care) 

(a) Example of connection 
and display character 

Fig. 1. 5.8 

(b) Example of drive output 

Example of 1/2 Duty LCD Display Output 
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I Static Drive I 
~ -g~o -'() SEGI 

<==:>,1[ SEG6 

SEG{j ~ 

~U~ 

(Display data memory) 

Address Data 

0 ~" ;, ;, 1 
1 * " i', 0 
2 * ;, ;< 

3 .. '\ * * 1 

(EDSP) 

SEGo 

COMI - SEGo-J-H~) 
(Selected) 

TMP47C22F 

_ VDD 

- vDD 

_ VLC 

(VLCWVDD-VLC) 

- VLCD 

----~O 

COMl - SEG41----------.....LO-+--~~-__ 0 

4 * " ;< 0 (Non-Selected) 
IL---

5 * * * 1, 

6 ,< * * 11 
7 * * * 01 

(* , Don't care) 

(a) Example of connection 
and display character 

Fig. 1. 5.9 

(b) Example of drive output 

Example of Static LCD Display Output 
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2. 

2.1 

TMP47C22F 

Basic operation and pin operation 

Instruction cycle, basic clock generation 

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

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

easily obtained. Further, this oscillation circuit is the Schmitt 

circuit. The clocks obtainable from the oscillation circuit are 

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

the timing generator and system control circuit fran where various con­

trol signals are generated. 

The instruction execution and the internal hardware control 

are synchronized with the basic clock. An instruction cycle con­

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

quires four basic clock times. 

2.2 Initialization operation, Hold function, interrupt input and others 

Initialization operation is performed by keeping the RESET 

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

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

swi tch is turned OFF. Further, no pull-, 'p resis tor is buil t in 

the RESET termianl of the TMP47C22F. 

The hold function is the function to hold the status just 

before the system operation is stopped at low power consumption 

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

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

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

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

be used as I/O pins respectively, if not used as the 

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

edge of the external interrupt inputs. 

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

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

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

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

MCU47-235 



TOSHIBA TMP47C22~ 

2.3 Input/Output port 

Input/Output Circuit Format 

The input/output circuit format of the input/output port is shown 
following. For the TMP47C22F, any of the input/output circuit systems 
shown in the following tables can be selected. You can specify your 
input/output circuit system when requesting the program tape. 

Input/Output Circuit Code (IOCODE) -~--

~ 
Input I/O I/O I/O 

CUlt (Ko) (R, ,Rs , R6 ) (R 7 ) (R. ,R.) 

I/O R 

~ ~ -:;~f~ equiv-~ 
alent 
cir-
cuit 

R= lkrl (TYP. ) R= lkrl (TYP.) R= lkrl (TYP.) R= lkrl (TYP.) 

o No resistor o Sink open o Sink open o Schmitt cir-
is contained drain output drain output cuit input 

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

Remark tialized to tialized to 
the high level the high level 

o Output latch 
is initialized 
to the high level 

Input/Output Circuit Code (IOCODE) CD 

~ Input I/O I/O I/O 
cuit (Ko) (R" Rs ,R 6 ) (R 7 ) (R. ,R.) 

I/O 

:Sf equiv-
alent R 

~ ;qP cir-~ 
cuit 

R= lkrl (TYP.) R = lkrl (TYP.) R= lkrl (TYP.) R= lkrl (TYP.) 

o No resistor o Push-pull o Sink open o Schmitt cir-
is contained output drain output cuit input 

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

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

to the high level 
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Inrut/Out;lUt Circuit Code (lOCODE) GB 

Cir- Port Input 1/0 
~ --------------,---

cuit (Ko) (R 4 ,R s ,R6) 

I/O 

~ equiv- R RIN 

~ff 
alent 
cir-
cuit 

R IN = 70kSl (TYP .) 
R= IkSl (TYP. ) R = IkSl (TYP. ) 

f---- -

a Pull-up re- o Sink open 
sis tor is drain output 

Remark 
contained 

a Output latch 
is ini-
tialized to 

the high level 

Input/Output Circuit Code (IOCODE) GC 

~ Port 
Cir-
cuit 

I/O 
equiva­
lent 
cir­
cuit 

Remark 

----
Input I/O 
(Ko) (R4,Rs,R6) 

RIN = 70kSl (TYP .) 
R = IkSl (TYP.) R = IkSl (TYP.) 

a Pull-down re­
sistor is 
contained 

a Sink open 
drain output 

a Output latch 
is ini-
tialized to 

the high level 

MCU47-237 

-------
I/O 
(R7 ) 

~ 
R= lkn (TYP. ) 

----------~-

a Sink open 
drain output 

o Output latch 
is ini-
tialized to 

the high level 

-
I/O 
(R 7) 

R = IkSl (TYP.) 

o Sink open 
drain output 

a Output latch 
is ini­
tialized to 

the high level 

TMP47C22F 

--

I/O 
(R8 ,R9 ) 

:~t 
R= lkSl (TYP. ) 

1---------

o Schmitt eir-
cuit input 

a Sink open 
drain output 

a Output latch 
is initialized 
to the high level 

l/P 
(R8 ,R9) 

R= IkSl (TYP.) 

o Schmitt cir­
cuit input 

a Sink open 
drain output 

a Output latch 
is initialized 
to the high level 
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Input/Output Circuit Code (IOCObE) GE 

~ 
Input I/O I/O I/O 

Cir- (Ko) (R4 ,Rs ,R 6 ) (R 7) (R B ,R9 ) euit 

oL :SJ~ I/O 
R RIN 

:::tf ~~f~ equiva-
lent 
cir-
cuit 

RIN = 70k(J (TYF. ) 
R= lk(J (TYP.) R= Ik(J (TYP.) R= Ik(J (TYP. ) R = Ik(J (TYP.) 

a Pull-up a Push-pull o Sink open o Schmitt cir-
resistor is output drain output euit input 

contained 
a Output latch a Output latch a Sink open Remark 

is ini- is ini- drain output 
tialized to tialized to 

a Output latch 
the high level the high level is initialized 

to the high level 

Input/Output Circuit Code (IOCODE) GF 

~ Input I/O I/O I/O Cir-
cuit (Ko) (R4 ,Rs ,R 6 ) (R7 ) (RB ,R9 ) 

R 

:Sf. I/O 

~ equiva-

.~-:tr ~~JP lent 
cir-
cuit 

RIN=70k(J(TYP. ) 
R= Ik(J (TYP.) R= lk(J (TYP.) R= Ik(J (TYP.) R= Ik(J (TYP.) 

a Pull-down o Push-pull a Sink open a Schmitt cir-
resistor is output drain output euit input 

contained 
o Output latch o Output latch o Sink open 

Remark is ini- is ini- drain output 

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

to the high level 
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TENT ATIVE 

ELECTRI CAL CHARACTERISTI CS 
ABSOLUTE ~1AXIMUM RATINGS (vss=OV) 

SYHBOL ITEH 

VDD Supply Voltage 

VLC Supply Voltage (LCD Drive) 

Vn; Input Voltage 

VOUTl 
Output Voltage (Except open drain 

terminal) 

RATING 

-0.5 'C 7 

-0.5 'C VDD+0.5 

-0.5 'C VDD+0.5 

-0.5 'C VDn+0 . 5 

VOUT2 Output Voltage (Open drain terminal) -0.5 'C 10 

PD Power Dissipation (Topr=70°C) 400 

Tsld Soldering Temperature· Time 260 (10 sec.) 

Tstg Storage Temperature -55 'C 125 

Topr Operating Temperature -30 'C 70 

RECOMMENDED OPERATING CONDITIONS (VSs=Ov) 

SYHBOL ITEH CONDITION HIN. 

Topr Operating Temperature -30 

VDD Supply Voltage 4.5 

VDDH Supply Voltage (Hold) 2 

VLC Supply Voltage (LCD Drive) 0 

VIHl 
High Level Input Voltage 

VDDXO.7 (Except Schmitt circuit input) 
VDD ;> 4.5V 

VIH2 
High Level Input Voltage 

VDDXO.75 (Schmitt circuit input) 

VIH3 High Level Input Voltage VDD < 4. 5V VDDxO.9 

VILl 
Low Level Input Voltage 0 
(Except Schmit t circuit input) 

Low Level Input Voltage 
VDD)4.5V 

VIL2 
(Schmitt circuit input) 0 

VILJ Low Level Input Voltage VDD < 4. 5V 0 

fC Clock Frequency 0.4 (Note2 

tWCH High Level Clock Pulse Width(Note iI VIN=VIH 80 

tWCL Low Level Clock Pulse Width (Note 1 VIN=VIL 80 

(Note 1) For external clock operation 

(Note 2) lHHz is recommended as minimum frequency when SLF=l. 
And 2HHz is when SLF=O. 

MCU47-239 

TMP47C22F 

UNIT 

V 

V 

mW 

°c 

HAX. UNIT 

70 °c 

6 

6 V 

VDD-2.7 

VDD 

VDD 

VDD V 

VDDxO.3 

VDDxO.25 

VDDxO.l 

4.2 HHz 

-
nS 

-
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D,C, CHARACTERISTICS (vss=ov, VDD=5V±lO%, Topr=-30'V 70°C) 

SYMBOL PARAMETER CCNDIT10N MIN. TU',\.I'DTE.IJ Mi\X. UNiT 

HYSTERESIS VOIJTAGE (SCHMITT 
CI.HCUIT INPUT) v 

lINl INPUT CURRENT (KO,RESET,HOLD, 

f-~,--_---1-,,-T=E=-S=-T~) -"( N::..O::..T:.:E:::2::..)'-______ _ V DD~ 0.5 V , V 1 N~ ',5/0 V f------1-----+-----1 

f-_"_"_N_2_4-~"~NPUT CURHENT ,OPEN DRAIN~R~P~O~R~T~)+_---------~---_+----_+~~~4_-~ 

.3:20 

I<A 
±20 

""10 LOW LEVEL INPUT CURRENT (PUSH-
f-___ ---1_PULL R PORT) V DD =doV,VIN=I)4V - 2 mA 

~~;~~T~~~"STANCE ,KO WITH INPUT erC) l!:)O kil 

20 I'A 1LO OUTPUT LEAKAGE CURRENT \OPEN 
f-___ ---1_D=RAIN R PORT) 

""~-rIilG~H~L~EV~E-L-(~P-U-S-H---P-l-JLL--R---+----------~---+------+---~--~ 
VOH c-, '-.J VDD=4fV, I o H=-20'J,uA ;:; 4 

V 1---------1~ ~ PORT) 
H"' 

C4 VOL 8 §? LOW LEVEL l,R PORT; 

ROB 4, ROS 0 HIGH· LOW LEV-E-L-,S-E-O-:)-:( N-O-T-E-' ,-4-,-5-:'-+-\-'DD-~---fN-,-V-W-D-;(-NO-1E-,-:3)-~-C-. V-~---+---I-0--+---+---I 
ROC4,ROCO f'il HIGH-LOW LEVEL (COM1(NOTE.4,b! VOUT~"'VDD-u5V/VLC+ObV 

o 
ROS3,ROSI H ~ ~,0 LEVEL \SEG) \NOTE"-~ VDD=5V, VLc lF 3V 

ROC3 ,ROCl ~ §l ~,0 LEVEL (,COM!\NOTE.4-) VOUT""""-4-05V/3+0.5V 

ROS2 b§g J/2 LEVEL (SEG)\NOTE :)) VDD-oV,VLCD-3V 
I-~R=,",---j 0 H f2 '----I VOUT<'5±O.5V 

002 l,/2 LEVEL (COM)(NOTE,5) 

V03 f--< ~ ~.3 LEVEL (SEG,COM)(NOTE.4) 
I---='"----j '" "' 
I-_V-"O,,2'---j ~ ~ l,/2 LEVEL (SEG,COMllNOTE,5) 

VOl §; ~ 1/1 LEVEL (SEO,COMllNOTE,4) 

SUPPLY CURRENT (AT OPERATING) 
(NOTE.6) 

SUPPLY CURRENT (AT HOLDING) 
(NOTE.6) 

TYP. VALUES SHOW THOSE WHEN TOPR=25·C, VU:o==-5V. 

4-0 :<: 

3-02 

10 

lO 

10 

10 

J 0 

35 

Ob 

4+02 

3 b+ -J 2 

3+02 

20 

kil 

V 

rnA 

i I1A 

(NOTE,I) 
(NOTE,2) 
(NOTE,3) 
(NOTE.4) 
(NOTE.5) 

WHEN THE KO PORT HAS A BUILT-IN INPUT RESISTER, CURRENT BY RESISTER IS EXCLUDED. 
VLCrr=VDD-VLC~ 
SHOWS ON-RESISTANCE AT TIME OF LEVEL SWITCHING WHEN THE DUTY LCD IS USED. 
SHOWS ON-RESISTANCE AT TIME OF LEVEL SWITCHING WHEN THE STATIC LCD IS 
USED~ 

(NOTE,6) WHEN KO PORT HAS A BUILT-IN INPUT RESISTE..q, CURRENT VALUE IS THAT AT TIME OF OPEN .. 
.fl1URTHER, VOLTAGE LEVEL AT R FORT IS VALID. 

A.C. CHARACTERISTICS (VSS=OV, VDD=5V±lO%, Topr=-30" 70°C) 

SYMBOL PARAMETER 

tcy INSTRUCTION CYCLE TIME 

tSDH SHIFT DAT A HOLD TIME (NOTE 1) 

A,C. TIMING CHART' 

• SERIAL PORT (Completion of Tra .... smission) 

SO x 

15V 

tSDH 

x::=3" 5V 

MCU47-240 

CONDITION MIN, TYP, MAX. I UNIT 

3& 40 I 1'8 

O.5tcy-300 - - I uS 

(NOTE.l) SCK,SO TERMINAL 
EXTERNAL CIRCUlT 



TOSHIBA 

EXTERNAL DIMENSIONS 

Unit mm 

i:r--l 3l 

I MARKING AREA I 

L_ -~ 

20.0 ± 0.1 
~-----

MARK 0.7 

21.4 ± 0.4 

(26.0 ± 0.5~~) __ _ 

N 

2 
o 

0 

0 

-t1 
0 

" rl 

TMP47C22F 

~,I ~ 0 

-t1 

" 0 

"' 0 
rl ~ 

o 

Weight 1.3g (TYP.) 

MCU47-241 



INTEGRATED CIRCUIT 
TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT 

TMP47C46N 

TECHNICAL DATA SILICON MONOLITHIC SILICON GATE CMOS 

C~lOS 4-BIT SINGLE CHIP HICROCO~lPIJTER TLCS-47( C) 

GENE RAL DES CRI PTI 00 

The TMP47C46N is the chip with built-in multiple I/O ports 

for which CMOS process have been employed. 

FEATURES 

TLCS-47 FaPlily 

ROM 4,096 x 8 bits, RAM 256 x 4 bits 

Input/Output port (57 pins) 

Input 

Output 

Output (corresponding to PLA) 

Input/output 

I/O (combined use) 

TTL/CMOS Compatible 

+5V single power supply 

1 port 

2 ports 

2 ports 

8 ports 

2 ports 

64-pin DIL plastic (Shrink-type) package 

4 pins 

8 pins 

8 pins 

30 pins 

pins 



TOSHIBA 

GTIAI (2) 

PIN CONNECTIONS (Top View) 

RDO 
RDl 
R40 
R41 
R42 
R43 
RSO 
RSl 
RS2 
RS3 
R60 
R6l 
R62 
R63 
R70 
R71 
R72 
R73 
RAO 
RAl 
RA2 
RA3 
POO 
POl 
P02 
P03 
PlO 
Pu 
P12 
P13 
TEST 
VSS 

MCU47-243 

VDD 
RC3 
RC2 
RCl 
RCO 
R92 
R91 
R90 
RS3 
RS2 
RSl 
RSO 
HOLD 
XoUT 
XIN 
RESET 
K03 
K02 
KOl 
KOO 
RB3 
RB2 
RBI 
RBO 
P33 
P32 
P3l 
P30 
P23 
P22 
P2l 
P20 

TMP47C46N 



TOSHIBA TMP47C46N 

Pin Name and Function 

Pin Name No.of pins I/O Function 

K03 rvKoo 4 Input Input port 

P13 rvP 1 0 4 Output Output port (corresponding to PLA) 
P23 rvP20 4 Output " ( " ) 

P03 '\.rPoo 4 Output Output port 
P33 rvP30 4 Output Output port 

P43 rvP40 4 I/O I/O port 
PS3 rvPso 4 I/O " 
P63 'VP60 4 I/O " 
P73 '\.rP70 4 1/0 " 
RA3 "'RAO 4 I/o " 
RB3 "'RBO 4 I/O " 
RC3 '" RCO 4 I/O " 
RDI "'RDO 2 I/O " 

----~ ~.----------~-

RB3 (Tl) 1 I/O I/O port or timer/counter input 
RB2 (INT ,) 1 I/O I/o port or interrupt input 
RB1 (T2) 1 I/O I/O port or timer/counter input 
RBo (INT 2) 1 I/O I/o port or interrupt input 

R92 (SCK) 1 I/O I/O port or shift clock I/O for serial port 
R91 (SO) 1 I/O I/O port or serial output 
R9o (SI) 1 I/O I/O port or serial input 

XIN,XOUT 2 Input, Oscillator connecting pin 

--- Output 
RESET 1 Input Initialize signal input 
HOLD 1 Input Hold signal input 
TEST 1 Input (Inputs low level or opened.) 

VDD 1 
Power 

+5V 

VSS 1 supply OV 

MCU47-244 
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BLOCK DlAGRNi 

VDl) 

VS8 
"" el, 

:iiI 
'"I H 0 
",' 
HI 

i'i' 
p 

HOLD llOI,]) 
F' 

CONTHOL 

RESl!..:T 8YS 

Tl!JST 

XU.J 

XOUT B 

M 

C 

D 

PC 

~ 
r,1 

'" 
c, 

~ 0 
0 

'" '" p gj 

RA 
~ 

I DC 
1------

Tel 

HAM 

TMP47C46N 

(SCK) 

(so) 
(81) 

(1',) 

(YTJT1 ) 
(T2) 
(I NT2) 

BLOCK NAf·1ES At: D DES CRr PTI ON 

GTIAI (2) 

Block Name 

PC 
ROH 
IR, decoder 
HR, LR 

RAA 
RAH 
STACK 
SPW 
DC, data 
AX, AY 
ALU 
AC 
FLAG (CF, 

SF, 
K, P, R 

table 

ZF, 
GF) 

INTR cont ro 1 

FD 
TCl, TC2 
TC control 
SlO cant rol 
HOLD control 
SYS control 
CG, TG 

Function 

Program counter (12 bits) 
Program memory (including fixed data) 
Instruction register, Decoder 
H register (page assignment of RAH) , L register (address 
assignment in RMl page), (each 4-bit register) 
RAH address buffer register (8 bits) 
Data memory 
Save area of program counter and flags (RAH area) 
Stack pointer word (RAH area) 
Data counter (12 bits, RAH area), Data table (ROH area). 
Temporary register of ALU input 
Arithmetic and logic unit 
Accumulator 
Flags 

Ports 
Interrupt control 
(ElF: Enable interrupt master F/F, EIR: Enable interrupt 

register) 
Frequency divider (4-stage prescaler + 18 stages) 
l2-bit timer/counter 2 channels (RAH area) 
Timer/counter control 
Serial port control 
Control for hold function 
Generation of various internal control signals 
Clock generator, Timing generator 

HCU47-245 
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GTIAI (2) 

PORT 

The ports added to the TMP47C40P are explained as follows: 

4-bit port exclusively used for output. 

Latch data can not be read by instructions. 

(2) P,(P" 'UP,o) 

4-bit port exclusively used for output. 
Latch data can be read by instruction. 

(3) RA(RA3 'URAO) Port 
RB (RB3 'U RBO) 
RC(RC3 'U Rca) 
RD(RDl 'U RDO) 

TMP47C46N 

Each of RA 'URC ports is a 4-bit I/O port with a latch and RD port 
is a 2-bit I/O port with a latch. 
The latch should be set to "111 when the port is used as an input 

port. 
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G'> 
-I 
;; 

§ 

:3: 
n 
c: 
-'" 
--J 
I 

N 

-'" 
--J 

Input / Outpu~ Instructlons 
POrt Symbol Port , RegIster 

IN <foP, <foP SET<;fP, b A our A, 
Address (Input/Out]:Ut) (Input / Output) OUTjlK,,%P CUT B@BL 

IN %P,@HL OUT@BL, ,%P CLR,%P, b 

Nr-,te 
0 JPOO/OPOO Kc IUjUt ]Xlrt / Po Outjllt ]Xlrt 0 0 0 

o l IPOl/OPOl PJ OUtp.1t latch / Il r;utYJUt port 0 0 0 0 

o 2 IPO 2/0PO 2 P2 II / P2 II 0 0 0 0 

o 3 IP03/0P03 P3 II / Ps II 0 0 0 0 

o 4 IPO 4/0PO 4 R4 I/O Port 0 0 0 0 

o 5 IP05/0P05 R5 II 0 0 0 0 

o 6 IP06/0P06 R6 II 0 0 0 0 

o 7 IP07/0P07 R7 II 0 0 0 0 

o s IPos/opr's RS II 0 0 0 0 

o 9 IP09/OP09 Rg II 0 0 0 0 

o A IPOA/OPOA RA II 0 0 0 0 

o B IPOB/OPOB RB II 0 0 0 0 

o C IPOC/OPOC RC II 0 0 0 0 

o D IPOD/OPO D RD II 0 0 0 0 

o E IPOE/OPOE Status IDpJ.t / - 0 

o F IPOF/OPOF Sellal tuffer / Senal bJ..ffer 0 0 0 
r8p:lster regIster 
( ReceptlOn ) (Transrrusswn) 

- ~--------

Note: IN instruction and TSET instruction operate KO port, OUT instruction operate Pc port. 

TEST <foP, b 

TE:nP%p, b 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-

SET @L 

CLR @L 

TEST @ L 

0 

0 

0 

0 

--f 
o 
(fl 

I 

ClJ 
» 

--f 
;;: 
\J 
..". .... 
() 

..". 

'" Z 



TOSHIBA TMP47C46N 

Input/Output circuit format 

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

For the TMP47C46N, 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. 

: POrt **. C.lYCUl t 

Input/Output Circuit Code (lOCOIlE) IA 

~ r 
Input (KO) Outpu t (PO) Output (P" P2) Output (P3) 

p 

4:i~ ~f 
p " " " e H 

0 
Ii 

" "' ~ 0 

~r " ::; 
p " 
" 0 ~ H 
C. C 

H 0 

R~lkJl (TYP.) 
---~-- ---

~m~ll~ed 
lia toG low level hlgh level luw level 

o No resIstor 
Remark conta1.ned 

* 
** 

GTIAI (2) 

l8 

--
o Push-pull 0'-1 tpuL 

hlgh 

o SInk open dralT;' 
ou tput 

MCU47~248 

n ~:ll Ilk dralIl o Push-pull output 

I/O (HS' Rg) 

R~IkJ1 (TYP.) 

hIgh level 

o PUGh-pull output 

dralTl 



TOSHIBA TMP47C46N 

Input/Output Circuit Code (IOCODE) IB 

~ Input (KO) Output (PO) Output (Pl' P,,) Output (P3) 

., 

~ ~f ~f ~ ~ 
'" '-< ., 0 

~r 
" Ii< o ., 

" n ., " 
" 0 (TYP.) 
'" '-< RIN-70kO 
" n H 0 R ~ lkn (TYP. ) 

ntl.allZed 
alue of low level 
atch 

hlgh level low] evel 

'0 PuJI-up reSl.star o Push-pull output o Sluk open draln o Push-pull output 
Remark I.E contal.ned outpu t 

~ I/O (R •• R5' R6) I/O (R7) I/O (Ra. Rg) 1/0 (RA. RB' RC' Rn) 

., 

~ :IT :;r ~f:o ., . 
" S 
'" '-< ., 0 

" pc. o ., 

" n ., " 
" 0 
'" '-< A " n -<:J< H 0 " 

R~lkn (TYP.) R~lk!l (TYP.) R~lkn (TYP.) R~lk!l (TYP.) 

Intlall.zed 
value of itl1.gh level hlgh level hlgh level hlgh lavel 
latch 

o S l.nk open draln o 81nk open draln o Schm1tt Clrcult o Push-pull output 
Remark .output output input 

o Slnk open 
output 

dra.1O 
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Input/Output Circuit Code (IOCODE) IC 

~ Input (Ko) Output (po) Output (PI' P2) Output (P3) 

'" 

~F ~r 
'" " " S 
P< '" R '" 0 " ., 

T ~r Z~ 
'" " 
" 0 
p, '" 
" rl H 0 

RIN~70kn (TYP.) 
R~ lkfl (TYP.) 

nt~allzed 
alue of low level hlgh level low level 
atch 

o Pull-down o Push-pull output o Slnk open dralll o Push-pull output 
Remark reSlstOr lB output contalned 

~ I/O (R., R5, R6) I/O (R7 ) I/O (Rg, Rg) I/O (RA' RB' Re, RD) 

'" 

~ :q ~L 1f 
p " " 

S 
p, '" '" 

0 

" 
., 

'Z '" rl 
P g 11 
" ~ 
H 0 

R~lkn (TYP.) R·olkn (TYP.) R~lkn (TYP.) R~lkfl (TYP.) 

Intlallzed 
alue of hlgh level hlgh level hlgh level hlgh level 
atch 

o Slnk opeD dralD o Slnk open dralD o Schmltt C1YCUlt 0 Push-pull output 
Remark output output 1..nput 

J Slnk open dralH 
outpu t 

MCU47-2S0 



TOSHIBA TMP47C46N 

ELECTRICAL CHARACTERISTICS 

I ABSOLUTE MAXIMUM RATINGS (VSS = OV) 

SYMBOL ITEM RATING UNIT 

VDD Power Supply Voltage -0.5 'V 7 V 

VIN Input Voltage -0.5 'V VDD + 0.5 V _ .. .. f---

VOUTl Output Voltage (Except open draif: pin) -0.5'0 VDD +0.5 V 
VOUT2 Output Voltage (Open drain pin) -0.5'010 

PD Power Dissipation (Topr = 70°C) 600 mW 

Tsld Soldering Temperature Time 260 (10 sec. ) 

Tstg Storage Temperature -55 'V 125 °c 

Topr Operating Temperature -30 'V 70 

RECOMMENDED OPERATING CONDITIONS (VSS = OV) 

SYMBOL PARAMETER CONDITION MIN. MAX. UNIT 

Topr Operating Temperature -30 70 °c 

VDD Power Supply Voltage 4.5 6 
V 

VDDH Power Supply Vol tage (Hold) 2 6 

VIHI 
Input High Voltage (Except 

VDDxO.7 VDD 
Schmitt circuit input) 

VDD i:-4.5V 

VIH2 
Input high Voltage 

VDDxO.75 VDD (Schmitt circuit input) 

VIH3 Input High Voltage VDD < 4.5V VDD xO.9 VDD V 

VlLl 
Input Low Voltage (Except 

0 VDDXO.3 Schmitt circuit input) 
VDD i:- 4 .5V 

VlL2 
Input Low Voltage 0 VDDxO .25 (Schmitt circuit input) 

VlL3 Input Low Voltage VDD < 4.5V 0 VDDxO.l 

fC Clock Frequency 0.4 4.2 NHz 
-

tWCH Clock High Pulse Width (*) VIN = VIR 80 -
nS 

tWCL Clock Low Pulse Width (*) VIN = VlL 80 -

(*) In case of external clock operdtion 
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D. C. CHARACTERISTI CS (VSS=OV, VDD=SV±lO%, Topr=-30'" 70°C) 

SYMBOL PARAMETER CONDITlON mN. 
Note 1 

MAX. UNIT 

VHS 

IINl 

IIN2 

IIL 

RIN 

ILO 

VOH 

VOL 

IDDO 

IDDH 

(Note 1) 
(Note 2) 

(Note 3) 

TYP. 
Hysteresis Voltage 

- 0.7 -
(Schmitt circuit input) 

Input Current 

(KO, HOLD) [Note 2] VDD=S. SV - - ±20 

VIN=S. SjOV Input Current - - ±20 
(Sink open drain R port) 

VDD=S. SV Input Low Current 
-2 

(Push-pull R port) VIN=0.4V 
- -

Input resistor 30 70 150 
(KO with input resistor) 

Output Leak Current VDD=5.5V - - 20 
(Sink open drain P, R port) VOUT=S.5V 

Output High Voltage VDD=4.5V 
(Push pull P, R port) IOH=-20011A 2.4 - -

Output Low Voltage VDD=4.sV, - - 0.4 
(p, R port) IOL=1. 6mA 

Operating Supply VDD(VDDH)=S.SV, fC=4MHz, - 3 6 
Current [Note 3] 

VIN=S.3jO.2V (all valid) 
Holding Supply 

CL =SOpF, CXIN=CXOUT=lOpF - 0.5 20 
Current [Note 3] 

TYP. values show those when Topr=2SoC, VDD=SV, 
When the KO port has a built-in input resistor, current by r~sistor 
is excluded. 
When KO port has a built-in input resistor, current value is that at 
time of open. Further, voltage level at R port is valid. 

A.C. CHARACTERISTICS (VSS = OV, VDD = 5V±lO%, Topr = -30," 70°C) 

Parameter CONDITION 
Instruction Cycle Time 
Shift Data Hold Time (Note 1) 

V 

llA 

-

rnA 

krl 

llA 

V 

rnA 

llA 

A.C. TIMING CHART 

• Serial Port (Completion of Transmission) 

(Note 1) SCK, SO terminal 
ext,ernal cireui t 

SO 
~~< ~ ______ ~~ _____________ r-~~r-l-.S-V-------
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TOSHIBA TMP47C46N 

GTIAI (2) 

EXTERNAL orf'1ENSION VIEW 

Unit in mm 
NO.64 ,~O.';3 

-~ ] ,i 
, 

NO.1 No.32 

Note 1 
57.5IO.2 

'" ci ci 
fj +1 
0 ~ .. " 

ci 
+1 

"' N 

ci 

Pl tch 5° ~ '" Note 2 1. 78 
0 

O.46:iO.l C< +1 19.O~21.9 
ro 0 

0 ei 

Weight 9.0g (TYP.) 

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

Note 2. Each lead pitch is l.7Bmm, and all the leads are located within 
±O.2Smm from their theoretical positions with respect to No.1 
and No. 64 .leads. 
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TOSHIBA TLCS-47 LSI DEVICES POSTSCRIPT 

POSTSCRIPT 

This manual is a reference for the cus tomer applying the TLCS-47 series. It 
contains the functions and specifications of each LSI device of the TLCS-47. 
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 

Komukai-Toshiba-cho, Saiwai-ku, Kawasaki, 210, Japan 
Phone: Japan (81)44-511-3111 
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TOSHIBA TLCS-48 LSI DEVICES PREFACE 

PREFACE 

This part describes the detail functions and specifications of the LSI devices 
of the single chip microcontroller TLCS-48 series. The TLCS-48 series con­
sists of NMOS and CMOS devices. These are pin and software compatible with 
each others. Basic devices of this series are the TMP8048P/49P and TMP8243P 
of NMOS and the TMP80C48AP /C49AP /CSOAP and TMP82C43P of CMOS. Several ver­
sions are available for the conditions of operating temperature range, operat­
ing speed range, and external program ROM application. 

Toshiba reserves all copyrights for this publication. (July 1984, Integrated 
Circuit Division, Toshiba Corporation) 
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8-BIT SINGLE-CHIP MICROCOMPUTER 

GENERAL DESCRIPTION 

TOSHIBA HOS DIGITAL INTEGRATED CIRCUIT 

TIIP8048P /8048P I 

HIP8035P/8035PI 

N-CHANNEL SILICON GATE MOS 

The TMPS048r, from here on referred to as the THP8048, is a single chip 
microcomputer fabricated in N-channel Silicon Gate MOS technology which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 64 x 8 RAM data memory, lK x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP8048 is particularly efficient as a controller. It has extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. 

The TIIP8035P is the equivalent of a TMP8048 without ROM program memory on 
chip. By using this device with external EPROM or RAM, software debugging 
becomes easy. 

FEATURES 

Compatible with Intel's 8048 

2.5 ~S Instruction Cycle 

All instruction I or 2 cycles 

Over 90 instructions; 70% single byte 

Easy expandable memory and I/O 

lK x 8 masked ROM 

PIN CONNECTIONS (Top View) 
TO 

XTALI 
XTAL2 
RESET 

55 
INT 

EA 
RD 

PSEN 
WR 

ALE 
DBO 
DBI 
DB Z 
DB3 
DB4 
DBs 
DB6 
DB7 

(OV)VSS 

MCU48-l 

64 x 8 RAM 

27 I/O lines 

Interval Timer/Event Counter 

Single level interrupt 

Single SV supply 

-40°C to +8S o C Operation (TIIP8048PI! 
1'MP8035PI : Industrial Specification) 

VCC (+SV) 
Tl 
I'Z7 
P26 
P2s 
P24 
P17 
P16 
PIS 
P14 
P13 
P12 
Pll 
PlO 
VDD(+sV) 
PROG 
P Z3 
P22 
P Zl 
PZO 
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BLOCK DIAGRAM 

OscUla tion 
Frequency 

Control and 
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Accumu1a tor 
Bit Test 

Circuit 

Jump Circuit 

2 

6 

Mask ROM 

1K x 8 

(Program 
Area) 

RAM 

64 x 8 

SS ALE PSEN RD Wit PROG Note 1) The lower order 4 bits of 
port 2 output latch are 
used also for input/output 
operations with the I/O 
expander. 
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is also used for address 
output. 



TOSHIBA 

PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Circuit GND potential 

VDD (Power Supply) 

TMP8048P,8048PI,TMP8035P,8035PI 

+SV during operation Low power standby pin for TMP8048 RAM 

VCC (Main Power Supply) 

+SV during operation 

PROG (Output) 

Output strobe for the TMP8243P I/O expander 

P10-P17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup~ SOK>l ). 

P20-P 27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup -;;; SOK>l ). 

P20-P23 Contain the four high order program counter bits during an external 

program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 

DBO -DB7 (Input/Output, 3 State) 

Turebidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

TO (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

Tl (Input) 

Input pin testable using the JTl and JNTl instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low) Used as a Write Strobe to 
External Data Memory. 

MCU48-3 
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RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being executed. 

EA (Input) 

External Access input wnich forces all program memory fetches to reference 
external memofy. Useful for emulation and debug and essential for testing 
and program verification. (Active High). 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter­
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 

FUNCTIONAL DESCRIPTION 

1. System Configuration 

The following system functions of the 

(1 ) Program Memory 

(2) Data Memory 

(3) I/O Port 

(4 ) Timer/Counter 

(5) Interrupt Control Circuit 

TMP8048 are described in detail. 

(65 Stack (Stack Pointer) 

(7) Flag 0, Flag 1 

(8) Program Status Word (PSW) 

(9) Reset 

(10) Oscillator Circuit 

(1) Program Memory 

The maximum memory that can be directly addressed by the TM~8048 is 
4096 bytes. The first 1024 bytes from location 0 through 1023 can be 
internal resident mask ROM. The rest of the 3072 bytes of addressable 
memory are external to the chip. The TIWeOJ5 has no internal resident 
memory; all memory must be external. 

MCU48 4 
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There are three locations in Program Memory of special importance. 

Location 0 

Address ~---------------, 
4095 

2048 

2047 

1024 1r-r7"""T7""7--r:~77-rl 
1023 

Program Memory Area 

Memory Bank I 

Memory Bank 0 

Activating the Reset line of the processor causes the first instruc­
tion to be fetched from Location O. 

Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

Location 7 

A timer/counter interrupt resulting from a timer/counter overflow 
(if enabled) causes a jump to a subroutine defined by address held 
in Location 7. 

Program addresses 0-2047 and 2048-4095 are called memory banks 0 
and I respectively. Switching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of an 
unconditional jump instruction or call instruction executed after using 
SEL MBO or SEL MEl. 

Reset operation automatically selects Bank O. 

(2) Data Memory 

Resident Data Memory (volatile RAM) is organized as 64 words by 8-bits wide. 

The first 8 locations (0 - 7) of the memory array are designated as working 
registers and are directly addressable by several instructions. 
By executing a Register Bank switch instruction (SEL RBI) locations 24 - 31 
are designated as the working registers in place of 0 - 7. 
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Address~------------~ 
63 

Data Memory 

32 
31 R-;;;i~t~-Ba;kT 
24 REI 
23-----------

8 Level Stack 

8 
(16 byte) 

7 Resister Bank 0 
o REO 

Internal Data Memory Area 

RAM locations 8 - 23 serve a dual role in that they contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 

ALL 64 locations are indirectly addressable through either of two RAM 
Pointer Registers which reside at RO and R1 of the Register array. 

The Tl1P8048 architecture allows extension of the Data Memory to 256 words. 

(3) Input/Output Ports 

The T}W8048 has 27 I/O lines which can be used for either input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 "test" inputs which can alter program sequences when tested by con­
ditional jump instructions. 

Ports 1 and 2 are each 8-bits wide and have identical characteristics. 
Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1). Each line is 
continously pulled to a +sV level through a high impedance resistive device 
(sOK Q) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL gate thus allowing the same 
pin to be used for both input and output. In order to speed up the "0" 
to "1" transition a low impedance device (sK n) is switched in momentarily 
whenever a <'1" is written to line. When a "0" is written to line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capability. 
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ANL, ORL 

+SV +SV 

SOkn 

Internal Bus--..--4-.-t D Q 

D-Type 
Flip-Flop 

CLK Q f-f-----I 

Write Pulse----t-~-----------~ 

Inter Buffer 

IN 

Fig.l Input/Output Circuit of Port 1, Port 2 

SOkn I/O pins 
Portl or 2 

Reset initializes all lines to a high impedance "1" state. 

When external data memory area is not addressed during execution of an 
internal program, Port 0 (DBa - DB7) becomes a true bidirectional port 
(hus) with associated input and output strobes. If bidirectional feature 
not needed Bus can serve as either a statically latched output port or 
a non-latched input port. However, I/O lines of this port cannot be 
intermixed. 

As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

As a bidirectional port the MOVX instructions are used to read and write 
the port which generate the WR RD strobes. 

When not being written or read, the Bus lines are in a high impedance 
state. 

(4) Timer/Event Counter 

The 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 

Timer mode 
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(2) External input clock form Tl terminal 

(minimum cycle time 3 x ALE cycle) 

Event Counter mode 

The counter is presettable and readable with two MOV instructions 
which transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is initial­
ized solely by the MOVT, A instruction. The counter is stopped by a 
Reset or STOP TCNT instruction and remains stopped until started by 
START T instruction or as an event counter by a START CNT. Once started 
the counter will increment to its maximum count (FF) and overflow to 
Zero continuing its count until stopped 'by a STOP TCNT instruction or 
RESET. 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a suoroutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with the 
conditional JUMP (JTF). The flag is reset by executing a JTF or by RESET. 
Figure 2 illustrates the concept of the timer circuit. 

XTAL/15 
1/32 

Pre-scaler 

Cleared on Start Timer 

STOP TCNTO 

Tl~----~Edge Detector 

8-Bit Timer/ 

Counter 

IT 
Read/Write Enable 

JTF Instruction 

Timer Interrupt 
Request Flip-Flop 

1NT 

Timer lnte:crupt Enable 

Fig.2 Concept of Timer Circuit 
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JTF 
rust ruction 

Reset 

Timer Overflow 

Timer Interrupt 
Execution--------~" 

Reset 

INT pin 

ALE 

S 

Timer 
Flag F-F 
R 

S Q 
Timer 
Overflow 
R F-F 

Inter­
rupt 
F-F 

Conditional Jump Logic 

RETR 
Instruc-
tion 

I 
'-' OJ ~ 

S 0. >: d,Q 
" "" '"' '"' ""'<I 
OJ " OJ 

R '-' OM '-' 

" OJ " H '" {) 

~ __ ~~-,External inter­

LK Qr-----~ H-+--+--------i D 
Q rupt Recognized 

Last cycle 
of Instructlon 

EN T 
Instruction N TCNT 1 S '-' Q 

Instruction e 
'"' '"' OJ OJ 
P '-' ~ 

R~~~ 

Reset----~~--------------------~ 

Instruction 

Fig.3 

DIS TCNTl 
Instruction 

Concept of Interrupt Control Circuit 

(5) Interrupt Control Circuit 

Timer interrupt 
Recognized 

Execution of Inter­
rupt Call Instruction 

There are two distinct types of Interrupts in tile TMP8048. 

(1) External Interrupt from the INT terminal 

(2) Timer Interrupt caused by timer overflow 
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The interrupt system is single level in that once an interrupt is detected 
all further interrupt requests are ignored until execution of an RETR 
(which should occur at the end of an interrupt service routine) reenab1es 
the interrupt input logic. 

An interrupt sequence is initiated by applying a low level "0" to the INT 
pin. INT is level triggered and active low which allows "Wire Oring" of 
several interrupt sources. The interrupt level is sampled every machine 
cycle during ALE and when detected causes a "jump to subroutine" at Loca­
tion 3. As in any call to subroutine, the Program Counter and Program 
Status Word are saved in the stack. 

When an overflow occurs in the internal timer/event counter an interrupt 
request is generated which is reserviced as outlined in previous paragraph 
except that a jump to Location 7 is used instead of 3. If INT and times 
overflow occur simultaneously then external request INT takes precedence. 

If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter mode. 
A "1" to "0" transition on T1 will cause an interrupt vector to Location 7. 

The interrupt service routine pointed to be addresses in Location 3 or 7 
must reside in memory between 0 and 2047, i,e., Bank O. 

Figure 3 illustrates the concept of the interrupt control circuit. 

(6) Stack (stack Pointer) 

An interrupt or Call to a subroutine causes the contents of the program 
counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Word (PSW explained in section (8)). Data RAM 
locations, 8 through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

The stack pointer when initialized points to RAM locations 8 and 9. The 
first subroutine jump or interrupt results in the program counter contents 
being transferred to Locations 8 and 9. Then the stack pointer is incre­
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are obviously possible. 

At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the reSUlting pair 
to be transferred to the Program Counter. 
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7 

6 

5 

4 

3 

2 

1 
I 
I 

o __ ~s~ ___ E~~~~: __ 
PC4'U 7 

Stack 
Pointer 

(7) Flag 0, Flag I, (FO, Fl) 

I 
I PCO'U 3 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

RAM 
Address 

The 11-:1'8048 has two flags FO and Fl which are used for conditional 
jump. These flags can be set, reset and tested with the conditional 
jump inst ruction JFO. 

FO is a part of the program status word (PSW) and is saved in the 
stack area when a subroutine is called. 

(8) Program Status Word (PSW) 

An 8-bit status word which can be loaded to and from the accumulator 
exsists called the Program Status Word (PSW). The PSW is read by a 
MOV A, PSW and written to by a MOV PSW, A. The information available 
in the PSW is shown in the diagram below. 
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Stack Pointer 
I 

C lAC I FO IBS ~~ S2 SI So 

MSB IU LSB 

Saved in stack area 
at the time of Sub­
routine Call. 

Spare ("1" during Read) 

Bits a - 2 

Bit 3 

Bit 

Bit 5 

Bit 6 

Bit 7 

(9) Reset 

Stack Pointer Bits(SO, S1, S2) 

Not used ("1" level when read.) 

Working Register Bank Switch Bit 
(BS) 

a Bank 0 

1 Bank 1 

Flag a (FO) 

Auxiliary Carry (AC) carry bit generated by an ADD 
instruction and used by the decimal adjust instruction 
DA, A (AC) 

Carry (C) flag which indicates that the previous 
operation has resulted in the accumulator. 
(C) 

The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup resistor which in 
combination with an external l~F capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized. 
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If the pulse is generated externally the reset pin must be held at ground 
(.cO. )v) for at least 50mS after the power supply is within tolerance. 

Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank O. 

(iv) Selects Memory Bank O. 

(v) Sets BUS (DBO - DB7) to high impedance state. (Except when EA 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer. 

(ix) Clears Timer Flag. 

(x) Clears FO and Fl. 

(xi) Disables clock output from TO. 

5V) 

(10) Oscillator Circuit 

nW8048 can be operated by the external clock input in addition to 
crystal oscillator as shown below. 

XTAL 1 
,..--4'"'--y 

+5V 

2 XTAL 1 
10--4---/-, 

,..-_-+-_.-..::.3;: XTAL 2 __ -W1r-_~--=3+ XTAL 2 
+SV 

20 pF ~ 

2. Basic Operation and Timing 

The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 
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(1) Instruction Cycle 

· The instructions of TMP8048 are executed in one or two machine cycles, 
and one machine cycle consists of five states • 

. Fig.4 illustrates its relationship with the clock input to CPU. 

· ~2 clock shown in Fig.4 is derived to outside by ENTO CLK instruction. 

· ALE can De also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 

(2) External Memory Access Timing 

(i) Program Memory Access 

TMP8048 programs are executed in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of Doth external and internal programs. 

(3) Execution of external program Dnly. 

The external program memory is accessed (instructions are fetched) 
automatically when the internal ROM address is exceeded in mode (2) 
and from initial start address 0 in mode (3). 

In the external program memory access operation, the following will occur 

The contents of the l2-bit program counter will be output on BUS(DBO -
DB7) and the lower 4-bits of Port 2. 

Address Latch Enaole (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address externally. 

Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 

BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

• In the extended data memory access operation during READ/IlRITE cycle the 
following occurs 

The contents of RO R1 is output onto BUS (DBO - DB7). 

ALE indciates address is valid. The trailing edge of ALE is used to 
latch the address externally. 

A read RD or write WR pulse on the corresponding output pins indicates 
the type of data memory access in progress. Output data valid at trail­
ing edge of WR and input data must be valid at trailing edge of RD. 

Data (8-bits) is transferred over BUS. 
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XTALl Input 

(6MHz) 

~l 
(2MHz) 

Generated 
internally ~2 

State 

ALE 

(400KHz) 

P20-P23 

DBO - DB7 

ALE 

1 
Instruction 

Fetch 

(SOOns) 

1 State 

2 

Decode 

TMP8048P.8048PI .TMP8035P.8035PI 

3 4 S 1 
Execution Execution Execution 

(2.5)1 sec) 

r Next Address Latch Timing 

Fig.4 Instruction Cycle Timing 

Address Address Address 

Instruction 

~~I --~\~~I~I --~\~~I~I --~L 
Fig.S Timing of External Program Memory Access 
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Program Address Data Address Program Address 
r----~ 

DBO - DB7 

ALE 

RD (WR) 

\ I 
PSEN 

\ I \ r 
External Data Memory Access Instruction 

Suggest we have two diagrams 

fI Read 

ALE ----1 1---------- ALE 

Write 

BUS BUS 

WR 

Fig.6 Timing of Accessin~ External Data ;Memory 
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• Figure 6 illustrates the timing of accessing the external data memory 
during execution of external program. 

(3) Interface with I/O Expander (TMP8243P) 

The T~8048 I/O can be easily expanded using the TMP8243 I/O Expander. 
This device uses only the lower half 4-bits of Port 2 for communication 
with the TMP8048. The TMP8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lower half of Port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer con­
sists of two 4-bit nibbles the first containing the "OP Code" and port 
address and the second containing the actual 4-bits of data. 

+12V r-__________________________________________________ __ 

oJ EA 

RESET OV~ __________ ~,~----~ 

ALE 

DBO- DB7 

PZO, P2l 

Input of Internal 
ROM Address 

Output of 
ROM Data 

Input of Internal ROM Address 

FiB.7 Timing of Rading Internal Program Memory 

Sv 

SV 10K 
SS 

10K R~ 
SV D 

S 
Q 

74 

T 
R Q 

Fig.8(a) Single Step Circuit 
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Reading of Internal Program Memory 

The processor is placed in the READ mode by applying +12V to the EA pin 
and OV to the RESET pin, The address of the location to be read is then 
applied to BUS and the low order 2-bits of Port 2. The address is latched 
by a 0 to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin. 

A D-type flip flop with set and reset is used to generate SS. In the run 
mode SS is held high by keeping the flip flop set. To enter single step, 
set is removed allowing ALE to bring SS low via reset input. The next 
instruction is started by clocking a "1" into the FF which will not appear 
on SS unless ALE is high removing reset. In response to SS going high 
the processor begins an instruction fetch which brings ALE low resetting 
FF and causing the processor to again enter the stopped state. 

The timeing deagram in this case is as shown in Figure 8 (b). (EA = 5V). 

(6) Lower Power Stand-by Mode • 

• The TMP8048 has been organized to allow power to be removed from all but 
the volatile, 64 x 8 data RAM array. In power down mode the contents 
of data RAM can be maintained while drawing typically 10 - 15% of normal 
operating power requirements. 

VCC serves as the 5V supply for the bulk of the TMPB048 while the VDD 
supplies only the RAM array. In standby mode VCC is reduced to OV but VDD 
is kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as power is removed from VCC. 

ALE 

DBO - DB7 

P20-P23 

------, \~-------------------------
\ I L _________ J For two 

Instruction Inputr-___________ ~i~n~s~truction 

--A-dd-r-es-s--(p-C-)--~>-<==>------\( __ ~Ad~d~r=es~s~(P~~~l~) ______ ___ 

Address (PC) ~,--_A_d_dr_e_s_s_(_P_C+_l_) ____ _ 

Port20 -23 
Data 

Fig.8(b) Single Step Operation Timing 
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INSTRUCTION 
ACCUHULATOR INSTRUCTION 

Instruction Code 2:-l~ Mnemonic Operation Bytes Cycles 
D7 D6 D5 D4 D3 D2 Dl 00 C AC 

ADD A,Rr 0 1 1 0 1 r r r (A)+(A)+(Rr) 1 1 0 0 
r = 0-7 

ADD A,@Rr 0 1 1 0 0 0 0 r (A)+(A)+(Rr) 1 1 0 0 
r = 0, 1 

ADD A, UData 0 0 0 0 0 0 1 1 (A)+(A)+Data 2 2 0 0 
d7 d6 d5 d4 d3 d2 dl dO 

ADDC A,Rr 0 1 1 1 1 r r r (A)+(A)+(Rr)+(C) 1 1 0 0 
r = 0-7 

ADDC A,@Rr 0 1 1 1 0 0 0 r (A)+(A)+«Rr»+(q 1 1 0 0 
r = 0 1 , 

~DDC A,IData 0 0 0 1 0 0 1 1 (A)+(A)+Data+(C) 2 2 0 0 
d7 d6 d5 d4 d3 d2 dl dO 

ANL A,Rr 0 1 0 1 1 r r r (A)+(A)A (Rr) 1 1 - -
r = 0-7 

ANI. A,@Rr 0 1 0 1 0 0 0 r (A)+(A)A «Rr» 1 1 - -
r = 0, 1 

ANL A,IData 0 1 0 1 0 0 1 1 (A)+(A)AData 2 2 - -
d7 d6 d5 d4 d3 d2 dl dO 

ORL A,Rr 0 1 0 0 1 r r r (A)+(A)V (Rr) 1 1 - -
r = 0-7 

ORL A,@Rr 0 1 0 0 0 0 0 r (A)+(A)V «Rr» 1 1 - -
r = 0, 1 

ORL A,IData 0 1 0 0 0 0 1 1 (A)+(A)VData 2 2 - -
d7 d6 d5 :14 d3 d2 dl dO 

XRL A,Rr 1 1 0 1 1 r r r (A)+(A)V(Rr) 1 1 - -
r = 0-7 

XRL A,@Rr 1 1 0 1 0 0 0 r (A)+(A)V ( (Rr) ) 1 1 - -
r = 0, 1 

XRL A,IData 1 1 0 1 0 0 1 1 (A)+(A)VData 2 2 - -
d7 d6 d5 d4 d3 d2 dl dO 

INC A 0 0 0 1 0 1 1 1 (A)+(A)+l 1 1 - -

DEC A 0 0 0 0 0 1 1 1 (A)+(A)-l 1 1 - -

CLR A 0 0 1 0 0 1 1 1 (A)+O 1 1 - -

CPLA 0 0 1 1 0 1 1 1 (A)+NOT (A) 1 1 - -
DAA 0 1 0 1 0 1 1 1 Decimal Adj ust 1 1 0 -

Accmnulator 

SWAP A 0 1 0 0 0 1 1 1 (A4-7)~(A0-3) 1 1 - -

MCU48-l9 
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Mnemonic 
Instruction Code 

Operation 
Flag 

D7 D6 D5 D4 D3 D2 Dl DO 
Bytes Cycles c'AC 

RLA 1 1 1 0 0 1 1 1 (An+l)+(An) 1 1 - -
n = 0- 6 

(AO)+(A7) 

RLC A 1 1 1 1 0 1 1 1 (An+l)+(An) 1 1 - -
n = 0 - 6 

(C)+(A7) 
(AO)+(C) 

RRA 0 1 1 1 0 1 1 1 (An)+(An+l) 1 1 - -
n = 0- 6 

(A7)+(AO) 

RRC A 0 1 1 0 0 1 1 1 (An)+(An+l) 1 1 - -
n = 0 - 6 

(C)+(AO) 
(A7)+(C) 

Input/Output Instruction 

Instruction Code !flag 
Mnemonic D7 D6 D5 D4 D3 D2 Dl DO Operation Bytes Cycles fc 
IN A,Pp 0 0 0 0 1 0 P P (A)+(Pp) 1 2 - -

P = 1, 2 

OUTL Pp,A 0 0 1 1 1 0 P P (Pp)+(A) 1 2 - -
P = 1, 2 

ANL pp,IIData 1 0 0 1 1 0 P P (PP)+(PpMData 2 2 - -
d7 d6 d5 d4 d3 d2 d1 d{) P = 1, 2 

ORL Pp,IIData 1 0 0 0 1 0 P P (Pp )+(PP) VData 2 2 - -
d7 d6 d5 d4 d3 d2 dl dO P = 1, 2 

INS A,BUS 0 0 0 0 1 0 0 0 (A)+(BUS' 1 2 - -
OUTL BUS,A 0 0 0 0 0 0 1 0 (BUS)+(A) 1 2 - -

"NL BUS,IIData 1 0 0 1 1 0 0 0 (BUS)+(BUS)AData 2 2 - -
d7 d6 d5 d4 d3 d2 d1 dO 

ORL BUS, IIData 1 0 0 0 1 0 0 0 (BUS)+(BUS)yData 2 2 - -
d7 d6 d5 d4 d3 d2 dl dO 

MOVD A,Pp 0 0 0 0 1 1 P P (A0-3)+(Pp) 1 2 - -
(A4-7)+0 
P = 4 - 7 

MOVD Pp,A 0 0 1 1 1 1 P P (Pp)+(A0-3) 1 2 - -
P = 4-7 
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Instruction Code ~::L Mnemonic Operation Bytes Cycles 
D7 D6 DS D4 D3 D2 Dl DO C AC 

ANLD Pp,A 1 0 0 I I I P P (Pp)+(Pp)1\ (AO- 3) I 2 - -
P = 4 - 7 

ORLD Pp,A I 0 0 0 1 I P P (Pp)+(Pp) V(AO- 3) I 2 - -
P = 4 - 7 

Register Instruction 

Mnemonic Instruction Code 
Operation Bytes Cycles ~;:JL 

D7 D6 DS D4 D3 D2 Dl DO C AC 

INC Rr 0 0 0 I I r r r (Rr)+(Rr)+l 1 1 - -
r = 0 ~ 7 

INC @Rr 0 0 0 I 0 0 0 r «Rr»+«Rr»+l 1 I - -
r = 0, I 

DEC Rr I I 0 0 I r r r (Rr)+(Rr)-I I 1 - -
r = 0 - 7 

Branch Instruction 

Mnemonic 
Instruction Code 

Operation Bytes Cycles 
Flag 

D7 D6 D5 D4 D3 D2 Dl DO eTc 

JMP Address aID a9 a8 I 0 I 0 0 (PCD-7)+(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 al aD (PC8-l0)+(a8-IO) 

(PCll)+DBF 

JMPP @A I 0 I 1 0 0 I I (PCD-7)+( (A» 1 2 - -
D:JNZ Rr, I I I 0 1 r r r (Rr)-<-(Rr)-I 2 2 - -
Address a7 a6 as a4 a3 a2 al aO if Rr not 0 

(PCD-7)+(aD-7) 

i JC Address I I 1 I 0 I I 0 (PCD-7)+(aD-7) 2 2 - -
a7 a6 as a4 a3 aZ al aD if C = 1 

(PC) = (PC)+Z 
if C = 0 

JNC Address 1 1 I 0 0 I I 0 (PCO-7)+(aD-7) 2 2 - -
a7 a6 as a4 a3 a2 al aO if C = 0 

(PC)+(PC)+Z 
if C = 1 
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Instruction 
~~ Mnemonic Operation Bytes Cycles D7 D6 DS D4 D3 D2 Dl DO C AC 

JZ Address 1 1 0 0 0 1 1 0 (PCO- 7)-<- (aO- 7) 2 2 - -
a7 a6 as a4 a3 a2 al aO if (A) = 0 

(PC)-<-(PC)+2 
if (A) ,., 0 

JNZ Address 1 0 0 1 0 1 1 0 (PC0-7)-<-(aO- 7) 2 2 - -
a7 a6 as a4 a3 a2 al aO if (A) t 0 

(pC)-<-(PC)+2 
if (A) = 0 

JTO Address 0 0 1 1 0 1 1 0 (PCO-7)-<-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 al aO ifTO=1 

(pC)-<-(PC)+2 
ifTO=O 

JNTO Address 0 0 1 0 0 1 1 0 (PCO-7)-<-(a0-7) 2 2 - -
a7 a6 as a4 a3 a2 al aO ifTO=O 

(pC)-<-(PC)+2 
ifTO=1 

JTl Address 0 1 0 1 0 1 1 0 (PCO- 7)-<-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 al aO ifTl=1 

(pC)-<-(PC)+2 
ifTl=O 

~Tl Address 0 1 0 0 0 1 1 0 (PC0-7)-<-(a0-7) 2 2 - -
a7 a6 as a4 a3 a2 al aO if Tl = 0 

(PC)-<-(PC)+2 
ifTl=1 

JFO Address 1 0 1 1 0 1 1 0 (PC0-7)-<-(aO- 7) 2 2 - -
a7 a6 as a4 a3 a2 al aO ifFO=1 

(PC)-<-(PC)+2 
ifFO=O 

JFl Address 0 1 1 1 0 1 1 0 (PC0-7)-<-(a0-7) 2 2 - -
a7 a6 as a4 a3 a2 al aO ifFl=1 

(PC)-<-(PC)+2 
ifFl=O 

JTF Address 0 0 0 1 0 1 1 0 (PCO- 7)-<-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 al aO ifTF=1 

(PC)-<-(PC)+2 
_if TF = 0 

JNl Address 1 0 0 0 0 1 1 0 (PC0-7)-<-(a0-7) 2 2 - -
a7 a6 as a4 a3 a2 al aO ifINT=O 

(PC)-<-(PC)+2 
if INT= 1 

JBb Address b2 bl bO 1 0 0 1 0 (PCO-7)-<-(a0-7) 2 2 - -
a7 a6 as a4 a3 a2 al aO if Bb = 1 

(PC}-<-(PC)+2 
if Bb = 0 
(b=O-7) 
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Subroutine Instruction 

Mnemonics 
Instruction Code Flag 

Operation Bytes Cycles 1--,----
D7 D6 D5 D4 D3 D2 DI DO C AC 

CALL Address aIO a9 a8 I 0 I 0 0 «SP) )-<- 2 2 - -
a7 a6 a5 a4 a3 a2 al aO (PC) • (PSW4- 7) 

(SP)-<-(SP)+l 
(PC8-IO)-<-(a8-IO) 
(PCQ-7)-<-(aQ-7) 
(PCll)-<-DBF 

RET I 0 0 0 0 0 I I (SP)-<-(SP)-I I 2 - -
(PC)+ «SP» 

RETR 1 0 0 1 0 0 1 1 (SP)+(SP)-l 1 2 - -
(PC)+«SP) ) 
(PSW4-7)+«SP) ) 

Flag Manipulation Instruction 

Mnemonics 
Instruction Code 

Operation Bytes Cycles cE~ 
D7 D6 DS D4 D3 D2 Dl DO C AC 

CLR C I 0 0 I 0 I I I (C)+O I I 0 -
CPL C I 0 I 0 0 I I I (C)+NOT(C) I I 0 -
CLR FO I 0 0 0 0 I 0 I (FO)+O I I - -
CPL FO I 0 0 I 0 I 0 I (FO)+NOT(FO) I I - -
CLR Fl I 0 I 0 0 I 0 I (Fl)+O 1 I - -
CPL Fl i 0 I I 0 I 0 I (Fl)+NOT(Fl) I I - -

Data Transter Instruction 

Mnemonics 
Instruction Code 

Operation Bytes Cycles 
Flag 

1---
D7 D6 DS D4 D3 D2 DI DO C AC 

MOV A,Rr I I 1 1 I r r r (A)+(Rr) I I - -
r = 0-7 

MOV A,@Rr I I I 1 0 0 0 r (A)+«Rr) ) I I - -
r = 0, 1 

MOV A,llData 0 0 1 0 0 0 1 1 (A)+Data 2 2 - -
d7 d6 dS d4 d3 d2 dl dO 

MOV Rr,A 1 0 1 0 1 r r r (Rr)+(A) 1 1 - -
r = 0 - 7 
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Instruction Code ~"L Mnemonics Operation Bytes Cycles 
D7 D6 D5 D4 D3 D2 Dl DO C AC 

MOV @Rr,A 1 a 1 0 a a 0 r «Rr) )+(A) 1 1 - -
r = 0, 1 

MOV Rr,tlData 1 a 1 1 1 r r r (Rr}+Data 2 2 - -
d7 d6 d5 d4 d3 d2 d1 dO r = 0- 7 

MOV @Rr,tIData 1 a 1 1 a 0 a r (CRr) )+Data 2 2 - -
d7 d6 d5 d4 d3 d2 d1 dO r = 0, 1 

MOV A,PSW 1 1 a 0 0 1 1 1 (A)+(PSW) 1 1 - -
MOV PSW,A 1 1 0 1 0 1 1 1 (PSW)+(A) 1 1 - -
XCH A,Rr 0 0 1 0 1 r r r (A)t(Rr) 1 1 - -

r = 0-]-

XCH A,@Rr 0 0 1 0 0 0 a r (A).:;':«Rr) ) 1 1 - -
r = 0, 1 

XCHD A.@Rr 0 0 1 1 0 a 0 r (AD- 3).:;':( (RrO-3)) 1 1 - -
r = 0, 1 

MOVX A,@Rr 1 a 0 a 0 0 0 r (A)+«Rr)) 1 2 - -
r = 0, 1 

MOVX @Rr,A 1 a a 1 0 0 0 r «Rr) )+-(A) 1 2 - -
r = 0, 1 

MOVP A,@A 1 a 1 0 0 0 1 1 (PCQ-7)+(A) 1 2 - -
(A)+«PC) 

MOVP3 A,@A 1 1 1 a 0 0 1 1 (P CQ-7)+ (A) 1 2 - -
(PCB-ll)+OOll 
(A)+(PC» 

Timer/Counter Instruction 

Mnemonics 
Instruction Code 

Operation Bytes Cycles 
Flag , 

D7 D6 D5 D4 D3 DZ Dl DO 'G'Ac' 
MOV A,T 0 1 0 () 0 0 1 0 (A)+(T} 1 1; - -
MOV T,A 0 1 1 0 0 0 1 0 (T)+-(A)i 1 1 - -
STRT T 0 1 () 1 0 1 a 1 : Ctmnting is 1 1 - -

started illftbe 
timer mode 

I 
STRT CNT 0 1 a 0 a 1 a 1 ,Counting is, 1 1 - -

'started in the I 

l event counter 
mode 
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Mnemonics 
Instruction Code 

Operation Bytes Cycles 
Flag 
I--~ 

D7 D6 D5 D4 D3 D2 Dl DO C AC 

STOP TCNT 0 I I 0 0 I 0 I Stop both time I I - -
accumulation and 
event C'ount ing 

EN TCNT] 0 0 I 0 0 I 0 I Timer interrupt I 1 - -
is enabled 

DIS TCNT] 0 0 I 1 0 I 0 I Timer interrupt I I - -
is disabled 

Control Instruction 

Mnemonics 
Instruction Code 

Operation Bytes Cycles 
Flag 

f.--c---
D7 D6 D5 D4 D3 D2 DI DO C AC 

EN I 0 0 0 0 0 I 0 I External inter- I I - -
rupt is enabled 

DIS I 0 0 0 I 0 I 0 I External inter- I I - -
rupt is disabled 

SEL RBO I I 0 a a I a I (BS)+-O I 1 - -
SEL RBI I 1 a I a I 0 1 (BS)+l I 1 - -
SEL MBa 1 1 I a a I a I (DBF)+a 1 I - -

SEL MEl I I I I 0 I a I (DBF)+1 1 1 - -

ENTO CLK a 1 1 I a 1 a I TO is enabled to 1 1 - -
act as the cIa ck 
output 

NOP 0 0 0 0 0 0 0 0 No operation 1 I - -
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ITMP8048P/ 8035P I 

ABSOLUTE MAXI MUt1 RATINGS 

SYMBOL ITEM RATING 

VDD VDD Supply Voltage (with respect to GND (VSS)) -0. SV to +7V 

VCC VCC Supply Voltage (with respect to GND (VSS)) -O.SV to +7V 

VINA Input Voltage (Except EA) -O.SV to +7V 

VINB Input Voltage (Only EA) -O.SV to +l3V 
PD Power Dissipation (Ta=70° C) 1.SW 

TSOLDER Soldering Temperature (Soldering Time 10 sec) 260°C 
TSTG Storage Temperature -5SoC to lSO°C 

TOPR Operating Temperature O°C to 70°C 

DC CHARACTERISTI CS TA=O°C to 70°C, VCC=VDD=+SV±lO%, VSS=OV, Unless Otherwise Noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL 
Input Low Voltage 

--- -O.S - 0.8 V (Except XTALl, XTAL2, RESET) 

VILl Input Low Voltage 
-O.S 0.6 V (XTALl , XTAL2, RESET) -

VIR Input High Voltage 
VCC V 

(Except XTALl, XTAL2, RESET) 2.0 -

17IHI Input High Voltage 
3.S - Vce V (XTALl, XTAL2, RESET) 

VOL Output Low Voltage (BUS) I OL=2.0mA - - 0.4S V 

VOLl 
Output Low Voltage 

IOL=1. SmA (RD, WR, PSEN, ALE) - - 0.45 V 

VOL2 Output Low Voltage (PROG) IOL=1. OmA - - 0.45 V 

VOL 3 
Output Low Voltage 

I OL=1.6mA 0.4S 
(For other 

- - V 
output pins) 

VOH Output High Voltage (BUS) IOH=-400)JA 2.4 - - V 

VORl 
Output High Voltage 

IOH=-lOO)JA 2.4 - - V 
(RD, WR, PSEN, ALE) 

VOH2 
Output High Voltage 

IOH=-40)JA 2.4 - - V 
(For other output pins) 

ILl Input Leak Current (Tl, INT) VSS;;VIN;;VCC - - flO )JA 

ILlI 
Input Leak Current Vss+0.4S':;VIN':;VCC -sao (PIO-17, P20:'P27, EA, 88) - - )JA 

I LO 
Output Leak Current (BUS, TO) 

VSS+O.4S;;VIN;;VCC - - 110 )JA 
(High impedance condition) 

IDD VDD Supply Current - - 15 mA 

IDn+ICC Total Supply Current - - 135 mA 
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AC CHARACTERISTICS TA=O°C to 70°C VCC=VOD=+5V"10%, VSS=OV Unless otherwise Noted , , , 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tLL ALE Pulse Width 400 - - ns 

tAL Address Setup Time (ALE) 120 - - ns 

tLA Address Hold Time (ALE) 80 - - ns 

tcc Control Pulse Width (PSEN,RD,WR 700 - - ns 

tDW Data Setup Time (WR) 500 - - ns 

tWD Data Hold Time (WR) 120 - - ns 

tcy Cycle Time 2.5 - 15.0 lls 

tDR Data Hold Time (PSEN, RD) CL=20pF 0 - 200 ns 

tRD Data Input Read Time (PSEN ,RD) - - 500 ns 
--

tAW Address Setup Time (WR) 230 - - ns 
-------

tAD Address Setup Time (Data Input) - - 950 ns 

tAFc Address Float Time (RD, PSEN) 0 - - ns 

tCA Internal between Control Pulse 
10 - - ns and ALE 

tcp Port Control Setup Time (PROG) 110 - - ns 

tpc Port Control Hold Time (PROG) 100 - - ns 

tpR Port 2 Input Data Set Time (PROG) - - 810 ns 

tDP Output Data Setup Time (PROG) 250 - - ns 

tpD Output Data Hold Time (PROG) 65 - - ns 

tpF Port2 Input Data Hold Time (PROG) 0 - 150 ns 

tpp PROG Pulse Width 1200 - - ns 

tpL Port2 I/O Data Setup Time 350 - - ns 

tLP Port2 I/O Data Hold Time 150 - - ns 

Note tcy=2.511s, Control Output: CL=80 pF, BUS Output: CL=150pF, PORT20 - 23: CL=80pF. 
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In1P8048PIj8035PI : INDUSTRIAL SPECIFICATION I 
ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM 

VDD VDD Supply Voltage (with respect to 

Vec Vcc Supply Voltage (with respect to 

VINA Input Voltage (Except EA) 

VINB Input Voltage (Only EA) 

PD Power Dissipation (Ta~ 70 ° C) 

GND (VSS» 

GND (VSS» 

TSOLDER Soldering Temperature (Soldering Time 10 sec.) 

TSTG Storage Temperature 

TOPR Operating Temperature 

RATING 

-0.5V to +7V 

-O.SV to +7V 

-O.SV to +7v 

-O.SV to +l3V 

1. SW 

260°C 

-SSoC to lSO°C 

-40°C to 8SoC 

DC CHARACTERISTICS ITA~-40°C to 8soci VCC~VDD~+SV+IO% VSS~OV Unless otherwise Noted. , - 0, , 
SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL 
Input Low Voltage 

-O.S - 0.7 (Except XTAL1, XTAL2, RESET) V 

VILl 
Input Low Voltage 

-O.S - 0.6 V 
(XTPLl , XTAL2, RESET) 

VIH 
Input ·High Voltage 

- Vec V 
(Except XTAL1,XTAL2,RESET) 2.2 

VIlIl 
Input High Voltage 

3.8 - VCC V 
(XTALl, XTAtZ, RESET) 

VOL Output Low Voltage (BUS) IOL~1.6rnA - - 0.4S V 

VOLl 
Output Low Voltage 

IOL~1. 6rnA - - 0.4S V 
(RD, WR, PSEN, ALE) 

VOL2 Output Low Voltage (PROG) IOL~0.8rnA - - 0.4S V 

VOL3 
Output Low Voltage 

IOL~l. 2mA - - 0.4S V 
(For other output pins) 

VOH Output High Voltage CBUS). IOH~-280~A 2.4 - - V 

VOHl 
Output High Voltage 

IOH~-80~A 2.4 - - V (RiS, WR, PSEN, ALE) 

VOH2 
Output High Vol tage 

IOH~-30jlA 2.4 - - V 
(For other output pins) 

ILl Input Leak Current(Tl,INTJ VSS;';VIN;';VCC - - ±10 jlA 

ILll 
Input Leak Current 

Vss+0.4S;VIN;VCC - - -600 ~A 
(P10-17, P20-27, EA, SS) 

ILO Output Leak Curren t (B US , TO) 
VSS+0.4S;';VIN;';VCC ±10 IJA - -

(High impedance condition) 

IDD VDD Supply Current - - 20 rnA 

IDD+ICC Total Supply Current - - l4S rnA 
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AC CHARACTERISTICS 

, - 0, , !TA=-40°C to 85°cl VCC=VDD=+5V+lO% VSS=OV Unless otherwise Noted 

SYMBOL PARAMETER TEST CONDITIONS MIN, TYP. MAX. UNIT 

tLL ALE Pulse Width 200 - - ns 

tAL Address Setup Time (ALE) 120 - - ns 

tLA Address Hold Time (ALE) 80 - - ns 

tcc Control Pulse Width(PSEN,RD,WR) 400 - - ns 

tDW Data Setup Time (WR) 420 - - ns 

tWD Data Hold Time (WR) CL=20pF 80 - - ns 

tcy Cycle Time 2.5 - 15.0 )lS 

tDR Data Hold Time (PSEN, RD) 0 - 200 ns 

tRD Data Input Read Time (PSEN, RD) - - 400 ns 

tAW Address Setup Time (WR) 230 - - ns 

tAD Address Setup Time (Data Input) - - 600 ns 

tAFC Address Float Time (RD, PSEN) -40 - - ns 

tCA Internal between Control Pulse 10 and ALE - - ns 

tcp Port Control Set up Time (PROG) 115 - - ns 

tpc Port Control Hold Time (PROG) 65 - - ns 

tpR Port 2 Input Data Set Time (PROG) - - 860 ns 

t DP Output Data Setup Time (PROG) 230 - - ns 

tpD Output Data Hold Time (PROG) 25 - - ns 

tpF Port2 Input Data Il.old Time (PROG) 0 - 160 ns 

tpp PROG Pulse Width 920 - - ns 

tPL Port 2 I/O Data Setup Time 300 - - ns 

tLP Port 2 I/O Data Hold Time 120 - - ns 

Note tcy=2.5jJs, Control Output: CL=80pF, BllS Output: CL=lS0pF, PORT 20 - 23: 

CL=8OpF. 
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TIMING WAVEFORM 

A. Instruction Fetch from External Program Memory 

tcy 

ALE 

BUS 

B. Read from External Data Memory 

ALE 

RD 

BUS 

Address 

C. Write into External Data Memory 

ALE 

WR 

BUS 
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o. Timing of Port 2 during Expander Instruction Execution 

ALE 

PORTZO 
I PCH 

PORT23 
(Output Data) 

PORTZO 
I PCH 

PORT23 
(Input Data) Port 

PROG 

t 

* Input Enabled State 

TYPICAL CHARACTERISTICS 

1) BUS: lOH - VOH 

-50 VDn=VCc=5V 

TA=25°C 

! -30 

p:: 
0 

H -10 

"-
....... 1'-., 

......... --o 
o 2 VOH (V) 4 

2) PI, P2:10H -VOH 

-500 VDD=VCC=5V 

<-..:; TA=25°C 

p:: -300 
0 

H -- r----
2 4 

VOH (V) 
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..., 
o 

H 

3) BUS, PI, P2: lOL - VOL 

50 

30 

10 

o 
o 

;7' 
,. 

VDD=VCC=5V 

TA=25°C --
2 4 

VOL (V) 
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PROGRAM TAPE FORMAT 
1111'8084 programs are delivered in the form of paper tape with the following 

format and it is required to attach the tape list. The format of paper tape is 
same as the lntel type object tape (hexadecimal tape output by [ntel MDS system, 

11) Tape Forma t PROMPT 48 Development Tool, etc.) 

ri) } Leader, SO "NULL" characters or more 

Comments Comment (Record mark":" is not included) ) 
CR) Option 

I--.!---I- - - - - Record Mark 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

Normal Record "00" 
Record Type (2 Digits) "01" End of File Record 

Data 

~ Check Sum (2 hexadecimal digits) 

CR Dummy characters (RUBOUT, BLANK) 
LF optional. 
: - - - - -- Record Mark (Repeated below) 

before and after "(CR) (LF)" are 

~ 
V0 

}Trailer, SO "NULL" characters or more 

(2) Example of Tape List 

TOSHIBA MICRO COMPUTER TLCS-84 
:100000000665C7D79CF50F3F95lFED5SA8FF16E570 
:lOOOl00088884DDE67D3lF5D8ABA6DF292Fl13FSCl 
:100020004FFlFB5DFFDAA96A99CF7DF94A346B7C09 
:10003000l973S2F729Fl2F79AA9COS7C5B85lEED77 

:1003COOOSDFDBSE5S6A67277F6lA5lC63lCF9FOE80 
:1003DOOOBD2F6F20E8BB1977E3FBSADlF4lFDAA7E2 
:l003EOOOBS3D42EOEC3254602SB7308CDD52063DID 
:1003FOOOB4BE9E9E345B6l38060B20VC372BF60BD6 
:OOOOOOOlFF 
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OUTLINE DRAWING 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

eo 
o 
+i 
o 
rl 

025 TYP 

05±Ol 

Unit in mm 

(Note 1) 

lS24±O 1 

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

2. Each lead pitch is 2.S4mm, and all the leads are located 
within ±O.2Smm from their theoritical positions with 
respect to No.1 and No.40 leads. 
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TlCBNICAl DATA 

8-BIT SINGLE-CHIP MICROCm1PUTER 

GENERAL DESCRIPTION 

TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

Trlp8049P /8049P- 6/ 8049PI-6 

Trlp8039P /8039P-6/8039PI-6 

N-CHANNEL SILICON GATE MOS 

The Tm>8049P, from here on referred to as the TMP8049, is a single chip 
microcomputer fabricated in N-channe1 Silicon Gate MOS technology which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP8049 is particularly efficient as a controller. It has extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. 

The TMP8039p is the equivalent of a ·TMP8049 without ROM program memory on 
chip. By using this device with external EPROM or RAM, software debugging 
becomes easy. 

The TMP8049P-6/TMP8039P-6 is a lower speed (6MHz) version of the 
TMP8049P/TMP8039P. 

FEATURES 

Compatible with Intel's 8049 

1.36~S Instruction Cycle 

All instruction 1 or 2 cycles 

Over 90 instructions; 70% single byte 

Easy expandable memory and I/O 

2K x 8 masked ROM 

PIN CONNECTIONS (Top View) 
TO 

XTAL1 
XTAL2 
RESET 

SS 
INT 

EA 
RD 

PSEN 
WR 

ALE 
DBO 
DB1 
DB2 
DB3 
DB4 
DBS 
DB6 
DB7 

(OV)VSS 

MCU48-34 

128 x 8 RAM 

27 I/O lines 

Interval Timer/Event Counter 

Single level interrupt 

Single SV supply 

-40·C to +8S·C Operation (TMP8049PI-6/ 
TMP8039PI-6 : Industrial Specification) 

VCC (+SV) 
T1 
P27 
P26 
P2S 
P24 
P17 
P16 
PIS 
P14 
P13 
P12 
Pu 
PIO 
VDD(+SV) 
PROG 
P23 
P22 
P2l 
P20 
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BLOCK DIAGRM1 

INT 

Oscillation 
Frequency 

gister/ 

Decoder~======~ 

Accumula tor 
Bit Test 

Condi tional 
Jump Circuit 

Control and Timing Circuit 

XTAL 2 

2 

6 

Mask ROM 

2K x 8 

(Program 
Area) 

RAM 

128 x 8 

XTAL 1 :R:ESET INT EA SS ALE PSEN RD WR PROG Note 1) The lower order 4 bits of 

H 0 ~ HH 0.'" en 
::> OJ ::> ::> c; ~ C'. 

'" ("l OJ 
'" rt 

ro rt ::> 

" C'. ro 
" ro 

[Jl rt> !JQ 
rt I-' rt rt" OJ " 

I-' 
OJ I-' " ::> rt> 

" H " en" 
rt ::> '" ro f-' en 
0 '" rt f-' rt 

" " rt> :» ro 
n ("l 0. 

rt l '" 

'--v-----' 

r<:» en Cj t:J 

" 0. 
rt c; " rtp. c; 0 rt 

("l c; o !JQ " ;:rrt> 0" " Ul rt> " en 
enUl " rt 
rt " " 0 
0 0" 
0" rt> 
rt> [Jl 
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" 

port 2 output latch are 
used also for input/output 
operations with the I/O 
expander. 

Note 2) The output latch of port 0 
is also used for address 
output. 
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PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 

Circuit GND potential 

VDD (Power Supply) 

+SV during operation Low power standby pin for TMP8049 RAM 

VCC (Main Power Supply) 

+SV during operation 

PROG (Output) 

Output strobe for the TMP8243P I/O expander 

Pl O-P17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup~ SOK(l ). 

P20-P 27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal PUllup;;: 50KSI ). 

P20-P23 Contain the four high order program counter bits during an external 

program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 

DBO -DB 7 (Input/Output, 3 State) 

Ture bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

~'O (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

Tl (Input) 

Input pin testable using the JTl and JNTI instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low) Used as a Hrite Strobe to 
External Data Memory. 
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RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a feLch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being executed. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High). 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter­
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 

FUNCTIONAL DESCRIPTION 

1. System Configuration 

The following system functions of the TMP8049 are described in detail. 

(1) Program Memory (6) Stack (Stack Pointer) 

(2) Da ta Memory (7) Flag 0, Flag 1 

(3) I/O Port (8) Program Status Word (PSW) 

(4 ) Timer/Counter (9) Reset 

(5 ) Interrupt Control Circuit (10) Oscillator Circuit 

(1) Program Memory 

The maximum memory that can be directly addressed by the TMP8049 is 
4096 bytes. The first 2048 bytes from location 0 through 2047 can be 
internal resident mask ROM. The rest of the 2048 bytes of addressable 
memory are external to the chip. The TMP8039 has no internal resident 
memory; all memory must be external. 
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There are three locations in Program Memory of special importance. 

Location 0 

Address 
4095 

2048 

2047 

Memory Bank 1 

Memory Bank 0 

Program Memory Area 

Activating the Reset line of the processor causes the first instruc­
tion to be fetched from Location O. 

Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

Location 7 

A timer/counter interrupt resulting from a timer/counter overflow 
(if enabled) causes a jump to a subroutine defined by address held 
in Location 7. 

Program addresses 0-2047 and 2048-4095 are called memory banks 0 
and 1 respectively. Switching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of an 
unconditional jump instruction or call instruction executed after using 
SEL MBO or SEL MBI. 

Reset operation automatic.ally selects Bank O. 

(2) Data Memory 

Resident Data Memory (volatile RAM) is organized as 128 words by 8-bits wide. 

The first 8 locations (0 - 7) of the memory array are designated as working 
registers and are directly addressable by several instructions. 
By executing a Register Bank switch instruction (SEL RBI) locations 24 - 31 
are designated as the working registers in place of 0 - 7. 
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Address~------------~ 
127 

Data Memory 

32 
31 Re;i~te-;'-ia-;:;k-l-
24 RBI 
23-----------

8 Level Stack 

8 
(16 byte) 

7 Resister Bank 0 

o L-___ RB=.::O:....-.....J 

Internal Data Memory Area 

RAM locations 8 - 23 serve a dual role in that they contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 

ALL 128 locations are indirectly addressable through either of two RAM 
Pointer Registers which reside at RO and Rl of the Register array. 

The TMP8049 architecture allows extension of the Data Memory to 2S6 words. 

(3) Input/Output Ports 

The TMP8049 has 27 I/O lines which can be used for either'input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 "test" inputs which can alter program sequences when tested by con­
ditional jump instructions. 

Ports I and 2 are each 8-bits wide and have identical characteristics. 
Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1). Each line is 
continously pulled to a +SV level through a high impedance resistive device 
(SOK n) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL gate thus allowing the same 
pin to be used for both input and output. In order to speed up the "0" 
to "I" transition a low impedance device (SK n) is switched in momentarily 
whenever a "I" is written to line. When a "a" is written to line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capability. 
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ANL, ORL 

Internal Bus----~-L_4D Q 

D-Type 
Flip-Flop 

+SV +SV 

CLK Q I--t------I 

Write Pulse'----~~-----------------

Inter Buffer 

IN 

SOH) 

Fig.l Input/Output Circuit of Port 1, Port 2 

SOUl I/O pins 
Portl or 2 

Reset initializes all lines to a high impedance TIl" state. 

When external data memory area is not addressed during execution of an 
internal program, Port 0 (DBO - DB7) becomes a true bidirectional port 
(bus) with associated input and output strobes. If bidirectional feature 
not needed Bus can serve as either a statically latched output port or 
a non-latched input port. However, I/O lines of this port cannot be 
intermixed. 

As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

As a bidirectional port the MOVX instructions are used to read and write 
the port which generate the WR RD strobes. 

When not being written or read, the Bus lines are in a high impedance 
state. 

(4) Timer/Event Counter 

TIle 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 

Timer mode 
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(2) External input clock form Tl terminal 

(minimum cycle time 3 x ALE cycle) 

Event Counter mode 

The counter is presettable and readable with two MOV instructions 
which transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is initial­
ized solely by the MOVT, A instruction. The counter is stopped by a 
Reset or STOP TCNT instruction and remains stopped until started by 
START T instruction or as an event counter by a START CNT. Once started 

'the counter will increment to its maximum count (FF) and overflow to 
Zero continuing its count until stopped by a STOP TCNT instruction or 
RESET. 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a subroutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with "the 
conditional JUMP (JTF). The flag is reset by executing a JTF or by RESET. 
Figure 2 illustrates the concept of the timer circuit. 

XTAL/15 
1/32 

Pre-scaler 

Cleared on Start Timer 

STOP TeNT 0 

1'1 1-----IEdge Detector 

8-Bit Timer/ 

Counter 

n 
Read/Write Enable 

JTF Instruction 

Timer Interrupt 
Request Flip-Flop 

INT 

Timer Interrupt Enable 

Fig.2 Concept of Timer Circuit 
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JTF S Conditional Jump Logic 
Inst ruction 

Reset 

Timer Overflow 

Timer 
Flag F-F 
R 

--------~~s Q~----~ 

Timer Interrupt 
Execution------~--' 

Reset 

INT pin 

ALE 

Last cycle 
of Instruct~on 

EN I 
lnst ruet ion S +' 

!3""" H <ll 
HH 
<)).0 
W co 

" " H'" 
R 

Q 

'" J1 

Timer 
Overflow 
R F-F 

Inter­
rupt 
F-F 

CLK 

EN TCI'~T 1 
Instruction 

S w 

"" ;:l 
H 

H H 
<ll <ll 

'" w R'r< " ['-;H 

Rese t ___ --l--,f-__________________ ---l 

Instruction 
DIS TCNTl 
Instruction 

Q 

'" I 

'" 

RETR 
Instruc­
tion 

Fig.3 Concept of Interrupt Control Circuit 

(5) Interrupt Control Circuit 

r-__ ~~--,External inter­
CLK Q rupt Recognized 

Execution 
rupt Call 

Timer interrupt 
Recognized 

of Inter-
Instruction 

There are two distinct types of Interrupts in the TMP8049. 

(1) External Interrupt from the INT terminal 

(2) Timer Interrupt caused by timer overflow 
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The interrupt system is single level in that once an interrupt is detected 
all further interrupt requests are ignored until execution of an RETR 
(which should occur at the end of an interrupt service routine) reenables 
the interrupt input logic. 

An interrupt sequence is initiated by applying a low level "0" to the INT 
pin. INT is level triggered and active low which allows "Wire Oring" of 
several interrupt sources. The interrupt level is sampled every machine 
cycle during AL"'8: and when detected causes a "jump to subroutine" at Loca­
tion 3. As in any call to subroutine, the Program Counter and Program 
Status Word are saved in the stack. 

When an overflow occurs in the internal timer/event counter an interrupt 
request is generated which is reserviced as outlined in previous paragraph 
except that a jump to Location 7 is used instead of 3. If INT and times 
overflow occur simultaneously then external request INT takes precedence. 

If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(o~e"less"t~an the. t~rminal cour:t), and enab~ing the event counter mo~e. 
A 1 to 0 transltlon on Tl wlll cause an lnterrupt vector to Locatlon 7. 

The interrupt service routine pointed to be addresses in l-,ocation 3 or 7 
must reside in memory between 0 and 2047, i,e., Bank O. 

Figure 3 illustrates the concept of the interrupt control circuit. 

(6) Stack (stack Pointer) 

An interrupt or Call to a subroutine causes the contents of the program 
counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Word (PSW explained in section (8)). Data RAM 
locations, 8 through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

The stack pointer when initialized points to RAM locations 8 and 9. The 
first subroutine jump or interrupt results in the program counter contents 
being transferred to Locations 8 and 9. Then the stack pointer is incre­
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are obviously possible. 

At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 
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7 

6 

5 

I 
I 4 
I 

I 
I 
I 3 
I 
I 

I 
I 
I 2 
I 

I 

1 
I 
I 
I 
I 

PSW I PCS'C 11 _______ L ________ 
a 

PC4'C 7 

Stack 
Pointer 

I 
I pca'C 3 

23 

22 

21 

20 

19 

IS 

17 

16 

15 

14 

13 

12 

11 

10 

9 

S 

RAM 
Address 

(7) Flag 0, Flag 1, (FO. Fl) 

The TMPS049 has two flags FO and Fl which are used for conditional 
jump. These flags can be set, reset and tested with the conditional 
jump inst ruct ion JFO. 

FO is a part of the program status word (PSW) and is saved in the 
stack area when a subroutine is called. 

(S) Program Status Word (PSW) 

Ao S-bit status word which can be loaded to and from the accumulator 
exsists called the Program Status Word (PSW). The PSW is read by a 
MOV A. PS\~ and written to by a MOV PSW. A. The information available 
in the PSW is shown in the diagram below. 
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Stack Poinler 
I 

I C I AC I Fa I BS ~ S2 I Sl So 

MSB I IU LSB 

Saved in stack area 
at the time of Sub­
rout ine Call. 

Spare ("1" during Read) 

Bits a - 2 

Bit 3 

Stack Pointer Bits(So, S1, S2) 

Not used ("1" level when read.) 

Working Register Bank Switch Bit 
(BS) 

Bit 4 

Bit 5 

Bit 6 

Bit 7 

(9) Reset 

a Bank a 
1 Bank 1 

Flag a (Fa) 

Auxiliary Carry (AC) carry bit generated by an ADD 
instruction and used by the decimal adjust instruction 
DA, A (AC) 

Carry (C) flag which indicates that the previous 
operation has resulted in the accumulator. 

(C) 

The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup resistor which in 
combination with an external IlJF capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized. 

lkSl 
~-L-O-~~------~----~RESET 

~ I]lF I 
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If the pulse is generated externally the reset pin must be held at ground 
(~0.5v)for at least 50mS after the power sup~ly is within tolerance. 

Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank O. 

(iv) Selects Memory Bank O. 

(v) Sets BUS (DBO - DB7) to high impedance state. (Except when EA = 5V) 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer. 

(ix) Clears Timer Flag. 

(x) Clears FO and Fl. 

(xi) Disables clock output TO. 

(10) Oscillator Circuit 

TMP8049 can be operated by the external clock input in addition to 
crystal oscillator as shown below. 

~_-.-_---=-}- XTAL 1 

+5V 

47051 
2 XTAL 1 

lo--4----¥ 

TTL Gate 

~_-l-_....:3~ XTAL 2 __ 4.,,7\i\0_51--+----'3:..y XTAL 2 
+5V 

10pF ~ 

2. Basic Operation and Timing 

The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 
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(1) Instruction Cycle 

The instructions of TMP8049 are executed in one or two machine cycles, 
and one machine cycle consists of five states. 

Fig.4 illustrates its relationship with the clock input to CPU. 

~2 clock shown in Fig.4 is derived to outside by ENTO CLK instruction. 

ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 

(2) External Memory Access Timing 

(i) Progrdm Memory Access 

TMP8049 programs are executed in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal programs. 

(3) Execution of external program only. 

The external program memory is accessed (instructions are fetched) 
automatically when the internal ROM address is exceeded in mode (2) 
and from initial start address 0 in mode (3). 

In the external program memory access operation, the following will occur 

The contents of the l2-bit program counter will be output on BUS(DBO -
DB7) and the lower 4-bits of Port 2. 

Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address externally. 

Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 

BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

• In the extended data memory access operation during READ/WRITE cycle the 
following occurs 

The contents of RO Rl is output onto BUS (DBO - DBl). 

ALE indciates address is valid. The trailing edge of ALE is used to 
latch the address externally. 

A read RD or write WR pulse on the corresponding output pins indicates 
the type of data memory access in progress. Output data valid at trail­
ing edge of WR and input data must be valid at trailing edge of RD. 

Data (8-bits) is transferred over BUS. 
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~l 
(2MHz) 
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1 
Instruction 

Fetch 

1 State 

2 
Decode 

3 
Execution 

1 Cycle 

4 s 1 
Execution Execution 

Next Address Latch Timing 
ALE 

(400kHz) 
r 

Fig.4 Instruction Cycle Timing 
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----~~~---r--~ I 
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Fig.S Timing of External Program Memory Access 
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Program Address Data Address,.-____ ~program Address 

DEO - DE7 

ALE 

RD (WR) 

\ I 
PSEN 

\ \ r 
~ External Data Memory Access Instruction 

Suggest we have two diagrams 

~Read 

ALE ------------ ALE 

Write 

BUS BUS 

WR 

Fig.6 Timing of Accessing External Data Memory 
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• Figure 6 illustrates the timing of accessing the external data memory 
during execution of external program. 

(3) Interface with I/O Expander (TMPS243P) 

The TMPS049 I/O can be easily expanded using the TMPS243 I/O Expander. 
This device uses only the lower half 4-bits of Port 2 for communication 
with the TMPS049'. The TMPS243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lower half of Port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer con­
sists of two 4-bit nibbles the first containing the "OP Code" and port 
address and the second containing the actual 4-bits of data. 

+12V,-__________________________________________________ __ 

EA oJ 
RESET OV'--________ ----fl--__ _f_/ 

ALE 

DBO - DBl 

P20, P2l 

Input of Internal 
ROM Address 

Output of Internal 
ROM Data 

Input of Internal ROM Address 

Fir;. 7 Tining of Rading Internal Program Memory 

5V 

5V 10K 
SS 

R~ 
S 5V D Q 

t=~ 
74 

T 
R 

Q 

m-

Fig.8(a) Single Step Circuit 
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(4) Reading of Internal Program Memory 

The processor is placed in the READ mode by applying +12V to the EA pin 
and OV to the RESET pin. The address of the location to be read is then 
applied to BUS and the low order 2-bits of Port 2. The address is latched 
by a 0 to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin. 

A D-type flip flop with set and reset is used to generate SS. In the run 
mode SS is held high by keeping the flip flop set. To enter single step, 
set is removed allowing ALE to bring SS low via reset input. The next 
instruction is started by clocking a "1" into the FF which will not appear 
on SS unless ALE is high removing reset. In response to SS going high 
the processor begins an instruction fetch which brings ALE low resetting 
FF and causing the processor to again enter the stopped state. 

The timeing deagram in this case is as shown in Figure 8 (b). (EA = 5V). 

(6) Lower Power Stand-by Mode. 

The TMP8049 has been organized to allow power to be removed from all but 
the volatile, 128 x 8 data RAM array. In power down mode the contents 
of data RAM can be maintained while drawing typically 10 - 15% of normal 
operating power requirements. 

VCC serves as the 5V supply for the bulk of the TMP8049 while the VDD 
supplies only the RAM array. In standby mode VCC is reduced to OV but VDD 
is kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as power is removed from VCC. 

ALE 

DBO - DB7 

P20 - P23 

~ \L ______________________ _ 

\ / L __________ JFor two 

Instruction Inputr-______________ ~--------i-n-sc-truction 
--A-d-d-r-e-s-s--(-P-C-)----->__<===) (~_A_d_d_r_e_s_s __ (_P_C_+_l_) ________ ___ 

Address (PC) ~ ___ A_d_d_r_e_s_s __ (_P_C+_l_) __________ _ 

PorUO - 23 
Data 

Fig.8(b) Single Step Operation Timing 
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INSTRUCTION 

ACCUf1ULATOR INSTRUCTION 

Instruction Code Flag 
Mnemonic --.---- Operation Bytes Cye 1 ('S ---- ,---

D7 D6 DS D4 D3 D2 D1 DO C AC 

ADD A,Rr 0 1 I 0 1 r r r (A)' (A)+(Rr) t 1 0 0 
r ~ 0 - 7 

ADD A,@Rr 0 1 1 0 0 0 0 r (A)< (A)+(Rr) 1 1 0 0 
r = 0, 1 

ADD A, ilData 0 0 0 0 0 0 1 1 (A)< (A)+Data 2 7 0 0 
d7 d6 d5 d4 d3 d2 dl dO 

ADDC A,Rr 0 1 1 1 1 r r r (A)«A)+(Rr)+(C) 1 1 0 0 
r ~ 0 7 

ADDC A,@Rr 0 1 1 1 0 0 0 r (A (A)+«Rr»+(C) 1 1 0 0 
r = 0, 1 

ADDC A,ilData 0 0 0 1 0 0 1 1 (A)< (A)+Data+(C) 2 2 0 0 
d7 d6 dS d4 d3 d2 d1 dO 

ANL A,Rr 0 1 0 1 1 r r r (A)«A)1I (Rr) 1 1 - -
r ~ 0 - 7 

ANL A,@Rr 0 1 0 1 0 0 0 r (A)' (A) A «Rr» 1 1 - -

r ~ 0, J 

ANL A,IIData 0 1 0 1 0 0 1 1 (A)< (A)IIData 2 2 - -
d7 d6 dS d4 d3 d2 dl dO 

ORL A,Rr 0 1 0 0 1 r r r (Al"'(A)V(Rr) 1 1 - -
r ~ 0 - 7 

ORL A,@Rr 0 1 0 0 0 0 0 r (A)<-(A)V«Rr» 1 1 - -
r ~ 0, 1 

ORL A, ilData 0 1 0 0 0 0 1 1 (A)+ (A)VData 2 2 - -
d7 d6 dS dl, d3 d2 dl dO 

XRL A,Rr 1 1 0 1 1 r r r (A)+-(A)\t(Rr) I 1 - -
r ~ 0 - 7 

XRL A,@Rr 1 1 0 1 0 0 0 r (A)<-(A)If«Rr) ) 1 1 - -

r = 0, 1 

XRL A,I/Data 1 1 0 1 0 0 1 1 (A)+-(A)\tData 2 2 - -
d7 d6 d5 d4 d3 d2 dl dO 

INC A 0 0 0 1 0 1 1 1 (A)< (A)+1 1 I - -
DEC A 0 0 0 0 0 1 1 1 (A)<-(A)-l 1 1 - -
CLR A 0 0 1 0 0 1 1 1 (A)+-O 1 1 - -
CPL A 0 0 1 1 0 1 1 1 (A)+-NOT (A) 1 1 - -

DA A 0 1 0 1 0 1 1 1 Decimal Adj ust 1 1 0 -

Accumulator 

SWAP A 0 1 0 0 0 1 1 1 (A4-7):,':(AO-3) 1 1 - -

MCU48-S2 
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Instructioll Code ~:~ Mnemo11ic 1---- - - -- --. Operation Bytes Cycles 
D7 D6 D5 D4 ])3 112 III no C AC 

RL A 1 1 1 0 0 I 1 1 (An+1)-< (An) I I - -

n ~ 0-6 
(AO)< (11.7) 

RI,C A 1 1 1 1 0 L 1 1 (An+1)+ (An) I I - -
n ~ 0- 6 

(C)< (11.7) 
(11.0)-< (C) 

RRA 0 1 1 1 0 1 1 1 (An)-< (An+ 1 ) 1 1 - -
n = 0-6 

(A7)+-(AO) 

RRC A 0 1 1 0 0 1 1 

I 

1 (An)+ (An+1) 1 1 - -
n ~ 0-6 

(C)+-(AO) 
(A7)+(C) 

Input/Output Instruction 

Instruction Code ~l~ 
Mnemonic D7 D6 DS D4 D3 D2 Dl DO· Operation Bytes Cycles A AC 

IN A,Pp 0 0 0 0 I 0 P P (A)-<- (Pp) 1 2 - -

P ~ 1, 2 

oun Pp,A 0 0 ] 1 1 0 P P (pp )+(A) 1 2 - -
p ~ I, 2 

ANI, Pp,f/Data 1 0 0 1 1 0 P P (Pp)+(Pplt\Data 2 2 - -

d7 d6 dS d4 d3 d2 d1 dO P ~ 1, 2 

ORL Pp,f/Data 1 0 0 0 1 0 P P (Pp )+ (pp) VDat a 2 2 - -

d7 d6 dS d4 d3 d2 dl dO P ~ 1, 2 

INS A,BUS 0 0 0 0 1 0 0 0 (A)<-(BUS) 1 2 - -

OUTI, BUS,A 0 0 0 0 0 0 1 0 (BUS)+(A) 1 2 - -

ANI, BDS, IIData 1 0 0 1 ] 0 0 0 (BUS)-<- (BUS)/\Data 2 2 - -

d7 d6 dS d4 d3 d2 d1 dO 

ORL BUS ,f/Data 1 0 0 0 1 0 0 0 (BUS)+-(BUS)yData 2 2 - -
d7 d6 dS d4 d3 d2 d1 dO 

MOVD A,Pp 0 0 0 0 1 1 P P (AO- 3)+ (Pp) 1 2 - -

(A4-7)+0 
P ~ 4 - 7 

MOVD Pp,A 0 0 1 1 1 1 P P (Pp)+(AO-3) 1 2 - -

I 
P ~ 4 - 7 
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Instruction Code ~:'-L Mnemonic Operation Bytes Cycles 
07 06 os 04 03 02 Dl 00 C AC 

ANLO Pp,A 1 0 0 1 1 1 P P (Pp)+(Pp)!\ (AO- 3) 1 2 - -
P = 4 - 7 

ORLO Pp,A 1 0 0 0 1 1 P P (pp)+(pp) V(AO- 3) 1 2 - -
P = 4 -7 

Register Instruction 

Mnemonic Instruction Code 
Operation Bytes Cycles ~%:-

07 06 OS 04 03 02 Dl 00 C AC 

INC Rr 0 0 0 1 1 r r r (Rr)+(Rr)+1 1 1 - -
r = 0 - 7 

INC @Rr 0 0 0 1 0 0 0 r «Rr) )+«Rr»+1 1 1 - -
r = 0, 1 

OEC Rr 1 1 0 0 1 r r r (Rr)+(Rr)-l 1 1 - -
r = 0 - 7 I 

Branch Instruction 

MneDKlnic 
Instruction Code 

Operation Bytes Cycles 
Flag 

07 06 OS 04 03 02 01 00 'eTc 
JMP Address a10 a9 a8 1 0 1 0 0 (PCO- 7)+(aO-7) 2 2 - -

a7 a6 as a4 a3 a2 a1 aO (PC8-10)+(a8-10) 
(PCll)+OBF 

JMPP @A 1 0 i 1 0 0 1 1 (PCO-7)+( (A» 1 2 - -

O.JNZ Rr, 1 1 1 0 1 r r r (Rr)+(Rr)-l 2 2 - -
Address a7 a6 as a4 a3 a2 a1 aO if Rr not 0 

" 
(PC0-7)+(aO-7) 

JC Address 1 1 1 1 0 1 1 0 (PCO-7)+(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO if C = 1 

(PC) = (PC)+2 
if C = 0 

JNC Address 1 1 1 0 0 1 1 0 (PCO-7)+(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO if C = 0 

(pC)+(PC)+2 
if C = 1 
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Instruction 
lBytes ~,"!L Mnemonic Operation Cycles 

D7 D6 DS D4 D3 D2 Dl DO I C AC 

JZ Address 1 1 0 0 0 1 1 0 (pCO-7)..-(aO-7) 2 Z - -
a7 a6 as a4 a3 aZ al aO if (A) = 0 

(PC)..- (PC)+Z 
if (A) ., 0 

JNZ Address 1 0 0 1 0 1 1 0 (PCO-7)"-(aO-7) Z 2 - -
a7 a6 as a4 a3 aZ al aO if (A) t 0 

(PC)"-(PC)+2 
if (A) = 0 

JTO Address 0 0 1 1 0 1 1 0 (PCO- 7)..-(aO-7) Z 2 - -
a7 a6 as a4 a3 aZ al aO if TO = I 

(PC)"-(PC)+Z 
if TO = 0 

JNTO Address 0 0 I 0 0 I I 0 (PCO-7)"-(aO-7) Z Z - -
a7 a6 as a4 a3 a2 al aO if TO = 0 

(pC)"-(PC)+2 
if TO = I 

JTl Address 0 1 0 1 0 I I 0 (PCO-7)"-(aO-7) Z Z - -
a7 a6 as a4 a3 a2 al aO if T1 = 1 

(PC)"-(PC)+Z 
if Tl = 0 

JNTl Add re s s 0 1 0 0 0 I 1 0 (PCO-7)"-(aO- 7) 2 Z - -
a7 a6 as a4 a3 a2 al aO ifTl=O 

(PC)"-(PC)+Z 
ifTl=1 

JFO Address 1 0 I 1 0 I I 0 (pCO-7)"-(aO-7) Z Z - -
a7 a6 as a4 a3 aZ al aO if FO = 1 

(PC)+(PC)+Z 
ifFO=O 

JFI Address 0 1 1 1 0 I I 0 (PCO-7)"-(aO-7) 2 Z - -
a7 a6 as a4 a3 a2 al aO if F1 = I 

(PC)+(PC)+2 
if F1 = 0 

JTF Address 0 0 0 1 0 I 1 0 (PCO-7)"-(aO-7) Z Z - -
a7 a6 as a4 a3 aZ al aO if TF = 1 

(PC)+(PC)+2 
if TF = 0 

JNl Address I 0 0 0 0 1 1 0 (PCO-7)"-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 al aO if INT = 0 

(PC)+(PC)+2 
if INT = 1 

JBb Address b2 bi bO I 0 0 I 0 (PCO-7)"-(aO- 7) 2 2 - -
a7 a6 as a4 a3 a2 al aO if Bb = 1 

(PC)+(PC)+Z 
if Bb = 0 
(b = 0 - 7) 
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Subroutine Instruction 

Mnemonics 
Instruction Code Flag 

'nl'- D6 
Operation Bytes Cycles r--,-' Ds D4 D3 D2 Dl DO C AC 

CALL Address aID a9 as 1 0 1 0 
I aOO 

«sP) )+ 2 2 - -
a7 a6 as a4 a3 a2 al (PC) , (PSW4- 7) 

(SP)+(SP)+l 
(PC8-10)+(a8-10) 
(PCO-7)+(aO-7) 

I 
(PCll)+DBF 

RET 1 0 I 0 0 0 0 1 1 (SP)+(SP)-l 1 2 - -
(PC)+«SP» 

RETR 1 0 0 1 0 0 1 1 (SP)+(SP)-l 1 2 - -
(PC)+«SP) ) 
(PSW4- 7)+«SP)) 

Flag ~1anipulation Instruction 

:Mnemonics 
Instruction Code 

Operation Bytes Cycles rE:~ 
D7 D6 Ds D4 D3 D2 Dl DO C AC 

CLR C 1 0 0 1 0 1 1 1 (C)+O 1 1 0 -
CPL C 1 0 1 0 0 1 1 1 (C)+NOT(C) 1 1 0 -
CLR FO 1 0 0 0 0 1 0 1 (FO)+O 1 1 - -

CPL FO 1 0 0 1 0 1 0 1 (FO )+NOT (FO) 1 1 - -
CLR Fl 1 0 1 0 0 1 0 1 (Fl)+O 1 1 - -
CPL Fl 1 0 1 1 0 1 0 1 (Fl)+NOT(Fl) 1 1 - -

Data Transter Instruction 

Mnemonics 
Instruction Code 

Operation Bytes I Cycles ~~ 
D7 D6 Ds D4 D3 D2 D1 DO C AC 

HOV A,Rr 1 1 1 1 1 r r r (A)+(Rr) 1 1 - -
r = 0-7 

MOV A,@Rr 1 1 1 1 0 0 0 r (A)+( (Rr» 1 1 - -
r = 0, 1 

MOV A,IIData 0 0 1 0 0 0 1 1 (A)+Data 2 2 - -

d7 d6 ds d4 d3 d2 dl dO 

HOV Rr,A 1 0 1 0 

I 
1 

I 
r r I r (Rr)+(A) 1 1 - -

r = 0-7 
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Instruct Lon Code ~~ Mnemonics I---- --- -- --- --~-- ----- Operation Bytes Cycles 
D7 D6 115 ])1, 113 D2 D1 110 C AC 

MOV @Rr,A 1 0 1 0 0 0 0 r «Rr))+ (A) 1 1 - -
r ~ 0, 1 

MOV Rr,llllata 1 0 1 
I 

1 1 r r r (Rr)-<])ata 2 2 - -

d7 d6 d5 d4 d3 d2 dl dO r ~ 0 - 7 

MOV @Rr, IiData 1 0 1 1 0 0 0 r « Rr) )+llat a 2 2 - -
d7 d6 dS d4 d3 d2 dl dO r :::: 0, 1 

I 

MOV A,PSW 1 1 0 0 0 1 1 1 (A)+ (PSW) 1 1 - -

MOV PSW,A 1 1 0 1 0 1 1 1 (PSW)" (A) 1 1 - -

XCH A,Rr 0 0 1 0 1 r r r (A)t(Rr) 1 1 - -
r ~ 0 - 7 

XCH A,@Rr 0 0 1 0 0 0 0 r (A):,': ( (Rr)) 1 1 - -
r ~ 0, 1 

XCHIl A,@Rr 0 0 1 1 0 0 0 r (AO- 3)t( (RrO- 3)) 1 1 - -
r ~ 0, 1 

MOVX A,@Rr 1 0 0 0 0 0 0 r (A)+( (Rr)) 1 2 - -
r = O~ 1 

MOVX @Rr,A 1 0 0 1 0 0 0 r «Rr))+ (A) 1 2 - -
r ::: 0, 1 

MOVP A,@A 1 0 1 0 0 0 1 1 (PCO- 7)+(A) 1 2 - -

(A)+( (PC)) 

MOVPJ A,@A 1 1 1 0 0 0 1 1 (PCO-7)+(A) 1 2 - -
(PC8-11 )+0011 
(A)" ( (PC) ) 

Timer/ Counter Instructi on 

Mnemonics 
Instruction Code Operation Bytes Cycles 

Flag 

D7 116 D5 D4 D3 D2 Dl 110 "c;'AC 
MOV A,T 0 1 0 0 0 0 1 0 (A)+(T) 1 1 - -
MOV T,A 0 1 1 0 0 0 1 0 (T)+(A) 1 1 - -

STRT T 0 1 0 1 0 1 0 1 Counting is 1 1 - -
started in the 
timer mode 

STRT CNT 0 1 0 0 0 1 0 1 Counting is 1 1 - -
started in the 
event counter 
mode 
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Instruction Code 
Cycles 

Flag 
Mnemonics Operation Bytes I--r--

D7 D6 DS D4 D3 D2 Dl DO C AC 

STOP TCNT 0 1 1 0 0 1 0 1 Stop both time 1 1 - -
accumulation and 
event counting 

EN TCNTl 0 0 1 0 0 I 0 1 Timer interrupt 1 1 - -
is enabled 

DIS TCNTl 0 0 I 1 0 1 0 I Timer interrupt 1 1 - -
is disabled 

Control Instruction 

Mnemonics 
Instruction Code 

Operation Bytes Cycles 
Flag 

I--r--
D7 D6 DS D4 D3 D2 Dl DO C AC 

EN I 0 0 0 0 0 I 0 1 External inter- I 1 - -
rupt is enabled 

DIS I 0 0 0 I 0 I 0 1 External inter- 1 1 - -
rupt is disabled 

SEL RBO 1 1 0 0 0 I 0 I (BS)+O I I - -
SEL RBI I 1 0 1 0 I 0 I (BS)+l 1 1 - -
SEL MBO I I I 0 0 I 0 1 (DBF)+O 1 I - -
SEL MBl 1 I I I 0 1 0 1 (DBF)+l 1 1 - -
ENTO CLK 0 1 1 1 0 I 0 1 TO is enabled to I 1 - -

act as the clock 
output 

NOP ~ 0 0 0 0 0 0 0 No operation 1 1 - -
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ITMP8049P/8039P/8049P-6/8039P-61 

ABSOLUTE t~AXH~Un RATINGS 

SYMBOL ITEI1 RATING 

VDD VDD Supply Voltage (with respect to GND (VSS )) -0.5V to +7V 
f---------._---

VCC VCC Supply Voltage (with respect to GND (VSS)) -0.5V to +7V 

VINA Input Voltage (Except EA) -0.5V to +7V 

VINB Input Voltage (Only EA) -0.5V to +l3V 

PD Power Dissipation (Ta=25° C) 1.5W 

TSOLDER Soldering Temperature (Soldering Time 10 sec.) 260°C 

TSTG Storage Temperature -55°C to 150°C 

TOPR Operating Temperature O°C to 70° C 

DC CHARACTERISTCS 
TA=O°C to 70°C, VCC=VDD=+5V±10%, VSS=OV, Unless Otherwise Noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL Input Low Voltage -0.5 - O.S V 

VIH 
Input High Voltage 

2.0 VCC V 
RESET) 

-
(Excep t XTALI, XTAL2, 

VIHI 
Input High Voltage 

3.S - VCC V (XTALl, XTAL2, RESET) 

VOL Output Low Voltage (BUS) IOL=2.0mA - - 0.45 V 

VOLl Output Low Voltage 
IOL=1. SmA - - 0.45 V (iill, WR, PSEN, ALE) 

VOL 2 Output Low Voltage (PROG) IOL=1. OmA - - 0.45 V 

VOL-3 Output Low Voltage I 
I OL=L6mA - - 0.45 V 

(For other output pins) 

VOH Output High Voltage (BUS) IOH=-400IJA 2.4 - - V 

VOHI 
Output High Voltage 

IOH=-IOOIJA 
I 

2.4 (RD, WR, PSEN, ALE) - - V 

VOH2 
Output High Voltage 

IOH=-40 IJA 2.4 - - V 
(For tothe output pins) 

ILl Input Leak Current (n, INT) VSS;;VIN;;VCC - - ±IO IJA 

ILll 
Input Leak Current 

VSS+0.45~VIN~VCC - - -500 IJA 
(PIO-17, P20-P27, EA, 55) 
Output Leak Current (BUS, TO) . 

ho VSS+0.45~VIN~VCC - - ±IO IJA 
(High impedance condition) 

IDD VDD Supply Current - - 50 mA 

Imftlcc Total Supply Current - - 170 mA 
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AC CHARACTERISTICS 

TA=O°C to 70°C, VCC=VDD=+5V±10%, VSS=OV, Unless Otherwise Noted. 
TMPS049P/ TMP S04 9p- 6/ 

SYMBOL PARAMETER TEST CONDITION TMPS039P TMPS039P-6 UNITS 

MIN. MAX. MIN. MAX. 
tLL ALE Pulse Width 150 - 400 - ns 

tAL Address Setup Time (ALE) 70 - 150 - ns 

tLA Address Hold Time (ALE) 50 - SO - ns 
------

Control Pulse Width 
tcc (PSEN, RD. WR) 300 - 700 - ns 

tDW Data Setup Time (WR) 250 - 500 - ns 

tWD Data Hold Time (WR) CL=20pF 40 - 120 - ns 

Cycle Time 
llMHz XTAL 

I tCY (6MHz XTAL for -6) 1. 36 15.0 2.5 15.0 llS 

tDR Data Hold Time (PSEN, RD) 0 100 0 200 ns 

tRD 
Data Input Read Time - 200 - 500 (PSEN, RD) ns 

tAW Address Setup Time (WR) 200 - 230 - ns 

tAD 
Address Setup Time 
(Data Input) - 400 - 950 ns 

tAFC 
Address Float Time 
(RD, PSEN) -10 - 0 - ns 

Port Control Setup Time 
tcp (PROG) 100 - 110 - ns 

Port Control Hold Time 
60 130 tpc - - ns 

(PROG) 

tpR 
Port 2 Input Data Set Time 
(PROG) 

- 650 - S10 ns 

Output Data Setup Time 
tDP (PROG) 200 - 220 - ns 

tpD 
Output Data Hold- Time 20 - 65 -
(PROG) 

ns 

Port 2 Input Data Hold Time 
0 0 tpF (PROG) 150 150 us 

tpp PROG Pulse Width 700 - 1510 - ns 

tpL Port 2 1/0 Data Setup Time 250 - 500 - ns 

t LP Port 2 I/O Data Hold Time 120 - 150 - ns 

Control Outputs- CL=SOpF, BUS Outputs CL=150pF 
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[J'BPs049Pr::6iS039PI-6 : INDUSTRIAL SPECIFlCATIoo.l 

ABSOLUTE ~1AXIMUM RATINGS 

Vllll 

vce 
c-V1NA 

ITEM RATING 

-0. SV to +7V 

-0. SV to +7V 

-o.SV to +7V 

VINE 

I'D 

-0. SV to +l3V 

1. SW 
--

260°C 

-S5°C to lS0°(; 

--.-~-.--.-.-.-.-.-----.---.---------+--------

1-.:~l)lllE R So I ~e.':i:'llS_ T."l11jl"r_at..'l.r" (So 1 der ~'IS_']:~m..:....~o. ... ~~ _ 
'1'S1'(; Sto rage Temperature 

.-~----------~ 

l'OPR Operat ing Temperaturp -40°C to 85°C 

DC CHARACTERISTICS ---~---"'J 
rA~-40°C to 8S°(: .VCC~VDD~+SV'JO%, VSS~OV, Unless Otherwise Noted. 

SYMBOL PARAMETER TEST CONIlTTIONS MIN. TYP. MAX. UNIT 

VII, Input 1,0\" Vol tage I-D.S 0.6 

f-~~--- -I~~~t High v~l-;;;g~-'- T 
III (Except XTALl, XTAL2, RESET) I 2.2 - Vee 

- ~~~-- ~.~~~~~ I,Ii ~:;~z~:t1~~~~----'- -----------T;.-;-I- ~- -v'c-c-,·~--v--j ---_._ ... _ .. _ .. _. _ ..... _--_ ... _----_ .. -.. ---~ ._-----_ .. _- ---+.-~ ._---j----j 

r-20L __ ~~ pu~_l_~O_w _11c'l':"_lg_e __ (_BU_S_') ________ l_OT_,~_l_.~."'!' ___ ~_j---.--+-0-.-4-S.--t.~ 
IO_utput Low Vol tage I _.. 0 45 

VOU I (RD, WR. PSEN, AU) . OL~l. 6mA • V 

~ ___ l)l;t-;u-~~(;~-Mt-;;;;-o;R;;-G)---- ~-~~~-.8~A ~=-- -"--'- J' --0·-.-4-S·+-V---J 

V, I Output Lm" Vol tage I ! 
01.3 '(For other output pins) '01.=1. 2mA ,0.45 

f-----r-------~-~-------;.------------~--+---~--~--~ 

V 

V 

V 

I- VClH __ ~.':'tP1lt_ Ili~....11c'.~".g"..iJlUS) ~_~ IOH~8011A ___ ...3...J4 _ - -
V OutplJt __ !li~l \10 It age I _ _ 

OIlI (RD, WR, PSEN, ALE) OH--80pA 2.4 
-V---- o;;tput High -V;;-l-t age--------r--- ---- ------ - -- -""'-'f-----t----j 

OH2 (For other output pins) lOH~30pA 2.4 - - V 
f--:: ------- --- - --- --------.=..::..=---- < < ---- ~.-+__--_j 

ILl Input Lellk Current (1'1, TNT) VSS~VIN~VCC no >LA 
f- -~ -----+-~~+_~__t~~__l 

V 

V 

I Input Leak Current V 0 45<V 5.V 
LTl (1'10-17, P20-P27, EA, Ss) SS+· = IN- CC -

1------- ~-- .. -- --.. -------------:--- .-----------+----f-----f---j 
'I Output Leak Current (BUS, TO) 4 < < _ 

LO (High impedance condition) VSS+O. 5=VIN=VCC 
f--~~-+~-':.--- .. ' ... -.-.-.-.------.. -- -----.-~-+~~+_~_I 

-700 

±10 

I VDD Supply Current 50 
f--I-D-D-+-I-c-c+-T-'~talSU-p-P-l-y-CU-r-r-e-n--t------t·---------~---+----1-1-7CC'O-+--m-A---l 

rnA 
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TOSHIBA TMP~049P.8049P-6.8049PI-6.TMP8039P.8039P-6. 8039PI-6 

AC CHARACTERISTICS 

- , - -

"' 
, ITA--40°C to ~ VCC-VDD=+5V+lO% VSS=OV Unless otherwise Noted 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

tLL ALE Pulse Width 200 - - ns 

tAL Address Setup Time (ALE) 120 - - ns 

tLA Address Hold Time (ALE) SO - - ns 

tcc Control Pulse Width(PSEN,RD,WR) 400 - - ns 

tDW Data Setup Time (WR) 420 - - ns 

tWD Data Hold Time (WR) CL=20pF SO - - ns 

tcy Cycle Time 2.5 - 15.0 jJS 

tDR Data Hold Time (PSEN, RD) 0 - 200 ns 

tRD Data Input Read Time (PSEN, RD) - - 400 ns 

tAW Address Setup Time (WR) 230 - - ns 

tAD Address Setup Time (Data Input) - - 600 ns 

tAFC Address Float Time (RD, PSEN) -40 - - ns 

tCA Internal between Control Pulse 10 - - ns and ALE 
tcp Port Control Setup Time (PROG) 115 - - ns 

tpc • (PROG) Port Control Hold Time 65 - - ns 

tpR Port 2 Input Data Set Time (PROG) - - S60 ns 

t DP Output Data Setup Time (PROG) 230 - - ns 

tpD Output Data Hold Time (PROG) 25 - - ns 

tpF Port2 Input Data Hold Time (PROG) 0 - 160 ns 

tpp PROG Pulse Hidth 920 - - ns 

tPL Port 2 I/O Data Setup Time 300 - - ns 

tLP Port 2 I/O Data Hold Time 120 - - ns 

Note tcy=2.5jJs, Control Output: CL=80pF, BUS Output: CL=150pF, PORT 20-23: 

CL=SOpF. 
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TOSHIBA TMP8049P.8049P-6.8049PI-6.TMP8039P.8039P-6.8039PI-6 

TIMING WAVEFORM 

A. Instruction Fetch from External Program Memory 

tCY 

ALE 

BUS 

B. Read from External Da ta Memory 

ALE 

RD 

BUS 

c. Write into External Data Memory 

ALE 

WR 

BUS 
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TOSHIBA TMP8049P.8049P-6.8049PI-6.TMP8039P.8039P-6.8039PI-6 

D. Timing of Port 2 during Expander Instruction Execution 

::r: 
o 

H 

ALE 

PORT20 

I 
PORT23 
(Output 

PORT20 

I 
1'ORT23 
(Input 

1'ROG 

* Input Enabled St~te 

TYPICAL CHARACTERISTICS 

-50 

-30 

-10 

o 

-- VDD=VCC=5V 
I TA=25°C 

.~ ----- -1------1--r-..... 
....... r--l I 

o 2 VOH (V) 4 

2) PI, P2:IOH -VOH 

-500 VDD=VCC=SV 

~ _________ TA=2SoC 
~ 

::r: o 
H 

-300 f-.--l----+--+--,----,-----i 

-100~-~--~----F~~~--+-~ 

00 2 4 

VOH (V) 

MCU48-64 

3) BUS. PI. P2: TOL - VOL 

50~-~--4-~ 
VDD=VCC=5V 

TA=25°C 

30 -:::---
---y--1---+--------+-----l 

10 ./ 

o 
o 4 

VOL (V) 



TOSHIBA TMP8049P.8049P-6.8049PI-6.TMP8039P.8039P-6.8039PI-6 

PROGRAM TAPE FORMAT 

Tl1P8049 programs are delivered in the form of paper tape with the following 
format and it is required to attach the tape list. The format of paper tape is 
same as the Intel type object tape (hexadecimal tape output by Intel MDS system, 
(1) Tape Format PROMPT 48 Development Tool, etc.) 

01 } Leader, 50 "NULL" characters or more 

Comments -~--- Conrrnent (Record mark "." is not inClUded)) 
(CR) 
(LF) 

Opt ion 

- - - - Record Mark 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

"00" Normal Record 
Record Type (2 Digits) "01" End of File Record 

Data 

~ Check Sum (2 hexadecimal digits) 

CR) Dummy characters (RUBOUT, BLANK) 
LF optional. 
: - - - - - - Record Mark (Repeated below) 

before and after" (CR) (LF)" are 

~ 
~ 

}Trailer, 50 "NULL" characters or more 

(2) Example of Tape List 

TOSHIBA MICRO COMPUTER TLCS-84 
:100000000665C7D79CF50F3F951FED55A8FF16E570 
:lOOOl000888S4DDE67D3lF5DSABA6DF292Fl13F5Cl 
:l00020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
:l0003000197352F729F12F79AA9C057C5BS51EED77 

:l003COOOSDFDB5E556A67277F61A51C631CF9FOESO 
:l003DOOOBD2F6F20ESBB1977E3FB5AD1F41FDAA7E2 
:l003EOOOB53D42EOEC32546025B730SCDD52063D1D 
:l003FOOOB4BE9E9E345B6l3S060B20VC372BF60BD6 
.:OOOOOOOlFF 
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TOSHIBA TMP8049P,8049P-6,8049PI-6,TMP8039P,8039P-6,8039PI-6 

OUTLINE DRAWING 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

" >< 
" ro 
0 

025 TYP. 

05±Ol 

i 
cO 

" 
~ 
" cO 

" 

Unit in rnm 

(Note 1) 

1524±0 1 

~ 
II. 025±01 .1 
. _ 1500-17 80 _ . 

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

2. Each lead pitch is 2.S4mm, and all the leads are located 
within ±O.2Smm from their theoritical positions with 
respect to No.1 and No.40 leads. 
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~mTI~~rnilllmrn rn~mrnrn~TI 
TECHNICAL DATA 

GENE RAL DES CRr PTI ON 

H1P8022P 

The TMP8022p is one version of the TLCS-84 family, which is an 8-bit 

single chip microcomputer containing AID converter. 

The CPU, data memory (RA~I), program memory (ROM), I/O port, and timer, 

which are basic functions as a computer, and further, AID converter, 

comparator input port, zero-cross ditection circuit, etc. are all 

integra Led on single chip. 

FEATURES 

Compatible with Intel's 8022 

2K x 8 ROM, 64 x 8 RAM, 28 I/O Lines 

8 Bit Interval Timer/Event Counter 

On-chip 8 Bit A/D Converter; Two Input Channels 

8 Comparator Inputs (PORTO) 

Zero Cross Detection Capability 

High Current Drive Capability (VOL<2.5V @IOL=7mA) 

8 Level Subroutine Nesting 

Two Interrupts - External and Timer 

Instructions - 8048 Subset 

8.38 sec Cycles; All Instructions I or 2 Cycles 

Single SV Supply (4.SV to 6.5V) 

MCU48-67 



TOSHIBA 

PIN CONNECTIONS (TOP VIEW) 

PORTZ ~ [ 

Comrurator lDJU t 

reCerence lbtentlal 

PORTO 
(CornaraLor lIrput) 

Zero - CrOss 

dl tectlOIl mput ( oV) 

P26 

P2'1 

Avec 
VAREEt' 

ANi 

ANa 
AVSS 

TO 
VTI! 

POO 
I-DJ 

ruz 
J?3 
P04 

POb 
ro6 
lD'7 

ALE 

1'1 

vss 

PIN NAMES Arl 0 DES crI PTI ON 

Pin Name Pin No. Input/ 
Output 

XTALI 22 
XTAL2 23 Input 

1------- f---

RESET 24 Input 

TMP8022P 

vee (+"v) 
P2b 

P240 ] ~ PORT2 

:rnro 
P'-'3 

P22 
y,,", 

1'20 

] <=>PORT2 

Pi,/,( 

PI6 

Plb 

P14 

P13 

PI2 

1'11 

PlO 

1 q m"," 

H!~SEr 

XTAL2 

XTlILI 

SURST 

Function 

A terminal [or connecting the osciJlator 

or an input terminal for the external clock. 

- -~ 

l!i~h activ(~ si gnal and initializes 

the chip. When a low level voltage is ap-

plied to this pin, a program starts from ad-

dress O. 
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TOSHIBA TMP8022P 

Pin Name Pin No. 
Input/ Function 
Output 

Ecternal interrupt input. 

Since this pin is of a level interrupt type, 

TO 8 Input it is required to be held at low level until 

an interrupt is accepted. Further, this pin 

serves as a test flag input for the condi-

tional jump instructions (JTl and JNTl). 

This pin is an external clock input for the 

timer counter at the time of the event 

Tl 19 Input 
counter mode, and has a built-in zero-cross 

ditection eircui t. Further, it serv('s as a 

test flag input for the conditional jump in-

structions (JTl and JNTl) . 
~-

Address Latch Enable pin. 

This pin is a clock output that regards 1 

ALE 18 Output machine cycle (clock cycle x 30) as a cycle. 

(It is also used [or the address l~tch in 

the test mode 2. ) 

PROG 37 Output Output strobe for the r/o expander 8243. 

8-bit open drain port. 

Since this pin has a built-in comparator 

which regards the voltage applied to VTH pin 
POO "'P07 

10"'17 I/O 
(PORTO) as a comparison voltage, it can change the 

input inverse level. 

It contains a mask option with a pull-up 

resistor. 
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TOSHIBA TMP8022P 

Pin Name Pin No. Input/ 
Function Output 

PIO "-'P27 
25"-'32 (PORTl) I/O 8-bit quasi-bidirectional port. 

33"-'36 8-bit-bidirectional port. 
P20 "-'P27 38,39 I/O The lower order 4-bit pins P20 to P23 serve (PORT2) 1,2 

as lines connecting the 4-bit I/O expander 

8243. 

VTH 9 Input PORTO threshold reference pin. 

Analog input to A/D converter. 

AND, ANI 6,5 Input This pin switches the channels by use of 

soft according to SEL ANO and SEL ANI in-

structions. (2 channels) 

The reference voltage of A/D Converter 

VAREF 4 Input Establishes the upper limit of A/D conversion 

ranee. 

AVCC 3 Power +5V (For A/D converter section) 
supply 

AVSS 7 " +5V (For A/D converter section) 

VCC 40 " +5V 

VSS 20 " +OV 

Substrate potential output pin. 

This pin is used for the purpose of connect-

SUBST 21 Output ing a bypass capacitor across the VSS pin 

for improving the accuracy of the A/D con-

verter by stabilizing"the substrate potential. 
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TOSHIBA 

BLOCK DIAGRAr1 

VTH 

Inst:ructlon 

Decoder 

8022 Block Diaqram 

Control and Tlmwg C lrcUl ts 

XTALl XTAL2 Tl TO moo RESET 

1 r '-----..------

OSCl.llator" Flag 

Inplt Inp1t 
Strobe 

MCU48-71 

AlE 

Interr­
upt 

ClrcLU t 

TO,Tl 

Address Latch 

Enable 

TMP8022P 

Ir====~ MASK 

AND AN 1 



TOSHIBA 

DESCRIPTION OF INSTRUCTIONS 

a The table of instructions for the TMP8022P is described by 

use of the following symbols and abbreviations. 

A 

AC 

addr 

C 

CRR 

data 

Pp 

PC 

Rr 

SP 

T 

TF 

TO 

Tl 

(x) 

«x) ) 

/\ 

v 

Accumulator 

Auxiliary carry 

Lower order 8-bit address 

Carry 

AID conversion result register 

8-bit data 

Port p~O, 1, 2 or p~4 'C 7 

Program counter 

Register r~O, 1 or r~O 'C 7 

Stack pointer 

Timer 

TilIIer flag 

Test 0 

Test 1 

Contents of x 

Contents of address indicated by x 

AND 

Logical OR 

Exclusive OR 

MCU48-72 
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TOSHIBA TMP8022P 

TMP8022 Instruction Llst (1) 

c Effected Operation 
I 0 

0,..-1 'M 
Mnemonics Functional description Flag Bytes Cye1('s Code en '-' 

en '" 
'" u (Hexadecimal) MOM C AC 
U"-< 

ADD A, Rr (A}'-(A)+(Rr) r~O-7 0 0 1 1 68-6[1 

ADD A, @Rr (A)+(A)+( (Rr» r~O,l 0 0 1 1 60, 61 

ADD A, I/data (A)*-(A)+data 0 0 2 2 03 

ADDC A, Rr (A)+(A)+(Rr)+(C) r~O-7 0 0 1 1 7S-7F 

ADDC A, @Rr (A)*-(A)+«Rr»+(C) r=O, 1 0 0 1 1 70-71 

ADDC A, IIdata (A)+(A)+data+(C) 0 0 2 2 13 

§ ANL A, Rr (A)+(A) /\ (Rr) r~O-7 - - 1 1 58-SF oM 
'-' 
U 

" ANL A, @Rr (A)+-(A)/\ «Rr» r=O, 1 - - 1 1 50-51 
~ 
'-' en 

IIdata " ANL A, (A)+(A)/\ data - - 2 2 53 
H 

~ 
ORL A, Rr (A)*-(A)V (Rr) r=O-7 - - 1 1 48-4F 

0 
'-' 
'" M 

ORL A, @Rr (A)+(A) V «Rr» r=O, 1 - - 1 1 40-41 

" 8 

" u ORL A, I/data (A)*-(A) V data - - 2 2 43 
u 
~ 

XRL A, Rr (A)*-(A)V (Rr) r=0-7 - - 1 1 DS-DF 

XRL A, @Rr (A)*-(A)'V «Rr» r=O, 1 - - 1 1 DO-D1 

XRL A, I/data (A)+(A)'Vdata - - 2 2 D3 

INC A (A)*-(A)+l - - 1 1 17 

DEC A (A)+(A)-l - - 1 1 07 

CLR A (A) *-0 - - 1 1 27 

CPL A (A)*-NOT(A) - - 1 1 37 

DA A Decimal a j jus t A D - 1 1 57 
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TOSHIBA 

" o 
'M 
'-' 
U 

" ,. 
'-' 
U) 

" H 

Mnemonics 

SWAP A 

RL A 

RLC A 

RR A 

Functional Description 

! (An+l)+-(An), (AQ)+(A7) 
n=0-6 

(An+I)+-(An),(C)+-(A7) 
n=0-6, (AO)+(C) 

n=0-6 (A7)+(C) 

,TMP8022P 

Effected Operation 

Flag Bytes Cycles Code 

C AC (Hexadecimal) 

1 47 

E7 

o - 1 F7 

77 

o 1 67 

f----f~--.- .~.--.- . 

RRC A r(An) (An+1),(C)+-(AO) 

l----.-.-.-t---~---~-I--~~~~~__I 

" o 
'M 
'-' 
U 

" ,. 
'-' 
U) 

" H 

o 
---­H 

IN A,Pp (A)+-(Pp) p=0,1,2 

OUTL Pp,A (Pp)+-(A) p=0,1,2 

MOVD A, Pp 

MOVD Pp,A 

ANLD Pp,A 

(AO-3)+-(PP) 
(A4-7)' 0 

(Pp)+(AO-3) 

p=4-7 

(Pp)+-(Pp) 1\ (AO-3) p=4-7 

ORLD Pp,A (Pp)+(Pp) V (AO-3) p=4-7 

2 08, 09, OA 

2 90, 39, 3A 

1 2 ~C-OF 

2 3C-3F 

1 2 9C-9F 

I 2 8C-8F 
~I----'---~~--'------~ ----~---+----____j'------i-------__I 

~ ,~ INC 'Rr (Rr)+(Rr)+l 
'-' '-' 
U) u 

';;j, ~ INC @Rr 
(lJ '-' 

""~ 
" o 

'M 
'-' 
U 
::> 

'" '-' 
U) 

" H 

JMP addr 

JMPP @A 

DJNZ Rr,addr 

JC addr 

r=0-7 
I 

«Rr»+«Rr»+l r=O,li-

(PCO-7)+-Upper 3-bit of -
Operation code 

(PCO-7 )+-«A» -

(Rr)+(Rr)-I,If (r)~O 
(PCO-7 )+-addr 

IF (C)=l, (rCO_7)+-C'ddr 

MCU48-74 

I 

1 

2 2 

1 2 

2 2 

2 2 

18-lF 

10-11 

04,24,44,64 
84,A4,C4,E4 

B3 

E8-EF 

F6 



TOSHIBA TMP8022P 

" Effected Operation I 0 
"04 '..-1 
en '-' Mnemonics Functional Description Flag Bytes Cycles Code 
en '" 
'" U rl OM C AC (Hexadecimal) U4-< 

JNC addr If (C)=O, (PCO_7)*"addr - - 2 2 E6 

JZ addr If (A)=O, (PCO-7)*"addr - - 2 2 C6 

" I 0 JNZ addr If (A) ",0 , (PCO-7)*"addr 2 2 96 OM - -
'-' u 
;j 

JTO addr If TO=l, (PCo-7l *" addr - - 2 2 36 " '-' 
en 

" JNTO addr If TO=O, (PCO-7) -<- addr - - 2 2 26 H 

.c JTl addr If T1=l, (PCO- 7) *" addr - - 2 2 56 u 

" '" I " JNTl addr If T1=O, (PCO-7) -<- addr - - 2 2 46 '" I 
JTF addr If TF=l, (PCO-7) -<- addr - - 2 2 I 16 

- r--"~-- i 
CALL addr ((SP»-<-(PC),(SP)-<-(SP)+l - - 1 2 1 14 ,34,54,74 

" (PCO-7 )+addr 94,B4,D4,F4 
'" 0 
" OM (PC8_10)+Upper 3-bit of I OM '-' 
'-' u 

! ;j ;j operation code 
o " " '-' I .D en RET (SP) +- (SP)-l - - 1 2 83 
;j " I v:>H (PC) +- ((SP» 

I 
--- ""- ---- ---- --~------~--T---- -" 

u 
;j CLR C (C)+-O 0 - I 1 1 97 

en "" bJO'-' 0 
rd 00'.-1 

~.5~ CPL C (C)*"NOT(C) 0 - 1 1 A7 

MOV A,Rr (A) + (Rr) r=0-7 - - 1 1 F8-FF 

" 0 
MOV A,@Rr (A) +- ((Rr)) r=O,l 1 1 FO-Fl 0.., - -

'-' 
u 
;j 

MOV A,lldata (A) + data 2 2 23 " - -
'-' 
" " MOV Rr,A (Rr) + (A) r=0-7 H - - 1 1 i A8-AF 
en 
CJ 

MOV @Rr,A ((Rr» + (A) r=O,l 1 1 AO-Al :> - -
£: 
<0 MOV Rr ,lldata (Rr) +data r=0-7 w - - 2 2 B8-8F 

" p 
MOV @Rr,l/data ((Rr» -<-data r=O,l - - 2 2 BO-B1 
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TOSHIBA 

" I 0 
-...-I "r-l 

TMP8022P 

Effected Operation 

'" '-' 
'" '" '" U rl -r< 

Mnemonics Functional Description Flag 

C AC 

Bytes Cycles I 
I 

Code 

U4-< 

XCH 

" o XCH 
"'-r< 
C)'-' 
;, u :" e XCHD 

'-' 

'" '" :;:.5 MOVP 

'" 

A,Rr 

A,@Rr 

a,@Rr 

A,@A 

(A) :(Rr) r=O-7 

(A) t «Rr» r=O,l 

(AO-3): «Rr» r=O,l -

(PCO-7)+(A) [Note] 
(A) ... «PC» 

t (Hexadecimal) 

28-2F 

20-2l 

30-31 

2 A3 

I------f--- --.- --- - - - - - - _._--_._-_. ---- -- .. - -- - -f-- --- .--

1 

" (]) " '-' 0 
" -r< ;:l '-' 
o () 
U ;:l 

-...." " '-' 
(]) '" 
Ei " -r< H 

E-< 

" " (]) 0 
'-' -r< 
" '-' (]) U 
;, ;:l 

" " o '-' 
U '" 

" "'H -.... 
<t: 

MOV 

MOV 

STRT 

STRT 

STOP 

RAD 

SEL 

SNL 

EI 

DIS 

EN 

DIS 

RETI 

A,T CA) ... (T) 42 

T,A (T) " (A) 62 

T Start timer 1 55 

I Start counter I 1 1 45 

I 

;(:;'::~;t,,,e,-____+-:- ~ -
ANa Selection, Conversion _ _ I 1 1 III 85 
restart 

--~-~~-~-e-x-:;;,,-;;,~:~;;,I-: ------I :--~---t--~:----
Disable cxterr''ll interruptll - - I 1 1 I 15 

Enable timer/counter II 

interrupt - - 1 1 I 23 55 

Disable tll'ler/counter I 1 1 
interrupt - - I 
(SP) + (SP) - 1 - - 1 2 93 

CNT 

TeNT 

AND 

ANI 

1 

1 

TCNTl 

TCNTl 

(PC) + «SP» --r 
~--l--------------.- -.------ - _---_ 

Nap No Operation - 1 1 00 

Note) MOVP A, @A loads the contents of address indicated by accumulator 

A in the page, into accumulatorAe After the execution, the contents 

of PC indicate the next address_ 
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TOSHIBA 

~O 
NOP 

o 

INC INC 

XCH XCH 

A (aHO A,@m 

XCHD XCHD 
3 

TMP8022P Instruction List (I) 

5 6 

AD;) JMP ENI 

A ,~L 

ADDC CALL oISI JTF 

A,it 

7 B 

DSC lIN 

A.PO 

INC INC 

A HO 

A 

IN IN 

A,PI A,P2 

INC INC 

RI R2 

B 

INC 

R3 

TMPB022P 

c o F 

MOVD MOVn MOVD MO JD 

A,P4 A,P5 A,P6 A , P7 

INC INC INC INC 

R< R5 H6 1\7 

MOV JMP EN J NTO CLR XCH XCiI XCH XCH XeH XCH XCH XCH 

A,II 'rCNrl A A, RQ A, Rl A, HZ A. R3 A, R4 A • R5 A, I{6 A, 8'7 

CALL DIS JTu CPL OU'l'L OU'rL MOVO MOV!) MO JU MOVO 

A,@hU A,(c,,:'J TeNTl A Pl,A P2,A P4,A P5,A P5 , A P7,A 
~----~--- --- ----

A 

B 

C 

OHI, am, MO/ DiU, JMP HTHl' JNl'l S:IA? om. OHL OkL ~IU .. OBi. Ol/,t. Ot\L OLL 

A,(a:r,O A, (aJU 

ADD ADD MOV 

A,@.~~'D A,@tU ',A 

ADl)C ADDe 

A,@I~O A,(t;PJ 

RAD 

OU'l'L 

PO ,.A, 

'vIOV MOV 

(~:\O,l\ ~m,Jl 

f.,.!I)V MOV 

(ay.O, H @'~tl, t: 

CNT A. A,RO A,Rl A,R2 A,R1 A,H4 A,H5 A,h6 A,H.., 

ANI.. CALL S'l'HT .TTl DA ANI. AHL ANL ANL ANL ANL A:I1, MIL 

A,# T 

JMP 8TOP 

TeNT 

CALL 

hE'I' JMP SEL 

ANO 

FlRC ADD ADD ADD AD!) ADD AD!) ADD AnD 

A A,RO A,Rl 

ADDC I ADl)C 

A, RO A, Rl 

A,It2 A,H3 A,R" 

AUUC ADlJC ADDC 

A,M A,R3 A,R4 

A[)L;C Anne A9[)C 

A, R5 A, R6 A, R7 

OHLD DHLD OH!.D OIU-O 

P4,A P5,A ?5,A P7,A 

HbTI CALL ~EL JNZ CLR ANLD .;\~LI1 A!~L!) AN!...!) 

P4,A Pb,A P5,A P7,A 

MOVP JMP 

A,@.-\ 

J IAPt' CALL 

@1'. 

ANI 

JMP Jz, 

c 
:?L MOV Ml1V MuV MOV MOV M0V Mav MOV 

RD,;' Rl,A R2,A R3 t A R4,A R5,A R6,A R7,A 

MQV MOv MUV MOV Ml)V MOV MOV !.H)V 

~O,.±f Rl,1t R2,tI R3,-H R4,# R5,# f,.6,t~ H7,tt 

~-----I----+-~---+--~--~--4---4---+---r---r-~---+---+--~---r~ 
D 

F 

XHL "-{HI. 

,A.,@)\O A,(alU 

MOV \t()V 

A (0. 1\0 Al.aPl 

Y.:~l-, CALL XhL ZItL XH.L XHL XRL XW.. Xi{L XHL 

A,,: A,HO A,Rl A t R2 A,R3 A,R4 A,R5 A,H5 A,R? 

JMI' IN::-: !-\L DJNZ O,jNZ DJNZ nJNZ DJNZ DJNZ DJNZ DJNZ 

A HO,~~ 1U.# R2,fj R3,ff H4,tf R5,it H6,# H'7,# 

CALI. J C !{LC MOV M')V MOV MOV MOZ MOV MOV MOV 

J. A,HO P,Rl A,f1.2 A,R3 A,R4 A,R5 A,R6 A,I{'1 
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TOSHIBA TMP8022P 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

vec Supply Voltage -0.5 'V + 7 V 

VINA Input Voltage (Except PRESET, PROG, Tl) -0.5 'V + 7 V 

VINB Input Vol tage (Only PRESET, PROG, Tl) -0.5 'V + 13 V 

PD Power Dissipation 1.0 W 

Topr Operating Temperature o 'V 70 °c 

Tstg Storage Temperature -55 'V 150 °c 

DC CHARACTERISTICS Topr=oC'V70°C, VCC=5.5V±lV, VSS=OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

VIL Input Low Voltage VTH Open -0.5 0.8 V 

VIL Input Lm" Voltage 
-0.5 VTH V (PORTO) -0.1 

VIH Input High Voltage VCC=5.0V±l0% 2.0 VCC V 
(All Except XTAL, RESET) I VTH Open 

VIHI Input High Voltage VeC=5. W±l V 3.0 vcc V (All Except XTAL, RESET) VTH Open 

VIH2 Input High Voltage VTH vce V (PORTO) +0.1 

VIH3 Input High Voltage 3.0 vee V (PRESET,XTALI) 

VTH PORTO Threshold 0 0.4 V 
Comparison Voltage vee 

VOL Output Low Voltage lOL = 1. 6mA 0.45 V 

VOL 1 Output Low Voltage lOL = 7 rnA 2.5 V (PlO, Pll) 

VOH 
Output High Voltage (All 

lOH = -50~A 2.4 V unless Open Drain Option-
Port 0) 

ILl Input Curren t 
VSS=0.45V~VIN~VCC ±200 ~A (Tl) 

ILO Output Leak Current 
(Open Drain Option-Port 0 

VSS=0.45V~VIN~VCC ±l0 ~A 

ICC \'CC Supply Current 50 100 rnA 
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TOSHIBA TMP8022P 

AC CHARACTERISTICS 1 Ta = O°c '" 70°C VCC = s.sv ± IV, VSS = OV 

SYMBOL PARAMETER TEST CONDITION MIN. MAX. UNIT 

tCY Cycle Time At 3MHz XTAL lOlls 8.38 50.0 IlS 

Zero-cr:oss Detection Input 
VZX (TI) 1 3 VACpp 

AZX Zero-cross Acuracy 60Hz Sinewave ±13s mV 

Zero-cross Detection Input 
FZX Frequency 0.05 1 KHz 

AC CHARACTERISTICS 2 Ta = 0° '" 70°C VCC = s.sv ± IV, VSS = OV 

SYMBOL PARAMETER CONDITION MIN. MAX. UNIT 

tcp Port Control Se tup Before 0.5 Falli ng Edge of Prog IlS 

Port Control Hold After 
0.8 tpc " Falling Edge of Prog IlS 

0 .,., 
p2 ..., "Prop: to Time Input mus 

tp;< '" 1.0 IlS '" be Valid '" I 
Po ~-

I 
0 

tDP '" Output Data Setup Time 7.0 )JS 
CJ 

'" 
-~ 

tpD " Output Data Hold Time 8.3 IlS '" ~ f-------
tpF '" Input Data Hold Time 0 150 )JS 

tpp PROG Pulse Width 8.3 )JS 

ALE to Time p2 Input must 
tPRL be V"lid 3.6 IlS 

" 0 +----------- ---

tpL 
'j 

Output Data Setup Time 0.8 IlS " '" CJ 

tLP "'" Output Data Hold Time 1.6 IlS 0 

rl 

tPFL m Input Data Hold Time 0 llS S 

'" 0 

tLL z ALE Pulse Width Max. at tCy=8.3811S 3.9 23.0 llS 

Test Condition tCY = 8.38 llS CL = 80 pF 
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TOSHIBA TMP8022P 

A/D CONVERTER CHARACTERISTICS Ta=O°C 70°C, VCC=5.5V±lV, VSS=OV, AVCC=5.5±lV, 

AVSS=OV, AVCC/2 ~VAREF ~AVCC 

PARAMETER MIN. TYP. MAX. UNIT 

Resolution S Bits 
r-----~~~~-- ----- ----.---~ --- _.- -~--

Absolute Accurriey .S% FST ± 1/2LSB LSB 
r---:c----- -~----- :-f---~ Sample Setnp Before Falling 

i 
~-"LAL~~t~S) 

0.20 I tCY 
--~-

I Sample Hold After Falling 0.10 tCY Edge of. ALE (tSH) 
---~--.-----

Input Capacitance 1 pF 
--.~~---,--

Conversion Time 4 4 tCY 

Note 1) It is required that the analog input terminal is kept at a 

constant voltage during the smapling time (tss + tSH). 

Mcu4S-S0 
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TOSHIBA TMP8022P 

THlING DIAGRAM Ley 

_.l_tJ_' .. ~ 
}'QRT OUTPUT X OllTP'JT DATA _. 

tI'RL 1 t tpn 

--------------------( '"'' i------------PO.HT INPUT 

11. J:I~X.l:'ANDEFt INSTHUCTION 

ALE _~I \'---_-----'1 \'----r--tPp
---

FROG 
\ I 

I 
---~I 

tel' tpc tDP I t Pl) 
r--~~- - ----"--

I 
r----, 

K \ POnT 

jl~ PORT OUTPOT 

PORT INPUT INPU,' DATA )1--------
C . ANAl..·OG I N PUT 

ALE \ 

tss tSH 

AND,ANI 

) ~ 
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TOSHIBA TMP8022P 

PROGRAM DELIVERY OF TMP8022P 

The program delivery of the TMP8022P is performed by using a paper tape 

of the following format. At the same time, it is required that mask 

options should be clearly designated. The format of the paper tape is 

the same as the Intel's type object tape (hexadecimal tape output by 

Intel MDS system, PROMPT 48 Development Tool, etc.) 

(I) Mask Option 

It is required that the presence of pull-up resistors is designated 

as to the 8 bits of PORTO, and the TI terminal. 

It is required that a mask option designation form attached to the 

ES Order Instruction Sheet is used for designation of mask option. 

It is required that the mask option designation form is submitted 

together with the ES Order Instruction Manual within two weeks be­

fore the sumbission date of tape. 

Example of mask option designation 

a : Without pull-up register 

~ 
PORTO 

name 
Option 

7 6 5 4 3 designation 

Presence of 
pull-up re- I a a a 1 
sister 

1 With pull-up register 

Tl 
2 1 a 

1 a a 1 

In this case, the presence of pull-up resistors is as follows: 

Pins with pull-up resistors •••.•. P07, P03, P02 and Tl 

Pins without pull-up resistors ••. P06, pas, P04, pal and POO 
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TOSHIBA TMP8022P 

(2) Tape Format 

o } Leader, 50 "NULL" characters Or' more 

Comments - - - _ - Comment (Record mark 11.11 is not included) 

} Option 
(CR) 

J,LF) 
----- Record mark 

t--~~-; } Record Length (2 hexadecimal digits) 

} Loading Address (4 hexadecimal digits) 

'00' Normal 
Record Type (2 digits) {'Ol' ..... End of 

Data 

Check Sum (2 hexadecimal digits) 

record. 
file record 

Dummy characters (RUBOUT, BLANK) between and after" CR LF" 

Record Mark 

(3) Example of Tape List 

TOSHIBA MICRO COMPUTER TLSC-84 
:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884dde67D31F5D8ABA6DF292Fl13F5Cl 
:100020004FFlFB5DFFDAA96A99CF7DF94A346B7C09 
:10003000l97352F729F12F79AA9C057C5B85lEED77 

:1003C0005DFDB5E556A67277F61A5lC63lCF9FOE80 
:1003DOOOBD2F6F20E8BB1977E3FB5ADlE41FDAA7E2 
:1003EOOOB53D42EOEC32546025B7308CDD52063DlD 
:1003FOOOB4BE9E9E345B6l38060B20BC372BF60BD6 
:OOOOOOOIFF 

MCU48-83 



TOSHIBA TMP8022P 

OUTLINE DRAWING 

2 :3 4, 6 7 8 9 10 11 12 13 14 15 16 17 1.8 19 20 

Unit in mm 

(Note 1) 

lfi24±Ol 

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

2. Each lead pitch is 2.S4mm, and all the leads are located 
within ±O.2Smm from their theoritical positions with 
respect to No.1 and No.40 leads. 
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TECHNICAL DATA 
INPUT/OUTPUT EXPANDER 

GENERAL DESCRIPTION 

TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

TMP8243P/TMP8243PI 

N-CHANNEL SILICON GATE MOS 

The TMP8243P is an input/output expander designed specifically to provide d low 

cost means of I/O expansion for the TLCS-84 family. 

The I/O ports of the TMP8243P serve as a direct extension of the resident I/O 

facilities of the TLCS-84 microcomputers and are accessed by their own MOVD, 

ANLD, and ORLD instructions. 

FEATURES 

o Low cost 

a Simple interface to TLCS-84 microcomputers 

a Four 4-bit I/O ports 

a AND and OR directly to ports 

a Single 5V supply 

a High output drive 

a Direct extension of resident TMP8048P/TMP8049P I/O ports. 

a Compatible with intel's 8243 

a -40°C to +85°C Operation (TMP8243PI: Industrial Specification) 

PIN CONNECTION (TOP VIEW) BLOCK DIAGRA~1 

Pso vee 
P40 P5l 

P4l P52 

P42 P53 PORT 2 

P43 P6C 

cs P6l 

FROG P62 

P23 P63 

P22 Pl3 

:F\21 1-"12 

P20 Fn 

PIG 

PORT 4 

PORT 5 

PORT 6 

PORT 7 



TOSHIBA TMP8243P,TMP8243PI 

PIN NAMES AND PIN DESCRIPTION 

PROG (Input) 

Clock Input. A high to low transistion onPROG signifies that address and 

control are available on P20-23, and a low to high transition signifies that 

data is available on P20-23. 

CS (Input) 

Chip Select Input. A high on CS inhibits any change of output or internal 

status. 

P20-23 (Input/Output, 3-state) 

Four (4) bit bi-directional port contains the address and control bits on a 

high to low transition of PROG. During a low to high transition contains the 

data for a selected output port if a write oepration, or the data from a 

selected port before the low to high transition if a read operation. 

P40-43, PSO-S3, P60-63, P70-73 (Input/Output, 3-state) 

Four (4) bit bi-directional I/O po:ts. May be programmed to be input (during 

read), low impedance latched output (after write) or a 3-state (after read). 

Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

VCC (Power) 

+5 volt supply 

GND (Power) 

o volt supply 

FUNCTIONAL DESCRIPTION 

General Operation 

The TMP8243P contains four 4-bit I/O ports which serve as an extension of the 

on-chip I/O and are addressed as ports 4-7. The following operations may be 

performed on these ports. 

o Transfer accumulator to port 

o Transfer port to accumulator 

o AND accumulator to port 

o OR accumulator to port 
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TOSHIBA TMP8243P,TMP8243PI 

All communication between the TMP8048P and the TMP8243P occurs over Port 2 

(P20-23) with timing provided by an output pulse on the PROG pin of the pro­

cessor. Each transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that address is present 

while a low to high transition indicates the presence of data. Additional 

TMP8243P'S may be added to the 4-bit bus and chip selected using additional 

output lines from the TMP8048P/8035P. 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 6, 

and 7 to the tri-state and port 2 to the input mode. The PROG pin may be either 

high or low when power is applied. The first high to low transition of PROG 

causes device to exit power on mode. The power on sequence is initiated if Vee 
drops below lV. 

P21 

o 
o 

1 

Write Modes 

P20 

o 
1 

o 
1 

Address Code 

Port 4 

Port 5 

Port 6 

Port 

P23 

o 
o 
1 

1 

P22 

o 
1 

o 
1 

Instruction Code 

Read 

Write 

ORLD 

ANLD 

The device has three write modes. MOVD Pi, A directly writes new data into the 

selected port and old data is lost. ORLD Pi, A takes new data, OR's it with 

the old data and then writes it to the port. ANLD Pi, A takes new data AND's 

it with the old data and then writes it to the port. Operation code and port 

address are latched from the input port 2 on the high to low transition of the 

PROG pin. On the low to high transition of PROG data on port 2 is transferred 

to the logic block of the specified output port. 

After the logic manipulation is performed, the data is latched and outputed. 

The old data remains latched until new valid outputs are entered. 
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TOSHIBA TMP8243P,TMP8243PI 

Read Mode 

The device has one read mode. The operation code and port address are latched 

from the input port 2 on the high to low transition of the PROG pin. As soon 

as the read operation and port address are decoded, the appropriate outputs are 

3-stated, and the input buffers switched on. The read operation is terminated 

by a low to high transition of the PROG pin. The port (4, 5, 6 or 7) that was 

selected is switched to the 

input mode. 

3-stated mode while port 2 is returned to the 

Normally, a port will be in an output (write mode) or input (read mode). If 

modes are changed during operation, the first read following a write should be 

ignored; all following reads are valid. This is to allow the external driver 

on the port to settle after the first read instruction removes the low impedance 

drive from the TMP8243P output. A read of any port will leave that ,port in a 

high impedance state. 

125 

! 
:::, 100 
0 

H 
W 

H 
75 

z 
«l 
gj 
p 

50 u ,. 
z 
H 
U) 

,.., 
«: 

25 
H 
0 
H 

o 

GUARANTEED WORST CASE 
CURRENT SINKING 
CAPABILITIES OF ANY I/O 
PORT PIN vs. TOTAL SINK 
CURRENT OF ALL PINS 

a 1 2 3 4 5 6 7 8 9 10 11 12 13 

MAXIMUM SINK CURRENT ON ANY PIN@.45V 
MAXIMUM IOL WORST CASE PIN(mA) 
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TOSHIBA TMP8243P,TMP8243PI 

Sink Capability 

The TMP8243P can sink 5 mA@.45V on each of its 16 I/O lines simultaneously. 

If, however, all lines are not sinking simultaneously or all lines are not fully 

loaded, the drive capability of any individual line increases as is shown by 

the accompanying curve. 

For example, if only 5 of the 16 lines are to sink current at one time, the 

curve shows that each of those 5 lines is capable of sinking 9 rnA@.45V (if any 

lines are to sink 9 rnA the total IOL must not exceed 45 rnA or five 9 rnA loads). 

Example: How many pins can drive 5 TTL loads (1.6 rnA) assuming remaining pins 

are unloaded? 

IOL = 5 x 1.6 mA = 8 rnA 

[IOL = 60 mA from curve 

lip ins = 60 rnA 8 rnA/pin = 7.5 

In this case, lines can sink 8 rnA for a total of 56 mAo This leaves 

4 mA sink current capability which can be divided in any way among the 

remaining 9 I/O lines of the TMP8243P. 

Example: This examples shows now the use of the 20 rnA sink capability of port 

7 affects the sinking capability of the other I/O lines. 

An TMP8243P will drive the following loads simultaneously. 

2 loads - 20 rnA@lV (port 

8 loads - 4 rnA@.45V 

6 loads - 3.2 mA@.45V 

only) 

Is this within the specified limits? 
sIaL = (2 x 20) + (8 x 4) + (6 x 3.2) 91.2 rnA. From the curve: 

for IOL = 4 rnA, EIOL 93 rnA since 91. 2 rnA < 93 rnA the loads are 

within specified limits. 

Although the 20 rnA@lV load are used in calculating sIaL, it is the 

largest current required @.45V which determines the maximum allow­

able dOL. 
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TOSHIBA TMP8243P,TMP8243PI 

ITMP8243pl 
ABSOLUTE ~1AXHM1 RATINGS 

Symbol Item Rating 

VCL VCC Supply Voltage with Respect to GND -O.SV to +7.0V 
VIN Input Voltage with Respect to GND -O.SV to +7.0V 

VOUT Output Voltage with Respect to GND -0. SV to +7.0V 
PD Power Dissipation SOOmW 

TSOLDER Soldering Temperature (Soldering Time 10 sec. ) 260°C 
TSTG Storage Temperature -55°C to +1S0° C 
TOPR Operating Temperature O°C to +70°C 

, , D.C. CHARACTERISTICS TA O°C to 70°C, Vee sv ± lU% 

Symbol Parameter Test Condition Min. Typ. Max. Units 

VIL Input Low Voltage -0.5 O.S V 

VIR Input High Voltage 2.0 Vct O.5 V 

VOLl Output Low Voltage Ports 4-7 IOL ~ 5rnA* 0.45 V 

VOL2 Output Low Voltage Port 7 IOL ~ 20rnA 1 V 

VOL 3 Output Low Voltage Port 2, IOL~0.6rnA 0.45 V 

VOHI Output High Voltage Ports 4-7 IOH~-240p1\ 2.4 V 
--

VOIl2 Output High Voltage Port 2 IOH~-lOOpA 2.4 

IILI Input Leakage Port 4-7 OV.sVIN.sVeC -10 20 )1A 

IIL2 Input Leadage Port 2, es, PROG OV"VINSVCe -10 10 )11\ 

ICC Vee Supply Current 10 20 rnA 

IOL Sum of all 10L of 15 Outputs 5 rnA Each Pin SO rnA 

;, See following graph for additional sink current capability 

A.C, CHARACTERISTICS TA ~ oOe to 70°C, Vee ~ 5V ± 10% 

Symbol Parameter Test Condition Min. Typ. Max. Units 

tA Code Valid Before PROG CL ~ SOpF 100 ns 

tB Code Valid After PROG CL ~ 20pF 60 ns 

te Data Valid Before PROG eL ~ SOpF 200 ns 

tD Data Valid After PROG CL ~ 20pF 20 ns 

tH Floating After PROG CL ~ ZOpF 0 150 ns 

tK PROG Negative Pulse Width 700 ns 

tCS CS Valid Before/After PROG 50 ns 

tpo Ports 4-7 Valid After PROG CL ~ 100pF 700 ns 

tLPl Ports 4-7 Valid Before/After PROG 100 ns 

tACC Port 2 Valid After PROG CL ~ SOpF 650 ns 
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lOSH I SA 

ITMP8243PI : INDUSTRIAL SPECIFICATION I 

ABSOLUTE ~1AXIMUM RATINGS 
Symbol Item 

Vee Vee Supply Vol tage with Respect to 

VIN Input Voltage with Respect to GND 

VOUT Output Voltage with Respect to GND 

FD Power Dissipation 

GND 

TSOLDER Soldering Temperature (Soldering Time 10 sec.) 
TSTG Storage Temperature 

TOFR Operating Temperature 

D.C. CHARACTERISTICS TA=-400e to 85°C, Vec=5V±10% 

Symbol Parameter Test Condition 

VIL Input Low Vol tage 

VIH Input High Voltage 

VaLl Outptu Low Vol tage Ports 4-7 IOL=4.5rnA 

VOL2 Output Low Voltage Fort 7 IOL=20rnA 

VOL 3 Output Low Voltage Fort 2 I OL =O.6rnA 

VOHI Output High Vol tage Ports 4-7 I OH=-240 wA 

VOH 2 Output High Voltage Fort 2 IOH=-lOOWA 

IILl Input Leakage Forts 4- 7 OV:CVIN:cVee 

IIL2 Input Leakage Fort 2, es, FROG OV,:VIN':VCC 

ICC Vee Supply Current 

IOL Sum 0 f all IOL of 16 outputs 4. 5 rnA each pin 

lMP8243P,lMP8243PI 

Rating 

-O.5V to +7.0V 

-O.5V to +7.0V 

-0.5V to +7.0V 

800mlV 

260°C 

-55°C to +lSO°C 

-40°C to +8Soe 

Min. Typ. Max. Units 

-0.5 0.8 V 

2.0 Vee+0.5 V 

0.45 V 

1 V 

0.45 V 

2.4 V 

2.4 

-10 20 ~A 

-10 10 WA 
10 20 rnA 

72 rnA 

* See following graph for additional sink current capability 

A.C. CHARACTERISTICS TA=-40°C to 85°C, VCC=5V±lO% 

Symbol Parameter Test Condition Min. Typ. Max. Units 

tA Code Valid before FROG CL = 80pF 100 ns 

tB Code Valid after FROG CL = 20pF 60 ns 

tc Data Valid before FROG CL = 80pF 200 ns 
----~--- ~--~-

tD Data Valid after FROG CL = 20pF 20 ns 
--

tH Floating after FROG CL = 20pF 0 150 ns 

tK FROG Negative Fulse lVidth 700 ns 

tes CS Valid before/after FROG 50 ns 

tFO Ports 4-7 Valid after FROG CL = 100pF 700 ns 

tLFl Forts 4-7 Val id before/after FROG 100 ns 
r----

CL tACC Fort 2 Valid after FROG = 80pF 650 ns 
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TOSHIBA TMP8243P,TMP8243PI 

nmNG fiAVErORr1 

PROG 

PORT2 

PORT2 

LpO 

PORT4-7 PREVIOUS OUTPUT VALID 

tiP 

INPUT VALID 
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TOSHIBA TMP8243P,TMP8243PI 

Dun INE DRIl.viI NGS 

Unit in mm 

1 :2 3 4, 5 6 "I 8 9 lC 11 12 

C:_4~M_AX_._' ___ --..+--_~+' 

2.54 ± 0.25 

C.5 ±C.15 1'1.4 MAX, 

Note: Each lead pitch is 2.54mm. All leads are located within 

O.25mm of their true longitudinal position with respect 

to No.1 and No.24 leads. 

All dimensions are in millimeters. 
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TECHNICAL DATA 

8-8IT SINGLE-CHIP MICROCOMPUTER 

GENERAL DESCRIPTION 

TOSHIBA HOS TYPE DIGITAL 
I"TEGRATt:lJ CIRCUIT 

TMP80C48AP TMP80C35AP 

Silicun Monolithic 
eHOS Silicon Gate 

The TNP8(lCLf8AP is a single chip microcomputer fabricated in Sii icon 
Gate CMOS tecllnC)logy whicll provides internal A-bit parallel architectllrp. 

The fo L lowing bas ic archi tec tULll f une t ions of a compu te r lwve heon 
included in a single chip; an 8-hit CPU, 64/8 RMl data memory, II< x 8 ROH 
program memory, 27 T/O lines and an 8-hit timer/event counter. 

TIle TMP80C48l\P is particuLlrly eff icient as a controller. J t has 
extensive bit handling capability as IJell as fdcilities [or botil binary 
and BCD aritllmetic. 

The THP80C3SAP is the equivalent of a TMP80C48AP without ROM prugram 
memory on chip. By using thit::l device with external EPROM or RAM, software 
debugging becomes easy. 

FEATURES 
2.5 vs Instruction Cycle Time 

-40"C to 8S"C, SV±20X 
Software Compatible with 

TM1'80C49AP/-6 
SoftWGre Upward Compatible with 

TMI'8049P/nlP80C49P-6/1NTEL's 8(149 
HALT Instruction (Additional Instruction) 
Lmv Pm,;rer 

lOrnA ~lAX. in Normal Operation 
(VCC~5V, fXTAL~6MHz) 

Single power sllpply 

II< x 8 masked ROB 

64 x 8 RAM 

27 I/O lines 

Interval Timer/Event Counter 

Pm,er Down Hode (Stand-by Mode) 

Halt Mode (Ide1 Mode) 

lOIlA MAX. in Power Down Mode 
(VCC~5V, fXTAL :DC) 

PIN CONNECTIONS ('1'01' VlEW) 

(45 v) 
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TOSHIBA 

POWER 
SAVE 

TMP80C48AP.TMP80C35AP 

BLOCK DIAGRA~1 

Note 1) The lower order 4 bits of port 2 output latch are used 
also for input/output operations with the I/O expander. 

Note 2) The output latch of port 0 is also used for address output. 
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TOSHIBA TMP80C48AP,TMP80C35AP 

PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 
Circuit GND potentia 1 

Vec (Power Supply) 
+5V during operdtion 

PS (Input) 
The control signal for the power saving at the power down mode (Active Low) 

PROG (Output) 
Output strobe for the TMP82C43p I/O expander. 

P10-P17 (Input/Output) Port 1 
8-blt quasi-bidirectional port (Internal Pullup;;; SOKS1). 

P20-P27 (Input/Output) Port 2 
8-bit quasi-bidirectional port (Internal Pullup;;; SOKrJ) . 

P20-P23 contain the four high order program counter bits during an external 
program memory fetch and serve as a 4-bit I/O expander bus [or the TMP8243P. 

DBO-DB7 (Input/Output, Tri-State) 
True~idirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during and external program memory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

TO (Input/Output) 
Input pin testahle using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

Tl (Input) 
Input pin testable using the JTl and JNTI instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 
External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disahled after a reset. Also testable with conditional jump 
instruction. (Active Low) 

RD (Output) 
Output strobe activated during a Bus read. Can be used to enable data onto 
the Bus from an external device. Used as a Read Strobe to External Data 
Memory (Active Low). 

WR (Output) 
Output strobe during a Bus write (Active Low). Used as a Write Strobe to 
External Data Memory. 
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TOSHIBA TMP80C48AP,TMP80C35AP 

RESET (Input) 
Active Low signal which is used to initialize the Processor. Also used 
during the power down mode. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 
Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 
Single step input can be used in conjunction with ALE to I1single step" 
processor through each instruction when SS is low the CPU is placed into 
a walt state after it has completed the instruction being executed. 
Also used during the powerdown mode. 

EA (Input) 
External Access input which forces all porgram memory fetches to reference 
exter;nal memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High) 

XTAL 1 (Input) 
One side of crystal input for internal oscillator. Also input for external 
source. 

XTAL 2 (Input) 
Otber side of crystal input. 

I NSTRUCTl ON SET 

Refer to TMP80C49J\P /-6 INSTRUCTION SET. 
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TOSHIBA TMP80C48AP,TMP80C35AP 

TMP80C48AP/TMP80C35AP ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 
SYMBOL ITEM RATING 

Vee Vee Supply Voltage (with respect to GND (VSS» -0.5V to +7V 
---------------------~~--+-----"-'--~----1 

~ ___ Input Voltage (Except EA) ________________________ ~---0--.5-V--t-o--V~C~C-+-0-.-5V~ 
VINE -l:nput- Voltag';;- (Only llAT-- -0.5V to IJV 

TSOLDER 
TSTG 

TOPR 

Power Dissipation (Ta=85"e) 

Soldering Temperature (Soldering Timer 10 sec) 

Storage Temperature 

Operating Temperature 

DC CHARACTERISTICS (I) 

250mW 

260"e 

-6s"C to IsO"C 

-40"C to 85"e 

TOPR=-40"C to 85"e, Vce=+sVUO%, VSS=OV, unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

Vn Input Low Voltage -0.5 - 0.8 V 

VIH 
Input High Voltage (Except 

2.2 - Vec V 
XTALl, XTAL2, RESET, PS) 

VIHI 
Input High Voltage 

0. 7V CC - Vee V 
(XTALI, XTAL2 , RESET, l'S) 

VOL 
Output Low Voltage 

IOL=I.6mA -
I 

- I 0.45 V 
(Except PIO-PI7, P20-P27) 

VOL] Output Low Voltage 
IOL=1.2mA - - 0.45 V 

(PIO-P17, P20-p27) 
-

VOHll 
Output High Voltage 

TOH=-l. 6mA 2.4 - - V (Except PIO-PI7, P20-P27) 

VOH12 
Output High Voltage 

IOH=-400VA VCC- 0 .8 - - V 
(Except PIO-P17, P20--P27) 

I 

VOH21 
Output High Voltage 

IOH=-sOjJA 
(P1O-P17, P20-P27) 

2.4 - - V 

VOH22 
Output High Voltage 

IOH=-2SvA WCC-0.8 - - V (P10-PIJ, P20-P27) 

ILl 
Input Leak Current I < < ±IO VA , VSS=V]N=VCC - -
(Tl, INT, EA, PS) I 

I Ln Input Leak Current (SS, RESET)l- VSS~VIN~VCC - - -50 vA 

ILl2 Input Leak Current 1 Vss+0.4sV~VIN~Vce - - -500 vA 
(PIO-PI7, P20-P2J) I 

ho Output Leak Current (EUS, TO')"1-;- +0.4sV::'V :':V - - flO vA (High impedance condition) I SS - IN- CC 

IeCl Normal Vee=sV,fXTAL=6MHz 
- - 10 

VCC Supply Currevt Operation VIWVCC- O. 2V rnA 

ICCHI HALT Mode Vn=0.2V - - T.B.D. 
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TOSHIBA TMP80C48AP,TMP80C35AP 

TMP80C48AP/TMP80C35AP ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS (II) 
ToPR=-400e to 85°C, Vee=+5V±20%, VSS=OV, unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL Input Low Voltage -0.5 - o l5Vee V 

VIH 
Input High Voltage (Except 

0. 5Vee - Vee V 
XTALl, XTAL2, RESET, PS) 

VIHI 
Input High Voltage 

0. 7Vee - Vee V 
(XTALl , XTAL2, RESET , l'S) 

VOL 
Output Low Voltage 

lOL=l. 6mA - - 0.45 V 
(Except P10-P17, P20-P27) 

VOLl 
Output Low Voltage 

IOL=l. 2mA - - 0.45 V (PIO-P17, P20-P27) 

VOH12 
Output High Voltage 

I OH=-400uA Vec-0.8 - - V 
(Except 1'10-1'17, 1'20-1'27) 

VOH22 
Output High Voltage 

IOW- 25 jJA VCC-0.8 - - V 
(PIO-P17, P20-P27) 

ILI 
Input Leak Current 
(Tl, INT, EA, PS) VSS~VIN"'VCC - - ±l0 jJA 

ILII Input Leak Current CSS, RESET) VSS;';VIN;';VCe - - Vee jJA -D.l 

ILI2 
Input Leak Current 

VSS+0.45V~VIN~Vee 
Vec jJA 

(PI0-P17, 
- -

-0.01 P20-P27) 

lLO 
Output Leak Current (BUS, TO) 

VSS+0.45V;;VIN;;Vee - - ±10 jJA 
(High impedance condition) 

IeCl Normal Vec=5V,fXTAL=6MHz 
Operation - - 10 

Vee Supply Current VIWVec-0.2V rnA 

IeCHl HALT Mode VIL =0. 2V - - T.B.D. 
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TOSHIBA TMP80C48AP,TMP80C35AP 

TMP80C48AP /H1P80C35AP ELECl R! CAL CHARACTER! STI CS 

AC CHARACTERISTICS TOP R=-40°c to 8Soc, vCC=+SV ' 20%, vss=OV, uules" otherwise noted. 

SYMBOL PARAMETER TEST CONDl TlONS MIN. TYP. MAX. UNIT 

tLL ALE Pulse Width 400 - - ns 
~-------~~~~+-~-------- - ------ --------- -1--

tAL Address Setup Time (ALE) 150 ns 
f---~- f-----------~-~~-~- ----~---~~~---'------ -+~-_+--__t-__j 

tLA Address Hold Time (ALE) 80 
r-----~+-~--~~~~~--~----~----~_+------ ---~+-~---

ns 

tcc Control Pulse Width (PSEN, RD, WiD 700 ns 
J---~~-+-- -~---~-----------------_+---- -------- - ----+---+----+----1 

tDW Data Setup Time (WR) ns SOO 
---------------~~+-~~~--- -__t_---t------!------j-----j 

tWD Data Hold Time (WR) CL=20pF 120 ns 
!-----+-~--~~~~~~---------~---~-----~_+--_+--~+_--+___1 

tCY Cycle Time 2.S lS.0 ~s 

--------
tDR Data Hold Time (PSEN, RD) 0 

I----+--
200 ns 

tRD Data Input Read Time (PSEN, RTI) 500 ns 

ns tAW Address Setup Time (IJR) 230 i 
-------------+--------+----+--~--__t_--I 

tAD Address Setup Time (Data Input) - I 950 ns 
-----+------+--r' -1---+_-~ 

tAFC Address Fload Time (RD, PSEN) 0 i-I - ns 

tcp Port Control Setup Time (PROG) 110--r--_--+r---_--+-n-s-1 
1-----+------------------+------- --~--+_-__t_-_1 

tpc Port Control Hold Time (PROG) 130 ' - [ - ns 
--------j------+----+-~_ 81-0---i----i 

tpR Port 2 Input Data Set Time (PROG) - _ ns 

~t-D-P--~O-u-t~p-u-t-Data Setup Time (PROG) 

tpD Output Data Hold Time (PROG) 

Port 2 Input Data Hold Time (PROG) 

220 

6S 

o 
tpp PROG Pulse Width ISl0 

ns 

ns 

ISO ns 

ns 
-------------+-------+--~---+---+--I 

Port 2 I/O Data Setup Time 600 ns 

Port 2 I/O Data Hold Time 150 ns 

Note: tCy=2.S~s (fXTAL=6MHz) 

Control Outputs: CL=80pF, BUS Outputs: CL=lSOpF 
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TOSHIBA TMP80C48AP,TMP80C35AP 

TIMING WAVEFORM 

A. Instruction Fetch from External Program ~~emory 

ALE 

PSB~N 

BUS 

B. Read from External Data Memory 

ALE 

BUS 
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TOSHIBA TMP80C48AP.TMP80C35AP 

C. Write into External Data Memory 

ALE 

BUS 

D. Timing of Port 2 during Expander Instruction Execution 

ALE 

PORT20 

PCB 
PORT23 

(DATA OUTPUT OPERATION) 

PQRT20 

PCB 
PORT 23 

(DATA INPUT OPERATION) 

moc 

* INPUT ENABLEL sTATA 
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TOSHIBA TMP80C48AP,TMP80C35AP 

POWER DOWN MODE (I) ---------- Data Hold Mode in RAM 

The operation of oscillation circuit is suspended by setting PS terminal 
to low level after RESET terminal has been set to low level. Consequently, 
all the data in RAM area can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 2V. 

PS terminal is set to high level to resum oscillation after VCC has been 
reset to SV, and then RESET terminal is set to high level, thus, the normal 
mode is restarted from the initialize operation (address 0). 

DC CHARACTERISTICS TOPR~-40°C to 8SoC, VSS~OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

VSBI Standby Voltage (1) 2.0 - 6.0 

ISBl Standby Current (1) VCC~SV,VIH~VCC-0.2V,VIL~0.2V - O.S 10 

AC CHARACTERISTICS TOPR~-40oe to 70 oe, Vcc~SV±20%, VSs~OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

tpSHR Power Save Hold Time (RESET) 10 - -
-

tpSSR Power Save Setup Time (RESET) 10 - -

tVH Vce Hold Time (PS) S - -
tvs VCC Setup Time (PS) S - -

Note: tCy~2.S11S (fXTAL~6MHz) 

TIMING WAVEFORM 

/ 
-\ 

tVH tvs 

1\ 

tl~SH.I:t tpSSR 
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TOSHIBA TMP80C48AP,TMP80C35AP 

POWER DOWN MODE (II) --------- All Data Hold Mode 

The operation of oscillation circuit Is suspended by setting PS terminal 
to low level after SS terminal has been set to low level. Consequently, all 
data can be held in low power consumption. 

The minimum hold vu 1 tage of Vee in this mode is 3V. 

PS terminaJ is set to high level to resume oscillation after Vee has been 
reset to 5V, and then SS terminal is set to higb level, thus, the normal mode 
is restarted condinuously from the statp just before the power down mode ([1). 

DC CHARACTERISTICS TOPR=-40"e to 8S"e, VSS=OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

VSB2 Supply VoLtage (2) 3.0 - 6.0 

lSB2 Standby Current (2) Wce=SV,VIH=VCC- 0 . 2V ,VIL=0.2V - 0.5 10 

AC CHARACTERISTICS TOPR=-40"e to 8S"e, VCC=SV+20%, VSS=OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

tpSHS Power Save Hold Time (SS) 10 - -
tpSSS Power Save Setup Time (SS) 10 - -

f-~---- .~ --+-. 
tVH VCC Hold Time CPS) 5 - -
tvs Vee Setup Time (PS) 5 - -

TIMING WAVEFORM 

Vee } ~ 
tVH tV8 

\ 

1 
~-WtpcHS ~ I t PBS S 

MeU48-10S 
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V 

~A 
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~s 
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TOSHIBA TMP80C48AP,TMP80C35AP 

HALT MODE 

• 1 HALT INSTRUCTION 

OP code is "OlH". HALT INSTRUCTION is an additional instruction 
to the standard 8048/8049 instruction set. 

· 2 Entry to HALT MODE 

On the execution of HALT INSTRUCTION, TMP80C48AP, TMP80C35AP 
entry HALT MODE. 

· 3 Status in HALT MODE 

The oscillator continues its operation, however, the internal 
clocks and internal logics are disabled. The status of all internal 
logic values just prior to the execution of HALT INSTRUCTION are 
maintained. Power consumption in HALT MODE is less than 50% of normal 
operation. The status of each pins are descibed in the following table. 

· 4 Release from HALT MODE 

HALT MODE is released by either of two signals (RESET, INT). 

(1) RESET Release Mode: An active RESET input signal causes the normal 
reset function. TMP80C48AP, TMP80C35AP start the program at address 
"OOOH". 

(2) INT Release Mode: An active INT input signal causes the normal 
operation. 

In case of interrupt enable mode (EI MODE), TMP80C48AP, TMP80C35AP 
execute the interrupt service routine, after the execution of one 
instrnction which is located at the next address after HALT INSTRUCTION. 

In case of interrupt disable mode (DI MODE), TMP80C48AP, TMP80C35AP 
execute normal operation from the next address after HALT INSTRUCTION. 

• 5 Supply Voltage Range in HALT MODE 

The operating supply voltage range and the operati";' temperature 
range are same as in normal operation. 
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TOSHIBA TMP80C48AP,TMP80C35AP 

PIN STATUS IN POWER DOWN MODE (I) (II) 

PIN NAME STATUS 

DBO - DB 7 
________ High impedance 

PIO - 1'17 
------ Input disabled 

1'20 - 1'27 
1---------

TO High impedance, input disabled ___ L-____________________________ __ 

T1 Input disab Led 

XTALI High impedance 

XTAL2 Output "High" Level 

------- ------+--r-n-p-u-t-disabled when oscillator is st(;P;;~d :­
RESET, SS Pull-up transistors turn off. 

------ - ----------- -------------------------------1 
INT, EA Input disabled ",hen oscilltor is stopped. 

RD, WR, ALE 
PROG, PSEN 

High impedance 

PIN STATUS IN HALT MODE 

PIN NAME STATUS 

DBO - DB7 
Values prior to the execution 

PIO - P17 
INSTRUCTION are maintained. 

P20 - 1'27 
1------------------f--

TO ! Status prior to the execution 

i INSTRUCTION is maintained. 
-----+ 

1'1 I Input disabled 
----~- -- -----r--

XTALl, XTAL2 . Continue oscillation 
- I -

RESET, TNT I Input enabled 

SS, EA I Input disabled 

RD, WR I 
"High" I Output level 

PROG, PSEN 

ALE Output "Low" level 
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TOSHIBA TMP80C48AP,TMP80C35AP 

OUTLINE DRAWING 

Unit in mm 

1 2 3 4 5 6 '7 8 9 10 11 12 13 14 15 16 17 18 19 20 

(Note 1) 

1524±O 1 

Z' 
!>! 

'" <0 

'" N 
H 

(l) ~ 
0 H 

<0 

a 5±O 1 

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

2. Each lead pitch is 2.S4mm, and all the leads are located 
within ±O.2Smm from their theoritical positions with 
respect to No.1 and No.40 leads. 
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TOSIIIBA MOS TYPE DIGITAL 
INTEGRATED CIRCUIT 

~mTI~rnrnillTI~rn ~~rn~rn~TI 
TECHNICAL DATA TMP80C49AP TMP80C39AP 

TMP80C49AP-6,TMP80C39AP-6 

8-GIT SINGLE-CHIP MICROCOl1PUTER 

GENERAL DESCRIPTION 

Silicon Monolithic 
CMOS Silicon Gate 

The TMP80C49AP/-6 is a single chip microcomputer fabricated in Silicon 
Gate CMOS technology which provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP80C49AP/-6 is particularly efficient as a controller. It has 
extensive bit handling capability as well as facilities for both binary and 
BCD arithmetic. 

The TMP80C39AP/-6 is the equivalent of a TMP80C49AP/-6 without R0l1 program 
memory on chip. By using this device with external EPROH or RAM, software 
debugging becomes easy. 

FEATURES 

TMP80C49AP/TMP80C39AP 
1.36~s Instruction Cycle Time 
O°C to 70°C, 5V ±10% 

TMP80C49AP-6/TV~80C39AP-6 

2.5 ~s Instruction Cycle Time 
-40°C to 85°C, 5V ±20% 

Software Upward Compatible with 
TMP8049P/TMP80C49P-6/INTEL's 8049 

HALT Instruction (Additional Instruction) 
Low Power 

10mA l'lAX. in Normal Operation 
(VCC~5V, fXTAL~6MHz) 
10~A }~X. in Power Down Mode 
(VCC~5V, fXTAL:DC) 

PIN CONNECTIONS (TOP VIEW) 

MCU48-l09 

Single pewer supply 

2K x 8 masked R0l1 

128 x 8 RAN 

27 I/O lines 

Interval Timer/Event Counter 

Power Down Mode (Stand-by Hode) 

Halt Mode (Idel Mode) 



TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

Note 1) The lower order 4 bit of port 2 output latch are used 
also for input/output operations with the I/O expander. 

Note 2) The output latch of port 0 is also used for address output. 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 
Circuit GND potential 

VCC (Power Supply) 
+SV during operation 

PS (Input) 
The control signal for the power saving at the power down mode (Active Low) 

PROG (Output) 
Output strobe for the TMP82C43P I/O expander. 

PIO-PI7 (Input/Output) Port I 
8-bit quasi-bidirectional port (Internal Pullup SOK,,) . 

P20-P27 (Input/Output) Port 2 
8-bit quasi-bidirectional port (Internal Pullup ; SOK"). 

P20-P23 contain the four high order program counter bits during an external 
program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 

DBO-DB7 (Input/Output, Tri-State) 
True bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memory fetch, 
and receives the addressed instruction under the control of PSEN. Also 
contains the address and data during an external RAM data store instruction, 
under control of ALE, RD, and WR. 

TO (Input/Output) 
Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

TI (Input) 
Input pin testable using the JTI and JNTI instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 
External interrupt input. Initiates 
Interrupt is disabled after a reset. 
instruction. (Active Low) 

RD (Output) 

an interrupt if interrupt is enabled. 
Also testable with conditional jump 

Output strobe activated during a Bus read. Can be used to enable data onto 
the Bus from an external device. Used as a Read Strobe to External Data 
Memory (Active Low). 

WR (Output) 
Output strobe during a Bus write (Active Low). Used as a Write Strobe to 
External Data Memory. 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

RESET (Input) 
Active Low signal which is used to initialize the Processor. Also used 
during the power down mode. 

ALE (Output) 
Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 
Program Store Enable. This output occurs only during a fetch to e~ternal 
program memo~y (Active Low). 

SS (Input) 
Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when S5 is low the CPU is placed into 
a wait state after it has completed the instruction being executed. 
Also used during the power down mode. 

EA (Input) 
External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High) 

XTAL 1 (Input) 
One side of crystal input for internal oscillator. Also input for external 
source. 

XTAL 2 (Input) 
Other side of crystal input. 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

INSTRUCTION SET 
ACCUMULATOR INSTRUCTION 

Instruction 
Mnemonic I---- -----,- --

D7 D6 DS D4 D3 

ADD A,Rr 0 1 1 0 1 

ADD A,@Rr 0 1 1 0 0 

ADD A,4fData 0 0 0 0 0 
d7 d6 dS d4 d3 

ADDC A,Rr 0 1 1 1 1 

ADDC A,@Rr 0 1 1 1 0 

ADDC A,ilData 0 0 0 1 0 
d7 d6 dS d4 d3 

ANL A,Rr 0 1 0 1 1 

ANL A,@Rr 0 1 0 1 0 

ANL A,IIData 0 1 0 1 0 
d7 d6 dS d4 d3 

ORL A,Rr 0 1 0 0 1 

ORL A,@Rr 0 1 0 0 0 

ORL A,IIData 0 1 0 0 0 
d7 d6 dS d4 d3 

XRL A,Rr 1 1 0 1 1 

XRL A,@Rr 1 1 0 1 0 

XRL A,IIData 1 1 0 1 0 
d7 d6 dS d4 d3 

INC A 0 0 0 1 0 
DEC A 0 0 0 0 0 
CLR A 0 0 1 0 0 
CPL A 0 0 1 1 0 
DA A 0 1 0 1 0 

SWAP A 0 1 0 0 0 
RL A 1 1 1 0 0 

RLC A 1 1 1 1 0 

RR A 0 1 1 1 0 

RRC A 0 1 1 0 0 

Code 

D2 

r 

0 

0 
d2 
r 

0 

0 
d2 
r 

0 

0 
d2 
r 

0 

0 
d2 
r 

0 

0 
d2 
1 
1 
1 
1 
1 

1 
1 

1 

1 

1 

Fl ag 
Operation Bytes Cycles ~ 

Dl DO C AC 

r r (A)+-(A)+(Rr) 1 1 0 0 

r = 0 - 7 
0 r (A)+-(A)+(Rr) 1 1 0 a 

r ::::: 0, 1 
1 1 (A)+-(A)+Data 2 2 0 a 
dl dO 
r r (A)+-(A)+(Rr)+(C) 1 1 a a 

r = 0 - 7 
0 r (A)+-(A)+((Rr))+(C) 1 1 0 0 

r :::: 0, 1 
1 1 (A)+-(A)+Data+(C) 2 2 0 a 
dl dO 
r r (A)+-(A)A(Rr) 1 1 - -

r = 0 - 7 
0 r (A)+-(A)A( (Rr)) 1 1 - -

r = 0, 1 
1 1 (A)+-(A)AData 2 2 - -
dl dO 
r r (A)+-(A)V(Rr) 1 1 - -

r = 0 - 7 
0 r (A)+-(A)V((Rr)) 1 1 - -

r = 0, 1 
1 1 (A)+-(A) VData 2 2 - -

dl dO 
r r (A)+-(A}V (Rr) 1 1 - -

r = 0 - 7 
0 r (A)+-(A)V((Rr)) 1 1 - -

r = 0, 1 
1 1 (A)+-(A)VData 2 2 - -
dl dO 
1 1 (A)+-(A)+l 1 1 - -
1 1 (A)+-(A)-l 1 1 - -

1 1 (A)+-O 1 1 - -
1 1 (A)+-NOT (A) 1 1 - -
1 1 Decimal Adjust 1 1 0 -

Accumulator 
1 1 (A4-7)t(AO-3) 1 1 - -
1 1 (An+l)+-(An) 1 1 - -

n = 0 - 6 
(AO)+- (A7) 

1 1 (An+l)+-(An) 1 1 - -
n = 0 - 6 

(C)+-(A7) 
(AO)+-(C) 

1 1 (An)+-(An+l) 1 1 - -
n = 0 - 6 

(A7)+-(AO) 
1 1 (An)*-(An+l) 1 1 - -

n = 0 - 6 
(C)+-(AO) 
(A7)+-(C) 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

Input/Output Instruction 

Instruction Code Flag" 
Mnemonic Operation Bytes Cycles -r--=-

D7 D6 Ds D4 D3 D2 Dl DO C ~C 
IN A,Pp 0 0 0 0 1 0 P P (A)+(Pp) 1 2 - -

P = I, 2 
OUTL Pp,A a 0 1 1 1 a P P (Pp)+(A) 1 2 - -

P = 1, 2 
ANL Pp,l/Data 1 0 0 1 1 a P P (Pp)+(Pp)J\Data 2 2 - -

d7 d6 ds d4 d3 d? dl dO P = 1, 2 
ORL Pp,l/Data 1 a a a 1 a P P (Pp)+(Pp)VData 2 2 - -

d7 d6 ds d4 d3 d2 dl dO P = 1, 2 
INS A,BUS 0 0 0 0 1 a a a (A)+(BUS) 1 2 - -

OUTL BUS,A 0 a 0 0 0 a 1 a (BUS)+(A) 1 2 - -
ANL BUS,IIData 1 a 0 1 1 a 0 a (BUS)+(BUS)AData 2 2 - -

d7 d6 ds d4 d3 d2 dl dO 
ORL BUS,I/Data 1 a 0 0 1 a 0 0 (BUS)+(BUS)VData 2 2 - -

d7 d6 ds d4 d3 d2 dl dO 
MOVD A,Pp 0 a 0 a 1 1 P P (AO-3)+(Pp) 1 2 - -

(A4-7)+O 
P = 4 - 7 

MOVD Pp,A 0 0 1 1 1 1 P P (Pp)+(AO-3) 1 2 - -
P = 4 - 7 

ANLD Pp,A 1 a 0 1 1 1 P P (Pp)+(Pp)A(AO-3) 
P = 4 - 7 

1 2 - -

ORLD Pp,A 1 0 0 0 1 1 P P (Pp)+(Pp)V(AO-3) 1 2 - -
P = 4 - 7 

Register Instruction 
Instruction code ~~ 

Mnemonic Operation Bytes Cycles 
D7 D6 Ds D4 D3 D2 Dl DO C AC 

INC Rr a 0 0 1 1 r r r (Rr)+(Rr)+l 1 1 - -
r = 0 - 7 

INC @Rr 0 0 a 1 0 0 0 r «Rr))+«Rr))+l 1 1 - -
r = 0, 1 

DEC Rr 1 1 a 0 1 r r r (Rr)+(Rr)-l 1 1 - -
r = 0 - 7 

Branch Instruction 
Instruction code Flag 

Mnemonic Operation Bytes Cycles --
D7 D6 Ds D4 D3 D2 D1 DO C AC 

JMP Address ala a9 a8 0 a 1 a a (PCO-7)+(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO (PC8-10)+(a8-10) 

(PCll)+(DBF) 
JMPP @A 1 0 1 1 a 0 1 1 (PCO-7)+(A) 1 2 - -
DJNZ Rr, 1 1 1 a 1 r r r (Rr)+(Rr)-l 2 2 - -
Address a7 a6 as a4 a3 a2 al aO if Rr not 0 

(PCO-7)+(aO-7) 
JC Address 1 1 1 1 0 1 1 a (PCO-7)+(aO-7) 2 2 - -

a7 a~ as a4 a3 a2 a1 aO if C = 1 
(PC) = (PC)+2 
if C = 0 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

Instruction Code Flag 
Mnemonic 

D7 D6 Ds D4 D3 D2 Operation Bytes Cycles c--r--
D1 DO C AC 

JNC Address 1 1 1 0 0 1 1 0 (PCO-7)<-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO if C = 0 

(PC)"-(PC)+2 
if C = 1 

JZ Address 1 1 0 0 0 1 1 0 (PCO-7)-<-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO if (A) = 0 

(PC)"-(PC)+2 
if (A) of 0 

JNZ Address 1. 0 0 1 0 1 1 0 (PCO-7)*-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO if (A) of 0 

(pC)..-(PC)+2 

if (1\) = 0 
JTO Address 0 0 1 1 0 1 1 0 (PCO-7) "-(aO-7) 2 2 - -

a7 a6 as a4 a3 a2 a1 aO if TO = 1 
(PC)..-(PC)+2 
if TO = 0 

JNTO Address 0 0 1 0 0 1 I 0 (PCO-7)..-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 31 aO if TO = 0 

(PC)..-(PC)+2 
if TO = 1 

JT1 Address 0 1 0 1 0 1 1 0 (PCO-7)..-( aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO ifTl=1 

(PC)..-(PC)+2 
ifTl=O 

JNT1 Address 0 1 0 0 0 1 1 0 (PCO-7)"-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO if Tl = 0 

(PC)..-(PC)+2 
if T1 = 1 

JFO Address 1 0 1 1 0 1 1 0 (PCO-7)..-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO if FO = 1 

(PC)..-(PC)+2 
if FO = 0 

JF1 Address 0 1 1 1 0 1 1 0 (PCO-7)"-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO if F1 = 1 

(pC)..-(PC)+2 
if F1 = 0 

JTF Address 0 0 0 1 0 1 1 0 (PCO-7)"-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO if TF = 1 

(pc)..-(rC)+2 
if TF = 0 

JNI Address 1 0 0 0 0 1 1 0 (PCO-7)"-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO if INT = 0 

(PC)..-(PC)+2 
if INT = 1 

JBb Address b2 b1 bO 1 0 0 1 0 (PCO-7)"-(aO-7) 2 2 - -
a7 a6 as a4 a3 a2 a1 aO if Bb = 1 

(PC)..-(PC)+2 
if Bb = 0 
(b = 0 - 7) 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

Subroutine Instruction 

Instruction Code Flag 
Mnemonics Operation Bytes Cycles r----r-

D7 D6 D5 D4 D3 D2 D1 DO C AC 

CALL Address a10 a9 a8 1 0 1 0 0 «SP) )+ 2 2 - -
a7 a6 a5 a4 a3 a2 a1 aO (PC), (PSW4-7) 

(SP)+(SP)+l 
(PC8-l0)+(a8-l0) 
(PCO-7)+(aO-7) 
(PCll)+(DBF) 

RET 1 0 0 0 0 0 1 1 (SP)+(SP)-l 1 2 - -

(PC)+( (SP» 
RETR 1 0 0 1 0 0 1 1 (SP)+(SP)-l 1 2 - -

(PC)+( (SP» 
(PSW4-7)+( (SP» 

Flag Manipulation Instruction 

Instruction Code Flag 
Mnemonics 

D7 D6 D5 D4 D3 D2 D1 DO 
Operation Bytes Cycles c'AC 

CLR C 1 0 0 1 0 1 1 1 (C)+O 1 1 a -

CPL C 1 0 1 D 0 1 1 1 (C)+NOT(C) 1 1 0 -
CLR FO 1 0 0 0 0 1 0 1 (FO)+O 1 1 - -
CPL FD 

1 I 0 
0 1 0 1 0 1 (FO)+NOT(FO) 1 1 - -

CLR Fl 1 0 1 0 0 1 0 1 (Fl)+O 1 1 - -

CPL F1 1 0 1 1 0 1 0 1 (Fl)+NOT(Fl) 1 1 - -

Data Transfer Instruction 

Instruction Flag 
Mnemonics Operation Bytes Cycles r----r-

D7 D6 D5 D4 D3 D2 D1 DO C AC 

MOV A,Rr 1 1 1 1 1 r r r (A)+(Rr) 1 1 - -
r = 0 - 7 

MOV A,@Rr 1 1 1 1 0 0 0 r (A)+«Rr» 1 1 - -

r = 0, 1 
MOV A,IIData 0 0 1 0 0 0 1 1 (A)+Data 2 2 - -

d7 d6 d5 d4 d3 d2 dl dO 
MOV Rr,A 1 0 1 0 1 r r r (Rr)+(A) 1 1 - -

r = 0 - 7 
MOV @Rr,A 1 0 1 0 0 0 0 r «Rr) )+(A) 1 1 - -

r ::::: 0, 1 
MOV Rr,ilData 1 0 1 1 1 r r r (Rr)+Data 2 2 - -

d7 d6 d5 d4 d3 d2 d1 dO r = 0 - 7 
MOV @Rr,IIData 1 0 1 1 0 0 0 r «Rr»+Data 2 2 - -

d7 d6 d5 d4 d3 d2 dl dO r = 0, 1 
MOV A, PSW 1 1 0 0 0 1 1 1 (A)+(PSW) 1 1 - -

MOV PSW,A 1 1 0 1 0 1 1 1 (PSW)+(A) 1 1 - -
XCH A,Rr 0 0 1 0 1 r r r (A)~(Rr) 1 1 - -

r = 0 - 7 
XCH A,@Rr 0 0 1 0 0 I 0 0 r (A)4:«Rr) ) 1 1 - -

r ::::: 0, 1 
XCHD A,@Rr 0 0 1 1 0 0 0 r (AO-3)~( (RrO-3» 

I 
1 1 - -

r = 0, 1 
MOVX A,@Rr 1 0 0 0 0 0 0 r (A)+«Rr» 1 2 - -

r == 0, 1 

MCU48-116 
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Instruction Code Flag 
Mnemonics Operation Bytes Cycles I-~ D7 D6 D5 D4 D3 D2 Dl DO C AC 

MOVX @Rr,A 1 0 0 1 0 0 0 r «Rr) )+(A) 1 2 - -
r = 0, 1 

MOVP A,@A 1 0 1 0 0 0 1 1 (pCO-7)+(A) 1 2 - -
(A)+((PC» 

MOVP3 A,@A 1 1 1 0 0 0 1 1 (PCO-7)+(A) 1 2 - -
( PCS-ll)+OOll 
(A)+( (PC» 

Timer/Counter Instruction 

Instruction Code 
cE~ Mnemonics Operation Bytes Cycles D7 D6 D5 D4 D3 D2 D1 DO C AC 

MOV A,T 0 1 0 0 0 0 1 0 (A)+(T) 1 1 - -
MOV T,A 0 1 1 0 0 0 1 0 (T)+(A) 1 1 - -
STRT T 0 1 0 1 0 1 0 1 Counting is 1 1 - -

started in the 
timer mode. 

STRT CNT 0 1 0 0 0 1 0 1 Counting is 1 1 - -
started in the 
event counter 
mode. 

STOP TCNT 0 1 1 0 0 1 0 1 Stop both tine 1 1 - -
accumulation and 
event counting. 

EN TCNTl 0 0 1 0 0 1 0 1 Timer interrupt 1 I - -
is enabled. 

DIS TCNTl 0 0 I 1 0 1 0 1 Timer interrupt 1 I - -
is disabled. 

Control Instructi on 

Instruction Code Flag 
Mnemonics Operation Bytes Cycles 1-.-

D7 D6 D5 D4 D3 D2 D1 DO C AC 

EN I 0 0 0 0 0 I 0 1 External inter- I I - -
rupt is enabled. 

DIS I 0 0 0 I 0 I 0 I External inter- I 1 - -
rupt is disabled. 

SEL RBO 1 1 0 0 0 I 0 1 (BS)+O 1 1 - -
SEL RBI 1 1 0 1 0 1 0 1 (BS)+l I 1 - -
SEL MBO 1 1 1 0 0 1 0 1 (DBF)+O 1 I - -
SEL MBl 1 1 1 1 0 1 0 1 (DBF)+l 1 1 - -
ENTO CLK 0 I 1 1 0 1 0 1 TO is enabled to 1 1 - -

act as the clock 
output. 

NOP 0 0 0 0 0 0 0 0 No operation 1 1 - -
HALT 0 0 0 0 0 0 0 1 CPU enters HALT 1 1 - -

mode. 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

H1P80C49AP /TMP&OC3;)AP ELECTRI CAL CHARACTERISTI CS 

ABSOLUTE ~1AXIMU~1 RATINGS 

snIBOL ITEM 

VCC VCC Supply Voltage (with respect to GND (VSS» 

VINA Input Voltage (Except llA) 

VINB Input Voltage (Only EAl 

PD Power Dissipation (Ta=70°C) 

TSOLDER Soldering Temperature (Soldering Time JO sec) 

TSTG Storage Temperature 

TOPR Operating Temperature 

RATING 

-0.5V to +7V 

-0.5V to Vce+ O.5V 

-0.5V to +13V 

250mW 

260°C 

-65°e to 150°C 

O°C to 70 0 e 

DC CHARACTERISTI CS TOPR=O°C to 70° C, VCC=+5VilO%, VSS=OV, unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL 
Input Low Voltage 
(Except XTALl , XTAL2, RESET) -0.5 - O.S V 

VILl 
Input Low Voltage 

-0.5 - 0.6 V (XTALl, XTAL2, RESET) 

VIR 
Input High Voltage (Except 

2.2 - Vce V 
XrALl, XTAL2, RESET, PS) 

VIHI 
Input High Voltage 

O· 7Vee - Vce V 
(XTALl, XTAL2, RESET, PS) 

VOL 
Output Low Voltage 

IOL=1.6mA - 0.45 V (Except PIO-P17, P20-P27) 
-

VOLl 
Output Low Voltage 

IOL=1. 2rnA 0.45 V 
(PlO-P17 , P20-P27) 

- -

VOHll 
Output High Voltage 

IOH=-1. 6mA 2.4 - - V 
(Except PIO-P17, P20-P27) 

VOH12 
Output High Voltage 

1 OH=- 40011A 
Vec 

(Except PIO-P17, p20-P27) -O.S - - V 

VOH2l 
Output High Voltage 

I OH=-5 0 11A 2.4 
(PIO-P17, P20-P27) - - V 

VOH22 
Output High Voltage 

I OH=- 25 11A 
Vee 

V 
(PIO-P17, P20-P27) -O.S 

- -

ILl 
Input Leak Current 

VSS;';VIN:;VCe - - no llA (Tl, YNT, EA, PS) 

ILll Input Leak Current (SS, RESET) VSSfVIN"VCC - - -50 llA 

Input Leak Current -500 llA ILl2 (p 10-P17, P20-P27) VSS+0.45V~VIN~VCC - -

lLO 
Output Leak Current (BUS, TO) 

VSS+0.45V;:;VIN:;VCC - - ~10 llA 
(High impedance condition) I 
VCC 

Normal Vec- 5V ,fXTAL=6MHz 
ICCI Supply 

operation VIH=VCe-0.2V - - 10 rnA 

ICCHl 
Current 

HALT ~lode ' VIL=O. 2V - T .E. D. -
---" 

1eC2 VCC Supply 
Normal VCC=5V,fXTAL=11MH2 - - 15 operation VIH=VCC-0.2V rnA 

1CCH2 Current HALT Mode VU=O.2V - - T.B. D. 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

TMPBOC49AP/TMP80C39AP ELECTRICAL CHARACTERISTICS 

AC CHARACTERISTICS 

TOPR~O'C to 70'C, Vcc~+5V±10%, VSS~OV, unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

tLL ALE Pulse l.Jidth 150 7 - ns 

tAL Address Setup Time (ALE) 160 - - ns 

tLA Address Hold Time (ALE) 50 - - ns 

~.- Control Pulse lhdth (PSEN, RD, WR) 350 - - ns 

tDW Data Setup Time (WR) 390 - - ns 

tWD I Data Hold Time (WR) CL~20pF 40 - - ns 

tCY ! Cycle Time .36 - 15.0 Ils 

tDR Data Hold Time (PSEN, RD) 0 - 110 ns 

tRD Data Input Read Time (PSEN, RD) - - 210 ns 

tAW Address Setup Time (l.JR) 400 - - ns 

tAD Address Setup Time (Data Input) - - 570 ns 

t AFC Address Float Time (RD, PSEN) 10 - - ns 

tcp Port Control Setup Time (PROG) 100 - - ns 

tpc Port Control Hold Time (PROG) 160 - - ns 

tpR Port 2 Input Data Set Time (PROG) - - 700 ns 

tDp Output Data Setup Time (PROG) 400 - - ns 

tpD Output Data Hold Time (PROG) 90 - - ns 

tpF Port 2 Input Data Hold Time (PROG) 0 - 140 ns _. 
tpp PROG Pulse Width 700 - - ns 

tpL Port 2 I/O Data Setup Time 160 - - ns 

tLP Port 2 I/O Data Hold Time 40 - - ns 

Note tCy~1.36Ils (fXTAL~ll MHz) 

Control Outputs : CL~80pF, BUS Outputs 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

TMP80C49AP-6/TMP80C39AP-6 ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM 

VCC VCC Supply Voltage (with respect to GND (VSS» 

VINA Input Voltage (Except EA) 

VINB Input Voltage (Only EA) 
------

PD Power Dissipation (Ta~85°C) 
--

TSOLDER Soldering Temperature (Soldering Time 10 sec) 
----._-------- ------_._-

TSTG Storage Temperature 

TOPR Operating Temperature 

DC CHARACTERISTICS (I) 

RATING 

-0.5V to +7V 

-0.5V to VCC+0.5V 

-0.5V to +l3V 

250mH 

260°C 

-65°C to 150°C 

-40°C to 85°C 

TOPR~-40°C to 85°C, VCC~+5V±10%, VSS~OV, unless otherwise noted. 

SYMBOL PARAMETER 
1-----+------

VIL Input Low Voltage 

TEST CONDITIONS MIN. 

-0.5 

TYP. MAX. 

0.8 

UNIT 

v 
I-----+--------c---c--------- ---+---------1-----1------1---+---1 

Input High Voltage (Except 
XTALl, XTAL2, RESET, PS) 2.2 V 

Input High Volt~ _ 
VIlll (XTALl, XTAL2, RESET, PS) 0.7VCC VCC V 

~---~--~~~~--~~-----------+---------------+----~----+-----+----~ 
VOl_ Output Low Voltage I 1 6 - - 0 45 

- (Except PlO-P17,_P_2_0_-_P_2_7_) __ -+_OL_~ __ ._m_A ____ ~ ___ ~ __ -+ __ ._+ ___ V~ 
Output Low Voltage 
(PIO-P17, P20-P27) 

Output High Voltage 
(Except PIO-P17, P20-P27) 

Output High Voltage 
(Except PIO-P17, P20-P27) 

1-----+-----­
Output High Voltage 
(PIO-P17, P20-P27) VOH21 

I OW-l . 6mA 2.4 

Vec 
-0.8 

2.4 

0.45 V 

V 

V 

V 

-------~-------~--~---~---+---~ 

VOH22 
Output High Voltage 
(PIO-P17, P20-P27)· 

Input Leak Current 
(Tl, INT, EA, PS) 

Input Leak Current(SS,RESET) VS~VI~VCC 

Input Leak Current 
(PIO-P17, P20-P27) 

VCC 
-0.8 

±10 

-50 

-500 

V 

flA 

1------+ - ---------------+---------+---+---+---1----1 
Output Leak Current(BUS, TO) 
(High impedance condition) VSS+0.45V~VI~VCe 

1-----+---
Normal VCC~5V,fXTAL~6MHz 

ICCHI 

VCC Supply Current Operation VIH~VCC-0.2V 
HALT Node VIL~0.2V 

MUC48-l20 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

TMP80C49AP-6/TMPBOC39AP-b ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS (II) 

TOPR~-40°C to 85°C, VCC~+5V±20%, VSS~OV, unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

Low Voltage -0.5 0.15 
V VIL Input -

VCC 
--------------f-----~-----

Vm Input High Voltage (Except 0.5VCC - VCC V 
XTALl, XTAL2, RESET, PS) 

-~ 1----

Vun 
Input High Volt~ 0.7VCC - VCC V 
(XTALl, XTAL2, RESET, PS) 

, --1-----

I ~tPut Low Voltage 1 IOL~L 6mA - - 0.45 V VOL (Except PIO-P17 , P20-P27) 
f------

VOLl 
Output Low Vol tage 1- - - 0.45 V 
(no-en, ""-''''_ _ _ _ -l~~-U"" --

VOHl2 
Output High Voltage I ~-400VA -~~g - - V (Except PIO-PI7, P20-P27) OH 

- -~------------

I IOH~-25VA VOH2Z 
Output High Voltage VCC - - V 

I (PIO-PI7, P20-P27) -0.8 I J-

ILl 
Input~ak Current 

V S S;':v IN".v CC - - ±IO VA 
(Tl , INT, EA, Ps) 

1--------- -------"-- - --~---

hIl Input Leak Current(SS, RESET) VSS<VIN<VcC - - VCC VA 
~ - - -
0.1 

Input Leak Current 
, VSS+0.45V<VIN <VCC - - VCC ILI2 (PIO-P17 , P20-P27) ,I = -== 

- 0.01 VA 
1------I------~-

110 
Output Leak Current(BUS, TO) i V SS+O. 45V"',VIN;';V CC - - I ±10 VA (High impedance condition) 

---
I 

lCCI 
Normal VCC~5V,fXTAL~6MHz - - 10 
Operation 

VCC Supply Current VIH~VCC-O. 2V, mA 
ICCHl HALT Mode 

VIL~0.2V 
- - T.B.D. 
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TOSH I BA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

TMP80C49AP-6/TMP80C39AP-6 ELECTRICAL CHARACTERISTICS 

AC CHARACTERISTICS 
TOPR~-40°C to 85°C, VCC~+5V±20%, VSS~OV, unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNITS 
f--------- -----

tLL ALE Pulse Width 400 - - ns 

tAL Address Setup Time (ALE) 150 - - ns 

tLA Address Hold Time (ALE) SO - - ns 
._--

tcc Control Pulse Width (PSEN, RD, WR) 700 - - ns 

(WR) 
---------~. 

500-tDW Data Setup Time - - ns 
-~~--.--~=--.. -~~--~~ -~-

tWD Data Hold Time (WR) CL~20pF 120 - - ns 
f----~~~ ~---~.-.~.~--~---~.--~.---~ 

2.5 15.0 tCY Cycle Time - llS 

tDR Data Hold Time (PSEN, RD) 0 - 200 ns 

tRD Data Input Read Time (PSEN, RD) - - 500 ns 

tAW Address Setup Time (WR) 230 - - ns 
--

tAD Address Setup Time (Data Input) - - 950 os 

t AFC Address Fload Time (RD, PSEN) a - - os 

tcp Port Control Setup Time (PROG) 110 - - ns 

tpc Port Control Hold Time (PROG) 
,.. 

130 - - os 

tpR I Port 2 Input Data Set Time (PROG) - - SlO ns 

t DP 
I Output Data Setup Time (PROG) 220 - - ns 

tpD Output Data Hold Time (PROG) 65 - - os 

tpF Port 2 Input Data Hold Time (PROG) 0 - 150 os 
-._----

tpp PROG Pulse Width 1510 - - ns 
1-----. 

tpL Port 2 I/O Data Setup Time 600 - - ns 

tLP Port 2 I/O Data lIold Time 150 - - ns 

Note tCy~2.5~s (fXTAL~6 MHz) 

Control Outputs : CL~SOpF, BUS Outputs CL ~150pF 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TM P80C39AP_6 

T H1HIG WAVEFOR~1 

A. Instruction Fetch from External Program r·1emory 

t Ll, 

ALE 

BUS 

B. Read from External Data ~1emory 

ALE 

BUS 
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C. Vlrite into External Data Memory 

ALE 

BUS 

D. Timing of Port 2 during Expander Instruction Execution 

PORT20 

PCB 

FORT23 

(DATA OUTPUT OFEHATION) 

PORT 20 

PCH 

PORT23 

(DATA INPUT OPERATION) 

FROC 

* INPUT ~NABLEL STATA 
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TOSHIBA TMP80C49AP,TM P 80C39AP,TMP80C49AP-6,TMP80C39AP-6 

POWER DOWN MODE (I) ------ Data Hold Mode in RAM 

The operation of oscillation circuit is suspended'by setting PS terminal 
to low level after RESET terminal has been set to low level. Consequently, 
all the data in RAM area can be held in low power consumption. 

The minimum hold voltage of Vee in this mode is 2V. 

PS terminal is set to high level to resum oscillation after VCC has been 
reset to SV, and then RESET terminal is set to high level, thus, the normal 
mode is restarted from the initialize operation (address 0). 

DC CHARACTERISTICS 
TMP80C49AP/TMP80C39AP : TOPR~O°C to 70°C, VSS~OV 

TMP80C49AP-6/TMP80C39AP-6 : TOPR~-40°C to 85°C, VSS~OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

VSBl Standby Voltage(l) 2.0 - 6.0 

ISBl Standby Current(l) VCC~5V,VIH~VCC-0.2V,VIL~O.2V - 0.5 10 

UNIT 

V 

)lA 

AC CHARACTERISTICS 
TMP80C49AP/TMP80C39AP : TOPR~O°C to 70°C, VCC~SV±lO%, VSS~OV 

TMP80C49AP-6/TMP80C39AP-6 : TOPR~-40°C to 70°C, VCC~5V±20%, 
VSS~OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tpSHR Power Save Hold Time (RESET) 10 - - )lS 

tpSSR Power Save Setup Time (RESET) 10 - - mS 

tVH Vce Hold Time (PS) 5 - - )lS 

tvs VCC Setup Time (PS) 5 - - )lS 

TIMING WAVEFORM 

Vee ~ ~ 
tVH tvs 

\ 

tpsHR ~-tPSSR 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TM P80C39AP-6 

POWER DOWN MODE (II) ------ All Data Hold Mode 

The operation of oscillation circuit is suspended by setting PS terminal 
to low level after SS terminal has been set to low level. Consequently, all 
data can be held in low power consumption. 

The minimum hold voltage of VCC in this mode is 3V. 

PS terminal is se~to high level to resume oscillation after VCC has been 
reset to 5V, and then SS terminal is set to high level, thus, the normal mode 
is restarted continuously from the state just before the power down mode (II). 

DC CHARACTERISTICS 
TMP80C49AP/TMP80C39AP : TOPR~O°C to 70°C, VSS~OV 

TMP80C49AP-6/TMP80C39AP-6 : TOPR~-40°c to 85°C, VSS~OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

VSB2 Standby Voltage(2) 3.0 - 6.0 

ISB2 Standby Current(2) VCC~5V,VIH~VCC-0.2V,VIL~0.2V - 0.5 10 

UNIT 

V 

)1A 

AC CHARACTERISTICS 
TMP80C49AP/TMP80C39AP : TOPR~O°C to 70°C, VCC~5V±10%, VSS~OV 

TMP80C49AP-6/TMP80C39AP-6 : TOPR~-40°C to 85°C, VCC~5V±20%, 
VSS~OV 

SYMBOL PARAMETER 

tpSHS Power Save Hold Time 

tpSSS Pmver Save 5etup Time 

tVH Vee Hold Time (PS) 

tvs Vce Setup Time (PS) 

Note tey~2. 5)1s (fXTAL ~6MHz) 

TIMING HAVEFORM 

(5S) 

(5S) 

TEST CONDITION 
I-

~--Jf----~ 
·1 
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MIN. 

10 

10 

5 

5 

TYP. MAX. UNIT 

- - )1S 

- - mS 

- - )15 

- - )1S 



TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

HALT MODE 

• 1 HALT INSTRUCTION 

OP code is "OlH". HALT INSTRUCTION is an additional instruction 
to the standard S04S/S049 instruction set. 

• 2 Entry to HALT MODE 

On the execution of HALT INSTRUCTION, TMPSOC49AP/-6, TMPSOC39AP/-6 
enter HALT MODE. 

· 3 Status in HALT MODE 

The oscillator continues its operation, however, the internal 
clocks and internal logics are disabled. The status of all internal 
logic values just prior to the execution of HALT INSTRUCTION are 
maintained. Power consumption in HALT MODE is less than 50% of normal 
operation. The status of each pins are described in the following 
table. 

• 4 Release from HALT MODE 

HALT MODE is released by either of two signals (RESET,INT). 

(1) RESET Release Mode : An active RESET input signal causes the normal 
reset function. TMPSOC49AP/-6, TMPSOC39AP/-6 start the program at 
address "OOOH"~ 

(2) INT Release Mode 
operation. 

An active INT input signal causes the normal 

In case of interrupt enable mode (EI MODE), TMPSOC49AP/-6. 
TMPSOC39AP/-6 execute the interrupt service routine, after the 
execution of one instruction which is located at the next address 
after HALT INSTRUCTION. 

In case of interrupt disable mode (DI MODE), TMPSOC49AP/-6, 
TMP80C39AP/-6 execute normal operation from the next address 
after HALT INSTRUCTION. 

• 5 Supply Voltage Range in HALT MODE 

The operating supply voltage range and the operating temperature 
range are same as in normal operation. 
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TOSHIBA TM P80C49AP,TMP80C39AP,TM P80C49AP-6,TM P80C39AP-6 

PIN STATUS IN POWER DOWN MODE (I) (II) 

PIN NAME STATUS 

DBa - DB7 

PIO -P17 
High impedance 

P20 -P27 
Input disabled 

.. - . 1--.. ---.-~~-. 
TO High impedance, input disabled 

Tl Input disabled 

XTALI High impedance 

XTAL2 Output "High" Level 

Input disabled when oscillator is stopped. 
RESET, 55 Pull-up transistors turn off. 

INT, EA Input disabled when oscillator is stopped. 

RD, WR, ALE 
High impedance PROG, PSEN 

PIN STATUS IN HALT MODE 

PIN NAME STATUS 

DBO - DB7 
Values prior to the execution of HALT INSTRUCTION 

PIO - PL7 

PZO -P27 
are maintained. 

Status prior to the execution of HALT INSTRUCTION 
TO 

is maintained. 

Tl Input disabled 

XTALl, XTALZ Continue oscillation 

RESET, INT Input enabled 
~----~-~ 

SS, EA Input disabled 

RD, WR, PROG, 
"High" level PSEN Output 

ALE Output "Low" level 
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TOSHIBA TMP80C49AP,TMP80C39AP,TMP80C49AP-6,TMP80C39AP-6 

OUTLINE DRAWInG 

1 2 2; 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2J 

~ 
p:; 
'" ~ 

50.7 _~: O~5 

"1 'D 

" " 

) 

"' 
'" 

:1 
'" '" ~ ~ 

lX! '" ~ 
'" C'l 

P. 

0.5;-: 0.1 

Unit in mm 

Note 1 

~ 
~ 
II. 0.25",0.1 .1 
__ 15DO--17.80 _ 

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

2. Each lead pitch is 2.54mm, and all the leads are located within 
±O.2Smm from their theoritical positions with respect to No.1 
and No.40 leads. 
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~~1J~rnWill1J~rn rn~wrnrn~1J 
TECHNICAL DATA 

8-BIT SINGLE-CHIP MICROCOMPUTER 

GENERAL DESCRIPTION 

TOSHIBA MOS TYPE DIGITAL 
INTEGRATED CIRCUIT 

TMP80C50AP TMP80C40AP 
TM P80C50AP-6,TMP80C40AP-6 

Silicon Monolithic 
CMOS Silicon Gate 

The TMPSOC50AP/-6 is a single chip microcomputer fabricated in Silicon 
Gate CMOS technology which provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been jncluded 
in a single chip; an 8-bit CPU, 256 x S RAM data memory, 4K x 8 ROM program memory, 
27 I/O lines and an 8-biL timer/event counter. 

The TMP80C50AP/-6 is particularly efficient as a controller. It has extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. 

The TMP80C40AP/-6 is the equivalent of a TMPSOC50AP/-6 without ROM program 
memory on chip. By using this device with external EPROM or RAM, software 
debugging becomes easy. 

FEATURES 
TMP80C50AP/TMPSOC40AP 

1.36~s Instruction Cycle Time 
O°C to 70°C, 5V±10% 

TMP80C50AP-6/TMPSOC40AP-6 
2.5 ws Instruction Cycle Time 
-40°C to 85°C, 5V±20Z 

Software Compatible with 
TMP80C49AP/-6 

Software Upward Compatible with 
TMP8049P/TMP80C49P-6/INTEL's 8049 

HALT Instruction (Additional Instruction) 
Low Power 

lOrnA MAX. in Normal Operation 
(VCC=5V, fXTAL=6MHz) 
IOWA MAX. in Power Down Mode 
(VCC=5V, fXTAL:DC) 

MCU4S-130 

Single power supply 

4K x S masked ROM 

256 x 8 RAM 

27 I/O lines 

Interval Timer/Event Counter 

Power Down Mode (Stand-by Mode) 

Halt Mode (Ide] Mode) 

PIN CONNECTION (TOP VIEW) 



TOSHIBA 

BLOCK DIAGRAM 

IN T 

POWER 

TMP80C50AP/C50AP-6/TMP80C40AP/C40AP-6 

l'lU-I'.l '7 

INSTRUC 
TION RE 
GISTER/ 
DECODER 

ACCUMULATOR 
BIT 

TEST 

MASK HOM 

4K X 8 

SAVE PS 

HO '" HH W" ww "'" w" w", 

" Zoo "''' ,"H "to '"OJ Wto ,"N 
Zw w "'" "''" ,"z ,"C! ,"0 '"" ~~ ;g~ " "'" "'''' "Q 0," 040 '"'" '" '"'" 0," '" '""' ~~ 0" CDZ 

'"'" '" '"00 '" w ~ "'to w'" H " " wm " "' " '" "' '" '" w '" '" "' '" '" 0 c: i'; 0 

'" '" tD 
tJ '" '" '" w 
m 

Note 1) The lower order 4 bits of port 2 output latch are used 
also for input/output operations with the I/O expander. 

Note 2) The output latch of port 0 is also used for address output. 
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TOSHIBA TMP80C50AP/C50AP-6/TMP80C40AP/C40AP-6 

PIN NAMES AND PIN DESCRIPTION 

VSS (Power Supply) 
Circuit GND potential 

VCC (Power Supply) 
+5V during operation 

PS (Input) 

The control signal for the power saving at the power down mode (Active Low) 

PROG (Output) 
Output strobe for the TMP82C43p I/O expander. 

PIO-PI7 (Input/Output) Port 1 
S-bit quasi-bidirectional port (Internal Pullup ~ 50K(l). 

p20-P27 (Input/Output) Port 2 
8-bit quasi-bidirectional port (Internal Pullup =' 50K(l). 

P20-P23 contain the four high order program counter bits during an external 
program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 

DBO-DB7 (Input/Output, Tri-State) 
True bidirectional port which can be written or read synchronously using the 
RD, WR strobes. The port can also be statically latched. Contains the 8 low 
order program counter bits during an pxtprnal program memory fetch~ and 
receives the addressed instruction under the control of PSEN. Also contains 
the address and data during an external RAM data store instruction, under 
control of ALE, RD, and WR. 

TO (Input/Output) 
Input pin testEble using the conditional transfer instructions JTO and JNTO. 
TO can be designated as a clock output using ENTO CLK instruction. 

TI (Input) 
Input pin testable using the JTI and JNTI instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 
External interrupt input. Initiates 
Interrupt is disabled after a reset. 
instruction. (Active Low) 

RD (Output) 

an interrupt if interrupt is enabled. 
Also testable with conditional jump 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 
Output strobe during a Bus write (Active Low). Used as a Write Strobe to 
External Data Memory. 
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TOSHIBA TMP80C50AP/C50AP-6/TMP80C40AP/C40AP-6 

RESET (Input) 

Active Low signal which is used t(l initialize the Processor. Also used 
during the power down mode. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

!'SEN (Output) 
Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being executed. 
Also used during the power down mode. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High) 

XTAL I (Input) 
One side of crystal input for internal oscillator. Also input for external 
source. 

XTAL 2 (Input) 
Other side of crystal input. 

INSTRUCTION SET 
Refer to TMPSOC49AP/-6 INSTRUCTION SET. 
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TOSHIBA TMP80C50AP/C50AP-6/TMP80C40AP/C40AP-6 

TMP80C50AP/TMP80C40AP ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 
SYHBOL ITEH 

Vee Vee Supply Voltage (with respect to GND 

VINA Input Voltage (Except EA) 

VINB Input Voltage (Only EA) 

PD Power Dissipation (Ta=700e) 

TSOLDER Soldering Temperature (Soldering Time 10 

TSTG Storage Temperature 

TOPR Operating Temperature 

RATING 

(VSS)) -O.sV to +7V 

-O.sV to Vce+O.sV 

-O.sV to +13V 

2s0mW 
sec) 260°C 

-65°C to IsO°C 

O°C to 70°C 

DC CHARACTERISTI CS (TOPR=O°C to 70°C, Vcc=+SV"lO%, VSS=OV, unless otherwise noted.) 

SYHBOL PARAHETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL 
Input Low Voltage 

-0.5 - 0.8 V (Except XTALI, XTAL2, RESET) 

VILl 
Input ~ow Voltage 

-0.5 
(XTALI XTAL2 RESET) 

- 0.6 V 

VIH Input High Voltage (Except 
2.2 - Vee V 

XTALI, XTAL2, RESET, PS) 

VIHI 
Input High Voltage 

O. lVee Vee V 
(XTALI, XTAL2, RESET, PS) 

-

VOL 
Output Low Voltage 

I IOL=1. 6mA - - i 0.45 V 
(Except PIO-P17, P20-P27) 

VOLl 
Output Low Voltage 

10L=1. 2mA 45 V 
(PlO-P17, p20-P27) 

- -

VOHll 
Output High Voltage 

I OH=-1. 6mA 2.4 V (Except PlO-P17, P20-P27) - -

VOHl2 
Output High Voltage 

IOH=-400pA ~Ce-0.8 - V (Except PIO-PI7, P20-P27) -

VOH21 Output High Voltage I IOH=-sOpA 2.4 - - V 
(PlO-P17 P20-P27) 

VOH 22 
Output High Voltage 

! 10H=-25pA ~CC-0.8 V 
(PlO-P17, p20-p27) - -

ILl Input Leak Current 
VSS;;V1N;;YCC - - ±IO vA 

(Tl, INT, EA, 1'S) 

ILIl Input Leak Current (SS, RESET) VSS"VIN"Vee - - -50 uA 

ILI2 
Input Leak Current - - -500 uA 
(PlO-P17, P20-p27) VSS+O.4sV;VIN;VCe 

110 
Output Leak Current (BUS, TO) 

VSS+O.45V~VIN~VCC - - ±lO VA 
(High impedance condition) 

Ieel Normal VCC=sV, fXTAL=6MHz - - 10 
Vec Supply Current operation VIH=VeC-0 . 2V -- rnA 

ICCHI HALT Hode VIL=0.2V - - T.B.D. ' 

ICC2 
Normal VCC=sV, f XTAL=llHHz 15 operation - -

Vee Supply Current VIH=VCC-0.2V pA 

ICCH2 HALT Mode VU=O.2V - - T.B.D. 
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TOSHIBA TMP80C50AP/C50AP-6/TMP80C40AP/C40AP-6 

TMP80C50AP/TMP80C40AP ELECTRICAL CHARACTERISTICS 

AC CHARACTERISTICS TOPR=O°C to 70°C, VCC=+sV±lO%, VSS=OV, unless otherwise noted. cc 

SYMBOL PARAMETER TEST CONDITTONS MIN. TYP. MAX. UNIT 

tLL ALE Pulse Width 150 - - ns 
.-~-,--"--

tAL Address Setup Time (ALE) 160 - - ns 

tLA Address Hold Time (ALE) 50 - - ns 

tcc Control Pulse Width (PSEN, 
-
RD, WR) 350 - - ns 

tDW Data Setup Time (WK) 390 - - ns 

tWD Data Hold Time (WR) CL=20pF 40 - - ns 

tCY Cycle Time 1. 36 - 15.0 \ls 

tDR Data Hold Time (PSEN, RD) 0 - llO ns 

tRD Data Input Read Time (PSEN, RD) - - 210 ns 

tAW Address Setup Time (WK) 400 - - ns 

tAD Address Setup Time (Data Input) - - 570 ns 

tAFC Address Float Time (RD, PSEN) 10 - - ns 

tcp Port Control Setup Time (PROG) 100 - - ns 

tpc Port Control Hold Time (PROG) 160 - - ns 

tpR Port 2 Input Data Set Time (PROG) - - 700 ns 

tDP Output Data Setup Time (PROG) 400 - - ns 

tpD Output Data Hold Time (PROG) 90 - - ns 

tpF Port 2 Input Data Hold Time (PROG) 0 - 140 ns 

tpp PROG Pulse Width 700 - - ns 

tPL Port 2 I/O Data Setup Time 160 - - ns 

tLP Port 2 I/O Data Hold Time 40 - - ns 

Note: tCy=l.36\ls (fXTAL=llMHz) 

Control Outputs: CL=80pF, BUS Outputs: CL=lsOpF 
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TOSHIBA TMP SOC 5 0 AP/C 5 0 AP-6/TMP SOC 40 A P /C4 0 A P-6 

TMP80C50AP-6/TMP80C40AP-6 ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 
SYMBOL ITEM RATING 

VCC VCC Supply Voltage (with respec t to GND (VSS)) -O.SV to +7V 

VINA Input Voltage (Except EA) -O.sV to VCC+O.sV 

VINB Input Voltage (Only EA) -O.SV to +13V 

PD Power Dissipation (Ta=8s ° C) 2s0mW 

TSOLDER Soldering Temperature (Soldering Time 10 sec) 260°C 

TSTG Storage Temperature -65°C to 150°C 

TOPR Operating Temperature -40°C to 85°C 

DC CHARACTERISTICS (I) 
TOPR=-40°C to 85°C, Vee=+5V±10%, VSS=OV, unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL Input Low Voltage -0.5 - 0.8 V 

VIH 
Input High Voltage (Except 

2.2 Vee XTALl, XTAL2, RESET, PS) - V 

VIHI 
Input High Voltage 

0.7Vce Vee (XTALI, XTAL2, RESET, PS) 
- V 

VOL 
Output Low Voltage 

10L=1. 6mA - - 0.45 V 
(Except PlO-PI7, P20-P27) 

VOLl Output Low Voltage IOL=1. 2mA - - 0.45 V 
(PIO-PI7, P20-P27) 

VOHll 
Output High Voltage 

IOH=-l. 6mA 2.4 - - V 
(Except PlO-PI7, P20-P27) 

VOH12 
Output High Voltage 

IOH=-400~A Vee-0•8 - - V 
(Except PIO-P17, P20-P27) 

VOH21 
Output High Voltage 

IOH=-50~A 2.4 - - V (PlO-PI7, P20-P27) 

VOH22 
Output High Voltage 

IOH=-25~A VCC-0.8 - - V 
(PIO-PI7, P20-P27) 

ILl 
Input Leak Current 

VSS;;VIN;;VeC - - ±10 ~A (n, INT, EA, PS) 

ILll Input Leak Current (SS, RESET) VSS;;VIN;;Vec - - -50 ~A 

ILl2 
Input Leak Current 

VSS+O . 'I, 5V"V IN "V CC - - -500 ~A 
(PIO-PI7, P20-P27) 

ILO 
Output Leak Current (BUS, TO) 

VSS+0.45V;;;VIN;;;VCe - - no )JA 
(High impedance condition) 

ICCI 
Normal VCC=5V,fXTAL=6MHz - 10 -

VCC Supply Current 
Operation 

VIH=VCC-0.2V rnA 

ICCHl HALT Mode VIL=0.2V - - T.B.D. 
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TOSHIBA TMP80C50AP/C50AP-6/TMP80C40AP/C40AP-6 

TMP80C50AP-6/TMP80C40AP-6 ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS (II) 

TOPR=-40°C to 85°C, Vee=+5V±20%, VSS=OV, unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL Input Low Voltage -0.5 0.15 
V -

Vee 

VIR 
Input High Voltage (Except P. 5Vee Vee V XTALl, XTAL2, RESET, PS) -

VIHI 
Input High Voltage P. 7Vee Vee V 
(XTALl, XTAL2, RESET, 1'S) 

-

VOL I 
Output Low Voltage 

IOL=1.6rnA - 0.45 V 
(Except PI0-P17, P20-P27) 

-

VOLl 
Output Low Voltage 

IOL=l. 2rnA 0.45 (P10-P17, P20-P27) 
- - V 

VOH12 
Output High Voltage 

IOH=-400~A 
Vee - V -

(Except P10-P17, P20-P27) -0.8 

VOH22 
Output High Voltage 

lOH=-25~A 
Vee 

(PlO-P17, P20-P27) 
- - V 

-0.8 

ILI 
Input Leak Current 

VSS,;VIN;;Vee no 
(Tl, INT, PS) 

- - wA 
EA, 

ILII Input Leak Current (55, RESET) VSS~VIN;iVee - - _Vee wA 
0.1 

ILI2 
Input Leak Current Vee 

Vs s+0.45V;;VIN;;Vee - - -
0.01 

wA 
(P10-P17, P20-P27) 

lLO 
Output Leak Current (BUS, TO) 

Vss+0.45V';VIN';Vee - - ±10 )JA 
(High impedance condition) 

IeCl 
Normal Vee=5V,fxTAL=6MHz 10 Operation 

- -
Vee Supply Current VIH=Vee-0 • 2V , rnA 

IeeHl HALT Mode Vu =0. 2V - - T.B.D. 
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TOSHIBA TMP80C50AP/C50AP-6/TMP80C40AP/C40AP-6 

TMP80C50AP-6jH1P80C40AP-6 ELECTRI CAL CHARACTERI STI CS 

AC CHARACTERISTICS 
TOPR=-40°C to 85°C, VCC=+sV±20%, VSS=OV, unless otherwise noted. 

SYMBOL PARMIETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

tLL ALE Pulse Width 400 - - ns 

tAL Address Setup Time (ALE) 150 - - ns 

tLA Address Hold Time (ALE) 80 - - ns 

tcc Control Pulse Width (PSEN, RD, wID 700 - - ns 
-

tDW Data Setup Time (WR) 500 - - ns 

tWD Data Hold Time (WR) CL=20pF 120 - - ns 

tCY Cycle Time 2.5 - 15.0 Ws 
- ------ --

tDR Data Hold Time (PSEN, Rl5) 0 - 200 ns 

tRD Data Input Read Time (PSEN, Rl5) - - 500 ns 

tAW Address Setup Time (WR) 230 - - ns 
"---

tAD Address Setup Time (Data Input) - - 950 ns 
---

t AFC Address Fload Time (RD, PSEN) 0 - - ns 
,-------

tcp Port Control Setup Time (PROG) 110 - - ns 

tpc Port Control Hold Time (PROG) 130 - - ns 

tpR Port 2 Input Data Set Time (PROG) - - i 810 ns 

tDP Output Data Setup Time (PROG) 220 - - ns 

tpD Output Data Hold Time (PROG) 65 - - ns 

tpF Port 2 Input Data Hold Time (PROG) 0 - 150 ns 

tpp PROG Pulse Width 1510 - - ns 

tpL Port 2 I/O Data Setup Time 600 - - ns 

tLP Port 2 I/O Data Hold Time 150 - - ns 

Note: tCy=2.sws (fXTAL=6MHz) 

Control Outputs: CL=80pF, BUS Outputs: CL=lsOpF 
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TOSHIBA TMP 80C 50AP/C 5 OAP-6/TMP 80C40 AP/C40AP-6 

TIMING WAVEFORM 

A. Ins tructi on Fetch from External Program r~emory 

tAD 

B. Read from External Data ~1emory 

AL.Ii: 

BUS 
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TOSHIBA TMP80C50AP/C50AP-6/TMPBOC40AP/C40AP-6 

C. Write into External Data Memory 

ALE 

BUS 

D. Timing of Port 2 during Expander Instruction Execution 

ALE 

PORT20 

PCH 

PORT23 
(DATA OUTPUT OPERATION) 

PQRT20 

PCH 

PORT23 
(DATA INPUT OPERATION) 

FROC 

* INPUT ENABLEL STATA 
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TOSHIBA TMP80C50AP/C50AP-6/TMP80C40AP/C40AP-6 

POWER DOWN MODE (I) ------- Data Hold Mode in RAM 

The operation of oscillation circuit is suspended by setting PS terminal 
to low level after RESET terminal has been set to Low level. Consequently, 
all the data in RAM area can be held in low power consumption. 

The minimum hold voltage of Vee in this mode is 2V. 

PS terminal is set to high level to resum oscillation after VCC has been 
reset to 5V, and then RESET terminal is set to high level, thus, the normal 
mode is restarted from the initiaJize operation (address 0). 

DC CHARACTERISTICS 
TMP80C5flAP /TMP80C40AP: TOPR=O° C to 70 0 C, VSS=OV 

TMP80C50AP-6/TMP80C40AP-6: TOPR=-40°C to S5°C, VSS=OV 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. 

VSBI Standby Voltage (1) 2.0 -

ISBl Standby Current (1) VCC=5V,VIH=VCC-O.2V,VIL=0.2V - 0.5 

AC CHARACTERISTICS 

MAX. 

6.0 

10 

UNIT 

V 

llA 

TMPSOC50AP/TMPSOC40AP: TOPR=O°C to 70°C, VCC=5VclO%, VSS=OV 

TMPSOC50AP-6/TMPSOC40AP-6: TOPR=-40°C to 70°C, VCC=5V±20%, VSS=OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tpSHR Power Save Hold Time (RESET) 10 - - lls 

tpSSR Power Save Setup Time (RESET) 10 - - ms 

tVH VCC Hold Time (PS) 5 - - llS 

tvs VCC Setup Time (PS) 5 - - llS 

Note: tCy=2.511S U XTAL =6MHz) 

TIMING WAVEFORM 

} 
tVH 

~ tvs 

r 
tp8H.K tpsSR 
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POWER DOWN MODE (II) ------- All Data Hold Mode 

The operation of oscillation circuit is suspended by setting PS terminal 
to low level after SS' terminal has been set to low level. Consequently, all 
data can be held in low power consumption. 

The minimum hold voItage of V CC in this mode is 3V. 

PS terminal is set to high level to resume oscillation after VCC has be,en 
reset to SV, and then SS terminal is set to high level, thus, the normal mode 
is restarted continuously from the state just before the power down mode (II). 

DC CHARACTERISTICS 

TMP80CSOAP/TMP80C40AP: TOPR~O°C to 70°C, VSS~OV 

TMP80CSOAP-6/TMP80C40AP-6: TOPR~-40°C to 85°C, VSS~OV 

SYMBOL PARAMETER TE S T CONDI Tl ONS MIN. TYP. 

VSB2 Standby Voltage (2) 3.0 -

ISB2 Standby Current (2) VCC~SV, VIH~VCC-O. 2V, VTL ~O. 2V - 0.5 

MAX. 

6.0 

10 

UNIT 

V 

wA 

AC CHARACTERISTICS 
TMP80CSOAP/TMP80C40AP: TOPR~O°C to 70°C, VCC~5V±lO%, VSS~OV 

TMP80CSOAP-6/TMP80C40AP-6: TOPR~-40°C to 85°C, VCC~SV±20%, VSS~OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tpsHS Power Save Hold Time (SS) 10 - - \ls 

tpSSS Power Save Setup Time (SS) 10 - - ms 

tVH VCC Hold Time (PS) 5 - - WS 
-

tvs VCC Setup Time (PS) 5 - - )JS 

Note: tcy~2.Sws (fXTAL~6MHz) 

TIMING WAVEFORM 

Vee 1\ 1 tVH tvs 

~ tpSHS 

q 
tp8SS 
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HALT r,10DE 

· I HALT INSTRUCTION 

OP code is "OIH". HALT INSTRUCTION is an additional instruction 
to the standard 8048/8049 instruction set. 

· 2 Entry to HALT MODE 

On the execution of HALT INSTRUCTION, TMP80C50AP/-6, TMP80C40AP/-6 
enter HALT MOllE. 

· 3 Status in HALT MODE 

The oscillator continues Lts operation, however, the internal 
clocks and internaJ log-LCS are disabled. The status of all interna'l 
logic values just prior to the execution of HALT INSTRUCTION are 
maintained. Power consumption in HALT MODE is less than 50% of 
normal operation. The status of each pins are described in the following 
table. 

· 4 Release from HALT MODE 

HALT MOllE is released by either of two signals (RESET, INT). 

(1) RESET Release Mode: An active RESET input signal causes the normal 
reset function. TMP80C50AP/-6, TMP80C40AP/-6 start the program at 
address "OOOH". 

(2) INT Release Mode: An active TNT input signal causes the normal 
operation. 

In case of interrupt enable mode (El MODE), TMP80C50AP/-6, 
TMP80C40AP/-6 execute the interrupt service routine, after the 
execution of one instruction which is located at the next address 
after HALT INSTRUCTION. 

In case of interrupt disable mode (DT MODE), TMP80C50AP/-6, 
TMPSOC40AP/-6 execute normal operation from the next address 
after HALT INSTRUCTION. 

• 5 Supply Voltage Range in HALT MODE 

The operating supply voltage range and the operating temperature 
range are same as in normal operation. 
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PIN STATUS IN POWER DOWN MODE (I) (II) 

PIN NAME STATUS 

DBO - DB7 

PIO - P17 
High impedance 

Input disabled 
P20 - P27 

TO High impedance, input disabled 

Tl Input disabled 

XTALl High impedance 

XTAL2 Output "High" Level 

RESET, SS Input disabled when oscillator is stopped. 
Pull-up transistors turn off. 

INT, EA Input disabled when oscillator is stopped. 

RD, WR, ALE 

PROG, PSEN 
High impedance 

PIN STATUS IN HALT MODE 

PIN NAME STATUS 

DBG - DB7 
Values prior to the execution of 

PIO - P17 
HALT INSTRUCTION are maintained. 

P20 - P27 

Status prior to the execution of 
TO 

HALT INSTRUCTION is maintained. 

Tl Input disabled 

XTALl, XTAL2 Continue oscillation 

RESET, INT Input enabled 

SS, EA Input disabled 

RD, WR 
Output "High" level 

PROG, PSEN 

ALE Output "Low" level 
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TOSHIBA TMP80C50AP/C50AP-6/TMP80C40AP/C40AP-6 

OUTLINE DRAWING 

Unit in mm 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

(Note 1) 

1524±01 

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

2. Each lead pitch is 2.54mm, and all the leads are located 
within ±O.2Smm from their theoritical positions with 
respect to No.1 and No.40 leads. 
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TECHNICAL DATA 

TOSHIBA MOS TYPE DIGITAL INTEGRAED CIRCUIT 

nlP82C43P 
SILICON MONOLITHIC CMOS SILICON GATE 

INPUT/OUTPUT EXPANDER 

GENERAL DESCRIPTION 

The TMP82C43P is an input/output expander designed specifically to provide 

a low cost means of I/O expansion for the TLCS-84C family. 

The I/O ports of the TMP82C43p serve as a direct extension of the resident 

I/O facilities of the TLCS-84C microcomputers and are accessed by their own 

MOVD, ANLD, and ORLD instructions. 

FEATURES 

o CMOS LSI for low power dissipation 

o Low cost 

o Simple interface to TLCS-84C microcomputers 

o Four 4-bit I/O ports 

o AND and OR directly to ports 

o Single 5V supply 

o High output drive 

o Direct extension of resident TMP80C49p-6 I/O ports. 

o PIN compatible with intel's 8243 

o Extended operation temperature range -40°C to 85°C 

BLOCK DIAGRAr1 
PIN CONNECTION (TOP VIEW) 

P50 

P,lO 1'51 

1'41 

P42 

P43 

OS 

PWJO 

P23 

P22 P73 PROG 
1'2} 

1'20 

vss 
PORT 7 
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PIN NAMES AND PIN DESCRIPTION 
PROG (Input) 

TMP82C43P 

Clock input. A high to low transistion on PROG signifies that address and 

control are available on P20-23, and a low to high transition signifies 

that data is available on p20-23. 

CS (Input) 

Chip Select Input. A high on CS inhibits any change of output or internal 

status. 

P20-23 (Input/Output, 3-state) 

Four (4) bit bi-directional port contains the address and control bits on a 

high to low transition of PROG. During a low to high transition contains 

the data for a selected output port if a write operation, or the data from 

a selected port before the low to high transition if a read operation. 

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state) 

Four (4) bit bi-directional I/O ports. May be programmed to be input (during 

read), low impedance latched output (after write) or a 3-state (after read). 

Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

VCC (Power) 

+5 volt supply 

GND (Power) 

Oval t supply 

FUNCTIONAL DESCRIPTION 

General Operation 

The TMP82C43P contains four 4-bit I/O ports which serve as an extension of 

the on-chip I/O and are addressed as ports 4-7. The following operations 

may be performed on these ports. 

o Transfer accumulator to port 

o Transfer port to accumulator 

o AND accumulator to port 

o OR accumulator to port 
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All communication between the microcomputer (TMP80C49P-6) and the TMP82C43P 

occurs over Port 2 (P20-23) with timing provided by an output pulse on the 

PROG pin of the processor. Each transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that address is present 

while a low to high transition indicates the presence of data. Additional 

TMP82C43P's may be added to the 4-bit bus and chip selected using additional 

output lines from the microcomputer. 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 

6, and 7 to the tri-state and port 2 to the input mode. The PROG pin may be 

either high or low when power is applied. The first high to low transition 

of PROG causes device to exit power on mode. The power on sequence is ini­

tiated if VCC drops below IV. 

P21 

o 
o 
I 

1 

p20 

o 
I 

o 
I 

Address Code 

Port 4 

Port 5 

Port 6 

Port 7 

p23 

o 
o 
I 

I 

p22 

o 
I 

o 
I 

Instruction Code 

Read 

Write 

ORLD 

ANLD 

Write Modes 

The device has three write modes. MOVD Pi, A directly writes new data into 

the selected port and old data is lost. ORLD Pi, A takes new data, OR's it 

with the old data and then writes it to the port. ANLD Pi, A takes new data 

AND's it with the old data and then writes it to the port. Operation code 

and port address are latched from the input port 2 on the high to low transi­

tion of the PROG pin. On the low to high transition of PROG data on port 2 

is transferred to the logic block of the specified output port. 

After the logic manipulation is performed, the data is latched and outputed. 

The old data remains latched until new valid outputs are entered. 

MCU48-148 



TOSHIBA TMP82C43P 

Read Mode 

The device has one read mode. The operation code and port address are 

latched from the input port 2 on the high to low transition of the PROG 

pin. As soon as the read operation and port address are decoded, the 

appropriate outputs are 3-stated, and the input buffers switched on. 

The read operation is terminated by a low to high transition of the 

PROG pin. The port (4, 5, 6 or 7) that was selected is switched to the 

3-stated mode while port 2 is returned to the input mode. 

Normally, a port will be in an output (write mode) or input (read· mode). 

If modes are changed during operation, the first read following a write 

should be ignored; all following reads are valid. This is to allow the 

external driver on the port to settle after the first read instruction 

removes the low impedance drive from the TI1P82C43P output. A read of 

any port will leave that port in a high impedance state. 
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TMP8243P 
ABSOLUTE MAxrr~U~l RATINGS 

SYMBOL HEN RATING 

Vee Vee Supply Voltage with Respect to GND -0.5V to +7. OV 
---,-,-----------

VIN Input Voltage with Respect to GND -O.sV to VCC+O.sV 
f--------t'--------,------ --- ,---------+-------------1 

VOUT Output Voltage with Respect to GND -O.SV to Vce+O.sV 

PD Power Dissipation 2s0mW 
1---+------------------_ .. _-------- --,-----,--~-------

SOLDER Soldering Temperature (soldering Time 10 sec.) 260°C 
1---1---- ---------- --,-----------1 

TSTG Storage Temperature _65°C to +150 0 e 
1---1----------------------,------------~---,------__I 

TOPR Operating Temperature _40°C to +8S o C 

SYI1BOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNITS 

VIL Input Low Voltage -0.5 0.8 V 
---~-----".---- ----"----'-- ----

VIR Input High Voltage 2.2 V 

VOLl Output Low Voltage Ports 4-7 I OL=5mA 0.45 V 
,--- ,-----'-----~ r----'- ---_ .. 

VOL2 Output LO,"l Voltage Port 7 I oL=20mA 1.0 V 
t----- 1-------------------- --------r-- ,----, 

VOL3 Output Low Voltage Port 2 IOL=O. SmA 0.45 V 
,----------

VOHll Output High Voltage Ports 4-7 IOW-1. 2mA 2.4 V 
,----- ----

VOH2l Output High Voltage Port 2 10H=-0.6mA 2.4 V 
---

VOH12 Output High Voltage Ports 4-7 IOW-0 . 6mA Vee-O. S V 
-- -- ,- --------

VOH22 Output High Voltage Port 2 IOn=-0.3mA Vee-0 . 8 V 
,-------~ 

1ILl Input Leakage Port 4-7 VSS::VIN::VCe lelO pA 

IIL2 Leakage 2, 
-

VSS::VIN::VeC Input Port eS,PROG ±10 llA 

Ieel Power Supply Current (1) 
Vce=sV, VIL =0.2V 
VIH=VCC-0 . 2V 2 rnA 
PROG PERIOD=sllS 

Vee=sV, VIL =0.2V 

Ice2 Power Supply Current (2) VIH=VeC- 0 . 2V 1(' llA 
PROG=Vce-0 . 2V 

10L Sum of all IOL of 16 Outputs SmA Each pin 80 mA 
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D.C. CHARACTERISTICS (IT) TOPR=-40°C to 85°C, VCC=5V±20%, VSS=OV 

SYMBOL PARt,'1ETER TEST CONDITION MIN. TYP. MAX. UNITS 

VIL Input Low Voltage 4. OV::VCC::4. 5V -0.5 0.15VCC V 
.-

VIH Input High Voltage 5.5V::VCC:s6.0V 0.5VCC VCC V 

VOLl Output Low Voltage Ports 4-7 IOL=4mA 0.45 V 

VoU Output Low Voltage Port 7 I OL=15mA 1.0 V 

VoU Output Low Voltage Port 2 I OL=0.6mA 0.45 V 

V01ll2 Output High Voltage Ports 4-7 IOW-200~A VCC-C.8 V 

VOE22 Output High Voltage Port 2 IOW-lOO~A VCC-0.8 V 

IOL Sum of all IOL of 16 outputs 4mA Each Pin 64 rnA 

A.C. CHARACTERISTICS TOPR=-40°C to 80°C, VCC=5V±20%, VSS=OV 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNITS 

tA Code Valid Before PROG CL=80pF 100 ns 

tB Code Valid ,\fter PROG CL=20pF 60 ns 

tc Data Valid Before PROG CL=80pF 200 ns 

tD Data Valid After PROG CL=20pF 20 ns 

tH Floating After PROG CL=20pF 0 150 ns 

tK PROG Negative Pulse Width 700 ns 

tcs CS Valid Before/After PROG 50 ns 

tpo Ports 4-7 Valid After PROG CL=lOOpF 700 ns 

tIP Ports 4-7 Valid Before/After 
100 PROG ns 

t ACC Port 2 Valid After PROG CL=80pF 650 ns 
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TH1ING WAVEFORM 

PROG 

PORTZ FLOAT 

PORTZ 

PORT4-7 PREVIOUS OUTPUT VALID 

tIP tIP 

PORT4-7 INPUT VALID 

tcs tcs 
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OUTLINE DRAWINGS 

PLASTIC PACKAGE 

1 2 34 5 6 78 9 lOll 12 

(Note) 

Unit in mm 

Cl 
~ 
I 17.4 MAX. I 

Note Each lead pitch is 2. 54mm. All leads are located within 

O.25mm of their true longitudinal position with respect 

to No.1 and No.24 leads. 
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POSTSCRIPT 

This manual is a reference for the customer applying the TLCS-48 series. It 
contains the functions and specifications of each LSI device of the TLCS-48. 
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 

Komukai-Toshiba-cho, Saiwai-ku, Kawasaki, 210, Japan 
Phone: Japan (81)44-511-3111 
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TOSHIBA TLCS-Z80 LSI DEVICES PREFACE 

PREFACE 

This Part desceibes the detail functions and specefications of the LSI deveces 
of the TLCS-Z80 microprocessor family. The TLCS-Z80 fammily contains the Z80 
MPU and associated peripheral devices which are fabricated by a new 
silicon-gate CMOS technology. These CMOS devices have conpatible architecture, 
speed and pin configuration with NMOS Z80 family. The CMOS Z80 family have 
superior performance such as lower power consumption and wide operationg 
temperature range than NMOS family. 
Besides, the TLCS-Z80 family has a new clock generator/Controller device which 
makes the MPU peripheral ciruit simpler and compact. 
The complete devilopment systems have already been prepared for the TLCS-Z80 
aplications. 

Toshiba reseves all copyrights for this publication. (July 1984, Integrated 
Circuit Division, Toshiba Corporation) 
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TECHNICAL DATA 

TOSHIBA HOS TYPE DIGITAL INTEGRATED CIRCUIT 

TMPZ84COOP-3/TMPZ84COOP 
SILICON HONOLITHIC 

CHOS SILICON GATE 

CMOS Z80® 8-8 IT ~1l CROPROCESSOR 
I PRELIMINARY I 

GENERAL DESCRIPTION 

The THPZ84COOP-3/THPZ84COOP (from here on referrC'd to as Z80 or CPU) is 

CHOS version of Z8D CPU which provides low power operation and high performance. 

Built into the CMOS 280 microprocessor are all bus control, memory 

control, and timing signals in addition to eight general purpose 16-bit 

registers and an arithmetic-and-logic unit. The CHOS Z80 is fabricated using 

Toshiba' s C2110S Silicon Gate Technology. 

FEATURES 

Software Compatible with the Zilog Z80 CPU 

DC to 4HHz Operation (THPZ84COOP) 

DC to 2.SHHz Operation (THPZ84COOP-3) 

Single SV Power Supply 

4HHz @ SV±lO% (THPZ84COOP) 

2.SHHz @ SV±lO% (THPZ84COOP-3) 

Powerful Set of lS8 Instruction', 

Duplicate Sets of Both Genera' <,urpose and Flag Registers 

Two Interrupt Inputs 

- Non-maskab Ie Inte rrupt (NHI) 

- 3 Hodes of Haskable Interrupt (INT) 

° 8080 Compatible (Non-Z80 Peripheral Device) (Hode 0) 

° Res tart (Hode 1) 

° Z80 Family Peripheral with Daisy Chain (Hode 2) 

Low Power Consumption 

lSmA Typ. @ 4HHz @ SV (THPZ84COOP), 9mA Typ. @ 2.SHHz @ SV (THPZ84COOP-3) 

Less than 10pA @ SV (Power down) 

Extended Operating Temperature 

- 40°C to 8SoC 

® 
Z80 is a trademark of Zilof, Inc. 

MPUZBO-l 
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Two Indexed Registers 

10 Addressing Modes 

On-chip Dynamic Memory Refresh Counter 

PIN CONNECTIONS (TOP VIEW) BLOCK 01 AGRAM 

Vee _ 

11 ClCCK --
12 
1:.5 

14 

15 
Ie 2t-
I.'! 

18 BUSACK 

19 2' WR 
20 2 RD 

FIGURE 1. ZSO PINOUT DIAGRAt~ FIGURE 2. ZSO BLOCK DIAGRAM 
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PIN NAMES AND PIN DESCRIPTION 

AC-A15. Address Bus (output, active High, 3-state) 

Ao-Al5 form a 16-bit address bus. The Address Bus provides the address 

for memory data bus exchanges (up to 64K bytes) and for I/O device exchanges. 

BUSACK. Bus Acknowledge (output, active Low) 

Bus Acknowledge indicates to the requesting device that the CPU address 

bus, data bus, and control signals MREQ, IORQ, RD, and WR have entered their 

high impedance states. The external circuitry can now control these lines. 

j~iS~EQ. Bus Request (input, active Low) 

Bus Request has a higher priority than NMI and is always recognized at 

the end of the current machine cycle. BUSREQ forces the CPU address bus, 

data bus, and control signals MREQ, IORQ, RD, and WR to go to a high­

impedance state so that other devices can control these lines. BUSREQ is 

normally wire-ORed and requires an external pullup for these applications. 

Extended BUSREQ periods due to extensive DMA operations can prevent the CPU 

from properly refreshing dynamic RAMs. 

DC-fl? Data Bus (input/output, active High, 3-state) 

Do-D7 constitute an 8-bit bidirectional data bus, used for data exchange 

with memory and I/O. 

HALT. Halt State (output, active Low) 

HALT indicates that the CPU has executed a Halt instruction and is awaiting 

either a non-maskable or a maskable interrupt (with the mask enabled) before oper­

ation can resume. While halted, the CPU executes Naps to maintain memory refresh. 

MPUZ80-3 
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TNT. Interrupt Request (input, active Low) 

Interrupt Request is generated by I/O devices. The CPU honors a request 

at the end of the current instruction if the internal software-controlled 

interrupt enab Ie flip-f lop (IFF) is enabled. INT is normally wire-ORed 

and requires an external pullup for these applications. 

IORQ. Input/Output Request (output, active Low, 3-state) 

IORQ indicates that the lower half of the address bus holds a valid 

I/O address for an I/O read or write operation. IORQ is also generated 

concurrently with MI during an interrupt acknowledge cycle to indicate that 

an interrupt response vector can be placed on the data bus. 

r\lT. Machine Cycle One (output, active Low) 

MI, together with MlREQ, indicates that the current machine cycle is 

the opcode fetch cycle of an instruction execution. Note that during 

execution of 2-byte op-codes always begin with CBH' DDH' EDH or FDH' 

MI also occurs with IORQ to indicate an interrupt acknowledge cycle. 

~:REC. Memory Request (output, active Low, 3-state) 

MREQ indicates that the address bus holds a valid address for a memory 

read or memory write operation. 

N;'~I. Non-Maskable Interrupt (input, active Low) 

NMI has a higher priority than INT. NMI is always recognized at the end 

of the current instruction, independent of the status of the interrupt enable 

flip-flop, and automatically forces the CPU to restart at location 0066H. 

MPUZSO-40 
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RD. Memory Read (output, active Low, 3-state) 

RD indicates that the CPU wants to read data from memory or an I/O 

device. The addressed I/O device or memory should use this signal to gate 

data onto the CPU data bus. 

RESET. Reset (input, active Low) 

RESET initializes the CPU as follows: it resets the interrupt enable 

flip-flop, clears the PC and Registers I and R, and sets the interrupt status 

to Mode O. During reset time, the address and data bus go to a high­

impedance state, and all control output signals go to the inactive state. 

Note that RESET must be active for a minimum of three full clock cycles 

before the reset operation is complete. 

RFSfJ • Refresh (output, active Low) 

RFSH together with MREQ, indicates that the lower seven bits of the 

system's address bus can be used as a refresh address to the system's 

dynamic memories. 

~!AIT. Wait (input, active Low) 

WAIT indicates to the CPU that the addressed memory or I/O devices are 

not ready for a data transfer. The CPU continues to enter a Wait state as 

long as this signal is active. Extended WAIT periods can prevent the CPU 

from refreshing dynamic memory properly. 
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1nR. Memory Write (output, active Low, 3-state) 

WR indicates that the CPU data bus holds valid data to be stored at the 

addressed memory or I/O location. 

ClK. Clock (input) 

Single phase system clock input. When CLK is a DC state (either a 

high or low level), CPU stops its operation and maintains resisters and 

control signals. 

VCC. Power Supply 

+5V 

VSS. Power Supply 

Ground reference (OV). 

FUNCTIONAL DESCRIPTION 

CPU REGISTERS 

The internal registers contain 208 bits of read/write memory that are 

accessible to the programmer. These registers include two sets of six general­

purpose registers which may be used individually as either 8-bit registers or 

as 16-bit register pairs. In addition, there are two sets of accumulator and 

flag registers. A group of "Exchange" instructions makes either set of main 

or alternate registers accessible to the programmer. The alternate set allows 

operation in foreground-background mode or it may be reserved for very fast 

interrupt response. 

MPUZ80-5 
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The 280 also contains a Stack Pointer, Program Counter, two index 

registers, a Refresh register (counter), and an Interrupt register. 

Figure 3 shows the registers within the Z80 CPU. 

Table 1 provides further information on these resisters. 

MAIN RIDlSTER SET 

A AC8UMlJlATOR F :F'TAIJ- R1!JJ-JSTER 

B OENBRAL RJRlUlE c G:E'Nhl:\AL l'URlrnE 

D G.8}.JFJ:\AL PURPOSE J!j GENERAL RllilDSE 

H OJ'NERAL PURPCBE 
___ BBITS __ _ 

~-------16BIlli---------

IX INDEX REGISTER 

IY INDEX RffiTSTER 

SF STACK RHNTER 

RJ l-ROJ-RAM COUNTER 

1 INTERRUFT VBDTOR I R MEMORY :HEJ:i'HF'-.SH 

---8 BITS---

ALTERNATE Hlill-TSTER Sl:!,T 

A' AceD MlJT....ATOR 

II' GRtrERAL fllRFDSFJ 

SPECIAL 
PURPOSE 
HEGISTF'BS 

" FLAG RHlJIS'fEH 

c' GENFRAL PURl-mE; 

}""~" E~ GF::NN\AIJ PTJl{[DSE 
PURPOSF, 
REGI8TERR 

[i GEN:8RAL HJRR)SE 

INTERRUPT FIJII< :F'lDP8 STATUS 

INTEl:lliUPT MODE FLIP. FLOP 

INTERRUPJ' Morna 
NOT USl!]) 
lNTBRRUFr MODEl 
ThlTEPRUFT MODF,2 

FIGURE 3. CPU REGISTERS 
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Register Size (Bits) Remarks 

A, A' Accumulator 8 Stores an operand or the results of 
an operation. 

F, F' Flags 8 See Instruction Set. 

B, B' General Purpose 8 Can be used separately or as a 16-bit 
register with C. 

C, C' General Purpose 8 See B, above. 

D, D' General Purpose 8 Can be used separately or as a 16-bit 
register with E. 

E, E' General Purpose 8 See D, above. 

H, H' General Purpose 8 Can be used separately or as a 16-bit 
register with L. 

L, L' General Purpose 8 See H, above. 
Note: The (B ,C) , (D,E) , and (H,L) sets 

are combined as follows: 
B - High byte C - Low byte 
D - High byte E - Low byte 
H - High byte L - Low byte 

I Interrupt 8 Stores upper eight bits of memory ad-
Register dress for vectored interrupt processing. 

R Refresh Register 8 Provides user t r aIlSp aren t dynamic 
memory refresh. Automatically incre-
mented and placed on the address bus 
during each instruction fetch cycle. 

IX Index Register 16 Used for indexed addressing. 

IY Index Register 16 Same as IX, above. 

SP Stack Pointer 16 Stores addresses or data temporarily. 
See Push or Pop in instruction set. 

PC Program Counter 16 Holds address of next ins t ru ction. 

IFF1-lFF2 Interrupt Enable Flip-Flops Set or reset to indicate interrupt 
status (see Figure 3) . 

IMFa-IMFb Interrupt Mode Flip-Flops Reflect Interrupt mode (see Figure 3) • 

TABLE 1. ZSO CPU REGISTERS 
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(1) Special Purpose Registers 

Program Counter (PC) 

TMPZ84COOP-3/TMPZ84COOP 

IPRELIMINARyl 

The program counter is l6-bit counter and holds the l6-bit address of 

the current instruction being fetched from memory. The PC is automatically 

incremented after its contents have been transferred to the address lines. 

When a program jump occurs the new valve is automatically placed in the PC, 

overriding the incrementer. 

Stack Pointer (SP) 

The stack pointer holds the l6-bi t address of the current top of a stack 

located anywhere in external system RAM memory. The external stack memory is 

organized as a last-in first-out (LIFO) file. Data can be pushed onto the 

stack from specific CPU registers or popped off of the stack into specific 

CPU registers through the execution of PUSH and POP instructions. The data 

popped from the stack is always the last data pushed onto it. The stack 

allows simple implementation of multiple level interrupts, unlimited subroutine 

nesting and simplification of many types of data manipulation. 

Two Index Registers (IX & 1Y) 

The two independent index registers hold a l6-bit base address that is 

used in indexed addressing modes. In this mode, an index register is used 

as a base to point to a region in memory from which data is to be stored or 

retrieved. An additional byte is included in indexed instructions to specify 

a displacement from this base. This displacement is specified as a two's 

MPUZ80-9 
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complement signed integer. This mode of addressing greatly simplifies many 

types of programs, especially where tables of data are used. 

Interrupt Page Address Register (I) 

The Z80CPU can be operated in a mode where an indirect call to any 

memory location can be achieved in response to an interrupt. The I Register 

is used for this purpose to store the high order 8-bits of the indirect address 

while the interrupting device provides the lower 8-bi ts of the address. 

This feature allows interrup routines to be dynamically located anywhere in 

memory with absolute minimal access time to the routine. 

Memory Refresh Register (R) 

The Z80CPU contains a memory refresh counter to enable dynamic memories 

to be used with the same ease as static memories. Seven bits of this 8-bit 

register are automatically incremented after each instruction fetch. The 

eighth bit will remain as programmed as the result of an LD R, A instruction. 

The data in the refresh counter is sent out on the lower portion of the 

address bus along with a refresh control signal while the CPU is decoding 

and executing the fetched instruction. This mode of refresh is totally 

transparent to the programmer and does not slow down the CPU operation. 

The programmer can load the R register for testing purposes, but this register 

is normally not used by the programmer. During refresh, the contents of the 

I register are placed on the upper 8 bits of the address bus. 

MPUZ80--l0 
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(2) Accumulator and Flag Registers 

The CPU includes two independent 8-bit accumulators and associated 8-bit 

flag registers. The accumulator holds the results of 8-bit arithmetic or 

logical operations while the flag register indicates specific conditions for 

8 or l6-bit operations, such as indicating whether or not the result of an 

operation is equal to zero. The programmer selects the accumulator and flag 

pair that he wishes to work with a single exchange instruction so that he may 

easily work wi th either pair. 

(3) General Purpose Registers 

There are two matched sets of general purpose registers, each set 

containing six 8-bit registers that may be used individually as 8-bit registers 

or as l6-bit register pairs by the programmer. One set is called Be, DE and 

HL while the complementary set is called BC', DE' and HL'. At anyone time 

the programmer can select either set of registers to work with through a 

single exchange command for the entire set. In systems where fast interrupt 

response is required, one set of general purpose registers and an accumulator-

flag register may be reserved for handling this very fast routine. Only a 

simple exchange commands need be exe·cuted to go between the routines. This 

greatly reduces interrupt service time by eliminating the requirement for 

saving and retrieving register contents in the external stack during interrupt 

or subroutine processing. These general purpose registers are used for a wide 

range of applications by the programmer. They also simplify programming, 

especially in ROM based systems where little external read/write memory is 

available. 

MPUZ80-11 
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ARITHMETIC & LOGIC UNIT (ALU) 

The 8-bit arithmetic and logical instructions of the CPU are executed 

in the ALU. Internally the ALU cOIl1I'1unicates with the registers and the 

external data bus on the internal data bus. 

The type of functions performed by the ALU include: 

Add Left or right shifts or rotates (arithmetic 
and logical) 

Subtract Increment 

Logical AND Decrem2nt 

Logical OR Set bit 

Logical Exclusive OR Reset bit 

Compare Test bit 

INSTRUCTION REGISTER AND CPU CONTROL 

As each instruction is fetched from memory, it is placed in the 

instruction register and decoded. The control section performs this 

function and then generates and supplies all of the control signals 

necessary to read or write data from or to the registers, controls the ALU 

and provides all required external control signals. 

MPUZ80-12 
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FLAGS 

Each of the two Z80 CPU Flag registers contains six bits of information 

which are set or reset by various CPU instructions. Four of these bits are 

testable; that is, they are used as conditions for jump, call or return in­

structions. The four testable flag bits are: 

1) Carry Flag (C) - This flag is the carry from the highest order bit 

of the accumulator. For example, the carry flag will be set during 

an add instruction where a carry from the highest bit of the accumu­

lator is generated. This flag is also set if a borrow is generated 

during a subtraction instruction. The shift and rotate instructions 

also affect this bit. 

2) Zero Flag (Z) - This flag is set if the result of the operation load-

ed a zero into the accumulator. Otherwise it is reset. 

3) Sign Flag (S) - This flag is intended to be used with signed numbers 

and it is set if the result of the operation was negative. Since 

bit 7 (MSB) represents the sign of the number (A negative number has 

a 1 in bit 7), this flag stores the state of bit 7 in the accumula-

tor. 

4) Parity/Overflow Flag (P/V) - This dual purpose flag indicates the 

parity of the result in the accumulator when logical operations are 

performed (such as AND A, B) and it represents overflow when signed 

two's complement arithmetic operations are perfomed. The Z80 overflow 
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flag indicates that the two's complement number in the accumulator 

is in error since it has exceeded the maximum possible (+127) or is 

less than the minimum possible (-128) number that can be represented 

two's complement notation. 

There are also two non-testable bits in the flag register. Both of these are 

used for BCD arithmetic. 

1) Half carry (H) ~ This is the BCD carry or borrow result from the 

least significant four bits of operation. When using the DAA (Dec­

imal Adjust Instruction) this flag is used to correct the result of 

a previous packed decimal add or subtract. 

2) Add/Subtract Flag (N) - Since the agorithim for correcting BCD oper­

ations is different for addition or subtraction, this flag is used 

to specify what type of instruction was executed last so that the 

DAA operation will be correct for either addition or subtraction. 

The Flag register can be accessed by the programmer and its format is as fol­

lows: 

D7 D6 D5 D4 D3 D2 Dl DO 

I S I z I X I H I X I F/V I N I C I 

X means flag is indeterminate. 
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The Table 2 lists how each flag is affected by various CPU instructions. 

indicates that the instruction does not change the flag. 

'X' means that the flag goes to an indeterminate state. 

'R' means that it is reset. 

's' means that it is set. 

'0' indicates that it is set or reset according to the previous dis­

cussion. 

Note) Any instruction not appearing in the table 2 does not affect any 

of the flags. 

Table 2 includes a few special cases that must be described for clarity. 

Notice that the block search instruction sets the Z flag if the last compare 

operation indicated a match between the source and the accumulator data. 

Also, the parity flag is set if the byte counter (register pair BC) is not 

equal to zero. This same use of the parity flag is made with the block move 

instructions. Another special case is during block input or output instruc­

tions, here the Z flag is used to indicate the state of register B which is 

used as a byte counter. Notice that when the I/O block transfer is complete, 

the zero flag will be reset to a zero (i.e. B=O) while in the case of a block 

move command the parity flag is reset when the operation is complete. A 

final case is when the refresh or I register is loaded into the accumulator, 

the interrupt enable flip flop is loaded into the parity flag so that the 

complete state of the CPU can be saved at any time. 
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D7 D6 DSp4p3 D2 Dl pO 
PI 

Instruction S Z J-I V N C Comments 

ADD A,s;ADC A,s o 0 x 0 x V R 0 8-bit add or add with carry 

SUB s; SBC A,s; CP s; NEG 0 o x 0 x V S 0 8-bit subtract, subtract with 
carry, compare and negate 
accumulator 

AND s o 0 x S x P R R 
} Logical operations 

OR s; XOR s o 0 x R x P R R 

INC s o 0 x 0 x V R - 8-bit increment 

DEC s o 0 x 0 x V S - 8-bit decrement 

ADD DD, SS - - x x x - R 0 l6-bit add 

ADC J-IL, SS o 0 x x x V R 0 l6-bit add with carry 

SBC J-IL, SS 0 o x x x V S 0 l6-bit subtract with carry 

RLA; RLCA; RRA; RRCA - - x R x - R 0 Rotate accumulator 

RL s; RLC s; RR s; RRC s; 0 0 x R x P R 0 Rotate and shift locations 
SLA s; SRA s; SRL s 

RLD; RRD o 0 x R x P R - Rotate digit left and right 

DAA 0 o x o x P - 0 Decimal adj ust accumulator 

CPL - - x S x - S - Complement accumulator 

SCF - - x R x - R S Set carry 

CCF - - x x x - R 0 Complement carry 

IN r, (C) 0 o x R x P R - Input register indirect 

INI; IND; OUTI; OUTD x 0 x x x x S :} Block input and output 

INIR; INDR; OTIR; OTDR x S x x x x S Z=O if BIO otherwise Z=l 

LDI; LDD x x x R x 0 R 

~} 
Block transfer instructions 

LDIR; LDDR x x x R x R R P/V=l if BcIO, otherwise P /V=O 

MPTjZ,80-16 



TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

IPRELlMINARyl 

D71D6 IDs P4D' D2 PI DC 
P/ 

Instruction S Z H V N C Comments 

CPI; CPIR; CPD; CPDR o 0 x 0 x 0 S - Block search instructions 
Z=l if A=(HL), otherwise 
Z=O 
P/V=l if BC#O, otherwise 
P/V=O 

LD A, I; LD A, R o 0 x R x IFF R - The content of the interrupt 
enable flip-flop (IFF) is 
copied into the p/v flag. 

BIT b, s x 0 x S x x R - The state of bit b of 
location s is copied into the 
Z flag 

TABLE 2. SUMMARY OF FLAG OPERATION 

The following notation is used in this table: 

SYMBOL 

C 

Z 

S 

p/V 

H 

OPERATION 

Carry/link flag. C=l if the operation produced a carry from 
the MSB of the operand or result. 

Zero flag. Z=l if the result of the operation is zero. 

Sign flag. S=l if the MSB of the result is one. 

Parity or overflow flag. Parity (P) and overflow (V) share the 
same flag. Logical operations affect this flag with the parity 
of the result while arithmetic operations affect this flag with 
the overflow of the result. 
If P/V holds parity, P/V=l if the result of the operation is 
even, p/V=O if result is odd. If P/V holds overflow, P/V=l if 
the result of the operation produced an overflow. 

Half-carry flag. H=l if the add or subtract operation produced 
a carry into or borrow from bit 4 of the accumulator. 
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SYMBOL 

N 

R 

S 

a 

x 

v 

P 

r 

s 

ss 

R 

n 

nn 
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OPERATION 

Add/Subtract flag. N~l if the previous operation was a subtract. 
Hand N flags are used in conjunction with the decimal adjust 
instruction (DAA) to properly correct the result into packed 
BCD format following additlon or subtraction using operands with 
packed BCD format. 
The flag is affected according to the result of the operation. 

The flag is unchanged by the operation. 

The flag is reset by the operation. 

The flag is set by the operation. 

The flag is affected according to the result of the operation. 

The flag is a "don't care". 

p/V flag affected according to the overflow result of the 
operation. 

P/V flag affected according to the parity result of the operation. 

Anyone of the CPU registers A, B, C, D, E, H, L. 

Any 8~bit location for all the addressing modes al10wed for the 
particular instruction. 

Any l6-bit location for all the addressing modes allowed for 
that instruction. 

I resister 

Refresh counter. 

8-bit value in range <0, 255> 

l6-bit value in range <0, 65535> 
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INTERRUPT 

The CPU accepts two interrupt input signals: N~I and INT. The NMI is 

a non-maskable interrupt and has the highest priority. INT is a lower 

priority interrupt since it requires that interrupts be enabled in software 

in order to operate. Either NMI or INT can be connected to multiple 

peripheral devices in a wired-OR configuration. 

The Z80 has a single response mode for interrupt service for the 

non-maskable interrupt. The maskable interrupt, INT, has three progremmable 

response modes available. 

These are: 

Mode 0 

Mode 1 

Mode 

compatible with the 8080 microprocessor. 

Peripheral Interrupt service, for use with non-8080/Z80 systems. 

a vectored interrup·t scheme, usually daisy-chained, for use with 

Z80 family and compatible peripheral devices. 

Both the INT and I{MI inputs are sampled by the CPU on the rising edge 

of CLK in the last T state of the last Machine (M) cycle of any instruction. 

However, if BUSRQ is active at the same time, it will be processed before any 

interrupts. Figure 4 illustrates the Z80 interrupt service sequence. 
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SET NMI F/F 

lAST 
STATE OF 
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NOTE (1) INT and NMI are always 
acted on at the end of 
an instruction. 

NO 

(2) BUSRQ is acted on at 
the end of a machine 
cycle. 

(3) While the CPU is in the 
DMA MODE, it will not 
res~d to __ ~tive inputs 
on INT or NMI. 

(4) These three inputs are 
acted on in the following 
order of priority. 

1) BUSRQ 
2) NMI 
3) INT 

highest 

lowest 

[
NON J MASKABLE 
INTERRUPT 

[
MASKABLE J 
INTERRUPT 
MODE 

FIGURE 4. Z80 CPU INTERRUPT SEQUENCE 
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(1) Non-Haskable Interrupt (Nl'lI) 

The non-maskable interrupt cannot be disabled by program contTol 

and therefore will be accepted at all times by the CPU. NMI is usually 

reserved for servicing only the highest priority type interrupts, such 

as that for orderly shutdown after power failure has been detected. 

After recognition of the N1'1I signal (providing BUSREQ is not active), 

the CPU jumps to restart location 0066H. Normally, software starting 

at this address contains the interrupt service routine. 

(2) Maskable Interrupt (INT) 

Regardless of the interrupt mode set by the user, the Z80 CPU 

response to a maskable interrupt input follows a common timing cycle. 

After the interrupt has been detected by the CPU (provided that 

interrupts are enabled and BUSREQ is not active) a special interrupt 

processing cycle begins. This is a special fetch (MI) cycle in which 

IORQ becomes active rather than MREQ, as in a normal MI cycle. In 

addition, this special MI cycle is automatically extended by two WAIT 

states, to allow for the time required to acknowledge the interrupt 

request and to place the interrupt vector on the bus. 

Mode 0 Interrupt Operation 

This mode is compatible with the 8080 microprocessor interrupt 

service procedures. The interrupting device places an instruction on 

the data bus. 

MPUZ80- 2l 



TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

/PRELIMINARyl 

This is normally a Restart Instruction, which will initiate an 

unconditional jump to the selected one of eight restart locations in 

page zero of memory. 

Mode 1 Interrupt Operation 

Mode 1 operation is very similar to that for the NMI. The 

principal difference is that the Mode 1 interrupt has a vector address 

of 0038H only. 

Mode 2 Interrupt Operation 

This interrupt mode has been designed to utilize most effectively 

the capabilities of the Z80 microprocessor and its associated peripheral 

family. The interrupting peripheral device selects the starting address 

of the interrupt service routine. It does this by placing an 8-bit 

address vector on the data hus during the interrupt acknolwedge cycle. 

The high-order byte of the interrupt service routine address is supplied 

by the I (Interrupt) register. This flexibility in selecting the 

interrupt service routine address allows the peripheral device to use 

several different types of service routines. 

These routines may be located at any available location in memory. Since 

the interrupting device supplies the low-order byte of the 2-byte vector, 

bit 0 (Ao) must be a zero. 

Figure 5 illustrates the vector processing sequence. 
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Z80 CPU MEMORY 

r-_+-_----'®=3-t_{ ~! ': } VECTOR TABLE 

lNTERRJPr VECTOR 

INTERRUPT 
SERVIOE 
ROUTINE 

'--__ .....J 

1) Interrupt vector generated by peripheral is read by CPU during 
interrupt acknowledge cycle. 

2) Vector combined with I register contents form l6-bit memory address 
pointing to vector table. 

3) Two bytes are read sequentially from vector table. These 2 bytes 
are read into PC. 

4) Processor control is transferred to interrupt service routine and 
execution continues. 

FIGURE 5. VECTOR PROCESSING SEQUENCE 
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(3) Interrupt Priority (Daisy Chaining and Nested Interrupts). 

The interrupt priority of each peripheral device is determined by Lt s 

physical location within a daisy-chain configuration. Each device in the 

chain has an interrupt enable input line (lEI) and an interrupt enable oulpuL 

line (lEO), which is fed to the next lower priority device. The first device 

in the daisy chain has its lEI input hardwired to a High level. The first 

device has highest priority, while each succeeding device has a corresponuing 

lower priority. This arrangement permits the CPU to select the highest 

priority interrupt from several simultaneously interrupting peripherals. 

The interrupting device disables its lEO line to the next lower priority 

peripheral until it has been serviced. After servicing, its lEO line is 

raised, allowing lower priority peripherals to demand interrupt servicing. 

The z80 CPU will nest (queue) any pending interrupts or interrupts 

received while a selected peripheral is being serviced. 

(4) Interrupt Enable/Disable Operation. 

In the Z80-CPU there is an enable flip flop (called IFF) that is set or 

reset by the programmer using the Enable Interrupt (EI) and Disable Interrupt 

(DI) instructions. When the IFF is reset, an interrupt (except NMI) cannot 

be accepted by the CPU. 
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Actually, there are two enable flip flops, called IFF! and IFF2. 

Actually disables interrupts 
from being accepted. 

Temporary storage location 
for IFF!. 
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A reset to the CPU will force both IFF! and IFF2 to the reset state so 

that interrupts are disabled .• They can then be enabled by an EI instruction 

at any time by the programmer. When an EI instruction is executed, any 

pending interrupt request will not be accepted until after the instruction 

following EI has been executed. This single instruction delay is necessary 

for cases when the following Instruction is a return instruction and inter-

rupts must not be allowed until the return has been completed. Both IFF! 

and IFF2 can be enabled by execution of the EI instruction. When an 

interrupt is accepted by the CPU, both IFF! and IFF2 are automatically reset, 

inhibiting further interrupts until a new EI instruction is executed. 

Note that for all of the previous cases, IFFl and IFF2 are aluays equal. 

The purpose of IFF2 is to save the status of IFF) ,,,hen a non-maskable 

interrupt occurs. When a non-maskable interrupt js accepted, IFFI is reset 

to prevent further interrupts until reenable by the programmer. Thus, after 

a non-maskable interrupt has been accepted maskable interrupts are disabled 

but the previous state of IFF] has been saved so that the complete state of 

the CPU just prior to the non-maskable interrupt can be restored at any time. 

When a Load Register A with Register I (LD A, I) instruction or a Load Register 

A with Register R (LD A, R) instruction is executed, the state of IFF2 is 
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copied into the parity flag where it can be tested or stored. 

A second method of restoring the status of IFFl is thru the execution 

of a Return From Non-Maskable Interrupt (RETN) instruction. Since this 

instruction indicates that the non maskable interrupt service routine is 

complete, the contents of IFF2 are now copied back into IFFl, so that the 

status of IFF! just prior to the acceptance of the non-maskable interrupt 

will be restored automatically. 

Operation of the two flip-flops is described in Table 3. 
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Action 

CPU Reset 

Dr instruction 
execution 

EI instruction 
execution 

LD A,I instruction 
execution 

LD A,R instruction 
execution 

Accept NMI 

RETN instruction 
execution 

Accept INT 

RETI 

IFF, IFF2 

o 0 

o 0 

1 1 

o IFF, 

IFF2 

o o 

Note) indicates no change. 

TMPZ84COOP-3/TMPZ84COOP 

Conunents 

Maskable interrupt 
INT disabled 

Maskable interrupt 
INT disabled 

MasKable interrupt 
INT enabled 

IFF2 7 Parity flag 

IFF2 7 Parity flag 

IFF, 7 IFF2 
(Maskable interrupt 
INT disabled) 

IFF2 7 IFF, at 
completion of an NMI 
service routine. 

IPRELIMINARYI 

TABLE 3. STATE OF FLIP-FLOPS 
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CPU TIMING 

The Z80 CPU executes instructions by proceeding through a specific 

sequence of operations. These include: 

Memory read or write 

I/O device read or write 

Interrupt acknowledge 

All instructions are merely a series of these basic operations. Each 

of these basic operations can take from three to six clock periods to complete 

or they can be lengthened to synchronize the CPU to the speed of external 

devices. The basic clock periods are referred to as T states and the basic 

operations are referred to as M (for machine) cycles. Figure 6 illustrates 

how a typical instruction will be merely a series of specific M and T cycles. 

Notice that this instruction consists of three machine cycles (MI, M2 and M3). 

The first machine cycle of any instruction is a fetch cycle which is four, 

five or six T states long (unless lengthened by the wait signal). The fetch 

cycle (MI) is used to fetch the OP code of the next instruction to be executed. 

Subsequent machine cycles move data between the CPU and memory or I/O devices 

and they may have anywhere from three to five T cycles (again they may be 

lengthened by wait states to synchronize the external devices to the CPU). 

The following paragraphs describe the timing which occurs within any of the 

basic machine cycles. 
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eLK 

Ml 
(OF Cole Fetch) 

M:~ 
(Memory Feud) 

lrwtructlon Cycle 

M3 
(MecuolyWnW) 

FIGURE 6. BASIC CPU TIMING EXAMPLE 

All CPU timing can be broken do,m into some very simple timing 

IPRELIMINARyl 

diagrams as shown in Figure 7 through 14. These diagrams show the following 

basic operations with and without wait states (wait states are added to 

synchronize the CPU to slow memory or I/O devices). 

Fig. 7 Instruction OP code fetch (Ml cycle) 

Fig. S Memory data read or write cycles 

Fig. 9 I/O read or write cycles 

Fig. ID Bus Request/Acknowledge Cycle 

Fig. 11 Interrupt Request/Acknowledge Cycle 

Fig. 12 Non maskable Interrupt Request/Acknowledge Cycle 

Fig. 13 Exit from a HALT instruction 

Fig. 14 Reset Cvcle 
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(1) Instruction fetch 

Figure 7-0 shows the timing during an Ml cycle (OP code fetch). Notice 

that the PC is placed on the address bus at the beginning of the HI cycle. One 

halt clock time later the MREQ signal goes active. At this time the address 

to the memory has had time to stabilize so that the falling edge of MREQ can 

be used directly as a chip enable clock to dynamic memories. The RD line 

also goes active to indicate that the memory read data should be enabled onto 

the CPU data bus. The CPU samples the data from the memory on the data bus 

with the rising edge of the clock of state T3 and this same edge is used by 

the CPU to turn off the RD and MREQ signals. Thus the data has already been 

sampled by the CPU before the RD signal becomes inactive. Clock state T3 and 

T4 of a fetch cycle are used to refresh dynamic memories. (The CPU uses this 

time to decode and execute the fetched instruction 80 that no other operation 

could be performed at this time). During T3 and T4 the lower 7-bits of the 

address bus contain a memory refresh address and the RFSH signal becomes 

active to indicate that a refresh read of all dynamic memories should be 

accomplished. Notice that a RD signal is not generated during refresh time 

to prevent data from different memory segments from being gated onto the data 

bus. The MREQ signal during refresh time should be used to perform a refresh 

read of all memory elements. The refresh signal cannot be used by itself 

since the refresh address is only guaranteed to be stable during MREQ time. 
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----r----- -
-1\'--_-+ __ --1-' '----- -

-+-----~----~rwl).------+-----~-------r-DBO~DB7 ""'-

u 

FIGURE 7-0. INSTRUCTION OP CODE FETCH 
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Figure 7-1 illustrates how the fetch cycle is delayed if the memory 

activates the WAIT line. During T2 and every subsequent Tw, the CPU samples 

the WAIT line with the falling edge of CLK. If the WAIT line is active at 

this time, another wait state will be entered during the following cycle. 

Using this technique the read cycle can be lengthened to match the access 

time of any type of memory device. 

Ml eyel 

Tl T2 TW TW T3 T4 

eLK -~ ~ ~ ~ ~ ~ --
AO---A15 PC REFRES ADD" X 

-t----\ ,---!-

-t-----\ 
DDO--DB 7 'IN -..:.:: 

-1\ 
------

~: ::LL: "-TL 
----- ---- -

------ ---- ----- -

FIGURE 7-1. INSTRUCTION OP CODE FETCH WITH WAIT STATES 
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(2) Memory read or write 

Figure 8-0 illustrates the timing of memory read or write cycles other 

than an OP code fetch (MI cycle). These cycles are generally three clock 

periods long unless wait states are requested by the memory via the WAIT 

signal. The MREQ signal and the RD signal are used the same as in the fetch 

cycle. In the case of a memory write cycle, the MREQ also becomes active 

when the address bus is stable so that it can be used directly as a chip 

enable for dynamic memories. The WR line is active when data on the data 

bus is stable so that it can be used directly as a R/W pulse to virtually 

any type of semiconductor memory. 

Furthermore the WR signal goes inactive one halt T state before the address 

and data bus contents are changed so that the overlap requirements for 

virtually any type of semiconductor memory type will be met. 

Merrury Read eye le----t-~- Memory Wn te eye l 

eLK 

AO~A15_~_~~~~~~~ _____ -+A-~~~~~~ __ +-______ ~~_ 

rixi~~~ --f-------+------+-{IN~--+---Ct~D~AT!A~O~U~TC==~} 
WAIT 

FIGURE 8-0. MEMORY READ OR WRITE CYCLES 
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Figure 8-1 illustrates how a HAlT request signal will lengthen any 

memory read or write operation. This operation is identical to that 

previously described for a fetch cycle. Notice in this figure that a 

separate read and a separate write cycle are shown in the same figure 

although read and write cycles can never occur simultaneously. 

!ill Ll---l---t----~-r1---t- }HEAD 
CYCLE 

DATA BUS ~---~,...._---l_---l_---H IN)...--I-----I-­
(m~07) 

t=~~~b=+}WHITE CYCLE 
~~~~r . DATA OUT WAIT 

FIGURE 8-1. MEMORY READ OR WRITE CYCLES WITH WAIT STATES 
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(3) Input or output cycles 

Figure 9-0 illustrates an I/O read or I/O write operation. Notice that 

during I/O operations a single wait state is automatically inserted. The 

reason for this is that during I/O operations, the time from when the IORQ 

signal goes active until the CPU must sample the WAIT line is very short and 

without this extra state sufficient time does not exist for an I/O port to 

decode its address and activate the WAIT line if a wait is required. Also, 

without this wait state it is difficult to design MOS I/O devices that can 

operate at full CPU speed. During this wait state time the WAIT request 

signal is sampled. During a read I/O operation, the RD line is used to enable 

the addressed port onto the data bus just as in the case of a memory read. 

For I/O write operations, the WR line is used as a clock to the I/O port, 

again with sufficient overlap timing automatically provided so that the 

rising edge may be used as a data clock. 

Figure 9-1 illustrates how additional wait states may be added with the 

WAIT line. The operation is identical to that previously described. 
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* T 1 T~ TW T3 T1 

-"~~~~~ 
AD--A'! POHT AD RESS 

} 
Read 

Ill\TA BUS -+----+-----j-----t--{ ,..""II~N~_t--- Cycle 

DATA BUS -t---{=t===t:::JO~U!:ET=+===~ 

FIGURE 9-0. INPUT OR OUTPUT CYCLES 

* T1 TW T, 

}
wnte 
Cycle 

* Automatically 
inserted by 
Z80 CPU 

-~ KK ~ ~~ 
PORT ADDRESS 

DATA rus Jll.. 
}

READ 

DATA IDS 

- --- --- _LL-:" - ---

- ---{ OUT 

-=rL: ---- ---
----

I 

CYCLE 

}
WRITE 
CYCLE 

* Automatically 
inserted by 
z80 CPU 

FIGURE '1-1. INPUT OR OUTPUT CYCLES WITH WAIT STATES 
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(4) Bus request/acknowledge cycle 

Figure 10 illustrates the timing for a Bus Request/Acknowledge cycle. 

The BUSRQ signal is sampled by the CPU with the rising edge of the last clock 

period of any machine cycle. If the BUSRQ signal is active, the CPU will set 

its address, data and tri-state control signals to the high impedance state 

with the rising edge of the next clock pulse. At that time any external 

device can control the buses to transfer data between memory and I/O devices. 

(This is generally known as Direct Memory Access [DMA] using cycle stealing). 

The maxunyn time for the CPU to respond to a bus request is the length 

of a machine cycle and the external controller can maintain control of the 

bus for as many clock cycles as is desired. 

Note, however, that if very long DMA cycles are used, and dynamic memories 

are being used, the external controller must also perform the refresh 

function. This situation only occurs if very large blocks of data are 

transferred under DMA control. Also note that during a bus request cycle, 

the CPU cannot be interrupted by either a NMI or an INT signal. 

CI,K 

BUSRGt 

BUBAK 

Any lv1 Cycle ---+~-

FIGURE 10. BUS REQUEST/ACKNry'l EDGE CYCLE 
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(5) Interrupt request/acknowledge cycle 

Figure 11-0 illustrates the timing associated with an interrupt cycle. 

The interrupt signal (INT) is sampled by the CPU with the rising edge of the 

last clock at the end of any instruction. The signal will not be accepted 

if the internal CPU software controlled interrupt enable flip-flop is not 

set or if the BUSRQ signal is active. When the signal is accepted a special 

Ml cycle is generated. During this special Ml cycle the IORQ signal becomes 

active (instead of the normal MREQ) to indicate that the interrupting device 

can place an 8-bit vector on the data bus. Notice that two wait states are 

automatically added to this cycle. These states are added so that a ripple 

priority interrupt scheme can be easily implemented. The two wait states 

allow sufficient time for the ripple signals to stabilize and identify which 

I/O device must insert the response vector. 

eLK 

INT 

AO~Al', --I-----+-----f-I'L----+-:c::..---I-----+----+-"===::::.. 

mTb 13U8--I-----+----.f.-----l-----.f.-----I-__ --i 

WATT 
------1---

-r-1- ----.J L ____ _ 

FIGURE 11-0. INTERRUPT REQUEST/ACKNOWLEDGE CYCLE 
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Figure 11-1 illustrates how additional wait states can be added to the 

interrupt response cycle. Again the operation is identical to that previously 

described. 

MI ---~ .. --~ 

eLK -
~~h-~h- T3 T4 * * ~ 

AO--A15 PC 'I REFRESH ADDR -, 
- ----1---- --- __ '----f"-

-:r-L'::: ---- ---
- --- ---- ---- ----

DATA BUS 'IN 
'---

h 
I--f 

I 

I 

r---

-
I--

I--

* Auto­
matically 
inserted 
by Z80 
cpu. 

Mode 0 shown 

FIGURE 11-1. INTERRUPT REQUEST/ACKNOWLEDGE WITH WAIT STATES 

MPUZ80-39 



TOSHIBA TMPZ84CQQP-3/TMPZ84CQQP 

I PRELIMINARY I 

(6) Non maskable interrupt response 

Figure 12 illustrates the request/acknowledge cycle for the non-maskable 

interrupt. A pulse on the NMI input sets an internal NMI latch which is 

tested by the CPU at the end of every instruction. This NMI latch is 

sampled at the same time as the interrupt line, but this line has priority 

over the normal interrupt and it cannot be disabled under software control. 

Its usual function is to provide immediate response to important signals such 

as an impending power failure. The CPU response to a non maskable interrupt 

is similar to a normal memory read operation. The only difference being that 

the content of the data bus is ignored while the processor automatically 

stores the PC in the external stack and jumps to location 0066H. The service 

routine for the non maskable interrupt must begin at this location if this 

interrupt is used. 

(7) Halt acknowledge cycle and exit 

Whenever a software halt instruction is executed the CPU begins executing 

NOP's until an interrupt is received (either a non-maskable or a maskable 

interrupt while the interrupt flip flop is enabled). The two interrupt lines 

are sampled with the rising clock edge during each T4 state as shown in 

Figure 13. If a non-maskable interrupt has been received or a maskable 

interrupt has been received and the interrupt enable flip-flop is set, then 

the halt state will be exited on the next rising clock edge. The following 

cycle will then be an interrupt acknowledge cycle corresponding to the type 

of interrupt that was received. If both are received at this time, then the 
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non maskable one will be acknowledged since it was highest priority. The 

purpose of executing NOP instructions while in the halt state is to keep the 

memory refresh signals active. Each cycle in the halt state is a normal MI 

(fetch) cycle except that the data received from the memory is ignored and 

a NOP instruction is forced internally to the CPU. The halt acknowledge 

signal is active during this time to indicate that the processor is in the 

halt state. 

---Last M Ml 
Cycle 

last T Tune Tj T2 T3 T4 T5 

-~ r-L.-~ ~ ~ ~ ~ 
r--

- __ l f.F------ - ----- ---- --- --- --- -
- --- --- ---- ---- ---- -

AO ....... ·A15 PC REFRESH 

* M2 and M;S are stack wrl te operd tl ans 

FIGURE 12. NON MASKABLE INTERRUPT RESPONSE 

eLK 
HALT 

INT or 
TIJ.IT 

___ Ml ___ ~ ______ Ml _______ -+ ___ Ml 

T4 

HALT INSTRUCTION 
IS RECEIVED 
DUl'{ING THIS 
MEMORY CYCLE 

EXECUTE NOP 

FIGURE 13. HALT ACKNOWLEDGE CYCLE AND EXIT 
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(8) Reset cycle 

RESET must be active for at least three clock cycles for the CPU to 

properly accept it. As long as RESET remains active, the address and data 

buses float, and the control outputs are inactive. 

Once RESET goes inactive, two internal T cycles are consumed before the CPU 

resumes normal processing operation. RESET clears the PC (program counter), 

so the first OPcode fetch will be to location OOOOn. 

(See Figure 14.) 

Ml -----

Tl TZ 

eLK 

AO--Alb 

D0---D'!' 

Ml 

MRE~IORQ-----+--------~TTrM~~--~"----4--------+--------+-~-----+--------

~1l~~' 
~~~~CK, 

FIGURE 14. RESET CYCLE 
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POWER DOWN FUNCTION 

When system clock to Z80 CPU is stopped at either a high or low level, 

Z80 CPU stops its operation and maintains registers and control signals. 

However ICC2 Stand-by Supply Current is guaranteed only when the 

supp lied system clock is stopped at a low level during T4 state of the 

following machine cycle (actually that is Ml cycle and executes NOP instruc­

tion) next to OPcode fetch cycle of HALT instruction. The timing diagram 

when POWER DOWN FUNCTION is implemented by HALT instruction is shown as 

figure 15. 

This function can be easily realized when T6497 clock generator con­

troller is connected with Z80 CPU. 

eLK 

HALT 

~ 
ClPcods fetc" 

CyC1A of HAT.'"!' 

lnstruc tl on 

eMl cycle) 
tN~:cutlon of 

(Ml cycle) 

FIGURE 15. TIMING DIAGRAM OF POWER DOWN FUNCTION 
BY HALT INSTRUCTION 

RELEASE FRot,1 POvJER DOWN STATE 

The system clock must be supplied to Z80 CPU to release power down state. 

When the system clock is supplied to CLK terminal of Z80 CPU, CPU restarts 

operation continuously from the state when power down function has been 

implemented. 
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Note the followings when release from power down state. 

(1) When external oscillator has been stopped to enter power down state, ~()lll(' 

warming-up time may be required to obtain precious and stable system 

clock for release from power down state. 

(2) When HALT instruction is executed to enter power down state, Z80 CPU will 

enter HALT state. An interrupt signal (NHr or HIT; or RESET signal must be 

generated to Z80 CPU after the system clock is supplied to release power down 

state. Otherwise Z80 CPU is still in HALT state even if the system clock 

is supp lied. 

Figure 16 shows an example to connect with T6497 clock generator/controller. 

r-<cro Pc r lph(~ 1'11,' fo r C MOS 7,80 Fa':l1:iy 

'1'6497 
( CMOS Z80 CPU) 

Clock Generator/tontro Ller 

~ 
eLK eLK 

T HALT ~ 
Ml Mi 

RS'I'02 NMI - MSI 

RSTI2 
(NMI) 

- MS2 --
RSTll INT - DS 
RESET RESRT 

Vee 

Vee 

f [ }IDteflupt Reque 

-'- I:>.. 

0 set 81 gnal 
p 

r 
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TOSHIBA TMPZ84CQQP-3/TMPZ84CQQP 

IPRELIMINARyi 

INSTRUCTION SET 

The Z80 microprocessor has one of the most powerful and versatile 

instruction sets available in any 8-bit microprocessor. 

It includes such unique operations as a block move for fast, efficient data 

transfers within memory or between memory and I/O. It also allows operations 

on any bit in any location in memory. 

The Z80 CPU can execute 158 different instruction types including all 

78 of the 8080A CPU. 

The instructions are devided into the following categories: 

8-bit loads 

l6-bit loads 

Exchanges, block transfers, and searches 

8-bit arithmetic and logic operations 

General-purpose arithmetic and CPU control 

l6-bit arithmetic operations 

Rotates and shifts 

Bit set, reset, and test operations 

Jumps 

Calls, returns, and restarts 

Input and output operations 
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TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

JPRELIMINARyj 

A variety of addressing modes are implemented to permit efficient and 

data transfer between various registers, memory locations, and input/output 

devices. These addressing modes are as follows: 

lnunediate 

lnunediate extended 

Modified page zero 

Relative 

Extended 

Indexed 

Resister 

Resister indirect 

Implied 

Bit 
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TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

IPRELIMINARyl 

8-8 IT LOAD GROUP 

Instruction Code Fla s No. of No. of M No. of T I Comments 
Mnemonic 

D7D6DsD4D3D2D1Do 
Hex Operation 

S Z H~ N C Bytes Cycles States 
LDr, r o 1 *- r -+ +- r'-+ r+ r' - - - - - - 1 1 4 r,r Reg. 
LDr,n o 0 *- r "+ 1 1 0 r*-n - - - - - - 2 

I 
2 7 000 B 

· n_ 
I 

001 C 
LDr, (HL) 0 1 *- r ->- 1 1 0 r *- (HL) - - - - - - 1 2 7 010 D 
LDr,(IX+d) 1 1 0 1 1 1 0 1 DD r *- (IX+d) 

I - - - - - - 3 
1 

5 19 Oll E 
0 1 *- r ->- 1 1 0 I 100 H 

d- I 101 L 
LDr, (IY+d) 1 1 1 1 110 1 FD r *- (IY+d) "" 3 5 19 III A 

0 1 <- r ~ 1 1 0 
d-

LD(HL),r 0 1 1 1 0 -<- r -l- (HL) <- r - - - - - - 1 2 7 
LD(IX+d), r 1 1 o 1 1 101 DlJ (IX+d) + r - - - - - - 3 5 19 

0 1 1 1 o + r -+ 

d-
LD(IY+d),r 1 1 1 1 110 1 FD (IY+d) + r - - - - - - 3 5 19 I 

0 1 1 1 O+r-+ I I 1 

· d_ 
LD(HL),n a 0 1 1 o 1 1 0 36 I(HL)+n - - - - 1- - 2 3 10 

n_ I 

LD(IX+d), n 1 1 0 1 110 1 DD (IX+d) + n ! -
I 

4 5 19 I 
0 0 1 1 011 0 

I 

I 

i d_ I . 
I · n_ 

LD(IY+d) ,n 1 1 1 1 1 101 FD (IY+d) + n I - - - - - - 4 5 19 

! 0 0 1 1 o 1 1 0 36 
d- I 

n- r- - C-" . I I LDA (BC) 0 0 0 0 1 0 1 0 OA A + (BC) - - - - 1 2 7 
LD A, (DE) 0 0 0 1 1 0 1 0 lA A + (DE) - - - - - - 1 2 I 7 
LD A, (nn) 0 0 1 1 101 0 3A A + (nn) - - - - - - 3 4 13 

I - n-I 
i -n_ I 

LD(BC),A o 0 0 0 o 0 1 0 02 (BC) + A - 1 2 7 , 
LD(DE) ,A o 0 0 1 o 0 1 0 12 (DE) + A - - - - - - 1 I 2 7 
LD(nn) ,A 001 1 o 0 1 0 32 (nn) + A - - - - - - 3 

! 
4 13 i 

n-

! 
I n_ I 

I 

LD A, I 1 1 1 0 1 1 0 1 ED A+I 
1 0 O' RllFF R -

I 
2 2 9 

0 1 0 1 0 1 1 1 57 1 

LDA, R 1 1 1 0 1 1 0 1 ED A+R 0 0 R,JHI RI- 2 , 2 9 

I 

0 1 0 1 1 1 1 1 SF i 1 
I 

LDI,A 1 1 1 0 1 1 0 1 ED I+A - - -1- - - 2 2 I 9 
I I 

1 
0 1 0 0 0 1 1 1 47 I 

LDR, A 1 1 1 0 1 1 0 1 ED R+A - - - - - - 2 2 9 

I 0 1 o 0 1 1 1 1 4F , 
Notes: r,r means any of the reglsters A, B, C, D, E, H, L 

IFF the content of the interrupt enable flip-flop (IFF) is copied into the P/V flag 
Flag Notation: - = flag not affected, R = flag reset, S = flag set. 

0= flag is affected according to the result 'of the operation. 
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TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

IPRELIMINARyi 

16-81T LOAD GROUP 

Instruction Code 
Operation 

Flags No. of No. of M No. of T 
Cormnents 

Hnemonic 
D,D6 DS D4 D 3 D2D,Do Hex S Z Ht N C Bytes Cycles States 

_. ._, -- -------- ._-, .. -
LD dd,nn o 0 d d o 0 0 1 dd +IUl - - - - - - 3 3 10 dd Pair 

- n_ 00 BC 

~"1 Or- 01 DE 
----c.-~"-

~i 
" rlx+n~ LDJ X,nn 0 1 - - - - - - 4 4 14 10 HL 

o 0 1 0 0 0 0 1 21 11 SP 
-n-

n_ 

LDIY,nn 1 1 1 1 1 1 0 1 FD IY +- nn - - - - - - 4 4 14 
0 0 1 0 o 0 0 1 21 

n-
n-

LD HL, (nn) 0 0 1 0 1 0 1 0 2A H+ (nn+f) 
-=:. C::"r-~ _ - - 3 5 16 

n_ L (nn) . n-
LDdd, (nn) 1 1 1 0 1 1 0 1 ED ddH+(nn+l) - - - - - - 4 6 20 

0 1 d d 1 0 1 1 ddL+(nn) 
n- I 
n-

LDIX, (nn) 1 1 b 1 1 1 0 1 DD IXH+(nn+l) - - - - - - 4 6 20 
0 0 1 0 1 0 1 0 2A IXL +(nn) . n-- n_ 

LD1Y, (nn) 1 1 1 1 1 1 0 1 
I 

FD IYH+(nn+l) - - - - - - 4 6 20 
0 0 1 0 1 0 1 0 2A 1YL +(nn) . n-

-o=c-_·_-" ~--"" 
n_ 

LD(nn),HL o 0 1 0 a 0 1 0 22 (nn+l)+H - - - - - - 3 5 16 
n- (nn)+L 
n_ 

~c 

LD(nn) ,dd ' 1 1 1 0 1 1 0 1 ED (nn+l)+ddH - - - - - - 4 6 20 
10 1 d d 001 1 (nn)+ddL 
! 

n_ . n_ 
LD(nn),IX 1 1 0 1 1 1 0 1 DD (nn+l)+ IXH - - - - - - 4 6 20 

0 0 1 0 o 0 1 0 22 (nn)+ IXL 
n-

n-
LD(nn),IY 11 1 1 1 1 1 a 1 FD (nn+l)+IYH - - - - - - 4 6 20 

10 0 1 0 0 0 1 0 22 (nn)+ 1YL 
n_ 
n_ 

LD SP,HL 1 1 1 1 1 a 0 1 F9 SP+HL - - - - - - 1 1 6 
LD SP, IX 1 1 0 1 1 1 0 1 DD SP+IX - - - - - - 2 2 10 

1 1 1 1 1 0 0 1 F9 
LD SP,1Y 1 1 1 1 1 1 0 1 FD SF+1Y - - - - - - 2 2 10 

1 1 1 1 1 0 0 1 F9 
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TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

Instruction Code Flags No. of 
Mnemonic I-----------~~ Operation D7D6DSD,D3D2D,Do Hex S Z HPA; N C Bytes 

---
PUSHqq 1 1 q q 0 1 0 1 (SP-2)-<-qqL - - - - - - 1 

(SP-l)-<-qqH 

'--------- ---~-

SP~P-z __ 1---f-
PUSH IX 1 1 0 1 1 1 0 1 DD (SP-2)-<-IXL - - - Z 

1 1 1 0 0 1 0 1 E5 (SP-1 )-<-IXH 

~--- 1----- . ~ ~~--- --- --~-- --
SP-+SP-2 

PUSH IY 1 1 1 (SP-Z)-<-IYL - - - - - - 2 
1 1 1 o 0 1 0 1 E5 (SP-Z)-<-lYH 

--- SP-+SP-Z 
I---- I-- ~- ---

POPqq 1 1 q q 000 1 qqH-<-(SP+l) - - - - - - 1 
qqL -<-(SP) 

, : : : : I:' 
SP-+SP+Z - -I-- -- 1-------

1 IXH-<-(SP+l) POPIX 1 0 1 1 1 0 1 DD - - -
1 1 1 0 000 1 El IXL-<-(SP) 

1--------- - 1------------------- -----~ 

SP-+SP+Z 
POPlY 1 III 1 101 FD lYH~(SP+l) - - -

1 1 1 o 0 0 0 1 El lYL-<-(SP) 
SP-+SP+Z 

Notes: dd is any of the register pairs BC, DE, HL, SP 
qq is any of the register pairs AF, BC, DE, HL 

- - - Z 

- - - Z 

IPRELIMINARyl 

No. of M No. of T 

Cycles States Comments 

3 11 qq Pair 
00 BC 
01 DE 

4 15 10 HL 
11 AF 

4 15 

3 ~~ 

4 14 

4 14 

(PAlR)H' (PAlR)L refer to high order and low order eight hits of the register pair 
respectively. e.g. BCL=C, AFH=A 

Flag Notation: - = flag not affected, R= flag reset, S = flag set, 
O=flag is affected according to the result of the operation. 
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TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

/PRELIMINARY/ 

EXCHANGE GROUP AND BLOCK TRANS FER AND SEARCH GROUP 

Instruction Code Flags No. of No. of M No. of T 
Mnemonic Operation e-

H p/v N Comments 
D7D6DsD4D3D2D,Do Hex S Z C Bytes Cycles States 

EXDE-;-HL---~ .. --f----- ---~-----~-----
1 1 1 0 1 0 1 1 EB DE+-+HL - - - - - - 1 1 ---~--

EX AF, AF' o 0 0 0 1 0 0 0 08 AF+->AF' - - - - - - 1 1 ~ (Exx) 
EXX 

-_._-
CCBBC') 

1 1 0 1 1 0 0 1 D9 - - - - - - 1 1 4 Register 
DE++DE' bank and 

EX(SP) ,HL --~li-oo-o-C1 --=~-. 
HL++HL' 

5-- 19--
auxiliary 

H++(i;P+l) 
--

register E3 - - - - - - 1 

EX(SP), IX--~6-1 1 101 
L++(SP) bank ex-

DD :tXH++$P+l) - - - - - - 2 6 23 change 

~SP),IT-
1 1 1 U 0 0 1 1 E3 lXL+::':~:~ 

r--yTlTll-Ol FJj--- IY H++ (S P+ 1) ::-:: -=~- 2 6 -n-
1 1 1 000 1 1 E3 JYL++(SP) 

LDI 1 1 1 U 1 1 0 1 ED (DE)+(HL) RI(l) R 2 4 16 *1 
1 0 1 0 000 0 AD DE+DE+l 

HL+HL+1 
BC+BC-1 

LDIR 1 1 1 0 1 1 0-1 ED (DE)+(HL) - - R R R - 2 5 21:-- If BCtO 
1 0 1 1 0 0 o 0 BO DE+DE+l 2 4 16 If BC~O 

HL+HL+1 
BC+BC-l 
Repeat 

untll 
BC~O 

1··101 
._ .. 

LDD 1 1 1 0 ED (DE)+(HL) - - RJ,; R - 2 4 16 
1 0 1 0 1 0 0 0 A8 DE+DE-1 

HL+HL-l 
BC+BC-1 

LDDR 1 1 1 0 1 1 0 1 ED (DE)+(HL) - - R'a R --.:. 2 5 21 If Rc;lO 
1 0 1 1 1 0 0 0 B8 DE+DE-1 2 4 16 If BC~O 

HL+HL-1 
BC+BC-1 
Repeat 

until 
BC~O 

CPI 1-1 1 o 1 1 U 1 ED A (HL) f-J2 ['J ~S 2 4 16 
1 0 1 o 0 0 0 1 Al HL+HL+1 

BC+BC-1 , 
-CPIR 1 1 1 0 1 1 0 1 

r.-----
~Q) 

-_. 
21 ED A-(HL) ~2 S - 2 5 "2 

1 0 1 1 0 0 0 1 B1 HL+HL+l 

I 

2 4 16 *3 
BC+BC-1 
Repeat I 

until 

A~(HL) or 
C-O 

CPD 1 1 1 0 1 1 0 1 ED A-(HL) 

1° 
2" CD S - 2 4 16 ~ 

1 0 1 0 1 0 0 1 A9 (lL+HL-1 
BC+BC-1 



TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

Instruction Code Flags No. of 
Nmenomic 

D7D6D5D4D3D2DJDo Hex 
Operation 

S Z H PAr N C Bytes 

CPDR 1 110110 1 ED A-(HL) 0(6) 00) S - 2 
1 011 1 a a 1 B9 HkHL-1 2 

I 

BC+BC-1 
Repeat 

until 

A=(HL)or 
BC=O 

Notes: CD p/V flag is 0 if the result of BC'l,=O, otherwise P/V=l 
@ Z flag is 1 if A=(HL), otherwise Z=O. 

No. of M 

Cycles 

5 
4 

Flag Notation: flag not affected, R = flag reset,.S = flag set. 

I PRELIMINARY I 

No. of T 

States Comments 

21 *2 
16 ;'3 

a flag is affected according to the result of the operation. 

*1 LDI: Load (HL) into (DE), increment the pointers and decrement the byte 
counter (Bcl. 

;'2 If BC#O and M(HL) 

"3 If BC=O or A=(HL) 
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TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

IPRELIMINARyl 

8-BIT ARITHMETIC AND LOGICAL GROUP 

Instruction Code Flags No. of No. of M No. of T 
Mnemonic 

D7 D6 DSD,D3 D2DIDo Hex 
Operation 

S Z H%N C Bytes Cycles States 
Comments 

ADD A r 1 0 lQ:JLQJ-- r - A+-A+r 0 0 0 V R 0 1 1 4 r Reg. 
ADD A,n 1 1 ~1 1 0 A+-A+n 0 0 o V R 0 2 2 7 000 B 

1---------- -n- 001 C 

ADD A (HL) 1 O[IO[Q]l 1 0 A+-A+(HL) ,~ ()~ -~~ R 0 1 2 7 010 D 
ADD A, (IX+d) 1 1 0 1 1 101 DD A+-A+( IX+d) o 0 o V -RO -3 5 19 Oll E 

1 0 [([0011 1 0 ' 100 H 

A, (IY+d) 
• d_ +r1 101 

L 
ADD 

r-c;---------. 
FD A+-A+(IY+d) o 0 o V R 0 3 5 19 111 A 1 1 1 1 1 101 

1 0Q[QJj] 1 1 0 I . d- I 
I 

ADCA s ~ A+-A+s+CY o 0 o V R 0 

I 

s is any 
SUBs [[I]J A+-A-s o 0 0 V S 0 of r, n, 
SBCA,s cu:::Il A+-A-s-CY o 0 0 V S 0 (HL), (IX+d), 
ANDs IIJL]] A+-A A s o 0 S P R R (IY+d)as 
ORs t::II:QJ A+-A v s 0 0 R P R R 

i 

shown for 
XORs [I][JJ A+-AGl s o 0 R P R R ADD inst-
CPs ITIJ] A-s o 0 o V S 0 ruction. 
INCr 0 o -r_ [LI[]l] r+-r+1 0 o 0 V R - 1 1 ,4 The in-
INC(HL) 0 o 1 1 0 [1 0 oJ (HL) +- (HL)+l 0 0 o V R - 1 3 =R9 dicated 
INC(IX+d) 1 1 0 1 110 1 DD (IX+d)+- 0 o 0 V R 3 6 23 bits replace 

0 0 1 1 o o:::::TI:::QJ (IX+d)+l I th e [J:jljljJ in 

d- I the ADD set 
INC(IY+d) 1 1 1 1 110 1 FD (IY+d)+- o 0 o V R - 3 6 23 

I 

above. 
o 0 1 1 0CLQ::]] I (lY+d)+l : . d_ 

DECs 1'lOil 8+8-1 o 0 o V S -
I 

s is any of 
r. (HL), 
(IX+d), (IY 
+d) as show", 
for INC. 
DEC same 
format and 

I 
I 

states as 
INC. 

I 

Replace 11001 

I 
with 11011 in 
OP Code. 

Notes: The V symbol in the P/V flag column indicates that the p/v flag contains the 
overflow of the result of the operation. Similarly the P symbol indicates parity. 
V=l means overflow, V=O means not overflow, P=l means parity of the result is even, 
P=O means parity of the result is odd. 

Flag Notation: flag not affected, R = flag reset, S = flag set, 
o flag is affected according to the result of the operation. 
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TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

GEHERAL PURPOSE ARITH~lETIC AND CPU CONTROL GROUPS 

Instruction Code Flags 
Mnemonic 

D7 D6 DSD4 D3D2D,Do Hex 
Operation 

S Z H fVN C 

DAA . a a 1 a a 1 1 1 27 Converts a 0 0 P - 0 
ace, content 
into packed 
BCD follow- , 
ing add or 
subtract 
with packed 
BCD oper-
ands 

CPL a a 1 0 1 1 1 1 2F A+A - - S - S -

NEG 1 1 1 a 1 1 a 1 ED A+A+l 0,00, v,s 0 
a 1 0 0 a 1 a 0 44 

CCF 0 a 1 1 1 1 I 1 3F CY+CY - - x - R 0 
--sGP 0 0 I 1 0 1 1 1 37 CY+l - - R - R S 

NOP a a a 0 a 0 a a 00 No opera- - - - - - -
tion 

HALT 0 1 1 1 0 1 1 

alt 
c-IT.lJ halted - - - - - -

DI* _ll 1 1 a 0 I I F3 IFF+O - - - - - -
-=.~--~-

EI* 1 1 1 I 1 a 1 1 FB IFF+l - - - - - -
lli-a f-=.=-

1 1 1 0 1 1 0 , tf Set inter- - - - - - -
0 1 o 0 0 I 1 o 46 rupt mode 

0 
1M 1 I 1 1 0 1 1 0 1 ED Set inter- - - - - - -

! 
0 1 0 1 0 1 1 o 56 rupt mode 

--c::~~- ... - 1 -
1M 2 1 1 1 0 I 1 0 1 ED Set inter- - - - - - -

~ rupt mode 
0 1 011 1 1 o I SE ,2 

Notes: IFF indicates the interrupt enable flip-flop 
CY indicates the carry flip-flop. 

lPRELIMINARY! 

No. of No. of M No. of T 

Bytes Cycles States 
Comments 

1 1 4 Decimal 
adjust ac-
cumulator 

1 1 4 

2 2 it 

1 1 4 
1 1 4 
1 1 4 

I 1 4 
1 1 4 
1 1 4 
2 2 8 

2 2 8 

2 2 8 

Flag Notation: -
o 

flag not affected, R = flag reset, S = flag set, X = nag is unknown" 
flag is affected according to the result of the operation. 

* Interrupts are not sampled at the end of EI or D1 
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TOSHIBA TMPZ84CQQP-3/TMPZ84CQQP 

16-BIT ARITHMETIC GROUP 

No. of No. of M No. of T I Instruction Code Flags I- Operation R7 Comments 
D7D6DsD4D3D2DJDo Hex S Z H V N C Bytes Cycles States 

Mnemonic 

~i:~ 100 s s 1-00-1-----111+[1L+88 - - X - R 0 1 3 -----+-l-l--+-s-s--"-e-?-,-.--l 

~~~-~L, s s -lL~~ ~ _t_~ LL ED ~~~~~Y 00 f..-oO _XX-I-VV---+R-+O-+_~2~+4--- 15-- ~~ ~~ 
SBC HL,ss 1 1 1 0 1 1 0 1 ED HL+HL-S8-CY S 0 2 4 15 18 HL 

o 1 s s 0 0 1 0 11 
ADDIX,pp 110 1 1 1 0 1 

1 1 p p 1 001 
DD IX+IX+pp x - R 0 2 

2 

4 

4 

1 

1 

i 

15 

15 

~p 

00 
01 
10 
11 
rr Ani:nY~--;.:;:--n 1 1 1 1 1 0 1 FD IY+IY+rr - - X - R 0 

, 0 0 r rIO 0 1 I I I 00 

~~ __ ~I ~ __ ~~~~I __ ~~I H-~~_~~~+~n 
I---"I"N~C:".s:".s ____ --I-"-O----"O....'>.s -"s----"O_' ,,--0, 1 1 ' s s+ s s +1 - - - - - - 1 1 - 6 

INCIX 1 1 0 1 1 1 ° 1 DD I IX+-IX+l 1- - - - - - 2 2 10 
00100011~~ 

~y 1 1 1 1 1 1 ° 1 FD I IY+-IY+l--f--_+-_+---_+-_-+_+_-+--:2c-+------c2--1-1C""""0c------I 

1---- __ -- u ° 1...2.... 0 _Q...1--.l.. -~------ ---+-+-+-+ +--- ~---f---~----I 
f-~D~E~C~S~S ____ +~O~O-~~~~~~+~s~s~-~lc---~-_f__-_f__-+-+-+--+_-~2:~+~2~-+_~6~----I 

DECIX 1 1 0 1 1 1 0 1 DD Ii IX+-IX-1 1- - - - - - 2 i 2 10 ° a 1 a 1 a 1 1 2B ____ +-I i-j_+-++-+ ___ +_-c-_--+-___ I 
1 1 1 1 1 1 a 1 FD IY+-IY-1 - - - - - - 2 2 10 DECIY 
a a 1 0 1 ° 1 1 2B 

Notes ~ ss is any of the register pairs BC, DE, HL, SP 
?p is any of the regis tet" pairs BC, DE, IX, SP 
rr is any of the register pairs BC, DE, IY, SP. 

S1' 
Reg. 
BC 
DE 
IX 
SP 
Reg. 
BC 
DE 
IY 
SP 

Flag Notation: flag not affected, R = flag reset, S = flag set, X = flag is unknown". 
0 flag is- affected according to the result of the operation. 

MPUZ80- 54 



TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

ROTATE AI~I) SHI FT GROUP 

Instruction Code Flags No. of No. of M No. of T 
--

Mnemonic 
D7D6DsD4D3D2D,Do Hex 

Operation 
S Z H%N C Bytes Cycles States 

Comments 

RLCA o 0 000 1 1 1 07 ~7 OP 
_1- R - R 0 1 1 4 ·Rotate left 

A 
circular ac-
cumulator 

--~~-- ~--

RLA 0 0 o 1 0 1 1 1 17 ~ - - R - R 0 1 1 4 ·Rotate left 
A accumulator 

RRCA 0 0 o 0 1 1 1 1 OF 
~~ 

- - R - R 0 1 1 4 ·Rotate right 
circular ac-
cumulator 

RRA 0 0 0 1 1 1 1 1 IF LEm-tti1l R -- R 0 1 
I 

1 4 ·Rotate right 
A accumulator 

RLCr 1 100 1 0 1 1 CB 0
1
0 R P !:( 0 2 2 8 ·Rotate left 

0 o fiDIJj]~r circular re-
RLC(HL) 1 100 1 0 1 1 CB a 0 R P R 0 2 4 15 gister r 

~iX+d) 
0 o [[J[]] 1 1 0 r Reg. 
1 1 a 1 1 1 0 1 DD ~O a !:( P R 0 4 6 23 000 B 
1 100 1 0 1 1 CB r, (HL), 001 C 

d_ (IX+d) , 010 D 
0 o IQJLQ] 1 1 0 (IY+d) 011 E 

RLC(IY+d) 1 1 1 1 1 101 FD o a R P R 0 4 6 23 100 H 
1 100 101 1 CB 101 L 

d- 111 A 
0 o [[J[JjJ 0 0 0 -----

RLs ~ ~O a R PRO Instruction 

I s=r, (HL) , 
format and 
states are j(IX+d),(IY+d I as shown for 

RRCs IQJDJ i~ o 0 R P R 0 RLC's. To 
I form nel'll i s=r, (HL) , 

i 
Op-Code re-

i(IX+d),(IY+ct , 

p1acelOOOI 
RRs KI::IJl IClEill-lC'lJl 0 

0 R P IR 0 I [ of RLC's 

, s=r, (HL), 8"'""'= (IX+d),(IY+c! 
i code. 

, 
SLAs ~ 

---
~O o R P R 

o [I 
s=r, (HL) , 
(IX+D ),(J:y+clJ 

,I '>R 

I 
SRAs II:JDJ 

~ICYJ 
0i 0 O+-~l 

s=r, (HL) , 

I f--c---c-
i (IX+D ),(J:y+clJ 

SRLs lIIJJ iO-1E]J-1CY] o 0 n 'I ! 

!s=r, (HL) , 
I : (J:X+d),(J:Y+d) 

i i 
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TOSHIBA 

Mnemonic 

RLD 

1-" 

RRD 

TMPZ84CQQP-3/TMPZ84CQQP 

~:::::::~::'::1;;-"-' O,mUm, ":,";:;,, 

I 
1 1 1 0 1 1 0 1 ED ~ a a R P R .-

o 1 1 0 1 1 1 1 6F r~ J 
(HL) II 

1 1 1 0 1 1 0 1 r ED--1

r
! R'41~1¥4ollo 0 IR P ~ '~I-

o 1 1 0 0 1 1 1 67 IHLI 

I 

I PRELIMINARY I 

No. of No. of M No. of T 

Bytes Cycles States 
Comments 

2 5 

5 

18 Rotate d-igir 

Ileft & right 
,between the l accumulator 

"---- --" - and location 
(HL). The 

'content of I 18 

the upper 
half of the 
accumulator 
is unaffect­
ed. 

Flag Notation: flag not affected, R = flag reset, S = flag set, o flag is affected according to the result of the operation. 
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TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

IPRELIMINARyl 

BIT SET, RESET Aim TEST GROUP 

Instruction Code Flags No. of No. of M No. of T 
Mnemonic Operation 

----,- --- ,--
Comments 

D7DbDsD4D3D2D,Do Hex SZH%NC Bytes Cycles States 
------ -~-

BIT b,r 1 100 1 0 1 1 CB Z+-rb X o S X R - 2 2 8 r Reg. 
0 1-b~r~ 000 ~ 

BIT b, (HL) 1 160 1 0 1 1 CB Z+-(HL)b X o S X R --2-f--j 12 001 C 
0 1-b 1 1 0 -f-1-- 010 D 

BIT b, (IX+d)b 1 101 1 1 o 1 DD Z+- (IX+d)b X 0 S X R - 4 5 20 all E 
1 1001011 CB 

I 

100 H 
d- 101 L 

o 1 ~b- 1 1 0 
- -- -srx f=-- - r-----z-

III A 

BIT b, (IY+d)b 1 1 1 1 1 101 FD Z+- (IY+d)b X 0 R - 5 20 
b 

Bit 
1 100 101 1 CB Tested 

d- 000 0 
0 1 ~b_ 1 1 0 001 1 

010 2 
Oll 3 
100 4 
101 5 
110 6 

r-sET 
III 7 

b,r 1 1 0 0 1 0 1 1 CB rb+-1 - - - - -1- 2 2 8 
[[J:j-b-r_ 

SET b, (HL) 1 1 0 a 1 0 1 1 CB (HL)b+-1 - - - - - - 2 4 15 

-- U-b-1 1 0 

SET b,(IX+d) -0-0 1 1 1 0 1 DD (IX+d)b+-1 - - - - - - 4 6 23 
1 100 101 1 CB . d---
iI:]--b- 1 1 0 -

SET b, (IHd) 1 1 1 1 1 101 FD (IY+d)b+-1 - - - - - - 4 6 23 
1 100 1 0 1 1 CB 

d--_ 
D-b-1 1 0 

-~--

RES b,s oc:::::g sb+-O - - - - - - To form new 
s=r, (HL) , Op Code re-
(IX+d) , place ITIl of 
(IY+d) SET b,s with 

1IQl. Flags 
and time 
states for 
SET inst-
ruction 

Notes: The- notation sb indicates bit b (0 to 7) or location s. 

Flag Notation_: flag not affected, R = flag reset, S = flag set, X = flag is unknown, 
o flag is affected according to the result of the operation. 
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TOSHIBA TMPZ84CQQP-3/TMPZ84CQQP 

JUt~P GROUP 

Instruction Code 

Mnemonic ~D5D4D3D2D1D~1 Hex Operation 
- ----- - ---- - - --e----

JPnn 1 1 0 0 0 all C3 PC+nn 
----n~ 

_ ~. ___ .____ __ _ n~ _______ ---t-.- __ _ 
JPcc,nn 1 1 C Cal U If condi- - - - - - --:J tion cc is 

n--- true PC-+--nn, 
~---n--- otherwise 

continue 

Flags No. of 

S Z H Piv N C Bytes 
- -- ---- -c- ----

- - - - - - 3 

JRe---'o-OOll 0 0 a I 18 PC+PC+e 

l~e-2-' 

I 
- - - - - - 2 

I 

I 

1001110001--;8-JR C,e If C~O, - - - - - - 2 
continue 

!--e-2-- If C~l, 2 
PC+PC+e 

I-t- 1---2 -
If C~l, - - -

2 

2 

2 

2 

2 

~JP(HL) 1 1 1 iT lOa 1 E9 PC+HL - - - - - -
JP(IX)-----~r 1 alII a 1 1-'rJjj-+rC+IX--- -:.. - - - - - 2 

No. of M 

Cycles 

3 

3 

2 

3 

--
2 

3 

2 

3 

2 

3 

2 

No. of T 

States 

10 

-~ 

12 

IPRELIMINARyl 

Comments 
--

Condi­
tion 

000 NZ non 
zero 

001 
010 

011 
100 

101 

110 

111 

Z zero 
NC non 
carry 
C carry 
PO pari­
ty odd 
PE pari­
ty even 
P sign 
positive 
M sign 
negative 

7 If condition 
not met 

12 If condition 
is met 

7 If condition 
not met 

12 

12 

12 

4 
8 

If condition 
is met 
If condition 
not met 
If condition 
is met 
If condition 
not met 
If condition 
is met 

I---~---- _LLlY~JLQL ~ -------1-+-+--I--_t_-+--I-----I----I-----
JP(IY) III 1 1 1 0 1 FD PC+IY - - -!- - - 2 I 

DJNZ,e 

2 8 
1 1 1 0 1 0~0~_~1~~E~9_1--_____ ~~_t_-~_+__I_--_+_----l------
o 0 0 1 0 0 0 0 10 B+B-l - - - - - - 2 
---e-2--- If B~O, 

continue 
If BfO, 
PC+PC+e 

2 8 

2 3 13 

If B~O 

If BfO 

Notes: e represents the extenslon ~n the relatlve addresslng mode. e 18 a slgned tvJO s com­
plement number in the range ~126,129>. e-2 in the op-code orovides an effective 
address of pc+e as PC is ~ncremented by 2 prior to the addition of e. 

Flag Notation: flag not affected, R ~ flag reset, S ~ flag set, 
a ~ flag is affected according to the result of the operation. 
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TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

IpRELIMINARyl 

CALL AND RETURN GROUP 

Instruction Code Flags No. of No. of M No. of T 
Mnemonic 

D7D6DsD4 D3 D2D,Do Hex 
Operation 

S Z H Piv N C Bytes Cycles States Comments 

CALLnn 1 1 a a 1 
I-----~-

1 0 C CD (SP-l)+PCH - - - - - - 3~ f- 5 17 
n~ (SP-2)+PCL 
n~ PC+nn 1 

----j 
CALLcc,nn 1 1 c c 106 If condi- - - - - - - 3 3 10 I If cc is 

tion cc is 

I 

false 
n--- false con- 3 5 17 If cc is 

tinue, 1 I true 
n~ otherwise 

same is 
CALLnn ---l 

RET 1 1 001 0 0 1 C9 PCL+(SP) -1- '-'- - - 1 3 10 
PCH-<-(SP+l) 

RETcc 1 1 c c 0 o 0 If condi- - - - - - - 1 1 5 If cc is 
tion cc is false 
false con- 1 3 11 If cc is 
tinue, true 
otherwise Condi-cc 

tion same as 
RET 000 NZ non 

RETI 1 1 1 0 1 1 0 1 ED Return from- - - - - - 2 4 14 zero 
001 Z zero 

0 1 o 0 1 1 0 1 4D interruDt 010 NC non 
RETN~' 1 1 1 0 1 1 6 1 ED Return froml- - - - - - 2 4 14 carry 

0 1 o 0 0 1 0 1 45 non mask- I 

I 

011 C carry 
able in- 100 PO pari-
terrupt t~ odd 

101 P pari-RSTp 11-<- t + 1 1 1 \SP-11+PCH - - - - - - 1 3 11 ty even 
(SP-2)-<-PCL 

I 
I 110 P sign 

PCH+O I positive 
PCL-<-P 111 M sign 

negative 

t p 
000 OOH 
001 08H 

i 010 10H 
011 18H 
100 20H 
101 28H 
110 30H 
111 38H 

* RETN loads IFF2 + IFF1 

Flag Notation: -
o 

flag not affected, R = flag reset, S = flag set, 
flag is affected according to the result of the operation. 
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TOSHIBA TMPZ84CQQP-3/TMPZ84CQQP 

lPRELIMINARyl 

INPUT AND OUTPUT GROUP 

Mnemonic 
No. of T ~':'"truetc::i-'Co_::cn_C=co=-d=-=e:'---_----I f- F~~i~~ No. of No. of M 

States 
Comments D7D6DsD4D3D2D1Do Hex Operation S -Z H Piv N C Bytes Cycles 

-f--------- --- -+--- ------ - - r--j----- f---- I--c.-----+__---+--------I 
IN A, (n) 1 1 0 1 1 0 1 1 DB A-<- (n) - - - - - - 2 3 11 n to Ao'VA7 

__ ----nn-- • t-- -------t- __ 1-_ --!----J-------I--- _--t-__ -IAcc to As'VA1S 
INr,(C) 1 1 1 0 1 101 ED r-<-(C) 000 P R - 2 3 12 

only the 
flags will 1

0 1 rOO 0 If r=110 

-~:~R~~-~-I'~1 :: :: :::' :: E1~~'~:+~-·f--:-+i-:+:+:+--:c2-+1-4--+--1-=-6--
o 1 1 0 0 1 0 B2 B-<-B-l 22 I( If45 MO) 1

2
6
1 

I HL-<-HL+1 

16 

I Repeat I(U B=O) , 
I until B=O 

------rNl)---11 1 1 0 1 1 0 1 ED (HL)<-(C)-X Q;l X X S X 
1 0 1 0 1 0 1 0 AA B-<-B-1 I 

2 4 

C to Ao'VA7 
B to As'VA1S 

C to Ao'VA7 
B to As'VA1S 

C to Ao'VA7 
B to As'VA1S 

C to Ao'VA7 
B to As 'VA IS 

n-1~H~L~-<-H~L~-~l~-_+~+~~I~~+_-~~+_~-_t~-_1 
11 1 1 0 1 1 0 1 E~ I (HL)+-(C) X 1 Xi X S X 2 5 21 C to Ao'VA7 

~' 1 0 1 1 1 0 1 0 BA I ~~;:i~l I I 2 ;::4::: 16 B to Ao'VA1S 

INDR 

until B=O ~---+--c-c-----In to Ao'VA7 
, OUTen) ,A-- 1 1 0 1 0 0 l----r-~3- ~"-''--t--+--+--+----t--I---t--2 3 11 Acc to As'VA1S 
------- ~---------t__-

OUT(C),r 1 1 1 0 1 1 0 1 ED (C)+-r - - - - - - 2 3 12 
Ll 1 rOO 1 

C to Ao'VA7 

~-~:+-t---au~--- -T 1 101 1 0 1 1 ED B-<-B-1 1- Q;l- - S X 
__ --I--____ --I--__ ~ B to As'VA1S 

2 4 16 
1 0 1 0 0 0 1 1 I A3 (C)-<-(HL) 

HL-<-HL+l 
~IR--- 111-01101 --E~D-I-'B==_<_"'-B==-'"1~"'----+X=+1'~I-=x+=x+iS+lx+---:2°--+--5~-+--c2;;-:1--

(C)+-(HL) i (If BfO) 
1 0 1 1 0 0 1 1 B3 

f----ouTll---l--i 1 1 0 1 1 0 1 ED 
1 0 1 0 1 0 1 1 AB 

OTDR---- 1 1 1 0 1 1 0 1 

101 1 101 1 
ED 
BB 

HL-<-HL+l Uc 2 4 I Repeat (If B=O) 
until B=O 

16 

16 

HL-<-HL-1 
(C)-<-(HL) 
B-<-B-l 
HL-<-HL-l 
Repeat 
until B=O 

XIXXSX 2 

2 

5 21 
(If B;<O) I 

4 116 
(If B=O) 

Notes: GD If the result of B-1 is zero the Z flag is set, otherwise it is reset. 

C to Ao'VA 7 
B to Aa'VA1S 

C to Ao'VA7 
B to Aa'VA1S 

C to Ao'VA7 
B to As 'VA IS 

C to Ao'VA7 
B to As'VA1S 

Flag Notation: - flag not affected, R = flag reset, S = flag set, X = flag is unknown, 
o = flag is affected according to the result of the operation. 
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TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

ITMPl84COOP-3/TMPZ84Coopl 
ABSOLUTE MAXIMUM RATINGS 

SYMBOL 

VCC VCC Supply Voltage 

VIN Input Voltage 

ITEM 

with respect to VSS 

PD Power Di ssipation (TA=8s0C) 

TSOLDER 
Soldering Temperature (Soldering Time 

10 sec) 

TSTG Storage Temperature 

TOPR Operating Temperature 

DC CHARACTERISTICS (I) 

TA=-40°C to 85°C IVCC=sV+lO%1 VSS=OV , - , 

SYMBOL PARAMETER TEST CONDITIONS 

VILC Clock Input Low Voltage 

VIHC Clock Input High Voltage 

VIL 
Input Low Voltage 

(except CLK) 

VIH 
Input High Va ltage 

(except CLK) 

VOL Output Low Voltage I OL=2.0mA 

VOHI Output High Voltage (1) IOH=-l. 6rnA 

VOH2 Output High Voltage (2) IOH=-2s0]lA 

ILl Input Leakage Current VSS~VIN~VCC 

110 
3-State Output Leakge 

V SS+O. 4:;Vorrr:::V cc Current in Float 

VCC=sV, CLK=4MHz 
ICCI Operating Supply Current VIH=VCC-0.2V 

VI L=0.2V 

(1) VCC=sV 

ICC2 Stand-by Supply Current CLK=(l) 
VIL=VCC-0.2V 
VJH=0.2V 

I PREUMINARY I 

RATING 

-O.sV to 7V 

-O.sV to VCC +O.sV 

2s0mW 

260°C 

_65°C to 150°C 

_40°C to 85°C 

MIN. TYP. MAX. UNIT 

-0.3 - 0.6 V 

VCC - VCC V 
-0.6 +0.3 

-0.5 - 0.8 V 

2.2 - VCC V 

- - 0.4 V 

2.4 - - V 

VCC --0.8 
- V 

- - .nO ]lA 

- - ±10 ]lA 

- 15 25 rnA 

- 0.5 10 ]lA 

Note (1) Ice2 Stand-by Supply Current is guaranteed only when the supplied 
clock is stopped at a low level during T4 state of the following machine 
cycle (Ml) next to OPcode fetch cycle of HALT instruction. 
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TOSH1BA 

ITMPZ84COOP (4MHz Operation)1 
AC CHARACTERISTICS 
TA = -40°C to 85°C l"'v'-c-c---5::CV:::-C+--=1--=0-=-%'1 Vss = 0 V Unless otherwise noted. , - 0' , 

NUMBER SYMBOL PARAMETER TEST 
CONDITIONS 

1 TcC Clock Cycle Time 

2 TwCh Clock Pulse Width (Hip,h) 

3 TwCl Clock Pulse Width (Low) 

4 TfC Clock Fall Time 

5 TrC Clock Rise Time 

6 TdCr(A) Clock t to Address Valid Delay 

7 TdA(MREQf) Address Valid to UREQ " Delay 

8 TdCf (MREQf) Clock {- to MREQ .. Delay 

9 TdCr(MREQr) Clock t to MREQ t Delay 

10 TwMREQh MREQ Pulse Width (High) 

11 TwAREQl MREQ Pulse Width (Low) 

12 TdCf (MREQr) Clock <- to MREQ t Delay 

13 TdCf (RUf) Clock {- to RD+ Delay 

14 TdCr(RDr) Clock t to RD t Delay 

15 TsD(Cr) Data Setup Time to Clock t 

16 ThD(RDr) Data Hold Time to RD t 

17 TsWAIT(Cf) WAIT Setup Time to Clock .. CL=lOOpF 

* 18 ThWAIT(Cf) WAIT Hold Time after Clock {-

19 TdCr(Mlf) Clock t to Ml .. Delay 

20 TdCr(Mlr) Clock t to 111 t Delay 

21 TdCr (RFSHf) Clock t to RFSH " Delay 

22 TdCr(RFSHr) Clock t to RFSH t Delay 

23 TdCf(RDr) Clock {- to RD t Delay 

24 TdCr(RDf) Clock t to RD t Delay 

25 TsD(Cf) Data Setup to Clock t during 
112 , M3, M4 or 115 Cycles 

26 TdA(IORQf) Address Stable prior to IORQ " 
27 TdCr(IORQf) Clock t to IORQ .. Delay 

28 TdCf(IORQr) Clock .. to IORQ t Delay 

29 TdD(WRf) Data Stable prior to WR .. 

MPUZ80-62 

TMPZ84COOP 

I PRELIMINARY I 

MIN. TYP. I1AX. UNIT 

250 - DC ns 

110 - DC ns 

110 - DC ns 

- - 30 ns 

- - 30 ns 

- - 110 ns 

65 - - us 

- - 85 us 

- - ' 85 us 

110 - - us 

220 - - ns 

- - 85 us 

- - 95 us 

- - 85 us 

35 - - us 

0 - - ns 

70 - - ns 

10 - - ns 

- - 100 ns 

- - 100 us 

- - 130 us 

- - 120 us 

- - 85 ns 

- - 85 ns 

50 - - ns 

180 - - ns 

- - 75 ns 

- - 85 ns 

80 - - ns 



TOSHIBA 

NUMBER SYMBOL PARAMETER TEST 
CONDITIONS 

30 TdCf (WRf) Clock + to WR + Delay 

31 rwWR WR Pulse Width 

32 TdCf (WRr) Clock + to WR t Delay 

33 TdD(WRf) Data Stable prior to WR + 
34 TdCr(WRf) Clock t to WR + Delay 

35 TdWRr(D) Data Stable from WR t 

36 TdCf(HALT) Clock + to HALT t or + 
37 TwNMI NMI Pulse Width 

38 TsBUSREQ(Cr) BUSREQ Setup Time to Clock t 
*39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock t 

---
40 TdCr (BUSACKf) Clock t to BUSACK + Delay 

41 TdCf(BUSACKr) Clock + to BUSACK t Delay CL=lOOpF 

42 TdCr (Dz) Clock t to Data Float Delay 

43 TdCr(CTz) Clock t to ~ontr~ Outputs Float 
Delay(MREQ,IORQ,RD,and WR) 

44 TdCr(Az) Clock t to Address Float Delay 

45 TdCTr(A) Ni.i.EQ t, IORQ t, RD t, and WR t 
to Address Hold Time 
--46 TsRESET(Cr) RESET to Clock t Setup Time 
--,'47 ThRESET(Cr) RESET to Clock t Hold Time 

48 TsINTf(Cr) INT to Clock t Setup Time 

*49 ThINTr(Cr) INT to Clock t Hold Time 

50 TdMlf (IORQf) Ml + to IORQ + Delay 

51 TdCf(IORQf) Clock + to IORQ + Delay 

52 TdCf(IORQr) Clock t to IORQ t Delay 

53 TdCf(D) Clock + to Data Valid Delay 

NOTE 1) Timing ~leasurements are made at the following voltage. 

Input VIH=2.4V, VIL=0.4V, VIHC=VCC-O.6V, VILC=0.6V 

Output VOH=2.2V, VIL=0.8V 

MIN. 

-
220 

-
-10 

-
60 

-
80 

50 

10 

-
-
-

-

-
80 

60 

10 

80 

10 

565 

-
-
-

NOTE 2) The Items attached 1< Mark are not compatible with NMOS Z80 SPECS. 
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TMPZ84COOP 

IPRELIMINARyl 

TYP. MAJ-.. UNIT 

- 80 ns 

- - ns 

- 80 ns 

- - ns 

- 65 ns 

- - ns 

- 300 ns 

- - ns 

- - ns 

- - ns 

- 100 ns 

- 100 ns 

- 90 ns 

- 80 ns 

- 90 ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 85 ns 

- 85 ns 

- 150 ns 



TOSHIBA TMPZ84CQQP-3 

I PRELIMINARY I 

l:fIi@84COOP-3 (2.5MHz Operation) I 

AC CHARACTERISTICS 

TA- 40°C to 85°C I Vcc-5V+10% I Vss-OV Unless otherwise noted -- , - , - , 

NUMBER SYMBOL PARAMETER 
TEST 

MIN. TYP. MAX. UNIT 
CONDITIONS 

1 TcC Clock Cycle Time 400 - DC ns 

2 TwCh Clock Pulse Width (High) 180 - DC ns 

3 TwCl Clock Pulse Width (Low) 180 - DC ns 

4 TfC Clock Fall Time - - 30 ns 

5 TrC Clock Rise Time - - 30 ns 

6 TdCr(A) Clock t to Address Valid Delay - - 145 ns 

7 TdA(MREQf) Address Valid to MREQ + Delay 125 - - ns 

8 TdCf(MREQf) Clock + to !IREQ + Delay - - 100 ns 

9 TdCr (MREQr) Clock t to MREQ t Delay - - 100 ns 

10 TwMREQh MREQ Pulse Width (High) 170 - - ns 

11 TwMREQl MREQ Pulse Width (Low) 360 - - ns 

12 TdCf(MREQr) Clock + to MREQ t De lay - - 100 ns 

l3 TdCf(RDf) Clock + to RD + Delay - - 130 ns 

14 TdCr(RDr) Clock t to RD t Delay - - 100 ns 

15 TsD(Cr) Data Setup Time to Clock t CL=lOOpF 50 - - ns 

16 ThD(RDr) Data Hold Time to RD t 0 - - ns 

17 TsWAIT (Cf) WAIT Setup Time to Clock + 70 - - ns 

~'~ 18 ThWAIT (Cf) WAIT Hold Time after Clock + 20 - - ns 

19 TdCr(Mlf) Clock t to Ml + Delay - - 130 ns 

20 TdCr(tllr) Clock t to Ml t Delay - - 130 ns 

21 TdCr (RFSHf) Clock t to RFSH + Delay - - 180 ns 

22 TdCr (RFSHr) Clock t to RFSH t Delay - - 150 ns 

23 TdCf(RDr) Clock + to RD t Delay - - llO ns 

~'c 24 TdCr (RDf) Clock t to RD + Delay - - llO ns 

TsD (CO 
Data Setup to Clock + during 

25 60 - -- ns 
M2, M3, M4 or MS Cycles 

26 TdA(IORQO Address Stab le prior to IORQ + 320 - - ns 

;, 27 TdCr (IORQO Clock t to lORQ + Delay - - 100 ns 

28 TdCf(IORQr) Clock + to IORQ t Delay - - no ns 

29 TdD(WRf) Data Stable prior to WR + 190 - - ns 
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TOSHIBA 

NUMBER SYMBOL PARAHETER TEST 
CONDITIONS 

30 TdCf(WRf) Clock + to IVR { Delay 

31 TwWR WR Pulse IVidth 

32 TdCf(WRr) Clock + to WR t Delay 

33 TdD(WRf) Data Stable prior to WR + 
* 34 TdCrCWRf) Clock t to WR + Delay 

35 TdWRr(D) Data Stable from WR t 

36 TdCf(HALT) Clock + to HALT t or + 
37 TwNMI NMI Pulse IVidth 

33 TsBUSREQ(Cr) BUSREQ Setup Time to Clock t 

* 39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock t 

40 TdCr (BUSACKf) Clock t to BUSACK + Delay 

41 TdCf (BUSACKr) Clock + to BUSACK t Delay CL=lOOpF 

42 TdCr(Dz) Clock t to Data Float Delay 

Clock t to Control Outputs Float 
43 TdCrCCTz) 

Delay (MREQ, IORQ, RD, and WR) 

44 TdCr(Az) Clock t to Address Float Delay 

HREQ t, IORQ t, RD t, and WR t 
45 TdCTr(A) 

to Address Hold Time 

46 TsRESET (Cr) RESET to Clock t Setup Time 

* 47 ThRESET(Cr) RESET to Clock t Hold Time 

43 TsINTf(Cr) INT to Clock t Setup Time 

* 49 ThINTr(Cr) INT to Clock t Hold Time 

50 TdMH (IORQf) HI + to IORQ + Delay 

51 TdCf (IORQf) Clock + to IORQ + Delay 

* 52 TdCf(IORQr) Clock t to 10RQ t Delay 

53 TdCf (D) Clock + to Data Valid Delay 

NOTE 1) Timing Heasurements are made at the following voltage. 

Input VIH=2.4V, VIL=0.4V, VIHC=VCC-0.6V, VILC=0.6V 

Output VOH=2.ZV, V1L=0.3V 

TMPZ84CQQP-3 

I PRELIMINARY I 

HIN. TYP. HAX. UNIT 

- - 90 ns 

360 - - ns 

- - 100 ns 

20 - - ns 

- - 100 ns 

120 - - ns 

- - 300 ns 

30 - - ns 

30 - - ns 

20 - - ns 

- - 120 ns 

- - 110 ns 

- - 90 ns 

- - no ns 

- - 110 ns 

160 - - ns 

90 - - ns 

20 - - ns 

80 - - ns 

20 - - ns 

920 - - ns 

- - 110 ns 

- - 115 ns 

- - 230 ns 

NOTE 2) The Items attached ;, Hark are not compatible with NMOS Z30 SPECS. 
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TOSHIBA 

TIMING WAVEFORMS 

NOTE: TW-Wait cycle added when necessary 

for slow ancilliary devices. 

TMPZ84COOP-3/TMPZ84COOP 

iPRELlMINARyi 

FIGURE 17. INSTRUCTION OPCODE FETCH 
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TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

IPRELIMINARyl 

TW* TW 

CLOCK 

vol RD READ 
OPERATION 

OPER~~Y6~ \ WR -----i======j~:::lliill::::g:!IT:==~ DO-
m 

NOTE: T * ~One Wait cycle automatically 
IV inserted by CPU. 

FIGURE 19. INPUT OR OUTPUT CYCLES 

CLOCK 

1NT 

AO ........ A15 

DO---D'1 

NOTE: 1) TL~~ast sta~e of previous 
lllstructlOU. 

2) Two Wait cycles automatically 
inserted by CPU(*). 

FIGURE 20. INTERRUPT REQUEST/ACKNOWLEDGE CYCLE 

MPUZ80-68 



TOSHIBA TMP Z84C OOP-3/TMPZ84COap 

iPRELlMINARyl 

CLOCK 

AO-A15 ----------------~}-+--2~-----+~~~~~r__1------_f''-

* Although NMI is an asynchronous 
input, to guarantee its being 
recognized on the following 
machine cycle, NMI's falling edge 

must occur no later than the rising 
edge of the clock cycle preceding 

TLAST ' 

FIGURE 21. NON-MASKABLE INTERRUPT REQUEST OPERATION 

CLOCK 

BUSACK -----------------+-­
~~~-----------J' 

DO--D7 

MREQ 
RD,WR 
lOR'! 

UNCHANGED 

NOTE, TL~ Last state of any M cycle. T ~ An arbitrary clock cycle used by 
X requesting device. 

FIGURE 22. BUS REQUEST/ACKNOWLEDGE CYCLE 
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TOSHIBA TMPZ84COOP-3/TMPZ84COOP 

IPRELIMINARyl 

(]LO(]KM~'" I" " "',,, " ':' " "' 

HALT 

Halt 1nstruct m {1* 
REJC81Ved . ~ _________ _ 

NMl 

NOTE: INT will also force a Halt 
exit. 

* See note, Figure 19. 

CLOCK 

DO--D'1 

Wi5JC~ 
~, 

~r;~~CK, 
HALT 

FIGURE 23. HALT ACKNOWLEDGE CYCLE 

PLOAT 

~@J-~ __________ 4-______ __ rr- FLOAT 

______________ --J! 

------7'7<7"'0""7r777-------I>I(-' -------.--\-~ ------------

FIGURE 24. RESET CYCLE 
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IPRELIMINARyl 

OUTLINE DRAWING 

P las tic Pakcage 

Unit in mm 
40 39 :'8 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1'7 18 19 20 

(Note 1) 

50 7± 0 15 

~ 
o 25± 0 1 

1500 ........ 1780 

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

2. Each lead pitch is 2.54mm, and all the leads are located 
within ±O.2Smm from their theoritical positions with 
respect to No.1 and No.40 leads. 

MPUZ80-71 



~~lmrnrnffilJ~rn ~~rnrnOO~lJ 
TECHNICAL DATA 

TOSHIBA HOS TYPE D1GITAL INTEGRATED CIRCUIT 

T6497 

SlLICON HONOLITHIC CHOS SILICON GATE 

Ct~OS CLOCK GENERATOR/CONTROLLER FOR Gi0S Z80® 
/PRELIMINARyi 

GENERAL DESCRIPTION 

The T6497 is a clock generator/controller for Toshiba CHOS 280 microprocessor 
(THP284COOP) and peripheral devices. The T6497 has two inputs for choosing one 
of three modes. vlhen CPU executes HALT instruction, T6497 enters to one of three 
states described belm" 

(1) RUN HODE 

The T6497 is always providing the clock (CLK) to 280 CPU and peripheral 
devices. (CPU is actually in HALT state and executes NOP instruction until 
an interrupt signal or a reset signal is recognized). 

(2) IDLE HODE 

The T6497 stops providing the clock. However only the internal oscillator 
continues its operatioll o 

(3) STOP MODE 

The T6497 stops its operation. 

In STOP MODE, C~!OS 280 microcomputer system may stop its operation, so that 
power consumption to maintain microcomputer system will be extremely reduced. 

An interrupt signal (NMI or INT) or a reset signal (R~SET) makes CPU terminate 
HALT states. The T6497 is fabricated wi th Toshiba C2MOS Silicon Gate Technology 
ane molded in 16-pin standard dual-in-line plastic package. 

FEATURES 

• Toshiba CMOS 280 Compatible 

• S Volt Single Power Supply 

SV±IO% 

Selectable Three Hodes 
RUN MODE 
IDLE MODE 
STOP MODE 

PIN COilNECTIOI~S 

NC 

HST II 

HALT 

lIT 
RST02 
RSTI2 

eLK 

Vss 

(TOP VIEW) 

RESET 
M82 

lviSl 

XTAL2 (Xour) 
XTALl (XIN) 

XTAL2 

XTALl 

Low Power Consumption 
2mA Typ. @5\l @4t1Hz 
SOOlJA Typ. @5\l @4HHz(IDLE MODE) 
10lJA Max. @5V(STOP ~lODE) 

Extended Operating Temperature Range 
-40°C to 8SoC 

BLOCK LIAGRAtI, 

® 280 is a trademark of Zilog Inc •. DB 
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TOSHIBA T6497 

[PRELIMINARyi 

PIN NAMES AND PIN DESCRIPTION 

Pin Name No. of Pins I/O, 3-state Description 

MSl, MS2 2 Input Input for Mode select. 

XTALl, XTAL2 2 Input Terminals for a crystal. 
i 
--.~---

Input to resume the CLK. (Level trigger) RSTIT 1 Input Usually input for INT request. 

Input with a latch to resume the CLK. 
RSTIZ 1 Input (Edge trigger) 

Usually inDut for NMI reauest. 

Output corresponding to 
-

RSTI2. 
RST02 1 Output 

Usually output for NMI terminal of CPU. 

MT 1 Input Input for HI signal from CPU. 

HALT 1 Input Input for HALT signal from CPU. 

Input signal to resume the CLK. 
RE-SET 1 Input Usually input for RKsET signal. 

Clock output. When HALT instruction is 

CLK 1 Output executed by Z80 CPU in either IDLE MODE or 

STOP MODE, CLK is kept a low level. 

Input for selecting the number of counter 

DS 1 Input stage. It is used to determine warming-up 

time when T6497 restarts from STOP MODE. 

NC 2 - No connection 

Vce 1 Power Single SV power supply. 

VSS 1 Power Ground reference. 
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TOSHIBA T6497 

FUNCTIONAL DESCRIPTION 
IPRELIMINARyl 

Table 1 illustrates mode select and those functions. 
There are two modes (IDLE and STOP) effective when HALT instruction is executed 
by Z80 CPU. The T6497 continuously provides the system clock (CLK) to Z80 
CPU and peripherals unless HALT instruction is executed. In Idle Mode or Stop 
mode, RSTll, RSTI2 or RESET makes the T6497 resume the CLK. 

MSI MS2 MODE FUNCTIONS 

1 1 RUN Always provides the system clock (CLK). 

(Note) Stops the system clock (CLK) , hut keeps the 
0 X IDLE oscillator operation. 

The CLK is kept low in this mode. 

1 0 STOP 
Stops all the internal operation and the CLK is 
kept low. 

Note) X= Don't care 

TABLE 1. OPERATION ~1ODES 

1. HALT OPERATION IN EACH MODE 

(1) RUN MODE (MSI=I, MS2=1) 

Figure 1 shows a basic timing when HALT instruction is executed. 
When Z80 CPU fetches the OPcode of HALT instruction (76H) from program 
memory, HALT signal goes active ("all level) at the timing synchronized 
with the falling edge of T4 clock cycle and it shows that Z80 CPU is 
in the HALT state. In this mode, T6497 always provides the CLK. 

Ml CYCLE I Ml CYCLlC Ml CYCLlC 

T41'1 1'2 T:5 T4 In T2 T0 

CLK 

~ 
HALT Inst· I 
fi'e t c h _C-'-y_C_"_e __ -t ___ ---'j __ ~ X,,8 __ C __ U __ t __ 8 __ S'--'N __ Oc:P ____ +_---'lC,,' x"s_c __ ' u"t __ A __ , s __ ' __ N __ Oc:P ___ _ 

FIGURE 1. RUN MODE 
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TOSHIBA T6497 

I PRELIMINARY I 
(2) IDLE MODE (MSI=O, MS2= don't care) 

Figure 2 shows a basic timing when HALT instruction'is executed 
in Idle Mode. When Z80 CPU fetches the OPcode of HALT instruction 
(76H) from program memory, HALT signal goes active at the timing 
synchronized with the falling edge of T4 clock cycle and it shows 
that Z80 CPU is in the HALT state. 

T6497 stops providing the CLK at low level state during the T4 
clock cycle of the following machine cycle next to OPcode fetch 
cycle of HALT instruction. 

A rising edge of MI signal during active HALT signal makes the 
T6497 stop the CLK. 

However the internal oscillator continuously works. 

T4 Tl T2 T3 T4 

CLK 

HALT _____ ...,) 

FIGURE 2. CLK STOP SEQUENCE IN IDLE/STOP MODE 

(3) STOP MODE (MSI=I, MS2=O) 

The same function as IDLE MODE is implemented when HALT instruction 
is executed. (See figure 2.) 
Only difference from IDEL MODE is that the T6497 completely stops 
its operation. 
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TOSHIBA T6497 

I PRELIMINARY I 
2. ClK RESTART SEQUENCE 

There are three inputs to resume the CLK. 
RSTII (level trigger), RSTI2 (edge trigger) or RESET (level trigger) 
can be used. 

(1) IDLE MODE 

Figure 3 shows the sequence to resume the CLK in IDLE MODE. 
IN IDLE MODE, the CLK will resume in small delay when a signal to 
terminate is generated as the internal oscillator is working. 

eLK 

RSTI1, 
RSTI2, 
RESET 

liOn 

T4 

u 

Tl T2 T3 

'--__ -lr-

FIGURE 3. CLK RESTART SEQUENCE IN IDLE MODE. 

(2) STOP MODE 

Figure 4 shows the sequence to resume the CLK in STOP MODE. 
As the T6497 needs warming-up time to stabilize the frequency it 
uses the counter when a restart signal is generdted. 

DS (Divider Select) input must be used to determine warming-u~ 
time. External crystal frequency is devided by either 217 or 2 4. 

Figure 5 shows the block diagram regarding counter and Tab:e 2 
illustrates the warming-up time. 
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TOSHIBA T64'97 

IPREUMINARVj 

CLK 
________________________ -(Warmlug-up 

Tlme 

T1 T 2 T3 

fl-JLJL-
------------------~--_i~r(------------------------

1---_-----'1 

FIGURE 4. CLK RESTART SEQUENCE IN STOP MODE. 

Blnary Counter 

COUT XTAL2 .215.... 218 

~r-f Cf--------oI N Cl>-------;-[ ---+--XT A L--------'l 1 ~ I Control 
I LOgl C 

I L- _____________ _ 

c=J> T649? 
DS 

FIGURE 5. BLOCK DIAGRAM of COUNTER and CONTROL LOGIC. 

Counter 
DS Output Warming-up Time 

fXTAL=4MHz fXTAL =2. SMHz fXTAL=40()kHz 

0 2 18 ~ 32.8ms 52.4ms 328ms 
1 215 4 ms " 6.6ms 40ms 

TABLE 2. WARMING-UP TIME IN ST'OP ·~10DL 

MPUZ8 [}- '1'1 
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TOSHIBA T6497 

Note 1) IPRELIMINARyl 
Note that either interrupt input or RESEl' input must be generated to 

terminate the HALT state of Z80 CPU, where CLK is stopped at a low level 
during T4 state, in either IDLE MODE or STOP MODE. 

(1) In case of RESET input signal is connected with both Z80 CPU RESET 
terminal and T6497 RESET terminal 

RESET input signal to Z80 CPU must be kept active (Low) during at least 
three clock cyclc~-;. lIhen RESET input sign<..ll goes inactive, CPU fetches the 
first OPcode from address OOOOH after at 1 east two dummy dock cycles. 
Thus CPU will terminate HALT state, 

Note that if RESET input is connected '''ith both Z80 CPU RESET terminal 
and T6479 RESET terminal, the RESET signal should be active for enough 
period to reset the Z80 CPU surely at pm,er on reset. (See Figure 6.) 

(2) In case of using an interrupt signal 

Figure 7 sbows the timing to resume the eLK and to terminate HALT state 

by an interrupt signal, 
RSTII or RSTI2 input makes T6497 resume the CLK. And then an interrupt 
signal (INT or NMI) must be generated to terminate HALT state. 
Note that Z80 CPU in BALT state executes NOP instruction unless an interrupt 
is recognized. 

a) In case of using NMI 

NMI of Z80 CPU is an input (edge trigger) with a latch. If active 
(low) NMI signal is accepted prior to sampling timing for an interrupt 
request signal, Z80 CPU recognizes NMI. RSTI2 of T6497 may be used 
as NHI input, since RSTI2 has a latch and RSf02 may be connected with 
NHI input of Z80 CPU. 

b) In case of using INT 

Note 2) 

In maskable interrupt (INT), interrupt enable flip flop (IFF) must 
be set by software before receiving an interrupt signal. 

Figure 7 shows the timing when an interrupt signal is connected with 
both RSTII terminal of T6497 and TNT terminal of Z80 CPU. 

The internal counter of T6497 to determine warming-up time is not used in 
stop mode when RESET input is activated to resume the clock, sO Z80 CPU may 
not restart properly due to unstable clock when the oscillator restarts. 
Therefore connect RESET input of T6497 with that of Z80 CPU when RESET input 
of T6497 is used to restart the clock in stop mode. Also it is suggested 
that RESET input be kept low for enough period to initialize Z80 CPU. 
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OLK 

CLK 

~~------------~J~,r--------~ 

FIGURE 6. EXAMPLE of RESUMING CLK by RESET 

T6497 

I PRELIMINARY I 

Executes an instruc'­
~ tlon located In 
I address aOOaH. 

T4 T1 T2 T3 T4 Tl T2 T3 T4 Tl T2 

-------->::=tCi----+-I--
Z80 CPU NMI --------------,f~ 

(Internal latch) '----ff-------+ 
I 

f~f?------... ~I,.-----
RSTIl (INT) 

I 
Sampllng Tlmlng (',f Interrupts 

FIGURE 7. EXAMPLE of RESm!ING CLK by RSTIl or RSTI2 
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IPRELIMINARyl 

r---< To Perlpherals 1'0 r CMO 8 zeo Famlly 

TMPZ84COOP/-3 
(CMOS Z80 CPU) 

T649'( 

Clock Genera tor /Controller 

eLK CLK 

HALT HALT 

M'i Ml 

HST02 NMI - MSl (NMI) 
RSTI2 - MS2 
RSTII INT 

- DS 
RESET ~ 

VCC 

Vec ,---

[ 
}Interrupt Requa st Slgnal 

es 81, 81 p;na-L -\?--

I 
FIGURE 8. EXAMPLE of CONNECTION with Z80 CPU. 
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JPRELIMINARYJ 

ABSOLUTE MAXIMUM RATINGS 
SYMBOL ITEM RATING 
Vee Vec Supply Voltage with respect to VSS -O.sv to 7.0V 

VIN Input Voltage -O.sV to VCC+O.sV 

lIN Input Current ±lOrnA 
PD Power Dissipation (TA=8s0c) 2s0mW 

TSOLDER Soldering Temperature (Soldering Time 10 sec.) 260°C 

TSTG Storage Temperature -65°C to 150°C 
TOPR Operating Temperature -40°C to 85°C 

DE CHARACTERISTICS (I) 

TA=-40°C to 85°C, I VCc=s±lO%1 , VSS=OV 

SYMBOL PARAMETER TEST CONDIT IONS MIN. TYP. MAX. UNIT 

VIL Input Low Voltage 
-0.5 - 0.8 V (except XTAll,2) 

VIR Input High Voltage 
2.2 - VCC V 

1---- (except XTALI 2) 

VOLC Output Low Voltage (CLK) IOL=2.0mA - - 0.4 V 

VOL Output Low VOltage(exce~t 
CLK IOL=2.0rnA - - 0.4 V 

VOHC Output High Voltage (CLK) IOH=-250~A VCC-0.6 - - V 

VORl Output High Voltage IOH=-lo6rnA 2.4 - - V (except CLK) 

VOH2 Output High Voltage 
IOH=-2s0~A VCC-0.8 - - V (except CLK) 

IlL Input Leakage VSS:::VIN-:::VCC - - ±l ~A 

IOL Outptu Leakage VSS+0.4V!VIN!VCC - - ±l ~A 

VCC Supply Current 
VCC=sV 

ICCl fXTAL=4MHz - 2 4 rnA 
(NORMAL/RUN MODE) VIH=VCC-0.2V 

VIL=Oo 2V 

VCC=sV 
ICC2 VCC Supply Current VIH=VCC-0.2V - 0.3 10 ~A 

(STOP MODE) VIL=0.2V 

VCC=sV 
ICC3 VCC Supply Current fXTAL=4MHz .., 0.5 1 rnA 

(IDLE MODE) VIH=VCe-0.2V VIL=0.2V 
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IPRELIMINARyl 

A.C. CHARACTERISTICS TA~-40°c to 85°C [VCC~5V±10%J, VSS~OV , ----
TEST 

NUMBER SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

1 TcC CLK Cycle Time 250 - - ns 

2 TwCh CLK Pulse Width (High) 110 - - ns 

3 TwCl CLK Pulse Width (Low) 110 - - ns 
--

4 TrC CLK Rise Time - - 15 ns 

5 TfC CLK Fall Time - - 15 ns 

6 TsHALT(M1r) HALT Setup Time to MIt 10 - - ns 

7 TwRSTIl RSTIl Pulse Width (Low) 80 - - ns 

8 TwRSTI2 RSTU Pulse Width (Low) 200 - - ns 

TdRST02 
RSTI2+ to RST02+ Delay 100 9 - - ns 

(RSTl2f) 
t------

10 TwRST02 RST02 Pulse Width (Low) CL~IOOpF 80 - - ns 

11 TwRESET RESET Pulse Width (Low) 80 - - ns 

CLK Restart Delay by DS~O - (2 17+2.5)TcC - ns 
12 TRSTIS RSTIl (Stop Mode) DS~l (2 14+2.5)TcC - - ns 

CLK Restart Delay by DS~O - (2 17+2,5)TcC - ns 
13 TRST2S 

RstT2: (~ 14+2.5)TcC (Stop Mode) DS~1 - - ns 

CLK Restart Dealy by 
14 TRSTlI 

RSTIl (Idel Mode) - 2.5 TcC - ns 

l~ 
CLK Restart Delay by - 2.5 TcC -TRST21 
RSTl2 (Idel Mode) 

ns 

CLK Restart Dealy by 
16 TRESETI 

RESET (Idle Mode) 
- 1 TcC - ns 

NOTE) A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.4v for a logic 

"0". Timing measurements are made at 2.2V for a logic "l" and O.BV for a 

logic "0" except CLK output. CLK is made at Vce - Oo6V for a logic "I" and 

O.4V for a logic "0". 
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TIMING WAVEFORMS 
IPRELIMINARyl 

eLK 

CD 
Ml 

\ I L 
HALT 

\ / 
FIGURE 9. CLK TIMING 

T4 Tl T2 T3 T4 

eLK 

Ml 

1 \ 
HALT 

@ 

t 
FIGURE 10. CLK STOP TIMING (IDLE/STOP MODE) 
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I PRELIMINARY I 

T4 

CLK 

RSTIl 

RST02 ----+..., 

® 

RESET ---, , 

FIGURE 11. eLK RESTART TIMING IN STOP MODE 

T4 Tl T2 T3 

CLK 

~TI2 ______ -. 

RST02 -------~ 

RESET ------~ 

FIGURE 12. eLK RESTART TIMING IN IDLE MODE 
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IPRELIMINARyl 

OUTLINE DRAWINGS 

Plastic Package 

Unlt lD mID 

3 4 8 

762-8.80 I . 
2.54 ±O.25 

O.5±OJ5 

Note: Each lead pitch is 2. 54rmn. All leads are located within O.25mm 

of their true longitudinal position with pespect to No.1 and 

No.lE> leads. 
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TECHNICAl DATA TMPZ84CIOP 

010S Z80® OAt.:: Di rect f'I,emory Access Cantrall er 
IADVANCE INFORMATION I 

GfNERAL DESCRIPTIO~ 

The TMPZ84CIOP. (1.rol1l I,ere on referred to as ZSO DMJ\), is 0105 version 

0: 280 DMA (Direct MerJory A.::cess COf'troller) which provides 1m" power, 

p;:n';2"!:'ful and versati:c '>Verat:ton. Y'c is designed to improve sy5tem performance 

by allowing external d('vil~es [c directly transfer data from the system memory. 

Memory-to-memory and r/O-to-I/O (lpc[ations capability is also provided. 

The device is fabrlcated wltll 'Coshlba's C2MOS Silicon Gate Technology. 

FEATURES 

Z80 Compatible DMA 

DC to 4MHz Operatlon 

Single SV Power Supply 

411Hz ® SV:' 10% 

2M Bytes/Sec. Data R3.,c" ® 4Mrtz 

64K Byte Max. Block Length 

Dual Port Address Generatio!"l \Vi th 

Incrementing, Decrementing~ or 

Fixed Address in Both Ports 

• Low power Consumption 

Less than lOIlA ® 5V (Power dm·m) 

Extended Operating Temperature 

-40"C to 8S"C 

TTansfer, Search, or Transfer/Search 

Operations in ~yte-at-a Time, Burst 

or Continuous Modes. 

Bit-maskable Byte Searching 

z80 Compatible Daisy - ChCiin Interrupt Structure 

® Z80 is a trademark of Zilog I~c. 
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SYSTEM 
DATA /L...J.....J..-,\ 

BUS 
(8 BIT) 

CONTROL 

PIN CONNECTIONS (TOP VIEH) 

Au Ab 

A4 A7 

A~ I I!:l 

A2 TIi'i>~ 
Al HJO 

Au DO 

Ol,K Dl 

WH ])2 
Tfj) D~ 

IOHQ; D. 

Vue GND 

MHI!:C< Db 

BAO Do 
BAI D7 

8USRfI:Q. ill 
Cl!VWAIT HDY 

A15 Ae 

AU A~ 

A13 AIO 
Al~ All 

FiGURE 1. PINOUT DIAGRAM 

CONTHOl, 

],OGle 

BLOCK OIAGRAt-1 

STATUS 
Hlt:G [ST~3RS 

FIGURE 2. BLOCK DIAGRAM 
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TECHNICAL DATA 

TOSHIBA MOS TYPB DIGITAL INTEGRATED CIRCUIT 

TMPZ84C20P 
SILICON MONOLITHIC 

CMOS SILICON GATE 

IPRELIMINARyl 

CNOS Z80® PIO: Parallel Input/Output Controller 

GENERAL DESCRIPTION 

The TMPZ34C20? (from here on referred to as 1'10), is CMOS version of 

Z80 PIO and have been designed to provide low power operation. The PIO is a 

programmable, dual-port device that provides a direct interface between Z80 

microcomputer systems and peripheral devices. Also all logic necessary to 

implement a fully nested interrupt structure is included in the PIO. 

The device is fabricated witt-. Toshiba' s C2 MOS Silicon Gate Tech,wloEY' 

FEATURES 

Z80 Compatible PIO 

DC to 4 MHz Operation 

Single 5V Power Supply 

4 MHz @ 5V ± 10% 

Four Programmable Operation Modes 

Byte Input 

Byte Output 

Byte Input/Output (Port A Only) 

Bit Input/Output 

Low Power Consumption 

2mA Typ. @ 4 MHz ® 5V 

Less than 10lJA @ 5V (Power down) 

Extended Operating Temperature 

Two Independent 8-bit Bidirectional 
ports 

Interrupt-driven Handshake for Fast 
Response 

Eight Outputs of Port B Capable of Driving Darlington Transistors 

Z80 Compatible Daisy-chain Interrupt Structure 

Z80® is a trademark of Zilog Inc. 
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PIN CONNECTIONS (TOP VIEW) 

D2 
D7 

D6 
CE 

C/D 
lVA 

A7 
A6 
A5 
A4 

VSS 
A3 
A2 
Al 
AO 

ASTD 
BST13 
ARDY 

DO 
Dl 

D3 
D4 

D" 
lIT 
IORq 
Rl5 
B7 
B6 
B5 
B4 
B3 
H2 
Bl 
EO 
Veo 
eLK 
TEl 
INT 
rEO 
13RDY 

FIGURE 1. PINOUT DIAGRAM-

BLOCK DIAGRAM 

INTBRRUPT CON THOL I. LNfi-':S 

FIGURE 2. BLOCK DIAGRAM 

TMPZ84C2QP 

IPRELlMINARyl 

Pl!RI H:lEHA] J 

INTNiFAC.l:£ 



TOSHIBA TMPZ84C2QP 

iPRELIMINARvi 

PIN NAMES AND PIN DESCRIPTION 

AD-A? Port A Bus (bidirectional, 3-state). 

This 8-bit bus transfers data, status, or control information between 

Port A of the PIO dnd a peripheral device. AO is the least significant bit 

of the Port A data bus. 

ARDY. Register A Ready (output, active High) 

The meaning of this signal depends on the mode of operation selected 

for Port A as follows: 

OutrJt ~·1ode. This signal goes active to indicate that the Port A output 

register has been loaded and the peripheral data bus is stable and ready for 

transfer to the peripheral device. 

Inrut ~1od('. This signal is active when the Port A input register is 

empty and ready to accept data from the peripheral device. 

Bitiirectional ~1cde. This signal is active when data is available in the 

Port A output register for transfer to the peripheral device. In this mode, 

data is not placed on the Port A data bus, unless ASTB is active. 

Control ~:cde. This signal is disabled and forced to a Low state. 

ASTB. Port A Strobe Pulse From Peripheral Device (input, active Low) 

The meaning of this signal depends on the mode of operation selected for 

Port A as follows: 

Outrut r~de. The positive edge of this strobe is issued by the peripher­

al to acknowledge the receipt of data made available by the PIO. 
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iPRELlMINARyi 

Input ~1ode. The strobe is issued by the peripheral to load data from 

the peripheral into the Port A input register. Data is loaded into the PIO 

when this signal is active. 

Bidirectional Mode. When this signal is active, data from the Port A 

output register is gated onto the Port A bidirectional data bus. The positive 

edge of the strobe acknowledges the receipt of the data. 

Control Mode. The strobe is inhibited internally. 

BO-B7. Port B Bus (bidirectional, 3-state) 

This 8-bit bus transfers data, status, or control information between 

Port B and a peripheral device. The Port B data bus can supply 1.5 rnA 

at 1.5V to drive Darlington transistors. BO is the least significant 

bit of the bus. 

BfA. Port B Or A Select (input, High = B). 

This pin defines which port is accessed during a data transfer between 

the CPU and the PIO. A Low on this pin selects Port A; a High selects Port B. 

Often address bit AO from the CPU is used for this selection function. 

BRDY. Register B Ready (output, active High). 

This signal is similar to ARDY, except that in the Port A bidirectional 

mode this signal is High when the Port A input register is empty and ready to 

accept data from the peripheral device. 

BSTB. Port B Strobe Pulse From Peripheral Device (input, active Low) 

This signal is similar to ASTB, except that in the Port A bidirectional 

mode this signal strobes data from the peripheral device into the Port A 

input register. 

MRUZ80- 91 



TOSH I SA TMPZ84C2QP 

IPRELIMINARyl 

C/[). Control Or Data Select (input, High = C) 

This pin defines the type of data transfer to be performed between the 

CPU and the PIO. A High on this pin during a CPU write to the PIO causes 

the Z80 data bus to be interpreted as a command for the port selected by 

the BIA Select line. A Low on this pin means that the Z80 data bus is 

being used to transfer data between the CPU and the PIO. Often address bit 

Al from the CPU is used for this function. 

CE. Chip Enable (input, active Low). 

A Low on this pin enables the PIO to accept command or data inputs from 

the CPU during a write cycle or to transmit data to the CPU during a read 

cycle. This signal is generally decoded from four I/O port numbers for Ports 

A and B, data, and control. 

ClK. System Clock (input) 

The Z80 PIO uses the standard single-phase Z80 system clock. When CLK 

is a DC state (either a high or low level), PIO stops its operation and main­

tains registers and control signals so that power consumption is extremely 

reduced. 

DO-D7. Z80 CPU Data Bus (bidirectional, 3-state) 

This bus is used to transfer all data and commands between the Z80 CPU 

and the Z80 PIO. DO is the least significant bit. 

lEI. Interrupt Enable In (input, active High). 

This signal is used to form a priority-interrupt daisy chain when more 

than one interrupt-driven device is being used. A High level on this pin 
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I PRELIMINARY i 

indicates that no other devices of higher priority are being serviced by a 

CPU interrupt service routine. 

lEO. Interrupt Enable Out (output, active High) 

The lEO signal is the other signal required to form a daisy chain priority 

scheme. It is High only if lEI is High and the CPU is not servicing an 

interrupt from this PIO. Thus this signal blocks lower priority devices from 

interrupting while a higher priority device is being serviced by its CPU 

interrupt service routine~ 

INT. Interrupt Request (output, open drain, active Low) 

When INT is active the Z8D PIO is requesting an interrupt from the ZED 

CPU. 

IORQ. Input/Output Request (input from z8D CPU, active Low) 

IORQ is used in conjunction with B/A, c/n, CE, and RD to transfer com­

mands and data between the Z8D CPU and the Z8D PIO. When CE, RD, and IORQ 

are active, the port addressed by B/A transfers data to the CPU (a read opera­

tion). Conversely, when CE and IORQ are active but RD is not, the port 

addressed by B/A is written into from the CPU with either data or control 

information, as specified by c/n. Also, if IORQ and Ml are active simultane­

ously, the CPU is acknowledging an interrupt; the interrupting port automati­

cally places its interrupt vector on the CPU data bus if it is the highest 

priority device requesting an interrupt. 
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!PRELIMINARY] 

Ml. Machine Cycle (input from CPU, active Low) 

This signal is used as a sync pulse to control several internal PIO 

operations. When both the MI and RD signals are active, the ZSO CPU is 

fetching an instruction from memory. Conversely, when both MI and IORQ are 

active, the CPU is acknowledging an interrupt. In addition, Ml has two 

other functions within the Z80 PIa: it synchronizes the PIO interrupt logic; 

when MI occurs without an active RD or IORQ signal, the PIa is reset. MI 

must be active for a minimum of two clock cycles to reset PIO. 

RD. Read Cycle Status (input from Z80 CPU, active Low) 

If RD is active, or an I/O operation is in progress, RD is used with B/A, 

C/D, CE, and IORQ to transfer data from the Z80 PIa to the Z80 CPU. 

Vee. Power Supply 

+5V. 

VSS. 'Power Supply 

Ground Reference. (OV). 
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IPRELIMINARyl 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING 

Vee Vee Supply Voltage with respect to VSS -0.5V to 7V 

VIN Input Voltage -0.5V to Vee+0•5V 

PD Power Dissipation (TA-85°e) 250 mW 

TSOLDER Soldering Temperature (Soldering Time 10 sec.) 260°C 

TSTG Storage Temperature -65°C to 150°C 

TOPR Operating Temperature -40°C to 85°C 

DC CHARACTERISTICS (I) 

TA = -40°C to 85 o e,\Vec 5V ± 10% I, VSS OV, Unless otherwise noted. 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VILC Clock Input Low Voltage -0.3 - 0.6 V 

VIHC Clock Input High Voltage VCC-0•6 - VCC+0.3 V 

VIL 
Input Low Voltage -0.5 - 0.8 V (except eLK) 

VIH 
Input High Voltage 2.2 - VCC V (except CLK) 

VOL Output Low Voltage IOL=2.0 rnA - - 0.4 V 

VORl Output High Voltage (1) IOH=-l. 6 rnA 2.4 - - V 

VOH2 Output High Voltage (2) IOH=-250 )lA VCe-0•8 - - V 

ILl Input Leakage Current VSS S; VIN S; VCC - - ±l0 )lA 

, 110 3-State Output Leakage VSS+0.4S;VOUTSVCC - - no )lA 

Current in Float 

VCC=5V,CLK=4MHz 

ICCI Operating Supply Current VIH=VCC-0.2V - 2 5 rnA 

VIL=0.2V 

VCC=5V 

ICC2 Stand-by Supply Current 
eLK=VCC 

VIH=VCC-0.2V 
- 0.5 10 )lA 

VIL=0.2V 

*IOHD Darlington Drive Current OH=1.5V, REXT=l.lk>l -1.5 - -5.0 rnA 

NOTE 1) * Applied to Port B only 
2) Typical Value is specified at 25°C. 
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AC CHARACTERISTICS (4MHz Operation) 

T 

No. 

1 
2 
3 
4 
5 
6 

* 7 
8 
9 

10 
11 

12 

13 
14 

15 

16 

17 
18 

19 

20 
21 

22 

23 

24 

25 

26 

27 

28 

29 

40°C to 85°C VCC -15V+ 10% VSS - OV Unless otherwise noted A - - , - , - , 

SYMBOL PARAMETER 
TEST MIN. 

CONDITIONS 
TcC Clock Cvcle Time 250 
TwCh Clock Hidth (High) 105 
TwCl Clock Hidth (Low) 105 
TfC Clock Fall Time -
TrC Clock Rise Time -
TsCS(RI) rE BrA c/n to RD lORO + Setup Time 50 
Th Any Hold Times for Specified Setup Time 40 
TsRI(C) RD IORQ to Clock t Setup Time 115 
TdRI (DO) RD IORQ + to Data Out Delav -
TdRI(DOs) RD IORO t to Data Out Float Delav -
TsDI(C) Data In to Clock t Setup Time 50 

TdlO(DOI) IORQ + to Data Out Delay (INTACK 160 Cvcle) 
TsMl(Cr) MI -f to Clock t Setup Time 90 
TsMl (Cf) MI t to Clock -f Setup Time (Ml Cycle) 0 

TdMl(IEO) HI + to lEO -f Delay (Interrupt -Immediately Preceding Ml -f) CL=lOO pF 

TsIEI (10) 
lEI to IORQ + Setup Time (INTACK (1) 
Cycle) 140 

TsIEI(IEOf) lEI + to lEO + Delav -
TdIEI(IEOr) lEI t to lEO t Delay (after ED Decode) -
TcIO(C) IORQ t to Clock + Setup Time (To 200 Activate READY on Next Clock Cycle) 
TdC(RDYr) Clock -f to READY t Delay -
TdC(RDYf) Clock -f to READY + Delay -
TwSTB (2) STROBE Pulse Width (2) 

150 

TsSTB(C) STROBE t to Clock -f Setup Time (To 220 Activate READY on Next Clock Cycle) 

TdIO(PD) IORQ t to PORT DATA Stable Delay -(Mode 0) 

TsPD(STB) 
PORT DATA to STROBE t Setup Time 230 
(Mode 1) 

TdSTB(PD) STROBE -f to PORT DATA Stable -
(Hode 2) 

TdSTB(PDr) STROBE t to PORT DATA Float Delay -(Mode 2) 

TdPD(INT) PORT DATA Match to TNT + Delay -(Mode 3) 
TdSTB(INT) STROBE t to INT -f Delay -

NOTES) (1) 2.5 TcC> (N-2) TdlEI (lEOf) + TdMl (lEO) + TsIEI(IO) 
+ TTL Buffer Delay, if any. 

(2) In Mode 2; TwSTB> TsPD (STB) 

TMPZ84C2QP 

/PRELIMINARyl 

TYP. MAX. UNIT 

- DC ns 
- DC ns 
- DC ns 
- 30 ns 
- 30 ns 
- - ns 
- - ns 
- - ns 
- 380 ns 
- no ns 
- - ns 

- - ns 

- - ns 
- - ns 

- (1) 
ns 190 

- - ns 

- 130 ns 
- 160 ns 

- - ns 

- 190 ns 
- 140 ns 

- - ns 

- - ns 

- 180 ns 

- - ns 

- 210 ns 

- 180 ns 

- 490 ns 

- 440 ns 

(3) Spec No. 7 (Th) with * mark is not compatible with NHOS PIO. 
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TIMING WAVEFORM 

OE 
B/A, a/Ii 

TMPZ84C2QP 

I PRELIMINARY I 

RD,IOR~ ------------t-~~--~+---~-----------Ff_~--~~--------~-----------

DO-D'I (OUT ----t-------.Jr-----f-------==4r-++----+---­
IN 
-------+---J1~~----------~~~----~-------

Ili:I 

I.l!.10 

READY 
(ARDY OR BRDY) 

STHOBE 
CASTB on 1Jij'fjj) 

MOD:E2 

MODE3 
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TEST CONDITIONS 

AC test Conditions 

Inputs except CLK (clock) are driven at 2.4V for a logic "1" and 0.4V 

for a logic "0". Clock input is driven at VCC-0.6V for a logic "1" 

and 0.6V for a logic "0". 

Timing measurements are made at 2.2V for a logic "1" and 0.8V for a 

logic "0". 

All AC parameters assume a load capacitance of 100 pF. 
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iPRELIMINARyi 

OUTLINE DRAWING 

Plastic Package 

Unit in mm 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

(Note 1) 

f "'j""' ~ 
o 25± 0 1 

1500-1780 

I 

025TYF. 

05±Ol 

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

2. Each lead pitch is .2.54mm, and all the leads are located 
within ±O.2Smm from their theoritical positions with 
respect to No.1 and No.40 leads. 
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TECHNICAL DATA 

TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT 

mpZS4C30P 
SILICON MONOLITHIC 

CMOS SILICON GATE 

IPRELIMINARyl 

Ct~Os zso ® CTC COUNTER/TH~ER CIRCUIT 

GENERAL DESCRIPTION 

The TMPZ84C30P, (from here on referred to CiS CTC) , is CMOS version of Z80 

CTC (Counter/Timer circuit) that provides low power operation. The CTC has four 

independent counter/timer channels, each with a readable downcounter and a 

selectable 16 or 256 prescaler. Also standard Z80 family daisy-chain interrupt 

structure is provided. The device is fabriclted with Toshita' s c2nos Silicon 

Gate Technology. 

FEATURES 

Z80 Compatible CTC Low Power Consumption 

DC to 4 ~mz Operation 3mA Typ. @5V @4M};z 

Single 5 V Power Supply T~"85 than 10llA ® 5V (Power down) 

4 MHz @ 5 V ±lO% Extended Operating Temperature 

Four Independent 8-bit Counter/Timer Channels 

tlore than One Counter Can be Cascaded for Counts greater than 256. 

Selectable in either Counter Mode or Timer Mode for Each Channel. 

Selectable Positive or Negative Trigger Operation 

Three Zero Count/Timeout Outputs Capable of Driving Darlington Transistors 

Z80 Compatible Daisy-chain Interrupt Structure 

® Z80 is a trademark of Zilog Inc .. 
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PIN CONNECTIONS (TOP VIEW) 

D3 
D2 
Dl 

Do 
Val 
CIl)/'rRGo 

~ 
cI.fV'lm<3 
CSI 
OSO 
REBEr 
TIE 
ClK 

FROM 
Z80 
CPU 

PIN NAMES AND PIN DESCRIPTION 

CEo Chip Enable (input, active Low). 

TMPZft4C30P" 

IPRELIMINARyl 

BLOCK DIAGRAM 

L--l\bmERl'[Jpjr---<" INT 
IEI 
lEO 

ZC/TO 

When enabled the CTC accepts control words, interrupt vectors, or time 

constant data words from the data bus during an I/O write cycle; or transmits 

the contents of the down-counter to the CPU during an I/O read cycle. In most 

applications this signal is decoded from the eight least significant bits of the 

address bus for any of the four I/O port addresses that are mapped to the four 

counter-timer channels. 

ClK. System Clock (input) 

Standard single-phase Z80 system clock. When eLK is a DC state (either a 

high or low level, CTC stops its operation and maintains registers and cmltrol 

!;ignals .) 
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I PRELIMINARY I 

CLK/TRG o-CLK/TRG 3 • External Clock/Timer Trigger (input, user-selectable active 

High or Low). 

Four pins corresponding to the four Z80 eTC channels. In counter mode, every 

active edge on this pin decrements the down-counter. In timer mode, an active 

edge starts the timer. 

C5 0 -C5,. Channel Select (inputs active High). 

Two-bit binary address code selects one of the four eTe channels for an I/O 

write or read (usually connected to Ao and AI). 

UO-D7' System Data Bus (bidirectional, 3-state). 

Transfers all data and commands between the Z80 epu and the Z80 eTC. 

lEI. Interrupt Enable In (input, active High). 

A High indicates that no other interrupting devices of higher priority in the 

daisy chain are being serviced by the Z80 CPU. 

lEO. Interrupt Enable Out (output, active High), 

High only if lEI is High and the Z80 CPU is not servicing an interrupt from 

any Z80 CTC channel. lEO blocks lower priority devices from interrupting while 

a higher priority interrupting device is being serviced. 

INT, Interrupt Request (output, open· drain, active Low). 

Low when any Z80 CTC channel that has been programmed to enable interrupts 

has a zero-count condition in its down-counter. 
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IORQ. Input/Output Request (input from CPU, active Low). 

Used with CE and RD to transfer data and channel control words between the 

Z80 CPU and the Z80 CTC. During a write cycle, IORQ and CE are active and RD 

inactive. The Z80 CTC does not receive a specific write signal; rather, it 

internally generates its own from the inverse of an active RD signal. In a read 

cycle, IORQ, CE and RD are active; the contents of the down-counter are read by 

the zao CPU. If IORQ and MI are both true, the CPU is acknowledging an interrupt 

request, and the highest priority interrupting channel places its interrupt 

vector on the Z80 data bus. 

Mr. Machine Cycle One (input from CPU, active Low) 

When MI and IORQ are active, the Z80 CPU is acknowledging an interrupt. The 

Z80 CTC then places an interrupt vector on the data bus if it has highest priority, 

and if a channel has requested an interrupt (INT). 

RD. Read Cycle Status (input, active Low). 

Used in conjunction with IORQ and CE to transfer data and channel control 

words between the Z80 CPU and the Z80 CTC. 

RESET. Reset (input active Low) 

Terminates all down-counts and disables all interrupts by resetting the 

interrupt bits in all control registers; the ZC/TO and the Interrupt outputs go 

inactive; lEO reflects lEI; Do-D7 go to the high-impedance state. RESE\ must be 

active for a minimum of 3 clock cycles. 
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ZC/TO o-ZC/T0 2 • Zero Count/Timeout (output, active High). 

Three Ze/TO pins corresponding to Z80 eTe channels 2 through 0 (Channel 3 

has no ZC/TO pin). In both counter and timer modes the output is an active High 

pulse when the down-counter decrements to zero. 

VCC' Power Supply 

+5 V 

Vss. P9wer Supply 

Ground Reference (0 V) 
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IPRELIMINARyl 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING 

Vee Vee Supply Vol tage with respect to VSS -0.5 V to 7 V 

VIN Input Voltage -0.5 V to Vee+O· s V 

PD Power Dissipation (Ta=8s 0-C) 250 mW 

TSOLDER Soldering Temperature (Soldering Time 10 sec.) 260°C 

TSTG Storage Temperature -65°C to 150°C 

Operating Temperature 
~---.------------ -:"40 o e 85°C TOPR to 

DC CHARACTERISTICS (I) 

TA = -40°C to 8s o e, Vee 5 V ±10%, VSS o V 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP . MAX. UNIT 
. --.. 

VILC Clock Input Low Vol tage -0.3 - 0.6 V 

VIHC Clock Input High Voltage VCC--0.6 -- VCC+0.3 V 

VIL Input Low Voltage (except CLK) -0.5 - 0.8 V 

VIH Input High Voltage(except CLK) 2.2 - VCC V 

VOL Output Low Voltage IOL=2.0rnA - - 0.4 V 

VORl Output High Voltage (1 ) IOH=-1.6mA 2.4 - - V 

VOH2 Output High Voltage (2) IOH=-250lJA VCC-D.B - - V 

ILl Input Leakage Current VSS:::VIN::VCC - - ±lO lJA 

lLO 3-State Output Leakage Current VSS+0.4~VOUT~VCC - - ±IO lJA 
in Float 

ICCI Operating Supply Current VCC=sV, CLK=4MHz 

Vm=Vcc-O .2V - I 3 7 rnA 

VJL=O.2V 

IeC2 Stand-by Supply Current VCC=5V 

CLK=VCC - 0.5 10 uA 
VIH=VCC-O.2V 

VIL=0.2V 

IOHD Darlington Drive Current(l) VOH=1.5V,REXT=1.lHl -1.5 - -5.0 rnA 

Note 1) Applied to ZC!TOo, ZC!TO I and ZC!TO? 
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AC CHARACTERISTICS (4MHz Operation) 

TA = -40°C to 8SoC VCC = Isv + 10% I VSS , , o V Unless otherwise noted , 

NUMBER SYMBOL PARAl1ETER TEST MIN. TYP. MAX. UNIT 
CONDITION 

1 TcC Clock Cycle Time 250 - DC ns 

2 TwCH Clock Width (High) 105 - DC ns 

3 TwCl Clock Width (Low) 105 - DC ns 

4 TfC Clock Fall Time - - 30 ns 

5 TrC Clock Rise Time - - 30 ns 

6 Th All Hold Times 0 - - ns 

7 TsCS (C) CS to Clock t Setup Time 160 - - ns 

8 TsCE(C) CE to Clock t Setup Time 150 - - ns 

9 TsIO(C) IORQ + to Clock t Setup Time 115 - - ns 

10 TsRD(e) RD + to Clock t Setup Time 115 - - ns 

11 TdC(DO) Clock t to Data Out Delay - - 200 ns 

12 Tde(DOz) Clock " to Data Out Float Delay - - 110 ns 

13 TsDI (e) Data In to clock t Setup Time 50 - - ns 

14 TsMl (C) Ml to Clock t Setup Time 90 - - ns 

15 TdMl(IEO) Ml " to lEO + Delay (Interrupt CL=lOOpF - - 190 ns 
immediately preceding ill) 

16 TdIO(DOI) IORQ + to Data Out Delay - - 160 ns 
(INTA Cycle) 

17 TdIEI(IEOf) lEI " to lEO + Delay - - 130 ns 

18 TdIEI(IEOr) lEI t to lEO t Delay - - 160 ns 
(After ED Decode) 

19 TdC(INT) Clock t to INT + Delay - - (l)TcC ns 
+140 

20 TdCLK(INT) CLK/TRG t to INT + (2) 
tsCTR(C) satisfied - - TcC+160 ns 
tsCTR(C) not satisfied - - 2TcC+370 ns 

21 TcCTR CLK/TRG Cycle Time (2) 
2TcC - - ns 

22 TrCTR CLK/TRG Rise Time - - 50 ns 

23 TfCTR eLK/TRG Fall Time - - 50 ns 

24 TwCTRl CLK/TRG Width (Low) 200 - - ns 
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NUHBER SYMBOL PARAMETER 

25 TwCTRh CLK/TRG Width (High) 

26 TsCTR(Cs) CLK/TRG t to Clock t Setup 
Time for Immediate Count 

27 TsCTR(Ct) CLK/TRG t to Clock t Setup 
Time for enabling of Pres caler 
on following clock t 

28 TdC(ZC/TOr) Clock t to ZC/TO t Delay 

29 TdC (ZC/TOf) Clock + to ZC/TO + Delay 

NOTES) (1) Timer mode 

(2) Counter mode 

MPUZ80-l07 
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TEST MIN. TYP. MAX. UNIT 
CONDITION 

200 - - ns 

(2) 
210 - - ns 

(1) 
210 - - ns 

- - 190 ns 

- - 190 ns 
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THm~G WAVEFORI'1 

=h ~ ~~~r\wl\ t;:-" @~ 

eso, CSl X X 
7 -<0-1 

CBi ~ t 
~ ['@-I 

RFAD rom \. / 
1-0- cv-R 

RD '\ ,t 
rw-- f0Y~ 

DA'l'A 

"" ----<W ~ 

(So, CSl X- X 
i---W- I-W-t 

I" -CE \!, 
WRITE f--®-- -@-1 

rom '\ -
1-<3- -®-

~ DATA )( 
I---W--- - ® 

ACKN 

Ml 

~- --@-I 

ID'~l ~ 

OWlEffiE rom 
-@-I 

DATA 

~ ~ 

I];T 

1 I-~(w- R. lID 1 
= 
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""" Mom) 
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Mom) 

ZQ/'rDO~2 
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(N 

TMPZ84C30P 

OUTLINE DRA,JING 

Unit in mm 

28 2'7 26 25 24 23 22 :n 80 19 18 17 16 15 

1524TYP. 

______ "_"_4_M.,.A_X _______ --"'\J 

I. 1?4MAX. 

Note: Each lead pitch is 2. 54mrn, and all the leads are located 

,dthin ±O.25film from their theoritical positions with 

~espect to ~o.l and No.28 leads. 
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JEGHNICAl DATA 

TMPZ84C40P/TMPZ84C41P/TMPZ84C42P 

jADVANCE INFORMATIONj 

CHOS Z80® SIO: SERIAL INPUT/OUTPUT CONTROLLER 

GENERAL OESCRIPTION 

The TMPZ84C40p (SIO/O), TMPZ84C41P (SIO/l) and TMPZ84C42p (SIO/2), 

(from here on referred to as Z80 SIO), are CHOS versions of Z80 SIO which 

provide low power operation and are designed to satisfy a wide variety of 

serial data communications requirements in 'aJ.icrocomputer systems. 

The Z80 SIO can handle asynchronous and synchronous byte-oriented 

protocols such as IB}1 Bisync" and synchronous bit-oriented protocols 

such as HDLC and IBH SDLC. 

The CHOS Z80 SIOs are fabricated using Toshiba's C2HOS Silicon Gate 

Technology. 

FEATURES 

Z80 Compatible SIOs 

CCITT-X.2S Compatible 

HDLC/SDLC Compatible 

Data Rates up to 800 k/sec. 

Two Independent Full-duplex channels 

Asynchronous/Synchronous Protocols 

Automatic CRC Generation and Checking 

Z80 Compatible Daisy - Chain 

Interrupt Structure 

® 280 is a trademark of Zilog Inc. 

MPUZ80-l10 

DC to 4HHz Operation 

Single SV Power Supply 

4~lHz ® SV ± 10% 

• LotoJ PO\.Jer Consumption 

Less than 10~A ® SV (Power "c)l,n) 

Extended Operating Temperature 

-40°C to 85°C 



TOSH I BA TMPZ84C40P/TMPZ84C41P/TMPZ84C42P 

IADVANCE INFORMATION I 

PIN CONNECTIONS (TOP VIEl.) 

FIGURE 

BLOCK DIAGRM1 

DATA~ '\.r"-V CPU 
BUS 1/0 

CONTROL ~L-. __ --1 

INTERRUPT 
CONTROL 

LOGIC 

Do D1 DO D1 DO 
D2 D3 D2 D3 D2 
D4, D5 D4 D5 D4 
Da D7 Do D7 D6 
IoRQ. INT IORQ. INT IoRQ. 
CE lEI CE lEI BE 
B/A IEO iVA IVA 
c/Ii m: c/i5 c/ii 
RD RD RD 
GND GND GND 
'N)R;:;YA SYNCA 'N/RDYB 'N/RDYB 
SYN"C'3 RXDA SYNCB RxDA RxDB 
f\.X:i)B RxDB RxCB 
RxTXG5 Txc...;. RxCB TxCA TXCii 
TxLB TxDA TXCB TxDB 
:ii'ffiB TxDB DTRB 
I'.':'SB RTSB iffiA RTSB 
CTSB eTSB CTSB 
iiCIii3 DC DB DC DB 
RESE7 RESET eLK RESET 

l. Z80 SIO/O, SID/I, SIO/2 PINOUT DIAGRAMS 

B I EERIAL DATA 

CHANNEL A I CHA..~N EL CLOCKS 
SYNC 
WAIT/READY 

} MOD!l:M OF. 
OTHER CONTFOLS 

l MODEJ.! OR 
J OTHER CONTROLS 

LOGIC B ISERIAL DATA 

CHANNEL B I.£!!:!!NJilL CLOCKS 
SyNC 
W"IT/READY 

FIGURE 2. BLOCK DIAGRAM 
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POSTSCRIPT 

This Manual is a reference for the customer applying the TLCS-ZSO family. It 
contains the function and specification of each LSI device of the TLCS-ZSO. 
The examples of application circuits described here are shown as the reference 
for explanation. Toshiba assumes no responsidility for any prolems caused by 
using these examples. the information herein is subhict to change without 
prior notice. 

This manual has been prepared by the following section. 

Microconputer LSI Application Engineering Sctions 
Integrated Circuit Division, Toshiba Corpration 

Komukai-Toshiba-cho, Saiwai-ku, Kawasaki, 210, Japan 
Phone: Japan (SI)44-511-3111 
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TOSHIBA TLCS-85 LSI DEVICES PREFACE 

PREFACE 

This Part describes the detail functions and specefications of the LSI devices 
of the TLCS-85 family. The TLCS-85 family consists of a popular 8085A MPU and 
seven basic peripheral devices which are fabricated with our latest NMOS 
technology. All these devices are considered to be industrial standards. Many 
other semiconductor manufacturers make compatible devices with ours. But our 
devices are expected to be superior on quality and reliability. 

Toshiba reserves all copyrights for this publication. (July 1984, Integrated 
Circuit Division, Toshiba Corporation) 
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RESET 

INTEGRATEDCIRCUIT TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

TMP8085AP 
TECHNICAL DATA N-CHANNEL SILICON GATE MOS 

8-BIT SINGLE CHIP MICROPROCESSOR 
GENERAL DESCRIPTION 

The TMP8085AP, from here on referred to as the TMP8085A, is a new generation, 
complete 8 bit parallel central processing unit (CPU). Its instruction set is 
100% software compatible with the TMP9080A (8080A) microprocessor, and it is 
designed to improve the present 9080's performance by higher system speed. 
Its high level of system integration allows a minimum system of there IC's : 
TMP8085A (CPU), TMP8155P/TMP8156P (RAM/IO) and TMP8755AC (EPROM/IO)/ TMP8355P 
(ROM/IO). The TMP8085A uses a multiplexed data bus. The address is plit 
between the 8 bit address bus and the 8 bit data bus. The on-chip address 
latches of TMP8155P/TMP8156P/TMP8755AC/TI~8355P memory products allow a direct 
interface with TMP8085P. 

FEATURES 
100% Software Compatible with TMP9080A 
1.3 s Instruction Cycle 
Single +5V Power Supply 
On-Chip Clock Generator (with External Crystal or RC Network) 
On-Chip System Controller; Advanced Cycle status information available for 

Large System Control 
4 Vectored Interrupts (One is Non-~fuskable) Plus an TMP9080A compatible interrupt 
Decimal, Binary and Double Precision Arithmetic 
Serial In/Serial Out Port 
Direct Addressing Capability to 64K Bytes of Memory 
Compatible with Intel's BOR5A 

PIN CONNECTION 
(TOP VIEW) 

VCC 
HOLD 
HLDA 
CLK(OUT) 
RESET IN 
READY 
lO/M 
Sl 
RD 
WR 
ALE 
So 
A15 
A14 
Al3 
A12 
All 
Ala 
A9 
As 

BLOCK DIAGRAM 
INTR 

,..------'----LJ/ESET OUT 

~rT~rr~,_rT~r',E.SET IN 

FIGURE 2. TMP8085A PINOUT 
DIAGRAM 

CLK X'-.B.D S a ALE HOLD 
Xl WR __ S 1 H!:DA 

INTA lO/M READY 

DATA/ADDRESS BUS ADDRESS BUS 
ADO- 7 A8-1'i 
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PIN NAME ANU PIN DESCRIPTION 

Xl, Xz (Input) 

Crystal, LC, or RC network are connected to Xl and X2 to drive the internal clock 
generator. Xl and X2 can also be driven from an externally derived frequency 
source. The input frequency is devided by 2 to give the processor's internal 
operating frequency. 

CLK (Output) 

Clock Output for use as a system clock. The period of CLK is twice the Xl, Xz 
input period. 

RESET IN (Input) 

The RESET Input initialize the processor by clearing the program counter, instruc­
tion register, SOD latch, Interrupt Enable flip-flop and HLDA flip-flop. The 
address and data buses and the control lines are 3-stated during RESET and because 
of the asynchronous nature of RESET, the processor's internal registers and flags 
may be altered by RESET with unpredictable results. RESET IN is a Schmitt­
triggered input, allowing connection to an RC network for power on RESET delay. 
The TMP8085A is held in the reset condition as long as RESET IN is applied. 

RESET OUT (OUTPUT) 

The RESET OUT signal indicates that the TMP8085A is being reset. It can be used 
as a system reset. It is synchronized to the processor clock and lasts an int~gral 
number of clock periods. 

SOD (Output) 

Serial output data line. The output SOD is set or reset as specified by the SI}! 
instruction. 

SID (Input) 

Serial input data line. The data on this line is loaded into accumulator bit 7 
whenever a RIM instruction is executed. 

INTR (Input) 

INTERRUPT REQUEST signal provides a mechanism for external devices to modify the 
instruction flow of the program in progress. It is sampled only during the next 
to the last clock cycle of an instruction and during Hold and Halt states. If it 
is recognized, the processor will complete the execution of the current instruc­
tion, and then the Program Counter (PC) will be inhibited from incrementing and 
an INTA will be issued. During this cycle a RESTART or CALL instruction can be 
inserted to jump to the interrupt service routine. The INTR is enabled and dis­
abled by software. It is disabled by RESET and immediately after an interrupt is 
accepted. 

MPU85-2 
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INTA (Output) 

INTERRUPT ACKNOWLEDGE: Occurs in response to an Interrupt input and indicates 
that the processor will be ready for an interrupt instruction on the data bus. 
It is used instead of (and has the same timing as) RD during the instruction 
cycle after an INTR is accepted. 

RST 5.5 } 
RST 6.5 
RST 7.5 

(Inputs) 

RESTART INTERRUPTS: These three inputs have the same timing as INTR exept they 
cause an internal RESTART to be automatically inserted. These interrupts have 
a higher priority than INTR. The priority of these interrupts is ordered as 
shown Table 1. They may be individually masked out using the SIM instruction. 

TRAP (Input) 

Trap interrupt is a nonmaskable RESTART interrupt. It is sampled at the same 
timing as INTR or RST 5.5 - 7.5. It is unaffected by any mask or Interrupt 
Enable. It has the highest priority of any interrupt. 

ADO - AD7 (Input/Output, 3 - state) 

Lower 8 bits of the memory address (or I/O address) appear on the bus during the 
first clock cycle (Tl state) of a machine cycle. It then becomes the data bus 
during the second and third clock cycles. 

A8 - A15(Output, 3-state) 

The most significant 8 bits of the memory address or the 8 bits of the I/O address, 
3-stated during Hold and Halt modes and during RESET. 

SO, Sl, and IO/M (Output) 
Machine cycle status: 

IO/M Sl So 

0 1 1 

0 1 0 

0 0 I 

1 I 0 

I 0 I 

I I I 

TS 0 0 

TS X X 

TS X X 

Status 

Opcode fetch 

Memory read 

Memory write 

I/O read 

I/O write 

Interrupt Acknowledge 

Halt 

Hold 

Reset 

Note: TS 3-state (high impedance) 

X unsuecified 
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ALE (Output) 

Address Latch Enable: It occurs during the first clock state of a machine cycle 
and enables the address to get latched into the on-chip latch of peripherals. 
The falling edge of ALE can be used to strobe the status information. ALE is 
never 3-stated. 

WR (Output, 3-state) 

WRITE control: A low level on WR indicates the data on the Data Bus is to be 
written into the selected memory or I/O location. Data is set up at the trailing 
edge of WR. It is 3-stated during Hold and Halt modes and during RESET. 

RD (Output, 3-state) 

READ control: A low level on RD indicates the selected memory or I/O device to 
be read and that the Data Bus is available for the data transfer, 3-stated during 
Hold and Halt modes and during RESET. 

READY (Input) 

When READY is absent (low), indicating the external operation is not complete, 
the processor will enter the Wait state. It will wait an integral number of 
clock cycles for READY to go high before completing the read or write cycle. 

HOLD (Input) 

The Hold input allows an external signal to cause the processor to relinquish 
control over the address bus and the data bus. When Hold goes active, the 
processor completes its current operation, activates the HLDA output, and puts 
the Address, Data, RD, WR, and IO/M lines into their high-impedance state. 
Internal processing can continue. The Holding device can then utilize the 
address and data bus~s without interference. The processor can regain the bus 
only after the Hold is removed. 

HLDA (Output) 

The Hold Acknowledge output signal is a response to a Hold input. It indicates 
that the processor has received the HOLD request and it will relinquish the 
bus in the next cycle. HLDA goes low after the Hold request is moved. The 
processor takes the bus one half clock cycle after HDLA goes low. 

Vee 
+5 volt supply 

VSS 
Ground Reference 
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FUNCTIOhAL D~scRIPTION 

The TMP80B5A is a complete 8-bit parallel central processor. Its basic clock 
speed is 3 MHz. Also it is designed to fit into a minimum system of three IC's: 
The CPU (TMP80B5A), a RAM I/O (TMPBI55P or TMPBI56P), and a ROM or EPROM I/O chip 
(TMP83551' or TMP8755AC). 

The TMP8085A is provided with internal 8-bit registers and 16-bit registers. The­
TMP8085A has eight addressable 8-bit registers. Six of them can be used either 
as 8-bit registers or as 16-bit register pairs. In addition to the register 
pairs, the TMP8085A contains two more l6-bit registers. The TMP8085A re-gister 
set is as follows: 

The accumulator (A Register) is the focus of all of the accumulator instructions, 
which include arithmetic, logic, load and store, and I/O instructions. 

The program counter (PC) always points to the memory location of the next 
instruction to be executed. 

General - purpose registers BC, DE, and HL may be used as 8-bit registers or as 
three 16-bit registers, interchangeably, depending on the instruction being 
performed. 

The stack pointer (sp) is a special data pointer that always points to the stack 
top (next available stack address). 

The flag register contains five one-bit flags, each of which records processor 
status information and may also control processor operation. 

The five flags in the TMP8085A CPU are shown below: 

The carry flag (C) is set and reset by arithmetic operations. An addition opera­
tion that resutls in an overflow out of the high-order bit of the accumulator 
sets the carry flag. The carry flag also acts as a "borrow" flag for subtract 
instruction. 

The auxiliary carry flag (AC) indicates overflow out of bit 3 
in the same way that C flag indicates overflow out of bit 7. 
commonly used in BCD arithmetic. 

of the accumulator 
This flag is 

The sign flag (S) is set to the condition of the most significant (MSB) bit of 
the accumulator following the execution of arithmetic or logic instructions.. 

The zero flag (Z) is set if the result generated by certain instructions is zero. 
The zero flag is cleared if the result is not zero. 

The parity flag (P) is set to I if the parity (number of I-bits) of the accumu­
lator is even. If odd, it is cleared. 
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In the TMP8085A microprocessor are contained the functions of clock generation, 
system bus control, and interrupt priority selection, in addition to execution 
of the instruction set. The TMP8085A uses a multiplexed Data Bus. The address 
is split between the higher 8-bit Address Bus and the lower 8-bit Address/Data 
Bus. During the first T state (Tl clock cycle) of a machine cycle the lower 
order address is sent out on the Address/Data Bus .. These lower 8 bits may be 
latched externally by the Address Latch Enable signal (ALE). During the rest 
of the machine cycle the data bus is used for memory or I/O data. 

INTERRUPT AND SERIAL I/O 

The TMP8085A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, RST 7.5, and TRAP. 
INTR is identical in function to 9080A INT. Each of three RESTART inputs 5.5, 
6.5, 7.5, has a programmable mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 

The three RESTART interrupts cause the internal execution of RESTART if the 
interrupts are enabled and if the interrupt mask is not set. The nonmaskable 
TRAP causes internal execution independent of the state of the interrupt 
enable or masks. 

There are two different types of inputs in the restart interrupts. RST 5.5 and 
RST 6.5 are high levelsensitive like INTR and are recognized with the same 
timing as INTR.RST 7.5 is rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an internal flip-flop which generates 
the interrupt request. The RST 7.5 request flip-flop remains set until the 
request is serviced. Then it is reset automatically. This flip-flop may also be 
reset by using the SIM instruction or by issuing a RESET IN to the TMP8085A. The 
RST 7.5 internal flip-flop will be set by a pulse on the RST 7.5 pin even when 
the RST 7.5 interrupt is masked out. 

The interrupts are 'arranged in a fixed priority that determines which interrupt 
is to be recognized if more than one is pending : TRAP-highest priority. 
RST 7.5, RST 6.5, RST 5.5, INTR - lowest priority. This priority scheme 
does not take into account the priority of a routine that was started by a higher 
priority interrupt. RST 5.5 can interrupt a RST 7.5 routine if the interrupts 
were reenabled before the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic errors such as power failure or bus 
error. It is not affected by any flag or mask. The TRAP input is both edge and 
level sensitive. The TRAP input must go high and remain high until it is acknow­
ledged. It will not be recognized again until it goes low, then high again. 
This avoids any false triggering due to noise or logic glitches. 

MPU85-6 



TOSHIBA TMP8085AP 

TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, A~D SENSITIVITY 

Name Priority 
Address Branched to Type Trigger 

When Interrupt Occurs 

TRAP 1 24 (Hex.) Rising edge and high level 
sampled. 

RST 7.5 2 3C (Hex.) Rising edge (latched). 
f-

RST 6.5 3 34 (Hex) High level until sampled. 

RST 5.5 4 2C (Hex.) High level until sampled. 

INTR 5 See Note (2) High level until sampled. 

Notes: (1) The processor pushes the PC on the stack before branching 
to the indicated address. 

until 

(2) The address branched to depends on the instruction provided 
to the TMPSOS5A when the interrupt is acknowledged. 

The TRAP interrupt is special in that it disables interrupts, but preserves 
the previous interrupt enable status. Performing the first RIM instruction 
following a TRAP interrupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent RIM instruction 
provide current interrupt enable status. Performing a RIM instruction follow­
ing INTR, or RST 5.5 - 7.5 will provide current interrupt enable status, 
revealing that interrupts are disabled. 

The serial I/O system is also controlled by the RIM and SIM instructions. 
SID is read by R~M, and SIM sets the SOD date. 

BASIC TIMING 
The execution of each instruction by the TMPSOS5A consists of a sequence of 
from one to five machine cycles, and each machine cycle consists of a 
minimum of from three to six clock cycles. Most machine cycles consist of 
three T states, (cycles of the CLK output) with the exception of opecode 
fetch, which normally has either four or six T states (unless WAIT or HOLD 
states are forced by the receipt of READY or HOLD inputs). Any T state 
must be one of ten possible states, shown in Table 3. 
At the beginning of every machine cycle, the TMP8085A sends out three status 
signals (IO/M, Sl, SO) that define what type of machine cycle is about to 
take place. The TMP8085A also sends out a l6-bit address at the beginning 
of every machine cycle to identify the particular memory location or I/O 
port that the machine cycle applies to. 

The special timing signal, ADDRESS LATCH ENABLE (ALE), is used a strobe to 
sample the lower 8-bits of address on the ADO - AD7 lines. ALE is present 
during Tl of every machine cycle. Control lines RD (INTA) and WR become 
active later, at the time when the transfer of data is to take pIece. 

Figure 3 shows an instruction fetch, memory read and r/o write cycle (as would 
Occur durinQ DroCeRSing of the OUT instruction). 
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TABLE 2. TMP0085A MACHINE CYCLE CHART 

MACHINE CYCLE IO/M Sl SO RD WR INTA 

OPCODE FEl:CH 0 1 1 0 1 1 

MEMORY READ 0 1 0 0 1 1 

MEMORY WRITE 0 0 1 1 0 1 

I/O READ 1 1 0 0 1 1 

I/O WRITE 1 0 1 1 0 1 

ACKNOWLEDGE OF INTR 1 1 1 1 1 0 

BUS IDLE: DAD 0 1 0 1 1 1 

ACK. OF 
1 1 1 1 1 1 

RST. TRAP 

HALT TS 0 0 TS TS 1 

NOTE: 0 = Logic "0", 1 = Logic "1", TS = High Impedance 

TABLE 3. TMP8085A MACHINE STATE CHART 

~IACHINE - -- --

STATE Sl,SO IO/M AS-A1S ADO-AD7 RD,WR INTA ALE 

Tl X X X X 1 1 1° 

T2 X X X X X X 0 

TWAIT X X X X X X 0 

T3 X X X X X X 0 

T4 1 ot X TS 1 1 0 

TS 1 ot X TS 1 1 0 

T6 1 ot X TS 1 1 0 

TRESET X TS TS TS TS 1 0 

THALT 0 TS TS TS TS 1 0 

THOLD X TS TS TS TS 1 0 

NOTES: (1) o = Logic "0", l=Logic "I", TS=High Impedance, X=Unspecified 

(2) °ALE not generated during 2nd and 3rd machine cycles of 
DAD instruction 

(3) t IO/M = 1 during T4 - T6 of INA machine cycle 
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TOSHIBA TMP8085AP 

DRIVING THE Xl AND X2 INPUTS 

You may drive the clock inputs of the THP8085A with a crystal, an LC tuned 
circuit, an RC network or an external clock source. The driving frequency 
must be at least I HHz, and must be twice the desired internal clock frequency, 

A. Quartz Crystal Clock Driver 

If a crystal used, it must have the following characteristics. 

Parallel resonance at twice the clock frequency desired 

Cs (shunt capacitance) ~ 7 PF 

RS (equivalent shunt resistance) S 75 Ohms 

~( Xl 

IZ?lZZl f THP8085AP 

= I~X2 
L-____ _ 

C2 

Note a value of the external capacitors CI and C2 between Xl, X2 
and ground. In case of the crystal frequency above 4 HHz,· it is 
recommended that you choose a value of lOpF for Cl and C2 and less 
than 4 }ffiz, 20pF capacitors are recommended. 
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B. LC Turned Circuit Clock Driver 

A parallel-resonant LC circuit may be used as the frequency-determining 
network for the TMP8085A, providing that its frequency tolerance of 
approximately 10% is acceptable. The components are chosen from the 
formula. 

f 
1 

21T IL (Cext + Cint) 

The use of an LC circuit is not recommended for frequencies higher than 
approximately 5 MHz. 

,------t------i- - --l 

Cext 

Xl I 
...L 
T 

X2 i 
'--__ ..0-_____ -+ ___ ---1 

C. RC Circuit Clock Driver 

TMP8085A 

~ 15 pF 

An RC circuit may be used as the frequency - determining network for the 
TMP 8085A if maintaining a precise clock frequency is of no importance. 
Variations in the on-chip timing generation can cause a wide variation 
in frequency when using RC circuit. The driving frequency generated by 
the circuit shown is approximately 3 MHz. It is not recommended that 
frequencies greatly higher or lower than this be attempted. 

f 3 MHz 
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TOSHIBA TMP8085AP 

D. External clock Driver Circuit 

+5V 

Duty ~5 ~ 55% 

TMPSOS5A 

POWER ON AND RESET IN 

The TMP SOS5A is not guaranteed to work until 10 ms after VCC reaches 4.75 V. 
It is suggested that RESET IN be kept low during this period. 
Note that the 10 ms period does not include the time it takes for the power 
supply to reach its 4.75 V level. 
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INSTRUCTION SET 
Symbols and Abbreviations 

SYHBOLS 

ddd,sss 

r,rl,r2 

d8 

d16 

addr8 

addr 

RP 

S 

R 

DEFINITION 

The bit pattern designating one of the registers 
A,B,C,D,E,H,L (dJd=destination, sss=source): 

ddd or sss REGISTER NAHE 

111 A 
000 B 
001 C 
010 D 
Oll E 
100 H 
101 L 
110 H (Clemory) 

One of the registers A,BtC,D,E,H,L 

8-bit data quantity 

16-bit data quantity 

8-bit address of an I/O device 

16-bit address quantity 

The bit pattern designating one of the register 
pairs B,D,H,SP: 

RP 
REGISTER PAIR 

rp (rpH) (rpL) 

00 B B-C 
01 D D-E 
10 H H-L 
11 SP SP 

The second byte of the instruction 

The third byte of the instruction 

Affected 

Set 

Reset 

Not affected 

HPU85-13 
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TOSHIBA TMP8085AP 

Data Transfer 

Mnemonic 
Instruction Code Operation Bytes St<ltes 

Flag 

D7 Db Ds D. D3 D2 D, Do C Z S P AC 

MOV rl, r2 0 1 d d d S S S (rl) *- (r2) 1 4 - - - - -

MOV M, r 0 1 1 1 0 S S S [ (H) (L)] *- (r) 1 7 - - - - -
~- ----- -~--- -----

MOV r, M 0 1 d d d 1 1 0 (r) *- [(H) (L)] 1 7 - - - - -
-------~-- --.-~ 

MVI r, d8 0 0 d d d 1 1 0 (r) *- (B2 ) 2 7 - - - - -

B2 
I 

MVI M, d8 0 0 1 1 0 1 1 0 [(H)(L)] *- (B2 ) 2 10 1- - - - -

B2 I I 
LDA addr 0 0 1 1 1 0 1 0 , (A) *- [(B 3 )(B2 ) ] 3 13 1- - - - -

I 
B2 

I 

I B3 

LDAX B 0 0 0 0 1 0 1 0 (A) *- [(B)(C) ] 1 7 \- - - - -
---

LDAX D 0 0 0 1 1 0 1 0 (A) *- [ (D) (E) ] 1 7 !- - - - -

LHLD addr 0 0 1 0 1 0 1 0 : (L) *- [ (B 3) (B2) ] ! 3 16 1- - - - -
B2 i (H) *- [(B 3 )(B2 )+1] 
B3 

LXI H, d16 0 0 1 0 0 0 0 1 ! (H) *- (B 3) 3 10 - - - - -

B2 I (L) *- (B2) 
I 

B3 i 

LXI D, d16 0 0 0 1 0 0 0 1 1 (D) *- (B3) 3 10 - - - - -
B2 ' (E) *- (B2) 

B3 

LXI B, d16 0 0 0 0 a 0 0 1 (B) *- (B3 ) 3 10 - - - - -

B2 (C) *- (B2 ) i 
I 
I 

B3 

f--t:XI SP, d16 0 0 1 1 0 0 0 1 (SP)H *- (B3 ) 3 10 - -
--

- - -

B2 (SP)L <- (B 2 ) 

B3 

SHLD addr 0 0 1 0 0 0 1 0 [(B 3) (B2)] <- (L) 3 16 -

B2 [ (B 3)(B2)+1] <- (H) 

B3 

STA addr 0 0 1 1 0 0 1 0 [(B3)(B2)] *- (A) 3 13 - - - - -

B2 

B3 
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Mnemonic 
Instruction Code 

Operation Bytes States 
Flag 

D7 Db Ds D4 D j D2 DJ Do C Z S P AC 

STAX B 0 0 0 0 0 0 1 0 [(B) (C) J ..- (A) 1 7 - - - - -
f-- .~--~---- i------- f-- . 
STAX D 0 0 0 .1 0 0 1 0 [(D)(E)] ..- (A) 1 7 - - - - -

f---
SPHL 1 1 1 1 1 0 0 1 (SP) ..- (H)(L) 1 6 - - - - -

-
XCHG 1 1 1 0 1 0 1 1 (H) ++ (D) 1 4 - - - - -

(L) ++ (E) 

XTHL 1 1 1 0 0 0 1 1 (L) ++ [ (SP) 1 1 16 - - - - -

e---
(H) ++ [(SP)+l] 

IN addr8 1 1 0 1 1 0 1 1 (A) ..- (data) 2 10 - - - - -
B2 

OUT addr8 1 1 0 1 0 0 1 1 (data) ..- (A) 2 10 - - - - -
B2 

Branch 

Mnemonic 
Instruction Code 

Operation Bytes States 
Flag 

D7 Do Ds D4 D3 D2 DJ Do C 2 S P AC 

JMP addr 1 1 0 0 0 0 1 1 (PC) ..- (B 3) (B2) 3 10 - - - - -
B2 

B, 

JNZ addr 1 1 0 0 0 0 1 a If 2 ~ 0 3 7/10 - - - - -

! B2 (PC) ..- (B3)(B2), , 

B3 If Z = 1 

(PC) ..- (PC) + 3 
f----.------I--
J2 addr 1 1 0 0 1 0 1 0 If 2=1 3 7/10 - - - - -

B2 (PC) ..- (B3) (B2), 

B3 If 2 = 0 

(PC) ..- (PC) + 3 

JNC addr 1 1 0 1 0 0 1 0 If C = 0 3 7/10 - - - - -
B2 (PC) ..- (B 3)(B2), 

B, If C = 1 

(PC) ..- (PC) + 3 

JC addr ,I 1 0 1 1 0 1 0 If C = 1 3 7/10 - - - - -
! 

B2 (PC) ..- (B3) (B2), 

I 

B3 If C = 0 

(PC) ..- (PC) + 3 
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Mnemonic 
Instruction Code 

Operation Bytes St.:J.tes Flag 
D7 D6 D5 D4 D3 D, D, Do C Z S P AC 

JPO addr 1 1 1 0 0 0 1 0 If P = 0 3 7/10 - - - - -

B, (PC) ~ (B3 )(B, ) , 

B3 If P = 1 

(PC) ~ (PC) + 3 
--

JPE addr 1 1 1 0 1 0 1 0 If P = 1 3 7/10 - - - - -
B, (PC) ~ (B3) (B,), 

I 'nO 

! B3 If P = 0 

l (PC) ~ (PC) + 3 

JP addr 11 1 1 1 0 0 1 0 If S = 0 3 - - - - -
B, (PC) ~ (B 3) (B,) , 

i 

B3 If S = 1 I 
I 

(PC) ~ (PC) + 3 
--- ---

JM addr 1 1 1 1 1 0 1 0 If S = 1 3 7/10 - - - - -
B, (PC) ~ (B3) (B,), 

B3 If S=O 

(PC) ~ (PC) +3 
--

CAlL addr 1 1 0 0 1 1 0 1 [(SP)-l] ~ (PCR) 3 
I 

18 - - - - -
B, [(SP)-2] ~ (PCL) 

B3 (SP) ~ (SP) - 2 

(PC) ~ (B3) (B,) 
-------

CNZ addr 1 1 0 0 0 1 0 0 If Z = 0, 3 I 9/18 - - - - -
B2 

the actions 
specified in the 

B3 CALL instruction 
are performed. 

If Z = 1 

(PC) ~ (PC) + 3 
----~--

CZ addr 1 1 0 0 1 1 0 0 If Z = 1, 3 9/18 - - - - -

B2 
the actions 
specified in the 

B3 CALL instruction 
are performed. 

If Z =0, 

(PC) ~ (PC) + 3 
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Mnemonic Instruction Code Operation Bytes States Flag 
D1 D6 Ds D4 D3 D2 Dl Do C Z S P AC 

CNC addr 1 1 0 1 0 1 0 0 If C = 0, 3 9/18 - - - - -
B2 the actions 

specified in the 
B3 CALL instruction 

are performed. 

If C=1 

1------- ------+ (PC) + (PC) + 3 

CC addr ;1 1 0 1 1 1 0 0 If C = 1, 3 9/18 - - - - -

I 

B2 
the actions 
specified in the 

B3 CALL instruction 

I 
I 

are performed. 

I 
IfC=O i' 

I (PC) <- (PC) +3 I ~ --+--- IfP=O, , ,-~: 3 ,'9/18 CPO addr 11 1 1 0 0 1 0 0 - - - - -
B2 

the actions 
specified in the , 

B3 CALL instruction 
I are performed. 
I 
'IfP=l -J (PC) + (PC) + 3 

CPE addr 1 1 1 0 1 1 0 0 If P = 1, 3 9/18 - - - - -
82 

the actions 
specified in the 

B3 CALL instruction 
are performed. 

If P = 0 

(PC) + (PC) + 3 

CP addr 1 1 1 1 0 1 0 0 If S = 0, 3 9/18 - - - - -

I 

the actions 
B2 specified in the 
B3 CALL instruction 

are performed. 

If S = 1 

(PC) + (PC) + 3 
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Mnemonic 
Instruction Code 

Operation Bytes States 
Flag 

D7 De Ds D4 D3 D2 Dl~ C Z S P AC 

CM addr 1 1 1 1 1 1 0 0 If S = 1, 3 9/1S 1 __ - - -
B2 

the actions 
specified in the 

B3 CALL instruction 
are performed. 

If S = 0 

(PC) *- (PC) + 3 
-- - -------~--.. --,.-- --------,. 

I 

RET 1 1 0 0 1 0 0 1 (PCL) +- [ (SP) ] 1 10 - - - -

(PCH) *- [(SP)+l] 

(SP) +- (SP) + 2 

RNZ 1 1 0 0 0 0 0 0 If Z = 0, 1 
6/ 12 1- - - - -

the actions 
specified in the 
RET instruction 
are performed. 

I 
If Z=1 

I (PC) +- (PC) + 1 
t -------

RZ '1 1 0 0 1 0 0 0 If Z = 1, 1 6/12 - - - - -
i the actions 

i specified in the 
I RET instruction 

.are performed. 

If Z = 0 

(PC) +- (PC) + 1 

RNC 1 1 0 1 0 0 0 0 If C=O, 1 6/12 - - - - -
the actions I 
specified in the 
RET instruction 
are performed. 

If C=l 

(PC) *- (PC) + 1 
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Mnemonic 
Instruction Code 

Operation Bytes Stat~s 
Flag 

D7 D6 Ds D, D3 D2 Dl Do C Z 8 P AC 

RC 1 1 0 1 1 0 0 0 If C = 1, 1 6/12 - - - - -

the actions 
specified in the 
RET instruction 
are perf ormed • 

If C = 0 

(PC) <- (PC) + 1 
._. - ---". . ..... _-----1-. 

RPO 1 1 1 0 0 0 0 0 If P = 0, 1 6/12 - - - - -

I 

the actions 
specified in the 
RET instruction 
are performed. 

I 

~1 
If P = 1 

(PC) <- (PC) + 1 
-

RPE 0 1 0 0 0 If P = 1, 1 6/12 - - - - -
I the actions 
I I specified in the I i 

I 
RET instruction 

I 
are performed. 

I 
If P =0 

1 (PC) <- (PC) + 1 

RP ;1 1 1 1 0 0 0 0 If S = 0, 1 6/12 - - - - -
the actions 
specified in the 
RET instruction 
are performed. 

If 8=1 
I 

(PC) <- (PC) + 1 
._------ f--

RM 1 1 1 1 1 0 0 0 If 8 = 1, 1 6/12 - - - - -
the actions 
specified in the 
RET instruction 
are performed. 

If 8 = 0 

(PC) <- (PC) + 1 
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Mnemonic 
Instruction Code Operation ~ytes Stdtes Flag 

D7 D6 Ds D4 D3 D2 DJ Do C Z S P AC 

PCHL 1 1 1 0 1 0 0 1 (PCH) -<- (H) 1 6 - - - - -
(PCL) -<- (L) 

1--------
RST 1 1 A A A 1 1 1 (SP)-l] -<- (PCll) 1 12 - - - - -

[(SP)-2] -<- (PCL) 

(SP) -<- (SP) - 2 

(PC) -<- (00000000 
OOAAAOOO) 

Arithmetic 

Mnemonic 
Instruction Code Operation Bytes States Flag 

D7 D6 Ds D, D3 D2 DJ Do C Z S P AC 

ADDr 1 0 0 0 0 S S S (A) -<- (A)+(r) 1 4 o 0 0 0 0 

ADCr 1 0 0 0 1 S S S (A) -<- (A) + (r) + (C) 1 4 o 0 o 0 0 

ADDM 1 0 0 0 0 1 1 0 (A) -<- (A)+[ (H) (L)] 1 7 o 0 0 0 0 

ADCM 1 0 0 0 1 1 1 0 (A)-<-(A)+[(H)(L)] +(C) 1 7 0 000 0 

ADI dS 1 1 0 0 0 1 1 0 (A) -<- (A) + (B2) 2 7 o 000 0 

B2 

ACI dS 1 1 0 0 1 1 1 0 (A) -<- (A)+(B2)+(C) 2 7 (l 0 0 0 0 

B2 

DAD rp 0 0 R P 1 0 0 1 (H)(L) -<- (H)(L) 1 10 o - - - -
+ (rH)(rL) 

SUB r 1 0 0 1 0 S S S (A) -<- (A) - (r) 1 4 o 0 0 0 0 

SBB r 1 0 0 1 1 S S S (A) -<- (A) - (r) - (C 1 4 0 0 o 0 0 

SUB M 1 0 0 1 0 1 1 0 (A) -<- (A)-[(H)(L)] 1 7 0 000 0 

SBB M 1 0 0 1 1 1 1 0 (A)-<-(A)-[(HXL)]-(C) 1 7 0 000 0 

SUI dS 1 1 0 1 0 1 1 0 (A) -<- (A) - (B2) 2 7 o 0 0 0 0 

B2 

SBI dS 1 1 0 1 1 1 1 0 (A) -<- (A) - (B2) - (C 2 7 o 0 0 0 0 

B2 
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Mnemonic Instruction Code 
Operation Bytes Gtates C 

Flag 
D7 Ds Ds D, D3 D2 Dl Do Z S P AC 

DAA 0 0 1 0 0 1 1 1 The 8-bit number 1 4 0 0 o 0 0 
in the accumulator 
is adj us ted to 
form two 4-bit BCD 
digits by the 
following process. 

Accumulator 
7 4 3 0 

I X I y I 
cd IEJ) 

l. If y ~lO or 
AC=l, 

(A)'" (A) + 6 

2. If X~lO or 
C=l, 

(A) 4-7 -<-(A).-7 +6 
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Logical Ins true tion 

Mnemonic 
Instruction Code Operation Bytes States 

Flag 

D; D6 Ds D4 D3 D2 DI Do C Z S P AC 

ANA r 1 0 1 0 0 S S s (A) *- (A) 1\ (r) 1 ! 4 ROO 0 S 
-

(A) *- (A) 1\ [(H) (L) -] ANA !1 1 0 1 0 0 1 1 0 1 7 RO o 0 S 
f----- -~---- --- .. --~--~-- ---~-~ r-----~ 

ANI dS 1 1 1 0 0 1 1 0 (A) *- (A) 1\ (B2) 2 7 R 0 o 0 S 

B2 
f-----------f--
XRA r 1 0 1 0 1 S S S (A) *- (A) "if (r)- 1 4 ROO 0 R 
1-------f--------

XRA M 1 0 1 0 1 1 1 0 (A) *- (A) "if [ (H) (L) ] 1 7 ROO 0 R 
c---- "---._--------------
XRI dS 1 1 1 0 1 1 1 0 (A) *- (A) "if (B2) 2 7 ROO 0 R 

B2 I - r---~---~------~- -~ --- ---- --------" -------
ORA r 101 lOS S S (A) *- (A)V (r) 1 i 4 i R 0 o 0 R 

ORA !1 1 0 1 1 0 1 1 0 (A) *- (A) V [(H) (L) ] 1 i 7 RO o 0 R 
-- ---- --------~------2 

ORI dS 1 1 1 1 0 1 1 0 (A) *- (A) V (B2 ) 

I 

7 I R 0 
o 0 R 

B2 

CMF r 1 0 1 1 1 S S S (A) ~ (r) , 1 4 0 0 o 0 0 

C1'1P 11 1 0 1 1 1 1 1 0 (A) ~ [(H)(L)] 1 7 0 0 00 0 

CPI dS 1 1 1 1 1 1 1 0 I (A) ~ (B2) 2 7 0 o 0 0 0 

B2 I , 
f----------t---------

CMA 0 0 1 0 1 1 1 1 (A) *- (A) 1 4 - - - - ~ 

RLC 0 0 0 0 0 1 1 1 (An+l) *- (An) 1 4 0 ~ - - -
(Ao) +- (A7 ) 

I 
(C) +- (A7) I 

RRC 0 0 0 0 1 1 1 1 (An) *- (An+l) 1 4 o - - - -

I 
(A7) *- (Ao) 

. I I (C) < ('" 1 f----------- ----------~-----------"'. I' .' , ) , ) » (Ao+,) < ('"' 
1 

I 
4 o - - - -

(C) +- (M) 
I 
I (Ao) +- (C) 

- -- -
RAR 

1
0 0 0 1 1 1 1 1 (An) +- (An+l) 1 4 o - - - ~ 

I 

(C) +- (Ao) 

(A7) -<-- (C) 
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Increment and Decrement 

Mnemonic 
Instruction Code 

Operation Bytes States 
Flag 

D7 D6 D5 D4 D3 Dz Dl Do C Z S P AC 

INR r a 0 d d d 1 0 0 (r) -<- (r) + 1 1 4 - a a a a 
INR M 0 0 1 1 0 1 a 0 [(H)(L)]-<-[(H)(L)]+1 1 10 - a a a a 

----~ ---~~----
INX rp 0 0 R P 0 0 1 1 (rH)( rL)-<-( rH)( rL)+ 1 1 6 - - - - -
DCR r 0 0 d d d 1 0 1 (r) -<- (r)-1 1 4 - a a a a 
DCR M 0 0 1 1 0 1 0 1 [(H)(L)] -<- [(H)(L)]-l 1 10 - a a a a 
DCX rp 0 0 R P 1 0 1 1 (rH)( rL)-<- (rH)(rL)-l 1 6 - - - - -

Stack 

Mnemonic 
Instruction Code 

Operation Bytes States 
Flag 

D7 D6 D5 ~4 D3 Dz Dl Do C Z S P AC 

PUSH rp 1 1 R P 0 1 0 1 [(SP)-I] -<- (rH) 1 12 - - - - -
[(SP)-2] -<- (rL) 

(SP) + (SP) - 2 

Note: Register 
pair rp=SP may nOJ be specified. 

----
PUSH PSW 1 1 1 1 0 1 O· 1 [(SP)-I] -<- (A) 1 12 - - - - -

[(SP)-2] -<-

D7D6D5D4D 3DzDIDo 

Is Iz IxlAelxlplxlc I 
MSB 

(SP) -<- (SP) - 2 

POP rp 1 1 R P 0 0 0 1 (rL) -<- [(SP)] 1 10 - - - - -
(rH) -<- [(SP)+l] 

(SP) -<- (SP)+2 

POP PSW 1 1 1 1 0 0 a 1 (e) -<- [(SP)]o 1 10 a a a a a 
(P) -<- [(SP)]z 

(Ae) -<- [(SP) J-

(Z) -<- [(SP)]6 

(S) -<- [ (SP) 17 
(A) -<- [ (SP)+l] 

(SP) -<- (SP) + 2 
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Control 

Mnemonic 
Instruction Code 

Operation Bytes 

TMP8085AP 

Flag 
States G Z S P AC 

HLT 0 1 1 1 0 1 1 0 Halt 1 5 
I-------+------------~ L-____ ~ ___ ~ ____ I--~-~-- --~---- ------~ 

STG 0 0 1 1 0 1 1 1 (C) ~ 1 1 4 0 - - - -
f------f-------------- -~~~------- -~--~- ------+~---_i 

CMG 0 0 1 1 1 1 1 1 (G) ~ (G) 1 4 0 - - - -
I------I--------------~~---------~ ----c---I------

EI 1 1 1 1 1 0 liEnable interrupts 1 4 

DI 1 1 1 100 1 1 

Note: Interrupts 
are not recognized 
during the EI in­
struction. 

Disable interrupts 

Note: Interrupts 
are not recognized 
during the DI in­
struction. 

1 4 

t------I-------------+--------~-- ---~~-- i--~---+----__l 

NOP o 0 0 0 0 000 1 4 

1 4 

SIM o 0 110 000 1 4 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Item Ratings 

Vee Vcc Supply Voltage -0.5V to 7.0V 

VIN Input Voltage with Respect to VSS -0.5V to 7.0V 
~ .. ---------~ 

VOUT Output Voltage with Respect to VSS -0.5V to 7.0V 

PD Power Dissipation 1.51-1 

Tsolder Soldering Temperature (Soldering Time 10 sec.) 260 0 e 
--_.-

Tstg Storage Temperature -55°e to 150° e 

Topr Operating Temperature oOe to 700 e 

DC CHARACTERISTICS 

TA = oOe to 70°C, VCC = 5V±5% 

Symbol Parameter Test Conditions Min. Typ. l1ax .. Units 

VIL Input Low Voltage -0.5 0.8 V 

VIR Input High Voltage 2.0 Vce V +0.5 

VOL Output Low Voltage IOL = 2mA 0.45 V 

VOH Output High Voltage IOH = -4001JA 2.4 V 

ICC Power Supply Current 170 mA 

IlL Input Leakage VIN = Vce +10 IJA -
lLo Output Leakage 0.45~VOUT~V~C 10 ]JA 

VILR Input Low Level (RESET) -0.5 0.8 V 

VIHR Input High Level (RESET) 2.4 Vee V 
+0.5 

VHY Hysteresis (RESET) 0.25 V 
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AC CHARACTERISTICS 

TA= O°C to 70°C, VCC = 5V± 5%, VSS = OV, Unless Otherwise Noted. 

Test ! 
Symbol Parameter 

Conditions 
Min. I Typ. Max. Units 

tCYC CLK Cycle Period 320 2000 I ns 
~. -- ---- --1----

tL CLK Low Time - Standard 150pF Loading SO ns 
- Lightly Loaded [ 2] 100 ns 

tH CLK High Time - Standard 150pF Load- 120 ns 
ing 

Loaded[2] - Lightly 150 ns 

tr,tf CLK Rise and Fall Time 30 ns 

tXKR Xl Rising to CLK Rising 30 120 ns 

tXKF Xl Rising to CLK Falling 30 150 ns 

tAC AS-IS Valid to Leading Edge of 
Control[l] 270 ns 

tACL AO-7 Valid to Leading of Control 240 ns 

tAD AO-ls Valid to Valid Data In 575 ns 

tAFR Address Float after Leading Edge 0 ns 
of READ (INTA) 

tAL AS-IS Valid before Trailing 
of ALEll] 

Edge CL=lsOpF 115 ns 

tALL AO-7 Valid before Trailing Edge of ALE 90 ns 

tARY READY Valid from Address Valid tCYC=320ns 220 ns 

tCA Address (AS - A15) Valid after Control 120 ns 

tcc Width of Control Low (RD, WR, INTA) 400 ns 
Edge of ALE 

tCL Trailing Edge of Control to Leading 50 ns 
Edge of ALE 

tDW Data Valid to Trailing Edge of WRITE 420 ns 
r---

tHABE HLDA to Bus Enable 210 ns 
--

tHABF Bus Float after HLDA 210 ns 

tHACK HLDA Valid to Trailing Edge of CLK 110 ns 

tHDH HOLD Hold Time 0 ns 

tHDS HOLD Setup Time to Trailing Edge of 170 ns 
CLK I 

~ .. 

tINH INTR Hold Time i 0 ns 
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Symbol Parameter 
Test 

Min. Typ. Max. Units Conditions 

trNS INTR, RST and TRAP Setup Time to 160 
Falling Edge of CLK 

tLA Address Hold Time after ALE 100 
1---

tLC Trailing Edge of ALE to Leading Edge l30 
of Control 

tLCK ALE Low during CLK High 100 

tLDR ALE to Valid Data during Read 

tLDW ALE to Valid Data during Write 

tLL ALE Width 140 

tLRY ALE to READY Stable 

tRAE Trailing Edge of READ to Re-Enabling 150 
of Address 

tRD READ (or INTA) to Valid Data 

tRV Control Trailing Edge to Leading 400 
Edge of Next Control 

----
tRDH Data Hold Time After READ INTA 0 

tRYH READY Hold Time 0 

tRYS READY Setup Time to Leading Edge llO 
I of CLK 

two Data Valid After Trailing Edge of 100 
WRITE 

tWOL LEADING Edge of WRITE to Data Valid 

Notes: 1. AS-IS address specs apply to 101M, So and Sl except AS-IS 

are undifined during T4 - T6 of OF cycle whereas IO/M:, SO, 

and Sl are stable. 

2. Loading equivalent to 50 pF + 1 TTL input. 

3. All timings are measured at output voltage 

VL ~ O.S V, VH ~ 2.0 V. 

4. To calculate timing specifications at other value of tCYC 

use Table 4. 
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TABLE 4. BUS TIMING SPECIFICATION AS A TCYC DEPENDENT 

tAL (1/2) T - 45 MIN 

tLA (1/2) T - 60 MIN 

tLL (1/2) T - 20 MIN 

tLCK (1/2) T - 60 MIN 

tLC (1/2) T - 30 MIN 

tAD (5/2+N) T - 225 MAX 

tRD 0/2+N) T - ISO MAX 

tRAE (1/2) T - 10 MIN 

tCA (1/2) T - 40 MIN 

tDW (3/2+N) T - 60 MIN 

tWD (1/2) T - 60 MIN 

tcc 0/2 +N) T - SO MIN 

tCL (1/2) T -llO MIN 

tARY (3/2) T - 260 MAX 

tllACK (1/2) T - 50 MIN 

tllABF (1/2) T + 50 MAX 

tllABE (1/2) T + 50 MAX 

tAC (2/2) T - 50 MIN 

tL (1/2) T - SO MIN 

til (1/2) T - 40 MIN 

tRV (3/2) T - SO MIN 

tLDR (4/2) T - ISO MAX 

Note: N is equal to the total WAIT states. 

T = tCYC 

MPUS5-2S 



TOSHIBA TMP8085AP 

" """ 
tr tH tf 

CLK OUTPUT tXKR ~ 

tXKF tCYC 

FIGURE 4. CLOCK TIMING WAVEFORM 

T3 
CLK 

f \ 
tLCK tCA 

I 

=> ADDRESS, STATUS 
tAD tRAE 

=>< ADDRESS >-- - > DATA IN -----<=: 
tLL tLA -f-+tRDH 

tLDR tCL 

ADO "u AD7 

IT _tAFR ¥ 
~ tLC 

I L tRD 
ALE 

tAC II tec 

ti 1; 

FIGURE 5. READ OPERATION 

I Tl 1 TZ 1 T3 I 
eLK ,---____, ,..---____, ,------., 

\'------>/ \'------>/ \'------>/ \'----
=::> ADDRESS, STATUS 1 

teA I 
=:>< ADDRESS )< DATA OUT 

tLDW tDW tWD I 
tWDL 

ALE \ L 
tLC tCL -I 

tcc 

tAC r 

FIGURE 6. WRITE OPERATION 

MPU85-Z9 



TOSHIBA TMP8085AP 

TWAIT 

CLK 

ALE 

RD/ INTA ---+-\---,j 1----1--------=-=-=-------1 [,.--------

READY 

FIGURE 7. READ OPERATION WITH WAIT CYCLE (TYPICAL) 

- SAME READY TIMING APPLIES TO WRITE OPERATION 

CLK 

INTR 

-t==~~t~HD~H~+_---; 
HOLD _____________ tH_D_S_JI ~_~ ~~ _________ _ 

HLDA ___ ~~~~~============~~~~==~_ tHACK tHABF 
A8,"A1S ADDRESS ---H----- ------ ,, ___ _ 
lo/H I' 

ADO," 7 X ADDRESS >---~ --
TNT A 

WR, RD '-- - -Ir - - - - - - - - - _J 

FIGURE 8. INTERRUPT AND HOLD TIMING 
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OUTLINE DRAWING 

1 2 3 4 5 6 '7 8 9 10 11 12 13 14 15 16 17 18 19 20 

50 7± 0 15 

(Note 2) 14±015 

cO 

" rl o 0 

+1 +1 
o cO 

" 

TMP8085AP 

Unit in mm 

(Note 1) 

f "'im ~ 
02~ I 

15~ 

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

2. Each lead pitch is 2.54mm, and all the leads are located within 
±O.25mm from their theoritical positions with respect to No.1 and 
No.40 leads. 
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INTEGRATEDCIRCUIT 
TECHNICAL DATA 

TOSHIBA MaS DIGITAL INTEGRATED CIRCUIT 

TMP8155P 

THP8156p 

N-CHANNEL SILICON GATE MaS 

2048 BIT STATIC MaS RAM WITH I/O PORTS AND TIMER 

GENERAL DESCRIPTION 
The TMP S155P/S156P are RAM including I/O ports and counter/timer on the chip 
for using in the TLCS-S5A microcomputer system. The RAM portion is designed 
with 2K bit static cells organized as 256 x S. The 14 bit programmable counter/ 
timer is the down counter. It provides either a square wave or terminal count 
pulse for the cpu system depending or. tiDer mode. 

The I/O portion is consists of 2 programmable 8 bit I/O ports and 1 program­
mable 6 bit I/O port. The programmable I/O ports can be operated by BASIC 
MODE and STROBE MODE. 

FEATURES 

Compatible with Intel's S155/8516 
Single +5 V Power Supply 
Access Time: 400 ns (MAX.) 
Internal Address Latch 
2 Programmable 8 Bit I/O Ports and 1 Programmable 6 Bit I/O Port. 
256 Word x 8 Bits RAM 
Programmable 14 Bit Binary Counter/Timer 
Multiplexed Address and Data Bus 
Chip Enable Active High (TMP8l56P) or Low (TIIP8155P) 
40 pin DIP 

PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM 

PC3 
PC4 

TIMER IN 
RESET 

PCS 

VCC 
PC 2 
PC] 
PCO 
PB7 
PB G 

----, 

TIMER OUT 
1O/M 

CEOR CE 
RD 
WR 

ALE 
ADO 
AD1 
AD2 
AD3 
AD4 
ADS 
AD6 
AD7 
VSS 

PB5 
PB 4 
PB3 
PB2 
PB I 
PBO 
PA 7 
PAG 
PAs TIMER 
PA4 IN 
PA 3 
PA2 
PAl 
PAO 

FI GURE 2 
FIGURE TMP8155F /8156P PINOUT DIAGRM1 

TIMER PCO 
OUT -5 

I 
I 
I 

!--Vcc (+5V) 

I 
r-VSS(OV) 
I 
I 
I 
I 
I 
I 
I 
I 

_-.-l 

S 
PAO- 7 

TMP8155P/8156P FONCTIONAL BLOCK DIAGRAM 
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PIN NAMES AND PIN DESCRIPTION 

RESET (INPUT) 

TMP8155P,TMP8156P 

The Reset signal is a pulse provided by the TMP8085A to initialize the 
system. Input high on this line resets the chi~ and initializes the three 
I/O ports to input mode. The width of RESET pulse should typically be 
two TMP8085A clock cycle times. 

ADO~7 (INPUT I OUTPUT, 3-STATE) 

These are 3-state Address/Data lines that interface with the CPU lower 
8-bit Address/Data Bus. The 8-bit address is latched into the address 
latche on the falling edge of the ALE. The address can be applied to !he 
memory section or the I/O section depending on the polarity of the 101M 
input signal. The 8-bit data is either written into the chip or read 
from the chip depending on the status of WR or RD input signal. 

CE OR C1' (INPUT) 

Chip Enable: On the TMP8155P, this pin is CE and is ACTIVE LOW. 
On the TMP8156P, this pin is CE and is ACTIVE HIGH. 

Input Iowan this line with the Chip Enable active enables the ADO~7 
buffers. If IO/N pin is low, the RAM content will be read out to the 
AD bus. Otherwise the content of the selected I/O port or command/ 
status register will be read to the AD bus. 

Input Iowan this line with the Chip Enable active causes the data on the 
AD lines to be written to the RAM or I/O ports and command/status register 
depending on the polarity of IO/M. 

ALE (INPUT) 

Address Latch Enable: This control signal latches both the address on the 
ADON7 lines and the state of the Chip Enable and rO/N into the chip at the 
falling edge of ALE. 

101M (INPUT) 

la/Memory Select: This line selects the memory if low and selects the I/O 
and command/status register if high. 

These 8 pins are general purpose I/O pins. The in/out direction is selected 
by programming the Command Register. 
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These 8 pins are general purpose I/O pins. The in/out direction is selected 
by programming the Command Register. 

These 6 pins can function as either input port, output port, or as control 
signal for PA and PB. Programming is done through the Command Register. 

When PCO~S are used as control signals, they are defined the following: 

PCO - A INTR (Port A Interrupt) 

PCl - A BF (Port A Buffer Full) 

PC2 - A STB (Port A Strobe) 

PC3 - B 'INTR (Port B Interrupt) 

PC4 - B BF (Port B Buffer Full) 

PCS - B STB (Port B Strobe) 

TIMER IN (INPUT) 

This is the input to the counter~timer. 

TIMER OUT (OUTPUT) 

This pin is the timer output. This output can be either a square wave or 
a pulse depending on the timer mode. 

Vec (Power) 
+S volt supply 

VSS (Power) 
Ground Reference 
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FUNCTIONAL DESCRIPTION 

PROGRAMMING OF THE COMt,1AND REGISTER 

The command register consists of eitht latches. Four bits (0-3) define the 
mode of the ports, two bits (4-5) enable or disable the interrupt from port 
C when it acts as control port, and the last two bits (6-7) are for the timer. 

The command register contents can be altered at any time by using the I/O 
address XXXXOOO during a HRITE operation. The function of each bit of the 
command byte is defined in FUGURE 3. 

ADDRESS I x I x I x I x I x I 0 I 0 I 0 I 
AD7 AD6 ADS AD4 AD3 AD2 ADI ADO 

~~~~~RrTM21TMITIEB1IEAlpC2IpCII PB I PA 1 

x 
1 
o 

Don't care 
Logic "1" 
Logic "0" 

L r~DEFINE DEFINE 

DEFINES 

PAO-7 
} 0 

PBO_7 I 

{~O PC 11 
0-5 01 

10 

ENABLE PORT A 
INTERRUPT } I = 

ENABLE PORT B 0 = 
INTERRUPT 

INPUT 
OUTPUT 

MODE 1 
MODE 2 
NODE 3 
NODE 4 

ENABLE 
DISABLE 

00 Nap DO NOT AFFECT COUNTER 
OPERATTON 

01 STOP -Nap IF TINER HAS NOT STARTED; 
STOP COUNTING IF THE TINER IS RUNNING 

10 STOP AFTER TC - STOP INNED lATELY 
'- TINER CONNAND - AFTER PRESENT TC IS REACHED (NOP 

IF TINER HAS NOT STARTED) 

11 START - LOAD NODE AND COUNT LENGTH 
AND START INNED lATELY AFTER 
LOADING (IF TINER IS NOT PRESENTLY 
RUNNING). IF TINER IS RUNNING, START 
THE NEW NODE AND COUNT LENGTH 
INNED lATELY AFTER PRESENT TC 
IS REACHED. 

FIGURE 3 COMt1AND REGISTER BIT ASSIGNr1ENT 
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READING THE STATUS REGISTER 

The status register consists of seven latches, one for each bit; six (0-5) for 
the status of the ports and one (6) for the status of the timer. 

The status of the timer and the I/O section can be polled by reading the Status 
Register (Address XXXXXOOO). Status word format is shown in FIGURE 4. 

Note that you may never write to the status register since the command register 
shares the same I/O address and the command register is selected when a write 
to that address is issued. 

STATUS 
REGISTER 

FIGURE 4 STATUS REGISTER BIT ASSIGN~1ENT 

MPU85-36 

INTERRUPT REQUEST 

PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

PORT A INTERRUPT ENABLE 

PORT B INTERRUPT REQUEST 

PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

PORT B INTERRUPT ENABLE 

TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
Cis REGISTER AND BY HARDWARE 
RESET) 



TOSHIBA 

INPUT/OUTPUT SECTION 

COMMAND/STATUS REGISTER (C/S) 

TMP8155P,TMP8156P 

Both register have the common address xxxxxOOO. When the CiS registers 
are selected during WRITE operation, a command is written into the CiS 
register. The contents of this register are not accessible through the pins. 
When the cis is selected during a READ operation, the status information of 
the I/O ports and the timer becomes available on the ADO_7 lines. 

PA Register - This register can be programmed to be either input or output 
ports depending on the status of the contents of the cis Register. 
Also depending on the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The I/O pins assigned in 
relation to this register are PAO-7' The address of this register is 
XXXXXOOI. 

PB Register - This register functions the same as PA Register. The I/O 
pins assigned are PBO-7' The address of this register is XXXXXOIO. 

PC Register - This register has the address XXXXXOll and contains only 
6-bits. The 6-bits can be programmed to be either input ports, output 
ports or as control signals for PA and PB by properly programming the 
ADZ and AD3 bits of the Cis register. 

When PCO-5 is used as a control port, 3-bits are assigned for Port A and 
3 for Port B. The first bit is an interrupt that the TMP8155P/8156p issues. 

The second is an output signal indicating whether the buffer is full 
or empty, and the third is an input pin to accept a strobe for the strobed 
input mode. See Table 2. 

When the port C is programmed to either MODE 3 or MODE 4, the control 
signals for PA and PB are initialized as follows: 

~ MODE BF INTR STB 

INPUT MODE Low Low Input Control 

OUTPUT MODE 
1 Low High Input Control 
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To summarize, the register's assignments are shown TABLE 1. 

TABLE 1 I/O PORT ADDRESSING SCHEME 

I/O ADDRESS 
P UDUTS SELECT ION NO, OF BITS 

A7 A6 AS A4 A3 A2 Al AO 

X X X X X 0 0 0 Internal Command/Status Register 8 

X X X X X 0 0 1 PAO-7 General Purpose I/O Port A 8 

X X X X X 0 I 0 P1l0-7 General Purpose I/o Port B 8 

X X X X X 0 1 1 PCO-7 General Purpose I/O Port or 6 

Control 

X X X X X 1 0 0 Low-Order 8 bits of Timer Count 
---- --

X X X X X I 0 1 High 6 bits/2 bits of Timer Count 

TABLE 2 TABLE OF PORT CONTROL ASSICNMENT 

Pin MODE 1 MODE 2 HODE 3 MODE 4 

PCO Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt) 

PCI Input Port Output Port A BF (Port A Buffer Full) A BF (Port A Buffer Full) 
--

PC2 Input Port Output Port A STB(Port A strobe) A STB (Port A Strobe) 

PC3 Input Port Output Port Output Port B INTR (Port B Interrupt) 

PC4 Input Port Output Port Output Port B BF (Port B Buffer Full) 

PCS Input Port Output Port Output Port B STB (Port B Strobe) 
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TIMER SECTION 

The timer is a l4-bit down-counter that counts the 'timer input' pulses and 
provides either a square wave or pulse when terminal count (TC) is reached. 

The timer has the I/O address XXXXXlOO for the low order byte of the register 
and the I/O address XXXXXlOl for the high order byte of the register. 

To program the timer, the COU~~ LENGTH REGISTER is loaded first, one byte at a 
time, by selecting the timer addresses. Bits 0-13 will specify the length of the 
next count and bits 14-15 will specify the timer output mode. The value loaded 
into the count length register can have any value from ZH through 3FFFH in 
bits 0-13. 

I MZ 1 Ml 1 T131 TlZI Tll 1 TI0 1 T9 1 TS 
I !! 

TIMER HaDE MSB OF COUNT LENGTH 

I T7 t T6 1 T 5 1 T4 1 T3 1 TZ 1 Tl , 
I 

LSB OF COUNT LENGTH 

FIGURE 5 TIMER FROMAT 
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There are four timer modes which are defined by M2 and MI. 

M2 MI 

o 0 ------- Put out low during second half of count. 

o I -------Continuous square wave; The period of the square-wave 
equals the count length programmed with automatic 
reload at terminal count. 

I 0 ------- Single pulse upon TC being reached. 

I I ------- Continuous pulses. 

Note: In case of an odd-numbered count, the first half-cycle of the 
square-wave output, which is high, is one count longer than the 
second (low) half-cycle as shown in FIGURE 6. 

4 3 2 I 5 4 3 2 

TIMER IN 

M2 MI 
0 0 

0 I 

1 0 LJ 

I 

I 

1 1 L--.l ~ 
j I 

Load reload reload 

FIGURE 6 ASYMMETRICAL SQUARE-WAVE OUTPUT RESULTING FROM COUNT OF 5 
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Bits 6-7 (TM2 and TM1) of command register contents are used to start and 
stop the counter. There are four commands to choose from; 

TM2 TMl 

o 
o 

1 

1 

o 
1 

o 

1 

NOP: Do not affect counter operation. 

STOP: NOP if timer has not started; stop counting if the 
timer is running. 

STOP AFTER TC: Stop immediately after present TC is reached. 
(NOP if timer has not started) 

START: Load mode and count length and start immediately 
after loading (if timer is not presently running). 
If timer is running, start the new mode and count length 
immediately after present TC is reached. 

Note that while the counter is counting, you may load a new count and mode 
into the count length resisters. Before the new count and mode will be used 
by the counter, you must issue a START command to the counter. This applies 
even though you may only want to change the count and use the previous mode. 

The counter in the TMP8l55P/8l56P is not initialized to any particular mode 
or count when hardware RESET occurs, but RESET does stop the counting. 
Therefore you must issue a START command via the cis register, because count­
ing cannot begin following RESET. 

Please note that the timer circuit on the TMP8l55P/8l56P chip is designed 
to be a square-wave timer, not an event counter. To achieve this, it counts 
down by twos twice in completing one cycle. Thus, its registers do not 
contain values directly representing the number of TIMER IN pulses received. 
You cannot load an initial value of 1 into the count register and cause the 
timer to operate, as its termina'l count value is 10 (binary). After the 
timer has started counting down, the values residing in the count registers 
can be used to calculate the actual number of TIMER IN pulses required to 
complete the timer cycle if desired. To obtain the remaining count, 
perform the following operations in order: 

1. Stop the count. 
2. Read in the l6-bit value from the count length registers. 
3. Reset the upper two mode bits. 
4. Reset the carry and rotate right one position all 16 bits through 

carry. 
5. If carry is set, add 1/2 of the full original count (1/2 full count-l 

if full count is odd.) 

Note: If you started with an odd count and you read the count length register 
before the third count pulse occurs, you will not be able to 
discern whether one or two counts has occurred. Regardless of this, 
the TMP8l55P/8l56P always counts out the right number of pulses in 
generating the TIMER OUT waveforms. 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Item Rating 

Vee Vee Supply Voltage with Respect to vss -o.sv to +7.0V 
-

VIN Input Voltage wi. th P~spect to VSS -O.sV to +7.0V 
,----

VOUT Output Vol tage with Respect to VSS -O.sV to +7.0V 

PD Power Dissipation l.SW 

TSOLDER Soldering Temperature (Soldering Time 10 sec. ) 260 0 e 

TSTG Storage Temperature -ssae to +1s0 ae 

TOPR Operating Temperature oOe to +70 o e 

D.C. CHARACTERISTICS 

Symbol ParaDeter Test Conditions Min. Typ. Max. Units 

VIL Input Low Voltage -0.5 0.8 V 
-- f----

VIH Input High Voltage 2.0 I Vee+O.s i V 

VOL Output Low Voltage I 10L ~ 2rnA I 0.45 i V 

VOH Output High Voltage 
r----

-400IJA 2.4 I V I IOH ~ ! 

IlL Input Leakage 
I VIN ~ Vee to OV ! ±10 

i 
IJA 

Curr~~-~I--
--.-.. --------- -T·--- --- ---

! 
110 Output Leakage 0.45V .:. VOUT",-Vee ; 

±10 IJA r-- --_._--_. __ ._-"----+---- -
I lee Vee Supply Current 

I --+ 180 rnA 
--

IIL(eE) ehip Enable Leakage 

8155 
VIN Vee OV. I 

+100 

I 

IJA 
8156 

~ to 
-100 IJA 
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A,C, CHARACTERISTICS 
TA-OC to +70·C Vcc-+5V+5% - . - -

Symbol Parameters 

tAL Address to Latch Set Up Time 

tLA Address Hold Time after Latch 
--

t LC Latch to READ/WRITE Control 

tRD X~~~~o~ata out Delay from READ 

tAD Address Stable to Data Out Valid 

tLL Latch Enable Width 
tRDF Data Bus Float After READ 

tCL READ/WRITE control Latch Enable 

tcc READ/WRITE Control Width 

tDW Data In to WRITE Set Up Time 

two Data in Hold Time After WRITE 

tRV Recovery 1,'ime Between Controls 

TWP WRITE to Port Output 

TpR Port Input Setup Time 

t RP Port Input Hold Time 
t Strobe to Buffer Full SBF 
tss Strobe Width 

tRBE READ to Buffer Empty 

tSI Strobe to INTR On 

tRDI READ to INTR Off 
---

tpss Port Setup Time to Strobe 
t pHS Port Hold Time After Strobe 

tSBE Strobe to Buffer Empty 

tWBF WRITE to Buffer Full 

tWI WRITE to INTR Off 

tTL TIMER-IN to TIMER-OUT Low 
t 

TH TIMER IN to TIMER OUT High 

tRDE Data Bus Enable from READ Control 

tL TIMER-IN Low Time 

tH TIMER-IN High Time 

MPU85-43 

TMP8155P.TMP8156P 

Test Conditio Min. Typ. Max. Units 

50 ns 

80 ns 

100 ns 

170 ns 

400 ns 

100 ns 

0 100 ns 

20 ns 

250 ns 

150 ns 

l50pF Load 0 ns 

300 ns 

400 ns 

70 ns 

50 ns 

400 ns 

200 ns 

400 ns 

400 ns 

400 ns 

50 ns 

120 ns 
400 ns 

400 ns 

400 ns 

400 ns 

400 ns 

10 ns 

80 ns 

120 ns 



TOSHIBA 

TIMING WAVEFORMS 

A. READ CYCLE 

or CE(8155) 
CE(8156) 
10/M 

ALE 

B. WR ITE CYCLE 

or CE(8155) 
CE(8156) 
10/M 

ADO-7 

ALE 

tcc 

VALID 
DATA 

FIGURE 7 READ/WRITE TIMING DIAGRAMS 
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TOSHIBA TMP8155P.TMP8156P 

A. BASIC INPUT MODE 

RD 

tPR--+--l-

PORT 

ADO_7 - ---------

B. BASIC OUTPUT MODE 

1= WR \ 
twp 

ADO_7 

PORT 

FIGURE 8 BASiC 1/0 TIMING WAVEFORM 
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TOSHIBA TMP8155P,TMP8156P 

A. STROBED INPUT MODE 

BF 

STROBE 

INTR 

RD 

~ 

1 
I 

I- tss -

tpss 

INPUT DATA 
FROM PORT ~ 

B. STROBED OUTPUT MODE 

BF 

INTR 

tSBF 

~ tSI 

~ 

tWBF 

tWI I \i 

;r 
tpHS 

1----; 
'Ii OUTPUT DAT 

TO PORT 

\ 

_tRBE_ 

\ 
tRDI - H \ I 

I \L 
ItSBE 

i I 

/ 
-

tSI 

P 

twp 

X 

FIGURE 9 STROBED 1/0 TIMING WAVEFORM 
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LOAD COUNTER FROM CLR ~ RELOAD COUNTER FROM CLR~ 

TIMER IN 

TIMER OUT 
(PULSE) 

TIMER OUT 
(SQUARE WAVE) 

I 2 I 1 tr 

~Note 1), 
\ ___ J 

Note 1: The timer output is periodic 
if in an automatic 
reload mode (M1 Mode Bit = 1) 

I I 

FIGURE 10 TIMER OUTPUT WAVEFORM COUNTDOWN FROM 5 TO 1 
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OUTLI NE DRAWl NG 

40 39 38 37 36 35 34 33 32 31 30 29 28 Z1 26 25 24 23 22 21 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ] 7 18 19 :20 

507±015 

14±015 
(Note 2) 

"' cO rl 
o 0 

+1 ~ 

o "' co 

TMP8155P.TMP8156P 

Unit in mm 

(Note 1) 

( "'j'" ~ 
o 25± 0 1 

1500--1780 

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

2. Each lead pitch is 2.S4mm, and all the leads are located within 
±O.2Smm from their theoritical positions with respect to No.1 and 
No.40 leads. 
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• ilia 
INTEGRATED CIRCUIT 

TMP8251AP 
Silicon Monolithic 

TECHNICAL DATA N Channel Silicon Gate MOS 

PROGRAMr~ABLE cor1r~uNICATION INTERFACE 

GENERAL DESCRIPTION 

The TMP825lAP is the industry standard Universal Synchronous/ 

Asynchronous Receiver/Transmitter (USART) that is fabricated using 

N-channel silicon gate MOS technology. 

The TMP825lA is mainly used for 8-bit microcomputer extension 

systems, which require serial data communications. 

FEATURES 

Synchronous and Asynchronous Operation 

Synchronous: 

5-8 Bit Characters 

Internal or External Character Synchronization 

Single or Double Character Synchronization (Internal) 

Automatic Sync Insertion 

Asynchronous: 

5-8 Bit Characters 

Clock Rate - 1,16 or 64 Times Baud Rate 

Break Character Generation 

1, I 112, or 2 Stop Bits 

False Start Bit Detection 

Automatic Break Detect and Handling 

• Baud Rate DC to 64K Baud (Synchronous) 

DC to lS.6K Baud (Asynchronous) 

Full-Duplex, Double-Buffered, Transmitter and Receiver 

Error Detection-Parity, Overrun and Framing 

Single +5V Supply 

Compatible with Intel's 8251A/S2657 
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TOSHIBA 

PIN CONNECTIONS (Top View) 

BLOCK DIAGRAM 

RESET--+-------~ 

WR 

CS 

o/iS 
ill! 

RxRDY 

OLK -+-------~ 
READ/WRITE 

0/6 --+-------1 
Ri5 ---1------d 

WR -+---------<CI 

os -+-------CI 

OONTROL 

LOLIIO 

vee 

GND 
INTERNAL 

DATA BUS 

MPU85-50 

.HE8ET 

eLK 

TxD 

TxEMPTY 

eTS 

SYNDET/BD 

TxRDY 

REOEIVE 
BUFFER 
(p~S ) 

k:=======~ M QDEM 

TMP8251AP 

TxD 

TxRDY 

TxEMPTY 

RxD 

RXRDY 

SYNDET/BD 

RxO 



TOSHIBA TMP8251AP 

PIN NAMES AND PIN DESCRIPTIONS 

Interface Signals to CPU (Main System) 

DO ~ D7 (Input/Output) 

This 3-state, bidirectional, 8-bit buffer is used to interface the 82SlA 
to the system Data Bus. Data is transmitted or received through the 
buffer upon execution of Input or Output Instructions of the CPU. Control 
Words, Command Words and Status Information are also transferred 
through the Data Bus Buffer. 

WR (Input) 

A "low" level signal on this input informs the 82SlA that the CPU is 
Writing Data or Control Words to the 825lA. 

RD (Input) 

A "low" level signal on this input informs the 82SlA that the CPU is 
Reading Data or Status Information from the 8251A. 

CS (Input) 

A "low" level signal on this input selects the 82SlA. No reading or 
writing operation will occur unless the device is selected. When CS 
is "high" the Data Bus is in the floating state and RD and WR have no 
effect on the chip. 

C/f) (Input) 

This input signal, in conjunction with the WR and RD inputs, imforms 
the 82SlA that the word on the Data Bus is either a Data Character, 
Control Word or Status Infromation. A "high" level signal means 
Control or Status, a "low" level signal means Data. 

c/n RD WR CS 

0 0 1 0 82SlA Receive DATA Buffer + DATA Bus 

0 1 0 0 82S1A Transmit DATA Buffer + DATA Bus 

1 0 1 0 82SlA Status DATA Buffer + DATA Bus 

1 1 0 0 82SlA Command DATA Buffer + DATA Bus 

x 1 1 0 DATA Bus is in floating state. 

x x 
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TOSHIBA TMP8251AP 

CLK (Input) 

The eLK input is used to generate internal device timing. No external input 
or output is referenced to CLK, but the frequency of CLK must be greater than 
30 times the Receiver or Transmitter Data Bit Rates (RxC or TXC) in 
Synchronous Operation, and greater than 4.5 times the Receiver Data Bit Rates 
(~ in Asynchronous Operation. 

RESET (Input) 

A "high" level signal on this input forces the 8251A into an "Idle" mode. 
The device will remain at "Idle" untill a new set of Control Words is 
written into the 825lA to program its functional definition. Minimum 
RESET pulse width is 6 tcy. 

MODEM Control Signals 

DSR (Input) 

The DSR input signal is a general purpose, I-bit inverting input port. 
Its condition can be tested by the CPU using a Status Read Operation. 
The DSR input is normally used to test MODEM conditions such as Data 
Set Ready signal. 

DTR (Output) 

The DTR output signal is a general purpose, I-bit inverting output port. 
It can be set "low" by programming the appropriate bit in the Command 
Instruction Word. The DTR output signal is normally used for MODEM 
control such as Data Terminal Ready or Rate Select signal. 

RTS (Output) 

The RTS output signal is a general purpose, I-bit inverting output port. 
It can be set "low" by programming the appropriate bit in th.e Command 
Instruction Word. The RTS output signal is normally used for MODEM 
control such as Request to Send signal. 

CTS (Input) 

A "lowtl level signal on this input enables the 8251A to transmit serial 
data, if the Tx Enable Bit in the Command Byte is set to a "one" (TxEN=I). If 
either a Tx Enable off (TxEN=O) or CTS off (CTS=I) condition occurs while 
the Tx is in operation, the Tx will transmit all the data in the USART, 
written prior to Tx Disable Command before shutting down. 
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TOSHIBA TMP8251AP 

Transmit Control Signals 

TxC (Input) 

The Transmitter Clock controls the rate at which the character is to be 
transmitted. In the Synchronous Transmission Mode, the Baud Rate (Ix) 
is equal to the TxC frequency. In Asynchronous Transmission Mode the 
baud rate is a fraction of the actual TxC frequency. A portion of the 
Mode Instruction selects this factor; it can be I, 1/16 or 1/64 the TXC. 

For Example: 

If Baud Rate equals 110 Baud, 

TxC = no Hz (Ix) 

TxC = 1. 76 KHz (16x) 

TxC = 7.04 KHz (64x) 

The falling edge of TxC shifts the serial data out of the 825lA. 

TxD (Output) 

This line is used to transmit the serial data. Serial output data on 
TxD is changed from parallel data to serial data in accordance with the 
format specified by the Control Words. 
TxD line will be held in the marking state ('1' level) immediately on 
one of the followings. 

Master Reset Tx Disable (TxEN=O) 

CTS signal is high (CTS=l) TxEMPTY signal is high (TxEMPTY=l) 

TxRDY (Output) 

This output informs the CPU that the transmitter is ready to accept a Data 
Character. The TxRDY output pin can be used as an interrupt to the system, 
since it is masked by Tx Disable(TxEN=O). or, for polled Operation, the CPU 
can check TxRDY using a Status Read Operation. TxRDY is automatically reset 
by the trailing edge of WR when a Data Character is loaded from the CPU. 
The TxRDY pin output status (TxRDY (pin» is different from the TxRDY status 
bit status (TxRDY (status bit» as follows. 

TxRDY (status bit) = (Transmit Data Buffer Empty) 

TxRDY (pin) (Transmit Data Buffer Empey)· (CTS=O) • (TxEN=l) 

TxEMPTY (Output) 

The TxEMPTY output will go "high" when the 8251A has no characters to send. 
It resets upon receiving a character from the CPU if the transmitter is 
enabled. 
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TOSHIBA TMP8251AP 

In Synchronous Mode, a "high" level signal on this output indicates that 
a Character has not been loaded and the SYNC Character or Ctlaracters are 
about to be or are being transmitted automatically as "fillers". TxEMPTY 
does not go \flow" when the SYNC characters are being shifted out. 

Receive Control Signals 

RxC (Input) 

The Receiver Clock controls the rate at which the character is to be 
received. In Synchronous Mode, the Baud Rate (Ix) is equal to the actual 
frequency of RxC. In Asynchronous Mode, the Baud Rate is a fraction of 
the actual RxC frequency. A portion of the Mode Instruction selects this 
factor; 1, 1/16 or 1/64 the RxC. 

For Example: 

if Baud Rate equals 2400 Baud, 

RxC = 2.4 KHz (lx) 

RxC 38.4 KHz (16x) 

RxC = 153.6 KHz (64x) 

Data is sampled into the 825lA on the rising edge of RxC. 

RxD (Input) 

This line is used to receive the serial data. Serial input data on this 
line is changed to parallel data in accordance with the format specified 
by the Control Words, and then transfered to the Recive Data Buffer. 

RxRDY (Output) 

This output indicates that the 825lA contains a Data Character that is 
ready to be input to the CPU. RxRDY can be connected to the interrupt 
structure of the CPU, or, for Polled Operation, the CPU can check the 
condition of RxRDY using a Status Read Operation. 
Rx Enable off both masks and holds RxRDY in the Reset Condition. 
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TOSHIBA TMP8251AP 

SYNDET/BD (Input/Output) 

This pin is used for SYNDET in Synchronous Mode and may be used as either 
input or output, programmable through the Control Word. It is reset to 
output mode "low" upon RESET. When used as an Output (Internal Sync Mode), 
the SYNDET pin will go "high" to indicate that the 825lA has located the 
SYNC Character in the Receive Mode. If the 825lA is programmed to use 
Double Sync Characters then SYNDET will go "high" in the middle of the 
last bit of the second SYNC Character. SYNDET is automatically reset upon 
a Status Read Operation. When used as an Input (External Sync Mode), a 
positive going signal will cause the 825lA to start assembling Data 
Characters on the rising edge of the next RxC. 

In Asynchronous Mode this pin is used for BD. 
This output will go "high" whenever the receiver remains IIlow" through 
two consecutive Stop Bit Sequences (including the Start Bits, Data Bits, 
and Parity Bits). Break Detect may also be read as a Status Bit. 
It is reset only upon a Master Chip Reset or Rx Data returning to a 
"one'T state. 
But, if the I\.z Data returns to a "one" State during the last bit of the 
next character after the Break, Break Detect does not always reset. 

Power Supply 

Vce (Power) 

-+5 Volt supply 

GND (Power) 

o Volt supply 
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ABSOLUTE ~1AXIMUM RATINGS 
SYMBOL ITEM RATING 

Vee Power Supply Voltage (with respect to GND) -O.SV to 7.0V 

VIN Input Voltage (with respect to GND) -O.SV to 7.0V 

VOUT Output Voltage (with respect to GND) -0. Sv to 7.0V 

PD Power Dissipation (Ta= 70 0 e) lW 

Tsolder Soldering Temperature (10 sec) 260° C 

Tstg. Storage Temperature - SSOC to ISO°C 

Topr. Operating Temperature O°C to 70°C 

D.C. CHARACTERISTICS Topr=O°C to 70°C, VCC=SV ±S%, GND=OV, Unless otherwise noted. 

SYMBOL PARt\METER TEST CONDITIONS MIN. TYP. MAX. UNIT 

VIL Input Low Voltage -O.S - 0.8 V 

VIR Input High Voltage 2.2 - VCC V 

VOL Output Low Voltage IOL=2.2mA - - 0.4S V 

VOH Output High Voltage IOW- 4OO jJA 2.4 - - V 

VOFL Output Leak Current 0.4SV:':VOUT:':VCC - - flO J.1A 

IlL Input Leak Current 0.4SV:':VIN:':VCC - - ±10 J.1A 

Iec Power Supply Current All Outputs="High' - - 100 rnA 

A.C. CHARACTERISTICS Topr=O°C to 70°C, VCC=SV±S%, GND=OV, Unless otherwise noted. 

BUS READ CYCLE TI~lING Note 1) 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

tAR es, e/D Set-up Time for RD SO - - ns 

tRA CS, e/D Hold Time forRD SO - - ns 

tRR RD Pulse Width 2S0 - - ns 

tRD Data Delay Time for RD Note 2) CL=lSOpF Note 3) - - 2S0 ns 

tDF Data Hold Time for RD 10 - 100 ns 

BUS WRITE CYCLE TIMING Note 1) 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

tAW CS, C/D Set-up Time for WR SO - - ns 

tWA es, C/D Hold Time for WR SO - - ns 

tww WR Pulse Width 2S0 - - ns 

tDW Data Set Up Time for WR ISO - - ns 

tWD Data Hold Time for WR SO - - ns 

tRV Recovery Time Between WRITES Note 4) 6 - - tcyc 
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OTHER TIMING 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

tcyc Clock Period Note 5), 6) 320 - 1350 ns 

r-__ ~t_-H ______ -i~C~l~o_c~k~H_i~g~h~L_e~v~e~l~W~i~d~t~h~ ______________ ~1~4~0~~----+_t~c~y~c~-~9-0~~n=s~~ 
tL Clcok Low Level Width 90 - - ns 
t R, tF Clock Rise and Fall Time 20 

tDTx 
TxD Delay Time from Falling Edge of 
Txc I - 1 

Transmitter Input 

Clock Frequency 

Ix Baud Rate DC ,- 64 f----------"-'-'-'---- ___ ,-=-+-_-1-__ --1 
16 x Ba u d _oR"a .. tc::e=--__ ~--"=DC':C'___ji------_l__--"=3.:c1-"0~_I 
64x Baud Rate DC - 615 

ns 

~s 

kHz 

Transmitter Input Ix Baud Rate 12-
Clock High Level ~I------------------+-----+-----+--------~ tcyc 
Width _1_6_x~,_6_4_x __ B_a_u_d __ R_a_t_e-+ ___ l __ +-__ ; ___ +-___ -____ +-__ --I 

tTxRDY 

Transmitter Input! Ix Baud Rate 15 
Clock Low Level f------------------ ------+-----+--------j 
Width I l6x,64x Baud Rate 3 - -

Receiver Input 
Clock Frequency 

Receiver Input 
I Clock High Level 
I Width 
Receiver Input 
Clock Low Level 
Width 

Ix Baud Rate DC - 64 
f-----~------ -----+-=--"-+-----+-------1 

l6x Baud Rate DC - 310 
64x Baud Rate DC i - 615 

Ix Baud Rate _____ 1._2_11 ___ -__ + ___ -____ -1 

l6x,64x Baud Rate 1 

Ix Baud Rate 
r------------~ 

l6x,64x Baud Rate 
TxRDY Pin Delay Time from Center of 
Last Bit 

8 

tTxRDY CLEAR TxRDY Clear Delay Time from Trailing 
Edge of WR 

6 

tRxRDY 
RxRDY Pin Delay Time from-Center of 
Last Bit 

tRxRDY CLEAR RxRDY Clear Delay Time from Leading 
Edge of RD 
Internal SYNDET Delay Time from 
Rising Edge of RxC 
External SYNDET Set-Up Time fore 
Falling Edge of RxC 1--__________ +-____ -"-__ "'-'-----=:....::.,-'. ___ . ___ -- --- -----
TxEMPTY Delay Time from Center of 

tTxEMPTY Last Bit 
Control Delay Time from Rising Edge 
of WR (TxEN, DTR, RTS) 
DSR, CTS Set-up Time for RD 
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16 I 

20 

8 

20 

24 

6 

24 

tcyc 

kHz 
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tcyc Note 

tcyc Note 

tcyc Note 

tcyc No te 

tcyc Note 

tcyc Note 

tcyc Note 

tcyc Note 
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TOSHIBA 

Notes: 

1) AC Test Conditions: Output measuring point VOH~2.0V, VOL~O.8V 

Input supply level VIH~2.4V, VlL~O.45V 

2) Assumes that Address is valid before the falling edge of TID. 

3) CL means load capacitance. 

4) This recovery time is defined only for Mode Initialization. 

Write Data is allowed only when TxRDY~l. Recovery Time between 

Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode 

is 16 tcy. 

5) The TxC and RxC frequencies have the following limitations with 

respect to CLK: 

For Ix Baud Rate, fTx or fRxSl/(30tcy) 

For l6x and 64x Baud Rate, fTx or fRxSl/(4.5tcy) 

6) Minimum Reset Pulse Width is 6 tcy. System Clock must be running 

during Reset. 

7) Status up data can have a maximum delay of 28 clock periods from 

the event affecting the status. 
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TIMING WAVEFORMS 

SYSTEM CLOCK INPUT 

CLK 

TRANSMITTER CLOCK AND DATA 

TxC(IXMODE) 

TxC(16xMODE) 

TxD 

RECEIVER CLOCK AND DATA 

Rxbaud counter starts here. 

RxD 

RxC(lxMODE) 

RxC(16xMODE) 

INTERNAL 
SAMPLING 

~ START BIT / 

8RxC PERIODS 
(16 X MODE) 

16RxC PERIODS 
(16xMODE) 

MPU85-59 
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WRITE DATA CYCLE (CPU -> 8251A) 

TxRDY 

DATA BUS 
(INPUT DA 

cs 

DON'T CARE 

TAl 

READ DATA CYCLE (8251A -7 CPU) 

RxRDY 

RD 

L tww 

i 
tDW 

r TA STABLE 

tAW 

tAW 

'=-I 

~ 
DATA BUS 

(OUTPUT DA 

DATA FLOATING 

TAl 'i 

tAR 

tAR 

cs 
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1 
I 

tTxRDY CLEAR 

tWD 

DON'T CARE 

tWA 

tWA 

tRxRDY CLEAR 

tRR 

-l 

tm<' 

DATA FLOATING 
DATA VALID 

-- - tRA 

tRA 

-I 



TOSHIBA 

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU -+ 8251A) 

DATA BUS 
(INPUT DATA) 

DON'T CARE 

tAW 

'-

tAW 

tww 

If 
Il- -I 

tDW 

ATA STABLE 

-

READ CONTROL OR INPUT PORT CYCLE (8251A + CPU) 

f--

tCR tRR 

RD 

DATA FT~OATING ~ 

TMP8251AP 

'\ 

twe 

tWD 

DON'T CARE 

-tWA 

-

tWA 

-I; 
-i-

tDF 

.DATA FLOATING DATA BUS 
(OUTPUT DATA ) -'I. DATA VALID -

tAR - - - tRA 

-j 

tAR tRA 

MPU85-61 



TOSHIBA TMP8251AP 

lxHlI'i' 
\l'l:J) 

l'IN" 

TRANS~lITTER CONTROL AND FLAG TIMING (SYNC MODE) 

>-----<(}1, 
r----+----" I !''----i----\--+-------+--i'b 

I 

iJNrA bYNC SYNC DATA DATA 
CHAHA? CliAHA 1 CliARAZ CHArtA..:. CHAHAl, 

: ~) lJll' ChARAC'l~H WITH 

RECEIVER CONTROL AND FLAG TIMING (SYNC MODE) 

l EXIT HUNT II.11DIo. 

BIT CHA!U\CTBH WITH L'AHITY 
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TOSHIBA TMP8251AP 

Txf!;MPTY 

BIT) 

c/IT 

TxD 

ED 
(PIN) 

BIT) 

RxRDY 

C/D 

WR 

RD 

RxD 

TRANS~lITTER CONTROL AND FLAG TIMING (ASYNC MODE) 

DATA 
CHAKAI 

DATA 
CHARA2 

EXAMPLE ~ORMAT : 7 BIT CHARAOTER 

tTXEMPTYIJ== 

DATA 
CHARA3 

2 STOP BITS. 

DATA 
CHARA4 

Note: TxRDY(PIN) = ( TransmIt Data Buffer 18 empty) (TxEN=l)' (OT8=0 ) 

TxHDY(STATTJS BIT)=( TransmIt Data Buffer IS empty) 

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE) 

rn;;;;:: 
__ ItRXRDY I 

LOST 

!1 [r"-"' 
I 

RID DATA3 RD DATAl 

J \ / / U \... / I 
WR RxEN 

WR RxEN 

\8/01*1*1*'Ip 

DATA 
OHARAl 

0 ~ 

81'1\8/ 01*\314\5161 PP1'1\s /01112\3141* IF fiiTI' 
DATA 
CHARA2 

DATA 
CHARA3 

WR ERR 

-0 \..., 

\ BREAK 

S123406PSTP 

1<~XAMPLE FOHMAT 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 
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TOSH I BA TMP8251AP 

OUTLINE DRAWINC 

2 :.5 4- 5 6 '7 8 9 10 11 12 10 14 

37 4 MAX • 

(Note 2) 05±015 

254±025 14-±O 15 

CD 
C'l rl 
o 0 
-H +1 
o '0 
rl 

Unit in mm 

(Note 1) 

1524TYP. 

025±Ol 

174-MAX. 

(Note 3) 

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

2. Each lead pitch is 2.S4rnm, and all the leads are located within 
±O.2Smm from their theoritical positions with respect to No.1 and 
No.28 leads. 

3. This dimension is to outside of leads. 
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INTEGRATED CmCUIT TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

TECHNICAL DATA 

PROGRAM~IABLE INTERVAL Tl~IER 

GENERAL DESCRIPTION 

TMP8253P-5 
N-CHANNEL SILICON GATE MOS 

The TMP8253-5 is a programmable counter/timer chip designed for use as the 
TLCS-85A microcomputer peripheral. It is organized as 3 independent 16 bit 
counters, each operates with a count rate of up to 2.5MHz. All modes of 
operation are software programmable. 

FEATURES 

PIN 

PIN 

Count Binary or BCD 

3 Independent 16 Bit Counters 

Single +5V Supply 

Count rate DC to 2.5MHz 

6 programmable Counter Modes 

Compatible with Intel's 8253-5 

CONNE CTl ONS 

D7 vee 
D6 WR 

D5 RD 

D4 es 
Do Al 

D2 AQ 

Dl CLK2 

DO OU'l'2 

CLKO GATE2 

aUTO eLKl 

GATIW GATEl 

GND OUTl 

NAMES 

D7 '" Do Data Bus (8 bit) 
CLK N Counter Clock Input 
GATE N Counter Gate Input 
OUT N Counter Output 

RD Read Counter 

WR Write Counter 

CS Chip Select 
Ao '" Al Counter Select 

VCC +5V 
GND Ground (OV) 

BLOCK C'IAGRM" 

DATA 

RD 

WR 
WRITE 

AO 
LOGIC 

Al 

CS 

MPU85-65 

COUN­

TER 

COUN-

TER 

*" 

CLKO 

GATED 

OUT a 

eLK 1 

GATEl 

aD T 1 

CLK2 

GATE2 

OUT 2 



TOSHIBA TMP8253P-5 

PIN NAMES AND PIN DESCRIPTION 

GND (Power Supply) 

Ground. 

Vee (Power Supply) 

+5V during operation. 

es (Input) 

A Iowan this pin enables RD and WR communication between the CPU and 

the TMP8253-5. The es input has no effect upon the actual operation of 

the counters. 

AD, Al (Input) 

These inputs acts in conjunction with the CS, WR, and RD pins. This pin 

is used to select one of the three counters to be operated on and to 

address the control word register for mode selection. 

WR (Input) 

A Iowan this pin when CS is low enables the TMP8253-5 to accept mode 

information or loading counters from the CPU. 

RD (Input) 

A Iowan this pin when CS is low enables the TMP8253-5 to release a 

counter value onto the data bus for the CPU. 

DO ~ D7 (Input/Output) 

Bidirectional Data Bus. Mode infonnation, the information loading 

counter or the count values are transfered via this ,data bus. 

CLKD ~ CLK2 (Input) 

Clock inputs to counters. Falling edge on this pin enables the counter 

to count down. 
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GATEO ~ GATE2 (Input) 

Gate inputs to counters. The function of this pin differs by the mode 

selection of counter operation. 

OutO ~ Out2 (Output) 

Outputs from the counters. The output signal from this pin differs by 

the mode selection of counter operation. 

FUNCTIONAL DESCRIPTION 

[Block Description] 

Data Bus Buffer 

This is 3-state, b1-directional, 8 bit buffer used for interfacing the 

TMP8253-5 to the system data bus. The Data Bus Buffer has three functions 

as follows. Programming the MODEs of the TMP8253-5, Loading the count 

registers, and Reading the count values. 

Read/I,rite Logic 

The Read/Write Logic accepts inputs from the system bus and in turn 

generates control signals for overall device operation. 

- - -
CS RD WR AI Ao 

0 1 0 0 0 Load Counter 110 

0 1 0 0 1 Load Counter III 

0 1 0 1 0 Load Counter 112 

0 1 0 1 1 Write Mode Word 

0 0 1 0 0 Read Counter I/O 

0 0 1 0 1 Read Counter 111 

0 0 1 1 0 Read Counter 1/2 

0 0 1 1 1 Data Bus 
~-~ 

1 x x x x is in High-impedance state 

0 1 1 x x 
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Control Word Register 

The Control Word Register ~s selected when AO, Al are 11. It then 

accepts information from the data bus buffer and stores it in a 

register. The information stored in this re~ister controls the 

operational MODE of each counter, selection of binary or BCD counting 

and the loading of each count register. No reading of the contents 

of the Control Word Register is available. 

Counter 110, Counter Ill, Counter 112 

These three blocks are identical so only a single counter will be 

described. Each counter consists of a single, 16 bit, presettable, DOWN 

counter. The counter can operate in either binary or BCD and its input, 

gate and output are configured by the selection of MODES (Six MODES: 

MODE 0 to MODE 5) stored in the Control Word Register. Also the control 

word handles the loading of the count value so that software overhead 

can be minimized for these functions. 

The reading of the contents of each counter is available to the 

programmer with simple READ operations for event counting applications. 

Special commands and logic are included in the TMP8253-5 so that the 

contents of each counter can be read "on the fly" without having to 

inhibit the clock input. 

[MODE Definition] 

MODE 0: Interrupt on Terminal Count. 

The output will be initially low after the mode set operation. 

After the count is loaded into the selected count register, the 

output will remain low and the counter will count. When terminal 

count is reached the output will go high and remain high until the 

selected count register is reloaded with the mode or a new count 

is loaded. The counter continues to decrement after terminal 

count has been reached. 

Rewriting a counter register during counting results in the 

following: 
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(1) Write 1st byte stops the current counting. 

(2) Write 2nd byte starts the new count. 

MODE 1: Programmable One Shot. 

The output will go low on the count following the rising edge of 

the gate input. 

The output will go high on the terminal count. If a new count 

value is loaded while the output is low it will not affect the 

duration of the one-shot pulse until the succeeding trigger. The 

current count can be read at any time without affecting the one-shot 

pulse. 

The one-shot is retriggerable, hence the output will remain low for 

the full count after any rising edge of the gate input. 

MODE 2: Rate Generater 

Divide by N counter. The output will be low for one period of the 

input clock. The period from one output pulse to the next equals 

the number of input counts in the count register. If the count 

register is reloaded between output pulses the present period will 

not be affected, but the subsequent period will reflect the new 

value. 

The gate input, when low, will force the output high. When the gate 

input goes high, the counter will start from the initial count. 

Thus, the gate input can be used to synchronize the counter. 

When this mode is set, the output will remain high until after the 

count register is loaded. The output then can also be synchronized 

by software. 

MODE 3: Square Wave Rate Generator. 

Similar to MODE 2 except that the output will remain high until 

one half the count has been completed (for even numbers) and go low 

for the other half of the count. 
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This is accomplished by decrementing the counter by two on the 

falling edge of each clock pulse. When the counter reaches terminal 

count, the state of the output is changed and the counter is re­

loaded with the full count and the whole process is repeated. 

If the count is odd and the output is high, the first clock pulse 

(after the count is loaded) decrements the count by 1. Subsequent 

clock pulses decrement the clock by 2. After timeout, the output 

goes low and the full count is reloaded. The first clock pulse 

(following the reload) decrements the counter by 3. Subsequent 

clock pulses decrement the count by 2 until timeout. Then the whole 

process is repeated. In this way, if the count is odd, the output 

will be high for (N + 1)/2 counts and low for (N - 1)/2 counts. 

MODE 4: Software Triggered Strobe. 

After the mode is set, the output will be high. When the count is 

loaded, the counter will begin counting. On terminal count, the 

output will go low for one input clock period, then will go high 

again. 

If the count register is reloaded between output pulses, counting 

will continue from the new value. The count will be inhibited 

while the gate input is low. Reloading the counter register will 

restart counting beginning with the new number. 

MODE 5: Hardware Triggered Strobe. 

The counter will start counting after the rising edge of the 

trigger input and will go low for one clock period when the terminal 

count is reached. The counter is retriggerable. The output will 

not go low until the full count after the rising edge of any trigger. 
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~ Low or Going Low Rising High 
Modes 

0 Disables counting - Enables counting 

1 - (1) Initiates counting -
(2) Resets output after 

next clock 

2 (1) Disables counting (1) Reloads counter 
Enables counting (2) Sets output (2 ) Initiates counting 

innnediately High 

3 (1) Disables counting 
(2) Sets output Initiates counting Enables counting 

innnediately High 
-~ I---

4 Disables counting - Enables counting 

5 - Initiates counting -

Figure 1. Gate Pin Operations 
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MODE 0; Interrupt on Terminal Count 

CLOCK 

UUTPUT 
(IN'n:l{}ZUPT ) 

WI{ 
m 

GAT.!!.: 

OU T PU T 
(IN'l'EIlliUPT) 

J1.Jl.11IUl..I1 

~II I 
4 .j 2 1 0 

HODE 1: Programmable One-Short 

CLOCK 

WI{ 
n 

GATE 
(TRIGGER) 

OUTPUT 

GATE 
(TRIGGER) 

OUTPUT 
(n~4) 

4 3 2 1 0 

4,324-3210 

MODE 2: Rate Generator 

CLOCK 

WR 
n 

OUTPUT 

OUT PU T 
( n~3) 
GATE 
(RESBT) 

~ ~r---------

4 3 2 1 0:.4) :.;, 2 1 a:.;,) 2 1 () 
---------, 

0(3) :3 2 1 0;3) 2 1 0(3) 2 

TMP8253P 5 

MODE 3: Square Wave Generdtor 

U U T }! U 'J' 
(" 1) 

OUTPUT 
(n ~:,) 

OUTl'UT 
([1- 4) 

REC WI) 

MODE 4: Software-Triggered Strobe 

CLOCK 

WRn 

OUTPUT 
______ ~~0 __ ~%~1~~r __________ _ 

LOAD Il 

GATE L--J 
OUTPUT ------~----~3~~~L-r----

MODE 5: Hardware-Triggered Strobe 

CLOCK 

'I'lUGGER) 

OUTIJUT 

GATE 
(TRIGGER) 
OUTPUT 
(n~4) 

_ __________ ~4~3~2~1~O 
~ 

----1'L..J 
4343210 

------------~~ 

Figure 2. TMP8253-5 Timing Diagrams 
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PROGRAMMING the TNP8253-5 

All of the MODEs for each counter are programmed by the systems software 

by simple I/O operations. 

Each counter of the TMP82S3-S is individually programmed by writing a 

control word into the Control Word Register. (CS=O, AO=AI=l, WR=O) 

D7 D6 DS D4 DJ D2 Dl DO 

SCI SCO RLliRLO 1'12 I'll 1'10 BCDJ 

I I l 
Select Counter 0 0 0 a I Binary Counter (16-blt>3l/ 

Select Counter 1 a 1 1 I BCD Counter(4 Decodes) I 
Select Counter 2 1 a 
Illegal 1 I a a a MODE 

0 a 1 MODE 

Counter Latching a a x 1 a MODE 
Operation 

x 1 1 MODE 
Read/Load least signif- a 1 1 a a MODE icant byte only 

Read/Load most signif-
I 0 1 MODE 

icant byte only 
1 0 

Read/Load least signif-
icant byte first then 1 1 
most Significant byte 

NOTE. SC: Select Counter, RL: Read/Load, 1'1: Mode, 

BCD: Binary Coded Decimal. 

Figure 3. Control Word Format 

a 
1 

2 

3 

4 

5 

The programmer must write out to the TMP8253-5 a MODE Control Word and 

the programmed mnnber of count register bytes (lor 2) prior to actually 

using the selected counter. 

The actual order of the programming is quite flexible. Writing out of 

the MODE Control Word can be in any sequence of counter selection. 

The loading of t:he Count Register with actual count value, however, 

must be done in exactly the sequence programmed in the MODE Control Word 

(RLO, RLl) 
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Coun ter Loading 

The count register is not loaded until the count value is written (one or 

two bytes, depending on the mode selected by the RL bits), followed by a rising 

edge and a falling edge of the clock. 

The count register must be loaded with the number of bytes programmed in 

the MODE Control Word. The one or two bytes to be loaded in the count regist. 

do not have to follow the associated MODE Control Word. TIley can be programmed 

at any time following the MODE Control Word loading as long as the correct 

number of bytes is loaded in order. 

All counters are down counters. Loading all zeros will result in the 

maximum count (2 16 for Binary or 10 4 for BCD). In MODE 0 and MODE 4, the new 

count will not restart until the load has been completed. 

Read Operations 

The TMP8253-5 contains logic that will allow the programmer to easily read 

the contents of any of the three counters without disturbing the actual count in 

progress. 

There are two methods that the programmer can use to read the value of the 

counters. The first method involves the use of simple I/O read operations. By 

controlling the AO, Al inputs to the TMP8253-5, the programmer can select the 

counter to be read. The only requirement with this method is that in order to 

assure a stable count reading the actual operation of the selected counter must 

be inhibited either by controlling the Gate input or by external logic that 

inhibits the clock input. 

The contents of the counter selected must be read in the sequence programmed 

in the MODE Control Word (RLO, RLl). When RLO, RLI is 11. First I/O Read con­

tains the least significant byte (LSB) , second I/O Read contains the most sig­

nificant byte (MSB), and the two bytes must be read before any loading WR 

command can be sent to the same counter. 

The second method allows the programmer to read the contents of any 

counter without effecting or disturbing the counting operation. When the 

programmer wishes to read the contents of a selected counter "On the fly", 

he loads the MODE register with a special code which latches the present 
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count value into a storage register so that its contents contain an 

accurate, stable quantity. The programmer then issues a normal read 

command to the selected counter. The contents of the latched register 

must be read in the sequence programmed in the MODE Control Word (RLO, 

RL1). This commands has no effect on the counters mode. 

Program Example 

Set up sequence 
for counter 110 

READ the contents 
of counter 110 

RELOAD to 
counter I/O 

MVI A, 0011000B 

OUT CWAD 

MVI A, 53B 

OUT CNTO 

MVI A, 82B 

OUT CNTO 

MVI A, OOOOXXXXB 

OUT CWAD 

IN CNTO 

MOV L, A 

IN CNTO 

MOV B, A 

MVI A, 82B 

OUT CNTO 

MVI A, 53H 

OUT CNTO 

... 

MPU85-75 

110, LSB-MSB, MODE 0, Binary 

The address of Control Word Register 

LSB for counter I/O 

The address of counter 110 

MSB for counter 110 

The address of counter I/O 

Latching count 

Read LSB of counter I/O 

Read MSB of counter #0 

Load LSB for counter #0 

Load MSB for counter #0 
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ABSOLUTE MAXH1UM RATINGS 

SYMBOL ITEM RATING 

VCC VCC Supply Voltage (with respect to GND (VSS)) -0.5V to +7.0V 

VIN Input Voltage (with respect to GND (VSS)) -0.5V to +7.0V 

VOUT Output Voltage (with respect to GND (VSS)) -0.5V to +7.0V 

PD Power Dissipation lW 

Tsol Soldering Temperature (Soldering Time 10 sec) 260°C 
----------- ---

Tstg Storage Temperature -55°C to +150°C 

Topr Operating Temperature O°C to 70°C 

DC CHARACTERISTICS (Topr~O°C to 70°C, VCC~5.0V±5%, GND~OV) 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 
--

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.2 VCC V 
+0.5 

VOL Output Low Voltage IOL~2.2 mA 0.45 V 

VOH Output High Voltage IOH~-400 l1A 2.4 V 

IIL Input Leak Current O,:::VIN':::VCC ±10 l1A 

IOFL Output Leak Current O,:::VOUT':::VCC ±10 l1A 

ICC VCC Supply Current 140 mA 

INPUT CAPACITANCE (Ta~25°C, VCC~GND~OV) 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

CIN INPUT CAPACITANCE fC~l MHz 10 pF 

CI/O INPUT/OUTPUT Unmeasured pins. OV 20 pF 
CAPACITANCE 
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AC CHARACTERISTICS 
(Topr~O°C to 70°C, VCC~5.0V±5%, GND~OV) 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNIT 

tAR Address Set up Time 30 ns 
(RD+) 

tRA Address 
(RDt) 

Hold Time 5 ns 

-
tRR RD Pulse Width 300 ns 

-
tRD Valid Data (RD+) CL~150 pF 200 ns 

tDF Data Floating (RDt) 25 100 ns 

tRV Recovery Time 1 llS 

tAW Address 
(WR+) 

Set up Time 30 ns 

tWA Address 
(WRt) 

Hold Time 30 ns 

-
tww WR Pulse Width 300 ns 

tDW Data Set up Time 250 ns 
(WRt) 

-
tWD Data Hold Time (WRt) 30 ns 

tCLK Clock Period 380 DC ns 

tpWH CLK High Pulse Width 230 ns 

tpWL CLK Low Pulse Width 150 ns 
------- ~ ~~ 

tGW GATE Width High 150 ns 

tGL GATE Width Low 100 ns 

tGS GATE Set up Time 100 ns 
(CLKt) 

tGH GATE Hold Time (CLKt) 50 ns 

tOD Output Delay 
(CLK+) 

From CL~150 pF 400 ns 

tODG Output Delay From CL~150 pF 300 ns 
(GATE+) 

NOTE: AC timings measured at VOH~2.2V, VOL~O.8V 
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READ TIMING 

AO,Al,CS 

WRITE TIMING 

AO,Al,CS 

CLOCK & GATE TIMING 

eLK 

GATE 

OUTPUT 
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QUlLl NE DRAWl NG 

PLASTIC PACKAGE 

24 23 22 21 20 19 

-+---- ------t----It-] 
1 2 3 4 5 6 7 8 9 ID llU 

I; 
324MAX. 

(Nete 2) 254±025 14±0 15 

o 5±0 15 

'" o 
-H 
o 

"' rl 
o 
+1 

"' '" 

TMP8253P-5 

Unit in mm 

(N ote 1) 

025±006 

174MAX • 

(Note 3) 

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

2. 'Each lead pitch is 2.54mm, and all the leads are located within 
±O.25mm fr~m their theoritica1 positions with respect to No.1 and 
No.24 leads. 

3. This dimension is to outside of leads. 
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• INTEGRATED CIRCUIT 

iIi~ TECHNICAL OAT A 

PROGRM1MABLE PERIPHERAL INTERFACE (PPI) 

GENERAL DESCRIPTION 

TMP8255AP-5 

TOSHIBA MOS TYPE DIGlTAL IC 

SILICON MONOLITHIC 

TMP8255AP-5 is the high speed programmable peripheral interface LSI, 

capable of controlling parallel input/output data. This LSI is programmable 

in several operation modes and is capable of supplying a simple interface 

between micro-processors and peripheral!..> equipment. 

24 input/output pins are divided into three 8-bit ports and used either 

for input or output by programs. 

All signal levels are TTL compatible. 

Data transfer between the processor and TMP825SAP-S is possible by using 

Chip Select Input (CS) and Port Address Ao, AI' 

Data write/read operation to/from a specified port is possible by using 

Write Input (WR) or Read Input (RTI). 

FEATURES 

o Compatible with INTEL's 82SSA-S 

o 24 Programmable Input/Output Pins 

o Programmable Operation Modes 

o Direct Bit Set/Reset Capability 

o Single +SV Power Supply 
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PIN NA~lES 

PAo 'V PA7 Port A 
-

PBo 'V PB7 Port B 
-- ---

PCo 'V PC7 Port C 
~--.--- - -----

-
CS 

-
RD 

-
WR 

Ao - A, 

RESET 

VCC . VSS 

BLOCK DIAGRAM 

RD 
WR 
CS 
Ao 
A, 

RESET 

I/O 

Chip Select 
"----

Read Signal 

Write Signal 

Port Address 
-

Reset 

Power Supply 

I/O I/O 

TMP8255AP-5 

PHI CONNECTION 
TOP VIEW 

PA3 FA, 

PA2 PA5 

PAl FA6 

PA7 

RD 

OS RESET 

(GND)VDD DO 

Al Dl 

Ao D2 

P07 
TMP8255AP-5 D3 

PC6 D, 

P05 D5 

P04 D6 
FCa D7 

POI Vec(+5V) 
pez PB7 

PC3 PB6 
PBa PB5 

PBl PB4 

PB2 PB3 

Data Bus 

I/O 
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FUNCTIONAL DESCRIPTION 

I/O SIGNALS 

TMP82SSA-S uses a 8-bit bidirectional data bus for data transfer to/from 

the processor. Data can be transfered between the data bus and control 

registers or between 2 output port groups (Group A and Group B), in the 

inside of TMP825SAP-S. There are 2 control registers. 

Group A consists of high-order 4 bits of Port C and Port A. Group B 

consists of low-order 4 bits of Port C and Port B. 

Port A 

Port B 

Port C 

8 data bits are used for input latch/buffer, output latch/buffer, 

or bidirectional bus, respectively. 

8 data bits are used for input buffer or output latch/buffer. 

8 data bits are used for input buffer, output latch/buffer, or 

two 4-bit control ports in combination with Port A and B. 

Operation of each port is control.led by programs. 

When two inputs of Port Addresses AD and A, are used together with Read 

Input, Write Input and Chip Select, it is possible to select a specific 

port or control register. 

Port A selection A, 0 AD 0 

Port B selection A, 0 AD I 

Port C selection A, I AD D 

Control register selection A, I AD I 

(Note: Readout operation from a control register is impossible. ) 
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Read (RD) 

Write (WR) 

Chip Select (CS) 

Reset (RESET) 

Data Bus 

(D7 - Do) 

PROGRAMMING 

TMP8255AP-5 

Data read operation from TMP8255AP-5 to the data bus is 

controlled by RD signal (low active). 

Data write operation from the data bus to TMP8255AP-5 is 

controlled by WR signal (low active). 

TMP8255AP-5 is selected by CS signal (low active). 

When CS="l", the data bus driver is in the high 

impedance state. 

When RESET="l", all internal registers are cleared and all 

ports are in high impedance input mode. 

The 8-bit data bus is used for transferring data and 

program information between the processor and TMP8255AP-5. 

To program the operations of TMP8255AP-5, first select the internal control 

function to be programmed by the processor. To do this, execute the write 

operation under the programming mode (A , = Ao = RD = "1", CS = WR = "0"). 

As a result, data bus information is written into one of two control registers. 

Input/Output of respective ports and operation mode of each group (Mode 0, 

1 and 2 are available) can be selected by one of these control registers. 

Another control register is used for controlling set/reset of Port C bits. 

One of these two control registers is selected by Bit 7 of the data bus. 

When Bit 7 is "I", an operation mode is selected, while the set/reset 

function is selected when it is "0". 
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Bit 0 through 6 have different meanings depending upon a 

selected control mode. 

(a) Operation Mode Control (DB7 ~ "1") 

1 Control of Group A 
Control of 

Group B 

DB7 DB6 I DBs I DB4 I DB3 DB2 I DB, I DBa 

o Control of Group A (DB6 - DB 3) 

The operation mode is defined by Bit 6 and 5, and the port 

function (input or output) is selected by Bit 4 and 3. 

o Control of Group B (Bit 2, 1 and 0) 

The operation mode is defined by Bit 2, and the port function 

(input or output) is selected by Bit 1 and O. 

The detail of operation modes and port input/output selection are 

described in the next item. 

Relationship between operation modes and control bit are shown in 

the following table. 

Operation 

Mode 

0 

1 

2 

Control Bit 

Group A Group B 

6 5 2 

0 0 0 

0 1 1 

1 X ~ 

Bit 6 and 5 define Group A 

modes and Bit 2 defines 

Group B modes. 

Note: X mark shows that either 0 or 1 is acceptable. 
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(b) Bit Set/Reset Control (DB. = "0") 

0 X X X Bit Select I/O 

DB. DB. DB. DB. DB. I DB. 1 DB, DBo 

Bit Select 

Bit 3, 2 and 1 select Port C bit to be set/reset. 

Port C Bit Control Bit 

Selection 3 2 1 

0 0 0 0 

1 0 0 1 

2 0 1 0 

3 0 1 1 

4 1 0 0 

5 1 0 1 

6 1 1 0 

7 1 1 1 

Set/Reset 

When Bit 0 is "1", selected bit of Port C is set and when it is 

"0", selected bit of Port C is reset:. In this case, Bit 6, 5 and 

4 are not used. Therefore, either "0" or "1" is acceptable. 

OPERATION MODES 

TMP8255AP-5 is designed for various pro~rams which control for 

i?terfacing with various peripherals. 

For this purpose, there are 3 basic modes. 
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Mode 0 

24 input/output pins of 3 ports are devided into 4 groups of Port A 

(8 bits), Port B (8 bits), Port C (high order 4 bits) and Port C 

(low order 4 bits). 

Data is latched in the output port, but is not latched in the input 

port. In the data input operation, input data is placed on the data 
bus at RD = O. The combination of input/output of these 4 groups is 
available in 16 ways. This combination is selected by the operation 

mode register of TMP8255AP-5 using B'it 0, 1, 3 and 4 of the d'ata bus. 

Programming under Mode 0 

In the case CS = WR = "0", Al = Ao = RD = "I", DB7 = "1 11 and DB6 

DBs = DB2 = "0", the programming is shown in the following table. 

Data Bus Bit Port C Port C 
Port A Port B 

4 3 1 0 (PC 7 -PC 4 ) (PC 3 -PC O ) 

0 0 0 0 Out 
I 

Out Out Out 

0 0 0 1 Out I Out Out In 
I 

0 0 1 0 Out Out I In Out 

0 0 1 1 Out Out ! In In 

0 1 0 0 Out In Out Out 

0 1 0 1 Out In Otlt In 

0- 1 1 0 Out In In Out 

a 1 1 1 Out In In In 

1 0 0 0 In Out Out Out 

I 0 a 1 ]n Out Out In I 

1 0 1 0 In Out In Out 

; 1 0 1 1 In Out In In 

1 1 0 0 In In Out Out 

1 1 0 1 In In Out In 

1 1 1 0 In In In Out 

1 1 1 1 In In In In 
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Mode 1 

Under Mode 1, Port A and high order 5 bits of Port C are correlated to 

Group A, and Port B and low order 3 bits of Port B are correlated to Group 

B, respectively. 

Port C is used for a control signal to control input/output data of Port A 

or Port B. 

The internal enable/disable flip-flop (INTE) can be controlled by setting/ 

resetting Bit 4 and 2 of Port C when Ports A and B are USed as the input 

ports using the bit set/reset function, and by setting/resetting Bit 6 and 

2 when they are used as the output ports. 

When bit set/reset is "1", the flip-flop is placed in the enable state, 

and when bit set/reset is "all, it is placed in the disable state. 

Data transfer between the ports and peripherals is controlled by J control 

signals for input operation, and is also controlled by 3 control signals for 

output operation. Functions of individual bits of Port C are specified as 

shown in the following table. 

Control Functions 
Related Port 

A B 

STB PC 4 PC 2 

Input IBF PCs PC , 

INTR PC 3 PC o 
---- J----

OBF PC 7 PC , 

Output ACK PC 6 PC 2 

INTR PC 3 PC o 

Out of above stated control functions, those related to input are 

as follows. 
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o Strobe Input (STB): When STB ~ "0", data is loaded into the input 

latch 

o Input Buffer Full (IBF): This signal shows that data has been already 

loaded. IBF is set by STB ~ "0" and is reset at the rising edge of RD. 

o Interrupt Request (INTR): If INTE flag is in the enable state and IBF 

= "1", INTR signal becomes "III at STB "1" . 

INTR signal can be directly connected to INT input of the processor, 

and when data is loaded on a port, an interrupt signal is generated. 

INTR is reset when RD signal from the processor is received into the 

port. 

On the other hand, control functions related to output are as follows. 

o Output Buffer Full (OBF): This is a flag showing that the processor 

has loaded data on a specific port (OBF ~ 0). OBF becomes "0" at the 

rising edge of WR signal and becomes "1" at the falling edge of ACK 

signal from peripherals. 

o Acknowledge (ACK): When data has been received from a TMP8255AP-5 

port, a peripheral responds to TMP8255AP-5 by transmitting an acknowledge 

signal ACK (low active). 

o Interrupt Request (INTR): This output can be used to interrupt the processor 

when a peripheral h~s accepted data transMitted by the processor. 

If INTE flag is in the enable state and QBF ~ "1", INTR signal is 

set by ACK ~ "1" and is reset by WR ~ "0". 

Mode 2 

Under mode 2, Port A is used as a bidirectional bus. Both input and 

output of Port A are latched under this mode. 
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5 bits of Port C are used for control between peripherals and TMP8255AP-5. 

Signals used for this control are as follows: 

STB, IBF, OBF and lNTR: The flllctions of these signals are identical 

in Mode 1. 

ACK: Whet! this signal becomes active (low), 3-state output buffer of 

Port A is €nabled to transfer data to peripheral equipment. 

During other periods, the output buffer is in high impedance. 

For the selection enable/di~able of INTE flip-flop, Bit 6 is used for 

output operation~ and Bit 4 is used for input operation. Data transfer 

between the ports and peripherals is executed by designa.ting pins of 

Port C same as in operattons under Mode 1. 

Under Mode 1 and 2, Port C status and control bits can be tested when 

Port C contents are read out. All bits of Port C are not used for 

control and status functions, unspecified bits can be programmed for 

input or outpwt as described below. 

In the case Port C has been programmed as output, Pins (PC7 - PC.) of 

Group A operate Port C by using the bit set/reset function. Pins (PC, -

PCo) of Group B controls write operation into Port C or read operation 

by using the bit set/reset function. 
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ABSOLUTE MAXIt4Ur4 RATING 

SYMBOL PARAMETER RATING 

Tstg Storage Temperature -65,0 C to 150°C 
----

Topr Operating Temperature O°C to 70°C 
----

VCC Supply Voltage -0.5V to 7.0V ._-----------------
VOUT Output Voltage -0.5V to 7.0V 

- -----------
VIN Input Voltage -O.5V to 7.0V 

Pw Power Dissipation LOW 

D.C CHARACTERISTICS (Ta = o°c to 70°C, VCC=5V±5%, VSS=OV) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

VIL Input Low Voltage -0.5 0.8 V 
-

VIH Input High Voltage 2.0 VCC V 

Output Low ( DB ) IOL = 2.5 rnA 0.45 V 
VOL Voltage (PER) IOL = 1. 7 rnA 0.45 V 

Output High ( DB ) IOH = -400 ~A 2.4 V 
VOH Voltage (PER) lOR = -200 ~A 2.4 V 

IDAR Darlington Drive VEXT=1.5V, -1.0 -4.0 
(Note 1 Current REXT = 750)1 rnA 

-~ -

ILL Input Leak Current OV .'5. VIN .'5. VCC ±IO ~A 
.---

IOFL Output Leak Current 
OV .'5. VOUT :-'. VCC ±IO ~A 

(High Impedance State) 

ICC Supply Current 120 rnA 

CAPACITANCE (Ta=25°C, VCc=VSs=OV) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacity 
fc = 1 -MHz 10 pF 

CLIO I 10 Capacity 20 pF 
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A.C. CHARACTERISTICS (Ta=O°C to 70°C, VCC=5V!5%, VSS=OV) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

tAR Address Stable before RD 0 ns 

tRA Address Stable after RD 0 ns 

tRR RD Pulse Width 300 ns 

tRD Data Valid from RD (Note 2) 200 ns 
tDF Data Float after RD 10 100 ns 

tRV Time between READs and/or WRITEs 850 ns 

tAW Address Stable before WR 0 ns 

tWA Address Stable after WR 20 ns 

tww WR Pulse Width 300 ns 
tDW Data Valid to WR 100 ns 

tWD Data Valid after WR 30 ns 

tWB WR = 1 to Output Delay (Note 2) 350 ns 

tIR Peripheral Data before RD 0 ns 

tHR Peripheral Data after RD 0 ns 

tAK ACK Pulse Width 300 ns 

tST STB Pulse Width 500 ns 
tps Peripheral Data before Rising Edge of STB 0 ns 

tpH Peripheral Data after Rising Edge of STB 180 ns 

tAD ACK = 0 to Output (Note 2) 300 ns 

tKD ACK = 1 to Output Float 20 250 ns 

tWOB WR = 1 to OBF = 0 (Note 2) 650 ns 

tAOB ACK = 0 to OBF = 1 (Note 2) 350 ns 

tSIB STB = 0 to IBF = 1 (Note 2) 300 ns 

tRIB RD= 1 to IBF = 0 (Note 2) 300 ns 

tRIT RD = 0 to INTR = 0 (Note 2) 400 ns 

tSIT STB = 1 to INTR = 1 (Note 2) 300 ns 

tATT ACK = 1 to INTR = 1 (Note 2) 350 ns 

tHIT HR = 0 to INTR = 0 (Note 2) 850 ns 
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TIMING WAVErORf·1S 

MODE 0 

INPUT OPERATION 

INPUT 

MODE 0 

OUTPUT OPERATION 

oUTPUT 

MODE 1 

INPUT OPERATION 

INPUT PORT 
DATA 

IBF 

INTR 

RD 

TMP8255AP-5 

tww 

MPU85-92 



TOSHIBA TMP8255AP-5 

MODE 1 

OUTPUT OPERATION 

INTR 

OUTPUT 
PORT DATA 

ACK 

MODE 2 

~ 
tww 

I..:"tw,~ -< 

~ 

-
~ t WOB -

- tWB I--

I 

f 

- tAIi=. 

f 
f 

-- tAOB 

I 
{ -tAK -

BIDIRECTIONAL OPERATION 

PERIPHERAL 
BUS 

IBF 

tSIT 

J~RIB 
--------------------uu------------------~I~f--------------~, 

tRR 

Note 1. Available on any 8 pins of Port B and Port C. 

2. Test conditions; CL = l50pF 

3. Period of Reset pulse should be at least 50~s during or after power 

on. Subsequent Reset pulse can be SOOns min. 

4. Timing measuring levels are as follows: high level 2V 

low level O.8V 
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OUTLI NE DRAWl NG 

1 2 :3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

"' '" o 
+1 

o 
"' rl 

+1 +j 

) 
~ 

z 
~ :1 
E-< 11 
ill 

~ ~ 
"' '" 

I 0 25 TYP. 

05+0~ 

Uni t in mm 

(Note 1) 

0251:.0 J 

lbOU -.L'I' 80 

Note: 1. This dimension is measured at the center of bendin? point of leads. 

2. Each lead pitch is 2.54mm, and all the leads are located within 

±O.2Smm from their theoritical positions with respect to No.1 and 

No.40 leads. 

MPU85-94 



INTEGRATEDClRCUIT 
TECHNICAL DATA 

PROGRAMMABLE I NTE Rf:L'?T CONTROL ~l R 

GENERAL DESCRIPTION 

TOSHIBA MOS TYPE DEGITAL 
INTEGRATED CIRCUIT 

TMP8259AP 
Silicon Monolithic 

N Channel Silicon Gate MOS 

The TMP8259AP is a programmable interrupt controller designed for use 

with the TLCS-85A microcomputer system. It handles up to eight vectored 

priority interrupts for the CPU. It is cascadable for up to 64 vectored 

priority interrupts without additioaal circuitry. 

FEATURES 

o Eight Level Priority Controller. 

o Expandable to 64 Level. 

o Interrupt Modes, Interrupt Mask, Vectored Address Programmable. 

o Single +5V Power Supply. 

o 8085A, 8086 Microcomputer System Compatible. 

o Compatible with Intel's 8259A. 

PIN CONNECTIONS (TOP VIEW) 

os vcc 
WR AO 
RD INTA 
D7 IR7 
D6 I R6 
D5 IR5 
D4 IR4 
D3 IR3 
D2 IR2 
Dl IRI 
Do IRo 

CASO INT 
CAS 1 SF/liN 
Vss CAS2 
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PIN NAMES AND PIN DESCRIPTION 

Pin Name Input/Output: Function 

Chip Select Input. A Iowan this pin enables 

cs Input RD and WR communication between the CPU and the 
---- --

8259A. INTA functions are independent of cs. 
-~ 

I Write Control Input. A low on this pin when 
I --

Inpul: 
, 

CS is low enables the 8259A to accept cOImlland 
i 

III WR 

' words from CPU. III 

~------~----------+---~----------------------------------~ 
ill Read Control Input. A Iowan this pin when Cs 

RD 

ll() D7 

CASo 

CAS2 

SP/EN 

INT 

lnpu\: is low enables the 8259A to release status 

I! onto the data bus for the CPU. 

I' Biderectional Data Bus _ Command status and in­
I 

Input/Ou\:pu\: I terrupt-vector information is transfered via 

i Input/Outpul: 

, 

Input/Oul:put 

Oul:put 

! 

I 

this bus. 

Cascade Lines. The CAS lines form a private 

8259A bus to control a multiple 8259A structure. 

These pins are outputs for a master 8259A and 

inputs for a slave 8259A. 

Slave Program/Enable Buffer. This is a dual 

function pin. When in the buffered mode it can 

be used as on Output to control buffer trans-

ceivers (EN) . When not in the buffered mode it 

is used as an input to designate a master 8259A 

(SP=I) or a slave (sp=O). 

Interrupt Request Output. This pin goes high 

whenever a valid interrupt request is asserted. 

It is used to interrupt the CPU. Thus it is 

connected to CPU's interrupt pin. 
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Pin Name Input/Output 

IRa - IR7 Input 

r----------- ------- ----

--
INTA Input 

AO Input 

r------
VCC 

VSS 

BLOCK DIAGRAM 

WR 

AQ 

cs -t---~ 
CA8 0 
CA81 
CAS 2 

sp/EiJ 

TMP8259AP 

Function 
- -

Interrupt Request Inputs. An interrupt request 

is executed by raising an IR input (low to high), 

and holding it high until it is acknowledged 

(Edge Triggered Mode), or just by a high level 
on an IR input (Level Triggered Mode). 

-- ---~------- --------~-

Interrupt Acknowledge Input. This pin is used 

to enable 8259A interrupt-vector data onto the 

data bus by a sequence of interrupt acknowledge 
pulses issued by the CPU. 

AO Address Line. This pin acts in conj unction 
- - -with the CS, WR, and RD pins. It is used by the 

8259A to decipher various 

writes and status the CPU 

is typically connected to 

line. 

+5V Power Supply 

Ground 

MPU85-97 

command words the CPU 

wishes to read. It 

the CPU Ac address 

INT 

IRO 
IRI 
IR2 
IR3 
IR4 
IR5 
IR6 

• _ .. .------j- IR7 

Vee 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING 

Vee Vee Supply Voltage (with respect to GND (VSS)) -O.sv to +7V 
1----+------------------- -- --------------+---------1 

VIN Input Voltage -O.sV to +7V 
~--- r------------------------------+------~ 

lW PD I Power Dissipation 
-----~---------------------------

Tsol Soldering Temperature 260°C 

Tstg Storage Temperature -65°C to 150°C 
1-----+-----------------------------------+----------1 

Topr Operating Temperature oOe to 70°c 

DC CHARACTERISTICS Topr=ooe to 70oe,Vee=+sV~10%,VSS=OV,Unless otherwise noted. 

SYMBOL ! PARAHETER TEST CONDITIONS MIN. TYP. MAX. UNIT I 

VIL Input Low Voltage -0.5 - 0.8 V 
--

VIH Input High Voltage 2.0 - Vec+O_s V 
----------

VOL Output Low Voltage IOL = 2.2mA - - 0.45 V 
----- 1------------ -----1-----

VOH Output High Voltage IOH = -400~A 2.4 - - V 
r-----

I IOH = -lOOIlA 3.5 - - V 
VOH(INT) 

Output High Voltage ------
(INT) 

IOH = -40011A 2.4 - - V 
------------.~" 

ILl Input Leak Current OV:o; VIN:O; Vee - - no ~A 
--

1L0L Output Leak Current O.4sv < VIN < Vee - - ±10 ~A 
1----- ------------------- ---------1---1--

ICC Vee Supply Current - - 85 rnA 
-------

VIN = OV - - -300 llA 
ILIR 

Input Current 
(IR) 

VIN = Vee - - 10 ~A 
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AC CHARACTERISTICS Topr=O·C IO·C, VCc=SV+I01., Vss=OV, lin:!"",; otherwise noted. 

TIMING REQUIREMENTS 

SYMBOL PARAMETER MIll. MAX. UNIT 

TAHRL AQ/CS Setup Time (RD/IlNITM) 0 - ns 

TRHAX AQ/CS Hold Time (RD/IlNITM) 0 - ns 

TRLRH RD Pulse Width 23S - ns 

TAHWL AQ/CS Setup Time (WRf) 0 - ns 

TWHAX Ao/CS Hold Time (WRt) i 0 - ns 

TWLWH WR Pulse Width 290 - ns 

TDVWH Do - D7 Setup Time (Witt) 240 - DS 

TWHDX 00- D7 Hold Time (WRt) 0 - DS 

TJLJH Interrupt Request Pulse Width (LOW) 100 - DS 

TCVIAL Cascade Setup Time (Second or Third IJlUM) S5 - ns 

TRHRL RDt to Next Command 160 - DS 

TWHRL WRt to Next Command 190 - DS 

RESPONSE CHARACTERISTICS 

SYMBOL PARAMETER TEST MIlNI. TYP. MAX. UNIT 
COll\IDITIONS 

TRLDV Valid Data Delay (RD/INTAf) - - 200 ns 

TRHDZ Data Floating (RD/INTAt) Do - 1)7 - - 100 ns 

TJHIH Interrupt Output Delay (IRt) 
C{,= 100pF - - 350 ns 

TIALCV Valid Cascade Delay (INTM) IlNIT - - 565 ns 

TRLEL Enable Active (RD/INTM) CL= 100pF - - 125 ns 

TRHEH Enable Inactive (RD/INTAt) 
CASO- CASZ 

- - 150 DS 

TAHDV Valid Data Delay (Ao/CS) CL= 100pF 
- - 200 ns 

TCVDV Valid Data Delay (CASO-CASZ) - - 300 ns 

NOTE: AC TESTING. Inputs are driven at VL=0.45V and VH=Z.4V. 

Measurements are made at VL=0.8V and VE!=2.0V. 
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TIMING WAVEFORMS 

{,RITE OPERATIO",N~ ____ ..... TWLWH 

TAHWL 

READ Ann TNTA OPERATION 
TRLRH 

TRLEL 

TRL9V 
TAHDV 

---- ------- '--------

INTA SEQUENCE 

IR 

INT 

-0--
OTHER TIMING TCVIAL 

CAS O-CAS 2 

------------L+--~~---------
TCVDV 
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OUTU NE DRAWl NG 

2 :3 4 5 6 7 8 9 10 11 12 13 14 

374MAX. 

(Note 2) 

2 54±O 25 L 4±O 15 

"' '" ""' o 0 

+1 +1 
o "' 
rl co 

z'C 
~ "' "' ~ 
" "' e 

025TYP 

05±015 

Unit in rrrrn 

I. 

(Note 1) 

1524TYP. 

174MAX. 

(Note 3) 

TMP8259AP 

.1 

Note: 1. This dimension is measured at the center of bendini!, point of leads. 

2. Each lead pitch is 2.54mm, and all the leads are located within 
±O.25mm from their theoritical positions with respect to No.1 and 
No.28 leads. 

3. This dimension is to outside of ledas. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

TOSHIBA HOS DIGITAL INTEGRATED CIRCUIT 

TMP8279P-5 

N-CHANNEL SILICON GATE HOS 

PROGRAI~ABLE KEYBOARD/DISPLAY INTERFACE 

GENERAL DESCRIPTION 

The TMP8279-S is a progammablc keyboard/display interface chip designed for use 
as the TLCS-8SA microcomputer peripheral. The keyboard portion can provide a scan­
ned interface to a 64-contact key matrix. Also, the keyboard portion will interface 
to an array of sensors or a strobed interface keyboard. Key depressions can be 
2-key lockout or N-key rollover. The display portion has 16 x 8 bits display RAH 
which can be orf'anized into dual 16 x 4 bits. Both right entry and left entry display 
formats are possible. 

FEATURES 

Sumulataneous Keyboard Display operation is possible. 

o Scanned Keyboard mode. 

o Scanned Sensor Matrix mode. 

o Strobed Input Entry mode. 

8-Character FIFO is built in. 

2 Key Lockout or N-key Rollover with contact De-bounce is programmable. 

o l6x8 bit Display RAl1 is built in. 

a Scan timing is programmable. 

o Compatible with INTEL 8279-S. 

PIN CONNECTION 

RL2 vee 
RL3 RLI 
eLK RLO 
IRQ CNTI/STB 
RL4 SHIFT 

RLb SL3 

RL6 SL2 

RL7 SLI 

RESET SLO 

liD OUT BO 

ViR OUT BI 
DBO OUT B2 

DBI OUT B3 
DB;:" OUT AO 
DB3 OUT Al 
DB4 OUT A2 
DB5 OUT A3 
DBa jjjj 

DB7 OS 
Vss AO 

PIN NA~lE 

DBO - DB7 

CLK 

RESET 

CS 

RD 
HR 

AO 

IRQ 

SLO - SL3 

RLO - RL7 

SHIFT 

CNTL/STB 
OUTAO - A3 

OUTBO - B3 

BD 

Vec 

VSS 

MPU8S-l02 

8-bit Bidirectional data bus 

Clock input 

Reset input 

Chip select input 

Read input 
lirite input 

Command/data cont rol input 

Interrupt request output 

Scan lines 

Return lines 

Shift input 

Control/strobe input 

Display (A) outputs 

Display (B) outputs 
Blanking display output 

+SV 
Ground 
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BLOCK DIAGRAM 

IR't 

AO 

CS 

WE 
RD 

DBO-7 

RESET 

eLK 

PIN NAMES AND PIN DESCRIPTION 

Vss (Power Supply) 

Ground 

Vee (Power Supply) 

+5V during operation 

DBa - DB7 (Input/Output) 

RETURN 

TIMING 

AND 

CONTROL 

C IRCUlT 

TMP8279P-5 

CNTl/STB 

SHIFT 

RLO-7 

SLO-3 

BD 

DI SPLAY OUTBO-3 
COUNTER OUTAO-3 

Bidirectional Data Bus. All data and commands are transfered via this data 
Bus. 
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CLK (Input) 

CLOCK from system used to generate internal timing. 

RESET (Input) 

A high signal on this pin resets the TMP8279 
TMP8279 is placed in the following state. 

(1) 16 x 8 bit character display, left entry. 

After being reset the 

(2) Encode scan keyboard, 2 key lockout, clock pre-scale value is set to 31H. 

CS (Input) 

A low on this pin enables RD and WR communication between the CPU and the 
TMP8279-5. 

AD (Input) 

This inputs acts in conjunction with the CS, WR and RD pins. A high on this 
pin indicates the signals on data bus are interpreted as command or status. 
A low indicates they are Data. 

WR (Input) 

A low on this pin when CS is low enab les the TMP8279 to accept command or 
data from the CPU. 

RD (Input) 

A low on this pin when CS is low enables the TMP8279 to send data to data 
Bus. 

IRQ (Output) 

Interrupt request output. In a keyboard mode, the interrupt line is high when 
there is data in the FIFO/Sensor RAM. The interrupt line goes low with each 
FIFO/Sensor RAM read and returns high if there is still information in the RAM. 
In a sensor mode, the interrupt line goes high whenever a change in a sensor is 
detected. 

SLa - SL3 (Output) 

Scan lines which are used to scan the key switch or sensor matrix and the 
display digits. These lines can be either encoded (1 of 16) or decoded 
(1 of 4). 

RLa - RL7 (Input) 

Return lines which are connected to the scan lines through the keys or sensor 
switches. They have internal pullups to keep them high until a switch closure 
pulls one low. They also serve as an 8-bit input in the Strobed Input mode. 

SHIFT (Input) 

This input status is stored along with the key position on key closure in the 
Scanned key board modes. It has a internal pullup to keep it high until a 
switch closure pulls it low. 
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CNTLjSTB (Input) 

For Keyboard modes this line is used as a control input and stored like 
status on a key closure. The line is also the strobe line that enters the 
data into FIFO in the Strobed Input mode (Rising Edge). It has an internal 
pullup to keep it high until a switch closure pulls it low. 

OUTAO - OUTA3 (Output) 

OUTBO - OUTB, (Output) 

These two port s are the outputs for the 16 x 4 display refresh registers. 
The data from these outputs is synchronized to the scan lines (SLO - SL3) 
for multiplexed digit displays. The two 4 bit ports may be blanked inde­
pendently. These two ports may also be considered as one 8-bit port. 

BD (Output) 

This output is used to blank the display during digit switching or by a 
display blanking command. 

FUNCTIONAL DESCRIPTION 
[BLOCK DESCRIPTION] 

I/O Control and Data Bus Buffer 

CS 

0 

AO 

0 

RD 1I'R Functions 

0 1 Read Data 

The I/O control section uses the CS, 
AO, RD and WR lines and controls the 
flow of data to and from various 
internal registers and buffers. CS 
input enables the all data flow to 
and from the TMP8279. The character 
of the information given by the CPU, 
is identified by AO' RD and WR 
decide the direction of data flow 
through the data bus buffer. The 
data bus buffer is bidirectional 

--
0 0 1 0 Write Data 

--
0 1 0 1 Read Status word 

0 1 1 0 y,1rite Command word 

1 X X X High-impedance state 

buffer which is used for connecting 
the internal bus and a system bus. 
When CS is high, the buffer is in a 
high impedance state. 

Control Register, Timing Register and Timing Control Circuit 

The keyboard and display modes or other operating conditions are programmed 
by the CPU. These modes are latched at the rising edge of ~T[ when Ao is high. 
The timing control contains the basic counter chains. The first counter is 
the liN prescaler that can be programmed to yield an basic internal 
frequency which gives a 5.1 mS keyboard scan time and a 10.3 mS debounce 
time. The other counters divide down the basic internal frequency to provide 
the proper keyboard matrix scan and display scan times. 
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Scan Counter 

Two modes are available for the scan counter. In the encode mode, the counter 
provides a binary count that must be external Iv decoded to provide the scan 
lines for the key board and display. In the decode mode, the scan counter 
decodes the least significant 2 bits internally and provides d decoded 1 of 
4 scan. It is necessary to pay attention on the fact that only first 4 
characters in the Display RAM are displayed. 

Return Buffer and Keyboard Devounce Control circuit 

The 8 return lines are latched by the return buffer. In the Keyboard mode, 
these lines are scanned to look for key closures in a row. If the debounce 
circuit detects a closed switch, it waits about 10 mS, and ~hecks if the 
switch remains closed. If it does so, address of the switch in the matrix 
is transferred to the FIfO along with the status of SHIFT and CNTL lines. 

FIFO/Sensor RAM and FIFO/Senser RAM Status 

The FIFO/Sensor RAM is a dual function RAM. In the keyboard mode or In the 
Strobe Input mode, this FIFO/Sensor RAN serves as a FIFO. The FIFO status 
shows whether the FIFO is empty or full and keeps track of the number of char­
acters in the FIFO. In addition, there is a flag to show an error in the case 
where too many reads or writes is recognized. The FIFO status can be read at 
CS = RD = 0, Ao = 1. The FIFO status logic provides dn IRQ signal when the FIFO 
is not empty. In the scanned sensor matrix mode, the memory serves as a sensor 
RAM. IRQ becomes high when a change in the sensor is detected. 

Display Address Registers and Display RAM 

The display address registers hold the address of the word currently being 
written or read by the CPU and the two 4 bit nibbles being displayed. The 
Display RAM stores data for display outputs. The read/write addresses are 
programmed by the CPU command. They also can be programmed to auto-increment 
after read or write. The Display RAM can be directry read out by the CPU 
after mode and address is set. The A and B nibbles of the Display RAM are 
outputted to the Display Outputs A and B syncronously with scan signals 
(SLO - SL3)· The A and B nibbles can be entered independently or as one 

word by the CPU command. 
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* 

[COMMAND DESCRIPTION] 

Keyboard/Display Mode Set 

DO 

l 0 I 0 I 0 I D I D I K K K I 
I 

I ! Display Mode ~ Keyboard Mode 

8 x 8 bit character display - Encoded Scan Keyboard -
0 0 Left entry 

,'~ 0 0 0 
2-Key Lockout 

0 1 16 x8 bit character display - 0 0 1 
Decoded Scan Keyboard -

Left entry 2-Key Lockout 

1 0 
8 x 8 bit character display - 0 1 0 Encoded Scan Keyboard -
Right entry N-Key Rollover 

1 
16 x 8 bit character display -

0 1 1 
Decoded Scan Keyboard -

1 Right entry N-Key Rollover 

1 0 0 Encoded Scan Sensor Matrix 
- f--

* De fault after reset. 1 0 1 Decoded Scan Sensor Matrix 

1 0 
Strobed Input, Encoded 

1 Display Scan 

1 1 1 
Strobed Input, Decoded 
Display Scan 

Program Clock 

o o P P P P P 

The TMP8279 generates all timing and multiplexing signals by means of the 
internal prescaler. The prescaler generates internal reference clocks by 
dividing an external clock by a programmable value PPPPP. Any number of 
ranging from 2 to 31 can be set as a prescaler value. When this value is 
set to 0 or 1, it is interpreted to be 2. If the internal reference clock 
is set to 100kHz, it is possible to obtain 5.lmS keyboard scan time and 
lO.3mS debounce time. The value PPPPP is set to 31 after reset, but cannot 
be changed by the Clear command. 
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Read FIFO/Sensor RAM 

o 1 o AI x A A A X=don 't care 

If this command is written, the subsequent data reads are set up for the FIFO/ 
Senser RAM. Auto-increment flag (AI) and the RAM address bits AAA are valid 
only in Senser Matrix Mode. The address bits AAA select one of the 8 rows 
of the Sensor RAM. If AI = 1, the RAM address is incremented after each 
successive read. The Auto-incremented flag does not affect the auto­
increment of the Display RAM. 

Read Display RAM 

o 1 1 AI A A A A 

If this command is written, the subsequent data reads are set up for the 
Display RAM. The address bits AAAA select one of the 16 rows of the Display 
RAM. If AI = 1, the address is incremented after each read or write to the 
Display RAM. This command sets the next read or write address and the sense 
of the Auto-increment. 

Write Display RAM 

D7 D6 Ds D4 D3 

o o I All A A A A 

If this command is written, the subsequent data writes are set up for the 
Display RAM. Note that writing this command does not switch the source of 
the subsequent data reads. The address register of the Display RAM is same 
for read/write operations. The addressing and Auto-increment function are 
identical to those for the Read Display RAM. 
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Display Write Inhibit/Blanking 

D7 D6 Ds D4 D3 D2 D] DO 

1 0 1 X I IWA I IWB I BLA I BLB I X=don't care 

The IWA or IWB bit can be used tu mask A nibble or B nibble for entering the 
Display data independently. The BLA or BLB flag is available for the nibble 
A or B to blank the display. In the case where the Display Outputs are used 
as separate 4-bit display ports, the n!A or IWB bit is useful so as not to 
affect the other display port when the CPU writes a word to the Display RAM. 
The BLA or BLB bit is used for blanking the display independently without 
giving any affect to the other 4-bit display port. The blank code is 
determined by the last Clear command that has been programmed after reset. 
If the Display Output is used as an 8-bit port, it is necessary to set both 
BLA and BLB bits for blanking the display. Then BD signal becomes low. 

D7 D6 Ds D4 D3 D2 D] DO 

! ! I I I I 
A3 A2 A] AO B3 B2 B] BO 

Correspondence between Display Output and Data Bus 

Clear 

DO 

The CD bits are used to clear all rows of the Display RAM to the following 
code shown below. 

(D4 ) (D3 ) (D2 ) 

CD CD CD 

1 0 X All Zeros (X~')on't Care) 
1 1 a All Rex 20R (0010 0000) 
1 1 1 All Ones 
0 X X not clear displcty if CA = 0 

! Enable clear display when CD = I (or by CA=l) 

While the Display RAM is being cleared, it may not write to the Display 
RAM. The MSB bit of the FIFO status word is set during this time. If the 
CF bit is set to !lIn, the FIFO status is cleared and the interrupt request 
output (IRQ) is reset. Also, the Senser RAM pointer is set to the row O. 
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The CA bit has the combined effect of the CD bit and CF bit. It enables 
clear display code to the Display RAM and also clears the FIFO status. 
Furthennore, it re-synchronizes the internal timing chains. 

END Interrupt/Error Mode Set 

DS 

1 1 1 E x x x x X: don't care 

In the Sensor Matrix mode, this command loweres the IRQ line and enables 
writing to the Sensor RAM. This means that a write to the Sensor RAM is 
inhibited when IRQ line is high. If the E bit is set to "1", the S/E bit 
of the FIFO status becomes "1" when anyone of the sensor switches is closed. 
If E ~O, the S/E bit is always "0". In the N-Key Rollorer, if the E bit is 
programmed to "1", the Special Error mode will be resul ted. 

FIFO status 

D7 Ds Ds D4 D3 

[DU I S/E I 0 I U F 

Ul 
D2 D] Do 

N N N I 
~ 

I Number of characters in FIFO 

FIFO Full 

Error-Underrun 
Error-Overrun 
Sensor Closure/Error Flag for 
Multiple Closures 

Display unavailable 

Du indicates that the Display RAM is unavailable because a Clear Display 
or Clear All command has not completed its clearing operation. 

S/E Tn a Sensor Matrix mode, if the E bit of END Interrupt/Error Mode Set 
is programmed to "111, this S/E bit is set to indicate that at least one 
sensor closure indication is contained in the Sensor RAM. 
In Special Error Mode, this S/E bit is showing the error flag and serves 
as an indication to whether a simulataneous multiple closure error has 
occurred. 

o indicates that the entry of another character into a full FIFO was 
attempted. 

U indicates that the CPU tried to read an empty FIFO. 

F indicates that the FIFO is full of the eight characters. 

NNN indicate number of characters in the FIFO when in the Keyboard Mode or 
in the Strobe Input Mode. 
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[INTERFACE WITH KEYBOARD] 

Scanned Keyboard, 2-key LOCKOUT 

In this mode, if one key only is kept depressed during one debounce cycle 
(2 times of the key scan cycle), the key is recognized. When a key is 
depressed, the debounce logic is set and the other depressed keys are 
checked during the next two scan cycle. If none are encountered, it is 
a single key depression and the key position is entered into the FIFO 
along with the status of CNTL and SHIFT lines. If another depressed key 
are encountered, operates as follows. 

KEY l--y y 1 DEBDUJc!E CYCLE f 
KEY 2 ----------.y 
KEY 3------,y y y 

Fig. I Example of a case where a first depressed 
key is continuously kept to the last 

KEY l---y 
Y Y y U 

KEY 2 

KEY 3 

Y y 
Y Y y 

Debounce logic is set 

Entered to FIFO 

Fig. Example of a case where all depressed keys 
are ignored 

As shown in Fig. I, if all other keys are released before the first depressed 
key, the first depressed key is recognized. As shown in Fig. 2, if the first 
depressed key is released within one debounce cycle after the other keys was 
released, then all keys are ignored. 

Scanned Keyboard, N-key Rollover 

In this mode, each key depression lS independently treated from all others. 
In the 2-Key lockout mode, if a key is depressed, the debounce logic is set. 
If other keys are depressed within one deb ounce cycle after it, the debounce 
logic is set again. The first depressed key is ignored. In the N-key Rollover 
mode, if a key is depressed waits one debounce cycle and then checks if the 
key is still down. If it is, the key is entered into the FIFO even if other 
keys are depressed. 
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KEY 1 -y U ~,r---"'ur----'ur----'u'------'U'-----
~ 1 DEBOUNCE CYCLE r 

KEY 2 u·---.u·---.y'---.u.--------------------­

y 1 DEBOUN~E CYCLE r-u U U U KEY :3 

Fig. 3 Example of 3 keys being pushed simultaneously 

In the example as shown in Fig. 3, the deb ounce circuit starts by Key 1, and 
checks if the key is still down after one debounce cycle. If it is, Key 1 is 
recognized and Key 2 is ignored not to be depressed for one debounce cycle. 

Special Error Mode (N - Key Rollover) 

This mode is set if the E bit of the End Interrupt/error Mode Set command 
is programmed to "1". In the normal N-Key Rollover Mode, the key information 
is entered to the FIFO according to the key scan timing even if a simulataneous 
multiple depression Qccures during one deb ounce cycle. In the Special Error 
Mode, if a simulataneous multiple depression occurs during one debounce cycle, 
sets the error flag (the S/E bit of the FIFO status word) to "1". This Oag 
prevents any further writing into the FIFO and will set interrupt request 
(IRQ). The S/E bit is cleared if the normal Clear command is written with 
CF = 1. 

Senser Matrix Mode 

In Sensor Matrix Mode, the debounce circuit does not operate. The status of 
the senser switch is inputted directly to the Senser RAM. The CPU can know 
a validated closure in the keyboard, however this mode has such advantage that 
the CPU knows how long the sensor was closed and when it was released. 
If there is any change in the sensor value at the end of the sensor matrix 
scan, the IRQ line goes high. The IRO line is cleared by the first data read 
if the Auto-increment flag is "0" or by the End Interrupt/Error Mode Set 
command if AI = 1. 

Strobe Input Mode 

In Strobe Input Mode, the debounce circuit does not operate. The data is 
inputted into the FIFO from the return lines at the rising edge of CNTL/STB 
Signal. When the data is entered into the FIFO, the IRQ line goes high. 
The functions of the FIFO and the FIFO status in this mode are same as those 
in the keyboard mode. 
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[DATA FORMAT] 

Keyboard Mode 

I CNTL I SHIFTi : SCAN : 

In this mode, the Data Format of the character entered into the FIFO is as 
follows. The MSB is the status of CNTL/STB line and the next MSB shows the 
status of SHIFT line. The next three bits are from the scan counter and 
indicate the row the key was found in. The last three bits are from the 
column counter and indicate to whitch return line the key was connected. 

Sensor Matrix Mode 

In this mode, the data on return lines is inputted in the row of the Senser 
RAM in order according to the scan. The data is entered even if there is 
no change in the status of the senser matrix switches. Each switch position 
maps to a Senser RAM position. CNTL and SHIFT signals are ignored. 

Strobe Input Mode 

In this mode, the data on the return line is entered into the FIFO at the 
rising edge of CNTL/STB signal. 

[INTERFACE WITH DISPLAY] 

Left Entry 

In Left Entry mode, address 0 of the Display RAM is the left-most side of the 
display and address 15 (address 7 in the case of 8-character display) is the 
right-most side. When characters are inputted onto the Display RAM with the 
auto-increment mode from address 0 of the display RAM, Characters are filled 
from the left-most position of the display. The 17th (or 9th) character is 
placed in the left-most position again. Address of the display RAM corresponds 
directry to each display position of the display, and so its position does not 
change every entry. 
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Display RAM 
Address 

0 14 15 0 2 3 4 6 

1st entry I 1st entry I I 
0 14 15 0 1 2 3 4 

I 
- - --

I I 1 ent ry I 2nd entry 2 2nd 

0 1 14 15 0 1 2 4 6 

16th entry UiI _-~_-_-_ I Command en t ry I 
(10010101) 1 2 I 

Entry from Address 5 with 

0 14 15 Auto increment mode. 

17th entry 1171 2 115 I 16 I 0 1 4 5 6 

3rd entry I 1 2 3 II] 
0 14 15 

18th entry 117 I 18 I ___ -_~_ J!iI~ 0 1 3 4 5 6 

4th entry I 1 2 3 I 4n 
Right Entry 

In Right Entry, the first entry is from the right-most position. Address of the 
Display RAM does not correspond to the displ ay position. 
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1st 
entry 

2nd 
entry 

3rd 
entry 

16th 
entry 

17th 
entry 

18th 
entry 

1 2 14 15 0 

3 4 0 1 2 

L--...I---L.I ~~~-_-:_J 1 I 2 I 3 I 

o 1 13 14 15 

11 I 2 I -_-~~~=. 1141151161 

1 2 14 15 0 

12 I 3 I ~~~_-~~~J 151161171 

2 3 15 0 1 

I 3 I 4 I ~ ~ -_-_ -_-J 16 1 171 1 81 

TMP8279P-5 

+- Display RAM ->­
Address 

1st 
entry 

12345670 

23456701 

~g~ry I I 11 I 2 I 

3rd 
entry 

4th 
entry 

5th 
entry 

6th 
entry 

10th 
entry 

11th 
entry 

23456701 

Right Entry from Address 5 
with Auto-increment mode 

34567012 

I I I 3 I 11 I 2 I I 

45670123 

I I 3 I 4 I 11 12 I 

5 6 7 0 1 2 3 4 

1314151 1 1 2 1 I I 

6 7 0 1 2 3 4 5 

I 4 I 5 I 6 I 2 I I 31 

2 3 4 5 6 7 0 1 

I 8 I 9 1 10 1 31 4 1 5 1 6 1 7 1 

3 4 5 6 7 0 1 2 

I 9 110 III I 4 I 5 I 6 I 7 I 8 I 
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ABSOLUTE ~1AXIHU~1 RATINGS 

SYMBOL ITEM RATING 

VCC VCC Supply Voltage (with respect to GND (VSS» -0.5V to +7. OV 

VIN Input Voltage (with respect to GND (VSS» -0.5V to +7.0V 

VOUT Output Vo ltage (with respect to GND (VSS» -0.5V to +7.0V 

PD Power Dissipation lW 

Tsol Soldering Temperature (soldering time 10 sec) 260°C 

Tstg Storage Temperature -55°C to +150°C 

Topr Operating Temperature O°C to 70°C 

D.C. ELECTRICAL CHARACTERISTICS (Ta=O'V 70°C, VCC=SV+10%, VSS=OV) -

SYHBOL PARAMETER CONDITION MIN. TYP. HAX. UNIT 

VILl Input Low Voltage (RLo 'V RL 7) -0.5 1.4 V 

VIL2 Input Low Voltage (Others) -0.5 0.8 V 

VIHl Input HIgh Voltage (RLO 'V RL7) 2.2 V 

VIH2 Input High Voltage (Others) 2.0 V 

VOL Output Low Voltage IOL =2. 2rnA 0.45 V 

VOHl Output High Voltage (IRQ) IOH=-lOO\lA 3.5 V 

VOH2 Output High Voltage (Others) IOH=-400\1A 2.4 V 

Input Leak Current VIN=VCC +10 
IILl (SHIFT, CNTL, RLo 'V RL 7) VIN=OV 

\1A 
-100 

IIL2 Input Leak Current (Others) OV'" VIN ;i VCC ±10 \lA 

IOFL Output Leak Current 0.45V;iVOUT"'VCC no \1A 
--

ICC Supply Current 120 rnA 

INPUT CAPACITY 

SYHBOL PARAHETER CONDITION MIN. TYP. HAX. UNIT 

CIN Input Capacity fc=lHHz Unmeasurec 5 10 pF 
Pins returned to 

COUT Output Capacity VSS. 10 20 pF 
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A.C. ELECTRICAL CHARACTERISITCS (Ta~O'" 70 o e, Vec~5.0V±lO%, Vss~OV) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAR Address Set up Time (RD+) 0 nS 

tRA Address Hold Time (Rl5t) 0 nS 
~-~ 

tRR RD Pulse Width 250 nS 

tRD Valid Data (Rl5t) CL ~150pF 150 nS 

tAD Address to Valid Data CL~150pF 250 nS 

tDF Data Floating (Rl5t) 10 100 nS 

tRCY Read Cycle Time 1 ~S 

tAW Address Set up Time (WR+) 0 nS 

tWA Address Hold Time (WRt) 0 nS 
----------_._----

t\VW WR Pulse Width 250 nS 

tDW Data Set up Time (WRt) 150 nS 

tWD Data Hold Time (WRt) 0 nS 

tdlw CLK Pulse Width 120 nS 
--

tCY Clock period 320 nS 

MPU85-117 



TOSHIBA TMP8279P-5 

AU, CH 

tJ:{A 

RIl 

DBO~DB7 - -- - --- -- ----

Read-operation 

AO,CS =>< ~ 
tAW tww tWA 

I 
'\ / 

tllW ~ 

X X 
Write-operation 

eLK 

Clock input 
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OUTLINE DRAWING 

Unit in rum 

1 2 3 4- 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

cO 

" <-i 

(Notel) 

50 7± 0 15 o 0 

+1 +1 
o cO 

" ~ 
a 25± 0 1 

254±025 a5±Ol 

(NOt82) 14±015 1500 ....... 1780 

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

2. Each lead pitch is 2. S4mm, and all the leads are located ,,,i thin 
±0.2Smm from their theoritical positions with respect to No.1 and 
No.40 leads. 
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EXAf,1PLE OF APPLICATION CIRCUIT 

a! 
'" OJ 

"" OJ 

.: DATA BUS 
0 
OJ 
OJ RD ., 

CONTROL{ 

0 
0 WR .: 
P-

RESET iil 
0 CS rl 
)l ADDRESS AD 

'" H CLK '" I CLOCK 
00 

SHIFT 

CONTROL 
KEYBOARD 

MATRIX 
RETURN LINE 

8 COLUMNS 

8 8 ROWS 

SHIFT CNTL RLCT-7 

8 

IR(t 
T 

DBO-'1 
M 

P 
I 3-->8 DECODER I 

8 

RD 2 

iffi 7 SD-3 

RESET 9 

OS P 

AD 

CLK 

I 

5 
Jjjjl---., 

I 4-->16 DECODER I 
BCT-3 AD-3 

16 

1 
BLANKING ADDRESS (DECODED) 

DISPLAY DATA 

L-~======~~=====~ DISPLAY 
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CEI 
CE 2 
CLK 

RESET 
NC 

READY 
rom 

lOR 
RD 

lOW 
ALE 
ADo 
ADI 
AD2 
AD3 
AD4 
ADS 
AD6 
AD] 

VSS 

FI GIJRE 

INTEGRATED CIRCUIT TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

TMP8355P 
N-CHANNEL SILICON GATE MOS 

TECHNICAL DATA 

16,384 BIT ROM WITH I/O PORTS 

GENERAL DESCRIPTION 
The TMP83SSP is a ROM and I/O chip to he used in the TICS-CSA microcomputer 
system. The ROM portion is organized as 2,048 words by 8 bits. 
The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 
8 port lines, and each I/O port line is individually programmable as input 
or output. 

FEATURES 
2048 words x 8 bits ROM 
Single + SV Power Supply 
Internal Address Latch 
2 General Purpose 8-Bit I/O Ports 
Access Time: 40(J ns (MAX.) 
Each I/O Port Line Individually Programmable as Input or Output 
Multiplexed Address and Data Bus 
40 pin DIP 
Compatible with Iortel's 8355 

PIN CONNECTIONS (TOP VIEW) BLOCK DIAGRAM 
101M RD lOR 

ADO- 7 
vee 
PB7 

----- 8--------1 

PB6 CLK 

PBS READY 

PB4 
PB3 
PB2 
PBI 
PBo 
PA7 
PA6 
PAS 
PA4 
PA3 
PAz 
PAl 
PAa 
Ala 
11.9 
As 

HlP8355P PINOUT DIAGRAM 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

1 
I 
I 

I 

,--L-.l..-....... _-'----'"-I.---'--'-''--, 1 

2K x 8 Bit 

ROM 

I 
I 
J 
I r-- VCC 
L VSS 
I 
I 
I 
I 

I I 
I DDR I 
I 8 I L __________ ~ ___ ~ _________________ J 

FIGURE 2 TMP8355P FUNCTIONAL BLOCK DIAGRAM 
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PIN NAMES AND PIN DESCRIPTION 

ALE (INPUT) 

TMP8355P 

When Address Latch Enable goes high, ADO--7, IO/N, AS-10, CE2, and CEl, enter the 
address latches. The signals (ADO-7, lOll!, A8-10' CE2, CEll are latched in at 
the trailing edge of ALE. 

ADO-7 (INPUT/OUTPUT) 3-STATE) 
Bi-directional Address/Data bus. The lower 
applied to the bus lines when ALE is high. 
selected based on the latched value of ADO' 
Chip Enables are active, the output buffers 

AS-10 (INPUT) 

8-bits 
During 
If 1m 

present 

of the ROM or 1/0 address are 
an I/O cycle, Port A or Bare 
or tOR is low when the latched 

data on the bus. 

These are the high order bits of the ROM address. They do not affect 1/0 
operations. 

CEll CE2 (INPUT) 
CHIP ENABLE INPUTS:~lis active low and CE 2 is active high. Both chip enables 
must be active to permit accessing the ROM. 

101M (INPuT) 

If the latched lo/N is high when RD is low, the output data comes from an I/O port. 
1£ it is low the output data comes from the ROM. 

RD (INPUT) 

If the latched Chip Enables are active when RD goes low, the ADO_7 output buffers 
are enabled and output either the selected ROM locatioa or I/O port. 
When both RD and lOR are high, the ADO_7 output buffers are 3-stated. 

lOW (INPUT) 
If the latched Chip Enables are active, a low on lOW causes the O'JtP'lt port pointed 
to by the latched value of ADO to be written with the data on ADO_7' 
The state of 10/N is ignored. 

ClK (INPUT) 

The CLK is used to force the READY into its high state after it has been forced low 
by CEl lOW, CE2 high, and ALE high. 
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READY (OUTPUT) 3-STATE) 

READY is a 3-state output controlled by CEl' CE 2 , ALE and CLK. 
READY is forced low when the Chip Enables are active during the time ALE is high, 
and remains low until the rising edge of the next eLK. 

PAO - PA7 (INPUT/OUTPUT) 3-STATE) 

These are general purpose I/O pins. Their input/output direction is determined by 
the contents of Data Direction Register (DDR). Port A is selected for write 
operations when the Chip Enables are active, and lOW is low and a 0 was previously 
latched from ADO' 
Read operation is selected by either lOR low, active Chip Enables and ADO low, 
or IO(H high, ED low, active Chip Enables, and ADO low. 

PBo - PB7 (INPUT/OUTPUT) 3-STATE) 

This general purpose I/O port is identical to Port A except that it is selected by 
a 1 latched from ADO' 

RESET (INPUT) 

In normal operation,an input high un RESET causes all pins in Ports A and B to 
assume input mode (clear DDR register). 

lOR (INPUT) 

When the Chip Enables are active, a low on TOR will output the selected I/O port 
onto the AD bus. lOR low performs the same function as the combination of IO/M 
high and ED low. When lOR is not used in a system, lOR should be tied to VCC "1". 

Vee (POWER) 

+5 vol t supply. 

Vss (POWER) 

Ground Reference 
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FUNCTIONAL DESCRIPTION 

ROM SECTION 

The TMP8355P contains an 8-bit address latch which allows it to interface 

cirectly to TLCS-85A microcomputer system without additional hardware. 

The ROM portion of the chip is addressed by the II-bit address (A8-l0, ADO-7) 

and CEo The address, 10/M, CE2 and CEI are latched into the address latches 

on falling edge of ALE. If the Chip Enables (CE 2 and CEll are active and 

IO/M is low when R5 goes low, the contents of the ROM location addressed by 

the latched address are put out on the ADO-7 lines. 

I/O SECTION 

The I/O port portion consits of two 8-bit I/O ports and two 8-bit Data 

rection Registers (DDR). The I/O portion of the chip is addressed by the 

latched value of ADO and ADI' Contents of Port A and Port B can be read and 

written, but the contents of DDR's cannot be read. The contents of the 

selected I/O port can be read out when the latched Chip Enable are active and 

ei ther R ,''les low with 10/M high, or loR goes low. 

The two 8-bit DDR's (DDRA and DDRB) are used to determine the input/output 

status of each pin in the corresponding port. 

A '0' specifies an input mode and a '1' specifies an output mode. 

The two 8-bit DDR's are,cleared by RESET signal. The table 1 summarize Port 

and DDR designation. 

TABLE 1, SELECTION OF PORT AND DDR DESIGNATION 

ADI ADO Selection 

0 0 Port A 

0 1 Port B 

1 0 Port A Data Direction Register (DDR A) 

1 1 Port B Data Direction Register (DDR B) 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Item Rating 

~--0~ Supply~ol:a_!\e_with Respect to VSS~_ _________ ~O. 5V t,,-_!-=-9"-_ 
VIN Input Voltage with Respect to VSS ~O.5V to 7.0V 

----------------------~-- ----I-------~----------I 
VOUT Output Voltage with Respect to VSS 

~-~----~-----------
~O.5V to 7.0V 

----------------------1 
PD Power Dissipation 

~~- - f---~---------~------ --- --~-~- -------- -----~---~ 
1.5\-1 
----------

TSOLDER Soldering Temperature (Soldering Time lOsec.) 
~--~----------~---------------------

260°C 
-~ --- ----------- --~--

TSTC Storage Temperature 
~---~- - ---------------- ----~--------~---~---------

~55°C to+150°C 
---~---- --~-----------l 

TOPR Operating Temperature 

D.C. CHARACTERISTICS 
5V + 5% 

Symbol Parameter Test Conditions Units 

Input Low Voltage V 

V 

rnA 

MPU85~125 



TOSHIBA TMP8355P 

A.C. CHARACTERISTICS 
5V + 5% 

Symbol Parameter Test Min. Typ. Max. Units 
Conditions 

tCYC Clock Cycle Time 320 I 
ns 

tL CLK Low Width 80 
, 

J 
ns 

tH CLK High Width 120 ns 

tr,t f CLK Rise and Fall Time 30 I ns 

tAL Address to Latch Set Up Time 50 ns 

tLA Address Hold Time after Latch 80 
! 

ns 

tLc Latch to READ/IVRITE Control 100 I I 
ns 

tRD Valid Data Out Delay from l50pF 
I 

170 
I 

ns 

READ Control 

tAD Address Stable to Data Out Valid Load 400 ns 

tLL Latch Enable Width 100 I ns 

tRDF Data Bus Float after READ a 100 
1 

ns 

tCL READNRITE Control to Latch Ena15le 20 
'I 

ns 

tcc READ/WRITE Control Width 250 i ns 

tDW Data In to ,·JRITE Set Up Time 150 I ns 

tWD Data In Hold Time after WRITE 10 ns 

twp WRITE to Port Output 400 ns 

tpR Port Input Set Up Time 50 ns 

tRP Port Input Hold Time 50 ns 

t RYH READY Hold Time a 160 ns 

tARY ADDRESS (CE) to READY 160 ns 

tRV Recovery Time between Controls 300 ns 

tRDE Data Out Delay from READ Controls 10 ns 

tLCK ALE Low during CLK High 100 ns 
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TIMING WAVEFORMS 

~ 

K --.J ADDRESS ADDRESS AS-10, 101M 

--1 [\ \ 

ALE ~ 

ADO_7 

tLL tLA tAD tRDF -H--

=> ADD ESS 1}-~--2 DATA - -\ ADDRESS >---
'I 

tRDE 1\ 
tRD ~D 

~ ADD ESS K ) DATA t ex ADDRESS 

tDW 

~ 
-~ -.--------.-

tcc 

FIGURE 3 PROM READ, I/O READ, AND WRITE TIMING 

T t H f 

-' 

II \ 
TL 

f-- tr 

tCYC 

FIGURE 4 CLOCK SPECIFICATION FOR TMP8355P 
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eLK 

ADO_7' A8-l0 

101M 

ALE 

READY 

FIGURE 5 

A. I NPUT MODE 

PORT INPUT 

ADO_7 

B. OUTPUr MODE 

PORT OUTPUT 

ADO_7 

WAIT STATE TIMING (READY = 0) 

FIGURE 6 I/O PORT TIMING 
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PROGRAM TAPE FORMAT 
TMP8355P programs are delivered in the form of punched paper tape or the 
8755A from which to copy. In case of the 8755A, Toshiba needs two pieces. 

(1) Tape Format 

0I } Leader, 50 "NULL" characters or more 

Comments ---- - Comment (Record mark":" is not included) I 
(CR) 
(LF) 

f--"---I----- Record Mark 

Option 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

Normal Record "00" 
Record Type (2 Digits) "01" End 0 f File Reco rd 

Data 

~ Check Sum (2 hexadecimal digits) 

CR Dummy characters (RUBOUT, BLANK) 
LF optional. 
: - - - - -- Record Mark (Repeated below) 

before and after "(CR) (LF)" are 

~ 
~ 

}Trai1er, 50 "NULL" characters or more 

(2) Example of Tape List 

TOSHIBA MICRO COMPUTER TLCS-84 
:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884DDE67D31F5D8ABA6DF292F113F5Cl 
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
:10003000197352F729F12F79AA9C057C5B851EED77 

-. 
:1003C0005DFDB5E556A67277F61A51C631CF9FOE80 
:1003DOOOBD2F6F20E8BB1977E3FB5AD1F41FDAA7E2 
:1003EOOOB53D42EOEC32546025B7308CDD52063D1D 
:1003FOOOB4BE9E9E345B6138060B20VC372BF60BD6 
:OOOOOOOlFF 
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TOSHIBA TMP8355P 

OUTLINE DRAWING 

40 :59 3S 3'7 36 35 34 33 32 31 30 29 28 27 26 25 24 23 :22 '<:1 
Uni t in mm 

2 3 4 5 6 '7 8 9 10 11 12 13 14 15 16 ] '7 18 19 20 

(No te 1) 

f "'i'" ~ 
o 25± 0 1 

1500--1780 

025TYF. 

05±Ol 

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

2. Each lead pi tch is 2. 54rnrn, and all the leads are located wi thin 
±O.2Srnrn from their theoritical positions with respect to No.1 and 
No.40 leads. 
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TOSHIBA TLCS-85 LSI DEVICES POSTSCRIPT 
POSTSCRIPT 

This Manual is a reference for the customer applying the TLCS-85 family, It 
contains the functions and specifications of each LSI device of the TLCS-85, 
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. 

Microconputer LSI Application Engineering Sections 
Integrated Circuit Division, Toshiba Corpration 

Komukai-Toshiba-cho, Saiwai-ku, Kawasaki, 210, Japan 
Phone: Japan (81)44-511-3111 
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OVERSEAS OFFICES 

SioP.ulo: 
Toshiba Srasileira Representac08S ltda, 
Av, Pal.Jlista, 80721 Andar Cito. 2101,2102. 2103, 
CerqueiraCesar, 
Cep 0 131'-Sao Paulo-S,P,-Srasil 
Tel. 283·4714. 4964, 2S5-4519 

N_ZMllnd : 
Toshiba Corporation Representative 
in New Zealand 
6th Floor. D.tabank House, 175 The Terrace 
P.O. Sox 3549 Wellington, New Zealand 
Tel. 726-001 Telex, NZ-3433 
Cable Toshiba Wellington 

Aftt .... : 
Toshiba Corporation Athens Offic::e 
Athens T~ ... Bldg. A. 2-4 Mesogion A ...... 
Athens 610 Greece 
Tel : 7799828-9 Telex : 21-6502 TSBA GR 
Cable Toshiba Athens 

h .... : 
Toshiba Corporation Iflll1 liaison OffICe 
No. 79 Bucharest Ave .. 3f"d Floor, Arventine 
Square, Teheran. Iran 
P.O. Box 314/1696, Teheran, Iran 
Tel,: 624709. &24710. 624729 
Telex : 212531 .TSBA IR Cable : ToshibeTeheran 

SALES SUBSIDIAR IES 

Tothibe Ameriu, Inc. 
TUl1in H.1d Offlee 
Eleetronk Compo,.nt. Division : 2441 Michelle 
Drive, Tustin, Ca 92680, U.S.A. 
Tel .. 17141730-5000 TeleJ( ' 183-812 
Fax 7 14(730)8902 
8r.nchOffiee 
ChOgo: 1101A Lake Coolt RD. Deerfield. 
Il60015 
Tel ,: (312)945-1500 Telex ; 29·7131 
Fax 312-945-1044 
Detroit: 26533 EY8fgreen RD. Suite 4 20 
Southfield, Michigan 48076, U.S.A. 
Tel . 313182717700 Telex 858798 
Fax 313(569)7174 

Tothiba luK ) Ltd. 
Frimlev : Toshibe Hou.se, Frimlev Rced. Frimley 
C.mberley. Surrey GU 165JJ EngI~lInd 
Tel . 10276)·62222 Telex : 858798 
Fax . (0276)682256 

Tothibl Eu~ !I .E.! GmbH 
HHd otflee 
N., .. : Hammer landstrasse 115,4040 Neuss I , 
F.R. Germanv 
Tel ,: (021001580 Telex: 8517926 
F.x (02101)158341 TOSO 
lI.ilOnOfflee 
MOnchln : SUro MLinchen Arabellastr. 33/v 
80000 Munchen 81 
Tel .. (089)915061-66 Telex : 5-212363 
Fax : 089·913579 
Per;': Tour de Bureaux de Resny 2, 93118 Resny. 
Soul Boi •• France 
Tel .: 8555656 Telex 613351 
F.x . 855-5248 F TOSPAR 
Stut.rt : Zeppelin Str .. 41 7302 Ostfildern 4 F.R. 
Germany 
Tel. 10711145.2054 Telex 722403TOSS 

Tothiba E'-ctroninScandinavll A,B. 
Banergatan 21 ·23, 5-11522 
Stockholm Sweden 
Tel .. 1(8)635240 Telex 14169 TSBSTK S 
Fax 1(8)636533 

Tothibl!Au",IIi1! Pty. Ltd. 
Sydney : 84-92 Taiavltl1l AOid NOfth Ayde N.SW. 
2113 AUltrilia 
Tel .. (02)887.3322 Telex ; AA27235 

Tothibl Eleetronin Ho"" Kong Ltd. 
Suite 423-5 Ocean Center, Clnton Road, 
Kowloon. Hong Kong 
Tel. : 002-852·3·671 ·141 - 4 

Tothiba Electronics Tliwln Corp. 
7F . Min Sheng Commerical Bldg. 344. Min Sheng 
East Road. Taipei, T.iwan 
Tel, : 2·53·3934 TiNx : 26874 "TACTA" 

TottIi .. Trlding Sl"f1PO'"' Pt. ltd. 
2405106. 24th floor. Orchard Tower, 400 OrchMd 
AOId, Singapore 0923. Republic of SingilPOfe 
Tel.: 002-65-737·3911 

" . , 
. " 

MANUFACTURING SUBSIDIARIES 
AND JOINT VENTURES 

Tothib.Slng.porIP". Ltd. 
818/826, 8th Floor 810ck 2, PSA Multi-SlOrev 
Complex, Pasir Panlltng Aoad , $ingsPOre 0511 
Tel , 2718066 

Thill TOItIIba Electric Indumi .. Co., ltd. 
18/1. Tlvanon RCId, Nonburi, Thailand 
Tel. S880002, 5883010TT Telex : 82020 

Tothib. EMletronlc Melav-~ Setn., 8hd, 
Batu 9 · 12 Telok PangJlma. Garang. KUIlIIIi 
l.nget. Selengor, Me.vlla 
Tel. 03-37300 _ 4 Telex , TOE LMA 39506 

Tothibl (M.I-vsi. ) Bhd. 
Batu Till- Industi,.1 EStlle" Shan AJam. 
Salangor, .... 1...,.'iI; 

Tothibl Semiconduc:tQl" (U.s .... .! Inc. 
1220. Midli. Wav, SunnVvale, P,O. Box 3509 
C.lif , 94086-3509. U.S.A. 
Tel .: 4Q8.73SH)56() Fax 4Q8.746.()577 

Rldlol. To.ttibl Philippines, Inc, 
19, K.tarungan Strllt , Mandaluvong, Rizal. 
Philippines 

P.,I, Tothibl lndul1rial Co., ltd , 
No. 55, Iranshahr Avenue. Teheran. Iran 

Indul1rill Mexican. Tothiba S,A. 
C.lzada Aurora No. 303 , Cuaulitlan Edo de 

Mexico. Mexico 
Plseo de La Aeforma No. 30 4 Piso Me~ico I , 
D.F. Mexico 
Tel. 5-65..(J0..88 Telex 017·72-560 

SimP Tothiba AmuonM SA , 
Au. I~ No. SIX) Oillrlto Industrial , Manaus, 
69000 Am .. 8t"alll 

Tothibl s.mlconductOf" GmbH 
Grotrian-Steinweg Str . 10 3300 
8raunIChweig F.A. G_many 
Tel . (05311310060 Telex : 952368 
FIX 10531131006139TSCD 

The information in this guiOe hIS t.en carefully chadced and is believed to 
reioiaDle. hOWl\l8r. no responsibility can be 1mIrn.j fOllnaccuracies mat mIIV not 
have been caught. All Information In thlt guide is subject to change without prior 
notIce. Furthermore. TOIhiba cannot ISSUme responsibility for the u. of Iny licen. 
under the pet8nl rights of Toshiba or any third parties 
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TOSHIBA CORPORATION TOK Y O ...JAP AN 

INTERNATIONAL OPERATIONS,Elf.CTRONIC COMPONENTS 
I · ' Shibaure l·chome,Minato-ku, Tokyo. l OS, JAPAN 
Telex : J22587 TOSHI BA CAB LE: TOSH IBA Tokyo 
PHONE : 457·3495 
Facsimile: 595-0348 
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