










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TOSHIBA TLCS-85 LSI DEVICES CONTENTS 

TMP8255AP-5 PROGRAMMABLE PERIPHERAL INTERFACE 
GENERAL DESCRIPTION •••••••••••••••••••••••••••••••••••••••••••••••••• 
FEATURES ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

MPU85-80 
80 
80 
81 
82 

PIN NAMES/PIN CONNECTION/BLOCK DIAGRAM ••••••••••••••••••••••••••••••• 
FUNCTIONAL DESCRIPTION ••••••••••••••••••••••••••••••••••••••••••••••• 
PROGRAMMING 
OPERATION MODES •••••••••••••••••••••••••••••••••••••••••••••••••••••• 
ABSOLUTE MAXIMUM RATING •••••••••••••••••••••••••••••••••••••••••••••• 
DC CHARACTERISTICS ••••••••••••••••••••••••••••••••••••••••••••••••••• 
CAPACITANCE •••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
AC CHARACTERISTICS ••••••••••••••••••••••••••••••••••••••••••••••••••• 
TIMING WAVEFORMS 
OUTLINE DRAWING 

TMP8259AP PROGRAMMABLE INTERRUPT CONTROLLER 
GENERAL DESCRIPTION •••••••••••••••••••••••••••••••••••••••••••••••••• 
FEATURES ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
PIN CONNECTIONS 
PIN NAMES AND PIN DESCRIPTION 
BLOCK DIAGRAM 
ABSOLUTE MAXIMUM RATINGS ••••••••••••••••••••••••••••••••••••••••••••• 
DC CHARACTERISTICS ••••••••••••••••••••••••••••••••••••••••••••••••••• 
AC CHARACTERISTICS ••••••••••••••••••••••••••••••••••••••••••••••••••• 
TIMING WAVEFORMS 
OUTLINE DRAWING •••••••••••••••••••••••••••••••••••••••••••••••••••••• 

TMP8279P-5 PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE •••••••••••••• 
GENERAL DESCRIPTION •••••••••••••••••••••••••••••••••••••••••••••••••• 
FEATURES ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
PIN CONNECTION 
BLOCK DIAGRAM 
PIN NAMES AND PIN DESCRIPTION 
FUNCTIONAL DESCRIPTION 
ABSOLUTE MAXIMUM RATINGS 
D.C. ELECTRICAL CHARACTERISTICS 
INPUT CAPACITY 
A.C. ELECTRICAL CHARACTERISTICS •••••••••••••••••••••••••••••••••••••• 
OUTLINE DRAWING •••••••••••••••••••••••••••••••••••••••••••••••••••••• 
EXAMPLE OF APPLICATION CIRCUIT ••••••••••••••••••••••••••••••••••••••• 

TMP8355P 16,384 BIT ROM WITH I/O PORTS •••••••••••••••••••••••••• 
GENERAL DESCRIPTION •••••••••••••••••••••••••••••••••••••••••••••••••• 
FEATURES ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
PIN CONNECTIONS/BLOCK DIAGRAM •••••••••••••••••••••••••••••••••••••••• 
PIN NAMES AND PIN DESCRIPTION •••••••••••••••••••••••••••••••••••••••• 
FUNCTIONAL DESCRIPTION 
ABSOLUTE MAXIMUM RATINGS 
D.C. CHARACTERISTICS ••••••••••••••••••••••••••••••••••••••••••••••••• 
A.C. CHARACTERISTICS ••••••••••••••••••••••••••••••••••••••••••••••••• 
TIMING WAVEFORMS ••••••••••••••••••••••••••••••••••••••••••••••••••••• 
PROGRAM TAPE FORMAT 
OUTLINE DRAWING 

POSTSCRIPT 

MPU85-iii 

83 
85 
90 
90 
90 
91 
92 
94 
95 
95 
95 
95 
96 
97 
98 
98 
99 

100 
101 
102 
102 
102 
102 
103 
103 
105 
116 
116 
116 
117 
119 
120 
121 
121 
121 
121 
122 
124 
125 
125 
125 
127 
129 
130 
l31 



•• 

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 

MPU85-l 

FIGURE 2. TMP8085A 
PINOUT DIAGRAM 



TOSHIBA TMP8085AP 

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. 
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TOSHIBA TMP8085AP 

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. 
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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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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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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) 

MFUS5-22 



TOSHIBA TMP8085AP 

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 

MPU85-25 



TOSHIBA TMP8085AP 

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 
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" """ 
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 
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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 
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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 

MPUS5 39 



TOSHIBA TMP8155P,TMP8156P 

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 

MPU85-40 



TOSHIBA TMP8155P,TMP8156P 

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 
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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 
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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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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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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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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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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 
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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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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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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. 

MPU85-53 



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. 

MPU85-S4 



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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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) 
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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 
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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 
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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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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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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 
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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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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 

MPU85-86 



TOSHIBA TMP8255AP-5 

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 
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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. 
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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 



TOSHIBA TMP8259AP 

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 

MPU85 100 
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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. 

MPU8S-114 



TOSHIBA 

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 
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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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iliz 

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 
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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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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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6th Floor. D.tabank House, 175 The Terrace 
P.O. Sox 3549 Wellington, New Zealand 
Tel. 726-001 Telex, NZ-3433 
Cable Toshiba Wellington 
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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 
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Fax 1(8)636533 
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Tel. : 002-852·3·671 ·141 - 4 

Tothiba Electronics Tliwln Corp. 
7F . Min Sheng Commerical Bldg. 344. Min Sheng 
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Tothibl (M.I-vsi. ) Bhd. 
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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 , 
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