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TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT

M INTEGRATEDCIRCUIT TMP8155P

TMP8156P
TECHNICAL DATA N- CHANNEL SILICON GATE MOS

mable 6 bit I/0 port.
MODE and STROBE MODE.

2048 BIT STATIC MOS RAM WITH I/0 PORTS AND TIMER

GENERAL DESCRIPTION

The TMP 8155P/8156P are RAM including I/O0 ports and counter/timer on the chip
for using in the TLCS-85A microcomputer system.
with 2K bit static cells organized as 256 x 8.

timer is the down counter.
pulse for the cpu system depending on timer mode.

FEATURES

- Compatible with Intel's 8155/8516
+ Single +5 V Power Supply
+ Access Time: 400 ns (MAX.)

Internal Address Latch

+ 2 Programmable 8 Bit I/0 Ports and 1 Programmable 6 Bit I/O Port.
* 256 Word x 8 Bits RAM

* Programmable 14 Bit Binary Counter/Timer

* Multiplexed Address and Data Bus

* Chip Enable Active High (TMP8156P) or Low (TMP8155P)

The RAM portion is designed
The 14 bit programmable counter/
It provides either a square wave or terminal count

The I/0 portion is consists of 2 programmable 8 bit I/0 ports and 1 program-
The programmable I/O ports can be operated by BASIC

FIGURE 1 TMP8155P/8156P PINOUT DIAGRAM

- 40 pin DIP
PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM
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FIGURE 2 TMP8155P/8156P FUNCTIONAL BLOCK DIAGRAM
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PIN NAMES AND PIN DESCRIPTION
RESET (INPUT)

The Reset signal is a pulse provided by the TMP8085A to initialize the
system. Input high op this line resets the chip and initializes the three
I/0 ports to input mode. Theé width of RESET pulse should typically be

two TMP8085A clock cycle times.

ADg~7 (INPUT / OUTFUT, 3-STATE)

These are 3-state Address/Data lines that interface with the CPU lower
8-bit Address/Data Bus. The 8-bit address is latched into the address
latche on the falling edge of the ALE. The address can be applied to the
memory section or the I/0 section depending on the polarity of the IO/M
input signal. The 8-bit data is either written into the chip or read
from the chip depending on the status of WR or RD input signal.

CE OR CE (INPUT)

Chip Enable: On the TMP8155P, this pin is CE and is ACTIVE LOW.
On the TMP8156P, this pin is CE and is ACTIVE HIGH.

RD (INPUT)

Input low on this line with the CHip Enable active enables the ADgy,y
buffers. If IO/M pin is low, the RAM content will be read out to the
AD bus. Otherwise the content of the selected I/0 port or command/
status register will be read to the AD bus.

WR (INPUT)

Input low on this line with the Chip Enable active causes the data on the
AD lines to be written to the RAM or I/0 ports and command/status register

depending on the polarity of I0/M.

ALE (INPUT)

Address Latch Enable: This control signal latches both the address on the
ADQ~7 lines and the state of the Chip Enable and IO/M into the chip at the
falling edge of ALE.

10/M- CINPUT)

I0/Memory Select: This line selects the memory if low and selects the I/0
and command/status register if high.

PA0N7(INPUT/OUTPUT,B—STATE)

These 8 pins are general purpose I/0 pins. The in/out direction is selected
by programming the Command Register.
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PBQ~7 (INPUT/OUTPUT, 3-STATE)

These 8 pins are general purpose I/0O pins. The in/out direction is selected
by programming the Command Register.

PCG~5 (INPUT/OUTPUT, 3-STATE)

These 6 pins can function as either input port, output port, or as control
signal for PA and PB. Programming is done through the Command Register.
When PCpnj5 are used as control signals, they are defined the following:

PCy - A INTR (Port A Interrupt)

PC1 - A BF (Port A Buffer Full)

PCy - A STB (Port A Strobe)

PC3 - B-INTR (Port B Interrupt)

PC4 - B BF (Port B Buffer Full)

PC5 - B STB (Port B Strobe)

TIMER IN (INPUT)

This is the input to the counter-timer.

TIMER ouT (ouTPUT)

This pin is the timer output. This output can be either a square wave oOr
a pulse depending on the timer mode.

Vee (Power)
+5 volt supply

Vgg (Power)
Ground Reference
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FUNCTIONAL DESCRIPTION

PROGRAMMING OF THE COMMAND REGISTER

The command register consists of eitht latches. Four bits (0-3) define the
mode of the ports, two bits (4-5) enable or disable the interrupt from port
C when it acts as control port, and the last two bits (6-7) are for the timer.

The command register contents can be altered at any time by using the I/O
address XXXX000 during a WRITE operation. The function of each bit of the
command byte is defined in FUGURE 3.

ADDRESSl x l X [ X I X l x I 0 J 0 ] 04] x = Don't care
1 = Logic "1"
AD7 AD6 AD5AD4 AD3 AD2 AD1 ADO 0 = Logic "0"
COMMAND |7 IEB'
REGISTER[ My lTMll TEA|PC,|PCy | PB | PA
_ —_
DEFINE PAQ-7
]_ 0 = INPUT
‘———DEFINE PBj_jy 1 = OUTPUT
00 = MODE 1
11 = MODE 2
L— - DEFINES PC
0-57 01 = MODE 3
10 = MODE 4
ENABLE PORT A
INTERRUPT 1 = ENABLE
ENABLE PORT B | O = DTSABLE

INTERRUPT

00 = NOP - DO NOT AFFECT COUNTER
OPERATION

01 = STOP -NOP IF TIMER HAS NOT STARTED;
STOP COUNTING IF THE TIMER IS RUNNING

10 = STOP AFTER TC - STOP IMMEDIATELY
‘= TIMER COMMAND — AFTER PRESENT TC IS REACHED (NOP
IF TIMER HAS NOT STARTED)

11 = START - LOAD MODE AND COUNT LENGTH
AND START IMMEDIATELY AFTER
LOADING (IF TIMER IS NOT PRESENTLY
RUNNING) . IF TIMER IS RUNNING, START
THE NEW MODE AND COUNT LENGTH
IMMEDIATELY AFTER PRESENT TC
IS REACHED.

FIGURE 3 COMMAND REGISTER BIT ASSIGNMENT



Fhshiba INTEGRATEDC'RCU'T TMP8155P, TMP8156P

TR  TECHNICAL DATA

READING THE STATUS REGISTER

The status register consists of seven latches, one for each bit; six (0-5) for
the status of the ports and one (6) for the status of the timer.

The status of the timer and the I/0 section can be polled by reading the Status
Register (Address XXXXX000). Status word format is shown in FIGURE 4.

Note that you may never write to the status register since the command register
shares the same I/0 address and the command register is selected when a write
to that address is issued.

ADDRESS | x | x [ x | x [ x [ o | o | o ]
AD7 AD6 AD5 AD4 AD3 AD2 ADl ADO
STATUS
INTE| B | INTR |[INTE| A |IN
REGISTER TIMER | T L [ TER I ar | AN

L*-PORT A INTERRUPT REQUEST

PORT A BUFFER FULL/EMPTY
(INPUT/OUTPUT)

'————— PORT A INTERRUPT ENABLE

= PORT B INTERRUPT REQUEST

PORT B BUFFER FULL/EMPTY
(INPUT/OUTPUT)

PORT B INTERRUPT ENABLE

TIMER INTERRUPT (THIS BIT

IS LATCHED HIGH WHEN
TERMINAL COUNT IS

REACHED, AND IS RESET TO
LOW UPON READING OF THE

C/S REGISTER AND BY HARDWARE
RESET)

FIGURE 4 STATUS REGISTER BIT ASSIGNMENT
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INPUT/OUTPUT SECTION
COMMAND/STATUS REGISTER (c/$)

Both register have the common address xxxxx000. When the C/S registers

are selected during WRITE operation, a command is written into the C/S
register.  The contents of this register are not accessible through the pins.
When the C/S is selected during a READ operation, the status information of
the I/0 ports and the timer becomes available on the ADQ_7 lines.

PA Register — This register can be programmed to be either input or output
ports depending on the status of the contents of the C/S Register.

Also depending on the command, this port can operate in either the basic
mode or the strobed mode (See timing diagram). The I/0 pins assigned in
relation to this register are PAg_7. The address of this register is
XXXXX001.

PB Register — This register functions the same as PA Register. The I/0
pins assigned are PBp-7. The address of this register is XXXXX010.

- PC Register — This register has the address XXXXX01l and contains only
6-bits. The 6-bits can be programmed to be either input ports, output
ports or as control signals for PA and PB by properly programming the
AD2 and AD3 bits of the C/S register.

When PCo-5 is used as a control port, 3-bits are assigned for Port A and

3 for Port B. The first bit is an interrupt that the TMP8155P/8156P issues.
The second is an output signal indicating whether the buffer is full

or empty, and the third is an input pin to accept a strobe for the strobed

input mode. See Table 2.

When the port C is programmed to either MODE 3 or MODE 4, the control
signals for PA and PB are initialized as follows:

CONTRGL u—

MODE BF INTR STB
INPUT MODE Low Low Input Control
OUTPUT MODE Low High Input Control
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To summarize, the register's assigmments are shown TABLE 1.

TABLE 1

1/0 PORT ADDRESSING SCHEME

I/0 ADDRESS

Ap| As

Ay

A3

Ay

Ap

=
o

P INOUTS

SELECT ION

NO. OF BITS

>

>

X

X

0

Internal

Command/Status Register

o]

o=

PAg-7

General Purpose I/O Port A

PBo-7

General Purpose I/O Port B

R AR

5| |

>l

PCo-7

General Purpose I/0 Port or

Control

o | 0 | 0o

>

>
>

0

Low-Order 8 bits of Timer Count

1

High 6 bits/2 bits of Timer Count

TABLE 2 TABLE OF PORT CONTROL ASSIGNMENT

Pin

MODE 1

MODE 2

MODE 3 MODE 4

PCO
PC1
PC2
PC3
PC4
PC5

Input
Input
Input
Input
Input
Input

Port

Port

Port

Port

Port

Port

Output Port

Output Port

Output Port

Output Port

Output Port

Output Port

A INTR (Port A Interrupt)
A BF (Port A Buffer Full)
A STB(Port A strobe)
Output Port

Output Port

Output Port

A INTR (Port A Interrupt)
A BF (Port A Buffer Full)
A STB (Port A Strobe)
B INIR (Port B Interrupt)
B BF (Port B Buffer Full)
B STB (Port B Strobe)
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TIMER SECTION

The timer is a 14-bit down-counter that counts the 'timer input' pulses and
provides either a square wave or pulse when terminal count (TC) is reached.

The timer has the I/0 address XXXXX100 for the low order byte of the register
and the I/0 address XXXXX101 for the high order byte of the register.

To program the timer, the COUNI LENGTH REGISTER is loaded first, one byte at a
time, by selecting the timer addresses. Bits 0-13 will specify the length of the
next count and bits 14-15 will specify the timer output mode. The value loaded

into the count length register can have any value from 2y through 3FFFy in
bits 0-13.

|M2 | M1 ’ T13] leTTu[Tlo [ T9 | Tsl
N T -
TIMER MODE MSB OF COUNT LENGTH

|7 [ [ts[m [ms[m2m [ |
: .
LSB OF COUNT LENCTH

FIGURE 5 TIMER FROMAT
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There are four timer modes which are defined by M2 and M1.

M2 Ml

0 ———— Put out low during second half of count.

1 ——— Continuous square wave; The period of the square-wave
equal s the count length programmed with automatic
reload at terminal count.

1 0 ———— Single pulse upon TC being reached.
1 1 ——— Continuous pulses.

Note: In case of an odd-numbered count, the first half—cycle of the
square-wave output,which is high, is one count longer than the
second (low) half-cycle as shown in FIGURE 6.

| s ] & | 3 |2 | 1| s |4 | 32 | 1]|5]
M2 M1
0 0 I
0 1 | r____
1 0 | I
1 1 I I ]
Load reload reload

FIGURE 6 ASYMMETRICAL SQUARE-WAVE OUTPUT RESULTING FROM COUNT OF 5
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Bits 6-7 (TM2 and TM1) of command register contents are used to start and
stop the counter. There are four commands to choose from;

™2  TM1
0 0 NOP: Do not affect counter operation,
0 1 STOP: NOP if timer has not started; stop counting if the
timer is running.
1 0 STOP AFTER TC: Stop immediately after present TC is reached.
(NOP if timer has not started)
1 1 START: Load mode and count length and start immediately

after loading (if timer is not presently running).
If timer is running, start the new mode and count length
immediately after present TC is reached.

Note that while the counter is counting, you may load a new count and mode

into the count length registers. Before the new count and mode will be used
by -the counter, you must issue a START command to the counter. This applies
even though you may only want to change the count and use the previous mode.

The counter in the ' TMP8155P/8156P is not initialized to any particular mode
or count when hardware RESET occurs, but RESET does stop the counting.
Therefore you must issue a START command via the C/S register, because count-
ing cannot begin following RESET.

Please note that the timer circuit on the TMP8155P/8156P chip is designed

to be a square-wave timer, not an event counter. To achieve this, it counts
down by twos twice in completing one cycle. Thus, its registers do not
contain values directly representing the number of TIMER IN pulses received.
You cannot load an initial value of 1 into the count register and cause the
timer to operate, as its terminal count value is 10 (binary). After the
timer has started counting down, the values residing in the count registers
can be used to calculate the actual number of TIMER IN pulses required to
complete the timer cycle if desired. To obtain the remaining count,

perform the following operations in order:

1. Stop the count. .

2. Read in the 16-bit value from the count length registers.

3. Reset the upper two mode bits.

4. Reset the carry and rotate right one position all 16 bits through
carry.

5. If carry is set, add 1/2 of the full original count (1/2 full count-1

if full count is odd.)

Note: If you started with an odd count and you read the count length register
before the third count pulse occurs, you will not be able to
discern whether one or two counts has occurred. Regardless of this,
the TMP8155P/8156P always counts out the right number of pulses in
generating the TIMER OUT waveforms.
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ABSOLUTE MAXIMUM RATINGS

Symbol Item Rating
Vee Ve Supply Voltage with Respect to Vgg -0.5V to +7.0V
VIN Input Voltage with Respect to Vgg ~0.5V to +7.0V
Vour Output Voltage with Respect to V§S -0.5V to +7.0V
Pp Power Dissipation 1.5W
TsoLDER | Soldering Temperature (Soldering Time 10 sec.) 260°C

TsTg Storage Temperature -55°C to +150°C
TOPR Operating Temperature 0°C to +70°C

D.C. CHARACTERISTICS

Tp=0°C to +70°C, Vgg=+5V = 5%

Symbol Paranmeter Test Conditioms Min. Typ. Max. Units
VIL Input Low Voltage -0.5 0.8 v
VIH Input High Voltage 2.0 Veet0.5 v
VoL Output Low Voltage Ior, = 2mA 0.45 v
Von Output High Voltage Iog = -400uA 2.4 A
I11, Input Leakage ViN = Vge to OV +10 LA
Ir0 Output Leakage Current 0.45V < Voyr < Ve +10 HA
Icc Vce Supply Current 180 mA
I11,(CE) Chip Enable Leakage

o o = e 50 00 |
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A.C. CHARACTERISTICS
TA=0C to +70°C , Vec=+5V+5%

Symbol Parameters Test Conditiorn Min. Typ. Max. Units
tAL Address to Latch Set Up Time 50 ns
tra Address Hold Time after Latch 80 ns
te Latch to READ/WRITE Control 100 ns
tRD Xziéiogata out Delay from READ 170 s
tAD Address Stable to Data Out Valid 400 ns
tLL Latch Enable Width 100 ns
ERDF Data Bus Float After READ 0 100 ns
toL READ/WRITE control Latch Enable 20 ns
tce READ/WRITE Control Width 250 ns
Eow Data In to WRITE Set Up Time 150 ns
twp Data in Hold Time After WRITE 150pF Load 0 ns
ERV Recovery Time Between Controls 300 ns
Twp WRITE to Port Output 400 ns
TpR Port Input Setup Time 70 ns
tRp Port Input Hold Time 50 ns
tsgr | Strobe to Buffer Full 400 | ns
tss Strobe Width 200 ns
tRBE READ to Buffer Empty 400 ns
tsr Strobe to INTR On 400 ns
YRp1 | READ to INTR Off 400 | ns
tpgs Port Setup Time to Strobe 50 ns
tpHS Port Hold Time After Strobe 120 ns
tSBE Strobe to Buffer Empty 400 ns
tWBF | WRITE to Buffer Full 400 | ns
twr WRITE to INTR Off 400 | ns
1L TIMER-IN to TIMER-OUT Low 400 | ns
ton TIMER-IN to TIMER-OUT High 400 | ns
tRDE Data Bus Enable from READ Control 10 ns
ty TIMER-IN Low Time 80 ns
ty TIMER-IN High Time 120 ns
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TIMING WAVEFORMS

A. READ CYCLE

or CE(8155)

CE(8156) i ] X
10/M taD
= o\
X — : >§ VALID N __
ADy_, ADDRESS | —Z Brxis .<
I TAL

t
ALE LA / \
tLL N
’ "R_DEJ ERDF
R®D — tRD / K
)‘tL

~— tcn —
tee tRry
B. WRITE CYCLE
CE(8155)
°T CE(8156) X X X
10/M I~
ADDRESS )
ADy_- X - X VALID DATA X
— tLA
' —tDW—] — Tcp
ALE \ \
T {
™ ELL e o€ —— typ ——
\ J
— tCC ——| —— tgry

FIGURE 7 READ/WRITE TIMING DIAGRAMS
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A. BASIC INPUT MODE

r g
PORT \ x
L e

B. BASIC OUTPUT MODE

PORT >§ N\

FIGURE 8 BASIC 1/0 TIMING WAVEFORM
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A. STROBED INPUT MODE

}__

o I:RBE.-I

BF
|___ tSBF
|
STROBE Z?.-tSI
tss —
INTR tRoI
RD
tpss tpHS
INPUT DATA )Z‘
FROM PORT b

B. STROBED OUTPUT MODE

BF
STROBE

tWBF
INTR \

tW1

W ——\ 1

twp

OUTPUT DATA
TO PORT

FIGURE 9

STROBED 1/0

TIMING WAVEFORM
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LOAD COUNTER FROM CLR\J RELOAD COUNTER FROM CLR\J

[ 2 |

1 tr s b, 2[1 sl

TIMER IN

TIMER OUT ‘(\Note i
(PULSE) ~—— try

TIMER OUT A 7 toL,
\ (Note 1) /
(SQUARE WAVE) ~ v

Note 1: The timer output is periodic
if in an automatic
reload mode (M] Mode Bit =1)

FIGURE 10 TIMER OUTPUT WAVEFORM COUNTDOWN FROM 5 1o 1
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OUTLINE DRAWING

40 Pins Plastic Package

40 3938 37335 3438 323130 2928 272625 24232 21
dpoh PR dr s ca GRS P G Gh g g g
v T v T T T T T T * :ﬂ
N D ] (T ! S
~
(Y S
I P TR I P B S 4
pepp R epeh 5 cp ep AR I5 db &5 dh da dp oh A5 IR
12 34 56 7 8910111213 141516 171819 20
wy
o
2.54%0.25 Z, 3
B

3.5

50.7%0.15

Note: 1.
2. This dimension shows spread of leads.

3. All dimensions are in millimeters.

Unit in mm

(Note 1)

15.2440.1

U |

1[0.25%0.1

15.00"v17.80

(Note 2)

This dimension shows the center of curvature of leads.
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