2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER

MITSUBISHI LSls

M5L8156P

DESCRIPTION

The M5L8156P is a 2K-bit RAM (256-word by 8-bit) fabri-
cated with the N-channel silicon-gate ED-MOS technology.
This IC has 3 I/0 ports and a 14-bit counter/timer which
make it a good choice to extend the functions of an 8-bit
microcomputer. It is incased in a 40-pin plastic DIL package
and operates with a single 5V power supply.

FEATURES

Single 5V supply voltage

TTL compatible

Compatible with MELPS 85 devices
Static RAM: 256 words by 8 bits
Programmable 8-bit I/0 port: 2
Programmable 6-bit 1/0 port: 1
Programmable counter/timer: 14 bits
Multiplexed address/data bus

APPLICATION

Extension of 1/0 ports and timer function for MELPS 85 and
MELPS 8-48 devices

FUNCTION

The M5L8156P is composed of RAM, /0 ports and counter/
timer. The RAM is a 2K-bit static RAM organized as 256
words by 8 bits. The I/0O ports consist of 2 programmable 8-
bit ports and 1 programmable 6-bit port. The terminals of the
6-bit port can be programmed to function as control termin-
als for the 8-bit ports, so that the 8-bit ports can be operated
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in a handshake mode. The counter/timer is composed of 14
bits that can be used to count down (events or time) and it
can generate square wave pulses that can be used for
counting and timing.
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OPERATION

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to transfer the

data while input or output instructions are being executed by

the CPU. Command and address information is also transfer-

red through the data bus buffer.

Read/Write Control Logic

The read/write control logic controls the transfer of data by

interpreting 170 control bus output signals (RD, WR, I0/M

and ALE) along with CPU signal (CE). RESET signal is also

used to control the transfer of data and commands.

Bidirectional Address/Data Bus (AD,~AD,)

The bidirectional address/data bus is a 3-state 8-bit bus.

The 8-bit address is latched in the internal latch by the fall-

ing edge of ALE. Then if I0/M input signal is at high-level,

the address of 1/0O port, counter/timer, or command register

is selected. If it is at low-level, memory address is selected.
The 8-bit address data is transferred by read input (RD)

or write input (WR).

Chip Enable Input (CE)

When CE is at high-level, the address information on

address/data bus is stored in the M5L8156P

Read Input (RD)

When RD is at low-level the data bus buffer is active. If 10/

M input signal is at low-level, the contents of RAM are read

through the address/data bus. If IO/M input is at high-level,

the selected contents of 1/0 port or counter/timer are read

through the address/data bus.

Write Input (WR)

When XR is at low-level, the data on the address/data bus

Table 1 Pin assignment of control signals of port C

Pin Function

PCs B STB (port B strobe)

PC4 B BF (port B buffer full)

PC3 B INTR  (port B interrupt)

PC, A STB (port A strobe)

PCy A BF (port A buffer full)

PCo A INTR (port A interrupt)

Timer Input (TIMER IN)

The signal at this input terminal is used by the counter/timer

for counting events or time. (3MHz max.)

Timer Output (TIMER OUT)

A square wave signal or pulse from the counter/timer is out-

put through this pin when in the operation mode.

Command Register (8 bits)

The command register is an 8-bit latched register. The

loworder 4 bits (bits 0~3) are-used for controlling and de-

termination of the mode of the ports. Bits 4 and 5 are used

as interrupt enable flags for ports A and B when port C is

used as a control port. Bits 6 and 7 are used for controlling

the counter/timer. The contents of the command register are

rewritten by output instructions (address 1/0 XXXXX000).
Details of the functions of the individual bits of the com-

mand register are shown in Table 2.

Table 2 Bit functions of the command register

X X | — . . Bit | Symbol Function

are written into RAM if I0/M is at low-level, or if IO/M is at PORT A 1/0 FLAG 1- OUTPUT PORT A
high-level they are written into I/O port, counter/timer or 0 PA 0: INPUT PORT A
command register. PORT B 1/0 FLAG 1: OUTPUT PORT B
Address Latch Enable Input (ALE) ! PB 0: INPUT PORT B
An address on the address/data bus along with the levels of » | pc, | PORTCFLAG 00: ALTI
CE and 10/M are latched in the M5L8156P on the falling ! 11: ALT2
edge of ALE. 01: ALT3

™ 3 PC2 10: ALT4
10/Memory Input (10/M) i
When 10/M is at low-level, the RAM is selected, while at 4 jea | PORT A INTERRUPT 1: ENABLE INTERRUPT
high-level the I/O port, counter/timer or command register ENABLE FLAG 0: DISABLE INTERRUPT
are selected. 5 \Eg | PORT BINTERRUPT 1: ENABLE INTERRUPT
/0 Port A (PA,~PA,) ENABLE FLAG 0: DISABLE INTERRUPT

0 1
Port A is an 8-bit general-purpose /0O port. Input/output set- COUNTER/TIMER CONTROL
ting is controlled by the system software. 6 | TM1 | 0. NO INFLUENGE ON COUNTER/TIMER OPERATION
1/0 Port B (PBy~PB) 01: COUNTER/TIMER OPERATION DISCONTINUED (IF
Port B is an 8-bit general-purpose 1/0 port. Input/output set- NOT ALREADY STOPPED)
ting is controlled by the system software. 10: COUNTER/TIMER OPERATION DISCONTINUED AF-
1/O Port C (PCo~PCs) 7 1 T™2 TER THE CURRENT COUNTER/TIMER OPERATION
) . IS COMPLETED
Port C |§ a 6-bit 1/0 port that can also be used to output 11: COUNTER/TIMER OPERATION STARTED
control signals of port A (PA) or port B (PB). The functions
of port C are controlled by the system software. When port C
is used to output control signals of ports A or B the assign-
ment of the signals to the pins is as shown in Table 1.
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Status Register (7 bits)

The status register is a 7-bit latched register. The loworder 5
bits (bits 0~4) are used as status flags for the 1/0 ports. Bit
6 is as a status flag for the counter/timer. The contents of

Table 3 Bit functions of the status register

the status register are transferred into the CPU by reading
(INPUT instruction, address 1/0 XXXXX000) . Details of the
functions of the individual bits of the status register are
shown in Table 3.

Bit Symbol Function
0 INTR A PORT A INTERRUPT REQUEST
1 A BF | PORT A BUFFER FULL FLAG
2 INTE A PORT A INTERRUPT ENABLE
3 INTR B PORT B INTERRUPT REQUEST
4 B BF PORT B BUFFER FULL FLAG
5 INTE B PORT B INTERRUPT ENABLE
o (SET TO 1 WHEN THE FINAL LIMIT
OF THE COUNTER/TIMER IS REACHED
6 TIMER COUNTER/TIMER INTERRUPT AND IS RESET TO 0 WHEN THE
STATUS IS READ)
7 — THIS BIT IS NOT USED
1/0O Ports Port B Register (8 bits)

Command/status registers (8 bits/7 bits)
These registers are assigned address XXXXX000. When ex-
ecuting an OUTPUT instruction, the contents of the com-
mand register are rewritten. When executing an INPUT in-
struction the contents of the status register are read.
Port A Register (8 bits)
Port A Register is assigned address XXXXX001. This register
can be programmed as an input or output by setting the
appropriate bits of the command register as shown in Table
2.

Port A can be operated in basic or strobe made and is
assigned 1/0 terminal PAy~PA;.

Table 4 Functions of port C

Port B register is assigned address XXXXX010. As with Port
A register, this register can be programmed as an input or
output by setting the appropriate bits of the command regis-
ter as shown in Table 2. Port B can be operated in basic or
strobe mode and is assigned 1/0 terminals PBy~PB;.

Port C Register (6 bits)

Port C register is assigned address XXXXX011. This port is
used for controlling input/output operations of ports A and B
by selectively setting bits 2 and 3 of the command register
as shown in Table 2. Details of the functions of the various
setting of bits 2 and 3 are shown in Table 4. Port C is
assigned 1/0 terminals PCo~ PCs and when used as port
control signals, the 3 low-order bits are assigned for port A
while the 3 high-order bits are assigned for port B.

Toate ALT 1 ALT2 | ALT 3 ALT 4
PCs Input Output ‘ Output B STB (port B strobe)
PC4 Input Output \ Output B BF (port buffer full)
PC3 Input Output \ Output B INTR (port B interrupt)
PC; Input Output A STB (port A strobe) A STB (port A strobe)
PC, Input Output A BF (port A buffer full) A BF (port A buffer full)
PCo Input Output A INTR (port A interrupt) A INTR (port A interrupt)
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Configuration of ports

A block diagram of 1 bit of ports A and B is shown in Fig. 1.
While port A or B is programmed as an output port, if the
port is addressed by an input instruction, the contents of the
selected port can be read. When a port is put in input mode,
the output latch is cleared and writing into the output latch is

disabled. Therefore when a port is changed to output mode
from input mode, low-level signals are output through the
port. When a reset signal is applied, all 3 ports (PA, PB, and
PC) will be input ports and their output latches are cleared.
Port C has the same configuration as ports A and B in mod-
es ALT1 and ALT2.

M5L8156P

INTERNAL
DATA BUS

CLK]
STB

WR PORT CLK

CLR

EXTERNAL PIN
—)D (PORT A OR
PORT B

1. WR PORT=|0/M*WR:CE-*
(PORT ADDRESS SELECTED)

2. RD PORT=I0/M-RD-CE-
(PORT ADDRESS SELECTED)

3. MULTIPLEX CONTROL
*1 STROBE INPUT MODE
*2 INPUT MODE
*3 OUTPUT MODE

4. MD=1: OUTPUT MODE

MD

0! INPUT MODE

Fig. 1 Configuration for 1 bit of port A or B

Table 5 Basic functions of 1/0 ports

Address RD R Function
1 AD bus + status register

XXXXX000 —

1 0 Command register < AD bus

0 1 AD bus + port A
XXXXX001

1 0 Port A < AD bus

0 1 AD bus + port B
XXXXX010

1 0 Port B < AD bus

0 1 AD bus + port C
XXXXX011

1 0 Port C « AD bus

Table 6 Port control signal levels at ALT3 and ALT4

The basic functions of the 1/0 ports are shown in Table 5.
The control signal levels to ports A and B, when port C is
programmed as a control port, are shown in Table 6.

Counter/Timer
The counter/timer is a 14-bit counting register plus 2 mode
flags. The register has two sections: address I/0 XXXXX100
is assigned to the low-order 8 bits and address 1/0
XXXXX101 is assigned to the high-order 8 bits. The low-
order bits 0~13 are used for counting or timing. The counter
is initialized by the program and then counted down to zero.
The initial setting can range from 2;¢ to 3FF;s. Bits 14 and 15
are used as mode flags.

The mode flags select 1 of 4 modes with functions as
follow:

Control Signal Output mode Input mode Mode 0:  Outputs high-level ‘signal during the former
STB Input Input half of the counter operation
BF ] e aLr Outputs low-level signal during the latter half
INTR s L of the counter operation

4—14 MITSUBISHI
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Table 7 Format of counter/timer Mode 1:  Outputs square wave signals as in mode 0
Mode 2: Outputs a low-level pulse during the final
Bit Numb
Address e Function count down
718|5]4]3)2)1]0 Mode 3: Outputs a low-level pulse during each final
THE LOW-ORDER 8 BITS count down

XXXXX100| T7|Te|Ts| Ta| T3| T2| T1| T

o

OF THE COUNTER REGISTER Starting and stopping the counter/timer is controlled by

M1.M2: TIMER MODE bits 6 and 7 of the command register (see Table 2 for

XXXXX101|M2|M;[Ti3T12T11|Tio| To | Ts THE HIGH-ORDER 6 BITS ) . ,
Te~Ti3 . mat and timer modes of the counter/timer
8~ T13 . 1E COUNTER REGISTER details) . The format and timer mo

register are shown in Table 7 and Table 8.

The counter/timer is not influenced by a reset, but counting

is discontinued. To resume counting, a start command must

be written into the command register as shown in Table 2.

Outputs high-level signal during the former half of the counter operation Wh”e operating 2n+1 count ,dOWn in mOde 0’ a high-level

0 0 Outputs low-level signal during the latter half of the counter ope(:x:;ne o signal is output during the n+1 counting and a low-level sig-
nal is output during the n counting.

Table 8 Timer mode

M2 M, Timer operation

0 1 Outputs square wave signals as in mode 0 (mode 1)
1 0 Outputs a low-level pulse during the final count dowm
(mode 2)
1 1 ‘ Outputs a low-level pulse during each final count down
(mode 3)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Conditions Limits Unit
Vce Supply voltage —0.5~7 » \
V, input voltage With respect to Vgg —0. 5:«7 \2
Vo Output voltage —0.5~7 \Y
Pd Maximum power dissipation Ta=25C ' 1.5 w
Topr Operating free-air temperature range —20~75 T
Tstg Storage temperature range —65~150 T

RECOMMENDED OPERATING CONDITIONS (12=—20~75T, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Nom Max
Vee Supply voltage 4.75 5 5.25 \
Vss Power-supply voltage 0 \"
Vie Low-level input voltage —0.5 0.8 v
Vin High-level input voltage 2 Ve t0.5 \Y

ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vcc=5V+5%, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min Typ Max
Von High-level output voltage Vss=0V, lon=—400uA 2.4 \"
VoL Low-level output voltage Vss=0V, lo,=2mA 0. 45 \
I Input leak current Vss=0V,V;=0~V¢c —10 10 uA
licce) Input leak current, CE pin Vss=0V, V;=0~V¢c —100 100 A
loz Output floating leak current Vss=0V, V|=0. 45~V¢ —10 10 uA
Cj Input capacitance Vi =0V, f=1MHz, 25mVrms, T4=25C 10 pF
Ci/o Input/output terminal capacitance Viior=0V, f=1MHz, 25mVrms, T3=25C 20 pF
lcc Supply current from Ve Vgs=0V 180 mA
Note 1 : Current flowing into an IC is positive, out is negative.
MITSUBISHI 1—15
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TIMING

REQUIREMENTS (Ta=—20~75C, Voc="5V=* 5%, unless otherwise noted)

Alternative Limits
Symbol Parameter Test conditions Unit
symbol Min Typ Max
tsuca-L) Address setup time before latch taL 50 ns
th(L-a) Address hold time after latch tia 80 ns
th(L-rwr)| Read/write hold time after latch tic 100 ns
tw(L) Latch pulse width toe 100 ns
th(rw-L) | Latch hold time after read/write toL 20 ns
tw(rwer) | Read/write low-level pulse width tcc 250 ns
tsu(p-w) | Data setup time before write tow 150 ns
th(w-p) Data hold time after write two 0 ns
tw(rwn) | Read/write high-level pulse width try 300 ns
tsu(p-r) | Port setup time before read ter 70 ns
th(r-pP) Port hold time after read trp 50 ns
tw(sTe) Strobe pulse width tss 200 ns
tsu(p-ste)| Port setup time before strobe tpss 50 ns
th(sTte-p) | Port hold time after strobe tpHs 120 ) ns
twisn) Timer input high-level pulse width t 120 ns
twis L) Timer input low-level pulse width t 80 ns
tc(#) Timer input cycle time teve 320 ns
tres) Timer input rige time tr 30 ns
tr ¢ Timer inbut fall time tf 30 ns
SWITCHING CHARACTERISTICS (Ta=—20~75C, Vce=5V+5%, unless otherwise noted.)
Symbol Parameter Altemative Test conditions i Limits Unit
symbol Min Typ Max
texv(r-pq) | Propagation time from read to data output tro 170 ns
tezx(a-pq) | Propagation time from address to data output tap 400 ns
tevz(r-pq) | Propagation time from read to data floating (Note 7) tror 0 100 ns
teHL(W-P) twe
Propagation time from write to data output 400 ns
teL(w-p) twe
tpLH(sTB-BF) Propagation time from strobe to BF flag tser 400 ns
tPHL(R-BF) Propagation time from read to BF flag tree 400 ns
tFILH(S:rB_"\n'R) Propagation time from strobe to interrupt tsi 400 ns
teHL(R-INTR) Propagation time from read to interrupt troi 400 ns
tPHL(STB-BF) Propagation time from strobe to BF flag tsBe 400 ns
teLn(w-sF) | Propagation time from write to BF flag twer 400 ns
tPHL(W-INTR) Propagation time from write to interrupt twi 400 ns
teHL( #-oum) tro
Propagation time from timer input to timer output 400 ns
teLn(#-oum) tra
tezx(r-DQ) | Propagation time from read to data enable troE 10 ns
Note 1 ! Measurement conditions C=150pF
2 ! Measurement conditions of note 6 are not applied.
MITSUBISHI
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TIMING DIAGRAM (reference level, high-level=2V , low-level=0.8V)
Basic output

PORT
terL(w—p)
teLH(w—rp)
— -
WR
twirwL) tw(rwH)
1
th(L—RwH) thiw—p)
10/M \ w
CE / /
7
ADo~AD; ADDRESS 2 DATA
.
tsu(a—0) tha—a) tsuto—w) th(rw—L)
ALE
t N
w(L)

Basic input

L "

porr i

tsue—r)
th(r—p)
5 N Z
t
w(RWL) b Crw)
te(i—rw) texv(r—pa) tetrw—1)
tpzx(rR—DQ)
texz(r—Da)

10/M [ \

CE i \ /

tezx(a—q)

ADo~AD; ADDRESS DATA ‘ i—-(

tsua—L) thi—n)

ALE N

tw(v)
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Strobed output

i

PORT

X

i

trLH(W—P)
teHL(w—P)

v

teHL( ¢ —ouT)

teHL(W—INTR)
INTR /
tpLH(STB—INTR)
teLH(w—8F)
BF
teuL(sTe—BF) > :
STROBE Q/
Strobed input
PORT L X
tsu(p—sta) thiste—p)
STROBE N\
'W(STB) I ‘PLH(STE—INTR)
teLn(sTB—BF) : :
BF —/ ‘\L—
tenL(R—BF)
INTR /L \t
tePHL(R—INTR) :
RD
Timer (Notel)
1 5 4 3 2 1 5
twign)
B = Y 7 ;
Pu?yEEnggg \=mm= (Note2) L
teHL( # —ouT)
. ——
PHL(# —OUT)
TIMER OUT ’ j i
SQUARE WAVE MODE ~~ === =======/ (Note2)
Note 1 : The wave form is shown counting down from 5 to 1.
2 1 Aslong as the M1 mode flag of the timer register is at

high-level, pulses are continuously output.
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