M5M81C56P-2/FP-2/)-2

CMOS 2048-BIT STATIC RAM WITH I/0 PORTS AND TIMER

MITSUBISHI LSIs

DESCRIPTION

The M5M81C56P-2 is the 2K-bit RAM (256-word by 8-bit)
fabricated by the silicon gate CMOS technology. This LSI
has 3 1/0 ports and a 14-bit counter/timer which make it a
good extension of the functions of an 8-bit microcomputer.
It is housed in 40-pin plastic molded DIP.

And preparatory for surface equipment M5M81C56FP-2
(SOP) and M5M81C56J-2 (PLCC).

FEATURES

Having internal anti-circuit on RESET and ALE
Single 5V supply voltage

TTL compatible

Power down mode

Timer input | 5MHz (max)

Read access time . 120ns (max)
Static RAM: 256-word by 8-bit
Programmable 8-bit 1/0 port: 2
Programmable 6-bit 1/0 port: 1
Programmable counter/timer: 14-bit
Multiplexed address/data bus

APPLICATION

Extension of 1/0 ports and timer function for microprocesser

FUNCTION

The M5MB1C56P-2 is composed of RAM, I/O ports and
counter/timer. The RAM is a 2K-bit static RAM organized
as 256-word by B-bit. The 1/0 ports consist of 2 programm-
able 8-bit ports and 1 programmable 6-bit port. The termin-

PIN CONFIGURATION (TOP VIEW)
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als of the 6-bit port can be programmed as control termin- TIMER OUT «— 33+ PB,
als for the B-bit ports, so that the 8-bit ports can be oper- 10/M —~ |8 ~* PBs
ated in a handshake mode. The counter/timer is composed CE—[5) + PB,
of 14-bit down counter (events or time) and it can generate ‘;2 *E €]+~ PB,
square wave pulses that can be used for counting and - - P,
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BLOCK DIAGRAM [ —
SVivee )
(Ovivss ¢
! STATIC RAM
170
a0 (e (256-WORDX8-BIT) PoRT A
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A0,
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A0, -
* | 8 PORT PB, ‘ 70
| .
! ’
RESET INPUT  RESET (/‘) - 1
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(O/MEMORY SELECT INPUT oM () o | ) .
CHIPENABLEINPUT - CE () o  wane
READ INPUT gD (‘h «d conTtrRoL
WRITEINPUT  wh /) ciacuIT
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ENABLE INPUT [ 14.8IT COUNTER/TIMER
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14 AMIT&UBISHI
4 ELECTRIC



MITSUBISHI LSIs

M5M81C56P-2/FP-2/)-2
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OPERATION

Data Bus Buffer

This 3-state bidirectional 8-bit bufter is used to transfer the
data while input or output instructions are being executed
by the CPU. Command and address information is also
transferred through the data bus buffer.

Read/Write Control Logic

The read/write control logic controls the transfer of data
and commands by interpreting the signals (CE, RD, WR,
10/M, ALE, RESET) from CPU.

Bidirectional Address/Data Bus (ADy,~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 fali-
ing edge of ALE. Then if 10/M input signal is at high-level,
the address of I/O port, counter/timer, or command register
is selected. If it is at low-level, address of RAM is selected.
The 8-bit data is transferred by read input (RD) or write in-
put (WR).

Chip Enabie Input (CE)

When CE is at high-level, the address information on
address/data bus is stored in the M5M81C56P-2.

Read Input (RD)

When RD is at low-level, the data bus buffer is active. If
I0/M input signal is at low-level, the contents of RAM are
read through the address/data bus. I 10/M input is at high-
level, the contents of selected /O port or counter/timer are
read through the address/data bus.

Write Input (WR)

When WR 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 bufler full)

PCs3 B INTR  (port B interrupt)

PC; A STB (port A strobe)

PC, A BF (port A bufter full)

PCo A INTR  (port A interrupt)

Timer Input (TIMER IN)

The signal on this input terminal is used by the counter/tim-
er for counting events or time. (5MHz max.)

Timer Output (TIMER OUT)

A square wave signal or pulse from the counter/timer is
output through this pin when in the operation mode.
Command Register (8-bit)

The command register is an 8-bit latched register. The low-
order 4 bits (bits 0~3) are used for controlling and deter-
mination of mode of the ports. Bits 4 and 5 are used as in-
terrupt 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 (1/0 address 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

are written into RAM if IO/M is at low-level, or they are Bit | Symbot Function
writt_en into 1/0 port, counter/timer or command register if 0 'PA PORT A I/O SET 1: Output port A
10/M is at high-level. 0: Input port A
Address Latch Enable Input (ALE) 1 pp | PORTBI/O SET 1: Output port B
An address on the address/data bus is latched in the ~ Olnputport 8 ]
M5M81C56P-2 on the falling edge of ALE along with the 2 | rc, PORT C SET 00: ALT!
levels of CE and 10/M. I 1 ALT2
10/Memory Input (10/M) 3| pC; ?:) :t:i
When I0/M is at low-level, the RAM is selected, while at -

. N . PORT A INTERRUPT 1. Enable interrupt
high-level the 1/0 port, counter/timer or command register 4 | IEA ENABLE FLAG 0: Disable interrupt
are selected. [ PORT B INTERRUPT 1. Enable ih‘tér;\;;;:%iii
VO Port A (PA;~PA;) 5| €8 ENABLE FLAG 0: Disable interrupt

Port A is an 8-bit general-purpose I/O port. Input/output COUNTER/TIMER GONTROL T
setting is controlled by the system software.
/O Port B (PBoNPB-y) 6 ™I 00: No influence on counter/limer operation
Port B is an 8-bit general-purpose 1/0 port. Input/output 01: Counter/timer operation di d (if not already
sefting is controlled by the system software. 10: Cot:r:ter/)tlmer operation discontinued after the current
VO Port € (Pc°~Pcs) 7 T™2 counter/timer operation is completed
Port C is a 6-bit /O port that can also be used to output 11- Counter/timer operalion 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
assignment of the signals to the pins is as shown in Table
1.
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Status Register (7-bit)

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

Table 3 Bit functions of the status register

tents of the status register are transferred into the CPU by
reading (INPUT instruction, 170 address XXXXX000). De-
tails of the functions of the individual bits of the status reg-
ister are shown in Table 3.

Bi Symbol B Function |
0 |INTRA " PORT A INTERRUPT REQUEST -
1 laBF | PORT A BUFFERFULLFLAG )
2 INTEA PORT A INTERRUPT ENABLE B i
3 INTAB PORT B INTERRUPT REQUEST -
4 'Ber PORT B BUFFER FULL FLAG ]
| 5 TinTESB PORT B INTERRUPT ENABLE ]
}' 7 ‘r o This flag is set to | when the !inal\
| fimit of the counter/timer is |
6 TIMER COUNTER/TIMER INTERRUPT reached and is reset to 0 when the;
: ‘ slatus isread ! |
7 ) T This bit |s nbt used B
I/0 PORTS Port B Register (8-bit)

Command/status registers (8-bit/7-bit)

These registers are assigned address XXXXX000. When an
OUTPUT command is executed, the contents of the com-
mand register are rewritten. When an INPUT command is
executed, the contents of the status register are read.

Port A Register (8-bit)

Port A Register is assigned address XXXXX001. This regis-
ter 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 mode and is
assigned |/0O terminal PA;~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 reg-
ister as shown in Table 2. Port B can be operated in basic
or strobe mode and is assigned I/0 terminals PB,~PB;.
Port C Register (6-bit)

Port C register is assigned address XXXXX011. This port is
used not only for input or output but also for controlling in-
put/output operations of ports A and B by selectively set-
ting 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/O terminals
PCo~ PCs. 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.

T8Rat * AT \ ALTZ | ALT 3 ALT 4
PCs Input ‘ Output Output B STB {port B strobe) ]
PC, ‘ Input | Output Output B BF (port B buffer full)
PCs Input Output | Output B INTR (port 8 interrupt)
PC; Input ‘ Output A ST8 {port A strobe) A STB (port A strobe)
PC, ‘ tnput Output | A BF (port A buffer full) A BF (port A buffer full)
PCo inpul_ Outpul | A INTR (port A interrupt) A INTR (port A interrupt)
4-16 MITSUBISHI
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CONFIGURATION OF PORTS

A block diagram of 1 bit of ports A or 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 out-
put 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 latch-
es are cleared. Port C has the same configuration as ports
A and B in modes ALT! and ALT2.

Q D
INTERNAL
DATA BUS
CLK
r— :1
i O sTB
' |
| | %2
I
L oles
RD PORT l/
D Q
WR PORT oL
CLR

MD

EXTERNAL PIN
——D (PORT A OR
PORT B

|Note 1. WR PORT=I0/M*-WR-CE
(PORT ADDRESS SELECTED)
2. RD PORT= |0/M-RD‘CE
(PORT ADDRESS SELECTED)
3. MULTIPLEX CONTROL
*1 STROBE INPUT MODE
*2 INPUT MODE
*3 OUTPUT MODE
4, MD=1 @ QUTPUT MODE
0 ! INPUT MODE

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

Table 5 Basic functions of I/0 ports

Address RD WR Function
L H AD bus + Status register
XXXXX000 9
H L Command register — AD bus
L H AD bus + Port A
XXXXX001
H L Port A < AD bus ]
XXXXX010 L H AD bus «+ Port B
H L Port 8 « AD bus -
KXXXXOTT L H AD bus + Port C B
H L 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 Tabie 6.

COUNTER/TIMER

The counter/timer is composed of a 14-bit counting register
and 2 mode flags. The register has two sections: 1/0
address XXXXX100 is assigned to the low-order 8 bits and
170 address XXXXX101 is assigned to the high-order 6 bits
and timer mode flag 2 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 value
can be ranged from 2, to 3FFFs. Bits 14 and 15 are used

Control Signal Output mode Input mode as mode flags.
sTB | input Input The mode flags select 1 of 4 modes with functions as foi-
BF L ] lows:
INTR H oL Mode 0:  Outputs high-level signal during the former
halt of the counter operation
Outputs low-level signal during the latter half
of the counter operation
MITSUBISHI
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Table 7 Format of counter/timer

Bit Number

A i - k Function
ddress 7]e]s aT3]2[1]0

XXXXX1001 T, | Te | Ts | T4 Ts | T2 | T [ To The low-order 8 bits of the
| ) _|_ counter register

i M2,MI: Timer mode

XXXXX101|M;|M, T;g?‘,gT”T‘oiTg Tol pomre T mon-ora.reb:u
; i " of the counter register

Table 8 Timer mode
B Mﬁ, _M1 o o Timer operation

Oulputs high-leve! signal during the former half of the counter operation

Q 6] Outputs low-ieve! signsl during the latter haif of ihe counter operation
- B j‘ ) o {mode 0)
0 1 Outputs square wave signals in mode 0 (mode 1)

1 T 7(; ’ O\;Ipu!s a !ow-lgeilrpulse during the final count down
o o o {mode 2)
1 1 ' Outputs a low-level pulse during each final count down
i 1 {mode 3)

ABSOLUTE MAXIMUM RATINGS

Mode 1:  OQutputs square wave signals as in mode 0

Mode 2: Outputs a low-level pulse during the final
count down

Mode 3: Outputs a low-level pulse during each final
count down

Starting and stopping the counter/timer is controlled by

bits 6 and 7 of the command register {see Table 2 for
detalls). The format and timer modes of the counter/timer
register are shown in Table 7 and Table 8.
The contents of counter/timer is not affected by a reset, but
counting is discontinued. To resume counting, a start com-
mand must be written into the command register as shown
in Table 2. While operating 2n+1 count down in mode 0
and mode 1, a high-level signal is output during the former
n+1 counting and a low-level signal is output during the la-
ter n counting.

RAM Hold Mode at Low Voltage

(Power Down Mode)

Power down mode starts when the ALE input is fixed at
low-level and other inputs at high or low-level after low-
level of CE input in M5MB1C56P-2 is latched by the falling
edge of the ALE input.

The contents of RAM are not affected, even if V.. falls into
2V in power down mode.

RESET

The M5MB1C56P-2 is reset by 400ns{min) puise input on
RESET pin.

By reset, all 3 ports are set to input mode. And counter/tim-
er stops but contents of counter/timer is not reset. There-
fore it is necessary to input start command again.

| Syrlbvolﬂ o ~_ Parameter Condltions L Ratinga Unit
Vee Supply voltage B T T —0.3~7 \'
v, | Input voltage o With respect to Vgg —0.3~Vcc+0.3 v
Vo | Output voltage T —0.3~Vcc+0.3 1T v
lomatax : MAX “H" All output and 1/0 pins output —500 A
| | Output current “H" level and force same current.
loumax MAX " All output and 1/0 pins output 2.5 mA
) ! Oulput current “L” level and force same current.
jogrr : ~ Fcr);eraiirnjg lﬁrge:;;iirﬂlemperalureri;r —20~75 B L
Tstg Storage temperalure range —65~150 C

RECOMMENDED OPERATING CONDITIONS (Ts=—20~75C unless otherwise noted)

‘ Limits
Symbol ! Parameter Unit
) . o , Min Nom Max
| Vee . Supply voltage o ) 4.5 5 5.5 v._
Vss Supply voltage (GND) 0 v
18 MITSUBISHI
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ELECTRICAL CHARACTERISTICS (Ta==20~75C, Vce="5V£10%,Vss=0V unless otherwise noted)

Symbol Parameter \ Test conditions — Limits == Unit
; Typ Max
VV|H ) I'Viigrhr-lt;vel |r;put voltage o T ) B B V;:ciaﬁi A
| V.._ o Lowr-lervéil mp]:t voltage - - ,_77 _ - 08 ) V
Vo High-level output voltage low= _409‘11\*** i v
lon="20uA
) Voo *I:ci);-rleﬁvelrou(pu( voltage T |0L=2mA777 7V
N input leak current T V=0V, Voo - A
loz Output rloalirng leak current o Vo=0V~Vce V,uA 7
) Cj Input lerminél cép;ci(;lnce o Vi =0V, I=1MHz, §5m\lrms, Ta=7257'§:7‘: ':Mi pF -
) C_,/o vI}\;ui}oLtpul (erminél capﬁcutance i 7~>-: V.‘,0L=O;/T=IWMHZ. 25m\/rms‘71’raf‘5'c | 7 "pF a
Icg Supplyrlrcurrem from Vccr(roiperating) N f=5MHz o mA
) lces Su;;piy current from V;;c (sié;\d by) e V=0V, Vee A
Note 5 : Current flowing into an IC is positive, out is negative.
POWER DOWN ELECTRICAL CHARACTERISTICS (7a=—20~75C. Vss=0Vuniess otherwise noted)
Symbol | Parameter Test conditions S _Limits Unit
. o o Min Typ Max
Vecipp: | Power down supgply voltage : ! B B 20 v
|;C,=DT " Power down supply current from Vee i B ! Voe=2V, o@i&putsﬂ)v T *1 e 10 st A
TIMING REQUIREMENTS (Ta=—20~75C, Vcc=5V*10%,Vss=0V unless otherwise noted)
Symbol | Parameter 1 Test conditions o Limits 1 Unit
Min Typ | Max
tsuca-Lr Address séturp time before latch T o 30 ’ ns
7@,_“ Add};;s hold time after latch [ 30 ns 7
tdiL-aw) Del;yhliiimier,r latch to read/write ) a0 ns
twirs Latch pulse width - 70 ns
tdirw-L) VDeIay time, rea}i/writé 1o latch - L 10 ns
NK;,(HW;‘ Read/write pulse width o o 200 wT ns
tsucoo-w) ‘Data setup iim; before write ) 100 o . ns
thiw-pa’ "Data hold time after write 0 : ns
“toinws | Read/write cycle time | 200 ns
“tsurp.ny | Port setup time before read T s0 “ns |
thia-p) Por; h&&}@;guer read W:W—‘_: ; ) 10 ! ,n57 B
twisTe) Strobe pulse width 150 ns
tsu: P,STB; Port setup (imeipglore strobe N :7 0 ns
thista.p; ' Port hold time after strobe 100 ns
- !,,;,( Py ; Tirvr;errin’;;ul High-levél pulse width 70 ns »
twidi) Timer inpurtr low-level pulse width - 40 s
(;;,, ,7; Delay timer,'write to timer input ) | 200 : ns
- " Jimer input cycle time- T | 200 | bc ns
Timer input rlsé'tirrnel i i ) o | 100 ns
| Timer input fail time B ) ) | N i 100 ns o
MITSUBISHI 19
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SWITCHING CHARACTERISTICS (Ta=—20~75TC. Vgo="5 V£10%,Ves=0V uniess otherwise noted)

- Limits !
Symbot Parameter Test conditions Unit
) o Min Typ Max !
tezv(n.0o) | Propagation time from read to data output 7 120 ns
tpzv(a-0Q) Propagation time from address to data output 330 ns
| PZv(A-DQ) S

tevz(r.oq) | Propagalion time from read to data fioating (Note 6) ] 0 80 ns
t -

PHLIW-P) Propagation time from write to data cutput 300 ns
teLniw-p) o ]

tenista-pe) | Propagation time lrom strobe to BF flag - 300 ns
t X Propagation time from read to BF fia 300 ns
PHL(A-BF) pag d 9 C. = 150pF e |
leLuist.ntr) | Propagation time from strobe to interrupt N 300 | ns
toHLIAINTR) Propagation time from read to intsrrupt 300 ns
ApHL{STR-BF} Propagation time from strobe ta BF flag 300 ns
teuniw.gF) | Propagation time from write to BF flag 300 ns
topiiw-iNTR) Propagation time from write to interrupt N 300 ns
terat +-oun! Propagation time from timer input to timer output 300 ns
tpunt 4.oum)

Note 6 : Test conditions are not applied.
7 . A.C Testing waveform

input pulse level 0. 45~2. 4v 2.4

Input pulse rise time 10ns 0.45 0.8
Input pulse fall time 10ns ’

Reference levei input Viu=2V, V=0, 8v

output Von=2V, Vo_=0. 8V

: MITSUBISHI
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TIMING DIAGRAM
Baslc Output

PORT
tonLiw—rp)
teemiw—p)
S
twirw) toirw)
tdi—rw thw—00)

o N / \

CE

ADy~AD; X ADDRESS 1K DATA X
I

1
tsuma-u thiL-a |, lsuca-w tdipw—1)
ALE 1 ‘&

twiu

:

Basic Input |

PORT ,x

tucr—nR)

thin—s)

twrw torw

tdi—aw) tpzvin—pay tairw—1)

tevzir—pa)

10/M ,/ \
ce /T \ /S

tezvia—oa)

ADo~AD, ADDRESS ) DATA }-—(

tsua—v) thic—a)

ALE 7 \

twiw)
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Strobed output

l teLniw—p)

tenLiw—e)

mo N

tonciw - INTR)

INTR /

toLnisTa-INTRI
e niw—ar)
BF
tpui(sTE-BF) > /
i
STB

Strobed input

PORT
tsuie sm‘k— - thiste—p!
STB
tpLniste-INTR
- N
torLin - BF
-

INTR / X

tpnc(A— TR /
D \

TIMER IN

Timer

wi #n

ey Mise

'CMI

Y 7 #
TIMER OUT “meed (Note9)

{PULSE MODE ! terit 6 —our;

tprii$ -ouT!

—
memmmemm = (e 9) | S

|

——__/

;_,E“"’ 4
TIMER IN /~\ /_L/_‘\_

Note 8 - The wave form is shown for the case of counting down from 5 to 1.
9 . As long as the M1 mode flag of the timer register is at
high-level, pulses are continuousty output

422 * MITSUBISHI
ELECTRIC

teLni ¢ —ouT!

TIMER OUT
iSQUARE WAVE MODE:




