M5MS81C55P-2/FP-2/)-2

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

MITSUBISHI LSlis

DESCRIPTION

The M5MB81C55P-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 B-bit microcomputer.
It is housed in a 40-pin plastic molded DIP.

And preparatory for surface equipment MS5M81C55FP-2
(SOP)and M5M81C55J-2 (PLCC).

FEATURES

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

TTL compatibte

Power down mode

Timer input : SMHz (max)

Read access time - 120ns {max)
Static RAM: 256-word by 8-bit
Programmable 8-bit I/0 port: 2
Programmable 6-bit 170 port: 1
Programmable counter/timer: 14-bit
Multiplexed address/data bus

APPLICATION

Extension of I/0 ports and timer function for microprocesser

FUNCTION

The M5M81C55P-2 is composed of RAM, I/0O ports and
counter/timer. The RAM is a 2K-bit static RAM organized
as 256-word by 8-bit. The I/0 ports consist of 2 programm-
able 8-bit ports and 1 programmable 6-bit port. The termin-
als of the 6-bit port can be programmed as control termin-
als for the 8-bit ports, so that the 8-bit ports can be oper-
ated in a handshake mode. The counter/timer is composed
of 14-bit down counter (events or time) and it can generate
square wave puises that can be used for counting and
timing.
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CMOS 2048-BIT STATIC RAM WITH 1/0 PORTS AND TIMER
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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
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 B-bit bus.
The 8-bit address is latched in the internal latch by the fall-
ing edge of ALE. Then if 1O/M input signal is at high-level,
the address of 1/0 port, counter/timer, or command register
is selected. If it is at low-level, address of RAM is selected.
The B-bit data is transterred by read input (RD) or write in-
put (WR).

Chip Enable Input (CE)

When CE is at low-level, the address information on
address/data bus is stored in the M5MB1C55P-2.

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 I0/M input is at high-
level, the contents of selected 1/0 port or counter/timer are
read through the address/data bus.

Write Input (WR)

Table 1 Pin assignment of control signals of port C

Pin Function

PCs B STB {port B strobe)

PCa B BF (port B butfer full)

PC; 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 on this input terminal is used by the counter/tim-
er for counting events or time. (5SMHz 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.

When WR is at low-level, the data on the address/data bus ~ 1able 2 Bit functions of the command register
are written into RAM if |0/M is at low-level, or they are Bit { Symbol Function
written into 170 port, counter/timer or command register if PORT A 10 SET 1: Output port A
— ) 0] PA
10/M is at high-tevel. L 0: Input port A
Address Latch Enable Input (ALE) + | pg | PORTBUOSET 1: Output port B
An address on the address/data bus is latched in the 0: Input port B
M5MB1C55P-2 on the falling edge of ALE along with the 2 | pc, | PORTC sET 00: ALTI
levels of CE and I0/M. L 11 ALT2
I0/Memory Input (I10/M) 3| ec, ! o
When 10/M is at low-level, the RAM is selected, while at . ] -
. . . PORT A INTERRUP : Enable interrupt
high-level the 1/0 pon, counter/timer or command register 4 | IEA ENABLE FLAG 0: Disable interrypt
are selected, PORT B INTERRUPT 1! Enable interrupt
. Enable Intefrup
Vo Poﬂ A (PA"""'PA”) 5] E8 ENABLE FLAG 0: Disable interrupt
Pont A .IS an 8-bit general-purpose /O port. Input/output COUNTER/TIMER CONTROL
setting is controlled by the system software.
/O Port B (PBQ~PB7) 6 ™™ 00: No influence on counter/timer operation
Port B is an B8-bit general-purpose I/O port. Input/output 0%: Counter/timer operation discontinued (If not already
setting is controlled by the system software. . stopped)
10: Counter/ti tion discontinued after th t
I,o Port c (PCONPCS) ounter, .Imer opera‘ On‘ iIscontinued after e curren
N . 7 ™2 counter/timer operation is completed
Port C is a 6-bit I/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 controlied 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, I/0 address XXXXX000). De-
talls of the functions of the individual bits of the status reg-
ister are shown in Table 3.

Bit & Symbol Function
o |INTRA | PORT A INTERRUPT REQUEST T
1 A BF | PORT A BUFFER FULL FLAG T T
2 ] INTE A J PORT A INTERRUPT ENABLE T T
3 [ INTRB PORT B INTERRUPT REQUEST
4 t'B BF PORT B BUFFER FULL FLAG T ]
5 INTE 8 | PORT B INTERRUPT ENABLE
I | T kh?lsi’;g—’s set to 1 when the "na'i“ o
6 TIMER ' COUNTER/TIMER INTERRUPT fimit of the counter/timer s
\ ‘ reached and Is reset to 0 when the )
\status is read ;
7 ; | This bit is not used ) T
IO PORTS Port B Register (8-bit)

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

These registers are assigned address XXXXX000. When an
OQUTPUT 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 (/0 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 terminais PBy~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 1/0 terminals
PCp ~ 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,

Y YE ALT2 L O ALT3 o o ALT 4 o

PC. : Input Output Output B STB (port B strobe)

PC.  lnput Output ‘ Output ! B BF (pont B butier full)

PCH k Input Output Output i BINTR (port B interrupt)

PC, Input Oulput , A STB (port A strobe) ‘ A STB (port A strobe)

PC, Input . Oulput A BF (port A buffer tull) “ A BF (port A butier 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 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 ALT1 and ALT2.

Q D
INTERNAL
DATA 8US
CLK]
lf_ o—_: *] sTB
‘ i
| | %2
| [
L _O—_j *3
RD PORT l/
D Q
WR PORT -
CLR

MO

EXTERNAL PIN
ﬂ (PORT A OR
PORT 8B

Note 1. WR PORT=10/M*WR*CE
(PORT ADDRESS SELECTED)
2. RD PORT= 10/M-RD*CE
(PORT ADDRESS SELECTED)
3. MULTIPLEX CONTROL
*1 STROBE INPUT MODE
*2 INPUT MODE
*3 OUTPUT MODE
4. MD=1 : OUTPUT MODE

0 I INPUT MODE

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

Table 5 Basic functions of 1/0 ports

Address D | WA | Function

L H AD bus + Status register

XXXXX000 B
H L Command register +— AD bus
L H AD bus +— Port A

XXXXKO0T b — g e g e .
H L Port A — AD bus
L H AD bus — Port B

XXXXX010 —- T .
H L Port B — AD bus
L H AD bus — Port C

XXXXX011 E -

. H | L Port C «— AD bus

Table 6 Port control signal levels at ALT3 and ALT4

The basic tunctions 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 composed of a 14-bit counting register
and 2 mode flags. The register has two sections: IO
address XXXXX100 is assigned to the low-order 8 bits and
1/0 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 0. The initial value can
be ranged from 25 to 3FFFy6. Bits 14 and 15 are used as

mode flags.
- The mode flags select 1 of 4 modes with functions as fol-
| Control fignflﬁ ) Oulpy! mode Input m?de | lows:
ste _ Input Input Mode 0: Outputs high-level signal during the former
BF S L ] half of the counter operation
INTR i H L Outputs tow-level signal during the latter half
of the counter operation
MITSUBISHI
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Table 7 Format of counter/timer

Bit Number ‘
i B Function
7le]sals]2]n

Address
0

The low-order 8 bits of the
counter register
J M2 M1 Timer mode
The high-order 6 bits
of the counter register

XXXXX100| T>{ T | Ts | Ta| T3| T2| T [ To

XXXXX101| MM [T

T Tig| Tg|Ts!
3 |2Tn§ o el Te) by

| |

Table 8 Timer mode

Mz M, Timer operation

Outputs high-level Vlugnal duvnnp;h; tormer hait of ihe counter opesation

4] Outputs tow-leve! signat dunng the lattet half of the counter operation
0 i Lmode 0)
0 1 Qutputs square wave signais in mode 0 (mode 1)

Outputs a Ion-level pulse during the final count down
! 0 (mode 2)
1 Outputs a low-level puise during each final count down
! {mode 3)

ABSOLUTE MAXIMUM RATINGS

Mode 1. Outputs 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
details). 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 high-
level of CE input in MSMB1C55P-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 M5M81C55P-2 is reset by 400ns (min) pulse 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.

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3~7 v
\'A input voltage With respect to Vsg —0.3~Vec+0.3 v
Vo Output voltage —0.3~Vce+0.3 v
MAX “H" All output and i/0 pins output A
lormax - —500 “
QOutput current H” level and force same current.
MAX “L” Ali output and 1/0 pins output A
loLmax oy 2.5 m
Output current L" leve! and force same current.
Topr Opserating free-air temperature range —20~75 :C
Tstg Storage temperature range —B65~150 C

RECOMMENDED OPERATING

CONDITIONS (Ta=—20~75C unless otherwise noted)

Symbol Parameter Limits Unit
- o Min Nom Max
Vee Supply voltage o B 4.5 5 5.5 \
Vgs Supply voltage {GND) 0 [ v
MITSUBISHI
4-8 ELECTRIC
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ELECTRICAL CHARACTERISTICS (Ta=—20~75T, Vee=5V+10%, Vss=0V unless otherwise noted)

Symbol Parameter Test conditions Limita Unit
Min Typ Max
Vin High-level input voitage 2.0 Vee+0.3 \"
Vi Low-level input voltage —0.3 0.8 \'4
Vou High-level output voltage oy = —400xA 2.4 \'%
lon=—20uA 4.4
VoL Low-level output voltage lor=2mA ' 0. 45 v
Iy Input leak current V=0V, Vee —10 10 uA
loz Output floating leak current Vo=0V~Vcc —10 10 uA
Ci Input terminal capacitance Vi =0V, t=1MHz, 25mVrms, Ta=25C 10 pF
Ci/o Input/output terminal capacitance VisoL =0V, 1=1MHz, 25mVrms, Ta=25'C 20 pF
lec Supply current from V¢ (operating) f=5MH2 10 mA
lccs Supply current from i/c;: (stand by) V=0V, Vge 10 A

Note 5 . Current flowing into an IC is positive, out Is negative.

POWER DOWN ELECTRICAL CHARACTERISTICS (73=—20~75%, Vss=0V unless otherwise noted)

Limits
Symbol Parameter Test conditions Min v Ve Unit
Vece(pp) | Power down supply voltage _ 2.0 Vv
lcc(po) Power down supply current from Veo Vec=2V, other inputs=0V 10 HA

TIMING REQUIREMENTS (ta=—20~75C, Voc=56V+10%, Vss=0V unless otherwise noted)

Limits .

Symbol Parameter Test conditions e Ty Max Unit

tgu(a-L) | Address setup time betore latch 30 ns
thi.ar | Address hold time after fatch 30 ns
td(L-rw) | Delay time, latch to read/write 40 ns
twiLh Latch pulse width 70 ns
td(aw-u) | Delay time, read/write to latch 10 ns
twiaw) Read/write pulse width 200 ns
tsu(po-w)| Data setup time before write 100 ns
th(w-oq) | Data hold time after write Q ns
teiaw) Read/write cycle time 200 ns
tau(p.r) | Port setup time before read 50 ns
tha-, Port hold time after read 10 ns
twisTB) Strobe pulse width 150 ns
tsu(e-sTe) Port setup time before strobe 0 ns
th(ste-p) | Port hoid time aft strobe 100 ns
twisn) Timer]r»l;url;l:gﬁht avel pulse width 70 ns
twisL) Timer input low-ievel puise width 40 ns
td(w-#) | Delay time, write to timer inpul 200 ns
tcs) Timer input cycle time 200 DC ns
tr(s) Timer Input rise time 100 ns
tep) Timer inpul?a]ir tme ] 100 ] ns

MITSUBISHI i3
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SWITCHING CHARACTERISTICS (Ta=—20~75C, Vec=5V+10%, Ves=0V uniess otherwise noted)

Limits
Symbot Parameter Test conditions | — e Unit
Min Typ Max
Propagation time from read to data output 120 | ns
tozvia-pg) | Propagation time from address to data output o o 330 ns
tevzir-pgy | Propagation time from read to data floating (Note 6) 0 B 80 ns
t, .
| PHL(w:P) | Propagation time from write to data output 300 ns
| teemowers L I e S S S )
tpuniste.er) | Propagation lime from strobe lo BF flag o - - 7390 ns
toHL(R-BF) Propagation time from read to BF flag 300 ns
e S e | C = 150pF e —t-
tpLn(stentn) | Propagation time from strobe to interrupt 300 ns
temLiRNTRI | Propaqalion time from read to interrupt ns
teuLisTe-8F) JrPropagiahon time from strobe to BF flag 7 o . ns
teLu(w-sF) | Propagation time from write to BF tiag l ns
tpHLtw-INTRI Propagation time from write to interrupt ) 300 ns
et ¢ -
| il #-oun) Propagation time from timer input to timer output 300 ns
touni pout) | i

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

Input pulse tevel 0.45~2. 4v 2.4
input pulse rise time 10ns 0.45
Input pulse tail time 10ns "
Reference level input Viu=2V, V,(=0.8v

output Vou=2V, Vo, =0.8V

—10 x MITSUBISHI
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TIMING DIAGRAM
Basic output

PORT X

teuLiw-p:
teLniw-p!
WR N /
—
twimwy teirw)
tdi—rwi thw-pay

¢ X
ADg~AD- X ADDRESS _‘K DATA X
—

L___(Eu I thii-a tsupo--w | l tdew-1)
ua {
Y s —
i twin:
[T L
Basic input |
PORT K
tsyie-a)
thir—pi
RD \ —
twirwi terw
tdic—rwy thzvin DOy tdrw—1y
tevzir-pa)

10/M ,/ | N
CE X / \__

tezvia - Do)

ADy~AD; X ADDRESS ] DATA —(
S
ALE \ j
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Strobed output

poRT D,

toLuiw—p)
tomiw—p:

WR |
lan(w;uurn)
INTR /)

teLHisTR-INTR)
teLutw—8F)
BF

tenL(sTB-BF! /
. g
sTB

PORT X K

Strobed input

tsuip—sta) thesa—p)
SE N\ % \
twiste) teLn(sTR - INTR)
tehisTR - BF) \
- N
tenLtr-BF)

INTR

teuLin—iNTR) /

Timer (Note 8)

TIMER IN

rey e
tcw)

) 4
TIMER OUT e (Note9)
(PULSE MODE) _-J'PMLU—ouYJ

M —ouT)

T

teuL(s —oum

|

TIMER OUT ’
(SQUARE WAVE MODE;”———========/ (Note9) );—A

WH |

tdow—4)

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