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262144-BIT DUAL-PORT DYNAMIC RAM
DESCRIPTION
The Mitsubishi M5M4C264A is a high speed 262, 144-bit | PIN CONFIGURATION (TOP VIEW)
Dual Port Dynamic Memory equipped with a 64K x 4
Dynamic RAM Port and a 256 x 4 Serial Read/Write Port. (APORTI Wa/10 4
The use of N-well CMQOS Process combined with silicide SERIAL ENABLE sTEz : =-§-1: [E +» W3/103 (A-PORT)
technology and a single transistor dynamic storage cell (BPORT) — $105 +» 37 1;.;- - 3'02 (B-PORT)
i i ircui ; issipati RIAL CONTROL el _ ss
provnde- high CirCU.It dens»Fy and low powe.r dissipation. SERIAL T SC — '1_".53-; - S0, {BPORT)
The Serial Read/Write Port is connected to an internal 1024 (BPORT) 810y 13 | 2 P71, B7/5F DATA TRANSFeR/
. . . 111 - Py
bit Data Register through a 256 x 4 Serial Input/Output (APORT) Wo/I0g 1) 3 Ez e Wi/101 (APORT) INPUT
. . . . . R — H = ——
Control and is serially read out or written in with a clock ‘ﬁéﬁl;ﬁsﬁﬁﬁ‘g WB/W;;: . =:%4| » gl RAS ?%Q??Sﬁ?
rate of up to 33 MHz. ENABLE (NPUT Aq —[31 % L8] A5 ADDRESS INPUT
All reads and writes are done relative to the RAM Array, ARSES% A7 — ’u_'sj r L;::: XCC.
thus Data Transfer from the RAM Array to the Data Register Az .221 =l A? }ADDRESS INPUTS
is referred to as Read Transfer, while Data Transfer from Ao 12l f{] « CAS COLUMN
) ) . ADDRESS
the Data Register to the RAM Array is referred to as Write STROBE INPUT
Transfer.
FEATURES Outline 24P5L
A . Random Serial
) R Rl et
ype name Time {Cycle Time|Cycle Time Ve Supply|Vec Supply
{ns) tns} {ns) C:’f;"zr)“ c:::zr;l SERIAL
CONTROL ~>
M5M4C264AL, NpUT SC—1 E Vss
-8 80 160 30 60 30
’ {B-PORT) { S0 -2 -+ 5105 }
- {8-PORT)
M5M4026:{\|L0' 100 190 35 50 25 oaTA TRANSFER/ - S101 3 22) ~ s102
ouTePLT ENABLERT GE I3 E“ SE SERIAL FNABLE
M5M4C264AL, | |50 270 a0 © 20 “"’UT‘ z INPUT
Je12 | Wo/10p « ] 3 [ wanos)
- (A-PORT) Lw 2 I (A-PORT)
® Dual Port Architecture . V;TT‘/TMERF.ETE _I/E “E § '1__9|~* w;/|o2
RAM Port: §4k word x 4-bit EvaLE I TEWB/WE -+ [7 2 7. CAS CoLUMN.
Access Time . ............... 80 ns {max) ROW ADDRESSRAS — [ > 7]+ A} STROBE INPUT
Serial Read/Write Port: 256 word x 4-bit STROBE INPUT e o3 c - »
Cycle Time ................. 30 ns (max) !
ADDRESS - . ADDRESS
® Bidirectional Data Transfer function between the RAM INPUTS | A E E Az 1 INPUTS
Array and the Data Resister As 1 ]+ A,
@ Fully Asynchronous Dual Port Accessability (except Vee |2 13]+ A7)
during the Data Transfer Period }
[ ] Addrefsable Start of Serial Read/Write (Pointer Control Outline 24P0J
Function)
® Write per Bit Function
® Real Time Data Transfer from the RAM Array to the
Data Register
® Fast Page Mode, Hidden Refresh and CAS before RAS
Refresh
® 256 cycles/4 ms Refresh
® Fully TTL Compatible
® OQutline 24 Pin ZIP, 24 Pin 300 mil SOJ
® N-well CMOS Process & Low Power Dissipation
RAM & SAM Active
(-8/-10/-12) .. .. ...... ... 90/75/60 mA max
RAM & SAM Standby
(-8/-10/-12) .. . ... ... .. ... 5/5/5 mA max
APPLICATION
Display equipment for personal computer/work station,
Frame memory for digital TV/VCR, Videotex, Teletext,
Video printer, High Speed data transmission systems
& MITSUBISHI
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BLOCK DIAGRAM

X Wo/10g | WRITE SELECT
110 IN WRITE
A ::)' COLUMN DECODER k:) BUFFER W1/101 | pem BIT
0 W2/102 | INPUTS/DATA
A o II W3/10. INPUTS AND
A s 3V3 | ouTPUTS
2 5 5 . 1024 COLUMNS (256 x 4) (A-PORT)
ADDRESS | 43 o 2 g
INPUTS Ag ﬁ [— 8 - & X
As z o §
Ag a z 256K MEMORY ARRAY
<
A <
Fay ras Fa~ r
4 d4p 4L L 266x4 !
t I ! : j I DATA REGISTER
! h i
Si0
i H H II H SERIAL SIOO SERIAL
ADDRESS . - 110 1| INPUTS AND
X l POINTER SERIAL DATA SELECTOR BUFFER $10; OUTPUTS
(8-PORT)
ROW ADDRESS S10;
STROBE INPUT  RAS
COLUMN ADDRESS =7 = I
sTROBE INPUT CAS
WRITE PER BIT/ W8 /WE
WRITE ENABLE INPUT WB/VE GELIQAF;Q(T}OR Veo(5V)
DATA TRANSFER/
OUTPUT ENABLE ISNPUT DT/0E
SERIAL CONTROL INPUT SC Vss(0V)
SERIAL ENABLE SE
INPUT
PIN DESCRIPTION
Pin i Marne l Function
RAS I ROW ADDRESS [t s used as a Lok which [atches the raw address (Aq ~ A4) and selects the word line. It also selects
STROBE INPUT the write-per-bit, the data transfer and the CAS-before-BAS refresh mode.
GAS COLUMN ADDRESS It is used as 3 clack which Jatches the column address (Ag ~ Ajg) and reads or writes the selected words.
STROBE INPUT In the data transfer cycle, it becomes the SAM start address,
The MEMAC264A is an address multiplex method for inputting the row addresses and column addresses
R separately, in order to select one word from the 64K word memory cells. The various addresses are
Ap—~A 58 ) o K . . . )
0 7 ADDRI S5 INPUT latched by the RASICAS falling edge in the data transfer cycle, this address input is also combined with
the serial access start address
WE/WE WRITL-PYR-BIT/ When the WBAWE level in the BAS clock falling edge is "'L", the write-per-bit or write transfer cycle is
WB/WE WRITE § NABLE INPUT sulected, and whea itis “H” a4 bit write to the RAM or a read transfer cycle from the RAM is selected.
. DATA THANSFE HY In the RAM read cycle, it makes the data output into enable. Also, when the DT/OE leve! in the FAS
DT/0E OLTPUT L KABLE INPUT ek falling edae is U7, the data transfer cycle is selected, and when it is "H’', the read/write cycle is
sede ted
Wo~ Wa/ WRITL-PUR.BIT These are the data pat/uutput pins to the RAM. During the write-per-bit cycle in the RAS clock falling
IOO '03 SELFCTION INPULTY wrdge, the “H' pin is enable and the selected bit-only-write is performed. Also, in the write cycle, the
0 3 DATA INPUT/OUTPLT data in the bate falling »dae, whether itis CAS or WE, is latched,
SERIAL CONTROL The serial access is started from the SC clock rising edge. In the serial read cycle the output data is held
SC {INPUT until the eext clock rise. Also in the serial write cycle, the data is latched at the SC clock rising edge.
S10p~- SI103 Z(FUT:UT‘N; E 206 x 4 worids serial 313 inputfoutput pins,
_ SERIAL ENABLE This makes ser-al saputioutput into enable, In the RAS clock falling edge, when SEis “‘H”, itis a pseudo
SE INPUT transter, and when vtis "L tis a wote transfer,

NB. SAM. Serial Actess Merny
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FUNCTION

RAM Port Operation
The row/column addresses are specified by the RAS/CAS
clocks.

The RAM read/write cycle is set up by maintaining the
DT/OE at “H” level, while the RAS clock is falling. In
addition, the column address is specified while the RAS
clock is held at ““L” level and goes into fast page mode
when the CAS clock is activated, and then the column data
in one row can be read/written continually.

1. Random Read Cycle

Data is read out when DT/OE is a “L" level.
2. Random Write Cycle

Data is written in when WB/WE isa 'L level.

When the WE clock is input before the CAS clock, it
becomes an early write cycle, and the data from the CAS
clock falling, is written in the RAM.

When the WE clock is input after the CAS clock, it
becomes a Delayed write cycle and the data from the WE
clock falling is written in the RAM.

The read-modify-write cycle modifies the data which
has been read and writes it in again. This time also, the
OE, WE clock controls the reading/writing of data.

in this random write cycle, the write-per-bit function
{Note 1) is available.

SAM Port Operation

At the falling edge of the RAS clock, the data transfer cycle
is set up by maintaining the DT/OE at ““L” level. At such
a time, the transfer cycle is the read transfer when the
WB/WE clock is “H” level, and the write transfer when it
is "'L" level.

In the transfer cycle, the row address sets up the RAM
row and the column address becomes the serial access
start address.
® DT/OE signal can be used to select RAM or SAM inde-

pendent mode (DT = “H”’) and between RAM and SAM

data transfer mode (DT = “L").
® Within one transfer cycle, transfer of data (256 x 4 bits)

is possible between any rows in the RAM and SAM.
® WE signal permits the designation of transfer direction.

(WE = “H”: RAM - SAM (read transfer)/WE = “L"":

SAM = RAM (write transfer)]
® During read transfer, high-speed transfer execution is

started at DT/OE leading edge. (Note 2)
® Transfer cycle allows the selection of SAM |I/O mode.

in write transfer mode, SE control allows the transfer

execution to be inhibited. (pseudo write transfer)

(Note 3)
® Row address in transfer cycle permits the transfer page

of RAM.
® Column address in transfer cycle specifies the read

(write) start address of SAM after transfer.

Memory Refresh Operation
The M5M4AC264A consists of dynamic RAMS memory cells

so a refresh operation is required every 4 m seconds.

The refresh operation consists of reading the data from
the memory, amplifying it in the sense amp and then
rewriting it. With the MEM4C264A, all the memory cells
are refreshed by performing a refresh operation on all 266
row addresses which are designated by the B bits.

1. ﬁ’;@ow Refresh

When the row address is input while the CAS clock is held
at "H" level, and the RAS clock is activated, all the column
data in the designated row address are refreshed simulta-
neously.

2. CAS-Before-RAS Refresh

When the CAS clock is activated before the RAS clock,
the designated row address, which is generated by the
internal 8 bit refresh counter, is refreshed. The built-in
refresh counter is increased with every refresh cycle.
Then all the memory cells are refreshed by repeating the
CAS-before-RAS refresh cycle 256 times.

3. Hidden Refresh

The memory cells are refreshed by the 8 bit refresh counter
built into the chip, in the same way as the CAS-before-RAS
refresh, by activating the RAS clock while the CAS, OE
clocks are being held at 'L level after the previous read
cycle, At this time, the data which was read into the
previous cycle is held in output.

SAM READ QUT/WRITE IN

In the same way as a shift register, SAM inputs and outputs
data simultaneously with the SC clock rise. SE is used to
control the data inputs/outputs.

RAM and SAM are connected to each other by 1024
data buses, and the data from RAM can be transferred to
SAM and the data from SAM can be transferred to RAM.
1. SERIAL READ TRANSFER CYCLE

(RAM - SAM TRANSFER)

When the RAS clock is falling, the serial read transfer mode
is selected and at the same time the row address indicates
the row for transfer from RAM to SAM and the data are
read out. When the column address is input and the DT
signal is “H"”, the one row data read out from RAM is
transferred to the data register. At the same time as this,
the decoded column address is set to the serial setector and
the serial read start address is determined. {pointer control)
After this, every time the SC clock goes from “L" to “’H",
the data is output to the serial port and the selector moves
on to the next bit. For the serial selector to be cyclic,
when the SC clock is input more than 257 times, the same
data from the start address mentioned above is output
again. SE clock controls the serial output buffer. When SE
is “L" the data register contents are output to the SI1O pins
and when SE is “H", the S10 pins are at high impedance,
The serial selector has no relation with the SE level and
shifts one bit every time the SC clock is input. Serial read
transfer can be done when SAM is in operation and also,
data from different rows can be continuously output.
(real time transfer)

S
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A horizontal scroll can easily be realized with the
pointer control function which is utilized to indicate the
arbitrary address.

The memory can be effectively used with the real time
transfer function which is utilized to scan multiple lines
horizontally.

2. SERIAL WRITE TRANSFER CYCLE

(SAM > RAM TRANSFER)

When the RAS clock is falling, the serial write transfer
mode is selected and at the same time the row transferred
from SAM is designated by the row address, in the same
way as for the serial read transfer mode. When the column
address is input and the DT signal is turned “H", the single
row data which are read out from SAM is written into the
row selected by RAM. At the same time as this, the de-
coded row address is set to the serial selector and the next
serial write start address is determined. After this, every
time the SC clock is input, the data which are input to SIO
are written into SAM. SE controls the serial input buffer.
It writes into the data register when the level is “L", and
when the level is “H", it only shifts the serial selector
without writing in the data.

3. PSEUDO WRITE TRANSFER CYCLE

This is the same as the write transfer cycle, except for the
fact that data is not transferred from SAM to RAM. (The
row address which is input is ignored.)

When the mode changes from serial read to serial write,
this cycle is used so that the RAM data is not destroyed,
and also for changing the mode of the serial port.

Different to serial read transfer, serial write transfer and
pseudo write transfer cycles cannot be done while SAM is
operating, and it cannot input data continuously to dif-
ferent rows.

MODE SELECTION

Note 1: Write-Per-Bit Function

During the RAM operation, data is written to the specified
terminals of the four /O common terminals, while being
inhibited at the others.

Write-Per-Bit mode is specified by WB (= “L") at RAS
falling edge.

Write terminals are specified by W/IO0 (Write = “H”,
Write inhibit = L") at this time. Actual writing is then
carried out by WE in the same manner as with the con-
ventional DRAM.

Note 2: Real — Time Data Transfer

Read transfer (RAM — SAM) is executed with DT leading
timing in transfer cycle. In the SC clock input before
this timing, the SAM contents before transfer are output,
while the new SAM contents after read transfer are output
in the SC clock input after this timing.

During read transfer, continuous SC clock is also
applied, thus making it possible to continuously produce
SAM output before read transfer and SAM output after
transfer.

Note 3: Pseudo Write Transfer

In order to write data to SAM when it has been in the
output mode it is necessary to change the SAM (/0
common terminals {SI0) to the input mode using the
write transfer mode. If write transfer is not desired, the
pseudo write transfer mode should be used.

If SE is in “H" at RAS falling edge of write transfer
mode is selected; thus, SAM I/O common terminals are
set to the input mode, but SAM to RAM data transfer is
not executed.

Input pin state at RAS falling AAM SAM
DT/0FE | WB/WB J 5E W/I10 0 -3 Bit Mask S100~3
X { READ - —
| X X -
H i WRITE - —
H S
f H Non Masked —_
L : X — == Write-Per-Bit
i L Masked
H P X X RAM—SAM (read transfer) —_ Output mode
L S S S
L X SAM-+BAM (write transfer} — input made
L :
: L Pseudo Write Transter
i — Input mode
\ H : x : (No RAM contents will be changed} P
i L

X Not specitied

MITSUBISHI
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RAM Access Mode

RAM WRITE MODE

—

WRITE-PER-BIT

S A

RAM READ MODE

L/

= |

oY

I oo 5 D O S AN

*2

3

Sl N v U W s
o TERRRERRY "V

* 1. Write 4 bit data
* 2 Setmask bit
* 3 Write selected bit

*q m ingdicates the don’t care input

Write-Per-Bit Operation

XTXTIOOCXT N

RAS

CAS \ /
— —— \/ \/\/ VNNANANNARANNNNINININANNINNININ NN
oT/0E R | O

*1 I

— = T T T AT ATAIAARATA |

NAAAZN N N NN A NN
O RIARIAIRILIILIAIRRLKKKK,

I
N AN ANANNANNNINS \/ VY'YV YV Y Y \VaAVAYS
| RSB RBBEEBEEEEEEEEHK

! NN A‘A TAVAVAVA
*2 : |

Wo /100 NON MASK (KRN | EFFECTIVE | R YRR,
l [}
*2 | 1

\/ ‘ T LAANNAANAAANA ANV NN NN INNIN NN NINNINININN NS

wi/101 KEXRXEXKXNN KK o errecrive GBI
|
*2 ! |

M N A NN ANAINININ N NN N AN A NSNNININNINTNININININS

waroe - LXXXEXEEN | ereecrive | R NN RN N

I

*2 | I
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/103 SABKKBUBNAN mask  POGBEOBEEN  Now erreCTIvE IR

SET MASK 8IT

I
\WRITE-PER-BIT]
i I

#1. AtWB/WE = “H”, the 4 bit data are written into RAM

2. WO~3/100~3="H"
WO~ 3/100~3="L"

Non masked
Masked
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Serial Output Mode

SE

SC

S0t

RAM = SAM TRANSFE

’REAL TIME DATA TRANSFER 1

R & START I RAM-SAM ON THE FLY

WRITE CYCLE ! READ CYCLE

SRRAX)
B

AVAVAN

RIS

TAVAVAVAVAVAVAN

—\—/—H_\ —
" _/

| ' v/ v/

o

TAVAN

\VAVAVL VAV VAVAVLVL V. ’V'VVVVV'V'
G0 D D s A s (I O s

o R T Ry M
T\ T\ '

BRI

[

DATA OUT 5 NEW DATA OUT
FROM COLUMN A" FROM COLUMN 8"

*3 11 S5E goes "H"" level. SI0i become into high impedance state, but serial data selector is continuously working.

Serial Input Mode

|

LAB

2
>
w

(o]
[

Ag—~ Ay

3l
o
~
B

SC

S10:

RAM - SAM

AT START PSEUDO WRITE | SAM -+ RAM {ROW R4}

Ik Ik

1
, @ ! \—/—‘—o—\
v/

N\ Y ANANAAAAAA
XSSO

|

W ‘ ' Y

a Pl

v""""'v""""""‘ MY Y Y YYY Y YYYYY X IANANAAANNAAANNANANS
(2 RSB SLSEA | c XSREUERIESEAN s k0 REBEEEEKSEEEIEEE

TAVAV,Ya!

H

WA YNVY PANANAAAAANAANNNAN/
S8 m ) m' A o DEEEEESSEERNS

A\ A\ANANNNANS
OSSO

l \/
A N I N

\ .. M\ — | -

WHﬂMMM

*4. 1t SE qoes “H" leve

FAANANAN/
| ! t

|
i
: ! DATA IN | SAM =+ RAM DATA IN

—» DATA OUT L > FROM | TRANSFER — FROM
FROM COLUMN “A" |
COLUMN "c” TO ROW R4 COLUMN D"

ef, SI0i input data is ignored, but serial data sefector is continuausly working.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Voo Supply voltage —1=7 v
V) input voltage With respect to Vgg —-1--7 \%
Vo Output voltage —-i~7 A"
o Qutput current 50 mA
Pd Power dissipation Ta=25C 1000 mw
Topr Operating temperature 0~70
Tstg Starage temperature —65~150 ‘c
RECOMMENDED OPERATING CONDITIONS (Ta=0~70"C, unless otherwise noted) (Note 1}
Limits
Symbol Parameter Unit
Min Norm Max
Vee Supply voltage 4.5 5 5.5 \
Vss Supply voltage 0 0 0 v
Vin High-level input 2.4 6.5 \
ViL Low-level input —1.0 0.8 A"
Note 1: Ali voltage values are with respect to Vgs.
ELECTRICAL CHARACTERISTICS
Limits
Symbol Parameter Test conditions uUnit
Min Typ Max
VOH(R) High level output (RAM port} JoH(R) = —2mA 2.4 Vece v
VoL(r Low level output (RAM port) loL(r) =4.2mA 0 0.4 A
VoH(S) High level output (Serial Ig port) loH(s) = —2mA 2.4 Vee \'
VoLts) Low tevel output {Serial | port} loL(sy=4.2mA 0 0.4 v
laz Off-state output current Q Fioating 0<Vout<Vce —10 10 uh
1y Input current 0<Vvin<Vcc -10 10 uhA
CAPACITANCE (Ta=25C, t=1MHz, Vi=25Vmrs)
Limits
Symbol Pin name Test conditions Unit
Min Typ Max
Cing RAS,CAS, WB/WE, SC, SE, DT/0E 8 pF
CiNnt Ag—~ A7 Vi=Vsgs, f=1MHz, V|=25mVrms 8 pF
Co Wi0g~WI103, Si0g—~ Si03 10 pF
MITSUBISHI
ELECTRIC 3—9
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ELECTRICAL CHARACTERISTICS (Ta=0~70"C, Vpo=5V+10%, Vss =0V, unless otherwisa noted ) {Note 3)

b Limits
t
Symbol srameter MSM4C264 | MSMAC284 | MSMAC284 Unit
-8 -10 -12
RAM port SAM port Max Max Max
lcet Random R/W cycle RAS/CAS cycling, tae = tpe tmin) Standby (SC=V) 60 50 40 mA
[Jeterd Standby RAS = V )y, CAS = V. Doyt = HI-Z (sc=v» 5 3 5 mA
lees RAS only refresh cycle RAS = cycling, CAS =V, tpc = min (sC=vy) 60 50 40 mA
e Page made cycle RAS = v, CAS = cycling, tpe = min (SC=Vy) 50 a0 30 mA
lces CAS before RAS refresh tge = tpe (min} (SC=V) 60 S0 40 mA
lccs Data transfer cycle tpe = (Re {Min) (SC=V|) 65 55 45 mA
lcer Randam R/W cycte RAS/CAS cycling, tge = tpe (min} Active (t scc=min) 90 75 60 mA
lccs Standby RAS = V3, CAS = V iy, Doyt = Hi-Z (t sco=min) 30 25 20 mA
lces RAS only refresh cycle RAS = cycling, CAS = vy, tae = min (tsco=min) 90 % 60 mA
lccto Page mode cycle RAS = v, CAS = cycling, tge = min (t sco=min) 80 65 50 mA
lcen CAS before RAS refresh tac = tac min (t scc=min} 90 75 60 mA
lcorz Data transfer cycle tae = (re (Min) (1 scec=min) 95 80 65 mA
Note 3: Igc is obtained with the output open.
4 4V 2 Ve x 0.9and Vi £ 06V,
Then icea € 2.0 mA. (5E and SI0, ~ S10, must be stable in high or low level.}
SWITCH CHARACTERISTICS (1a=0~170°C, Vcc=5V$10%, Vss =0V, unless otherwise noted )
Limits
Symbol Parameter M5M4C264-8 MSIM4C264-10 | M5MAC264-12 Unit
Min Max Min Max Min Max
tcac Access time from CAS (Note 6, 7) 20 25 30 ns
tmac Access time from RAS (Note 6, B) 80 100 120 ns
tcaa Column address access time {Note 6, 9} 40 S0 60 ns
tcpa Access time from CAS precharge {Note 6, 10) 45 55 65 ns
toEA Access time from OF {Note 6) 20 25 30 ns
toLz Output low impedance time from CAS low {Note 6) 5 s 5 ns
torr Output disable time after CAS high {Note 11) 0 20 0 25 0 30 ns
toez Output disable time after OE high (Note 11} 0 20 0 25 0 30 ns
tsca Access time from SC high {Note 6-S) 25 30 35 ns
tsea Access time from SE low (Note 6-S) 25 30 35 ns
tsez Output disable time after SE high (Note 11) 0 20 )} 25 0 30 ns
1 son Serial output hold time after SC high 5 S ] ns
tsoo Delay time SE low to serial setup (Note 8-S) 0 0 g ns
Note 6 An initial pause of 500us is required after power-up foltowed by any 8 RAS or RAS/CAS cycles and 8 SC cycles before proper device operation is achieved,
Note that RAS may be cycled during the initial pause.
And any B BAS or RAS/CAS cycles are required after prelonged periods of RAS inactivity before proper device operation is achieved.
6. Measured with a load circuit equivalent to 2TTL loads and 100pF,
6-S  Measured with a load circuit equivalent to 2T TL loads and 50pF
7° Assume that tacpimex) S tRCD 8nd tRAD(Max! 2 IRAD-
8 Assume that trep < tRCDImax) 30 tRAD S tRAD(max)-
9: Assume that taco ~ tRAD < tcaA(max) ~ tCACImax) @0d tRED 2 tACD(max)-
10: Assume that tep < tepimax) 8Nd tASC 2 tASCimax)
11 topFimax). 180Z(max! @nd tQEzimax) define the time at which the output achieves the high impedance state (llou1] & 10MA) and are not reference to
VQHimin) OF VOL{max!
3—10 Am
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Read, Write, Refresh, Read/Write Transfer and Fast Page Cycles

Limits
Symbo! Parameter M5M4C264-8 | M5M4C264-10 | M5M4C264-12 Unit
Min Max Min Max Min Max
tRer Refresh cycle time 4 4 4 ms
tap RAS high pulse width 70 80 30 ns
trep Delay time RAS low to CAS low (Note 14) 25 60 25 7% 25 90 ns
tchp Delay time CAS high to RAS low (Note 15) 10 10 10 ns
tcen CAS high pulse width (Note 16} 35 35 35 ns
t RAD Column address defay time from RAS (Note 17) 20 40 20 50 20 60 ns
tash Row address setup time before RAS 0 0 0 ns
tasC Column address setup time before CAS (Note 18} 0 15 0 20 0 25 ns
tran Row address hald time after RAS 15 15 15 ns
tcan Column address hold time after CAS low 20 20 20 ns
tr Transition time (Note 19) 3 35 3 35 3 35 ns
twes WB/WE setup time before RAS 0 0 0 ns
tweH WBMWE hold time after RAS 15 15 15 ns
toHs DT/QE setup time before RAS 0 0 0 ns
tDHK DT/OE high hoid time after RAS 15 15 15 ns
tws Write mask setup time before RAS 0 0 o] ns
twh Write mask hold time after RAS 15 15 15 ns
Note 12° The timing requirements are assumed ty = &ns.
13 ViHimin) 30d VL {max) are reference levels for measuring timing of input signals.
14. 1gcD(max) IS specitied as a reference point only
I tgep 15 less than tREp(max), ACCESS LiMe 8 tgaC
It taep 15 greater than tRCp(max) . access time is defined as tcaa and tcaa 3s shown in notes 7, 9
15 tcpp requirement is applicable for all RAS/CAS cycles.
16: tepNimint 18 specified as tepNimind = tRCOImin) *+ tCRPImin) except for tcp of fast page mode cycle
17. tRADImax) 's specified as a reference point only,
If tRAD 2 tRADImax). 3CCess time is assumed by tgaa for read cycle.
18. tagcimax) i5 specified as a reference point only of address access time.
19: t7 is measured between Viy(min) 3N3 VL {max)

MITSUBISHI
ELECTRIC
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MITSUBISHI LSls
M5M4C264AL,J)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Read and Refresh Cycles

Limits
Symbol Parameter M3M4C264-8 | M5M4C2684-10 | M5MA C264-12 Unit
Min Max Min Max Min Max

thac Read cycle time 160 190 220 ns
tRAS RAS low pulse width 80 10000 100 10000 120 10000 ns
teas CAS low pulse width 20 10000 25 10000 30 10000 ns
tosH CAS hold time after RAS 80 100 120 ns
tAsH RAS hold time after CAS 20 25 30 ns
tRcs Read setup time before CAS 0 0 0 ns
t RCH Read hold time after CAS high (Note 20} 0 0 0 ns
t RAK Read hold time atter RAS high {Note 20) 10 10 10 ns
tRAL Column address to RAS setup time 40 50 60 |. ns
t Rpc Precharge to CAS active time 0 0 0 ns
thicLoe) | OE hold time atter CAS low 20 25 30 ns
th(rLoe) | OF hold time after RAS low 80 100 120 ns
t DOEL Delay time data to OF low 0 0 0 ns
t oEHD Delay time OE high to ;ata 15 20 25 ns
thioecH | CAS hold time after OF low 20 25 30 ns
theoemar | RAS hold time after OE low 20 25 30 ns

Naote 20: Either taey or trgiy Must be satisfied for a read cycle.

Write Cycle (Early Write and Delayed Write)

Limits
Symbol Parameter M5M4C264-8 | M5M4C264-10 [ M5M4C264-12 Unit
Min Max Min Max Min Max

twe Write cycle time 160 190 220 ns
tRas RAS low pulse width 80 10000 100 10000 120 10000 ns

[t cas CAS low pulse width ) 20 [ 10000 | 25 | 10000 | 30 | 10000 ns
tosH CAS hold time ah; RAS 80 100 120 ns
tasH RAS hold time after CAS 20 25 30 ns
twes Write setup time before CAS (Note 22) 0 0 0 ns
twoH Write hold time after CAS 15 20 25 ns
towL CAS hold time after write 20 25 30 ns
tRWL RAS hold time after write 20 25 30 ns
twe Write pulse width 15 20 25 ns
tosc Data setup time before CAS 0 0 0 ns
losw Data setup time befare write 0 0 0 ns
toHe Data hold time after CAS 25 25 25 ns
1 DHW Data hold time after write 25 25 25 ns
t 0EHD Delay time OE high to data 15 20 25 ns
thewoe) OE hold time after write 15 20 25 ns

MITSUBISHI
3—12 ELECTRIC



MITSUBISHI LSIs

M5M4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

Limits
Symbol Parameter MEM4C264-8 | M5M4C264-10 | ME5M4AC264-12 Unit
Min Max Min Max Min Max

trwe Read write/read modify write cycle time {Note 21) 205 245 285 ns
tRas RAS low pulse width 125 10000 155 10000 185 10000 ns
tcas CAS low pulse width 65 10000 80 10000 95 10000 ns
tcosH CAS hoid time after RAS 125 155 185 ns
trsH RAS hold time after CAS 65 80 95 ns
tRes Rea(; setup time before CAS 0 0 0 ns
tcwp Delay time CAS 1o write (Note 22) 40 50 60 ns
tawb Delay time. RAS to write S {Note 22) 100 125 150 ns
towe CAS hold time d;;er write 20 25 30 ns
TRWL RAS hold time atter write 20 25 30 ns
twp W;I({? pulse width 15 20 25 ns
tpsw Data setup ume";xie;(;(e Vwme 7 T ) 0 0 0 B ns
1 DHW Data hold uime atter write 15 20 25 ns
tawp Delay tirme address to write (Note 22} 60 75 90 ns
thicLoe) | OE hold time after CAS 20 25 30 ns
thirLoe) | OF hold time after RAS - 80 100 120 ns
1 poeL Delay time. Data to OE low 0 0 0 ns
_iOEHD Delay time. OF high to data 15 20 25 ns
thiwoE OF hold time after write low 15 20 25 ns

Note 21 tgwc is specified as tawCimin) = LRACImax) * TOEHDmin} * TRWLImIn} * TAPImin) + 41T
22 twes. towD. tRwD and tawp are specified as reference points only
It twes 2 twestmin) the cycle is an early write cycle and the WIO pins will remain high impedance throughout the entire cycle. If tewp 2 tewDimin
tRWD 2 'RWDImin) 400 tawD 2 'AWD(min). the cycle is a read-modify write cycle and the WIO will contain the data read frons the selected address
If neither af the above conditions is satistied, the condition af the WIO (at access time and until CAS or OE goes back to V()5 indeterminate

Fast-Page Mode Cycle (Read, Early Write, Read-Write, Read-Modify-Write Cycle)

Limits
Symbol Parameter M5M4C264-8 M5M4C264-10 | M5M4C264-12 Unit
Min Max Min Max Min Max
tpc Read, write cycle time o 50 60 70 ns
trwec Read, write/read modify write cycle ime - 100 15 135 ns
Lras RAS low pulse width for read write cycle I 135; 50000 160 50000 190 50000 ns
teas CAS low puise width far read cycle 20 10000 25 10000 30 10000 ns
Vtcp CAS tigh pulse width (Note 23 10 20 10 25 15 30 ns
tRSH RAS hold time after CAS T 20 25 30 ns
Note 23. tcpimax) is specified as a relerence point only. (f tepimax) S 'cp. arcess time is assumed by tcac
CAS before RAS Refresh Cycle (Note 24)
Limits
Symbot Parameter M5M4C264 -8 MSMQCZGJ-I_(;'-'M5M40254‘l2 Unit
Min Max Min Max Min T Max
tosa C% setup time forgk;)eifove RAS refresh 10 10 10 ns
tonr CAS hold time for CAS before RAS refresh 15 20 25 ns
tRPC Precharge to CAS active time 0 0 o ns

Note 24. Eight of more CAS before RAS cycle 1s necessary fur proper uperation of CAS betore RAS refresh mode

MITSUBISHI
ELECTRIC 3—13



MITSUBISHI LSls
M5M4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Normal Read/Write/Pseudo Write Transfer

Limits
Symbol Parameter M5M4C264-8 MEMAC284-10 | M5M4C264-12 Unit
Min Max Min Max Min Max

tws WB/WE high setup tme betore RAS 0 [1} 0 ns
twTH WB/WE high hold time after RAS 15 15 15 ns
toLs DT/OF setup time before RAS 1] [1] 0 ns
tRoH DT/OE low hold time after RAS 15 15 15 ns
tRsD Delay time RAS to SC 90 105 120 ns
1asp Delay time address to SC 55 60 65 ns
tcso Delay time CAS to SC 50 55 60 ns
t spH SC hold time atter BT 10 10 10 ns
toTsh DT high setup time before RAS high 0 0 0 ns
toTw DT high pulse width 20 25 30 ns
tEs SE setup time before RAS low 0 0 0 ns
tEH SE hold time after RAS low 15 15 15 ns
tszm RAS low to serial input delay time (Serial-in = Serial-out) 20 20 20 ns
tsAs SC setup time before RAS low 20 20 20 ns
tspz Serial output turn-off delay from RAS {Serial-out = Serial-in) 10 50 10 50 10 60 ns
tsop RAS to Serial input delay time (Serial-out - Serial-in) S0 50 60 ns

3—14 ELECTRIC



MITSUBISHI LSIs

MS5M4C264AL,)-8,-10,-12

262144-8BIT DUAL-PORT DYNAMIC RAM

Serial Input/Serial Qutput

Limits
Symbol Parameter M5M4C264-8 | M5M4C284-10 | MSM4C264-12 Unit
Min Max Min Max Min Max
tsceir) SC clock cycle time (Serial Read) 30 35 40 ns
tscow) SC clock cycle time (Serial Write) 30 35 40 ns
1 scH SC high pulse width 10 10 15 ns
tscL SC low pulse width 10 10 15 ns
tsop SE high pulse width 10 10 10 ns
1 s0e —gﬁ\mw pulse width 25 30 35 ns
tsiH Serial input data hold time after SC high 10 10 10 ns
tsis Serial input data setup time before SC high o] 0 0 ns
tswiH SE disable hald time after SC high 15 20 20 ns
tswis SE disabte setup time before SC high 10 10 10 ns
tswh SE enable hold time after SC high 15 20 20 ns
tsws SE enable setup time before SC high 10 10 10 ns
Real Time Read Transfer
Limits
Symbol Parameter M5M4C264-8 | M5M4C264-10 | MSMAC264-12 Unit
Min Max Min Max Min Max
LRoH DT hold time after RAS 70 80 90 ns
t coH DT hold time after CAS 30 35 40 ns
t ADH OT hold time after address 35 40 45 ns
tspo Delay time SC to D—Tm 15 20 20 ns
LsoH SC hold time afier DT 10 10 10 ns
tRDTD DT hold time after RAS high 0 0 0 ns
MITSUBISHI
ELECTRIC 3—15



MITSUBISHI LSis

MS5M4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

TIMING DIAGRAMS
Normal Read Cycle

Ap— Az

3
2
E
m

3
=l

WIOg- 3
{INPUT}

Wi0g - 3
{OUTPUT}

SE

SC

Si0g- 3
(INPUT)

S10g- 3
{QUTPUTI

tre
tosH
L Ras
X
\ Z tre \
t crRe trco U AsH
toas
Lopn \L 7(
tRaD tRaL
tasr | |l RaH tas tcam t asm
=
£ row F coLumn ROW
( ADDRESS . ADDRESS i ADDRESS
I
A Y RcH
r’v'v v.v.'.v."'.v."v‘v"‘v’
R M o | TGRS
L th(aLoE) !
thicLoe)
F l th (oECH) ’V.V’V.V‘V.V.V‘V"‘V’v’v.v’
W._W ore L‘_J RN COSNN
thoeam)
 poE L, t oerHD
R ‘
4
j tcac toez
‘ Leez torr
Jxm DATA VALID >‘——
T tcaa
\‘ |

tRac

Serial input/output can be asynchronously performed.
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MITSUBISHI LSIs

M5M4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Normal Write Cycle (Early Write)

twe
tosk
tRas
h L
AAS \ p top \
tcap t RoD tasH
o 7 — \ toas
CAS @ teen S‘ 1/
tasr L RAH tasc| | tcam t asA
£ row f coLumn HOCOOOOOOOOCOOOOOVOONN K ROW
o @g: aponess | ADDRESS ‘ofofoféofo!ofofo?ofo!of020202020!0!02020!02020!0' Ao0RESS ><
twes | | twen ~_lwcs twen
G
nEL 2
1ons 1 OHH
o COOOOOCOOOOBOA XXX XXX XXX X XXX
oTIeE Wj 0NN
tosc Tone
NO MASK
O3 OO OO XX
s m oxre vaio R
MASK
tws | | twk
WIOg—3 - HIGH-Z
(OUTPUT)
~N
3E
sC
S10g~3 Senal nput/output can be asynchronously performed
(INPUT}
Si0g-13
{OUTPUT) P
* L = Wnte per bit operation (New mask)
MITSUBISHI
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MITSUBISHI LSlis

M5M4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Normal Write Cycle (Delayed Write)

twe
tosu
t ras
p 4 X
RA \
s ! | we N
tcRe tRco 1 AsH
Lcas
Ja— H p
CAS /
teen k y,
tasA _lnAH tasc | | tcan L asr
ROW ' coumn ROW
Ao~ A1 ADDRESS ADDRESS ADDRESS
! 1
twas [ |twen tRos tawe
twe
WB/WE H '0;0;0;0;0;0;0;0;0 "0;0;0‘0‘0‘0;0;0;0;0;0;0;0;0;0;0;
* L A .’A’A’A’A‘A’A‘A’A‘A’A A‘A’A’A’A‘A’A‘A‘A’A’A‘A’A’A’A’A’A
tons | |tpuu towe
H
PR 4 y
OT/0E
th (woe)
tws | [twn tosw 1 oHw
pot—n
NO MASK
s
WiOg- 3
(NPUT) DATA VALID
MASK OEHD
Wiy 3 HIGH-Z
(OUTPUT)
_—
sC
Si0g 3 Senal inputioutput can be asynchronously performed
(INPUT)
Si0p 3
1OUTPUT)
-
* L = Wnte per bit operatton {New mask}
3—-18 Aﬂm



MITSUBISHI LSIs

MS5SM4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Normal Read Modify Write Cycle

Ap—~ Ay

3
@
m

o
J
P

WiOg-~3
{INPUT}

WI10p-.3

{OUTPUT)

SE

SC

S10¢0~13
{INPUT)

S100~3
{OUTPUT)

trRwe
tosH
t Ras
3 b
S( 7| tAp \
teap t RCo tasH
tcas
_/ teen g( J[
L as 1 RAH tasc tcan tawL t ASR
m ROW m COLUMN £ Row X
ADDRESS k ADDRESS ADDRESS
trwo
twes| |twen towp
tewL
l l’.‘ '.V."V"""".'.'.""'.'.
L K/ tawo AN
Lrcs
tons | | toun
th(cLoe)
H p
W \\\\\ gz th (woe)
th(ALOE
tws twh tcac toenp LOSW t DHW
NO MASK [
¥ X AV Y Y Y Y Y
DATA (XO000OOCOONON0
@g D ﬁﬁ vauo SISO
MASK toE2
1oea
A DpaTAa X
N vaLo ¥
tRac

* L = Write per bit operation

Senal input/output can be asynchronously performed.

MITSUBISHI
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MITSUBISH! LSis

MSM4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Fast Page Mode Read Cycle

FAST PAGE MODE

FAST PAGE MODE

READ CYCLE READ CYCLE READ CYCLE
tRas
\ . tAsn
AT /
N %
taco '
tep tcas tRat
tcas " tcas
y \ s 1 '
CAs / tcen - i K [
tasa| |[tran  tasc| [tcan tasc| [tcan tasc | |toam
AT
s
AOW OLUMI OLUMI OLUMN
Ag~A7 DORES (ADDRE DDRE " DDRE
1 A3
tacs tack tacs 't:r“
WB/WE
tAcs thioecL)
1
tors | | tomu th{cLOE) , th(cLoe)
3}
L4)
oo X A & LR
3
u
th(rLOE)
-
toewo | , | | 'ooEL toerp
WiOg~3 K
(INPUT) 4 R,
tcan e
toac tcaa tcaa
toga tcpa
Wi0p~3 Aoata \ ¥oata \ 2 7:D_A_§>__
OuUTPUT A VALID VALID VALID
‘ ’ trac \vacio/ RvALD/ Y
e
3—20 AE.ECTHC



MITSUBISHI LSls

M5M4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Fast Page Mode Early Write Cycle with New Mask

CAsS

Ap~ Ay

WB/WE

WiOg-~13
{INPUT)

WIOp -3
(QUTPUT)

FAST PAGE MODE

FAST PAGE MODE

WRITE CYCLE WRITE CYCLE WRITE CYCLE
tras
Y tasH
K Y
U
‘C_Flﬁ_ 1AcD 1cas tcp teas
N tocas
4 ¢
/ teen \ ;Z \ Z \(
tasr| |tpan  tasc| [tcaw tasc| [tcam tasc| [tcan
l-_:Ow‘—.| r:LU:J COOOOOOCO0000 OLU:A_-I LOOO00ONXX COLU:':I OCOO0O000C)
mw“mw“ SRR pooness RN, Y eoones PR
Twas| [twen ‘
twes tweH twes| | twew twes| | twew
| twp X twp
!
tosc| | toue
OOOOOOC00N LOOOOOOM DATA
OO0, vavio IRETON vaLID

HIGH-Z

Senal input/output can be asynchronously performed.
Write per bit operation mask is effective during the continuous page mode cycle.

ELECTRIC
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M5M4C264AL,J)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Fast Page Mode Delayed Write Cycle with New Mask

o)
P
w

|

[e]
bl
[

Ag~ Ay

H
ol
~
A

3
2
ml

WiQ0qg -3
(INPUT)

WiOg 3
{OUTPUT)

FAST PAGE MODE

FAST PAGE MODE

WRITE CYCLE WRITE CYCLE WRITE CYCLE
tAsH
tras
N
3L
4
tepR tRco tcas
i
tcas
X /
/ toen SL J[
tasr| [tRam tasc| [tcan
ROW COLUMN '0;0;0;0;0;0;0"0;0;
ADDRESS, DDRESSEOOOOOOOMN
towL
twaes| |[twen taw
twp . twe) towe
k g l
= K *
tres trcs tres twe
toms| [tonm th (woe) th (woe)
1) I
o
A l"‘l'
thwoe)
Tws| [twu tosw( | tonw
NO MASK
DATA )
VALID
MASK
HIGH-Z HIGH-Z HIGH-Z

NOT VALID

Senal input/output can be asynchronously pertormed
Write per bit operation mask is effective during the continuous page mode cycle.

NOT VALID

NOT VALID

3—22
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MSM4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Fast Page Mode Read-Write, Read-Modify-Write-Cycle with New Mask

P
)=
[

|

O
b=
vl

O
=
2

WlOg~3
{(INPUT}

WIiOp-3
(QUTPUT)

FAST PAGE
READ-MODIFY WRITE-CYCLE READ-MODIFY-WRITE-CYCLE FAST PAGE WRITE-CYCLE
tAsH
tRaS
tcrp taen tAwPe
toas tcas Lcas
\ /. N F /
¢ topn X 1l tee X ] A 1
tcan tasc| |tean tasc| |tcan tewL
|
\VAVAVAVAVAVAVAVAYLY;
COLUMNM COLUMN] .0.0.0‘0‘0‘0.0’0‘“ COLUMNY
DDREss| DDRESSEOOOOONN ADDRESS)
CwL tow
thicLoe) el o tacs | |thicioes
g twp twp ™ twp
WA i \
tacs | | thicLoe) tecaa A
tcaa toaa
IRac teac -t.f'm
_H ) toea Toea ) Lora ,
toms | |tonw thwog) th(woe) ; th(woe)
toero toErD
tws| |twa

NO MASK

MASK

7 7 HIGH-Z y HIGH-Z
b ) Sy
VALID DATA VALID DATA VALID DATA

Senal iput/output can be asynchronously performed

Write per bit operation mask is effective during the continuous page mode cycle.

Amsuelsm
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MSM4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

AS only Refresh Cycle

tAc
tRas ;

— b L
RS \ k w N

Loae tapg tcap
= I |
CAS

Lasr | |TRan tasn

N 4 ROW ’v.v‘V’VOV.v.v’v’v.v.v.v’v.v.v.v’v’V.V’V‘V’v.v.v.'.v.v.v.v.v.v.v’v.v'v.v.v.v.v.v.v.v.v.v’ ] ROW

o T sy, g
WB/WE

toms | | tome
o
wi Ou 3 ""V‘"""v."'.'."v.‘."'.""V"""."""""' '."'.'."'."'."V.'."V.'.""'.""'.V"""".'0"'.'."""""'.' '.'.""V"".""
e ANt 000000 00855999 50%0900 10NN
Wi0g~3 HiGH-Z
{QUTPUT)
ﬁ ~
SC
Si0g -3 Senal input/output can be asynchranously performed.
{INPUT)
Si10g -3
{OUTPUT) P

MITSUBISHI
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MITSUBISHI LSlis

M5M4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

CAS before RAS Refresh Cycle

tre

tRas o
AAS !\ A
Y w N

tapc

leosr

tcsa toHA

v.v’v.v.v.v‘v’v‘v.v‘v’v.v.v‘v’v.v.v’v.v‘v v.v‘v.v.v‘v.v.v.v.v.v.v.v.v.v.v."v.v’v V.V.V‘V‘V \/ V.V.V.""V.V’V.V’v
O NNX

" AR
R e o SN

.v.v.v’v.v.v’v‘v’v
A

Ap~ A7

_ V.V.V‘V.V.V’V.V."V“.V.V.V.V.V’V.V‘v’v‘v.v v.v.v’v.v.v’v.v.v’v’v.v.v.v.v.v‘v.v"v’v‘v’v v.v.v’v.v.v.v "v.v v'v'v’v.v.v.v.v v.'.v.v.v‘v’v’v.v
wa/we N

or R T T T T R TR Y XXX
AN AR RN

BN

TR R KX TR TRRRR TR TR R TR AR
N N o e

"""’V"""’V"."V.V
RN

WI0p 3
{INPUT}

W!(0g--3 HIGH-Z
(OUTPUT}

st )

SC

S10p-3 Senal input/output can be asynchronously performed.
(INPUT}

S100- 13
(OUTPUT)

z MITSUBISHI
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262144-BIT DUAL-PORT DYNAMIC RAM

Hidden Refresh Cycle (Automatic Refresh)

READ CYCLE HIDDEN REFRESH
tRas ) tras 31 5 tRas
\ s f y \ —\
RAS \L z thp k } trp
terp trco
] tasn torm
f \
CAS teen k \ /
trao N
tasa| [traw  Tasc| |tcam tasn | [tRan
ft—
ROW fcoLUMN N ROW
Ag~ A7 ADDRESS| JADDRE o DDRE
tnu ALY 1 1
tRaL
tacs COOOOCOOOOOOOONN)
w8/ WE W I RN
ROGRAOGXBXNEs
tons | |tonn
th (oERM)
H
e T R
)L
toogL N
toEa
t t OEHD
CAA
W1Og- 3 OOOOCOOOOOOE N
e AT — “
torF
toLz -
‘ it \
Wi0g~3 v
[OUTPUT) W DA AR O )—
W
Serial input/output can be asynchronously performed
MITSUBISHI
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MSM4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Normal Read Transfer Cycle (Pre-State: Serial Port = Standby)

tac
tosh
taas
o y X
RAS \r ’Z - \
tcre taco UrsH
lcas
- y
cas . N /
tash | [tram tasc lean Lasa
4 'v.V.V \/ V.v.v.v.v’v.v "V.V.V.
SR v A i T e i I
twrs | |[twTH
R H OOOOCOOOCOOOOOOOON00
A RS
toLs t Ron lpTsm
— R OOOOCOOOONX)
PTot R , torw RN
WIOo -3
{INPUT)
tasp
WIOg- 3 HIGH-Z
(OUTFUT) tcgo
tRsD
tsEA
- OO XXX ‘g
. GBI
tsRs tsct tsch "t_SE’Z'
1spH
y 4
SCaA
tsis Lsin tszr
$100-3 :>§ A 3
LINPUT) 4
0-3 DATA

MITSUBISHI
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M5M4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Real-Time Read Transfer Cycle (To Active Register; Serial Port Active)

L [RC
{ tesh
~ tras
- ) U 2 A 8
AAS ﬁ( ][ tap \
tone . tReD trsh
tcas
CAS )\ )
tasn | |Ran | tasc tcan t‘ﬂ
Aoa f row SAM TAP [ Rrow
L | ADDRESS L ADDRESS | ADDRESS
twrs| |lwrh
WB/WE
tors - LRDH toTsm
= tcon
OT/0E 5‘ JZ totw
taoH
WI0g 3 DOOOCOOOONBOOOOAOOOCXIXX RN XX
oo X XXX XXXXNKRES
Wi0n 3 HIGH-Z
tOUTPUT)
o Usco Usop !sow
sE I
tsem | UseL
ri-1 F_—J& n NEW
SC / ( ;1 \
tsca
Si0p 1
mevm tsoa tsoH tson
—
) DATA VALID DATA VALID M%SESSSS% DATA VALID
oLD oLD oLD NEW
n-2 nt n
MITSUBISHI
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MS5M4C264AL,]-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Pseudo Write Transfer Cycle (Serial Port Active) Serial Write Setup

|

By
D
[

|

O
=
wl

WIiGo 3
{INPUT)

Wi0g -3
{OUTPUT)

SC

Si0p-3
(INPUT}

S10p~13
{OUTPUT)

-~ twe
tesn
\ tRas
Y
- A trp \
tcre tRep trsH
y \ tcas
H /
w toe \t 7
tasr | |tRaw tasc tcan tasn
m‘ ROW f CcoLumn m;w TAP X
ADDRESS y 3 ADDRESS ADDRESS
twrs | [twTr
o
toLs tRDH toTSR
4 L OOOOOOOOOOOOOO00
Sovi S| N 0 R 0 7
QOCOOOOOOOKN XXX X XXX XXX XXX KX XKX
{ RN
tRsp
HIGH 2
tcsp
tes | [ ten taso
'4
1sms tsoL i tscc
SDH i . teoL
RN Aow N
tsez 1s0p 'sigf | Vsiy
. i~ —\ [T YAV,
DL on MR o X
1spz
>< DATA X HIGH-Z
VALID £

Note  When SE is "H’" level, the serial input data are not written into the Data Register, but the serial data selector works

S
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262144-BIT DUAL-PORT DYNAMIC RAM

Write Transfer Cycle (Serial Port = Write Cycle)

twe
tesH
tRas / \
!
AAS \ ,Z oo \
terp {ACD tasH
toas
_ 4 \
TAS w Lo \‘ /
tasa | {1Ran I'_A_SR"
BOOOOOOOOOOOO0N ROW
Ao~ A1 ADDAESS L :?Sg ress  JRORRRABEEEREY ADDRESS x
1 t !
twrs | [twTH “ﬁ‘d "ﬂ-l
P ."V V’V" '.V.‘."""‘".'."V."'."V"""""".V"" .""V "V"’V"".V."V".“"V’V’V.""'.
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M5M4C264AL,])-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Serial Read Cycle

tsop tsoe
'4 X -
SE
K
tscc
4
sC /
7
t scH tscL
tsze tsea
tsca
SI0g~3 \
(INPUT) -
tsez tso0 tson tsez
———
S10p-~3 ouTPUT X OUTPUT F ouTeut
{ouTPUT DATA DATA DATA
) ' \ rF >
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MITSUBISHI LSls
M5M4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Serial Write Cycle (SC Toggling, SE = L)

SE [
!scc tswH
tsws tscL
P ¥ 3
s¢ tson \( [ \
‘ tein
$100 -3 XXRXXAXIIERD QOTXXXTRTXXNA nput J X XRXXXX XY RLXXOOAXTIAXNY
e R o T
S10p -3 HIGH.2
(OUTPUT}

Serial Write Cycle (SE control)
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— 4
s \ l e N /
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SI00- 3 HIGH-Z
{OUTPUT)
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