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262144-BIT DUAL-PORT DYNAMIC RAM

MITSUBISHI LSis

DESCRIPTION

The Mitsubishi M5M4C264A is a high speed 262, 144-bit
Dual Port Dynamic Memory equipped with a 64K x 4
Dynamic RAM Port and a 256 x 4 Serial Read/Write Port.

PIN CONFIGURATION (TOP VIEW)

The use of N-well CMOS Process combined with silicide sgéfAtOEmQBL\ENZ/E: -%: [2]s W3/103 (APORT)
technology and a single transistor dynamic storage cell (B_POR‘T";PUT s'lsoi - [3 Lj_: «» SI0;  {B-PORT)
provide high circuit density and low power dissipation. SERIAL CON‘L’QS; sC — L 3%%’0 \3"550 (B.PORT)
The Serial Read/Write Port is connected to an internal 1024 (B-PORT)  SI0¢ +=[ 9] E‘ F]+ 5T/OE DATA TRANSFER/
bit Data Register through a 256 x 4 Serial Input/Output (A-PORT) Wo/i0g «>[LIIR B |\ /1o, ?:.;%URTT?:QELLJE
Control and is serially read out or written in with a clock Véﬁ';ﬁ;ﬁz WB/WAE : :% gtv:a: — RAS ??gvogg?ﬁgji
rate of up to 33 MHz. ENABLE INPUT A: 33 le]— A5 apDRESS INPUT
All reads and writes are done relative to the RAM Array, ADIRES% A =510 ;L.;% .~ ZCC
thus Data Transfer from the RAM Array to the Data Register e T A? } ADDRESS INPUTS
is referred to as Read Transfer, while Data Transfer from fo =181 F2]--GAS coLumn
the Data Register to the RAM Array is referred to as Write QPF?(?;ESSINPUT
Transfer.
FEATURES Outline 24PSL
AT . Random Serial
Type name :qﬁtzsss R’::g}jv?lg?xe Re:gm;ite siacdsllﬁrri)tls C(‘;’st/:ﬁ';::
Kgg)e CYC;::)—Ime Cyc;is'l)'lme Current | Current s
{mA) (mA) ERIAL
CONTROL ~7
MSMAC264AL, | oy | g0 30 60 30 iweut SO -+ [1 & Ves
-8 $100 2] 23]+ s10,
M5M4C264AL, (B-PORT) { } (B-PORT)
T R I G M A N (0 il 6 e
M5M4C264AL, | 5 220 w0 0 N NPUT’ DT/OE — E z Ek SE jNpuT
J-12 (APORT) { Wo/10p « ] cgn [20) — w3/10; } A ponT)
® Dual Port Architecture weire pen V101 ~[¢] 2 EH W2/10;
RAM Port: 64k word x 4-bit ENAASLTE/‘/\VI\JRIJJE'V_VE/W—E - » 78]+ CAS COLUMN
Access Time . ............... 80 ns {max) ROW ADDRESS HAS - [3 ; E]F Ag §$§§§gﬁNPUT
Serial Read/Write Port: 256 word x 4-bit STROBE INPUT ao 3 c - a.
Cycle Time ........... SEREEE 30 ns (max) ADDRESS | 5. L~ ADDRESS
® Bidirectional Data Transfer function between the RAM INPUTS | ©° E :51 Az 1 iNPUTS
Array and the Data Resister Ay — E _'__4]k A3
® Fully Asynchronous Dual Port Accessability (except veo [ i3] A,
during the Data Transfer Period )
® Addressable 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
® Outline 24 Pin ZIP, 24 Pin 300 mil SOJ
® N-well CMOS Process & Low Power Dissipation
RAM & SAM Active
(-8/-10/-12) .. .. ... L. 90/75/60 mA max
RAM & SAM Standby
(-8/-10/-12) .. .. .. . 5/5/6 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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262144-BIT DUAL-PORT DYNAMIC RAM

BLOCK DIAGRAM

| Wo/10p | WRITE SELECT
1/0 W1/10 IN WRITE
COLUMN DECODER ]c::) BURFER 1/101 | pER BIT
Ao W2/10, [ INPUTS/DATA
A « H Wasio., | INPUTS AND
A i 37193 | ouTPUTS
d 5 o «» 1024 COLUMNS (256 x 4) (A-PORT)
ADDRESS | 43 @ ) c;)
INPUTS | a, ﬁ o - P '
o SRIEEE
2
Ag 2 3 256K MEMORY ARRAY
Ay o
Fa Fa ra~ r-
- [
<4 db Jb L 256x4 !
i i | DATA REGI
' Lt STen
’ SI0
3 H H H H SERIAL S|OU SERIAL
ADDRESS 1| INPUTS AND
ECTOR 1/0
) | POINTER H SERIAL DATA SELEC kjv BUFFER 10, [ OUTPUTS
{B-PORT)
ROW ADDRESS S103
STROBE INPUT RAS
COLUMN ADDRESS =+= !
sTRose INpUT CAS
WRITE ENABLE INAUT WLI/W_E GEL?RIT\'?OR Vee(5V)
DATA TRANSFER
OUTPUT ENABLE lsNPEU1/' DT/OE
SERIAL CONTROL INPUT SC Vss(0V)
SERIAL ENABLE SE
NPUT
PIN DESCRIPTION
Pin Name Function
"AS ROW ADDRESS It is used as a clock which latches the row address (Ag ~ A4} and selects the word line. It aiso selects
STROBE INPUT the write-per-bit, the data transfer and the CAS-before-RAS refresh mode.
CAS COLUMN ADDRESS It is used as a clock which latches the column address {Ag ~ A;s) and reads or writes the selected words.
STROBE INPUT In the data transfer cycle, it becomes the SAM start address.
The MBM4C264A is an address multiplex method for inputting the row addresses and column addresses
separately, in order to select one word from the 64K word memory cells. The various addresses are
Ag—A e
0 7 ADDRESS INPUT latched by the RAS/CAS falling edge. In the data transfer cycle, this address input is also combined with
the serial access start address.
WB/WE WRITE-PER-BIT/ When the WB/WE level in the RAS clock falling edge is 'L"', the write-per-bit or write transfer cycle is
WRITE ENABLE INPUT selected, and when it is "H", a 4 bit write to the RAM or a read transfer cycle from the RAM is selected.
— DATA TRANSFER/ In the RAM read cycle, it makes the data output into enable. Also, when the DT/OE level in the RAS
7 . PN " e i ey )
/OE OUTPUT ENABLE INPUT clock falling edge is “'L", the data transfer cycle is selected, and when it is “H", the read/write cycle is
selected.
Wo~ Wa/ WRITE-PER-BIT These are the data input/output pins to the RAM. During the write-per-bit cycle in the RAS clock falling
IOU ~|03 SELECTION INPUT/ edge, the “H” pin is enable and the selected bit-only-write is performed. Also, in the write cycle, the
0 3 DATA INPUT/QUTPUT data in the late falling edge, whether it is 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 next clock rise. Also in the serial write cycle, the data is latched at the SC clock rising edge.
5109~ S103 (S)EUF;,II?ULTINPUT/ 256 x 4 words serial data input/output pins.
_ SERIAL ENABLE This makes serial input/output into enable. in the RAS clock falling edge, when SEis “H", itis a pseudo
SE INPUT transfer, and when it is “L"". It is a write transfer.

NB: SAM: Serial Access Memory

MITSUBISHI
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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 isa “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 1/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 M5M4C264A 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 M5M4C264A, all the memory cells
are refreshed by performing a refresh operation on all 256
row addresses which are designated by the 8 bits.

1. RAS Only Refresh

When the row address is input whiie the CAS clock is held
at "“H” level, and the RAS clock is activated, ali 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 OUT/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 selector 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 SIO pins
and when SE is “H", the SIO 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)

* MITSUBISHI
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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 SI10
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 1/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/IO (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 |/O
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 |/O common terminals are
set to the input mode, but SAM to RAM data transfer is
not executed.

Input pin state at RAS falling RAM SAM
DT/0E | wWB/WB SE W/I0 0~3 Bit Mask S10g 3
X READ — —
X X
H WRITE — _
H
H Non Masked —
L X Write-Per-Bit
L Masked
H X X RAM—SAM (read transfer) —_ Output mode
L X SAM—RAM (write transfer} —_ Input mode
L
L H X Pseudo Write Transfer _ Input mode
{No RAM contents will be changed)

X: Not specified.

g MITSUBISHI
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RAM Access Mode

RAM WRITE MODE WRITE-PER-BIT RAM READ MODE

oS / v/ L/
Tttt AR O ooy O ot I s Rt
]

[DAa \ JDATA\
W/10g ~3 LN [T ,__/ ! \out/ i

WE/WE \ 58 LS W
i R

o
g

#*1: Write 4 bit data
*2: Set mask bit
* 3: Write selected bit

*4: m indicates the don'’t care input

Write-Per-Bit Operation

]

>

[4)]
~——

oas \ /
DT/0E AR R B B K B XKL
l

e TR | R, |
. ,

i Rt TR 0 IR

SO vt O v, TR S 1 S
SET MASK BIT :WHITEPERBITE

*1. At WB/WE = "H", the 4 bit data are written into RAM
*2. WO~ 3/I00~3="H": Non masked
WO ~ 3/100~3="L": Masked

x MITSUBISHI
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Serial Output Mode

| REAL TIME DATA TRANSFER |
I RAM - SAM ON THE FLY

RAS s / ! s /
g L AAANNNN VNN
o % SN = RERERRERA | X R N PEREER

RAM —» SAM TRANSFER & START WRITE CYCLE ! READ CYCLE

|
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*3

!
' |
I DATA OUT . NEW DATA OUT

FROM COLUMN "A" FROM COLUMN “B"

*3. |f SE goes ""H" level, SIOi become into high impedance state, but serial data selector is continuously working.

Serial Input Mode

RAM - SAM
AT START

|
- — e

PSEUDO WRITE ! SAM > RAM (ROW R4}

AY! 31

-——__\_/ b U h \ /
RAAAN A ANAAARAAARANAANANAA] ,v"""‘ \AAANAN IANNNANAANNAAANNAANANS
RSB SO SR T D SNy

— — \/ \/ VAAAAAAN/ \/ PRAAANAAANNAANANNNAN/
wrve SR | i o) | Bt i) | B e e

O ¢
N B v R b N O
= \ T\ — N\
w0 U UUE U

)

ANV
|
|

|
[}
! DATA IN | SAM - RAM DATA IN

'
j—» DATAOUT L > FROM | TRANSFER  —> FROM
FROM COLUMN A COLUMN "“C” TO ROW R4 COLUMN D"

*4. 1f SE goes “H" level, SIOi input data is ignored, but serial data selector is continuously working.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Voo Supply voltage —1~7 \"
Vi input voltage With respect to Vgg —1~7 \Y
Vo Qutput voltage —1~7 \"
lo Output current 50 mA
Pd Power dissipation Ta=25C 1000 mw
Topr Operating temperature 0~70 °C
Tstg Storage 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 3 5.5 \
Vss Supply voltage 0 0 0 Vv
ViH High-level input 2.4 6.5 v
Vi Low-level input —1.0 0.8 v
Note 1: All voltage values are with respect to Vgg.
ELECTRICAL CHARACTERISTICS
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
VOH(R) High level output {(RAM port) loH(R) = —2mA 2.4 Vee 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 v
VouL(s) Low level output (Serial Ig port} loL(s)=4.2mA 0 0.4 A
toz Off-state output current Q Fioating 0<Vout<Vge —10 10 uA
I Input current 0<Vin<Vge —10 10 uhA
CAPACITANCE (Ta=25C, f=1MHz, Vi=25Vmrs)
Limits
Symbol Pin name Test conditions Unit
Min Typ Max
Cino RAS,CAS, WB/WE, S0, SE, DT/OE 8 pF
Cing Ag~ A7 Vi=Vss, f=1MHz, V,=25mVrms 8 pF
Co WI0p~WI03, Si0g~SI10; 10 pF
MITSUBISHI
ELECTRIC 3—9



MITSUBISHI LSIs

MSM4C264AL,])-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Voo =5V £10%, Vs5=0V, unless otherwise noted ) {Note 3}

Limits
Symbol Parameter | MSMACZE4 | MEMAC2ER [ MBMACZER | Ui
RAM port SAM port Max Max Max
loct Random R/W cycle RAS/CAS cycling, tpe = tae (min} Standby (SC=V|) 60 50 40 mA
loc2 Standby RAS = V), CAS = Vi, Doyt = Hi-Z (sc=v» s 5 5 mA
tooa RAS only refresh cycle RAS = cycling, CAS =V, tpe = min (sc=v\» 60 50 40 mA
lcca Page mode cycie RAS = V|, CAS = cycling, tpg = min (sC=V,) 50 40 30 mA
tcos TAS before RAS refresh tre = tre {min) (sc=v\» 60 50 40 mA
lcos Data transfer cycle tpe = tre (min) (sc=vy» 65 55 45 ‘mA
tcer Randam R/W cycle RAS/CAS cycling, tac = tpe (min) Active (t soc=min) 90 75 60 mA
fcos Standby RAS = V4, CAS = Vy, Dout = Hi-Z (t scc=min) 30 25 20 mA
lcce RAS only refresh cycle RAS = cycling, TAS = V., tpe = min| (tscc=min) 90 75 60 mA
1cc10 Page mode cycle RAS =V, CAS = cycling, tre = min (t scc=min) 80 65 50 mA
tocn CAS before RAS refresh tpe = tre Min (t scec=min) 90 75 60 mA
icciz Data transfer cycle tge = tre (min) (t scc=min) 95 80 65 mA
Note 3. I¢c is obtained with the output open.

4:

If Vig 2 Vee x 0.9 and V)L £0.6V.
Then Icee € 2.0 mA. {SE and SI0, ~ S10, must be stable in high or low level.)

SWITCH CHARACTERISTICS (Ta=0~70°C, Vgc=5V+£10%, Vss=0V, unless otherwise noted )

Limits
Symbol Parameter M5M4C264-8 | M5M4C264-10 | M5M4C264-12 Unit
Min Max Min Max Min Max
teoac Access time from CAS {Note 6, 7) 20 25 30 ns
trac Access time from RAS {Note 6, 8) 80 | 100 120 ns
toaa Column address access time {Note 6, 9} 40 50 60 ns
tera Access time from CAS precharge {Note 6, 10) 45 55 . 65 ns
toea Access time from OE {Note 6) 20 25 30 ns
toLz Output low impedance time from CAS low {Note 6) 5 5 5 ns
torFF 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 0 25 0 30 ns
tson Serial output hold time after SC high 5 S 5 ns
t so0 Delay time SE low to serial setup (Note 6-S) 0 0 0 ns
Note 5: 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.

Nnte that RAS may be cycled during the initial pause.
And any 8 RAS or RAS/CTAS cycles are required after prefonged periods of RAS inactivity before proper device operation is achieved.

. Measured with a load circuit equivalent to 2TTL loads and 100pF.

: Measured with a load circuit equivalent to 2TTL loads and 50pF .

: Assume that tRep(max) S tRCD and tRAD(max) 2 tRAD-

: Assume that trep < tRCDImax) aNd tRAD < tRAD(max)-

: Assume that trep — tRAD S tCAA(max) = tCACImax) 3nd tRED 2 TRCD(max)-

: Assume that tcp £ tcP(max) and TaSC 2 tASCImax)-

. tOFF(max). tsOZ(max) 3nd tOEZ(max) define the time at which the output achieves the high impedance state (llout| £10uA) and are not reference to

VoH(min) OF VOLimax)-

3—10

R



MITSUBISHI LSlis

MSM4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Read, Write, Refresh, Read/Write Transfer and Fast Page Cycles

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

tReF Refresh cycle time 4 4 4 ms
tre RAS high pulse width 70 80 90 ns
treo Delay time RAS low to CAS low (Note 14) | 25 60 25 75 25 ] ns
tere Delay time CAS high to RAS low {Note 15) 10 10 10 ns
tepn CAS high puise width ) {Note 16) 35 35 35 ns
traD Column address delay time from RAS {Note 17} 20 40 20 50 20 60 ns
tasr 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
t RAH Row address hold time after RAS 15 15 15 ns
toan Column address hold time after CAS low 20 20 20 ns
ty Transition time {Note 19) 3 35 3 35 3 35 ns
twas WB/WE setup time before RAS 0 0 0 ns
tweH WB/WE hold time after RAS 15 15 15 ns
toHs DT/OE setup time before RAS 0 0 0 ns
toHH DT/GE high hold time after RAS 15 15 15 ns
tws Write mask setup time before RAS 0 0 4] ns
twh Write mask hold time after RAS 15 15 15 ns

Note 12: The timing requirements are assumed tt = 5ns.
13: Vimin) and VL imax) are reference levels for measuring timing of input signals.
14 tpepimax) is specified as a reference point only.
If taep is less than tRep(max) . @CCess time is tRac-
If tacp is greater than tpcpimax). 3CCess time is defined as tcaa and tcaa as shown in notes 7, 9.
15: tcqp requirement is applicable for all RAS/CAS cycles.
16: tcpN{miny is sPecified as tepNimin) = tRCDImin) + tCRPImin) €xcept for tep of fast page mode cycle.
17: tRaDtmax) i5 sPecified as a reference point only.
if taaD 2 tRAD(max). aCcess time is assumed by tcaa for read cycle.
18: tascimax) is specified as a reference point only of address access time.
19: ty is measured between V)ymin) and VL{max)-

ELECTRIC 3—n
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Read and Refresh Cycles

Limits
Symbol Parameter M5M4C264-8 | M5M4C264-10 | M5M4 C264-12 Unit
Min Max Min Max Min Max
tre Read cycle time 160 190 220 ns
tRas RAS low pulse width 80 10000 100 10000 120 10000 ns
toas CAS low pulse width 20 10000 25 10000 30 10000 ns
tosH CAS hold time after RAS 80 100 120 ns
tRsH RAS hold time after CAS 20 25 30 ns
tros Read setup time before CAS 0 0 0 ns
tRoH Read hold time after CAS high {Note 20) 0 0 [} ns
t RRH Read hold time after RAS high (Note 20) 10 10 10 ns
tRAL Column address to RAS setup time 40 50 60 ns
trpC Precharge to CAS active time 0 0 0 ns
th(cLoe) | OE hold time after CAS low 20 25 30 ns
th(rLoe) | OE hold time after RAS low 80 100 120 ns
t DOEL Delay time data to OE low 0 0 0 ns
t oEHD Delay time OE high to data 15 20 25 ns
theoecH) | CAShold time after OF low 20 25 30 ns
th(CERH) RAS hold time after OE low 20 25 30 ns
Note 20: Either tgcH or trry 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
tcas CAS low pulse width 20 10000 25 10000 30 10000 ns
tosH CAS hold time after RAS 80 100 120 ns
tRsH RAS hold time after CAS 20 25 30 ns
twes Write setup time before CAS (Note 22) 0 0 0 ns
twen Write hold time after CAS 15 20 25 ns
towL CAS hold time after write 20 25 30 ns
tRwWL RAS hotd time after write 20 25 30 ns
twp Write puise width 15 20 25 ns
tpse Data setup time before CAS 0 0 [i] ns
tpsw Data setup time before write 0 0 0 ns
tDHC Data hold time after CAS 25 25 25 ns
tpHw Data hold time after write 25 25 25 ns
toeHD Delay time OF high to data 15 20 25 ns
th(woe) OE hold time after write 15 20 25 ns

3—12
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M5M4C264AL,])-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

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

tRwe Read write/read modify write cycle time {Note 21} 205 245 285 ns
tras RAS low puise width 125 10000 155 10000 185 10000 ns
toas CAS low pulse width 65 10000 80 10000 95 10000 ns
tesh CAS hold time after RAS 125 155 185 ns
tRsH RAS hold time after CAS 65 80 95 ns
tRes Read setup time before CAS 0 0 0 ns
towD Delay time. CAS to write {Note 22) 40 50 60 ns
tawD Delay time. RAS to write {Note22) | 100 125 150 ns
towe CAS hold time after write 20 25 30 ns
tRWL RAS hold time after write ' 20 25 30 ns
twp Write pulse width 15 20 25 ns
tosw Data setup time before write ' 0 ] 0 ns
t oHw Data hold time after write 15 20 25 ns
tAwWD Delay time address to write (Note 22) 60 5 90 ns
th(cLoe) | OF hold time after CAS 20 25 30 ns
th(rLoE) | OE hold time after RAS 80 100 120 ns
tpoeEL Delay time. Data to OE low 0 0 1} ns
toEHD Delay time. OE high to data 15 20 25 ns
th(woe) OE hold time after write low 15 20 25 ns

Note 21: trw is specified s trwcimin) = tRACImax) * tOEHDImin) * TRWL{min) * tRP(min) + 4tT.
22 twes. towD. tRwD @nd tawp are specified as reference points only.
If twes = twesiming the cycle is an early write cycle and the WIQ pins will remain high impedance throughout the entire cycle. if tewp 2 tewbimin).
tAWD = tRWDImin) and TAWD 2 tawDimin). the cycle is a read-modify-write cycle and the WIO will contain the data read from the selected address.
If neither of the above conditions is satistied, the condition of the WIO (at access time and until CAS or OE goes back to V) is 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
tec Read, write cycle time 50 60 70 ns
trRwePC Read, write/read modify write cycle time 100 115 135 ns
trAS RAS low pulse width for read write cycle 135 50000 160 50000 190 50000 ns
tcas CAS low pulse width for read cycle 20 10000 25 10000 30 10000 ns
tcp CAS high pulse width {Note 23) 10 20 10 25 15 30 ns
tRSH RAS hoid time after CAS 20 25 30 ns
Note 23: tcp(max) is specified as a reference point only. If tcpimax) < tcp. access time is assumed by tcac
CAS before RAS Refresh Cycle (Note 24)
Limits
Symbol Parameter M5M4C264-8 | M5M4C264-10 | M5M4C264-12 Unit
Min Max Min Max Min Max
tesn CAS setup time for CAS before RAS refresh 10 10 10 ns
teHm CAS hold time for CAS before RAS refresh 15 20 25 ns
trec Precharge to CAS active time 0 0 0 ns

Note 24: Eight of more CAS before RAS cycle is necessary for proper operation of CAS before RAS refresh mode.

AL
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M5M4C264AL,])-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

Normal Read/Write/Pseudo Write Transfer

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

twTs WB/WE high setup time before RAS 0 0 0 ns
twtH WB/WE high hold time after RAS 15 15 15 ns
toLs DT/OE setup time before RAS 0 ] 0 ns
tRDH DT/OE low hold time after RAS 15 15 15 ns
trsp Delay time RAS to SC 90 105 120 ns
tasD Delay time address to SC 55 60 65 ns
tosp Delay time CAS to SC 50 55 60 ns
t spH SC hold time after DT 10 10 10 ns
tbTSR DT high setup time before RAS high 0 0 0 ns
torw DT high pulse width 20 25 30 ns
tes SE setup time before RAS low 0 0 0 ns
ten 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
tsmrs SC setup time before RAS low 20 20 20 ns
tsoz 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) 50 50 60 ns

MITSUBISHI
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262144-BIT DUAL-PORT DYNAMIC RAM

Serial Input/Serial Output

Limits
Symbol Parameter M5M4C264-8 | M5M4C264-10 | M5M4C264-12 Unit
Min Max Min Max Min Max
tscem) SC clock cycle time {Serial Read) 30 35 40 ns
tsccw) SC clock cycle time (Serial Write) 30 35 40 ns
tscH 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
t soe SE low pulse width 25 30 35 ns
tsin Serial input data hold time after SC high 10 10 10 ns
tsis Serial input data setup time before SC high 0 0 0 ns
tswin SE disable hold time after SC high 15 20 20 ns
tswis SE disable 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
Symboi . Parameter M5M4C264-8 | M5M4C264-10 | M5M4AC264-12 Unit
Min Max Min Max Min Max

tROH DT hold time after RAS 70 80 90 ns
tcoH DT hold time after CAS 30 35 40 ns
t ADH DT hold time after address 35 40 45 ns
tsoo Delay time SC to DT 15 20 20 ns
tspH SC hold time after DT 10 10 10 ns
troTo DT hold time after RAS high 0 0 0 ns

ELECTRIC 3—15
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262144-BIT DUAL-PORT DYNAMIC RAM

TIMING DIAGRAMS
Normal Read Cycle

tRc
tosH
tras
\ A
RAS x( JZ tre
t crp t Reo tRsH
- - \ tcas
tran traL
tasr iiﬁ’ tasc| { tcan t asr
_ F Row [ column AR KX XXX XXX [ row
Ao A7 @t ADDRESS mr ADDRESS 4 .’.‘."‘.”"’.’.0‘.”"‘"”.‘. WLADDHESS X
tac t AcH
o F £ OC0OOOOOOOOO0
We/WE R oo | OGNS
th (ALOE)
th(cLoe)
p - TR XRTRIXTD
oo w tors | | 1o KRR SRR
th (OERH)

L poEL, toerp

e e Aohols
teac toez

towz tore
‘("QSTU;JT ) %m DATA VALID ->———

tcaa
. tRac
SE
SC
S10p~3 Senal input/output can be asynchronously performed.
{INPUT)
S10g-13
{OUTPUT)

MITSUBISHI
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262144-BIT DUAL-PORT DYNAMIC RAM

Normal Write Cycle (Early Write)

twe
tosn
LRas
3 X
RAS . \r 7 tre \
tere t Reo tasH
tcas
4 H b
CAsS @ topn K 1/
tasn tRaH tasc toan t ash
ROW COLUMN OO0 ROW
o RS WO o MR s X
twes | | twen __twos twon
e TR
K *L
tons | | tonn
v,
o T SRS
tosc toHe
NO MASK
Wi0p~3 ‘ i DATA VALID
{INPUT) g
MASK
tws | | twn
WI0g~3 HIGH-Z
(QUTPUT}
3E
sC
Si00~3 Serial input/output can be asynchronously performed.
{INPUT}
S100~3
{OUTPUT) P
* L = Write per bit operation (New mask)
MITSUBISHI
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262144-BIT DUAL-PORT DYNAMIC RAM

Normal Write Cycle (Delayed Write)

twe
tesn
t Ras
y 4 X
RAS Z
\L 4 trp \
terp tRcp tRsH
tcas
— H
\ /
teen *x A
tasr| [tRan tasc tcan t AsR
A A £ Rrow COLUMN ' Row
o 7 k ADDRESS ADDRESS y ADDRESS
I
twaes| {twen tRcs tawe
twe
v )
WE/WE N
* | b, X
tons | [toHn fowe
H
. ¥
DT/0E
th (woe)
. tws | twx tosw t DHW
NO MASK
e
{INPUT) 7 ‘A’A’A‘A‘A’A‘A A‘A’A‘A’A‘A‘A’A‘A’A‘A‘A‘A‘A‘A‘
MASK OEHD)
WIO0~3 HIGH-Z
(QUTPUT)
~
SE
SC
SI10g—~3 Senal input/output can be asynchronously performed.
(INPUT)
Si0g-~3
{QUTPUT)
P
* L = Write per bit operation (New mask}
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262144-BIT DUAL-PORT DYNAMIC RAM

Normal Read Modify Write Cycle

D)
P
l

Ag~ Ay

WIOg~3
{INPUT)

Wi0p~3
(OUTPUT)

SE
sc

S100~3
{INPUT)

S100~3
{OUTPUT)

tRwe
tesH
tRas
3 X
St 4 trp \
torp t RcD LrsH
tcas
J \ 14
tash | |1Ran tasc| [ team tAwL Lasr
ROW COLUMN ROW
ADDRESS k ADDRESS ADDRESS
tawo '
twes | |tweH tcwo
towr
AOOOROOOOOCOONNN0)
B X D s
tAcs
tows | | town
th(cLor
H
\\\\\ N 1Z thwoe)
th (RLOE;
tws [[ twH tcac toenn t.DS,:', t DHW
e [ oata XX
vaLio NOAXXXNXXINXX)
MAS toez
pe—>>
toea
A bpata X
)L vaup X
tRac

* L = Write per bit operation

Serial input/output can be asynchronously performed.
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262144-BIT DUAL-PORT DYNAMIC RAM

Fast Page Mode Read Cycle

FAST PAGE MODE

FAST PAGE MODE

READ CYCLE READ CYCLE READ CYCLE
tras
) trsH
RAS Z
{ X
w
taco
tep tcas tRaL
tcas " toas
[ \ f — \ [~
Cas / topn - \( ] k
lﬂ tran  tasc| [tcan tasc| |tcan tasc | [toan
| )
F' row COLUM OLUM N OLUMN
Ag~A1 DDRE \ADDRES DDRE ; DDRES!
1 A4
tres tacH trcs tRAH
N |
e
WB/WE
m tRcs th(oecy) %
tons | | tonn th(cLoE) } th(cLog)
J)
143
oT/o8 % % 88882 888 m
)
A
th(RLOE)
1
toemp | , [ | tpoEL toeHD
WiOg~3
{INPUT) "
toaa ¢
toac tcaa tcaa
toea tepa ,
WI0g—~3 _foata foata \ ) fDATA \
{OUTPUT) ; X VALID \VALID / « ‘VALID /
RAC
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Fast Page Mode Early Write Cycle with New Mask

Apg—~ Ay

WB/WE

WIOp~3
{INPUT}

Wi10g~3
(OUTPUT)

FAST PAGE MODE

FAST PAGE MODE

WRITE CYCLE WRITE CYCLE WRITE CYCLE
tras
S trsH /
K. 3

€

terr taco tcas ter toas

el

2 tcas

1 N \ N

tcen y z k
tasr| [tran  tasc| {tcaw tasc| [tcan tasc| |tcan

ROW oLUMNRAOOOOOO
O e

QOOOOCK)

oLUMNEAOO00000000
ooRESTARMSRAR)

HIGH-2

oLuMNEAOOOO00Y c
R S Y
1 | !
twas| {twen
twes tweH twes| | tweon twes| | twen
Wb{. ,3 R
f twe
i
tosc| | tome
OOOOO0000 QOO DATA
e RO VALID

Serial input/output can be asynchronously performed.
Write per bit operation mask is effective during the continuous page mode cycle.
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262144-BIT DUAL-PORT DYNAMIC RAM

Fast Page Mode Delayed Write Cycle with New Mask

X|
)4
[

|

O
P
ol

Ap~Ag

3
E
z

|

o
i
~
m
4

WIOg~3
{INPUT)

WI0p-~3
{OUTPUT)

FAST PAGE MODE

FAST PAGE MODE

WRITE CYCLE WRITE CYCLE WRITE CYCLE
tAsH
tras
N
3 A
W
teer taco , tcas tee toas
et
N tcas
% /! l\ z!‘r /
/ teen 7 K 7 y
tasr| [tran tasc
ROW co ! .0;0‘0;0;0;0;0;0‘; %
QDDRESS DORESSINXXXXXUXXA
towL
twes| |tweH taw
twp towL
N N
L K
tacs trcs tres twp
tons| [tomn th(woe) th (woe)
‘-] ‘\‘) i
QOO0
VOO
& ‘Q& PN
thwoe)
tws| [twn tDSV_I.J toHw
NO MASK
DATA
L VALID ]
MASK
HIGH-Z HIGH-Z HIGH-Z

NOT VALID

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

NOT VALID

NOT VALID

3—22
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262144-BIT DUAL-PORT DYNAMIC RAM

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

3|
B
[

O
o

3
g
R

o
=
m

WIOp-~3
{INPUT}

WIOp~3
{OUTPUT)

\L'\'

FAST PAGE
READ-MODIFY-WRITE-CYCLE READ-MODIFY WRITE-CYCLE FAST PAGE WRITE-CYCLE
tasK
tRras
tore tRcD tRwPC
tcas teas tcas
!\ l\\ El )&
tepn K ter I | X
I
tasr| |tran tasc| |tcan tasc| |toan tasc| |tcan towe

f ROW COLUMN
@DDRESS DDRESS

COLUMNY ’;0‘0;0;0‘0‘0";0;0‘ S

COLUMN
f«DDRES

! DORESSFNOOXIIAY
1
towL towl
twes| [twBH tggs | |!h(cLoe) e s  tRCs | {thicLoE)
twe ™ twp,
\ i X
3 tres | | thicLoe) tcaa
tcaa tcaa
tRac i tecac
cac e
_H X Loea N toea X tora |
il f N NN
4 -
toHs | {toHu . th(wog) L thwor) ' th(woe)
OEHD OEHD OEHD
tws| |twh

INO MASK

u

"MASK
togz ,_ loez
7 Y HIGH-Z / HIGH-Z
y ) -y
VALID DATA VALID DATA VALID DATA

Senial input/output can be asynchronously performed

Write per bit operation mask is effective during the continuous page mode cycle.
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262144-BIT DUAL-PORT DYNAMIC RAM

RAS only Refresh Cycle

D
>
€]

[¢]
b4
[

tre

tRas .
X L X
\ tre \\

tcrp trpg tcre

tash

~ o A XX X T T XYL XXXONS ow
I I s,
_— R R K X X LT Y XYY
WB/WE R RN
toHs | [ toHH
o H X‘V’V"""""’V""’V’V"’V"’V’v.""V’"""""V"."""V"""’V""""""’V.V '.'.v'v
o R R ey
wioos R T X XXX YTy
(neu) R KRNI
WiOp~3 HIGH-Z
{OUTPUT)
_ N
SE
SC
S10p~3 Senal input/output can be asynchronously performed.
(INPUT)
S100-~3
(OUTPUT) P
MITSUBISHI
-y ELECTRC



MITSUBISHI LSls

M5M4C264AL,)-8,-10,-12

262144-BIT DUAL-PORT DYNAMIC RAM

CAS before RAS Refresh Cycle

thg
tras \
_— p
AAS St o \'
trre toss
teosr toHR
CAsS \ ]
""""""V’"V‘V"‘V"’v""""""""".’.'"""""""""‘V’V‘V.V"’V"."""V’"""""""V"".""V".‘."""""""'."""'

oA KRR
- R R Y O DA X TR

B XXX
. 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’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’v’v.v‘v’v
PToE R ANXXXTRIRRRAXKKIRNN
WI00~13 0v’v‘v.v’v’v.v.v’v.v.v’vov’v’v‘v‘v’v‘v.v.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.v’v.v.v‘v’v
(weur AN 000000500 0000MIMNINS
WiGgp~3 HIGH-Z
(OUTPUT)
_ N
SE
SC
S10g~3 Serial input/output can be asynchronously performed.
{INPUT)
S10g~3
(OUTPUT) P
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262144-BIT DUAL-PORT DYNAMIC RAM

Hidden Refresh Cycle (Automatic Refresh)

READ CYCLE HIDDEN REFRESH
tras N ) tRas
‘ L4 )
RAS \‘ 2 thp ’NL [ tap \
terp trcD
™ tasH toum
4 y
CAS w tepn \[ n /
tRaD b
tasn| {tran  tasc||tecan tasr| |tRan
a—
\3 ik
ROW COLUMN ) ROW
Ao~ A7 ADDRESS JADDRES! . DDRE
tRRH )
traL
S ¥ (tros Y00O000OOOCOOXOON XXX XX
B/WE X
" R R G R R
tous | |ToHH
th(oeRm)
A i
T/OE
)
tpogL N
loea
t t OEHD
CAA
WI0p~3 QOOCONOOOCK 3 4
e R !
torF
touz
h)
W10g~3 o
{OUTPUT) N
(Y
Serial input/output can be asynchronously performed.
MITSUBISHI
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262144-BIT DUAL-PORT DYNAMIC RAM

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

tRo
tosH
tras -
. |
RAS \r y e \
terp treo tasH
J tcas
CAs W‘ tepn \
tasr | [tran tasc tcan tasn
A ROW £ saM TaP ,‘0;0;0;0'0'0;0‘0'0;0;0;0;0;0'0;0 ROW
v ADDRESS L ooness  AOOXOOOEOAN0 ADDRESS
twrs | |[twTH
we
toLs 1 ROH tpTsR
wee N R
(INPUT)
taso
WI00-3 HIGH-Z
(OUTFUT) toso
trsp
tsea
< RN XXXIAXXXXXX) m
SE .0’0‘0’0.0.0‘0’0‘0.0.0‘0’0.0.0’0’0'0.0.0‘0.0.0.0
tsas Isor tson ':S_E’z\
tspH ~
y A
& oo JAMMINNY /AN
tsca
tsis tsiH tszr
S100~3 yﬁ X \
(INPUT) '
- DATA
G }—
MITSUBISHI
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Real-Time Read Transfer Cycle {To Active Register; Serial Port Active)

tre
tesk
tras
N 4 p

RAS \( jZ te \

tcrp tRcD tAsH

Lcas
\
\

tasm tRaH | tasc tcan tasa

Ag—h F Row SAM TAP ( Row
0~ | ADDRESS | ADDRESS ADDRESS

N ] CRIOOOOOOO XXX XXX X QOOOXXXXYXAIO0
B/WE AR RN
toLs tROH torskr
TcoH
bT/6E 5( ;z totw
tADH
Wi0p -3 OOOOOCOOOOONX XXX XX XKXXKONXAXKX)
WI00-3 HIGH-Z
(OUTPUT)
tsco tsop tsoH
SE
tsom tscu
1 n NEW
< _ N BT\
tsca
S100-~3
(puT! tsca tsou tsom
—
(SO'SgP‘JT) DATA VALID ;ééééééé; DATA VALID W&Sggggg% DATA VALID
oLD oLD oLD NEW
n-2 n-1 n
MITSUBISHI
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Pseudo Write Transfer Cycle (Serial Port Active) Serial Write Setup

3
b
[

O
b-d
4]

Ag~ A7

]
o
B

o
—
~
2
m

WI00~3
(INPUT)

WI100~3
(OUTPUT)

SC

S10¢~3
(INPUT)

S10¢~3
(OUTPUT)

twe
tesh
tras
p
\ Z trp \
tCRP tRCD tRSH
tcas
H
@ fop \ J/
© (tasa| [tran  tasc tcan tasr
ROW ‘W COLUMN Y SAM TAP X
ADDRESS ) L ADDRESS ADDRESS
|
twrs| [twTh ‘
L R
toLs tRDH toTSR
/R 1 OOOOOOOOON
L LTI o DR
OOOOOOOOOOOCOOOVOOOCOOOOOXX
O oottt
tRsp
HIGH-Z
teso
rﬁf,. (E“) taso
tsms tsot : tscc .
SDH ‘ . Toor }
_/ X Z tson q& 7
tsez tsop tsig | Lo
Jm DATA ) DATA
\ VALID VALID
tspz
f DATA X HIGH-Z
vALD

Note: When SE is ""H"’ level, the serial input data are not written into the Data Register, but the serial data selector works.
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Write Transfer Cycle (Serial Port = Write Cycle)

twe
tosH
tras
\ X
&S \ i? . \
torp treo tRsH
tcas
J— b
CAS w foon \: ) /
tasr | |TRaH tasm
ow FRTITIR TR RRaeeeeey row
Ao~Ar ADDRESS ADDRESS OO0 | ADDRESS
twrs| [twTh ‘_tAS"lc < foan ']
We/WE MA L
toLs | | troH ) torse
o KX RXXTXN)
PT/oe m T, o | RO
W!i0o-~3 OOOOOOOOVOOOOOOAXXXKXXXX X0
eu) LR AN ANl AUl
tasp
Wi0g~3 HIGH-Z
(OUTPUT) toso
tes tew tasD o,
_ a1 SDH |
SE . ]
tscc .
— tscL \ | tscL
o AN Ve N
tsis tsin
~ HOOOOOOOOOOOROOOOOOOOOOCON XX paTa  JAXXXXXX) DATA
o X oan KRR ars KRR oale
S100-3 HIGH-Z
{OUTPUT)
* MITSUBISHI
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Serial Read Cycle

tsop tsoe
s \ '

SE N

X 7

tscc
- ' '
SC
\ / N / \
tscH tsoL
tsze tsea tsoa
S100~3 N
(INPUT) y
tsez ts00 tson tsez

S109~3 ouTPUT 1‘ ouTPUT oUTPUT
({OUTPUT) DATA ‘ DATA DATA .
—]
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Serial Write Cycle (SC Toggling, SE = L)

SE Z
tsco tswH
tsws tsoL
— 4 A
5¢ [ tscH \; Z \
tsis| | tain tsis) |tsiH
$100~3 v.v‘v‘v.v.v‘v.v‘v’v’v’ {—_—!INP T / v’v’v.v’v.v’v.v.v.v \\ ' (Y v.'0'Qv’v""."vow'0"""'.""' XXX XXX
(NPUT) SORASLON, oata JREOANAIOA  oara IO
S100-13 HIGH-Z
{OUTPUT)
Serial Write Cycle (SE control)
tswh
— \ ¥
St Z tsop \ /
tswis tswik tsws
o N A
tsis| |tsin tsis| | ts tsis| |t
S10p~ OOOOOONE — iNpUT IGNORED JAXAXY INPUT - OO0/ INGORED
e B 1, e X omn MK " X
S10p~3 HIGH-Z
(OUTPUT)
* MITSUBISHI
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