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M5M4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

MITSUBISHI LSis

DESCRIPTION

The Mitsubishi M5M4C264L 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.
The use of N-well CMOS Process combined with silicide
technology and a single transistor dynamic storage cell
provide high circuit density and low power dissipation.

The Serial Read/Write Port is connected to an internal 1024
bit Data Register through a 256 x 4 Serial Input/Output
Control and is serially read out or written in with a clock
rate of up to 25MHz.

All reads and writes are done relative to the RAM Array,
thus Data transfer from-the RAM array to the Data Register
is referred to as Read Transfer, while Data Transfer from
the Data Register to the RAM array is referred to as Write
Transfer.

FEATURES

Random Serial
Read/Write|Read/Write]
Vce Supply|Vee Suppiy]

Current | Current

RAS | Random Serial
Type name Access |Read/Write|Read/Write|
Time |Cycle Time|Cycle Time|

M5M4C264L-10 |100ns| 200ns 35ns 70mA 45mA

M5M4C264L-12 |120ns| 220ns 40ns 60mA 40mA

M5M4C264L-15 |150ns| 260ns 60ns 50mA 30mA

® Dual Port Architecture
RAM Port: 64K word x 4 bit

Access Time ... ............ 100ns (MAX)
Serial Read/Write Port: 256 word x 4 bit
CycleTime ................. 35ns (MAX)

® Bidirectional Data Transfer function between the RAM
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array and the Data Register.

® Fully Asynchronous Dual Port Accessability (except
during the Data Transfer Period.)

® Addressable Start of Serial Read/Write (Pointer Control
Function)

® Write per Bit Function.

® Real Time Data Transfer from the RAM Array to the
Data Register. -

® Page Mode, Hidden Refresh and CAS before RAS
Refresh.

® 256 cycles/4ms Refresh.

® Fully TTL Compatible.
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MITSUBISHI LSlis

M5M4C264L-10,-12, -15

262144-BIT DUAL-PORT DYNAMIC RAM

® Qutline 24 Pin ZIP
® N-well CMOS Process & Low Power dissipation
RAM & SAM Active (-10/-12/-15)
.......... 115/100/80mA max
RAM & SAM Standby (-10/-12/-15)
et eeeereaee...5/5/5mA max

APPLICATION
Display equipment for personal computer/work station,
Frame memory for digital TV/VTR, Videotex, Teletext,

Video printer, High Speed data transmission systems.

PIN DESCRIPTION

Pin Name Function
AAS ROW ADDRESS It is used as a clock which latches the row address {A0-A7) and selects the word line. It also selects the write-
STROBE INPUT per-bit, the data transfer and the CAS-before-RAS refresh mode.
GAS COLUMN ADDRESS It is used as a clock which jatches the column address {AB-A15} and reads or writes the selected words. In the
STROBE INPUT data transfer cycle, it becomes the SAM start address. :
The M5MAC264L is an address multiplex method for inputting the row addresses and column addresses sepa-
i . Th i latched hy
Ag—A7 ADDRESS INPUT rately, in orde‘r to select one word from the 64K wctrd memory callf The various addresses are latc 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 x::;EPEENRAZ'Jé When the WB/WE level in the RAS clock falling edge is “'L", the write-per-bit or write transfer cycle is selected,
INPUT and when it is "H", 3 4 bit write 1o the TAM or a read transfer cycie from the RAM is selected.
— = DAI: I’R:::i';ELRE In the RAM read cycle, it makes the data output into enable. Also, when the DT/OF level in the RAS clock
T/0E ?NL:’U‘IP falling edge is *’L", the data transfer cycle is selected, and when itis “H", the read/write cycle is selected.
Wo~ W WRITE-PER-BIT These are the data input/output pins to the RAM. During the write-per-bit cycie in the RAS clock failing edge,
o 3/ SELECTION INPUT/ the ""H* pin is enable and the selected bit-only-write is performed. Also, in the write cycle, the data in the late
109~103 DATA INPUT/OUTPUT falling edge, whether it is CAS or WE, is latched.
sc SERIAL CONTROL The serial access is started from the SC clock rising edge. In the serisi read cycie the output data is held until
INPUT the next clock rise. Also in the serial write cycle, the data is latched at the SC clock rising edge.
SERIAL INPUT/ . . .
S10p—~ S103 OuUTPUT 256 x 4 word serial data input/output pins.
SE SERIAL This makes serial input/output into enable. In the RAS clock falling edge, when SE is “H", itisa pseudo trans-
ENABLE INPUT fer, and when it is L. 1t is a write transfer.

NB: SAM: Serial Access Memory

This Materi al

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 page mode when
the CAS clock is activated, and then the column datas in
one row can be read/written continually.

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

2. Random Write Cycle o
Data is written in when WB/WE is a “/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 late 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.
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M5M4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

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.

e DT/OE signal can be used to select RAM or SAM in-
dependent 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 bétween 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 1/0O 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 is specified the read
{write) start address of SAM after transfer.

Memory Refresh Operation
The M5MA4C264 consists of dynamic RAMs memory cells
so a refresh operation is required every 4m seconds.

The refresh operation consists of reading the data from
the memory, amplifying it in the sense amp and then
rewriting it. With the MBM4C264, 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 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 simul-

taneously.

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 incremented 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 pre-
vious cycle is held in the 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
onto 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)

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 decoded 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.
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262144-BIT DUAL-PORT DYNAMIC RAM

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.

Note 1: Write-Per-Bit Function
During the RAM operation, data is written to the spe-
cified 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/10 (Write = “H"’,
Write inhibit = “L") at this time. Actual writing is then
carried out by WE in the same manner as with the
conventional DRAM.

Note 2: Real-time Data Transfer
Read transfer (RAM - SAM) is executed with DT lead-
ing timing in transfer cycle. In the SC clock input before
this timing, the SAM contents before transfer are out-
put, 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 1/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 1I/O common terminals
are set to the input mode, but SAM to RAM data
transfer is not executed.
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M5M4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

MODE SELECTION

input pin state at RAS falling RAM SAM
DT/0E WB/WE SE w/10 0~3 Bit Mask SI00~3
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
Pseudo Write Transfer
L H X {No RAM contents will be changed) - Input mode
X: Not specified.
RAM Access Mode
RAM WRITE MODE WRITE-PER-BIT RAM READ MODE
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*1: Write 4bit data
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262144-BIT DUAL-PORT DYNAMIC RAM

Write-Per-Bit Operation
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262144-BIT DUAL-PORT DYNAMIC RAM

Serial Input Mode

PSEUDO WRITE
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —1~7 V
Vi Input voltage With respect to Vgg —1~7 \
Vo Qutput voitage —1—~17 v
io Qutput current 50 mA
Pd Power dissipation Ta=25C 1000 mw
Topr Operating temperature ' . 0~70 °C
Tstg Storage temperature —65~150 °C
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MSM4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max

Veo Supply voltage ‘ 4.5 5 5.5 \

Vss Supply voltage 0 0 o v
Viy High-level input voltage all inputs 2.4 Veo+1 v
ViL Low-level input voltage all inputs —1 0.8 \

Note 1:  All voltage values are with respect to Vss.
ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Voo=5V+10%, Vss=0V, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max

Vow (R) High-level output voltage { RAM Port) lon(R)=—2mA 2.4 Vee v
VoL (R) Low-levet output voltage (RAM Port) loL(R)=4.2mA 0 0.4 v
Vow (S) High-level output voltage {Serial 1/0 Port) loH(S)=-—2mA 2.4 Vee ]
VoL (S) Low-level output voltage (Serial 1/0 Port) loL(S)=4.2mA 0 0.4 v
loz Off-state output current Q floating OV =Vout<5.5V -10 10 1A
1 Input current OV=V|NSVgc Other input pins = 0V —10 10 uA

Note 2:  Current flowing into an IC is positive, out is negative
Limits
Parameter

Symbol 10| -12| -15 Unit

{Note 3) RAM Port Serial 1/0 Port Max | Max | Max
lecci(av) | Random R/W cycle (RAS/CAS cycling, tag=trc(min)) Standby (SC=V,_) 70 60 | 50 mA
ooz Standby (RAS=V)yy, Dout=Hiz) (Note 4} Standby (SC=V,_) (Note 4) 5 5 5 mA
lcca(av) | RASonly refresh cycle (RAS cycling, CAS =V, tac =tRc (min)) Standby (SC=V,_) 60| 50 | 40 mA
Icca(av) | Page mode cycle (RAS = vy, CAS cycling, tpg =tpc(min)) Standby (SC=V,_) 50 | 40 | 35 mA
Icos(av) | CAS before RAS refresh (CAS low as RAS falis, t gg = tpg(min)) Standby (SC=V,_) 60 | 50| 40 mA
lcce(av) | Data transfer cycle (DT low as RAS falls, t gg=1rc(min)) Standby (SC=V,_) 75 65 | 55 mA
'ce7(av) | Random R/W cycle (RAS/CAS cycling, t gg=tre (min)) Active (tggc=tgco(min.)) | 115 | 100 | 80 mA
Ices(av) | Standby (RAS =V, Dout=H,z(min)) Active (tgcoc=tgcc(min.)) | 45| 40 | 30 mA
Icca(av) | RAS only refresh cycle (RAS cycling, m=V|u, tre=tRrc(min)) Active (t gcc =t sco(min.)) | 105 9 ! 70 mA
tceroav) | Page mode cycle (RAS = V|, TAS cycling, trc=tRre(min)) Active (t goc =1t goc(min. )) 95 80 | 65 mA
lcc11(AV) | CAS before RAS refresh (CAS low as RAS falls, tRg =t ac(min)) Active (t goc =t scc(min.)) | 105 90 | 70 mA
Icc12(Av) | Data transfer cycle (DT low as RAS falls, tpc=tgac(min)) Active (t goc=tgec(min.)) | 120 | 105 | 85 mA

Note 3:  ICC (Av) is obtained with the output open. {AV) specifies average value.
4: MHViH2Veex09and Vi 0.8V, then Icc2 £ 1.5 mA. (CAS, SE and SIO, ~ $10, must be stable in high or low level.)
CAPACITANCE (Ta=25C, f=1MHz, Vi =25mVmrs)

Symbol Parameter Min Max Unit
Cino RAS, CAS, WB/WE, SC, SE, DT/0E 8 pF
Cing Ao~ Ay 5 pF
Cioo Wg/10g~ W3/103, SI0g~Si0O3 7 pF
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M5M4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

SW|TCHING CHARACTER|ST|CS (Ta=0~170C, Voc=5V £10%, Vss=0V, unless otherwise noted ) {Note 5)

Limits
Symbol Parameter Aerren®  [m5mac2e4-10 | M5M4c264-12 | M5M4C264-15 | Unic
Min Max Min Max Min Max

la(g) Access time from CAS (Note 6.8) | tcac 50 60 75 ns
ta(r) Access time from RAS (Note 6,91 | tmac 100 120 150 ns
ta(oe) Access time from OFE (Note 6) toea 30 35 40 ns
tdis(cH) | Output disable time after CAS high (Note 10) | toFF 0 25 0 30 0 40 ns
tdis(oE) | Output disable time atter OE high (Note 10) | toez 0 25 0 30 0 40 ns
ta(sc) Access time from SC high {Note 7) tsca 35 40 S0 ns
ta(se) Access time from SE low (Note 7) tsoa 30 35 50 ns
tdis(SE) | Output disable time after SE high {Note 10) | tsoz 0 25 i} 30 0 40 ns
th(scHp) | Serial output hold time after SC high {Note 7) tsoH 10 10 10 ns
tsoLp Delay time, SE low to serial setup {Note 7) t so0 5 5 5 ns

Note 5. An initial pause of 500us is required after power-up followed by any 8 BAS or AAS/CAS cycles before proper device operation is achieved

Note that RAS may be cycled during the initial pause.

And any 8 RAS or RAS/CAS cycles are required after prolonged periods {greater than 4ms) of RAS inactivity before proper device operation is achieved
Measured with a load circuit equivalent to 2T TL joads and 100pF

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

Assume that tg cL 2 tRLCL Max.

RN

Assume that ta cL < tpLcL max. When tricy is greater than tr cL Max. ta(g) will increase by the amount that tpi i exceeds taLcL Max.
tdis(cH) Max and tgis(og) mMax define the time at which the output achieves the high impedance state {louTS | +108A) } and are not reference to Von
min or VgL max.

TIMING REQUIREMENTS (For Read, Write, Read-Modify-Write, Refresh, and Page-Mode Cycles)

(Ta=0~70"C, Vcc=5V +10%, Vgs=0V, unless otherwise noted, See notes 1)

Limits
Symbol Parameter Ao | M5M4C264-10 | M5M4C264-12 | M5M4C264-15 | Unit
Min Max Min Max Min Max
tc(RF) Refresh cycle time tRerF 4 4 4 ms
tw(RR) RAS high pulse width trp 80 20 100 ns
tRLCL Delay time, RAS low to CAS low (Note 12) | tmco 25 50 25 60 30 75 ns
tcHRL Delay time, CAS high to RAS low {Note 13)| tcap 10 10 10 ns
tsu(rA) Row address setup time before RAS low tasr 1} 0 0 ns
tsu(ca) Column address setup time before CAS low tasc 0 0 0 ns
th(rA) Row address hold time after RAS low tRAH 15 15 20 ns
th(cLca) | Column address hold time after CAS low tcan 20 20 25 ns
th(RLCA) Column address hold time after RAS low taR 70 80 100 ns
ty Transition time (rise and fall) (Note 14) | tr 3 50 3 50 3 50 ns
| tsu(wpe) | Write per bit mode setup time before RAS low twes 0 0 0 ns
th(wprs) Write per bit mode hold time after RAS low tweH 20 20 25 ns
tsu(w) Write mask setup time before RAS low tws 0 0 0 ns
thw) Write mask hold time after RAS low twh 20 20 25 : ns
tsu(pTH) | DT high setup time before RAS low tons 0 0 0 ns
th(oTH) DT high hold time after RAS low L DHH 20 20 25 ns

Note 11: The timing requirements assume t1=5ns.
Vin min and Vi max are reference levels for measuring timing of input signals.
12 tpycL max is specified as a reference point only; When tricL is fess than tr L mMax, access time is ta(Ry. When tRLCL is greater than tgy ¢ Max. access time is
tRLCL + ta(c). tRLCL Min is specified as tRLCL Min. = th(Ra) * 2t1 +tsy(ca). _
13:  tcHRL requirement is only applicable for RAS/CAS cycles preceded by a CAS only cycle (i.e., For systems where CTAS has not been decoded with RAS).
14: ty is measured between Vi min and Vy max.
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MITSUBISHI LSIs

M5M4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

For Read and Refresh Cycles

Limits
Symbol Parameter Aeobn” [ M5M4C264-10 | M5M4C264-12 | M5MA4C284-15 Unit
Min Max Min Max Min Max
te(ra) Read cycle time tre 200 220 260 ns
tw(RL) RAS low pulse width tras 100 10000 | 120 10000 | 150 10000 ns
tw(cL) CAS low pulse width - tcas 50 10000 60 10000 75 10000 ns
Tw(cH) CAS high pulse width teen 25 25 30 ns
th(ARLcH) | CAS hold time after RAS low tesH 100 120 150 ns
th(cLRH) [ RAS hold time after CAS low LAsH 50 60 75 ns
tsu(rd) Read setup time before CAS fow tres 0 ) 0 ns
th(CHrd) Read hold time after CAS high {Note 15} | tpcH 0 0 0 ns
th(RHrd) Read hold time after RAS high (Note 15) | tmRh 20 20 20 ns
th(oecH) | CAS hold time after OE low - 25 30 40 ns
th(0ERH) | RAS hold time after OE low toes 25 30 40 ns
th(cLoe) | OF hold time after CAS low t con 50 60 75 ns
th(rLog) | OE hold time after RAS low - 100 120 150 ns
tpoEL Delay time, Data to OE low — 0 0 0 ns
toerD Defay time,OE high to Data toeo 25 35 40 ns
tRHCL Delay time, RAS high to CAS low trRPC ) [ 0 ns
tocL Delay time, Data to CAS low C tpze 0 0 0 ns
Note 156:  Either th(chrd) Of Th(RHrg) Must be satisfied for a read cycle.
For Write Cycles (Early Write and Delayed Write)
Limits
Symbol Parameter Aeormeor® | M5M4C264-10 | MSM4C264-12 | M5M4C264-15 Unit
Min Max Min Max Min Max

to(w) Write cycle time tre -| 200 220 260 ns
tw(RL) RAS tow pulse width thas 100 10000 | 120 10000 | 150 10000 ns
tw(cu) CAS low pulse width tcas 50 10000 60 10000 75 10000 ns
tw(CH) TAS high puise width tepn 25 25 30 ns
th(rLcH) | CAS hold time after RAS low tosH 100 120 150 ns
th (cLRR) RAS hotd time after CAS fow tRSH S0 60 75 ns
tsu(wer) Write setup time before CAS low (Note 16) twes o] 0 0 ns
th(cLw) Write hold time after CAS low tweH 35 35 ’ 45 ns
th(RLW) Write hold time after RAS low twdR 85 95 120 ns
th(wcH) TAS hold time after WE low towL 35 40 45 ns
th (wrRH) RAS hold time after WE low TawL 35 40 45 ns
twiw) Write pulse width twe 35 35 45 ns
tsu(D) Data setup time tos 0 0 Y ns
th(wLD) Data hold time after WE low ton 35 35 45 ns
th(cLp) Data hold time after CAS low ton 35 35 45 ns
th(RLD) Data hold time after RAS low t oHA 85 95 120 ns
toeHD Delay time, OE high to Data toen 35 35 40 ns
th (WOE) OF hold time after WE low tLoeH 30 30 40 ns

Note 16: When tg,(WCL) 2 tsu{WCL) Min, the cycle is an early write cycle and 1/O pins will remain high impedance through out the entire cycle.
When tcLwL = tCLWL Min, and tRLwL 2 tRLWL Min, the cycle is a read-write cycle, and the data of the selected address will be read out on /O
pins. For all conditions other than those described above, the condition of data outputs (at access time and until CAS or DT/GE goes back to VIR
is not defined.
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MITSUBISHI LSIs

M5M4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

For Read-Modify-Write Cycles

Limits
Symbol Parameter Mmoot [ M5M4C264-10 | M5M4C264-12 | M5M4C264-15 | Unit
Min Max Min Max Min Max
te(row) Read modify write cycle time {Note 17} | tmRwc 270 295 345 ns
tw(RL) RAS low pulse width tras 170 10000 195 10000 235 10000 ns
tw(cL) TAS tow pulse width tcas 120 10000 135 10000 160 10000 ns
th(ALGH) | CAS hold time after RAS low tesH 170 195 235 ns
th(cLRH) | RAS hold time after CAS low tRsH 120 135 160 ns
tw(cH) CAS high pulse width tepn 25 25 30 ns
tsu(ra) Read setup time before TAS low Lres 0 0 0 ns
touwe Delay time, CAS low to WE low {Note 16) | towp 80 90 110 ns
tRLWL Detay time, RAS low to WE low (Note 16} | tRwoD 130 150 185 ns
th (WCH) CAS hold time after WE low towL 35 40 45 ns
th(waH) RAS hold time after WE low | tRwL 35 40 a5 .
tw(w) Write pulse width twe 35 35 45 ns
tsu(D) Data setup time tos 0 ¢} 0 ns
th(wLD) Data hold time after WE low ton 35 3s 45 ns
th(cLoe) | OE hold time after CAS low tcon 50 60 75 ns
th(RLOE) | OE hoid time after RAS low = 100 120 150 ) ns
t DoEL Delay time, Data to OE low — 0 0 [t} ns
t 0EHD Delay time, OE high to Data Loep 35 35 40 ns
Note 17:  tg(rgw) is specified as 1o (rgw)'MiN = ta(R) Max + tOEHD MIN + th (wRH) min + tw (RH) Min +4 ty. '
For Page-Mode Cycle inote 18)
Limits
Symbol Parameter Aernatve | M5M4GC264-10 | MSMAC264-12 | M5M4C264-15 | Unit
Min Max Min Max Min Max
to(Prd) Read cycle time tec 100 120 145 ns
te(pw) Write cycle time tpe 100 120 145 ns
tw(RL) RAS low pulse width {Note 19) | tgas 200 30000 240 30000 295 30000 ns
te(Praw) Read modify write cycle time trwe 170 . 195 250 ns
tw(AL) RAS low pulse width (Note 20} | tpas 340 30000 390 30000 505 30000 ns
tw(ch) TAS high pulse width top | 40 50 60 ns
Note 18 Al previously specified timing requirements and switching characteristics are applicable to their respective page mode timing.

19 Specified for read or write cycle.
20  Specified for read-modify-write cycle.

For CAS before RAS Refresh Cycle (Now 21)

Limits
Alternative
Symbol Parameter Svmbo) | M5M4C264-10 | M5M4C264-12 | MSM4C264-15 Unit
Min Max Min Max Min Max

tsuRr(cR) CTAS setup time for auto refresh tcsh 10 10 10 ns
thr(RC) CAS hold time for auto retresh tcHR 20 25 30 ns
td R (RO) Precharge to CAS active time tRpc 0 0 0 ns
Note 21: Eight or more CAS before RAS cycles is necessary for proper operation of CAS before RAS refresh mode.
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MITSUBISHI LSIs

MSM4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

For Read/Write/Pseudo Write Transfer and Serial Read/Write Cycle

Limits
Symbol Parameter Aoernat® | M5MA4C264-10 | M5MAC264-12 | M5MAC264-15 | Unit
Y Min Max Min Max Min Max
tc (ra) Read cycle time tre 200 220 260 ns
toow) Write cycle time tac 200 220 260 ns
tc(so) SC clock cycle time tsce 35 50000 40 50000 60 50000 ns
twrw RAS low pulse width tRAs 100 10000 120 10000 150 10000 ns
twicn TAS low pulse width tcas 50 10000 60 | 10000 75 | 10000 ns
tw (RH) RAS high pulse width tre 80 90 100 ns
tw(ch CAS high pulse width tcpn 25 25 30 ns
twiscL) | SClow pulse width tscL 10 10 20 ns
tw(sch) SC high pulse width tscH 10 10 20 ns
tw(sey) | SE low pulse width Lsoe 10 10 20 ns
tw(serw) | SE high puise width tsop 10 10 20 ns
th(rLcH) | CAS hold time after RAS low teosH 100 120 150 ns
th(cLrH) | RAS hold time after CAS low tRsH 50 60 75 ns
th(rLcA) | Column address hoid time after RAS low tar 70 80 100 ns
teHRL Delay time, CAS high to RAS low {Note 13} | Icre 10 10 10 ns
trLCL Delay time, RAS low to CAS low {Note 12) | tmep 25 50 25 60 30 75 ns
tsu(ra) Row address setup time before RAS low tasr 0 0 0 ns
th (ra) Row address hold time after RAS low tRAH 15 15 20 ns
tsu(ca) Column address setup time before CAS low tasc 0 0 0 ns
th(cLca) | Column address hold time after CAS low toaH 20 20 25 ns
tsu(we) | WE setup time before RAS low twrs 0 0 0 ns
th(we) WE hold time after RAS low TwTh 20 20 25 ns
tsu(omn DT setup time before RAS low toLs 0 0 0 ns
thoom DT hold time after RAS low T ADH 80 90 130 ns
th(cLoT) | DT low hoid time after CAS low L con 30 40 55 ns
tsu(ptRH)| DT high setup time before RAS high toTm 10 10 10 ns
th(pTRH) | DT high hold time after RAS high toth 20 20 25 ns
tsu(pTcH)| DT high setup time before CAS high tore 10 10 - 10 ns
tsu(se) SE setup time before RAS low tgs 0 0 0 ns
th(se) SE hold time after RAS low Len 15 15 20 ns
Isu(scoT)[ SC tow set up time before DT high — 10 10 10 ns
th(pTtsc)| SC high hold time after DT high — 80 90 100 ns
th(scot) | SCiow hold time after DT high t som 10 10 20 ns
tsu(spy Serial input data setup time before SC high tsis 0 0 0 ns
th(so) Serial input data hold time after SC high tsin 10 10 15 ns
UsHoH Delay time, SC high to DT high tsoo 20 20 25 ns
Tsu(SCRL) SC setup time before RAS low tsrs 20 20 30 ns
tsu(sen) | SE disable setup time before SC high tswis 10 10 15 . ns
th (sen) SE disable hold time after SC high tswin 20 20 30 " ns
tsu(seL) | SE enable setup time before SC high tsws 10 10 15 ns
th(seL) SE enable hold time after SC high tswH 20 20 30 ns
tooTH Delay time, Data to DT high tszs 0 0 0 ns
toTHD Delay time, DT high to Data et 20 20 30 ns
MITSUBISHI
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MITSUBISHI LSis

M5M4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

TIMING DIAGRAMS Note 22)

Read Cycle
to(ray
th(RLCH)
tw(RL)
th(rLCA)
— Vin— N
RAS v \ ,? 3
t cHRL thcLRH) tw(RH)
tacL twcy
CAs \\I/IH twicH b )
w K
tsu(Aa) tsu(ca) tsu(ra)
th(na thcLca)
Ao~ Aq Vin [ row COLUMN v ROW
ViL ADDRESS ADDRESS | ADDRESS
tsucea es—s=] th (CHr a)
th (RHca)
WB/WE Vin—X) (X 4 OOOIOORADORKR
8/WE OO OO 0.0 0.09% 0 4 QOO0
SV 00000, SRCKGAIEXOAK

Wi/I0j Vin — 'Q'Q'O'O'O".'.V‘V" '0'0'00'060.'060"‘ . OXXXXRID
aveuts) v, SEOGKXAEOOGXNKKK R
tao
ta(R) L"gl_s‘ (CH)
Wi/I0i Vou— o 1‘ N\
(OUTPUTS)  yo — honz 1 DATA VALID
tsu(TH) tpoeL,  ta(oE) tdis (oE)

o]
th (oeRM) t 0EHD
thoech

th(pTH)

o Vin— rév’.v.'.p' 9".'."'0‘0‘0'0'0'"'0'.'0'0'0"" ""V.V’V.
O LW 00 SRR XXX
th(cLoe)
th(rLOE)

ote X '."V '0"'." "'. i 't care input.
Note 22 202.:"...‘?020:.:.:.‘.. Indicates the don‘t ca put.
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MITSUBISHI LSis

MSM4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

Write Cycle (Early Write)

to(w)
th(ALcH)
tw(RL)
th(aLca)
— ViH— ! A
RAS VII L— \k 1? \__—
tcHARL th(cLaH) tw(AH)
taLoL tw (cv
J— Vin— tw(cH
GBI N .
tsu(Ra) tsu(ca) lec— tsu (RA)
th(ra th(cLca)
Viw — ' N R TIRRK K
ooness IRRRERRRUKRA,_x55hes
tsu(wre) tsu(wey) | thcLw) ,
th (wes tw (W)
v OOOOOOOOOX XX XXAXXXXXX XXX XX XXX XXX
WB/WE - N e o oottt o
tsuw) thrLw) v
thewy  tsu(o) thcLo)
Wi/I0i Vin— ; ""."""'."Q"""~’v’v’v‘v.v’v.v’v’v’v’v’v’v’v‘v.v’v‘V’V‘V’V‘Vov‘
wpo L-@i paTa VAL KX RN
th(rLD) -
i/10i Von— "
Z:)é ‘T(ZUTS ) vg L—- Hanz
tsuTH
thoTH
L Vin— \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.' VA
R R
* .MITSUBISHI .
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MITSUBISHI LSis

M5M4C2641.-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

Write Cycle (Delayed Write)

tow)
th(rLCH) .,
tw(ny) ’
—— th(rLca)
_ ViH - > v .
RAS Vie— \ ” I \
tenaL thcLrry tw(AH)
taLcL twicy ) i
CAS Vin— J twch) ) /
ViL—, 4 . y
tsura)_ tsu(ca) y
th(Ra) th(cLca) th (whRH) tsu(ra)
Ao~ A Vin - ROW COLUMN ) F' Row . .
e Vi - ADDRESS ADDRESS v (/X ADDRESS
tsu(wpe) ' th(werH) |
th(wes) thicLw)
tw(w)
o Vin ~ F NOOOOCCKRRRXRAARILRARRN [——{  fererercrs AAXXAX \/ .'—9'93""'."'.
WB/WE _@Q‘ RGN
tsucw) th (RLw)
thw tsu () th (wLD)
Wi/l0i Vin —m: = DATA k
(INPUTS) Vi — VALID
- WIi/I0i Von= ‘ J High-Z
(OUTPUTS) VoL -
tsu(oTH)
=t 4 th (woe)
O7/6E Vim= - \NSOROOOOO000 . '
B7/0E GOVOOO000
ViL-, “’.’.".“C“"""Q“.“?.?‘A‘A‘A’A’A‘A‘A‘A‘A’
thoTH)
—t
x MITSUBISHI
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MITSUBISHI LSIs

MS5SM4C264L-10,-12,-15

262 144-BIT DUAL-PORT DYNAMIC RAM

Read-Modify-Write Cycles

teraw)
th (RLCH)
tw(RL)
th(rLca)
_— ViH — p
AAS “ \ | ) \
tcHRL th (CLAH) tw(RH)
taLcL twcu) '
— ViH— tw
R e 14
tsu(ra) , | tsu(ca)
th(cLca) tsu(ra)
ViH \ lvvvvvvvvvvvvvvvvv’v Yy
SO, G B IRXRRRARR AR 205w
tsu(wprB) I tAiwe th (WRH)
th(wprB),  tsu(q) J toLwL th (wCH)
— tw(w)
Vi F r Ty ENOOKXXKRARIAK
e @g N ARORXERIKIE
tSLl
’éll; thw) tsu @ | th (wLD)
S wi/ioi . Vim— 7 . TN,
(NN | 3@_ RRERERRRRRRRNN
a()
ta(r)
Loarly
oL—
tsu(OTH t ta(og) — tdis (0E)
DOEL
thoTH j th(cLoE) toEHD

o Vin— f
DT/0E
/ ViL— ‘k w
th(ALOE)
|
\
|
|
|
| x MITSUBISHI
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MITSUBISHI LSis

MSM4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

Page-Mode Read Cycle

tw(ry)
th (RLCH)
t
s Vi h(RLCA) _i h
RAS . / \
¥
terAL te(Pra) ’ thcLaH) tw(AH)
tricL twecy ) tw(cw)
°© :
—_ Vi ~ r N " T
cas V:— twer \ l tw(cH) \ ] , R
tsu(ca) tsucca) tsucca '_’:("“’
tsu(ra) th(ray thcLca) th(crLea) thcLca)
Ao~ Ay ViH — ROW ¥ coLumn COLUMN COLUMN 3 Fvow
ViL — DDRESS, ADDRESS ADDRESS . . ADDRESS ADDRESS
tsu(ea) ta—tsu(ra) } tsu(ra) I-L‘ th (RHra)
th(crra) T thcwra) } =th (chra)
—_— Vi -
WB/WE
N T
Wi/I0i Viy — .
(INPUTS) v, - High-Z 1 ), J
tacc) ta(c) " taco) '
ta(r) taisccry | tdis (cH) ! tdis (cr
e ey e
Wi/I0i  VoH- High 2 4 oatA : d oata { o~
(OUTPUTS) Vo — 9 VALID | K VALID , N VALID
ta(og) tooey ,ta(oe) tooEL t.
tsuoTH) thomy | POEL tdis (oe) t—:'d'swﬁ) a:‘oe) tdis (o)
l t togrp toenp soenty
v h(OECH) - th (oecH) thoecH) OEHD
R VA
DOT/0E
/ ViL- 3
! h(CLOE)
th(aLog)
MITSUBISHI
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MITSUBISHI LSIs

- M5M4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

Page-Mode Write Cycle
tw(RL)
th(RLCH)
th(rLCA]
Ve (RLCA) - ’
& \ g
s Vi { e
3y
tchAL te (pw th(CLRH) tw (RH)
tRicL twicw twicw : tw(cy |
ViH - g : —
(TS tw(CH) ? \
Vie— twicH) y 4
tsuica) tsucca) tsu(ca) tsu(ra)
a4
tsu(Ra) th(aa) thicLca) thicLca) thecLca)
Ag~A; V- ROW ' coLumn - coLumn ) coLumn ROW
Vi - DDRES! ADDRESS . ADDRESS ADDRESS DDRESS
tou we th (cLw) ' thctw) <thiCLw .
&)1 |thwee) Th(wCH) ThweH) th (woH
v tw(w) L twiw) tw(w)
wB/WE """ ’
/WE ViL-
tsuw| | th (RLW) o ‘ tn(wnH)l
thaw) * tsu (o thwio  tsu (@ th (wLo
Wi/I0i  Vin- DATA
ONPUTS) v, - VALID
‘ th (RLD)
_ wizioi Yom- l High-Z
{OUTPUTS) VoL — o
tsu(TH) thwoe) toemp th (WOE)
pet—ay
. ViH-
DT/0E V'"
-
th oTH
)‘mrsumsm
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MITSUBISHI LSIs

M5M4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

RAS-Only Refresh Cycle

RAS

Ag— A7

Wi/10i
{INPUTS)

Wi/10i
(OUTPUTS)

o
N
ml
m

toga
tw(AL)
vin— N ?V '\
ViL— ) \
tw(RH)
tcHAL tancL temaL
Vie—
th(ra) :
tsu(ra) tsu(Ra)
Vi =) 4 . (XXX v’v’vv’v’v’v \/ "Q"""v‘v YANAXNAL
V'L—M: o rooness IR CRRKRSKXIGRRR, o oomes
ViH —
Vi~

Vin R K XXX XXX R KK R R R R R KN
KRR KRR AR

Von—

VoL = High-Z

tsu(oTH) th@TH) tsuTh)| thoTH)
Vik - F K OOOOOOOOOOOOOOOO
v RN
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MITSUBISHI LSIs

M5M4C264L-10,-12, -15

262144-BIT DUAL-PORT DYNAMIC RAM

Hidden Refresh Cycle

READ CYCLE HIDDEN REFRESH CYCLE
to(rd) tc(rd)
twerL) tw(mL) tw(RL)
—= Vin-_ X ﬁ%ﬁ
RAS ViL— \ ,Z tw(rH) tw(RH) L
tomal th(cLrRH)
tRLcL
- Vin— —
CAS twioH) 12
ViL— (\(\
tsu(an tsucca |
th(cLca) tsu(ra)
_‘ th (Ra) 1
_ ViH— ROW COLUMN oW
Ao~ A7 Vi fq\ggs ADORESS ADDRESS
Is“fzq th(RHra)
e - SRR
Vip— :(
wizioi ViH— High-Z 2
(UNPUTS) v, — A «
t
20) tdis (cH)
ta R
] 2
wi/10i VoH— High-Z 2
(OUTPUTS) Vo DATA VALID“ —
\ tdis (oE)
toEHD
o AR
e !
CAS before RAS Refresh Cycle
te(rd)
t
RAS ViH— wi(AL)
ViL— / tw(RH)
tda(rc) tsuR(cr) tha(re)
p VAV AV VAVAVAVAVAVAVAVAVAVAVAVAVAVAY. v/
sas VM (XXXXXXXX XXX
s o S RSB RS
tt tw (CH)
Vin—
Ag—~A
0~ A7 ViL—
wizioi  VoH— tioh-2
(OUTPU\T/?,z— tsu(oTH) thoth)
DT/0E M XX
Of - QUAXXIXXXXXOOOOOOO0
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MITSUBISHI LSIs

MS5M4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

Read Transfer Cycle (B-port standby) Serial Read Setup (RAM — SAM)

s \ 7 N\
My

GAs V:L t twicH) t P4 :

SU(RA) o su.; ;c(;)LCA) Su(RA)
Ao~ A7 V'Hm ROW ° COLUMN ROW

tsu(we), [h(wE') I thecLop tsu(l:n'm-c)

Vil — r- i

e TR mw“vv.vvwe.uwww R

tsu(om thon ISU(D',TCHL!
B5T/GE :'“: Z l b

ta(se)
B s i AR
W(SICH)
RN == N,
ta(so) l“ﬂs_»_(ss)
sioi Vou- ”
(OUTPUTS) v, _ gh-2 DATA VALID
D -
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M5M4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

Read Transfer Cycle (B-port Active) Serial Read Setup (RAM — SAM)

Lo
th(RLCH)
tw (R
th(rLCA)
J— Vin— - )
RAS \ ?
Vi — 9 _7
t cHAL th(CLRH) tw(RH)
tRLcL tw(cu)
GAS ““:888%} twich) N
ViL K. 7
tsu(Ra) . Tsu(ca) tsurm
th(ra) thiciea
v . | X 000' "00"
Ao~ A7 " ROW COLUMN ,‘....0’ 0" " ". ’: Jow
ADDRESS ADDRESS ..00 XAOONN
tsu(we) th(wr:) th(cLom tsu(_m'p:tr)
e ViH —
B/WE
ViL — I
tsuom thon tsuoTCoH |
[ 1
oroE "7 NN ON 0 0“
DT/OE Z .
Vie— th OTAH) ’ ” "..
th(pTsc)
ViH —
SE
ViL—
1
te(so) t sHOH l | th(scom
! l
Vib— o tw(scL)
s¢ / tw(scH Z
Vie™ ta(so
th(scHD)
faso [e—=1 th (scHD)
e
S10i vou- DATA
DATA VALID DATA VALID VALID
(OUTPUTS) vo_—
New
Row Data
N
|
|
|
|
| MITSUBISHI
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M5M4C264L-10,-12,-15

262144-BIT DUAL-PORT DYNAMIC RAM

Write Transfer Cycle (B-port Active) Serial Write Setup (SAM - RAM)

to(w)
th(RLCH)
tw(AL)
th(aLcA)
R ViH - - N
AAS " \ ’
ViL— 7
t CHRL th(CLAH) tw(RH)
tALcL twcu
R Vin 3
I r
nw
tsu(Ra) - tsu(ca tsu(ra)
th (Ra; thcLea)
ViH ROW  ° COLUMN 000 ""0" '0,’0"0' ROW
Ao A7 Vi ADDRESS " ADDRESS "" "00‘0 '0’00‘ 0&."0‘0 ADDRESS
theon  sumvam| | thorrm
tsu(we) thwe) k<——-l '
P ViH—
WB/WE
Vie— \ f
tsuom thon ISU(DTCH)J
]
R Vin—, r
ViL—
tsu(se) th(se) tsu(scoT)
— ViH—
SE
ViL—
t
tsu(scRL) LE(‘SCDT) te(so

ViH— tw(scu
sc @ tw(scr) \
Vie—

tsu(so) th(so)
. Vg —
SIoi M7 paTA
(Note 23) {Note 23) (Note 23)

Note 23: When SE is “H"’ level, the serial input data are not written into the Data register, but the serial data selector is worked.
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262144-BIT DUAL-PORT DYNAMIC RAM

Pseudo Write Transfer Cycle (B-port Active) Serial Write Setup

to(w)
th (RLCH)
twry
th(rLCA)
IS Vig — N
AAS i \ 7
Vie — r
tcHAL th(CLRH) tTw(RH)
tALcL tw(cw
JE— Vin t Y
Cas v w wcH \ 7
i
tsu(ra) . tsu(ca) tsu(ra)
th(aa th(cLca)
Vin ROW ° COLUMN “"0000."'0 ""0 ROW
fo= 7 VanADDRESS ADDRESS "‘.’.’"0 0 0"0‘0‘00““0‘ ADDRESS

) tsuwe) | | thwe ‘ th(cLon SUFIEL‘ h(cln'nu) '
| | e
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262144-BIT DUAL-PORT DYNAMIC RAM

Serial Write Cycle

Vi — :
RAS .
Vi —

oo R NRRRORENX

RSOSSN

tw (SEH)

— ViH — ’
SE

Vie —
th(seL)
th (sem) tsu(SEL)
tsu(sen) |
so Y- Z r\_—; /
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pe—>{
: ViH — VV’VV’V.V‘V’VV‘ T INPUT I{GNORED INPUT
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DATA
aneuts) v, — XIOVOOOOP, oaTA 4 OATA A Sallae
(Note 23}

Serial Read Cycle
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S 11 s
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ta(sc) ta(so)
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