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DESCRIPTION :
This is a family of 262144-word by 4-bit dynamic RAMs,
fabricated with the high performance CMOS process, and
is ideal for large-capacity memory systems where high
speed, low power dissipation, and low costs are essential.
The use of double-layer polysilicon process combined with
silicide technology and a single-transistor dynamic storage
cell provide high circuit density at reduced costs, and the
use of dynamic circuitry including sense amplifiers assures
low power dissipation. Multiplexed address inputs permit
both a reduction in pins and an increase in system densities.
In addition to the RAS-only refresh mode, the hidden
refresh mode and CAS before RAS refresh mode are avail-
able. -

FEATURES -
. RAS CAS | Address OFE Cycle Power
Type name access | access | access access time dis_sipa-
time time time time tion
(max. nslllmax. ns}l{max. nsljimax. ns)j{min. ns){typ.mWj)
M5M440256§-|0 100 25 50 25 190 | 300
P §
M5M44C256ﬁ-12 120 30 55 30 220 | 250
P -
M5M440256ﬁ-'15 150 40 70 40 260 | 200
® High performance CMOS techn‘ology
® Standard 20 pin DIP, 26 pin SOJ, 20 pin ZIP
® Single 5V+10% supply
® Low standby power dissipation :
55mW{Max). ...ocovnnen.. CMOS Input level
® | ow operating power dissipation .
M5M44C256P, J, L-10. . ......... 413mW (Max)
MBEM44C256P, 3, L-12. .. ........ 358mW (Max)
M5M44C266P, J, L-16. . ... ...... 303mW (Max)
® All inputs, outputs TTL compatible and low capacitance
® Tri-state unlatched output
® 512 refresh cycles/8ms
® Early write mode and OE control output buffer imped-

ance .

Read-Modify-write, RAS-only refresh, Fast-page mode
capabilities ) ’
CAS before RAS refresh mode capability
TAS controlled output allows hidden refresh ;
Wide RAS pulse width for Fast page mode .. BOus max

APPLICATION
Main memory unit for computers, Microcomputer memory,
Refresh memory for CRT |

FAST PAGE MODE 1048576-BIT(262144-WORD BY 4-BIT)DYNAMIC RAM

PIN CONFIGURATION (TOP VIEW)
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FUNCTION

The MEM44C256P, J, L provide, in addition to normal read,
write, and read-modify-write operations, a number of other
functions, e.g., fast page mode, RAS-only refresh, and de-
layed-write. The input conditions for each are shown in

Table 1.

Table 1 Input conditions for each mode

T4 - 33 -7

Inputs Input/Qutput Rt
Operation — — - efresh Remark
RAS TAS W OE I input Output
Read ACT ACT NAC ACT APD APD OPN VLD YES Fast page
Write (Early write) ACT ACT ACT DNC APD APD VLD OPN YES | mode
Read-Modify-write ACT ACT ACT ACT APD APD VLD VLD YES | identical
TAS-only refresh ACT . NAC DNGC DNC APD DNG DNC OPN YES
Hidden refresh ACT ACT DNG ACT APD DNG OPN VLD YES
TAS before RAS refresh ACT ACT DNC DNC DNG DNC DNGC OPN YES
Standby NAGC DNGC DNGC DNG DNG DNC DNC OPN NO
Note : ACT: active, NAC: nonactive, DNC: don’t care, VLD: valid, APD: applied, OPN: open
BLOCK DIAGRAM
COLUMN ADDRESS . . Ve (5V)
STROBE INPUT CAS CLOCK GENERATOR
ROW ADDRESS RAS CIRCUIT Vss (0V)
STROBE INPUT [ :
WRITE CONTROL W v
INPUT 1
) zg
| Apg—~Ag| E’:ﬁ E
: I COLUMN DECODER g3
|
yommm ) DQ;
SENSE REFRESH
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A & 1O C
A? L R AMPLIFIER & I/O CONTROL A D [ INPUTS/OUTRUTS
s uw -
Az a5 « |l > 5 @ DQ4
.. Az 8 z § ! GO E
o P MEMORY CELL Saip
ADDRESS INPUTSQ A4 2wllr~| o H EL i
T As z § e | B : (1,048,576 BITS) ga)
@
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ABSOLlITE MAXIMUM RATINGS

- T-46-33 -1 7

Symbo! Parameter Conditions Ratings Unit
Voo Supply voltage —1~1 v
Vi Input voltage With respect to Vsg —-1~7 v
Vo Cutput voltage —i—~7 \
fo - Qutput current 50 mA
Pd Power dissipation Ta=25°C 1000 mw
Topr Operating temperature 0~70 ‘c
Tstg Storage temperature —65~150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C, unies otherwise noted ) fNote 1
Limits 5

Symbol s . Parameter ¥in Nom Y Unit
Vego Supply voltage - 4.5 5 5.5 v
Vss Supply voltage 0 0 1] \

ViH High-level input voltage, all inputs 2.4 6.5 \'4
ViL Low-level input voltage, all inputs -2.0 0.8 \
Note 1: All voltage values are with respect to Vgg.
ELECTRICAL CHARACTERISTICS (Ta=0~70"C, Voo =5V 109, Vss=0V, unless otherwise noted ) {Note 2}
Symbol Parameter Test conditions Limits Unit
Min Typ Max
Vou High-level output voltage loh=-—2mA 2.4 Veo v
VoL Low-level output voltage loL=4.2mA 0 0.4 v
loz Off-state output current Q floating OV=VouT=5.5V —10 10 uhA
h Input current . 0V =V |N=6,5V. Other inputs pins =0V —10 10 HA
M5M44C256-10] —— —— . ' 75 -
1001 (AV) | e T %" | M5MA44C256 12 f‘:‘cs; t:::i :’:\":i'pm o % | mA
M5M44C256-15 : 55
legz Supply current from Vg, standby iA_s=%_S.=ﬂH » Output open = 2 mA
RAS=CAS=0E =Vgg-0,5,0utput open 1
M5M44C256-10] ——_— 75
Looscayy | Arseseolycutenteom Vee. [“ypeaqcng-ga] Foo Oeina.OAS=Viy . 5| ma
’ MBMA4C256-15| RO~ mim outputopen "85
Average supply current from Vg MEM44C256 10 RAS=V|_, CAS cycling &8
lccA(Ay_) | FastPage-Mode (Note 3, 4) M5M44C256-12 fone i 55 mA
- M5M44C256- 15| C min, output open R 45
Average supply current from Vce M5M44C256- 10 CGAS before RAS refresh cycling 75
lcce(av) | TAS before RAS refresh mode M5M44C256-12 ) 65 mA
(Note3) | M5Ma4C2B6-15] RO~ MM outputopen 55
Note 2: Current flowing into an IC is positive, out is negative.
3: lccuiav). leesiav) and Iccatay) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4: lccatav) end Iccatay) are dependent on output loading. Specified values are obtained with the output open.
CAPACITANCE (Ta=0~70'C, Voo=5V £10%, Vss=0V, unless otherwise noted’)
Symbol Parameter * Test conditions - Limits Unit
Min Typ Max
Ci (A) {nput capacitance, address inputs 6 pF
; C\(TE) Input capacitance, OE input v 7 pF
M Ci(w) Input capacitance, write control input =Vss 7 pF

Ci(RAS) Input capacitance, RAS input f=1MHz 7 pF
Ci(TAS) Input capsacitance, CAS input Vi=25mVrms 7 T pF
Ci/0 Input/Qutput capacitance, data ports - 7 pF

- MITSUBISHI -
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SWITCHING CHARAGTERISTICS (Ta=0~70, Voo=5V 1035, Vs =OV. uiaheriserote) oo ‘

Limits
Symbol . Parameter M5M44C256-10 | M5M44C256-12 | M5 M44C256- 15 Unit
- Min | Max Min | Max Min | Max
tcac Access time from CAS {Note 6, 7} 25 30 40 ns
tRrac Access time from RAS - {Note 6, 8] 100 120 150 ns
toaa Column Address access time (Note 6, 9) 50 55 70 ns
topa Access time from CAS precharge {Note 6, 10) . 55 60 75 ns
toEA Access time from OE {Note 6) 25 30 40 ns
torz Output low impedanca time from TAS low . {Note 6} 5 5 5 ns
torF Qutput disabte time after CAS high . {Note 11) 0 20 0 25 0 30 ns
tdis(og) | Outputdisable time after O high {Note 11) 0 20 0 25 0 30 ns

Note B: An initial pause of 500us Is required after power-up followed by any 8 BAS or RAS/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 of RAS inactivity before proper
devise operation s achieved.
6: Measured with a load circuit equivalent to 2TTL loads and 100pF.
7: Assume that taep{max) < tRCD 20d tRAD(max) 2 tRAD-
8: Assume that taco £ tRCD(max) a0 tRAD < tRAD(max)-
9: Assume that tRep - tRAD < tCAAImax} — tCACImax) 8nd tReD 2 tRCDImax)-
10: Assume that tep £ tepimax) and tasc 2 tASCImax)-
11: toFF(max) and tgsoE){max) define the time at which the output achieves the high impedance state {iout < [£10¢Af) and are not reference to VoH({min} OF VOL{max)-

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

(Ta=0~70"C, Vee =5V £10%, Vss =0V, unless otherwise noted, See notes 12, 13)

- . Limits
Symbol Parameter M5M44C256- 10 | M5M44C266-12 | M5M44C256-13 Unit
Min Max Min Max Min Max

tRer Refresh cycle time 8 8 8 ms
tap RAS high pulse width - 80 90 100 ns
tRco Delay time, RAS low to CAS low . (Note 14) | 20 75 25 90 30 110 ns
tore Delay time, CAS high to RAS fow . {Note 16) 10 10 : 10 ns
topn CAS high pulse width (Note16) | 25 30 - 35 ns
traD Columin address delay time from RAS low : {Note 17} 18 50 20 65 25 80 ns
tasn - | Rowaddress setup time before RAS low 0 4] 0 ns
taso Column address setup time before CAS low {Note 18) 0 20 0 20 0 25 ns
tRAH Row address hold time after RAS low 10 15 20 ns ;
toaH Column address hold time after CAS low or W low i 20 20 25 ns
tan . Column address hold time after RAS low . 95 110 135 ns
tr Transition time (Note19)|- 3 50 3 50 3 50 ns

Note 12: The timing reguirements are assumed t = &ns,
13: Vidimin) 2nd Vit{max) are reference levels for measuring timing of input signals. :
14: tRcD(max] IS specified as a reference point only. 1f taep s less than tacpimax). @ccess time is tpac. f taep is greater than tRep(max), 8CCESS time is defined as tcac
and tcaa as shown innotes 7, 9.
15: tepp requirement is applicable for all RAS/CAS cycles. , )
16:_tcpN(m|“) is specified as tepntmin) = tRCD{min} + tCRP{min) — tT except for tep of fast page mode cycle.
17: tRAD{max) I$ Specified 8s a reference point only. If tap = tRAD(max). 8Ccess 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 ViH(min) and ViL{max)- )

- E 4
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T-40-23-17
Read and Refresh Cycles .
: i Limits ]
: Symbaol Parameter ) - | M5M44C256-10 | MEM44C256-12 | M5M44C256-15 Unit
: - Min | Mox | Min | Max | Min | Max
the Read cycle time 190 220 260 ns
tras AAS low pulse width - 100 10000 120 10000 150 10000 ns
toas TAS low pulse width . 25 | 10000 30 10000 40 10000 ns
tosH TAS hold time after RAS low 100 120 : 150 ns
tRsH 'BAS hold time after CAS low 25 30 40 ns
tros Read Setup time before CAS low 0 0 0 . ns
tRoH Read hold time after CAS high ~ {Note 20} 0 0 0 ns
tRRH Read hold time after RAS high {Note 20) 10 10 . 10 ns
traL Column address to RAS setup time ) - | S0 55 70 ns
trpc Precharge to CAS active time 0 0 0 ns
th(oLoe) | OE hold time after CAS fow | 2s 30 40 ns
th(nLoe) | OF hold time after FAS low 100 120 150 ns
tpoEL Delay time, Data to OF low ' : 0 0 0 ns
t oEHD Delay time, OF high to Data ) 20 25 30 T ns
th(oecH) | CAS hold time after OE low - 25 ‘30 40 ns
th(oeRyy | RAS hold time after OF low ’ 25 30 40 ns
Note 20: Either tgchH of tRry Must be sstifﬁed for a read cycle. )
H
Write Cycle (Early Write and Delayed Write)
Limnits
Symbol Parameter 7 M5M44C256-10 | M5M44C256-12 | M5M44C256-15 Unit
: B Min Max Min Max Min Max.
twe Write cycle time 190 220 260 . ns
tras RAS low pulse width 100 10000 120 10000 150 10000 ns
tcas TAS low pulse width . 25 10000 30 10000 40 10000 ns
tosH CAS hold time after RAS low 100 120 150 ns
tasu RAS hald time after CAS low 25 30 40 ns
twes Write setup time before CAS low - (Note22) | -5 -5 . —5 - ns
twon '] Write hold time after CAS low . 20 25 30 ns
twen Write hold time after RAS low 95 115 140 ns -l
towe TAS hold time after write low 25 30 35 ns i
thAwL RAS hold time after write low 25 30 35 ns ;
twe Write pulse width ! 20 25 30 ns i
tps Data setup. time 0 ] 0 - ns !
ton Data hold time after CAS low . 20 25 30 ns
{DHR Data hold time after RAS low ) s 95 115 140 ns
t oEHD Delay time, DE high to data 20 25 30 ns
th(woe) | OE hold time after write low . ) 20 25 30 ns

: ' MITSUBISHI
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Reag!-Write and Read-Modify-Write Cycles

. Limits
Symbol ’ : Parameter . M5MA44C256-10 | M5M44C256-12 | M5M44C256-15 Unit
. ) Min Max Min Max Min Max
tawe Read write/read madify write cycle time {Note 21) | 245 285 335 ns
tras RAS low pulse width - 155 10000 185 10000 225 10000 ns
teas TAS low pulses width - . 80 10000 a5 10000 115 10000 ns
tosn TAS hold time after RAS low 155 185 225 ns
tasH RAS hold time after CAS low 80 95 15 | - ns
thes Read setup time before CAS low : [1} 0 0 ns -
town Delay time, CAS low to write low ) {Note 22} 50 60 15 ns
-tawp Delay time, RAS low to write low - (Note22) | 125 150 185 ns
towe TAS hold time after write low ) 25 30 35 ns
TawL FAS hold time after write low - 25 30 35 fis
twe Write pulse width - . 20 - 25 30 ns
tps Data setup time . .0 1] 0 ns
tpu Data hold time after write low 20 25 30 ns
tawb Delay time, address to write low {Note 22) 75 85 105 ns
th(cLoe) | O hold time after CAS low 25 30 40 ns
th(aoe) | OE hold time after RAS low 100 120 150 ns
tpoeL Delay time, Data to OF low . . 0 R 0 [1] ns
toEHD Delay time, OE high to Data 20 25 30 ) ns
th(woe) | OF hold time after write low 20 25 30 ns

Note 21: tawc Is specified as tawC{min) = tRAC(max) * OEHDmin} * TRWLtmin) + tRPimin) + 417-
22: tywes. town. tRwp and tawp are specitied as reference points only. I twes = twesiming the cycle is an early write cycle and the DQ pins wilt remain high
impedance throughout the entire cycle. Hf towp = tcwDimin). tRWD 2 tAWD(min} 80 tawb 2 tawb(minl- the cycle is a read-modify-write cycle and the
DQ will contain the data read from the selected address. If neither of the above conditions is satisfied, the condition of the DQ {at access time angd unti!
CAS or OE goes back to Viy) is indeterminate.

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

. . Limits
Symbot ) Parameter M5M44C256-10 | M5M44C256- 12 | M5M44C256-15 Unit
i ) Min Max Min Max Min Max
tpo Read, Write cycle time 60 65 80 ns
tawrPe Read write/read modify write cycle time 110 120 145 ns
tras BAS low pulse width for Read, write cycle 155 50000 175 50000 220 50000 ns
toas CAS low pulse width for read cycle 25 10000 30 10000 40 " 10000 ns
top TAS high pulse width {Note 23} 15 25 15 25 20 30 ns
1RsH TAS hold time after CAS low 25 30 40 ns
Note 23: tcp(max) is specified as a reference point only. i tcp(max) € tcp. access time is assumed by tcac:
CAS before RAS Refresh Cycle (ot 24) -
- - . Limits
Symbal Tt Parameter : M5M44C256- 10 | M5M44C258-12 | M5M44C256-15 Unit
\ o Min Max | Min Max Min | Max
tesn TAS setup time for CAS befare AAS refresh 10 - 10 10 ns
toHR CAS hold time for CAS before RAS refresh 20 1 ; 30 ns
trec Precharge to TAS active timie 0 [ 0 ns
" Note 24: Elght or more CAS before RAS cycles Is necessary for proper operation of CAS before RAS refresh mode.
R MITSUBISHI
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Timing Diagrams (Note 25}

T-46-a3 -7

Read Cycle
tre
tosH
taas
— Vin —
AAS e — - \
) trp
treo
- toas
. VIH — X
CAS viL — / topn \
tRaL tash|
t ASCHe—s] : toan
Vi — COLUMN () ROW
Ag~Ag _ ADDRESS ADDRESS N ADDRESS
L 3 —a M
tan
trost trRH
W V"” - OO0 OO0
Y- R RXRENOK
Da;~Da, Vir — | X
Ty, — XK
toac
toaa
toz
DQ{~DQg Vou — .
(OUTPUTS) o X
thac
tpoEL
— Vig —
OE
ViL —
\
Th(CLOE) ~
th(RLOE)
Note 256 m indicates the don't care input.
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Write Cycle (Early write)

twe
tosH
tras
xS ViH — N Z \
ViL —
. trp
t CRP| trop : tRsH
toas
_ Vig — - ] o .
CAS Vie — J topn & g/
tasR tann tASClenl toan ti\_s_ﬁ
vin —¥ ROW CéLUMN 00000 ROW
R O
tar
twer
- twes - tweoH
- ViH — A '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
T - . AR |
tos ton ‘
DQ~DQ Vi — \ - ’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’
(NeuTS) —mm PATA VALID KRR
tour -
DQ;~Day YR T . HizZ

| (OUTPUTS) VoL —

i — TR R R X X Lt X XX XXX
TE RN
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Write Cycle (Delayed Write)

two
tRas
o Vi — Y tosH Zc X
RAS VL — xr \____—
 0RP) trop ) trgH i trp
' toas
o Vin — - X
CAS Vil — tern \ i
tAS_R t I;lAH tAS’G toan tasr
e s ] XRRREN s
: tar : towL
tawL
twp
L YW _ K | RROOOXKKKIXKRXKK?
T —W W N AR
. R . tweH
twon
. . tEi ton
D0;~DQy VM _W ' . DATA "
 UNPUTS) vy — VALID
. toac
toaa
trac
-~ VoH— - £DATA
TS vou — il
1dis (OE) fes th (woE)
. L toeHp
— Vin — 00“0000“00000000000000000000000000 ' BOOOOOOOOOOKKK)
BB XXX
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Read-Write, Read-Modify-Write’ Cycle - -

tawe
tosu
. tras
. ViH — 1\ r X
RAS Vil — | ] \
, trp
. LoRP pem! |- tRoo : tRsH
oAS :
7 — Vih — y
CAS ~. Vil — topn \ [
tashl | tman tasci | . “toan t‘fi
: ViL — p S ADDRESS 8 . _ ADDRESS ADDRESS
: AR -
' . ' town towr
: tawp . tawr
) tue VANV VYA
w W= , -\ KRR LKL
Y —M tags \ AR
trwo
DS el AL r
DQ{~DQs Vi — . 2 /I’V’V’V’V.V’V.V’V.V’V’V.V’V’V’
s v~ SRR - on v R,
toac ’
toaa
toLz
DQy~DQg VOH—™ iz oaTA R
- (OUTPUTS) yg — . VALID i
trac I
tpoEL, ,tOEA Ntdis (o) th(woe)
J— Vih —
OE )
. Vi — XXX
- / OGN
th(ciog) | |LOEHD -
"th(RLOE) . =~
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RAS-only Refresh Cycle

the
tras

VIH — x .

Vi — ! \
- - . trp
torp tarc |._. terp
Vin — .
ViL — / ’

tasr| | trau tasr
o3 N

]
>
ol

|

(e
b
[}

- .. Vin — ROW R R R X R QY F Row

Q00
e

vin — XX NNONN R R AR
FI9000.0000, .0’0’0.0.0’0’0.0’0’0.0.0’0.0.0’0’0’0.0.0.0’0’0.0.00000’000.0.000.0.2.2’0

0
vie — LX)

%

)
Q00

ORI KIS
0’0’0 0’00’000.0’0’0’0’0.000’0.0’0.0’0.0.0.0.0’0

g

K00

XX
QKKK

OOOQLOKX)
000.0’0’0.0’0.0“

T X

DQ1~ VIH — 0'0 ”.
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