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m M5M4256AP,J,L-85,-10,-12,-15

PAGE MODE 262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

MITSUBISHI LSis

DESCRIPTION

This is a family of 262144-word by 1-bit dynamic RAMs,
fabricated with the high performance N-channel silicon gate
MOS 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 to the 18-pin
plastic leaded chip carrier configuration and an increase in
system densitites. In addition to the RAS only refresh
mode, the Hidden refresh mode and CAS before RAS re-
fresh mode are available.

FEATURES
Access time Cycle time | Power dissipation
Type name (max) (rmin) ftyp)
(ns} {ns) {mW}
M5M4256AP, J, L-85 85 160 300
M5M4256AP, J, L-10 100 190 260
M5M4256AP, J, L-12 120 220 230
M5M4256AP, J, L-15 150 260 200
e Standard 16 pin DiP, 18 pin PLCC, 16 pin ZIP
e Single 5V+10% supply
e Low standby power dissipation: 26mW (max)
® Low operating power dissipation:
M5M4256AP, J, L-85 ........... 385mW {max)
M5M4256AP, J, L-10 .. ... ... ... 360mW {max)
M5M4256AP, J, L-12 .. ......... 330mW (max)
M5M4256AP, J,L-15 ... ........ 305mW (max)

o Unlatched output enables two-dimensional chip selec-
tion and extended page boundary.

e Early-write operation gives common |/O capability

® Read-modify-write, RAS-only-refresh, Page-mode capa-
bilities '

e CAS before RAS refresh mode capability

e All input terminals have low input capacitance and are
directly TTL-compatible

e Output is three-state and directly TTL-compatible

® 256 refresh cycles every 4ms

e CAS controlled output allows hidden refresh

APPLICATION

Main memory unit for computers, Microcomputer
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PAGE MODE 262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

FUNCTION

The M5M4256AP, J, L provides, in addition to normal read,
write, and read-modify-write operations, a number of other
functions, e.g., page mode. RAS-only refresh, and delayed-
write. The input conditions for each are shown in Table 1.

Table 1 Input conditions for each mode

Inputs Output
Operation _ PR o Row Column Refresh
RAS CAS w D address address Q
' Read ACT ACT NAC ONC APD APD viLD YES
Write ACT ACT ACT VLD APD APD OPN YES
Read-modify-write ACT ACT ACT vLD APD APD vLD YES
RAS-only refresh ACT NAC DNC DNC APD DNC OPN YES
Hidden refresh ACT ACT DNC DNC DNC DNC VLD ‘YES
CAS before RAS refresh ACT ACT DNC DNC DNC DNC OPN YES
Standby NAC DNC DNC DNC DNC DNC OPN NO
Note: ACT: active, NAC: nonactive, DNC: don’t care, VLD: valid, APD: applied, OPN: open.
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ABSOLUTE MAXIMUM RATINGS

This Materia

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —1~7 v
Vi Input voltage With respect to Vgg —1~7 \
Vo Output voltage —1~7 v
lo Output current 50 mA
Pd Power dissipation Ta=25C 1000 mw
Topr Operating temperature 070 °C
Tstg Storage temperature —65—~150 °C
RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C,, uness otherwise noted ) (Note 1)
Limits
Symbol Parameter - Unit
Min Nom Max

Vce Supply voltage 4.5 5 5.5 v

Vss Supply voltage 0 0 0 \'

ViH High-level input voltage, all inputs 2.4 6.5 \"

ViL Low-level input voltage, all inputs —2 0.8 v
Note 1: All voltage values are with respect to Vgg.
ELECTRICAL CHARACTERISTICS (Ta=0~70°C, Vgc=5V £10%, Vss =0V, unless otherwise noted ) (Note 2)

Symbol Parameter Test conditions - Limits Unit

Min Typ Max
VoH High-level output voltage lon= —5mA 2.4 Vee v
VoL Low-level output voltage loL=4.2mA o 0.4 v
loz Off-state output current Q floating OV S Voyur =5.5V -10 10 uA
1 Input current 0V =Vin =Vce - Other input pins =0V —10 10 uA
M5M4256 AP, J, L-85 : 70

loc1(av) :?r:.a?/ecscu,p‘;':ef:;f:‘ M5M4256AP, J, L-10| RAS, CAS cycting 65 mA
(Note 3, 4) M5M4256AP, J, L-12 | tor=1 cw = min, output open 60
M5M4256AP, J, L-15 55

tccz Supply current from Vge, standby RAS=CAS= ViH 4.5 mA
M5M4256AP, J, L-85 60
Average supply current M5MA4256AP, J, L-10| RAS cycling CAS=Vju 56

lcca(ay) | from Ve, refreshing . mA
(Note 3) | M5M4256AP, J, L-12 t ¢ (RAS) = min, output open 50
M5M4256AP, J, L-15 45
: M5M4256AP, J, L-85 55
Average supply current M5M4256AP, J, L-10| RAS=V(_, CAS cycling 50

focacav) | from Vee. pag[:‘:':dae a M5M4256AP, J, L-12 | tcpg = min, output open 45 mA
' M5M4256AP, J, L-15 40
M5M4256AP, J, L-85 65

) sos(av) 2::32:"9’::;‘;::;; M5M4256AP, J, L-10| CAS before RAS refresh cycling 60 mA
FAS refresh mode (Note 3) M5M4256 AP, J, L-12 | tc(ras)= min, Output open 55
M5M4256 AP, J, L-15 50

Ci(a) Input capacitance, address inputs 5 pF

Ci(p) Input capacitance, data input V)=Vss 5 pF
Ci(w) Input capacitance, write control input f=1MHz ? pF
C1 (RAS) Input capacitance, RAS input Vi=25mVrms 10 pF
Ci (cAs) Input capacitance, CAS input 10 pF
Co Output capacitance Vo=Vsgs, f=1MHz, Vi=25mVrms 7 pF

Note 2 Current flowing into an IC is positive, out is negative.
3: Ieciiavy. leeaiav). lccatav) and Ieesiav) are dependent on cycle rate. Maximum current is measured at the fastest cycle rate.
4: ieer(av) and Iccagay) are dependent on output loading. Specified values are obtained with the output open.
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M5M4256AP, J,L-85,-10,-12, -15

PAGE MODE 262144:-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

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

(Ta=0~70°C, Vgc =5V +10%, Vss =0V, unless otherwise noted, See notes 5,6 and 7)

Limits
Symbol Parameter Ao [M5M4256A-85] M5M4256A- 10| MSM4256A-12] MSMA4256A-15|  Unit
Min Max Min Max Min Max Min Max

tcrF Refresh cycle time tRerF 4 4 4 4 ms
tw (RASH) RAS high pulse width tae 65 80 30 100 ns
T w(RASL) RAS low pulse width tras 85 10000 100 10000 120 10000 150 10000 ns
tw(cAsL) CAS low pulse width tcas 45 10000 50 10000 60 10000 75 10000 ns
Tw(CASH) CAS high pulse width (Note 8) t cPN 20 20 25 . 25 ns
th(RAs-cas) | CAS hold time after RAS tosH 85 100 120 150 ns
th(cas-ras) | RAS hoid time after CAS tRSH 45 50 60 75 ns
td(cAS-RAS) Delay time, CAS to RAS {Note 9) t crP 10 10 10 10 ns
td (RAaS-CAS) Delay time, RAS to CAS {Note 10} t Rcp 15 40 15 50 20 60 25 75 ns
tsu (RA-RAS) Row address setup time before RAS tasr 0 0 1} 0 ns
tsu (CA-CAS) Column address setup time before CAS t asc -5 —5 —5 -5 ns
th(RAS-RA) Row address hold time atter RAS t RAH 10 10 15 20 ns
th(cas-ca) Column address hold time after CAS tcan 15 15 20 25 ns
th (RAS-CA) Column address hold time after RAS tar 55 65 80 100 ns
tTHL Transition time ty 3 50 3 50 3 50 3 50 ns
trin 3 50 3 50 3 50 3 50 ns

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

6 The switching characteristics are defined as tyh = tTLH = 5ns

7. Reference levels of input signals are Vi min @nd V|| max. Reference levels for transition time are also between Vi and Vi

8 Except for page-mode.

9 tg(cas.RAS) requirement is applicable for all RAS/TAS cycles.

0 Operation within the 14 (RAS.CAS) Max limit insures that typas) Max can be met. td(RAs-CAS) Max is specified reference point oniy. if
t9iRAS.CAS) IS greater than the specified tg(ras.cas) Max limit, then access time is controlled exclusively by tacas)-
IG{RAS-CASI MiN = th(RAS-RA) MiN + 2tTHL (trep) + lsutCA-CAS) Min

SWITCHlNG CHARACTER |ST|CS (Ta=0~70°C, Vcc =5V +10%, Vss =0V, unless otherwise noted )

1

Read Cycle
Limits
Symbol Parameter A'S‘:::;‘j'lve M5M4256A -85 | M5M4256A-10] M5M4256A-12] M5M4256A-15]  Unit
Min Max Min Max Min Max Min Max

tcr Read cycle time : tre 160 180 220 260 ns
tsu(R-CAS) Read setup time before CAS tRas 0 0 0 0 ns
th(cas-r) Read hotd time after CAS (Note 11} tRCH 0 0 0 0 ns
th(ras-R) Read hold time after RAS {(Note 11) tRAH 10 10 10 10 ns
tdis(cas) Output disable time (Note 12) torrF 0 20 o] 25 0 30 0 35 ns
ta(cas) CAS access time {Note 13) tcac 45 50 60 75 ns
la (RAS) RAS access time {Note 14} tRac 8 |- 100 120 150 ns

Note 11 Either th(RAS.R) Of th(Cas-R) Must be satisfied for a read cycle.
12 tgisicas) max defines the time at which the output achieves the open circuit condition and is not reference to Vou or VoL
13" This is the value when tg(RASCAS) 2 td(RAS.CAS) Max. Test conditions; Load = 2TTL, C = 100pF
14 This is the value when tq(RAS.CAS) < ld{RAS.CAS) Max. When 14(RaS-CAS) 2 ta(RASCAS) Max, ta(RAs) Witl increase by the amount that
t4(RAS.CAS) exceeds the value shown. Test conditions; Load = 2TTt, C¢ = 100pF

Write Cycle
. Limits
Symbol Parameter Aermer® [M5M4256A- 85| M5M4256A-10] M5M4256A- 12] M5M4256A-15  Unit
Min Max Min Max Min Max Min Max
tew Write cycle time tRe 160 190 220 260 ns
tsu(w-cAs) Write setup time before CAS  (Note 17)|  twcs —10 —10 -10 —10 ns
th(cas-w) Write hold time after CAS t weH 15 20 25 30 ns
th(ras-w) Write hold time after RAS twcr 55 70 85 105 ns
th(w-RAS) RAS hold time after write tRWL 30 35 40 45 ns
th(w-CcAS) CAS hold time after write toweL 30 35 40 45 ns
twiw) Write pulse width twp 15 20 25 30 ns
tsu(p-cas) Data-in setup time before CAS tos 0 0 0 0 ns
th(cas-0) Data-in hold time after CAS toH 15 20 25 30 ns
th(ras-D) Data-in hold time after RAS t oHR 55 70 85 105 ns
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Read-Write and Read-Modify-Write Cycles

) Limits
Symbol Parameter Amog” [M5MA4256A-85] M5M4256A- 10| M5M4256A- 12| MSMA256A-15|  Unit
Min Max Min Max Min Max Min Max

terw Read-write cycle time {Note 15) trwe 185 220 ©| 255 295 ns
tcrRMw Read-modify-write cycle time (Note 16) trRMWC 195 235 265 310 ns
th(w-RaS) RAS hold time after write trwL 30 35 40 45 ns
th(w-cas) CAS hold time after write towe 30 35 40 45 ns
twiw) Write pulse width twe 15 20 25 30 ns
tsu(Rr-caS) Read setup time before CAS tres 0 0 0 o ’ ns
1d (RAS-W) Delay time, RAS to write (Note 17} trRwD 70 90 110 135 ns
td(cas-w) Delay time, CAS to write {Note 17) towo 30 40 50 60 ns
tsu(p-w) Data-in setup time before write tos 0 0 1] 0 ns
th(w-D) Data-in hold time after write ton 15 20 25 30 ns
tdis(cas) Output disable time toFF 0 20 0 25 0 30 0 35 ns
ta(cas) CAS access time {Note 13} t cac 45 50 60 - 75 ns
ta(ras) RAS access time {Note 14) tRaC 85 100 120 150 ns

Note 15: tcrw min is defined as tcpw ™Min = tg(RAS-W) Max + tg(CASW) MiN + thw-RAS) + tw(RASH) * 3TTLH(tTHL):
16 tcpmw min is defined as tcRmw Min = taiRAS) MaxX + thiw-RAS) + tw(RASH) + StTLHItTH )
17 tsyiwcas)- tWdiRASW). and tg(casw) do not define the limits of operation, but are included as electrical characteristics only
When tg, (w-CAS) 2 tsu (W-CAS) Min, an early-write cycle is performed, and the data output keeps the high-impedance state.
When tg(rasw) 2 td(RASW) MiN and tgcas.w) 2 sy (W-CAS) Min a read-write cycle is performed, and the data of the selected address will be read out
on the data output
For ali conditions other than those described above {delayed write), the condition of data output (at access time and untit CAS goes back to V) is not defined.

Page-Mode Cycle

Limits
Symbo Parameter Ao ® | M5M4256A-85] M5M4256A- 10| M5M4256A-12| M5M4256A-15|  Unit
Min Max Min Max Min Max Min Max
tere Page-mode cycle time tec 80 100 120 145 ns
tW(CASH) TAS high pulse width tee 25 a0 50 60 ns
t cPGRW Page-mode read-write cycle time — 105 130 155 180 ns
t crorRMW Page mode read-modify write cycle time — 115 140 165 195 ns
CAS before RAS Refresh Cycle iNot 18)
Limits
Symbol Parameter Hermbal | MSM4256A-85] M 5M4256A - 10] M5M4256A- 12 M5M4256A-15 | Unit
Min Max Min Max Min Max Min Max
tSuR (CAs-RAS)| CAS setup time for auto refresh tcsr 10 10 10 10 ns
thr(RAS-CAS) | CAS hold time for auto refresh tonR 15 20 25 30 ns
tdRr(RAS-CAS) | Precharge to CAS active time tepc o] 0 1] 0 ns
Note 18" Eight or more CAS betore RAS cycles is necessary for proper operation of CAS before RAS refresh mode
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M5M4256AP, ), L-85,-10,-12,-15

PAGE MODE 262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

TIMING DIAGRAMS Note 191

Read Cycle tcr
tw(RasL)
th(ras-cas)
th(ras-ca)
RAS - — Y
RAS \\?H )\ Z N
w— R
td(cas-ras) tw(rasH)
td(Ras-cas) thicas-ras)
twicasL)
—_ ¥V 4 N A
CAS VI: —_— twicasw) \ \( 5
tsu(ra-nas)| [thi(ras-ra) tsucca-cas) | thicas-ca)
Ao~As Vin— ROW COLUMN ROW
Vi — ADDRESS ADDRESS 4 ADDRESS
thiras-r)
tsu(r-cas) th(cas-a
= Vin— N\
w
tacaas) tdis(cas)
Von— HIGH IMPEDANCE STATE Y/ 4
Q VoL— \\\ DATA VALID
Write Cycle (Early Write)
tew
(WA‘\ASL)
thiras-cas)
_ VIH_—_—\ thiras-ca)
RAS N j N
1w N
td(cas-ras) th(cas-ras) i twirasH)
td(ras-cas) twicasw)
P — "4
CAS \\I/m /_ twicasn) \ \ /
w— K 2
tsu(ra-ras)| |thiras-ra)  lsucca-cas) | thicas-ca)
A Vin— ROW COLUMN ROW
0~As ADDRESS | ADDRESS ADDRESS
N thiw-cas)
tsu(w-cas) thicas-w)
I
W .
th(w-Ras)
Th(RAS-W)
Tsuio-gas] thicas-o»
Vin™ OOOO00000OOROKXXXXKXXXKXA?
DA AL
° v.L-m ravauo — BROOOO000000Q00OOOXXXXXXXXXXXX
thiras-o)
o Vo~ HIGH IMPEDANCE STATE
Vor —
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M5M4256AP, J, L-85,-10,-12, -15

PAGE MODE 262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Read-Write and Read-Modify-Write Cycles

teaw/ termw
tw(rasy)
th(ras-cas)
— Nu— T Y thiras-ca) ]
RAS " N / ] /‘ ’\
td(cas-ras) th(cas-ras) | twirasH)
td(ras-cas) twicasL)
— Viu— . . ) 4
CAS Vl: _ /- twicasn) %\ \ F
tsu(ra-ras)| | thiras-ra) tsucca-cas) [thicas-ca)
Vin— ROW COLUMN ROW
Ao~hAs ADDRESS ADDRESS ADDRESS
td(ras-w) th(w-cas)
tsu(r-cas) td(cas-w) th(w-ras)
— V— '
W Y N SRR
twiw)
taccas) tdis(cas)
Vou—
Vz:._ HIGH IMPEDANCE STATE <<<<‘ OATA VALID
ta(ras)
tsuo-w)| |thw-o)
Vin— \/ VVVVAV/VVAVANY \
o Vo NIRRT TNV TTTTTIN o W%
Vie— ’AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAALAAAAA‘ \VAVAVAVAVAYAVAVAVAVAVAVAVAVAVAVAYA'
RAS-Only Refresh Cycle iNote20) tem
tw(rasL) ,
— Viu— R N
RAS | _ \( K
th(ras-AA) twirasH)
tsu(ra-RrAS) '

Vig—
Ag~Ar o ROW ] » ROW
7 Wy — . ADDRESS ) ADDRESS

Vou— HIGH IMPEDANCE STATE

Note 19. .
Indicates the don't care input. Note 20. CAS =V,n, W, D= don't care
Ag may be VIH or VIL.
M The center-line indicates the high-impedance state.
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PAGE MODE 262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Page-Mode Read Cycle

twiRasL)
thiras-cas)
- thimas-ca»
ms W TN %
Vi — K 7/}/ 2
tdicas-ras) tcror thicas-ras) twirasH)
td ras-cas) twcasw) twicasw) twicasw)
—— Viu— ‘ Y 4 4
CAS v _/ tw(casH) \ \
I % y.
th(ras-RA! twicasH)| [thicas-cas thicas-ca) ’
F—={thicas-ca)
tsuiRA-RAS' tsu(CA-CAS) tsuica-cas)
e
Ao~ Ag Vin— COLUMN { ‘COLUMN ROW
Vi — : ADDRES§ DRESS DRESS

taicas) taccas) tacas)
tacras) tdis(cas) tdis(cas) tdis(cas)

Q Vou— HIGH IMPEDANCE STATE ///80 a1aN\\ DATA 2 @ DATA
VoL — \\\ W VALID, (VALID /8

I tsuca-cas) th(ras-r)

tsu(r-cas) thicas-r) thicas-r)
I . A

" R A ’ R

Page-Mode Write Cycle
twirasL)
thiras-cas)
Vi— thiras-ca)

RAS V.

[ | /}/ A

tdicas-ras) teraw thicas-ras) twrasH)
" Ll 1
to(mras-cas) twicast twicasL) twicasy)
s [ 4 )\ /‘ \ / /?
CAS v, — / twicasn) | \ F \§ 7 N Z_/
th(Ras-RA) thicas-ca) twicasn)| [thicas-ca: thccas-ca»

tsuica-cas) tsucca-cas)
g

Vin— £ \
ot V1~ s o
thicas-w» thicas-w) th cas-w
thiw-cas thiw-cas» : thiw-cas)
R I S 5%
Vi — IK' 2 L, 2 N 2
twiw: i tww)
thiras-w) th(w-ras)
tsu o-w thcw-o»
Vor TRXRRXTXO0
DATA VALID
D Vi — DATA VALID DATA VALID ‘A’A‘A‘A“’A".‘."A’A X
thiras-o/
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MSM4256AP, J, L-85, -10,
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PAGE MODE 262144-BIT (262144-WORD BY 1-BIT) DYNAMIC RAM

Hidden Refresh Cycle

READ CYCLE RAS ONLY REFRESH CYCLE RAS ONLY REFRESH CYCLE
tca tcr . ten
tw(rasL) twirasL) ‘ P twimasL) ,
RAS Vin— \\ & y /
Vie— X j lwiras) tw(rasH)
tdicas-Ras:
td(ras-cas) | th(cas-mras} thr(ras-cas)
=+ twicasu)
Ve 4 \ ——
CAS 2
L — twicasm) K P y
77
thicas-ca)
tsu(ra-ras) | | thiras-ra)
Ac~As Vin— ROW COLUMN | o
Vi — (ADDRESS \ADDRESS
1 77
tsu(ca-cas)
tsu(n-cas) )L th(ras-R)
1
— Vin— A
W 4
VL — A
L4
taccas)
t tdis(cas)
a(rAS)
Vi 4 s
oH—
Q < DATA VALID N
VoL — A v //

CAS before RAS Refresh Cycle inowe21)

READ CYCLE REFRESH CYCLE REFRESH CYCLE

READ OR WRITE

ter N tca CYCLE
L
Vin— tw(rasL) t B tw(rasL) F p
RAS tw(RASH) K S tw(RASH) \
Vie—
RAS-CAS)| | thR(RAS-CAS) tdn(ras-cas) thr(RAS-CAS) tdR(RAS-CAS) td (CAS-RAS)
v tsur(Cas-RAS) tsur(cas-Ras) l
H—
ors / /XY \_
Vie—
’ i
tw(casH) tsu (RA-RAS)
Ao Ay VYH— ROW COLUMN
0 8 ADDRESS, ADODRESS
ViL— ats ’
tdis(cas)
Vo — " HIGH IMPEDANCE STATE
Q (¢
VoL— [
Note 21. W, D = don't care.
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