OKI1I semiconductor
MSM511000A

1,048,576-WORD x 1-BIT DYNAMIC RAM

GENERAL DESCRIPTION

The MSM511000A is a new generation dynamic RAM organized as 1,048,576 words x 1 bit. The
technology used to fabricate the MSM511000A is OKI's CMOS silicon gate process technology.
The device operates at a single +5V power supply. Its /O pins are TTL compatible.

FEATURES
« Silicon gate, triple polysilicon CMOS, + 1,048,576-word x 1-bit organization
1-transistor memory cell « Fast page mode, read/write capability
» Single +5V power supply, +10% tolerance . CAS before RAS refresh, Hidden refresh,
« Input: TTL compatible, address input, R_/\S_only refresh capability
data input latch - Gated CAS

. Output: TTL Compatible, "istate, nonlatch « Built-in Ves generator circuit
+ Refresh: 512 cycles/8 ms
- Common [/O capability using Early Write

operation
Family Access Time | Cycle Time _ Power Dissipation
(Max.) (Min.) Operating (Max.) | Standby (Max.)
MSMS511000A-70 70ns 140ns 468mwW
MSM511000A-80 80ns 160ns 413mwW 5.5mwW
MSM511000A-10 100ns 190ns 358mwW
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aMSM511000A =

PIN CONFIGURATION (TOP VIEW)

Din [{] Vss
Dy ig] Vss WE [3] Dour
WE [Z} i7} ODour RAS[Z] » CAS
AAS[E] @ [ECAS N.C.[E] g N.C.
N.C.[2] s 5] A9 N.C.[E] S A9
rr 5] € A = )
At [€] 2 @ar A0* ] = B AS.
a2 [ % 7] AG* At* fol £ A7
aa (3] ] AS* Az* 4] BLE
veo (3] 5] As* A3 2] i) AS™
18-PINDIP Vec 3] 4] A4”
26-PIN SOJ 20-PIN zIP
* Refresh Address
Pin Names Function
Ao to As Address Input
RAS Row Address Strobe
CAS Column Address Strobe
Din Data Input
Dour Data Output
WE Write Enable
Vee Power Supply (+5V)
Vss Ground (QV)
N.C. No Connection

FUNCTIONAL BLOCK DIAGRAM

RAS

Timin
Generalor

Ao~Ag[C

vee

CAS
Write
G Clock1
Column R Column enerator
Address
Bfioms v Decoders
Internal Refresh {e] Output
é%?ﬁtg? Control Clock lsense Amps Selection [~ Buffer
Row =
Address
Buffers Row |} Word Memory input
codors ers Cells Buffer

Vss

Dour

Din
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

s MSM511000An

Rating Symbol | Conditions Value Unit
Voltage on any pin relative to Vg Vr Ta=25°C | 1.0t0 +7.0 v
Short circuit output current los Ta=25°C 50 mA
Power dissipation Py Ta=25°C 1 w
Operating temperature Topr - 0to +70 °C
Storage temperature Tag - -55to +150 °C

Note:

Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.

Functional operation should be restricted to the conditions as detailed in the operational
sections of this data sheet. Exposure to absolute maximum rating conditions for extended

periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol | Conditions i Yra;:f T Unit ngep;arg{:ﬁe
Supply voltage :z: : 465 560 565 \\;
Input high voltage Vi _ 24 B 6.5 v 0°C to +70°C
Input low voltage Vi _ 1.0 _ 08 v
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s MSM511000A=

DC CHARACTERISTICS
(Veo=5V £10%, Ta = 0to +70°C)
MSM MSM MSM
511000A-70 | 511000A- 11000A-1
Parameter Symbol Conditions 511000480 | 511000A-10 Unit | Note
Min.| Max.] Min.| Max, Min.| Max.
Output high voltage Vou | lon =-5.0mA 24 | Vol 24| Vol 24 | Ve v -
Output low voltage VoL |low=4.2mA 0 0.4 0 04 O 0.4 Vv -
OV VI 6.5V;
Input leakage current Iu |aflotherpinsnot | -10 | 10 | -10] 10 | -10 | 10 | pA -
under test = OV
Output leakage current Lo g)\?tgv((’)'szg!_esv 10| 10 { 10| 10 | -10 | 10 LA -
Average power supply RAS. CAS cyciin
current” (Operating) feet | RC = min yeng| - 185 | - | 75| — |65 | mA -
RAS=Vi4 | TTL | - 2 - 2 - 2
Power ?upply lcc2 | CAS =viy mA -
current* (Standby) Dour=Hz | MOS| - 1 _ 1 _ 1
AAS cycling,
Average power supply ire3 | GaG . -
current* (RAS only refresh) ce ?&i}:’:f’: - |85 -7 - |85 mA
Average power supply R '
current” (CAS before lccs gﬁ/_\_g gy?“ngh—l\_s - | 85 - | 78| = | es | mA -
RAS refresh) clore
RAS =V,
Average power supply nn7 | BRR ke _
current* (Fast page mode) ¢c ?:Cs_cymcilr'\ng - |70 - |60 - |55 mA

I depends on output loading and cycle rates. Specified values are obtained with the output

open.
CAPACITANCE (Ta = 25°C, f = 1 MHz)
. Value .
Parameter Symbol | Conditions - Unit
Min. | Max.
Input capacitance (Ag 1o Ag,Din) Cini - - 6 pF
Input capacitance (RAS, CAS, WE) Cinz - - 7 pF
Output capacitance (Doyr) Cour - - 7 pF
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" MSM511000A=

AC CHARACTERISTICS
(Vec =5V +10%, Ta = 0 to +70°C) Notes 1,2,3
MSM MSM MSM
511000A- 511000A- 511000A-
Parameter Symbol 70 80 1 go Unit|Notes
Min. | Max. | Min. | Max. | Min. | Max.
Refresh period tper — 8 - 8 - 8 ms| -
Random read or write
. tac 140 — 160 — 190 - ns | -
cycle time
Read/write cycle time tawe 165 - 185 - 220 - ns =
Fast page mode cycle time tee 45 - 50 - 55 - ns =
Fast page mode read/write i
. tpRwe 70 - 75 — 85 - ns -
cycle time
Access time from RAS trac — 70 — 80 — 100 ns |4,5.6
Access time from CAS tcac — 20 — 20 — 25 ns | 4,5
A ti f
coess fime from ™M - 3 | - 40 | - 50 |ns| 46
column address
Access time from CAS
‘me tepa - 40 — 45 - 50 ns 4
precharge
Output low impedance
—, t 0 - 0 - 0 - ns 4
time from CAS oz
Output buffer turn-off delay time | torr 0 20 0 20 0 20 ns -
Transition time tr 3 50 3 50 3 50 ns 3
RAS precharge time trp 60 — 70 - 80 - ns -
RAS pulse width tras 70 ]10,000| 80 | 10,000{100 |10,000 | ns -

RAS pulse width

(Fast page mode)
RAS hold time tes | 20 —~ 20 - 25 - |ns] -
CAS precharge time

taase | 70 [100,000( 80 [100,000] 100 [100,000| ns | -

tee 10 - 10 - 10 - ns| -
(Fast page mode)
CAS pulse width toas 20 |10,000] 20 [10000]| 25 [10,000|ns| -
CAS hold time tosu 70 - 80 - 100 - ns | -
RAS to CAS delay time thco 20 50 22 60 | 25 75 |ns| 5

RAS to column address
umn a tmo | 15 | 35 [17 | 40 |20 | 50 |ns| s

delay time
CAS to RAS precharge time tcre 10 - 10 - 10 - ns -
Row address set-up time tasn o] - 0 — 0 — ns -
Row address hold time tran 10 - 12 - 15 - ns -
Column address set-up time tasc 0 - 0 - 0 — ns -
Column address hold time tean 15 — 15 - 20 - ns —
Column address hold time

=7a tar 55 — 60 - 75 - ns -
from BAS
Column address to RAS

. traL 35 - 40 - 50 — ns -
lead time
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s MSM511000An

AC CHARACTERISTICS (CONT.)

MSM MSM MSM
11 - - 11 -
Parameter Symbol 5 ggOA 51 gSOA 5 ?gOA Unit|Notes
Min. | Max. | Min. | Max. | Min. | Max.

Read command set-up time | tges 0 - 0 — 0 - ns -
Read command hold time tach 0 - 0 - 0 - ns 8
Wri hold ti

rite command hold time twon 55 _ 60 _ 75 _ ns 3
from RAS
Write command set-up time | twcs 0 — 0 - 0 - ns 7
Write command hold time tweh 15 - 15 - 20 - ns -
Write command pulse width | twe 15 - 15 — 20 - ns -

i R
Write command to RAS L 20 _ 20 _ 25 _ ns _
lead time
Write command to CAS tow 20 _ 20 _ 25 _ ns _
lead time
Data-in set-up time tos 0 - 0 - 0 -~ ns -
Data-in hold time ton 15 — 15 — 20 - ns -
Data-in hold time from RAS | tpur 55 - 60 - 75 - ns —
CAS to WE delay time town 20 - 20 - 25 - | ns| 7
RAS to WE delay time trwo 70 — 80 - 100 - ns | 7
Column address to WE
35 - 40 - 50 - ns
delay time tawo 7
Read command hold time
J 0 - 10 - 10 - ns
reference to RAS tRRH 8
- t
RAS to CAS set-up time tosn 10 _ 10 _ 10 _ ns ~
(CAS before RAS)
RAS to CAS hold ti
©=ns 107 ime tem | 30 | - | 30 | - | 3 | - [ns] -
(CAS before RAS)
i time f

CAS active delay time from torc 10 _ 10 _ 10 _ ns _
RAS precharge
CAS -
CAS precharge time ter 40 _ 40 _ 50 _ ns _
(Refresh counter test)
CAS precharge time tcen 10 - 10 - 15 - ns -
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aMSM511000Am

READ CYCLE
tRe
- trP
tRAS |
— V- N |-
AAS v:f— N 1% N
fost o tcrp
! CR - trco e tRsH > 1
- 3 -«—— tcas ——» -
M i N\ / /
-
traD o 1RAL -
t ASR tRAH | <t ASC LCAr
A°~A9V|L- Row :JP@(‘ Column /
tAR tRCH
- tRcs o - t RRH
[ ]
e Z
WE // ///////// /
Vi -/ teac.
taa
-~ - toFe
tcrz
trac 1 .
4
- 4 Valid data
Dour Vou Open \_@(( i
VoL~
m Don’t Care
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= MSM511000A =

WRITE CYCLE (EARLY WRITE)

|
trc
- tRP ]
tRAS
— Vin-— _
AAS - \F
tosk tere
! cr_;np tRCD tRSH
. tcas / /‘L
— ViH— \ \
cas ‘™ A -
VlL - AR
tRao tRAL
t tasc tCcAr
ASR tRAH
4 N
A, Vi — Fow L Column 7}%
fot s | towe |
twch I
twe tweH
twe
LV 2
" vies » Taw I
1 toHA
! tos tDH
y
g valid data B
DNy
Open
Vou— s
Douty, "_ |
” m Don't Care
t AWGC
- - tAp
t Ras /L——)
— Vi—
RAS
e N N
1 ARwL e |
teRp
{roo lcas / /:_
ZAS Vin— K \r
B TGsH
" towl
Trap 'A% TRAC
tcan
tasna LRAH tAsC CA] .
—-—— ]
V- - [ Column %
" Row L N
heste . 1L AWD
tAwo
towo twe
3 k|
M /r tRcs N )
WE Vi —
tos| {oH
Rt
Valid data }W
Mu
O Vi, -
tcac
- LOFF
|
tRAC
’@(’ valid data
Vori— 4
Dour - Qpen §
VOL torz
m Don't Care
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= MSM511000A=
FAST PAGE MODE READ CYCLE

trasp tre
e
RS UM ) )
ViL — h
tosH tpc tRSH
tcap trep tcas teep teas tep tcas tcrp
ViH
e Vg ]
CAS \ \
vo-_/ \ / 1 N /
tar tRAL
tasr|| tran tasc tcaH tasc tcaH tasc fCAH
|- [t—] [-— [— "—"I
Vin—
Ag~ Ag Vie— Row Col. Col. Col. ///
trAD ! 'iRRH
tRCH tRcH 1
tacs tRos chs tRCH
— Ve  m——— > >
WE Vi - / M tcac % tcac % tcac %
1aa L taa l taa
tRAC tcpa " tepa
Von= Valid >_ valid |\ Z Valid
Dour \, X Data Data § Data J
o | torF | LOFF | torr
terz ! tciz ! tcz o
—

m Don‘t Care

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trasP tap
— Vy-—————\
RAS
Vi — \ Z \
tre trsH
terp trco tcas tee teas tep tcas tcap
— ViH— - §
CAS i \ \
ViL— \ N / / \ /
taR tRAL
1asR tasc tcaH) tcan 1
Aiu tRAH tAsC ASC tean
ViH—
Ao~Rs v _ %{ Row Col, Col. ! Col. W /
tRAD
tweR
twes tweH twes tweH twes tweH
Vie - 7
t t t t
tos DH tps OH DS OH
Vi~
om " / % Valid Data @C valid Data }@( Valid Data W
it —
l tDHR
]
Vou~
Dout VaL— Open

m Don't Care
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= MSM511000A=

FAST PAGE MODE READ/WRITE CYCLE

RAS

ViH-—"

trase

ViL— tap_ |\
Tosn i ThRsH
tRep e——— 1PRWC— o tcre
v te 1CAS -~ 55—y -t CAS ——]
Cas '™ \\ /1
Vi — 1aR 7 T
tASR 1nan 1cAn tasc = t ioak i
i < CA
baitdl il Py tasc o [‘_’ Ay tasg
Vin— //
o DA = =Y
tRWD
Imc towp, | towe tewp, | towy tewp , Lowy
We V- / tawD 1 AWD /1 tawo ]
ViL = ™ tcpa 1cpa
twp taA twe tAA twe
1RAD = el
1 tcac || tore | LoFF
V 4 n
OH , Valid
Dour VoL~ {rad Y% Data
oz ton tCLZ |<——>:s:“
tos
ViH-
Dinv

m Don't Care

RAS-ONLY REFRESH CYCLE

tRC

tras

tap
-

trPe

tRAH

S

Row

K777

7727770

Open

Note: WE = Don't care, Ag = Don't care

W/A Don't Care
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sMSM511000As
CAS BEFORE RAS AUTO-REFRESH CYCLE

tac

tRp
tRAS | >

|
T
r

trrc

teen|  tesm tcHR

_torr

Open

[9)
I
i
el

Don't Care

Note: WE = Don't care, Ay~ Ag = Don't care

HIDDEN REFRESH READ CYCLE

tac
tras tRe | tRAS

[ 4 E—— Y
RAS /

Vie - xr ] A

tcre tacD - tRSH tcHR |

— V- & l———
AS VH

Vi - K

tRAD tRAL

tasm tRAH

tasc| |lcan
A
"=
Ao~Ag V.L_%Row $@§ Cotumn | / /

"

r

tan
tRCS tRAH
|
o= V- Y
WE / / //f /
Vi — tcac
taa
tRAC tOFF
Vor— 2 |
Dour VZH {%(‘ Valid data —
L
oz

m Don't Care
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s MSM511000An

HIDDEN REFRESH WRITE CYCLE

tRC
tRAS tRP tRas
= Vi TN A{ﬁ /—
RAS Vi - \( ] j
tcre tRco TRsH tCHR
|
s V- !
CAS /
Vie — K
tAR
traD TRAL
tashl (Foan tasc| | tean
Vi e 4
. N
Ag~Ag Vi ‘% Row I Column IW
tRwL
twer
twes tweH
twp
ViH-
WE Vie — s
tos toun
Viyy — N ‘W/ /
Valid data
DIN VIL - A
tDHR
!
V=
Dour VOH Open
oL—

774 Dont Care
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sMSM511000A =
CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

w iifi*ﬁ)t /AN
s\ H*\f b
o P = YOI
READ C:::f taa . | - ';
Bour Open — mj@q‘ Valid data F
Y el
Bout VVOH: Open
" w—~//////{////
ow v ///@{ Vald dta 70
Dour :Z[’ Open - ‘ th%} Valid data :
i 77720 M//
o 7 /// e GLW /27
L/} Dot Cara
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