OKI1 Semiconductor
MSM511001B

1,048,576-Word x 1-Bit DYNAMIC RAM : NIBBLE MODE TYPE

DESCRIPTION

The M5M511001B is a new generation dynamic RAM organized as 1,048 576-word x 1-bit. The
technology used to fabricate the MSM511001B is OKI's CMOS silicon gate process technology. The
device operates at a single 5V power supply. Its I/O pins are TTL compatible.

FEATURES

* Silicon gate, quardruple polysilicon CMOS, 1-transistor memory cell
¢ 1,048,576-word x 1-bit organization

¢ Single 5V power supply, £10% tolerance

¢ Input: TTL compatible

¢ Output: TTL compatible, tristate

® Refresh: 512 cycles/8ms

* Common I/O capability using Early Write operation

¢ Nibble mode, read modify write capability

* CAS before RAS refresh, Hidden refresh, RAS only refresh capability

* Package:
18-Pin 300mil PlasticDIP  (DIP18-P-300-W1)
26-Pin 300mil Plastic SOJ (50J26-P-300)
20-Pin 400mil Plastic ZIP (Z1P20-P-400)
PRODUCT FAMILY
Family Access Time (Max.) Cycle_ Time Power Dissipation
thac | taa | teac (Min.) Operating (Max.) | Standby (Max.}
MSM511001B-60 60ns | 30ns | 15ns 120ns 495mW
MSM511001B-70 70ns | 35ns | 20ns 130ns 440mW 5 5mW
MSM511001B-80 80ns | 40ns | 20ns 150ns 385mw ’
MSM511001B-10 100ns { 50ns | 25ns 190ns 330mw
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MSM511001B OKI Semiconductor
PIN CONFIGURATION (TOP VIEW)
Div [1] 26] Vss a [1]
ow[1] 18] Vs WE [2] 25l Dour Dour [3] 2] TAS
WE[2] 7] Dour RAS (3] 24 TAS o [5 4] Vss
RAS[3] S 16] TAS NG [4] g 23] N mslzl = 6] WE
Ne.[a] £ i5]a nE] 2 R2a xc [5] g 8] NC
rofs| 2 [4as = = | NOLEAD
S 8 P 8
sl & [@ar o] g[8 v [ 2 12] At
A2 |Z « @ AB Al @ i E A7 Ves IE w E A3
A3 [8] 1] As A2 i) [16] A6 x5 [ 16] A4
Voo E El Ad A3 @ El A5 A7 @ El A6
18-PIN DIP Voo [13] 14 A4 o] A8
26-PIN SOJ 20-PIN ZIP
Pin Name Function
AQ- A9 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 (OV)
NC No Connection
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OKI Semiconductor

MSM511001B
FUNCTIONAL BLOCK DIAGRAM
BAE Timing
RAS Generator —
— P imin
CAS : p) Genera?or
I
Write —
/(\;g(liurgg; Column Clock WE
Buffers Decoders Generator
Internal
Refresh
R e Address — 110
Ao-Ag Counier Control Clock Sense Amps Lol cocte b %ﬂtf?:rt L Dour
ress Row
Word
BuﬁeI'S De&_ Driv- Memory
|_, g?s ers Cells nput .
— —~ Buffer (N
Vee
Vgg ——e
On-chip Vgg
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MSM511001B OKI Semiconductor

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vgs Vr -1.0t07.0 v
Short Circuit Qutput Current los 50 mA
Power Dissipation Pp* 1 w
Operating Temperature Topr 0to70 °C
Storage Temperature Tstg -5510 150 °C
* Ta=25°C
Recommended Operating Conditions (Ta=01070°C)
Parameter Symbol Min. Typ. Max. Unit
Vee 45 5.0 55 v
Power Supply Voltage
pply Voltag Vss 0 0 0 v
Input High Voltage ViH 24 —_— 6.5 v
Input Low Voltage ViL -1.0 — 0.8 \
Capacitance (Veg = 5V £ 10%, Ta = 25°C, f = 1MH2)
Parameter Symbol Typ. Max. Unit
input Capacitance (A0 - A9, Din) Cint — 6 pF
Input Capacitance (RAS, CAS, WE) Cinz — 7 pF
Qutput Capacitance (Dour) Cour — 7 pF
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OKI Semiconductor MSM511001B
DC Characteristics (VCC = 5V £ 10%, Ta = 0 t0 70°C)
MSM MSM MSM MSM
Parameter mbol  Condition | 511001B-60 | 511001B-70 | 511001B-80 | 511001B-10 | ynit! Note
Min.; Max, Min.| Max{Min. Max.| Min. Max.

Output High Voitage Vou | lon=-5.0mA 24 | Voo | 24 | Voo | 24 | Voo 1 24 | Vo | V

Output Low Voltage VoL |loL=4.2mA 0 |[04) 0 |04] 0 |04 0 |04}V
V<V, <6.5Y;

Input Leakage Current | 1y, |Allotherpinsnot | 10| 10 |-10| 10 [-10| 10 |-10| 10 | pA
under test = OV
Doy disable

Output Leakage Current| lo OV <V <55V -10| 10 |~10| 10 |~10| 10 [-10| 10 | pA

Average Power Supply RAS, CAS cycling

Current (Operating) loet | ta = min. — |90 — |8 — |70 — 60 mAl12
RAS,CAS=Vy | — — ]2 |—12|—1]2 mA| 1

Power Supply Current | ’FTE%A% L 2

Standb ooz ' — — ]t =1 —=]1|ma] 1

( V) 2Vec-0.2V ! m

Average Power Supply RAS cycling

Current locs | CAS = Vi — |9 | — |8 |— |70 — |60 |mA|12

(RAS-only Refresh) trc = min.

Average Power Supply RAS cycling,

Current (CAS Before | |gcg | CAS before — 190 | — |8 |— 70! — |60 mAj 1

RAS Refresh) RAS refresh

Average Power Supply RAS = V)L

Current lccs | CAS cycling, — 0| —|70|— |5 |— |40 |mA] 1

(Nibble Mode) tec = min.

Notes: 1. Specified values are obtained with the output open.

2. Address can be changed less than three times while RAS = V.,
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MSM511001B OKI Semiconductor

AC Characteristics (1/2) (Vcg = 5V £ 10%, Ta = 010 70°C) Note 1,2, 3
MSM MSM MSM MSM
Parameter Symbol| 511001B-60 | 511001B-70 | 511001B-80 511001B-10 |ynit| Note
Min.| Max.| Min.| Max.| Min. |Max. | Min. | Max.

Refresh Period trer — 8 — 8 — 8 — 8 |ms
Random Read or Write Cycle Time tre 120 — | 130 — [150 ] — | 190 | — | ns

Read Modify Write Cycle Time thmw | 140 — (155 | — | 178 | — | 220 | — | ns

Nibble Mode Cycle Time tne 40| — | 45 | — | 50| — [ 55 | — |ns
g;bctl)eleTlivr:::e Read Modify Write e | 60 | — |70 | — | 78| — |8 | — |ns
Access Time from RAS traC — | 60| — (70| — | 8 | — |100|ns (456
Access Time from CAS teac | — | 15| — |2 | — |2 | — |25 |ns|45
Access Time from Column Address |  taa — | 3| —1{ 3| — |40 ]| — |5 |{n}46
Nibble Mode Access Time teag | — | 15— | 20| —{20 | — |25 |ns| 4
%;tgput Low Impedance Time from to1z 0 _ 0 _ 0 _ 0 — |ns
Output Buffer Turn-off Delay torF 0 20 0 20 0 20 0 20 | ns
Transition Timg ty 3 50 3 50 3 50 3 |5 [ns| 3
RAS Precharge Time tp | 50 | — | 50 | — | 60 [ — | 80 | — |ns

RAS Pulse Width tras | 60 [10,0000 70 [10,000{ 80 (10,000 100 |10,000{ ns

RAS Hold Time thew | 15 | — | 20| — | 20| — |2 | — |ns

CAS Pulse width 1cas 15 {10,000 20 (10,0000 20 (10,0000 25 [10,000 ns

TAS Hold Time tesy | 60 | — [ 70 | — [ 80 | — | 100 | — [ns
RAS to CAS Delay Time thep | 20 | 45 | 20 | 50 | 20 [ 60 | 25 | 75 |ns| §
RAS to Column Address Delay Time| tgap 15 | 30 [ 15 | 35 ] 15 | 40 { 20 | 50 [ns| B
CAS to RAS precharge Time e | 5 | —| 5| —| 56| —|5]|—1ns

Row Address Set-up Time tash 0 — 0 | — 0 — 0 | — (ns

Row Address Hold Time tRAH 0| — 10| —]|10]|—115]| —|ns
Column Address Set-up Time tasc 0 — 0 — 0 — 0 — | ns
Column Address Hold Time tcAH 5| — |15 ] — [ 15| — 120} — DS
%mn Address Hold Time from R 50 | — |55 — 160 | — |75 | —|ns

RAS

Column AddresstoRAS Lead Time | tga. | 30 [ — | 36 | — | 40 | — | 50 | — | ns

Read Command Set-up Time trcs 0 — | 0| =0 =10 ]|—]n8
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OXI Semiconductor MSM511001B

AC Characteristics (2/2)
(Vo =5V £ 10%, Ta=01070°C) Note 1,2, 3
MSM MSM MSM MSM
Parameter Symbol| 5110018-60 | 511001B-70 | 511001B-80 | 511001B-10 |yynit| Note
Min.| Max.| Min.| Max,| Min. | Max. | Min. | Max.

Read Command Hold Time troH 0 - 0 — 0 — 0 — |ns| 8
%%e Command Hold Time from twen | 50 | — | 55 | — |60 | — | 751 — | ns
Write Command Set-up Time twes 0 — |10 |- 0 | — ] 0| —|ns| 7
Write Command Hold Time twew | 10y — |15 | — |16 | — | 20| — |ns
Write Command Pulse width twe 10| — | 15| — | 15| — 12| —|ns
Write Command to RAS Lead Time | tawe | 15 | — | 20 | — | 20 | — | 26 | — | ns
Write Commandto CAS Lead Time | towe | 15 | — | 20 | — | 20 | — | 25 { — | ns
Data-in Set-up Time tos 0 — 0 —_ 0 - 0 — |ns| 9
Data-in Hold Time ton 5 |~ |15 — |15 — |20 —|{ns| 9
Data-in Hold Time from RAS ton | 50 | — | 55 — | 60 | — | 75 | — | ns

CAS to WE Delay ttwp | 5| — | 20| — | 20| —| 25| —|ns| 7
RAS to WE Delay thwp | 60 | — [ 70 | — [ 80 | — | 100 — |ns | 7
Column Address to WE Delay Time | tawp | 30 | — | 36 | — | 40 | — | 50 | — |ns | 7
Read Command Hold Time

Reference to RAS e | 0 ) — ] 0 =)0 =)0 —nsy 8
RAS to CAS Set-up Time (CAS Before

) s | 00| — 10— | 10| — | 10| —|ns
RAS to CAS Hold Time (CAS Before

AS) tcHR 30| — 13| — 30| — 3| —ins

g::: hl:::rtgn;e Delay from RAS woo | 10| — | 10| — 10| —110]|—]ns

CAS Precharge Time (Refresh Counter

Test) tepr 40 | — | 40 | — 40 | — | 50 | — |[ns

CAS Precharge Time tpy | 10| — (10| — |10 —]15]—|ns
Nibble Mode Pulse Width teas | 15 | — | 20| — | 20| — | 25 — |ns
Nibble Mode CAS Precharge Time | tncp nw|{— |10 f{~=110| — ]2 —{ns
Nibble Mode RAS Hotd Time tNRsH | 15| — 120 | — [ 20 — | 25 | — |ns
Nibble Mode CAS to WE Delay towo | 20 ] — 1 20 { — [ 20| — | 25 | — | ns
%}Iﬁéﬂ:#&;ﬂ\ﬁﬂte Command to waw | 15 | — |20 1 — | 20| — | 25| — |ns
g;\b_:lfeb::c]j_?mVZrne Command to mow | 15 | — | 20 | — |20 =]25] —|ns
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MSM511001B OXKI Semiconductor

Notes:

1.

An initial pause of 100us is required after power-up followed by any 8 RAS cycles
(Example: RAS-only refresh) before proper device operation is achieved.

The AC characteristics assume t = 5ns.

Vi Min.)and Vi (Max.) arereference levels of input signals for timing measurement.
Transition times are measured between Vi and Vi

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

Operation within the tgep (Max.) limit insures that tg s¢ (Max.) can be met. trcp (Max.)
is specified as a reference point only; if trcp is greater than the specified trcp (Max.)
limit, access time is controlled exclusively by tcac.

Operation within the tgsp (Max.) limit insures that tr sp (Max.) canbe met. tg ADpMax.)
is specified as a reference point only; if trap is greater than the specified trap (Max.)
limit, access time is controlled exclusively by taa.

twos, tcwb, tRwpand tawpare notrestrictive operating parameters. Theyareincluded
in the data sheet as electrical characteristics only; if tywcs = twcs (Min.) the cycle is an
Early Writeand the data out pin remains open circuit (high impedance) throughout the
entire cycle; if towp=tcwp (Min.), trwp2trwp (Min.) and tawpZtawp (Min ), thecycle
is a read modify write and the data out contains data read from the selected cell; if
neither of the above sets of conditions is satisfied the condition of the data out (ataccess
time) is indeterminate.

Either trry or trey must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in an early write cycleand toWE
leading edge in a read modify write cycle.
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OKI Semiconductor

MSM511001B

TIMING WAVEFORM
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MSM511001B OKI Semiconductor

Wirite Cycle (Early Write)
w0\ I
- 'EEP» tosH — torp
ws S t N I /7
Ag-Ag z:r: %_ Row _}%{_ Column ji%%W
o \\;:[‘ : - twp A
o~ T s

"H'or'L"
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OKI Semiconductor

MSM511001B
Read Modify Write Cycle
tRmw
- tRas 5P
— VI - T
w T\ \_
tRsH
i tRcp thwL 1cRP
e V- r, tcas e
oS | _/ \ /
tesh
trap e tRAL fow,
1AsR| | tRar_ lasc tean
Ag-Ag \\;:::%{_ Row E%(: Column ]
tawp
tRwD .
. fowo twe
WE z:r /MZ tRCSV _\r W/W///
tos tou
o T oo
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lAA‘ _
thac — torr
Dour . " Open @'— Valid Data
VoL~ =
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MSM511001B OKI Semiconductor
Nibble Mode Read Cycle
tRas
, trp
o —— AR
ms NG N
I

tepp fes
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SN R N [N\ x[ ;
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= oo oo X

Ag - Ag Vit
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I
Von- ¥ F 3
Dour J% vahd | £ Vald
VoL - tAAX Data L Data
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o U YV

Nibble Mode Write Cycle (Early Write)

Ui
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s T N e
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S/ S
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T
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OKI Semiconductor MSM511001B

Nibble Mode Read Modify Write Cycle

tRas
trp

—_— AR

V-

RAs " N /F:—l\_
ViL -~

tcre tes . tnRMw

tRCD teas ' NRSH
s W T L K| N
Vi task tasc_ | |tean | Incp | | theag

I/ ) B

trt{AD 1&\/_@ Etg_J' - towt tNeWL ‘L
o V'H _ tAwD RWD WP [tNown twp INRWL
WE | :I[ ,

'V,

"l

Eﬁ’”; od | _tos toH
on " b W s X s s
taa Jeag tore .‘__M
trac ™
o | —

“HorL’

RAS-only Refresh Cycle

tre
tRas e

RAS ::*: \ / o

tcRp thpe
ms " 7

tasR| | tRan

Ao~ Ag X:f: T row W /

Dour zzt: Open

"W or"L"

Note: WE="H'or'L". Ag="H"or"L"
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MSM511001B OXI Semiconductor

CAS Before RAS Auto-refresh Cycle

B tRe
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v tRas
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OKI Semiconductor

MSM511001B

Hidden Refresh Read Cycle

tre
tras trp tRas
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OKI Semiconductor

J/___
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B L724240 0017781 LT? WA
94

"Hor'L'



OKI Semiconductor

MSM511001B

CAS Before RAS Refresh Counter Test Cycle

tRas

R

= VIH - 7

RAS

N
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VoL~

__tRes

V

alid Data

N

terz |

w T
ViL -
Write Cycle

Vou-

[N

treH

Dour
VoL~

Open

twer

Vi -

twp

WE

ViL =

A

tps

ioH

™ T

Din
ViL

Vali

Data

] |
%

Read Modify Write Cycle

Von-

toLz
|t
toac

torr
|

4

Dour Open

VoL~

/A

Valid Data

p—

tawp

WVIH‘%

tRcS

Vib =

o - T
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