OKI semiconductor
MSM3764A

65,536-WORD x 1-BIT DYNAMIC RAM

GENERAL DESCRIPTION

The Oki MSM3764A is a fully decoded, dynamic NMOS random access memory organized as
65,536 words x 1 bit. The design is optimized for high-speed, high-performance applications
such as mainframe memory, buffer memory, peripheral storage, and environments where low
power dissipation and compact layout are required.

Multiplexed row and column address inputs permit the MSM3764A to be housed in a standard
16 pin DIP or 18 pin PLCC. Pin-outs conform to the JEDEC approved pin out.

The MSM3764A is fabricated using silicon gate NMOS and Oki's advanced Double-Layer
Polysilicon process. This progess, coupled with single-transistor memory storage cells, permits
maximum circuit density and minimum chip size. Dynamic circuitry, including the sense
amplifiers, is employed in the design.

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs
and output are TTL compatible.

FEATURES
+ 65,536 x 1 RAM, 16 or 18 pin package « Three-state TTL compatible output
+ Silicon-gate, double-poly NMOS, single- + Gated CAS
transitor cell » 128 refresh cycles/2 ms
+ Row access time: » Common /O capability using Early Write
120 ns max (MSM3764A-12) operation
150 ns max (MSM3764A-15) + Output unlatched at cycle end to allow
+ Cycle time: extended page boundary and two-dimen-
220 ns min (MSM3764A-12) sional chip select .
260 ns min (MSM3764A-15) + Read-Modify-Write, RAS-only refresh, and
+ Low power: Page-Mode capability
330 mW active, 28 mW max standby » On-chip latches for addresses and data-in
» Single +5V power supply, +10% tolerance « On-chip substrate bias generator for high
» TTL compatible, low-capacitive load input performance
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PIN CONFIGURATION (TOP VIEW)
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (see Note)

Rating Conditions| Symbol Value Unit
Voltage on any pin relative to Vs - Vin,Vour| -110+7 \
Voltage on Vec supply relative to Vss - Vee ~1t0 +7 \'
Operating temperature - Topr O0to 70 °C
Storage temperature - Tsig -55 to +150 °C
Power dissipation - Pp 1.0 w
Short circuit output current - - 50 mA

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
(Referenced to Vss)

Value Operating
Parameter Symbol | Conditions Min. | Typ. | Max. Unit Temperature
Supply voltage Voc - 45 | s0 | 55 v
Vss - 0 0 0 v
Input high voltage, all inputs Vin - 2.4 - 65 | v [0°Cto+70°C
Input low voltage, all inputs Vi - -1.0 - 08 | v
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DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
Parameter Symbol [Conditions MSM3764A Unit | Notes

Min. | Typ. | Max.

Operating Current*
Average power supply current leo1 - - - 60 mA

(RAS, CAS cycling; tge= min.)

Standby Current
Power supply current leee - - - 50 | mA

(RAS =CAS = V,, )

Refresh Current*
Average power supply current lees - - - 40 mA

(RAS cycling, CAS =V, ; tge = min.)

Page Mode Current*
Average power supply current lcoa - - - 60 mA

(RAS =V, , CAS cycling; tpc = min.)

Input Leakage Current
Input ieakage current, any input
(OV < Viy <5.5V, all other pins not hy - -10 ) - | 10| A

under test =0V)

Output Leakage Current

(Data out is disabled, 15 - -10 - 10 HA
OV < Vours 5.5V)

Output Levels -

Output high voltage (o = -5 mA) Vo - 24 | _ v
Output low voltage (lo, = 4.2 mA) VoL - 04 V

* lcc depends on output loading and cycle rates. Specified values are obtained with the
output open.

CAPACITANCE *
(Ta=25°C, f = 1 MHz)

Parameter Symbol | Conditions Value Unit

Min. Max.
Input capacitance (A o~ A7 D) C Nt - - 5 pF
Input capacitance (RAS, CAS, WE) Cine ~ - 8 pF
Output capacitance (D oyp Cout - - 7 pF

* Capacitance measured with Boonton Meter.

64



s MSM3764An
AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted. Notes 1,2,3
MSM3764A-12 | MSM3764A-15 i
Parameter Symbol - - Unit |Notes
Min. Max. | Min. Max.
Refresh period tRerF - 2 - 2 ns -
Random read or write cycle time tre 220 - 260 - ns -
Read-write cycle time trwe 245 - 280 - ns -
Page mode cycle time tec 120 = 145 - ns -
Access time from RAS trac - 120 - 150 ns | 46
Access time from CAS teac - 60 — 75 ns 4,6
Output buffer turn-off delay toFr 0 35 0 40 ns -
Transition time ty 3 35 3 35 ns -
RAS precharge time trp 90 - 100 - ns -
RAS pulse width tras 120 ]10,000| 150 |[10,000| ns =
RAS hold time tRsH 60 - 75 - ns -
CAS precharge time (Page cycle) | tee 50 - 60 - ns -
CAS pulse width tcas 60 |10,000| 75 [10,000| ns -
CAS hold time tesn | 120 - 150 - ns -
RAS to CAS delay time tRcD 25 60 25 75 ns 7
CAS to RAS precharge time tome ) - 0 - ns -
Row address set-up time tasr 0 - 0 - ns -
Row address hoid time tRAH 15 - 15 - ns -~
Column address set-up time tasc 0 - 0 - ns -
Column address hold time tean 20 - 20 - ns =
Column addreﬂold time - 80 _ 95 _ ns _
referenced to RAS
Read command set-up time tres 0 - 0 - ns -
Read command hold time trcH 0 - 0 - ns -
Write command set-up time twes -10 — —10 - ns 8
Write command hold time tweh 40 - 45 - ns -
Write commanﬂald time twee 100 _ 120 - ns _
referenced to RAS
Write command pulse width twe 40 - 45 - ns -
Write command to RAS lead time | trw 40 - 45 - ns -
Write command to CAS lead time | tcw 40 - 45 - ns -
Data-in set-up time tos 0 — 0 - ns -
Data-in hold time t ok 40 - 45 - ns =
Da.t_ﬂ\ hold time referenced toHR 100 _ 120 _ ns _
to RAS
CAS to WE delay town 40 - 45 ~ ns 8
RAS to WE delay trwo | 100 - 120 - ns 8
Read commarﬁold time tRAH 0 _ 0 _ ns _
referenced to RAS
CAS precharge time tcen 30 - 35 - ns -
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Notes: 1. Aninitial pause of 100 us is required after power-up followed by a minimum of any eight
RAS cycles (example: RAS only Refresh) before proper device operationis achieved.

2. The AC measurements assume the transition time (t1) = 5 ns.

3. Vi (min.) and ViL (max.) are reference levels for measuring the timing of the input

signals. Transition times are measured between ViH and ViL.

4. Assumes that trcp < treo (max.) If treo is greater than the maximum recommended
value shown in this table, trac will increase by the amount that trcp exceeds the value

shown.
5. Assumes that tRcD < tReD (max.)

6. Measured using an equivalent load circuit of 2 TTL loads and 100 pF.

7. Operating within the trco (max.) limit insures that tRac (max.) can be met. The spec.
trep (max.) is for reference only. Iftrco is greater than the specified treo (max.) limit,

then access time will be controlled exclusively by tcac.

8. The specs twcs, trwp, and tcwp are not restrictive operating parameters. They are
included in the data sheet for reference only. lf twcs = twcs (min.) thenthe cycle is an
"Early Write" cycle and the data out will remain in a high impedance state throughout
the entire cycle. if tcwp > tcwo (min.) and trwo > trwb (min.) then the cycle is a "Read-

Write" cycle and the data out will contain data read from the selected ceil.

of the above sets of conditions are satisfied then the condition of data out will be

indeterminate at access time.

9. Either the trrH or the tRCH spec. must be satified for a proper read cycle.
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WRITE CYCLE TIMING (EARLY WRITE)
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RAS ONLY REFRESH TIMING
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PAGE MODE WRITE CYCLE

RAS V‘H——‘ la— tan
Vi~ N

tap
teRp

== Vin—

CAS ¢
V- \
tRan t
i B . <—c A
ASC
sh e -

Addresses x‘:: ﬁgg »%.4 ////

. ¥/
twen la—s|

77,
= ' 0000\

et W2, et W
ot 1 AL
v o (- TOH-»] 105 ] a—1DH-o
o\ YN oo YN e YO - YOI

o
' I
f-—— |DHR———>‘

la—— 1WCR ——]

Don't Care

PAGE MODE, READ-MODIFY-WRITE CYCLE

e V-
RAS H™ — t
V- \ AR 1 \
1Ry,
tep R hy
5w V)
CAS 'H e
Vie 1
tean Tean topA —af
tasc
—] —]
Vi Col. Col.
Addresses vy - Z Add Add

town

3 7
) b
towp
tacs, | LL» thos a—s] l
twe t
Vipi—
WE Ve -

|<— eas ——w-| |<— teac lq— cac
toF toF)
tac " I—J
Dout V‘ °“; B Open < Open { >

V//7A] Dontcare

69



a MSM3764An -

HIDDEN REFRESH
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TYPICAL CHARACTERISTICS
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I cct (tras: Constant)
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Ice1 (tre: Constant) vs. Vo lccz vs. Vo
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| ccs (trp: Constant) vs. Ve
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I cca (tcas : Constant)

vs. V cc
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vs.V co
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Address Input vs. V c¢
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RAS
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[MAl 4 60
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(Vce = 5.5V, Ta = 25°C, 50ns/div)
RAS/CAS CYCLE, LONG RAS/CAS CYCLE, RAS-ONLY CYCLE, PAGE MODE CYCLE
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MSM3764A BIT MAP (PHYSICAL-DECIMAL)
i
/ N\
4 (A7 column = "H") N/ (A7coumn="L"} [ Pin16

83] 62 1] o 64] 65 126]127] [ s3] 62 1] o 64] 65 126127
255]255]| _|2s5)2ss J [ 255265 285|255] |127]|127 127|127 127|127 127]127

191|190 1291128 182|193 254 1255 181180 128|128 192|193 264|255

255)255| _|255|285 [ 2s5f2s5] _|essless| [127]127 127127 [ 127|127 127|127
63| 62 1| o 64| 65 126]127 83| 62 i| o 64| 65 126[127
254|254] |254 254 254]254| _|254|254| |126]126 126)126[7[ ~ [[li2sl126] _|126]126
191|190 120[128 A1 [192]183 254]255| [191]190 120]128] | L 192[193 254 [255
254]254] 254254 L ] 254)254| |254254| |126[126] |126]126] ["] 126]126] J1r2§[1_2§_
63| 62 1| o 64| 65 126[127| [Te3[ 62 1| o 64| 65] |126[127
253]253 253263 [ | [|253283 253]253| |125]125] _|125]125] ("‘ 125[125] |125]1285
191190 129|128 192[193 254]255] [191]190 129]128 L [192]193 254|255
[253f253] _|253]253[V  [1]253)253] _|esaless| [12s]i2s| 125|125 [ 125)125] _|125]125]
63| 62 i| o L| 64] 65 126 [127 63| 62 1 o 64] 65 126]127
252|252 252|252 (|252]252 252|262| [124]124 124{124 (|124]124 124 124
191]190 129]128 J1[192]103 254[255] [191]190 129[128] [ L 192[193 254255
[252|252] _|252]252 £ ] 252|252 252|252 |124]124 124|124 ["] 124]124 124]124
63| 62 1 o 64| 65 126]127 83| 62 1] o 64] &5 126[127
251]251] festlest|T [ y[|as1les1] _|est|est| |123lies| » |r2slves[]7 1 [|123]123] _|123]123]
{Column)
191190 126]128 192]193 254 255| [191]190 129]128 J | f192]193 254|256
132132 132]132 132132 132|132 4| 4 a] 4 ["] 4] 4 4] 4
63] 62 i o ] 64| 65 126]129 63| 62 i o 64] 85 126[127
131131 131]131 J11131]131 131131 3] 3 3l allr 3] 3 3] 8
191190 129128 192[193 254]255| [191]190 129]128 192|193 254|255
131]131 131[131 131)131 131131 3} 3 3] s [ 3] 3 2] 3
63| 62 1| o 64| 65 126|127 63| 2 1| o e4] 65 126]127
130]130 130]130[3 r13o]130 130]130 2] 2 2l 20 2l 2 2] 2
191190 129[128 J[J192fhe3 254]255] [191]190 129]128]| L 192f193 254]255
130]130 130130[ 1T 1301130 130|130 2l 2 2l 2107 2] 2 2] 2
63| 62 i o L ] 64] 65 126127 63] 62 1] o]|L ] 64 65 265127
129]129 129l120|17 V[ |12ef129] _{120]129 1 1 1 3 1] 1 1] 1
191|190 129]128 192193 254[255| [191]190 129]128 192[193 254|255
129]129 129]129/ 129|129] 120129 1] 1 1] 1 [ 1] 1 1] 1
83| 62 i o 64| es 126[127 63| 62 1] o 64| 65 126]127
128]128 128|128 [[128]128 1281128 o] o ol o 'l _ol o ol o
191[190 129]128 192]193 254f255| [191]180 120[128 L 192[193 254|255
128]128 12812817 " Y[ |128]128 128]128 ol o o] o o] 0 ol o
(TTTTIANCT T T I T T TN CT T 11
Refresh Address ' Refresh Address Reiresh Address m elresh Address
(63 « 0) ¢ (64 — 127) i\ (63 « 0) i L . (64 N 127) |
T T
Din D, D, D; D, Din Din 04 Dy Da 04 Dm
{Positive) {Negative) {Positive) {Negative)
o (Row)
Ping

Word Driver -~ Sense Amp

A Cell A = Row Address (Decimal)
B B « Column Address (Decimal)

H Sub Amp (C = Number of Bus Ling)
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