OKI semiconductor
MSM41464

65,536-WORD x 4-BIT DYNAMIC RAM (PAGE MODE TYPE)

GENERAL DESCRIPTION

The Oki MSM41464 is a fully decoded, dynamic NMOS random access memory organized as
65,536 words x 4 bits. 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 is required.

Multiptexed row and column address input permits MSM41464 housing in a standard 18 pin DIP
or PLCC. Pin-outs conform to the JEDEC approved pin out. Additionally, the MSM41464 offers
new functional enhancements that make it more versatile than previous dynamic RAMs the CAS-
before-RAS refresh feature provides an on-chip refresh capability.

The MSM41464 is fabricated using silicon gate NMOS and Oki's advanced VLSI Palysilicon
process. This process, 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. Allinputand
output are TTL compatible.

FEATURES
+ 65,536 x 4 RAM, 18 pin package « Single +5V power supply, +10% tolerance
« Silicon-gate, double poly NMOS, single « TTL compatible, low capacitive load input
transitor cell « Three-state TTL compatible output
+ Row access time: « Gated CAS
100 ns max (MSM41464-10) » 256 refresh cycles/4 ms
120 ns max (MSM41464-12) + Controllable output impedance through early
150 ns max (MSM41464-15) write and OE operations
» Cycle time: » Output untatched at cycle end to allow
200 ns min (MSM41464-10) extended page boundary and
220 ns min (MSM41464-12) two-dimensional chip select
260 ns min (MSM41464-15) + Read-Modify-Write, and RAS-only refresh
* Low power: capability
385 mW active (MSM41464-10) » On-chip latches for addresses and data-in
360 mW active (MSM41464-12) » On-chip substrate bias generator for high
330 mW active (MSM41464-15) performance
28 mW max standby » CAS-before-RAS refresh capability

« Page Mode capability
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PIN CONFIGURATION (TOP VIEW)

i DQ; OE V. DQ4
OE [3] 8] V ss [2][1] Fel k7]
DQ;, [2] 7] DQa
DQe[3] 6] CAS bQ, 3 g CAS
WE [4] 5] DQs wE (3 g oo,
RAS [5] 4] Ao RAs [ 4] Ao
A [&] i3] A+ Ag 6] i3] A4
As [7] fi2] Az A 4] i A,
A E EAS
Voo 8] g} A 7

Ay Voo A7 A

Pin Names Function

Ao ~ Az Address input

RAS Row Address Strobe
CAS Column Address Strobe
DQ, ~ DQ, Data In / Data Out

OE Output Enable

WE Write Enable

Vee Power Supply (+5V)
Vss Ground (0V)

FUNCTIONAL BLOCK DIAGRAM
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On-chip Vgg
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (See Note)

Rating Symbol | Conditions Value Unit
Voltage on any pin relative to Vgsg Vin . Vourt - -1t0 +7 \%
Voltage on Ve supply relative to Vss Vee - —1to+7 A
Operating temperature Toor - 0to 70 °C
Storage temperature Tag - -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. y
Functional operation should be restricted to the conditions as detailed in the operational
sections of this data shest. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg)

Value Operating
Parameter Symbol | Conditions Min. | Typ. | Max. Unit Temperature
- . . . \"
Supply Voltage Vee 45 50 | 55
Vss - 0 0 0 \'
input high voltage, All Inputs Viu _ 2.4 " 6.5 vy |0°Cto+70°C
Input low voltage, All Inputs Vi — ~10 — 08 \
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DC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)
. MSM41464
Parameter Symbol|Conditions| Unit | Notes
in.| Typ. | Max.
OPERATING CURRENT* MS5M41464-10 70
Average power supply current| MSM41464-12 | gy - -~ —~ | 65 | mA
(RAS, CAS cycling; tac= min.)| MSM41464-15 60
STANDBY CURRENT
Power supply current lcez - - - 6.0 | MA
(RAS=CAS =V, )
REFRESH CURRENT 1* MSM41464-10 60
Average power supply current | — _ _
(RAS cycling, TAS = Vi i MSM41464-12 ccs3 85 | mA
trc = min.) MSM41464-15 50
PAGE MODE CURRENT* MSM41464-10 45
Average power supply current | _ - _
(RAS = Vi , CAS cycling: | MSM41464-12 1004 40 | mA
tpc= min.) MSM41464-15 35
REFRESH CURRENT 2* MSM41464-10 65
Average power supply current| MSM41464-12 | tccs - - - | 60 | mA
(CAS before RAS ; tac= min.} MSM41464-15 55
INPUT LEAKAGE CURRENT
Input leakage current, any input _ _ _
{0V < Vy < 5.5V, all other pins not under u 10 10 | uA
test =0V)
OUTPUT LEAKAGE CURRENT ) A
(Data out s disabled, OV < Vi ; < 5.5V) lo R e B I K
OUTPUT LEVELS
Output high voltage (lon = —5 mA) Vor - 2.4 - v
Output low voltage (I, = 4.2 mA) Vo 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)
Value
Parameter Symbol | Conditions Unit
Min. | Max.
Input capacitance (Ag ~ A7) Cint — - 6 pF
Input capacitance (RAS, CAS, WE, OE) Cine - - 7 pF
Data /O capacitance (DQ 4, ~ DQy) Co - - 7 pF

* Capacitance measured width Boonton Meter.
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AC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.) Notes 1,2.3
MSM41464- | MSM41464- | MSM41464-
Parameter Symbol 10 12 15 Unit|Notes
Min. | Max.| Min. | Max.| Min. | Max.
Refresh period t REF - 4 - 4 - 4 ms| -
Random read or write
) the 200 - 220 - 260 - ns | -
cycle time
Read-write cycle time trwe 270 - 300 — 355 - ns —
Page mode cycle time tec 100 - 120 - 145 - ns | -
Access time from RAS trac - 100 — 120 - 150 | ns | 4,5
Access time from CAS tcac - 50 - 60 - 75 ns | 45
O t buffer turn-off
ulput bufter tu tosr | 0 | 25 o [ 30| o | 40 |ns| -
delay
Transition time tr 3 50 3 50 3 50 ns| -~
RAS precharge time trp 90 - 90 - 100 - ns | -
RAS pulse width {Ras 100 |10,000] 120 ]10,000| 150 |10,000| ns | -
RAS hold time tasH 50 - 60 -~ 75 - ns | -
CAS precharge time ¢ 40 _ 50 _ 60 _ ns | -
(Page mode cycle only) cP
CAS pulse width . tcas 50 ]10,000f 60 |10,000] 70 [10,000| ns | —
CAS hold time tesH 100 ~ 120 - 50 - ns | -
RAS to CAS delay time trco 25 50 25 60 25 75 ns 4
CAS to RAS set-up time| tcgs 20 - 25 - 30 - ns | -
R -
‘ow address set-up t sk 0 _ 0 - 0 _ ns | -
time
Row address hold time tRAH 15 - 15 - 15 - ns| -
Column address set-up
. tasc 0 - 0 - 0 - ns -
time
Column address hold
: tcan 20 -~ 20 - 25 - ns | -
time
Read command set-up
, tRcs 0 - Y - 0 - | s -
time
Read command hold
. trew o - 0 - 0 - ns | -
time
Write command set-up
t - 0 - o - ns
time wes 0 6
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AC CHARACTERISTICS (CONT.)

{Recommended operating conditions unless otherwise noted.)

MSM41464- | MSM41464- | MSM41464-
Parameter Symbol 10 12 15 Unit|Notes
Min. | Max. [ Min. | Max.| Min. | Max.
Write command pulse
. twe 25 - 30 - 35 - ns | -
width
Write command hold
. twen 25 - 30 - 35 - ns | -
time
Write command to ¢ 35 40 45 ns
RAS lead time AL
Write command to CAS
, towe 35 - 40 - 45 - ns | -
lead time
Data-in set-up time tps 0 - 0 - 0 - ns -~
Data-in hold time ton 25 - 30 - 35 - ns -
CAS to WE delay tewo | 80 - g5 - 120 - |Ins| s
RAS to WE delay tawp | 130 - 155 - 195 — |ns| s
Read command hold i 20 B 20 _ 20 _ ns | 7
time reference to RAS RRH
Access time from OE toea - 25 - 30 - 40 [ns | -
OE data delay time toen 25 - 30 - 40 - |Ins | -
OE hold time toen 0 - 0 - 0 - |ns | -
Turn-ﬂdelay time toez 0 o5 o a0 o 40 ns _
from OE
RAS to CAS set-up time N 20 _ o5 _ 20 _ ns _
(CAS before RAS) Fes
RAS to CAS hold time ¢ 20 B o5 3 30 _ ns _
(CAS before RAS) Fon
CAS active delay from
i t 2 - 20 - 20 - ns -
RAS precharge APC 0
CAS precharge time
— — t 20 - 25 - 30 - ns -
(CAS before RAS) CPR
Read/write cycle
t - 430 - 510 - ns -
(Refresh counter test) RTC 380
RAS pulse width
P ttras | 280 |10,000( 330 |10,000| 400 (10,000| ns -
(Refresh counter test)
CAS precharge time
t 0 - 60 - 70 - |Ins | -
(Refresh counter test) cPT 5
Read/write cycle time teawe | 170 B 200 _ 240 _ ns | —
(Page mode)

110



=MSM41464»

Notes: 1. An initial pause of 100 ps is required after power-up followed by a minimum of any 8
RAS cycles (example: RAS-only Refresh) before proper device operation is achieved.

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

3. Vii(min.)and Vi (max.) are reference levéls for measuring the timing of the input
signals. Transition times are measured between Vikand VL.

4. Operating within the tRco {max.) limitinsures that trac (max.) can be met. The spec.trcD
{(max.) is for reference only. If tRcois greater than the specified trop (max.) limit, the
access time is controlled exclusively by tcac.

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

6. The specs twcs, tawp, and towp are not restrictive operating parameters. They are
included in the data sheet for reference only. Iftwcs>twes {min.), the cycleis an Early
Write cycle and data out will remain in a high impedance state throughout the entire
cycle. If towp> tcwo (min.) and tRwo > tRwo (min.), the cycle is a Read-Write cycle and
the data out will contain data read from the selected call. If neither of the above sets
of conditions is satisfied, the condition of data out is indeterminate at access time.

7. Either the trrH or the tAcH spec. must be satified for a proper read cycle.

READ CYCLE
thc

- tRas
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theD ::i: > |«— tcrs —»
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WRITE CYCLE (Early Write)

Twr-

— me
WE
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tcsH - 1 RR——f
trco > {RsH > '<—lcns—>,
Vi - tcas
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1
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READ/WRITE AND READ MODIFY WRITE CYCLE

tRwC

— ViH—
RS N | N\
tRSH 1RP —»
tosH |~ tCRS ]
{ACD - tcas l

Addresses V'”m S W 7% 7777220

[ e tAwo |a— tow —»|
r il tewo tawL —»=

tos ttwp
I toH

Vi/ Vor- .T
n
DATAVL/VOL_ ' Opei ——{
trac
| toea L__
= ViH—
Vi -
/7] pontcare
PAGE MODE READ CYCLE
tRas —
e VIH-
viL - —
tpc tASH tRp
-— tesH ———— tep
- tRCD | 1CAS —=] «tCASA} la— tCAS let—— tCRS —
~xa VIH- "
CAS
ViL- tRAH \\ 7Z 1 {
tean tcaH tCAH
> Dt
tasg tase | tase | Lase

ViH Row alumi Columi olumn
Addresses, % e address) { ddross) i
‘<— tCAC —»] |<-— !CAc—bl }4— tcac —»!

toFF
tRAC -~ —

VO~
DATA |, " —— Open f—{

tnty] o2 | B
—= 1RCH
— Vm%
WE W
Vi toEA
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toea L_t_oEZ
/// Don't Care

toFF LOFF
-~ -
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113



s MSM41464m

PAGE MODE WRITE CYCLE
o tRAS .
AAS zm-_jﬁ
w-
i ‘t__csn tPC— o] tRSH -—>{ tRe
-— tRco) tcas ton ] -~ tCAS —»f tcas—»f tCAS -
Cas ::: : IAAH N 4
tcan tcau Lt_c:H
tASR e lﬁc. .
Addresses [ 22,
tweH
towL —u
— Vv
i Z
tRwL
IDS" | Ton
paTA ™ mk Valid Data | [ Valid Data Valid Data m
toED foen  1oE I.‘EEL‘I toeo I..__‘°E“
% w7 )| ZZN \
/] pontCare

PAGE MODE OE WRITE CYCLE

— TAAS
RAS 3.'?1 N % ‘ﬁ\_
tec tASH — AP,
--—— tRCO o tcas tcas »| |- t1CRS--]
oS Vi i AN h
1RAH tCAH s tcad
tASR ‘_0 t‘A_SE ‘-4—-. 'Aic. “ﬂ—b
Addresses Vlﬂ%c Row ‘E@( olumny //////////////////////// olumim
ViL < ddres re: Z/Naddres:! z
tres "ﬂ.‘ m twen :—t—nwrl——
E i A4 e
tos toH 1@. 1oH
oATA M7 zzm Valid Data Eq Valid Data
IIQED' tOEH toED toEH
% 77 K77 K22
Don't Care
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PAGE MODE READ/WRITE CYCLE

{RAS
— VH— B
RAS | _ N JZ : \_
tPRWC tRsH LA
- Los 1cRs
e tRCD tcas - tcas |
e VIHT >
CAS x &
ViL - K 2
1RAH toan tee tcad
tasa| | 7] g | tase LI
Vin Row fColumn} f Column
Addresses Vi ddre | addres [ Sddose )
CWL cwt,
tAcS trcs t s,l
tewn ‘ s twon ke Ric
Er—{ L
e ViH twe
Ve 240
Vi —/
(Rth toH
CAC tcac tos
tRAC —]
ver v 2027 aXX b
DATAVu./ VoL /l Bat Data
v toea toea toEz
== ViH-T
OF V- \

/] bontcare

RAS-ONLY REFRESH CYCLE

DATA v
v

Note: CAS = Vi, WE and OE not dependent on the high or fow level.

thas

OH—

v
Vi

pa——

N

K~

-« tRAS —

A

tRAS|4—

«— RAS —m»f

Row address

oL

Open

I////] pon'iCare

115



sMSM41464n

CAS BEFORE RAS REFRESH CYCLE

p—
RA
S viL - /

Note: WE and OE not dependent on the high or low level.
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/ N
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Addresses z::': / \ // W }x
——J [— tOFF
DATA zg:__ D { Open |
Don't Care
HIDDEN REFRESH CYCLE
=T ) N [~
cAs M- - t\
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We ViH—!
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‘ |
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—

_g‘
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Valid Data
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/
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

- tRTC »|
- LTRAS >

RRS |, N 12

—{ [a—— 1CSH—] |<—tCP—> - tRsH »{ [@—1RP
|
- Vi ?‘ )S_ icas >
ViL- | | S

tasc I<_> |e— iCAH—-»I

VIH-
Addresses V::j Column address /
tres | l | Bl
— ViH
WE (Read) /W l
ViL - ’

[

tcac tACH
- ! torr
VoH - 4 b
DATA ,, 4 Valid Data p—
oL K 2
toga I

P lesltoEz
ViH-
OE (Read)
" W[ %

tRoS ‘ltcwo -~ <1C—WL>H$|

la— tRWL

__ Vi 7 X WP —»]
WE (Write) ViL- /W \ ] //,
tp:

v 7 e ¥

- {OED lq’l tOEH
- Vig— W
OF (Write)
ViL-

/] Dont Care

117



s MSM41464 e

MSM41464 BIT MAP (PHYSICAL-DECIMAL)

DQ1 DQ2  DQ4 DQ3 [J Pin 18
252 | 263 [ 254 [ 255 3 2 1 0 U o 1 2 3 255 | 254 | 253 [ 252
128 | 128 | 128 | 128 128 | 128 [ 128 | 128 128 128 | 128 | 128 128 | 128 | 128 | 128
252 | 253 | 254 | 255 3 2 1 0 ] 0 1 2 3 255 | 254 | 253 | 252
128 | 128 | 128 | 128 128 | 128 [ 128 | 128 128 | 128 | 128 | 128 128 [ 128 | 128 | 128
252 | 253 | 254 | 255 3 2 1 0 | o 1 2 3 255 | 254 | 253 | 252
129 | 129 | 129 | 129 129 | 129 | 129 | 128 129 | 129 | 129 [ 129 129 | 129 | 120 | 129
252 | 253 | 254 | 255 3 2 1 0 4l o 1 2 3 255 | 284 | 253 | 252
129 | 120 | 129 | 129 129 | 129 | 129 | 129 129 | 129 | 129 [ 129 129 | 129 | 120 { 129
252 | 253 | 254 | 255 3 2 1 0 ) 1 2 3 255 | 254 | 253 | 252
130 [ 130 | 130 | 130 130 | 130 [ 130 [130 130 | 130 | 130 [ 130 130 | 130 | 130 | 130
252 | 253 | 254 | 255 3 2 1 [ ld| o 1 2 3 255 | 254 | 253 ] 252
130 | 130 | 130 | 130 130 | 130 | 130 | 130 a 130 | 130 | 130 [ 130 130 | 130 | 130 | 130
g
=]
252 | 253 | 254 | 255 3 2 1 0 Sl o 1 2 3 255 | 254 | 253 | 252
253 | 253 | 253 | 253 2563 | 253 [ 253 | 253 W 253 | 253 | 253 | 253 253 | 253 | 253 | 253
252 | 253 | 264 | 255 3 2 1 o lLi il o 1 2 3 255 | 254 | 253 | 252
253 | 253 | 253 | 253 253 | 253 [ 253 | 253 253 | 253 | 253 | 253 253 | 253 | 253 | 253
252 [ 253 [ 254 [ 255 3 2 1 o || [ 1 2 3 255 | 254 | 253 | 252
254 | 254 | 254 | 254 254 | 254 | 254 | 254 [ 254 | 254 | 254 | 254 254 | 254 | 254 | 254
252 [ 253 | 254 | 255 3 2 1 0 L] [} 1 2 3 255 | 254 | 253 | 252
254 | 254 | 254 | 254 254 | 254 | 254 | 254 1671 254 | 254 | 254 | 254 254 | 254 | 254 | 254
252 | 253 | 254 | 255 3 2 1 o || | o 1 2 3 255 | 254 | 253 | 252
255 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 255 | 255 | 255 255 | 255 | 255 | 255
252 | 253 | 254 | 255 3 2 1 o-1Li-[te] o 1 2 3 255 | 254 | 253 | 252
255 | 255 | 256 | 255 255 | 255 [ 255 [ 255 L 255 | 255 | 255 | 255 255 | 255 | 255 | 255
ROW DECODER | [ ROW DECODER
252 | 253 | 254 | 255 3 2 1 0 iN| |l 0 1 2 3 255 [ 254 [ 253 | 252
127 | 127 | 127 [ 127 127 | 127 [ 127 | 127 127 [127 {127 | 127 127 | 127 | 127 [ 127
252 | 253 [ 254 | 255 3 2 1 o || | e 1 2 3 255 | 254 | 253 | 252
127 | 127 | 127 | 127 127 [ 127 [ 127 | 127 127 [ 127 | 127 {127 127 | 127 | 127 [ 127
252 | 253 | 254 | 255 3 2 1 0 1L Ll 0 1 2 3 255 | 254 | 253 | 252
126 | 126 | 126 | 126 126 [ 126 [ 126 | 126 126 | 126 | 126 | 126 126 [ 126 | 126 | 126
252 | 253 | 254 | 255 3 2 1 o || | o 1 2 3 255 [ 254 | 253 | 252
126 | 126 | 126 | 126 126 [ 126 [ 126 | 126 126 | 126 | 126 | 126 126 [ 126 | 126 | 126
252 | 253 | 254 | 255 3 2 1 o lLfle e 0 1 2 3 255 | 254 | 253 | 252
125 [ 125 | 125 | 125 125 | 125 | 125 | 125 é 125 | 125 | 125 | 125 125 | 126 | 125 | 125
252 | 253 | 254 | 255 3 2 1 0 8 0 1 2| 3 255 | 264 | 253 | 252
125 [ 125 | 125 | 125 125 [ 125 [125 | 125 4 130 [ 130 | 130 [ 130 125 [ 125 | 125 | 125
E
2
252 | 253 | 254 | 255 3 2 1 0 § Li— 0 1 2 3 255 | 254 | 253 | 252
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
252 | 253 | 254 | 255 3 2 1 0 0 1 2 3 255 | 254 | 253 | 252
2 2 2 2 2 2 2 2 ( 2 2 2 2 2 2 2 2
252 | 263 | 254 | 255 3 2 1 [} ] © 1 2 3 255 | 254 | 253 | 252
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
252 | 253 | 254 | 255 3 2 1 0 || 0 1 2 3 255 | 254 | 253 | 252
1 1 1 1 1 1 1 1 ( 1 1 1 1 1 1 1 1
252 | 253 | 254 | 255 3 2 1 0 a| o 1 2 3 256 | 254 | 253 | 252
0 0 0 0 0 0 Q 0 _?— 0 0 0 0 0 0 0 0
252 | 253 | 254 | 255 3 2 1 o || 0 1 2 3 255 | 254 | 253 | 252
o] o] of o o] of o] o LI _of of of o o] of o] o
REFRESH ADDRESS REFRESH ADDRESS
(0-255) (0-255)
0 A CELL A = ROW ADDRESS (DEGIMAL)
Ping B : B = COLUMN ADDRESS (DECIMAL)
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