OKI semiconductor

MSM514102

4,194,304-Word x 1-Bit DYNAMIC RAM: STATIC COLUMN MODE TYPE

GENERAL DESCRIPTION

The MISM514102 is a new generation dynamic RAM organized as 4,194,304-word x 1-bit.
The technology used to fabricate the MSM514102 is OKI's CMOS silicon gate process technology.
The device operates at a single + 5V power supply. Its /O pins are TTL compatible.

FEATURES

e Silicon gate, quadruple polysilicon CMOS,
1 transistor memory cell

®  4,194,304-word x 1-bit organization

® 350 mil 26-pin plastic SOJ, 400 mil 20-pin
plastic ZIP, 400 mil 18-pin plastic DIP

® Single +5V powersupply, * 10% tolerance
® [nput: TTL compatible

® Output: TTL compatible, tristate,

® Refresh: 1024 cycles/16 ms

¢ Common /O capability using Early Write
operation

e CSbefore RAS refresh, CS before RAS
hidden refresh, m-only refresh
capability

® Multibit test made capability

® Built-in Vgg generator circuit

nonlatch
Access Time Cycle Power Dissipation
Family (Max) Time Operating Standby
trac taa tcac (Max) {Max) (Max)
MSM514102-70 70 ns 35ns 20ns 130ns 550 mW
55 mw
MSM514102-80 80ns| 40ns| 20ns| 160ns 495 mW (MOS level)
MSM514102-10 100 ns 50 ns 25ns 190 ns 440 mW
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PIN CONFIGURATION (TOP VIEW)

Pin Names Function
AQ to A10 Address Input
Dw [1] Bd Vss
\/ — A9* 11 - e
o [d] I Vss  WE [Z] B3 Dour o % % cs RAS Row Address Strobe
WE [2 D RAS 3 out a) v
WE [3] z 024 Dour 53] = g Cs ou B 2 Vss — .
RAS[Z] & hdcs Ne[d]l »© gInc s [ 3 [ we cs Chip Select Input
aw0[@] S [Faet awl] 5 bFaer ne [ Z [Blaw
ArE 2 AB* = Ab'; 0 = g N.C Dy Data Input
Aar*[6] o Ja7* a0*[9] & [ » = At
B g @A aoll g e G g B T
A [7] % [[das* arrfid 5 [Fare N [ a3 out ata Output
a3 @ v At a+[ EEC E < g asr -
Vee [9] F-YARNNYL . g as* 2; % % A6* WE Write Enable
Ve 13 hd A4* kd As*
18 PIN DIP « Vee Power Supply < +5V>
26 PINSQCJ 20PIN ZIP
Vs Ground <0V>
N.C No Connection
* Refresh Address
FUNCTIONAL BLOCK DIAGRAM
RAS > Timing
Generator
- Timing
¢ 4 > j > Generator
Write
Column \| column Clock  [e—— W
_| address / Decoders Generator
Buffers
AQ
N internal Refresh 170 [—> Output
Address < Control Clock Sense Amps Selector |—am Buffer Oour
A0 Counter
& Y Y
— Row |—>-] ]
R Word
Address _I_'\ [)0: Driv- Memory
Buffers _I_V/ cod- ers Cells Input
ers Buffer [ D
Vee y———>
Vg ————
___)l On-chip Ves
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Notes
Voltage on any pin VT Ta=25°C -1.0t0+7.0 v 1
relative to Vs
Short circuit output 108 Ta=25°C 50 mA 1
current
Power dissipation Po Ta=25°C 1 w 1
Operating o
temperature Topr - Oto +70 C 1
Storage temperature Tstg - -55t0 +150 °C 1

RECOMMENDED OPERATING CONDITIONS
(Ta=0to +70°C)

Parameter Symbol Min Typ Max Unit Notes
Vee 4.5 5.0 5.5 v 2
Supply voltage
Vgs 0 0 0 v
Input high voltage \um 2.4 - 6.5 \ 2
Input low voitage Vi -1.0 - 0.8 \ 2

Notes: 1. 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.

2. Allvoltages are referenced to Vss.
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DC CHARACTERISTICS

(Vee=5V£10%, Ta=0to +70°C)

MSM MSM MSM
Parameter Sggl\- Conditions | 214102-70 | 514102-80 [ 514102-10 Unit [ Notes
Min | Max | Min | Max | Min | Max
Output high voltage Vou |lon=-50ma | 24 | Vec | 24 | Vee | 24 | Vec
Gutput low voltage Vor |loe=42maA 0 0.4 0 0.4 0 0.4
OVE VIS 6.5V,
all other pins _ _ _
Input leakage current 1y not under 10| 10 10] 10 10] 10 | xA
test=0V
Output leakage Doyr = disable
current Lo VS VOS5 Y ~10] 10 |-10| 10 |-10] 10 oA
Average power RAS,C5
supply current Icct | cyding, - 100 - 90 - 80 |mA | 1,2
(Operating) tac =min
Power supply current | | %555_=VV:H I 2 B 2 B 2 mA
(Standby) €2 =Vin
Dgyr=Hz [MOS | 1 - 1 - 1 mA
Average power RAS cycling.
sgﬁgly current lees [ CS=vy, - 100 | - 90 - 80 | mA | 1,2
(RAS-only refresh) the = min
Power supply current | | BAS =Viy
ccs [C5 =V - 5 - 5 - 5 mA 1
(Standby) Doyy = enable
Average power J—
supply current RAS cycling, _ _ _
before RAS |cc5 E beforem 100 90 80 mA 1
refresh)
Average power RAS =V,
supply current lccg | GS=v, - 90 - 80 - 70 | mA 1
(Static column mode) tsc = min

Notes: 1. Icc depends on output loading and cycle rates

the output open.
2. Measured by using no more than one address change while RAS = V.

. Specified values are obtained with

CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol Conditions Typ Max Unit
Input capacitance (A0 to A10, Dyy) Cint - - 6 pF
Output capacitance (Doyr) Cour - - 7 pF
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AC CHARACTERISTICS
(Vec=5V £ 10%, Ta=0to +70°C)
Notes1,2,3, 11

MSM MSM MSM
Parameter Sggl!- 514102-70 | 514102-80 | 514102-10 Unit|Notes
Min | Max | Min | Max | Min { Max

Random read or write cycle time tpe | 130 -~ 1160 - 190 - ns
Read/write cycle time trwe | 155 | - 185 - j220| - ns
Static column mode cycle time tsc | 40 - 45 - 55 - ns
Static column mode read/write cycle time [tspwc| 65 - 70 - 80 - ns
Access time from RAS thac| - | 70 | - | 80 | - | 100 | ns |4,5,6
Access time from C5 tcac| - | 20| - | 20| -~ | 25 | ns |45
Access time from ¢olumn address taa | - 35 - 40 - 50 | ns |4.6,7
Access time from last Write tatw | — 65 - 75 - 95 | ns | 4,7
Data output enable time reference to WE | tow | - 20 - 20 - 25 | ns
Output low impedance time from C§ taz | O - 0 - 0 - ns 4
?;Ean?:;%:’trggld time reference to taon | 5 B 5 _ 5 a ns
Data output hold time reference to WE twon| O - 0 - 0 - ns
Output buffer turn-off delay time torr | O 20 0 20 0 25 | ns 8
Transition time tr 3 50 3 50 3 50 | ns
Refresh period trer | — 16 - 16 - 16 | ms
RAS precharge time tgp |50 - |70 - [ 80| - |ns
RAS puise width tras | 70 [10,000] 80 [10,000} 100 10,000 ns
RAS pulse width (Static column mode) trasc | 70 [100,000] 80 [100,000 100 }100,000| ns
RAS hold time s |20 - |20 - |25 | - |n;s
CS precharge time tp [10] -~ 10| - J10)] - |ns
CS pulse width tes | 20 [100,000| 20 |100.000] 25 |100.000 ns
CS hold time tesu |70 - |80 ]| - {100 - |ns
CS to RAS precharge time tere | 10 - 10 - 10 - ns
RAS to CS delay time taco | 20 ] 50 | 22| 60 |25 ] 75 |[ns| 5
RAS to column address delay time trap | 15 | 35 17 ] 40 [ 20 | 50 | ns 6
Row address set-up time tasg | O - 0 - 0 - ns
Row address hold time tran | 10 - 12 - 15 - ns
Column address set-up time tasc | O - 0 - 0 - ns
Column address hold time tcan | 15 - 15 - 20 - ns
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AC CHARACTERISTICS (CONT.)

MSM MSM MSM
Parameter Sg:’ll- 514102-70 | 514102-80 | 514102-10 Unit|Notes
Min | Max | Min | Max | Min | Max

%%%WR;??SL&YSSC:‘;)I(’ time reference to tawr | 55 B 60 _ 75 _ ns
%xmn address hold time reference to tan | 85 _ 95 _ 115 _ ns
Column address to RAS lead time trar | 35 - |40 ]| - | 50| - |[ns
%Fr;:re\:hda(:rgeess hold time reference to tan | 10 _ 10 _ 10 _ ns
_\(,I_Vg_éumn address hold time reference to tamiw| 65 _ 75 _ 95 _ ns

Last write to column address delay time ttwap| 20 | 30 | 20| 35 | 25 | 45 [ ns 7
Read command set-up time tres - - - ns

Read command hold time reference to G5 | tacu | © - 0 - 0 - ns 9
%/eTan command hold time reference to than | 10 _ 10 _ 10 _ ns 9
Write command set-up time twes | O - 0 - 0 - ns | 10
Write command pulse width twe | 15 - 15 - 20 - ns
Write command hold time from RAS twer | 55 - 60 - 75 - ns
Write invalid time twi | 10 - 10 - 10 - ns
Write command hold time (Dout disable) | twy | O - 0 - 0 - ns | 10
Write command to CS lead time tewe |20 - 20| - [ 25| - |ns
Write command to RAS lead time trwe | 20 - 20 - 25 - ns

CS to WE delay time tewo| 20| - 20| - [25]| ~ |ns| 10
Column address to WE delay time tawp [ 35 - 40 - 50 - ns 10
RAS to WE delay time tawo | 70| - |80 | - |100| - |ns| 10
Data-in set-up time tps 0 - 4] - 0 - ns
Data-in hold time toy | 15 - 15 - 20 - ns
Data-in hold time from RAS tour | 55 - 60 - 75 - ns

CS active delay time from RAS precharge trpc | 10 - 10 - 10 - ns

RAS to C5 set-up time (CS before RAS) tesg | 10| - |10 - 10| - |ns

RAS to CS hold time (CS before RAS) tewr | 20 - |20 - | 20] - | ;s

C§ precharge time (Refresh counter test) tepr | 30 - 40 - 50 - ns

WE to RAS precharge time (CS before twee | 10| - |10 = |10] = [ns

RAS)

WE hold time from RAS (C5 before RAS) twan | 20 | - | 20| - |20 - |ns

RAS to WE set-up time (Test mode) twse | 10 - 10| - 10| - |[ns

RAS to WE hold time (Test mode) twar| 20| = |20 - 20| - | ;s
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An initial pause of 200 us is required after power-up followed by a minimum of 8
initialization cycles (examples: RAS-only Refresh or €5 before RAS Refresh)
before proper device operation is achieved.

The AC measurements assume the transition time (t7) = 5 ns.

Vi (min) and Vy (max.) are reference levels for measuring the timing of the
input signals. Transition times are measured between Vi and V..

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

Operating within the tgcp (max.) limit insures that tgac (max.) can be met. The
spec. trep (Max.) is for refrence only. If tgep is greater than the specified trep
(max.} limit, the access time is controfled exclusively by tcac.

Operating within the tgap (max.)} limitinsures that tgac (max.) can be met. The
spec. trap (Max.) is for reference only. If tgap is greater than the specified trap
(max.) limit, the access time is controlled exclusively by taa.

Operating within the tywap (max.) limitinsures that tarw (max.) canbe met. The
spec. tywap (max.) is for reference only. If tiwap is greater than the specified
tiwap (max.) limit, the access time is controlled exclusively by taa.

The tofe (max.) spec. defines at which time the output data achieves a high
impedance state and is not referenced to output voltage levels.

Either the tgpy Or the trey spec. must be satisfied for a proper read cycle.

The specs tywcs, twi, tewn, tawp and tawp are not restrictive operating
parameters. They are included in the data sheet for reference only. If

twes = twes (min.) and tyy = tywy (ming) the cycle is an Early Write cycle and the
data out remains in a high impedance state throughout the entire cycle. if

towp Z tewp (Minl), tawp = trwp (Min.) and tawp = tawp (min.), the cycle is Read-
Write and data out contains data read from the selected cell. if neither of the
above sets of conditions is satisfied the condition of data out is indeterminate at
access time.

Test Mode Feature:

The test mode is activated by executing a CS before RAS refresh cycle with WE
held at a low level (V). The device remains in the test mode until itis
deactivated by executing a standard RAS-only refresh or a CS before RAS refresh
with WE held at a high level (V). ‘

in the test mode, RA10, CA10 and CAO are not used and the Dy pin now accesses
8 bit locations. All 8 data bits can be written in parallel into the memory array,
reducing test time by 1/8. When executing a read cycle, all 8 data bits are gated
throughout the internal exclusive OR logic and the result is.presented at the
Dour pin, thus if the data bits are equal, the Doy pin indicates a logical 1. If the
data bits are not equal, the Doyt pin indicates a logical 0. This additional
internal operation delays access time by Sns and should be added to the access
time parameters if operating in the test mode.
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READ CYCLE

*RC
[t
tras RP >
Vi = N 3 b
RAS g T N 1% ¥
tesn
| fere tRCD Rt terp
|
= V- s 3
< Vig ~ / _ 1RAD K i 4
1
“F:’ [ tRAL AN
1 P
V p— 3
AQ~ H
0~A10 vz / Row %( Column //
1 laR ] i } MLIECH
! tRCS ’! !‘ AT AR
Vi by
WE Vie - / // / teac W
| taa
- tore
| tRaC >
Vay = s
D, OH N
out v - OPEN ?( Valid Data
ez
7 ,
] pon‘tcare

WRITE CYCLE (EARLY WRITE)

tRC
RP
—_— . \ tRas > l .l
RAS M T N 7 N—
1,
e .
Zne - icre
o :/,::‘ - —— IRCD A‘|Xi_‘cS ——'72‘
1aSR E‘MHi | J
A0~A10 3::‘ : /% Row Column W // // /
RAD I“ASC’ e
twen
yveg .
we iz 2222% w g
l 4 toH
ow Vi = 22 /ﬁ;ta“wata 7% 272277
{ tonR
Doyr ng Z : OPEN
b] pon‘tcare
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READ/WRITE CYCLE

s MSM514102 =

TRWC —_—
—— - Ty
RAs i o ; N
- ReD >
i‘cap < tRap RAL - L CRP
- Vin - s
SRV / tres jsf - A
G w
‘RWI
AR tRAH tean
- I
AO~ATD 3::* - %;: Row &@g{ Column }W
]l rwp | e, l
—_ oy, — z
WE v - % / S z{/ %
‘csn
Vin —
ow Vi T %% 7 % alid Data . 722
v b WOH
l-t——y ‘oFF
Dour xg” @i: Valid Data %k—
L R ]
ot /] Don'tcare
STATIC COLUMN MODE READ CYCLE
tRASC — lap
Vin —
RAS vy =~ L qZﬁ\‘
icp RSH -
tcs t
& U X AR
w - tReD g
taH
ts¢ le tsc tRaL
AO0~A10 V'” - umn Column >§: Column ,i{
tRRH
acs
LRCH
WE an - } tan o
* tan tOFF
tcac
RAC
V, - 7] ail
Pour yor DA

N
N

Don‘tcare

385




sMSM514102=

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

trasc .tz
— Ve T X *ﬂ
S - N £ N__
tRsH
|—RsH
trap tase tp tcRp
T Yw N 7 N ; —
Vi — 3
t tacp *
' traL
tasal | tRam tcan
ol |y ey I<_>
— — b d b d k3
AO0~A10 :m % Row Column L Column Column p /
[ ~x * 3 3 Z
tawg taAsSC» t“"_. I | tasg | |Leay
. 1 Towy
"o twi tyn 1 twes
—_— Vi — K twe
WE 0 N Y
LS
o5 5 ¢ ]
t
Lo | | o ton tos e
Vin — Valid ; X 4 vaiid )
Din V:: —_ Daatla Valid Data ,%‘ Data
I tour
Vou —
Bout Vo — OPEN
m Don't care
*Re
[l
Vig - - N RASC
RAS Vi — %r A
im:
v ewo
s vr - tres |S< :F
1 g YL WAD . fewl
RAL >
tcan 3 >
PR RWL |
AO~A10 g'“ - Column © Column W /
[ K
tSRWC
tfRwp 1awo,
twe I
Viy — Ry 4;
WE Vy - / N
] l8¢D S le L
PtEs
Vin — Valid Valid
Div v, ~ %/ Data
o
o |
BLL el tow toFF
1RAC tarw |
I
Vou —, 7 : b £ valid Dat
Pour oL = " Valid Data i L alid Data
&
Al
m Don'tcare
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE

—_— Vi -
RAS V, -

— V-
s oy \|

A0~A10 3::‘:@;& Column )W@Q‘ Column "Wﬁ‘ Column =W Z
tasc tcan
” Ywap
tapw
tAwp
WE Wz N ——

s | toH le—taa >
Dy x:r - / valid Data / / / / %

tcAC ‘ < tow .| Of
taa tAQH taw
Von — ali 3 alt
Dour vq, _——ﬁ{ Data / Invalid Data mLData //

I (READ) | (WRITE) | (READ) {

m Don't care

RAS-ONLY REFRESH CYCLE

JR— e
VIH =

W |y — N—

tcre tapc

I ¥ 74

t,

ASR RAH
noss Y= 7 /Zq(t 5}% 2

Vv, —
Dout vy - OPEN

NOTE:WE, A10 = Don't care {1 Don'tcare
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CS BEFORE RAS AUTO-REFRESH CYCLE

Doyt

1OFF
Vou -
Vou —

1RC
np
—_— V- T N thas
RAS M i ke
Vie - / thpc S‘ ,!Z
e LtCsR tCHR tapc iCSR
T V- N
Sy - / f/ / / P
twrp YWYRH twae
WE  Vin— 3
WE M 74 K /|

NOTE:AQ - A10=Don’tcare

GPEN

] pon'tcare

HIDDEN REFRESH READ CYCLE

[
oy
AD~A10 x:r -
wEe e
Baur v T

RC tre
tRe
5\ RAS z‘ 5\‘ Iras
= > S — N
*RCD. tRSH
terp o taR > fenn \ 1—‘.9.&__"
/ I tran ;!Z
9I__ I
lask |
{RAD tRAL PR YT
l - AER4
e N
Row Column W
e ,

RRE twep
B < - twiRH

%4 [ 2
leac

taa
& torr
tRac ]

Valid Data

ez len

Alle

Don‘tcare
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HIDDEN REFRESH WRITE CYCLE

o Vi —
WE v, —

tRe fRe
tRas Rp 3
Vi = b AR 3 B tRas
RAs it Sf 1% S\ N\
tRCD RsH
fene |ﬂ 'cHR 11 tcRp
Ts V- ;r )
s Vi — 9I'RAH S(
tash rage| e
J2an " tean
- s N
A0~A10 x:r — Row ;olum%W /

t
twes twh W“"l[ whr

e I(—}
7

N
| el e

- -
D \‘f:[' - /%J;Valid Data 7~
I ¢ IDHR 3

Voer —
Dour O T OPEN

/] Don‘tcare

TEST MODE INITIATE CYCLE

Ras

V|H -
RAS  y

teHR |

Wy

twsR '
(_)l WHR
—_—
WE T /
Aad
Vop —
Dour vgf_ OPEN

NOTE: A0 - A10.D\y = Don'tcare m Don‘tcare

T V-
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE

H — trsH
- X a0
tcre

Vi

Vi

o S
w 7% Colur Y07
T

RAS

4

H
AQ~A10

READ CYCLE

Vou —
Dour
VoL —

7

twre

WE

AC
—
Valid Data|
twRH | tres, | | taz L ARRH
RC

4,
d

Xz

viL —

WRITE CYCLE

D
AG~A10 ::r :"‘ olumn
I

L

o)
3

Vou —

Oour OPEN

Vor —
twre| | twed o twes twi

‘<-«><

.
A —
w0 K R

READ/WRITE CYCLE tcan
—-———1<—>

o 2 < X

— Vi —
WE

L —

<

£ N
4 Valid Data j————
oz Y
lowe I

-
Ed
Kl

— Vi —
WE
ik —

o o 2k e ¥

/7] Don'tcare
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