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OK1I semiconductor

T -46-23-15

MSM514100

4,194,304-Word x 1-Bit DYNAMIC RAM: FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The MSM514100 is a new generation dynamic RAM organized as 4,194,304-word x 1-bit.
The technology used to fabricate the MSM514100 is OKI‘s CMOS silicon gate process technology
The device operates at asingle +5V power supply. Its 11O 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 power supply, £ 10% tolerance

¢ Input: TTL compatible

" ® Output: TTLcompatible, tristate,

® Refresh: 1024 cycles/16 ms

& Common /O capability using Early Write
operation

» CAS before RAS refresh, CAS before RAS
hidden refresh, RAS-only refresh
capability

® Multibit test mode capability

® Built-in Vgg generator circuit

nonlatch
Family Access Time Cycle Time Power Dissipation
{Max} {Min) Operating . Standby
trac [ taa | teac (Max) {Max)
MSM5.14100-70 -70ns| 35ns| 20ns 130 ns 550 mW
MSM514100-80 80ns|40ns| 20ns| 160ns 495 mw (MOS lonal)
MSM514100-10 100ns| 50 ns| 25ns 190 ns 440 mwW
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PIN CONFIGURATION (TOP VIEW)
Pin Names Function
ADtoA10 | Address Input
——
Ow [1] 28 Vss  nor ] == =
Oy 1 hdvss  WE [2] bsl Dour bour ] [2] CAS RAS Row Address Strobe
WE |2 z 17 Dour  RAS [3] =z b3 CAS DOUT = Z]Y.Ei. —
RAS (3] g hgcas  nN.c.[4] 2 B3 N.C. R—Z% o S [ElWwe CAs Column Address Strobe
ao[@] 5 [Eas aw[E & a9t 2 [Eaw
A*5] B [idas* = N'c" Bl = hd nc. Din Data input
ISUE é a7 actB] g [Eas AO* L = dar
A R [idasr . arfid & 7 a7* CZ [@ S (4 a3+ Dour Data Output
A3 [8] fgas* a2+ [ f@asr Y 13 ¥ i e —_ ,
Vee [T Haet a3t gase M [i7 TN WE Write Enable
N
vee ] [dasr A ase
18 PIN DIP Veeo Power Supply < +5V>
26 PINSOJ 20 PIN ZIP . .
Ve Ground <0V>
N.C. o Connectian
* Refresh Address

FUNCTIONAL BLOCK DIAGRAM

RAS N Timing
Generator
Timing
R
CAS T b D Generator
. Write
Column N Ccolumn Clock  fe———"WE
_ | Address . |/ Decoders Generator

Buffers -
AD - -
_ [ internal Refresh o] —>1 Qutput

Address [ Control Clock Sense AMps || Selector |—a Buffer Doyt
Al0 Counter

] Row Row >1 Word >
Address De- Driv- Memory
Buffers cod- ers Cells Input
L1 —] le—
ers Buffer D
Ve — g
Vss  mmm———
> [ On-chip Ves
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Notes
Voltage on any pin Coxe
relative to Vs vT Ta=25°C - 1.0t0+7:.0 ) 1
Short circuit output los Ta=25°C 50 MmA 1
current
Power dissipation Pp 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 45 5.0 5.5 v 2
Supply voltage
PP d Vss 0 0 0 v
Input high voltage ViH 2.4 - 6.5 \ 2
Input low voltage Vi -1.0 - .08 - v 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. All voltages are referenced to Vss.
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(Vee=5V110%, Ta=0to +70°C)

, MSM MSM MsM 1.
Parameter Sg;r;- Conditions | 314100-70 514100-80 | 514100-10 | ;¢ | Notes
: Min | Max | Min | Max | Min | Max
Output high voltage Vou [lon=-50mA | 24| Vcc 1 24| Vee | 24 | Ve
Output low voltage VoL |lo=42ma 0 jo04a|01]04]|0]o04
OVSVISB.SV;
Il other pi
Input leakage current | Iy |21o€TPIN® 10} 10 | -10] 10 |-10| 10 | xA
test=0V
Output leakage Doyr = disable
current o 0V=VOS55V -10] 10 | -10( 10 }-10| 10 #A
Average power RAS, CAS
supply current lccr | eycling, - 100 | - 20 - 80 mA 1,2
(Operating) tac =min
RAS = - 2 - 2 - 2
Power supply current RAS=Viy | TTL
(Standby) lecz gAS=V;|H mA
our=Hz [MOS | — 1 - 1 - 1
Average power RAS cycling,
s%%gly current lees [ Cas=vy - 1100 | - 90 - 80 mA 1,2
(RAS-only refresh) tac = min
Power supply current | | RAS =Vin ’
ccs | CAS=V, - 5 - 5 - 5 mA 1
(Standby) Dout = e'Lnable
Averlage power —
sugg y current _ - RAS cycling, - _ -
(CA before RAS ICCG as- before EK§ 100 90 80 mA L
refresh)
Average power RAS=V,,
supply current lccy | CAS cycling - 920 - 80 - 70 mA 1,3
(Fast page mode) tpe = min B

Notes: 1. lcc depends on output loading and cycle rates. Specified values are obtained with
t?'ne output open. :
2. Measured by using no more than one address change while RAS = V).
3. Measured by using no more than one address change while CAS =V
CAPACITANCE
(Ta=25°C, f= 1 MHz)
Parameter Symbol Conditions Typ Max Unit

Input capacitance (A0 to A10, Din) Cing - - 6. pF
Input capacitance '
(RAS, CAS, WE) Cin2 7 pF
Output capacitance (Doyt) Cout - - 7 pF
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AC CHARACTERISTICS
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(Vcc=5V £10%, Ta=0to +70°C)

Notes 1, 2, 3, 10

MSmM MSM MSM
Parameter Sl))((r:'\- 514100-70 | 514100-80 | 514100-10 Unit| Notes
Min | Max | Min | Max | Min | Max
Random read or write cycle time tre | 130} - 160 | - 190 - ns
Read/write cycle time tawec | 155{ - 1185 - |220] - [ ;s
Fast page mode cycle time tpc | 45 - 50 - 60 - ns |
Fast page mode read/write cycle time  [tprwe | 75 - 80 - 95 |- - ns -
Access time from RAS trac | - ] 70 | - | 80 | - J100|ns| a5
Access time from CAS tcac] - 20 ] -] 20 ] - | 25 [ ns | 45
Access time from column address tan | - 35 - 40 - 50 {ns | 4.6
Access time from CAS precharge tcea | - | 40 | - { 45 | - ] 55 |Ins| 4
Output low impedance time from CAS | tcz | O - 0 -~ 0 - ns 4
Output buffer turn-off delay time torr | O 20 0 20 0 25 | ns 7
T(ansition time tr 3 50 3 50 3 50 | ns 3
Refresh period tree | - 16 - 16 - 16 | ms
RAS precharge time tgp | 50 - 70 - 80 - ns
RAS pulse width tras | 70 |10.000] 80 |10.000f 100 |10.000| ns
RAS pulse width (Fast page mode) trase | 70 l100,000] 80 |100,000] 100 [100,000 ns
RAS hold time tasw [20] - 20| - |25 - |ns
CAS precharge time tce 10 - 10 - 10 - ns
CAS pulse width tcas | 20 |10000] 20 [10.000} 25 {10.000] ns
CAS hold time tesu |70 | - | 80| - {1001 - |ns
CAS tom precharge time terp | 10 - 10 - 10 - ns
RAS to CAS delay time thep ] 201 50 122 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 tasr | © - 0 - 0 - | ns
Row address hoid 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
Column address hold time from RAS tar | 55 - 55 - 75 - ns
Column address to RAS lead time trar | 35 - 40 - 50 - ns
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AC CHARACTERISTICS (CONT.) '

MSM MSM MSM
Parameter St))lgll- 514100-70 5714100-80 514100-10 Unit Notes
Min | Max | Min | Max { Min | Max
Read command set-up time tacs | O - 0 - 10 - | ns
Read command hold time tRCH 0 - 0 - 0 - ns 8
Read command hold time reference to
KAS trRRH 10 - 10 - 10 - ns 8
Write command set-up time twes | O - 0 - 4] - ns 9
Write command hold time twen | 15 - 15 - 20 - ns
Write command hold time from RAS twer | 551 - |60 - 75 ] - | ns
Write command pulse width twe | 15 - 15 - 20 - ns
Write command to RAS lead time taw | 201 - | 20 - 25 - |ns
Write command to CAS lead time tewe | 20| - [ 20 - 25| ~ ‘Ins
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 tour | 55| - | 60| - [ 75 ] - | ns
CAS to WE delay time tewn | 20 | - |20] - f25| - |ns| 9
Column address to WE delay time tawo | 35| - (40| - 50 -~ 'ns| 9
RAS to WE delay time towo | 70| - (80| - [100| - lns}| 9
CAS active delay time from RAS tapc | 10 _ 10 _ 10 __ ns
precharge
RAS to CAS set-up time (CAS before tesr | 10 N 10 N 10 2l ne
RAS)
RAS to TAS hold time (CAS before RAS) | toug | 20 | — | 20| - | 20| - |'ns
CAS precharge time (Refresh counter tepr | 30 _ 40 _ 50 _ ns
test) .
WE to RAS precharge time (CAS before twre | 10 _ 10 _ 10 _ ns
RAS)
WE hold time from RAS (CAS before twan | 20 _ 20 _ 20 _ s
RAS) .
RAS to WE set-up time (Test mode) twsr | 10 - 10 - 10:] - ns
RAS to WE hold time (Test mode) twar [ 20 | - ] 20| - {20 - Ins
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Aninitial pause of 200 us is required after power-up followed by a minimum of 8
initialization cycles (examples: RAS-only Refresh or CAS before RAS Refresh)
before proper device operation is achieved.

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

Vi {(min.) and V,L (max.) are_reférence levels for measuring the timing of the
input signals. Transition times are measured between V) and V..

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

Opera{ing within the trcp (max.) limit insures that trac (Max.) can be met. The
spec. trep (Max.) is for refrence only. [f trep is greater than the specified trep

. {max.}) limit, access time'is controlied exclusively by teac.

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

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

Either the tray or the tren spec. must be satisfied for a proper read cycle. -

The specs twcs, tawp. towp and tawp are not restrictive operating parameters.
They are included in the data sheet for reference only. If tywcs 2 twes (min.) the
cycle is an Early Write cycle and the data out remains in a high impedance state
throughout the entire cycle. If tcwpZ tewp (Mind), trwp = tawp (mMin.) and
tawb 2 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 CAS before RAS refresh cycle with WE
held at a low level (V)). The device remains in the test mode until it is
deactivated by executing a standard RAS-only refresh or a CAS before RAS
refresh with WE held ata high level (Viy).

In the test mode, RA10, CA10 and CAQ are not used and the Dyy pin now accesses
8 bit locations. All 8 data bits can be written in parallel into the memory arrany,
reducing test time by 1/8. When executing a read cycle all 8 data bits are gated
throughout the internal exclusive OR lbgic and the result is presented at the
Doyt pin. thus if the data bits are equal, the Dgyr pin indicates a logical 1. 1f the
data bits are not equal, the Dgyy pin indicates a logical 0. This additonal internal
operation delays access time by 5ns and should be added to the access time
parameters if operating in the test mode.
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READ CYCLE
s o N /o N
ICRe treo TRSH F;ﬁg_
=5 x:f : - = o —\-\ - CAS -/ Jl—
li“é&

) tRAH [ tage]
. L

so-aro ' : m X000
AR ) { " taan ﬁ
Ve — 1 B
WE VILV_,W teac 7
] 'tRAC "ﬂ"{ Jﬂi
Dour xz:: OPEN @@: Valid Data £—
2 cor+ care
~ WRITE CYCLE (EARLY WRITE)
tRAS e [ I
" N A N
‘_}chP,‘ 1) ttasu - ‘Eﬁ
= 2 e N 7
taar ]
» == |
Ao~at0 U %fl (" cotumn J:
- \‘;m : ™ t@ — t‘fm / - .
[ | o lngL !
e I o Y

W Don't care
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sMSM514100 =

trwe —
_ AN tras }: T
AT zm _ \—r ;
" trsH 1cap
L cre tacp tRwi !
—_— -
o \‘;:r e tesH \\" - _“'/ /
o tar tow |
tasg "‘R_Aﬁl [ tagd tea TRAL '
oo~ TR o MO o MO
trwo —
towo
— Al |t g
WE /e ] NV
l Ins ton |
ou e ~ D K o K
‘ trac ,L Lo he tore
" Dour :Z:‘: OPEN %: Valid Data :E———
taz Don'tcare
FAST PAGE MODE READ CYCLE
trasP re
m o TT N RN
tesh teg TRsh
Fgg_ trcD teas fcp tep tere
t
w oI N N Ry
1
tasr "E'TH :\Rsc tean tAf—» | tcay| | tasq L(_:_::L
AD~A10 \\::: :%{ Row 7 Column ;@: Column %: Column // 7/
tres f<t e LR tren e
tres } e
Vi taa taa tan]
! tRAC tcpa " epd )
Dour o4~ @ > @ “F@ P
tag ot tagz ToFF teyy BANRA
I I ' Don’tcare
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trasp 1 trp
Vi — —— L
Ras - \ 4/-i N
[ T i
tpc tRsH
R TRCD | tep tep | terp
teas | | teas e
Vi — = = = =0 tc
Tas ™ A %ﬂz N % as
Vie — tesu = = =
' taR . ) tray
tasR TRaH  lasC tead tasc teal tasd e
Vi —
o ? »
twer
twes

twes tweH Twed twcl e
— Viy twe twe Twe /
WE
Vie — 2
1 ! i ! {
| tos lon , - Ios tox t |ton |
Vin valid ¥, Valig Valid '}y
Din Vie — Data-in A Data-in Data-in__# Z

I tokr

Von OPEN

7///4 Don'tcare

FAST PAGE MODE READ/WRITE CYCLE

trasp l Irp
RAS Vi _——ﬂ—V o
oML — -~ I A
tesH PRWC IRSH
tRep Tcas teg tcas tcp tcas tere |
Vig — = - ' - - ~
CAS vy — - \k— 1—/ \—\— j—/ \\ ;2://
" tasa tag ] . Tral,
N st |t il
RAH )
v T A b L
A0~ato M — Row Column P,/// Column // Column
Vi AY p Y A o N A Z
tawo i ! tawL
. Tacs | tewn |, towt Lowo Towy ewp tew
— Vi T | =
WE v, — W tawp tawp N tawd A
. trRaC tceg toed |-}
taa twe tan twe tan twp
trao
tcac t t
< Loee 77 <A torr > cac tore i
Von — 4 Vaiid A Vaiid EF Vaiid —
Dout v _ - {  Data X Data X Data 3
tog] | tos tos,
Vih — ~
ow v _ D00 ) .
valid Data Valid Data Valid Data % Don‘tcare
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RAS-ONLY REFRESH CYCLE

AQ~AY

Dour

tre

Tre

tras |
Vin —~ X : y‘
Ve — S

trec

|

tcre
R

e | 7
_

' tasR trRan

Xtr - // Row / _ 7 7,

Vou
Vou —

OPEN

NOTE: WE, AiC=Don'tcare V-] bontcare

CAS BEFORE RAS AUTO-REFRESH CYCLE

Dour

ke
tras . e
[
Vie —
Ve =~ trRPC T~
tep tsa tcnr
Vg = /"ﬁ'
Vie — R
twre
| twap TwRH | Iv:_)
w D% K i)
w -7 4
losr
[t
Ve — L
OH — OPEN
Voo = —
NQTE:  A0-A10=Don'tcare m Don'tcare
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HIDDEN REFRESH READ CYCLE

tre

tras trp tras
vy = % 1= |
RAS. vy — \-i 1-/ \~\—- -/
treo tRsH tcHr
tcrp
s Vw T A N /
Vie — traD = A
taal
tasr tRan tase| | teag.

s~ TN i WO i K T

tar 1
RRH  TwRe|
tlncs twRK l

W VIH: / /% teac /Z

Vo

oF
trac ‘
Dour VoH % Valid Data
VoL —~ T

oz
Daon’t care

R

g

HIDDEN REFRESH WRITE CYCLE

- — — tac - o I
RV N, A N V
Pﬂ‘i- treD SRS . toam
= I |k J/—_
oy fay [T o H ’
Aa~A10 Xfﬁz%ﬁﬁv WOR__coumn ) 0
. [ \

hd 1
08 OH

I !
o

Vin

L "ﬂ&]
we z::i : % twes t\;:vcu ’%

Din

Vi
tonr
Dour oK™ OPEN
oL~ >
%4 Don'tcare
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tras ) .  tgp

> e
RAS Vin _..""__—3\ - tRsH K
ViL — 3 A

tese tcHR L teet tcas
< Vi~
CAS ViL —‘{. ) J] . \‘ . 72
i tasc . tcan | §
Vin ' T
’ tcac S
) o trat | Ly
READ CYCLE v . e taa tore |
o Vou — e
.OUT Vor = OPEN < Valid Data
thL LWRH , tres | oz - | | l e |
) { |< "
— Vii §
. . tac
WE Vi . H |
WRITE CYCLE
V,
Dour VOH - OPEN
oL~ tawl
¢ 1 tewe
» RP i twes bwch
—— Vi twp
WE Vi \\ p.
tos ol I l
Vin ————
RAR——
taz '
READ/WRITE CYCLE ) l(c;cl | 'OFF
Vo — .
Dour Vo" %{ Valid Data
oL — — d
tan Cwi
twre twrH
> tawD > thwL
. i
— Vi 5
t
WE % R -
‘CWD tWF’

v Dy <>//////////////

(+ ton

Don’t care
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TEST MODE INITIATE CYCLE
tRC |
: ) tre tRas | l
3 x::' :_/-l: ' ‘ —\—\—“ r
. Lot .} | tese i tcHR : |
w I N _
W Y. @
: : - . :
Dour z"“_ b OPEN
NOTE: AD-A10, Djy=Don'tcare Don'tcare )

362






