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OKI semiconductor T Hb-23-15

MSM514102

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

GENERAL DESCRIPTION

The MSM514102 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 asingle + 5V power supply. Its /O pins are TTL compatible.

FEATURES -
& Silicon gate, quadruple polysilicon CMQS, ® Refresh: 1024 cycles/16 ms
1transistor memory cell e Common I/O capability using Early Write

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

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

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

e Single +5V power supply, * 10% tolerance

o Input: TTL compatible ¢ Multibit test mode capability

e Output: TTLcompatible, tristate, ¢ Built-in Vgg generator circuit

nenlatch
Access Time Cycle Power Dissipation
Family (Max) Time Operating Standby
trac taa teac (Max) (Max) {Max)
MSM514102-70 70ns 35ns 20ns|{ 130ns 550 mW
5.5 mw
MSM514102-80 80ns| 40ns| 20ns| 160ns 495 mW (MOS level)
MSMS514102-10 100ns| .50ns 25ns 190 ns 440 mwW
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PIN CONFIGURATION (TOP VIEW)
. Pin Names ) Function
ADto A0 | Address input
D O bd Vss
— __!ﬁ A9* — —
Dy Iﬂ Vs WE 2 b3 Dour Dg [;: 2] €5 RAS Row Address Strobe
we 2] . fADor RASE] o PACS D"‘"E < 3] v, —
RASZ] & G nefd @ pBne 2% Gl S [EBwe- Cs. - | chipSelectinput
aw0f@ 5 ae*  a10[F] E L S [Blaw
a0tf5] 2 Ag* = N"' E] = [@nc  ow Data Input
a6l S RAart a0t S hdas Ag. b = EFar
az*[7] 14 a6*  a1*[id '-E i A7* A2* b3 § g A3* Dour Data Output
a3*[@ © Mast A idaee V< E 7 hg aar — _
Ve [B] Ad* a3+[3 TN A:ﬁ 03 T WE Write Enable
Ve 3 g Aa* A7* 9 Rd As*
18 PIN DiP : Vee Power Supply < +5SV>
26 PIN SO 20 PIN ZIP ]
A\ Ground <0V>
N.C. No Connection
* Refresh Address

FUNCTIONAL BLOCK DIAGRAM

RAS N Timing
Generator.
G5

{ Timing
Generator

}

Write
Column \] Column Clock  }et———WE
_} Address / Decoders Generator
Buffers .
A0 )
- internal Refresh 1o F—>1 Output
Address [ Control Clock Sense Amps selector |—i Buffer Oout
A0 Counter .
& ; -

4 Row —>
- [ LN Row word
Address De- Driv- Memory
suffers [TL___ /] cod- ers Cells Input
ers [ Buffer

| ¢——————— Dy

. Vee —
' Vg mo——
i ___>| ~ On-chip Ves J
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Notes
Voltage on any pin ok
relative to Vsg vT Ta=25°C -1.0t0o+7.0 Vv 1
Short circuit output los Ta=25°C 50 mA 1
current
Power dissipation Pp Ta=25°C 1 w 1
Operating . °
temperature Topr - . Oto +70 C 1
Storage temperature Tstg -. ~55to +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
Vss 0 0 0 v
Input high voltage ViH 2.4 - 6.5 \ 2
Input low voltage Vi -1.0 - 0.8 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. Allvoltages are referenced to Vss.
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DC CHARACTERISTICS
(Vcc=5V £10%, Ta=0to +70°C)

MSM MSM MSM
Parameter Sg::- Conditions 514102-70 | 514102-80 | 514102-10 | ;¢ | Notes
Min | Max | Min | Max | Min | Max
Output high voltage Vou |lon=-50mA [ 2.4 | Vec | 2.4 Vec 2.4 | Vcc
Qutput iow vbltage VoL |lo=42mA 0 0.4 0 0.4 0 0.4 \Y
OVE VIS 65V;
all other pins _ - _
input leakage current I | Totunder 10} 10 10{ 10 101 10 | pA
test=0V
Output leakage Doyr=disable | _ _ _
current Lo OVEVOS5SY. 101 10 10| 10 10| 10 puh
Average power RAS,CS
supply current icct | eycling, - 100 § - 90 - 80 | mA | 1,2
(Operating) tac = min
Power supply current || %S_:VV"‘ Tl - 2 B 2 - 2 |mA
(Standby) R
} our=Hz |MOS | — 1 - 1 - 1 mA
Average power E__A_S-cycling,
supply current Ices | €8=Vim - 100 | - 90 - 80 |mA] 1,2
( -only refresh) toe = Min
Power supply current | | BAS=Vi .
ccs [CS =V - 5 - 5 - 5 mA 1
(Standby) Dout =“énable
Avérage power —_
supply current_ RAS cycling, - —- -
before RAS lcce 5 before RAS 100 90 80 | mA 1
refresh)
Average power RAS =V, :
supply current lccg | SS=Vvi - 90 - 80 - 70 | mA 1
(Static column mode) toc=min )

Notes: 1. Icc depends on output loading and cycle rates. Specified values are obtained with
the output open.

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

CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol Conditions Typ Max Unit
Input capacitance (A0 to A10, Din) CiNt - i - 6 pF
Output capacitance (Doyt) Cout - - 7 pf
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AC CHARACTERISTICS :
(Vee=5V210%, Ta=0to +70°C)
Notes 1,2, 3, 11

MSM MSM MSM
Parameter Sg:;- 514102-70 | 514102-80 | 514102-10 Unit|Notes
] Min | Max | Min | Max | Min | Max
Random read or write cycle time tac [130] - [160]| - 1190| - |ns
Read/write cycle time trwe | 1551 - 185| - 220} - ns
- Static column mode cycle time tsc | 40 - a5 - 55 - ns
Static column mode read/write cycle time [tspwel| 65 - 70 - 80 - ns
Access time from RAS tac| - | 70 | -~ | 80 | - | 100 | ns | 4,56
Access time from G5 ) ttac| - {20 | - | 20| -] 25 [ns} a5
Access time from> column address - taa | - 135 | -]a | -] 50 | ns [4.6,7
Access time from last write taw | - 65 - 75 - 95 | ns | 4,7
Data output enable time reference toWE |tow | = 120 [ - | 20 [ = [ 25 [ns
Output low impedance time from CS tciz | O - 0 - 0 - ns 4
E);’:Ja ns:ta%léttr::ld time reference to taon | 5 _ 5 B 5 a ns
"Data output hold time reference to WE ~ |twon | 0 - 0 - 0 - |ns
Output buffer turn-off delay time torr | O 200010 20 0 25 | ns
Transitiontime tr | 3 [ S0)]3]5 |35 |ns
Refresh period trer |~ 16 - 16 | - 16 |{ms
RAS precharge time Tte | SO ~ |70 - |80 ] - |ns
RAS pulse width tras | 70 (10,000 80 10,000 100 {10,00Q| ns
" RAS pulse width (Static column mode) trasc | 70 poo,000, 80 [i00,000 100 [100.000{ ns
RAShold time tRen |20 - [ 20] = V25| - [ns
€S precharge time tep | 10 - 10 - 10 - |ns
cs pulse width ) ' tcs | 20 [100,000] 20 1100000 25 [100,000 Ns
CS holdtime , tesp | 701 - |80} = |100) - |ns
TS to RAS precharge time teRe [ 10] - 110 - 10| - |ns
RAS to CS delay time trep [ 20 )] 50 | 22| 60 [ 25 ) 75 | ns
RAS to column address delay time trap | 15| 35 {17 ] 40 | 20| 50 [ ns]| 6
Row address set-up time tasr | O - 0 - 0 - ns
Row address hold time {tran | 10| = 12| - 15] - Ins
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 . Sggli" 514102-70 | 514102-80 | 514102-10 Unit|Notes
» 1 Min | Max { Min | Max | Min | Max
%%!gq(rs\;\;;ggrce‘{sztg)ld ?ume referenceto . tawr | 55 - 60 _ 75 — | ns
%%mn address hold time reference to ;‘AR es | - los| = 15| - [ns
Column address to RAS lead time teaL | 35 - |40} - 50 |. - |ns
%Jgg:hdac:;?s:hold time reference to tan | 10 _ 10 B 10 - ns |
,_%vgéumn addresshold timereferenceto |, es| - 75| - fes| - ns‘

Last write to column address delay time  [tuwap| 20 | 30 | 20 | 35 | 25 | 45 | ns 7
"Read command set-up time ) tres 1 O - 0 - 0 - ins |-
Read command hold time reference to €S | tgen | 0 | . - 0 - | ) - ns 9
g%d command hold time reference to wan | 10| - |10 - 10 I 9
Write command set-up time twes| O | - 0 - 0 = | ns| 10
Write command pulse width twp | 15 - 15 - 207 - | ;s
Write command hold time from RAS twer | 55 | - | 60°f - |75 ] - |ns
Write invalid time “tw L10] - [10] - [10] - |ns
Write command hold time (Dout disable) | twy | O - ol - 0 - |{ns| 10
Write command to CS lead time " Tt | 20] - |20 - {25) - |ns
Wirite command to RAS lead time tewe | 20 - {20} - |25 - [ns]
CS to WE delay time - o . tewp] 201 - |20 - | 25| - [nsj 10"
Column address to WE delay time Ttawn | 35| - [401] - |50 | .~ {ns 10
RAS to WE delay time . ~Jtewo [ 70} - | 80§ - J1oo} - |ns | 10
Data-in set-up time T . Jtos | O - o - 0| = |ns
Data-in hold time o ltonw |15 = J1s| - j20f - nms
Data-in hold time from RAS toHr | 55 - 60 - 75| - ns

. TS active delay time from RAS precharge | tgec | 10 - wl| - |10 - 1Ins
RAS to C5 set-up time (CS before RAS) tsg | 101 - 10 = |10} - |ns
RAS to C5 hold time (CS before RAS) ter | 20| - |20 - |20} - s
TS precharge time (Refresh countertest) | tcpr | 30 | — 0| - |s0] - |ns
;ﬂ;%;o RAS precharge time (CS before twr«é Tiol - t1o] = l10]= |ns
WE hold time from RAS (CS before RAS) twra| 20| - | 20 - 20 - |nms
RAS to WE set-up time (Test mode) twsr | 101 - 19| - 1] - |ns
RAS to WE hold time (Test mode) twar| 201 - 201 - |20} - |ns
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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 C5 before RAS Refresh)
before proper device operation is achieved.

The AC measurements:assume'the transition time (tr) = 5 ns.

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

Measured by usirfg‘ an eqdivaleht load circuit of 2 TTL loads.and 100pF.

Operating within the tpcp (max.) limitinsures that tgac {max.) can be met. The
spec. tgcp (max.) is for refrence only. If tpep is greater than the specified trep

(max.) limit, the access time is controlied exclusively by tcac.

Operating within the tgap (max.) limit insures that tgac (max.) can be met. The
spec. tpap (max.) is for reference only. if trap is greater than the specified trap
(max.) limit, the access time is controlled exclusively by tas. -

Operating within the tiwap (max.) limit insures that ta w (max.) can be met. The
spec. tuwap {max.) is for reference only. If tywap is greater than the specified
tiwap (max.) limit, the access time is controlled exclusively by taa.

The torr (Max.) spec. defines at which time the output data achieves a higE

impedance state and is not referenced to output voltage levels.
Either the trgy or the tgey spec. must be satisfied for a proper read cycle.

The specs twcs, tw, towo. trwo and tawp are not restrictive operating
parameters. They are included in the data sheet for reference only. If

twes = twes (Min) and tywi 2 twy (min.) thecycle is an Early Write cycle and the
data out remains in a high impedance state throughout the entire cycle. If
tewp Z tewp (Min.), tawp = trwp (Min.) and tawp 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 condltlons is satisfied the condition of data out is indeterminate at
access time.

5

Test Mode Feature:

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

In the test mode, RA10, CA10 and CAD are not used and the Dyy 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 theinternal exclusive OR logic and the result is presented at the

Doyt pin, thus if the data bits are equal, the Doyt pin indicates alogical 1. If the )

“ ‘data bits are not equal, the Doyt pin indicates a logical 0. This additional

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 |
tras E " trp :
RAS V:r - &‘ . JZ N
. I terp tRCD <——L"‘—-——> tcpp |
s oy Z el tRa0 T? = A
SRS — A}e///// 7
___.>i i‘ tRAH [N ) —
W W 7% /%F R
Doyt }’,g[‘ o —_ — OPEN %}Z Valid Data 1—
- A\ taiz
. Don‘tcare

WRITE CYCLE (EARLY WRITE)

TR U v "R - ,?I .’\__,
N '__/‘ - I == .

AQ~A10 3:[‘,'_ VA Row c°'”";‘r:i%// W
W-E-v,"_%///l/ /%r e ‘///////%
on 1 //W// W TR
Pour Vgr - oren Dontcare

"384




54E D WE b724240 0012993 bL24 EEOKIJ
0 K I SEMICONDUCTOR GROUP

aMSM514102a
READ/WRITE CYCLE
< tRas trp
RAS i Z . ,F ;\
< aco
B trap tRaL | e
T W e LI i >
'Axr‘;v o tewt l
TASR tRAH | A"
tcan
AO~A10 Q,’:'L* - %K Row i@: Column / 7
| trwo | . I l
T 1 WP,
W 77 ™~ 772227
tcsH |
,s“os toH_, l !
on V2= V00 o 007
teac woH
taac ,("‘A ) ‘oFF
Dour v = & Valid Data 5
‘CL£ m Don‘t care

STATIC COLUMN MODE READ CYCLE

: IRASC - tap
Vig — b
RAS VIL - S'ﬁ ,Z
tCRp
e tre)
) -« | | tash ]
tcs s
— v, - Y e o e\
i - tReD S‘———72 >
Jiam
sk, ;“A. i 1 tsc e :
Vi -~ 8
AO~A10 M 7 % Row < Calumn ﬁ Column >§f Column 2
: ‘RAD
A
tar
TRe 1 ‘per 1) ftees
I‘ > tcsH Al id g tacH,
|
we Vi - / y- taa
WE t,
Vi — / CAC tan
. . tan tOFF
> t, tcac
trRag . £
: OH
v - all all Vali
Doyt ng - - Data Data
1
5 oz
m Don't care
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

tRasC L tre
v —
RaS Vie — \"“ £ . \___
’ ’ tRsH
trao tasc tep terp
] 7 |
— Viy —
S e - N a4 N/
* 1RCD taat
\
tasal | tRan tcan
'4—» e ) =]
— 7 N - = A . ¥
s S T o KR oo YO WAoo W
T v .

t t t
tawr tasc l;::‘ | | <236 | [CAL]
: t

WCS twi twi H1H twes
— vy - - - N twp
WE \I;: N— = \J /

pe
t t
25| |3 ton |

tos it
O Vi - A Data 3 L 3 Data a

tonr
Dour x°“" OPEN
o . Don'tcare
STATIC COLUMN MODE READ/WRITE CYCLE
SR N e .

Sma
tcwo P
< Vin~- >
1,
(&3 Vi - RCS c r
. Y wap tRAL IS e 1%
tasR tRAM l tcan ~ TRwiL

AO~A10 M T 7R Row D G/ Column E Column 3

S

v 777" | | e ISf
| trep fs .25
on Y = 0% s Z W 2%
| . LY iCAC: . ! tovlf_> OFF
Dour v T — [ vaiidoats DM validoate S/

oz

W//A Don't care
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—_— V-
RAS Vi -

—_ Vi =
cs V::‘__ N

AD~A10 g:[‘ - % Column //////// 1) ///////// Column
tasc | tcaH
- —LWAD 5
tariw
tawo
WE Y o L —
2

. o s - 3 I
Dy \\;.T - W//// m valid Data // W

tcac

tan | jtaon l Taw -
Doyr xg[' :_—ﬁi Data //, Invalid Data ////%ﬂ( Datn

[ (READ) | (WRITE) P (READ) |
1 [}

il
"7/ Don'tcare

tan
1t 0

RAS-ONLY REFRESH CYCLE

e

e
VlH

— | :
RAS v - | S——

tcre RPC

s V-

Vi - / W////

AO~A9 z:[' - % 7 //% Row ;lF@ /////// . % //@(

Vo — .
Dour Vo OPEN

NOTE:WE, A10 = Don't care 2] oontcare
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CS BEFORE RAS AUTO-REFRESH CYCLE

1B
Rp
FE ¥:r: /: e :S? ‘RAS. ; ’,iz o
e piall K wec o g losn
s wo_ \L { 727 X
) ‘YV!;P TWRH twrp
Ve NI D270 K277 //‘t
LOFE,
1 Dour zg': - 3 OPEN
NOTE:AQ - A10=Don'tcare b1 pon‘tcare
HIDDEN REFRESH READ CYCLE
tRe the
- -
R I N e  H - N \N
—RCD o 1 g 'RSH
tcpe | |- 128 > tcHR tepp
= Vi .
cs vy - / PRE: N ]Z
2 ‘ll:f:—'-l_ taL P ;‘AH .
ro-ato Y = G ORe e 2.
tac L RRH l_\_N’ ’ twar
% V- YO | | ‘%‘ e
fan ’
- thac . toFf
Dour VO = @i: Valid Data —
m Don'tcare
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HIDDEN REFRESH WRITE CYCLE

RC ot R
-« tRag  'RP_, LS
——— L =TT 1 T tRas
RAS vy — N S — A S AN
«—BCD IRSH
tere l0 tcHR |1 tcrp
—_— - - o\
cs V:[{ - _J/ |'RAn &'c
tasg 9_'_“5&
QJRAD ‘} tean . )
Vg — - N 5
A0~A10 V:'f _ Row Eo|umg§W / //'////////////
' twes . tywpy *‘T‘.R;I l twan

we Wi 2 I//%//) 7 777
3| 1

ow V"I 7 %Valid vata 3 7
» I < tOHR 3

Dour YoM = OPEN

Voo = 0 V] Don'tcare

TEST MODE INITIATE CYCLE

fRC
- >

Re | ‘RAS i

—_— v, — . .
rAS M ) : Jg ]
Ve — _/ [ K »

=

e

S W _/F;WSE’I i/// Vsizzt 02
W&;y://///% :1// 7777

. |
Vou— :L
Doyr vgf_-.v : - OPEN

NOTE: AD-A10 Dy = Don'tcare /] Don'tcare
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE‘

thas - tRe |
FAS VM — 3 tasn
RAS Vi — qc JZ .
sk tcHR tert CRP
tes L~
Vih —
= —\L*' )«;_—;1% |
Vi — 4 x A tan
V) }
H —
trat
READ CYCLE - . :cA:c LoFF
Dour zzr _ 4\~lalid Data}
twrp tWRH tres | toz J » . tRRH
WE v _% £ 1
WRITE CYCLE ) tean
}<——»
Y — s \
AO~AL0 |, Column |
L
tasc .
Doyt zo" - OPEN
o= twee | | twan  twes '
> 1
—_— Vih — twe
WE Vy —
tgs; ton l .
c p
Vi — K.
READ/WRITE CYCLE . . tcaH I .
AO~AID | [ - I
taa
t
teac ‘."F
‘ j—
Dout Vou — FValid Data }———-———-—
Voo — tres toz
» } towt |
{awo, trwi
twae twrH tewn tovom
ViH — q | lwe
WE 0 N\
L
. tos ton
w 0 s Y
777] Don't care
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