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OKI semiconductor T-4¢-23 -I15
MSM514102 o K I SEMICONDUCTOR GROUP

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 words by 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 I/O pins are TTL compatible.

FEATURES

® Silicon gate, quadruple polysilicon CMOS, 1-transistor memory cell

® 4,194,304 word by 1 bit organization

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

® Family organization

Family Access Time Cycle Time Power Dissipation
(MAX) (MIN) Operating Standby
trac taa tcac (MAX) (MAX)
MSM514102-8 80nsj40ns| 20 ns 160 ns 495 mw
5.5mwW
MSM514102-8A 80ns|40ns| 25ns 160 ns 495 mW (MOS level)
MSM514102-10 100 ns| 50 ns | 25ns 190 ns 440 mW

¢ Single +5Vsupply, * 10% tolerance

e input: TTL compatible

® Output: TTL compatible, tristate, nonlatch

o Refresh: 1024 cycles/16 ms

® Common l/O capability using "Early Write” operation

¢ G5 before RAS refresh, CS before RAS hidden refresh, RAS only refresh capability
® Multi bit test mode capability

® Built-in Vgg generator circuit
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PIN CONFIGURATION (TOP VIEW) T-46-23-15
Pin Names Function
ADto A10 | Address input
D|N E VSS
\/ —_— A9* 1 - —_—
D (] WE [2] ZS]__OUT l% HIS RAS Row Address Strobe
WE [7] RAS [3] 645 DOUTE 4] vy —
RS =z ned S RInc = g [Elwe s Chip Select input
a0[@] 4 a05] = paasr E 2 [Elatwo
a5l @ 2 - B & MEnc Din Data Input
AI*E & AO*E = EAS* AO* E has EA"
A7 8 Artfd B [Far CZ E § T3 A3* Dour Data Output
r3+[E 3 P T R T PV I 3 g aar —
Vee [3 a3 Has A5 [ T8 as* WE Write Enable
*
Vee 3 14 Aa A7 ed As*
18 PIN DIP Vee Power Supply < +5V>
26 PINSOJ 20 PIN ZIP
Vs Ground <0V>
N.C. No Connection
* Refresh Address

FUNCTIONAL BLOCK DIAGRAM

RAS Timing
Generator

[ 1

Timing
Generator

!

N/

N Write
Column Column Cock |\
Address j/ Decoders Generator
] Buffers l

AIO Internal Refresh -« 1(e] =1 Output

Address Control Clock Sense Amps | Selector —u Buffer [ Dour
A1Q Counter

‘ A i

L] - |—>-]
Row Row Word
ABd?fress De- Driv- Memory
uffers
cod- ers Cells Input

) =
ers Buffer

[ Dy

VEC e
VSS —_—

__>l On chip Ves ]
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ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Note
Voltage on any pin vT Ta=25°C ~1.0t0+7.0 v 1
relative to Vss
Short circuit output los Ta=25°C 50 mA i
current
Power dissipation Po Ta=25°C 1 w 1
Operating Topr - 0to +70 °C 1
temperature
Storage temperature Tstg - -55to + 150 °C 1

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

Parameter Symbol MIN TYP MAX Unit Note
Vce 45 5.0 5.5 v 2
Supply Voltage
Vss 0 0 0 v
Input high voltage Viy 24 - 6.5 Vv 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. All voltages are referenced to Vss.
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a MSM514102 a

T-46-23-15
DC CHARACTERISTICS
{(Vcc=5V:10%,Ta=01to +70°C)
MSM MSM MSM
Parameter symbol| Conditions 314102-8 | 514102-8A | 514102-10 Unit | Note
MIN [ MAX | MIN | MAX [ MIN | MAX
Output highvoltage [ Vou |lou=-50mA | 2.4 | Ve | 2.4 | vee | 2.8 | vee
Output low voltage VoL |lg.=42mA 010410 0.4 0| 04 \"
OV VISB5Y;
all other pins
Input leakage current It not under -10| 10 |-10| 10 |-10| 10 BA
test=0V
Output leakage Dour=disable | _
current Lo OV VO<5S5Y 101 10 {-10| 10 [-10| 10 BA
Average power RAS, CS'
supply current lect | eycling, - 90 - 90 - 80 mA 1,2
(Operating) tre = Min
Power supply current | %?vav‘“ - 2 B 2 B 2 mA
(Standby) ccz M
Doyr=Hz [MOS | — 1 - 1 - 1 mA
Average power RAS cycling,
supply current lces | CS=Viy - 90 - 90 - 80 mA 1,2
(RAS only refresh) tre = Min
Power supply current | RAS =Viy
ccs €S =v, - 5 - 5 - 5 mA 1
(Standby) Doyr=enable
Average power —_
supply current RAS cycling, _ _ N
before RAS |cc5 Ebeforem 90 30 80 mA 1
refresh)
Average power RAS =V,
supply current lccg [CS=v,, - 80 - 80 - 70 mA 1
(Static column mode) tgc = min

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

2. Address can be changed once or less while RAS =V, .

CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol Conditions TYP MAX Unit
Input capacitance (A0 to A10, Dyy) Cing - - pF
Output capacitance (Doyt) Cout - - pF
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AC CHARACTERISTICS
(Vec=5V110%,Ta=0to +70°C) Note 1,2,3,11,12
MSM MSM MSM
Parameter symbol| 514102-8 | 514102-8A 514102-10 | |, - | note

MIN | MAX [ MIN { MAX | MINJ MAX

Random read or write cycle time tre | 160| - [160} - }[190[ - ns
Read/write cycle time thwe | 185 - 190 -~ [220} - ns

Static column mode cycle time tsc | 45 - a5 - 55 - ns

Static column mode read/write cycle time [tspwc | 70 - 70 - 80 - ns
Access time from RAS trac | - | 80 | - | 80 | - | 100 } ns [a5.6
Access time from €5 tcac | - | 201 -1 25| -1 25 |ns a5
Access time from column address taa | - 40 - 40 - 50 | ns |a.6,7
Access time from last write taaw | — 75 - 75 - 95 [ ns |4,7
Data output enable time reference toWE | tow | - | 20 | - | 25 | - | 25 | ns
Output low impedance time from €S tez | 0| - |]Oo | - ]0]| - |ns| 4

Data output hold time reference to

column address taon | 5 | - 5 | - s | - |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 trp | 70 - 70 - 80 - ns
RAS pulse width tras | 80 |10.000| 80 {10,000 100 f10.000] ns
RAS pulse width (Static column mode) trasc | 80 [100.0000 80 [100.000 100 [100.000| ns
RAS hold time tgew | 20 - | 25| - }25] - |ns
CS precharge time tep | 10 - 10 - 10 - ns
TS pulse width tes | 20 |100.000 25 |100.000 25 [100,000| ns
C5 hold time tsu | 80 - | 80| - |100] - |ns
TS to RAS precharge time tgp | 10| = J10| - [10] - [ns
RAS to CS delaytime trep 1 22| 60 | 25} 55 | 251 75 | ns | 5
RAS to column address delay time tpap | 17 | 40 [ 20| 40 | 20 | 50 | ns | 6
Row address set-up time tasr [ O - 0 - 0 - | ns
Row address hold time tran | 12 - 15 - 15 - ns
Column address set-up time tasc | © - 0 - 0 - ns
Column address hold time tean | 15 - 15 - 20 - ns
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AC CHARACTERISTICS (Continued) T-46-23-15
MSM MSM MSM
Parameter symbol 514102-8 (514102-8A | 514102-10 unit | Note
MIN | MAX 1 MIN [ MAX [ MIN [ MAX

%mgggrc?zrgd time reference to tawr | 60 _ 60 _ 75 _ ns
%Jmn address hold time reference to tan | 95 _ 95 - l1s| - ns
Column address to RAS lead time tear |40 - |40 | - |50 - |ns
%}gzcahidrrgc;ss hold time reference to tan | 10 _ 10 _ 10 _ ns
%)Elumn address hold time reference to tanw] 75 _ 75 - |os S

Last write to column address delay time twap| 20 | 35 | 20| 35 | 25| 45 |ns | 7
Read command set-up time tres | O - 0 - 0 - ns

Read command hold time reference to C$ tRew | O - 0 - 0 - ns | 9
g_i\isd command hold time reference to trr | 10 _ w0l - 10 _ ns | o
Write command set-up time twes | O - 0 - 0 - ns | 10
Write command pulse width twp | 15 - 15 - 20 - ns
Write command hold time from RAS twer | 60 | - [60 ] - J75| - | ns
Write invalid time twi 10 - 10 - 10 - ns
Write command hold time (Dout disable} | tyy | 0 - 0 - 0 - ns | 10
Write command to C5 lead time tewe {20 - [ 25| - {25 - |ns
Write command to RAS lead time tewe [20) - [ 25] - | 25| - |ns

TS to WE delay time tewp | 20 [ - |25 - [25]| - {ns| 10
Column address to WE delay time tawpo | 40 | - j40 ) - |sof - [ns{ 10
RASto WE delay time tawp |80 | ~ [ 80| -~ |100| - |ns! 10
Data-in set-up time tps 0 - 0 - 0 - ns
Data-in hold time toy | 15 - 15 - 20 - ns
Data-in hold time from RAS towr | 60 | - | 60| - [ 75| - | ns

CS active delay time from RAS precharge | tapc | 10 | = [ 10| = | 10 | - | ns

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

RAS to CS hold time (CS before RAS) tewr 20 - |20 - [20] - | ms

CS precharge time (Refresh counter test) tepr | 40 - 40 - 50 - ns

WE to RAS precharge time (CS before twre | 101 = Lol = Lol = |ns

RAS)

WE hold time from RAS (CS before RAS) | twru | 20 | - 20| — ] 20 | - | s

RAS to WE set-up time (Test mode) twsr [ 10] - [10f - {10] - |ns

RAS to WE hold time (Test mode) twir [ 20| - 20| - 20| - | ;s
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Notes: 1. An initial pause of 200 ps is required after power-up followed by a minimum of
eight initialization cycles (RAS only refresh cycle or CS before RAS refresh cycle)
before proper device operation is achieved.

In case of using internal refresh counter, a minimum of eight €S before RAS
initialization cycles is required.

s MSM514102 =

2. The ACcharacteristics assume ty=5ns.

3. Vi (min.) and V| (max.} are reference levels for measuring of input signals.
Also, transition times are measured between V| and V).

4. Measured with aload circuit equivalent to 2TTL loads and 100pF.

5. Operation within the trcp (max.) limit insures that tgac (max.) can be met. trcp
(max.) is specified as a reference point only; if trep is greater than the specified
trep (max.) limit, then access time is controlled exclusively by tcac.

6. Operation within the tgap {max.) limit insures that tgac (max.) can be met. trap
{max.) is specified as a reference point only; if tzap is greater than the specified
trap (max.) limit, then access time is controlled exclusively by taa.

7. Operation within the tywap (max.) limit insures that ta w (max.) can be met.
tywap (max.) is specified as a reference point only; if tywap is greater than the
specified tywap (max.) limit, then access time is controlled exclusively by taa.

8. torr (max.) defines the time at which the output achieves the open circuit
condition and is not referenced 1o output voltage levels.

9. Either tgppy OF trcp Must be satisfied for aread cycle.

10.  twes, twh. towp, trwo and tawp are not restrictive operating parameters. They
are inciuded in the data sheet as electrical characteristics only; if twes = twes
(min.) and tyy = twy (Min), the cycle is an early write cycle and the data out will
remain open circuit (high impedance) throughout the entire cycle; if
tewp 2 tewp (minl), trwp = trwo (Min.) and tawp Z tawo (min.), the cycle is
read/write cycle and data out will contain data read from the selected cell; if
neither of the above sets of conditions is satisfied, the condition of the data out
{at access time) is indeterminate.

11. Thetest mode isinitiated by performing a WE and C5 before RAS refresh cycle.
This mode is latched and remain in effect until the exit cycle is generated.
The test mode specified in this data sheet is 8-bit parallel test function.
RA10, CA10 and CAO are not used. In a read cycle, if all internal bits are equal,
the data output pin will indicate a high level. If any internal bits are not equal,
then data output pin will indicate a low level.
The test mode is cleared and the memory device returned to its normal
operational state by performing a RAS only refresh cycle or a CS before RAS
refresh cycle.

12. In atest mode read cycle, the value of access time parameters is delayed for 5 ns
for the specified value. These parameters should be specified in test mode cycles
by adding the above value to the specified value in this data sheet.
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READ CYCLE T-46-23-15

trRe
tRAS rp
_— Yy - Ty ——
RAS vy, - &: ,Z \
IesH
CRP taco 'RSH. tere_
== Vg - tes R S —
G Vie — _/F | tap - ,Z
ﬁ WRAH | tRAL R
t -
. Vin -
i taR I | . ¢ ;tR(‘H
LT W ~_RRH
| >
Viy ~ ; «
WE VlL - / teac W
tas
‘ - torr
} tRAC
M - v
D, OH -
oUT Vo - OPEN %: valid Data
9‘0.2
m “H" or L

- tRe
tRe
v A tRAS ;——»
IH — \
RAS M N ] K
tawr
tesH
t A (n(u’
CRP tenp
= V- tes s
© Vi - —/ tr ﬂﬁ‘t ':z
« CD
tasr raH ) !
Viy = —
AD-A1Q Vy = Row Column W
1
tRAD as
< B
-« WER
— dyves, vy
Viy — -~ e >
WE Vip = %: / /
| ' D3| | toH
Vin = . -
O v, - / /M valid Data W
| tDHR N
I
Doyr ¢ = OPEN
ouT Vo —
P PP
m H" or“L
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_23-15
READ/WRITE CYCLE 1-46-23-1

- thwe >
taas . rp
RaS W Z i ?F ;\_
- treD
tere RAD tRaL R
— V- i s —
S v - / tRCS | \: i d
*TA\%/%@_: o !
tRwy
25 ‘RAH; tcan
A0-A10 M T %g Row C Column Y, 7
Pty T e,
_ _ )
we w2 772 S 4{/ 7
1
cSH‘DS toy l A! |
On Vi = 0% W T
[fx’lmc M'Q
tRaC 7 L—y‘o“
Dour ¥gr - o Valid Data :im—

taz '
5o

V. ] "H” or"L”

STATIC COLUMN MODE READ CYCLE

tRaSC

re

- a3
— vy - ™Y N
RAS yr Z N Y4 N\
tep ws ‘CRP o
H
tes t
— V- N ] cs
SRRV N V] N
1rCO
-t | taH
s Ra L BC ol SC old | tRAL
- Row Column
A0-A10 M T % o Column Column A
RAD
t tRR
JRCS A Res [} [nes
ICSH kB Dl S L4 ‘RCH
Vin — r t
WE 1H //// N AL,
v, - CAC . 7
tan [ An o tosr
»> Y teac L(—H
< tRaC . yeliy S
T 0|
D VOH puy all mc ZVaha ’g
OUT Vo — . Dat Data=- - Data A
L N
CLZ

/7] "H" or"L*
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) T-46-23-15

trasc . tae
w —— —
RAS N N
Vi — ~ A
task
taap | tasc tep tere.
= Viy — ‘\ rd -N-\ P d
Vi — e N/
rep tral
L
tash| | tran tean
[ut=~{ [
Vin — v v
A0-A1D v Row Column _ \ Column Column
[ T T
lawr tascoHe o | tasg | |leay |
. tow
wCS
twi twH Y twes
we m T —— /_—
Vi — p
tos -ptie 5 .
s o | toH tos +}i¢ ton |
Vin — Vaild ]  Vai Vaild
Din v — Data | I Vaild Data Data
w 1
toHR
Vou ™
Dour , " _ OPEN
oL

m “H" or “L*

COLUMN MODE READ/WRITE CYCLE

AD-A10

Douyr

ap
t
Viy — —&\‘L RASC -
Ve - ~ A
RP)
tewo et
N /]

tawg, 4 T
8| g LWAD L |

tash tRAH tcAH - T
Camg <—>1 < Ly
x'” - %Ro%‘ Column i Columw
[t . e
RWD. tAwD,
/1 R R e s W
Vi -

o
tAco >4 ‘g;
v = % Vali Valid
Vi - Data
tyQH
teac &3 ItEA ‘
LA | | tow ok
< IRAC tatw T
1€ -

OH —,

= B .
¥0L - Valid Data E@ﬂ valid Data @E—

28 “H" or L
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE

RAS Vy -

= Vi - \
cs Vi -

_ e r—
A0-A10 ¥:’: - @g Column %ﬂ Column : Column ,W
e s rn? |
1ASC | enn tean
twap
taHiw
tawp > >
—_— -
WE . ’\4—“’1”——>|Z‘
CWD -
os| | tDH «—BA >
Viy = .
Din V"[‘ - /// | Valid Data /// /
‘CA(‘> tow taos
P o 1580 < tarw _
Vou = f
Do Y3 T ﬁw e D v
tag
l (READ) | {WRITE) | (READ) |
| [ ]
77 - or "L
RAS ONLY REFRESH CYCLE
tRC
iRp >
TAS- x:[‘ : ’S tRAS ?z p
CRP  trec

s W/ 7

task RAH
O %)) —

Ve =
Dour vg[' - OPEN

NOTE:WE, A10="H" or “L" 7 “H oLt
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CS BEFORE RAS AUTO REFRESH CYCLE

Re
Rp
-V, - 7a N thas
RAS M 4
Vie = / thec ~ ':IZ N\
e — 3
icp 1SR teHR tRPC tesR

= V- —| / /
S w-____/ b 2 D%

twRre < twRH twre
wE W R /\t
toFF
Dour ¥gf Z IE OPEN

NOTE:AD - A10="H" or “L" /] “Hor L

HIDDEN REFRESH READ CYCLE

tre tre
tre
—_— — N
RAS VM — N« tRAS z‘ 5\ RAS o
Vi - o 2
«RCD RSH
ﬂ.r_, AR CHR tcrp
- > -
— Vi - 4
S v - /I "I‘RAH e
tase
tRAD tRAL 4l taH
<> > 4P|
Viy — " N
AD-AT0 M T Row Column W
I N |
tre I tRRH twap
¢ - tWRH
e 7
Vi = eac
an
tRAC OFF

Vou — i .
Dour Vo — Valid Data ]
ez

m “H” or “L"
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HIDDEN REFRESH WRITE CYCLE T-46-23-15
tRaS » E'RP ;‘ !
TAS x:r: _—SS= tar ,Z‘ :\ thas

tcrp I‘_} cHR y 1CRP
— v, — “
s Y™ A wan N ,IZ
- "I RAR .
tasg tasc
= an

no-nt0 i = 2R MRowmiB 00

=7,

e gl ] < I
W Vs 7% 7 7%

| e e
ow i s 2 valid Data G777 %
Dour yoH = as— OPEN

Vo =

m “H” or "L”

TEST MODE INITIATE CYCLE

tRe

-

1rp . tras |

"~ Vi - o b
RAS M |1
Vie = _/ tape S‘

(—)

A

tep YCHR

e

T W g Ve

v 2 777 /ﬁf 1/// L0000 000,

‘orr

_ ___3
Vou
VoL = e 7

o OPEN

Doyr

NOTE: AQ-A10,Dyy = "H" or “L” /] "H" or"L"

246




4E D EE b724240 0009604 O4S EEOKIJ

0 K I SEMICONDUCTOR GROUP s MSM514102 m
_— N T_46-—23“5
CS BEFORE RAS REFRESH COUNTER TEST CYCLE
= X:,: :———‘\F tasH : Zr—x\_
g - _\LO ,zjf‘__\ 1 N
SO/ R
w = X
AC-A10 ::T :Jgolumn
ouT :QL - tm twrn : twcs . tw
ST e
v K o
READ/WRITE CYCLE feany
Dour X:T _ T C‘L% valid m?}-—-——
W — NA
o w2 e
V////A “H” or "L"
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