OKI Semiconductor
MSM514102B/BL

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

DESCRIPTION

The MSM514102B/BL. is a new generation dynamic RAM organized as 4,194,304-word x 1-bit. The
technology used to fabricate the MSM514102B/BL is OKI's CMOS silicon gate process technology.
The device operates at a single 5V power supply. Its I/O pins are TTL compatible.

FEATURES

» Silicon gate, quadruple polysilicon CMOS, 1 transistor memory cell
¢ 4,194,304-word x 1-bit organization

¢ Single 5V power supply, £10% tolerance

¢Input:  TIL compatible

* Qutput: TIL compatible, tristate

* Refresh: 1024 cycles/16ms, 1024 cycles/128ms (L-version)

* Common I/O capability using "Early Write” operation

* CSbefore RAS refresh, Hidden refresh, RAS-only refresh capability
* Multibit test mode capability

* Package:
26-Pin 300mil PlasticSO]  (SOJ26-P-300)
26-Pin 300mil Plastic TSOP  (TSOP26-P-300-K) (TSOP26-P-300-L}
20-Pin 400mil Plastic ZIP (ZIP20-P-400)
PRODUCT FAMILY
. Access Time (Max.) Cycle Time Power Dissipation
Family trac | taa | tcac (Min.) Operating (Max.)| Standby (Max.)
MSM514102B/BL-60 60ns | 30ns | 15ns 110ns 550mwW
MSM514102B/BL-70 | 70ns | 35ns | 20ns 130ns 495mwW 5.5mwW/
MSM5141028/BL-80 | 80ns | 40ns | 20ns 150ns 440mwW 1.1mW (L-version)
MSM514102B/BL-10 [ 100ns | 50ns | 25ns 180ns 385mwW
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MSM514102B/BL OKI Semiconductor

PIN CONFIGURATION (TOP VIEW)
ow [1 26] Vss a9 (1 _
W [2] 25) Dour Dour [3] L
RAS (3] 24]TS Du 5] 4] Vss
NG [4] g 23] NG S [7] g 6] WE
A10[5] g 22] A9 NG [3] G 8] A10
% A0 [11] % 1ol NG
AO E g _1__8—| A8 A2 [E g 12] Al
Al @ E E A7 Voo |1_§_ 5 14| A3
A2 [11] 6] A6 a5 [17] 16] A4
a3 i2] 15] 45 ME 18] A6
Vee [13] 14] A4 20} A8
26-PIN SOJ 20-PIN ZIP
$J=300mil
Din E E Vss Vss @ II Din
WE 2] 25] Dour Dour [25] 2] WE
RAS (3] 24) TS TS 24 3] RAS
== = =
NG [4] 2 23] NC NC [23] 2 % NC
A10 (5| g 22] A9 A9 22, 3 5] A10
g S
Ao [9] g 18] A8 A8 [18] < 9] A0
At (0] 32 7] A7 A7 [17] = 10} A1
A2 [11] [16] A6 A6 [16} 1] A2
A3 [12 15] A5 A5 [15] 12] A3
Vee @ E Ad Ad [_]_i E Vee
26-PIN TSOP 26-PIN TSOP
(K TYPE) (LTYPE)
Pin Name Function
AO- A10 Address Input
RAS Row Address Strobe
[&3 Chip Select Input
Diy Data Input
Dour Data Output
WE Write Enable
Vee Power Supply (5V)
Vss Ground (OV)
NG No Gonngction
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OKI Semiconductor

MSM514102B/BL
FUNCTIONAL BLOCK DIAGRAM
— Timing
RAS Generator
—_ I Timing
s Generator
!
Column rite _
Address Column Semaraiar We
Buffers Decoders
Internal
AO-A10E Add Refresh < /0 = Output |
cnurr?tsesr Control Clock Sense Amps || Selector Buffer Dour
t

Row | . -2l
Address
Buffers Row | |Word

De- | |Driv- Memory Input

cod-| | ers Cells Buffer Din

ers

o [
Vee -
Veg —
On-chip Vgp
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MSM514102B/BL OKI Semiconductor

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Voltage on Any Pin Relative to Vsg Vr -1.0t07.0 v
Short Circuit Output Current los 50 mA
Power Dissipation Pp* 1 w
Operating Temperature Topr 0to 70 °C
Storage Temperature Tstg -55t0 150 °C
*: Ta=25°C
Recommended Operating Conditions (Ta= 010 70°C)
Parameter Symbol Min. Typ. Max. Unit
Vee 4.5 5.0 55 v
Power Supply Voltage
ower Supply Voltag Ves 0 0 0 v
Input High Volitage ViH 24 — 6.5 v
Input Low Voltage Vi -1.0 — 0.8 v
Capacitanc
apacitance (Vg = 5V £ 10%, Ta = 25°C, f = 1MH2)
Parameter Symbol Typ. Max. Unit
Input Capacitance (A0 - A10, Din) Cint — 6 pF
Input Capacitance (RAS, CS, WE) Cinz — pF
Output Capacitance (Dour) Cro — 7 pF
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OKI Semiconductor MSM514102B/BL
DC Char ristics
Characte (Vog = 5V £ 10%, Ta = 010 70°C)
MSM514102[MSM514102 MSM514102| MSM514102
Parameter |[Symbol Condition B/BL-GO | B/BL-70 | B/BL-80 | BBL10 |ypit| Note
Min. [Max.|Min. |Max.|Min. (Max.|Min. Max.
Output High Voltage | Vo |lgy=-5.0 mA 24 Voo | 24 ) Voo | 24 (Vg |24 [Vee | V
Output Low Voltage | VoL {loL=4.2 mA 0 {040 (04| 0 (04|0 (04] V
V<Vi<8.5V;
nput Leakage ly |l other pins not under | ~10| 10 |10 [ 10 {10 | 10 [-10] 10 | pa
test = OV
Output Leakage Douyr disable
Current 20 o |ovsVo< 55V -10{ 10 [-10| 10 [-10{ 10 |-10 | 10 | pA
Average Power T T a1
Supply Current logy | FAS, B cycling. —[100| — |90 | — |80 [ — |70 | mA| 1,2
{Operating) RC = M-
RAS, TS = Vi -2 —|l2 1 —12|—]2
Power Supply loc2 i =T =11 =T mA| 1
Current (Standby) BAS. TS > 2V
5, 05 2 Voo 0 — |200| — f200 | — [200 | — [200] pa ] 1,4
Average Power RAS cycling
Supply Current Iees |CS =V — [100| — (90 | — |80 | — |70 | mA]| 1,2
{RAS-only Refresh) trg = Min.
RAS =V
Power Supply | IH
ccs |CS=V|L — | 5 |— |5 |—{5|— 1|5 | mA] 1
Current (Standby) Dour = énable
Average Power L
Supply Current RAS cycling,
(CS Betore RAS lccs  |TS before RAS — |100| — (90 | — |80 |— 70 mA| 1
Refresh)
Average Power RAS =V
Supply Gurrent leco  |Address cycling, — 19| — |8 |— |70 | — |60 | mA| 1
(Static Column Mode) tsc = Min.
Average Power LR—SC ;egrseug_/\s
Supply Gurrent Icc10 | BAT wypl: — 300 | — |300 | — 300 | — |300| pA (1,34
(Battery Backup) RAS cycling
trag = 1yIs
Notes: 1. Specified values are obtained with the output open.
2. Address can be changed or less while RAS = V..
3. Ve -02VVg <65V, -1.0VEVy <0.2V.
4. L-version
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MSM514102B/BL OKI Semiconductor

AC Characteristics (1/3) (Voo =5V = 10%, Ta = 010 70°C) Note 1,2, 3, 12,13

MSM514102| MSM514102| MSM514102| MSM514102
B/BL-60 | B/BL-70 | B/BL-80 | B/BL-10 |unit| Note

Parameter Symbol
Min.| Max. [Min.| Max. [Min.| Max. {Min.| Max.
Random Read or Write Cycle Time tg |110| — [130| — {150 — |[180] — [ ns
Read Modify Write Cycle Time tamw [130| — {155 — 175} — {210 — | s
Static Column Mode Cycle Time tsc |35 — |40} — |45 | — |56 — | ;s
st SO o R MOA | gy | 0| — 0| — o5 | — |00 | — |
Access Time from RAS trac | — | 60 | —| 70 | — | 80 | — | 100 | ns #4.5,6
Access Time from €8 tac 1 — | 15 |—| 20 |—] 2 |— 1| 25 | ns|45
Access Time from Column Address tan | — | 30 | —] 36 | — | 40 | — | 50 | ns @467
Access Time from Last Write tyw | — | 55 | —| 65 | — | 75 | — | 95 ns | 4,7
Output Enable Time ReferencetoWE| tow | — ! 20 | —1{ 20 |— | 20 | — 25 ns
Output Low Impedance TimefromCS| tgz | 0| — | 0| — 10| — | O | — | ns
t i n
gs:: n?: Apg; :lzlsd Time Reference to won | 51 — |50 — 15| —=15|—|ns
%a Output Hold Time Reference to o 0] — o] = o =10 —|ns
Output Buffer Turn-off Delay Time toFF 0 20 0 20 0 20 0 25 ns
Transition Time tr 3 50 3 50 3 50 3 50 ns
Refresh Period tpege | — | 16 | — | 16 | —| 16 |— | 16 |ms
Refresh Period (L-version) thep | — | 128 | — | 128 | — | 128 | — | 128 | ms
RAS Precharge Time thp | 40| — |50, — |60 — (70| — | nms
RAS Pulse Width tras | 60 {10,000 70 |10,000/ 80 (10,000 100 (10,000| ns
RAS Pulse Width (Static Column Mode)| trasc | 60 [100,000{ 70 (100,000 80 {100,000 100 100,000 ns
RAS Hold Time thsy | 151 — |20 — | 20| — {25 | — | ;s
CS Precharge Time tep |10 — |10 — |10 — |10} — |»ns
TS Pulse Width tes | 15 [100,000| 20 |100,000{ 20 [100,000f 25 [100,000| ns
TS Hold Time tesy |60 — |70 — (80| — [100] — | ns
TS to RAS Precharge Time te | 5| — 5| —|[585] — |5 — |ns
RAS to TS Delay Time tep | 20| 45 |20 50 |20 | 60 |25 | 75 |{ns| §
RAS to Column Address Delay Time | trap | 15| 30 [ 15| 35 |15 40 |20 | 50 | ns
Row Address Set-up Time tasr | O — 0 — 0| — 0| — |ns
Row Address Hold Time tRaw |10 — | 10| — j10] — [16] — [ s
Coiumn Address Set-up Time tase | 0| — 0ol — 10| — 10| — |ns
Column Address Hold Time tean |15 — [ 15| — | 15| — (20| — | ns
Column Address Hold Time 50| — |s50 — leo| — |75 | — | ns

Reference to RAS (WRITE CYCLE) | AW
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OKI Semiconductor MSM514102B/BL

AC Characteristics (2/:
2/3) (Veo =5V £ 10%, Ta=0t0 70°C) Note1,2,3,12, 13
MSM514102( MSM514102| MSM514102| MSM514102
Parameter Symbol B/BL-60 B/BL-70 B/BL-80 B/BL-10 [Unit!| Note
Min.| Max. |Min.| Max. |Min.| Max. [Min.| Max.

Column Address Hold Time

Reference to RAS WS = P8 — 95— IS — s
Column Addressto RAS Lead Time | that | 30| — |35 — 40| — |50 — | ns
Column Address Hold Time

Reference to RAS Precharge o (10— p10) — J10 — 110 — s
Column Address Hold Time

Reference to WE Wiw |55 ) — |65 — |75 — |95 — |ns
%_ia;tewme to Column Address Delay twwo 120 | 25 120 30 | 20| 35 |25 45 | ns| 7
Read Command Set-up Time tRes 0 — 0| — 0| — 0| — |ns
Re_a_c_i_ Command Hold Time Reference e 0 _ ol — ol = 1lo!l — |aslo
to CS

Read Command Hold Time Reference

to RAS tRRH 0 — 0 — 0 — 0 — ns| 9
Write Command Set-up Time twes 0 - 0 — 0 — 0 — {ns| 10
Write Command Hold Time twew |10 — [10] — [ 15| — |20 — | ns
Write Command Pulse Width twp 10| — [0 — (15 — (20| — | ns
Write Command Hold Time fromBAS| twer {45 | — 5| — |60 — |75 | — I ns
Write invalid Time twi 0W| — (10 — |10 — {10 — |ns
Write Command Hold Time

t 0 - 0 — 0 — 0 — jns| 10

(Dour Disable) wH

Write Command to CS Lead Time tow, |15] — |20 — |20 — |25 | — | ns

Write Command to RAS Lead Time | tgw. |15 — | 20| — 20| — |25 — | ns
TS to WE Delay Time towo | 151 — |20 — 20| — |25 — | ns| 10
Column Address to WE Delay Time tawp | 30| — [ 3| — (40| — |50 | — | ns| 10
RAS to WE Delay Time thwp |60 | — (70| — |8 — |[100| — ns | 10
Data-in Set-up Time 0% 0 - 0|l — 10} — |0 — |ns| N
Data-in Hold Time ton 5] — |15 — |15 — |20 — ns | 11
Data-in Hold Time from RAS towr | S50 | — |55 — |60 — {75 ] — |ns

CS Active Delay Time from RAS e | 5| — | 5] — | 5| — 15| — |ns
Precharge
RAS to CS Set-up Time

i il 1 5 —_ 5 — 5 — 5 - ns

(CS Before RAS) CSR
RAS to CS Hold Time (CS Before RASY town | 15| — [ 15| — {15 — | 15| — | ns
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MSM514102B/BL OKIX Semiconductor

AC Characteristics (3/3) (Voc =5V £ 10%, Ta = 0to 70°C) Note 1,2, 3,12, 13

MSM514102] MSM514102| MSM514102| MSM514102
Parameter Symbol_B/BL-60_| B/BL-70 B/BL-80 | B/BL-10 |Unit| Note

Min.| Max. |[Min.| Max. {Min.| Max. |Min.| Max.

TS Precharge Time

(Refresh Counter Test) tpr |35} — |38 — |40 — 150 — |ns

WE to RAS Precharge Time

(CS Before RAS) twee |10 — |10} — (10| — |10 | — ns

WE Hold Time from RAS

(ES- Be'ore m) tWRH 10 - 10 - 10 - 10 - ns

TRAS to WE Set-up Time (Test Mode) | twsn | 10| — |10 — |10} — |10 | — ;18

RAS to WE Hold Time (TestMode) | twws {10 — |10 — [10] — |10] — i ns
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OKI Semiconductor MSM514102B/BL

Notes: 1.

10.

11.

12.

13.

An initial pause of 200us is required after power-up followed by eight or more
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, eight or more CS before RAS initialization
cycles is required.

The AC characteristics assume tr = 5ns.

Vi {Min.)and Vi (Max.) are reference levels of inputsignals for timing measurement.
Transition times (tt) are measured between Vjy and V..

Measured with a load circuit equivalent to 2 TTL loads and 100pF.

Operating within the tgcp (Max.) limit insures that tg s (Max.) canbe met. trcp (Max.)
is specified as a reference point only; if trcp is greater than the specified trep (Max.)
limit, then access time is controlled exclusively by tcac.

Operating within the tg op(Max.) limitinsuresthat tg s c (Max.) canbe met. tg Ap (Max.)
is specified as a reference point only; if trap is greater than the specified tgap (Max.)
limit, then access time is controlled exclusively by taa.

Operating within the ty wap (Max.) limit insures that to; w (Max.) can be met. tywap
(Max.)isspecified as areference point only; if ty wapis greater than the specified twap
(Max.} limit, then access time is controlled exclusively by ta.

Thetopr(Max.) defines the time at which the output achieves the open circuit condition
and is not referenced to output voltage levels.

Either trry or trcy must be satisfied for a read cycle.

twos, twH, tcwp, tRwD. tAwp are not restrictive operating parameters. They are
included in the datasheet for reference only. If tycs 2 tywes (Min.y and twy 2ty (Min.)
the cycle is an Early Write cycle and the data out remains in a high impedance state
throughouttheentire cycle. ftcyyp2towp (Min), trwp2trwpMinyand tawp2tawn
{Min.) the cycle is a Read Modify Write cycle and the data out contains dataread from
the selected cell. If neither of the above sets of conditions is satisfied the condition of
data out is indeterminate at access time,

These parameters are referenced to CS leading edge in an early write cycle and to WE
leading edge in a read modify write cycle.

The test mode is initiated by performing a WE and CS 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 CAQ are not
used. Inaread 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.

Inatestmode read cycle, the value of access time parameters is delayed for 5ns for the
specified value. These parameters should be specified in testmode cyclesby adding the
above value to the specified value in this data sheet.
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MSM514102B/BL OKI Semiconductor
TIMING WAVEFORM
Read Cycle
tRe
TRP
VIH =T ¥ tRAS Y
RAS y - N { N
tosH torp
tcrp treD . lrs
S | | —
sk tRa tRAL tan
T =/
- AR | - tReH
1_thos L tRAH
e ' “TIIIIL | w= R
— torF
Dout \\;g':: Open , Z%{z Valid Data
o2 “H orL*
Write Cycle (Early Write)
tRe :
RP
tRa!
mows N i N
torp tosH = torp
s x:f - ( P tRep ) _C_tcs — /|
task| | tpan .
po-At0 gt Row_| e X
1RAD 5G] | tCAH o ‘
- twer
- 1 1
= T —=—
fos ton
oy vaoss X i
v } toHR
Dour Vg':: Open
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OKI Semiconductor MSM514102B/BL

Read Modify Write Cycle
tamw
1RP
tRas
— Vh- 3 7F :
RAS y, - N t A N
RCD tcrp
JCRP, traD - tRAL
. Vi - F thcs ‘]\ tes /‘
Vi - i) fowp {
o TAWD » :CWL |
tas | tRaH %ﬂ

CAH
w0 WD o MDA Wi
w0410 W TIE ™ ow e W .

tRwD

twp

W v/ ’ N

1 tcsh ‘
ToH

| ios | l ‘
Vig -
Dy Valid Data
] loac twoH torr
trac

Dour Y4~ " open i Valid Dat m—
VoL- p toLz ¢ alid Data 4
W or 'L
Static Column Mode Read Cycle
trp
— o tRASC
FAS VM N
Vip - K 7
» tcp trsH »! tcrp
== V- tcs % | fcs
CS - >
ViL - tRep N / \::"/ t
task| | tRat tsc tsc trAL M
ViH - 4 s b
A0-A10 Row _ cowmn X  Cowmn ) Coumn
tRAD 7 tRRH
. taR 1 i
frcs - tren RCS tReH
tesh
WE le :y gy Lt JWL U LTSN
iL tan torF tcac
trRAC taoH
Doy JOH™ % Valid Valid Valid
0Ty~ oz Data Data oz Data

‘H"or "L"
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OKI Semiconductor

Static Column Mode Write Cycle (Early Write)

trp
—_ VH-" Y. tRasC H
RS N N
i ) trAD tcp TrsH ¥
tasc M L CRP
Vi - y N
[
ViL - tRcD N A Toal
tas | | tran toan
ViH = ¥ t ] f
AO-A10 //4m>//////// Column | Column }@(( Column
B tAWR | tasc tcan J tasc | [tcaH
twes twen w1y '
- twp WCS
WE ViL - £ MW _r/_\"\
tos | tsc
tps | | tow tow  tos || toH
Din ‘6:[‘ :W{;;d Data Valid Data valid
tDHR
V -
Dour ng— Open

Static Column Mode Read Modify Write Cycle

"Hor'L"

-

. tRasc | tep
- X
mAS Um- N

ViL - I~ 1 terp
N tewp | >

© Viy - tRes NT i

-+ | ¢
Vi - fow |

tawn| . twap

A

tran

tasr s tcaH
AO-A10 ViR - m’mw }@{L Column W
Vip - y -

v

%

RAL

<%

|

v

A

N

1AW

A4

Valid Data

-

torr

A | L tsRMW
fAwD » AWD
— -7 ) 8 ; twp |k ‘_t—'|
WE x'H -7 N
' " taco ! | tDs’:' | tDH
Ow V- 7 v X s X
taa EGAC: tw0H={ ‘tow‘ﬂ’
tRAC Y L taw ™ q
o Yo /ST
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OKI Semiconductor MSM514102B/BL
Static Column Mode Read/Write Mixed Cycle
RAS z:}:: trep P —
< RAD "
A iﬁl ) tRAH
AO-AT0 ViH - XLRo%_ Column AWL Column AEWQ Column A}W
V- - = Tawn j - tsc s <ICAHj
B’ tcp
T xm: Jx tes
* . Wwer N tawp
S twes T
WE \\2[‘: St - J/ tLwap \-f___i-
tos ) E_Df i tos |, toH
o= T v~ XY == T s
< = :tAAl‘C_AC:‘ taoH ot JLLLN
Do ok~ 4 @iﬁm e X
%: (Read) 3 (Read/Write) 4
"H or 'L"
RAS-only Refresh Cycle
tre
tRAS trp
s \ L
tcai; )
" e /
tAsR| | tRaH
-0 = X
Dour ng: Open
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MSM514102B/BL OKI Semiconductor
'CS Before RAS Auto-refresh Cycle
tRe
1Rp
— Vi - I s tRas |
RAS
i —_/ thPe \ A/ trpe tcsR
P | tos toHR
— Vmu- £ X
CS ViL - b 3
twrp - wRH twrp
WE V=7 Wy 7 3 2
ViL -/
torr
V -
Dour vgf- > Open
Note : AD-A10="H"or'L" "H or *L"
Hidden Refresh Read Cycle
tRe tRe
Tras Re T, TRAS .
Viy - 3 4 i X
e Vi - b i i { i T
torp RCD ASH CHR torp
 Vu- T 3\ TaR &
CS ViL - tRAIH T
tasy |
trap tRaL tan
A0-A10 W pow DX coumn ] 7
tRes Eﬂ" WA twmn
V'H _% il . bt
WE W?% toac
- b T og
tRac
Dour VOH™ [ Valid Data
Vo - torz K et
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OKI Semiconductor MSM514102B/BL

RES TN . : ,fﬂj\_‘ w N
s 0 1
tasm t;J\D tasc o
o1 1 mf sy
e T, v/ U
Dour ng: Open -
Test Mode Initiate Cycle
RS x:[':_/ ( trpc \" 7“
swl N 7 )

v A

torr

Vou- )‘l(
Dout VoL - Open

Note: AQ- A10, Dy ="H"or'L’ "Hor'L’
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MSM514102B/BL OKI Semiconductor

CS Before RAS Refresh Gounter Test Cycle

woa N ) — By
S| I N
S/ - -
o xgr: twrp tWRH tRos tcu{%{i@f 1
“_ Sy RRH
w I W =
Write Cycle toan
-0 3 T ]
W " :Ww 7%; " g
o I oI
w0 b2 IR, AL
oo 104 = ‘mz%@r@}
, tpp_ twRH 1@‘:0; :ﬁm’_
L/ | =

"H' or "L"
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