OKI Semiconductor

MSM5116400A

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

DESCRIPTION

The MSM5116400A is a 4,194,304-word x4-bit dynamic RAM fabricated in OKI's CMOSsilicon gate

tEChI'IOIOEV The MSM5116400A achieves hlc’h lnhurrahnn h'loh-ﬁmnrl npe;ab_gn and 1nw.pnumr

consuimption due to quadruple polysilicon double metal CMOS. The MSM5116400A is available in
a26/24-pin plastic SOJ or 26 /24-pin plastic TSOP.

FEATURES

* 4,194,304-word x 4-bit configuration
* Single 5V power supply, $10% tolerance

¢ Input  :TTL compatible, low input capacitance

® Output :TTL compatible, 3-state
* Refresh :4096 cycles/64 ms
s Fast page mode, read mnnhfv write rapnhnhhr
*» CAS before RAS refresh, hxdden refresh, RAS-only refresh capability
* Multi-bit test mode capability
* Package options:
26/24-Pin 300 mil plastic SO]  (SOJ26/24-P-300) (Product : MSM5116400A-xx5])

. A=11 fa'al
26/24-Pin 300 mil plastic TSOP (TSOP26/24-P-300-K3  (Product : MSM5116400A-xxT5-K)

(TSOP26/24-P-300-L)  (Product : MSM5116400A->xTS-L)
xx indicates speed rank.

PRODUCT FAMILY
- Access Time (Max.) |Cycle Time Power Dissipation
i tpac | taa |teac | toea | MIN) | Operating (Max)| Standby (Max.)
MSMS118400A-60 60ns | 30ns|[15ns}iSns| 1i0ns 550 mw
MSM5116400A-70 70ns [ 35ns | 20ns [ 20 ns 130 ns 495 mW 55 mw
MSM5116400A-80 80ns (40ns 2005 20ms | 150ms -440 mW -
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MSM5116400A OKI Semiconductor

PIN CONFIGURATION (TOP VIEW)

Vccg - E Vss Vcc,ﬁ:_ o 2=_5]| Vss Vss@ o 1] Vee
parf2]| L) 25| D4 DQ1[ 2] 25| D04 DO4[25) 2| o
002(3] 24) pa3  pa2[3] 24] DG3 D03 [24] O @ DQ2
WE[4] 23) TR~ WE[4] 23] TAS ~ CAS[23] (4] WE
RAS[5 22| OF  RAS[5] @ 0E  OER2 5| FAS
At1R{§ 21] A3 ANR[6] 21] A9 Ag[21] 6] A11R
A10R[§] 19] A8 A10R[8] 19) A8 A8[19] 8] A10R
ao[9] 18] A7 ao[a] 18] a7 A7[18 9] a0
A1[1a] 7] A6 A1[i0] 17] A6 A6[17] 10] A
Az[11] 16] AS az[1y] [16] A5 as[16l O 1
A3E 15| Ad A g El Ad A4IE 12| A3
Ve [13i 114 Vs Vec|13; 14] Ves Vssltd] E Vee
26/24-Pin Plastic SOJ 26/24-Pin Plastic TSOP 26/24-Pin Plastic TSOP
(K Type) {L Type)
Pin Name Function
A 1‘:;;: :?'1 R Address Input
RAS Row Address Sirobe
CAS Cotumn Address Strobe
DQ1- D04 Data Input/Data Quiput
OF Output Enable
WE Write Enable
Vee Power Supply (5V)
Vss Ground (0 V)

Note:  The same power supply voltage must be provided to every Vcc pin, and the same GND
voltage level must be provided to every Vgg pin.
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OKI Semiconductor MSM5116400A

BLOCK DIAGRAM
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MSM5116400A

OKI1 Semiconductor

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Svmhol Rating Unit
Voltage on Any Pin Relative to Vsg Vr ~1.0107.0 v
Short Circuit Output Current los 50 mA
Power Dissipation Pp* 1 W
Operating Temperature Toor 0to 70 °C
Storage Temperature Tstg —55 to 150 °C
*: Ta =25°C
Recommendad Operating Conditions (Ta = 0°C to 70°C)
Parameter Symbol Min. Typ. Max. Unit
Bt G4 g Veo 4.5 5.0 55 v
FOWET olippty voitage Vss 0 0 0 v
Input High Voltagre Vi 24 — 6.5 v
input Low Voltage ViL =-1.0 — 08 Vv
apacitance (Voo = 5V £10%, Ta = 25°C. f = 1 MHa)
Parameter Symbol Typ. Max. Unit
input Capacitance
AQ - A9, A10R, A11R) Ciny - 6 pF
Input Canacitance {RAS, TAS, WE, OF) Cinz _— 7 pF
Output Capacitance (DQ1 - DQ4) Cio — 10 pF
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OKI Semiconductor

MSM5116400A

DC Characteristics

{(Vge =5V £10%, Ta = 0°C to 70°C)
} I
MSM5116400 MSM5116400|MSM51 16400
Parameter Symbol  Condition A-60 A-70 A-80 Unit|Note
Min. | Max. | Min. | Max. | Min. | Max.
Output High Voltage Vo |low=~5.0 mA 24 | Veeo 24 | Ve 24 | Ve v
Nodnant | nws dindiamns LY 1. = AP A n naAa n NnaA n s ] 4 V
MULpUL LUW VvUnGyu VO [IgL=5.£ iTiA v V.3 v V. v .
OVsVis65Y,;
Innut | aakana Curront 1. All nthar nine nnt —in iN _1iNn in _in in A
SHPUL LDAnagv vuiivin LN} A VR pIg 1TV i (A0 v (Y iv iv | sl
under test =0V
DQ disable
Output Leakage Current | o 10! 10 -101 10 <0t 10 | ua
0VgVg<h5hV ~
Average Power
. »g | ) RAS, CAS cycling,
Supply Curremt loct tec < B — 100 — 20 — 80 mAl 1?2
{Operating) fe =ML
Power Supply BAS, CAS = Viy — 2 —_— 2 — 2
Current (Standby) loc2 | RAS, CAS mA| 1
y 2Vge02v | T | V| v
Average Power RAS cycling,
Supply Current lcca |CAS = Vi, — |10 — | 80| — | 80 |maj12
(RAS-only Refresh) tae = Min. N
Power Supply E=Vm.
Current {Standby) locs |CAS = Vi, - 5 - 5 - 5 mA | 1
y DQ = enable
Average Power g cvclin
S cycing,
Supply Current lece S hZforegﬁr — | 100 — 90 —_ 80 | mA|t2
{CAS before RAS Refresh)
Average Power RAS =y,
Supply Current lec7 iCAS cycling, — | 90 — | 80 — | 70 | mA| 1,3
{Enet Dana Madal $on - Min
\FdoL Fayt mivucy PG = 1w,
Jntoc 1 T May ic cmasifind acs T fam output open PRPESgS T 15y,
P L) £ ) :. JLL( LVYiQAA . 1D BHC\.“ICH ao l(_(_ l 4 WAL yu Ul}c.l.l CUIILLIUIL.
2. Address can be changed once or less while RAS = V..
3. Address can be changed once or less while CAS = V.
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MSM5116400A OKI Semiconductor

AC Characteristics (1/2)

Aot - nor o

{Vec =5V 210%, Ta=0°Gi0 70°C) Note 1,2, 3,11, 12

MSM5116400| MSM5116400|MSMS51 16400
Paramater Symbol A-60 A-TO A-80 Unit | Note
'{ Min. | Max. | Min, | Max. | Min. | Max.
Random Read or Write Cycle Time the (180} — 1130 ] — 1180 [ — | ns
Read Modify Write Cycle Time thwe | 195 | — | 185 | — | 205 | — | ns
Fast Page Mode Cycle Time teog 40 - 45 —_ 50 — ns
E.;itl:??;:dode Read Madity Write teawc | 85 _ 100 _ 105 — ns
Access Time from RAS taae | — 60 — 70 — 80 ns 4,56
Access Time from CAS icac | — i5 -_ 20 — 20 ns | 4,5
Access Time from Column Address . taa | — 3 | — 35 — 40 ns | 4.6
Access Time from CAS Drnn!\arnn fora — 35 — 40 — 45 ns 4
Access Time from OF topa | — 15 — 20 — 20 | ns | 4
Output Low Impedance Time from CAS tz | 0 - 0 — 0 — | ns| 4
CAS to Data Qutput Butfer Turn-off Delay Time | tofr 0 15 0 20 0 20 ns 7
OE to Data Qutput Buffer Turn-off Delay Time | togz | O 15 0 20 0 20 | as| 7
Transition Time ir 3 50 3 50 3 50 ns 3
Refresh Period tREF — 64 —_ 64 - 64 ms
RAS Precharge Time the | 40 — 50 60 - s
RAS Pulse Width tras | 60 [10,000] 70 (10,000 80 [10,000| ns
RAS Pulse Width (Fast Page Mode) thase | 60 (100000 70 [100000) 80 [100,000| ns
RAS Hold Time trsH | 15 — 20 — 20 — ns
RAS Hold Time referenced to OF tron | 10 — 10 — 10 — ns
CAS Precharge Time (Fast Page Mode) fcp 10 — 10 - 10 — ns
CAS Pulse Wldth tcas | 15 1100000 20 [10,000] 20 110,000 ns
TAS Hoid Time tcsy | 60 — 70 — 80 — ns
CASto WA‘ST Precharge Time teap | 10 — 10 — 0 — {ns
CAS 1o RAS Precharge Time iRHcp | 35 — 40 — 45 — ns
RAS to CAS Delay Time thep | 20 45 20 50 20 60 ns 5
RAS to Calumn Address Delay Time tasp | 15 | 30 | 15 | 35 | 15 | 40 [ ns
Row Address Set-up Time tasn 0 _ 0 - 0 — ns
Row Address Hold Time taad | 10 — 10 — 10 _— ns
Column Address Set-up Time tasc 0 — 0 — 0 — ns
Goluma Address Hold Time tcan | 15 — 15 — 15 — ns
Coiumn Address Hoid Time from RAS taR 50 — 55 — 60 — ns
Column Address to RAS Lead Time taaL | 30 — 35 — 40 — ns
Read Command Set-up Time tRes 4] — 0 — | 0 — ns
Read Command Hold Time tRCH 0 — 0 — 0 — ns 8
Read Command Hotd Time referenced to RAS | tpan [t — [t} - g — ns
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OKI Semiconductor MSMS5116400A

AC Characteristics (2/2)
- - ~ {Vec =5V %i0%, Ta=0°C 1o 70°C) Noie1,2,3, 11,12
MSM5116400 MSM5116400 MSM5116400,
Parameter Symbol|  A-60 A-T0 A-80 Unit | Note
Min. | Max. | Min. | Max. | Min, | Max.

Write Command Set-up Time twes | O —_ 0 —_ 0 — | ns 9
Write Command Hold Time twen | 10 — 15 — 15 - ns

Write Command Hold Time from RAS twer | 45 _ 55 — 60 — | ns

Write Command Puise Width twp 10 —_ 10 —_ 10 — ns

OF Command Hold Time togw | 15 —_ 20 — | 20 — | ns

Write Command to RAS Lead Time thwe | 15 —_ 20 —_ 20 — | ns

Write Command to CAS Lead Time towL | 15 - 20 — | 20 — | ns
Data-in Set-up Time 1ps 0 — 0 — 0 — | ns | 10
Data-in Hold Time toH 15 _ 15 _ 15 — ns | 10
Data-in Hold Time from RAS tpur | 50 — 55 — 60 — | ns

OF to Data-in Delay Time iop | 15 — 20 — 20 — | ns

CAS to WE Delay Time tewp | 40 — 50 — | 50 — | ns| 9
Column Address to WE Delay Time tawp | 55 — 65 — 70 — | ns | 9
RAS 10 WE Delay Time tRwp | 85 — | 100 | — [ 110 — | ns | 9
TAS Precharge WE Delay Time tepwo | 60 — 70 — | 75 — {ns| 9
CAS A Active Delay Time from TAS Precivarge | ipp; | 10 — i0 — i0 — | ns

RAS to CAS Set-up Time (CAS before FAS) | tesn | 10 — 10 — | 10 — | ns

RAS to CAS Hold Time (CAS belore RAS) | ton | 20 — 20 — 1 2 — | ns

TAS Precharge Time (Refresh Counter Test)| tgpr | 40 — 40 — 40 — ns

WE to RAS Precharge Time (CAS before RAS)| twap | 10 —_ 10 —_— 10 — | ns

WE Hold Time from RAS (CAS before RAS) | twaw | 10 —_ 10 —_ i) — | ns
RAS to WE Set-up Time (Test Mode) twrs | 10 o 10 — 1 10 — | ns

RAS to WE Hold Time {Test Mode) twin | 20 — 20 — 20 — | ns
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MSM5116400A OKI Semiconductor

Notes:

1.

W

ph

10.

11

12.

A start-up delay of 200 us is requ:red after er power-up, foll followed by aminimum of eight
imitialicrabinm e alas MM AC ~oler b 1 __7 £ T AL L

Initialization cycles (RAS-ondy refresh or CASbefore RAS refresh) before properdevice
operation is achieved.

The AC characteristics assume tv = 5 ns.

Vig Min) and Vi, Max.) are reference level

s
Transition times (t} are measured between Vi and V..
This parameter is measured with a load circuit equivalent to 2 TTL loads and 100

Operation within the trcp (Max.) limit ensures that tg 4 (Max.) can be met.

trep (Max.) is specified as a reference point only. If trcp is greater than the specified
trep (Max.) hm:t access time is controlled by tcac-

Operation within the tgop (Max.) limit ensures that tg oc (Max.) can be met.

trap (Max.} is specified as a reference point only. If tr o b is greater than the specified
trap (Max.) limit, access time is controlled by ta .

tOFF (Max.) and togz (Max.) define the time at which the output achieves the open
circuit condition and are not referenced to output voitage levels.

trCH Or tRrH must be satisfied for a read cycle.

twes, towD: trwD: tawpand tcpwp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only. If twcs = twes (Min), the
cycleis an early write cycle and the data out will remain open circuit (high impedance)

throughout the entire cycle. If tcwp 2 tcwp (Min.), trwp 2 trwp (MinL), tawp 2 tawn

(Min) and topwp 2 topwp Min), the cycle is a read modify write cycle and data out

wili 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.

These parameters are referenced to CASleading edgein an early writecycle, and to WE
leading edge in an OE control write cycle or a read modify write cycle.

The test mode is initiated by performing a WE and CAS before RAS refresh cycle.

Thismodeislatched and remains in effect un !theex_atgyrlpic cenerated. Ina test mode
AN A AT AT mon onnd o PN R TR RY

CAQand CAl arenotused and each ug,g pul now accesses 4-bitlocations. Since all4 UQ
pms are used, a total of 16 data bits can be written in parallel into the memory array.

Inaread cycle, if 4 data bits are equal, the DQ pin will indicate a high level. If the 4 data
bits are not equal, the DQ pin will indicate a low level. The test mode is cleared and the
memory device returned to its normal operatmg state by performing a RAS-only

refresh cycle or a CAS before RAS refresh cycle.

In a test mode read cycle, the value of access time parameters is delayed for 5 ns for the
SDeClﬁed value. These para meters should be er‘lﬁprl intect mnode cycle by addlng the

above value to the specnﬁed value in this data sheet.

See ADDENDUM G for AC Timing Waveforms



