OK1I semiconductor
MSM514402A/AL

1,048,576-Word x 4-Bit DYNAMIC RAM: STATIC COLUMN MODE TYPE

GENERAL DESCRIPTION

The MSM514402A/AL is a new generation dynamic RAM organized as 1,048,576-word x 4-bit.
The technology used to fabricate the MSM514402A/AL is OKI's CMOS silicon gate process
technofogy. The device operates atasingle + 5V power supply. Its /O pins are TTL compatible.

FEATURES

# Silicon gate, quadruple polysilicon CMOS, ® Refresh: 1024 cycles/t6 ms, 128 ms

. L-versia
1 transistor memory celf ( sion)

e CSbefore RAS refresh, C5 before RAS
hidden refresh, RAS-only refresh

e 300/350 mil 26-pin plastic SOJ, 400 mil 20~ capability
pin plastic ZIP, 300 mil 26-pin plastic TSOP

® 1,048,576-word x 4-bit organization

) & Multibit test mode capability
® Single +5V powersupply, ¥ 10% tolerance

. [ it-in v ircui
e Input: TTL compatible Buiit-in Vgg generator circuit

&  Output: TTLcompatible, tristate,

nontatch
. Access Time Cycle Power Dissipation
Family H .
{Max) Time Operating Standby
trac | tan | tcac | toea (Min) {Max) (Max)
MSMS514402A/AL-70 70ns[35ns]|20ns|20ns{ 130ns 495 mwW
MSM514402A/AL-80 80ns|40ns|20ns| 20ns| 150ns | 440 mw 35 mWiL 1 m
MSMS14402A/AL-10 100ns| 50ns} 25ns| 25ns| 180 ns 385 mW
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PIN CONFIGURATION (TOP VIEW)

= MSM514402A/AL s
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3 350 mil * Refresh Address
Pin Names Function Pin Names Function
A0 to A9 Address Input OF Output Enabte
RAS Row Address Strobe "WE Write Enable
3 Chip Select input Vee Power Supply < +5V>
DQ1toDQ4 | Data (n/Data Out Ve Ground <0V>
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uMSM514402A/ALn

ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Notes
veltage on any pin VT Ta=25°C ~1.0to+7.0 v 1
relative 1o Vgg
Short circuit output 105 Ta = 25°C 50 mA 1
current
Power dissipation Po Ta=25°C 1 w 1
Operating Topr - Oto +70 °C 1
temperature
Storage temperature Tstg - -55t0 +150 °C 1

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

Parameter Symboaol Min Typ Max uUnit Notes
Vee 45 5.0 5.5 v 2
Supply Voltage Ves o o 0 v
Input high voltage Vin 2.4 - 6.5 \ 2
Input low voltage ViL -1.0 - 0.8 \Y 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 Vs;s.

478



s MSM514402A/ALn

DC CHARACTERISTICS

(Vee=5V +10%, Ta=0to +70°C)

MSM MSM MSM J
Parameter St))/gl!- Conditions P14902A/AL-T0514402A/AL-805144028/AL10 s | Notes
Min | Max | Min | Max | Min | Max
Output high voltage Vou |lon= -5.0mA 24 | Vee | 28 | Ve | 2.4 | Vcc
Output low voltage Vor [lo=4.2mA 0 0.4 0 0.4 0 0.4
OVS VISE.5Y;
Input leakage current | 1y, [28otherpins | _4g]1 10 [-10| 10 |[-10] 10 | A
test =0V
Output leakage DQ, = disable
current o |ovsvosssy |10 10 [-10] 10 |-10[ 10 | A
Average power RAS,CS
supply current lccr | eycling, - 90 - 80 - 70 mA 1,2
{Operating) tac =min
RAS = — 2 - 2 = 2 A
Power supply current lecz g_?s ‘VV'” TTL 1 3 1 nm1A
Standb = — - —
{ v DQ=Hz |[MOS|[ -~ 1200 | - | 200 | - [ 200 | A |tL-version
Aver{age power RAS cycling,
supply current lees | C5=V, ~ 0 - 8 - 7 mA 1,2
(RAS-only refresh) tae = min 9 0 0
Power supply current RAS = Vi
lccs | CS =V - 5 - 5 - 5 mA 1
(Standby) DQ, =enable
Average power J—
supply current RAS cycling, _ _ N
(CRS pefore RAS 1cc6 | &5 before RAS %0 80 70 | mA LT
refresh)
Average power RAS =V,
supply current lccg | €5 cycling - 80 - 70 - 60 mA 1
(Static Column mode) tpc = Min
Battery backup tye=125ps
current ) Icc1o | S beforeRas | — | 300 | - | 300 ] - | 300 | pA 1,3
(Only L-version) RAS cycling

Notes: 1. Icc depends on output loading and cycle rates. Specified values are obtained with
t%e output open. —
2. Measured by using no more than one address change while RAS =V, .

3. tpas = tras (Min) to 1 us. Input voltage: All pinsV,yZ Vcc-0.2Vor Vi 0.2V

CAPACITANCE
(Ta=25°C, f=1 MHz)
Parameter Symbol Conditions Typ Max Unit
Input capacitance (A0 to A9) Cing - - 6 pF
Qutput capacitance (DQ1 to DQ4) Cio - - 7 pf
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s MSM514402A/ALn

AC CHARACTERISTICS

(Vee=5V $10%, Ta=0to +70°C)

Notes 1, 2,3, 11
MSM MSM MSM
parameter St))/;r;- 514402A/AL-70514402A/AL-80514402A/AL10 | ol oo
Min | Max | Min | Max [ Min | Max

Random read or write cycle time tre [ 130 - 150 | - 180 | - ns
Read/write cycle time trwe | 185 - 205 - 245 - ns
Static column mode cycle time tsc | 40 - a5 - 55 - ns
Static column mode read/write cycle time [tspwc| 90 - 95 - 115 - ns
Access time from RAS thac | - | 70} - | 80 | - | 100 | ns | 4,56
Access time from CS tcac| - ] 20 | - | 20| - | 25 [ ns |45
Access time from column address taa - 35 - 40 - 50 ns | 4,6,7
Access time from last write taaw l - 65 - 75 - 95 | ns | 4,7
Access time from OE togal = | 20 | = | 20 - | 25 | ns
Data output enabie time reference toWE | tow | - 20 - 20 - 25 | ns
Output low impedance time from CS tcaz | O - 0 - 0 - ns 4
S;Ear:::;:;trzgld time reference to taon | 5 B 5 _ 5 _ ns
Output buffer turn-off delay time torr | O 20 0 20 0 25 | ns 8
;(?—;E\Lo data output buffer turn-off delay torz | 0 20 0 20 0 25 | ns 8
Transition time tr 3 50 3 50 3 50 [ ns 3
Refresh period trer | - 16 - 16 - 16 | ms
Refresh period (only L-version) trer | - 128 | - 128 | - 128 | ms
RAS precharge time trp | 50 - 60 - 70 - ns
RAS pulse width tras | 70 |10,000] 80 10,000} 100 [10,000] ns
RAS pulse width (Static column mode) trasc | 70 [100.000] 80 [100.000f 100 |100.000| ns
RAS hold time tasn | 20| - [20] - 25| - {ns
RAS hold time reference to O tron | 20 - 20 - 25 - ns
CS precharge time teg [0 - 10| - [10] - |bs
CS pulse width tes | 20 |ioo.oool 20 [100.000f 25 [100.000 ns
CS hold time tesu | 70| - {8 | - J100| - |ns
CS to RAS precharge time tepp | 5 - 5 - 5 - ns
RAS to CS delay time trep | 20| 50 | 20| 60 [ 25| 75 | ns
RAS to column address delay time tran | 15 35 15 40 20 50 | ns 6
Row address set-up time tasg | O - 0 - 0 - ns
Row address hold time traH | 10 - 10 - 15 - ns
Column address set-up time tasc | O - 0 - 0 - ns
Column address hold time tcan | 15 - 15 - 20 - ns
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s MSM514402A/ALn

AC CHARACTERISTICS (CONT.)

MSM MSM MSM
parameter St))(;rl\- 514402 A/AL-70514402A/AL-80514402A/AL-10 4 o4 Iyt
Min | Max | Min | Max | Min [ Max

%J(n\;\;\;géirce\;ztg)ld time reference to tawr | 55 _ 60 _ 75 _ ns
Column address hold time reference to tar | 85 _ 95 _ sl - s

RAS

Column address to RAS lead time thar | 35| - |40 | - |SO| - |nms
%J;zcahdazir;e:s hold time reference to tan 10 - 10 _ 10 _ ns
\(liv_oéumn address hold time reference to tamw| 650 - 75 a 95 _ ns

Last write to column address delay time trwap| 20 30 20 35 25 45 ns 7
Read command set-up time tres 0 - 0 - 0 - ns

Read command hold time trCH o] - 0 - 0 - ns 9
%@Sd command hold time reference to — B 0 _ 0 a ns 9
Write command set-up time twes | O - ¢] - 0 - ns 10
Write command hold time twew | 10 - 15 - 20 - ns
Write command pulse width twe | 10 - 15 - 20 - ns

OF command hold time ton 20| - 20| - |25 - | ;s
Write command hold time from RAS twer [ 50| - |60 - |75 - | ns
Write invalid time twi 10 - 10 - 10 - ns
Write command hold time (Dgyr disable) | twh 0 - 0 - 0 - ns 10
Write command to C5 lead time tewt | 20 - 20 - 25 - ns
Write command to RAS lead time tawe | 20 | - 20| - | 25 - ns

CS to WE defay time tewo | 50| - | 50| - |60 | - |ns] 10
Column address to WE delay time tawp | 65 | - 70| - | 85 - ns | 10
RAS to WE delay time tewo | 100 - 110 - [135] - | ns| 10
Data-in set-up time tos 0 - 0 - 0 - ns
Data-in hold time toH 15 - 15 - 20 - ns
Data-in hold time from RAS tour | 55 - 60 - 75 - ns

‘OF to Data-in delay time toep | 20 - 20 - 25 - ns

TS active delay time from RAS prechage treC 5 - 5 - 5 - ns

RAS to CS Set-up time (C5 before RAS) tesg | 5 - 5 - s - | ns
RAS to C5 hold time (CS before RAS) teur | 15 - 15 - 15 - ns

'CS precharge time (Refresh counter test) teer | 35 - 40 - 50 - ns
\éTTES;o R_K§precharge time (CS before twap | 10 _ 10 B 10 _ ns
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s MSM514402A/AlL=

AC CHARACTERISTICS (CONT.)

MSM MSM MSM
Parameter Sg:;- 5 14402A/AL-70512402A/AL-80514802A/ALAY |y o [ o o
Min | Max | Min | Max [ Min | Max

WE hold time from RAS (CSbefore RAS)  [tway | 10} - | 10] - J 10| - [|ns

RAS to WE set-up time (Test mode) twse | 10] - 10| - J10] - |ns

RAS to WE hold time (Test mode) twar | 10| - 10| - 10| - |ns

Notes: 1. Aninitial pause of 200 us is required after power-up followed by a minimum of 8

initialization cycles (examples: RAS-only Refresh or CS before RAS Refresh)
before proper device operation is achieved.

2. The ACmeasurements assume the transition time (t7) = 5 ns.

3. Vg {min.) and V,_(max.) are reference levels for measuring the timing of the
input signals. Transition times are measured between V\y and V.

4. Measured by using an equivalent load circuit of 2 TTL loads and 100pF.
Operating within the tgcp (max.) limitinsures that tgac (max.) can be met. The
spec. trep (Max.) is for refrence only. If tpep is greater than the specified tgep
(max.) limit, the access time is controlled exclusively by teac.

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

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

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

Either the tggy or the tgcy spec. must be satisfied for a proper read cycle.
10. The specs twcs, twh, towp. trwp and tawp are not restrictive operating
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1.

parameters They are included in the data sheet for reference only. If

twes = twes (min) and tywy 2 tywy (Min.) the cycleis an Early Write cycle and the
data out remains in a high impedance state throughout the entire cycle. If
tewn 2 tewo (Miny), tawp = trwp (Min.) and tawp = 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 outis indeterminate at
access time.

Test Mode Feature:

The test mode is activated by executing a CS before RAS refresh cycle with WE
held at a low level (V|). The device remainsin the test mode until itis
deactivated by executing a standard RAS-only refresh or a C5 before RAS refresh
with WE held at a high feve! (V).

In the test mode CAQ is not used and the /O pin now accesses 2 bit locations.
Since all 4 1/0 pins are used, a total of 8 data bits can be written in parallel into
the memory array, reducing test time by 50%. When executing aread cycle 2
data bits are gated throughout the internal exclusive OR logic and the resultis
presented at the /O pin, thus if the 2 data bits are equal, the I/O pinindicates a
logical 1. If the 2 data bits are not equal, the I/O 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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s MSM514402A/AL=

WRITE CYCLE (OE CONTROL WRITE)
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s MSM514402A/ALw

STATIC COLUMN MODE READ CYCLE
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s MSM514402A/ALs
STATIC COLUMN MODE READ/WRITE CYCLE
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s MSM514402A/Al=

RAS-ONLY REFRESH CYCLE
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s MSM514402A/ALs

HIDDEN REFRESH READ CYCLE
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s MSM514402A/AL=

TEST MODE INITIATE CYCLE
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n MSM514402A/ALw

CS BEFORE RAS REFRESH COUNTER TEST CYCLE
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