OKI semiconductor
MSM514400A/AL

1,048,576-Word x 4-Bit DYNAMIC RAM: FAST PAGE MODE TYPE

GENERAL DESCRIPTION

The MSM514400A/AL is a new generation dynamic RAM organized as 1,048,576-word x 4-bit.
The technology used to fabricate the MSM514400A/AL is OKI's CMOS silicon gate process
technology. The device operates atasingle + 5V power supply. Its /O pins are TTL compatible.

FEATURES

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

e Refresh: 1024 cycles/16 ms, 128 ms
(L-version)
e CASbefore RAS refresh, CAS before RAS
hidden refresh, RAS-only refresh
®  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 power supply, + 10% tolerance

. -
e Input: TTL compatible Built-in Vgpg generator circuit

® OQutput: TTLcompatible, tristate,

nonlatch
. Access Time Cycle Power Dissipation
Family : .
(Max) Time Operating Standby
trac | tan | teac | toea | MM (Max) (Max)

MSM514400A/AL-70 70ns| 35ns|[ 20ns| 20ns) 130 ns 495 mw

MSMS5 14400A/AL-80 80 ns| 40 ns | 20 ns| 20 ns| 150 ns 440 mW 5.5mwW/1.1 mwW
{L-version}

MSM514400A/AL-10 100 ns| 50ns|25ns]25ns| 180ns 385 mwW

462
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PIN CONFIGURATION (TOP VIEW)
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Notes
Voltage on any pin vT Ta=25°C -1.0t0+7.0 v 1
relative to Vgg
Short circuit autput 108 Ta=25°C 50 mA 1
current
Power dissipation Po Ta=25°C i w 1
Operating Topr - 0to +70 °c 1
temperature
Storage temperature Tstg - -55t0 +150 °C 1

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

Parameter Symbol Min Typ Max Unit Notes
Ve 45 5.0 55 v 2
Supply Voltage Ves o 5 o v
Input high voltage Vi 24 -~ 6.5 \ 2
Inputlow voltage Vi -1.0 - 0.8 Vv 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 Vsg.
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DC CHARACTERISTICS
(Vcc=5V%10%,Ta=0to +70°C)

MSM MSM MSM
Parameter Sg;!- Conditions 514400A/AL-70F14400A/AL-80514400A/AL-10 Unit| Notes
Min | Max | Min | Max [ Min | Max

Output high voltage Vou [ton=-50mAa | 24 | Vec | 2.4 | Vee | 24 | Ve
Output low voltage VoL |lot=42mA 0 0.4 0 0.4 0 0.4

OV VIS 6.5V;
Input leakage current | Iy [28othereins | _49) 10 |-10| 10 |-10| 10 | A

test =0V
OQutput leakage DQ; = disable
current ho [gvivomssy |10 10 | =10 10 |10 10 | A
Average power RAS, CAS
supply current Iccy | eydling, - 90 - 80 - 70 | mA 1,2
(Operating) tope=min

RAS =V, Lo | = 2 - 2 - 2 [ mA
Power supply current -z —
(standby) lccz | €AS =vy, - 1 - 1 1 mA

DQi=Hz [MOS| _— 200 - 200 - 200 | A | tversion
Average power RAS cycling,
supply current lccz | CAS=V _ 0 - 80 _ 70 | mA 1,2
(RAS-only refresh) tac= mi': S

RAS =V
Power supply current [ | —=

ccs | CAS =V, - 5 - 5 - 5 mA ]

(Standby) DQ, = enable
Average power
supply current RAS cycling, B N a
(CAS before RAS lcce | Ea5 before RAS 30 80 70 | mA !
refresh)
Average power RAS = vy,
supply current lcc7 | CAS cycling - 80 - 70 - 60 [ mA 1,3
(Fast page mode) tpe = min
Battery backup the = 125 ps
current ] lcc1o | CAs beforeRAS | — 300 | - 300 | - 300 | xA 1,4
(Only L-version) RAS cycling
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 = VL.
3. Measured by using no more than one address change while CAS = Vi
4. tgas = tras (Min) to 1 us. Input voltage: All pins Viy= Ve - 0.2V or Vi = 0.2V

CAPACITANCE
(Ta=25°C, f= 1 MHz)
Parameter Symbol Conditions Typ Max Unit
Input capacitance (A0 to A9) Cint - - 6 pF
Fﬁ%:ta%awgnéi) Cinz - - 7 pF
Output capacitance (DQ1 to DQ4) Cro - - 7 pF
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AC CHARACTERISTICS

(Vec=5V£10%, Ta=0to +70°C)
Notes 1, 2,3, 10

MSM MSM MSM
Parameter Sggll- 514400A/AL-70514400A/AL-80614800A/AL1DY e [y oo o
Min | Max | Min | Max | Min | Max

Random read or write cycle time tpe [130] - 150 [ - 180 | - ns
Read/write cycle time tawc [ 185 - [205] - 245} - ns

Fast page mode cycle time tpe | 45 - 50 - 60 - ns

Fast page mode read/write cycle time tprwe | 105 - 110 - 130 - ns
Access time from RAS trac | - 70 - 80 - 100 | ns | 4,5
Access time from CAS teac| - | 20| - | 20| - | 25 |[ns |45
Access time from column address taa - 35 - 40 - 50 [ns | 4,6
Access time from OFE toea | - 20 - 20 ~ 25 ns
Access time from CAS precharge tepa ] - | 40 | - | 45 | - | 55 | ns ] 4
Output low impedance time from CAS terz - 0 - 0 - ns
Output buffer turn-off delay time torr | O 20 0 20 25 | ns 7
tOi_rE‘teo data output bufferturn-off delay toez | 0 20 0 20 0 25 | ne 7
Transition time tr 3 50 3 50 3 50 | ns 3
Refresh period tRer - 16 - 16 - 16 | ms
Refresh period (only L-version) tReF - 128 | - 128 | - 128 | ms

RAS precharge time tre | 50 - 60 - 70 - ns

RAS pulse width tras | 70 10,000, 80 [10,000] 100 [10,000] ns

RAS pulse width (Fast page mode) trasp | 70 |100.000] 80 |100.000] 100 [100.000[ ns

RAS hold time tasy | 20| - [ 20] - |25 - |ns

RAS hold time reference to OF teon 120 - [20] - |25 - |nms

CAS precharge time tee 10 - 10 - 10 - ns

CAS pulse width tcas | 20 10,000 20 [10,000] 25 {10,000{ ns

‘CAS hold time tesy | 70 - |80 | - [1w00] - |ns

‘CAS to RAS precharge time tcre | S - 5 - 5 -~ ns

RAS to CAS delay time teep | 201 50 |20 60 | 25| 75 [ ns | s
RAS to column address delay time trap | 15| 35 | 15| 40 | 20| 50 | ns | &
Row address set-up time 1asR 0 - o] - 0 ~ ns

Row address hold time tran | 10 - 10 - 15 -~ ns
Column address set-up time tasc 0 - 0 - Q ~ ns
Column address hold time tcan | 15 - 15 - 20 - ns
Column address hold time from RAS tan | 55 - 60 - 75 - ns
Column address to RAS lead time taar | 351 - |40} - 50 | - | ns
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AC CHARACTERISTICS (CONT.)

MsSM MSM MSM
Parameter Sgg;- 514400A/AL-70/514400A/AL-80614400A/AL10 ) o iy oo
Min | Max | Min | Max | Min | Max

Read command set-up time tres — 0 - 0 _ ns

Read command hold time tReH 0 - 0 - 0 - ns 8
%e{aéd command hold time reference to tran o _ o _ o _ ns 8
Write command set-up time twes | O - 0 - 0 - ns 9
Write command hold time twen | 10 - 15 - 20 - ns
Write command pulse width twe | 10 - 15 - 20 - ns
Write command hold time from RAS twer [ 50| - | 60| -~ [75| - | nms

OF command hold time toen | 20 - 20 - 25 - ns
Write command to CAS lead time tewe | 201 - | 20| - |25 - | nms
Write cammand to RAS lead time trwt | 20 - 20 - 25 - ns
Data-in set-up time tps 0 ~ 0 ~ 0 - ns
Data-in hold time toH 15 - 15 - 20 - ns
Data-in hold time from RAS toHr | 55 - 60 - 75 - ns

OE to Data-in delay time toep | 20 - 20 - 25 - ns

CAS to WE delay time tewn | 50 - 50 - 60 - ns 9
Column address to WE delay time tawp | 65 - 70 - 85 - ns
RAS to WE delay time tawp [ 100 - |110] - |135] - |ns| 9
FC)—f«egcscatrigs delay time from RAS wee | 5 B 5 B 5 N

RAS to CAS set-up time (CAS before RAS) | tesg | 5 - 5 - 5 - | ns

RAS to CAS hold time (CAS before RAS) tewr | 15 | - 15| - 15| - | ns
itzf)precharge time (Refresh counter teor | 35 a 40 _ 50 B s
VV__Eto RAS precharge time (CAS before twre | 10 _ 10 B 10 _ ns

RAS)

WE hold time from RAS (CAS before RAS) [ twsru | 10 | - 10| - 10| - |ns

RAS to WE set-up time (Test mode) twsg | 10 - 10 - 10 - ns

RAS to WE hold time (Test mode) twhr | 10 | - 101 - 10| - | ns
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Notes: 1.

468

10.

Aninitial pause of 200 us is required after power-up followed by a minimum of 8
initialization cycles (examples: RAS-only Refresh or CAS before RAS Refresh)
before proper device operation is achieved.

The AC measurements assume the transition time (t1) = 5 ns.

Vi (min) and Vy (max.) are reference levels for measuring the timing of the
input signals. Transition times are measured between V|y and V.

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. tpep (Max.) is for refrence only. Iftgep is greater than the specified tgcp
(max.) limit, access time is controlied exclusively by tcac.

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

The toge (Mmax.) 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 tren spec. must be satisfied for a proper read cycle.

The specs twcs, tawp, tewo and tawp are not restrictive operating parameters.
They are included in the data sheet for reference only. If tycs Z twes (min.) the
cycle is an Early Write cycle and the data out remains in a high impedance state
throughout the entire cycle. If towp = tewp (Min.), tawp 2 tawp (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 out isindeterminate at access time.

Test Mode Feature:

The test mode is activated by executing a CAS 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 CAS before RAS
refresh with WE held at a high level (V).

In the test mode CAO is not used and each I/0 pin now accesses 2 bit locations.
Since all 4 /O 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 result is
presented at the /O pin, thus if the 2 data bits are equal, the I/O pin indicates a
logical 1. If the 2 data bits are not equal, the I/0 pinindicates 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

tre

trp

lans

 Scae tReD trsk
!

s :l/ﬁ[‘ : I tRAD 1 \ — / / i

y
t, 1 ?
ASR RAH tase |tean TraL _—l i
AD~AY \\;m—- Row E@g Cotoron )
wo— A 7
IRCH
| e RRH
[ |
WE Vin —
Vip — tan
~ tROM
loga

|
NS

| teac tofr

— o e . N
DQ1~DQa v = OPEN vald Datarot P
— A

Don‘tcate

WRITE CYCLE (EARLY WRITE)

: slnc -
a3 \‘1:':: *(; A 7f terp .\
i | R N S U
AO~A Jn— i RW‘* [ Column Z'
. towt i
WE = l - — -W////
[ o e |
i
DQ1~DQ4 \\//.: - g valid Data-in
Don‘tcare

469



s MSM514400A/ALw

WRITE CYCLE (OE CONTROL WRITE)
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FAST PAGE MODE READ CYCLE
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FAST PAGE MODE READ/WRITE CYCLE
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CAS BEFORE RAS AUTO-REFRESH CYCLE
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HIDDEN REFRESH WRITE CYCLE
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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