OKI semiconductor

MSM514400

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

GENERAL DESCRIPTION

The MSM514400 is a new generation dynamic RAM organized as 1,048,576-word x 4-bit.
The technology used to fabricate the MSM514400 is OKl's CMOS silicon gate process technology.
The device operates at a single + 5V power supply. its /O pins are TTL compatible.

FEATURES
® Silicon gate, quadruple polysilicon CMOS, e Refresh: 1024 cycles/16 ms
1 transistor memory cell
. o e CAS before RAS refresh, CAS before RAS
® 1,048,576-word x 4-bit organization hidden refresh, RAS-only refresh capability
e 330 n_“l 26-pmpl§stch(.3J,400 @I 20-pin ®  Multibit test mode capability
plastic ZIP, 400 mil 20-pin plastic DIP
. e Built-in Vgg generator circuit
® Single +5V powersupply, * 10% tolerance
® Input: TTL compatible
® Qutput: TTL compatible, tristate,
nonlatch
. Access Time Cycle Power Dissipation
Family ; -
(Max) Time Operating Standby
trac | taa | tcac | toea (Min) {Max) {Max)
MSM514400-70 70ns| 35ns| 20ns| 20ns| 130ns 550 mw
MSM514400-80 80 ns| 40 ns| 20ns| 20 ns| 160 ns 495 mw (MSCSST;\(I\;,)
MSM514400-10 100 ns| 50 ns{ 25ns| 25 ns| 190 ns 440 mWw
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PIN CONFIGURATION (TOP VIEW)

pQil| ~ Bdvss
DQ2[Z] 19 pQa
WE 3] § [doas
RAS[A] £ [ATAS
a9 5] 4 [gOE
ro*[6) B [igae
A7l g [dar*
A+ [8] v [Fas*
A3*[9 g as*
Vee [ [1] As*
20 PIN DIP

* Refresh Address

aii{  Bavss
DQ2[Z] by pQa
WE [3] b4 0Q3
RAS[E] 3 pIcAs
a* 5| S BJOE
IS
A0*[3] B [das*
A1+ [0 g i a7+
az+ 0] e A6*
a3+ i 19 As*
Ve I3 id nax
26 PIN SO}

Pin Names Function
AQ to AS Address input
OF E :2] CAS RAS Row Address Strobe
£Q3 [3] z [Aoaa
Vss E w E DQ1 CAS Column Address Strobe
DQ2 lz < E WE
—— w
RaS [9) = [ a9« DQitaDQ4 |Dataln/dataOut
Ao 1 B FIL —
A2* i3 § 3 a3 o€ Output Enable
Vee {15 iTd Aax —
AS* (137 g Ac* WE Write Enable
A7 9 (3 ase
Vee Power Supply < +5V>
20 PIN ZIP
Vs Ground <0V>

FUNCTIONAL BLOCK DIAGRAM
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Ad(fjress De- Driv- Memory
Buffers cod- ers Cells input
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Rating Symbol Conditions Value Unit Notes
Voltage on any pin sce
relative 10 Vs vT Ta=25°C -1.0to+7.0 A\ 1
Short circuit output ios Ta=25°C 50 A 1
current
Power dissipation Pp Ta=25°C 1 w 1
Operating o
temperature Topr - Oto +70 C 1
Storage temperature Tstg - -55t0 + 150 °C 1

RECOMMENDED OPERATING CONDITIONS

(Ta=0to +70°C)

Parameter Symbol Min Typ Max Unit Notes
Vee 45 5.0 55 v 2
Supply voltage Ves o 5 o v
Input high voltage Viy 2.4 - 6.5 \ 2
Input low voltage ViL -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 Vss.
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DC CHARACTERISTICS

(VCC=5V £ 10%, Ta=0to +70°C)

MSM MSM MSM
Parameter Sg(r)r;- Conditions | 314400-70 | 514400-80 | 514400-10 | ;i | Notes
Min | Max | Min | Max | Min [ Max
Output high voltage Vou |lon=-5.0mA 24 | Vec | 24 | Vee | 24 | Ve
Output low voltage Vou |lor=4.2mA 0 0.4 0 0.4 0 0.4
' OVE VIS 6.5V;

all other pins _ _ _
Input leakage current | not under 101 10 10| 10 10| 10 pA

test=0V
Output leakage DQ, = disable -
current Lo OVEVOS5 5V -10| 10 {-10] 10 [-10]| 10 A
Average power RAS, CAS
supply current lccr | eycling, - 100 - 90 - 80 mA 1,2
(Operating) tae = min ‘ .
Power supply current RAS=Viy |TTL |~ 2 B 2 B 2 mA
(Standby) locz | CAS =Vyy

DQ;=Hz [moOs| - i - 1 - 1 mA
Averlage power RAS cycling,
supply current lecs |CAS=V — 100 | - 90 - 80 mA 1,2
(RAS-only refresh) the = mil:

RAS =V,
Power supply current | RAS =Viy

ccs | CAS =V, - 5 - 5 - 5 mA 1

(Standby) DQi=en.eLable
Average power o
supply current RAS cycling, R B _
(CAS before RAS lcc6 | Zas vefore RAS 100 90 80 | mA 1
refresh)
Average power RAS=V,,
supply current lcc7 | CAS cycling - 90 - 80 - 70 mA 1,3
(Fast page mode) tpc = min

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 = V,;..
3. Measured by using no more than one address change while CAS = V.

CAPACITANCE
(Ta=25°C, f=1MHz)
Parameter Symbol Conditions Typ Max Unit
Input capacitance (A0 to A9) Cina - - pF
Input capacitance Cinz - - pF
(RAS, CAS, WE, OF)
Output capacitance (DQ1 to DQ4) Cro - - pF
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AC CHARACTERISTICS
(VCC=5V +10%,Ta=0to +70°C)
Notes 1, 2, 3, 10

MSM MSM MSM
Parameter Sgg.l- 514400-70 | 514400-80 | 514400-10 unit| Notes
Min | Max | Min | Max | Min | Max

Random read or write cycle time tpe | 130 - 160 | - 190 - ns
Read/write cycle time trwe | 185 - 215 - 255 - ns

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

Fast page mode read/write cycle time terwe | 105 ] - 110 - 130 - ns
Access time from RAS thac | - | 70 [ - | 8 | - | 100 | ns | 4,5
Access time from CAS tcac | - 20 - 20 - 25 | ns | 45
Access time from column address taa - 35 - 40 - 50 | ns | 4.6
Access time from OF toga | - | 20 | - | 20 | - | 25 | ns
Access time from CAS precharge tcpa | - | 40 | - | 45 | - | 55 | ns | 4
Output low impedance time from CAS | tcz | © - 0 - 0 - | ns
Output buffer turn-off delay time tosr | O 20 (4] 20 0 25 | ns 7

OFE to data output buffer turn-off delay toez | 0 | 20 | 0 20| 0| 25 [ms| 7

time

Transition time : ty 3 50 3 50 3 50 | ns 3
Refresh period trer - 16 - 16 - 16 | ms

RAS precharge time trp 50 - 70 - 80 - ns

RAS pulse width tras | 70 |10.000] 80 |10.000] 100 | 10.000] ns

RAS putse width (Fast page mode) trasp | 70 V1oo,ooo 80 [100,000] 100 |100,000] ns

RAS hold time trsy | 20 - 20 - 25 - ns
'RAS hold time reference to OF thon | 20 - | 20| - |25} - [|ns

CAS precharge time tep | 10] - 10| - 10| - |ns

CAS pulse width teas | 20 |10.000] 20 |10.000] 25 |10.000] ns

‘CAS hold time tesn | 70 - - 100 - ns

CAS to RAS precharge time tere | 10| - |10 ] - 0] - |ns

RAS to CAS delaytime theo | 20| 50 [ 22 ] 60 | 25| 75 | ns

RAS to column address delay time trap | 15 | 35 17 40 | 20 50 | ns 6
Row address set-up time tasR 0 - 0 - 0 - ns

Row address hold time tran | 10 - 12 - 15 - ns
Column address set-up time tasc | O - 0 - 0 - ns
Column address hold time tcan | 15 - 15 - 20 - ns
Column address hold time from RAS tar | 55 - 60 - 75 - ns
Column address to RAS lead time traL | 35 - 40 - 50 - | ns
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AC CHARACTERISTICS (CONT.)

MSM MSM MSM
Parameter Sgl(r:;- 514400-70 | 514400-80 | 514400-10 Unit|Notes
Min | Max | Min | Max | Min | Max
Read command set-up time tres _ - _ ns
Read command hold time trCH 0 - 0 - 0 - ns 8
giAan command hold time reference to than | 10 B 10 _ 10 B ns 8
Write command set-up time twces 0 - 0 - 0 - ns 9
Write command hold time twen | 15 - 15 - 20 - ns
Write command pulse width twp | 15 - 15 - 20 - ns
Write command hold time from RAS twer |55 - |60 | - |75 - |ns
OF command hold time togd | 20 - 20 - 25 - ns
Write command to CAS lead time tewe | 20 - 20 - 25 - ns
Write command to RAS lead time trwi | 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 hald time from RAS tpur | 55 - 60 - 75 - ns
OE to Data-in delay time toep | 20 - 20 - 25 ~ ns
CAS 1o WE delay time tewo [ 50 | - [s0o] - |eo| - |ns| 9
Column address to W—Edelay time tawp | 65 - 70 - 85 - ns
RAS to WE delay time tawo | 100 - 110 - [135] - |ns| 9
FC:;S(z;tri;: delay time from RAS e | 10 | - ol - 10| - | s
RAS to CAS set-up time (CASbeforeRAS) | tesg {10 ] = 10| = |10 = | ns
RAS to CAS hold time (CAS before RAS) tewr |20 - |20 - |20 ] - | ;s
tCGTsf)precharge time (Refresh counter tepr | 30 _ 40 _ 50 _ s
zv_/%;o RAS precharge time (CAS before twre | 101 = 10| = [ 10| = | s
WE hold time from RAS (CAS before RAS) [ twrn | 20 | - [20 [ - [20] = [ns
RAS to WE set-up time (Test mode) twsr | 10| - 10| - 10| - [|ns
RAS to WE hold time (Test made) twhr | 20 - 20 - 20 - ns
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Notes: 1. An initial pause of 200 us is required after power-up followed by a minimum of
eight initialization cycles (examples: RAS-only Refresh or CAS before RAS
Refresh) before proper device operation is achieved.

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

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

4. Measured by using an equivalent load circuit of 2 TTL loads and 100pF.

5. Operating within the tgcp {max.) limit insures that trac {max.) can be met. The
spec. tgep (max.) is for refrence only. If trep is greater than the specified trco
(max.) limit, access time is controlled exclusively by tcac.

6. Operating within the tgap (max.) limit insures that trac {max.) can be met. The

spec. trap (max.) is for reference only. If trap is greater than the specified tgap
(max.) limit, access time is controlled exclusively by taa.

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

8. Either the tgay or the tacy spec. must be satisfied for a proper read cycle.

9. The specs twcs. trwh, towp and tawp are not restrictive operating parameters.
They are included in the data sheet for reference only. H tycs = twcs (min.) the
cycle is an Early Write cycle and the data out remains in a high impedance state
throughout the entire cycle. If tewpZtcwo (min.), trwo Z trwp {min.) and
tawn = tawo (min.), the cycle is a Read-Write cycle and data out contains data
read from the selected cell. I neither of the above sets of conditions is satisfied
the condition of data out is indeterminate at access time.

10. 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 remains in the test mode until it is
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 IfO 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 a read cycle 2
data bits are gated throughout the internal exclusive OR logic and the result is
presented at the I/O pin, thus if the two data bits are equal, the I/O pin indicates
a logical 1. If the two data bits are not equal, the /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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READ CYCLE
A v:f - ;RL = 1ras 72. -~ a,-\
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WRITE CYCLE (BE CONTROL WRITE)

tap

= Vg — g e
RAS M Lar
Vi — R& tcre k
tesk
tere tacn 1rsH
[ I

cas Vih— 3 lcas
Vie — / trRAD R\x 1-/
:
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|
o 2 DA e YA

Trwi

0Qi~bas Y A v oxein B 0

f/7Z3 Don'tcare

READ/WRITE CYCLE

TrRwe
1Ras . lre

tcre L

— Vi — b tar
RAS v, N

tesk
, tcre tacp tasH

C N s -
soss YT %{HE@@ Cotumn :
wE i Z e = &iw%W
oYz

tcac

tRAC

Vion — 3Td
0Q1~DQ4 Vior — teiz

/723 Don‘tcare
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FAST PAGE MODE READ CYCLE

1rase i
aac Vi — - X tAR o -
RAS /M

Vi — N By N
icre
IPC tRiH et |
i RCD 1cp tep
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1
) ! RCS
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Q Q —_— Data-out Data-out 3 Data-out
Vou ) Data-out e A E
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{774 Don't care

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trase . lre
el e )‘_! \
Vi — X 4
TCRp
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terp trep o e >
o] Vi — eas Mw_sx teas Z: 18 lcas ny
Ve — 1RAD N b K b K b /
tesH that
T
lask taan tasc | tcan tase | | tcan tasc | | wcan
. T fe—2]
Vig — % ir .
as~as T 7 Row Column Column Colurn ////
i — X -
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1 1
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twes twes s fH—2L
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i £ ‘jm N

TNl
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V73 Dor'tcare
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FAST PAGE MODE READ/WRITE CYCLE

— trase
e Vi e
RAS ' T TN—aR V.
tesh tpRWC tRsH tre
trep teas tce tcas fcp teas \Jtere
V. I L
s \\ q N y N
L= tRAD 4
1
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task tasc ican tcan
ir
Vin y Y Eolumn Column Column
AQ0~A9 V|L ARow. N = - _ -
tawo l:WL R
tres tcwo v towo tcwo
towi towi]
— Vi R \ S
WE Vi % tawp \L tawp n~ tawp twe
Twe twe troH i
toea toga toga
—~ Vi — ¥ ¥ ¥
E ik — / / \L/
toep| toeo toeo
taa i 'I tcpa l l tcpa | l
tcac tcac g
-1 It:)Ez 1‘0 4 ‘XO 4
trRaC taa [
(8
t DS
DS ton i toH
Vion A F
DQ1~0Q4 VyoL — ’ o IN s ou| IN E———
1 —a
taz a2 faz
V7] bon'tcare
RAS-ONLY REFRESH CYCLE
trc
tap
i Vi — ———— tras i
z \[ — \
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| A7C
= Vin— 3
C
AS G J
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e
v N
09 v:,: - Fow ////////////////////
NOTE: DQisopen, WE OF = Don't care Don’t care
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CAS BEFORE RAS AUTO-REFRESH CYCLE

tre
— Vi — L
RAS v:H.- N
- irpC
1cp 1csk 1eHR
—_— Vi — o—!
cas M N
Vi — L
t 1
_ twee TwRH ) WRP
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HIDDEN REFRESH READ CYCLE
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@ 22 RN
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VoL —

Don’t care

DQ1~DQ4
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HIDDEN REFRESH WRITE CYCLE
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tre e
Ras . lae RAS UL |
—] AR
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RAS Ve - S‘ F S(
1,
l‘?‘;’ RO <5t R
_ _ - ~
CAS gm __/r RAD \\(
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I/ Don'tcare

TEST MODE INITIATE CYCLE

NOTE: OF, A0 - A9 = Don‘t care
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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