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Preliminary information

Features
* Organization: 1,048,576 words x 4 bits * 1024 refresh cycles, 16 ms refresh interval
* High speed - RAS-only or CAS-before-RAS refresh
- 50/60 ns RAS access time * Read-modify-write
- 25/30 ns column address access time * TTL-compatible, three-state I/O
- 13/15 ns CAS access time * JEDEC standard packages
* Low power consumption - 300 mil, 20/26-pin SO]
- Active: 385 mW max (-60) - 300 mil, 20/26-pin TSOP
- Standby: 5.5 mW max, CMOS I/O « Single 5V power supply
* Fast page mode * ESD protection 2 2000V
* Latch-up current = 200 mA
Pin arrangement Pin designation
$O1 TSOP Pin(s) Description
voo o ¢ 26{3 GND o0 J 1 265 aNp A0 A9 Address inputs
Vol .2 253 103 voi .2 253 Vo3 —
WE 3 2411 102 g ™3 24 %__02___ RAS Row address strobe
RAS 74 23[0 CAS 54 231 TAS
s o nFkoE s o nboE 1/00 to I/03 Input/output
§ § OF Output enable
A0 3% % 187 A8 A0 39 % ] CAS Column address strobe
arggt® 173 A7 Al 310 17 A7
= 16 A6 a2 311 1617 A6 WE Read/write control
Y=Lt 15[ AS A3 12 153 As
Vee 13 14F A4 Vee i3 147 A4 Vee Power (5.0 0.5V)
GND Ground
Selection guide
Symbol 4C14400-50 4C14400-60 Unit
Maximum RAS access time trac 50 60 ns
Maximum column address access time tean 25 30 ns
Maximum CAS access time teaC 13 15 ns
Maximum output enable (OF) access time toEA 13 15 ns
Minimum read or write cycle time tRe 90 110 ns
Minimum fast page mode cycle time tpe 35 40 ns
Maximum operating current Iecy 80 70 mA
Maximum CMOS standby current Iccs 1.0 1.0 mA
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The AS4C14400 is a high performance CMOS Dynamic Random Access Mermory organized as 1,048,576 words X 4 bits. The AS4C14400 is
fabricated with advanced CMOS technology and designed with innovative design techniques resulting in high speed, extremely low power
and wide operating margins at component and system levels.

Functional description

The AS4C14400 features a high speed page mode operation in which high speed read, write and read-write are performed on any of the
1024 X 4 bits defined by the column address. The asynchronous column address uses an extremely short row address capture time to ease
the system level timing constraints associated with multiplexed addressing. Output is wi-stated by a column address strobe (CAS) which acts
as an output enable independent of RAS. Very fast CAS to output access time eases system design.

Refresh on the 1024 address combinations of A0 to A9 during a 16 ms period is accomplished by performing any of the following:
« RAS-only refresh cycles
+ Hidden refresh cycles
« CTAS-before-RAS refresh cycles

+ Normal read or write cycles

The AS4C14400 is available in JEDEC standard 20/26-pin plastic 50j and 20/26-pin plastic TSOP packages. System level features include
single power supply of 5.0 £ 0.5V tolerance and direct interface with TTL logic families.

Logic block diagram
. —s VO3
Vg = g% .__J Column decoder IIJ/ag e V02
GND —= g buffer [ VO
° Sense amp e 100
. 4 |
Al OF
m g E L 1024 % 1024 x 4
A4 —o E | —\:) Array
A5~ 3
e g z (4,194,304)
AT — <
A3 —
A9 —
T
Recommended operating conditions
Parumeter Symbol Minimum Nominal Maximum Unit
1 Vee 45 5.0 5.5 v
Suy voltage
pply £ GND 0.0 0.0 0.0 \4
Vi 24 - Vee + 1 v
Input voltage
Vi -1.0 - 0.8 v
Operating temperature TA 0 70 °C

Recommended operating conditions apply to all specifications unless otherwise noted.
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Absolute maximum ratings

Parameter Symbol Minimum Maximum Unit
Input voltage Vi -1.0 +7.0 v
Output voltage Vout -1.0 +7.0 v
Power supply voltage Vee -1.0 +7.0 v
Storage temperature (plastic) Tstg -55 +150 °C
Soldering temperature X time TSOLDER - 260 x 10 °C X sec
Power dissipation Pp - i w

DC output current Lout - 50 mA

NOTE: Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions outside those indicated in the operational sections of this specification s not implied. Exposure to
absolute maximurm rating conditions for extended periods may affect reliability.

DC electrical characteristics

-50 -60

Parameter Symbol  Test conditions Min  Max | Min  Max | Unit Notes

OV V, < +5.5V
Input leakage current I Pins not under test = OV -2 +2 -2 +2 pA

Outputs disabled,
Output leakage current Ioz OVEYV,, S +5.5V .10 410 [-10  +10 |pA
Operating power Teey RAS, Cf\S, Address cycling: 80 _ 70 mA 1.2
supply current tre=min
TTL standby power supply lec; FAS=CTAS=Vpy - 20 |- 20 |ma
current
Average power supply RAS cycling, CAS = VIH, _ B
current, RAS refresh mode lecs tre = min 80 70 mA 1

RAS = vy, CAS cycling,
Fast page mode average power |\ 4drecs cycling: - 70 |- 60 |mA 12
supply current .

tpe = MmN
CMOS standby power supply | RS = TAS = Vee - 0.2V - 10 |- 10 |ma
current
CAS-before-RAS refresh power lecs RAS, CA? cycling: _ 80 _ 70 mA 1
supply current tpe = min

VOH IOUT = -5.0 mA 2.4 - 2.4 - v
Output voltage
Vor Ioyr = 4.2 mA - 04 |- 0.4 |V
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AC parameters common to all waveforms

-50 -60
Symbol Parameter Min Max Min Max Unit  Notes
tRe Random read or write cycle time 30 - 110 - ns
trp RAS precharge time 30 - 40 - ns
traAs RAS pulse width 50 10K 60 10K ns
teas CAS pulse width 13 - 15 - ns
TReD RAS to CAS delay time 20 37 20 45 ns 6
tRAD RAS to column address delay time 15 25 15 30 ns 7
tRSH(R) TAS to RAS hold time (read) 13 ~ 15 - ns
tesH RAS to CAS hold time 50 - 60 - ns
terp CAS to RAS precharge time 0 - 0 - ns
tASR Row address setup time 0 - 0 - ns
tRAH Row address hold time 10 - 10 - ns
tr Transition time (rise and fall) 2 50 2 50 ns 4,5
LREF Refresh period - 16 - 16 ms 3
torz CAS to output in Low Z 0 - 0 - ns 8
Read cycle
-50 -60
Symbol Parameter Min Max Min Max Unit Notes
tRAC Access time from RAS - 50 - 60 ns 6
teaC Access time from CAS - 13 - 15 ns 6,13
taa Access time from address - 15 - 30 ns 7.13
tAR(R) Column add hold from RAS 40 - 45 - ns
trcs Read command setup time 0 - 0 - ns
tRCH Read command bold time to CAS 0 - 0 - ns 9
tRRH Read command hold time to RAS 0 - 0 - ns 9
tRAL Column address to RAS lead time 25 - 30 . ns
tCPN CAS precharge time 10 - 10 - ns
tops Output disable setup time 0 - 0 - ns
tOFF Output buffer wrn-off time 0 13 0 15 ns 8,10

Shaded areas contain advance information.
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Write cycle
-50 -60

Symbol Parameter Min Max Min Max Unit Notes
tasc Column address setup time 0 - 0 - ns

tean Column address hold time 10 - 10 - ns

tAwR Column address hold time to RAS 40 - 45 - ns

twes Write command setup time 0 - 0 - ns 11
tweH Write command hold time 10 - 10 - ns i1
twer Write command hold time to RAS 40 - 45 - ns

twp Write command pulse width 10 - 10 - ns

tawL Write command to RAS lead time 13 - 15 - ns

tewr Write command to CAS lead time 13 - 15 - ns

tps Data-In setup time 0 - 0 - ns 12
tou Data-In hold time 10 - 10 - ns 12
tDHR Data-In hold time to RAS 40 - 45 - ns

Read-modify-write cycle
-50 -60

Symbol Parameter Min Max Min Max Unit Notes
LRWC Read-write cycle time 131 - 155 - ns

LRWD RAS 1o WE delay time 73 - 85 - ns 11
tewn CAS to WE delay time 36 - 40 - ns 11
tAWD Column address to WE delay time 48 - S5 - ns 11
TRSH(W) CAS to RAS hold time (write) 13 - 15 - ns

teas(w) CAS pulse width (write) 13 - 15 - ns
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Fast page mode cycle
-50 -60
Symbol Parameter Min Max Min Max Unit Notes
Read-write cycle time
tec (Fas page) 35 - 40 - ns 14
teAP Access time from CAS precharge - 30 - 35 ns 13
CAS precharge time
e (fast page) 10 - 10 - ns
tpeM Fast page mode RMW cycle 76 - 85 - ns
toRw Page mode CAS pulse width (RMW) 54 - 60 - ns
tpasp RAS pulse width 50 100K 60 100K ns
Refresh cycle
-50 -60
Symbol Paremeter Min Max Min Max Unit Notes
tesr TAS setup time (CAS-before-RAS) 10 - 10 - ns 3
tCHR TAS hold time (CAS-before-RAS) 10 - 15 - ns 3
trpc RAS precharge to CAS hold time 0 - 0 ~ ns
CAS precharge time B _
‘et (CAS-before-RAS counter test) 10 10 ns
Output enable
-50 -60
Std Symbol  Parameter Min Max Min Max Unit Notes
tROH RAS hold time referenced to OF 10 - 10 - ns
tOEA OE access time - 13 - 15 ns
tom OF to data delay 13 - 15 - ns
Output buffer turnoff delay ~ _
toRz P 13 5 ns 8, 10
tOBH OF command hold time 13 - 15 - ns
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Notes

11

12
13
14
15

Icey Iocy loce #nd Ipcg depend on cycle race.

Iccyand I, depend on output loading, Specified values are obtained with the output open.

An initial pause of 200 yis is required after power-up followed by any 8 FAS cycles before proper device operation is achieved. In the case of an internal
refresh counter, a minimum of 8 TAS-before-KAS initialization cycles instead of 8 KAS cycles are required. 8 initialization cycles are required after
extended periods of bias without clocks (greater than 16 ms).

AC Characteristics assume tp = $ ns. All AC parameters are measured with a Joad equivalent to two TTL loads and 100 pF, Vy; (min) 2 GND and Vy,
(max) < Ve See AC test conditions for more informatton.

Vpy (min) and Vy; (max) are reference levels for measuring timing of input signals. Transition times are measured between Vyy; and Vy;.

Operation within the tyep (max) limit ensures that tg ,¢ (max) can be met. typ, (max) is specified as a reference point only. If typyis greater than the
specified tg o, (max) limit, then access time is controlled exclusively by teae

Operation within the ta s, (max) limit ensures that ty 5 (max) can be met. tg oy, (max) is specified as a reference point only. If ty 4y is greater than the
specified tp ,p, (max) limit, then access time is conuolled exclusively by t,,

Assumes three state test load (5 pF and a 380 £ Thevenin equivalent).

Either tpy or tppy must be satisfied for a read cycle.

topg (max) defines the time ar which the output achieves the open circuit condition; it is not referenced to output voltage levels.

twes twerr SRwD Sown 20d tywp e not restrictive operating parameters. They are included in the datasheet as electrical ch istics only. If tyeg 2
twcs (min) and tyey 2 tyey (Min), the cycle is an early write cycle and data out pins will remain open circuit, high impedance, throughout the cycle.
H tgp 2 tawp (min), towp 2 tewp (Min) and tayn 2 tyyp (min), the cycle is a read-write cycle and the data out will contain data read from the
selected cell. If neither of the above conditions is satisfled, the condition of the data out at access time is indeterminate.

These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in read-write cycles.

Access time is determined by the longest of toy  OF toac 0T toap

tasc2 tepto achieve tpe (min) and tesp (max) values,

These parameters are sampled and not 100% tested

AC test conditions
- Access times are measured with output reference

levelsof Vo = 2Vand Vi = 0.8 V +5V
- Input rise and fall dmes: 5 ns RI = 828W
+3.0V Dout
100 pF* R2=295W  wioine seope
and jig capacitance
GND
Figure A: Input waveform Figure B: Equivalent output load

Key to switching waveforms

V777 Rising input X§ Falling input Undefined output/don't care
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Read waveform

tRe
tRAS
fRep RsH R
RAS \ I N——
le————————  osH
r— crp 1 tasc l———s tcan
je—{ tgcs "] fcas
I A
taR T
tRAD tRaL
‘-—— tasg —vfe— IRAH —"
£ Row Column
fe—— lrrH j
| ReH
WVE B v A

[ tRaC | L—' oEZ
i‘ taa
[+ loea "™ torr
o tcac "
laz |
1’0
Early write cycle waveform
} e —
P tRAS : trp *!
RAS \ / \
tosH
i-ﬁ trsH
“—’ tenp Rep T Icas
CAs ___ [ N\ 77
tawr
tRAD fRaL
tasc
!CAH et}
Address C;ﬂulmn
twer
fewr
RWL
twe
o twes twcH
WE __ 77
OE
[an tDHR
e o I+ F— ton ——
1o — Dwain |
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Write waveform (DF controlled)

Address

E 0 T T TR

OF 77 0 0 m T T

= lmm
tns
le— tpg ——

110 (__ Datain_____|
Read-write waveform
i fRwC
p— tgas = trp
RAS \ / \
cas
terp trep RSy
tcsH
CAS ___/ AN 77
Tar
fRaL
tasc
Ican
Address Column
tRwp | awp
tawp tews.
'Res tewp —| twep
VE T —— .
" toep
oez
rF mraaaasmesSsSsSssS.s.s T
"‘?‘ -
le—f fcac tps
lonz L——-lDH—-I
VO @ Data out Data in ;
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Fast page mode read waveform
I

[ RaSP l, tRp ~{
RAS — 1\ S\
tesi tRSH
icre '|= treD } tcas tcp tpe ——-i
CAS __ /[ § N
tar
RAD tRAL
task of e tRap —| -+ [otasc tean—|
Address Row Column Column Column
| ‘ml:s tpey res tRCH 'RRH
WE
— loea toea
OE G 00 0
traC
r oi r taz forz
taa fore ‘o—o lcac
Vo Data out &

Fast page mode early write waveform

I RASP
I:thAH — trwL
RAS — /A
tcrr | trep tpc |
s | tasc cAH
cas *! twes [e—— tcp ~— t:‘asn —
[

Column

VE ETIITITIMN

s

Vo
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Fast page mode read-write waveform

trasp rp

RAS

L
Cal
tres —-l ¢ ~——lcwp —* ‘——tcwo——>| l' fcwp
WE
OE
vo
RAS only refresh waveform
!
-
"
RAS \
CAS 777
t'— tars —*
Address Row
CAS-before-RAS refresh waveform (WE = OF = Vyy or Vy)
! tRe §
r trp ', RAS !
RAS / \ /
L—— tRpc —] ‘cHR
lern
fe—— tcsr
CAS / \ 0 4 i
e
17s) }
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Hidden refresh waveform (read)

I tRe Re {
I fRas tpr tRAS }

" [+ lcrp le— tepr —+

10 Data out +

e
-
i

o~

l tRe
I tRAS

RAS — 7\ /A

rsH

o 2

5

£
AN

w

:
g
g

twe

twes fwcH
tps | + o
[ !
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CAS before RAS refresh counter test waveform
1 tRAS {
. I —i !
RAS \ / \
t‘——‘_—‘ sk tepr
f———tcur Icas |
CAS V. 8
Address
170 q Data out }
] le—ea! @RRH
S e IRCS -] treH
.§ < WE
&) | ‘ROH
_ toEA
OE R T T R [ s e i e
tRwL |
tow
twp
- twen
- twes
© WE A
)
.
s <
£ /0]
ES
OE
WE
2
Q
&
& OE
=
E 4
p
1O Data out Data in ———
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Typical DC and AC characteristics

Normalized access time tpac Normalized access time tg ¢ Typical access time tgac
vs. supply voltage Vi vs. ambient temperature T, vs. Joad capacitance%L
1.5 1.5 90
1.4 [ 1.4 80
o _ 0, 4 —~
g T,=125°C g 2 »
g 13 S 13 <70 L
a -60
g 1.2 g 12 § 60 ////
T 3 Nl LD =t I
1.1 1.1 @ 50
o Lo ="
a \ E —5 /' .40/‘ /
£ 10 E 10 — H 40 ———
L
% 09 0.9 =] " 30
08 0.8 20
4.1 4.5 5.0 5.5 6.0 -55 -10 35 80 12§ 50 100 150 200 250
Supply voltage (V) Ambient temperature (°C) Load capacitance (pF)
Typical supply current I¢- Typical supply current | Typical power-on current ipg
Vs, suppfy voltage V¢ vs. ambient temperature T, vs. cycle rate 1/1p~
70 70 70
60 60 60 //
g 5o g 50 £ 50 e
= - = ——— e -
p - [ —] g /
40 g 40 § 40 v
£
g 30 e g 30 € 3 L
z [ z :
5 u
& 20 & 20 E 20
1] wn
10 10 10
0.0 0.0 0.0
4.0 4.5 50 5.5 6.0 ~-55 -10 35 80 125 A 4 6 8 10
Supply voltage (V) Ambient temperature (°C) Cycle rate (MHz)
Typical refresh current I-¢4 Typical refresh current 13 Typical TTL stand-by current 1o
vs. supply voltage Vi vs. ambient temperature T, vs. supply voltage Ve
70 70 3.5
60 60 3.0
< so o T 50 f— E2s
g 40 40 g0
30 = S 30 Cs e
E |~ z 4
20 20 210
& & g L~
10 10 0.5
0.0 0.0 0.0
4.0 4.5 5.0 5.5 6.0 ~55 ~10 35 80 125 2 4 6 8 10
Supply voltage (V) Ambient temperature (°C) Supply voltage (V)
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Typical TTL stand-by current I¢cy Typical fast page mode current Iy Typical fast page mode current I,
vs. ambient temperature T, vs. ambient temperature T, vs. supply voltage V-
3.5 70 70
3.0 g € T 60
< Rlet) [—— :/
E 2.5 = 50 — g so /
g 2.0 E 40 % 40
e —————)
[ ———) a4
S s E 30 é 30
.? E o
g 10 & 20 g 20
= b
X g 10 & 10
0.0 0.0 0.0
0 0 40 60 80 0 20 40 60 80 4.0 4.5 5.0 5.5 6.0
Ambijent temperature (°C) Ambient temperature (°C) Supply voltage (V)
Capacitance (f = 1 MHz, T, = Room temperature)
Parameter Symbol Signals Test conditions Max Unit
Ci AD to A8 Vi, = 0V 5 pF
Input capacitance T ——————
Cm2 RAS, CAS, WE, OE Vin =0V 7 pF
1/0O capacitance Cyo 1700 10 1/03 Vin = Vou = OV 7 pF
AS4C 14400 ordering codes
Package \ RAS access time 50 s 60 s
Plastic SO, 300 mil, 20/26-pin AS4C14400-50]C AS4C14400-60]C
Plastic TSOP, 300 mil, 20/26-pin AS4C14400-50TC AS4C14400-60TC
AS4C14400 part numbering system
AS4C 14400 -XX X C
D Prefix Device number TS access time Package: | = SOJ 300 mil, Commercial temperature range,

T = TSOP 300 mil 0°Cto 70 °C
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