High Performance
I1Mx4
CMOS DRAM

AS4C14400

A

IM x 4 CMOS DRAM (Fast page mode)

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
- 50/60/70 ns RAS access time * Read-modify-write

- 25/30/35 ns column address access time * TTL-compatible, three-state 1/0
- 13/15/18 ns CAS access time * JEDEC standard packages
* Low power consumption - 300 mil, 20/26-pin SOJ
- Active: 385 mW max (-60) - 300 mil, 20/26-pin TSOP
- Standby: 5.5 mW max, CMOS I/0 * Single 5V power supply
* Fast page mode * ESD protection 2 2000V
* Latch-up current > 200 mA

Pin arrangement Pin designation

s0J TSOP Pin(s) Description

¥00 . | 26F3 GND voo 1 267 GND AOto A9 Address inputs
i(.e__b': E 3 fig E UL% El § izg E RAS Row address strobe
R//:‘S) E g =3 Zg %S R',:g E ; S ;;3 %S 1/00 10 1703 Input/output

¥ 3 OF Output enable

ﬁ(l) g % % ::g ﬁ: 2(1) E ?0 % :: g :: CAS Column address strobe

:i lé‘ i; :23 22 :g E 0 1122 2: WE Read/write control
Vee O 13 14 Aa Vee . 12 1453 A4 Vee Power (5.0 £ 0.5V)

GND Ground

Selection guide

Symbol 4C14400-50  4C14400-60  4C14400-70 Unit
Maximum RAS access time tRAC 60 70 ns
Maximum column address access time tcaa 30 35 ns
Maximum CAS access time tcac 15 18 ns
Maximum output enable (OE) access time toEA 1S 18 ns
Minimum read or write cycle time tre 110 130 ns
Minimum fast page mode cycle time tpe 40 45 ns
Maximum operating current Ieey 70 60 mA
Maximum CMOS standby current Iecs 1.0 1.0 mA

Shaded areas contain advance information.
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AS4C14400 I Preliminary information
A@

The AS4C14400 is a high performance CMOS Dynamic Random Access Memory 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 tri-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
+ CAS-before-RAS refresh cycles

* Normal read or write cycles

The AS4C14400 is available in JEDEC standard 20/26-pin plastic SOJ 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

e | [—— VO3
Vee — 52 |- Column decoder 113;8 Vo2
<k
GND ——» & & buffer [+ /01
. Sense amp < e l—s 100
A0 —] U O
Al — L—— OE
— A2 — 14 5
s pegn 3 1024 x 1024 x 4
generator A4 —a B _§ _D Array
AS — z [T 1
A6 —> § & (4,194,304)
CAS clock A7 —o £
CAS generator A8 —
A9 —
Tt
1
WE
Recommended operating conditions
Parameter Symbol Minimum Nominal Maximum Unit
Vee 4.5 5.0 5.5 v
Supply voltage
GND 0.0 0.0 0.0 v
Vi 2.4 - Vee + 1 g
Input voltage
Vio -1.0 - 0.8 v
Operating temperature TA 0 70 °C
Recommended operating conditions apply to all specifications unless otherwise noted.
172 B 9003449 0000903 330 WA
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Preliminary information AS4C14400

eee———— \®

Absolute maximum ratings

Parameter Symbol Minimum Maximum Unit
Input voltage Vin -1.0 +7.0 v
Output voltage Vou -1.0 +7.0 v
Power supply voltage Vee -1.0 +7.0 A
Storage temperature (plastic) Tsrg -55 +150 °C
Soldering temperature X time TSOLDER - 260 % 10 °C X sec
Power dissipation Pp - 1 w

DC output current Tout = 50 mA

NOTE: Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This 15 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 is not imphed. Exposure to
absolute maximum rating conditions for extended periods may affect reliability.

DC electrical characteristics
-60 70

Parameter Symbol  Test conditions Min  Max | Min  Max | Unit Notes
0V <V, £+5.5V

I leak : t 1 m +2 |-2 + A

nput leakage curren ! Pins not under test = 0V : H

Outputs disabled,

Output leakage current 1oz OV EV,, <455V .10 410 (-10  +10 [pA
Operating power L. RAS, CAS, Address cycling: _ 70 |- 60 mA 1.2
supply current cet tpe=Mmin B
TTL standby power supply —_—
= = - 0 |- . A
curent Teca S = CAS = Vi 2 2.0 |m
Average power supply L. RAS cycling, CAS = VIH, _ 70 _ 60 mA 1
current, RAS refresh mode €es tgc = min
RAS = Vy;, CAS cycling
d IL »
Fast page mode average Iecy Address cycling: - 60 - 50 mA 1,2
power supply current - .
tpe = min
cM ver § _—
OS standby power Supply | RRS = RS = Ve - 0.2V - 10 |- 10 |ma
current o -
CAS-before-RAS refresh L RAS, CAS cycling: 70 60 mA 1
CCe - -

power supply current [R(v = min

Vo  loyr=-5.0mA 2.4 — 24 -

Output voltage

Vor lour = 4.2mA - 0.4 |- 0.4 v

Shaded areas contain advance information.
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AS4C14400 Preliminary information
AC parameters common to all waveforms
-70
Symbol Parameter Min Max Unit  Notes
tre Random read or write cycle time 130 - ns
trp RAS precharge time 50 - ns
tRAS RAS pulse width 70 10K | ns
teas CAS pulse width 18 - ns
tReD RAS to CAS delay time 20 52 ns 6
tRAD RAS to column address delay time 15 35 ns 7
tRSH(R) CAS to RAS hold time (read) 18 - ns
tesH RAS to CAS hold time 70 - ns
teRp CAS o RAS precharge time - ns
tasr Row address setup time 0 - ns
tRAH Row address hold time 10 - ns
tr Transition time (rise and fall) 2 50 ns 4,5
IREF Refresh period - 16 ms 3
terz CAS 1o output in Low Z 0 - ns 8
p Shaded areas contain advance information.
;:r:
A/ Read cycle
-70
Symbol Parameter Min Max Unit Notes
tRAC Access time from RAS - 70 ns 6
teac Access time from CAS - 18 ns 6,13
tan Access time from address - 35 ns 7,13
tAR(R) Column add hold from RAS 55 - ns
trcs Read command setup time - ns
tReH Read command hold time to CAS - ns 9
tRRH Read command hold time to RAS - ns 9
TRAL Column address to RAS lead time 35 - ns
tePN CAS precharge time 10 - ns
tops Qurput disable setup time 0 - ns
LOFF Output buffer turn-off time 0 18 ns 8,10

Shaded areas contain advance information.
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Preliminary information AS4C14400
Write cycle
-50 -60 -70

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

tcAH Column address hold time 10 - 15 - ns

tAWR Column address hold time to RAS 45 - 55 - ns

twes Write command setup time 0 - 0 - ns 11
twen Write command hold time 10 - 15 - ns 11
twWCR Write command hold time to RAS 45 - 5§ - ns

twp Write command pulse width 10 - 15 - ns

tRwWL Write command to RAS lead time 15 - 18 - ns

tewL Write command to CAS lead time 15 - 18 - ns

Ipg Data-In setup time 0 - 0 - ns 12
tDH Data-In hold time 10 - 15 - ns 12
UDHR Data-In hold time o RAS 45 - 55 - ns
Shaded areas contain advance information.
Read-modify-write cycle

-60 -70

Symbol Parameter Min Max Min Max Unit Notes
trwe Read-write cycle time 155 - 181 - ns

tRwD RAS to WE delay time 85 - 98 - ns 11
tewp CAS to WE delay time 40 - 46 - ns 11
tAWD Column address to WE delay time 55 - 63 - ns 11
TRSH(W) CAS 1o RAS hold time (write) 15 - 18 - ns

teas(w) CAS pulse width (write) 15 - 18 - ns
Shaded areas contain advance information

BN 9003449 000090L O4T WM 175
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AS4C14400

Preliminary information

Fast page mode cycle

Symbel

Parameter

Read-write cycle time
(fast page)

Access time from CAS precharge

CAS precharge time
(fast page)

Fast page mode RMW cycle

LcrRw

Page mode CAS pulse width (RMW)

tRASP

RAS pulse width

Shaded areas contain advance information.

Refresh cycle

Symbol Parameter

tesr CAS setup time (CAS-before-RAS)
- tCHR CAS hold time (CAS-before-RAS)
fﬂ tRpC RAS precharge to CAS hold time
e === .

CAS precharge time

e teeT P &

(CAS-before-RAS counter test)

Shaded areas contain advance information.

Output enable

Std Symbol

Parameter

‘ROH

RAS hold time referenced to OF

lOEA

OE access time

LOED

OE to data delay

topz

Output buffer turnoff delay
from OE

LOFEH

OF command haold time

Shaded areas contain advance information.

Power ed by | Cnminer.com El ectronic-Library Service CopyRi ght 2003

-70
Min Max Unit Notes
45 - ns 14
- 40 ns 13
10 - ns
96 - ns
69 - ns
70 100K ns
-70
Max Min Max Unit Notes
- 10 - ns 3
- 15 - ns 3
- 0 - ns
- 10 - ns
-70
Min Max Unit Notes
10 - ns
- 18 ns
18 - ns
— 18 ns 8,10
18 - ns
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Preliminary information AS4C14400

Notes

10
11

12
13
14
15

Iceys Ieess Iecss and Iecg depend on cycle rate.

Iec) and Iy depend on output loading. Specified values are obtained with the output open.

An initial pause of 200 yts is requir_ed-af[er power-up followed by any & RAS cyc]es_l_ae_fore proper device operation is achieved. In the case of an internal
refresh counter, a minimum of 8 CAS-before-RAS initialization cycles instead of 8 RAS cycles are required. 8 initialization cycles are required after
extended periods of bias without clocks (greater than 16 ms).

AC Characteristics assume t7 = § ns. All AC parameters are measured with a load equivalent to two TTL loads and 100 pF, V; (min) 2 GND and Viy
(max) < Ve See AC test conditions for more information.

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

Operation within the tgcp, (max) limit ensures that t,c (max) can be met. rep (Mmax) is specified as a reference point only. If tyep is greater than the
specified tgep {max) limit, then access time is controlled exclusively by teae.

Operation within the tgap (max) limit ensures that tgye (max) can be met. trap, (Max) is specified as a reference point only. If tg,4p, is greater than the
specified tyap (max) limit, then access time is controlled exclusively by ty4.

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

Either tycy OF trpgy must be satisfied for a read cycle. .

tope {max) defines the time at which the output achieves the open circuit condition; it is not referenced to output voltage levels.

twese twens twpe towp and tywp are not restrictive operating parameters. They are included in the datasheet as electrical characteristics only. If tyeg 2

twes (min) and tyey 2 twey (min), the cyce is an early write cycle and data out pins will remain open circuit, high impedance, throughout the cycle.
2 >

If tawp 2 tawp (Min), tewp 2 tewp (Min) and tywp 2 tawp (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 satisfied, 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 tep, OF teac OF tepp

tasc = tep to achieve tpe (min) and teap (max) values.

These parameters are sampled and not 100% tested.

AC test conditions

- Access times are measured with output reference

levels of Vo = 2Vand Vg = 0.8 V +5V
- Input rise and fall times: 5 ns
P R1 = 828W
+3.0V ——r— Dout
Y —
100 pF R2 =295W *including scope
and jig capacitance
GND
Figure A: Input waveform Figure B: Equivalent output load

Key to switching waveforms

Rising input Falling input

Undefined output/don’t care

B 5003449 0000908 91c W 177
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AS4C14400 Preliminary information

>
I

Read waveform

RC

trCD trsH

]
|

[—— tcsH
terp = tasc ‘——’I tcan
le— tres l—— tcas
CAS / Z7zzz]
AR }
tRAD ! tRAL

Address

— IrRCH

WE T

OE

/o

DRAM

Early write cycle waveform

i tRAS T trp 1
RAS \ / \
tesH
i {RSH
}‘— icrp ReD T tcas
CAS / M
lAawR
RAL
tasc
[+ fcan —*
Address C|olulmn
twer
tewr
tRwWL
twp
— fwes twch
WE L7
OE
I IDHR
tps ’I L {pH
vo {_Dawin )
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Preliminary information AS4C14400

Write waveform

(OE controlled)
! t&Re i
! Ras I Irp ],
RAS \ / | W,
tesH
RSH
|~— crp tRen tcas
Tas  _/ TR
i I tRAL
TAWR T |
IRAD 1 tasc
1AsR }'--———N—’I RAH r le—tcan 4‘
Address g Column
wer
tRWL
e tow, ——]
twp
VE D EEETE T ETE E T 70
‘—-| fOEH
OF 7772777772072 7000 - E T
I lDHR
tosp 1—-1 l-—

1e]

Read-write waveform

Rwe M|
! tRAS '[l tRp !
RAS \ / \
lcas l
tcre treD tRSH
tesu
CAS / "
AR
tRAL
IRAD tasc
}'- tAsk —* tcan
Address Row Column
fRWD 1 RwL
TAwD ewr.
lewp | twp
WE R
‘oeA " toep
tosz
OE /
[
I t—1 lcac Ips
tarz l—— tou ———I
/0 Data out Data in
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AS4C14400 Preliminary information
Jko ——————

Fast page mode read waveform
[

{ RASP
RAS \
IcsH i
tcre | ReD fo— tcas tep
CAS / Y §
tAR
RAD
tasr l— tRAH _.l ->| tasc
Address Row Column Column
fo— o 'RCS  tgen tres
WE
_— |'" loEA
OE 3
tRAC
I‘ teiz oz
tan torr
Vo Dataout _—— Dataout Dataout  }——
Fast page mode early write waveform
tRASP
[*— RAH — tRwL
RAS \ /
crp } treD rc |
tcsH | tasc tCAH
icas —:| twes ~—'c1>—>‘ IRsH ~]
CAS [
fRAL
Address Column Column Column
[« tcwL
[ twp ——]
. twel ‘OEH
WE v
OE T M I
tHDR
le— toy
/o Data In Data in Data in
180
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Preliminary information AS4C14400

— s —

Fast page mode read-write waveform

tRASP

+—RCD —» : tcas j tep

— lcre

[+1RAD

RAH

ow Col

Address

tRes [+ tewr
1 twe
VE I W
OEA

OE
IRAC

17O

»{

Data in

RAS only refresh waveform (WE = OF = Vg or Vi)

tre |

(WE =OE= Vg or Vyp)

]
I Rp I RAS !
RAS / \ /
l‘_‘RPC_’ lcHr
tepN
le— lcsr
CAS / \ (77
o
170 1}
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AS4C14400 Preliminary information

JL@
Hidden refresh waveform (read)

lL e tre I
I tRAS tpR tras l PR |

|

tasc
Column

|-0 IRRH

T

loEA

(777777

tcac o | tor

e | terz Rz
3
y

/0 Data out

8l

e tan

Hidden refresh waveform (write)

tre

RS T \ ~ — |
tcrp RCD | tRsH £
TAS g \ I
|
Address
WE
170
OF
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Preliminary information i AS4C14400
A‘E — R —
CAS before RAS refresh counter test waveform
1 tRAS {
| tRsH ! {rp ]
RAS — ) —
’-—-» tosR tepr —>
— [+ CHR —= tcAs ‘_{
CAS — T\ /T \ Z7 \
Address
1/0
2 RRH
= — f—tres ‘_.I tRCH
5 ﬁ VE TR
3
OE
L
'
N Vg OO aOuOuyOyOu Ehhumkhh S ) G T
S
-~
g <
& L
S| e
OE
> tres
lewp
1 — { tawD
WE
o
by loep
2 OE
:
g DH
c‘é EZ
tps
L 110 EX Data out_ X Data in ) —
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AS4C14400 Preliminary information

— A

—
e
Typical DC and AC characteristics
Normalized access time tgac Normalized access time tyac Typical access time tgac
vs. supply voltage Vi vs. ambient temperature T, vs. load capacitance C;
1.5 1.5 90
1.4 ! 1.4 80
] T, = 25°C g 0
E 3 2 £ 13 = 70 I
2 % = -60
g 1.2 § 1.2 S 60 /// I
% % i LT L —
s 11 & 11 g 50 /’ //
= s = -40
E 1.0 T~ £ 10 g 40 L] 40
2 2 — = 1
0.9 T 0.9 = 30
0.8 0.8 20
4.1 4.5 5.0 5.5 6.0 S5 -10 35 80 125 50 100 150 200 250
Supply voltage (V) Ambient temperature (°C) Load capacitance (pF)
Typical supply current I Typical supply current I Typical power-on current Ipg
vs. supply voltage Ve vs. ambient temperature T, vs. cycle rate 1/1p¢
70 70 70
60 60 60 //
~ _ =< e
< 50 = - E so0
é = E — = 7
E = —] & P
g 40 g 40 g 40
E A £ g e d
5 5
; 30 > ; 30 5 30 >
. S, 5
2 20 o 20 20
2 3 g
10 10 10
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) Cycle rate (MHz)
Typical refresh current I3 Typical refresh current Iz Typical TTL stand-by current I,
vs. supply voltage V- vs. ambient temperature T, vs. supply voltage Ve
70 70 3.5
60 60 3.6
z Az :
50 50 2.5
2 40 7 £ 40 g 20
..
E
§ // g 3 s 1
30 30 ©y L
9 L =)
& 20 £ 20 g 10
o I S /
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)
184 M 9003449 0000915 052 BN
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Preliminary information AS4C14400

— A

Typical TTL stand-by current I, Typical fast page mode current Ic, Typical fast page mode current Iy
vs. ambient temperature T, vs. ambient temperature T, vs. supply voltage Ve
3.5 70 70
3.0 T 0 T 60 y
z E b1 z /
E 2.5 2 S0 —] £ 50
pt £ 5 e
£ 20 3 40 S 40
5 — v 9 /
® s — B 30 g 30
8 & S /
2 10 % 20 Z 20
2 =9 =
vl — 7]
0.5 Z 10 & 10
=
0.0 0.0 0.0
0 20 40 60 80 0 20 40 60 80 4.0 4.5 5.0 55 6.0
Ambient temperature (°C) Ambient temperature (°C) Supply voltage (V)
Capacitance (f = 1 MHz, T, = Room temperature)
Parameter Symbol Signals Test conditions Max Unit
CiNg A0 1o A8 Vip = 0V 5 pF
Input capacitance — = —
Civa RAS, CAS, WE, OE Vi, =0V 7 pF
170 capacitance Ci/o 1I/00 10 1/03 Vin = Vou = 0V 7 pF
AS4C14400 ordering codes
Package \ RAS access time 50 ns 60 ns 70 ns

Plastic SOJ, 300 mil, 20/26-pin

AS4C14400-60]JC AS4C14400-70]C

Plastic TSOP, 300 mil, 20/26-pin

Shaded areas contain advance information.

AS4C14400 part numbering system

AS4C 14400 -XX X C
. — . Package: ] = SOJ 300 mil, Commercial temperature range,
DRAM Prefix Device number RAS access time T = TSOP 300 mil 0°C 1o 70 °C
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