March 2001 I AS41L.C4M4EO0
AS41.C4M4E1
N
4Mx4 CMOS DRAM (EDO) Family
Features
* Organization: 4,194,304 words X 4 bits * Refresh
* High speed - 4096 refresh cycles, 64 ms refresh interval for AS4LC4M4EQ
- 50/60 ns RAS access time - 2048 refresh cycles, 32 ms refresh interval for AS4L.C4M4E1
- 25/30 ns column address access time - RAS-only or CAS-before-RAS refresh or self-refresh
- 12/15 ns CAS access time * TTL-compatible, three-state I/O
* Low power consumption * JEDEC standard package
- Active: 500 mW max - 300 mil, 24/26-pin SOJ
- Standby: 3.6 mW max, CMOS I/0 * 3V power supply
* Extended data out * Industrial and commercial temperature available
Pin designation
Pin arrangement
S0J TSop Pin(s) Description
Vee 1 243 GND Vee 1 243 GND A0 to All Address inputs
1/00 [ 2 23 /03 1/00 & 2 233 1/03 —
oL 0 3 2 1102 1oL O 3 22 102 RAS Row address strobe
WE 4 o 21[1CAS WE 4 © 213 CAS =ic
s ¥ owboe msds % xoboe CAS Column address strobe
*NC/ALL 6 ZES 19(3 A9 *NC/ALl 6 EES 1903 A9 WE Write enable
A10 7 55' 181 A8 A10 7 55] 181 A8 I/00 to I/03 Input/output
aods < 17 A7 aDds < 170 A7 —
Al Oo 165 A6 AL O g 165 A6 OE Output enable
A2 ] 10 15[3 A5 A2 10 15[ A5
A3 o 11 147 A4 A3 11 140 A4 Vec Power
Vee 12 133 GND Voo E 12 13[IGND GND Ground

* NC on 2K refresh version; A11 on 4K refresh version

Selection guide

Symbol | AS4LC4M4E0/E1-50 | AS4LC4M4E0/E1-60 | Unit
Maximum RAS access time traC 50 60 ns
Maximum column address access time teaa 25 30 ns
Maximum CAS access time teac 12 15 ns
Maximum output enable (OE) access time toRA 13 15 ns
Minimum read or write cycle time trc 80 100 ns
Minimum fast page mode cycle time tpc 25 30 ns
Maximum operating current Iccy 120 110 mA
Maximum CMOS standby current Iccs 1.0 1.0 mA
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Functional description

The AS4LC4M4EO and AS4LC4M4E] are high performance 16-megabit CMOS Dynamic Random Access Memories (DRAM) organized as
4,194,304 words X 4 bits. The devices are fabricated using advanced CMOS technology and innovative design techniques resulting in high
speed, extremely low power and wide operating margins at component and system levels. The Alliance 16Mb DRAM family is optimized for
use as main memory in PC, workstation, router and switch applications.

These products feature a high speed page mode operation where read and write operations within a single row (or page) can be executed at
very high speed by toggling column addresses within that row. Row and column addresses are alternately latched into input buffers using the
falling edge of RAS and CAS inputs respectively. Also, RAS is used to make the column address latch transparent, enabling application of
column addresses prior to CAS assertion.

Extended data out (EDO) read mode enables 60MHz operation using 60ns devices. In contrast to 'fast page mode' devices, data remains active
on outputs after CAS is de-asserted high, giving system logic more time to latch the data. Use OE and WE to control output impedance and
prevent bus contention during read-modify-write and shared bus applications. Outputs also go to high impedance at the last occurrance of
RAS and CAS going high.

Refresh on the 4096 address combinations of A0 to Al1 must be performed every 64 ms using:
* RAS-only refresh: RAS is asserted while CAS is held high. Each of the 4096 rows must be strobed. Outputs remain high impedence.

* Hidden refresh: CAS is held low while RAS is toggled. Refresh address is generated internally. Outputs remain low impedence with
previous valid data.

« CAS-before-RAS refresh (CBR): CAS is asserted prior to RAS. Refresh address is generated internally.
Outputs are high-impedence (OE and WE are don't care).

* Normal read or write cycles refresh the row being accessed.
* Self-refresh cycles
Refresh on the 2048 address combinations of A0 to A10 must be performed every 32 ms using:
* RAS-only refresh: RAS is asserted while CAS is held high. Each of the 2048 rows must be strobed. Outputs remain high impedence.

* Hidden refresh: CAS is held low while RAS is toggled. Refresh address is generated internally. Outputs remain low impedence with
previous valid data.

« CAS-before-RAS refresh (CBR): CAS is asserted prior to RAS. Refresh address is generated internally.
Outputs are high-impedence (OE and WE are don't care).

* Normal read or write cycles refresh the row being accessed.
* Self-refresh cycles

The AS4LC4M4E0 and AS4LC4MA4El are available in the standard 24/26-pin plastic SOJ and 24/26-pin plastic TSOP packages. The
AS4LC4M4EO and AS4LC4M4EI operate with a single power supply of 3V £ 0.3V, All provide TTL compatible inputs and outputs.
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®
Logic block diagram for 4K refresh
Vee —> B Column decoder Data
N o <=
GND —> T & buffers Y Y
X 8 | Sense amp <:> O0to I/03
s e o i
Al—> _
A2 —> OE
A3—| 8 ©
CAS dock Ad—s £ 3 4096 x 1024 x 4
—= CASclocl A5——»| 2 | | 3
CAS generator A— 8§ 2 S Arrey
A7T—| 5 g (16,777,216)
A8 —»| 2 e
L A9 —>
WE clock A10 —
WE —— generaor All = I
Logic block diagram for 2K refresh
Vee —> z Column decoder Daa
3T o |<=>
GND — 5 € buffers
gs | Sense amp — 1/00t0 1/03
s — T o {
Al—> _
A2 —> OE
A3—> £ .
TAS dock A4 —> § % 2048 x 2048 x 4
=i CASclod A5 ——» ||
CAS generator A6—>| B — > © — Array
AT—>| 5 g (16,777,216)
A8 —» 2 o
L — A9 Substrate bias
WE clock A0 — generator
WE —— generator I I
Recommended operating conditions
Parameter Symbol Min Nominal Max Unit
Veo 3.0 3.3 3.6 v
Supply voltage
GND 0.0 0.0 0.0 A
Vig 2.0 - Vect0.5V |V
Input voltage T
Vi ~0.5 - 0.8 v
Commercial 0 - 70
Ambient operating temperature Ty °C
Industrial -40 - 85

TVIL min -3.0V for pulse widths less than 5 ns. Recommended operating conditions apply throughout this document unlesss otherwise specified.

Absolute maximum ratings

4/11/01; V.1.1
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Parameter Symbol Min Max Unit

Input voltage Vin -1.0 4.6 v

Input voltage (DQs) Vbo -1.0 4.6 v

Power supply voltage Vee -1.0 4.6 \

Storage temperature (plastic) Tsrg -55 +150 °C

Soldering temperature X time TsoIDER - 260 x 10 °C X sec
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Parameter Symbol Min Max Unit
Power dissipation Pp - 0.5 W
Short circuit output current Lout - 50 mA
DC electrical characteristics
-50 -60
Parameter Symbol | Test conditions Min | Max | Min | Max | Unit | Notes
0V <V, < +Vee (max)
Input leakage current I Pins not under test = OV 5 +5 5 +5 HA
Output leakage current (I Doy disabled, 0V <V, € +Vcc (max) | -5 +5 -5 +5 uA
Operating power Icct CAS, Address cycling; tgc = min - 120 - 110 | mA 1,2
supply current
TIL standby power lecy  |RAS=CAS =2V ~ 20 | = |20 | ma
supply current
Average power supply — L
il >
current, RAS refresh Iecs ?Asfﬁlilgf%Y VIH’& L TAS] - 120 - 110 | mA 1
mode or CBR RC T URO ow atte ow
ED d RAS = Vy;, CAS
O page mode average Tecs S IL» C S, ‘ _ 90 _ 30 mA 12
power supply current address cycling: typc = min
CMOS standby power 1} \FAS _ GAS = Vo - 0.2V ~ |10 | = |10 | ma
supply current
Vou Tour = -2.0 mA 24 | - |24 | - v
Output voltage
VoL Toyr = 2.0 mA — o4 | - o4 | Vv
CAS before RAS refresh e AT s .
current Iccs RAS, CAS cycling, tgc = min - 120 - 110 | mA
RAS = CAS<0.2V,
WE = OF 2 V- 0.2V,
- . - . A
Self refresh current Iecy all other inputs at 0.2V or 0.6 0.6 m
Vee - 0.2V
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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 80 - 100 - ns
trp RAS precharge time 30 - 40 - ns
tRAS RAS pulse width 50 10K 60 10K ns
teas CAS pulse width 8 10K 10 10K ns
tReD RAS to CAS delay time 15 35 15 43 ns 6
tRAD RAS to column address delay time 12 25 12 30 ns 7
tRsH CAS to RAS hold time 10 - 10 - ns
tesg RAS to CAS hold time 40 - 50 - ns
tcrp CAS to RAS precharge time 5 - 5 - ns
tAsr Row address setup time 0 - 0 - ns
tRAH Row address hold time 8 - 10 - ns
tr Transition time (rise and fall) 1 50 1 50 ns 4,5
tREF Refresh period - 64 - 64 ms
tep CAS precharge time 8 - 10 - ns
tRAL Column address to RAS lead time 25 - 30 - ns
tasc Column address setup time 0 - 0 - ns
toAH Column address hold time 8 10 - ns
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 - 12 - 15 ns 6,13
taa Access time from address - 25 - 30 ns 7,13
trCs Read command setup time 0 - 0 - ns
tReu Read command hold time to CAS 0 - 0 - ns 9
tRRY Read command hold time to RAS 0 - 0 - ns 9
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®

Write cycle

-50 -60
Symbol | Parameter Min Max Min Max Unit Notes
twes Write command setup time 0 - 0 - ns 11
twen Write command hold time 10 - 10 - ns 11
twp Write command pulse width 10 - 10 - ns
tRWIL Write command to RAS lead time 10 - 10 - ns
tewL Write command to CAS lead time 8 - 10 - ns
ths Data-in setup time 0 - 0 - ns 12
thy Data-in hold time 8 - 10 - ns 12
Read-modify-write cycle

-50 -60
Symbol | Parameter Min Max Min Max Unit Notes
tRwC Read-write cycle time 113 - 135 - ns
tRWD RAS to WE delay time 67 - 77 - ns 11
tewd CAS to WE delay time 32 - 35 - ns 11
tAWD Column address to WE delay time 42 - 47 - ns 11
Refresh cycle

-50 -60
Symbol | Parameter Min Max Min Max Unit Notes
tesr CAS setup time (CAS-before-RAS) 5 - 5 - ns 3
tCHR CAS hold time (CAS-before-RAS) 8 - 10 - ns 3
trpc RAS precharge to CAS hold time 0 - 0 - ns
[ i ! N

4/11/01; V1.1 Alliance Semiconductor P.60f 15




AS41.C4M4EO

AS41.C4M4E1
®
Hyper page mode cycle
-50 -60

Symbol Parameter Min Max Min Max Unit Notes

tepwD CAS precharge to WE delay time 45 - 52 - ns

tepa Access time from CAS precharge - 28 - 35 ns 13

tRASP RAS pulse width 50 100K 60 100K ns

thou Previous data hold time from CAS 5 - 5 - ns

tREz Output buffer turn off delay from RAS 0 13 0 15 ns

ez Output buffer turn off delay from WE 0 13 0 15 ns

torz Output buffer turn off delay from OF 0 13 0 15 ns

tepc Hyper page mode cycle time 20 - 25 - ns

tHPRWC Hyper page mode RMW cycle 47 - 56 - ns

tRECP RAS hold time from CAS 30 - 35 - ns
Output enable

-50 -60

Symbol Parameter Min Max Min Max Unit Notes

terz CAS to output in Low Z 0 - 0 - ns 8

tROH RAS hold time referenced to OE 8 - 10 - ns

toEA OE access time - 13 - 15 ns

torD OE to data delay 13 - 15 - ns

torz Output buffer turnoff delay from OE 0 13 0 15 ns 8

toRg OE command hold time 10 - 10 - ns

toLz OE to output in Low Z 0 - 0 - ns

toFF Output buffer turn-off time 0 13 0 15 ns 8,10
Self-refresh cycle

std -50 -60

Symbol Parameter Min Max Min Max Unit Notes

I w | - w | - | w

N o | - e | - | =

e CAS hold time g 3 10 _ s

HS (CBR self refresh)
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Notes

12
13
14
15

Iccts Ieess Ieca, and Iecg are dependent on frequency.

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

An initial pause of 200 ps is required after power-up followed by any 8 RAS cycles before 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 8 ms).

AC Characteristics assume tr = 2 ns. All AC parameters are as described in AC test conditions below

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

Operation within the tpcp (max) limit insures that tzc (max) can be met. tyep (max) is specified as a reference point only. If tycp is greater than the
specified tycp (max) limit, then access time is controlled exclusively by tcac.

Operation within the t,p (max) limit insures that ty 5 (max) can be met. tyyp (max) is specified as a reference point only. If ty oy is greater than the
specified tgyp (max) limit, then access time is controlled exclusively by ty 5.

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

Either tpcyy OF tpyy must be satisfied for a read cycle.

topr (max) defines the time at which the output achieves the open circuit condition; it is not referenced to output voltage levels. togg is referenced from
rising edge of RAS or CAS, whichever occurs last.

twess twers trwp towp and tawp are not restrictive operating parameters. They are included in the datasheet as electrical characteristics only.

If tys = tywg (min) and tyyy = tyy (min), the cycle is an early write cycle and data out pins will remain open circuit, high impedance, throughout the
cycle. If tgyyp 2 trwp (Min), tewp = tewp (Min) and tywp 2 tayp (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 tpx OF teac OF tepy

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

These parameters are sampled and not 100% tested.

AC test conditions

- Access times are measured with output reference levels of Vo =

2.4Vand Vo = 0.4V,
Vig = 2.0V and Vi = 0.8V

- Input rise and fall times: 2 ns

+3.3V

R1 =828Q
DOH[

50 pF* R2 =295Q *including scope
and jig capacitance
GND
Figure B: Equivalent output load

(AS41.C4M4E0)
(AS4L.C4M4E1)
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®
Read waveform
tre
RAS
tReD tRsH ‘Rp
RAS
tesH
[ e — ™ tasc I tean
trRes ™ tcas
CAS — 1
‘RAD RAL
CASR RAH—>
Address Row address Column address
[ W®rH
‘RCH
WE
—> <— Uygpz
[¢—— RoH —»| «—— RoH
OF
toEz
tRac
I taa )
topn —»] torr (see note 11)
le— tcac (REZ
tcrz
DQ Data out
torz |[«—
Early write waveform
e
trAS Rp
RAS
lesH
tRsH
tcrp tRcD tcas
CAS /
tRAD tRAL
tasc
[+ tasR —>+—tra —*| [ lcan —ﬁ
Address Row address Column address
tewr
CRwL
twp
twes twcH
‘WE
OF
tps >| e tpH
DQ ( Data in
Key to switching waveform
[__] Rising input [ ] Falling input [ ] Undefined output/don’t care
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®
Write waveform OE controlled
tre
tras I trp I
RAS / \
tesh
trsH
— terr trep teas
Y — /
tRAL
tRAD tasc
[e— tasr tRAH le— tcan —
Address Row address Column address
trwL
towL
twe
WE
toen
OE
1
toep DS ton
_— i
DQ / Data in
Read-modify-write waveform
trwe
tRAS ‘re
RAS \
tcas
tcrp tReD tRsH
tesH
CAS \ /
‘AR
fRAL
tRAD tasc
tAsr RAH tcan
Address Row address Column address
tRWD GRwL
‘awp fewr
tres tewp twp
WE
(oRA  ||e—>] tom
torz
OE
tRaC
I tAn
teac pg
0_.[,—‘ terz oy
DQ Data out Data in
torz *—J\J
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EDO page mode read waveform

AS41.C4M4EO
AS41.C4M4E1

tRAsP tRp
RAS N
tRHCP
tesp [+— GRsp—>
tcrp i trep tcas tpc
s —/ \ \ N
tAR
‘RAD GRAL
tAsR *| [+ RAH —> <—tasc —> |+ lcanl
Address Row Col address Col address Col address k
t l‘— (RRH—
le—> RCS tacnr
WE
o ™ tora torA
OF )\
[
| tRAC tepa togz
le—>| ez
[+—loEz—>| tOFF
teac <« lepy —T—>
tAA
DQ D Data out Data out Data out
—| [ torz = [ terz e [« tcrz
EDO page mode early write waveform
tRAsP
(RAH GRw
RAS
terp trep tpc
tesH tasc tcan
teas twes [e— tep —> trRsH
I —— —
CAS —_— T\ -
tAR RAL
CASR tRAD
Address Row address Col address Col address X:X Col address
tewr
twp
twen (orH
WE [\ /)
OE 7 )
tpR oD
s |<—>’ [+ o —>
DQ X Data in X X Data In X Data in X
4/11/01; V.1.1

Alliance Semiconductor

P. 11 of 15



AS41L.C4M4EO0

AS41.C4M4E1
®
EDO page mode read-modify-write waveform
(RasP ‘P
RAS -
tHPRWC
tesu
[«—Rep —> tcas tep tcrp
CAS /am /am
tRAD
t, | ¢ tRAL
ASR | ‘RAH lea} Tasc
tasc tcan tasc tcan tcan
Address Row ad G Col ad Col ad Col address
T
tRwD ! tewr, tepwp ! tRWL
tRes tewp [«— tcwp —> tewp tewr
. tAwD tAwD | twe
WE _/ _/ J
torA |<—> > torz oD |‘—> torA
OF | \_|
tan le—s oy
trac e tcpa
terz > terz
teac teac
DQ |\_,( Data in @—( Data in
Data out Data out
Data out
CAS before RAS refresh waveform WE = Vg
tre
trp tRas
RAS
trec teHRr
tep
le——1tcgr —
CAS
DQ OPEN
RAS only refresh waveform WE = OF = Vyy or Vg
tre
tRaS trp
RAS
tcrp trpc
CAS I |
tasr tRAH
Address Row address X
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CAS

Address

DQ

CAS

Address

AS41.C4M4EO

AS41.C4M4E1
Hidden refresh waveform (read)
tre tre
tras trp tras rp
-
le  tcrp +— tcHrR —
trep ) tRsH tcrp
tAR
le—trap —> ¢
CAH
traH
tasr e tasc
Row Col address
[+— trcs —| > |< tRRH
»le toga
trac —| | torr
’<— tan
l—> tcac
ez toez
Data out
Hidden refresh waveform (write)
tre
tras trp
terp trep i tRsH tenr
] N\
tAr
e— tran—> tRAL
tAsR t/Ixsc tcan
Row address K:) Col address
|
trwL
twer
twp
twes twen
tps tou
tpoHR
Data in
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Write cycle Read cycle

Read-Write cycle

RAS

CAS

Address

bQ

AS41L.C4M4EO0
AS41.C4M4E1

®
CAS before RAS refresh counter test waveform
fras
trsH trp
tesr «— tcpr —*
l— tcHr — ——— lcaAs ——
1
tRAL
tasc
——tcAH—]
Col address
I
o tan e
l—>| tcac >
‘—‘L\tCLZ toEz »
9 Data out
le—s] RRH
tres treH
tRoH
| toea
trwL
towL
twe
twer
twes
Data in
t trwL
l—s| trcs | twe
tcwp |
tawp towl
/[
[
" " toea ‘
OED
tan ton
terz l—] toez
tcac tbs
Data out  J— Data in )7

DQ
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®
CAS-before-RAS self refresh cycle
trp > trass > trRps: >
RAS
-— tRPC—’ tRPC
«— tcp —»
— | tesr tens
CAS
CAS
> tcez
bQ
Capacitance 15 {f =1 MHz, T, = Room temperature
Parameter Symbol Signals Test conditions Max Unit
Civi A0 to All Vip = 0V 5 pF
Input capacitance — —
Cmn2 RAS, UCAS, LCAS, WE, OE Vin = 0V 7 pF
DQ capacitance Cpo DQO to DQ3 Vin = Vour = 0V 7 pF
AS4LC4M4EO ordering information
50 ns 60 ns

Package \ RAS access time

Plastic SOJ, 300 mil, 24/26-pin

AS41.C4M4E0-50]JC
AS41.C4M4E0-50]1

AS4LC4M4E0-60JC
AS41.C4M4E0-60]1

Plastic TSOP, 300 mil, 24/26-pin

AS41.C4M4E0-50TC
AS41.C4M4E0-50TI

AS41.C4M4E0-60TC
AS41.C4M4E0-60TI

AS4LC4M4E] ordering information

Package \ RAS access time

50 ns

60 ns

Plastic SOJ, 300 mil, 24/26-pin

AS4L.C4M4E1-50]C
AS4LC4M4E1-50]1

AS41.C4M4E1-60]JC
AS41.C4M4E1-60]1

Plastic TSOP, 300 mil, 24/26-pin

AS41L.C4M4E1-50TC
AS41.C4M4E1-50TI

AS41.C4M4E1-60TC
AS41.C4M4E1-60TL

AS4LC4M4EO family part numbering system

AS4 c 4M4 EO XX X X
— Package: Temperature range
DRAM C = 5V CMOS E0=4K refresh |RAS
ey i - 3vonos | Mook e L ) =507 300 mil, 24/26 | C=Commercial, 0°C to 70°C
p - - T = TSOP 300 mil, 24/26 |I=Industrial, -40°C to 85°C
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