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Preliminary information

Features

* Organization: 2,097,152 words x 8 bits * Read-modify-write

* High speed * TTL-compatible, three-state I/0
- 50/60/70 ns RAS access time + JEDEC standard package and pinout
- 25/30/35 ns E)Emn address access time - 400 mil, 28-pin SOJ
- 12/15718 ns CAS access time * 5V power supply (4¢C2MB8E0)

* Low power consumption * 3.3V power supply (4LC2M8EQ)

- Active:  1.0725 W max (4C2MBE0-50)
- Standby: 5.5 mW max, CMOS /O

* Extended data out (EDO mode)

* 2048 refresh cycles, 32 ms refresh interval
- RAS-only or CAS-before-RAS refresh

* Latch-up current 2 200 mA
* ESD protection 2 2000 volts

Pin arrangement Pin designation
SOJ Pin(s) Description

Vee T 1° k= anp A0 to AlO Address inputs

o1 .2 273 vos

o2 .3 26— 1107 RAS Row address strobe
vo3 T4 Sp= vos CAS Column address strobe
104 5 A wos

WE 6 @ 23fTITAS 1/00 to 1/07 Input/output
RAS {7 = »[0F —

NCET R T a OE Output enable

A L WE Werite enable

A 10 1953 A7

Al T 1820 a6 Vee Power

A2 17k AS

A 0 1650 At GND Ground

Veo 4 IS GND

Selection guide

Symbol 4C2M8EO0-50 4C2MBE0-60 4C2MBED-70 Unit
Maximum RAS access time tRAC 60 70 ns
Maximum column address access time taa 30 35 ns
Maximum CAS access time tcac 15 18 ns
Maximum output enable (ﬁ) access time (OFA 15 18 ns
Minimum read or write cycle time tre [1o 130 ns
Minimum EDO mode cycle time tHpc 25 30 ns
Maximum operating current Iecy 180 165 mA
Maximum CMOS standby current lecs 1.0 1.0 mA

Shaded areas contain advance information




AS4C2MBE0 Preliminary information
AS41.C2MB8E0

Functional description

The AS4C2MB8ED and AS4LC2MB8EO are high performance I6-megabit CMOS Dynamic Random Access Memories (DRAM) organized as
2,097,152 words x 8 buts. These products are fabricated using advanced CMOS technology and innovative design techniques resulting 1n
high speed, extremely low power and wide operating margins at component and system levels. The Alliance 16Mb DRAM family 15
optimized for use as main memory in PC, workstation. router and switch applications.

The AS4C2MB8EO features a high speed page mode operation where read and write operations within a single row {or page}) can be executed
at very high speed (12 ns from CAS or 30 ns from address) 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. OF and WE are used to comnrol ourput
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 2048 address combinations of A0 to A10 must be performed every 32 ms using:
« RAS-only refresh RAS 15 asserted while CAS 1s held high. Each of the 2048 rows must be strobed. Qutputs remain lugh impedence.
« Hidden refresh: CAS is held low while RAS 15 toggled Refresh address 15 generated internally. Outputs remain [ow wmpedence with previous valid data.

« CAS-before-RAS refresh (CBR)- At least one 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 heing accessed

The AS4C2MB8EQ and AS4LC2MB8EOQ are available in the standard 28-pin plastic SO] package. The 4C2MBEQ device operates with a single
power supply of 5V * 0.5V and the 4LC2MB8ED operates at 3.3V T 0.3V. Both provide TTL compatible inputs and outputs.

Logic block diagram

Vo, —> = ﬁE Column decoder Data
EE 140 1756 10 1707
CND —» £t bun&:h K=> 00 o7
M Sense: amp K=t
. s ]
generator A1 —> _
AL —| oF
a3 § 5
_ at— 3 % | 2048 X 1024 % 3
_— TAS dock As—s| Z S
Ueas — genc—::;r A6 — 2 S Array
LCAS —¥ A7 ~—> & z (16.777.216)
l A8 —» ol &=
WE A’?g :: Substrate bias
—_— WE clock generator
WE  —* generawor T
{
Recommended operating conditions
Parameter Symbol Min Nominal Max Unit
4CIMBEQ Vee 45 5.0 55 v
Supply voltage 4LC2MSEO Vee 3.0 3.3 36 v
GND 0.0 0.0 0.0 v
4C2MSEQ Vin 24 - Vee v
Input voltage 4LC2MS8E0 Vin 2.0 - Ve \Y
Vi -o.st - 038 v
Ambient operatung temperature Ta 0 70 °C

vy, mun -3.0V for pulse widths less than § ns

Recommended operating conditions apply throughout this dzcument unlesss otherwise spedified.
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Preliminary information

AS4C2ME8EQ

II AS4LC2ME8EOD
Absolute maximum ratings
Parameter Symbol Min Max Unit
Input voltage Via -1.0 +7.0 \
Input voltage (I/Os) Vi -1.0 Vee + 0.5 v
Power supply voltage Vee -1.0 +7.0 v
Storage temperature (plastic) Tsto -55 +150 °C
Soldering temperature X time TsOLDER - 260 x 10 “C x sec
Power dissipation Pp - 1 W
Short circuit output current Lout - 50 mA
Latch-up current 200 - mA
DC electrical characteristics
-60 -70
Parameter Symbol Test conditions Min  Max | Min  Max | Unit  Notes
Input leakage current I 0V <V, £ +5.5V, Unused pins = OV -0 +10| -10 +10| pA
Output leakage current  In; Doyt disabled, OV €V € +5.5V 10 +10| -10 +10 | pA
Slie}:;ficnii(;‘:ﬁ leey RAS. CAS. Address cycling; tpe=min - 120 | - 110 | mA 1.2 E
=4

ZEPLP;;ATSZLE? " lecy RAS=TAS2Vy B B -
?\jfr:?: RS refreshs " Tecs RAS cycling. TAS 2 vy, __ - 120 - 110 |mA
mode or CBR tpe = min of RAS low after CAS low.
Fast page mode average T RAS = Cas = Vit - ~ 50| - 60 |ma 1
power supply current <% Address cycling: tg- = min
CMOSVstandhy power lecs RAS = Cas = Vee - 0.2V _ 1.0 — 1.0 | mA
supply current
Self ref. power supply lece RAS, CAS < 0.2 VI. ~200] - 200|wa
current <0 measured after min. Ty

Vou Iloyr = -5.0mA (5V), -2.0mA (3 3 V) 2.4 - 2.4 - v
Output voltage

Voo  Ipur =42 mA (5V), -2.0mA (3.3 V) - 04| - 04|V
Shaded areas contain advance information
AC parameters common to all waveforms

-60 -70

Symbol Parameter Min Max Min Max Unit  Notes
e Random read or write cycle time 110 - 130 - ns
trp RAS precharge time 40 - 50 - ns
tRAS RAS pulse width 60 10K 70 10K ns




AS4C2MBS8EQ Preliminary information

AS4LC2MB8EQ
-70
Symbol Parameter Min Max Unit  Notes
tcas CAS pulse width 18 - ns
tRCD RAS to CAS delay time 20 52 ns 6
QRAD RAS 1o column address delay time 15 35 ns 7
tRSH CAS to RAS hold time 18 - ns
tesH RAS (o CAS hold time 70 - ns
terp CAS 10 RAS precharge time 5 - ns
LasR Row address setup time 0 - ns
tRAH Row address hold time 10 - ns
tr Transition time (rise and fall) 2 50 ns 4,5
LREF Refresh period - 31 ms 3
terz CASto output in Low Z 0 - ns §
Read cycle
-60 -70
Symbol Parameter Min Max M Max Umt  Notes
tRAC Access time from RAS - 60 - 70 us 6
teac Access time from CAS - s - 18 ns 6,13
Laa Access time from address - 30 - 35 ns 7,13
taR Columnn add hold from RAS 45 - 55 - ns
tres Read command setup time 0 - 0 - ns
tRCH Read command hold time to CAS 0 - 0 - ns 9
IRRH Read command hold time 1o RAS 0 - 0 - ns 9
tRAL Column address to RAS lead time 30 - 35 - ns
torF Output buffer wurn-off time 0 15 0 18 ns 810
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Preliminary information AS4C2M8E0
AS4LC2MB8EQ
Write cycle
-60 -70
Symbol Parameter Min Max Min Max Unit  Notes
tasc Column address setup time 0 - 0 - ns
LCAK 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
el Write command hold time 10 - 15 - ns 11
twer Write command hold time o RAS 45 ~ 55 - ns
twp Write command pulse width 10 - 1S - ns
GRwL Write command to RAS lead time 1S5 - 18 - ns
tewl Write command to CAS lead time ) - 18 - ns
Ipg Data-in setup time 0 - 0 ~ ns 12
oy Data-in hold time 10 - 15 - ns 12
IDHR Data-in hold time to RAS 45 - 55 - ns
Read-modify-write cycle
-60 -70
Symbol Parameter Min Max Min Max Unit ~ Notes
tRw(C Read-write cycle time 155 - 181 - ns
TRWD RAS 1o WE delay time 85 - 98 - ns 11
tewp CAS to WE delay time 40 - 16 - ns 11
tLawp Column address to WE delay time 55 - 63 - ns 11
tcp CAS precharge time 10 - 10 - ns
Refresh cycle
-60 -70
Symbol Parameter Min Max Min Max Unit  Notes
tesR CAS setup time (CAS-before-RAS) 5 - 5 - ns 3
LCHR CAS hold time (a\gvbefore-m) 10 - 10 - ns 3
tRpC RAS precharge to CAS hold time 0 - 0 - s
| Cape IR
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AS4C2MB8EQ Preliminary information
AS4LC2ZMBEQ i
®

Output enable

-50 -60 -70
Symbol Parameter Min Max Min Max Unit  Notes
TROH RAS hold time referenced to OF 10 - 10 - ns
toEA OF access time - 15 - 18 ns
toED OF to data delay L5 - 18 - ns
TOF7 Output buffer turnoff delay from OF 3 15 3 18 ns 8
tOEH OF command hold time 15 - 18 - ns
Self-refresh cycle
-60 -70
Symbol Parameter Min Max Min Max Unit  Notes
TRASS RAS Pulse Width (CBR Self Refresh) 100K - 100K - ns
TRpS RAS Precharge Time (CBR Self Refresh) 100 - 120 - ns
{CHD CAS Hold Time (CBR Self Refresh) 1S 15 - ns
Extended data out (EDO) mode cycle
50 -60 -70

Symbol Parameter Mtn Max Min Max Unit  Notes
Lepa Access time from CAS precharge - 28 - 32 ns 13
pe Hyper page mode cycle time - 25 - 30 ns 13
THPRWC Hyper page read-modify-write cycle 56 - 71 - ns 13
'O Previous data hold time from CAS 5 - 5 - ns 13
tREz Output buffer turn off delay from RAS 3 15 3 18 ns 13
ICE7 Output buffer turn off delay from CAS 15 3 18 ns 13
twiz Output buffer trn off delay from WE 3 15 3 18 ns 13
tywpz WE pulse width to turn off output buffer 3 - 3 - ns 13
topz OF pulse width to turn off outpur buffer 3 - 3 - ns 13




Preliminary information AS4C2MBE0
AS4L.C2MB8EQ

Notes

I Ieers feess kecy. and Ieeg are dependent on frequency

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

3 Anuutial pause of 200 ps 1s required after power-up followed by any 8 RAS cycles before proper device operation 1s 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 iniualizaton cycles are required after
extended periods of bas without clocks (greater than 8 m<y.

4 AC Characrenstics assume ty = 5 ns. All AC parameters are measured with a load equivalent w two TTL loads and 100 pF, V| (min) 2 GND and
Vg (max) € Vee.

5 Vyy fmuny and Vi (max) are reference levels for measuring timing of input signals Transition tumes are measured between Vi and Vy .

6  Operation within the tgep (max) limic insures that tga- (max) can be met. tp, (max) is specified as a reference point only. If teyy is greater than the
specified tgep (max) limit. then access time 15 controlled exclusively by -y~

7 Operation within the tgypp (max) limit insures that ty 4~ (mMax)} can be met iy, (max) is specified as a reference point only. If 1, 15 greater than the
specified tgap (max} limit, then access time 15 controlled exclusively by 1.

8 Assumes three state test load (5 pF and a 380 € Thevenin equivalent)

9 Etther tzey o tggy must be satisfied for a read cycle

10 e (mnax) defines the time at which the output achieves the open circuit condition; it is not referenced to output voltage levels. topp is referenced from
rising edge of R3S or CAS. wihichever occurs last.

I twes bwens SRwD- Lowp and tywp are not restrictive aperatng parameters They are included in the datasheer as electrical characteristics only
If tyyg 2 tys (min} and tyyy 2ty (min), the cycle 15 an early write cycle and data our pins will remain open circuit, mgh impedance. throughout the
cycle If twp 2 tawp (M), tlowp 2 towp (Min) and tyyp 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 1s satisfied, the condition of the data out at access time 15 indeterminate.

12 These parameters are referenced to Cas leading edge in early write cycles and to WE leading edge in read-write cycles

13 Access time 1s determuned by the longest of (0,4 OF teae OF tepy

1+ tyse = top to achieve tpe (mun} and tepy (max) values.

IS These parameters are sampled and not 100% tested.

16 These characterisucs apply w AS+C2MB8EQ 5V devices.

AC test conditions

* Access times are measured with output reference levels of
Vop = 2.4V and Vg = 0.4V +5V
* Input rise and fall times: 5 ns

Ri =828
+3.0V Doue
100 pF* R2 =295 *including ~cope
and g tapacitance
GND
Figure A: Input waveform Figure B: Equivalent output load

Key to switching waveforms
[T Rising input 77 Falling input

Undefined output/don’t care
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AS4C2IMBED I Preliminary information
AS41L.C2MBEQ
®
Read waveform
R
fhas
. R N trp
RAS \
sk
Lrp —™ Gos,- } Losy
fe—— (g — e L
CAS
Tap
tran Ly
task —wt— lpap—|
Address Row address Column addres.
! [ liH
ReH
WE
[e— Loy —
OF 4
Lo
Tpac
I ) L—O Forp dsee note 11
W

1I/0 Data out

Early write waveform
LR
tRas RP
RAS
lesk
IRsH
Crp lReD feay
J— ﬁ y
cAS —1
“\wRr
RaD TRaL

Iasc
tAsR —*T*— Rk ~—¥] oAy~

Address Row addres Column address
wn
lewt
tRwi
lwp
tacs wew
WE

los " toH
; I e
/0 D

1 ata in
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Preliminary information

Werite waveform

AS4C2M8EOQ
AS4LC2MB8E0

OF controlled

RC

———

lka

tRen

RSH

tRar

LasR —+1

Row address

Address

tasc

f— tcan——

Cal address 5

]
&

wCr

loED

DHR

10

Read-modify -write waveform

Lrwe

fRas

Loas

tere

'Ren

tRsH

Goag

CAS

RaD

-—-l Yean

Lase

Row address

Address

Col addresy

Ran

tres

LRSS

Ly

Loy

‘g2

Gt

el La

"L L

o]

4 Data vut
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DRAM

AS4C2MB8E0
AS4LC2MBED

o]

CAS

Address

3

®
EDO page mode read waveform
TRasp p
LsH fa—— tpsp—sd
Ry ! peD Loay tep =] e
—/ ! h& [ hE
tar
le——— tan I traL
Lasp TeaH '—'I Fase —
o %ﬁﬁgﬁ$§'§ Row Col address Col address Col address
fe—s fRCE tcH thes
[ F TOEA
I‘ Rac topa torz
-
t— Lz etz ont
beag
faa
2 Dala out )@ Data out —g Data out
EDO page mode early write waveform
Rasp
'RaH tRwi
AR
tere } ReD tp:
s Lasy * fcan
toas bas L—— e | TrsH
X ) —
tap Tuar
tase | QRaD !
m Row address Col address Col address m Col address
I 1
| —— [\:V\l
fwe
TOEH
DR
bt —f
Data in 5 3 Data in Dawa 1n m
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AS4C2M8EO0
AS41.C2MB8E0

EDO page mode read-modify-write waveform

RAS

I
-
W

Address

170

Gasp

tpp ——]

le—-t,

RD | Loay

4——" teap)

N

crp

Ran faL
J [———— WaH —"I
Raw ad @ Col ad Col address g SRR
WD ! Teaws tawg
Upass f—— town | L-am — owp Leawe
fawo l L— Lowp ——pe—+ lup
| - -
loga Gz \_r—‘ ’UIED LWy
G

e oy, ——

tepz »

ey

Data out

Data in

Data m

Data nut

Data v
CAS before RAS refresh waveform WE = A10 = Vg or Vg
RC
try Ras
—
[+ Rpe —— 'CHR
epn
f#———ICyR ——tf
OPEN
RAS only refresh waveform WE = OF = ¥y or Vg
Re
Ray trp

RAS

cas

Address

crp

taRs

Risw address
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AS4C2IMBEQ
AS4LC2MB8ED

Preliminary information

Hidden refresh waveform (read)

Ij¢- RC
Ras ter Ras pr
— —
RAS t N .
crp le— IeHR ——]
rcn! - IRSH crp
CAS
Lak {
fo—— g s —o]
RaH
Iasr tasc
Address ﬁ% s Lol addre e R e
[*— tRCS —‘]
WE
e oA
OF ¥
tRac
e ]
[ lcac
ez lokz
170 Data out
Hidden refresh waveform (write)
(R *i
lRas lrp |
RAS A\
rp I keb *i‘ IksH
CAS 4}/ A /
TRaL
Address “o) address
RwL
fwer
twp
fwes W
WE
s {pH
'DHR
/0 BEERSE S Data 1n 2 A S S e s
OF T SRR
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Preliminary information AS4C2MB8E0Q
AS4L.C2MB8E0

®
CAS before RAS refresh counter test waveform
RAS
—_ R$H Rp |
RAS T —*_
tesr le— tepr —
Tas IcHR —| teas | \
Address
4 tere EZ o b+
170 £ Data out }
&~ o le—e| 'RRH
5 _ RCS | IRcH
- < WE |7 e
54
& ROH
—_— 11 oEa
OE
tRwi
lewe
twp
r e WCH ——]
—_— twes
i WE
]
c <
Z 1/0
2 —
OE
~ beesl  RCS ot
fewn wr *’
( fawp fowe.
WE r \ ¥
v 1
o e
= _ '1 WEA o
L < OF
z ’ tay i
k] J UH
M laz [*—+] toEz
&~ ac [=—= s
170 wout [~ Datain
Self refresh waveform A0-A10; OF = don't care
Lep
tap
- ™ twee
r_ ™ we
taass
'eHD o oreas |
o bwRH ] | et ¥
—_— Vs -
CAS
j7{e] — —
WE §

T Once tpags (MIN) is miet and RAS remains LOW, the DRAM enters self refresh maode

F Once tpps 15 satisfied. a complete burst of all rows shauld be executed.
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Preliminary information

A

Typical DC and AC characteristics

Normalized access ume tg -
vs. supply voltage V¢

Normalized access time tp ¢
vs. ambient temperature T,

1.5 L.5
1.4 + i4
E T, =125°C z
Z 13 213
2 z
[ i
212 g L2
~ ~
T g |
N &
E E
E 1o — E Lo
z T =z
0.9 09
0.8 0.8
+.0 +.5 5.0 5.5 6.0 -55 —10 35 30 [25
Supply voltage (V) Ambient temperature (°C)
Typical supply current I, Typical supply current [
vs. supply voltage V¢ vs. ambient temperature T,
140 140
120 30 120
= = 50
<100 =601 < 100
g " £
ot 1 10 = [ -60
s 80 s 80
I I
o =1 -70
g 60 = g 50 g
z E
= 40 = 40
v 2]
20 20
0.0 0.0
4.0 4.5 5.0 5.5 6.0 ~55 -i0 35 80 125
Supply vultage (V) Ambient temperature (°C)
Typical refresh current I ¢ Typical refresh current o3
vs. supply voltage V¢ vs. Ambient temperature Ta
140 140
~—]
-50 -50
120 > 120
— — \ _60
< -60 < o
= 100 = 2 100 :
= -70 = B 70 T~
g 80 Z a0 —
=4 £ \
2 60 _ S 6d
= <
] 7z
Y =0
43 >3
20 20
0 0
4.0 +.5 5.0 55 6.0 00 20 40 60 80
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Supply voltage (V}

Ambient temperature (°C)

Power-on current (mA) Typical access ime

Stand- by current (mA)

100

90

80

70

60

50

40

Typical access time tp 4
vs. load capacitance €|

70

7 //

/ -60 / A
/

S0 100 150 200 150

Load capacitance {pF)

Typical power-on current Ipe
vs. cycle rate 1/t

[

+ 6 8 10
Cycle rate (MHz)

Typical TTL stand-by current [
vs. supply voltage V-

+.0 +5 5.0 5.5 6.0
Supply voltage (V)



Preliminary information AS4C2MB8E0

!I! AS4LC2M8ED
®

Typical TTL stand-by current I, Typical output sink current I Typical output source current Iy
vs. ambient temperature T, vs. output voltage Vo vs. output voltage Voyy
3.5 70 70
30 —~ 60 < 60 \
2 25 Z 50 7 <z 50
s 2.0 g 40 5 40
= E] o N
E 1.5 :‘: 30 / ; 30 \
2 3 Vi z
5 1.0 _E} 20 ] 20 N
& 3 ] N,
0.5 O 10 3 10
0.0 0.0 00
0 20 40 60 80 0.0 0.5 1.0 L5 2.0 0.0 1.0 2.0 3.0 4.0
Ambient temperature (°C) Ourput voltage (V) Output voltage (V)
Typical fast page mode current I¢qy Typical fast page mode current I¢y
vs. ambient temperature T, vs. supply voltage V-
140 i40
T<E‘ 120 T 120 -50 ]
pot £ 0 _—|
= 100 £ 100 —
4 -50 = -70
E " \\ E 20 ///
[ -60 °
R USSR =
@
% 40 \Ji\ £ 40
a \ 7
g 20 £ 20
Ha
0.0 0.0
0 20 40 60 80 4.0 4.5 5.0 5.5 6.0
Ambient temperature (°C) Supply voltage (V)
Capacimnce 5 f = 1 MHz, T, = Room temperature
Parameter Symbol Signals Test conditions Max Unit
Cint ADto AlLO Vi, =0V 5 pF
Input capacitance — — — —
Cing RAS, CAS, WE, OE Via=0Vv 7 pF
1/0 capacitance Crro 1700 t0 1707 Vin = Vou = 0V 7 pF
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AS4C2MB8EO Preliminary information

AS4LC2MBEO II
®

AS4C2M8EQ ordering information

Package \ RAS uccess time 50 ns 60 ns 70 ns
Plastic SOJ, 400 mil, 28-pin
3.3V - AS4LC2MB8E(-60JC AS+LC2MB8EQ-70]C

Shaded areas contain advance information.
AS4C2M8EOQ part numbering system

AS4 X 2MBEQ -XX X C

C = 5V CMOS — . Package: Commercial temperature
RAM RAS acces
DRAMprefix - 'y 3y cmos  Device number AL HUME 1= 28.pin SO 400 mil  range, 0°C to 70 °C
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