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4 MEG x 16 DRAM
Extended Data Out (EDO) DRAM

FEATURES

* Single+3.3V 0.3V power supply.

* Industry-standard x16 pinout, timing, functions, and
package.

* 12 row, 10 column addresses

* High-performance CMOS silicon-gate process

« All inputs, outputsand clocksare LV TTL-compatible
* Extended Data-Out (EDO) PAGE MODE access

* 4,006-cycle CAS\-BEFORE-RAS\ (CBR) REFRESH
distributed across 64ms

* Optional self refresh (S) for low-power dataretention
* Level 1 Moisture Sensitivity Rating, JEDEC J-STD-020

OPTIONS MARKINGS
* Package(s)
50-pin TSOP (400-mil) DG
 Timing
50ns access -5
60ns access -6
* Refresh Rates
Standard Refresh None
Self Refresh S*
* Operating Temperature Ranges
Military (-55°Cto+125°C) XT
Industrial (-40°Cto +85°C) IT

NOTE: The \ symbol indicates signal is active LOW.

*Contact factory for availability. Self refresh option available on IT
version only.

KEY TIMING PARAMETERS

SPEED| trc | thrac | tec | taa | tcac | tcas
-5 84ns | 50ns | 20ns | 25ns | 13ns | 8ns
-6 104ns| 60ns | 25ns | 30ns | 15ns | 10ns

PIN ASSIGNMENT
(Top View)

50-Pin TSOP (DG)
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Configuration

4 Meg x 16

Refresh

4K

Row Address

AO-All

Column Addressing

AO0-A9

For more productsand information
pleasevisit our web siteat
www.austinsemiconductor.com
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FUNCTIONAL BLOCK DIAGRAM
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GENERAL DESCRIPTION

The 4 Meg x 16 DRAM is ahigh-speed CMOS, dynamic
random-access memory device containing 67,108,864 bitsand
designed to operatefrom 3V to 3.6V. Thedeviceisfunctionally
organized as 4,194,304 |ocations containing 16 bitseach. The
4,194,304 memory locationsare arranged in 4,096 rowsby 1,024
columns. During READ or WRITE cycles, each location is
uniquely addresses via the address hits: 12 row-address bits
(AO-A11) and 10 column-address bits (A0 - A9). In addition,
both byte and word accesses are supported via the two CAS\
pins(CASL\and CASH\).

The CAS\ functionality and timing related to address and
control functions (e.g., latching column addresses or selecting
CBR REFRESH) is such that the internal CAS\ signal is
determined by thefirst external CAS\signal (CASL\ or CASH\)
to transition LOW and the last to transition back HIGH. The
CAS\ functionality and timing related to driving or latching data
is such that each CAS\ signal independently controls the
associated either DQ pins.

The row address is latched by the RAS\ signal, then the
column address is latched by CAS\. This device provides
EDO-PAGE-MODE operation, alowing for fast successive data
operations(READ, WRITE or READ-MODIFY -WRITE) within
agivenrow.

The4 Meg x 16 DRAM must be refreshed periodically in
order to retain stored data.

DRAM ACCESS

Each location in the DRAM is uniquely addressable, as
mentioned in the General Description. Use of both CAS\
signals resulted in a word access via the 16 I/O pins
(DQO - DQ15). Using only one of thetwo signalsresultsin a
BYTE access cycle. CASL\ transitioning LOW selects an
access cycle for the lower byte (DQO - DQ7), and CASH\
transitioning LOW selects an access cycle for the upper byte
(DQ8-DQ15). General byte and word accesstimingisshownin
Figures1land 2.

FIGURE 1: WORD and BYTE WRITE Example
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DRAM ACCESS (continued)

A logic HIGH on WE\ dictates read mode, while alogic
LOW on WE\ dictates write mode. During a WRITE cycle,
data-in (D) islatched by thefalling edge of WE or CAS\ (CASL\
or CASH\), whichever occurslast. AnEARLY WRITE occurs
when WE istaken LOW prior to either CAS\falling. A LATE
WRITE or READ-MODIFY -WRITE occurswhen WE fallsafter
CAS\(CASL\or CASH\) istaken LOW. During EARLY WRITE
cycles, the data outputs (Q) will remain High-Z, regardl ess of
the state of OE\. During LATE WRITE or READ-MODIFY -
WRITE cycles, OE\ must be taken HIGH to disable the data
outputs prior to applying input data. If a LATE WRITE or
READ-MODIFY-WRITE isattempted whilekeeping OE\ LOW,
no write will occur, and the data outputs will drive read data
from the accessed location.

Additionally, both bytes are active. A CAS\ precharge
must be satisfied prior to changing modes of operation be-
tween the upper and lower bytes. For example, an EARLY
WRITE on one byte and aLATE WRITE on the other byte are

not allowed during the samecycle. However,anEARLY WRITE
on onebyteand aLATE WRITE onthe other byte, after aCAS\
precharge has been satisfied, are permissible.

EDO PAGE MODE

DRAM READ cycles havetraditionally turned the output
buffersoff (High-Z) with therising edgeof CAS\. If CAS\went
HIGH and OE\ wasLOW (active), the output bufferswould be
disabled. The 64MB EDO DRAM offers an accelerated page
mode cycle by eiminating output disable from CAS\ HIGH.
Thisoptioniscaled EDO, and it allows CAS\ precharge time
(t.p) tooccur without the output datagoing invalid (see READ
and EDO-PAGE-MODE READ waveforms).

EDO operates like any DRAM READ or FAST-PAGE-
MODE READ, except dataisheld valid after CAS\ goesHIGH,
aslongasRAS\ and OE\ areheld LOW and WE\isheld HIGH.
OE\ can be brought LOW or HIGH while CAS\ and RAS\ are
LOW, and the DQswill transition between valid dataand High-
Z. Using OE)\, there are two methods to disable the outputsand

FIGURE 2: WORD and BYTE READ Example
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FIGURE 3: OE\ Control of DQs
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EDO PAGE MODE (Continued)

two methods to disable the outputs and keep them disabled
during the CAS\ HIGH time. Thefirst method isto have OE\
HIGH when CAS\ transitions HIGH and keep OE\ HIGH for
tOEHC thereafter. This will disable the DQs, and they will
remain disabled (regardless of the state of OE\ after that point)
until CAS\fallsagain. The second method isto have OE\ LOW
when CAS\ transitions HIGH and then bring OE\ HIGH for a
minimum of t__, anytime during the CAS\HIGH period. This
will disablethe DQs, and they will remain disabled (regardless
of the state of OE\ after that point) until CAS\ falls again (see
Figure 3). During other cycles, theoutputsaredisabled at t
time after RAS\ and CAS\ are HIGH or at t,,,,, after WE\

transitions LOW. Thet__timeis referenced from the rising
edge of RAS\ or CAS\, whichever occurs last. WE\ can also
perform the function of disabling the output drivers under
certain conditions, as shown in Figure 4.

EDO-PAGE-MODE operationsarealwaysinitiated witha
row address strobed in by the RAS\ signal, followed by a
column addressstrobedin by CAS\, just likefor singlelocation
accesses. However, subsequent column locations within the
row may then be accessed at the page mode cycletime. Thisis
accomplished by cycling CAS\ while holding RAS\ LOW and
entering new column addresses with each CAS\ cycle.
Returning RAS\ HIGH terminates the EDO-PAGE-MODE
operation.

DRAM REFRESH

The supply voltage must be maintained at the specified
levels, and the refresh requirements must be met in order to

retain stored datain the DRAM. Therefresh requirements are
met by refreshing all rowsin the 4 Meg x 16 DRAM array at
least once every 64ms* (4,096 rows). The recommended
procedure is to execute 4,096 CBR REFRESH cycles, either
uniformly spaced or grouped in bursts, every 64ms*. The
DRAM refreshesonerow for every CBR cycle. For thisdevice,
executing 4,096 CBR cycleswill refresh theentiredevice. The
CBR REFRESH will invoketheinternal refresh counter for auto-
matic RAS\ addressing. Alternatively, RAS\-ONLY RE-
FRESH capability isinherently provided. However, with this
method, only one row is refreshed on each cycle. JEDEC
strongly recommendsthe use of CBR REFRESH for thisdevice.

An optional self refresh modeisalso availableonthe®S’
version. The self refresh feature is initiated by performing a
CBR Refresh cycleand holding RAS\ low for the specifiedt,, oo
The “S" option alows the user the choice of a fully static,
low-power data retention mode or a dynamic refresh mode at
the extended refresh period of 128ms, or 31.25ps per cycle, when
using a distributed CBR refresh. This refresh rate can be
applied during normal operation, aswell asduring astandby or
battery backup mode.

The self refresh modeisterminated by driving RAS\HIGH
foraminimumtimeof t_.. Thisdelay allowsfor thecompletion
of any internal refresh cyclesthat may bein process at thetime
of theRAS\ LOW-to-HIGH transition. If the DRAM controller
uses adistributed CBR refresh sequence, a burst refresh is not
required upon exiting self refresh, however, if the controller is
using RAS\ only or burst CBR refresh then a burst refresh

usingt.. (MIN) isrequired.

NOTES:

*64ms for IT version, 32ms for XT version.
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ABSOLUTE MAXIMUM RATINGS*

VoltageonV o REAIVEIOV g ..vvvvveeeeieinrnennssesssnes -1V to+4.6V
Voltageon NC, Inputsor I/O Pins

(G E2 T1V/C (0 )V -1V to+4.6V
POWES DISSPAiON......ocvrercereeeersesseeeseeseessessessssssssessssssssssssssssnens 1w
Operating temperaturerange, T, (ambient).............. -55°Ct0125°C
Storagetemperaure (PIastic). ... veeeeveereereereereersenees -55°Cto150°C

* Stresses greater than those listed under " Absolute Maximum
Ratings' may cause permanent damageto thedevice. Thisis
a stress rating only and functional operation of the device at
these or any other conditions above those indicated in the
operation section of thisspecificationisnot implied. Exposure
to absolute maximum rating conditions for extended periods
may affect reliability.

DC ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS!

(Ve = +3.3V 20.3V)

PARAMETERS SYM MIN MAX UNITS | NOTES
SUPPLY VOLTAGE Vee 3 3.6 \%
INPUT HIGH VOLTAGE:
Valid Logic 1: All inputs, l/0s and any NC ViH 2 Vecv03] V 35
INPUT LOW VOLTAGE:
Valid Logic 0; All inputs, I/Os and any NC Vie 03 0.8 v 35
INPUT LEAKAGE CURRENT:
Any input at V) (OV < V|y £ Ve +0.3V); -2 2 HA 36
All other pins not under test = OV
OUTPUT LEAKAGE CURRENT:
Any input at Voyut (OV < Vout < Ve 10.3V); loz -5 5 KA
DQ is disabled and in High-Z state
OUTPUT HIGH VOLTAGE:
lour = -2mA Vou 2.4 Y%
OUTPUT LOW VOLTAGE:
lour = 2MA VoL 0.4 Y%

AS4LC4AM16
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|.. OPERATING CONDITIONS AND MAXIMUM LIMITS*#356

(V.. = +3.3V £0.3V)

-5

-6

PARAMETERS

SYM

MAX

MAX

UNITS

NOTES

STANDBY CURRENT: TTL
RAS\ = CAS\ = V4

lcc1

15

15

mA

STANDBY CURRENT: CMOS
(RAS\ = CAS\ > V¢ - 0.2V; DQs may be left open;
Other inputs: V|n > Ve - 0.2V or Vi £ 0.2V)

lcca

mA

OPERATING CURRENT: Random READ/WRITE
Average power supply current

(RAS\, CAS\, address cycling: tgc = tgc [MIN])

lcca

165

150

mA

26

OPERATING CURRENT: EDO PAGE MODE
Average power supply current

(RAS\ = V|, CAS\, address cycling: tpc = tpc [MIN])

lcca

125

120

mA

26

REFRESH CURRENT: RAS\-ONLY
Average power supply current

(RAS\ CyCIing, CAS\ = V|H: tF\’C = tRC [MlN])

lccs

165

150

mA

22

REFRESH CURRENT: CBR
Average power supply current

(RAS\, CAS\, address cycling: tgc = tgrc [MIN])

lcce

165

150

mA

4,7,23

REFRESH CURRENT: Extended ("S" version only)
Average power supply current: CAS\ = 0.2V or CBR cycling;

RAS\ = tgas (MIN); WE\ = V¢ - 0.2V; AO - A10, OE\ and
Din = Vee - 0.2V or 0.2V (D)y may be left open); tge = 125uS

lccr

mA

REFRESH CURRENT: Self ("S" version only)
Average power supply current: CBR with RAS\ > tgags (MIN)

and CAS\ held LOW; WE\ = V¢ - 0.2V; AO - A10, OE\ and
Dy = Vece - 0.2V or 0.2V (D)y may be left open)

lccs

mA

4,7,37

AS4LC4AM16
Rev. 1.0 7/02
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CAPACITANCE?

PARAMETER SYM MAX UNIT
Input Capacitance: Address Pins Cn 5 pF
Input Capacitance: RAS\, CAS\, WE\, OE\ Cpo 7 pF
Input/Output Capacitance: DQ Cio 7 pF

AC ELECTRICAL CHARACTERISTICS®6.7:8910.11.12

(V.. = +3.3V 0.3V)

DESCRIPTION SYMBOL| MIN i MAX [ MIN 6MAX UNITS | NOTES
Access time from column address taa 25 30 ns
Column-address setup to CAS\ precharge tacH 12 15 ns
Column-address hold time (referenced to RAS\) tar 38 45 ns
Column-address setup time tasc 0 0 ns 28
Row-address setup time tasr 0 0 ns 28
Column address to WE\ delay time tawp 42 49 ns 18
Access time from CAS\ tcac 13 15 ns 29
Column-address hold time tcaH 8 10 ns 28
CAS\ pulse width tcas 8 10,000 | 10 | 10,000 ns 30, 32
CAS\ LOW to "Don't Care" during Self Refresh tcHp 15 15 ns
CAS\ hold time (CBR Refresh) tcHr 8 10 ns 4,31
Last CAS\ going LOW to first CAS\ to return HIGH teLcH 5 5 ns 31
CAS\ to output in Low-Z toLz 0 0 ns 29
Data output hold after CAS\ LOW tcoH 3 3 ns
CAS\ precharge time tep 8 10 ns 13,33
Access time from CAS\ precharge tepa 28 35 ns 29
CAS\ to RAS\ precharge time tcrp 5 5 ns 31
CAS\ hold time tcsH 38 45 ns 31
CAS\ setup time (CBR Refresh) tcsr 5 5 ns 4,28
CAS\ to WE\ delay time tcwp 28 35 ns 18, 28
WRITE command to CAS\ lead time tewL 8 10 ns 31
Data-in hold time toH 8 10 ns 19, 29
Data-in setup time tps 0 0 ns 19, 29
Output disable top 0 12 0 15 ns 24,25
Output enable time toe 12 15 ns 20
O e o v o |2 | |w .| =
OE\ HIGH hold time from CAS\ HIGH toeHc 5 10 ns
OE\ HIGH pulse width toep 5 5 ns
OE\ LOW to CAS\ HIGH setup time. toes 4 5 ns
Output buffer turn-off delay torr 0 12 0 15 ns 17, 24,29
OE\ setup prior to RAS\ during HIDDEN REFRESH cycle torp 0 0 ns

AS4LC4AM16
Rev. 1.0 7/02
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AC ELECTRICAL CHARACTERISTICS (Continued)367891011.12
(V.. = +3.3V £0.3V)

DESCRIPTION SYMBOL| MIN : MAX | MIN 6MAX UNITS| NOTES
EDO-PAGE-MODE READ or WRITE cycle time tpc 20 25 ns 34
EDO-PAGE-MODE READ-WRITE cycle time tprwC a7 56 ns 34
Access time from RAS\ traC 50 60 ns
RAS\ to column-address delay time traD 9 12 ns 15
Row address hold time traH 7 10 ns
RAS\ pulse width trAS 50 10,000 | 60 | 10,000 ns
RAS\ pulse width (EDO PAGE MODE) trASP 50 |[125,000* 60 |125,000%| ns
RAS\ pulse width during Self Refresh trASS 80 80 us
Random READ or WRITE cycle time tre 84 104 ns
RAS\ to CAS\ delay time trep 11 14 ns 14,28
READ command hold time (referenced to CAS\) trRcH 0 0 ns 16, 30
READ command setup time trcs 0 0 ns 28
Refresh period tRer 64/24** 64/24* | ms 22,23
Refresh period ("S" version) tRer 100 100 ms 23, 38
RAS\ precharge time trp 30 40 ns
RAS\ to CAS\ precharge time trpc 5 5 ns
RAS\ precharge time exiting Self Refresh trPs 90 105 ns
READ command hold time (referenced to RAS)) tRRH 0 0 ns 16
RAS\ hold time trsH 13 15 ns 35
READ-WRITE cycle time trwe 116 140 ns
RAS\ to WE\ delay time trRwD 67 79 ns 18
WRITE command to RAS\ lead time tRwiL 13 15 ns
Transitioin time (rise or fall) tr 2 25 2 25 ns
WRITE command hold time tweH 8 10 ns 35
WRITE command hold time (referenced to RAS)) twcr 38 45 ns
WE\ command setup time twes 0 0 ns 18, 28
WE\ to outputs in High-Z twHz 12 15 ns
WRITE command pulse width twp 5 5 ns
WE\ pulse widths to disable outputs twpz 10 10 ns
WE\ hold time (CBR Refresh) twRrH 8 10 ns
WEN\ setup time (CBR Refresh) twrp 8 10 ns
NOTES:
*For XT Temp (-55°C to +125°C) tRASP (MAX) = 80,000ns for -5 and -6 speed.
**64ms Refresh for IT Temp, 24ms Refresh for XT Temp.
AS4LCAM16 Austin Semiconductor, Inc. reserves the rightt to change products or specifications without notice.
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NOTES:
1. All voltagesreferencedto V .

2. Thisparameterissampled. V . =+3.3V;f=1MHz T, =25°C.
3. | is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycletimeand the
outputs open.

4. Enables on-chip refresh and address counters.

5. The minimum specifications are used only to indicate cycle
time at which proper operation over the full temperature range
is ensured.

6. Aninitial pauseof 100usisrequired after power-up, followed
by eight RAS\ refresh cycles (RAS\-ONLY or CBR with WE\
HIGH), before proper device operation is ensured. The eight
RAS\ cycle wake-ups should be repeated any time the t._
refresh requirementsis exceeded.

7. AC characteristicsassumet = 2.5ns.

8.V, (MIN) andV, (MAX) arereferencelevelsfor measuring
timing of input signals. Transition timesare measured between
V, andV, (orbetweenV, andV,).

9. In addition to meeting the transition rate specification, all
input signalsmust transit betweenV, , and v, (or betweenV,
andV,,,) inamonotonic manner.

10.If CAS\andRAS\ =V ,, dataoutput isHigh-Z.

11. 1f CAS\ =V, , data output may contain data from the |ast
valid READ cycle.

12. Measured with a load equivalent to two TTL gates and
100pF; andV, =0.8VandV  =2V.

13.If CAS\isLOW at thefalling edge of RAS\, output datawill
be maintained from the previouscycle. Toinitiateanew cycle
and clear the data-out buffer, CAS\ must be pulsed HIGH
fort.,.
14. Thet, ., (MAX) limitisno longer specified. t
was specified asareference point only. If t
thespecifiedt,
exclusively by t

RCD (MAX)
rcp Wasgreater than
(MAX) limit, then accesstimewascontrolled
(tsac [MIN] no longer applied). With our
without thet, . limit, t, , andt., - must always be met.

15. Thet,, , (MAX) limitisno longer specified. t_, , (MAX)
was specified asareferencepoint only. If t_, j wasgreater than
the specifiedt,, , (MAX) limit, then accesstimewas controlled
exclusively by t, , (t;, andt., . nolonger applied). With or
without thet,, ; (MAX) limit, t andt., . mustalways
bemet.

16. Either t,, ., ot must besatisfied foraREAD cycle.

CAC

AA’ tRAC’

17. t - (MAX) defines the time at which the output achieves
the open circuit condition and is not referencedtoV,  or V.

18. tyco trwnr tawny @ to,p are not restrictive operating

parameters. t, .. applies to EARLY WRITE cycles. If
tves™ tues(MIN), thecycleisan EARLY WRITE cycleand the
data output will remain an open circuit throughout the entire

cycle. thup tawp: @ty p dEfine READ-MODIFY-WRITE
cycles. Meeting these limits alows for reading and disabling
output dataand then applying input data. OE\ held HIGH and
WE\ taken LOW &fter CAS\ goesLOW resultsinaLATEWRITE
(OE\-controlled) cycle. t,. tayp ¢ and t,, are not
applicableinaLATEWRITE cycle.

19. These parameters are referenced to CAS\ leading edge in
EARLY WRITE cyclesand WE\ leading edgein LATEWRITE
or READ-MODIFY-WRITE operationsare not possible.

20. If OE\istied permanently LOW, LATE WRITE, or READ-
MODIFY-WRITE operationsare not possible.

21. A HIDDEN REFRESH may a so be performed after aWRITE
cycle. Inthiscase, WE\isLOW and OE\isHIGH.

22. RAS\-ONLY REFRESH that al 4,096 rows of the device be
refreshed at |east once every 64ms.

23. CBR REFRESH for the device requiresthat at |east 4,096
cyclesbe completed every 64ms.

24. The DQsgo High-Z during READ cyclesonce t or tOFF
occur. If CAS\ staysL OW while OE\isbrought HIGH, the DQs
will goHigh-Z. If OE\isbrought back LOW (CAS\still LOW),
the DQswill provide the previous read data.

25. LATE WRITE and READ-MODIFY-WRITE cycles must
haveboth t, and t__, met (OE\HIGH during writecycle) in
order to ensure that the output buffers will be open during the
WRITE cycle. If OE\istaken back LOW while CAS\ remains
LOW, the DQswill remain open.

26. Column address changed once each cycle.

27. Thefirst CAS\ edgeto transition LOW.

28. Output parameter (DQX) isreferenced to corresponding CAS\
input; DQO- DQ7 by CASL\ and DQ8 - DQ15 by CASH\.

29. Each CA Sx\ must meet minimum pulsewidth.

30. Thelast CASX\ edgeto transition HIGH.

31. Lastfalling CASx\ edgetofirst rising CASx\ edge.

32. Lastrising CASx\ edgetofirst falling CASx\ edge.

33. Last rising CASX\ edge to next cycles last rising CASX\
edge.

34. Last CASx\togo LOW.

CwbD’

Notes continued on next page.

*64ms for IT version, 32ms for XT version.

AS4LC4AM16
Rev. 1.0 7/02
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AS4LC4M16

NOTES (Continued):

35.V , overshoot: V|  (MAX) -V . +2V forapulsewidth£
3ns, and the pul se width cannot be greater than one third of the
cyclerate. V| undershoot: V| (MIN)=-2V forapulsewidth£
3ns, and the pul se width cannot be greater then one third of the
cyclerate.

36. NC pinsare assumed to beleft floating and are not tested for
leskage.

37. Self refresh and extended refresh for the devicerequiresthat
at least 4,096 cycles be completed every 128ms.

38. Self refresh versionon I T temp partsonly.

AS4LC4AM16
Rev. 1.0 7/02
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READ CYCLE

Re
RAs e
I e J i
csH |
RSH | RRH
crP ReD kas
cAs\ g:t« :_/‘ ]\ \ i
taR
RAD ‘
tAsR RAH | tasc caH
TACH |
[—
ADDR ¥:[‘ :// ﬂ: ROW / ﬁ(‘ COLUMN i&/ //// // /// / ROW
tRes | tReH
|
W A i,
tAA
| ®ac NOTE 1
tcac oFF
iz
DQ ng E OPEN { VAUD DATA [ OPEN
toE top
e i T Y ) T
DON'T CARE
X unpEFINED
TIMING PARAMETERS
.5 -6 -5 -8
SYMBOL MIN MAX MIN MAX UNITS SYMBOL MIN MAX MIN MAX UNITS
tAA 25 30 ns tOE 12 15 ns
TACH 12 15 ns tOFF 0 12 0 15 ns
AR 38 45 ns RAC 50 60 ns
tASC 0 0 ns RAD 9 12 ns
TASR 0 0 ns tRAH 7 10 ns
CAC 13 15 ns RAS 50 10,000 60 10,000 ns
tCAH 8 10 ns RC 84 104 ns
CAS 8 10,000 10 10,000 ns RCD 11 14 ns
CLCH 5 5 ns ‘RCH 0 0 ns
Lz 0 0 ns RCS 0 0 ns
CRP 5 5 ns RP 30 40 ns
CSH 38 45 ns tRRH 0 0 ns
oD 0 12 0 15 ns tRSH 13 15 ns
NOTES:

1. to is referenced from rising edge of RAS\ or CAS\, whichever occurs last.

AS4L.C4AM16
Rev. 1.0 7/02
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ASI DRAM
Austin Semiconductor, Inc. AS4ALCAM16

EARLY WRITE CYCLE

Re
RAS RP

vy, ————————
ras VI N 7 \

csH !
TRsH j
crp ile) cas

CAS\ ¥:? : :\ \ /

tar

RAD
tasr RAH tasc caH

tACH
N s N X . ’ \
appr i mt ROW ’m COLUMN WW( ROW
owu
1

RwL
WcR
wes WweH
wp

WE\ Vg

tps | | _oH

v N8 K CCCR 7/ A,

s VX s s vy
DON'T CARE

w UNDEFINED
TIMING PARAMETERS
-5 -6 -5 -6
SYMBOL MIN MAX MIN MAX UNITS SYMBOL MIN MAX MIN MAX UNITS
ACH 12 15 ns ‘RAD 9 12 ns
AR 38 45 ns RAH 7 10 ns
tASC 0 0 ns RAS 50 10,000 60 10,000 ns
tASR 0 0 ns RC 84 104 ns
CAH 8 10 ns RCD 1" 14 ns
cAs 8 10,000 10 10,000 ns RP 30 40 ns
CLCH 5 5 ns RSH 13 15 ns
CRP 5 5 ns RWL 13 15 ns
CSH 38 45 ns ‘WCH 8 10 ns
WL 8 10 ns TWCR 38 45 ns
DH 8 10 ns wcs 0 0 ns
DS 0 0 ns we 5 5 ns
AS4LC4M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
Rev. 1.0 7/02
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AS4LC4M16

(LATE WRITE and READ-MODIFY-WRITE cycles)

READ-WRITE CYCLE

Rwc
fRAS ®rP
Vi -
ras\ vl Z N / \
CsH
RSH
rp RCD cas
CcAs\ ¥:r - F !\ \
AR
RAD
A TascC AH
\ SR RAH i tacH
Vin
ADDR v /" ROW }m COLUMN )EQZ2ZZ2ZZZZZZZZZZZZZZZZZZZZZZ&? ROW
RwWD towL |
RCs owp wwL
tawD Wwp
A
RAC
cac
tez —= -— i os OH
0Q ¥{8t‘ = OPEN ([ VADD o K VALIDD ; OPEN
‘o ‘op, | | tOEH
1 <—-——>|
iy 7
oo 8 T XU,
DON’ T CARE
B unoEFINED
TIMING PARAMETERS
-6 ]
SYMBOL MIN MAX MIN MAX UNITS SYMBOL MIN MAX MIN MAX UNITS
AA 25 30 ns DS 0 0 ns
ACH 12 15 ns op 0 12 o] 15 ns
AR 38 45 ns OF 12 15 ns
TASC 0 ] ns OEH 8 10 ns
ASR 0 [ ns RAC 50 60 ns
tAWD 42 49 ns RAD 9 12 ns
CAC 13 15 ns RAH 7 10 ns
CAH 8 10 ns RAS 50 10,000 60 10,000 ns
CAS 8 10,000 10 10,000 ns RCD 1" 14 ns
CLCH 5 5 ns RCS 0 0 ns
Lz 0 0 ns RP 30 40 ns
CRP 5 5 ns RSH 13 15 ns
CSH 38 45 ns RWC 116 140 ns
WD 28 35 ns RWD 67 79 ns
cwL 8 10 ns RWL 13 15 ns
DH 8 10 ns tWwp 5 5 ns
AS4LC4M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
Rev. 1.0 7/02
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ASI DRAM
Austin Semiconductor, Inc. AS4ALCAM16
EDO-PAGE-MODE READ CYCLE

RasP R®p
RAS\ WC Z N 1 L\
csH has RsH
rP Rep cas p as p cas p
s UM ) R\ n N bl N i R
AR
RAD tACH tacH TACH
| tass RAH | tasc CAH tasc CAH A X4 tCAH
ADDR M :@J; ROW ;L@Q: COLUMN :m COLUMN :m: COLUMN : ROW
RCS ! | RCH
= T 1 aa o
A A pa
RAC kra cac
cac kac oz
iz = |- coH, OEHC ore
0Q zgf = OPEN 4 :: b W YD : % YAuD 3} open
hel3 ' top o top
OEs
or i Tk I e ZIIIIIT

DON'T CARE
R unpEFINED

TIMING PARAMETERS

-5 -8 5 -6

SYMBOL MIN MAX MIN MAX UNITS SYMBOL MIN MAX MIN MAX UNITS
tAA 25 30 ns toE 12 15 ns
ACH 12 15 ns tOEHC 5 10 ns
‘AR 38 45 ns tOEP 5 5 ns
ASC 0 0 ns 10ES 4 5 ns
tASR 0 0 ns tOFF 0 12 0 15 ns
tCAC 13 15 ns tpC 20 25 ns
CAH 8 10 ns RAC 50 60 ns
tcAs 8 10,000 10 10,000 ns RAD 9 12 ns
CLCH 5 5 ns RAH 7 10 ns
Lz 0 0 ns TRASP 50 125,000* 60 125,000* ns
COH 3 3 ns RCD 1" 14 ns
w©p 8 10 ns RCH 0 0 ns
CPA 28 35 ns RCS 0 0 ns
CRP 5 5 ns RP 30 40 ns
CSH 38 45 ns RRH 0 0 ns
oD 0 12 0 15 ns RSH 13 15 ns

NOTES:

* toasp (MAX) = 80,000ns for XT temperature version.

gziij)M;./GOZ Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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EDO-PAGE-MODE EARLY WRITE CYCLE

tRASP trpP
v - N 4 p
Ras\ vt C N £ .
tcsH tpc tRsH
tcrp trRCD tcas tep tcas tep tcas tep
Viy — ¥ Y ™ 1 3
casy v Z R\ l; N / N Y/ \
AR
tRAD [ tac tacH tacH
,_tasr tRAH tasc tCAH tasC TCAH tasc tcAH
Vg =
ADDR yit 7 ROW E COLUMN :E(/ // m: COLUMN W ///)ﬂz COLUMN :W // //X ROW
towL | tow | towl |
twes wceH : twes twcH ' twes twcH '
twe we twe
Vi =
wes i Ty V), , i
| twer tRWL |
' . 'bs ow tos o tps ton | '
DQ x:gf Y/ / / //// 04; VALID DATA VALID DATA m VALID DATA M / //// ////// /
DON'T CARE
R unpEriNeD
TIMING PARAMETERS
-5 -6 «§ 8
SYMBOL MIN MAX MIN MAX UNITS SYMBOL MIN MAX MIN MAX UNITS
ACH 12 15 ns tpC 20 25 ns
AR 38 45 ns tRAD 9 12 ns
tASC [ 0 ns tRAH 7 10 ns
tASR 0 0 ns tRASP 50 125,000" 60 125,000" ns
CAH 8 10 ns tRCD 1 14 ns
CAS 8 10,000 10 10,000 ns RP 30 40 ns
CLCH 5 5 ns tRSH 13 15 ns
tcp 8 10 ns tRWL 13 15 ns
CRP 5 5 ns WCH 8 10 ns
CSH 38 45 ns WCR 38 45 ns
cwL 8 10 ns WwW(s 0 0 ns
OH 8 10 ns we 5 5 ns
DS 0 0 ns
NOTES:
* toasp (MAX) = 80,000ns for XT temperature version.
AS4LC4M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
Rev. 1.0 7/02
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Austin Semiconductor, Inc.

DRAM

AS4LC4M16

EDO-PAGE-MODE READ-WRITE CYCLE

(LATE WRITE and READ-MODIFY-WRITE cycles)

RASP LRe
Ras\ Vi \ ’| l\__
csH tpc / prwe NOTE 1 RsH
i CRP RCD cas p cas Lo P fas TR
CASI\/CASHY x:t, - ¥ \ b ‘1 '}"‘—is
AR
RAD
tasr RAH asg A tasC KAH tasc caH
apoR Wl :@L‘—:ow :[@g: COLUMN ;;0/////// { cowumn ) COLUMN ROW
RwD ol RwWL
Res
towL~= I ewt e -l [ tewL
. wp = - N we - . - we
AWD AWD AWD
ewp wp 'crn_—_l
B/
taa
RAC
CAC —-
Lz -
po YIOH -
vier OPEN
toe
of\ x:,’_‘ i
DON'T CARE
BX unpEFiNeD
TIMING PARAMETERS
«§ -6 -5 -6
SYMBOL MIN MAX MIN MAX UNITS SYMBOL MIN MAX MIN MAX UNITS
AA 25 30 ns DS 0 0 ns
AR 38 45 ns oD 0 12 0 15 ns
tAsSC 0 0 ns tOF 12 15 ns
ASR 0 0 ns tOEH 8 10 ns
AWD 42 49 ns pC 20 25 ns
CAC 13 15 ns tPRWC 47 56 ns
tCAH 8 10 ns tRAC 50 60 ns
CAS 8 10,000 10 10,000 ns tRAD 9 12 ns
CLCH 5 5 ns RAH 7 10 ns
Lz 0 0 ns RASP 50 125,000* 60 125,000* ns
cp 8 10 ns RCD 1 14 ns
CPA 28 35 ns RCS 0 0 ns
CRP 5 5 ns RP 30 40 ns
CSH 38 45 ns RSH 13 15 ns
tcwD 28 35 ns RWD 67 79 ns
tcwL 8 10 ns RWL 13 15 ns
DH 8 10 ns twp 5 5 ns
NOTES:
* tensp (MAX) = 80,000ns for XT temperature version.
AS4LC4M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
Rev. 1.0 7/02

18



DRAM
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Austin Semiconductor, Inc.

EDO-PAGE-MODE READ EARLY WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

tRASP tRp
Vg Y
rRas\ iz N
tesH
tpc tpc tRSH
| terp tRCD tcas tcp teas tep tcas o ter
Vi — 3 Y ) Y D
s W A RN / i N
AR
RAD tACH
Sasr_[| tRAH tASC tCAH I‘Asc tcaH tAsC tcaH
- z y
/), S /1), ST /), M e I G
t - |-
ltncs e | 1 twes tweH
i X \L Jf
WE\ VL -~ // ‘AA‘ taa
| tRAC | ‘cpa
I teAC Lcac tos || toH
coH tWHZ .| [ae i
v
pQ YIOH— 3 VALID VALID DATA
Q vigr = OPEN { VALID DATA {A) DATA (8) N

o Yo T

DON'T CARE

@ UNDEFINED
TIMING PARAMETERS
-5 -6 =5 -6

SYMBOL MIN MAX MIN MAX UNITS SYMBOL MIN MAX MIN MAX UNITS
AA 25 30 ns t0E 12 15 ns
tACH 12 15 ns pC 20 25 ns
AR 38 45 ns RAC 50 60 ns
ASC 0 0 ns tRAD 9 12 ns
tASR 0 0 ns RAH 7 10 ns
CAC 13 15 ns RASP 50 125,000* 60 125,000" ns
tCAH 8 10 ns RCD 1 14 ns
CAS 8 10,000 10 10,000 ns tRCH 0 0 ns
COH 3 3 ns RCS 0 0 ns
e 8 10 ns RP 30 40 ns
cpA 28 35 ns RSH 13 15 ns
CRP 5 5 ns WCH 8 10 ns
CSH 38 45 ns Wwcs 0 0 ns
DH 8 10 ns WHZ 12 15 ns
DS 0 0 ns

NOTES:

* tensp (MAX) = 80,000ns for XT temperature version.

AS4LC4M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.

Rev. 1.0 7/02
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AS4LC4M16

_—
Vi =

READ CYCLE
(with WE\-controlled disable)

RAS\ V| _ N
csH
crP Rep cas p
CASLY /CASH! x}t‘ :_/ !\ \; // ‘S(
AR
RAD
tASR RAH tasc cAH fAsC
Vin b 3
'RCS I[ RCH Pz I. tRCs |
I 1
N/ S
tan
| twac
tcac
taz twhz taz
eQ ¥8t‘ = OPEN 4 VALIDDATA  }— OPEN —g@
toE top
. LTI,
; DON'T CARE
£
’ m UNDEFINED
TIMING PARAMETERS
-5 -6 -5 -8
SYMBOL MIN MAX MIN MAX UNITS SYMBOL MIN MAX MIN MAX UNITS
tAA 25 30 ns oD 0 12 0 15 ns
AR 38 45 ns 0E 12 15 ns
TASC 0 0 ns RAC 50 60 ns
tASR 0 0 ns RAD 9 12 ns
tCAC 13 15 ns RAH 7 10 ns
CAH 8 10 ns RCD 1 14 ns
CAS 8 10,000 10 10,000 ns tRCH 0 0 ns
Lz 0 0 ns RCS 0 0 ns
P 8 10 ns WHZ 12 15 ns
CRP 5 5 ns wpz 10 10 ns
CsH 38 45 ns
AS4LC4M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
Rev. 1.0 7/02
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RAS\-ONLY REFRESH CYCLE
(OE\ and WE\ = DON'T CARE)

Re

RAS | RP
RAS\ ¥:f Z )\( JZ \
crP RPC
casuicasky (M = 7 X /
| tAsR RAH |
soor Wit 77777 Row W W Y /X row
Q ¥8E ¥ OPEN
CBR REFRESH CYCLE
(Addresses and OE\ = DON'T CARE)
Rrp RAs NOTE 1 =] ®P RaAs
RAS\ \\f:{‘ - 7 N i N ¥
ReC
Ltep |, tesr CHR RPC | tesr CHR
CASL\ ICASHA ¥:[' - i EL /| t: /
DQ 38[‘ K | OPEN |
. YWRp ‘WRHi | BVRP tWRHi
f
we W TN Xy KA
DON'T CARE
@ UNDEFINED
TIMING PARAMETERS
-5 -8 5 8
SYMBOL MIN MAX MIN MAX UNITS SYMBOL MIN MAX MIN MAX UNITS
TASR 0 0 ns 1RAS 50 10,000 60 10,000 ns
CHR 8 10 ns RC 84 104 ns
P 8 10 ns RP 30 40 ns
CRP 5 5 ns RPC 5 5 ns
SR 5 5 ns YWRH 8 10 ns
‘RAH 7 10 ns YWRP 8 10 ns
NOTES:

1. End of first CBR REFRESH cycle.

AS4L.C4AM16
Rev. 1.0 7/02
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DRAM
ASI AS4LC4M16

Austin Semiconductor, Inc.

HIDDEN REFRESH CYCLE?
(WE\ = HIGH; OE\ = LOW)

RAS\ ¥:E :_—_!S ,}—_X N /—_
CASL\/CASH\ ¥:{* -/ N f
woor W T ow ] I /AN
DQx ¥:gt‘ K OPEN m VALID DATA b— OPEN —
SR/ s L7,

DON'T CARE

@ UNDEFINED
TIMING PARAMETERS
3 .6 .5 -6

SYMBOL MIN MAX MIN MAX UNITS SYMBOL MIN MAX MIN MAX UNITS
tAA 25 30 ns OE 12 15 ns
AR 38 45 ns tOFF 0 12 0 15 ns
tASC 0 0 ns tORD 0 0 ns
tASR 0 0 ns tRAC 50 60 ns
tCAC 13 15 ns tRAD 9 12 ns
ICAH 8 10 ns RAH 7 10 ns
CHR 8 10 ns tRAS 50 10,000 60 10,000 ns
Lz 0 ns RCD n 14 ns
CRP 5 5 ns RP 30 40 ns
oD 0 12 0 15 ns tRSH 13 15 ns

NOTES:

1. A HIDDEN REFRESH may aso be performed after a WRITE cycle. In this case, WE\ is LOW and OE\ is HIGH.

AS4L.C4M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.

Rev. 1.0 7/02
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SELF REFRESH CYCLE
(Addresses and OE\=DON'T CARE)

NOTE 1
tRp RASS ( | Res NOTE 2

v - 4 3
Ras\ vt ~/ wec \ (« JZ RPC M
L kp R HD cp

4

( |
a WS A I

N\
bQ ¥8f_" - (,S—— OPEN

WRP H tWRH[ WRP H 'WRHI
i b — <

w Y T T S

]
DON'T CARE
@ UNDEFINED

TIMING PARAMETERS

-5 -8 -§ -6
SYMBOL MIN MAX MIN MAX UNITS SYMBOL MIN M;\X MIN MAX UNITS
t*CHD 15 15 ns RP 30 0 ns
tCLCH 5 5 ns tRPC 5 5 ns
cp 8 10 ns fRPS 90 105 ns
SR 5 5 ns WRH 8 10 ns
RASS 100 100 ns TWRP 8 10 ns

NOTES:
1. Once t , s (MIN) is met and RAS\ remains LOW, the DRAM will enter self refresh mode.
2. Once t. is satisfied, a complete burst of all rows should be executed if RAS\-only or burst CBR refresh is used.

AS4LC4M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
Rev. 1.0 7/02 23
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MECHANICAL DEFINITIONS
(Package Designator DG)

=J
T =
11.86 i
11.66 ||
Jo.21 SEE DETAIL A
10.11 /
& f A

PIN #1 1D

T LI |
1.2 J = ~ ?

' et 1 B
?

MAX
e -
40
- DETAILA
.80
TYP

NOTE: 1. All dimensions in millimeters MAX or typical where noted.
MIN
2. Package width and length do not include mold protrusion; allowable mold protrusion is .25mm per side.

AS4L.C4M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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ORDERING INFORMATION

EXAMPLE: AS4LC4M16DG-6S/XT

Device Number Package | Speed Options | Process
Type ns
AS4LC4M16 DG -5 S [*
AS4L.CAM16 DG -6 S /*

*AVAILABLE PROCESSES
XT =Industriad Temperature Range -55°C to +125°C
IT =Industrial Temperature Range -40°C to +85°C

OPTION DEFINITIONS
S=Sdf Refresh

AS4LC4AM16

Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
Rev. 1.0 7/02
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