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J\ ALLIANCE AS4C32M16SA

Version 2.0 512Mbit Single-Data-Rate (SDR) SDRAM
32Mx16 (8M x 16 x 4 Banks)

Overview
This section gives an overview of the 512M SDRAM product and describes its main characteristics.

Features

e 4 banks x 8Mbit x 16 organization

e High speed data transfer rates up to 166 MHz

e Full Synchronous Dynamic RAM, with all signals referenced to clock rising edge
e Single Pulsed RAS Interface

e Data Mask for Read/Write Control

e Four Banks controlled by BAO & BA1

e Programmable CAS Latency: 2, 3

e Programmable Wrap Sequence: Sequential or Interleave

e Programmable Burst Length:

e 1,2,4,8and full page for Sequential Type 1, 2, 4, 8 for Interleave Type
e Multiple Burst Read with Single Write Operation

e Automatic and Controlled Pre-charge Command

e Random Column Address every CLK (1-N Rule)

e Power Down Mode

e Auto Refresh and Self Refresh

e Refresh Interval: 8192 cycles/64 ms

e Available in 54 Pin TSOP I

e LVTTL Interface

e Single +3.3V 0.3 V Power Supply

e ROHS Compliant*

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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Version 2.0 512Mbit Single-Data-Rate (SDR) SDRAM
32Mx16 (8M x 16 x 4 Banks)

Table 1 - Performance Table

-7
System Frequency (fck) 143 MHz
Clock Cycle Time (tCK3) 7 ns
Clock Access Time (toc3) CAS Latency =3 5.4 ns
Clock Access Time (tAc2) CAS Latency = 2 6 ns
Description

The AS4C32M16SA is a four bank Synchronous DRAM organized as 4 banks x 8Mbit x 16. The
AS4C32M16SA achieves high speed data transfer rates up to 166 MHz by employing a chip
architecture that prefetches multiple bits and then synchronizes the output data to a system clock.

All of the control, address, data input and output circuits are synchronized with the positive edge of
an externally supplied clock.

Operating the four memory banks in an inter-leaved fashion allows random access operation to
occur at higher rate than is possible with standard DRAMs. A sequential and gapless data rate of up
to 166 MHz is possible depending on burst length, CAS latency and speed grade of the device.

Table 2 — Ordering Information for ROHS Compliant Products

Product part No Org Temperature | Max Clock (MHz) | Package

AS4C32M16SA-7TCN | 32x 16 Commercial 143 54pin TSOP Il
0°Cto 70°C

AS4C32M16SA-7TIN 32x16 Industrial 143 54pin TSOP Il
-40°C to 85°C

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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MEMORY

Version 2.0 512Mbit Single-Data-Rate (SDR) SDRAM
32Mx16 (8M x 16 x 4 Banks)

54 Pin Plastic TSOP-! Pin Names
x16 PIN CONFIGURATION
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Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

Capacitance® Absolute Maximum Ratings®
Ve =33VE03V, f=1Mhz Dperatng temperaiure range .......... 0 to 70 *C for norma
-40 to 85 *C for Industria
Symbol | Parameter Max. |Unit Storage temperature range _.._........_.._-55 to 150 °C
- N Inputicutput wvoltage .. -03 t0 (Woo20 35 W
i nput Capacilance (AD to A12) S | BF Power supply veltags e -0 3 0 4B Y
Ciz nput Capacitancs 5 |pF Poweer dissipation ... e W
AAS, CAS, WE, 03, CLK, CKE, DK Data cut curment (short circwst) e S0 mMA
Cio Dutpus Capaditanca (110) 85 | PF *Mofe:  STesses sbove thoss lsted under “Absoiute Maximum
— ~ — Riaings" may cause permansnt damage of the gevize
Co nput Capacitance (CLK] 4 | EF Exposure o absolsie maxmum rating conditiens Tor

exiendad periods may aTect device rellability.
"Hota:Capacitance |5 sampled and not 100% testas
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Version 2.0

MEMDRY

Signal Pin Description

AS4C32M16SA

512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

Fin Type | Signal | Polarity Function
CLE npul Sulse | Poshne | The system clock Input. Al of the SDAAN Inputs are zampled an the rising edge of the
Sdge | clock.
CKE npul Level |aciive High| Aclivates the CLE signal when high and deactivates the CLE signal when low, thereby
niflatzs emner ihe Power Down mode or e Sei Refrash moge.

3 npul pulse | Active Low | C5 enables the commang decoder when low and disables the commiand decoser when
nigh. When the command decoder |6 dsabled, new commands are ignared but previows
aparations condinue

FAS, CAS|  Input Sulse  |Active Low | When sampled & the positive rising edge of the dock, TAS, RAS, and WE geline the

WE command iz be executzd by the SORAM

AD-A12 nput Leve — During a Bank Aclvate command cycle, AD-A12 defines the row address (RAD-RATZ)
when sampled a1 Ihe rising clock edgs.
During 3 Read or Write command cycle, AD-An defines e column asdress (CAD-CAR)
when sampled a1 Ihe rising clock edge. AN depends fram the SDRAM organization
«GdM ¥ E SORAM CAI-CAD, CAl1
« 32M ¥ 16 SDRAM CAD-CAS.
n acdition o the column address, A10(=AF) i5 used i Invoke auboprechange operation
at e end of the burst read or wribe cycle. IF A10 I8 high, aubaprecharge ks selected and
SA0, BA1 oefines the Dank o be precharged. if A10 15 low, auioprechargs | dizabled
During a Precharge command cyeie, A10(=42) 15 used In conjunclon with SA0 3and BA
%o control which bank(s) o precharge. If A10 15 high, all four banks will BAD and BA1 ars
used i define whizh Dank io prechargs.
BAl npul Lave — Selects which bank Is to be aclive.
Bat
Doy npul Lave — Dala InputiCulput pins operate In the 5ame manner as an convensional DRAME
Cutput
LDz npul Sulse  |active High| The Data input'Ouiput mask places the DO bufers In a high Impedance state whan zam-
LD pled high. in Read moge, DQM has & labency of two clock cycles and controds the output
butters (ke @n outpud 2nabie. In Wiite mode, DOM has 3 laency of 22 and operabes 25
a word mask by allowing Input data to be writhen IF It i low But biocks the wriie aperation
I O Is hilgh
WCC, WES| Supply Power and ground far the Inpust buffers and the care logle.
VZCQ | Supply — — solated power supply and ground for the output busTers to provige Improved nolse
VIS0 mimuniy.

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

Operation Definition

All of SDRAM operations are defined by states of control signals TS, RAS, CAS, WE. and DQM at the
positive edge of the clock. The following list shows the thruth table for the operation commands.

AD-3,
Device |CKE |CKE | _ | | — | — Al B50
Ciperation State n-1 n CS5 | RAS | CAS | WE | DGQM | A12 | A10 | BS1
Row Actvate dle? F X L L 4 F X
Reas Actve® | H X L H L F X L
Read wiAutoprachargs Actve® | H X L H L F X H
Wrika Actve® | H X L H L 1 X L
Write with Autoprechange Actve® | H X L H L 1 X H
Row Prechargs Any F X L L 4 1 X X L
Precharge Al Any F ® L L 4 1 X H X
Mode Register St Idie F ® L L L 1 X
Mo Operation Any F ® L H 4 F X X ® X
Device Desalect Any F ® H ® X X X X ® X
Auto Retresh Idie F H L L L F X X ® X
Salf Retrash Entry Idie F L L L L F X X ® X
Salf Refragh Exit di H ® X X
iSeFmetr)| L 4 . . ” " X X ® X
Power Down Entry Idie H ® X X
Actve* | H L . . ” " X X ® X
Power Down Exit Any H ® X X
Diata Write/Ousput Enable Active F ® X X L
Data Write/Ousput Disable Active F ® X ® X X 4 X ® X

Motag:
1. W=Wald, x=Don't Care, L= Low Level, H = High Lewvel

C#En slgnal 1= Input level whan commangs are prowided, CEEnr-1 signal Is Input leval one clock before the commands
arz providad.

These are stats of bank geelgnatzd by BE0, 521 slgnals

4. Powear Down kade can not entry In the burst cycle

[ 5]

Cad
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),-k ALLIANCE AS4C32M16SA

MEMDRY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

Power On and Initialization

The default power on state of the mode register is supplier specific and may be undefined. The following power on and
initialization sequence guarantees the device is preconditioned to each user’s specific needs. Like a conventional DRAM,
the Synchronous DRAM must be powered up and initialized in a predefined manner. During power on, all VCC and
VCCQ pins must be built up simultaneously to the specified voltage when the input signals are held in the “NOP” state.
The power on voltage must not exceed VCC+0.3V on any of the input pins or VCC supplies. The CLK signal must be
started at the same time. After power on, an initial pause of 200 ms is required followed by a precharge of both banks
using the precharge command. To prevent data contention on the DQ bus during power on, it is required that the DQM
and CKE pins be held high during the initial pause period. Once all banks have been precharged, the Mode Register Set
Command must be issued to initialize the Mode Register. A minimum of two Auto Refresh cycles (CBR) are also
required. These may be done before or after programming the Mode Register. Failure to follow these steps may lead to
unpredictable start-up modes.

Programming the Mode Register

The Mode register designates the operation mode at the read or write cycle. This register is divided into 4 fields. A
Burst Length Field to set the length of the burst, an Addressing Selection bit to program the column access sequence in a
burst cycle (interleaved or sequential), a CAS Latency Field to set the access time at clock cycle and a Operation mode
field to differentiate between normal operation (Burst read and burst Write) and a special Burst Read and Single Write
mode. The mode set operation must be done before any activate command after the initial power up. Any content of the
mode register can be altered by re-executing the mode set command. All banks must be in pre-charged state and CKE
must be _high at least one clock before_the mode set operation. After the mode register is set, a Standby or NOP
command is required. Low signals of RAS, CAS, and WE at the positive edge of the clock activate the mode set
operation. Address input data at this timing defines parameters to be set as shown in the previous table.

Read and Write Operation

When RAS is low and both CAS and—WE are high at the positive edge of the clock, a RAS cycle starts. According to
address data, a word line of the selected bank is activated and all of sense amplifiers associated to the wordline are set.

A CAS cycle is triggered by setting RAS high and CAS low at a clock timing after a necessary delay, tRcD, from the RAS
timing. WE is_use d to define either a read_(WE = H) or a write (WE = L) at this stage.

SDRAM provides a wide variety of fast access modes. In a single CAS cycle, serial data read or write operations are
allowed at up to a 166 MHz data rate. The numbers of serial data bits are the burst length programmed at the mode set
operation, i.e., one of 1, 2, 4, 8 and full page. Column addresses are segmented by the burst length and serial data
accesses are done within this boundary. The first column address to be accessed is supplied at the CAS timing and the
subsequent addresses are generated automatically by the programmed burst length and its sequence. For example, in a
burst length of 8 with interleave sequence; if the first ad-dress is ‘2°, then the rest of the burst sequence is 3, 0, 1, 6, 7, 4,
and 5.

Full page burst operation is only possible using sequential burst type. Full Page burst operation does not terminate
once the burst length has been reached. (At the end of the page, it will wrap to the start address and continue.) In other
words, unlike burst length of 2, 4, and 8, full page burst continues until it is terminated using another command.

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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J‘L\ ALLIANCE AS4C32M16SA

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

Address Input for Mode Set (Mode Register Operation)

|EA'|E.5-IZ ¢||-1'.|.*.'El|.-"-E | AE | AT | AR | AS | AL |.-"-C'- |.-"q.‘: | A | Al | Address Bus (A=)

|++++++++*+++i+

Cperation Mode | CAS Latznoy | 57 | Surst Lengih | Maode Register
Cparation Mods Burst Type
0 EEG] PR PRT] R PY-R Mode A3 Type
Surst ReadiBurst a Bequents
oo a|o]o]o]|a "
hirile
1 Inlzrzase
Burst ResciSingie "'
alefo|o]e|o]n e
— Burst Length
CAS Latency -—
Lengih
I _atercy Az | a1 | Ao 2

] T T p— Sequsntal | Iviereaue

o | o 1 Cpr— LS I !

7 c 2 o |lo | 2 pi

a { k] 0 L al £ 4

1 o 0 Rzzar.e - 1 8 £
[ 1 REsarde 1 0 al Rezerie Remganse
L & REgards 1 o 1 REsEriE Resense
1 REgards i 1 al REsEriE Reganse
| 1 Full Pag= Fmgmne

Similar to the page mode of conventional DRAM's, burst read or write accesses on any column address

are possible once the RAS cycle latches the sense amplifiers. The maximum tRaAS or the refresh interval
time limits the number of random column accesses. A new burst access can be done even before the
previous burst ends. The interrupt operation at every clock cycles is supported. When the previous burst is
interrupted, the remaining addresses are overridden by the new address with the full burst length. An
interrupt which ac-companies with an operation change from a read to a write is possible by exploiting
DQM to avoid bus contention.

When two or more banks are activated sequentially, interleaved bank read or write operations are possible.
With the programmed burst length, alternate access and precharge operations on two or more banks can
realize fast serial data access modes among many different pages. Once two or more banks are activated,
column to column interleave operation can be done between different pages.

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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MEMORY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

Burst Length and Sequence:

Burst Starting Sequential Burst Interleave Burst
Length Address Addressing Addressing
[AZ A1 AD) [decimal) idecimal]
2 el 01 o, 1
g 1,0 0
4 x00 01,23 0123
x01 1,2, 30 1,032
w10 2,301 2,301
%11 3,012 3,210
E: aaa o1 2 3 45487 0 2 3 4 5 6 7T
oo i 2 3 4 5 a8 70 103 25 4 7 6
010 2 3 4 5 8 7 01 2 32 01 868 7 4 5§
011 34 5 86 701 2 321 07 6 5 4
100 4 5 &6 ¥ 01 2 3 4 5 86 ¥ 01 2 3
101 E & 7T 0 1t 2 3 4 5 4 748410 3 2
110 6 7 O 2 3 4 5 g6 7 4 5 2 3 0 1
111 roD 12 3 4 5 6 T8 5 424 3 210
Full Page nnn Cn, Cn+1, Cn+2 not supported

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM

32Mx16 (8M x 16 x 4 Banks)

Refrash Mode

SORAM has two refresh modes, Auto Refresh and Self Refresh. Auto Refresh is similar to the CAS -before-

RAS refresh of conventional DRAMs. All of banks must be precharged before applying any refresh mode. An
an-chip address counter increments the word and the bank addresses and no bank information is required
far both refresh modes. L _

The chip enters the Auto Refresh mede, when BAS and CAS ars held low and CKE and WE ars hald high
at a clock timing. The mode restores word line after the refresh and no external precharge command is nec-
essany. A minimum tRC fime is required bebween two automatic refreshes in a burst refresh mode. The same
rule applies to any access command after the automatic refresh cperation. -

The chip has an on-chip timer and the Self Refresh mode is available. It enters the mode when RAS, CAS,
and CKE are low and WE is high at a clock timing. All of external control signals including the clock are dis-
abled. Returning CKE to high enakles the clock and initiates the refresh exit operation. After the exit com-
mand, at least one tsc delay is reguired prior to any access command.

DM Function

DM has fwo functions for data 10 read and write operations. During reads, when it turns fo “high” at a
clock timing, data outputs are disabled and become high impedance after two clock delay (DQM Data Disable
Latzmoy tooz ). It also provides a data mask function for writes. When DOM is activated, the write operation
at the next clock is prohibited (DQM Write Mask Latency iqgy = zero clocks),

Paower Down

Im order to reduce standby powser consumption, & powsr down mode is available. All banks must be pre-
charged and the necessary Precharge delay (trp) must occur before the SDRAM can enter the Power Down
miode. Cnoce the Powsr Down mode is initaled by holding CHE low, all of the receiver circuts except CLE
and CKE are gated off. The Power Down mode does not perform any refrash cperafions, therefore the device
zan't remain in Power Down maode longer than the Refresh pericd (tref) of the device. Exit from this mode is
performed by taking CHE “high". One clock delay is reguired for mode entry and exit.

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

Auto Precharge

Twio methods are available to prechargse SDRAMs. In an automatic prechargs mode, the CAS timing ac-
cepis one extra address, CA10, to determine whether the chip restores or not after the cperation. If CA10 is
high when a Read Command is issued, the Read with Autc-Precharge funciion is initiated. The SDRAM
auicmatically enters the precharge operation one clock before the last data ocut for CAS latencies 2, two
clocks for CAS latencies 3 and three clocks for CAS latencies 4. If TAT0 is high whean a Write Command is
izsued, the Write with Auto-Precharge function is initiated. The SORAM auvtomatically enters the precharge
cperation a time delay equal fo g (Wrte recovery time) after the last data in. Auto-Precharge does mot
apply to full-pags burst mode.

Precharge Command

There is also a separate precharge command available, When RAS and WE are low and CAS is h gh at a
clock timing, it triggers the precharge cperation. Thres address bits, BAD, BAT and A10 are used fo d=fine
banks as shown in the following list. The precharge command can be imposed one clock before the last data
out for CAS latency = 2, two clocks before the last data out for CTAS latency = 3. Writes require a time delay
twr from the last data out to apply the precharge command. A full-page burst may be truncated with a Pre-
charge command fo the same bank.

Bank Selection by Address Bits:

A1D | BAD | BAA
0 i0 al Bank O
0 i 1 Bank 1
0 1 a Bank 2
0 1 1 Bank 3
1 = x al Emnks

Burst Termination

Once a burst read or write operation has been initiated, there are several methods in which to ferminate
the burst operation prematursly. These methoads include using anather Read ar Write Command to internupt
an existing burst cperation, use a Precharge Command to internupt @ burst eyele and close the active bank,
or using the Burst Stop Command to terminate the existing burst operation but leawve the bank open for future
Read or Wrte Commands fo the same page of the active bank. When infermupting a burst with another Rlead
or Write Command care must be taken to avoid 10 contention. The Burst Stop Command, howewer, has the
fewsst restrictions making it the easiest method to use when terminating a burst operation before it has besn
completad. If a Burst Stop command is issued during a burst write operation, then any residual data from the
burst write cycle will be ignored. Data that is pressnted on the 'O pins before the Burst Stop Command is
registered will b2 written to the memory. The full-pages burst is usaed in conjunction with Burst Terminate Com-
mand o gensrate arbitrary burst lengths.

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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AS4C32M16SA

512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

Recommended Operation and Characteristics for LV-TTL

Vss=0V;Vce, Veecq=33V+03V

Limit Values
Parameter Symbol min. max. Unit | Notes
Input high voltage VlH 2.0 Vcc+0.3 \ 1,2
Input low voltage VlL -0.3 0.8 \ 1,2
Output high voltage (IoUT = - 4.0 mA) VOH 2.4 - \Y;
Output low voltage (IoUT = 4.0 mA) VOL - 0.4 vV
Input leakage current, any input Il(L) -2 2 uA
(0V <V|IN <3.6V, all other inputs =0 V)
Output leakage current IO(L) -2 2 UuA
(DQ is disabled, 0 V < VouT < VCQC)

Note:
All voltages are referenced to Vss.

V4 may overshoot to Ve + 2.0 V for pulse width of < 4ns with 3.3V. Vi may undershoot to -2.0 V for pulse width

< 4.0 ns with 3.3V. Pulse width measured at 50% points with amplitude measured peak to DC reference.

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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J‘L\ ALLIANCE AS4C32M16SA

MEMORY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

Operating Currents
Vcce =3.3V £0.3V (Recommended Operating Conditions unless otherwise noted )

Max.
Symbol | Parameter & Test Condition -7 Unit Note
ICC1 ppe_ralting Curlrent_ . 1 bank operation mA 1
RC RCMIN. RC  CKMIN' 240
Active-precharge command cycling, without
Burst Operation .
ICC2P Precharge Standby Current tcK = min. 7 mA 1
in Power Down Mode 5
ICC2PS | CS =V|H, CKES V|| (max) tcK = Infinity mA 1
ICC2N | Precharge Standby Current tcK = min. 58 mA
in Non-Power Down Mode 48
ICC2NS | CS =V|H, CKE2 V| (max) tck = Infinity mA
UNEC =V
ICC3N | No Operating Current IH(MIN.) 75 mA
tck = min, CS = V|H(min) CRE=V
ICC3P bank ; active state ( 4 banks) IL(MAX.) 35 mA
(Power down mode)
ICC4 Burst Operating Current mA 1,2
tCcK = min 170
Read/Write command cycling .
ICC5 Auto Refresh Current mA 1
tCK = min 160
Auto Refresh command cycling .
ICC6 Self Refresh Current 6 mA
Self Refresh Mode, CKE< 0.2V

Notes:

These parameters depend on the cycle rate and these values are measured by the cycle rate under the minimum
value of tck and trc. Input signals are changed one time during tck.

These parameter depend on output loading. Specified values are obtained with output open.

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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AC Characteristics
Vss=0V;Vcc=33V£03V, tt=1ns

l\ ALLIANCE

MEMORY

AS4C32M16SA

512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

Limit Values

-7
# Symbol | Parameter Min. [ Max.| Unit | Note
Clock and Clock Enable
U
1 CK Clock Cycle Time
CAS Latency = 3 7 - ns
CAS Latency =2 10 - ns
L
2 CK Clock Frequency
CAS Latency = 3 - 143 MHz
CAS Latency =2 - 100 MHZ
L
3 AC Access Time from Clock 2,3
CAS Latency = 3 - 5.4 ns
CAS Latency =2 - 6 ns
U
4 CH Clock High Pulse Width 2.5 — ns
L
5 CL Clock Low Pulse Width 2.5 — ns
[
6 T Transition Time 0.3 1.5 ns
Setup and Hold Times
T
7 1S Input Setup Time 1.5 — ns 4
L
8 IH Input Hold Time 0.8 — ns 4
1
9 CKS CKE Setup Time 1.5 — ns 4
1
10 CKH CKE Hold Time 0.8 — ns 4
{
11 MRD Mode Register Set Command Cycle Time 2 — CLK
{
12 SB Power Down Mode Entry Time 0 7 ns
1
13 DS Data-in Setup Time 1.5 — ns
U
14 DH Data-in Hold Time 0.8 - ns

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.

Alliance Memory, Inc., 551 Taylor Way, Suite #1, San Carlos, CA 94070, USA

Tel:

+1 650 610 6800 Fax: +1 650 620 9211

16 |Page




N

Version 2.0

ALLIANCE

MEMORY

AS4C32M16SA

512Mbit Single-Data-Rate (SDR)SDRAM

32Mx16 (8M x 16 x 4 Banks)
Common Parameters
T
15 RCD Row to Column Delay Time 15 — ns 5
16 IRP Row Precharge Time 15 — ns 5
17 IRAS Row Active Time 45 100K ns 5
18 IRC Row Cycle Time 65 — ns 5
19 [RRD Activate(a) to Activate(b) Command Period 15 — ns 5
20 [CCD %(a) to %(b) Command Period 1 — CLK
21 [DPL Data-in to Precharge Command for Manual precharge 2 - CLK
Refresh Cycle
22 [REF Refresh Period (8192 cycles) — 64 ms
23 [SREX Self Refresh Exit Time 1 — CLK
Read Cycle
Limit Values
-7
# Symbol | Parameter Min. [ Max. | Unit | Note
24 IOH Data Out Hold Time 2.5 — ns 2
25 ILZ Data Out to Low Impedance Time 1 — ns
26 [HZ Data Out to High Impedance Time 3 7 ns 6
27 IDQZ DQM Data Out Disable Latency — 2 CLK
Write Cycle
28 IWR Write Recovery Time for Auto precharge 2 — CLK
29 [DQW DQM Write Mask Latency 0 - CLK

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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MEMORY

J‘L\ ALLIANCE AS4C32M16SA

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

Notes for AC Parameters:

1. For proper power-up see the operation section of this data sheet.
2. AC timing tests have V|_ = 0.4V and V|H = 2.4V with the timing referenced to the 1.4 V crossover point. The

transition time is measured between V|4 and V|L_. All AC measurements assume tT = 1ns with the AC output
load circuit shown in Figure 1.

. '—\ VIH
LK 3 3
4 S S +14V
t -
L
us | tH
A -l 50 Ohm
COMMAND ¥ T‘ 14v
s 3 by Z=50 Ohm
M tAC = Hootac w - _J ! |
1z = ==
tOH 50 pF
ouTPUT . }: T v
- *

Figure 1.

3. If clock rising time is longer than 1 ns, a time (tT/2 — 0.5) ns has to be added to this parameter.

4. IftTis longer than 1 ns, a time (tT — 1) ns has to be added to this parameter.

5. These parameter account for the number of clock cycle and depend on the operating frequency of the
clock, as follows:
the number of clock cycle = specified value of timing period (counted in fractions as a whole number)
Self Refresh Exit is a synchronous operation and begins on the 2nd positive clock edge after CKE returns

high. Self Refresh Exit is not complete until a time period equal to tRC is satisfied once the Self Refresh Exit
command is registered.

6. Referenced to the time which the output achieves the open circuit condition, not to output voltage levels.

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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Timing Diagrams

1. Bank Activate Command Cycle

k2

. Burst Read Cperation

(5]

. Read Interrupted by a Read

4. Read to Write Interval

4 1 Fead to Write Interval

4 2 Minimum Read o Write Interval

4 3 Hon-Minimum Read to Write Interval

en

. Burst Write Operation
g. Write and Read Inferrupt
.1 Write Interrupted by a Write

8.2 Write Interrupted by Read

. Burst Write & Read with Auto-Precharge
7.1 Burst Write with Auto-Prechargs
7.2 Burst Read with Auic-Precharge
2. Burst Termination
8.1 Termination of a3 Burst Write Operation
8.2 Termination of a Burst Write Operation
8. AC- Parameters
8.1 AC Paramesters for a Write Timing
8.2 AC Parameters for a Read Timing
10. Mode Register Set
11. Power on Seguence and Auto Refresh [CER)
12. Power Down Maode
13. Zelf Refresh (Entry and Exif)

14, Auto Refresh (CBR)

AS4C32M16SA

512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)
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Timing Diagrams {Cont'd)

AS4C32M16SA

512Mbit Single-Data-Rate (SDR)SDRAM

18, Random Caolumn Read [ Fage within sames Bank)

15.1 CAL Latency = 2
152 CAL Latency = 2

18. Random Column Write { Page within sams Bank)

16.1 CAL Latency = 2

16.2 CAL Latency = 3

17. Random Row Read ( Interleaving Banks) with Precharge

17.1 CAL Latency = 2
17.2 CAL Latency = 3

18. Random Row Write | Intereaving Banks) with Frecharge

18.1 CAS Latency = 2
15.2 CAS Latency = 3
18. Precharge Termination of a Burs?
19.1 CAS Latency = 2
19.2 CAS Latency = 2
20. Full Fage Burst Operation
20.1 Full Page Burst Read,
20.2 Full Page Burst Read,
21. Full Fage Burst Operation
21.1 Full Page Burst Write,

21.2 Full Page Burst Write,

CAS Latency =2

CAS Latency =3

32Mx16 (8M x 16 x 4 Banks)

Alliance Memory Inc. reserves the rights to change the specifications and products without notice.
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AS4C32M16SA
Jk ALLIANCE

MEMORY
A 512Mbit Single-Data-Rate
(SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

1. Bank Activate Command Cycle

(CAS latency = 3}

O T1 T T T T T
1 —
L L ]
......... i ’
A EGG Bank A _,I"JTI; I."." ||'r ". u' _ar'r'* Y JT" /7";” _u_”.‘
ADDRESS 4 nu agar. H l,# a':‘cl' ) U o e H J"' Al
! 1r|:u s
™ N il |
fsm%**‘__'f T\ AL =—r.-'l"_"l'_' [EwnA
commanod S H nem M wer Hamim oo e Htem M e
1 ‘::I gL i | . 1 :
m - gLt I_. - -_I

"o

2. Burst Read Operation

{Burst Length = 4, CAS latency = 2, 3)
TO T1 T2 T3 T4 TS Ta LK :

CLK J | i I_
}_

-::c:-r.1~;'|.qr~1|:|-(: HEA:--*-H H NoE H - H noe H - H - H — H —
T,

| |
.:‘L.H::.. { DOUT As :< DOUT A K DT A :Ii DOUT Ay :l'l. :
| T | | |
| |
| |
| |

i
e

CAS labency = 2
teie D's

CAS atency = 3
tew, D's

H‘h{ IZ'C'-_-‘u K I:n:u-.x, :]: ;::D..I'r Ay l;{ DIDAUT Ay }
[ I I I
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MEMDRY

JL\ ALLIANCE AS4C32M16SA

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

J. Read Interrupted by & Read

{Burst Length = 4, CAS latency = 2, 3)

TO T1 T2 T3 T4 TG TG 7 TE
] _
f
==L I I ] ] 0 | |
CSI-IM#‘.N)-{ READ A H READ B H NDFE H NOF H NOP H NOF NOP H NOP H NP }-_
T T I [ [ | |
CAS Ialency = 2 'Lll. | - 1 | | X |
i o C ouT B ZUTE o ooUT B
fops FD's \ DOUT Ag ;'I{ DOUTEg | DOUTE; § DOUTE souTEy b
I

CAE lalency = 3

teps 110's

I |
I I
I I
I I
I I
I I
I I
1 1

o
A
o
1
4
e
]
[
=
R
(=]
[
5
-
e
i
[
1
e
(=]
]
9
2

4.1 Read to Write Interval

{Burst Length = 4, CAS latency = 3)

TO T T2 T2 T4 TS Td T7 T8

L S S T A S T

| Finimur delay between the Read and Wiite Commands = 4«1 = S cycles |

I I

I . | Y
I s e B

f 1 R v F Vo v v
COMMAND  moF .I_{ SEAD A :I_I. NOP .II_I NOF J."‘I WP :I_I'. NOF I:n—:l".'.'RITEEII—II ND

L

-
M noe
" e

| IrI v 1 - .
:.:.,_.Tpgl' oI B .'H'. DI By J:-—iflL = II|—

1 hdust e H-Z befone | 1 1
the Wirtle Command

.
#2s

F7] :=#rar=s

H
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4.2 Minimum Read to Write interval

(Burst Length = 4, CAS latency = 2)

AS4C32M16SA

512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

10 Ti T2 T3 T4 TG TG 17 TS

ce i 1 : ! 1 -
1 1 | 1 1 1 1 1
| L ! | | , oo | | | |
oo ST e 1 | | |
| | | | 1ok [ | [
Blh'q-; " 1 | 1 1 1

EE";‘II‘#’AND{ I"‘:" ::H': Ih--:F“ I:H:

MCTIVATE

ey = -

TRE latency = 2

'-u:l:l:: HE- El:ern:r\e
fhe Wirlle C h-:mm:'u:ll

| |
| |
= | |
t:-;_; 1"0rs | ]

m o %= or

4.3 Non=-Minimum Read fo Write Interval

{Burst Length = 4, CAS latency = 2, 3)

I Jr DI Ag II;-{I DM Ay H DIN A H DN Ag }.

TO T T2 T3 T4 TS Ta T7 TE
CLK _L [ [ ] ] |_
I 1 I I 1
| | | | |
i III'
CamM ¥
Al / | | | |
| | | | !
| | |

i
|
|
|
! I
-'-\.E.'AE-‘-]II—{ N
|'

COMMAND -{ HOP H

TAE latency = I
Toky o's —

TAL latency = 3

H‘; DOUT &g ;Ii DOUT

I

| | kust be HI-Z bafors | | |
me Wik Command

Topz ['C's

m - oLt

l 'Ir DOUT Ag CiM Bg l}—{r DM B - Dl B2 ]:'—
| | - P - f
|
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JL\ ALLIANCE AS4C32M16SA

MEMDRY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

5. Burst Write Operation

{Burst Length = 4, CAS latency = 2, 3)
TO Ti T2 T2 T4 TH Th LI} T8

{ i
)

COMMAMDH  NoP 1 wame s H O
I|. ol d I d o4 i P Pt [ i

| ! I ) Vo 1 f T h
s — | cinag Hooman Hoomag I—:I DM A I—I darrt care :
1 \ i i i\ { N |
The Trst daia slement and e Wkie Exira data s lgnoned afler
are ragisbered on e same Cock sdpe termrinafion of @ Burst
6.1 Write Interrupted by & Write
{Burst Length = 4, CAS latency = 2, 3)
Ti T2 T3 T4 T8 T8 T7 T8

CLK L L
|' i | 1 ' 1
| I | | |
I I I I
-::_Dr.-“-ﬂ.n,rn,n-{ MOF }-(Lﬁrre* )—< .-'.-F|I'=BH HOE >—( KOP H NOFE H HOF )_( NOP H HOE },_
I
I
s —‘—4{ :'H.ﬂu)-{:uust HEIhE, }-( TN By Hnma,}-
I
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JL\ ALLIANCE AS4C32M16SA

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

6.2 Write Interrupted by a Read
(Burst Length =4, CAS latency = 2, 3)

TO LR T2 T3 T4 T5 TG

TE
CLE
. |

SR ) A

CDMMAND-:: KIoF J:||'|:.r.-FL E-'-.;{F:E.'«EEI}( NOP :HI NOF }{ MCP :}:{ NOF }{ MZE :p.:: NOF

—

I I""HH_ [ I [ I [ I
|! ] ]
aery =2 | DI Ay I :IIA:-II'I are/ IH_H COUT B IlI
care CoUTE CoOUTE DOUT B
I-.HJ - \ TN :':'I ! 1;{ 3 ) I

TAS lakency = 3 I i \ .‘I.r.r |I.rl|'.r.r x :::I }{
=] :hrll:uz don't ar\e. DOUTE DoOUTE DHOIUT B+ DoUTE
tops VTS | 4g IRy fidd | : =0 1 2 3:'

—=* pput dala must be removed fom the U3 at l=ast one cdock
CyCle Deedfore ine Fead dalaAPDears on the oulpuls o awoid

diaka conisndon.
7.1 Burst Write with Auto-Precharge
Burst Length = 2, CAS latency = 2, 3)
1o Ti T2 T3 T4 5 TG T7 Ta

CLK _ | |
[ [ [ [ [

COMMAND | .mmmx-smj' { wor M moF ) .;LA_'“IE”E_":,H NOP et NOF el MOP .f MOP J;-.:'l N

4L
I

-'__[

e
1

| |
I I
I ! I
I I
I | twe ¥
I
I

] L I !
! DIMAg DM A, )
e

'y

% Eagn Auloprechape

Sarnik can be reacthoated after o
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‘)’l\\ ALLIANCE AS4C32M16SA

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

7.2 Burst Read with Auto-Precharge

Burst Length = 4, CAS latency = 2, 3)

TC T1 T2 T3 T4 5 Ta T7 T4

w [ [1[] ] I~
I

f \ \ 1 | i o VS
COMMAND ReAD A II|_.:l NOP H NP NoF M noe ;5-': L
I i i d 1 I A o Ik

! ‘J““-H ! ! I ! | ! !
TRE |mtercy = 2 | | “wf pouTAg Y pouTay il{_l::'lﬂ:-« ﬁ'}.'f DOUT Ag | I l |
foge V05 T | | O ST BT BRI ! !
| | | | 1||,_ | e | | |
TS latenzy = 3 | | | ,n'l,__ 'I:" I 7 Iﬁ_ | I,-. 1 | |
T | 20T ) oot } oouras f courss |
| 1 | | |

1 1 1 1
+ Eiagin Aulpr=charge

Banik can be reactvalzd afer tpp
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(CAS latency = 2, 3)

AS4C32M16SA

CLE

MEMORY
512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)
8.1 Termination of a Burst Read Operation
T T T2 L T4 TS Li T7 TH
_lI 1 1 1 1 1 1 | | I—
| | | | | | | | |
CGMH_-!-_‘\.IE-{ EE"_".'«H NoP H NoP H 2P H 5_5':_‘;; }-{ 2P H 2P H MNOP H MNOP }]—
I I =,

CAS latercy m 2

1 I

or =

to 110s

CAS latercy w 3

1 1 1
CUT A :{ DIOUT Ay :'I DOUT Ay I;(: DHOUT Ag } I
| | | | .,

/
\

,

[~ I
=

L

I
I
I
I
I
te 110 |
1

I
: { SOUT Mg }{nn._rr Ay }i DOUT Ay :I: DOUT A }':
| |

8.2 Termination of a Burst Write Operation

(CAS latency = 2, 3)

T T1 T2 T3 T4 TS Td 17 8
ax | I L
| | | | | | | | |
L L | | I L
COMMANDA  8oF M wamza W e Ji—f wor H o e J.—l:I wor M wor I,'—"r NOF II_IL NOF

TAE latercy = 2,2 |
s 1

; S .
:Lnlh&:. .I_: DiM A4 :H: DiNAD

TR | | |
gion' cane
it 1 1 1

Irigeat dirta dor e \Wirfe: [s masked.
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MEMDRY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

9.1 AC Parameters for Write Timing Burst Length = 4, CAS Latency = 2
| Tﬂ]'ﬂ |12 |T4 |T4 |TIE- |Ti |'|'? |T-! |Ti| |T1l:l |T11|T12 |'r'|:|. Tid [T | T8 | Ti7 |Ti& 'n;|1'7n|'r7-| T |

1|:|:r

o ]EFLT_H_T_T_T_T_T_T_T_T_T_T_T_T_

4—1 L

o8 ur |\

Abo Fredrane

o A N T L g
QR N 1 O N N N O
we [T U|\ TN TN T ;:,.r. T

lllllll
'''''''''

*
hotivabe W ibe with Aotivabe Wribe with totivate Wiite Frecarge  Aolvale Bitivati
Command Auto Frechange Command Ao Prechange Command  Command Command e Gomrare
Eark & Commard Eark B Commard Eark A Eark & Bark & Eark & Bark B

Bark & Bark B
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JL\ ALLIANCE AS4C32M16SA

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

8.2 AC Parameters for Read Timimg Burst Length = 2, CAS Latency = 2

|T1l:l | i1 | TiZ

™3

CLE j_;_L
CKE 1
R H :
} / ./
B /T /T
- I [N
" T T
I T
i ST XTI
' |
oo T TTTTTIBRE R K e XU e XTI T X XTI
Do ' /{_’:r
lew
i
vo Ny I
Activate Fzad hotivate Feadwin Frecrane it
R F il A Commaid Commare
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512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

Version 2.0

10. Mode Register Set

| ™ | m™ |T’2 |T1 |T4 |'|'5 |T'3 |T-" |'|'3 |T’i' |'|'|'3 |T11|T'I.Z |T1-!- |T1-1- |T15|T16|T'IT |T1$ |T1'9|T20|T2'I |T22 |

!
ChE ill/'/ ! ' l’_h:nd-crmn
|

F—‘PJP'—-

. V.VV SEEEEREREREE
w I 5Wf,w//f///ffm, [

s x_“g”a_*;’s_’gf i 553 En(_ﬂ Xf’f,u *’/’mf/’/;’x’//’/’wff” ”ffff/////f//*’fs’/s f;’fm’/‘/f/f//e’x’fff”

u.mmmm-.- 1
|

s n’ff/f/f/‘/*’ff ’fﬂ”\ Xf/ JIX Xm’f///‘/// *’fs’/n*' Wﬁn///ffz’fﬁ’s’x’/!”ff;'ffff/f,{/;’/{f/‘/{f.f.f.{fmfff/’

Cammand St Cormmmd Commmnd
Al [ i
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Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

11. Power on Sequence and Auto Refresh (CER)

I I I | | | | | | | | | I I I | I | 1 1 1
I I I 1 | | | | | | | | I I I | I | | | | | |
p o= T e

I | |

e H-T ﬁ_ I I I I Jfl I I 1 1 1 I 1 I I I | I I
- = -r-T-I——-r - -r—I-T T T-I——T - - -
1A 1 I I I I I I I I I 1 1 1 I 1 I I I I I I
1 + I + I I I I I I + 1 1 1 I 1 + I +‘ I I I
Predrare 'bal,.ﬁul?gfn-_u 2 duto Refresh Ve Fregiser Ary
Commard  Corrand Command el Corrard  Command
M| Barks

ripLbs it be
sltable for L0us
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Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM

32Mx16 (8M x 16 x 4 Banks)

12, Power Down Mode Burst Length = 4, CAS Lalency =2
| T | ™ |12 |1:|'r4 | (] |TI |1'? |'rs |'m |'r1n:| |'I"|'||T12|'r'|:|. |'ru |m|'ru|'r1'.r |'r-|: |m|m|'r:1 |m |
| | | | | | | | | | 1 | 1 1 1 1 1 |

L EEREREERRRRRRE RN = inE
G N T O O NV AV

= f//im ‘;;ﬁw}m ffffff///fff/f/:fff///f W////ff///f», ///f//f//fff////f///f/f/M

W ////// W//f/f//fﬂf//fmiw /I f’/fff ’/ﬂn’ U f’mf f’f’a% ’ff’fh /ffﬁ//f//m///ff///ﬂf/fw
o ”////m *’///ff ﬂ’*'/m//////r’///////f//////////////////h/////h /m///ff ”/m///fm’/W
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JL\ ALLIANCE AS4C32M16SA

MEMDRY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

13, Self Refresh (Entry and Exit)
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Jl\\ ALLIANCE AS4C32M16SA

MEMDRY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

14, Auto Refresh (CBR) Burst Length = 4, GAS Latency = 2
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JL\ ALLIANCE AS4C32M16SA

MEMDRY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

15,1 Random Column Read (Page within same Bank) {1 of 2) Burst Lengih = 4, GRS Latency = 2
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JL\ ALLIANCE AS4C32M16SA

MEMDRY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

18.2 Randam Column Read (Page within same Bank) {2 of 2) -
Burst Length = 4, CAS Laiency = 3
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JL\ ALLIANC AS4C32M16SA

MEMD
Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)
16.1 Random Column Write (Page within same Bank) {1 of 2) Burs! Length = 4, CAS Latency = 2
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JL\ ALLIANCE AS4C32M16SA

MEMDRY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

16.2 Random Column Write (Page within same Bank) (2 of 2) _
Burst Length = 4, CAS Laency = 3
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JL\ ALLIANCE AS4C32M16SA

MEMDRY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

17.1 Random Row Read (Interleaving Banks) (1 of 2) Burst Length = 8, CAS Latency = 2
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JL\ ALLIANCE AS4C32M16SA

MEMDRY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

17.2 Random Row Read (Interleaving Banks) (2 of 2) Burst Length = 8, CAS Latency =3
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JL\ ALLIANCE AS4C32M16SA

Versi

18,

MEMGORY
on 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)
1 Random Row Write (Interleaving Banks) (1 of 2) Burst Lengh = 8, CAS Latency =2
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JL\ ALLIANCE AS4C32M16SA

MEMDRY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

18.2 Random Row Write (Interleaving Banks) (2 of 2) Burst Lengh = 8, CAS Latency =3
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J\ ALLIANCE AS4C32M16SA

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

19.1 Precharge Termination of a Burst (1 of 2) Buret Length = 5, CAS Lakncy = 2
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EMODRY

JL\ ALLIANCE AS4C32M16SA

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

19.2 Precharge Termination of a Burst (2 of 2) Buret Lengh = 4, 8, CAS Latency = 3
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JL\ ALLIANCE AS4C32M16SA

MEMDRY

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

20.1 Full Page Read Cycle {1 of 2) Burst Length = Full Page, CAS Latency = 2
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Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)
20.2 Full Page Read Cycle (2 of ) Burst Lengh = Full Page, CAS Latency =1
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Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

21.1 Full Page Write Cycle {10f 2) Burst Lengh = Full Page, CAS Latency = 2
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21.2 Full Page Write Cycle (2 of 2) Burst Lengh = Full Page, CAS Latency = 3
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AS4C32M16SA
S

Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM

32Mx16 (8M x 16 x 4 Banks)

Complere List of Operation Commands

SDRAM Function Truth Table

CURRENT _ - | — I
STATE' | C5 | RAS | CAS | WE | BS | Addr | ACTION
Ide H X ® X ® ® MOF or Power Down
L H H H ® ® (¥ lal=]
L H H L BS X LLEGAL®
L E L X BS ® LLEGAL?
L L H H BS AA Row (&Bank) Actiee; Latch Row Adoress
L L H L BS AF Mop
L L L E ® X sulo-Refiesh or Sel-Retrash”
L L L L op- Code Mode rag. Accass”
Aow Active | H X x X ® X MOF
L H H X ® ® MOF
L H L H 5 CAAD | Bagin Read: Latch CA; Determinzss
L H L L BS CAAR | Bagin Write; Lateh CA; DEtermingar
L L H K BS F LLEGAL?
L L H L BS AF Frecharge
L L L X ® ® LLEGAL
Read H X ® X ® ® MOF [Cantnue Surst to Snd=Row Aciive]
L H H H ® ® MOP [Caninue SUrst 2o End;=Row Active)
L H H L BS ® Burst Siop Command > Row Active
L H L H BS CAAD | Tem Bursl, New Read, Determingar’
L H L L BS CAAPR | Temn Burst, Start Wiite, Deteminesr
L L H E BS ® LLEGAL?
L L H L BS AF Term Burst, Prechargs
L L L X ® ® LLEGAL
Virlte H X ® X ® ® MOF (Confinue Surst io End;=Row Aciive]
L H H H ® ® MOP (Continue Surst 2o End;=Row Active)
L E H L BS X Burst Stop Command > Row Active
L H L H BS CAAR | Temn Burst, Slan Read, DetermineAP?
L H L L BS CAAD | Temn Burst, Mew Wite, Deteminesp®
L L H E BS X LLEGAL?
L L H L BS AF Tem Burst, Pracharge®
L L L X ® ® LLEGAL
Read H b X b X X [ (=] [-:n:-r'. nuE Surel o End;= P'em.a"g-:—:
with L H H H X X [ [l [-:n:-r'. nuE Surst o End;= F"'e:ﬂa'g-:-:
Alsn L H H L BS X LLEGAL?
Srecharge | L H L H 5 X LLEGAL?
L E L L ® ® LLEGAL
L L H B BS X LLEGAL?
L L H L BS AF LLEGAL?
L L L X ® ® LLEGAL
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Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
32Mx16 (8M x 16 x 4 Banks)

SDRAM Function Truth Table (continued)

CURRENT
STATE C5 RAS

Wie

with

Al
Sracharge

=
A
m
(7]
I
L
[=§
=

ACTION

MOF [Contnua Burst o End;= F'EG"IEI"QEI
MOP [Continue Burst to End;= F'Ec1a'ga|
ILLEGAL?

ILLEGAL?

ILLEGAL

ILLEGAL?

F ILLEGAL?

ILLEGAL

L

m m
[ ]

[

[l el o= ol el

MOP= I8 after tRP
MO lde after tRP
ILLEGAL?
ILLEGAL?
ILLEGAL?

(Mlal=

ILLEGAL

Fracharging

o | = M0

[ I ]

[l el = = -

“ M mm

g

MOE= Row Actlve ater RCD
MOP= Row Actlve ater RCD
ILLEGAL?

ILLEGAL?

ILLEGAL?

= ILLEGAL?

ILLEGAL

Row
Aclivating

m rm m
Lo =

[l ol o = =

ke

(al=]
MOP
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ILLEGAL?
F ILLEGAL?
ILLEGAL

Write
Aecovering

HoEEEE| M P HEXN N~ H%H}:}:}:}: R A

[l el el = =
m
[
=

=

HOP= lde afer tRE
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Version 2.0 512Mbit Single-Data-Rate (SDR)SDRAM
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Clock Enable (CKE) Truth Table:

CKE
STATE(n) | n-t

Zell-Refresn|  H

o
=
m

(%]
Hr ITEHErITEHE|®XE¥5xrTHEX|HSxX=rTH=HHX ﬁl

o N e S e S S Mok o LM M| MM ILIINM|I
R

Addr | ACTION

HVALID

EXIT Self-Refrash, Idie afer IRC
EXIT Self-Refrash, Idie aner IRC
LLEGAL

LLEGAL

LLEGAL

MOP (Malntaln Sed-Refresh)

o

HVALID

EXIT Power-Dowm, = idle

EEIT Power-Dowm, = Hie
LLEGAL

LLEGAL

LLEGAL

MO (Malntaln Low-Power Mode)

Power-Down H

B Banks
dig”

Refer 1o the funcion truth table
Enter Poweer- Ciown

Entar Power- Ciown

LLEGAL

LLEGAL

LLEGAL

Enter Zel-Rafresh

LLEGAL

Mo

T I I ITITITITT I
rcrrerrrrCEI|FIIIIIRE|CFIIIIIIR]S

2 Y el el el el s o (N Y e e e N I T = A ﬂl
el
Errrr IITIIXH®E|®XrIIIE®=|®=rIII | B
[T}

o el (el Dol Jel el Je D e el el Dol Jel Dol Jef Dol | e Dol el el el e

Abbreviations

FA = Fow Adomess of Bant A CA = Column Agdress of Bank & B2 = Bank Addr2Es
RB = Fow Adoress of Bank B CB = Column Address of Bank B AP = Auto Prechamge
RC = Row Acdress of Bank © OO = Column Adgress of Bani

RO = Row Asdress of Bank 0 CD o= Column Adoress of Bans

Motes for SDRAM function truth table:

. Curran: Stale s s1abe of the bank detarmined by B3, All enlrizs assume hat OXE was active (HIGH] durlng the preceding clock cyois,
. llzgal to bank In speciied state; Function may te legal In the bank Indicated by 53, depending on the state of that bank

. Wust satisty bus contendon, bus turm arcund, andior wiite recovery requirements

. WOP 1o bank pracharging or In idle state. May prachargs bank(s) Indicaszd by BS (andaP).

. lllzgal Il any bars ks nat idiz

. ‘TKE Low bo High transiion will re-enable CLE and other inputs asynchronoushly. A minimum setup fime must be satisfied befare any
command oaner than EXIT.

. Powar-Down and S2if-Refresh can e enterad only from the All Banks l@e E2alz.
&. Must be l2gal command a5 definad In the SDRAM function truth tabls.

O B k3 o
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PACKAGE DIAGRAM

Package Diagram
54-Pin Plastic TSOP-I (400 mil}
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512Mbit Single-Data-Rate (SDR)SDRAM
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