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AS4L.C2M8S1
AS4LC1IM16S1

3.3V 2M x 8/1M x 16 CMOS synchronous DRAM

Features
* Organization
- 1,048,576 words x 8 bits x 2 banks (2M x 8)
11 row, 9 column address
- 524,288 words % 16 bits x 2 banks (1M x 16)
11 row,8 column address
* All signals referenced to positive edge of clock, fully
synchronous
* Dual internal banks controlled by A11 (bank select)
* High speed
- 143/125/100 MHz
- 7/8/10 ns clock access time
* Low power consumption
- Active: 576 mW max
- Standby: 7.2 mW max, CMOS 170
* 2048 refresh cycles, 64 ms refresh interval
* Auto refresh and self refresh (2K self refresh mode at 64 ms)

Pin arrangement

* PC100 functionality

» Automatic and direct precharge including concurrent
autoprecharge

* Burst read, write/Single write

» Random column address assertion in every cycle, pipelined
operation

* LVTTL compatible 1/0

* 3.3V power supply

» JEDEC standard package, pinout and function
- 400 mil, 44-pin TSOP Il (2M x 8)
- 400 mil, 50-pin TSOP Il (1M x 16)

* Read/write data masking

* Programmable burst length (1/2/4/8/ full page)

* Programmable burst sequence (sequential/interleaved)

* Programmable CAS latency (1/2/3)

Pin designation

TSOP I TSOP Il - T
Voo =TT a1 v Ve E N = g Ve Pin(s) Description
DQo [ 2 43 [ pQ7 DQO 2 49 DQ15 DQM (2|\/| X 8) ] ]
Vsso T v Do1 [ 48 [ DQ14 | k
o= TEw VeOTls 47 5 vee UDQM/LDQM (1M x 16) | Output disable/write mas
Veeg ] 5 40 [ Veeg DQ2 5 46 [ DQ13
0Q2 [ 6 30 1 bQs \E)QS E 6 45 g \[/)le RAO-10
Vsso T Y cc 7 44 cc H
ooy 1 5 75 oo b0t = & 433 powt A0 to A10 Address inputs CAO - 7 (x16)
Veeg T 9 2 36 [ Veeo DQ5 [ 9 2 421 DQ10 CA0 -8 (X8)
NCC]10 S 35[INC Vs 10 g 41 Vg
NeCJu § 4 dne pQs {11 Z 40 [ DQo All Bank address (BA)
WE [ 12 § 33 [ DQM DQ7 [ 12 g 39 [1 DQ8
=gy zBu Jmox foeB D010 DQ7 (oM <8) iput/outur
RAS [ 1 LDQM 14 37 NC
SO wEN W 30 oo DQO to DQ15 (1M x 16)
— cAs = —
e ol S e RAS Row address strobe
— - -
o= A= a1 SE CAS Column address strobe
— — | — -
= FA = = R = WE Write enable
Vee — . 22 — — "
2 = o o S Chip select
A3 ] 1
= P = T Veo Voco Power (3.3V = 0.3V)
LEGEND 2M x 8 1M x 16 Vss, Vsso Ground
Configuration 1M x 8 x 2 banks 512K x 16 x 2 banks CLK Clock input
Refresh Count 2K 2K
Row Address 2K (A0 —A10) 2K (A0 — A10) CKE Clock enable
Bank Address 2 (BA) 2 (BA)
Column Address 512 (A0 — A8) 256 (A0 - A7)
Selection guide
Symbol -7 -8 -10 Unit
Bus frequency (CL = 3) f\lax 143 125 100 MHz
Maximum clock access time (CL = 3) tac 55 6 6 ns
Minimum input setup time tg 2 2 2 ns
Minimum input hold time ty 1.0 1.0 1.0 ns
Row cycle time (CL = 3,BL=1) tre 70 80 80 ns
Maximum operating current ([x16], RD or
WR, CL = 3), BL =2 ICCl 130 100 100 mA
Maximum CMOS standby current, self refresh lccs 1 1 1 mA
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AS4L.C2M8S1
AS4LC1IM16S1

Functional description

The AS4LC2M8S1 and AS4LC1IM16S1 are high-performance 16-megabit CMOS Synchronous Dynamic Random Access Memory (SDRAM)
devices organized as 1,048,576 words x 8 bits x 2 banks (2048 rows x 512 columns) and 524,288 words x 16 bits x 2 banks
(2048 rows x 256 columns), respectively. Very high bandwidth is achieved using a pipelined architecture where all inputs and outputs are
referenced to the rising edge of a common clock. Programmable burst mode can be used to read up to a full page of data (512 bytes for
2M x 8 and 256 bytes for 1M x 16) without selecting a new column address.

The operational advantages of an SDRAM are as follows: (1) the ability to synchronously output data at a high clock frequency with
automatic increments of column-address (burst access); (2) bank-interleaving, which hides precharge time and attains seamless operation;
and (3) the capability to change column-address randomly on every clock cycle during burst access.

This SDRAM product also features a programmable mode register, allowing users to select read latency as well as burst length and type
(sequential or interleaved). Lower latency improves first data access in terms of CLK cycles, while higher latency improves maximum
frequency of operation. This feature enables flexible performance optimization for a variety of applications.

SDRAM commands and functions are decoded from control inputs. Basic commands are as follows:

» Mode register set * Deactivate bank « Deactivate all banks « Select row; activate bank
* Select column; write * Select column; read * Deselect; power down * CBR refresh

* Auto precharge with read/write « Self-refresh

Both devices are available in 400-mil plastic TSOP type 2 package. The AS4LC2M8S1 has 44 pins, and the AS4LC1M16S1 has 50 pins. Both
devices operate with a power supply of 3.3V + 0.3V. Multiple power and ground pins are provided for low switching noise and EMI. Inputs
and outputs are LVTTL compatible.

Logic block diagram

CLK —
Clock generator
CKE —
All Bank select
A[10:0] Row
address
buffer e Bank At
[«5)
_ B [512K x 16 (2048 x 256 x 16)
—| Mode register Refresh g
counter S Bank Bt
o
—l 512K x 16 (2048 x 256 x 16)
} ! Sense amplifier
G _ 1 DQMU/DQML
3 Column decoder and . e
8 g L ,| Column latch circuit £
RAS —| & kst address o 3
o —> 3 buffer @ § §_
CAS ——| E g = 5
£ o Burst Data control circuit <i———> 2 <> 5 K=>DQ
c
WE © counter i - s
>
L] 5

T For AS4LC2M8S1, Banks A and B will read 1M x 8 (2048 x 512 x 8).
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Pin descriptions

AS4LC2M8S1
AS4LC1IM16S1

Pin

Name

Description

CLK

System clock

All operations synchronized to rising edge of CLK.

CKE

Clock enable

Controls CLK input. If CKE is high, the next CLK rising edge is valid.
If CKE is low, the internal clock is suspended from the next clock
cycle and the burst address and output states are frozen. If both banks
are idle and CKE goes low, the SDRAM will enter power down mode
from the next clock cycle. When in power down mode and CKE is
low, no input commands will be acknowledged. To exit power down
mode, raise CKE high before the rising edge of CLK.

Chip select

Enables or disables device operation by masking or enabling all
inputs except CLK, CKE, UDQM/LDQM (x16), DQM (%8).

Address

Row and column addresses are multiplexed. Row address: AO~A10.
Column address (2M % 8): AO~A8. Column address (1M x 16):
AO~A7.

Bank select

Memory cell array is organized in 2 banks. A11 selects which internal
bank will be active. A11 is latched during bank activate, read, write,
mode register set, and precharge operations. Asserting A11 low
selects Bank A; A11 high selects Bank B.

X
b
2

O
b
2

=

Row address strobe
Column address strobe
Write enable

Command inputs.
RAS, CAS, and WE, along with CS, define the command being
entered.

x8: DQM
x16: UDQM, LDQM

Output disable/ write mask

Controls 1/0 buffers. When DQM is high, output buffers are disabled
during a read operation and input data is masked during a write
operation. DQM latency is 2 clocks for Read and O clocks for Write.
For x16, LDQM controls the lower byte (DQO — 7) and UDQM
controls the upper byte (DQ8 — 15). UDQM and LDQM are
considered to be in the same state when referred to jointly as DQM.

DQO0~DQ15 Data input/output Data inputs/outputs are multiplexed.
Vee/Vss Power supply/ground Power and ground for core logic and input buffers.
Veeo/Vsso Data output power/ground | Power and ground for data output buffers.

7/5/00
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AS4L.C2M8S1
AS4LC1IM16S1

Operating modes

Command |CKEn-1| CKEn| S | RAS | CAS | WE |DQM| A1l | A10 |A9—AO | Note
Mode register set H X L L L L X Op code 1,2
Auto refresh H H L L L H X X 3
Entry H L L L L H X X 3
Self _ L H H H X X 3
refresh Exit L H
H X X X X X 3
Bank activate H X L L H H X row address
Auto precharge disable L 4
Read precnarg H X L H L  H X __ -~ column %
Auto precharge enable H address 45
Auto precharge disable L 4
Write precharg H X L H L L X _ - Column % |
Auto precharge enable H address 45
Burst stop H X L H H L X X 6
Selected bank L
Precharge H X L L H L X X
Both banks H
Ent H ] H X X X X
ntr
Clo_ck suspend or y ] v v v X X
active power down
Exit L H X X X X X
H X X X X
Entry H L
Precharge power L H H H X X
down mode H X X X X
Exit L H
L H H H X
DQM H X X X X X \% X X 7
) H X X X X
No operation command H X X
L H H H X

*V = Valid.

1 OP= operation code.
A0~AL11 see page 5.

2 MRS can be issued only when both banks are precharged and no data burst is ongoing. A new command can be issued 2 clock cycles a fter MRS.

3 Auto refresh functions similarly to CBR DRAM refresh. However, precharge is automatic.
Auto/self refresh can only be issued after both banks are precharged.

4 Al1: bank select address. If low during read, write, row active and precharge, bank A is selected.
If high during those states, bank B is selected. Both banks are selected and A11 is ignored if A10 is high during row precharge.

5 A new read/write/deac command to the same bank cannot be issued during a burst read/write with auto precharge.

A new row active command can be issued after tgp from the end of the burst.
6  Burst stop command valid at every burst length except full-page burst.

7 DQM sampled at positive edge of CLK. Data-in may be masked at every CLK (Write DQM latency is 0).

Data-out mask is active 2 CLK cycles after issuance. (Read DQM latency is 2).

ALLIANCE SEMICONDUCTOR
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AS4LC2M8S1

AS4LC1M16S1
Mode register fields
Register programmed with MRS
Address Al1~A10| A9 A8 A7 A6 | A5 | Ad A3 A2 | Al | A0
Function RFU" WBL ™ CAS latency BT Burst length
TRFU = 0 during MRS cycle. ——
- [N I
Write burst length Burst type
A9 Length A3 Type
0 Programmed 0 Sequential
burst length 1 Interleaved
1 Single burst
Test mode
A8 | A7 Type
0 0 | Mode register set
0 1 Reserved
1 0 Reserved
1 1 Reserved
N — -
CAS Tatency Burst Tength
A6 | A5 Ad Latency A2 Al AD BT=0 BT=1
0 0 0 Reserved 0 0 0 1 1
0 0 1 1 0 0 1 2 2
0 1 0 2 0 1 0 4 4
0 1 1 3 0 1 1 8 8
1 X X Reserved 1 0 0 Reserved | Reserved
1 0 1 Reserved | Reserved
1 1 0 Reserved | Reserved
1 1 1 Full page | Reserved
Burst sequence (burst length = 4)
Initial address
Al AO Sequential Interleave
0 0 0 1 2 3 0 1 2 3
0 1 1 2 3 0 1 0 3 2
1 0 2 3 0 1 2 3 0 1
1 1 3 0 1 2 3 2 1 0
Burst sequence (burst length = 8)
Initial address
A2 Al AO Sequential Interleave
0 0 0 o123 |4]|5]|6]|7]|0]|1]|2]|3|4]|5]|6]|7
0 0 1 1123456701032 |5[4]|7]6
0 1 0 213|456 7]0]1]2]|3|0|1]|6]|7]|4]SH5
0 1 1 3|4 |5]|6|7|0|1]2|3|2|1|0|7]|6]|5]4
1 0 0 4 |5|6|7|0|21|2|3|4|5|6|7]0]|1]2]S3
1 0 1 5/]6|7]0]|1]2]3|4]|5|4]|7]|6]|1]|]0]3]2
1 1 0 6| 70|12 ]3|]4]|5]|6|7|4]|5]2]3]|]0]1
1 1 1 7]/]0|1]2]|3|4]|5]|6|7|6|5|4]3]|2]1]0
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AS4L.C2M8S1
AS4LC1IM16S1

Recommended operating conditions

Parameter Symbol Min Nominal Max Unit Notes
Vee,V 3.0 3.3 3.6 \Y
Supply voltage € 7CeQ
GND 0.0 0.0 0.0 \Y
v 2.0 - Vee + 0.3 Y
Input voltage IH T ce
Vi -0.3 - 0.8 v
V 24 - - v
Output voltage¥ oH
VoL - - 04 v
Ambient operating temperature Ta 0 70 °C
TV, Min = —1.5V for pulse widths less than 5 ns.
lon=-2mA, and I = 2mA.
Recommended operating conditions apply throughout this document unless otherwise specified.
Absolute maximum ratings
Parameter Symbol Min Max Unit Notes
Input voltage VinVouT -1.0 +4.6 \Y
Power supply voltage VeeVeeo -1.0 +4.6 \%
Storage temperature (plastic) Tsto -55 +150 °C
Power dissipation Pp - 1 W
Short circuit output current lout - 50 mA

Note: Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions outside those indicated in the operational sections of this specificati on is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect reliability.
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AS4LC2M8S1

AS4LC1M16S1
DC electrical characteristics
-7 -8 -10
Parameter Symbol Test conditions Min|Max |Min|Max |Min|Max | Unit |Notes
OV < Viy < Ve, _ . _
Input leakage current| I Pins not under test < OV 5|+5|-5|+5|-5|+5| pA
Output leakage .
current IOL DOUT dlsab|Ed, ov< VOUT < VCCQ -10|{+10|-10|+10|-10(+10 IJA
Operating current trc = min, Ig = OMA, B B B 1,3,
(one bank active) lec burst length = 1 140 100 100 mA 4,5
Precharge standby lccop CKE < V) (max), tcx = 15ns - 120 - 120| - |20| mA
current (power
down mode) ICCZPS CKE and CLK < V”_(maX), tCK = - 2.0 - 2.0 - 2.0 | mA
CS= V|H(min), CKE = V|H(min),
Precharge Standby ICCZN tCK =15ns; input signals Changed - (30| -130| - ({30 |mA|1,23
current (non-power- once during 30 ns
down mode) CLK <V, (max), CKE > V,,4(min),
lecans tck = o; input signals stable | 6] -8 |- |6 |mAlL23
Active standby lccap CKE < V| (max), tcx = 15ns -1 2| -12]|-1]2|mA|123
current (power-
down mode) lccaps CLK, CKE <V (max), tek = -2 |=-12|-1]12|mAjl23
. CKE 2V|H(min), CSZV|H(min),
Active standby lccan | tex = 15 ns; input signals changed - 35| -]3]| -3 |mA|1,23
current (non-power- once during 30 ns
down mode, one CKE = Vo (min), CLK = Vi (max)
bank active 2 Vig(min), LLK 2 V) (max), _ _ _
) lecans tck = oo; input signals stable 10 10 10| mA11.2,3
lo=0mA CL=3 140| - |130| - (120
Operating current Page burst cL =2 125 — [115] = 100 1,2,
(burst mode) leca All banks activated mA 3,5
teep = feep(Min) CL=1 80| - |70| - | 70
Refresh current lecs tpe 2 tge(min) 80| - 70| - |70 | mA 13%
21 -12|-12|mA
Self refresh current lccs CKE<0.2V
- - mA | 15
CL = CAS latency.
7/5/00 ALLIANCE SEMICONDUCTOR 7



AS4L.C2M8S1
AS4LC1IM16S1

AC parameters common to all waveforms

CAS =7 -8 -10
Sym Parameter latency | Min Max Min Max Min Max Unit | Notes
3 - 5.5 - 6 - 6 ns 6
tac | CLK to valid output delay 2 - 8.5 - 7 - 6 ns 6,8
1 - 18 - 22 - 22 ns 6,8
tan | Address hold time - 1 - 1 - 1 ns 7
tas | Address setup time 2 - 2 - 2 - ns 7
tgpL | Last data-in to burst stop 0 - 0 - 0 - tek 9
Read/write command to
teed | read/write command ! - 1 - 1 - fex 9
Last data-in to new
DL | ¢olumn address delay 1 - 1 - 1 - fex 9
tcy | CLK high-level width 2.75 - 3 - 3 - ns 7
3 7 1000 8 1000 10 1000 ns 10
tck | CLK cycle time 2 8.7 1000 10 1000 12 1000 ns 10
1 20 1000 25 1000 25 1000 ns 10
CKE to CLOCK disable or
tekep power-down entry mode 1 - 1 - 1 - fex
tcky | CKE hold time 1 - 1 - 1 - ns
toks | CKE setup time 2 - 2 - 2 - ns
tc, | CLK low-level width 2.75 - 3 - 3.5 - ns 7
CS, RAS, CAS, WE, DQM
toMH | hold time ! - ! - ! -
CS, RAS, CAS, WE, DQM
tows setup time 2 - 2 - 2 - ns
Data-in to ACTIVE > > — > — > -l S
ata-in to
toAL command 2 5 - 5 - 5 - tek 5,11
1 4 - 4 - 4 - ek | 511
tpy |Data in hold time 1 - 1 - 1 - ns
tpp, | Data in to PRECHARGE 2 - 2 - 2 - tek 12
tpop | DQM to input data delay 1 - 1 - 1 - tek 9
DQM to data mask durin
toom Wgtes g 0 - 0 - 0 - |t 9
DQM to data high Z
toQz during reads 2 B 2 - 2 B fex 9
tps | Data in setup time 2 - 2 - 2 - ns
Write command to input
WD | data delay P 0 - 0 - 0 - fex 9
b hiah-imped 3 - 5.5 - 6 - 9 ns 13
ty17 ti?r:Z-OUt igh-impedance 5 — 85 — 9 — 9 ns 13
1 - 18 - 22 - 22 ns 13
t Data—out low-impedance 1 B 1 B 1 B ns
time

ALLIANCE SEMICONDUCTOR
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AS4LC2M8S1

AS4LC1M16S1
CAS =7 -8 -10
Sym Parameter latency | Min Max Min Max Min Max Unit | Notes
Load mode register to
tRD | active/refresh command 2 N 2 N 2 N fex S
o data hold ti 3 2 - 25 - 3 - ns 6
tom 3ngF“t ata holdtime @ =55~ = 25 - 3 = s | 6
1 2 - 25 - 3 - ns 6
¢ CKE to CLOCK enable or 1 B 1 B 1 B ¢
PED | power-down exit mode oK
topg | 1CHIVe (O precharge 42 120,000 48 |120,000| 50 | 120,000 | ns
command
tzc | Active command period 70 - 80 - 80 - ns 8
trcar | Auto refresh period 70 - 80 - 80 - ns
Active to read or write
tRCD delay 20 - 24 - 30 - ns 8
teer Refresh period—2048 B 64 B 64 B 64 ms
rows
Data-out high Z from 3 3 - 3 - 3 - tex 9
tron | Precharge/burst stop 2 2 - 2 - 2 - tek 9
command 1 1 — 1 — 1 — tox 9
tep Pre(_:harge command 21 B 24 B 30 B ns 8
period
Active Bank A to Active
tRRD | Bank B command 14 B 16 B 20 B ns
tr | Transition time 0.3 1.0 0.3 1.0 0.3 10 ns
twr | WRITE recovery time 2 - 2 - 2 - tek
Exit SELF REFRESH to
'R | ACTIVE command 0 - 80 - 80 S L
Notes
1 Ippisdependent on output loading and cycle rates. Specified values are obtained with minimum cycle time and the outputs open.
2 Other input signals are allowed to transition no more than once in any two-clock period and are otherwise at valid Vi or V_levels.
3 Address transitions average one transition every two-clock period.
4 The Ipp current will decrease as the CAS-latency is reduced. This is due to the fact that the maximum cycle rate is slower as the CAS-I atency is reduced.
5 tck=7nsfor-7, 8 nsfor -8, and 10 ns for —10.
6 Ifclock t, > 1ns, (t,/»—0.5)ns should be added to the parameter.
7 Ifclock (t and t) > 1 ns, [(t; + t)/2 — 1] ns should be added to the parameter.
8 Vi overshoot: Viymax) = Vppg + 2V for a pulse width < 3 ns, and the pulse width cannot be greater than one third of the cycle rate. V_undershoot:

10

11
12
13

14
15
16
17

Vi (miny = —2V for a pulse width < 3 ns and the pulse width cannot be greater than one third of the cycle rate.

Required clocks are specified by JEDEC functionalisty and are not dependent on any timing parameter.

The clock frequency must remain constant during access or precharge states (READ, WRITE, including tyyg and PRECHARGE commands). CKE may be
used to reduce the data rate.

Timing actually specified tygr plus tgp; clock(s) specified as a reference only at minimum cycle rate.

Timing actually specified by tyg.

tyz defines the time at which the output achieves the open circuit condition; it is not a reference to oy or V. The last valid data element will meet toy
before going to HIGH-Z.

CLK must be toggled a minimum of two times during this period.

Enables on-chip refresh and address counters.

All voltages referenced to Vsg.

The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range (0° C< Ty <70° C) is
endured.

7/5/00 ALLIANCE SEMICONDUCTOR 9




AS4L.C2M8S1

AS4LC1IM16S1

18 A proper power-up initialization sequence (as described on page 10) is needed before proper device operation is ensured. (Vpp and Vppg must be
powered up simultaneously. Vs and Vsso must be at the same potential.)Two AUTOREFRESH command wake-ups should be repeated any time the tper
refresh requirement is exceeded.

19 AC characteristics assume tt = 1 ns.

20 Inaddition to meeting the transition rate specification, the clock and CKE must transit between V iy and V| _ (or between V,_and V|y) in a monotonic

manner.

21 Outputs measured at 1.4 V with equivalent load.

Q

=—30pF

Y

22 AC timing and Ipp tests have V| = 0V and V| = 2.8 V with timing referenced to 1.4V crossover point.
23 Ipp specifications are tested after the device is properly initialized.
24 Minimum clock cycles = (minimum time/clock cycle time) rounded up.

Device operation

Command Pin settings Description
The following sequence is recommended prior to normal operation.
1 Apply power, start clock, and assert CKE and DQM high. All other
signals are NOP.
2 After power-up, pause for a minimum of 200us. CKE/DQM =
high; all others NOP.
Power up

3 Precharge both banks.

4 Perform Mode Register Set command to initialize mode register.

5 Perform a minimum of 8 auto refresh cycles to stabilize internal
circuitry.

(Steps 4 and 5 may be interchanged.)

Mode register set

CS = RAS = CAS = WE = low;
A0~A11 = opcode

The mode register stores the user selected opcode for the SDRAM
operating modes. The CAS latency, burst length, burst type, test mode
and other vendor specific functions are selected/programmed during
the Mode Register Set command cycle. The default setting of the mode
register is not defined after power-up. Therefore, it is recommended
that the power-up and mode register set cycle be executed prior to
normal SDRAM operation. Refer to the Mode Register Set table and
timing for details.

Device deselect and
no operation

CS = high, or
RAS, CAS, WE = high

The SDRAM performs a “no operation” (NOP) when RAS, CAS, and
WE = high. Since the NOP performs no operation, it may be used as a
wait state in performing normal SDRAM functions. The SDRAM is
deselected when TS is high. TS high disables the command decoder
such that RAS, CTAS, WE and address inputs are ignored. Device
deselection is also considered a NOP.

Bank activation

CS =RAS = low; CAS = WE =
high; AO~A10 = row address;
A1l = bank select

The SDRAM is configured with two internal banks. Use the Bank
Activate command to select a row in one of the two idle banks. Initiate
a read or write operation after tgcp(min) from the time of bank
activation.

10
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AS4LC2M8S1

AS4LC1IM16S1
Command Pin settings Description
Use the Burst Read command to access a consecutive burst of data from
an active row in an active bank. Burst read can be initiated on any
TS = TAS = AL0 = low: RAS = column address of_an active row. The bu_rst Iengt_h, sequence and
COE e _ latency are determined by the mode register setting. The first output
WE = high; A11 = bank select, e
i i data appears after the CAS latency from the read command. The output
Burst read A0~A8 = column address; (A9 . S _
_ . i goes into a high impedance state at the end of the burst (BL = 1,2,4,8)
= don’t care for 2M x 8; A8, AN
A9 = don't care for 1M x 16) unless a new burst read is initiated to f(_er a gapless output data
stream. A full-page burst does not terminate automatically at the end of
the burst. Terminate the burst with a burst stop command, precharge
command to the same bank or another burst read/write
Use the Burst Write command to write data into the SDRAM on
TS = CAS = WE = A10 = low:; consecutive clock c_ycles to ad_Jacent co!umn addresses. The l?urst
i _ length and addressing mode is determined by the mode register
RAS = high; A0~A9 = column opcode. Input the initial write address in the same clock cycle as the
Burst write address; (A9 = don’t care for P -1 y

2M x 8; A8, A9 = don’t care
for 1M x 16)

Burst Write command. Burst terminate behavior for write is the same
as that for read. Terminate the burst with a burst stop command,
precharge command to the same bank or another burst read/write.
DQM can also be used to mask the input data.

UDQM/LDQM (*16)
DQM (x8) operation

Use DQM to mask input and output data. It disables the output buffers
in a read operation and masks input data in a write operation. The
output data is invalid 2 clocks after DQM assertion (2 clock latency).
Input data is masked on the same clock as DQM assertion (0 clock
latency).

Burst stop

Use burst stop to terminate burst operation. This command may be
used to terminate all legal burst lengths.

Bank precharge

CS = A10 =RAS = WE = low;
CAS = high; A11 = bank
select; AO~A9 = don'’t care

The Bank Precharge command precharges the bank specified by A11.
The precharged bank is switched from active to idle state and is ready
to be activated again. Assert the precharge command after tgg(min) of
the bank activate command in the specified bank. The precharge
operation requires a time of tgp(min) to complete.

Precharge all

CS =RAS = WE = low; CAS =
A10 = high; A11, AO~A9 =
don’t care

The Precharge All command precharges both banks simultaneously.
Both banks are switched to the idle state on precharge completion.

Auto precharge

Write: CS = CAS = WE = low ;
Read: CS = CAS = low;
A10 = high; A11 = bank select;
AO0~A9 = column address;
(A9 = don't care for 2M x 8; A8,
A9 = don't care for 1M x 16)

During auto precharge, the SDRAM adjusts internal timing to satisfy
tras(min) and tgp for the programmed CAS latency and burst length.
Couple the auto precharge with a burst read/write operation by
asserting A10 to a high state at the same time the burst read/write
commands are issued. At auto precharge completion, the specified
bank is switched from active to idle state. Note that no new commands
(RD/WR/DEAC) can be issued to the same bank until the specified
bank achieves the idle state. Auto precharge does not work with full-
page burst.

Clock suspend/power
down mode entry

CKE = low

When CKE is low, the internal clock is frozen or suspended from the
next clock cycle and the state of the output and burst address are
frozen. If both banks are idle and CKE goes low, the SDRAM enters
power down mode at the next clock cycle. When in power down
mode, no input commands are acknowledged as long as CKE remains
low. To exit power down mode, raise CKE high before the rising edge
of CLK.

7/5/00
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Command Pin settings Description
Clock suspend/power Resume internal clock operation by asserting CKE high before the
P P CKE = high rising edge of CLK. Subsequent commands can be issued one clock

down mode exit

cycle after the end of the Exit command.

Auto refresh

CS =RAS = CAS = low; WE =
CKE = high; AO~A11 = don't
care

SDRAM storage cells must be refreshed every 64 ms to maintain data
integrity. Use the auto refresh command to accomplish the refreshing
of all rows in both banks of the SDRAM. The row address is provided
by an internal counter which increments automatically. Auto refresh
can only be asserted when both banks are idle and the device is not in
the power down mode. The time required to complete the auto refresh
operation is tgc(min). Use NOPs in the interim until the auto refresh
operation is complete. Both banks will be in the idle state after this
operation.

Self refresh

S =RAS = CAS = CKE = low;
WE = high; AO~A11 = don’t

care

Self refresh is another mode for refreshing SDRAM cells. In this mode,
refresh address and timing are provided internally. Self refresh entry is
allowed only when both banks are idle. The internal clock and all input
buffers with the exception of CKE are disabled in this mode. Exit self
refresh by restarting the external clock and then asserting CKE high.
NOPs must follow for a time of tgc(min) for the SDRAM to reach the
idle state where normal operation is allowed. If burst auto refresh is
used in normal operation, burst 2048 auto refresh cycles immediately
after exiting self refresh.

Initialize and load mode register

T0 Tl n ‘ ™ Tp+1 Tp+2 Tp+3
CLK _22_—| o R ol %—PL»W %l_l 1 1 —
teks tCKIH
CKE| )
j §
tem . |toms
COMMAND :%WP RECARGE ‘%XAUTO REFR@O@%@ AUTO REFRESH op%vo LQAR MORE NOP ACTIVE -
bou*[§ ] 3 }
7 N )
Nl [ ] \ | el |
ADDRESS [ > %10=HIG@§< }< % CODE X BANK ROW
) ) )
< High Z «
°Q ff 2
Q ) T=2004s )
(min trp trear tMrD
- (@AUTOREFRESH |
$rocts RS QPR R O
CLK stable.

* DQM represents DQML and DQMH. DQML controls the lower byte, and DQMH controls the upper byte.
T The Mode Register may be loaded prior to the auto refresh cycles if desired.
f Outputs are guaranteed High-Z after command is issued.

12
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Read—DQM operation*
T0

“tf Tl T2 T3
e

t t
CLK . 1 e[| 1 M 1 1
A A cH A A A A A A
ItCKS tcm—al
CKE _¥# NN /
loms || tomn
COMMAND SKZACTIVE ™" wor YRR Y0P XX ___wor O Nor SOCor YO WP (Y
toms | fomH ‘ ‘
DQMf >L J‘ /
l bz
tas | _tan T | >
A0-A9 S row X R, {
tas tAHROW ENABLE AUTOPRECHARGE \
AL0 M row ¢ XX 1\
tAs| tan DISABLEAUT;OPRECHARGE | | | | |
BA K mank K SCBAR Y
. tac
tAC"Tf tol tac tf T’ ton
DQ ouT m { )L Dout m+2 ouT m+3
tiz thz E&[ ‘
- > HZ
- trReD | CAS latency
* For this example, the burst length = 4, and the CAS latency = 2.
t A8 and A9 = “Don’t care.”
f DQM represents DQML and DQMH. DQML controls the lower byte, and DQMH controls the upper byte.
. - *
Write—DQM operation
T0 ot T o T2 3 T4 5 T6 7
CLK I<——>|<—>f>| [ ] [ ] [ ]
A A A A Y A
teks | tekn
|| o]
CKE _F
fows | tomn
COMMAND ACTIVE Nop Y X WRITE SOXNor YCX_ Nop S(OX(op NOP NOP
toms | fomH ‘
- |-
DQMf >L J‘ / \
tas | _tan
A0-A9 SKROW Y G
tas | tan ENABLE AUTOPRECHARGE
A10 > TRow I
tas | tan DISABLEAUTT)PRECHARGE | | | |
BA ){ BANK K > BANK
tos | toH tps | toH tps E)_}l
DQ . J( Dinm >k 9( Dy m+2 >U< Dy M+3 J(
RCD

* For this example, the burst length = 4.
T A8 and A9 = “Don’t care.”
f DQM represents DQML and DQMH. DQML controls the lower byte, and DQMH controls the upper byte.

7/5/00 ALLIANCE SEMICONDUCTOR 13



AS4L.C2M8S1
AS4LC1IM16S1

Write—full-page burst

o o T T2 T3 T4 T5 Tn+1 Tn+2 Tn+3
CLK e I 1 1 [ % L 1 -
A CH A A y A A [
teks | tokH T
|| ]
CKE _F# 7 %
Joms, | tomH,
COMMAND MM{ NoP SO wRITE WY NoP Y(OX__Nop YW Nop %}( NOP W \gUrsTTeRmX__NoP
toms | tomH
DOM{t S R %
PILICH VI ?
A0-A9 ROW alu_mn
j{ X SRR ){)
s, |
AL0N w9 }}
s [ wr §]
BA BANK BANK
}( X X i
jpiad -
DQ - | J( Din m @DINmﬂ@Dmmﬁ@DWmﬁ %j{DW +255;<>E §< [
RCD

- »

256 locations within same row

Full page completed
Pag P Full-page burst doss@,

self terminate. Can use
BURST TERMINATE command.

* A8 and A9 = Don't care.
l DQM represents DQML and DQMH. DQML controls the lower byte, and DQMH controls the upper byte.
fPage left open; no tgp.

Read—full-page burst”

0 T 2 3 T4 T5 6 T+l Tn+2 Tn+3 Tn+4
ter tex Q —
ok |le=ferl——L | L] LI [__| I
A y CH A A A A A / A A A A
toms| temm
CKE T
A }
toms| temH
—
>E'ACTIVE90< nor X X rean X X nor X X vor X X nor X X Nop X%:X nor X X X X nor X X noe
Command
DQMT g
tas taH
\
AO0-A9 ROW AO-AT) (/
tas| tay
D — \
AlOﬁ? ROW >k %(
tas| taH
I — N
BA %M_X BANK \ 2<
tac 1t tac tac 1 tac - tac 1 -
‘—>J<<‘t—>‘ or " toy 'TOHI > .tOH, <«
DQ Doutm OUT m+1 oUT m+2 %2: JMm@J( X
0[\ - 256 locations within same row -

{
P CAS Latéficy

* For this example, the CAS latency = 2.

T A8 and A9 = “Don't care.”

f DQM represents DQML and DQMH. DQML controls the lower byte, and DQMH controls the upper byte.
™ Page left open; no trp

< trRep Full page completed ¢

Full-page burst does not self-terminate.
J Can use BURST TERMINATE command.
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Mode register set command waveform

CLK /™ 1\ ( \ / \ / \ / \ / \ { \
CMD ——— " ) MRS ACT
« -

I
Or Auto Refresh trp

trsc(min) ‘
tMrRD

MRS can be issued only when both banks are idle.

Precharge waveforms
Precharge can be asserted after tgag (min). The selected bank will enter the idle state after tgp. The earliest assertion of the precharge

command without losing any burst data is show below.

(normal write; BL = 4)

PRE )’

CMD [ WE )
P 0 ) X 0, i 0, )

(normal read; BL = 4)
CK—_ /[ \ [\ [\ [\ [\ [\

MO Thedo ) [ wme )
DQ(CLL) { % | % \ % N %}
DQ(CL2) { ) \ % | [ I % S
DQ(CL3) { % )( h )( % ) G

Auto precharge waveforms
A10 controls the selection of auto precharge during the read or write command cycle.

(write with auto precharge; BL = 4)
CLK — — . / .

CMD | WE )
bQ ¢ Do I 5, I 5, I D, } /

Auto precharge starts*

(read with auto precharge; BL = 4)
R/ /7 \_J \_J \_J /7 \_/ \

R e L I
DQ(CLL) { % | % \ % N %}
DQ(CL2) [ W) % X J?z N (R S
DQ(CL3) { Q K Q‘l i Q i % -

i Auto precharge starts*

*The row active command of the precharge bank can be issued after tRP from this point. The new read/write command of another activated bank can be
issued from this point. At burst read/write with auto precharge, CAS interrupt of the same/another bank is illegal.

7/5/00 ALLIANCE SEMICONDUCTOR 15
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DQM waveforms: read (CL=3, BL=4)
CLK / \ / \ / \ / \ / \ / \
CMD —< Read data

DQM
- ooz >
DQ(CL =3) %
DQ(CL=2) % |
- oo .
DQM waveforms: write (BL=4)

CLK 7\ [\ [\ [\

CMD  ———{wred
ExtDy —— Do N D, N D, N Ds i

DQM | _—
Datawritten —— Do} L & )
Dyignored D, ignored

Concurrent Auto-P Waveforms

According to Intel™’s specification, auto-p burst interruption is allowed by another burst provided that the interrupting burst is in a
different bank than the ongoing burst.

(A) RD-P interrupted by RD in another bank (CL=3,BL=4)
CLK
CMD
DQ Ay h > B > B > B ><B

|< tRe(a) =|

Bank A precharge starts

(B) RD-P interrupted by WR in another bank (CL=3,BL=38)
CLK /_\_zg_/_\,
CMD RD-P (A) WR (B)
oom | |
DQ QAg ><_ oM DNgo) ><_Dan) D) §§< Der)

|<— trp —>{
Bank A ('

recharge starts
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(C) WR-P interrupted by RD in another bank (CL=2,BL=4)
CLK /~\
CMD WRP (A) RD (B)
DQ D(a0) D(a1) Qo >< Q1 >< Q@ >< Qss
o
Bank A precharge starts
(D) WR-P Interrupted by WR in another bank (CL=3,BL=4)
CLK /~\ /~\ /~\ /~\ /\ /~\ /~\ /N
Bank A precharge starts
CMD WRP (A) WR (B)
DQ Dao > Dm ><T D > Dao > Dar > Dz >< Des
Clock suspension read waveforms (BL=8)
ClKexternal ——\__ /[ \__ /[ \__/ \__/ \_/ [ [ \
CLK internal / \ / \ / \ / \ / / \/ \
CKE /
DQM / —\
DQ — o ) Q X Q3 K Q = o ey { Qs I [oh —

ClKexternal /—\  / \ / \ / \ / \ / | Y A

CLKinternal [T\ / | \ / | -/
CKE \ —7
DQM e
DQ o | Q X Qs X % I e % |

OPEN

tekep——» L<— ep —

i exeral ——\ VY o WY e WY e WY A

CLK internal [ \ / \ / \ / \ [\ [ L
CKE /
DQM / \
DQ ~ o | Q \ % N Q N Qs N QW  —

7/5/00 ALLIANCE SEMICONDUCTOR 17
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Clock suspension write waveforms

CLKexternal /7 \  / \ / \ / (A \ / \ [\
ClLKinternal [\ / _/ _ [ [

CKE — —

o o e e

DQ o) ez ) os X o5 o

DQM Mask CKE Mask

CLK external / \ ) \ / \ / / / \
CLKinternal [\ ] \ / \ / / \

CKE \ / /

DQM

DQ Tor e o3 X I [ os D6 i

DQM Mask K Msk

Clextermal /= / \ S A W T\
Clkinternal ™\ /7 /7 [/ T

CKE \_O—//m temH

DQM —

DQ ot X 2 N oz (o X L

Read/write interrupt timing

CKE Mask

read interrupted by read (BL = 4)

e | Y S VY A VY A VY A WY A VY A WY A
CMD :J o !
ADD ‘ I ‘ )
DQ (CL1) R | QA‘O om0 Y oet  J— os2 Y qs3 |
DQ (CL2) T S
DQ (CL3) — T T T SR

tocp = CAS to CAS delay (= 1 CLK).

18
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write interrupted by write (BL = 4)

CLK T\ N\ [\ [\ [\

«  focoo

CMD —( Write data Write data |

1—.‘14’ ‘
—{ A B}

DQ — DAg DB, X DB, X s, X sy )
‘K. ‘4— toL —>

ADD

\
ton
tcep = CAS to CAS delay (= 1 CLK).
tepL = last address in to new column addres delay (= 1 CLK).

write interrupted by read (BL = 4)
CLK/\/{\\/\/\/\/\/\/\

<« toep —>

CMD —( Write data X Read data )

| |
ADD—(/‘«XB)

DQ (CL1) DAo s I T R
DQ(CL2) — [ o, ) QB | o8 o, ) o,  }——
DQ(CL3) [ oA} o, ) o, Y o, N o}

‘47 tcop —>
tccp = CAS to CAS delay (= 1 CLK).
tepL = last address in to new column addres delay (= 1 CLK).
Interrupting RD/WR can be for either the same or different banks.

read interrupted by write (CL =1, BL = 4)

K \ | A VY A VD A VD A VY A W
CMD1 ( Reaq data )( Write data )
DQM1 / \
DQ1 = tHZ< Do i D; N D, X D3 )
-— -
CMD2 e (Wi ]
DQM2 / \
DQ2 { o | o, | D, K D
CMD3 Read data Write data !
DQM3 / \
DQ3 [ % \ o) | Do | D; i D, N D3 }

To prevent bus contention, maintain a gap between data in and data out.
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read interrupted by write (CL =2, BL=4)
K/ /[ O\ [\ [\ [\ [\ [\

CMD1 —( Read data )(Write data )
pmi [

DQ1 (o Y o o T b )

CMD2 Write data

DQM2 / \

DQ2 o | o [ o [ 5 )

CMD3 [ Redem ) [ Write caa_)}

DQM3 / \

DQs3 (o o o N o
CMD4 [ Reddm ) [ write daa_}

DQM4 / \

DQ4 o }—{ o 1 o ¥ o ¥ o )

To prevent bus contention, maintain a gap between data in and data out.

read interrupted by write (CL =3, BL=4)

K m T\ el [\ [\ [\ [ [\
CM D1 —( Reac data )( Write data )

DQM1 /

DQ1 Do | b | D, | D3}

CMD2  ___ (reiew ) {Wiesn ]

DQM?2 —

DQ2 { Dy ){ Dy )| D, )| D }

CMD3 [ Reddm ) [ Write daa__

DQM3 / \

DQ3 { I | I ) S
oMD4 [ ewam ) (WedE ]

DQM4 / \

DQ4 (D% o b T by}

To prevent bus contention, maintain a gap between data in and data out.

Burst termination

Burst operations may be terminated with a Read, Write, Burst Stop, or Precharge command. When Burst Stop is asserted during the read
cycle, burst read data is terminated and the data bus goes to High Z after CAS latency. When Burst Stop is asserted during the write cycle,
burst write data is terminated and the databus goes to High Z simultaneously.
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Burst stop command waveform t read cycle
CLK ™\ / \ / _/ N \_H A \
CMD [ Regam ) o { Bustsop ) B
DQ (CL=1) —r— o % )
DQ (CL=2) ( ® D SN S
DQ (CL=3) TR S ST
write cycle (BL = 8)
CLK
MD -  wiesms ) { s}
(CL= 1[,)2(?3) — D \ D, \ D, X Dy )

Precharge termination

A Precharge command terminates a burst read/write operation during the read cycle. The same bank can be activated after meeting tgp. If an
RD-burst is terminated, o/p will go to High Z after the number of cycles = CAS latency.

read cycle (CL=1)

CLK \ / \ / \ / \ / \ / \ / \ \
MD [ Fedw ) PRE ACT
|
DQ ! Qo \ Q ) Q X ?3 )
read cycle (CL = 2)
CK ™\ / \ / \ / \ [\ \ / \ \
R e T PRE ACT
\
DQ { Q X Q X Q2 X Qs
LitROH CL=2)____ |
read cycle (CL=3)
e Y s U e Y e WY T \ \
CMD v ) e K p———
|
DQ o o % Y o
|[+————troH@=3—

7/5/00
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write cycle
K\ [\ \ \ -
R s Pre act
R N SN S D|3 o )
\ trp
Write recovery (BL=4)
K T\ [\ \ o
CMD. [ )
A tpaL )
DO o v [ )
/This precharge is implicit in case of Auto-P Write.
Auto refresh waveform
LAY AW AV AN AV AW AV AV AV AV AVAWAVAVAYAVAVAWAVAVAVAVAVAVAVAN
cs T\ L/ N
RS N/ \ |/ \ \ | /]
VAR \ |/ \ \ /]
WE N/ 7T\ ] /1]
Al10 \WAN |
AO-A9 | \
DQM | \
CKE \
DQ \

Precharge both banks Auto refresh

22
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Self refresh waveform
C% %%FMWUWU\JWU\I\I\I\IUW\JW
VY A W A /
RS N1 \ |/ \| / |
VI \ |/ < /T |
WE A}
[\ / I\ /T\ |
AL Al (€ X X
AO-AL0 | ) \
o | /( \
CKE \ )) [T\ 7
DQ pu— e \
Self refresh
Precharge both baSr(]eII(1cs refresh entry ’ C)r/glges Self refresh exit Arbitrary cycle
Clock stable before
self refresh exit
Power down mode waveform (CL=3)
A AN AW AW AWAWAWAWAWAVAWAWAWAWAWAWAVAVAVAVAVAVAVAWA
ST Y A A VY A W
RS N\ 7\ \ \J 7\ |
E VAR \/ 7\ 7\ Y a—
WE 7 7\ \/ A A W
AL g \/ \/ \ ]
ALD \/ 7\ ) ]
AO0-A9 - RA; CA4 X RA, X CA, |
DQM \
ke — \_/ | \
QR - — -
Bank activate‘ poave standby | I nop Data burst precharge standby | Inop | Bank activate
Power down mode entry Power down mode exit ~ Power down mode entry Power down mode exit

Enter power down mode by pulling CKE low.
All input/output buffers (except CKE buffer) are turned off in power down mode.
When CKE goes high, command input must be equal to no operation at next CLK rising edge.
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Read/write waveform (BL=8,CL=3)
CLK mmwmwmw
Sy \ |/ |/ \ |/ J\—
RAS N\ | / 7\ 7\ \ | / ‘
AV \ |/ -
WE 7T 7\ \ |/ \ |/
AL R |/ \ |/ \ |/ \ |/
‘—GRCD—’
A10 ™ \ |/ \ |/ \ |/ RA, |
AO—Ag RA, XEAEX XE;X RAp |
DQM / \ /_L\
CKE . \
DQ (:)( |
Bank activate Read Q Q Q Q Q Q bbb Db DD " Bank activate
Write Precharge
Burst read/single write waveform (BL=4,CL=3)
A A AN AY AV AN AW AY AYAYAVAY AV AY AVAYAYAYAYAVAVAVAYAYA!
G\ |/ \ L/ L\
RS 0\ |/ 7T\ 717 [ 7\ |
A 7\ \ |/ \ NN |
WE 7Y 7Y \ /N [T\ |
AL 77T AR AR AR |
Al0 D<—X‘ \ |/ \ N[N |
A9 D(_X‘ ‘ \canX ca )Y Coag) |
DQM | \ )\ —\ /J_\ /—|
CKE \
bR () ) e e —8 —{ A} 7 M 7 ) G
Activate Read Q Q Q Q ‘F\S,{/nglq Q QO Q0 O
b rite D Read
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Interleaved bank read waveform (BL=4,CL=3)

AV AVAVAY AW AWAVAY AWAY AVAWAVAVAVAY AVANAVAVAVAVAUAVAWAN

N N N N Nt l uy

RAS 1|/ 7T\ / /\i/\ \ 7T\ |/ ]

RS [N \ TN — A A 7 ]

WET T 7T\ 1 7T\ \ ]

AL 1/ \ ST S / T T\ 7]

AlOmTﬁ\H/—\/ / \ | [\ \ ]

AO-A9 |

DQM - s -

CKE

DQ

Bank A: pove Rt || ‘ | Read | Read ‘ | precharge

Bank B: Read Read Precharge

Interleaved bank read waveform

(BL =4, CL = 3, Autoprecharge)

Ay AYAVAY AW AWAVAY AVAVYAVAVAVAY AV AWAVAVAVAVAYAY
SV T\ S \_ |/ \ |/ \ |/
RS 0\ |/ 7T\ / 7T\ 7\ \ |/ i
RAS t tzp > tR‘AtSRP trp —»|
CAS \ \ /TN | \ | [T ‘\ / i \‘ \
WE
7 \ J 7 7\ 7T\ 7
All ‘ ‘
/ VAR — 7 \ |/ 7\ ]
ALO +— trep — tre ‘ +—|trep 1—» ‘
N Ra ) / R‘Bb RA. ‘ [ 1\ X TBdX‘ /
|
S TN G RA \caX X e X
DQM
CKE
DQ e (e
Bank A: Active Read AP Active Read AP
Bank B: Active Read AP Active

AP = internal precharge begins

7/5/00
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Interleaved bank read waveform (BL=8,CL=3)

A aValal al avVavalavavauavavavalal avavalalaWaWaWaWal
I / \ |/ LS \ |/ \ ]

tre

e

)l
M~
~
A
M~
|-
M~
~
A
|
M~
|
M~
~
A
N~

ST T\ Ll/ M\ T\ [ TX 7T\ AR |
WE [ 7T\ |/ T 71\ / 7T\ 7T\ L/ |
ML |\ /T T 7\ / \ | / NIVAR |

«—— trep —> «—— tgep — «—— tpep —

[

AL0 [y R/‘«ak \ [ X_ren X \ | N \ /
| |
A9 DR X CAg Chc |
DQM / \
CKE \/
bQ {0 ( Q) QAad QAuq Qs Qtue){ Qg Qg [ QBo=-————{ Qud{ QB QBog QB A J(QAd
Bank A:  Active Read : ! Precharge Active Read !
Bank B: Precharge  Active Read Precharge
Interleaved bank read waveform (BL =8, CL = 3, Autoprecharge)
CLK ,xmwmmmmmm
s o\ / |/ |/ |/ \ |/ |/
rAs [\ |/ /1 \ \ |/ / 1\ \ |/ / ]\
oSNV \ |/ / T\ \ |/ /1 \ \ |/ ‘ |
we [/ |\ / 1\ /] \ / T\ /1 \ / T\ ‘ |
Atz |/ \ |/ / T\ / 1\ \ |/ \ |/ ‘ |
A10 DR X /1 \ / 1\ / ]\ ‘ |
|
A9 [(Ra X CAy Cho Chc |
DQM / M\
CKE \
DQ { QA A ) QA ) [ g QA A QB QB =———{ QA G Qj#-%s(]
Bank A Active Read L APJ o Active Read
Bank B Activ Rea AP

AP = internal precharge begins
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Interleaved bank write waveform (BL=8)
AN A AYAY AYAYAYAYAY AW AYAYAY AVAYAYAYAVAYAVAVAYAYAWAY
G/ \ |/ |/ \ / 7\ |/ \ T
RAS D |/ 71\ \ |/ 7T\ / \ | / 7T\ /]
CAS [T \ |/ 7T\ VAR 7\ \ | ]
WE 71\ \ |/ 7T\ \ / 7T\ \ ]
Al |y \ |/ 7T\ 7T\ / \ |/ \ ]
A10 IX RAaX \ / RBy, \ / RAc \ /—|
| |
A9 [(ra X CA, RBy, Y ca, ) CAc |
DQM T\
CKE
bQ DA ) Do} DB DBuH DBof | 0B DBus){ DBug{ DBeg){ DA DA DA ]
Bank A Active Write‘ Precharge Active‘ Write ‘
Bank B Activi Write Precharge
Interleaved bank write (BL =8, Autoprecharge)
AN A AN AN AYAVAVAVAY AW AYAYAY AVAVAVAYAVAVAYAVAYAY AWA
T\ \ |/ 1/ \_ |/ 7\ \ |/
RAS 0\ |/ 7Y \ |/ 7Y \ |/ 7T\
CAS 7 \ |/ 7T \ /‘ 7T\ | \ |/ |
WE T\  — /‘  — s —
AL |y \ |/ 7TV 7T ‘ \ |/ \ |/ |
AL0 ma, X 7\ 7T\ 7Y |
| |
A9 [X RA‘aX CA, RBp, CA, ‘ RA ‘ CA, |
DQM
CKE
DQ _ ‘
. . . Write
Egﬂt é Active wme\ e i AP Bank A Acnve\ | | AP Bank B

AP = internal precharge begins
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Package dimensions

(OO OO O LT I O T
B0 4948474645 444387 ATAV 39383136 35343332 SI029 282126

TSOP I

AC test conditions
- Input reference levels of V| = 2.4V and V, = 0.4V
- Output reference levels = 1.4V

- Input rise and fall times: 2 ns
Dout

Z0 = 50W

44-pin TSOP 1l 50-pin TSOP 11
Min Max Min Max
(mm) | (mm) | (mm) | (mm)
A - 1.2 1.2
A 0.05 - 0.05
A, 0.95 1.05 0.95 1.05
b 0.30 0.45 0.30 0.45
c 0.127 (typical) 0.12 0.21
D 18.28 | 18.54 | 20.85 | 21.05
E 10.03 | 10.29 | 10.03 | 10.29
He 1156 | 1196 | 11.56 | 11.96
e 0.80 (typical) 0.80 (typical)
[ 0.40 \ 0.60 | 0.40 \ 0.60
+1.4V
50W
77;7' CrLoap = 50 pF

Figure A: Equivalent output load

Capacitance

f=1MHz, T, = 25°C, Ve = 3.3V

Parameter Symbol Signals Max Unit
. ClNl AOto All 4 pF
Input capacitance -
Cing DQM, RAS, CAS, WE, CS, CLK, CKE, 4 pF
. DQO to DQ7 (2M x 8
1/0 capacitance Ciso DQ% to DQ?S ElM % 123) 5 pF
Ordering information
Package \1/ frequency -8ns -10ns =12 ns

TSOP 11, 400 mil, 44-pin AS4LC2M8S1-8TC

AS4L.C2M851-10TC AS4LC2M8S51-12TC

TSOP 11, 400 mil, 50-pin AS4LC1M1651-8TC

AS4LC1M16S1-10TC AS4LC1IM1651-12TC

Part numbering system

AS4 LC XXXS0 -XX T C
. Package (device
Device number dependent): Commercial temperature
DRAM prefix 3.3V CMOS for sygézlr\(ﬂ)nous 1/frequency TSOP 11 400 mil, 44 pin range: 0° C to 70° C
TSOP 11 400 mil, 50 pin
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