ASI

SDRAM
AS4SD16M16

Austin Semiconductor, Inc.

256 MB: 16 Meg x 16 SDRAM
Synchronous DRAM Memory

FEATURES

* Full Military temp (-55°C to 125°C) processing available

» Configuration: 16 Megx 16 (4 Meg x 16 x 4 banks)

* Fully synchronous; all signals registered on positive
edge of system clock

* Internal pipelined operation; column address can be

changed every clock cycle

Internal banks for hiding row access/precharge

» Programmable burst lengths: 1, 2, 4, 8 or full page

» Auto Precharge, includes CONCURRENT AUTO
PRECHARGE and Auto Refresh Modes

* Self RefreshMode(IT)

» 64ms, 8,192-cyclerefresh (IT)

» <24ms 8,192 cyclerecfresh (XT)

* WRITE Recovery (t,,,="“2CLK")

» LVTTL-compatibleinputs and outputs

* Single+3.3V £0.3V power supply

OPTIONS MARKING
» Plastic Package - OCPL*
54-pin TSOP (400 mil) DG No. 901

e Timing (Cycle Time)
7.5ns @ CL = 3 (PC133) or -75
7.5ns @ CL = 2 (PC100)

» Operating Temperature Ranges
-Industrial Temp (-40°C to 85° C) IT

Note:

PIN ASSIGNMENT
(Top View)
54-Pin TSOP
Voo 0I5 1e S 54 O Vss
DQO [ 2 53 T DQ15
VvooQ O 3 52 [ VssQ
DQ1 O 4 51 T DQ14
DQ2 1] § 50 T DQ13
VssQ O] 6 49 [1] VopQ
DQ3 o 7 48 O DQ12
DQ4 [ 8 47 ™ pan
VooQ 04 9 46 [T VssQ
DQ5 €Il 10 45 M DQ10
DQ6 £ 11 44 (13 DQY
VssQ O 12 43 [T VopQ
DQ7 O 13 42 [T pQRs
Voo [I4 14 41 DO Vss
DQML [ 15 40 [0 NC
WE\ O] 16 39 D DQMH
CAS\ [ 17 38 D QK
RAS\ [T} 18 37 {3 CKE
¢S\ [ 19 36 [ A12
BAO I 20 35 [D Atf
BA1 [ 21 34 [ A9
A10 O 22 33 [ A8
A0 O 23 32 [ A7
A1 O 24 31 [0 A6
A2 [O] 25 30 [T A5
A3 T] 26 29 M A4
Voo O 27 N 28 [T Vss
16 Meg x 16
Configuration 4 Meg x 16 x 4 banks
Refresh Count 8K
Row Addressing 8K (A0-A12)
Bank Addressing 4 (BAO, BAl)
Column Addressing 512 (A0-A8)
“\” indicates an active low.

-Industrial Plus Temp (-45°Cto +105°C) [T+
-Military Temp (-55°C to 125°C) XTx%
KEY TIMING PARAMETERS
SPEED CLOCK ACCESS TIME SETUP HOLD
GRADE | FREQUENCY| CL = 2** | CL = 3** TIME TIME
-75 133 MHz — 5.4ns 1.5ns 0.8ns
-75 100 MHz 6ns — 1.5ns 0.8ns

*Off-center parting line
**CL = CAS (READ) latency
***Consult Factory

For more productsand information
pleasevigitour web siteat
www.austinsemiconductor.com
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GENERAL DESCRIPTION

The256MB SDRAM isahigh-speed CMOS, dynamic ran-
dom-accessmemory containing 268,435,456 bits. Itisinternaly
configured as a quad-bank DRAM with a synchronous inter-
face (all signalsareregistered on the positive edge of the clock
signal, CLK). Each of the 67,108,864-bit banksisorganized as
8,192 rowshby 512 columnsby 16 bits.

Read and write accessesto the SDRAM areburst oriented;
accesses start at a selected location and continue for a pro-
grammed number of locationsin aprogrammed sequence. Ac-
cesses begin with the registration of an ACTIVE command,
which isthen followed by aREAD or WRITE command. The
address bits registered coincident with the ACTI1VE command
are used to select the bank and row to be accessed (BAO, BA1
select the bank; A0-A12 select the row). The address bits
registered coincident with the READ or WRITE command are
used to select the starting column location for the burst access.

The SDRAM providesfor programmable READ or WRITE
burst lengths of 1, 2, 4, or 8 locations, or the full page, with a
burst terminate option. An auto precharge function may be
enabled to provide aself-timed row prechargethat isinitiated at
the end of the burst sequence.

The 256MB SDRAM uses an internal pipelined architec-
tureto achieve high-speed operation. Thisarchitectureiscom-
patible with the 2n rule of prefetch architectures, but it also
allows the column address to be changed on every clock cycle
to achieve a high-speed, fully random operation. Precharging
one bank while accessing one of the other three bankswill hide
the precharge cycles and provide seamless, high-speed, ran-
dom-access operation.

The256Mb SDRAM isdesigned to operatein 3.3V memory
systems. Anauto refresh modeisprovided, along with apower-
saving, power-down mode. All inputsand outputsare LV TTL-
compatible.

SDRAMSs offer substantial advancesin DRAM operating
performance, including the ability to synchronously burst data
at a high data rate with automatic column-address generation,
theahility to interleave between internal banksto hide precharge
time and the capability to randomly change column addresses
on each clock cycle during a burst access.

FUNCTIONAL BLOCK DIAGRAM
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PIN DESCRIPTIONS

PIN NUMBER

SYMBOL

TYPE

DESCRIPTION

38

CLK

Input

Clock: CLK is driven by the system clock. All SDRAM input
signals are sampled on the positive edge of CLK. CLK also
increments the internal burst counter and controls the output
registers.

37

CKE

Input

Clock Enable: CKE activates (HIGH) and deactivates (LOW) the
CLK signal. Deactivating the clock provides PRECHARGE
POWER-DOWN and SLEF REFRESH operation (all banks idle),
ACTIVE POWER-DOWN (row active in any bank) or CLOCK
SUSPEND operation (burst/access in progress). CKE is
synchronous except after the device enters power-down and self
refresh modes, where CKE becomes asynchronous until after
exiting the same mode. The input buffers, including CLK, are
disabled during power-down and self refresh modes, providing low
standby power. CKE may be tied HIGH.

19

Cs\

Input

Chip Select: CS\ enables (registered LOW) and disables
(registered HIGH) the command decoder. All commands are
masked when CS\ is registered HIGH. CS\ provides for external
bank selection on systems with multiple banks. CS\ in considered
part of the command code.

16, 17,18

WE), CAS\,
RAS\

Input

Command Inputs: WE\, CAS\ and RAS\ (along with CS\) define
the command being entered.

15, 39

DQML, DQMU

Input

Input/Output Mask: DQM is an input mask signal for write
accesses and an output enable signal for read accesses. Input
data is masked when DWM is sampled HIGH during a WRITE
cycle. The outptu buffers are placed in a High-Z state (two-clock
latency) when DQM is sampled HIGH during a READ cycle.
DQML corresponds to DQ0-DQ7 and DQMH corresponds to
DQ8-DQ15. DQML and DQMH are considered same state when
referenced as DQM.

20,21

BAO, BAl

Input

Bank Address Inputs: BAO and BA1 define to which bank the
ACTIVE, READ, WRITE, or PRECHARGE command is being
applied.

23-26, 29-34, 22, 35, 36

A0 - A12

Input

Address Inputs: A0-A12 are sampled during the ACTIVE
command (row address A0-A12) and READ/WRITE command
(column-address A0-A8; with A10 defining auto precharge) to
select one location out of the memory array in the respective
bank. A10 is sampled during a PRECHARGE command to
determine if all banks are to be prechaged (A10 [HIGH]) or bank
selected by (A10 [LOW]). The address inputs also provide the
op-code during LOAD MODE REGISTER COMMAND.

2,4,5,7,8,10,11, 13, 42,
44, 45, 47, 48, 50, 51, 53

DQO - DQ15

I/0

Data Input/Output: Data bus

40

NC

No Connect: This pin should be left unconnected.

3,9,43,49

VppQ

Supply

DQ Power: Isolated DQ power to the die for improved noise
immunity.

6,12, 46, 52

VssQ

Supply

DQ Ground: Isolated DQ ground to the die for imporved noise
immunity.

1,14, 27

Vbp

Supply

Power Supply: +3.3V £0.3V

28,41,54

Vss

Supply

Ground
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FUNCTIONAL DESCRIPTION

In general, the 256MB SDRAMSs are quad-bank DRAMs
that operate at 3.3V and include a synchronous interface (all
signals are registered on the positive edge of the clock signal,
CLK). Each of the 67,108,864-bit banksis organized as 8,192
rows by 512 columns by 16 bits.

Read and write accessesto the SDRAM areburst oriented;
accesses start at a selected location and continue for a
programmed number of locationsin a programmed sequence.
Accesses begin with the registration of an ACTIVE command,
which isthen followed by aREAD or WRITE command. The
address bits registered coincident with the ACTI1VE command
are used to select the bank and row to be accessed (BAO and
BA1 select thebank, AO- A12 select therow). Theaddresshits
(AO - A8) registered coincident with the READ or WRITE
command are used to select the starting column location for the
burst access.

Prior to normal operation, the SDRAM must beinitialized.
The following sections provide detailed information covering
deviceinitialization, register definition, command descriptions
and device operation.

Initialization

SDRAMsmust be powered up and initialized in apredefined
manner. Operational procedures other than those specified
may result in undefined operation. Once power is applied to
VDD and VDDQ (s multaneoudly) and theclock isstable (stable
clock is defined as a signal cycling within timing constraints
specified for the clock pin), the SDRAM requiresa100usdelay
prior to issuing any command other than a COMMAND
INHIBIT or NOP. Starting at some point during this 100us
period and continuing at least through the end of this period,
COMMAND INHIBIT or NOP commands should be applied.

Once the 100ps delay has been satisfied with at least one
COMMAND INHIBIT or NOP command having been applied,
aPRECHARGE command should be applied. All banks must
then be precharged, thereby placing the devicein the all banks
idle state.

Onceintheidle state, two AUTO REFRESH cycles must
bepreformed. After the AUTO REFRESH cyclesarecomplete,
the SDRAM isready for mode register programming. Because
the mode register will power up in an unknown state, it should
be loaded prior to applying any operational command.

Register Definition
MODEREGISTER

The mode register is used to define the specific mode of
operation of the SDRAM. This definition includes the

selection of a burst length, a burst type, a CAS latency, an
operating mode and a write burst mode, as shown in Figure 1.
The mode register is programmed via the LOAD MODE
REGISTER command and will retain the stored informeation until
it isprogrammed again or the device loses power.

Mode register bits MO - M2 specify the burst length, M3
specifiesthetype of burst (sequential or interleaved), M4 - M6
specify the CAS latency, M7 and M8 specify the operating
mode, M9 specifiesthewrite burst mode, and M10 and M11 are
reserved for future use. Address A12 (M12) is undefined but
should be driven LOW during loading of the mode register.

The mode register must be loaded when all banksareidle,
and the controller must wait the specified time beforeinitiating
the subsequent operation. Violating either of these require-
mentswill result in unspecified operation.

Burst Length

Read and write accessesto the SDRAM are burst oriented,
with the burst length being programmable, as shown in Figure
1. Theburst length determinesthe maximum number of column
locations that can be accessed for a given READ or WRITE
command. Burstlengthsof 1, 2, 4, or 8 locations are available
for both the sequential and the interleaved burst types, and a
full-page burst is available for the sequential types. The full-
page burst is used in conjunction with the BURST TERMI-
NATE command to generate arbitrary burst lengths.

Reserved states should not be used as unknown opera-
tion or incompatibility with future versions may result.

When aREAD or WRITE command isissued, ablock of
columns equal to the burst length is effectively selected. All
accesses for that burst take place within this block, meaning
that the burst will wrap within theblock if aboundary isreached.
Theclock isuniquely selected by A1-A8 when the burst length
isset to two; by A2-A8when the burst lengthis set to four, and
by A3-A8whentheburst length isset to eight. Theremaining
(least significant) address bit(s) is (are) used to select the start-
ing location withinthe block. Full-page burstswrap withinthe
page if the boundary is reached.

Burs Type

Accesses within a given burst may be programmed to be
either sequentia or interleaved; thisisreferred to as the burst
type and is selected via bit M3.

The ordering of accesses within a burst is determined by
the burst length, the burst type and the starting column ad-
dress, shownin table 1.

AS4SD16M16
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FIGURE 1. Mode Register Definition TABLE 1: Burst Definition

A12 A1 A10 A9 AB A7 A6

A5 A4 A3 A2

Al A0

ARRRRAREREAR

VAV AU Y ED VT L T AVEVEYEY &

I Reserved* WB |Op Mode | CAS Latency BT Burst Length

Address Bus

0 Mode Register (Mx)

*Should program
M12, M11, M10 = “0, 0, 0"
to ensure compatibility Bugst Length
with future devices.
M2 M1 MO M3l M3=1
0 00 1 1
0 01 2 2
o1 0 4 4
0 1 8 8
0 0 Reserved Reserved
10 1 Reserved Reserved
1.1 90 Reserved Reserved
LI B | Full Page Reserved
M3 Burst Type
[} Sequential
1 Interleaved
M6 M5 MA CAS Latency:
0 0 O Reserved
0 0 1 Reserved
0 1 0 2
0 1 1 3
1.0 0 Reserved
1.0 1 Reserved
1.1 0 Reserved
11 1 Reserved
L M7 M6-Mo Cperating Mode
L] o Defined Standard Operation
All other states reserved
M9 Write Barst Mode
] Programmed Burst Length
1 Single Location Access

BURST | STARTING ORDER OF ACCESSES WITHIN A BURST
LENGTH| COLUMN |TYPE = SEQUENTIAL |TYPE = INTERLEAVED
AOQ
2 0 0-1 0-1
1 1-0 1-0
Al A0
0 0 0-1-2-3 0-1-2-3
4 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
A2 Al A0
0 0 O 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1- 2-3-0-1-6-7-4-5
8 0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 O 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 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
Full AOAE Cn, Cn+é, C:+2, Cn+3,
n=A0- n+4...
Page (location 0-y) ...Cn-1, Not Supported
2 Cn...
NOTES:

1. For full-page access. y=512

2. For a burst length of two, A1-A8 select the block-of-two burst;
A0 selects the starting column within the block.

3. For a burst length of four, A2-A8 select the block-of-four burst;
AO0-A1 selects the starting column within the block.

4. For a burst length of eight, A3-A8 select the block-of-eight burst;
AO0-A2 selects the starting column within the block.

5. For a full-page burst, the full row is selected and AO-A8 select the
starting column.

6. Whenever a boundary of the block is reached within a given
seguence above, the following access wraps within the block.

7. For a burst length of one, AO-A8 select the unique column to be
accessed, and mode register bit M3 is ignored.

AS4SD16M16
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CASLatency

The CASlatency isthedelay, inclock cycles, between the
registration of aREAD command and the availability of thefirst
piece of output data. The latency can be set to two or three
clocks.

If aREAD command isregistered at clock edge n, and the
latency is m clocks, the data will be available by clock edge
n+m. The DQswill start driving as aresult of the clock edge
one cycle earlier (n + m - 1), and provided that the relevant
accesstimesare met, thedatawill bevalid by clock edgen+m.
For example, assuming that the clock cycletimeissuch that all
relevant accesstimesaremet, if aREAD command isregistered
at TO and thelatency isprogrammed to two clocks, the DQswill
start driving after T1 and the datawill bevalid by T2, asshown
inFigure 2. Table 2 below indicates the operating frequencies
at which each CAS latency setting can be used.

Reserved states should not be used as unknown
operation or incompatibility with future versions may result.

FIGURE 2: CAS Latency

TO T

K i | i

commano /X reap Y/ Nop

DQ

CAS Latency =3
7/} DON'T caRE

@ UNDEFINED

OperatingMode

The normal operating modeis selected by setting M7 and
M8 to zero; the other combinations of values for M7 and M8
arereserved for future use and/or test modes. The programmed
burst length appliesto both READ and WRITE bursts.

Test modes are reserved states should not be used
because unknown operation or incompatibility with future
versions may result.

WriteBurst Mode

When M9=0, the burst length programmed via M0O-M2
applies to both READ and WRITE bursts; when M9=1, the
programmed burst length applies to READ bursts, but write
accesses are single-location (non-burst) accesses.

TABLE 2: CAS Latency

ALLOWABLE OPERATING
FREQUENCY (MHz)
SPEED CAS CAS
LATENCY =2 | LATENCY =3
-75 <100 <133

AS4SD16M16
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COMMANDS

Truth Table 1 provides a quick reference of available
commands. Thisisfollowed by awritten description of each
command. Threeadditional Truth Tablesappear following the
Operation section; these tables provide current state/next state
information.

COMMANDINHIBIT

The COMMAND INHIBIT function prevents new
commands from being executed by the SDRAM, regardless of
whether the CLK signal isenabled. The SDRAM iseffectively
deselected. Operations already in progress are not affected.

NO OPERATION (NOP)

TheNO OPERATION (NOP) commandisusedto performa
NOP to an SDRAM which is selected (CS\ is LOW). This
prevents unwanted commands from being registered during
idle or wait states. Operations already in progress are not
affected.

LOADMODEREGISTER

Themoderegister isloaded viainputs A0-A11 (A12 should be
driven LOW). Seemaoderegister heading in the Register Defini-
tion section. TheLOAD MODE REGISTER command canonly
beissued when all banks areidle, and a subsequent executable

command cannot be issued until tyrD ismet.

ACTIVE

The ACTIVE command isused to open (or activate) arow
in aparticular bank for a subsequent access. The value onthe
BAO, BAL1 inputs selects the bank, and the address provided
on inputs AO-A12 selectstherow. Therow remains active (or
open) for accesses until a PRECHARGE command isissued to
that bank. A PRECHARGE command must be issued before
opening adifferent row in the same bank.

READ

The READ command isused toinitiate aburst read access
toanactiverow. ThevalueontheBAO, BAlinputsselectsthe
bank, and the address provided on inputs AO-A8 selects the
starting column location. The value on input A10 determines
whether or not auto precharge is used. If auto precharge is
selected, the row being accessed will be precharged at the end
of the READ burst; if auto precharge is not selected, the row
will remain open for subsequent accesses. Read data appears
on the DQs subject to the logic level on the DQM inputs two
clocksearlier. If agiven DQM signa wasregistered HIGH, the
corresponding DQswill beHigh-Z two clocks|ater; if the DQM
signal wasregistered LOW, the DQswill provide valid data.

WRITE
The WRITE command is used to initiate a burst write
accessto an active row. The vaue onthe BAO, BA1 inputs

TRUTH TABLE 1: COMMANDS AND DQM OPERATION?

FUNCTION CS\| RAS\| CAS\| WE\ | DQM | ADDR DQs |NOTES
COMMAND INHIBIT (NOP) H X X X X X X
NO OPERATION (NOP) L H H H X X X
ACTIVE (Select bank and activate row) L L H H X [Bank/Row| X 3
READ (Select bank and column, and start READ burst) L] H L H | uH® | Bank/Col | X
WRITE (Select bank and column, and start WRITE burst) | L | H L L | wn® | Bank/Col | Valid
BURST TERMINATE L H H L X X Active
PRECHARGE (Deactivate row in bank or banks) L L H L X Code X 5
AUTO REFRESH or SELF REFRESH L L L H X X X 6.7
(Enter self refresh mode)
LOAD MODE REGISTER L L L L X Op-Code X 2
Write Enable/Output Enable - - - - L - Active 8
Write Inhibit/Output High-Z - - - - H - High-Z 8

NOTE:
1. CKE is HIGH for all commands shown except SELF REFRESH.

2. AO-A11 define the op-code written to the mode register, and A12 should be driven LOW.

3. AO-A12 provide row address, and BAO, BA1 determine which bank is made active.

4. A0-A8 provide column address; A10 HIGH enables the auto precharge feature (nonpersistent), while A10 LOW disables the auto precharge
feature; BAO, BA1 determine which bank is being read from or written to.

5. A10 LOW: BAO, BA1 determine the bank being precharged. A10 HIGH: All banks precharged and BAO, BA1 are “Don’'t Care.”

6. This command is AUTO REFRESH if CKE is HIGH, SELF REFRESH if CKE is LOW.

7. Internal refresh counter controls row addressing; al inputs and I/Os are “Don’'t Care” except for CKE.

8. Activates or deactivates the DQs during WRITEs (zero-clock delay) and READs (two-clock delay).

AS4SD16M16
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WRITE (continued)

selects the bank, and the address provided on inputs AO-A8
selects the starting column location. The value on input A10
determines whether or not auto precharge is used. If auto
prechargeis selected, the row being accessed will be precharged
at the end of the WRITE burst; if auto precharge is not
selected, the row will remain open for subsequent accesses.
Input data appearing on the DQsiswritten to the memory array
subject to the DQM input logic level appearing coincident with
the data. If a given DQM signal is registered LOW, the
corresponding data will be written to memory; if the DQM
signal isregistered HIGH, the corresponding datainputswill be
ignored, and aWRITE will not be executed to that byte/column
location.

PRECHARGE

The PRECHARGE command isused to deactivate the open
row in a particular bank or the open row in al banks. The
bank(s) will be available for a subsegquent row access a Speci-
fiedtime (t,) after the PRECHARGE commandisissued. Input
A10 determines whether one or al banks areto be precharged,
an in the case where only one bank is to be precharged, inputs
BAO, BA1 select thebank. OtherwiseBAO, BAl aretreated as
“Don’'t Care.” Onceabank hasbeen precharged, itisintheidle
state and must be activated prior to any READ or WRITE com-
mands being issued to that bank.

AUTOPRECHARGE

Auto precharge is a feature which performs the same
individual-bank PRECHARGE functions described above,
without requiring an explicit command. Thisisaccomplished
by using A10 to enable auto precharge in conjunction with a
specific READ or WRITE command. A PRECHARGE of the
bank/row that is addressed with the READ or WRITE
command is automatically performed upon completion of the
READ or WRITE burst, except in the full-page burst mode,
where AUTO PRECHARGE doesnot apply. Auto prechargeis
nonpersistent in that it is either enabled or disabled for each
individual READ or WRITE command.

Auto precharge ensures that the precharge is initiated at
the earliest valid stage within aburst. The user must not issue
another command to the same bank until the precharge time
(tgp) is completed. This is determined as if an explicit
PRECHARGE command wasissued at the earliest possibletime,
asdescribed for each burst typein the Operation section of this
data sheet.

BURST TERMINATE
The BURST TERMINATE command is used to truncate
either fixed-length or full-page bursts. The most recently

registered READ or WRITE command prior to the BURST
TERMINATE command will be truncated, as shown in the
Operation section of this data sheet.

AUTOREFRESH (IT & IT+Temp optionsONLY)

AUTO REFRESH is used during normal operation of the
SDRAM and is analogous to CAS\-BEFORE-RAS\ (CBR)
REFRESH in conventional DRAMs. This command is
nonpersistent, so it must be issued each time a refresh is
required. All active banks must be precharged prior to issuing
an AUTO REFRESH command. The AUTO REFRESH
command should not beissued until the minimum t_ has been
met after the PRECHARGE command as shown in the
Operations section.

The addressing is generated by the internal refresh
controller. Thismakesthe addresshits“Don’'t Care”’ during an
AUTOREFRESH command. The256MB SDRAM requires8,192
AUTOREFRESH cyclesevery 64ms(t,..), regardlessof width
operation. Providing adistributed AUTO REFRESH command
every 7.81uswill meet the refresh requirement and ensure that
each row isrefreshed. Alternatively, 8,192 AUTO REFRESH
commands can be issued in a burst at the minimum cycle rate

(tzeo)s ONceevery 64ms.

SELFREFRESH (IT & I T+ Temp optionsONLY)

The SELF REFRESH command can be used to retain data
inthe SDRAM, evenif therest of the systemispowered down.
When in the self refresh mode, the SDRAM retains data
without external clocking. The SELF REFRESH commandis
initiated like and AUTO REFRESH command except CKE is
disabled (LOW). Once the SELF REFRESH command is
registered, al theinputsto the SDRAM become“Don’t Care”
with the exception of CKE, which must remain LOW.

Once self refresh modeis engaged, the SDRAM provides
itsown internal clocking, causing it to performitsown AUTO
REFRESH cycles. The SDRAM must remain in self refresh
mode for aminimum period equal to tRAS and may remainin
self refresh mode for an indefinite period beyond that.

The procedure for exiting self refresh requires a sequence
of commands. First, CLK must bestable (stable clock isdefined
asasigna cycling within timing constraints specified for the
clock pin) prior to CKE going back HIGH. Once CKEisHIGH,
the SDRAM must have NOP commandsissued (aminimum of
two clocks) for tXSR because time is required for the
completion of any internal refresh in progress.

Upon exiting the self refresh mode, AUTO REFRESH
commands must be issued every 7.81us or less as both SELF
REFRESH and AUTO REFRESH utilizetherow refresh counter.
The SELF REFRESH and AUTO REFRESH optionareavailable
with the IT and IT+ temperature options. They are not
availablewith the XT temperature options.

AS4SD16M16
Rev. 1.0 11/02
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OPERATION
BANK/ROW ACTIVATION

Beforeany READ or WRITE commandscan beissuedtoa
bank within the SDRAM, arow inthat bank must be“ opened.”
Thisisaccomplished viathe ACTIVE command, which selects
both the bank and the row to be activated (see Figure 3).

After opening a row (issuing an ACTIVE command), a
READ or WRITE command may beissued to that row, subject
tothet, . specification. t,., (MIN) should be divided by the
clock period and rounded up to the next whole number to
determine the earliest clock edge after the ACTIVE command
on which a READ or WRITE command can be entered. For
example, atRCD specification of 20ns with a 125 MHz clock
(8nsperiod) resultsin 2.5 clocks, rounded to 3. Thisisreflected
in Figure 4, which covers any case where 2 <t (MIN)/

to < 3. (The same procedure is used to convert other specifi-
cation limitsfrom time unitsto clock cycles.)

A subsequent ACTIVE command to adifferent row inthe
same bank can only beissued after the previous active row has
been “closed” (precharged). The minimum time interval
between successive ACTIVE commands to the same bank is
defined by t,.

A subsequent ACTIVE command to another bank can be
issued whilethefirst bank isbeing accessed, which resultsina
reduction of total row-access overhead. The minimum time
interval between successive ACTIVE commands to different

banksis defined by t___.

FIGURE 4: Example - Meeting t, .,

(MIN) When 2 <t

FIGURE 3: Activating a Specific
Row in a Specific Bank

1, W)
ws\ 7. LTI
eas\ LI N
we\ T U
wowe 77N EEY L
=

~ep (MIN)/ t_, <3

T0 T T2 T3 T4

COMMAND 2< ACTIVE >@< NOP >@< NOP

READ or
WRITE

XX

RCD

DON'T CARE
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READs

READ burstsareinitiated withaREAD command, asshown
inFigure5.

The starting column and bank addresses are provided with
the READ command, and auto precharge is either enabled or
disabled for that burst access. If auto prechargeisenabled, the
row being accessed is precharged at the completion of the burst.
For the generic READ commands used in the following
illustrations, auto precharge is disabled.

During READ bursts, the valid data-out element from the
starting column address will be available following the CAS
latency after the READ command. Each subsequent data-out
element will be valid by the next positive clock edge. Figure6
shows general timing for each possible CAS latency setting.

Upon completion of aburst, assuming no other commands
have been initiated, the DQswill go High-Z. A full-page burst
will continue until terminated. (At the end of the page, it will
wrap to the start address and continue.)

FIGURE 5: READ Command

CLK m
s\ T, Y

T

. T

T 8e8s X707

Data from any READ burst may be truncated with a
subsequent READ command, and datafrom afixed-length READ
burst may be immediately followed by data from a READ
command. In either case, a continuous flow of data can be
maintained. Thefirst dataelement from the new burst follows
either the last element of a complete burst or the last desired
dataelement of alonger burst that isbeing truncated. The new
READ command should be issued x cycles before the clock
edge at which the last desired data element is valid, where x
equalsthe CAS latency minusone. Thisisshownin Figure7
for CASlatencies of two and three; data element n+3 is either
the last of a burst of four or the last desired of alonger burst.
The 256MB SDRAM uses a pipelined architecture and there-
fore does not require the 2n rule associated with a prefetch
architecture. A READ command can beinitiated on any clock
cycle following a previous READ command. Full-speed ran-
dom read accesses can be performed to the same bank, as shown
in Figure 8, or each subsequent READ may be performed to
different bank.

FIGURE 6: CAS Latency

CAS Latency =3

DON'T CARE
B3 unoEFINED

AS4SD16M16
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FIGURE 7: Consecutive READ Bursts

T0 T1 T2 T3 T4 T5 T6

w UL L
COMMAND < READ‘>-< NOP‘>-< NOP x NOP >.< READ x NOP X NOP ><:

e
P X= 1cyc|e\

ADDRESS ////////’/////// ’////////’///////’///////
o o W H B )

‘ CAS Latency =2

TO T T2 T3 T4 T5 T6 T7

SN S Y T N R A U O O T O T Y U
COMMAND { READ /\_< NOP >< NOP >.< NOP‘>-< REAW Nof>< ‘Nopj_< Noﬂ{

X =2 cycles

wooness (B NI / e W//W
e A 0 0 -0 (D

CAS Latency = 3

NOTE: Each READ command may be to any bank. DQM is LOW. DON'T CARE
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FIGURE 8: Random READ Accesses

TO T1 T2 T3

T4 T5
w [Pl L
COMMAND < I;EAD >-< F;EAD‘>-< READ >< READ }LNOP X NOP >.<:
ADDRESS s':: %‘5’!9( %@’:W St Ny

o0 ————— (T NI

CAS Latency =2

T0 T T2 T3 T4 T5 T6

e U 0 W Y T I U U U A T O R
commann {_rexo 1w Y weno W w0 W wor W v W wer W
ApDREss (Bt (" Bk B;:xK v W// M// M
0 —————————— T (T )

CAS Latency =3

' ¥’
NOTE: Each READ command may be to any bank. DQM is LOW. DON'T CARE
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Data from any READ burst may be truncated with a
subsequent WRITE command, and data from a fixed-length
READ burst may beimmediately followed by datafromaWRITE
command (subject to busturn-around limitations). TheWRITE
burst may beinitiated on the clock edgeimmediately following
the last (or last desired) data element from the READ burst,
provided that I/O contention can be avoided. In a given
system design, there may be a possibility that the device
driving the input datawill go Low-Z before the SDRAM DQs
go High-Z. In this case, at least a single-cycle delay should
occur between the last read data and the WRITE command.

The DQM input isused to avoid I/O contention, as shown
inFigures9and 10. The DQM signal must be asserted (HIGH)
at least two clocks prior to thewrite command (DQM latency is
two clocks for output buffers) to suppress data-out from the
READ. Oncethe WRITE command isregistered, the DQswill
go High-Z (or remain High-Z), regardless of the state of the
DQM signal; provided the DQM was active on the clock just
prior to the WRITE command that truncated the READ
command. If not, the second WRITE will beaninvalid WRITE.
For example, if DQM was LOW during T4 in Figure 10, the
WRITEsat T5 and T7 would bevalid, whilethe WRITE at T6
would beinvalid.

The DQM signal must be de-asserted prior to the WRITE
command (DQM latency is zero clocks for input buffers) to
ensure that the written datais not masked. Figure 9 showsthe
case wherethe clock frequency allowsfor bus contention to be
avoided without adding aNOP cycle, and Figure 10 showsthe
case where the additional NOP is needed.

A fixed-length READ burst may be followed by, or trun-

FIGURE 9: READ to WRITE

TO T1 T2 T3 T4

commanp TEAD N :Nov }(lwop ) :NOP W v:vms ){

] ] : th 1
V Wz
1

]

i

] )

]

:
! (R iy S,

A CAS latency of three is used for illustration. The READ
command may be to any bank, and the WRITE command
may be to any bank. If a burst of one is used, then DQM is
not required.

DQ

NOTE:

cated with, a PRECHARGE command to the same bank (pro-
vided that auto precharge was not activated), and a full-page
burst may be truncated with a PRECHARGE command to the
same bank. The PRECHARGE command should be issued x
cycles before the clock edge at which the last desired data
element is valid, where x equals the CAS latency minus one.
Thisisshownin Figure 11 for each possible CASlatency; data
element n+3iseither thelast of aburst of four or thelast desired
of alonger burst. Following the PRECHARGE command, a
subsequent command to the same bank cannot be issued until
top iSmMet. Note that part of the row precharge time is hidden
during the access of the last data el ement(s).

In the case of a fixed-length burst being executed to
completion, aPRECHARGE command issued at the optimum
time (as described above) provides the same operation that
would result from the same fixed-length burst with auto
precharge. The disadvantage of the PRECHARGE commandis
that it requires that the command and address buses be
available at the appropriate time to issue the command; the
advantage of the PRECHARGE command isthat it can be used
to truncate fixed-length or full-page bursts.

Full-page READ bursts can betruncated with the BURST
TERMINATE command, and fixed-length READ burstsmay be
truncated withaBURST TERMINATE command, provided that
auto precharge was not activated. The BURST TERMINATE
command should be issued x cycles before the clock edge at
whichthelast desired dataelement isvalid, where x equalsthe
CAS latency minusone. Thisis shown in Figure 12 for each
possible CASlatency; dataelement n+3 isthelast desired data
element of alonger burst.

FIGURE 10: READ to WRITE With
Extra Clock Cycle

DQ

NOTE: A CAS latency of three is used for illustration. The READ command

may be to any bank, and the WRITE command may be to any bank.

DON'T CARE
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FIGURE 11: READ to PRECHARGE

TO T1 T2 T3 T4 T5 T6 T7
S Y 0 Y I U I T T S e B
N R T T o s s
COMMAND < READ >—< NOP >-< NOP >-< NOP XPRECHARGEX NOP >-< NOP >-< ACTIVE >-<:
! i i |
b X=1cycle !

| >< 2 >< 2 >

! l
! |
bo— i (K
: CAS Latency = 2 I
T0 T T2 T3 T4 T5 T6 T7
SN S Y S T T Y A B e
S T S S b S
COMMAND 4< READ >-< NOP >-< NOP >—< NOP XPRECHARGEX NOP >-< NOP >-< ACTIVE >-<:

| 1 1 i

! ! ! X =2 cycles :

wooncss LEE DI f////////,//////// DCEN

! | I
! I |
| 1 | L 1 L )
! 1 1 / Dout Dour Dour Dout
DQ t ] | \ n n+t n+2 n+3 >
1 l
|

CAS Latency = 3

NOTE: DQM is LOW. DON'T CARE
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FIGURE 12: Terminating a READ Burst

T1 T2 T3 T4 5 T6

e R I L
COMMAND { Rea0 ) wor X ;*OP X or Hreamamare ‘"°P R

-
X= 1cyc|e !

ADDRESS < %‘5’:‘2 W// /M //M////M /MWM/M
oo — S W

CAS Latency =2

T T2 T3 T4 T5 T6 T7

CLKJ\ii{Fl\ill\lliL
COMMAND { read ﬁop X ;'OP M vor Xﬁw vor W mor N wor N

X =2 cycles

ADDRESS { "‘éfd“n ><// //W////M I 7 WW
0 : e G G, O G e

CAS Latency =3

NOTE: DQM is LOW. ///| DON'T CARE
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WRITEs

WRITE bursts are initiated with a WRITE command, as
showninFigure13.

The starting column and blank addresses are provided with
the WRITE command, an auto precharge is either enabled or
disabled for that access. If auto precharge is enabled, the row
being accessed is precharged at the completion of the burst.
For the generic WRITE commands used in the following
illustrations, auto precharge is disabled.

During WRITE bursts, thefirst valid data-in el ement will
be registered coincident with the WRITE command.
Subsequent data elements will be registered on each
successive positive clock edge. Upon completion of a fixed-
length burst, assuming no other commands have been
initiated, the DQswill beignored (see Figure 14). A full-page
burst will continue until terminated. (At theend of the page, it
will wrap to the start address and continue.)

FIGURE 13: WRITE Command

CLK {

o\ T 7
v J/II |
cas\ /) /
we 7. [T
S
a9, A, A12 W /W

|
ENABLE AUTO PRECHARGE

A10 1K X

DISABLE AUTO PRECHARGE
i

)
BANK
ADDRESS

BAO,1

Data for any WRITE burst may be truncated with a
subsequent WRITE command, and data for a fixed-length
WRITE burst may beimmediately followed by datafor aWRITE
command. The new WRITE command can be issued on any
clock following the previous WRITE command, and the data
provided coincident with the new command appliesto the new
command. AnexampleisshowninFigure15. Datan+1liseither
the last of a burst of two or the last desired of alonger burst.
The 256MB SDRAM uses a pipelined architecture and
therefore does not require the 2n rule associated with aprefetch
architecture. A WRITE command can beinitiated on any clock
cyclefollowing aprevious WRITE command. Full-speed ran-
dom write accesses within a page can be performed to the same
bank, as shown in Figure 16, or each subsequent WRITE may
be preformed to adifferent bank.

FIGURE 14: WRITE Burst

TO T T2 T3

a I|l|l|1

L

COMMAND <wm W wor W wor W v W{
ADDRESS ’/////// ’/////// ////////

00 ( A WW

NOTE: Burst length =2. DQM is LOW.

FIGURE 15: WRITE to WRITE

TO T T2

w _[LILIL
o)

COMMAND {wm M oW
|
ADDRESS ////////

DQ { Dri,n >_< nD-:»N‘l m

NOTE: DQM is LOW. Each WRITE command
may be to any bank.

AS4SD16M16
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Data for any WRITE burst may be truncated with a
subsequent READ command, and datafor afixed-length WRITE
burst may beimmediately followed by aREAD command. Once
the READ command is registered, the data inputs will be
ignored, and WRITEswill not be executed. Anexampleisshown
inFigure17. Datan+1iseither thelast of aburst of two or the
last desired of alonger burst.

Datafor afixed-length WRITE burst may be followed by,
or truncated with, a PRECHA RGE command to the same bank
(provided that auto precharge was not activated), and a full-
page WRITE burst may be truncated witha PRECHARGE com-
mand to the same bank. The PRECHARGE command should be
issued t,, . after the clock edge at which the last desired input
dataelement isregistered. Theauto precharge moderequiresa
t,yr Of at least one clock plustime, regardless of frequency. In
addition, when truncating aWRITE burst, the DQM signal must
be used to mask input data for the clock edge prior to, and the

FIGURE 16: Random WRITE Cycles

COMMAND -( WRITE x NOP4>.< READ )'( NOP )( NOP >< N(‘)P > <
¥ 1 i i 1
1

| 1 ! 1 i

BANK,

ADDRESS { Zoun BANK
i 1 1 1
: I i 1 i 1
; ; ]
o {5 K2 XU =y X e )
NOTE:  The WRITE command may be to any bank, and the READ command

may be to any bank. DQM is LOW. CAS latency = 2 for illustration.

FIGURE 17: WRITE to READ

COMMAND (WR‘ITF )-( N(I)P >.< REKAD )-( NOP x N(‘)P )( N%)P >_<
ADDRESS ,//////// Y
P ’///////1 ’///////1

NOTE:  The WRITE command may be to any bank, and the READ command

may be to any bank. DQM is LOW. CAS latency = 2 for illustration.

clock edge coincident with, the PRECHARGE command. An
exampleisshownin Figure 18. Datan+1 iseither thelast of a
burst of two or thelast desired of alonger burst. Following the
PRECHARGE command, a subsequent command to the same
bank cannot be issued until tRP is met. The precharge can be
issued coincident with the first coincident clock edge (T2 in
Figure 18) on an A1 Version and with the second clock on an
A2 Version (Figure 18).

In the case of a fixed-length burst being executed to
completion, aPRECHARGE command issued at the optimum
time (as described above) provides the same operation that
would result from the same fixed-length burst with auto
precharge. The disadvantage of the PRECHARGE commandis
that is requires that the command and address buses be
available at the appropriate time to issue the command; the
advantage of the PRECHARGE command isthat it can be used
to truncate fixed-length or full-page bursts.

FIGURE 18: WRITE to PRECHARGE
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NOTE: DQM could remain LOW in this example if the WRITE burst is a fixed length of two.
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Fixed-length or full-page WRITE bursts can be truncated
with the BURST TERMINATE command. When truncate a
WRITE burst, theinput dataapplied coincident with the BURST
TERMINATE command will beignored. Thelast datawritten
(provided that DQM isLOW at that time) will betheinput data
applied one clock previous to the BURST TERMINATE
command. Thisisshownin Figure 19, where datanisthelast
desired data element of alonger burst.

PRECHARGE

The PRECHARGE command (see Figure 20) is used to
deactivate the open row in aparticular bank or the openrow in
all banks. The bank(s) will be available for a subsequent row
access some specified time (t.) after the PRECHARGE
command isissued. Input A10 determines whether one or all
banks are to be precharged, and in the case where only one
bank is to be precharged, inputs BAO, BA1 select the bank.
When all banks are to be precharged, inputs BAO, BA1 are
treated as“Don’'t Care”. Once abank has been precharged, it
isintheidle state and must be activated prior to any READ or

POWER-DOWN

Power-down occursif CKE isregistered LOW coincident
withaNOP or COMMAND INHIBIT when no accessesarein
progress. |f power-down occurs when all banks areidle, this
mode isreferred to as precharge power-down; if power-down
occurs when there is a row active in any bank, this mode is
referred to as active power-down. Entering power-down
deactivates the input and output buffers, excluding CKE, for
maximum power saving whilein standby. The device may not
remain in the power-down state longer then the refresh period
(64ms) since no refresh operations are performed in thismode.

The power-down state is exited by registering a NOP or
COMMAND INHIBIT and CKE HIGH at the desired clock edge
(meetingtCKS). SeeFigure2l.

FIGURE 20: PRECHARGE Command

WRITE commands being issued to that bank. CKE  HIGH
cs# /N
FIGURE 19: Terminating a WRITE 5 y
RAS# '
Burst To T T2 2 :
CLK CAs# X
e an el ;
i | ) WE# A | /
BURST NEXT L
COMMAND { WRITE >_<TERMINAT COMMAND>_<: 1
‘ | ! AD-A9, A11, A12 /
sooess (BE /o) ..
All Banks
; : : A10 4
DQ { Dr',N W/ % (DATA) >7 BankSTIected
‘ | | BAOD, BA1 % ASSLE‘ESS W
NOTE: DQMs are LOW.
FIGURE 21: Power-Down
I
S T Sy F B
tcKs, > ks |
CKE 3[ (— y
COMMAND NOP NOP ACTIVE )@
All banks idle RCD
Input buffers gated off RAS
Enter power-down mode. Exit power-down mode. Re
DON'T CARE
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CLOCK SUSPEND

The clock suspend mode occurs when a column access/
burst isin progress and CKE is registered LOW. In the clock
suspend mode, theinternal clock isdeactivated, “freezing” the
synchronous logic.

For each positive clock edge on which CKE is sampled
LOW, the next internal positive clock edgeis suspended. Any
command or data present on the input pins at the time of a
suspected internal clock edge is ignored; any data present on
the DQ pins remains driven; and burst counters are not
incremented, aslong asthe clock is suspended. (See examples
inFigure 22 and 23).

FIGURE 22: Clock Suspend During W

TO T

CLK

Clock suspend moreis exited by registering CKE HIGH;
the internal clock and related operation will resume on the
subsequent positive clock edge.

BURST READ/SNGLEWRITE

The burst read/single write mode is entered by
programming thewrite burst mode bit (M9) inthe mode register
toalogic 1. Inthismode, al WRITE commands result in the
access of asingle column location (burst of one), regardless of
the programmed burst length. READ commands access
columns according to the programmed burst length and
seguence, just asin the norma mode of operation (M9 = 0).

RITE Burst

T3 T4 T5

i

CKE

H

INTERNAL
CLoCK

i

Pl

COMMAND m/////// ////////mm
ADDRESS //////// /////// //////////////// ///////

NOTE: For this example, burst length = 4 or greater, and DM

is LOW.

FIGURE 23: Clock Suspend During READ Burst
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NOTE: For this example, CAS latency =

DQM is LOW.

2, burst length = 4 or greater, and
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CONCURRENT AUTOPRECHARGE

An access command (READ or WRITE) to another bank
while an access command with auto precharge enabled is
executing is not allowed by SDRAMS, unless the SDRAM
supportsCONCURRENT AUTO PRECHARGE. ASI SDRAMs
support CONCURRENT AUTO PRECHARGE. Four cases
where CONCURRENT AUTO PRECHARGE occursaredefined
below.

READ with Auto Precharge

1. Interrupted by a READ (with or without auto precharge); A
READ to bank mwill interrupt aREAD on bank n, CASlatency
later. The PRECHARGE to bank nwill beginwhenthe READ to
bank misregistered (Figure 24).

2. Interrupted by aWRITE (with or without auto precharge): A
WRITE to bank m will interrupt a READ on bank n when
registered. DQM should be used two clocksprior tothe WRITE
command to prevent bus contention. The PRECHARGE to
bank n will begin when the WRITE to bank m is registered
(Figure25).

FIGURE 24: READ With Auto Precharge Interrupted by a READ
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FIGURE 25: READ With Auto Precharge Interrupted by a WRITE
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NOTE: 1. DQM is HIGH at T2 to prevent Dout-a+1 from contending with DiN-d at T4.
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WRITE with Auto Precharge

3. Interrupted by a READ (with or without auto precharge); A
READ to bank m will interrupt a WRITE on bank n when
registered, with the data-out appearing CASlatency later. The
PRECHARGE to bank nwill begin after t,, - ismet, wheret,, .
beginswhen the READ to bank misregistered. Thelast valid
WRITE to bank n will be data-in registered one clock prior to
the READ to bank m (Figure 26).

4. Interrupted by aWRITE (with or without auto precharge): A
WRITE to bank m will interrupt a WRITE on bank n when
registered. The PRECHARGE to bank nwill begin aftert,, . is
met, wheret,, . beginswhenthe WRITE to bank misregistered.
Thelast valid dataWRITE to bank nwill be dataregistered one
clock prior to the WRITE to bank m(Figure 26).

FIGURE 26: WRITE With Auto Precharge Interrupted by a READ
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FIGURE 27: WRITE With Auto Precharge Interrupted by a WRITE
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TRUTH TABLE 2: CKE!?34

CKEn-1| CKEn | CURRENT STATE COMMANDN ACTIONN NOTES
Power-Down X Maintain Power-Down
L L Self Refresh X Maintain Self Refresh
Clock Suspend X Maintain Clock Suspend
Power-Down COMMAND INHIBIT or NOP |Exit Power-Down 5
L H Self Refresh COMMAND INHIBIT or NOP [Exit Self Refresh 6
Clock Suspend X Exit Clock Suspend 7
All Banks Idle COMMAND INHIBIT or NOP [Power-Down Entry
H L All Banks Idle AUTO REFRESH Self Refresh Entry
Reading or Writing VALID Clock Suspend Entry
H H See Truth Table 3
NOTES:

1. CKE, isthelogic state of CKE at clock edge n; CKE, | wasthe state of CKE at the previous clock edge.
2. Current state isthe state of the SDRAM immediately prior to clock edgen.
3. COMMAND  isthe command registered at clock edgen, and ACTION isaresult of COMMAND. .

4. All states and sequences not shown areillegal or reserved.
5. Exiting power-down at clock edge n will put the device in the al banks idle state in time for clock edge n+1 (provided

that t, ismet).

6. Exiting self refresh at clock edgenwill put thedeviceintheall banksidle state oncet, . ismet. COMMAND INHIBIT or NOP
commands should be issued on any clock edges occurring during thet, . period. A minimum of two NOP commands must be
provided duringt, ., period.

7. After exiting clock suspend at clock edge n, the device will resume operation and recognize the next command at clock
edge n+ 1.

AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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TRUTH TABLE 3: CURRENT STATE BANK n, COMMAND TO BANK n*23456

CURRENT STATE| CS\ |RAS\|CAS\| WE\ COMMAND (ACTION) NOTES
ANY H X X X |[COMMAND INHIBIT (NOP/Continue previous operation)
L H H H |[NO OPERATION (NOP/Continue previous operation)
L L H H |ACTIVE (Select and active row)
Idle L L L H [AUTO REFRESH 7
L L L L [LOAD MODE REGISTER 7
L L H L |PRECHARGE 11
L H L H |READ (Select column and start READ burst) 10
Row Active L H L L [WRITE (Select column and start WRITE burst) 10
L L H L [PRECHARGE (Deactivate row in bank or banks) 8
Read L H L H |READ (Select column and start new READ burst) 10
(Auto Precharge L H L L [WRITE (Select column and start WRITE burst) 10
Disabled) L L H L [PRECHARGE (Truncate READ burst, start PRECHARGE) 8
L H H L |BURST TERMINATE 9
Write L H L H |READ (Select column and start READ burst) 10
(Auto Precharge L H L L [WRITE (Select column and start new WRITE burst) 10
Disabled) L L H L [PRECHARGE (Truncate WRITE burst, start PRECHARGE) 8
L H H L |BURST TERMINATE 9
NOTES:

1. Thistable applieswhen CKE_ wasHIGH and CKE_ isHIGH (see Truth Table 2) and after t, .. has been met (if the previous
state was self refresh).
2. Thistableisbank-specific, except where noted, i.e., the current stateisfor aspecific bank and the commands shown are those
allowed to be issued to that bank when in that state. Exceptions are covered in the notes below.
3. Current state definitions:

Ide The bank has been precharged, and t.,, has been met.

Row Active: A row in the bank has been activated, and t,, ., has been met. No data bursts/accesses and no
register accesses are in progress.
Read: A READ burst has been initiated, with auto precharge disabled, and has not yet terminated or been
terminated.
Write: A WRITE burst has been initiated, with auto precharge disabled, and has not yet terminated or been
terminated.
4. Thefollowing states must not beinterrupted by acommand i ssued to the samebank. COMMAND INHIBIT or NOP commands,
or allowable commands to the other bank should be issued on any clock edge occurring during these states. Allowable
commands to the other bank are determined by its current state and Truth Table 3, and according to Truth Table 4.
Precharging: Startswith registration of a PRECHARGE command and endswhent_, ismet. Oncet_ismet, the
bank will beintheidlestate.
Row Activating: Startswith registration of an ACTIVE command and endswhent, . ismet. Oncet, . ismet, the
bank will bein the row active state.
Read w/ Auto
Precharge Enabled: Starts with registration of aREAD command with auto precharge enabled and ends when t, has
beenmet. Oncet,, ismet, the bank will beintheidle state.
Writew/ Auto
Precharge Enabled: Starts with registration of a WRITE command with auto precharge enabled and ends when t_, has
beenmet. Oncet,, ismet, the bank will beintheidle state.
(continued on next page)
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NOTES (continued):
5. Thefollowing states must not beinterrupted by any executable command; COMMAND INHIBIT or NOP commands must be
applied on each positive clock edge during these states.
Refreshing:  Startswith registration of an AUTO REFRESH command and endswhent,,.ismet. Oncet_.ismet,
the SDRAM will beintheall banksidle state.

Accessing Mode
Register: Startswith registration of aL OAD MODE REGISTER command and endswhent,, . - hasbeen met.

OncetNIRD ismet, the SDRAM will beintheall banksidle state.

Precharging All:  Stateswithregistration of aPRECHARGE ALL command and endswhent_,ismet. Oncet_,ismet,
all bankswill beintheidlestate.
6. All states and sequences not shown areillegal or reserved.
7. Not bank-specific; requiresthat all banksareidle.
8. May or may not be bank-specific; if al banks are to be precharged, all must bein valid state for precharging.
9. Not bank-specific; BURST TERMINATE affectsthe most recent READ or WRITE burst, regardless of bank.
10. READsor WRITEslisted in the Command column include READs or WRITEswith auto precharge enabled and READs or
WRITEswith auto precharge disabled.
11. Does not affect the state of the bank and acts as a NOP to that bank.

AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
Rev. 1.0 11/02 24



SDRAM
ASI AS4SD16M16

Austin Semiconductor, Inc.

TRUTH TABLE 4: CURRENT STATE BANK n, COMMAND TO BANK m*%23456

CURRENT STATE| CS\ [RAS\[CAS\| WE\ COMMAND (ACTION) NOTES
Any H X X X [COMMAND INHIBIT (NOP/Continue previous operation)
L H H H |[NO OPERATION (NOP/Continue previous operation)
Idle X X X X [Any Command Otherwise Allowed to Bank m
Row Activating, L L H H JACTIVE (Select and active row)
Active, or L H L H [READ (Select column and start READ burst) 7
Precharging L H L L |WRITE (Select column and start WRITE burst) 7
L L H L |PRECHARGE
Read L L H H |ACTIVE (Select and active row)
(Auto Precharge L H L H |READ (Select column and start new READ burst) 7,10
Disabled) L H L L [WRITE (Select column and start WRITE burst) 7,11
L L H L |PRECHARGE 9
Write L L H H [ACTIVE (Select and active row)
(Auto Precharge L H L H [READ (Select column and start READ burst) 7,12
Disabled) L H L L |WRITE (Select column and start new WRITE burst) 7,13
L L H L |PRECHARGE 9
Read L L H H |ACTIVE (Select and active row)
(with Auto L H L H |READ (Select column and start new READ burst) 7,8, 14
Precharge) L H L L [WRITE (Select column and start WRITE burst) 7,8, 15
L L H L |PRECHARGE 9
Write L L H H [ACTIVE (Select and active row)
(with Auto L H L H |READ (Select column and start READ burst) 7,8,16
Precharge) L H L L [WRITE (Select column and start new WRITE burst) 7,8, 17
L L H L |PRECHARGE 9
NOTES:

1. Thistable applieswhen CKE_ ; wasHIGH and CKE_ isHIGH (see Truth Table 2) and after t, .. has been met (if the previous
state was self refresh).
2. Thistable describes alternate bank operation, except where noted; i.e., the current stateisfor bank n and the commands shown
are those allowed to be issued to bank m (assuming bank misin such astate that the given command is allowable). Exceptions
are covered in the notes bel ow.
3. Current state definitions:

Ide The bank has been precharged, and t.,, has been met.

Row Active: A row in the bank has been activated, and t,, ., has been met. No data bursts/accesses and no
register accesses are in progress.
Read: A READ burst has been initiated, with auto precharge disabled, and has not yet terminated or been
terminated.
Write: A WRITE burst has been initiated, with auto precharge disabled, and has not yet terminated or been
terminated.
Read w/ Auto
Precharge Enabled: Starts with registration of aREAD command with auto precharge enabled and ends when t,, has

beenmet. Oncet, ismet, the bank will beintheidle state.
Writew/ Auto
Precharge Enabled: Starts with registration of a WRITE command with auto precharge enabled and ends when t_, has

beenmet. Oncet,, ismet, the bank will beintheidle state.
4. AUTO REFRESH, SELF REFRESH and LOAD MODE REGISTER commandsmay only beissued when dl banksareidle.
5. A BURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by the current state
only.
6. All states and sequences not shown areillegal or reserved. (continued on next page)
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NOTES (continued):

5. A BURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by the current state
only.

6. All states and sequences not shown areillegal or reserved.

7. READs or WRITEs to bank mlisted in the Command column include READs or WRITEs with auto precharge enabled and
READsor WRITEswith auto precharge disabled.

8. CONCURRENT AUTO PRECHARGE: bank nwill initiate the auto precharge command when itsburst has been interrupted by
bank m's burst.

9. Burst in bank n continues asinitiated.

10. For aREAD without auto prechargeinterrupted by aREAD (with or without auto precharge), the READ to bank mwill interrupt
the READ on bank n, CASlatency later (Figure7).

11. For a READ without auto precharge interrupted by a WRITE (with or without auto precharge), the WRITE to bank mwill
interrupt the READ on bank nwhen registered (Figures9 and 10). DQM should be used one clock prior to the WRITE command
to prevent bus contention.

12. For aWRITE without auto precharge interrupted by a READ (with or without auto precharge), the READ to bank m will
interrupt the WRITE on bank n when registered (Figure 17), with the data-out appearing CASlatency later. Thelast vaid WRITE
to bank nwill be data-in registered one clock prior to the READ on bank m.

13. For aWRITE without auto precharge interrupted by a WRITE (with or without auto precharge), the WRITE to bank mwill
interrupt the WRITE on bank n when registered (Figure 15). Thelast valid WRITE to bank nwill bedata-in registered one clock
prior to the READ to bank m.

14. For aREAD with auto precharge interrupted by aREAD (with or without auto precharge), the READ to bank mwill interrupt
the READ on bank n, CASlatency later. The PRECHARGE to bank nwill begin when the READ to bank misregistered (Figure
).

15. For aREAD with auto prechargeinterrupted by aWRITE (with or without auto precharge), the WRITE to bank mwill interrupt
the READ on bank nwhen registered. DQM should be used two clocks prior to the WRITE command to prevent bus contention.
The PRECHARGE to bank nwill begin whenthe WRITE to bank misregistered (Figure 25).

16. For aWRITE with auto prechargeinterrupted by aREAD (with or without auto precharge), the READ to bank mwill interrupt
the WRITE on bank nwhen registered, with the data-out appearing CASlatency later. The PRECHARGE to bank nwill begin after
t,yr iISMet, wheret,, - beginswhen the READ to bank misregistered. Thelast valid WRITE to bank n will be data-in registered
one clock prior to the READ to bank m (Figure 26).

17. For aWRITE with auto prechargeinterrupted by aWRITE (with or without auto precharge), the WRITE to bank mwill interrupt
the WRITE on bank nwhenregistered. The PRECHARGE to bank nwill beginafter t, - ismet, wheret,, - beginswhenthe WRITE
to bank misregistered. Thelast valid WRITE to bank nwill be dataregistered one clock prior to the WRITE to bank m (Figure 27).

AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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ABSOLUTE MAXIMUM RATINGS*
VoltageonV , V,,Q Supply

* 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

Voltage oi?r?;\lf;o[:]/ésoruopms ............................... -1V to+4.6V these or any other conditions above those indicated in the
e operation section of thisspecificationisnot implied. Exposure

RdEIIV(i"[OVSS ................................................... -1V to+4.6V to absolute maximum rating conditions for extended periods

Operating Temperature, T, (IT).....cvvevvvvsenesrrisssanane. -40°Cto+85°C may affect reliability.

Operating Temperature, T, (IT+) ~.~45°Ct0+105°C  + gynction temperature depends upon packagetype, cycletime,

Operating Temperature, T, (XT).....overevevvvmseseninnns -55°Cto+125°C o ng, ambient temperature and airflow, and humidity (plas-

Storage Temperature (PIastic)......ceeeeereeeereeneereenees -55°Cto+150°C tics).

POWES DISTPALION. .....ocvrereeeeeeireeeeeeeesseeessessessessessessessessessesssens 1w

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS!>#®

(VDD, VDDQ =+3.3V £0.3V)
PARAMETER SYMBOL MIN MAX UNITS NOTES
Supply Voltage Vpps VppQ 3 3.6 \Y;
Input High Voltage: Logic 1; All inputs A\ 2.2 Vpp+ 0.3 \% 22
Input Low Voltage: Logic 0; All inputs \in -0.3 0.8 \% 22
Input Leakage Current: Any input OV < V|y < Vpp | 5 5 UA
(All other pins not under test = 0V) !
Output Leakage Current: DQs are disabled:
IOZ -5 5 HA
0V < Vour < VppQ
Output Levels: v 24 v
Output High Voltage (Igyt = -4mA) OH ' -
Output Low Voltage (Ioyt = 4mA) VoL 0.4 Y

|, SPECIFICATIONS AND CONDITIONS>®H18 (v vV Q=+3.3V +0.3V)

DD’
PARAMETER SYMBOL [MAX (-75)] UNITS | NOTES
Operating Current: Active Mode; 3. 18
— D. . — IDDl 140 mA ! !
Burst = 2; READ or WRITE; tgc = tgc (MIN) 19, 32
Standby Current: Power-Down Mode;
Al banks idle; CKE = LOW 'op2 3 mA 32
Standby Current: Active Mode;
CKE = HIGH; CS\ = HIGH; All banks active after tgcp met; Ipp3 45 mA fg 13‘?'2
No accesses in progress ’
Operating Current: Burst Mode; Continuous Burst; | 150 mA 3, 18,
READ or WRITE: All banks active DD4 19, 32
Auto Refresh Current trrc = trec (MIN) Ibps 300 mA 13é 112§
CS\ = HIGH; CKE = HIGH S
tRFC =781 us IDDG 6 mA 32, 33
Standard Ibp7 4 mA 4,35
SELF REFRESH CURRENT: CKE < 0.2V
Low Power (L) Ibp7 3 mA 35

AS4SD16M16
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CAPACITANCE?

PARAMETER SYM MIN MAX UNITS NOTES

Input Capacitance: CLK Cih 2 4 pF 29
Input Capacitance: All other input-only pins Cip 2 4 pF 30
Input/Output Capacitance: DQs Cio 4.0 6.0 pF 31
AC FUNCTIONAL CHARACTERISTICS>®7 8911

PARAMETER SYMBOL] -75 UNITS | NOTES
READ/WRITE command to READ/WRITE command tceo 1 tck 17
CKE to clock disable or power-down entry mode tckeD 1 tck 14
CKE to clock enable or power-down exit setup mode tpED 1 tek 14
DQM to input data delay tbop 0 tck 17
DQM to data mask during WRITEs toom 0 tek 17
DQM to data high-impedance during READs tboz 2 tck 17
WRITE command to input data delay towp 0 tek 17
Data-in to ACTIVE command toaL 5 tck 15,21
Data-in to PRECHARGE command topL 2 tek 16, 21
Last data-in to burst STOP command tepL 1 tck 17
Last data-in to new READ/WRITE command teoL 1 tek 17
Last data-in to PRECHARGE command trpL 2 tok 16, 21
LOAD MODE REGISTER command to ACTIVE or REFRESH command tMRD 2 tek 26
Data-out to high-impedance from PRECHARGE command cL-s [ROH(E) 3 fox il

CL=2 | troH() 2 tck 17

AS4SD16M16
Rev. 1.0 11/02
28

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



SDRAM
ASI AS4SD16M16

Austin Semiconductor, Inc.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING
CONDITIONSS:6:89.11

PARAMETER SYM MIN T MAX UNITS [ NOTES
Access time from CLK (pos. edge) CL=3 face) >4 il il
cL=2 | tac 6 ns
Address hold time tAH 0.8 ns
Address setup time tas 15 ns
CLK high-level width tch 25 ns
CLK low-level width toL 2.5 ns
Clock cycle time cL=3 Rl o il 2
CL=2 tck(2) 10 ns 23
CKE hold time tckH 0.8 ns
CKE setup time tcks 15 ns
CS\, RAS\, CAS\, WE\, DQM hold time tcmH 0.8 ns
CS\, RAS\, CAS\, WE\, DQM setup time tcms 15 ns
Data-in hold time tbH 0.8 ns
Data-in setup time tps 15 ns
Data-out high-impedance time CL=3 thz(3) >4 w 10
CL=2 thz(2) 6 ns 10
Data-out low-impedance time tz 1 ns
Data-out hold time (load) toH 3 ns
Data-out hold time (no load) tonn 1.8 ns 28
ACTIVE to PRECHARGE command trAS 44 80,000 ns
ACTIVE to ACTIVE command trc 66 ns
ACTIVE to READ or WRITE delay trReD 20 ns
Refresh period (8,192 rows) tREF 64 /24 ms 34
AUTO REFRESH period tRFc 66 ns 35
PRECHARGE command period trp 20 ns
ACTIVE bank a to ACTIVE bank b command trRRD 15 ns
Transition time tr 0.3 12 ns 7
. 1CLK+ ns 24
WRITE recovery time twr 7.5ns
15 ns 25
Exit SELF REFRESH to ACTIVE command txsr 75 ns 20, 35
ASASDIGM16 AUStn SemiconGUGIor, InG. ressives e HGht o change products or speciications Without Notce
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NOTES:

1. All voltagesreferencedto V.

2. Thisparameterissampled. V.,V ,Q=+33V;f=1MHz,T,
=25°C; pin under test biased at 1.4V.

3. |, is dependent on output loading and cycle rates. Speci-
fied values are obtained with minimum cycletime and the out-
puts 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
isensured: (0°C<T, <+125°Cfor XT), (-40°C<T, <+85°C
forIT),and (-45°C<T, <+105°Cfor IT+).

6. Aninitial pause of 100usisrequired after power-up, followed
by two AUTO REFRESH commands, before proper device op-
erationisensured. (V, andV Q must be powered up simul-
taneously. V and V Q must be at the same potential.) The
two AUTO REFRESH command wake-ups should be repeated
any timethetREF refreshrequirementis  exceeded.

7. AC characteristics assumet, = 1ns.

8. In addition to meeting the transition rate specification, the
clock and CKE must transit betweenV,, and V| (or betweenV,
andV,,,) inamonotonic manner.

9. Outputs measured at 1.5V with equivalent |oad:

e
I

10. t,,, defines the time at which the output achieves the open
circuit condition; it isnot areferenceto vV, or V. Thelast
valid dataelement will meet t_, before going High-Z.

11. ACoperatingand |  test conditionshaveV, =0V andV
= 3.0V using ameasurement referencelevel of 1.5V. If theinput
transition timeislonger than 1ns, then the timing is measured
fromV, (MAX)and V,, (MIN)andnolonger fromthe1.5V
mid-paint.

12. Other input signals are allowed to transition no more than
once every two clocks and are otherwise at vaid V , or V|
levels.

13. 1, specifications are tested after the deviceis properly ini-
tidized.

14. Timing actually specified by t_,;
referenceonly at minimum cyclerate.
15. Timing actually specified by t,, . plust,
asareferenceonly at minimum cyclerate.
16. Timing actually specifiedby t, .

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

50pF

clock(s) specified as a

clock(s) specified

RP’

18. Thel, current will increase or decrease proportionally ac-
cording to the amount of frequency alteration for the test con-
dition.

19. Addresstransitions average onetransition every two clocks.
20. CLK must be toggled a minimum of two times during this
period.

21.Basedont,, =7.5nsfor -75.

22.V ,overshoot: V| (MAX)=V_Q=2V forapulsewidth<
3ns, and the pul se width cannot be greater than one third of the
cyclerate. V, undershoot: V, (MIN)=-2V for apulsewidth <
3ns.

23. The clock frequency must remain constant (stable clock is
defined asasignal cycling within timing constraints specified
for the clock pin) during access or precharge states (READ,
WRITE, including t, ., and PRECHARGE commands). CKE
may be used to reduce the data rate.

24. Auto precharge mode only. The precharge timing budget
(t) begins 7.5nsafter thefirst clock delay, after thelast WRITE
isexecuted. May not exceed limit set for precharge mode.

25. Precharge modeonly.

26. JEDEC and PC100 specify threeclock.

27.for-75a CL = 3with noloadis4.6nsand is guaranteed by
design.

28. Parameter guaranteed by design.

29. PC100 specifiesamaximum of 4pF.

30. PC100 specifiesamaximum of 5pF.

31. PC100 specifiesamaximum of 6.5pF.

32.CL =3andtCK =7.5ns.

33. CKEisHIGH during refresh command periodt,.. (MIN) else
CKEisLOW. Thel 6 limitisactually anomina value and
doesnot result in afail value.

34. 64msrefreshfor IT, I T+ temperature options, 24msrefresh
for XT temperature option.

35. Sdf refresh mode availablefor IT and I T+ only.

AS4SD16M16
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INITIALIZE AND LOAD MODE REGISTER?

T0 T Tn+1 To+1 Tp+1 Tp+2 Tp+3

ol g LHi;Hng[&HQMWHLL
tcKs tekH
eMs [ teMH

(RN ( ( (
commo 77K T /G ) ) D D Y G TR

o 232 TR, Y,
tAH ®

DQ —S() High-Z ()()
T = 100us
MIN RP tRFC RFC tMRD
& mzrnﬂp: &Precharge ( AUTO REFRESH ( AUTO REFRESH & Program Mode Register 34
stable all banks
CLK stab Il bank R
B unperneD
TIMING PARAMETERS
-75 -75
SYMBOL* MIN MAX UNITS SYMBOL* MIN MAX UNITS
taH 0.8 ns tcks 15 ns
tAS 1.5 ns tCMH 0.8 ns
tcH 2.5 ns tcms 15 ns
tCL 2.5 ns tMRDS 2 tCK
tCK(3) 7.5 ns tRFC 66 ns
tCK(2) 10 ns trp 20 ns
tCKH 0.8 ns

*CAS latency indicated in parentheses.

NOTES:

1. The mode register may be loaded prior to the AUTO REFRESH cycles if desired.

2. If CSis HIGH at clock HIGH time, all commands applied are NOP, with CKE a “Don’'t Care”.
3. JEDEC and PC100 specify three clocks

4. Outputs are guaranteed High-Z after command is issued.

5. A12 should be a LOW at t, + 1.

AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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POWER DOWN MODE*

T0 T1 T2 Tn+1 Tn+2

L ‘ g vmjw ]
CKE 4/0 T’W K((/ﬁls:_» ( ;/4—> N/

tc_ms» tcMH

—————

COMMAND XPRECHARGEW NOP >@< NOP W // ﬁ?{)‘y // / NoP >@< ACTIVE >@<:
7 Y

A0-A9, A11, A12 7/ ] Y //(jy I X wow X

)

ALL BANKS ({
Ao X XU 7 AT JIK_row_ X
SINGLE BANK )5
tas | taH
((
)
High-Z «
)7
Two clock cycles Input buffers gated off while in
power-down mode
Precharge all J All banks idle, enterj ) All banks idle
active banks power-down mode

Exit power-down mode

DON'T CARE
TIMING PARAMETERS

SYMBOL*| MIN T MAX | UNITS SYMBOL*| MIN T MAX | UNITS
taAH 0.8 ns tck(2) 10 ns
tas 15 ns tckH 0.8 ns
tcH 2.5 ns tcks 15 ns
toL 25 ns teMH 0.8 ns
tck(3) 7 ns tcms 15 ns

*CAS latency indicated in parentheses.

NOTES:

1. Violating refresh requirements during power-down may result in loss of data.

AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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ASI

SDRAM

Austin Semiconductor, Inc. AS4SD16M16

T0

CLOCK SUSPEND MODE!

™ T2

K [ ‘tCKfE ‘tthcHl T | 1 | T ‘ T—T L ‘ T ‘ L L

« 71_|_YII7 R/ /A U
ks | tekH
cMs | temH

NOP >@<;NOP ><27 // /»( NoP >@< NOP >@< Nop >@< WRITE W ﬂ NOP >@

COMMAND %READ W

ems
DQML, 3336 e % | %Z ;%x \ |/// // // / / ] | /))\ ‘ ”A
as | tAH
AO-A9, A1, A12 COLUMNMZW / / // / ///// ﬁ(cowmn eZW
b | ]
At0 X )/ 7N
sl | | | | | | | |
BAD, BA1 y( BANK % IK__sask X
‘ tac
tac toH Hz os | toH
0 tﬁw s WH I mes V] N e X,
DON'T CARE
R% unpEFINED
TIMING PARAMETERS
-75 -75
SYMBOL* MIN MAX UNITS SYMBOL* MIN MAX UNITS
tac@3) 5.4 ns tcks 1.5 ns
tac(2) 6 ns temH 0.8 ns
taH 0.8 ns tcms 15 ns
tAS 1.5 ns tDH 0.8 ns
tch 2.5 ns tps 15 ns
tCL 2.5 ns tHZ(3) 54 ns
tCK(3) 7.5 ns tHZ(Z) 6 ns
tCK(Z) 10 ns tLZ 1 ns
tCKH 0.8 ns tOH 3 ns

*CAS latency indicated in parentheses.

NOTES:

1. For this example, the burst length = 2, the CAS latency = 3, and auto precharge is disabled.
2. A9, A1l and A12 = “Don’'t Care”

AS4SD16M16
Rev. 1.0 11/02
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SDRAM
ASI AS4SD16M16

Austin Semiconductor, Inc.

AUTO REFRESH MODE (IT & IT+ Temp options ONLY)

N =N el = e e B e B el

| |
S/ N /N ////

tcks | tckH

|
N/ /4

\_/\ ————~

N
~— T~

—

|
<y

tems | temH

COMMAND XXC:‘E’W NOP >@< R RoaH é NOP >@< ReFRESH é ”°">@< ACTIVE >@<
i T R T

w2 T Y s
w WK I X o T,

tas | taH

{
o X N T o
o ss 3
trp tRFC tRFC

Prec.harge all DON'T CARE

active banks

TIMING PARAMETERS

SYMBOL*| MIN T MAX | UNITS SYMBOL*| MIN T MAX | UNITS
tAH 0.8 ns tckH 0.8 ns
tas 15 ns tcks 15 ns
tcH 2.5 ns tcmH 0.8 ns
tcL 2.5 ns tcms 15 ns
tck(3) 7.5 ns trReC 66 ns
tck(2) 10 ns trRp 20 ns

*CAS latency indicated in parentheses.

AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
Rev. 1.0 11/02 34



SDRAM
ASI AS4SD16M16

Austin Semiconductor, Inc.

SELF REFRESH MODE (IT & IT+ Temp options ONLY)

T1 Tn+1 To+1 To+2

C”‘_:fchi fltc”tCL+r Lw—i L )¥—} L4

(
| | kS| > trAS(MINY! J)( |
CKE /{“___QZZZ W ()() / {gr W
tcks | tekH

CMS | tcmH

COMMAND 9@;@;@@( NOP RETRESH %:ZZ%W< NOP()()° i >@< REFRESH >@<:
oo S50 T

woss. w2 T A T VL

%j;f:::;w U Y
s

((

BAO,BA1§<BANK 9&/ ) /”/ i //2:7///// Y

High-Z
DQ 45 ()()
‘ trp SR
Pregha[)ge ﬁ” Enter self refresh mode [ Exit self refresh mode
active banks .
fresh ti b
. I (Restart refresh time base) DONT CARE
CLK stable prior to exiting /|
self refresh mode
TIMING PARAMETERS
-75 -75
SYMBOL* MIN MAX UNITS SYMBOL* MIN MAX UNITS
tAH 0.8 ns tcks 15 ns
tAS 1.5 ns tCMH 0.8 ns
tCH 2.5 ns tCMS 1.5 ns
toL 25 ns tRAS 44 80,000 ns
tCK(3) 7.5 ns tRP 20 ns
tCK(Z) 10 ns tXSR 75 ns
tCKH 0.8 ns
*CAS latency indicated in parentheses.
NOTES:
1. No maximum time limit for Self Refresh. t_, (MAX) applied to non-Self Refresh mode.
2. t, o5 requires minimum of two clocks regardless of frequency or timing.
AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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ASI SDRAM
Austin Semiconductor, Inc. AS4SD16M16
READ - WITHOUT AUTO PRECHARGE!

T0 T T2 E} T4 5 T6 7 T8
S I e ane = IS SN AN SN Y S N U N S B S
s oo | | | | | | | |
e { | ] o] | ) iy | N/ /4
MS | tcMH
COMMAND % ACTIVE W NOP >@< READ >@< NOP >@< NOP >@< NOP >@<fg§§HARG§>@< NOP >@< ACTIVE W
fc&s» _ic_MH
bQuL, DOMU Almlmlm\/ | i /1 i
tas | taH
A0-A9, A1, A12 )k ROW W 1o m2 )77 7 7 X _sow A
:A;S—.tﬂ. ALLLANKS
w0 K _son T, ) R
tAS tAH DISABLEAUF’OPRECHARGE l ‘ S'NG;'EBANK !
BAO, BA1 y< BANK % / % BANK W / / % BANK W % BANK W
tac ‘ tac ) e
tac | o oy Jon Jon
DQ ’tLZ W Dowr m Dourm + Dourm +2 Dour m + 3%—
- [ tHz
RCD CAS Latency RP
tRAS
tRC
[/} bON'T cARE

m UNDEFINED

TIMING PARAMETERS

SYMBOL* MIN 5 MAX UNITS SYMBOL* MIN T MAX UNITS
tac@3) 5.4 ns temH 0.8 ns
tac) 6 ns tems 1.5 ns

tAH 0.8 ns thz(3) 54 ns
tas 15 ns thz2) 6 ns
tcH 2.5 ns tLz 1 ns
tcL 2.5 ns ton 3 ns
tck(3) 75 ns trAS 44 80,000 ns
tek(2) 10 ns trc 66 ns
tckH 0.8 ns trReD 20 ns
tcks 15 ns trp 20 ns

*CAS latency indicated in parentheses.

NOTES:

1. For this example, the burst length = 4, the CAS latency = 2, and the READ burst is followed by a “manua” PRECHARGE.
2. A9, All, and A12 = “Don’'t Care”

AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
Rev. 1.0 11/02 36



ASI SDRAM
Austin Semiconductor, Inc. AS4SD16M16
READ - WITH AUTO PRECHARGE!

T0 tc T e T2 13 T4 T5 T6 T7 T8
R B e s wr=ves P W Y W B O U Y T
ks | Sk \ l | | 1 | I |
w« LT < U
tms| temH
COMMAND bk ACTIVE j@< NOP >@< READ >@<_NOP NOP >@( NOP >@< NOP >@< NOP >@ ACTIVE W
| e T T
DQML,D[())QI\% % /%533%\ /;Z;Zg%\ /
s | | | | | |
AO-A9, AT1, A12 & ROW % /oo m2)[/) VIR o X
lIas) taH ENABLEAUL’OPRECHARGE
wo W _row W7 71 U T o X7
s |
BAO, BA1 2l< BANK % % BANK W / / / % BANK W
taC ‘ tAC ‘ taC X
e Tow | [Tow | Ton | |Ltew
bDQ ttllmoomm Doutm +1 Dourm +2 Dourm+3%‘~———
- ; tHz
tRCD CAS Latency RP
trAS
tRC
[/} DON'T CARE
(& UNDEFINED
TIMING PARAMETERS
-75 -75
SYMBOL* MIN MAX UNITS SYMBOL* MIN MAX UNITS
tac(3) 5.4 ns temH 0.8 ns
tac(2) 6 ns tcms 1.5 ns
tAH 0.8 ns tHZ(3) 54 ns
tAS 1.5 ns tHZ(2) 6 ns
tCH 2.5 ns tLZ 1 ns
tCL 2.5 ns tOH 3 ns
tCK(B) 7.5 ns tRAS 44 80,000 ns
tCK(Z) 10 ns tRC 66 ns
tCKH 0.8 ns tRCD 20 ns
tCKS 1.5 ns tRP 20 ns

*CAS latency indicated in parentheses.

NOTES:

1. For this example, the burst length = 4, the CAS latency = 2, and the READ burst is followed by a “manua” PRECHARGE.
2. A9, All, and A12 = “Don’'t Care”

AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
Rev. 1.0 11/02 37




ASI

Austin Semiconductor, Inc.

SDRAM
AS4SD16M16

SINGLE READ - WITHOUT AUTO PRECHARGE*

c e L L I U Y
| || || | | | |
COMMAND y(’—;\.c;g» %( Nop XX reap X nor3 X nor3 YMrecaaraEXX nor WOX acive XX nor X777
tems | temH
DQML DQMU H}WWWWWWWWW
sons.aar2 W koW N eommm //WWWWW RoW
tas | tad ALL BANKS
o Ko D D U I
s | an_ DISABLE AUTO PRECHARGE _m*
BAO, BAT sank X7777777711T777K BANK Y7 sanes) XTI e X7
tAC toH
DQ MI/B;;:
ﬁzw\ v
RCD CAS Latency Rp
3
V7] poN'T care
R unpEFINeD
TIMING PARAMETERS
SYMBOL* MIN = MAX UNITS SYMBOL* MIN = MAX UNITS
tac(3) 5.4 ns temH 0.8 ns
tac(2) 6 ns tcms 1.5 ns
tan 0.8 ns thz(3) 5.4 ns
tas 15 ns thz2) 6 ns
tch 25 ns tLz 1 ns
teL 2.5 ns ton 3 ns
tek(3) 7.5 ns trAs 44 80,000 ns
tek@) 10 ns tre 66 ns
tckH 0.8 ns tReD 20 ns
tcks 15 ns trp 20 ns

*CAS latency indicated in parentheses.

NOTES:

1. For this example, the burst length = 1, the CAS latency = 2, and the READ burst is followed by a “manua” PRECHARGE.

2. A9, All, and A12 = “Don’t Care”
3. PRECHARGE command not allowed else toas would be violated.

AS4SD16M16
Rev. 1.0 11/02
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ASI

Austin Semiconductor, Inc.

SDRAM
AS4SD16M16

SINGLE READ - WITH AUTO PRECHARGE!

s | |
«e 7 Ty |y ay wy W[W
tcms | temH

ACTIVE

——
COMMAND y ¥

|

ACTIVE >@< NOP \W

|

|

tems | tomH
o/ T T | b l/ I, | T
AD-A9, AT %ow %/ 7 T Y Y Y S

tas

ENABLE AUTO PRECHARGE

%COL\KJMN mZW

tAH
A10 ?k ROW W

I

7

TN

tas

taH

K/

|

BAD, BA1 X BANK W

W

BANK W /

Y

tac
toH
DQ t Dourm
tRCD CAS Latency tHz
tRAS trp
RC
DON'T CARE
UNDEFINED
TIMING PARAMETERS til
75 75
SYMBOL* MIN MAX UNITS SYMBOL* MIN MAX UNITS
tAc(3) 5.4 ns tomH 0.8 ns
tac2) 6 ns tcms 1.5 ns
tAH 0.8 ns tHZ(3) 5.4 ns
tas 1.5 ns thz(2) ns
tCH 2.5 ns tLZ 1 ns
tcL 2.5 ns ton 3 ns
tCK(3) 7.5 ns trAS 44 80,000 ns
tek @) 10 ns trc 66 ns
tCKH 0.8 ns tRCD 20 ns
tCKS 1.5 ns tRp 20 ns

*CAS latency indicated in parentheses.

NOTES:

1. For this example, the burst length = 1, the CAS latency = 2.
2. A9, Al1l, and A12 = “Don't Care”

3. READ command not allowed else toas would be violated.

AS4SD16M16
Rev. 1.0 11/02

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

39



ASI

Austin Semiconductor, Inc.

SDRAM

AS4SD16M16

ALTERNATING BANK READ ACCESSES!

P s e e e s B
« | ||| | ||y

COMMAND 7( ACTIVE %(

DQWY
DQML, DQMU

tAs

-]
AQ-A9, A1, A12 Z* ROW

Ias| tad ENABLE AUTO PRECHARGE ENABLE AUTO PRECHARGE
tAs| taH
tAC tAC tAC
tAC tOH tOH tOH
iz T
tRCD - BANK 0 CAS Latency - BANK O tRP- BANK 0 tRCD - BANK 0
tRAS - BANK 0
tRC- BANK O
tRRD tRCD - BANK 1 CAS Latency - BANK 1
DON'T CARE
R UNDEFINED
TIMING PARAMETERS
-75 -75
SYMBOL*| MIN MAX | UNITS SYMBOL*| MIN MAX_ | UNITS
taAc(3) 5.4 ns temH 0.8 ns
tac) 6 ns tcms 15 ns
tAH 0.8 ns tLZ 1 ns
tas 1.5 ns ton 3 ns
tCH 2.5 ns tRAS 44 80,000 ns
tCL 2.5 ns tRC 66 ns
tCK(3) 7.5 ns tRCD 20 ns
tCK(Z) 10 ns tRP 20 ns
tCKH 0.8 ns tRRD 15 ns
tCKS 1.5 ns

*CAS latency indicated in parentheses.

NOTES:
1. For this example, the burst length = 4, the CAS latency = 2.
2. A9, All, and A12 = “Don’'t Care”

AS4SD16M16
Rev. 1.0 11/02
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ASI SDRAM
Austin Semiconductor, Inc. AS4SD16M16
READ - FULL-PAGE BURST!

T0 T T2 T3 T4 T5 T6 Tn+t Tn+2 Tn+3 Tn+4

R e N S N S N S D Gy A S N S RS N
ks | tekH

< U a || | | A | | wy

MS | temp
COMMAND x ACTIVE >@< NOP >@< READ >@< NOP >@< NOP /@< NOP >@< NOP NOP >@<§unsnsa@@< NOP %E

—md
o=z=

¢
)

Al

CMS | tCMH (
oo 3588 TS~ 0. | 0 | | 00\ A | 4700 S

}

s

s W_sow I s AL

Ed

tas | taH «
K _ron YWWWWWWWW/W/WW/MW/WWWWWM

tas | taH

A10

@

K >WWWW/W//MW/WW/WW/W/A

ac tac TAC (¢ tac tac
tac toH tOH toH toH toH toH

-—

=

bQ

|£L_£‘ thz

512 (x16) locations within same row
1,024 (x8) locations within same row
RCD CAS Latency 2,048 (x4) locations within same row

Full page completed J J DON'T CARE

Full-page burst does not self-terminate.
Can use BURST TERMINATE command. &R unoerneo
TIMING PARAMETERS
-75 -75
SYMBOL*[  MIN MAX_ | UNITS SYMBOL*[  MIN MAX_ | UNITS
tac(3) 5.4 ns tcks 15 ns
tac) 6 ns temH 0.8 ns
tAH 0.8 ns tCMS 1.5 ns
tAS 1.5 ns tHZ(S) 54 ns
tCH 2.5 ns tHZ(Z) 6 ns
tCL 2.5 ns tLZ 1 ns
tCK(3) 7.5 ns tOH 3 ns
tCK(Z) 10 ns tRCD 20 ns
tCKH 0.8 ns
*CAS latency indicated in parentheses.
NOTES:
1. For this example, the CAS latency = 2.
2. A9, Al1l, and A12 = “Don't Care”
3. Page left open; no t_..
AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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ASI

Austin Semiconductor, Inc.

SDRAM
AS4SD16M16

READ - DQM OPERATION!

ek bl p
I || U || | | |
COMMAND Sani'\_"t' NOP reap XX wor X wor K wop K woe nor XX oo X777
.y T ?W% s, | 7 T
o ae Ko DX T T

:é—su 'AH ENABLE AUTO PRECHARGE \ | ‘ }
at0 X_row X777 WY / 7 Y
tas | tan DISABLE AUT|0 PRECHARGE | l |
saa.sm X s VT o S T ,
tac
tAC m\ tAC toH toH
DQ " W Dour m J@ Dourm + 2 Domm+39®—
|az thz ‘}1 \ ‘ thz
ReD CAS Latency
/) DON'T CARE
% UNDEFINED
TIMING PARAMETERS
-75 -75
SYMBOL* MIN MAX UNITS SYMBOL* MIN MAX UNITS
tac@) 5.4 ns teks 15 ns
tac(2) 6 ns temH 0.8 ns
tAH 0.8 ns tCMS 1.5 ns
tAS 1.5 ns tHZ(3) 54 ns
tcH 2.5 ns tHZ(Z) 6 ns
tcL 2.5 ns tLz 1 ns
tCK(3) 7.5 ns ton 3 ns
tCK(Z) 10 ns tRCD 20 ns
tCKH 0.8 ns

*CAS latency indicated in parentheses.

NOTES:

1. For this example, the burst length = 4, the CAS latency = 2.

2. A9, All, and A12 = “Don’'t Care”

AS4SD16M16
Rev. 1.0 11/02

Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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ASI SDRAM
Austin Semiconductor, Inc. AS4SD16M16
WRITE - WITHOUT AUTO PRECHARGE!

T0 T T2 T3 T4 5 T6 17 8 T9

I G e e == D W I S D S AP S A S D S B S

sl | | | i I ! I I
we wy | a | o | a | | ann| add| a | vt
toms | fem
COMMAND %cnvs W NOP >@( WRITE >@( NOP )@( NOP )@( NOP >@( NOP )@(PRECHARGE)@( NOP )@( ACTIVE )m

toms | temH
o 2 S | T | 70 | L0 | L
o W_tow Y

T o U
tAS ‘ﬂ DISABLE AU'll'O PRECHARGE SINGLE BANK
ﬁm S X //////////////,

ItDS bH ItD 'oH  'os| 'H  Tos| 'oH

tRCD [ twr? &P

I
tRAs !

RC

DON'T CARE
TIMING PARAMETERS
-75 -75
SYMBOL*| MIN MAX | UNITS SYMBOL*| MIN MAX | UNITS
tAH 0.8 ns tCMS 1.5 ns
tas 15 ns tbH 0.8 ns
tCH 2.5 ns tDS 1.5 ns
tCL 2.5 ns tRAS 44 80,000 ns
tCK(3) 7.5 ns trc 66 ns
tCK(Z) 10 ns tRCD 20 ns
tCKH 0.8 ns tRP 20 ns
tCKS 1.5 ns tWR 15 ns
tCMH 0.8 ns
*CAS latency indicated in parentheses.
NOTES:
1. For this example, the burst length = 4, and the WRITE burst is followed by a “manual” PRECHARGE.
2. 14ns to 15ns is required between <D,y m+3> and the PRECHARGE command, regardless of frequency.
3. A9, All, and A12 = “Don’t Care”
AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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ASI

SDRAM

Austin Semiconductor, Inc. AS4SD16M16
WRITE - WITH AUTO PRECHARGE?!
ClK %tCKT }tCLTtCﬁ% l T | T I J’ | # | ll | f I
<[ X ||| || |||
oms | .emH
COMMAND ACTIVE NOP >@< WRITE >@< NOP >@( NOP )@( NOP W NOP >@< NOP >@< NoP >@< ACTIVE W
Ms [temMH
oo s TN, | 7, | A\ L0, | L
AO-A9, ATH, A12 )X ROw COLUIMNmZWWWWWWWWWWW% row X7
o == ENABLE AUTO PRECHARGE // — ////
BAO, BAI BANK BANK Y/ sane X177
ps | 'DH oH s | BH ps
b Dlmm )@k mmd@kmm)@k D.Nlma)k//// ///////////////{///////////////////////////4
Rep WR P
RAS ' '
RC
Y77 on'T care
TIMING PARAMETERS
-75 -75
SYMBOL* MIN MAX UNITS SYMBOL* MIN MAX UNITS
taH 0.8 ns tcvs 1.5 ns
tAS 1.5 ns tDH 0.8 ns
tcH 25 ns tps 15 ns
tCL 2.5 ns tRAS 44 80,000 ns
tCK(3) 7.5 ns tRC 66 ns
tCK(Z) 10 ns tRCD 20 ns
tCKH 0.8 ns tRP 20 ns
tCKS 1.5 ns tWR 17C\'!-)_r|1<5+
tCMH 0.8 ns

*CAS latency indicated in parentheses.

NOTES:
1. For this example, the burst length = 4.
2. A9, All, and A12 = “Don’'t Care”

AS4SD16M16
Rev. 1.0 11/02
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SDRAM
ASI AS4SD16M16

Austin Semiconductor, Inc.

SINGLE WRITE - WITHOUT AUTO PRECHARGE!

CLKL%EKT%QLQHIXI$!L|1!1\L1

sty | | | | | | |

o« 1| Uy
cMs | temH
COMMAND }X«A’C:I;’W NOP >@< WRITE >@< Nop4 \@< Nop4 >@<PRECHARGE>@< NOP >@< ACTIVE >@< NOP W /
tems | temA
oo™ TR A, / Y, WY 7,
tas | tAH
O ST /T Y, 7
as) tan ALLLAN,KE
X% 7| T YT > T | T
BAO, BA1 X’—’BANK % 0( BLNK W / BIANK W ﬂ BANK W /A
tbs | H
w0 T TK_onn N 7
ReD ! twR 2 rp
RAS
tRC
TIMING PARAMETERS DON'T CARE
SYMBOL*|_MIN T MAX | UNITS SYMBOL*[_MIN T MAX | UNITS
taAH 0.8 ns tcms 15 ns
tAS 1.5 ns tDH 0.8 ns
tcH 2.5 ns tps 1.5 ns
teL 2.5 ns trRAS 44 80,000 ns
tek @) 7.5 ns trc 66 ns
tck(2) 10 ns trReD 20 ns
tckH 0.8 ns trp 20 ns
teks 15 ns twr 15 ns
teMH 0.8 ns

*CAS latency indicated in parentheses.

NOTES:

1. For this example, the burst length = 1, and the WRITE burst is followed by a “manual” PRECHARGE.

2. 14ns to 15ns is required between <D, m> and the PRECHARGE command, regardless of frequency. With a single write t,,  has been increased
to meet minimum toas requirement.

3. A9, All, and A12 = “Don’t Care’

4. PRECHARGE command not allowed else t_, . would be violated.

AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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ASI

SDRAM
AS4SD16M16

Austin Semiconductor, Inc.

SINGLE WRITE - WITH AUTO PRECHARGE!

Tt T2 T3

1t g }
1 ey L

t
] CK
K | } £

L4

teks

!
|

s 77 <y <

tms

COMMAND ACTIVE

Noﬂ%o% >@< NoP? )@( WRITE >@< NOP >@< NoP )@( NOP >@( ACTIVE )@( NOP )m

toms

temH

bQwm/
DQML, QMU

I iz,

tas| tan

A0-A9, A11, A12
tas| tAH

C o

tas

A10

taH

BAO, BA1

tos

BANK ///////////////////////

ROW

' Ui
"//////////////////////////////l///////////////’///ll/////l/l/l
W S I,

ENABLE AUTO PRECHARGE

oH
wm XTI i,

b /////////////////////////////////////////////////////////

Rep

twr2 Rp

Ras

Re

DON'T CARE
TIMING PARAMETERS
-75 -75
SYMBOL* MIN MAX UNITS SYMBOL* MIN MAX UNITS
tAH 0.8 ns tcms 1.5 ns
fas 15 ns tbH 0.8 ns
tcH 2.5 ns tps 15 ns
toL 2.5 ns trAS 44 80,000 ns
tck(3) 7.5 ns trc 66 ns
tck(2) 10 ns trRcD 20 ns
tckH 0.8 ns trRp 20 ns
tcks 15 ns twr 17C.:|5‘rl]<s+
teMH 0.8 ns

*CAS latency indicated in parentheses.

NOTES:
1. For this example, the burst length = 1.

2. Requires one clock plus time (7.5ns) with auto precharge or 14ns to 15ns with PRECHARGE.

3. A9, All, and A12 = “Don’'t Care”
4. WRITE command not allowed else toas would be violated.

AS4SD16M16
Rev. 1.0 11/02
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ASI SDRAM
Austin Semiconductor, Inc. AS4SD16M16
ALTERNATING BANK WRITE ACCESSES!

T0 T‘I T5 T6 T7 T8 T9

W[ I‘CLJ ﬂf 1 % [ S N S S N Y S
|
|

‘mf i 1 | | | i | | |

!WW N/ /Y | | | a
Ms| tcmH

COMMAND Z)F“:c:x:}k}/\ NoP >@< WRITE NOP >@< ACTIVE >@<7NOP7>@< WRITE >@/ NOP >@< NOP >@< ACTIVE W
| tc"ﬁ v , ; 4
DQML, D%QMN:J/ i}), ' %ZZ%X W, N ; I /) 7 N
l | | | | |

sl e | | |
AO-A?,A11,A12$< ROW % %cowimmﬂw K _vow T WCOLU}MNbaw K wow T
Y

tAs | TAH ENABLE AUTO PRECHARGE ENABLE AUTO PRECHARGE
Pard Piain 1 ,
o Ko Y e, ‘ I Y o )
s | tAH } w

PRiut .
;
BAQ, BA1 }}X BANK 0 //>) BANK 0 // /) BANK 1 / BANK 1 W % BANK 0

tosl toH s | DH tDS‘ DH ps | oH s | H s | tH s |tDH fos’tDH

DQ W\ Dwm WDINmMWDmm+ZW\ Dmm+3/@k DN b ‘DINb+1%>( Dinb+2 J{ZZL Dmb+3w<:

T T
tch BANK 0 ‘ TWR - BANK 0 ! tRP - BANK 0 TRCD - BANK O
l | i
1RAS - BANK 0 '
tRC- BANK 0 ]
tRRD ‘, tRCD - BANK 1 HWR - BANK 1
I - ” —

M DON'T CARE

TIMING PARAMETERS

SYMBOL*| MIN T MAX | UNITS SYMBOL*| MIN T MAX | UNITS
taH 0.8 ns tcms 15 ns
tas 1.5 ns {bH 0.8 ns
tcH 25 ns tps 15 ns
toL 2.5 ns trRAS 44 80,000 ns
tek@) 7.5 ns tre 66 ns
tck(2) 10 ns tRcD 20 ns
tckH 0.8 ns trRp 20 ns
tcks 15 ns tRRD 15 ns
teMH 0.8 ns twr Note 2 ns

*CAS latency indicated in parentheses.

NOTES:

1. For this example, the burst length = 4.

2. Requires one clock plus time (7.5ns) with auto precharge or 14ns to 15ns with PRECHARGE.
3. A9, Al1, and A12 = “Don’'t Care”

AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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ASI SDRAM
Austin Semiconductor, Inc. AS4SD16M16
WRITE - FULL-PAGE BURST

T0 T T2 T3 T4 T5 ( Tn+1 Tn+2 Tn+3
S O e e I I S S e 0 e e B e
s i - |
P T | W W Wy | [
—| ((

COMMAND X ACTIVE W NOP >@< WRITE >@< NOP >@< NOP m NOP Y@< NOP >@<BURSTTERM>@< NOP
)

tems | CMH
N ) N N Y
sorsarme X_sow NS /:)‘y 7 T
o W sow W T 7

BAO, BA1 «;A‘N;-—’% X ek N I W;:’/ % i,

Ips | DH ps | bH tps | oH s | DH s | OH

( [ 1 i l(
WX onm X
DQ @k Dinm WDmm+1W D|Nm+2w<0m|m+3/(>) DiNnm -1 I/M

, tRCD f ]
I Full-page burst does
512 (x16) locations within same row | not self-terminate.

1,024 (x8) locations within same row Can use BURST TERMINATE
2,048 (x4) locations within same row | omand to stop.2.3

Full page completed m DON'T CARE
TIMING PARAMETERS
-75 -75
SYMBOL*|_ MIN MAX__| UNITS SYMBOL*|__MIN MAX__| UNITS
tAH 0.8 ns tCKS 1.5 ns
tAS 1.5 ns tCMH 0.8 ns
tch 25 ns tems 15 ns
tCL 2.5 ns toH 0.8 ns
tCK(3) 7.5 ns tDS 1.5 ns
tCK(Z) 10 ns treD 20 ns
tCKH 0.8 ns
*CAS latency indicated in parentheses.
NOTES:
1. A9, All, and A12 = “Don’t Care”
2. 1,5 Must be satisfied prior to PRECHARGE command.
3. Page left open; no t_..
AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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SDRAM
ASI AS4SD16M16

Austin Semiconductor, Inc.

WRITE - DQOM OPERATION!

T0 I T2 T3 T4 T5 Te T7
D B e e v AV W HNV N Y SN Y S EY S O
s o | | | | | |
S/ S/ A I/ /N ////
tcms | temH
COMMAND y(—;mvs W NOP >@< WRITE >@< NOP >@< NOP >@< NOP >@< NOP >@< NOP >@
‘s [t |
QL DQMU // IS T T
tas | tAH
A0-A9, Al1, AT2 X‘—;;w_» % /) cowmn m2 X/ ) i ) W /
,.tés. <tA_H> ENABLE AU\I‘O PRECHARGE | [
10 JX_Fow Ik X % /
as] DISABLEAU}'OPRECHARGE ‘ [ ’
BAO, BA % BANK % / BANK W / // / // / /
‘og] fon, o5 o s ton_
0Q I onm W IR omme2 WX owmes X T
| |
e DON'T CARE
TIMING PARAMETERS
-75 -75
SYMBOL* MIN MAX UNITS SYMBOL* MIN MAX UNITS
tAH 0.8 ns tcks 1.5 ns
fas 15 ns temH 0.8 ns
tcH 2.5 ns tcms 15 ns
toL 2.5 ns toH 0.8 ns
tck(3) 7.5 ns tps 15 ns
tck(2) 10 ns trRep 20 ns
tckH 0.8 ns
*CAS latency indicated in parentheses.
NOTES:
1. For this example, the burst length = 4.
2. A9, Al1, and A12 = “Don’'t Care”
ASASD16M16 ‘Austin Semiconductor, Inc. reserves the right t change products or specifications WithoLt notice.
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SDRAM
ASI AS4SD16M16

Austin Semiconductor, Inc.

MECHANICAL DEFINITIONS

ASI Case #901 (Package Designator DG)

SEE DETAIL A
- .71
- .10 (2X)
1 RN
Aj 1
T i
2.80 5
11.86
1 11.66 a
PIN #1 ID —\ 10.24
10.08
i !
........................... -
AL S
13

1.00 (2X) ’ .25 |

GAUGE PLANE
' N _1
(NIRRT TATATATARATATARARARATATAARATATATANARATATALATALS) 05
[ 10
1.2 MAX
- 80
TYP
DETAIL A
NOTE: 1. All dimensions in millimeters l\l\/;l?l\j( or typical where noted.
2. Package width and length do not include mold protrusion; allowable mold protrusion is 0.25mm per side.

AS4SD16M16 Austin Semiconductor, Inc. reserves the right to change products or specifications without notice.
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ASI

Austin Semiconductor, Inc.

SDRAM
AS4SD16M16

ORDERING INFORMATION

Device Number Package Speed ns| Process
Type
AS4SD16M16 DG -75 I*
*AVAILABLE PROCESSES
IT =Industrial Temperature Range -40°C to +85°C
I T+ =Industrial Plus Temperature Range -45°C to +105°C
XT = Military Temperature Range -55°C to +125°C

AS4SD16M16

Rev. 1.0 11/02

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