5 AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

SYNCHRONOUS DRAM

AVAILABLE AS MILITARY

SPECIFICATIONS PIN ASSIGNMENT (Top View)
*MIL-STD-883 54-Pin TSOP
FEATURES vop |1 e S54 [0 vss
¢ Extended Testing Over -55° to +125° C also available peo e 5310 De1S
@ Industrial Temp -40° to 85° C Vo043 seflvssa
. . .. Dol ]4 S1[0Do14
* Fully synchronous; all signals registered on positive Das s sol D pois
edge of system clock vssalle 490 Vvpp 0
 Internal pipelined operation; column address can be De3]7 480Da1e
changed every clock cycle Do4e 471 0De1
. . VvopQ ]9 46 Vss @
¢ Internal banks for hiding row access/precharge Dos 10 450010
¢ Programmable burst lengths: 1,2, 4, 8 or full page pas 11 44 [ DR9
» Auto Precharge and Auto Refresh Modes VssQ % 12 43 % VoD Q
R pa7 113 421 pes
Self Refresh Mode oo 14 21T ves
A 4,096-0}7016 refresh DoML [T 115 40 1INC
¢ LVTTL-compatible inputs and outputs wEN 16 39 [T DOMH
+ Single +3.3V +0.3V power supply Cas\ 17 sgICLK
. SRTICT RasN[]18 37 [ cKE
+ Longer lead TSOP for improved reliability NI 26 TN
(OCPL*) BA0 ] 20 35 [MaAll
¢ Short Flow / Long Flow Test Screening Options Batll]el 34[11AS
aloll]eze 33118
OPTIONS MARKING aolL123 32[a7
- ) ALl 24 31[Mas
hd Conﬁguratlons a2 D: 25 30 :D A5
4 Meg x 16 (1 Meg x 16 x 4 banks) 4M16 asll]es 2o a4
vop (|27 28 [ Vss
*  WRITE Recovery (‘WR/ 'DPL)
'WR =2 CLK A2
e Plastic Package - OCPL* Note:
54-pin TSOP (400 mil) DG The # and \ symbols indicate an active low.
¢ Timing (Cycle Time)
8ns; 'AC =6.5ns @ CL =3 ('RP - 24ns) -8
10ns; ' AC=9ns @ CL =2 -10
4 Meg x 16
KEY TIMING PARAMETERS Configuration 1 Meg x 16 x 4 banks
SPEED | CLOCK ACCESS TIME__| SETUP | HOLD Refresh Count 4K
GRADE |FREQUENCY|[CL=2" [ CL=3"| TIME TIME Row Addressing 4K (A0-A11)
8 125 MHz - 6.5ns 2ns 1ns Bank Addressing 4 (BAO, BA1)
-10 100 MHz = 7ns 3ns 1ns -
8 83 MHz oS - 5ns Tns Column Addressing 256 (A0-A7)
-10 66 MHz 9ns — 3ns 1ns
*Off-center parting line
**CL = CAS (READ) latency
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AUSTIN SEMICONDUCTOR, INC.

AS4SD4M16
4MEG X 16 SDRAM

GENERAL DESCRIPTION

The 64Mb SDRAM is a high-speed CMOS, dynamic
random-access memory containing 67,108,864 bits. It is
internally configured as a quad-bank DRAM with a
synchronous interface (all signals are registered on the
positive edge of the clock signal, CLK). Each of the x16’s
6,777,216-bit banks is organized as 4,096 rows by 256
columns by 16 bits.

Read and write accesses to the SDRAM are burst
oriented; accesses start at a selected location and continue
for a programmed number of locations in a programmed
sequence. Accesses begin with the registration of an
ACTIVE command, which is then followed by a READ or
WRITE command. The address bits registered coincident
with the ACTIVE command are used to select the bank and
row to be accessed (BAO, BA1 select the bank; AO-A11
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 provides for 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 a self-

timed row precharge that is initiated at the end of the burst
sequence.

The 64Mb SDRAM uses an internal pipelined architec-
ture to achieve high-speed operation. This architecture is
compatible 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 access.
Precharging one bank while accessing one of the other
three banks will hide the precharge cycles and provide
seamless, high-speed, random-access operation.

The 64Mb SDRAM is designed to operate in 3.3V, low-
power memory systems. An auto refresh mode is provided,
along with a power-saving, power-down mode. All inputs
and outputs are LVTTL-compatible.

SDRAMs offer substantial advances in DRAM
operating performance, including the ability to synchro-
nously burst data at a high data rate with automatic
column-address generation, the ability to interleave
between internal banks in order to hide precharge time and
the capability to randomly change column addresses on
each clock cycle during a burst access.
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} AUSTIN SEMICONDUCTOR, INC.
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4MEG X 16 SDRAM
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AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

FUNCTIONAL BLOCK DIAGRAM
4 Meg x 16 SDRAM

BANK3
CONTROL BANKA BANK2
CKE —30O— LOGIC
CLK —»O—
CS\ —»Oo—| o,
WE\ —mo— 2§
CAS\—MO— = 2 = = 4
RAS\—pO— © °
BANKO BANK 0
REFRESH [P ROW- ) )
COUNTER ROW 12 ADDRESS MEMORY v - + \>DQML, DQMH
ADDRESS LATCH & ARRAY
MUX bECODER EEZRP) (4,096 X 256 X 16) DATA
6 OUTPUT
SENSE AMPLIFIERS
REGISTER 0Q0-0Q15
5% -
DQM MASK LOGIC
READ DATA LATCH DATA
WRITE DRIVERS INPUT
Ao,
A10, ‘( FVRN ADDRESS REGISTER
BA REGISTER
COLUMN
% DECODER
COLUMN-
ADDRESS B,,
COUNTER/
LATCH
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AUSTIN SEMICONDUCTOR, INC.

AS4SD4M16
4MEG X 16 SDRAM

PIN DESCRIPTION

TSOP
PIN NUMBERS

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 SELF
REFRESH operations (all banks idle), ACTIVE POWER-DOWN (row ACTIVE
in either 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\ is considered part of the command code.

18,17
16

RAS\, WE\
CAS\

Input

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

15, 39

DQML,
DQMH

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 DQM is
sampled HIGH during a WRITE cycle. The output 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; DQMH corresponds to DQ8-DQ15.
DQML and DQMH are considered same state when referenced as DQM.

20, 21

BAO, BA1

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

AO-A11

Input

Address Inputs: A0-A11 are sampled during the ACTIVE command (row
address A0-A11) and READ/WRITE command (column address A0-A7, 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 precharged (A10 HIGH) or bank
selected by BA0O,BA1 (LOW). The address inputs also provide the op-code
during a LOAD MODE REGISTER command.

2,4,5,7,8

10, 11, 13, 42

44, 45,47, 48
50, 51, 53

DQO- DQ15

Input/
Output

Data 1/O: Data bus.

36, 40

NC

No Connect: These pins should be left unconnected.

3, 9,43, 49

Supply

DQ Power: Provide isolated power to DQs for improved noise immunity.

6, 12, 46, 52

Vsso

Supply

DQ Ground: Provide isolated ground to DQs for improved noise immunity.

1,14, 27

VDD

Supply

Power Supply: +3.3V £0.3V.

28, 41, 54

VSS

Supply

Ground.
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AUSTIN SEMICONDUCTOR, INC.

AS4SD4M16
4MEG X 16 SDRAM

FUNCTIONAL DESCRIPTION

In general, the 64Mb SDRAM 1 Meg x 16 x 4
banks is quad-bank DRAM which 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
x16’s 16,777,216-bit banks is organized as 4,096 rows by 256
columns by 16 bits.

Read and write accesses to the SDRAM are burst
oriented; accesses start at a selected location and continue
for a programmed number of locations in a programmed
sequence. Accesses begin with the registration of an
ACTIVE command which is then followed by a READ or
WRITE command. The address bits registered coincident
with the ACTIVE command are used to select the bank and
row to be accessed (BAO and BA1 select the bank, A0-Al1l
select the row). The address bits ( x16: A0-A7) 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 be
initialized. The following sections provide detailed
information covering device initialization, register defini-
tion, command descriptions and device operation.

Initalization

SDRAMSs must be powered up and initialized in a
predefined manner. Operational procedures other than
those specified may result in undefined operation. Once
power is applied to Vpp and VpbpQ (simultaneously) and
the clock is stable, the SDRAM requires a 100ms delay
prior to applying an executable command. 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 100us delay has been satisfied with at
least one COMMAND INHIBIT or NOP command having
been applied, a PRECHARGE command should be applied.
All banks must be precharged, thereby placing the device
in the all banks idle state.

Once in the idle state, two AUTO REFRESH
cycles must be performed. After the AUTO REFRESH
cycles are complete, the SDRAM is ready 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

Mode Register

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
information until it is programmed again or the device loses
power.

Mode register bits M0O-M2 specify the burst
length, M3 specifies the type of burst (sequential or
interleaved), M4-M6 specify the CAS latency, M7 and M8
specify the operating mode, M9 specifies the WRITE burst
mode, and M10 and M11 are reserved for future use.

The Mode Register must be loaded when all
banks are idle, and the controller must wait the specified
time before initiating the subsequent operation. Violating
either of these requirements will result in unspecified
operation.

Burst Length

Read and write accesses to the SDRAM are burst
oriented, with the burst length being programmable, as
shown in Figure 1. The burst length determines the
maximum number of column locations that can be accessed
for a given READ or WRITE command. Burst lengths of 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 type. The full-page burst is
used in conjunction with the BURST TERMINATE
command to generate arbitrary burst lengths.

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

When a READ or WRITE command is issued, a
block 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 the block if a
boundary is reached. The block is uniquely selected by
A1-A7 (x16) when the burst length is set to two; A2-A7
(x16) when the burst length is set to four; and by A3-A7
(x16) when the burst length is set to eight. The remaining
(least significant) address bit(s) is (are) used to select the
starting location within the block. Full-page bursts wrap
within the page if the boundary is reached.

ASASDAM16
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lgAU TIN SEMICONDUCTOR, INC.

BURST TYPE

Accesses within a given burst may be pro-
grammed to be either sequential or interleaved; this is

referred 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 address, as shown in Table 1.

ATl A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Address Bus

Table 1
BURST DEFINITION

AS4SD4M16
4MEG X 16 SDRAM

Burst
Length

Starting Column Order of Acce

ss Within a Burst

Address Type = Sequential

Type = Interleaved

o

0-1

0-1

10

10

(=]

0123

0123

1,230

1,082

2,301

23,01

3012

3210

>
¥
o

12345670

10325476

23456,7,01

23,016,745

34567012

32107654

45670123

45670123

56,7,01234

54761032

67012345,

6,74523,0,1

_lololelalalolo®la]<lolo >
_lol<lo|<lol=lolzlalo|<lolz <ol

a|alala|ololo|lo

70123456

76543210

[__Reserved"

[we

Op Mode |

CAS Latency [ BT | Burst Length

Cn, Cn+1, Cn+2,

Not Supported

J Full Page n=A0- A9 Cn+3, Cni4...
...Cn-1,

Cn...

location 0 - y

=
5
2
S

Burst Length
1 1

2 2
4 4
8 8
Reserved
Reserved
Reserved

Full Page

* Should program M11,
M10=0,0 to ensure
compatibilty with future
devices.

Reserved
Reserved

Receved NOTE:

Reserved 1

l )
M M3=0 M3=1

0

0

1

1

0

0

1

1

~|=|=|=lc]e]e]e

=[e|=[e]=]e]|=]e

For full-page accesses: y = 256 (x16).
2. For aburst length of two, A1-A7 (x16)
A T ! select the block-of-two burst; AO
Sequenial | selects the starting column within the
Interleave | block.
3. Foraburstlength of four, A2-A7 (x16)
select the block-of-four burst; A0-A1
Rosorved select the starting column within the
g block.
e 4. For aburst length of eight, A3-A7 (x16)
Roserved select the clock-of-eight burst; A0-A2
select the starting column within the

{ Operating Mode | block.

_Standard Oporaion_ I 5. For afull-page burst, the full row is
selected and A0-A7 (x16) select the
starting column.

6. Whenever a boundary of the block is

L T reached within a given sequence

o Prosremmed Eurs Longh above, the following access wraps

: within the block.

7. Foraburst length of one, A0-A7 (x16)
select the unique column to be ac-
cessed, and Mode Register bit M3 is
ignored.

=
>
=]
k4
IS

CAS Latency
Reserved

y
~[~[=[=[s|e|e|e
I I P Y O I Y P -

=le|=|e[=|=|~]e
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} AUSTIN SEMICONDUCTOR, INC.

AS4SD4M16
4MEG X 16 SDRAM

CAS Latency

The CAS latency is the delay, in clock cycles,
between the registration of a READ command and the
availability of the first piece of output data. The latency
can be set to two or three clocks.

If a READ command is registered at clock edge n,
and the latency is m clocks, the data will be available by
clock edge n+m. The DQs will start driving as a result of
theclock edge one cycle earlier (n + m - 1), and provided
that the relevant access times are met, the data will be valid
by clock edge n + m. For example, assuming that the clock
cycle time issuch that all relevant access times are met, if a
READ command is registered at TO and the latency is
programmed to two clocks, the DQs will start driving after
T1 and the data will be valid by T2, as shown in Figure 2.
Table 2 below indicates the operating frequencies at which
each CAS latency setting can be used.

CLK

A |

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

Operating Mode

The normal operating mode is selected by setting
M7and M8 to zero; the other combinations of values for
M7 and M8 are reserved for future use and/or test modes.
The programmed burst length applies to both READ and
WRITE bursts.

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

Write Burst Mode

When M9 = 0, the burst length programmed via
MO-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 (nonburst)
accesses.

Table 2
CAS LATENCY

ALLOWABLE OPERATING FREQUENCY

I | | (MHz)
COMMAMD @(?EAD )%NOT )&NOPt )@ SP_ESED CAS LA;’I;;\ICY:Z CAS L,L;TFZNSCY:s
—» on 10 <66 <100
a e
tAC
< CAS Latency =2 >
TO T T2 T3 T4
ok _ K1 & L4514 14

comno X EOCERCEN ]
1, ton

&
<

14

DQ DOUT
tAC
< >
CAS Latency =3 EH unDEFINED
/] DONTCARE
Figure 2
CAS LATENCY
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AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

COMMANDS following the Operation section; these tables provide

Truth Table 1 provides a quick reference of available current state/next state information.

commands. This is followed by a written description of
each command. Two additional Truth Tables appear

TRUTH TABLE 1- Commands and DMQ Operation
(Note: 1)

NAME (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 X Bank/Col X 4
WRITE (select bank and column and start WRITE burst) L H L L X Bank/Col | Valid 4
BURST TERMINATE L H H L X X Active
PRECHARGE (deactivate row in bank or banks) L L H L X Code X 5
QL;;(;) REFRESH or SELF REFRESH (enter self refresh L L L H X X X 6.7
LOAD MODE REGISTER L L L L X OpCode X 2
Write Enable/Output Enable - B - = L = Active 8
Write Inhibit/Qutput High-Z - H - High-Z 8

NOTE:

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

2. AO0-A11 define the op-code written to the Mode Register.

3. AO0-A11 provide row address, and BAO, BA1 determine which bank is made active.

4. AO0-A7 (x16) 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; all 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).

ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
REV.11/08
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' EAUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

COMMAND INHIBIT

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

WRITE

The WRITE command is used to initiate a burst
write access to an active row. The value on the BAO, BA1
inputs selects the bank, and the address provided on
inputs AO-A7 (x16) 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
WRITE burst; if AUTO PRECHARGE is not selected, the
row will remain open for subsequent accesses. Input data
appearing on the DQs is written 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 is registered HIGH, the corresponding data inputs
will be ignored, and a WRITE will not be executed to that
byte/column location.

NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to
perform a 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.

LOAD MODE REGISTER

The Mode Register is loaded via inputs AO-Al1l.
See Mode Register heading in the Register Definition
section. The LOAD MODE REGISTER command can only

be issued when all banks are idle, and a subsequent PRECHARGE
executable command cannot be issued until 'MRD is met. The PRECHARGE command is used to deactivate
the open row in a particular bank or the open row in all
ACTIVE banks. The bank(s) will be available for a subsequent row
The ACTIVE command is used to open (or access a specified time (‘RP) after the PRECHARGE

activate) a row in a particular bank for a subsequent
access. The value on the BAO, BA1 inputs selects the
bank, and the address provided on inputs AQ-Al1l selects
the row. This row remains active (or open) for accesses
until a PRECHARGE command is issued to that bank. A
PRECHARGE command must be issued before opening a
different row in the same bank.

command is issued. 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. Otherwise BAQO, BA1 are treated as “Don’t Care.”
Once a bank has been precharged, it is in the idle state and
must be activated prior to any READ or WRITE commands
being issued to that bank.
READ AUTOPRECHARGE

AUTO PRECHARGE is a feature which performs
the same individual-bank PRECHARGE function described
above, without requiring an explicit command. This is
accomplished 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 does
not apply. AUTO PRECHARGE is 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 a burst. The user
must not issue another command to the same bank until the

The READ command is used to initiate a burst
read access to an active row. The value on the BAO, BA1
inputs selects the bank, and the address provided on
inputs AO-A7 (x16) 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 clocks earlier. If a given DQM signal was
registered HIGH, the corresponding DQs will be High-Z
two clocks later; if the DQM signal was registered LOW,
the DQs will provide valid data.

ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
REV. 11/98
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precharge time ( 'RP) is completed. This is determined as if
an explicit PRECHARGE command was issued at the
earliest possible time, as described for each burst type in
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.

AUTO REFRESH

AUTO REFRESH is used during normal operation
of the SDRAM and is analagous to CAS\-BEFORE-RAS\
(CBR) REFRESH in conventional DRAMs. This command
is non-persistent, so it must be issued each time a refresh is
required.

The addressing is generated by the internal
refresh controller. This makes the address bits “Don’t
Care” during an AUTO REFRESH command. The 64Mb
SDRAM requires 4,096 AUTO REFRESH cycles every
64ms *( 'REF), regardless of width option. Providing a
distributed AUTO REFRESH command every 15.625us/
3.906us will meet the refresh requirement and ensure that
each row is refreshed. Alternatively, 4,096 AUTO REFRESH
commands can be issued in a burst at the minimum cycle

rate ( 'RC), once every 64ms/ 16ms.

*6dms for -40° to +85° C ( Industrial Temperatures)
and 16ms for -55° to +125°C (Militury Temperatures)

AS4SD4M16
4MEG X 16 SDRAM

SELF REFRESH (Industrial -40°C to +85°C Only)

The SELF REFRESH command can be used to
retain data in the SDRAM, even if the rest of the system is
powered down. When in the self refresh mode, the
SDRAM retains data without external clocking. The SELF
REFRESH command is initiated like an AUTO REFRESH
command except CKE is disabled (LOW).

Once the SELF REFRESH command is registered,
all the inputs to the SDRAM become “Don’t Care,” with
the exception of CKE, which must remain LOW.

Once self refresh mode is engaged, the SDRAM
provides its own internal clocking, causing it to perform its
own AUTO REFRESH cycles. The SDRAM must remain in
self refresh mode for a minimum period equal to 'RAS and
may remain in self refresh mode for an indefinite period
beyond that.

The procedure for exiting self refresh requires a
sequence of commands. First, CLK must be stable prior to
CKE going back HIGH. Once CKE is HIGH, the SDRAM
must have NOP commands issued (a minimum of two
clocks) for "XSR, because time is required for the comple-
tion of any internal refresh in progress.

If during normal operation AUTO REFRESH
cycles are issued in bursts (as opposed to being evenly
distributed), a burst of 4,096 AUTO REFRESH cycles
should be completed just prior to entering and just after
exiting the self refresh mode.

The self refresh option is not available for the -55°
to +125° screenig option.

ASASDAM16
REV. 11/08.
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AS4SD4M16
4MEG X 16 SDRAM

OPERATION
BANK/ROW ACTIVATION

Before any READ or WRITE commands can be
issued to a bank within the SDRAM, a row in that bank
must be “opened.” This is accomplished via the ACTIVE
command, which selects both the bank and the row to be
activated.

After opening a row (issuing an ACTIVE com-
mand), a READ or WRITE command may be issued to that
row, subject to the 'RCD specification. 'RCD (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, a '/RCD specification of 30ns
with a 90 MHz clock (11.11ns period) results in 2.7 clocks,
rounded to 3. This is reflected in Figure 4, which covers
any case where 2 < 'RCD (MIN)/ ' CK < 3. (The same
procedure is used to convert other specification limits from
time units to clock cycles).

A subsequent ACTIVE command to a different
row in the same bank can only be issued after the previous
active row has been “closed” (precharged). The minimum
time interval between successive ACTIVE commands to
the same bank is defined by 'RC.

A subsequent ACTIVE command to another bank
can be issued while the first bank is being accessed, which
results in a reduction of total row-access overhead. The
minimum time interval between successive ACTIVE

commands to different banks is defined by 'RRD.

TO ™

CLK A}

CLK Ar

CKE HIGH

cs\

CAS\

WE\ <

- ROW ADDRESS X
T BANK AD,DRESS X
|

Figure 3
ACTIVATING A SPECIFIC ROW IN A

SPECIFIC BANK

AOAT1

BAO, 1

T2 T3 T4

COMMAND .

'‘RCD

DON'T CARE
Figure 4

EXAMPLE: MEETING 'RCD (MIN) WHEN 2<'RCD (MIN)/*CK<3

ASASDAM16
REV. 11/08.
DS000072

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

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



AUSTIN SEMICONDUCTOR, INC.

AS4SD4M16
4MEG X 16 SDRAM

READs
READ bursts are initiated with a READ command, as
shown in Figure 5.

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 PRECHARGE is enabled, 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 subse-
quent data-out element will be valid by the next positive
clock edge. Figure 6 shows general timing for each possible
CAS latency setting.

CLK A

CKE HICH

AO-A7:x16 .

" _COLUMN ADDRESSY(-"
|

ENABLE AUTO IF‘RECHARG

A8, A9, A11:x16 -

A0

DISAB LE AUTO|PRECHARGE

) BANKADDRESS (.

BAO,1

Figure 5
READ COMMAND

Upon completion of a burst, assuming no other
commands have been initiated, the DQs will go High-Z. A
full-page burst will continue until terminated. (At the end of
the page, it will wrap to column 0 and continue.)

Data from any READ burst may be truncated with
a subsequent READ command, and data from a fixed-
length READ burst may be immediately followed by data
from a READ command. In either case, a continuous flow
of data can be maintained. The first data element from the
new burst follows either the last element of a completed
burst or the last desired data element of alonger burst
which is being 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 equals the
CAS latency minus one.

T0 T T2 T3

CLK

COMMAND *-) NOP () NoP

7 - toH

DQ

CLK

NOP ) NoP X NoP

COMMAND <

DQ

CAS Latency =3

Figure 6
CAS LATENCY

ASASDAM16
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This is shown in Figure 7 for CAS latencies of two and following a previous READ command. Full-speed random
three; data element n + 3 is either the last of a burst of four read accesses can be performed to the same bank, as
or the last desired of a longer burst. The 64Mb SDRAM shown in Figure 8, or each subsequent READ may be

uses a pipelined architecture and therefore does not require  performed to a different bank.
the 2n rule associated with a prefetch architecture. A
READ command can be initiated on any clock cycle

To T1 T2 T3 T4 T5 T6
CLK
COMMAND < READ )X NOP>—< NOP>< NOP >< READ>< NOP >—< NOP ><
. . . : - X=1 cycle - .

BANK,

ADDRESS COL b

»

DOUT DOUT
n+3 b

CAS Latency = 2

) : DOUT DouUT DOUT
ba : —CT R K

To T T2 T3 T4 T5 T6 T7
CLK
COMMAND < READ>< NOP >< NOP >< NOP >< READ>-< NOP >< NOP >—< NOP ><

X=2 cycle

BANK, \ /
coL b /'

. . . : / pout DOUT DouT - DOUT DoUT
) N\ 7 n+1 n+2 43 b

CAS Latency = 3

ADDRESS

X

NOTE: Each READ command may be to either bank. DQM is LOW. “ DON'T CARE
Figure 7
CONSECUTIVE READ BURSTS
ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
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TO T1 T2 T3
CLK
comuney (NN
BANK BANK. BANK BANK, )
ADDRESS <COL n><COL a>< coL >< ><
OUT DOUT DOUT DOUT
. XD
CAS Late-ncy =2
T0 T1 T2 T3 T4 T5 T6
CLK ‘ ‘
COMMAND <REA >< >< EAD>~< READ >-< NOP >< NOP >—< NOP ><
BANK, BANK, BANK, BANK, , A
ADDRESS <COL n>< coL a>< coL ><COL m>_<v
DO OUT >< out >< ouT >—< ouT >

CAS Latency = 3

DON'T CARE

NOTE: Each READ command may be to either bank. DQM is LOW.

Figure 8
RANDOM READ ACCESSES

ASASDAM16
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AS4SD4M16
4MEG X 16 SDRAM

Data from any READ burst may be truncated with a
subsequent WRITE command, and data from a fixed-
length READ burst may be immediately followed by data
from a WRITE command (subject to bus turnaround
limitations). The WRITE burst may be initiated on the
clock edge immediately 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
data will 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 is used to avoid I/O contention, as shown in
Figures 9 and 10. The DQM signal must be asserted (HIGH)
at least two clocks prior to the WRITE command (DQM
latency is two clocks for output buffers) to suppress data-
out from the READ. Once the WRITE command is regis-
tered, the DQs will go High-Z (or remain High-Z), regard-
less of the state of the DQM signal. 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
data is not masked. Figure 9 shows the case where the
clock frequency allows for bus contention to be avoided
without adding a NOP cycle, and Figure 10 shows the case
where the additional NOP is needed.

T0 T1 T2 T3 T4
CLK

DQM -\

READ

COMMAN NOP NOP

ADDRESS

DQ

-«IDs
NOTE: ACAS 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 CAS latency of one is used, the
DQM is not required.

Figure 9
READ TO WRITE

COMMAND READ NOP

ADDRESS

DQ

IN
J «IDs

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

Figure 10
READ TO WRITE WITH EXTRA
CLOCK CYCLE

ASASDAM16
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AS4SD4M16
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A fixed-length READ burst may be followed by, or
truncated with, a PRECHARGE command to the same bank
(provided that AUTO PRECHARGE was not activated),
and a full-page burst maybe 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. This is shown in Figure 11 for
each possible CAS latency; data element n + 3 is either the
last of a burst of fouror the last desired of a longer burst.
Following the PRECHARGE command, a subsequent

TO T1 T2 T3

command to the same bank cannot be issued until t RP is
met. Note that part of the row precharge time is hidden
during the access of the last data element(s).

In the case of a fixed-length burst being executed
to completion, a PRECHARGE command issued at the
optimum time (as described above) provides the same
operation that would result from the same fixed-length
burst

T4 T6 T7

CLK

TI | IT

| ITtI LI |

COMMAND < READ X > ' > NOP ><RECHAHG>< NOP >—< NOP >—<ACTIVE>—<

4——»
X= 1cycles .

ADDRESS

BANK
(aorall)

D

DQ o X e : Do

= CAS Lat;ancy =2 — i :

TO0 T1 T2 T3 T4 T5 T6 T7
cx T | T | | T | | Tt | | T |

COMMAND < READ>< NOP >< NOP < ><RECHAHG§< P < P < ACTIVE>—<

cycles

ADDRESS

N BANK
(aorall)

DQ

ouT
n+1

OUT ><

CAS Latency = 3
NOTE: DQM is LOW.

DON'T CARE

Figure 11
READ TO PRECHARGE
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with AUTO PRECHARGE. The disadvantage of the
PRECHARGE command is 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 is that it can be used to truncate fixed-length or

command, provided that AUTO PRECHARGE was not
activated. The BURST TERMINATE 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. This is shown in Figure 12 for each

possible CAS latency; data element n + 3 is the last desired
data element of a longer burst.

full-page bursts.

Full-page READ bursts can be truncated with the
BURST TERMINATE command, and fixed-length READ
bursts may be truncated with a BURST TERMINATE

T0 T1 T2 T3 T4 T5 T6
CLK 1 | | L1 | LT L1 |
COMMAND
ADDRESS
DQ f { Par Do o Do
* CAS Lat-ency =2
TO T1 T2 T3 T4 T5 T6 T7

o 1 LT | L1 | LT LT LT |
I\iOP>—<I:\IOP>-<:NOP>—<

X =2cycles

BURST

COMMAND ERMINAT]

—

ADDRESS

: : - D D D /D )
DQ : : < P o sp < Do S

CAS Latency = 3

DON'T CARE

NOTE: DQM is LOW.

Figure 12
TERMINATING A READ BURST
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WRITEs

WRITE bursts are initiated with a WRITE
command, as shown in Figure 13.

The starting column and bank addresses are
provided with the WRITE command, and 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 illustra-
tions, AUTO PRECHARGE is disabled.

During WRITE bursts, the first valid data-in
element 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 DQs will remain High-Z and any
additional input data will be ignored (see Figure 14). A full-
page burst will continue until terminated. (At the end of the
page, it will wrap to column O and continue.)

Data for any WRITE burst may be truncated with
a subsequent WRITE command, and data for a fixed-length
WRITE burst may be immediately followed by data for a
WRITE 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 applies to the new command. An example is
shown in Figure 15. Data n + 1 is either the last of a burst of
two or the last desired of a longer burst. The 64Mb
SDRAM uses a pipelined architecture and therefore does
not require the 2n rule associated with a prefetch architec-
ture. A WRITE command can be initiated on any clock
cycle following a previous WRITE command. Full-speed
random write accesses within a page can be performed to
the same bank, as shown in Figure 16, or each subsequent
WRITE may be performed to a different bank.

TO T1 T2 T3
CLK T L1 L1 LJ L
COMMAND
ADDRESS

NOTE: Burst length = 2. DQM is LOW.

Figure 14
WRITE BURST

CLK A TO T1 T2
CKE ~HIGH CLK I | T | T |—
o8 T = COMMAND < WRITEX NOP ><WR.ITE><
— ADDRESS < EANK ¢
CAS\ :
WE\ \\ DQ Dy n D, n+1 D, b
AO-A7:x16 XCOLUMN ADDRES NOTE: DQM is.LOW. EachWI;ITE command rr.1ay be to any bank.
A8, A9,A11:x16 - E;;ZSI;;UTO I:‘RECHA>I§GE PONTeARE
AlD g;;;LEAUTO rRECHAF{gE Figure 15
Bt 7 B T s WRITETO WRITE

Figure 13
WRITE COMMAND
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to mask input data for the clock edge prior to, and the clock
edge coincident with, the PRECHARGE command. An
example is shown in Figure 18. Data n + 1 is either the last
of a burst of two or the last desired of a longer burst.
Following the PRECHARGE command, a subsequent
command to the same bank cannot be issued until RP is
met.

Data for any WRITE burst may be truncated with
a subsequent READ command, and data for a fixed-length
WRITE burst may be immediately followed by a subse-
quent READ command. Once the READ command is
registered, the data inputs will be ignored, and WRITEs will
not be executed. An example is shown in Figure 17. Data
n+1 is either the last of a burst of two or the last desired of
a longer burst.

Data for a fixed-length WRITE burst may be
followed by, or truncated with, a PRECHARGE command to
the same bank (provided that AUTO PRECHARGE was not
activated), and a full-page WRITE burst may be truncated
with a PRECHARGE command to the same bank. The
PRECHARGE command should be issued ‘WR after the
clock edge at which the last desired input data element is
registered. The two-clock WRITE recovery version (A2)
requires at least one clock plus time, regardless of fre-
quency, in auto precharge mode. In addition, when
truncating a WRITE burst, the DQM signal must be used

In the case of a fixed-length burst being executed
to completion, a PRECHARGE 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 command is that it requires that the com-
mand and address buses be available at the appropriate
time to issue the command; the advantage of the
PRECHARGE command is that it can be used to truncate
fixed-length or full-page bursts.

TO T T2 T3 T4 T5 T6
TO T1 T2 T3 CLK

cx | [T LT L1 ' '
! . d . I_ 'WR= 2 CLK (“A2 version”)

coMMAND < WRITEX WRITEX WRITEX WRITE bam \

< COMMAND  <VRITE nor D¢ Nop '
B rooress ETC D 7D
ceLn - : : : : ROW

RP

ADDRESS

DQ D|N n D|N a DIN X D
NOTE: Each WRITE command may be to any bank. DQM is DQ m m m m m m m
LOW. : - . . . ; .
T NOTE: DQM coulc remain LOW in this example if the WRITE burst is a fixed length
Figure 16 o
RANDOM WRITE CYCLES
DON'T CARE
Figure 18
To T1 T2 T3 T4 T5 WRITE TO PRECHARGE
e 1T LT LT LT LT LT L
coMMAND < WRITE)X NOP > READ)K NOP > NOP >< NOP >
ADDRESS
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
WRITETO READ
ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
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Fixed-length or full-page WRITE bursts can be
truncated with the BURST TERMINATE command. When
truncating a WRITE burst, the input data applied coinci-
dent with the BURST TERMINATE command will be
ignored. The last data written (provided that DQM is LOW
at that time) will be the input data applied one clock
previous to the BURST TERMINATE command. This is
shown in Figure 19, where data n is the last desired data
element of a longer burst.

TO0 T1 T2

ck T LT LT L

COMMAND ~<WRITE) oy
. NATE .
ADDRESS
DQ

NOTE: DQMs is LOW.

Figure 19
TERMINATING A WRITE BURST

PRECHARGE

The PRECHARGE command is used to deactivate
the open row in a particular bank or the open row in all
banks. The bank(s) will be available for a subsequent row
access some specified time (*RP) after the PRECHARGE
command is issued. 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,
BAL are treated as “Don’t Care.” Once a bank has been
precharged, it is in the idle state and must be activated
prior to any READ or WRITE commands being issued to
that bank.

POWER-DOWN

Power-down occurs if CKE is registered LOW
coincident with a NOP or COMMAND INHIBIT when no
accesses are in progress. If power-down occurs when all
banks are idle, this mode is referred to as precharge power-
down; if power-down occurs when there is a row active in
either bank, this mode is referred to as active power-down.
Entering power-down deactivates the input and output
buffers, excluding CKE, for maximum power savings while
in standby. The device may not remain in the power-down
state longer than the refresh period (64ms/16ms) since no
refresh operations are performed in this mode.

The power-down state is exited by registering a
NOP or COMMAND INHIBIT and CKE HIGH at the

desired clock edge (meeting ' CKS).

cKe HIGH
cs\ - [ f_l ' | [ |_
CLK
RAS\
tCKs EicKs
CAS\ . \
\ |
WEL 11
AO-A9
ALL B4NKS COMMAND NOP NOP ACT[VE)é
Al0 X ) S Allbanks idie
BANK SFLECTED B Input buffers gated off ‘_:RCD
BA - X BANK ADDRESS X Enter power-down mode. Exit power-down mode. 4—12@8
. DON'T CARE
Figure 20 Figure 21
PRECHARGE COMMAND POWER-DOWN
ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
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CLOCK SUSPEND

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

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

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

TO T1 T2 T3
CLK

LT 1L

CKE . \ . o/
INTERNAL f f
CLOCK | | I |

COMMAND @m ////////

D "DV <<

NOTE: For this example, burst length =4 or greater, and DQM is LOW.

Figure 22
CLOCK SUSPEND DURING WRITE
BURST

gf

BURST READ/SINGLE WRITE

The burst read/single write mode is entered by
programming the write burst mode bit (M9) in the Mode
Register to a logic 1. In this mode, all WRITE commands
result in the access of a single column location (burst of
one), regardless of the programmed burst length. READ
commands access columns according to the programmed
burst length and sequence, just as in the normal mode of
operation (M9=0).

TO T1 T2 T3 T4 T5 T6

CKE 0 T \ - [

INTERNAL
CLOCK

COMMAND

ADDRESS B 5
S O D (O

NOTE: For this example, CAS latency = 2, burst length = 4 or greater, and DQM is LOW.

DON'T CARE

Figure 23
CLOCK SUSPEND DURING READ
BURST
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CONCURRENT AUTO PRECHARGE

An access command (READ or WRITE) to READ on bank n, CAS latency later. The PRECHARGE
another bank while an access command with AUTO to bank n will begin when the READ to bank m is
PRECHARGE enabled is executing is not allowed by registered (Figure 24).

SDRAMSs, unless the SDRAM supports CONCURRENT 2. Interrupted by a WRITE (with or without AUTO
AUTO PRECHARGE. ASI SDRAMs support CONCUR- PRECHARGE): A WRITE to bank m will interrupt
RENT AUTO PRECHARGE. Four cases where CONCUR- a READ on bank n when registered. DQM should
RENT AUTO PRECHARGE occurs are defined below. be used two clocks prior to the WRITE command

to prevent bus contention. The PRECHARGE to
READ with AUTO PRECHARGE bank n will begin when the WRITE to bank m is
1. Interrupted by a READ (with or without AUTO registered (Figure 25).

PRECHARGE): A READ to bank m will interrupt a

T0 T1 T2 T3 T4 T5 T6 T7

TS e s e T e e T o O I

. BANK n | Page Active | READ with burst of%i Interrupt Burst, Precharge | Idle .
-Internal ) B . . . ‘RP-BANK m *
.States . . “RP - BANK.n . .
. BANK m Page Active | READ with burst of 4 | Precharge ¢

DQ - . N Doyr @ Doyr @+ 1)< Doyr @ Doyr 941

CAS Latency = 3 (BANK n)

NOTE: DQM is LOW. ~CAS Latency = 3 (BANK ) -
Figure 24
READ WITH AUTO PRECHARGE INTERRUPTED BY A READ
To T1 T2 T3 T4 5 Te T7

e UL P U T LT

. BANK n [Fage READ with burst of 4] Interrupt Burst, Precharge Idle ¢
‘Internal A I : : N : : J .
:States . . . 'RP - BANK . WR-BANK:
. BANK m | Page Active | WRITE with burst of 4 Write back *

ADDRESS e P K coLd.

DQM'

. ) ) : : /BN /BN /B \
DQ : . 5 Doyr 2 On g it/ N\diz/— \d:i3/

CAS Latency = 3 (BANK n)

Don’t Care

NOTE: 1.DQM is HIGH at T2 to prevent D, -a+1 from contending with D -d at T4.

Figure 25
READ WITH AUTO PRECHARGE INTERRUPTED BY A WRITE
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} AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

WRITE with AUTO PRECHARGE prior to the READ to bank m (Figure 26).

3. Interrupted by a READ (with or without AUTO 4 Interrupted by a WRITE (with or without AUTO
PRECHARGE): A READ to bank m will interrupt a PRECHARGE): A WRITE to bank m will interrupt a
WRITE on bank n when registered, with the data-out WRITE on bank n when registered. The PRECHARGE
appearing CAS latency later. The PRECHARGE to to bank n will begin after "WR is met, where t WR
bank will begin after 'WR is met, where "WR begins begins when the WRITE to bank m is registered. The
when the READ to bank m is registered. The last valid last valid data WRITE to bank n will be data regis-
WRITE to bank n will be data-in registered one clock tered one clock prior to a WRITE to bank 1 (Figure 27).

T0 T3 T4 T5 T6 T7

o _—IT_II_ITITIIIj_IT__I

. BANK n | Page Actlve |WRITE wﬂh burst of 4>| Interrupt Burst, Write back | Precharge .
«Internal .

.States : . "WR.- BANK 1 . 'RP-BANKn " RP-BANK m ]
T BANKm| Page Active | READ with burst of 4 | :

CAS Latency = 3 (BANK m) .

NOTE: DQM is LOW.

Figure 26
WRITE WITH AUTO PRECHARGE INTERRUPTED BY A READ
To T1 T2 T3 T4 T5 T6 17
ST e I s I s s s O o D O

COMMAND

. BANK n Page Active IWRITE with burst of 4>| Interrupt Burst, Write back | Precharge .
‘Internal 3 :
.States i . WR.- BANK 7~ 'RP-BANKn WR-BANK
:  BANKm | Page Active | WRITE with burst of 4 [ write back;

ADDRESS

i I-:)IN D;N D;N D-IN DIN
bQ _ ow D> )< e )<< o< e
Don’t Care

NOTE: DQM is LOW.

Figure 27
WRITE WITH AUTO PRECHARGE INTERRUPTED BY A WRITE
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EAUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

TRUTH TABLE 2-CKE

(Notes: 1-4)
CKE, 4 CKE, CURRENT STATE COMMAND, ACTION, 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
NOTE:
1. CKE n is the logic state of CKE at clock edge n; CKE n-1 was the state of CKE at the previous clock edge.
2. Current state is the state of the SDRAM immediately prior to clock edge n.
3. COMMAND n is the command registered at clock edge n, and ACTION n is a result of COMMAND n .
4. All states and sequences not shown are illegal or reserved.
5.  Exiting power-down at clock edge n will put the device in the all banks idle state in time for clock edge n + 1

(provided that 'CKS is met).

Exiting self refresh at clock edge n will put the device in the all banks idle state once 'XSR is met. COMMAND

INHIBIT or NOP commands should be issued on any clock edges occurring during the 'XSR period. A

minimum of two NOP commands must be provided during ' XSR 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.

)
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EAUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

TRUTH TABLE 3 — Current State Bank n - Command to Bank n
(Notes: 1-6; notes appear below and on next page)

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 activate row)
ldle L L L H JAUTO 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
L H L H |READ (Select column and start new READ burst) 10
leldcé 2;2" 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
) L H L H |READ (Select column and start READ burst) 10
V‘g:,t:c:ﬁlg,;teo_ 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

NOTE:

1. This table applies when CKE n-1 was HIGH and CKE n is HIGH (see Truth Table 2) and after ' XSR has been met (if the previous state
was self refresh).
2. This table is bank-specific, except where noted; i.e., the current state is for a specific 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:
Idle: The bank has been precharged, and *RP has been met.

Row Active: A row in the bank has been activated, and " RCD 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.
ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
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AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

NOTE (continued):

4. The following states must not be interrupted by a command issued to the same bank. 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: Starts with registration of a PRECHARGE command and ends when ‘RP is met. Once
RP is met, the bank will be in the idle state.
Row Activating: Starts with registration of an ACTIVE command and ends when RCD is met. Once
‘RCD is met, the bank will be in the row active state.
Read w/Auto-
Precharge Enabled: Starts with registration of a READ command with AUTO PRECHARGE enabled and ends
when 'RP has been met. Once 'RP is met, the bank will be in the idle state.
Write w/Auto-
Precharge Enabled: Starts with registration of a WRITE command with AUTO PRECHARGE enabled and
ends when 'RP has been met. Once ‘RP is met, the bank will be in the idle state.

5. The following states must not be interrupted by any executable command; COMMAND INHIBIT or NOP commands

must be applied on each positive clock edge during these states.

Refreshing: Starts with registration of an AUTO REFRESH command and ends when ‘RC is met.
Once RC is met, the SDRAM will be in the all banks idle state.

Accessing Mode

Register: Starts with registration of a LOAD MODE REGISTER command and ends when ‘MRD
has been met. Once 'MRD is met, the SDRAM will be in the all banks idle state.

Precharging All: Starts with registration of a PRECHARGE ALL command and ends when RP is met.
Once ‘RP is met, all banks will be in the idle state.

All states and sequences not shown are illegal or reserved.

Not bank-specific; requires that all banks are idle.

May or may not be bank-specific; if all banks are to be precharged, all must be in a valid state for precharging.

Not bank-specific; BURST TERMINATE affects the most recent READ or WRITE burst, regardless of bank..

0. READs or WRITEs listed in the Command (Action) column include READs or WRITEs with AUTO PRECHARGE

enabled and READs or WRITEs with AUTO PRECHARGE disabled.

11. Does not affect the state of the bank and acts as a NOP to that bank.

=0 %N
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AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

TRUTH TABLE 4 - Current State Bank n - Command to Bank m

(Notes: 1-6; notes appear below and on next page

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 |ACTIVE (select and activate 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 activate row)
(Auto- L H L H |READ (select column and start new READ burst) 7,10
Precharge 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 activate row)
(Auto- L H L H |READ (select column and start READ burst) 7,1
Precharge 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 JACTIVE (select and activate 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) 7,815
L L H L |PRECHARGE 9
Write L L H H |ACTIVE (select and activate row)
(with Auto- L H L H |READ (select column and start READ burst) 7,816
Precharge) L H L L |WRITE (select column and start new WRITE burst) 7,817
L L H L |PRECHARGE 9

NOTE:

1. This table applies when CKE n-1 was HIGH and CKE n is HIGH (see Truth Table 2) and after "XSR has been met (if the
previous state was self refresh).

2. This table describes alternate bank operation, except where noted; i.e., the current state is for bank n and the com-
mands shown are those allowed to be issued to bank m (assuming that bank m is in such a state that the given
command is allowable). Exceptions are covered in the notes below.

3. Current state definitions:

Idle: The bank has been precharged, and 'RP has been met.

Row Active: A row in the bank has been activated, and ' RCD 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 a READ command with AUTO PRECHARGE enabled, and ends

when ' RP has been met. Once 'RP is met, the bank will be in the idle state.
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NOTE (continued):
Write w/Auto-
Precharge Enabled: Starts with registration of a WRITE command with AUTO PRECHARGE enabled, and ends

when ‘RP has been met. Once 'RP is met, the bank will be in the idle state.

4.  AUTO REFRESH, SELF REFRESH and LOAD MODE REGISTER commands may only be issued when all banks are
idle.

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 are illegal or reserved.

7. READs or WRITEs to bank m listed in the Command (Action) column include READs or WRITEs with AUTO
PRECHARGE enabled and READs or WRITEs with AUTO PRECHARGE disabled.

8. CONCURRENT AUTO PRECHARGE: Bank n will initiate the AUTO PRECHARGE command when its burst has been
interrupted by bank m’s burst.

9. Burst in bank n continues as initiated.

10. For a READ without AUTO PRECHARGE interrupted by a READ (with or without AUTO PRECHARGE), the READ
to bank m will interrupt the READ on bank n, CAS latency later (Figure 7).

11. For a READ without AUTO PRECHARGE interrupted by a WRITE (with or without AUTO PRECHARGE), the
WRITE to bank m will interrupt the READ on bank n when registered (Figures 9 and 10). DQM should be used one
clock prior to the WRITE command to prevent bus contention.

12. For a WRITE 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 CAS latency
later. The last valid WRITE to bank n will be data-in registered one clock prior to the READ to bank m.

13. For a WRITE without AUTO PRECHARGE interrupted by a WRITE (with or without AUTO PRECHARGE), the
WRITE to bank m will interrupt the WRITE on bank n when registered (Figure 15). The last valid WRITE to bank n
will be data-in registered one clock prior to the READ to bank m.

14. For a READ with AUTO PRECHARGE interrupted by a READ (with or without AUTO PRECHARGE), the READ to
bank m will interrupt the READ on bank n, CAS latency later. The PRECHARGE to bank n will begin when the READ
to bank m is registered (Figure 24).

15. For a READ with AUTO PRECHARGE interrupted by a WRITE (with or without AUTO PRECHARGE), the WRITE to
bank m will interrupt the READ on bank n when registered. DQM should be used two clocks prior to the WRITE
command to prevent bus contention. The PRECHARGE to bank n will begin when the WRITE to bank m is registered
(Figure 25).

16. For a WRITE with 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, with the data-out appearing CAS latency later. The

PRECHARGE to bank n will begin after "WR is met, where "WR begins when the READ to bank m is registered. The
last valid WRITE to bank n will be data-in registered one clock prior to the READ to bank m (Figure 26).

17. For a WRITE with AUTO PRECHARGE interrupted by a WRITE (with or without AUTO PRECHARGE), the WRITE to bank m will
interrupt the WRITE on bank n when registered. The PRECHARGE to bank n will begin after 'WR is met, where "WR begins when

the WRITE to bank m is registered. The last valid WRITE to bank n will be data registered one clock prior to the WRITE to bank m
(Figure 27).
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ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute
Voltage on Voo/VopQ Supply Maximum Ratings” may cause permanent damage to
Relative to Vss ..., 1V to +4.6v the device. This is a stress rating only, and functional
Voltage on Inputs, NC or /O Pins operation of the device at these or any other conditions
Relative to Vss ................................... -1V to +4.6v  above those indicated in the operational sections of

this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect reliability.

Operating Temperature, T, (ambient)...........................
........................................................ -55°C to +125°C
Storage Temperature (plastic) ........... -55°C to +150°C
Power Dissipation ........ccooviiiiiiiiiiieen, 1w

DC ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS
(Notes: 1, 6) (-55°< T, < +125 °C ; V,/V,,Q =+3.3 V +0.3V)

DD" DD

PARAMETER/CONDITION SYMBOL| MIN MAX UNITS | NOTES
Supply Voltage Vpo/VppQ 3 3.6 \'

Input High (Logic 1) Voltage, all inputs Viy 2.2 Vpp +0.3 \Y 23
Input Low (Logic 0) Voltage, all inputs Vi -0.5 0.7 \' 23
INPUT LEAKAGE CURRENT

Any input 0V<Vn<Vpp Iy -5 5 HA

(All other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT (DQs are disabled; 0V<Vour<VppQ) loz -5 5 LA

OUTPUT LEVELS Vo 2.4 - \Y

Output High Voltage (loyt = -4mA)

Output Low Voltage (loyr = 4mA) VoL -- 0.4 \"

I.. SPECIFICATIONS AND CONDITIONS
(Notes: 1,6, 11, 13) (-55°< T, < +125 °C ; V,,/V, Q =+3.3 V +0.3V)

DD" " DD

MAX
PARAMETER/CONDITIONS SYM -8A -10 UNITSINOTES
OPERATING CURRENT; Active Mode,
Burst = 2, READ or WRITE, 'RC='"RC (MIN), lect 105 | 95 mA 3’1198’
CAS latency = 3; 'CK = 10ns (15ns for -10)
STANDBY CURRENT: Power-Down Mode; All banks idle;
CKE=LOW:; 'CK=10ns (15ns for -10) ez | 2 2| mA
STANDBY CURRENT: Active Mode;
CKE=HIGH, CS\=HIGH; 'CK = 10ns (15ns for -10), loea 40 35 mA 3’112’
All banks active after 'RCD met; No accesses in progress o
OPERATING CURRENT: Burst Mode; Continuous burst;
READ or WRITE; 'CK = 10ns (15ns for -10); All banks active; leca 130 | 105 | mA 3’1198’
CAS latency = 3
'‘CK=10ns (15ns for -10) 'RC=15.625ps; CL=3 | lccs 45 40 mA 18,19
SELF REFRESH CURRENT: CKE < 0.2V (-40 to +85 only) lecr 2 2 mA 4
ASASDAM1E Austin Semiconductor, Inc., reserves the right fo change products or specifications without notice.
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CAPACITANCE
PARAMETER SYMBOL MIN MAX UNITS NOTES
Input Capacitance: CLK Ci 25 4.0 pF 2
Input Capacitance: All other input-only pins Cp 25 5.0 pF 2
Input/Output Capacitance: DQs Cio 4.0 6.5 pF 2
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 5, 6, 8,9, 11) (-55°C < T 4 < +125°C)
AC CHARACTERISTICS -8 -10
PARAMETER SYM MIN MAX MIN MAX |UNITS | NOTES
Access time from CLK (pos. edge) CL=3 'AC 6.5 7 ns
CL=2 'AC 9 9 ns 22
Address hold time 'AH 1 1 ns
Address setup time 'AS 2 3 ns
CLK high-level width ' CH 3 3.5 ns
CLK low-level width 'CL 3 3.5 ns
Clock cycle time CL=3 'CK 8 10 ns 24
CL=2 ‘CK 12 15 ns_ | 22,24
CKE hold time 'CKH 1 1 ns
CKE setup time ' CKS 2 3 ns
CS#, RAS#, CAS#, WE#, DQM hold time 'CMH 1 1 ns
CS#, RAS#, CAS#, WE#, DQM setup time 'CMS 2 3 ns
Data-in hold time 'DH 1 1 ns
Data-in setup time ‘DS 2 3 ns
Data-out high-impedance time CL=3 ‘HZ 6 8 ns 10
CL=2 ‘HZ 7 10 ns 10
Data-out low-impedance time Lz 1 1 ns
Data-out hold time ' OH 2.5 2.5 ns
ACTIVE to PRECHARGE command 'RAS 50 80,000 60 80,000 ns
AUTO REFRESH, ACTIVE command period 'RC 80 90 ns 22
ACTIVE to READ or WRITE delay 'RCD 20 30 ns 22
Refresh period (4,096 rows) -40 to +85 degrees C 'REF 64 64 ms
Refresh period (4,096 rows) -55 to +125 degrees C 'REF 16 16 ms
PRECHARGE command period 'RP 24 30 ns 22
ACTIVE bank A to ACTIVE bank B command 'RRD 20 20 ns
Transition time tT 0.3 1.2 1 1.2 ns 7
WRITE recovery time A2 version|] 'WR |1 CLK + 1 CLK + - 25
8ns 8ns
15 15 ns 26
Exit SELF REFRESH to ACTIVE command 'XSR 80 90 ns 20

ASASDAM16
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AUSTIN SEMICONDUCTOR, AS4SD4AM16

4MEG X 16 SDRAM

AC FUNCTIONAL CHARACTERISTICS
(Notes: 5, 6,7, 8,9, 11) (-55°C < T o < +125°C)

PARAMETER SYMBOL -8 -10 UNITS |[NOTES
READ/WRITE command to READ/WRITE command 'cech 1 1 YK 17
CKE to clock disable or power-down entry mode 'CKED 1 1 'CK 14
CKE to clock enable or power-down exit setup mode 'PED 1 1 'K 14
DQM to input data delay ‘DaD 0 0 'CK 17
DQM to data mask during WRITEs ‘DQM 0 0 'CK 17
DQM to data high-impedance during READs 'DQZ 2 2 tCK 17
WRITE command to input data delay 'DWD 0 0 'CK 17
Data-in to ACTIVE command A2 version| 'DAL 5 4 'CcK 15, 21
Data-in to PRECHARGE command A1 version A2 version 'DPL 2 2 'K 16, 21
Last data-in to burst STOP command 'BDL 1 1 'cK 17
Last data-in to new READ/WRITE command 'CDL 1 1 'CcK 17
Last data-in to PRECHARGE command I A2 version| 'RDL 2 2 'CK 16, 21
LOAD MODE REGISTER command to ACTIVE or REFRESH command 'MRD 2 2 'CK 27
Data-out to high-impedance from PRECHARGE command CL=3 'ROH 3 3 'CK 17
CL=2 ‘ROH 2 2 ‘CK 17
ELECTRICAL TIMING CHARACTERISTICS for -8 SPEED
(Notes: 5, 6, 8,9, 11,24) (-55°C < T 5 <+125°C)
AC CHARACTERISTICS -8
PARAMETER SYM MIN MAX | UNITS |[NOTES
Access time from CLK (pos. edge) CL=3 YAC 6 ns 22
CL=2 'AC 9 ns 22
Clock cycle time CL=3 'CK 8 ns 22
CL=2 'CK 12 ns 22
ACTIVE to READ or WRITE delay 'RCD 20 ns 22
PRECHARGE command period 'RP 24 ns 22
AUTO REFRESH, ACTIVE command period ' RC 80 'CK 21
WRITE recovery time A2 version| 'WR 2
100 MHz Speed Reference (CL-' RCD-' RP) 3-2-3 CLKs
ASASDAM16 Austin Semiconductor, Inc., reserves the right fo change products or specifications without notice.
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NOTES

1. All voltages referenced to V. 18. The I, current will decrease as the CAS latency is reduced.

2. This parameter is sampled. V_, V, Q =+33V; f =1 MHz, T, = This is due to the fact that the maximum cycle rate is slower as
25°C; pin under test biased at 1.4V. the CAS latenfzy is reduced. -

3. 1. is dependent on output loading and cycle rates. Specified 19. Address transitions average one transition every 30ns (20ns on
values are obtained with minimum cycle time and the outputs -8).
open. 20. CLK must be toggled a minimum of two times during this

4.  Enables on-chip refresh and address counters. period.

5. The minimum specifications are used only to indicate cycle 21. Based on 'CK = 100 MHz for -8 and 66 MHz for -10.
t1meo at which proper operation over the full temperature range 55 These five parameters vary between speed grades and define
('55_ C _S T, <+125°C) is .ensurefi the differences between the -8 SDRAM speeds: -8.

6.  An initial pause of 100 ps is required after power-up, foll.owed 23. V_, overshoot: V,, (MAX) = V__Q + 2V for a pulse width <
by two AUTO REFRESH commands, before proper device 10ns, and the pulse width cannot be greater than one third of
operation is ensured. (V,,, and V;,,Q must be powered up the cycle rate. V| undershoot: V; (MIN) = -2V for a pulse
simultaneously. Vg and VQ must be at same potential.) The width < 10ns, and the pulse width cannot be greater than one
two AUTO REFRESH command wake-ups should be repeated third of the cycle rate.
any time the ' REF refresh requirement is exceeded. 24. The clock frequency must remain constant during access or

7.  AC characteristics assume ‘T = 1ns. precharge states (READ, WRITE, including 'WR, and

8. In addition to meeting the transition rate specification, the PRECHARGE commands). CKE may be used to reduce the data
clock and CKE must transit between V, and V| (or between V rate.
and V) in a monotonic manner. 25. Auto precharge mode only. The precharge timing budget ( tRP)

9. Outputs measured at 1.5V with equivalent load: begins 8ns after the first clock delay, after the last WRITE is

10. 'HZ defines the time at which the output achieves the open executed.
circuit condition; it is not a reference to V _ or V. The last 26. Precharge mode only.

. . . . 27. JEDEC and PC100 ify th locks.
valid data element will meet 'OH before going High-Z. an specily three clocks

11. AC timing and I__tests have V =0V and V , = 3V, with timing
referenced to 1.5V crossover point.

Q
50pF

12. Other input signals are allowed to transition no more than
once in any 30ns period (20ns on -8) and are otherwise at valid
V,, or V,, levels.

13. ?C? -spf:mflcatlons are tested after the device is properly
initialized.

14. Timing actually specified by 'cKs; clock(s) specified as a
reference only at minimum cycle rate.

15. Timing actually specified by 'WR plus 'RP; clock(s) specified
as a reference only at minimum cycle rate.

16. Timing actually specified by Y WR.

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

ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
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Power ed by | Cm ner

AUSTIN SEMICONDUCTOR, INC.

AS4SD4M16
4MEG X 16 SDRAM

INITIALIZE AND LOAD MODE REGISTER

CLK | |

CKE
commiarn [ X vor J i Ok PR K o XKem)()

DQM/

DQML,

DQMH
A0-A9,All

A10
BAO, BA1

High-Z
DQ i £ i
T=100s . RP tRC (RC MRD N
4 Power-up: b Precharge 4 1 1
\c]E?( andbl allbanke  AUTOREFRESH MUTO REFRESH Brogram Mode Register 14
stable
Don’t Care
Undefined
TIMING PARAMETERS
-8 -10 -8 -10
SYMBOL™} MIN MAX MIN MAX | UNITS SYMBOL*[ MIN MAX MIN MAX | UNITS
_AH ! 1 ns 'CKS 2 3 ns
‘?:IS—| 2 335 Ez _CMH ! ! e
oL 3 35 ns ‘CMS 2 3 ns
. T T

CK (3) 8 10 ns MRD 2 2 CK
TCK (2) 12 15 ns RC 80 90 ns
"CKH 1 1 ns 'RP 24 30 ns

# CAS latency indicated in parentheseses.

NOTE:

LN =

The Mode Register may be loaded prior to the AUTO REFRESH cycles if desired.
If CS is HIGH at clock high time, all commands applied are NOP, with CKE a “Don’t Care”.
JEDEC and PC100 specify three clocks.

Outputs are guaranteed High-Z after command is issued.

ASASDAM16
REV. 11/08.
DS000072

Austin Semiconductor, Inc., reserves theright to change products or specifications without notice.
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AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

POWER-DOWN MODE'

TO T T2 Thn +1 Tn +2
tCK t a.
CLK < 1 9 REPEng
1 r 4+ 'y A \
ek
/
T /
teks [tokH "
toms [touH
COMMAND;:«'J;REC NOP OP
DQM/
DQML,

DQMH -

AO-A9, A1l
ALL [BANKS
A10 :jf
| SINGLJE BANK
tas [tAH
BAO, BA1 BANK(S)
High-Z f

Two clock cycles Input bufferd gated off while in

4 3 power-down mode /u All banks idle
Precharge all All banks idle, enter Exit power-down mode
active banks power-down mode
TIMING PARAMETERS
-8 -10 -8 -10
SYMBOL* MIN MAX MIN MAX UNITS SYMBOL* MIN MAX MIN MAX UNIT
'AH 1 1 ns 'CK (2) 12 15 ns
'AS 2 3 ns ' CKH 1 1 ns
'CH 3 3.5 ns 'CKS 2 3 ns
‘cL 3 35 ns ' CMH 1 1 ns
'CK (3) 8 10 ns 'CMS 2 3 ns
* CAS latency indicated in parentheseses.
NOTE: 1. Voilating refresh requirements during power-down
may result in a loss of data.
ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
REV.11/08
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EAUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

CLOCK SUSPEND MODE!

><DOUT a1y

Don’t Care
; ndefined
TIMING PARAMETERS
-8 -10 -8 -10
SYMBOL*] MIN MAX MIN MAX UNITS SYMBOL*| MIN MAX MIN MAX UNITS
'AC(3) 6.5 7 ns ' CKS 2 3 ns
'AC(2) 9 9 ns ' CMH 1 1 ns
' AH 1 1 ns 'CMS 2 3 ns
'AS 2 3 ns ' DH 1 1 ns
'CH 3 3.5 ns ‘DS 2 3 ns
'CL 3 3.5 ns "HZ (3) 6 8 ns
'CK (3) 8 10 ns "HZ (2) 7 10 ns
'CK (2) 12 15 ns 'Lz 1 1 ns
' CKH 1 1 ns 'OH 2.5 2.5 ns
* CAS latency indicated in parentheseses.
NOTE: 1. For this example, the burst length = 2, the CAS latency = 3, and AUTO PRECHARGE is disabled.
2. x16: A8, A9 and All = “Don’t Care.”
ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications withoutnotice.
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AS4SD4M16
4MEG X 16 SDRAM

) AUSTIN SEMICONDUCTOR, INC.

AUTO REFRESH MODE
To T Th +1 , To +1
teg tar
CLK { ] il / \
toms |tovH
COMMAND % NOP >.< @ Q ACTIVE Q

DQM/ I f | |
DQML, , I
DQMH o
A0-A9, |

All

A10

SINGIEBANK — T L

Power ed

High-Z
DQ I I
RP 1. 'RC R 'RC
| Don’t Care
TIMING PARAMETERS Undefined
-8 -10 -8 -10

SYMBOL*| MIN MAX MIN MAX | UNITS sSYMBOL*| MIN MAX MIN MAX | UNITS
'AH 1 1 ns 'CKH 1 1 ns
'AS 2 3 ns 'CKS 2 3 ns

' CH 3 35 ns T"CMH 1 1 ns
'CL 3 3.5 ns TcMS 2 3 ns
“CK(3) 8 10 ns "RC 80 90 ns
'CK(2 12 15 ns 'RP 24 30 ns
#* CAS latency indicated in parentheseses.

ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
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' EAUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

SELF REFRESH MODE
T T T o T T T
Lk tq. ; j
CLK * T t b g 3 / 3 3

Y

I

T ]l \]
it L ﬁﬁt%

toms |town
l%-'_% |
\| AUTO N AUTO >.<
COMMAND:; RECHARG NWR_EFRESH ’ ( NOP ! 9 REFRESH

DQM /
DQML,
DQMH

AO-A9, Al

A10

SINGIE BANK

tas | tAH

BANK(S) J( :

BAO,BAL %

High-Z ) )l
I "
RP . . XSR
Precharge all Enter self refresh mode Exit self refresh mode
. (Restart refresh time base)
active banks Don’t Care
CLK stable prior to exiting Undefined
self refresh mode
TIMING PARAMETERS
-8 -10 -8 -10
SYMBOL*| MIN MAX MIN MAX | UNITS SYMBOL* MIN MAX MIN MAX | UNITS
' AH 1 1 ns 'CKS 2 3 ns
'AS 2 3 ns ' CMH 1 1 ns
'CH 3 3.5 ns 'CMS 2 3 ns
'CL 3 3.5 ns 'RAS 50 |80,000| 60 | 80,000 ns
'CK (3) 8 10 ns 'RP 24 30 ns
'CK (2) 12 15 ns ' XSR 80 90 ns
'CKH 1 1 ns
* CAS latency indicated in parentheseses.
ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
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AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

READ -- WITHOUT AUTO PRECHARGE'

T1 T2 T3 T4 T3 T6 T7 T8

CLK b < — i o s 3 3 b A A

tcks [tcka

tcMms oM

tems | tema

COMMAND

DQM /
DQML, DQMH

A0-A9,
All

Al10

tas | tag ro PRECHARGT SINGLE(BANK
BAO,BA1 BANK
DQ
Ltz 7z
'RCD | CASLatency | 'rP
_'RAS
tRC »
TIMING PARAMETERS [Jpon'tCare
Undefined
-8 -10 -8 -10
SYMBOL*| MIN MAX MIN MAX | UNITS SYMBOL*[ MIN MAX MIN MAX | UNITS

YAC(3) 6.5 7 ns ' CMH 1 1 ns

YAC(2) 9 9 ns ‘CMS 2 3 ns

AH 1 1 ns "HZ (3) 6 8 ns

'AS 2 3 ns 'HZ (2) 7 10 ns

"CH 3 35 ns 'Lz 1 1 ns

TCL 3 35 ns 'OH 25 25 ns

tcK (3) 8 10 ns 'RAS 50 80,000 60 80,000 ns

T

'CK (2) 12 15 ns : RC 80 90 ns

TCKH 1 1 ns RCD 20 30 ns

Y CKS P 3 ns 'RP 24 30 ns
#* CAS latency indicated in parentheseses.
NOTE: 1. For this example, the burst length = 4, the CAS latency =2, and the READ burst is followed by a “manual” PRECHARGE.

2. x16: A8, A9 and All = “Don’t Care.”
ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
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Power ed

AUSTIN SEMICONDUCTOR, INC.

AS4SD4M16
4MEG X 16 SDRAM

CLK

T1

READ --WITH AUTO PRECHARGE!

T4

T5

T6

T8

CK

CKE
COMMAND
DQM /
DQML, DQMH
AO0-A9,
All
_ENABLE AUT( PRECHARGE |
A10
BAO,BA1 BANK
DQ
LZ tHy,
__'RCD CAS Latency | 'rP
| 'RAS
RC
TIMING PARAMETERS
-8 -10 -8 -10
YMBOL*| MIN MAX MIN MAX | UNITS symBoL[ MIN MAX MIN MAX | UNITS
Y AC(3) 6.5 7 ns ' CMH 1 1 ns
YAC(2) 9 9 ns 'cMms 2 3 ns
' AH 1 1 ns "HZ (3) 6 8 ns
'AS 2 3 ns 'HZ (2) 7 10 ns
'CH 3 3.5 ns YLz 1 1 ns
‘cL 3 3.5 ns 'OH 25 2.5 ns
'CK (3) 8 10 ns 'RAS 50 80,000 60 80,000 ns
'CK (2) 12 15 ns 'RC 80 90 ns
' CKH 1 1 ns 'RCD 20 30 ns
'CKS 2 3 ns 'RP 24 30 ns

#* CAS latency indicated in parentheseses.

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

2. x16: A8, A9 and All = “Don’t Care.”

ASASDAM16
REV. 11/08.
DS000072
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AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

ALTERNATING BANK READ ACCESSES!

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK A o n >ié h h h h b -~

CK tch

tcKS |'CKH

CKE

COMMAND -

DQM /
DQML, DQMH

A0-A9,
All

ENABLE AUTQ PRECHARGE ENABLE AUT(

A10

BAO,BAL X

toH

ErPera—
% Dou’rb é

DQ
_'RCD - BANK 0 | CASLatency - BANK 0 | 'RP-BANKO 'RCD - BANK 0
tRAS - BANK 0 g e B N
| _'RC - BANK 0
¢ RRD RCD - BANK 1 |, CASLatency - BANK 1
TIMING PARAMETERS
8 -10 -8 -10
SYMBOL"| MIN MAX MIN MAX | UNITS SYMBOL*[ MIN MAX MIN MAX | UNITS
YAC(3) 6.5 7 ns TCMH 1 1 ns
'AC(2) 9 9 ns 'CMS 2 3 ns
' AH 1 1 ns T 7 1 ] e
t
AS 2 3 ns TOH 25 25 ns
tgLH 2 22 ns TRAS 50 | 80,000 60 |80,000| ns
. ns t
TCK (3) P 10 s tRC 80 90 ns
T RCD 20 30 ns
CK (2) 12 15 ns TRP o 0 —

Sk 1 ! = TRRD 20 20
'CKS 2 3 ns ns

#* CAS latency indicated in parentheseses.

NOTE: 1. For this example, the burst length = 4, the CAS latency =2.
2. x16: A8,A9and A1l =“Don’t Care.”

ASASDAM16
REV. 11/08.
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AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

READ -- FULL-PAGE BURST'

TO T1 T2 T3 T4 T5 Tn+1 Tn+2 Tn+3 Tn+4
CLK tCL tCK - - h 3 r b L_
tcu
'CKS |'CKH
CKE. "
tems|toma
COMMAND {'J;Am]'( NOP >'( REED>'< NOP Nop Y-X Nop NOP j NOP NOP c;
tcMs | &
DQM / 7= —
DQML, ﬂ?
DQMH

A0-A9,\
All

BANK

BAO,BA1 X BANK

1

t t tAC t
AC AC ¢ l » AC >
1 1,
OH ¢ > —OoH tOH

DQ

OUTIn g Dour m+1 ou1m+2] Dour m-1 §
1

“RCD P CAS Latency . 256 (x16) locations within same row.

Full page completed. } 4

Full-page burst does not self-terminate. 3/
Can use BURST TERMINATE command.

TIMING PARAMETERS

-8 -10 -8 -10
SYMBOL*[ MIN MAX MIN MAX UNITS SYMBOL*| MIN MAX MIN MAX | UNITS
YAC(3) 6.5 7 ns 'CKS 2 3 ns
YAC(2) 9 9 ns ' CMH 1 1 ns
' AH 1 1 ns ' CMS 2 3 ns
'AS 2 3 ns "HZ (3) 6 8 ns
'CH 3 3.5 ns 'HZ (2) 7 10 ns
‘cL 3 3.5 ns 'Lz 1 1 ns
TCK (3) 8 10 ns 'OH 2.5 2.5 ns
"CK (2) 12 15 ns 'RCD 20 30 ns
' CKH 1 1 ns
* CAS latency indicated in parentheseses.
NOTE: 1. Forthis example, the CAS latency = 2.
2. x16: A8, A9 and All = “Don’t Care.”
3. Page left open, no ‘RP.
ASASDAM16 Austin Semiconductor, Inc., reserves theright to change products or specifications without notice.
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Power ed

) AUSTIN SEMICONDUCTOR, INC.

AS4SD4M16

4MEG X 16 SDRAM

CLK

READ -- DQM OPERATION'

T3

b

ENABLE A

UTO PRECHARGE

Al0 -

BAO, BA1 1;:)E BANK J(

3

AH

DISABLE A

UTO PRECHARIGE

>< BANK
‘LtAC » e > « >
DQ J{I H ?/ Dy m \ '{IF---\? our M2, D M3
'z B tHZ “[E o HZ >
_'RCD CAS Latency
) o g Don’tCa.re
TIMING PARAMETERS
-8 -10 -8 -10
SYMBOLY MIN | MAX | MIN | MAX | UNITS f |SYMBOL'[ MIN | MAX | MIN MAX | UNITS
AC(3 6.5 7 ns t
‘Acgzg 9 9 ns 1 s . : -
: CMH 1 1 ns
‘22 ; ; :: 'CMS 2 3 ns
t
'CH 3 35 ns - ﬂi (32) 6 8 ns
‘cL 3 3.5 ns : 2 7 10 ns
‘ckE) | 8 10 ns LZ 1 1 ns
'CK (2) 12 15 ns OH 2.5 2.5 ns
"CKH 1 1 ns 'RCD 20 30 ns

* CAS latency indicated in parentheseses.

NOTE: 1.

2. x16: A8, A9 and All = “Don’t Care.”

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

ASASDAM16
REV. 11/08.
DS000072
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Power ed

AUSTIN SEMICONDUCTOR, INC.

AS4SD4M16
4MEG X 16 SDRAM

COMMAND 'ACTIVE G NOP >'< w NOP NOP NOP RECHARG NOP CTIVE 4
DQM / tems | temu
DQML, <;Z
DQMH
A0-A9, ) ROW
All
ALL BANKS
Al0 - >< ROW ><
TO PRECHARG SINGLE[BANK — -
BAO,BAL /] BANK >< >< BANK><'

WRITE -- WITHOUT AUTO PRECHARGE!

TO T1 T2 T3 T4 TS T6 T7 T8
t
CLK A < > CL A b b A A A
‘ck ‘cH
tcks |tckH

CKE

‘cMH

tcms

_'RCD _ 'wr |, 'RP
|_'RAS
=‘RC
Don’tCa.re
Undefined
TIMING PARAMETERS
-8 -10 -8 -10
?Z“CA:Z?L* MIN '\gASX MIN ng UNITS SYMBOL*| MIN [ MAX | MIN | MAX | UNITS
. ns t
TAC(2) 5 S = : CSM 2 3 ns
TAR 3 3 s DH 1 1 ns
TAS > 3 ns 'DS 2 3 ns
"CH 3 35 ns 'RAS 50 | 80,000 60 | 80,000 ns
'CL 3 3.5 ns 'RC 80 90 ns
: CK (3) 8 10 ns TRCD 20 30 ns
CK (2
! CK"(| ) 112 115 :z ! RP 24 30 ns
TGRS > 3 e 'WR[A2] | 15 15 ns

#* CAS latency indicated in parentheseses.

NOTE: 1. For this example, the burst length =4, and the WRITE burst is followed by a “manual” PRECHARGE with the A1 version.
2. 10ns (A1) or 15ns (A2) are required between <D m+3> and the PRECHARGE command, regardless of frequency.
3. x16: A8, A9 and All = “Don’t Care.”
ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.

REV. 11/08.
DS000072

by 1 Cm ner

44

.com El ectronic-Library Service CopyRi ght 2003



AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

WRITE -- WITH AUTO PRECHARGE'

TO Tl T2 T3 T4 TS T6 T7 T8 T9
CLK ter
b lCK P lCH S r N b F 3 b F 3 'S
tcKs [tckH
CKE
COMMAND (ACTIVE e NWRITE 9 NOP NOP OP )'( NOP Q N NOP ACTIVE
t t
DOM / cMS | temH

DQML,
DQMH

[

AO0-A9,
All

COLUMN

m?

ENABLE AUT( PRECHARGE

Al10

BAO,BA1l

_'RCD | 'wR L RP
(RAS ' N
<« RC >
Don’t Care
TIMING PARAMETERS _
ndefined
-8 -10 -8 -10
SYMBOL*] MIN MAX MIN MAX | UNITS SYMBOL* MIN MAX MIN MAX UNITS
T
: AH 1 1 ns 'DH 1 1 ns
- éﬁ i 335 ns 'DS 2 3 ns
= = =2 :z "RAS 50 |80000] 60 |80000]| ns
. t
TCK (3) 3 10 e : RC 80 90 ns
oK@ | 12 5 — "RCD 20 30 ns
YCKH 1 1 ns RP 24 30 ns
'CKS 2 3 ns 'WR[A2]| 1 CLK+ 1 CLK+ i
'CMH 1 1 ns 8ns 8ns
'CMS 2 3 ns
* CAS latency indicated in parentheseses.
NOTE: 1. For this example, the burst length = 4 with the A2 version, i.e., two-clock minimum for WR.
2. The Al version requires one clock between <D m+3>and the PRECHARGE command, providing "'WR is met.
3. x16: A8, A9 and All = “Don’t Care.”
ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
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AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

ALTERNATING BANKWRITE ACCESSES'

TO T T2 T3 T4 T5 T6 T7 T8 T9
CLK -~ < T tCL T r' s r b r S r s r s A
CK CH
'CKS |'CKH
CKE
COMMAND
DQM /
DQML,
DQMH
A0-A9,
All
ENABLE AUT( NABLE AUTO PRECHARGE
A10 \
BAO,BAI X N0 L \BA NK O
‘b 'pDs| ‘b 'ps  'DH
e
DQ KDy b1 Dy b+2;h D, b+3 ;'<
_'RCD - BANK 0 | 'WR-BANKO |, 'RP - BANK 0 _|'RCD - BANK 0
;’RAS - BANK 0 > T "
) < RC - BANK 0
Don t Care *RRD 'RCD - BANK 1 ' WR - BANK 1
"] Undefined 4 "
TIMING PARAMETERS
8 10 -8 10
SYMBOL*] MIN MAX MIN MAX | UNITS sYMBOL*[ MIN MAX MIN MAX | UNITS
AH ! ! o ' DH 1 1 ns
'AS 2 3 ns -
"CH 3 35 ns DS 2 2 ns
'CL 3 3.5 ns 'RAS 50 80,000 60 80,000 ns
'CK(3) 8 10 ns 'RC 80 90 ns
'CK (2) 12 15 ns TRCD 20 30 ns
' CKH 1 1 ns T
TeKS > 3 s : RP 24 30 ns
oM ; " - RRD 20 20 ns
TCMS 2 3 ns 'WR[A2] | Note 2 Note 2 -
#* CAS latency indicated in parentheseses.
NOTE:

1. For this example, the burst length = 4 with the A2 version, i.e., two-clock minimum for ‘WR.

2. The Al version requires one clock with AUTO PRECHARGE or 10ns with PRECHARGE between <DINm+3> and the PRECHARGE
command. The A2 version requires once clock plus time (8ns) with AUTO PRECHARGE or 15ns with PRECHARGE.

3. x16: A8, A9 and All = “Don’t Care.”

ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
REV. 11/98

DS000072 46

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

WRITE -- FULL-PAGE BURST
TO . T1 . T2 T3 T4 TS ., Tn+l Tn+2 Tn+3
CLK -, “ - < A A 4 / / A A A

CKE

tems [temu

COMMAND

DQM /
DQML,
DQMH

AO0-A9,
All

A10

BAO,BA1

Full-page burst does not

tRCD self-terminate. Can use
< - — BURST TERMINATE
256 (x16) locations within same ro: command.*
A Don’t Care
TI M I N G PA RAM ET E RS Full page completed. ndefined
-8 -10 -8B -10

SYMBOL*| MIN MAX MIN MAX | UNITS SYMBOL*| MIN MAX MIN MAX | UNITS
“AH 1 1 ns 'CKS 2 3 ns
'AS 2 3 ns TCMH 1 1 ns
‘CH 3 35 ns cMS 2 3 ns
! CL 3 3.5 ns t DH 1 1 ns
t

CK (3) 8 10 ns T
'CK (2) 12 15 ns tDS = 2 =
: RCD 20 30 ns
CKH 1 1 ns
* CAS latency indicated in parentheseses.
NOTE: 1. x16: A8, A9 and All = “Don’t Care.”
2. 'WR must be satisfied prior to PRECHARGE command.
3. Page left open, no'RP.
ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.

REV. 11/08.

DS000072 47

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



AS4SD4M16
4MEG X 16 SDRAM

'EAUSTIN SEMICONDUCTOR, INC.

WRITE -- DQM OPERATION'

T2

CLK

COMMAND

DQM /
DQML,
DQMH

A0-A9,
All

ENABLE A|

A

DISABLE A

Al0

BAO,BA1l )

Don’t Care

_'rReD -
- Undefined

TIMING PARAMETERS

8 -10 -8 -10
SYMBOL*| MIN MAX MIN MAX | UNITS SYMBOL*| MIN MAX MIN MAX | UNITS
YAH 1 1 ns ' CKS 2 3 ns
'AS 2 3 ns ' CMH 1 1 s
'CH 3 3.5 ns ‘CMS 2 3 ns
‘CL 3 3.5 ns ' DH 1 1 ns
"CK (3) 8 10 ns ‘DS 2 3 ns
"cK(2) | 12 15 ns “RCD 20 30 ns
' CKH 1 1 ns
* CAS latency indicated in parentheseses.
NOTE: 1. For this example, the burst length = 4.
2. x16: A8, A9 and All = “Don’t Care.”
ASASDAM16 Austin Semiconductor, Inc., reserves the right fo change products or specifications without notice.
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AUSTIN SEMICONDUCTOR, INC. AS4SD4AM16

4MEG X 16 SDRAM

54-PIN PLASTIC TSOP (400 mil)
DB-7

Detoil A

878 (@230
872 (2214) A

028 07D [=—

TYP

- 0315 0.80>
} —=~—.004 (010> 2X>
I
I

MAAOOOAAAAAAAARAAAAAAAARAS * i
110 280>
5 **************************************************** -+ L 467 U186
p 459 (166> =
PN Sseasib

0010 (0.2
HHHHHHHEHHEHHEEHHEEHEEEHEEEY | —t
018 <o‘45>4 L& 006 015

0Ole <0.30> R 030 €0.75) (23X 002 <0.05 4 024 060D
016 <0.40>
R 039 <100 (2%
0315 (0,80
TYP

i DETAIL A

047 .2 MAXD

NOTE: 1. All dimensions in inches (millimeters) or typical where noted.

MIN

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01 per side.

ASASDAM16 Austin Semiconductor, Inc., reserves the right to change products or specifications without nofice.
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