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PRELIMINARY INFORMATION

128-MBIT SYNCHRONOUS DRAM JANUARY 2005
FEATURES OVERVIEW
« Clock frequency: 166,143,100 MHz ISS's 128Mb Synchronous DRAM achieves high-speed

Full h s | ; dt data transfer using pipeline architecture. All inputs and
L] . . .
Loy i RPROSsanl Signals rejerenced 1o a outputs signals refer to the rising edge of the clock

positive clock edge input.The 128Mb SDRAM is organized as follows.
 Internal bank for hiding row access/precharge

» Power supply

Voo Vbbg 1S42S81600A IS42S16800A IS42S32400A
1S42581600A 3.3V 33v 4AM x8x4 Banks 2M x16x4 Banks 1M x32x4 Banks
15425168004 3.3V _33v 54-pin TSOPII 54-pin TSOPII 86-pin TSOPII
1S42S32400A 2 IEA3.3Y

e LVTTL interface

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

* Programmable burst sequence:
Sequential/Interleave

» Self Refresh with programmable refresh periods BArameter 6 7 10  Unit

* 4096 refresh cycles every 64 ms Clk Cycle Time

« Random column address every clock cycle CAS Latency = 3 6 ! 10 ns
CAS Latency = 2 - 10 10 ns

» Programmable CAS latency (2, 3 clocks)

 Burst read/write and burst read/single write C”éTFSreL(Llirqg -3 166 143 100 Mhz
operations capability CAS Latency = 2 . 100 100  Mhz
 Burst termination by burst stop and precharge Access Time from Clock
command CAS Latency = 3 5.4 5.4 7 ns
« Industrial Temperature Availability CAS Latency = 2 ) 6 9 ns

» Lead-free Availability
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DEVICE OVERVIEW

The 128Mb SDRAM is a high speed CMOS, dynamic
random-access memory designed to operate in 3.3V Vbp
and 3.3V Vbbq memory systems containing 134,217,728
bits. Internally configured as a quad-bank DRAM with a
synchronous interface. Each 33,554,432-bit bank is orga-
nized as 4,096 rows by 512 columns by 16 bits.

The 128Mb SDRAM includes an AUTO REFRESH MODE,
and a power-saving, power-down mode. All signals are
registered onthe positive edge ofthe clock signal, CLK. All
inputs and outputs are LVTTL compatible.

The 128Mb SDRAM has the ability to synchronously burst
data at a high data rate with automatic column-address
generation, the ability to interleave between internal banks
to hide precharge time and the capability to randomly
change column addresses on each clock cycle during
burst access.

A self-timed row precharge initiated at the end of the burst
sequence is available with the AUTO PRECHARGE func-
tionenabled. Precharge one bankwhile accessingone ofthe

other three banks will hide the precharge cycles and provide
seamless, high-speed, random-access operation.

SDRAM read and write accesses are burst oriented starting at
a selected location and continuing for a programmed num-
ber of locations in a programmed sequence. The registra-
tion ofan ACTIVE command begins accesses, followed by
a READ or WRITE command. The ACTIVE command in
conjunction with address bits registered are used to select
the bank and row to be accessed (BAO, BAL select the
bank; A0-All select the row). The READ or WRITE
commands in conjunction with address bits registered are
used to select the starting column location for the burst
access.

Programmable READ or WRITE burstlengths consist of 1,

2, 4 and 8 locations or full page, with a burst terminate
option.

FUNCTIONAL BLOCK DIAGRAM (FOR 2MX16X4 BANKS ONLY)
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PIN CONFIGURATIONS
54 pin TSOP - Type Il for x8

VDD |I
1100 [T
VbobQ |I
Ne [T
o1 [I]
vssQ [
NeC [T
o2 [T}
VbobQ |I
NC [T 10
o3 [I] 1
vssQ [[] 12
NC [[] 13
voo [[] 14
NC [T] 15
WE [T 16
CAS [T] 17
RAS [T] 18
CS[I] 19
BAO [ 20
BAL [T] 2L
A10 [[] 22
Ao [T] 2
AL [T]
A2 [I]
A3 [I] 26
VbD |I 21

©W o N o Ol B~ W N

5411 vss
53 1] o7
5211 VssQ
5111 NC
50| 1] o6
29[ 1] vooQ
48[ T] NC
47111 1105
46 1] VssQ
5[ 1] NC
44111 vo4
43| 1] vooQ
#[T] NC
4[] vss
4[] NC
39[T] pom
38 1] CcLK
37| 1] cKE
36 [] NC
35 1] A11
34 1] A9
B[] A8
2| ] A7
31[T] A6
30[T] As
29[ 1] A4
28| I] Vss

PIN DESCRIPTIONS

AD0-A11l Row Address Input WE Write Enable

AO0-A9 Column Address Input DQM x 8 Lower Byte, Input/Output Mask
BAO, BA1 Bank Select Address AV/>)s) Power

I/00 to 1/07 Data I/O Vss Ground

CLK System Clock Input VbDQ Power Supply for I/O Pin

CKE Clock Enable VssQ Ground for I/O Pin

CS Chip Select NC No Connection

RAS Row Address Strobe Command

CAS Column Address Strobe Command

Intenratoad <ilirnn <nliitinnN
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PIN CONFIGURATIONS
54 pin TSOP - Type Il for x16

voo [[]1 @ 54[ 1] vss
11oo [I] 2 53 1] vo15
vooQ [T 3 52[ 1] vssQ
iyo1 [T 4 51 1] o014
o2 5 50 ] 11013
vssQ [T] 6 491 T] vopQ
o3 [ 7 48[ T /012
o4 [T] 8 47[1] vo11
vooQ [T 9 46 1] vssQ
1105 [T 10 45111 11010
11o6 [[]11 4411 o9
vssQ [ ] 12 43[ ] vopQ
1107 [I] 13 421 1] vos
vop [[] 14 41I] Vss
LDQM [T] 15 40[T] NC
WE [T 16 39[ 1] ubQMm
CAS [[] v 38| ] cLK
RAS [[] 18 37 1] CKE
CS [T 19 36 I] NC
BAO [T] 20 35 1] A11
BAL [[] 21 34 1] A9
A10 [[] 22 33 J] A8
A0 [[] 23 32 1] A7
AL [T] 24 31[]] A6
A2 [T 2 30[ 1] As
A3 [T] 26 29[ ] A4
vop [[] 27 A 28 1] Vss
PIN DESCRIPTIONS
AO0-All Row Address Input WE Write Enable
AO-A8 Column Address Input DQML x16 Lower Byte, Input/Output Mask
BAO, BAL Bank Select Address DQMH x16 Upper Byte, Input/Output Mask
1/00 to 1/1015 Data I/O \oD Power
CLK System Clock Input Vss Ground
CKE Clock Enable VbpQ Power Supply for I/0 Pin
CS Chip Select VssQ Ground for 1/O Pin
RAS Row Address Strobe Command NC No Connection
CAS Column Address Strobe Command
A Intearated S<ilirnn Soliitinn 1Ner — wWwWiww ieci rN — 1-QNN-70-A77A4
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PIN CONFIGURATIONS
86 pin TSOP - Type Il for x32

voo [[]1@® 86 [_I] vss
oo [ 2 85 |[_1] 11015
vooQ [T] 3 84 | 1] vssQ
o1 [I] 4 83 [[I] voi14
o2 [I] 5 82 [ 1] vo13
vssQ [T 6 81 | 1] vbbQ
o3 [I] 7 80 [0 voi2
o4 [ s 79 |10 vo11
vopQ [I] 9 78 | 1] vssQ
yos [1] 10 77 [0 vo1o
voe [ 11 76 | 1] 1109
vssQ [T] 12 75 1] vooQ
o7 [T 13 74 | 1] vos
NC [T 14 73 ['T1 NC
voo [T] 15 72 [ 1] vss
DQMo [T] 16 71 [T] bQM1
WE [T 17 70 [[1] NC
CAS [T 18 69 [ 1] NC
RAS [T] 19 68 [I] cLK
CS [ 20 67 [ 1] CKE
A1l [T] 21 66 [ 1] A9
BAO [T 22 65 [1] A8
BA1 [T 23 64 [ 11 A7
A10 [T] 24 63 [ 1] A6
A0 [T 25 62 [[T]1 A5
A1 [T] 26 61 [ 1] A4
A2 [T] 27 60 | 11 A3
pQM2 [T] 28 59 [T] bQm3
vop [T] 29 58 | 1] Vss
NC [T 30 57 [0 NC
11016 [T] 31 56 | ][] 11031
VvssQ [T] 32 55 | 1] VopQ
17017 [T 33 54 | 1] 11030
17018 [I] 34 53 [ 1] 1029
vopQ [T] 35 52 [T] vssQ
1019 [T 36 51 [ 1] vo28
11020 [T 37 50 [ 1] vo27
vssQ [T] 38 49 [T] vopQ
11021 [T] 39 48 [ ] 11026
11022 [T] 40 47 [ 1] V025
vopQ [T] 41 46 [T] VssQ
11023 [T] 42 45 [ T] 11024
voo [T] 43 44 [] vss
PIN DESCRIPTIONS
AO0-A11 Row Address Input WE Write Enable
AO-A7 Column Address Input DQMO-DQM3  x32 Input/Output Mask
BAO, BA1 Bank Select Address VoD Power
I/00 to /031 Data I/O Vss Ground
CLK System Clock Input VoDQ Power Supply for I/O Pin
CKE Clock Enable Vsso Ground for I/O Pin
CS Chip Select NC No Connection
RAS Row Address Strobe Command
CAS Column Address Strobe Command
Intenaratad <ilirnn <Anliitinn 1nr — WA el A~ — 1.QNN_-2704A77A1 [ =
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PIN FUNCTIONS

Symbol

Type

Function (In Detail)

A0-Al1

BAO, BA1

Input Pin

Input Pin

Address Inputs: A0-A11 are sampled during the ACTIVE

command (row-address A0-A11) and READ/WRITE command (A0-A9 (x8); A0-A8
(x16); A0-A7(x32) with A10 defining auto precharge) to select one location out of the
memory array in the respective bank. A10 is sampled duringa PRECHARGE command
to determine if all banks are to be precharged (A10 HIGH) or bank selected by

BAO, BA1 (LOW). The address inputs also provide the op-code duringa LOAD MODE
REGISTER command.

Bank Select Address: BAO and BA1 defines which bank the ACTIVE, READ, WRITE or
PRECHARGE command s being applied.

CAS

Input Pin

CAS, in conjunction with the RAS and WE, forms the device command. See the
"Command Truth Table" for details on device commands.

CKE

Input Pin

The CKE input determines whether the CLK inputis enabled. The nextrising edge of the
CLK signal will be valid when is CKE HIGH and invalid when LOW. When CKE is LOW,
the device will be in either power-down mode, clock suspend mode, or self refresh
mode. CKE is an asynchronous input.

CLK

Input Pin

CLK is the master clock input for this device. Except for CKE, all inputs to this device
are acquired in synchronization with the rising edge of this pin.

2

Input Pin

The CSinputdetermines whether ‘command inputis enabled within the device.
Command inputis enabled when CSis LOW, and disabled with CSis HIGH. The device
remains in the previous state when CS is HIGH.

DQML,
DQMH

Input Pin

DQML and DQMH control the lower and upper bytes of the I/O buffers. In read

mode,DQML and DQMH control the output buffer. WhenDQML orDQMH is LOW, the
corresponding buffer byte is enabled, and when HIGH, disabled. The outputs go to the
HIGH impedance state whenDQML/DQMH is HIGH. This function corresponds to OE
inconventional DRAMSs. In write mode,DQML and DQMH control the input buffer.
WhenDQML or DQMH is LOW, the corresponding buffer byte is enabled, and data can
be written to the device. WhenDQML or DQMH is HIGH, input data is masked and
cannot be written to the device.

DQMO-DQM3

Input Pin

For 1S42S32400A only

Input Pin

For 1S42S81600A only.

DQM
RAS

Input Pin

RAS, in conjunction with CAS and WE, forms the device command. See the "Command
Truth Table" item for details on device commands.

WE

Input Pin

WE, in conjunction with RAS and CAS, forms the device command. See the "Command
Truth Table" item for details on device commands.

Voo

Power Supply Pin

Vobgqis the output buffer power supply.

Voo

Power Supply Pin

Vobisthe device internal power supply.

VssQ

Power Supply Pin

Vssqisthe output buffer ground.

Vss

Power Supply Pin

Vssisthe device internal ground.
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GENERAL DESCRIPTION

READ

The READ command selects the bank from BAO, BA1
inputs and starts a burst read access to an active row.
Inputs AO-A9 (x8); AO-A8 (x16); A0-A7 (x32) provides the
starting columnlocation. When A10is HIGH, thiscommand
functionsas an AUTO PRECHARGE command. Whenthe
auto precharge is selected, the row being accessed will be
precharged at the end of the READ burst. The row will
remain open for subsequent accesses when AUTO
PRECHARGE is not selected. DQ’sread datais subjectto
the logic level on the DQM inputs two clocks earlier. When
agiven DQM signal was registered HIGH, the correspond-
ing DQ’s will be High-Z two clocks later. DQ’s will provide
valid data when the DQM signal was registered LOW.

WRITE

A burst write access to an active row is initiated with the
WRITE command. BAO, BAl inputs selects the bank, and
the starting column location is provided by inputs A0-A9
(x8); AO-A8 (x16); AD-A7 (x32). Whether or not AUTO-
PRECHARGE is used is determined by A10.

Therow being accessedwill be precharged atthe end of the
WRITE burst, if AUTO PRECHARGE is selected. If AUTO
PRECHARGE is not selected, the row will remain open for
subsequent accesses.

A memory array is written with corresponding input data on
DQ’'sand DQM inputlogic level appearing atthe sametime.
Data will be written to memory when DQM signal is LOW.
When DQM is HIGH, the corresponding data inputs will be
ignored, and a WRITE will not be executed to that byte/
column location.

PRECHARGE

The PRECHARGE command is usedto deactivate the open
row in a particular bank or the open row in all banks. BAO,
BA1 canbe usedto selectwhich bankis precharged or they
aretreatedas“Don’t Care”. A10 determined whetherone or
all banks are precharged. After executing this command,
the next command for the selected banks(s) is executed
after passage of the periodt_,, whichis the period required
for bank precharging. Once a bank has been precharged,
itisin theidle state and must be activated prior to any READ
or WRITE commands being issued to that bank.

AUTO PRECHARGE

The AUTO PRECHARGE function ensuresthatthe precharge
is initiated at the earliest valid stage within a burst. This
function allows for individual-bank precharge without requir-
ing an explicit command. A10 to enable the AUTO

PRECHARGE functionin conjunction with a specific READ
or WRITE command. Foreachindividual READ or WRITE
command, auto precharge is either enabled or disabled.
AUTO PRECHARGE does not apply except in full-page
burstmode. Upon completion ofthe READ or WRITE burst,
a precharge of the bank/row that is addressed is automati-
cally performed.

AUTO REFRESH COMMAND

This command executes the AUTO REFRESH operation.
The row address and bank to be refreshed are automatically
generated during thisoperation. The stipulated period (trc)is
required for a single refresh operation, and no other com-
mands can be executed during this period. Thiscommandis
executed at least 4096 times for every 64ms. During an
AUTO REFRESH command, address bits are “Don’tCare”.
This command corresponds to CBR Auto-refresh.

BURST TERMINATE

The BURST TERMINATE command forcibly terminatesthe
burst read and write operations by truncating either fixed-
length or full-page bursts and the most recently registered
READ or WRITE command prior to the BURST TERMI-
NATE.

COMMAND INHIBIT

COMMAND INHIBIT prevents new commands from being
executed. Operations in progress are not affected, apart
from whether the CLK signal is enabled

NO OPERATION

When CS is low, the NOP command prevents unwanted
commands from being registered during idle or wait states.

LOAD MODE REGISTER

During the LOAD MODE REGISTER command the mode
registerisloaded from A0-All. Thiscommand canonly be
issued when all banks are idle.

ACTIVE COMMAND

When the ACTIVE COMMAND is activated, BAO, BAl
inputs selects a bank to be accessed, and the address
inputs on AO-A11 selects the row. Untila PRECHARGE
command is issued to the bank, the row remains open for
accesses.

Intenaratad <ilirnn <Anliitinn 1nr — WA el A~ — 1.QNN_-2704A77A1
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COMMAND TRUTH TABLE
CKE All

Function Symbol n-1 n CS RAS CAS WE BA1 BAO Al10 A9-A0
Device deselect H X H X X x X X x x
No operation H X L H H H X X X
Burst stop H H L H H L X x X X
Read H x L H L H \Y, \Y, L Y
Read with auto precharge H X L H L H \Y V H Y
Write H x L H L L \Y, \Y, L \Y
Write with auto precharge H X L H L L \Y Vv H Y
Bank activate H X L L H H \Y, \Y \Y \Y
Precharge select bank H X L L H L V V L x
Precharge all banks H X L L H L X X H X
Mode register set H X L L L L L L L V
Note: H=ViH, L=ViL x= Vi1 or Vi, V = Valid Data.
DOM TRUTH TABLE
CKE DQM
Function Symbol n-1 n U L
Data write / output enable H X L L
Data mask / output disable H X H H
Upper byte write enable / output enable H X L X
Lower byte write enable / output enable H X X L
Upper byte write inhibit / output disable H X H X
Lower byte write inhibit / output disable H X X H

Note: H=ViH, L=ViL x=VIH or Vi, V = Valid Data.
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CKE TRUTH TABLE

CKE
Current State /Function n-1 n CS RAS CAS WE Address
Activating Clock suspend mode entry H L X X x x x
Any Clock suspend mode L L X X X x x
Clock suspend mode exit L H X X x x x
Auto refresh command Idle H H L L L H X
Self refresh entry Idle H L L L L H X
Power down entry Idle H L L H H H X
H L H X X X X
Deep power down entry H L L H H L X
Self refresh exit L H L H H H X
L H H X X X X
Power down exit L H L H H H X
L H H X X X X
Deep power down exit L H X X x x X

Note: H=ViH, L=ViL x= Vi1 or Vi, V = Valid Data.
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FUNCTIONAL TRUTH TABLE

CS RAS CAS WE Address Command Action
Idle H X X X X DESL Nop
L H H H X NOP Nop
L H H L X BST Nop
L H L H BA, CA, A10 READ/READA ILLEGAL @
L H L L A, CA, A10 WRIT/WRITA ILLEGAL®
L L H H BA, RA ACT Row activating
L L H L BA, A10 PRE/PALL Nop
L L L H X REF Auto refresh
L L L L OC, BA1=L MRS Mode register set
L L L L OC, BA1=H EMRS Extended mode register set
Row Active H X X X X DESL Nop
L H H H X NOP Nop
L H H L X BST Nop
L H L H BA, CA, Al10 READ/READA Begin read ©
L H L L BA, CA, A10 WRIT/WRITA Begin write ©
L L H H BA, RA ACT ILLEGAL @
L L H L BA, A10 PRE/PALL Precharge/Precharge all banks!
L L L H X REF ILLEGAL
L L L L OC,BA MRS/EMRS ILLEGAL
Read H X X X X DESL Continue burst to end to
Row active
L H H H X NOP Continue burst to end Row
Row active
L H H L X BST Burst stop Row active
L H L H BA, CA, A10 READ/READA Terminate burst,
begin new read ®
L H L L BA, CA, A10 WRIT/WRITA Terminate burst,
begin write &9
L H H BA, RA ACT ILLEGAL @
L H L BA, A10 PRE/PALL Terminate burst
Precharging
L L H X REF ILLEGAL
L L L OC,BA MRS/EMRS ILLEGAL
Write X X X DESL Continue burst to end
Write recovering
L H H H X NOP Continue burst to end
Write recovering
L H H L X BST Burst stop Row active
L H L H BA, CA, A10 READ/READA Terminate burst, start read :
Determine AP ©:9
L H L L BA, CA, A10 WRIT/WRITA Terminate burst, new write :
Determine AP ©
L L H H BA, RA RA ACT ILLEGAL @
L L H L BA, A10 PRE/PALL Terminate burst Precharging @
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL

Note: H=ViH, L=ViL x= ViH or ViL, V = Valid Data, BA= Bank Address, CA+Column Address, RA=Row Address, OC= Op-Code

10
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FUNCTIONAL TRUTH TABLE Continued:

CS RAS CAS WE Address Command Action
Read with auto H X X x X DESL Continue burst to end -
Precharging
Precharge L H H H X NOP Continue burst to end -
Precharging
L H H L x BST ILLEGAL
L H L H BA, CA, A10 READ/READA  ILLEGAL @
L H L L BA, CA, A10 WRIT/WRITA ILLEGAL @
L L H H BA, RA ACT ILLEGAL @
L L H L BA, A10 PRE/PALL ILLEGAL @
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Write with Auto H x x x x DESL Continue burst to end -Write
Precharge recovering with auto precharge
L H H H X NOP Continue burst to end -Write
recoveringwith auto precharge
L H H L X BST ILLEGAL
L H L H BA, CA, A10 READ/READA  ILLEGAL®
L H L L BA, CA, A10 WRIT/WRITA ILLEGAL @
L L H H BA, RA ACT ILLEGAL @
L L H L BA, A10 PRE/PALL ILLEGAL @
L L L H x REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Precharging H X X X X DESL Nop Enter idle after tRP
L H H H X NOP Nop Enter idle after tRP
L H H L x BST ILLEGAL
L H L H BA, CA, A10 READ/READA  ILLEGAL @
L H L L BA, CA, A10 WRIT/WRITA ILLEGAL @
L L H H BA, RA ACT ILLEGAL®
L L H L BA, A10 PRE/PALL Nop Enter idle after tRP
L L L H X REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Row Activating H X X X X DESL Nop Enter bank active after tRCD
L H H H X NOP Nop Enter bank active after tRCD
L H H L X BST ILLEGAL
L H L H BA, CA, A10 READ/READA ILLEGAL @
L H L L BA, CA, A10 WRIT/WRITA ILLEGAL @
L L H H BA, RA ACT ILLEGAL @98
L L H L BA, A10 PRE/PALL ILLEGAL @
L L L H x REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL

Note: H=ViH, L=ViL x= ViH or Vi, V = Valid Data, BA= Bank Address, CA+Column Address, RA=Row Address, OC= Op-Code
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FUNCTIONAL TRUTH TABLE Continued:

CS RAS CAS WE Address Command Action
Write Recovering H X X X X DESL Nop Enter row active after tDPL
L H H H x NOP Nop Enter row active after tDPL
L H H L X BST Nop Enter row active after tDPL
L H L H BA, CA, A10 READ/READA  Begin read ©
L H L L BA, CA, A10 WRIT/WRITA Begin new write
L L H H BA, RA ACT ILLEGAL @
L L H L BA, A10 PRE/PALL ILLEGAL @
L L L H x REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Write Recovering H X X X X DESL Nop Enter precharge after tDPL
with Auto L H H H X NOP Nop Enter precharge after tDPL
Precharge L H H L X BST Nop Enter row active after tDPL
L H L H BA, CA, A10 READ/READA  ILLEGAL
L H L L BA, CA, A10 WRIT/WRITA ILLEGAL @®
L L H H BA, RA ACT ILLEGAL @
L L H L BA, A10 PRE/PALL ILLEGAL @
L L L H x REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Refresh H X X X x DESL Enter idle after tRC1
L H H H X NOP Nop Enter idle after tRC1
L H H L X BST Nop Enter idle after tRC1
L H L H BA, CA, A10 EAD/READA ILLEGAL
L H L L BA, CA, A10 WRIT/WRITA ILLEGAL
L L H H BA, RA ACT ILLEGAL
L L H L BA, A10 PRE/PALL ILLEGAL
L L L H x REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL
Mode Register H X X X X DESL Nop Enter idle after tRSC
Accessing L H H H X NOP Nop Enter idle after tRSC
L H H L X BST Nop Enteridle after tRSC
L H L H BA, CA, A10 READ/READA  ILLEGAL
L H L L BA, CA, A10 WRIT/WRITA ILLEGAL
L L H H BA, RA ACT ILLEGAL
L L H L BA, A10 PRE/PALL ILLEGAL
L L L H x REF ILLEGAL
L L L L OC, BA MRS/EMRS ILLEGAL

Note: H=ViH, L=ViL x= ViH or Vi, V = Valid Data, BA= Bank Address, CA+Column Address, RA=Row Address, OC= Op-Code

12
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FUNCTIONAL TRUTH TABLE Continued:

Notes:
1. All entries assume that CKE is active (CKEn-1=CKEn=H).

2. lllegal to bank in specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the
state of that bank.

3. lllegal if tRCD is not satisfied.

4. lllegal if tRAS is not satisfied.

5. Must satisfy burst interrupt condition.

6. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
7. Must mask preceding data which don'’t satisfy tDPL.

8. lllegal if tRRD is not satisfied.

Intenaratad <ilirnn <Anliitinn 1nr — WA el A~ — 1.QNN_-2704A77A1 12
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STATE DIAGRAM

Self
Refresh

Register
Set

SELF exit

Mode
Register
Set

REF

>

CBR (Auto)
Refresh

] [ IDLE

Active
Power
Down

Row \
Active

READ
SUSPEND

READA
SUSPEND

WRITEA
SUSPEND

Precharge

»!{ Precharge

ON

) Automatic sequence

—p Manual Input
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ABSOLUTE MAXIMUM RATINGS®

Symbol Parameters Rating Unit
VDD MAX Maximum Supply Voltage -0.5t0+4.6 \
VDDQ MAX Maximum Supply Voltage for Output Buffer 0.5t0+4.6 \Y
VIN Input Voltage -0.5t0+4.6 \%
Vout Output Voltage -0.5t0+4.6 \%
Pp max Allowable Power Dissipation 1 W
Ics Output Shorted Current 50 mA
ToPr Operating Temperature Com. 0to+70 C
Ind. —40t0+85
TsTG Storage Temperature -55t0+125 C
Notes:

1. Stress greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to
the device. This is a stress rating only and functional operation of the device at these or any other condi-
tions 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.

2. All voltages are referenced to Vss.

DC RECOMMENDED OPERATING CONDITIONS® (At Ta = 0 to +70°C)

Symbol Parameter Min. Typ. Max.  Unit
VbD Supply Voltage 30 33 36 V
VbDQ I/O Supply Voltage 30 33 36 Y
ViH® Input High Voltage 20 — Vobe+0.3 V
ViL®@ Input Low Voltage 0.3 — +0.8 V
Note:

1. ViH (max) = VbbpQ +1.5V (PULSE WIDTH < 5Ns).
2. ViL (min) =-1.5V (PuLSE WIDTH < 5Ns).

CAPACITANCE CHARACTERISTICS (At Ta =0 to +25°C, Vop = Vope= 3.3 + 0.3V, f = 1 MHz)

Symbol Parameter Typ. Max. Unit
Cint Input Capacitance: CLK — 35 pF
Cin2 Input Capacitance:All other input pins — 3.8 pF
Cl/O Data Input/Output Capacitance:l/Os — 6.5 pF

Intearated <ilirnn <Anliitinn |nr — wanaz iecl ~Om
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DC ELECTRICAL CHARACTERISTICS (Recommended Operation Conditions unless otherwise noted.)

Symbol Parameter Test Condition Speed Min. Max. Unit
I InputLeakage Current 0V <Vin Ve, with pins other than -5 5 HA
the tested pinatOV
loL OutputLeakage Current Outputis disabled, 0V < Voutr<Vce 5 5 [V
VoH OutputHigh Voltage Level louT=—2mA 24 — \Y
VoL OutputLow Voltage Level lout = +2 mA — 04 Vv
Iob1 Operating Current®? OneBank Operation, Com. 6 — 170 mA
Com. -7 — 160 mA
BurstLength=1 Ind. -7 — 170 mA
trc = trc (min.) Com. -10 — 140 mA
lout = OmA Ind. -10 — 150 mA
Ibp2p Precharge Standby Current CKE < ViL (mAx) tck = tek (MIN) — — 3 mA
Iop2ps  (InPower-DownMode) tck =00 — — 2 mA
IDD2N Precharge Standby Current CKE = VH (MIN) tck = tek (MIN) — — 25 mA
Iop2ns  (InNon Power-Down Mode) tck = oo — — 15 mA
Ipp3p Active Standby Current CKE < ViL (MAX) tck = tek (MIN) — — 10 mA
Iopsps  (InPower-DownMode) tck =00 — — 10 mA
IDD3N Active Standby Current CKE 2 VH (MmN) tck = tck (min)  Com. — — 35 mA
Ind. — — 45 mA
Iopans  (InNon Power-DownMode) tck = oo Com. — — 30 mA
Ind. — — 35 mA
Com. 6 — 165 mA
IbD4 Operating Current tck = tek (MIN) Com. -7 — 150 mA
(InBurst Mode)® lout = 0OmA Ind. 7 — 160 mA
Com. -10 — 140 mA
Ind. -10 — 150 mA
Com. 6 — 330 mA
Ipps Auto-Refresh Current tRc = tRc (MIN) Com. -7 — 300 mA
Ind. -7 — 330 mA
Com. -10 — 270 mA
Ind. -10 — 300 mA
Ibps Self-Refresh Current CKE<0.2V Com. — — 2 mA
Ind. — — 3 mA

Notes:

1. These are the values at the minimum cycle time. Since the currents are transient, these values decrease as the cycle time
increases. Also note that a bypass capacitor of at least 0.01 pF should be inserted between Vop and Vss for each memory
chip to suppress power supply voltage noise (voltage drops) due to these transient currents.

2. Iop1 and Ipp4 depend on the output load. The maximum values for Icc1 and Icc4 are obtained with the output open state.
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AC ELECTRICAL CHARACTERISTICS @23

6 7 -10

Symbol Parameter Min. Max.  Min. Max.  Min. Max  Units

tcks Clock Cycle Time (CAS Latency = 3 6 — 7 — 10 — ns
tcke CAS Latency = 2 — — 10 — 10 — ns
tac3 Access Time From CLK®  CAS Latency = 3 — 54 — 54 — 7 ns
tac2 CAS Latency = 2 — — — 6 — 9 ns
tcHi CLK HIGH Level Width 25 — 25 — 35 — ns
toL CLK LOW Level Width 2.5 — 2.5 — 3.5 — ns
toH3 Output Data Hold Time _CAS Latency = 3 25 — 25 — 2.5 — ns
toH2 CAS Latency = 2 25 — 25 — 25 — ns
tiz Output LOW Impedance Time 0 — 0 — 0 — ns
tHz3 Output HIGH Impedance Time“”CE Latency = 3 — 6 — 6 — 7 ns
tHz2 CAS Latency = 2 — 6 — 6 — 9 ns
tos Input Data Setup Time®@3 15 — 15 — 2.0 — ns
toH Input Data Hold Time®@® 0.8 — 0.8 — 1 — ns
tAs Address Setup Time2®) 15 — 15 — 2.0 — ns
tAH Address Hold Time®@® 0.8 — 0.8 — 1 — ns
tcks CKE Setup Time®@? 15 — 15 — 2.0 — ns
tekH CKE Hold Time@® 0.8 — 0.8 — 1 — ns
tcka CKE to CLK Recovery Delay Time 1ICLK+3 — 1ICLK+3 — 1ICLK+3 — ns
tcs Command Setup Time (CS, RAS, CAS, WE, DQM)@2 15 - 15 - 2.0 - ns
tcH Command Hold Time (CS, RAS, CAS, WE, DQM)@2? 0.8 - 0.8 - 1 - ns
tre Command Period (REF to REF / ACT to ACT) 60 — 63 — 70 — ns
trAS Command Period (ACT to PRE) 37 120,000 37 120,000 44 120,000 ns
trRP Command Period (PRE to ACT) 18 — 18 — 20 — ns
trRCD Active Command To Read / Write Command Delay Time 18 — 18 — 20 — ns
tRRD Command Period (ACT [0] to ACT[1]) 12 — 14 — 15 — ns
torL3 Input Data To Precharge CAS Latency = 3 2CLK — 2CLK — 2CLK — ns

Command Delay time L
toPL2 CAS Latency = 2 2CLK — 2CLK — 2CLK — ns
toaL3 Input Data To Active / Refresh CAS Latency = 3 2CLK+rr  — 2CLK+rr  — 2CLK+rr  — ns
Command Delay time (During Auto-Precharge)

toaL2 CAS Latency = 2 2CLK+rr  — 2CLK+rr  — 2CLK+rr  — ns
tr Transition Time 0.5 30 05 30 0.5 30 ns
tREF Refresh Cycle Time (4096) — 64 — 64 — 64 ms

Notes:

1. When power is first applied, memory operation should be started 100 ps after Vop and Vppq reach their stipulated voltages.
Also note that the power-on sequence must be executed before starting memory operation.

2. Measured with tt = 1 ns. If clock rising time is longer than 1ns, (tr /2 - 0.5) ns should be added to the parameter.

3. Assumed input rise and fall time (tr & tF) = 1ns. If tr and tr are longer than 1ns, transient time compensation should be
considered and (tr + tF) / 2-1 ns should be added to the parameter.

4. Access time is measured at 1.5V with the load shown in the figure below.

5. The time tHz (max.) is defined as the time required for the output voltage to transition by + 200 mV from Von (min.) or VoL (max.)
when the output is in the high impedance state.
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OPERATING FREQUENCY / LATENCY RELATIONSHIPS

SYMBOL PARAMETER -6 -7 -10. UNITS
— Clock Cycle Time 6 7 10 ns
— Operating Frequency 166 143 100 MHz
tccp READ/WRITE command to READ/WRITE command 1 1 1 cycle
tckeD CKE to clock disable or power-down entry mode 1 1 1 cycle
tPED CKE to clock enable or power-down exit setup mode 1 1 1 cycle
toQD DQM to input data delay 0 0 0 cycle
toQm DQM to data mask during WRITEs 0 0 0 cycle
tbQz DQM to data high-impedance during READs 2 2 2 cycle
towp WRITE command to input data delay 0 0 0 cycle
tpAL Data-in to ACTIVE command 5 4 4 cycle
topL Data-into PRECHARGE command 2 2 2 cycle
tBDL Last data-in to burst STOP command 1 1 1 cycle
tcoL Last data-in to new READ/WRITE command 1 1 1 cycle
tROL Last data-in to PRECHARGE command 2 2 2 cycle
tMRD LOAD MODE REGISTER command 2 2 2 cycle
to ACTIVE or REFRESH command
trROH Data-outto high-impedance from CL=3 3 3 3 cycle
PRECHARGE command CL=2 2 2 2
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AC TEST CONDITIONS

Input Load Output Load
[e——— tcK
le— fcHI —»|«— tcL
3.0V .............
CLK ]_5V ............ 1.5V
OV <een- -/ 7 =500 50Q
—»| tcs |«—tcH—> Output
3.0v- 30 pF
INPUT 15V - = L L
<« tac—>
{oH 4«—>
OUTPUT 1.5V 1.5V
AC TEST CONDITIONS
Parameter Unit
AC High Level Input Voltage/Low Level Input Voltage 3.0Vto OV
Input Rise and Fall Times 1ns
Input Timing Reference Level 15V
Output Timing Measurement Reference Level 15V
Intenaratad <ilirnn <Anliitinn 1nr — WA el A~ — 1.QNN_-2704A77A1 10
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FUNCTIONAL DESCRIPTION

The 128Mb SDRAMs are quad-bank DRAMs which oper-
ateat2.5V or 3.3V andinclude a synchronous interface (all
signals are registered on the positive edge of the clock
signal, CLK). Each ofthe 33,554,432-bitbanksis organized
as 4,096 rows by 512 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 AC-
TIVE command whichisthenfollowed by aREAD or WRITE
command. The address bits registered coincident with the
ACTIVE command are used to select the bank and row to
be accessed (BAOand BA1 selectthe bank, AO-Al1 selecttherow).
The address bits A0-A9 (x8); A0-A8 (x16); A0-A7 (X32) regis-
tered 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 definition, command

descriptions and device operation.

Initialization

SDRAMs must be powered up and initialized in a
predefined manner.

The 128M SDRAM s initialized after the power is applied to
Vob and Vbbq (simultaneously) and the clock is stable.

A 200us delay is required prior to issuing any command
other than a COMMAND INHIBIT or a NOP. The COMMAND
INHIBIT or NOP may be applied during the 100us period and
should continue at least through the end of the period.

With at least one COMMAND INHIBIT or NOP command
having been applied,a PRECHARGE command should be
applied once the 100pus delay has been satisfied. Allbanks
must be precharged. Thiswillleave allbanksinanidle state
where two AUTO REFRESH cycles mustbe performed. After
the AUTOREFRESH cycles are complete, the SDRAM isthen
ready for mode register programming.

The mode register and extended mode registers should be
loaded prior to applying any operational command because
it will power up in an unknown state.
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INITIALIZE AND LOAD MODE REGISTER

| T0 Tl « Tn+l « Totl . Tptl Tp+2 Tp+3
e B G T T G Y Gy
'tCKSIL(ZﬁH | X : : |
e I TN N AANA A AN AN
1 tCMH tcms tCMH tcms tCMH tcms : : :

I
I Ek AUTO *X ‘ : YOXEEEX X
COMMAND 'j< NOP UPRECHARGE% REFRESH NOP_X X eétrcen XX _NOP REGISTER

NoP X XACTIVEX

DOM/
DQML, DQMH +

Q

!

AN/

)

R

tAs | {AH

AO-A9 AL ' 22 22 22 %_’ODE* X row X
L ALL BANKS . | « I « $g : :
A10 X3 Q % CODE X _Row X
| ! SINGLE BANK ! 7 ! ’ : | |
BAO, BAL ! XALLBANKS>€2 L Q X BANK X
L | ' . " | | |
DQ — — I : :
:—T—>: ~——trp trREC trRFC ; tMRD :
!

t

t

Power-up: Vcc Precharge
and CLK stable all banks

T = 100ps Min.

UTO REFRESH

UTO REFRESH

Program MODE REGISTER? >4

[ ]ooN'T cARE
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AUTO-REFRESH CYCLE

T0 Tl T2 Tn+l . To+l
CLK J I<—tCK tcL tCH>| | | é% |
Sy | | | |
CKEFS XN/ N\ S S
tems, tom ! ! | |

COMMAND j(PRECHARGE NoP XX Gt MCP XOX o, XX Nop XOXacTiveX X
| |

DQM/ ] ] ] ( | 1212
DQML, DQMH . . . Y . > .
| | | |

| | ( | (¢ |

A0-A9, A1l | X X Rrow X
ALL BANKS : | , | « |

a0 X X , g X Rrow X
SINGLEBANK ! | ! !

BAO, BAL X BANK Y XBANK X
as ! tAH ! ! ’ ! e !
DQ — High-Z : : ) : ) :
» trP -! ! !

[ ]ooNT cARE
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SELF-REFRESH CYCLE

active banks

refresh mode

self refresh mode

TO Tl T2 ) Tn+l Tot+l Tot+2
CLK tck tCH>|<tCL | | 1 % |
tcks tckH ! tcks! ! !
-~ I > tRAS————»| ., I I
CKE_/:\/:\S[l AR C N/
| | ] |
tcms temH | I tcks [
~—>| | | , » | |
COMMAND j(PREcIHARGE NOP Mggh , X NOP 22 NOP X X Ao XX
| | | | |
DQM/ L L L { (C L L
DQML, DQMH _ ) 2/2/ y y
| | | | |
A0-A9, All &
ALL BANKS ! ! . « ! !
A10 X X , 22
SINGLE BANK I I I I
tas : tAH : : : :
BAO, BAL >E aANK X &
| | | | |
High-Z, I | « « ! I
DQ
:: trRP :: 4 T -« i tXSR ::
/ /
Precharge alll Enter self CLK stable prior to exiting ~ Exit self refresh mode

(Restart refresh time base) []ooNT cARE
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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 awrite burst mode, as shownin MODE
REGISTER DEFINITION.

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 DEFINITION

Mode register bits MO-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.

BA1BAOA11A10 A9 A8 A7 A6

A5

I L _T1 [ 1

Reserved®

Latency Mode

A4 A3 A2 Al AO AddressBus
| L] \—'—l Mode Register (Mx)
Burst Length
M2 M1 MO M3=0 M3=1
0O 0 O 1 1
0o 0 1 2 2
0 1 0 4 4
0o 1 1 8 8
1 0 o0 Reserved  Reserved
1 0 1 Reserved  Reserved
1 1 0 Reserved  Reserved
1 1 1 FullPage Reserved
Burst Type
M3 Type
0 Sequential
1 Interleaved

M6 M5 M4 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
1 1 1 Reserved
Operating Mode
M8 M7 M6-MO  Mode
0 0 Defined Standard Operation

All Other States Reserved

Write Burst Mode

M9 Mode
0 Programmed Burst Length 1. To ensure compatibility with future devices,
1 Single Location Access should program BA1, BAO, A11, A10 = "0, 0"
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BURST LENGTH

Read and write accessesto the SDRAM are burst oriented,
with the burst length being programmable, as shown in
MODE REGISTER DEFINITION. The burst length deter-
mines 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
burstis available for the sequential type. The full-page burst
is used in conjunction with the BURST TERMINATE com-
mand to generate arbitrary burst lengths.

Reserved states should notbe used, as unknown operation
or incompatibility with future versions may result.

burst type and is selected via bit M3.

When a READ or WRITE command is issued, a block of

columns equaltothe burstlengthis effectively selected. All
accesses for that burst take place within this block, mean-

BURST DEFINITION

ing that the burst will wrap within the block if a boundary is
reached. The block is uniquely selected by A1-A7 (x32)
whenthe burstlengthis settotwo; by A2-A7 (x32) when the
burstlengthis settofour; and by A3-A7 (x32) whenthe burst
length is set to eight. The remaining (least significant)
address bit(s) is (are) used to select the starting location
withinthe block. Full-page bursts wrap withinthe page ifthe
boundary is reached.

Burst Type

Accesses within a given burst may be programmed to be
either sequential or interleaved; this is referred to as the

The ordering of accesses within aburstis determined by the
burstlength, the bursttype and the starting column address,
as shown in BURST DEFINITION table.

Burst Starting Column Order of Accesses Within a
Burst
Length Address Type = Sequential Type = Interleaved
AO
2 0 01 01
1 1-0 10
Al AO
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 AO
0 0 0 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 0 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 n=A0-A7 Cn,Cn+1,Cn+2 Not Supported
Page Cn+3,Cn+4...
) (location0-y) ...Cn-1,
Cn...
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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 mclocks, the data will be available by clock edge
n+m. The DQswill startdriving as aresult of the clock 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 is
such that all relevant access times are met, if a READ
command isregistered at TO and the latency is programmed
totwo clocks, the DQs will startdriving after T1 and the data
willbe valid by T2, as shownin CAS Latency diagrams. The
Allowable Operating Frequency table indicates the operat-
ing frequencies at which each CAS latency setting can be
used.

Reserved states should notbe used as unknown operation or
incompatibility with future versions may result.

CAS LATENCY

Operating Mode

The normal operating mode is selected by setting M7 and 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 M0O-M2
appliesto both READ and WRITE bursts; when M9 =1, the
programmed burstlength appliesto READ bursts, butwrite
accesses are single-location (nonburst) accesses.

CAS Latency
Allowable Operating Frequency (MHz)

Speed CAS Latency =2 CAS Latency =3

6 - 166

7 100 143

10 100 100

T0 Tl

o __J 1]

|

DQ :

DQ :

~—— CAS Latency - 3———»

[ ]ooNT cARE

BZ UNDEFINED
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CHIP OPERATION

CIFIC BANK

ACTIVATING SPECIFIC ROW WITHIN SPE-

BANK/ROW ACTIVATION

Before any READ or WRITE commands can be issuedto a
bankwithinthe SDRAM, arow inthatbank mustbe “opened.”
This is accomplished via the ACTIVE command, which
selects both the bank and the row to be activated (see
Activating Specific Row Within Specific Bank).

CLK

CKE

After opening a row (issuing an ACTIVE command), a
READ or WRITE command may be issued to that row,
subject to the trep specification. Minimum trco should be
divided by the clock period and rounded up to the nextwhole
number to determine the earliest clock edge after the
ACTIVE command on which a READ or WRITE command
can be entered. For example, a trep specification of 20ns
with a 125 MHz clock (8ns period) results in 2.5 clocks,

RAS

CAS

rounded to 3. This is reflected in the following example, WE
which covers any case where 2 < [trep (MIN)/tck] < 3. (The
same procedure is used to convert other specification limits
from time units to clock cycles). AO-All
A subsequent ACTIVE command to a different row in the BAO, BA1

same bank can only be issued after the previous active row
has been“closed” (precharged). The minimumtime interval
between successive ACTIVE commandsto the same bank

|

HIGH !

s
(i

W ROW ADDRESSX

XBANK ADDRESSX

is defined by trc.

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 trrp.

EXAMPLE: MEETING TRCD (MIN) WHEN 2 < [TRCD (MIN)/TCK] < 3

0 Tl T2 13 T4
CLK | | |
| | | |
| | | |
NoP XX _Nop X XReARe

|

|
coMMAND XACTIVEXX

]

trRcD

[ ]DONT CARE
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READS

READ bursts are initiated with a READ command, as
shown in the READ COMMAND diagram.

The starting column and bank addresses are provided with
the READ command, and auto precharge is either enabled
or disabled forthatburstaccess. If auto precharge is enabled,
the rowbeingaccessedis precharged atthe completion ofthe
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 elementwill be valid by the next positive clock edge. The
CAS Latency diagram shows general timing
for each possible CAS latency setting.

Upon completion of a burst, assuming no other commands
have beeninitiated, the DQs willgo High-Z. Afull-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 subse-
guent READ command, and data from 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. The first data element from the new burstfollows
eitherthe lastelement of acompleted burstor the lastdesired
data element of a longer burst which is being truncated.

The new READ command should beissued xcycles 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 Consecutive READ Bursts for CAS latencies of
two and three; data element n+ 3 is either the last of a burst
of four or the last desired of a longer burst. The 128Mb
SDRAM uses a pipelined architecture and therefore does
not require the 2nrule associated with a prefetch architec-
ture. AREAD command can be initiated on any clock cycle
following a previous READ command. Full-speed random
read accesses can be performedtothe same bank, as shown
in Random READ Accesses, or each subsequent READ
may be performed to a different bank.

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 possi-
bility 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 lastread data
and the WRITE command.

READ COMMAND

CLK

|

HIGH

CKE

RAS

CAS

WE

Py
il

AO-A7 XCOLUMN ADDRESSY

A8, A9, ALL X | X

AUTO PRECHARGE

Al10

NO PRECHARGE

X BANK ADDRESS X

BAO, BA1

The DQM inputis used to avoid I/O contention, as shownin
Figures RW1and RW2. 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
registered, the DQs will 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 be an invalid WRITE. For example, if
DQMwas LOW during T4in Figure RW2, thenthe WRITES
at T5 and T7 would be valid, while the WRITE at T6 would
be invalid.

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 RW1
shows the case where the clock frequency allows for bus
contention to be avoided without adding a NOP cycle, and
Figure RW2 shows the case where the additional NOP is
needed.

Afixed-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
may be truncated with a PRECHARGE command to the
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same bank. The PRECHARGE command should be is-
sued xcycles before the clock edge at which the last desired
dataelementisvalid, where xequals the CAS latency minus
one. Thisisshowninthe READ to PRECHARGE diagramfor
each possible CAS latency; data element n + 3 is either the
last of a burst of four or the last desired of a longer burst.
Following the PRECHARGE command, a subsequentcom-
mand to the same bank cannotbe issued until trris met. Note
that part of the row precharge time is hidden during the
access of the last data element(s).

Inthe case of afixed-length burstbeing executed to comple-
tion,aPRECHARGE command issued atthe optimumtime
(as described above) provides the same operation that
would result from the same fixed-length burst with auto
precharge. The disadvantage of the PRECHARGE com-
mand is that it requires that the command and address
buses be available at the appropriate time to issue the
command; the advantage ofthe PRECHARGE commandis
that it can be used to truncate fixed-length or 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 command,
provided thatauto precharge was notactivated. 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 the READ Burst Termination diagram for each
possible CAS latency; data element n+ 3isthe lastdesired
data element of a longer burst.
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RW1 - READ TO WRITE

T0 TL T T3 T4
ST un D u D D e D e
SC I /o pan s W
commanD —( READ Y— NOP »— NoP »— NoP »—~WRITE)}—~_
ADDRESS — &% )—( — — s
: : : :<—tHz :
DQ : : : <DOUT3:f Dn b >—
I L—IDS
[ ]ooNT cARE
RW2 - READ TO WRITE WITH EXTRA CLOCK CYCLE
TL T2 T3 T4 T

CLK

DQM \

70
o

I
COMMAND —{ READ y—

T

I

ADDRESS —(

BANK,
(IZOL n

—

DQ

|
|
BANK,
COLb
T
1 1 !
, |

—t{HZ
I
I
l«1Ds

[ ]pONT CARE
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CONSECUTIVE READ BURSTS

T0 Tl T2 T3 T4 T5 T6

cm+|4|;|4|4|4|4|

COMMAND — READ — NOP )—( NOP )—( NOP )—(READ)—( NOP )—( NOP —C

|<-x 1 cycle+|
I I

ApDRESS — B3 )—( )—( >—< — ?:’6% — >—< —~

I
DQ : T < Dout n >—<DOUT n+1>—<DOUT n+2>—<DOUT n+3>—< Dout b >—
| T T T T T
«~— CAS Latency - 2—
[ ]oONT CARE
T0 Tl T2 T3 T4 T5 T6 T7

COMMAND —( READ )—( NOP )—( NOP )—( NOP — READ)—( NOP )—( NoP )—( NoP —

|<—x =2 cycles—»n

ADDRESS —( ?I:’g“g';' — D D 'f’:%“ﬂ'% >—< —_ >—< —

DQ T T < IDOUT n >—<|I30UT n+1>—<|?OUT n+2>—<|I3OUT n+3>—< IDOUT b >—

«— CAS Latency - 3—»1

[ ]oONT CARE
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RANDOM READ ACCESSES

TO Tl T2 T3 T4 T5

e 4 L4 L4 L4 L4 L4 |

|
COMMAND —( READ )—( READ »— READ »— READ)—( NOP )—( NOP —C
T
|
sooress %@% (BN >—< >—< —~C

|

DQ : : < Dout n>—< Douth >—< DOUTm>—< Dout X >—
| T T T T
I

<— CAS Latency - 2—»1

[ ]oONT CARE

T0 Tl T2 T3 T4 T5 T6

ok 4 L4 L4 L4 L4 L4 L4 |

COMMAND —( READ )—( READ >— READ »—( READ)—( NoP — II\IOP — NOP —C
T

\ I
ADDRESS —( %@NLKn %’a”ﬂé B %@NLKX >—< >—< <

T
] I ]
] I ] ]
DQ : : : < Dout n>—< Dout b >—< DOUTm>—< Dourt x >—
] T T T
[}

<—— CAS Latency - 3—— 1

[ ]ooNT cARE

29 Intearated S<ilirnn Soliitinn 1Ner — wWwWiww ieci rN — 1-QNN-70-A77A4



IS42S81600A, 1S42S16800A, 1S42S532400A I$ ©

READ BURST TERMINATION

T0 Tl T2 T3 T4 T5 T6

COMMAND —( READ )—( NOP )—( NOP )—( NOP )—(TE‘;‘QF,‘NS;TE)—( NOP )—( NOP —~

I<—x 1 cycle->|
I I I

ADDRESS —(B(?gfﬁ')—( — : — : — : — : — —~

I
DQ : T / Doutn >—<DOUT n+l>—<DOUT n+2>—<DOUT n+3>—:7
I
<+— CAS Latency - 2—>|
[ ]ooNT CcARE
T0 Tl T2 T3 T4 T5 T6 T7

|

COMMAND —( READ »— NOP »—( NOP »— NOP )%{ NOP )—( NOP )—( NoP —
T T T T
|

le——X =2 cycles—»u
I I I I I

ADDRESS—(%@T‘%)—(I o~ = —C ) —~
pq — 5 5 '

<«—— CAS Latency -3—»1

[ ]oONT CARE
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ALTERNATING BANK READ ACCESSES

T0 Tl T2 T3 T4 T5 T6 T7 T8
CLK + |<-tCK—‘—>|<tCL>*<tCH>| + | * | i | + | + | 4 |
235 S WA WA /A WA U/ WA U A W

|
I
T
I
!
I I
COMMAND )E ;<>(
ACTIVE NOP )O(RIEADX:X NOP X OXACTIVE NoP XX READ NOP X XAcTIVEX
1 tcms 1 temH 1 I
' [\ /N N

. : !
1 1 1 I
DQML, DO L NN L\
N N B N B
A0-A9, A1l X ROW * XCOLUMN o X rROW X X coLuMN bEX X ROW X
A Eﬂ El:\IABLE AUTo: PRECHAR(:BE ' ENABLE AUTO PRECHARGE '
n10 X oW X 7\ X Fow X 7\ X Fow X
I

tAs 1 1 1 1 1 1 1
. 1

A
<2 l I I I :
BAO, BAL \BANK 0 BANK 0/ / BANK 3\ / BANK 3\ \ BANK 0 /
] ] ] ] I ! I ] ]
1
|

: : : :<-th> :<t0H ~<toH :4IOH :<t0H :<t0H
DQ + + + + Dourm Dour m+, Dout m#2, Dout m+3 Dourb
I I I I T T T T
1 1 <—ftapc—>! le—tpc—> :<—tAC—> le—tpc—>! le—taoc—>! le—taoc—>
I I I

I I
~— trep - BANK 0—>:<— CAS Latency - BANK 0—»: I~ trp - BANK O —>:<—IRCD- BANK 0
'«— tRRD ! trep - BANK 3—>:<— CAS Latency - BANK 3——!

1
'«——trAs - BANK 0 |

~—1trc - BANK O

I
I
I
I
[ ]DoN'T cARE

Notes:
1) CAS latency = 2, Burst Length = 4
2) X16: A9 and A11 ="Don't Care"

X32: A8, A9, and A1l ="Don't Care"
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READ - FULL-PAGE BURST
T0 Tl T2 T3 T4 T5 T6 o Tnil 2 Tn+3 Tn+4
CLK * |<—tCK—4—>|<tCLth»| 1 | 1 | l 1 2’ l | l | r
tCKSli(EﬁH | ! | | ! ! ! !

o T 7

tcms, temH
>

/!

/

=
SN I =

d

/ 5

1
COMMAND * ACTIVE

1
1
1
1
1

READ

OP)O(

0 X o

X

NOP )O(BURS
I

TTERM)O(

><><

ICMS tcMH

T

\_/
P XX o
[\

\/
X
L\

FaN

/[

DOM/
DQML, DQMH

|
~
= 0C
WA W2

WeowmndX

A

RS

tAs: {AH
<—>I<—>
A0-A9, A1l )k ROW J(
tas 1 taH
>
Al0 ROW
tas | tan
t—>
BAO, BAl BANK

RSN

DQ :

trRCD

<—tAC—>J/ <—tAc i=tac ~—tac—>
= M\Douwm DOUT mY ".. é}f Dour m+2§ Dour m-L 2':‘:.".
1 1 1

. <toH > |<t0H ,<t0H <loH

CAS Latency —+=-each row (x4) has ——

1,024 locations

Full page Full-page burst not self-terminating.

completion  Use BURST TERMINATE command.

|:| DON'T CARE

B UNDEFINED

Notes:

1) CAS latency = 2, Burst Length = Full Page

2) X16: A9 and A11 ="Don't Care"
X32: A8, A9, and A1l ="Don't Care"
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READ - DOM OPERATION

T8

!

T3

.

T0 Tl

i
CLK 1 |<'tCK-A—>|<tCL>l<ICH>|
1

tcks tekH
]

L
/
<—>I<—> ) ) ) ) ) ) ) )
COMMAND *ACTIVE%( NoP XX READ XX Nop XX Nop XX Nop XX Nop XX nop XX Nop X
I I I I I I I
|

[ N

AR WAL WARWARWARWERWAR WAL/

tcms ! temH

' \T@‘?/E\\iﬁ\i/

DQM/
DQML, DQMH

I I
tas ' taH !

—> I I
AO-A9, Al )E ROWj( XCoLuMN maX \
, .
las | I ! ENABLE AUTO PRECHARGE !

o Yrow X X X

-7

tAs | tAaH | DISABLE AUTO PRECHARGE : \ \ \ \
- I L I I I I I
BAO, BAL X BANK X BANK X \
I I I I I I I I
| | | r+—tac \ j«toH <toH
DQ : : 7 e R XDouT m+2XEXDour m+g
| ' | . ~—tHz— ! ~—tac ~—tHz
: : : [ ]ooNT cARE
h trRcD T CAS Latency —
B UNDEFINED

Notes:
1) CAS latency = 2, Burst Length = 4
2) X16: A9 and A11 ="Don't Care"

X32: A8, A9, and A1l ="Don't Care"
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READ to PRECHARGE

TO Tl T2 T3 T4 TS5 T6 T7

CLK+|4|4|LILILILILI

trP ' '

COMMAND —( READ )—( NOP )—( NOP )—( NOP )—(pRECHAReE)—( NOP )—( NoP >—<ACTIVE>—<

|<-x 1 cycle->|

ADDRESS —<Bé8ﬁ?*>—< >—<| >—<| D~ )~
| | | |

I I
DQ T < Dout n>—<DOUT n+l>—<DOUT n+2>—<DOUT n+3>
<— CAS Latency - 2—>: I I I
[ ]ooONT CcARE
T0 Tl T2 T3 T4 15 T6 T7
CLK$|L|L|L|L|1|L|L|

" I trP ' ~'

COMMAND —( READ )—( NOP )—( NOP )—( NOP )—(pRECHARee)—( NOP — NoP >—<ACTIVE>—<

|<—x 2 cycles—>|

aooress —( B )~ ) >—<| — %em OB

|
< IDOUT n >—<IIDOUT n+l>—<|IDOUT n+2>—<|I30UT n+3>—i7

<—— CAS Latency - 3—— 1

DQ

[ ]ooONT CcARE
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WRITES

WRITE bursts are initiated with a WRITE command, as
shown in WRITE Command diagram.

WRITE COMMAND

AO-A7

A8, A9, ALL X X

AUTO PRECHARGE

A10 X X

NO PRECHARGE
1

>< BANK ADDRESS ><

BAO, BA1

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 illustrations, 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, assum-
ing no other commands have been initiated, the DQs will
remain High-Z and any additional input data will be ignored
(see WRITE Burst). A full-page burst will continue until
terminated. (At the end of the page, it will wrap to column 0
and continue.)

Data for any WRITE burst may be truncated with a subse-
guent 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 coincidentwith the new command appliestothe new
command.

Anexample is shownin WRITE to WRITE diagram. Data n
+ 1 is either the last of a burst of two or the last desired of
a longer burst. The 128Mb SDRAM uses a pipelined
architecture and therefore does not require the 2n rule
associated with a prefetch architecture. AWRITE 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
Random WRITE Cycles, or each subsequent WRITE may
be performed to a different bank.

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

Data for afixed-length WRITE burst may be followed by, or
truncated with,a PRECHARGE commandto the same bank
(provided that auto precharge was not activated), and a full-
page WRITE burst may be truncated witha PRECHARGE
command tothe same bank. The PRECHARGE command
should be issued twr after the clock edge at which the last
desiredinputdata elementisregistered. The auto precharge
mode requires a twr of at least one clock plus time,
regardless of frequency. In addition, when truncating a
WRITE burst, the DQM signal must be used to mask input
dataforthe clock edge prior to, and the clock edge coincident
with,the PRECHARGE command. Anexampleisshowninthe
WRITE to PRECHARGE diagram. Data n+1is eitherthe last
of aburst of two or the last desired of alonger burst. Following
the PRECHARGE command, a subsequentcommand to the
same bank cannot be issued until trr is met.

In the case of a fixed-length burst being executed to comple-
tion,a PRECHARGE commandissued atthe optimumtime (as
describedabove) providesthe same operation thatwould result
from the same fixed-length burst 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 full-page bursts.

Fixed-length or full-page WRITE bursts can be truncated
withthe BURST TERMINATE command. When truncating
a WRITE burst, the input data applied coincident with the
BURST TERMINATE command will be ignored. The last
datawritten (provided that DQM is LOW atthattime) will be
the input data applied one clock previous to the BURST
TERMINATE command. This is shown in WRITE Burst
Termination, where data nis the last desired data element
of alonger burst.
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WRITE BURST

TO Tl T2 T3

U I e D B

| | | |
COMMAND < WRITE)}— NOP »—( NOP »— NOP )»—

T T T T

| | | |

| | | |

pooress TN~ D~ D~ -
[} [} [} [}

DQ -< D|NI n >—< D|NIn+1>—< >—< >—

[ ]oONT CARE

WRITE TO WRITE

Tl T2

CLK_T+0 | L | L |

| | |
COMMAND < WRITE)— NOP »— WRITE }—
: : :
| | |
BANK BANK
ADDRESS < colt | — coLs

DQ -<D|Nn >—<D|Nn+l>—< Dnb >—

[ ]oONT CARE

RANDOM WRITE CYCLES

T0 Tl T2 T3

e L f L L1

| | | |
COMMAND < WRITE }— WRITE }— WRITE }— WRITE }—

T T T T

| | | |

BANK, BANK, BANK, BANK, >
ADDRESS COIL n COIL b COIL m COIL X

DQ «{ bnn »— Dl:ub — D|rxllm — DuLx —
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WRITE TO READ

T0 Tl T2 T3 T4 T5

I I I
COMMAND -<WRITE>—< NOP — READ NOP »— NOP »— NOP —
T T T

ADDRESS %sm G g3 S -

DQ < DINI n < Dn n+1)—( — | — Dourb >—<Dou%b+1>—

Latency =2

[ ]DONT CARE

WRITE TO PRECHARGE (TWR @ TCK 2 15NS)

0 T1 2 T3 T4 T5 T6
ck x4 L4 L4 L4 4 L& |
WAl

COMMAND —<V\I/RITE>—< lllOP )—(PREICHARGE)—( l:\l I I

oP )—(NoP )—(ACTlVE)—( NOP —C

ADDRESS —<Bé‘c“)fﬁ>—< M —C >—<Bé%5f*>—<l —C
|

|<— twr —»'

DQ—(?INH)—(DINH+1>—<I )—(I )—(I >_<. >—<: —

[ ]oONT CcARE
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WRITE to PRECHARGE (twr @ tck < 15ns)

Tl

.

T3 T4 T5 T6

O U D U U

DM\ / \

70
CLK IO

trRP

________’_s

|

COMMAND —( WRITE }— NOP »— NOP »—(precrarep— NOP »— NOP »—(ACTIVE)—_
T T T T T T T
| | | | | | |

[} [}
ooRess —( TR~ T~ ID~EE ) T
| e wR o | | |
[} [} . [} [} [} [}
ST S I G D S
T T T T

[ ]DoONT CARE

1

1

WRITE Burst Termination

TO T1 T2

L

COMMAND '< WRITE HE%#AT&AT\TE COMMAND
T T I

|

ADDRESS %{}_ﬁ)—( >—<(ADDRESS)>—
I I
|

DQ < D|Nln — )—((DAITA))—

[ ]oONT CARE
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WRITE - FULL PAGE BURST

TO T1 T2 T3 T4 15 , Tn+l Tn+2
CLK | g foLepetcrs] L4 %l L d
tcks tckH ! ! ! ! ! !
I<_>l<_>| ] ] ] ] o ] ]
S WAL WAL WAL WA WAL VAN WAL
tcms, teMH ! ! : : ! |

P

COMMAND j(ACTIIVE kx NOP )O( WFI{ITE>O< NOP )O( NOP )O(

1
>Q§< NOP BURST TERM)O(@

4

! : tcms ! tem : : : :
| | I | | | |
D \ T'u"j/—\ | | Y e N R s
DQMS/ 8 . : : L L\ : Q& : I
bl | | : e :
A0-A9, A1l X ROW XcoLuwnmeX &L
T ] :
i ! . ! ! ! (@ ! !
A10 ROW 22
tAS 1 tAH | ' | | : " | |
(i I 1 1 : n 1 1
BAO, BAL X BANK X BANK X
| | s, foH 1S toW  1DS) foH DS ! toH " tos | toH ! toH
DQ >E N m WDINMDIN m+2J< >ED|N m+3 1%% ; D|Nm J(
T

|«
< trCD Full page completed - |:| DON'T CARE

Notes:
1) Burst Length = Full Page
2) X16: A9 and A11 ="Don't Care"
X32: A8, A9, and A11 ="Don't Care"
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WRITE - DQM OPERATIOON

T0 T V) T3 T4 T5 T6 7

CLK | [ttt L | ) P Ll L
tcks tckH ! ! ! ! ! ! !
'<—>M—>| I I I I I I I

SV VAR WAL WA WAL WA WA ul
towms, town l l l l l l l

)O(WF:leE)O( N:OP XX Nc:)P XX Nc:)P XXN

COMMAND j(ACTIVE NOP
I

(;)P XX N(;DP X

LA\ S/

: ; tCMs:tCMH
DQM/DQML "l
DQMS/DQIaO-S . i /
tas ! taH ! !
—> I I
A0-A9, A1l X ROW XcoLummeX
I I "
tas '<tA—H> I ENABLE AUTO PRECHARGE
A10 X ROW X X

tAs : {AH :

T T
DISABLE AUTO PRECHARGE

BAO, BA1 BANK *

X BAiNK X

tos ! toH

! ! tos ! toH | tbs | {DH
| | |—> | | [} [}
DQ Dinm Din m+2 Din m+3
| |
e trCD > [ JoonT cARE
Notes:
1) Burst Length =4
2) X16: A9 and A11 ="Don't Care"
X32: A8, A9, and A1l ="Don't Care"
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ALTERNATING BANK WRITE ACCESS

cx f |+1~|~1| e e
. ;ZZ&:TE’@ rilop >Q<W:R|TE>Q< :Nop >Q<A;T|VE>Q< $op >Q<W:R|TE>Q< INop X Lop >Q<A;TNE><:

I

1

I

tas | tAH ! !
> | |

| | |
AO-A9, ALl )E ROW 9( XeoLummeX X ROW X X COLUMNBEX X Row X
R R ! 1

s M ENABLE AUTO PRECHARGE | ENABLE AUTO PRECHARGE |

1
A10 )E ROW 9( / : \ X Row X / 1\ X ROW_ X
tas | tan | | ' | | | |
| 1
BAO, BAL \(BANK OJ' \ BANK o/ /BANK N\ / BANK N\ \BANK 0/
| : tDs I toH tDSI toH tDsl toH ) tos | toH tDS I toH tDs ! toH tDs I toH tDsl toH
DQ *Dw m UDIN m+1jd<Dm m+2§d<Dw m+3§d< Dinb UDIN b+1UDIN b+2UDIN b+3*:><:
I|<—tRCD BANK O—>| '« twr - BANK 0 —><—tRP BANK 0 —>l<-tRCD BANK 0
<——tRRD : treD - BANK 1——— .<-tWR BANK 1

i~—tras - BANK 0 ! ,
'«—trc - BANK 0 !
I

[ ]DON'T CARE

Notes:
1) Burst Length =4
2) X16: A9 and A11 ="Don't Care"
X32: A8, A9, and A11 ="Don't Care"
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CLOCK SUSPEND

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.

Clock Suspend During WRITE Burst

Any command or data present on the input pins at the time
of a suspended internal clock edge is ignored; any data
presenton the DQ pins remains driven; and burst counters
are not incremented, as long as the clock is suspended.
(Seefollowing examples.)

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

T0 T1

CLK )\ |

CKE

INTERNAL i | i

CLOCK
I I

COMMAND < NOP »— WRITE y—
T T
I I

ADDRESS < BANK,
I : I I I I
I I I I I I
DQ -< >—< DiNn >—< >—< >—<DIN n+1>—<D|N n+2>—<:
T T

[ ]oONT CARE

Clock Suspend During READ Burst

70 T1 T2
CLK L | 1
| |
1 1
CKE | |
1 1
1 1
1 1
INTERNAL

Clock — 4 L1
1 1

1

COMMAND < READ »— NOP »—(
T

pooress (TR

—

—

DQ

> Qn+2 »— Qn+3 y—

[ ]ooNT cARE
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CLOCK SUSPEND MODE

10 T 7 13 T4 T T 7 8 79
CLK 1 |+th—>|<| tCLTtCH»I 1 | 1 | [ 1 | 1 | l | l
. . I
tCKSItCKIiI : tCKSItCKH : : ! : E : :
I
CKEJV:‘K_/:\E:Z/' AYWARWARWAR NSV /ARRWARW/
tovs' tom : I I ! I I I I
[} | | | | | | | |
command  XReAD X X Nop XX nop X X nop XOX nop XX Nop X XWRITEX. X Nop X
: foms 1 to : | | : | | | |
DQM/DQML | | ' ' ' | ' |
DQMH/DQMO-3 1 : : / 1 1 T 1 \ : / 1 \ : /
tas 1 tAH 1 1 1 1 ! 1 1 1 1
> | | | | ! | | | |
AO-A9, ALl *COLUMNm[Z* XeouumnndX
tAS I tAH I [ I I \ I I I I
" ! ! ! ! . ! : ' '
moX | ) \ !/
tAS 1 tAH | | | | ! | | | |
T 1 1 1 1 ! 1 | 1 1
BAO, BAL X BANK X BANK X
[ [ ] ] ] i ] ] ] [
I
| | —tic— | e itz | ‘m“' L :
DQ : : : ( Dourm I@( Dour m+1J—< Doure X Dour e+l >—
I I tiz> I r<toH> '
[ ]ooNT cARE
BZ] UNDEFINED
Notes:

1) CAS latency = 2, Burst Length = 2
2) X16: A9 and A11 ="Don't Care"
X32: A8, A9, and A1l ="Don't Care"
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PRECHARGE PRECHARGE Command

The PRECHARGE command (see figure) is used to deac-

tivate the openrowina particular bank or the openrowinall
banks. The bank(s) will be available for a subsequent row CLK
access some specified time (trr) after the PRECHARGE

|

I
command is issued. Input A10 determines whether one or CKE | HIGH :
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, cs A\ :
BA1 are treated as “Don’t Care.” Once a bank has been
precharged, itisin the idle state and must be activated prior RAS \

to any READ or WRITE commands being issued to that

bank. CAS /
POWER-DOWN WE \

Power-down occurs if CKE is registered LOW coincident

. AC-A9, A1l
witha NOP or COMMAND INHIBIT when no accesses are

ALL BANKS

in progress. If power-down occurs when all banks are idle,

thismode isreferred to as precharge power-down; if power- AL0

e

down occurs when there is a row active in either bank, this

BANK SELECT

mode is referred to as active power-down. Entering power- BAO, BA1

>< BANK ADDRESS ><

down deactivates the input and output buffers, excluding

CKE, for maximum power savings while in standby. The
device may notremain inthe power-down state longerthan
the refresh period (64ms) 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 tcks). See figure below.

POWER-DOWN

(@]
~
m
R N
™M

COMMAND NoP X Q X NoP >O<ACTIVE><:

I
All banks idle =———Input buffers gated off ——1

Enter power-down mode Exit power-down mode

< >

less than 64ms

< {RCD
= tRAS
< {RC

[ ]DONT cARE
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POWER-DOWN MODE CYCLE

Precharge alll
active banks

Il banks idle, enter
power-down mode

power-down mode

70 T 2 T+l Tn+2
CLK |<—tC|< |<tC|_> tCH>|_2M | | |
tcks tekH | tcks! \Joks | |
cke ¥ 1 %/ ' \ : « 0\ '
| | | I | |
tcms tcmH ! ! » ! ! !
| —> | | . I | |
COMMAND *PRECHARGEJO( NOP NOP >® NoP X XACTIVE
, 0P XXX ¢ Xnor XXacTiveX X
| | | I | |
DQM/DQML ' D ' '
DQMH/DQMO-3 . 22 . . .
: : : l : :
AO-A9, A1l Q X Row X
ALL BANKS : : P ; : :
A10 X % _ X _Row X
SINGLE BANK I I I I I
tas | faH, : : ) : : :
BAO, BA1 )E BANK J( Q X BANK X
1 1 1 17 1 1 T
| | | | | |
High-Z «
DQ > : 0 ) - : :
' Twoclock cycles »' Inputbuffers gated | " All banks idle '
/ / off while in
A

Exit power-down mode |:| DON'T CARE

AQ
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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).

CONCURRENT AUTO PRECHARGE

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
supports CONCURRENT AUTO PRECHARGE. ISS
SDRAMs support CONCURRENT AUTO PRECHARGE.

Four cases where CONCURRENT AUTO PRECHARGE
occurs are defined below.

READ with Auto Precharge

1. Interrupted by a READ (with or without auto precharge):
AREAD to bank mwillinterrupta READ on bank n, CAS
latency later. The PRECHARGE to bank n will begin
when the READ to bank m is registered.

2. Interrupted by a WRITE (with or without auto precharge):
AWRITE to bank mwillinterrupta READ on bank nwhen
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.

READ With Auto Precharge interrupted by a READ

T2 T3

T4 T5

T0 Tl
w4+ L4 L4 LA

e e B B

]
READ - AP

1 1 1 1 1
COMMAND —( NOP Rgﬁﬁkﬁp NOP EAD - A NoP »— NopP »— Nop »— NopP »—(
__________ i
I BANK N | Page Active | READ with Burst of 4 )1 Interrupt Burst, Precharge | Idle !

IInternal States | | | |

+——————— tRP- BANK n ———————

| = {RP-BANKM :

I 1 1 1 1 1 1 b
: BANK'm | Page Active | READ with Burst of 4 >|Precharge |
—————— 1————-i-———-|-———-;-———-;-————o————;————————l

ADDRESS BANK n BANK n, >_< >_< >_< >_<:

COLa COLb
I
I
DQ

'<— CAS Latency 3 (BANK n) —»'
|<— CAS Latency - 3 (BANK m)—>:

/ Dout a >—<DOUT a+1>—< Doutb >—<DOUT b+1>—
I

[] ponT cARE

READ With Auto Precharge interrupted by a WRITE

T0 Tl T2 T3

T4 T5 T6 T

o LT

D 0

] ] ] ]
COMMAND —(RBE,ﬁg};’;P)—( NOP — NOP < NOP Y—(RIE-AP
I I

I I I
NoP »— Nop »— NoP »—(
I I I

- T Tt - == ."'"'"'T'"".'"'T"'T""T""‘
I BANK n |\ | READ with Burst of 4 )1 Interrupt Burst, Precharge | Idle I
I Internal States\TPage Active: | | = tRP - BANK n > 1<-tWR -BANKm
: BANKm | I IPage Active I I | WRI'II'E with Burstlof 4 )iWrite Back 1
______ D

pooRess (D —~CTD—~C—C

D

WS T

oo (TN /T

DQ

\ Dout a>—< Db )

\DIN b+1> \DIN b+2> \DIN b+3>

<—— CAS Latency - 3 (BANK n) ——'

[ ] boN'T cARE
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WRITE with Auto Precharge

3. Interrupted by a READ (with or without auto precharge):
AREAD to bank mwillinterrupta WRITE on bank nwhen
registered, with the data-out appearing (CAS latency) later.
The PRECHARGE to bank n will begin after twr is met,
where twr begins when the READ to bank mis registered.
Thelastvalid WRITE to bank nwill be data-in registered one
clock prior to the READ to bank m.

4. Interrupted by a WRITE (with or without auto precharge):
AWRITE to bank m will interrupt a WRITE on bank nwhen
registered. The PRECHARGE to bank nwill begin after twr
is met, where twr begins when the WRITE to bank mis
registered. The lastvalid data WRITE to bank nwill be data
registered one clock prior to a WRITE to bank m.

WRITE With Auto Precharge interrupted by a READ

T0 T2 T3

T4 T5

CLK 1 | 1

141 L

4

L

COMMAND —( NOP )—(W,?,LTﬁKﬁP)—( NOP )—(R'gﬁﬁmﬁp)—( NOP )—( NOP )—( NOP )—( NOP —

I____'I____'I'___'I'___'I'___'|'___'I

| Page Active
T

WRITE W|th Burst of 4 )[ Interrupt Burst, Write-Back |

Precharge I
T

Internal States ! :
I

|<— twr - BANK n

|
+ tRP - BANK n +——
| <tRP-BANKM |

BANK'm | Page Active I READ with Burst of 4 ){ Precharge |
------ P f---f---f---d---a---q---a----
1
ADDRESS —__ )~ BéB‘LKa” — )—(B&'%EB“ —~__ < )—( >—( —~
1

i
I
i
DOina+l)

|
i
(D )

DQ { DiNna ) DN at+ly "

<«—— CAS Latency - 3 (BANK m)—w

\ DOUT b >—<DOUT b+1>—

[ ]oONT CARE

WRITE With Auto Precharge interrupted by a WRITE

T0 Tl

CLK

:

RITE - AP

COMMAND — NOP RITE A

NOP »— NOP
T T

BT ay— NoP »— Nop y—( Nop »—(
T T T T

______ - - =-"=--=-"=-"-rr=-=-=°©=

I I
- TrTr—-—--"T-"=-"-"T7*T-="="-=-"=T ===

| Page Active WRITE with Burst of 4

)1 Interrupt Burst, Write-Back | Precharge I

l'nternal States |
[

N—IWR BANK n—».-—tRP BANKn I
1 1 +<tWR-BANKm |

BANK'm | Page Active | WRITE with Burst of 4 >|Write—Back |
------ T ---l---f---q---J---J---4---4
I I I I
BANK BANK
ADDRESS —( >—< n, >—< >—< < BANKm Y ( — — —
I I I I I
I I I I I
I | 1 1 1 1
DQ : < Din a> <DIN a+1> <DIN a+2> < Dnb > <DIN b+1> <DIN b+2> <DIN b+3>
[ ]poNT cARE

50
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SINGLE READ WITH AUTO PRECHARGE
70 T3 T4 T5 T6 17 T8
ok _ | I*tCKil—’l‘tCL’l‘tCH’l U U I U I U A
togs fog ! ! | | I | | I
SOV ANV VA NIV VA UV NIV NIV VAN I
AT : | | | | | |
COMMAND *ACTT\;%( NOP )O( NOP )O( NOP )O( REA )O( Io )O( NOP >O<ACTIVE>O< NIOP X
: : : : tCMSItCMH : : : !
/ N N 1 | 1 1 |
ooRSRs T LU .
tAS | taH : : | : !
A0-A9, A11 X ROW XcoLumn meX
ths | tan_ : ' ! ENABLE AUTO PRECHARGE |
A10 )E ROW* / "\
1ag1 i ' ! ! :
BAO, BAL )k BANK * X BANK X
bQ : ! : ! : : !
! trcD ; CAS Latency—>: : [ ]ooNT cARE
: (RAS ' R ' EZ UNDEFINED
! trC :
Notes:
1) CAS latency = 2, Burst Length =1
2) X16: A9 and A11 ="Don't Care"
X32: A8, A9, and A11 ="Don't Care"
Intenaratad <ilirnn <Anliitinn 1nr — WA el A~ — 1.QNN_-2704A77A1 51
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READ WITH AUTO PRECHARGE

T Tl 2 LK T4 T T8 i T8
CLK . |<-tCKJF>|<I tCLTtCH>| l | 1 | L | L | 1 | L |
tess. e ! I : ! : ! ! :
+ 1 1
SV ANV VAR WA WA WA WA WV WA W/
o tows | : | | | : | |
1 1 1 1 1 1 1
COMMAND j(ACTlVEJO( Nop XX Reab XX _Nop NOP nop XX NoP NoP X XACTIVEX
! ! tems ! toum | | : | | :
DQM/DQML \[;* N\ /N L N\
DQUIIDON0:S | | : [/ : .
TOTO | I l | | | |
AO-A9, A1l X ROW XCOLUMN X X Row X
T T T T T T -
LR | ENABLE AUTO PRECHARGE ! g ! ' ' !
A10 )E RO * / 7\ X _Row X
s an | : ! ! : ! ! :
BAO, BAL X BANK X BANK X X BANK X
: : : :<—tHz—> :
DQ i : ] 3§§§§§§§: Dour m+3i®—v7:
: : :<IOH :
| trcD CAS Latency — ! X []DON'T CARE
I trAS | trp !
; tre B unoerineD
Notes:

1) CAS latency = 2, Burst Length = 4
2) X16: A9 and A11 ="Don't Care"
X32: A8, A9, and A11 ="Don't Care"
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SINGLE READ WITHOUT AUTO PRECHARGE

T0 Tl T2 T3 T4 T5 T6 T7 T8
CLK * |<-tCK—4—>|<tCL>*<ICH>| 1 | 1 | + | 1 1 | + '
VAR VAR WARWARWARWARWARWARWARW,

COMMAND *AC%G&O( NoP XX ReAD XX NoP XX Nop Y XprechareEX X_NOP )O(AC'II'IVEXX NoP X
' ' I I : I I :

) ) tCMs:tCMH ! !
DQM/DQML \E*: i ' '
DQMH/DQM0-3 : :
I I I I I ! I I !
tAS | tAH | | I I ! | | !
My ! ! 1 1 | 1 1 !
A0-A9, A1L X ROW XooLuunmax X RowW X
I I
I | : ! ALL BANKS I I !
A10 X ROW \ | / X X X row X
tas |y | DISABLE AUTO PRECHARGE | \ SNGLEBANK : !
BAO, BAL X BANK X BANK X X BANK X X BANK X
: : : i i ' i : i
X X . —tac—>| <o I | | I
I I
DQ : : : : »l% Dourm ; : : ;
I | I 1 ! I
. . Lz e tHz—= , '
e tReD »<—— CAS Latency — ! ! []DONT CARE
I ° ) I
> <
| fRAs tRP . EZ] UNDEFINED
trRC

Notes:
1) CAS latency = 2, Burst Length = 1
2) X16: A9 and A11 ="Don't Care"

X32: A8, A9, and A11 ="Don't Care"
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READ WITHOUT AUTO PRECHARGE

T T T 73 T4 T 76 i T8
ST W s s e i I S D S L L]
I I
teks, tekH ! ! | | | | | |
+ + 1 + + 1
ke Y\
tcMs, temH : \ : : | : \ :
L L ! L L
COMMAND j(ACTlVEJO( NOP YOX Reap XX Nop op XX No precrrcEX X NOP )O(ACTNE)(
! tows | tewk : : : | |
/ \|\*' .
S — S S—
tAs | tAH 1 1 [ 1 ! 1 | 1
| | | | | ! 1 1 !
A0-A9, A1 X ROW XcoLuwnmeX X rRow X
P | E | | | ALL BANKS : |
>E 9( . /T | X XX Fow X
1 I DISABLE AUTO PRECHARGE | . ! SINGLEBANK |
BAO, BAL >E 9( X BANK X X BANK X X BANK X

I
r—tac—>| +—tac—> <_ tHz —> '
0‘0’;"" 2 ‘ !
X Dout M1 .’o:.:&% Dour m+2 0’0"""‘ Dout m+3
R ; 2N NS 1
<toH > L<ton ~tox !

DQ

<tz

tReD CAS Latency — ! . [_]oonT care
tRAS 1 trRP !

. I
o ' B UNDEFINED

Notes:
1) CAS latency = 2, Burst Length = 4
2) X16: A9 and A11 ="Don't Care"

X32: A8, A9, and A11 ="Don't Care"
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SINGLE WRITE WITH AUTO PRECHARGE

10 T i K T4 T 76 i T8
CLK * |<-tCK—1—>|<I tCLTtCH>| * | * | 1 | 4 | + | 4 |
EACC : : : | : : :
1
SO AR NVARNVARWARNEAR AR AR WAL WA W/
tcms’ teMH | | | | : : : :
I I I I I ! I I I
COMMAND )EACTlVEJ( X_Nop X OXWRITEX X Nop@ X X Nop@ X OXerecharciX X NoP X X ACTIVEX X Nop X
I I tCMSItCMH I I : I I I
DOM/DOML | | {_,:4_? | | | | |
DQMH/DQMO-3 : . ; , , - i i [
poiim, | : : : | | | |
A0-A9, A1l )E_F:OW * XcouummX X_Row X
e | ENABLE AUTO PRECHARGE : ALLBANKS | : :
A10 )E_F:ow * /7 \ X X X Row X
tAS | JAH | | : : SINGLEBANK | : :
BAO, BAL BANK* X BANK X X BANK X X BANK X
I I tDSI tDH I I : I I I
I I I I \ I I I
DQ DiNnm
: {RCD — | — twr® i trP !
i I
| ::25 ' I [[]oONT CARE

Notes:
1) BurstLength=1
2) X16: A9 and A11 ="Don't Care"
X32: A8, A9, and A11 ="Don't Care"
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SINGLE WRITE - WITHOUT AUTO PRECHARGE

10 T 2 K T T T i T8
ek [Ted=reofm [T L L L L]
tcks tekH ! ! ! ! | ! ! !
|<->I<->I I I I I | I I I
S WA VAR WA WAL WA WA WAL WA W/
tcms’ temH | | | | | : : :
1 1 1 1 1 ! 1 1 1
COMMAND j(ACTIVEJ( X Nop X OXWRITEX X Nop@ X X NoP@ X xerectirsiX X NoP X XACTIVEX X Nop X
! ! tems ! temH ! ! : ! ! !
| | I | | | | |
DQI\%S/I'%/QDVSME [ [ \E*rj{ [ [ K [ [ [
tas ! taH I I I I : I I I
> 1 1 1 1 . 1 1 1
A0-A9, A1l X ROW Xootum meX X_Row X
1as :<tA—H> : ENABLE AUTO PRECHIARGE : ALL BANKS : : :
10 X row X 7\ X X Xeow X
T ! : : SINGLEBANK : :
BAO, BAL X BANK X BANK X X BANK X X BANK X
I I tDSI tDH I I : I I I
I I | I I \ I I I
DQ * Dinm J<
«— tRCD — . C wRI— i - . '
I
| ::25 ' : [ ]ooNT CARE

Notes:
1) BurstLength=1
2) X16: A9 and A11 ="Don't Care"
X32: A8, A9, and A11 ="Don't Care"
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IS42S81600A, 1S42S16800A, 1S42S532400A

¢

WRITE - WITHOUT AUTO PRECHARGE

T0 T3 T4 T5 T6 iy T8
TR e o S 2 T e N s (N B B
tcks tekH ! ! ! | | | : :
]
CKE T T T T T | T T T
VAR WAL AR W WA WA WA WAL W
tems, toH ! | | | | : \ \
1 1 1 1 1 ! 1 1 1
COMMAND ~ XACTIVE NOP WRITE NO NOP NOP X XPRECHARGE NOP ACTIVE
OO0 XOXETEX
: : towms | tomH : : | | \ \
DQM/DQML \ "*]I/_\ o\ T\
DQMH/DQMO-3 , ! ! ! : / . . .
thg, JaH, : : : : ! : ! !
A0-A9, A1 >E ROW j( Xcouum moX X Row X
T T T T T | T T T
I ! : : . ALL BANKS | :
A10 >E ROW* \' / X X X row X
(ag' fan  DISABLE AUTO PRECHARGE | I SINGLEBANK ! !
BAO, BAL X BANK X BANK X X BANK X X BANK X
: : tDs: toH tDs: tDH tDs: toH tps ! toH : : :
I I I I N I I I
DQ DIN m DIN m+1 Din m+2, Din m+3
~—trCD - ' :<—tWR(Z)—~: trP :
~—trAS ! |
:<—tRC :
[ ]ooNT cARE

Notes:
1) BurstLength=4
2) X16: A9 and A11 ="Don't Care"
X32: A8, A9, and A1l ="Don't Care"
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1IS42S81600A,

1IS42S16800A,

1IS42S532400A

1SS

WRITE - WITH AUTO PRECHARGE

70 T 2 T3 T4 T5 T6 17 T8 T9
ok [T e | D S D o Y W I + |
tcks tokH ! ! ! ! | ! ! ! !
[ 1 1 1 1 X 1 1 1 |
S IRV WA WA WA WA WAL WA W
toms temH : ! | : I | | | !
! . ! . . . !
command “Xactive XX nop XOXwrITEX X Nop XOX Nop XX nop XX nop XX Nop XX Nop XOXACTIVEX
! tous | tomH | | | : : : !
DQM/DQML ' Y 2
DQMH/DQMO-3 : : ! : ; L/ . . . .
I
thg, o, I I I I ! I I | |
A0-A9, A1l X ROW XCOLUMNm X X Row X
T T T T T T T
S B ENABLE AUTO PRECHARGE ! | ! ! ! !
A10 X ROW /7 \ X rOw X
tas 1 taH 1 1 1 1 ! 1 1 1 \
I~ 1 1 1 1 ! 1 1 1 !
BAO, BAL X BANK X BANK X X Bank X
: : tos, toH  tos, toH 1o, toH DS 1 toH : \ \ !
1 1 et > e . 1 1 1
DQ Dinm DiN m+1 Din m+2§d<Dm m+3*
j<— tReD ———>! : twr : trP !
:<—tRAS 1 :
le—T1RrC 1
[ ]oONT CARE
Notes:
1) Burst Length =4
2) X16: A9 and A11 ="Don't Care"
X32: A8, A9, and A1l ="Don't Care"
5Q Intearated S<ilirnn Soliitinn 1Ner — wWwWiww ieci rN — 1-QNN-70-A77A4



IS42S81600A, 1S42S16800A, 1S42S532400A

|ISS°

ORDERING INFORMATION - Vop = 3.3V
Commercial Range: 0°C to 70°C

Frequency Speed(ns) Order Part No. Package
166 MHz 6 IS42S81600A-6T 54-Pin TSOPII
143 MHz 7 IS42S81600A-7T 54-Pin TSOPII
100 MHz 10 IS42S81600A-10T  54-Pin TSOPII

Frequency Speed (ns) Order Part No. Package
166 MHz 6 IS42S16800A-6T 54-Pin TSOPII
143 MHz 7 IS42S16800A-7T 54-Pin TSOPII
100 MHz 10 IS42S16800A-10T  54-Pin TSOPII

Frequency Speed (ns) Order Part No. Package
166 MHz 6 IS42S32400A-6T 86-Pin TSOPII
143 MHz 7 IS42S32400A-7T 86-Pin TSOPII
100 MHz 10 IS42S32400A-10T  86-Pin TSOPII

ORDERING INFORMATION - Voo = 3.3V
Industrial Range: -40°C to 85°C

Frequency Speed (ns) Order Part No. Package
143 MHz 7 IS42S81600A-7TI  54-Pin TSOPII
100 MHz 10 IS42S81600A-10TI  54-Pin TSOPII

Frequency Speed (ns) Order Part No. Package
143 MHz 7 IS42S16800A-7TI  54-Pin TSOPII
100 MHz 10 IS42S16800A-10TI  54-Pin TSOPII

Frequency Speed(ns) Order Part No. Package
143 MHz 7 IS42S32400A-7TI  86-Pin TSOPII
100 MHz 10 IS42S32400A-10TI  86-Pin TSOPII

Intenaratad <ilirnn <Anliitinn 1nr — WA el A~ — 1.QNN_-2704A77A1



IS42S81600A, 1S42S516800A, 1S42S532400A

ORDERING INFORMATION - Vpop = 3.3V
Commercial Range: 0°C to 70°C

Frequency Speed(ns) Order Part No. Package
166 MHz 6 IS42S81600A-6TL 54-Pin TSOPII, Lead-free
143 MHz 7 IS42S81600A-7TL 54-Pin TSOPII, Lead-free
100 MHz 10 IS42S81600A-10TL  54-Pin TSOPII, Lead-free
Frequency Speed(ns) Order Part No. Package
166 MHz 6 IS42S16800A-6TL 54-Pin TSOPII, Lead-free
143 MHz 7 IS42S16800A-7TL 54-Pin TSOPII, Lead-free
100 MHz 10 IS42S16800A-10TL  54-Pin TSOPII, Lead-free
Frequency Speed(ns) Order Part No. Package
166 MHz 6 IS42S32400A-6TL 86-Pin TSOPII, Lead-free
143 MHz 7 IS42S32400A-7TL 86-Pin TSOPII, Lead-free
100 MHz 10 IS42S32400A-10TL  86-Pin TSOPII, Lead-free

ORDERING INFORMATION - Voo = 3.3V
Industrial Range: -40°C to 85°C
Frequency Speed(ns) Order Part No. Package
143 MHz 7 IS42S81600A-7TLI 54-Pin TSOPII, Lead-free
100 MHz 10 IS42S81600A-10T]I 54-Pin TSOPII, Lead-free
Frequency Speed(ns) Order Part No. Package
143 MHz 7 IS42S16800A-7TLI 54-Pin TSOPII, Lead-free
100 MHz 10 IS42S16800A-10TLI  54-Pin TSOPII, Lead-free
Frequency Speed(ns) Order Part No. Package
143 MHz 7 IS42S32400A-7TLI 86-Pin TSOPII, Lead-free
100 MHz 10 IS42S32400A-10TLI  86-Pin TSOPII, Lead-free

A0
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PACKAGING INFORMATION

Plastic TSOP 54—Pin, 86-Pin
Package Code: T (Type Il)

N/2+1
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Plastic TSOP (T - Type i)

Millimeters Inches

Symbol  Min  Max Min Max
Ref. Std.
No. Leads (N) 54

A — 1.20 — 0.047

Al 0.05 0.15 0.002 0.006

A2 — — — —

b 0.30 0.45 0.012 0.018

C 012 021 0.005 0.0083

D 22.02 22.42 0.867 0.8827
El 10.03 10.29 0.395 0.405
11.56 11.96 0455 0.471

e 0.80 BSC 0.031BSC

L 0.40 0.60 0.016 0.024
L1 - — — —
ZD 0.71 REF

o 0° 8° 0° 8°

eL —>H<—b tA1

Notes:

1. Controlling dimension: millimieters,
unless otherwise specified.

2. BSC = Basic lead spacing between
centers.

3. Dimensions D and E1 do not include
mold flash protrusions and should be
measured from the bottom of the
package.

4. Formed leads shall be planar with
respect to one another within 0.004
inches at the seating plane.

SEATING PLANE

.
:/e
O*‘

—>| |<—L

Plastic TSOP (T - Type Il)

Millimeters Inches
Symbol Min  Max Min Max
Ref. Std.
No. Leads (N) 86
A — 1.20 — 0.047
Al 0.05 0.15 0.002 0.006
A2 095 1.05 0.037 0.041
b 017 027 0.007 0.011
C 012 021 0.005 0.008
D 22.02 22.42 0.867 0.8827
E1 10.16 BSC 0.400 BSC
E 1156 11.96 0.455 0.471
e 0.50BSC 0.020 BSC
L 0.40 0.60 0.016 0.024
L1 0.80 REF 0.031 REF
ZD 0.61 REF 0.024 BSC
a 0° 8° 0° 8°
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