1IS42S16800A

8Meg x16
128-MBIT SYNCHRONOUS DRAM JUNE 2007

FEATURES

Clock frequency: 143, 100 MHz

Fully synchronous; all signals referenced to a
positive clock edge

Internal bank for hiding row access/precharge
Power supply

Voo  Vbba
IS42S516800A 3.3V 3.3V
LVTTL interface

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

Programmable burst sequence:
Sequential/Interleave

Auto Refresh (CBR) and Self Refresh Modes
4096 refresh cycles every 64 ms

Random column address every clock cycle
Programmable CAS latency (2, 3 clocks)

Burst read/write and burst read/single write
operations capability

Burst termination by burst stop and precharge
command

Lead-free Availability

OVERVIEW

ISSI's 128Mb Synchronous DRAM achieves high-speed
data transfer using pipeline architecture. All inputs and
outputs signals refer to the rising edge of the clock
input.The 128Mb SDRAM is organized as follows.

1IS42S16800A
2M x16x4 Banks
54-pin TSOPII

KEY TIMING PARAMETERS

Parameter -7 -10  Unit
Clk Cycle Time
CAS Latency = 3 7 10 ns
CAS Latency =2 10 10 ns
Clk_Frequency
CAS Latency = 3 143 100 Mhz
CAS Latency =2 100 100 Mhz
Access Time from Clock
CAS Latency = 3 54 7 ns
CAS Latency =2 6 9 ns
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DEVICE OVERVIEW

The 128Mb SDRAM is a high speed CMOS, dynamic
random-access memory designed to operate in 3.3V Vbb
and 3.3V Vbba 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 on the positive edge of the 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

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

SDRAMread 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 of an 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, BA1 select the
bank; A0-A11 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 burst lengths consistof 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 x16

\o
voo [[]1@ 54 1] vss
/oo [I]2 53] 1] /015
vooQ [T 3 52| 1] vssQ
1101 [T 4 51 1] /014
1102 [[]5 50[ 1] 11013
vssQ [[] 6 49[1] vooQ
1103 [[]7 48[ 1] 11012
1104 [I] 8 4711 1vo11
vooQ [T 9 46] 1] vssQ
/05 [T 10 45[1] 1vo10
1106 [T 11 4411 o9
VssQ [T 12 43[T] vobQ
1107 [T] 13 42[T] vos
Voo [ ] 14 411 vss
LDQM [T] 15 40[T] NC
WE [T 16 39[ 1] ubam
CAS [T 17 38| 1] CLK
RAS [T] 18 37[1] CKE
CS [ 19 36| 1] NC
BAO [T 20 35 1] A1
BA1 [T 2f 34[T] A9
A10 [T] 22 3[T] A8
Ao [T] 23 2[T1] A7
A1 [T 24 31[1] A6
A2 [T 25 30[ 1] A5
A3 [T] 26 29[ ] A4
voo [T 27 A 28[ 1] Vss
PIN DESCRIPTIONS
AO0-A11 Row Address Input WE Write Enable
A0-A8 Column Address Input DQML x16 Lower Byte, Input/Output Mask
BAO, BA1 Bank Select Address DQVH x16 Upper Byte, Input/Output Mask
I/00 to I1/015 Data I/0 Vob Power
CLK System Clock Input Vss Ground
CKE Clock Enable Vbba Power Supply for I/0 Pin
CS Chip Select Vssa Ground for I/O Pin
RAS Row Address Strobe Command NC No Connection
CAS Column Address Strobe Command
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PIN FUNCTIONS

Symbol

Type

Function (In Detail)

AO-A11

BAO, BA1

Input Pin

Input Pin

Address Inputs: A0-A11 are sampled duringthe ACTIVE

command (row-address AO-A11) and READ/WRITE command A0-A8 (x16) with A10
defining auto precharge) to select one location out of the memory array in the respec-
tive bank. A10is 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 commandis 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 input is enabled. The next rising edge of the
CLK signal will be valid whenis 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.

Input Pin

The CSinputdetermines whether command inputis enabled withinthe device.
Command inputis enabled when CSis LOW, and disabled with CSis HIGH. The device
remains in the previous state when CSis 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 goto the
HIGH impedance state whenDQML/DQMH is HIGH. This function corresponds to OE
inconventional DRAMs. 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.

3

Input Pin

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

i

Input Pin

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

Power Supply Pin

Vopais the output buffer power supply.

Power Supply Pin

Vopis the device internal power supply.

Power Supply Pin

Vssais the output buffer ground.

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 A0-A8 (x16) provides the starting column location.
When A10 is HIGH, this command functions as an AUTO
PRECHARGE command. When the 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 data is subject to the logic level on the
DQM inputs two clocks earlier. When a given DQM signal
was registered HIGH, the corresponding 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, BA1 inputs selects the bank, and
the starting column location is provided by inputs A0-A8
(x16). Whether or not AUTO-PRECHARGE is used is
determined by A10.

The row being accessed will 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 inputlogiclevel 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 commandis used to deactivate the open
row in a particular bank or the open row in all banks. BAO,
BA1 canbe usedto selectwhich bankis precharged orthey
aretreatedas “Don’t Care”. A10determined whetherone or
all banks are precharged. After executing this command,
the next command for the selected banks(s) is executed
after passage of the period t,,, which is the period required
forbank precharging. Once a bank has been precharged,
itisintheidle state and must be activated priortoany 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 forindividual-bank precharge without requir-
ing an explicit command. A10 to enable the AUTO

PRECHARGE function in conjunction with a specific READ
orWRITE 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 of the 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 duringthis operation. The stipulated period (trc) is
required for a single refresh operation, and no other com-
mands can be executed during thisperiod. Thiscommandis
executed at least 4096 times for every 64ms. During an
AUTO REFRESH command, address bits are “Don’t Care”.
This command corresponds to CBR Auto-refresh.

BURST TERMINATE

The BURST TERMINATE command forcibly terminates the
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 AO-A11. Thiscommand canonly be
issued when all banks are idle.

ACTIVE COMMAND

When the ACTIVE COMMAND is activated, BAO, BA1
inputs selects a bank to be accessed, and the address
inputs on A0-A11 selects the row. Untila PRECHARGE
command is issued to the bank, the row remains open for
accesses.
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COMMAND TRUTH TABLE

CKE A1
Function Symbol n-1 n CS RAS CAS WE BA1 BAO A10 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 V
Read with auto precharge H X L H L H Vv \Y H \
Write H X L H L L \Y \Y L \Y
Write with auto precharge H X L H L L Vv V H \
Bank activate H X L L H H \% Vv \% V
Precharge select bank H X L L H L Vv \Y 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 Vv
Note: H=VIH, L=VIiL x= VIH or Vi, V = Valid Data.
DQM 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.
6 Integrated Silicon Solution, Inc. — www.issi.com
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CKE TRUTH TABLE

CKE
Current State /Function n-1n 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 powerdown 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=VIiL x= VIH 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
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, A10 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 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 L H H BA, 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 ILLEGAL
Write H X 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 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

8 Integrated Silicon Solution, Inc. — www.issi.com
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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 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 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 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 @®
L L H L BA, A10 PRE/PALL ILLEGAL @
L L L H X REF ILLEGAL
L L L L OC, BA MRS 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
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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 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 @9
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 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 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 Enter idle 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 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:

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.

Integrated Silicon Solution, Inc. — www.issi.com
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STATE DIAGRAM
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ABSOLUTE MAXIMUM RATINGS®™

Symbol Parameters Rating Unit
VDD MAX Maximum Supply Voltage —0.5t0+4.6 \Y
Vbba MAX Maximum Supply Voltage for Output Buffer 0.5t0+4.6 Vv
VIN Input Voltage -0.5t0+4.6 \Y
Vout Output Voltage —0.5t0+4.6 \Y
Pp max Allowable Power Dissipation 1 W
Ics Output Shorted Current 50 mA
ToPR Operating Temperature Com. 0to+70 C
Ind. —40to+85
TsTtG 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
VD Supply Voltage 3.0 33 3.6 Vv
Vbba I/0 Supply Voltage 3.0 33 3.6 \Y,
ViHM Input High Voltage 20 — Voba+0.3 V
ViL® Input Low Voltage 0.3 — +0.8 Vv

Note:

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

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

Symbol Parameter Typ. Max. Unit

Cint Input Capacitance: CLK — 35 pF

Cinz Input Capacitance:All other input pins — 3.8 pF

Cl/O Data Input/Output Capacitance:1/Os — 6.5 pF
Integrated Silicon Solution, Inc. — www.issi.com 13
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DC ELECTRICAL CHARACTERISTICS (Recommended Operation Conditions unless otherwise noted.)

Symbol  Parameter TestCondition Speed  Min. Max. Unit
I Input Leakage Current 0V <VingVee, withpins otherthan -5 5 pA
thetestedpinatQV
loo OutputLeakage Current Outputisdisabled,0V<Vour<Vce -5 5 PA
Vo OutputHigh Voltage Level lour=—2mA 24 — \Y
Vo OutputLow Voltage Level lout=+2mA — 04 \Y
Ipo1 Operating Current('? OneBankOperation,
Com. -7 — 160 mA
BurstLength=1 Com. -10 — 140 mA
trRc>trc (min.)
lour=0mA
Ibper Precharge Standby Current CKE<VIL (maX) tek=tck (MIN) — — 3 mA
Ipoors (InPower-DownMode) toK=o0 — — 2 mA
Ibo2n Precharge Standby Current CKE2VH (M) tok=tek (M) — — 25 mA
Ibpens (InNonPower-DownMode) tok=o0 — — 15 mA
Ibosp Active Standby Current CKE< VL (max) tok=tek (Min) — — 10 mA
Ibpaps (InPower-Down Mode) tok=oo — — 10 mA
Iboan Active Standby Current CKE>ViH (M) tek=tek(vin)  Com. — — 3b mA
Iboans (InNon Power-DownMode) tok=o0 Com. — — 30 mA
Iop4 OperatingCurrent tek=tck (MIN) Com. -7 — 150 mA
(InBurstMode)™ loutr=0mA Com.  -10 — 140 mA
Ioos Auto-Refresh Current trRe=tRC (MIN) Com. -7 — 300 mA
Com. -10 — 270 mA
Ibos Self-Refresh Current CKE<0.2V Com. — — 2 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 Vbp and Vss for each memory

chip to suppress power supply voltage noise (voltage drops) due to these transient currents.
2. lop1 and Iop4 depend on the output load. The maximum values for Icc1 and Icc4 are obtained with the output open state.

14
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AC ELECTRICAL CHARACTERISTICS (1234

-7 -10
Symbol Parameter Min.  Max. Min.  Max Units
tcks Clock Cycle Time CAS Latency = 3 7 - 10 - ns
tcke CAS Latency =2 10 — 10 — ns
taca Access Time From CLK® E Latency = 3 — 54 — 7 ns
tace CAS Latency =2 — 6 — 9 ns
teHi CLK HIGH Level Width 25 — 3.5 — ns
tcL CLK LOW Level Width 25 — 3.5 — ns
toHs Output Data Hold Time CAS Latency = 3 25 - 25 - ns
torHe CAS Latency =2 2.5 — 2.5 — ns
tz Output LOW Impedance Time 0 — 0 — ns
tHz3 Output HIGH Impedance Time‘s)CE Latency = 3 — 6 — 7 ns
tHzo CAS Latency =2 — 6 — 9 ns
tos Input Data Setup Time@? 1.5 — 2.0 — ns
toH Input Data Hold Time®@?) 0.8 — 1 — ns
tAs Address Setup Time®@? 1.5 — 2.0 — ns
tAH Address Hold Time®@® 0.8 — 1 — ns
tcks CKE Setup Time®? 1.5 — 2.0 — ns
tokH CKE Hold Time®@? 0.8 — 1 — ns
tcka CKE to CLK Recovery Delay Time 1CLK+3  — 1CLK+3  — ns
tcs Command Setup Time (CS, RAS, CAS, WE, DQM)?2 15 — 2.0 — ns
tcH Command Hold Time (CS, RAS, CAS, WE, DQM)®2 0.8 — 1 — ns
trRe Command Period (REF to REF / ACT to ACT) 63 — 70 — ns
tRas Command Period (ACT to PRE) 37 120,000 44 120,000 ns
trP Command Period (PRE to ACT) 18 — 20 — ns
trReD Active Command To Read / Write Command Delay Time 18 — 20 — ns
tRRD Command Period (ACT [0] to ACT[1]) 14 — 15 — ns
toPL3 Input Data To Precharge CAS Latency = 3 2CLK — 2CLK — ns
Command Delay time L
toPL2 CAS Latency =2 2CLK — 2CLK — ns
tDAL3 Input Data To Active / Refresh CAS Latency = 3 20LK+tp — 20LK+tp — ns
Command Delay time (During Auto-Precharge)
toaL2 CAS Latency = 2 20LK+tp — 20LK+tp — ns
tr Transition Time 0.5 10 0.5 10 ns
tREF Refresh Cycle Time (4096) — 64 — 64 ms

Notes:
1. When power is first applied, memory operation should be started 100 us after Voo and Voba 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 (ir & tF) = 1ns. If tr and tF are longer than 1ns, transient time compensation should be
considered and (tr + tF) / 2-1 ns should be added to the parameter.

. Thereferencelevelis 1.5V when measuring input signal timing. Rise and fall times are measured between ViH(min.) and ViL (max).

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

. The time tHz (max.) is defined as the time required for the output voltage to transition by + 200 mV from Vo (min.) or VoL (max.)
when the output is in the high impedance state.

oo
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OPERATING FREQUENCY / LATENCY RELATIONSHIPS

SYMBOL PARAMETER -7 -10. UNITS
— Clock Cycle Time 7 10 ns
— Operating Frequency 143 100 MHz
tcep READ/WRITE command to READ/WRITE command 1 1 cycle
tckeD CKE to clock disable or power-down entry mode 1 1 cycle
tPED CKE to clock enable or power-down exit setup mode 1 1 cycle
toap DQM to input data delay 0 0 cycle
toam DQM to data mask during WRITEs 0 0 cycle
toaz DQM to data high-impedance during READs 2 2 cycle
towp WRITE command to input data delay 0 0 cycle
toAL Data-in to ACTIVE command 4 4 cycle
toPL Data-into PRECHARGE command 2 2 cycle
tBDL Last data-in to burst STOP command 1 1 cycle
teoL Last data-in to new READ/WRITE command 1 1 cycle
tRDL Last data-in to PRECHARGE command 2 2 cycle
tMRD LOAD MODE REGISTER command 2 2 cycle
to ACTIVE or REFRESH command
tRoH Data-outto high-impedance from CL= 3 3 cycle
PRECHARGE command CL= 2 2
16 Integrated Silicon Solution, Inc. — www.issi.com
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AC TEST CONDITIONS

Input Load

le— tck

l«— tcHI —»|<«— tcL

CLK 1.5V :eeeeeeens
-

—»| tcs |«—tcH—>

3.0V
INPUT 15V ------
<« tac—>
toH «—>
OUTPUT 1.5V 1.5V

Output Load

1.5V

Z = 50Q 509
Output
30 pF

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 1.5V
Output Timing Measurement Reference Level 1.5V
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FUNCTIONAL DESCRIPTION

The 128Mb SDRAMSs are quad-bank DRAMs which operate
at3.3Vandinclude a synchronous interface (all signals are
registered on the positive edge of the clock signal, CLK).
Each of the 33,554,432-bit banks is 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 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 (BAOandBAT1 selectthe bank, AO-A11 selectthe row).
The address bits A0-A8 (x16) 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 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
Vop and Vpba (simultaneously) and the clock is stable.

A 100us 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 100ps delay has been satisfied. Allbanks
mustbe precharged. Thiswillleave allbanksinanidle state
wheretwo AUTO REFRESH cycles mustbe performed. After
the AUTOREFRESH cycles are complete, the SDRAMis then
ready formode register programming.

The mode register should be loaded prior to applying any

operational command because it will power up in an un-
known state.

18
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INITIALIZE AND LOAD MODE REGISTER

™ « Tndd ( To+1

I
I tcks tckH
I

OLK | 104-tCK—|—>4 $ o % e 2{ L L1 L I 1

] (¢

VSR WARVVARWE A WARWE A WAL WARWE

1
I
|
COMMAND ,)E NOP *)EPRECHARGEJ@( RQPMOP OX adt%: XX NOP XOX SN NoP XOXACTIVEX
AN : ] . . .

I I I I I
1 1 (¢ 1 1 (¢ 1 1 1
DQM/ !
L, Do | g | 3 ! g ! ! !
: : : : : tas : tAH : :
A0-A9, A11 | Q L Q CODE X rRoW X
| ALLBANKS « : « pm :
A10 X 2 R ) CODE X RowW X
| ! SINGLE BANK ™ | " | ’ . . |
L 1 1 73 1 ‘L 1 /L 1 1 1
BAO, BA1 ! )(AuBANKs)éz L Q X BANK X
L I I I I I I
DQ —— : : : :
:—T—>: ~—tRP—> trRFC : trRFC : tMRD :
Power-up:Vcc  Precharge  AUTO REFRESH AUTO REFRESH Program MODE REGISTER® *
and CLK stable all banks
T = 100ps Min. [ ]DONT CARE
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AUTO-REFRESH CYCLE

TO T1 T2 Tn+1 . To+1
CLK J-tox tou~[<Torv] | | é%
s fo | l : :
CKEJ‘E\_/E\_/E\_/ NIV VAR S VAR NV
toms, tomH : : : :
COMMAND XprectArGEX X NOP TR P XX Rg\,urg;h XX NOP )O(ACTNE)OC
| | |
DQMY/ ' ' ’ 9 '
DQML, DQMH . . . , . > ,
| | | | |
1 1 1 ( | (L |
A0-A9, A11 QX Row X
ALL BANKS l l ) | ,, |
a0 X X g X row X
SINGLEBANK | i ! " !
BAO, BA1 X BANK QX BANK X
tas ! ta | tAH ! ! ’ : " :
ik ! ! « , « '
DQ ngh Z T : y) ; ) ;
e trp ~! | |
[ ]poNT CARE
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SELF-REFRESH CYCLE

active banks

refresh mode

self refresh mode

T0 T T2 T+t To+1 To+2
CLK tck '(CH->I<'[CL | | 1 g} | |
tcks tckH ! tcks! ! !
<>l I 2 tRAS————» ., I !
CKE J{ X/ \ Sl; | / \ g : : \_/
| | ] |
tcms tomH ! ! teks |
> —> | | , Y | |
commano YereomeRi(X Nom XX X op {f nor XX ZE XX
| | | | |
DQM/ 1 1 1 22 1 1
DQML, DQMH Y )
| | | | |
A0-A9, A11 Q
ALL BANKS ! ! X L !
A0 X X ' 2
SINGLE BANK | | | |
| | | | |
tAs | tAH | | I I
BAO, BA1 X BANK Q
| | | | |
High-Z, | | « « ! !
DQ
< trp - . T - 7_txsn -
Pl
Precharge all Enter self CLK stable prior to exiting ~ Exit self refresh mode

(Restart refresh time base) []DONT 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
operatingmode and a write 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 subsequentoperation. Violating either of these
requirements will result in unspecified operation.

BA1BAOA11A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 AddressBus
| [ L I1 [ [ 1 Mode Register (Mx)
Reserved" Burst Length
M2 M1 Mo M3=0 M3=1
0o 0 0 1 1
o o0 1 2 2
0 1 0 4 4
0 1 1 8 8
1 0 0 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
Latency Mode
M6 M5 M4 CAS Latency
0 0 O Reserved
0o 0 1 Reserved
0 1 0 2
0o 1 1 3
1 0 O 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 accesses tothe 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.

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-A8 (x16)
whenthe burstlengthis setto two; by A2-A8 (x16) when the
burstlengthis settofour; and by A3-A8 (x16) when the 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 within the 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
burst type and is selected via bit M3.

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 WithinaBurst
Length Address Type=Sequential Type=Interleaved
A0
2 0 0-1 0-1
1 1-0 1-0
A1 A0
0 0 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
A2 A1 A0
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 NotSupported
Page Cn+3,Cn+4...
(y) (location 0-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 DQs will 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
commandisregistered at TO and the latency is programmed
totwo clocks, the DQs will startdriving after T1 and the data
willbe validby 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.

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 M0-M2
appliesto both READ and WRITE bursts; when M9=1, the
programmed burstlength appliesto READ bursts, but write
accesses are single-location (nonburst) accesses.

CAS Latency
Allowable Operating Frequency (MHz)

Speed CAS Latency = 2 CAS Latency = 3
Reserved states should notbe used as unknown operation or
incompatibility with future versions may result. 7 100 143
10 100 100
CAS LATENCY
T0 T1 T2 T3

CLK 1 | )\

COMMAND XREAD )O( NOP )O( NOP XX

DQ

T0 T

etz

~—CAS Latency - 2—»

w41

11111_

~———CAS Latency - 33—

[ ]oONT CARE
B2 UNDEFINED
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CHIP OPERATION
BANK/ROW ACTIVATION

Before any READ or WRITE commands can be issuedto a
bankwithinthe SDRAM, arowinthatbank 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).

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 trep 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 trcp specification of 20ns
with a 125 MHz clock (8ns period) results in 2.5 clocks,
rounded to 3. This is reflected in the following example,
which covers any case where 2 < [trep (MIN)/tck] < 3. (The
same procedure is usedto 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
hasbeen “closed” (precharged). The minimumtime interval
between successive ACTIVE commands to the same bank
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 tRrD.

ACTIVATING SPECIFIC ROW WITHIN SPE-
CIFIC BANK

HIGH !
CKE | |
S N s
w7 T
AO-A11 XROW A[:>DRESS>(
BAO, BA1 XBANK A[I)DRESSX

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

T0 T

T2 T3 T4

CLK |

I I
1 1
NoP X X_NoP

|

|
coMmAND XACTIVEX'X

]

trRcD

1 1
1 1
READ or
>< >< WRITE >< ><
]

[]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
ordisabledforthatburstaccess. If auto precharge is enabled,
the rowbeingaccessedis precharged atthe completion ofthe
burst. Forthe 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 afterthe READ command. Each subsequent data-
outelementwill 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 will go 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-
quent 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. Thefirst data elementfromthe new burstfollows
eitherthe lastelement of acompleted burst orthe last desired
data element of a longer burst which is being truncated.

The new READ command should be issued 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 eitherthe 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 canbe 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 last read data
and the WRITE command.

READ COMMAND

CLK

|
J

HIGH

CKE

RAS

CAS

WE

Wi
il

XCOLUMN ADDRESSY

A8,A9, A1 X ' X

AUTO PRECHARGE

AO0-A7

A10

NO PRECHARGE
X BANK ADDRESS X

BAO, BA1

The DQM inputis usedto avoid I/O contention, as shownin
Figures RW1 and 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 T4 in 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, ortruncated
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 diagram for
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.
Followingthe PRECHARGE command, a subsequentcom-
mandto the same bank cannotbe issued untiltrris met. Note
that part of the row precharge time is hidden during the
access of the last data element(s).

Inthe case of a fixed-length burst being executed to comple-
tion,a PRECHARGE commandissued 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 of the 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,
providedthat auto 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
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CONSECUTIVE READ BURSTS
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RANDOM READ ACCESSES

T0 T T2 T3 T4 T5
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ADDRESS coLn coLB colm GOL % . — . —
I I I I :
DQ : : {"Dour n Y— bourb »— Dourm »— Dourx y—
I
«— CAS Latency - 2—>: I I I
[ ]oONT CARE
T0 T T2 T3 T4 T T6

ck L L4 L4 L4 4L 4 L4 |

I I I I I ! I
COMMAND —( READ )— READ »— READ »— READ y— NOP »— NoP »— NoP »—
T T T T T T
I I I I I ! I

| ! |
1
BANK, BANK, BANK, BANK, > < > < > < > <
ADDRESS (IJOL n (IDOL b C|OL m (I)OL X : :
| ! |

DQ

I I ! I
<IDOUT n>—<IDOUTb »— Dourm )—(IDomx —

— CAS Latency -3—»1

[ ]ooNT CARE
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READ BURST TERMINATION

T0 T T2 T3 T4 T5 T6
ex 4 L4 L4 L4 L4 L4 L4 |

| | | | | |
COMMAND —( READ »— NOP »—( NOP »— NOP NoP »— NoP »—

T T T T T

| | | |

T
l+Xx=1cycle-» 1

ADDRESS—(E(:;%)—(I )—(: )—(: >—<: >—<: >—<I —~

I I I I
DQ T < Dout n >—<DOUT n+1>—<DOUT n+2>—<DOUT n+3
h— CAS Latency - 2—>: I I I I
[ ]oONT CARE
TO T T2 T3 T4 T5 T6 T7

e 4+ L4 L4 L4 L4 L4 L4 L4 |

I I I I ! I I
COMMAND —( READ »— NOP »—( NOP »— NOP NOP »— NoP »—( No°P »—~

T T T T T T

| | | | |

le——X = 2 cycles—

ADDRESS—(%%T_'ﬁ)—(I )—(I )—(: )—(: —C )—(: >—(I —~

| | | ! |
DQ : T ( Dout n >—<DOUT n+1>—<DOUT n+2>—<DOUT n+3
[} T T T
I

<«—— CAS Latency - 3——

[ ]DON'T CARE
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i

ALTERNATING BANK READ ACCESSES

T0 T T2 T3 T4 T5 T6 7 T8
ST W LG S Lt Sz I D s D s D s D s 0 U
el | : : : | | | |
S S /AN /A I WA U/ WA W/ B WA A
tcms  tomH ! ! ! ! : ! ! !
COMMAND  XACTIVE NOP READ NOP ACTIVE NOP READ NOP ACTIVEX
: | X:txtxx >O<; >O<; >O<; | >O<;
DQML, DA ' LN LN VLN LN LN LN
ol | | | : | | | |
A0-A9, A11 X ROW Yeowmn?X X row X NEITITD) X Row X
S1 M ENABLE AUTO PRECHARGE ' ENABLE AUTO PRECHARGE '
A10 X ROW / "\ X ROW X / "\ X ROw X
by, | | : | : : :
BAO, BA1 \BANK Oy_‘—\BANK o/ //BANK 3\ / BANK 3\ \BANKO/
[
E E E E*th ;<tOH :<t0H ;<IOH ;<t0H ;410H
DQ + + + @r Dourm J@(Dom mH Dout m+2 Dour m+3 Dourb @r
E I E I<—tAc—> i<—tAc :<—tAc i<—tAc ;<—TAC i<—tAc—>
-~ trep - BANK 0—>:<— CAS Latency - BANK 0—»: - trp - BANK O —>:<—tRCD-BANKU
! tRRD ! trep - BANK 3——o CAS Latency - BANK —
|~ tras - BANK O ! \
=—trc - BANK 0 |
[]pONT CARE
Notes:

1) CAS latency = 2, Burst Length = 4
2) X16: A9 and A11 ="Don't Care"
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READ - FULL-PAGE BURST

T0 T T2 T3 T4 T5 T6 It Tn+2 Tn+3 Tn+4
S W nay S nilis s IV N Y N D U (0 U Gy U S U Y U
toks tokH ! ! : : | : \ | \ \
' ' 1 ' (¢ ' 1 ' '
AR WARNVAR WAL WAL WAL WARVVARWARWARWE
tCMs: tcMH : : : : ! : : ' : :
1 I 1 ! ! ! 1 1 |
COMMAND X AcTIVE NOP READ NOP XZX NOP URSTTERM NOP
. ED I (TR TR, T (T LR
) , toms | tom | | ! I I '
DOM/ \[\‘* e ' : ' ' :
DQML, DOMH —, , ! LN LN L/ \!/?2_\!/ \ | /
I I
tAs: tAH : : : : ! : : ! : :
M L 1 1 ! 1 (¢ 1 ! 1 1
A0-A9, A11 X ROW Xeowmnmex 2
tAs 1 tAH I ! ! ! ! " ! ! ! !
> | . 1 1 ! 1 "« 1 ! 1 1
ROW Q
L I I ! L : : :
BAO, BA >EBANK X BANK X Q
! ! ! le—tac—>| '~—tac—>| —tac—>| l<tac i —tac— |—tiz—|
DQ : : : :t ,,,,,,,, X Dour m YRR Dour e YK Do .§:;:;:g:~ X Dourm YK Dot i
(V4 A A T
: : '*’l =<ton r<{oH =<ton ot <ton
I tReD . CAS Latency —+=-each row (x4) has—u i |:| DON'T CARE
1,024 locations 4 -
Full page Full-page burst not self-terminating.
completionUse BURST TERMINATE command. Ees] UNDEFINED
Notes:

1) CAS latency = 2, Burst Length = Full Page
2) X16: A9 and A11 ="Don't Care"
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READ - DQM OPERATION

T0 T T T3 T4 T5 T6 7 T8
CLK 1 HCKH tCLTtCH»I 1 I 1 I 1 I 1 I 1 I 1 |
tcks tokH ! ! ! ! ! I I I
'4—»'4—»' I I I I I I I I
A WA VAR WAL WAL WA WD WA WA W
tcms; tomH | ! | ! ! ! ! !
COMMAND )EAC'TNE NoP XX ReaD XX Nop XX Nop XX nop XX Nop XX Nop XX Nop X
I I tCMSItCMH I I I I I I
I | I | I I | | |
DQM/
oo, S B NI /W N0 N
tAS ! tAH ! ! ! ! I I | I
—>] I I I I I I I I
A0-A9, A11 X ROW XCOLUMN X \
1as :<tA—H> ! ENABLE AUTIO PRECHARGE ! : : : : :
A10 X ROW X X N\
tAS | Jan | DISABLE AUTO PRECHARGE | : : | | :
BAO, BA1 X BANK X BANK X \
: : : :<—tAc :<—t0H :<—t0H
DQ I I ! I TN Dour m%oom m%i
! ' ! !“‘Z ~—tHz— ! ~—tAC ~—tHz
I I I '
: trcD : CAS Latency — D DON'T CARE
E% UNDEFINED
Notes:

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

=4
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ISS1)

READ to PRECHARGE

T0 T T2 T4

T5

T6

T7

cm;|;|4|;|4|

#

|

.

trP

COMMAND —( READ )—( NOP )—( NOP )—( NOP )—(:nEmAﬂeE)—( NOP )—( NOP >—<ACTIVE>—<

|<-x 1 cycIe-»u

ADDRESS —(EC'%NLﬁ)—( — | )—(

BANK

aorall
T T
1 1

—

BANK a
ROW

>~

| |
( Dourn )—(Pom n+1)—(?om mz)—(?om n+3)

I
DQ : :
b CAS Latency - 2—»

[]ooNT cARE
70 T T2 T3 T4 T5 T6 7
CLK 1 | l | l | l L4 | l | l L4 |

tRP

COMMAND —( READ )—( NOP )—( NOP )—( NOP >—<PREO—|AHGE>—< NOP )—( NOP >—<ACTIVE>—<

|<—x =2 cycIes—»n

ADDRESS JL_H »— >—<, M

—

>_< BANK Ka, >_<:

DQ T T

I
/ Dour n>—<D0UT n+1>—<DOUT n+2>—<DOUT n+3>—:7

I
«—— CAS Latency - 3—»

[ ]oONT CARE
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&

WRITES

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

WRITE COMMAND

CLK {

—

)\
—
—

XCOLUMN ;ADDRESSX

A8, A9, Al X X

AUTO PRECHARGE

A10 X X

NO PRECHARGE
1

X BANK ADDRESS ><

W T\

AO0-A7

|
:
|
CAS \ |
|
:
I

BAO, BA1

The starting column and bank addresses are provided with
the WRITE command, and auto precharge is either enabled
ordisabled forthat 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
dataelements will be registered on each successive positive
clock edge. Upon completion of afixed-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 O
andcontinue.)

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

An example is shown in 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. 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
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-
quent 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
longerburst.

Data for a fixed-length WRITE burst may be followed by, or
truncated with,a PRECHARGE command to the same bank
(providedthatauto precharge was not activated), and a full-
page WRITE burst may be truncated witha PRECHARGE
command to the same bank. The PRECHARGE command
should be issued twr after the clock edge at which the last
desiredinputdata elementis registered. 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,andthe clock edge coincident
with, the PRECHARGE command. Anexampleis showninthe
WRITE to PRECHARGE diagram.Data n+1 is eitherthe last
of aburst of two or the last desired of a longer burst. Following
the PRECHARGE command, a subsequentcommandto the
same bank cannot be issued until trp is met.

In the case of a fixed-length burst being executed to comple-
tion,a PRECHARGE commandissuedatthe optimumtime (as
describedabove) provides the 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
with the BURST TERMINATE command. When truncating
a WRITE burst, the input data applied coincident with the
BURST TERMINATE command will be ignored. The last
data written (provided that DQM is LOW at thattime) willbe
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 a longer burst.
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WRITE BURST

T0 T

T2

T3

|

L1 L

CLK 1 | 1 |

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

T T T T

| | | |

ADDRESS (&Lﬁ)—( : — | — | —
pbQ < DlNln — DINIn+1 — I — I —
[ ]DONT CARE
WRITE TO WRITE
70 T T2
CLK _L | 1 | L |

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

T T T

| | |

BANK

BANK,
CoLb

[} [} [}
DQ -< DiNN >—<D|Nn+1>—< Dnb >—

[ ]DONT CARE

RANDOM WRITE CYCLES

TO T T2 T3

o 1L L L1

| | | |
COMMAND < WRITE )— WRITE }— WRITE }— WRITE }—
i i i i
| | | |
BANK BANK BANK BANK
ADDRESS < coLn coLb coLm COLX >_

DQ < D|Nln — Dl:ub — Dlrxllm — DIII\IX —
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Rev. A
06/01/07



1IS42S16800A

WRITE TO READ

TO T T2

SE S U D U

T3

T4 T5

'

ILILL

: i i
| | |
COMMAND —<WRITE>—< NOP — READX@

NOP — NOP — NOP —

ADDRESS %“ﬂ’ﬁ — — %%T’E — )—
DQ < Dnn < Dnned Y— — — Dourb >—<DOUTb+1>—
Latency =2 [[]DONT CARE
WRITE TO PRECHARGE (TWR @ TCK = 15NS)
T0 T p) T3 T4 TS5 T6
ST wan I wn D e D e I e D
paM "\ /T N\ l l l

trP

|
COMMAND —( WRITE }—( NOP )»—¢@recHnce—(
T T T

NOP »—( NOP )—(ACTlVE)—( NOP
T T T

—~
—

ADDRESS —( BANK, Boral — — Bé%a‘ —
I le—twR—>! : ! : :
| | | | | | |
DQ —< DiNn >—<DIN n+1>—< >—< >—< >_< >_< >_<:
I I I I

[ ]DON'T CARE
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WRITE to PRECHARGE (twr @ tck < 15ns)

70 T T2 T3 T4 75 T6
ok 1 L4 L4 L4 L4 L4 L4 |
paM _\ | A N\ ! !
| | | - - top— -
COMMAND —( WRITE )}— NOP »—( NOP »—recrisac— NOP »— NOP »—(ACTIVE)—_
appress —(FRREHO—C— )—C H<(&@u)—C < O—CG&H—<
I l< twWR ] I I I
S I T o GITYS) S G = G = G = G = G =4
[ ]DONT CARE
WRITE Burst Termination
70 T T2

CLK |

COMMAND WFT|TE TEIBRLI{/ITS}\-TE CO’;\‘/IEI};I(ATND

BANK,
ADDRESS w—(

>—<(ADDRESS)>—

DQ < DINIn —

»— (DATA) »—

[ ]DONT CARE
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&

WRITE - FULL PAGE BURST

CLK

T0 T1 T2 T3 T4 T5 o T Tn+2
A 2' A I A I
tos foe

o F T X7

AR, 7

|<—tCK—‘—>|<tCL>“<tCH>| ) | I\ | 1
]
]
1
]
]
I
I
Ol
I
]
]
]

] ]
] ]
N/ |
toms; tomH ! !
<>
COMMAND X AcTIVE NOP )O( WRITEX:X )O( NOP )O( NOP )@( NOP BURSTTERM)O@
! toms | tomH ! : | :
DQM/DQML I I I I I
DQMH/DQMO0-3 . X :071/_\ /A N S ﬁ& LN 1/
]
tAs ! tan ! ! : : L | :
A0-A9, A11 X ROW XeoLumnmeX Q
tAS | tAH : ' : : I " : :
<> <> ) ! (e
A10 X ROW Q
tAS | tAH | | | ! " | |
[ | | | ! u | |
BAO, BA1 X BANK X BANK X
| | tos | toH tps' toH tos' toH DS 1 tDH tps ! tps ! toH
DQ ; N m MDINWDIN MDW m+3>§8<D|N m-1 jd( J(
T
- tRCD Full page completed -~ |:| DON'T CARE
Notes:

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

T0 T

T2

T3

T R i 2

tcks tCKT

o F T

tcmis, tom
>

AR,

/

ﬁﬁiﬁﬁ
- C

A

COMMAND j(AC:T:v_EgO( NOP )O(WRlTE)O( NOP XX NOP XX NOP XX NOP XX NOP X:

tcms 'temH

DQM/DQML

N

DQMH/DQMO0-3
tAS ' tAH !

/

\\i/—\

XcoLummeX

A0-A9, A11 ROW j(
tAs tAH

ENABLE AUTO PRECHARGE

A10 ROW

XX

tAS : {AH :

DISABLE AUTO PRECHARGE I

BAO, BA1 BANK

W BANK X

: | tps : toH <tgs»: tDH LD_S»: {DH :
DQ DiNm DiN m+2 Din m+3j<

| |

= tRCD > []DON'T CARE
Notes:
1) Burst Length = 4
2) X16: A9 and A11 ="Don't Care"
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ALTERNATING BANK WRITE ACCESS

70 T T2 T3 T4 T5 T6 T7 T8 T9
T i oS SN s I e T o N s s 0 I B
gl | : : : l : : : :
1
CKE T T T T | T T T T
7 \‘\_/;\_/;\_/;\_/;\_/:\_/;\_/;\_/ N S
tCMS tomH | | | | | | | | |
1
COMMAND  XACTIVEX X_NoP X XWRITEX X NOP X XACTIVEX X_NoP X XWRITEXTX_NoP X X NOP )O(ACTlVEx
| toms ! tomu | | : | | | |
DQM/DQML T ' ‘NN Y e N e N Y e N R e Y e N R e N e
DQMH/DQMO0-3 . : : : : : : : :
tAS | tAH I ! I I | I I i |
> | | | | | | |
A0-A9, A11 X ROW XCOLUMNmZX X row X X COLUMNbEX X row X
bhs M ENABLE AUTO PRECHARGE | ENABLE AUTO PRECHARGE | |
A10 X ROW / 0\ X _row X / 1\ X ROW X
ths | tar | : | | ! : | | |
BAO, BAT ‘[BANK 1’ \ BANK 0 BANK 1 BANK 1 BANK 0
0 NKoZ NKof/BANKIN./BANKIN — \BANKO/
! ! tos ! toH tos! toH tos! toH tos | toH tos 1 toH tps ! toH tos ! toH tos ! toH
1 1 | | | | | | |
DQ *DIN m UDIN m-+1 D|N m+2 Dlm Dinb UDIN b+1UDIN b+2UDIN b+3>k:><:
+—tACD - BANK 0——» '« twR - BANK 0 —>'<—trP - BANKO—»N-tRCD BANKO
r~— tRRD : tAcD - BANK 1 ————! twR - BANK {
<~—1Ras - BANK 0 ! \
i~—trc - BANK 0 |
I
[ ]DONT CARE
Notes:

1) Burst Length = 4

2) X16: 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
present on 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.

T1

INTERNAL

CLOCK

_________.>._c—o|

SR B

DD B -

A I

|

\ o

COMMAND <" NOP Y— WRITE y— — »—Nop »— Nop »—__
ADDRESS < R e G e G G e G &
DQ -< >—< Dinn >—< >—< >—<DIN n+1>—<D|N n+2>—<:
[ ]DONT CARE
Clock Suspend During READ Burst
T0 Ti T3 T4 T5 T6
ox 4 L [ N U D O S B
CKE i i i i i i
NTERNAL ] [ 1N e en
COMMAND ~ READ »— NOP »— NOP »—( »—NoP »—Nop »—NopP
aopREss (' )—C < < < < > <X
DQ : : Qn >—< Qn+1 >—< Qn+2 >—< Qn+3 >—
[ ]ooNT CARE
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g

CLOCK SUSPEND MODE

0 T T LK T4 T To T 78 i
CLK * |<-ICK-1—>|<I tCLTtCH>| L | * | 1 | * | L | * | *
el loslee | | | | | | |
+ + 1 + + | + I + +
cke F X/ ! ;\/:\/:\/:\LL‘ T A
toms tomH | | : : ! : : : :
[} | ] | | | | | |
commanD  XReaD X X NoP X X NoP X X NoP XX Nop XX NoP Y XWRITEX. X Nop X
| foms 1 tomH | | | : | | | |
paMpaML T\ ' ' ' ' ' '
DQMH/DQMO-3 I  / . \ L/ A\ /
I I I I I I I I I
tAs 1 tan ! ! [ [ | | | . .
> | | | | | | | |
AO-A9, AT1 XCOLUMNni2 XCoLuminEX.
tASE taH : : : : ! : E : :
A10 : \ 1/
fas 1 taH 1 1 1 1 : 1 1 1 1
T I 1 I I I I I I
BAO, BAT X BANK X BANK X
| | | | | ! | DS 1 toH | |
1 1 |<_ tAC —> 1 |<_ tAC —> :4' tHZ > 1 <> 1 1
DQ : ; R Dour m XX Dourm+1J—< J( Dowre J( X Do+t }——
I ' iz <lo '
[ ]DONT CARE
B3 UNDEFINED

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

The PRECHARGE command (see figure) is used to deac-
tivate the openrowin aparticularbank orthe openrowinall
banks. The bank(s) will be available for a subsequent row
access some specified time (trr) 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,
BA1 are treated as “Don’t Care.” Once a bank has been
precharged, itisinthe 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,
thismode 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 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

PRECHARGE Command

CLK }
HIGH :
CKE | !
|
s I\ . T
|
RAS © \L : yam
|
CAS / | \
I
e\ . S
I
AQ-A9, A11
ALL BANKS
A10 X X
BANK SELECT
BAO, BA1 X BANK ADDRESS X
(
g1 L 1
> teks!

COMMAND NOP )(

| X NIOP )O(AC'II'IVEX:

|
All banks idle ~——Input buffers gated off —— = trRCD
< tRAS
Enter power-down mode Exit power-down mode < tRC
less than 64ms |:| DON'T CARE
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POWER-DOWN MODE CYCLE

CLK

CKE

COMMAND

DQM/DQML
DQMH/DQMO0-3

A0-A9, A11

a0 X

BAO, BA1

DQ

Precharge all
active banks

T0 T T2 Tn+1 Tn+2
|<—tCK |< teL tCHuM | | |
tcks tckH tcks! tcks !
<> —>1

J oo/ 0\ \ I S S VA V4
oglow ) :
j(PRECH:\R_GQCX NoP X X_NOP ><22 X_Nop XOXAcTIVEX X
—
. . ¢ XrwX
ALL BANKS ! ! « L !
X I Y Fow X
SINGLE BANK I I I I I
tag \ taH, l l L l
BANK & X BANK X
High-Z, l l « L |
I I V4 L I I

Il banks idle, enter power-down mode
power-down mode Exit power-down mode D DON'T CARE

i N (i >
Two clock cycles Input buffers gated All banks idle
/ / off while in
A
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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 SDRAMSs, unless the SDRAM
supports CONCURRENT AUTO PRECHARGE. ISSI
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 onbankn, 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 tobankmwillinterrupta READ onbank 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

T0 T T2 T3

T4 T5 T6 T7

CLKlILIlIl

Itltllltl

COMMAND — NOP )—(REQBK’;P)—( NOP )—(Rgﬁﬁ,(g")—( NOP — NOP — NOP — NOP )—{

DQ

r—— = = - -t-————t————t ———————————— |————|————|————
, |
| BANK n | Page Active | READ W|th Burst of 4 )1 Interrupt Burst, Precharge | IdIe I
| Internal States : : : :<—: tRP-BANK n —»: : :<'tFtP-BANKm |
: : : - : : I
I BANKm | Page Active | READ with Burst of 4 >|Precharge
L-—-—-—-- J-----.-----..----'.----J----.————' ————————
| |
BANK BANK
ADDRESS < COLan’>_< COLb" >_< >_< >_< >_< >_<
I

l«—CAS Latency - 3 (BANK n) —u :
'« CAS Latency -3(BANKm)—'  [[] DON'T CARE

{ DOUTa>—<DOUTa+1>—< Doutb >—<Dourb+1>—

READ With Auto Precharge interrupted by a WRITE

T2 T3

T4 T5

T0 T
ew L L L

|r|rﬂ|_TL

I
COMMAND —(RBE,Q,Q,;’;P)—( NOP — NOP — NOP )—(WBF}{L%(QP)—( NOP )—( NOP — NOP —

rTT T T = _*____:____'____.____. ____________ .____|
I BANKn [y | READ with Burst of 4 3 Interrupt Burst, Precharge [ 1de |
 Internal States\Tpage Active: : : e tRP - BANK n -+ twR-BANKm |
I BANKm | IPage Active I | WRI'II'E with Burstiof 4 )iWrite-Back :

—_———— - ..____...___...____.____.____.____.____.____

rooress (D~ D~

—EEH—C )<

oou —CTN\__L/

<« CAS Latency - 3 (BANK n) —

I

I

I [ \ { AN a )\ 0 \
DQ . : . {_Dout @ — Db }——D b+ H——Din b+2)—— D b+3)

I

I

[] DONT CARE
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WRITE with Auto Precharge

3. Interrupted by a READ (with or without auto precharge):
A READ to bank mwillinterrupta WRITE on bank nwhen
registered, with the data-outappearing (CASlatency) later.
The PRECHARGE to bank n will begin after twr is met,
where twr begins when the READ to bank miis registered.
Thelastvalid WRITE to bank n willbe 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 n when
registered. The PRECHARGE tobankn willbegin aftertwr
is met, where twr begins when the WRITE to bank m is
registered. The lastvalid data WRITE tobank n willbe data
registered one clock prior to a WRITE to bank m.

WRITE With Auto Precharge interrupted by a READ

T0 T T2 T3

T6 T7

CLK

U U D

T4
L4 | U U

——"—31'

I I
NoP »—( Nop »— NopP »—

1
T - === ==="

I I I I
COMMAND — NOP ("B AP\ NOP »—"EAR: A—( NOP »—(
I I I I

BANK n | Page Active I WRITE with Burst of 4 ){ Interrupt Burst, Write-BackI

Precharge I

+——twr - BANK n

+ tRP - BANK n +—«—

I
I
 Internal States | \ \
I

I I I I I 1 <{RP-BANKm
BANKm | Page Active I READ with Burst of 4 ) Precharge |
Lo -2 L l---2---f---—J--—-—---—-- -
I I I I I I I I
appRess < )~ B> ) < <
I I I I I I I I
I I I I I I I I
DQ E < iD|N a) \'[;IN a+l) E E E <IDOUTb >—<|I:>OUTb+1>—
\~— CAS Latency - 3 (BANK m)—s
[ ]DONT CARE
WRITE With Auto Precharge interrupted by a WRITE
T0 T1 T2 T3 T4 T5 Té 17
ST H D s e e D S (D e D

1 1 !
COMMAND —_NOP »—("Eiif A"— NOP »—( NOP
T T T !
A —a-== '

1 1 1

e 2 NoP »— NoP »— NoP —
T T T T
] ] ]

I BANKn [ Page Active |

WRITE with Burst of 4
T T

) Interrupt Burst, Write-Back | Precharge :

I
 Internal States |

:<—tWR - BANK n——:«—tRP-BIANKn
| 1 1 <tWR -BANKm

I BANKm | Page Active | WRITE with Burst of 4 JWrite-Back
Lo e oo e e s e

I I I I I I I I

ADDRESS —( — e )— — —EEE)— —_ —
! ! ! ! ! ! ! !
I ] ] ] ] ] ] ]

DQ : < Din a) <DIN a+1> <DIN a+2> ( Dnb > <DIN b+1> <DIN b+2> <DIN b+3>
[ ]oONT CARE
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SINGLE READ WITH AUTO PRECHARGE

70 T3 T4 T5 T6 7 T8
o __ | I*‘CKil—’I“CL’A“CH’I /R U D U S U U S U
tCKs tCKH : : : : : : : :
230 S UVAN U/ /AN /AN /A U/ WA A
fous ou ! ! ! ! : ! \ |
|| —> 1 1 I I ) 1 1 )
COMMAND *ACTIVE b( NOP )O( NOP )O( )O( REA )O( NOP )O( NOP >O<ACTIVE>O< nop X
: : : : tCMSItCMH : | | :
DQM/DQML ' ' ' | ' '
DQMH/DQMO-3 : ; . :
tAs: tAH : : : : ! : : !
L L 1
A0-A9, A11 X ROW XCOLUMN mi2X X Row X
g : ' ENABLE AUTO PRECHARGE | ! ! :
A10 X ROW / "\ X row X
tAs: tAH : : : ! : : :
BAO, BA1 X BANK X BANK X X BANK X

DQ

[]pONT CARE

trRcD CAS Latency _
tRAS e B UNDEFINED
trC

Notes:

1) CAS latency = 2, Burst Length = 1

2) X16: A9 and A11 ="Don't Care"
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READ WITH AUTO PRECHARGE

T T T2 LK T4 T T8 7 T8
ok [ e [T [ I
toxg,togo ! ! ! ! | ! ! |
+ + 1 + 1
oke [F ‘K_/;\_/:\_/:\_/:\_/:\_/:\_/:\_/:\_/
tCMSI tomH : : : : | : : :
L I I ! I I
commanp WacTivEXX Nop XX Reap XX NoP NOP Nop XX NoP NOP )O(ACTNEX
! ! tows | tomH | | : | |
DQM/DQML /\ /\ |
DOMABOM0S : \ET*?I/—\ E E [ : : :
tAS ' tAH ! ! ! ! : I I !
~—>] 1 1 | I 1 I )
A0-A9, A1 X ROW XCoLUMN meX X ROW X
{481 A | ENABLE AUTO PRECHARGE | : ! : I |
A10 X _ROW . /T N\ X row X
S ! ! I I : I I :
BAO, BAT )E_I;ANKk X BANK X X BANK)(

I
re—tac—>

I
1
DQ ;
I
1

I
.<—tAc—> e—tac—>| —tac—>| +tHz—>
W\Dourm ’ X Dour m+ 1 YE335K Dout m#2 q.§:§:§:§:~ Dour m+3
>| <t0H <o ,<t0H <t0H

.<th
. trep CAS Latency — | [] DON'T CARE
. trAs tRP :
: tre . BE UNDEFINED
1

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

tCMS, temH
>

70 Ti T2 T3 T4 15 T6 T7 T8
CLK 1 |<-th-4—>|<10»440»| 1 | 1 | [ 1 1 | 1 [ 1 |
tCKs tCKH ! : : : E : : E
CKE} ‘k_/\_/\_/\_/\_/\_/\_/\_/\_/

COMMAND j(ACIT‘MgO( NoP XX READ XX NOP )O( NOP )O(PRECHAHGE)O( NOP )O(ACTlVE)O( NoP_ X

1< tRC

| | tous | tomH .
L L I I
DQM/DQML \[:+
DQMH/DQM0-3 : : *j/ - .
tAs: {AH : : : : ! : : !
Al L L 1 ! 1 | |
A0-A9, A11 X ROW XCoLuuNmeX X row X
1 1
g dar I I | | ALL BANKS | | .
A10 >E ROW j( \ | / X Row X
tas | taH ! DISABLE AUTO PRECHARGE |  SNGLEBANK | !
BAO, BA1 X BANK X BANK X X BANK X X BANK X
! ! ! ~—tac—>| |<ton | | | |
DQ : : : L Domm;@ ! ! ! !
1 1 1 1 ! 1
X X Lz tz— i .
: tRCD r—— CAS Latency — ! | []oONT CARE
, ;
I 1
. tRAS R . ] UNDEFINED

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

70 T T2 T3 T4 T5 T6 7 T8
CLK + |<-tCK-‘—>|<I tCLTtCH>| 1 | 1 | | 1 | 1 | 1 |
TCKS TCKH ! ! ! : | \ \ :
oxe IF \_/;\_/;\_/:\_/:\_/:\_/:\_/:\_/:\_/
I I
1cw|sI tomH : ! | : | : \ !
L 1 1 ! 1 1
coMMAND XACTIVEX X NOP XX READ X X_NOP NOP NOP X XrechirceX X_NOP )O(ACTlVEX
! ! tcms ! temH : : : | |
DQM/DQML " 2 Y 2
DQMH/DQMO-3 : : :ﬂill_\ ! ! : /L : : ,
fas ! taH ! I ! I ! | | |
> | | | 1 ! 1 1
A0-A9, A11 X ROW XcoLum max X row X
I I T I I T
thg, | : | | ! ALL BANKS ' !
A10 >E ROW 9( \ [/ X X X row X
tAs | tAH " DISABLE AUTQ PRECHARGE | | | SINGLE BANK | !
L 1 1} L 1 1
BAO, BA1 X BANK X BANK X X BANK X X BANK X
: : : ~—tac—>| ~—tac—> ~—tac—> ~—tac—> [~ tHz—] |
DQ : : : ; >l@@omm €:3:§:§§§§: Dour m+1 {'f§§:§§§' Dour m+2Dou1 m+3>@—:7
! ! Ltz <ton ={oH> <tor> <tor> \
| trcD T CAS Latency —i 1 : DDON'T CARE
I I
i tRAs ' trP !
I
! . | BZ] UNDEFINED
Notes:
1) CAS latency = 2, Burst Length = 4
2) X16: A9 and A11 ="Don't Care"
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SINGLE WRITE WITH AUTO PRECHARGE

CLK

COMMAND

DQM/DQML
DQMH/DQMO-3

A0-A9, A11

A10

BAO, BA1

DQ

[

T0 T T2 T3 T5 T6 T7
! L
tcks tekH : :
| |

1 1

1 1

o F T X7

|<-tCK—1—>|< tCLTtCH>| * |

S\

S L .

/

1
N

/

/

tC<ME; tcmH | |
AcTIVEX X _Nop X XWRITE X X Nop@ XX Nop@ X xerecttrasX X _NoP X XacTivEX X Nop X
] ] tCMS ] tCMH ] ] : ] ] ]
| | T > I < .‘ | | | | |
: T
I I I I I I I
tas ! tAH I I I : I I I
] 1 1 1 ) 1 1 1
ROW XooLum mX. X_ROW X
] ] ] ] ] T ] ] ]
g Jan, | ENABLE AUTO PRECHARGE . ALLBANKS 1 ! !
ROW /1 \ X ROW X
tAs | taH : \ : : SINGLE BANK : : :
BANK X BANK X X BANK X X BANK X
I I tDS I tDH I I : I I I
I I I I \ I I I
DiNm
tReD ' twr® i trP |
I I I
I
| IRAS ' i [[]ooNTcARE
I RC 1

Notes:

1) Burst Length = 1

2) X16: A9 and A11 ="Don't Care"
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SINGLE WRITE - WITHOUT AUTO PRECHARGE

0 T T T T4 T T8 7 LE!
CLK 1 |+th—‘—>|<| tCLTtCH>| 1 | 1 | [ 1 | 1 | 1 |
tcks tokH ! ! ! ! | ! ! !
'4—»'4—»' I I I I | I I I
SOV SR NVARNYVARWARNWEAR WA AR WAL AR/
tcms’ tomH | | | | | : : :
1 1 1 1 1 ! 1 1 1
coMMAND —XACTIVEX X Nop X XWRITEX X NoP@X X NoP@ X xerechirsEX X NoP X XACTIVEX X Nop X
] ] tCMSItCMH ] ] : ] ] ]
] ] <> ] ] ] ] ]
DQM/DQML
DQVHBAN0S : \k rj{ : : : . . ,
tas ! taH | | | | : | | |
> ] ] ] ] ] ] ]
A0-A9, A11 X ROW XOOLUMN meX X_Row X
s | ENABLE AUTO PRECHARGE : ALLBANKS | : :
A10 X ROW /1 \ X ROW X
ths | fAH . | : : SINGLEBANK | : :
1 1 1 1 | 1 1 1
BAO, BAT 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
| trco | twr® i trP |
I
| ::23 ' | [JDONT CARE

Notes:
1) Burst Length = 1
2) X16: A9 and A11 ="Don't Care"
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WRITE - WITHOUT AUTO PRECHARGE

T0 T T2 T T T T8 i T8
ok [ pf—peefe] [T ] D S Y S O
tog o I I : : | : : :
CKE T T T T | T T T
VAR WAL AR W WA WA WA WALV W
toms, tomH | | | | | | : :
1 1 1 1 1 ! 1 1 1
COMMAND ~XacTIVE X X NoP X XWRITEX X NoP X X Nop XX _Nop X xerechereEX X NoP X XACTIVEX
I
: : toms | tomH : : ! : : :
DQM/DQML ' Yo Y
DQMH/DQMO-3 , ! ! ! L/ . . .
I
tas | tAH | | \ \ ! \ | :
A0-A9, A11 X ROW XooLuw meX X _Row X
T T T T | T T T
pprdw ! : : . ALL BANKS . :
A10 *ROW* \' [/ X X X_ROW X
tag ! o DISABLE AUTO PRECHARGE | : SINGLEBANK ! !
BAO, BAT X BANK X BANK X X BANK X X_BANK X
: | s | toH DS toH tos| toH  tos ! toH | | :
I I I I I N I I I
DQ Dinm DN m+1 DiN m+ DN m+3
~—tROD—————— ' H—IWR(Z)—*: trP |
:<—tRAs : :
'«—tre -
[ ]DONT CARE

Notes:
1) Burst Length =4
2) X16: A9 and A11 ="Don't Care"
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WRITE - WITH AUTO PRECHARGE

13 T4 T To T T8 79
CLK | |+to -1:>|< tCL>‘<tCH>| D D S Y W A S A + |
tcks tekH ! | | | : : : : !
1
cEJS N\ Y\ S
toms, tom ! : : | : : : : !
1 1 1 1 1 ! 1 1 1
COMMAND XacTIVE X X _NoP X XWRITEX X Nop X X Nop XX Nop XX Nop XX NoP NOP X XACTIVEX
! ! toms | tomH | | : : : : !
I
ondBs T TN AN LN T T T T
tASI tAH I I I I : I I I 1
t— I I I I | I I I 1
A0-A9, A11 X ROW * XCOLUMNmX X_ROwW X
T I

S EnaBLE AUTO PRECHARGE ! : ! ! ! '
ROW *

\ X Row X

tAS 1 tAH I I I | | ,
| | | | i L

|
BAO, BAT >E BANK* X BANK X X eank X
I

' tos | toH toH oS 1 toH : \ \

X X tos, toH tos,
1 1 1 1 1
DQ DIN m DIN m+1 D|N m+2 DIN m+3

j<— tReD ———>! WR ; trP !

:4— tRAS :

l«—T1RC !

[ ]oONT CARE
Notes:
1) Burst Length = 4
2) X16: A9 and A11 ="Don't Care"
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ORDERING INFORMATION - Vbp = 3.3V
Commercial Range: 0°C to 70°C

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

Integrated Silicon Solution, Inc. — www.issi.com
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PACKAGING INFORMATION

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

N N/2+1
R Notes:
|_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_| |_||_| |_| |_| |_||_| |_| |_| |_| 1. Controlling dimension: millimieters,
unless otherwise specified.
2. BSC = Basic lead spacing between
centers.
3. Dimensions D and E1 do not include
E1 E 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
OUOUUUUtoUUttuutuuoutoot, inches at the seating plane.
1 N/2
|ﬁ D »
SEATING PLANE
A—
Ao
Ly
—>| |<— L OLT[C
Plastic TSOP (T - Type ll) Plastic TSOP (T - Typell)
Millimeters Inches Millimeters Inches
Symbol Min  Max Min  Max Symbol Min  Max Min  Max
Ref. Std. Ref. Std.
No. Leads (N) 54 No. Leads (N) 86
A — 1.20 — 0.047 A — 1.20 — 0.047
Al 0.05 0.15 0.002 0.006 Al 0.05 0.15 0.002 0.006
A2 — — — — A2 095 1.05 0.037 0.041
b 0.30 0.45 0.012 0.018 b 017 0.27 0.007 0.011
C 012 0.21 0.005 0.0083 C 012 0.21 0.005 0.008
D 22.02 22.42 0.867 0.8827 D 22.02 22.42 0.867 0.8827
E1 10.03 10.29 0.395 0.405 E1 10.03 10.29 0.395 0.405
E 11.56 11.96 0.455 0.471 E 11.56 11.96 0.455 0.471
e 0.80 BSC 0.031 BSC e 0.50BSC 0.020 BSC
L 0.40 0.60 0.016 0.024 L 0.40 0.60 0.016 0.024
L1 — — — — L1 0.80 REF 0.031 REF
ZD 0.71 REF ZD 0.61 REF 0.024 BSC
0, 0° 8° 0° 8° 0, 0° 8° 0° 8°
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