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FEATURES

• Clockfrequency:166,143MHz

• Fullysynchronous;allsignalsreferencedtoa
positive clock edge

• Internalbankforhidingrowaccess/precharge

• Powersupply

   VDD VDDQ    

IS42S32400E 3.3V 3.3V

• LVTTLinterface

• Programmableburstlength 
–(1,2,4,8,fullpage)

• Programmableburstsequence: 
Sequential/Interleave

• AutoRefresh(CBR)

• SelfRefresh

• 4096refreshcyclesevery64ms

• Randomcolumnaddresseveryclockcycle

• ProgrammableCASlatency(2,3clocks)

• Burstread/writeandburstread/singlewrite 
operations capability

• Burstterminationbyburststopandprecharge
command

• AvailableinIndustrialTemperature

• Availablein86-pinTSOP-IIand90-ballFBGA

• AvailableinLead-free

OVERVIEW

ISSI's128MbSynchronousDRAMachieveshigh-speed
data transfer using pipeline architecture.  All inputs and 

outputs signals refer  to the rising edge of the clock input.

The128MbSDRAM isorganized in1Megx32bit x4
Banks.

4M x 32  

128Mb SYNCHRONOUS DRAM PRELIMINARY INFORMATION
AUGUST 2008

KEY TIMING PARAMETERS

Parameter -6 -7  Unit

ClkCycleTime    
 CASLatency=3 6 7  ns
 CASLatency=2 8 10  ns

ClkFrequency    
 CASLatency=3 166 143  Mhz
  CASLatency=2 125 100  Mhz

AccessTimefromClock    
 CASLatency=3 5.4 5.4  ns
 CASLatency=2 6.5 6.5  ns
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DEVICE OVERVIEW

The 128Mb SDRAM is a high speed CMOS, dynamic
random-accessmemorydesignedtooperatein3.3VVDD 

and3.3VVDDQ memorysystemscontaining134,217,728
bits.Internallyconfiguredasaquad-bankDRAMwitha
synchronousinterface.Each33,554,432-bitbankisorga-

nizedas4,096rowsby256columnsby32bits.

The128MbSDRAMincludesanAUTOREFRESHMODE,
and a power-saving, power-down mode. All signals are 

registeredonthepositiveedgeoftheclocksignal,CLK.
AllinputsandoutputsareLVTTLcompatible.

The128MbSDRAMhastheabilitytosynchronouslyburst
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 

sequenceisavailablewiththeAUTOPRECHARGEfunction
enabled. Precharge one bank while accessing one of the 

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 

number of locations in a programmed sequence. The
registration of an ACTIVE command begins accesses,
followedbyaREADorWRITEcommand.TheACTIVE
command in conjunction with address bits registered are 

usedtoselect thebankandrowtobeaccessed(BA0,
BA1selectthebank;A0-A11selecttherow).TheREAD
or WRITE commands in conjunction with address bits
registered are used to select the starting column location 

for the burst access.

ProgrammableREADorWRITEburstlengthsconsistof
1,2,4and8locationsorfullpage,withaburstterminate
option. 
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PIN CONFIGURATIONS
86 pin TSOP - Type II  for x32

PIN DESCRIPTIONS

A0-A11  RowAddressInput

A0-A7  ColumnAddressInput

BA0,BA1 BankSelectAddress

DQ0toDQ31 DataI/O

CLK  SystemClockInput

CKE  ClockEnable

CS  Chip Select

RAS  RowAddressStrobeCommand

CAS  Column Address Strobe Command

VDD

DQ0

VDDQ

DQ1

DQ2

VSSQ

DQ3

DQ4

VDDQ

DQ5

DQ6

VSSQ

DQ7

NC

VDD

DQM0

WE

CAS

RAS

CS

A11

BA0

BA1

A10

A0
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A2

DQM2

VDD

NC
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VSSQ
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VDD
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VSS

DQ15

VSSQ 

DQ14 

DQ13 

VDDQ

DQ12

DQ11

VSSQ

DQ10

DQ9

VDDQ

DQ8 

NC

VSS

DQM1

NC

NC

CLK

CKE 

A9 

A8

A7 

A6

A5

A4

A3

DQM3

VSS

NC 

DQ31 

VDDQ 

DQ30 

DQ29 

VSSQ 

DQ28 

DQ27

VDDQ 

DQ26 

DQ25 

VSSQ 

DQ24 

VSS

WE  WriteEnable

DQM0-DQM3 x32Input/OutputMask

VDD  Power

Vss  Ground

VDDQ  PowerSupplyforI/OPin

VssQ  GroundforI/OPin

NC  NoConnection
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PIN CONFIGURATION

PACKAGECODE:B90BALLFBGA(TopView)(8.00mmx13.00mmBody,0.8mmBallPitch)

  1 2 3 4 5 6 7 8 9

A

B

C

D

E

F

G

H

J

K

L

M

N

P

R

DQ26

DQ28

VSSQ

VSSQ

VDDQ

VSS

A4

A7

CLK

DQM1

VDDQ

VSSQ

VSSQ

DQ11

DQ13

DQ24

VDDQ

DQ27

DQ29

DQ31

DQM3

A5

A8

CKE

NC

DQ8

DQ10

DQ12

VDDQ

DQ15

VSS

VSSQ

DQ25

DQ30

NC

A3

A6

NC

A9

NC

VSS

DQ9

DQ14

VSSQ

VSS

VDD

VDDQ

DQ22

DQ17

NC

A2

A10

NC

BA0

CAS

VDD

DQ6

DQ1

VDDQ

VDD

DQ23

VSSQ

DQ20

DQ18

DQ16

DQM2

A0

BA1

CS

WE

DQ7

DQ5

DQ3

VSSQ

DQ0

DQ21

DQ19

VDDQ

VDDQ

VSSQ

VDD

A1

A11

RAS

DQM0

VSSQ

VDDQ

VDDQ

DQ4

DQ2

PIN DESCRIPTIONS

A0-A11  RowAddressInput

A0-A7  ColumnAddressInput

BA0,BA1 BankSelectAddress

DQ0toDQ31 DataI/O

CLK  SystemClockInput

CKE  ClockEnable

CS  Chip Select

RAS  RowAddressStrobeCommand

CAS  Column Address Strobe Command

WE  WriteEnable

DQM0-DQM3 x32Input/OutputMask

VDD  Power

Vss  Ground

VDDQ  PowerSupplyforI/OPin

VssQ  GroundforI/OPin

NC  NoConnection
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PIN FUNCTIONS

 Symbol  Type Function (In Detail)

 A0-A11  InputPin AddressInputs:A0-A11aresampledduringtheACTIVE

    command(row-addressA0-A11)andREAD/WRITEcommand(columnaddress
A0-A7),withA10definingautoprecharge)toselectonelocationoutofthememory
arrayintherespectivebank.A10issampledduringaPRECHARGEcommandto
determineifallbanksaretobeprecharged(A10HIGH)orbankselectedby 

BA0,BA1(LOW).Theaddressinputsalsoprovidetheop-codeduringaLOAD
MODEREGISTERcommand.

 BA0,BA1  InputPin BankSelectAddress:BA0andBA1defineswhichbanktheACTIVE,READ,WRITE
orPRECHARGEcommandisbeingapplied.

 CAS  InputPin CAS, in conjunction with the RAS and  WE, forms the device command. See the 

"CommandTruthTable"fordetailsondevicecommands.

 CKE  InputPin TheCKEinputdetermineswhethertheCLKinputisenabled.Thenextrisingedge
oftheCLKsignalwillbevalidwhenisCKEHIGHandinvalidwhenLOW.WhenCKE
isLOW,thedevicewillbeineitherpower-downmode,clocksuspendmode,orself
refresh mode. CKEisan asynchronous input.

 CLK  InputPin CLKisthemasterclockinputforthisdevice.ExceptforCKE,allinputstothisdevice
areacquiredinsynchronizationwiththerisingedgeofthispin.

 CS  InputPin TheCS input determines whether command input is enabled within the device. 

Command input is enabled when CSisLOW,anddisabledwithCSisHIGH.The
device remains in the previous state when CSisHIGH.

DQM0-DQM3  InputPin DQM0-DQM3controlthefourbytesoftheI/Obuffers(DQ0-DQ31).Inread

    mode,DQMncontroltheoutputbuffer.WhenDQMnisLOW,thecorrespondingbuf-
ferbyteisenabled,andwhenHIGH,disabled.TheoutputsgototheHIGHimped-

ancestatewhenDQMnisHIGH.ThisfunctioncorrespondstoOE in conventional 

DRAMs.Inwritemode,DQMncontroltheinputbuffer.WhenDQMnisLOW,the
correspondingbufferbyteisenabled,anddatacanbewrittentothedevice.When
DQMnisHIGH,inputdataismaskedandcannotbewrittentothedevice.

DQ0-DQ31 Input/OutputPin DataontheDataBusislatchedonthesepinsduringWritecommands,andbufferedafter
Readcommands.

 RAS  InputPin RAS, in conjunction with CAS and WE, forms the device command. See the "Com-

mandTruthTable"itemfordetailsondevicecommands.

 WE  InputPin WE, in conjunction with RAS and CAS, forms the device command. See the "Com-

mandTruthTable"itemfordetailsondevicecommands.

 VDDQ PowerSupplyPin VDDQ is the output buffer power supply.

 VDD PowerSupplyPin VDD is the device internal power supply.

 VSSQ PowerSupplyPin VSSQ is the output buffer ground.

 VSS PowerSupplyPin VSS is the device internal ground.
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GENERAL DESCRIPTION

READ

TheREADcommandselectsthebankfromBA0,BA1inputs
and starts a burst read access to an active row.  Inputs 

A0-A7providesthestartingcolumnlocation.WhenA10is
HIGH,thiscommandfunctionsasanAUTOPRECHARGE
command.Whentheautoprechargeisselected,therow
beingaccessedwillbeprechargedattheendoftheREAD
burst.Therowwillremainopenforsubsequentaccesses
whenAUTOPRECHARGE isnot selected. DQ’s read
dataissubjecttothelogiclevelontheDQMinputstwo
clocksearlier.WhenagivenDQMsignalwasregistered
HIGH,thecorrespondingDQ’swillbeHigh-Ztwoclocks
later.DQ’swillprovidevaliddatawhentheDQMsignal
wasregisteredLOW.

WRITE

A burst write access to an active row is initiated with the 

WRITE command.  BA0, BA1 inputs selects the bank,
and the starting column location is provided by inputs 

A0-A7.Whether or notAUTO-PRECHARGE is used is
determined by A10.

Therowbeingaccessedwillbeprechargedattheendof
theWRITEburst, ifAUTOPRECHARGE isselected. If
AUTOPRECHARGEisnotselected,therowwillremain
openforsubsequentaccesses.

A memory array is written with corresponding input data 

onDQ’sandDQMinputlogiclevelappearingatthesame
time.DatawillbewrittentomemorywhenDQMsignalis
LOW.WhenDQMisHIGH,thecorrespondingdatainputs
willbeignored,andaWRITEwillnotbeexecutedtothat
byte/column location.

PRECHARGE

ThePRECHARGEcommand isused todeactivate the
open row in a particular bank or the open row in all banks.  

BA0,BA1canbeusedtoselectwhichbankisprecharged
or they are treated as “Don’t Care”.  A10 determined
whetheroneorallbanksareprecharged.Afterexecut-
ing this command, the next command for the selected
bank(s)isexecutedafterpassageoftheperiodtRP, which 

istheperiodrequiredforbankprecharging.Onceabank
has been precharged, it is in the idle state and must be 

activatedpriortoanyREADorWRITEcommandsbeing
issued to that bank.

AUTO PRECHARGE

TheAUTOPRECHARGEfunctionensuresthatthepre-

charge is initiated at the earliest valid stage within a burst.  

Thisfunctionallowsforindividual-bankprechargewithout
requiringanexplicitcommand.A10toenabletheAUTO

PRECHARGEfunctioninconjunctionwithaspecificREAD
orWRITEcommand.ForeachindividualREADorWRITE
command, auto precharge is either enabled or disabled. 

AUTOPRECHARGEdoesnotapplyexceptinfull-page
burst mode. Upon completion of the READ or WRITE
burst, a precharge of the bank/row that is addressed is 

automatically performed.

AUTO REFRESH COMMAND

ThiscommandexecutestheAUTOREFRESHoperation.
Therowaddressandbanktoberefreshedareautomatically
generatedduringthisoperation. Thestipulatedperiod(tRC)is
requiredforasinglerefreshoperation,andnoothercom-

mandscanbeexecutedduringthisperiod. Thiscommand
isexecutedatleast4096timesforevery64ms.Duringan
AUTOREFRESHcommand,addressbitsare“Don’tCare”.
ThiscommandcorrespondstoCBRAuto-refresh.

BURST TERMINATE

TheBURSTTERMINATEcommand forcibly terminates
the burst read and write operations by truncating either 

fixed-length or full-page bursts and the most recently
registeredREADorWRITEcommandpriortotheBURST
TERMINATE.

COMMAND INHIBIT

COMMANDINHIBITpreventsnewcommandsfrombeing
executed.Operationsinprogressarenotaffected,apart
fromwhethertheCLKsignalisenabled

NO OPERATION 

WhenCSislow,theNOPcommandpreventsunwanted
commands from being registered during idle or wait 

states.

LOAD MODE REGISTER

DuringtheLOADMODEREGISTERcommandthemode
registerisloadedfromA0-A11.Thiscommandcanonly
be issued when all banks are idle. 

ACTIVE COMMAND

When the ACTIVE COMMAND is activated, BA0, BA1
inputs selects a bank to be accessed, and the address 

inputsonA0-A11selectstherow.UntilaPRECHARGE
command is issued to the bank, the row remains open 

for accesses.
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   CKE    DQM

Function    n-1  n  U  L    

Datawrite/outputenable   H  ×  L  L

Datamask/outputdisable   H  ×  H  H

Upperbytewriteenable/outputenable  H  ×  L  ×

Lowerbytewriteenable/outputenable  H  ×  ×  L

Upperbytewriteinhibit/outputdisable  H  ×  H  ×

Lowerbytewriteinhibit/outputdisable  H  ×  ×  H

     CKE         A11

Function    n – 1  n  CS  RAS  CAS  WE  BA1  BA0  A10  A9 - A0

Devicedeselect(DESL) H × H × × × × × × ×

Nooperation(NOP)  H × L H H H × × × ×

Burststop(BST)  H × L H H L × × × ×

Read   H × L H L H V V L V

Readwithautoprecharge H × L H L H V V H V

Write   H × L H L L V V L V

Writewithautoprecharge H × L H L L V V H V

Bankactivate(ACT) H × L L H H V V V V

Prechargeselectbank(PRE) H × L L H L V V L ×

Prechargeallbanks(PALL) H × L L H L × × H ×

CBRAuto-Refresh(REF) H H L L L H × × × ×

Self-Refresh(SELF)  H L L L L H × × × ×

Moderegisterset(MRS) H × L L L L L L L V

COMMAND TRUTH TABLE

DQM TRUTH TABLE

Note:H=VIH,L=VILx=VIH or VIL,V=ValidData.

Note:H=VIH,L=VILx=VIH or VIL,V=ValidData.
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  CKE

CurrentState/Function  n–1 n CS  RAS  CAS  WE   Address

ActivatingClocksuspendmodeentry  H L × × × × ×

AnyClocksuspendmode  L L × × × × ×

Clocksuspendmodeexit  L H × × × × ×

AutorefreshcommandIdle(REF)  H H L L L H ×

SelfrefreshentryIdle(SELF)  H L L L L H ×

PowerdownentryIdle  H L × × × × × 

Selfrefreshexit  L H L H H H ×  
  L H H × × × ×

Powerdownexit  L H × × × × × 

Note:H=VIH,L=VILx=VIH or VIL,V=ValidData.

CKE TRUTH TABLE
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Current State CS  RAS  CAS WE  Address  Command   Action   

Idle H X X X X DESL  NoporPowerDown(2)

 L H H H X NOP  NoporPowerDown(2)

 L H H L X BST  NoporPowerDown

 L H L H BA,CA,A10 READ/READA  ILLEGAL(3)

 L H L L A,CA,A10 WRIT/WRITA  ILLEGAL(3)

 L L H H BA,RA ACT  Rowactivating

 L L H L BA,A10 PRE/PALL  Nop

 L L L H X REF/SELF  AutorefreshorSelf-refresh(4)

 L L L L OC,BA1=L MRS  Moderegisterset

RowActive 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  Beginread(5)

 L H L L BA,CA,A10 WRIT/WRITA  Beginwrite(5)

 L L H H BA,RA ACT  ILLEGAL(3)

 L L H L BA,A10 PRE/PALL  Precharge   

        Prechargeallbanks(6)

 L L L H X REF/SELF  ILLEGAL

 L L L L OC,BA MRS  ILLEGAL

Read H X X X X DESL  Continuebursttoendto 
        Rowactive

 L H H H X NOP  ContinuebursttoendRow
        Rowactive

 L H H L X BST  Burststop,Rowactive

 L H L H BA,CA,A10 READ/READA  Terminateburst,  
        begin new read (7)

 L H L L BA,CA,A10 WRIT/WRITA  Terminateburst, 
        begin write (7,8)

 L L H H BA,RA ACT  ILLEGAL(3)

 L L H L BA,A10 PRE/PALL  Terminateburst  
        Precharging

 L L L H X REF/SELF  ILLEGAL

 L L L L OC,BA MRS  ILLEGAL

Write H X X X X DESL  Continuebursttoend 
        Writerecovering

 L H H H X NOP  Continuebursttoend 
        Writerecovering

 L H H L X BST  Burststop,Rowactive

 L H L H BA,CA,A10 READ/READA  Terminateburst,startread:
        DetermineAP(7,8)

 L H L L BA,CA,A10 WRIT/WRITA  Terminateburst,newwrite:
        DetermineAP(7)  

 L L H H BA,RA RAACT  ILLEGAL(3)

 L L H L BA,A10 PRE/PALL  TerminateburstPrecharging(9)

 L L L H X REF/SELF  ILLEGAL

 L L L L OC,BA MRS  ILLEGAL

FUNCTIONAL TRUTH TABLE 

Note:H=VIH,L=VILx=VIH or VIL,V=ValidData,BA=BankAddress,CA+ColumnAddress,RA=RowAddress,OC=Op-Code
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Current State CS  RAS  CAS  WE  Address  Command  Action   

Readwithauto H × × × × DESL Continuebursttoend,Precharge
Precharging

 L H H H x NOP Continuebursttoend,Precharge

 L H H L × BST ILLEGAL

 L H L H BA,CA,A10 READ/READA ILLEGAL(11)

 L H L L BA,CA,A10 WRIT/WRITA ILLEGAL(11)

 L L H H BA,RA ACT ILLEGAL(3)

 L L H L BA,A10 PRE/PALL ILLEGAL(11)

 L L L H × REF/SELF ILLEGAL

 L L L L OC,BA MRS ILLEGAL

WritewithAuto H  × × × × DESL Continuebursttoend,Write 
Precharge       recoveringwithautoprecharge

 L H H H × NOP Continuebursttoend,Write 
       recovering with auto precharge

 L H H L ×  BST ILLEGAL

 L H L H BA,CA,A10 READ/READA ILLEGAL(11)

 L H L L BA,CA,A10 WRIT/WRITA ILLEGAL(11)

 L L H H BA,RA ACT ILLEGAL(3,11)

 L L H L BA,A10 PRE/PALL ILLEGAL(3,11)

 L L L H × REF/SELF ILLEGAL

 L L L L OC,BA MRS ILLEGAL

Precharging H × × × × DESL Nop,EnteridleaftertRP

 L H H H × NOP Nop,EnteridleaftertRP

 L H H L × BST Nop,EnteridleaftertRP

 L H L H BA,CA,A10 READ/READA ILLEGAL(3)

 L H L L BA,CA,A10 WRIT/WRITA ILLEGAL(3)

 L L H H BA,RA ACT ILLEGAL(3)

 L L H L BA,A10 PRE/PALL NopEnteridleaftertRP

 L L L H × REF/SELF ILLEGAL

 L L L L OC,BA MRS ILLEGAL

RowActivating H × × ×  × DESL Nop,EnterbankactiveaftertRCD

 L H H H × NOP Nop,EnterbankactiveaftertRCD

 L H H L × BST Nop,EnterbankactiveaftertRCD

 L H L H BA,CA,A10 READ/READA ILLEGAL(3)

 L H L L BA,CA,A10 WRIT/WRITA ILLEGAL(3)

 L L H H BA,RA ACT ILLEGAL(3,9)

 L L H L BA,A10 PRE/PALL ILLEGAL(3)

 L L L H × REF/SELF ILLEGAL

 L L L L OC,BA MRS ILLEGAL

FUNCTIONAL TRUTH TABLE Continued:

Note:H=VIH,L=VILx=VIH or VIL,V=ValidData,BA=BankAddress,CA+ColumnAddress,RA=RowAddress,OC=Op-Code
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Current State CS  RAS  CAS  WE  Address  Command  Action   

WriteRecovering H × × × × DESL Nop,EnterrowactiveaftertDPL

 L H H H × NOP Nop,EnterrowactiveaftertDPL

 L H H L × BST Nop,EnterrowactiveaftertDPL

 L H L H BA,CA,A10 READ/READA Beginread(8)

 L H L L BA,CA,A10 WRIT/WRITA Beginnewwrite

 L L H H BA,RA ACT ILLEGAL(3)

 L L H L BA,A10 PRE/PALL ILLEGAL(3)

 L L L H × REF/SELF ILLEGAL

 L L L L OC,BA MRS ILLEGAL

WriteRecovering H × × × × DESL Nop,EnterprechargeaftertDPL

withAuto L H H H × NOP Nop,EnterprechargeaftertDPL

Precharge L H H L × BST Nop,EnterrowactiveaftertDPL

 L H L H BA,CA,A10 READ/READA ILLEGAL(3,8,11)

 L H L L BA,CA,A10 WRIT/WRITA ILLEGAL(3,11)

 L L H H BA,RA ACT ILLEGAL(3,11)

 L L H L BA,A10 PRE/PALL ILLEGAL(3,11)

 L L L H × REF/SELF ILLEGAL

 L L L L OC,BA MRS ILLEGAL

Refresh H × × × × DESL Nop,EnteridleaftertRC

 L H H × × NOP/BST Nop,EnteridleaftertRC

 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 × REF/SELF ILLEGAL

 L L L L OC,BA MRS ILLEGAL

ModeRegister H × × × × DESL Nop,Enteridleafter2clocks

Accessing L H H H × NOP Nop,Enteridleafter2clocks

 L H H L × BST ILLEGAL

 L H L × BA,CA,A10 READ/WRITE ILLEGAL

 L L × × BA,RA ACT/PRE/PALL ILLEGAL   
      REF/MRS

FUNCTIONAL TRUTH TABLE Continued:

Note:H=VIH,L=VILx=VIH or VIL,V=ValidData,BA=BankAddress,CA+ColumnAddress,RA=RowAddress,OC=Op-Code

Notes:
1.AllentriesassumethatCKEisactive(CKEn-1=CKEn=H).
2.Ifbothbanksareidle,andCKEisinactive(Low),thedevicewillenterPowerDownmode.AllinputbuffersexceptCKEwillbe

disabled.

3.Illegaltobankinspecifiedstates;FunctionmaybelegalinthebankindicatedbyBankAddress(BA),dependingonthestateof
that bank.

4.Ifbothbanksareidle,andCKEisinactive(Low),thedevicewillenterSelf-Refreshmode.AllinputbuffersexceptCKEwillbe
disabled.

5.IllegaliftRCDisnotsatisfied.
6.IllegaliftRASisnotsatisfied.
7.Mustsatisfyburstinterruptcondition.
8.Mustsatisfybuscontention,busturnaround,and/orwriterecoveryrequirements.
9.Mustmaskprecedingdatawhichdon’tsatisfytDPL.
10.IllegaliftRRDisnotsatisfied.
11. Illegal for single bank, but legal for other banks.
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CKE RELATED COMMAND TRUTH TABLE(1)        

                        CKE      
Current State Operation n-1 n CS RAS CAS WE Address

Self-Refresh(S.R.) INVALID,CLK(n-1)wouldexitS.R. H X X X X X X
 Self-RefreshRecovery(2) L H H X X X X
 Self-RefreshRecovery(2) L H L H H X X
 Illegal L H L H L X X
 Illegal L H L L X X X
 MaintainS.R. L L X X X X X
Self-RefreshRecoveryIdleAftertRC H H H X X X X
 Idle After  tRC H H L H H X X
 Illegal H H L H L X X
 Illegal H H L L X X X
 Beginclocksuspendnextcycle(5) H L H X X X X
 Beginclocksuspendnextcycle(5) H L L H H X X
 Illegal H L L H L X X
 Illegal H L L L X X X
 Exitclocksuspendnextcycle(2) L H X X X X X
 Maintainclocksuspend L L X X X X X
Power-Down(P.D.) INVALID,CLK(n-1)wouldexitP.D. H X X X X X —
 EXITP.D.-->Idle(2) L H X X X X X
 Maintainpowerdownmode L L X X X X X
BothBanksIdle RefertooperationsinOperativeCommandTable H H H X X X —
 RefertooperationsinOperativeCommandTable H H L H X X —
 RefertooperationsinOperativeCommandTable H H L L H X —
 Auto-Refresh H H L L L H X
 RefertooperationsinOperativeCommandTable H H L L L L Op-Code
 RefertooperationsinOperativeCommandTable H L H X X X —
 RefertooperationsinOperativeCommandTable H L L H X X —
 RefertooperationsinOperativeCommandTable H L L L H X —
 Self-Refresh(3) H L L L L H X
 RefertooperationsinOperativeCommandTable H L L L L L Op-Code
 Power-Down(3) L X X X X X X
Anystate RefertooperationsinOperativeCommandTable H H X X X X X
otherthan Beginclocksuspendnextcycle(4) H L X X X X X
listedabove Exitclocksuspendnextcycle L H X X X X X
 Maintainclocksuspend L L X X X X X

Notes:
1.H:Highlevel,L:lowlevel,X:Highorlowlevel(Don’tcare).
2.CKELowtoHightransitionwillre-enableCLKandotherinputsasynchronously.Aminimumsetup

time must be satisfied
 beforeanycommandotherthanEXIT.
3.PowerdownandSelfrefreshcanbeenteredonlyfromthebothbanksidlestate.
4.MustbelegalcommandasdefinedinOperativeCommandTable.
5.IllegaliftXSR is not satisfied.
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ABSOLUTE MAXIMUM RATINGS(1)

 Symbol Parameters  Rating Unit

 VDD MAX MaximumSupplyVoltage  –0.5to+4.6 V
 VDDQ

 
MAX MaximumSupplyVoltageforOutputBuffer –0.5to+4.6 V

 VIN InputVoltage  –0.5toVDD+0.5 V
 VOUT OutputVoltage  –1.0toVDDQ+0.5 V
 PD MAX AllowablePowerDissipation  1 W
 ICS OutputShortedCurrent  50 mA
 TOPR

 OperatingTemperature Com. 0to+70 °C 

   Ind. –40to+85
 TSTG StorageTemperature  –65to+150 °C

DC RECOMMENDED OPERATING CONDITIONS

          

Symbol Parameter  Min. Typ. Max. Unit

 VDD  SupplyVoltage  3.0 3.3 3.6 V
 VDDQ I/OSupplyVoltage  3.0 3.3 3.6 V
 VIH

(1) InputHighVoltage  2.0 — VDDQ +1.2 V
 VIL

(2) InputLowVoltage  -0.3 — +0.8 V

CAPACITANCE CHARACTERISTICS (AtTA=0to+25°C,VDD=VDDQ =3.3±0.3V)

 Symbol Parameter Min.  Max.   Unit  

    -6  -7 

 CIN1 InputCapacitance:CLK 2.5 3.5  4.0  pF
 CIN2 InputCapacitance:Allotherinputpins 2.5 3.8  5.0  pF
 CI/O DataInput/OutputCapacitance:I/Os 4.0 6.5  6.5  pF

Note: 

1.  VIH (max)=VDDQ +1.2V (PULSE WIDTH < 3NS).

2.  VIL(min)=-1.2V (PULSE WIDTH < 3NS).
3. AllvoltagesarereferencedtoVss.

Notes:
1. StressgreaterthanthoselistedunderABSOLUTEMAXIMUMRATINGSmaycausepermanentdamageto

thedevice.Thisisastressratingonlyandfunctionaloperationofthedeviceattheseoranyotherconditions
abovethoseindicatedintheoperationalsectionsofthisspecificationisnotimplied.Exposuretoabsolute
maximumratingconditionsforextendedperiodsmayaffectreliability.

2. All voltages are referenced to Vss.
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DC ELECTRICAL CHARACTERISTICS 1 (RecommendedOperationConditionsunlessotherwisenoted.)

 Symbol Parameter Test Condition   -6 -7  Unit

 IDD1 (1) OperatingCurrent Onebankactive,CL=3,BL=1,  140 120  mA

   tCLK=tCLK(min),tRC=tRC(min) 

 IDD2P PrechargeStandbyCurrent CKE≤ VIL  (MAX),tCK=15ns   2 2  mA 

  (InPower-DownMode)

 IDD2PS PrechargeStandbyCurrent CKE≤ VIL  (MAX),CLK≤ VIL  (MAX)  1 1  mA 

  (InPower-DownMode)      

 IDD2N (2) PrechargeStandbyCurrent CS  ≥ VDD-0.2V,CKE≥  VIH  (MIN)  25 25  mA

  (InNonPower-DownMode)  tCK=15ns 

 IDD2NS PrechargeStandbyCurrent CS  ≥ VDD-0.2V,CKE≥  VIH  (MIN)or  15 15  mA

  (InNonPower-DownMode) CKE≤ VIL  (MAX),Allinputsstable   

 IDD3N (2) Active Standby Current CS  ≥ VDD-0.2V,CKE≥  VIH  (MIN)  30 30  mA

  (InNonPower-DownMode)  tCK=15ns

 IDD3NS Active Standby Current CS  ≥ VDD-0.2V,CKE≥  VIH  (MIN)or  20 20  mA

  (InNonPower-DownMode) CKE≤ VIL  (MAX),Allinputsstable

 IDD3P ActiveStandbyCurrent CKE≤ VIL  (MAX),tCK=15ns   2 2  mA

  (Power-DownMode) 

IDD3PS ActiveStandbyCurrent CKE≤ VIL  (MAX),CLK≤ VIL  (MAX)  2 2  mA

  (Power-DownMode) 

 IDD4 OperatingCurrent Allbanksactive,BL=4,CL=3,  180 130  mA

   tCK=tCK(min) 

 IDD5 Auto-RefreshCurrent tRC=tRC(min),tCLK=tCLK(min)  180 160  mA

 IDD6 Self-RefreshCurrent CKE≤  0.2V         2 2  mA

 Notes:

1. IDD (MAX)isspecifiedattheoutputopencondition.
2. Inputsignalsarechangedonetimeduring30ns.

DC ELECTRICAL CHARACTERISTICS  2 (RecommendedOperationConditionsunlessotherwisenoted.)

 Symbol Parameter Test Condition    Min Max Unit

 IIL InputLeakageCurrent 0V≤ Vin ≤ VDD, with pins other than           -10 10 µA

   the tested pin at 0V  

 IOL OutputLeakageCurrent Outputisdisabled,0V≤ Vout ≤ VDD,            -10 10 µA

 VOH OutputHighVoltageLevel IOH=-2mA    2.4 — V

 VOL OutputLowVoltageLevel IOL=2mA    — 0.4 V



16 Integrated Silicon Solution, Inc. - www.issi.com

Rev. 00C

08/01/08

IS42S32400E

AC ELECTRICAL CHARACTERISTICS (1,2,3)

 -6 -7 

 Symbol Parameter  Min. Max. Min. Max.  Units

 tCK3 ClockCycleTime CASLatency=3 6 — 7 —  ns 

 tCK2  CASLatency=2 8 — 10 —  ns

 tAC3 AccessTimeFromCLK CASLatency=3 — 5.4 — 5.4  ns 

 tAC2  CASLatency=2 — 6.5 — 6.5  ns

 tCHI CLKHIGHLevelWidth  2.5 — 2.5 —  ns

 tCL CLKLOWLevelWidth  2.5 — 2.5 —  ns

 tOH3 OutputDataHoldTime CASLatency=3 2.7 — 2.7 —  ns 

 tOH2  CAS Latency=2 2.7 — 3 —  ns

 tLZ OutputLOWImpedanceTime  0 — 0 —  ns

 tHZ OutputHIGHImpedanceTime  2.7 5.4 2.7 5.4  ns

 tDS InputDataSetupTime(2)  1.5 — 1.5 —  ns

 tDH InputDataHoldTime(2)  0.8 — 0.8 —  ns

 tAS AddressSetupTime(2)  1.5 — 1.5 —  ns

 tAH AddressHoldTime(2)  0.8 — 0.8 —  ns

 tCKS CKESetupTime(2)  1.5 — 1.5 —  ns

 tCKH CKEHoldTime(2)  0.8 — 0.8 —  ns

 tCS CommandSetupTime(CS, RAS, CAS, WE,DQM)(2) 1.5 — 1.5 —  ns

 tCH CommandHoldTime(CS, RAS, CAS, WE,DQM)(2) 0.8 — 0.8 —  ns

 tRC CommandPeriod(REFtoREF/ACTtoACT)  60 — 67.5 —  ns

 tRAS CommandPeriod(ACTtoPRE)  42 100K 45 100K  ns

 tRP CommandPeriod(PREtoACT)  18 — 20 —  ns

 tRCD ActiveCommandToRead/WriteCommandDelayTime 18 — 20 —  ns

 tRRD CommandPeriod(ACT[0]toACT[1])  12 — 14 —  ns

 tDPL InputDataToPrecharge  12 — 14 —  ns 

   CommandDelaytime

 tDAL InputDataToActive/Refresh  30 — 34 —  ns 

   CommandDelaytime(DuringAuto-Precharge)

 tMRD ModeRegisterProgramTime  12 — 15 —  ns

 tDDE PowerDownExitSetupTime  6 — 7.5 —  ns

 tXSR Self-RefreshExitTime  70 — 70 —  ns

 tT  TransitionTime  1 10 1 10  ns

 tREF RefreshCycleTime(4096)  — 64 — 64  ms
Notes:
1. Thepower-onsequencemustbeexecutedbeforestartingmemoryoperation.
2. Measured with tT =1ns.Ifclockrisingtimeislongerthan1ns,(tR/2-0.5)nsshouldbeaddedtotheparameter.
3.Thereferencelevelis1.4Vwhenmeasuringinputsignaltiming.RiseandfalltimesaremeasuredbetweenVIH(min.)andVIL 

(max).
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OPERATING FREQUENCY / LATENCY RELATIONSHIPS

 SYMBOL PARAMETER     UNITS

 — ClockCycleTime  6 7  ns

— OperatingFrequency  166 143  MHz

 tCAC CASLatency  3 3  cycle

 tRCD ActiveCommandToRead/WriteCommandDelayTime 3 3  cycle

 tRAC RASLatency(tRCD+tCAC) CASLatency=3 6 6  cycle  
   CASLatency=2 — —

 tRC CommandPeriod(REFtoREF/ACTtoACT)  10 10  cycle

 tRAS CommandPeriod(ACTtoPRE)  7 7  cycle

 tRP CommandPeriod(PREtoACT)  3 3  cycle

 tRRD CommandPeriod(ACT[0]toACT[1])  2 2  cycle

 tCCD ColumnCommandDelayTime  1 1  cycle 

  (READ,READA,WRIT,WRITA)

 tDPL InputDataToPrechargeCommandDelayTime  2 2  cycle

 tDAL InputDataToActive/RefreshCommandDelayTime 5 5  cycle 

  (DuringAuto-Precharge)

 tRBD BurstStopCommandToOutputinHIGH-ZDelayTime CASLatency=3 3 3  cycle 

  (Read) CASLatency=2 — —

 tWBD BurstStopCommandToInputinInvalidDelayTime 0 0  cycle 

  (Write)

 tRQL PrechargeCommandToOutputinHIGH-ZDelayTime CASLatency=3 3 3  cycle 

  (Read) CASLatency=2 — —

 tWDL PrechargeCommandToInputinInvalidDelayTime 0 0  cycle 

  (Write)

 tPQL LastOutputToAuto-PrechargeStartTime(Read) CASLatency=3 -2 –2  cycle  
   CASLatency=2 — —

 tQMD DQMToOutputDelayTime(Read)  2 2  cycle

 tDMD DQMToInputDelayTime(Write)  0 0  cycle

 tMRD ModeRegisterSetToCommandDelayTime  2 2  cycle
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AC TEST CONDITIONS 

Input Load Output Load

Output

 Z = 50Ω

50 pF

1.4V

50Ω

3.0V

1.4V

0V

CLK

INPUT

OUTPUT

tCHI

tCH

tAC

tOH

tCS

tCK

tCL

3.0V

1.4V

1.4V 1.4V

0V

AC TEST CONDITIONS

 Parameter Rating

 ACInputLevels 0Vto3.0V
 InputRiseandFallTimes 1ns
 InputTimingReferenceLevel 1.4V
 OutputTimingMeasurementReferenceLevel 1.4V
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FUNCTIONAL DESCRIPTION

The128MbSDRAMsarequad-bankDRAMswhichoperate
at3.3Vandincludeasynchronousinterface(allsignalsare
registeredonthepositiveedgeoftheclocksignal,CLK).
Eachofthe33,554,432-bitbanksisorganizedas4,096
rowsby256columnsby32bits.

ReadandwriteaccessestotheSDRAMareburstoriented;
accesses start at a selected location and continue for 

a programmed number of locations in a programmed 

sequence.AccessesbeginwiththeregistrationofanAC-

TIVEcommandwhichisthenfollowedbyaREADorWRITE
command.Theaddressbitsregisteredcoincidentwiththe
ACTIVEcommandareusedtoselectthebankandrowto
be accessed (BA0andBA1selectthebank,A0-A11selectthe
row).TheaddressbitsA0-A7 registered coincident with the 

READorWRITEcommandareusedtoselectthestarting
column location for the burst access. 

Prior to normal operation, the SDRAM must be initial-
ized.Thefollowingsectionsprovidedetailedinformation
coveringdeviceinitialization,registerdefinition,command 
descriptions and device operation. 

Initialization

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

The128MSDRAMisinitializedafterthepowerisapplied
to VDD and VDDQ(simultaneously)andtheclockisstable
withDQMHighandCKEHigh.

A100µsdelayisrequiredpriortoissuinganycommand
other than a COMMANDINHIBIT or a NOP.TheCOMMAND
INHIBITorNOPmaybeappliedduringthe100µsperiodand
should continue at least through the end of the period. 

WithatleastoneCOMMANDINHIBITorNOPcommand
havingbeenapplied,aPRECHARGEcommandshould
be applied once the 100µs delay has been satisfied.  All 

banksmustbeprecharged.Thiswillleaveallbanksinan
idle state after which at least two AUTOREFRESH cycles 

must be performed. After the AUTOREFRESH cycles are 

complete, the SDRAM is then ready for mode register
programming.

The mode register 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(1)

DON'T CARE

CLK

CKE

COMMAND

DQM0-DQM3

A0-A9, A11

A10

BA0, BA1

DQ

tCH tCLtCK

tCMH tCMS tCMH tCMS tCMH tCMS

tCKS tCKH

T0 T1 Tn+1  To+1  Tp+1 Tp+2 Tp+3

tMRDtRCtRCtRP

ROW

ROW

BANK

tAS tAH

tAS tAH

CODE

CODE

ALL BANKS

SINGLE BANK

ALL BANKS

AUTO
REFRESH

AUTO
REFRESH

Load MODE
REGISTER

T = 100µs Min.

Power-up: VCC

and CLK stable

Precharge

all banks

AUTO REFRESH Program MODE REGISTER

NOP PRECHARGE NOP NOP NOP ACTIVE

T

(2, 3, 4)
AUTO REFRESH

CODE

tAS tAH

Notes:
1.  If CSisHighatclockHightime,allcommandsappliedareNOP.
2.TheModeregistermaybeloadedpriortotheAuto-Refreshcyclesifdesired.
3.JEDECandPC100specifythreeclocks.
4.OutputsareguaranteedHigh-Zafterthecommandisissued.
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AUTO-REFRESH CYCLE

Notes:
1.  CASlatency=2,3

tRP tRC tRC

DON'T CARE

CLK

CKE

COMMAND

DQM0 - DQM3

A0-A9, A11

A10

BA0, BA1

DQ

tAS tAH

tCHtCLtCK

tCMS tCMH

tCKS tCKH

T0 T1 T2  Tn+1  To+1

ALL BANKS

SINGLE BANK

BANK(s)

ROW

ROW

BANK

High-Z

PRECHARGE NOP  NOP NOP ACTIVEAuto
Refresh

Auto
Refresh
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SELF-REFRESH CYCLE

CLK

CKE

COMMAND

DQM0 - DQM3

A0-A9, A11

A10

BA0, BA1

DQ

tAS tAH

BANK

tCLtCHtCK

tCMS tCMH

tCKS tCKH

ALL BANKS

SINGLE BANK

tCKS

Precharge all

active banks

CLK stable prior to exiting

self refresh mode

Enter self

refresh mode

Exit self refresh mode

(Restart refresh time base)

T0 T1 T2 Tn+1 To+1 To+2

High-Z

Auto
Refresh

Auto
RefreshPRECHARGE NOP  NOP NOP 

tCKS

≥ tRAS

tRP tXSR

DON'T CARE
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REGISTER DEFINITION

Mode Register

Themode register isused todefine thespecificmode
ofoperationof theSDRAM.Thisdefinition includesthe
selection of a burst length, a burst type, a CAS latency, 

an operating mode and a write burst mode, as shown in 

MODEREGISTERDEFINITION.

ThemoderegisterisprogrammedviatheLOADMODE
REGISTERcommandandwillretainthestoredinformation
until it is programmed again or the device loses power.

Mode register bitsM0-M2specify theburst length,M3
specifies the type of burst (sequentialorinterleaved),M4-M6
specifytheCASlatency,M7andM8specifytheoperating
mode,M9specifiestheWRITEburstmode,andM10and
M11arereservedforfutureuse.

Themode registermustbe loadedwhenallbanksare
idle, and the controller must wait the specified time before 

initiatingthesubsequentoperation.Violatingeitherofthese
requirementswillresultinunspecifiedoperation.

MODE REGISTER DEFINITION

Latency Mode

 M6 M5 M4 CAS Latency

 0 0 0 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

1. To ensure compatibility with future devices,
should program BA1, BA0, A11, A10 = "0"

Write Burst Mode

 M9 Mode

 0 Programmed Burst Length

 1 Single Location Access

Operating Mode

 M8 M7 M6-M0 Mode

 0 0 Defined Standard Operation
 — — — All Other States Reserved

Burst Type

 M3 Type

 0 Sequential
 1 Interleaved 

Burst Length

 M2 M1 M0 M3=0 M3=1

 0 0 0 1 1
 0 0 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 Full Page Reserved

Reserved

Address Bus

Mode Register (Mx)

(1)

  BA1 BA0     A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
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BURST DEFINITION

 Burst  Starting Column    Order of Accesses Within a Burst

  Length  Address   Type = Sequential  Type = Interleaved

    A 0

 2   0  0-1  0-1

    1  1-0  1-0

   A 1  A 0

   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

  A 2  A 1  A 0

  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) (location0-y)    …Cn-1,
      Cn…

BURST LENGTH

ReadandwriteaccessestotheSDRAMareburstoriented,
with the burst length being programmable, as shown in 

MODEREGISTERDEFINITION.Theburstlengthdeter-
minesthemaximumnumberofcolumnlocationsthatcan
beaccessedforagivenREADorWRITEcommand.Burst
lengthsof1,2,4or8locationsareavailableforboththe
sequentialandtheinterleavedbursttypes,andafull-page
burst is available for the sequential type.The full-page
burstisusedinconjunctionwiththeBURSTTERMINATE
command to generate arbitrary burst lengths.

Reservedstatesshouldnotbeused,asunknownoperation
or incompatibility with future versions may result.

WhenaREADorWRITEcommandisissued,ablockof
columnsequaltotheburstlengthiseffectivelyselected.All
accesses for that burst take place within this block, mean-

ing that the burst will wrap within the block if a boundary 

isreached.TheblockisuniquelyselectedbyA1-A7(x32)
whentheburstlengthissettotwo;byA2-A7(x32)when
theburstlengthissettofour;andbyA3-A7(x32)whenthe
burstlengthissettoeight.Theremaining(leastsignificant)
addressbit(s)is(are)usedtoselectthestartinglocation
withintheblock.Full-pageburstswrapwithinthepageif
the boundary is reached.

BurstType
Accesses within a given burst may be programmed to be 

eithersequentialorinterleaved;thisisreferredtoasthe
bursttypeandisselectedviabitM3.

Theorderingofaccesseswithinaburstisdeterminedby
the burst length, the burst type and the starting column 

address,asshowninBURSTDEFINITIONtable.
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DON'T CARE

UNDEFINED

CLK

COMMAND

DQ

READ NOP NOP NOP

CAS Latency - 3

tAC

tOH

DOUT

T0 T1 T2 T3 T4

tLZ

CLK

COMMAND

DQ

READ NOP NOP

CAS Latency - 2

tAC

tOH

DOUT

T0 T1 T2 T3

tLZ

CAS LATENCY

CAS Latency

TheCAS latency is thedelay, inclockcycles,between
the registrationofaREADcommandandtheavailabilityof
thefirstpieceofoutputdata.Thelatencycanbesettotwoor
three clocks.

IfaREADcommandisregisteredatclockedgen,and
the latency is m clocks, the data will be available by clock 

edge n + m.TheDQswillstartdrivingasaresultofthe
clock edge one cycle earlier (n + m -1),andprovidedthat
the relevant access times are met, the data will be valid by 

clock edge n + m.Forexample,assumingthattheclock
cycle time is such that all relevant access times are met, 

ifaREADcommandisregisteredatT0andthelatency
isprogrammedto twoclocks, theDQswillstartdriving
afterT1andthedatawillbevalidbyT2,asshowninCAS
Latency diagrams.The Allowable Operating Frequency
tableindicatestheoperatingfrequenciesatwhicheach
CAS latency setting can be used.

Reservedstatesshouldnotbeusedasunknownoperation
or incompatibility with future versions may result.

CAS Latency

Allowable Operating Frequency (MHz)

 Speed CAS Latency = 2 CAS Latency = 3

 -6 125 166

 -7 100 143

Operating Mode

ThenormaloperatingmodeisselectedbysettingM7andM8
tozero;theothercombinationsofvaluesforM7andM8are
reservedforfutureuseand/ortestmodes.Theprogrammed
burstlengthappliestobothREADandWRITEbursts.

Testmodesandreservedstatesshouldnotbeusedbe-

cause unknown operation or incompatibility with future 

versions may result.

Write Burst Mode

WhenM9=0,theburstlengthprogrammedviaM0-M2
appliestobothREADandWRITEbursts;whenM9=1,
theprogrammedburstlengthappliestoREADbursts,but
writeaccessesaresingle-location(nonburst)accesses.
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