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FEATURES

• Clock frequency: 200, 166, 143, 133 MHz

• Fullysynchronous;allsignalsreferencedtoa
positive clock edge

• Internalbankforhidingrowaccess/precharge

• Single3.3Vpowersupply

• LVTTLinterface

• Programmableburstlength 
– (1, 2, 4, 8, full page)

• Programmableburstsequence: 
Sequential/Interleave

• Selfrefreshmodes

• Autorefresh(CBR)

• 4096refreshcyclesevery64ms(Com,Ind,A1
grade) or 16ms (A2 grade)

• Randomcolumnaddresseveryclockcycle

• ProgrammableCAS latency (2, 3 clocks)

• Burstread/writeandburstread/singlewrite 
operations capability

• Burstterminationbyburststopandprecharge
command

OPTIONS

• Package:   
54-pinTSOPII 
54-ballTF-BGA(8mmx8mm) 
60-ballTF-BGA(10.1mmx6.4mm)

• OperatingTemperatureRange 
Commercial (0oC to +70oC) 
Industrial (-40oC to +85oC) 
AutomotiveGradeA1(-40oC to +85oC) 
AutomotiveGradeA2(-40oC to +105oC) 
 

OVERVIEW

ISSI's64MbSynchronousDRAMisorganizedas1,048,576
bits x 16-bit x 4-bank for improved performance. The
synchronous DRAMs achieve high-speed data transfer
using pipeline architecture. All inputs and outputs signals 

refer to the rising edge of the clock input.

1 Meg Bits x 16 Bits x 4 Banks (64-MBIT) 

SYNCHRONOUS DYNAMIC RAM 
JULY 2014

KEY TIMING PARAMETERS

Parameter -5 -6 -7 Unit

ClkCycleTime    
 CASLatency=3 5 6 7 ns
 CASLatency=2 7.5 7.5 7.5 ns

ClkFrequency    
 CASLatency=3 200 166 143 Mhz
  CASLatency=2 133 133 133 Mhz

AccessTimefromClock    
 CASLatency=3 4.8 5.4 5.4 ns
 CASLatency=2 5.4 5.4 5.4 ns

Parameter 4M x 16

Configuration 1M x 16 x 4 

banks
Refresh Count      

Com./Ind.

A1

A2

4K/64ms
4K/64ms
4K/16ms

Row  Addresses A0-A11

Column Addresses A0-A7

Bank Address Pins BA0, BA1

Auto Precharge Pins A10/AP

ADDRESS TABLE
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GENERAL DESCRIPTION

The 64Mb SDRAM is a high speed CMOS, dynamic
random-access memory designed to operate in 3.3V
memory systems containing 67,108,864 bits.  Internally 

configured as a quad-bank DRAM with a synchronous
interface.Each16,777,216-bitbankisorganizedas4,096
rows by 256 columns by 16 bits.

The64MbSDRAMincludesanAUTOREFRESHMODE,
and a power-saving, power-down mode. All signals are 

registeredonthepositiveedgeoftheclocksignal,CLK.
AllinputsandoutputsareLVTTLcompatible.

The64MbSDRAMhastheabilitytosynchronouslyburst
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, 4 and 8 locations, or full page, with a burst terminate 

option. 
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PIN CONFIGURATION

PACKAge Code: B  54 BALL Tf-BgA (Top View) (8 mm x 8 mm Body, 0.8 mm Ball Pitch)

   1 2 3 4 5 6 7 8 9 

A

B

C

D

E

F

G

H

J

DQ15

DQ13

DQ11

DQ9

NC

CLK

A11

A7

A5

GNDQ

VDDQ

GNDQ

VDDQ

GND

CKE

A9

A6

A4

VDDQ

GNDQ

VDDQ

GNDQ

VDD

CAS

BA0

A0

A3

DQ0

DQ2

DQ4

DQ6

DQML

RAS

BA1

A1

A2

GND

DQ14

DQ12

DQ10

DQ8

DQMH

NC

A8

GND 

VDD

DQ1

DQ3

DQ5

DQ7

WE

CS

A10

VDD

PIN DESCRIPTIONS

A0-A11  Row Address Input
A0-A7  Column Address Input
BA0, BA1 Bank Select Addresses
dQ0 to dQ15 data I/o
CLK  System Clock Input
CKe  Clock enable
CS  Chip Select
RAS  Row Address Strobe Command
CAS  Column Address Strobe Command

WE  Write enable
LdQM, UdQM x16 Input/output Mask
Vdd  Power
gNd  ground
Vddq  Power Supply for I/o Pin
gNdQ  ground for I/o Pin
NC  No Connection
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PIN CONFIGURATION

PACKAGECODE:B260BALLTF-BGA(TopView)(10.1mmx6.4mmBody,0.65mmBallPitch)

   1 2 3 4 5 6 7 

A

B

C

D

E

F

G

H

J

K

L

M

N

P

R

GND

DQ14

DQ13

DQ12

DQ10

DQ9

DQ8

NC

NC

NC

CKE

A11

A8

A6

GND

DQ15

GNDQ

VDDQ

DQ11

GNDQ

VDDQ

NC

NC

UDQM

CLK

NC

A9

A7

A5

A4

DQ0

VDDQ

GNDQ

DQ4

VDDQ

GNDQ

NC

VDD

LDQM

RAS

NC

BA1

A0

A2

A3

VDD

DQ1

DQ2

DQ3

DQ5

DQ6

DQ7

NC

WE

CAS

CS

BA0

A10

A1

VDD

PIN DESCRIPTIONS

A0-A11  RowAddressInput

A0-A7  Column Address Input

BA0,BA1 BankSelectAddresses

DQ0toDQ15 DataI/O

CLK  SystemClockInput

CKE  ClockEnable

CS  Chip Select

RAS  RowAddressStrobeCommand

CAS  Column Address Strobe Command

WE  WriteEnable

LDQM,UDQM x16Input/OutputMask

VDD  Power

GND  Ground

VDDQ  PowerSupplyforI/OPin

GNDQ  GroundforI/OPin

NC  NoConnection
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PIN CONFIGURATIONS

54 pin TSOP - Type II 

PIN DESCRIPTIONS

A0-A11  RowAddressInput

A0-A7  Column Address Input

BA0,BA1 BankSelectAddress

DQ0toDQ15 DataI/O

CLK  SystemClockInput

CKE  ClockEnable

CS  Chip Select

RAS  RowAddressStrobeCommand

CAS  Column Address Strobe Command

VDD

DQ0

VDDQ

DQ1

DQ2

GNDQ

DQ3

DQ4

VDDQ

DQ5

DQ6

GNDQ

DQ7

VDD

LDQM

WE

CAS

RAS

CS

BA0

BA1

A10

A0

A1

A2

A3

VDD

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

54

53

52

51

50

49

48

47

46

45

44

43

42

41

40

39

38

37

36

35

34

33

32

31

30

29

28

GND

DQ15

GNDQ

DQ14

DQ13

VDDQ

DQ12

DQ11

GNDQ

DQ10

DQ9

VDDQ

DQ8

GND

NC

UDQM

CLK

CKE

NC

A11

A9

A8

A7

A6

A5

A4

GND

WE WriteEnable

LDQM x16LowerByte,Input/OutputMask

UDQM x16UpperByte,Input/OutputMask

VDD Power

GND Ground

VDDQ PowerSupplyforI/OPin

GNDQ GroundforI/OPin

NC NoConnection
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PIN FUNCTIONS

 Symbol TSOP Pin No. Type Function

 A0-A11 23 to 26 Input Pin AddressInputs:A0-A11aresampledduringtheACTIVE

  29to34  command(row-addressA0-A11)andREAD/WRITEcommand(A0-A7

  22, 35  with A10 defining auto precharge) to select one location out of the memory array 

intherespectivebank.A10issampledduringaPRECHARGEcommandtodeter-
mineifallbanksaretobeprecharged(A10HIGH)orbankselectedby 

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

 BA0,BA1 20, 21 Input Pin BankSelectAddress:BA0andBA1defineswhichbanktheACTIVE,READ,WRITE
orPRECHARGEcommandisbeingapplied.

 CAS 17 Input Pin CAS, in conjunction with the RAS and  WE, forms the device command. See the 

"CommandTruthTable"fordetailsondevicecommands.

 CKE 37 Input Pin TheCKEinputdetermineswhethertheCLKinputisenabled.Thenextrisingedge
oftheCLKsignalwillbevalidwhenisCKEHIGHandinvalidwhenLOW.WhenCKE
isLOW,thedevicewillbeineitherpower-downmode,clocksuspendmode,orself
refresh mode. CKEisan asynchronous input.

 CLK 38 Input Pin CLKisthemasterclockinputforthisdevice.ExceptforCKE,allinputstothisdevice
are acquired in synchronization with the rising edge of this pin.

 CS 19 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.

 DQ0 to 2, 4, 5, 7, 8, 10, DQ Pin DQ0toDQ15areI/Opins.I/Othroughthesepinscanbecontrolledinbyteunits

 DQ15 11,13, 42, 44, 45,  usingtheLDQMandUDQMpins.

  47, 48, 50, 51, 53

 LDQM, 15,39 InputPin LDQMandUDQMcontrolthelowerandupperbytesoftheI/Obuffers.Inread

 UDQM   mode,LDQMandUDQMcontroltheoutputbuffer.WhenLDQMorUDQMisLOW,
thecorrespondingbufferbyteisenabled,andwhenHIGH,disabled.Theoutputs
gototheHIGHimpedancestatewhenLDQM/UDQMisHIGH.Thisfunctioncor-
responds to OEinconventionalDRAMs.Inwritemode,LDQMandUDQMcontrol
theinputbuffer.WhenLDQMorUDQMisLOW,thecorrespondingbufferbyteisen-

abled,anddatacanbewrittentothedevice.WhenLDQMorUDQMisHIGH,input
data is masked and cannot be written to the device.

 RAS 18 Input Pin RAS, in conjunction with CAS and WE, forms the device command. See the "Com-

mandTruthTable"itemfordetailsondevicecommands.

 WE 16  Input Pin WE, in conjunction with RAS and CAS, forms the device command. See the "Com-

mandTruthTable"itemfordetailsondevicecommands.

 VDDQ 3,9,43,49 PowerSupplyPin VDDQ is the output buffer power supply.

 VDD 1, 14, 27 Power Supply Pin VDD is the device internal power supply.

 GNDQ 6, 12, 46, 52 Power Supply Pin GNDQ is the output buffer ground.

 GND 28, 41, 54 Power Supply Pin GND is the device internal ground.
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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
data is subject to the logic level on the DQM inputs two 

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
open for subsequent accesses.

A memory array is written with corresponding input data 

onDQ’sandDQMinputlogiclevelappearingatthesame
time.  Data will be written to memory when DQM signal is 

LOW.WhenDQMisHIGH,thecorrespondingdatainputs
willbeignored,andaWRITEwillnotbeexecutedtothat
byte/column location.

PRECHARGE

ThePRECHARGEcommandisusedtodeactivatetheopen
rowinaparticularbankortheopenrowinallbanks.BA0,
BA1canbeusedtoselectwhichbankisprechargedorthey
aretreatedas“Don’tCare”.A10determineswhetherone
or all banks are precharged. After executing this command, 

the next command for the selected bank(s) is executed after 

passage of the period tRP, which is the period required for 

bankprecharging.Onceabankhasbeenprecharged,it
isintheidlestateandmustbeactivatedpriortoanyREAD
orWRITEcommandsbeingissuedtothatbank.

AUTO PRECHARGE

The AUTO PRECHARGE function ensures that the
precharge is initiated at the earliest valid stage within a 

burst.Thisfunctionallowsforindividual-bankprecharge
without requiring an explicit command.  A10 can be used 

toenabletheAUTOPRECHARGEfunction inconjunc-

tionwithaspecificREADorWRITEcommand.Foreach
individualREADorWRITEcommand,autoprechargeis
eitherenabledordisabled.AUTOPRECHARGEdoesnot

applyexceptinfull-pageburstmode.Uponcompletionof
theREADorWRITEburst,aprechargeofthebank/row
that is addressed is automatically performed.

AUTO REFRESH COMMAND

ThiscommandexecutestheAUTOREFRESHoperation.
Therowaddressandbanktoberefreshedareautomatically
generatedduringthisoperation. Thestipulatedperiod(tRC) is 

required for a single refresh operation, and no other com-

mandscanbeexecutedduringthisperiod. Thiscommand
isexecutedatleast4096timeseveryTREF.DuringanAUTO
REFRESHcommand,addressbitsare“Don’tCare”.This
commandcorrespondstoCBRAuto-refresh.

SELF REFRESH

DuringtheSELFREFRESHoperation,therowaddressto
be refreshed, the bank, and the refresh interval are gen-

eratedautomaticallyinternally.SELFREFRESHcanbe
usedtoretaindataintheSDRAMwithoutexternalclocking,
eveniftherestofthesystemispowereddown.TheSELF
REFRESHoperationisstartedbydroppingtheCKEpin
fromHIGHtoLOW.DuringtheSELFREFRESHoperation
allotherinputstotheSDRAMbecome“Don’tCare”.The
device must remain in self refresh mode for a minimum 

period equal to tRAS or may remain in self refresh mode 

foranindefiniteperiodbeyondthat.TheSELF-REFRESH
operationcontinuesaslongastheCKEpinremainsLOW
and there is no need for external control of any other pins. 

Thenextcommandcannotbeexecuteduntilthedevice
internal recovery period (tRC) has elapsed. Once CKE
goesHIGH,theNOPcommandmustbeissued(minimum 

of two clocks) to provide time for the completion of any 

internal refresh in progress. After the self-refresh, since it 

is impossible to determine the address of the last row to 

berefreshed,anAUTO-REFRESHshouldimmediatelybe
performed for all addresses.

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.
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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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TRUTH TABLE – COMMANDS AND DQM OPERATION(1)

FUNCTION CS RAS CAS WE DQM ADDR DQs

COMMANDINHIBIT(NOP) H X X X X X X

NOOPERATION(NOP) L H H H X X X

ACTIVE(Selectbankandactivaterow)(3) L L H H X Bank/Row X

READ(Selectbank/column,startREADburst)(4) L H L H L/H(8) Bank/Col X

WRITE(Selectbank/column,startWRITEburst)(4) L H L L L/H(8) Bank/Col Valid

BURSTTERMINATE L H H L X X Active

PRECHARGE(Deactivaterowinbankorbanks)(5) L L H L X Code X

AUTOREFRESHorSELFREFRESH(6,7) L L L H X X X 

(Enter self refresh mode)

LOADMODEREGISTER(2) L L L L X Op-Code X

WriteEnable/OutputEnable(8) — — — — L — Active

WriteInhibit/OutputHigh-Z(8) — — — — H — High-Z
NOTES:
1. CKEisHIGHforallcommandsexceptSELFREFRESH.
2. A0-A11 define the op-code written to the mode register.
3. A0-A11providerowaddress,andBA0,BA1determinewhichbankismadeactive.
4. A0-A7(x16)providecolumnaddress;A10HIGHenablestheautoprechargefeature(nonpersistent),whileA10LOWdisables 

autoprecharge;BA0,BA1determinewhichbankisbeingreadfromorwrittento.
5. A10LOW:BA0,BA1determinethebankbeingprecharged.A10HIGH:AllbanksprechargedandBA0,BA1are“Don’tCare.”
6. AUTOREFRESHifCKEisHIGH,SELFREFRESHifCKEisLOW.
7. Internalrefreshcountercontrolsrowaddressing;allinputsandI/Osare“Don’tCare”exceptforCKE.
8. ActivatesordeactivatestheDQsduringWRITEs(zero-clockdelay)andREADs(two-clockdelay).
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TRUTH TABLE – CURRENT STATE BANK n, COMMAND TO BANK n (1-6)

CURRENTSTATE COMMAND(ACTION) CS RAS CAS WE

Any COMMANDINHIBIT(NOP/Continuepreviousoperation) H X X X

 NOOPERATION(NOP/Continuepreviousoperation) L H H H

Idle ACTIVE(Selectandactivaterow) L L H H

 AUTOREFRESH(7) L L L H

 LOADMODEREGISTER(7) L L L L

 PRECHARGE(11) L L H L

RowActive READ(SelectcolumnandstartREADburst)(10) L H L H

 WRITE(SelectcolumnandstartWRITEburst)(10) L H L L

 PRECHARGE(Deactivaterowinbankorbanks)(8) L L H L

Read READ(SelectcolumnandstartnewREADburst)(10) L H L H

(Auto WRITE(SelectcolumnandstartWRITEburst)(10) L H L L

Precharge PRECHARGE(TruncateREADburst,startPRECHARGE)(8) L L H L

Disabled) BURSTTERMINATE(9) L H H L

Write READ(SelectcolumnandstartREADburst)(10) L H L H

(Auto WRITE(SelectcolumnandstartnewWRITEburst)(10) L H L L

Precharge PRECHARGE(TruncateWRITEburst,startPRECHARGE)(8) L L H L

Disabled) BURSTTERMINATE(9) L H H L
NOTE:
 1.ThistableapplieswhenCKEn-1wasHIGHandCKEnisHIGH(seeTruthTable-CKE)andaftertXSR has been met (if the 

previous state was SELFREFRESH).
 2.Thistableisbank-specific,exceptwherenoted;i.e.,thecurrentstateisforaspecificbankandthecommandsshownarethose

allowed to be issued to that bank when in that state. Exceptions are covered in the notes below.

TRUTH TABLE – CKE (1-4)

CURRENT STATE COMMANDn ACTIONn CKEn-1 CKEn

Power-Down X MaintainPower-Down L L

SelfRefresh X MaintainSelfRefresh L L

ClockSuspend X MaintainClockSuspend L L

Power-Down(5) COMMANDINHIBITorNOP ExitPower-Down L H

SelfRefresh(6) COMMANDINHIBITorNOP ExitSelfRefresh L H

Clock Suspend(7) X ExitClockSuspend L H

AllBanksIdle COMMANDINHIBITorNOP Power-DownEntry H L

AllBanksIdle AUTOREFRESH SelfRefreshEntry H L

ReadingorWriting VALID ClockSuspendEntry H L

 See TRUTH TABLE – CURRENT STATE BANK n, COMMAND TO BANK n  H H

NOTES: 
1. CKEnisthelogicstateofCKEatclockedgen;CKEn-1 wasthestateofCKEatthepreviousclockedge.
2. CurrentstateisthestateoftheSDRAMimmediatelypriortoclockedgen.
3. COMMANDnisthecommandregisteredatclockedgen,andACTONnisaresultofCOMMANDn.
4. All states and sequences not shown are illegal or reserved.
5. Exiting power-down at clock edge n will put the device in the all banks idle state in time for clock edge n+1 (provided that tCKS is 

met).
6. Exiting self refresh at clock edge n will put the device in all banks idle state once tXSRismet.COMMANDINHIBITorNOP

commands should be issued on clock edges occurring during the tXSRperiod.AminimumoftwoNOPcommandsmustbesent
during tXSR period.

7. After exiting clock suspend at clock edge n, the device will resume operation and recognize the next command at clock edge 
n+1.
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 3. Current state definitions:
 Idle:Thebankhasbeenprecharged,andtRP has been met.
 RowActive:Arowinthebankhasbeenactivated,andtRCDhasbeenmet.Nodatabursts/accessesandnoregister

accesses are in progress.
 Read:AREADbursthasbeeninitiated,withautoprechargedisabled,andhasnotyetterminatedorbeentermi-

nated.
 Write:AWRITEbursthasbeeninitiated,withautoprechargedisabled,andhasnotyetterminatedorbeentermi-

nated.
 4.Thefollowingstatesmustnotbeinterruptedbyacommandissuedtothesamebank.COMMANDINHIBITorNOPcommands,

or allowable commands to the other bank should be issued on any clock edge occurring during these states. Allowable com-
mandstotheotherbankaredeterminedbyitscurrentstateandCURRENTSTATEBANKntruthtables.

 Precharging:StartswithregistrationofaPRECHARGEcommandandendswhentRPismet.OncetRP is met, the bank 
will be in the idle state.

 RowActivating:StartswithregistrationofanACTIVEcommandandendswhentRCDismet.OncetRCD is met, the bank will 
be in the row active state.

 Readw/Auto
 Precharge Enabled:StartswithregistrationofaREADcommandwithautoprechargeenabledandendswhentRP has been 

met.OncetRP is met, the bank will be in the idle state.
 Writew/Auto
 Precharge Enabled:StartswithregistrationofaWRITEcommandwithautoprechargeenabledandendswhentRP has been 

met.OncetRP is met, the bank will be in the idle state.
 5.Thefollowingstatesmustnotbeinterruptedbyanyexecutablecommand;COMMANDINHIBITorNOPcommandsmustbe

applied on each positive clock edge during these states.
 Refreshing:StartswithregistrationofanAUTOREFRESHcommandandendswhentRCismet.OncetRC is met, the 

SDRAMwillbeintheallbanksidlestate.
 Accessing Mode
 Register:StartswithregistrationofaLOADMODEREGISTERcommandandendswhentMRDhasbeenmet.Once

tMRDismet,theSDRAMwillbeintheallbanksidlestate.
 Precharging All:StartswithregistrationofaPRECHARGEALLcommandandendswhentRPismet.OncetRP is met, all 

banks will be in the idle state.
 6. All states and sequences not shown are illegal or reserved.
 7.Notbank-specific;requiresthatallbanksareidle.
 8. May or may not be bank-specific; if all banks are to be precharged, all must be in a valid state for precharging.
 9.Notbank-specific;BURSTTERMINATEaffectsthemostrecentREADorWRITEburst,regardlessofbank.
10.READsorWRITEslistedintheCommand(Action)columnincludeREADsorWRITEswithautoprechargeenabledand

READsorWRITEswithautoprechargedisabled.
11.DoesnotaffectthestateofthebankandactsasaNOPtothatbank.
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TRUTH TABLE – CURRENT STATE BANK n, COMMAND TO BANK m (1-6)

CURRENTSTATE COMMAND(ACTION) CS RAS CAS WE 

Any COMMANDINHIBIT(NOP/Continuepreviousoperation) H X X X

 NOOPERATION(NOP/Continuepreviousoperation) L H H H

Idle AnyCommandOtherwiseAllowedtoBankm X X X X

Row ACTIVE(Selectandactivaterow) L L H H

Activating, READ(SelectcolumnandstartREADburst)(7) L H L H

Active,or WRITE(SelectcolumnandstartWRITEburst)(7) L H L L

Precharging PRECHARGE L L H L

Read ACTIVE(Selectandactivaterow) L L H H

(Auto READ(SelectcolumnandstartnewREADburst)(7,10) L H L H

Precharge WRITE(SelectcolumnandstartWRITEburst)(7,11) L H L L

Disabled) PRECHARGE(9) L L H L

Write ACTIVE(Selectandactivaterow) L L H H

(Auto READ(SelectcolumnandstartREADburst)(7,12) L H L H

Precharge WRITE(SelectcolumnandstartnewWRITEburst)(7,13) L H L L

Disabled) PRECHARGE(9) L L H L

Read ACTIVE(Selectandactivaterow) L L H H

(WithAuto READ(SelectcolumnandstartnewREADburst)(7,8,14) L H L H

Precharge) WRITE(SelectcolumnandstartWRITEburst)(7,8,15) L H L L

 PRECHARGE(9) L L H L

Write ACTIVE(Selectandactivaterow) L L H H

(WithAuto READ(SelectcolumnandstartREADburst)(7,8,16) L H L H

Precharge) WRITE(SelectcolumnandstartnewWRITEburst)(7,8,17) L H L L

 PRECHARGE(9) L L H L

NOTE:
 1.ThistableapplieswhenCKEn-1wasHIGHandCKEnisHIGH(TruthTable-CKE)andaftertXSR has been met (if the previ-

ous state was self refresh).
 2.Thistabledescribesalternatebankoperation,exceptwherenoted;i.e.,thecurrentstateisforbankn and the commands 

shown are those allowed to be issued to bank m (assuming that bank m is in such a state that the given command is allowable). Excep-
tions are covered in the notes below.

 3. Current state definitions:
 Idle:Thebankhasbeenprecharged,andtRP has been met.
 RowActive:Arowinthebankhasbeenactivated,andtRCDhasbeenmet.Nodatabursts/accessesandnoregister

accesses are in progress.
 Read:AREADbursthasbeeninitiated,withautoprechargedisabled,andhasnotyetterminatedorbeentermi-

nated.
 Write:AWRITEbursthasbeeninitiated,withautoprechargedisabled,andhasnotyetterminatedorbeentermi-

nated.
 Readw/Auto
 Precharge Enabled:StartswithregistrationofaREADcommandwithautoprechargeenabled,andendswhentRP has been 

met.OncetRP is met, the bank will be in the idle state.
 Writew/Auto
 Precharge Enabled:StartswithregistrationofaWRITEcommandwithautoprechargeenabled,andendswhentRP has been 

met.OncetRP is met, the bank will be in the idle state.
 4.AUTOREFRESH,SELFREFRESHandLOADMODEREGISTERcommandsmayonlybeissuedwhenallbanksareidle.
 5.ABURSTTERMINATEcommandcannotbeissuedtoanotherbank;itappliestothebankrepresentedbythecurrentstate

only.
 6. All states and sequences not shown are illegal or reserved.
 7.READsorWRITEstobankmlistedintheCommand(Action)columnincludeREADsorWRITEswithautoprechargeenabled

andREADsorWRITEswithautoprechargedisabled.
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 8.CONCURRENTAUTOPRECHARGE:BanknwillinitiatetheAUTOPRECHARGEcommandwhenitsbursthasbeeninter-
ruptedbybankm’sburst.

 9.Burstinbankncontinuesasinitiated.
10.ForaREADwithoutautoprechargeinterruptedbyaREAD(withorwithoutautoprecharge),theREADtobankmwillinterrupt

theREADonbankn,CASlatencylater(ConsecutiveREADBursts).
11.ForaREADwithoutautoprechargeinterruptedbyaWRITE(withorwithoutautoprecharge),theWRITEtobankmwillinter-

rupttheREADonbanknwhenregistered(READtoWRITE).DQMshouldbeusedoneclockpriortotheWRITEcommandto
prevent bus contention.

12.ForaWRITEwithoutautoprechargeinterruptedbyaREAD(withorwithoutautoprecharge),theREADtobankmwillinterrupt
theWRITEonbanknwhenregistered(WRITEtoREAD),withthedata-outappearingCASlatencylater.ThelastvalidWRITE
tobanknwillbedata-inregisteredoneclockpriortotheREADtobankm.

13.ForaWRITEwithoutautoprechargeinterruptedbyaWRITE(withorwithoutautoprecharge),theWRITEtobankmwillinter-
rupttheWRITEonbanknwhenregistered(WRITEtoWRITE).ThelastvalidWRITEtobanknwillbedata-inregisteredone
clockpriortotheREADtobankm.

14.ForaREADwithautoprechargeinterruptedbyaREAD(withorwithoutautoprecharge),theREADtobankmwillinterruptthe
READonbankn,CASlatencylater.ThePRECHARGEtobanknwillbeginwhentheREADtobankmisregistered(FigCAP
1).

15.ForaREADwithautoprechargeinterruptedbyaWRITE(withorwithoutautoprecharge),theWRITEtobankmwillinterrupt
theREADonbanknwhenregistered.DQMshouldbeusedtwoclockspriortotheWRITEcommandtopreventbuscontention.
ThePRECHARGEtobanknwillbeginwhentheWRITEtobankmisregistered(FigCAP2).

16.ForaWRITEwithautoprechargeinterruptedbyaREAD(withorwithoutautoprecharge),theREADtobankmwillinterrupt
theWRITEonbanknwhenregistered,withthedata-outappearingCASlatencylater.ThePRECHARGEtobanknwillbegin
after tWR is met, where tWRbeginswhentheREADtobankmisregistered.ThelastvalidWRITEtobanknwillbedata-inregis-
teredoneclockpriortotheREADtobankm(FigCAP3).

17.ForaWRITEwithautoprechargeinterruptedbyaWRITE(withorwithoutautoprecharge),theWRITEtobankmwillinterrupt
theWRITEonbanknwhenregistered.ThePRECHARGEtobanknwillbeginaftertWRismet,wheretWRbeginswhenthe
WRITEtobankmisregistered.ThelastvalidWRITEtobanknwillbedataregisteredoneclockpriortotheWRITEtobankm
(FigCAP4).
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ABSOLUTE MAXIMUM RATINGS(1)

 Symbol Parameters Rating Unit

 VDD MAX MaximumSupplyVoltage –1.0to+4.6 V
 VDDQ 

 
MAX MaximumSupplyVoltageforOutputBuffer –1.0to+4.6 V

 VIN InputVoltage –1.0toVDDQ +0.5 V
 VOUT OutputVoltage –1.0toVDDQ +0.5 V
 PD MAX AllowablePowerDissipation 1 W
 ICS Output Shorted Current 50 mA

 TOPR
 OperatingTemperature Com. 0 to +70 °C 

   Ind. -40 to +85 °C 

   A1 -40 to +85 °C 

   A2 -40 to +105 °C

 TSTG StorageTemperature  –65to+150 °C

DC RECOMMENDED OPERATING CONDITIONS(2)  

(AtTA=0to+70°Cforcommercialgrade.TA=-40to+85°CforindustrialandA1grade.TA=-40to+105°CforA2grade)

 Symbol Parameter Min. Typ. Max. Unit

 VDD, VDDQ SupplyVoltage 3.0 3.3 3.6 V
 VIH InputHighVoltage(3) 2.0 — VDD +0.3 V
 VIL InputLowVoltage(4) -0.3 — +0.8 V

CAPACITANCE CHARACTERISTICS(1,2) (AtTA=0to+25°C,VDD=VDDQ=3.3±0.3V,f=1MHz)

 Symbol Parameter Typ. Max. Unit

 CIN InputCapacitance:AddressandControl — 3.8 pF
 CCLK InputCapacitance:(CLK) — 3.5 pF
 CI/O DataInput/OutputCapacitance:I/O0-I/O15 — 6.5 pF
Notes:
1. StressgreaterthanthoselistedunderABSOLUTEMAXIMUMRATINGSmaycausepermanentdamagetothedevice.Thisisa

stress rating only and functional operation of the device at these or any other conditions 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. AllvoltagesarereferencedtoGND.
3.VIH(max)=VDDQ+1.2Vwithapulsewidth<3ns.
4.VIL(min)=GND-1.2Vwithapulsewidth<3ns.

Package Substrate Theta-ja

(Airflow = 0m/s)
Theta-ja

(Airflow = 1m/s)
Theta-ja

(Airflow = 2m/s)
Theta-jc Units

Alloy42 TSoP2(54) 4-layer 88.0 81 77.4 16.1 C/W

Copper TSoP2(54) 4-layer 51.7 49.0 47.7 11.9 C/W

BgA(54) 4-layer 50.5 44.6 41.7 11.3 C/W

BgA(60) 4-layer 48.3 42.3 41 7.5 C/W

THERMAL RESISTANCE
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DC ELECTRICAL CHARACTERISTICS 1 (RecommendedOperationConditionsunlessotherwisenoted.)

 Symbol Parameter Test Condition  -5  -6 -7  Unit

 IDD1 (1) OperatingCurrent Onebankactive,CL=3,BL=1, 90  80 70  mA

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

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

  (In Power-Down Mode) CS  ≥ VDD-0.2V

 IDD2PS PrechargeStandbyCurrent CKE≤ VIL  (MAX),CLK≤ VIL  (MAX) 2  2 2  mA  

  with clock stop CS  ≥ VDD-0.2V 

  (In Power-Down Mode)      

 IDD2N (2) Precharge Standby Current CS  ≥ VDD-0.2V,CKE≥  VIH  (MIN) 20  20 20  mA

  (InNonPower-DownMode)  tCK=15ns 

 IDD2NS Precharge Standby Current CS  ≥ VDD-0.2V,CKE≥  VIH  (MIN) 10   10 10  mA  

  with clock stop 

  (InNonPower-DownMode) All inputs stable   

 IDD3P (2) ActiveStandbyCurrent CKE≤ VIL  (MAX), CS  ≥ VDD-0.2V 6  6 6  mA

  (In Power-Down Mode) tCK=15ns

 IDD3PS ActiveStandbyCurrent CKE≤ VIL  (MAX),CLK≤ VIL  (MAX), 6  6 6  mA  

  with clock stop CS  ≥ VDD-0.2V 

  (In Power-Down Mode) 

 IDD3N (2) Active Standby Current CS  ≥ VDD-0.2V,CKE≥  VIH  (MIN) 25  25 25  mA

  (InNonPower-DownMode)  tCK=15ns

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

  with clock stop All inputs stable

  (InNonPower-DownMode)    

 IDD4 OperatingCurrent Allbanksactive,BL=4,CL=3, 110  100 90  mA

   tCK=tCK (min)   

 IDD5 Auto-RefreshCurrent tRC=tRC (min), tCLK=tCLK(min) 110  100 90  mA

 IDD6 Self-RefreshCurrent CKE≤  0.2V        2  2 2  mA

 Notes:

1. IDD (MAX) is specified at the output open condition.
2. Input signals are changed one time during 30ns.

DC ELECTRICAL CHARACTERISTICS  2 (RecommendedOperationConditionsunlessotherwisenoted.)

 Symbol Parameter Test Condition    Min Max Unit

 IIL InputLeakageCurrent 0V≤Vin≤VDD, with pins other than           -5 5 µA

  thetestedpinat0V 

 IOL OutputLeakageCurrent Outputisdisabled,0V≤Vout≤VDD,            -5 5 µA

 VOH OutputHighVoltageLevel IOH=-2mA    2.4 — V

 VOL OutputLowVoltageLevel IOL=2mA    — 0.4 V
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AC ELECTRICAL CHARACTERISTICS (1,2,3)

 -5 -6 -7

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

 tCK3 ClockCycleTime CASLatency=3 5 — 6 — 7 — ns 

 tCK2  CASLatency=2 7.5 — 7.5 — 7.5 — ns

 tAC3 AccessTimeFromCLK(4,6) CASLatency=3 — 4.8 — 5.4 — 5.4 ns 

 tAC2  CASLatency=2 — 5.4 — 5.4 — 5.4 ns

 tCH CLKHIGHLevelWidth  2 — 2 — 2.5 — ns

 tCL CLKLOWLevelWidth  2 — 2 — 2.5 — ns

 tOH3 OutputDataHoldTime(6) CASLatency=3 2.5 — 2.5 — 2.7 — ns 

 tOH2  CAS Latency=2 2.5 — 2.5 — 2.7 — ns

 tLZ OutputLOWImpedanceTime  0 — 0 — 0 — ns

 tHZ3 OutputHIGHImpedanceTime(5) CASLatency=3 — 4.8 — 5.4 — 5.4 ns 

 tHZ2  CASLatency=2 — 5.4 — 5.4 — 5.4 ns

 tDS InputDataSetupTime  1.5 — 1.5 — 1.5 — ns

 tDH InputDataHoldTime  0.8 — 0.8 — 0.8 — ns

 tAS AddressSetupTime  1.5 — 1.5 — 1.5 — ns

 tAH AddressHoldTime  0.8 — 0.8 — 0.8 — ns

 tCKS CKESetupTime  1.5 — 1.5 — 1.5 — ns

 tCKH CKEHoldTime  0.8 — 0.8 — 0.8 — ns

 tCKA CKEtoCLKRecoveryDelayTime  1CLK+3 — 1CLK+3 — 1CLK+3 — ns

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

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

 tRC CommandPeriod(REFtoREF/ACTtoACT)  55 — 60 — 63 — ns

 tRAS CommandPeriod(ACTtoPRE)  40 100,000 42 100,000 42 100,000 ns

 tRP CommandPeriod(PREtoACT)  15 — 15 — 15 — ns

 tRCD ActiveCommandToRead/WriteCommandDelayTime 15 — 15 — 15 — ns

 tRRD CommandPeriod(ACT[0]toACT[1])  10 — 12 — 14 — ns

 tDPL or InputDataToPrecharge CASLatency=3 2CLK — 2CLK — 2CLK — ns 

 tWR Command Delay time 

    CAS Latency=2 2CLK — 2CLK — 2CLK — ns

 tDAL InputDataToActive/Refresh CASLatency=3 2CLK+tRP — 2CLK+tRP — 2CLK+tRP — ns 

   Command Delay time 

   (During Auto-Precharge) CAS Latency=2 2CLK+tRP — 2CLK+tRP — 2CLK+tRP — ns

 tT  TransitionTime  0.3 1.2 0.3 1.2 0.3 1.2 ns

 tXSR ExitSelf-RefreshtoActiveTime  60 — 66 — 70 — ns

 tREF RefreshCycleTime(4096)        
    TA  ≤ 70oC    Com., Ind., A1, A2 — 64 — 64 — 64 ms 

    TA  ≤ 85oC    Ind., A1, A2 — — — 64 — 64 ms 

    TA  > 85oC     A2 — — — 16 — 16 ms

Notes:
1. Whenpowerisfirstapplied,memoryoperationshouldbestarted200µsafterVDDandVDDQ reach their stipulated voltages. Also 

note that the power-on sequence must be executed before starting memory operation.
2. Measured with tT =1ns.
3. Thereferencelevelis1.4Vwhenmeasuringinputsignaltiming.RiseandfalltimesaremeasuredbetweenVIH (min.)andVIL 

(max.).
4. Accesstimeismeasuredat1.4Vwiththeloadshowninthefigurebelow.
5. ThetimetHZ (max.)isdefinedasthetimerequiredfortheoutputvoltagetotransitionby±200mVfromVOH (min.)orVOL (max.) 

when the output is in the high impedance state.
6.  If clock rising time is longer than 1ns, tT/2 - 0.5ns should be added to the parameter.
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AC TEST CONDITIONS (Input/OutputReferenceLevel:1.4V)

I/O

50 Ω

+1.4V

 50 pF

Input Load Output Load

3.0V

1.4V

0V

CLK

INPUT

OUTPUT

tCH

tCMH

tAC

tOH

tCMS

tCK

tCL

3.0V

1.4V

1.4V 1.4V

0V

OPERATING FREQUENCY / LATENCY RELATIONSHIPS

 SYMBOL PARAMETER  -5 -6 -7 UNITS

 tCK ClockCycleTime CL=3 5 6 7 ns
   CL=2 7.5 7.5 7.5 ns

 Freq. OperatingFrequency CL=3 200 166 143 MHz
   CL=2 133 133 133 MHz

 tCCD READ/WRITEcommandtoREAD/WRITEcommand 1 1 1 cycle

 tCKED CKEtoclockdisableorpower-downentrymode 1 1 1 cycle

 tPED CKEtoclockenableorpower-downexitsetupmode 1 1 1 cycle

 tDQD DQM to input data delay  0 0 0 cycle

 tDQM DQMtodatamaskduringWRITEs  0 0 0 cycle

 tDQZ DQMtodatahigh-impedanceduringREADs  2 2 2 cycle

 tDWD WRITEcommandtoinputdatadelay  0 0 0 cycle

 tDAL Data-intoACTIVEcommand CL=3 5 5 5 cycle
   CL=2 4 4 4 cycle

 tDPL Data-intoPRECHARGEcommand  2 2 2 cycle

 tBDL Lastdata-intoburstSTOPcommand  1 1 1 cycle

 tCDL Lastdata-intonewREAD/WRITEcommand  1 1 1 cycle

 tRDL Lastdata-intoPRECHARGEcommand  2 2 2 cycle

 tMRD LOADMODEREGISTERcommand  2 2 2 cycle 

  toACTIVEorREFRESHcommand

 tROH Data-outtohigh-impedancefrom CL=3 3 3 3 cycle 

  PRECHARGEcommand CL=2 2 2 2 cycle
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FUNCTIONAL DESCRIPTION

The64MbSDRAMs(1Megx16x4banks)arequad-bank
DRAMswhichoperateat3.3Vandincludeasynchronous
interface (all signals are registered on the positive edge of 

theclocksignal,CLK).Eachofthe16,777,216-bitbanksis
organizedas4,096rowsby256columnsby16bits.

ReadandwriteaccessestotheSDRAMareburstoriented;
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-

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

READorWRITEcommandareusedtoselectthestarting
column location for the burst access. 

Prior to normal operation, the SDRAM must be initial-
ized.Thefollowingsectionsprovidedetailedinformation
covering device initialization, register definition, command  

descriptions and device operation. 

Initialization

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

The64MbSDRAMisinitializedafterthepowerisapplied
toVDDandVDDQ (simultaneously), and the clock is stable 

withDQMHighandCKEHigh.

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

WithatleastoneCOMMANDINHIBITorNOPcommand
havingbeenapplied,aPRECHARGEcommandshould
beappliedoncethe100µsdelayhasbeensatisfied.All
banksmustbeprecharged.Thiswill leaveallbanksin
an idle state, afterwhichatleasttwoAUTOREFRESH 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 

unknownstate.AftertheLoadModeRegistercommand,
at least oneNOPcommandmust beassertedprior to
any command.
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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 bits M0-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,M9specifiestheWRITEburstmode,andM10and
M11 are reserved for future use.

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

initiatingthesubsequentoperation.Violatingeitherofthese
requirements will result in unspecified operation.

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 M11, M10 = "0, 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)

A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

(1)
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 BURST DEFINITION

 Burst  Starting Column    Order of Accesses Within a Burst

  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…

Burst Length

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

MODEREGISTERDEFINITION.Theburstlengthdeter-
mines the maximum number of column locations that can 

beaccessedforagivenREADorWRITEcommand.Burst
lengths of 1, 2, 4 or 8 locations are available for both the 

sequential and the interleaved burst types, and a full-page 

burst is available for the sequential type.The full-page
burstisusedinconjunctionwiththeBURSTTERMINATE
command to generate arbitrary burst lengths.

Reservedstatesshouldnotbeused,asunknownoperation
or incompatibility with future versions may result.

WhenaREADorWRITEcommandisissued,ablockof
columns equal to the burst length is effectively selected. 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(x16)
when the burst length is set to two; by A2-A7 (x16) when 

the burst length is set to four; and by A3-A7 (x16) when the 

burstlengthissettoeight.Theremaining(leastsignificant)
address bit(s) is (are) used to select the starting location 

withintheblock.Full-pageburstswrapwithinthepageif
the 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.

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), and provided that 

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
is programmed to two clocks, the DQs will start driving 

afterT1andthedatawillbevalidbyT2,asshowninCAS
Latencydiagrams.TheAllowable Operating Frequency 

table indicates the operating frequencies at which each 

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

 -5 133 200

 -6  133 166

 -7 133 143

Operating Mode

ThenormaloperatingmodeisselectedbysettingM7andM8
to zero; the other combinations of values for M7 and M8 are 

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
write accesses are single-location (nonburst) accesses.
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CLK

COMMAND ACTIVE NOP NOP
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READ or
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OPERATION

BANK/ROW ACTIVATION

BeforeanyREADorWRITEcommandscanbe issued
toabankwithintheSDRAM,arowinthatbankmustbe
“opened.”ThisisaccomplishedviatheACTIVEcommand,
which selects both the bank and the row to be activated 

(see ActivatingSpecificRowWithinSpecificBank).

After opening a row (issuinganACTIVEcommand),aREAD
orWRITEcommandmaybeissuedtothatrow,subjectto
the tRCD specification. Minimum tRCD should be divided by 

the clock period and rounded up to the next whole number 

to determine the earliest clock edge after the ACTIVE
commandonwhichaREADorWRITEcommandcanbe
entered.Forexample,atRCD specification of 20ns with a 

125 MHz clock (8ns period) results in 2.5 clocks, rounded 

to3.Thisisreflectedinthefollowingexample,whichcov-

ersanycasewhere2<[tRCD(MIN)/tCK] ≤3.(Thesame
procedure is used to convert other specification limits from 

time units to clock cycles).

AsubsequentACTIVEcommandtoadifferentrowinthe
same bank can only be issued after the previous active 

rowhasbeen“closed”(precharged).Theminimumtime
intervalbetweensuccessiveACTIVEcommands to the
same bank is defined by tRC.

AsubsequentACTIVEcommandtoanotherbankcanbe
issued while the first bank is being accessed, which results 

inareductionoftotalrow-accessoverhead.Theminimum
timeintervalbetweensuccessiveACTIVEcommandsto
different banks is defined by tRRD.

Example: Meeting tRCD (MIN) when 2 < [tRCD (min)/tCK] ≤ 3
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READ bursts are initiated with a READ command, as
shownintheREADCOMMANDdiagram.

Thestartingcolumnandbankaddressesareprovidedwith
theREADcommand,andautoprechargeiseitherenabledor
disabled for that burst access. If auto precharge is enabled, 

the row being accessed is precharged at the completion of 

theburst.ForthegenericREADcommandsusedinthefol-
lowing illustrations, auto precharge is disabled.

DuringREADbursts,thevaliddata-outelementfromthe
starting column address will be available following the 

CASlatencyaftertheREADcommand.Eachsubsequent
data-out element will be valid by the next positive clock 

edge.TheCASLatencydiagramshowsgeneral timing 

for each possible CAS latency setting.

Uponcompletionofaburst,assumingnoothercommands
havebeeninitiated,theDQswillgoHigh-Z.Afull-pageburst
will continue until terminated. (At the end of the page, it will 

wrap to column 0 and continue.)

DatafromanyREADburstmaybetruncatedwithasub-

sequentREADcommand,anddatafromafixed-length
READburstmaybeimmediatelyfollowedbydatafroma
READcommand.Ineithercase,acontinuousflowofdata
canbemaintained.Thefirstdataelementfromthenew
burst follows either the last element of a completed burst 

or the last desired data element of a longer burst which 

is being truncated.

ThenewREADcommandshouldbeissuedx cycles before 

the clock edge at which the last desired data element is 

valid, where x equalstheCASlatencyminusone.Thisis
showninConsecutiveREADBurstsforCASlatenciesof
two and three; data element n + 3 is either the last of a 

burstoffourorthelastdesiredofalongerburst.The64Mb
SDRAMusesapipelinedarchitectureandthereforedoes
not require the 2n rule associated with a prefetch architec-

ture.AREADcommandcanbeinitiatedonanyclockcycle
followingapreviousREADcommand.Full-speedrandom
read accesses can be performed to the same bank, as 

showninRandomREADAccesses,oreachsubsequent
READmaybeperformedtoadifferentbank.

DatafromanyREADburstmaybetruncatedwithasub-

sequentWRITE command, and data from a fixed-length
READburstmaybeimmediatelyfollowedbydatafroma
WRITEcommand(subjecttobusturnaroundlimitations).
TheWRITEburstmaybeinitiatedontheclockedgeim-

mediately following the last (or last desired) data element 

fromtheREADburst,providedthatI/Ocontentioncanbe
avoided. In a given system design, there may be a pos-

sibilitythatthedevicedrivingtheinputdatawillgoLow-Z
beforetheSDRAMDQsgoHigh-Z.Inthiscase,atleast
a single-cycle delay should occur between the last read 

dataandtheWRITEcommand.

TheDQMinputisusedtoavoidI/Ocontention,asshown
inFiguresRW1andRW2.TheDQMsignalmustbeas-

serted (HIGH)at least threeclocksprior to theWRITE
command (DQM latency is two clocks for output buffers) 

tosuppressdata-out fromtheREAD.Once theWRITE
commandisregistered,theDQswillgoHigh-Z(orremain
High-Z),regardlessofthestateoftheDQMsignal,provided
theDQMwasactiveontheclockjustpriortotheWRITE
commandthattruncatedtheREADcommand.Ifnot,the
secondWRITEwillbeaninvalidWRITE.Forexample,if
DQMwasLOWduringT4inFigureRW2,thentheWRITEs
atT5andT7wouldbevalid,whiletheWRITEatT6would
be invalid.

TheDQMsignalmustbede-assertedpriortotheWRITE
command (DQM latency is zero clocks for input buffers) 

to ensure that the written data is not masked. 

Afixed-lengthREADburstmaybefollowedby,ortruncated
with, a PRECHARGE command to the same bank (provided 

that auto precharge was not activated), and a full-page burst 

maybetruncatedwithaPRECHARGEcommandtothe
samebank.ThePRECHARGEcommandshouldbeissued
x cycles before the clock edge at which the last desired 

data element is valid, where x equals the CAS latency 

minusone.ThisisshownintheREADtoPRECHARGE
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diagram for each possible CAS latency; data element n + 

3 is either the last of a burst of four or the last desired of 

alongerburst.FollowingthePRECHARGEcommand,a
subsequent command to the same bank cannot be issued 

until tRPismet.Notethatpartoftherowprechargetimeis
hidden during the access of the last data element(s).

In the case of a fixed-length burst being executed to 

completion, a PRECHARGE command issued at the
optimum time (as described above) provides the same 

operation that would result from the same fixed-length 

burstwithautoprecharge.ThedisadvantageofthePRE-

CHARGEcommandisthatitrequiresthatthecommand
and address buses be available at the appropriate time to 

issuethecommand;theadvantageofthePRECHARGE
command is that it can be used to truncate fixed-length 

or full-page bursts.

Full-pageREADburstscanbetruncatedwiththeBURST
TERMINATE command, and fixed-length READ bursts
maybetruncatedwithaBURSTTERMINATEcommand,
providedthatautoprechargewasnotactivated.TheBURST
TERMINATEcommandshouldbeissuedx cycles before 

the clock edge at which the last desired data element is 

valid, where x equalstheCASlatencyminusone.Thisis
shownintheREADBurstTerminationdiagramforeach
possible CAS latency; data element n + 3 is the last desired 

data element of a longer burst.
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