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FEATURES

• VDDandVDDQ:2.5V±0.2V
• SSTL_2compatibleI/O
• Double-dataratearchitecture;twodatatransfers

per clock cycle

• Bidirectional,datastrobe(DQS)istransmitted/
received with data, to be used in capturing data 
at the receiver

• DQSisedge-alignedwithdataforREADsand
centre-alignedwithdataforWRITEs

• Differentialclockinputs(CKandCK)

• DLLalignsDQandDQStransitionswithCK
transitions

• CommandsenteredoneachpositiveCKedge;data
anddatamaskreferencedtobothedgesofDQS

• Fourinternalbanksforconcurrentoperation
• DataMaskforwritedata.DMmaskswritedata

at both rising and falling edges of data strobe

• BurstLength:2,4and8
• BurstType:SequentialandInterleavemode
• ProgrammableCASlatency:2,2.5and3
• AutoRefreshandSelfRefreshModes
• AutoPrecharge
• TRASLockoutsupported(tRAP = tRCD)

OPTIONS
• Configuration(s):8Mx32,16Mx16,32Mx8
• Package(s):
 144BallBGA(x32)
 66-pinTSOP-II(x8,x16)and60BallBGA(x8,x16)
• Lead-freepackageavailable
• TemperatureRange:
 Commercial(0°Cto+70°C)
 Industrial(-40°Cto+85°C) 

Automotive,A1(-40°Cto+85°C) 
Automotive,A2(-40°Cto+105°C)

8Mx32, 16Mx16, 32Mx8  

256Mb DDR SDRAM

OCTOBER 2016

DEVICE OVERVIEW

ISSI’s256-MbitDDRSDRAMachieveshighspeeddata
transfer using pipeline architecture and two data word 

accessesperclockcycle.The268,435,456-bitmemory
arrayisinternallyorganizedasfourbanksof64Mbto
allowconcurrentoperations.ThepipelineallowsRead
and Write burst accesses to be virtually continuous, with 

theoptiontoconcatenateortruncatethebursts.The
programmable features of burst length, burst sequence 

andCASlatencyenablefurtheradvantages.Thedevice
isavailablein8-bit,16-bitand32-bitdatawordsize
InputdataisregisteredontheI/Opinsonbothedges
ofDataStrobesignal(s),whileoutputdataisreferenced
tobothedgesofDataStrobeandbothedgesofCLK.
CommandsareregisteredonthepositiveedgesofCLK.

AnAutoRefreshmodeisprovided,alongwithaSelf
Refreshmode.AllI/OsareSSTL_2compatible.

KEY TIMING PARAMETERS

Speed Grade -5 -6  Units  

     

FCKMaxCL=3 200 167  MHz

FCKMaxCL=2.5 167 167  MHz

FCKMaxCL=2 133 133  MHz

ADDRESS TABLE

Parameter 8M x 32 16M x 16 32M x 8

Configuration 2Mx32x4
banks

4Mx16x4 
banks

8Mx8x4 
banks

BankAddress
Pins

BA0,BA1 BA0,BA1 BA0,BA1

Autoprecharge 

Pins

A8/AP A10/AP A10/AP

RowAddress 4K(A0–A11) 8K(A0–A12) 8K(A0–A12)

Column 

Address

512(A0–A7,
A9)

512(A0–A8) 1K(A0–A9)

RefreshCount 
Com./Ind./A1 

A2

 

4K/64ms 

4K/16ms

 

8K/64ms 

8K/16ms

 

8K/64ms
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FUNCTIONAL BLOCK DIAGRAM (X32)
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FUNCTIONAL BLOCK DIAGRAM (X16)
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PIN CONFIGURATIONS
66 pin TSOP - Type II  for x8

VDD

DQ0

VDDQ

NC

DQ1

VSSQ

NC

DQ2

VDDQ

NC

DQ3

VSSQ

NC

NC

VDDQ

NC

NC

VDD

NC

NC

WE

CAS

RAS

CS

NC

BA0

BA1

A10/AP

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

28

29

30

31

32

33

66

65

64

63

62

61

60

59

58

57

56

55

54

53

52

51

50

49

48

47

46

45

44

43

42

41

40

39

38

37

36

35

34

VSS

DQ7

VSSQ

NC

DQ6

VDDQ

NC

DQ5

VSSQ

NC

DQ4

VDDQ

NC

NC

VSSQ

DQS

NC

VREF

VSS

DM

CK

CK

CKE

NC

A12

A11

A9

A8

A7

A6

A5

A4

VSS

PIN DESCRIPTION: x8

A0-A12 RowAddressInput

A0-A9 Column Address Input

BA0,BA1 BankSelectAddress

DQ0–DQ7 DataI/O

CK,CK System Clock Input

CKE ClockEnable

CS Chip Select

CAS Column Address Strobe 

Command

RAS RowAddressStrobe
Command

WE WriteEnable

DM DataWriteMask

DQS DataStrobe

VDD Power

VDDQ PowerSupplyforI/OPins

VSS Ground

VSSQ GroundforI/OPins

VREF SSTL_2referencevoltage

NC No Connection
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PIN CONFIGURATION

Package Code B: 60-ball FBGA (top view) for x8

(8mmx13mmBody,0.8mmBallPitch)

Top View

(BallsseenthroughthePackage)

PIN DESCRIPTION: x8

A0-A12 RowAddressInput

A0-A9 Column Address Input

BA0,BA1 BankSelectAddress

DQ0–DQ7 DataI/O

CK,CK System Clock Input

CKE ClockEnable

CS Chip Select

CAS Column Address Strobe 

Command

RAS RowAddressStrobeCommand

WE WriteEnable

DM DataWriteMask

DQS DataStrobe

VDD Power

VDDQ PowerSupplyforI/OPins

VSS Ground

VSSQ GroundforI/OPins

VREF SSTL_2referencevoltage

NC No Connection

A

B

C

D

E

F

G

H

J

K

L

M

VSSQ DQ7

NC

NC

NC

NC

VDDQ  DQ6

VDDQ

NC

NC

NC

VSSQ

VDD DQ0

DQ1 NC

VDDQDQ2

DQ3 VSSQ

NC

NC

VDDQ

VDD

WE CAS

RAS

BA1 BA0

A0 A10/AP

A2 A1A5A6

A7A8

A9

CS

VREF

A12

NC

A4 A3

 DQ5

VDDQ

VSSQ

DQ4

CKE

A11

CK

VSSQ  DQS

VSS  DM

CK

VSS VDD

VSS

1 2 3 7 8 9

x8 Device Ball Pattern

A

B

C

D

E

F

G

H

J

K

L

M

: Ball Existing
: Depopulated Ball

Top View(See the balls through the Package)

1 2 3 4 5 6 7 8 9

BGA Package Ball Pattern

Top View
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PIN CONFIGURATIONS
66 pin TSOP - Type II  for x16

VDD

DQ0

VDDQ

DQ1

DQ2

VSSQ

DQ3

DQ4

VDDQ

DQ5

DQ6

VSSQ

DQ7

NC

VDDQ

LDQS

NC

VDD

NC

LDM

WE

CAS

RAS

CS

NC

BA0

BA1

A10/AP

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

28

29

30

31

32

33

66

65

64

63

62

61

60

59

58

57

56

55

54

53

52

51

50

49

48

47

46

45

44

43

42

41

40

39

38

37

36

35

34

VSS

DQ15

VSSQ

DQ14

DQ13

VDDQ

DQ12

DQ11

VSSQ

DQ10

DQ9

VDDQ

DQ8

NC

VSSQ

UDQS

NC

VREF

VSS

UDM

CK

CK

CKE

NC

A12

A11

A9

A8

A7

A6

A5

A4

VSS

PIN DESCRIPTION: x16

A0-A12 RowAddressInput

A0-A8 Column Address Input

BA0,BA1 BankSelectAddress

DQ0–DQ15 DataI/O

CK,CK System Clock Input

CKE ClockEnable

CS Chip Select

CAS Column Address Strobe 

Command

RAS RowAddressStrobe
Command

WE WriteEnable

LDM,UDM DataWriteMask

LDQS,UDQS DataStrobe

VDD Power

VDDQ PowerSupplyforI/OPins

VSS Ground

VSSQ GroundforI/OPins

VREF SSTL_2referencevoltage

NC No Connection
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PIN CONFIGURATION

Package Code B: 60-ball FBGA (top view) for x16

(8mmx13mmBody,0.8mmBallPitch)

Top View

(BallsseenthroughthePackage)

PIN DESCRIPTION: x16

A0-A12 RowAddressInput

A0-A8 Column Address Input

BA0,BA1 BankSelectAddress

DQ0–DQ15 DataI/O

CK,CK System Clock Input

CKE ClockEnable

CS Chip Select

CAS Column Address Strobe 

Command

RAS RowAddressStrobeCommand

WE WriteEnable

LDM,UDM DataWriteMask

LDQS,UDQS DataStrobe

VDD Power

VDDQ PowerSupplyforI/OPins

VSS Ground

VSSQ GroundforI/OPins

VREF SSTL_2referencevoltage

NC No Connection

A

B

C

D

E

F

G

H

J

K

L

M

VSSQ DQ15

DQ14 VDDQ DQ13

DQ12

VDDQ

DQ3

VSSQ

VDD DQ0

DQ2 DQ1

VDDQDQ4

DQ6 VSSQ DQ5

LDQS DQ7VDDQ

LDM VDD

WE CAS

RAS

BA1 BA0

A0 A10/AP

A2 A1A5A6

A7A8

A9

CS

VREF

A12

NC

A4 A3

DQ11

VDDQ

VSSQ

DQ9DQ10

DQ8

CKE

A11

CK

VSSQ UDQS

VSS UDM

CK

VSS VDD

VSS

1 2 3 7 8 9

x16 Device Ball Pattern

A

B

C

D

E

F

G

H

J

K

L

M

: Ball Existing
: Depopulated Ball

Top View(See the balls through the Package)

1 2 3 4 5 6 7 8 9

BGA Package Ball Pattern

Top View
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A

B

C

D

E

F

G

H

J

K

L

M

DQS0

DQ4

DQ6

DQ7

DQ17

DQ19

DQS2

DQ21

DQ22

CAS

RAS

CS

DM0

VDDQ

DQ5

VDDQ

DQ16

DQ18

DM2

DQ20

DQ23

WE

NC

NC

VSSQ

NC

VSSQ

VDD

VDDQ

VDDQ

NC

VDDQ

VDDQ

VDD

NC

BA0

DQ3

VDDQ

VSSQ

VSS

VSSQ

VSSQ

VSSQ

VSSQ

VSSQ

VSS

BA1

A0

DQ2

DQ1

VSSQ

VSSQ

VSS

VSS

VSS

VSS

VSS

A10

A2

A1

DQ0

VDDQ

VDD

VSS

VSS

VSS

VSS

VSS

VSS

VDD

A11

A3

DQ31

VDDQ

VDD

VSS

VSS

VSS

VSS

VSS

VSS

VDD

A9

A4

DQ29

DQ30

VSSQ

VSSQ

VSS

VSS

VSS

VSS

VSS

NC

A5

A6

DQ28

VDDQ

VSSQ

VSS

VSSQ

VSSQ

VSSQ

VSSQ

VSSQ

VSS

NC

A7

VSSQ

NC

VSSQ

VDD

VDDQ

VDDQ

NC

VDDQ

VDDQ

VDD

CK

A8

DM3

VDDQ

DQ26

VDDQ

DQ15

DQ13

DM1

DQ11

DQ9

NC

CK

CKE

DQS3

DQ27

DQ25

DQ24

DQ14

DQ12

DQS1

DQ10

DQ8

NC

NC

VREF

1   2   3   4   5   6   7   8   9   10   11   12

Note:Vssballsinsidethedottedboxareoptionalforpurposesofthermaldissipation.

A0-A11 RowAddressInput

A0-A7,A9 Column Address Input

BA0,BA1 BankSelectAddress

DQ0–DQ31 DataI/O

CK,CK System Clock Input

CKE ClockEnable

CS Chip Select

CAS Column Address Strobe 

Command

RAS RowAddressStrobe
Command

WE WriteEnable

DM0-DM3 DataWriteMask

DQS0-DQS3 DataStrobe

VDD Power

VDDQ PowerSupplyforI/OPins

VREF SSTL_2referencevoltage

VSS Ground

VSSQ GroundforI/OPins

NC No Connection

PIN DESCRIPTION: for x32

PIN CONFIGURATION
Package Code B: 144-ball FBGA (top view)

(12mmx12mmBody,0.8mmBallPitch)

Top View (Ballsseenthroughthepackage)
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PIN FUNCTIONAL DESCRIPTIONS
Symbol Type Description

CK,CK Input Clock:CKandCK are differential clock inputs. All address and control input signals are sampled 

onthecrossingofthepositiveedgeofCKandnegativeedgeofCK.Inputandoutputdatais
referencedtothecrossingofCKandCK(bothdirectionsofcrossing).Internalclocksignalsare
derivedfromCK/CK.

CKE Input ClockEnable:CKEHIGHactivates,andCKELOWdeactivatesinternalclocksignals,anddevice
inputbuffersandoutputdrivers.TakingCKELOWprovidesPRECHARGEPOWER-DOWNand
SELFREFRESHoperation(allbanksidle),orACTIVEPOWERDOWN(rowACTIVEinany
bank).CKEissynchronousforallfunctionsexceptforSELFREFRESHEXIT,whichisachieved
asynchronously.Inputbuffers,excludingCK,CKandCKE,aredisabledduringpower-downand
self refresh mode which are contrived for low standby power consumption.

CS Input ChipSelect:CSenables(registeredLOW)anddisables(registeredHIGH)thecommand
decoder.AllcommandsaremaskedwhenCSisregisteredHIGH.CSprovidesforexternalbank
selection on systems with multiple banks. CS is considered part of the command code.

RAS, CAS, 

WE

Input Command Inputs: RAS, CAS and WE(alongwithCS) define the command being entered.

DM:x8; 
LDM,UDM:

x16;  

DM0-DM3:
x32

Input InputDataMask:DMisaninputmasksignalforwritedata.InputdataismaskedwhenDMis
sampledHIGHalongwiththatinputdataduringaWRITEaccess.DMissampledonbothedges
ofDQS.AlthoughDMpinsareinput-only,theDMloadingmatchestheDQandDQSloading.

Forx16devices,LDMcorrespondstothedataonDQ0-DQ7,UDMcorrespondstothedataon
DQ8-DQ15.

Forx32devices,DM0correspondstothedataonDQ0-DQ7,DM1correspondstothedataon
DQ8-DQ15,DM2correspondstothedataonDQ16-DQ23,andDM3correspondstothedataon
DQ24-DQ31.

BA0,BA1 Input InputBankAddressInputs:BA0andBA1definetowhichbankanACTIVE,READ,WRITEor
PRECHARGEcommandisbeingapplied.

A [12:0] Input AddressInputs:providetherowaddressforACTIVEcommands,andthecolumnaddressand
AUTOPRECHARGEbitforREAD/WRITEcommands,toselectonelocationoutofthememory
arrayintherespectivebank.TheaddressinputsalsoprovidetheopcodeduringaMODE
REGISTERSETcommand.A12isnotusedforx32.

DQ: 
DQ0-DQ7:x8; 
DQ0-DQ15:

x16 

DQ0-DQ31:
x32

I/O DataBus:Input/Output

DQS:x8:

LDQS,UDQS 

x16:  

DQS0-DQS3:
x32

I/O DataStrobe:Outputwithreaddata,inputwithwritedata.Edge-alignedwithreaddata,centered
withwritedata.Usedtocapturewritedata.

Forx16device,LDQScorrespondstothedataonDQ0-DQ7,UDQScorrespondstothedataon
DQ8-DQ15.

Forx32device,DQS0correspondstothedataonDQ0-DQ7,DQS1correspondstothedataon
DQ8-DQ15,DQS2correspondstothedataonDQ16-DQ23,andDQS3correspondstothedata
onDQ24-DQ31.

NC -- No Connect: Should be left unconnected.

VREF Supply SSTL_2referencevoltage.
VDDQ Supply I/OPowerSupply.
VSSQ Supply I/OGround.
VDD Supply Power Supply.

VSS Supply Ground.
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COMMANDS TRUTH TABLES
Allcommands(addressandcontrolsignals)areregisteredonthepositiveedgeofclock(crossingofCKgoinghigh
andCKgoinglow).TruthTableshowsbasictimingparametersforallcommands.

NAME (FUNCTION) CS RAS CAS WE BA AP Address Notes

DESELECT(NOP) H X X X X X X 2

NOOPERATION(NOP) L H H H X X X 2

ACTIVE(selectbankandactivaterow) L L H H Valid X Row

READ(selectbankandcolumnandstartread
burst) 

L H L H Valid L Column

READwithAP(readburstwithAutoPrecharge) L H L H Valid H Column 3

WRITE(selectbankandcolumnandstartwrite
burst) 

L H L L Valid L Column

WRITEwithAP(writeburstwithAuto
Precharge) 

L H L L Valid H Column 3

BURSTTERMINATE L H H L X X X 4

PRECHARGE(deactivaterowinselected
bank) 

L L H L Valid L X 5

PRECHARGEALL(deactivaterowsinall
banks) 

L L H L X H X 5

AUTOREFRESHorenterSELFREFRESH L L L H X X X 6,7,8

MODEREGISTERSET L L L L Valid Op-code 9

Notes:
1. All states and sequences not shown are illegal or reserved.
2. DESELECTandNOParefunctionallyinterchangeable.
3. Autoprechargeisnon-persistent.APHighenablesAutoPrecharge,whileAPLowdisablesAutoprecharge.
4. BurstTerminateappliestoonlyReadburstswithAutoPrechargedisabled.Thiscommandisundefinedandshouldnotbe

usedforReadwithAutoPrechargeenabled,andforWritebursts.
5. IfAPisLow,bankaddressdetermineswhichbankistobeprecharged.IfAPisHigh,allbanksareprechargedandBA0-

BA1aredon’tcare.
6. ThiscommandisAUTOREFRESHifCKEisHigh,andSELFREFRESHifCKEislow.
7. AlladdressinputsandI/Oare‘don'tcare’exceptforCKE.Internalrefreshcounterscontrolbankandrowaddressing.
8. AllbanksmustbeprechargedbeforeissuinganAUTO-REFRESHorSELFREFRESHcommand.
9. BA0andBA1valueselectbetweenMRSandEMRS.
10.CKEisHIGHforallcommandsshownexceptSELFREFRESH.

TRUTH TABLE - DM Operations

FUNCTION DM DQ

WriteEnable L Valid

Write Inhibit H X

Note:Usedtomaskwritedata,providedcoincidentwiththe
corresponding data.

TRUTH TABLE - COMMANDS

 x32 x16 x8

AutoPrecharge(AP) A8 A10 A10

RowAddress(RA) A0-A11 A0-A12 A0-A12

ColumnAddress(CA) A0-A7,
A9

A0-A8 A0-A9

ADDRESSING
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TRUTH TABLE - CKE

CKE n-1 CKE n Current State COMMAND n ACTION n NOTES

L L PowerDown X MaintainPowerDown

L L SelfRefresh X MaintainSelfRefresh

L H PowerDown NOPorDESELECT ExitPowerDown 6

L H SelfRefresh NOPorDESELECT ExitSelfRefresh 6,7

H L AllBanksIdle NOPorDESELECT PrechargePowerDownEntry 6

H L Bank(s)Active NOPorDESELECT ActivePowerDownEntry 6

H L AllBanksIdle AUTOREFRESH SelfRefreshentry

H H SeeTruthTables-Commands

Notes:
1. CKEnisthelogicstateofCKEatclockedgen;CKEn-1wasthestateofCKEatthepreviousclockedge.
2. CurrentstateisthestateofDDRimmediatelypriortoclockedgen.
3. COMMANDnisthecommandregisteredatclockedgen,andACTIONnistheresultofCOMMANDn.
4. Allstatesandsequencesnotshownareillegalorreserved.
5. CKEmustnotgoLOWduringaReadorWrite,andmuststayHIGHuntilaftertRPST or tWR, respectively. 
6. DESELECTandNOParefunctionallyinterchangeable.
7.NOPsorDeselectsmustbeissuedforatleasttSNRafterSelf-Refreshexitbeforeanyothercommand.AfterDLLReset,at

least tXSRDmustelapsebeforeanyReadcommandsoccur.

Basic Timing Parameters for Commands

NOTE: Input = A0 - An, BA0, BA1, CKE, CS, RAS, CAS, WE; 
An = Address bus MSB

= Don't Care

t
CL

t
CH

t
IS

t
IH

t
CK

CK

CK

Input Valid Valid Valid
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SIMPLIFIED STATE DIAGRAM

PREALL=PrechargeAllBanks

CKEL=EnterPowerDown

MRS=ModeRegisterSet

CKEH=ExitPowerDown

EMRS=ExtendedModeRegisterSet

ACT=Active

Self

Auto
Idle

MRS

EMRS

Row

Precharge

Write

Write

Write

Read

Read

Power

ACT

Read A

Read

REFS

REFSX

REFA

CKEL

MRS

CKEH

CKEH

CKEL

Write

Power

Applied

Automatic Sequence

Command Sequence

Read AWrite A

Read

PRE PRE

PRE

PRE

Refresh

Refresh

Active

Active

Power

Down Precharge

Power

Down

On

A

Read
A

Read
A

Write A

Burst Stop

PREALL

Precharge

PREALL

REFS=EnterSelfRefresh

Write A = Write with Autoprecharge

REFSX=ExitSelfRefresh

ReadA=ReadwithAutoprecharge

REFA=AutoRefresh

PRE=Precharge
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FUNCTIONAL DESCRIPTION
TheDDRSDRAMisahighspeedCMOS,dynamicrandom-accessmemoryinternallyconfiguredasaquad-bank
DRAM.The256Mbdevicescontains:268,435,456bits.

TheDDRSDRAMusesdoubledataratearchitecturetoachievehighspeedoperation.Thedoubledatarate
architecture is essentially a 2n prefetch architecture with an interface designed to transfer two data words per clock 

cycleattheI/Opins.AsinglereadorwriteaccessfortheDDRSDRAMeffectivelyconsistsofasingle2n-bitwide,
oneclockcycledatatransferattheinternalDRAMcoreandtwocorrespondingn-bitwide,one-half-clock-cycle
datatransfersattheI/Opins.ReadandwriteaccessestotheDDRSDRAMareburstoriented;accessesstartata
selected location and continue for a programmed number of locations in a programmed sequence. Accesses begin 

withtheregistrationofanACTIVEcommand,whichisthenfollowedbyaREADorWRITEcommand.Theaddress
bitsregisteredcoincidentwiththeACTIVEcommandareusedtoselectthebankandtherowtobeaccessed.The
addressbitsregisteredcoincidentwiththeREADorWRITEcommandareusedtoselectthebankandthestarting
column location for the burst access. 

Priortonormaloperation,theDDRSDRAMmustbeinitialized.Thefollowingsectionprovidesdetailedinformation
covering device initialization, register definition, command description and device operation

INITIALIZATION
DDRSDRAMsmustbepoweredupandinitializedinapredefinedmanner.Operationsproceduresotherthanthose
specified may result in undefined operation. If there is any interruption to the device power, the initialization routine 

shouldbefollowed.Thestepstobefollowedfordeviceinitializationarelistedbelow.TheInitializationFlowdiagram
andtheInitializationFlowsequenceareshowninthefollowingfigures.

TheModeRegisterandExtendedModeRegisterdonothavedefaultvalues.Iftheyarenotprogrammedduringthe
initializationsequence,itmayleadtounspecifiedoperation.Theclockstopfeatureisnotavailableuntilthedevicehas
beenproperlyinitializedfromStep1through13.

 

•Step1:ApplyVDDbeforeoratthesametimeasVDDQ.

•Step2:CKEmustmaintainLVCMOSLowuntilVREFisstable.ApplyVDDQbeforeapplyingVTTandVREF.

•Step3:Theremustbeatleast200μsofvalidclocksbeforeanycommandmaybegiventotheDRAM.Duringthis
timeNOPorDESELECTcommandsmustbeissuedonthecommandbusandCKEshouldbebroughtHIGH.

•Step4:IssueaPRECHARGEALLcommand.

•Step5:ProvideNOPsorDESELECTcommandsforatleasttRPtime.

•Step6:IssueEMRScommand

•Step7:IssueMRScommand,loadthebasemoderegisterandtoresettheDLL.Setthedesiredoperatingmodes.

•Step8:ProvideNOPsorDESELECTcommandsforatleasttMRDtime.

•Step9:IssueaPRECHARGEALLcommand

•Step10:Issue2ormoreAUTOREFRESHcycles

•Step11:IssueMRScommandwiththeresetDLLbitdeactivatedtoprogramoperatingparameterswithoutresetting
theDLL

•Step12:ProvideNOPorDESELECTcommandsforatleasttMRDtime.

•Step13:TheDRAMhasbeenproperlyinitializedandisreadyforanyvalidcommand.
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Initialization Waveform Sequence

Notes:
1.VTTisnotapplieddirectlytothedevice,howevertVTDmustbegreaterthanorequaltozerotoavoiddevicelatch--up.
2.tMRDisrequiredbeforeanycommandcanbeapplied,and200cyclesofCKarerequiredbeforeanyexecutablecommand

can be applied
3.ThetwoAutoRefreshcommandsmaybemovedtofollowthefirstMRSbutprecedethesecondPRECHARGEALLcom-

mand.
4.APisA8forx32,andA10forx8/x16.AddressisA0toA12exceptAP.

CKE LVCMOS LOW LEVEL

DQ

BA0, BA1

200 cycles of CK**
Extended

Mode

Register

Set
Load

Mode

Register,

Reset DLL

(with AP = H)

Load
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tMRD tMRD tMRDtRP tRFC tRFC
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MODE REGISTER (MR) DEFINITION 
TheModeRegisterisusedtodefinethespecificmodeofoperationoftheDDRSDRAM.Thisdefinitionincludes
thedefinitionofaburstlength,abursttype,andaCASlatency.TheModeRegisterisprogrammedviatheMODE
REGISTERSETcommand(withBA0=0andBA1=0)andwillretainthestoredinformationuntilitisreprogrammed,
orthedevicelosespower.ModeRegisterbitsA0-A2specifytheburstlength,A3thetypeofburst(sequentialor
interleave),A4-A6theCASlatency,andA8DLLreset.Alogic0shouldbeprogrammedtoalltheundefinedaddresses
bitstoensurefuturecompatibility.TheModeRegistermustbeloadedwhenallbanksareidleandnoburstsarein
progress,andthecontrollermustwaitthespecifiedtimetMRDbeforeinitiatinganysubsequentoperation.Violating
eitheroftheserequirementswillresultinunspecifiedoperation.Reservedstatesshouldnotbeused,asunknown
operation or incompatibility with future versions may result

MODE REGISTER

BA1 BA0 A121 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

 

A2 A1 A0 Burst Length

0 0 0 Reserved

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 Reserved

1 0 1 Reserved

1 1 0 Reserved

1 1 1 Reserved

AddressBus(Ax)

ModeReg.(Ex)

 

A3 Burst Type

0 Sequential

1 Interleave

 

A6 A5 A4 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 2.5

1 1 1 Reserved

Notes:
1.A12isnotusedinx32andshouldbeignoredforthisoption.
2. A logic 0 should be programmed to all unused / undefined 

address bits to ensure future compatibility.

 

BA1 BA0 Mode Register Definition
0 0 Program Mode Register

0 1 Program Extended Mode Register

1 0 Reserved

1 1 Reserved

 

A12 A11 A10 A9 A8 A7 DLL

0 0 0 0 0 0 Normal operation

0 0 0 0 1 0 Reset DLL
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BURST LENGTH
ReadandwriteaccessestotheDDRSDRAMareburstoriented,withtheburstlengthbeingsetandtheburstorder
asinBurstDefinition.Theburstlengthdeterminesthemaximumnumberofcolumnlocationsthatcanbeaccessedfor
agivenREADorWRITEcommand.Burstlengthsof2,4,or8locationsareavailableforboththesequentialandthe
interleaved burst types.

Notes:
1. Foraburstlengthoftwo,A1-Anselectsthetwodataelementblock;A0selectsthefirstaccesswithintheblock.
2. Foraburstlengthoffour,A2-Anselectsthefourdataelementblock;A0-A1selectsthefirstaccesswithintheblock.
3. Foraburstlengthofeight,A3-Anselectstheeightdataelementblock;A0-A2selectsthefirstaccesswithintheblock.
4. Wheneveraboundaryoftheblockisreachedwithinagivensequence,thefollowingaccesswrapswithintheblock.

BURST DEFINITION

 

Burst 

Length

Starting Column Address Order of Accesses Within a Burst

Type = Sequential Type = Interleaved

2

A 0

0 0-1 0-1

1 1-0 1-0

4

A 1 A 0

0 0 0-1-2-3 0-1-2-3

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

8

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

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
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WhenaREADorWRITEcommandisissued,ablockofcolumnsequaltotheburstlengthiseffectivelyselected.All
accesses for that burst take place within the block, meaning that the burst will wrap within the block if a boundary is 

reached. 

TheblockisuniquelyselectedbyA1-Anwhentheburstlengthissettotwo,byA2-Anwhentheburstlengthisset
to4,byA3-Anwhentheburstlengthissetto8.Anisthemostsignificantcolumnaddressbit,whichdependsifthe
deviceisx8,x16orx32.An=A9forx8,An=A8forx16andAn=A9forx32.Theprogrammedburstlengthappliesto
both read and write bursts.

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

bursttypeandisselectedviabitA3.

Theorderingofaccesseswithinaburstisdeterminedbytheburstlength,thebursttypeandthestartingcolumn
address.

READ LATENCY
TheREADlatency,orCASlatency,isthedelaybetweentheregistrationofaREADcommandandtheavailabilityof
the first piece of output data. 

IfaREADcommandisregisteredataclockedgenandthelatencyis3clocks,thefirstdataelementwillbevalidat
n+2tCK+tAC.IfaREADcommandisregisteredataclockedgenandthelatencyis2clocks,thefirstdataelement
willbevalidatn+tCK+tAC.

OPERATING MODE
ThenormaloperatingmodeisselectedbyissuingaModeRegisterSetcommandwithbitsA7toAneachsettozero,
andbitsA0toA6settothedesiredvalues.ADLLresetisinitiatedbyissuingaModeRegisterSetcommandwith
bitsA7andA9toAneachsettozero,bitA8settoone,andbitsA0toA6settothedesiredvalues.AModeRegister
SetcommandissuedtoresettheDLLmustalwaysbefollowedbyaModeRegisterSetcommandtoselectnormal
operatingmode(A8=0).

AllothercombinationsofvaluesforA7toAnarereservedforfutureuseand/ortestmodes.Testmodesandreserved
states should not be used because unknown operation or incompatibility with future versions may result.



18 Integrated Silicon Solution, Inc. 
Rev. B

10/18/2016

IS43/46R83200F
IS43/46R16160F, IS43/46R32800F

CAS LATENCIES
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EXTENDED MODE REGISTER (EMR) DEFINITION 
TheExtendedModeRegistercontrolsfunctionsbeyondthosecontrolledbytheModeRegister;theseadditional
functionsincludeDLLenable/disable,andoutputdrivestrengthselection.TheExtendedModeRegisteris
programmedviatheMODEREGISTERSETcommand(withBA1=0andBA0=1)andwillretainthestoredinformation
untilitisreprogrammed,orthedevicelosespower.TheExtendedModeRegistermustbeloadedwhenallbanks
areidleandnoburstsareinprogress,andthecontrollermustwaitthespecifiedtimetMRDbeforeinitiatingany
subsequentoperation.Violatingeitheroftheserequirementswillresultinunspecifiedoperation.Reservedstates
should not be used, as unknown operation or incompatibility with future versions may result.

DLL Enable/Disable
TheDLLmustbeenabledfornormaloperation.DLLenableisrequiredduringpower-upinitialization,andupon
returningtonormaloperationafterhavingdisabledtheDLLforthepurposeofdebugorevaluation(uponexitingSelf
RefreshMode,theDLLisenabledautomatically).AnytimetheDLLisenabledaDLLResetmustfollowand200clock
cycles must occur before any executable command can be issued.

OUTPUT DRIVE STRENGTH (DS)
ThenormaldrivestrengthforalloutputsisspecifiedtobeSSTL_2,ClassII.ThisDRAMalsosupportsareduced
driver strength option, intended for lighter load and/or point-to-point environments.

EXTENDED MODE REGISTER

BA1 BA0 A122 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

 

A0 DLL

0 Enable

1 Disable

AddressBus(Ax)

Ext.ModeReg.(Ex)

 

A6 A1 Drive Strength

0 0 Full (100%)

0 1 Weak (60%)

1 0 Reserved

1 1 Matched (30%)

NOTES:
1. A logic 0 should be programmed to all unused/undefined ad-

dress bits to ensure future compatibility
2.A12isnotusedforx32andshouldbeignoredforthisoption.

 

BA1 BA0 Mode Register Definition
0 0 Program Mode Register

0 1 Program Extended Mode Register

1 0 Reserved

1 1 Reserved

Reserved(1) Reserved(1)
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Absolute Maximum Rating

Parameter Symbol Value Unit

VoltageonanypinrelativetoVSS VIN,VOUT -1.0~3.6 V

VoltageonVDD&VDDQsupplyrelativetoVSS VDD,VDDQ -1.0~3.6 V

Storage temperature TSTG -55~+150 oC

Power dissipation PD 1.5 W

Short circuit current IOS 50 mA

Note: 
PermanentdevicedamagemayoccurifABSOLUTEMAXIMUMRATINGSareexceeded.
Functionaloperationshouldberestrictedtorecommendoperationcondition.
Exposuretohigherthanrecommendedvoltageforextendedperiodsoftimecouldaffectdevicereliability

AC/DC Electrical Characteristics and Operating Conditions
Recommendedoperatingconditions(VoltagereferencedtoVSS=0V;TA=0to70oCforCommercial,TA=-40oCto+85oC for Industrial and A1, 

TA=-40oCto+105oC for A2)

Parameter Symbol Min Max Unit Note

Supplyvoltage(withanominalVDDof2.5V) VDD 2.3 2.7 V
I/OSupplyvoltage(withanominalVDDof2.5V) VDDQ 2.3 2.7 V
I/OReferencevoltage VREF 0.49*VDDQ 0.51*VDDQ V 1

I/OTerminationvoltage(system) VTT VREF-0.04 VREF+0.04 V 2

Input logic high voltage VIH(DC) VREF+0.15 VDDQ+0.3 V
Input logic low voltage VIL(DC) -0.3 VREF-0.15 V
InputVoltageLevel,CLKandCLKinputs VIN(DC) -0.3 VDDQ+0.3 V
InputDifferentialVoltage,CLKandCLKinputs VID(DC) 0.36 VDDQ+0.6 V 3
V-IMatching:PulluptoPulldownCurrentRatio VI(Ratio) 0.71 1.4 – 4
Input leakage current IL -2 2 uA

Outputleakagecurrent IOZ -5 5 uA

OutputHighCurrent(Normalstrengthdriver);VOUT=VTT+0.84V IOH -16.8 – mA

OutputLowCurrent(Normalstrengthdriver);VOUT=VTT-0.84V IOL 16.8 – mA

OutputHighCurrent(Halfstrengthdriver);VOUT=VTT+0.45V IOHR -9 – mA

OutputLowCurrent(Halfstrengthdriver);VOUT=VTT-0.45V IOLR 9 – mA

AmbientOperatingTemperature

Commercial 

Industrial 

A1 

A2

TA 

TA 

TA 

TA

0 

-40 

-40 

-40

+70 

+85 

+85 

+105

oC 

oC 
oC 
oC

Note :
1.VREFisexpectedtobeequalto0.5*VDDQofthetransmittingdevice,andtotrackvariationsinthedclevelofsame.Peak-to

peaknoiseonVREFmaynotexceed+/-2%ofthedcvalue.
2.VTTisnotapplieddirectlytothedevice.VTTisasystemsupplyforsignalterminationresistors,isexpectedtobesetequalto

VREF,andmusttrackvariationsintheDClevelofVREF
3.VIDisthemagnitudeofthedifferencebetweentheinputlevelonCLKandtheinputlevelonCLK.
4.Theratioofthepullupcurrenttothepulldowncurrentisspecifiedforthesametemperatureandvoltage,overtheentiretem-

peratureandvoltagerange,fordevicedraintosourcevoltagesfrom0.25Vto1.0V.Foragivenoutput,itrepresentsthemaxi-
mumdifferencebetweenpullupandpulldowndriversduetoprocessvariation.Thefullvariationintheratioofthemaximumto
minimumpullupandpulldowncurrentwillnotexceed1.7fordevicedraintosourcevoltagesfrom0.1to1.0.
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CAPACITANCE CHARACTERISTICS(1, 2)

(VDD =VDDQ=2.5V+0.2V,unlessotherwisenoted)

Symbol Parameter Test Condition Limits Units

Min Max

CI(A) Input Capacitance, address pin VI=1.25v

f=100MHz

VI=25mVrms

1.3 3 pF

CI(C) Input Capacitance, control pin 1.3 3 pF

CI(K) InputCapacitance,CLKpin 2 4 pF

CI/O I/OCapacitance,I/O,DQS,DMpin 3 5 pF

Notes:
1.Thisparameterischaracterized.
2.Conditions:Frequency=100MHz;VOUT(DC)=VDD/2;VOUT(peak-to-peak)=0.2V;VREF=Vss.

Package Substrate Theta-ja

(Airflow = 0m/s)
Theta-ja

(Airflow = 1m/s)
Theta-ja

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

TSOP2(66) 4-layer 73.3 66.3 62.4 12.2 C/W

BGA(60) 4-layer 43.5 39.9 37.7 12.2 C/W

BGA(144) 4-layer TBD TBD TBD TBD C/W

THERMAL RESISTANCE
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IDD Specification Parameters and Test Conditions: x8, x16
(VDD=VDDQ=2.5V±0.2V,Vss=VssQ=0V,OutputOpen,unlessotherwisenoted)

Symbol Parameter/ Test Condition -5 -6 Units

IDD0 Operatingcurrentforonebankactive-precharge;tRC=tRC(min);
tCK=tCK(min);DQ,DMandDQSinputschangingonceperclock
cycle; address and control inputs changing once every two clock 

cycles; CS = high between valid commands.

90 75 mA

IDD1 Operatingcurrentforonebankoperation;onebankopen,BL=4,
tRC=tRC(min),tCK=tCK(min),Iout=0mA,Addressandcontrol
inputs changing once per clock cycle.

110 95 mA

IDD2P Precharge power-down standby current; all banks idle; power-down 

mode;CKEVIL(max);tCK=tCK(min);VIN=VREFforDQ,DQSand
DM

30 30 mA

IDD2F Prechargefloatingstandbycurrent;CSVIH(min);allbanksidle;CKE
VIH(min);tCK=tCK(min);addressandothercontrolinputschanging
onceperclockcycle;VIN=VREFforDQ,DQSandDM

80 70 mA

IDD3P Active power-down standby current; one bank active; power-down 

mode;CKEVIL(max);tCK=tCK(min);VIN=VREFforDQ,DQSand
DM

30 30 mA

IDD3N Activestandbycurrent;CSVIH(min);CKEVIH(min);onebank
active;tRC=tRAS(max);tCK=tCK(min);DQ,DQSandDMinputs
changing twice per clock cycle; address and other control inputs 

changing once per clock cycle

80 70 mA

IDD4R Operatingcurrentforburstread;burstlength=2;reads;continuous
burst; one bank active; address and control inputs changing once per 

clockcycle;tCK=tCK(min);50%ofdatachangingoneverytransfer;
lOUT=0mA

190 160 mA

IDD4W Operatingcurrentforburstwrite;burstlength=2;writes;continuous
burst; one bank active address and control inputs changing once per 

clockcycle;tCK=tCK(min);DQ,DMandDQSinputschangingtwice
perclockcycle,50%ofinputdatachangingateverytransfer

200 170 mA

IDD5 Autorefreshcurrent;tRC=tRFC(min); 110 110 mA

IDD6 Selfrefreshcurrent;CKE0.2V; 6 6 mA

IDD7 Operatingcurrentforfourbankoperation;fourbankinterleaving
READs(BL=4)withautoprecharge;tRC=tRC(min),tCK=tCK(min);
AddressandcontrolinputschangeonlyduringACTIVE,READ,or
WRITEcommands

220 190 mA
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IDD Specification Parameters and Test Conditions: x32
(VDD=VDDQ=2.5V±0.2V,Vss=VssQ=0V,OutputOpen,unlessotherwisenoted)

Symbol Parameter/ Test Condition -5 -6 Units

IDD0 Operatingcurrentforonebankactive-precharge;tRC=tRC(min);
tCK=tCK(min);DQ,DMandDQSinputschangingonceperclock
cycle; address and control inputs changing once every two clock 

cycles; CS = high between valid commands.

130 105 mA

IDD1 Operatingcurrentforonebankoperation;onebankopen,BL=4,
tRC=tRC(min),tCK=tCK(min),Iout=0mA,Addressandcontrol
inputs changing once per clock cycle.

160 140 mA

IDD2P Precharge power-down standby current; all banks idle; power-down 

mode;CKEVIL(max);tCK=tCK(min);VIN=VREFforDQ,DQSand
DM

35 35 mA

IDD2F Prechargefloatingstandbycurrent;CSVIH(min);allbanksidle;CKE
VIH(min);tCK=tCK(min);addressandothercontrolinputschanging
onceperclockcycle;VIN=VREFforDQ,DQSandDM

90 80 mA

IDD3P Active power-down standby current; one bank active; power-down 

mode;CKEVIL(max);tCK=tCK(min);VIN=VREFforDQ,DQSand
DM

35 35 mA

IDD3N Activestandbycurrent;CSVIH(min);CKEVIH(min);onebank
active;tRC=tRAS(max);tCK=tCK(min);DQ,DQSandDMinputs
changing twice per clock cycle; address and other control inputs 

changing once per clock cycle

90 80 mA

IDD4R Operatingcurrentforburstread;burstlength=2;reads;continuous
burst; one bank active; address and control inputs changing once per 

clockcycle;tCK=tCK(min);50%ofdatachangingoneverytransfer;
lOUT=0mA

260 210 mA

IDD4W Operatingcurrentforburstwrite;burstlength=2;writes;continuous
burst; one bank active address and control inputs changing once per 

clockcycle;tCK=tCK(min);DQ,DMandDQSinputschangingtwice
perclockcycle,50%ofinputdatachangingateverytransfer

280 240 mA

IDD5 Autorefreshcurrent;tRC=tRFC(min); 180 180 mA

IDD6 Selfrefreshcurrent;CKE0.2V; 6 6 mA

IDD7 Operatingcurrentforfourbankoperation;fourbankinterleaving
READs(BL=4)withautoprecharge;tRC=tRC(min),tCK=tCK(min);
AddressandcontrolinputschangeonlyduringACTIVE,READ,or
WRITEcommands

340 300 mA
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PARAMETER SYMBOL -5 -6 UNITS

MIN MAX MIN MAX

DQoutputaccesstimeforCLK,/CLK tAC -0.7 0.7 -0.7 0.7 ns

DQSoutputaccesstimeforCLK,/CLK tDQSCK -0.6 0.6 -0.6 0.6 ns

CLKhigh-levelwidth tCH 0.45 0.55 0.45 0.55 tCK

CLKlow-levelwidth tCL 0.45 0.55 0.45 0.55 tCK

CLKhalfperiod tHP min 
(tCL,tCH)

– min 
(tCL,tCH)

– ns

CLKcycletimeCL=3 tCK(3) 5 10 6 10 ns

CL=2.5 tCK(2.5) 6 10 6 10 ns

CL=2 tCK(2) 7.5 10 7.5 10 ns

DQandDMinputholdtime tDH 0.4 – 0.45 – ns

DQandDMinputsetuptime tDS 0.4 – 0.45 – ns

Control&Addressinputpulsewidth(foreach
input)

tIPW 2.2 – 2.2 – ns

DQandDMinputpulsewidth(foreachinput) tDIPW 1.75 – 1.75 – ns

DQ&DQShigh-impedancetimefromCLK,/CLK tHZ – 0.7 – 0.7 ns

DQ&DQSlow--impedancetimefromCLK,/CLK tLZ -0.7 – -0.7 – ns

DQS--DQSkew,DQStolastDQvalid,pergroup, 
per access

tDQSQ – 0.4 – 0.45 ns

DQ/DQSoutputholdtimefromDQS tQH tHP-tQHS – tHP-
tQHS

– ns

DataHoldSkewFactor tQHS – 0.5 – 0.55 ns

WritecommandtofirstDQSlatchingtransition tDQSS 0.72 1.28 0.75 1.28 tCK

DQSinputhighpulsewidth tDQSH 0.35 – 0.35 – tCK

DQSinputlowpulsewidth tDQSL 0.35 – 0.35 – tCK

DQSfallingedgetoCLKsetuptime tDSS 0.2 – 0.2 – tCK

DQSfallingedgeholdtimefromCLK tDSH 0.2 – 0.2 – tCK

MODEREGISTERSETcommandcycletime tMRD 2 – 2 – tCK

Write preamble setup time tWPRES 0 – 0 – ns

Write postamble tWPST 0.4 0.6 0.4 0.6 tCK

Write preamble tWPRE 0.25 – 0.25 – tCK

AddressandControlinputholdtime(fastslew
rate)

tIHF 0.6 – 0.75 – ns

AddressandControlinputsetuptime(fastslew
rate)

tISF 0.6 – 0.75 – ns

AddressandControlinputholdtime(slowslew
rate)

tIH 0.7 – 0.8 -– ns

AddressandControlinputsetuptime(slowslew
rate)

tIS 0.7 – 0.8 – ns

Readpreamble tRPRE 0.9 1.1 0.9 1.1 tCK

Readpostamble tRPST 0.4 0.6 0.4 0.6 tCK

ACTIVEtoPRECHARGEcommand tRAS 40 70,000 42 120,000 ns

AC TIMING REQUIREMENTS
AbsoluteSpecifications(VDD,VDDQ=+2.5V±0.2V)
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PARAMETER SYMBOL -5 -6 UNITS

MIN MAX MIN MAX

ACTIVEtoACTIVE/AutoRefreshcommand
period

tRC 55 – 60 – ns

AutoRefreshtoActive/Auto tRFC 70 – 72 – ns

ACTIVEtoREADorWRITEdelay tRCD 15 – 15 – ns

PRECHARGEcommandperiod tRP 15 – 15 – ns

ActivetoAutoprechargeDelay tRAP 15 – 15 – ns

ACTIVEbankAtoACTIVEbankBcommand tRRD 10 – 12 – ns

Write recovery time tWR 15 – 15 – ns

AutoPrechargewriterecovery+prechargetime tDAL tWR+tRP – tWR+tRP – tCK

InternalWritetoReadCommandDelay tWTR 2 – 1 – tCK

Exitselfrefreshtonon-READ tXSNR 70 – 75 – ns

ExitselfrefreshtoREADcommand tXSRD 200 – 200 – tCK

AveragePeriodicRefreshInterval
(x8/x16)

TA ≤85ºC tREFI – 7.8 – 7.8 µs

TA>85ºC,
A2 only

tREFI – 1.9 – 1.9 µs

AveragePeriodicRefreshInterval
(x32)

TA ≤85ºC tREFI – 15.6 – 15.6 µs

TA>85ºC,
A2 only

tREFI – 3.9 – 3.9 µs

AC TIMING REQUIREMENTS
AbsoluteSpecifications(VDD,VDDQ=+2.5V±0.2V)

Output Load Condition

DQ

Output Timing 

Measurement

Reference Point

VREF

VREF

DQS

VOUT

VREF30pF

50 

VTT=VREF

Zo=50 

Ω

Ω


	Contact us

