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2 - 5.0 Gb, DDR2, 32 M [64 M] x 64/72/80 Integrated Memory Module (IMOD)

L9D232M64SBG5
L9D232M72SBG5
L9D232M80SBG5
L9D264M64SBG5
L9D264M72SBG5

 L9D264M80SBG5

High Performance, Integrated Memory Module Product

DDR2
10.5mm x 
12.5mm
84 ball 
FBGA

DDR2
10.5mm x 
12.5mm
84 ball 
FBGA

DDR2
10.5mm x 
12.5mm
84 ball 
FBGA

DDR2
10.5mm x 
12.5mm
84 ball 
FBGA

DDR2
10.5mm x 
12.5mm
84 ball 
FBGA

FAST, LOW POWER, HIGH DENSITY, WIDE WORD MEMORY

  DDR2 25mm2 Module [iMOD]:

FEATURES

-

-

Benefits

L9D2xxMxxSBG5 Product Offerings:

DENSITY: DEPTH: 

32M

32M

32M

PART NUMBER: 

L9D232M64SBG5

L9D232M72SBG5

L9D232M80SBG5

L9D264M64SBG5

L9D264M72SBG5

L9D264M80SBG5

WORD WIDTHS: 

DDR2
10.5mm x 
12.5mm
84 ball 
FBGA

DDR2
10.5mm x 
12.5mm
84 ball 
FBGA

DDR2
10.5mm x 
12.5mm
84 ball 
FBGA

L9D2xxMxxSBG5 Available Timings:

CLOCK: DATA RATE:  

DDR2-800

DDR2-667

DDR2-533

CYCLE TIME: 

integrated module products 

L9D264M80SBG5



GND (Core)

GND (I/O)

DATA (I/O)

V+ (Core Power)

V+ (I/O Power)

UNPOPULATED

NC

CNTRL

REF Level 

Address

DNU

VSSDL VDDL

RFU

DQ0 DQ14 DQ15 VSS VSS A9 A10 A11 A8 VDDQ VDDQ DQ16 DQ17 DQ31 VSS A

DQ1 DQ2 DQ12 DQ13 VSS VSS A0 A7 A6 A1 VDD VDD DQ18 DQ19 DQ29 DQ30 B

DQ3 DQ4 DQ10 DQ11 VDD VDD A2 A5 A4 A3 VSS VSS DQ20 DQ21 DQ27 DQ28 C

DQ6 DQ5 DQ8 DQ9 VDDQ VDDQ A12 NC VSS NC VSS VSS DQ22 DQ23 DQ26 DQ25 D

DQ7 LDM0 VDD UDM0 UDQS3 LDQS0 UDQS0 BA0 BA1 LDQS1 UDQS1 Vref LDM1 VSS NC DQ24 E

CAS0\ WE0\ VDD \1EW\1SAR3SQDL0KLC VSS UDM1 CLK1 F

G1EKC\1KLCSSV\1SC\1SAC\0KLC0EKCDDV\0SAR\0SC

HDDVQDDVSSVSSVDLDVSDLSVQDDVDDVSSVSSV

JDDVQDDVSSVSSVDDVSSVQDDVDDVSSVSSV

CLK3\ CKE3 VDD CS3\ CLK2\ CKE2 VSS RAS2\ CS2\ K

NC CLK3 VDD 2KLC2SQDL\3SAR\3SAC VSS WE2\ CAS2\ L

DQ56 UDM3 VDD WE3\ LDM3 UDM2 VSS LDM2 DQ39 M

DQ57 DQ58 DQ55 DQ54 UDQS2 DQ41 DQ40 DQ37 DQ38 N

P53QD63QD24QD34QDDDVDDVSSVSSV25QD35QD95QD06QD

R33QD43QD44QD54QDSSVSSVDDVDDV05QD15QD16QD26QD

TDDV23QD64QD74QDSSVSSVQDDVQDDV84QD94QD36QDSSV
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FIGURE 1A - SDRAM : DDR2 PINOUT TOP VIEW

BALL /SIGNAL LOCATION DIAGRAM:



GND (Core)

GND (I/O)

DATA (I/O)

V+ (Core Power)

V+ (I/O Power)

UNPOPULATED

NC

CNTRL

REF Level 

Address

DNU

VSSDL VDDL

RFU

DQ0 DQ14 DQ15 VSS VSS A9 A10 A11 A8 VDDQ VDDQ DQ16 DQ17 DQ31 VSS A

DQ1 DQ2 DQ12 DQ13 VSS VSS A0 A7 A6 A1 VDD VDD DQ18 DQ19 DQ29 DQ30 B

DQ3 DQ4 DQ10 DQ11 VDD          VDD A2 A5 A4 A3 VSS VSS DQ20 DQ21 DQ27 DQ28 C

DQ6 DQ5 DQ8 DQ9 VDDQ VDDQ A12 NC VSS
 

NC VSS VSS DQ22 DQ23 DQ26 DQ25 D

DQ7 LDM0 VDD        UDM0 UDQS3 LDQS0 UDQS0 BA0 BA1 LDQS1 UDQS1 Vref LDM1 VSS NC DQ24 E

CAS0\ WE0\ VDD \1EW\1SAR3SQDL0KLC VSS UDM1 CLK1 F

G1EKC\1KLCSSV\1SC\1SAC\0KLC0EKCDDV\0SAR\0SC

HDDVQDDVSSVSSVDLDVSDLSVQDDVDDVSSVSSV

JDDVQDDVSSVSSVDDVSSVQDDVDDVSSVSSV

CLK3\ CKE3 VDD CS3\ LDQS4 CLK2\ CKE2 VSS RAS2\ CS2\ K

NC CLK3 VDD CAS3\ RAS3\ LDQS2 CLK2 VSS WE2\ CAS2\ L

DQ56 UDM3 VDD WE3\ LDM3 CKE4 CLK4 CAS4\ WE4\ RAS4\ CS4\ UDM2 VSS LDM2 DQ39 M

DQ57 DQ58 DQ55 DQ54 UDQS4 CLK4\ DQ71 DQ70 LDM4 UDQS2 DQ41 DQ40 DQ37 DQ38 N

DQ60 DQ59 DQ53 DQ52 VSS VSS DQ69 DQ68 VDD VDD DQ43 DQ42 DQ36 DQ35 P

DQ62 DQ61 DQ51 DQ50 VDD VDD DQ67 DQ66 VSS VSS DQ45 DQ44 DQ34 DQ33 R

VSS DQ63 DQ49 DQ48 VDDQ VDDQ DQ65 DQ64 VSS VSS DQ47 DQ46 DQ32 VDD T
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FIGURE 1B - SDRAM : DDR2 PINOUT TOP VIEW

BALL /SIGNAL LOCATION DIAGRAM:
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DQ0 DQ14 DQ15 VSS VSS A9 A10 A11 A8

DQ1 DQ2 DQ12 DQ13 VSS VSS A0 A7 A6 A1 VDD          VDD  DQ18 DQ1 DQ29 DQ30 B

DQ3 DQ4 DQ10 DQ11 VDD         VDD            A2 A5 A4 A3 VSS VSS DQ20 DQ21 DQ27 DQ28 C

DQ6 DQ5 DQ8 DQ9  VDDQ VDDQ NC VSS VSS DQ22 DQ23 DQ26 DQ25 D

DQ7 LDM0 VDD        UDM0 UDQS3 LDQS0 UDQS0 BA0 BA1 LDQS1 UDQS1 Vref LDM1 VSS NC DQ24 E

CAS0\ WE0\ VDD \1EW\1SAR3SQDL0KLC VSS UDM1 CLK1 F

G1EKC\1KLCSSV\1SC\1SAC\0KLC0EKCDDV\0SAR\0SC

HDDVQDDVSSVSSVDLDVQDDVDDVSSVSSV

JDDVQDDVSSVSSVDDVSSVQDDVDDVSSVSSV

K\2SC\2SARSSV2EKC\2KLC4SQDL\3SCDDV3EKC\3KLC

NC CLK3 VDD 2KLC2SQDL\3SAR\3SAC VSS WE2\ CAS2\ L

DQ56 UDM3 VDD         WE3\ LDM3 CKE4 UDM4 CLK4 CAS4\ WE4\ RAS4\ CS4\ UDM2 VSS LDM2 DQ39 M

DQ57 DQ58 DQ55 DQ54 UDQS4 CLK4\ DQ73 DQ72 DQ71 DQ70 LDM4 UDQS2 DQ41 DQ40 DQ37 DQ38 N

DQ60 DQ59 DQ53 DQ52 VSS VSS DQ75 DQ74 DQ69 DQ68 VDD          VDD        DQ43 DQ42 DQ36 DQ35 P

DQ62 DQ61 DQ51 DQ50 VDD          VDD DQ77 DQ76 DQ67 DQ66 VSS VSS DQ45 DQ44 DQ34 DQ33 R

VSS DQ63 DQ49 DQ48 DQ79 DQ78 DQ65 DQ64 VSS VSS DQ47 DQ46 DQ32 VDD      T
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FIGURE 1C - SDRAM : DDR2 PINOUT TOP VIEW
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GND (Core)

GND (I/O)

DATA (I/O)

V+ (Core Power)

V+ (I/O Power)

UNPOPULATED

NC

CNTRL

REF Level 

Address

DNU

VSSDL VDDL

DQ0 DQ14 DQ15 VSS VSS A9 A10 A11 A8 VDDQ VDDQ DQ16 DQ17 DQ31 VSS A

DQ1 DQ2 DQ12 DQ13 VSS VSS A0 A7 A6 A1 VDD VDD DQ18 DQ19 DQ29 DQ30 B

DQ3 DQ4 DQ10 DQ11 VDD VDD A2 A5 A4 A3 VSS VSS DQ20 DQ21 DQ27 DQ28 C

DQ6 DQ5 DQ8 DQ9 VDDQ VDDQ A12 NC BA2 NC VSS VSS DQ22 DQ23 DQ26 DQ25 D

DQ7 LDM0 VDD UDM0 UDQS3 LDQS0 UDQS0 BA0 BA1 LDQS1 UDQS1 Vref LDM1 VSS NC DQ24 E

CAS0\ WE0\ VDD \1EW\1SAR3SQDL0KLC VSS UDM1 CLK1 F

G1EKC\1KLCSSV\1SC\1SAC\0KLC0EKCDDV\0SAR\0SC

HDDVQDDVSSVSSVDLDVSDLSVQDDVDDVSSVSSV

JDDVQDDVSSVSSVDDVSSVQDDVDDVSSVSSV

CLK3\ CKE3 VDD CS3\ CLK2\ CKE2 VSS RAS2\ CS2\ K

NC CLK3 VDD 2KLC2SQDL\3SAR\3SAC VSS WE2\ CAS2\ L

DQ56 UDM3 VDD WE3\ LDM3 UDM2 VSS LDM2 DQ39 M

DQ57 DQ58 DQ55 DQ54 UDQS2 DQ41 DQ40 DQ37 DQ38 N

P53QD63QD24QD34QDDDVDDVSSVSSV25QD35QD95QD06QD

R33QD43QD44QD54QDSSVSSVDDVDDV05QD15QD16QD26QD

TDDV23QD64QD74QDSSVSSVQDDVQDDV84QD94QD36QDSSV
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FIGURE 1D- SDRAM : DDR2 PINOUT TOP VIEW
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GND (Core)

GND (I/O)

DATA (I/O)

V+ (Core Power)

V+ (I/O Power)

UNPOPULATED

NC

CNTRL

REF Level 

Address

DNU

VSSDL VDDL

RFU

DQ0 DQ14 DQ15 VSS VSS A9 A10 A11 A8 VDDQ VDDQ DQ16 DQ17 DQ31 VSS A

DQ1 DQ2 DQ12 DQ13 VSS VSS A0 A7 A6 A1 VDD VDD DQ18 DQ19 DQ29 DQ30 B

DQ3 DQ4 DQ10 DQ11 VDD          VDD A2 A5 A4 A3 VSS VSS DQ20 DQ21 DQ27 DQ28 C

DQ6 DQ5 DQ8 DQ9 VDDQ VDDQ A12 NC BA2 NC VSS VSS DQ22 DQ23 DQ26 DQ25 D

DQ7 LDM0 VDD        UDM0 UDQS3 LDQS0 UDQS0 BA0 BA1 LDQS1 UDQS1 Vref LDM1 VSS NC DQ24 E

CAS0\ WE0\ VDD \1EW\1SAR3SQDL0KLC VSS UDM1 CLK1 F

G1EKC\1KLCSSV\1SC\1SAC\0KLC0EKCDDV\0SAR\0SC

HDDVQDDVSSVSSVDLDVSDLSVQDDVDDVSSVSSV

JDDVQDDVSSVSSVDDVSSVQDDVDDVSSVSSV

CLK3\ CKE3 VDD CS3\ LDQS4 CLK2\ CKE2 VSS RAS2\ CS2\ K

NC CLK3 VDD CAS3\ RAS3\ LDQS2 CLK2 VSS WE2\ CAS2\ L

DQ56 UDM3 VDD WE3\ LDM3 CKE4 CLK4 CAS4\ WE4\ RAS4\ CS4\ UDM2 VSS LDM2 DQ39 M

DQ57 DQ58 DQ55 DQ54 UDQS4 CLK4\ DQ71 DQ70 LDM4 UDQS2 DQ41 DQ40 DQ37 DQ38 N

DQ60 DQ59 DQ53 DQ52 VSS VSS DQ69 DQ68 VDD VDD DQ43 DQ42 DQ36 DQ35 P

DQ62 DQ61 DQ51 DQ50 VDD VDD DQ67 DQ66 VSS VSS DQ45 DQ44 DQ34 DQ33 R

VSS DQ63 DQ49 DQ48 VDDQ VDDQ DQ65 DQ64 VSS VSS DQ47 DQ46 DQ32 VDD T
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FIGURE 1E- SDRAM : DDR2 PINOUT TOP VIEW
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GND (Core)

GND (I/O)

DATA (I/O)

V+ (Core Power)

V+ (I/O Power)

UNPOPULATED

NC

CNTRL

REF Level 

Address

DNU

VSSDL VDDL

DQ0 DQ14 DQ15 VSS VSS A9 A10 A11 A8

DQ1 DQ2 DQ12 DQ13 VSS VSS A0 A7 A6 A1 VDD          VDD  DQ18 DQ19 DQ29 DQ30 B

DQ3 DQ4 DQ10 DQ11 VDD         VDD            A2 A5 A4 A3 VSS VSS DQ20 DQ21 DQ27 DQ28 C

DQ6 DQ5 DQ8 DQ9  VDDQ VDDQ NC  BA2 NC VSS VSS DQ22 DQ23 DQ26 DQ25 D

DQ7 LDM0 VDD        UDM0 UDQS3 LDQS0 UDQS0 BA0 BA1 LDQS1 UDQS1 Vref LDM1 VSS NC DQ24 E

CAS0\ WE0\ VDD \1EW\1SAR3SQDL0KLC VSS UDM1 CLK1 F

G1EKC\1KLCSSV\1SC\1SAC\0KLC0EKCDDV\0SAR\0SC

HDDVQDDVSSVSSVDLDVQDDVDDVSSVSSV

JDDVQDDVSSVSSVDDVSSVQDDVDDVSSVSSV

K\2SC\2SARSSV2EKC\2KLC4SQDL\3SCDDV3EKC\3KLC

NC CLK3 VDD 2KLC2SQDL\3SAR\3SAC VSS WE2\ CAS2\ L

DQ56 UDM3 VDD         WE3\ LDM3 CKE4 UDM4 CLK4 CAS4\ WE4\ RAS4\ CS4\ UDM2 VSS LDM2 DQ39 M

DQ57 DQ58 DQ55 DQ54 UDQS4 CLK4\ DQ73 DQ72 DQ71 DQ70 LDM4 UDQS2 DQ41 DQ40 DQ37 DQ38 N

DQ60 DQ59 DQ53 DQ52 VSS VSS DQ75 DQ74 DQ69 DQ68 VDD          VDD        DQ43 DQ42 DQ36 DQ35 P

DQ62 DQ61 DQ51 DQ50 VDD          VDD DQ77 DQ76 DQ67 DQ66 VSS VSS DQ45 DQ44 DQ34 DQ33 R

VSS DQ63 DQ49 DQ48 DQ79 DQ78 DQ65 DQ64 VSS VSS DQ47 DQ46 DQ32 VDD      T
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FIGURE 1F- SDRAM : DDR2 PINOUT TOP VIEW
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2 - 5.0 Gb, DDR2, 32 M [64 M] x 64/72/80 Integrated Memory Module (IMOD)

L9D232M64SBG5
L9D232M72SBG5
L9D232M80SBG5
L9D264M64SBG5
L9D264M72SBG5

 L9D264M80SBG5

High Performance, Integrated Memory Module Product

TABLE 1: PIN/BALL LOCATIONS AND DESCRIPTIONS

   Ball Assignments            Symbol                  Type                                         Description                   

L6

L13, K12, L2, K1

K2, M6
G1, G13, K16

G2, F12, K15
L5, M11

F1, G12, L16

F2, F13, L15

E2, E13
M15, M5, N11

N12, E5
N5

L11, F6
K6

E6, E10
L12, F5

K5

L10, G6

E12
B11,B12,C5,C6,E3,F3,

G3,H3,H16,J3,J12,

CLK0, CLK0\, CLK1, CK1\

CLK2, CLK2\, CLK3, CLK3\

CKE0, CKE1, CKE2

CS0\, CS1\, CS2\

LDM0, LDM1

DD

DD

On-Die Termination:CNTL Input
CNTL Input

CNTL Input

CNTL Input

CNTL Input

CNTL Input

CNTL Input

CNTL Input

CNTL Input

CNTL Input

CNTL Input

CNTL Input

CNTL Input

Input

Future Input
Input

Supply
Supply

Supply

Supply
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D0, D1, D2, D3

D20, D21, D22, D23

D60, D61, D62, D63

NC

DO NOT USE
unpopulated

Supply

Supply
Supply

Input/Output

TABLE 1: PIN/BALL LOCATIONS AND DESCRIPTIONS CONTINUED

   Ball Assignments            Symbol                 Type                                         Description                   

H5
H12

E16,D16,D15,C15

E15,G11,H6,H11,J6, 

F9,K11 
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FEATURES

LDI iMOD Addressing                                        

TABLE 2:  ADDRESSING

25

3

533

533

533

LDI

Part Number

Speed

Grade
tCKAVG

TABLE 3:  KEY PARAMETERS

CL=3 CL=4 CL=5 CL=6

Data Rate [Mbps]

L9D2xxMxxSBG5[C, I, E, M]25

L9D2xxMxxSBG5[C, I, E, M]3



Sample Part Number: L9D2xxMxxSBG5

Core Frequency MHz

333

400

38

3

25

L9D2

Note:  Not all options can be combined.  Please see our Part Catalog for available offerings.

BG5 

LOGIC DDR2
Integrated Module

25 x 25 x 1.7mm 
255 Ball

Array

CLK

Temperature

Commercial (0oC to 70oC)

Industrial (-40oC to 85oC)
Extended (-40oC to 105oC)

C

I
E

Code

MMilitary (-55oC to 125oC)

Temp Speed 

Data Rate Mbs

667
800

Word =  32M
64M

xxM xxS

Wordwidth =  x64
x72
x80

S= Single Channel

267 533

FEATURES

FIGURE 3 - DDR2 PART NUMBERS
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FUNCTIONAL DESCRIPTION

GENERAL DESCRIPTION

-

-

-

-

GENERAL NOTES
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Bank
Active

ReadingWriting

Activating

Refreshing

Self
refresh

Idle

Active
Power-
Down

ZQ
Calibration

From any
state

Power
applied

Reset
Procedure

  Power
on

Initialization
MRS, MPR,

write
leveling

Preharge
Power-
Down

Writing

Automatic
Sequence

Command
Sequence

Preharging

READ

READ READ

READ AP

READ AP

READ AP

PRE, PREA

PRE,  PREA PRE,  PREA

WRITE

WRITE

CKE L CKE L

CKE L

WRITE

WRITE AP

WRITE AP

WRITE AP

PDE

PDE

PDX

PDX

SRX

SRE

REF

MRS

ACT

RESET

ZQCL

ZQCL/ZQCS

Reading

ACT = ACTIVATE   PREA=PRECHARGE ALL   SRX = Self refresh exit
MPR = Multipurpose register  READ = RD, RDS4, RDS8   WRITE = WR, WRS4, WRS8
MRS = Mode register set  READ AP = RDAP, RDAPS4, RDAPS8  WRITE AP = WRAP, WRAPS4, WRAPS8
PDE = Power-down entry  REF = REFRESH    ZQCL = ZQ LONG CALIBRATION
PDX = Power-down exit  RESET = START RESET PROCEDURE  ZQCS = ZQ SHORT CALIBRATION
PRE = PRECHARGE  SRE = Self refresh entry

STATE DIAGRAM

FIGURE 4 - SIMPLIFIED STATE DIAGRAM
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FIGURE 5 - MECHANICAL DRAWING
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         Symbol                                             Parameter                                           MIN    MAX           UNIT     
DD

IN

II

I

I

°C

°C

TABLE 4: ABSOLUTE MAXIMUM DC RATINGS

-5

-5

DD

IN DD

REF IN CK, CK\

DM 5

5

PACKAGE OUTLINE DIMENSIONS

                                    Parameter                                                     Symbol           MIN              TYP            MAX            UNITS   

TABLE 5: RECOMMENDED DC OPERATING CONDITIONS

DD

DD

DD DD

DD DD

REF DD

REF

REF REF

REF

REF,
REF
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       IDD Parameters   
CL (IDD

tRCD (IDD

tRC (IDD

tRRD (IDD

tCK (IDD

t DD

t DD

tRFC (IDD

t DD

TABLE 7: GENERAL IDD PARAMETERS

tCK5

15

60

10

3

15

105

25

800Mbps

3

667Mbps

6

15

60

10

15

105

UNITS

25

3

0 0 1 1 2 2 3 3 D D D D D D D D D D

0 0 1 1 2 2 3 3 D D D D D D

Speed Grade

TABLE 8:  IDD7 TIMING PATTERNS (4 - BANK INTERLEAVE READ OPERATION)
IDD7 Timing Patterns

PACKAGE OUTLINE DIMENSIONS

                                    Parameter                                                   Symbol         MIN             TYP            MAX        UNITS   NOTES                                                         

TABLE 6: INPUT, INPUT/OUTPUT CAPACITANCE

CCK

CI

CIO

30

1

1

1

DD DD DD REF

DD

20 25

pF

pF

pF
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TABLE 9: DDR2 IDD SPECIFICATIONS AND CONDITIONS

   Parameter 

tCL=tCK(IDD tRC=tRC(IDD t t DD

I IDD tCK = tCK(IDD tRCtRC(IDD t t

MIN(IDD tRCD=tRCD(IDD -

tCK-tCK(IDD

tCK=tCK(IDD

tCK-=tCK(IDD

tCK=tCK(IDD t DD t t DD

DD t t DD

IDD

tCL=tCK(IDD t t IDD t t IDD CS\ 

tCK=tCK(IDD tRFC(IDD

DD tRCD(IDD

1xtCK(IDD tCK=tCK(IDD tRC=tRC(IDD tRRD=tRRD(IDD

Symbol 25 3

MRS[12]=0
MRS[12]=1

IDD0

IDD1

IDD2N

IDD3N

IDD5

IDD6
IDD6L

35

130

150

100
50

35
25

1300

35

130

130

50

160

625

35
25

1150

UNITS
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3

-125
-125

-250
-350

-
-

100

300
300

125
125

250
350

-
-
-
-

[I] 25 [I, E, M] 3

                         Parameter                                 Symbol       MIN      MAX               MIN            MAX           

UNITS NOTES

tCK
t

t

CL=6
CL=5

tCK
tCK
tCK
tCH
tCL

t

tCK
tCH

tCL

t

t

t CC

tERR
tERR
tERR
tERR
t

t

t

t

t

t

t

tDSS
tDSH

t

t

t

-
t

t

t

t

t

t

t

tDSB

tDHB

tDS
tDH

t  D
at

a-
In

   
   

   
 D

at
a-

O
u

t 
   

   
   

 D
at

a 
S

tr
o

b
e-

In
   

   
  S

tr
o

b
e-

O
u

t 
   

   
C

lo
ck

 J
it

te
r 

   
   

   
   

   
   

 C
L

O
C

K
D

at
a

3

-100
-100

-150
-200
-300

-350

-
-

50
125
250
250

100
100

150
200
300

350

200
300

-
-
-
-

tCK

tCK
tCK

tCK
tCK
tCK
tCK
tCK

tCK
tCK
tCK

tCK

6-9

10

11

12
13

15
15

15,16
15
19

19,21,22

19

19,21,29
19,21,22

26,30,31
26,30,31
26,30,31
26,30,31

 t t

MIN = t t t t

MIN =   t t t

t t t

MIN =   t t t

 t t t

           200                                     250                             

 t tCK
t tCK

MIN = t  t

t tCK
 t

 t

 t

 t

 t

 t  tCK
 t t

MIN =  t t

t

MIN = 2 x t  t

MIN = t t

t

UNITS NOTES

TABLE 10:  AC TIMING SPECIFICATIONS
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MIN limit = t

MIN limit = t

2

MIN limit =t t

MIN limit =t t t

MIN limit = t t t

TABLE 10:  AC TIMING SPECIFICATIONS CONTINUED

[I] 25 [I, E, M] 3

                         Parameter                                 Symbol       MIN       MAX                MIN                MAX           UNITS NOTES
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3
10
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-
-
-
-
-
-
-
-

-
-

-
-
-
-

-

t

-
-
-
-
-
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-
-
-
-
-
-
-
-
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-
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-
-
-
-
-
-
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tCK

tCK

tCK

tCK

tCK
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tCK
tCK
tCK
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MIN = t t
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NOTES CONTINUED 
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PACKAGE OUTLINE DIMENSIONS

R IH

IL IH

IL

-

   Parameter/Condition                                                       Symbol           MIN               TYP             MAX           UNITS      NOTES
RTT effective impedance value for 75  setting 

RTT effective impedance value for 150  setting 

RTT effective impedance value for 50  setting 

Deviation of VM with respect to VDDQ/2

1,2

1,2

1,2

3

TABLE 11:  ODT ELECTRICAL CHARACTERISTICS

90

60

6

150

50

-

60

120

-6

R

R

R

 

DD

-1   x 100

PACKAGE OUTLINE DIMENSIONS

DD

   Parameter/Condition                                                       Symbol                      MIN                                  MAX                   UNITS    

TABLE 12:  INPUT DC LOGIC LEVELS

DD

REF

REF

-300

IH

IH

PACKAGE OUTLINE DIMENSIONS

DD

   Parameter/Condition                                                       Symbol                      MIN                                  MAX                   UNITS    

TABLE 13:  INPUT AC LOGIC LEVELS

DD

DD

REF (DC

REF (DC

REF (DC

REF (DC

-300

-300

IH

IH

IL

IL



650mV

775mV

864mV
882mV
900mV
918mV
936mV

1,025mV

VREF + AC noise
VREF + DC error
VREF - DC error
VREF - AC noise

1,150mV VIH (AC)

VIH (DC)

VIL (DQ)

VIL (AC)

OPERATING CONDITIONS

FIGURE 6 - SINGLE ENDED INPUT SIGNAL LEVELS
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PACKAGE OUTLINE DIMENSIONS

   Parameter/Condition                                                       Symbol                 MIN                       MAX                 UNITS      NOTES
1,6

2,6

3,6

5

TABLE 14:  DIFFERENTIAL INPUT LOGIC LEVEL

DD

DD

DD

DD

950

-300

250

500

DD

IN

ID

ID
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IH IL

DD

DD

DD



TR2

CP2

2.1V
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VIN(DC)min 1 –0.30V

0.9V
1.075V

0.725V
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X
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.

FIGURE 7 - DIFFERENTIAL INPUT SIGNAL LEVELS
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PACKAGE OUTLINE DIMENSIONS

   Parameter/Condition                                                             Symbol              VALUE                             UNITS                NOTES

TABLE 16: OUTPUT DC CURRENT DRIVE

DD

REF

IoH 

IoL

PACKAGE OUTLINE DIMENSIONS

                           Parameter                                             Symbol                 MIN                       MAX                 UNITS     NOTES
1,6

TABLE 15:  DIFFERENTIAL AC OUTPUT PARAMETERS

DD

-

DD

1

Crossing point

VOX

VSSQ

Vswing

VDDQ

V TR

VCP
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                                    Parameter                                                                          MIN             TYP            MAX        UNITS  NOTES                                                         

TABLE 17: OUTPUT CHARACTERISTICS

0

1,2

1,2,3-

- 5

Output
(VOUT)

Reference 
point

25 Ω

VTT = VDDQ/2
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FIGURE 9 - OUTPUT SLEW RATE LOAD
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PACKAGE OUTLINE DIMENSIONS

                          Voltage (V)                                        MIN                                 TYP                                 MAX                  UNITS

TABLE 18: FULL STRENGTH PULL-DOWN CURRENT (mA)

FIGURE 10 - FULL STRENGTH PULL DOWN CHARACTERISTICS
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PACKAGE OUTLINE DIMENSIONS

                          Voltage (V)                                        MIN                                 TYP                                 MAX                  UNITS

TABLE 19: FULL STRENGTH PULL-UP CURRENT (mA)

FIGURE 11 - FULL STRENGTH PULL UP CHARACTERISTICS
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PACKAGE OUTLINE DIMENSIONS

                          Voltage (V)                                         MIN                                TYP                                 MAX                  UNITS

TABLE 20: REDUCED STRENGTH PULL-DOWN CURRENT (mA)

FIGURE 12 - REDUCED STRENGTH PULL DOWN CHARACTERISTICS
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PACKAGE OUTLINE DIMENSIONS

                          Voltage (V)                                        MIN                                TYP                                  MAX                  UNITS

TABLE 21: REDUCED STRENGTH PULL-UP CURRENT (mA)

FIGURE 13 - REDUCED STRENGTH PULL UP CHARACTERISTICS
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PACKAGE OUTLINE DIMENSIONS

                Voltage (V) Across Clamp                   MIN Power Clamp Current              MIN Ground Clamp Current        UNITS

TABLE 22: INPUT CLAMP CHARACTERISTICS

FIGURE 14 - INPUT CLAMP CHARACTERISTICS
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FIGURE 15 & 16: OVERSHOOT/UNDERSHOOT SPECIFICATIONS

Maximum amplitude Overshoot area

VDD/VDDQ

Time (ns)

Volts (V)

Maximum amplitude
Undershoot area

Time (ns)
VSS/VSSQ

Volts (V)

VSS/VSSQ
Figure 15:  Overshoot

Figure 16:  Undershoot
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PACKAGE OUTLINE DIMENSIONS

                                    Parameter                                                                         25                    3                     UNITS

DD 

TABLE 23: ADDRESS AND CONTROLS PINS

SPECIFICATIONS

PACKAGE OUTLINE DIMENSIONS

                                    Parameter                                                                         25                     3             UNITS

DD

TABLE 24: CLOCK, DATA, STROBE, AND MASK PINS

SPECIFICATIONS



See Note 2

See Note 5

PACKAGE OUTLINE DIMENSIONS

   Parameter/Condition                                                          Symbol             MIN                        MAX                  UNITS     NOTES

TABLE 25:  AC INPUT TEST CONDITIONS
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INPUT SLEW RATE DERATING

t t

t t

t t

-

t

REF IH
t

REF

IL

REF

REF

t

IL REF
t

IH REF

REF

REF

REF

IH IL

IH IL

-

TABLE 26:  DDR2-400/533 SETUP AND HOLD TIME DERATING VALUES (tIS/tIH)

CMD/ADDR 
Slew Rate V/ns

150

125

0

-11

-25

-110

-350

-525

21

0

-31

-125

-292

-500

-1125

209

155

113

30

19

5

-13

-255

-320

119

113

105

51

30

16

-1

-53

-95

-262

-1095

239

210

60

29

6

-23

-65

-232

-315

-1065

135

105

60

29

6

-23

-65

-232

-315

-1065

                2.0V/ns                            1.5V/ns                               1.0V/ns                 

CK, CK\ Differential Slew Rate       
  UNITS

tIS tIH tIS tIH tIS tIH 
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TABLE 27:  DDR2-667/800 SETUP AND HOLD TIME DERATING VALUES (tIS/tIH)

CMD/ADDR 
Slew Rate V/ns

150

133

120

100

0

-5

-13

-22

-60

-100

-200

-325

-1000

21

0

-31

-125

-292

-500

-1125

163

150

30

25

-30

-295

119

113

105

51

30

16

-1

-53

-95

-262

-1095

210

203

193

160

60

55

36

0

-265

135

105

60

29

6

-23

-65

-232

-315

-1065

                2.0V/ns                            1.5V/ns                               1.0V/ns                 

CK, CK\ Differential Slew Rate       
  UNITS

tIS tIH tIS tIH tIS tIH 



VSS

CK#

CK

tIHt IS t IH

Setup slew rate 
rising signal

Setup slew rate 
falling signal

ΔTF ΔTR

ΔTF
=

VIH(AC)min - VREF (DC)

ΔTR
=

VDDQ

t IS

Nominal 
slew rate

VREF to AC
region

VREF to AC
region

VREF(DC) - VIL(AC)max

VIH(DC)min

VREF(DC)

VIL(AC)max

VIL(DC)max

VIH(AC)min

Nominal 
slew rate

Setup slew rate 
rising signal

ΔTF ΔTR

Tangent  line (VIH[AC]min - VREF[DC]) 

ΔTR
=

Tangent
line

Tangent 
line

VREF to AC 
region Nominal 

line

t IHt IS t IH t IS

VSS

CK#

CK

VDDQ

VIH(AC)min

VIH(DC)min

VREF(DC)

VIL(DC)max

VIL(AC)max

VREF to AC 
region

Nominal 
line
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FIGURE 17 - NOMINAL SLEW RATE FOR tIS

FIGURE 18 - TANGENT LINE FOR tIS
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FIGURE 19 - NOMINAL SLEW RATE FOR tIH
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TABLE 28 - DDR2-400/533 tDS, tDH DERATING VALUES WITH DIFFERENTIAL STROBE

DQ
Slew Rate V/ns

125

0

-11

-

-

-

-

21

0

-

-

-

-

125

0

-11

-25

-

-

-

-

21

0

-31

-

-

-

-

-

95

12

1

-13

-31

-

-

-

-

33

12

-2

-19

-

-

-

-

-

13

-1

-19

-

-

-

-

10

-30

-59

-

-

-

-

-

25

11

-31

-

-

-

-

22

5

-

-

-

-

-

23

5

-19

-62

-

-

-

-

-6

-35

-

-

-

-

-

-50

-115

-

-

-

-

-

6

-23

-65

-

-

-

-

-

-

5

-103

-

-

-

-

-

-

-11

-53

-116

       4.0V/ns          3.0V/ns         2.0V/ns         1.8V/ns         1.6V/ns          1.4V/ns         1.2V/ns          1.0V/ns         0.8V/ns

DQSx, DQSx\ Differential Slew Rate       

21

0

-

-

-

-

-

125

0

-

-

-

-

-

t t

t

REF IH

t IL

REF

REF

t

IL

REF t

IH -

REF

REF

REF

REF

IH IL

-

IH IL

-

REF t t

REF

REF t t

REF

t t

tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH 
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TABLE 29 - DDR2-667/800 tDS, tDH DERATING VALUES WITH DIFFERENTIAL STROBE

DQ
Slew Rate V/ns

100

0

-5

-13

-22

-60

-100

63

0

-31

-125

100

0

-5

-13

-22

-60

-100

63

0

-31

-125

112

12

-1

-10

-22

12

-2

-19

-113

91

19

11

2

-10

-36

66

10

-30

-59

-101

136

103

36

31

23

2

99

36

22

5

-152

115

35

26

-12

-52

111

90

-6

-35

160

60

55

26

0

123

102

60

29

6

-23

-65

139

59

50

12

135

-11

-53

-116

       4.0V/ns          3.0V/ns         2.0V/ns         1.8V/ns         1.6V/ns          1.4V/ns         1.2V/ns          1.0V/ns         0.8V/ns

DQSx, DQSx\ Differential Slew Rate       

63

0

-31

-125

100

0

-5

-13

-22

-60

-100

t t

t

REF IH

t IL

REF

REF

t

IL

REF t

IH -

REF

REF

REF

REF

IH IL

-

IH IL

-

REF t t

REF

REF t t

tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH 
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TABLE 30 - SINGLE-ENDED DQS SLEW RATE DERATING VALUES USING tDSB, tDHB 

DQ
Slew Rate V/ns

130

30

25

5

53

32

-10

-93

-135

130

30

25

5

53

32

-10

-93

-135

130

30

25

5

53

32

-10

-93

-135

130

30

25

5

53

32

-10

-93

-135

112

32

20

-13

-63

-15

-29

-69

-203

155

122

55

50

30

-3

-53

-32

-102

-206

160

60

55

26

0

123

102

60

29

6

-23

-65

139

59

50

12

135

-11

-53

-116

       2.0V/ns         1.8V/ns         1.6V/ns          1.4V/ns         1.2V/ns          1.0V/ns         0.8V/ns         0.6V/ns         0.4V/ns

DQSx Single-Ended Slew Rate Derated (at VREF)  

53

32

-10

-93

-135

130

30

25

5

TABLE 31 - SINGLE-ENDED DQS SLEW RATE FULLY DERATED (DQS, DQ AT VREF) AT DDR2-667

DQ
Slew Rate V/ns

330

330

330

391

522

291

290

290

290

290

290

290

290

330

330

330

391

522

291

290

290

290

290

290

290

290

330

330

330

391

522

291

290

290

290

290

290

290

290

330

330

330

391

522

291

290

290

290

290

290

290

290

362

355

355

355

392

365

365

365

392

       2.0V/ns         1.8V/ns         1.6V/ns          1.4V/ns         1.2V/ns          1.0V/ns         0.8V/ns         0.6V/ns         0.4V/ns

DQSx Single-Ended Slew Rate Derated (at VREF)  

291

290

290

290

290

290

290

290

330

330

330

391

522

TABLE 32 - SINGLE-ENDED DQS SLEW RATE FULLY DERATED (DQS, DQ AT VREF) AT DDR2-533

DQ
Slew Rate V/ns

351

510

339

351

510

339

351

510

339

351

510

339

395

525

662

336

335

335

335

335

335

335

335

535

332

332

332

332

332

331

332

332

331

390

399

329

329

555

692

326

325

325

325

325

325

325

325

       2.0V/ns         1.8V/ns         1.6V/ns          1.4V/ns         1.2V/ns          1.0V/ns         0.8V/ns         0.6V/ns         0.4V/ns

DQSx Single-Ended Slew Rate Derated (at VREF)  

339

351

510

tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH 

tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH 

tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH 
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TABLE 33 - SINGLE-ENDED DQS SLEW RATE FULLY DERATED (DQS, DQ AT VREF) AT DDR2-400

DQ
Slew Rate V/ns

513

560

622

391

390

390

390

390

390

390

390

513

560

622

391

390

390

390

390

390

390

390

513

560

622

391

390

390

390

390

390

390

390

513

560

622

391

390

390

390

390

390

390

390

595 605

       2.0V/ns         1.8V/ns         1.6V/ns          1.4V/ns         1.2V/ns          1.0V/ns         0.8V/ns         0.6V/ns         0.4V/ns

DQSx Single-Ended Slew Rate Derated (at VREF)  

391

390

390

390

390

390

390

390

513

560

622

tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH 
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FIGURE 21 - NOMINAL SLEW RATE FOR tDS

FIGURE 22 - TANGENT LINE FOR tDS
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FIGURE 23 - NOMINAL SLEW RATE FOR tDH

Hold slew rate 
falling signal

Hold slew rate 
rising signal

V REF(DC)  - V IL(DC)max
ΔTR

=
VIH(DC)min  - V REF(DC)

ΔTF
=

ΔTR ΔTF

Nominal 
slew rate DC to V REF  

region

tIHtIS tIS

V SS

DQS# 1

DQS 1

V DDQ

V IH(DC)min

V REF(DC)

V IL(AC)max

V IL(DC)max

V IH(AC)min

DC to V REF  
region

Nominal 
slew rate

tIH

Note: 1. DQS, DQS# signals must be monotonic between VIL(DC)max and VIH(DC)min. 

FIGURE 24 - TANGENT LINE FOR tDH
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FIGURE 25 - AC INPUT TEST SIGNAL WAVEFORM COMMAND/ADDRESS BALLS
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FIGURE 26 - AC INPUT TEST SIGNAL WAVEFORM FOR DATA WITH DQS, DQS# (DIFFERENTIAL)
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FIGURE 27 - AC INPUT TEST SIGNAL WAVEFORM FOR DATA WITH DQS (SINGLE-ENDED)
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FIGURE 28 - AC INPUT TEST SIGNAL WAVEFORM (DIFFERENTIAL)
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PACKAGE OUTLINE DIMENSIONS

     Function                                  Cycle        Cycle         CS\         RAS\        CAS\        WE\      BA1-BA0   AN -A11       A10        A9-A10      Notes                                                   

LOAD MODE

REFRESH

SELF REFRESH

SELF REFRESH

PRECHARGE

PRECHARGE

BANK ACTIVATE

WRITE

WRITE 

READ

READ 

NO OPERATION

DEVICE DESELECT

POWER-DOWN

POWER-DOWN

1-3

1-3

1-3,6

1-3

1-3

1-3

1-3,9

1-3,9

TABLE 34: TRUTH TABLE - DDR2 COMMANDS

L

L

L

H

L

L

L

H

H

H

H

H

H

H

L

L

L

H

H

H

H

L

L

L

L

H

H

H

L

H

H

H

L

L

H

L

L

H

H

H

H

H

L

H

L

H

L

H

H

H

L

H

H

H

H

H

H

H

H

L

H

L

L

L

H

L

L

L

L

L

L

L

L

L

H

H

L

H

L

CKE

  Prev       Current

-

-

DD 

-

COMMANDS TRUTH TABLE

H

H

H

L

H

H

H

H

H

H

H

H

H

H

L
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Current State 

ANY

IDLE

ROW Active

READ 

WRITE

TABLE 35:  TRUTH TABLE - CURRENT STATE BANK n - COMMAND TO BANK n

H

H

H

L

H

L

L

H

H

L

H

L

L

CS\         RAS\ Command/Action Notes
DESELECT

NO OPERATION

ACTIVATE

REFRESH

LOAD MODE

READ 

WRITE 

PRECHARGE

READ

WRITE

PRECHARGE

READ

WRITE

PRECHARGE 

1-6

1-6

1-6

1-6,9

1-6,9

1-6,9

t

CAS\         WE\

H

H

L

L

L

L

H

L

L

H

L

L

H

H

L

L

L

H

H

L

H

H

L

H

H

L

H

L

L

L

L

L

L

L

L

L

L

L

L

L

IDLE:

ROW Active

READ

WRITE

t

t

PRECHARGE

READ W/  AUTO PRE-

CHARGE ENABLED

ROW Activate

WRITE W/ AUTO Pre-

charge enabled

t

t t

t

t t
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REFRESH

ACCESSING MODE 

REGISTER

PRECHARGE ALL

t

t t 

t t

H

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

Command/Action Notes
DESELECT

NO OPERATION

ACTIVATE

READ 

WRITE 

PRECHARGE

ACTIVATE

READ

WRITE

PRECHARGE

ACTIVATE

READ

WRITE

PRECHARGE

ACTIVATE

READ

WRITE

PRECHARGE

ACTIVATE

READ

WRITE

PRECHARGE

1-6

1-6

1-6

1-6

1-6

1-6

1-6

1-6

1-6

1-6

1-6

1-6

1-6

CAS\         WE\

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

Current State 

ANY

IDLE

ROW Active, 

ACTIVE, 

or PRECHARGE

READ 

WRITE 

READ 

WRITE 

TABLE 36:  TRUTH TABLE - CURRENT STATE BANK n - COMMAND TO BANK m

CS\         RAS\

H

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

L

H

H

L

H

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

NOTES CONTINUED
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t

t t t

IDLE:

ROW Active

READ

WRITE

READ  AUTO

PRECHARGE

WRITE

 AUTO

PRECHARGE

t

t

t t

period (or t

From Command

(Bank n)

WRITE with AUTO 

PRECHARGE

READ with AUTO 

PRECHARGE

TABLE 37:  MINIMUM DELAY WITH AUTO PRECHARGE ENABLED

Minimum Delay (with Concurrent AUTO PRE-
CHARGE) UNITS

(CL - 1) + (BL/2) + tWTR

(BL/2)

1

(BL/2)

(BL/2) + 2

1

tCK

tCK

To Command

(Bank m)

NOTES
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DESELECT

-

t

PRECHARGE

NO OPERATION (NOP)

0 i i 10 

t -

WRITE

-
t

LOAD MODE (LM)

-

ACTIVATE

0 i i -

-

t

READ

REFRESH

REF

SELF REFRESH



-

t

-

MODE REGISTER (MR)

Burst LengthCAS# BTPD

A9 A7 A6 A5 A4 A3A8 A2 A1 A0

Mode Register (Mx)

Address Bus

9 7 6 5 4 38 2 1 0

A10A12 A11BA0BA1

101112n
0 0 

14

Burst Length
Reserved
Reserved

4
8

Reserved
Reserved
Reserved
Reserved

M0
0
1
0
1
0
1
0
1

M1
0
0
1
1
0
0
1
1

M2
0
0
0
0
1
1
1
1

 
0
1

Burst Type  
Sequential
Interleaved

M3

CAS Latency (CL)
Reserved
Reserved
Reserved

3
4
5
6
7

M4
0
1
0
1
0
1
0
1

M5
0
0
1
1
0
0
1
1

M6
0
0
0
0
1
1
1
1

 
0
1

Mode
Normal

Test

M7

15
DLL TM

 
0
1

DLL Reset
No
Yes

M8

Write Recovery
Reserved

2
3
4
5
6
7
8

M9
0
1
0
1
0
1
0
1

M10
0
0
1
1
0
0
1
1

M11
0
0
0
0
1
1
1
1

WR

An2

MR

M14 
0
1
0
1

Mode Register Definition
Mode register (MR)

Extended mode register (EMR)
Extended mode register (EMR2)
Extended mode register (EMR3)

M15
0
0
1
1

M12 
0

1

PD Mode
Fast exit
(normal)
Slow exit

(low power)

Latency
16

BA21

0-M2

0 i

3

BURST LENGTH

FIGURE 29 - MR DEFINITIONS
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              Burst Length                       Address (A[2,1,0])               Type = Sequential                          Type = Interleaved
0,1,2,3

1,0,3,2

2,3,0,1

3,2,1,0

TABLE 38:  BURST DEFINITION

 Order of Accesses within a Burst

0,1,2,3

1,2,3,0

2,3,0,1

3,0,1,2

0 0

0 1

1 0

1 1

0 0 0

0 0 1

0 1 0

0 1 1

100

101

110

111

 Starting Column
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3
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BURST TYPE

 

OPERATING MODE

9-M11

-
9-M11

9-M11
t t

t

t

WRITE RECOVERY

M

t t

DLL RESET



DO
 n + 3

DO
 n + 2

DO
 n + 1

CK

CK#

Command

DQ

DQS, DQS#

CL = 3 (AL = 0)

READ

T0 T1 T2

Don’t careTransitioning data

NOP NOP NOP

DO
 n

T3 T4 T5

NOP NOP

T6

NOP

DO
 n + 3

DO
 n + 2

DO
 n + 1

CK

CK#

Command

DQ

DQS, DQS#

CL = 4 (AL = 0)

READ

T0 T1 T2

NOP NOP NOP

DO
 n

T3 T4 T5

NOP NOP

T6

NOP

Notes: 1. BL = 4.
2. Posted CAS# additive latency (AL) = 0.
3. Shown with nominal tAC, tDQSCK, and tDQSQ.
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FIGURE 30 - CL

12

12 

12

12
t

DD DD

DD

-M6

-

to t

-

POWER-DOWN MODE CAS LATENCY (CL)



DLLPosted CAS# RTTOut

A9 A7 A6 A5 A4 A3A8 A2 A1 A0

Extended mode 

register (Ex)

Address bus

9 7 6 5 4 38 2 1 0

A10A12BA0BA1

101112n

0 

14

E1

0

1

Output Drive Strength

Full

Reduced

Posted CAS# Additive Latency (AL) 3

0

1

2

3

4

5

6

Reserved

E3

0

1

0

1

0

1

0

1

E4

0

0

1

1

0

0

1

1

E5

0

0

0

0

1

1

1

1

 

0

1

DLL Enable

Enable (normal)

Disable (test/debug)

E0

15

E11

0

1

RDQS Enable

No

Yes

OCD Program

A n2

ODSRTTDQS#

E10

0

1

DQS# Enable

Enable

Disable

RDQS

RTT (Nominal)

RTT disabled

75Ω
150Ω
50Ω

E2

0

1

0

1

E6

0

0

1

1

 

0

1

Outputs

Enabled

Disabled

E12

 

0

1

0

1

Mode Register Set

Mode register (MR)

Extended mode register (EMR)

Extended mode register (EMR2)

Extended mode register (EMR3)

E15

0

0

1

1

E14

MRS

BA21

16
0 

OCD Operation 4

OCD exit 

Reserved

Reserved

Reserved

Enable OCD defaults

E7

0

1

0

0

1

E8

0

0

1

0

1

E9

0

0

0

1

1

Notes: 1. E16 (BA2) is only applicable for densities 1Gb, reserved for future use, and must be programmed to “0”.
2. Mode bits (En) with corresponding address balls (An ) greater than E12 (A12) are reserved for future use 
       and must be programmed to “0”.
3. Not all listed AL options are supported in any individual speed grade.
4. As detailed in the  Initialization (page 82) section notes, during initialization of the OCD operation, 
      all three bits must be set to “1” for the OCD default state, then set to “0” before initialization is finished. 
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EXTENDED MODE REGISTER (EMR)

FIGURE 31 - EMR DEFINITIONS
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0
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t t

DLL ENABLED/DISABLED

2 6

-
-

6,E2

 (R
 

 (R -

-

ON-DIE-TERMINATION (ODT)

10

-
 to 10K

DQS\ ENABLE/DISABLE

1

1

1

OUTPUT DRIVE STRENGTH

12

12 -
12

DD

OUTPUT ENABLE/DISABLE

-

-

OFF-CHIP DRIVER (OCD) IMPEDANCE CALIBRATION

3-E5 

3-E5

t  t
t

t

t

POSTED CAS ADDITIVE LATENCY (AL)



DO
 n + 3

DO
 n + 2

DO
 n + 1

CK
CK#

Command

DQ

DQS, DQS#

AL = 2

ACTIVE n

T0 T1 T2

Don’t CareTransitioning Data

READ n NOP NOP

DO
 n

T3 T4 T5

NOP

T6

NOP

T7 T8

NOP NOP

CL = 3
RL = 5

tRCD (MIN)

NOP

CK

CK#

Command

DQ

DQS, DQS#

ACTIVE n

T0 T1 T2

Don’t CareTransitioning Data

NOP NOP

T3 T4 T5

NOP

T6

NOP

DI
 n + 3

DI
 n + 2

DI
 n + 1

WL = AL + CL - 1 = 4

T7

NOP

DI
 n

tRCD (MIN)

NOP

AL = 2 CL - 1 = 2

WRITE n

             Notes:          1.  BL = 4
 2.  Shown with nominal t t tDQSQ. 
 3.  RL = AL + CL = 5.

             Notes:          1.  BL = 4
 2.  CL = 3.
 3.  WL = AL + CL - 1 = 4

LOGIC Devices Incorporated              www.logicdevices.com

September 16, 2013 LDS-L9D2xxMxxSBG5 Rev E

2 - 5.0 Gb, DDR2, 32 M [64 M] x 64/72/80 Integrated Memory Module (IMOD)

L9D232M64SBG5
L9D232M72SBG5
L9D232M80SBG5
L9D264M64SBG5
L9D264M72SBG5

 L9D264M80SBG5

High Performance, Integrated Memory Module Product

FIGURE 32 - READ LATENCY

FIGURE 33 - WRITE LATENCY



A9 A7 A6 A5 A4 A3A8 A2 A1 A0

Extended mode 

register (Ex)

Address bus

9 7 6 5 4 38 2 1 0

A10A12 A11BA0BA1

101112n

0

1415

A n2

E14

0

1

0

1

Mode Register Set

Mode register (MR)

Extended mode register (EMR)

Extended mode register (EMR2)

Extended mode register (EMR3)

E15

0

0

1

1

MRS 0 0 0 0 0 SRT 0 0 0 0 0 0 0

BA21

16
0

E7

0

1

SRT Enable

1X refresh rate (0°C to 85°C)

2X refresh rate (>85°C)

Notes: 1. E16 (BA2) is only applicable for densities 1Gb, reserved for future use, and must be programmed to “0”.
2. Mode bits (En) with corresponding address balls (An ) greater than E12 (A12) are reserved for future use 
       and must be programmed to “0”.
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EXTENDED MODE REGISTER 2 (EMR2)

FIGURE 34 - EMR2 DEFINITIONS



E14
0
1
0
1

Mode Register Set
Mode register (MR)

Extended mode register (EMR)
Extended mode register (EMR2)
Extended mode register (EMR3)

E15
0
0
1
1

A9 A7 A6 A5 A4 A3A8 A2 A1 A0

Extended mode 
register (Ex)

Address bus

9 7 6 5 4 38 2 1 0

A10A12 A11BA0BA1

101112n
0

1415

An2

MRS 0 0 0 0 0 0 0 0 0 0 0 0 0

BA21

16
0

Notes: 1. E16 (BA2) is only applicable for densities 1Gb, reserved for future use, and must be programmed to “0”.
2. Mode bits (En) with corresponding address balls (An ) greater than E12 (A12) are reserved for future use 

       and must be programmed to “0”.
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EXTENDED MODE REGISTER 3 (EMR3)

FIGURE 35 - EMR3 DEFINITIONS
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INITIALIZATION

FIGURE 36 - DDR2 POWER-UP AND INITIALIZATION
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t
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t

ACTIVATE

 

Command

Don’t Care

T1T0 T2 T3 T4 T5 T6 T7

tRRD (MIN)

Row Row

READACT ACT NOP

tFAW (MIN)

Bank address

CK#

Address

CK

T8 T9

Col

Bank a

ACTREAD READ READACT NOP

RowCol RowCol Col

Bank cBank b Bank dBank c Bank e

ACT

Row

T10

Bank dBank bBank a

Note: 1. DDR2-533 (-37E, x4 or x8), tCK = 3.75ns, BL = 4, AL = 3, CL = 4, tRRD (MIN) = 7.5ns,
tFAW (MIN) = 37.5ns.

 

Command

Don’t Care

T1T0 T2 T3 T4 T5 T6 T7

tRRD tRRD

Row Row Col

Bank x Bank y

Row

Bank z Bank y

NOPACT NOP NOPACT NOP NOP RD/WR

tRCD

CK#

Address

Bank address

CK

T8 T9

NOP NOP

FIGURE 37 - EXAMPLE: MEETING tRRD (MIN) AND tRCD (MIN)

FIGURE 38 - MULTIBANK ACTIVATE RESTRICTION
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READ NOP NOP NOP NOP NOP

Bank a ,
Col n

CK

CK#

Command

Address

DQ

DQS, DQS#

DO
n

DO
n

T0 T1 T2 T3 T4n T5nT4 T5

CK

CK#

Command READ NOP NOP NOP NOP NOP

Address Bank a,
Col n

RL = 3 (AL = 0, CL = 3)

DQ

DQS, DQS#

DO
n

T0 T1 T2 T3 T3n T4nT4 T5

CK

CK#

Command READ NOP NOP NOP NOP NOP

Address Bank a,
Col n

RL = 4 (AL = 0, CL = 4)

DQ

DQS, DQS#

T0 T1 T2 T3 T3n T4nT4 T5

AL = 1 CL = 3

RL = 4 (AL = 1 + CL = 3)

Don’t CareTransitioning Data

Notes: 1. DO n = data-out from column n .
2. BL = 4.
3. Three subsequent elements of data-out appear in the programmed order following

DO n.
4. Shown with nominal tAC, tDQSCK, and tDQSQ.
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FIGURE 39 - READ LATENCY



CK

CK#

Command READ NOP READ NOP NOP NOP NOP

Address Bank,
Col n

Bank,
Col b

Command READ NOP READ NOP NOP NOP

Address Bank,
Col n

Bank,
Col b

RL = 3

CK

CK#

DQ

DQS, DQS#

RL = 4

DQ

DQS, DQS#

DO
n

DO
b

DO
n

DO
b

T0 T1 T2 T3 T3n T4nT4 T5 T6T5n T6n

T0 T1 T2 T3T2n

NOP

T3n T4nT4 T5 T6T5n T6n

Don’t CareTransitioning Data

tCCD

tCCD

Notes: 1. DO n (or b) =  data-out from column n (or column b).
2. BL = 4.
3. Three subsequent elements of data-out appear in the programmed order following

DO n.
4. Three subsequent elements of data-out appear in the programmed order following

DO b.
5. Shown with nominal tAC, tDQSCK, and tDQSQ.
6. Example applies only when READ commands are issued to same device.
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FIGURE 40 - CONSECUTIVE READ BURSTS



Command READ NOP NOP NOP NOP NOP NOP NOPREAD

T0 T1 T2 T3 T3n T4 T5 T7 T8T6T4n T6n T7n

CK
CK#

T5 T7 T8T5n T6T4n T7n

Command NOP NOP NOP NOPREAD NOP NOP NOPREAD

T0 T1 T2 T3 T4

DQ DO
n

DO
b

Don’t CareTransitioning Data

Address Bank,
Col n

Bank,
Col  b

Address Bank,
Col n

Bank,
Col  b

CK
CK#

CL = 4

CL = 3

DQ DO
n

DO
b

DQS, DQS#

DQS, DQS#

Notes: 1. DO n (or b) = data-out from column n (or column b).
2. BL = 4.
3. Three subsequent elements of data-out appear in the programmed order following

DO n.
4. Three subsequent elements of data-out appear in the programmed order following

DO b.
5. Shown with nominal tAC, tDQSCK, and tDQSQ.
6. Example applies when READ commands are issued to different devices or 
     nonconsecutive READs.

LOGIC Devices Incorporated              www.logicdevices.com

September 16, 2013 LDS-L9D2xxMxxSBG5 Rev E

2 - 5.0 Gb, DDR2, 32 M [64 M] x 64/72/80 Integrated Memory Module (IMOD)

L9D232M64SBG5
L9D232M72SBG5
L9D232M80SBG5
L9D264M64SBG5
L9D264M72SBG5

 L9D264M80SBG5

High Performance, Integrated Memory Module Product

FIGURE 41 - NONCONSECUTIVE READ BURSTS



 
T0 T1 T2

Don’t CareTransitioning Data

T3 T4 T5 T6

Command READ1 NOP2 NOP2 Valid Valid ValidREAD3 Valid Valid Valid

T7 T8 T9

CK
CK#

CL = 3 (AL = 0)tCCD

Address Valid 4Valid 4

CL = 3 (AL = 0)

DQ DO DO DO DO DO DO DO DO DO DO DO DO

A10 Valid 5

DQS, DQS#

Notes: 1. BL = 8 required; auto precharge must be disabled (A10 = LOW).
2. NOP or COMMAND INHIBIT commands are valid. PRECHARGE command cannot be is-

sued to banks used for READs at T0 and T2.
3. Interrupting READ command must be issued exactly 2 × tCK from previous READ.
4. READ command can be issued to any valid bank and row address (READ command at T0

and T2 can be either same bank or different bank).
5. Auto precharge can be either enabled (A10 = HIGH) or disabled (A10 = LOW) by the in-

terrupting READ command.
6. Example shown uses AL = 0; CL = 3, BL = 8, shown with nominal tAC, tDQSCK, and tDQSQ.

CK
CK# T0 T1 T2

Don’t CareTransitioning Data

T3 T4 T5 T6 T7 T8 T9 T10 T11

AL = 2 CL = 3

RL = 5

WL = RL - 1 = 4tRCD = 3

Command ACT n NOP NOP NOP NOP NOP NOPREAD n NOP NOP NOPWRITE

DQS, DQS#

DQ DO
n

DO
n + 1

DO
n + 2

DO
n + 3

DI
n

DI
n  + 1

DI
n + 2

DI
n + 3

Notes: 1. BL = 4; CL = 3; AL = 2.
2. Shown with nominal tAC, tDQSCK, and tDQSQ.
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FIGURE 42 - READ INTERRUPTED BY READ

FIGURE 43 - READ-TO-WRITE



CK
CK# T0 T1 T2

Don’t CareTransitioning Data

T3 T4 T5 T6 T7

Address Bank a Bank a Bank a

≥tRAS (MIN)

≥tRTP (MIN)

≥tRP (MIN)

AL + BL/2 - 2 CK + MAX (tRTP/ tCK or 2CK)

Command READ NOP PRE ACTNOP NOP NOP NOP

   4-bit
 prefetch

DQ DO DO DO DO

A10 Valid Valid

CL = 3AL = 1

DQS, DQS#

≥tRC (MIN)

Notes: 1. RL = 4 (AL = 1, CL = 3); BL = 4.
2. tRTP ≥ 2 clocks.
3. Shown with nominal tAC, tDQSCK, and tDQSQ.

CK
CK# T0 T1 T2

Don’t CareTransitioning Data

T3 T4 T5 T6 T7 T8

CL = 3AL = 1

DQS, DQS#

First 4-bit
 prefetch

Second 4-bit
prefetch

≥tRTP (MIN) ≥tRP (MIN)

Address Bank a Bank a Bank a

≥tRC (MIN)

≥tRAS (MIN)

A10 Valid Valid

AL + BL/2 - 2CK + MAX ( tRTP/ tCK or 2CK)

DQ DO DO DO DO DO DO DO DO

Command READ NOP NOP NOPNOP NOPNOP ACTPRE

Notes: 1. RL = 4 (AL = 1, CL = 3); BL = 8.
2. tRTP ≥ 2 clocks.
3. Shown with nominal tAC, tDQSCK, and tDQSQ.
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READ WITH PRECHARGE

FIGURE 44 - READ-TO-PRECHARGE – BL = 4

FIGURE 45 - READ-TO-PRECHARGE – BL = 8
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READ WITH AUTO PRECHARGE

From Command

(Bank n)

READ with AUTO 

PRECHARGE

Minimum Delay (with Concurrent AUTO PRE-
CHARGE) UNITS

(BL/2)

(BL/2) + 2

1

tCK

To Command

(Bank m)

TABLE 39:  READ USING CONCURRENT AUTO PRECHARGE



 

CK
CK#

CKE

A10

Bank address

tCK tCH tCL

RA

t RCD

tRAS3

tRC

tRP

CL = 3

DM

T0 T1 T2 T3 T4 T5 T7n T8nT6 T7 T8

DQ8

DQS, DQS#

Case 1: tAC (MIN) and tDQSCK (MIN) 

Case 2: tAC (MAX) and tDQSCK (MAX) 

DQ8

DQS, DQS#

tRPRE

tRPRE

tRPST
tDQSCK (MIN)

tLZ (MIN)

tLZ (MAX) 

tAC (MIN)
tLZ (MIN)

DO
n

tHZ (MAX)tAC (MAX)tLZ (MIN)

DO
n

NOP1NOP1Command ACT

RA Col n

PRE3

Bank x

RA

RA

Bank xBank x 6

77

7 7

ACT

Bank x

NOP1 NOP1 NOP1 NOP1

tHZ (MIN)

One bank

All banks

Don’t CareTransitioning Data

READ2

Address

5

tRTP4

tRPST
tDQSCK (MAX) 

T9

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.

2. BL = 4 and AL = 0 in the case shown.
3. The PRECHARGE command can only be applied at T6 if tRAS (MIN) is met.
4. READ-to-PRECHARGE = AL + BL/2 - 2CK + MAX ( tRTP/ tCK or 2CK).
5. Disable auto precharge.
6. “Don’t Care” if A10 is HIGH at T5.
7. I/O balls, when entering or exiting High-Z, are not referenced to a specific voltage level,

but to when the device begins to drive or no longer drives, respectively.
8. DO n = data-out from column n; subsequent elements are applied in the programmed

order.
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FIGURE 46 - BANK READ – WITHOUT AUTO PRECHARGE



 

  4-bit
prefetch

CK
CK#

CKE

A10

Bank address

tCK tCH tCL

RA

tRCD
tRAS

tRC

tRP

CL = 3

DM

T0 T1 T2 T3 T4 T5 T7n T8nT6 T7 T8

DQ6

DQS, DQS#

Case 1: tAC (MIN) and tDQSCK (MIN) 

Case 2: tAC (MAX) and tDQSCK (MAX) 

DQ6

DQS, DQS#

tRPRE

tRPRE

tRPST

tRPST

tDQSCK (MIN)

tDQSCK (MAX) 

tLZ (MIN)

tLZ (MAX) 

tAC (MIN)tLZ (MIN)

tHZ (MAX)tAC (MAX)tLZ (MAX)

DO
 n

NOP1NOP1Command 1 ACT

RA Col n

Bank x

RA

RA

Bank x

ACT

Bank x

NOP1 NOP1 NOP1 NOP1 NOP1

tHZ  (MIN)

Don’t CareTransitioning Data

READ2,3

Address

AL = 1

tRTP

Internal
precharge

4

55

5 5

DO
 n

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.

2. BL = 4, RL = 4 (AL = 1, CL = 3) in the case shown.
3. The DDR2 SDRAM internally delays auto precharge until both tRAS (MIN) and tRTP (MIN)

have been satisfied.
4. Enable auto precharge.
5. I/O balls, when entering or exiting High-Z, are not referenced to a specific voltage level,

but to when the device begins to drive or no longer drives, respectively.
6. DO n = data-out from column n; subsequent elements are applied in the programmed

order.
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FIGURE 47 - BANK READ – WITH AUTO PRECHARGE



 

DQ (last data valid) 4

DQ4
DQ4
DQ4
DQ4

DQ4

DQ4

LDSQ#
LDQS3

DQ (last data valid) 4

DQ (first data no longer valid) 4

DQ (first data no longer valid)4

DQ0–DQ7 and LDQS collectively6 T2

T2

T2

T2n

T2n

T2n

T3

T3

T3

T3n

T3n

T3n

CK

CK#
T1 T2 T3 T4T2n T3n

tQH5 tQH5

tDQSQ2 tDQSQ2 tDQSQ2 tDQSQ2

Data valid
 window

Data valid
 window

DQ (last data valid)7

DQ7
DQ7
DQ7
DQ7

DQ7

DQ7

UDQS#
UDQS3

DQ (last data valid) 7

DQ (first data no longer valid)7

DQ (first data no longer valid)7

DQ8–DQ15 and UDQS collectively 6 T2

T2

T2

T2n

T2n

T2n

T3

T3

T3

T3n

T3n

T3n

tQH5 tQH5 tQH5 tQH5

tDQSQ2 tDQSQ2 tDQSQ2tDQSQ2

tHP1 tHP1 tHP1 tHP1tHP1tHP1

tQH5tQH5

Data valid
 window

Data valid
 window

Data valid
 window

Data valid
 window

Data valid
 window

U
pper B

yte
Low

er B
yte

Data valid
 window

tQHS tQHS tQHS tQHS 

tQHS tQHS tQHS tQHS 

Notes: 1. tHP is the lesser of tCL or tCH clock transitions collectively when a bank is active.
2. tDQSQ is derived at each DQS clock edge, is not cumulative over time, begins with DQS

transitions, and ends with the last valid transition of DQ.
3. DQ transitioning after the DQS transitions define the tDQSQ window. LDQS defines the

lower byte, and UDQS defines the upper byte.
4. DQ0, DQ1, DQ2, DQ3, DQ4, DQ5, DQ6, or DQ7.
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FIGURE 46- X4, X8 DATA OUTPUT TIMING – tDQSQ, tQH, AND DATA VALID WINDOWFIGURE 48 - DATA OUTPUT TIMING – tDQSQ, tQH, AND DATA VALID WINDOW



 

CK

CK#

DQS#/DQS or 
LDQS#/LDQS/UDQ#/UDQS3

T01 T1 T2 T3 T3n T4 T4n T5 T5n T6 T6n T7

tRPST
tDQSCK2 (MIN) tDQSCK2 (MAX)

DQ (last data valid)

DQ (first data valid)

All DQs collectively 4

tAC5 (MIN) tAC5 (MAX)tLZ (MIN) tHZ (MAX)

T3

T3

T3n T4n T5n T6n

T3n

T3n

T4n

T4n

T5n

T5n

T6n

T6n

T4

T5

T5

T6

T6

T3 T4 T5 T6

T4

tHZ (MAX)
tLZ (MIN)

tRPRE

 2.  t

tDQSQ window.
t tAC.

 5.  t

 6.  tLZ (MIN) and t
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FIGURE 46- X4, X8 DATA OUTPUT TIMING – tDQSQ, tQH, AND DATA VALID WINDOWFIGURE 49 - DATA OUTPUT TIMING – tAC AND tDQSCK

t

t t

t t

t

�

t

WRITE



DQS, DQS#

tDQSS (MAX)

tDQSS (NOM)

tDQSS (MIN)

DM

DQ

CK

CK#

Command WRITE NOP NOP

Address Bank a,
Col b

NOP NOP

T0 T1 T2 T3T2n T4T3n

DQS, DQS#

5

DM

DQ

DQS, DQS#

DM

DQ DI
b

DI
b

DI
b

Don’t CareTransitioning Data

tDQSS5

WL ± tDQSS

WL - tDQSS tDQSS5

WL + tDQSS

Notes: 1. Subsequent rising DQS signals must align to the clock within tDQSS.
2. DI b = data-in for column b.
3. Three subsequent elements of data-in are applied in the programmed order following

DI b.
4. Shown with BL = 4, AL = 0, CL = 3; thus, WL = 2.
5. A10 is LOW with the WRITE command (auto precharge is disabled).
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t t t

t t

WRITE Continued

UNITS

tCK

From Command

(Bank n)

WRITE with AUTO 

PRECHARGE

Minimum Delay (with Concurrent AUTO PRE-
CHARGE)

(CL-1) + (BL/2) + tWTR

(BL/e) 

1

To Command

(Bank m)

TABLE 40:  WRITE USING CONCURRENT AUTO PRECHARGE

FIGURE 46- X4, X8 DATA OUTPUT TIMING – tDQSQ, tQH, AND DATA VALID WINDOWFIGURE 50 - WRITE BURST
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FIGURE 51 - CONSECUTIVE WRITE-TO-WRITE

FIGURE 52 - NONCONSECUTIVE WRITE-TO-WRITE

CK
CK#

Command WRITE NOP NOP NOP NOP NOP

Address Bank,
Col b

WRITE

Bank,
Col n

T0 T1 T2 T3T2n T4 T5T4nT3n T5n T6 T6n

DQ

DQS, DQS#

DM

DI
n

DI
b

tDQSS (NOM) WL ± tDQSS

Don’t CareTransitioning Data

WL = 2 WL = 2

1 1 1

Notes: 1. Subsequent rising DQS signals must align to the clock within t DQSS.
2. DI b (or n), etc. = data-in for column b (or column n).
3. Three subsequent elements of data-in are applied in the programmed order following 

DI b.
4. Three subsequent elements of data-in are applied in the programmed order following

DI n.
5. Shown with BL = 4, AL = 0, CL = 3; thus, WL = 2.
6. Each WRITE command may be to any bank.

CK
CK#

Command WRITE NOP WRITE NOP NOP NOP

Address Bank,
Col b

NOP

Bank,
Col n

T0 T1 T2 T3T2n T4 T5T4n T6T5nT3nT1n

DQ

DQS, DQS#

DM

DI
n

DI
b

Don’t CareTransitioning Data

 WL ± tDQSStDQSS (NOM)

WL = 2

tCCD

WL = 2

1 11

Notes: 1. Subsequent rising DQS signals must align to the clock within tDQSS.
2. DI b, etc. = data-in for column b, etc.
3. Three subsequent elements of data-in are applied in the programmed order following

DI b.
4. Three subsequent elements of data-in are applied in the programmed order following

DI n.
5. Shown with BL = 4, AL = 0, CL = 3; thus, WL = 2.
6. Each WRITE command may be to any bank.



LOGIC Devices Incorporated              www.logicdevices.com

September 16, 2013 LDS-L9D2xxMxxSBG5 Rev E

2 - 5.0 Gb, DDR2, 32 M [64 M] x 64/72/80 Integrated Memory Module (IMOD)

L9D232M64SBG5
L9D232M72SBG5
L9D232M80SBG5
L9D264M64SBG5
L9D264M72SBG5

 L9D264M80SBG5

High Performance, Integrated Memory Module Product

 

CK
CK#

Command

DQ

DQS, DQS#

WL = 3

WRITE1 a

T0 T1 T2

Don’t CareTransitioning Data

DI 
a

T3 T4 T5 T6

WRITE3 b

DI
b

T7 T8 T9

WL = 32-clock requirement

Address

A10 Valid 6

Valid 5 Valid 5

Valid 4 Valid 4 Valid 4NOP2NOP2NOP2NOP2NOP2

7 7 7 7 7

DI 
a + 1

DI
a + 3

DI
a + 2

DI
b + 1

DI
b + 2

DI
b + 3

DI
b + 4

DI
b + 5

DI
b + 6

DI
b + 7

Notes: 1. BL = 8 required and auto precharge must be disabled (A10 = LOW).
2. The NOP or COMMAND INHIBIT commands are valid. The PRECHARGE command cannot

be issued to banks used for WRITEs at T0 and T2.
3. The interrupting WRITE command must be issued exactly 2 × tCK from previous WRITE.
4. The earliest WRITE-to-PRECHARGE timing for WRITE at T0 is WL + BL/2 + tWR where tWR

starts with T7 and not T5 (because BL = 8 from MR and not the truncated length).
5. The WRITE command can be issued to any valid bank and row address (WRITE command

at T0 and T2 can be either same bank or different bank).
6. Auto precharge can be either enabled (A10 = HIGH) or disabled (A10 = LOW) by the

 interrupting WRITE command.
7. Subsequent rising DQS signals must align to the clock within tDQSS.
8. Example shown uses AL = 0; CL = 4, BL = 8.

FIGURE 53 - WRITE INTERRUPTED BY WRITE



 

tDQSS (NOM)

CK
CK#

Command WRITE NOP NOP NOP NOP NOP NOP NOP

Address Bank a,
Col b

Bank a,
Col n

READ

T0 T1 T2 T3T2n T4 T5 T9nT3n T6 T7 T8 T9

tWTR1

CL = 3

CL = 3

CL = 3

DQ

DQS, DQS#

DM

DI
b

tDQSS (MIN)

DQ

DQS, DQS#

DM

DI
b

tDQSS (MAX)

DQ

DQS, DQS#

DM

DI
b DI

DI

Don’t CareTransitioning Data

WL ± tDQSS

WL - tDQSS

WL + tDQSS

NOP

DI

2

2

2

Notes: 1. tWTR is required for any READ following a WRITE to the same device, but it is not 
required between module ranks.

2. Subsequent rising DQS signals must align to the clock within tDQSS.
3. DI b = data-in for column b; DO n = data-out from column n.
4. BL = 4, AL = 0, CL = 3; thus, WL = 2.
5. One subsequent element of data-in is applied in the programmed order following DI b.
6. tWTR is referenced from the first positive CK edge after the last data-in pair.
7. A10 is LOW with the WRITE command (auto precharge is disabled).
8. The number of clock cycles required to meet tWTR is either 2 or tWTR/ tCK, whichever is

greater.
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FIGURE 54 - WRITE-TO-READ



 

tDQSS (NOM)

CK

CK#

Command WRITE NOP NOP NOP NOPNOP

Address Bank a,
Col b

Bank,
(a or all )

NOP

T0 T1 T2 T3T2n T4 T5T3n T6 T7

tWR tRP

DQ

DQS#
DQS

DM

DI
b

tDQSS (MIN)

DQ

DQS#
DQS

DM

DI
b

tDQSS (MAX)

DQ

DQS#
DQS

DM

DI
b

Don’t CareTransitioning Data

 WL + tDQSS

WL - tDQSS

 WL + tDQSS

PRE

1

1

1

Notes: 1. Subsequent rising DQS signals must align to the clock within tDQSS.
2. DI b = data-in for column b.
3. Three subsequent elements of data-in are applied in the programmed order following

DI b.
4. BL = 4, CL = 3, AL = 0; thus, WL = 2.
5. tWR is referenced from the first positive CK edge after the last data-in pair.
6. The PRECHARGE and WRITE commands are to the same bank. However, the PRECHARGE

and WRITE commands may be to different banks, in which case tWR is not required and
the PRECHARGE command could be applied earlier.

7. A10 is LOW with the WRITE command (auto precharge is disabled).
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FIGURE 55 - WRITE-TO-PRECHARGE



 

CK
CK#

CKE

A10

tCK tCH tCL

RA

tRCD
tRAS tRP

tWR

T0 T1 T2 T3 T5 T6 T6n T7 T8 T9T5n

NOP1NOP1Command

3

5

ACT

RA Col n

WRITE2 NOP1

One bank

All banks

Bank x

PRE

Bank x

NOP1 NOP1 NOP1

tDQSL tDQSH tWPST

Bank x4

DQ6

DM

DI
n

Don’t CareTransitioning Data

WL ±tDQSS (NOM)

tWPRE

DQS, DQS#

Address

NOP1

WL = 2

T4

Bank select

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.

2. BL = 4 and AL = 0 in the case shown.
3. Disable auto precharge.
4. “Don’t Care” if A10 is HIGH at T9.
5. Subsequent rising DQS signals must align to the clock within tDQSS.
6. DI n = data-in for column n; subsequent elements are applied in the programmed order.
7. tDSH is applicable during tDQSS (MIN) and is referenced from CK T5 or T6.
8. tDSS is applicable during tDQSS (MAX) and is referenced from CK T6 or T7.
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FIGURE 56 - BANK WRITE – WITHOUT AUTO PRECHARGE



 

CK
CK#

CKE

A10

Bank select

tCK tCH tCL

RA

tRCD
tRAS tRP

WR4

T0 T1 T2 T3 T4 T5 T5n T6 T7 T8T6n

NOP1NOP1Command

3

ACT

RA Col n

WRITE2 NOP1

Bank x

NOP1

Bank x

NOP1 NOP1 NOP1

tDQSLtDQSH tWPST

DQ6

DM

WL ±tDQSS (NOM)

Don’t CareTransitioning Data

tWPRE

DQS, DQS#

Address

T9

NOP1

WL = 2

DI
n

5

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.

2. BL = 4 and AL = 0 in the case shown.
3. Enable auto precharge.
4. WR is programmed via MR9–MR11 and is calculated by dividing tWR (in ns) by tCK and

rounding up to the next integer value.
5. Subsequent rising DQS signals must align to the clock within tDQSS.
6. DI n = data-in  from  column n; subsequent  elements  are applied  in  the  programmed order.
7. tDSH is applicable during tDQSS (MIN) and is referenced from CK T5 or T6.
8. tDSS is applicable during tDQSS (MAX) and is referenced from CK T6 or T7.
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FIGURE 57 - BANK WRITE – WITH AUTO PRECHARGE



 

CK
CK#

CKE

A10

Bank select

tCK tCH tCL

RA

tRCD
tRAS tRPA

tWR5

T0 T1 T2 T3 T4 T5 T7nT6 T7 T8T6n

NOP1NOP1Command

3

ACT

RA Col n

WRITE2 NOP1

One bank

All banks

Bank xBank x

NOP1 NOP1 NOP1 NOP1 NOP1 NOP1

tDQSL tDQSH tWPST

Bank x4

DQ7

DM

Don’t CareTransitioning Data

WL ±tDQSS (NOM)

tWPRE

PRE

DQS, DQS#

Address

T9 T10 T11

AL = 1 WL = 2

DI
n

6

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at
these times.

2. BL = 4, AL = 1, and WL = 2 in the case shown.
3. Disable auto precharge.
4. “Don’t Care” if A10 is HIGH at T11.
5. tWR starts at the end of the data burst regardless of the data mask condition.
6. Subsequent rising DQS signals must align to the clock within tDQSS.
7. DI n = data-in for column n; subsequent elements are applied in the programmed order.
8. tDSH is applicable during tDQSS (MIN) and is referenced from CK T6 or T7.
9. tDSS is applicable during tDQSS (MAX) and is referenced from CK T7 or T8.
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FIGURE 58 - WRITE – DM OPERATION



DQS
DQS#

t DQSH t WPSTt DQSL

t DSS 2 t DSH 1t DSH 1 t DSS 2

DM

DQ

CK

CK#
T1T0 T1n T2 T2n T3 T4T3n

DI

Don’t CareTransitioning Data

t WPRE

3
WL - tDQSS (NOM)

Notes: 1. tDSH (MIN) generally occurs during tDQSS (MIN).
2. tDSS (MIN) generally occurs during tDQSS (MAX).
3. Subsequent rising DQS signals must align to the clock within tDQSS.
4. WRITE command issued at T0.
5. For x16, LDQS controls the lower byte and UDQS controls the upper byte.
6. WRITE command with WL = 2 (CL = 3, AL = 0) issued at T0.
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FIGURE 59 - DATA INPUT TIMING
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C
t

C

REFRESH

CK
CK#

Command NOP1NOP1 NOP1PRE

CKE

RAAddress

A10

Bank Bank(s)3 BA

REF NOP1 REF2 NOP1 ACTNOP1

One bank

All banks

tCK tCH tCL

RA

DQ4

DM4

DQS, DQS#4

tRFC2tRP tRFC (MIN)

T0 T1 T2 T3 T4 Ta0 Tb0Ta1 Tb1 Tb2

Don’t CareIndicates a break in 
time scale

Notes: 1. NOP commands are shown for ease of illustration; other valid commands may be possi-
ble at these times. CKE must be active during clock positive transitions.

2. The second REFRESH is not required and is only shown as an example of two back-to-
back REFRESH commands.

3. “Don’t Care” if A10 is HIGH at this point; A10 must be HIGH if more than one bank is
active (must precharge all active banks).

4. DM, DQ, and DQS signals are all “Don’t Care”/High-Z for operations shown.

FIGURE 60 - REFRESH MODE



CK1
CK#

Command NOP REF

Address

CKE1

Valid

DQ

DM

DQS#, DQS

NOP 4

tRP8

tCH tCL tCK1tCK1

tXSNR2, 5, 10

t ISXR2

Enter self refresh
mode (synchronous)

Exit self refresh
mode (asynchronous)

T0 T1 Ta2Ta1

Don’t Care

Ta0 Tc0Tb0

tXSRD2, 7

Valid 5NOP 4

tCKE (MIN) 9

T2

ODT6

tAOFD/ tAOFPD6

Td0

Valid 7

Valid 5

Indicates a break in 
time scale

tIH

tIH

tCKE3

Notes: 1. Clock must be stable and meeting tCK specifications at least 1 × tCK after entering self
refresh mode and at least 1 × tCK prior to exiting self refresh mode.

2. Self refresh exit is asynchronous; however, tXSNR and tXSRD timing starts at the first ris-
ing clock edge where CKE HIGH satisfies tISXR.

3. CKE must stay HIGH until tXSRD is met; however, if self refresh is being re-entered, CKE
may go back LOW after tXSNR is satisfied.

4. NOP or DESELECT commands are required prior to exiting self refresh until state Tc0,
which allows any nonREAD command.

5. tXSNR is required before any nonREAD command can be applied.
6. ODT must be disabled and R TT off ( tAOFD and tAOFPD have been satisfied) prior to enter-

ing self refresh at state T1.
7. tXSRD (200 cycles of CK) is required before a READ command can be applied at state Td0.
8. Device must be in the all banks idle state prior to entering self refresh mode.
9. After self refresh has been entered, tCKE (MIN) must be satisfied prior to exiting self

refresh.
10. Upon exiting SELF REFRESH, ODT must remain LOW until tXSRD is satisfied.
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FIGURE 61 - SELF REFRESH
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CK

CK#

Command NOP NOP NOP

Address

CKE

DQ

DM

DQS, DQS#

Valid

tCH tCL

Enter  
power-down

mode 6

Exit
power-down

mode
Don’t Care

tCKE (MIN) 2

tCKE (MIN) 2

ValidValid 1

Valid

tXP3, tXARD 4

tXARDS5

Valid Valid

t IS

t IH

t IH

T1 T2 T3 T4 T5 T6 T7 T8

tCK

Notes: 1. If this command is a PRECHARGE (or if the device is already in the idle state), then the
power-down mode shown is precharge power-down. If this command is an ACTIVATE
(or  if  at  least one row  is already  active),  then  the  power-down  mode  shown  is active power-
down.

2. tCKE (MIN) of three clocks means CKE must be registered on three consecutive positive
clock edges. CKE must remain at the valid input level the entire time it takes to achieve
the three clocks of registration. Thus, after any CKE transition, CKE may not transition
from its valid level during the time period of t IS + 2 × tCK + tIH. CKE must not transition
during its t IS and tIH window.

3. tXP timing is used for exit precharge power-down and active power-down to any non-
READ command.

4. tXARD timing is used for exit active power-down to READ command if fast exit is selec-
ted via MR (bit 12 = 0).

5. tXARDS timing is used for exit active power-down to READ command if slow exit is selec-
ted via MR (bit 12 = 1).

6. No column accesses are allowed to be in progress at the time power-down is entered. If
the DLL was not in a locked state when CKE went LOW, the DLL must be reset after
exiting power-down mode for proper READ operation.

FIGURE 62 - POWER-DOWN
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Current State 
POWER-DOWN

SELF REFRESH

BANK(S) ACTIVE

ALL BANKS ACTIVE

TABLE 41:  TRUTH TABLE - CKE

Action (n) Notes

SELF-REFRESH exit

1-6

COMMAND (n)
CS\, RAS\, CAS\, WE\

REFRESH

L

H

L

H

L

L

L

H

L

L

L

L

H

H

H

H

CKE

Curr. Cycle

(n)

Prev. Cycle

(n-1)

t

t

tCKE=3 x t

tCKE = 3 x t -REF

-



 

DO

CK

CK#

Command

DQ

DQS, DQS#

RL = 3 

T0 T1 T2

Don’t CareTransitioning Data

NOP NOP

T3 T4 T5

Valid

T6 T7

tCKE (MIN)

Address

A10

NOP

CKE

READ

Valid

Power-down 2 or 
self refresh entry

NOP 1   Valid

DODO DO

Notes: 1. In the example shown, READ burst completes at T5; earliest power-down or self refresh
entry is at T6.

2. Power-down or self refresh entry may occur after the READ burst completes.

 

CK

CK#

Command

DQ

DQS, DQS#

RL = 3 

T0 T1 T2

Don’t CareTransitioning Data

NOP NOP

T3 T4 T5

Valid Valid

T6 T7

tCKE (MIN)

Address

A10

NOP

CKE

READ

Valid

Power-down or 
self refresh 2 entry

NOP1

DO DODO DO

Notes: 1. In the example shown, READ burst completes at T5; earliest power-down or self refresh
entry is at T6.

2. Power-down or self refresh entry may occur after the READ burst completes.
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FIGURE 63 - READ-TO-POWER-DOWN OR SELF REFRESH ENTRY

FIGURE 64 - READ WITH AUTO PRECHARGE-TO-POWER-DOWN OR SELF REFRESH ENTRY
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CK
CK#

Command

DQ

DQS, DQS#

WL = 3 

T0 T1 T2

Don’t CareTransitioning Data

NOP NOP

DO

T3 T4 T5

Valid Valid

T6

Valid

T7 T8

tCKE (MIN)

Address

A10

NOPWRITE

Valid

Power-down or 
self refresh entry1

tWTR

NOP1

DO DO DO

CKE

Note: 1. Power-down or self refresh entry may occur after the WRITE burst completes.

FIGURE 65 - WRITE-TO-POWER-DOWN OR SELF REFRESH ENTRY

 

CK

CK#

Command

DQ

DQS, DQS#

RL = 3 

T0 T1 T2

Don’t CareTransitioning Data

NOP NOP

T3 T4 T5

Valid Valid

T6 T7

tCKE (MIN)

Address

A10

NOP

CKE

READ

Valid

Power-down or 
self refresh 2 entry

NOP1

DO DODO DO

Notes: 1. In the example shown, READ burst completes at T5; earliest power-down or self refresh
entry is at T6.

2. Power-down or self refresh entry may occur after the READ burst completes.

FIGURE 66 - WRITE WITH AUTO PRECHARGE-TO-POWER-DOWN OR SELF REFRESH ENTRY
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CK

CK#

Command

Don’t Care

T0 T1

Valid REFRESH

T2 T3

tCKE (MIN)

CKE

Power-down 1
entry

1 x tCK

NOP

Note: 1. The earliest precharge power-down entry may occur is at T2, which is 1 × tCK after the
REFRESH command. Precharge power-down entry occurs prior to tRFC (MIN) being 
satisfied.

FIGURE 67 - REFRESH COMMAND-TO-POWER-DOWN ENTRY

CK

CK#

Command

Don’t Care

T0 T1

Valid ACT

T2

NOP

T3

tCKE (MIN)

CKE

Power-down 1

entry

1 tCK

Address VALID

Note: 1. The earliest active power-down entry may occur is at T2, which is 1 × tCK after the ACTIVATE
command. Active power-down entry occurs prior to tRCD (MIN) being satisfied.

FIGURE 68 - ACTIVATE COMMAND-TO-POWER-DOWN ENTRY



CK

CK#

Command

Don’t Care

T0 T1

Valid PRE

T2

NOP

T3

tCKE (MIN)

CKE

Power-down 1
entry

1 x tCK

Address

A10

Valid

All banks
 vs

Single bank

Note: 1. The earliest precharge power-down entry may occur is at T2, which is 1 × t CK after the
PRECHARGE command. Precharge power-down entry occurs prior to t RP (MIN) being
satisfied.
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FIGURE 69 - PRECHARGE COMMAND-TO-POWER-DOWN ENTRY
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CK

CK#

Command

Don’t C

T0 T1

Valid LM

T2

NOP

T3 T4

tCKE (MIN)

CKE

Power-down 3
entry

tMRD

Address Valid 1

tRP2

NOP

Notes: 1. Valid address for LM command includes MR, EMR, EMR(2), and EMR(3) registers.
2. All banks must be in the precharged state and tRP met prior to issuing LM command.
3. The earliest precharge power-down entry is at T3, which is after tMRD is satisfied.

FIGURE 70 - LOAD MODE COMMAND-TO-POWER-DOWN ENTRY



LOGIC Devices Incorporated              www.logicdevices.com

September 16, 2013 LDS-L9D2xxMxxSBG5 Rev E
102

2 - 5.0 Gb, DDR2, 32 M [64 M] x 64/72/80 Integrated Memory Module (IMOD)

L9D232M64SBG5
L9D232M72SBG5
L9D232M80SBG5
L9D264M64SBG5
L9D264M72SBG5

 L9D264M80SBG5

High Performance, Integrated Memory Module Product

PRECHARGE POWER DOWN CLOCK FREQUENCY CHANGE

 

CK

CK#

Command Valid 4 NOP

Address

CKE

DQ

DM

DQS, DQS#

NOP

t CK

Enter precharge
power-down mode

Exit precharge
power-down mode

T0 T1 T3 Ta0T2

Don’t Care

Valid

t CKE (MIN) 3

t XP

LM

DLL RESET

Valid

Valid

NOP

t CH t CL

Ta1 Ta2 Tb0Ta3

2 x t CK (MIN) 1 1 x tCK (MIN) 2

t CH t CL

t CK

ODT

200 x t CK 

NOP

Ta4

Previous clock frequency New clock frequency

Frequency
change

Indicates a break in 
time scale

High-Z

High-Z

t CKE (MIN) 3

Notes: 1. A minimum of 2 × t CK is required after entering precharge power-down prior to changing clock frequencies.
2. When the new clock frequency has changed and is stable, a minimum of 1 × t CK is required prior to exiting precharge power-down.

FIGURE 71 - INPUT CLOCK FREQUENCY CHANGE DURING PRECHARGE POWER-DOWN MODE
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CKE

RTT

Bank address

High-Z

DM 3

DQS3 High-Z

Address

A10

CK

CK#

t CL

Command NOP2 PRE

All banks

Ta0

Don’t CareTransitioning Data

tRPA

t CL

t CK

ODT

DQ 3 High-Z

T = 400ns (MIN)

Tb0

READ NOP2

T0 T1 T2

Col n

Bank a

t DELAY
1

DODO

READ NOP2

Col n

Bank b

High-Z

High-Z

Unknown RTT On

System 
RESET

T3 T4 T5

Start of normal 5
initialization 

sequence

NOP2

Indicates a break in 
time scale

4

t CKE (MIN)

DO

Notes: 1. VDD, VDDL, VDDQ, VTT, and VREF must be valid at all times.

2. Either NOP or DESELECT command may be applied.

3. DM represents DM for x4/x8 configuration and UDM, LDM for x16 configuration. DQS
represents DQS, DQS#, UDQS, UDQS#, LDQS, LDQS#, RDQS, and RDQS# for the appropri-
ate configuration (x4, x8, x16).

4. In certain cases where a READ cycle is interrupted, CKE going HIGH may result in the
completion of the burst.

5. Initialization timing is shown in Figure 35.

FIGURE 72 - RESET FUNCTION
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t

t t t t

t 2

5 t t t

t 3 t

t

t 2
t 5 t t t

t 3 t

t

t 1
t 1 t t t

t 0 t t

t

1 t 1 t

t t t 0
t t

ODT TIMING

 

t ANPD (3 t CKs)
First CKE latched LOW

tAXPD (8 t CKs)
First CKE latched HIGH

Synchronous

Applicable modes

Applicable timing parameters

SynchronousSynchronous or 

Asynchronous

Any mode except
self refresh mode

Any mode except
self refresh modeActive power-down fast (synchronous)

Active power-down slow (asynchronous)
Precharge power-down (asynchronous)

t AOND/ t AOFD (synchronous)

t AONPD/ t AOFPD (asynchronous)

t AOND/ t AOFD t AOND/ t AOFD

CKE

FIGURE 73 - ODT TIMING FOR ENTERING AND EXITING POWER-DOWN MODE
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FIGURE 74 - TIMING FOR MRS COMMAND TO ODT UPDATE DELAY

CK#

CK

ODT2

Internal
RTT setting

EMRS1 NOP NOPNOP NOP NOPCommand

t MOD

Old setting Undefined New setting

0ns

2

t IS
t AOFD

Indicates a break in 
time scale

T0 Ta0 Ta1 Ta2 Ta3 Ta4 Ta5

Notes: 1. The LM command is directed to the mode register, which updates the information in

EMR (A6, A2), that is, RTT (nominal).

2. To prevent any impedance glitch on the channel, the following conditions must be met:
t AOFD must be met before issuing the LM command; ODT must remain LOW for the

entire duration of the t MOD window until t MOD is met.

t

MRS COMMAND TO ODT UPDATE DELAY



T1T0 T2 T3 T4 T5 T6

ValidValid Valid ValidValid Valid Valid

CK#

CK

ODT

R TT

t AOF (MAX)t AON (MIN)

tAOND

Address

t AOFD

t AON (MAX) t AOF (MIN)

ValidValid Valid ValidValid Valid ValidCommand

t CH t CL

Don’t CareRTT Unknown RTT On

t CK

CKE
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FIGURE 75 - ODT TIMING FOR ACTIVE OR FAST-EXIT POWER-DOWN MODE
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FIGURE 76 - ODT TIMING FOR SLOW-EXIT OR PRECHARGE POWER-DOWN MODES

Don’t Care

T1T0 T2 T3 T4 T5 T6

ValidValid Valid ValidValid Valid Valid

CK#

CK

CKE

ODT

Address

ValidValid Valid ValidValid Valid ValidCommand

t CH t CL

t AONPD (MIN)

t AONPD (MAX)

t AOFPD (MIN)
t AOFPD (MAX)

Transitioning RTT

T7

Valid

Valid

RTT Unknown RTT On

t CK

RTT



LOGIC Devices Incorporated              www.logicdevices.com

September 16, 2013 LDS-L9D2xxMxxSBG5 Rev E
109

2 - 5.0 Gb, DDR2, 32 M [64 M] x 64/72/80 Integrated Memory Module (IMOD)

L9D232M64SBG5
L9D232M72SBG5
L9D232M80SBG5
L9D264M64SBG5
L9D264M72SBG5

 L9D264M80SBG5

High Performance, Integrated Memory Module Product

FIGURE 77 - ODT TURN-OFF TIMINGS WHEN ENTERING POWER-DOWN MODE

T1T0 T2 T3 T4 T5 T6

NOPNOP NOP NOPNOP NOP NOP

CK#

CK

Command

CKE

ODT

RTT

t AOF (MIN)

t AOF (MAX)

t AOFD

ODT

RTT

t AOFPD (MIN)

Don’t CareTransitioning RTT RTT Unknown RTT ON 

t ANPD  (MIN)

t AOFPD (MAX)
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FIGURE 78 - ODT TURN-ON TIMING WHEN ENTERING POWER-DOWN MODE

T1T0 T2 T3 T4 T5 T6

NOPNOP NOP NOPNOP NOP NOP

CK#

CK

RTT

t AON (MIN)

t AON (MAX)

ODT

RTT

t AONPD (MIN)

t AONPD (MAX)

Don’t CareTransitioning R TT RTT Unknown RTT On

ODT

Command

t AOND

CKE

t ANPD (MIN)
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FIGURE 79 - ODT TURN-OFF TIMING WHEN EXITING POWER-DOWN MODE

Transitioning RTT

T1T0 T2 T3 T4 Ta0 Ta1

NOPNOP NOP NOPNOP NOP NOP

CK#

CK

CKE

tAXPD  (MIN)

ODT

RTT

t AOF (MAX)

ODT

RTT

t AOFPD (MIN)

t AOFPD (MAX)

Command

Ta2 Ta3 Ta4 Ta5

NOPNOP NOP NOP

Don’t CareRTT Unknown

t AOF (MIN)

Indicates a break in 
time scale

RTT On

t CKE (MIN)

t AOFD
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