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  Configuration:  

8 banks 

8 banks

  DDR3 Integrated Module [iMOD]:
  VDD=VDD

signals.

FEATURES

and 11

A

  Write leveling

Benefits

      ORDER NUMBER        SPEED GRADE     PKG FOOTPRINT      I/O        PITCH      PKG NO.

iMOD Part Information

BG1
DDR3-1333

DDR3-1333



Sample Part Number: L9D3256M32SBG2I107

Word = 256 MB

Speed Grade

15

125

107

256M L9D3

Temperature

Commercial (0oC to 70oC)

Industrial (-40oC to 85oC)

Extended (-40oC to 105oC)
I

E
M

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

32S BG1 

DDR3 iMOD

Wordwidth 
x32

S = Single Channel

 
PBGA

Code

Code

I 107

Military (-55oC to 125oC)

C

1.5ns / 1333Mbps

1.25ns / 1600Mbps

1.07ns / 1800Mbps
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FEATURES

FIGURE 1 - DDR3 PART NUMBERS

Bank Addressing

8K

     Parameter                   256-512 Meg x 32                                                           

TABLE 1:  ADDRESSING



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
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STATE DIAGRAM

FIGURE 2 - SIMPLIFIED STATE DIAGRAM
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-

strobes.
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-

-

-
-
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FUNCTIONAL DESCRIPTION INDUSTRIAL TEMPERATURE

A

A is <0 C 
C.

EXTENDED TEMPERATURE

A

A is <0 C 
C.

MILITARY, EXTREME OPERATING TEMPERATURE

A 

A C.



DIE 1

ADDR0-14
ADDR

DQ 15

DQ 8

DQ 7

DQ 0

DQ 31

DQ 24

DQ 23

DQ 16

DIE 0

CS#

RESET#

ODT

WE#

RAS#, CAS#

CKE

CK, CK#

BA0-2

       BA       CK,    CKE     RAS,   WE     ODT  RESET  CSA 
                   CK#                CAS

ADDR       BA       CK,    CKE    RAS,    WE     ODT  RESET  CSA 
                  CK#               CAS

DM3

DM2

DM1

DM0

DQS3, DQS3#

DQS2, DQS2#

DQ 15

DQ 8

DQ 7

DQ 0

DQS1, DQS1#

DQS0, DQS0#

ZQ1

VSSQ

240Ω ±1%

ZQ2

VSSQ

240Ω ±1%
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DIE 3

ADDR0-15
ADDR

DQ 31

DQ 24

DIE 2

CS#

RESET#

ODT

WE#

RAS#, CAS#

CKE

CK, CK#

BA0-2

       BA       CK,    CKE     RAS,   WE     ODT  RESET  CSA 
                   CK#                CAS

ADDR       BA       CK,    CKE    RAS,    WE     ODT  RESET  CSA 
                  CK#               CAS

DQS3, DQS3#

DQS2, DQS2#

DQ 23

DQ 16

DQS1, DQS1#

DQS0, DQS0#

DIE 1

DQ 15

DQ 8

DIE 0

ADDR       BA       CK,    CKE    RAS,    WE     ODT  RESET  CSA 
                  CK#               CAS

DQ 7

DQ 0

DM0

DM1

DM2

DM3

DQ 0-7

DQ 8-15

DQ 16-23

DQ 24-31

VSSQ

VSSQ

VSSQ

VSSQ

FIGURE 3B- L9D3512M32SBG1 FUNCTIONAL BLOCK DIAGRAM



DQ23 VSSQ VSS VDD

VDDQDQ22VSSQDQ21

DM2 VSSQ DQ20 VDDQ

VSSQVDDQDQS2DQS2#

DQ19 VDDQ DQ18 VSSQ

DQ16VDDQDQ17

A8 A11 A13 VDD

BA1A6

VREFCAVSSA1

A14

VDDCK CK#

DQ15 VDDQ DQ14 VSS

VSSQDQ12VDDQ

VSSQVDDQDQS1DQS1#

DM1 VSSQ VDDQ

VDDQVSSQDQ11

VDDVSSVSSQDQ9

DQ31VSSQVSSVDD

DQ29VSSQDQ30VDDQ

DM3VSSQDQ28VDDQ

DQS3#DQS3VDDQVSSQ

DQ27VDDQDQ26VSSQ

DQ25VDDQDQ24

A0A2

DQ6

VDDQ

A

B

C

D

E

F

G

H

J

K

L

M

N

P

R

T

U

A

B

C

D

E

F

G

H

J

K

L

M

N

P

R

T

U

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

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

AddressUNPOPULATED

Level REF

V + (I/O Power)

CNTRL

GND (Core)

Data IOGND (I/O)

V + (Core Power)

VDD VSS VSSQ DQ1

VDDQ DQ0 VSSQ DQ3

VDDQ DQ2 VSSQ DM0

VSSQ VDDQ DQS0 DQS0#

VSSQ DQ4 DQ5

VSS VDDQ DQ7

VDDDL CAS# RAS#

RESET# BA2 ODT CS#

VREFDQ VSSDL NC WE#

BA0 A9

VDD A7 A5 A3

VSS

DQ8

DQ10

DQ13

CKE

A10

NC

A4 A12

VSS

NC NC

NC

NC

VDDDL

VSSDL
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FIGURE 4A - L9D3256M32SBG1 PINOUT TOP VIEW

BALL /SIGNAL LOCATION (PBGA)
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DQ23 VSSQ VSS VDD

VDDQDQ22VSSQDQ21

DM2 VSSQ DQ20 VDDQ

VSSQVDDQDQS2DQS2#

DQ19 VDDQ DQ18 VSSQ

DQ16VDDQDQ17

A8 A11 A13 VDD

BA1A6

VREFCAVSSA1

A14

VDDCK CK#

DQ15 VDDQ DQ14 VSS

VSSQDQ12VDDQ

VSSQVDDQDQS1DQS1#

DM1 VSSQ VDDQ

VDDQVSSQDQ11

VDDVSSVSSQDQ9

DQ31VSSQVSSVDD

DQ29VSSQDQ30VDDQ

DM3VSSQDQ28VDDQ

DQS3#DQS3VDDQVSSQ

DQ27VDDQDQ26VSSQ

DQ25VDDQDQ24

A0A2

DQ6

VDDQ

A

B

C

D

E

F

G

H

J

K

L

M

N

P

R

T

U

A

B

C

D

E

F

G

H

J

K

L

M

N

P

R

T

U

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

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

AddressUNPOPULATED

Level REF

V + (I/O Power)

CNTRL

GND (Core)

Data IOGND (I/O)

V + (Core Power)

VDD VSS VSSQ DQ1

VDDQ DQ0 VSSQ DQ3

VDDQ DQ2 VSSQ DM0

VSSQ VDDQ DQS0 DQS0#

VSSQ DQ4 DQ5

VSS VDDQ DQ7

VDDDLL CAS# RAS#

RESET# BA2 ODT CS#

VREFDQ VSSDLL NC WE#

BA0 A9

VDD A7 A5 A3

VSS

DQ8

DQ10

DQ13

CKE

A10

NC

A4 A12

VSS

A15 NC

No Connect

NC

VDDDL

VSSDL

                
FIGURE 4B - L9D3512M32SBG1 PINOUT TOP VIEW

BALL /SIGNAL LOCATION (PBGA)
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TABLE 2A - L9D3256M32SBG1 BALL/SIGNAL LOCATION AND DESCRIPTION

   Ball Assignments      Symbol     Type                                                     Description                   

G9, G10

G11

C4, C9, R9, R4

G4

G3

A0, A1, A2, 

A3, A4, A5, 

A6, A7, A8, 

A9, A10/AP, 

A11, A12 /

BCH, A13, 

A14

BA0, BA1, 

BA2

CK, CK\

CKE

CS\

DM0, DM1, 

DM2, DM3

RAS\

CAS\

WE\

Input

Input

Input

Input

Input

Input

Input

Input

Input

Address Inputs: 

10

10

10

(A10

12 12 

4 

Bank Address Inputs:  

0, MR1, MR2, or 

MR3

Clock:  

Clock Enable:  

Chip Select:  

 

Input Data Mask:  

ROW Address Strobe/Select:  

COLUMN Address Strobe/Select:  

 

WRITE Enable Input:  
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TABLE 2A - L9D3256M32SBG1 BALL/SIGNAL LOCATION AND DESCRIPTION CONTINUED

   Ball Assignments          Symbol      Type                                                         Description                   

ODT

RESET\

DQS0, DQS0#

DQS1, DQS1#

DQ0, DQ1, 

DQ2, DQ3, 

DQ4, DQ5,

DQ6, DQ7

DQ8, DQ9, 

DQ10, DQ11, 

DQ12, DQ13, 

DQ14, DQ15

DQ16, DQ17, 

DQ18, DQ19, 

DQ20, DQ21, 

DQ22, DQ23

DQ24, DQ25, 

DQ26, DQ27, 

DQ28, DQ29, 

DQ30, DQ31

VrefCA

VrefDQ

Input

Input

Input

Input

I/O

I/O

I/O

I/O

Supply

Supply

On-Die Termination: -

VrefCA.

RESET:  

 0.8 x VDD and DC LOW  0.2 x 

VDD

Data Strobe, LOW Byte (per WORD):  

Data Strobe, HIGH Byte (per WORD):  

Data Input/Output:  

Data Input/Output:  

Data Input/Output:  

Data Input/Output:  

D3, D4

D10, D9

F2, F4

M11, M9, N11, N9, R11, 

M2, M4, N2, N4, R2, T4, 
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TABLE 2A - L9D3256M32SBG1 BALL/SIGNAL LOCATION AND DESCRIPTION CONTINUED

   Ball Assignments      Symbol     Type                                                     Description                   
VDD 

VDDQ

Vss

VssQ

VSSDL

VDDDL

NC

Supply

Supply

Supply

Supply

Ground

Ground for DLL

A1, A12, G12, L1, L12, 

B1, B12, C1, C12, D2, 

A3, A10, B3, B10, C3, 

G1
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TABLE 2B - L9D3512M32SBG1 BALL/SIGNAL LOCATION AND DESCRIPTION

   Ball Assignments      Symbol     Type                                                     Description                   

G9, G10

G11

C4, C9, R9, R4

G4

G3

A0, A1, A2, 

A3, A4, A5, 

A6, A7, A8, 

A9, A10/AP, 

A11, A12 /

BCH, A13, 

A14, A15

BA0, BA1, 

BA2

CK, CK\

CKE

CS\

DM0, DM1, 

DM2, DM3

RAS\

CAS\

WE\

Input

Input

Input

Input

Input

Input

Input

Input

Input

Address Inputs: 

10

10

10

(A10

12 12 

4 

Bank Address Inputs:  

0, MR1, MR2, or 

MR3

Clock:  

Clock Enable:  

Chip Select:  

 

Input Data Mask:  

ROW Address Strobe/Select:  

COLUMN Address Strobe/Select:  

 

WRITE Enable Input:  

          



LOGIC Devices Incorporated              www.logicdevices.com
13

8-16 Gb, DDR3, 256-512M x 32 Single Channel Memory Module

L9D3256M32SBG1
 L9D3512M32SBG1

August 27, 2014 LDS-L9D3xxxM32SBG1 Rev B
High Performance, Integrated Memory Module Product

TABLE 2B - L9D3512M32SBG1 BALL/SIGNAL LOCATION AND DESCRIPTION CONTINUED

   Ball Assignments          Symbol      Type                                                         Description                   

ODT

RESET\

DQS0, DQS0#

DQS1, DQS1#

DQ0, DQ1, 

DQ2, DQ3, 

DQ4, DQ5,

DQ6, DQ7

DQ8, DQ9, 

DQ10, DQ11, 

DQ12, DQ13, 

DQ14, DQ15

DQ16, DQ17, 

DQ18, DQ19, 

DQ20, DQ21, 

DQ22, DQ23

DQ24, DQ25, 

DQ26, DQ27, 

DQ28, DQ29, 

DQ30, DQ31

VrefCA

VrefDQ

Input

Input

Input

Input

I/O

I/O

I/O

I/O

Supply

Supply

On-Die Termination: -

VrefCA.

RESET:  

 0.8 x VDD and DC LOW  0.2 x 

VDD

Data Strobe, LOW Byte (per WORD):  

Data Strobe, HIGH Byte (per WORD):  

Data Input/Output:  

Data Input/Output:  

Data Input/Output:  

Data Input/Output:  

D3, D4

D10, D9

F2, F4

M11, M9, N11, N9, R11, 

M2, M4, N2, N4, R2, T4, 
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TABLE 2A - L9D3256M32SBG1 BALL/SIGNAL LOCATION AND DESCRIPTION CONTINUED

   Ball Assignments      Symbol     Type                                                     Description                   
VDD 

VDDQ

Vss

VssQ

VSSDL

VDDDL

NC

Supply

Supply

Supply

Supply

Ground

Ground for DLL

A1, A12, G12, L1, L12, 

B1, B12, C1, C12, D2, 

A3, A10, B3, B10, C3, 

G1

          



0.8 NOM
0.8 NOM
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1.  VDD and VDD DD DD and     
     VDD

TA

A

1.  VDD DDQ = VDD, V  = Vss TA °C, V  (DC DDQ, V

3.  CCCQS

4.  CDIO

DI_CNTL

7.  CDI_CMD_ADDR

 Capacitance Parameter                                          Symbol             MIN           MAX (256M)   MAX (512M)      UNITS      NOTES                                                         

TABLE 4: INPUT/OUTPUT CAPACITANCE

CCK

C10

C10

C

2

3

            Symbol                                             Parameter             MIN  MAX       UNITS      NOTES       
VDD

VDDQ

VIN, V

II

I

TAIndustrial

TA

TA

TSTG

V

V

V

μA

μA

°C

°C

°C

°C

1

1

1

2

3,4

3,4

3,4

3,4

TABLE 3: ABSOLUTE MAXIMUM RATINGS

1.78

1.78

1.78

4

2

-0.4

-0.4

-0.4

-4

-2

-40

-40

VDD ss

VDD ssQ

ss

V

0.8

1.4

1.4

0.8

4.4

4.4

8.8

8.8
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t DD

CL IDD

t DD

DD

t DD

t DD

tFAW

tRRD IDD

tRFC

IDD Parameter                        9-9-9                11-11-11                13-13-13      

TABLE 5: TIMING PARAMETERS FOR IDD MEASUREMENTS - CLOCK UNITS

ns

CK

CK

CK

CK

CK

CK

CK

CK

10

10

34

24

10

30

174

DDR3-1333

-15 
DDR3-1600

-12

DDR3-1866

 -11

11

11

39

28

11

32

208

1.071

13

13

32

13

33

243
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TABLE 6:  IDD0 MEASUREMENT LOOP
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TABLE 7:  IDD1 MEASUREMENT LOOP
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TABLE 8:  IDD MEASUREMENT CONDITIONS FOR POWER-DOWN CURRENTS

    Name                                      
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tRC
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Bank Address
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8
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Down Current 
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Active Power-

Down Current                           
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TABLE 9:  IDD2N / IDD3N MEASUREMENT LOOP
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TABLE 10:  IDD2NT MEASUREMENT LOOP
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TABLE 11:  IDD4R MEASUREMENT LOOP
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TABLE 12:  IDD4W MEASUREMENT LOOP
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TABLE 13:  IDD5B MEASUREMENT LOOP



PACKAGE OUTLINE DIMENSIONS
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TABLE 14:  IDD MEASUREMENT LOOP

   IDD Test IDD8: Reset
IDD6E/M: Self Refresh 

Current
IDD6: Self Refresh 

Current
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 Industrial Range                                       
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Mid-level

Mid-level
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Mid-level

Mid-level
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Mid-level

Mid-level

Mid-level

Mid-level

Mid-level

Mid-level

None

All
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TABLE 15:  IDD7 MEASUREMENT LOOP
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                     IDD                     DDR3-1333                       DDR3-1600                      DDR3-1866             UNITS   

TA = 0°C to ° DD

IDD0

IDD1

IDD

IDD

IDD2Q

IDD2N

IDD

IDD3N

IDD4R

IDD4W

IDD

IDD

IDD7

IDD8

           Speed Bin

TABLE 16A: IDD MAXIMUM LIMITS (256M)

220

40

88

100

480

400

420

44

IDD

IDD

IDD

IND

180

230

40

74

94

110

440

44

IDD

IDD

IDD

200

240

40

84

104

120

44

IDD

IDD

IDD

                     IDD                     DDR3-1333                       DDR3-1600                      DDR3-1866             UNITS   

TA = 0°C to ° DD

IDD0

IDD1

IDD

IDD

IDD2Q

IDD2N

IDD

IDD3N

IDD4R

IDD4W

IDD

IDD

IDD7

IDD8

           Speed Bin

TABLE 16B: IDD MAXIMUM LIMITS (512M)

320

440

80

128

200

232

292

800

840

88

1040

IDD

IDD

IDD

IND

80

148

188

220

308

1020

900

880

88

1140

IDD

IDD

IDD

400

480

80

208

240

272

328

1200

1200

920

88

1280

IDD

IDD

IDD
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1. VDD and VDD DD

to VDD, Vss = VssQ.

2. VDD and VDD

DD and VDD

3. V

4. 

1. V DD -

DD

V

2. 

3. V DD

-

DD

4. V

VTT TT

-

dent.  

   Parameter/Condition                                                       Symbol           MIN               TYP             MAX           UNITS      NOTES
Supply Voltage

I/O Supply Voltage

Input Leakage Current:

VIN VDD, V VIN 1.1V

VREF Supply Leakage Current:

V  = VDD  = VDD

V

V

μA

μA

1,2

1,2

3,4

TABLE 17:  DC ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS

4

4

-

-

-4

-4

VDD

VDDQ

II

I

   Parameter/Condition                                                       Symbol           MIN              TYP             MAX            UNITS      NOTES
VIN low; DC/commands/address busses

VIN high; DC/commands/address busses

Input reference voltage command/address bus

I/O reference voltage DQ bus

I/O reference voltage DQ bus in SELF REFRESH

Command/address termination voltage 

V

V

V

V

V

V

1,2

2,3

4

See Table 17

VDD

DD

DD

VDD

-

DD 

DD

DD

DDQ

Vss

See Table 17

0.49 x VDD

0.49 x VDD

Vss

-

VIL

V

V

V

V

VTT

TABLE 18:  DC ELECTRICAL CHARACTERISTICS AND INPUT CONDITIONS
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Input high AC voltage:  Logic 1

Input high AC voltage:  Logic 1

Input high DC voltage:  Logic 1

Input high DC voltage:  Logic 0

Input high AC voltage:  Logic 0

Input high AC voltage:  Logic 0

Input high AC voltage:  Logic 1

Input high AC voltage:  Logic 1

Input high DC voltage:  Logic 1

Input high DC voltage:  Logic 0

Input high AC voltage:  Logic 0

Input high AC voltage:  Logic 0

-

-

-100

-

-

-

-

-100

-

-

-100

-

-100

-

V

V

V

V

V

V

V

V

V

V

V

V

1. , V  is V -

 is V

2. tIS and t IL

V

3. t t IL

V

4. 

   Parameter/Condition                                                 Symbol                         DDR3-1600                      DDR3-1866            UNITS

TABLE 19:  INPUT SWITCHING CONDITIONS

   DQ and DM

DDR3-1333



Notes: 1. Numbers in diagrams reflect nominal values.

Minimum VIL and VIH levels

0.925V

0.850V

0.780V
0.765V
0.750V
0.735V
0.720V

0.650V

0.575V

VIH (AC)

VIH (DC)

VIL (DC)

VIL (AC)

VIL and VIH levels with ringback

1.90V

1.50V

0.925V

0.850V

0.780V
0.765V
0.750V
0.735V
0.720V

0.650V

0.575V

0.0V

-0.40V

VDDQ + 0.4V narrow pulse width

VDDQ

VIH (AC)

VIH (DC)

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

VIL (DQ)

VIL (AC)

VSS

VSS 0.4V narrow pulse width
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OPERATING CONDITIONS

FIGURE 6 - INPUT SIGNAL



FIGURE 7 & 8: OVERSHOOT/UNDERSHOOT SPECIFICATIONS

Maximum amplitude Overshoot area

VDD/VDDQ

Time (ns)

Volts (V)

Maximum amplitude
Undershoot area

Time (ns)
VSS/VSSQ

Volts (V)

Figure 7:  Overshoot

Figure 8:  Undershoot

AC OVERSHOOT/UNDERSHOOT SPECIFICATION
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   Parameter                                                                            DDR3-1333            DDR3-1600         DDR3-1866

Maximum peak amplitude allowed for overshoot area

Maximum peak amplitude allowed for undershoot area

Maximum overshoot area above Vcc 

Maximum undershoot area below Vss 

TABLE 20:  CONTROL AND ADDRESS PINS

0.4V

0.4V

0.28Vns

0.28Vns

0.4V

0.4V

0.4Vns

0.4Vns

0.4V

0.4V

0.33Vns

0.33Vns

   Parameter                                                                            DDR3-1333            DDR3-1600         DDR3-1866
Maximum peak amplitude allowed for overshoot area

Maximum peak amplitude allowed for undershoot area

Maximum overshoot area above Vcc/ VccQ 

Maximum undershoot area below Vss/ VssQ

TABLE 21:  CLOCK, DATA, STROBE, AND MASK PINS

0.4V

0.4V

0.11Vns

0.11Vns

0.4V

0.4V

0.4V

0.4V

0.13Vns

0.13Vns
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   Parameter/Condition                                                   Symbol                     MIN                        MAX                 UNITS     NOTES
Differential input voltage, logic high - slew

Differential input voltage, logic low - slew

Differential input voltage, logic high

Differential input voltage, logic low

Differential input crossing voltage relative to VDD/2 

for DQS, DQS\, CK, CK\

Differential input crossing voltage relative to VDD/2 

for CK, CK\

Single-ended high level for strobes

Single-ended high level for CK, CK\

Single-ended low level for strobes

Single-ended low level for CK, CK\

4

4

7

7,8

TABLE 22:  DIFFERENTIAL INPUT OPERATING CONDITIONS (CKX, CKX\, DQSX, AND DQSX\)

-200

VDD DDQ

2x(V -VIL

V

V

VDDQ

VDD

VDD IL

VDD -VIL

2x(V

Vss ssQ

V

V

VDD

VDD AC

VssQ

Vss

V

VIL 

V

VIL 

V

V

V

V

1. DD

VDDQ and VssQ.

2. 

3. 

4. 

-

-

7. DD

DD.  

V

8. 

V

ended swing V , V  of at least VDD



LOGIC Devices Incorporated              www.logicdevices.com
34

8-16 Gb, DDR3, 256-512M x 32 Single Channel Memory Module

L9D3256M32SBG1
 L9D3512M32SBG1

August 27, 2014 LDS-L9D3xxxM32SBG1 Rev B
High Performance, Integrated Memory Module Product

OVERSHOOT/UNDERSHOOT SPECIFICATIONS

FIGURE 9 - VIX FOR DIFFERENTIAL SIGNALS

VIX

X

X

X

X

VDD, VDDQ VDD, VDDQ

CK#, DQS# CK#, DQS#

VIX

VIX

VIX

CK, DQS CK, DQS

VSS, VSSQ VSS, VSSQ

VDD/2, VDDQ/2 VDD/2, VDDQ/2

FIGURE 10 - SINGLE-ENDED REQUIREMENTS FOR DIFFERENTIAL SIGNALS

VSS or VSS Q

VDD  or VDD Q

VSEL (MAX)

VSEH (MIN)

VSEH

VSEL

VDD /2 or VDD Q/2

CK or DQS
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PACKAGE OUTLINE DIMENSIONS

                                     Slew Rate (V/ns)                                              350mV                                   300mV
-4.0

4.0

3.0

2.0

1.9

1.6

1.4

1.2

1.0

<1.0

TABLE 23:  DIFFERENTIAL INPUT OPERATING CONDITIONS (tDVAC) FOR CKX, CKX\, DQSX, AND DQSX\

170

38

34

29

22

13

0

0

Below VIL

   tDVAC (ps) at [VIHDIFF(AC) to VILDiff(AC)]

OVERSHOOT/UNDERSHOOT SPECIFICATIONS

FIGURE 11 - DEFINITION OF DIFFERENTIAL AC-SWING AND tDVAC

V IHDIFF (A C) MIN

V IHDIFF (DC) MIN

0.0

V ILDIFF (DC) MAX

V ILDIFF  (MAX)

tDVAC

V IHDIFF  (MIN)

V ILDIFF (A C) MAX

half cycle tDVAC

CK - CK#
DQ S - DQS #
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         Input               Edge                 From                     To                Calculation

Setup

Hold

TABLE 24:  SINGLE-ENDED INPUT SLEW RATE 

Input Slew Rate (Linear Signals)

Rising

Falling

Rising

Falling

Measured

V

V

VIL

V

V

VIL

V

V

V

V VIL

TFS

V VIL

V
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SLEW RATE DEFINITIONS FOR SINGLE-ENDED INPUT SIGNALS  

tIS and t

tIS and t

VIL

t t

IL .  
t t

.
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SLEW RATE DEFINITIONS FOR SINGLE-ENDED INPUT SIGNALS

FIGURE 12 - NOMINAL SLEW RATE DEFINITION FOR SINGLE-ENDED INPUT SIGNALS

ΔTRS

ΔTFS

ΔTRH

ΔTFH

VREFDQ or
VREFCA

VIH(AC) MIN

VIH(DC) MIN

VIL(AC) MAX

VIL(DC) MAX

VREFDQ or 
VREFCA

VIH(AC) MIN

VIH(DC) MIN

VIL(AC) MAX

VIL(DC) MAX

Setup

Hold

S
in

gl
e-

en
de

d 
in

pu
t v

ol
ta

ge
 (D

Q
,  

C
M

D
,  

A
D

D
R

)
S

in
gl

e-
en

de
d 

in
pu

t v
ol

ta
ge

 (D
Q

, C
M

D
,  

A
D

D
R

)
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         Input               Edge                 From                      To                 Calculation

CK and DQS

Reference

TABLE 25:  DIFFERENTIAL INPUT SLEW RATE DEFINITION

Input Slew Rate (Linear Signals)

Rising

Falling

Measured

V

V

V

VIL(

V - VIL

V  VIL
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SLEW RATE DEFINITIONS FOR DIFFERENTIAL INPUT SIGNALS

IL

rate between V IL

FIGURE 13 - NOMINAL DIFFERENTIAL INPUT SLEW RATE DEFINITION FOR DQS, DQS# AND CK, CK#

ΔTRDIFF

ΔTFDIFF

VIH(DIFF) MIN

VIL(DIFF) MAX

0

D
iff

er
en

tia
l i

np
ut

 v
ol

ta
ge

 (D
Q

S
, D

Q
S

#;
 C

K
, C

K
#)



LOGIC Devices Incorporated              www.logicdevices.com
39

8-16 Gb, DDR3, 256-512M x 32 Single Channel Memory Module

L9D3256M32SBG1
 L9D3512M32SBG1

August 27, 2014 LDS-L9D3xxxM32SBG1 Rev B
High Performance, Integrated Memory Module Product

ODT CHARACTERISTICS

RTTPU

RTTPD

ODT

Chip in termination mode

VDDQ

DQ

VSSQ

IOUT = IPD - IPU

IPU

IPD

IOUT

VOUT

To
other
circuitry
such as 
RCV, . . .

TT

    Parameter/Condition                           Symbol                                MIN              TYP  MAX       UNITS      NOTES       
RTT

DD

1, 2, 4

1, 2, 3, 4

TABLE 26: ON-DIE TERMINATION DC ELECTRICAL CHARACTERISTICS

RTT

VM

See Table 27

1. 

DDQ=VDD

2. TT

IL

IL

 VIL IL

IL

3. 

4. 

TA

RTT   =

 2 x VM

VDDQ
VM   = -1   x 100

FIGURE 14 - ODT LEVELS AND I-V CHARACTERISTICS
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MR1       
[9,6,2]                                                                           

0, 1, 0

0, 0, 1

0, 1, 1

1, 0, 1

1, 0, 0

0.2 x VDDQ

DDQ

0.8 x VDDQ

0.2 x VDDQ

DDQ

0.8 x VDDQ

VIL

0.2 x VDDQ

DDQ

0.8 x VDDQ

0.2 x VDDQ

DDQ

0.8 x VDDQ

VIL

0.2 x VDDQ

DDQ

0.8 x VDDQ

0.2 x VDDQ

DDQ

0.8 x VDDQ

VIL

0.2 x VDDQ

DDQ

0.8 x VDDQ

0.2 x VDDQ

DDQ

0.8 x VDDQ

VIL

0.2 x VDDQ

DDQ

0.8 x VDDQ

0.2 x VDDQ

DDQ

0.8 x VDDQ

VIL

                   
           RTT                             Resistor                       VOUT                     MIN                TYP               MAX             UNITS           

120

40

30

20

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

0.9

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.1

1.1

1.4

1.4

1.1

1.1

1.1

1.1

1.4

1.4

1.1

1.1

1.1

1.1

1.4

1.4

1.1

1.1

1.1

1.1

1.4

1.4

1.1

1.1

1.1

1.1

1.4

1.4

1.1

1.1

RTT120 240

RTT120 240

RTT 120

RTT 240

RTT40 80

RTT40 80

RTT30

RTT30

RTT20 40

RTT20 40

120

40

30

20

TABLE 27: RTT EFFECTIVE IMPEDANCES
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ODT SENSITIVITY

    Symbol                                                  MIN                                            MAX                                   UNITS     
 RTT

TABLE 28: ODT SENSITIVITY DEFINITION

TT TTdV x [DV]0.9 - dRTTdT x dRTTdV x [DV]

TABLE 29 - ODT TEMPERATURE & VOLTAGE SENSITIVITY

   Change                  MIN                              MAX                 UNITS     
dRTTdT

dRTTdV

0

0

0

0

-

-

ODT TIMING DEFINITIONS

Timing reference point

DQ, DM
DQS, DQS#

DUT VREF

VTT = VSSQ

VDDQ/2

ZQ
RZQ = 240Ω

VSSQ 

RTT = 25Ω
CK, CK#

FIGURE 15 - ODT TIMING REFERENCE LOAD



CK

CK#

tAON

VSSQ

DQ, DM

DQS, DQS#

Begin point: Rising edge of CK - CK#
defined by the end point of ODTL on

VSW1

End point: Extrapolated point at VSSQ

TSW1

TSW2

CK

CK#

VDDQ/2

tAOF

End point: Extrapolated point at VRTT_NOM

VRTT_NOM

VSSQ

tAON tAOF

VSW2 VSW2

VSW1

TSW1

TSW1

Begin point: Rising edge of CK - CK#
defined by the end point of ODTL off
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PACKAGE OUTLINE DIMENSIONS
          
   Symbol                            Begin Point Definition                                         End Point Definition                              Figure            

tAON

tAOF

tAONPD

tAOFPD

tADC

TABLE 30:  ODT TIMING DEFINITIONS

TT_NORM

TT_NOM

TT_WR and VRTT_NOM

ODTLCWN4, or ODTLCWN8

PACKAGE OUTLINE DIMENSIONS
          
   Parameter              RTT_NORM Setting                        RTT_WR_Setting                       VSW1                               VSW2    

tAON

tAOF

tAONPD

tAOFPD

tADC

TABLE 31:  REFERENCE SETTINGS FOR ODT TIMING MEASUREMENTS

Measured

FIGURE 16 - tAON AND tAOF DEFINITIONS

ODT TIMING DEFINITIONS



CK

CK#

tAONPD

VSSQ
DQ, DM
DQS, DQS#

Begin point: Rising edge of CK - CK#
with ODT first registered HIGH

VSW1

End point: Extrapolated point at VSSQ

TSW2

CK

CK#

VDD Q/2

tAOFPD

End point: Extrapolated point at VRTT_NOM

VRTT_NOM

VSSQ

tAONPD tAOFPD

TSW1
TSW2

TSW1
VSW2 VSW2

VSW1

Begin point: Rising edge of CK - CK#
with ODT first registered LOW
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ODT CHARACTERISTICS

FIGURE 17 - tAONPD AND tAOFPD DEFINITION

FIGURE 18 - tADC DEFINITION

CK

CK#

tADC

DQ, DM
DQS, DQS#

End point:
Extrapolated
point at VRTT_NOM

TSW21

tADC

End point: Extrapolated point at VRTT_WR

VDDQ/2

VSSQ

VRTT_NOM

VRTT_WR

VRTT_NOM

TSW11

VSW1

VSW2

TSW12

TSW22

Begin point: Rising edge of CK - CK#
defined by the end point of ODTLCNW

Begin point: Rising edge of CK - CK#
defined by the end point of ODTLCNW4 or ODTLCNW8



RONPU

RONPD

Output driver

To
other
circuitry
such as
RCV, . . .

Chip in drive mode

VDDQ

VSSQ

IPU

IPD

IOUT

VOUT

DQ
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OUTPUT DRIVER IMPEDANCE

FIGURE 19 - OUTPUT DRIVER 34 OHM OUTPUT DRIVER IMPEDANCE

ON

ON -

in Table 32.

PACKAGE OUTLINE DIMENSIONS
          
   MR1[5,1]     RON          RESISTOR              VOUT                    MIN                  TYP                 MAX              UNITS             NOTES         

0, 1

TABLE 32:  34  DRIVER IMPEDANCE CHARACTERISTICS

1

1

1

1

1

1

1, 2

DDQ

DDQ

DDQ

DDQ

DDQ

DDQ

DDQ

34.3

RON34PD

RON34PU

0.9

0.9

0.9

0.9

-10

1.0

1.0

1.0

1.0

1.0

1.0

1.1

1.1

1.4

1.4

1.1

1.1

10Pull-Up/Pull-Down mismatch (MMPUPD)

1. DDQ = VDD

  

2.  and R DDQ:   

        

MM  = 

RONNOM 

R  - R
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34 OHM OUTPUT DRIVER IMPEDANCE

34 OHM DRIVER

DD DD DD

RON

RON DDQ-V

PACKAGE OUTLINE DIMENSIONS
          

   MR1[5,1]     RON                       RESISTOR                          VOUT                MIN                  TYP                 MAX              UNITS             

0, 1

TABLE 33:  34  DRIVER PULL-UP AND PULL-DOWN IMPEDANCE CALCULATIONS

DDQ

DDQ

DDQ

DDQ

DDQ

DDQ

34.3

RON34PD

RON34PU

2.04

20.4

34.3

34.3

34.3

34.3

34.3

34.3

38.1

38.1

38.1

38.1

242.4240

34.333.9

                                     RON                                          MIN                  TYP                MAX              UNITS             
RZQ = 240 ±1%

RZQ = (240 ±1%)/7

PACKAGE OUTLINE DIMENSIONS

             MR1[5,1]      RON                       RESISTOR                         VOUT                   MIN                  TYP                MAX              UNITS             

0, 1

IOL @ 0.2 x VDDQ

IOL DDQ

IOL @ 0.8 x VDDQ

IOL @ 0.2 x VDDQ

IOL DDQ

IOL @ 0.8 x VDDQ

34.3

RON34PD

RON34PU

41.2

41.2

9.2

23

23

9.2

8.3

20.7

20.7

8.3

TABLE 35:  34  DRIVER IOH/IOL CHARACTERISTICS: VDD=VDDQ=1.4175V

PACKAGE OUTLINE DIMENSIONS

             MR1[5,1]     RON                        RESISTOR                        VOUT                     MIN                  TYP                MAX              UNITS             

0, 1

IOL @ 0.2 x VDDQ

IOL DDQ

IOL @ 0.8 x VDDQ

IOL @ 0.2 x VDDQ

IOL DDQ

IOL @ 0.8 x VDDQ

34.3

RON34PD

RON34PU

14.7

39.3

39.3

14.7

8.8

21.9

21.9

8.8

7.9

19.7

24.8

24.8

19.7

7.9

TABLE 34:  34  DRIVER IOH/IOL CHARACTERISTICS: VDD = VDDQ = 1.35V



LOGIC Devices Incorporated              www.logicdevices.com

8-16 Gb, DDR3, 256-512M x 32 Single Channel Memory Module

L9D3256M32SBG1
 L9D3512M32SBG1

August 27, 2014 LDS-L9D3xxxM32SBG1 Rev B
High Performance, Integrated Memory Module Product

34 OHM OUTPUT DRIVER IMPEDANCE

PACKAGE OUTLINE DIMENSIONS

             MR1[5,1]      RON                      RESISTOR                         VOUT                     MIN                 TYP                 MAX              UNITS             

0, 1

IOL @ 0.2 x VDDQ

IOL DDQ

IOL @ 0.8 x VDDQ

IOL @ 0.2 x VDDQ

IOL DDQ

IOL @ 0.8 x VDDQ

34.3

RON34PD

RON34PU

14

23.3

37.3

37.3

23.3

14

8.3

20.8

33.3

33.3

20.8

8.3

18.7

18.7

TABLE 36:  34  DRIVER IOH/IOL CHARACTERISTICS: VDD=VDDQ=1.2825V

34  OUTPUT DRIVER SENSITIVITY

    Symbol                                                     MIN                                              MAX                                UNITS     

RON @ 0.8 x VDDQ

RON @ 0.5 x VDDQ

RON @ 0.2 x VDDQ

TABLE 37: 34  OUTPUT DRIVER SENSITIVITY DEFINITION

1.1 - dRON ON V]

1.1 - dRONdTM x [ ONdVM x [ V]

1.1 - dRONdTL x [ ONdVL x [ V]

0.9 - dRON ON V]

0.9 - dRONdTM x [ ONdVM x [ V]

0.9 - dRONdTL x [ ONdVL x [ V]

    Change                                                     MIN                                            MAX                             UNITS     

 dRONdTM

 dRONdVM

 dRONdTL

dRONdVL

dRONdTH

dRONdVH

TABLE 38: 34  OUTPUT DRIVER VOLTAGE AND TEMPERATURE SENSITIVITY

0.13

0.13

0.13

0

0

0

0

0

0
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ALTERNATIVE 40 OHM DRIVER

PACKAGE OUTLINE DIMENSIONS
             MR1[5,1]     RON          RESISTOR               VOUT                   MIN                  TYP                 MAX              UNITS           NOTES         

0, 1

TABLE 39 - 40  DRIVER IMPEDANCE CHARACTERISTICS

1

1

1

1

1

1

1, 2

DDQ

DDQ

DDQ

DDQ

DDQ

DDQ

DDQ

40.0

RON40PD

RON40PU

0.9

0.9

0.9

0.9

-10

1.0

1.0

1.0

1.0

1.0

1.0

1.1

1.1

1.4

1.4

1.1

1.1

10Pull-Up/Pull-Down mismatch (MMPUPD)

1. 

(VDDQ = VDD

      

2. ON ON DDQ:   

        

MM  = 

RONNOM 

R  - R x 100

40  OUTPUT DRIVER SENSITIVITY

    Symbol                                                     MIN                                              MAX                                UNITS     

RON @ 0.8 x VDDQ

RON @ 0.5 x VDDQ

RON @ 0.2 x VDDQ

TABLE 40: 40  OUTPUT DRIVER SENSITIVITY DEFINITION

1.1 - dRON ON V]

1.1 - dRONdTM x [ ONdVM x [ V]

1.1 - dRONdTL x [ ONdVL x [ V]

0.9 - dRON ON V]

0.9 - dRONdTM x [ ONdVM x [ V]

0.9 - dRONdTL x [ ONdVL x [ V]
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ALTERNATIVE 40 OHM DRIVER

    Change                                                     MIN                                          MAX                                           UNITS     
 dRONdTM

 dRONdVM

 dRONdTL

dRONdVL

dRONdTH

dRONdVH

TABLE 41: 40  OUTPUT DRIVER VOLTAGE AND TEMPERATURE SENSITIVITY

0

0

0

0

0

0

OUTPUT CHARACTERISTICS AND OPERATING CONDITIONS

PACKAGE OUTLINE DIMENSIONS
          
   Parameter/Condition                                                   Symbol                     MIN                        MAX                 UNITS     NOTES

Output leakage current:

0V  V  VDD

Output slew rate:

OL  - 0.1 x VDDQ 

and V DDQ

Single-ended DC high-level output voltage

Single-ended DC mid-point level output voltage

Single-ended DC low-point level output voltage

Single-ended DC high-point level output voltage

Single-ended DC low-point level output voltage

Delta RON between pull-up and pull-down for DQ/DQS

Test load for AC timing and output slew rates

uA

V

V

V

V

V

1

1, 2, 3, 4

1, 7

3

TABLE 42:  SINGLE-ENDED OUTPUT DRIVER CHARACTERISTICS

10-10

I

V

VOM

VOL

V

VOL

MM

0.8 x VDDQ

DDQ

0.2 x VDDQ

DDQ

VTT - 0.1 x VDDQ

TT (VDD  resistor

7. 

8. 

signal.  

1. -

-

DDQ = VDD

2. VTT = VDD

3. 

4. -
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PACKAGE OUTLINE DIMENSIONS
          
   Parameter/Condition                                                   Symbol                     MIN                        MAX                 UNITS     NOTES

Output leakage current:

0V  V  VDD

Output slew rate:

OL DDQ and V  

DDQ

Output differential cross-point voltage

Differential high-level output voltage

Differential low-level output voltage

Delta RON between pull-up and pull-down for DQ/DQS

Test load for AC timing and output slew rates

uA

V

V

1

1

1, 2, 3

1, 4

1, 4

3

TABLE 43:  DIFFERENTIAL OUTPUT DRIVER CHARACTERISTICS

12

V

10

V

-10

I

SRQDIFF 

V

V

VOL

MM

DDQ

- 0.2 x VDDQ

TT (VDD  resistor

4. 1. -

-

DDQ = VDD

2. V  = VDD

3. 

FIGURE 20 - DQ OUTPUT SIGNAL

VOH(AC)

MIN output

MAX output

VOL(AC) 
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FIGURE 21 - DIFFERENTIAL OUTPUT SIGNAL

VOH(DIFF)

MIN output

MAX output

VOL(DIFF) 

VOX(AC) MAX

VOX(AC) MINX

X

X

X

OUTPUT CHARACTERISTICS AND OPERATING CONDITIONS

REFERENCE OUTPUT LOAD

FIGURE 22 - REFERENCE OUTPUT LOAD FOR AC TIMING AND OUTPUT SLEW RATE

Timing Reference Point

DQ
DQS

DQS#

DUT VREF

VTT = VDDQ/2

VDDQ/2

ZQ
RZQ = 240Ω

VSS 

RTT = 25Ω



PACKAGE OUTLINE DIMENSIONS
          

       Output               Edge                 From                     To                 Calculation

DQ

TABLE 44:  SINGLE-ENDED OUTPUT SLEW RATE 

Output Slew Rate (Linear Signals)

Rising

Falling

Measured

VOL

V

V

VOL

V OL 

V OL
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SLEW RATE DEFINITIONS FOR SINGLE-ENDED OUTPUT SIGNALS

OL

FIGURE 23 - NOMINAL SLEW RATE DEFINITION FOR SINGLE-ENDED OUTPUT SIGNALS

ΔTRSE

ΔTFSE

VOH(AC)

VOL(AC)

VTT



PACKAGE OUTLINE DIMENSIONS
          

        Output               Edge                 From                         To                 Calculation

DQS, DQS\

TABLE 45:  DIFFERENTIAL OUTPUT SLEW RATE DEFINITION

Output Slew Rate (Linear Signals)

Rising

Falling

Measured

VOL

V

V

VOL

V OL 

TRDIFF

V OL

TFDIFF
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SLEW RATE DEFINITIONS FOR DIFFERENTIAL OUTPUT SIGNALS

OL

FIGURE 24 - NOMINAL DIFFERENTIAL OUTPUT SLEW RATE DEFINITION FOR DQS, DQS#

ΔTFDIFF

VOH(DIFF) AC

VOL(DIFF) AC

0
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3. 1. t t

2. t

t -

filled.

PACKAGE OUTLINE DIMENSIONS

   Parameter                          Symbol           MIN     MAX     MIN     MAX     MIN     MAX   UNITS NOTES                                                            

CL=8

CL=10

1

2

3

3

2

3

3

3

2,3

3

3

3

2,3

TABLE 46:  SPEED BINS

    
  

tRCD

t

tRC

tRAS

t

t

t

t

t

t

t

t

t

t

t

t

3

-

-

-

9 x t

3.3

3.3

3

-

-

-

9 x t

3.3

3.3

13.91

13.91

48.91

34

3

-

-

-

9 x t

3

3.3

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

CK

CK

CWL=7

CWL=7

CWL=7

CWL=7
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TABLE 47 (SHEET 1 OF 6) - ELECTRICAL CHARACTERISTICS AND AC OPERATING CONDITIONS
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TABLE 47 (SHEET 2 OF 6) - ELECTRICAL CHARACTERISTICS AND AC OPERATING CONDITIONS
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TABLE 47 (SHEET 3 OF 6) - ELECTRICAL CHARACTERISTICS AND AC OPERATING CONDITIONS
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TABLE 47 (SHEET 6 OF 6) - ELECTRICAL CHARACTERISTICS AND AC OPERATING CONDITIONS
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COMMAND AND ADDRESS SETUP, HOLD, AND DERATING

t t t t tIS and t

IL

t

(t IL

t IL

(t

tIS    tIH    tIS     tIH    tIS    tIH     tIS    tIH    tIS     tIH    tIS    tIH    tIS     tIH    tIS    tIH                                                     

2.0

1.0

0.9

0.8

0.7

0.4

TABLE 49:  DERATING VALUES FOR tIS/tIH – AC175/DC100-BASED

CMD/ADDR 
Slew Rate V/ns

88

0

-2

-11

-17

34

0

-4

-10

-40

88

0

-2

-11

-17

34

0

-4

-10

-40

88

0

-2

-11

-17

34

0

-4

-10

-40

8

2

-3

-9

-27

42

8

4

-2

-8

-18

-32

8

2

-3

-9

-27

12

0

-10

-24

-44

112

83

24

22

18

13

7

-11

-38

74

24

20

14

8

-2

120

91

32

30

21

-2

-30

84

34

30

24

18

8

128

99

40

38

34

29

23

-22

100

84

40

34

24

10

-10

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

CK, CK\ Differential Slew Rate       

Shaded cells indicate slew-rate combinations not supported

tIS, tIH Derating (ps) - AC/DC-Based, AC175 Threshold; VIH(AC) = VREF(DC) + 175mV, VIL(AC) = VREF(DC) - 175mV

    Symbol                   DDR3-1333                     DDR3-1600                DDR3-1866                   UNITS                 REFERENCE   
tIS(base)AC

tIS(base)AC

tIH(base)DC100

V IL

V IL

V IL

TABLE 48: COMMAND AND ADDRESS SETUP AND HOLD VALUES REFERENCED AT 1V/NS – AC/DC BASED 

-

-
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tIS    tIH    tIS     tIH    tIS    tIH     tIS    tIH    tIS    tIH     tIS    tIH    tIS     tIH    tIS    tIH                                                     

2.0

1.0

0.9

0.8

0.7

0.4

TABLE 50:  DERATING VALUES FOR tIS/tIH – AC150/DC100-BASED

CMD/ADDR 
Slew Rate V/ns

0

0

0

0

-1

-10

34

0

-4

-10

-40

0

0

0

0

-1

-10

34

0

-4

-10

-40

0

0

0

0

-1

-10

34

0

-4

-10

-40

83

8

8

8

8

7

-2

-17

42

8

4

-2

-8

-18

-32

91

-9

12

0

-10

-24

-44

99

74

24

24

24

24

23

14

-1

74

24

20

14

8

-2

107

82

32

32

32

32

31

22

7

84

34

30

24

18

8

90

40

40

40

40

39

30

100

84

40

34

24

10

-10

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

CK, CK\ Differential Slew Rate       

tIS, tIH Derating (ps) - AC/DC-Based, AC150 Threshold; VIH(AC) = VREF(DC) + 150mV, VIL(AC) = VREF(DC) - 150mV

Shaded cells indicate slew-rate combinations not supported

      Slew Rate (V/ns)           tVAC at 175mV(ps)            tVAC at 150mV(ps)          tVAC at 135mV(ps)          tVAC at 125mV(ps)
 >2.0

2.0

1.0

0.9

0.8

0.7

170

TABLE 51:  MINIMUM REQUIRED TIME tVAC ABOVE VIH(AC) FOR A VALID TRANSITION

38

34

29

22

13

0

0

Below VIL(AC) 

140

130

120

110

200

190

180

170
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Notes: 1. Both the clock and the strobe are drawn on different time scales.

VSS

Setup slew rate
rising signal

Setup slew rate
falling signal

∆TF ∆TR

==

VDDQ

VIH(AC) MIN

VIH(DC) MIN

VREF(DC)

VIL(DC) MAX

VIL(DC) MAX

Nominal
slew rate

VREF to AC
region

tVAC

tVAC

DQS

DQS#

CK#

CK

tIS t IH t IS t IH

Nominal
slew rate

VREF to AC
region

VREF(DC) - VIL(AC) MAX

∆TF

VIH(AC) MIN - VREF(DC)

∆TR

FIGURE 25 - NOMINAL SLEW RATE AND tVAC FOR tIS (COMMAND AND ADDRESS – CLOCK)



LOGIC Devices Incorporated              www.logicdevices.com

8-16 Gb, DDR3, 256-512M x 32 Single Channel Memory Module

L9D3256M32SBG1
 L9D3512M32SBG1

August 27, 2014 LDS-L9D3xxxM32SBG1 Rev B
High Performance, Integrated Memory Module Product

FIGURE 26 - NOMINAL SLEW RATE FOR tIH (COMMAND AND ADDRESS – CLOCK)

Notes: 1. Both the clock and the strobe are drawn on different time scales.

VSS

Hold slew rate
falling signal

Hold slew rate
rising signal 

∆TR ∆TF

= =

VDDQ

VIH(AC) MIN

VIH(DC) MIN

VREF(DC)

VIL(DC) MAX

VIL(AC) MAX

Nominal
slew rate

DC to VREF

region

DQS

DQS#

CK#

CK

tIS t IH t IS t IH

DC to VREF

region

Nominal
slew rate

VREF(DC) - VIL(DC) MAX

∆TR

VIH(DC) MIN - VREF(DC)

∆TF
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FIGURE 27 - TANGENT LINE FOR tIS (COMMAND AND ADDRESS – CLOCK)

Notes: 1. Both the clock and the strobe are drawn on different time scales.

VSS

Setup slew rate
rising signal

Setup slew rate
falling signal

∆TF

∆TR

=

=

VDDQ

VIH(AC) MIN

VIH(DC) MIN

VREF(DC)

VIL(DC) MAX

VIL(AC) MAX

Tangent
line

VREF to AC
region

Nominal
line

tVAC

tVAC

DQS

DQS#

CK#

CK

tIS t IH t IS t IH

VREF to AC
region

Tangent
line

Nominal
line

Tangent line (VIH [DC] MIN - VREF[DC ])

∆TR

Tangent line (VREF [DC] - VIL[AC] MAX)

∆TF
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FIGURE 28 - TANGENT LINE FOR tIH (COMMAND AND ADDRESS – CLOCK)

Notes: 1. Both the clock and the strobe are drawn on different time scales.
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Hold slew rate
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∆TR
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region

Tangent
line
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line

∆TR
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DATA SETUP, HOLD AND DERATING

 t t t t tDS and 
t

IL

t

(t IL

t IL

(t

    Symbol                   DDR3-1333                DDR3-1600             DDR3-1866               UNITS                   REFERENCE   
tDS(base)AC175

tDS(base)AC175 

tDS(base)DC150

tDS(base)DC150

V IL

V IL

V IL

V IL

TABLE 52: DATA SETUP AND HOLD VALUES AT 1V/NS (DQSX, DQSX\ AT 2V/NS) - AC/DC BASED 

-

-

30

-

-

10

-

-

10

          

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

2.0

1.0

0.9

0.8

0.7

0.4

TABLE 53:  DERATING VALUE FOR tDS/tDH – AC175/DC100 - BASED

DQ
Slew Rate V/ns

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

DQS, DQS# Differential Slew Rate       

tDS, tDH Derating (ps) – AC175/D100-Based

Shaded cells indicate slew-rate combinations not supported

88

0

34

0

88

0

-2

34

0

-4

88

0

-2

34

0

-4

-10

8

2

-3

42

8

4
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-8

14

10

-1

12

0

-10

22

18

13

7

-11

20

14

8

-2

21

-2

-30

24

18

8

29

23

-22

34

24

10

-10



          

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

2.0

1.0

0.9

0.8

0.7

0.4

TABLE 54:  DERATING VALUE FOR tDS/tDH – AC150/DC100 - BASED

DQ Slew 
Rate V/ns

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

DQS, DQS# Differential Slew Rate       

tDS, tDH Derating (ps) – AC150/DC100-Based

Shaded cells indicate slew-rate combinations not supported
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0

34

0 0

0

34

0

-4

0

0

0

34

0

-4

-10

8

8

8

8

42

8

4

-2

-8

12

0

-10

24

24

24

23

14

20

14

8

-2

32

32

31

22

7

24

18

8

40

39

30

34

24

10

-10

          Slew Rate (V/ns)                                                tVAC at 175mV(ps) [MIN]                                  tVAC at 150mV(ps) [MIN]
 >2.0

2.0

1.0

0.9

0.8

0.7

170

TABLE 55:  REQUIRED TIME tVAC ABOVE VIH(AC) (BELOW VIL[AC]) FOR A VALID TRANSITION

38

34

29

22

13

0

0
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FIGURE 29 - NOMINAL SLEW RATE AND tVAC FOR tDS (DQ – STROBE)

Notes: 1. Both the clock and the strobe are drawn on different time scales.
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FIGURE 30 - NOMINAL SLEW RATE FOR tDH (DQ – STROBE)

Notes: 1. Both the clock and the strobe are drawn on different time scales.
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Hold slew rate
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FIGURE 31 - NOMINAL SLEW RATE AND tVAC FOR tDS (DQ – STROBE)

Notes: 1. Both the clock and the strobe are drawn on different time scales.
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FIGURE 32 - NOMINAL SLEW RATE FOR tDH (DQ – STROBE)

Notes: 1. Both the clock and the strobe are drawn on different time scales.
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PACKAGE OUTLINE DIMENSIONS

  
          Function                       Symbol    Cycle      Cycle        CS\       RAS\      CAS\       WE\      BA[2:0]       An          A12         A10        A[11,0:0]   Notes                                                   

Mode Register Set

REFRESH

SELF REFRESH entry

SELF REFRESH exit

Single-Bank PRECHARGE

PRECHARGE all banks

Bank ACTIVATE

NO OPERATION

Device DESELECTED

POWER-DOWN entry

POWER-DOWN exit

ZQ CALIBRATION LONG

ZQ CALIBRATION SHORT

8

8

8

8

8

8

8

8

8

8

8

8

9

10

12

TABLE 56: TRUTH TABLE - COMMAND

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

BA

V

V

V

VBA

V

BA

BA

BA

BA

BA

BA

BA

BA

BA

BA

BA

BA

BA

V

V

V

V

V

V

V

V

V

V

V

V

V

V

V

V

V

L

V

L

V

L

V

L

V

V

V

V

V

V

L

L

L

L

L

L

L

V

V

V

L

V

V

V

V

V

CA

CA

CA

CA

CA

CA

CA

CA

CA

CA

CA

CA

CA

V

V

V

MRS

ACT

WR

WRS4

WRS8

RD

RDS4

RDS8

L

L

L

L

WRITE

WRITE with AUTO 

PRECHARGE

READ

READ with AUTO 

PRECHARGE

BL8MRS
BC4MRS

BC4OTF

BL8OTF

BL8MRS
BC4MRS

BC4OTF

BL8OTF

BL8MRS
BC4MRS

BC4OTF

BL8OTF

BL8MRS
BC4MRS

BC4OTF

BL8OTF

L

L

L

V V V

V V V

V V V

CKE

Prev        Next

8. 

9. -

-

10. 

11. -

tions.

12. -

-

1. 

2. 

3. 

4. 

7. 

COMMANDS TRUTH TABLE
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Current State 3           
POWER-DOWN

SELF REFRESH

Bank(s) ACTIVE

READING

WRITING

PRECHARGING

REFRESHING

All Banks IDLE

TABLE 57:  TRUTH TABLE - CKE

L

L

L

L

L

L

L

L

(n-1)

Previous Cycle 4  
(n)

Present Cycle 4  
(RAS\, CAS\, WE\, CS\)

Command 5 Action 5  Notes
L

L

L

1,2

1,2

1,2

1,2

1,2

1,2

1,2

1,2

CKE

4. 

-

not listed.

1. -

2. t -

t t t

3. 

n.

DESELECT (DES)

-

NO OPERATION (NOP)

ZQ CALIBRATION

ZQ Calibration LONG (ZQCL)

ON and ODT values.

t t

t

ZQ Calibration SHORT (ZQCS)

t

RON and RTT
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ACTIVATE

-

READ

-

TABLE 58:  READ COMMAND SUMMARY

  
                 Function              Symbol    Cycle      Cycle        CS\        RAS\      CAS\       WE\       BA[2:0]       An          A12         A10      A[11,0:0]   Notes                                                   

L

L

L

L

L

L

L

L

L

L

L

L

BA

BA

BA

BA

BA

BA

V

L

V

L

L

L

L

CA

CA

CA

CA

CA

CA

RD

RDS4

RDS8

CKE

Prev        Next

READ

READ with AUTO 

PRECHARGE

BL8MRS
BC4MRS

BC4OTF

BL8OTF

BL8MRS
BC4MRS

BC4OTF

BL8OTF

WRITE

TABLE 59:  WRITE COMMAND SUMMARY

  
                 Function              Symbol    Cycle      Cycle        CS\        RAS\       CAS\       WE\      BA[2:0]       An          A12         A10       A[11,0:0]   Notes                                                   

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

BA

BA

BA

BA

BA

BA

V

L

V

L

L

L

L

CA

CA

CA

CA

CA

CA

WR

WRS4

WRS8

CKE

Prev        Next

WRITE

WRITE with AUTO 

PRECHARGE

BL8MRS
BC4MRS

BC4OTF

BL8OTF

BL8MRS
BC4MRS

BC4OTF

BL8OTF
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t

-

-

-

PRECHARGE

-
A A

t

later.

-

REFRESH

FIGURE 33 - REFRESH MODE

Notes: 1. NOP commands are shown for ease of illustration; other valid commands may be 
 possible at these times. CKE must be active during the PRECHARGE, ACTIVATE, 
 and REFRESH commands, but may be inactive at other times (see “Power-Down 
 Mode” on page 153). 

NOP1NOP1 NOP1PRE

RA

Bank(s) 3 BA

REF NOP1 REF2 NOP1 ACTNOP1

One bank

All banks

tCK tCH tCL

RA

tRFC2tRP tRFC (MIN)

T0 T1 T2 T3 T4 Ta0 Tb0Ta1 Tb1 Tb2

Don’t CareIndicates A Break in 
Time Scale

Valid 1 Valid 1 Valid 1

CK

CK#

Command

CKE

Address

A10

BA[2:0]

DQ4

DM4

DQS, DQS#4



LOGIC Devices Incorporated              www.logicdevices.com
78

8-16 Gb, DDR3, 256-512M x 32 Single Channel Memory Module

L9D3256M32SBG1
 L9D3512M32SBG1

August 27, 2014 LDS-L9D3xxxM32SBG1 Rev B
High Performance, Integrated Memory Module Product

 and V
and V

< VDD

 is valid

SELF REFRESH

t

(tDQSQ, t
t

t t

tCK.

TT TT

(t t

1. TT_NOM and RTT_WR are 

2. t

3. After t

4. t

tMRD or t

DLL DISABLE MODE
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FIGURE 34 - DLL ENABLE MODE TO DLL DISABLE MODE

Command

T0 T1 Ta0 Ta1 Tb0 Tc0

76

Td0 Td1 Te0 Te1 Tf0

CK
CK#

ODT9 Valid1

Don’t Care

Valid1

SRE3 NOPMRS2 NOP SRX4 MRS5 Valid1NOP NOP

Indicates a Break in 
Time Scale 

tMOD tCKSRE tMODtXS

tCKESR

CKE

tCKSRX8

1. 

2. 

3. Wait t

4. Wait t

Wait t

Wait t

7. 

8. 

9. t

10. TT_NOM or RTT

TT_NOM and RTT

2. After t

t t

t

t

tMRD or t
t
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FIGURE 35- DLL DISABLE MODE TO DLL ENABLE MODE

Indicates a Break in 
Time Scale

tC

tDLLK

CKE

T0 Ta0 Ta1 Tb0 Tc0 Tc1 Td0 Te0 Tf0 Tg0

CK
CK#

ODT10

SRE1 NOPCommand NOP SRX2 MRS3 MRS4 MRS5 Valid6

Valid

Don’t Care

87 tCKSRE

Th0

tCKSRX9

ODTL off + 1 × tCK

tXS tMRD tMRD

KESR

1. 

2. 

3. Wait t

4. Wait t

Wait t

Wait t

7. 

8. 

9. t

10. TT_NOM or RTT

t

t tDQSQ, t -

t tDQSCK 
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FIGURE 36 - DLL DISABLE tDQSCK TIMING

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

Don’t CareTransitioning Data

Valid

NOPREAD NOP NOP NOP NOP NOP NOP NOP NOP NOP

CK

CK#

Command
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DI
 b + 3

DI
 b + 2

DI
 b + 1

DI
 b

DI
 b + 7

DI
 b + 6

DI
 b + 5

DI
 b + 4

DQ BL8 DLL on

DQS, DQS# DLL on

DQ BL8 DLL disable

DQS, DQS# DLL off

DQ BL8 DLL disable

DQS, DQS# DLL off

RL = AL + CL = 6 (CL = 6, AL = 0)

CL = 6 

DI
 b + 3

DI
 b + 2

DI
 b + 1

DI
 b

DI
 b + 7

DI
 b + 6

DI
 b + 5

DI
 b + 4

DI
 b + 3

DI
 b + 2

DI
 b + 1

DI
 b

DI
 b + 7

DI
 b + 6

DI
 b + 5

DI
 b + 4

tDQSCK (DLL_DIS) MIN

tDQSCK (DLL_ DIS) MAX

RL (DLL disable) = AL + (CL - 1) = 5 

t

t

TT_NOM and RTT TT_NOM and RTT_WR are in an off state 
t

-
tCK [AVG] MIN to t

t

t

TT_NOM and RTT

INPUT CLOCK FREQUENCY CHANGE
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FIGURE 37- CHANGE FREQUENCY DURING PRECHARGE POWER-DOWN

CK

CK#

Command NOPNOPNOP

Address

CKE

DQ

DM

DQS, DQS#

NOP

tCK

Enter precharge
power-down mode

Exit precharge
power-down mode

T0 T1 Ta0 Tc0Tb0T2

Don’t Care

tCKE 

tXP

MRS

DLL RESET

Valid

Valid

NOP

tCH

tIH t IS

tCL

Tc1 Td0 Te1Td1

tCKSRE

tCHb
tCLb

tCKb

tCHb
tCLb

tCKb

tCHb
tCLb

tCKb

tCPDED

ODT

NOP

Te0

Previous clock frequency New clock frequency

Frequency
change

Indicates a Break in 
Time Scale

t IH t IS

t IH

t IS

tDLLK

tAOFPD/ tAOF

tCKSRX

High-Z

High-Z

1. 
2. t t

3. TT

TT is in an off state. If 

TT

TT
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tDQSS, tDSS, and t

WRITE LEVELING

FIGURE 38- WRITE LEVELING CONCEPT

CK 

CK# 

Source 

Differential DQS 

Differential DQS 

Differential DQS 

DQ 

DQ 

CK 

CK# 

Destination

Destination

Push DQS to capture  
0–1 transition 

T0 T1 T2 T3 T4 T5 T6 T7 

T0 T1 T2 T3 T4 T5 T6 Tn 

CK 

CK# 
T0 T1 T2 T3 T4 T5 T6 Tn 

Don’t Care 

 1 1

0 0 
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WRITE LEVELING

-

ODT after a t t t

t

t

t

After t t

t t t t

tWLS and t
t

t t

WRITE LEVELING PROCEDURE
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FIGURE 39- WRITE LEVELING SEQUENCE

CK 
CK# 

Command 

T1 T2

Early remaining DQ

Late remaining DQ

tWLOE 

 NOP2 NOP MRS1 NOP NOP   

tWLStWLH

Don’t CareUndefined Driving ModeIndicates a Break in 
Time Scale

Prime DQ5 

Differential DQS4 

ODT 

tMOD 

tDQSL3 tDQSH3 tDQSH3 

tWLO tWLMRD 

tWLDQSEN 

tWLO 

tWLO 

tWLO 

tDQSL3 

NOP  NOP  NOP  NOP  NOP  NOP  NOP  

1. 

2. 

3. t t

4. 

signals after t
t

tIS, ODT 

TA t

t

WRITE LEVELING EXIT MODE
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FIGURE 40- EXIT WRITE LEVELING

Notes: 1. The DQ result, “= 1,” between Ta0 and Tc0, is a result of the DQS, DQS# signals capturing 
CK HIGH just after the T0 state.

NOP

CK

T0 T1 T2 Ta0 Tb0 Tc0 Tc1 Tc2 Td0 Td1 Te0 Te1
CK#

Command

ODT

RTT_DQ

NOP RMPONPONPONPONPON S NOP NOP

Address MR1

Valid Valid

Valid Valid

Don’t CareTransitioning

RTT DQS, RTT DQS R# TT_NOM

Undefined Driving Mode

tAOF (MAX)

tMRD

Indicates a Break in 
Time Scale

DQS, DQS#

CK = 1DQ

tIS

tAOF (MIN)

tMOD

tWLO + tWLOE

ODTL off
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Initialization 

1. DD

ODT off (RTT

Condition A:

VDD and VDD V
DD, VDD

DDQ and VDD

DD and VDD DD DD tVDD

DD and VDD DD DD tVDD

V DD DD

VTT t

   
VDD DDQ.
VDD TT, V  and V . 

2. 

3. 

4. 

t

7. 

8. 

9. t

10. TT t

11. tDLLK and t

OPERATIONS
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FIGURE 41- INITIALIZATION SEQUENCE

CKE

RTT

BA[2:0]

All voltage
supplies valid
and stable

T = 200μs (MIN)

DM

DQS
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A10

CK
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Command NOP
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Don’t Care
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DQ
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tDLLK

MR1 with
DLL enable

MR0 with
DLL reset

tMRD tMOD
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Code Code 

Code Code 

Valid

Valid

Valid

Valid

Normal
operation

MR2 MR3

tMRD tMRD

MRSMRS

BA0 = L
BA1 = H
BA2 = L

BA0 = H
BA1 = H
BA2 = L

Code Code 

Code Code 

Tc0 Td0

VTT

VREF

VDDQ

VDD

RESET#

T = 500μs (MIN)

tCKSRX

Stable and
valid clock

Valid

Power-up
ramp

T (MAX) = 200ms

DRAM ready for 
external commands

T1

tZQ INIT

ZQ calibration

A10 = H

ZQCL

t IS

See power-up
conditions 

in the 
initialization

sequence text, 
set up 1 

tXPR

Valid

= 20nst IOz

Indicates a Break in 
Time Scale

T (MIN) = 10ns

tVTD
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t -
tMRD and tMOD.

t

MODE REGISTERS

FIGURE 42- MRS-TO-MRS COMMAND TIMING (tMRD)

Valid Valid

MRS1 MRS2NOP NOP NOP NOP

T0 T1 T2 Ta0 Ta1 Ta2
CK#

CK

Command

Address

CKE3

Don’t CareIndicates a Break in 
Time Scale

tMRD

1. t

2. t

3. t

4. t

t

t t
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FIGURE 43- MRS-TO-NONMRS COMMAND TIMING (tMOD)

CK 
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Command 

T1 T2

Early remaining DQ

Late remaining DQ

tWLOE 

 NOP2 NOP MRS1 NOP NOP   

tWLStWLH

Don’t CareUndefined Driving ModeIndicates a Break in 
Time Scale

Prime DQ5 

Differential DQS4 

ODT 

tMOD 

tDQSL3 tDQSH3 tDQSH3 

tWLO tWLMRD 

tWLDQSEN 

tWLO 

tWLO 

tWLO 

tDQSL3 

NOP  NOP  NOP  NOP  NOP  NOP  NOP  

1. t

2. t

3. 
t

satisfied at Ta2.

4. t

MODE REGISTER 0 (MR0)
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MODE REGISTER 0 (MR0)

BURST  TYPE BURST LENGTH

-

-

FIGURE 44- MODE REGISTER 0 (MR0) DEFINITIONS
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         Burst Length         Read/Write           Address (A[2,1,0])            Type = Sequential                  Type = Interleaved

8

TABLE 60:  BURST ORDER

Notes
1,2

1,2

1,2

1,2

1,2

1,2

1,2

1,2

1,3,4

1,3,4

1

1

1

1

1

1

1

1

1,3

 Burst Type (Decimal)

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

0 V V

1 V V

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

V V V 

 Starting Column

2. 

3. 

1. 

-

initiated.

t

tDQSCK 

DLL RESET

t t -

(t t

WRITE RECOVERY
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-
ever, t

t

PRECHARGE POWER-DOWN (PRECHARGE PD) CAS Latency (CL)

FIGURE 45- READ LATENCY

READ NOP NOP NOP NOP NOP NOPNOP

CK

CK#

Command

DQ

DQS, DQS#

DQS, DQS#

T0 T1 T2 T3 T4 T5 T6 T7 T8

Don’t Care

CK

CK#

Command

DQ

READ NOP NOP NOP NOP NOP NOPNOP

T0 T1 T2 T3 T4 T5 T6 T7 T8

DI
 n + 3

DI
 n + 1

DI
 n + 2

DI
 n + 4

DI
n

DI
n

NOP

NOP

AL = 0, CL = 8

AL = 0, CL = 6

Transitioning Data

1. 

2. t tDSDQ.
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TT

tMRD and 
t

MODE REGISTER 1 (MR1)

FIGURE 46- MODE REGISTER 1 (MR1) DEFINITION

1. 

2. TT_NOM values are available 

for use.

3. TT_NOM write values 

are available for use.
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-

1. 
2. 
3. 

-

DLL ENABLE/DLL DISABLE

TT

RTT

TT -
.

TT

TT TT

RTT_WR.

TT TT 
TT

TT 

-

ON-DIE TERMINATION (ODT)

-

34

OUTPUT DRIVE STRENGTH

IDD t

OUTPUT ENABLE/DISABLE

-
tDQSS, tDSS and t -

WRITE LEVELING
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t

 t t

AL=CL – 1tCK = tRCD(MIN-1t

POSTED CAS ADDITIVE LATENCY (AL)

FIGURE 47- READ LATENCY (AL = 5, CL = 6)

CK

CK#

Command

DQ

DQS, DQS#

ACTIVE n

T0 T1

Don’t Care

NOP NOP

T6 T12

NOPREAD n

T13

NOP

DO
 n + 3

DO
 n + 2

DO
 n + 1

RL = AL + CL = 11

T14

NOP

DO
 n

tRCD (MIN)

AL = 5 CL = 6

T11

BC4

Indicates a Break in 
Time Scale

Transitioning Data

T2

NOP
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FIGURE 48- MODE REGISTER 2 (MR2) DEFINITION

Notes: 1. MR2[16, 13:11, 8, and 2:0] are reserved for future use and must all be programmed to “0.”
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1
0
1

M15
0
0
1
1
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Mode register set 0 (MR0)
Mode register set 1 (MR1)
Mode register set 2 (MR2)
Mode register set 3 (MR3)
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0
1
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Extended (0°C to 95° C)
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5 CK (tCK ≥ 2.5ns)

6 CK (2.5ns > tCK ≥ 1.875ns)
7 CK (1.875ns > tCK ≥ 1.5ns)
8 CK (1.5ns > tCK ≥ 1.25ns)
9 CK (1.25ns >tCK ≥ 1.07ns)

10 CK (1.071ns >tCK ≥ 0.938ns)
Reserved
Reserved

M3
0
1
0
1
0
1
0
1

M4
0
0
1
1
0
0
1
1

M5
0
0
0
0
1
1
1
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0
1
0
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0
0
1
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Dynamic  ODT 
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C
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o

o o

C is 0o o
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MODE REGISTER 2 (MR2)
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FIGURE 49- CAS WRITE LATENCY

CK

CK#
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DQ

DQS, DQS#

ACTIVE n
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T0 T1

Don’t Care

NOP NOP

T6 T12

NOPWRITE n

T13
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tRCD (MIN)

NOP

AL = 5

T11

Indicates A Break in 
Time Scale

WL = AL + CWL = 11

Transitioning Data
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CAS WRITE LATENCY (CWL)

A

-

AUTO SELF REFRESH (ASR)
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A

SELF REFRESH TEMPERATURE (SRT)

-
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DYNAMIC ODT

-
-

tMRD and t

MODE REGISTER (MR3)

TT

TT TT
tADC.

TT TT TT_NOM and RTT

TT

FIGURE 50 - MODE REGISTER 3 (MR3) DEFINITION

1. 

2. 

3. 
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MULTIPURPOSE REGISTER (MPR)

t

FIGURE 51 - MULTIPURPOSE REGISTER (MPR) BLOCK DIAGRAM

Memory core

MR3[2] = 0 (MPR off)

DQ, DM, DQS, DQS#

Multipurpose register
predefined data for READs

MR3[2] = 1 (MPR on)

1. 

2. 
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                 MPR                               MPR READ Function                                                     Function
0

1

and 2.

TABLE 61:  BURST ORDER

               MR3[2]                                     MR3[1:0]

MPR FUNCTIONAL DESCRIPTION

A2=0: burst order =0,1,2,3 
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MPR REGISTER ADDRESS DEFINITIONS and BURSTING ORDER

      MR3[2]         MR3[1:0]                     Function                      Length             A[2:0]                Burst Order and Data Pattern
1

1

1

1

Burst Order: 0,1,2,3

TABLE 62:  BURST ORDER

BL8

BC4

BC4

000

000

100

00

01

10

11

Burst               Read
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MPR READ PREDEFINED PATTERN

-

After t
tMRD and t

t

tMRD and t

MODE REGISTER SET (MRS)

BA2 = 0, BA1 = 0, BA0 = 0 for MR0 
BA2 = 0, BA1 = 0, BA0 = 1 for MR1 
BA2 = 0, BA1 = 1, BA0 = 0 for MR2 
BA2 = 0, BA1 = 1, BA0 = 1 for MR3 

t

t

t

tMRD and t

ZQ CALIBRATION

TT -

ON

t

t t

ON

-
BRATION is desired.

t t t



LOGIC Devices Incorporated              www.logicdevices.com
108

8-16 Gb, DDR3, 256-512M x 32 Single Channel Memory Module

L9D3256M32SBG1
 L9D3512M32SBG1

August 27, 2014 LDS-L9D3xxxM32SBG1 Rev B
High Performance, Integrated Memory Module Product

FIGURE 56 - ZQ CALIBRATION TIMING (ZQCL AND ZQCS)

NOPZQCL NOP NOP Valid Valid ZQCS NOP NOP NOP ValidCommand

Indicates a Break in 
Time Scale

T0 T1 Ta0 Ta1 Ta2 Ta3 Tb0 Tb1 Tc0 Tc1 Tc2

Address Valid ValidValid

A10 Valid ValidValid

CK

CK#

Don’t Care

DQ High-Z High-Z3A3 ctivities Activ-
ities

Valid ValidODT 2 2 Valid

1CKE 1 Valid Valid Valid

tZQCStZQINIT or tZQOPER 

1. 

2. 

3. 

ACTIVATE

t

t

t tRCD 

t

-
tRC.

t t

t
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FIGURE 57 - EXAMPLE: MEETING tRRD (MIN) AND tRCD (MIN)

Command

Don’t Care

T1T0 T2 T3 T4 T5 T8 T9

tRRD

Row Row Col

Bank x Bank y Bank y

NOPACT NOP NOPACT NOP NOP RD/WR

tRCD

BA[2:0]

CK#

Address

CK

T10 T11

NOP NOP

Indicates a Break in 
Time Scale

FIGURE 58 - EXAMPLE: tFAW

Command

Don’t Care

T1T0 T4 T5 T8 T9 T10 T11

tRRD

Row Row

Bank a Bank b

Row

Bank c

Row

Bank d Bank y

Row

Bank y

NOPACT NOPAC AT CT NOP NOP

tFAW

BA[2:0]

CK#

Address

CK

T19 T20

NOPAC AT CT

Bank e

Indicates a Break in 
Time Scale
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FIGURE 59 - READ LATENCY

Notes: 1. DO n = data-out from column n.
2. Subsequent elements of data-out appear in the programmed order following DO n..
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Notes: 1. Within a burst, the rising strobe edge is not necessarily fixed at tDQSCK (MIN) or tDQSCK 
(MAX). Instead, the rising strobe edge can vary between tDQSCK (MIN) and tDQSCK (MAX).

2. The DQS high pulse width is defined by tQSH, and the DQS low pulse width is defined by 
tQSL. Likewise, tLZ (DQS) MIN and tHZ (DQS) MIN are not tied to tDQSCK (MIN) (early strobe 
case) and tLZ (DQS) MAX and tHZ (DQS) MAX are not tied to tDQSCK (MAX) (late strobe 
case); however, they tend to track one another.

3. The minimum pulse width of the READ preamble is defined by tRPRE (MIN). The minimum 
pulse width of the READ postamble is defined by tRPST (MIN).

tHZ (DQS), tHZ (DQ)

tHZ (DQS), tHZ (DQ) end point = 2 × T1 - T2

VOH - xmV

VTT - xmV

VOL + xmV

VTT + xmVVOH - 2xmV

VTT - 2xmV

VOL + 2xmV

VTT + 2xmV

tLZ (DQS), tLZ (DQ)

tLZ (DQS), tLZ (DQ) begin point = 2 × T1 - T2

T1

T1T2

T2

Figure 71 - Method for Calculating tLZ and tHZ
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FIGURE 72 - tRPRE TIMING
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FIGURE 73 - tRPST TIMING
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FIGURE 74 - tWPRE TIMING
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FIGURE 75 - tWPST TIMING
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FIGURE 76 - WRITE BURST

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

2. The BL8 setting is activated by either MR0[1:0] = 00 or MR0[1:0] = 01 and A12 = 1 during the 
WRITE command at T0.

3. DI n = data-in for column n.
4. BL8, WL = 5 (AL = 0, CWL = 5).
5. tDQSS must be met at each rising clock edge.
6. tWPST is usually depicted as ending at the crossing of DQS, DQS#; however, tWPST actually 

ends when DQS no longer drives LOW and DQS# no longer drives HIGH.

DI
 n + 3

DI
 n + 2

DI
 n + 1

DI
 n

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

Don’t CareTransitioning Data

DI
 n + 7

DI
 n + 6

DI
 n + 5

DI
n + 4

Bank,
Col n

NOPWRITE NOPNOP NOP NOP NOP NOP NOP NOP NOP

CK

CK#

Command1

DQ3

DQS, DQS#

Address2

tWPST

tWPRE tWPST

tDQSL

DQ3

DQ3

tWPST

DQS, DQS#

DQS, DQS#

tDQSL

tWPRE

tDQSS

tDQSS tDSH tDSH tDSH tDSH

tDSS tDSS tDSS tDSS tDSS

tDSS tDSS tDSS tDSS tDSS

tDSH tDSH tDSH tDSH

tDQSLtDQSH tDQSLtDQSH tDQSLtDQSH tDQSH tDQSL

tDQSL

tDQSL

tDQSLtDQSHtDQSH

tDQSH

tDQSH

tDQSLtDQSH tDQSLtDQSH tDQSH

tDQSLtDQSH tDQSLtDQSH tDQSLtDQSH tDQSH

WL = AL + CWL

tDQSS (MIN)

tDQSS (NOM)

tDQSS (MAX)

tDQSL

tWPRE

DI
 n + 3

DI
 n + 2

DI
 n + 1

DI
 n

DI
 n + 7

DI
 n + 6

DI
 n + 5

DI
n + 4

DI
 n + 3

DI
 n + 2

DI
 n + 1

DI
 n

DI
 n + 7

DI
 n + 6

DI
 n + 5

DI
n + 4



LOGIC Devices Incorporated              www.logicdevices.com
129

8-16 Gb, DDR3, 256-512M x 32 Single Channel Memory Module

L9D3256M32SBG1
 L9D3512M32SBG1

August 27, 2014 LDS-L9D3xxxM32SBG1 Rev B
High Performance, Integrated Memory Module Product

FIGURE 77 - CONSECUTIVE WRITE (BL8) TO WRITE (BL8)

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. The BL8 setting is activated by either MR0[1:0] = 00 or  MR0[1:0] = 01 and A12 = 1 during the WRITE commands at 

T0 and T4.
3. DI n (or b) = data-in for column n (or column b).
4. BL8, WL = 5 (AL = 0, CWL = 5).
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FIGURE 78 - CONSECUTIVE WRITE (BC4) TO WRITE (BC4) VIA MRS OR OTF

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. BC4, WL = 5 (AL = 0, CWL = 5).
3. DI n (or b) = data-in for column n (or column b).
4. The BC4 setting is activated by MR0[1:0] = 01 and A12 = 0 during the WRITE command at T0 and T4.
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FIGURE 79 - NONCONSECUTIVE WRITE TO WRITE

Notes: 1. DI n (or b) = data-in for column n (or column b).
2. Seven subsequent elements of data-in are applied in the programmed order following DO n.
3. Each WRITE command may be to any bank.
4. Shown for WL = 7 (CWL = 7, AL = 0).
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FIGURE 80 - WRITE (BL8) TO READ (BL8)

Notes: 1. NOP commands are shown for ease of illustration; other commands may be valid at these times.
2. tWTR controls the WRITE-to-READ delay to the same device and starts with the first rising clock edge after the last write 

data shown at T9.
3. The BL8 setting is activated by either MR0[1:0] = 00 or MR0[1:0] = 01 and MR0[12] = 1 during the WRITE command at T0. 

The READ command at Ta0 can be either BC4 or BL8,  depending on MR0[1:0] and the A12 status at Ta0.
4. DI n = data-in for column n.
5. RL = 5 (AL = 0, CL = 5), WL = 5 (AL = 0, CWL = 5).
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FIGURE 81 - WRITE TO READ (BC4 MODE REGISTER SETTING)
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FIGURE 82 - WRITE (BC4 OTF) TO READ (BC4 OTF)
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FIGURE 83 - WRITE (BL8) TO PRECHARGE

Notes: 1. DI n = data-in from column n.
2. Seven subsequent elements of data-in are applied in the programmed order following 

DO n.
3. Shown for WL = 7 (AL = 0, CWL = 7).
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FIGURE 84 - WRITE (BC4 MODE REGISTER SETTING) TO PRECHARGE

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

2. The write recovery time ( tWR) is referenced from the first rising clock edge after the last 
write data is shown at T7. tWR specifies the last burst WRITE cycle until the PRECHARGE 
command can be issued to the same bank.

3. The fixed BC4 setting is activated by MR0[1:0] = 10 during the WRITE command at T0.
4. DI n = data-in for column n.
5. BC4 (fixed), WL = 5, RL = 5.

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 Ta0 Ta1

DI
n + 3

DI
n + 2

DI
n + 1

DI
n

NOPWRITE

Valid

NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP PRE

CK

CK#

Comman d

DQ BC4

DQS, DQS#

Address

Don’t CareTransitioning DataIndicates a Break in 
Time Scale

tWRWL = AL + CWL

Valid
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FIGURE 85 - WRITE (BC4 OTF) TO PRECHARGE

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

2. The write recovery time ( tWR) is referenced from the rising clock edge at T9. tWR specifies 
the last burst WRITE cycle until the PRECHARGE command can be issued  to the same bank.

3. The BC4 setting is activated by MR0[1:0] = 01 and A12 = 0 during the WRITE command at T0.
4. DI n = data-in for column n.
5. BC4 (OTF), WL = 5, RL = 5.

WL = 5 

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 Tn 

Don’t Care Transitioning Data 

Bank, 
Col n

NOP WRITE PRENOP NOP NOP NOP NOP NOP NOP NOP 

CK 

CK# 

Command1 

DQ4 

DQS, DQS #

Address3 

tWPST tWPRE 

Indicates a Break In 
Time Scale

DI 
n + 3 

DI 
n + 2 

DI 
n + 1 

DI 
n

tWR2

Valid

DQ INPUT TIMING

FIGURE 86 - DATA INPUT TIMING

tDH
tDS

DM

DQ DI
b

DQS, DQS#

Don ’t CareTransitioning Data

tDQSH tDQSLtWPRE tWPST

t

t

and tDQSL.

t tDQSS.  

t
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PRECHARGE

SELF REFRESH

 and V
DD

Vss<V <VDD

V
 is valid

t

TT_NOM and RTT

t

t

t t

t t

t t t

t

t t

t

t

t t
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FIGURE 87 - SELF REFRESH ENTRY/EXIT TIMING

Notes: 1. The clock must be valid and stable meeting tCK specifications at least tCKSRE after entering 
self refresh mode, and at least tCKSRX prior to exiting self refresh mode, if the clock is 
stopped or altered between states Ta0 and Tb0.  If the clock remains valid and unchanged 
from entry and during self refresh mode, then tCKSRE and tCKSRX do not apply; however, 
tCKESR must be satisfied prior to exiting at SRX.

2. ODT must be disabled and RTT off prior to entering self re fresh at state T1. If both RTT_NOM 
and RTT_WR are disabled in the mode registers, ODT can be a “Don’t Care.”

3. Self refresh entry (SRE) is synchronous via a REFRESH command with CKE LOW.
4. A NOP or DES command is required at T2 after the SRE command is issued prior to the 

inputs becoming “Don’t Care.”
5. NOP or DES commands are required prior to exiting self refresh mode until state Te0.
6. tXS is required before any commands not requiring a locked DLL.
7. tXSDLL is required before any commands requiring a locked DLL.
8. The device must be in the all banks idle state prior to entering self refresh mode. For exam-

ple, all banks must be precharged, tRP must be met, and no data bursts can be in progress.
9. Self refresh exit is asynchronous; however, tXS and tXSDLL timings start at the first rising 

clock edge where CKE HIGH satisfies t ISXR at Tc1. tCKSRX timing is also measured so that 
t ISXR is satisfied at Tc1.

CK

CK#

Command NOP NOP4SRE(REF)3

Address

CKE

ODT2

RESET#2

Valid

Valid6SRX (NOP) NOP5

tRP 8 tXS 6 , 9

tXSDLL7, 9

ODTL
 

t IStCPDEDtIS

t IS

Enter self refresh mode
(synchronous)

Exit self refresh mode
(asynchronous)

T0 T1 T2 Tc0 Tc1 Td0Tb0

Don’t Care

Te0

Valid

Valid7

Valid

Valid Valid

t IH

Ta0 Tf0

Indicates a Break in 
Time Scale

tCKSRX1tCKSRE1

tCKESR (MIN)1
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EXTENDED TEMPERATURE USAGE

A

-

       Field           MR2 Bits                                                                   Description

SRT

ASR

TABLE 63:  SELF REFRESH TEMPERATURE AND AUTO SELF REFRESH DESCRIPTION

t

C  to 

C  to 

*MR2[7]=0: SRT is disabled. 

t

7

       SELF REFRESH Operation
0

0

1

1

TABLE 64:  SELF REFRESH MODE SUMMARY

Illegal.

0

1

0

1

       Permitted Operating Temperature
Range for Self Refresh Mode

MR2[7]
(SRT)

MR2[6]
(ASR)

POWER-DOWN MODE

DD
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Idle or Active

Idle or Active

Active

Active

Active

Active

Active

Idle

POWER-DOWN

Idle

TABLE 65:  COMMAND TO POWER-DOWN ENTRY PARAMETERS

t

t

t

t

t

t

t

t

Last Command prior 
to CKE Low 1

1tCK

1tCK

RL = 4t tCK
t t tCK
t t tCK

t tCK
t tCK

1tCK

Greater of 10tCK or 24ns
tMOD

Figure 91

Figure 92

Figure 92

Figure 93

Figure 93

Figure 94

Figure 98

Figure 97

SDRAM 
Status Parameter (MIN) Parameter Value Figure

t

t

t

until t t t -

DLL State        

TABLE 66:  POWER-DOWN MODES

ON

ON

OFF

       Relevant ParametersMR1[12]
t

t

t

t

SDRAM State

1

0

FAST

FAST

SLOW

POWER-DOWN 
exit
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FIGURE 88 - ACTIVE POWER-DOWN ENTRY AND EXIT

CK

CK#

Command NOP NOP NOP NOP

Address

CKE

tCK tCH tCL

Enter power-down
mode

Exit power-down
mode

Don’t Care

ValidValid

Valid

tCPDED

Valid

t IS

t IH

t IH

t IS

T0 T1 T2 Ta0 Ta1 Ta2 Ta3 Ta4

NOP

tXP

tCKE (MIN)

Indicates a Break in 
Time Scale

tPD

FIGURE 89 - PRECHARGE POWER-DOWN (FAST-EXIT MODE) ENTRY AND EXIT

tCKEmin

tCKEmin

CK

CK#

PONPONPONPONdnammoC

CKE

tCK tCH tCL

Enter power-down
mode

Exit power-down
mode

tPD

Valid

tCPDED

tIS

t IHt IS

T0 T1 T2 T3 T4 T5 Ta0 Ta1

NOP

Don’t CareIndicates a Break in 
Time Scale

tCKE (MIN)

tXP
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FIGURE 90 - PRECHARGE POWER-DOWN (SLOW-EXIT MODE) ENTRY AND EXIT

Notes: 1. Any valid command not requiring a locked DLL.
2. Any valid command requiring a locked DLL.

CK 

CK# 

Command  PON PON PON

CKE 

tCK tCH tCL 

Enter power-down 
mode 

Exit power-down 
mode 

tPD 

Valid 2Valid 1PRE 

tXPDLL 

tCPDED 

t IS 

t IH t IS 

T0 T1 T2 T3 T4 Ta Ta1 Tb 

NOP 

Don’t Care Indicates a Break in 
Time Scale

tXP

tCKE (MIN) 

FIGURE 91 - POWER-DOWN ENTRY AFTER READ OR READ WITH AUTO PRECHARGE (RDAP)

T0 T1 Ta0 Ta1 Ta2 Ta3 Ta4 Ta5 Ta6 Ta7 Ta8 Ta9

Don’t CareTransitioning Data

Ta10 Ta11 Ta12

NOP

Valid

READ/
RDAP NOP NOP NOP NOP NOP NOP NOP NOP NOP

CK

CK#

Command

DQ BL8

DQ BC4

DQS, DQS#

Address

CKE

tCPDEDtIS

tPD

Power-down or
self refresh entry

Indicates a break in
Time Scale 

tRDPDEN

DI
n + 3

DI
n + 1

DI
n + 2

DI
n

RL = AL + CL

DI
 n + 3

DI
 n + 2

DI
 n + 1

DI
n

DI
 n + 6

DI
 n + 7

DI
 n+ 5

DI
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FIGURE 92 - POWER-DOWN ENTRY AFTER WRITE

Notes: 1. CKE can go LOW 2tCK earlier if BC4MRS.

T0 T1 Ta0 Ta1 Ta2 Ta3 Ta4 Ta5 Ta6 Ta7 Tb0 Tb1 Tb2 Tb3 Tb4

NOPWRITE

Valid

NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP NOP

CK

CK#

Command

DQ BL8

DQ BC4

DQS, DQS#

Address

CKE

tCPDED

Power-down or
self refresh entry 1

Don’t CareTransitioning Data

tWRPDEN

DI
n + 3

DI
n + 1

DI
n + 2

DI
n

tPD

Indicates A Break in 
Time Scale

DI
 n + 3

DI
 n + 2

DI
 n + 1

DI
 n

DI
 n + 6

DI
 n + 7DI

 n + 5
DI

 n + 4

t IS

WL = AL + CWL tWR

FIGURE 93 - POWER-DOWN ENTRY AFTER WRITE WITH AUTO PRECHARGE (WRAP)

Notes: 1. tWR is programmed through MR0[11:9] and represents tWR (MIN)ns/ tCK rounded up to the 
next integer tCK.

2. CKE can go LOW 2tCK earlier if BC4MRS.

T0 T1 Ta0 Ta1 Ta2 Ta3 Ta4 Ta5 Ta6 Ta7 Tb0 Tb1

Don’t CareTransitioning Data

Tb2 Tb3 Tb4

NOPWRAP

Valid

NOP NOP NOP

CK
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DQ BL8

DQ BC4

DQS, DQS#

Address

A10

CKE

tPD

tWRAPDEN

Power-down or
self refresh entry 2

Start internal
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tCPDEDtIS

Indicates a Break in 
Time Scale

DI
 n + 3

DI
 n + 2

DI
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DI
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 n + 7DI
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 n + 4

DI
 n + 3

DI
 n + 2

DI
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DI
 n
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FIGURE 94 - REFRESH TO POWER-DOWN ENTRY

Notes: 1. After CKE goes HIGH during tRFC, CKE must remain HIGH until tRFC is satisfied.

CK

CK#

Command REFRESH NOP NOP NOP NOP Valid

CKE

tCK tCH tCL

tCPDED

tREFPDEN

tIS

T0 T1 T2 T3 Ta0 Ta1 Ta2 Tb0

tXP (MIN)

tRFC (MIN)1

Don’t CareIndicates a Break In 
Time Scale

tCKE (MIN)

tPD

FIGURE 95 - ACTIVATE TO POWER-DOWN ENTRY

tCKE

CK

CK#

Command

Address

ACTIVE NOP NOP

CKE

tCK tCH tCL

Don’t Care

tCPDED

tACTPDEN

Valid

tIS

T0 T1 T2 T3 T4 T5 T6 T7

tPD
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FIGURE 96 - PRECHARGE TO POWER-DOWN ENTRY

CK

CK#

Command

Address

CKE

tCK tCH tCL

Don’t Care

tCPDED

tPREPDEN

tIS

T0 T1 T2 T3 T4 T5 T6 T7

tPD

All/single
bank

PRE NOP NOP

FIGURE 97 - MRS COMMAND TO POWER-DOWN ENTRY

CK

CK#

CKE

tCK tCH tCL tCPDED

Address

t IS

T0 T1 T2 Ta0 Ta1 Ta2 Ta3 Ta4

tPD

Don’t CareIndicates a Break in 
Time Scale

Valid

Command MRS NOPNOP NOP NOP NOP

tMRSPDEN
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FIGURE 98 - POWER-DOWN EXIT TO REFRESH TO POWER-DOWN ENTRY

Notes: 1. tXP must be satisfied before issuing the command.
2. tXPDLL must be satisfied (referenced to the registration of power-down exit) before the 

next power-down can be entered.

CK

CK#

CKE

tCK tCH tCL

Enter power-down
mode

Enter power-down
mode

Exit power-down
mode

tPD

tCPDED

tIS

t IHt IS

T0 T1 T2 T3 T4 Ta0 Ta1 Tb0

Don’t CareIndicates a Break in 
Time Scale

Command NOP NOP NOP NOPREFRESH NOPNOP

tXP1

tXPDLL2

RESET

TT
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FIGURE 99 - RESET SEQUENCE

CKE 

RTT 

BA[2:0] 

All voltage 
supplies valid  
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DQS 
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Valid 
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Valid 

Valid 
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A10 = H 
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t IS 
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Valid 

Valid 

Valid 
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ON-DIE TERMINATION (ODT)

-

-

-
-

FUNCTIONAL REPRESENTATION OF ODT

TT

-

TT or RTT_NOM to RTT_WR.

TT TT 
TT

ODT
VDDQ/2

RTT

Switch
DQ, DQS, DQS#, 

To other
circuitry
such as
RCV, 
. . . 

DM

FIGURE 100 - ON-DIE TERMINATION NOMINAL ODT

TABLE 67:  POWER-DOWN MODES

    
      
         MR1[9,6,2]                    ODT Pin                        SDRAM Termination State                                     SDRAM State                          Notes                                                   

RTT_NOM disabled, ODT OFF

RTT_NOM disabled, ODT ON

RTT_NOM enabled, ODT OFF

RTT_NOM enabled, ODT ON

RTT_NOM reserved, ODT ON or OFF Illegal

1,2

1,3

1,2

1,3

000

000

000-101

000-101

110 and 111

0

1

0

1

3. RTT1. 

2. 
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TT TT

TT TT -

TT TT TT

TABLE 68:  ODT PARAMETER

   
          Symbol                                Description                                               Begins at                                 Defined to                                       Units                                             

ODTL ON

ODTL OFF

t

t

tAON

tAOF

RTT tAON

RTT tAOF

RTT_ON

RTT_OFF

ODT registered LOW

ODT registered LOW

RTT_ON

RTT_OFF

1-9

1-9

4tCK

tCK

See Table 47

t tCK

tCK

tCK

ns

ns

tCK

tCK

tCK

Definition for 

All DDR3 bins

DYNAMIC ODT

TT

(RTT

DYNAMIC ODT FUNCTIONAL DESCRIPTION:

TT

Two RTT values are available – RTT_NOM and RTT_WR:
TT

TT

TT_NOM is used
-

TT TT_WR

TT TT_NOM

t TT is undefined

NOMINAL ODT
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TABLE 69:  DYNAMIC ODT SPECIFIC PARAMETERS

   
          Symbol                           Description                                   Begins at                              Defined to                                                           Units                                             

ODTLCNW

ODTLCNW

ODTLCWN4

ODTLCWN8

tADC

TT_NOM to RTT_WR

TT_WR to RTT

TT_WR to RTT

RTT

RTT TT_NOM to RTT_WR

RTT TT_WR to RTT_NOM

RTT TT_WR to RTT_NOM

RTT

WL - 2

4t

t

t tCK

tCK

tCK

tCK

tCK

Definition for 

All DDR3 bins

TABLE 70:  MODE REGISTERS FOR RTT_NOM
   
             M9              M6               M2                      RTT_NOM (RZQ)                             RTT_NOM(Ohms)                      RTT_NOM Mode Restriction

0

0

0

0

1

1

1

1

Off

Reserved

Reserved

0

0

1

1

0

0

1

1

0

1

0

1

0

1

0

1

Off

120

40

20

30

Reserved

Reserved

MR1(RTT_NOM)

TABLE 71:  MODE REGISTERS FOR RTT_WR
   
               M10                       M2                                             RTT_NOM (RZQ)                                                           RTT_NOM(Ohms)               

0

0

1

1 Reserved

0

1

0

1

120

Reserved

MR1(RTT_NOM)

Dynamic ODT OFF:  WRITE does not affect RTT_NOM

TABLE 72:  TIMING DIAGRAMS FOR DYNAMIC ODT
   
                        Figure                                                                                                               Title     

Figure 101

Figure 102

Figure 103

Figure 104
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FIGURE 101 - DYNAMIC ODT: ODT ASSERTED BEFORE AND AFTER THE WRITE, BC4

Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. RTT_NOM and RTT_WR are enabled.
2. ODTH4 applies to first registering ODT HIGH and then to the registration of the WRITE command. In this example, 

ODTH4 is satisfied if ODT goes LOW at T8 (four clocks after the WRITE command).

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9

ODTL on ODTLCWN4

ODTLCNW

WL

ODTL off

T10 T11 T12 T13 T14 T15 T17T16

CK
CK#

Command

Address

RTT

ODT

DQ 

DQS, DQS#

Valid

WRS4 PONPONPONPONPON NOP NOP

Don’t CareTransitioning

RTT_WRRTT_NOM RTT_NOM

DI
n + 3

DI
n + 2

DI
n + 1

DI
n

NOP NOP NOP NOP NOP NOP NOP NOPNOP NOP

ODTH4
ODTH4

tAON (MIN) tADC (MIN) tADC (MIN) tAOF (MIN)

tAON (MAX) tADC (MAX) tADC (MAX) tAOF (MAX)

FIGURE 102 - DYNAMIC ODT: WITHOUT WRITE COMMAND

Notes: 1. AL = 0, CWL = 5. RTT_NOM is enabled and R TT_WR is either enabled or disabled.
2. ODTH4 is defined from ODT registered HIGH to ODT registered LOW; in this example,  

ODTH4 is satisfied. ODT registered LOW at T5 is also legal.

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9

ODTL off 

T10 T11

CK
CK#

RTT

Don’t CareTransitioning

Command Vali d Vali d Vali d Vali d Vali d Vali d Vali d Vali d Vali d Vali d Vali d Vali d

Address

DQS, DQS#

DQ

ODTH4
ODTL on

tAON (MAX)

tAON (MIN)

tAOF (MIN)

tAOF (MAX)

ODT

RTT_NOM



LOGIC Devices Incorporated              www.logicdevices.com

8-16 Gb, DDR3, 256-512M x 32 Single Channel Memory Module

L9D3256M32SBG1
 L9D3512M32SBG1

August 27, 2014 LDS-L9D3xxxM32SBG1 Rev B
High Performance, Integrated Memory Module Product

FIGURE 103 - DYNAMIC ODT: ODT PIN ASSERTED TOGETHER WITH WRITE COMMAND FOR 6 CLOCK CYCLES, BL8

Notes: 1. Via MRS or OTF; AL = 0, CWL = 5. If RTT_NOM can be either enabled or disabled, ODT can be HIGH. RTT_WR is enabled.
2. In this example, ODTH8 = 6 is satisfied exactly.

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9

ODTLCWN8

ODTLON

ODTLCNW

WL

tAOF (MAX)

T10 T11

CK

CK#

Address

RTT

ODT

DQ

DQS, DQS#

DI
 b + 3

DI
 b + 2

DI
 b + 1

DI
 b

DI
 b + 7

DI
 b + 6

DI
 b + 5

DI
 b + 4

Valid

Don’t CareTransitioning

Command WRS8NOP NOPNOP NOP NOP NOP NOP NOP NOP NOP NOP

RTT_WR

ODTH8 ODTLOFF 

tADC (MAX)

tAON (MIN)

tAOF (MIN)

FIGURE 104 - DYNAMIC ODT: ODT PIN ASSERTED WITH WRITE COMMAND FOR 6 CLOCK CYCLES, BC4

Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. RTT_NOM and RTT_WR are enabled.
2. ODTH4 is defined from ODT registered HIGH to ODT registered LOW, so in this example, 

ODTH4 is satisfied. ODT registered LOW at T5 is also legal.
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FIGURE 105 - DYNAMIC ODT: ODT PIN ASSERTED WITH WRITE COMMAND FOR 4 CLOCK CYCLES, BC4

Notes: 1. Via MRS or OTF. AL = 0, CWL = 5. RTT_NOM can be either enabled or disabled. If disabled, 
ODT can remain HIGH. RTT_WR is enabled.

2. In this example ODTH4 = 4 is satisfied exactly.
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SYNCHRONOUS ODT TIMING PARAMETERS

tAON and t

TT t TT

(t TT t

TT t

TABLE 73:  SYNCHRONOUS ODT PARAMETERS

  
           Symbol                            Description                                              Begins at                              Defined to                                                Units                                             

ODTL ON

ODTL OFF

tAON

tAOF

RTT tAON

RTT tAOF

ODT registered LOW

ODT registered LOW

RTT_ON

RTT_OFF

4t

t

 

See Table 47

 

t t

tCK

tCK

tCK

tCK

tCK

Definition for 

All DDR3 bins

FIGURE 106 - SYNCHRONOUS ODT

Notes: 1. AL = 3; CWL = 5; ODTL on = WL = 6.0; ODTL off = WL - 2 = 6. RTT_NOM is enabled.
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FIGURE 107 - SYNCHRONOUS ODT (BC4)

Notes: 1. WL = 7. RTT_NOM is enabled. RTT_WR is disabled.
2. ODT must be held HIGH for at least ODTH4 after assertion (T1).
3. ODT must be kept HIGH ODTH4 (BC4) or ODTH8 (BL8) after the WRITE command (T7).
4. ODTH is measured from ODT first registered HIGH to ODT first registered LOW or from the registration of the WRITE 

command with ODT HIGH to ODT registered LOW.
5. Although ODTH4 is satisfied from ODT registered HIGH at T6, ODT must not go LOW before T11 as ODTH4 must also be 

satisfied from the registration of the WRITE command at T7.
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ODT OFF DURING READS

TT

TT

FIGURE 108 - ODT DURING READS

Notes: 1. ODT must be disabled externally during READs by driving ODT LOW. For example, CL = 6; AL = CL - 1 = 5; RL = AL + 
CL = 11; CWL = 5; ODTL on = CWL + AL - 2 = 8; ODTL off = CWL + AL - 2 = 8. RTT_NOM is enabled. RTT_WR is a “Don’t Care.”

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T17T16

CK
CK#

ValidAddress

DI
b + 3

DI
b + 2

DI
b + 1

DI
b

DI
b + 7

DI
b + 6

DI
b + 5

DI
b + 4

DQ

DQS, DQS#

Don’t CareTransitioning

Command NOP NOP NOP NOP NOP NOP NOPNOP NOP NOP NOP NOP NOP NOP NOP NOPNOPREAD

ODTL on  = CWL + AL - 2

ODT

tAON (MAX)RL = AL + CL

ODTL off  = CWL + AL - 2

tAOF (MIN)
RTT RTT_NOMRTT_NOM

tAOF (MAX)



LOGIC Devices Incorporated              www.logicdevices.com

8-16 Gb, DDR3, 256-512M x 32 Single Channel Memory Module

L9D3256M32SBG1
 L9D3512M32SBG1

August 27, 2014 LDS-L9D3xxxM32SBG1 Rev B
High Performance, Integrated Memory Module Product

ASYNCHRONOUS ODT MODE

TT_NOM or RTT -

TT t t t t

TT t -
TT t t t

TT t TT

(t t t

TABLE 74:  ASYNCHRONOUS ODT TIMING PARAMETERS FOR ALL SPEED BINS

  
                 Symbol                                                   Description                                                                  MIN                              MAX                Units                                             

tAON

tAOF

TT

TT

2

2

ns

ns

FIGURE 109 - ASYNCHRONOUS ODT TIMING WITH FAST ODT TRANSITION

Notes: 1. AL is ignored.
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TABLE 75:  ODT PARAMETERS FOR POWER-DOWN (DLL OFF) ENTRY AND EXIT TRANSITION PERIOD

          
                                         Description                                                                                  MIN                                                       MAX              

ODT to RTT

ODT to RTT 

tAN

Greater of: tAN  or t

tAN t

Lesser of: tAN

ODL on x t t

Lesser of: tAOF

ODL off x t t

Lesser of: tAN

ODL on x t t

Lesser of: tAOF

ODL off x t t

SYNCHRONOUS TO ASYNCHRONOUS ODT MODE TRANSITION (POWER-DOWN ENTRY)

begins t t tCK or ODTL 
t t

t t

TT t t t

t t t TT
t t t t t t

TT

t

t t t t

t t
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ASYNCHRONOUS TO SYNCHRONOUS ODT MODE TRANSITION (POWER-DOWN EXIT)

t -
t t t t

is t t

TT t tC t

t t t TT

lesser of t t t t t t

TT

t

t t t t

t t

FIGURE 110 - SYNCHRONOUS TO ASYNCHRONOUS TRANSITION DURING PRECHARGE POWER-DOWN (DLL OFF) ENTRY

Notes: 1. AL = 0; CWL = 5; ODTL off = WL - 2 = 3.
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FIGURE 111 - ASYNCHRONOUS TO SYNCHRONOUS TRANSITION DURING PRECHARGE POWER-DOWN (DLL OFF) EXIT
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ASYNCHRONOUS TO SYNCHRONOUS ODT MODE TRANSITION (SHORT CKE PULSE)

TT

TT

FIGURE 112 - TRANSITION PERIOD FOR SHORT CKE LOW CYCLES WITH ENTRY AND EXIT PERIOD OVERLAPPING

Notes: 1. AL = 0, WL = 5, tANPD = 4.
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FIGURE 113 - TRANSITION PERIOD FOR SHORT CKE HIGH CYCLES WITH ENTRY AND EXIT PERIOD OVERLAPPING

Notes: 1. AL = 0, WL = 5, tANPD = 4. 
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