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Double Data Rate (DDR) SDRAM
M T46V64M 4 – 16 M eg x 4 x 4 banks

M T46V32M 8 – 8 M eg x 8 x 4 banks

M T46V16M 16 – 4 M eg x 16 x 4 banks

Features
• VDD = +2.5V ±0.2V, VDDQ = +2.5V ±0.2V

VDD = +2.6V ±0.1V, VDDQ = +2.6V ±0.1V (DDR400)1

• Bidirectional data strobe (DQS) tran sm itted/

received with  data, that is, source-synchronous data 

capture (x16 has two – one per byte)

• In ternal, p ipelined double-data-rate (DDR) 

architecture; two data accesses per clock cycle

• Differen tial clock inputs (CK and CK#)

• Com m ands en tered on  each  positive CK edge

• DQS edge-aligned with  data for READs; cen ter-

align ed with  data for WRITEs

• DLL to align  DQ and DQS transitions with  CK

• Four in tern al banks for concurren t operation

• Data m ask (DM) for m asking write data 

(x16 has two – one per byte)

• Program m able burst lengths (BL): 2, 4, or 8

• Auto refresh  

– 64m s, 8192-cycle

• Longer-lead TSOP for im proved reliability (OCPL)

• 2.5V I/ O (SSTL_2-com patible)

• Concurren t auto p recharge option  supported

• tRAS lockout supported (tRAP = tRCD)

Notes: 1. DDR400 devices operating at < DDR333

conditions can  use VDD/ VDDQ = +2.5V 

+0.2V.

2. Available on ly on  Revision  K.

3. Available on ly on  Revision  M.

4. Not recom m ended for new designs.

Options M arking
• Configuration

– 64 Meg x 4 (16 Meg x 4 x 4 ban ks) 64M4
– 32 Meg x 8 (8 Meg x 8 x 4 banks) 32M8
– 16 Meg x 16 (4 Meg x 16 x 4 banks) 16M16

• Plastic package – OCPL
– 66-pin  TSOP TG
– 66-pin  TSOP (Pb-free) P

• Plastic package
– 60-ball FBGA (8m m  x 12.5m m ) CV

– 60-ball FBGA (8m m  x 12.5m m )

(Pb-free)

CY

• Tim ing – cycle tim e
– 5ns @ CL = 3 (DDR400) -5B
– 6ns @ CL = 2.5 (DDR333) FBGA on ly -62

– 6ns @ CL = 2.5 (DDR333) TSOP on ly -6T2

• Self refresh
– Standard None
– Low-power self refresh L

• Tem perature rating
– Com m ercial (0°C to +70°C) None
– Industrial (–40°C to +85°C) IT

• Revision
– x4, x8, x16 :K4

– x4, x8, x16 :M

Table 1: Key Timing Parameters
CL = CAS (READ) latency; MIN clock rate with 50% duty cycle at  CL = 2 (-75E, -75Z), CL = 2.5 (-6, -6T, -75), and 

CL = 3 (-5B)

Speed Grade

Clock Rate (M Hz)

Data-Out Window
Access 

Window DQS–DQ SkewCL = 2 CL = 2.5 CL = 3

-5B 133 167 200 1.6ns ±0.70ns +0.40ns

-6 133 167 n/a 2.1ns ±0.70ns +0.40ns

6T 133 167 n/a 2.0ns ±0.70ns +0.45ns

-75E/-75Z 133 133 n/a 2.5ns ±0.75ns +0.50ns

-75 100 133 n/a 2.5ns ±0.75ns +0.50ns
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Features

Notes: 1. The -5B device is backward compat ible with all slower speed grades. The voltage range of   

-5B device operat ing at  slower speed grades is VDD = VDDQ = 2.5V ± 0.2V.

Figure 1:  256M b DDR SDRAM  Part  Numbers

Table 2: Addressing

Parameter 64 M eg x 4 32 M eg x 8 16 M eg x 16

Conf igurat ion 16 Meg x 4 x 4 banks 8 Meg x 8 x 4 banks 4 Meg x 16 x 4 banks

Refresh count 8K 8K 8K

Row address 8K (A0–A12) 8K (A0–A12) 8K (A0–A12)

Bank address 4 (BA0, BA1) 4 (BA0, BA1) 4 (BA0, BA1)

Column address 2K (A0–A9, A11) 1K (A0–A9) 512 (A0–A8)

Table 3: Speed Grade Compat ibility

M arking PC3200 (3-3-3) PC2700 (2.5-3-3) PC2100 (2-2-2) PC2100 (2-3-3) PC2100 (2.5-3-3) PC1600(2-2-2)

-5B1 Yes Yes Yes Yes Yes Yes

-6 – Yes Yes Yes Yes Yes

-6T – Yes Yes Yes Yes Yes

-75E – – Yes Yes Yes Yes

-75Z – – – Yes Yes Yes

-75 – – – – Yes Yes

-5B -6/-6T -75E -75Z -75 -75

Example Part Number:   M T46V16M 16P-6T:M  
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FBGA Part  M arking System

Due to space lim itations, FBGA-packaged com ponen ts have an  abbreviated part 

m arking that is differen t from  the part num ber. For a quick conversion  of an  FBGA code, 

see the FBGA Part Markin g Decoder on  Micron’s Web site: www.m icron .com .

www.micron.com
www.micron.com
www.micron.com
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State Diagram

State Diagram

Figure 2:  Simplif ied State Diagram

Note: This diagram represents operat ions within a single bank only and does not  capture concur-

rent  operat ions in other banks.
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 256M b: x4, x8, x16 DDR SDRAM
Functional Descript ion

Funct ional Descript ion

The DDR SDRAM uses a double data rate architecture to achieve h igh-speed operation . 

The double data rate architecture is essen tially a 2n -prefetch  architecture with  an  in ter-

face designed to transfer two data words per clock cycle at the I/ O p ins. A single read or 

write access for the DDR SDRAM effectively consists of a single 2n -bit-wide, one-clock-

cycle data transfer at the in ternal DRAM core and two corresponding n -bit-wide, one-

half-clock-cycle data transfers at the I/ O p ins.

A bidirectional data strobe (DQS) is tran sm itted externally, along with  data, for use in  

data cap ture at the receiver. DQS is a strobe transm itted by the DDR SDRAM during 

READs and by the m em ory con troller during WRITEs. DQS is edge-aligned with  data for 

READs and cen ter-aligned with  data for WRITEs. The x16 offering has two data strobes, 

one for the lower byte and one for the upper byte.

The DDR SDRAM operates from  a differen tial clock (CK and CK#); the crossing of CK 

going HIGH and CK# going LOW will be referred to as the positive edge of CK. 

Com m ands (address and con trol signals) are registered at every positive edge of CK. 

Input data is registered on  both  edges of DQS, and output data is referenced to both  

edges of DQS, as well as to both  edges of CK.

Read and write accesses to the DDR SDRAM are burst orien ted; accesses start at a 

selected location  and con tinue for a program m ed num ber of locations in  a program m ed 

sequence. Accesses begin  with  the registration  of an  ACTIVE com m and, which  m ay then  

be followed by a READ or WRITE com m and. The address bits registered coin ciden t with  

the ACTIVE com m and are used to select the bank and row to be accessed. The address 

bits registered coin ciden t with  the READ or WRITE com m and are used to select the bank 

and the starting colum n  location  for the burst access.

The DDR SDRAM provides for program m able READ or WRITE burst lengths of 2, 4, or 8 

locations. An  auto precharge function  m ay be enabled to provide a self-tim ed row 

precharge that is in itiated at the end of the burst access.

As with  standard SDR SDRAMs, the p ipelined, m ultibank architecture of DDR SDRAMs 

allows for concurren t operation , thereby providing h igh  effective bandwidth  by h iding 

row precharge and activation  tim e.

An  auto refresh  m ode is p rovided, along with  a power-saving power-down  m ode. All 

inputs are com patible with  the JEDEC standard for SSTL_2. All fu ll-drive option  outputs 

are SSTL_2, Class II com patible.

General Notes
• The functionality and the tim ing specifications discussed in  th is data sheet are for the 

DLL-enabled m ode of operation .

• Throughout the data sheet, the various figures and text refer to DQs as “DQ.” The DQ 

term  is to be in terpreted as an y an d all DQ collectively, un less specifically stated 

otherwise. Additionally, the x16 is divided in to two bytes, the lower byte and upper 

byte. For the lower byte (DQ0–DQ7) DM refers to LDM and DQS refers to LDQS. For 

the upper byte (DQ8–DQ15) DM refers to UDM and DQS refers to UDQS. 

• Com plete functionality is described throughout the docum en t and any page or 

diagram  m ay have been  sim plified to convey a top ic and m ay not be inclusive of all 

requirem en ts.

• Any specific requirem en t takes precedence over a general statem en t.
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Functional Block Diagrams

Funct ional Block Diagrams

The 256Mb DDR SDRAM is a h igh-speed CMOS, dynam ic ran dom -access m em ory 

con tain ing 268,435,456 bits. It is in ternally configured as a 4-bank DRAM.

Figure 3:  64 M eg x 4 Funct ional Block Diagram
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Functional Block Diagrams

Figure 4:  32 M eg x 8 Funct ional Block Diagram

Figure 5:  16 M eg x 16 Funct ional Block Diagram
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Pin and Ball Assignments and Descript ions

Pin and Ball Assignments and Descript ions

Figure 6:  66-Pin TSOP Pin Assignments (Top View )
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Pin and Ball Assignments and Descript ions

Figure 7:  60-Ball FBGA Ball Assignments (Top View )
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Pin and Ball Assignments and Descript ions

Table 4: Pin and Ball Descript ions

FBGA 
Numbers

TSOP 
Numbers Symbol Type Descript ion

K7, L8, L7, 

M8, M2, L3, 

L2, K3, K2, 

J3, K8,

J2, H2

29, 30, 31, 

32, 35, 36, 

37, 38, 39, 

40, 28

41, 42

A0, A1, A2, 

A3, A4, A5, 

A6, A7, A8, 

A9, A10,

A11, A12

Input Address inputs: Provide the row address for ACTIVE commands, 

and the column address and auto precharge bit  (A10) for READ/

WRITE commands, to select  one locat ion out  of  the memory array in 

the respect ive bank. A10 sampled during a PRECHARGE command 

determines whether the PRECHARGE applies to one bank (A10 

LOW, bank selected by BA0, BA1) or all banks (A10 HIGH). The 

address inputs also provide the op-code during a LOAD MODE 

REGISTER command.

J8, J7 26, 27 BA0, BA1 Input Bank address inputs: BA0 and BA1 def ine to which bank an 

ACTIVE, READ, WRITE, or PRECHARGE command is being applied. 

BA0 and BA1 also def ine which mode register (mode register or 

extended mode register) is loaded during the LOAD MODE 

REGISTER (LMR) command.

G2, G3 45, 46 CK, CK# Input Clock: CK and CK# are dif ferent ial clock inputs. All address and 

control input  signals are sampled on the crossing of  the posit ive 

edge of  CK and the negat ive edge of  CK#. Output  data (DQ and 

DQS) is referenced to the crossings of  CK and CK#.

H3 44 CKE Input Clock enable: CKE HIGH act ivates and CKE LOW deact ivates the 

internal clock, input  buffers, and output  drivers. Taking CKE LOW 

provides PRECHARGE POWER-DOWN and SELF REFRESH operat ions 

(all banks idle) or ACTIVE POWER-DOWN (row ACTIVE in any bank). 

CKE is synchronous for POWER-DOWN entry and exit  and for SELF 

REFRESH ent ry. CKE is asynchronous for SELF REFRESH exit  and for 

disabling the outputs. CKE must  be maintained HIGH throughout  

read and write accesses. Input  buffers (excluding CK, CK#, and CKE) 

are disabled during POWER- DOWN. Input  buffers (excluding CKE) 

are disabled during SELF REFRESH. CKE is an SSTL_2 input  but  will 

detect  an LVCMOS LOW level af ter VDD is applied and unt il CKE is 
f irst  brought  HIGH, af ter which it  becomes a SSTL_2 input  only.

H8 24 CS# Input Chip select: CS# enables (registered LOW) and disables (registered 

HIGH) the command decoder. All commands are masked when CS# 

is registered HIGH. CS# provides for external bank select ion on 

systems with mult iple banks. CS# is considered part  of  the command 

code.

F3

F7, F3

47

20, 47

DM

LDM, UDM

Input Input  data mask: DM is an input  mask signal for write data. Input  

data is masked when DM is sampled HIGH along with that  input  

data during a WRITE access. DM is sampled on both edges of  DQS. 

Although DM pins are input -only, the DM loading is designed to 

match that  of  DQ and DQS pins. For the x16, LDM is DM for DQ0–

DQ7 and UDM is DM for DQ8–DQ15. Pin 20 is a NC on x4 and x8.

H7, G8, G7 23, 22, 21 RAS#, CAS#, 

WE#

Input Command inputs: RAS#, CAS#, and WE# (along with CS#) def ine 

the command being entered.

A8, B9, B7, 

C9, C7, D9, 

D7, E9, E1, 

D3, D1, C3, 

C1, B3, B1, 

A2

2, 4, 5, 

7, 8, 10, 

11, 13, 54,

56, 57, 59,

60, 62, 63, 

65

DQ0–DQ2 

DQ3–DQ5 

DQ6–DQ8 

DQ9–DQ11 

DQ12–DQ14 

DQ15

I/O Data input /output: Data bus for x16.

A8, B7, C7, 

D7, D3, C3, 

B3, A2

2, 5, 8,

11, 56, 59, 

62, 65

DQ0–DQ2 

DQ3–DQ5 

DQ6, DQ7

I/O Data input /output: Data bus for x8.
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Pin and Ball Assignments and Descript ions

B7, D7, D3,

B3

5, 11, 56,

62

DQ0–DQ2

DQ3

I/O Data input /output: Data bus for x4.

E3

E7

E3

51

16

51

DQS

LDQS

UDQS

I/O Data strobe: Output  with read data, input  with write data. DQS is 

edge-aligned with read data, centered in write data. It  is used to 

capture data. For the x16, LDQS is DQS for DQ0–DQ7 and UDQS is 

DQS for DQ8–DQ15. Pin 16 (E7) is NC on x4 and x8.

F8, M7, A7 1, 18, 33 VDD Supply Power supply.

B2, D2, C8, 

E8, A9

3, 9, 15, 

55, 61

VDDQ Supply DQ pow er supply: Isolated on the die for improved noise 

immunity.

A3, F2, M3 34, 48, 66 VSS Supply Ground.

A1, C2, E2, 

B8, D8

6, 12, 52,

58, 64

VSSQ Supply DQ ground: Isolated on the die for improved noise immunity.

F1 49 VREF Supply SSTL_2 reference voltage.

– 14, 17, 25, 43, 

53

NC – No connect  for x16: These pins should be lef t  unconnected.

B1, B9, C1, 

C9, D1, D9, 

E1, E7, E9, F7

 4, 7, 10, 13, 

14, 16, 17, 20, 

25, 43, 53, 54, 

57, 60, 63

NC – No connect  for x8: These pins should be lef t  unconnected.

B1, B9, C1, 

C9, D1, D9, 

E1, E7, E9, F7, 

 4, 7, 10, 13, 

14, 16, 17, 20, 

25, 43, 53, 54, 

57, 60, 63

NC – No connect  for x4: These pins should be lef t  unconnected.

A2, A8, C3, 

C7

2, 8, 59, 65 NF – No funct ion for x4: These pins should be lef t  unconnected.

F9 19, 50 DNU – Do not  use: Must  f loat  to minimize noise on VREF.

Table 5: Reserved NC Pin Descript ions
NC pins not  listed may also be reserved for other uses; this table def ines NC pins of  importance

TSOP Numbers Symbol Type Descript ion

17 A13 Input Address input  A13 for 1Gb devices.

Table 4: Pin and Ball Descript ions (cont inued)

FBGA 
Numbers

TSOP 
Numbers Symbol Type Descript ion



PDF: 09005aef80768abb/Source: 09005aef82a95a3a Micron Technology, Inc., reserves the right  to change products or specif icat ions without  not ice.
256Mb_DDR_x4x8x16_D2.fm - 256Mb DDR: Rev. P, Core DDR: Rev. D 2/11 EN 13 ©2003 Micron Technology, Inc. All rights reserved.

 256M b: x4, x8, x16 DDR SDRAM
Package Dimensions

Package Dimensions

Figure 8:  66-Pin Plast ic TSOP (400 mil)

Notes: 1. All dimensions in millimeters.

2. Package width and length do not  include mold prot rusion; allowable mold prot rusion is 

0.25mm per side.

SEE DETAIL A
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Package Dimensions

Figure 9:  60-Ball FBGA (8mm x 12.5mm)

Notes: 1. All dimensions are in millimeters.

2. Topside part  marking decoder can be found on Micron’s Web site.
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 256M b: x4, x8, x16 DDR SDRAM
Electrical Specif icat ions – IDD

Electrical Specif icat ions – IDD

Table 6: IIDD Specif icat ions and Condit ions (x4, x8, x16: -5B, -6, -6T) - Die Revision K Only 
VDDQ = +2.6V ±0.1V, VDD = +2.6V ±0.1V (-5B); VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V (-6, -6T);

0°C ≤ TA ≤ +70°C; Notes: 1–5, 11, 13, 15, 47; Notes appear on pages 34–39; See also Table 8 on page 17

Parameter/Condit ion Symbol -5B -6/6T Units Notes

Operat ing one-bank precharge current: tRC = tRC (MIN); 
tCK = tCK (MIN); DQ, DM, and DQS inputs changing once per 

clock cycle; Address and cont rol inputs changing once every 

two clock cycles

IDD0 100 90 mA 23, 48

Operat ing one-bank act ive-read-precharge current: 

Burst = 4; tRC = tRC (MIN); tCK = tCK (MIN); IOUT = 0mA; 

Address and cont rol inputs changing once per clock cycle

IDD1 120 115 mA 23, 48

Precharge pow er-dow n standby current: All banks idle; 

Power-down mode; tCK = tCK (MIN); CKE = LOW

IDD2P 4 4 mA 24, 33

Idle standby current: CS# = HIGH; All banks are idle; 
tCK = tCK (MIN); CKE = HIGH; Address and other cont rol 

inputs changing once per clock cycle; VIN = VREF for DQ, DQS, 

and DM

IDD2F 50 50 mA 51

Active pow er-dow n standby current: One bank act ive; 

Power-down mode; tCK = tCK (MIN); CKE = LOW

IDD3P 35 30 mA 24, 33

Active standby current: CS# = HIGH; CKE = HIGH; One bank 

act ive; tRC = tRAS(MAX); tCK = tCK (MIN); DQ, DM, and DQS 

inputs changing twice per clock cycle; Address and other 

cont rol inputs changing once per clock cycle

IDD3N 60 55 mA 23

Operat ing burst  read current: Burst  = 2; Cont inuous 

burst  reads; One bank act ive; Address and cont rol inputs 

changing once per clock cycle; tCK = tCK (MIN); IOUT = 0mA

IDD4R 180 160 mA 23, 48

Operat ing burst  w rite current: Burst  = 2; Cont inuous burst  

writes; One bank act ive; Address and cont rol inputs changing 

once per clock cycle; tCK = tCK (MIN); DQ, DM, and DQS inputs 

changing twice per clock cycle

IDD4W 180 160 mA 23

Auto refresh burst  current: tREFC = tRFC (MIN) IDD5 160 160 mA 50
tREFC =7.8µs IDD5A 6 6 mA 28, 50

Self  refresh current: CKE ≤ 0.2V Standard IDD6 4 4 mA 12

Low power (L) IDD6A 2 2 mA 12

Operat ing bank interleave read current: Four-bank 

interleaving READs (burst = 4) with auto precharge; 
tRC = minimum tRC allowed; tCK = tCK (MIN); Address and 

cont rol inputs change only during ACTIVE, READ, or WRITE 

commands

IDD7 290 270 mA 23, 49
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Electrical Specif icat ions – IDD

Table 7: IDD Specif icat ions and Condit ions (x4, x8, x16: -5B, -6, -6T) - Die Revision M  Only
VDDQ = +2.6V ±0.1V, VDD = +2.6V ±0.1V (-5B); VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V (-6, -6T);

0°C ≤ TA ≤ +70°C; Notes: 1–5, 11, 13, 15, 47; Notes appear on pages 34–39; See also Table 8 on page 17

Parameter/Condit ion Symbol -5B -6/6T Units Notes

Operat ing one-bank precharge current: tRC = tRC (MIN); 
tCK = tCK (MIN); DQ, DM, and DQS inputs changing once per clock 

cycle; Address and cont rol inputs changing once every two clock cycles

IDD0 TBD TBD mA 23, 48

Operat ing one-bank act ive-read-precharge current: Burst = 4; 
tRC = tRC (MIN); tCK = tCK (MIN); IOUT = 0mA; Address and cont rol 

inputs changing once per clock cycle

IDD1 TBD TBD mA 23, 48

Precharge pow er-dow n standby current: All banks idle; Power-

down mode; tCK = tCK (MIN); CKE = LOW

IDD2P TBD TBD mA 24, 33

Idle standby current: CS# = HIGH; All banks are idle; tCK = tCK (MIN); 

CKE = HIGH; Address and other cont rol inputs changing once per clock 

cycle; VIN = VREF for DQ, DQS, and DM

IDD2F TBD TBD mA 51

Active pow er-dow n standby current: One bank act ive; Power-

down mode; tCK = tCK (MIN); CKE = LOW

IDD3P TBD TBD mA 24, 33

Active standby current: CS# = HIGH; CKE = HIGH; One bank act ive; 
tRC = tRAS(MAX); tCK = tCK (MIN); DQ, DM, and DQS inputs changing 

twice per clock cycle; Address and other cont rol inputs changing once 

per clock cycle

IDD3N TBD TBD mA 23

Operat ing burst  read current: Burst  = 2; Cont inuous burst  reads; 

One bank act ive; Address and control inputs changing once per clock 

cycle; tCK = tCK (MIN); IOUT = 0mA

IDD4R TBD TBD mA 23, 48

Operat ing burst  w rite current: Burst  = 2; Cont inuous burst  writes; 

One bank act ive; Address and control inputs changing once per clock 

cycle; tCK = tCK (MIN); DQ, DM, and DQS inputs changing twice per 

clock cycle

IDD4W TBD TBD mA 23

Auto refresh burst  current: tREFC = tRFC (MIN) IDD5 TBD TBD mA 50
tREFC = 7.8µs IDD5A TBD TBD mA 28, 50

Self  refresh current: CKE ≤ 0.2V Standard IDD6 TBD TBD mA 12

Low power (L) IDD6A TBD TBD mA 12

Operat ing bank interleave read current: Four-bank interleaving 

READs (burst = 4) with auto precharge; tRC = minimum tRC allowed; 
tCK = tCK (MIN); Address and cont rol inputs change only during 

ACTIVE, READ, or WRITE commands

IDD7 TBD TBD mA 23, 49
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Electrical Specif icat ions – DC and AC

Electrical Specif icat ions – DC and AC

Stresses greater than  those listed in  Table 8 m ay cause perm anen t dam age to the device. 

This is a stress rating on ly, and functional operation  of the device at these or any other 

conditions above those indicated in  the operational section s of th is specification  is not 

im plied. Exposure to absolute m axim um  rating conditions for exten ded periods m ay 

affect reliability.

Table 8: Absolute M aximum Rat ings

Parameter M in M ax Units

VDD supply voltage relat ive to VSS –1V +3.6V V

VDDQ supply voltage relat ive to VSS –1V +3.6V V

VREF and inputs voltage relat ive to VSS –1V +3.6V V

I/O pins voltage relat ive to VSS –0.5V VDDQ + 0.5V V

Storage temperature (plast ic) –55 +150 °C

Short  circuit  output  current – 50 mA

Table 9: DC Electrical Characterist ics and Operat ing Condit ions (-5B)
Notes: 1–5 and 17 apply to the ent ire table; Notes appear on page 34; VDDQ = +2.6V ±0.1V, VDD = +2.6V ±0.1V

Parameter/Condit ion Symbol M in M ax Units Notes

Supply voltage VDD +2.5 +2.7 V 37, 42

I/O supply voltage VDDQ +2.5 +2.7 V 37, 42, 45

I/O reference voltage VREF 0.49 × VDDQ 0.51 × VDDQ V 7, 45

I/O terminat ion voltage (system) VTT VREF - 0.04 VREF + 0.04 V 8, 45

Input  high (logic 1) voltage VIH(DC) VREF + 0.15 VDD + 0.3 V 29

Input  low (logic 0) voltage VIL(DC) –0.3 VREF - 0.15 V 29

Input  leakage current :

Any input  0V ≤ VIN ≤ VDD, VREF pin 0V ≤ VIN ≤ 1.35V

(All other pins not  under test  = 0V)

II –2 +2 µA

Output  leakage current :

(DQ are disabled; 0V ≤ VOUT ≤ VDDQ)

IOZ –5 +5 µA

Full-drive opt ion output  

levels (x4, x8, x16):

High current  (VOUT = 
VDDQ - 0.373V, minimum 
VREF, minimum VTT)

IOH –16.8 – mA 38, 40

Low current  (VOUT = 
0.373V, maximum VREF, 
maximum VTT)

IOL +16.8 – mA

Reduced-drive opt ion 

output  levels (Design 

Revision F and K only):

High current  (VOUT = 
VDDQ - 0.373V, minimum 
VREF, minimum VTT)

IOHR –9 – mA 39, 40

Low current  (VOUT = 
0.373V, maximum VREF, 
maximum VTT)

IOLR +9 – mA

Ambient  operat ing 

temperatures

Commercial TA 0 +70 °C

Industrial TA –40 +85 °C
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Table 10: DC Electrical Characterist ics and Operat ing Condit ions (-6, -6T, -75E, -75Z, -75)
Notes: 1–5, 17 apply to the ent ire table; Notes appear on page 34; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

Parameter/Condit ion Symbol M in M ax Units Notes

Supply voltage VDD +2.3 +2.7 V 37, 42

I/O supply voltage VDDQ +2.3 +2.7 V 37, 42, 45

I/O reference voltage VREF 0.49 × VDDQ 0.51 × VDDQ V 7, 45

I/O terminat ion voltage (system) VTT VREF - 0.04 VREF + 0.04 V 8, 45

Input  high (logic 1) voltage VIH(DC) VREF + 0.15 VDD + 0.3 V 29

Input  low (logic 0) voltage VIL(DC) –0.3 VREF - 0.15 V 29

Input  leakage current :

Any input  0V ≤ VIN ≤ VDD, VREF pin 0V ≤ VIN ≤ 1.35V

(All other pins not  under test  = 0V)

II –2 +2 µA

Output  leakage current :

(DQ are disabled; 0V ≤ VOUT ≤ VDDQ)

IOZ –5 +5 µA

Full-drive opt ion output  

levels (x4, x8, x16):

High current  (VOUT = 
VDDQ - 0.373V, minimum 
VREF, minimum VTT)

IOH –16.8 – mA 38, 40

Low current  (VOUT = 
0.373V, maximum VREF, 
maximum VTT)

IOL +16.8 – mA

Reduced-drive opt ion 

output  levels (Design 

Revision F and K only):

High current  (VOUT = 
VDDQ - 0.373V, minimum 
VREF, minimum VTT)

IOHR –9 – mA 39, 40

Low current  (VOUT = 
0.373V, maximum VREF, 
maximum VTT)

IOLR +9 – mA

Ambient  operat ing 

temperatures

Commercial TA 0 +70 °C

Industrial TA –40 +85 °C

Table 11: AC Input  Operat ing Condit ions
Notes: 1–5, 17 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V (VDDQ = +2.6V ±0.1V, VDD = +2.6V ±0.1V for -5B)

Parameter/Condit ion Symbol M in M ax Units Notes

Input  high (logic 1) voltage VIH(AC) VREF + 0.310 – V 15, 29, 41

Input  low (logic 0) voltage VIL(AC) – VREF - 0.310 V 15, 29, 41

I/O reference voltage VREF(AC) 0.49 × VDDQ 0.51 × VDDQ V 7
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Figure 10:  Input  Voltage Waveform

Notes: 1. VOH (MIN) with test  load is 1.927V. 

2. VOL (MAX) with test  load is 0.373V.

3. Numbers in diagram ref lect  nominal values ut ilizing circuit  below for all devices other than 

-5B.
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Figure 11:  SSTL_2 Clock Input

Notes: 1. CK or CK# may not  be more posit ive than VDDQ + 0.3V or more negat ive than VSS - 0.3V.

2. This provides a minimum of  1.15V to a maximum of  1.35V and is always half  of  VDDQ.

3. CK and CK# must  cross in this region.

4. CK and CK# must  meet  at  least  VID(DC) MIN when stat ic and is centered around VMP(DC).

5. CK and CK# must  have a minimum 700mV peak-to-peak swing.

6. For AC operat ion, all DC clock requirements must  also be sat isf ied.

7. Numbers in diagram ref lect  nominal values for all devices other than -5B.

Table 12: Clock Input  Operat ing Condit ions
Notes: 1–5, 16, 17, 31 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V (VDDQ = +2.6V ±0.1V, VDD = +2.6V ±0.1V for -5B)

Parameter/Condit ion Symbol M in M ax Units Notes

Clock input  mid-point  voltage: CK and CK# VMP(DC) 1.15 1.35 V 7, 10

Clock input  voltage level: CK and CK# VIN(DC) –0.3 VDDQ + 0.3 V 7

Clock input  dif ferent ial voltage: CK and CK# VID(DC) 0.36 VDDQ + 0.6 V 7, 9

Clock input  dif ferent ial voltage: CK and CK# VID(AC) 0.7 VDDQ + 0.6 V 9

Clock input  crossing point  voltage: CK and CK# VIX(AC) 0.5 × VDDQ - 0.2 0.5 × VDDQ + 0.2 V 10

CK

CK#

2.80V
 

Maximum clock level
1

Minimum clock level1–0.30V

1.25V

1.45V

1.05V

VID(AC)
5

VID(DC)
4

 X X 

 
VMP(DC)

2 VIX(AC)
3

X X 
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Table 13: Capacitance (x4, x8 TSOP)
Note: 14 applies to the ent ire table; Notes appear on page 34

Parameter Symbol M in M ax Units Notes

Delta input /output  capacitance: DQ0–DQ3 (x4), DQ0–DQ7 (x8) DCIO – 0.50 pF 25

Delta input  capacitance: Command and address DCI1 – 0.50 pF 30

Delta input  capacitance: CK, CK# DCI2 – 0.25 pF 30

Input /output  capacitance: DQ, DQS, DM CIO 4.0 5.0 pF

Input  capacitance: Command and address CI1 2.0 3.0 pF

Input  capacitance: CK, CK# CI2 2.0 3.0 pF

Input  capacitance: CKE CI3 2.0 3.0 pF

Table 14: Capacitance (x4, x8 FBGA)
Note: 14 applies to the ent ire table; Notes appear on page 34

Parameter Symbol M in M ax Units Notes

Delta input /output  capacitance: DQ, DQS, DM DCIO – 0.50 pF 25

Delta input  capacitance: Command and address DCI1 – 0.50 pF 30

Delta input  capacitance: CK, CK# DCI2 – 0.25 pF 30

Input /output  capacitance: DQ, DQS, DM CIO 3.5 4.5 pF

Input  capacitance: Command and address CI1 1.5 2.5 pF

Input  capacitance: CK, CK# CI2 1.5 2.5 pF

Input  capacitance: CKE CI3 1.5 2.5 pF

Table 15: Capacitance (x16 TSOP)
Note: 14 applies to the ent ire table; Notes appear on page 34

Parameter Symbol M in M ax Units Notes

Delta input /output  capacitance: DQ0–DQ7, LDQS, LDM DCIOL – 0.50 pF 25

Delta input /output  capacitance: DQ8–DQ15, UDQS, UDM DCIOU – 0.50 pF 25

Delta input  capacitance: Command and address DCI1 – 0.50 pF 30

Delta input  capacitance: CK, CK# DCI2 – 0.25 pF 30

Input /output  capacitance: DQ, LDQS, UDQS, LDM, UDM CIO 4.0 5.0 pF

Input  capacitance: Command and address CI1 2.0 3.0 pF

Input  capacitance: CK, CK# CI2 2.0 3.0 pF

Input  capacitance: CKE CI3 2.0 3.0 pF

Table 16: Capacitance (x16 FBGA)
Note: 14 applies to the ent ire table; Notes appear on page 34

Parameter Symbol M in M ax Units Notes

Delta input /output  capacitance: DQ0–DQ7, LDQS, LDM DCIOL – 0.50 pF 25

Delta input /output  capacitance: DQ8–DQ15, UDQS, UDM DCIOU – 0.50 pF 25

Delta input  capacitance: Command and address DCI1 – 0.50 pF 30

Delta input  capacitance: CK, CK# DCI2 – 0.25 pF 30

Input /output  capacitance: DQ, LDQS, UDQS, LDM, UDM CIO 3.5 4.5 pF

Input  capacitance: Command and address CI1 1.5 2.5 pF

Input  capacitance: CK, CK# CI2 1.5 2.5 pF

Input  capacitance: CKE CI3 1.5 2.5 pF
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Table 17: Electrical Characterist ics and Recommended AC Operat ing Condit ions (-5B)
Notes 1–6, 16–18, 34 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.6V ±0.1V, VDD = +2.6V ±0.1V

AC Characterist ics -5B

Units NotesParameter Symbol M in M ax

Access window of  DQ f rom CK/CK# tAC –0.70 +0.70 ns

CK high-level width tCH 0.45 0.55 tCK 31

Clock cycle t ime CL = 3 tCK (3) 5 7.5 ns 52

CL = 2.5 tCK (2.5) 6 13 ns 46, 52

CL = 2 tCK (2) 7.5 13 ns 46, 52

CK low-level width tCL 0.45 0.55 tCK 31

DQ and DM input  hold t ime relat ive to DQS tDH 0.40 – ns 27, 32

DQ and DM input  pulse width (for each input) tDIPW 1.75 – ns 32

Access window of  DQS f rom CK/CK# tDQSCK –0.60 +0.60 ns

DQS input  high pulse width tDQSH 0.35 – tCK

DQS input  low pulse width tDQSL 0.35 – tCK

DQS–DQ skew, DQS to last  DQ valid, per group, per access tDQSQ – 0.40 ns 26, 27

WRITE command to f irst  DQS latching t ransit ion tDQSS 0.72 1.28 tCK

DQ and DM input  setup t ime relat ive to DQS tDS 0.40 – ns 27, 32

DQS falling edge f rom CK rising – hold t ime tDSH 0.2 – tCK

DQS falling edge to CK rising – setup t ime tDSS 0.2 – tCK

Half -clock period tHP tCH,tCL – ns 35

Data-out  High-Z window f rom CK/CK# tHZ – +0.70 ns 19, 43

Address and control input  hold t ime (slew rate ≥0.5 V/ns) t IHF 0.60 – ns 15

Address and cont rol input  pulse width (for each input ) t IPW 2.2 – ns

Address and control input  setup t ime (slew rate ≥0.5 V/ns) t ISF 0.60 – ns 15

Data-out  Low-Z window f rom CK/CK# tLZ –0.70 – ns 19, 43

LOAD MODE REGISTER command cycle t ime tMRD 10 – ns

DQ–DQS hold, DQS to f irst  DQ to go non-valid, per access tQH tHP -tQHS – ns 26, 27

Data hold skew factor tQHS – 0.50 ns

ACTIVE-to-READ with auto precharge command tRAP 15 – ns

ACTIVE-to-PRECHARGE command tRAS 40 70,000 ns 36

ACTIVE-to-ACTIVE/AUTO REFRESH command period tRC 55 – ns

ACTIVE-to-READ or WRITE delay tRCD 15 – ns

REFRESH-to-REFRESH command interval tREFC – 70.3 µs 24

Average periodic ref resh interval tREFI – 7.8 µs 24

AUTO REFRESH command period tRFC 70 – ns 50

PRECHARGE command period tRP 15 – ns

DQS read preamble tRPRE 0.9 1.1 tCK 44

DQS read postamble tRPST 0.4 0.6 tCK 44

ACTIVE bank a to ACTIVE bank b command tRRD 10 – ns

Terminat ing voltage delay to VDD
tVTD 0 – ns

DQS write preamble tWPRE 0.25 – tCK

DQS write preamble setup t ime tWPRES 0 – ns 21, 22

DQS write postamble tWPST 0.4 0.6 tCK 20

Write recovery t ime tWR 15 – ns

Internal WRITE-to-READ command delay tWTR 2 – tCK
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Exit  SELF REFRESH-to-non-READ command tXSNR 70 – ns

Exit  SELF REFRESH-to-READ command tXSRD 200 – tCK

Data valid output  window n/a tQH - tDQSQ ns 26

Table 17: Electrical Characterist ics and Recommended AC Operat ing Condit ions (-5B) (cont inued)
Notes 1–6, 16–18, 34 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.6V ±0.1V, VDD = +2.6V ±0.1V

AC Characterist ics -5B

Units NotesParameter Symbol M in M ax
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Table 18: Electrical Characterist ics and Recommended AC Operat ing Condit ions (-6)
Notes: 1–6, 16–18, 34 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

AC Characterist ics -6 (FBGA)

Units NotesParameter Symbol M in M ax

Access window of  DQ f rom CK/CK# tAC –0.70 +0.70 ns

CK high-level width tCH 0.45 0.55 tCK 31

Clock cycle t ime CL = 2.5 tCK (2.5) 6 13 ns 46, 52

CL = 2 tCK (2) 7.5 13 ns 46, 52

CK low-level width tCL 0.45 0.55 tCK 31

DQ and DM input  hold t ime relat ive to DQS tDH 0.45 – ns 27, 32

DQ and DM input  pulse width (for each input) tDIPW 1.75 – ns 32

Access window of  DQS f rom CK/CK# tDQSCK –0.6 +0.6 ns

DQS input  high pulse width tDQSH 0.35 – tCK

DQS input  low pulse width tDQSL 0.35 – tCK

DQS–DQ skew, DQS to last  DQ valid, per group, per access tDQSQ – 0.4 ns 26, 27

WRITE command to f irst  DQS latching t ransit ion tDQSS 0.75 1.25 tCK

DQ and DM input  setup t ime relat ive to DQS tDS 0.45 – ns 27, 32

DQS falling edge f rom CK rising - hold t ime tDSH 0.2 – tCK

DQS falling edge to CK rising - setup t ime tDSS 0.2 – tCK

Half -clock period tHP tCH,
tCL

– ns 35

Data-out  High-Z window f rom CK/CK# tHZ – +0.7 ns 19, 43

Address and control input  hold t ime (fast  slew rate) t IHF 0.75 – ns

Address and control input  hold t ime (slow slew rate) t IHS 0.8 – ns 15

Address and cont rol input  pulse width (for each input ) t IPW 2.2 – ns

Address and control input  setup t ime (fast  slew rate) t ISF 0.75 – ns

Address and control input  setup t ime (slow slew rate) t ISS 0.8 – ns 15

Data-out  Low-Z window f rom CK/CK# tLZ –0.7 – ns 19, 43

LOAD MODE REGISTER command cycle t ime tMRD 12 – ns

DQ-DQS hold, DQS to f irst  DQ to go non-valid, per access tQH tHP -tQHS – ns 26, 27

Data hold skew factor tQHS – 0.50 ns

ACTIVE-to-READ with auto precharge command tRAP 15 – ns

ACTIVE-to-PRECHARGE command tRAS 42 70,000 ns 36, 54

ACTIVE-to-ACTIVE/AUTO REFRESH command period tRC 60 – ns

ACTIVE-to-READ or WRITE delay tRCD 15 – ns

REFRESH-to-REFRESH command interval tREFC – 70.3 µs 24

Average periodic ref resh interval tREFI – 7.8 µs 24

AUTO REFRESH command period tRFC 72 – ns 50

PRECHARGE command period tRP 15 – ns

DQS read preamble tRPRE 0.9 1.1 tCK 44

DQS read postamble tRPST 0.4 0.6 tCK 44

ACTIVE bank a to ACTIVE bank b command tRRD 12 – ns

Terminat ing voltage delay to VSS
tVTD 0 – ns

DQS write preamble tWPRE 0.25 – tCK

DQS write preamble setup t ime tWPRES 0 – ns 21, 22

DQS write postamble tWPST 0.4 0.6 tCK 20
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Write recovery t ime tWR 15 – ns

Internal WRITE-to-READ command delay tWTR 1 – tCK

Exit  SELF REFRESH-to-non-READ command tXSNR 75 – ns

Exit  SELF REFRESH-to-READ command tXSRD 200 – tCK

Data valid output  window n/a tQH - tDQSQ ns 26

Table 18: Electrical Characterist ics and Recommended AC Operat ing Condit ions (-6) (cont inued)
Notes: 1–6, 16–18, 34 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

AC Characterist ics -6 (FBGA)

Units NotesParameter Symbol M in M ax
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Table 19: Electrical Characterist ics and Recommended AC Operat ing Condit ions (-6T)
Notes: 1–6, 16–18, 34 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

AC Characterist ics -6T (TSOP)

Units NotesParameter Symbol M in M ax

Access window of  DQ f rom CK/CK# tAC –0.70 +0.70 ns

CK high-level width tCH 0.45 0.55 tCK 31

Clock cycle t ime CL = 2.5 tCK (2.5) 6 13 ns 46, 52

CL = 2 tCK (2) 7.5 13 ns 46, 52

CK low-level width tCL 0.45 0.55 tCK 31

DQ and DM input  hold t ime relat ive to DQS tDH 0.45 – ns 27, 32

DQ and DM input  pulse width (for each input) tDIPW 1.75 – ns 32

Access window of  DQS f rom CK/CK# tDQSCK –0.6 +0.6 ns

DQS input  high pulse width tDQSH 0.35 – tCK

DQS input  low pulse width tDQSL 0.35 – tCK

DQS–DQ skew, DQS to last  DQ valid, per group, per access tDQSQ – 0.45 ns 26, 27

WRITE command to f irst  DQS latching t ransit ion tDQSS 0.75 1.25 tCK

DQ and DM input  setup t ime relat ive to DQS tDS 0.45 – ns 27, 32

DQS falling edge f rom CK rising - hold t ime tDSH 0.2 – tCK

DQS falling edge to CK rising - setup t ime tDSS 0.2 – tCK

Half -clock period tHP tCH,
tCL

– ns 35

Data-out  High-Z window f rom CK/CK# tHZ – +0.7 ns 19, 43

Address and control input  hold t ime (fast  slew rate) t IHF 0.75 – ns

Address and control input  hold t ime (slow slew rate) t IHS 0.8 – ns 15

Address and cont rol input  pulse width (for each input ) t IPW 2.2 – ns

Address and control input  setup t ime (fast  slew rate) t ISF 0.75 – ns

Address and control input  setup t ime (slow slew rate) t ISS 0.8 – ns 15

Data-out  Low-Z window f rom CK/CK# tLZ –0.7 – ns 19, 43

LOAD MODE REGISTER command cycle t ime tMRD 12 – ns

DQ-DQS hold, DQS to f irst  DQ to go non-valid, per access tQH tHP -tQHS – ns 26, 27

Data hold skew factor tQHS – 0.55 ns

ACTIVE-to-READ with auto precharge command tRAP 15 – ns

ACTIVE-to-PRECHARGE command tRAS 42 70,000 ns 36, 54

ACTIVE-to-ACTIVE/AUTO REFRESH command period tRC 60 – ns

ACTIVE-to-READ or WRITE delay tRCD 15 – ns

REFRESH-to-REFRESH command interval tREFC – 70.3 µs 24

Average periodic ref resh interval tREFI – 7.8 µs 24

AUTO REFRESH command period tRFC 72 – ns 50

PRECHARGE command period tRP 15 – ns

DQS read preamble tRPRE 0.9 1.1 tCK 44

DQS read postamble tRPST 0.4 0.6 tCK 44

ACTIVE bank a to ACTIVE bank b command tRRD 12 – ns

Terminat ing voltage delay to VSS
tVTD 0 – ns

DQS write preamble tWPRE 0.25 – tCK

DQS write preamble setup t ime tWPRES 0 – ns 21, 22

DQS write postamble tWPST 0.4 0.6 tCK 20
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Write recovery t ime tWR 15 – ns

Internal WRITE-to-READ command delay tWTR 1 – tCK

Exit  SELF REFRESH-to-non-READ command tXSNR 75 – ns

Exit  SELF REFRESH-to-READ command tXSRD 200 – tCK

Data valid output  window n/a tQH - tDQSQ ns 26

Table 19: Electrical Characterist ics and Recommended AC Operat ing Condit ions (-6T) (cont inued)
Notes: 1–6, 16–18, 34 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

AC Characterist ics -6T (TSOP)

Units NotesParameter Symbol M in M ax
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Table 20: Electrical Characterist ics and Recommended AC Operat ing Condit ions (-75E)
Notes: 1–6, 16–18, 34 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

AC Characterist ics -75E

Units NotesParameter Symbol M in M ax

Access window of  DQ f rom CK/CK# tAC –0.75 +0.75 ns

CK high-level width tCH 0.45 0.55 tCK 31

Clock cycle t ime CL = 2.5 tCK (2.5) 7.5 13 ns 46, 52

CL = 2 tCK (2) 7.5 13 ns 46, 52

CK low-level width tCL 0.45 0.55 tCK 31

DQ and DM input  hold t ime relat ive to DQS tDH 0.5 – ns 27, 32

DQ and DM input  pulse width (for each input) tDIPW 1.75 – ns 32

Access window of  DQS f rom CK/CK# tDQSCK –0.75 +0.75 ns

DQS input  high pulse width tDQSH 0.35 – tCK

DQS input  low pulse width tDQSL 0.35 – tCK

DQS–DQ skew, DQS to last  DQ valid, per group, per access tDQSQ – 0.5 ns 26, 27

WRITE command to f irst  DQS latching t ransit ion tDQSS 0.75 1.25 tCK

DQ and DM input  setup t ime relat ive to DQS tDS 0.5 – ns 27, 32

DQS falling edge f rom CK rising - hold t ime tDSH 0.2 – tCK

DQS falling edge to CK rising - setup t ime tDSS 0.2 – tCK

Half -clock period tHP tCH,
tCL

– ns 35

Data-out  High-Z window f rom CK/CK# tHZ – +0.75 ns 19, 43

Address and control input  hold t ime (fast  slew rate) t IHF 0.90 – ns

Address and control input  hold t ime (slow slew rate) t IHS 1 – ns 15

Address and cont rol input  pulse width (for each input ) t IPW 2.2 – ns

Address and control input  setup t ime (fast  slew rate) t ISF 0.90 – ns

Address and control input  setup t ime (slow slew rate) t ISS 1 – ns 15

Data-out  Low-Z window f rom CK/CK# tLZ –0.75 – ns 19, 43

LOAD MODE REGISTER command cycle t ime tMRD 15 – ns

DQ-DQS hold, DQS to f irst  DQ to go non-valid, per access tQH tHP -tQHS – ns 26, 27

Data hold skew factor tQHS – 0.75 ns

ACTIVE-to-READ with auto precharge command tRAP 15 – ns

ACTIVE-to-PRECHARGE command tRAS 40 120,000 ns 36, 54

ACTIVE-to-ACTIVE/AUTO REFRESH command period tRC 60 – ns

ACTIVE-to-READ or WRITE delay tRCD 15 – ns

REFRESH-to-REFRESH command interval tREFC – 70.3 µs 24

Average periodic ref resh interval tREFI – 7.8 µs 24

AUTO REFRESH command period tRFC 75 – ns 50

PRECHARGE command period tRP 15 – ns

DQS read preamble tRPRE 0.9 1.1 tCK 44

DQS read postamble tRPST 0.4 0.6 tCK 44

ACTIVE bank a to ACTIVE bank b command tRRD 15 – ns

Terminat ing voltage delay to VSS
tVTD 0 – ns

DQS write preamble tWPRE 0.25 – tCK

DQS write preamble setup t ime tWPRES 0 – ns 21, 22

DQS write postamble tWPST 0.4 0.6 tCK 20
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Write recovery t ime tWR 15 – ns

Internal WRITE-to-READ command delay tWTR 1 – tCK

Exit  SELF REFRESH-to-non-READ command tXSNR 75 – ns

Exit  SELF REFRESH-to-READ command tXSRD 200 – tCK

Data valid output  window n/a tQH - tDQSQ ns 26

Table 20: Electrical Characterist ics and Recommended AC Operat ing Condit ions (-75E) (cont inued)
Notes: 1–6, 16–18, 34 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

AC Characterist ics -75E

Units NotesParameter Symbol M in M ax
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Table 21: Electrical Characterist ics and Recommended AC Operat ing Condit ions (-75Z)
Notes: 1–6, 16–18, 34 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

AC Characterist ics -75Z

Units NotesParameter Symbol M in M ax

Access window of  DQ f rom CK/CK# tAC –0.75 +0.75 ns

CK high-level width tCH 0.45 0.55 tCK 31

Clock cycle t ime CL = 2.5 tCK (2.5) 7.5 13 ns 46

CL = 2 tCK (2) 7.5 13 ns 46

CK low-level width tCL 0.45 0.55 tCK 31

DQ and DM input  hold t ime relat ive to DQS tDH 0.5 – ns 27, 32

DQ and DM input  pulse width (for each input) tDIPW 1.75 – ns 32

Access window of  DQS f rom CK/CK# tDQSCK –0.75 +0.75 ns

DQS input  high pulse width tDQSH 0.35 – tCK

DQS input  low pulse width tDQSL 0.35 – tCK

DQS–DQ skew, DQS to last  DQ valid, per group, per access tDQSQ – 0.5 ns 26, 27

WRITE command-to-f irst  DQS latching t ransit ion tDQSS 0.75 1.25 tCK

DQ and DM input  setup t ime relat ive to DQS tDS 0.5 – ns 27, 32

DQS falling edge f rom CK rising – hold t ime tDSH 0.2 – tCK

DQS falling edge to CK rising – setup t ime tDSS 0.2 – tCK

Half -clock period tHP tCH,tCL – ns 35

Data-out  High-Z window f rom CK/CK# tHZ – +0.75 ns 19, 43

Address and control input  hold t ime (fast  slew rate) t IHF 0.90 – ns

Address and control input  hold t ime (slow slew rate) t IHS 1 – ns 15

Address and cont rol input  pulse width (for each input ) t IPW 2.2 – ns

Address and control input  setup t ime (fast  slew rate) t ISF 0.90 – ns

Address and control input  setup t ime (slow slew rate) t ISS 1 – ns 15

Data-out  Low-Z window f rom CK/CK# tLZ –0.75 – ns 19, 43

LOAD MODE REGISTER command cycle t ime tMRD 15 – ns

DQ–DQS hold, DQS to f irst  DQ to go non-valid, per access tQH tHP -tQHS – ns 26, 27

Data hold skew factor tQHS – 0.75 ns

ACTIVE-to-READ with auto precharge command tRAP 20 – ns

ACTIVE-to-PRECHARGE command tRAS 40 120,000 ns 36

ACTIVE-to-ACTIVE/AUTO REFRESH command period tRC 65 – ns

ACTIVE-to-READ or WRITE delay tRCD 20 – ns

REFRESH-to-REFRESH command interval tREFC – 70.3 µs 24

Average periodic ref resh interval tREFI – 7.8 µs 24

AUTO REFRESH command period tRFC 75 – ns 50

PRECHARGE command period tRP 20 – ns

DQS read preamble tRPRE 0.9 1.1 tCK 44

DQS read postamble tRPST 0.4 0.6 tCK 44

ACTIVE bank a to ACTIVE bank b command tRRD 15 – ns

Terminat ing voltage delay to VDD
tVTD 0 – ns

DQS write preamble tWPRE 0.25 – tCK

DQS write preamble setup t ime tWPRES 0 – ns 21, 22

DQS write postamble tWPST 0.4 0.6 tCK 20

Write recovery t ime tWR 15 – ns
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Internal WRITE-to-READ command delay tWTR 1 – tCK

Exit  SELF REFRESH-to-non-READ command tXSNR 75 – ns

Exit  SELF REFRESH-to-READ command tXSRD 200 – tCK

Data valid output  window n/a tQH - tDQSQ ns 26

Table 21: Electrical Characterist ics and Recommended AC Operat ing Condit ions (-75Z) (cont inued)
Notes: 1–6, 16–18, 34 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

AC Characterist ics -75Z

Units NotesParameter Symbol M in M ax
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 Table 22: Electrical Characterist ics and Recommended AC Operat ing Condit ions (-75)
Notes: 1–6, 16–18, 34 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

AC Characterist ics -75

Units NotesParameter Symbol M in M ax

Access window of  DQ f rom CK/CK# tAC –0.75 +0.75 ns

CK high-level width tCH 0.45 0.55 tCK 31

Clock cycle t ime CL = 2.5 tCK (2.5) 7.5 13 ns 46

CL = 2 tCK (2) 10 13 ns 46

CK low-level width tCL 0.45 0.55 tCK 31

DQ and DM input  hold t ime relat ive to DQS tDH 0.5 – ns 27, 32

DQ and DM input  pulse width (for each input) tDIPW 1.75 – ns 32

Access window of  DQS f rom CK/CK# tDQSCK –0.75 +0.75 ns

DQS input  high pulse width tDQSH 0.35 – tCK

DQS input  low pulse width tDQSL 0.35 – tCK

DQS–DQ skew, DQS to last  DQ valid, per group, per access tDQSQ – 0.5 ns 26, 27

WRITE command-to-f irst  DQS latching t ransit ion tDQSS 0.75 1.25 tCK

DQ and DM input  setup t ime relat ive to DQS tDS 0.5 – ns 27, 32

DQS falling edge f rom CK rising – hold t ime tDSH 0.2 – tCK

DQS falling edge to CK rising – setup t ime tDSS 0.2 – tCK

Half -clock period tHP tCH,tCL – ns 35

Data-out  High-Z window f rom CK/CK# tHZ – +0.75 ns 19, 43

Address and control input  hold t ime (fast  slew rate) t IHF 0.90 – ns

Address and control input  hold t ime (slow slew rate) t IHS 1 – ns 15

Address and cont rol input  pulse width (for each input ) t IPW 2.2 – ns

Address and control input  setup t ime (fast  slew rate) t ISF 0.90 – ns

Address and control input  setup t ime (slow slew rate) t ISS 1 – ns 15

Data-out  Low-Z window f rom CK/CK# tLZ –0.75 – ns 19, 43

LOAD MODE REGISTER command cycle t ime tMRD 15 – ns

DQ–DQS hold, DQS to f irst  DQ to go non-valid, per access tQH tHP -tQHS – ns 26, 27

Data hold skew factor tQHS – 0.75 ns

ACTIVE-to-READ with auto precharge command tRAP 20 – ns

ACTIVE-to-PRECHARGE command tRAS 40 120,000 ns 36

ACTIVE-to-ACTIVE/AUTO REFRESH command period tRC 65 – ns

ACTIVE-to-READ or WRITE delay tRCD 20 – ns

REFRESH-to-REFRESH command interval tREFC – 70.3 µs 24

Average periodic ref resh interval tREFI – 7.8 µs 24

AUTO REFRESH command period t rFC 75 – ns 50

PRECHARGE command period tRP 20 – ns

DQS read preamble tRPRE 0.9 1.1 tCK 44

DQS read postamble tRPST 0.4 0.6 tCK 44

ACTIVE bank a to ACTIVE bank b command tRRD 15 – ns

Terminat ing voltage delay to VDD
tVTD 0 – ns

DQS write preamble tWPRE 0.25 – tCK

DQS write preamble setup t ime tWPRES 0 – ns 21, 22

DQS write postamble tWPST 0.4 0.6 tCK 20

Write recovery t ime tWR 15 – ns
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Internal WRITE-to-READ command delay tWTR 1 – tCK

Exit  SELF REFRESH-to-non-READ command tXSNR 75 – ns

Exit  SELF REFRESH-to-READ command tXSRD 200 – tCK

Data valid output  window n/a tQH - tDQSQ ns 26

Table 23: Input  Slew  Rate Derat ing Values for Addresses and Commands
Note: 15 applies to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

Speed Slew  Rate t IS t IH Units

-75Z/-75E 0.500 V/ns 1.00 1 ns

-75Z/-75E 0.400 V/ns 1.05 1 ns

-75Z/-75E 0.300 V/ns 1.10 1 ns

Table 24: Input  Slew  Rate Derat ing Values for DQ, DQS, and DM
Note: 32 applies to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

Speed Slew  Rate tDS tDH Units

-75Z/-75E 0.500 V/ns 0.50 0.50 ns

-75Z/-75E 0.400 V/ns 0.55 0.55 ns

-75Z/-75E 0.300 V/ns 0.60 0.60 ns

Table 22: Electrical Characterist ics and Recommended AC Operat ing Condit ions (-75) (cont inued)
Notes: 1–6, 16–18, 34 apply to the ent ire table; Notes appear on page 34; 

0°C ≤ TA ≤ +70°C; VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V

AC Characterist ics -75

Units NotesParameter Symbol M in M ax
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Notes
1. All voltages referenced to VSS.

2. Tests for AC tim ing, IDD, and electrical AC an d DC characteristics m ay be con ducted 

at nom inal reference/ supply voltage levels, but the related specifications and the 

device operation  are guaran teed for the fu ll voltage range specified.

3. Outputs (except for IDD m easurem en ts) m easured with  equivalen t load:

4. AC tim ing and IDD tests m ay use a VIL-to-VIH swing of up  to 1.5V in  the test environ -

m en t, but input tim ing is still referenced to VREF (or to the crossing poin t for CK/ CK#), 

and param eter specifications are guaran teed for the specified AC input levels under 

norm al use con ditions. The m in im um  slew rate for the in put signals used to test the 

device is 1 V/ ns in  the range between  VIL(AC) and VIH(AC).

5. The AC and DC input level specifications are as defined in  the SSTL_2 stan dard (that 

is, the receiver will effectively switch  as a result of the sign al crossing the AC input 

level and will rem ain  in  that state as long as the signal does not ring back above 

[below] the DC input LOW [HIGH] level).

6. All speed grades are not offered on  all densities. Refer to page 1 for availability.

7. VREF is expected to equal VDDQ/ 2 of the transm itting device and to track variations in  

the DC level of the sam e. Peak-to-peak noise (noncom m on  m ode) on  VREF m ay not 

exceed ±2% of the DC value. Thus, from  VDDQ/ 2, VREF is allowed ±25m V for DC error 

and an  additional ±25m V for AC n oise. This m easurem en t is to be taken  at the nearest 

VREF bypass capacitor.

8. VTT is not applied directly to the device. VTT is a system  supply for signal term ination  

resistors, it is expected to be set equal to VREF, an d it m ust track variations in  the DC 

level of VREF.

9. VID is the m agn itude of the difference between  the input level on  CK and the input 

level on  CK#.

10. The value of VIX and VMP is expected to equal VDDQ/ 2 of the transm itting device and 

m ust track variations in  the DC level of the sam e.

11. IDD is dependen t on  output loading and cycle rates. Specified values are obtained 

with  m in im um  cycle tim es at CL = 3 for -5B; CL = 2.5, -6/ -6T/ -75; and CL = 2, 

-75E/ -75Z speeds with  the outputs open .

12. Enables on -chip  refresh  and address coun ters. 

13. IDD specifications are tested after the device is p roperly in itialized and is averaged at 

the defined cycle rate.

14. This param eter is sam pled. VDD = +2.5V ±0.2V, VDDQ = +2.5V ±0.2V, VREF = VSS, 

f = 100 MHz, TA = 25°C, VOUT(DC) = VDDQ/ 2, VOUT (peak-to-peak) = 0.2V. DM in put is 

grouped with  I/ O p ins, reflecting the fact that they are m atched in  loading.

15. For slew rates less than  1 V/ ns and greater than  or equal to 0.5 V/ ns. If the slew rate is 

less than  0.5 V/ ns, tim ing m ust be derated: tIS has an  additional 50ps per each  

100 m V/ ns reduction  in  slew rate from  the 500 m V/ ns. tIH has 0ps added, that is, it 

rem ains constan t. If the slew rate exceeds 4.5 V/ ns, functionality is uncertain . For -5B, 

-6, and -6T, slew rates m ust be greater than  or equal to 0.5 V/ ns.

Output
(VOUT)

Reference 
point

50Ω

VTT

30pF
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16. The CK/ CK# input reference level (for tim ing referenced to CK/ CK#) is the poin t at 

which  CK and CK# cross; the input reference level for signals other than  CK/ CK# is 

VREF.

17. Inputs are not recogn ized as valid  un til VREF stabilizes. Once in itialized, including self 

refresh  m ode, VREF m ust be powered with in  specified range. Exception : during the 

period before VREF stabilizes, CKE < 0.3 × VDD is recogn ized as LOW.

18. The output tim ing reference level, as m easured at the tim ing reference poin t (in di-

cated in  Note 3), is VTT.

19. tHZ and tLZ transitions occur in  the sam e access tim e windows as data valid  transi-

tions. These param eters are not referenced to a specific voltage level, bu t specify 

when  the device output is no longer driving (High-Z) or begins driving (Low-Z).

20. The in ten t of the “Don’t Care” state after com pletion  of the postam ble is the DQS-

driven  signal should either be HIGH, LOW, or High-Z, an d that any signal tran sition  

with in  the input switchin g region  m ust follow valid  input requirem en ts. That is, if 

DQS transitions HIGH (above VIH[DC] MIN) then  it m ust not transition  LOW (below 

VIH[DC] p rior to tDQSH [MIN]).

21. This is not a device lim it. The device will operate with  a negative value, but system  

perform ance could be degraded due to bus turnaround. 

22. It is recom m ended that DQS be valid  (HIGH or LOW) on  or before the WRITE com -

m and. The case shown  (DQS goin g from  High-Z to logic LOW) applies when  no 

WRITEs were previously in  p rogress on  the bus. If a previous WRITE was in  progress, 

DQS could be HIGH during th is tim e, depending on  tDQSS.

23. MIN (tRC or tRFC) for IDD m easurem en ts is the sm allest m ultip le of tCK that m eets the 

m in im um  absolu te value for the respective param eter. tRAS (MAX) for IDD m easure-

m en ts is the largest m ultip le of tCK that m eets the m axim um  absolu te value for tRAS.

24. The refresh  period is 64m s. This equates to an  average refresh  rate of 7.8125µs. How-

ever, an  AUTO REFRESH com m and m ust be asserted at least once every 70.3µs; burst 

refresh ing or posting by the DRAM con troller greater than  8 REFRESH cycles is not 

allowed.

25. The I/ O capacitan ce per DQS and DQ byte/ group will not differ by m ore than  th is 

m axim um  am oun t for any given  device.

26. The data valid  window is derived by achieving other specification s: tHP (tCK/ 2), 
tDQSQ, and tQH (tQH = tHP - tQHS). The data valid  window derates in  direct p ropor-

tion  to the clock duty cycle and a practical data valid  window can  be derived. The 

clock is allowed a m axim um  duty cycle variation  of 45/ 55, because functionality is 

uncertain  when  operating beyond a 45/ 55 ratio. The data valid window derating 

curves are provided in  Figure 12 on  page 36 for duty cycles ranging between  50/ 50 

and 45/ 55. 

27. Referenced to each  output group: x4 = DQS with  DQ0–DQ3; x8 = DQS with  DQ0–DQ7; 

x16 = LDQS with  DQ0–DQ7 an d UDQS with  DQ8–DQ15. 

28. This lim it is actually a nom in al value an d does not resu lt in  a fail value. CKE is HIGH 

during the REFRESH com m and period (tRFC [MIN]), else CKE is LOW (that is, during 

standby).

29. To m ain tain  a valid level, the transition ing edge of the input m ust: 

29a. Sustain  a constan t slew rate from  the curren t AC level through to the target AC

level, VIL(AC) or VIH(AC). 

29b. Reach at least the target AC level.

29c. After the AC target level is reached, con tin ue to m ain tain  at least the target DC

level, VIL(DC) or VIH(DC).

30. The input capacitance per p in  group will not differ by m ore than  th is m axim um  

am oun t for any given  device.
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31. CK and CK# input slew rate m ust be ≥1 V/ ns (≥2 V/ ns if m easured differen tially).

Figure 12:  Derat ing Data Valid Window  (tQH – tDQSQ)

32. DQ and DM in put slew rates m ust not deviate from  DQS by m ore than  10%. If the DQ/

DM/ DQS slew rate is less than  0.5 V/ ns, tim ing m ust be derated: 50ps m ust be added 

to tDS and tDH for each  100 m V/ ns reduction  in  slew rate. For -5B, -6, and 

-6T speed grades, the slew rate m ust be ≥0.5 V/ n s. If the slew rate exceeds 4 V/ ns, 

functionality is un certain .

33. VDD m ust not vary m ore than  4% if CKE is not active while any bank is active.

34. The clock is allowed up  to ±150ps of jitter. Each  tim ing param eter is allowed to vary by 

the sam e am oun t.

35. tHP (MIN) is the lesser of tCL (MIN) and tCH (MIN) actually applied to the device CK 

and CK# inputs, collectively, during bank active.

36. READs and WRITEs with  au to precharge are not allowed to be issued un til tRAS (MIN) 

can  be satisfied p rior to the in ternal PRECHARGE com m and being issued.

37. Any positive glitch  m ust be less than  1/ 3 of the clock cycle and not m ore than  +400m V 

or 2.9V (+300m V or 2.9V m axim um  for -5B), whichever is less. Any negative glitch  

m ust be less than  1/ 3 of the clock cycle and not exceed either –300m V or 2.2V (2.4V for 

-5B), whichever is m ore positive. The average cann ot be below the +2.5V (2.6V for -5B) 

m in im um .

38. Norm al output drive curves:

38a. The fu ll driver pull-down  curren t variation  from  MIN to MAX process; tem pera-

ture and voltage will lie with in  the outer bounding lines of the V-I curve of

Figure 13 on  page 37.

38b. The driver pull-down  curren t variation , with in  nom inal voltage and tem perature

lim its, is expected, but not guaran teed, to lie with in  the inner bounding lines of

the V-I curve of Figure 13 on  page 37.

38c. The fu ll driver pull-up  curren t variation  from  MIN to MAX process; tem perature

and voltage will lie with in  the outer bounding lines of the V-I curve of Figure 14 on

page 37.
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38d. The driver pull-up  curren t variation  with in  nom inal lim its of voltage and tem per-

ature is expected, but not guaran teed, to lie with in  the inner bounding lines of the

V-I curve of Figure 14 on  page 37.

38e. The fu ll ratio variation  of MAX to MIN pull-up  and pull-down  curren t should be

between  0.71 and 1.4 for drain -to-source voltages from  0.1V to 1.0V at the sam e

voltage and tem perature.

38f. The fu ll ratio variation  of the nom inal pull-up  to pull-down  curren t should be

un ity ±10% for device drain -to-source voltages from  0.1V to 1.0V.

Figure 13:  Full Drive Pull-Dow n Characterist ics

Figure 14:  Full Drive Pull-Up Characterist ics

39. Reduced output drive curves:

39a. The fu ll driver pull-down  curren t variation  from  MIN to MAX process; tem pera-

ture and voltage will lie with in  the outer bounding lines of the V-I curve of

Figure 15 on  page 38.

39b. The driver pull-down  curren t variation , with in  nom inal voltage and tem perature

lim its, is expected, but not guaran teed, to lie with in  the inner bounding lines of

the V-I curve of Figure 15 on  page 38.

39c. The fu ll driver pull-up  curren t variation  from  MIN to MAX process; tem perature

and voltage will lie with in  the outer bounding lines of the V-I curve of Figure 16.

39d. The driver pull-up  curren t variation , with in  nom inal voltage and tem perature

lim its, is expected, but not guaran teed, to lie with in  the inner bounding lines of

the V-I curve of Figure 16 on  page 38.
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39e. The fu ll ratio variation  of the MAX-to-MIN pull-up  and pull-down curren t should

be between  0.71 an d 1.4 for device drain -to-source voltages from  0.1V to 1.0V at

the sam e voltage and tem perature.

39f. The fu ll ratio variation  of the nom inal pull-up  to pull-down  curren t should be

un ity ±10%, for device drain -to-source voltages from  0.1V to 1.0V.

Figure 15:  Reduced Drive Pull-Dow n Characterist ics

Figure 16:  Reduced Drive Pull-Up Characterist ics

40. The voltage levels used are derived from  a m in im um  VDD level an d the referenced test 

load. In  practice, the voltage levels obtained from  a properly term inated bus will p ro-

vide sign ifican tly differen t voltage values.

41. VIH overshoot: VIH (MAX) = VDDQ + 1.5V for a pulse width  ≤ 3ns, and the pulse 

width  can  not be greater than  1/ 3 of the cycle rate. VIL undershoot: VIL (MIN) = –1.5V 

for a pulse width  ≤ 3ns, and the pulse width  can  not be greater than  1/ 3 of the cycle 

rate.

42. VDD and VDDQ m ust track each  other.

43. tHZ (MAX) will p revail over tDQSCK (MAX) + tRPST (MAX) condition . tLZ (MIN) will 

prevail over tDQSCK (MIN) + tRPRE (MAX) condition .

44. tRPST end poin t and tRPRE begin  poin t are not referenced to a specific voltage level 

but specify when  the device output is no longer driving (tRPST) or begins driving 

(tRPRE).
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45. During in itialization , VDDQ, VTT, and VREF m ust be equal to or less than  VDD + 0.3V. 

Alternatively, VTT m ay be 1.35V m axim um  during power-up, even  if VDD/ VDDQ are 0V, 

provided a m in im um  of 42Ω of series resistance is used between  the VTT supply and 

the input p in .

46. The curren t Micron  part operates below 83 MHz (slowest specified JEDEC operating 

frequency). As such , fu ture die m ay not reflect th is option .

47. When  an  input signal is HIGH or LOW, it is defined as a steady state logic HIGH or 

LOW.

48. Random  address is changing; 50% of data is changing at every transfer.

49. Random  address is changing; 100% of data is changing at every transfer.

50. CKE m ust be active (HIGH) during the en tire tim e a REFRESH com m and is executed. 

That is, from  the tim e the AUTO REFRESH com m and is registered, CKE m ust be 

active at each  rising clock edge, un til tRFC has been  satisfied.

51. IDD2N specifies the DQ, DQS, and DM to be driven  to a valid HIGH or LOW logic level. 

IDD2Q is sim ilar to IDD2F except IDD2Q specifies the address and con trol inputs to 

rem ain  stable. Although IDD2F, IDD2N, and IDD2Q are sim ilar, IDD2F is “worst case.”

52. Whenever the operating frequency is altered, not in cluding jitter, the DLL is required 

to be reset followed by 200 clock cycles before any READ com m and.

53. This is the DC voltage supplied at the DRAM and is inclusive of all noise up  to 20 MHz. 

Any noise above 20 MHz at the DRAM generated from  an y source other than  that of 

the DRAM itself m ay not exceed the DC voltage range of 2.6V ±100m V.

54. The -6/ -6T speed grades will operate with  tRAS (MIN) = 40ns and 
tRAS (MAX) = 120,000ns at any slower frequency.



PDF: 09005aef80768abb/Source: 09005aef82a95a3a Micron Technology, Inc., reserves the right  to change products or specif icat ions without  not ice.
DDR_x4x8x16_Core2.fm - 256Mb DDR: Rev. P; Core DDR Rev. D 2/11 EN 40 ©2000 Micron Technology, Inc. All rights reserved.

 256M b: x4, x8, x16 DDR SDRAM
Electrical Specif icat ions – DC and AC

 Table 25: Normal Output  Drive Characterist ics
Characterist ics are specif ied under best , worst , and nominal process variat ion/condit ions

Voltage 
(V)

Pull-Dow n Current  (mA) Pull-Up Current  (mA)

Nominal 
Low

Nominal 
High M in M ax

Nominal 
Low

Nominal 
High M in M ax

0.1 6.0 6.8 4.6 9.6 –6.1 –7.6 –4.6 –10.0

0.2 12.2 13.5 9.2 18.2 –12.2 –14.5 –9.2 –20.0

0.3 18.1 20.1 13.8 26.0 –18.1 –21.2 –13.8 –29.8

0.4 24.1 26.6 18.4 33.9 –24.0 –27.7 –18.4 –38.8

0.5 29.8 33.0 23.0 41.8 –29.8 –34.1 –23.0 –46.8

0.6 34.6 39.1 27.7 49.4 –34.3 –40.5 –27.7 –54.4

0.7 39.4 44.2 32.2 56.8 –38.1 –46.9 –32.2 –61.8

0.8 43.7 49.8 36.8 63.2 –41.1 –53.1 –36.0 –69.5

0.9 47.5 55.2 39.6 69.9 –43.8 –59.4 –38.2 –77.3

1.0 51.3 60.3 42.6 76.3 –46.0 –65.5 –38.7 –85.2

1.1 54.1 65.2 44.8 82.5 –47.8 –71.6 –39.0 –93.0

1.2 56.2 69.9 46.2 88.3 –49.2 –77.6 –39.2 –100.6

1.3 57.9 74.2 47.1 93.8 –50.0 –83.6 –39.4 –108.1

1.4 59.3 78.4 47.4 99.1 –50.5 –89.7 –39.6 –115.5

1.5 60.1 82.3 47.7 103.8 –50.7 –95.5 –39.9 –123.0

1.6 60.5 85.9 48.0 108.4 –51.0 –101.3 –40.1 –130.4

1.7 61.0 89.1 48.4 112.1 –51.1 –107.1 –40.2 –136.7

1.8 61.5 92.2 48.9 115.9 –51.3 –112.4 –40.3 –144.2

1.9 62.0 95.3 49.1 119.6 –51.5 –118.7 –40.4 –150.5

2.0 62.5 97.2 49.4 123.3 –51.6 –124.0 –40.5 –156.9

2.1 62.8 99.1 49.6 126.5 –51.8 –129.3 –40.6 –163.2

2.2 63.3 100.9 49.8 129.5 –52.0 –134.6 –40.7 –169.6

2.3 63.8 101.9 49.9 132.4 –52.2 –139.9 –40.8 –176.0

2.4 64.1 102.8 50.0 135.0 –52.3 –145.2 –40.9 –181.3

2.5 64.6 103.8 50.2 137.3 –52.5 –150.5 –41.0 –187.6

2.6 64.8 104.6 50.4 139.2 –52.7 –155.3 –41.1 –192.9

2.7 65.0 105.4 50.5 140.8 –52.8 –160.1 –41.2 –198.2
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Table 26: Reduced Output  Drive Characterist ics
Characterist ics are specif ied under best , worst , and nominal process variat ion/condit ions

Voltage 
(V)

Pull-Dow n Current  (mA) Pull-Up Current  (mA)

Nominal 
Low

Nominal 
High M in M ax

Nominal 
Low

Nominal 
High M in M ax

0.1 3.4 3.8 2.6 5.0 –3.5 –4.3 –2.6 –5.0

0.2 6.9 7.6 5.2 9.9 –6.9 –7.8 –5.2 –9.9

0.3 10.3 11.4 7.8 14.6 –10.3 –12.0 –7.8 –14.6

0.4 13.6 15.1 10.4 19.2 –13.6 –15.7 –10.4 –19.2

0.5 16.9 18.7 13.0 23.6 –16.9 –19.3 –13.0 –23.6

0.6 19.9 22.1 15.7 28.0 –19.4 –22.9 –15.7 –28.0

0.7 22.3 25.0 18.2 32.2 –21.5 –26.5 –18.2 –32.2

0.8 24.7 28.2 20.8 35.8 –23.3 –30.1 –20.4 –35.8

0.9 26.9 31.3 22.4 39.5 –24.8 –33.6 –21.6 –39.5

1.0 29.0 34.1 24.1 43.2 –26.0 –37.1 –21.9 –43.2

1.1 30.6 36.9 25.4 46.7 –27.1 –40.3 –22.1 –46.7

1.2 31.8 39.5 26.2 50.0 –27.8 –43.1 –22.2 –50.0

1.3 32.8 42.0 26.6 53.1 –28.3 –45.8 –22.3 –53.1

1.4 33.5 44.4 26.8 56.1 –28.6 –48.4 –22.4 –56.1

1.5 34.0 46.6 27.0 58.7 –28.7 –50.7 –22.6 –58.7

1.6 34.3 48.6 27.2 61.4 –28.9 –52.9 –22.7 –61.4

1.7 34.5 50.5 27.4 63.5 –28.9 –55.0 –22.7 –63.5

1.8 34.8 52.2 27.7 65.6 –29.0 –56.8 –22.8 –65.6

1.9 35.1 53.9 27.8 67.7 –29.2 –58.7 –22.9 –67.7

2.0 35.4 55.0 28.0 69.8 –29.2 –60.0 –22.9 –69.8

2.1 35.6 56.1 28.1 71.6 –29.3 –61.2 –23.0 –71.6

2.2 35.8 57.1 28.2 73.3 –29.5 –62.4 –23.0 –73.3

2.3 36.1 57.7 28.3 74.9 –29.5 –63.1 –23.1 –74.9

2.4 36.3 58.2 28.3 76.4 –29.6 –63.8 –23.2 –76.4

2.5 36.5 58.7 28.4 77.7 –29.7 –64.4 –23.2 –77.7

2.6 36.7 59.2 28.5 78.8 –29.8 –65.1 –23.3 –78.8

2.7 36.8 59.6 28.6 79.7 –29.9 –65.8 –23.3 –79.7
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Commands

Tables 27 and 28 provide a quick reference of available com m ands. Two additional Truth  

Tables—Table 29 on  page 43 and Table 30 on  page 44—provide curren t state/ next state 

in form ation .

Notes: 1. DESELECT and NOP are funct ionally interchangeable.

2. BA0–BA1 provide bank address and A0–An (128Mb: n = 11; 256Mb and 512Mb: n = 12; 1Gb: 

n = 13) provide row address.

3. BA0–BA1 provide bank address; A0–Ai provide column address, (where Ai is the most  signif -

icant  column address bit  for a given density and conf igurat ion, see Table 2 on page 2) A10 

HIGH enables the auto precharge feature (non persistent ), and A10 LOW disables the auto 

precharge feature.

4. Applies only to READ bursts with auto precharge disabled; this command is undef ined (and 

should not  be used) for READ bursts with auto precharge enabled and for WRITE bursts.

5. A10 LOW: BA0–BA1 determine which bank is precharged. A10 HIGH: all banks are pre-

charged and BA0–BA1 are “ Don’t  Care.”

6. This command is AUTO REFRESH if  CKE is HIGH; SELF REFRESH if  CKE is LOW.

7. Internal ref resh counter controls row addressing while in self  ref resh mode, all inputs and

I/Os are “ Don’t  Care”  except  for CKE.

8. BA0–BA1 select  either the mode register or the extended mode register (BA0 = 0, BA1 = 0 

select  the mode register; BA0 = 1, BA1 = 0 select  extended mode register; other combina-

t ions of  BA0–BA1 are reserved). A0–An provide the op-code to be writ ten to the selected 

mode register.

Table 27: Truth Table 1 – Commands
CKE is HIGH for all commands shown except  SELF REFRESH; All states and sequences not  shown are illegal or 

reserved

Function CS# RAS# CAS# WE# Address Notes

DESELECT H X X X X 1

NO OPERATION (NOP) L H H H X 1

ACTIVE (select  bank and act ivate row) L L H H Bank/row 2

READ (select  bank and column and start  READ burst ) L H L H Bank/col 3

WRITE (select  bank and column and start  WRITE burst ) L H L L Bank/col 3

BURST TERMINATE L H H L X 4

PRECHARGE (deact ivate row in bank or banks) L L H L Code 5

AUTO REFRESH or SELF REFRESH

(enter self  ref resh mode)

L L L H X 6, 7

LOAD MODE REGISTER L L L L Op-code 8

Table 28: Truth Table 2 – DM  Operat ion
Used to mask write data, provided coincident  with the corresponding data

Name (Funct ion) DM DQ

Write enable L Valid

Write inhibit H X
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Notes: 1. This table applies when CKEn-1 was HIGH and CKEn is HIGH (see Table 32 on page 46) and 

af ter tXSNR has been met  (if  the previous state was self  ref resh).

2. This table is bank-specif ic, except  where noted (that  is, the current  state is for a specif ic 

bank and the commands shown are those allowed to be issued to that  bank when in that  

state). Except ions are covered in the notes below.

3. Current  state def init ions:

• Idle: The bank has been precharged, and tRP has been met .

• Row act ive: A row in the bank has been act ivated, and tRCD has been met . No data 

bursts/accesses and no register accesses are in progress.

• Read: A READ burst  has been init iated, with auto precharge disabled, and has not  yet  

terminated or been terminated.

• Write: A WRITE burst  has been init iated, with auto precharge disabled, and has not  yet  

terminated or been terminated.

4. The following states must  not  be interrupted by a command issued to the same bank. COM-

MAND INHIBIT or NOP commands, or allowable commands to the other bank should be 

issued on any clock edge occurring during these states. Allowable commands to the other 

bank are determined by its current  state and Table 29 and according to Table 30 on 

page 44.

• Precharging: Starts with regist rat ion of  a PRECHARGE command and ends when tRP is 

met . Once tRP is met , the bank will be in the idle state.

• Row act ivat ing: Starts with regist rat ion of  an ACTIVE command and ends when tRCD is 

met . Once tRCD is met , the bank will be in the “ row act ive”  state.

• Read with auto precharge enabled: Starts with regist rat ion of  a READ command with 

auto precharge enabled and ends when tRP has been met . Once tRP is met , the bank 

will be in the idle state.

• Write with auto precharge enabled: Starts with regist rat ion of  a WRITE command with 

auto precharge enabled and ends when tRP has been met . Once tRP is met , the bank 

will be in the idle state.

5. The following states must  not  be interrupted by any executable command; COMMAND 

INHIBIT or NOP commands must  be applied on each posit ive clock edge during these states.

Table 29: Truth Table 3 – Current  State Bank n – Command to Bank n
Notes: 1–6 apply to the ent ire table; Notes appear below

Current  State CS# RAS# CAS# WE# Command/Act ion Notes

Any H X X X DESELECT (NOP/cont inue previous operat ion)

L H H H NO OPERATION (NOP/cont inue previous operat ion)

Idle L L H H ACTIVE (select  and act ivate row)

L L L H AUTO REFRESH 7

L L L L LOAD MODE REGISTER 7

Row act ive L H L H READ (select  column and start  READ burst ) 10

L H L L WRITE (select  column and start  WRITE burst ) 10

L L H L PRECHARGE (deact ivate row in bank or banks) 8

Read 

(auto precharge 

disabled)

L H L H READ (select  column and start  new READ burst ) 10

L H L L WRITE (select  column and start  WRITE burst ) 10, 12

L L H L PRECHARGE (t runcate READ burst , start  PRECHARGE) 8

L H H L BURST TERMINATE 9

Write 

(auto precharge 

disabled)

L H L H READ (select  column and start  READ burst ) 10, 11

L H L L WRITE (select  column and start  new WRITE burst ) 10

L L H L PRECHARGE (t runcate WRITE burst , start  

PRECHARGE)

8, 11
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• Refreshing: Starts with regist rat ion of  an AUTO REFRESH command and ends when tRFC 

is met . Once tRFC is met , the DDR SDRAM will be in the all banks idle state.

• Accessing mode register: Starts with regist rat ion of  an LMR command and ends when 
tMRD has been met . Once tMRD is met , the DDR SDRAM will be in the all banks idle 

state.

• Precharging all: Starts with regist rat ion of  a PRECHARGE ALL command and ends when 
tRP is met . Once tRP is met , all banks will be in the idle state.

6. All states and sequences not  shown are illegal or reserved.

7. Not  bank-specif ic; requires that  all banks are idle, and bursts are not  in progress.

8. May or may not  be bank-specif ic; if  mult iple banks are to be precharged, each must  be in a 

valid state for precharging.

9. Not  bank-specif ic; BURST TERMINATE affects the most  recent  READ burst , regardless of  

bank.

10. READs or WRITEs listed in the Command/Act ion column include READs or WRITEs with auto 

precharge enabled and READs or WRITEs with auto precharge disabled.

11. Requires appropriate DM masking.

12. A WRITE command may be applied af ter the complet ion of  the READ burst ; otherwise, a 

BURST TERMINATE must  be used to end the READ burst  prior to assert ing a WRITE com-

mand.

Notes: 1. This table applies when CKEn-1 was HIGH and CKEn is HIGH (see Table 32 on page 46) and 

af ter tXSNR has been met  (if  the previous state was self  ref resh).

Table 30: Truth Table 4 – Current  State Bank n – Command to Bank m
Notes: 1–6 apply to the ent ire table; Notes appear on page 44

Current  State CS# RAS# CAS# WE# Command/Act ion Notes

Any H X X X DESELECT (NOP/cont inue previous operat ion)

L H H H NO OPERATION (NOP/cont inue previous operat ion)

Idle X X X X Any command otherwise allowed to bank m

Row act ivat ing, act ive, 

or precharging

L L H H ACTIVE (select  and act ivate row)

L H L H READ (select  column and start  READ burst ) 7

L H L L WRITE (select  column and start  WRITE burst ) 7

L L H L PRECHARGE

Read (auto precharge 

disabled)

L L H H ACTIVE (select  and act ivate row)

L H L H READ (select  column and start  new READ burst ) 7

L H L L WRITE (select  column and start  WRITE burst ) 7, 9

L L H L PRECHARGE

Write (auto precharge 

disabled)

L L H H ACTIVE (select  and act ivate row)

L H L H READ (select  column and start  READ burst ) 7, 8

L H L L WRITE (select  column and start  new WRITE burst ) 7

L L H L PRECHARGE

Read (with auto-

precharge)

L L H H ACTIVE (select  and act ivate row)

L H L H READ (select  column and start  new READ burst ) 7

L H L L WRITE (select  column and start  WRITE burst ) 7, 9

L L H L PRECHARGE

Write (with auto-

precharge)

L L H H ACTIVE (select  and act ivate row)

L H L H READ (select  column and start  READ burst ) 7

L H L L WRITE (select  column and start  new WRITE burst ) 7

L L H L PRECHARGE
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2. This table describes alternate bank operat ion, except  where noted (that  is, the current  state 

is for bank n, and the commands shown are those allowed to be issued to bank m, assuming 

that  bank m is in such a state that  the given command is allowable). Except ions are covered 

in the notes below.

3. Current  state def init ions:

• Idle: The bank has been precharged, and tRP has been met .

• Row act ive: A row in the bank has been act ivated, and tRCD has been met . No data 

bursts/accesses and no register accesses are in progress. 

• Read: A READ burst  has been init iated, with auto precharge disabled, and has not  yet  

terminated or been terminated.

• Write: A WRITE burst  has been init iated, with auto precharge disabled, and has not  yet  

terminated or been terminated.

• Read with auto precharge enabled: See note 3a below.

• Write with auto precharge enabled: See note 3a below.

a. The read with auto precharge enabled or write with auto precharge enabled states 

can each be broken into two parts: the access period and the precharge period. For 

read with auto precharge, the precharge period is def ined as if  the same burst  was 

executed with auto precharge disabled and then followed with the earliest  possible 

PRECHARGE command that  st ill accesses all of  the data in the burst . For write with 

auto precharge, the precharge period begins when tWR ends, with tWR measured as 

if  auto precharge was disabled. The access period starts with regist rat ion of  the com-

mand and ends where the precharge period (or tRP) begins. This device supports 

concurrent  auto precharge such that  when a read with auto precharge is enabled or 

a write with auto precharge is enabled, any command to other banks is allowed, as 

long as that  command does not  interrupt  the read or write data t ransfer already in 

process. In either case, all other related limitat ions apply (for example, content ion 

between read data and write data must  be avoided).

b. The minimum delay f rom a READ or WRITE command with auto precharge enabled, 

to a command to a dif ferent  bank is summarized in Table 31.

4. AUTO REFRESH and LMR commands may only be issued when all banks are idle.

5. A BURST TERMINATE command cannot  be issued to another bank; it  applies to the bank 

represented by the current  state only.

6. All states and sequences not  shown are illegal or reserved.

7. READs or WRITEs listed in the “ Command/Act ion”  column include READs or WRITEs with 

auto precharge enabled and READs or WRITEs with auto precharge disabled.

8. Requires appropriate DM masking.

9. A WRITE command may be applied af ter the complet ion of  the READ burst ; otherwise, a 

BURST TERMINATE must  be used to end the READ burst  prior to assert ing a WRITE com-

mand.

Table 31: Command Delays
CLRU = CL rounded up to the next  integer

From 
Command To Command

M inimum Delay
w ith Concurrent  Auto Precharge

WRITE with auto 

precharge

READ or READ with auto precharge [1 + (BL/2)] × tCK + tWTR

WRITE or WRITE with auto precharge (BL/2) × tCK

PRECHARGE 1 tCK

ACTIVE 1 tCK

READ with auto 

precharge

READ or READ with auto precharge (BL/2) × tCK

WRITE or WRITE with auto precharge [CLRU 
+ (BL/2)] × tCK

PRECHARGE 1 tCK

ACTIVE 1 tCK
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Notes: 1. CKEn is the logic state of  CKE at  clock edge n; CKEn-1 was the state of  CKE at  the previous 

clock edge.

2. Current  state is the state of  the DDR SDRAM immediately prior to clock edge n.

3. COMMANDn is the command registered at  clock edge n, and ACTIONn is a result  of  COM-

MANDn.

4. All states and sequences not  shown are illegal or reserved.

5. CKE must  not  drop LOW during a column access. For a READ, this means CKE must  stay 

HIGH unt il af ter the read postamble t ime (tRPST); for a WRITE, CKE must  stay HIGH unt il the 

write recovery t ime (tWR) has been met .

6. Once init ialized, including during self  ref resh mode, VREF must  be powered within the spec-

if ied range.

7. Upon exit  of  the self  ref resh mode, the DLL is automat ically enabled. A minimum of  200 

clock cycles is needed before applying a READ command for the DLL to lock. DESELECT or 

NOP commands should be issued on any clock edges occurring during the tXSNR period.

DESELECT

The DESELECT function  (CS# HIGH) preven ts new com m ands from  being executed by 

the DDR SDRAM. The DDR SDRAM is effectively deselected. Operations already in  

progress are not affected.

NO OPERATION (NOP)

The NO OPERATION (NOP) com m and is used to in struct the selected DDR SDRAM to 

perform  a NOP (CS# is LOW with  RAS#, CAS#, an d WE# are HIGH). This preven ts 

unwan ted com m an ds from  being registered during idle or wait states. Operations 

already in  progress are n ot affected.

LOAD M ODE REGISTER (LM R)

The m ode registers are loaded via inputs A0–An  (see "REGISTER DEFINITION" on  page 

54). The LMR com m and can  on ly be issued when  all banks are id le, and a subsequen t 

executable com m and cannot be issued un til tMRD is m et.

Table 32: Truth Table 5 – CKE
Notes 1–6 apply to the ent ire table; Notes appear below

CKEn-1 CKEn Current  State Commandn Actionn Notes

L L Power-down X Maintain power-down

Self  ref resh X Maintain self  ref resh

L H Power-down DESELECT or NOP Exit  power-down

Self  ref resh DESELECT or NOP Exit  self  ref resh 7

H L All banks idle DESELECT or NOP Precharge power-down ent ry

Bank(s) act ive DESELECT or NOP Act ive power-down entry

All banks idle AUTO REFRESH Self  ref resh ent ry

H H See Table 27 on page 42



PDF: 09005aef80768abb/Source: 09005aef82a95a3a Micron Technology, Inc., reserves the right  to change products or specif icat ions without  not ice.
DDR_x4x8x16_Core2.fm - 256Mb DDR: Rev. P; Core DDR Rev. D 2/11 EN 47 ©2000 Micron Technology, Inc. All rights reserved.

 256M b: x4, x8, x16 DDR SDRAM
Commands

ACTIVE (ACT)

The ACTIVE com m and is used to open  (or activate) a row in  a particu lar bank for a 

subsequen t access, like a read or a write, as shown  in  Figure 17. The value on  the BA0, 

BA1 inputs selects the bank, and the address provided on  inputs A0–An  selects the row. 

Figure 17:  Act ivat ing a Specif ic Row  in a Specif ic Bank
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READ

The READ com m and is used to in itiate a burst read access to an  active row, as shown  in  

Figure 18 on  page 48. The value on  the BA0, BA1 inputs selects the bank, and the address 

provided on  inputs A0–Ai (where Ai is the m ost sign ifican t colum n  address bit for a given  

density and con figuration , see Table 2 on  page 2) selects the starting colum n  location . 

Figure 18:  READ Command

Note: EN AP = enable auto precharge; DISAP = disable auto precharge.
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WRITE

The WRITE com m and is used to in itiate a burst write access to an  active row as shown  in  

Figure 19. The value on  the BA0, BA1 inputs selects the bank, and the address provided 

on  inputs A0–Ai (where Ai is the m ost sign ifican t colum n  address bit for a given  density 

and configuration , see Table 2 on  page 2) selects the starting colum n  location . 

Figure 19:  WRITE Command

Note: EN AP = enable auto precharge; and DIS AP = disable auto precharge.
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PRECHARGE (PRE)

The PRECHARGE com m and is used to deactivate the open  row in  a particu lar bank or 

the open  row in  all banks as shown  in  Figure 20. The value on  the BA0, BA1 inputs selects 

the bank, and the A10 input selects whether a single bank is p recharged or whether all 

banks are precharged.

Figure 20:  PRECHARGE Command

Notes: 1. If  A10 is HIGH, bank address becomes “ Don’t  Care.”

BURST TERM INATE (BST)

The BURST TERMINATE com m and is used to truncate READ bursts (with  auto 

precharge disabled). The m ost recen tly registered READ com m and prior to the BURST 

TERMINATE com m and will be truncated, as shown  in  “Operation s” on  page 51. The 

open  page from  which  the READ burst was term inated rem ains open .

AUTO REFRESH (AR)

AUTO REFRESH is used during norm al operation  of the DDR SDRAM and is analogous 

to CAS#-before-RAS# (CBR) refresh  in  FPM/ EDO DRAMs. This com m and is n onpersis-

ten t, so it m ust be issued each  tim e a refresh  is required. All banks m ust be id le before an  

AUTO REFRESH com m and is issued.

SELF REFRESH

The SELF REFRESH com m and can  be used to retain  data in  the DDR SDRAM, even  if the 

rest of the system  is powered down . The SELF REFRESH com m and is in itiated like an  

AUTO REFRESH com m and except CKE is disabled (LOW).
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Operat ions

INITIALIZATION

Prior to norm al operation , DDR SDRAMs m ust be powered up  and in itialized in  a 

predefined m anner. Operational p rocedures, other than  those specified, m ay result in  

undefined operation .

To ensure device operation , the DRAM m ust be in itialized as described in  the following 

steps:

1. Sim ultaneously apply power to VDD and VDDQ.

2. Apply VREF and then  VTT power. VTT m ust be applied after VDDQ to avoid device latch-

up, which  m ay cause perm anen t dam age to the device. Except for CKE, inputs are not 

recogn ized as valid un til after VREF is applied.

3. Assert and hold CKE at a LVCMOS logic LOW. Main tain in g an  LVCMOS LOW level on  

CKE during power-up  is required to ensure that the DQ and DQS outputs will be in  

the High-Z state, where they will rem ain  un til driven  in  norm al operation  (by a read 

access).

4. Provide stable clock sign als.

5. Wait at least 200µs.

6. Bring CKE HIGH, and provide at least one NOP or DESELECT com m and. At th is 

poin t, the CKE input changes from  a LVCMOS input to a SSTL_2 in put on ly and will 

rem ain  a SSTL_2 input un less a power cycle occurs.

7. Perform  a PRECHARGE ALL com m an d.

8. Wait at least tRP tim e; during th is tim e NOPs or DESELECT com m ands m ust be given .

9. Using the LMR com m and, program  the extended m ode register (E0 = 0 to enable the 

DLL and E1 = 0 for norm al drive; or E1 = 1 for reduced drive and E2–En  m ust be set to 

0 [where n  = m ost sign ifican t bit]).

10. Wait at least tMRD tim e; on ly NOPs or DESELECT com m ands are allowed.

11. Using the LMR com m and, program  the m ode register to set operating param eters 

and to reset the DLL. At least 200 clock cycles are required between  a DLL reset and 

any READ com m and.

12. Wait at least tMRD tim e; on ly NOPs or DESELECT com m ands are allowed.

13. Issue a PRECHARGE ALL com m and.

14. Wait at least tRP tim e; on ly NOPs or DESELECT com m ands are allowed.

15. Issue an  AUTO REFRESH com m and. This m ay be m oved prior to step  13.

16. Wait at least tRFC tim e; on ly NOPs or DESELECT com m ands are allowed.

17. Issue an  AUTO REFRESH com m and. This m ay be m oved prior to step  13.

18. Wait at least tRFC tim e; on ly NOPs or DESELECT com m ands are allowed.

19. Although not required by the Micron  device, JEDEC requires an  LMR com m and to 

clear the DLL bit (set M8 = 0). If an  LMR com m and is issued, the sam e operating 

param eters should be u tilized as in  step  11.

20. Wait at least tMRD tim e; on ly NOPs or DESELECT com m ands are supported.

21. At th is poin t the DRAM is ready for any valid  com m and. At least 200 clock cycles with  

CKE HIGH are required between  step  11 (DLL RESET) and any READ com m an d.
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Figure 21:  INITIALIZATION Flow  Diagram
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Figure 22:  INITIALIZATION Timing Diagram

Notes: 1. VTT is not  applied direct ly to the device; however, tVTD ≥ 0 to avoid device latch-up. VDDQ, 

VTT, and VREF ≤ VDD + 0.3V. Alternat ively, VTT may be 1.35V maximum during power-up, 

even if  VDD/VDDQ are 0V, provided a minimum of  42Ω of  series resistance is used between 

the VTT supply and the input  pin. Once init ialized, VREF must  always be powered within the 

specif ied range.

2. Although not  required by the Micron device, JEDEC specif ies issuing another LMR command 

(A8 = 0) prior to act ivat ing any bank. If  another LMR command is issued, the same, previ-

ously issued operat ing parameters must  be used.

3. The two AUTO REFRESH commands at  Td0 and Te0 may be applied following the LMR com-

mand at  Ta0.

4. tMRD is required before any command can be applied (during MRD t ime only NOPs or 

DESELECTs are allowed), and 200 cycles of  CK are required before a READ command can be 

issued.

5. While programming the operat ing parameters, reset  the DLL with A8 = 1.
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REGISTER DEFINITION

M ode Register

The m ode register is used to define the specific DDR SDRAM m ode of operation . This 

defin ition  includes the selection  of a burst length , a burst type, a CAS laten cy, and an  

operating m ode, as shown  in  Figure 23. The m ode register is p rogram m ed via the LMR 

com m and (with  BA0 = 0 and BA1 = 0) and will retain  the stored in form ation  un til it is 

p rogram m ed again  or un til the device loses power (except for bit A8, which  is self-

clearing).

Reprogram m in g the m ode register will not alter the con ten ts of the m em ory, p rovided it 

is perform ed correctly. The m ode register m ust be loaded (reloaded) when  all banks are 

idle an d n o bursts are in  progress, and the con troller m ust wait the specified tim e before 

in itiating the subsequen t operation . Violating either of these requirem en ts will resu lt in  

unspecified operation .

Mode register bits A0–A2 specify the burst length , A3 specifies the type of burst (sequen-

tial or in terleaved), A4–A6 specify the CAS latency, an d A7–An  specify the operating 

m ode.

Figure 23:  M ode Register Def init ion

Notes: 1. n is the most  signif icant  row address bit  f rom Table 2 on page 2.
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Burst  Length (BL)

Read and write accesses to the DDR SDRAM are burst orien ted, with  the burst length  

being program m able for both  READ and WRITE bursts, as shown  in  Figure 23 on  

page 54. The burst length  determ ines the m axim um  num ber of colum n  locations that 

can  be accessed for a given  READ or WRITE com m and. BL = 2, BL = 4, or BL = 8 location s 

are available for both  the sequen tial and the in terleaved burst types. Reserved states 

should not be used, as unknown operation  or in com patibility with  fu ture versions m ay 

result. 

When  a READ or WRITE com m and is issued, a block of colum ns equal to the burst 

length  is effectively selected. All accesses for that burst take p lace with in  th is block—

m ean ing that the burst will wrap  with in  the block if a boundary is reached. The block is 

un iquely selected by A1–Ai when  BL = 2, by A2–Ai when  BL = 4, and by A3–Ai when  

BL = 8 (where Ai is the m ost sign ifican t colum n  address bit for a given  con figuration ). 

The rem ain ing (least sign ifican t) address bit(s) is (are) used to select the starting location  

with in  the block. For exam ple: for BL = 8, A3–Ai select the eight-data-elem en t block; A0–

A2 select the first access with in  the block.

Burst  Type

Accesses with in  a given  burst m ay be program m ed to be either sequen tial or in terleaved; 

th is is referred to as the burst type and is selected via bit M3.

The ordering of accesses with in  a burst is determ ined by the burst length , the burst type, 

and the starting colum n  address, as shown  in  Table 33.

Table 33: Burst  Def init ion

Burst  Length Start ing Column Address

Order of  Accesses Within a Burst

Type = Sequential Type = Interleaved

2 – – A0 – –

– – 0 0-1 0-1

– – 1 1-0 1-0

4 – A1 A0 – –

– 0 0 0-1-2-3 0-1-2-3

– 0 1 1-2-3-0 1-0-3-2

– 1 0 2-3-0-1 2-3-0-1

– 1 1 3-0-1-2 3-2-1-0

8 A2 A1 A0 – –

0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7

0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6

0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5

0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4

1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3

1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2

1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1

1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
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CAS Latency (CL)

The CL is the delay, in  clock cycles, between  the registration  of a READ com m and and 

the availability of the first bit of output data. The latency can  be set to 2, 2.5, or 3 (-5B 

on ly) clocks, as shown  in  Figure 24. Reserved  states should not be used, as unknown 

operation  or incom patibility with  fu ture version s m ay result.

If a READ com m and is registered at clock edge n , and the latency is m  clocks, the data 

will be available nom inally coinciden t with  clock edge n  + m . Table 34 on  page 57 indi-

cates the operating frequencies at which  each  CL setting can  be used.

Figure 24:  CAS Latency

Note: BL = 4 in the cases shown; shown with nominal tAC, tDQSCK, and tDQSQ.
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Operat ing Mode

The norm al operating m ode is selected by issu ing an  LMR com m and with  bits A7–An  

each  set to zero and bits A0–A6 set to the desired values. A DLL reset is in itiated by 

issu ing an  LMR com m and with  bits A7 and A9–An  each  set to zero, bit A8 set to one, and 

bits A0–A6 set to the desired values. Although  not required by the Micron  device, JEDEC 

specifications recom m end that an  LMR com m and resetting the DLL should always be 

followed by an  LMR com m and selecting norm al operating m ode.

All other com binations of values for A7–An  are reserved for fu ture use an d/ or test 

m odes. Test m odes and reserved states should not be used, as unknown  operation  or 

incom patibility with  fu ture versions m ay result.

Extended M ode Register

The extended m ode register con trols functions beyond those con trolled by the m ode 

register; these additional functions are DLL enable/ disable and output drive strength . 

These functions are con trolled via the bits shown  in  Figure 25 on  page 58. The extended 

m ode register is p rogram m ed via the LMR com m and to the m ode register (with  BA0 = 1 

and BA1 = 0) and will retain  the stored in form ation  un til it is program m ed again  or un til 

the device loses power. The en abling of the DLL should always be followed by an  LMR 

com m and to the m ode register (BA0/ BA1 = 0) to reset the DLL. The extended m ode 

register m ust be loaded when  all banks are id le and no bursts are in  progress, and the 

con troller m ust wait the specified tim e before in itiating any subsequen t operation . 

Violatin g either requirem en t could result in  an  unspecified operation .

Output  Drive Strength

The norm al drive strength  for all ou tputs is specified to be SSTL_2, Class II. The Design  

Revision  F and K devices support a program m able option  for reduced drive. This op tion  

is in tended for the support of the ligh ter load and/ or poin t-to-poin t environm ents. The 

selection  of the reduced drive strength  will alter the DQ and DQS pins from  SSTL_2, 

Class II drive strength  to a reduced drive strength , which  is approxim ately 54% of the 

SSTL_2, Class II drive strength .

DLL Enable/Disable

When  the part is runn ing without the DLL enabled, device functionality m ay be altered. 

The DLL m ust be en abled for norm al operation . DLL enable is required during power-

up  in itialization  and upon  return in g to norm al operation  after having disabled the DLL 

for the purpose of debug or evaluation  (when  the device exits self refresh  m ode, the DLL 

is enabled autom atically). Anytim e the DLL is enabled, 200 clock cycles with  CKE HIGH 

m ust occur before a READ com m and can  be issued.

Table 34: CAS Latency

Speed

Allow able Operat ing Clock Frequency (M Hz)

CL = 2 CL = 2.5 CL = 3

-5B 75 ≤ f  ≤ 133 75 ≤ f  ≤ 167 133 ≤ f  ≤ 200

-6/-6T 75 ≤ f  ≤ 133 75 ≤ f  ≤ 167 –

-75E 75 ≤ f  ≤ 133 75 ≤ f  ≤ 133 –

-75Z 75 ≤ f  ≤ 133 75 ≤ f  ≤ 133 –

-75 75 ≤ f  ≤ 100 75 ≤ f  ≤ 133 –
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Figure 25:  Extended M ode Register Def init ion

Notes: 1. n is the most  signif icant  row address bit  f rom Table 2 on page 2. 

2. The QFC# opt ion is not  supported.

ACTIVE

After a row is opened with  an  ACTIVE com m and, a READ or WRITE com m and m ay be 

issued to that row, subject to the tRCD specification . tRCD (MIN) should be divided by 

the clock period and rounded up  to the next whole num ber to determ ine the earliest 

clock edge after the ACTIVE com m and on  which  a READ or WRITE com m and can  be 

en tered. For exam ple, a tRCD specification  of 20ns with  a 133 MHz clock (7.5n s period) 

results in  2.7 clocks rounded to 3. This is reflected in  Figure 26 on  page 59, which  covers 

any case where 2 < tRCD (MIN)/ tCK ≤ 3 (Figure 26 also shows the sam e case for tRRD; the 

sam e procedure is used to convert other specification  lim its from  tim e un its to clock 

cycles).

A row rem ains active (or open) for accesses un til a PRECHARGE com m and is issued to 

that bank. A PRECHARGE com m an d m ust be issued before open ing a differen t row in  

the sam e bank.

A subsequen t ACTIVE com m and to a differen t row in  the sam e bank can  on ly be issued 

after the previous active row has been  “closed” (precharged). The m in im um  tim e 

in terval between  successive ACTIVE com m ands to the sam e bank is defined by tRC.

A subsequen t ACTIVE com m and to an other bank can  be issued while the first bank is 

being accessed, which  resu lts in  a reduction  of total row-access overhead. The m in im um  

tim e in terval between  successive ACTIVE com m ands to differen t banks is defined by 
tRRD.
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Figure 26:  Example: M eeting tRCD (tRRD) M IN When 2 < tRCD (tRRD) M IN/tCK ≤ 3

READ

During the READ com m and, the value on  input A10 determ ines whether or not auto 

precharge is used. If auto precharge is selected, the row bein g accessed will be 

precharged at the end of the READ burst; if auto precharge is not selected, the row will 

rem ain  open  for subsequen t accesses.

Note: For the READ com m ands used in  the following illustrations, auto precharge is d is-

abled.

During READ bursts, the valid  data-out elem en t from  the starting colum n  address will 

be available following the CL after the READ com m and. Each subsequen t data-out 

elem en t will be valid nom inally at the next positive or negative clock edge (that is, at the 

next crossing of CK and CK#). Figure 27 on  page 61 shows the general tim ing for each  

possible CL setting. DQS is driven  by the DDR SDRAM along with  output data. The 

in itial LOW state on  DQS is known  as the read pream ble; the LOW state coinciden t with  

the last data-out elem en t is known  as the read postam ble.

Upon  com pletion  of a burst, assum ing no other com m ands have been  in itiated, the DQ 

will go High-Z. Detailed explanations of tDQSQ (valid  data-out skew), tQH (data-out 

window hold), and the valid data window are depicted in  Figure 35 on  page 69 and 

Figure 36 on  page 70. Detailed explanations of tDQSCK (DQS transition  skew to CK) and 
tAC (data-out transition  skew to CK) are depicted in  Figure 37 on  page 71.

Data from  any READ burst m ay be concatenated or truncated with  data from  a subse-

quen t READ com m and. In  either case, a con tinuous flow of data can  be m ain tained. The 

first data elem en t from  the new burst follows either the last elem en t of a com pleted 

burst or the last desired data elem en t of a longer burst which  is being truncated. The 

new READ com m and should be issued x cycles after the first READ com m and, where x 

equals the num ber of desired data elem en t pairs (pairs are required by the 2n -p refetch  

architecture). This is shown in  Figure 28 on  page 62. A READ com m and can  be in itiated 

on  any clock cycle following a previous READ com m and. Nonconsecutive read data is 

illustrated in  Figure 29 on  page 63. Full-speed random  read accesses with in  a page (or 

pages) can  be perform ed, as shown  in  Figure 30 on  page 64.
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ACT ACTNOP

tRRD tRCD

CK

CK#

Bank x Bank y

Address Row Row
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Data from  any READ burst m ay be truncated with  a BURST TERMINATE com m and, as 

shown  in  Figure 31 on  page 65. The BURST TERMINATE latency is equal to the CL, that 

is, the BURST TERMINATE com m and should be issued x cycles after the READ 

com m and where x equals the num ber of desired data elem en t pairs (pairs are required 

by the 2n -prefetch  architecture).

Data from  any READ burst m ust be com pleted or truncated before a subsequen t WRITE 

com m and can  be issued. If truncation  is necessary, the BURST TERMINATE com m and 

m ust be used, as shown  in  Figure 32 on  page 66. The tDQSS (NOM) case is shown; the 
tDQSS (MAX) case has a longer bus id le tim e. (tDQSS [MIN] and tDQSS [MAX] are 

defined in  the section  on  WRITEs.) A READ burst m ay be followed by, or truncated with , 

a PRECHARGE com m and to the sam e bank provided that auto precharge was not acti-

vated. 

The PRECHARGE com m and should be issued x cycles after the READ com m and, where 

x equals the num ber of desired data elem en t pairs (pairs are required by the 2n -prefetch  

arch itecture). This is shown  in  Figure 33 on  page 67. Following the PRECHARGE 

com m and, a subsequen t com m and to the sam e bank cannot be issued un til both  tRAS 

and tRP have been  m et. Part of the row precharge tim e is h idden  during the access of the 

last data elem en ts.
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Figure 27:  READ Burst

Notes: 1. DO n = data-out  f rom 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 28:  Consecut ive READ Bursts

Notes: 1. DO n (or b) = data-out  f rom column n (or column b).

2. BL = 4 or BL = 8 (if  BL = 4, the bursts are concatenated; if  BL = 8, the second burst  interrupts 

the f irst ).

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

4. Three (or seven) subsequent  elements of  data-out  appear in the programmed order follow-

ing 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 29:  Nonconsecut ive READ Bursts

Notes: 1. DO n (or b) = data-out  f rom column n (or column b).

2. BL = 4 or BL = 8 (if  BL = 4, the bursts are concatenated; if  BL = 8, the second burst  interrupts 

the f irst ).

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

4. Three (or seven) subsequent  elements of  data-out  appear in the programmed order follow-

ing DO b.

5. Shown with nominal tAC, tDQSCK, and tDQSQ.
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Figure 30:  Random READ Accesses

Notes: 1. DO n (or x or b or g) = data-out  f rom column n (or column x or column b or column g).

2. BL = 2, BL = 4, or BL = 8 (if  BL = 4 or BL = 8, the following burst  interrupts the previous).

3. n' , x' , b ' , or g '  indicate the next  data-out  following DO n, DO x, DO b, or DO g, respect ively.

4. READs are to an act ive row in any bank.

5. Shown with nominal tAC, tDQSCK, and tDQSQ.
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Figure 31:  Terminat ing a READ Burst

Notes: 1. Page remains open.

2. DO n = data-out  f rom column n. 

3. BL = 4.

4. Subsequent  element  of  data-out  appears in the programmed order following DO n.

5. Shown with nominal tAC, tDQSCK, and tDQSQ.
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Figure 32:  READ-to-WRITE

Notes: 1. Page remains open.

2. DO n = data-out  f rom column n; DI b = data-in f rom column b.

3. BL = 4 (applies for bursts of  8 as well; if  BL = 2, the BURST command shown can be NOP).

4. One subsequent  element  of  data-out  appears in the programmed order following DO n.

5. Data-in elements are applied following DI b in the programmed order.

6. Shown with nominal tAC, tDQSCK, and tDQSQ.
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Figure 33:  READ-to-PRECHARGE

Notes: 1. Provided tRAS (MIN) is met , a READ command with auto precharge enabled would cause a 

precharge to be performed at  x number of  clock cycles af ter the READ command, where 

x = BL/2.

2. DO n = data-out  f rom column n.

3. BL = 4 or an interrupted burst  of  8.

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

5. Shown with nominal tAC, tDQSCK, and tDQSQ.

6. READ-to-PRECHARGE equals two clocks, which allows two data pairs of  data-out ; it  is also 

assumed that  tRAS (MIN) is met .

7. An ACTIVE command to the same bank is only allowed if  tRC (MIN) is met .
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Figure 34:  Bank READ – Without  Auto Precharge

Notes: 1. NOP commands are shown for ease of  illust rat ion; other commands may be valid at  these 

t imes.

2. BL = 4.

3. The PRECHARGE command can only be applied at  T5 if  tRAS (MIN) is met .

4. Disable auto precharge.

5. “ Don’t  Care”  if  A10 is HIGH at  T5.

6. DO n (or b) = data-out  f rom column n (or column b); subsequent  elements are provided in 

the programmed order.

7. Refer to Figure 35 on page 69, Figure 36 on page 70, and Figure 37 on page 71 for detailed 

DQS and DQ t iming.
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Figure 35:  x4, x8 Data Output  Timing – tDQSQ, tQH, and Data Valid Window

Notes: 1. tHP is the lesser of  tCL or tCH clock t ransit ion collect ively when a bank is act ive.

2. tDQSQ is derived at  each DQS clock edge, is not  cumulat ive over t ime, begins with DQS 

t ransit ion, and ends with the last  valid DQ t ransit ion.

3. DQ t ransit ioning af ter DQS t ransit ion def ine the tDQSQ window. DQS t ransit ions at  T2 and 

T2n are an “ early DQS” ; at  T3, a “ nominal DQS” ; and at  T3n, a “ late DQS” .

4. For a x4, only two DQ apply.

5. tQH is derived f rom tHP: tQH = tHP - tQHS.

6. The data valid window is derived for each DQS t ransit ions and is def ined as tQH - tDQSQ.
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Figure 36:  x16 Data Output  Timing – tDQSQ, tQH, and Data Valid Window

Notes: 1. tHP is the lesser of  tCL or tCH clock t ransit ion collect ively when a bank is act ive.

2. tDQSQ is derived at  each DQS clock edge, is not  cumulat ive over t ime, begins with DQS 

t ransit ion, and ends with the last  valid DQ t ransit ion.

3. DQ t ransit ioning af ter DQS t ransit ion def ine the tDQSQ window. LDQS def ines the lower 

byte, and UDQS def ines the upper byte.

4.  DQ0, DQ1, DQ2, DQ3, DQ4, DQ5, DQ6, or DQ7.

5. tQH is derived f rom tHP: tQH = tHP - tQHS.

6. The data valid window is derived for each DQS t ransit ion and is tQH - tDQSQ. 

7. DQ8, DQ9, DQ10, D11, DQ12, DQ13, DQ14, or DQ15.
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Figure 37:  Data Output  Timing – tAC and tDQSCK

Notes: 1. READ command with CL = 2 issued at  T0.

2. tDQSCK is the DQS output  window relat ive to CK and is the “ long term”  component  of  the 

DQS skew.

3. DQ t ransit ioning af ter DQS t ransit ion def ine the tDQSQ window. 

4. All DQ must  t ransit ion by tDQSQ af ter DQS t ransit ions, regardless of  tAC.

5. tAC is the DQ output  window relat ive to CK and is the “ long term”  component  of  DQ skew.

6. tLZ (MIN) and tAC (MIN) are the f irst  valid signal t ransit ions.

7. tHZ (MAX) and tAC (MAX) are the latest  valid signal t ransit ions.

WRITE

During a WRITE com m and, the value on  input A10 determ in es whether or not auto 

precharge is used. If auto precharge is selected, the row bein g accessed will be 

precharged at the end of the WRITE burst (after tWR tim e); if au to precharge is not 

selected, the row will rem ain  open  for subsequen t accesses.

Input data appearing on  the DQ is written  to the m em ory array subject to the DM input 

logic level appearing coinciden t with  the data. If a given  DM signal is registered LOW, the 

corresponding data will be written  to m em ory. If the DM signal is registered HIGH, the 

corresponding data inputs will be ign ored, and a WRITE will not be executed to that 

byte/ colum n location .

Note: For the WRITE com m ands used in  the following illustrations, au to precharge is dis-

abled.

During WRITE bursts, the first valid data-in  elem en t will be registered on  the first rising 

edge of DQS following the WRITE com m and, and subsequen t data elem en ts will be 

registered on  successive edges of DQS. The LOW state on  DQS between  the WRITE 

com m and and the first rising edge is known  as the write p ream ble; the LOW state on  

DQS following the last data-in  elem en t is known  as the write postam ble.

The tim e between  the WRITE com m and and the first corresponding rising edge of DQS 

(tDQSS) is specified with  a relatively wide range (from  75% to 125% of one clock cycle). 

All of the WRITE diagram s show the nom inal case, and where the two extrem e cases 

(that is, tDQSS [MIN] and tDQSS [MAX]) m ight not be in tu itive; they have also been  

included. Figure 38 on  page 73 shows the nom inal case and the extrem es of tDQSS for BL 

= 4. Upon  com pletion  of a burst, assum ing n o other com m ands have been  in itiated, the 

DQ will rem ain  High-Z and any additional input data will be ignored.
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Data for any WRITE burst m ay be concatenated with  or truncated with  a subsequen t 

WRITE com m and. In  either case, a con tinuous flow of input data can  be m ain tained. 

The new WRITE com m and can  be issued on  any positive edge of clock following the 

previous WRITE com m and. The first data elem en t from  the n ew burst is app lied after 

either the last elem en t of a com pleted burst or the last desired data elem en t of a longer 

burst which  is being truncated. The new WRITE com m an d should be issued x cycles 

after the first WRITE com m and, where x equals the num ber of desired data elem en t 

pairs (pairs are required by the 2n -prefetch  architecture).

Figure 39 on  page 74 shows concatenated bursts of 4. An  exam ple of nonconsecutive 

WRITEs is shown  in  Figure 40 on  page 75. Full-speed random  write accesses with in  a 

page or pages can  be perform ed as shown  in  Figure 41 on  page 75.

Data for any WRITE burst m ay be followed by a subsequen t READ com m and. To follow a 

WRITE without truncating the WRITE burst, tWTR should be m et, as shown in  Figure 42 

on  page 76.

Data for any WRITE burst m ay be truncated by a subsequen t READ com m and, as shown  

in  Figure 43 on  page 77.

Note that on ly the data-in  pairs that are registered prior to the tWTR period are written  

to the in ternal array, and any subsequen t data-in  should be m asked with  DM, as shown  

in  Figure 44 on  page 78.

Data for any WRITE burst m ay be followed by a subsequen t PRECHARGE com m and. To 

follow a WRITE without truncating the WRITE burst, tWR should be m et, as shown  in  

Figure 45 on  page 79.

Data for any WRITE burst m ay be trun cated by a subsequen t PRECHARGE com m and, as 

shown  in  Figure 46 on  page 80 and Figure 47 on  page 81. On ly the data-in  pairs regis-

tered prior to the tWR period are written  to the in ternal array; any subsequen t data-in  

should be m asked with  DM, as shown  in  Figures 46 and 47. After the PRECHARGE 

com m and, a subsequen t com m and to the sam e bank cannot be issued un til tRP is m et.
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Figure 38:  WRITE Burst

Notes: 1. DI b = data-in for column b.

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

3. An uninterrupted burst  of  4 is shown.

4. A10 is LOW with the WRITE command (auto precharge is disabled).
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Figure 39:  Consecut ive WRITE-to-WRITE

Notes: 1. DI b (or n) = data-in f rom column b (or column n).

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

3. Three subsequent  elements of  data-in are applied in the programmed order following DI n. 

4. An uninterrupted burst  of  4 is shown.

5. Each WRITE command may be to any bank.
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Figure 40:  Nonconsecut ive WRITE-to-WRITE

Notes: 1. DI b (or n) = data-in f rom column b (or column n).

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

3. Three subsequent  elements of  data-in are applied in the programmed order following DI n. 

4. An uninterrupted burst  of  4 is shown.

5. Each WRITE command may be to any bank.

Figure 41:  Random WRITE Cycles

Notes: 1. DI b (or x or n or a or g) = data-in f rom column b (or column x, or column n, or column a, or 

column g).

2. b', x', n', a' or g' indicate the next  data-in following DO b, DO x, DO n, DO a, or DO g, 

respect ively.

3. Programmed BL = 2, BL = 4, or BL = 8 in cases shown.

4. Each WRITE command may be to any bank.
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Figure 42:  WRITE-to-READ – Uninterrupt ing

Notes: 1. DI b = data-in for column b; DO n = data-out  for column n.

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

3. An uninterrupted burst  of  4 is shown.

4. tWTR is referenced f rom the f irst  posit ive CK edge af ter the last  data-in pair.

5. The READ and WRITE commands are to the same device. However, the READ and WRITE 

commands may be to dif ferent  devices, in which case tWTR is not  required, and the READ 

command could be applied earlier.

6. A10 is LOW with the WRITE command (auto precharge is disabled).
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Figure 43:  WRITE-to-READ – Interrupt ing

Notes: 1. DI b = data-in for column b; DO n = data-out  for column n.

2. An interrupted burst  of  4 is shown; two data elements are writ ten.

3. One subsequent  element  of  data-in is applied in the programmed order following DI b.

4. tWTR is referenced f rom the f irst  posit ive CK edge af ter the last  data-in pair.

5. A10 is LOW with the WRITE command (auto precharge is disabled).

6. DQS is required at  T2 and T2n (nominal case) to register DM.

7. If  the burst  of  8 is used, DM and DQS are required at  T3 and T3n because the READ com-

mand will not  mask these two data elements.
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Figure 44:  WRITE-to-READ – Odd Number of  Data, Interrupt ing

Notes: 1. DI b = data-in for column b; DO n = data-out  for column n.

2. An interrupted burst  of  4 is shown; one data element  is writ ten.

3. tWTR is referenced f rom the f irst  posit ive CK edge af ter the last  desired data-in pair (not  

the last  two data elements).

4. A10 is LOW with the WRITE command (auto precharge is disabled).

5. DQS is required at  T1n, T2, and T2n (nominal case) to register DM.

6. If  the burst  of  8 is used, DM and DQS are required at  T3–T3n because the READ command 

will not  mask these data elements.
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Figure 45:  WRITE-to-PRECHARGE – Uninterrupt ing

Notes: 1. DI b = data-in for column b.

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

3. An uninterrupted burst  of  4 is shown.

4. tWR is referenced f rom the f irst  posit ive CK edge af ter the last  data-in pair.

5. The PRECHARGE and WRITE commands are to the same device. However, the PRECHARGE 

and WRITE commands may be to dif ferent  devices, in which case tWR is not  required, and 

the PRECHARGE command could be applied earlier.

6. A10 is LOW with the WRITE command (auto precharge is disabled).
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Figure 46:  WRITE-to-PRECHARGE – Interrupt ing

Notes: 1. DI b = data-in for column b.

2. Subsequent  element  of  data-in is applied in the programmed order following DI b.

3. An interrupted burst  of  8 is shown; two data elements are writ ten.

4. tWR is referenced f rom the f irst  posit ive CK edge af ter the last  data-in pair.

5. A10 is LOW with the WRITE command (auto precharge is disabled).

6. DQS is required at  T4 and T4n (nominal case) to register DM.

7. If  the burst  of  4 is used, DQS and DM are not  required at  T3, T3n, T4, and T4n.
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Figure 47:  WRITE-to-PRECHARGE – Odd Number of  Data, Interrupt ing

Notes: 1. DI b = data-in for column b.

2. An interrupted burst  of  8 is shown; one data element  is writ ten.

3. tWR is referenced f rom the f irst  posit ive CK edge af ter the last  data-in pair.

4. A10 is LOW with the WRITE command (auto precharge is disabled).

5. DQS is required at  T4 and T4n (nominal case) to register DM.

6. If  the burst  of  4 is used, DQS and DM are not  required at  T3, T3n, T4, and T4n.
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Figure 48:  Bank WRITE – Without  Auto Precharge

Notes: 1. NOP commands are shown for ease of  illust rat ion; other commands may be valid at  these 

t imes.

2. BL = 4.

3. Disable auto precharge.

4. “ Don’t  Care”  if  A10 is HIGH at  T8.

5. DI b = data-in f rom column b; subsequent  elements are provided in the programmed order. 

6. See Figure 50 on page 84 for detailed DQ t iming.
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Figure 49:  WRITE – DM  Operat ion

Notes: 1. NOP commands are shown for ease of  illust rat ion; other commands may be valid at  these 

t imes.

2. BL = 4.

3. Disable auto precharge.

4. “ Don’t  Care”  if  A10 is HIGH at  T8.

5. DI b = data-in f rom column b; subsequent  elements are provided in the programmed order. 

6. See Figure 50 on page 84 for detailed DQ t iming.
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Figure 50:  Data Input  Timing

Notes: 1. WRITE command issued at  T0.

2. tDSH (MIN) generally occurs during tDQSS (MIN).

3. tDSS (MIN) generally occurs during tDQSS (MAX).

4. For x16, LDQS controls the lower byte and UDQS controls the upper byte.

5. DI b = data-in f rom column b.

PRECHARGE

The bank(s) will be available for a subsequen t row access a specified tim e (tRP) after the 

PRECHARGE com m and is issued, except in  the case of concurren t au to precharge. With  

concurren t auto precharge, a READ or WRITE com m and to a differen t bank is allowed as 

long as it does not in terrup t the data transfer in  the curren t bank and does not violate 

any other tim ing param eters. Input A10 determ ines whether one or all banks are to be 

precharged, and in  the case where on ly one bank is to be precharged, inputs BA0, BA1 

select the bank. When  all banks are to be precharged, BA0, BA1 are treated as “Don’t 

Care.” Once a bank has been  precharged, it is in  the idle state and m ust be activated 

prior to any READ or WRITE com m ands being issued to that bank. A PRECHARGE 

com m and will be treated as a NOP if there is no open  row in  that bank (idle state), or if 

the previously open  row is already in  the process of p recharging.

Auto Precharge

Auto precharge is a feature which  perform s the sam e individual-bank precharge func-

tion  described above, but without requiring an  explicit com m and. This is accom plished 

by using A10 to enable au to precharge in  con junction  with  a specific READ or WRITE 

com m and. A precharge of the bank/ row that is addressed with  the READ or WRITE 

com m and is au tom atically perform ed upon  com pletion  of the READ or WRITE burst. 

Auto precharge is either enabled or disabled for each  individual READ or WRITE 

com m and. This device supports concurren t auto precharge if the com m and to the other 

bank does not in terrup t the data transfer to the curren t ban k.

Auto precharge ensures that the precharge is in itiated at the earliest valid stage with in  a 

burst. This “earliest valid  stage” is determ ined as if an  explicit PRECHARGE com m and 

was issued at the earliest possible tim e, without violating tRAS (MIN), as described for 

each  burst type in  “Operations” on  page 51. The user m ust not issue another com m and 

to the sam e bank un til the precharge tim e (tRP) is com pleted. 
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Figure 51:  Bank READ – w ith Auto Precharge

Notes: 1. NOP commands are shown for ease of  illust rat ion; other commands may be valid at  these 

t imes.

2. BL = 4.

3. The READ command can only be applied at  T3 if  tRAP is sat isf ied at  T3.

4. Enable auto precharge.

5. tRP starts only af ter tRAS has been sat isf ied.

6. DO n = data-out  f rom column n; subsequent  elements are provided in the programmed 

order. 

7. Refer to Figure 35 on page 69, Figure 36 on page 70, and Figure 37 on page 71 for detailed 

DQS and DQ t iming.
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Figure 52:  Bank WRITE – w ith Auto Precharge

Notes: 1. NOP commands are shown for ease of  illust rat ion; other commands may be valid at  these 

t imes.

2. BL = 4.

3. Enable auto precharge.

4. DI n = data-out  f rom column n; subsequent  elements are provided in the programmed 

order.

5. See Figure 50 on page 84 for detailed DQ t iming.

AUTO REFRESH

During auto refresh , the addressing is generated by the in ternal refresh  con troller. This 

m akes the address bits a “Don’t Care” during an  AUTO REFRESH com m and. The DDR 

SDRAM requires AUTO REFRESH cycles at an  average in terval of tREFI (MAX).

To allow for im proved efficiency in  scheduling and switch ing between  tasks, som e flexi-

bility in  the absolute refresh  in terval is p rovided. A m axim um  of eigh t AUTO REFRESH 

com m ands can  be posted to any given  DDR SDRAM, m ean ing that the m axim um  abso-

lu te in terval between  any AUTO REFRESH com m an d and the next AUTO REFRESH 

com m and is 9 × tREFI(= tREFC). JEDEC specifications on ly support 8 × tREFI; Micron  

specifications exceed the JEDEC requirem en t by one clock. This m axim um  absolu te 

in terval is to allow fu ture support for DLL updates, in ternal to the DDR SDRAM, to be 

restricted to AUTO REFRESH cycles, without allowing excessive drift in  tAC between  

updates.
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Although not a JEDEC requirem en t, to provide for fu ture functionality features, CKE 

m ust be active (HIGH) during the AUTO REFRESH period. The AUTO REFRESH period 

begins when  the AUTO REFRESH com m and is registered and ends tRFC later.

Figure 53:  Auto Refresh M ode

Notes: 1. NOP commands are shown for ease of  illust rat ion; other valid commands may be possible at  

these t imes. CKE must  be act ive during clock-posit ive t ransit ions.

2. NOP or COMMAND INHIBIT are the only commands allowed unt il af ter tRFC t ime; CKE must  

be act ive during clock-posit ive t ransit ions.

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

back AUTO REFRESH commands.

4. “ Don’t  Care”  if  A10 is HIGH at  this point ; A10 must  be HIGH if  more than one bank is act ive 

(that  is, must  precharge all act ive banks).

5. DM, DQ, and DQS signals are all “ Don’t  Care” /High-Z for the operat ions shown.

SELF REFRESH

When  in  the self refresh  m ode, the DDR SDRAM retains data without external clocking. 

The DLL is au tom atically disabled upon  entering SELF REFRESH and is au tom atically 

en abled upon  exiting SELF REFRESH (a DLL reset and 200 clock cycles m ust then  occur 

before a READ com m and can  be issued). In put signals except CKE are “Don’t Care” 

during SELF REFRESH. VREF voltage is also required for the fu ll duration  of SELF 

REFRESH.

The procedure for exitin g SELF REFRESH requires a sequence of com m ands. First, CK 

and CK# m ust be stable prior to CKE going back HIGH. Once CKE is HIGH, the DDR 

SDRAM m ust have NOP com m ands issued for tXSNR because tim e is required for the 

com pletion  of any in ternal refresh  in  progress. A sim ple algorithm  for m eeting both  

refresh  and DLL requirem en ts is to apply NOPs for tXSRD tim e, then  a DLL RESET (via 

CK

CK#

Command NOP1

Valid Valid

NOP1 NOP1PRE

CKE

RAAddress

A10

BA0, BA1 Bank(s)4 BA

AR NOP1,2 AR3 NOP1,2 ACTNOP1

One bank

All banks

CK tCH tCL

tIS

tIS

tIH

tIH

tIS tIH

RA

DQ
5

DM
5

DQS
5

tRFCtRP tRFC

T0 T1 T2 T3 T4 Ta0 Tb0Ta1 Tb1 Tb2

Don’t  Care

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)



PDF: 09005aef80768abb/Source: 09005aef82a95a3a Micron Technology, Inc., reserves the right  to change products or specif icat ions without  not ice.
DDR_x4x8x16_Core2.fm - 256Mb DDR: Rev. P; Core DDR Rev. D 2/11 EN 88 ©2000 Micron Technology, Inc. All rights reserved.

 256M b: x4, x8, x16 DDR SDRAM
Operat ions

the extended m ode register) and NOPs for 200 additional clock cycles before applying a 

READ. Any com m and other than  a READ can  be perform ed tXSNR (MIN) after the DLL 

reset. NOP or DESELECT com m an ds m ust be issued during the tXSNR (MIN) tim e.

Figure 54:  Self  Refresh M ode

Notes: 1. Clock must  be stable unt il af ter the SELF REFRESH command has been registered. A change 

in clock f requency is allowed before Ta0, provided it  is within the specif ied tCK limits. 

Regardless, the clock must  be stable before exit ing self  ref resh mode—that  is, the clock 

must  be cycling within specif icat ions by Ta0.

2. NOPs are interchangeable with DESELECT commands.

3. AUTO REFRESH is not  required at  this point  but  is highly recommended.

4. Device must  be in the all banks idle state prior to entering self  ref resh mode.

5. tXSNR is required before any non-READ command can be applied; that  is only NOP or DESE-

LECT commands are allowed unt il Tb1.

6. tXSRD (200 cycles of  a valid clock with CKE = HIGH) is required before any READ command 

can be applied.

7. As a general rule, any t ime self  ref resh mode is exited, the DRAM may not  re-enter the self  

ref resh mode unt il all rows have been ref reshed via the AUTO REFRESH command at  the 

dist ributed ref resh rate, tREFI, or faster. However, the self  ref resh mode may be re-entered 

anyt ime af ter exit ing if  each of  the following condit ions is met : 

7a. The DRAM had been in the self  ref resh mode for a minimum of  200ms prior to exit ing. 

7b. tXSNR and tXSRD are not  violated. 

7c. At  least  two AUTO REFRESH commands are performed during each tREFI interval while 

the DRAM remains out  of  self  ref resh mode.

8. If  the clock f requency is changed during self  ref resh mode, a DLL reset  is required upon exit .

9. Once the device is init ialized, VREF must  always be powered within specif ied range.
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Pow er-dow n (CKE Not Act ive)

Unlike SDR SDRAMs, DDR SDRAMs require CKE to be active at all tim es an  access is in  

progress, from  the issu ing of a READ or WRITE com m an d, un til com pletion  of the 

access. Thus a clock suspend is not supported. For READs, an  access com pletion  is 

defined when  the read postam ble is satisfied; for WRITEs, when  the write recovery tim e 

(tWR) is satisfied.

Power-down , as shown  in  Figure 55 on  page 90, is en tered when  CKE is registered LOW 

and all criteria in  Table 32 on  page 46 are m et. If power-down  occurs when  all banks are 

id le, th is m ode is referred to as precharge power-down; if power-down occurs when  a 

row is active in  any bank, th is m ode is referred to as active power-down . En tering power-

down  deactivates the input and output buffers, excluding CK, CK#, and CKE. For 

m axim um  power savings, the DLL is frozen  during precharge power-down  m ode. Exiting 

power-down  requires the device to be at the sam e voltage and frequency as when  it 

en tered power-down . However, power-down  duration  is lim ited by the refresh  require-

m en ts of the device (tREFC).

While in  power-down , CKE LOW and a stable clock signal m ust be m ain tained at the 

inputs of the DDR SDRAM, while all other input signals are “Don’t Care.” The power-

down  state is synchronously exited when  CKE is registered HIGH (in  con junction  with  a 

NOP or DESELECT com m and). A valid  executable com m and m ay be applied one clock 

cycle later.
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Figure 55:  Pow er-Dow n M ode

Notes: 1. Once init ialized, VREF must  always be powered within the specif ied range.

2. 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 ACTIVE (or if  at  

least  one row is already act ive), then the power-down mode shown is act ive power-down.

3. No column accesses are allowed to be in progress at  the t ime power-down is entered.
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