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DDR SDRAM
M T46V256M 4 – 64 M eg x 4 x 4 Banks

M T46V128M 8 – 32 M eg x 8 x 4 Banks

M T46V64M 16 – 16 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)

• 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  and self refresh  m odes

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

• 2.5V I/ O (SSTL_2 com patible)

• Concurren t auto p recharge option  is supported

• tRAS lockout supported (tRAP = tRCD)

 

Notes: 1. Not recom m ended for new designs.

2. See Table 3 on  page 2 for m odule

com patibility.

Options M arking

• Configuration

– 256 Meg x 4 (64 Meg x 4 x 4 banks) 256M4

– 128 Meg x 8 (32 Meg x 8 x 4 banks) 128M8

– 64 Meg x 16 (16 Meg x 16 x 4 banks) 64M16

• Plastic package – OCPL

– 66-pin  TSOP

(400-m il width , 0.65m m  pin  p itch)

TG

– 66-pin  TSOP (Pb-free) 

(400-m il width , 0.65m m  pin  p itch)

P

• Tim ing – cycle tim e

– 5.0ns @ CL = 3 (DDR400B) -5B1

– 6.0ns @ CL = 2.5 (DDR333B)2 -6T

– 7.5ns @ CL = 2.5 (DDR266B)2 -75

• Tem perature rating

– Com m ercial (0°C to +70°C) None

– Industrial (–40°C to +85°C) IT

• Revision :A

Table 1: Key Timing Parameters
CL = CAS (READ) latency; data-out  window is MIN clock rate with 50 percent  duty cycle at  CL = 2.5

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

-6T 133 167 n/a 2.0ns ±0.70ns +0.45ns

-75 100 133 n/a 2.5ns ±0.75ns +0.50ns
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 1Gb: x4, x8, x16 DDR SDRAM
Features

 

Figure 1:  1Gb DDR SDRAM  Part  Numbers

Table 2: Addressing

Parameter 256 M eg x 4 128 M eg x 8 64 M eg x 16

Conf igurat ion 64 Meg x 4 x 4 banks 32 Meg x 8 x 4 banks 16 Meg x 16 x 4 banks

Refresh count 8K 8K 8K

Row address 16K (A0–A13) 16K (A0–A13) 16K (A0–A13)

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

Column address 4K (A0–A9, A11, A12) 2K (A0–A9, A11) 1K (A0–A9)

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)

-5B Yes Yes Yes Yes Yes Yes

-6T – Yes Yes Yes Yes Yes

-75 – – – – Yes Yes

-5B -6T -75 -75 -75 -75

Example Part Number:   M T46V64M 16P-6T:A

Special Options 

Standard 

     Speed Grade 

tCK = 5ns, CL =  3 

tCK = 6ns, CL = 2.5 

tCK = 7.5ns, CL = 2.5 

  

-5B 

 -6T 

-75 

Operating Temperature

Commercial

Indust rial

Revision 

x4, x8, x16 

  

 :A 

- 

Conf igurat ion MT46V Package Speed 

: 

Revision 
Sp. 
Op. Temp. 

Package

400-mil TSOP

400-mil TSOP (Pb-f ree)

 

TG

P

Configuration

256 Meg x 4

128 Meg x 8

    64 Meg x 16

  

256M4 

128M8 

64M16 
IT
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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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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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Funct ional Block Diagrams

The 1Gb DDR SDRAM is a h igh-speed CMOS, dynam ic random  access m em ory 

con tain ing 1,073,741,824 bits. It is in ternally con figured as a 4-bank DRAM.

Figure 3:  256 M eg x 4 Funct ional Block Diagram
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Functional Block Diagrams

Figure 4:  128 M eg x 8 Funct ional Block Diagram

Figure 5:  64 M eg x 16 Funct ional Block Diagram
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 1Gb: x4, x8, x16 DDR SDRAM
Pin Assignments and Descript ions

Pin Assignments and Descript ions

Figure 6:  66-pin TSOP Pin Assignments (Top View )

x4 x16 x4x8x16
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DQ13
VDDQ
DQ12
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DQ9
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 1Gb: x4, x8, x16 DDR SDRAM
Pin Assignments and Descript ions

Table 4: Pin Descript ions

TSOP 
Numbers Symbol Type Descript ion

29, 30, 31, 32, 

35, 36, 37, 38, 

39, 40, 28, 

41, 42, 17

A0, A1, A2, A3, 

A4, A5, A6, A7, 

A8, A9, A10, 

A11, A12, A13

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 (LMR) command. 

26, 27 BA0, BA1 Input Bank address inputs: BA0 and BA1 def ine the bank to which 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 command.

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

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#.

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 act ive in any bank). CKE is synchronous for 

power-down ent ry and exit  and for self  ref resh entry. CKE is asynchronous 

for self  ref resh 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.

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.

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.

23, 22, 

21

RAS#, CAS#, 

WE#

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

command being entered.

2, 4, 5, 7,

8, 10, 11, 13,

54, 56, 57, 59,

60, 62, 63, 65

DQ0–DQ3 

DQ4–DQ7 

DQ8–DQ11 

DQ12–DQ15 

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

2, 5, 8, 11, 

56, 59, 62, 65

DQ0–DQ3 

DQ4–DQ7

I/O Data input/output: Data bus for x8.

5, 11, 56, 62 DQ0–DQ3 I/O Data input/output: Data bus for x4.

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, center-aligned with 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 is NC on x4 and x8.

1, 18, 33 VDD Supply Power supply.

3, 9, 15, 55, 61 VDDQ Supply DQ pow er supply: Isolated on the die for improved noise immunity.
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 1Gb: x4, x8, x16 DDR SDRAM
Pin Assignments and Descript ions

34, 48, 66 VSS Supply Ground.

6, 12, 52, 58, 64 VSSQ Supply DQ ground: Isolated on the die for improved noise immunity.

49 VREF Supply SSTL_2 reference voltage.

14, 25, 43, 53 NC – No connect  for x16: These pins should be lef t  unconnected.

 4, 7, 10, 13, 14, 

16, 20, 25, 43, 

53, 54, 57, 60, 

63

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

4, 7, 10, 13, 14, 

16, 20, 25, 43, 

53, 54, 57, 60, 

63

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

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

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

Table 4: Pin Descript ions (cont inued)

TSOP 
Numbers Symbol Type Descript ion
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 1Gb: x4, x8, x16 DDR SDRAM
Package Dimensions

Package Dimensions

Figure 7:  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

0.10

0.65 TYP
0.71

10.16 ±0.08

0.15

0.50 ±0.10

Pin #1 ID

Detail A

22.22 ± 0.08

0.32 ± .075 TYP

+0.03
–0.02

+0.10
–0.05

1.20 MAX

0.10

0.25

0.80 TYP

0.10 (2X)

Gage plane

11.76  ±0.20
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 1Gb: x4, x8, x16 DDR SDRAM
Electrical Specif icat ions – IDD

Electrical Specif icat ions – IDD

 
Table 5: IDD Specif icat ions and Condit ions (x4, x8)

Notes 1–5, 11, 13, 15, 47 apply to the ent ire table; Notes appear on page 26–31; See also Table 7 on page 14; 

VDDQ = +2.6V ±0.1V, VDD = +2.6V ±0.1V (-5B); VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V (-6T, -75); 

0°C ≤ TA ≤ +70°C

Parameter/Condit ion Symbol -5B -6T -75 Units Notes

Operat ing one-bank act ive-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 165 160 145 mA 23, 48

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

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

Address and control inputs changing once per clock cycle

IDD1 200 195 180 mA 23, 48

Precharge pow er-dow n standby current: All banks 

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

IDD2P 13 10 10 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 70 65 60 mA 51

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

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

IDD3P 40 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 55 50 45 mA 23

Operat ing burst  read current: BL = 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 225 220 200 mA 23, 48

Operat ing burst  w rite current: BL = 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 235 230 210 mA 23

Auto refresh burst  current: tREFC = tRFC (MIN) IDD5 345 340 330 mA 50
tREFC = 7.8µs IDD5A 13 10 10 mA 28, 50

Self  refresh current: CKE ≤ 0.2V Standard IDD6 10 9 9 mA 12

Operat ing bank interleave read current: Four bank 

interleaving READs (BL = 4) with auto precharge; 
tRC = MIN; tCK = tCK (MIN); Address and cont rol inputs 

change only during ACTIVE, READ, or WRITE commands

IDD7 530 525 485 mA 23, 49
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 1Gb: x4, x8, x16 DDR SDRAM
Electrical Specif icat ions – IDD

Table 6: IDD Specif icat ions and Condit ions (x16)
Notes 1–5, 11, 13, 15, 47 apply to the ent ire table; Notes appear on page 26–31; See also Table 7 on page 14;

VDDQ = +2.6V ±0.1V, VDD = +2.6V ±0.1V (-5B); VDDQ = +2.5V ±0.2V, VDD = +2.5V ±0.2V (-6T, -75);

0°C ≤ TA ≤ +70°C

Parameter/Condit ion Symbol -5B -6T -75 Units Notes

Operat ing one-bank act ive-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 170 165 145 mA 23, 48

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

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

Address and control inputs changing once per clock cycle

IDD1 215 210 195 mA 23, 48

Precharge pow er-dow n standby current: All banks 

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

IDD2P 15 10 10 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 70 65 60 mA 51

Active pow er-dow n standby current: One bank 

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

IDD3P 40 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 55 50 45 mA 23

Operat ing burst  read current: BL = 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 280 270 245 mA 23, 48

Operat ing burst  w rite current: BL = 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 285 275 250 mA 23

Auto refresh burst  current: tREFC = tRFC (MIN) IDD5 345 340 330 mA 50
tREFC = 7.8µs IDD5A 15 10 10 mA 28, 50

Self  refresh current: CKE ≤ 0.2V Standard IDD6 10 9 9 mA 12

Operat ing bank interleave read current: Four bank 

interleaving READs (BL = 4) with auto precharge; 
tRC = MIN; tCK = tCK (MIN); Address and cont rol inputs 

change only during ACTIVE, READ, or WRITE commands

IDD7 545 535 495 mA 23, 49
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 1Gb: x4, x8, x16 DDR SDRAM
Electrical Specif icat ions – IDD

Table 7: IDD Test  Cycle Times
Values ref lect  number of  clock cycles for each test

IDD Test
Speed 
Grade

Clock Cycle 
Time tRRD tRCD tRAS tRP tRC tRFC tREFI CL

IDD0 -75 7.5ns n/a n/a 6 3 9 n/a n/a n/a

-6T 6.0ns n/a n/a 7 3 10 n/a n/a n/a

-5B 5.0ns n/a n/a 8 3 11 n/a n/a n/a

IDD1 -75 7.5ns n/a n/a 6 3 9 n/a n/a 2.5

-6T 6.0ns n/a n/a 7 3 10 n/a n/a 2.5

-5B 5.0ns n/a n/a 8 3 11 n/a n/a 3

IDD4R -75 7.5ns n/a n/a n/a n/a n/a n/a n/a 2.5

-6T 6.0ns n/a n/a n/a n/a n/a n/a n/a 2.5

-5B 5.0ns n/a n/a n/a n/a n/a n/a n/a 3

IDD4W -75 7.5ns n/a n/a n/a n/a n/a n/a n/a n/a

-6T 6.0ns n/a n/a n/a n/a n/a n/a n/a n/a

-5B 5.0ns n/a n/a n/a n/a n/a n/a n/a n/a

IDD5 -75 7.5ns n/a n/a n/a n/a n/a 16 16 n/a

-6T 6.0ns n/a n/a n/a n/a n/a 20 20 n/a

-5B 5.0ns n/a n/a n/a n/a n/a 24 24 n/a

IDD5A -75 7.5ns n/a n/a n/a n/a n/a 16 1,026 n/a

-6T 6.0ns n/a n/a n/a n/a n/a 20 1,182 n/a

-5B 5.0ns n/a n/a n/a n/a n/a 24 1,414 n/a

IDD7 -75 7.5ns 2 3 n/a 3 10 n/a n/a 2.5

-6T 6.0ns 2 3 n/a 3 10 n/a n/a 2.5

-5B 5.0ns 2 3 n/a 3 11 n/a n/a 3
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 1Gb: x4, x8, x16 DDR SDRAM
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 26; 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: (x16 only)

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

IOHR –9 – mA 39, 40

Low current  (VOUT = 
0.763V, 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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 1Gb: x4, x8, x16 DDR SDRAM
Electrical Specif icat ions – DC and AC

Table 10: DC Electrical Characterist ics and Operat ing Condit ions (-6T, -75)
Notes: 1–5, 17 apply to the ent ire table; Notes appear on page 26; 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: (x16 only)

High current  (VOUT = 
VDDQ - 0.763V, minimum 
VREF, minimum VTT)

IOHR –9 – mA 39, 40

Low current  (VOUT = 
0.763V, maximum VREF, 
maximum VTT)

IOLR +9 – mA

Ambient  operat ing 

temperatures

Commercial TA 0 +70 °C

Indust rial 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 26; 

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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 1Gb: x4, x8, x16 DDR SDRAM
Electrical Specif icat ions – DC and AC

Figure 8:  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 9:  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 26; 

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 26

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 (x16 TSOP)
Note: 14 applies to the ent ire table; Notes appear on page 26

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
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Table 15: 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 26; 

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

1Gb tREFC – 70.3 µs 24

AUTO REFRESH command period 1Gb tRFC 120 – ns 50

Average periodic ref resh interval 1Gb tREFI – 7.8 µs 24

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
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Write recovery t ime tWR 15 – ns

Internal WRITE-to-READ command delay tWTR 2 – tCK

Exit  SELF REFRESH-to-non-READ 

command

1Gb tXSNR 126 – ns

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

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

Table 15: 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 26; 

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 16: 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 26; 

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 

interva

1Gb tREFC – 70.3 µs 24

Average periodic ref resh interval 1Gb tREFI – 7.8 µs 24

AUTO REFRESH command period 1Gb tRFC 120 – 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
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DQS write postamble tWPST 0.4 0.6 tCK 20

Write recovery t ime tWR 15 – ns

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

Exit  SELF REFRESH-to-non-READ 

command

1Gb tXSNR 126 – ns

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

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

Table 16: 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 26; 

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 17: 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 26; 

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 1Gb tREFC – 70.3 µs 24

Average periodic ref resh interval 1Gb tREFI – 7.8 µs 24

AUTO REFRESH command period 1Gb tRFC 120 – 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
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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 1Gb tXSNR 127.5 – ns

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

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

Table 18: Input  Slew  Rate Derat ing Values for Addresses and Commands
Note: 15 applies to the ent ire table; Notes appear on page 26; 

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

Speed Slew  Rate t IS t IH Units

-75 0.500 V/ns 1.00 1 ns

-75 0.400 V/ns 1.05 1 ns

-75 0.300 V/ns 1.10 1 ns

Table 19: Input  Slew  Rate Derat ing Values for DQ, DQS, and DM
Note: 32 applies to the ent ire table; Notes appear on page 26; 

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

Speed Slew  Rate tDS tDH Units

-75 0.500 V/ns 0.50 0.50 ns

-75 0.400 V/ns 0.55 0.55 ns

-75 0.300 V/ns 0.60 0.60 ns

Table 17: 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 26; 

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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