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PRODUCTS AND SPECIFICATIONS DISCUSSED HEREIN ARE SUBJECT TO CHANGE BY M ICRON WITHOUT NOTICE.

16 M eg x 4 8 M eg x 8 4 M eg x 16

Configuration 4 Meg x 4 x 4 banks 2 Meg x 8 x 4 banks 1 Meg x 16 x 4 banks

Refresh Count 4K 4K 4K

Row Addressing 4K (A0-A11) 4K (A0-A11) 4K (A0-A11)

Bank Addressing 4 (BA0, BA1) 4 (BA0, BA1) 4 (BA0, BA1)

Column Addressing 1K (A0-A9) 512 (A0-A8) 256 (A0-A7)

SYNCHRONOUS
DRAM

MT48LC16M4A2 – 4 Meg x 4 x 4 banks
MT48LC8M8A2 – 2 Meg x 8 x 4 banks
MT48LC4M16A2 – 1 Meg x 16 x 4 banks

For the latest data sheet, please refer to the Micron Web
site: www.micron.com/dramds

PIN ASSIGNM ENT (Top View )

54-Pin TSOP

FEATURES
• PC66-, PC100-, an d  PC133-com plian t

• Fu lly syn chron ous; all sign als registered  on

positive edge of system  clock

• In tern al p ipelin ed  operation ; colum n  address can

be chan ged every clock cycle

• In tern al ban ks for h id in g row access/ p recharge

• Program m able burst len gths: 1, 2, 4, 8, or fu ll page

• Auto Precharge, in cludes CONCURRENT AUTO

PRECHARGE, an d Auto Refresh  Modes

• Self Refresh  Modes: stan dard  an d low power

• 64m s, 4,096-cycle refresh

• LVTTL-com patib le in pu ts an d  ou tpu ts

• Sin gle +3.3V ±0.3V power supp ly

OPTIONS MARKING
• Con figu ra t ion s

16 Meg x 4 (4 Meg x 4 x 4 ban ks) 16M4

8 Meg x 8 (2 Meg x 8 x 4 ban ks)  8M8

4 Meg x 16 (1 Meg x 16 x 4 ban ks)  4M16

• WRITE Recovery (tWR)
tWR = “2 CLK”1 A2

• Plastic Package – OCPL2

54-p in  TSOP II (400 m il) TG

54-p in  TSOP II (400 m il) Lead-free P

• Tim in g (Cycle Tim e)

10n s @ CL = 2 (PC100) -8E 3, 4,5

7.5n s @ CL = 3 (PC133) -75

7.5n s @ CL = 2 (PC133) -7E

6n s @ CL = 3 (PC133, x16 On ly) -6

• Self Refresh

Sta n d a rd No n e

Low Power L

• Die Rev :G

• Op eratin g Tem p eratu re Ran ge

Com m ercial (0°C to +70°C) Non e

In dustrial (-40°C to +85°C) IT 3

Part Nu m ber Exam ple:

M T48LC8M 8A2TG-75:G

NOTE: 1. Refer to Micron  Techn ical Note: TN-48-05.

2. Off-cen ter partin g lin e.

3. Con su lt Micron  for availab ility.

4. Not recom m en ded  for n ew design s.

5. Shown  for PC100 com patib ility.

VDD

DQ0
VDDQ
DQ1
DQ2
VssQ
DQ3
DQ4

VDDQ
DQ5
DQ6
VssQ
DQ7
VDD

DQML
WE#
CAS#
RAS#

CS#
BA0
BA1
A10
A0
A1
A2
A3

VDD

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28

Vss
DQ15
VssQ
DQ14
DQ13
VDDQ
DQ12
DQ11
VssQ
DQ10
DQ9
VDDQ
DQ8
Vss
NC
DQMH
CLK
CKE
NC
A11
A9
A8
A7
A6
A5
A4
Vss

x8x16 x16x8 x4x4

-  
DQ0

-  
NC

DQ1
-  

NC
DQ2

-  
NC

DQ3
-  

NC
-  

NC
-  
-  
-  
-  
-  
-  
-  
-  
-  
-  
-  
-  

-  
NC
-  

NC
DQ0

-  
NC
NC
-  

NC
DQ1

-  
NC
-  

NC
-  
-  
-  
-  
-  
-  
-  
-  
-  
-  
-  
-  

-  
DQ7
-  
NC
DQ6
-  
NC
DQ5
-  
NC
DQ4
-  
NC
-  
-  
DQM
-  
-  
-  
-  
-  
-  
-  
-  
-  
-  
-  

-  
NC
-  
NC
DQ3
-  
NC
NC
-  
NC
DQ2
 -  
NC
-  
-  
DQM
-  
-  
-  
-  
-  
-  
-  
-  
-  
-  
-  

Note: The # symbol indicates signal is act ive LOW. A dash (–)
indicates x8 and x4 pin funct ion is same as x16 pin funct ion.

KEY TIM ING PARAM ETERS

SPEED CLOCK ACCESS TIM E SETUP HOLD

GRADE FREQUENCY CL = 2* CL = 3* TIM E TIM E

-6 166 MHz – 5.5ns 1.5ns 1ns

-7E 143 MHz – 5.4ns 1.5ns 0.8ns

-75 133 MHz – 5.4ns 1.5ns 0.8ns

-7E 133 MHz 5.4ns – 1.5ns 0.8ns

-8E 3, 4, 5 125 MHz – 6ns 2ns 1ns

-75 100 MHz 6ns – 1.5ns 0.8ns

-8E 3, 4, 5 100 MHz 6ns – 2ns 1ns

* CL = CAS (READ) latency

http://www.micron.com/dramds
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dress b its registered  coin ciden t with  the READ or WRITE

com m an d are used  to select the startin g colum n  loca-

tion  for the burst access.

The SDRAM provides for p rogram m able READ or

WRITE burst len gths of 1, 2, 4, or 8 location s, or the

fu ll p age , with  a  b u rst  te rm in a te  op t ion . An  au to

precharge fun ction  m ay be en abled  to p rovide a self-

tim ed row precharge that is in itiated  at the en d of the

b u rst  sequ en ce.

Th e  64Mb  SDRAM u se s  a n  in t e rn a l p ip e lin e d

arch itectu re  to  ach ieve h igh -sp eed  op era t ion . Th is

arch itectu re is com patib le with  the 2n  ru le of p refetch

arch itectu res, bu t it also allows the colum n  address to

be chan ged  on  every clock cycle to ach ieve a h igh -

sp eed , fu lly ran d om  access. Prech argin g on e b an k

while accessin g on e of the other th ree ban ks will h ide

th e  p rech a rge  cycles an d  p rovid e  seam less, h igh -

speed , ran dom -access operation .

The 64Mb SDRAM is design ed to operate in  3.3V

m em ory system s. An  au to refresh  m ode is p rovided ,

a lo n g wit h  a  p o we r - sa vin g, p o we r - d o wn  m o d e .

All in pu ts an d ou tpu ts are LVTTL-com patib le.

SDRAMs offer substan tial advan ces in  DRAM oper-

atin g perform an ce, in clud in g the ab ility to syn ch ro-

n ously burst data at a h igh  data rate with  au tom atic

colu m n -address gen eration , th e ab ility to in terleave

between  in tern al ban ks in  order to h ide p recharge tim e

a n d  t h e  ca p a b ilit y t o  r a n d o m ly ch a n ge  co lu m n

addresses on  each  clock cycle durin g a burst access.

GENERAL DESCRIPTION
The Micron ® 64Mb SDRAM is a h igh-speed  CMOS,

d yn a m ic  r a n d o m - a cce ss  m e m o ry co n t a in in g

67,108,864 b its. It is in tern ally con figured  as a quad-

ban k DRAM with  a syn chron ous in terface (all sign als

are registered  on  the positive edge of the clock sign al,

CLK). Each  of the x4’s 16,777,216-b it ban ks is orga-

n ized  as 4,096 rows by 1,024 colum n s by 4 b its. Each  of

the x8’s 16,777,216-bit ban ks is organ ized  as 4,096 rows

by 512 colum n s by 8 b its. Each  of the x16’s 16,777,216-

bit ban ks is organ ized  as 4,096 rows by 256 colum n s by

16 b its.

Read an d  write accesses to the SDRAM are burst

orien ted; accesses start at a selected  location  an d con -

tin ue for a p rogram m ed n um ber of location s in  a p ro-

gra m m e d  se q u e n ce . Acce sse s  b e gin  wit h  t h e

registration  of an  ACTIVE com m an d, which  is then  fol-

lowed by a READ or WRITE com m an d. The address b its

registered  coin ciden t with  the ACTIVE com m an d are

used  to select the ban k an d row to be accessed  (BA0,

BA1 select the ban k; A0-A11 select the row). The ad-

64M b SDRAM  PART NUM BERS

PART NUM BER ARCHITECTURE

MT48LC16M4A2TG 16 Meg x 4

MT48LC8M8A2TG 8 Meg x 8

MT48LC4M16A2TG 4 Meg x 16
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FUNCTIONAL BLOCK DIAGRAM
16 Meg x 4 SDRAM

12

RAS#

CAS#

ROW-
ADDRESS

MUX

CLK

CS#

WE#

CKE

CONTROL

LOGIC

COLUMN-

ADDRESS

COUNTER/

LATCH

MODE REGISTER

10

C
O

M
M

A
N

D
 

D
E
C

O
D

E

A0-A11,

BA0, BA1

DQM
12

ADDRESS
REGISTER

14

1024
(x4)

4096

I/O GATING

DQM MASK LOGIC

READ DATA LATCH

WRITE DRIVERS

COLUMN
DECODER

BANK0
MEMORY

ARRAY
(4,096 x 1,024 x 4)

BANK0
ROW-

ADDRESS
LATCH

&
DECODER

4096

SENSE AMPLIFIERS

BANK
CONTROL

LOGIC

DQ0-DQ3  

4

4

DATA
INPUT

REGISTER

DATA
OUTPUT
REGISTER

4

12

BANK1
BANK2

BANK3

12

10

2

1 1

2

REFRESH
COUNTER



5
64Mb: x4, x8, x16 SDRAM Micron Technology, Inc., reserves the right  to change products or specif icat ions without  not ice.

64MSDRAM.pmd – Rev. H; Pub. 12/04 ©2002 Micron Technology, Inc. All rights reserved.

64M b: x4, x8, x16
SDRAM

FUNCTIONAL BLOCK DIAGRAM
8 Meg x 8 SDRAM
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PIN DESCRIPTIONS

PIN NUM BERS SYM BOL TYPE DESCRIPTION

38 CLK Input Clock: CLK is driven by the system clock. All SDRAM input signals are
sampled on the posit ive edge of  CLK. CLK also increments the internal
burst  counter and controls the output registers.

37 CKE Input Clock Enable: CKE act ivates (HIGH) and deact ivates (LOW) the CLK
signal. Deact ivat ing the clock provides PRECHARGE POWER-DOWN
and SELF REFRESH operat ion (all banks idle), ACTIVE POWER-DOWN
(row act ive in any bank) or CLOCK SUSPEND operat ion (burst /access in
progress). CKE is synchronous except af ter the device enters power-
down and self  refresh modes, where CKE becomes asynchronous unt il
af ter exit ing the same mode. The input buf fers, including CLK, are
disabled during power-down and self  refresh modes, providing low
standby power. CKE may be t ied HIGH.

19 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.

16, 17, 18 WE#, CAS#, Input Command Inputs: WE#, CAS#, and RAS# (along with CS#) def ine the
RAS# command being entered.

39 x4, x8: DQM Input Input/Output Mask: DQM is an input mask signal for write accesses and
an output enable signal for read accesses. Input data is masked when

15, 39 x16: DQML, DQM is sampled HIGH during a WRITE cycle. The output buf fers are
DQMH placed in a High-Z state (two-clock latency) when DQM is sampled

HIGH during a READ cycle. On the x4 and x8, DQML (Pin 15) is a NC
and DQMH is DQM. On the x16, DQML corresponds to DQ0-DQ7 and
DQMH corresponds to DQ8-DQ15. DQML and DQMH are considered
same state when referenced as DQM.

 20, 21 BA0, BA1 Input Bank Address Inputs: BA0 and BA1 def ine to which bank the ACTIVE,
READ, WRITE or PRECHARGE command is being applied.

23-26, 29-34, 22, 35 A0-A11 Input Address Inputs: A0-A11 are sampled during the ACTIVE command
(row-address A0-A11) and READ/WRITE command (column-address A0-
A9 [x4]; A0-A8 [x8]; A0-A7 [x16]; with A10 def ining auto precharge) to
select  one locat ion out of  the memory array in the respect ive bank.
A10 is sampled during a PRECHARGE command to determine if  all
banks are to be precharged (A10[HIGH]) or bank selected by BA0,
BA1 (A1[LOW]). The address inputs also provide the op-code
during a LOAD MODE REGISTER command.

2, 4, 5, 7, 8, 10, 11, 13, 42, DQ0-DQ15 x16: I/O Data Input/Output: Data bus for x16 (4, 7, 10, 13, 42, 45, 48, and 51 are
44, 45, 47, 48, 50, 51, 53 NCs for x8; and 2, 4, 7, 8, 10, 13, 42, 45, 47, 48, 51, and 53 are NCs for x4).

2, 5, 8, 11, 44, 47, 50, 53 DQ0-DQ7 x8: I/O Data Input/Output: Data bus for x8 (2, 8, 47, 53 are NCs for x4).

5, 11, 44, 50 DQ0-DQ3 x4: I/O Data Input/Output: Data bus for x4.

40 NC – No Connect: These pins should be lef t  unconnected.
36 NC – Address input (A12) for the 256Mb and 512Mb devices

3, 9, 43, 49 VDDQ Supply DQ Power: Isolated DQ power on the die for improved noise immunity.

6, 12, 46, 52 VSSQ Supply DQ Ground: Isolated DQ ground on the die for improved noise
immunity.

1, 14, 27 VDD Supply Power Supply: +3.3V ±0.3V.

28, 41, 54 VSS Supply Ground.
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FUNCTIONAL DESCRIPTION
In  gen eral, the 64Mb SDRAMs (4 Meg x 4 x 4 ban ks,

2 Meg x 8 x 4 ban ks an d  1 Meg x 16 x 4 ban ks) are quad-

ban k DRAMs which  operate at 3.3V an d in clude a syn -

ch ron ous in terface (all sign als are registered  on  the

positive edge of the clock sign al, CLK). Each  of the x4’s

16,777,216-bit ban ks is organ ized  as 4,096 rows by 1,024

colum n s by 4 b its. Each  of the x8’s 16,777,216-bit ban ks

is organ ized  as 4,096 rows by 512 colum n s by 8 b its.

Each  of the x16’s 16,777,216-bit ban ks is organ ized  as

4,096 rows by 256 colum n s by 16 b its.

Read an d  write accesses to the SDRAM are burst

orien ted; accesses start at a selected  location  an d con -

tin ue for a p rogram m ed n um ber of location s in  a p ro-

gram m ed sequen ce. Accesses begin  with  the registra-

tion  of an  ACTIVE com m an d which  is then  followed by

a READ or WRITE com m an d. The address b its regis-

tered  coin ciden t with  the ACTIVE com m an d are used

to select the ban k an d row to be accessed  (BA0 an d BA1

select the ban k, A0-A11 select the row). The address

bits (x4: A0-A9; x8: A0-A8; x16: A0-A7) registered  coin ci-

den t with  the READ or WRITE com m an d are used  to

select the startin g colum n  location  for the burst access.

Prior to n orm al operation , the SDRAM m ust be in i-

tialized . The followin g section s p rovide detailed  in for-

m ation  coverin g device in itialization , register defin i-

tion , com m an d descrip tion s an d device operation .

Init ializat ion
SDRAMs m ust be powered  up  an d in itialized  in  a

p red efin ed  m an n er. Op era t ion a l p roced u res o th er

than  those specified  m ay resu lt in  un defin ed  opera-

tion . On ce power is app lied  to VDD an d  VDDQ (sim ulta-

n eously) an d  the clock is stab le (stab le clock is defin ed

as a sign al cyclin g with in  tim in g con strain ts specified

for the clock p in ), the SDRAM requ ires a 100µs delay

prior to issu in g an y com m an d other than  a COMMAND

INHIBIT or a NOP. Startin g at som e poin t durin g th is

100µs period  an d con tin u in g at least th rough  the en d

of th is period , COMMAND INHIBIT or NOP com m an ds

shou ld  be app lied .

On ce th e 100µ s delay h as been  satisfied  with  a t

least on e COMMAND INHIBIT or NOP com m an d hav-

in g been  app lied , a PRECHARGE com m an d shou ld  be

app lied . All ban ks m ust be p recharged, thereby p lac-

in g the device in  the all ban ks id le state.

On ce in  the id le state, two AUTO REFRESH cycles

m ust be perform ed. After the AUTO REFRESH cycles

are com plete, the SDRAM is ready for m ode register

p rogram m in g. Because the m ode register will power

up  in  an  un kn own  state, it shou ld  be loaded p rior to

app lyin g an y operation al com m an d.

Register Def init ion
M ODE REGISTER

The m ode register is used  to defin e the specific m ode

of operation  of the SDRAM. Th is defin ition  in cludes

th e selection  of a  bu rst len gth , a  bu rst typ e, a  CAS

laten cy, an  operatin g m ode an d a write burst m ode, as

shown  in  Figure 1. The m ode register is p rogram m ed

via the LOAD MODE REGISTER com m an d an d will re-

tain  the stored  in form ation  un til it is p rogram m ed again

or the device loses power.

Mode register b its M0-M2 specify the burst len gth ,

M3 sp ecifies th e typ e of bu rst  (sequ en tia l or in ter-

leaved), M4-M6 specify the CAS laten cy, M7 an d M8

specify the operatin g m ode, M9 specifies the WRITE

burst m ode, an d  M10 an d M11 are reserved  for fu tu re

u se .

The m ode register m ust be loaded when  all ban ks

are id le, an d  the con troller m ust wait the specified  tim e

before in itiatin g the subsequen t operation . Violatin g

either of these requ irem en ts will resu lt in  un specified

op era t ion .

Burst  Length
Read an d write accesses to the SDRAM are burst

orien ted , with  the burst len gth  bein g p rogram m able,

as shown  in  Figure 1. The burst len gth  determ in es the

m axim um  n um ber of colum n  location s that can  be ac-

cessed  for a given  READ or WRITE com m an d. Burst

len gths of 1, 2, 4, or 8 location s are availab le for both  the

sequen tial an d  the in terleaved burst types, an d  a fu ll-

p age bu rst  is availab le for th e sequ en tia l typ e. Th e

fu ll-page burst is used  in  con jun ction  with  the BURST

TERMINATE com m an d  to  gen era te  a rb it ra ry b u rst

len gth s.

Reserved  states shou ld  n ot be used , as un kn own

operation  or in com patib ility with  fu tu re version s m ay

resu lt .

When  a READ or WRITE com m an d is issued , a b lock

of colum n s equal to the burst len gth  is effectively se-

lected . All accesses for that burst take p lace with in  th is

b lock, m ean in g that the burst will wrap  with in  the b lock

if a  bou n dary is reach ed . Th e b lock is u n iqu ely se-

lected  by A1-A9 (x4), A1-A8 (x8) or A1-A7 (x16) when  the

burst len gth  is set to two; by A2-A9 (x4), A2-A8 (x8) or

A2-A7 (x16) when  the burst len gth  is set to four; an d  by

A3-A9 (x4), A3-A8 (x8) or A3-A7 (x16) when  the burst

len gth  is set to eigh t. The rem ain in g (least sign ifican t)

address b it(s) is (are) used  to select the startin g loca-

tion  with in  the b lock. Fu ll-page bursts wrap  with in  the

page if the boun dary is reached.
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64M b: x4, x8, x16
SDRAM

NOTE: 1. For full-page accesses: y = 1,024 (x4); y = 512 (x8);
y = 256 (x16).

2. For a burst  length of  two, A1-A9 (x4), A1-A8 (x8),
or A1-A7 (x16) select  the block-of -two burst ; A0
selects the start ing column w ithin the block.

3. For a burst  length of  four, A2-A9 (x4), A2-A8 (x8),
or A2-A7 (x16) select  the block-of -four burst ; A0-
A1 select  the start ing column w ithin the block.

4. For a burst  length of  eight , A3-A9 (x4), A3-A8 (x8),
or A3-A7 (x16) select  the block-of -eight  burst ; A0-
A2 select  the start ing column w ithin the block.

5. For a full-page burst , the full row is selected and
A0-A9 (x4), A0-A8 (x8), or A0-A7 (x16) select  the
start ing column.

6. Whenever a boundary of  the block is reached
within a given sequence above, the follow ing
access wraps w ithin the block.

7. For a burst  length of  one, A0-A9 (x4), A0-A8 (x8),
or A0-A7 (x16) select  the unique column to be
accessed, and mode register bit  M3 is ignored.

Table 1
Burst  Def init ion

Burst Start ing Column Order of  Accesses Within a Burst

Length Address Type = Sequential Type = Interleaved

A0

2
0 0-1 0-1

1 1-0 1-0

A1 A0

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

4
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

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

8
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

Full n = A0-A9/8/7
Cn, Cn + 1, Cn + 2

Page
Cn + 3, Cn + 4...

Not Supported

(y) (location 0-y)
…Cn - 1,

Cn…

M3 = 0

1

2

4

8

Reserved

Reserved

Reserved

Full Page

M3 = 1

1

2

4

8

Reserved

Reserved

Reserved

Reserved

Operating Mode 

Standard Operat ion

All other states reserved

0

-

0

-

Defined

-

 

0

1

Burst Type 

Sequent ial

Interleaved

CAS Latency

Reserved

Reserved

2

3

Reserved

Reserved

Reserved

Reserved

Burst Length

M0

0

1

0

1

0

1

0

1

Burst  LengthCAS Latency BT

A9 A7 A6 A5 A4 A3A8 A2 A1 A0

Mode Register (Mx)

Address Bus

9 7 6 5 4 38 2 1 0

M1

0

0

1

1

0

0

1

1

M2

0

0

0

0

1

1

1

1

M3

M4

0

1

0

1

0

1

0

1

M5

0

0

1

1

0

0

1

1

M6

0

0

0

0

1

1

1

1

M6-M0M8 M7

Op Mode

A10A11

1011

Reserved* WB

 

0

1

Write Burst Mode 

Programmed Burst  Length

Single Locat ion Access 

M9

* Should program
M11, M10 = “ 0, 0”

to ensure compat ibility
with future devices. 

Figure 1
M ode Register Def init ion

Burst  Type
Accesses with in  a given  burst m ay be p rogram m ed

to be either sequen tial or in terleaved; th is is referred  to

as the burst type an d is selected  via b it M3.

The orderin g of accesses with in  a bu rst is deter-

m in ed by the burst len gth , the burst type an d the start-

in g colum n  address, as shown  in  Table 1.
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SDRAM

ALLOWABLE OPERATING
FREQUENCY (M Hz)

CAS CAS
SPEED LATENCY = 2 LATENCY = 3

-6 – ≤ 166

-7E ≤ 133 ≤ 143

-75 ≤ 100 ≤ 133

-8E ≤ 100 ≤ 125

Operat ing M ode
The n orm al operatin g m ode is selected  by settin g

M7 an d M8 to zero; the other com bin ation s of values for

M7 an d  M8 are reserved  for fu tu re u se an d / or test

m odes. The p rogram m ed burst len gth  app lies to both

READ an d WRITE bursts.

Test m odes an d reserved  states shou ld  n ot be used

because un kn own  op eration  or in com p atib ility with

fu tu re version s m ay resu lt.

Write Burst  M ode
Wh en  M9 = 0, th e bu rst len gth  p rogram m ed  via

M0-M2 app lies to both  READ an d WRITE bursts; when

M9 = 1, th e  p ro gra m m ed  b u rst  len gth  a p p lie s  to

READ bu rsts, bu t write accesses are sin gle-location

(n on bu rst) accesses.

CAS Latency
The CAS laten cy is the delay, in  clock cycles, be-

tween  the registration  of a READ com m an d an d the

availab ility of the first p iece of ou tpu t data. The la-

ten cy can  be set to two or th ree clocks.

If a READ com m an d is registered  at clock edge n ,

an d  the laten cy is m  clocks, the data will be availab le by

clock edge n  + m . The DQs will start drivin g as a resu lt of

the clock edge on e cycle earlier (n  + m  - 1), an d  p rovided

that the relevan t access tim es are m et, the data will be

valid  by clock edge n  + m . For exam ple, assum in g that

the clock cycle tim e is such  that all relevan t access tim es

are m et, if a READ com m an d is registered  at T0 an d the

laten cy is p rogram m ed to two clocks, the DQs will start

drivin g after T1 an d the data will be valid  by T2, as

shown  in  Figure 2. Table 2 in dicates the operatin g fre-

quen cies at which  each  CAS laten cy settin g can  be used .

Reserved  sta tes sh ou ld  n ot be u sed  as u n kn own

o p era t io n  o r  in co m p a t ib ility with  fu tu re  ve rsio n s

m ay resu lt.

Figure 2
CAS Latency

CLK

DQ

T2T1 T3T0

CAS Latency = 3 

LZ

DOUT

tOHt

COMMAND NOPREAD

tAC

NOP

T4

NOP

DON’T CARE

UNDEFINED

CLK

DQ

T2T1 T3T0

CAS Latency = 2 

LZ

DOUT

tOHt

COMMAND NOPREAD

tAC

NOP

Table 2
CAS Latency
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SDRAM

TRUTH TABLE 1 – COM M ANDS AND DQM  OPERATION
(Note: 1)

NAM E (FUNCTION) CS# RAS# CAS# WE# DQM ADDR DQs NOTES

COMMAND INHIBIT (NOP) H X X X X X X

NO OPERATION (NOP) L H H H X X X

ACTIVE (Select  bank and act ivate row) L L H H X Bank/Row X 3

READ (Select  bank and column, and start  READ burst ) L H L H L/H8 Bank/Col X 4

WRITE (Select  bank and column, and start  WRITE burst ) L H L L L/H8 Bank/Col Valid 4

BURST TERMINATE L H H L X X Act ive

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

AUTO REFRESH or SELF REFRESH L L L H X X X 6, 7
(Enter self  ref resh mode)

LOAD MODE REGISTER  L L L L X Op-Code X 2

Write Enable/Output  Enable – – – – L – Act ive 8

Write Inhibit /Output  High-Z – – – – H – High-Z 8

Tables appear followin g the Operation  section ; these

tables p rovide curren t state/ n ext state in form ation .

Commands
Tru t h  Ta b le  1 p ro vid e s  a  q u ick r e fe r e n ce  o f

availab le com m an ds. Th is is followed by a written  de-

scrip tion  of each  com m an d . Th ree add ition al Tru th

NOTE: 1. CKE is HIGH for all commands shown except  SELF REFRESH.
2. A0-A11 def ine the op-code writ ten to the mode register.
3. A0-A11 provide row address, and BA0, BA1 determine which bank is made act ive.
4. A0-A9 (x4), A0-A8 (x8), or A0-A7 (x16) provide column address; A10 (HIGH) enables the auto precharge feature

(nonpersistent ), while A10 (LOW) disables the auto precharge feature; BA0, BA1 determine which bank is being read
f rom or writ ten to.

5. A10 (LOW): BA0, BA1 determine the bank being precharged. A10 HIGH: All banks precharged 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 cont rols row addressing; all inputs and I/Os are “ Don’t  Care”  except  for CKE.
8. Act ivates or deact ivates the DQs during WRITEs (zero-clock delay) and READs (two-clock delay).
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SDRAM

COM M AND INHIBIT
Th e COMMAND INHIBIT fu n ction  p reven ts n ew

com m an ds from  bein g execu ted  by the SDRAM, re-

gard less of wh eth er th e CLK sign al is en ab led . Th e

SDRAM is effectively deselected . Op eration s already

in  p rogress are n ot affected .

NO OPERATION (NOP)
The NO OPERATION (NOP) com m an d is used  to

perform  a NOP to an  SDRAM which  is selected  (CS# is

LOW). Th is p reven ts un wan ted  com m an ds from  bein g

registered  durin g id le or wait states. Operation s already

in  p rogress are n ot affected .

LOAD M ODE REGISTER
The m ode register is loaded via inputs A0-A11. See

m ode register heading in  the Register Defin ition  section .

The LOAD MODE REGISTER com m and can  only be is-

sued when all banks are idle, and a subsequent execut-

able com m and cannot be issued until tMRD is m et.

ACTIVE
The ACTIVE com m an d is used  to open  (or activate)

a row in  a particu lar ban k for a subsequen t access. The

value on  the BA0, BA1 in pu ts selects the ban k, an d  the

address p rovided  on  in p u ts A0-A11 selects th e row.

This row rem ain s active (or open ) for accesses un til a

PRECH ARGE co m m a n d  is  is su e d  t o  t h a t  b a n k.

A PRECHARGE com m an d m ust be issued  before open -

in g a d ifferen t row in  the sam e ban k.

READ
The READ com m an d is used  to in itiate a burst read

access to an  active row. The value on  the BA0, BA1

in pu ts selects the ban k, an d  the address p rovided  on

in pu ts A0-A9 (x4), A0-A8 (x8), or A0-A7 (x16) selects the

startin g colum n  location . The value on  in pu t A10 de-

term in es whether or n ot au to p recharge is used . If au to

precharge is selected , the row bein g accessed  will be

p rech a rged  a t  th e  en d  o f th e  READ b u rst ; if au to

precharge is n ot selected , the row will rem ain  open  for

subsequen t accesses. Read data appears on  the DQs

subject to the logic level on  the DQM in pu ts two clocks

earlier. If a given  DQM sign al was registered  HIGH, the

correspon din g DQs will be High-Z two clocks later; if

the DQM sign al was registered  LOW, the DQs will p ro-

vide valid  data.

WRITE
The WRITE com m an d is used  to in itiate a burst write

access to an  active row. The value on  the BA0, BA1

in pu ts selects the ban k, an d  the address p rovided  on

in pu ts A0-A9 (x4), A0-A8 (x8), or A0-A7 (x16) selects the

startin g colum n  location . The value on  in pu t A10 de-

term in es whether or n ot au to p recharge is used . If au to

precharge is selected , the row bein g accessed  will be

p rech arged  a t  th e en d  of th e WRITE b u rst ; if au to

precharge is n ot selected , the row will rem ain  open  for

subsequen t accesses. In pu t data appearin g on  the DQs

is written  to the m em ory array subject to the DQM in -

pu t logic level appearin g coin ciden t with  the data. If a

given  DQM sign al is registered  LOW, the correspon d-

in g data will be written  to m em ory; if the DQM sign al is

registered  HIGH, the correspon din g data in pu ts will

be ign ored , an d  a WRITE will n ot be execu ted  to that

byte/ colum n  location .

PRECHARGE
The PRECHARGE com m an d is used  to deactivate

the open  row in  a particu lar ban k or the open  row in  all

ban ks. The ban k(s) will be availab le for a subsequen t

row access a specified  tim e (tRP) after the PRECHARGE

com m an d  is issu ed . In p u t A10 determ in es wh eth er

on e or all ban ks are to be p recharged, an d  in  the case

where on ly on e ban k is to be p recharged, in pu ts BA0,

BA1 select the ban k. Otherwise BA0, BA1 are treated  as

“Don ’t Care.” On ce a ban k has been  p recharged, it is in

the id le state an d  m ust be activated  p rior to an y READ

or WRITE com m an ds bein g issued  to that ban k.

AUTO PRECHARGE
Au to p rech arge is a  fea tu re wh ich  p erform s th e

sa m e  in d ivid u a l-b a n k PRECH ARGE fu n c t io n  d e -

scribed  above, withou t requ irin g an  exp licit com m an d.

Th is is accom p lish ed  b y u sin g A10 to  en ab le  au to

precharge in  con jun ction  with  a specific READ or WRITE

com m an d . A p rech arge of th e ban k/ row th at is ad -

dressed  with  the READ or WRITE com m an d is au to-

m atically perform ed upon  com pletion  of the READ or

WRITE burst, excep t in  the fu ll-page burst m ode, where

au to p recharge does n ot app ly. Auto p recharge is n on -

persisten t in  that it is either en abled  or d isabled  for

each  in dividual READ or WRITE com m an d.

Auto p recharge en sures that the p recharge is in iti-

ated  at the earliest valid  stage with in  a burst. The user

m ust n ot issue an other com m an d to the sam e ban k

un til the p recharge tim e (tRP) is com p leted . Th is is

determ in ed  as if an  exp licit  PRECHARGE com m an d

was issued  at the earliest possib le tim e, as described

for each  burst type in  the Operation  section  of th is data

sh e e t .

BURST TERM INATE
The BURST TERMINATE com m an d is used  to trun -

cate either fixed-len gth  or fu ll-page bursts. The m ost

recen tly registered  READ or WRITE com m an d p rior to

the BURST TERMINATE com m an d will be trun cated ,

as shown  in  the Operation  section  of th is data sheet.
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AUTO REFRESH
AUTO REFRESH is used  durin g n orm al operation  of

the SDRAM an d is an alagous to CAS#-BEFORE-RAS#

(CBR) REFRESH in  con ven tion al DRAMs. Th is com -

m an d is n on persisten t, so it m ust be issued  each  tim e

a  r e fr e sh  is  r e q u ir e d . All a c t ive  b a n ks  m u s t  b e

PRECHARGED prior to issu in g an  AUTO REFRESH com -

m an d. The AUTO REFRESH com m an d shou ld  n ot be

issued  un til the m in im um  tRP has been  m et after the

PRECHARGE com m an d as shown  in  the operation  sec-

tion .

The addressin g is gen erated  by the in tern al refresh

con troller. Th is m akes the address b its “Don ’t Care”

d u r in g a n  AUTO REFRESH  co m m a n d . Th e  64Mb

SDRAM requ ires 4,096 AUTO REFRESH cycles every

64m s (tREF), regard less of wid th  op tion . Provid in g a

distribu ted  AUTO REFRESH com m an d every 15.625µs

will m eet the refresh  requ irem en t an d en sure that each

row is refreshed. Altern atively, 4,096 AUTO REFRESH

com m an ds can  be issued  in  a burst at the m in im um

cycle rate (tRC), on ce every 64m s.

SELF REFRESH
The SELF REFRESH com m an d can  be used  to retain

data in  the SDRAM, even  if the rest of the system  is

p owered  down . Wh en  in  th e self refresh  m ode, th e

SDRAM re t a in s  d a t a  wit h o u t  e xt e rn a l c lo ckin g.

The SELF REFRESH com m an d is in itiated  like an  AUTO

REFRESH com m an d  excep t CKE is d isab led  (LOW).

On ce the SELF REFRESH com m an d is registered , all

the in pu ts to the SDRAM becom e “Don ’t Care,” with

the excep tion  of CKE, which  m ust rem ain  LOW.

On ce self refresh  m ode is en gaged, the SDRAM pro-

vides its own  in tern al clockin g, causin g it to perform  its

own  AUTO REFRESH cycles. The SDRAM m ust rem ain

in  self refresh  m ode for a m in im um  period  equal to
tRAS an d m ay rem ain  in  self refresh  m ode for an  in defi-

n ite period  beyon d that.

The p rocedure for exitin g self refresh  requ ires a se-

quen ce of com m an ds. First, CLK m ust be stab le (stab le

clock is defin ed  as a sign al cyclin g with in  tim in g con -

strain ts specified  for the clock p in ) p rior to CKE goin g

back HIGH. On ce CKE is HIGH, the SDRAM m ust have

NOP com m an ds issued  (a m in im um  of two clocks) for
tXSR, because tim e is requ ired  for the com pletion  of

an y in tern al refresh  in  p rogress.

Upon  exitin g the self refresh  m ode, AUTO REFRESH

com m an ds m ust be issued  every 15.625µs or less as

both  SELF REFRESH an d AUTO REFRESH u tilize the

row refresh  coun ter.
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Operation
BANK/ROW ACTIVATION

Before an y READ or WRITE com m an ds can  be is-

sued  to a ban k with in  the SDRAM, a row in  that ban k

m ust be “open ed.” Th is is accom plished  via the AC-

TIVE com m an d, which  selects both  the ban k an d the

row to be activated  (see Figure 3).

After open in g a row (issu in g an  ACTIVE com m an d),

a READ or WRITE com m an d m ay be issued  to that row,

subject to the tRCD specification . tRCD (MIN) shou ld

be d ivided  by the clock period  an d roun ded up  to the

n ext whole n um ber to determ in e the earliest clock edge

after the ACTIVE com m an d on  which  a READ or WRITE

com m an d can  be en tered . For exam ple, a tRCD specifi-

cation  of 20n s with  a 125 MHz clock (8n s period) resu lts

in  2.5 clocks, roun ded to 3. Th is is reflected  in  Figure 4,

which  covers an y case where 2 < tRCD (MIN)/ tCK ≤ 3.

(The sam e p rocedure is used  to con vert other specifi-

cation  lim its from  tim e un its to clock cycles).

A subsequen t ACTIVE com m an d to a d ifferen t row

in  the sam e ban k can  on ly be issued  after the p revious

active row has been  “closed” (p recharged). The m in i-

m um  tim e in terval between  successive ACTIVE com -

m an ds to the sam e ban k is defin ed  by tRC.

A subsequen t ACTIVE com m an d to an other ban k

can  be issued  while the first ban k is bein g accessed ,

which  resu lts in  a reduction  of total row-access over-

head . The m in im um  tim e in terval between  successive

ACTIVE com m an ds to d ifferen t ban ks is defin ed  by
tRRD.

Figure 4
Example: M eet ing tRCD (M IN) When 2 < tRCD (M IN)/tCK <     3

CLK

T2T1 T3T0

t

COMMAND NOPACTIVE
READ or 

WRITE

T4

NOP

RCD

DON’T CARE

CS#

WE#

CAS#

RAS#

CKE

CLK

A0–A10, A11 ROW
ADDRESS

HIGH

BA0, BA1 BANK
ADDRESS

Figure 3
Act ivat ing a Specif ic Row  in a

Specif ic Bank
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Upon  com pletion  of a burst, assum in g n o other com -

m an ds have been  in itiated , the DQs will go High-Z. A

fu ll-page burst will con tin ue un til term in ated . (At the

en d of the page, it will wrap  to colum n  0 an d con tin ue.)

Data from  an y READ burst m ay be trun cated  with  a

subsequen t READ com m an d, an d  data from  a fixed-

len gth  READ burst m ay be im m ediately followed by

data from  a READ com m an d. In  either case, a con tin u-

ous flow of data can  be m ain tain ed . The first data ele-

m en t from  the n ew burst follows either the last ele-

m en t of a com pleted  burst or the last desired  data ele-

m en t  o f a  lon ger  b u rst  wh ich  is  b e in g t ru n ca ted .

The n ew READ com m an d shou ld  be issued  x  cycles

READs
READ bursts are in itiated  with  a READ com m an d,

as shown  in  Figure 5.

The startin g colum n  an d ban k addresses are p ro-

vided  with  the READ com m an d, an d  au to p recharge is

either en abled  or d isabled  for that burst access. If au to

p re ch a rge  is  e n a b le d , t h e  ro w b e in g a cce sse d  is

p recharged at the com pletion  of the burst. For the ge-

n eric READ com m an ds used  in  the followin g illustra-

tion s, au to p recharge is d isabled .

Du rin g READ bu rsts, th e valid  data-ou t elem en t

from  the startin g colum n  address will be availab le fol-

lowin g the CAS laten cy after the READ com m an d. Each

subsequen t data-ou t elem en t will be valid  by the n ext

positive clock edge. Figure 6 shows gen eral tim in g for

each  possib le CAS laten cy settin g.

Figure 5
READ Command

Figure 6
CAS Latency
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T2T1 T3T0
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DOUT

tOHt
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tAC

NOP

CS#

WE#

CAS#

RAS#

CKE

CLK

COLUMN
ADDRESS

A0-A9: x4  
A0-A8: x8  
A0-A7: x16

A10

BA0,1

HIGH

ENABLE AUTO PRECHARGE

DISABLE AUTO PRECHARGE
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ADDRESS

A11: x4  
 A9, A11: x8  

A8, A9, A11: x16
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before the clock edge at wh ich  the last desired  data

elem en t is valid , where x  equals the CAS laten cy m in us

on e. Th is is shown  in  Figure 7 for CAS laten cies of two

an d th ree; data elem en t n  + 3 is either the last of a burst

of four or the last desired  of a lon ger burst. The 64Mb

SDRAM u ses a  p ip elin ed  arch itectu re an d  th erefore

Figure 7
Consecut ive READ Bursts

does n ot requ ire the 2n  ru le associated  with  a p refetch

arch itectu re. A READ com m an d can  be in itiated  on  an y

clock cycle followin g a p revious READ com m an d. Fu ll-

speed ran dom  read  accesses can  be perform ed to the

sam e ban k, as shown  in  Figure 8, or each  subsequen t

READ m ay be perform ed to a d ifferen t ban k.

DON’T CARE

NOTE:  Each READ command may be to any bank. DQM is LOW. 

CLK

DQ
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 n

T2T1 T4T3 T6T5T0

COMMAND

ADDRESS

READ NOP NOP NOP NOP

BANK,
COL n

NOP

BANK,
COL b

DOUT

n + 1
DOUT

n + 2
DOUT

n + 3
DOUT

 b

READ

X = 1 cycle

CAS Latency = 2

CLK

DQ
DOUT

 n

T2T1 T4T3 T6T5T0

COMMAND

ADDRESS

READ NOP NOP NOP NOP

BANK,
COL n

NOP

BANK,
COL b

DOUT

n + 1
DOUT

n + 2
DOUT

n + 3
DOUT

 b

READ NOP

T7

X = 2 cycles

CAS Latency = 3

TRANSITIONING DATA
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Figure 8
Random READ Accesses

CLK

DQ

T2T1 T4T3 T6T5T0

COMMAND
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READ NOP NOP

BANK,
COL n

DON’T CARE

DOUT

n
DOUT

a
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x
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NOTE:  Each READ command may be to any bank. DQM is LOW.
 

READ READ NOP

BANK,
COL a

BANK,
COL x

BANK,
COL m

CLK

DQ
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T2T1 T4T3 T5T0

COMMAND
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READ NOP

BANK,
COL n
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a

DOUT

x
DOUT

m

READ READ READ NOP

BANK,
COL a

BANK,
COL x

BANK,
COL m

CAS Latency = 2

CAS Latency = 3
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Data from  an y READ burst m ay be trun cated  with  a

subsequen t WRITE com m an d, an d  data from  a fixed-

len gth  READ burst m ay be im m ediately followed by

data from  a WRITE com m an d  (sub ject to bus tu rn -

aroun d lim itation s). The WRITE burst m ay be in itiated

on  the clock edge im m ediately followin g the last (or last

desired) data elem en t from  the READ burst, p rovided

that I/ O con ten tion  can  be avoided . In  a given  system

design , there m ay be a possib ility that the device driv-

in g the in pu t data will go Low-Z before the SDRAM DQs

go High-Z. In  th is case, at least a  sin gle-cycle delay

shou ld  occur between  the last read  data an d the WRITE

com m an d .

The DQM in pu t is used  to avoid  I/ O con ten tion , as

shown  in  Figures 9 an d  10. The DQM sign al m ust be

asserted  (HIGH) at least two clocks p rior to the WRITE

com m an d  (DQM la ten cy is  two  clocks fo r  ou tp u t

DON’T CARE

READ NOP NOPNOP NOP

DQM

CLK

DQ DOUT n

T2T1 T4T3T0

COMMAND

ADDRESS
BANK,
COL n

WRITE

DIN b

BANK,
COL b

T5

DS

tHZ

t

NOTE: A CAS latency of  three is used for illust rat ion. The READ command 
may be to any bank, and the WRITE command may be to any bank. 

TRANSITIONING DATA

Figure 10
READ to WRITE With

Extra Clock Cycle

buffers) to suppress data-ou t from  the READ. On ce the

WRITE com m an d is registered , the DQs will go High-Z

(or rem ain  High-Z), regardless of the state of the DQM

sign al, p rovided  the DQM was active on  the clock just

p rior to the WRITE com m an d that trun cated  the READ

com m an d. If n ot, the secon d WRITE will be an  in valid

WRITE. For exam ple, if DQM was LOW durin g T4 in

Figu re 10, then  the WRITEs at T5 an d  T7 wou ld  be

valid , wh ile the WRITE at T6 would  be in valid .

The DQM sign al m ust be de-asserted  p rior to the

WRITE com m an d (DQM laten cy is zero clocks for in pu t

buffers) to en sure that the written  data is n ot m asked.

Figure 9 shows the case where the clock frequen cy al-

lows for bus con ten tion  to be avoided  withou t addin g a

NOP cycle, an d  Figure 10 shows the case where the

addition al NOP is n eeded.

Figure 9
READ to WRITE

DON’T CARE

READ NOP NOP WRITENOP

CLK

T2T1 T4T3T0

DQM

DQ DOUT n

COMMAND

DIN b

ADDRESS
BANK,
COL n

BANK,
COL b

DS

tHZ

t

tCK

NOTE: A CAS latency of  three is used for illust rat ion. The READ 
command may be to any bank, and the WRITE command 
may be to any bank. If  a burst  of  one is used, then DQM is 
not  required.

TRANSITIONING DATA
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Figure 11
READ to PRECHARGE

A fixed-len gth  READ burst m ay be followed by, or

trun cated  with , a PRECHARGE com m an d to the sam e

b an k (p rovid ed  th a t  au to  p rech a rge  was n o t  act i-

vated), an d  a fu ll-page burst m ay be trun cated  with  a

PRECH ARGE co m m a n d  t o  t h e  sa m e  b a n k. Th e

PRECHARGE com m an d shou ld  be issued  x  cycles be-

fore the clock edge at which  the last desired  data ele-

m en t is valid , where x  equals the CAS laten cy m in us

on e. Th is is shown  in  Figure 11 for each  possib le CAS

laten cy; data elem en t n  + 3 is either the last of a burst of

four or the last desired  of a lon ger burst. Followin g the

PRECHARGE com m an d , a  su bsequ en t com m an d  to

the sam e ban k can n ot be issued  un til tRP is m et. Note

that part of the row precharge tim e is h idden  durin g

the access of the last data elem en t(s).

In  the case of a fixed-len gth  burst bein g execu ted  to

com p letion , a  PRECHARGE com m an d  issu ed  at th e

op tim um  tim e (as described  above) p rovides the sam e

operation  that would  resu lt from  the sam e fixed-len gth

bu rst with  au to p rech arge. Th e d isadvan tage of th e

DON’T CARE

CLK

DQ
DOUT

 n

T2T1 T4T3 T6T5T0

COMMAND
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READ NOP NOP NOP NOPNOP
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n + 1
DOUT

n + 2
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n + 3
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T7

NOTE:  DQM is LOW.
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T2T1 T4T3 T6T5T0

COMMAND
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READ NOP NOP NOP NOPNOP

DOUT

n + 1
DOUT

n + 2
DOUT

n + 3

PRECHARGE ACTIVE

t RP

T7

X = 1 cycle

CAS Latency = 2

CAS Latency = 3

X = 2 cycles

BANK a,
COL n

BANK a,
ROW

BANK
(a or all)

BANK a,
COL n

BANK a,
ROW

BANK
(a or all)
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Figure 12
Terminat ing a READ Burst

PRECHARGE com m an d is that it requ ires that the com -

m an d an d address buses be availab le at the appropri-

ate tim e to issue the com m an d; the advan tage of the

PRECHARGE com m an d is that it can  be used  to trun -

cate fixed-len gth  or fu ll-page bursts.

Fu ll-page READ bursts can  be trun cated  with  the

BURST TERMINATE com m an d, an d  fixed-len gth  READ

bursts m ay be trun cated  with  a BURST TERMINATE

com m an d, p rovided that au to p recharge was n ot acti-

vated . The BURST TERMINATE com m an d shou ld  be

issued  x  cycles before the clock edge at which  the last

desired  data elem en t is valid , where x  equals the CAS

laten cy m in us on e. Th is is shown  in  Figure 12 for each

possib le CAS laten cy; data elem en t n  + 3 is the last

desired  data elem en t of a lon ger burst.
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 n

T2T1 T4T3 T6T5T0
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READ NOP NOP NOP NOP

BANK,
COL n
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n + 1
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T7
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NOTE:  DQM is LOW.
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WRITEs
WRITE bursts are in itiated  with  a WRITE com m an d,

as shown  in  Figure 13.

Th e  s t a r t in g co lu m n  a n d  b a n k a d d re sse s  a r e

p ro vid e d  wit h  t h e  WRITE co m m a n d , a n d  a u t o

precharge is either en abled  or d isabled  for that access.

If au to p recharge is en abled , the row bein g accessed  is

p recharged at the com pletion  of the burst. For the ge-

n eric WRITE com m an ds used  in  the followin g illustra-

tion s, au to p recharge is d isabled .

Du rin g WRITE bu rsts, th e first  valid  data-in  ele-

m en t will be registered  coin ciden t with  the WRITE com -

m an d. Subsequen t data elem en ts will be registered  on

each  successive positive clock edge. Upon  com pletion

of a fixed-len gth  burst, assum in g n o other com m an ds

have been  in itiated , the DQs will rem ain  High-Z an d

an y addition al in pu t data will be ign ored  (see Figure

14). A fu ll-page burst will con tin ue un til term in ated .

(At the en d of the page, it will wrap  to colum n  0 an d

con tin u e.)

Data for an y WRITE burst m ay be trun cated  with  a

subsequen t WRITE com m an d , an d  data  for a  fixed-

len gth  WRITE burst m ay be im m ediately followed by

data for a WRITE com m an d. The n ew WRITE com m an d

can  be issued  on  an y clock followin g the p revious WRITE

com m an d, an d the data p rovided coin ciden t with  the

n e w co m m a n d  a p p lie s  t o  t h e  n e w co m m a n d .

Figure 15
WRITE to WRITE

An  exam ple is shown  in  Figure 15. Data n  + 1 is either

the last of a burst of two or the last desired  of a lon ger

burst. The 64Mb SDRAM uses a p ipelin ed  arch itectu re

an d therefore does n ot requ ire the 2n  ru le associated

with  a p refetch  arch itectu re. A WRITE com m an d can

be in itiated  on  an y clock cycle followin g a p revious

WRITE com m an d. Fu ll-speed  ran dom  write accesses

with in  a page can  be perform ed to the sam e ban k, as

shown  in  Figure 16, or each  subsequen t WRITE m ay be

perform ed to a d ifferen t ban k.

Figure 14
WRITE Burst
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A10
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ENABLE AUTO PRECHARGE

DISABLE AUTO PRECHARGE
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BA0,1 BANK
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Figure 13
WRITE Command
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tWR after the clock edge at which  the last desired  in pu t

data elem en t is registered . The au to p recharge m ode

requ ires a tWR of at least on e clock p lus tim e, regardless

of frequen cy. In  addition , when  trun catin g a WRITE

burst, the DQM sign al m ust be used  to m ask in pu t data

for the clock edge p rior to, an d  the clock edge coin ci-

den t with , the PRECHARGE com m an d. An  exam ple is

shown  in  Figure 18. Data n  + 1 is either the last of a burst

of two or the last desired  of a lon ger burst. Followin g the

PRECHARGE com m an d , a  su bsequ en t com m an d  to

the sam e ban k can n ot be issued  un til tRP is m et.

In  the case of a fixed-len gth  burst bein g execu ted  to

com p letion , a  PRECHARGE com m an d  issu ed  at th e

op tim um  tim e (as described  above) p rovides the sam e

operation  that would  resu lt from  the sam e fixed-len gth

bu rst with  au to p rech arge. Th e d isadvan tage of th e

PRECHARGE com m an d is that it requ ires that the com -

m an d an d address buses be availab le at the appropri-

ate tim e to issue the com m an d; the advan tage of the

PRECHARGE com m an d is that it can  be used  to trun -

cate fixed-len gth  or fu ll-page bursts.

Figure 18
WRITE to PRECHARGE

Data for an y WRITE burst m ay be trun cated  with  a

su b sequ en t  READ com m an d , an d  d a ta  for a  fixed -

len gth  WRITE burst m ay be im m ediately followed by a

su bsequ en t READ com m an d . On ce th e READ com -

m an d is registered , the data in pu ts will be ign ored , an d

WRITEs will n ot be execu ted . An  exam ple is shown  in

Figure 17. Data n  + 1 is either the last of a burst of two or

the last desired  of a lon ger burst.

Data for a  fixed-len gth  WRITE bu rst m ay be fol-

lowed by, or trun cated  with , a PRECHARGE com m an d

to the sam e ban k (p rovided that au to p recharge was

n ot activated), an d  a fu ll-page WRITE burst m ay be

trun cated  with  a PRECHARGE com m an d to the sam e

ban k. Th e PRECHARGE com m an d  sh ou ld  be issu ed

Figure 17
WRITE to READ

Figure 16
Random WRITE Cycles
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NOTE:  DQM could remain LOW in this example if  the WRITE burst  is a f ixed length of  two.
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Fixed-len gth  or fu ll-page WRITE bursts can  be trun -

cated  with  the BURST TERMINATE com m an d. When

trun catin g a WRITE burst, the in pu t data app lied  coin -

ciden t with  the BURST TERMINATE com m an d will be

ign ored . The last data written  (p rovided  that DQM is

LOW at that tim e) will be the in pu t data app lied  on e

clock p revious to the BURST TERMINATE com m an d.

Th is is shown  in  Figure 19, where data n  is the last

desired  data elem en t of a lon ger burst.

Figure 21
Pow er-Dow n

DON’T CARE

tRAS

tRCD

tRC

All banks idle
Input  buf fers gated of f  

Exit  power-down mode.

(
)
(
)

(
)
(
)

(
)
(
)

tCKS > tCKS

COMMAND NOP ACTIVE

Enter power-down mode.

NOP

CLK

CKE

(
)
(
)

(
)
(
)

Figure 20
PRECHARGE Command

Figure 19
Terminat ing a WRITE Burst

CS#

WE#

CAS#

RAS#

CKE

CLK

A10

HIGH

All Banks

Bank Selected

A0-A9

BA0,1 BANK
ADDRESS

PRECHARGE
The PRECHARGE com m an d (Figure 20) is used  to

deactivate the open  row in  a particu lar ban k or the

open  row in  all ban ks. The ban k(s) will be availab le for

a subsequen t row access som e specified  tim e (tRP) af-

ter th e PRECHARGE com m an d  is issu ed . In p u t A10

d e t e rm in e s  wh e t h e r  o n e  o r  a ll b a n ks  a r e  t o  b e

precharged, an d in  the case where on ly on e ban k is to

be p recharged, in pu ts BA0, BA1 select the ban k. When

all ban ks are to be p recharged , in pu ts BA0, BA1 are

t r e a t e d  a s  “Do n ’t  Ca re .” On ce  a  b a n k h a s  b e e n

precharged, it is in  the id le state an d  m ust be activated

prior to an y READ or WRITE com m an ds bein g issued  to

th at ban k.

POWER-DOWN
Power-down  occurs if CKE is registered  LOW coin ci-

den t with  a NOP or COMMAND INHIBIT when  n o ac-

cesses are in  p rogress. If power-down  occurs when  all

ban ks are id le, th is m ode is referred  to as p recharge

power-down ; if power-down  occurs when  there is a row

active in  an y ban k, th is m ode is referred  to as active

power-down . En terin g power-down  deactivates the in -

pu t an d ou tpu t buffers, excludin g CKE, for m axim um

power savin gs while in  stan dby. The device m ay n ot

rem ain  in  the power-down  state lon ger than  the re-

fresh  p eriod  (64m s) sin ce n o refresh  op eration s are

perform ed in  th is m ode.

The power-down  state is exited  by registerin g a NOP

or COMMAND INHIBIT an d CKE HIGH at the desired

clock edge (m eetin g tCKS). See Figure 21.
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WRITE
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NEXT
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DIN

 n

(ADDRESS)

(DATA)

NOTE:  DQMs are LOW. 
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Figure 22
Clock Suspend During WRITE Burst

Figure 23
Clock Suspend During READ Burst

CLOCK SUSPEND
The clock suspen d m ode occurs when  a colum n  ac-

cess/ burst is in  p rogress an d CKE is registered  LOW. In

the clock suspen d m ode, the in tern al clock is deacti-

vated , “freezin g” the syn chron ous logic.

Fo r  ea ch  p osit ive  clock ed ge  on  wh ich  CKE is

sam pled  LOW, the n ext in tern al positive clock edge is

suspen ded. An y com m an d or data p resen t on  the in -

pu t p in s at the tim e of a suspen ded in tern al clock edge

is ign ored; an y data p resen t on  the DQ p in s rem ain s

d riven ; an d  bu rst cou n ters are n ot in crem en ted , as

lon g a s th e  clock is  su sp en d ed . (See  exam p les in

Figures 22 an d 23.)

Clock suspen d m ode is exited  by registerin g CKE

HIGH; the in tern al clock an d related  operation  will re-

sum e on  the subsequen t positive clock edge.

BURST READ/SINGLE WRITE
The burst read/ sin gle write m ode is en tered  by p ro-

gram m in g the write burst m ode b it (M9) in  the m ode

register to a logic 1. In  th is m ode, all WRITE com m an ds

resu lt in  the access of a sin gle colum n  location  (burst of

on e), regardless of the p rogram m ed burst len gth . READ

com m an d s access co lu m n s acco rd in g to  th e  p ro -

gram m ed  bu rst len gth  an d  sequ en ce, ju st as in  th e

n orm al m ode of operation  (M9 = 0).
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NOTE: For this example, CAS latency = 2, burst  length = 4 or greater, and 
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CONCURRENT AUTO PRECHARGE
An  access com m an d (READ or WRITE) to an other

ban k while an  access com m an d with  au to p recharge

en abled  is execu tin g is n ot allowed by SDRAMs, un less

t h e  SDRAM su p p o r t s  CONCU RRENT AU TO

PRECHARGE. Micron  SDRAMs support CONCURRENT

AUTO PRECHARGE. Four cases where CONCURRENT

AUTO PRECHARGE occurs are defin ed  below.

READ with  Auto Precharge

1. In t e r ru p t e d  b y a  READ (with  o r  with o u t  a u to

precharge): A READ to ban k m  will in terrup t a READ

on  ban k n , CAS laten cy later. The PRECHARGE to

ban k n  will begin  when  the READ to ban k m  is regis-

tered  (Figure 24).

2. In te rru p ted  b y a  WRITE (with  o r  with ou t  au to

precharge): A WRITE to ban k m  will in terrup t a READ

on  ban k n  when  registered . DQM shou ld  be used

two clocks p rior to the WRITE com m an d to p reven t

bus con ten tion . Th e PRECHARGE to ban k n  will

b egin  wh en  th e  WRITE to  b an k m  is registered

(Figure 25).

Figure 24
READ With Auto Precharge Interrupted by a READ

Figure 25
READ With Auto Precharge Interrupted by a WRITE
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Figure 26
WRITE With Auto Precharge Interrupted by a READ

Figure 27
WRITE With Auto Precharge Interrupted by a WRITE

WRITE with  Au to Precharge

3. In t e r ru p t e d  b y a  READ (with  o r  with o u t  a u to

precharge): A READ to bank m  will in terrupt a WRITE

on  bank n  when  registered, with  the data-out appear-

ing CAS latency later. The PRECHARGE to bank n  will

begin  after tWR is m et, where tWR begins when  the

READ to bank m  is registered. The last valid WRITE to

bank n  will be data-in  registered one clock prior to the

READ to bank m  (Figure 26).

4. In t e r ru p te d  b y a  WRITE (with  o r  with o u t  a u to

precharge): A WRITE to bank m  will in terrupt a WRITE

on  bank n  when  registered. The PRECHARGE to bank

n  will begin  after tWR is m et, where tWR begins when

the WRITE to bank m  is registered. The last valid data

WRITE to bank n  will be data registered one clock prior

to a WRITE to bank m  (Figure 27).
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TRUTH TABLE 2 – CKE
(Notes: 1-4)

CKEn-1 CKEn CURRENT STATE COM M ANDn ACTIONn NOTES

L L Power-Down X Maintain Power-Down

Self  Refresh X Maintain Self  Refresh

Clock Suspend X Maintain Clock Suspend

L H Power-Down COMMAND INHIBIT or NOP Exit  Power-Down 5

Self  Refresh COMMAND INHIBIT or NOP Exit  Self  Refresh 6

Clock Suspend X Exit  Clock Suspend 7

H L All Banks Idle COMMAND INHIBIT or NOP Power-Down Entry

All Banks Idle AUTO REFRESH Self  Refresh Entry

Reading or Writ ing VALID Clock Suspend Entry

H H See Truth Table 3

NOTE: 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 SDRAM immediately prior to clock edge n.
3. COMMANDn is the command registered at  clock edge n, and ACTIONn is a result  of  COMMANDn.
4. All states and sequences not  shown are illegal or reserved.
5. Exit ing power-down at  clock edge n w ill put  the device in the all banks idle state in t ime for clock edge n + 1 (provided

that  tCKS is met ).
6. Exit ing self  ref resh at  clock edge n w ill put  the device in the all banks idle state once tXSR is met . COMMAND INHIBIT

or NOP commands should be issued on any clock edges occurring during the tXSR period. A minimum of  two NOP
commands must  be provided during tXSR period.

7. Af ter exit ing clock suspend at  clock edge n, the device w ill resume operat ion and recognize the next  command at  clock
edge n + 1.
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TRUTH TABLE 3 – CURRENT STATE BANK n, COM M AND TO BANK n
(Notes: 1-6; notes appear below and on next  page)

CURRENT STATE CS# RAS#CAS# WE# COM M AND (ACTION) NOTES

Any H X X X COMMAND INHIBIT (NOP/Cont inue previous operat ion)

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

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

Idle L L L H AUTO REFRESH 7

L L L L LOAD MODE REGISTER 7

L L H L PRECHARGE 11

L H L H READ (Select  column and start  READ burst ) 10

Row Act ive 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 L H L H READ (Select  column and start  new READ burst ) 10

(Auto L H L L WRITE (Select  column and start  WRITE burst ) 10

Precharge L L H L PRECHARGE (Truncate READ burst , start  PRECHARGE) 8

Disabled) L H H L BURST TERMINATE 9

Write L H L H READ (Select  column and start  READ burst ) 10

(Auto L H L L WRITE (Select  column and start  new WRITE burst ) 10

Precharge L L H L PRECHARGE (Truncate WRITE burst , start  PRECHARGE) 8

Disabled) L H H L BURST TERMINATE 9

NOTE: 1. This table applies when CKEn-1 was HIGH and CKEn is HIGH (see Truth Table 2) and af ter tXSR has been
met  (if  the previous state was self  ref resh).

2. This table is bank-specif ic, except  where noted; i.e., 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, w ith auto precharge disabled, and has not  yet  terminated
or been terminated.

Wri t e: A WRITE burst  has been init iated, w ith auto precharge disabled, and has not  yet  termi-
nated or been terminated.

4. The follow ing states must  not  be interrupted by a command issued to the same bank. COMMAND 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 it s current  state and Truth Table 3, and according to Truth
Table 4.

Precharging: Starts w ith regist rat ion of  a PRECHARGE command and ends when tRP is met . Once tRP is
met , the bank w ill be in the idle state.

Row Act ivat ing: Starts w ith regist rat ion of  an ACTIVE command and ends when tRCD is met . Once tRCD is
met , the bank w ill be in the row act ive state.

Read w/Auto
Precharge Enabled: Starts w ith regist rat ion of  a READ command w ith auto precharge enabled and ends when

tRP has been met . Once tRP is met , the bank w ill be in the idle state.
Write w/Auto

Precharge Enabled: Starts w ith regist rat ion of  a WRITE command w ith auto precharge enabled and ends when
tRP has been met . Once tRP is met , the bank w ill be in the idle state.

(Cont inued on next  page)
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NOTE (cont inued):
5. The follow ing 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.
Refreshing: Starts w ith regist rat ion of  an AUTO REFRESH command and ends when tRC is met . Once tRC

is met , the SDRAM will be in the all banks idle state.
Accessing Mode

Register: Starts w ith regist rat ion of  a LOAD MODE REGISTER command and ends when tMRD has
been met . Once tMRD is met , the SDRAM will be in the all banks idle state.

Precharging All: Starts w ith regist rat ion of  a PRECHARGE ALL command and ends when tRP is met . Once tRP
is met , all banks w ill 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.
8. May or may not  be bank-specif ic; if  all banks are to be precharged, all must  be in a valid state for precharging.
9. Not  bank-specif ic; BURST TERMINATE af fects the most  recent  READ or WRITE burst , regardless of  bank.

10. READs or WRITEs listed in the Command (Act ion) column include READs or WRITEs w ith auto precharge enabled and
READs or WRITEs w ith auto precharge disabled.

11. Does not  af fect  the state of  the bank and acts as a NOP to that  bank.
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TRUTH TABLE 4 – CURRENT STATE BANK n, COM M AND TO BANK m
(Notes: 1-6; notes appear below and on next  page)

CURRENT STATE CS# RAS# CAS# WE# COM M AND (ACTION) NOTES

Any H X X X COMMAND INHIBIT (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 L L H H ACTIVE (Select  and act ivate row)

Act ivat ing, L H L H READ (Select  column and start  READ burst ) 7

 Act ive, or L H L L WRITE (Select  column and start  WRITE burst ) 7

Precharging L L H L PRECHARGE

Read L L H H ACTIVE (Select  and act ivate row)

(Auto L H L H READ (Select  column and start  new READ burst ) 7, 10

Precharge L H L L WRITE (Select  column and start  WRITE burst ) 7, 11

Disabled) L L H L PRECHARGE 9

Write L L H H ACTIVE (Select  and act ivate row)

(Auto L H L H READ (Select  column and start  READ burst ) 7, 12

Precharge L H L L WRITE (Select  column and start  new WRITE burst ) 7, 13

Disabled) L L H L PRECHARGE 9

Read L L H H ACTIVE (Select  and act ivate row)

(With Auto L H L H READ (Select  column and start  new READ burst ) 7, 8, 14

Precharge) L H L L WRITE (Select  column and start  WRITE burst ) 7, 8, 15

L L H L PRECHARGE 9

Write L L H H ACTIVE (Select  and act ivate row)

(With Auto L H L H READ (Select  column and start  READ burst ) 7, 8, 16

Precharge) L H L L WRITE (Select  column and start  new WRITE burst ) 7, 8, 17

L L H L PRECHARGE 9

NOTE: 1. This table applies when CKEn-1 was HIGH and CKEn is HIGH (see Truth Table 2) and af ter tXSR has been met  (if  the
previous state was self  ref resh).

2. This table describes alternate bank operat ion, except  where noted; i.e., 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, w ith auto precharge disabled, and has not  yet  terminated
or been terminated.

Wri t e: A WRITE burst  has been init iated, w ith auto precharge disabled, and has not  yet
terminated or been terminated.

Read w/Auto
Precharge Enabled: Starts w ith regist rat ion of  a READ command w ith auto precharge enabled, and ends when

tRP has been met . Once tRP is met , the bank w ill be in the idle state.
Write w/Auto

Precharge Enabled: Starts w ith regist rat ion of  a WRITE command w ith auto precharge enabled, and ends when
tRP has been met . Once tRP is met , the bank w ill be in the idle state.

(Cont inued on next  page)



31
64Mb: x4, x8, x16 SDRAM Micron Technology, Inc., reserves the right  to change products or specif icat ions without  not ice.

64MSDRAM.pmd – Rev. H; Pub. 12/04 ©2002 Micron Technology, Inc. All rights reserved.

64M b: x4, x8, x16
SDRAM

NOTE (cont inued):
4. AUTO REFRESH, SELF REFRESH and LOAD MODE REGISTER 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 to bank m l isted in the Command (Act ion) column include READs or WRITEs w ith auto precharge

enabled and READs or WRITEs w ith auto precharge disabled.
8. CONCURRENT AUTO PRECHARGE: Bank n will init iate the auto precharge command when it s burst  has been interrupted

by bank m ’s burst .
9. Burst  in bank n cont inues as init iated.

10. For a READ w ithout  auto precharge interrupted by a READ (w ith or w ithout  auto precharge), the READ to bank m will
interrupt  the READ on bank n, CAS latency later (Figure 7).

11. For a READ w ithout  auto precharge interrupted by a WRITE (w ith or w ithout  auto precharge), the WRITE to bank m will
interrupt  the READ on bank n when registered (Figures 9 and 10). DQM should be used one clock prior to the WRITE
command to prevent  bus content ion.

12. For a WRITE w ithout  auto precharge interrupted by a READ (w ith or w ithout  auto precharge), the READ to bank m will
interrupt  the WRITE on bank n when registered (Figure 17), w ith the data-out  appearing CAS latency later. The last
valid WRITE to bank n will be data-in registered one clock prior to the READ to bank m.

13. For a WRITE w ithout  auto precharge interrupted by a WRITE (w ith or w ithout  auto precharge), the WRITE to bank m
will interrupt  the WRITE on bank n when registered (Figure 15). The last  valid WRITE to bank n will be data-in
registered one clock prior to the READ to bank m.

14. For a READ w ith auto precharge interrupted by a READ (w ith or w ithout  auto precharge), the READ to bank m will
interrupt  the READ on bank n, CAS latency later. The PRECHARGE to bank n will begin when the READ to bank m is
registered (Figure 24).

15. For a READ w ith auto precharge interrupted by a WRITE (w ith or w ithout  auto precharge), the WRITE to bank m will
interrupt  the READ on bank n when registered. DQM should be used two clocks prior to the WRITE command to prevent
bus content ion. The PRECHARGE to bank n will begin when the WRITE to bank m is registered (Figure 25).

16. For a WRITE w ith auto precharge interrupted by a READ (w ith or w ithout  auto precharge), the READ to bank m will
interrupt  the WRITE on bank n when registered, w ith the data-out  appearing CAS latency later. The PRECHARGE to bank
n will begin af ter tWR is met , where tWR begins when the READ to bank m is registered. The last  valid WRITE to bank n
will be data-in registered one clock prior to the READ to bank m (Figure 26).

17. For a WRITE w ith auto precharge interrupted by a WRITE (w ith or w ithout  auto precharge), the WRITE to bank m will
interrupt  the WRITE on bank n when registered. The PRECHARGE to bank n will begin af ter tWR is met , where tWR
begins when the WRITE to bank m is registered. The last  valid WRITE to bank n will be data registered one clock prior
to the WRITE to bank m (Figure 27).
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ABSOLUTE M AXIM UM  RATINGS*
Voltage on  VDD, VDDQ Supp ly

Relative to VSS ............................................ -1V to +4.6V

Voltage on  In pu ts, NC or I/ O Pin s

Relative to VSS ............................................ -1V to +4.6V

Op eratin g Tem p eratu re,

TA (com m ercial) ...................................... 0°C to +70°C

Op eratin g Tem p eratu re,

TA (exten ded; IT parts) ...................... -40°C to +85°C

Storage Tem peratu re (p lastic) ............ -55°C to +150°C

Power Dissipation ........................................................ 1W

*Stresses grea ter th an  th ose listed  u n d er “Ab solu te

Maxim um  Ratin gs” m ay cause perm an en t dam age to

the device. Th is is a stress ratin g on ly, an d  fun ction al

operation  of the device at these or an y other con dition s

above those in d icated  in  the operation al section s of

th is specification  is n ot im plied . Exposure to absolu te

m axim um  ratin g con dition s for exten ded periods m ay

affect reliab ility.

DC ELECTRICAL CHARACTERISTICS AND OPERATING CONDITIONS
(Notes: 1, 5, 6; notes appear on page 35); VDD, VDDQ = +3.3V ±0.3V

PARAM ETER/CONDITION SYM BOL M IN M AX UNITS NOTES

Supply Voltage VDD, VDDQ 3 3.6 V

Input  High Voltage: Logic 1; All inputs VIH 2 VDD + 0.3 V 22

Input  Low Voltage: Logic 0; All inputs VIL -0.3 0.8 V 22

Input  Leakage Current :
Any input  0V ≤ VIN ≤ VDD II -5 5 µA
(All other pins not  under test  = 0V)

Output  Leakage Current : DQs are disabled; 0V ≤ VOUT ≤ VDDQ IOZ -5 5 µA

Output  Levels: VOH 2.4 – V
Output  High Voltage (IOUT = -4mA)
Output  Low Voltage (IOUT = 4mA) VOL – 0.4 V

IDD SPECIFICATIONS AND CONDITIONS
(Notes: 1, 5, 6, 11, 13; notes appear on page 35) ; VDD, VDDQ = +3.3V ±0.3V

PA RA M ETER/CON D I TI ON SYM BOL - 6 -7 E -7 5 -8 E UN I TS N OTES

Operat ing Current : Act ive Mode; IDD1 150 125 115 95 mA 3, 18,
Burst  = 2; READ or WRITE; tRC >= tRC (MIN) 19, 32

Standby Current : Power-Down Mode; All banks idle; IDD2 2 2 2 2 mA 32
CKE = LOW

Standby Current : Act ive Mode; IDD3 60 45 45 35 mA 3, 12,
CKE = HIGH; CS# = HIGH; All banks act ive af ter tRCD met ; 19, 32
No accesses in progress

Operat ing Current : Burst  Mode; Page burst ; IDD4 180 150 140 120 mA 3, 18,
READ or WRITE; All banks act ive 19, 32

Auto Refresh Current : tRFC = tRFC (MIN) IDD5 250 230 210 190 mA 3, 12,
CKE = HIGH; CS# = HIGH 18, 19,

tRFC = 15.625µs IDD6 3 3 3 3 32, 33

Self  Refresh Current : Standard IDD7 1 1 1 1 mA 4

CKE ≤ 0.2V Low power (L) 0.5 0.5 0.5 0.5

M AX
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CAPACITANCE
(Note: 2; notes appear on page 35)

PARAM ETER SYM BOL M IN M AX UNITS NOTES

Input  Capacitance: CLK CI1 2.5 3.5 pF 29

Input  Capacitance: All other input -only pins CI2 2.5 3.8 pF 30

Input /Output  Capacitance: DQs CIO 4.0 6.0 pF 31

ELECTRICAL CHARACTERISTICS AND RECOM M ENDED AC OPERATING CONDITIONS
(Notes: 5, 6, 8, 9, 11; notes appear on page 35); VDD, VDDQ = +3.3V ±0.3V

AC CHARACTERISTICS -6 -7E -75 -8E

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES

Access t ime f rom CLK (pos. edge) CL = 3 tAC(3) 5.5 5.4 5.4 6 ns 27

CL = 2 tAC(2) – 5.4 6 6 ns

Address hold t ime tAH 1 0.8 0.8 1 ns

Address setup t ime tAS 1.5 1.5 1.5 2 ns

CLK high-level w idth tCH 2.5 2.5 2.5 3 ns

CLK low-level w idth tCL 2.5 2.5 2.5 3 ns

Clock cycle t ime CL = 3 tCK(3) 6 7 7.5 8 ns 23

CL = 2 tCK(2) – 7.5 10 10 ns 23

CKE hold t ime tCKH 1 0.8 0.8 1 ns

CKE setup t ime tCKS 1.5 1.5 1.5 2 ns

CS#, RAS#, CAS#, WE#, DQM hold t ime tCMH 1 0.8 0.8 1 ns

CS#, RAS#, CAS#, WE#, DQM setup t ime tCMS 1.5 1.5 1.5 2 ns

Data-in hold t ime tDH 1 0.8 0.8 1 ns

Data-in setup t ime tDS 1.5 1.5 1.5 2 ns

Data-out high-impedance t ime CL = 3 tHZ(3) 5.5 5.4 5.4 6 ns 10

CL = 2 tHZ(2) – 5.4 6 6 ns 10

Data-out  low-impedance t ime tLZ 1 1 1 1 ns

Data-out  hold t ime (load) tOH 2 3 3 3 ns

Data-out  hold t ime (no load) tOHN 1.8 1.8 1.8 1.8 ns 28

ACTIVE to PRECHARGE command tRAS 42 120,000 37 120,000 44 120,000 50 120,000 ns

ACTIVE to ACTIVE command period tRC 60 60 66 70 ns

ACTIVE to READ or WRITE delay tRCD 18 15 20 20 ns

Refresh period (4,096 rows) tREF 64 64 64 64 ms

AUTO REFRESH period tRFC 60 66 66 70 ns

PRECHARGE command period tRP 18 15 20 20 ns

ACTIVE bank a to ACTIVE bank b command tRRD 12 14 15 20 ns

Transit ion t ime tT 0.3 1.2 0.3 1.2 0.3 1.2 0.3 1.2 ns 7

WRITE recovery t ime tWR 1 CLK + 1 CLK + 1 CLK + 1 CLK + – 24

6ns 7ns 7.5ns 7ns

12 14 15 15 ns 25

Exit  SELF REFRESH to ACTIVE command tXSR 70 67 75 80 ns 20
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64M b: x4, x8, x16
SDRAM

AC FUNCTIONAL CHARACTERISTICS
(Notes: 5, 6, 7, 8, 9, 11; notes appear on page 35) VDD, VDDQ = +3.3V ±0.3V

PARAMETER SYMBOL -6 -7E -75 -8E UNITS NOTES

READ/WRITE command to READ/WRITE command tCCD 1 1 1 1 tCK 17

CKE to clock disable or power-down ent ry mode tCKED 1 1 1 1 tCK 14

CKE to clock enable or power-down exit  setup mode tPED 1 1 1 1 tCK 14

DQM to input  data delay  tDQD 0 0 0 0 tCK 17

DQM to data mask during WRITEs  tDQM 0 0 0 0 tCK 17

DQM to data high-impedance during READs  tDQZ 2 2 2 2 tCK 17

WRITE command to input  data delay tDWD 0 0 0 0 tCK 17

Data-in to ACTIVE command tDAL 5 4 5 4 tCK 15, 21

Data-in to PRECHARGE command tDPL 2 2 2 2 tCK 16, 21

Last  data-in to burst  STOP command tBDL 1 1 1 1 tCK 17

Last  data-in to new READ/WRITE command tCDL 1 1 1 1 tCK 17

Last  data-in to PRECHARGE command tRDL 2 2 2 2 tCK 16, 21

LOAD MODE REGISTER command to ACTIVE or REFRESH command tMRD 2 2 2 2 tCK 26

Data-out to high-impedance from PRECHARGE command CL = 3 tROH(3) 3 3 3 3 tCK 17

CL = 2 tROH(2) 2 2 2 2 tCK 17
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64M b: x4, x8, x16
SDRAM

13. IDD specification s are tested  after the device is p rop-

erly in itialized .

14. Tim in g actually specified  by tCKS; clock(s) speci-

fied  as a referen ce on ly at m in im um  cycle rate.

15. Tim in g actually specified  by tWR plus tRP; clock(s)

specified  as a referen ce on ly at m in im um  cycle rate.

16. Tim in g actually specified  by tWR.

17. Requ ired  clocks are specified  by JEDEC fun ction -

ality an d  are n ot depen den t on  an y tim in g param -

eter.

18. The IDD cu rren t will in crease or decrease p ropor-

tion ally accordin g to the am oun t of frequen cy al-

teration  for the test con dition .

19. Address tran sition s average on e tran sition  every

two clocks.

20. CLK m ust be toggled  a m in im um  of two tim es dur-

in g th is period .

21. Based  on  tCK = 10n s for -8E , tCK=7.5n s for -75

an d -7E, tCK = 6n s for -6.

22. VIH overshoot: VIH (MAX) = VDDQ + 2V for a pu lse

width  ≤ 3n s, an d  the pu lse width  can n ot be greater

than  on e th ird  of the cycle rate. VIL un dershoot: VIL

(MIN) = -2V for a pu lse width  ≤ 3n s.

23. The clock frequen cy m ust rem ain  con stan t (stab le

clock is defin ed  as a sign al cyclin g with in  tim in g

con strain ts specified  for the clock p in ) durin g ac-

cess or p recharge states (READ, WRITE, in cludin g
tWR, an d PRECHARGE com m an ds). CKE m ay be

used to reduce the data rate.

24. Auto p recharge m ode on ly. The p recharge tim in g

bu dget (tRP) begin s 6n s/ 7n s/ 7.5n s/ 7n s after th e

first clock delay, after the last WRITE is execu ted .

25. Precharge m ode on ly.

26. JEDEC an d PC100 specify th ree clocks.

27. tAC for -75/ -7E at CL = 3 with  n o load  is 4.6n s an d  is

gu aran teed  by design .

28. Param eter guaran teed  by design .

29. PC100 specifies a m axim um  of 4pF.

30. PC100 specifies a m axim um  of 5pF.

31. PC100 specifies a m axim um  of 6.5pF.

32. For -8E, CL = 2 an d tCK = 10n s; for -75, CL = 3 an d
tCK = 7.5n s; for -7E, CL = 2 an d tCK = 7.5n s; for -6,

CL = 3 an d tCK = 6n s.

33. CKE is HIGH d u rin g re fresh  com m an d  p eriod
tRFC (MIN) else CKE is LOW.  The IDD6 lim it is actu -

ally a n om in al value an d  does n ot resu lt in  a fail

va lu e .

NOTES
1. All voltages referen ced to VSS.

2. Th is p aram eter is sam p led . VDD, VDDQ = +3.3V;

f = 1 MHz, TA = 25°C;  p in  un der test b iased  at 1.4V.

3. IDD is depen den t on  ou tpu t loadin g an d cycle rates.

Specified  values are obtain ed  with  m in im um  cycle

tim e an d the ou tpu ts open .

4. En ables on -ch ip  refresh  an d address coun ters.

5. Th e  m in im u m  sp ecifica t ion s a re  u sed  on ly to

in dicate cycle tim e at which  p roper operation  over

the fu ll tem peratu re ran ge (0°C ≤ TA ≤ +70°C an d

-40°C ≤ TA ≤ +85°C for IT parts) is en sured .

6. An  in itial pause of 100µs is requ ired  after power-

up , followed by two AUTO REFRESH com m an ds,

before p roper device operation  is en su red . (VDD

an d VDDQ m ust be powered  up  sim ultan eously. VSS

an d  VSSQ m u st be a t  sam e p oten tia l.) Th e two

AUTO REFRESH com m an d  wake-up s sh ou ld  be

repeated  an y tim e the tREF refresh  requ irem en t is

exceed ed .

7. AC characteristics assum e tT = 1n s.

8. In  addition  to m eetin g the tran sition  rate specifi-

cation , the clock an d CKE m ust tran sit between  VIH

an d VIL (or between  VIL an d  VIH) in  a m on oton ic

m an n er .

9. Outpu ts m easured  at 1.5V with  equ ivalen t load:

Q

50pF

10. tHZ defin es the tim e at which  the ou tpu t ach ieves

the open  circu it con dition ; it is n ot a referen ce to

VOH or VOL. The last valid  data elem en t will m eet
tOH before goin g High-Z.

11. AC tim in g an d IDD tests have VIL = 0V an d VIH = 3V,

with  tim in g referen ced to 1.5V crossover poin t. If

the in pu t tran sition  tim e is lon ger than  1 n s, then

the tim in g is referen ced at VIL (MAX) an d VIH (MIN)

an d  n o lon ger a t  th e 1.5V crossover p oin t. CLK

should  always be 1.5V referen ced to crossover. Re-

fer to Micron  Techn ical Note TN-48-09

12. Other in pu t sign als are allowed  to tran sition  n o

m ore than  on ce every two clocks an d are otherwise

at valid  VIH or VIL levels.
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64M b: x4, x8, x16
SDRAM

INITIALIZE AND LOAD M ODE REGISTER 1

tCH

tCLtCK

CKE

CLK

COMMAND

DQ

BA0, BA1 BANK

tRFC tMRD tRFC

AUTO REFRESH AUTO REFRESH Program Mode Register 2, 3, 4

tCMHtCMS

Precharge

all banks

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

tRP

(
)
(
)

(
)
(
)

tCKS

Power-up:

VDD and

CLK stable

T = 100µs
MIN

PRECHARGE NOP
AUTO

REFRESH NOP
LOAD MODE

REGISTER ACTIVENOP NOPNOP

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

AUTO
REFRESH

ALL

BANKS

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

High-Z

tCKH

(
)
(
)

(
)
(
)

DQM /     
DQML, DQMH

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

NOP

(
)
(
)

(
)
(
)

tCMHtCMS tCMHtCMS

A0-A9, A11 ROW 

tAHtAS

CODE 

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

A10 ROW 

tAHtAS

CODE 

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

ALL BANKS

SINGLE BANK

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

DON’T CARE

T0 T1 Tn + 1 To + 1 Tp + 1 Tp + 2 Tp + 3

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tMRD3 2 2  2 2 tCK
tRFC 60 66 66 70 ns
tRP 18 15 20 20 ns

* CAS latency indicated in parentheses.

NOTE: 1. If  CS# is HIGH at  clock HIGH t ime, all commands applied are NOP.
2. The mode register may be loaded prior to the AUTO REFRESH cycles if  desired.
3. JEDEC and PC100 specif y three clocks.
4. Outputs are guaranteed High-Z af ter command is issued.
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64M b: x4, x8, x16
SDRAM

NOTE: 1. Violat ing ref resh requirements during power-down may result  in a loss of  data.

POWER-DOWN M ODE 1

tCH

tCLtCK

Two clock cycles

CKE

CLK

DQ

All banks idle, enter 
power-down mode

Precharge all
act ive banks

Input  buf fers gated of f  while in 

power-down mode

Exit  power-down mode

(
)
(
)

(
)
(
)

DON’T CARE

tCKS tCKS

COMMAND

tCMHtCMS

PRECHARGE NOP NOP ACTIVENOP

(
)
(
)

(
)
(
)

All banks idle

BA0, BA1 BANKBANK(S)

(
)
(
)

(
)
(
)

High-Z

tAHtAS

tCKHtCKS

DQM /     
DQML, DQMH

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

A0-A9, A11 ROW 

(
)
(
)

(
)
(
)

ALL BANKS

SINGLE BANK

A10 ROW 

(
)
(
)

(
)
(
)

T0 T1 T2 Tn + 1 Tn + 2

tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns
tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns

* CAS latency indicated in parentheses.

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
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64M b: x4, x8, x16
SDRAM

CLOCK SUSPEND M ODE 1

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAC(3) 5.5 5.4 5.4 6 ns
tAC(2) – 5.4 6 6 ns
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tDH 1 0.8 0.8 1 ns
tDS 1.5 1.5 1.5 2 ns
tHZ(3) 5.5 5.4 5.4 6 ns
tHZ(2) – 5.4 6 7 ns
tLZ 1 1 1 1 ns
tOH 2 3 3 3 ns

* CAS latency indicated in parentheses.

tCH

tCLtCK

tAC

tLZ

DQM /     
DQML, DQMH

CLK

A0-A9, A11

DQ

BA0, BA1

A10

tOH

DOUT m

tAHtAS

tAHtAS

tAHtAS

BANK

tDH

DIN e

tAC

tHZ

DOUT m + 1

COMMAND

tCMHtCMS

NOPNOP NOP NOPNOPREAD WRITE

DON’T CARE

UNDEFINED

CKE

tCKS tCKH

BANK

COLUMN m

tDS

DIN e + 1

NOP

tCKHtCKS

tCMHtCMS

2 COLUMN e2

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9

NOTE: 1. For this example, the burst  length = 2, the CAS latency = 3, and auto precharge is disabled.
2. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”
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64M b: x4, x8, x16
SDRAM

AUTO REFRESH M ODE

tCH

tCL

tCK

CKE

CLK

DQ

tRFC1

(
)
(
)

(
)
(
)

(
)
(
)

tRP

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

COMMAND

tCMHtCMS

NOPNOP

(
)
(
)

(
)
(
)

BANK

ACTIVE
AUTO

 REFRESH

(
)
(
)

(
)
(
)

NOPNOPPRECHARGE

Precharge all 

act ive banks

AUTO
 REFRESH

tRFC1

High-Z

BA0, BA1 BANK(S)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

tAHtAS

tCKHtCKS

(
)
(
)

NOP

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

DQM /     
DQML, DQMH

A0-A9, A11 ROW 

(
)
(
)

(
)
(
)

ALL BANKS

SINGLE BANK

A10 ROW 

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

T0 T1 T2 Tn + 1 To + 1

DON’T CARE

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns

* CAS latency indicated in parentheses.

tCKH 1 0.8 0.8 1 ns
tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tRFC 60 66 66 70 ns
tRP 18 15 20 20 ns

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

NOTE: 1. Each AUTO REFRESH command performs a ref resh cycle. Back-to-back commands are not  required.
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64M b: x4, x8, x16
SDRAM

SELF REFRESH M ODE

tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tRAS 42 120,000 37 120,000 44 120,000 50 120,000 ns
tRP 18 15 20 20 ns
tXSR 70 67 75 80 ns

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns

* CAS latency indicated in parentheses.

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

tCH

tCL

tCK

tRP

CKE

CLK

DQ

 

Enter self  ref resh modePrecharge all
act ive banks

tXSR
2

CLK stable prior to exit ing 
self  ref resh mode

Exit  self  ref resh mode
(Restart  ref resh t ime base)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

DON’T CARE

COMMAND

tCMHtCMS

AUTO
REFRESHPRECHARGE NOP NOP

or COMMAND
INHIBIT

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

BA0, BA1 BANK(S)

(
)
(
)

(
)
(
)

High-Z

tCKS

AHAS

AUTO
REFRESH

tRAS(MIN)1

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

tCKHtCKS

DQM/
DQML, DQMH

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

tt

A0-A9, A11

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

ALL BANKS

SINGLE BANK

A10

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

T0 T1 T2 Tn + 1 To + 1 To + 2
(
)
(
)

(
)
(
)

≥

NOTES: 1. No maximum t ime limit  for Self  Ref resh mode. tRAS(MAX) applies to non-Self  Ref resh mode.
2. tXSR requires minimum of  two clocks regardless of  f requency and t iming.
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64M b: x4, x8, x16
SDRAM

READ – WITHOUT AUTO PRECHARGE 1

ALL BANKS

tCH

tCLtCK

tAC

tLZ

tRP

tRAS

tRCD CAS Latency

tRC

tOH

DOUT m

tCMHtCMS

 

tAHtAS

tAHtAS

tAHtAS

ROW

ROW

BANK BANK(S) BANK 

ROW

ROW

BANK

tHZ

tOH

DOUT m+3

tAC

tOH

tAC

tOH

tAC

DOUT m+2DOUT m+1

tCMHtCMS

PRECHARGENOPNOP NOPACTIVE NOP READ NOP ACTIVE

DISABLE AUTO PRECHARGE SINGLE BANKS

DON’T CARE

UNDEFINED

COLUMN m2

tCKHtCKS

T0 T1 T2 T3 T4 T5 T6 T7 T8

DQM /   
DQML, DQMH

CKE

CLK

A0-A9, A11

DQ

BA0, BA1

A10

COMMAND

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAC(3) 5.5 5.4 5.4 6 ns
tAC(2) – 5.4 6 6 ns
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns
tCKS 1.5 1.5 1.5 2 ns

tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tHZ(3) 5.5 5.4 5.4 6 ns
tHZ(2) – 5.4 6 6 ns
tLZ 1 1 1 1 ns
tOH 2 3 3 3 ns
tRAS 42 120,000 37 120,000 44 120,000 50 120,000 ns
tRC 60 60 66 70 ns
tRCD 18 15 20 20 ns
tRP 18 15 20 20 ns

* CAS latency indicated in parentheses.

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

NOTE: 1. For this example, the burst  length = 4, the CAS latency = 2, and the READ burst  is followed by a “ manual”  PRECHARGE.
2. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”
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64M b: x4, x8, x16
SDRAM

READ – WITH AUTO PRECHARGE 1

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAC(3) 5.5 5.4 5.4 6 ns
tAC(2) – 5.4 6 6 ns
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns
tCKS 1.5 1.5 1.5 2 ns

tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tHZ(3) 5.5 5.4 5.4 6 ns
tHZ(2) – 5.4 6 6 ns
tLZ 1 1 1 1 ns
tOH 2 3 3 3 ns
tRAS 42 120,000 37 120,000 44 120,000 50 120,000 ns
tRC 60 60 66 70 ns
tRCD 18 15 20 20 ns
tRP 18 15 20 20 ns

ENABLE AUTO PRECHARGE

tCH

tCLtCK

tAC

tLZ

tRP

tRAS

tRCD CAS Latency

tRC

DQM /    
DQML, DQMH

CKE

CLK

A0-A9, A11

DQ

BA0, BA1

A10

tOH

DOUT m

tCMHtCMS

 

tAHtAS

tAHtAS

tAHtAS

ROW

ROW

BANK BANK 

ROW

ROW

BANK

DON’T CARE

UNDEFINED

tHZ

tOH

DOUT m + 3

tAC

tOH

tAC

tOH

tAC

DOUT m + 2DOUT m + 1

COMMAND

tCMHtCMS

NOPNOP NOPACTIVE NOP READ NOP ACTIVENOP

tCKHtCKS

COLUMN m 2

T0 T1 T2 T4T3 T5 T6 T7 T8

* CAS latency indicated in parentheses.

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

NOTE: 1. For this example, the burst  length = 4, and the CAS latency = 2.
2. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”
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64M b: x4, x8, x16
SDRAM

SINGLE READ – WITHOUT AUTO PRECHARGE 1

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAC(3) 5.5 5.4 5.4 6 ns
tAC(2) – 5.4 6 6 ns
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns
tCKS 1.5 1.5 1.5 2 ns

tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tHZ(3) 5.5 5.4 5.4 6 ns
tHZ(2) – 5.4 6 6 ns
tLZ 1 1 1 1 ns
tOH 2 3 3 3 ns
tRAS 42 120,000 37 120,000 44 120,000 50 120,000 ns
tRC 60 60 66 70 ns
tRCD 18 15 20 20 ns
tRP 18 15 20 20 ns

* CAS latency indicated in parentheses.

ALL BANKS

tCH

tCLtCK

tAC

tLZ

tRP

tRAS

tRCD CAS Latency

tRC

tOH

DOUT m

tCMHtCMS

 

tAHtAS

tAHtAS

tAHtAS

ROW

ROW

BANK BANK(S) BANK 

ROW

ROW

BANK

tHZ

tCMHtCMS

NOPNOP3NOP PRECHARGEACTIVE NOP READ ACTIVE NOP

DISABLE AUTO PRECHARGE SINGLE BANKS

COLUMN m2

tCKHtCKS

T0 T1 T2 T3 T4 T5 T6 T7 T8

DQM /   
DQML, DQMH

CKE

CLK

A0-A9, A11

DQ

BA0, BA1

A10

COMMAND

DON’T CARE

UNDEFINED

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

NOTE: 1. For this example, the burst  length = 1, the CAS latency = 2, and the READ burst  is followed by a “ manual”  PRECHARGE.
2. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”

3. PRECHARGE command not  allowed else tRAS would be violated.
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64M b: x4, x8, x16
SDRAM

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAC(3) 5.5 5.4 5.4 6 ns
tAC(2) – 5.4 6 6 ns
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns
tCKS 1.5 1.5 1.5 2 ns

tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tHZ(3) 5.5 5.4 5.4 6 ns
tHZ(2) – 5.4 6 6 ns
tLZ 1 1 1 1 ns
tOH 2 3 3 3 ns
tRAS 42 120,000 37 120,000 44 120,000 50 120,000 ns
tRC 60 60 66 70 ns
tRCD 18 15 20 20 ns
tRP 18 15 20 20 ns

* CAS latency indicated in parentheses.

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

NOTE: 1. For this example, the burst  length = 1, and the CAS latency = 2.
2. READ command not  allowed or tRAS would be violated.
3. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”

SINGLE READ – WITH AUTO PRECHARGE 1

ENABLE AUTO PRECHARGE

tCH

tCLtCK

tRPtRAS

tRCD CAS Latency

tRC

DQM /    
DQML, DQMU

CKE

CLK

A0-A9, A11

DQ

BA0, BA1

A10

tCMHtCMS

 

tAHtAS

tAHtAS

tAHtAS

ROW

ROW

BANK BANK 

ROW

ROW

BANK

DON’T CARE

UNDEFINED

tHZ

t OH

DOUT m 

tAC

COMMAND

tCMHtCMS

NOP2 READACTIVE NOP NOP2 ACTIVENOP

tCKHtCKS

COLUMN m3

T0 T1 T2 T4T3 T5 T6 T7 T8

NOP NOP
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64M b: x4, x8, x16
SDRAM

ALTERNATING BANK READ ACCESSES 1

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAC(3) 5.5 5.4 5.4 6 ns
tAC(2) – 5.4 6 6 ns
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns
tCKS 1.5 1.5 1.5 2 ns

tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tLZ 1 1 1 1 ns
tOH 2 3 3 3 ns
tRAS 42 120,000 37 120,000 44 120,000 50 120,000 ns
tRC 60 60 66 70 ns
tRCD 18 15 20 20 ns
tRP 18 15 20 20 ns
tRRD 12 14 15 20 ns

ENABLE AUTO PRECHARGE

tCH

tCLtCK

tAC

tLZ

DQM /    
DQML, DQMH

CLK

A0-A9, A11

DQ

BA0, BA1

A10

tOH

DOUT m

tCMHtCMS

 

tAHtAS

tAHtAS

tAHtAS

ROW

ROW

ROW

ROW

DON’T CARE

UNDEFINED

tOH

DOUT m + 3

tAC

tOH

tAC

tOH

tAC

DOUT m + 2DOUT m + 1

COMMAND

tCMH
tCMS

NOP NOPACTIVE NOP READ NOP ACTIVE

tOH

DOUT b

tAC tAC

READ

ENABLE AUTO PRECHARGE

ROW

ACTIVE

ROW

BANK 0 BANK 0 BANK 3 BANK 3 BANK 0 

CKE

tCKHtCKS

COLUMN m 2 COLUMN b 2

T0 T1 T2 T4T3 T5 T6 T7 T8

tRP - BANK 0

tRAS - BANK 0

tRCD - BANK 0 tRCD - BANK 0CAS Latency - BANK 0

tRCD - BANK 3 CAS Latency - BANK 3

t

t

RC - BANK 0

RRD

* CAS latency indicated in parentheses.

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

NOTE: 1. For this example, the burst  length = 4, and the CAS latency = 2.
2. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”
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64M b: x4, x8, x16
SDRAM

READ – FULL-PAGE BURST 1

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAC(3) 5.5 5.4 5.4 6 ns
tAC(2) – 5.4 6 6 ns
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns

tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tHZ(3) 5.5 5.4 5.4 6 ns
tHZ(2) – 5.4 6 6 ns
tLZ 1 1 1 1 ns
tOH 2 3 3 3 ns
tRCD 18 15 20 20 ns

tCH

tCL tCK

tAC

tLZ

tRCD CAS Latency

DQM /    
DQML, DQMH

CKE

CLK

A0-A9, A11

DQ

BA0, BA1

A10

tOH

DOUT m

tCMHtCMS

tAHtAS

tAHtAS

tAC

tOH

DOUT m+1

ROW

ROW

tHZ

tAC

tOH

DOUT m+1

tAC

tOH

DOUT m+2

tAC

tOH

DOUT m-1

tAC

tOH

DOUT m

Full-page burst  does not  self -terminate.
Can use BURST TERMINATE command.

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

Full page completed

3

  256 (x16) locat ions within same row
  512   (x8) locat ions within same row
1,024   (x4) locat ions within same row

COMMAND

tCMHtCMS

NOPNOP NOPACTIVE NOP READ NOP BURST TERMNOP NOP

(
)
(
)

(
)
(
)

NOP

(
)
(
)

(
)
(
)

tAHtAS

BANK

(
)
(
)

(
)
(
)

BANK

tCKHtCKS
(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

COLUMN m 2

T0 T1 T2 T4T3 T5 T6 Tn + 1 Tn + 2 Tn + 3 Tn + 4

DON’T CARE

UNDEFINED

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

* CAS latency indicated in parentheses.

NOTE: 1. For this example, the CAS latency = 2.
2. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”

3. Page lef t  open; no tRP.
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64M b: x4, x8, x16
SDRAM

READ – DQM  OPERATION 1

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAC(3) 5.5 5.4 5.4 6 ns
tAC(2) – 5.4 6 6 ns
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns

tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tHZ(3) 5.5 5.4 5.4 6 ns
tHZ(2) – 5.4 6 6 ns
tLZ 1 1 1 1 ns
tOH 2 3 3 3 ns
tRCD 18 15 20 20 ns

tCH

tCLtCK

tRCD CAS Latency 

DQM /    
DQML, DQMH

CKE

CLK

A0-A9, A11

DQ

BA0, BA1

A10

tCMS

 

ROW

BANK

ROW

BANK

tAC

LZ
DOUT m

tOH

DOUT m + 3DOUT m + 2
t

tHZ LZt

tCMH

COMMAND NOPNOP NOPACTIVE NOP READ NOPNOP NOP

tHZ

tAC tOH

tAC

tOH

tAHtAS

tCMS tCMH

tAHtAS

tAHtAS

tCKHtCKS

ENABLE AUTO PRECHARGE

DISABLE AUTO PRECHARGE

COLUMN m 2

T0 T1 T2 T4T3 T5 T6 T7 T8

DON’T CARE

UNDEFINED

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

* CAS latency indicated in parentheses.

NOTE: 1. For this example, the burst  length = 4, and the CAS latency = 2.
2. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”
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64M b: x4, x8, x16
SDRAM

WRITE – WITHOUT AUTO PRECHARGE 1

* CAS latency indicated in parentheses.

DISABLE AUTO PRECHARGE

ALL BANKS

tCH

tCLtCK

tRP

tRAS

tRCD

tRC

DQM /   
DQML, DQMH

CKE

CLK

A0-A9, A11

DQ

BA0, BA1

A10

tCMHtCMS

tAHtAS

ROW

ROW

BANK BANK BANK

ROW

ROW

BANK

t WR  

DIN m

tDHtDS

DIN m + 1 DIN m + 2 DIN m + 3

COMMAND

tCMHtCMS

NOPNOP NOPACTIVE NOP WRITE NOPPRECHARGE ACTIVE

tAHtAS

tAHtAS

tDHtDS tDHtDS tDHtDS

SINGLE BANK

tCKHtCKS

COLUMN m 3

2

T0 T1 T2 T4T3 T5 T6 T7 T8

DON’T CARE

NOTE: 1. For this example, the burst  length = 4, and the WRITE burst  is followed by a “ manual”  PRECHARGE.
2. 15ns is required between <DIN m> and the PRECHARGE command, regardless of  f requency.
3. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns
tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns

tCMS 1.5 1.5 1.5 2 ns
tDH 1 0.8 0.8 1 ns
tDS 1.5 1.5 1.5 2 ns
tRAS 42 120,000 37 120,000 44 120,000 50 120,000 ns
tRC 60 60 66 70 ns
tRCD 18 15 20 20 ns
tRP 18 15 20 20 ns
tWR 12 14 15 15 ns

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
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64M b: x4, x8, x16
SDRAM

WRITE – WITH AUTO PRECHARGE 1

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns
tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns

tCMS 1.5 1.5 1.5 2 ns
tDH 1 0.8 0.8 1 ns
tDS 1.5 1.5 1.5 2 ns
tRAS 42 120,000 37 120,000 44 120,000 50 120,000 ns
tRC 60 60 66 70 ns
tRCD 18 15 20 20 ns
tRP 18 15 20 20 ns
tWR 1 CLK 1 CLK 1 CLK 1 CLK –

+ 6ns + 7ns + 7.5ns + 7ns

ENABLE AUTO PRECHARGE

tCH

tCLtCK

tRP

tRAS

tRCD

tRC

DQM /    
DQML, DQMH

CKE

CLK

A0-A9, A11

DQ

BA0, BA1

A10

tCMHtCMS

tAHtAS

ROW

ROW

BANK BANK

ROW

ROW

BANK

tWR  

DIN m

tDHtDS

DIN m + 1 DIN m + 2 DIN m + 3

COMMAND

tCMHtCMS

NOPNOP NOPACTIVE NOP WRITE NOP ACTIVE

tAHtAS

tAHtAS

tDHtDS tDHtDS tDHtDS

tCKHtCKS

NOP NOP

COLUMN m 2

T0 T1 T2 T4T3 T5 T6 T7 T8 T9

DON’T CARE

* CAS latency indicated in parentheses.

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

NOTE: 1. For this example, the burst  length = 4.
2. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”
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64M b: x4, x8, x16
SDRAM

SINGLE WRITE – WITHOUT AUTO PRECHARGE 1

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns
tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns

tCMS 1.5 1.5 1.5 2 ns
tDH 1 0.8 0.8 1 ns
tDS 1.5 1.5 1.5 2 ns
tRAS 42 120,000 37 120,000 44 120,000 50 120,000 ns
tRC 60 60 66 70 ns
tRCD 18 15 20 20 ns
tRP 18 15 20 20 ns
tWR 12 14 15 15 ns

* CAS latency indicated in parentheses.

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

NOTE: 1. For this example, the burst  length = 1, and the WRITE burst  is followed by a “ manual”  PRECHARGE.
2. 15ns is required between <DIN m> and the PRECHARGE command, regardless of  f requency.
3. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”

4. PRECHARGE command not  allowed else tRAS would be violated.

DON’T CARE

DISABLE AUTO PRECHARGE

ALL BANKS

tCH

tCLtCK

tRP

tRAS

tRCD

tRC

DQM /   
DQML, DQMH

CKE

CLK

A0-A9, A11

DQ

BA0, BA1

A10

tCMHtCMS

tAHtAS

ROW

BANK 

ROW

ROW

BANK

t WR  

DIN m

tDHtDS

COMMAND

tCMHtCMS

ACTIVE NOP WRITE NOP4 NOP4 NOP

tAHtAS

tAHtAS

SINGLE BANK

tCKHtCKS

COLUMN m 3

2

T0 T1 T2 T4T3 T5 T6 T7 T8

PRECHARGE ACTIVE NOP

BANK BANK
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64M b: x4, x8, x16
SDRAM

ENABLE AUTO PRECHARGE

tCH

tCLtCK

tRP

tRAS

tRCD

tRC

DQM /    
DQML, DQMH

CKE

CLK

A0-A9, A11

DQ

BA0, BA1

A10

tCMHtCMS

tAHtAS

ROW

ROW

BANK BANK

ROW

ROW

BANK

tWR  

DIN m

COMMAND

tCMHtCMS

NOP3 NOP3 NOPACTIVE NOP3 WRITE NOPACTIVE

tAHtAS

tAHtAS

tDHtDS

tCKHtCKS

NOP NOP

COLUMN m 2

T0 T1 T2 T4T3 T5 T6 T7 T8 T9

DON’T CARE

SINGLE WRITE – WITH AUTO PRECHARGE 1

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns
tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns

tCMS 1.5 1.5 1.5 2 ns
tDH 1 0.8 0.8 1 ns
tDS 1.5 1.5 1.5 2 ns
tRAS 42 120,000 37 120,000 44 120,000 50 120,000 ns
tRC 60 60 66 70 ns
tRCD 18 15 20 20 ns
tRP 18 15 20 20 ns
tWR 1 CLK 1 CLK 1 CLK 1 CLK –

+ 6ns + 7ns + 7.5ns + 7ns

* CAS latency indicated in parentheses.

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

NOTE: 1. For this example, the burst  length = 1.
2. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”

3. WRITE command not  allowed else tRAS would be violated.
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64M b: x4, x8, x16
SDRAM

ALTERNATING BANK WRITE ACCESSES 1

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns
tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns

tDH 1 0.8 0.8 1 ns
tDS 1.5 1.5 1.5 2 ns
tRAS 42 120,000 37 120,000 44 120,000 50 120,000 ns
tRC 60 60 66 70 ns
tRCD 18 15 20 20 ns
tRP 18 15 20 20 ns
tRRD 12 14 15 20 ns
tWR 1 CLK 1 CLK 1 CLK 1 CLK –

+ 6ns + 7ns + 7.5ns + 7ns

DON’T CARE

tCH

tCLtCK
CLK

DQ DIN m

tDHtDS

DIN m + 1 DIN m + 2 DIN m + 3

COMMAND

tCMH
tCMS

NOP NOPACTIVE NOP WRITE NOP NOP ACTIVE

tDHtDS tDHtDS tDHtDS

ACTIVE WRITE

DIN b

tDHtDS

DIN b + 1 DIN b + 3

tDHtDS tDHtDS

ENABLE AUTO PRECHARGE

DQM /    
DQML, DQMH

A0-A9, A11

BA0, BA1

A10

tCMHtCMS

tAHtAS

tAHtAS

tAHtAS

ROW

ROW

ROW

ROW

ENABLE AUTO PRECHARGE

ROW

ROW

BANK 0 BANK 0 BANK 1 BANK 0 BANK 1 

CKE

tCKHtCKS

DIN b + 2

tDHtDS

COLUMN b 2COLUMN m 2

tRP - BANK 0

tRAS - BANK 0

tRCD - BANK 0 t

t

RCD - BANK 0tWR - BANK 0

WR - BANK 1tRCD - BANK 1

t

t

RC - BANK 0

RRD

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9

NOTE: 1. For this example, the burst  length = 4.
2. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

* CAS latency indicated in parentheses.
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64M b: x4, x8, x16
SDRAM

WRITE – FULL-PAGE BURST

tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tDH 1 0.8 0.8 1 ns
tDS 1.5 1.5 1.5 2 ns
tRCD 18 15 20 20 ns

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns

tCH

tCL tCK

tRCD

DQM /    
DQML, DQMH

CKE

CLK

A0-A9, A11

BA0, BA1

A10

tCMS

tAHtAS

tAHtAS

ROW

ROW

Full-page burst  does
not  self -terminate. Can 
use BURST TERMINATE 
command to stop.2, 3

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

Full page completed

COMMAND

tCMHtCMS

NOPNOP NOPACTIVE NOP WRITE BURST TERMNOP NOP

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

DQ DIN m

tDHtDS

DIN m + 1 DIN m + 2 DIN m + 3

tDHtDS tDHtDS tDHtDS

DIN m - 1

tDHtDS tDHtDS

tAHtAS

BANK

(
)
(
)

(
)
(
)

BANK

tCMH

tCKHtCKS

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

(
)
(
)

   256 (x16) locat ions within same row
   512   (x8) locat ions within same row
1,024   (x4) locat ions within same row

COLUMN m 1

T0 T1 T2 T3 T4 T5 Tn + 1 Tn + 2 Tn + 3

DON’T CARE

* CAS latency indicated in parentheses.

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

NOTE: 1. x16: A8, A9 and A11 = “ Don’t  Care”
x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”

2. tWR must  be sat isf ied prior to PRECHARGE command.
3. Page lef t  open; no tRP.
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64M b: x4, x8, x16
SDRAM

WRITE – DQM  OPERATION 1

tCKS 1.5 1.5 1.5 2 ns
tCMH 1 0.8 0.8 1 ns
tCMS 1.5 1.5 1.5 2 ns
tDH 1 0.8 0.8 1 ns
tDS 1.5 1.5 1.5 2 ns
tRCD 18 15 20 20 ns

TIM ING PARAM ETERS

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS
tAH 1 0.8 0.8 1 ns
tAS 1.5 1.5 1.5 2 ns
tCH 2.5 2.5 2.5 3 ns
tCL 2.5 2.5 2.5 3 ns
tCK(3) 6 7 7.5 8 ns
tCK(2) – 7.5 10 10 ns
tCKH 1 0.8 0.8 1 ns

DON’T CARE

tCH

tCLtCK

tRCD

DQM /    
DQML, DQMH

CKE

CLK

A0-A9, A11

DQ

BA0, BA1

A10

tCMS

tAHtAS

ROW

BANK

ROW

BANK

ENABLE AUTO PRECHARGE

DIN m + 3

tDHtDS

DIN m DIN m + 2

tCMH

COMMAND NOPNOP NOPACTIVE NOP WRITE NOPNOP

tCMS tCMH

tDHtDStDHtDS

tAHtAS

tAHtAS

DISABLE AUTO PRECHARGE

tCKHtCKS

COLUMN m 2

T0 T1 T2 T3 T4 T5 T6 T7

* CAS latency indicated in parentheses.

-6 -7E -75 -8E

SYM BOL* M IN M AX M IN M AX M IN M AX M IN M AX UNITS

NOTE: 1. For this example, the burst  length = 4.
2. x16: A8, A9 and A11 = “ Don’t  Care”

x8: A9 and A11 = “ Don’t  Care”
x4: A11 = “ Don’t  Care”
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64M b: x4, x8, x16
SDRAM

54-PIN PLASTIC TSOP (400 mil)

NOTE: 1. All dimensions in millimeters.
2. Package w idth and length do not  include mold prot rusion; allowable mold prot rusion is 0.25mm per side.

8000 S. Federal Way, P.O. Box 6, Boise, ID 83707-0006, Tel: 208-368-3900
E-mail: prodmktg@micron.com, Internet: http://w w w .micron.com, Customer Comment Line: 800-932-4992

Micron, the M logo, and the Micron logo are t rademarks of  Micron Technology, Inc.
All other t rademarks are the property of  their respect ive owners.

SEE DETAIL A

0.10 
+0.10
-0.05

0.15 
+0.03
-0.02

R 2X 1.00

R 2X 0.75

.80 TYP
.71

11.76 ±0.20

10.16 ±0.08

0.50 ±0.10

PIN #1 ID

DETAIL A

22.22 ±.08

.375 ±.075 TYP

1.2 MAX

0.10

0.25

0.80
TYP

2X 0.10

2.80

GAGE PLANE

PLATED LEAD FINISH: 90% Sn, 10% Pb OR 100%Sn 

PLASTIC PACKAGE MATERIAL: EPOXY NOVOLAC

PACKAGE WIDTH AND LENGTH DO NOT 
INCLUDE MOLD PROTRUSION. ALLOWABLE 
PROTRUSION IS 0.25 PER SIDE.
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