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1 Scope

This document defines the DDR2 SDRAM specification, including features, functionalities, AC
and DC characteristics, packages, and ball/signal assignments. The purpose of this Specification
is to define the minimum set of requirements for JEDEC-compliant 256 Mb through 4 Gb for x4,
x8, and x16 DDR2 SDRAM devices. This specification was created based on the DDR
specification (JESD79). Each aspect of the changes for DDR2 SDRAM operation were
considered and approved by committee ballot(s). The accumulation of these ballots were then
incorporated to prepare this JESD79-2 specification.
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2 Package ballout & addressing

21

DDR2 SDRAM package ballout

Variation DJ-z without support balls

Flzl=l=le[n|r[s]o]=]>]

(Top view: see balls through package)

L+ [ 2 [ s [afs]e] 7 [ 8 [ o
| Nnc | Neo | | N | NC
VDD NC VSS vssQ DQS | vDDQ
NC VSsQ DM DQS VssQ NC
vDDQ DQ1 vDDQ vDDQ DQO vDDQ
NC VSsQ DQ3 DQ2 VssQ NC
VDDL VREF VSS VSSDL CK VDD
CKE WE RAS CK oDT
| NC,BA2 | BAO BA1 CAS cs
A10/AP A1 A2 AO VDD
| vss A3 A5 A6 A4
A7 A9 A11 A8 VSS
| vbD A12 | NC, A14 NC, A15 | NC, A13
NC NC NC NC
Variation DM-z (x4/x8)
with support balls
1234567829
AOO+++++00
Variation DJ-z (x4/x8) B I 1111 ¢ 11 1
. C
without support balls D+ ++++—++++
1234567809 EQOO+++000
AOOO+++000 FOOO+++000
BOOO+++000 GOOO+++000
HOOO+++000
CO0OO0+++000 JOOO+++000
POOO+++000 K+O0O0+++000
©000 111809 , 988111883
(o] )
6300111882 NOOO+++00+
H+00++4+000 R 88rr1r88?
ROOO+++00+
1000 +++00+ T+ +++++++
K+00+++000 U+++++++++
LOOO+++00+ O Populated ball V4+++++++++
WOO+++++00

-+ Ball not populated

Figure 1 — DDR2 SDRAM x4 ballout using MO-207

zl<lel=l=][z[z]" x| [z]e[n][m]o]o |=]>]

Variation DM-z with support balls
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21

o |A]
3 B
g |c]
S |D
) [
5 |E
O _
= F
S |
N |G|
a H
2| H
S |J
©
5 LK
=[]
NOTE 1

DDR2 SDRAM package ballout (cont’d)

JEDEC Standard No. 79-2E

(Top view: see balls through package)

| 1 | 2 | 3 Ja|sle| 7 | s 9
| nc | n~Nc | | NC NC
VDD |NU/RDQS| VSS VSsQ DQS | VvDDQ
DQ6 | VvSsQ |DM/RDQS pas | vssa | Dpar
vDDQ | D@1 | vpDQ vDDQ | DQ0 | vDDQ
pa4 | vssa | Da3 D2 | vssa | Dpas
vbDL | VREF | vss vssDL | cK VDD
CKE WE RAS CK oDT
| NC,BA2 | BAO BA1 CAS cs
A10/AP A1 A2 A0 VDD
| vss A3 A5 A6 A4
A7 A9 A11 A8 VSS
| vbD A12 | NC,A14 NC, A15 | NC, A13
NC NC | NC NC

B1, B9, D1, D9 = NC for x4 organization per variation DJ-z.
NOTE 2 Pins B3 and A2 have identical capacitances as pins B7 and AS8.

S el el 1 Y e N B B EA AR B GAEES

Page 3

Variation DM-z with support balls

NOTE 3 For a Read, when enabled, strobe pair RDQS & RDQS are identical in function and timing to strobe pair DQS & DQS
and input data masking function is disabled.

NOTE 4 The function of DM or RDQS/RDQS is enabled by EMRS command.

NOTE 5 VDDL and VSSDL are power and ground for the DLL. It is recommended that they be isolated on the device from
VDD, VDDQ, VSS, and VSSQ. However as this is not required, users should refer to vendor data sheet for actual implementation

information.

Variation DJ-z (x4/x8)
without support balls

123456789
AQOOO+++000
BOOO+++000
CO0O0+++000
bOOO+++000
EOOO+++000
F+00+++000
CO0O0+++00+
H+00+++000
JOOO+++00+
K+00+++000
LOOO+++00+

O Populated ball
-+ Ball not populated

Variation DM-z (x4/x8)
with support balls

123456789
AOO+++++0

w
+
_I_

(@]

+
++++00000000000+++
+ bttt
+4tt++ 4

S<CHPITVZErX<IOTMMOU
0+++0+0+0+00000+
0+++00000000000+ +
+++++++ 4+
++++00000000000+ ++
0+++00000000000+ ++
0++++0+0+000000+++0

Figure 2 — DDR2 SDRAM x8 ballout using MO-207
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2 Package ballout & addressing (cont’d)
2.1 DDR2 SDRAM package ballout (cont’d)

(Top view: see balls through package)

L+ [ 2 [ 3 Jafsfe] 7 [ &8 [ o |

| Nnc | Nc | | Nnc | N | |A]

B

- C

'A|| VDD NC VSS VSSQ | UDQS | vDDQ | | D |

'B|| pat4 | vssa | ubm ubas | vssa | Dats | |E |
» |c|| voba | DQ9 | vbbQ vobQ | D@8 | vbbQ | |F|
8 |p|| bat2 | vssa | Dai1 pato | vssa | bat3 | |G|
s [e|[ vop NC VSS vésQ | LDQS | vDDQ | |H| %
S |F|| Dbas | vssa | LDM Lbos | vssa | ba7 | [J| &
5 |G|| vbpQ | D@t | vpbQ vobQ | DQo | vbpa | |k| 2
% | H | DQ4 vVSsQ DQ3 DQ2 VsSsQ DQ5 | | L | 'E
N |J|| vobL | VREF | vss vsSSDL |  CK vob | M| 2
5 [k] CKE WE RAS CK oot | [n] ¢
§ [L]|[Nc,BA2| BAO BAT CAS cs P| %
2 M| A10/AP | A1 A2 A0 vob | [R| 8

> |[N| | vss A3 A5 A6 A4 T

P A7 A9 A1 A8 vss | [u]

R| | vobD A12_ | NC, A14 NC, A15 | NC, A13 M

W

M

| N | NC NC NC | [AA]

NOTE VDDL and VSSDL are power and ground for the DLL. It is recommended that they be isolated on the device from VDD,
VDDQ, VSS, and VSSQ. However as this is not required, users should refer to vendor data sheet for actual implementation
information.

Variation DL-z (x16)
with support balls

Variation DK-z (x16) 123456789
. AOO+++++00
without support balls B++++++++—+
1234567809 C+++++++++
198211080 1858111888
°000+++000 FOOO+++000
CO00+++000 GOOO+++000
DOOO+++000 HOOO+++00O0
- S9s1T1888 888 Tiees
F (o] e
GoooiIIoog &ooo+++ooo
H 000+++000
Q00+++000 N+OO+++000
JOOO+++000 POOO+++00+
K+00+++000 R+00+++000
LOOO+++00+ TOOO+++00+
338111880 gggiises
N +++
P+00+++000 O Populated ball O 0
ROOO+++00+ + Ball not populated AAQO0+++++00

Figure 3 — DDR2 SDRAM x16 ballout using MO-207
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Variation AA without support balls

Flx]=]=le[|m[s]o]=]~]

DDR2 SDRAM package ballout (cont’d)

JEDEC Standard No. 79-2E

(Top view: see balls through package)

| 1 | 2 | 3 Ja|s|e| 7 | s 9
[ Nnc [ No ] [ ne Ne | [A]
| B |
| C|
1D |
VDD NC VSS vssQ DQS | vbDQ | | E |
NC VSsQ DM DQS vssQ NC | F
vDDQ DQ1 vDDQ vDDQ DQ0 | vDDQ | |G|
NC vSsQ DQ3 DQ2 vssQ NC | H
VDDL | VREF VSS VSSDL CK vDD | | J |
CKEO WE RAS CK OoDTO | | K|
NC, BA2 | BAO BA1 CAS Cs0 Ccst | |L|
CKE1 | A10/AP A1 A2 A0 VDD | | M|
VSS A3 A5 A6 A4 oDT1 | [N
AT A9 A11 A8 vss | | P
| vDD A12_ | NC, A14 NC, A15 | NC, A13 R
LT
A
LV
| Nc | NC NC NC | (W]

Page 5

Variation AD with support balls

NOTE This stacked ballot is intended for use only in stacked packages, and does not apply to any non-stacked package. This
document (JESD79-2) focuses on non-stacked single-die devices with a few exceptions like the stacked ballout diagrams in Figures

4,5,7,8and9.

Variation AA (x4/x8)
without support balls

123456789
AQOO+++000
BOOO+++000
CO0O0+++000
POOO+++000
EQOOO+++000
F+O00+++000
GOOO+++000
HOOO+++000
JOOO+++000
K+00+++4+000
LOOO+++00+

O Populated ball
-+ Ball not populated

Variation AD (x4/x8)
with support balls

123456789
AOO+++++00
B+++++++++
C+++++++++
Dt ++++++++
EQ00+++000
FOOO+++000
GO000+++000
HOOO+++000
JOOO+++000
K+00+++000
LOOO+++000
MOOO +++000
NOOO+++000
P+00+++000
ROOO+++00+
T+++++++++
Ut++++++++
V++++++4+4+
WOO+++++00

Figure 4 — Stacked/dual-die DDR2 SDRAM x4 ballout using MO-242
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2 Package ballout & addressing (cont’d)

21

DDR2 SDRAM package ballout (cont’d)

(Top view: see balls through package)

L+ | 2 | s Jalsfe] 7 | 8 | o |

[~ | nNe ] [ nc [ Nne | [A

| B |

1 C |

. 1D |

» |A|| VDD |NURDQS| VSS VSSQ DQS | vDDQ | | E |
8 |B| | D6 VSSQ | DM/RDQS DQS | vssQ | Dar | |F| =
% |c| | vbba DQ1 vDDQ vbDQ | DQ0 | vbba | |G| =
& [p|| bpa4 VSsQ DQ3 pa2 | vssa | pbas | [H| &
< |E| | vDDL | VREF VSs VSSDL CK voD | |J]| @
2 |F| CKEO WE RAS CK opTo | | K| %
; G| | NC,BA2 | BAO BA1 CAS €S0 cs1 | |L| 2
T |H|| CKE1 | A10AP A1 A2 A0 VoD | [M| §
2 | J]| [ vss A3 A5 A6 A4 oDT1 | [N | %
& K] A7 A9 A1 A8 vss | |P| =

L] [ vop A12 | NC,A14 NC, A15 | NC, A13 R

LT

LU |

|V

| Nc [ NC NC NC | |w

NOTE This stacked ballot is intended for use only in stacked packages, and does not apply to any non-stacked package. This
document (JESD79-2) focuses on non-stacked single-die devices with a few exceptions like the stacked ballout diagrams in Figures
4,5,7,8and9.

Variation AD (x4/x8)
with support balls

1234567829

A
Variation AA (x4/x8) B 22 Ii :||-_ i 122
without support balls c+++++++++
1234567809 D+++++++++
AQOOO+++000 EQOO+++000
BOOO+++000 FOOO+++000
CO0O0+++000 GOOO+++000
DOOO+++000 HOOO+++000
EOOO+++000 JOOO+++000
F+O0+++000 K+O00+++000
GCO0OO0+++000 LOOO+++000
HOOO+++000 MOOO+++000
JOOO+++000 NOOO+++000
K+O00+++000 P+O00+++000
LOOO+++00+ ROOO+++00+
CEETTITTET

Populated ball U4+

© Pop Ve 4+ttt 4+
-+ Ball not populated WOO+4+++4+00

Figure 5 — Stacked/dual-die DDR2 SDRAM x8 ballout using MO-242
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DDR2 SDRAM package ballout (cont’d)

JEDEC Standard No. 79-2E

(Top view: see balls through package)

L+ [ 2 [ 3 Jafsfe] 7 [ 8 [ o |
[ N | Ne ] [ ne [ Nne | [A]
| B |
- | C |
A|| VDD NC VSS VSSQ | UDQS | vDDQ | | D |
'B|| DQ14 | vssa | UDM ubQs | vssQ | DQ15 | | E |
» |C|| vbba | DQ9 | vbDQ vbbQ | DQ8 | vbbQ | | F |
% |D|| Dai2 | vssQ | DQ11 DQ10 | VvSsQ | DQ13 | |G|
5 |E|| VDD NC VSS vssQ | LDQS | vDDQ | | H |
& [F|| pas | vssa | Lbm Lbas | vssa | par | |J |
2 |G| | vbba | Dat vDDQ vbbQ | DQO | vbDQ | | K|
2 |H|| pba4 | vssQ | DQ3 DQ2 | VvSsQ | D@5 | | L |
2 ||| voDL | VREF VSS VSSDL | CK VDD | [ M|
< K] CKEO WE RAS CK ODTO | | N |
2 | L||[NCBA2 | BAO BA1 CAS cso cs1 | | P
& |M| CKE1 | A10/AP A1 A2 A0 vDD | |R|
N || _vss A3 A5 A6 A4 opT1 | | T|
P A7 A9 A11 A8 vss | | U]
R| | vobD A12_ | NC,A14 NC, A15 | NC, A13 M
W |
Y|
| N | NC NC NC | |Aa]

Page 7

Variation AC with support balls

NOTE This stacked ballot is intended for use only in stacked packages, and does not apply to any non-stacked package. This
document (JESD79-2) focuses on non-stacked single-die devices with a few exceptions like the stacked ballout diagrams in

Figures 4, 5,7, 8 and 9.

Variation AB (x16)

without support balls
123456789

AQOO0+++000
BOOO+++000
CO000+++000
bDOOO+++000
EQOO0O0+++000
FOOO+++000
GO000+++000
HOOO+++000
JOOO+++000
K+00+++000
LOOO+++000
MOOO+++000
NOOO+++000
P+00+++000
ROOO+++00+

O Populated ball
-+ Ball not populated

Variation AC (x16)

with support balls
123456

7 8 9
AOO+++++00
B+++-++++++
c+++++++++
DOOO+++000
EQOO+++000
FOOO+++000
GQ0O0+++000
HOOO+++000
JOOO+++000
KOOO+++000
LOOO+++000
MOOO+++000
N+OO+++000
POOO+++000
ROOO+++000
TOOO+++000
U+O0O+++00O0
VOOO+++00+
W+ +++++++
Y+++++++++
AOO+++++00

Figure 6 — Stacked/dual-die DDR2 SDRAM x16 ballout using MO-242
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2 Package ballout & addressing (cont’d)

21

Variation tbd without support balls

DDR2 SDRAM package ballout (cont’d)

(Top view: see balls through package)

Flx]=l=le[n|m[s]o]=]>]

L+ [ 2 | 3 Jalsle] 7 | 8 | o |
[~ | nNe ] [ nc [ nNe ] [A]
| B
1 C
1D
VDD NC VSS VSSQ DQS | vDDQ | | E |
NC vssQ DM DQS vSsQ NC | F
vDDQ DQ1 VDDQ VDDQ DQO vDDQ | | G
NC vSsQ DQ3 DQ2 vSsQ NC | H |
VDDL VREF VSS VSSDL CK VDD | [J |
CKEO WE RAS CK ODTO | | K|
NC, BA2 | BAO BA1 CAS €S0 Ccs1 | | L
CKE1 | A10/AP A1 A2 A0 VDD | [M
VSS A3 A5 A6 A4 ODT1 | | N|
NC, A15 A7 A9 A11 A8 vss | | P|
VDD A12 NC, A14 CS3 | NC,A13 | Cs2 | |R]
| T
U
| V]
| Nc [ NC NC NC | [w]

Variation tbd with support balls

NOTE This stacked ballot is intended for use only in stacked packages, and does not apply to any non-stacked package. This

document (JESD79-2) focuses on non-stacked single-die devices with a few exceptions like the stacked ballout diagrams in Figures

4,5,7,8and9.

Variation tbd (x4/x8)
without support balls

1234567829
AQOO+++000
BOOO+++000
CO0O0+++000
DPOOO+++000
EOOO+++000
F+O00+++000
GOOO0O+++000
HOOO+++000
JOOO+++000
KOOO+++000
LOOO+++000

O Populated ball
-+ Ball not populated

Variation tbd (x4/x8)
with support balls
12345673829

AOO+++++00
B+++++++++
C+++++++++
Dt ++++++++
EQ00+++000
FOOO+++000
G000+++000
HOOO+++000
JOOO+++000
K+00+++000
LOOO+++000
MOOO+++000
NOOO+++000
POOO+++000
ROOO+++000
T+++++++++
Ut++++++++
V+++++++++
WOO+++++00

Figure 7 — Quad-stacked/quad-die DDR2 SDRAM x4 ballout using MO-242
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Variation tbd without support balls

Flx]=]=le[|m[s]o]=]~]

DDR2 SDRAM package ballout (cont’d)

JEDEC Standard No. 79-2E

(Top view: see balls through package)

| 1 | 2 | 3 Ja|s|e| 7 | s 9
| nc | Nc ] | NC NC
VDD |NU/RDQS| VSS VSSQ DQS vDDQ
DQ6 VSSQ |DM/RDQS DQS VSSQ DQ7
vDDQ DQ1 vDDQ vDDQ DQO vDDQ
DQ4 VSSQ DQ3 DQ2 VSSQ DQ5
VDDL VREF VSS VSSDL CK VDD
CKEO WE RAS CK ODTO

NC, BA2 BAO BA1 CAS CcSo cs1
CKE1 A10/AP A1 A2 AO VDD
VSS A3 A5 A6 A4 ODT1
NC, A15 A7 A9 A11 A8 VSS
VDD A12 NC, A14 cSs3 NC, A13 cs2

| Nc | NC NC NC

zl<[ell=]olz[z]-]x]<[z]e[n[m][o]o]=]>]

Page 9

Variation tbd with support balls

NOTE This stacked ballot is intended for use only in stacked packages, and does not apply to any non-stacked package. This
document (JESD79-2) focuses on non-stacked single-die devices with a few exceptions like the stacked ballout diagrams in Figures

4,5,7,8and9.

Variation tbd (x4/x8)
without support balls

1234567829
AQOO+++000
BOOO+++000
CO0O0+++000
POOO+++000
EOOO0+++000
F+O00+++000
GOOO+++000
HOOO+++000
JOOO+++000
KOOO+++000
LOOO+++000

O Populated ball

-+ Ball not populated

Variation tbd (x4/x8)
with support balls

12345673809

AOO+++++00
B+++++++++
C+++++++++
Dt ++++++++
EQQO+++000
FOOO+++000
GO00+++000
HOOO+++000
JOOO+++000
K+00+++000
LOOO+++000
MOOO+++000
NOOO+++000
POOO+++000
ROOO+++000
T+++++++++
Ut+++++++++
V+tt+t++++++
WOO+++++00

Figure 8 — Quad-stacked/quad-die DDR2 SDRAM x8 ballout using MO-242
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2 Package ballout & addressing (cont’d)
2.1 DDR2 SDRAM package ballout (cont’d)

(Top view: see balls through package)

L+ [ 2 | 3 Jafsfe] 7 | & | o |

[ nc | Ne ] [ nc [ nNe | [A]

| B |

I 1 C |

A| | VDD NC VSS vSsQ | UDQS | vbDQ | |D |

'B| | DQ14 | vssQ | UDM ubQs | vssQ | DQ15 | | E |

» | C|| vbbQ | DQ9 | vDDQ vbbQ | DQ8 | vbbQ | | F
S |D|| pDa12 | vssQ | DQ11 DQ10 | vssQ | pba13 | |G| 2
s ||| voD NC VSS vssQq | [bas | vbbQ | [H| =
& |F|| pae | vssa | LDMm lbas | vssa | ba7r | [J| &
2 |c|| vbpa | Dat vDDQ vobQ | DQo | vbpQ | |K| @
2 |H|| Dpa4 | vssa DQ3 DQ2 | vssQ | D@5 | |L| %
2 |J] | _vbDL | VREF VsS VSSDL | CK vob | |[M| B
2 K| CKEO WE RAS CK obTo | [N| §
2 | L||NCBA2 | BAO BA1 CAS Cs0 Ccs1 | | P %
& |M|| CKE1 | A0/AP A1 A2 A0 voD | |[R]| =

N| | vss A3 A5 A6 A4 obT1 | | T|

P | | NC,A15 | A7 A9 A11 A8 vss | | U |

' R| | VDD A12 | NC,A14 CS3 | NC,A13| CS2 | |V

W |

Y|

| N | NC NC NC | [AA]

NOTE This stacked ballot is intended for use only in stacked packages, and does not apply to any non-stacked package. This
document (JESD79-2) focuses on non-stacked single-die devices with a few exceptions like the stacked ballout diagrams in
Figures 4, 5,7, 8 and 9.

Variation tbd (x16)

with support balls

Variation tbd (x16) 23456789

;
. AOO+++++00
without support balls B+++++++++
123456789 gggg+++ggg

+++

i dmma: ‘s8stiiess

FOOO+++000

CO000+++000 CO00+++000

DOOO+++000 HOOO+++000

3esrTress 588111888

GOOO+I+OOO LOOO+++000

MOOO+++000

1989 +++9000 N+OO+++000

»O000+++000 POOO+++000

K+00+++000 ROOO+++000

LOOO+++000 TOOO+++000

1900117828 1938111888

N O0+++00

OO0 +++000 O Populted bal B0 0 0
000+++000 —+ Ball not populated AMOO++++4+00

Figure 9 — Quad-stacked/quad-die DDR2 SDRAM x16 ballout using MO-242
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2 Package ballout & addressing (cont’d)

2.2 Quad-stacked/quad-die DDR2 SDRAM internal rank associations

1 VO'MOMO $0 |—es0
sDa‘'sod
ENlS
wa
£-000 100 H-sSA
$— VOMOMO S0 H—2s0
sDa‘'sod
ENOJIE S NTo)
na
€-000 100 (— tLlao
$— VO'MOMO S0 |—180
soa‘'soa
ENo NS
wa
€-000 100 H-ssA
$— VO'MOMO S0 H—0s0
sDa‘'sod
3XO - 03D
na
£-00a 100 (—o1do

DQO-3

DM

DQS,DQS

CK,CK,RAS,CAS,WE,An,BAn

Figure 10 — Quad-stacked/quad-die DDR2 SDRAM x4 rank association

DQO-7

DM/RDQS,RDQS

DQS,DQS

CK,CK,RAS,CAS,WE,An,BAn

YO'MOMO SO (€80
sDa‘'sod

IN0
SOAY'SOAY/NG
1-000 100 H-ssA
VO'MOMO SO H—2S0
sDA‘'sod

ENOJ L S NTo)
SOAY'SOAY/NG
1-000 100 —11ao
VYO'MOMO SO (— 180
soa‘'soa

ENo Ny
SOQY'SOAY/NG
1-000 100 H-sSA
VO'MOMO SO H— 080
sDA‘'sod

ENONE SN ENTe)
SOAY'SOAY/ING
1-000 1do —01do

Figure 11 — Quad-stacked/quad-die DDR2 SDRAM x8 rank association
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2 Package ballout & addressing (cont’d)
2.2 Quad-stacked/quad-die DDR2 SDRAM internal rank associations (cont’d)

DQO0-15
uUDQS,UDQS
o LDQS,LDQS
CK,CK,RAS,CAS,WE,An,BAn T T T ‘
v O < 7 MY T ¢ v | < WY B <
s BB SIEREBZIEERGIERES:S
(e} =) — |(§ g =) — |§ a =) — |5 g =) — |6
o g & ¥ ) g ¥ o g & ¥ o g & ¥
g a © g a © g a © g a ©
=) - =) - =) - =) -
= w = w = w = w
o 3] 13) o o O o O 13) o o O
| py I I I | | Py I T I |
T [ [ T | |
o o o w ~— ~ ~— o [7p] (32l
o ¥ O = ) a ¥4 o s 18]
o ) o 1)

Figure 12 — Quad-stacked/quad-die DDR2 SDRAM x16 rank association
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2 Package ballout & addressing (cont’d)

23

Input/output functional description

Table 1 — Ball descriptions

Symbol

Type

Function

CK, CK

Input

Clock: CK and CK are differential clock inputs. All address and control input signals are sampled on
the crossing of the positive edge of CK and negative edge of CK. Output (read) data is referenced to
the crossings of CK and CK (both directions of crossing).

CKE

Input

Clock Enable: CKE HIGH activates, and CKE LOW deactivates, internal clock signals and device
input buffers and output drivers. Taking CKE LOW provides Precharge Power-Down and Self
Refresh operation (all banks idle), or Active Power-Down (row Active in any bank). CKE is synchro-
nous for power down entry and exit, and for self refresh entry. CKE is asynchronous for self refresh
exit. After VREF has become stable during the power on and initialization sequence, it must be main-
tained for proper operation of the CKE receiver. For proper self-refresh entry and exit, VREF must be
maintained to this input. CKE must be maintained HIGH throughout read and write accesses. Input
buffers, excluding CK, CK, ODT and CKE are disabled during power-down. Input buffers, excluding
CKE, are disabled during self refresh.

Input

Chip Select: All commands are masked whenQ_S is registered HIGH. CS provides for external
Rank selection on systems with multiple Ranks. CS is considered part of the command code.

oDT

Input

On Die Termination: ODT (registered HIGH) enables termination resistance internal to the DDR2
SDRAM. When enabled, ODT is only applied to each DQ, DQS, DQS, RDQS, RDQS, and DM sig-
nal for_x4/x8 configurations. For x16 configuration ODT is applied to each DQ, UDQS/UDQS,
LDQS/LDQS, UDM, and LDM signal. The ODT pin will be ignored if the EMR(1) is programmed to
disable ODT.

RAS, CAS, WE

Input

Command Inputs: RAS, CAS and WE (along with ﬁ) define the command being entered.

DM
(UDM), (LDM)

Input

Input Data Mask: DM is an input mask signal for write data. Input data is masked when DM is sam-
pled HIGH coincident with that input data during a Write access. DM is sampled on both edges of
DQS. Although DM pins are input only, the DM loading matches the DQ and DQS loading. For x8
device, the function of DM or RDQS/RDQS is enabled by EMRS command to EMR(1).

BAO - BA2

Input

Bank Address Inputs: BAO - BA2 define to which bank an Active, Read, Write or Precharge com-
mand is being applied (For 256Mb and 512Mb, BA2 is not applied). Bank address also determines if
the mode register or one of the extended mode registers is to be accessed during a MRS or EMRS
command cycle.

A0 - A15

Input

Address Inputs: Provide the row address for Active commands and the column address and Auto
Precharge bit for Read/Write commands to select one location out of the memory array in the
respective bank. A10 is sampled during a Precharge command to determine whether the Precharge
applies to one bank (A10 LOW) or all banks (A10 HIGH). If only one bank is to be precharged, the
bank is selected by BAO - BA2. The address inputs also provide the op-code during MRS or EMRS
commands.

DQ

Input/Output

Data Input/ Output: Bi-directional data bus.

DQS, (DQS)
(UDQS), (UDQS)

(LDQS), (LDQS)
(RDQS), (RDQS)

Input/Output

Data Strobe: output with read data, input with write data. Edge-aligned with read data, centered in
write data. For the x16, LDQS corresponds to the data on DQ0-DQ7; UDQS corresponds to the data
on DQ8-DQ15. For the x8, an RDQS option using DM pin can be enabled via the EMR(1) to simplify
read timing. The data strobes DQS, LDQS, UDQS, and RDQS may be used in single ended mode
or paired with optional complementary signals DQS, LDQS, UDQS, and RDQS to provide differen-
tial pair signaling to the system during both reads and writes. A control bit at EMR(1)[A10] enables
or disables all complementary data strobe signals.
In this data sheet, "differential DQS signals" refers to any of the following with EMR(1)[A10] =0

x4 DQS/DQS

x8 DQS/DQS

x8 DQS/DQS, RDQS/RDQS,

x16 LDQS/LDQS and UDQS/UDQS

"single-ended DQS signals" refers to any of the following with EMR(1)[A10] = 1

x4 DQS

x8 DQS ifEMR(1)[A11]=0

x8 DQS,RDQS,  if EMR(1)[A11]=1

x16 LDQS and UDQS

if EMR(1)[A11]=0
if EMR(1)[A11] = 1

NC

No Connect: No internal electrical connection is present.

Vbba

Supply

DQ Power Supply: 1.8V +/-0.1V

Vssa

Supply

DQ Ground
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2 Package ballout & addressing (cont’d)

2.3 Input/output functional description (cont’d)

Table 1 — Ball descriptions (cont’d)

Symbol Type Function
VppL Supply DLL Power Supply: 1.8V +/- 0.1V
VsspL Supply DLL Ground
Vop Supply Power Supply: 1.8V +/- 0.1V
Vss Supply Ground
VRer Supply Reference voltage

2.4 DDR2 SDRAM addressing

Table 2 — 256 Mb addressing

Configuration 64 Mb x 4 32 Mb x 8 16 Mb x 16
# of Banks 4 4 4
Bank Address BAO, BA1 BAO, BA1 BAO, BA1
Auto precharge A10/AP A10/AP A10/AP
Row Address A0 - A12 A0 - A12 A0 - A12
Column Address A0 - A9, A1 A0 - A9 A0 - A8
Page size"! 1 KB 1 KB 1 KB

Table 3 — 512 Mb addressing

Configuration 128 Mb x 4 64 Mb x 8 32 Mb x 16
# of Banks 4 4 4
Bank Address BAO, BA1 BAO, BA1 BAO, BA1
Auto precharge A10/AP A10/AP A10/AP
Row Address A0 - A13 AO - A13 A0 - A12
Column Address A0 - A9, A1 A0 - A9 A0 - A9
Page size ! 1KB 1KB 2 KB

Table 4 — 1 Gb addressing

Configuration 256 Mb x 4 128 Mb x 8 64 Mb x 16
# of Banks 8 8 8
Bank Address BAO - BA2 BAO - BA2 BAO - BA2
Auto precharge A10/AP A10/AP A10/AP
Row Address A0 - A13 A0 - A13 A0 - A12
Column Address A0 - A9, A11 A0 - A9 A0 - A9
Page size ™! 1KB 1KB 2 KB

Table 5 — 2 Gb addressing

Configuration 512 Mb x 4 256 Mb x 8 128 Mb x 16
# of Banks 8 8 8
Bank Address BAO - BA2 BAO - BA2 BAO - BA2
Auto precharge A10/AP A10/AP A10/AP
Row Address A0 - A14 A0 - A14 A0 - A13
Column Address A0 - A9, A11 A0 - A9 A0 - A9
Page size ™! 1KB 1KB 2 KB
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2 Package ballout & addressing (cont’d)
2.4 DDR2 SDRAM addressing (cont’d)
Table 6 — 4 Gb addressing
Configuration 1Gb x 4 512 Mb x 8 256 Mb x 16
# of Banks 8 8 8
Bank Address BAO - BA2 BAO -BA2 BAO - BA2
Auto precharge A10/AP A10/AP A10/AP
Row Address A0 -A15 A0 - A15 AO - A14
Column Address A0 - A9, A1 A0 - A9 A0 - A9
Page size "1 1 KB 1KB 2KB

where

COLBITS = the number of column address bits
ORG = the number of I/O (DQ) bits

NOTE 1 Page size is the number of bytes of data delivered from the array to the internal sense amplifiers
when an ACTIVE command is registered. Page size is per bank, calculated as follows:

page size =2 COLBITS y ORG = 8
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3 Functional Description

3.1 Simplified state diagram

Initialization

OCD Sequence
calibration

i o

<f\\mm CKEH
EMRS All banks REF » Refreshing
N | & |
<

P\ precharge

Setting
MR,EMR(1)
EMR(2)
EMR(3)

CKEL

— AUtOMatic Sequence
CKEL ——» Command Sequence
Active
Power
Down
Bank
Active
RD CKEL = CKE LOW, enter Power Down

CKEH = CKE HIGH, exit Power Down, exit Self Refresh
ACT = Activate

WR(A) = Write (with Autoprecharge)

RD(A) = Read (with Autoprecharge)

PR(A) = Precharge (All)

(E)MRS = (Extended) Mode Register Set

SRF = Enter Self Refresh

REF = Refresh

» Reading

Writing
with
Autoprecharge,

NOTE Use caution with this diagram. It is intended to provide a floorplan of the possible state transitions and the commands to contrql
them, not all details. In particular situations involving more than one bank, enabling/disabling on-die termination, Power Down
entry/exit, timing restrictions during state transitions, among other things, are not captured in full detail.

Figure 13 — DDR2 SDRAM simplified state diagram

3.2 Basic functionality

Read and write accesses to the DDR2 SDRAM are burst oriented; accesses start at a selected location and continue
for a burst length of four or eight in a programmed sequence. Accesses begin with the registration of an Active
command, which is then followed by a Read or Write command. The address bits registered coincident with the
active command are used to select the bank and row to be accessed (BAO-BA2 select the bank; A0-A15 select the
row). The address bits registered coincident with the Read or Write command are used to select the starting column
location for the burst access and to determine if the auto precharge command is to be issued.

Prior to normal operation, the DDR2 SDRAM must be initialized. The following sections provide detailed
information covering device initialization, register definition, command descriptions and device operation.

3.3 Power-up and initialization

DDR2 SDRAMSs must be powered up and initialized in a predefined manner. Operational procedures other than those
specified may result in undefined operation.

For DDR2 SDRAMs, both bits BAO and BA1 must be decoded for Mode/Extended Mode Register Set (MRS/EMRS)
commands. Users must initialize all four Mode Registers. The registers may be initialized in any order.



JEDEC Standard No. 79-2E
Page 17

3 Functional Descripton (cont’d)
3.3 Power-up and initialization (cont’d)

3.3.1 Power-up and initialization sequence
The following sequence is required for Power-up and Initialization.

a) Either one of the following sequence is required for Power-up.

al) While applying power, attempt to maintain CKE below 0.2 x VDDQ and ODT"! at a LOW state (all other
inputs may be undefined.) The VDD voltage ramp time must be no greater than 200 ms from when VDD ramps
from 300 mV to VDD min; and during the VDD voltage ramp, |[VDD-VDDQ)| < 0.3 volts. Once the ramping of
the supply voltages is complete (when VDDQ crosses VDDQ min), the supply voltage specifications provided
in section 6, Table 16 Recommended DC operating conditions (SSTL _1.8), prevail.

- VDD, VDDL and VDDQ are driven from a single power converter output, AND

- VTT is limited to 0.95 V max, AND

- Vref tracks VDDQ/2, VREF must be within +/- 300 mV with respect to VDDQ/2 during supply ramp time.
- VDDQ > VREF must be met at all times.

a2) While applying power, attempt to maintain CKE below 0.2 x VDDQ and ODT"! at a LOW state, all other
inputs may be undefined, voltage levels at I/Os and outputs must be less than VDDQ during voltage ramp time
to avoid DRAM latch-up. During the ramping of the supply voltages, VDD > VDDL > VDDQ must be
maintained and is applicable to both AC and DC levels until the ramping of the supply voltages is complete,
which is when VDDQ crosses VDDQ min. Once the ramping of the supply voltages is complete, the supply
voltage specifications provided in section 6, Table 16 Recommended DC operating conditions (SSTL 1.8),
prevail.

- Apply VDD/VDDL before or at the same time as VDDQ.

- VDD/VDDL voltage ramp time must be no greater than 200 ms from when VDD ramps from 300 mV to
VDD min

- Apply VDDQ before or at the same time as VTT.

- The VDDQ voltage ramp time from when VDD min is achieved on VDD to when VDDQ min is achieved
on VDDQ must be no greater than 500 ms.
(Note: While VDD is ramping, current may be supplied from VDD through the DRAM to VDDQ.)

- Vref must track VDDQ/2, Vref must be within +/- 300 mv with respect to VDDQ/2 during supply ramp
time.

- VDDQ > VREF must be met at all times.

- Apply VTT.

- The VTT voltage ramp time from when VDDQ min is achieved on VDDQ to when VTT min is achieved on
VTT must be no greater than 500 ms.

b) Start clock and maintain stable condition.

¢) For the minimum of 200 us after stable power (VDD, VDDL, VDDQ, VREF and VTT are between their
minimum and maximum values as stated in section 6, Table 16 Recommended DC operating conditions
(SSTL_1.8)) and stable clock (CK, CK), then apply NOP or Deselect & take CKE HIGH.

d) Wait minimum of 400 ns then issue precharge all command. NOP or Deselect applied during 400 ns period.

e) Issue an EMRS command to EMR(2). (To issue EMRS command to EMR(2), provide LOW to BAO and BA2,
HIGH to BA1.)

f) Issue an EMRS command to EMR(3). (To issue EMRS command to EMR(3), provide LOW to BA2, HIGH to
BAO and BAL1.)

g) Issue EMRS to enable DLL. (To issue DLL Enable command, provide LOW to A0, HIGH to BAO and LOW to
BA1-BA2 and A13-A15. And A9=A8=A7=LOW must be used when issuing this command.)

h) Issue a Mode Register Set command for DLL reset.
(To issue DLL Reset command, provide HIGH to A8 and LOW to BA0-BA2, and A13-A15.)

i) Issue a precharge all command.
j) Issue 2 or more auto-refresh commands.

k) Issue a MRS command with LOW to A8 to initialize device operation. (i.e. to program operating parameters
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3.3 Power-up and initialization (cont’d)
3.3.1 Power-up and initialization sequence (cont’d)

without resetting the DLL.)

1) At least 200 clocks after step h, execute OCD Calibration (Off Chip Driver impedance adjustment).
If OCD calibration is not used, EMRS to EMR(1) to set OCD Calibration Default (A9=A8=A7=HIGH) followed
by EMRS to EMR(1) to exit OCD Calibration Mode (A9=A8=A7=LOW) must be issued with other operating
parameters of EMR(1).

m) The DDR2 SDRAM is now ready for normal operation.

*1: To guarantee ODT off, VREF must be valid and a LOW level must be applied to the ODT pin.

ﬁ%zmzmzmzmwwu P,

CKE ns I
MM@NMMMQMQM
400ns tMRD lMRD lRFC lMRD Follow OCD 1T
Flowchart
QQ min 200 Cycle QL o
DLL bLL ocp ocp
ENABLE RESET Default CAL. MODE

EXIT

Figure 14 — Initialization sequence after power-up

3.4 Programming the mode and extended mode registers

For application flexibility, burst length, burst type, CAS latency, DLL reset function, write recovery time (WR) are
user defined variables and must be programmed with a Mode Register Set (MRS) command. Additionally, DLL
disable function, driver impedance, additive CAS latency, ODT (On Die Termination), single-ended strobe, and OCD
(off chip driver impedance adjustment) are also user defined variables and must be programmed with an Extended
Mode Register Set (EMRS) command. Contents of the Mode Register (MR) or Extended Mode Registers (EMR(#))
can be altered by re-executing the MRS or EMRS Commands. Even if the user chooses to modify only a subset of the
MR or EMR(#) variables, all variables within the addressed register must be redefined when the MRS or EMRS
commands are issued.

MRS, EMRS and Reset DLL do not affect array contents, which means re-initialization including those can be
executed at any time after power-up without affecting array contents.

3.4.1 DDR2 SDRAM mode register (MR)

The mode register stores the data for controlling the various operating modes of DDR2 SDRAM. It controls CAS
latency, burst length, burst sequence, test mode, DLL reset, WR and various vendor specific options to make DDR2
SDRAM useful for various applications. The default value of the mode register is not defined, therefore the mode
register must be programmed during initialization for proper operation. The mode register is written by asserting
LOW on CS, RAS, CAS, WE, BAO and BA1, while controlling the state of address pins A0 - A15. The DDR2
SDRAM should be in all bank precharge state with CKE already HIGH prior to writing into the mode register. The
mode register set command cycle time (tMRD) is required to complete the write operation to the mode register. The
mode register contents can be changed using the same command and clock cycle requirements during normal
operation as long as all banks are in the precharge state. The mode register is divided into various fields depending on
functionality. Burst length is defined by A0 - A2 with options of 4 and 8 bit burst lengths. The burst length decodes
are compatible with DDR SDRAM. Burst address sequence type is defined by A3, CAS latency is defined by A4 -
A6. The DDR2 does not support half clock latency mode. A7 is used for test mode. A8 is used for DLL reset. A7
must be set to LOW for normal MRS operation. Write recovery time WR is defined by A9 - A11. Refer to the table
for specific codes.
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3.4 Programming the mode and extended mode registers (cont’d)
3.4.1 DDR2 SDRAM mode register (MR) (cont’d)
| BA2| BA1 | BAo [A1s~A1s] A12[an [ Ao] Ao As| A7 As | As | Ae| As| A2 | A1 | Ao Address Field
[ 0 oJo | o'[PD] WR [DLL| TM] CASLatency | BT | Burstlength | Mode Register
| ]
|
As | DLL Reset A7 mode A3 | Burst Type | BurstLength
0 No 0 Normal 0 Sequential A2 A1 Ao BL
Yes 1 Test 1 Interleave 0|1]0
0 1 1 8
v v
A12 Active power down | Write recovery for autoprecharge
exit time A1| Ato| As| WR(cycles) As| As| A4| CAS Latency
0 SFIaSt ex_'tt (use :XARD) 0 | 0 |0 | Reserved |*2 ofo]o Reserved
o
ow exit (use baRos) 0 0 1 2 2 ) 0|0 |1 Reserved
U m -
i 0|1 1]o0 3 EDE 5%8 0o|l11]0 2(Optional)
BA1] BAO MRS mode U I 4 e o\ 5| 0 | 1 | 1 |3(speed bin determined)
a4
0 0 MR 1 0 0 5 9 8 11010 4
0 |1 EMR(1) L o |1 6 1| 0 | 1 |5(speed bin determined)™
1 0 EMR(2) 1 1 0 Reserved . , *3
1 | 1 | 0 |6(speed bin determined)
1 1 EMR(3) 1 1 1 Reserved
1 1 1 Reserved

NOTE 1 BA2 and A13-A15 are reserved for future use and must be set to 0 when programming the MR.

NOTE 2 For DDR2-400/533, WR (write recovery for autoprecharge) min is determined by tCK max and WR max is determined
by tCK min. WR in clock cycles is calculated by dividing tWR (in ns) by tCK (in ns) and rounding up to the next integer
(WR[cycles] = RU{ tWR[ns] / tCK[ns] }, where RU stands for round up). For DDR2-667/800, WR min is determined by tCK(avg)
max and WR max is determined by tCK(avg) min. WR[cycles] = RU{ tWR[ns] / tCK(avg)[ns] }, where RU stands for round up.
The mode register must be programmed to this value. This is also used with tRP to determine tDAL.

NOTE 3 Speed bin determined. Not required on all speed bins.

Figure 15 — DDR2 SDRAM mode register set (MRS)

3.4.2 DDR2 SDRAM extended mode registers (EMR(#))

3.421 EMR(1)

The extended mode register(1) stores the data for enabling or disabling the DLL, output driver strength, additive
latency, ODT, DQS disable, OCD program, RDQS enable. The default value of the extended mode register(1) is not
defined, therefore the extended mode register(1) must be programmed during initialization for proper operation. The
extended mode register(1) is written by asserting LOW on CS, RAS, CAS, WE, HIGH on BAO and LOW on BA1,
while controlling the states of address pins A0 - A15. The DDR2 SDRAM should be in all bank precharge with CKE
already HIGH prior to writing into the extended mode register(1). The mode register set command cycle time
(tMRD) must be satisfied to complete the write operation to the extended mode register(1). Extended mode
register(1) contents can be changed using the same command and clock cycle requirements during normal operation
as long as all banks are in the precharge state. A0 is used for DLL enable or disable. A1 is used for enabling a reduced
strength output driver. A3 - A5 determines the additive latency, A7 - A9 are used for OCD control, A10 is used for
DQS disable and A11 is used for RDQS enable. A2 and A6 are used for ODT setting.
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3.4 Programming the mode and extended mode registers (cont’d)
3.4.2 DDR2 SDRAM extended mode registers (EMR(#)) (cont’d)

3.4.2.2 DLL enable/disable

The DLL must be enabled for normal operation. DLL enable is required during power-up and initialization, and upon
returning to normal operation after having the DLL disabled. The DLL is automatically disabled when entering self
refresh operation and is automatically re-enabled upon exit of self refresh operation. Any time the DLL is enabled
(and subsequently reset), 200 clock cycles must occur before a Read command can be issued to allow time for the
internal clock to be synchronized with the external clock. Failing to wait for synchronization to occur may result in a
violation of the tAC or tDQSCK parameters.

3.4.2.3 EMR(1) programming
Figure 16 shows the EMR(1) programming.
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3.4.2 DDR2 SDRAM extended mode registers (EMR(#)) (cont’d)
3.4.2.3 EMR(1) programming (cont’d)

[ BAJBA1[BAo [A15-A13 [ A2 [ At [ Ao [ Ao [ As [ A7 [ As [ As [ A4 [ As [ A2 [ A1 [ Ao |AddressField

NN

[0To] 1] of [Qof[RDQS] DQS| OCDprogram  [Rtt | Additivelatency | Rit | D.I.C [ DLL | Extended Mode Register
[
v A6| A2 Rt (NOMINAL) -
BA1| BAO| MRS mode 0 | o |oDT Disabled AG | LG EElEE
0 0 MR 0 1 75 O 0 Enable
0 1 EMR(1) 1 0 150 Q 1 Disable
1 0 EMR(2) 1 1 50 02 v
1 1 EMR(3) Output Driver
A1
Impedance Control
. ‘_’ 0 Full strength
A9 A8 A7, OCD Calibration Program Reduced strength
0] 0 0 |OCD Calibration mode exit; maintain setting
0] 0 1 |Drive(1) VA aal Al Add 3
5| A4| A3 iti t
0| 1| o |Drive(0) Five ~atency
] 0 0 ) 3 0|0 ]|O 0
Adjust mode o lo y 1
1] 1] 1 |OCD Calibration default ™ o1 o 2
0 | 1 1 3
. 1 0|0 4
| A12 | Qoff (Optional)’ o Py~
iona
0 Output buffer enabled (©p )
- 1 1 0 Reserved
1 Output buffer disabled
1 1 1 Reserved
1 A10 DQS
0 Enable
1 Disable
A1 __A10 Strobe Function Matrix
—» A11 | RDQS Enable™® (RDQS Enable) | (DQS Enable) | RpQs/DM RDQS DQs DQs
0 Disable 0 (Disable) 0 (Enable) DM Hi-z DQS DQS
1 Enable 0 (Disable) 1 (Disable) DM Hi-z DQS Hi-z
1 (Enable) 0 (Enable) RDQS RDQS DQS Das
1 (Enable) 1 (Disable) RDQS Hi-z DQS Hi-z

NOTE 1 BA2 and A13-A15 are reserved for future use and must be set to 0 when programming the EMR(1).

NOTE 2 Optional for DDR2-400/533/667, mandatory for DDR2-800.

NOTE 3 When Adjust mode is issued, AL from previously set value must be applied.

NOTE 4  After setting to default, OCD calibration mode needs to be exited by setting A9-A7 to 000. Refer to section 3.4.3 for
detailed information.

NOTE 5 Output disabled - DQs, DQSs, DQSs, RDQS, RDQS. This feature is used in conjunction with DIMM IDD measure-
ments when IDDQ is not desired to be included.

NOTE 6 IfRDQS is enabled, the DM function is disabled. RDQS is active for reads and don’t care for writes.

Figure 16 — EMR(1) programming
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3.4 Programming the mode and extended mode registers (cont’d)
3.4.2 DDR2 SDRAM extended mode registers (EMR(#)) (cont’d)

3.4.2.4 EMR(2)

The extended mode register(2) controls refresh related features. The default value of the extended mode register(2) is
not defined, therefore the extended mode register(2) must be programmed during initialization for proper operation.
The extended mode register(2) is written by asserting LOW on CS, RAS, CAS, WE, HIGH on BA1 and LOW on
BAO, while controlling the states of address pins A0 - A15. The DDR2 SDRAM should be in all bank precharge state
with CKE already HIGH prior to writing into the extended mode register(2). The mode register set command cycle
time (tMRD) must be satisfied to complete the write operation to the extended mode register(2). Mode register
contents can be changed using the same command and clock cycle requirements during normal operation as long as
all banks are in the precharge state.

3.4.2.5 EMR(2) programming
Figure 17 shows the EMR(2) programming.
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3.4.2 DDR2 SDRAM extended mode registers (EMR(#)) (cont’d)
3.4.2.5 EMR(2) programming (cont’d)

[BAJBA1[BAo [A1s-A13 [ A2 [ At [ Ao [ Ao [ As | A7 [ As [ As [ A« [ A3 [ A2 [ A1 | Ao |AddressField

e

| o1 1 | 0 | 0! | SRE | o1 |DCC*4 PASR*? | Extended Mode Register(2)
A7 High Temperature Self-Refresh Rate Enable
0 Disable
Enable (Optional)?
\J

BA1| BAO MRS mode -

o | o MR A3 | DCC Enable (Optional)™

0 1 EMR(1) 0 Disable

1 0 EMR(2) 1 Enable
1 1 EMR(3) v
\J

A2l a1l Ao Partial Array S(gh; :i?oe:;el)sh for 8 Banks a2l A1l Ao Partial Array ngp Eg::l?h for 4 Banks
0 0 0 Full array 0 0 0 Full array
01| O 1 Half Array(BA[2:0]=000,001,010&011) 0 0 1 Half Array(BA[1:0]=00&01)
0 1 0 Quarter Array(BA[2:0]=000&001) 0 1 0 Quarter Array(BA[1:0]=00)
0 1 1 1/8th array (BA[2:0] = 000) 0 1 1 Not defined
1 0 | O | 3/4array(BA[2:0]=010,011,100,101,110&111) 1 0 0 3/4 array(BA[1:0]=01, 10&11)
1 0 1 Half array(BA[2:0]=100,101,110&111) 1 0 1 Half array(BA[1:0]=10&11)
1 1 0 Quarter array(BA[2:0]=110&111) 1 1 0 Quarter array(BA[1:0]=11)
1 1 1 1/8th array(BA[2:0]=111) 1 1 1 Not defined

NOTE 1 BA2 and A4-A6, A8-A1S5 are reserved for future use and must be set to 0 when programming the EMR(2).

NOTE 2 As industry adoption of high temperature parts proceeds, users need to determine if a DRAM supports High Tempera-
ture Self-Refresh Rate Enable mode before attempting to use it in that mode. JEDEC standard DDR2 SDRAM Module user can
look at DDR2 SDRAM Module SPD field Byte 49 bit [0]. If the high temperature self-refresh mode is supported then controller
can set the EMR(2)[A7] bit to enable the self-refresh rate in case of higher than 85 °C temperature self-refresh operation. For the
loose part user, please refer to DRAM Manufacturer’s part number and data sheet to check the high temperature self-refresh rate
availability.

NOTE 3 Optional in DDR2 SDRAM. If PASR (Partial Array Self Refresh) is enabled, data located in areas of the array beyond
the specified address range will be lost if self refresh is entered. Data integrity will be maintained if tREF conditions are met and no
Self Refresh command is issued. If the PASR feature is not supported, EMR(2)[A0-A2] must be set to 000 when programming
EMR(2).

NOTE 4 Optional in DDR2 SDRAM. JEDEC standard DDR2 SDRAM may or may not have DCC (Duty Cycle Corrector)
implemented, and in some of the DRAMs implementing DCC, user may be given the controllability of DCC thru EMR(2)[A3] bit.
JEDEC standard DDR2 SDRAM users can look at manufacturer's data sheet to check if the DRAM part supports DCC controlla-
bility. If Optional DCC Controllability is supported, user may enable or disable the DCC by programming EMR(2)[A3] accord-
ingly. If the controllability feature is not supported, EMR(2)[A3] must be set to 0 when programming EMR(2).

Figure 17 — EMR(2) programming
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3.4 Programming the mode and extended mode registers (cont’d)
3.4.2 DDR2 SDRAM extended mode registers (EMR(#)) (cont’d)

3.4.2.6 EMR(3)

No function is defined in extended mode register(3). The default value of the extended mode register(3) is not
defined, therefore the extended mode register(3) must be programmed during initialization for proper operation.

3.4.2.7 EMR(3) programming

[BAJBA1[BAO [A1s-A13 [ A2 [ At [ Ao [ As [ As | A7 [ As [ As [ A« [ As | A2 [ A1 [ Ao |AddressField

b

1 | 1 | 0+ |Extended Mode Register(3)

| 0*1
NOTE 1 All bits in EMR(3) except BAO and BA1 are reserved for future use and must be set to 0 when programming the EMR(3).

Figure 18 — EMR(3) programming

3.4.3 Off-chip driver (OCD) impedance adjustment

DDR2 SDRAM supports driver calibration feature and the flow chart in Figure 19 is an example of sequence. Every
calibration mode command should be followed by “OCD calibration mode exit” before any other command being
issued. All MR should be programmed before entering OCD impedance adjustment and ODT (On Die Termination)

should be carefully controlled depending on system environment.

All MR shoud be programmed before entering OCD impedance adjustment and ODT should
be carefully controlled depending on system environment

. l | EMRS: OCD calibration mode exit }ﬁ‘i

EMRS: Drive(1) EMRS: Drive(0)
DQ & DQS HIGH; DQS LOW DQ & DQS LOW; DQS HIGH
ALL OK ALL OK
Test Test
Need Calibration Need Calibration
EMRS: OCD calibration mode exit EMRS: OCD calibration mode exit
EMRS : EMRS :
Enter Adjust Mode Enter Adjust Mode
BL=4 code input to all DQs BL=4 code input to all DQs

Inc, Dec, or NOP Inc, Dec, or NOP

EMRS: OCD calibration mode exit | v | EMRS: OCD calibration mode exit

| EMRS: OCD calibration mode exit |

|

End

Figure 19 — OCD impedance adjustment

3.4.3.1 Extended mode register for OCD impedance adjustment

OCD impedance adjustment can be done using the following EMRS mode. In drive mode all outputs are driven out
by DDR2 SDRAM and drive of RDQS is dependent on EMR bit enabling RDQS operation. In Drive(1) mode, all
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3.4.3 Off-chip driver (OCD) impedance adjustment (cont’d)
3.4.3.1 Extended mode register for OCD impedance adjustment (cont’d)

DQ, DQS (and RDQS) signals are driven HIGH and all DQS signals are driven LOW. In drive(0) mode, all DQ, DQS
(and RDQS) signals are driven LOW and all DQS signals are driven HIGH. In adjust mode, BL = 4 of operation code
data must be used. In case of OCD calibration default, output driver characteristics have a nominal impedance value
of 18 Q during nominal temperature and voltage conditions. Output driver characteristics for OCD calibration default
are specified in Tables 30 and 31. OCD applies only to normal full strength output drive setting defined by EMR(1)
and if reduced strength is set, OCD default output driver characteristics are not applicable. When OCD calibration
adjust mode is used, OCD default output driver characteristics are not applicable. After OCD calibration is completed
or driver strength is set to default, subsequent EMRS commands not intended to adjust OCD characteristics must
specify A9-A7 as '000' in order to maintain the default or calibrated value.

Table 7 — OCD drive mode program

A9 | A8 | A7 | Operation

OCD calibration mode exit

Drive(1) DQ, DQS, (RDQS) HIGH and DQS LOW
Drive(0) DQ, DQS, (RDQS) LOW and DQS HIGH
Adjust mode

OCD calibration default

-~ alO|lO| O
~ | O|~|O|O
OO~ |O

3.4.3.2 OCD impedance adjust

To adjust output driver impedance, controllers must issue the ADJUST EMRS command along with a 4bit burst code
to DDR2 SDRAM as in Table 8. For this operation, Burst Length has to be set to BL =4 via MRS command before
activating OCD and controllers must drive this burst code to all DQs at the same time. DTO in table 8 means all DQ
bits at bit time 0, DT1 at bit time 1, and so forth. The driver output impedance is adjusted for all DDR2 SDRAM DQs
simultaneously and after OCD calibration, all DQs and DQS’s of a given DDR2 SDRAM will be adjusted to the same
driver strength setting. The maximum step count for adjustment is 16 and when the limit is reached, further increment
or decrement code has no effect. The default setting may be any step within the 16 step range. When Adjust mode
command is issued, AL from previously set value must be applied.

Table 8 — OCD adjust mode program

4bit burst code inputs to all DQs Operation

Do D1 Dt2 Dt3 Pull-up driver strength Pull-down driver strength
0 0 0 0 NOP (No operation) NOP (No operation)
0 0 0 1 Increase by 1 step NOP
0 0 1 0 Decrease by 1 step NOP
0 1 0 0 NOP Increase by 1 step
1 0 0 0 NOP Decrease by 1 step
0 1 0 1 Increase by 1 step Increase by 1 step
0 1 1 0 Decrease by 1 step Increase by 1 step
1 0 0 1 Increase by 1 step Decrease by 1 step
1 0 1 0 Decrease by 1 step Decrease by 1 step

Other Combinations Reserved

For proper operation of adjust mode, WL =RL - 1 = AL + CL - 1 clocks and tDS/tDH should be met as shown in
Figure 20. For input data pattern for adjustment, DTO - DT3 is a fixed order and is not affected by burst type (i.e.,
sequential or interleave).
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3.4.3 Off-chip driver (OCD) impedance adjustment (cont’d)
3.4.3.2 OCD impedance adjust (cont’d)

OCD adjust mode OCD calibration mode exit
CMD —(EMRS Y nop NOP NOP NOP NOP EMRS NOP
& - ~ =
CK - _/\&_Sg_/\_
WL
T
DQS _in
. VnH(aC)7- (de \
DQ_In D10 D11 D12 D13
VIL(aC)X_ Vi(de,

DM 7))\ Y/

Figure 20 — OCD adjust mode

3.4.3.3 Drive mode

Drive mode, both Drive(1) and Drive(0), is used for controllers to measure DDR2 SDRAM Driver impedance. In this
mode, all outputs are driven out tOIT after “enter drive mode” command and all output drivers are turned-off tOIT
after “OCD calibration mode exit” command as shown in Figure 21..

Enter Drive mode OCD calibration mode exit

oM. s )—— wor )—— wor )——(wor )——(ams)—(__ -

CK - — - R
ok S
Hi-Z Hi-Z
382 DQS HIGH & DQS LOW for Drive(1), DQS LOW & DQS HIGH for %5(07—
DQs HIGH for Drive(1)
DQ DQs LOW for Drive(0)
- “—>
tOIT toOIT

Figure 21 — OCD drive mode
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3 Functional Descripton (cont’d)
3.4 Programming the mode and extended mode registers (cont’d)

3.4.4 ODT (on-die termination)

On Die Termination (ODT) is a feature that allows a DRAM to turn on/off termination resistance for each DQ,
DQS/DQS, RDQS/RDQS, and DM signal for x4/x8 configurations via the ODT control pin. For x16 configuration
ODT is applied to each DQ, UDQS/UDQS, LDQS/LDQS, UDM, and LDM signal via the ODT control pin. The
ODT feature is designed to improve signal integrity of the memory channel by allowing the DRAM controller to
independently turn on/off termination resistance for any or all DRAM devices.

The ODT function is supported for ACTIVE and STANDBY modes. ODT is turned off and not supported in SELF
REFRESH mode.

VDDQ VDDQ VDDQ
KSVM KSWZ \KSW?)
% Rval1 § Rval2 ; Rval3
G
DRAM Input
Input T T T Pin
Buffer . N
< Rval1 . Rval2 > Rval3
( swi ’ sw2 ( sw3
VssQ VssQ VssQ

Switch (sw1, sw2, sw3) is enabled by ODT pin.
Selection among sw1, sw2, and sw3 is determined by “Rtt (nominal)” in EMR.
Termination included on all DQs, DM, DQS, DQS, RDQS, and RDQS pins.

Figure 22 — Functional representation of ODT
3.4.5 ODT related timings

3.4.5.1 MRS command to ODT update delay

During normal operation the value of the effective termination resistance can be changed with an EMRS command.
The update of the Rtt setting is done between tMOD,min and tMOD,max, and CKE must remain HIGH for the entire
duration of tMOD window for proper operation. The timings are shown in the following timing diagram.
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3.4.5 ODT related timings (cont’d)
3.4.5.1 MRS command to ODT update delay (cont’d)

CMD

TRt |
CK— | |
oot \| JJi e
! ‘ tMOD, max ‘
tAOFD  [© > |
1tMOD, min |

Rit Old setting >< Updating >< New setting

1) EMRS command directed to EMR(1), which updates the information in EMR(1)[A6,A2], i.e. Rtt (Nominal).
2) “setting’ in this diagram is the Register and 1/0O setting, not what is measured from outside.

Figure 23 — ODT update delay timing - tMOD

However, to prevent any impedance glitch on the channel, the following conditions must be met.

- tAOFD must be met before issuing the EMRS command
- ODT must remain LOW for the entire duration of tMOD window, until tMOD,max is met

Now the ODT is ready for normal operation with the new setting, and the ODT signal may be raised again to turned
on the ODT. Following timing diagram shows the proper Rtt update procedure.

ESED AR /A0
CMD { EMRS _ NoP NGIP X:)( NOP D NOP )(:X NO
taon

tMoD, max

—--..,\

o

T aoFD

RTT Old setting } New setting

1) EMRS command directed to EMR(1), which updates the information in EMR(1)[A6,A2], i.e. Rtt (Nominal).
2) “setting’ in this diagram is what is measured from outside.

Figure 24 — ODT update delay timing - tMOD, as measured from outside
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3.4 Programming the mode and extended mode registers (cont’d)
3.4.5 ODT related timings (cont’d)

3.4.5.2 ODT On/Off timings

TO T1 T2 T3 T4 T5 T6
tIS
<P
CKE
tIs tIs
JH >
oDT e o L
P tAOFD
tAOND <
Internal
Term Res. | [ RTT v
tAON,min f tAOF,min —p|
‘ ‘ ‘ ‘ F\l ‘ %l %‘tAONlmax rT —» AtAOFl,max
Figure 25 — ODT timing for active/standby mode
TO T1 T2 T3 T4 T5 T6
CKi \»7ll¥ »74/\—/\»74, J\»,‘/w\»,,/ J\»,‘/¥ \»74/¥
CKE
tIs tIs
<4 <P
oDT 7 Vo
AL > tAO‘FPD,max
tAOFPD,min >
Internal R '
Term Res. : . T
t ONPD,ml < | | Ly L
woNPDmax|«——— > ||| | | [

Figure 26 — ODT timing for power-down mode
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3.4.5 ODT related timings (cont’d)
3.4.5.2 ODT On/Off timings (cont’d)

CKE

Entering Slow EXit Active Power Down Mode
or Precharge Power Down Mode.

| | | |
tIS
| r* | |

oDT Vi

tAOFD !

Internal
Term Res.

sl |

OoDT

| Active & Standby mode

Internal
Term Res.

Internal
Term Res:

oDT Vigac)

| |
| | < tAOI\*PDmax
| | | |

Internal

Term Res.

< N  fronD

| timings to be applied.

w Power Down mode
timings to be applied.

Active & Standby mode
timings to be applied.

Power Down mode
timings to be applied.

Figure 27 — ODT timing mode switch at entering power-down mode
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3.4.5 ODT related timings (cont’d)
3.4.5.2 ODT On/Off timings (cont’d)

CK—/] -
S
| L5 2
CKE Vin(ac)
| | I I | I | | |
‘ | ‘ | ‘ | ‘ I ‘ | I ‘ | ‘ | ‘ |
Exiting from Slow Active Power Down Mode
or Precharge Power Down Mode.
| | | | | | |
| usf
<
| | | { | | | |
Active & Standby mode obT ‘ ‘ Vi ‘ | ‘ ‘
timings to be applied. \ \ |, | tAOFD R \
I I I N | 4 |
Internal
Term Res. RTT B
| | | | | | |
| 'ﬁ | \ \
| 1 | | | | |
Power Down mode oDT WJ
. . . | | | | | |
timings to be applied. | | tAQFPDmax | |
| | | | | | |
Internal L
Term Res. RTT /\\ > —
| | | | | | |
tIS
\ | o | |
Active & Standby mode oDT | | Voo |
timings to be applied. ! ! ! ! | ! !
9 PP | | e ! tAOND o \
[ [ | | L I |
Internal 1 rTT
Term Res.
| | | | | | |
IS
| |l | |
| V(do) I I I | |
Power Down mode ODT —/
timings to be applied. ; } {AONPDmax| | | }
| | | | | 1 |
Internal /
Term Res. ‘ ‘ ‘ ‘ | . ‘ ‘ RTT ‘ ‘ ‘
| | | | | | |

Figure 28 — ODT timing mode switch at exiting power-down mode



JEDEC Standard No. 79-2E
Page 32

3 Functional description (cont’d)

3.5 Bank activate command

The Bank Activate command is issued by holding CAS and WE HIGH with CS and RAS LOW at the rising edge of
the clock. The bank addresses BAO- BA2 are used to select the desired bank. The row address A0 through A15 is
used to determine which row to activate in the selected bank. The Bank Activate command must be applied before
any Read or Write operation can be executed. Immediately after the bank active command, the DDR2 SDRAM can
accept a read or write command on the following clock cycle. If a Read/Write command is issued to a bank that has
not satisfied the tRCDmin specification, then additive latency must be programmed into the device to delay when the
Read/Write command is internally issued to the device. The additive latency value must be chosen to assure
tRCDmin is satisfied. Additive latencies of 0, 1, 2, 3, 4 and optionally 5 are supported. Once a bank has been
activated it must be precharged before another Bank Activate command can be applied to the same bank. The bank
active and precharge times are defined as tRAS and tRP, respectively. The minimum time interval between successive
Bank Activate commands to the same bank is determined by the RAS cycle time of the device (tg). The minimum

time interval between Bank Activate commands is tgrp.

In order to ensure that 8 bank devices do not exceed the instantaneous current supplying capability of 4 bank devices,
certain restrictions on operation of the 8 bank devices must be observed. There are two rules. One for restricting the
number of sequential ACT commands that can be issued and another for allowing more time for RAS precharge for a
Precharge All command. The rules are as follows:

+ 8 bank device Sequential Bank Activation Restriction : No more than 4 banks may be activated in a rolling tFAW
window. Converting to clocks is done by dividing tFAW[ns] by tCK[ns] or tCK(avg)[ns], depending on the speed bin,
and rounding up to next integer value. As an example of the rolling window, if RU{ (tFAW / tCK) } or RU{ (tFAW /
tCK(avg) } is 10 clocks, and an activate command is issued in clock N, no more than three further activate commands
may be issued at or between clock N+1 and N+9.

* 8 bank device Precharge All Allowance : tRP for a Precharge All command for an 8 Bank device will equal to tRP +
1 x tCK or tnRP + 1 x nCK, depending on the speed bin, where tnRP = RU{ tRP / tCK(avg) } and tRP is the value for
a single bank precharge.

s Y 0L mnﬂnﬂnﬂ‘

! Internal R K S-CAS delay >—tchmm)

Bank A Bank A Bank B Bank B \~ Bank A Bank B Bank A\~

ADDRESS <<Row Addr. >‘< Col. Addr. H Row Addr. >’< Col. Addr. /=" Addr. Addr. Row Addr.
| CAS-CAS delay time (tchL
tRCD =1 additive latency delay (AL)’

4R_AS - RAS delay time (>= tRRD

Bank A Bank A Bank B BankB_ Bank A Bank B Bank A
COMMAND< Activate >_< P%Ségﬁs Activate Post CAS """ Precharge Precharge Activate

[
\:, COH” or L N Bank Active (>= tgas) Bank Precharge time (>= tgp)
| —
RAS Cycle time (3= tyc) r
1’

Figure 29 — Bank activate command cycle: tRCD = 3, AL =2, tRP = 3, tRRD = 2, tCCD =2

| Read Begins | ‘ |

3.6 Read and write access modes

After a bank has been activated, a read or write cycle can be executed. This is accomplished by setting RAS HIGH,
CS and CAS LOW at the clock’s rising edge. WE must also be defined at this time to determine whether the access
cycle is a read operation (WE HIGH) or a write operation (WE LOW).

The DDR2 SDRAM provides a fast column access operation. A single Read or Write Command will initiate a serial
read or write operation on successive clock cycles. The boundary of the burst cycle is strictly restricted to specific
segments of the page length. For example, the 32 Mbit x 4 I/O x 4 Bank chip has a page length of 2048 bits (defined
by CA0-CA9, CA11). The page length of 2048 is divided into 512 or 256 uniquely addressable boundary segments
depending on burst length, 512 for 4 bit burst, 256 for 8 bit burst respectively. A 4-bit or 8-bit burst operation will
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3 Functional description (cont’d)
3.6 Read and write access modes (cont’d)

occur entirely within one of the 512 or 256 groups beginning with the column address supplied to the device during
the Read or Write Command (CA0-CA9, CA11). The second, third and fourth access will also occur within this
group segment, however, the burst order is a function of the starting address, and the burst sequence.

A new burst access must not interrupt the previous 4 bit burst operation in case of BL = 4 setting. However, in case of
BL = 8 setting, two cases of interrupt by a new burst access are allowed, one reads interrupted by a read, the other
writes interrupted by a write with 4 bit burst boundary respectively. The minimum CAS to CAS delay is defined by
tCCD, and is a minimum of 2 clocks for read or write cycles.

3.6.1 Posted CAS

Posted CAS operation is supported to make command and data bus efficient for sustainable bandwidths in DDR2
SDRAM. In this operation, the DDR2 SDRAM allows a CAS read or write command to be issued immediately after
the RAS bank activate command (or any time during the RAS-CAS-delay time, tRCD, period). The command is held
for the time of the Additive Latency (AL) before it is issued inside the device. The Read Latency (RL) is controlled
by the sum of AL and the CAS latency (CL). Therefore if a user chooses to issue a Read/Write command before the
tRCDmin, then AL (greater than 0) must be written into the EMR(1). The Write Latency (WL) is always defined as
RL - 1 (read latency -1) where read latency is defined as the sum of additive latency plus CAS latency (RL=AL+CL).
Read or Write operations using AL allow seamless bursts (refer to seamless operation timing diagram examples in
Read burst and Write burst section)

3.6.1.1 Examples of posted CAS operation

Examples of a read followed by a write to the same bank where AL =2 and where AL = 0 are shown in Figures 30
and 31, respectively.

CK/CK
1" I [ e - I " | |
| | I | | I | | | | | | | |
| | | I - | | | | | | |
CMD o8 : —{ e : : :
I | | I | _| | I | |
R | ;_A% | CL _| \ | | |
DQS/DQS : | . . 8 -
: . >=tRCD ! IbL : ' I
o .\'
| | I | | |

[AL=2and CL=3,RL=(AL+CL)=5, WL=(RL - 1) =4, BL = 4]

Figure 30 — Example 1: Read followed by a write to the same bank,
where AL=2and CL=3,RL=(AL+CL)=5 WL=(RL-1)=4,BL=4

A
RL IA|_\+|§L

AL=0and CL=3,RL = (AL +CL)=3, WL =(RL - 1)=2, BL = 4]
Figure 31 — Example 2: Read followed by a write to the same bank,
where AL=0and CL=3,RL=(AL+CL)=3,WL=(RL-1)=2,BL=4
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3 Functional description (cont’d)
3.6 Read and write access modes (cont’d)

3.6.2 Burst mode operation

Burst mode operation is used to provide a constant flow of data to memory locations (write cycle), or from memory
locations (read cycle). The parameters that define how the burst mode will operate are burst sequence and burst
length. DDR2 SDRAM supports 4 bit burst and 8 bit burst modes only. For 8 bit burst mode, full interleave address
ordering is supported, however, sequential address ordering is nibble based for ease of implementation. The burst
type, either sequential or interleaved, is programmable and defined by MR[A3], which is similar to the DDR
SDRAM operation. Seamless burst read or write operations are supported. Unlike DDR devices, interruption of a
burst read or write cycle during BL = 4 mode operation is prohibited. However in case of BL = 8 mode, interruption
of a burst read or write operation is limited to two cases, reads interrupted by a read, or writes interrupted by a write.
Therefore the Burst Stop command is not supported on DDR2 SDRAM devices.

Table 9 — Burst length and sequence

BL=4
Burst Length Starting Address (A1 AQ) Sequential Addressing (decimal) Interleave Addressing (decimal)
00 0,1,2,3 0,1,2,3
01 1,2,3,0 1,0,3,2
‘ 10 2,3,0,1 2,3,0,1
11 3,0,1,2 3,2,1,0
BL=8
Burst Length Starting Address (A2 A1 AO) Sequential Addressing (decimal) Interleave Addressing (decimal)
000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
001 1,2,3,0,5,6,7,4 1,0,3,2,5,4,7,6
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5
011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4
® 100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 5,6,7,4,1,2,3,0 5,4,7,6,1,0,3,2
110 6,7,4,5,2,3,0,1 6,7,4,5,2,3,0,1
111 7,4,5,6,3,0,1,2 7,6,54,3,2,1,0

NOTE Page size is a function of I/O organization and column addressing.
3.6.3 Burst read command

The Burst Read command is initiated by having CS and CAS LOW while holding RAS and WE HIGH at the rising
edge of the clock. The address inputs determine the starting column address for the burst. The delay from the start of
the command to when the data from the first cell appears on the outputs is equal to the value of the read latency (RL).
The data strobe output (DQS) is driven LOW one clock cycle before valid data (DQ) is driven onto the data bus. The
first bit of the burst is synchronized with the rising edge of the data strobe (DQS). Each subsequent data-out appears
on the DQ pin in phase with the DQS signal in a source synchronous manner. The RL is equal to an additive latency
(AL) plus CAS latency (CL). The CL is defined by the Mode Register (MR), similar to the existing SDR and DDR
SDRAMSs. The AL is defined by the Extended Mode Register(1)(EMR(1)).

DDR2 SDRAM pin timings are specified for either single ended mode or differential mode depending on the setting
of the EMR “Enable DQS” mode bit; timing advantages of differential mode are realized in system design. The
method by which the DDR2 SDRAM pin timings are measured is mode dependent. In single ended mode, timing
relationships are measured relative to the rising or falling edges of DQS crossing at VREF. In differential mode, these
timing relationships are measured relative to the crosspoint of DQS and its complement, DQS. This distinction in
timing methods is guaranteed by design and characterization. Note that when differential data strobe mode is disabled
via the EMR, the complementary pin, DQS, must be tied externally to VSS through a 20 Q to 10 kQ resistor to insure
proper operation.
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3.6 Read and write access modes (cont’d)
3.6.3 Burst read command (cont’d)

CK
DQS/DQS " as o
- tRPRE g
DQ
tbasamax
Figure 32 — Data output (read) timing

TO T1 T2 T3

CMD PoRfltEe/-(\jDCAA I>_< NOP I>—< NOP

|
|
DQS/DQ$ ; |
|

| I
| |
]
| S
| ' AL=2 | | ) |
| ' | ' | RL=S |
DQs S I R
| | ' | l |
I I I : I
Figure 33 — Burst read operation: RL =5 (AL=2, CL =3, BL =4)
oo T T3
|\_ _/: |\_ _II |\_ J |\_
CMD< READA>—< NOP >—-< NOP >—< NOP >—< NOP >—< NOP >—-< NOP >—< NOP >—< NOP >
T
' ' - — = AYAE ) AV [ T\ / T \ '
DQS/DQ§ ! | ! |J ' |'/ ! | ! | ! | [ | y ' | '
| : | : |\———L———1 o v ——ﬁj Q\——TfL Q\——Tj : | :
| : | cL=3 | : | : | : | : | : | : | :
! : | RL=3 | : | : l : : l : l : | :
DQs | ' | , | , |<OWMXWWMXWWMXWWMXWWNXWW%XWW%XWWM>——L——7———4
| I , | . ' ' ' . '

Figure 34 — Burst read operation: RL=3 (AL=0and CL =3, BL =8)
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3.6 Read and write access modes (cont’d)
3.6.3 Burst read command (cont’d)

Tn-1 Tn Tn+1 Tn+2 Tn+3 Tn+4 Tn+5

A I Y I I Y I Y I I I = I = I Y /
oKTK | /III/\/I/I/I/I
(. J. (. ) A J. (. - (. -y (. - (. - (. - v -y

l Post CAS l

NOP WRITEA>_< NOP >—< NOP >—< NOP >—< NOP >—< NOP }

| trTw (Read tg Write turn arojind t|me)

|

X | : |1——:——| - 4 + == r /
mesSEstigdsnats

| .

|

|

|

|

_ |
DQS/DQS‘
I | wl=RL-1=4 ' |
X : | | ' . | : |
DQ’s

| | |

I I : . I . '
| . I | ' :

| | DOUTAG DOUTA | DOUT Az DOUT Ay DINAy DINA DINA, DINAy
| I | |

| | | |

Figure 35 — Burst read followed by burst wrlte: RL = 5, WL = (RL-1) =4, BL =4

The minimum time from the burst read command to the burst write command is defined by a read-to-write-turn-
around-time, which is 4 clocks in case of BL = 4 operation, 6 clocks in case of BL = 8 operation.

TO T T2 T3 T4 T5 T6 T7 T8

e TIL It j/L ) IL ) IL ) IL ) IL ) IL )

Post CAS Post CAS: :
CMD«<READA>—< NOP >_<READB>_< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >»

DQS/DAQ% :\r _i__I\L J\\r / \ VL I\\r 1I/L \\

|
: | : 1 : | :
' |< DOUTA, X DOUTA, | DOUTA, >< DOUTA, >< DOUT, X DOUT, X DOUT, >
: | ' I : | : I :
| I ' I f ' :

DQs

| |

| I |
: | I |
I T E | o AR |
I I I Z T RL= I | |
| ' | ' | ' | |
| | I | |
| | | | |
Figure 36 — Seamless burst read operation: RL =5, AL = 2, and CL=3,BL=4

The seamless burst read operation is supported by enabling a read command at every other clock for BL = 4
operation, and every 4 clock for BL = 8 operation. This operation is allowed regardless of same or different banks as
long as the banks are activated.

3.6.3.1 Reads interrupted by a read

Burst read can only be interrupted by another read with 4 bit burst boundary. Any other case of read interrupt is not
allowed.
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3.6.3 Burst read command (cont’d)
3.6.3.1 Reads interrupted by a read (cont’d)

oniok <X XX XA XX XX XX XX XX XX XX
~ ~ A ~ ~ ~ ~ ~ ~— o _/
| | | | | | | | | |
i é I ! ] ! i i | b
cmD { Read A NOP Read B NOP NOP N?P ITOP NOP NOP NOP
| | ! | [ | | |
| | | | | |

= /—-\l /--\| /--\l /--\| /——\l ~

DQS/DQS
~ ~ ~ ~ — (R — |
DQs

|

|

| | | | |

| l | |

I o) a1 X a2 X a3 X 80X B1 X B2) B3 X B4 XB5 X B6 XB7 )

| | |
| | |
| | |
| | |
| I |

NOTE 1 Read burst interrupt function is only allowed on burst of 8. Burst interrupt of 4 is prohibited.

NOTE 2 Read burst of 8 can only be interrupted by another Read command. Read burst interruption by Write command or Precharge
command is prohibited.

NOTE 3 Read burst interrupt must occur exactly two clocks after previous Read command. Any other Read burst interrupt timings are
prohibited.

NOTE 4 Read burst interruption is allowed to any bank inside DRAM.

NOTE 5 Read burst with Auto Precharge enabled is not allowed to interrupt.

NOTE 6 Read burst interruption is allowed by another Read with Auto Precharge command.

NOTE 7 All command timings are referenced to burst length set in the mode register. They are not referenced to actual burst. For
example, Minimum Read to Precharge timing is AL + BL/2 where BL is the burst length set in the mode register and not the actual burst
(which is shorter because of interrupt).

Figure 37 — Read burst interrupt timing example: (CL=3, AL=0, RL=3, BL=8)

3.6.4 Burst write operation

The Burst Write command is initiated by having CS, CAS and WE LOW while holding RAS HIGH at the rising edge
of the clock. The address inputs determine the starting column address. Write latency (WL) is defined by a read
latency (RL) minus one and is equal to (AL + CL -1); and is the number of clocks of delay that are required from the
time the write command is registered to the clock edge associated to the first DQS strobe. A data strobe signal (DQS)
should be driven LOW (preamble) nominally half clock prior to the WL. The first data bit of the burst cycle must be
applied to the DQ pins at the first rising edge of the DQS following the preamble. The tDQSS specification must be
satisfied for each positive DQS transition to its associated clock edge during write cycles. The subsequent burst bit
data are issued on successive edges of the DQS until the burst length is completed, which is 4 or 8 bit burst. When the
burst has finished, any additional data supplied to the DQ pins will be ignored. The DQ Signal is ignored after the
burst write operation is complete. The time from the completion of the burst write to bank precharge is the write
recovery time (WR).

DDR2 SDRAM pin timings are specified for either single ended mode or differential mode depending on the setting
of the EMR “Enable DQS” mode bit; timing advantages of differential mode are realized in system design. The
method by which the DDR2 SDRAM pin timings are measured is mode dependent. In single ended mode, timing
relationships are measured relative to the rising or falling edges of DQS crossing at the specified AC/DC levels (see
Figure 86 on page 88, Figure 88 on page 90, Figure 90 on page 92 and Figure 92 on page 94.) In differential mode,
these timing relationships are measured relative to the crosspoint of DQS and its complement, DQS (see Figure 87 on
page 89, Figure 89 on page 91, Figure 91 on page 93 and Figure 93 on page 97.) This distinction in timing methods is
guaranteed by design and characterization. Note that when differential data strobe mode is disabled via the EMR, the
complementary pin, DQS, must be tied externally to VSS through a 20 Q to 10 kQ resistor to insure proper operation.
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3.6 Read and write access modes (cont’d)
3.6.4 Burst write operation (cont’d)

toasH
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Figure 38 — Data input (write) timing
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Figure 39 — Burst write operation: RL =5 (AL=2, CL=3), WL =4, BL =4
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CK/C K/\/ \\
U

X A W/L L W/L Ak X )

JL JUL A l )

=) (o) ) (o

€MD WRITEA> ’\IOP >_<

>_< Precharge >_< NOP

Bank A
Actwate

\ DN >< ‘DINAW X IDINAZ >< DIN Ay %

| . Completlon of

| | : < tDQSS ‘ | the Burst Wr|Je | |
DQS/ ‘ ;/_ AV ‘ ‘ | |
pas T T\ o Al R\ o

| wL=RLi1=2" | 1 \ ' =tk | |>=tRP
DQs \ | T \ | |

\ | \ | |

\ | \ | |

[ ! [ I I

Figure 40 — Burst write operation: RL = 3 (AL=0, CL=3), WL =2, BL =4
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3.6 Read and write access modes (cont’d)
3.6.4 Burst write operation (cont’d)
T0 T1 T2 T3 T4 T5 T6 T7 T8 T9

e[\ j/L ) X L

Write to Read 5CL - 1 * BL/2 + tWTR ' | ' | ' | ' | ' |

: “ I : | |

1 1 1 1 1 1 1 | 1
: : : : Post CAS, : : : : |
o o o o G o f o o

1 pos |
pes/ | . 1 T \- ‘b . S R T R S R T AR R AN
bas | .1 \ROSL LU J:—U A T e N A

[ We=RLi=4 g | R

| : | : | ' | ' | v o>=tivTR | ! | : | :

DQ | ' | ' | ! | ' | ' | ' | :
| | | | | |

| |

( DA, X DIl X DINA, X DINA3>

. T : I ; . | .
| . I : [ : | : | : I :
NOTE The minimum number of clock from the burst write command to the burst read command is [CL - 1 + BL/2 + tWTR].
This tWTR is not a write recovery time (tWR) but the time required to transfer the 4bit write data from the input buffer into sense
amplifiers in the array. tWTR is defined in the timing parameter table of this standard.

Figure 41 — Burst write followed by burst read: RL =5 (AL=2, CL=3), WL =4,tWTR=2,BL =4

T0 T1 T2 T3 T4 T5 T6 T7 T8

eHx ‘/L ) j/L D j/L 1 VL ) W/L A W/L A 1/L \ VL A

Post CAS' Post CAS
CMD WmeA >—< NOP >—< WmeB>—< NOP >—< NOP >—< NOP >—< NOP >—-< NOP >—< NOP >—
| DQS

| ’\FD;;\L JXF \/L JX Tlr/L J\F /o JX ﬁ/i

|
|
|
wL=RLL1=4" | : \ : \ ! | : | : \
|
|
|

: <DINA0><DINA1 >< DINA2><DINA3X DINBO>< DB, >< DINBZ>< DINB3>——
| f | . ‘ ‘
NOTE The seamless burst write operation is supported by enabling a write command every other clock for
BL = 4 operation, every four clocks for BL = 8 operation. This operation is allowed regardless of same or

different banks as long as the banks are activated.

Figure 42 — Seamless burst write operation: RL=5, WL =4, BL =4

3.6.4.1 Writes interrupted by a write

Burst write can only be interrupted by another write with 4 bit burst boundary. Any other case of write interrupt is not
allowed.
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3.6.4 Burst write operation (cont’d)
3.6.4.1 Writes interrupted by a write (cont’d)

X XX XK XX XX XX XX XX XX XX
| I | | I | | | | |
CMD < NOP>—<Write A>—< NOP>—<Write B>< NOP >—< NOP >—< NOP >—<NOP >—<N0P HNOP
' |
| | | I | | |

J— | ~ Al ot ~ =l ~ Al ~ ~
D D
Qs/bas -~ N N -~ N [~

DQs

i

NOTE 1 Write burst interrupt function is only allowed on burst of 8. Burst interrupt of 4 is prohibited.

NOTE 2 Write burst of 8 can only be interrupted by another Write command. Write burst interruption by Read command
or Precharge command is prohibited.

NOTE 3  Write burst interrupt must occur exactly two clocks after previous Write command. Any other Write burst
interrupt timings are prohibited.

NOTE 4 Write burst interruption is allowed to any bank inside DRAM.
NOTE 5 Write burst with Auto Precharge enabled is not allowed to interrupt.
NOTE 6 Write burst interruption is allowed by another Write with Auto Precharge command.

NOTE 7 All command timings are referenced to burst length set in the mode register. They are not referenced to actual
burst. For example, minimum Write to Precharge timing is WL+BL/2+tWR where tWR starts with the rising clock after the
uninterrupted burst end and not from the end of actual burst end.

Figure 43 — Write burst interrupt timing example: (CL=3, AL=0, RL=3, WL=2, BL=38)

3.6.5 Write data mask

One write data mask (DM) pin for each 8 data bits (DQ) will be supported on DDR2 SDRAMs, consistent with the
implementation on DDR SDRAMs. It has identical timings on write operations as the data bits, and though used in a
unidirectional manner, is internally loaded identically to data bits to insure matched system timing. DM of x4 and x16
bit organization is not used during read cycles. However DM of x8 bit organization can be used as RDQS during read
cycles by EMR(1) setting.
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3.6 Read and write access modes (cont’d)
3.6.5 Write data mask (cont’d)

Data Mask Timing
DQS/ A —\-— — — -
DQS \ - = N

b NI X

H(@q) V(e 1H(S

D M Vi(ad) Vi(dg) Vi(a

<> <>
DS tDH DS

Data Mask Function, WL=3, AL=0, BL = 4 shown
Case 1 : min tpass

cK
CcK

COMMAND )  Wiite
WL twr

toassi=<
DQS/DQS \( ﬂfmrﬂ
b NI O O
DM N\ /N

Case 2 : max toass toass |

DQS/DQS N\ JF 1L Jrj&
b OO
DM / 0\ &

Figure 44 — Write data mask

3.7 Precharge operation

The Precharge Command is used to precharge or close a bank that has been activated. The Precharge Command is
triggered when CS, RAS and WE are LOW and CAS is HIGH at the rising edge of the clock. The Precharge
Command can be used to precharge each bank independently or all banks simultaneously. Three address bits A10,
BAO and BAT1 for 256 Mb and 512 Mb and four address bits A10, BAO - BA2 for 1Gb and higher densities are used
to define which bank to precharge when the command is issued. For 8 bank devices, refer to 3.5 Bank activate
command section of this data sheet.

Table 10 — Bank selection for precharge by address bits

A10 BA2 BA1 BAO Precharged Bank(s) Remarks
LoOw LOW Low LOW Bank 0 only

LOW LOW LOW HIGH Bank 1 only

LOW LOW HIGH LOW Bank 2 only

LOW LOW HIGH HIGH Bank 3 only

LOW HIGH LOW LOW Bank 4 only 1 Gb and higher
LOW HIGH LOW HIGH Bank 5 only 1 Gb and higher
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3 Functional description (cont’d)
3.7 Precharge operation (cont’d)

Table 10 — Bank selection for precharge by address bits (cont’d)

A10 BA2 BA1 BAO Precharged Bank(s) Remarks
LOwW HIGH HIGH LOW Bank 6 only 1 Gb and higher
Low HIGH HIGH HIGH Bank 7 only 1 Gb and higher
HIGH DON'T CARE DON'T CARE DON'T CARE All Banks

3.71
Minimum Read to precharge command spacing to the same bank = AL + BL/2 + max(RTP, 2) - 2 clocks

Burst read operation followed by precharge

For the earliest possible precharge, the precharge command may be issued on the rising edge which is “Additive
latency (AL) + BL/2 + max(RTP, 2) - 2 clocks” after a Read command. A new bank active (command) may be issued
to the same bank after the RAS precharge time (tgp). A precharge command cannot be issued until tg 55 is satisfied.

The minimum Read to Precharge spacing has also to satisfy a minimum analog time from the rising clock edge that
initiates the last 4-bit prefetch of a Read to Precharge command. This time is called tRTP (Read to Precharge). For BL
= 4 this is the time from the actual read (AL after the Read command) to Precharge command. For BL = 8 this is the
time from AL + 2 clocks after the Read to the Precharge command.

TO T1 T2 T3 T4 T5 T6 T7 T8

sistpbsisinistuigty

Post CAS: NOP : Bank A .

CMD «< READ >—< NOP >—< NOP >—< Precharge>—< >—< NOP >~< NOP I>»<< Active NOP
’AL +BL/2 clks | | | ' | ! | !
—sk : | : | : |’_ 0 - 1 : | : | :
DQS/DQ . . : \ . j) : : :
| . | . | . | . (— |\t_ i . | . | .
l : ! RP : ! l
| aL=r | . I CL 3] ! | | . | ! | !
| : | T RL-4 . | . |/ . | : | . | . | !
DQ's — i i i | o X DOUTA X DOUTA, >< DOUTAy } : | : | :
| : | . | >=tras | . | . cl=3 . | : | l | l
| f | . P = trp | : | ' | . I f | : | f

Figure 45 — Example 1: Burst read operation followed by precharge:
RL=4,AL=1, CL =3, BL =4, tgrp <= 2 clocks
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3.7 Precharge operation (cont’d)
3.7.1 Burst read operation followed by precharge (cont’d)

TO

T1 T2 T3 T4 T5 T6 T7

Page 43

T8

e [

Post CAS:
CMD < READ A'

>—< NOP >—< NOP :>—< NOP >—< NOP >—<Precharge)§"< NOP :>=< NOP

AL + BL/2|clks : | . | . |

DQ&56§

T

|

| AL=l : | L CL=3) : | : | : | : | : .
_— T T T ! ' | ! !
| . . RL=4 . | . | . | . | s | . | .

DQ's — . i . i . | . ,( DOUTAy X DOUT, X DOUTA, X DOUTA; >< DOUTA, X DOUTA X DOUTA; X DTy
| : | : | : | : : | : | . : | :
| . : I f A f 1> = tryp | : I . | . | .
first 4-bit prefeth\ second 4-bit prefetchl

TO

Figure 46 — Example 2: Burst read operation followed by precharge:

RL=4,AL=1, CL =3, BL = 8, tgyp <= 2 clocks

T T7

T8

w@xx{xxxxxxxﬂxxx/xxw

H o )

. ! i ! i ! i . ! i ! i
' | | | ' | |

CMD <Posted CASH NOP >—< NOP >—< NOP >—<Precharge»>—< NOP >—< NOP >—<
. | , :

Bank Al
READ A’ Actlvate !
| 'AL+ BL/2 clks | | [
| X | | ! !
| T I T | _' _ _| ! | ! |
. . . . . - 4 4
DQS/DQS — | ; | ; | ; K : O T :X I
| l | l I l | l | l f-sdgt- i
| . AL=2 , J . | cL=3 | . | X | . |
L Sl
DQ’s | | i i i Al DOUTAU-X DOUTAy X DOUTAyX DOUT A, >
| ' | ' | : | ' | CL=8 | : |
| | | | |

) | >=tRras
. I : > = trrp I f I

Figure 47 — Example 3: Burst read operation followed by precharge:

RL =5, AL =2, CL = 3, BL = 4, tgyp <= 2 clocks
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3.7 Precharge operation (cont’d)
3.7.1 Burst read operation followed by precharge (cont’d)

TO T1 T2 T4 T7 T8

o XY I8 T .y

! . : : ! : . ! ; : :
| : | | ! | |
Post CAS: ' Precharge’ Bank A, '
CMD<READAH oo H{_ror v H A e H H et H_ror

AL + BI2 Clks'

|
> . | . | .
"

| |

| : | : i ' | ' ' O T T r —l\ : I~ l\ :
pe@spQ$ ——AtH—etr-—»— A U S S /_;

| ' | : I : | | > = tpl : f- - it i l

| : AL=2 . 4 : | CL=4 | : | : | ! | : | :

| : | : RL =6 : | : | : | : | : L : L :
DQ’s | | i | i | i ( DOUTAUIX DOUT Ay >< DOUTAyX DOUT Ay >——

| l | Z | >=tras | I | I | CL=4 | I | I | l

| : I ' I ! P =tryp | : I ' I ! | ' | :

Figure 48 — Example 4: Burst read operation followed by precharge:
RL =6, AL =2, CL =4, BL =4, tgrp <= 2 clocks
TO T1 T2 T3 T4 T5 T6 T7 T8

_ I I I I - = I = I = I “ r = r ) ]
C”CK/\/\/\/X/\/\/\/X/X

\ ) \ 1 v _ [ i (. _ A ) | - (. ) A 1
CMD < PsétA %AE >—-< NOP >—< NOP >—< NOP >—< NOP >—-<Precharge A>—< NOP >_< NOP >_< E;rl‘\i‘af; >

AL +2 I max{tRTP, 2 Ky !
| ; | ; |

DQS/DQS ;

i1

|
i T i '
' ! - —' 7 7\ [ 1=
4 A S |
| : | I I : | ! - A t- i . i !
AL=0 . | cClL=4 | l | l | l ! l | ~S®e | |
L RL=4 Sy
DQ’s i . i . i i : |< DOUT Ay :>< DOUT Ay >< DOUTAZ:X DOUT Ay >< DOUTA, X DOUT Ay X DOUT Ay X DOUT Ay > :
| l | ! | >=tras | l | l | ! | I | l | l
| ' | I | l | I | ' | I | l | I | '
A > =trp
|

/]\first 4-bit prefetch second 4-bit prefefch

*: rounded to next integer.

Figure 49 — Example 5: Burst read operation followed by precharge:
RL=4,AL=0, CL =4, BL =8, tgp > 2 clocks
3.7.2 Burst write followed by precharge
Minimum Write to Precharge Command spacing to the same bank = WL + BL/2 clks + tWR

For write cycles, a delay must be satisfied from the completion of the last burst write cycle until the Precharge
Command can be issued. This delay is known as a write recovery time (tWR) referenced from the completion of the
burst write to the precharge command. No Precharge command should be issued prior to the tWR delay.
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3.7 Precharge operation (cont’d)
3.7.2 Burst write followed by precharge (cont’d)
TO T T2 T3 T4 T5 T6 T7 T8

e O T

CMD Ps\fsl(%gﬁS)—( NOP >—< NOP >-< NOP >—< NOP >—< NOP ; < NOP ! < NOP :>»PrechargeA>/

| Completion oq the Burst ertef

| | \
i > = tWR
- | e - | 1 >
3 | |\ \ . JX \/L JX ) | w |
\ | wL=3| ' ‘ ! | | \ \
DQs \ | | [ o ‘ ! | | \ |
‘ | | \ A | DA DA | ONA, | | ‘ ‘
| | . | , I ‘ | 1 | . | , I ‘ |
Flgure 50 — Example 1: Burst write followed by precharge: WL = (RL-1) =3
TO T T2 T3 T4 T5 T6 T7 T9

o

CMD PW&%EQSH NOP >—< NOP >-< NOP >—< NOP >—< NOP ; < NOP ! < NOP ! PrechargeA>/

‘ ! Comqﬂetlon of the Blirst Write ‘

K >R N

—-\ ‘ -
ﬁr \L )\F |/L JX )

—
DQS/DQS

| | |
| | | 1
| | | \ \

| | \?VL =4 | \ | | ! | ! | | |
: : : < D\I‘W\] >< D\l:% >< D\IIVAZ >< D\:NAa > : : :

Figure 51 — Example 2: Burst write followed by precharge: WL = (RL-1) =4

3.8 Auto precharge operation

Before a new row in an active bank can be opened, the active bank must be precharged using either the Precharge
command or the auto-precharge function. When a Read or a Write command is given to the DDR2 SDRAM, the CAS
timing accepts one extra address, column address A 10, to allow the active bank to automatically begin precharge at
the earliest possible moment during the burst read or write cycle. If A10 is LOW when the READ or WRITE
command is issued, then normal Read or Write burst operation is executed and the bank remains active at the
completion of the burst sequence. If A10 is HIGH when the Read or Write command is issued, then the auto-
precharge function is engaged. During auto-precharge, a Read command will execute as normal with the exception
that the active bank will begin to precharge on the rising edge which is CAS latency (CL) clock cycles before the end
of the read burst.

Auto-precharge is also implemented during Write commands. The precharge operation engaged by the Auto
precharge command will not begin until the last data of the burst write sequence is properly stored in the memory
array.

This feature allows the precharge operation to be partially or completely hidden during burst read cycles (dependent
upon CAS latency) thus improving system performance for random data access. The RAS lockout circuit internally
delays the Precharge operation until the array restore operation has been completed (tRAS satisfied) so that the auto
precharge command may be issued with any read or write command.
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3 Functional description (cont’d)
3.8 Auto precharge operation (cont’d)

3.8.1 Burst read with auto precharge

If A10 is HIGH when a Read Command is issued, the Read with Auto-Precharge function is engaged. The DDR2
SDRAM starts an Auto Precharge operation on the rising edge which is (AL + BL/2) cycles later than the read with
AP command if tRAS(min) and tRTP(min) are satisfied.

If tRAS(min) is not satisfied at the edge, the start point of auto-precharge operation will be delayed until tRAS(min)
is satisfied.

If tRTP(min) is not satisfied at the edge, the start point of auto-precharge operation will be delayed until tRTP(min) is
satisfied.

In case the internal precharge is pushed out by tRTP, tRP starts at the point where tRTP ends (not at the next rising
clock edge after this event). So for BL = 4 the minimum time from Read AP to the next Activate command becomes
AL + RU{ (tRTP + tRP) / tCK } (see Figure 53), for BL = 8 the time from Read AP to the next Activate is AL +2 +
RU{ (tRTP + tRP) / tCK }, where RU stands for “rounded up to the next integer”. These equations change to AL +
RU{ (tRTP + tRP) / tCK(avg) } and AL + 2 + RU{ (tRTP + tRP) / tCK(avg) }, respectively, for DDR2-667/800. In
any event internal precharge does not start earlier than two clocks after the last 4-bit prefetch.

A new bank activate (command) may be issued to the same bank if the following two conditions are satisfied
simultaneously.

a) The RAS precharge time (tRP) has been satisfied from the clock at which the auto precharge begins.
b) The RAS cycle time (tRC) from the previous bank activation has been satisfied.

TO T1 T2 T3 T4 T5 T6 T7 T8

e [ LT

Post CAS, : : Bank A :
CMD<< READ A >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >~< NOP I>=< NOP .>_< Activate .>
|

Autoprecharge '
AL + BL/2|clks !

T
) | ' | >=tRP | ' | :

|
oot T AT LT
% : | : | ! \ : S - " | !
| AL=1 | . | CL=3] . | . | : | : | : | ,
T T 1 Ri=a . | oy
DQ's — I i i : i ,( DOUTA, X DOUT, X DOUTA, | X DOUTA; >< DOUTA, X DOUTA, X DOUTA; X DOUTA; >—5
| | : | | : | ' ' | ' | | '
L : . v f f : 1> =trTp ' I ' [ : | '
first 4-bit prefetc second 4-bit prefetch - brecharge begins here

Figure 52 — Example 1: Burst read operation with auto precharge:
RL=4,AL=1, CL =3, BL = 8, tgyp <= 2 clocks
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3.8 Auto precharge operation (cont’d)
3.8.1 Burst read with auto precharge (cont’d)
TO T T2 T3 T4 T5 T6 T7 T8

— r /- -l 7l r -~ Al - Al Al /
LAl
\_ . \_ . \_ . \_ . (U v 4 v o] [

| ' | -

' Bank A '
Post CAS: [ l '
CMD< o >—< NOP >—< NOP >—< NOP >—< NOP >_< NOP H NOP >< Acﬁvate|>—< NOP >

Aumprecm:rge | > AL+ tthP + tR.P | : : : | | |
__1 | l | l r— S0 o l | l | :
gt A T S A
| A= | ' |  CL=3] : | : I : | : | : | :
T e i
DQ's — . i : i : i : | 2o X DOUTA X DOUTA, X ikl — i : i :
| ' I | | | I | . | |
|4 bit prefetch * ' | I | T ' | | | | ' | .

tRTP PreLharge begins here R

Figure 53 — Example 2: Burst read operation with auto precharge:
RL=4,AL=1,CL =3, BL =4, tgp > 2 clocks

TO T1 T2 T3 T4 T5 T6 T7

CK/& \ I A I I r = r It r I I I I = I I !
/‘\/ - _/\X /|( - J\-\ /,( - }\ }‘/ - JX /}/ - J\.\ /{ - J\& /, . J\& }‘/ - }\ /{L J\&
i S T T N I
CMD PF‘{’EL%A::H NOP :>—< NOP ;>—< NOP NOP :>—< NOP :>—< NOP ;>—< NOP E{;i’;‘;t”‘e :
| ' | ' /L ' \ ! 4 ' | ' | ' \ ! | '
‘ | . > =tR IS min)" ‘ 'A harge Begi | | ! |
- | | ‘ \ oo o =29 Ao - h l | '
PASDeS—————— T} A A T
| ! | ! | ! \ ! | ! | > =t ! \ ! | !
L A=z 1 CL=3 : '

1 | Z >t L5 } ‘ { . > Z | ‘ \ ‘ |

DQ’s ; : : : : ] ; l ; : :< DOUT Ay >< DOUT Ay >< DOUT A, >< DOUTA, > :

| | | s=ge |k S

[ | | | [ | | |

Figure 54 — Example 3: Burst read with auto precharge
followed by an activation to the same bank (tRC Limit):
RL =5 (AL =2, CL = 3, internal tRCD = 3, BL = 4, tg1p <= 2 clocks)
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3.8 Auto precharge operation (cont’d)
3.8.1 Burst read with auto precharge (cont’d)

TO T T2 T3 T4 T5 T6 T7 T8
CK/& \ \<_ _\/ \l— _\/ \\/— _\/‘/ XI_ _\/‘/ XI_ _\/ \/_ _\/ \l— _\/‘/ \\l— _\/ ]
/\/\_ i | _I- v _I‘ A _I‘ A J- v _I- v _/‘ A _I‘ | JX
Am - | ' | ‘ \ ‘ | ' | ' |
: 1 1 i : Bank A
CMD < PFE’E;%A: >—< NOP :>—-< NOP j>_< NOP j NOP :>—< NOP :>-< NOP >—< Actwate>_<
| | \ | ' | |
! | :> tRAS(min) | Auto P(echarg:e Beginf ! 4 : _\_\ ‘ |
; T T T T i . i A A | !
bQs/Das DQS\ S E— | R U W S V) A S Rt
\ ; AL . | ; \ ; \ ' | > =td ‘ \ ; \ ;
— ey e T
l l RL=5 ‘ l ' ‘ ‘ '
DQ’s “ : : : : ‘ ; 1 ; l :< DOUT &y >< DOUTA, >< DOUT A, >< DOUT Ay > 1 |
: : | | : cl=s . :
| | | > =ty | 12 | . | 1 |
| | | | | . | | |

Figure 55 — Example 4: Burst read with auto precharge
followed by an activation to the same bank (tRP Limit):
RL =5 (AL = 2, CL = 3, internal tRCD = 3, BL = 4, tg1p <= 2 clocks)

3.8.2 Burst write with auto precharge

If A10 is HIGH when a Write Command is issued, the Write with Auto-Precharge function is engaged. The DDR2
SDRAM automatically begins precharge operation after the completion of the burst write plus write recovery time
(WR) programmed in the mode register. The bank undergoing auto-precharge from the completion of the write burst
may be reactivated if the following two conditions are satisfied.

a) The data-in to bank activate delay time (WR + tRP) has been satisfied.
b) The RAS cycle time (tRC) from the previous bank activation has been satisfied.

TO T1 T2 T3 T4 T5 T6 T7
_ ' Y I It I I r I ' Y I Y I I
CK’CK/X/X/X/\/\/\/\/
[ I A ) A _, I\_ -y |\_ i A _ A , I\_
A1q—1: : |

Post CAS . !

CM RO:BankA>_< NOP >—< NOP >—< NOP >—< NOP >—< NOP >—< NOP >< NOP

| ! | ! | Compret|on of|the Burst WnteI /I\—I—/[\ !
_L I - 4 Yoo

DDA ———+— I} o}
. . |\_ 4 |\_ 4 |/
; | : | : |
: ( DA, >< D\N:m >< DN, >< D\N:A3 > :
|
|
|

. \|/VL=RL:-1 =2

DQs

Figure 56— Burst write with auto- precharge (tRC Limit): WL 2, WR 2,BL= 4 tRP = 3

> = | :
1 .t . .
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3.8 Auto precharge operation (cont’d)
3.8.2 Burst write with auto precharge (cont’d)

T9

Page 49

/L \ j X T/L ! Y I I I Y ey

BankA 1\
Active '

. . . . ! i
' | | | | : |
Post CAS NOP NOP NOP NOP NOP !
CMB<WRA Bank A, < ' NOP
| ' | Compl’et|on of|the Burst Wr|t<-3I /I\—l—/[\

lAuto Precharge Begin

I : - a oo
DQS/DAF —- || —— |L ; XL J.X —

| ' WL RL1— ' | '

DQs — \ - < ONA X D\NIA1 X ONA, X D\NIAg >

- — Y = —| — 4+~ —7—

|
|
T
|
%|>:
i
|
|
I

Figure 57 — Burst write with auto-precharge (WR + tRP): WL =4, WR =2, BL =4,tRP =3

Table 11 — Precharge & auto precharge clarification

From Com- To Command Minimum De”Iay Petween Fror”r} Com- Unit | Notes
mand mand” to “To Command
Read Precharge (to same Bank as Read) AL + BL/2 + max(RTP, 2) - 2 cks | 1,2
Precharge All AL + BL/2 + max(RTP, 2) - 2 clks 1,2
Read w/Ap |_Precharge (to same Bank as Read w/AP) AL + BL/2 + max(RTP, 2) - 2 cks | 1,2
Precharge All AL + BL/2 + max(RTP, 2) - 2 clks 1,2
Write Precharge (to same Bank as Write) WL + BL/2 +tWR clks 2
Precharge All WL + BL/2 + tWR clks 2
i WL + BL/2 + WR clks 2
Write W/AP Precharge (to same Bank as Write w/AP)
Precharge All WL + BL/2 + WR clks 2
1 clks 2
Precharge Precharge (to same Bank as Precharge)
Precharge All 1 clks 2
Precharge Precharge 1 clks 2
Al Precharge All 1 clks 2
NOTE 1 RTP[cycles] = RU{ tRTP[ns] / tCK[ns] }, where RU stands for round up. tCK(avg) should be used in
place of tCK for DDR2-667/800.
NOTE 2 For a given bank, the precharge period should be counted from the latest precharge command, either one
bank precharge or precharge all, issued to that bank. The precharge period is satisfied after tRP or tRPall (= tRP for
4 bank device, = tRP + 1 x tCK for 8 bank device) depending on the latest precharge command issued to that bank.

3.9 Refresh command

When CS, RAS and CAS are held LOW and WE HIGH at the rising edge of the clock, the chip enters the Refresh
mode (REF). All banks of the DDR2 SDRAM must be precharged and idle for a minimum of the Precharge time
(tRP) before the Refresh command (REF) can be applied. An address counter, internal to the device, supplies the
bank address during the refresh cycle. No control of the external address bus is required once this cycle has started.

When the refresh cycle has completed, all banks of the DDR2 SDRAM will be in the precharged (idle) state. A delay
between the Refresh command (REF) and the next Activate command or subsequent Refresh command must be

greater than or equal to the Refresh cycle time (tRFC).
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3 Functional description (cont’d)
3.9 Refresh command (cont’d)

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh
interval is provided. A maximum of eight Refresh commands can be posted to any given DDR2 SDRAM, meaning
that the maximum absolute interval between any Refresh command and the next Refresh command is 9 x tREFI.

TO T2 T3 Tn+1
1\ ' It r = I = I It I Y I = ' =
CWCK/\/X/\/\ M\ M\/&

I\_ J‘ ‘\_ J‘ (i _I‘ I : | } I

T o : L
CKE | 1 | >=tgp \ : | >=trec \ 1 | 1 ‘ vE tRF¢ : |

\ | ' \ |

‘ I . | ‘ ‘ | I | I ‘
CMD< Precharge>_< NOP ! < NOP < REF | ] REF ! ' NOP :>—< ANY ]>—
1 I ‘ ‘ : | I | 1
Figure 58 — Refresh command

3.10 Self refresh operation

The Self Refresh command can be used to retain data in the DDR2 SDRAM, even if the rest of the system is powered
down. When in the Self Refresh mode, the DDR2 SDRAM retains data without external clocking. The DDR2
SDRAM device has a built-in timer to accommodate Self Refresh operation. The Self Refresh Command is defined
by having CS, RAS, CAS and CKE held LOW with WE HIGH at the rising edge of the clock. ODT must be turned
off before issuing Self Refresh command, by either driving ODT pin LOW or using an EMRS command. Once the
command is registered, CKE must be held LOW to keep the device in Self Refresh mode. The DLL is automatically
disabled upon entering Self Refresh and is automatically enabled upon exiting Self Refresh. When the DDR2
SDRAM has entered Self Refresh mode, all of the external signals except CKE, are “don’t care”. For proper self
refresh operation, all power supply pins (VDD, VDDQ, VDDL and Vref) must be at valid levels. The DRAM initiates
a minimum of one refresh command internally within tCKE period once it enters Self Refresh mode. The clock is
internally disabled during Self Refresh Operation to save power. The minimum time that the DDR2 SDRAM must
remain in Self Refresh mode is tCKE. The user may change the external clock frequency or halt the external clock
one clock after Self Refresh entry is registered; however, the clock must be restarted and stable before the device can
exit Self Refresh operation.

The procedure for exiting Self Refresh requires a sequence of commands. First, the clock must be stable prior to CKE
going back HIGH. Once Self Refresh Exit is registered, a delay of at least tXSNR must be satisfied before a valid
command can be issued to the device to allow for any internal refresh in progress. CKE must remain HIGH for the
entire Self Refresh exit period tXSRD for proper operation except for self refresh re-entry. Upon exit from Self
Refresh, the DDR2 SDRAM can be put back into Self Refresh mode after waiting at least tXSNR period and issuing
one refresh command (refresh period of tRFC). NOP or deselect commands must be registered on each positive clock
edge during the Self Refresh exit interval tXSNR. ODT should be turned off during tXSRD.

The use of Self Refresh mode introduces the possibility that an internally timed refresh event can be missed when
CKE is raised for exit from Self Refresh mode. Upon exit from Self Refresh, the DDR2 SDRAM requires a minimum
of one extra auto refresh command before it is put back into Self Refresh mode.
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3 Functional description (cont’d)
3.10 Self refresh operation (cont’d)
TO T1 T2 T3 T4 T5 T6 Tm Tn
tGK or nCK ' I ; [ ; [ ; I ; I ; [ ; [ ; [ ; I ; I

e e l | / l ‘ l l
CK o o o o o Lo Lo - J'ﬂ

| | | \ ! | ! |
[ \ :tRPL* Co | [ |
\ : [ : I \ : \ : | | ‘ ! > = tXSRD | !
CKE —— ii | | | e —
e e e I i | | /“ A
I - A 1
b TaorDl | o AL
[ A A R AR R R | R
oDT Slyl(al, S N \ | A A ﬂ
L '|e>| N R iw | \ ;le> ; R |ﬁ;
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+ tIS tIH ‘ = | ‘
| | | | G | o |

.
Vieor - Self 1Vindo
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CMD

NOTE 1 Device must be in the “All banks idle” state prior to entering Self Refresh mode.

NOTE 2 ODT must be turned off tAOFD before entering Self Refresh mode, and can be turned on again when
tXSRD timing is satisfied.

NOTE 3 tXSRD is applied for a Read or a Read with autoprecharge command.

tXSNR is applied for any command except a Read or a Read with autoprecharge command.

Figure 59 — Self refresh operation

3.11 Power-down

Power-down is synchronously entered when CKE is registered LOW (along with Nop or Deselect command). CKE is
not allowed to go LOW while mode register or extended mode register command time, or read or write operation is in
progress. CKE is allowed to go LOW while any of other operations such as row activation, precharge or
autoprecharge, or auto-refresh is in progress, but power-down IDD spec will not be applied until finishing those
operations. Timing diagrams are shown in the following pages with details for entry into power down.

The DLL should be in a locked state when power-down is entered. Otherwise DLL should be reset after exiting
power-down mode for proper read operation. DRAM design guarantees all AC and DC timing & voltage
specifications as well as proper DLL operation with any CKE intensive operations as long as DRAM controller
complies with DRAM specifications. Figures 61 and 62 show two examples of CKE intensive applications.

If power-down occurs when all banks are idle, this mode is referred to as precharge power-down; if power-down
occurs when there is a row active in any bank, this mode is referred to as active power-down. Entering power-down
deactivates the input and output buffers, excluding CK, CK, ODT and CKE. Also the DLL is disabled upon entering
precharge power-down or slow exit active power-down, but the DLL is kept enabled during fast exit active power-
down. In power-down mode, CKE LOW and a stable clock signal must be maintained at the inputs of the DDR2
SDRAM, and ODT should be in a valid state but all other input signals are “Don’t Care”. CKE LOW must be
maintained until tCKE has been satisfied. Maximum power-down duration is limited by the refresh requirements of
the device, which allows a maximum of 9 x tREFI if maximum posting of REF is utilized immediately before
entering power down.
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3 Functional description (cont’d)
3.11 Power-down (cont’d)

The power-down state is synchronously exited when CKE is registered HIGH (along with a Nop or Deselect
command). CKE HIGH must be maintained until tCKE has been satisfied. A valid, executable command can be
applied with power-down exit latency, tXP, tXARD, or tXARDS, after CKE goes HIGH. Power-down exit latency is
defined in the timing parameter table of this standard.

RN /7~ TN /7~ TN //_ ST 7/
~ A ~ s —
|ty ts | Ity tis | tin tis | tiH
CKE 4%\—4 | QJ/ e !F% L
| | | L v
|

<

|
|
|
NoP (X VAL D VAT
[
| « > .

typ t
| tckEmin A XP.IXARD, \ |

< w—— —
txarDs

|
Command | VALID N6P>C>< XX NOP
\
|

A
v

Enter Power-Down mode

Exit Power-Down mode toKE(min)

<:> Don’'t Care

Figure 60 — Basic power down entry and exit timing diagram

CK
CK

: - : : : - : :
CKE ‘\ / 4 tCKE \\>§ ! | CKE |

NOTE DRAM guarantees all AC and DC timing & voltage specifications and proper DLL operation with intensive
CKE operation

Figure 61 — Example 1 of CKE intensive environment

CK
CK
CKE
CMD (rer e {rer )
' tREFI = 7.8 us >

NOTE The pattern shown above can repeat over a long period of time. With this pattern, DRAM guarantees all AC
and DC timing & voltage specifications and DLL operation with temperature and voltage drift

Figure 62 — Example 2 of CKE intensive environment
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3 Functional description (cont’d)
3.11 Power-down (cont’d)

TO T1 T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

CK
CMD ! /—R‘D—\ ! ' ! ' ' Read operation starts \with a read comrhand and
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o
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' |

\
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T4+9

Tx+8

CMD L S S O S S S SN
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i/ G D S ) o S
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Figure 63 — Read to power-down entry

TO T1 T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
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Figure 64 — Read with autoprecharge to power-down entry
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3 Functional description (cont’d)
3.11 Power-down (cont’d)

TO ™ Tm Tm+1 Tm+2 Tm+3 Tx Tx+1  Tx+2 Ty Ty+1  Ty+2 Ty+3
& 1 ' 1 ' 1 ' 1 ' 1 1 ' 1
CK
CMD

CKE

DQ
DQS
DQS

CMD

CKE

DQ

pas
bas g

W

Figure 65 — Write to power-down entry

TO T1 Tm Tm+1 Tm+2 Tm+3 Tx Tx+1  Tx+2 Tx+3 Tx+4 Tx+5 Tx+6
CK
CK
CMD

CKE

DQ

DQS

pas . .\ \

TO T1 Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx+1 Tx+2 Tx+3 Tx+4

CK l
: : ' . Start Internal Precharge

CMD  ——{(WRA o PRE T
| BL=g // | | | | | // | | | | |

CKE . ' WL . : . . . . . : .
I I‘%"I I I I I I I I LtLS I I

bQ | aam CLOY CHE) CHOY G Cl o  pwn e

DQS SR e ‘

bas | Y : |\ | | | |

*1: WR is programmed through MRS

Figure 66 — Write with autoprecharge to power-down entry
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3 Functional description (cont’d)
3.11 Power-down (cont’d)
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
CK . ; ;
CMD . REF ' ' ' ' : f ' ' ' ' '

~——= CKE can go to LOW one clock after an Auto-refresh command

CKE | , :
: L s

Figure 67 — Refresh command to power-down entry

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T1I0 T11

CMD ACT I . . . . . .
! ~—CKE cah go to LOW one clock after an Active cominand

CKE : w :
: : ta
: B

Figure 68 — Active command to power-down entry

TO T T2 T3 T4 T5 T6 T7 T8 T9 TI0 TN
CMD E / PI%OI’ \ I I I I I I I

PRA ' ' ' ' ' ' ' '
~——=CKE can go to LOW one:clock after a Prec::harge or Precha'rge all command:

CKE ! T ;
: . Ta:
1 1 ( IS) 1

Figﬁre 69 — Precll1argelplrechar§e-all cémmand to poWer-doWn entry

TO T1 T2 T3 T4 5 T6 T7 T8 T9 T10  T11
CMD . /WESon\ . : : : : : : : : : :
X EMRS X l X l X l X l X l X
CKE . : : \ ‘
: ! s . . ‘ . . . ‘ . ‘
: e RO B . . ‘ . : . : . ‘

Figure 70 — MRS/EMRS command to power-down entry

3.12 Asynchronous CKE LOW event

DRAM requires CKE to be maintained “HIGH” for all valid operations as defined in this data sheet. If CKE
asynchronously drops “LOW?” during any valid operation DRAM is not guaranteed to preserve the contents of array.
If this event occurs, memory controller must satisfy DRAM timing specification tDelay before turning off the clocks.
Stable clocks must exist at the input of DRAM before CKE is raised “HIGH” again. DRAM must be fully re-
initialized (steps d thru m) as described in the Power-up and initialization sequence. DRAM is ready for normal
operation after the initialization sequence. See AC timing parametric tables 41 and 42 for tDelay specification.



JEDEC Standard No. 79-2E
Page 56

3 Functional description (cont’d)
3.12 Asynchronous CKE LOW event (cont’d)

Stable clocks

- '\/7\/__'\
\— vy

\
)

.

— —
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\
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CKE asynchronously drops LOW

Clocks can be turned
off after this point

Figure 71 — Asynchronous CKE LOW event

3.13 Input clock frequency change during precharge power down
DDR2 SDRAM input clock frequency can be changed under following condition:

DDR2 SDRAM is in precharged power down mode. ODT must be turned off and CKE must be at logic LOW level.
A minimum of 2 clocks must be waited after CKE goes LOW before clock frequency may change. SDRAM input
clock frequency is allowed to change only within minimum and maximum operating frequency specified for the
particular speed grade. During input clock frequency change, ODT and CKE must be held at stable LOW levels.
Once input clock frequency is changed, stable new clocks must be provided to DRAM before precharge power down
may be exited and DLL must be RESET via MRS command after precharge power down exit. Depending on new
clock frequency an additional MRS or EMRS command may need to be issued to appropriately set the WR, CL etc..
During DLL re-lock period, ODT must remain off. After the DLL lock time, the DRAM is ready to operate with new
clock frequency.
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' tAOFD ' ' : ' : ' ! ! : . ODTis offdu'ring

Minimum 2 clocks
required before !
changing frequenocy '

Stable new clock: ' !
before power down exit '

DLL RESET .

Figure 72 — Clock frequency change in precharge power-down mode
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3 Functional description (cont’d)

3.14 SSC (Spread Spectrum Clocking)
3.14.1 Terms and definitions
Jck min: Minimum frequency supported by the DRAM (for all DDR2 speed bins, 1/tcg (ayg),max = 125 MHz)

Jck,max: Maximum frequency supported by the DRAM (for DDR2-667, 1/tck ayg),min = 333 MHz)

SSC band: If the system modulates the input clock frequency between fsgc min and fssc max» this frequency band is
referred to as SSC band

fSSC,nom: Mean frequency offSSC,min andeSC,max
Modulation frequency: Rate at which the frequency is modulated for SSC
ex) 20 kHz modulation: Input clock frequency shifts gradually from fsgc min t0_fssc max ©Ver 25 us (=50 us/2)

3.14.2 SSC (Spread Spectrum Clocking) Criteria

SSC is allowed only if fggc min is greater than or equal to fog min and fgsc max 18 less than or equal to fog max- All

input clock specs including, but not limited to, terr(nper) must be met at all times. Allowed modulation frequency is
20 kHz to 60 kHz.

3.14.3 Allowed SSC band

If the DRAM DLL is locked at fggc nom (by issuing a DLL reset and waiting 200 clock cycles) and then the SSC is
turned on later, the system is allowed an SSC band of fggc nom /-1 %.

In all other cases, the system is allowed an SSC band of fggc nom 1/-0.5 %.

If the input clock frequency drifts out of this band, the output timings can no longer be guaranteed and DLL reset
must be issued to regain the output timings assuming a different SSC band.

3.15 No operation command

The No Operation command should be used in cases when the DDR2 SDRAM is in an idle or a wait state. The
purpose of the No Operation command (NOP) is to prevent the DDR2 SDRAM from registering any unwanted
commands between operations. A No Operation command is registered when CS is LOW with RAS, CAS, and WE
held HIGH at the rising edge of the clock. A No Operation command will not terminate a previous operation that is
still executing, such as a burst read or write cycle.

3.16 Deselect command

The Deselect command performs the same function as a No Operation command. Deselect command occurs when
CS is brought HIGH at the rising edge of the clock, the RAS, CAS, and WE signals become don’t cares.
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4 Truth Tables

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper operation, the

DRAM must be powered down and then restarted through the speechified initialization sequence before normal

operation can continue.

4.1 Command truth table

Table 12 provides the command truth table.

Table 12 — Command truth table

CKE BAO
i cS RAS CAS | WE - 9 -
Function Previous | Current CS RAS CAS | WE . Axx?-A11 | A10 | A9-AO0 |Notes
Cycle Cycle BAX
(Extended) Mode Register Set H H L L L L BA OP Code 1,2
Refresh (REF) H H L L L H X X X X 1
Self Refresh Entry H L L L L H X X X X 1,8
H X X X
Self Refresh Exit L H X X X X 1,7,8
L H H H
Single Bank Precharge H H L L H L BA X L X 1,2
Precharge all Banks H H L L H L X X H X 1
Bank Activate H H L L H H BA Row Address 1,2
Write H H L H L L BA | Column L Column |1,2,3,
Write with Auto Precharge H H L H L L BA | Column | H Column |1,2,3,
Read H H L H L H BA | Column L Column | 1,2,3
Read with Auto-Precharge H H L H L H BA | Column H Column | 1,2,3
No Operation H X L H H H X X X X 1
Device Deselect H X H X X X X X X X 1
H X X X
Power Down Entry H L X X X X 1,4
L H H H
H X X X
Power Down Exit L H X X X X 1,4
L H H H
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4 Truth Tables (cont’d)
4.1 Command truth table (cont’d)
Table 12 — Command truth table (cont’d)
CKE I T
Function Previous | Current CS RAS CAS | WE - . Axx®-A11| A10 | A9-AO0 |Notes
Cycle Cycle BAX

NOTE 1 All DDR2 SDRAM commands are defined by states of CS, RAS, CAS , WE and CKE at the rising edge of the clock.
NOTE 2 Bank addresses BAO, BA1, BA2 (BA) determine which bank is to be operated upon. For (E)MRS BA selects an
(Extended) Mode Register.

NOTE 3 Burst reads or writes at BL=4 cannot be terminated or interrupted. See sections "Reads interrupted by a Read" and
"Writes interrupted by a Write" in section 3.6 for details.

NOTE 4 The Power Down Mode does not perform any refresh operations. The duration of Power Down is therefore limited by the
refresh requirements outlined in section 3.9.

NOTE 5 The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
See section 3.4.4.

NOTE 6 “X” means “H or L (but a defined logic level)”

NOTE 7 Self refresh exit is asynchronous.

NOTE 8 VREF must be maintained during Self Refresh operation.

NOTE 9 BAx and Axx refers to the MSBs of bank addresses and addresses, respectively, per device density.

4.2 Clock enable truth table.
Table 13 provides the clock enable truth table.

Table 13 — Clock enable (CKE) truth table for synchronous transitions

CKE Command (N) 3
Current State > | previous Cycle | Current Cycle ! | == == —= == Action (N) ® Notes
RAS, CAS, WE, CS
(N-1) (N)
L L X Maintain Power-Down 11,13, 15
Power Down
L H DESELECT or NOP Power Down Exit 4,8,11,13
L L X Maintain Self Refresh 11, 15,16
Self Refresh
L H DESELECT or NOP Self Refresh Exit 4,5,9,16
Bank(s) Active H L DESELECT or NOP Active Power Down Entry 4,8,10,11,13
H L DESELECT or NOP Precharge Power Down Entry | 4, 8, 10, 11,13
All Banks Idle
H L REFRESH Self Refresh Entry 6,9, 11,13
H H Refer to the Command Truth Table 7
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4 Truth Tables (cont’d)
4.2 Clock enable truth table (cont’d)

Table 13 — Clock enable (CKE) truth table for synchronous transitions

CKE Command (N) 3

Current State 2 i 1 1 - Action (N) 3 Notes
Prewczl’ils_f)ycle Currerz:\l():ycle RAS, CAS, WE, CS

NOTE 1 CKE (N) is the logic state of CKE at clock edge N; CKE (N-1) was the state of CKE at the previous clock edge.
NOTE 2 Current state is the state of the DDR2 SDRAM immediately prior to clock edge N.

NOTE 3 COMMAND (N) is the command registered at clock edge N, and ACTION (N) is a result of COMMAND (N).
NOTE 4 All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
NOTE 5 On Self Refresh Exit DESELECT or NOP commands must be issued on every clock edge occurring during the tygng
period. Read commands may be issued only after tygrp (200 clocks) is satisfied.

NOTE 6 Self Refresh mode can only be entered from the All Banks Idle state.

NOTE 7 Must be a legal command as defined in the Command Truth Table.

NOTE 8 Valid commands for Power Down Entry and Exit are NOP and DESELECT only.

NOTE 9 Valid commands for Self Refresh Exit are NOP and DESELECT only.

NOTE 10 Power Down and Self Refresh can not be entered while Read or Write operations, (Extended) Mode Register Set oper-
ations or Precharge operations are in progress. See section 3.11 Power-down and 3.10 Self refresh operation for a detailed list of
restrictions.

NOTE 11 tCKEmin of 3 clocks means CKE must be registered on three consecutive positive clock edges. CKE must remain at
the valid input level the entire time it takes to achieve the 3 clocks of registration. Thus, after any CKE transition, CKE may not
transition from its valid level during the time period of tIS + 2 X tCK + tIH.

NOTE 12 The state of ODT does not affect the states described in this table. The ODT function is not available during Self
Refresh. See section 3.4.4.

NOTE 13 The Power Down does not perform any refresh operations. The duration of Power Down Mode is therefore limited by
the refresh requirements outlined in section 3.9.

NOTE 14 CKE must be maintained HIGH while the SDRAM is in OCD calibration mode .

NOTE 15 “X” means “don’t care (including floating around VREF)” in Self Refresh and Power Down. However ODT must be
driven HIGH or LOW in Power Down if the ODT function is enabled (Bit A2 or A6 set to “1” in EMR(1) ).

NOTE 16 Vrer must be maintained during Self Refresh operation.

4.3 Data mask truth table.
Table 14 provides the data mask truth table.

Table 14 — DM truth table

Name (Functional) DM DQs Note
Write enable L Valid 1
Write inhibit H X 1

NOTE 1 Used to mask write data, provided coincident with the corresponding data
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5 Absolute maximum DC ratings

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper operation, the
DRAM must be powered down and then restarted through the speechified initialization sequence before normal
operation can continue.

Table 15 provides the absolute maximum DC ratings.

Table 15 — Absolute maximum DC ratings

Symbol Parameter Rating Units Notes
VDD Voltage on VDD pin relative to Vss -1.0V~23V \Y 1,3
vDDQ Voltage on VDDQ pin relative to Vss -05V~23V \Y; 1,3
VDDL Voltage on VDDL pin relative to Vss -05V~23V \Y 1,3
Vin, Vour | Voltage on any pin relative to Vss -05V~23V \% 1,4
Tste Storage Temperature -55 to +100 °C 1,2

NOTE 1 Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability

NOTE 2 Storage Temperature is the case surface temperature on the center/top side of the DRAM. For the measurement conditions, please refer to
JESDS51-2 standard.

NOTE 3 VDD and VDDQ muSt be within 300mV of each other at all times; and VREF must be not greater than 0.6 x VDDQ. When VDD and
VDDQ and VDDL are less than 500 mV, Vref may be equal to or less than 300 mV.

NOTE 4 Voltage on any input or I/O may not exceed voltage on VDDQ.
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6 AC & DC operating conditions

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper operation, the
DRAM must be powered down and then restarted through the speechified initialization sequence before normal
operation can continue.

Table 16 — Recommended DC operating conditions (SSTL_1.8)

Rating
Symbol Parameter Units Notes
Min. Typ. Max.
VDDL Supply Voltage for DLL 1.7 1.8 1.9 \Y 5
vDDQ Supply Voltage for Output 1.7 1.8 1.9 % 1,5
VREF |nput Reference Vo|tage 0.49 x VDDQ 0.50 x VDDQ 0.51 x VDDQ mV 2.3
VTT Termination Vo|tage VREF - 0.04 VREF VREF + 0.04 \ 4

NOTE 1 There is no specific device VDD supply voltage requirement for SSTL 18 compliance. However under all conditions VDDQ must be less
than or equal to VDD.

NOTE 2 The value of VREF may be selected by the user to provide optimum noise margin in the system. Typically the value of VREF is expected
to be about 0.5 x VDDQ of the transmitting device and VREF is expected to track variations in VDDQ.

NOTE 3 Peak to peak ac noise on VREF may not exceed +/-2 % VREF(dc).

NOTE 4 VTT of transmitting device must track VREF of receiving device.

NOTE 5 VDDAQ tracks with VDD, VDDL tracks with VDD. AC parameters are measured with VDD, VDDQ and VDDDL tied together

Table 17 — Operating temperature condition

SYMBOL PARAMETER RATING UNITS NOTES

TOPER Operating Temperature 0to 85 °C 1,2

NOTE 1 Operating Temperature is the case surface temperature on the center/top side of the DRAM. For the
measurement conditions, please refer to JESD51.2 standard.
NOTE 2 The operation temperature range are the temperature where all DRAM specification will be sup-
ported. Outside of this temperature range, even if it is still within the limit of stress condition, some deviation on
portion of operation specification may be required. During operation, the DRAM case temperature must be main-
tained between 0 - 85 °C under all other specification parameter. However, in some applications, it is desirable to
operate the DRAM up to 95 °C case temperature. Therefore, two spec options may exist.
a) Supporting 0 - 85 °C with full JEDEC AC & DC specifications. This is the minimum requirements for all
operating temperature options.

b) This is an optional feature and not required. Supporting 0 - 85 °C and being able to extend to 95 °C with
doubling auto-refresh commands in frequency to a 32 ms period ( tREFI = 3.9 us).

Currently the periodic Self-Refresh interval is hard coded within the DRAM to a vendor specific value. There is
a migration plan to support higher temperature Self-Refresh entry via the control of EMSR(2) bit A7. However,
since Self-Refresh control function is a migrated process to be phased-in by individual manufacturer, checking
on the DRAM parts for this function availability is necessary. For JEDEC standard DIMM module user, it is
imperative to check SPD Byte 49 Bit 0 to ensure the DRAM parts support higher than 85 °C case temperature
Self-Refresh entry.

a) if SPD Byte 49 Bit 0 is a “0” means DRAM does not support Self-Refresh at higher than 85 °C, then
system have to ensure the DRAM is at or below 85 °C case temperature before initiating Self-Refresh
operation.
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6 AC & DC operating conditions (cont’d)

b) if SPD Byte 49 Bit 0 is a “1” means DRAM supports Self-Refresh at higher than 85 °C case temperature,
then system can use register bit A7 at EMSR(2) to control DRAM to operate at proper Self-Refresh rate for
higher temperate. Please also refer to EMR(2) register definition section and DDR2 DIMM SPD definition
for details.

For more detail, please refer to JEP-179 DDR2 SDRAM Operating Temperature Application Note.

For the system users who use non-standard DIMM module or discrete parts, please refer to DRAM manufacture
specifications to verify the DRAM capability supporting Self-Refresh at higher temperature.

Table 18 — ODT DC electrical characteristics

PARAMETER/CONDITION SYMBOL MIN NOM | MAX |[UNITS | NOTES
Rtt effective impedance value for EMRS(A6,A2)=0,1; 75 Q Rtt1(eff) 60 75 90 Q 1
Rtt effective impedance value for EMRS(A6,A2)=1,0; 150 Q Rtt2(eff) 120 150 | 180 Q 1
Rtt effective impedance value for EMRS(A6,A2)=1,1; 50 Q Rtt3(eff) 40 50 60 Q 1,2
Deviation of VM with respect to VDDQ/2 AVM -6 +6 % 1

NOTE 1 Test condition for Rtt measurements
NOTE 2 Optional for DDR2-400/533/667, mandatory for DDR2-800.

Measurement Definition for Rtt(eff): Apply V,,(ac) and V, (ac) to test pin separately, then measure current I(V,, (ac))

and I( V, (ac)) respectively. V,(ac), V,, (ac), and VDDQ values defined in SSTL 18
Vi (ac) - Vi (ac)

Rtt(efi
( f) I(V”_l (ac)) - I(VIL(aC))
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6 AC & DC operating conditions (cont’d)

Measurement Definition for VM: Measure voltage (VM) at test pin (midpoint) with no load.

2XVm
VDDQ

AVM = -1 ] x100%

Table 19 — Input DC logic level

Symbol Parameter Min. Max. Units Notes
Viy(dc) dc input logic HIGH VREF +0.125 | VDDQ + 0.3 \Y
Vi(dc) dc input logic LOW -0.3 VREF - 0.125 Y,

Table 20 — Input AC logic level

DDR2-400, DDR2-533 DDR2-667, DDR2-800
Symbol Parameter Units Notes
Min. Max. Min. Max.
Vi, (ac) ac input logic HIGH | VREF +0.250 | VDDQ+Vpeak | VREF + 0.200 | VDDQ+Vpeak \% 1
Vi (ac) ac input |ogic LOW VSSQ-Vpeak VREF - 0.250 VSSQ-Vpeak VREF - 0.200 \ 1

NOTE 1 Refer to Overshoot/undershoot specifications (Table 24 and Table 25) for Vpeak value: maxi-
mum peak amplitude allowed for overshoot adn undershoot.

Table 21 — AC input test conditions

Symbol Condition Value Units Notes
VRer Input reference voltage 0.5 x Vppq \ 1
VSWING(MAX) Input signal maximum peak to peak swing 1.0 \% 1
SLEW Input signal minimum slew rate 1.0 V/ins 2,3

NOTE 1  Input waveform timing is referenced to the input signal crossing through the Vi (ac) level
applied to the device under test.

NOTE2 The input signal minimum slew rate is to be maintained over the range from Vggp t0 Vipj(ac) min
for rising edges and the range from VR t0 Vi (o) max for falling edges as shown in the below figure.

NOTE 3 AC timings are referenced with input waveforms switching from VIL(ac) to VIH(ac) on the pos-
itive transitions and VIH(ac) to VIL(ac) on the negative transitions.

————————————————————— Vbba
————————————— - VIH(ac) min

——————————— - ViH(dc) min

Vswinevax)| N - VRer

________ | _ VlL(dC) max
_______ | _ VIL(ac) max

______________ | — VSS

VREeF - ViL(ac) Max

V min -V
Rising Slew = IH(ac) REF

Falling Slew =
ATF ATR

Figure 73 — AC input test signal waveform
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6 AC & DC operating conditions (cont’d)
Table 22 — Differential input AC logic level
Symbol Parameter Min. Max. Units | Notes
Vip(ac) | ac differential input voltage 0.5 VDDQ \Y 1,3
Vix@e)  |ac differential crosspoint voltage 0.5xVDDQ-0.175 | 0.5x VDDQ +0.175 |  V 2
NOTE 1 Vipc) specifies the input differential voltage [Vtr -Ver | required for switching, where Vrr is

the true input signal (such as CK, DQS, LDQS or UDQS) and Vcr is the complementary input signal
(such as CK, DQS, LDQS or UDQS). The minimum value is equal to V mac) - V o).

NOTE 2 The typical value of Vixc) is expected to be about 0.5 x VDDQ of the transmitting device and
Vixao) is expected to track variations in VDDQ. Vixc) indicates the voltage at which differential input
signals must cross.

NOTE 3 Refer to Overshoot/undershoot specifications (Table 24 and Table 25) for Vpeak value: maximum peak
amplitude allowed for overshoot adn undershoot.

Crossing point

Figure 74 — Differential signal levels

Table 23 — Differential AC output parameters

Symbol Parameter Min. Max. Units | Notes
Vox(ae) |ac differential crosspoint voltage 0.5xVDDQ-0.125 | 0.5xVDDQ +0.125 |V 1
NOTE 1 The typical value of Voxac) is expected to be about 0.5 x VDDQ of the transmitting

device and Voxc) is expected to track variations in VDDQ . Voxc) indicates the voltage at which
differential output signals must cross.

Overshoot/undershoot specification
Table 24 — AC overshoot/undershoot specification for address and control pins:

A0-A15, BA0-BA2, CS, RAS, CAS, WE, CKE, ODT

Parameter Specification

DDR2-400 | DDR2-533 | DDR2-667 | DDR2-800
Maximum peak amplitude allowed for overshoot area (See Figure 75): 0.500.9)'V | 0.5(0.9)'V | 0.500.9)'V | 0.5(0.9)'V
Maximum peak amplitude allowed for undershoot area (See Figure 75): | 0.5(0.9)' v | 0.5(0.9)'V | 0.5(0.9)' vV | 0.5(0.9)' v
Maximum overshoot area above VDD (See Figure 75). 1.33 V-ns 1.0 V-ns 0.8 V-ns 0.66 V-ns
Maximum undershoot area below VSS (See Figure 75). 1.33 V-ns 1.0 V-ns 0.8 V-ns 0.66 V-ns
NOTE 1 The maximum requirements for peak amplitude were reduced from 0.9V to 0.5V. Register vendor data sheets will spec-
ify the maximum over/undershoot induced in specific RDIMM applications. DRAM vendor data sheets will also specify the maxi-
mum overshoot/undershoot that their DRAM can tolerate. This will allow the RDIMM supplier to understand whether the DRAM
can tolerate the overshoot that the register will induce in the specific RDIMM application.
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6 AC & DC operating conditions (cont’d)

Maximum Amplitude

s

VDD

Overshoot Area

e

Volts Vss

(V)

Maximum Amplitude

Time (ns)

Figure 75 — AC overshoot and undershoot definition for address and control pins

Undershoot Area

Table 25 — AC overshoot/undershoot specification for clock, data, strobe, and mask pins:
DQ, (U/L/R)DQS, (U/L/R)DQS, DM, CK, CK

Parameter Specification

DDR2-400 | DDR2-533 | DDR2-667 | DDR2-300
Maximum peak amplitude allowed for overshoot area (See Figure 76): 0.5V 0.5V 05V 0.5V
Maximum peak amplitude allowed for undershoot area (See Figure 76): 0.5V 0.5V 0.5V 0.5V
Maximum overshoot area above VDDQ (See Figure 76). 0.38 V-ns 0.28 V-ns 0.23 V-ns 0.23 V-ns
Maximum undershoot area below VSSQ (See Figure 76). 0.38 V-ns 0.28 V-ns 0.23 V-ns 0.23 V-ns

Maximum Amplitude

L,

\VVDDQ

e

Overshoot Area

Volts \V/ssQ

(V)

Maximum Amplitude
Time (ns)

N

Undershoot Area

Figure 76 — AC overshoot and undershoot definition for clock, data, strobe, and mask pins

Power and ground clamps are required on the following input only pins:

a) BAO-BAx
b) A0-Axx
¢) RAS

d) CAS

e) WE

f) CS

g) ODT

h) CKE
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6 AC & DC operating conditions (cont’d)
Table 26 — V-l characteristics for input-only pins with clamps
Voltage across Clamp | Minimum Power Clamp | Minimum Ground Clamp
V) Current (mA) Current (mA)
0.0 0 0
0.1 0 0
0.2 0 0
0.3 0 0
0.4 0 0
0.5 0 0
0.6 0 0
0.7 0 0
0.8 0.1 0.1
0.9 1.0 1.0
1.0 25 25
1.1 47 47
1.2 6.8 6.8
1.3 9.1 9.1
1.4 11.0 11.0
1.5 13.5 13.5
1.6 16.0 16.0
1.7 18.2 18.2
1.8 21.0 21.0
Output buffer characteristics
Table 27 — Output AC test conditions
Symbol Parameter SSTL_18 Units Notes
Vorr Output Timing Measurement Reference Level 0.5 xVppq Vv 1
NOTE 1 The VDDQ of the device under test is referenced.
Table 28 — Output DC current drive
Symbol Parameter SSTI_18 Units Notes
loH(dc) Output Minimum Source DC Current -13.4 mA 1,3,4
loL(de) Output Minimum Sink DC Current 134 mA 2,3,43
NOTE 1 Vppqg=1.7V; Vour = 1420 mV. (Voyr - Vppg)/lon must be less than 21 Q for values of Voyt between Vppq and

VDDQ - 280 mV.
NOTE2 Vppqg=1.7V; Vour =280 mV. Vgyr/lor, must be less than 21 Q for values of Vgyr between 0 V and 280 mV.

NOTE 3 The dc value of Vigr applied to the receiving device is set to Vpr

NOTE 4  The values of Inyqc) and Iop (4c) are based on the conditions given in Notes 1 and 2. They are used to test device drive cur-

rent capability to ensure Vi min plus a noise margin and V. max minus a noise margin are delivered to an SSTL_18 receiver. The

actual current values are derived by shifting the desired driver operating point (see Section 3.3 of JESDS-15A) along a 21 Q load line
to define a convenient driver current for measurement.
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6 AC & DC operating conditions (cont’d)

Table 29 — OCD default characteristics

Description Parameter Min Nom Max Unit Notes
Output impedance See full strength default driver characteristics Q 1
Output impedance step size for
OCD calibration 0 15 Q 6
Pull-up and pull-down mismatch 0 4 Q 1,2,3
Output slew rate Sout 15 5 V/ns | 1,4,5,7,8,9

INOTE 1 Absolute Specifications (TOPER; VDD =+1.8V 0.1V, VDDQ = +1.8V £0.1V). DRAM I/O specifications for timing,
voltage, and slew rate are no longer applicable if OCD is changed from default settings.

INOTE 2 Impedance measurement condition for output source dc current: VDDQ = 1.7 V; VOUT = 1420 mV; (VOUT-
IVDDQ)/Ioh must be less than 23.4 Q for values of VOUT between VDDQ and VDDQ - 280 mV. Impedance measurement condi-
tion for output sink dc current: VDDQ = 1.7 V; VOUT = 280 mV; VOUT/Iol must be less than 23.4 Q for values of VOUT
between 0 V and 280 mV.

INOTE 3 Mismatch is absolute value between pull-up and pull-down, both are measured at same temperature and voltage.
INOTE 4 Slew rate measured from vil(ac) to vih(ac).

INOTE 5 The absolute value of the slew rate as measured from DC to DC is equal to or greater than the slew rate as measured
from AC to AC. This is guaranteed by design and characterization.

INOTE 6 This represents the step size when the OCD is near 18 Q at nominal conditions across all process corners/variations
fand represents only the DRAM uncertainty. A 0 Q value (no calibration) can only be achieved if the OCD impedance is 18 Q +/-
0.75 Q under nominal conditions.

INOTE 7 DRAM output slew rate specification applies to 400 MT/s, 533 MT/s & 667 MT/s speed bins.

INOTE 8 Timing skew due to DRAM output slew rate mis-match between DQS / DQS and associated DQ’s is included in
tDQSQ and tQHS specification.

INOTE 9 DDR2 SDRAM output slew rate test load is defined in General Note 3 of the AC Timing specification Table.

DDR2 SDRAM default output driver V-I characteristics

DDR2 SDRAM output driver characteristics are defined for full strength default operation as selected by the EMR(1)
bits A7-A9 = “111". Figures 77, 78, 79 and 80 show the driver characteristics graphically, and Tables 30, 31, 32 and
33 show the same data in tabular format suitable for input into simulation tools. The driver characteristics evaluation
conditions are:

a) Nominal Default 25 °C (T case), VDDQ = 1.8 V, typical process
b) Minimum Toprer(max), VDDQ = 1.7 V, slow—slow process
¢) Maximum 0 °C (T case), VDDQ = 1.9 V, fast—fast process

Default output driver characteristic curves notes:

1) The full variation in driver current from minimum to maximum process, temperature, and voltage will lie within
the outer bounding lines of the VI curve of Figures 77, 78, 79 and 80.

2) It is recommended that the “typical” IBIS V-I curve lie within the inner bounding lines of the V-I curves of
Figures 77, 78, 79 and 80.
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6 AC & DC operating conditions (cont’d)

Table 30 — Full strength default pulldown driver characteristics

Pulldown Current (mA)
. Suggested IBIS | Suggested IBIS .
Voltage (V)| Minimum Target Low Target High Maximum

0.0 0.00 0.00 0.00 0.00

0.1 4.30 5.65 5.90 7.95

0.2 8.60 11.30 11.80 15.90
0.3 12.90 16.50 16.80 23.85
0.4 16.90 21.20 22.10 31.80
0.5 20.05 25.00 27.60 39.75
0.6 22.10 28.30 32.40 47.70
0.7 23.27 30.90 36.90 55.55
0.8 24.10 33.00 40.90 62.95
0.9 2473 34.50 44.60 69.55
1.0 25.23 35.50 47.70 75.35
1.1 25.65 36.10 50.40 80.35
1.2 26.02 36.60 52.60 84.55
1.3 26.35 36.90 54.20 87.95
1.4 26.65 37.10 55.90 90.70
1.5 26.93 37.40 57.10 93.00
1.6 27.20 37.60 58.40 95.05
1.7 27.46 37.70 59.60 97.05
1.8 37.90 60.90 99.05
1.9 101.05

120.00

100.00 -
<
£ "
+— 80.00 - —o— Minimum
c
o
=
3 60.00 A AAD —m— Suggested IBIS
(&) A A
c Target Low
3
S 40.00 1 A— Suggested IBIS
% Target High
Q- 20,00 .

’ —e— Maximum
ooowl— 1~ 1. . . ... 1. ..
00 02 04 06 08 10 12 14 16 1.8
VOUT to VSSAQ (V)

Figure 77 — DDR2 default pulldown characteristics for full strength driver
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6 AC & DC operating conditions (cont’d)

Table 31 — Full strength default pullup driver characteristics

Pulldown Current (mA)
Voltage (V) | Minimum Nominal Default Nomina.l Default Maximum
Low High

0.0 0.00 0.00 0.00 0.00

0.1 4.30 5.65 5.90 7.95

0.2 8.60 11.30 11.80 15.90

0.3 12.90 16.50 16.80 23.85

0.4 16.90 21.20 22.10 31.80

0.5 20.05 25.00 27.60 39.75

0.6 22.10 28.30 32.40 47.70

0.7 23.27 30.90 36.90 55.55

0.8 24.10 33.00 40.90 62.95

0.9 24.73 34.50 44.60 69.55

1.0 25.23 35.50 47.70 75.35

1.1 25.65 36.10 50.40 80.35

1.2 26.02 36.60 52.60 84.55

1.3 26.35 36.90 54.20 87.95

1.4 26.65 37.10 55.90 90.70

1.5 26.93 37.40 57.10 93.00

1.6 27.20 37.60 58.40 95.05

1.7 27.46 37.70 59.60 97.05

1.8 37.90 60.90 99.05

1.9 101.05

0.00
-20.00 A -

T | I NAEg TPt —o— Minimum
E 4000
‘g —m— Suggested IBIS
g -60.00 Target Low
g_ A— Suggested IBIS
3 -80.00 4 Target High
=1
o —o— Maximum

-100.00 -

-120.00

00 02 04 06 08 10 12 14 16 18
VDDAQ to VOUT (V)

Figure 78 — DDR2 default pullup characteristics for full strength output driver
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6 AC & DC operating conditions (cont’d)

Table 32 — Reduced strength default pulldown driver characteristics

Pulldown Current (mA)
o Suggested IBIS |Suggested IBIS .
Voltage (V)| Minimum Target Low Tarqet High Maximum
0.0 0.00 0.00 0.00 0.00
0.1 1.72 3.24 4.1 4.77
0.2 3.44 6.25 8.01 9.54
0.3 5.16 9.03 11.67 14.31
0.4 6.76 11.52 15.03 19.08
0.5 8.02 13.66 18.03 23.85
0.6 8.84 15.41 20.61 28.62
0.7 9.31 16.77 22.71 33.33
0.8 9.64 17.74 24.35 37.77
0.9 9.89 18.38 25.56 41.73
1.0 10.09 18.80 26.38 45.21
1.1 10.26 19.06 26.90 48.21
1.2 10.41 19.23 27.24 50.73
1.3 10.54 19.35 27.47 52.77
1.4 10.66 19.46 27.64 54.42
1.5 10.77 19.56 27.78 55.80
1.6 10.88 19.65 27.89 57.03
1.7 10.98 19.73 27.97 58.23
1.8 19.80 28.02 59.43
1.9 60.63

70.00

60.00 -
E 50.00 -
E —o— Minimum
GtJ 40.00 -
S —@— Suggested IBIS
e 30.00 - Target Low
3 A— Suggested IBIS
-8 Target High
= 20.00 .
> —e— Maximum
o

10.00

0.00 #F= : - e -
00 02 04 06 08 10 12 14 16 18
VOUT to VSSQ (V)

Figure 79 — DDR2 default pulldown characteristics for reduced strength drive
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6 AC & DC operating conditions (cont’d)

Table 33 — Reduced strength default pullup driver characteristics

Pullup Current (mA)
. Suggested IBIS [ Suggested IBIS .
Voltage (V) | Minimum Target Low Target High Maximum
0.0 0.00 0.000 0.00 0.00
0.1 -1.72 -3.200 -3.70 -4.77
0.2 -3.44 -6.200 -7.22 -9.54
0.3 -5.16 -9.040 -10.56 -14.31
0.4 -6.76 -11.690 -13.75 -19.08
0.5 -8.02 -14.110 -16.78 -23.85
0.6 -8.84 -16.270 -19.61 -28.62
0.7 -9.31 -18.160 -22.20 -33.33
0.8 -9.64 -19.770 -24.50 -37.77
0.9 -9.89 -21.100 -26.46 -41.73
1.0 -10.09 -22.150 -28.07 -45.21
1.1 -10.26 -22.960 -29.36 -48.21
1.2 -10.41 -23.610 -30.40 -50.73
1.3 -10.54 -24.160 -31.24 -52.77
1.4 -10.66 -24.640 -31.93 -54.42
1.5 -10.77 -25.070 -32.51 -55.80
1.6 -10.88 -25.470 -33.01 -57.03
1.7 -10.98 -25.850 -33.46 -58.23
1.8 -26.210 -33.89 -59.43
1.9 -60.63
0.00
-10.00 -
< -20.00 |
S -
e —o— Minimum
€ -30.00 -
e
5 —m— Suggested IBIS
g_ -40.00 - Target Low
2 50.00 A— Suggested IBIS
& Target High
60,00 —e— Maximum
-70.00 ‘ ‘ ‘ ‘ ‘ ‘ ‘
00 02 04 06 08 10 12 14 16 18
vDDQ to VOUT (V)

Figure 80 — DDR2 default pullup characteristics for reduced strength driver
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6 AC & DC operating conditions (cont’d)

DDR2 SDRAM calibrated output driver V-I characteristics

DDR2 SDRAM output driver characteristics are defined for full strength calibrated operation as selected by the
procedure outlined in section 3.4.3 Off-chip driver (OCD) impedance adjustment. Tables 34 and 35 show the data in
tabular format suitable for input into simulation tools. The nominal points represent a device at exactly 18 (0. The
nominal low and nominal high values represent the range that can be achieved with a maximum 1.5 Q step size with
no calibration error at the exact nominal conditions only (i.e. perfect calibration procedure, 1.5 2 maximum step size
guaranteed by specification). Real system calibration error needs to be added to these values. It must be understood
that these V-I curves as represented here or in supplier IBIS models need to be adjusted to a wider range as a result of
any system calibration error. Since this is a system specific phenomena, it cannot be quantified here. The values in the
calibrated tables represent just the DRAM portion of uncertainty while looking at one DQ only. If the calibration
procedure is used, it is possible to cause the device to operate outside the bounds of the default device characteristics
tables and figures. In such a situation, the timing parameters in the specification cannot be guaranteed. It is solely up
to the system application to ensure that the device is calibrated between the minimum and maximum default values at
all times. If this can’t be guaranteed by the system calibration procedure, re-calibration policy, and uncertainty with
DQ to DQ variation, then it is recommended that only the default values be used. The nominal maximum and
minimum values represent the change in impedance from nominal low and high as a result of voltage and temperature
change from the nominal condition to the maximum and minimum conditions. If calibrated at an extreme condition,
the amount of variation could be as much as from the nominal minimum to the nominal maximum or vice versa. The
driver characteristics evaluation conditions are:

a) Nominal 25 °C (T case), VDDQ = 1.8 V, typical process

b) Nominal Low and Nominal High 25 °C (T case), VDDQ = 1.8 V, any process
¢) Nominal Minimum TopPer(max), VDDQ = 1.7 V, any process

d) Nominal Maximum 0 °C (T case), VDDQ = 1.9 V, any process

Table 34 — Full strength calibrated pulldown driver characteristics

Calibrated Pulldown Current (mA)
Voltage (V) Nominal Minimum Nominal Low Nominal Nominal High Nominal Maximum
21 Q) (18.75 Q) 18 Q) (17.25 Q) (15 Q)
0.2 9.5 10.7 11.5 11.8 13.3
0.3 14.3 16.0 16.6 17.4 20.0
04 18.7 21.0 216 23.0 27.0
Table 35 — Full strength calibrated pullup driver characteristics
Calibrated Pullup Current (mA)
Voltage (V) Nominal Minimum Nominal Low Nominal Nominal High Nominal Maximum
21 Q) (18.75 Q) (18 Q) (17.25 Q) (15 Q)
0.2 -95 -10.7 -11.4 -11.8 -13.3
0.3 -14.3 -16.0 -16.5 -17.4 -20.0
0.4 -18.7 -21.0 -21.2 -23.0 -27.0
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6 AC & DC operating conditions (cont’d)

Table 36 — IDD specification parameters and test conditions

(IDD values are for full operating range of Voltage and Temperature, Notes 1 - 6)

Symbol Conditions

Max

Units

Notes

IDDO Operating one bank active-precharge current;

tCK = tCK(IDD), tRC = tRC(IDD), tRAS = tRASmIn(IDD);
CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are SWITCHING;

Data bus inputs are SWITCHING

mA

IDD1 Operating one bank active-read-precharge current;
IOUT = 0mA;
BL =4, CL = CL(IDD), AL = 0;

CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are SWITCHING;
Data pattern is same as IDD4W

tCK = tCK(IDD), tRC = tRC (IDD), tRAS = tRASmin(IDD), tRCD = tRCD(IDD);

mA

IDD2P Precharge power-down current;

All banks idle;

tCK = tCK(IDD);

CKE is LOW;

Other control and address bus inputs are STABLE;
Data bus inputs are FLOATING

mA

IDD2Q  |Precharge quiet standby current;

All banks idle;

tcK = tCK(IDD);

CKE is HIGH, CS is HIGH;

Other control and address bus inputs are STABLE;
Data bus inputs are FLOATING

mA

IDD2N Precharge standby current;

All banks idle;

tcK = tCK(IDD);

CKE is HIGH, CS is HIGH;

Other control and address bus inputs are SWITCHING;
Data bus inputs are SWITCHING

mA

IDD3P Active power-down current;

All banks open;

tCK = tCK(IDD);

CKE is LOW;

Other control and address bus inputs are STABLE;
Data bus inputs are FLOATING

Fast PDN Exit
MRS(12) = 0

mA

Slow PDN Exit
MRS(12) =1

mA

IDD3N  |Active standby current;

All banks open;

tCK = tCK(IDD), tRAS = tRASmax(IDD), tRP = tRP(IDD);
CKE is HIGH, CS is HIGH between valid commands;
Other control and address bus inputs are SWITCHING;
Data bus inputs are SWITCHING

mA
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Table 36 — IDD specification parameters and test conditions (cont’d)
(IDD values are for full operating range of Voltage and Temperature, Notes 1 - 6)
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Symbol

Conditions

Max

Units

Notes

IDD4W

Operating burst write current;

All banks open, Continuous burst writes;

BL =4, CL = CL(IDD), AL = 0;

tCK = tCK(IDD), tRAS = tRASmax(IDD), tRP = tRP(IDD);
CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are SWITCHING;

Data bus inputs are SWITCHING

mA

IDD4R

Operating burst read current;

All banks open, Continuous burst reads, IOUT = 0 mA;
BL =4, CL = CL(IDD), AL = 0;

tCK = tCK(IDD), tRAS = tRASmax(IDD), tRP = tRP(IDD);
CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are SWITCHING;

Data pattern is same as IDD4W

mA

IDD5B

Burst refresh current;

tCK = tCK(IDD);

Refresh command at every tRFC(IDD) interval;

CKE is HIGH, CS is HIGH between valid commands;
Other control and address bus inputs are SWITCHING;
Data bus inputs are SWITCHING

mA

IDD6

Self refresh current;

CK and CK at 0 V;

CKE<0.2V,

Other control and address bus inputs are FLOATING;
Data bus inputs are FLOATING

mA

IDD7

Operating bank interleave read current;

All bank interleaving reads, IOUT = 0mA,;

BL = 4, CL = CL(IDD), AL = tRCD(IDD) - 1 x tCK(IDD);

tcK = tCK(IDD), tRC = tRC(IDD), tRRD = tRRD(IDD), tFAW = tFAW(IDD),
tRCD = 1 x tCK(IDD);

CKE is HIGH, CS is HIGH between valid commands;

Address bus inputs are STABLE during DESELECTs;

Data pattern is same as IDD4R;

- Refer to the following pages for detailed timing conditions

mA
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6 AC & DC operating conditions (cont’d)

Table 36 — IDD specification parameters and test conditions (cont’d)
(IDD values are for full operating range of Voltage and Temperature, Notes 1 - 6)

Symbol Conditions

Max

Units

Notes

NOTE 1 IDD specifications are tested after the device is properly initialized
NOTE 2 Input slew rate is specified by AC Parametric Test Condition
NOTE 3 IDD parameters are specified with ODT disabled.

NOTE 4 Data bus consists of DQ, DM, DQS, DQS, RDQS, RDQS, LDQS, LDQS, UDQS, and UDQS. IDD values must be met with all

combinations of EMRS bits 10 and 11.

NOTE 5 For DDR2-667/800 testing, tCK in the Conditions should be interpreted as tCK(avg)

NOTE 6 Definitions for IDD

LOW = Vin < VILAC(max)

HIGH = Vin 2 VIHAC(min)

STABLE = inputs stable at a HIGH or LOW level
FLOATING = inputs at VREF = VDDQ/2
SWITCHING

inputs changing between HIGH and LOW every other clock cycle (once per two clocks) for address and control

signals, and inputs changing between HIGH and LOW every other data transfer (once per clock) for DQ signals

not including masks or strobes.

IDD testing parameters

For purposes of IDD testing, the parameters in Table 37 are to be utilized.

Table 37 — IDD testing parameters

Speed DDR2-800 DDR2-667 DDR2-533 DDR2-400 )
Bin(CL-tRCD-tRP) 4-4-4 5-5-5 6-6-6 4-4-4 5-5-5 3-3-3 4-4-4 3-3-3 4-4-4 Units

CL(IDD) 4 5 6 4 5 3 4 3 4 tCK
tRCD(IDD) 10 12.5 15 12 15 11.25 15 15 20 ns
tRC(IDD) 55 57.5 60 57 60 56.25 60 55 65 ns
tRRD(IDD)-1KB 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 ns
tRRD(IDD)-2KB 10 10 10 10 10 10 10 10 10 ns
tFAW(IDD)-1KB 35 35 35 375 375 37.5 375 37.5 375 ns
tFAW(IDD)-2KB 45 45 45 50 50 50 50 50 50 ns
tCK(IDD) 25 25 25 3 3 3.75 3.75 5 5 ns
tRASmIn(IDD) 45 45 45 45 45 45 45 40 45 ns
tRASmax(IDD) 70000 70000 70000 70000 70000 70000 70000 70000 70000 ns
tRP(IDD) 10 125 15 12 15 11.25 15 15 20 ns
tRFC(IDD)-256Mb 75 75 75 75 75 75 75 75 75 ns
tRFC(IDD)-512Mb 105 105 105 105 105 105 105 105 105 ns
tRFC(IDD)-1Gb 127.5 127.5 127.5 127.5 127.5 127.5 127.5 127.5 127.5 ns
tRFC(IDD)-2Gb 197.5 197.5 197.5 197.5 197.5 197.5 197.5 197.5 197.5 ns
tRFC(IDD)-4Gb 327.5 327.5 3275 327.5 3275 327.5 327.5 327.5 327.5 ns
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6 AC & DC operating conditions (cont’d)

Detailed IDD7

The detailed timings are shown below for IDD7. Changes will be required if timing parameter changes are made to the specification.

Legend: A = Active; RA = Read with Autoprecharge; D = Deselect

IDD7: Operating Current: All Bank Interleave Read operation

All banks are being interleaved at minimum tRC(IDD) without violating tRRD(IDD) and tFAW(IDD) using a burst length of 4. Control and
address bus inputs are STABLE during DESELECTs. IOUT = 0 mA

Timing Patterns for 4 bank devices with 1 KB or 2 KB page size

-DDR2-400 4-4-4: AO RAO A1 RA1 A2RA2 A3RA3DDDDD

-DDR2-400 3-3-3: AO RAO A1 RA1 A2RA2 A3RA3DDD

-DDR2-533 4-4-4: AORAOD A1 RAIDA2RA2DA3RA3DDDDD

-DDR2-533 3-3-3: AORAOD A1 RAIDA2RA2D A3RA3DDDD

-DDR2-667 5-5-5: AORAODD A1 RAIDDA2RA2DDA3RA3IDDDDDD
-DDR2-667 4-4-4: AORAODD A1 RAIDDA2RA2DDA3RA3DDDDD
-DDR2-800 6-6-6: AORAODD A1 RAIDDA2RA2DDA3RA3DDDDDDDDDD
-DDR2-800 5-5-5: AORAODD A1 RAIDDA2RA2DDA3RA3DDDDDDDDD
-DDR2-800 4-4-4: AORAODD AIRAIDDA2RA2DDA3RA3IDDDDDDDD

Timing Patterns for 8 bank devices with 1 KB page size

-DDR2-400 all bins: AO RAO A1 RA1 A2 RA2 A3 RA3 A4 RA4 A5 RAS A6 RA6 A7 RA7

-DDR2-533 all bins: AO RAO A1 RA1 A2 RA2 A3 RA3 D D A4 RA4 A5 RA5S A6 RA6 A7TRA7D D

-DDR2-667 all bins: AO RAO D A1 RA1 D A2 RA2D A3 RA3 DD A4 RA4D ASRASD A6 RA6 DA7TRA7DD
-DDR2-800 all bins: AO RA0O D A1 RA1 D A2RA2D A3RA3D DD A4 RA4D A5RA5D A6 RA6D A7RA7D DD

Timing Patterns for 8 bank devices with 2 KB page size

-DDR2-400 all bins: A0 RAO A1 RA1 A2 RA2 A3 RA3 D D A4 RA4 A5 RA5S A6 RA6 ATRA7DD

-DDR2-533 all bins: AO RAOD A1 RA1 D A2RA2D A3RA3DD D A4RA4D A5RA5D A6 RA6D A7RA7D DD
-DDR2-667 all bins: AORAODD AIRAIDDA2RA2DD A3RA3IDDD A4RA4ADDASRASDDA6RA6DDA7RA7DDD
-DDR2-800 all bins: AORAODD AIRAIDDA2RA2DDA3RA3DDDDA4RA4DDASRASDD A6RA6DD A7RA7DDDD

Table 38 — Input/output capacitance

Parameter Symbol ggiz'ggg PDR2-667 PDR2-500
Min Max Min Max Min Max Units
Input capacitance, CK and CK CCK 1.0 2.0 1.0 2.0 1.0 2.0 pF
Input capacitance delta, CK and CK CDCK X 0.25 X 0.25 X 0.25 pF
Input capacitance, all other input-only pins Cl 1.0 2.0 1.0 2.0 1.0 1.75 pF
Input capacitance delta, all other input-only pins CDI X 0.25 X 0.25 X 0.25 pF
Input/output capacitance, DQ, DM, DQS, DQS Clo 2.5 4.0 25 3.5 2.5 3.5 pF
Input/output capacitance delta, DQ, DM, DQS, DQs CDIO X 0.5 X 0.5 X 0.5 pF
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6 AC & DC operating conditions (cont’d)

Electrical characteristics & AC timing for DDR2-400/533/667/800 - absolute specification
(ToPER; Vppg = 1.8 V +/- 0.1 V; Vpp = 1.8 V +/- 0.1 V)

Table 39 — Refresh parameters by device density

Parameter Symbol 256 Mb| 512Mb| 1Gb | 2Gb| 4Gb | Units| Note
Refresh to active/Refresh command time | tRFC 75 105 1275 | 195 | 3275 ns 1
0°C<Tcase<85°C 7.8 7.8 7.8 7.8 7.8 us 1
Average periodic refresh interval tREFI
85°C <Tcase <95 °C 3.9 3.9 3.9 3.9 3.9 us 1,2

NOTE 1
can be executed.

If refresh timing is violated, data corruption may occur and the data must be re-written with valid data before a valid READ

NOTE 2 This is an optional feature. For detailed information, please refer to “operating temperature condition” chapter in this spec

Table 40 — DDR2 SDRAM standard speed bins and tCK/tCK(avg), tRCD, tRP, tRAS and tRC
for corresponding bin

Speed bin DDR2-800C | DDR2-800D | DDR2-800E | DDR2-667C | DDR2-667D
CL -tRCD - tRP 4-4-4 5-5-5 6-6-6 4-4-4 5-5-5 Units | Notes
Parameter min max | min max | min max | min max | min max
tRCD 10 - 12.5 - 15 - 12 - 15 - ns
tRP" 10 - | 125 | - 15 - 12 - 15 - ns
tRC 55 - 57.5 - 60 - 57 - 60 - ns 2
tRAS 45 |70000| 45 |70000| 45 |70000( 45 |[70000| 45 |[70000| ns 2,3
tCK(avg) @ CL=2 Optional Optional Optional Optional Optional ns 4
tCK(avg) @ CL=3 Optional Optional Optional Optional Optional ns 4
tCK(avg) @ CL=4 25 8 3.75 8 3.75 8 3 8 3.75 8 ns 4
tCK(avg) @ CL=5 25 8 25 8 3 8 3 8 3 8 ns 4
tCK(avg) @ CL=6 Optional Optional 25 8 Optional Optional ns 4
Speed bin DDR2-533B DDR2-533C DDR2-400B DDR2-400C
CL -tRCD - tRP 3-3-3 4-4-4 3-3-3 4-4-4 Units
Parameter min max min max min max min max
tRCD: ACT to RD(A) or WT(A) Delay 11.25 - 15 - 15 - 20 - ns
tRP': PRE to ACT Delay 11.25 | - 15 - 15 - 20 - ns
tRC: ACT to ACT Delay 56.25 - 60 - 55 - 65 - ns
tRAS: ACT to PRE Delay 45 |70000| 45 |70000| 40 |70000| 45 |70000| ns
tCK @ CL=2 Optional Optional Optional Optional ns
tCK @ CL=3 3.75 8 5 8 5 8 Optional ns
tCK @ CL=4 3.75 8 3.75 8 5 8 5 8 ns
tCK @ CL=5 Optional Optional Optional Optional ns
tCK @ CL=6 Optional Optional Optional Optional ns
NOTE 1 8 bank device Precharge All Allowance : tRPall for a Precharge All command for an 8 Bank device is equal to tRP + 1
X tCK, where tRP is the value for a single bank precharge, which are shown in this table.
NOTE 2 Refer to Specific Notes 32.
NOTE 3 Refer to Specific Notes 3.
NOTE 4 Refer to Specific Notes 35.
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Table 41 — Timing parameters by speed grade (DDR2-400 and DDR2-533)

(For information related to the entries in this table, refer to both the General Notes and the Specific Notes following Table 42.)
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Parameter Symbol poReA% PoReS% Units Specific
min max min max Notes

Clock cycle time, CL=x tCK 5000 8000 3750 8000 ps 15

CK HIGH pulse width tCH 0.45 0.55 0.45 0.55 tCK

CK LOW pulse width tCL 0.45 0.55 0.45 0.55 tCK

Write command to DQS associated clock edge WL RL-1 RL -1 tCK

DQS latching rising transitions to associated clock tDQSS -0.25 0.25 -0.25 0.25 tCK

edges

DQS falling edge to CK setup time tDSS 0.2 X 0.2 X tCK

DQS falling edge hold time from CK tDSH 0.2 X 0.2 X tCK

DQS input HIGH pulse width tDQSH 0.35 X 0.35 X tCK

DQS input LOW pulse width tDQSL 0.35 X 0.35 X tCK

Write preamble tWPRE 0.35 X 0.35 X tCK

Write postamble tWPST 0.4 0.6 0.4 0.6 tCK 10

Address and control input setup time tIS(base) 350 X 250 X ps 5,7,9,22

Address and control input hold time tIH(base) 475 X 375 X ps 5,7,9,23

Control & Address input pulse width for each input tIPW 0.6 X 0.6 X tCK

DQ and DM input setup time (differential strobe) tDS(base) 150 X 100 X ps 6,7,8,20,
28

DQ and DM input hold time (differential strobe) tDH(base) 275 X 225 X ps 6,7,8,21,
28

DQ and DM input setup time (single-ended strobe) | tDS1(base) 25 X -25 X ps 6,7,8,25

DQ and DM input hold time (single-ended strobe) |tDH1(base) 25 X -25 X ps 6,7,8,26

DQ and DM input pulse width for each input tDIPW 0.35 X 0.35 X tCK

DQ output access time from CK/CK tAC - 600 + 600 - 500 + 500 ps

DQS output access time from CKICK tDQSCK - 500 + 500 -450 + 450 ps

Data-out high-impedance time from CKICK tHZ X tAC max X tAC max ps 18

DQS(/DQS) low-impedance time from CK/CK tLZ(DQS) | tAC min tAC max tAC min tAC max ps 18

DQ low-impedance time from CK/CK tLZ(DQ) | 2xtAC min| tACmax |2xtAC min| tAC max ps 18

DQS-DQ skew for DQS and associated DQ signals| tDQSQ X 350 X 300 ps 13

CK half pulse width tHP min(tCL, X min(tCL, X ps 11,12

tCH) tCH)

DQ hold skew factor tQHS X 450 X 400 ps 12

DQ/DQS output hold time from DQS tQH tHP - tQHS X tHP - tQHS X ps

Read preamble tRPRE 0.9 1.1 0.9 1.1 tCK 19

Read postamble tRPST 0.4 0.6 0.4 0.6 tCK 19
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6 AC & DC operating conditions (cont’d)

Table 41 — Timing parameters by speed grade (DDR2-400 and DDR2-533) (cont’d)

(For information related to the entries in this table, refer to both the General Notes and the Specific Notes following Table 42.)

DDR2-400

DDR2-533

Parameter Symbol Units Specific

min max min max Notes
Active to active command period for 1KB page size tRRD 7.5 X 7.5 X ns 4
products
Active to active command period for 2KB page size tRRD 10 X 10 X ns 4
products
Four Activate Window for 1KB page size products tFAW 37.5 37.5 ns
Four Activate Window for 2KB page size products tFAW 50 50 ns
CAS to CAS command delay tCCD 2 2 tCK
Write recovery time tWR 15 X 15 X ns
Auto precharge write recovery + precharge time tDAL WR + tRP X WR + tRP X tCK 14
Internal write to read command delay tWTR 10 X 7.5 X ns 24
Internal read to precharge command delay tRTP 7.5 7.5 ns 3
CKE minimum pulse width tCKE 3 3 tCK 27
(HIGH and LOW pulse width)
Exit self refresh to a non-read command tXSNR tRFC + 10 tRFC + 10 ns
Exit self refresh to a read command tXSRD 200 200 tCK
Exit precharge power down to any non-read com- tXP 2 X 2 X tCK
mand
Exit active power down to read command tXARD 2 X 2 X tCK 1
Exit active power down to read command tXARDS 6 - AL 6 - AL tCK 1,2
(slow exit, lower power)
ODT turn-on delay tAOND 2 2 2 2 tCK 16
ODT turn-on tAON tAC(min) | tAC(max)+1 | tAC(min) |tAC(max)+1 ns 16
ODT turn-on (Power-Down mode) tAONPD | tAC(min)+2| 2 xtCK+ tAC(min) | 2xtCK+ ns

tAC(max)+1 +2 tAC(max)+1
ODT turn-off delay tAOFD 25 25 25 25 tCK 17,44
ODT turn-off tAOF tAC(min) | tAC(max)+ | tAC(min) [tAC(max)+ ns 17,44
0.6 0.6
ODT turn-off (Power-Down mode) tAOFPD | tAC(min)+2| 2.5 xtCK + | tAC(min)+2| 2.5 x tCK+ ns
tAC(max)+1 tAC(max)+1

ODT to power down entry latency tANPD 3 3 tCK
ODT power down exit latency tAXPD 8 8 tCK
Mode register set command cycle time tMRD 2 X 2 X tCK
MRS command to ODT update delay tMOD 0 12 0 12 ns
OCD drive mode output delay toIT 0 12 0 12 ns
Minimum time clocks remains ON after CKE asyn- tDelay | tISHCK+tIH tIS+HCK+tIH ns 15
chronously drops LOW
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Table 42 — Timing parameters by speed grade (DDR2-667 and DDR2-800)
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(For information related to the entries in this table, refer to both the General Notes and the Specific Notes following this Table.)

DDR2-667 DDR2-800 Specific
Parameter Symbol Units34
. . Notes
min max min max
Average clock period tCK(avg) 3000 8000 2500 8000 ps 35,36
Average clock HIGH pulse width tCH(avg) 0.48 0.52 0.48 0.52 tCK(avg) 35,36
Average clock LOW pulse width tCL(avg) 0.48 0.52 0.48 0.52 tCK(avg) 35,36
Write command to DQS associated clock edge WL RL -1 RL -1 nCK
DQS latching rising transitions to associated clock
tDQSS -0.25 0.25 -0.25 0.25 tCK(avg) 30
edges
DQS falling edge to CK setup time tDSS 0.2 X 0.2 X tCK(avg) 30
DQ@S falling edge hold time from CK tDSH 0.2 X 0.2 X tCK(avg) 30
DQS input HIGH pulse width tDQSH 0.35 X 0.35 X tCK(avg)
DQS input LOW pulse width tDQSL 0.35 X 0.35 X tCK(avg)
Write preamble tWPRE 0.35 X 0.35 X tCK(avg)
Write postamble tWPST 0.4 0.6 0.4 0.6 tCK(avg) 10
5,7,9,22,
Address and control input setup time tIS(base) 200 X 175 X ps 29
5,7,9,23,
Address and control input hold time tIH(base) 275 X 250 X ps 09
Control & Address input pulse width for each input tIPW 0.6 X 0.6 X tCK(avg)
) ] 6,7,8,20,
DQ and DM input setup time tDS(base) 100 X 50 X ps 28 31
6,7,8,21,
DQ and DM input hold time tDH(base) 175 X 125 X ps 28 31
DQ and DM input pulse width for each input tDIPW 0.35 X 0.35 X tCK(avg)
DQ output access time from CK/CK tAC - 450 450 -400 400 ps 40
DQS output access time from CK/CK tDQSCK - 400 400 - 350 350 ps 40
Data-out high-impedance time from CKICK tHZ X tAC,max X tAC,max ps 18,40
DQS/DQS low-impedance time from CK/CK tLZ(DQS)| tAC,min tAC, max tAC,min tAC, max ps 18,40
DQ low-impedance time from CK/CK tLZ(DQ) | 2 x tAC,min tAC,max 2 x tAC,min tAC,max ps 18,40
DQS-DQ skew for DQS and associated DQ signals| tDQSQ X 240 X 200 ps 13
Min( Min(
CK half pulse width tHP tCH(abs), X tCH(abs), X ps 37
tCL(abs) ) tCL(abs) )
DQ hold skew factor tQHS X 340 X 300 ps 38
DQ/DQS output hold time from DQS tQH tHP - tQHS X tHP - tQHS X ps 39
Read preamble tRPRE 0.9 1.1 0.9 1.1 tCK(avg) 19,41
Read postamble tRPST 0.4 0.6 0.4 0.6 tCK(avg) 19,42
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6 AC & DC operating conditions (cont’d)

Table 42 — Timing parameters by speed grade (DDR2-667 and DDR2-800) (cont’d)

(For information related to the entries in this table, refer to both the General Notes and the Specific Notes following this Table.)

DDR2-667

DDR2-800

Specific
Parameter Symbol Units34
. . Notes
min max min max
Activate to activate command period for 1KB page
tRRD 7.5 X 7.5 X ns 4,32
size products
Activate to activate command period for 2KB page
tRRD 10 X 10 X ns 4,32
size products
Four Activate Window for 1KB page size products tFAW 37.5 X 35 X ns 32
Four Activate Window for 2KB page size products tFAW 50 X 45 X ns 32
CAS to CAS command delay tCCD 2 X 2 X nCK
Write recovery time tWR 15 X 15 X ns 32
Auto precharge write recovery + precharge time tDAL WR + tnRP X WR + tnRP X nCK 33
Internal write to read command delay tWTR 7.5 X 7.5 X ns 24,32
Internal read to precharge command delay tRTP 7.5 X 75 X ns 3,32
CKE minimum pulse width
tCKE 3 X 3 X nCK 27
(HIGH and LOW pulse width)
Exit self refresh to a non-read command tXSNR | tRFC + 10 X tRFC + 10 X ns 32
Exit self refresh to a read command tXSRD 200 X 200 X nCK
Exit precharge power down to any command tXP 2 X 2 X nCK
Exit active power down to read command tXARD 2 X 2 X nCK 1
Exit active power down to read command
) tXARDS 7-AL X 8-AL X nCK 1,2
(slow exit, lower power)
ODT turn-on delay tAOND 2 2 2 2 nCK 16
ODT turn-on tAON tAC,min tAC,max + 0.7 tAC,min tAC,max + 0.7 ns 6,16,40
ODT turn-on (Power-Down mode) {AONPD |tAC,min + 2| 2 X ICK@YQ) + 76 in 4 2|2 X ICK(avG) # o
tAC,max + 1 tAC,max + 1
ODT turn-off delay tAOFD 25 2.5 25 2.5 nCK 17,45
ODT turn-off tAOF tAC,min |tAC,max + 0.6 tAC,min |tAC,max+ 0.6 ns 17,43,45
. 2.5 xtCK(avg) . 2.5xtCK(avg)
ODT turn-off (Power-Down mode) tAOFPD | tAC,min + 2 +tAC,max + 1 tAC,min + 2 +tAC,max + 1 ns
ODT to power down entry latency tANPD 3 X 3 X nCK
ODT Power Down Exit Latency tAXPD 8 8 nCK
Mode register set command cycle time tMRD 2 X 2 X nCK
MRS command to ODT update delay tMOD 0 12 12 ns 32
OCD drive mode output delay toIT 0 12 0 12 ns 32
Minimum time clocks remains ON after CKE asyn- s + tIS +
tDelay | tCK(avg) + X tCK(avg) + X ns 15
chronously drops LOW tIH tH
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6 AC & DC operating conditions (cont’d)

General notes, which may apply for all AC parameters
General Note 1 DDR2 SDRAM AC timing reference load

Figure 81 represents the timing reference load used in defining the relevant timing parameters of the part. It is not
intended to be either a precise representation of the typical system environment or a depiction of the actual load
presented by a production tester. System designers will use IBIS or other simulation tools to correlate the timing
reference load to a system environment. Manufacturers will correlate to their production test conditions (generally a
coaxial transmission line terminated at the tester electronics).

vDDQ
|

DQ
DQS

DUT D—gg Output /\/\/\/ V11 = Vppa/2
RD L ’
S Timing
RDAS reference 25Q

%7 point

Figure 81 — AC timing reference load

The output timing reference voltage level for single ended signals is the crosspoint with VTT. The output timing
reference voltage level for differential signals is the crosspoint of the true (e.g. DQS) and the complement (e.g. DQS)
signal.

General Note 2 Slew Rate Measurement Levels

a) Output slew rate for falling and rising edges is measured between VIT - 250 mV and VTT + 250 mV for single
ended signals. For differential signals (e.g. DQS - DQS) output slew rate is measured between DQS - DQS = - 500
mV and DQS - DQS =+ 500 mV. Output slew rate is guaranteed by design, but is not necessarily tested on each
device.

b) Input slew rate for single ended signals is measured from Vref(dc) to VIH(ac),min for rising edges and from
Vref(dc) to VIL(ac),max for falling edges.
For differential signals (e.g. CK - CK) slew rate for rising edges is measured from CK - CK = - 250 mV to CK -
CK =+ 500 mV (+ 250 mV to - 500 mV for falling edges).

¢) VID is the magnitude of the difference between the input voltage on CK and the input voltage on CK, or between
DQS and DQS for differential strobe.

General Note 3 DDR2 SDRAM output slew rate test load

Output slew rate is characterized under the test conditions as shown in Figure 82.

vVDDQ
|
DUT
23| Output
pas, bas | DUtpu /\/\/\/ V11 = Vppa/2
RDQS, RDQS 9
Test point 25Q

v

Figure 82 — Slew rate test load

General Note 4 Differential data strobe

DDR2 SDRAM pin timings are specified for either single ended mode or differential mode depending on the setting
of the EMRS “Enable DQS” mode bit; timing advantages of differential mode are realized in system design. The
method by which the DDR2 SDRAM pin timings are measured is mode dependent. In single ended mode, timing
relationships are measured relative to the rising or falling edges of DQS crossing at VREF. In differential mode, these
timing relationships are measured relative to the crosspoint of DQS and its complement, DQS. This distinction in
timing methods is guaranteed by design and characterization. Note that when differential data strobe mode is disabled
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6 AC & DC operating conditions (cont’d)

via the EMRS, the complementary pin, DQS, must be tied externally to VSS through a 20 Q to 10 k2 resistor to
insure proper operation.

— toasH toasL

DQs/

CK/CK
—_— s = = = — A\
DQS/DQS pas
tRPRE
DQ
tbasamax

Figure 84 — Data output (read) timing
General Note 5 AC timings are for linear signal transitions. See Specific Notes on derating for other signal
transitions.

General Note 6 All voltages are referenced to VSS.

General Note 7 These parameters guarantee device behavior, but they are not necessarily tested on each device.
They may be guaranteed by device design or tester correlation.

General Note 8 Tests for AC timing, IDD, and electrical (AC and DC) characteristics, may be conducted at
nominal reference/supply voltage levels, but the related specifications and device operation are guaranteed for the full
voltage range specified.

Specific notes for dedicated AC parameters

Specific Note 1 User can choose which active power down exit timing to use via MRS (bit 12). tXARD is expected
to be used for fast active power down exit timing. tXARDS is expected to be used for slow active power down exit
timing where a lower power value is defined by each vendor data sheet.

Specific Note 2 AL = Additive Latency.

Specific Note 3 This is a minimum requirement. Minimum read to precharge timing is AL + BL / 2 provided that
the tRTP and tRAS(min) have been satisfied.

Specific Note 4 A minimum of two clocks (2 X tCK or 2 X nCK) is required irrespective of operating frequency.

Specific Note 5 Timings are specified with command/address input slew rate of 1.0 V/ns. See Specific Notes on
derating for other slew rate values.

Specific Note 6 Timings are specified with DQs, DM, and DQS’s (DQS/RDQS in single ended mode) input slew
rate of 1.0V/ns. See Specific Notes on derating for other slew rate values.
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6 AC & DC operating conditions (cont’d)

Specific Note 7 Timings are specified with CK/CK differential slew rate of 2.0 V/ns. Timings are guaranteed for
DQS signals with a differential slew rate of 2.0 V/ns in differential strobe mode and a slew rate of 1 V/ns in single
ended mode. See Specific Notes on derating for other slew rate values.

Specific Note 8 Data setup and hold time derating.

Table 43 — DDR2-400/533 tDS/tDH derating with differential data strobe
AtDS, AtDH derating values for DDR2-400, DDR2-533 (All units in ‘ps’; the note applies to the entire table) ‘

DQS,DQS Differential Slew Rate

4.0 Vins || 3.0 Vins || 2.0 Vins || 1.8 Vins || 1.6 Vins || 1.4 Vins || 1.2 Vins || 1.0 Vins || 0.8 Vins

AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD
S H S H S H S H S H S H S H S H S H

2.0][125| 45 | 125 | 45 [125 | 45 | - - - - - - - - - - - -
5] 83 | 21 | 83 | 21 | 83 | 21 | 95 | 33 | - - - - - - - - - -
M0/ 0o | o | o | oo o |12 1224241 - - - - - - . -
pa |[09]] - - aal 1] aa] 1 2[13[10]25 221 - - - - - -
Slewos|[ - | - [ - [-[=s[st 39| [ 7[5 [23[7[-]-]|-]-
Vins |Fo.71 - - - - - - |3 [4a2]19[30] 7 [18] 5 [ 617 6 - -
o6 - | - | - | -| -] - | - - [43|59|31|-4a7|-19| 35| 7 | 23] 5 |1

05| - - - - - - - - - - |-74a]-89|-62[-77]-50]-65]-38 | -53

0.4] - - - - - - - - - - - - [-127]-140]-115[-128]-103 | -116

Table 44 — DDR2-667/800 tDS/tDH derating with differential data strobe
AtDS, AtDH derating values for DDR2-667, DDR2-800 (All units in ‘ps’; the note applies to the entire table) ‘
DQS,D_QS Differential Slew Rate

4.0 Vins || 3.0 Vins || 2.0 Vins || 1.8 Vins || 1.6 Vins || 1.4 Vins || 1.2 Vins || 1.0 Vins || 0.8 Vins

AtD [ AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD [ AtD | AtD | AtD | AtD
s|H|SsS|H|s|H|s|H|SsS|H|S|H|S|H]|]SsS|H]|]s]|H
2.0][100 | 45 | 100 | 45 [ 100 | 45 | - - - - - - - - - - - -
5|67 |21 |67 | 21 |67 | 21 |79 |33 ] - | - | - | - | - | - |- -1-]-
M0/ 0| 0o | o | oo o | 1212242471 - - - - - - - -
pa |09 - - 514l 5[ 4a] 7 [ 2[19[10]31]227] - - - - - -
Slew E - - -1 -["3[31 |4 |91 |7 235 [3]|17]-]-]-]-
Vins|[07]| - - - - - - |10|-42] 2 |30]|]14|18]| 26| -6 |38 | 6 - -
06| - - - - - - - - 1059 2 [-4a7] 14 | -35] 26 | 23] 38 [ -11

05 - | - | - | - -1 -1-1-1-1-1-=24|8][42|77|0 |-65]12] 53

0.4 - - - - - - - - - - - - | -52 [-140] -40 [-128] -28 | -116
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6 AC & DC operating conditions (cont’d)

Table 45 — DDR2-400/533 tDS1/tDH1 derating with single-ended data strobe
AtDS1, AtDH1 derating values for DDR2-400, DDR2-533 (All units in ‘ps’; the note applies to the entire table) ‘

DQS Single-ended Slew Rate

2.0 Vins || 1.5 Vins || 1.0 Vins || 0.9 Vins || 0.8 Vins || 0.7 Vins || 0.6 Vins || 0.5Vins || 0.4 Vins

AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD | AtD
S1 [ H1 | 81 | H1 | S1 H1 S1 [ H1 | S1 | H1 | 81 | H1 | 81 | H1 | 81 | H1 | S1 | H1

188 | 188 | 167 | 146 | 125 | 63 - - - - - - - - - - - -
146 | 167 | 125 | 125 | 83 42 81 | 43 - - - - - - - - - -
63 (125 42 | 83 0 0 -2 1 -7 | 13 - - - - - - - -

N
o

Sl el 2l 2 2 2!
of| Ni| of| ©|| of| »n

Da | - |31 |69 | 11| 44|13 |13 |18 | 27|29 45| - | - | - | - |- | -
Slew - - | - | - [25| 31 |-27| 30| 32| 44| 43| 62| 60| 86| - | - | - | -
Vins | - | - | - -] - 4553|5067 61]|-85]-78|-100[-108-152| - | -

- -1 - -1 - - - | - [ -74| 96| -85 [-114|-102]-138|-132 | -181 | -183 | -246
- -1 - -1 - - - | - | - | - [-128]-156|-145[-180 | -175 | 223 | -226 | -288
- -1 - -1 - - - - - - -1 - |-210]-243]-240 | -286 | -291 | -351

o
(3]

o
N

For all input signals the total tDS (setup time) and tDH thold time) required is calculated by adding the data sheet
tDS(base) and tDH(base) value to the AtDS and AtDH derating value respectively. Example: tDS (total setup time) =
tDS(base) + AtDS.

Setup (tDS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrgg(qc) and

the first crossing of Vih(ac)min. Setup (tDS) nominal slew rate for a falling signal is defined as the slew rate between
the last crossing of Vrgp(dc) and the first crossing of Vil(ac)max. If the actual signal is always earlier than the

nominal slew rate line between shaded “Vggp g to ac region’, use nominal slew rate for derating value (See Figure

85 for differential data strobe and Figure 86 for single-ended data strobe.) If the actual signal is later than the nominal
slew rate line anywhere between shaded “Vygp(gc) to ac region’, the slew rate of a tangent line to the actual signal

from the ac level to dc level is used for derating value (see Figure 87 for differential data strobe and Figure 88 for
single-ended data strobe)

Hold (tDH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vil(dc)max
and the first crossing of Vrgr(qc). Hold (tDH) nominal slew rate for a falling signal is defined as the slew rate
between the last crossing of Vih(dc)min and the first crossing of Vrgpqc). If the actual signal is always later than the
nominal slew rate line between shaded ‘dc level to Vggpgc) region’, use nominal slew rate for derating value (see

Figure 89 for differential data strobe and Figure 90 for single-ended data strobe) If the actual signal is earlier than the
nominal slew rate line anywhere between shaded ‘dc to Vrgp(gc) region’, the slew rate of a tangent line to the actual

signal from the dc level to VRg(qc) level is used for derating value (see Figure 91 for differential data strobe and
Figure 92 for single-ended data strobe)

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached
Vig/p(ac) at the time of the rising clock transition) a valid input signal is still required to complete the transition and
reach Vi (ac).

For slew rates in between the values listed in Tables 43, 44 and 45, the derating values may obtained by linear
interpolation.

These values are typically not subject to production test. They are verified by design and characterization.
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6 AC & DC operating conditions (cont’d)

DQS-=-=-=-=—-—- Y - ===
\ /
\ /
DQS v e o -
-1 | € -1 | <P
tDS tDH tDS tDH

Vbba @~ |~~~ = = - -
ViH(ac) min

ViH(dc) min

VREF(dc)
VIL(dc) max
ViL(ac) max

VSS -_ 4 - e ] - - - — — — ] _— — - — — —_- — — — — -

—> -+ —> -4
ATF ATR
Setup Slew Rate _ VREF(do) - Vil(ac)max Setup Slew Rate - Vih(ac)min - VRER(de)
Falling Signal ATF Rising Signal ATR

Figure 85 — lllustration of nominal slew rate for tDS (differential DQS, DQS)
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6 AC & DC operating conditions (cont’d)

Vbba
VIH(ac) min

DQS ViH(de) min
NOTE1 Y REF(dc)
VlL(dC) max

V”_(ac) max

Vss

Vbba

ViH(ac) Min

VIH(dC) min

VREF(dc)

V|L(dC) max

V||_(ac) max

VSS - 43 — — ] — — - — = — ] _ e — ] — — — — — — - —
—P - —P -
ATF ATR

Setup Slew Rate _ VREF(do) - Vil(ac)max Setup Slew Rate  _ Vih(ac)min - VRgr(ge)

Falling Signal ATF Rising Signal ATR

NOTE 1 DQS signal must be monotonic between Vil(dc)max and Vih(dc)min.

Figure 86 — lllustration of nominal slew rate for tDS (single-ended DQS)
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6 AC & DC operating conditions (cont’d)

DQS-====-=- N —\ " "
\
DQS
- | >
tDS
Vbba T T T T T T o T T T T T T -
nominal
line
VIH(ac) min

VIH(dc) min

VREF(dc)
VIL(dc) max
V||_(ac) max
nominal
line
VSS - —
Setup Slew Rate_ tangent line[Vih(ac)min - Vreg(ge)
—P> — Rising Signal ATR
ATF

Setup Slew Rate _ tangent line[Vrgr(4c) - Vil(ac)max]
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Figure 87 — lllustration of tangent line for tDS (differential DQS, DQS)
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6 AC & DC operating conditions (cont’d)

Vobpg @@ — — e — — — — — — — — — — — —
VIH(ac) mn - — — — — 3 - - - — _ _ _— _ _— _—

DQS VIH(dC) mn - — — — — —&®— — — —
NoTEr VREFde)- — — — — — N — — — — — — — — — —
Vi@gymax - — — — — — - \— — — — — — — — —
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—> -— Rising Signal ATR
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Setup Slew Rate _ tangent line[Vrgr(4e) - Vil(ac)max]
Falling Signal — ATF

NOTE DQS signal must be monotonic between Vil(dc)max and Vih(dc)min.

Figure 88 — lllustration of tangent line for tDS (single-ended DQS)
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Figure 89 — lllustration of nominal slew rate for tDH (differential DQS, DQS)
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Vbba
ViH(ac) Min

DQS Vir(ge) min
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VIL(dC) max

VIL(ac) max

Vss
Vbpbpg @~ |~~~ [~ —— 1 - - = -
ViHagymin - — — — —|— — — — — — -~ -
VlH(dC) min
de t_o VRer nominal
region
g slew rate
\
VREF(de) = —
A Ry nominal
REF slew rate—»
reghn
VlL(dC) max —
Viggmax - — —— W~~~ ———————— -
VSS ___________ _ e 4 - — = — - — =
— - — -
ATR ATFE
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NOTE DQS signal must be monotonic between Vil(dc)max and Vih(dc)min.

Figure 90 — lllustration of nominal slew rate for tDH (single-ended DQS)
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Figure 91 — lllustration tangent line for tDH (differential DQS, DQS)
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6 AC & DC operating conditions (cont’d)
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NOTE DQS signal must be monotonic between Vil(dc)max and Vih(dc)min.

Figure 92 — lllustration tangent line for tDH (single-ended DQS)
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Specific Note 9 tIS and tIH (input setup and hold) derating
Table 46 — Derating values for DDR2-400, DDR2-533.
tIS, tIH Derating Values for DDR2-400, DDR2-533
CK,CK Differential Slew Rate
2.0 Vins 1.5 Vins 1.0 Vins
AtIS AtIH AtIS AtIH AtIS AtlH Units Notes
4.0 +187 +94 +217 +124 +247 +154 ps 1
3.5 +179 +89 +209 +119 +239 +149 ps 1
3.0 +167 +83 +197 +113 +227 +143 ps 1
25 +150 +75 +180 +105 +210 +135 ps 1
2.0 +125 +45 +155 +75 +185 +105 ps 1
1.5 +83 +21 +113 +51 +143 +81 ps 1
1.0 0 0 +30 +30 +60 60 ps 1
Com- 0.9 -11 -14 +19 +16 +49 +46 ps 1
mand/Ad- 0.8 -25 -31 +5 -1 +35 +29 ps 1
dress Slew
rate 0.7 -43 -54 -13 -24 +17 +6 ps 1
(Vins) 0.6 67 .83 37 .53 7 .23 ps 1
0.5 -110 -125 -80 -95 -50 -65 ps 1
0.4 -175 -188 -145 -158 -115 -128 ps 1
0.3 -285 -292 -255 -262 -225 -232 ps 1
0.25 -350 -375 -320 -345 -290 -315 ps 1
0.2 -525 -500 -495 -470 -465 -440 ps 1
0.15 -800 -708 -770 -678 -740 -648 ps 1
0.1 -1450 -1125 -1420 -1095 -1390 -1065 ps 1
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6 AC & DC operating conditions (cont’d)

Table 47 — Derating values for DDR2-667, DDR2-800

AtlS and AtlH Derating Values for DDR2-667, DDR2-800

CK,CK Differential Slew Rate
2.0 Vins 1.5 Vins 1.0 V/ns
AtIS AtIH AtIS AtIH AtIS AtIH Units Notes
4.0 +150 +94 +180 +124 +210 +154 ps 1
3.5 +143 +89 +173 +119 +203 +149 ps 1
3.0 +133 +83 +163 +113 +193 +143 ps 1
25 +120 +75 +150 +105 +180 +135 ps 1
2.0 +100 +45 +130 +75 +160 +105 ps 1
1.5 +67 +21 +97 +51 +127 +81 ps 1
1.0 0 0 +30 +30 +60 +60 ps 1
Com- 0.9 -5 -14 +25 +16 +55 +46 ps 1
mand/Ad- 0.8 -13 -31 +17 -1 +47 +29 ps 1
dress Slew
rate 0.7 -22 -54 +8 -24 +38 +6 ps 1
(Vins) 0.6 34 .83 4 .53 +26 .23 ps 1
0.5 -60 -125 -30 -95 0 -65 ps 1
0.4 -100 -188 =70 -158 -40 -128 ps 1
0.3 -168 -292 -138 -262 -108 -232 ps 1
0.25 -200 -375 -170 -345 -140 -315 ps 1
0.2 -325 -500 -295 -470 -265 -440 ps 1
0.15 -517 -708 -487 -678 -457 -648 ps 1
0.1 -1000 -1125 -970 -1095 -940 -1065 ps 1

For all input signals the total tIS (setup time) and tIH (hold time) required is calculated by adding the data sheet
tIS(base) and tIH(base) value to the AtIS and AtIH derating value respectively. Example: tIS (total setup time) =
tIS(base) + AtIS

Setup (tIS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vggpgc) and

the first crossing of Vih(ac)min. Setup (tIS) nominal slew rate for a falling signal is defined as the slew rate between
the last crossing of Vggp(dc) and the first crossing of Vil(ac)max. If the actual signal is always earlier than the

nominal slew rate line between shaded ‘Vrgpgc) to ac region’, use nominal slew rate for derating value (see Figure
93). If the actual signal is later than the nominal slew rate line anywhere between shaded *Vggp g to ac region’, the
slew rate of a tangent line to the actual signal from the ac level to dc level is used for derating value (see Figure 94).

Hold (tIH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vil(dc)max and
the first crossing of Vrgp(qc)- Hold (tIH) nominal slew rate for a falling signal is defined as the slew rate between the

last crossing of Vih(dc)min and the first crossing of Vrgp(qgc)- If the actual signal is always later than the nominal slew
rate line between shaded ‘dc to Vggpgc) region’, use nominal slew rate for derating value (see Figure 95). If the
actual signal is earlier than the nominal slew rate line anywhere between shaded ‘dc to Vggp(gc) region’, the slew rate
of a tangent line to the actual signal from the dc level to Vrgg(qc) level is used for derating value (see Figure 96).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached
Vig/(ac) at the time of the rising clock transition) a valid input signal is still required to complete the transition and

reach Vi (ac).

For slew rates in between the values listed in Tables 46 and 47, the derating values may obtained by linear
interpolation.

These values are typically not subject to production test. They are verified by design and characterization.
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Figure 93 — lllustration of nominal slew rate for tIS
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Figure 94 — lllustration of tangent line for tIS
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Figure 95 — lllustration of nominal slew rate for tIH
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Figure 96 — lllustration tangent line for tIH
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Specific Note 10 The maximum limit for this parameter is not a device limit. The device will operate with a greater
value for this parameter, but system performance (bus turnaround) will degrade accordingly.

Specific Note 11 MIN ( tCL, tCH) refers to the smaller of the actual clock LOW time and the actual clock HIGH
time as provided to the device (i.e. this value can be greater than the minimum specification limits for tCL and tCH).
For example, tCL and tCH are = 50% of the period, less the half period jitter ( tJIT(HP)) of the clock source, and less
the half period jitter due to crosstalk ( tJIT(crosstalk)) into the clock traces.

Specific Note 12 tQH = tHP — tQHS, where:

tHP = minimum half clock period for any given cycle and is defined by clock HIGH or clock LOW (tCH, tCL).
tQHS accounts for:
1) The pulse duration distortion of on-chip clock circuits; and
2) The worst case push-out of DQS on one transition followed by the worst case pull-in of DQ on the next
transition, both of which are, separately, due to data pin skew and output pattern effects, and p-channel to
n-channel variation of the output drivers.

Specific Note 13  tDQSQ: Consists of data pin skew and output pattern effects, and p-channel to n-channel variation
of the output drivers as well as output slew rate mismatch between DQS / DQS and associated DQ in any given cycle.

Specific Note 14 tDAL = WR + RU{ tRP[ns] / tCK[ns] }, where RU stands for round up.

WR refers to the tWR parameter stored in the MRS. For tRP, if the result of the division is not already an integer,
round up to the next highest integer. tCK refers to the application clock period.

Example: For DDR533 at tCK = 3.75ns with WR programmed to 4 clocks.
tDAL =4 + (15 ns / 3.75 ns) clocks =4 + (4) clocks = 8 clocks.

Specific Note 15 The clock frequency is allowed to change during self-refresh mode or precharge power-down
mode. In case of clock frequency change during precharge power-down, a specific procedure is required as described
in section 3.13.

Specific Note 16 ODT turn on time min is when the device leaves high impedance and ODT resistance begins to
turn on. ODT turn on time max is when the ODT resistance is fully on. Both are measured from tAOND, which is
interpreted differently per speed bin. For DDR2-400/533, tAOND is 10 ns (= 2 X 5 ns) after the clock edge that
registered a first ODT HIGH if tCK = 5 ns. For DDR2-667/800, tAOND is 2 clock cycles after the clock edge that
registered a first ODT HIGH counting the actual input clock edges.

Specific Note 17 ODT turn off time min is when the device starts to turn off ODT resistance. ODT turn off time
max is when the bus is in high impedance. Both are measured from tAOFD, which is interpreted differently per
speed bin. For DDR2-400/533, tAOFD is 12.5 ns (= 2.5 x 5 ns) after the clock edge that registered a first ODT LOW
if tCK = 5 ns. For DDR2-667/800, if tCK(avg) = 3 ns is assumed, tAOFD is 1.5 ns (= 0.5 x 3 ns) after the second
trailing clock edge counting from the clock edge that registered a first ODT LOW and by counting the actual input
clock edges.

Specific Note 18 tHZ and tLZ transitions occur in the same access time as valid data transitions. These parameters
are referenced to a specific voltage level which specifies when the device output is no longer driving (tHZ), or begins
driving (tLZ) . Figure 97 shows a method to calculate the point when device is no longer driving (tHZ), or begins
driving (tLZ) by measuring the signal at two different voltages. The actual voltage measurement points are not
critical as long as the calculation is consistent. tLZ(DQ) refers to tLZ of the DQ’s and tLZ(DQS) refers to tLZ of the
(U/L/R)DQS and (U/L/R)DQS each treated as single-ended signal.

Specific Note 19 tRPST end point and tRPRE begin point are not referenced to a specific voltage level but specify
when the device output is no longer driving (tRPST), or begins driving (tRPRE). Figure 97 shows a method to
calculate these points when the device is no longer driving (tRPST), or begins driving (tRPRE) by measuring the
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signal at two different voltages. The actual voltage measurement points are not critical as long as the calculation is

consistent.
45 .= — — =VOH-xmV VIT+2xmV = — — = z

/ . — — = VOH-2xmV VIT+xmV — — —
tLz

tRPRE begin point

\
\ = — = VOL+2xmV VIT-xmV = =— =
‘7 — — = VOL+xmV VIT-2xmV = — — = ‘
T T2 T T2
tHZ tRPST end point =2 x T1 -T2
Figure 97 — Method for calculating transitions and endpoints

tLZ,tRPRE begin point =2 x T1 -T2

Specific Note 20 Input waveform timing tDS with differential data strobe enabled MR[bit10]=0, is referenced from
the input signal crossing at the Vyp ) level to the differential data strobe crosspoint for a rising signal, and from the

input signal crossing at the Vi () level to the differential data strobe crosspoint for a falling signal applied to the
device under test. DQS, DQS signals must be monotonic between Vil(dc)max and Vih(dc)min. See Figure 98.
Specific Note 21 Input waveform timing tDH with differential data strobe enabled MR[bit10]=0, is referenced
from the differential data strobe crosspoint to the input signal crossing at the Vi qc) level for a falling signal and
from the differential data strobe crosspoint to the input signal crossing at the Vi 4¢) level for a rising signal applied to
the device under test. DQS, DQS signals must be monotonic between Vil(dc)max and Vih(dc)min. See Figure 98.

————————————— Vbba

— — — Viyag) min

— = ViHe) min

—————————— — - VREF(dc)

———————— ViL(dc) max
~ ViL(ac) Max

—————————————————— VSS

Figure 98 — Differential input waveform timing — tDS and tDH

Specific Note 22 Input waveform timing is referenced from the input signal crossing at the Viyy,) level for a rising
signal and Vpy () for a falling signal applied to the device under test. See Figure 99.
Specific Note 23 Input waveform timing is referenced from the input signal crossing at the Vyy (4¢) level for a rising

signal and V) for a falling signal applied to the device under test. See Figure 99.
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——————————————————— — — - Vbpa
———————————— — — = ViHc) min

- \-4-—-——-—F+f - — - — — = ViHc) Min

-—— - \4---——-—4--——-———= VREF(dc)
————————————————— ViL(do) max

—————————————— VL (ac) max
—————————————————————— VSS

Figure 99 — Differential input waveform timing - tIS and tIH
Specific Note 24 tWTR is at lease two clocks (2 x tCK or 2 x nCK) independent of operation frequency.

Specific Note 25 Input waveform timing with single-ended data strobe enabled MR[bit10] = 1, is referenced from
the input signal crossing at the VIH(ac) level to the single-ended data strobe crossing VIH/L(dc) at the start of its
transition for a rising signal, and from the input signal crossing at the VIL(ac) level to the single-ended data strobe
crossing VIH/L(dc) at the start of its transition for a falling signal applied to the device under test. The DQS signal
must be monotonic between Vil(dc)max and Vih(dc)min.

Specific Note 26 Input waveform timing with single-ended data strobe enabled MR[bit10] = 1, is referenced from
the input signal crossing at the VIH(dc) level to the single-ended data strobe crossing VIH/L(ac) at the end of its
transition for a rising signal, and from the input signal crossing at the VIL(dc) level to the single-ended data strobe
crossing VIH/L(ac) at the end of its transition for a falling signal applied to the device under test. The DQS signal
must be monotonic between Vil(dc)max and Vih(dc)min.

Specific Note 27 tCKEmin of 3 clocks means CKE must be registered on three consecutive positive clock edges.
CKE must remain at the valid input level the entire time it takes to achieve the 3 clocks of registration. Thus, after any
CKE transition, CKE may not transition from its valid level during the time period of tIS + 2 x tCK + tIH.

Specific Note 28 If tDS or tDH is violated, data corruption may occur and the data must be re-written with valid
data before a valid READ can be executed.

Specific Note 29 These parameters are measured from a command/address signal (CKE, CS, RAS, CAS, WE,
ODT, BAO, A0, Al, etc.) transition edge to its respective clock signal (CK/CK) crossing. The spec values are not
affected by the amount of clock jitter applied (i.e. tJIT(per), tJIT(cc), etc.), as the setup and hold are relative to the
clock signal crossing that latches the command/address. That is, these parameters should be met whether clock jitter
is present or not.

Specific Note 30 These parameters are measured from a data strobe signal ((L/U/R)DQS/DQS) crossing to its
respective clock signal (CK/CK) crossing. The spec values are not affected by the amount of clock jitter applied (i.e.
tJIT(per), tJ1IT(cc), etc.), as these are relative to the clock signal crossing. That is, these parameters should be met
whether clock jitter is present or not.

Specific Note 31 These parameters are measured from a data signal ((L/U)DM, (L/U)DQO, (L/U)DQI, etc.)
transition edge to its respective data strobe signal ((L/U/R)DQS/DQS) crossing.

Specific Note 32 For these parameters, the DDR2 SDRAM device is characterized and verified to support
tnPARAM = RU {tPARAM / tCK(avg)}, which is in clock cycles, assuming all input clock jitter specifications are
satisfied.

For example, the device will support tnRP = RU{tRP / tCK(avg)}, which is in clock cycles, if all input clock jitter
specifications are met. This means: For DDR2-667 5-5-5, of which tRP = 15ns, the device will support tnRP =
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RU{tRP / tCK(avg)} =5, i.c. as long as the input clock jitter specifications are met, Precharge command at Tm and
Active command at Tm+5 is valid even if (Tm+5 - Tm) is less than 15ns due to input clock jitter.

Specific Note 33 tDAL [nCK] = WR [nCK] + tnRP [nCK] = WR + RU {tRP [ps] / tCK(avg) [ps] }, where WR is
the value programmed in the mode register set.

Specific Note 34 New units, ‘tCK(avg)’ and ‘nCK’, are introduced in DDR2-667 and DDR2-800.

Unit ‘tCK(avg)’ represents the actual tCK(avg) of the input clock under operation.

Unit ‘nCK’ represents one clock cycle of the input clock, counting the actual clock edges.

Note that in DDR2-400 and DDR2-533, ‘tCK” is used for both concepts.

ex) tXP = 2 [nCK] means; if Power Down exit is registered at Tm, an Active command may be registered at Tm+2,
even if (Tm+2 - Tm) is 2 X tCK(avg) + tERR(2per),min.

Specific Note 35 Input clock jitter spec parameter. These parameters and the ones in the table below are referred to
as 'input clock jitter spec parameters' and these parameters apply to DDR2-667 and DDR2-800 only. The jitter
specified is a random jitter meeting a Gaussian distribution.

DDR2-667 DDR2-800
Parameter Symbol Units | Notes
min max min max
Clock period jitter tJIT(per) -125 125 -100 100 ps 35
Clock period jitter during DLL locking period tJIT(per,Ick) -100 100 -80 80 ps 35
Cycle to cycle clock period jitter tJIT(cc) - 250 250 -200 200 ps 35
Cyc!e to cy.cle clock period jitter during DLL IT(cc,Ick) 200 200 -160 160 ps 35
locking period
Cumulative error across 2 cycles tERR(2per) -175 175 -150 150 ps 35
Cumulative error across 3 cycles tERR(3per) -225 225 -175 175 ps 35
Cumulative error across 4 cycles tERR(4per) - 250 250 -200 200 ps 35
Cumulative error across 5 cycles tERR(5per) - 250 250 -200 200 ps 35
Cumulative error across n cycles, {ERR(6-10per) |  -350 350 -300 300 ps 35
n=6...10, inclusive
Cumulative error across n cycles, {ERR(11-50per) |  -450 450 -450 450 ps 35
n =11 ... 50, inclusive
Duty cycle jitter tJIT(duty) -125 125 -100 100 ps 35
Definitions:
- tCK(avg)

tCK(avg) is calculated as the average clock period across any consecutive 200 cycle window.

N
tCK(avg) = Z tCKj /N

j=1
where N = 200

- tCH(avg) and tCL(avg)

tCH(avg) is defined as the average HIGH pulse width, as calculated across any consecutive 200 HIGH
pulses.
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N
tCH(avg) = Z tCHj /(N xtCK(avg))

=1
where N = 200

tCL(avg) is defined as the average LOW pulse width, as calculated across any consecutive 200 LOW pulses.
N

tCL(avg) = Z tCL;|/(N x tCK(avg))

j=1
where N = 200

- tJIT(duty)

tJIT(duty) is defined as the cumulative set of tCH jitter and tCL jitter. tCH jitter is the largest deviation of
any single tCH from tCH(avg). tCL jitter is the largest deviation of any single tCL from tCL(avg).

tJIT(duty) = Min/max of {tJIT(CH), tJIT(CL)}
where,
tJIT(CH) = {tCH;- tCH(avg) where i=1 to 200}

tJIIT(CL) = {tCL;- tCL(avg) where i=1 to 200}

- tJIT(per), tJIT(per,lck)
tJIT(per) is defined as the largest deviation of any single tCK from tCK(avg).

tJIT(per) = Min/max of {tCK;- tCK(avg) where i=1 to 200}

tJIT(per) defines the single period jitter when the DLL is already locked.
tJIT(per,lck) uses the same definition for single period jitter, during the DLL locking period only.
tJIT(per) and tJIT(per,lck) are not guaranteed through final production testing.

- tIIT(cc), tJIT(cc,lck)

tJIT(cc) is defined as the difference in clock period between two consecutive clock cycles:
tJIT(cc) = Max of [tCKj4+q — tCK||

tJIT(cc) defines the cycle to cycle jitter when the DLL is already locked.
tJIT(cc,lck) uses the same definition for cycle to cycle jitter, during the DLL locking period only.
tJIT(cc) and tJIT(cc,Ick) are not guaranteed through final production testing.

- tERR(2per), tERR (3per), tERR (4per), tERR (5per), tERR (6-10per) and tERR (11-50per)

tERR is defined as the cumulative error across multiple consecutive cycles from tCK(avg).
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i+n—1
tERR(nper) = Z tCKj —n xtCK(avg)

j=1
n=2 for tERR(2per)
n=3 for tERR(3per)
n=4 for tERR(4per)
n=5 for tERR(5per)
6<n<10 for tERR(6—10per)
11 <n <50 for tERR(11 —50per)

where

Specific Note 36 These parameters are specified per their average values, however it is understood that the
following relationship between the average timing and the absolute instantaneous timing holds at all times. (Min and
max of SPEC values are to be used for calculations in the table below.)

Parameter Symbol min max Units

Absolute clock period tCK(abs) tCK(avg),min + tJIT(per),min tCK(avg),max + tJIT(per),max ps

tCH(avg),min x tCK(avg),min + tCH(avg),max x tCK(avg),max +

Absolute clock HIGH pulse widthl tCH(abs) JIT(duty),min tJIT(duty)max ps
i in+ +
Absolute clock LOW pulse width|  {CL(abs) tCL(an)t’er dxut;ﬁ:g)‘mm tCL(an)&j}?Z‘dﬁ:Sﬁgzig)‘max ps

Example: For DDR2-667, tCH(abs),min = ( 0.48 x 3000 ps ) - 125 ps = 1315 ps

Specific Note 37 tHP is the minimum of the absolute half period of the actual input clock. tHP is an input parameter
but not an input specification parameter. It is used in conjunction with tQHS to derive the DRAM output timing tQH.
The value to be used for tQH calculation is determined by the following equation;

tHP = Min ( tCH(abs), tCL(abs) ),

where,

tCH(abs) is the minimum of the actual instantaneous clock HIGH time;
tCL(abs) is the minimum of the actual instantaneous clock LOW time;

Specific Note 38 tQHS accounts for:

1) The pulse duration distortion of on-chip clock circuits, which represents how well the actual tHP at the
input is transferred to the output; and

2) The worst case push-out of DQS on one transition followed by the worst case pull-in of DQ on the next
transition, both of which are independent of each other, due to data pin skew, output pattern effects, and p-
channel to n-channel variation of the output drivers

Specific Note 39 tQH = tHP — tQHS, where:
tHP is the minimum of the absolute half period of the actual input clock; and
tQHS is the specification value under the max column.
{The less half-pulse width distortion present, the larger the tQH value is; and the larger the valid data eye
will be.}
Examples:
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1) If the system provides tHP of 1315 ps into a DDR2-667 SDRAM, the DRAM provides tQH of 975 ps
minimum.

2) If the system provides tHP of 1420 ps into a DDR2-667 SDRAM, the DRAM provides tQH of 1080 ps
minimum.

Specific Note 40 When the device is operated with input clock jitter, this parameter needs to be derated by the
actual tERR(6-10per) of the input clock. (output deratings are relative to the SDRAM input clock.)

For example, if the measured jitter into a DDR2-667 SDRAM has tERR(6-10per),min = - 272 ps and tERR(6-
10per),max = + 293 ps, then tDQSCK,min(derated) = tDQSCK,min - tERR(6-10per),max = - 400 ps - 293 ps =- 693
ps and tDQSCK,max(derated) = tDQSCK,max - tERR(6-10per),min = 400 ps + 272 ps = + 672 ps. Similarly,
tLZ(DQ) for DDR2-667 derates to tLZ(DQ),min(derated) = - 900 ps - 293 ps = - 1193 ps and tLZ(DQ),max(derated)
=450 ps + 272 ps =+ 722 ps. (Caution on the min/max usage!)

Specific Note 41 When the device is operated with input clock jitter, this parameter needs to be derated by the
actual tJIT(per) of the input clock. (output deratings are relative to the SDRAM input clock.)

For example, if the measured jitter into a DDR2-667 SDRAM has tJIT(per),min = - 72 ps and tJIT(per),max = + 93
ps, then tRPRE,min(derated) = tRPRE,min + tJIT(per),min = 0.9 X tCK(avg) - 72 ps =+ 2178 ps and
tRPRE,max(derated) = tRPRE,max + tJIT(per),max = 1.1 X tCK(avg) + 93 ps = + 2843 ps. (Caution on the min/max
usage!)

Specific Note 42 When the device is operated with input clock jitter, this parameter needs to be derated by the
actual tJIT(duty) of the input clock. (output deratings are relative to the SDRAM input clock.)

For example, if the measured jitter into a DDR2-667 SDRAM has tJIT(duty),min = - 72 ps and tJIT(duty),max =+ 93
ps, then tRPST,min(derated) = tRPST,min + tJIT(duty),min = 0.4 x tCK(avg) - 72 ps =+ 928 ps and
tRPST,max(derated) = tRPST,max + tJIT(duty),max = 0.6 X tCK(avg) + 93 ps =+ 1592 ps. (Caution on the min/max
usage!)

Specific Note 43 When the device is operated with input clock jitter, this parameter needs to be derated by { -
tJIT(duty),max - tERR(6-10per),max } and { - tJIT(duty),min - tERR(6-10per),min } of the actual input clock.
(output deratings are relative to the SDRAM input clock.)

For example, if the measured jitter into a DDR2-667 SDRAM has tERR(6-10per),min = - 272 ps, tERR(6-
10per),max =+ 293 ps, tJIT(duty),min = - 106 ps and tJIT(duty),max =+ 94 ps, then tAOF,min(derated) = tAOF,min
+ { - tJIT(duty),max - tERR(6-10per),max } =-450 ps + { - 94 ps - 293 ps} = - 837 ps and tAOF,max(derated) =
tAOF,max + { - tJIT(duty),min - tERR(6-10per),min } = 1050 ps + { 106 ps + 272 ps } =+ 1428 ps. (Caution on the
min/max usage!)

Specific Note 44 For tAOFD of DDR2-400/533, the 1/2 clock of tCK in the 2.5 X tCK assumes a tCH, input clock
HIGH pulse width of 0.5 relative to tCK. tAOF,min and tAOF,max should each be derated by the same amount as the
actual amount of tCH offset present at the DRAM input with respect to 0.5. For example, if an input clock has a worst
case tCH of 0.45, the tAOF,min should be derated by subtracting 0.05 x tCK from it, whereas if an input clock has a
worst case tCH of 0.55, the tAOF,max should be derated by adding 0.05 x tCK to it. Therefore, we have;

tAOF,min(derated) = tAC,min - [0.5 - Min(0.5, tCH,min)] x tCK

tAOF,max(derated) = tAC,max + 0.6 + [Max(0.5, tCH,max) - 0.5] x tCK

or

tAOF,min(derated) = Min(tAC,min, tAC,min - [0.5 - tCH,min] X tCK)

tAOF,max(derated) = 0.6 + Max(tAC,max, tAC,max + [tCH,max - 0.5] x tCK)

where tCH,min and tCH,max are the minimum and maximum of tCH actually measured at the DRAM input

balls.

Specific Note 45 For tAOFD of DDR2-667/800, the 1/2 clock of nCK in the 2.5 x nCK assumes a tCH(avg),
average input clock HIGH pulse width of 0.5 relative to tCK(avg). tAOF,min and tAOF,max should each be derated
by the same amount as the actual amount of tCH(avg) offset present at the DRAM input with respect to 0.5. For
example, if an input clock has a worst case tCH(avg) of 0.48, the tAOF,min should be derated by subtracting 0.02 x
tCK(avg) from it, whereas if an input clock has a worst case tCH(avg) of 0.52, the tAOF,max should be derated by
adding 0.02 x tCK(avg) to it. Therefore, we have;

tAOF,min(derated) = tAC,min - [0.5 - Min(0.5, tCH(avg),min)] X tCK(avg)
tAOF,max(derated) = tAC,max + 0.6 + [Max(0.5, tCH(avg),max) - 0.5] x tCK(avg)
or
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tAOF,min(derated) = Min(tAC,min, tAC,min - [0.5 - tCH(avg),min] x tCK(avg))

tAOF,max(derated) = 0.6 + Max(tAC,max, tAC,max + [tCH(avg),max - 0.5] x tCK(avg))

where tCH(avg),min and tCH(avg),max are the minimum and maximum of tCH(avg) actually measured at
the DRAM input balls.

Note that these deratings are in addition to the tAOF derating per input clock jitter, i.e. tJIT(duty) and tERR(6-10per).
However tAC values used in the equations shown above are from the timing parameter table and are not derated.
Thus the final derated values for tAOF are;
tAOF,min(derated_final) = tAOF,min(derated) + { - tJIT(duty),max - tERR(6-10per),max }
tAOF,max(derated final) = tAOF,max(derated) + { - tJIT(duty),min - tERR(6-10per),min }
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Annex A (informative) Differences between JESD79-2E and JESD79-2D

This table briefly describes most of the changes made to this standard, JESD79-2E, compared to its prede-
cessor, JESD79-2D (January 2007). It should be used with both Version D and Version E at hand. Some
editorial changes are not included.

Page

Description of Change

Per JCB-08-002

Added Figure 6 — Stacked/dual-die DDR2 SDRAM x16 ballout using MO-242

Subsequent figures renumbered.
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Annex A.1 (informative) Differences between JESD79-2D and JESD79-2C

This table briefly describes most of the changes made to this standard, JESD79-2D, compared to its prede-
cessor, JESD79-2C (January 2006). It should be used with both Version C and Version D at hand. Some
editorial changes are not included.

Page Description of Change

Per JCB-07-095
56 In Table 15 — Absolute Maximium DC Ratings
Modified Note 3.

Per JCB-07-01
56 In Table 15 — Absolute Maximium DC Ratings
Added Note 3.

Per JCB-09-096
In Table 20— Input AC Logic Level

o8 * Added a min and max values for V| and V_
* Added Note 1.
Per JCB-09-097

59 In Table 22— Differential Input AC Logic Level

* Modifed the max value for V|
* Added Note 3.
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Annex A.2 (informative) Differences between JESD79-2B and JESD79-2C

This table briefly describes most of the changes made to this standard, JESD79-2C, compared to its prede-
cessor, JESD79-2B (January 2005). It should be used with both Version B and Version C at hand. Some
editorial changes are not included.

Page Description of Change
Per JCB-06-018
2 In Figure 2 — DDR2 SDRAM x8 Ballout Using MO-207
Modified note 5.
Per JCB-06-018
3 In Figure 3 — DDR2 SDRAM x16 Ballout Using MO-207
Modified the note.
Per JCB-06-018
4 In Figure 4 — Stacked/dual-die DDR2 SDRAM x4 Ballout Using MO-242
Modified the note.
Per JCB-06-018
5 In Figure 5 — Stacked/dual-die DDR2 SDRAM x8 Ballout Using MO-242
Modified the note.
6 Per JCB-06-018
Added Figure 6 — Quad-stacked/quad-die DDR2 SDRAM x4 Ballout Using MO-242
7 Per JCB-06-018
Added Figure 7 — Quad-stacked/quad-die DDR2 SDRAM x8 Ballout Using MO-242
8 Per JCB-06-018
Added Figure 8 — Quad-stacked/quad-die DDR2 SDRAM x16 Ballout Using MO-242
Per JCB-06-018
Added new Section 1.2 Quad-stacked/quad-die DDR2 SDRAM Internal Rank Associations
9 (subsequent sections renumbered accordingly)
Added Figure 9 — Quad-stacked/quad-die DDR2 SDRAM x4 Rank Association
Added Figure 10 — Quad-stacked/quad-die DDR2 SDRAM x8 Rank Association
Added Figure 11 — Quad-stacked/quad-die DDR2 SDRAM x16 Rank Association
Per JCB-05-021
In Figure 12 — DDR2 SDRAM Simplified State Diagram,
12 » Added a Write command between Reading and Writing.
« Added a WRA command between Reading and Writing With Autoprecharge.
* modified the note. .
Per JCB-06-018
13 In Section 2.3.1, Power Up and Initialization,
Rewrote Step a) of the Power-Up and Initialization Sequence.
Per JCB-05-018
15 In Figure 14 — DDR2 SDRAM Mode Register Set (MRS),
Added note 3.
15 Per JCB-06-018
In Section 2.4.2, changed the term “extended mode register set (EMRS(#))” to “extended mode registers (EMR(#))”
Per JCB-06-018
17

In Figure 15 — EMR(1) Programming,
Reorganized the figure, collecting the notes at the bottom of the page.
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Annex A.2 (informative) Differences between JESD79-2B and JESD79-2C (cont’d)

This table briefly describes most of the changes made to this standard, JESD79-2C, compared to its prede-
cessor, JESD79-2B (January 2005). It should be used with both Version B and Version C at hand. Some

editorial changes are not included.

Page

Description of Change

19

Per JCB-05-075

In Figure 16 — EMR(2) Programming,
* Added A3 - DCC Enable.

» Added note 4.

20

Per JCB-06-018
Added Section 2.4.2.6 EMR(3)

23

Per JCB-06-018
Added Section 2.4.5 ODT Related Timings

24

Per JCB-06-018
In Section 2.4.5.1 — MRS Command to ODT Update Delay,

» Added Figure 22 — ODT Update Delay Timing - tMOD.
* Added Figure 22 — ODT Update Delay Timing - tMOD. as Measured from Outside.

47

Per JCB-06-018
In Section 2.11— Power-Down,
Expanded the last sentence in the third paragraph.

53

Per JCB-05-069
Added Section 2.14 SCC (Spread Spectrum Clocking)

53

Per JCB-06-018
In Table 12 — Command Truth Table,
Referenced Note 9 for BAx and Axx in the column headings

53

Per JCB-06-018
In Table 12 — Command Truth Table,
Referenced Note 8 for Self Refresh Entry

54

Per JCB-06-018
In Table 12 — Command Truth Table,
Referenced Note 8 for Self Refresh Exit

54

Per JCB-06-018
In Table 12 — Command Truth Table ,
Added Note 9

55

Per JCB-06-018
In Table 13 — Clock Enable (CKE) Truth Table for Synchronous Transitions,
Referenced Note 16 for Self Refresh

56

Per JCB-05-007

In Table 15 — Absolute Maximum DC Ratings,
+ Added Note 3.
* Referenced Note 3 for all parameters except V,Ny Vour

57

Per JCB-05-117
Added reference to JEP-xx, DDR2 SDRAM Operating Temperature Application Note

60

Per JCB-06-018

In Table 25 — AC Overshoot/Undershoot Specification for Clock, Data, Strobe and Mask Pins,

Added a column for DDR2-800..
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Annex A.2 (informative) Differences between JESD79-2B and JESD79-2C (cont’d)

This table briefly describes most of the changes made to this standard, JESD79-2C, compared to its prede-
cessor, JESD79-2B (January 2005). It should be used with both Version B and Version C at hand. Some
editorial changes are not included.

Page

Description of Change

60

Per JCB-05-002
In Table 25 — AC Overshoot/Undershoot Specification for Clock, Data, Strobe and Mask Pins,
Changed the values in the first two rows from 0.9 V to 0.5 V..

62

Per JCB-05-006
In Table 29 — OCD Default Characteristics,
Expanded Note 1.

62

Per JCB-06-018

In Table 29— OCD Default Characteristics,
* Notes 1 and 2 from Figure 68, Output Slew Rate, were moved into Table 29 as Notes 7 & 8.
+ Added Note 9

62

Per JCB-05-006
Figure 68, Output Slew Rate, was removed, since the information is actually part of Table 29.

69

Per JCB-05-009
In Table 36 — IDD Specifications and Test Conditions,

In IDD7, added “tFAW = tFAW(IDDY".

70

Per JCB-05-009

In Table 37 — IDD Testing Parameters,
+ Added columns for DDR2-800

* Added a column, under DDR2-667, for Bin 5-5-5
* Under DDR2-533, removed the column for Bin 5-5-5

- Changed tRRD(IDD)-x4/x8 to tRRD(IDD)-1KB
. Changed tRRD(IDD)-x16 to tRRD(IDD)-2KB
- Added tFAW(IDD)-1KB

«  Added tFAW(IDD)-2KB
+  Added tRFC(IDD)-4Gb
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This table briefly describes most of the changes made to this standard, JESD79-2C, compared to its prede-
cessor, JESD79-2B (January 2005). It should be used with both Version B and Version C at hand. Some

editorial changes are not included.

Page

Description of Change

71

Per JCB-05-009
In unnumbered heading, Detailed IDD7

In IDD7: Operating Current: All Bank Interleave Read operation, added tFAW(IDD) to the text

Changed Timing Patterns for 4 bank devices x4/ x8/ x16
to Timing Patterns for 4 bank devices with 1 KB or 2 KB page size

Removed DDR2-533 5-4-4
Added DDR2-533 3-3-3
Added DDR2-667 5-5-5
Added DDR2-667 5-5-5
Added DDR2-800 6-6-6
Added DDR2-800 5-5-5
Added DDR2-800 4-4-4

Changed Timing Patterns for 8 bank devices x4/x8
to Timing Patterns for 8 bank devices with 1 KB page size

Added DDR2-667 all bins
Added DDR2-800 all bins

Changed Timing Patterns for 8 bank devices x16
to Timing Patterns for 8bank devices with 2 KB page size

Added DDR2-667 all bins
Added DDR2-800 all bins

72

Per JCB-06-018
In Table 40 — DDR2 SDRAM Standard Speed Bins and tCK, tRCD, tRP, tRAS and tRC for Corresponding Bin,
Added Notes 2-4.

73,74

Per JCB-06-018
In Table 41 — Timing Parameters by Speed Grade (DDR2-400 and DDR2-533),

Added WL — Write command to DQS associated clock edge,
Added tMOD — MRS command to ODT update delay,

Added reference to Note 16 for tAOND,

for tAOFD, added reference to Notes 17 and 44 ,

Added reference to Note 44 for tAOF.
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This table briefly describes most of the changes made to this standard, JESD79-2C, compared to its prede-
cessor, JESD79-2B (January 2005). It should be used with both Version B and Version C at hand. Some
editorial changes are not included.

Page Description of Change

Per JCB-06-018,

In Table 42 — Timing Parameters by Speed Grade (DDR2-667 and DDR2-800),
* Added WL — Write command to DQS associated clock edge
* Added tMOD — MRS command to ODT update delay
*  For parameter tDQSQ — for DDR2-677, moved the value, 240, from the min column to the max column
» For parameter tDQSQ — for DDR2-677, moved the value, 240, from the min column to the max column
«  For parameter tQSH — for DDR2-677, moved the value, 340, from the min column to the max column
+ Changed the unit “tCK” to “nCK” on the following parameters: tMRD, tCCD, tDAL, tXSRD, tXP, tXARD, tXARDS,
tCKE, tAOND, tAOFD, tANPD, tAXPD
» Added reference note 34 to column heading “Units”
« Added reference notes to the following parameters
parameter notes
tCK(avg) 35, 36 (removed reference to note 15)
tCH(avg) 35, 36
tCL(avg) 35, 36

tDQSS 30
tDSS 30
tDSH 30

tIS(base) 29
tiH(base) 29
tDS(base) 8, 31
tDH(base) 8, 31

75,76 tAC 40
tDQSCK 40
tHZ 40
tLZ(DQS) 40
tLZ(DQ) 40
tHP 37 (removed reference to notes 11 and 12)
tQHS 38 (removed reference to note 12)
tQH 39
tRPRE 41
tRPST 42
tRRD 32
tFAW 32
tWR 32
tDAL 33 (removed reference to note 14)
tWTR 32
tRTP 32
tXSNR 32
tAOND 16
tAON 40
tAOFD 17,45
tAOF 43, 45
tMOD 32
toIT 32

Per JCB-05-004,

75 76 |In Table 42 — Timing Parameters by Speed Grade (DDR2-667 and DDR2-800),
’ » For parameter tDQSQ — Added the DDR2-800 max value: 200

* For parameter tQSH — Changed the DDR2-800 max value from 400 to 300
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cessor, JESD79-2B (January 2005). It should be used with both Version B and Version C at hand. Some
editorial changes are not included.

Page Description of Change
Per JCB-05-014,
75.76 |In Table 42 — Timing Parameters by Speed Grade (DDR2-667 and DDR2-800),
' * Renamed parameter tCH to tCH(avg)
* Renamed parameter tCL to tCL(avg)
Per JCB-05-005,
75,76 |In Table 42 — Timing Parameters by Speed Grade (DDR2-667 and DDR2-800),
*  For parameter tDS(base) — Added the DDR2-800 min value: 50
* For parameter tDH(base) — Added the DDR2-800 min value: 120
Per JCB-05-015,
75.76 |In Table 42 — Timing Parameters by Speed Grade (DDR2-667 and DDR2-800),
* Renamed parameter tCK to tCK(avg)
* Added the DDR2-800 max value: 8000
Per JCB-05-070,
75,76 |In Table 42 — Timing Parameters by Speed Grade (DDR2-667 and DDR2-800),
« For parameter tIS(base) — Added the DDR2-800 min value: 175
*  For parameter tIH(base) — Added the DDR2-800 min value: 250
77 Per JCB-06-018
General Notes 1 and 2 have been transposed.
Per JCB-05-003
In Specific Note 8,
79 Replaced Table 43 DQS,DQS Differential Slew Rate, with two tables, 43 and 44, one for DDR2-400/533 and one for
DDR2-667/800.
Following tables are renumbered accordingly.
Per JCB-05-008
80 In Specific Note 8,
Populated Table 45 DQS Single-ended Slew Rate.
84 Per JCB-05-064
Specific Notes 16, 17, and 18 expanded.
97-102 Per JCB-05-064

Specific Notes 29-45 added.










