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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.

Documents

Document Sharing Hub

Full document details: JEDEC JESD79-2F 2009


http://www.avadocuments.com/doc/jedec-jesd79-2f-2009
http://www.avadocuments.com/doc/jedec-jesd79-2f-2009

JEDEC Standard No. 79-2F
Page 2

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)

Variation DM-z with support balls

L+ [ 2 | s [afsle] 7 [ 8 [ o
| N | Nc | | Nc | 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 OoDT
| 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
CO0O0+++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

Full document details: JEDEC JESD79-2F 2009
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2 Package ballout & addressing (cont’d)
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Variation DJ-z without support balls

Pzl =le[x[m[o[o]=]>]

NOTE 1

DDR2 SDRAM package ballout (cont’d)

JEDEC Standard No. 79-2F

(Top view: see balls through package)

| 1 | 2 | 3 Ja|sle| 7 | s 9
| Nnc | nNe | | NC NC
VDD |NU/RDQS| VSS VSsQ DQS | vDDQ
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
A10AP | 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.

Page 3

=l<lcl-l=[r[z[z]" x| [zle[n|m[o]o ]~
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
CO00+++000
bOOO+++000
EOOO+++000
F+O00+++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<CHTIUVZErX<«IGOTMMO
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)

21

DDR2 SDRAM package ballout (cont’d)

(Top view: see balls through package)

| 1 | 2 3 |als|e]| 7 8 | o |
[ nc [ Ne Ne | Nc | [a]
1B
_ C
'A|| VDD NC VSS VSSQ | UDQS | vDDQ | | D |
'B|| Dat4 | vssa | ubwm ubas | vssa | bats | | E]|
» |c|| voba | Da9 | vbpa voba | pas | vbba | | F |
8 |p|| pat2 | vssa | Dpait paio | vssa | ba13 | |G
s [e|[ vop NC VSS vVSSQ | LDQS | VDDQ | |H |
S |F]| pas | vssa | LDm Lbes | vssa | par | |J|
5 |G| | vbpa | D1 | vbDQ voba | pao | vbba | | K|
£ |H|| b4 [ vssa | Das pa2 | vssa | pas | |L]|
N |J|| vooL | VREF | wvss vssDL | cK VDD | [ M|
5 K] CKE WE RAS K opT | [N]
§ [L]|[Nc,BA2| BAO BAT CAS cs P
S M| AO/AP | Af A2 A0 vbD | [R|
> |[N| | vss A3 A5 A6 A4 T
P A7 A9 A1 A8 vss | [u]
R| | vobD A12 | NG, A14 NC, A15 | NG, A13 M
W
M
| N | NC NC NC | [AA]

Variation DL-z with support balls

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 DK-z (x16)
without support balls
1234567829

AOQ000+++000
BOOO+++000
CO00+++000
DOOO+++000
EQO0O+++000
FOOO+++000
GO000+++000
HOOO+++000
JOOO+++000
K+00+++000
LOOO+++00+
M+O0O0+++000
NOOO+++00+
P+00+++000
ROOO+++00+

O Populated ball
-+ Ball not populated

Variation DL-z (x16)

with support balls
34567809

0+0+0+000000000++0-

XS<KCHIUVZErXcIOTMTMUO®m>
0++000000000000000++0w
+++000000000000000+++
+++++++
+++++++ -+
+4++++++++H+ 4+
++4+000000000000000+++
0++000000000000000++0
0+++0+0+0000000000++0

3
O++

Figure 3 — DDR2 SDRAM x16 ballout using MO-207
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2 Package ballout & addressing (cont’d)

21

Variation AA without support balls

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

DDR2 SDRAM package ballout (cont’d)

JEDEC Standard No. 79-2F

(Top view: see balls through package)

L+ [ 2 [ s Jalsfe] 7 [ 8 | o |
[ 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 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 Cs0 Ccst | |L|
CKE1 | A10/AP A1 A2 A0 VDD | | M
VSS A3 A5 A6 A4 ODT1 | | N
A7 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
EOOO+++000
F+O00+++000
GOOO+++000
HOOO+++000
JOOO+++000
K+00+++4+000
LOOO+++00+

Figure 4 — Stacked/dual-die DDR2 SDRAM x4 ballout using MO:242

Full document details: JEDEC JESD79-2F 2009

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+++
WOO+++++00
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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 |
S |B| | D6 VSSQ | DM/RDQS DQS | vssQ | Dar | |F| =
% |c| | vbba DQ1 vDDQ vDDQ | DQ0 | vbbQ | |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 VDD | 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 ggiiiiigg
without support balls cC+++++++++
123456789 D+++++++++
AQOO+++000 EQQO+++000
BOOO+++000 FOOO+++000
CO00+++000 GOOO+++000
POOO+++000 HOOO+++000
EOOO+++000 JOOO+++000
F+O00+++000 K+O0O0+++000
GO0O0+++000 LOOO+++000
HOOO+++000 MOOO+++000
JOOO+++000 NOOO+++000
K+00+++000 P+O00+++000
LOOO+++00+ ROOO+++00+
CHEIEETY

Populated ball U4+

© For Vit t

-+ Ball not populated

WOO+++++Q0

Figure 5 — Stacked/dual-die DDR2 SDRAM x8 ballout using M0-242 ocuments
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2 Package ballout & addressing (cont’d)

21

DDR2 SDRAM package ballout (cont’d)

JEDEC Standard No. 79-2F

(Top view: see balls through package)

L+ [ 2 | s Jafsle] 7 | 8 [ o |
[ N | Ne ] [ ne [ Nne | [A]
| B |
- c|
A|| VDD NC VSS VSSQ | UDQS | vDDQ | | D |
' B| | DQ14 | vssQ UDM UDQS | vsSsQ | DQ15 | | E |
» | C| | vDbDQ DQ9 vDDQ vDDQ DQ8 | vDDQ | | F
8 |D|| Da12 | vssa | Daii DQ10 | VSsQ | DQ13 | | G|
5 |E|| VvDD NC VSS vssQ | LDQS | vDDQ | | H |
& [F|| pos vssQ LDM LDQS | VvsSsQ DQ7 | | J
2 |G| | vbba DQ1 vDDQ vDDQ DQO | vDDQ | | K|
2 |H]| | Do4 vssQ DQ3 DQ2 VssQ DQ5 | | L
> |y | 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 | AM0AP A1 A2 A0 VDD | | R
N | | vss A3 A5 A6 A4 ODT1 | | T |
P | A7 A9 A11 A8 vVss | | U |
R| | vobD A12_ | NC,A14 NC, A15 | NC, A13 LV |
W |
LY |
| Nc | 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
EOQOO0O0+++000
FOOO+++000
GO0O0O0+++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
GO0O0+++000
HOOO+++000
JOOO+++000
KOOO+++000
LOOO+++000
MOOO+++000
N+OO+++000
POOO+++000
ROOO+++000
TOOO+++000
U+OO+++000
VOOO+++00+
W+ +++++++
Y+++++++++
AOO+++++00

Figure 6 — Stacked/dual-die DDR2 SDRAM x16 ballout using M3 24:

Full document details: JEDEC JESD79-2F 2009
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2 Package ballout & addressing (cont’d)

21

Variation tbd without support balls

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

DDR2 SDRAM package ballout (cont’d)

(Top view: see balls through package)

L1+ [ 2 | 3 Jalsfe[ 7 | 8 | o |
| N | Nc | | Nnc | nNe |
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

CKEO WE RAS CK ODTO

NC, BA2 BAO BA1 CAS CSo cs1
CKE1 A10/AP A1 A2 A0 VDD

VSS A3 A5 A6 A4 ODT1

NC, A15 A7 A9 A11 A8 VSS
VDD A12 NC, A14 CcS3 NC, A13 CcS2

| Nc | NC NC NC

Variation tbd with support balls

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

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

123456789
AQOO+++000
BOOO+++000
COO0O0+++000
POOO+++000
EQOOO+++000
F+00+++000
GOOO+++000
HOOO+++000
JOOO+++000
KOOO+++000
LOOO+++000

O Populated ball
-+ Ball not populated

Variation tbd (x4/x8)
with support balls

123456789

AOO+++++00
B+++++++++
C+++++++++
Dt ++++++++
EQ00+++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+++++++++
WOO+++++00

Figure 7 — Quad-stacked/quad-die DDR2 SDRAM x4 ballout using M0-242D0CUMenNts
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2 Package ballout & addressing (cont’d)
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DDR2 SDRAM package ballout (cont’d)

JEDEC Standard No. 79-2F

(Top view: see balls through package)

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

[ Nnc [ No ] [ ne [ Nne | [A

| B |

id

I 1D |

» |A|| VDD |NURDQS| VSS vssQ DQS | vDDQ | | E |
S |B|| Das VSSQ | DM/RDQS DS | vssa | ba7r | |F| =
§ |C| | vbpa DQ1 vDDQ vbbQ | DQO | vDDQ | |G| g
S |D| | DQ4 VssQ DQ3 DQ2 | vssQ | DQ5 | |H| &
2 |E| | vDDL | VREF Vss vsSDL | cK voD | |J]| @
2 | F| CKEO WE RAS CK obto | [K| E
2 |G| | NC,BA2 | BAO BA1 CAS Cso cs1 | |L| B
2 |H| | CKE1 | A10/AP A1 A2 A0 VoD | M| §
2 |J| | vss A3 A5 A6 A4 obTt | [N| &
& |[K||NCA5 | A7 A9 A1 A8 vss | |P| >

L|| vbD A12 | NC,A14 Cs3 | Nc,A13| Cs2 | [R|

LT

|V |

|V

| Nc | NC NC NC | (W

Page 9

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)

with support balls

1234567829
- AOO+++++00
ermahon tbd (x4/x8) B+++++++++
without support balls c+++++++++
1234567809 D+++++++++
AQOO+++000 EQOO+++000
BOOO+++000 FOOO+++000
CO00+++000 G000+++000
DOOO+++000 HOOO+++000
EOOO+++000 JOOO+++000
F+OO0+++000 K+O00+++000
GOOO+++000 LOOO+++000
HOOO+++000 MOOO+++000
JOOO+++000 NOOO+++000
KOOO+++000 POOO+++000
LOOO+++000 ROOO+++000
T+++++++++
O Populated ball U+++++++++
V+++++++++

-+ Ball not populated

WOO+++++0
Figure 8 — Quad-stacked/quad-die DDR2 SDRAM x8 ballout usinc |1f/-.’42%°cuments
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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 Jafslef] 7 | 8 | o |
| N | No | | N [ Ne |
A| | VDD NC VSS vSsQ | UDQS | vDbDQ
B || DQ14 | vssQ UDM UDQS | VssQ | DQit5
» |Cc|| vbba DQ9 vDDQ vDDQ | DQ8 | VDDQ
8 |D|| pa12 | vssQ | DQ11 DQ10_ | VvSsQ | DQ13
5 |E|| vDD NC VSS vVSSQ | LDQS | VvDDQ
& |F|| pae | vssa | LDMm LDQs | vssQ | Da7
2 |a|| vbba DQ1 vDDQ vDDQ | DQO | VDDQ
2 |H|| Dpa4 | vssa DQ3 DQ2 | VvSsQ | DQ5
2 |y] | _vbDL | VREF VSS VSSDL CK VDD
2 K| CKEO WE RAS CK oDTO
2 | L||NCBA2| BAO BA1 CAS Cso cs1
§ M| | CKET | A10AP A1 A2 AO VDD
N || vss A3 A5 A6 A4 ODT1
P || NC,A15 | A7 A9 A11 A8 VSS
' R| | VDD A12 | NC,A14 CS3 | NC,A13 | Cs2
| N | NC NC NC

Bl<[z]<[e]z]=[>[z[z]-[x]-[=]o][n]m]o]o]=]~]

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, 8 and 9.

Variation tbd (x16)

without support balls
1234567829

AOO0O0+++000
BOOO+++000
CO000+++000
bOOO+++000
EQO0O0+++000
FOOO+++000

GO000+++000
HOOO+++000
JOOO+++000
K+00+++000
LOOO+++000
MOOO+++000
NOOO+++000
POOO+++000
ROOO+++000

O Populated ball
-+ Ball not populated

Variation tbd (x16)
with support balls

23456789

S<KCHATVZZrX«cIO@MMUOW>
+00000+000000000++0-
+000000000000000++0
+000000000000000+++
+++++++++H+HHH
+4++++++++H+
+++++++++++++H+H+ 4
+000000000000000+++
+000000000000000++0
+000000000000000++0

2 <
0+
o+
++
++
++
++
++
0+
o+

Figure 9 — Quad-stacked/quad-die DDR2 SDRAM x16 ballout using Mo-2a200CUMeEnNts
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2 Package ballout & addressing (cont’d)

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

—1 VO'MOMO SO €80
sOA‘soa
MO M
NG
€-00d 1d0 (—SSA
$— VOMOMO $0 H—2s0
sS0A‘soa
MO re— L3IAMO
NG
€-00d 140 — t1dao
— <O,%.v_o SO — LSO
sSDA‘'sda
MO M
NG
€-00d 1Ad0 (—SSA
— VO'MOMO SO H—0S0
sSDA‘soa
IMO = 03O
ANQ
€-00d 1dOo —01do
o S| C
2219 5
35ks
(/)]
<}
£
N
T
O
N
T
o
_K
(@]
N
(@)

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

DQO-7

DM/RDQS,RDQS

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 —1Lao
VYO'MOMO SO (— 180
soa‘'soa

ENolls
SOQY'SOAY/NG
1-000 1d0 H-ssA
VO'MOMO SO H— 080
sDA‘'sod

ENONE SN ENTe)
SOAY'SOAY/NG
1-000 100 —01do

DQS,DQS

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

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)

DQO-15
uDQS,UDQS
L LDQS,LDQS
CK,CK,RAS,CAS,WE,An,BAn T T T ‘

o] (2] (2] << w0 2] [%2] < w0 (2] (2] << w0 2] (2] <

s BRESIEREBZIEERGIERES:S

(e} =) — |5 g =) — |§ a =) — |5 g =) — |6

o ) 8 < (=] 8’ 8 < o UO)' 8 < [a)] 8’ 8 <
g o o (&) o
S 3 5 3 S 3 5 3

= 1] = L = 1] = Ll

[a] X |(/) [a] X |U‘) [m)] X |(/) [a] X |U)

(o] (&) (6] o O O (o] O (6] o (&) O

I * | | | | | * I | | |
* I I T | |

o o o [)) -~ ~ — o [7)) [323

= Ll (%] %) (9] = L ] %) ()

Q X [€ > 13 Q X [ > [
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Figure 12 — Quad-stacked/quad-die DDR2 SDRAM x16 rank association
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2 Package ballout & addressing (cont’d)

2.3 Input/output functional description

Table 1 — Ball descriptions

Symbol Type Function

_ Clock: CK and CK are differential clock inputs. All address and control input signals are sampled on
CK, CK Input 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).

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
CKE Input 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.

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

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-
oDT Input 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.

Input Data Mask: DM is an input mask signal for write data. Input data is masked when DM is sam-

DM Inout pled HIGH coincident with that input data during a Write access. DM is sampled on both edges of
(UDM), (LDM) P 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).

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.

BAO - BA2 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.

A0 - A15 Input

DQ Input/Output |Data Input/ Output: Bi-directional data bus.

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.

DQS, (D_QS) In this data sheet, "differential DQS signals" refers to any of the following with EMR(1)[A10] =0
(UDQS), (UDQS) x4 DQS/DQS
(LDQS), (LDQs) | MPuvOutput x8 DQS/DQS if EMR([A11] =0
(RDQS), (RDAS) x8 DQS/DQS, RDQS/RDQS, if EMR(D[A11] =1
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 if EMR(1)[A11]=0
x8 DQS, RDQS,  ifEMR(1)[A11]=1
x16 LDQS and UDQS

NC No Connect: No internal electrical connection is present.

Vbbpa Supply DQ Power Supply: 1.8V +/-0.1V

Vssa Supply  [DQ Ground . .. Documents
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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
Vbp Supply Power Supply: 1.8V +/-0.1V
Vss Supply Ground
VRer Supply Reference voltage

2.4 DDR2 SDRAM addressing

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 x ORG + 8

where

COLBITS = the number of column address bits

ORG = the number of I/0O (DQ) bits

Table 2 — 128 Mb Addressing

Configuration 32 Mb x4 16 Mb x 8 8 Mb x16
# of Bank N/A N/A 4
Bank Address N/A N/A BAO - BA1
Auto precharge N/A N/A A10/AP
Row Address N/A N/A AO - A1 Notet
Column Address N/A N/A AO - A8
Page size N/A N/A 1 KB

Note1 : A12 is not used in Addressing but must be maintained in package ballout and supporting MR/EMR(#) functionality

Table 3 — 256 Mb addressing

Configuration 64 Mb x 4 32Mb 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 4 — 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 A0 - A13 A0 - A12
Column Address A0 - A9, A1 A0 - A9 w
Page size KB KB 2 }ﬁ%nr‘umpm

1Ients
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2 Package ballout & addressing (cont’d)
2.4 DDR2 SDRAM addressing (cont’d)
Table 5 — 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 AO - A13 AO - A13 A0 - A12
Column Address A0 - A9, A11 A0 - A9 A0 - A9
Page size 1KB 1KB 2KB
Table 6 — 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 AO - A14 A0 - A13
Column Address A0 - A9, A1 AO - A9 A0 - A9
Page size 1KB 1KB 2 KB
Table 7 — 4 Gb addressing
Configuration 1Gbx4 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 AO - A15 A0 - A15 AO - A14
Column Address A0 - A9, A11 AO - A9 AO - A9
Page size 1KB 1KB 2 KB
Documents
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3 Functional Description

3.1 Simplified state diagram

Initialization

OCD Sequence
calibration

i o

<j‘\|me 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 SDRAMSs, both bits BAO and BA1 must be decoded for Mode/Extended Mode Register Set (BQGMm ents
commands. Users must initialize all four Mode Registers. The registers may be initialized it ari) sider.nqoyment Sharing Hub
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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 17 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 17 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 VTIT.

- 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 17 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 BA1.)

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. Docu ments
k) Issue a MRS command with LOW to A8 to initialize device operation. (i.e. to program ¢peiiting PAAIREIeRsnt Sharing Hub

Full document details: JEDEC JESD79-2F 2009


http://www.avadocuments.com/doc/jedec-jesd79-2f-2009
http://www.avadocuments.com/doc/jedec-jesd79-2f-2009

JEDEC Standard No. 79-2F
Page 18

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%zmzwwmwwu P,

CKE ns I
MM@NMMMQMQM
400ns RP 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.

must be set to LOW for normal MRS operation. Write recovery time WR is defined by A9 - A11 Refiﬁﬂ‘@tﬂ)m ents

for specific codes. Document Sharing Hub
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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 [ Ato] Ao As| A7 As | As | Ae| As| A2 | A1 | Ao Address Field
[ 0 oJo | o' [PD] WR [DLL| TM] CASLatency | BT | Burstlength | Mode Register
| [
|
A8 DLL Reset A7 mode A3 | Burst Type | BurstLength
0 No 0 Normal 0 Sequential A2 A1 Ao BL
Yes 1 Test 1 Interleave 0o |1]0
0|1 1 8
v v
A12 Active power down | Write recovery for autoprecharge
exit time A1| A1| As| WR(cycles) As| As| A4| CAS Latency
0 FIaSt exit (use bar0) |75 [0 | 0 | Reserved |*2 oo o Reserved
o
Slow exit (use txarDS) 0 0 1 5 SO 0 | o p Reserved
4 [0
v 0|1 |0 3 EDE @ 5 0110 2(Optional)
BA1| BAO MRS mode o | 1 |1 4 o 08: %'g 0 | 1 | 1 |3(speed bin determined)
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 BAI,

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. A1(|1~0£ﬁm entS
DQS disable and A11 is used for RDQS enable. A2 and A6 are used for ODT setting. Document Sharing Hub
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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.

Documents
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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 [ A [ As [ A2 [ A1 [ Ao |AddressField

NN

[0To] 1] of [Qof[RDQS] DQS| OCDprogram  [Rtt | Additivelatency | Rit | D..C [ DLL | Extended Mode Register
I
v A6| A2 Rt (NOMINAL) -
BA1| BAO| MRS mode 0 | o |oDT Disabled AG | IE 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] O 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) Lt
] 0 0 ) = 0|0 ]|O 0
Adjust mode o lo y 1
1 1 1 |OCD Calibration default 4 o l1 o0 2
0 | 1 1 3
. 1 01|o0 4
| A12 | Qoff (Optional)’ o AT~
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 DQs
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 Documents
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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?oerf;el)sh for 8 Banks a2l A1l Ao Partial Array ngp Eg:];el?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 0 | 3/4 array(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-A15 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

Documents

Document Sharing Hub

Full document details: JEDEC JESD79-2F 2009


http://www.avadocuments.com/doc/jedec-jesd79-2f-2009
http://www.avadocuments.com/doc/jedec-jesd79-2f-2009

JEDEC Standard No. 79-2F
Page 24

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 [Ats-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 autputs aD(QGIU)m ents
by DDR2 SDRAM and drive of RDQS is dependent on EMR bit enabling RDQS operation: fa Diive(1p,modg, all¢ Sharing Hub
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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 31 and 32. 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 8 — OCD drive mode program

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 9. 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 9 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 9 — 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 a
Figure 20. For input data pattern for adjustment, DTO - DT3 is a fixed order and is not affected by burs

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
CMD —EMRS JSV NOP

OCD calibration mode exit

EMRS NOP

NOP NOP NOP NOP

- I - = I Y \\l‘ —\ I~
(C / \\
- (. - A - A ) J_} (- -
WR

& -9 I
CK - _/\&_‘q_/\_
WL

e

DQS _in

DQ_in

o DQS -
\ I I I -
HEehE

(DS) tDH

DM

Vi@ £ Vo
y < D10 Dr1 D12 DTS\
e\ Vi)

3.4.3.3 Drive mode

Figure 20 — OCD adjust 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

o s,

OCD calibration mode exit

e e p——woe p—Caws)—__ -

4\\:/7
- — - -

Hi-Z

DQS HIGH & DQS LOW for Drive(1), DQS LOW & DQS HiI(

5H for DVe(0)

DQs HIGH for Drive(1)

DQs LOW for Drive(0)

K- — -
CK ——
Hi-Z

DQS

DQS

DQ
P
toIT
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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

KSM sw2 sz3
L Rval1

L Rval2 — Rval3

< -2
DRAM | | o [
Bt ( t [ L
“~ Rvall . Rval2 g 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 \i JJi | -
! ‘ tMOD, max ‘
tAOFD  [© > |
1 tMOD, 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.

* OO0 DO D00r

CMD { EMRS'D NOP NOP X:)( NOP D NOP )(:X NOP
G taon

tMoD, max

— i

o

T aoFD

RTT Old setting } New setting

1) EMRS command directed to EMR(1), which updates the information in EMR(1)[A6,AZ2], 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
CKJ\»,,/M\._,/u\;,,'\—/\;,,/u\»,,/ J\»,,/\—/\;,, o
tIS
<P
CKE
tIs tIs
JH >
oDT e v 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¥ »7l/¥ \»74/\—/\»7‘/u\»74/ J\»,‘/¥ \»74/¥
CKE
tIs tIs
<4 <P
oDT 7 Vo
AL > tAO‘FPD,max
tAOFPD,min >
Internal R '
Term Res. ] T
t ONFD,ml < | | Ly L
toNPDmax|<—— > || | | [ [

Figure 26 — ODT timing for power-down mode
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