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JEDEC standards or publications.

The information included in JEDEC standards and publications represents a sound approach to
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viewpoint.
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DDR2 SDRAM Fully Buffered DIMM Design Specification Product Description
Product Description

This specification defines the electrical and mechanical requirements for 240-pin, PC2-4200/PC2-5300/ PC2-
6400, 72 bit-wide, Fully Buffered Double Data Rate Synchronous DRAM Dual In-Line Memory Modules
(DDR2 SDRAM FB-DIMMs).These SDRAM FB-DIMMs are intended for use as main memory when installed
in systems such as servers and workstations. PC2-4200/PC2-5300/PC2-6400 refers to the DIMM naming
convention in which PC2-4200/PC2-5300/PC2-6400 indicates a 240-pin DDR2 DIMM running at 266/333/400
MHz DRAM clock speed and offering 4266/5333/6400 MB/s bandwidth.

DIMM DRAM DRAM Clock Sg‘;;zv'ai'd“t"h'\" Channel Clock Trgé?;”;;te
PC2-4200 DDR2-533 266 MHz 4266 MBJs 133 MHz 3.2GTls
PC2-5300 DDR2-667 333 MHz 5333 MB/s 166 MHz 40GTls
PC2-6400 DDR2-800 400 MHz 6400 MBJs 200 MHz 48GTls

Reference design examples are included which provide an initial basis for Fully Buffered DIMM designs.
Modifications to these reference designs may be required to meet all system timing, signal integrity, and ther-
mal requirements for PC2-4200/PC2-5300/PC2-6400 support. All Fully Buffered DIMM implementations must
use simulations and lab verification to ensure proper timing requirements and signal integrity in the design..

Product Family Attributes

DIMM organization X72 ECC

30.35mm (height) x 133.35mm (width) x 8.2 mm (max thickness)
MO-256 variation AB

DIMM dimensions (nominal) 30.35mm (height) x 133.35mm (width) x 8.8 mm (max thickness)
MO-256 variation BB

Pin count 240

SDRAMSs supported 256Mb, 512Mb, 1Gb, 2Gb, 4Gb

Capacity 256MB, 512MB, 1GB, 2GB, 4GB, 8GB, 16GB

Serial PD Consistent with JC 45
min typ max
1.7 1.8 1.9 (DRAM Vpp/Vppa, AMB Vppo)
1.4551 15 1.575t (AMB Vce/Vecrep)

Supply voltages (nominal)
(DRAM Interface V1)

0-453"Vop 0->Voo 0-347"Vop This supply should track as 0.5 * 1.8 volt supply
3.0 33 3.6 (Voospp)

Buffer Interface High-speed Differential Point-to-point Link at 1.5 volt

DRAM Interface SSTL_18

Note 1: Approximate DC values, refer to AMB Component Specification for actual DC and AC values and conditions.
Note 2: Vit range accomodates measurable offset due to complementary CA bus current paths. (See Vtt section)
An Unloaded system should supply Vtt of 0.48*Vdd/0.52*Vdd to Dimm socket
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Product Description

The reference designs for the DIMM PCBs are called the “raw cards”, abbreviated R/C. After the designs
have been verified in working systems, the JEDEC JC-45 committee will post registrations of these R/C

designs to the JEDEC web site for use by the industry at large.

Product Family Raw Card Types

Raw Card DR\';AV'}Z tlﬁata # of Ranks # of DRAM
A x8 1 9
B X8 2 18
C x4 1 18
D x4 2 36
E x4 2 36
H x4 2 36
J x4 2 36

Environmental Requirements

Z-axis
planar
planar
planar
stacked / dual die
planar
planar

stacked / dual die

Width x Height (mm)

133.35x 30.35
133.35x 30.35
133.35x 30.35
133.35x30.35
133.35x 30.35
133.35x 30.35

133.35x 30.35

DDR2 SDRAM Fully Buffered DIMMs are intended for use in standard office environments that have limited

capacity for heating and air conditioning.

Environmental Parameters

Symbol Parameter
Toprr Operating temperature
Hopr Operating humidity (relative)
Tste Storage temperature
Hste Storage humidity (without condensation)

Pear Barometric pressure (operating & storage)

=

Rating

See Note

10 to 90

-50 to +100

5t0 95

105 to 69

. The designer must meet the case temperature specifications for individual module components.

Units Notes
1
% 2
°C 2
% 2
K Pascal 2

2. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and device functional
operation at or above the conditions indicated is not implied. Exposure to absolute maximum rating conditions for extended periods

may affect reliability.
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DDR2 SDRAM Fully Buffered DIMM Design Specification

Architecture

JEDEC Standard No. 205

DIMM Connector Pin Description

Architecture

Pin Name Pin Description Count
SCK System Clock Input, positive linet 1
SCK System Clock Input, negative linel 1

PN[13:0] Primary Northbound Data, positive lines 14

m[13:0] Primary Northbound Data, negative lines 14

PS[9:0] Primary Southbound Data, positive lines 10
ﬁ[9:0] Primary Southbound Data, negative lines 10
SN[13:0] Secondary Northbound Data, positive lines 14

W[B:O] Secondary Northbound Data, negative lines 14

SS[9:0] Secondary Southbound Data, positive lines 10
§[9:0] Secondary Southbound Data, negative lines 10
SCL Serial Presence Detect (SPD) Clock Input 1
SDA SPD Data Input / Output 1
SA[2:0] SPD Address Inputs, also used to select the DIMM number in the AMB 3
VID[L:0] Voltagg ID: These ?ins must_be unconnecied for PDRZ-b_ased Fully BfJffered [iIMMs ) )
VID[0] is Vpp value: OPEN = 1.8V, GND = 1.5 V; VID[1] is V¢ value: OPEN =15V, GND =1.2V
RESET AMB reset signal 1
RFU Reserved for Future Use? 16
Vee AMB Core Power and AMB Channel Interface Power (1.5 Volt) 8
Vpp DRAM Power and AMB DRAM 1/O Power (1.8 Volt) 24
Vi1 DRAM Address/Command/Clock Termination Power (Vpp/2) 4
Vbpspp SPD Power 1
Vss Ground 80
The DNU/M_Test pin provides an external connection on R/Cs A-D for testing
the margin of Vref which is produced by a voltage divider on the module. It
DNU/M_Test is not intended to t_)e used in normal syste_m operation and must not be _ 1
connected (DNU) in a system. This test pin may have other features on future card designs
and if it does, will be included in this specification at that time.
1
Total 240
1. System Clock Signals SCK and SCK switch at one half the DRAM CK/CK frequency
2. Eight pins reserved for forwarded clocks, eight pins reserved for future architecture flexibility
Revision 1.0 March 5, 2007 Page 11
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JEDEC Standard No. 205

Architecture DDR2 SDRAM Fully Buffered DIMM Design Specification

DDR2 240-pin FBDIMM Pinout

Pin  Front | Pin Back Pin | Front | Pin Back Pin Front Pin Back Pin Front || Pin Back

# Side # Side # Side # Side # Side # Side # Side # Side
1 Vpp | 121 Vop 31 PN3 | 151 SN3 61 PN9 181 SN9 91 PS9 211 SS9
2 | Vpp |122 Voo 32 PN3 | 152 SN3 62 Vss 182 Vss 92 Vss 212 Vss
3 | Vpp |[123 Vbp 33 Vss | 153 Vss 63 PN10 | 183 SN10 93 PS5 || 213 SS5
4 Vss | 124 Vss 34 PN4 | 154 SN4 64 PN10 | 184 SN10 94 PS5 | 214 SS5
5 | Vpp |/125 Voo 35 PN4 | 155 SN4 65 Vss 185 Vss 95 Vss 215 Vss
6  Vpp | 126 Voo 36 Vss || 156 Vss 66 | PN11 || 186 SN11 92 PS6 || 216 SS6
7 | Vpp | 127 Voo 37 PN5 | 157 SN5 67 | PNI1 || 187 SNI11 97 PS6 || 217 SS6
8 | Vss | 128 Vss 38 | PN5 | 158 SN5 68 Vss 188 Vss 98 Vss 218 Vss
9 Vee 129 Vee 39 Vss 159 Vss KEY 99 PS7 219 SS7
10 | Vee |130 Vee 40 | PN13 | 160 SN13 69 Vss 189 Vss 100/ PS7 | 220 Ss7
11 | Vss | /131 Vss 41 | PN13 | 161 SN13 70 PSO 190 SS0 101 Vss ||221 Vss
12 | Ve |132 Vee 42 Vss |162 Vss 71 Pso 191 SS0 102| PS8 ||222 SS8
13 | Ve 133 Vee 43 Vss | 163 Vss 72 Vss 192 Vss 103| PS8 ||223 Ss8
14 | Vss | 134 Vss 44 | RFU* | 164 RFU* 73 PS1 193 Ss1 104| Vss || 224 Vss
15 | Vi 135 Vit 45 | RFU* | 165 RFU* 74 PS1 194 Ss1 105| RFU** | 225 RFU**
16 | VID1 | 136 VIDO 46 Vss | 166 Vss 75 Vss 195 Vss 106 RFU* | 226 RFU**
17 | RESET | 137 | DNU/M_Test| 47 Vss | 167 Vss 76 PS2 196 SS2 07| Vss || 227 Vss
18 | Vss |/138 Vss 48 | PN12 | 168 SN12 77 Ps2 197 ss2 08| Vpp |/228 ScK
19 | RFU** | 139 RFU** 49 | PN12 | 169 SN12 78 Vss 198 Vss 109 Vpp |229 SCK
20 | RFU** | 140 RFU** 50 Vss 170 Vss 79 PS3 199 SS3 110 Vss | 230 Vss
21 Vss | 141 Vss 51 PN6 ||171 SN6 80 Ps3 200 Ss3 111  Vpp | 231 Voo
22 PNO | 142 SNO 52 | PN6 | 172 SN6 81 Vss 201 Vss 112 Vpp | 232 Voo
23 PNO | 143 SNO 53 Vss 173 Vss 82 PS4 202 SS4 113|  Vpp ||233 Voo
24 Vss | 144 Vss 54 PN7 | 174 SN7 83 PS4 203 Ss4 114 Vss 234 Vss
25 PN1 | 145 SN1 55 PN7 | 175 SN7 84 Vss 204 Vss 115 Vpp 235 Voo
26 PN1 146 SN1 56 Vss 176 Vss 85 Vss 205 Vss 116 Vbp 236 Vpp
27 | Vss | 147 Vss 57 PN8 | 177 SN8 86 | RFU* | 206 RFU* 17 Vir 237 Vit
28 PN2 | 148 SN2 58 | PN8 | 178 SN8 87 RFU* | 207 RFU* 118 SA2 ||238 | VDDSPD
29 PN2 | 149 SN2 59 Vss /179 Vss 88 Vss 208 Vss 119 SDA ||239 SAO
30 Vss | 150 Vss 60 PN9 | 180 SN9 89 Vss 209 Vss 120 SCL ||240 SAL
90 PS9 210 SS9

RFU = Reserved Future Use.

* These pin positions are reserved for forwarded clocks to be used in future module implementations
** These pin positions are reserved for future architecture flexibility
1) The following signals are CRC bits and thus appear out of the normal sequence: PN12/PN12, SN12/SN12, PN13/PN13, SN13/SN13,
PS9/PS9, SS9/SS9
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DDR2 SDRAM Fully Buffered DIMM Design Specification

JEDEC Standard No. 205

Block Diagram: Raw Card Version A (x72 ECC DIMM, one physical rank of x8 DDR2 SDRAMS)

S0
DS B
bQso DQS13
DQS9 —‘ Q
e DM/ NU/_ &3 DOS DOS
Ribs ks ©S Des e DQ32 RDS gpgs °° P2°P0S
DQO—— /0 0 DQ33 noe
DQ1—— 1101  po DQ34 oy P4
DQ2—— /02 DQ35 10 3
DQ3—— /0 3 DQ36 e
DQ4 110 4 D37 1 0%
DQ5 1105 DQ38 ___ |56
DQ6— /0 6 DQ39
DQ7 o7 Vo7
DQS1 DQS5
DQS1 DQS5
DQS10 —<‘A7 J; DQs14 — ]
P DM/ =5 DOS DOS|
Rlos gg’qs Cs DQSDQS D40 Rbos gggs CS DQSDQS
DQ8—— /00 DQ41 —__ | 1100
DQ9 /01 D1 DO42 ] /01 D5
DQ10—— /0 2 DQ43 — |02
DQIl —— /03 DQ44 —__| 1103
DQ12 110 4 D045 | 1/0 4
DQ13 105 DQas | O5
DQ14—— /06 DQ47 —1/06
DQ15 1107 —1o7
DQS2 DQs6
DQsS2 DQS6
DQS11 —_— DQSlS%
— —] DM/ ey Bos
Plhs %’QS Cs DQsDQS RBGs 7&3{25 Cs DQSDQS
DQ16 —— /0 0 DQ48 1100
DQ17 110 1 D2 DQ49 110 1 D6
DQ18 110 2 DQ50 —— /0 2
DQ19—— /0 3 DQ51 103
DQ20—— /0 4 DQ52 —— /0 4
DQ21 105 DQ53 —— /05
DQ22—— /0 6 DQ54 —— /0 6
DQ23—— 107 DQ55 —— 1107
DQS3 DQS7
DQS3 DQS7
DQS12 — o L
— — DM/ NU/__ &= 5os)
Phs %ﬁ)s Cs DQSDQS RDQS rpgs CS POSPAS
DQ24__| 00 DQ56 —— 1100
DQ25_____ |01 D3 DQ57 o1 D7
DQ26_____| /02 DQ58 —— 1/0 2
DQ27_____11/03 DQ59 —— 1/0 3
DQ28____| 04 DQ60 —— 1/0 4
DQ29 1105 DQ61 1105
DQ30—— /06 DQ62 —— /0 6
DQ31l——| 0 7 DQ63 — 1107
DQS8
DQS8
DQS17
PNO-PN13 SNO-SN13
PNO-PN13 SNO-SN13 DM/ NU/ & DOS!
PS0-PS9 SS0-SS9 RDQS RpQs €S DQsDbes
PS0-PS9 Il 3350-SS9 CBO 1100
DQO-DQ63 A |—— 50->Cs (all SDRAMS) gg% o1  p8
CBO-CB7 | CKEO -> CKE (all SDRAMS) 110 2
DQS0-DQS17 M CB3—— 1103
DQso-boss ——| B CcB4 110 4
soL — —— ODT -> ODT (all SDRAMs) CB5 1105
DA | BAO-BA2 (all SDRAMS) CB6—— /06
SAL-SA2 —— | A0-A1S (all SDRAMs) CB7 o7
SA0 — V] [ RAS (all SDRAMS)
_ | CAS (all SDRAMS)
RESET —— I WE (all SDRAMs) .
SCK/SCK ——— CKI/CK (all SDRAMSs) Vrr —_— T Terminators
Vee e I AMB
All address/command/control/clock ——A— V1 Vbpspp T SPD, AMB
Notes: Serial PD Vbp _L D0-D8, AMB
1. DQ-to-1/O wiring may be changed within a byte. scL SDA T DO-D8
2. There are two physical copies of each address/command/con- WP A0 AL REF % j_
trol/clock L sao sA1 sa2 Vss 1 | D0-D8,SPD,AMB
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

Block Diagram: Raw Card Version B (x72 ECC DIMMs, two physical ranks of x8 DDR2 SDRAMs)

s1
S0
DQSO0 DQs4
DQS0 I DQS4
DQS9 JM x 1 _,\ﬁ/ DQS13 I {
DM/ _NU/_ cs posbos| [P - NU/ _ s pos bos e 4L
500 RDGs Nogs ©5 DQSDRS| |RBos Rpgs O DQSDRS B'[V)‘/QS ggg < C5 DQsSDGs ngs %’QS €S DQSDQS
o105 Do oy oo DQ32 0 0 H oo
DO [ DQ33 01 D4 HWo1 D13
Q 110 2 110 2
DQ34____|1/02 1/0 2
D8 fio3 [vos DQ35 03 H 103
DQ4 L Q35 _____|
110 4 110 4 DQ36 110 4 o4
DQ5 L Q
Q 105 105
DQ37_— | 1/05 /05
DQ6____ 1106 s DQ38 1106 H 06
DQ7, o7 o7 Q
— DQ39_— | 1/07 H /07
DQS1 DQS5
DQS1 DQS5
DQS10 ’ | ‘ DQS14 I { |
DM/ NU/ &= Sos| [DMI NUI A= 505 — — —— —
RDQS RDGS CS DOSDQS| |RDQS Rrpes S DQS DQS| gn[%s NU/__ ©5 DQS DQS B%s NU.__ &5 DQs DOS
DQ8 100 H 1100 RDQS RDQS
o1 Hio1 DQ40 1100 1100
L0, — D1 D10 DQ41 o1 D5 01 D14
DQ10____{ o2 o2 DQ42— | 102 H 02
DQUl ___ [1/03 /03 DO43 | 1103 0 3
e Vo 4 DQ44 10 4 H 10 4
DQ13 105 H 105 b 05 Hos
Q45
DQ4___ |1/I06 10 6 DO46— | 110 6 o6
DQ1S oz vo 7 DQ4T——| 110 7 Huo7
DQs2 DQS6
DQS2 5OS6 l
DQS11 ] [ ] DQS15 I i I
DM/ _NU/ &= Sos| [DM._NU_ &= DoS — — e ——
RDQS Rpos C5 DS DAS| |RDGs Rpgs €5 PRSDAS Blls N C5 0esBas Bis N CS DS Bas
DQ16— | /00 M Voo DQ48 —| 100 H 100
DQ17— |01 D2 Mol D11 DQ49 —{ 110 1 D6 1101 D15
DQI8— | 102 m o2 DQ50 1102 110 2
DQ19 1103 o3 DQ51 103 H 103
DQ20— | /04 o4 DQ52 —| 0 4 110 4
DQ21 1105 Vo5 DQ53 105 H o5
DQ22 110 6 M /06 DQ54 /10 6 /06
DQ23——| /07 n o7 DQ55 ——| /0 7 107
DQs3 DQS7
DQS3 1 DQS7 I
DQS12 [ | | DQs16 |
DM/ NU/ &g Sos| [DML._NU/__ &= DosS DM/ NU/ &= Sog| [DM NU/ == Dos|
RDQS Rpgs C5 PRSDAS| |Rbos rpgs C5 PRSDAS RDQS Rps C5 PRSDAS| |RbOs Rpgs C5 PRSDAS
DQ24—| 1100 1/0 0 DQ56 — 1100 H 1100
DQ25 o1 D3 o1 D12 DQ57 —{ /01 D7 H1uo1 D16
DQ26 110 2 110 2 DQ58 110 2 10 2
DQ27 — | 103 110 3 DQ59 10 3 H 1103
DQ28 ——| /0 4 M o4 DQ60 —{ 1104 110 4
DQ29 105 1105 DQ61 —— /05 ros
DQ30——{ /06 110 6 DQ62 —— 1106 H 106
DQ31 10 7 H 1107 DQ63 o7 107
DQS8
DQS8 T
DQS17 I ‘
PNO-PN13 SNO-SN13 P —] . —]
PNO-PN13 SNo-SN13 E%s Eggs CS DQSDQS B’E’J‘{gg gggs Cs DQSDQS
BS0-PS9 $S0-S89 CBO 1100 M 1/00
PSO0-PS9 ——— 550-559 CB1 1101 D8 H /o1 D17
Y | S0->Cs (Do CB2— | /02 H 1/0 2
DQO-DQ63 50 -> CS (D0-D8)
%BO»SB7 ’CI {——— CKEO -> CKE (D0-D8) CB3——| /03 = /03
DQS0-DQS17 — S1->CS (D9-D17) CB4 110 4 M 1/o4
DQS0-DQS8 B +—— CKE1->CKE (D9-D17) CB5——| 1/05 M /05
scL —— [~ ODT -> ODT (all SDRAMs) CBS6. 106 Hos
——— BAO-BA2 (all SDRAMSs)
SAl-SS[:; I | A0-Al5 (all SDRAMS) CB7 o7 H o7
SA0 — A\ [ RAS (all SDRAMSs)
%S (all SDRAMs) V. .
RESET —— WE (all SDRAMS) ins —————————— Terminators
SCK/SCK j—— CK/CK (all SDRAMSs) T
Vee  ——] AMB
All address/command/control/clock——AM— V11 Vbospp + SPD, AMB
Notes: Serial PD T
1. DQ-to-1/0 wiring may be changed within a byte. scL Voo i D0-D17, AMB
2. There are two physical copies of each T
phy: P! VRer DO-D17
address/command/control/clock % l
Vss T | po-D17, SPD, AMB
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DDR2 SDRAM Fully Buffered DIMM Design Specification

JEDEC Standard No. 205

Block Diagram: Raw Card Version C (x72 ECC DIMM, one physical rank of x4 DDR2 SDRAMS)

Serial PD

SCL SDA

V1T —————— Terminators

Vee ﬁ’i AMB

VbDSPD T SPD, AMB

Voo T DO0-D17, AMB

VRer % am T DO-D17

Vss T | D0-D17,SPD,
AMB

All address/command/control/clock——aA— Ve

1. DQ-to-I/0 wiring may be changed within a nibble.
2. There are two physical copies of each address/command/control/clock

vss
DQso | DQS9
DQS0 F DQS9 [
DM = Saql DM — —
CS DQs CS DQS DQS
QS DQs o4 Qs DQ
DQO_— 1 /00 pQs— V00
DQL—— o1 DO pos |01 D9
DQ2 —— /02 pQ7 |02
DQ3 — /0 3 — 103
%1_'__'f DQS10
DQS1 I | | | DQS10 | .
oM 5 DQs DS, oM S DQs oS
DQ8 1100 DQ12 1100
DR — 1yo1 D1 DQI3__| 101 D10
DQ10 110 2 DQ14___ |02
DRIl o3 DQ15___| /03
DQS2 ‘ DQS11 H—F\
DQS2 ; —— DQS11 : ———
oM TS DQS DoS oM TS DQsbos
DQ16 _ |yoo DQ20__ |00
D17 _ fyo1 p2 DQ21____ 01 D11
DQ18 _ |yo2 DQ22 ___ |02
DQ19 110 3 DQ23 |03
DQS3 _'—‘_f DQS12 4'_H
DQS3 T — — DQs12 i e —
DM TS DQS DQS| DM TS DQS DQS|
DQ24 ___ |00 ngg —_|woo
DQ25 ____ |01 D3 —— |01 D12
DQ26 ____|1/02 DQ30 ___ o2
DQ27 ____|1/03 DQ31 |03
Dos4 —F——J— DQSIs [
DQs4 O — DQs13 I ——
D TS DQS DQS| DM s DQSDQS
DQ32 __ |00 DQ36 ____ | 1/00
DQ33 ____|1/01 D4 DQ37 __|101 D13
DQ34 102 DQ38 ___ |02
DQ35 | 1/03 DQ39 ____|1/03
Ry —F— e ——
DQS5 ! — DQS14 ; ——
DM TS DQs DQs| DM CS DQS DQS|
ggﬂ —|uoo ngg ——| oo
——|10o1 D5 — 101 D14
D42 ___ lyo2 DQ46 ——| /0 2
D43 o3 DQ47 ——| /0 3
DQS6 DQS15 —|—'_|
DQs6 I I — DQS15 1 I —
DM TS DQS DQS O™ TS DQS DQS|
DQ48 __ 100 DQ52 /00
DQ49 ____ | o1 D6 DQ53 — |01 D15
DQ50 ____ 02 DQ54 | 1/02
DQ51 1103 DQ55 ——{ /103
Dos7T ———F——— DQS16 ——————f—
DQs7 | 1 DQS16 I | —
DM TS DQS DQS| DM TS DQS QS|
gggg — oo gggg — 1100
—wo1 D7 — 101 D16
DQ58 1O 2 DQ62 —— /0 2
DQ59 — | 03 DQ63 —— /03
D8 ——— 1 DQS17 — —F———F—
DQs8 i - DQs17 i -
oM TS DQS DQS DM TS DQS DQS
CBO 1100 CB4 —{ /00
CBlL— {01 D8 CB5 —— /01 D17
cB2 |02 CB6 —— 1102
CB3 —— /103 CB7 —— 1/03
PNO-PN13 'SNO-SN13
PNO-PN13 SNO-SN13 N
PS0-PS9 SS0-559 Notes:
PS0-PS9 550-SS9
DQO-DQ63 A |—— S0->Cs (all SDRAMS)
CB0-CB7 ——| {——— CKEO -> CKE (all SDRAMS)
DQS0-DQS17 M
DQS0-DQS17 B
scL [~ ODT ->ODT (all SDRAMs)
SDA | BAO0-BA2 (all SDRAMS)
SAL-SA2 A0-A15 (all SDRAMSs)
SA0 — A\ RAS (all SDRAMSs)
CAS (all SDRAMs)
RESET — | WE (all SDRAMS)
SCK/SCK ——— CKI/CK (all SDRAMS)
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

Block Diagram: RC Versions D,E,H,J (x72 ECC DIMMs, 2 physical ranks of x4 DDR2 SDRAMS)

vss
b
DQSO | DQS9 |
DQS0 I ! 4 ‘\ | DQS9 1 |
DM &< Dos| DM “c 503! l ‘ ‘ ‘ ‘
500 CS DQS DQS| CS DQSDQS bO4 s DQS DOS DM S DQS DQS
— oo +—— 1/0 0 —
DOL DQ5— 1100 1100
D82 — /01 DO —1/01 D18 DO6— 10 1 D9 —— /o1 D27
— 02 Vo2 — 102 —— 102
Do3 | 1 DQ7
/o3 103 —— 103 — /03
DQs1 [ | [ [ DQS10
o — - | = DQS10———] i | —
— — —] [ I | | [ [ [ 1
DM €S DQS DQs DM TS DQs DOS M S 00sbos DM TS D0s b3S
DQ8 ___ |woo | oo DQ12
DQ9 ___ |yo1 D1 L o1 DQ13 1100 — /00
DQ10 0 2 195 P po14—| 01 D10 o1 D28
— — o2 —— 1102
boll o3 — Vo3 O — 103
DQS2 I [ T T DQS11 I T ] \
oo ———— bosu | [ F |
DM CS DQS DQS| DM TS DQS DOS DM TS DQsDos DM Cs DQSDOS
DQ16 100 oo bQ20 1100 —— /00
b7 o1  p2 —— 1101 DQ21 ] —
DQ18 D20 101 D11 01 D29
e g— — o2 be22_ 153 — 102
Q19 — | o3 — o3 bQ23 1103 Vo3
DQS3 ‘\ | i i i | DQs12 i T T T
bQs3 ‘ ELo DQS12 [ . ‘ -
B —— L S — I - T ——
Cs DQS DQS D| Cs DQSDQS DM s DQS DS DM TS DQSDQS
DQ24 __ |00 I oo DQ28 1100 oo
DQ25 ___ /01 D3 — DQ29
o1 D21 pO30 ——| 01 D12 — /01 D30
DQ26 0 2 02 Q0 1oz —— 102
DQ27 |03 —— 103 PR3 1 53 03
DQS4 | i I i | DQS13 T T I T
DQS4 i o —— —— DQS13 I — | )
DM TS DQS DS D! TS DQS DS DM 5 QS D05, DM TS DOs DS
ngg 1100 L lwoo ngg __lwoo —— 1100
oo oz Ot oz P% peas ——| 07 P18 |83 Dt
DQ35 ___ | 1/03 103 DQ39 110 3 103
DQS5 I I T I DQS14 T T I I
DQSS l E— l —— DQs14 i S : —
oM TS DQS DQS| DM CS DQS DQS| DM TS DQSDQS DM Cs DQS DQS|
ggﬂ 1100 — oo 883‘5‘ —— oo 00
— 01 D5 (/01 D23 —J| /01 | /101
DQ42 o2 — /02 DQ46 |55 14 —— o2 D32
DQ43 o3 —— 103 D47 ___| 153 L 03
DQS6 [ I I I DQS15 i T I I
DQS6 } e } ‘\ J‘ 1 DQS15 } | | | \[ ]\ ‘\ ‘
DM €S DQS DQS bm €S DQSDQS DM TS DQS DGS DM TS DQS DQS
DQ48 ___ |00 —7o ) DQ52 1100 —— 100
DR49 ___ |01 D6 —— /01 D24 DOS3 | yo1 —— 1101
DQ50 |02 L /02 DQ5%4 |02 D15 L 102 b33
DQ51 |03 —— o3 DRSS ___ |03 ——1/03
Dos7 1 T \‘ — DOs16 i T i -
DQS7 I I — [ 11 DQS16 | I [ L T 1
DM TS DQS DQs| DM CS DQS DQS| DM TS DQS DQS DM TS DQSDQS
DQR56 —fi00 — 1100 bQ6o —
— /00 1100
DR57 — o1  p7 — /01 D25 DQ61 | —
1/0 1 101 D34
DQ58 |02 —— 102 pez _| 5, P16 — 1102
DQ59 — /0 3 — 103 DQ63 {03 /03
DQs8 I [ ! I DQs17 T T f T
DQs8 | - } H— DQs17 I 1 { - —
DM CS DQS DQS| DM €S DQSDQS DM S DQS DQS DM TS DQSDQS
gBO — 1100 —— /00 CB4___ 00 —— 1/00
Bl__l1/01 D8 —{ /01 D26 CBS __ o1 ——1/01 D35
CB2 /02 —— /02 CB6 |02 p17 —— 1102
CB3 03 — /03 CB7 o3 /o3
PNO-PN13 SNO-SN13 Vrr ——————— Terminators
Pygbpyég SNO-5N13 All address/command/control/clock——AA— Vg Vee T AMB
PoU-FSS SS0-SS9 4
PS0-PS9 550-559 Serial PD Vobspo T 4 SPD, AMB
DQO-DQ63 A 50 ->CS (D0-D17) scL T
CBO-CB7 M CKEO -> CKE (D0-D17) Vop DO-D35, AMB
DQS0-DQS17 — S1->CS (D18-D35) % T
DQso-bQs1i7—— B CKE1 -> CKE (D18-D35) VRer T DO-D35
scL —| [ ODT -> ODTO (all SDRAMs) v % =
DA | BAO-BA2 (all SDRAMS) Notes: ss D0-D35, SPD,
SA1-5A2 —=—— B aorals) 1. DQ-to-1/0 wiring may be changed within a nibble AMB
A0 — A | RAS(all SDRAMS) . g .y ' ¢}
RESET — %S((ﬂ”sst)[;if*m"”? 2. There are two physical copies of each address/command/control
— al S, . .
SCKISER CKICK (all SORAMS) 3. There are four physical copies of each clock
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JEDEC Standard No. 205

Component Details: DDR2 SDRAM Fully Buffered DIMM Design Specification
Component Details:

DDR2 SDRAM, 256 Mb to 4 Gb

Raw cards A and B accommodate the x8 ballout with or without support balls, using the x8 common footprint.
Raw card C accommodates the x4 ballout with or without support balls, using the x4 common footprint. Raw
card D accommodates the stacked x4 ballout with or without support balls, using the stacked x4 common
footprint. The tables on the next few pages may include blank rows above the first row with balls, so that all of
the tables line up with the common footprints for x4, x8 and stacked x4.

Pin Assignments for x4 and x8 Ballouts without Support Balls (Top View)

(MO-207 variation DJ-z, 60 Balls FBGA 0.8mm x 0.8mm pitch)
x4 Ballout of DDR2 SDRAMSs (Top view) x8 Ballout of DDR2 SDRAMSs (Top view)

1 2 3 7 8 9 1 2 3 7 8 9
Al vDD NC VSS VSSQ | DQS | VDDQ VDD % VSS VSSQ | DQS | VDDQ
B/ NC | VSSQ | DM DQS | VSSQ | NC DQ6 | VSSQ RDD'\g/S DQS | VSSQ & DQ7
C| VvbDDQ | DQ1 | VDDQ |  VDDQ @ DQO | VDDQ VDDQ | DQ1 | VDDQ | VDDQ @ DQO | VDDQ
D/ NC | VSsSQ | DQ3 DQ2 | VSSQ @ NC DQ4 | VSSQ & DQ3 DQ2 | VSSQ | DQ5
E| VDDL | VREF | VSS VSSDL | CK VDD VDDL | VREF | VSS | VSSDL CK VDD
F CKE WE RAS CK oDT CKE WE RAS CcK oDT
G| BA2 BAO BA1 CAS cs BA2 BAO BA1 CAS cs
H A10 Al A2 A0 VDD A10 Al A2 A0 VDD
J| vss A3 A5 A6 A4 VSS A3 A5 A6 A4
K A7 A9 All A8 VSS A7 A9 All A8 VSS
L| vDD A12 | A14NC | | A15NC | A13,NC VDD Al2 | A14NC | | A15NC | A13,NC

1. The thick line area indicates the minimum ball out for x4 and x8 DDR2 SDRAMSs.

2. Above coordinates of ball out corresponds to x4 and x8 PCB symbol.

3. NC balls will not be connected to anything on the DRAM. They will be either open or tied to VDD/VDDQ on
the DIMM. Ball A2 (NU/RDQS) will be open on the x8 based DIMMs.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

Pin Assignments for Stacked x4 Ballout without Support Balls (Top View)

(MO-242 variation AA, 63 Balls FBGA 0.8mm x 0.8mm pitch
x4 Ballout of DDR2 SDRAMs for Stacked DIMM (Top view)

1

VDD
NC
VDDQ
NC
VDDL

BA2
CKE1
VSS

r X/« I G M M o O @ >

VDD

1. The thick line area indicates the minimum ball out for x4 and x8 DDR2 SDRAMSs.

2. Above coordinates of ball out corresponds to stacked x4 PCB symbol.

2

NC
VSSQ
DQ1
VSSQ
VREF
CKEO
BAO
A10
A3
A7
A12

3

VSS
DM
VDDQ
DQ3
VSS
WE
BAl
Al
A5
A9
A14,NC

7

VSSQ
DQS
VDDQ
DQ2
VSSDL
RAS
CAS
A2
A6
All
A15NC

8

DQS
VSSQ
DQO
VSSQ
CK
CK
Cso
AO
A4
A8
A13NC

9

VDDQ
NC
VDDQ
NC
VDD
oDTO
cs1
VDD
oDT1
VSS

Component Details:

3. NC balls will not be connected to anything on the DRAM. They will be either open or tied to VDD/VDDQ on

the DIMM.
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Component Details:

JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

Pin Assignments for x4 and x8 Ballouts with Support Balls (Top View)

(MO-207 variation DM-z, 68 Balls FBGA 0.8mm x 0.8mm pitch)
x4 Ballout of DDR2 SDRAMSs (Top view)

1 2

NC NC

O 0O w >

E VDD NC

F| NC | VvSSQ
G| vDDQ | DQ1
H| NC | VvsSsSQ
J| VDDL | VREF
K CKE
L | BA2 BAO
M A10
N[ vss A3
P A7

L| vDD A12
T

U

v

w|{l NC NC

3

VSS

DM

VDDQ
DQ3
VSS
WE
BAL
Al
A5
A9
A14,NC

x8 Ballout of DDR2 SDRAMSs (Top view)

7 8 9 1 2
“ NC NC ” “ NC NC ”
VSSQ | DQS | VDDQ vop = Y
RDQS
DQS @ VSSQ @ NC DQ6 | VSSQ
VDDQ = DQO | VDDQ VvDDQ | DQ1
DQ2 | VSSQ @ NC DQ4 | VSSQ
VSSDL | CK VDD VDDL | VREF
RAS CK oDT CKE
CAS cs BA2 BAO
A2 A0 VDD A10
A6 Ad VSS A3
All A8 VSS A7
A15,NC | A13,NC VDD A12
“ NC NC ” “ NC NC ”

3

VSS
DM/
RDQS
VDDQ
DQ3
VSS
WE
BA1
Al
A5
A9
Al14,NC

7 8 9
NC NC
VSSQ | DQS @ VDDQ
DQS | VSSQ | DQ7
VvDDQ = DQO | VDDQ
DQ2 | VSSQ & DQ5
VSSDL | CK VDD
RAS CK oDT
CAS cs
A2 A0 VDD
A6 A4
All A8 VSS

A15NC | A13,NC

NC NC

1. The thick line area indicates the minimum ball out for x4 and x8 DDR2 SDRAMSs.

2. Above coordinates of ball out corresponds to x4 and x8 PCB symbol.

3. NC balls will not be connected to anything on the DRAM. They will be either open or tied to VDD/VDDQ on
the DIMM. Ball E2 (NU/RDQS) will be open on the x8 based DIMMs.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification
Pin Assignments for Stacked x4 Ballout with Support Balls (Top View)

(MO-242 variation AD, 71 Balls FBGA 0.8mm x 0.8mm pitch)
x4 Ballout of DDR2 SDRAMSs for Stacked DIMM (Top view)

1

All Nc
B

C

D

E| VDD
F| NC

G | vDDQ
H| NC

J | vbDL
K

L BA2
M | CKE1
N| vss
p

L vbD
=

u

%

Wi NC

1. The thick line area indicates the minimum ball out for x4 and x8 DDR2 SDRAMSs.

2. Above coordinates of ball out corresponds to stacked x4 PCB symbol.

2

NC

NC
VSSQ
DQ1
VSSQ
VREF
CKED
BAO
A10
A3
A7
A12

NC

3

VSS
DM
VDDQ
DQ3
VSS
WE
BAL
Al
A5
A9
A14,NC

7

VSSQ
DQS
VDDQ
DQ2
VSSDL
RAS
CAS
A2
A6
All
A15NC

8

NC

DQS
VSSQ
DQO
VSSQ
CK
CK
Cso
A0
A4
A8
A13,NC

NC

9

NC

VDDQ
NC
VDDQ
NC
VDD
oDTO
cs1
VDD
oDT1
VSS

NC

Component Details:

3. NC balls will not be connected to anything on the DRAM. They will be either open or tied to VDD/VDDQ on

the DIMM.
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Component Details:

Pin Assignments for x4 and x8 Ballouts with Support Balls (Top View)

JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

(MO-207 variation DL-z, 92 Balls FBGA 0.8mm x 0.8mm pitch)
x4 Ballout of DDR2 SDRAMSs (Top view)

1

A NC
B
C
D VDD
E NC
F NC
G NC
H VDD
J NC
K VDD
L NC
M VDD
N
P BA2
R
T VSS
U
\% VDD
w
Y
AA NC

1. The thick line area indicates the minimum ball out for x4 and x8 DDR2 SDRAMSs.

2
NC

NC
NC
NC
NC

NC

VSS

DQ1
VSsS
VREF
CKE
BAO
AL0/AP
A3
A7
A12

NC

3

VSS
NC
NC
NC

VSS

DM

VDD
DQ3
VSS
WE
BAL
Al
A5
A9
A14,NC

7

VSS
NC
NC
NC

VSS

DQS

VDD
DQ2
VsS
RAS
CAS
A2
A6
A1l

A15NC | A13,NC

8 9 1 2 3
“ NC NC ” “ NC NC ”
NC VDD VDD NC VSS
NC NC NC NC NC
NC NC NC NC NC
NC NC NC NC NC
DQS | VDD VDD %%’S VSS
VSS NC DQ6 | VSS R%hgs
DQO | VDD VDD | DQ1 | VDD
VSS NC DQ4 | VSSQ  DQ3
CK VDD VDD | VREF | VSS
CK oDT CKE WE
cs BA2 BAO BA1
A0 VDD AL0/AP | Al
A4 VSS A3 A5
A8 VSS A7 A9
VDD | Al2 | AI4NC
“ NC NC ” “ NC NC ”

2. Above coordinates of ball out corresponds to x4 and x8 PCB Symbol.

7

VSS
NC
NC
NC

VSS

DQS

VDD
DQ2
VSS
RAS
CAS
A2
A6
All

8
NC

NC
NC
NC
NC

DQS

VSS

DQO

VSS
CK
cK
cs
A0
A4
A8

NC

x8 Ballout of DDR2 SDRAMs (Top view)

9
NC

VDD
NC
NC
NC

VDDQ

DQ7

VDD
DQ5
VDD
oDT

VDD

VSS

A15NC | A13,NC

NC

3. NC balls will not be connected to anything on the DRAM. They will be either open or tied to VDD/VDDQ on
the DIMM. Ball H2 (NU/RDQS) will be open on the x8 based DIMMs.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification Component Details:
Pin Assignments for Stacked x4 with Support Balls (Top View)

(MO-242 variation AC, 95 Balls FBGA 0.8mm x 0.8mm pitch)

x4 Ballout of DDR2 SDRAMSs for Stacked
DIMM (Top view)

1 2 3 7 8 9

All NC NC NC NC
B

c

D | VDD NC VSS VSS NC VDD
E| NC NC NC NC NC NC
F| NC NC NC NC NC NC
G| NC NC NC NC NC NC
H| VDD NC VSS VSS | DQS | VDD
J| NC VSsS DM DQS | VSS NC
K| VDD DQ1 | VDD VDD | DQO0 | VDD
L NC VsS DQ3 DQ2 | VsS NC
M| VDD | VREF | VSS VSS CK VDD
N CKE WE RAS CK | oDTo
P BA2 BAO BA1 CAS | CSO & cCs1
R ALIO/AP | Al A2 A0 VDD
T vss A3 A5 A6 A4 | ODT1
U A7 A9 All A8 VsS
V| VDD A12 | A14NC | | A15NC | A13,NC

w

Y
AA|| NC NC NC NC

1. The thick line area indicates the minimum ball out for x4 and x8 DDR2 SDRAMSs.
2. Above coordinates of ball out corresponds to stacked x4 PCB Symbol.

3. NC balls will not be connected to anything on the DRAM. They will be either open or tied to VDD/VDDQ on
the DIMM.
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Component Details:

Pin Assignments for x4 and x8 Ballouts with Support Balls (Top View)

JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

(MO-207 variation DK-z, 84 Balls FBGA 0.8mm x 0.8mm pitch)
x4 Ballout of DDR2 SDRAMSs (Top view)

1

A VDD
B NC
C NC
D NC
E VDD
F NC
G VDD
H NC
J VDD
K

L BA2
M

N VSS
p

R VDD

1. The thick line area indicates the minimum ball out for x4 and x8 DDR2 SDRAMSs.

2

NC
NC
NC
NC

NC

VSS

DQ1
VSsS
VREF
CKE
BAO
AL0/AP
A3
A7
A12

3

VSS
NC
NC
NC

VSS

DM

VDD
DQ3
VSS
WE
BAL
Al
A5
A9

A14,NC

7

VSS
NC
NC
NC

VSS

DQS

VDD
DQ2
VsS
RAS
CAS
A2
A6
Al1

8

NC
NC
NC
NC

DQS

VSS

DQO
VSS
CK
cK
cs
A0
A4
A8

A15NC | A13,NC

9

VDD
NC
NC
NC

VDD

NC

VDD
NC
VDD
OoDT

VDD

VSS

x8 Ballout of DDR2 SDRAMs (Top view)

1

VDD
NC
NC
NC

VDD

DQ6

VDD

DQ4

VDD

BA2

VSS

VDD

2 3
NC VSS
NC NC
NC NC
NC NC

%%%é VSS
VSS ;ggg
DQ1 VDD

VSSQ = DQ3

VREF | VSS
CKE WE
BAO BA1

AL0/AP | Al
A3 A5
A7 A9

Al12 Al14,NC

2. Above coordinates of ball out corresponds to x4 and x8 PCB Symbol.

7

VSS
NC
NC
NC

VSS

DQS

VDD
DQ2
VSS
RAS
CAS
A2
A6
All

8

NC
NC
NC
NC

DQS

VSS

DQO
VSS
CK
cK
cs
A0
A4
A8

A15NC | A13,NC

9

VDD
NC
NC
NC

VDDQ

DQ7

VDD
DQ5
VDD
oDT

VDD

VSS

3. NC balls will not be connected to anything on the DRAM. They will be either open or tied to VDD/VDDQ on
the DIMM. Ball E2 (NU/RDQS) will be open on the x8 based DIMMs.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification Component Details:
Pin Assignments for Stacked x4 Ballouts with Support Balls (Top View)

(MO-242 variation AD, 87 Balls FBGA 0.8mm x 0.8mm pitch)

x4 Ballout of DDR2 SDRAMSs for Stacked
DIMM (Top view)

1 2 3 7 8 9
A | VDD NC VSS VSS NC VDD
B NC NC NC NC NC NC
C | NC NC NC NC NC NC
D| NC NC NC NC NC NC
E| VDD NC VSS VSS | DQS | VDD
Fl NC VsS DM DQS | VSS NC
G| VDD DQ1 | VDD VDD | DQO0 | VDD
HI NC VsS DQ3 DQ2 | VsS NC
J| VDD | VREF | VSS VSS CK VDD
K CKE WE RAS CK | oDTo
L BA2 BAO BA1 CAS cs cs1
M ALIO/AP | Al A2 A0 VDD
N/ vss A3 A5 A6 A4 | ODT1
P A7 A9 All A8 VSS
R VDD A12 | A14NC | | A15NC | A13,NC

1. The thick line area indicates the minimum ball out for x4 and x8 DDR2 SDRAMSs.
2. Above coordinates of ball out corresponds to stacked x4 PCB Symbol on PCB

3. NC balls will not be connected to anything on the DRAM. They will be either open or tied to VDD/VDDQ on
the DIMM.
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Component Details:

Pin Assignments for x4 and x8 PCB Symbol (Top View)

JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

x4 Common Symbol on PCB (Top view)

1
NU

VDD
NU
NU
NU

VDD

I @/ M m o O w >»

(&

NU

VDD

NU

VDD

BA2

VSS

VDD

NU
NU

5 < s < c+H=mvzZzZE|*

1. Above coordinates of symbol corresponds to x4 and x8 ballouts of the DDR2 SDRAMSs.

2
NU

NU
NU
NU
NU
NU

VSS

DQ1
VSS
VREF
CKE
BAO
A10/AP
A3
A7
Al12

NU
NU

3

VSS
NU
NU
NU

VSS

DM

VDD
DQ3
VSS
WE
BAL
Al
A5
A9
Al4

7

8

9

x8 Common Symbol on PCB (Top view)

1

2

NU NU NU NU
VSS “ NU VDD ” “ VDD NU |
NU NU NU NU NU
NU NU NU NU NU
NU NU NU NU NU
VSS | DQS | VDD VDD NC
DQS | VSS NU DQ6 | VSS
VDD | DQO | VDD vDD | DQ1
DQ2 | VsSS NU DQ4 | VSSQ
VsS CK VDD VDD | VREF
RAS CK oDT CKE
CAS cs BA2 BAO
A2 A0 VDD A10/AP
A6 A4 VSS A3
All A8 VSS A7
Al5 A13 VDD | A12
NU NU NU NU
‘| NU NU |“| NU NU ”

3

VSS
NU
NU
NU

VSS

DM/
RDQS

VDD
DQ3
VSS
WE
BAL
Al
A5
A9
Al4

7

VSS
NU
NU
NU

VSS

DQS

VDD
DQ2
VSS
RAS
CAS
A2
A6
ALl
Al5

8
NU

NU
NU
NU
NU

DQS

VSS

DQO
VSS
cK
CK
cs
A0
A4
A8
A13

NU
NU

9
NU

VDD
NU
NU
NU

VDDQ

DQ7

VDD
DQ5
VDD
oDT

VDD

VSS

NU
NU

2. “NC” means that a solder pad is present and is not connected to any signal on the PCB. NC solder pads
may be mated with any of the balls of an SDRAM. On the FB-DIMM x8 symbol, only ball H2 is NC.

3. “NU” means that the solder pad is present and may or may not be electrically connected to an active signal
on the PCB. NU solder pads may only be mated with the NC ball of an SDRAM. On FB-DIMM, the NU solder
pads will be either open, or connected to Vdd/VddQ. The NU pad may be a continuation of a surface plane

utilized for power delivery purposes, thus it must only mate to a NC ball on the SDRAM.

Revision 3.0 March 5, 2007

Page 25

Petitioners

Ex. 1028, p. 25


SLIQUORI
Sticky Note
None set by SLIQUORI

SLIQUORI
Sticky Note
MigrationNone set by SLIQUORI

SLIQUORI
Sticky Note
Unmarked set by SLIQUORI


JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

Pin Assignments for Stacked x4 PCB Symbol ( Top view)

x4 Common Symbol on PCB for Stacked DIMM (Top view)

1

2

3

7

8

9

Al NU NU NU NU
B
c
D|| VDD NU VSS VSS NU VDD
E| NU NU NU NU NU NU
F| NU NU NU NU NU NU
G| NU NU NU NU NU NU
H | VDD NU VSS VSS | DQS | VDD
J| NU vsSs DM DQS | VSS NU
K| VDD DQ1 | VDD VDD | DQO | VDD
Ll Nu VsS DQ3 DQ2 | VsS NU
M| VDD | VREF  VSS VsS cK VDD
N CKEO | WE RAS CK | oDTO
P BA2 BAO BA1 CAS Ccs0 @ cs1
R | CKE1l | AL0/AP | Al A2 A0 VDD
T vss A3 A5 A6 A4 | ODT1
u A7 A9 A1l A8 VSS
V| VDD A12 Al4 A15 A13
w
Y
AA| NU NU NU NU
AB|| NU NU NU NU

Component Details:

1. Above coordinates of symbol corresponds to stacked x4 ballout of the DDR2 SDRAMs.

2. “NU” means that the solder pad is present and may or may not be electrically connected to an active signal
on the PCB. NU solder pads may only be mated with the NC ball of an SDRAM. On FB-DIMM, the NU solder
pads will be either open, or connected to Vdd/VddQ. The NU pad may be a continuation of a surface plane

utilized for power delivery purposes, thus it must only mate to a NC ball on the SDRAM.
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JEDEC Standard No. 205

Component Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Component Details
Supported SDRAM Component Maximum size for 256Mb to 4Gb, DDR2 SDRAM

Supported DRAM Outline (Width x Length) max. (mm)

Raw Card Package Type MO-207 Variation
DJ-z (60 pins) DM-z (68 pins) DL-z (92 pins) DK-z (84 pins)
A Planar 12.4 x 15 12.4 x 18 124 x 21 12.4 x21
B,C Planar 11.42(12.412) x15 |11.42(12.4'2) x18 [11.42(12.412) x213 11.42(12.412) x 21
E Planar 11x 115 - - -
H Planar 124 x 11 - . =

MO-242 Variation

AA (63 pins) AD (71 pins) AC (95 pins) AB (87 pins)

D,J Stacked 11.42(12.412) x15 [11.42(12.412) x18 |11.42(12.412) x21% |11.42(12.412) x21

1. supported only if no-decoupling capacitor are placed in between the DRAMs
2. 0.4 mm DRAM to DRAM spacing

3 Heat sink attachment may modify the max DRAM length that will fit to 18.6mm
4. Heat sink attachment may modify the max DRAM width that will fit to 11.5mm
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification Component Details

- Max Width >‘

OO OO

123 45672829

Yelele 000
e 000 000
c 000 000
o 000 000
e 000 000 .
F 00 000 =
Nelele 00 .
H @00 000 3
3 000 00
ele 000
L 000 00
00 0O
AR

Note: Double circles indicate the location of support balls of Variation DM-z
Gray circles indicate the balls for stacked only
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

Architecture

Advanced Memory Buffer Pin Description

Pin Name

SCcK
SCK
PN[13:0]
PN[13:0]
PS[9:0]
PS[9:0]
SN[13:0]
SN[13:0]
SS[9:0]
SS[9:0]
FBDRES

DQS[8:0]
DQS[8:0]
DQS[17:9)/DM[8:0]
DQS[17:9]
DQ[63:0]
CB[7:0]
A[15:0]A, A[15:0]B
BA[2:0]A, BA[2:0]B
RASA, RASB
CASA, CASB
WEA, WEB
ODTA, ODTB

CKE[1:0]A, CKE[1:0]B

CS[1:0]A, CS[1:0]B

Pin Description

FB-DIMM Channel Signals

System Clock Input, positive line

System Clock Input, negative line

Primary Northbound Data, positive lines
Primary Northbound Data, negative lines
Primary Southbound Data, positive lines
Primary Southbound Data, negative lines
Secondary Northbound Data, positive lines
Secondary Northbound Data, negative lines
Secondary Southbound Data, positive lines
Secondary Southbound Data, negative lines

To an external precision calibration resistor connected to Vcc

DDR2 Interface Signals
Data Strobes, positive lines

Data Strobes, negative lines

Data Strobes (x4 DRAM only), positive lines. These signals are driven low to x8 DRAM on writes.

Data Strobes (x4 DRAM only), negative lines

Data

Checkbits

Addresses. A10 is part of the pre-charge command
Bank Addresses

Part of command, with CAS, WE, and CS[1:0].
Part of command, with RAS, WE, and CS[1:0].
Part of command, with %, %, and &[1:0].
On-die Termination Enable

Clock Enable (one per rank)

Chip Select (one per rank)

Architecture

Count

99

14
14
10
10
14
14
10
10

175

A A NN NN O

CLK]1:0] used on 9 and 18 device DIMMs, CLK][3:0] used on 36 device DIMMs. CLK][3:2] should be out- 4

CLK[3:0] put disabled when not in use.

CLK[3:0] Negative lines for CLK[3:0] 4
DDRC_C14 DDR Compensation: Common return pin for DDRC_B18 and DDRC_C18. 1
DDRC_B18 DDR Compensation: Resistor connected to common return pin DDRC_C14 1
DDRC_C18 DDR Compensation: Resistor connected to common return pin DDRC_C14 1
DDRC_B12 DDR Compensation: Resistor connected to Vgg 1
DDRC_C12 DDR Compensation: Resistor connected to Vpp 1
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JEDEC Standard No. 205

Architecture

DDR2 SDRAM Fully Buffered DIMM Design Specification

Advanced Memory Buffer Pin Description

scL
SDA
SA[2:0]

PLLTSTO

VCCAPLL

VSSAPLL
TEST_pin#

TESTLO_pin#

BFUNC
RESET

NC

RFU

Vee
Veerep
Vbp
Vbpspp

Vss

SPD Bus Interface Signals
Serial Presence Detect (SPD) Clock Input
SPD Data Input / Output
SPD Address Inputs, also used to select the DIMM number in the AMB
Miscellaneous Signals
PLL Clock Observability Output
Analog VCC for the PLL. Tied with low pass filter to VCC.

Analog VSS for the PLL. Tied to ground on the AMB die. Do not tie to ground on the DIMM.

Leave floating on the DIMM
Tie to ground on the DIMM?
Tie to ground to set functionality as “buffer on DIMM.”

AMB reset signal

No connect. Many NC are connected to VDD on the DIMM, to lower the impedance of the VDD power

islands.
Reserved for Future Use
Power/Ground Signals
AMB Core Power (1.5 Volt)
AMB Channel I/O Power (1.5 Volt)
AMB DRAM 1/0O Power (1.8 Volt)
SPD Power (3.3 Volt)

Ground

Total

1. System Clock Signals SCK and SCK switch at one half the DRAM CK/CK frequency.

2. TESTLO_AB20 and TESTLO_AC20 should be configured for debug purposes on prototype DIMMs: each pin should have a zero
ohm resistor pulldown to ground, and an unpopulated resistor pullup to VCC. These resistors can be replaced on production
DIMMs with a direct connection to ground.
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JEDEC Standard No. 205

Pin Assignments for the Advanced Memory Buffer (AMB) (Top View)

655-Ball LFBGA 0.8 mm x 0.8 mm pitch [MO-TBD]

Left Side

ool

<

Q

O
o

Q
(%)
&

I & m m O O
<
n
2]
o _
Q
N
o
o)
Q
N
w

K | CLK2 | CLKO | NC
L CLKO | Vss NC
M | ODTOA| RFU NC
N | CS1A | CSOA | NC
P A6A | Vss NC
R Vss | ABA NC
T A4A | A13A | NC
U PNO | PNO NC
v PN1 | PN1 | Vss
w PN2 | PN2 | Vss
Y PN3 | PN3 | Vss
AA | Vss | PN4 | PN4
AB Vss | RESET

>
(¢}
<
0
»

NC
NC
NC
NC
NC
NC
NC
NC
SNO
SN1
SN2
Vss
PN5
PN5

4

DQ4
DQ24
Vss
DQ31
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
SNO
SN1
SN2

PN13
PN13

5

o

Vbp
DQ14

DQSY

DQ25
DQ27

DQ28
BAl1A
Vss
AOA
CASA

A2A
AllA

A15A

Vecersp
SN3
SN3

RFU?

RFU?

6

SN4
SN4

PN12
PN12

7

Vss
DQI5
DQ7
Vss
TESTLO
DQS12
Vss
CKE1lA
RASA

BA2A
A10A
A3A
ABA
A7TA
Al12A
Vcersp
SN5
SN5

PN6
PN6

8

DQ5
TEST
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
Vss
SN13

SN13

PN7
PN7

9

NC
NC
NC
NC
NC
NC
NC
NC
NC

RFU?2

SN12

SN12

Vss
PN8
PN8

10

11

Vss
DQO
DQ2

BFUNC

VssapLL
FBDRES

12

a. These pin positions are reserved for forwarded clocks to be used in future AMB implementations

Revision 3.0 March 5, 2007

VeeapLL

PLL
TSTO

13

Architecture

14 15
Vbb VbD
Vbb Vss

DDRC| DQS17

DQS8’  Vpp
Vss CB2
CBO CB3
RFU RFU
Vss | Vop
Voo | Vss
Vss | Vee
Vee Vss
Vss Vee
Vec | Vss
Vss | Vec
Vee Vss
Vss | Vce
Vss Vss
Vss Vss
SN9 | SN10
SN9 SN10
Vss Vss

PN10 | PN11

PN10 | PN11

14 15
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Architecture

Right Side

>

[oe]

« I O m m °u O
lw/
C
%2
=
N

X

< g < c 4 =3 vz =

> >
O @

SS0
SS0
Vss
SN11
SN11
17

DQS16
DQ62
RFU

18

205

DQBO
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
Vss
ss2
SS2

SCK
SCK
19

NC
Veersp
Ss3
SS3
Vss
TESTLO
TESTLO

20

DDR2 SDRAM Fully Buffered DIMM Design Specification

NC
RFU2
Ss4
ss4

PSO
PSO
21

A11B
ASB

RFU2
SS9
SS9

PS1
PS1
22

DQ34
Vss
CsiB
CASB
Vss
A2B
A4B

A9B
A15B

SS5
SS5

PS2
PS2
23

DQ3Y
DQ37
Vss
DQ32
RFU

WEB
BA1B
Vss
Al1B
A10B

A14B

A13B
SS6
SS6

PS3
PS3
24

DQ35
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

SAO
A12B

ss7

ss7

PS4
PS4
25

NC
NC
NC
NC
NC
NC
NC

scL

SA2

SS8

ss8

RFU?

RFU?
26

DQ45  Vsg
DQS5 DQ43
NC | DQS5
NC Vss
NC | CLK3
NC | CLK1
NC Vss
NC | CKEOB
NC | BAOB
NC Vss
NC A3B
NC A7B
SDA | PS8
SA1 | PS7
Vss PS6
Vss PS5
PS9 | PS9

a. These pin positions are reserved for forwarded clocks to be used in future AMB implementations
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

Advanced Memory Buffer (AMB) DRAM Interface Specifications

Please refer to the AMB Specification for all technical requirements.

The following specifications for the AMB constitute the subset which is critical for proper operation of the
DDR2 SDRAM interface..

Critical AMB Specifications

Symbol

tsy
ty
tDVBamb
tDVAamb
tCVBamb
tCVAamb

tbosckamb

Cin

Parameter

DQ to DQS/D_QS setup time (read)
DQ to DQS/DQS hold time (read)
AMB Data Valid Before DQS

AMB Data Valid After DQS
C/AICNTL Valid Before Clock
C/AICNTL Valid After Clock

DQS/DQS-to-CK/& output skew

Input Capacitance (DQ/DQS/DQS)

Type

Input
Input
Output
Output
Output
Output

Output

VDDQ =18V+01V

Min

470
470
1030
890

-190

2.0

Max

-425

825

190

25

Units

ps
ps
ps
ps
ps
ps
ps

pF

Notes

Note 1: The timing numbers are for example only. Design should be based on the latest AMB component specifications

AMB Sourcing

This document is not intended to be an approved vendor list for support components. Although it is recom-
mended that all DDR2 SDRAM FBDIMM AMBs meet the specifications documented above, it is up to each

DIMM producer to select the AMB and AMB vendors which meet these requirements.

Revision 3.0 March 5, 2007
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DDR2 SDRAM Fully Buffered DIMM Design Specification

DDR2 Fully Buffered DIMM Details
DDR2 SDRAM Module Configurations (Reference Designs)

SDRAM

Raw
Card DIMM
Version
Capacity |Organization
256MB 32Mx72 256Mbit
512MB 64Mx72 512Mbit
A 1GB 128Mx72 1Ghit
2GB 256Mx72 2Gbit
4GB 512Mx72 4Gbit
512MB 64Mx72 256Mbit
1GB 128Mx72 512Mbit
B 2GB 256Mx72 1Ghit
4GB 512Mx72 2Gbit
8GB 1Gx72 4Gbit
512MB 64Mx72 256Mbit
1GB 128Mx72 512Mbit
C 2GB 256Mx72 1Gbit
4GB 512Mx72 2Gbit
8GB 1Gx72 4Gbit
1GB 64Mx72 256Mbit
2GB 128Mx72 512Mbit
D, i{ E 4GB 256Mx72 1Gbit
8GB 512Mx72 2Gbit
16GB 1Gx72 AGbit

DDR2 Fully Buffered DIMM Design File Releases

Density |Organization

32Mx8
64Mx8
128Mx8
256Mx8
512Mx8
32Mx8
64Mx8
128Mx8
256Mx8
512Mx8
64Mx4
128Mx4
256Mx4
512Mx4
1Gbx4
64Mx4
128Mx4
256Mx4
512Mx4

1Gbx4

# of
SDRAMs

18
18
18
18
18
18
18
18
18
18
36
36
36
36
36

SDRAM
Package Type

60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
60 Ball FBGA
63 Ball FBGA
63 Ball FBGA
63 Ball FBGA
63 Ball FBGA

63 Ball FBGA

DDR2 Fully Buffered DIMM Details

# of
Ranks

# of # of Address
Banksin bits
SDRAM | row/col/Bank

13/10/2
14/10/2
14/10/3
15/10/3
16/10/3
13/10/2
14/10/2
14/10/3
15/10/3

4

4

8

8

8

4

4

8

8

8 16/10/3
4 13/11/2
4 14/11/2
8 14/11/3
8 15/11/3
8 16/11/3
4 13/11/2
4 14/11/2
8 14/11/3
8 15/11/3
8

16/11/3

‘Reference’ design file updates will be released as needed. This Fully Buffered DIMM specification will reflect
the most recent design files, but may also be updated to reflect clarifications to the specification only; in these
cases the design files will not be updated. The following table outlines the most recent design file releases.

Raw Card Version
A

I m|0 0O w

Revision 3.0 March 5, 2007

Specification Revision

0.5
0.5
0.4
0.4
0.41
0.5

Applicable Design File

TBD
TBD
TBD
TBD
TBD
TBD

TBD
TBD
TBD
TBD
TBD
TBD

Notes
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DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Details
Raw Card Version Specification Revision Applicable Design File Notes
J 0.3 TBD TBD
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification
Component Types and Placement

Components shall be surface mounted on one or both sides of the PCB and positioned on the PCB to meet
the minimum and maximum trace lengths required for DDR2 SDRAM signals. Bypass capacitors for DDR2
SDRAM devices must be located near the device power pins.

The following layouts suggest placement for the Raw Cards. Exact spacing is not provided, but should be
based on manufacturing constraints and signal routing constraints imposed by this design guide.

This example is for reference only; please refer to JEDEC standard MO-256 for details.
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DDR2 SDRAM Fully Buffered DIMM Design Specification

Raw Card A

Front

133.35

Side®

DO D2 AMB

D4

D6

D1 D3

D8
Checkbit

D5

D7

Page 37

Note 1. All dimensions (in mm) are typical unless otherwise stated.
Note 2: Support for 16.5 mm wide by 21.9 mm tall DRAM footprint.
Note 3: Heat Spreader Assembly not shown, refer to MO-256 for thickness dimensions.

Revision 3.0 March 5, 2007

Petitioners
Ex. 1028, p. 37


SLIQUORI
Sticky Note
None set by SLIQUORI

SLIQUORI
Sticky Note
MigrationNone set by SLIQUORI

SLIQUORI
Sticky Note
Unmarked set by SLIQUORI


JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

Raw Cards B and C

Front

A

133.35

DO D1 D2 D3 AMB D4 D5 D6 D7

g 30.35
=

4

wwmwwwmwwwmwwwwwwwwwwwwwwk@@mmmmmmmmmmmmmmmmmmmh

D9 D10 D11 D12

D8 D17 D13 D14 D15 D16
Checkbit| | Checkbit

Side?
Note 1: All dimensions (in mm) are typical unless otherwise stated.
Note 2: Heat Spreader Assembly not shown,
refer to MO-256 for thickness dimensions.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

Raw Cards D and J

Front

133.35

A

Side?

DO0/D18 || D1/D19

D2/D20 || D3/D21 AMB

D4/D22

D5/D23

D6/D24

D7/D25

D9/D27 || D10/D28 || D11/D29 || D12/D30 D8/D26

Checkbit

D17/D35
Checkbit

D13/D31

D14/D32

D15/D33

D16/D34

30.35

Page 39

Note 1: All dimensions (in mm) are typical unless otherwise stated.
Note 2: Heat Spreader Assembly not shown, refer to MO-256 for thickness dimensions.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification

Raw Cards E and H

Front
y 133.35
D9 D10 D2 D3 D13 D14 D6 D7 T
AMB 30.35
DO D1 D11 D12 D4 D5 D15 D16 S

D18 D19 D29 D30 D26 D35 D22 D23 D33 D34

D27 D28 D20 D21 D8 D17 D31 D32 D24 D25

Side?
Note 1. All dimensions (in mm) are typical unless otherwise stated.
Note 2: Heat Spreader Assembly not shown,
refer to MO-256 for thickness dimensions.
4
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Biasing Details
DDR2 Fully Buffered DIMM Biasing Details

Common AMB Bias Detalil

This specification documents the common biasing circuit topology for AMB devices as used on FB-DIMMs.
While specific component values are not documented, the circuit topologies are included.

AMBs from different vendors may have specific requirements for BIAS inputs. It is incumbent on users to
select correct components to ensure AMB specific requirements are met.

Diagrams are separated by functional groups DDR, PLL, Miscellaneous Explanation of Bias Diagrams.

DDR Bias

AMB R
DDRC_B18 B18
Rci12
DDRC_C12

VDD MA; =

DDRC_C14
Re12 DDRC_C18 Reig
VSS " DDRC_B12 X s

DDR Bias is composed of compensation resistors that implement compensation control of AMB DDR inter-
face. AMB internal implementation details and component values may vary but the topology shown is suffi-
cient for all AMB devices. Some AMB’s may not require these components. See following table of Vendor
reference material.
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Biasing Details DDR2 SDRAM Fully Buffered DIMM Design Specification

DDR VREF BIAS

M_TEST.

VDD
Rpiv
§ § Rpv
RMARGIN
AN
Coiv| Row Roiv | Cow

"

VSS

VREFB (to dram)
VREFA (to dram)

Dram devices require a VREF that tracks VDD/2, Raw Cards generates a trace for each side of the DIMM.
Additionally, a test feature M_TEST implements a margin capability to slightly vary VREF for test purposes.
While DIMM vendors may utilize their own values, it is recommended that the ratio of Rmargin to Rdiv be

0.015.
PLL and Channel Bias

4.8Gbps implementation

AMB

R
vce N VCCAPLL
MAV—
i
(N Cz
|
R /
V }
cc AANBE— VSSAPLL
RrBDRES

3.2/4.0Gbps implementation?

vee /\/\/\/ FBDRES

PLLTSTO W\/ VSS

RpLLTsT

NOTE 1: There is no connection to ground from VSSAPLL.
NOTE 2: Users must ensure AMB requirements are met by their implementation. Example, in VCCAPLL

network, R implemented as copper trace serpentine may not achieve acceptable tolerances for all AMBs.
NOTE 3: VCC power delivery requirements (as specified for VCC balls) are assumed to be met at inputs of

VCCAPLL and FBDRES networks, not at VCCAPLL and FBDRES balls.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Biasing Details

Miscellaneous Bias

AMB TEST_F9 n.c.
TESTLO_F8 TEST_A17 n.c.
TESTLO_A13 TEST_F21 ne
Intel Debug TESTLO_B13 TEST_F22 ne
VDD TESTLO_B17
TESTLO_G16
BFUNC
R
1 R2
§ § Vss SPD
HVM SAO RSAO
L _ LA TESTLO_AC20 '\/\/\/ ’ SAO0
L TESTLO_AB20
R3§ %m
Gold Finger
VSS VSS

NOTE 1: Intel Debug circuit is optional for proprietary development purposes; Production should use HVM
option.

NOTE 2: Rgag protects AMB from overvoltage during SPD programing.
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Biasing Details DDR2 SDRAM Fully Buffered DIMM Design Specification

BIAS Components

Diagram RefDes Notes Value
R1

R2,
DDR Bias reference AMB vendor design guide
R3

R4

RmARGIN

DDR VREF Bias Rpy reference AMB vendor design guide

Cpiv

PLL and Channel reference AMB vendor design guide

RpLiTsT
RegpRES
Ry
R2
Miscellaneous R3 reference AMB vendor design guide
Ry

Rsao
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details

DDR2 Fully Buffered DIMM Wiring Details

Signal Groups

This specification categorizes DDR SDRAM timing-critical signals into four groups. The signals for the high-
speed system and SPD interfaces are also included. The following table summarizes the signals contained in

each group.

Signal Group Signals In Group

System Clock SCK, SCK

PN[13:0], PN[13:0], SN[13:0], SN[13:0],
System Data Channels PS[9:0], PS[9:0], SS[9:0], SS[9:0]

DRAM Data, DQS, DQS, DM DQ[63:0],CB[7:0],DQS[17:0],DQS[17:0]

DRAM Clock CK[3:0], CK[3:0]

DRAM Address and Command | A[15:0], BA[2:0], RAS, CAS, WE, ODT

DRAM Control CS[1:0], CKE[1:0]

SPD SCL, SDA

General Net Structure Routing Guidelines

E[3:0], H[3:0], J[3:0]

E[1:0], H[1:0], J[1:0]

Raw Card Version Notes

A, B,C,DEH,J

A,B,C,D,EH,J

QS[17:9] not used on R/C A, B

AB,CD.EHJ DQS[8:0] are DM on R/IC A, B

A[1:0], B[1:0],

C[1:0], D[3:0], CKO, CK2 on left

CK1, CK3 on right

Two sets, one set for left and one

A/B,C,D,EHJ set for right

A (0), B (1:0)

C(0), D (1.0), Two sets, one set for left and one

set for right

A,B,C,D,EH,J

Net structures and lengths must satisfy signal quality and setup/hold time requirements for the memory inter-
face. Net structure diagrams for each signal group are shown in the following sections. Each diagram is
accompanied by a trace length table that lists the minimum and maximum allowable lengths for each trace

segment and/or net.

The general routing requirements are as follows:
 Signals are referenced to Vss layers only

Revision 3.0 March 5, 2005
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Explanation of Net Structure Diagrams

The net structure routing diagrams provide a reference design example for each raw card version. These
designs provide an initial basis for Fully Buffered DIMM designs. The diagrams should be used to determine
individual signal wiring on a DIMM for any supported configuration. Only transmission lines (represented as
cylinders and labeled with trace length designators “TL”) represent physical trace segments. All other lines
are zero in length. To verify DIMM functionality, a full simulation of all signal integrity and timing is required.
The given net structures and trace lengths are not inclusive for all solutions.

Once the net structure has been determined, the permitted trace lengths for the net structure can be read
from the table below each net structure routing diagram. Some configurations require the use of multiple net
structure routing diagrams to account for varying load quantities on the same signal. All diagrams define one
load as one SDRAM input. It is highly recommended that the net structure routing data in this docu-
ment be simulated by the user.

Net Structure Example

A 1GB dual-rank x72 DIMM using 512Mbit, 64Mx8 SDRAM devices would have a data net structure as
shown in the following diagram.

TL1
QD SR
TLO
AMB —( )
TL1
N QT SoRa
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DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details
System Clock and Data Channel Net Structures

SCK, SCK, PN[13:0], PN[13:0], SN[13:0], SN[13:0], PS[9:0], PS[9:0], SS[9:0], SS[9:0]

System Clock and Data Channel traces must be carefully routed to meet the following requirements:
» Signal quality
 Signal loss
* Minimal crosstalk
« Differential signal crosspoint

Net Structure Routing for System Data Channel

System Clock and Data Channel Signals

TLO+, TLO-

DIMM ( Outer AMB
Connector

TLO+, TLO- TL1+, TLI- TL2+, TL2-

DIMM
Connector \_ Outer Q) { Inner ( ] ( Outer ( ] AMB

Trace Lengths for System Clock Net Structure (SCK, SCK)

TLO+/TLO- TL1+/TL1- TL2+/TL2- Sum(TL+)/
Raw Card Sum(TL-) Notes
Min Max Min Max Min Max Min Max
A, B 1.9 50.3 51.0 0.6 52.8 53.5 1,2
C 1.9 50.3 51.0 0.6 52.8 53.5 1,2
D,J 1.9 50.3 51.0 0.6 52.8 53.5 1,2
E 1.8 1.9 50.9 0.5 0.6 53.2 53.3 1,2
H 1.8 2.2 50.6 51.0 0.5 0.6 52.8 53.5 1,2

1. All trace distances are given in millimeters.

2. TLO+, TL1+ and TL2+ are the lengths of the positive signal of the differential pair. TLO-, TL1- and TL2-
are the lengths of the negative signal of the differential pair. The sum of the TL+ and the sum of the
TL- must match within +/- 0.1 mm.
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification
Trace Lengths for Primary Northbound Channel (PN[13:0], m[13:0])

TLO+/TLO- TL1+/TL1- TL2+/TL2- Sum(TL+)/
Raw Card Sum(TL-) Notes
Min Max Min Max Min Max Min Max
A B,C 8.1 34.4 NA NA 8.1 34.4 1,2
D,J 8.1 34.4 NA NA 8.1 34.4 1,2
E 1.6 34.4 0.0 23.6 0.0 0.6 9.2 34.4 1,2
H 1.6 35.2 0.0 20.5 0.0 3.4 9.2 35.2 1,2

1. All trace distances are given in millimeters.

2. TLO+, TL1+ and TL2+ are the lengths of the positive signal of the differential pair. TLO-, TL1- and TL2-
are the lengths of the negative signal of the differential pair. For sum of TL shorter than 12 mm, the
sum of the TL+ and the sum of the TL- must match within +/- 0.5 mm. For sum of TL longer than 12
mm, the sum of the TL+ and the sum of the TL- must match within +/- 0.1 mm.

Trace Lengths for Secondary Northbound Channel (SN[13:0], a[13:0])

TLO+/TLO- TL1+/TLL- TL2+/TL2- Sum(TL+)/
Raw Card Sum(TL-) Notes
Min Max Min Max Min Max Min Max
A B, C 1.8 9.1 34.6 0.6 115 37.0 1,2
D,J 1.8 9.1 34.6 0.6 11.5 37.0 1,2
E 1.5 23 9.1 34.3 0.5 0.6 11.7 37.0 1,2
H 15 2.4 9.1 35.2 0.5 0.6 11.7 37.7 1,2

1. All trace distances are given in millimeters.

2. TLO+, TL1+ and TL2+ are the lengths of the positive signal of the differential pair. TLO-, TL1- and TL2-
are the lengths of the negative signal of the differential pair. For sum of TL shorter than 16 mm, the
sum of the TL+ and the sum of the TL- must match within +/- 0.5 mm. For sum of TL longer than 16
mm, the sum of the TL+ and the sum of the TL- must match within +/- 0.1 mm.

Trace Lengths for Primary Southbound Channel (PS[9:0], P_S[9:O])

TLO+/TLO- TL1+/TL1- TL2+/TL2- Sum(TL+)/
Raw Card Sum(TL-) Notes
Min Max Min Max Min Max Min Max
A B, C 12.4 40.1 NA NA 12.4 40.1 1,2
D,J 12.4 40.1 NA NA 12.4 40.1 1,2
E 5.8 40.5 0.0 235 0.0 2.4 12.7 40.5 1,2
H 1.6 41.3 0 24 0.0 4.5 12.4 41.3 1,2

1. Alltrace distances are given in millimeters.

2. TLO+, TL1+ and TL2+ are the lengths of the positive signal of the differential pair. TLO-, TL1- and TL2-
are the lengths of the negative signal of the differential pair. The sum of the TL+ and the sum of the
TL- must match within +/- 0.1 mm.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details

Trace Lengths for Secondary Southbound Channel (SS[9:0], SS[9:0])

TLO+ TL1+ TL2+ Sum(TL+) /
Raw Card Sum(TL-) Notes
Min Max Min Max Min Max Min Max
A B,C 1.8 2.0 171 | 391 | 06 1.4 195 | 423 1,2
D,J 1.8 2.0 17.1 39.1 0.6 1.4 19.5 42.3 1,2
E 1.6 2.0 19.0 40.1 0.5 0.6 21.4 42.3 1,2
H 1.6 2.1 17.1 40.1 0.5 0.6 21.4 42.3 1,2

1. All trace distances are given in millimeters.

2. TLO+, TL1+ and TL2+ are the lengths of the positive signal of the differential pair. TLO-, TL1- and TL2-
are the lengths of the negative signal of the differential pair. The sum of the TL+ and the sum of the
TL- must match within +/- 0.1 mm.

Pair-to-Pair Spacing Rules for System Data Channel Nets

Minimum
Net Type Net Length Pair-to-Pair Notes
Separation
Microstrip (outer) <20 mm 4.25 x Height 1,2,3,4
Microstrip (outer) >20 mm 5.25 x Height 1,2,3,4
Stripline (inner) 3.7 x Height 1,2,3,4

1. Pair-to-pair spacing rules are required to guarantee the crosstalk characteristics of

the channel.

Separation is defined as a multiple of the dielectric height.

Separation between two differential pairs is measured between the closest traces,

from the center of one trace to the center of the other trace.

4. For traces with a fine serpentine routing (for length matching) the spacing is measured
from the average position of the center of the trace.

w N

Minimum Trace Widths for System Data Channel Nets

Net Type Absolute Minimum Width Notes
Microstrip (outer) 0.102 mm 1
Stripline (inner) 0.127 mm 1

1. Minimum trace width is required to guarantee the loss characteristics of the channel.
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification
Recommended Minimum Trace and Shape Separation Rules
The following table describes recommended minimum spacing for signals, buses and power isles.

Spacing is represented as ratio AG/D where AG is the air gap measurement from feature edge to feature
edge and D is the distance between the signal layer and its reference plane. Ratios are calculated based on
values from “Example Six Layer Stackup” section.

Design physical constraints (such as limited routing space in fan-out regions etc.) can cause exceptions.
These exceptions should be minimized as much as possible since they can put at risk design integrity.

As table below contains recommended minimum values, designer should try to maximize separation when-
ever possible. As an example, on 10 layers R/C D designer was able to increase DQ to DQ spacing to 3.3 x
dielectric height.

Number represent air gap to To:
dielectric height ratio #1

o DQS/D—QS cK CIA lljstl):;\?jr Ch,:r?nel Chir?nel

DQ 2.0 2.0 2.4 2.0 2.0 non adj. non adj.
DosDQs [WM&NN rote#2  nonagi 25  nonad, nonadj. nonad
CK -i‘ note #2 2.0 2.0 nonadj. = non adj.

From: CIA 2.0 2.0 note #4 note #4

note #2

Notes:
#1 Values in the table represent recommended minimum ratio AG/D where AG is the air gap measurement
from feature edge to feature edge and D is the distance between the signal layer and its reference plane. For
simplicity, only “From => To” values are shown since the shaded fields contain duplicate values. “non adj.”
means that busses are not adjacent on FBDIMM.
#2 For DQS/DQS#, CK and channel information see “Example Trace Geometries” section of this document.
#3 For information see “Pair-to-Pair Spacing Rules for System Data Channel Nets” section.
#4 Primary NB (micro-strip Tx) 5.0 (less or equal than 3.0 is OK for < 2.5 mm parallel run)

Primary SB (micro-strip Rx) 5.0

Secondary SB (strip-line, Tx) 3.0

Secondary NB (strip-line, Rx) 5.0

Example calculations

If the distance between the signal layer and its reference plane (dielectric height) is D=0.127um,
the recommended minimum air gap between DQ and DQS/DQS# is: 2.0x0.127=0.254um
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details
Dual Strip-line Differential Pairs Spacing

Noise can be coupled onto to a differential pair from a close-by differential pair running in parallel if a certain
width to height ratio is not maintained. This spacing rule provides routing guidelines in the case when two
strip-line differential signal pairs are routed in parallel on adjacent strip-line layers. The intra-pair coupling
could adversely impact the proper termination and hence spacing rule(s) has to be taken to prevent reflection
at the far end of the pairs.

The rules are as follows based on dimensions given in figure below ( rules are based on nominal dimen-
sions.)

1.For differential pairs, where signals are opposite direction (RX to TX)

(Xdiff + Ydiff) > 1.7 (S+H)

This 1.7 Rule is a MIN spacing requirement for parallel trace segments. While there are no rules precluding
pair crossing segments (areas where a pair on one layer crosses over another pair on an adjacent layer),
best layout practice should avoid pair crossings whenever possible in order to minimize all forms of
crosstalk. Pair crossings should be perpendicular (90 degree intersect), else pair crossings must acheive at
least 45 degree intersects.

2.For differential pairs, where signals are same direction (RXto RX or TXto TX)

(Xdiff + Ydiff) > 1.3 (S+H)

This 1.3 Rule is a MIN spacing requirement applied in case the signal lines are parallel to possible agressors,
and the total length of net segments for that signal is more than 6mm and the aggressor signals run in the
same direction. these nets may have some segments with spacing violations and that violation is acceptable
so long as the sum of the violating segments is less that 6mm in length.

Dual-strip-line Differential Pairs

Ydiff
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Net Structure Routing for AMB Clock Output to SDRAM (Raw Card A)

AMB Output to SDRAM Load (Variation 1)

SDRAM
TL2 TL2

TL2

R1 v
V1 PAWA-

AMB Output to SDRAM Load (Variation 2)

SDRAM s SDRAM
TL2
TLO TL1

CK

CK D only D only

SDRAM SDRAM
TL2 TL2
TL3

R1 TL4
R (O—~—(C :
VTTMA/\/'—‘

Trace Lengths for AMB Clock Output to SDRAM Net Structure (Raw Card A)
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details

- TLO TLL
Raw Card Ve_lrla
tion | \in | Max | Min | Max
1 0.6 | 0.6 | 10.0 101
A
2 0.6 | 0.6 | 14.7 15.0

1. All distances are given in millimeters.

TL2
Min | Max
28 | 28
28 | 2.8

TL3

Min
10.0
10.0

TL4
Max | Min | Max
10.0 17.6 19.7

10.0 | 19.8 | 20.3

R1

ohms Notes
30 1,2,3,4
30 1,2,3,4

2. Trace length difference between the two elements of a differential pair, measured from the AMB to any DRAM, must not

exceed 0.50 mm.

3. TL1 and TL3 segments are routed on inner layers only. TL4 is routed on inner layer except for the final 0.9-1.9 mm.
4. On Raw Card A, variation 1 is CK1/CK1, variation 2 is CKO/CKO.

Net Structure Routing for AMB Clock Output to SDRAM (Raw Cards B,C)

AMB Output to SDRAM Load

SDRAM SDRAM
TL3
TL4
AMB Output > ( )
TL3 TL3
SDRAM SDRAM
SDRAM SDRAM
TL3
>,
TL3
Trace Lengths for AMB Clock Output to SDRAM Net Structure
R1
Raw Card TLO TL1 TL2 TL3 TL4 TL5 Notes
Ohms
Min Max | Min | Max = Min Max | Min | Max = Min Max | Min = Max
B CKO/CKO 0.6 15 21 25 121 | 122 | 06 | 44
— 13.3 149 | 16.1 @ 20.8 39 1,2,3
B CK1/CK1 0.6 1.5 8.6 9.9 7.8 9.3 0.6 3.7
CCKOCKoO | 06 | 15 | 21 25 | 111 112 31 | 3.2 123
— 13.3 149 | 16.1 @ 20.8 39 .
C CK1/CK1 0.6 1.5 9.7 9.9 7.8 9.3 3.1 3.2

1. CKO/CKO is for the left half of the DIMM, CK1/CK1 is for the right half of the DIMM.
2. Trace length difference between the two elements of a differential pair, measured from the AMB to any DRAM, must not

exceed 0.5 mm.

3. TL2 and TL4 segments are routed on inner layers only, TL5 is routed on inner layer except for the final 0.9-1.9 mm.
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Net Structure Routing for AMB Clock Output to SDRAM (Raw Card D)

AMB Output to SDRAM Load (Variation 1) E b c
SDRAM SDRAM SDRAM

TL2 TL2

-

L )

R1

V|
( ( )

AMB Output to SDRAM Load (Variation 2) b c
SDRAM SDRAM

TL2 TL2

TLO TL3 7 TL3

AMB Output

Trace Lengths for AMB Clock Output to SDRAM Net Structure (Raw Card D)

Varia- TLO TL1 TL2 TL3 TL4 TL5 R1
Raw Card - . h Notes
tion | Min | Max  Min  Max | Min  Max Min  Max | Min  Max | Min  Max Ohms
1 06 | 06 122 124 06 0.6 152 154|203 208 82 | 84 33 1,2,3,4
D
2 212 214 NA 0.6 0.6 | 152 154|203 |20.7 NA 33 1,2,3,4

1. All distances are given in millimeters.

2. Trace length difference between the two elements of a differential pair, measured from the AMB to any DRAM, must not exceed
0.50 mm.

. TL1 and TL3 segments are routed on inner layers only, TL4 is routed on inner layer except for the final 0.9-1.9 mm.

4. On Raw Card D, variation 1 is CKO/CKO and CK1/CK1, variation 2 is CK2/CK2 and CK3/CK3.

w
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details
Net Structure Routing for AMB Clock Output to SDRAM (Raw Card E, H)

AMB Output to SDRAM Load
SDRAM SDRAM SDRAM
TL6
TL
oK TLO TL1 TL2 3
AMB Output ) ) ) > ( ) )
&
TLY7
SDRAM SDRAM
SDRAM SDRAM
R1
Vrr FVWA- ( < ) =0

R1
V1 PWA-

SDRAM %DRAM

Trace Lengths for AMB Clock Output to SDRAM Net Structure (Raw Card E, H)

R1
TL8 ohms Notes

%ﬁ

Raw TLO TLL TL2 TL3 TL4 TLS TL6 TL?
Card

Min | Max | Min | Max | Min | Max | Min | Max | Min
E 05 102 75 |17.2|13.3 13.6 13.3|/13.6 13.3 13.6 17.0 176 3.8
057|101 | 7.7 ' 17.2|13.3 | 13.6 13.3/13.6 13.3|13.6 17.0 17.6 3.84 3.86 3.84 3.86 10.6 13.8 39

Max | Min | Max | Min | Max | Min | Max = Min | Max
39 3.8 39 10.0/196 39 1,2,3

H 12,3

1. CKO/CKO is for the left half of the DIMM, CK1/CK1 is for the right half of the DIMM.
2. Trace length difference between the two elements of a differential pair, measured from the AMB to any DRAM, must not exceed 0.5

mm.
3. Segments TLO and TL6 are routed on top layer. Segments TL1, TL2, TL3, TL4 and TL5 are routed on layer S8. Segments TL7 and

TL8 are routed on bottom layer.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details

Net Structure Routing for AMB Clock Output to SDRAM (Raw Card J)

AMB Output to SDRAM Load (Variation 1)

TL7
CK TLO TLL
AMB >
Output — { ) =/ ( )
A

R1
V1 PWA-

B
SDRAM SDRAM
TL2
TL6 TL5

TL2

R1
V1 PWA-

AMB Output to SDRAM Load (Variation 2)

(O—~—CQ :
SDRAM ° SDRAM ‘
TL2 TL2

TLO

AMB Output

L

D —

Trace Lengths for AMB Clock Output to SDRAM Net Structure (Raw Card J)

Raw | Varia- TLO TL1
Card | tion | \jin | Max | Min | Max
1 0.6 06 121 125
J
2 0.6 06 123125

TL2 TL3 TL4

TL5

TL6

_ : TL? El Notes
Min | Max = Min | Max Min  Max Min  Max | Min & Max Ohms
0.6 | 0.6 1 19.219.3 221 22.1|20.7 20.8|20.8 20.9 10.0 30 1,2,3,4
0.6 | 0.6 326 327 23.6 237|236 237|218 21.8 - 30 1,2,3,4

1. All distances are given in millimeters.
2. Trace length difference between the two elements of a differential pair, measured from the AMB to any DRAM, must not exceed 0.50

mm.

3. TL1, TL3, TL4 and TL5 segments are routed on inner layers only, TL6 is routed on inner layer except for the final 0.9-2.5 mm.
4. On Raw Card J, variation 1 is CKO/CKO0 and CK1/CK1, variation 2 is CK2/CK2 and CK3/CK3.
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Data Net Structures

DQ[63:0], CB[7:0], DQS[17:0], DQS[17:0]

Special attention must be paid to balancing data nets (including check bits) within a byte lane (Raw Cards A
and B) or nibble lane (Raw Cards C and D). Data nets have been placed in order to bound the data strobe
nets. Because data travels with the data strobe, the placement of the strobe in the middle of the narrow win-

dow aids in data timing.

Net Structure Routing for DQ, CB, DQS, DQS (Raw Cards A, D, J)

TLO

AV () ]

Trace Lengths for DQ, CB, DQS, DQS Net Structure (Raw Cards A, D, J)

Raw Card DRAM Position

38
2.4
A 1,5
0,6
7
8,17
3,4,12,13
D (DQ) 2,5,11,14
1,6,10,15
0,7,9,16
8,17
3,4,12,13
D (DQS/DQS) 2,5,11,14
1,6,10,15
0,7,9,16
8,17
3,4,12,13
J (DQ) 2,5,11,14
1,6,10,15
0,7,9,16
8,17
3,4,12,13
J (DQS/DQS) 2,5,11,14
1,6,10,15
0,7,9,16

Page 59

Min
21.7
30.1
40.5
57.5
76.8
11.9
21.4
37.9
60.9
82.9
11.9
214
46.9
69.9
91.9
12.0
17.5
40.0
80.5
110.0
11.7
17.5
41.0
82.5
112.9

TLO

Max
25.3

30.5
51.6
61.7
76.9
12.1
21.6
38.1
61.1
83.1
12.1
21.6
47.1
70.1
92.1
14.2
17.5
40.0
80.5
110.0
12.0
17.6
41.2
82.5
1131

Notes

1,2,3,4
1,2,3,4
1,2,3,4
1,234
1,2,3,4
1,2,3,4
1,2,3,4
1,2,3, 4
1,2,3,4
1,2,3,4
1,2,3,4
1,234
1,2,3,4
1,2,3,4
1,234
1,2,3,4
1,2,3,4
1,2,3 4
1,2,3,4
1,2,3,4
1,234
1,2,3 4
1,2,3 4
1,234
1,2,3,4
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details
Trace Lengths for DQ, CB, DQS, DQS Net Structure (Raw Cards A, D, J)

TLO
Raw Card DRAM Position Notes
Min Max

1. Alltrace distances are given in millimeters. _

2. Trace length difference between the two elements of a differential pair (DQS/DQS) must not
exceed 0.25 mm. _

3. Trace length difference between the DQS/DQS traces and the DQ traces of a given byte (Raw
Card A) or nibble (Raw Cards C, D) must not exceed 0.5 mm, unless up to 5 mm of additional
trace is added to DQS/DQS# to improve write setup margin, in which case, the spread across the
DQ signals must not exceed 1 mm. DRAM positions TBD have TBD additional trace on
DQS/DQSH#.

4. The designations in the “DRAM Paosition” column refer to the assignments made in the example
diagrams.from “Component Types and Placement” section.
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Net Structure Routing for DQ, CB, DQS, DQS (Raw Card B)

TL1

) SoRam
TLO

SDRAM

Trace Lengths for DQ, CB, DQS, DQS Net Structure (Raw Card B)

TLO TL1 TLO + TL1
Raw Card DRAM Notes
Min Max Min Max Min Max

8,17 0.6 14.0 14.2 14.6 14.7 1,2,3,4
3,4,12,13 19.7 241 0.6 1.9 21.4 24.7 1,2,3,4
B (DQ/CB) 2,5,11,14 31.0 34.5 0.6 2.7 33,4 35.2 1,2,3,4
1,6,10,15 56.3 58.1 0.6 1.9 58.0 58.7 1,2,3,4
0,7,9,16 71.1 75.6 0.6 1.9 73.0 76.2 1,2,3,4
8,17 0.6 14.0 14.2 14.6 14.7 1,2,3,4
3,4,12,13 19.7 241 0.6 1.9 21.4 24.7 1,2,3,4
B (DQS/WS) 2,5,11,14 31.0 38.5 0.6 2.7 334 39.2 1,2,3,4
1,6,10,15 56.3 61.1 0.6 1.9 58.0 61.7 1,2,3,4
0,7,9,16 71.1 77.6 0.6 1.9 73.0 78.2 1,2,3,4

1. All trace distances are given in millimeters. -

. Trace length difference between the two elements of a differential pair (DQS/DQS) must not exceed 0.25 mm.

3. Total trace length difference (TLO + TL1) between the DQS/DQS traces and the DQ traces of a given byte must
not exceed 0.5 mm, unless up to 5 mm of additional trace is added to DQS/DQS# to improve write setup mar-
gin, in which case, the spread across the DQ signals must not exceed 1 mm.

4. The designations in the “DRAM Position” column refer to the assignments made in the example diagrams.from
“Component Types and Placement” section.

N
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details

Net Structure Routing for DQ, CB, DQS, DQS (Raw Card C)

AMB —F)

Trace Lengths for DQ, CB, DQS, DQS Net Structure (Raw Card C)

TL1

Raw Card, DRAM

8,17
3,4,12,13
C 2,5,11,14
1,6,10,15
0,7,9,16

N -

TLO

TL1

TL2

N

Min
0.6
0.6
0.6
0.6
0.6

Max
0.6

0.6
0.6
0.6
0.6

. All trace distances are given in millimeters.
. Trace length difference between the two elements of a differential pair (DQS/DQS) must not exceed 0.25 mm.

Min

134
16.1
28.0
52.0
69.0

Max
13.6

19.6
325
58.5
73.5

SDRAM

Min
0.6
0.6
0.6
0.6
0.6

TL2

Max
0.6

55
55
55
55

3. DRAM positions 2,5,11,14 must have 2mm additional trace on DQS/DQS#.
DRAM positions 1,6,10,15 must have 3mm additional trace on DQS/DQS#.
DRAM positions 0,7,9,16 must have 2mm additional trace on DQS/DQS#.

TLO+TL1+TL2
Min Max
14.6 14.7
21.4 21.7
334 35.4
58.0 58.7
73.0 76.2

Notes

1,24
1,2,4
1-4
1-4
1-4

4. The designations in the “DRAM Paosition” column refer to the assignments made in the example diagrams.from “Component

Types and Placement” section.
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Net Structure Routing for DQ, DQS, DQS (Raw Cards E, H; excluding DQS8/17,
DQS8/17)

TL2
Q)| sorau
TLO TL1
AMB —) —Q ) ( TL2
| soraw

Trace Lengths for DQ, DQS, DQS Net Structure (Raw Card E; excluding DQS8/17,
DQS8/17)

TLO TL1 TL2 TLO+ TLL + TL2
Raw Card DRAM Notes
Min Max Min Max Min Max Min Max
3,4,12,13,21, | g5 1.4 19.1 20.7 2.1 3.3 22.9 24.2 1-5
22,30, 31
2,511,14,20, | g5 0.6 31.1 34.9 2.1 3.3 33.9 38.8 1-5
23, 29, 32
E
1,6,10,15,19, ' og 1.4 54.8 58.0 0.5 3.3 57.5 61.9 1-5
24, 28, 33
0,7,9,16,18, 0.5 0.6 71.7 73.7 13 3.3 74.8 77.6 15
25,27, 34

1. All trace distances are given in millimeters. -

. Trace length difference between the two elements of a differential pair (DQS/DQS) must not exceed 0.25 mm.

3. Total trace length difference (TLO + TL1 + TL2) between the DQS/DQS traces and the DQ traces of a given byte must not exceed
0.5 mm, unless up to 5 mm of additional trace is added to DQS/DQS# to improve write setup margin, in which case, the spread
across the DQ signals must not exceed 1 mm.

4. The designations in the “DRAM Position” column refer to the assignments made in the example diagrams.from “Component Types
and Placement” section.

5. Segment TLO is routed on top layer only. Segment TL1 is routed on layers S3 or S5. Segment TL2 is routed on top or bottom lay-
ers..

N
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JEDEC Standard No. 205
DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details

Trace Lengths for DQ, DQS, DQS Net Structure (Raw Card H; excluding DQS8/17,
DQS8/17)

TLO TLO + TL1 TL2 TLO + TL1 +TL2
Raw Card DRAM Nets Notes
Min Max Min Max Min Max Min Max
DQO-DQ7, | 957 137 | 711 | 756 | 06 2.7 73 | 762 1-5
0,7,9, 16,18, DQ56 - DQ63
25,27, 34
DQSO0,DQSY, | g57 | 137 731 776 | 25 3.3 75 | 782 1-5
DQS 7, DQS 16
DQ8-DQ1S, | 557 137 563 | 581 | 06 2.7 58 | 587 15
1,6, 10, 15,19, DQ48-DQ55
24, 28, 33
DRS1,DQRS10, 57 | 137 | 583  6L1 | 25 3.3 61 | 617 1-5
H DQS 6, DQS 15
DQ16-DQ23, | g57 | 137 | 31 | 355 06 2.7 | 334 352 1-5
2,5,11, 14,20, DQ40-DQ47
23,29, 32
DQS2,DQS11, 457 | 137 | 35 @ 385 | 25 33 | 374 392 1-5
DQS 5, DQS 14
DQ24-DQ39 = 057 137 197 241 06 27 | 214 247 15
3,4,12,13,21,
22,30,31 | DQS3,DQS12, | gg57 | 137 @ 197 | 241 | 25 33 | 197 | 241 1-5
DQS 4, DQS 13
1. All trace distances are given in millimeters.
2. Trace length difference between the two elements of a differential pair (DQS/DQS) must not exceed 0.25 mm.

3. Total trace length difference (TLO + TL1 + TL2) between the DQS/DQS traces and the DQ traces of a given byte must not exceed
0.5 mm, unless up to 5 mm of additional trace is added to DQS/DQS# to improve write setup margin, in which case, the spread
across the DQ signals must not exceed 1 mm.

4. The designations in the “DRAM Position” column refer to the assignments made in the example diagrams.from “Component Types
and Placement” section.

5. Segment TLO is routed on top layer only. Segment TL1 is routed on layers S3 or S5. Segment TL2 is routed on top or bottom lay-
ers..

Net Structure Routing for CB, DQS8/17, DQS8/17 (Raw Cards E, H)

TL1 TL2
Lo SDRAM
—0_
AMB TL1 TL2
O ) )———| SDRAM
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Trace Lengths for CB, DQS8/17, DQS8/17 (Raw Card E)

TLO TL1 TL2 TLO+ TL1+TL2
Raw Card DRAM Notes
Min Max Min Max Min Max Min Max
E 8, 17, 26, 35 0.5 14 17.8 19.2 0.5 1.9 20.2 21.1 1,2,3,4,5

1. All trace distances are given in millimeters. -

. Trace length difference between the two elements of a differential pair (DQS/DQS) must not exceed 0.25 mm.

3. Total trace length difference (TLO + TL1) between the DQS/DQS traces and the DQ traces of a given byte must not exceed 0.5 mm,
unless up to 5 mm of additional trace is added to DQS/DQS# to improve write setup margin, in which case, the spread across the
DQ signals must not exceed 1 mm.

4. The designations in the “DRAM Position” column refer to the assignments made in the example diagrams.from “Component Types
and Placement” section.

5. Segment TLO is routed on top layer only. Segments TL1 and TL2 are routed on top or bottom layers..

N

Trace Lengths for CB, DQS8/17, DQS8/17 (Raw Card H)

TLO TLO + TL1 TL2 TLO + TL1 + TL2
Raw Card DRAM Nets Notes
Min Max Min Max Min Max Min Max
CBO-CB7 0.57 0.58 19.6 19.8 0.56 1.6 20.1 20.4 1-5

H 8,17, 26, 35
DQS8,DQS 17 | 0.58 0.58 19.6 19.8 0.58 21 20.1 21.7 1-5

1. All trace distances are given in millimeters. -

. Trace length difference between the two elements of a differential pair (DQS/DQS) must not exceed 0.25 mm.

3. Total trace length difference (TLO + TL1) between the DQS/DQS traces and the DQ traces of a given byte must not exceed 0.5
mm, unless up to 5 mm of additional trace is added to DQS/DQS# to improve write setup margin, in which case, the spread across
the DQ signals must not exceed 1 mm.

4. The designations in the “DRAM Position” column refer to the assignments made in the example diagrams.from “Component Types
and Placement” section.

5. Segment TLO is routed on top layer only. Segments TL1 and TL2 are routed on top or bottom layers..

N
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details
Net Structure Routing for Address/Command to SDRAM (Raw Card A)

AMB Output to SDRAM Load (Variation 1)

SDRAM SDRAM SDRAM
TL2
TLO TL1
AMB ( ) ) ( } )
Output
R1
VT PWA-

AMB Output to SDRAM Load (Variation 2)

SDRAM SDRAM
TL4
TLO TL1
AMB Output ©) ), ) B
SDRAM
TL4
TL5
R1
Vi1 PN——— €

Trace Lengths for Address/Command Net Structure (Raw Card A)

Raw  Varia.  TLO TL1 L2 TL3 TL4 TLS EE?\'JO' R1 Motes
Card tion Ohms
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
1 06 20|79 166 06 23 |19 174 06 | 2.3 |11.7 209 749 959 39 1,2,3,4
A 2 06 2.0 135/21.1 N/A | NA 23 187 06 23 7.0 214 52.0/67.3 39 1,2,38,4

. All distances are given in millimeters.

TL1, TL3, and TL5 segments are routed on inner layers only (except for last 0.9-1.9 mm of TL5).

. End-to-End is the sum of TLO, TL1, all TL3 segments, and TL5, from the AMB output to the pad of the VTT R-pack.
. Any two adjacent TL3 segments have a sum of between 18.4 and 21.2 mm.

AwWN PR
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification
Net Structure Routing for Address/Command to SDRAM (Raw Cards B, C)

AMB Output to SDRAM Load ' Donly . Donly 1 D only
Variation #1 SDRAM ' SDRAM | ! SDRAM l
TL1 TL4 TL4
TLO TL2 TL5 TL5
AMB Output ) ) ); ) )
SDRAM | °
" bony
TL4
R1
V7|
TL3 TL3
SDRAM |, SDRAM [
———— .Dony ———— 'Donly
Trace Lengths for Address/Command Net Structure (Raw Cards B, C)
TLO TL1 TL2 TL3 TL4 TL5 TL6 End-to-End R1
Raw Card h Notes
Min |Max | Min |Max | Min |Max| Min Max Min Max Min Max| Min |Max Min | Max ©Ohms
B 06|48 06 51 82 221 09 42 09 48133 155 10.4/23.4/67.2 80.8 39 1-4
C 06 48 06 4483|221/ 09 3709 4.8 /134153 /10.8/23.4|/67.2 80.8 39 1-4
1. All distances are given in millimeters.
2. TL2, TL5, and TL6 segments are routed on inner layers only (except for last 0.9-1.9 mm of TL6).
3. On Raw Card B & C, all address and command are variation #1, except for A4, A7, A10, BAO, BA2 and ODT.
4. End-to-End is the sum of TLO, TL2, three TL5 segments, and TL6, from the AMB output to the pad of the VTT R-pack.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details
Net Structure Routing for Address/Command to SDRAM (Raw Cards B, C)

AMB Output to SDRAM Load

Variation #2
TL1
TLO
AMB Output {
TL2
R1
VT VWY

Trace Lengths for Address/Command Net Structure (Raw Cards B, C)

End-to-

TLO TL1 TL2 TL3 TL4 TL5 d R1
Raw Card en Notes
Ohms
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max

B 06 35 06 48 51 144 06 31 37 109 125 22.3/69.9 80.2 39 1-5

C 06 35|06 48 51 140 06 | 3.1 53 89 125 223 69.9 80.2 39 1-5
1. All distances are given in millimeters and must be kept within a tolerance of + 0.8 millimeter.
2. TL2, TL4 and TL5 segments are routed on inner layers only (except for the last 0.9-1.9 mm of TL5 segments).
3. On Raw Card B & C, A4, A7, A10, BAO, BA2 and ODT are variation #2.
4. On Raw Card B & C, any two adjacent TL4 segments have a sum of between 11.7 and 16.8 mm.
5. End-to-End is the sum of TLO, TL2, seven TL4 segments, and TL5.
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Net Structure Routing for Address/Command to SDRAM (Raw Card D)

AMB Output to

SDRAM Load
TL7 TL6
SDRAM | SDRAM SDRAM
TL3 TL3
TLO , TL4 TL4
AMB Output ) ) )
TL1

TL2 TL2

SDRAM SDRAM

SDRAM SDRAM
Rl TL5
VT VWA €
TL2
SDRAM SDRAM

Trace Lengths for Address/Command Net Structure (Raw Card D)

TLO TL1 TL2 TL3 TL4 TL5 TL6 TL7
R1
Raw Card h Notes
Min 'Max | Min Max Min |Max Min Max Min Max Min Max Min Max Min  Max ©hms
D (less ODT) 0.6 14 26.026.1 14 6.3 10 6.6 135/151 17.0 18.0 18.2/19.5 0.6 | 0.6 20 1,2,3

1. All distances are given in millimeters.
2. ALL ADDR.CMD except ODT (see separate R/C D ODT wiring detail.
3. 533 MT/s operation can use Normal or Early timing.

667 MT/s operation requires Early timing.

800 MT/s operation requires Early timing.
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DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details

JEDEC Standard No. 205

Net Structure Routing for Address/Command to SDRAM (Raw Cards E, H;
excluding A4, A7, A10, BAO, BA2 and ODT)

AMB Output to

SDRAM Load
—_——— = — — = — = — - ~
Group 1 SDRAM SDRAM SDRAM \
| TL7 TL7 TL7 I
|
TL3 TL4 TL5 R1
AMB Output | TL1
A e ) ‘ ) v
TLO |
[ TL6 TL8 TL8 TLS TL8 |
' |
| TL9 SDRAM SDRAM SDRAM SDRAM |
| ECC )
SDRAM
\N_ _ V2
—_— e e e e - — ~
I/ Group 2 SDRAM SDRAM SDRAM SDRAM \
| L7 TL7 L7 L7 I
| TLL TL2 TL3 TL4 TL5 R1L I
i . { )¢ ) [ = vl
|
[ TL6 TL8 TL8 TL8 TL8 |
|
| TL9 SDRAM SDRAM SDRAM SDRAM :
( ECC
N SDRAM !
bl

—_——_—— —_—- —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_——_— —_— —_— —_— —_— —— —

Trace Lengths for Address/Command Net Structure (Raw Cards E, H; excluding A4,

A7, A10, BAO, BA2 and ODT)

Raw TLO TL1 TL2 L3

Card | Min |Max Min |Max| Min | Max Min | Max

Min

Max | Min | Max | Min

E 0543 118 23 | 133 151|129 | 153 13.0 153 114 16.1 | 7.2

Group 1

E 0543 128223129 | 144 | 134 | 153 | 133 | 147 | 115|179 | 93

Group 2

H o056 36 123225 13 (1525 129 155 13

Group1

155114 16.2 | 7.5

H 0.56| 3.6 |12.3/22.5/12.48|14.35/12.12|15.4513.15 14.01 | 11.96  18.04 | 10.06

Group 2

1. All distances are given in millimeters.

TL4 TL5 TL6

TL7

TL8 TL9

R1 Notes

Max | Min Max| Min Max Min Max Ohms

171 /11 46 10 52 0580

174 111 /49 10 54 0539

18 1

16.55 1

4.6

4.6

1

1

5.3 /057 9.3

5.5 /0.59/4.05

33 1,2
33 1,3
33 1,2
33 1,3

2. For R/C E and R/C H, Group 1:TLO and TL7 are routed on top layer; TL1, TL2, TL3, TL4, TL5 and TL6 are routed on layer S6; TL8 and TL9 are

routed on bottom layer.

3. For R/C E and R/C H, Group 2:TLO and TL7 are routed on top layer; TL1, TL2, TL3, TL4, and TL5 are routed on layer S8; TL6 is routed on
layer S6; TL8 and TL9 are routed on bottom layer.
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification
Net Structure Routing for A4, A7, A10, BAO, BA2, ODT to SDRAM (Raw Cards E, H)

AMB Output to
SDRAM Load

AMB
Output

TLO
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details

Trace Lengths for A4, A7, A10, BAO, BA2 Net Structure (Raw Cards E, H)

Raw Card | Min = Max

TLO

05 35

E Group 1
TL7

53 | 7.8

TLO

05 | 35

E Group 2
TL7

53 | 7.6

TLO

0.57 | 3.6

H Group 1
TL7

529 | 7.33

TLO

057 | 3.6

H Group 2
TL7

Min | Max

TL1
9.9 19.2

TL8
6.0 | 8.2

TL1
6.3 | 19.6

TL8
58 | 81

TL1
8.47 |19.44

TL8
6.1 | 8.14

TL1
594 | 194

TL8

Min Max

TL2
6.0 8.7

TL9
12.6 | 147

TL2
5.9 8.6

TL9

125 | 189

TL2
594 | 8.61
TL9
12.68 | 15.58

TL2
5.67 | 8.65

TL9

5.18 8.35|5.838.09 1249 1521

=

. All distances are given in millimeters.

Min Max

TL3
5.2 7.7

TL10
4.2 14.5

TL3
5.2 11.5

TL10
0.0 14.7

TL3
5.3 7.66
TL10
4.27 | 14.78

TL3

524 | 7.62

TL10
7.07 | 1451

Min Max

TL4

6.2 8.2
TL11

0.5 3.3

TL4
6.1 8.1

TL11
0.5 9.4
TL4
6.23 | 8.14
TL11
0.57 | 3.27
TL4
6.18 | 8.39

TL11
057 | 2.25

Min Max

TL5
5.3 7.8

TL12
0.5 14

TL5
5.3 7.7

TL12
0.5 13
TL5
529 | 7.74
TL12
0.54 | 0.58
TL5
5.35 7.7

TL12
0.55 | 1.37

. 1
Min Max [Ohm] Notes

TL6

6.2 8.1
33 1,2

TL13
0.5 2.8

TL6

6.2 8.1
33 1,3
TL13

0.5 31

TL6

6.21 | 8.09

33 1,2
TL13

0.55 3.0

TL6

6.23 | 8.21

33 1,3
TL13

0.56 3.0

2. For R/IC E and R/C H, Group 1:TLO and TL13 are routed on top layer; TL1 is routed on layer S6; TL2 - TL10 are routed on layer.S8;
TL11 and TL12 are routed on bottom layer.
3. For R/C E and R/C H, Group 2:TLO and TL13 are routed on top layer; TL1 is routed on layer S8; TL2 - TL10 are routed on layer.S6;
TL11 and TL12 are routed on bottom layer.
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Trace Lengths for ODT Net Structure (Raw Cards E, H)

Raw Card

E Group 1

E Group 2

H Group 1

H Group 2

Min |Max | Min |Max| Min | Max
TLO TLL TL2
05 09 133166 9.7 9.9
L7 TL8 TL9
42 43 87 89 140 147
TLO TLL TL2
05 09 69 162 9.5  10.0
L7 TL8 TL9
42 57 88 89 123 16.0
TLO TLL TL2
057 0.81 38175 973 gg5
2 6
L7 TL8 TL9
4.25 4.25 8.76 8.85 14.37 14.59
TLO TLL TL2
057081 7.0 '° 971 9.96
L7 TL8 TL9

4.34/5.61/8.78/8.87 11.95 15.79

1. All distances are given in millimeters.
2. For R/C E and H, Group 1:TLO and TL13 are routed on top layer; TL1 is routed on layer S6; TL2 - TL10 are routed on
layer.S8; TL11 and TL12 are routed on bottom layer.
3. For R/C E and H, Group 2:TLO and TL13 are routed on top layer; TL1 is routed on layer S8; TL2 - TL10 are routed on
layer.S6; TL11 and TL12 are routed on bottom layer.

Page 73

Min | Max
TL3
39 | 4.2

TL10
0.0  11.9

TL3
42 | 56

TL10
0.0 | 15.0

TL3

3.94 411

TL10
5.06 |14.09

TL3

4.23 | 5.57

TL10
4.72 114.72

Min

Max

TL4

8.8

8.9

TL11

0.5

51

TL4

8.7

8.9

TL11

2.2

4.8
TL4

8.87  8.89

TL11

0.0

0.6
TL4

8.85  8.87

TL11

0.0

1.94

Min | Max

TL5
42 | 43

TL12
13 | 20

TL5
42 | 5.8

TL12
13 20

TL5

425  4.25

TL12
1.38 | 1.78

TL5

4.28 5.73

TL12
1.42 | 1.73

Min | Max

TL6
8.8 | 8.9

TL13
10 | 15

TL6
8.8 | 89

TL13
10 16

TL6

8.89  8.98

TL13
0.55 3.0

TL6

8.86 8.86

TL13
0.56 @ 3.0

R1[Ohm] | Notes

33

33

33

33

1,2

1,3

1,2

1,3
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details

Net Structure Routing for Address/Command to SDRAM (Raw Card J; excluding
ODT)

AMB Output to SDRAM Load Jﬁ ﬁ
SDRAM SDRAM SDRAM

TL5 — TL2
TLO TL1 TL3
AMB Output )
SDRAM

SDRAM SDRAM
TL2

V17 Mi}V Q\

TL2
SDRAM SDRAM

Trace Lengths for Address/Command Net Structure (Raw Card J; excluding ODT)

TLO TL1 TL2 TL3 TL4 TL5 End-to-End
R1
Raw Card h Notes
Min | Max | Min | Max  Min | Max  Min | Max  Min |Max | Min  Max Min | Max ©Ohms
J 11.2 /124 147 160 1.7 6.6 13.3|17.6 129 17.1 152 16.9 715 719 20 1,2,3

1. All distances are given in millimeters.

2. All Address and Command signals, except ODT (see separate R/C D ODT wiring detail)).

3. No early timing required

4. End-to-End is the sum of TLO, TL1, three TL3 segments, and TL4
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification
Net Structure Routing for ODT to SDRAM (Raw Card D)

AMB Output to

SDRAM Load
D C B A
SDRAM SDRAM SDRAM SDRAM
oDTO oDTo oDTO0 oDTO
AMB Output Oj
TLO
ODTO0 ODTO0 ODTO ODTO OoDTO
SDRAM SDRAM SDRAM SDRAM SDRAM
E D C B A
D C B A
SDRAM SDRAM SDRAM SDRAM
oDT1 oDT1 oDT1 oDT1
TL4
TL6 TL7 R1
{ } { AW VT
TL5
L4 TL4
OoDT1 oDT1 oDT1 oDT1 oDT1
SDRAM SDRAM SDRAM SDRAM SDRAM
E D C B A
Trace Lengths for ODT Net Structure (Raw Card D)
TLO TL1 TL2 TL3 TL4 TL5 TL6 TL7 R1
Raw Card Oh Notes
Min |Max | Min |Max | Min |[Max| Min Max| Min |Max| Min Max| Min |Max| Min | Max ms
oDT 23 32 40 41 55 5699 101 1415101103 42 44 135 145 | 24 1,2

1. All distances are given in millimeters.

2. 533 MT/s operation can use Normal or Early timing.
667 MT/s operation can use Normal or Early timing.
800 MT/s operation requires Normal timing.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details
Net Structure Routing for ODT to SDRAM (Raw Card J)

AMB Output to

SDRAM Load ODT1
TL7 SDRAM
E
TL6
L7 ODTO0
SDRAM D D C c
E SDRAM SDRAM SDRAM SDRAM
ODTO ODT1 ODTO ODT1
AMB Output TL4 TL4
VI VA —_J i {
TLO TL1 TL2 TL3 TL4
TL8 TL8 TL8 TL8
ODT1 ODTO0 ODT1 ODTO
SDRAM SDRAM SDRAM SDRAM
D D c c
B B A A
SDRAM SDRAM SDRAM SDRAM
ODTO ODT1 ODTO ODT1
TL8 TL8
TL4 TL4 g TL4
U/ SRS, Vit
TL3 TL4 TL3 TL4 TL5
TL8 TL8 TL8 TL8
ODT1 ODTO0 ODT1 ODTO
SDRAM SDRAM SDRAM SDRAM
B B A A
Trace Lengths for ODT Net Structure (Raw Card J)
Raw TLO TL1 TL2 L3 TL4 L5 TL6 L7 L8 R1
Notes
Ohms

Card | Min |Max | Min | Max Min Max Min Max| Min Max| Min Max Min Max Min | Max | Min = Max
J 12.1/13.0 3.8 | 6.2 |21 |26 12.2/125 0.2 | 0.7 |109/115 84 106 1.7 | 3.8 3.3 55 20 1,2,3,4

. All distances are given in millimeters.

Early timing not required.

. Segment TL6 is a 0.2 mm wide trace where possible.
. TL6 + TL7 =11.7 to 12.2.

AwWNPR
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Net Structure Routing for Control to SDRAM (Raw Cards A, B)

AMB Output to SDRAM Load (Variation 1)

SDRAM SDRAM SDRAM
TL1 TL3 TL3
TLO TL2 TL4 TL4
AMB Output ) ) ) ) o
SDRAM SDRAM
TL3 TL3
TL5 TL4
R1
Vi PVYWA- G C
AMB Output to SDRAM Load (Variation 2)
SDRAM SDRAM
TL3
TLO TL2
AMB Output ) ), ) b
SDRAM
TL3
TL5
R1
Vi1 PWN—— (7

Trace Lengths for Control Net Structure (Raw Cards A, B)

Raw | Varia.  TLO TLL TL2 L3 TL4 TL5 Endto-end R
Card | ton | Min | Max | Min | Max  Min | Max | Min | Max | Min  Max  Min | Max Min  Max| ©Ohms Notes
1 119 127 06 06 46 171 06 0.6 3.1 16.8 153 209 81.6 905 39 1,2,3,4,6
A 2 06 06 N/A NA 16.2|/16.8 0.6 0.6 | 3.1 16.3 16.9|20.7 58.1 65.8 39 1,2,3,4,6
1 06 22 06 32 55 217 06 39 34 239 16.2 315 73.4 87.0 47 1,2,3,57
B 2 06 19 NA NA| 92 144 06 26 | 3.5 239 16.0 26.7 78.3 96.8 47 1,2,3,57

NoOU AN R

Page 77

. All distances are given in millimeters.
TL2, TL4, and TL5 segments are routed on inner layers only (except for the last 0.9-1.9 mm of TL5).
End-to-end is the sum of segments TLO, TL2, three TL4 segments, and TL5.
For Raw Card A, variation 1 is for CSoB and CKEOB, variation 2 is for CSOA, CKEOA. . .
For Raw Card B, variation 1 is for CS1A, CKE1A, CS0B and CKEOB, variation 2 is for CSOA, CKEOA, CS1B and CKE1B.
On Raw Card A, any two adjacent TL4 segments have a sum of between 19.1 and 19.7 mm.
On Raw Card B, any two adjacent TL4 segments have a sum of between 27.0 and 32.3 mm.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details

Net Structure Routing for Control to SDRAM (Raw Cards C)

AMB Output to SDRAM Load SDRAM SDRAM
TL3 TL3
TLO N , TL2 N , TL4 N TL4
AMB Output 0 <0 < ) e
TL1 TL3
SDRAM SDRAM SDRAM
SDRAM SDRAM
TL3 TL3
R1 TL5 TL4 TL4 TL4
Vrr FWWA—( € @ ?9/
%/ﬁ_s
SDRAM SDRAM
Trace Lengths for Control Net Structure (Raw Cards C)

TLO TL1 TL2 TL3 TL4 TL5 End-to-end | Rq

Raw Card oh Notes
Min | Max | Min 'Max | Min Max Min Max Min Max| Min Max Min Max ms
C 0622 06|22 86|13.7 06|14 52 87 121|158 706 78.0 39 1-4
1. All distances are given in millimeters.
2. TL2, TL4, and TL5 segments are routed on inner layers only (except for the last 0.9-1.9 mm of TL5).
3. End-to-end is the sum of segments TLO, TL2, seven TL4 segments, and TL5.
4. Control nets are CKE(1:0) and CS(1:0).
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Net Structure Routing for Control to SDRAM (Raw Cards D, J)

AMB Output to SDRAM Load SDRAM SDRAM
TLY TL3
TLO TL2 TL4 TL5 TL4
AMB Output O ) ) () ) O ) o
<
TL1 TL3 TL3
SDRAM SDRAM SDRAM
SDRAM SDRAM
TL3 TL3
R1 TL6 TL4 TL5 TL4 TL5
Vrr PWA—( ¢ ( 0> (> 0

TL3 TL3
SDRAM SDRAM

Trace Lengths for Control Net Structure (Raw Cards D, J)

TLO TL1 TL2 TL3 TL4 TL5 TL6 TL7 End-to-end | R1
Ohms

Raw
Card | Min |Max | Min | Max | Min | Max| Min | Max| Min Max Min |Max | Min |Max Min  Max Min Max

D 06 35 06 6870144/ 06 06 47 80 56 94 17.7/183| 06 0.6 | 725 | 825 | 24
J /138141 86 88 |156 211 3.7 38 19 23 200221159 188 51 | 54 | 925 |116.3| 20

. All distances are given in millimeters.
. TL2, TL5, and TL6 segments are routed on inner layers only (except for the last 0.9-1.9 mm of TL6).
. End-to-end is the sum of segments TLO, TL2, four TL4 segments, three TL5 segments and TL6.
. Control nets are CKE(1:0) and CS(1:0).
. 533 MT/s operation can use Normal or Early timing.
667 MT/s operation can use Normal or Early timing.
800 MT/s operation requires Normal timing.
. No early timing required
7. TL4 segment is routed on inner layers only

O~ WNBRF

()]
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Notes

1,2,3,4,5

1,2,3,4,6,7
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JEDEC Standard No. 205
DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details

Net Structure Routing for Control to SDRAM (Raw Card E; excluding SOL and
CKE1R)

AMB Output to

SDRAM Load
—_——— ~
I/ Group 1 SDRAM SDRAM SDRAM SDRAM \
AMB Outout | TL1 TL2 TL3 TL4 TLS R1
] i) g 3 ) 0w vrd
TLO l
I TL6 I
I
| TL8 :
| ECC |
SDRAM
\_ e ~
_ - \
Group 2 SDRAM SDRAM SDRAM SDRAM \
: TL7 TL7 TL? L7 I
| TLL / TL2 TL3 TL4 TL5 R1 I
) 0 1 ) 1 vl
I
I TL6 |
I
| TL8 I
I
| ECC )
SDRAM
N e ,
Trace Lengths for Control Net Structure (Raw Card E; excluding SOL and CKE1R)
TLO TL1 TL2 TL3 TL4 TL5 TL6 TL7 TL8 R1
Raw Card Notes

Min 'Max Min Max Min | Max | Min | Max  Min  Max Min  Max Min  Max Min Max Min Max ©Ohms
EGroupl 0.5 114/ 9.0 (21.9 12.8 144 141 144 141|145 |17.9 192 45 211 /05|3.0 05 23 39 |1,24

EGroup2 05 14 10.122.9| 121 158 141 155|140 165 17.3 18.6 | 11.0 141 05|32 05 47 39 1,35

1. All distances are given in millimeters.

2. For R/C E Group 1:TLO and TL7 are routed on top layer; TL1 is routed on layer S6; TL2, TL3, TL4, TL5 and TL6 are routed on layer
S8; TL8 is routed on bottom layer.

3. For R/IC E Group 2:TLO, TL6 and TL7 are routed on top layer; TL1 is routed on layer S8; TL2, TL3, TL4 are routed on layer S6; TL5 is
routed on layer S3; TL8 is routed on bottom layer.

4. R/C E Group 1 ECC SDRAM with TL6 and TL8 is only for SOR, CKEOR and CKEOL.

5. R/C E Group 2 ECC SDRAM with TL6 and TL8 is only for S1L, S1IR and CKE1L.

Revision 3.0 March 5, 2005 Page 80

Petitioners
Ex. 1028, p. 80


SLIQUORI
Sticky Note
None set by SLIQUORI

SLIQUORI
Sticky Note
MigrationNone set by SLIQUORI

SLIQUORI
Sticky Note
Unmarked set by SLIQUORI


JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification
Net Structure Routing for SOL and CKE1R to SDRAM (Raw Card E)

AMB Output to

SDRAM Load
/ e AN
Group 1 SDRAM SDRAM SDRAM SDRAM |
I
TL7 TL7
AMB | Ve TL? TL7 |
Output | T TL2 L3 TL4 s r1 |
0 —4 ) -+ {_+ ) =MV
ltio |
I TL6
| |
| TL8 |
| ECC I
N SDRAM /
/ Group 2 SDRAM SDRAM SDRAM SDRAM \I
I
| TL7 TL7 TL? TL7 I
| TLL TL2 TL3 TL4 TL5 R1 I
) ;e {_+ ) e Vi
TLO |
| TL6
| I
| TL8 |
[ ECC I
N SDRAM )
Trace Lengths for SOL and CKE1R Net Structure (Raw Card E)
TLO TL1 TL2 TL3 TL4 TL5 TL6 TL? TL8 R
Raw Card Notes

Min |Max | Min |Max, Min | Max | Min A Max | Min | Max | Min | Max | Min
E Group 1/10.1/12.6 3.6 | 9.9 | 131 143 141 142|140 143 16.6 180 0.0
EGroup2 53 83 4.0 113 140|156 | 140 150 142 155 17.1 174 7.8

1. All distances are given in millimeters.

Max | Min |Max | Min |Max ©Ohms
0.0 | 05/23 82 82 39 1,2,4
78 |05/23 76 76 39 1,3,5

2. For R/C E Group 1:TLO and TL7 are routed on top layer; TL1 is routed on layer S6; TL2, TL3, TL4, TL5 and TL6 are routed on layer

S8; TL8 is routed on bottom layer.

3. For R/C E Group 2:TLO, TL6 and TL7 are routed on top layer; TL1 is routed on layer S8; TL2, TL3, TL4 are routed on layer S6; TL5

is routed on layer S3; TL8 is routed on bottom layer.
4. R/C E Group 1 ECC SDRAM with TL6 and TL8 is only for SOL.
. R/C E Group 2 ECC SDRAM with TL6 and TL8 is only for CKE1R.

()]
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification DDR2 Fully Buffered DIMM Wiring Details

Net Structure Routing for Control to SDRAM (Raw Card H; excluding SOL, S1L and
CKE1R)

AMB Output to

SDRAM Load
—_———— — — — — — — = = = = = — ~
I/ Group 1 SDRAM SDRAM SDRAM SDRAM \
TL2 TL3 TL4 TL5 R1
AMB Output | TL1
PR e ) e 3 ) v
TLO
I TL6 I
I
| TL8 l
I
| ECC |
SDRAM
\ — Y- Y e s
e emm———————— \
I/ Group 2 SDRAM SDRAM SDRAM SDRAM \
| TL7 TL7 L7 L7 I
| TLL / TL2 TL3 TL4 TL5 R1 I
T@D VI U1 U {J v vl
I
I TL6 |
I
I TL8 |
I
( ECC
N SDRAM !
v

Trace Lengths for Control Net Structure (Raw Card H; excluding SOL, S1L and
CKE1R)

TLO TL1 TL2 TL3 TL4 TL5 TL6 TL7 TL8
Raw R1 Notes
Card | Min | Max  Min | Max  Min | Max | Min | Max = Min | Max Min | Max | Min | Max  Min Max Min | Max ©hms
G H 1 0.57/11.85| 3.7 21.83/12.75/14.37 |14.13 14.31 14.09|14.43 15.92 18.73 4.51 [21.22/0.56|/ 2.9 | 0.0 2.3 39 JX%
roup ,
G H ) 0.57 7.28 | 5.2 22.88 13.69 15.77|/13.56|15.47 13.6 16.51 16.67/18.51 8.2 13.79 0.56/3.67 0.57/7.64 39 1,3,5
roup

1. All distances are given in millimeters.

2. For R/C H Group 1:TLO and TL7 are routed on top layer; TL1 is routed on layer S6; TL2, TL3, TL4, TL5 and TL6 are routed on layer S8;
TL8 is routed on bottom layer.

3. For R/C H Group 2:TLO, TL6 and TL7 are routed on top layer; TL1 is routed on layer S8; TL2, TL3, TL4 are routed on layer S6; TL5 is
routed on layer S3; TL8 is routed on bottom layer.

4. R/C H Group 1 ECC SDRAM with TL6 and TL8 is only for SOR, CKEOR and CKEOL.

5. R/C H Group 2 ECC SDRAM with TL6 and TL8 is only for S1IR and CKELL.

6. Group #1 TL6 is directly connected to the DRAM when TL8 = 0.
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JEDEC Standard No. 205

DDR2 Fully Buffered DIMM Wiring Details DDR2 SDRAM Fully Buffered DIMM Design Specification
Net Structure Routing for SOL, S1L and CKE1R to SDRAM (Raw Card H)

AMB Output to

SDRAM Load
—_———— — — — — — = = = = — N
/ Group 1 SDRAM SDRAM SDRAM SDRAM |
[

Output | T TL2 TL3 TL4 s r1 |
) i i ) A VY

TLO
| TL6 |
| |
| TL8 |
| ECC I
N SDRAM /

——————————————————————————— —
o
/ Group 2 SDRAM SDRAM SDRAM SDRAM \I
[

| TL7 TL7 TL? TL7 I
| TL1 TL2 TL3 TL4 TL5 R1 I
T{D_D J e J q ) e Vi

TLO
I TL6 I
! TL8 |
| I
[ ECC I
N SDRAM )

___________________________ —

Trace Lengths for SOL, S1L and CKE1R Net Structure (Raw Card H)

Raw TLO TL1 TL2 TL3 TL4 TL5 TL6 TL7 TL8
Notes
Card | Min | Max | Min | Max | Min | Max | Min | Max | Min  Max =Min  Max | Min | Max  Min | Max Min Max ©Ohms
G H 1 0.57/11.85| 3.7 21.83 12.75/14.37|14.13 14.31 14.09 14.43/15.92 18.73 4.51 |21.22 056/ 2.9 0.0 | 2.3 39 11-1‘26‘
roup .
G H 5 0.57| 7.28 | 5.2 [22.88 13.69/15.7713.56 15.47 13.6 |16.51 16.67 18.51 8.2 /13.79 0.56 3.67 0.57/7.64 39 |1,3,5
roup

1. All distances are given in millimeters.

2. For R/C H Group 1:TLO and TL7 are routed on top layer; TL1 is routed on layer S6; TL2, TL3, TL4, TL5 and TL6 are routed on layer S8;
TL8 is routed on bottom layer.

3. For R/C H Group 2:TLO, TL6 and TL7 are routed on top layer; TL1 is routed on layer S8; TL2, TL3, TL4 are routed on layer S6; TL5 is
routed on layer S3; TL8 is routed on bottom layer.

4. R/C H Group 1 ECC SDRAM with TL6 and TL8 is only for SOL.

5. R/C H Group 2 ECC SDRAM with TL6 and TL8 is only for S1L and CKE1R.

6. Group #1 TL6 is directly connected to the DRAM when TL8 = 0.
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DDR2 SDRAM Fully Buffered DIMM Design Specification Cross Section Recommendation

Cross Section Recommendation

The DIMM printed circuit board design uses six, eight or ten layers of glass epoxy material. PCBs should
contain solid ground planes. The outside layers typically supply VDD. The inner signal layers supply VDD
and VCC.

R/C reference design gerber registration collaterial must include stack-up assumptions used to develop the
respective gerber. The furnished stack-up information must include core and pre-preg constructions informa-
tion with dimensional and tolerance details.

Note: The PCB edge connector contacts shall be gold-plated.

PCB Electrical Specifications

Parameter Min Nominal Max Units
Trace velocity: SO (outer layers) 5.5 6.7 ps/mm
Trace velocity: SO (inner layers) 6.5 7.6 ps/mm
Trace impedance: Zy (Component break-out pad to via, outer layers) 54 60 66 Ohms
Trace impedance: Z; (DQ, inner layer) 50 56 62 Ohms
Trace impedance: Zy (Address/Command/Control, inner layer) 56 62 68 Ohms
Differential impedance: Zj; (System Clock) 85 100 115 Ohms
Differential impedance: Z;; (System Data Channel) 72 85 98 Ohms
Differential impedance: Zgi (DRAM Clocks and DRAM DQS/D_QS) 85 100 115 Ohms

Example Six Layer Stackup

— Signal Layer 1 (Signal, Vpp, V17)
0.003
| Layer 2 (Vss)
0127 : .
Signal Layer 3 (Signal)
0.627 ‘
Signal Layer 4 (Signal & V)
0127
‘ Layer 5 (Vss)
0003 . .
(mm) Signal Layer 6 (Signal, Vpp, V17, VReF)

Note: This diagram is intended as an example only. Each DIMM manufacturer can determine the thickness of their layers
based on their own impedance calculations.
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DDR2 SDRAM Fully Buffered DIMM Design Specification Cross Section Recommendation

Example Trace Geometries, Single Ended

Nominal Trace

i Nominal Z,
Location 0 Width
Outer Layers 60 ohms 0.102 mm
56 ohms 0.127 mm
Inner Layers
62 ohms 0.102 mm

1.) Trace dimensions assume the example six-layer stackup in the previous diagram.

2.) The designer should maximize trace-to-trace air-gap separation (measuring from trace edge to trace edge) of single-
ended signals to reduce signaling noise due to crosstalk.

Example Trace Geometries, Differential

- : Nominal Trace Nominal Trace
Location Nominal Z; : _
I o Width Separation 3
Outer Layers 85 0.127 0.127
85 0.153 0.127
Inner Layers
100 0.102 0.127

1.) Trace dimensions assume the example six-layer stackup in the previous diagram.

2.) The designer should maximize trace-to-trace air-gap separation between the differential pair and its neighbors (measuring
from pair trace edge to neighbor trace edge) to reduce signaling noise due to crosstalk.

3.) Values for Nominal Trace Separation are air-gap distances measuring from pair trace edge to neighbor trace edge.

Impedance Measurement Coupons

In order to allow DIMM card manufacturers to verify and monitor the trace impedances (Zg and Z;) listed
above, measurement coupons have been added to the panels only (not the DIMM raw cards). A Time
Domain Reflectometer (TDR) should be used to perform these measurements before DIMM assembly.
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DDR2 SDRAM Fully Buffered DIMM Design Specification Cross Section Recommendation

Example Eight Layer Stackup

| Signal Layer 1 (Signal, Vpp, V17)
008
| Layer 2 (Vsg)
o0 ] , :
Signal Layer 3 (Signal, Vpp)
03 } . ,
Signal Layer 4 (Signal, Vpp, V)
o0 §
| Layer 5 (Vssyvcc)
0.30 i . .
Signal Layer 6 (Signal & Vpp)
010§
‘ Layer 7 (Vss)
o8 } . .
(mm) Signal Layer 8 (Signal, Vpp, V11, VReF)

Note: This diagram is intended as an example only. Each DIMM manufacturer can determine the thickness of their layers
based on their own impedance calculations.

Example Ten Layer Stackup

Signal Layer 1 (Signal, Vpp, V17)
009 4
| Layer 2 (Vsg)
010 §
- Signal Layer 3 (Signal, Vpp)
0.17
A4
| Layer 4 (VSS,VCC)
010 }
Signal Layer 5 (Signal, Vpp, Vce)
0.17 I
i Signal Layer 6 (Signal, Vpp)
0.10
| Layer 7 (Vss)
A
0.17
Signal Layer 8 (Signal, Vpp)
o0
| Layer 9 (Vsg)
009 } _ _
[ Signal Layer 8 (Signal, Vpp, V11, VRer)
(mm)

Note: This diagram is intended as an example only. Each DIMM manufacturer can determine the thickness of their layers
based on their own impedance calculations.
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JEDEC Standard No. 205
DDR2 SDRAM Fully Buffered DIMM Design Specification Example Timing Budget

Example Timing Budget

The post-AMB timings on the Fully Buffered DIMMSs are critical. The following tables describes a preliminary
post-AMB timing budget for a typical DDR2 PC2-4200/PC2-5300/PC2-6400 Fully Buffered DIMM. Timing
analysis is provided for read and write source synchronous data-to-strobe, strobe-to-clock, and address/com-
mand-to-clock. All skew budgets shall include the effects of trace length mismatch, crosstalk, inter-symbol
interference (I1SI) and VREF uncertainty.

The timing numbers used in the tables below are for example only - intention is to illustrate calculation
method. Actual timing values should come from respective component specifications and calculated skew
budget will differ accordingly.

Example DIMM Post-AMB Read Timing (PC2-4200/PC2-5300/PC2-6400)!

s Time (ps) Time (ps) Time (ps)
Parameter Definition PC2.4200 | PC2.5300 | PC2.6a00 | Notes
tCLK Clock Cycle Time 3750 3000 2500 1

Minimum Clock Half Period at DRAM; tHPmin=min(tCL,tCH);

tHPmin tCL=CK low-level width; tCH=CK low-level width 1688 1315 1100 1

tDQSQ (dram) |DRAM DQS-to-DQ Skew 300 240 200 1

tQHS (dram) DRAM Hold Skew Factor 400 340 300 1
Data valid window at DRAM output

tVALIDout (dram) tVALIDout = tHP - tDQSQ - tQHS 988 735 600 1

tSU (amb) DQ and CB Input Setup TIme to DQS Crossing -700 -530 -425 1

tHD (amb) DQ and CB Input Hold TIme to DQS Crossing 1180 970 825 1

tSU + tHD (amb) |Sum of AMB Setup and Hold 480 440 400 1

DIMM Skew Budget System Budget for DQ-to-DQS Skew (setup plus hold combined) 508 295 200 1

=tVALIDout - (tSU + tHD)

Note 1: The timing numbers are for example only. Design should be based on the latest component specifications, FB-
DIMM AMB and JESD 79-2 DRAM.

Example DIMM Post-AMB Write Setup Timing (PC2-4200/PC2-5300/PC2-6400)*

Parameter Definition gicr'; 4(58()3 gicrg?s(ggt)) ;g‘féfg()) Notes
tDVB (amb) AMB Data Valid Before DQS 750 575 470 1
tDS (dram) DRAM Data Setup Time 350 300 250 1
Skew Budget System DQ-to-DQS Setup Skew =tDVB - tDS 400 275 220 1

Note 1:The timing numbers are for example only. Design should be based on the latest component specifications, FB-
DIMM AMB and JESD 79-2 DRAM.
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JEDEC Standard No. 205

Example Timing Budget DDR2 SDRAM Fully Buffered DIMM Design Specification

Example DIMM Post-AMB Write Hold Timing (PC2-4200/PC2-5300/PC2-6400)*

Parameter Definition e ps) | pmelps) | Tme ) Notes
tDVA (amb) AMB Data Valid After DQS 750 575 470 1
tDH (dram) DRAM Data Hold Time 350 300 250 1

Skew Budget System Budget for DQ-to-DQS Hold Skew = tDVA - tDH 400 275 220 1

Note 1: The timing numbers are for example only. Design should be based on the latest component specifications, FB-
DIMM AMB and JESD 79-2 DRAM.

Example DIMM Post-AMB CK-t0-DQS Timing (PC2-4200/PC2-5300/PC2-6400)2

Parameter Definition gi(r:g? 4(582) gicn;?s(gg()) ;’i(g%(fg()) Notes
tCLK Clock Cycle Time 3750 3000 2500 2

tDQSCKamb Clock/DQS Skew at AMB 210 200 190 1,2
tDQSSmax tCLK *1.25 4688 3750 3125 2
tDQSSmin tCLK *0.75 2813 2250 1875 2

System CK-to-DQS Delay Skew (tDQSSmax)

= tDQSSmin/max - tCK - tDQSCK 728 550 435 2

Skew Budget

Note 1: tDQSCKamb includes allowance for clock output jitter
Note 2: The timing numbers are for example only. Design should be based on the latest component specifications, FB-
DIMM AMB and JESD 79-2 DRAM.

Example DIMM Post-AMB CK-to-C/A/Control Setup Timing (PC2-4200/PC2-5300/PC2-
6400)*

. Time (ps) Time (ps) Time (ps)
Parameter Definition PC2-4200 PC2-5300 pC2.6a00 | Notes
tCVB (amb) C/A/CNTL Valid before Clock 1615 1260 1030 1
tIS (dram) DRAM Command/Address/Control Setup 500 400 375 1

System Budget for DQ-to-C/A/Control Setup Skew (Setup)

Skew Budget —1CVB - tIS

1115 860 655 1

Note 1:The timing numbers are for example only. Design should be based on the latest component specifications, FB-
DIMM AMB and JESD 79-2 DRAM.
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JEDEC Standard No. 205
DDR2 SDRAM Fully Buffered DIMM Design Specification Example Timing Budget

Example DIMM Post-AMB CK-to-C/A/Control Hold Timing (PC2-4200/PC2-5300/PC2-
6400)*

. Time (ps) Time (ps) Time (ps)
Parameter Definition PC2-4200 PC2-5300 pCo.ago | Notes
tCVA (amb) C/A/CNTL Valid after Clock 1475 1120 890 1
tIH (dram) DRAM Command/Address/Control Hold 500 400 375 1

System Budget for DQ-to-C/A/Control Hold Skew (Hold)

—TCVA -t IH 975 720 515 1

Skew Budget

Note 1:The timing numbers are for example only. Design should be based on the latest component specifications, FB-
DIMM AMB and JESD 79-2 DRAM.
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DDR2 SDRAM Fully Buffered DIMM Design Specification

JEDEC Standard No. 205

Design collateral for specific Raw Cards

Design collateral for specific Raw Cards

Some usage and design information is specific to an individual raw card design. This specification captures
collateral information by raw card design.

ODT provides termination to DQ/CB signals and has programmable values that are dynamically turned on in response to
ODT signals provided by the AMB. DDR values are programmed via MRS/EMRS settings.

ODT values
Card Speed Transaction AMB! Rank 0 ODT! Rank 1 oDT?!
Write OFF 75
533/667
Read 65 OFF
R/IC A
Write OFF 75
800
Read 65 OFF
Write OFF 150
533/667
Read 65 OFF
R/ICB,E, H
Write OFF 75
800
Read 65 OFF
Write OFF 75
533/667
Read 65 OFF
R/ICC
Write OFF 75
800
Read 65 OFF
Write OFF 150
533/667
Read 65 OFF
R/ICD,J
Write OFF OFF 50
800
Read 65 OFF OFF
Note 1: Recommended values.
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DDR2 SDRAM Fully Buffered DIMM Design Specification

Test Mode collateral

JEDEC Standard No. 205

Test Mode collateral

AMB devices support a mode that allows transparent access to DRAM interface directly with some special
handling to accommodate double data rate data transfers. Details of operation in this mode are available in
FB-DIMM AMB DFT Specification. The table documents the transparent DRAM interface signal mapping to

the module pinout.

Transparent Mode Pinout

pin
142
143
145
146
148
149
151
152
154
155
157
160
168
186
183
180
177
174
171
161
169
187
184

Revision 3.0 March 5, 2007

Transparent Mode

Signal
CKE[1]
CKE[0]
CS[1]
cs[o]
oDT
RAS#
CASH#
WE#
BA[2]
BA[1]
BA[0]
A[15]
A[14]
A[13]
A[12]
A[11]
A[10]
Al9]
Al8]
Al7]
Al6]
Al5]
Al4]

pin
181
178
175
172
102
103
99
96
93
82
79
76
73
70
100
97
94
83
80
77
74
71

Transparent Mode
Signal

Al3]
Al2]
Al1]
Al0]
TDRV
TCMP
TDQ[15]
TDQ[14]
TDQ[13]
TDQ[12]
TDQ[11]
TDQ[10]

TDQI2]
TDQI1]
TDQIO]

pin
222
219
216
213
202
199
196
193
190
40
48
66
63
60
57
54
222
219
216
213
202
199
196
193
190

Transparent Mode
Signal

TPF8]
TPF[7]
TPF6]
TPF[5]
TPF[4]
TPF[3]
TPF[2]
TPF[1]
TPF[0]
TDQOJ[15]
TDQO[14]
TDQO[13]
TDQOJ[12]
TDQOJ[11]
TDQOJ[10]
TDQO[9]
TDQO[8]
TDQO[7]
TDQOI6]
TDQO[5]
TDQO[4]
TDQOJ3]
TDQO[2]
TDQOJ[1]
TDQO[0]
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification Recommended trace keepout
Recommended trace keepout

AMB components may require some thermal solution that includes a heat spreader attached to AMB device.
Heat Spreader attachment methods may require holes or notches for heat spreader retention features.

Below are recommended trace keep out regions that provide for a common keep out area that corresponds to
component keep out regions documented in MO-256 details.

Keep-out areas are intended generally for use by AMB buffer Heat Spreader retention features; details are
applicable to MO variations AA,AB,AC, BA,BB and BC. Through-holes, notches or associated retention fea-

tures may be located in these areas.

Trace keep out area in connector area

i
£
Al £ A
£ " |
Y \A | °
T £ < >
| b 2.7mm |
£ £ w
g £ | ¢
< N ¢
Y Y
Front Side Inner Layers Back Side )
(Perspective from front side) (Perspective from front side)
Trace keep out area in module top edge area
¢ €
| |
| ¢ | 1.7mm
| i | A
£ | £ E |
~ | ~ ~ £
| | | 8
— | — L — - — L ) Y _| - — | =
| A—J
_ : _ |
D 2.(‘5mm !
3mm
Eront Side Inner Layers Back Side
(Perspective from front side) (Perspective from front side)
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification Vcc Power Delivery
Vcc Power Delivery

Robust Vcc DC power delivery must be ensured by the FB-DIMM designs. System designers should ensure
AMB voltage tolerance is met when these dimm requirements are included in a system analysis.

For purposes of design FB-DIMM designs should target 4.75 mOhm nominal impedance for Vcc DC resistance.
Some variation among raw card designs is allowed via a design tolerance.

Additionally, manufactured modules will have some variations and is represented in a manufacturing tolerance.
Manufactured modules should meet the resistance range that incorporates design tolerance and manufactur-
ing tolerances. Qualification of a design should be by direct resistance measurement. During HVYM man-
ufacture, power delivery quality can be verified indirectly by functional tests.

Effective Resistance Target 4.75 mOhm Nominal @ 23C(room temp)

Tolerance Min Max Min resistance |Max Resistance Comment
Design -5% +5% 4.51 4.99 Design Analysis must meet this range
-15% Total +22% Total
Manufacturing (Design Min (Design Max 4.06 5.74 All manufactured modules must meet this range
-10%) +15%)

Effective Resistance is the Vcc-to-Vss path resistance seen from the module edge fingers, it is comprised of
two components: Reffective = Rvcc + Rvss.

Measurement of the effective path resistance is impractical due to multiple paths involved,;

A satisfactory approximation is Reffective = Rkelvin + 0.70 mOhm;
where:

Rkelvin is a specific measurable path,
0.70 mOhm accounts for Rvss and residual Rvcc elements not included in Rkelvin path

For purposes of standard analysis and measurement, the following measurement points shall be used for mea-
suring Vcc DC resistance in a Kelvin 4-wire measurement. Deriving Vcc Resistance from measurement:

Rkelvin = |Vsense/lsource)|

Kelvin Measurement Ports

Adjacent Via of | Adjacent Via of

Port Edge Finger AMB Ball Function Comment
A 9 -- Source HI Current Source
B 12 - Sense HI Voltage Sense +
C -- T15 Sense LO Voltage Sense -
D -- K17 Source LO Current Source return
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JEDEC Standard No. 205

Vcc Power Delivery

Rkelvin Measurement Diagram

o EeNaN e, [ EvaRaE (e, EngERsaE Em A Rasn i“i-l

. pAPPS
e

1425525

- AMB-K17

DDR2 SDRAM Fully Buffered DIMM Design Specification

Power Supply Current Meter

Voltmeter

Injecting 100mA of current with a well regulated power supply, actual current and voltage can be measured

with precision to derive Rkelvin.

Suggested equipment requirements for measurements

Equipment Measurement
Range
Power Supply 100mA
Digital Meter 100mMA
Digital Meter 20mV

Minimum
Comment

Resolution

current limit set point

see note 1 Isource

see note 1 Vsense

Note 1: Required tolerance is 1% or better. Designers should ensure analysis method accuracy through cor-

relation to kelvin measurement results. Example analysis:

Rkelvin = 5mOhm; Accuracy 1% (50uOhm); Current set point: Isource = 100mA

Minimum Volt-meter resolution: 100mA x 50uOhm = 5uV
Minimum Current-meter resolution:5uV / 5mOhm = 1mA
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification VTT Provisions
V17 Provisions

AMB buffers provide complementary CA bus (between left CA bus and right CA bus). Complementary drivers
generate current that travels through the Rt network between the left and right CA buses.

Example Complementary CA Bus Current Path

Connector

MA
WY

Rmotherboard

V11

liett = 0-9V/(Rgriver + RT7 + Reonnector)
Iright = 0-9\//(Rdriver + RTT + Rconnector + Rmotherboard)

Delta =M(ljet X Reonnector ) + M(lright X Reonnector ) + MN(light X Rmotherboard)

where: Delta is difference between Left Vi1 and Right Vi1
N=number of dimms installed in system,
M=number of complementary CA signals

(Complete analysis requires complex summations not shown here)
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JEDEC Standard No. 205

VTT Provisions DDR2 SDRAM Fully Buffered DIMM Design Specification

For purposes to limit V7 voltage difference between left and right Rt networks (due to voltage drop of con-
nector and motherboard) some FB-DIMM designs should provide a connection on the dimm between left and
right V17 rails. Requirements of connection are dependent on Rt values and subsequent analysis with sys-

tem assumptions (complex summations). .
Example FB-DIMM bridge connection requirement

OO0 o O0e00

I I I = I I I I

TT RTT

eft Vor " Right V
i Rbridge i 9 T
T Rmotherboard

V1

(Complete analysis requires complex summations not shown here)
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification VTT Provisions

Based on analysis, the following resistance design requirements were developed to ensure V1t tolerance
range is met when complementary CA bus operation is considered. Effort should be spent to minimize effec-
tive resistance as low as is feasible. Meeting the max values shown in the table will ensure that induced offset
on V11 supply is controlled. System designers need to ensure that baseboard contributions in conjunction
with these DIMM assumptions limit induced offset to values shown in Product Family Attributes table earlier in
this document.

Effective Resistance (mOhm) Max @ 23°C (room temp) for 533/667 FB-DIMMs

Edge Finger to

Module Rit network R bridge Comment
R/IC A 6 N/A No left/right connection needed
R/CB 6 N/A No left/right connection needed
R/C C 6 N/A No left/right connection needed
R/C D 10 50
R/ICE 7 52
R/ICH 7 52
R/ICJ 10 50

Effective edge finger to Ryt network Resistance is the average path resistance seen from the module edge
fingers to local Rt network.

Measurement of the effective path resistance is impractical due to multiple paths involved;

A satisfactory approximation is Reffective = Rkelvin ;
where:
Rkelvin is a specific measurable path representative of the median path,

For purposes of standard analysis and measurement, the following measurement points shall be used for
measuring V1t DC resistance in a Kelvin 4-wire measurement. Deriving V11 Resistance from measurement:

Rkelvin = |Vsense/lsource|
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VTT Provisions

Typical Rkelvin Ports

DDR2 SDRAM Fully Buffered DIMM Design Specification

(Shows typical Left Edge finger to Ryynetwork, use similar ports for right side)

>

&

Median Location
(Consider top-side and
bottom-side Rpaks)

Power Supply

Current Meter

Voltmeter
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification VTT Provisions

Typical Rkelvin Ports (Shows example R bridge measurement)

Same Median Location(s)
(Consider top-side and
bottom-side Rpaks) ) )
Left side Right side

ids 2 uis 3

""" 4

—
—~  \\

Power Supply Current Meter Voltmeter

D

Injecting 100mA of current with a well regulated power supply, actual current and voltage can be measured
with precision to derive Rkelvin;

Equiment considerations are the same as those specified in Vcc Resistance measurement.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification Serial Presence Detect Definition
Serial Presence Detect Definition

The Serial Presence Detect (SPD) function MUST be implemented on the PC2-4200/PC2-5300/PC2-6400
DDR2 SDRAM FB-DIMM. The component used and the data contents must adhere to the most recent version
of the JEDEC FB-DIMM SPD Specifications. Please refer to this document for all technical specifications and
requirements of the serial presence detect devices. Please refer to this document for all technical specifications
and requirements of the Serial Presence Detect devices (Refer to JEDEC ballot JC-45... for SPD field defini-
tions)

The following table is intended to be an example of a fast bin PC2-6400 DIMM. SPD values indicating different
DIMM characteristics will be utilized based on specific characteristics of the DIMMs. This example assumes:

¢ Module Organization: 512MB (64Mx72)

< Device Composition: 64Mx8

« Device Package: FBGA

¢ Module Physical Ranks: 1

* CAS latency: 4

(Editor Note: Table Below is subject to review in SPD TG)

Example 512Mb 1 rank 533 4-4-4 SPD image

Byte # Function Description SPD Entry Value B‘S\fTDE Notes
(Hex)
size=256;
0 Number of Serial PD Bytes in CRC CRC =116; 0x92
used bytes=128
1 SPD Revision rev 1.0 0x10
2 Key Byte/ DRAM Device Type DDR2 FB-DIMM 0x09
3 Voltage levels of this Assembly Cﬁ;?}?;i'ls_ \S/V 0x12
row=14
4 SDRAM Addressing col=10 0x44
bank=4
5 Module Physical Attribues 30{;395nr:1£1t?1(ia(:ight 0x24
6 Module Type FB-DIMM 133.35mm nom 0x07
7 Module Organization 8 delvziglflvidth 0x09
8 Fine Timebase Divend and Divisor 5ps 0x51
9 Medim Timebase Divident 1(0.25ns) 0x01
10 Medium Timebase Divisor 4(0.25ns) 0x04
11 SDRAM Min Cycle Time (tCKmin) 3.75ns(266MHz) 0xOf
12 SDRAM Max Cycle Time (tCKmax) 8ns(125MHz) 0x20
13 SDRAM CAS Latencies Supported CL=3,4 0x23
14 SDRAM Min CAS Latency (tAA) 15ns 0x3c
15 SDRAM Write Recovery Times Supported WR=3,4 0x23
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JEDEC Standard No. 205

Serial Presence Detect Definition

Example 512Mb 1 rank 533 4-4-4 SPD image

DDR2 SDRAM Fully Buffered DIMM Design Specification

SPD
Byte # Function Description SPD Entry Value BYTE Notes
(Hex)
16 SDRAM Write Recivery Time (tWR) 15ns 0x3c
17 SDRAM Write Latencies Supported WL=4,5,6 0x34
18 SDRAM Additive Latencies Supported AL=0,1,2,3 0x40 xx
19 SDRAM Min RAS to CAS Delay (tRCD) 15ns 0x3c
20 SDRAM Min Row Active to Row Active Delay (tRDD) 7.5ns Oxle
21 SDRAM Minimum Row Precharge Time (tRP) 15ns 0x3c
22 SDRAM Upper Nibbles for tRAS and tRC 0 0x00
23 SDRAM Minimum Active to Precharge Time (tRAS) 45ns 0xb4
24 SDRAM Minimum Auto-Refresh to Active/Auto-Refresh Time (tRC) 55ns Oxdc
25 Oxa4
DRAM Minimum Auto-Refresh to Active/Auto-Refresh Command (tRFC) 105ns
26 0x01
27 SDRAM Internal Write to Read Command Delay (tWTR) 7.5ns Oxle
28 SDRAM Internal Read to Precharge Command Delay (tRTP) 7.5ns Oxle
29 SDRAM Burst Lengths Supported BL8,BL4 0x03
30 SDRAM Terminations Supported 75/150 0x03
31 SDRAM Weak Drivers Supported supported 0x01
SDRAM Average Refresh Interval (tREFI) / Double Refresh t / High Tem 7.8us,
32 9 o 9 P 1x hot refresh, 0x02 see byte 33
self-refresh rate support indication
no hot self-refresh
33 Bits 7:4: Tcasemax Delta Tcasemax=85C 0x02
Bits 3:0: DT4R4W Delta ( DT4R4W case rise=0.8C
Thermal resistance of SDRAM device package from top (case) to ambient
34 (Psi T-A SDRAM) at still air condition based on JESD51-2 standard. s2c/w 0x40
DTO: Case temperature rise from ambient due to IDDO/activate-precharge
35 operation minus 3.7C 0x20
2.8 °C offset temperature.
36 DT2N/DT2Q: Case temperature rise IDD2N/precharge standby operation 16C 0x10
and IDD2Q/precharge quiet standby operation '
37 DT2P: Case temperature rise IDD2P/precharge power-down operation. 0.24C 0x10
38 DT3N: Case temperature rise IDD3N/active standby operation. 2.4C 0x10
39 DT4R/Mode Bit: Bits 7:1: Case temperature rise IDD4R 9.6C 0x30
Bit 0: Mode bit to specify if DT4W is greater or less than DT4R. 4W > 4R
40 DT5B: Case temperature rise IDD5B/burst refresh operation. 10.5C 0x15
41 DT7: Case temperature rise IDD7/bank interleave read mode operation. 16C 0x20
42..59 Reserved 0x00
60..80 Reserved 0x00
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DDR2 SDRAM Fully Buffered DIMM Design Specification
Example 512Mb 1 rank 533 4-4-4 SPD image

JEDEC Standard No. 205

Serial Presence Detect Definition

Byte # Function Description SPD Entry Value BS\FTDE Notes

(Hex)

81 0x02
FB-DIMM Channel Protocols Supported ECC Only
82 0x00
riw 2clk
83 additional Back-to-Back Access Turnaround Time w/r 1clk 0x25
rir 1clk
84 AMB Read Access Time for DDR2-800 (AMB.LINKPARNXT[1:0] = 11) (5 + 6/12)* tCK 0x56
85 AMB Read Access Time for DDR2-667 (AMB.LINKPARNXT[1:0] = 10) (4 + 4/12)* tCK 0x44
86 AMB Read Access Time for DDR2-533 (AMB.LINKPARNXT[1:0] = 01) (3 +10/12)* tCK Ox3a
87 | T ERaM) at el i condiion pased on JESDGL? atandard, 24ch 030
88 AMB DT Idle_0 53C 0x35
89 AMB DT Idle_1 77C 0x4d
90 AMB DT Idle_2 71C 0x47
91 AMB DT Active_1 98C 0x62
92 AMB DT Active_2 77C 0x4d
93 AMB DT LOs not supported 0x00
94 Reserved 0x00
95 Reserved 0x00
96 Reserved 0x00
97 Reserved 0x00
98 Reserved 0x00
99 Reserved 0x00
100 Reserved 0x00
101 0xcO
102 0x00
103 0x00
AMB Personality Bytes: Pre-Init GB (rev 0.3)
104 0x44
105 0x00
106 0x00
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JEDEC Standard No. 205

Serial Presence Detect Definition

Example 512Mb 1 rank 533 4-4-4 SPD image

DDR2 SDRAM Fully Buffered DIMM Design Specification

SPD
Byte # Function Description SPD Entry Value BYTE Notes
(Hex)
107 0x40
108 0x43
109 0x00
110 0x00
AMB Personality Bytes: Post-Init GB (rev 0.3)
111 0ox6d
112 0x04
113 0x00
114 0x05
115 0x80
AMB Manufacturer’s JEDEC ID Code Intel ID
116 0x89
117 0x00
Module ID: Module Manufacturer's JEDEC ID Code (TBD)
118 0x00
119 Module ID: Module Manufacturing Location 0x01
120 year (2004) 0x04
Module ID: Module Manufacturing Date
121 (week) 0x52
122 0x84
123 0x00
Module ID: Module Serial Number (TBD)
124 0x03
125 Oxcl
126 0x56
Cyclical Redundancy Code (TBD)
127 0xc3
128..145 Module Part Number alpha string(TBD) 0x20
146 0x00
Module Revision Code
147 0x01
148 0x00
SDRAM Manufacturer's JEDEC ID Code
149 0x2c
150 0x00 | GB SPDrev
GB SPD rev is example
151 Manufacturer’s Specific Data 0x03 usage
152..175 Oxff
176..255 Customer Use Oxff
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification Serial Presence Detect Definition
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JEDEC Standard No. 205

FBDIMM Label Format DDR2 SDRAM Fully Buffered DIMM Design Specification

FBDIMM Label Format

The following label shall be applied to all DDR2 memory modules to fully describe the key attributes
of the module. The label can be in the form of a stick-on label, silk screened onto the assembly, or
marked using an alternate customer-readable format. A minimum font size of 8 points should be
used, and the number can be printed in one or more rows on the label. Hyphens may be dropped
when lines are split, or when font changes sufficiently separate fields.

0g99gg eRxff PC2-wwwwm-abc-dd-ef

Where:
0gggg = Module total capacity, in bytes
256MB, 512MB, 1GB, 2GB, 4GB, etc.
eR = Number of ranks of memory installed
1R =1 rank of DDR2 SDRAM installed
2R =2 ranks
xff = Device organization (bit width) of DDR2 SDRAMs used on this assembly
x4 = x4 organization (4 DQ lines per SDRAM)
X8 = x8 organization
x16 = x16 organization
wwww = Module bandwidth in MB/s
3200 = 3.20 GB/s
4200 = 4.26 GB/s
5300 = 5.33 GB/s
6400 = 6.40 GB/s
m = Module Type
E = Unbuffered DIMM ("UDIMM"), with ECC (x72 bit module data bus)
F = Fully Buffered DIMM ("FB-DIMM")
M = Micro-DIMM
N = Mini-Registered DIMM ("Mini-RDIMM"), no address/command parity function
P = Registered DIMM ("RDIMM"), with address/command parity function
R = RDIMM, no address/command parity function
S = Small Outline DIMM ("SO-DIMM")
U = Unbuffered DIMM ("UDIMM"), no ECC (x64 bit module data bus)
a = DDR2 SDRAM CAS Latency, in clocks at maximum operating frequency
b = DDR2 SDRAM minimum tRCD specification, in clocks at maximum operating frequency
¢ = DDR2 SDRAM minimum tRP specification, in clocks at maximum operating frequency
dd = JEDEC SPD Revision Encoding and Additions level used on this DIMM
e = Reference design file used for this design (if applicable)
A = Reference design for raw card A is used for this assembly
B = Reference design for raw card B is used for this assembly
Z = None of the reference designs were used for this assembly
f = Revision number of the reference design used
0 = Initial release
1 = First revision
2 = Second revision
P = Pre-release or Engineering sample
Z =To be used when fielde = Z
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification FBDIMM Label Format

Examples, single font:

1GB 1Rx4 PC2-3200F-333-10-CO
is a 1GB DDR2 Fully Buffered DIMM, using 1 rank of x4 SDRAMs operational to PC2-3200 per-
formance with CAS Latency = 3, trcp = 3, tgp = 3, using JEDEC SPD revision 1.0 (encoding

type FB-DIMM), raw card reference design file C initial release used for the assembly
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JEDEC Standard No. 205

DIMM Mechanical Specifications DDR2 SDRAM Fully Buffered DIMM Design Specification
DIMM Mechanical Specifications

JEDEC has standardized detailed mechanical information for the 240Pin DIMM family. This information can
be accessed on the worldwide web as follows:

1. Go to JEDEC official site; http://www.jedec.org.
2. Click on ‘Free Standards ’ and enter the free download area.
3. Search by document number: ‘MO-256" and download the PDF for this product family.

4. Or search by ‘JEP95’;'JEDEC Publication 95." and open entire document,scroll down and select ‘MO-256’
to download the PDF for this product family.

Within MO-256, several DIMM thickness variations are defined. Variations are denoted by a two letter refer-
ence “XX". The first (MSB) letter position encodes dimm thickness and height attributes . The second(LSB)
letter position encodes keying position, three positions are defined(--A,--B,--C)

Note: Maximum DIMM thickness/height can be a measured maximum value, or can be calculated using the
maximum component, card, label, and assembly process adders.

FB-DIMMs utilize a single keying position (--B) and can utilize any of the thickness/height variations.
Note: Some system platforms may be designed for a subset of specific variations.

To enable systems to electronically detect DIMM thickness, SPD byte 5 is encoded with the FB-DIMM thick-
ness and height values. When used, in conjunction with other SPD bytes, system operating conditions can be
adjusted based on installed modules and projected power consumption.
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DDR2 SDRAM Fully Buffered DIMM Design Specification

Supporting Hardware:

Summary of FB-DIMM Support/Development Hardware

Vendor

Agilent Customer Contact Center
800-829-4444
http://www.agilent.com/find/fbd
us@agilent.com

Agilent Technologies / Perry Keller
1900 Garden of the Gods Rd.
Colorado Springs, CO, 80907
perry_keller@agilent.com

(719) 590-5651

FuturePlus Systems Corp. / Bill Furch
(719) 278-3540
http://www.futureplus.com

Tektronix Customer Support Center
800-833-9200 x3

503-627-2400

Fax: 503-627-5695
www.tek.com/memory

Tektronix, Inc.

David Haworth

PO Box 500, M/S 39-345
Beaverton, OR 97077-0001
503-627-3127
David.A.Haworth@tek.com

Nexus Technology, Inc.
Bruce Krobusek
877-595-8116 x803
brucekro@busboards.com

Revision 3.0 March 5, 2007

name

4x Resistor Pack Flying Lead Probe
4x/8x BGA DRAM Interposer Probe
Interposer Channel Analysis Probe

DIMM Parametric Test Fixture

Slot Channel Analysis Probe

Slot Parametric Probe

AMB Parametric Test Fixture

RC/B Validation DIMM Logic Analysis
Probe

12.5GHz Z-Active Differential Probe

Serial Data Compliance and Analysis Soft-

ware
Jitter and Timing Analysis Software

FB-DIMM Interposer Probe & Analysis
Software

FBD Oscilloscope Probing Kit

FB-DIMM AMB to DDR2 Analysis Probe &

Software

JEDEC Standard No. 205

DIMM Mechanical Specifications

p/n
N4234A
N4237A
FSI-60105 / FS2343
N4236A
FSI-60097 / FS2338
N4238A
N4235A

FSI-60099 / FS2340
P7313
TDSRT-EyeTM v2
TDSJIT3 v2

NEX-FBD-LAI

NEX-TDSFBDP

NEX-FBD-NEXVu
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JEDEC Standard No. 205

DIMM Mechanical Specifications DDR2 SDRAM Fully Buffered DIMM Design Specification
Summary of FB-DIMM Support/Development Hardware

Vendor name p/n

King Tiger Technology Inc.,

David Jaime

9601 Amberglen Blvd., Suite 120, Aus- . ) . .

tin, TX 78729 King Tiger KT-2Pro DIMM Tester King Tiger KT-2Pro DIMM Tester

512-401-8775
http://www.kingtigertech.com

Pycon Inc

3301 Leonard Court

Santa Clara, CA 05054

Rob Ortega Channel Test Card (CTC) FB-DIMM Channel Test Card

(408) 450-5609
rortega@pycon.com
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification Diagnostic Sense Line
Diagnostic Sense Line

FBDIMM - Diagnostic Sense Line Specification, Introduction

FBDIMM Diagnostic sense lines are by design, ground referenced transmission lines, with specifically
placed, routine and regular, capacitor pad multi-point connections. These sense lines couple to the "True"
and "Compliment" high speed differential data card edge fingers, by means of proximity capacitive
interconnect technology.

In a system that implements sense lines, the connection from the Memory Controller Unit (MCU) to the
FBDIMM Hub chip now becomes a multipoint connection connecting the MCU to the Advanced Memory
Buffer (AMB) and with diagnostic sense line connections to the Instrumentation Chip. The Instrumentation
Chip serves as the diagnostic detection chip, to sense the signal activity or lack of signal activity on the High
Speed Link. It does this one side of a differential pair at a time, and thus is capable of diagnosing the
electrical continuity between the MCU and the AMB.

Diagnostic sense lines are routed just under the card edge fingers and begin at one end of the DIMM
finger field pattern, then travel perpendicularly across the DIMM finger field down to the other end of the
DIMM. The test traces then cross over to the other side of the PCB through a pair of layer change VIAs.
They then travel back towards the point of origination in the same fashion with an open termination at the
end of the line. See General Concept below.

General Concept

Repeating DIMM FIELD Edge Finger Pattern SAO SAL

Layer oo o0
Change Dn -

Dn Dn
wg ] Dn Bottom
. \ Top R
. L DOn | |
PSnB PS8B
(J1.n) (J1.103) Open
Terminations

Capacitor Pad - Multi-point Connections

Ell |
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JEDEC Standard No. 205

Implementation Details DDR2 SDRAM Fully Buffered DIMM Design Specification
Implementation Details

Capacitor Pad Connection Concept

There are one pair of sense line capacitor pad traces per DIMM. Each sense line shall originate at the
right side of the DIMM (oriented card edge finger down and top side up). One sense line capacitor pad
capacitively connects to the North and Southbound high-speed TX/RX "True" card edge fingers starting at
PS8 (J1.102) then, PS7 (J1.99), then PS6 (J1.96), and continuing on. The other capacitively connects to
the corresponding North and Southbound high-speed TX/RX "Compliment" card edge fingers starting at
PS8B (J1.103) then, PS7B (J1.100), then PS6B (J1.97), and continuing on. See General Concept.

Capacitor Connection Pad Size and Placement

The capacitor connection pad is designed to be 31 mils x 12 mils. Each Flag extends off of the
transmission line width is 8 mils. Adding the transmission line width (4 mils) results in the 12 mil pad
height. The pads are placed as shown below.

Capacitor Connection Pad

Data Card Edge Finger Coincident With Sides of Card Edge Finger
Expanded View
\ SAO0 SAl
Layer <> 7 e o @ | 1]

Change on Dn
‘s sz S
. Top

x =31 mils L L E L L

y =8 mils
y_total = 8 mil flag + 4 mil line = 12 mils

Diagnostic Sense Line Routing Line Width and Spacing
Diagnostic sense lines shall have a line width of 4 mils and a edge to edge spacing of 4 mils.

Diagnostic Sense Line Same Layer Isolation

Diagnostic sense lines shall be isolated from any other active route or shape on the same layer by
greater than or equal to 20 mils.

Diagnostic Sense Line Adjacent Layer Isolation

Diagnostic sense lines shall be isolated from any other active route or shape on the adjacent signal layer
by greater than or equal to 20 mils. Crossing the diagnostic sense lines in any way with routes or shapes
on the adjacent signal layers is not allowed.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification Implementation Details
Diagnostic Sense Line Reference Planes

Diagnostic sense lines shall be referenced to ground. Ground shapes shall be placed on layers 3 and 4,
or 3 and 6, or 3 and 8 of a 6, 8, or 10 layer board respectively. They shall shadow the card edge finger
field all along the card edge of the DIMM. The width of the shape is essentially set to be the height of the
rectangular card edge finger shape height.

There are two approved topologies shown in Diagnostic Sense Line Topologies, Segment Lengths,
and Terminations section later in this text. Both of these topologies must be implemented with a uniform
and continuous ground reference plane. See example of preferred topology with a uniform and
continuous ground reference plane shown in the figure below.

Note — Uniform and continuous ground plane is required to follow the sense line routes around the notch.
This is not shown in figure below but is implied.

Diagnostic Sense Line Reference Plane Shape and Location

- SAQ SA1
Left Most Card Edge Finger Repeating DIMM FIELD Edge Finger Pattern

Layer ® 06 o
\ Change — Dn

Vas H Dn Bottom .
¢ T  »
| || . Dn f

/
Left Most Card Edge Continuous Ground Reference Plane

Layer change transition VIAs are designed with the following parameters:
VIA Type = Plated Through Hole

VIA Drill Hole Size = 12 mils +0.002/-0.006

VIA Land (Internal) = 18 mils

VIA Land (Outer) = 20 mils

VIA Antipad (Internal) = 30 mils

VIA Finished Hole Size = 12 mils

ok wbhE

Note — Remove the pads from unconnected layers

Diagnostic Sense Line Layer Change VIA location

Layer change transition VIAs are to be placed at the left side of the board and centered in the region
bounded in the "X" direction by the left card edge and the left most edge of the last card edge finger.
They are bounded in "Y" direction by the bottom card edge and the top of the card edge finger shape.
See figure below.
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JEDEC Standard No. 205

Implementation Details DDR2 SDRAM Fully Buffered DIMM Design Specification

Routing around the DIMM Key Notch
Layer Change Transition VIA Location

Layer Left Most Card Edge Finger
Change
VIA Location Repeating DIMM FIELD Edge Finger Pattern

\

® 6 o
- —_ Dn
Dn Dn

\. Bottom !-
g To = %
» UL LN /LA DN

~_ i

Centered in this Area Open
Terminations

Left most Bottom Card Edges Capacitor Pad - Multi-point Connections

When routing around the DIMM key notch, care must be taken to maintain the 4 mil line width and 4 mil
spacing. Use 45 degree angle turns as shown below.

Routing Around the DIMM Key Notch

Notch Edge to Route Line Edge Gap >= 12 mils
Route Line Edge to Other Shape Edge >= 8 mils

Diagnostic Sense Line Topologies, Segment Lengths, and Terminations

There are two acceptable diagnostic sense line topologies. The first is the preferred topology. The second
is a less than optimal alternate, but approved topology.
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification Implementation Details
Preferred Topology

A pair of diagnostic sense lines shall travel from the right side of the card (oriented card edge finger down
and top side up). They originate at a pair of VIAs connected to address bits SAO and SAL. They run
horizontally under the card edge fingers towards the left side of the card. The route travels on layer 2 of
either a 6, 8, or 10 layer board. This leg of the sense line route is to be approximately 5.2 inches long.

The sense line pair then crosses over to the opposite side of the PCB through a pair of layer change vias.
Once on the opposite side, they are to travel back towards the point of origination on layer 5, 7, or 9 of a
6, 8, or 10 layer board respectively.

The route is to then terminate at the right most edge of card edge finger J1.224 as an open termination
at the end of the line. This leg of the route is to be approximately 4.5 inches long. See Preferred Topology
shown below.

Diagnostic Sense Line - Preferred Topology

Repeating DIMM FIELD Edge Finger Pattern

SAO SAl
J1.224

Layer
Change — Bottom Dn

VIAS Dnl  Dn /\
e e
ﬂ [ Top I ! ‘

Key Notch Dn
- — Location — —

Open
Terminations

Alternate Topology (Forked Topology)

A pair of diagnostic sense lines shall travel from the right side of the card (oriented card edge finger down
and top side up). They originate at a pair of VIAs connected to address bits SAO and SA1. They run
horizontally under the card edge fingers towards the left side of the card. The route travels on layer 2 of
a 6, 8, or 10 layer board. This leg of the sense line route is to be approximately 5.2 inches long.

The sense line pair then crosses over to the opposite side of the PCB through a pair of layer change vias.
Once on the opposite side, they travel back towards the point of origination on layer 5, 7, or 9 of a 6, 8,
or 10 layer board respectively.

This back side segment terminates at the right most edge of card edge finger J1.188 as an open
termination at the end of this line segment. This leg of the route is to be approximately 2.7 inches long.
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JEDEC Standard No. 205

Implementation Details

DDR2 SDRAM Fully Buffered DIMM Design Specification

A second back side sense line segment originates and forks off of the same VIAs connected to address
bits SA0 and SA1 (right side of the card) and then travels right to left on layer 5, 7, or 9 of a 6, 8, or 10
layer board respectively. This back side segment terminates at the left most edge of card edge finger

J1.189 as an open termination at the end of this line segment. This leg of the route is to be approximately
2.2 inches long. See Alternate Topology below.

Diagnostic Sense Line - Alternate Topology

Layer
Change
VIAs

Repeating DIMM FIELD Edge Finger Pattern

J1.188 J1.189

Bottom

El |

Top

|| Key Notch
Location

SA0

Open
Terminations
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JEDEC Standard No. 205

DDR2 SDRAM Fully Buffered DIMM Design Specification Conclusion

Conclusion

While both the Alternate and the Preferred Topologies are designed to provide adequate diagnostic sense
line signal strength to the input of the Instrumentation Chip, the implementation of the Preferred Topology

will produce the highest signal power possible for any given system implementation.

8§
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JEDEC Standard No. 205

Conclusion DDR2 SDRAM Fully Buffered DIMM Design Specification
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DDR2 SDRAM Fully Buffered DIMM Design Specification
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JEDEC Standard No. 205

Revision Log DDR2 SDRAM Fully Buffered DIMM Design Specification

Revision Log

Revision Pages Changes
Intel 0.55b | all Initial content
Intel 0.60a Removed all references to raw cards E and F

Updated net topologies and lengths for channel

Added pair-to-pair spacing rules for channel

Updated net lengths for DRAM data

Added pin descriptions and pinout for AMB

Showed DM connection on x8 DIMMs

Changed AMB on block diagram to show channel flow through
NC pins on DRAM may be connected to VDD on DIMM
Updated R/C A picture to show support for wider DRAM
Removed example SPD values

all Added "JEDEC Confidential -- For Internal Use Only"

5 Removed "also used to select DIMM number in AMB" from SDA, really belongs on SA(2:0)

18 Added note 2, TESTLO_AB20 and TESTLO_AC20 should be configured for debug purposes

23 Added note on DRAM size for R/IC A

30 For pair-to-pair spacings, separation is a multiple of dielectric height only

32 Updated clock trace lengths

34 Replaced "byte spread” with [DQ - DQS|
N

Intel 0.60b | 5 Added "also used to select DIMM number in AMB" to SA(2:0)'

6 Changed pin 117, 237 to VTT

8,10 Removed ‘s’

9,10 changed ‘byte’ to ‘nibble’

11-14 changed notes concerning NC pins

15-16 added language on footprint NC/NU pins from registered DIMM spec

18 added ‘also used to select DIMM number in AMB” to SA[2:0]

24 added side view

32 add note about CKO on left, CK1 on right

43 change FB- to PC2-
.|

Intel 0.60c | 3 Added table including channel clock and transfer rate, added "DRAM" to clock in text

4 Added Introductory table of raw cards. Re-ordered notes on environmental table

5 Added "DIMM connector" to title.
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JEDEC Standard No. 205

Revision Log DDR2 SDRAM Fully Buffered DIMM Design Specification

11 Added introduction to the DRAM component and common footprint details

28-39 Removed references to trace impedance,
Removed offset skew in AMB package and DIMM, increased max on SB signals by 2.2 mm
Updated R/C B Command/Address bus trace lengths, renumbered segments
Updated R/C B Control bus trace lengths, renumbered segments

40 Indicated that power is typically delivered on outer layer power islands

42 Re-calculated timing budgets using skew budgets, instead of margins

43 Added calculations for CK-to-DQS and CK-to-C/A/Control

44 Added note that table is temporarily removed
.|

Intel 0.60d | 12,14 changed 60 to 63 balls

13 changed Al reference to E2

15 Changed A2 reference to H2. Changed H2, L1 and L9 in x4 package from NC to NU

16 Changed 68 to 71 balls. Changed H2, L1 and L9 in stacked x4 package from NC to NU

28-30 Replaced TL1 with TL- in the notes

29 Changed 8.4 to 9.1 mm. For matching tolerance on northbound primary channel, distinguish

between nets shorter and longer than 12 mm (this is especially for PN10/PN10#)

38 Organized control into variation 1 and 2, updated lengths, changed R1 back to TBD
40 Clarified component breakout, changed 0.100 to 0.102

0.20a Changed to JEDEC rev 0.20 from Intel rev 0.60e
5 non-stacked variations called out as MO-256 variation AB

stated variations called out as MO-256 variation BB

7 RFU pin count was reduced
DNU/M_Test was added
Note 2 was updated to reflect correct RFO accounting

8 FBDIMM Pinout diagram updated for DNU/M_Test

9~12 Power connectivity adjusted to include SPD

24 Module_ Configuration table updated to reflect 4Gb page size change to be the same as 1Gb and 2Gb
page sizes

25~27 updated component placement diagrams and associated side-views

29 added notes to indicate D—QS usageon R/IC'sA&B

added noes to indicate left and right copies of DRAM Addr/cmd/ctrl

31 added R/C’s A & C to trace length table
TL1 and SUM changed to unique min and max values

32 added R/C’s A & C to trace length tables
PN TL1 and SUM Max values changed to 34.4
SN TL1 max changed to 34.6; SUM max changed to 37.0
Notes updated short pair matching from TBD to +/- 0.5 mm

Revision 3.0 March 5, 2007 Page 125

Petitioners
Ex. 1028, p. 125


SLIQUORI
Sticky Note
None set by SLIQUORI

SLIQUORI
Sticky Note
MigrationNone set by SLIQUORI

SLIQUORI
Sticky Note
Unmarked set by SLIQUORI


JEDEC Standard No. 205

Revision Log

33

34

35

36

37

38
39

40

41

42

45

46

Revision 3.0 March 5, 2007

DDR2 SDRAM Fully Buffered DIMM Design Specification

SS TL1 max changed to 39.1

SS SUM max changed to 42.3

Pair-to-Pair changes:

microstrip outer < 20mm changed to 4.25xheight
microstrip outer > 20mm changed to 5.25xheight

stripline changed to 3.7xheight
added 4 notes

Added Minimum Trace Widths table for System Data Channel Nets

changed “Copy A" to “Variation 1”

In variation 1, changed TL1 segment to TL3, added new TL1 in series with TLO
added specific values to trace length table for R/C A

split note 1 into notes 1 & 2

added note 4

changed B CK1 TL1 min to 8.6
changed note 2 to “Trace length difference between the two elements of a differential pair, measured
from the AMB to any DRAM, must not exceed 0.5 mm”

R/C A DQ/CB/DQS/DQS TLO updated separate min/max values
Note 1 dropped tolerance reference

Note 3 changed to “Trace length difference between the DQS/DQS traces and the DQ traces of a
given byte (Raw Card A) or nibble (Raw Cards C, D) must not exceed 0.5 mm, unless up to 5 mm of
additional trace is added to DQS/DQS# to improve write setup margin, in which case, the spread
across the DQ signals must not exceed 1 mm. DRAM positions TBD have TBD additional trace on
DQS/DQS#

In DQ diagram changed “DIMM Connector” to “AMB”

Note 3 changed to “Trace length difference between the DQS/DQS traces and the DQ traces of a
given byte (Raw Card A) or nibble (Raw Cards C, D) must not exceed 0.5 mm, unless up to 5 mm of
additional trace is added to DQS/DQS# to improve write setup margin, in which case, the spread
across the DQ signals must not exceed 1 mm. DRAM positions TBD have TBD additional trace on
DQS/DQS#

added separate R/C C DQ diagram and table
added separate R/C A Address/Command diagram and table

updated R/C B and C Address/Command Trace lengths
added R1 value of 39 ohms

Note 5 dropped “from the AMB output to the pad of the VTT R-pack”

added R/C A Control Trace Lengths
added R/C A R1 value of 39

added R/C B R1 value of 47
changed notes 4~6 to:
4. For Raw Card A, variation 1 is for CSOB and CKEOB, variation 2 is for CSOA, CKEOA.

5. For Raw Card B, variation 1 is for CS1A, CKE1A, CS0B and CKEOB, variation 2 is for CSO0A,
CKEOA, CS1B and CKE1B.

6. On Raw Card A, any two adjacent TL4 segments have a sum of between 19.1 and 19.7 mm.
7. On Raw Card B, any two adjacent TL4 segments have a sum of between 27.0 and 32.3 mm.

added R/C C Control diagram and table

On Cross Section Recommendation, Note in edge connector dropped “and not chamfered”

PCB Electrical Specs changed to include
nom 60 Ohm for single ended, w/adjustments to min/max
nom 85 for Zdiff DRAM clocks and DQS/DQS# w/adjustments to min/max

added trace geometry examples to single-ended table
removed 100 Ohm example from outer layer differential example.
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47~48 Footnoted unofficial AMB/DRAM timing values as unapproved estimates.

51 changed 4.26 GB/sec to 4.27 GB/sec
changed 5.34 GB/sec to 5.33 GB/sec

0.21 global changed PC2-4300 to PC2-4200

5 added min/max values 1.7/1.9 for DRAM
added min/max values 1.46/1.54 fro AMB; footnoted as estimate
added min/max values 0.48*VDD/0.52*VDD for VTT
added min/max values 3.0/3.6 for VDDSPD

7 updated editorial wording of M_test description

9~12 added “control” to Rtt terminated groups in block diagrams
changed ‘banks’ to ‘ranks’ in R/C Block Diagram titles
page 11: changed ‘72’ to ‘x72’ in diagram title

19 (new page) added Early 2Gb x4 and x8 Ballout with support balls; note calls out x4 differences
27~29 updated side-view dimensions to reflect proposed JC-11 MO-256 base values w/o HS

31 changed Dram Address/Command/Control Notes: “one set for left, one set for right”

33 updated R/C C System Clock Trace Lengths as per Infineon: TLO 1.9; TL2 0.6;

36 updated R/C A AMB CLK Output to SDRAM Trace Lengths:

R/C A Variation 2 TL1min from 14.6 to 14.7; TL4min/max from 18.2/18.4 to 19.8/20.2
R/C A Variation 1 TL3max from 10.7 to 10.0; TL4min form 18.5 to 18.4

37 added AMB Clock Output to SDRAM Trace Lengths for R/C C values as per Infineon
40 (new page) added unique R/C C DQ/C/DQS/DQS# diagram and table
41 added unique R/C C to Address/Command diagram (R/C B,C,D; variation #1) and table
42 added unique R/C C to Address/Command diagram (R/C B,C,D; variation #2) and table
45 updated R/C C Control Net Trace Length: TLOmax fro m2.7 to 2.2; End-to-End max from 79.8 to 78.0
removed reference to R/C F
49 (new page) added Example Eight layer Stackup diagram
53 changed ‘Module Physical Banks’ to ‘Module Physical Ranks’
55 In labeling spec, changed 4300 to 4200 for module bandwidth
N
0.5 global removed multiple footer references to approved/passed ballots as well as bars that indicate changes

to previous document revisions
6 clarified explanation of R/C

25 timing parameters in table were changed to be consistent with the rest of document
added note 1

26 added the latest specification numbers

34, 35, 36 updated trace lengths for R/C A, B and C
added trace lengths for R/C D

39 added diagram for R/C D net structure routing for AMB Clock Output to SDRAM
added table with trace lengths for AMB Clock Output to SDRAM net structure
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40 added R/C D trace lengths for DQ, CB, DQS, DQS# net structure and changed note 4

41 updated R/C B DQS/DQS# trace lengths and changed note 4

42 changed note 4

46 added diagram that describes R/C D net structure routing for Address/Command to SDRAM

added table with R/C D trace lengths for Address/Command net structure

47 added diagram that describes R/C D net structure routing for ODT to SDRAM
added table with R/C D trace lengths for ODT net structure

50 added diagram that describes R/C D net structure routing for Control to SDRAM
added table with R/C D trace lengths for Control net structure

51-54 added chapter DDR2 Fully Buffered DIMM Biasing Details with diagrams/tables
55 clarified cross-section recommendation
57 added example 10 layer stackup

59, 60, 61 multiple changes in paragraphs/tables: clarified that timing numbers used in the timing tables are for
example only; multiple changes in description column and in timing values; added note 1

63 added chapter “Design collateral for specific Raw Cards” including table with ODT values
65 added “Test Mode collateral” chapter with table that describes transparent mode pinout
69-70 label format updated

1.0 65 added trace KO page

44,45,48 modified R/C B net lengths/Rterm as per review in TG

23’58‘59‘ updated example timing values for amb and dram contributions
32’40'45’ modified R/C A net lengths as per review in TG

9,10,11,12 added SAOQ resistors

25 strike out TBD Note for additional ctritical AMB params;
clarified table footnote to reference AMB spec

74 Lifted Mechanical wording from RDIMM Spec.

67..70 added SPD table

75 added Supporting Hardware information

25,26,27 on R/C A device placement drawing adjusted position of SPD device to match gerber;
removed thickness dimensions, added reference to MO-256

17,18 replaced “footprint” with “landing pattern”

1.0 BoD 8 PBAR param consistent with RDIMM Spec.

16,18,19, .

20 corrected reference to DRAM MO-XXX for ballouts with support balls

15-20 made terminology consistent to “landing pattern” (table titles and notes)
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17,18 corrected actual ball counts
21 added Dram max outline by raw card
79 revised HW List

2.0 Global Introduced R/C E, H and J to spec. Multiple addition in different sections, mostly focusing on topolo-

gies

3.0 7 Product Faminly Attributes table was updated (MO256 variations; AMB Vcc voltage)
15~25 SDRAM Component details and Dram Size Table updated
97~98 Vcc power delivery section added
65~68 R/C E and H CA termination value change.
91 ODT Table corrected typographiocal error by numbering rank 0,1 (was numbered rank1,2)
99~104 Vtt delivery
a7 dual stripline rule
53~55,69, .
7073 R/C J adjustments
80 VCC PLL Filter figure updated
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	3. End-to-end is the sum of segments TL0, TL2, three TL4 segments, and TL5.
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	2. TL2, TL5, and TL6 segments are routed on inner layers only (except for the last 0.9-1.9 mm of TL6).
	3. End-to-end is the sum of segments TL0, TL2, four TL4 segments, three TL5 segments and TL6.
	4. Control nets are CKE(1:0) and CS(1:0).
	5. 533 MT/s operation can use Normal or Early timing. 667 MT/s operation can use Normal or Early timing. 800 MT/s operation requires Normal timing.
	6. No early timing required
	7. TL4 segment is routed on inner layers only

	Net Structure Routing for Control to SDRAM (Raw Card E; excluding S0L and CKE1R)
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	3. For R/C E Group 2:TL0, TL6 and TL7 are routed on top layer; TL1 is routed on layer S8; TL2, TL3, TL4 are routed on layer S6; TL5 is routed on layer S3; TL8 is routed on bottom layer.
	4. R/C E Group 1 ECC SDRAM with TL6 and TL8 is only for S0L.
	5. R/C E Group 2 ECC SDRAM with TL6 and TL8 is only for CKE1R.

	Net Structure Routing for Control to SDRAM (Raw Card H; excluding S0L, S1L and CKE1R)
	Trace Lengths for Control Net Structure (Raw Card H; excluding S0L, S1L and CKE1R)
	2. For R/C H Group 1:TL0 and TL7 are routed on top layer; TL1 is routed on layer S6; TL2, TL3, TL4, TL5 and TL6 are routed on layer S8; TL8 is routed on bottom layer.
	3. For R/C H Group 2:TL0, TL6 and TL7 are routed on top layer; TL1 is routed on layer S8; TL2, TL3, TL4 are routed on layer S6; TL5 is routed on layer S3; TL8 is routed on bottom layer.
	4. R/C H Group 1 ECC SDRAM with TL6 and TL8 is only for S0R, CKE0R and CKE0L.
	5. R/C H Group 2 ECC SDRAM with TL6 and TL8 is only for S1R and CKE1L.
	6. Group #1 TL6 is directly connected to the DRAM when TL8 = 0.

	Net Structure Routing for S0L, S1L and CKE1R to SDRAM (Raw Card H)
	Trace Lengths for S0L, S1L and CKE1R Net Structure (Raw Card H)
	2. For R/C H Group 1:TL0 and TL7 are routed on top layer; TL1 is routed on layer S6; TL2, TL3, TL4, TL5 and TL6 are routed on layer S8; TL8 is routed on bottom layer.
	3. For R/C H Group 2:TL0, TL6 and TL7 are routed on top layer; TL1 is routed on layer S8; TL2, TL3, TL4 are routed on layer S6; TL5 is routed on layer S3; TL8 is routed on bottom layer.
	4. R/C H Group 1 ECC SDRAM with TL6 and TL8 is only for S0L.
	5. R/C H Group 2 ECC SDRAM with TL6 and TL8 is only for S1L and CKE1R.
	6. Group #1 TL6 is directly connected to the DRAM when TL8 = 0.
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