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JEDEC internal use only 
Product Description DDR2 SDRAM Registered DIMM Design Specification 

Product Description 

Proposed 

This specification defines the electrical and mechanical requirements for 240-pin, I .8Volt, PC2-3200/PC2-
4200/PC2-5300/PC2-6400, 72 bit-wide, Registered Double Data Rate 2 Synchronous DRAM Dual In-Line 
Memory Modules (DDR2 SDRAM DIMMs).These SDRAM DIMMs are intended for use as main memory 
when installed in systems such as servers and workstations. PC2-3200/PC2-4200/PC2-5300/PC2-6400 
refers to the JEDEC standard DIMM naming convention in which PC2-3200/PC2-4200/PC2-5300/PC2-6400 
indicates a 240-pin DIMM running at 200/266/333/400 MHz clock speed and offering 3200/4200/5300/6400 
MB/s bandwidth. 

Reference design examples are included which provide an initial basis for Registered DIMM designs. Modifi-
cations to these reference designs may be required to meet all system timing, signal integrity, and thermal 
requirements for PC2-3200/PC2-4200/PC2-5300/PC2-6400 support. All registered 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 

DIMM dimensions: height (fern.) x width(nom.) x thickness(max.) 

I MO-number, Variation 

30.0 mm x 133.35 

30.0 mm x 133.35 

30.0 mm x 133.35 

18.3 mm x 133.35 

18.3 mm x 133.35 

18.3 mm x 133.35 

mm x 4.00 mm! MO-237, Variation AB 

mm x 6.75 mm! MO-237, Variation BB 

mm x 7.55 mm! MO-237, Variation CB 

mm x 4.00 mm! MO-237, Variation DB 

mm x 6.75 mm! MO-237, Variation EB 

mm x 7.55 mm! MO-237, Variation FB 

Pin count 

SDRAMs supported 

240 

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

Capacity 256 MB, 512 MB, 1 GB, 2 GB, 4GB, 8GB, 16 GB, 32 GB 

Serial PD Consistent with DDR2 SPD, Rev. 1.2 

Voltage options 1.8 volt (VDD!VDDQ) 

Interlace SSTL_18 
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Proposed 
JEDEC internal use only 

Product Description DDR2 SDRAM Registered DIMM Design Specification 

Module Configurations 

Raw 
Card 

A 

B 

C 

D 

E 

F 

Number of 
DDR2 SDRAMs 

9 

C 

H 

J 

K 

L 

M 

N 

P 

R 

T 

U 

V 

W 

Y 

AA 

AC 

18 

18 

36 

36 

9 

18 

18 

36 

36 

36 

72 

36 

SDRAM Organization Number PC2-4200 
of Ranks PC2-3200 

x8, planar, single row 1 x 

x8, planar, single row 2 

PC2-5300 PC2-6400 

x4, planar, single row 

x4, stacked, single row 

x4, stacked, single row 

2 

2 

x8, planar, single row 1 

x8, planar, single row 2 

x4, planar, single row 

x4, planar, double row 2 

x4, stacked, single row 2 x x 

x4, planar, double row 2 

x4, stacked, double row 4 x x 

x8, planar, double row 4 x x 

x 

DRAM 
Size 

Tall 

Tall 

Tall 

Tall 

Wide 

Tall 

Tall 

Tall 

Wide 

Tall 

Wide 

Wide 

Wide 

Parity 
Support 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

R/C D -8 layer, 
Blind Via 

FIC K -8 layer, 
Through Via 

Yes 

Yes 12 layer 

Yes 

36 

9 

18 

18 

18 

36 

36 

36 

9 

x4, stacked, single row 2 

x8, planar, single row 

x8, planar, single row 2 

x4, planar, single row 

x4, planar, single row 1 

x4, stacked, single row 2 

x4, stacked, single row 2 

x 

x 

x 

x 

x 

x4, planar, single row 2 x 

x8, planar, single row 1 x x x 

Note: X will reflect past committee ballot at the time when specification is issued at BOO ballot. 

Wide 

Wide 

Wide 

Wide 

Wide 

Wide 

Wide 

Tall 

Wide 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

VLP 

VLP 

VLP, 8 layer, 
Through Via 

VLP, 10 layer, 
Blind Via 

VLP, 10 layer, 
Blind Via 

VLP, 10 layer, 
Blind Via 

Flex Circuit 

VLP, 8 layer, 
Through Via 

.1 
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JEDEC internal use only 

Environmental Requirements DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

Environmental Requirements 

DDR2 SDRAM Registered DIMMs are intended for use in standard office environments that have limited 
capacity for heating and air conditioning. 

Environmental Parameters 

Symbol Parameter Rating Units Notes 

TOPR Operating temperature See Note 3 

HOPR Operating humidity (relative) 10 to 90 % 

TSTG Storage temperature -50 to +100 OC 

HSTG 

BAR 

Storage humidity (without condensation) 

Barometric pressure (operating & storage) 

5 to 95 

105 to 69 

% 

K Pascal 1,2 

1 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. 

2. Up to 9850 ft. 
3. The designer must meet the case temperature specifications for individual module components. 

Architecture 

Pin Description 

Pin Name 

CKO 

Description 

Clock Input, positive line 

Num-
I. Pin Name 

bar 

1 ODT[1:0] 

Description 

On Die Termination Inputs 

Num-

ber 

2 

CKO Clock input, negative line 1 i DQ[63:0I Data Input/Output 64 

CKE[1 :0] Clock Enables 2 CB[7:0] Data check bits Input/Output 8 

RAS Row Address Strobe I DQS[8:0] Data strobes 9 

GAS 

WE 

S[3:0] 

Column Address Strobe 

Write Enable 

Chip Selects 

A[9:0],A[15:1 11 

A10/AP 

Address Inputs 

Address Input/Autoprecharge 

I i DQS[8:0] 

1 DQS[17:9] 

4 DQS[17:9] 

15 RFU 

1 NC 

Data strobes, negative line 

Data Masks I Data strobes 

Data strobes, negative line 

Reserved for Future Use 

No Connect 

9 

9 

9 

2 

BA[2:0] SDRAM Bank Addresses 3 i TEST 
Memory bus test tool (Not Connected and 
Not Useable on DIMMs) 

SCL Serial Presence Detect (SPD) Clock Input VDD Core Power 11 

SDA 

SA[2:0] 

SPD Data Input/Output 

SPD Address Inputs 3 

VDDQ 

vSs 

I/O Power 

Ground 

11 

64 

Par In 

Err Out 

Parity bit for the Address and Control bus 

Parity error found on the Address and 
Control bus 

1 VREF Input/Output Reference 

SPD Power 

RESET Register and PILL control pin total 240 
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Proposed 
DDR2 SDRAM Registered DIMM Design Specification 

Registered DIMM Input/Output Functional Description 

JEDEC internal use only 

Architecture 

Symbol Type Polarity Function 

CKO IN Positive Edge Positive line of the differential pair of system clock inputs that drives input to the on-DIMM PLL. 

CKO IN Negative Edge Negative line of the differential pair of system clock inputs that drives the input to the on-DIMM PLL. 

CKE[1 :0] IN Active High 
CKE HIGH activates, and CKE LOW deactivates internal clock signals, and device input buffers and 
output drivers of the SDRAMs. Taking CKE LOW provides PRECHARGE POWER-DOWN and 
SELF REFRESH operation (all banks idle), or ACTIVE POWER DOWN (row ACTIVE in any bank) 

S[3:0] IN Active Low 

Enables the associated SDRAM command decoder when low and disables decoder when high. 
When decoder is disabled, new commands are ignored and previous operations continue. 

These input signals also disable all outputs (except CKE and ODT) of the register(s) on the DIMM 
when both inputs are high. When both S[0:1] are high, all register outputs (except CKE, ODT and 
Chip select) remain in the previous state. For modules supporting 4 ranks, S[2:3] operate similarly 
to S[0:1] for a second set of register outputs. 

ODT[1:0] IN Active High On-Die Termination control signals 

RAS, 
CAS, WE 

IN Active Low 
When sampled at the positive rising edge of the clock, CAS, RAS, and WE define the operation to 
be executed by the SDRAM. 

VREF 

VDDQ 

Supply 

Supply 

Reference voltage for SSTL1 8 inputs 

Isolated power supply for the DDR2 SDRAM output buffers to provide improved noise immunity 

BA[2:0] IN Selects which S DRAM bank of four or eight is activated. 

A[15:11, 
1OIAP,9:0] 

IN 

During a Bank Activate command cycle, Address defines the row address. 
During a Read or Write command cycle, Address defines the column address. In addition to the col-

umn address, AP is used to invoke autoprecharge operation at the end of the burst read or write 
cycle. If AP is high, autoprecharge is selected and BAO, BA1, BA2 defines the bank to be pre-
charged. If AR is low, autoprecharge is disabled. During a Precharge command cycle, AR is used in 
conjunction with BAO, BA1 ,BA2 to control which bank(s) to precharge. If AP is high, all banks will be 
precharged regardless of the state of BAG or BA1 or BA2. If AP is low, BAO and BA1 and BA2 are 
used to define which bank to precharge. 

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

DM[8:0] 

I/O 

IN Active High 

Data and Check Bit Input/Output pins 

Masks write data when high, issued concurrently with input data. 

VDD, V5 Supply Power and ground for the DDR2 SDRAM input buffers and core logic. 

DQS[1 7:0] I/O Positive Edge Positive line of the differential data strobe for input and output data. 

DQS[17:0] 

SA[2:0] 

SDA 

I/O 

IN 

I/O 

Negative Edge Negative line of the differential data strobe for input and output data. 

These signals are tied at the system planar to either V 8 or VDDSPD to configure the serial SPD 

EEPROM address range. 

This bidirectional pin is used to transfer data into or out of the SPD EEPROM. A resistor must be 
connected from the SDA bus line to VDDSPD on the system planar to act as a pullup. 

SCL IN 
This signal is used to clock data into and out of the SPD EEPROM. A resistor may be connected 

from the SCL bus time to VDDSPD on the system planar to act as a pullup. 

VDDSPD Supply 
Serial EEPROM positive power supply (wired to a separate power pin at the connector which sup-
ports from 1.7 Volt to 3.6 Volt (nominal 1.8 Volt, 2.5 Volt and 3.3 Volt) operation. 

RESET IN 
The RESET pin is connected to the RST pin on the register and to the OE pin on the PLL. When 
low, all register outputs will be driven low and the PLL clocks to the DRAMs and register(s) will be 
set to low level (the PLL will remain synchronized with the input clock) 

Par— In IN Parity bit for the Address and Control bus. ("1 ": Odd, "0 ": Even) 

Err—Out OUT Parity error found in the Address and Control bus 

TEST Used by memory bus analysis tools (unused on memory DlMMs) 
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JEDEC internal use only 

Architecture DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

DDR2 240-pin 01MM Pinout 

Pin 

2 

3 

4 

Front 
Side 

Pin 
# 

Back Pin 
Side 

Front 
Side 

Pin Back Pin 
Side f# 

Front 
Side 

Pin 
# 

Back 11 Pin 
Side I # 

Front 
Side 

Pin Back 
Side 

VREF 

Vss 

DQO 

001 

121 

122 

123 

124 

Vss 31 

DQ4 32 

005 33 

vs5 34 

0019 

Vss 

0024 

0025 

151 

152 

153 

154 

Vss 1 61 

0028 62 

DQ29 1 63 

vs5 64 

A4 

VDDQ 

A2 

V00 

181 

182 

183 

184 

V000 : 91 

A3 192 

Al /93 

V00 94 

Vss 

DQS5 

DQS5 

vs5 

211 

212 

213 

214 

DM5100514 

NC, DQSI4 

Vss 

0046 

5 Vss 125 DMO/DQS9 1 35 Vss 155 

6 DOSO 126 NC, DQS9 36 DQS3 156 

7 

8 

DQSO 

vss 

9 002 

127 

128 

Vss 
37 

DQ6 38 

DQS3 

vs8 

157 

158 

129 D07 39 0026 159 

DM3/DQS12 

NC, D0S12 65 

Vs3 1.66 

0030 67 

0031 68 

KEY 195 0042 215 0047 

Vss 185 CKO 1.96 0043 216 Vss 

Vss 

VDD 

186 

187 

CKO 

VDD 198 

Vss 

D048 

217 

218 

0052 

D053 

NC, Par In 188 AO D049 219 "as 

10 003 130 Vss 40 0027 160 Vss 

11 vss 131 0012 1. 41 Vss 161 

12 

13 

14 

008 

D09 

Vss 

132 

133 

134 

0013 42 

Vss   
43 

DM I/DQS10 44 

CBO 

CB1 

Vss 

162 

163 

164 

69 

CR4 70 

CB5 71 

Vss )72 

0M8/DQS17 73 

VDD 189 VDD 100 Vss 220 RFU, S2 

A10/ AP 190 RAI 1101 SA2 221 RFU, 53 

BAO 

VDDQ 

WE 

191 

192 

193 

VDDQ 1102 

RAS 1103 

0 1104 

NC(TEST) 

Vss 

DQS6 

222 

223 

224 

Vss 

DM6/DQS15 

NC, DQSI5 

15 DQS1 135 NC, DQS10 p 45 DQS8 165 NC, DQS17 74 

75 16 

17 

18 

19 

DOS1 

Vss 

RESET 

NC 

136 

137 

138 

139 

VSS 46 

RFU 47 

RFU 1:48 

Vss 49 

DOS8 

Vss 

CB2 

CB3 

166 

167 

168 

169 

Vss 

CB6 76 

CB7 )77 

Vss 78 

CAS 194 VDDQ 105 DQS6 225 Vss 

VDDQ 

NC, Si 

NC, ODT1 

195 

196 

197 

ODTO :106 

A13, NC 1107 

VDD 

VDDQ 198 vss 

1108 

1109 

Vss 

DQSO 

D051 

Vss 

226 

227 

228 

229 

0054 

0Q55 

Vss 

DQ6O 

20 vss 140 0014 50 Vss 170 VDDQ 

21 0010 141 0015 51 VDDQ 171 

22 

23 

24 

25 

DO1 1 

Vss 

0016 

0017 

42 

143 

144 

145 

vss 52 CKEO 172 

0020 53 

0021 ,. 54 

Vss 55 

VDD 

BA2, NC 

NC,  
Err Out 

173 

174 

175 

79 

NC, CKE1 80 

VDD 81 

A15, NC , 82 

A14, NC 83 

vss 199 0036 ,,110 0056 230 0061 

VDDQ 

26 vss 146 DM2/DQS11 1 56 VDDQ 176 

84 

0032 200 0037 1111 0057 231 Vss 

D033 201 Vss )112 Vss 232 DM7/00S16 

V85 

DQS4 

DQS4 

202 

203 

204 

0M4/00S13 1113 

NC,00SI3 1,114 

Vss 

Al2 85 Vss 205 

1:115 

DQS7 

00S7 

Vss 

233 

234 

235 

INC, 00516 

Vss 

0062 

0038 1,116 0058 236 0063 

27 DOS2 147 NC, DQSII 57 All 177 

28 

29 

30 

DQS2 

Vss 

0018 

148 

149 

150 
Vss 

1; 58 

D022 1: 59 
0023 60 

A7 

VDD 

A5 

178 

179 

180 

A9 86 

VDD )87 

A8 88 

A6 89 

0034 206 0039 1117 0059 237 Vss 

D035 

Vss 

0040 

207 

208 

209 

Vss 

0044 

0045 

/118 

1. 119 

120 

V88 

SDA 

SCL 

238 

239 

240 

VDDSPD 

SAO 

SAl 

90 0041 210 Vss 

NC = No Connect; NU = Not Useable, RFU = Reserved Future Use. 

1. CK1 ,CK1 ,CK2, CK2 (pins 137,138,220,221) are for Unbuffered 01MM clock. 

Pins 137, 138 are RFU on registered DlMMs; pins 220, 221 are used for  rank RDlMMs. 

2. RESET (pin 18) is connected to both OE of the PLL and Reset of the register. 

3. The  TEST pin (pin 102) is reserved for bus analysis probes and is not connected on normal modules (DlMMs). 

4. NC/Err—Out (pin 55) and NC/Par— In (pin 68) are optional function to check address and command parity. 
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Proposed 
DDR2 SDRAM Registered DIMM Design Specification 

Block Diagram: Raw Card Version A, F, R and AC 
(x72 DIMM, populated as one physical rank of x8 DDR2 SDRAMs) 

580 
DQSO  IM  
DQSO  -All  
DMO/D089 
5 TTTi  

000 
DO  
D02-W'--1 
DQ3-N'--i 
DQ4-W'-H 

DQ7-W--

DOS1  ----------------'N'  

DM1/DQS10 -'N'-
DOS1O 

0082 
DQS2 
DM2/DOS 11 DQS ll 

DM/ NU/  FSDQSDQS 
RODS RDQS 
/00 
I/al DO 
1/02 
/03 

I/O 4 
I/O 5 

I/O 6 
I/O 7 

D08 -N'--
D09 -'N'--
0010 -N'--
D011 -,N'-
DQ 12-W.--
DQ13,y_ 
D014. 
DQ15-'--

DM/ NU/  CS DOS Dos 
RDQS RDOS 
/00 

/01 Dl 
/02 
/03 
/04 
/05 
/06 
/07 

DM/ NUI RDQ RDOS 65 DOS DOS 
DQ16—N'— /00 

0017 -'N'-- /01 D2 
0018 -'N'- /02 
DQ19-,N'- /03 
D020-W- /04 
DO21 -'N- /05 
0022 A5 /06 
D023 — 'N'-- /07  

DQS3  'N— 

DQS3  'N'- - 
DM3/DOS 12 
DQS12  ------'N'---------

D024 
D025 
0026 

0027 
0028 
0029 
0030 
0031 

DOSS 

DOSS 
DMS/DQS17 -_,,--
DOS 17 

SO' 
BAO-BA2 ** -'N-
AO-A15" -5 
RAS 
CAS Q' 

WE 
CKEO ----------' 
ODTO  

RESET 

DM1 NU/  65DOSbQ 
RDQS RDQS 
/00 

/01 D3 
/02 
/03 
/04 

/05 
/06 

/07 

DM/ NU1  CSOOSDQS 
CBO _4V• RDOS RDOS 

1/00 
CB1 -'N'-il/ol DO 
CB2 -'N-i 1/02 
CB3 -N'--1 I/O 
CB4-'N--i 1/04 
CB5 -VV,-j. 1/05 
CB6_'N I/OS 
CB7-'N'--I 1/07 

1:1 
R 
E 

S 
T 
E 
R 

RST 

PCK7 PCK7—   

Revision 3.91 

DQS4 'N -

DQS4 . ---------- N'--
DM4100513 
50-S 13 

DM/O NU/  65 DOS DOS 
RDS RDOS 

0032-'N'-- /00 
D033 -'N- /01 
0034-N'- /02 
D035-N'- /03 
D036-W- /04 
DQ37-,A - /05 
0038 —,N'— /06 
0039-sN- /07 

04 

DOS5 —'N'--
DQS5   
DM5/DQS14 
DQSI4 D 

RMD/QS 65L 55 DOS 865 
RDOS 

0040 --'Al-I 1/00 
DQ41 'A5-1 1/01 05 
D042 -N-1 1/02 
D043 -.N'-i 1/03 
DO44 -'N-- 1/04 
0045 -'N-I 1/05 
DQ46s, I/OS 

0047-,NH 1/07 

DOSS 
DOSS 

Dca15 
DM/ NU/ CSDOSDOS 
RDQS RODS 

0048 /00 
D049 /01 

D050 -. /02 
D051 /03 
D052 /04 
D053 /05 
0054 -sN'- /06 
D055 /07 

DOS7 - ----'N'-
DOS7 
DM7/D0516 —SN'--
DQS16 

D056 
D057 
DOSS 
D059 
0060 
D061 -. 
D062 
D063 

06 

DM/ NUt  6500S65Si 
RDQS RDQS 
/00 
/01 07 
/02 
/03 
/04 
/05 
/06 
/07 

JEDEC internal use only 

Architecture 

VDDSPD   

VDD/ 
V000   

VREF 

VS5   

SCL 

I 

I 

Serial PD 

WP AO Al Aj 

1. SO SI S2 

Serial PD 

DO-D8 

T DO-D8 

SDA 

Notes: 

1. DO-to-I/O wiring may be changed within a byte. 
2. Unless otherwise noted, resistor values are 22 Ohms ± 5%. 

— RSO -> CS: SDRAMs DO-D8 
— RBAO-RBA2 -> BAO-BA2: SDRAMs DO-DO 
-  RAO-RA15-> AO-A15: SDRAMs DO-DO'" 

'R-R--AS -> RAS: SDRAMs DO-D8 
-  RCAS -> CAS: SDRAMs DO-D8 
-  RWE -> WE: SDRAMs DO-08 

RCKEO -> CKE: SDRAMs DO-D8 
-  RODTO -> ODTO: SDRAMs DO-D8 RESET 

Signals for Address and Command Parity Function (Raw Card F, R and AC 

Vss- CO Register 

VSS - Cl 

PAR IN -'N1- PAR-IN PPO 

lOOK ohrss4  QERR  Err Out 

The resistors on Par in,A13,A14,A15,BA2 and 

the signal line of Err Out refer to the section: 
"Register Options for Unused Address inputs" 

CKO 

OE 

— PCKO-PCK6,PCK8,PCK9-> CK: SDRAMs DO-08 

- PCKO-PCK6,PCKO,PCK9-> OK: SDRAMs DO-DO 

PCK7 -> 0K: Register 

- PCK7 -> OK: Register 

* SO connects to DCS and VDD connects to CSR on the register. Sl,CKE1 and ODT1 are NC 

"A13-15,BA2 have the optional pull down resistors(100K ohms), which is not indicated here. 

For Raw Card Rand AC, post register A14, A15 and BA2 are not connected to the SDRAMs. 
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JEDEC internal use only 
Architecture DDR2 SDRAM Registered DIMM Design Specification 

Block Diagram: Raw Card Version B, G and T 
(x72 DIMM, populated as two physical ranks of x8 DDR2 SDRAMs) 

Proposed 

RSI 
RSO 
DQso  --------'A  

DMO/DQS9 -N' DQS9 

DOSI 
DOS1 
DM1100610 
ocsio 

00S2 
!DQS2 
DM2100511 
DQS11 

DM/ NUI  CSDOSD 
I/DOS I/DOS 

DOO -'N--1 /00 
DO1-'AHI/Ql DO 
D02-'N-i /02 
D03 1103 
D04-,A"--i 1/04 
D05 -'NH I/O 5 
DQ6__ 1/06 
D07 --'NH I/O 7  

DOS 
D09 
DO1O-
Doll 
D012 
DO1 
0014 
DO1 

 -'N  

:is   DOS DOS 
- I/O 0 
- 1/01 D9 
- I/O 2 
- I/O 3 
- 1/04 
- I/O 5 
-- I/O 6 

DM1 NU/  FS_DQSDQS 11 
I/DOS RDOS 
I/O 0 
1/01 DI 
I/O 2 
I/O 3 
I/O 4 
I/O 5 
I/O 6 
I/O 7 

1107 

 53 DOS 853 I/DOS I/DOS 
I/O 0 

H 1/01 DIO 
1/02 
1/03 
b 1/04 
- I/O 5 
1/06 
1/07 

D016 -- 
D017 - 'N- 
0018 -'N- 
D019 -'N---
D020 __ 
0021 -_ 
DO22,, 
0023-'N-

DOS3 'N  
0053   
DM3/DOS 12 
DOS 12 

DM/ N 
I/DOS 
/00 
/01 
/02 
/03 
/04 
/05 
/06 
/07 

+ 

02 

s5381 fTD-5CS DOS DOS 

H ia 
H I/O 1 
H I/O 2 

/03 
H 1/04 

I/O 5 
I/O 6 

t--  I/O 7 

Dli 

DM1 NW  
I/DOS RDOS 35 DOS SOS 

D024 -'N'-I/O 0 
0025 -'N--i I/O I 03 -- I/O 1 012 
DO26-.N. 1/02 - 1/02 
D027 1/0 1/03 - 1/03 
DQ28_,1 1/04 - 1/04 
0029 --w--' I/O 5 - I/O 5 
0030 _s-.1/06   - I/O 6 
D031 -NH /07   /07 

00S8  'N  
DOS8 'N-  -  
DM8/DOS 17 — N'------
00617 DM/ NU/  

RDOS I/DOS 55 DOS DOS 
CBO-,A/'- /00 -- 1/00 
CBI-'N- /01 08 - 1/01 017 
CB2-.N'--- /02 1/02 
CB3-.N'-- /03 1103 
C04 -'N_ /04 -1/04 
CB5-.- /05 -1/05 
CB6_,M_ /06 -1/06 
CB7-'N--- /07 -- 1/07 

DM/ NU/ 35 DOS SOS 
I/DOS /t55 

RDQSRDOS CS DQS8O 

0054 
DOS4 
DM4/DOS 13   
D0513 

DM1 MU/  53 DOS DOS 
RDQS RDOS 

D032 I/O 0 
0033 I/O 1 
D034 - 1/02 
0035 - I/O 3 
0036 1/04 
0037 I/O 5 
0038 I/O 6 
0039 I/O 7  

DOSS  
DQS5 —'N--  
DM5/DOSI4 —'N'--- 
D0314 

04 
I-

Li 

1-

I-

DM/ NU/  
I/DOS I/DOS 53 DOS DOS 
I/O 0 
I/O I 
I/O 2 
I/O 3 
1/04 
I/O 5 
I/O 6 
I/O 7 

013 

DO4O - 'N-
DO4I -,N--

0042 -'N---

0043 -'N-
0044 s 
D045 
0046 
0047 -'N--

DOS6  
00S6 
DM6/00615 ----'N--
D0515 

D048 
0049 
0050 
0051 
0052 
0053 
0054_ 
DOSS 

NUI RDQS 5500s855 Roos 5CS Dos DQS 

/00 1100 
/01 05 H/Ol 014 
/02 -)I/02 
/03 -11103 
/04 -- I/04 
/05 -lI/CS 
/06 11106 
/07 -h/07 

D0S7 --
DOS7 
DM7/D0516   
D0816 

D056 
Oct57 
0058 
0059 
0060 
D061 
D062 
0063 

Serial PD 

 CS DOS DOS JC   DhV L CS DOS DOS 

/00 -h/Co 
/01 06 H 1/01 015 
/02 H 1/02 
/03 - 1/03 
/04 H 1/04 
/05 H I/OS 
/06 )- 1/06 
/07LI/Q7  

SCL_H 
WP AO Al A2  

-=.- S0 SAl SA2 

DM/ i/UI  53 DOS DOS 
I/DOS I/DOS 
/00 
/01 07 
/02 
/03 
/04 
/05 
/06 
/07 

VDDSPD  

VDD/VDDO 

VREF 

VS5   

DM/ NU/  
RDOS I/DOS CS DOS DOS 
/00 
/01 016 
/02 
/03 
/04 
105 
/06 
/07 

Serial PD 

00 017 

00-0 17 

00-017 

CKO — PCKO-PCKG,PCK8,PCK9-> CK: SDRAMs 00-017 

CKO PCKD-PCK6,PCK8,PCK9-> CK: SDRAMs 00-017 

PCK7 -> CK: Register 
RESET---OE ---- PCK7 -> CK: Register 

Signals for Address and Command Parity Function (Raw Card 0, 1)1 

SO  VSO -> CS: SDRAMs DO-DO VSS --CO Register A VDDHCO Register B 
-- - - s- RS1 -3 CS: SDRAMs 09-017 VDD-C1 VDD---C1 
BAO-BA2 "' if RBAO-RBA2 -> BAO-BA2: SDRAMs DO-017 PAR IN PAR IN PPO PAR IN PPO 
AOAi5*** H- RAORAi5>AOA15:SDRAMs DOD17**** - - - -  E 0 
RAS G H RRAS -> RAS: SDRAMs 00-017 100K 05r,,oQERR . .ERR....rr Out . 

CAS H- RCAS -> CAS: SDRAMs DOD1 7 For R/C T, 0 ohm resistor is placed at the end of Err Out  just before 
WE T RWE -> WE: SDRAMs 00-017 the edge connector and is not populated for the non-parity card. 

E :: The resistors on Par.jn,A13,A14,A15,BA2 and the signal line of Err Out refer 
ODTO k— RODTO -> ODTO: SDRAMs 00-08 to the section: "Register Options for Unused Address inputs" 
ODT1 RODTI -> ODTI: SDRAMs 09-017 Notes: 1. 00-to-I/O wiring may be changed within a byte. 

RESET** ** RST 2. Unless otherwise noted, resistor values are 22 Ohms ± 5%. 
PCK7 -  3. VSO and PSI alternate between the back and front aides of the DIMM. 

SO connects to DCS and SI connects to CSR on a Register. SI connects to DCS and SO connects to CSR on another Register. 
** RESET, PCK7 and PCK7 connect to both Registers. Other signals connect to one of two Registers. 

AI3-15, BA2 have the optional pull down resistors(IOOK ohms), which is not indicated here. 
*0*0 For Raw Card T, post register A14, A15 and BA2 are not connected to the SDRAMs. 
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Proposed 
DDR2 SDRAM Registered DIMM Design Specification 

Block Diagram: Raw Card Version C, H, U and V 
(x72 DIMM Populated as one physical rank of x4 DDR2 SDRAMs) 

vss 
RSO 

DOSO -W -

So -   

D00-,M-
DQ1 -W---
DQ2 -'N-
D03-vy-

DM CS DOS DOS 

I/O 0 
/01 DO 
I/O 2 
/03 

DOS1 5i -w-4 _,S-

008 
D09 -N'--
0010 -,N--
0011  

DM 

00 
01 
102 
03 

CS DOS DOS 

DI 

DOS2 - N'-------4  

0082 

0016  too 
DQ17 -: 1 l01 D2 
0018 -Ati 102 
0019 -N'--1 03 
0083 -,N--
DQS3 

CS DOS DOS 

DM 

0024 -,N'---
3025 -'NH 
0026 -A--i 
0027 -.-i 

DQS4 --'N---------
0084 - 

I/O 0 
I/O I 
I/O 2 
I/O 3 

CS DOS DQS 

D3 

1 
0032 -W'-
0033 - A --

0034 -W'-
0035 - W'--

DQS5 -'N  
DQS5 --'N'-

0040 
0041 
0042 
0043 

DM 

I/O 0 
I/al 
I/O 2 
I/O 3 

CS DOS DOS 

D4 

1DM 

1/00 
I/O I 

-'N---1 1/02 
-'N'-- 1/03 

DOSS -,N'--

0086 
1DM 

0048 1/00 
0049 -'NH I/O 1 
0050 -N' 1/02 
0051 -'NH 1/03 
DOS 7-N'--
00S7'N - 

1DM 

0056 - 'N'- 1/00 
D057 -N'-- I/O I 

0058 --'N--i 1/02 
0059 ---'N-f 1/03 
0088 - -'N'-
0088 -   

CS DOS DOS 

D5 

CS DOS DOS 

D6 

CS DOS DOS 

07 

IPM 

CBO-,N'--I 1/00 
C1 -N'--i 1/01 
CB2 -NH 1/02 
CB3-N--j 1/03 

CS DOS DOS 

DO 

— il:2 
SO *  ---------'N--1 R 
BAO,BA2***,'N_ E 

-'N'--1 G 
RAS  
CAS — 

WE ----------'NH T 

E 
OD TO R 

RESET**  

PCK7** PCK7  

DOSS -'N---
DOSS -'N-- 

D04-N--- 
DQ5-'N-- 
D06 -W -

D07-N--- 

DM CS DOS DOS 

I/O 0 
1/01 09 
I/O 2 
I/O 3 

DOS  

DQS10-N---j 
[DM DO DOS DOS 

DO 12-
DO 13-
DO 14-
DO 15-

I/O 0 
1/01 1310 
I/O 2 
I/O 3 

00811 - N'---4  

DOS 11 
DM 

D020 -'N--
D021 --'N--
D022 --'N'-
D023 -,N'-

DOS  I2 -'N----
00512 

CS DOS DOS 

I/O 0 
1/01 DII 
I/O 2 
I/O 3 

0028 -'N-
0029 -'N--
D030 -,N'-
0031 -NH 

DOS 13-.,N'----
00313 --'N'- 

D 

1/0 0 
1/01 
I/O 2 
I/O 3 

CS DOS DOS 

012 

D036 -'N-
D037 -N'--
0038 -'N'-
DQ39 -'N'-

DQS14 
00814 — 

DM 

I/O 0 
1/01 
I/O 2 
I/O 3 

CS DOS DOS 

D13 

0044 -'N-
D045 - 'N-
0046 --'N'-
0047 - 'N'--

DOS 15-N--
DQS15 -'N'— 

D052 - -'N'--
D053 --'N'-
D054 -'N'--
DOSS -'N--
DOS 16-W'  
56S 16 'N   

DM CS DOS DOS 

I/O 0 
1/01 1314 
I/O 2 
I/O 3 

DM 

I/O 0 
1/01 
I/O 2 
I/O 3 

-H 
CS DOS DOS 

015 

0060 - 'N--
DOG1 -'N--
0062 -'N--
D063 _/v-

DOS 17 

00817 - 
DM 

DM 

I/O 0 
1/01 
I/O 2 
I/O 3 

CS DOS DOS 

016 

CS DOS DOS 

CB4-,N- 1/00 
CB5-,N- 1/01 D17 
CBS-N- 1/02 
CB7-N- 1/03 

RSO -> CS: SDRAMs DO-017 
-  RBAO-RBA2 -> BAO-BA2: SDRAMs DO-D17 
- RAO-RAI5-> AO-A15: SDRAMs DO-017 

RRAS -> RAS: SDRAMs 00-017 
- RCAS -> CAS: SDRAMs DO-D17 

RWE -> WE: SDRAMs DO-D17 
- RCKEO -> CKE: SDRAMs DO-017 
-  RODTO -> ODTO: SDRAMs DO-D17 

JEDEC internal use only 

Architecture 

SeriSI PD  

SCL-*. SDA 

WP AO Al A21 

-1-- so Si S12 

VDDSPD  

VDDNDDQ 

VREF - 

V5s - 

CKO 

CKO 

RESET 

Serial PD 

00-017 

fDO-D17 

L- PCKO-PCK6,PCK8,PCKO 
L -> CK: SDRAMs DO-D17 

L PCKO-PCK6,PCK8,PCK9 

OE 
p- PCK7 -> CK: Register 

I -> CK: SDRAMs DO-D17 

i- PCK7 -> CK: Register 

Notes: 
1. DO-to-I/O wiring may be changed within a nibble. 
2. Unless otherwise noted, resistor values are 22 Ohms ± 5% 

SO connects to DCS of Register A and CSR of Register B. 
CSR of Register A and DCS of Register B connects to VDD. 

** RESET, PCK7 and PCK7 connect to both Registers. Other 
signals connect to one of two Registers. 

Raw Card V has only one register. 

A13-15, BA2 have the optional pull down resistors 
(lOOK ohms), which is not indicated here. 

For Raw Card U and V, post register AI4, A15 and BA2 
are not connected to the SDRAMs. 

For R/CV, SI, CKEI and ODTI are routed to the register. 

SI has a pullup resistor. CKE and ODT do not have pullup 
or pulldown. 

The resistors on Par In,A13,A14,A15,BA2 and 

the signal line of Err _Out refer to the section: 
"Register Options for Unused Address inputs" 

Signals for Address and Command Parity Function (Raw Card V) 

\ISS-1CO Register 
Vss 

PAR- IN -w !PAR PPO 

lOOK ohrr,s I QERR  Err-Out 

Signals for Address and Command Parity Function (Raw Card H, U) 

Par In 

Vss-CO RegisterA VDD-CO RegisterB 

PAR-IN PPO  

VDD- Cl VDD- Cl 

PAR-IN PPO 

lOOK ohr,,4  QERR QERR-Err Out 

For R/C U, 0 ohm resistor is placed at the end of Err Out just before 

the edge connector and is not populated for the non-parity card. 
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JEDEC internal use only 

Architecture DDR2 SDRAM Registered DIMM Design Specification 

Block Diagram: Raw Card Version D and Y 
(x72 DIMM, populated as two physical ranks of x4 stacked DDR2 SDRAMs) 

Proposed 

vSS 
RSO 
RS1 

RSO 

RS1 DQS2 

DQS2 

DOSS —W--
DOSO 

DOS - W'--
001 -,N'-
D02 -----

D03 ---,/-
0031 
0051 

DOS - W'--

D09 - N'-
DO1O - SM— 
D011 --M— 

DM CS DOS DOS 
I/O 0 
/01 Dl 
I/O 2 
I/O 3 

D016 
0017 
DO1S 
DOIQ 

DQS3 
DQS3 

D024 
0025 
D026 
D027 

DOSS 
DQS8 

CS/I 
CBI 
CB2 
CB3 

RSO 

RS1 DQS4 ---N'  

DQS4 

DM CS DOS DOS 
/00 
/01 D18 
/02 
/03 

DM CS DOS DOS 
1/0 C) 

- 1101 019 H 1/02 
H 1/03 

DM CS DOS DOS 
I/O 0 
I/O I D21 
I/O 2 
I/O 3 

DM CS DOS DOS 
100 
101 DO 
102 
I/O 3 

DM CS DOS DOS 
1/00 

-#H 101 D2 
-W- I'02 

103 

11 DM CS DOS DOS! 
-N- /00 

1/01 03 
- 'M --i I/O 2 
•---W --- 1/03 

D032 
0033 
D034 
0035 

DOS5 
0055 

0040 
DO41 
D042 
D043 

RSO 

RS1 DOS6 

DOSS 

0048 
D049 
DOS/I 
0051 
DOS7 
DQST 

0056 
D057 
DOSS 
0059 

S- -- ---- ... 

BAO-BA2 
AO-A15 

RAS  

CAS 
WE 
CKEO 

CKEI 
ODTO 
ODTI 
ESET** ... -

PCK7** PCK7 

- 

--

DM CS DOS DOS 
I/O 0 
1/01 08 
I/O 2 
I/O 3 

DM CS DOS DOS, 
I/O 0 
1/01 
I/O 2 
I/O 3 

OM CS DOS DOS 
/00 
/01 D20 
1102 
I/O 3 

DM CS DOS DOS 
1/00 
I/O 1 
1/02 
1/03 

D26 

 --H---- -

DM CS DOS DOS 
I/O 0 
I/O 1 022 
1/02 
I/O 3 

-----
DM CS DOS D( 

1/00 • 
101 135 

1/03 

DM CS DOS DOS DM CS DOS DOS 
100 /00 
101 D6 /01 D24 
102 1/02 
1/03 1/03 

B - 
DM CS DOS DOS! DM CS DOS DOS 
1/00 1/00 
1/01 07 /01 025 
1/02 1/02 
1/03  1/03 

BSO -> CS: SDRAMs DO-D17 
RS1 -> CS: SDRAMS D18-D35 
RBAO-RBA2 -> BAO-BA2: SDRAMs DO-035 * 

RAO-RA15-> AO-A15: SDRAMs DO-035 

RRAS -> RAS; SDRAMs DO-035 
RCAS - CAS: SDRAMs 00-035 

RWE -, WE; SDRAMs DO-D35 
RCKEO -> CKE: SDRAMs 00-017 
RCKEI - CKE: SDRAMs D18-D35 
RODTO -' ODTO: SDRAMs 00-017 
ROOTI -> ODTI: SDRAMs D18-035 

DOS9 

DQSS 

DO4 —W-
D05 
DOS -vV-
D07 ------

003 10 
DQSIO 

D012 
D013 
DQI4 
D015 

00511 
DOSII ----

DM CS DOS DOS 
00 
01 09 
102 
I/O 3 

DM CS 005 DOS 
110 0 
/01 010 
1/02 
03 

DM CS DOS DOS DM CS DOS 50—S-
1/00 

I/01 D29 
I/O 2 
I/O 3 

D020 100 
DO21 1,0 1 DII 
0022 102 
D023 03 

DOS12 
DOSI2 --

CM CS DOS 00s 
D028 -N'-4 I/O 0 
D029 - t'-H 1/01 012 
DOS/I -W'-- I/O 2 
DQ31 -WH 1/03 

00S17 --W'---

D0S17 DM CS DOS DOS 

CB4 - vV LOU 
CB5 ----N'--iIOi 017 

----- 102 
CB7 1VH 103 

00313   
DOS 13 

D036 
D037 
0038 
D039 

D0514  

00S14 

D044 
D045 
D046 
D047 

DM CS DOS DOS 
I/O 0 
I/O I 035 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 013 
I/O 2 
I/O 3 

DM CS DOS DOSI 
1100 
1/01 D28 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
I/O 1 030 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
I/O 1 D31 
I/O 2 
I/O 3 

DM CS DOS DOS DM CS DOS DOS 
I/O 0 I/O 0 
101 014 101 D32 
1/02 02 
I/j/03 

DC CS DOS DOS 
IOU 
101 015 
102 
I/O 3 

00515 
DQS1S 

D052 
D053 
0054 
DOSS 

D0816 

D0516 

DOSO 
D061 
D052 --
D063 

DM CS DOS DOS 
I/O 0 
1/01 016 
I/O 2 
I/O 3 

DM CS DOS DOS 
-H I/O 0 
--H I/O 1 034 
I I/O 2 

--H 1/03 

Serial PD 

SCL_-.I 

Iwpo Al A  

LSAO 5k1 S!eO 

VDDSPD Serial PD 

VDD/VDDO 1" DO 035 

VREF 

V33 

CKO 

CKO 

RESET 'OE 

P 
L 

L 

00-035 

00-035 

PCKO-PCK6,PCKS,PCK9 

-> CK: SDRAMs 00-035 

-_ PCKO-PCK6,PCK8,PCK9 
-> CK: SDRAMs DO-035 

- PCK7 - CK: Register 

- PCK7 -> CK: Register 

Signals for Address and Command 

Parity Function 

Par In 

100K ohrns 

r 

Register 

PARIN 

PTYERRI- oohr* 

Reg ister  -w---Err _Out, 

PARIN   

PTYERR 

O ohm resistor on Err Out is no 

populated for non-parity card. 

The resistors on Par_In,A13,A14,A15,BA2 and 

the signal line of Err Out refer to the Section: 

"Register Options for Unused Address inputs" 

Signals for Address and Command 

Parity Function (Raw Card Y) 

PAR IN - 

lOOK ohms 

Register 

PAR IN 

QERR— Err Out 

Note: 
1. DO-to-I/O wiring may be changed within a nibble, 

2. Unless otherwise noted, resistor values are 22 Ohms ± 5%. 

3. RSO and RS1 alternate between the bottom and surface sides of the 

DIMM. 

Raw Card Y has only one register 

SO connects to DCSO and Si connects to DCS1 on both Registers. 

** RESET, PCK7 and PCK7 connect to two Registers. 

Other signals connect to two Registers. 

A13-15, BA2 have the optional pull down resistors(100K ohms), which is not indicated here. 

For Raw Card Y, post register A14, A15 and BA2 are not connected to the SDRAMs. 
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Proposed 

CM CS DOS DOS 
i/O 0 
1/01 D3 
i/O 2 
i/O 3 

kO VY •j 

E —H 
CKEO  

CKEI — NH 
ODTO —'NH 
ODT1 — 'Nl 

JEDEC internal use only 

Architecture DDR2 SDRAM Registered DIMM Design Specification 

Block Diagram: Raw Card Version E 
(x72 DIMM, populated as two physical ranks of x4 stacked DDR2 SDRAMs) 

vss 
RSO  

RSI DOSO 

RSO 

RSI DQS4 

DOSO 

DOO 
DO1 
702 
DQ3 

0051 

DQS1 

008 
009 
DO1O 
Doll 
DQS2 
0082 

D016 
0017 
0018 
D019 

0053 
D083 

0024 
0025 
0026 
0027 

00S8 
DQS8 

COO 
CB1 
CB2 
CB3 

DQS4 

0032 
0033 
0034 
0035 

DQS5 
DQS5 

0040 
0041 
D042 
0043 

DQS6 
DQS6 

0048 
D049 
0050 
0051 
DQS7 
DQS7 

0056 
0057 
0058 
0059 

* •-------N'--i 12 
sl* 

BAO-BA2 
AOA15***_H E 

RAS 

S 
T 

E 
R 

RESET**  !RST  
PCK7** PCK7 

CM CS DQS DQS 
i/O 0 
1/01 DO 
I/O 2 
i/O 3 

CM CS DOS DOS 
i/O 0 
I/al Dl 
i/O 2 
I/O 3 

CM CS DOS DOS 
i/O 0 
1/01 D2 
i/O 2 
i/O 3 

DM CS DOS DOS 
I/O 0 
1/01 D8 
I/O 2 
I/O 3 

DM CS DOS DOS 
i/O 0 
1/01 04 
I/O 2 
I/O 3 

DM 58 DOS 
i/O 0 
/01 
/02 
i/O 3 

D18 

DM CS DOS DOS 

i/O 0 
10 I  D19 
i/O 2 
I/O 3 

--- DM CCSS DOS DOS 

i/O 0 
I/Cl D20 
I/O 2 
i/O 3 

DM CS DOS DOS 

-  
Il/al D21 
)i/02 

-j 

CM CS DOS DOS 
i/O 0 
1/01 D26 
i/O 2 
03 

1DMCS DOS DOS, 
I/O 0 
1/0 1 022 
1/02 
1/03 

DMCS Dos Dos DM CS DOS DOS 
1/00 :1/00 
I/O 1 05 l I/O 1 023 
/02 1/02 
1/03 1/03 

CM CS DOS DOS 
i/O 0 
1/01 D6 
i/O 2 
I/O 3 

CM CS DOS DOS 
I/O 0 
1/01 07 
I/O 2 
i/O 3 

DM CS DOS DQS 
100 
/ Hj 1/01 D24 
i/O 2 
1/03 

DM CS DOS DOS 
1/00 
1/01 D25 

11/02 
1/03 

DOSS 

DQS9 

004 
005 
D06 
D07 

00510 -M----
DQS1O 

—w   
DM CS DOS DOS 
1100 
101 09 
102 
hO 3 

0020 
D021 
0022 
0023 

DQS12 
00512 

0028 
0029 
3030 
0031 

00S17 

D0S17 

CB4 
CB5 
C66 
CB7 

00813 
DOSI3 

0036 
D037 
0038 
0039 
00814 

00514 rs 
0044 '/VH 1/00 
0045 'J'tH 110 1 014 
0046 'NHj /02 
0047 --NH 1/03 

00515 
DOS1S 

1 DM CS DOS DOS, 

D052, 1/00 
DQ53' 1/01 015 
0054 '1 1/02 

1/03 

00S16 

00S16 DMCS Dos Dos 
0060 .N 1/00 
DOSI -'Nj-- I/O 1 016 
0062 —w— 1/02 
0063 --N- I/O 3  

[DM58 DOS 56V 
itoo 
101 D27 
1.02 
1/03 

CM CS DOS DOS 
I/O 0 
1/01 010 
i/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 028 
i/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 Dli 
i/O 2 
I/O 3 

1 DMCS DOS DOS 
1/00 

,1/0I D29 
1/02 
i/O 3 

DM CS DOS DOS 
I/O 0 
1/01 012 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 017 
I/O 2 
i/O 3 

---
DM CS DOS DOS 
100 
101 013 
i/O 2 
I/O 3 

  RSO -> CS: SDRAMs 00-017 
RS1 -> CS: SDRAMs 018-035 

  RBAO-RBA2 -, BAO-BA2: SDRAMs 00-035 
RAO-RA15-> AO-A15: SDRAMs 00-035 
RRAS -> RAS: SDRAMs DO-D35 

  RCAS -> CAS: SDRAMs 130-035 
RWE -> WE: SDRAMs 00-035 
RCKEO -> CKE: SDRAMs 00-017 

— RCKEI -> CKE: SDRAMs 018-D35 
RODTO -> ODTO: SDRAMs 00-017 

— RODTI ->0011: SDRAMs 018-035 2. Unless otherwise noted, resistor values are 22 Ohms ± 5%. 

DM CS DOS DOS 
1/00 
I/O 1 030 

i/02 i/O 3 

DM 
I/O 0 
I/O 1 D35 
i/O 2 
i/O 3 

CS DOS DOS 

DM CS DOS DOS 
i/O 0 
i/al D31 
i/O 2 
i/O 3 

DM CS DOS DOS 
i/O 0 
1/0 1 032 
i/O 2 
i/O 3 

DM CS DOS DOS 
i/O 0 
1/0 1 D33 
i/O 2 
i/O 3 

DM CS DOS DOS 
I/O 0 
I/O 1 034 
I/O 2 
i/O 3 

Serial PD 

SCL 

5/FAQ Al A2 

SAO Sl S.2 

VDDSPD  

VDD/VDDQ 

VREF   

vSS 

CKO 

CKO 

I  

Serial PD 

-1- DO 035 

RESET-

P 
L 

L 

Os 

00-035 

T  00-035 

- PCKO-PCK6,PCK8,PCKS 
-> OK: SDRAMs 00-035 

- PCKO-PCK6,PCK8,PCK9 
-> CK: SDRAMs DO-D35 

- PCK7 -> CK: Register 

PCK7 -> CK: Register 

Signals for Address and Command 
Parity Function 

Par In 

1004 shire 

VSS— 
VDD 

Co Register Al 
Cl 
PAR-IN PPO -

QERR 

VDD— 
VDD— 

VSS 
VOD— 

CO Register B1 

Cl 
PAR-IN PPO 

QERRH   
-Err-Out 

CO Register A2' 

Cl 
PAR IN PPOi-

QERR 

VDD---
VDD 

co Register B2' 

Cl 
PAR IN PPO 

0ERR-

Register Al and A2 share the a part of 
Addr/Cmd input signal set. 
Register Bl and 02 share the rest part of 
Addr/Cmd input signal set. 

The resistors on Par _In,A13,A14,A15,BA2 and 

the signal line of Err _Out refer to the section: 
Register Options for Unused Address inputs' 

Note: 
1. DO-to-I/O wiring may be changed within a nibble. 

3. RSO and RSI alternate between the bottom and surface sides of the DIMM. 

* 5o connects to DCS and Si connects to CSR on a pair of Registers. Sl connects to DCS and SO connects to CSR on another pair of Registers. 

** RESET, PCK7 and PCK7 connect to all Registers. Other signals connect to one pair of four Registers. 

A13-15, BA2 have the optional pull down resistors(iOOK ohms), which is not indicated here. 
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JEDEC internal use only 

Architecture DDR2 SDRAM Registered DIMM Design Specification 

Block Diagram: Raw Card Version J and AA 
(x72 DIMM, populated as two physical ranks of x4 planar DDR2 SDRAMs) 

vSS  
RSO  

DQSO 

RSO 
aol 

DOSO 

DOD 
DO1 
D02 
DQ3 

DOSI 
DQSI 

DOS 
D09 
DQ1O 
D011 
DQS2 
DQS2 

D016 
D017 
DQ18 
DQI9 

DQS3 
DQS3 

D024 
D025 
DQ26 
D027 

DQS8 
DQS8 

040 
CB1 
CB2 
043 

DOS4 
DQS4 

D032 
D033 
D034 
D035 

DOS5 
DOSS 

D040 
DO41 
0042 
D043 

DOSS 
DOSS 

D048 
D049 
D050 
D051 

DOS? 
DOS? 

D056 
D057 
DOS8 
D059 

DO 

1-2 
s1* - 

BAO-BA2 
A0A15*** -'ITJ E 

RAS -'NH G 

WE -'I-H S 
CKEO T 
CKEI E 
ODTO R 
ODTI -1'-H 

RESET** PCK7**PCK7** IRST 

DM Cs DOS DOS 
00 
:0 1 DO 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 Dl 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
110  D2 
I/O 2 
I/O 3 

DM CS DOS D 
I/O 0 
1/01 D3 
I/O 2 
I/O 3 

S 

DM CS DOS DOS 
I/O 0 
101 08 
1/02 
I/O 3 

DM CS DOS DOS 
I/O 0 
I/O I 
I/O 2 
I/O 

DM CS DOS DOS 
I/O 0 
/01 018 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 019 
I/O 2 
I/O 3 

DM CS DOS DOS' 
I/O 0 
I/O 1 020 
I/O 2 
I/O 3 

DM CS DOS DOS 
1/00 

jI/01 021 
I/O 2 
I/O 3 

DM CS DOS DO 
I/O 0 
I/O I 022 
I/O 2 
1/03 

DM CS DOS DOS 
I/O 0 
I/O 1 D23 
I/O 2 
I/O 3 

1 DM CS DOS DOS 
I/O 0 
I/O I D24 

-H I/O 2 
I/O 3 

DM CS DOS 
I/O 0 

D7 :1/01 
I/O 2 

  --I 1/03 

025 

DQS9 

DQS9 

D04 
DOS 
DO6 
DQ7 

DOS 10 
DOS 10 

D012 
DO13 
DQ14 
D015 
DOSiI 
DOS11 

D020 
D021 
D022 
D023 

DQSI2 
DQS12 

0028 
D029 
D030 
D031 

DOS 17 

00517 

CB4 
CB5 
CBS 
CB7 

DM CS DOS DOS 
I/O 0 
1/01 09 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 010 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 Dli 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 012 
I/O 2 
I/O 3 

DM CS DOS DOS 
100 
01 D27 
102 
103 .1 

DM CS DOS DOS 
1/00 
1/01 028 1 
I/O 2 
1/03 

DMCS DOS DO, 
1/00 
I/al 029 
11/02 
I/O 3 

DM CS DOS DOS  
I/O 0 
1/01 
I/O 2 
I/O 3 

Proposed 

Serial PD 

SCL—. --SDA 
WP AD Al A21 

SAO SAl SA2 

VDDSPD  

VDDNDDO 

VREF   

vSS   

CKO 

CKO 

030 

RESET-

-- — 
CS DOS DM1SSDQS515 

D  
1/00 1/00 
/01 017 1/01 035 
1/02 1/02 
1/03 - 1/03 

DQS13 
5-0-S13 

DO3S 
D037 
D038 
0039 

DOS 14 

DOS14 DMCSDOS Dos ] 
D044 i/O 0 
D045 -N1 1/01 D14 
DO4S - hi I/O 2 
D047 '/VH I/O 3 

DQSIS 
DOS 15 

DM CS DOS DOS 
I/O 0 
I/O I 
I/O 2 
I/O 3 

D052 
DOS3 
DOSS 
D055 

DOS 16 

DOS 16 

D060 
D061 
0062 
D063 

DM CS DOS DO 
I/O 0 
I/O 1 032 
I/O 2 
I/O 3 

DM CS DOS DOS 
1/00 
1/01 015 
I/O 2 
1/03 

DM CS DOS DOS 
I/O 0 
I/O 1 016 
I/O 2 
I/O 3 

RSO -> CS: SDRAMs DO-D17 

- RS1 -> CS: SDRAMs 018-D35 
- RBAO-RBA2 -> BAO-BA2: SDRAMs DO-035 
- RAO-RAI5-> AO-A15: SDRAMs 00-035 

— RRAS -> RAS: SDRAMs DO-035 

RCAS -> CAS: SDRAMs 00-035 
RWE -> WE: SDRAMs 00-035 

- RCKEO -> CKE: SDRAMs 00-017 , 
— RCKEI -> CKE: SDRAMs 018-D35 Note: 
- RODTO -> ODTO: SDRAMs 00-017 1. DO-to-I/O wiring may be changed within a nibble. 

— RODT1 -> ODT1: SDRAMs 018-035 2. Unless otherwise noted, resistor values are 22 Ohms ± 5%. 

3. RSO and RS1 alternate between the bottom and surface sides of the DIMM. 

DM CS DOS DOS 
I/O 0 
I/O 1 031 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
I/O 1 033 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 D34 
I/O 2 
I/O 3 

P 

L 

L 

06 

I  

Serial PD 

00 035 

00-035 

00-035 

PCKO-PCK6,PCK8,PCK9 

- OK: SDRAMs 00-035 

PCKO-PCK6,PCK8,PCK9 
- CK: SDRAMs 00-035 

- PCK7 -> CK: Register 

- PCK7 -> OK: Register 

Signals for Address and Command 

Parity Function 

Par In 

lOOK slims 

Vas-CO Register Al 

VDD_CI 

 PAR_IN PPO-

QERR 

VDD-
VDD----

CO Register Bi' 

Cl 

PAR- IN PPO 

QERR - 

Vss — CO Register A' 
VOD Cl 

 PAR JN PPO 

QERR  

VDD-CO Register B2 

VDD_C1 

 PAR IN PPO 

QERR-

-Err-Out : 

Register Al and P2 share the a part of 

Addr/Cmd input signal set. 

Register Bl and 82 share the rest part of 

Addr/Cmd input signal set. 

The resistors on Par _In,A13,A14,A15,BA2 and 

the signal line of Err Out refer to the section: 

"Register Options for Unused Address inputs" 

* SO connects to DCS and SI connects to CSR on a pair of Registers. SI connects to DCS and SO connects to CSR on another pair of Registers. 

** RESET, PCK7 and PCK7 connect to all Registers. Other signals connect to one pair of four Registers. 

A13-15, BA2 have the optional pull down resistors(100K ohms), which is not indicated here. 
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Proposed 
JEDEC internal use only 

Architecture DDR2 SDRAM Registered DIMM Design Specification 

B 
(x72 DIMM, populated as two physical ranks of x4 stacked DDR2 SDRAMs) 

vSS 
RSO 

RSI DOSO - N 

DOSO 

000 
001 
002 
003 

DOS1 

DQSI 

008 
D09 
0010 
Do  

DQS2 

DQS2 

Dole 
D017 
0018 
0019 

DQS3 

DQS3 

0024 
0025 
0026 
0027 

DQS8 
00S8 

ceo 
CB1 
CB2 
CB3 

RSO  

RSI DQS4 

DM CS DOS DOS 

I/O 0 
101 00 
02 

I/O 3 

DM CS DOS DQS 
'00 

'/01 D18 
I/O 2 
I/O 3 

DM 09 DOS l5QS I! 
I/O 0 
1/01 Dl 
I/O 2 
I/O 3 

DM 05 DOS 505 

I/O 0 
110  019 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 D2 
I/O 2 
I/O 3 

--N--
--N— 

DM CS DOS DQS 

I/O 0 
1/01 
I/O 2 
I/O 3 

DM CS DOS DOS 

I/O 0 
I/O 1 D20 
I/O 2 
I/O 3 

--N—  == 
DM CS DOS DOS 

-'NH 1/00 
--N--i I/O 1 D8 
-N-i 1/02 
-NH 1/03 

DM CS DOS DOS 

I/O 0 
I/O 1 026 
I/O 2 
103 

DOS9 _T   
5US-9 I -   

DM CS DOS DOS DMCS DOS DOS 
DO4 -'N- lao 1,00 

DO5 -N-- 101 09 1 101 027 
DOS 'N— 1/02 H 102 
007 - 'N-- 1/03 - 1,03 

DOS1O 
DOS1O 

D020 
D021 
0022 
D023 

00812 -'N---
00812 

DM CS DOS t'OS 

I/O 0 
1/01 DIO 
I/O 2 
I/O 3 

DM 05 DOS 555 

I/O 0 
I/O 1 D28 
I/O 2 
I/O 3 

-- - 
DM CS DOS DOS DM CS DOS DOS 

1/00 1/00 
1/01 Dli 1/01 D29 
1/02 1/02 
1/03 1/03 

0028 
0029 
D030 
0Q31 

DM CS DOS DQS 

I/O 0 
1/01 D12 
I/O 2 
I/O 3 

00817 -'N------------
l7 'N   

DM CS 
I/O 0 
I/O 1 
I/O 2 
I/O 3 

DOS DOS 

030 

- ------
-  

CB4 
C85 

-'N - 

CB7 ­N-
— 

DM CS DOS DOS 

I/O 0 
1/01 017 
I/O 2 
I/O 3 

DM CS DOS DOS! 

D35 
I/O 0 
I/O 1 
I/O 2 
I/O 3 

DQS4 

0032 
0033 
0034 
0035 

DQS5 
D055 

0040 
0041 
0042 
0043 

DQS6 
DOS6 

0045 
0049 
0050 
D051 

DQS7 
DQS7 

0056 
0057 
DOSS 
D059 

DM CS DOS DOS 
I/O 0 
1/01 D4 
I/O 2 
103   

DM CS DOS DOS 

I/O 0 
I/O 1 D22 
I/O 2 
I/O 3 

DM CS DOS DOS DM CS DOS DOS 
1/00 1/00 
1/01 D5 .1/01 D23 
1/02 1/02 
/03 - 1/03 
— — 
----

DMCS DOS DOS DM CS_ DOS DOS 

1/00 - 11/00 
I/al D6 -11/01 D24 
1/02 1/02 
1/03  1/03 

DM CS DOS DOS 
I/O 0 
1/01 07 
I/O 2 
I/O 3 

•io * 

S1*______,NH 1.2 
BAO-BA2 ***w*1 
AOAl5*** —WH E 
RA-S — NH G 
CAS 

S 

CKEO  IV-

, T 

CKEI —N-- E 
ODTO R 
OOT1  ' 

RESET**   PCK7 PCK7**   

DM CS DOS DOS 

H 1/o0 
1/01 025 
I/O 2 

11/03  

DOS 13 

DOS13 DM CS DOS DOS 

0036 NH 1/00 
D037 101 D13 
DQ3S _N-1 102 
D039 N-' 1/03 

MOM 00814 

DOS 14 

0044 
0045 
D046 
D047 - 

00515 

00815 DM CS DOS DOS 

D052 -N-j I/O 0 
0053 'NI 1/01 D15 
0054 -N' I/O 2 
D055 VV'1 I/O 3 

DA CS DOS DOS 
I/O 0 
1/01 031 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 014 
I/O 2 
I/O 3 

'MM_ 
CS DOS DOS 

I/O 0 
I/O 1 032 
I/O 2 
I/O 3 

00816 

DOSI6 rbs D QS DOS 
0060-NH 1/00 
D061 'A'i 1/01 D16 H 
D062 - ,A'.. 1/02 H 
0063 NH /03  

- --
DM CS DOS DOS 

I/O 0 
I/O 1 033 
I/O 2 
I/O 3 

— RSO -> CS; SDRAMs DO-D17 
— IRS  -> CS; SDRAMs D18-D35 
- RBAO-RBA2 -> BAO-BA2: SDRAMs 00-035 

RAO-RA15-> AO-A15: SDRAMs DO-035 
- RRAS -> RAS: SDRAMs 00-035 
—  RCAS -> CAS; SDRAMs DO-D35 
—  RWE -> WE; SDRAMs 00-035 

RCKEO -> CKE; SDRAMs 00-017 
— RCKEI -> CKE; SDRAMs 018-035 
—  RODTO -> ODTO; SDRAMs DO-017 

RODT1 ->0071; SDRAMs D18-D35 

DM CS DOS DOS 
I/O 0 
I/O 1 034 
I/O 2 
I/O 3 

SCL-

Serial PD 

WPAO Al A21 

SAO  Si2 

VDDSPD  

VDDN000 

VREF   

VS8 - 

CKO — 

CKO — 

RESET-

! SeriaIPD 

 -r 00-035 

00-035 
DO-035 

P — PCKO-PCK6,PCK8,PCK9 
L 
L 

OE 

-> CK: SDRAMs 00-035 

- PCKO-PCK6,PCK8,PCK9 
-> CK: SDRAMs 00-035 

PCK7 -> CK; Register 

- PCK7 -> CK; Register 

Signals for Address and Command 

Parity Function 

PAR _lN-

lOOK '-

Register 

PAERIN 
PTYERRH 00Cm 

Register 

PARIN 
PTYERR 

-'N--Err Out 

0 ohm resistor on Err Out is not 
populated for non-parity card. 

The resistors on Par n,A13,A14,A15,BA2 and 

the signal line of Err-Out refer to the section: 
"Register Options for Unused Address inputs" 

Note: 
1. DO-to-I/O wiring may be changed within a nibble. 

2. Unless otherwise noted, resistor values are 22 Ohms ± 5%. 
3. RSO and RSI alternate between the bottom and surface sides of the DIMM. 

* SO connects to DCSO and Si connects to DCS1 on both Registers. 
** RESET, PCK7 and PCK7 connect to all Registers.Other signals connect to two Registers. 

A13-15, BA2 have the optional pull down resistors(iOOK ohms), which is not indicated here. 
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Proposed 
JEDEC internal use only 

Architecture DDR2 SDRAM Registered DIMM Design Specification 

B 
(x72 DIMM, populated as two physical ranks of x4 planar DDR2 SDRAMs) 

vss 
RSO 

RS1 DQSO 

DOSO 

000 
001 
002 
003 

DQS1 

DOS  

530 
RSI 

DQS4 -'N'--
0084 

008 
DOS 
0010 
0011 

DQS2 

DOS2 

- 'A°---- ---
- N'--- ---l-----'---------

DM CS DOS DOS I 
-N-4. too 

-'N--Hal DO 
-'NH 102 

I/O 3 

DM CS DOS DOS 
I/O 0 
/01 016 
/02 
I/O 3 

--
DM CS DOS DOS 

I/O 0 
1/01 Dl 
I/O 2 
I/O 3 

— M — 
DM OS DOS DOS 

I/O 0 
1/01 D19 
I/O 2 
I/O 3 I 

--
DM CS DOS DOS 

/01 D2 

0016 
0017 
D018 1/02 
0019 1/03 

DQS3 

DQS3 
DM CS DOS DOS 

0024 -'NH 1/o0 
0025 -NH 1/01 D3 

-'N 0026 '--H/02 
0027 -'N--4 1/03 
DQS8 
DQS8 

CBO 
CBI 
CB2 
CB3 

-U 

. 
on 

DM CS DOS DOS 

I/O 0 
I/O 1 D20 
I/O 2 
I/O 3 

-U 
DM CS DOS DOS 

I/O 0 
1/01 021 
I/O 2 
I/O 3 
— 
- 

DMCSDOSDOS j DMCS Dos DOS 
/00 :1/00 
1/01 D8 1/01 026 
1/02 -1 1/02 
103  1/03  

DQS9 

DOSS 

004 
D05 
DOG 
007 

DOS 10 
DOS 10 

-N'— 

DM CS DOS DOS 
-'NH 1,00 

101 
-'N-i 102 
---'N'-- 1/03 

09 

DM CS DOS DOS 
100 
101 027 
102 
I/O 3 

0012 - 'N---
0013 -'N'--
DQ14 -'N'---
0015 -N'-
00811 
Dos 'l 

DM CS DOS DOS 
0020 - 'N--i I/O 0 
0021 -N'--j 1/0 I Dli 
D022 - N -i I/O 2 
0023-N--i 1/03 

D0512 - 'N----
DQSI2 N'  — 

DM CS DOS DOS 

0028 - W'-- 1/00  
D029 -'N'--' 1/01 D12 
DQ3O -'NI 1/02 
0031-'NHI/03 H 

00817 _N—] -LT  
DM GS DOS DOS DMCSDOSDOS 

DM CS DOS DOS 
I/O 0 
1/01 
I/O 2 
I/O 3 

010 

- 

I 
DM CS DOS DOS 

i/O 0 
I/O 1 028 
I/O 2 
I/O 3 
- --
DM CS DOS DOS 

I/O 0 
I/O I D29 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
I/O I D30 
I/O 2 
I/O 3 

CB4 -'NH 1/00 
cB5 —'N'- /01 D17 
CB6 'Nj 1/02 
CB7 '°°'H 1/03  

I 0 
I/O/O I D35 
I/O 2 
I/O 3 

DM CS DOS DOS I 
0032 -'N--1 I/O 0 
0033 ---'NHioi D4 
0034 -'NH 102 
0035 — 'N-fli I/O 3 

0055 
DOS5 --... 

0040 
0041 
0042 
0043 

0056 
0086 

DM CS DOS DOS DM CS DOS DOS 

0048 - 'N--i I/O 0 I/O 0 
0049 -'N--i I/O 1 06 I/O 1 024 
0050 -'N'-j I/O 2 I/O 2 
0051 -AP-1, 1/03 1/03  

P27 --Hr-------4---
DOS7 -'N----4---i---l----  ---4------

DM CS DOS DOS DM CS DOS DOS 
0056 -'N- 1/00 1/00 
0057 -'N'- I/O 1 07 110 1 025 
0055 - 'N--i 1/02 H 1/02 
0059 -NH 1/03 H  1/03  

DM CS DOS DOS 
I/O 0 
I/O 1 022 
I/O 2 
I/O 3 

- 
DM CS DOS DOS DM CS DOS DOS 

1100 05 1/00 
I/O 1 023 

/02 1/02 
1/03 • 1/03 
--

_U_ 

* 

BAO-BA2 ** 
AO-A15 
RAS 
CAS 
WE 
CKEO— -oh 

CKE1 
ODTO 
ODTI  

RESET** 
PCK7** PCK7 

DOSI3 

DQS13 

DQ36 
D037 
0038 
0039 

DQS14 - N'-----

DOS 14 

0044 
0045 
0046 
0047 
DOSI5 

DOS 15 

DM CS DOS DOS 

I/O 0 
01 013 

I/O 2 
103 

Serial PD 

SCL-S k-.-SDA 
WP AO  Al A2l 

 SAG 6l SI\2 

VDDSPD Serial PD 

VDDN000 I DO 035 

VREF DO-035 

vSS 31L DO-035 

CKO—I P 
IL 
L 

CKO 

RESET- OE 

— PCKO-PCK6,PCK8,PCK9 
-> CK: SDRAMs DO-D35 

— PCKO-PCK6,PCK8,PCK9 
- CK: SDRAMs 00-035 

-- PCK7 -> CK: Register 

- PCK7 -> CK: Register 

Signals for Address and Command 

Parity Function 

______ Per In — 
DM CS DOS DOS lI lOOK oh 
1/00 
1/01 031 i 
1/02 
I/O 3 

DM CS DOS DOS 

I/O 0 
1/01 014 
I/O 2 
I/O 3 

DM CS DOS DOS 

0052 I/O 0 
D053 -- I/O 1 015 
0054 I/O 2 
DOSS I/O 3   
D0S16'N' 

DMCSDOSDQS DMCS Dos Dos 

DM CS DOS DOS 

-11/00 
11/01 032 

I/O 2 
-11/03  The resistors on Par In,A13,A14,A15,8A2 and 

-  the signal line of Err Out refer to the section: 
I DM  Dos DOS I 
1/00 "Register Options for Unused Address inputs" 

H1/01 033 I 
I/O 2 

-411/03 

Register 

PARJN 

PTYERRj-

Register 

PAR IN 

PTYERR 

O ohm resistor on Err Out is not 
populated for non-parity card. 

Err Out 

0060 I/O 0 
0061 I/O 1 
D062 I/O 2 
0063 I/O 3 

-_ RSO -> CS: SDRAMs 00-017 
1.2 H KS-1 ->CS: SDRAMs D18-D35 
H RBAO-RBA2 -> BAO-BA2: SDRAMs 00-035 
— RAO-RA1S-> AO-A15: SDRAMs 00-035 

RRAS -> RAS: SDRAMs 00-035 
ff RCAS -> CAS: SDRAMs 00-035 

RWE -> WE: SDRAMs 00-035 
H-- RCKEO -> CKE: SDRAMs DO-017 

RCKE1 -> CKE: SDRAMs 018-035 Note: - 
41— RODTO -> ODTO: SDRAMs DO-D17 1. DQ-to-I/O wiring may be changed within a nibble. 
H RODT1 -> ODTI: SDRAMs 018-035 2. Unless otherwise noted, resistor values are 22 Ohms ± 5%. 

3. RSO and RS1 alternate between the bottom and surface sides of the DIMM. 

R 
E 
0 

S 
T 
E 
R 

RST 

016 
I/O 0 
601 034 
I/O 2 
I/O 3 

* O connects to DCS and 1 connects to on a pair of Registers, 1 connects to DCS and O connects to on another pair of Registers. 

** RESET. PCK7 and PCK7 connect to all Registers. Other signals connect to one pair of four Registers. 

A14-15, BA2 have the optional pull down resiotors(IOOK ohms), which is not indicated here. 
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Proposed 
JEDEC internal use only 

Architecture DDR2 SDRAM Registered DIMM Design Specification 

(x72 DIMM, populated as four ranks using 2-high stacked x4 DDR2 SDRAMs) 

ROOTS 

RCKEO 

RS1 

RSO 
220 

DOSO 

DOSS 

DOS-U 

RODT1 

RCKE1 

RS3 

RS2 

DOS uicoww - F-
0000 

DOS 0000 

DO3-0 
DM DO 

DOS1 - DOS 

DOS1 

Doll-S 

DOS2 

DQS2 

DO 19-i 

DQS3 

DQS3 

D027-24 D03-0 

DM 

DOSS 

DOS8 

CB3-O 

ROOTS 

RCKEO 

RS1   

RSO 

DOS 
DO3-0 

DM 

(UuiWLtJ 

0000 

Di 

DOS iliu --- 
00UiO 

DOS 0000 

D03-0 D2 

DM 

DOS ,iEüj 

DOS 0000 

DO3-U 

DM 
Di8 

DOS O5cnUiw-

DOS 0000 

003-U 
DM Di9 

DOS 5iiüi-
00OO 

DOS 0000 

003-U D2U 
DM 

a_- a_- c_- I  
DOS uicnww--- DOS uiuiww-I-

0000    l0O0O 
DOS 0000 DOS 0000 

  003-U 
D3 021 

  DM 

DOS 

DOS 

D03-0 

DM 

o '- 0 '-0 
(I) CO W Lii 
00iOO   

0000 

D8 

DQ54 

DOS4 

D035-32 

DOS5 

DOSS 

0043-40 

DOSS 

DOSS 

D051-48 

DOS7 

DOS7 

D059-55 

o 0'- 0 
DOS coco- ww--- 

00iiiOlO 
DOS 0000 

D03-O 

DM D26 

ROOTI 

RCKE1 

RS3  

RS2 

220 
S0,2 -

S1,3 
BAO-BA2 
AO-A15 
RAS 
CAS 
WE 
CKEO IN, 
CKE1 
QOTO 
ODTI 

RESET 

DOS Oiói3Jiu-

DOS 0000 

DO3-O DO 
DM 

1:2 
R 
E 

S 
T 

E 
R 

RST 

PCK7 PCK7---

¶  
DOS uioiw0 w-
  00 00 
DOS 0000 

DOS-U D22 

DM 

-0--a--
DOS icnuiwuj---
DOS 0000 

003-0 023 

DM 

DOS iRnEiu 0 - 
  0 00 
DOS 0000 

DOS S D24 

DM 

I I I I  
0-0-- 0 

DOS coceww- - - 
  00 LU LU 0 0 
DOS 0000 

D03-O D25 
DM 

ROOTS 

RCKEO 

RSI   

RSO  

DOS9 

DOSS 

D07-4 

RODTI 

RCKE1 

RS3   

RS2   

-It- DOS 
-k-- DOS 
-*- 003-S 

DM 

COCOLJJUuI -
OOLULUUIO   

0000 

DO 

DOSIU _NL 

DOS1O _WL 

DOl5-i2--

DOSII 

DOS11 

D023-2U 003-S Dli 

I I I  

DOS uicoww-  

DOS 0000 

D03-O 

OM 
DiO 

D0512 

DOS12 DOS 

0031-28 003-S 

DM 

  LLLJL1 
- c -- c '-- 

DOS Co C/) W LU I- -.   
— IOOLU00 LUOD 
DOS 00, 

DM 

DOS 

DOSIT 

DOS17 
C97-4 

RODTU 
RCKEO 

RSI   

RSS   

0--a'-- 
COCO - WUJ 

0000 

012 

DOS 

DOS 

D03-O 

DM 

i/iCOUjW-- 
OOLULUOO 

0000; 

D17 

i-i 

DOS 
  OOLULUOO 
DOS 0000 

003-0 
DM D27 

U  

LJLLL 

DOS uicoww - -
  OOLULUOO 
DOS 0000 

D03-O D28 
DM 

I I I  
-0'- 0 DOS cooioww-- 

OOLULUOO 
DOS 0000 

DO3-0 

DM 
D29 

_LL_LL_LJ_ 
o '- 0'- 0- 

DOS uicnww-- 
ooLULUUIO 

DOS 0000 

DO3-O D3U 
DM 

1r-TY -r-T  
-a--a.--

DOS uicoww --- 
— OQLULUOO 
DOS 0000 

D03-O 

DM 
D35 

RODTI 

RCKE1 

RS3  

R52   

D0513 -#-
DOS13 -p--
D039-36 -p-

- C - C - 

DOS wuiwuii-- 
— 
DOS 0000 

DO3-O Dl3 

DM 

IlLII t 

DOSI4 -41- DOS 2b w 
lob LU LU ID 0 

DOS14 -41- DOS () 0 0 0 

D047-44 -41- 003-0 D14 

DM 

D0515 ---

DQSI5 --
DO55-52-

c 

I I I I  
--  

DOS wui 0wwi-- 
  QOLULUIDID 
DOS 0000 

D03-O Di5 

DM 

D0516 --&-  DOS 
cc 

D0016 -41-1i5?fS O0LULU 

DO63-6U -* D03-0 

DM 

RSO -> CSO: SDRAMs DO-D17, RS2 - CSO: SDRAMs D18-D35 

RS-1 -> CS1: SDRAMs DO-D17, RS3 -> CS1: SDRAMs D18-D35 
RBAO-RBA1 -> BAO-BA1: SDRAMs DO-D35 
RAO-RA13-> AO-A1 3: SDRAMs DO-D35 
RRAS -> RAS: SDRAMs DO-D35 
RCAS -> CAS: SDRAMs DO-D35 
RWE -, WE: SORAMS DO-D35 
RCKEO -> CKEO-1: SDRAMs DO-D17 
RCKE1 -> CKEO-1: SDRAMs D18-D35 
RODTO -> ODTI: SDRAMs DO-017 
RODTI -> 0DT1: SDRAMs D18-D35 

CKO 
CKO 

RESET-----

016 

00 
PAR _IN -41 

100 KO 

DOS 

DOS 
D03-O 

OM 

C/iCOWW 
OOLULUOID 

0000 

D31 

I I I I I I 

DOS LO(OWW-I-

DOS 0000 

003-U D32 

DM 

I I I I I I 

DOS cocnww -i-

DOS 0000 

003-U 

DM 
D33 

- cc '-0-- 
DOS YO)cow-t-

OOLULUIDID 
DOS 0000 

003-0 D34 
DM 

Regster  
H 

Regster 
PARR PTYERR 

SCL--

P7 PCK7 -> OK: Register 

L HPCK7 -> CK: Register 
L PCKO-PCK6,PCK8,PCK9-' CK: SDRAMs DO-D35 

OE— PCKO-PCK6,PCK8,PCKS-> OK: SDRAMs DO-D35 ----

V-ERR-OUT 

Serial PD 

We AS 
k--SoA 

A2 

— SAO 

Al  

S1 8A2 

* so connects to DCSD, Si to DCS1 on the first register, 32 connects to DCSO, 53 to DCS1 on the second register. 
S2 and S3 have required pull up resistors (lOOK ohms), not indicated here. 

***A1315 BA2 have optional pull down resistors (lOOK ohms), not indicated here. 
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Proposed 
JEDEC internal use only 

Architecture DDR2 SDRAM Registered DIMM Design Specification 

Block Diagram: Raw Card Version N 
(x72 DIMM, populated as four ranks of non-stacked x8 DDR2 SDRAMs) 

Serial PD 
ROOTS 
RCKEO 

RSO  
220 

DOSS 

DQSD 

D07-O 

DM0 

Dosi 

0015-S 

DM1 

I'Q' UI 00S2 DOS 
0 

DQS2 DOS 

0025-16 007-0 
D2 

DM2 DM 

DOS 

DOS 

DOT-S 

DM 

RSI 

R0DT1 
RCKE1 

RS2  iL  
UI UI 

SOS 0 v 0 

SOS 

507-0 018 

SM 

U 
. 

---I--- 
DOSS DOS U os 

0 0 
56§3 MS DOS 

0036-24 DO7-0 j DO7-0 012 
DM3 DM Si 

0068 DOS SOS I 
(11 o! 0 0 

DQS8 DOS 558- 

CB7-O D07-0 - 007-0 
DM8 - DM 04 D13 

SOS 

DOS 

007-0 

DM 

SOS 

SOS 

507-0 

SM 

a w I-
0 0 0 

0 0_ 0 0 

007-0 

DM 
019 

SOS 

SOS 

507-0 020 

DM 

Di 
:4 0 
0 0 

D28 

_DQS ] 
0 

D07-0 029 

- tIM 

0054 - DOS 

DQS4 DOS 0 

0039-32 - DOT-S 

DM4 DM 
05 

Ow DOSS DOS 
0 DOSS DOS 

0047-40 D07-0 
OS 

DM5 

DOSS 

DQS6 

0055-4 

DM6 --

DOS? 

DOS? 

0093-

DM7 

60, 52 * 
Si, 63 * 

BAO-BA2 
AO-Al 5*** 

RAS 
CAS 
WE 
CKEO 
CKE1 
ODTO 
ODT1  

RESET** 
PCK7** PCK7 

DM 

22 Q 

1:2 
R 
E 

S 
T 
E 
R 

ST 

0 

SOS Jul LU QS 
0 0 

507-0 

DM 
021 

DOS 

- DOS 

- 007-0 

- SM 

500 
0 

007-0 
DM 014 

DM 

U) ID DOS U) 0 14DOS 0 
0 0 

007-0 022 
DM 

SOS 
0 0 

007-0 

DM 
023 

0 

030 

is w 

D31 

0 

1  
I-
a 
0 

—DOS ] 0 
0 0 

- 007-0 

- DM 

SOS 

SOT-0 024 

DM 

032 

_000 10 Y 
0 DOS 0 0 

- 007-0 

- tIM 
D33 

L_J  I  
F- 

DOS 1 _DOS j' Q' UII) 0 
0 O_DOS 0 0 

S07-0 025 -_ 007-0 

DM 
034 

SOS r° -0 DOS 0 14 0— 0 :4 
0 0 5Q_S 5QS 0 

007 0 - 007-0 
026 035 

DM —SM 

RSO -> CS: SDRAMs DO-D8, RS2 -> CS: SDRAMs 018-026 
RS1 -> CS: SDRAMs 09-D17, RS3 -> CS: SDRAMs 027-D35 
RBAO-RBA2 -> BAO-BA2: SDRAMs DO-D35 
RAO-RA15-> AO-A15: SDRAMs DO-D35 
RRAS -> RAS: SDRAMs DO-D35 
ECAS -> CAS: SDRAMs DO-D35 
RWE -> WE: SDRAMs DO-035 
RCKEO -> CKE: SDRAMs DO-D17 
RCKE1 -> CKE: SDRAMs 018-D35 
RODTO -> ODTO: SDRAMs DO-D8 
ROOT1 -> ODTI: SDRAMs D18-026 

SCL 

WP AD Al 

sAo SAl SA2 

VDDSPD  

VDD/VDDQ 

VREF 

vSS 

CKO 

CKO 

RESET HOE 

P 
L 
L 

SDA 

------SeriaI PD 

DO-D35 

r DO-D35 
DO-D35 

PCKO-PCK6.PCK8.PCK9 
-> CK: SDRAMs DO-D35 

PCKO-PCKS,PCK6,PCK9 
- CK: SDRAMs DO-D35 

- PCK7 -> CK: Register 

PCK7 -> CK: Register 

Signals for Address and Command 
Parity Function 

Par In 

100K ehr,e 

Vss—JCO Register Al 
VDD—C1 
 PAR—IN PPO 

QERR 

Von—CO Register BI 
IVDD -H Cl 
 PAR IN PPO 

Vss --- ICO RegisterA2 
VDD—C1 

PAR IN PPO 

QERR 

Von— 
Von— 

co Register B2 
Cl 
PAR—IN PPO 

QERR 

—Err Out 

Register Al and A2 share the a part of 
Addr/Cmd input signal set. 
Register BI and B2 share the rest part of 
Addr/Cmd input signal set. 

The resistors on Par_ln,A13,A14,A15,BA2 and 

the signal line of Err Out refer to the section: 
"Register Options for Unused Address inputs" 

* SO (S2) connects to DCSO, Sl (S3) to DCS1 on a Register A. SI (S3) connects to DCS and SO (S2) connects to CSR on another pair of Register. 
** RESET, PCK7 and PCK7 connect to all Registers. Other signals connect to two of four Registers. 

A13-15, BA2 have the optional pull down resistors(100K ohms), which is not indicated here. 
* S2 and S3 have required pull up resistors (lOOK ohms), not indicated here. 
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Proposed 
JEDEC internal use only 

Architecture DDR2 SDRAM Registered DIMM Design Specification 

Block Diagram: Raw Card Version P 
(x72 DIMM, populated as two physical ranks of x4 stacked DDR2 SDRAMs) 

vsS 
RSO 

RS1 DQSO 

DQSO 

000 
001 
0012 
DOS 
DOSI 

DOSI 

DM Cs DOS DOS 
I/O 0 
101 00 
02 

I/O 3 

DM CS DOS 0 
I/O 0 
/01 018 
I/O 2 
I/O 3 

008 -'N'-- 
009 - 'N--i 
0010 -'NH 
0011 

DQS2 

DQS2 

DM CS DOS DOS 
I/O 0 
1/01 Dl 
I/O 2 
I/O 3 

DM CS DOS DOS 

I/O 0 
1/01 019 
I/O 2 
I/O 3 

DM CS DOS DOS 
0016 -W-H 1/00 
0017 -'N-f 1/01 02 
0015 - N --i 1/02 
3019 -.N- I/OS 

DM CS DOS DOS 

1  /0 0 
/01 020 
I/O 2  
I/O 3 

DOSS 

0059 

004 
005 
006 
007 

Dos lo 
DOS io -'N— 

DM CS DOS DOS 
0Q12 -'N-j 1/00 
0013 -'AH 1/01 010 
0014 'Mj 1/02 
0015 -W-- 1/03 
DOS1I 
00511 —'N— 

DM CS DOS DOS DM CS DOS DOS 
100 1/00 

101 09 •I/01 D27 
102 . 1/02 
1/03 1/03 

ME W E 

- 

01,1 CS DOS DOS 

I/O 0 
I/O 1 028 
i/02 
/O 3 
- 

0020 
D021 
DQ22 
0023 

DQS3 — — DOSI2 

0053 — 00S12 

0024 
0025 
0026 
0027 

DQS8 
DQS8 

CBO 
CB1 
CB2 
C93 

RSO  

RS1 DQS4 

DQS4 

DM CS DOS DOS 
1/00 
I/al 03 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
1/01 021 
I/O 2 
I/O 3 

— 
DM CS DOS DOS 
I/O 0 
1/01 D8 
I/O 2 
03 

DM CS DOS DOS 

I/O 0 
I/O I D26 
102 
03 

D028 
0029 
0030 
0031 

00817 

00S17 

C94 
C85 
CBS 
CB7 

DM CS DOS DOS 

I/O 0 
1/01 Dli 
I/O 2 
I/O 3 
--
--

us 
I 

DM CS DOS DOS 

I/O 0 
I/O 1 D29 
I/O 2 
I/O 3 

DM CS DOS DOS 
1/00 
I/O 1 D12 
I/O 2 
I/O 3 

DM CS DOS DOS 
I/O 0 
I/O 1 030 
I/O 2 
I/O 3 

DM USE Do S 5M68 Dos 50S 

1/00 1/00 
I/O 1 Di7 I/O 1 035 
1/02 1/02 
I/O 3 1/03 

--
DM CS DOS DOS 

0032 I/O 0 
D033 I/O 1 D4 
D034 I/O 2 
0035 I/O 3 

0055 
DQS5 -Vt-- IM -  - 

DMCS Dos Dos 1 
D040 ---'N 1/00 
0041 --'N--i I/O I 
0042 - v 1/02 
D043 -'NH 1/03 
DOSS 
DOSS 

0048 
0049 
0050 
0051 

DQS7 
DQS7 

0056 
0057 
0058 
0059 

- 

D5 

DM CS DOS 

I/O 0 
I/O I D22 
I/O 2 
I/O 3 

WE 
DM CS DOS DOS 
I/O 0 
I/O I D23 
I/O 2 
I/O 3 

DOS 

— 
- 

DM CS DOS DOS DM CS DOS DOS 
1/00 1/00 
I/O 1 D6 I/O 1 024 
1/02 1/02 
1/03 - 1/03 

------

DM5S DOS DOIDMS DOS DOS 
1/00 1/00 

1/01 07 . 1/01 025 
1/02 1/02 
1/03 1/03 

SOW 
1.2 

BAO-BA2 
AO-A15" 
RAS G 
CAS 
WE W$ S 

CKEO T 
CKEI E 
ODTO R 
ODTI  

RESET"  RST 
PCKTW*PCK7 -  

00513 N 
00813    - 

DM CS DOS DOS 

D036 --'Ni 1,00 
0037N'1101 D13 
3038 'N"i 102 
0039 'N 103 

00514 

00514 

0044 
0045 
0046 
D047 

DQS1S 
00515 

0052 
0053 
0054 
DOSS 

DQS1S DMCSDOSDOS1 

0060 4t-i I/O 0 F-
0061 N- 1/01 016 
0062 -'N'i I/O 2 
D063 /V I/O 3 

'Mm 

DM CS DOS DOS 
I/O 0 
I/O 1 031 
I/O 2 
I/O 3 

'Mm 
CS DOS DOS 

I/O 0 
1/01 D14 
I/O 2 
I/O 3 
- 
--- ---

DM CS DOS DOS DM 63 DOS DOS 

1/00 1/00 
1/01 015 1/01 033 
1/02 1/02 
1/03 1/03   

- ------ 

U 
U 

DM CS DOS DOS 
I/O 0 
I/O I 032 
I/O 2 
I/O 3 

- 

RSO -> CS: SDRAMs 00-017 
RS1 -> CS: SDRAMs 018-035 
RBAO-RBA2 -> BAO-BA2: SDRAMs 00-035 
RAO-RAI5-> AO-A15: SDRAMs 00-035 
RRAS -> RAS: SDRAMs 00-D35 Note: 
RCAS -> CAS: SDRAMs 00-035 1. DQ-to-I/0 wiring may be changed within a nibble. 

RWE -> WE: SDRAMs 00035 2. Unless otherwise noted, resistor values are 22 Ohms ± 5%. 
RCKEO -> CKE: SDRAMs 00-017  RCKE1 -> CKE: SDRAMs 018-035 3. VSO and —RS1 alternate between the bottom and surface sides of the DIM 

RODTO -> 0010: SDRAMs 00-017 
R0DT1 ->0011: SDRAMs 018-035 

DM CS DOS DOS 
I/O 0 
I/O 1 034 
I/O 2 
I/O 3 

Serial PD 

SCL 

lWPAO Al A2 

SAO SAl SA2 

SDA 

VODSPD - ----   ---- -------- _1-Serial PD 

VDDN000 •-------------  00-035 

VREF - :r DO-035 

vS8 00-035 

CKO 

CKO 

RESET-

P 
L 
L 

DE 

I-- PCKO-PCK6,PCK8,PCK9 
-> CK: SDRAMs 00-035 

H- PCKO-PCK6,PCK8,PCK9 
-> CK: SDRAMs 00-035 

b- PCK7 -> CK: Register 
PCK7 -> CK: Register 

Signals for Address and Command 
Parity Function 

PAR IN 

1504 uhms 

Register 

PAERIN  

PTYERR -i 0 d-

Register 

PARIN 
PTYERR 

-w,-Err Out 

0 ohm resistor on Err Out is not 
populated for non-parity card. 

The resistors on Parjn,A13.A14.A15.BA2 and 

the signal line of Err Out refer to the section: 
"Register Options for Unused Address inputs" 

'SO connects to DCSO and SI connects to DCS1 on both Registers. 
** RESET, PCK7 and PCK7 connect to all Registers.Other signals connect to two Registers. 

A13-15, BA2 have the optional pull down resistors(IOOK ohms), which is not indicated here. 
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JEDEC internal use only 
Architecture 

Proposed 
DDR2 SDRAM Registered DIMM Design Specification 

Block Diagram: Raw Card Version W 
(x72 DIMM, populated as two physical ranks of x4 stacked DDR2 SDRAMs) 

vss  
RSO  

RS1 DQSO 

RSO 
RS1  

DQS4 

DOSO 

000 
DQI 
002 
003 

0051 

DQS1 

008 
D09 
DQIO 
D011 

DQS2 

DOS2 

0016 
DQl7 
0018 
D019 

DQS3 

DOSS 

0024 
0Q25 
0026 
D027 

DQSS 
DQS8 

ceo 
Cal 
062 
CBS 

DM Cs DOS DOS 

1/00 
I101 00 
I/O 2 
I/O 3 

DM CS DOS DOS 

1/0 0 
1101 Di 
1102 
I/O 3 

DM CS DOS DOS 

I/O 0 
1101 02 
I/O 2 
ItO 3 

DM CS DOS DOS 
I/O 0 
1/01 03 
I/O 2 
I/O 3 

DM CS DOS DOS 

I/O 0 
/01 018 
/02 
I/O 3 

DM CS DOS DOS I 
/00 11 

/01 019 
/02 
I/O 3 

DM CS DOS DOS 
I/O 0 
I/O 1 020 
I/O 2 
I/O 3 

DM CS DOS DOS 

[too 
I/O I D21 
1/02 
I/O 3 

DMCS DOS Dos DMCS DOS DOS 

/00 -- 1/00 
110 1 D8 I/O 1 D26 
/02 1 1/02 
03  H '03 

DQS9 

DQS9 

004 
DOS 
D06 
007 

DOSIO 
DQsIO 

0012 
D013 
D014 
DQ1S 

DOSI1 
00.3 11 

DM CS DOS DOS 
100 
01 027 

I/O 2 
03 

DM CS DOS DOS 

lao 

1,01 09 
-'N--1 102 

103 

-'N— 

DM CS DOS DOS 

:/100 
/O 01 

010 
i/O 2 
i/O 3 

DM CS DOS DOS 
0020 0/1-1. 1100 
0021 -'N--i 1/01 011 
0022 -N 4. /02 
0023 - 'N--i 1/03 

DOS  12 

D0312 DM CS DOS DOS 

0028 -'NH ia 0 
0029 -.N--i 110 1 
DQ3O -'NH I/O 2 
0031 -V'--4 1/03 

00817 

00S17 DM CS DOS DOS 

CB4 1/00 
CBS 1/01 
CB6 1/02 
CB7 "Ni I/O 3 

012 

OM CS DOS DOS 

. 1/00 

I1/01 028 
I/O 2 

- 1/03 

DM CS DOS DOS 

i/O 0 
I/O 1 029 
i/O 2 
i/O 3 

DM CS DOS DOS 

i/O 0 
I/O 1 030 
i/O 2 
I/O 3 

DM CS DOS DOS 

1/00 
017 t/0l D35 

I/O 2 
1/03 

0084 
DM CS DOS DcIDM CS DOS DOS 

0032 -N-- 100 1100 

0033 -W 101 04 I/O 1 022 
0034 - 'N -1102 /02 
0035 -N--- 103 1/03 

DQS5 
DQS5 

0040 
0041 
0042 
0043 

DQS6 
DOSS 

0048 
0049 
0050 
0051 

DQS7 
DQS7 

0056 
D057 
0058 
0059 

so * 
* 

BAO-BA2 ***_'N 
AO-A15 
RAS  
CAS 
WE 
CKEO 
CKE1 
0010 
ODli 

RESET**  PCK7** PCK7** 

'N 
DM CS DOS DOSI DM CS DOS DOS 
1/00 /00 
I/O I D5 I/O 1 D23 
1/02 1/02 
1/03 - /03 
mm 
-I 
DM CS DOS DOS 
I/O 0 
1/01 D6 
1/02 
I/O 3 

_40-
DM CS DOS DOS 

I/O 0 
I/O I D24 
I/O 2 
I/O 3 
— 

-- --- 
DM CS DOS DOIDM 38 DOS 638 
1/00 I/O 0 

- .N'Hi/oi 07 1/01 025 
-'NH 1/02 1102 
­01`1 1/03 - /03 

1:2 
R 
E 

S 
T 
E 
R 

RST 

H-

H-

00813 
DQSIS 

DQS6 
D037 
DOSS 
D039 

03814 

D0814 

D044 
0045 
0046 
D047 

DOS 15 

D0515 

D052 
D053 
0054 
D055 

DOS 16 

DQSI6 

D060 
0061 
D062 
0063 

---'N-
---'N-- liii  

DM CS DOS DOS 
00 
101 013 
102 
03 

OM CS DOS DOS 

-- 1/00 
-1 I/O 1 031 
i 102 
/ .1/03 

--

DM CS DOS DOS 

110 0 
1/01 014 
i/O 2 
1103 

DM CS DOS DOS 
I/O 0 

11/01 032 
1102 
1103 

DM 77D DOS 

i/O 0 
/01 015 
1/02 
i/O 3 

OM CS DOS DOS 
'I/O 0 
.1/01 D33 
I/O 2 
I/O 3 

=-

DM CS DOS DOS DM CS DOS DOS 
1/00 1/00 The resistors on Par ln,Ai3,A14,A15,BA2 and 

1101 016 I/O 1 D34 1 the signal line of Err Out refer to the section: 
/02 1/02 
1/03 1/03 Register Options for Unused Address inputs" 

SCL-.-

Serial PD 

SDA 
WP AO Al A21 

 SAO S1 S'\2 

Serial PD 

VDDNDDQ -r DO 035 

VREF 
00-035 

Vss T L DO-D35 

CKO  P 
L 
L 

CKO 

RESET -1 OE 

PCKO-POK6,PCK8,PCK9 
-> CK: SDRAMs DO-D35 

-- PCKO-PCK6,PCK8,PCK9 
-> CK: SDRAMs 00-035 

- PCK7 -> CK: Register 

- PCK7 -> CK: Register 

RSO -> CS: SDRAMs DO-D17 
RSI -> CS: SDRAMs 018-D35 
RBAO-RBA2 -> BAO-BA2: SDRAMs DO-D35 
RAO-RA15-> AO-A15: SDRAMs 00-035 
RRAS -> RAS: SDRAMs 00-035 
RCAS -> CAS: SDRAMs DO-035 
RWE -> WE: SDRAMs 00-035 
RCKEO -> CKE: SDRAMs DO-D17 
RCKE1 -> CKE: SDRAMs 018-035 
RODTO -> 0070: SDRAMs 00-017 
RODTI -> ODTI: SDRAMS 018-035 

Vss— 

Vss— 

Par In 

lOSKohn, 

Register 1 shares part of Addr/Cmd input signal set. 
Register 2 share the other part of Addr/Cmd input signal set 

0 ohm resistor on Err-Out is not populated for non-parity Card 

Signals for Address and Command Parity Function  
ci Register 1 VDD— ci Register 2 

C2 VDD—C2   ,   

PARIN1 PPOI PARINI PTYERRlj,/,._ Err Out 
PARIN2 PPO2 PARIN2 PTYERR2 - 

Note: 
1. DO-to-I/O wiring maybe changed within a nibble. 
2. Unless otherwise noted, resistor values are 22 Ohms ± 5%. 
3. RSO and RSi alternate between the bottom and surface sides of the DIMM. 

* 0 Connects to DCS and i connects to on Register 1. 1 connects to DCS and 0 connects to on Register 2. 

** RESET, PCK7 and PCK7 connect to both Registers.Other signals connect to one of two Registers. 
A13-15, BA2 have the optional pull down resistors(IOOK ohms), which is not indicated here. 
For Raw Card W, post register Ai4, Al  are not connected to the SDRAMs. 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification Architecture 

Differential Clock Wiring CKO, CKO 

Clock Reference 

CKO>  

CKO>  

Ons (nominal) 

Reference + Z ps 

\Reference + Y PS 

120 ohms< 
±5% . 

120 ohms 
± 5% 

PLL 

OUTI 

IN 

OUTN 

Feedback In 

Feedback Out 

Reference + X ps 

SORAM 

SD RAM 

Reg.A 

Reg.B 

) 

0 
120 ohms 
± 5% 

/ 
/ 
/ 
/ 

120 ohms 
±5% 

1 

1. All clock nets are resistively terminated from line to line as shown, and not from line to ground. 

2. Only one PLL output is shown per output type. Any additional PLL outputs will be wired in a similar man-

ner. 

3. Termination resistors are located as close to the CK/CK input balls as possible. 

4. All clocks are referenced to a single timing reference (see section: "Supporting Hardware") 

5. Clocks are measured at the respective termination resistor. 

6. There is a table for each raw card for the assumed offset TSK(OFFSET) (X, Y, Z) between the CK/CK input 

balls of the device and the measured clock at the termination resistor 

7. The DRAM clocks (at CKICK input balls of the DRAMs) are designed to be aligned with the Clock Refer-

ence (0 ns) (see section: Supporting Hardware) 

8. The PLL input clock (at CK/CK input balls of the PLL) is typically designed to be very close to aligned with 

the Clock Reference (typically 0 ns; systematic deviations should be noted in the skew table for the raw 

card) 

9. The Register input clock (at CK/CK input balls of the register) are designed to be aligned with the Clock 

Reference (0 ns); deviation must be noted explicitly, as this puts additional requirements onto the input 

setup/hold times of the register used. 

10. For more details (especially about X, Y, Z), please refer to the section "Supporting Hardware" about the 

use of the clock reference board 
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JEDEC internal use only 

Component Details DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

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

Raw Card Supported DRAM Outline (Width x Lenght) max. Package Type 
MO-207 
variation 

MO-242 
variation 

A, B, C, F, G, H 11.3 (12.3 1 )mm x21.0 mm Planar DJ-z, DM-z 

D, K 11 .52 (12.512 )mm x 21.0mm Stacked AA, AD 

E 13.0 'mm x 16.3 mm Stacked AA, AD 

J, L 

M 

11.0 mm x 11.5 mm 

12.0mm xll.5 mm 

Planar 

Stacked 

DJ-z 

AA 

N 

P 

R 

11.0 mm xll.5 mm 

13.5 1mm x 16.5 mm 

12.0 mm xll.5 mm 

Planar 

Stacked 

Planar 

DJ-z 

DJ-z 

AA, AD 

1, U 11.0 (12.01 ) mm x 11.5mm Planar DJ-z 

V 12.0 mm x 10.0 mm Planar 

W 12.0 mm x 11.5 mm Stacked 

DJ-z 

AA 

Y 

AA 

12.0 mm x 10.0 mm 

12.0 mm x 20.9 mm 

Stacked 

Planar DJ-z 

AA 

AA 

AC 12.0mmxll.5mm Planar 

1. Supported only if no decoupling capacitor is placed in between the DRAMs 
2. 0.4 mm DRAM to DRAM spacing 

DJ-z 

Max Width 

00 

123456789 

A000 
B 000 
Coca 
D000 
E 000 
F 00 
G 000 
H :QQ 
J000 
K 00 
L000 

000 
000 
000 
000 
000 
000 
000 

000 
OOS 
000 
00 

00 00 

Note Dotted circles indicate the location of support balls of Variation DM-z 

Gray circles indicate the balls for stacked only 
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Proposed 
JEDEC internal use only 

Component Details DDR2 SDRAM Registered DIMM Design Specification 

Pin Assignments for 256Mb to 4Gb; DDR2 SDRAM (Top View) 

Without support bails (MO-207 Variation DJ-z, 60Baiis FBGA 0.8mm x 0.8mm pitch) 

x4 Bailout of DDR2 SDRAMs (Top view) x8 Bailout of DDR2 SDRAMs (Top view) 

12 3 7 8 9 

A VDD NC vSS VSSQ DOS VDDQ 

B 

C 

NC VSSQ 

VDDQ DQI 

DM 

VDDQ 

DOS 

VDDQ 

VSSQ 

000 

NC 

VDDQ 

D NC VSSQ DQ3 DQ2 VSSQ NC 

E VDDL VREF vSS VSSDL CK VDD 

i BA2 

CKE 

BAO 

WE 

BA1 

RAS 

CAS 

CK 

CS 

ODT 

AlO Al A2 AO VDD 

J vSS A3 

A7 

Li VDD Al2 

A5 

A9 

A14,NC 

A6 

All 

A15,NC 

A4 

A8 

A13,NC 

vSS 

2 3 7 8 9 

VDD 
NU/  
RDQS 

VSS VSSQ DOS VDDQ 

DQ6 

VDDQ 

VSSQ 

DQI 

DIM/ 

RDQS 

VDDQ 

DOS 

VDDQ 

VSSQ 

DQO 

DQ7 

VDDQ 

DQ4 VSSQ DQ3 D02 VSSQ DQ5 

VDDL VREF vSS VSSDL CK VDD 

BA2 

CKE 

BAO 

WE 

BA1 

RAS 

CAS 

CK 

CS 

ODT 

AIO Al A2 AO VDD 

VSS 

VDD 

A3 

A7 

Al2 

A5 

A9 

A14NC 

A6 

All 

A15,NC 

A4 

A8 VSS 

A13,NC 

1. The thick line area indicates the minimum ball out for x4 and x8 DDR2 SDRAMs. 
2. Above coordinates of ball out corresponds to footprint on PCB (page 27 -). 
3. "NC" means that the ball is present and is not connected to any signal in the SDRAM package. 

NC balls may be mated with any solder pad on PCB. 

4. "NU" means that the ball is present and may or may not be electrically connected a an active signal 

in the SDRAM package. NU balls may only be mated with NC solder pads on PCB. 
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Proposed 

B I NC 

JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

Without support balls (MO-242 Variation AA, 63 Balls FBGA 0.8mm x 0.8mm pitch) 

x4 Bailout of DDR2 SDRAMs for Stacked DIMM (Top view) 

1 2 3 7 8 9 

vSS vSSQ DOS VDDQ 

VSSQ DM DOS vSSQ NC 

C VDDQ 001 VDDQ VDDQ 000 VDDQ 

D NC vSSQ 003 002 vSSQ NC 

E VDDL 

F 

Gi BA2 

H CKE1 

J vSS 

L VDD 

VREF 

CKEO 

BAO 

vSS 

WE 

BA1 

VSSDL 

RAS 

CAS 

CK 

CK 

CS0 

vDD 

ODTO 

CS1 

A1O 

A3 

A7 

Al2 

Al 

A5 

A9 

A14,NC 

A2 

A6 

A0 

A4 

vDD 

ODT1 

All 

A15,NC 

A8 

A13NC 

vSS 

1. The thick line area indicates the minimum ball out for x4 DDR2 SDRAMs. 
2. Above coordinates of ball out corresponds to footprint on PCB (page 27 -). 
3. "NC" means that the ball is present and is not connected to any signal in the SDRAM package. 

NC balls may be mated with any solder pad on PCB. 

Page24 

SAM-NET00027355 

Netlist EX2006 
Samsung v Netlist 

IPR2023-00455



Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

With support balls (MO-207 Variation DM-z, 68 BaIls FBGA 0.8mm x 0.8mm pitch) 

x4 Bailout of DDR2 SDRAMs (Top view) x8 Bailout of DDR2 SDRAMs (Top view) 

A 

B 

7 9 

NC NC NC NC 

C 

D 

E 

F 

G 

VDD NC vSS vSSO DOS VDDQ 

NC VSSQ DM DOS VSSQ NC 

VDDQ 

H NC 

001 

VSSQ 

VDDQ 

DQ3 

VDDQ 

DQ2 

DQO 

VSSQ 

VDDQ 

NC 

J VDDL VREF VSS VSSDL CK VDD 

KI 

L BA2 

CKE 

BAO 

WE 

BAl 

RAS 

CAS 

CK 

CS 

ODT 

M 

N, VSS 

A1O Al A2 AU VDD 

R VDD 

T 

U 

V 

W 

A3 

A7 

Al2 

A5 

A9 

A14,NC 

A6 

All 

A15,NC 

A4 

A8 

A13NC 

vss 

NC NC NC NC 

9 

NC NC NC NC 

VDD 
NU/  
RDQS 

VSS VSSO DOS VDDO 

DQ6 VSSQ 

VDDQ DO1 

DIM/ 
RDQS 

VDDQ 

DOS 

VDDQ 

VSSQ 

DQO 

DQ7 

VDDQ 

DQ4 VSSQ DQ3 DQ2 VSSQ DQ5 

VDDL VREF VSS VSSDL CK VDD 

BA2 

CKE 

BAO 

WE 

BA1 

RAS 

CAS 

CK 

CS 

ODT 

A1O 

vSs A3 

Al 

A5 

A2 AU VDD 

A6 A4 

VDD 

A7 

Al2 

A9 

A14,NC 

All 

A15,NC 

A8 

Al 3, NC 

vss 

NC NC NC NC 

1. The thick line area indicates the minimum ball out for x4 and x8 DDR2 SDRAMs. 
2. NC balls on Al, A2, AS, A9, Wi, W2, W8 and W9 in the double line area, are optional support balls. 
3. Above coordinates of ball out corresponds to footprint on PCB (page 27 -). 
4. On the actual DIMM Al & A9 in the double line area, have via connections to VDD and VDDQ respectively. 

5. "NC" means that the ball is present and is not connected to any signal in the SDRAM package. 

NC balls may be mated with any solder pad on PCB. 

6. "NU" means that the ball is present and may or may not be electrically connected a an active signal 
in the SDRAM package. NU balls may only be mated with NC solder pads on PCB. 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

With support balls (MO-242 Variation AD, 71 Balls FBGA 0.8mm x 0.8mm pitch) 

x4 Bailout of DDR2 SDRAMs for Stacked DIMM (Top view) 

A 

B 

2 3 7 8 9 

NC NC r NC NC 

C 

D 

E VOID NC VSS VSSQ DOS VDDQ 

F NC VSSQ DM DOS VSSQ NC 

G VDDQ DQ1 VDDQ VDDQ DQO VDDQ 

H NC VSSQ 003 002 VSSQ NC 

J VDDL VREF vss VSSDL CK VDD 

K 

L BA2 

M CKE1 

CKEO 

BAO 

AlO 

WE 

BAl 

Al 

RAS 

GAS 

A2 

CK 

CSO 

AO 

ODTO 

CS1 

VDD 

N VSS 

P 

A3 A5 A6 A4 ODTI 

R VDD 

T 

A7 

Al2 

A9 

A14,NC 

All A8 

Al5,NC Al3,NC 

VSS 

U 

V 

W[ NC NC LNC  NC 

1. The thick line area indicates the minimum ball out for x4 DDR2 SDRAMs. 
2. NC balls on Al, A2, A8, A9, Wi, W2, W8 and W9 in the double line area, are optional support balls. 
3. Above coordinates of ball out corresponds to footprint on PCB (page 27 -). 
4. On the actual DIMM Al & A9 in the double line area, have via connections to VDD and VDDQ respectively. 
5. "NC" means that the ball is present and is not connected to any signal in the SDRAM package. 

NC balls may be mated with any solder pad on PCB. 
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Proposed 
DDR2 SDRAM Registered DIMM Design Specification 

SDRAM Landing Pattern on DIMM (Top View) 

A footprint on PCB (Top view) 

A NU 

2 

NU 

8 

NU 

9 

NU 

B 

C, 

D 

E 

VDD NU VSS VSS 

NU NU NU NU 

NU VDD 

NU NU 

F NU NU 

G NU NU 

HVDD NC 

NU 

NU 

VSS 

NU NU 

NU NU 

VSS DOS 

NU 

NU 

VDD 

J NU 

K VDD 

VSS 

001 

DM 

VDD 

DOS 

VDD 

VSS 

DQO 

NU 

VDD 

L NU VSS D03 D02 VSS NU 

M VDD 

N 

P BA2 

R 

VREF 

CKE 

BAO 

VSS 

WE 

BA1 

A1O/AP Al 

VSS 

RAS 

GAS 

CK 

CK 

CS 

VDD 

ODT 

A2 AO VDD 

T VSS 

Uj 

A3 AS A6 A4 

V VDD 

W 

A7 

Al2 

A9 

A14 

All A8 

A15 A13 

vSS 

Y 

AA 

AB 

NU NU 

NU NU 

NU NU 

NU NU 

NU 

JEDEC internal use only 

x8 footprint on PCB (Top view) 

2 

NU 

8 

NU 

9 

NU 

VDD NU VSS VSS NU VDD 

NU NU NU NU NU NU 

NU 

NU 

VDD 

NU 

NU 

RDQS 

NU 

NU 

VSS 

NU 

NU 

VSS 

NU 

NU 

DOS 

NU 

NU 

VDD 

DQ6 

VDD 

VSS 

DQ1 

D04 vss 

DM' 
RDQS 

VDD 

DOS 

VDD 

VSS 

DOD 

DQ7 

VDD 

DQS 002 VSS DQ5 

VDD VREF VSS vSs CK VDD 

BA2 

CKE 

BAO 

WE 

BA1 

RAS 

GAS 

CK 

CS 

ODT 

A10/AP Al A2 AD VDD 

VSS A3 AS A6 A4 

VDD 

A7 

Al2 

A9 

A14 

All 

A15 

A8 

A13 

VSS 

NU NU 

NU NU 

NU NU 

NU NU 

1. Above coordinates of footprint corresponds to previous bailout of DDR2 SDRAMs. 

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 balls of an SDRAM. 

3. "NU" means that the solder pad is present and may or may not be electrically connected a an active signal 

on the PCB. NU solder pads may only be mated with NC bails of an SDRAMs 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

SDRAM Landing Pattern on DIMM (Top View) 

A footprint on PCB for Stacked DIMM (Top view) 

A NU 

2 3 

NU 

7 8 91 

MU NU 

B 

C 

D VDD NU 

E NU 

F NU 

NU 

NU 

vss 

NU 

NU 

G NU 

H I VDD 

NU 

NC 

NU 

VSS 

vss 

NU 

MU 

NU 

NU 

MU 

VDD 

NU 

MU 

MU NU NU 

VSS DOS VDD 

J NU 

K VDD 

VSS DM DOS VSS MU 

DQI VDD VDD 000 VDD 

L I MU vss D03 002 vss NU 

M VDD 

N 

P BA2 

VREF 

CKEO 

BAO 

VSS 

WE 

BA1 

VsS 

RAS 

GAS 

CK 

CK 

CS0 

VDD 

ODTO 

cSl 

R CKE1 A1O/AP Al A2 AO VDD 

T VSS 

V VDD 

W 

A3 

A7 

Al2 

A5 

A9 

A14 

Y 

AA MU NU 

A6 

All 

A15 

A4 

A8 

A13 

MU NU 

AB MU NU NU NU 

1. Above coordinates of footprint corresponds to previous bailout of DDR2 SDRAMs. 

2. "NC" means that a solder pad is present and is not connected to any signal on the FOB. 
NC solder pads may be mated with any balls of an SDRAM. 

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 NC balls of an SDRAMs 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

Pin Assignments for SSTU32864 1:2 11:1 Register without Address and Command 
Parity Function (Top View) 

96-Ball LFBGA 0.8 x 0.8 mm pitch [MO-205 CC], programmable pinout configuration 

1:2 Register A (CO =0, Cl =1) 

2 3 4 5 6 

A DCKE NC VREF VDD OCKEA QCKEB 

B D2 DNU GND GND 

C D3 DNU VDD VDD 

Q2A Q2B 

Q3A Q3B 

D DODT 

E 

F 

D5 

D6 

NC GND GND 

DNU 

DNU 

VDD 

GND 

VDD 

GND 

QODTA QODTB 

Q5A 

Q6A 

Q5B 

Q6B 

G NC RST VDD VDD Cl CO 

H CK DCS GND GND QCSA QCSB 

J 

K 

CK 

D8 

CSR 

DNU 

VDD 

GND 

VDD 

GND 

ZOH 

Q8A 

ZOL 

Q8B 

L D9 DNU VDD VDD Q9A Q9B 

M 

N 

P 

DIO 

Dli 

D12 

DNU 

DNU 

DNU 

GND 

VDD 

GND 

GND 

VDD 

GND 

Q1OA 

QuA 

Q12A 

Q1OB 

Q11B 

Q12B 

R D13 DNU VDD VDD Q13A Q13B 

T D14 DNU 

1:2 Register B (CO = 1, Cl = 1) 

VREF VDD Q14A Q14B 

2 3 4 5 6 

A Dl NC VREF VDD Q1A Q1B 

B 

C 

D2 

D3 

DNU 

DNU 

GND 

VDD 

GND 

VDD 

Q2A 

Q3A 

Q2B 

03B 

D D4 NC GND GND Q4A Q4B 

E D5 DNU VDD VDD Q5A Q5B 

F 

G 

D6 

NC 

DNU GND GND Q6A Q6B 

RST VDD VDD Cl CO 

H CK DCS GND GND QCSA QCSB 

J CK CSR VDD VDD ZOH ZOL 

K 

L 

D8 

DO 

DNU 

DNU 

GND 

VDD 

GND 

VDD 

Q8A 

QOA 

Q8B 

QOB 

M DiD DNU GND GND Q1OA Q1OB 

N DODT 

P 

R 

D12 

D13 

DNU 

DNU 

DNU 

VDD 

GND 

VDD 

VDD 

GND 

VDD 

000TA 

012A 

Q 13A 

QODTB 

QI2B 

Q13B 

T DCKE DNU VREF VDD QCKEA QCKEB 
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JEDEC internal use only 

1:1 Register (CO =O,C1=O) 

Proposed 
DDR2 SDRAM Registered DIMM Design Specification 

A DCKE 

2 

NC 

3 

VREF 

4 

VDD 

5 

QCKE 

6 

DNU 

B 02 015 GND GND 02 015 

C D3 016 VDD VOID 03 016 

D 

E 

DODT 

D5 

NC 

017 

GND 

VDD 

GND 

VOID 

000T 

05 

DNU 

017 

F D6 018 GND GND 06 018 

G NC RST VDD VDD Ci CO 

H 

J 

CK 

CK 

DCs 

CSR 

GND 

VDD 

GND 

VDD 

OCS DNU 

ZON ZOL 

K 08 Dig GND GND 08 019 

L 

M 

09 

010 

020 

021 

vDD 

GND 

VDD 

GND 

09 

010 

020 

021 

N Dli D22 VDD VDD 011 022 

P 012 023 GND GND 012 023 

R 

T 

013 

D14 

024 

D25 

VDD 

VREF 

VDD 

VDD 

013 

Q14 

024 

025 

1. NC (: No-Connect) denotes a ball that is not connected to the die. 
2. DNU (: Do-Not-Use) denotes a ball that is connected to the die but it should be left open circuit. 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

Pin Assignments for SSTU32866/SSTUA32866/SSTUB32866 1:2/1:1 Register with 
Address and Command Parity Function (Top View) 

96-Ball LFBGA 0.8 x 0.8 mm pitch [MO-205 CC], programmable pinout configuration 

1:2 Register A(CO = 0, Cl = 1) 

2 3 4 5 6 

A DCKE PPO VREF VDD 

B 

C 

D2 

D3 

DNU 

DNU 

GND 

VDD 

GND 

VDD 

QCKEA 

Q2A 

MA 

QCKER 

02B 

Q3B 

D DODT QERR GND GND 000TA QODTB 

E 

F 

D5 

D6 

DNU 

DNU 

VDD 

GND 

VDD 

GND 

Q5A 

06A 

Q5B 

06B 

G PAR- IN RST VDD VDD Ci Co 

H CK 

J CK 

DCS GND GND 

CSR 

K D8 DNU 

VDD 

GND 

VDD 

GND 

QCSA QCSB 

ZOH 

Q8A 

ZOL 

Q8B 

L D9 DNU VDD VDD Q9A Q9B 

M D1O DNU GND GND Q1OA QiOB 

N 

P 

Dli 

D12 

DNU 

DNU 

VDD 

GND 

VDD 

GND 

R D13 DNU VDD VDD 

QuA 

Q12A 

Qi1B 

QI2B 

Q13A Q13B 

T D14 DNU VREF VDD Q14A Q14B 

1:2 Register B (CO =1,CI =1) 

1 2 3 4 5 6 

A Di PP0 VREF VDD QIA QiB 

B D2 DNU GND GND Q2A Q2B 

C 

D 

03 

D4 

DNU 

QERR 

VDD 

GND 

VDD 

GND 

Q3A 

Q4A 

Q3B 

Q4B 

E D5 DNU VDD VDD Q5A Q5B 

F 

H 

D6 

PAR-IN 

OK 

DNU 

RST 

OCS 

GND 

VDD 

GND 

GND 

VDD 

GND 

Q6A 

Ci 

QCSA 

06B 

Co 

QCSB 

J CK CSR VDD VDD ZOH ZOL 

K 

L 

08 

09 

DNU 

DNU 

GND 

VDD 

GND 

VDD 

Q8A 

Q9A 

Q8B 

Q9B 

M D1O DNU GND GND Q1OA Q1OB 

N DOOT DNU VDD VDD 000TA QODTB 

P 

R 

D12 

D13 

DNU 

DNU 

GND 

VDD 

GND 

VDD 

Q12A 

Q13A 

Qi2B 

Q13B 

T DCKE DNU VREF VDD QCKEA QCKEB 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

1:1 Register (CO =O,CI=O) 

A DCKE 

2 

PPo 

3 

VREF 

4 

VDD 

5 

QCKE 

6 

DNU 

B D2 

C D3 

015 GND GND 02 015 

D16 VDD VDD 03 016 

D DODT QERR GND GND 000T DNU 

F 05 D17 VDD VDD 05 017 

F D6 D18 GND GND 06 018 

G 

H 

J 

PAR IN 

CK 

CK 

RST 

DCS 

CSR 

VDD 

GND 

VDD 

VDD 

GND 

VDD 

Cl 

QCS 

ZOH 

CO 

DNU 

ZOL 

K D8 D19 GND GND 08 019 

L 

M 

09 

D1O 

020 

021 

VDD 

GND 

von 

GND 

09 

010 

020 

021 

N Dli 022 VDD VDD 011 022 

P D12 023 GND GND Q12 023 

R D13 

D14 

024 

025 

VDD 

VREF 

VDD 

VDD 

013 

014 

024 

025 

1. NC (: No-Connect) denotes a ball that is not connected to the die. 
2. DNU (: Do-Not-Use) denotes a ball that is connected to the die but it should be left open circuit. 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

Pin Assignments for SSTU 32865/SSTUA32S865/SSTUA32 D865/SSTU B32865 
1:2 Register with Address and Command Parity Function (Top View) 

160-Ball TFBGA 0.65 x 0.65 mm pitch [MO-246A] 

2 3 4 5 6 7 8 9 10 11 12 

A VREF NC PARIN NC NC QCKE1A QCKEOA 021A 019A QI8A 017B 017A 

B Dl D2 NC NC NC QCKE1B QCKEOB Q21  Q1 9B Q18B QOUTOB QODTOA 

C 03 D4 000TIB QODT1A 

D D6 D5 VDDL GNU NC NC GND GND Q2OB Q2OA 

E 07 D8 VDDL GNU VDDL VDDR GNU GNU Q16B Q16A 

F Dli U9 VDDL GNU VDDR VDDR 018 Q1A 

G 

H 

D18 

CSGate 
EN 

012 

D15 

VDDL 

VDDL 

GND 

GND 

VDDR 

GNU 

VDDR 

GNU 

Q2B 

Q5B 

Q2A 

Q5A 

J CK 

K 

L 

CK 

RESET 

UCSO 

DCSI 

D14 

GNU 

VDDL 

GND 

GND 

VDDL 

GND 

VDDR 

GNU 

VDDR 

VDDR 

GND 

VDDR 

QCSOB 

QCS1B 

Q6B 

QCSOA 

QCS1A 

Q6A 

M Do D1O GND GNU GNU GND Q1OB QiOA 

N D17 016 VDDL VDDL VDDR VDDR Q9B Q9A 

P D19 021 GND VDDL VDDL VDDR VDDR GNU Q11B QuA 

R D13 D20 GNU VDDL VDDL GNU GNU GNU 015B 015A 

T D0DT1 DODTO Q14B Q14A 

U 

V 

DCKEO 

VREF 

DCKEI 

MCL 

MCL 

MCL 

PTYERR 

NC 

MCH 

MCH 

Q3B 

Q3A 

012B 

012A 

Q78 

Q7A 

Q4B 

Q4A 

013B 

Q13A 

QOB 

QOA 

Q8B 

Q8A 

1. MCL denotes a pin that Must be Connected to logic Low. 
MCH denotes a pin that Must be Connected to logic High. 

2. NC denotes a ball that is not connect to the die. A empty cell denotes no ball is populated. 
3. CSGateEN is Tied High. 
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JEDEC internal use only 
Proposed 

DDR2 SDRAM Registered DIMM Design Specification 

Pin Assignments for 
SSTU32S868/SSTU32 D868/SSTUA32S868/SSTUA32D868/SSTU B32868 
1:2 Register with Address and Command Parity Function (Top View) 

176-Ball TFBGA 0.65 x 0.65 mm pitch [MO-TBD] 

Register A (C = 0) 

A D2 

2 3 4 5 6 7 8 

Dl CO GND VREF GND QA1 QB1 

B 

C 

D4 

06 

(DCKE1) 

03 

05 

VDD 

GND 

VDD 

GND 

VOID 

GND 

VDD 

GND 

QA2 

QA3 

QB2 

063 

D 
D8 

(DCKEO) 
07 VDD VDD VOID VDD 0A4 QB4 

F 

F 

DO 

DIO 

QA6 

(QACKE1) 

QAB 

(QACKEO) 

GND 

VDD 

GND 

VDD 

GND 

VDD 

GND 

VOID 

QA5 

QA7 

QB5 

QB6 

(QBCKE1) 

G 

H 

Dli 

012 

QA1O 

QA12 

GND 

VDD 

GND 

VDD 

GND 

VDD 

OND 

VDD 

QA9 

QA1 1 

QB7 

0B8 

(QBCKEO) 

J 
013 

(DCS1) 

QA13 

(QACS1) 
GND GND GND GND QB1O QBQ 

K 

L 

014 

(DCSO) 

CK 

QA14 

(QACSO) 

CSGateE N 

vDD 

PARIN 

vDD 

GND 

VDD 

GND 

VOID 

GND 

QB12 

QB14 

(QBCSO) 

QB1 1 

QB13 

(QBCS1) 

M CK RST PTYERR vDD VDD VOID 
0615 

(QBODTO) 

QB16 

(QBODT1) 

N 
015 

(DODTO) 

P 
016 

(DO DTI) 

QAI5 

(QAODTO) 

QA16 

(QAODT1) 

GND 

VDD 

GND 

VDD 

GND 

VDD 

GND 

VDD 

QBI7 

QBIO 

0618 

QB2O 

R 

T 

017 

D18 

QA17 

QA19 

GND 

VDD 

GND 

VDD 

GND 

VDD 

GND 

VDD 

QA18 

QA2O 

0621 

QB22 

U 019 QA21 GND GND GND GND 0A22 0B23 

V 

W 
Y 

020 

021 

023 

QA23 --------------
022 

024 

VDD 

GND 

VDD 

VDD 

GND 

VDD 

VDD 

GND 

VDD 

VDD 

GND 

VDD 

0A24 

QA25 

0A26 

0B24 

QB25 

0B26 

M D25 D26 GND GND GND GND QA27 QB27 

AB 027 D28 NC VDD 

1. NC denotes a ball that is not connect to the die. 
2. CSGateEN is Tied High. 

VREF VDD QA28 QB28 
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Proposed 
DDR2 SDRAM Registered DIMM Design Specification 

Register B (C = 1) 

JEDEC internal use only 

2 3 4 5 6 7 8 

A D2 

B D4 

Dl Co GND VREF GND QA1 QB1 

D3 VDD VDD VDD VDD QA2 QB2 

C D6 D5 GND GND GND GND QA3 QB3 

0 D8 D7 VDD VDD VDD VDD QA4 QB4 

E D9 0A6 GND GND GND GND 0A5 0B5 

F 010 QA8 VDD VDD VDD VDD QA7 QB6 

G Dli QA1O GND GND GND GND QA9 QB7 

H 012 QAI2 VDD VDD VDD VDD QA1 I 0138 

J 
D13 

(DODT1) 

QA13 

(QAODT1) 
GND GND GND GND QB1O QB9 

K 
014 

(DODTO) 

0A14 

(QAODTO) 
VOID VDD VDD VDD QB12 QB11 

L CK CSGateEN PARIN GND GND GND 
0B14 

(QBODTO) 

QB13 

(QBODT1) 

M CK RST PTYERR VDD VDD VDD 
QB15 

(QBCSO) 

QB16 

(QBCS1) 

N 

P 

015 

(DCSO) 

016 

(DCS1) 

QA15 

(QACSO) 

QA16 

(QACS1) 

GND 

VDD 

GND 

VDD 

GND 

VDD 

GND 

VDD 

QB17 

QB19 

QB18 

QB2O 

R D17 QA17 GND GND GND GND QA1 8 
QB21 

(QBCKEO) 

T 018 0A19 VDD VDD VDD VDD QA2O QB22 

U 019 
QA2I 

(QACKEO) 
GND GND GND GND 0A22 

QB23 

(QBCKE1) 

V 

w 

D20 

021 

(DCKEO) 

QA23 

(QACKEI) 

022 

VDD 

GND 

VDD 

GND 

VDD 

GND 

VDD 

GND 

0A24 

QA25 

QB24 

0B25 

Y 
023 

(DCKE1) 
024 VDD VDD VDD VDD 0A26 QB26 

AA 025 026 GND GND GND GND QA27 0B27 

AB 027 028 NC VDD VREF VDD 0A28 QB28 

1. NC denotes a ball that is not connect to the die. 
2. CSGateEN is Tied High. 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

Pin Assignments for 
SSTU32S869/SSTU320869/SSTUA32S869/SS1UA32D869/SSTU B32869 
1:2 Register with Address and Command Parity Function (Top View) 

150-Ball TFBGA 0.65 x 0.65 mm pitch [MO-225] 

w 

4 Ii 

HV D D MCI,L: 1 Zi GND '•iI CIN]:) M.N >ii VDD FTll 

,VD ID IN R VI)I) ONI> rll:I c?NI) ON]) 01,14D vu:i> NB VIII) 

(≥cKaA vua N, B BNI) NB cu NB or'u NB VUI) QKiB 

()2A vi:)!) C]ND NB DCKE NB [>2 NH ciNi) VIM) Q2B 

Q3A VDD NB B) NB NC NB DODT NB om. 

QODTA VDD OND NB NC NB NC NB OND VDD QODTB 

QA VDD CND D5 NB CLK NB D6 OND VDD B 

_,X, A. r. H C!NI) NB NC NB NC NB CND NH Q6H 

QC'A VDI) NB NC NE) TH'STr NE> 7.17 NB VI))) ! 

VD ID Vt)[) <:!NI) BNI) NE) NB NE) E2NI:) vu:[) vi:m VIlE) 

QA vim NB DCN NB CIX NB DS NI) VIM) QIB 

QSA N  )3ND NB NC NB NC NB OND NB Q9B 

Q1BA VDD GND D9 NB NC NB DIO OND VDD QWB 

QUA Vim OND NB NC NB NC NH OND VDD QI:LD 

QI2A Ci NB 1)11 NB NC NB D12 N]) VIM) QI2B 

Q:L)A Vim <:i> NB DI) NB 1)14 ND ON)) vi:m Q13B 

Q14.k VIJU NB ONI) NB cmi:I NB ("ND NB VIM> QI4E) 

VI):]) NH VIM) uru CNI) CiNU tIN]:) (:N:i:I vi:m NH VDD 

PTYE:RIIU vu:u MCL PRiNi cn VREF OND Pi'Ol :Mc1J' VDD Nil 

NB indicates no ball is populated at that grid point. NC denotes a no-connect (ball present 
but not connected to the die). 

Note I MCL denotes input pin that must be connected Low. Register Vendors: 
Implement NC or input on Ball A3, A9, W3, W9 

Note 2 NC for single die version 
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Proposed 
DDR2 SDRAM Registered DIMM Design Specification 

Pin Assignments for PLL Clock Driver CU877/CUA877 (Top View) 

52-Ball FBGA 0.65 mm x 0.65 mm pitch [MO-225 BA] 

JEDEC internal use only 

2 3 4 5 6 

A Yl Yo Yo Y5 Y5 Y6 

B Yl GND GND GND GNU Y6 

C Y2 GND GNU Y7 

D 

E 

Y2 VDDQ VDDQ 

CK VDDQ 

VDDQ Os 

VDDQ 

Y7 

Fbin 

F CK VDDQ OE Fbin 

G 

H 

J 

AGND 

AVDD 

Y3 

VDDQ 

GND 

GND 

VDDQ VDDQ 

GND GND 

VDDQ 

GNU 

GNU 

Fbout 

Fbout 

Y8 

K Y3 Y4 Y4 Y9 Y9 Y8 
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JEDEC internal use only 
Proposed 

DDR2 SDRAM Registered DIMM Design Specification 

Register Component Specifications 

Please refer to the vendor register data sheets for all technical specifications and requirements. Below is a chart 
explaining which registers should be used on each DIMM type. 

DIMM Register Use 

Raw Card # of 
Version Ranks 

# of SDRAMs 
per output Register Type Register Speed Grade 

PC2-4200/PC2-3200 
Register Speed Grade 

PC2-5300 
Register Speed 
Grade PC2-6400 

Qua 
ntity 

A 

B 2 

9 

1018/514 

C 10/8 

1:1 25-bit 1.8V 

1:2 14-bit 1.8V 

1:2 14-bit 1.8V 

33TU32864 

85TU32864 

SSTU32864 

2 

2 

D 2 10/8/5/4 1:2 28-bit 1.8V 

SS1U32865 I 

SSTUA32S865 / 
SSTUA32D8652/ 

SSTUB32865 

83TUA328865 
/ SSTUA32D8652 
/ SSTUB32865 

SSTUB32865 2 

E 2 12/10/8 1:2 14-bit 1.8V 

F, R 

G 2 

9 

10/815/4 

1:1 25-bit 1.8V 

1:2 14-bit 1.8V 

SSTU32866 / SSTU328641 
/ SSTUA32866 

4 

SSTU32866 / SSTU328641 
/ SSTUA32866 

SSTU32866 / SSTU328641 
/ SSTUA32866 

SSTUA32866 / SSTUB32866 

SSTUA32866 / SSTUB32866 

SSTUB32866 

SSTUB32866 2 

H 

J 2 

10/8 

10/ 8 

1:2 14-bit 1.8V 

1:2 14-bit 1.8V 

SSTU32866 / SSTU328641 
/ SSTUA32866 
I SSTUB32866 

SSTUA32866 
/ SSTUB32866 

K 2 12/8/6/4 1:2 28-bit 1.8V 

SS1U328868 /SSTU32D868 / 
SSTUA32S868 / 

SSTUA32D8682 / 
SSTUB32868 

SSTUA32866 I SSTUB32866 

SSTUB32866 

SSTUA32S868 / SSTUA32D8682 
/ SSTUB32868 

SSTUB32866 

SSTUB32868 

2 

4 

2 

L 2 12/8/614 1:2 28-bit 1.8V 

SSTU32S868 /SSTU32D868 / 
SSTUA32S868 / 
SSTUA32D8682/ 
SSTUB32868 

SSTUA32S868 I SSTUA32D8682 
/ SSTUB32868 

SSTUB32868 2 

M 4 20/16/10/8 1:2 28-bit 1.8V 
SSTUA32S868/ 

SSTUA32D8682 
SSTUB32868 2 

N 4 10/8 1:2 14-bit 1.8V SSTU32866 / SSTU328641 SSTUA32866 I SSTUB32866 4 

P 2 

T 2 

12/8/6/4 

10/8 

1:2 28-bit 1.8V 

1:2 14-bit 1.8V 

8STU32S868 /8STU320868 / 
SSTUA32S868 I 
SSTUA32D8682 / 
SSTUB32868 

SSTU32866 / SSTU328641 
I SSTUA32866 
/ SSTUB32866 

SSTUA32S868 / SSTUA32D8682 
/ SSTUB32868 

SSTUA32866 / SSTUB32866 SSTUB32866 

2 

2 

U 10/8 1:2 14-bit 1.8V 
SSTU32866 / SSTU328641 

I SSTUA32866 
I SSTUB32866 

SSTUA32866 I SSTUB32866 SSTUB32866 2 

V 18 1:2 28-bit 1.8V 
SS1U32865 / SSTUA32S86S I 

SSTUA32D8652 

SSTUA32S865 I 55TUA32D8652 

/ SSTUB32865 

w 2 20/16/10/8 1:2 14-bit 1.8V 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

DIMM Register Use (Cont.) 

V 2 36 1:2 28-bit 1.8V 
33TUA325865 I 

S3TUA32D8652 
I SSTUB32865 

AA 2 10/8 1:2 14-bit 1.8V SSTU32866/SSTUA32866 4 

AC 9 1:1 25-bit 1.8V 
SSTU32866 I SSTU328641 

/ SSTLJA32866 
I SSTUB32866 

SSTUA32866 I SSTUB32866 SSTUB32866 

1. The S5TU32864 is an optional part number which may be used to assemble a non-parity DIMM using these raw cards. The different regis-
ter options are explained on the following page. 
2. The SSTUA32S865/S868/S869 has a single die in its package. The SSTUA32D865/D868/D869 has dual die in its package. 

The SSTU32SB68/S869 has a single die in its package. The SSTU3208681D869 has dual die in its package. 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

The following specifications for the register are critical for proper operation of the DDR2 SDRAM Registered DIMMs. 

These are meant to be a subset of the parameters for the device. 

Critical Register Specifications for PC2-3200/PC2-4200 

Register Symbol Parameter Conditions 

TA = 0 - 70 °C 
VDD 1.SV±O.1 V 

Min Max 

Units Notes 

1:1 25-bit 
and 

1:2 14-bit 
and 

1:228-bit 

CK Clock Frequency 270 MHz 

tw Pulse duration, CK, CK high or low TBD ns 

1PDM Clock to Output Time 

tPDMSS 
Clock to Output Time 

(Simultaneous switching) 

Includes 350 ps test-load 

transmission-line delay 
1.41 2.15 ns 2,3 

Includes 350 ps test-load 

transmission-line delay 
2.35 ns 2 

tACT Differential inputs active time 10 ns 

tINACT Differential inputs inactive time 15 ns 

t3 DCS and CSR signals Previous CSR=High 0.7 ns 

t3U 

tH 

All other input signals 

Hold Time 

0.5 

0.5 

ns 

ns 

CIN(DATA) Data Input Capacitance 2.5 3.5 pF 

CIN(CLOCK) Clock Input Capacitance 2.0 3.0 pF 

CIN(RST) Reset Input Capacitance TBD TBD pF 

1. All input slew rate = 1 Vms ±20% 
2. Load circuit is specified in JESD82-6 for the SSTU32864, JESD82-9 for the SSTU32865 
3. For PC2-4200 RC J a number of tPDM = 1.8 ns / tPDMSS = 2.0 ns is currently being discussed. 
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DDR2 SDRAM Registered DIMM Design Specification 

Ciftkâ1 ..IäifICa ti' o rPC2..-530. .... . ....... .. ....... .. ..... . ....... . ........ . ....... .. ....... .. ........ 
- .................... 

Register Symbol Parameter Conditions 

TA=O-70 °C 
VDD = 1.8V ± 0.-I V 

Min Max 

Units Notes 

1:1 25-bit 
and 

1:2 14-bit 
and 

1:2 28-bit 

CK Clock Frequency 410 MHz 

tw Pulse duration, GK, GK high or low TBD ns 

tPDM 

tPDMSS 

Clock to Output Time 

Clock to Output Time 

(Simultaneous switching) 

Includes 350 pa test-load 
transmission-line delay 

Includes 350 ps test-load 
transmission-line delay 

1.2 1.9 

2.0 

ns 

ns 

2 

2 

tACT Differential inputs active time 10 ns 

tINACT Differential inputs inactive time 15 ns 

t5 

tSU 

ti-I 

DCS and CSR signals 

All other input signals 

Hold Time 

Previous CSR=High 0.7 

0.5 

0.5 

GIN (DATA) 

Data (Except of DCS for Dual-die) Input 
Capacitance 

2.5 4.0 

ns 

ns 

n3 

pF 

DCS Input Capacitance (for Dual-die) 4.0 6.0 pF 

GIN (CLOCK) 
Clock Input Capacitance (for Single-die) 2.0 3.0 pF 

Clock Input Capacitance (for Dual-die) 4.0 6.0 pF 

CIN(RST) Reset Input Capacitance TBD TBD pF 

1. All input slew rate = 1 Vms ± 20 % 
2. Load circuit is specified in JESD82-16 for the S3TUA32866, JESD82-17 for the SSTUA32S868/SSTUA32D868 and JESD82-19 for 

the SSTUA32S865 I SSTUA32D86S 
3. Some register parameter may vary from one register part number to another register part number. Refer to appropriate register 

datasheet for exact detailed information. 

Critical Register Specifications for PC2-6400 

Register Symbol Parameter Conditions 

TA =0 - 70 °C 
VDD=1.8V±0.1V 

Mm Max 

Units Notes 

1:1 25-bit 
and 

1:2 14-bit 
and 

1:2 28-bit 

CK Clock Frequency TBD MHz 

tw 

tPDM 

Pulse duration, CK, CK high or low 

Clock to Output Time 

TBD 

Includes 350 ps test-load 
transmission-line delay 

1.5 

ns 

ns 2 

tPDMSS 
Clock to Output Time 

(Simultaneous switching) 

Includes 350 ps test-load 
transmission-line delay 

1.6 ns 2 

tACT Differential inputs active time 10 ns 

tINACT 

tSU 

Differential inputs inactive time 

DCS and CSR signals Previous CSR=High 0.6 

15 ns 

ns 

tsU All other input signals 0.5 Os 

tH Hold Time 0.4 Os 

CIN(DATA) Data Input Capacitance 2.5 3.5 pF 

CIN(CLOCK) Clock Input Capacitance 

CIN(RST) Reset Input Capacitance 

2.0 

TBD 

3.0 

TBD 

pF 

pF 

1-.-All-fin-put slew ..rate = tV/na ±20 % 
2. Load circuit is specified in JESD82-xxx for the SSTUB32866, JESD82-xxx for the SSTUB32868 and JESD82-xxx for the 
SSTUB32865. 

3. Some register parameter may vary from one register part number to another register part number. Refer to appropriate register 
datasheet for exact detailed information. 
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Unused inputs to the register(s) on the DIMM are not allowed to float so resistors on the DIMM are used to 
guarantee the input logic level to the register(s). The following table describes the resistor options used on the 
DlMMs (defined in the DIMM bill of material) to assemble both non-parity and parity modules. The section be-
low this (Applicable DIMM Type in Systems) explains where non-parity and parity DlMMs may be used. 

Type 

Raw Card 

with 

Register 

used 

DRAM 

density 

A13 A14 A15 BA2 Par— In 

Stub 
resistor 

Pull-
down 

resistor 

Stub 
resistor 

Put-
down 

resistor 

Stub 
resistor 

Pull-
down 
resistor 

Stub 
resistor 

Pull-
down 

resistor 

Stub 
resistor 

Pull-
down 

resistor 

Non-
Parity 
RDIMM 

Parity 
RDIMM 

A, B, C, 

E, G, H, N, R6, 

T7, u 7, AC7 
with 

SSTU32864 

D 3,V6,Y6 with 

SSTU32865 series5, 
K , L 3, M 3,6 P 3with 

SSTU32868 series5 

W8 with 

256 Mb 

512 Mb x 

x2 x 
x 

x 
x 

x 
x 

1 Gb x 

2 Gb X x 
x x 

x 
x 
x 

4 Gb 

256 Mb 

x 

x 

x 

x 
x 

x 
x x 

512 Mb 

1 Gb 

x 
x 

x 

2 Gb 

SSTU32869 series5 4 Gb 

D,V6,Y6 with 256 Mb 

SSTU32865 series5, 

E, G, H, J, N, T7,U 7,AAwith 

SS1U32866 series5, 

K, L, M6, P with 

SSTU32868 series5 

W 8 withSSTU32869 series5 

F , R6, AC4'7 with 

S5TU32866 series5 

x 
x 
x x 

x 
x 
x x 

x 
x 

x 

x 

x 
x 
x x x 

x 
x 
x 

512 Mb x 
1 Gb x 

x x x x x x x x 
x x x x x x x 

2 Gb 

4 Gb 

256 Mb 

512 Mb 

x 

x 

x 
x 

x x x x x x 

x 

x 
x 

x 
x 

x 

x 
x 

x 
x 

x 

x 
x 

x 

x 
x 

x 

x 
x 

1 Gb x x x x x x x x 
2 Gb x x x x x x x 
4 Gb x x X x x 

means: resistor not placed 
2. "X" means: resistor placed; stub resistor value is 22 ohms.; pulldown resistor value is 100 k ohms. 
3. If a non-parity RDIMM with raw card D uses a parity register, then a pull-down must be present on 

Par— In and the resistor RZERO must not be placed. 
4. A Parity DIMM plugged into a non-parity system is O.K. if the system drives A13 and BA2 
5. SSTU32865 series means SSTU32865,SSTUA32S865,SSTUA32D865 and SS1UB32865 
SS1U32866 series means SSTU 32866,S5TUA32866 and SSTUB32866 
SSTU32868 series means SSTU32868,SSTUA32S868,SSTUA32D868 and SSTU B32868 
SSTU32869 series means SSTUA32869 and SSTUB32869 
Applicable Register parts for each speed grade must comply with the table of DIMM Register Use in section of 
Register Component Specifications 

6. R/C M, R, V and Y support only up to 512Mb DRAM density 
7. R/C N, T, U and AC support only up to 512Mb DRAM density 
8. R/C W supports only up to 1 G DRAM die density (i.e. 2Gb package density) 

x 
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JEDEC internal use only 

The unused address pins on non-parity RDIMMs are disabled via resistor options (bill of material option). 

This is achieved by removing the stub resistor of the respective address lead-in net and tying the register 

input node to GND via a 100k ohms pulidown resistor. For Parity RDlMMs, all addresses and Par— In have to 

be driven from the controller to allow for correct parity calculation. In this case, there are no floating inputs to 

the register. 

A13,A14, RsTuB 

A15,BA2 ------- 'Wv-
Par— In 

Register 

RPULLDOWN 

Applicable DIMM types in Systems 

Qerr, NC 

Panty RDIMM only 

RawCard 0, K, T,: U and W only 
ri 

ZERO 

NC, Err—Out 

The following table describes the recommended use of non-parity and parity DlMMs in non-parity and parity 
systems. 

DIMM Type Non - Parity DIMM System Parity DIMM System 

Non-Parity RDIMM OK O.K. 

Parity RDIMM (RC-D,E,G,H,J,K,L, O.K. 
M,N,P,R,T, U,V,W,Y,AA) 

O.K. 

Parity DIMM (RC-F,AC) Not Allowed 1 O.K. 

l.A Parity DIMM plugged into a non-parity system is O.K. if the system drives A13 and BA2 

Register Sourcing 
This document is not intended to be an approved vendor list for support chip components. Although it is recommended that 
all DDR2 SDRAM RDIMM registers meet the specifications documented above, it is up to each DIMM producer to select 
the registers and register vendors which meet these requirements, and to guarantee robustly designed DlMMs. 
The register driver in conjunction with the unterminated postregister nets may cause severe overshoots and undershoots 
at the DRAM input terminals. The DIMM manufacturer needs to ensure that the guaranteed maximum induced over/under-
shoot (see register vendor datasheet) does not exceed the max. allowed value for the DRAM inputs (see DRAM vendor 
datasheet) 
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PLL Component Specifications 

Please refer to the vendor PLL data sheets for all technical specifications and requirements. Below is a chart 
explaining which PLLs are used on each DIMM type. 

DIMM PLL Use 

Raw Card Version # of Ranks 
# of SORAMs 
per output 

PLL Type 
PLL Speed Grade 

PC2-4200 
/ PC2-3200 

PLL Speed Grade 
PC25300 
I PC2-6400 

Quantity 

A, F, R, AC 1:10, 1.8VoIt CU877 I CUA877 CUA877 

B, G, T 2 2 1:10, 18VoIt CU877 I CUA877 CUA877 

C, H, U, V 

D, E, J, K, L, P, W, 
Y, AA 

2 

2 

4 

1:10, 1.8VoIt 

1:10, 1.8VoIt 

CU877 I CUA877 

CU877 I CUA877 

CUA877 

CUA877 

M 4 8 1:10, 1.8VoIt CUA877 CU2A877 

N 4 4 1:10, 1.8VoIt CU877 

1 The reference design uses a PLL in 52-ball FBGA package (M0225 BA) 

CU877 

The following specifications for the PLL are critical for proper operation of the DDR2 SDRAM Registered 
DIMMs. These are meant to be a subset of the parameters for the device. 

Critical PLL Specifications for PC2-42001PC2-3200 

Device Symbol Parameter Conditions 

TA r 0-70x C 

V00 = 1.8V±O.IV 

Mm Max 

Units Notes 

1:10, 18Volt 

fcK 

fcK 

Operating clock frequency 

Application clock frequency 

125 

160 

270 

270 

MHz 

MHz 2 

toc Input clock duty cycle 40 60 % 

tL Stabilization time 15 liS 

tjit(cc+) 

tjit(cc-) 

Cycle-to-cycle period jitter 

Cycle-to-cycle period jitter 

0 

0 

40 

-40 

PS 

PS 

tjit(per) Period jitter -40 40 PS 

tjit(hper) Half-period jitter -75 75 PS 

ten,tdis 

t(f) 

t(f)dyn 

OE to any YIY 

Static phase offset 

Dynamic phase offset 

-50 

-50 

8 

50 

50 

nS 

ps 

PS 

tsk(o) Output clock skew 40 ps 

CIN Input Capacitance VI=VDDQ or GND 2 3 pF 

slr(i) 

sir(o) 

OE slew rate 

Input clock slew rate 

Output clock slew rate 

0.5 

1.5 

4 

3 

Vms 

Vms 

Vms 

1. Operating clock frequency indicates a range over which the PLL must be able to lock, but in which other timing parameters are not 

guaranteed. 
2. Application clock frequency indicates a range over which the PLL must meet all timing parameters. 

Page 44 Revision 3.91 

SAM-NET00027375 

Netlist EX2006 
Samsung v Netlist 

IPR2023-00455



Proposed 
DDR2 SDRAM Registered DIMM Design Specification 

Critical PLL Specifications for PC2-6400/PC2-5300 

Device Symbol Parameter Conditions 

JEDEC internal use only 

TA= 0-70x C 

VDD= 1.8V±0.1V 

Mm Max 

Units Notes 

1:10, 1.8Volt 

fcK Operating clock frequency 125 410 MHz 

fck Application clock frequency 160 410 MHz 2 

toc Input clock duty cycle 40 60 % 

tL 

tft(cc*) 

tjit(cc-) 

Stabilization time 

Cycle-to-cycle period jitter 

Cycle-to-cycle period jitter 

0 

0 

6 

40 

-40 

PS 

PS 

PS 

tjit(per) Period jitter 
fCK:160MHz to 270MHz -40 

fCK:271MHz to 410MHz tjt(per)min 

40 PS 

tjlt(per)max PS 

tj!t(hper) Half-period jitter -50 50 PS 

tenidis OE to any YIY 8 ns 

t('l) Static phase offset -50 50 PS 

t()dyn Dynamic phase offset 
fCK:160MHz to 270MHz -50 50 PS 

fCK:271MHz to 410MHz t()dyn(min) t(4)dyn(max) PS 

tsk(o) 

t(su) 

It(h) 

CIN 

Output clock skew 

ltiit(per)l+It()dynl+tsk(o) 

lt()dyn l+tsk(o) 

Input Capacitance 

fCK:160MHz to 270MHz 40 PS 

fCK:271MHz to 410MHz 

fCK:271MHz to 410MHz 

fCK:271MHz to 410MHz 

Vl=VDDQ or GND 2 

tsk(o)max 

80 

60 

3 

PS 

PS 

PS 

pF 

slr(i) 
OE slew rate 0.5 

Input clock slew rate 

Vms 

4 Vms 

slr(o) Output clock slew rate 1.5 3 Vms 

1. Operating clock frequency indicates a range over which the PLL must be able to lock, but in which other timing parameters are 
not guaranteed. 

2. Application clock frequency indicates a range over which the PLL must meet all timing parameters. 

PLL Sourcing 

This document is not intended to be an approved vendor list for support chip components. Although it is rec-
ommended that all DDR2 SDRAM Registered DIMM PLLs meet the specifications documented above, it is up 
to each DIMM producer to select the PLL and PLL vendors which meet these requirements, and to guarantee 
robustly operating DIM Ms. 
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Proposed 

DDR2 Registered DIMM Details 

DDR2 SDRAM Module Configurations (Reference Designs) 

Raw Card 
Version 

DIMM SDRAM 

Capacity Organization Density Organization 

# of 
SDRAMs 

SDRAM 
Package Type 

#01 
Physical 

Ranks 

#01 #of Address 
Banks in bits 

SDRAM row/col/Bank 

A, F, R1'3, 

AC1'3 

256MB 32Mx72 256Mbit 32Mx8 9 60/68 Ball FBGA 4 13/10/2 

512MB 64Mx72 512Mbit 64Mx8 9 60/68 Ball FBGA 4 14/10/2 

1GB 128Mx72 lGbit 128Mx8 9 60/68 Ball FBGA 8 14/10/3 

2GB 256Mx72 2Gbit 256Mx8 9 60/68 Ball FBGA 8 15/10/3 

4GB 512Mx72 4Gbit 512Mx8 9 60/68 Ball FBGA 8 16/10/3 

B,G,T1'3 

C,HU 1'3, 

D,E, 

K, P W2'4, 

yl,4 

512MB 64Mx72 256Mbit 32Mx8 18 60/68 Ball FBGA 2 4 13/10/2 

1GB 128Mx72 512Mbit 64Mx8 18 60/68 Ball FBGA 2 4 14/10/2 

2GB 256Mx72 lGbit 128Mx8 18 60/68 Ball FBGA 2 8 14/10/3 

4GB 

8GB 

512MB 

512Mx72 

1Gx72 

64Mx72 

2Gbit 

4Gbit 

256Mbit 

1GB 

2GB 

4GB 

8GB 

1GB 

2GB 

128Mx72 

256Mx72 

512Mx72 

1Gx72 

64Mx72 

128Mx72 

512Mbit 

lGbit 

2Gbit 

4Gbit 

256Mbit 

512Mbit 

4GB 256Mx72 lGbit 

256Mx8 

512Mx8 

64Mx4 

128Mx4 

256Mx4 

512Mx4 

1Gbx4 

64Mx4 

128Mx4 

256Mx4 

18 

18 

18 

18 

18 

18 

18 

36 

36 

36 

60/68 Ball FBGA 

60/68 Ball FBGA 

60/68 Ball FBGA 

60/68 Ball FBGA 

60/68 Ball FBGA 

60/68 Ball FBGA 

60/68 Ball FBGA 

63/71 Ball stacked FBGA 

63/71 Ball stacked FBGA 

63/71 Ball stacked FBGA 

2 

2 

2 

2 

2 

8 

8 

4 

4 

8 

8 

8 

4 

4 

8 

15/10/3 

16/10/3 

13/11/2 

14/11/2 

14/11/3 

15/11/3 

16/11/3 

13/11/2 

14/11/2 

14/11/3 

8GB 512Mx72 2Gbit 512Mx4 36 63/71 Ball stacked FBGA 2 8 15/11/3 

16GB 1Gx72 4Gbit 1Gbx4 36 63/71 Ball stacked FBGA 2 8 16/11/3 

J, L 

1GB 64Mx72 256Mbit 64Mx4 36 60 Ball FBGA 2 4 13/11/2 

2GB 128Mx72 512Mbit 128Mx4 36 60 Ball FBGA 2 4 14/11/2 

4GB 256Mx72 lGbit 256Mx4 36 60 Ball FBGA 2 8 14/11/3 

8GB 512Mx72 2Gbit 512Mx4 36 60 Ball FBGA 2 8 15/11/3 

16GB 1Gx72 4Gbit 1Gbx4 36 60 Ball FBGA 2 8 16/11/3 

M 

2GB 256Mx72 256 Mbit 64Mx4 72 63 Ball stacked FBGA 4 4 13/11/2 

4GB 512Mx72 512 Mbit 128Mx4 72 63 Ball stacked FBGA 4 4 14/11/2 

8GB 1Gx72 1 Gbit 256Mx4 72 63 Ball stacked FBGA 4 8 14/11/3 

16GB 2Gx72 2 Gbit 512Mx4 72 63 Ball stacked FBGA 4 8 15/11/3 

32 GB 4Gx72 4 Gbit 1Gbx4 72 63 Ball stacked FBGA 4 8 16/11/3 

N 

AA 

1GB 128Mx72 256Mbit 32Mx8 36 60 Ball FBGA 4 4 13/10/2 

2GB 256Mx72 512Mbit 64Mx8 36 60 Bell FBGA 4 4 14/10/2 

4GB 512Mx72 lGbit 128Mx8 36 60 Ball FBGA 4 8 14/10/3 

8GB 1Gx72 2Gbit 256Mx8 36 60 Ball FBGA 4 8 15/10/3 

16GB 

1GB 

2GB 

2Gx72 11, 
64Mx72 

128Mx72 

4Gbit 

256Mbit 

512Mbit 

512Mx8 

64Mx4 

128Mx4 

36 

36 

36 

60 Ball FBGA 4 

60/68 Ball FBGA 2 

60/68 Ball FBGA 2 

8 

4 

4 

16/10/3 

13/11/2 

14/11/2 

4GB 

8GB 

16GB 

256Mx72 

512Mx72 

1Gx72 

lGbit 

2Gbit 

4Gbit 

256Mx4 

512Mx4 

36 

36 

60/68 Ball FBGA 

60/68 Ball FBGA 

2 

2 

8 

8 

14/11/3 

15/11/3 

1Gbx4 36 60/68 Ball FBGA 2 16/11/3 
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DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Details 

Example: RC C has 2G bytes. 

8 bytes (23)x I Rank (2°)x 14 rows (AO - A13:214) x 11 columns (AO - A9, A11:2 11) x 8 banks (BAO - BA2: 2) 

= 231(30+14 h13) bytes = 2G bytes 

1. R/C M, N, R, T, U, V, Y and AC support only up to 512Mb SDRAM devices 
2. R/C W support only up to 1 G die density SDRAM devices 
3. R/C R, T, U, V and AC support SDRAM package type of 60 ball FBGA only 
4. RIO M, W and Y support SDRAM package type of 63 ball FBGA only 
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Signal 
Names 

Input 
Device A B C D E F 

Raw Card Version 

G H J K L M N P R I U V W Y AA AC 

CKO,CKO  PLL 

RESET PILL + 
Register 

1+1 1+2 1+2 1+2 1+4 1+1 1+2 1+2 1+4 1+2 1+2 

CKEO, 
ODTO 

Register 2 2 2 

1+2 1+4 1+2 1+1 1+2 1+2 1+1 

1 1 1 1 

1+2 1+1 1+4 1+1 

2 2 2 

CKEI, 
ODTI Register N/A 

Addr, BA,  
RAS, CAS, 
WE 

Register 1 

N/A 2 N/A N/A 2 2 2 2 N/A N/A 2 N/A 

2 2 2 2 2 2 2 2 2 

SO 

SI 

Register 

Register N/A 

2 2 

N/A 

4 

4 N/A 

2 2 

N/A 

4 2 

2 

2 

2 

2 2 

2 N/A 

2 2 

N/A 

2 

2 

4 

4 N/A 

S2 

S3 

Register 

Register 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

2 

2 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

DC. CB,  
DOS, DOS 

DDR2 
SDRAM 

2 2 2 2 2 2 2 4 4 2 2 2 2 2 

DM, RDQS, 
RDQS 

DDR2 
SDRAM 

2 N/A N/A N/A 2 N/A N/A N/A N/A N/A 4 N/A 2 N/A N/A N/A N(A N/A 

SCL,SDA, 
SA 

Par In 

EEPRO 
M 

Register N/A N/A N/A 2 2 2 2 2 2 2 2 2 2 
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DDR2 Registered DIMM Design File Releases 

Reference' Design file updates will be released as needed. This Registered 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 

Specifica-
tion 

Revision 
Applicable Design File Applicable BOM Notes 

AU 

BO 

Bi 

1.10 

0.56 

1.10 

PC2-4200_RDIMM_V1 OU_RC_AO_20040109.brd 

PC2-4200RDlMMV056RCB02003U708.brd 

PC2-4200RD1MMV100RCB 1 20040109.brd 

PC2-4200_RD I MM_V100_RC_AO_20040109_Born 
11-1 

PC2-4200RDlMMVU56RCB020030708Born 

PC2-4200R0 I MM V100RCB 1 _20040109_Born 

CO 

DO 

1.10 

1.10 

PC2-4200RDIMMV100RCCO2003O71U.brd 

PC2-4200RDIMMV100RCDO2004O2O2.brd 

PC2-4200RD I M_V100_RC_C0_2O030710_Born 

PC2-4200RD I MMV1 10 RC DO 20040902 Born 

EU 

GO 

HO 

1.10 

1.10 

1.10 

PC2-4200RDIMMV1 00RCE020040205.brd 

PC2-4200 RDIMM V101 RC GO 20040406.brd 

PC2-4200_RDIMM_VIOI_RC_HO_20040205.brd 

PC2-4200R0 1MM V100 RC EO 20040205 Born 

PC2-4200 1113 1MM V101 -RC -GO 20040531 Born 

PC2-4200_RDIMM_V101 _RC_H0_20040126_Born 

J2 3.30 PC2-5300RD1MMV330RCJ2_200602 14 .brd PC2-5300 RDIMM V330 RC J2 20060316 Born 

KU 1.10 PC2-4200_RDIMM_V1 01_RC_KO_20040402.brd PC2-4200_RD 1MM_ViOl _RC_KO_20040402_Born 

LO 

Ml 

Ni 

PO 

RU 

1.00 

3.91 

3.80 

3.10 

3.30 

PC2-6400RDlMMV340RCL02006U410.brd 

PC2-5300RDlMMV391-RC-M l 20070426.brd 

PC2-5300_RDIMM_V380_RC_N1 20061023.brd 

PC2-5300RD1MMV3 10 XC P020050221 .brd 

PC2-6400 RDIMM V330 XC RU 200601 30.brd 

PC2-6400R0 I MM V340RCL02006041 0_Born 

PC2-5300_RDIMM_V391_RC_MI_20070426_BOM 

PC2-5300_RD I MM_V380_RC_N I_20061 023_Born 

PC2-5300RD I MM V31 0RCP020050221 _Born 

PC2-6400_RD I MM_V330_RC_RO_20060130_BOM 

TO 3.30 PC2-5300RDlMMV330RC_T020051020.brd PC2-5300_RD I MM_V330_RC_TO_20051201 _BOM 

uO 3.30 PC2-5300_RDIMM_V330_RC_UO_20051020.brd PC2-5300_RDIMM_V330_RC_UO_20051201_BOM 

VU 

WO 

3.30 

3.30 

PC2-5300RDIMMV33ORCVO2006O2O4.brd 

PC2-5300_RDIMM_V330_RC_WO_20051020.brd 

PC2-5300_RD I MM_V330_RC_VO_20060130_BOM 

PC2-5300_RDIMM_V330_RC_WO_20051026_BOM 

YO 3.30 PC2-4200RDIMMV33ORCYO2006OI3O.brd PC2-4200_RD I MM_V330_RC_YO_20060130B0M 

ACO 3.80 PC2-6400RDlMMV39ORCACU20061 130.brd PC2-6400_RDIMM_V390_RC_ ACO _20061130_BOM 

DO 1.10 PC2-4200RDlMMV100RCD02004O202.brd PC2-4200RPDlMMVl 10 XC DO 20041007 Born 

EU 

EU 

1.10 

1.10 

PC2-4200_RDIMM_V1 UU_XC_EO_20040205.brd 

PC2-4200RD1MMV101RCF020040211 .brd 

PC2-4200_RPD!MM_V1 00_RC_EO_20040205_Born 

PC2-4200RPD1MMV1 01 RCFO 2004021 1 Born 

GO 1.10 PC2-4200_RDIMM_V101 _RC_GO_20040406.brd PC2-4200_RPDIMM_V1O1_RC_GO_20040406_Born 

HO 1.10 PC2-4200_RDIMM_V1O1 _RC_HO_20040205.brd PC2-4200_RPDIMM_V1 01_RC_HO_200401 26_Born 

J2 3.30 PC2-5300_RDIMM_V330_RC_32_20060214.brd PC25300_XPDlMM_V330_XC_2_2006O316_Born 

KU 1.10 PC2-4200RD1MMV101RCK020040402.brd PC2-4200RPDlMMV101RCK020040402Born 

LO 

Ml 

NI 

1.00 

3.91 

3.80 

PC2-6400RDIMMV34ORCLU2006O41O.brd 

PC2-5300_RDIMM_V391_RC_MI_20070426.brd 

PC2-5300RD1MMV380RCN I 20061023.brd 

PC2-S400PRDIMMV34ORCLO2006O4i 0 Born 

PC2-5300_RPDiMM_V391_RC_Mi_20070426_BOM 

PC2-5300RPD1MMV380RCN I 20061023_Born 

PO 3.10 PC2-5300RD1MMV3 10 XC P020050221 .brd PC2-5300RPD1MMV3 10RCP02005022 1_Born 

RU 3.30 PC2-6400RDlMMV33ORCR02006O130.brd PC2-6400_RPDIMM_V330_RC_RO_20060130_BOM 

TO 3.30 PC2-5300RD1MMV330RCT020051020.brd PC2-5300_RPDIMM_V330_RC_TO_20051201_BOM 

uO 

VU 

3.30 

3.30 

PC2-5300RDlMMV33ORCU02005i 020.brd 

PC2-5300_RDIMM_V330_RC_VO_20060204.brd 

PC2-5300_RPDIMM_V330_RC_UO_20051201 _BOM 

PC2-5300_RPDIMM_V330_RC_VO_20060130_BOM 

WO 3.30 PC2-5300RD1MMV330RCW020051020.brd PC2-5300_RPDIMM_V330_RC_WO_20051020_BOM 

YO 3.30 PC2-4200_RDIMM_V330_RC_YO_2006U130.brd PC2-4200_RPDIMM_V330_RC_YO_20060130_BOM 

AA 3.50 PC2-4200FLEXRDlMMRCAARevO1 20051214 PC2-4200FLEXRDlMMRCAARev0l20051 214_Born 

ACO 3.80 PC2-6400_XDIMM_V390_RC_ACO_20061 130.brd 

R/C-B1 Optional resistors for A13,A14,A15,BA2 were added on R/C-BO 
R/C-JI: Non-Parity DIMM has not been authorized yet. 

PC2-6400 RPDIMM_V390_RC_ACO_20061 130_BOM 

Non-parity DIMM mod-
ules. 

Non-parity DIMM mod-
ules using raw cards 
designed for parity. 
This is further 
explained on page 40 
under Register Options 
for Unused Inputs. 

Parity DIMM module. 
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Component Types and Placement 

Proposed 

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. PCB has x16/x8/x4 common footprint (only 
x8,x4 are wired). 

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. The mini-
mum center-to-center spacing of DRAMs is 12.8 mm and the height of the DRAM outline is 21.9 mm for raw 
cards A, B and C reference designs. 

These examples and dimensions are for reference only. Dimensions are controlled by JC-1 1 document MO-
237. 

Example Component Placement 

Raw Card A, F 
Front 

133.35 

5.25 

Side 
2.70 max  

.106 max 

n 

 fl Hill [Hi 11111 lHlI1[llIU[HIUHHUHIIU'HII WIlL  

a) 
(0 

a) 

PLL 

Back 

Note: All dimensions are typical unless otherwise stated. Millimeters  
Inches 

I 
30.0 

1.18 

I  
1.0 max 
0.039 max 

1.27 ± 0.10 
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Raw Card B, C, G, H 

Front 

13335 

5.25 

Back 

Note: All dimensions are typical unless otherwise stated. Millimeters  
Inches 

Side 
4.00 ma 
.157 ma 

1.0 max  
0.039 max 

1.7 max 
1.1. max 

1.27 +0 ' 10  
.050 ± .004k 
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Raw Card D 
Front 
13335 

5.25 

Side 
7.55 max 
0.297 max 

Stac ked DRA Ms 

Back 

PILL 

TrW 

U) 

Stac ked D Ms 

Note: All dimensions are typical unless otherwise stated. Millimeters 
Inches 

30.0 

118 

V  

1.0 max  
0.039 max' 

3.10  max 
0.122max 

1.27±0.10  
.050 ±.004 

Raw Card E 
Front 
133.35 

5.25 

Side 

76
 7.55 max 

0.297 max 

Register 

Sta 

Register 

C ked D Ms 

HTTI  fl [ThTfF1Thff1f[1Th1U1JTffU1JTfffffflffffflT[ftfThT1Thf11  
Back 

UI 

Register Register 

Sta cked 0 Ms 

Note: All dimensions are typical unless otherwise stated. Milimeters  
Inches 

A 

30.0 

1.18 UUHI 

V 

1.0-max  
0.039 max" 

3.10 max II 
0.122max 

1.27±0.10  
.050 ± .004 
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4 

Raw Card J, N 
Front 

133.35 

5.25 
Side 

4.00 ma 
.157 ma 

1i{J[JTftii[JTH1T[J[T111[fffl1JTfl1JTflTJTffftflTff1flTHTHflTHftflhJ[H1 fl iTTftlnTlrnTJjffniJujftrJjffftrJjffftrljnTlTJilftllmlrrrJnjrrr I 
Back 

I Fill hF Fill ill Fl IlIlIFF IlIF Fill F Fill FF11111 FF11111 FF11111 FF111 Fill LI 11111 H 11111 hliiihihll IF FF1111 FIIIF FF11111 Fill hF Fill hF H Ill IF I 

0 

Note: All dimensions are typical unless otherwise stated. Millimeters 
Inches 

30.0 

1.18 

'V 
1.0 max  
0.039 max 

1.7 max 
0.067 max 

1.27± 0.10, 
.050 ±004 

4 

Raw Card K 
Front 

133.35 
5.25 

Side 
7.55 max-

a) 
U) 

ry 
a) 

PLL 

cked D Ms 

I rft[JTftI ITT iT[frnimTniJT Tfli]Tf1flTJTffftflTffftlTrJTfflhJfftflhJiJHi fl 1iTr1flTHTftflTJTff1lJJ ljrrJTffftrJjffftrJjnTll]IJUmmIIFJnTIIF I 
1.0 max 
0.039 max 

Back 

Sta cked D 

Note: All dimensions are typical unless otherwise stated. Millimeters 
Inches 

A 

1.18 

3.10 max  
0.122 max 

1.27+0 ' 10  
.050 ± .004 P. 
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Raw Card L 
Front 

133.35 

5.25 

PLL 

 n   

Note: All dimensions are typical unless otherwise stated. Millimeters 
Inches 

Back 

Raw Card M 
Front 

133.35 

5.25 

Side 
4.00 ma  
.157 max 

A 

30.0 

1.18 

1.O max  
0.039 max 

1.7 max U 
0.067 max 1 

L_ 

Side 
7.55 max 
0.297 max 

30.0 

1.18 

[UT JTflJITJTflJITJT1TF11JTf{[1JJTITI1TJTlTfTJTfl1JT1TflTIT1TiT1 T Ti11i1TJTfl 1) 1 liT 1J1T!T[f[] 
Back 1.0 max  

0.039 max 

Note: All dimensions are typical unless otherwise stated. Millimeters  
Inches 

3.10 max 
0.122 max 

1.27 +-0.10  
.050± .004k 

4-
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Raw Card P 
Front 
133.35 

Register 

5.25 

PLL 

Stacked DRAMs 

 a 

Side 
7.55 max 
0.297 max 

ii 

30.0123,35 

r19T! JTTJT TPTJT TITT fl-ITT TUFT TUT•T TTITITTIT! FT! TVT i lfl fl  
lOmax H 

Back 0.039max 

U  J H H  I 3.l0 max  
0.122max H 

,J 1.27±0.10J 
.050 ±.004 Register 

S 

ii m 

cked DRAMs 

Note: All dimensions are typical unless otherwise stated. Millimeters  
Inches 

Raw Card R 

Front 

III  IIIlIIIIIIIII [if III III III III]  III III III III IllIll IIlIIIIIIIIlIIItIlIIIIIIIIII  

1.7 51 
Bac k 

!IlIllIIIlIlIIlIIIlIlIlIIlIlllIllIlIlI IIIlIlUIIlIlIilIIllIlJlIIlIHlIIIIlIIIII llllllllllllllllllllllllllllllllllllllllllllllllllllhlll lilllllllillllll 

Note: All dimensions are typical unless otherwise stated. Millimeters 

•-
Side 

-7 
4.0 max 1 

1.27 sOlO 
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Raw Card T, U 

Front 
133.35 

Q) 
ci) 

0) 
a) 

Side 

[I1TTUh1Tft1flfl1Tftf1TT1JITllffl[llThJ Ti1Ji1TiTlJ1Uf[1l11T1ftf11i1 fl [ffllTfluflIliftftflTf 1 [ITft[1liTUJ1li1Jf[1liTi1JJTlT11 [1J1IIiJf[lTh [1 I  I 

Back 

a) 

C/) 

Of 

0) 
a) 

Note: All dimensions are typical unless otherwise stated. Millimeters  

1.0 max 

1.7 max 

1.27 ±0.l0) 

Raw Card V 

 1 
0 

Back 

 iltltltlllltltlllllltlllllltll llllltlllllll till  

HIM IIIIIIIIII  IIIIIIIIII 1111111111111111111  HIM III  III III IIIIII I III III IIII  III  11111 1111111111111111 11111111111111111111111111111111 

ReCister 

Note: All dimensions are typical unless otherwise stated. Millimeters  

Side 
4.0 max 
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Raw Card W 

Front 
13335 

Side 

7.55 max 

a) 

a) 
ry 

 1'l  

_J 
I 

18.3 

Back 

Note: All dimensions are typical unless otherwise stated. Millimeters 

1.0 max 

3.10 max 

1.27 ± 0.10, 

(  

Raw Card Y 

33.35 

PIL D 
IIIIlIII Ill ill lIllllllll Ill Ill IllIlIllIl lllllllIIllllllIllll IlIllIllIllIll Ill llllllllllllllllllllllllllllllllllllllllll ill Ill Ill Ill Ill Ill Ill Ill 111111 

Back 

IllliIllllllllllllllllllIllIIlillIlIlIlllllllllllllHllllll!IIIIIIIIIIIIIIIIIIII 11111111111 1111111111111111 Ill 1111111111111111111111111 Ill 11 

Note: All dimensions are typical unless otherwise stated. Millimeters  

Revision 3.91 

Side 
7.55 max 

3.1 

t27 1 0.10 
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Proposed 

Component Placement Raw Card AA 

Flat Flex Circuit 
Outward Facing Side 

127.50 

DDWUOWEUUDhIIIUIIUEDlll1UIJflEfl 
I'll 
iii 

ammoollmEllalmmmommmoMMMIOM 

011IM0001HIMIMMMOMMOUMOM01111 

Inward Facing Side 

Finished Module 

H  

L 

Front 

133.35 mm. 

5950 

' Flex Circuit Fold line 
/ 

30,35 

r   
Back 

III[I liflflilflflill 

UDOMOMMMOUHHHOMOOMOOMHUOHMUGOOGOWJUMIEMOOEMOMHMOMMMOUBIEODM 

NOTE 1: All dimensions (in mm) are typical unless otherwise stated 
NOTE 2: Optional heat spreader assembly not shown 

6.6 mm.  
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Raw Card AC 

Front 
133.35 

 n  

Side 

Back 

U   
a) 
0) 
0) 
Q) 

Note: All dimensions are typical unless otherwise stated. Millimeters  

1.0 max 

1.7 max 

1.27 ± 0.10 
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Proposed 

DDR2 Registered DIMM Wiring Details 

Signal Groups 

This specification categorizes DDR2 SDRAM timing-critical signals into five groups. The following table sum-
marizes the signals contained in each group. 

Signal Group Signals In Group 

PILL lnput/ Unused Clocks CK, CK 

Raw Card Version 

A, B, C, D, E, F, G, H, J, K, L, M, N, P, R, T, U, V, W, 
Y, AA, AC 

Page 

67-60 

PILL Output FBKOUT, FBKOUT,PCK[9:0] 
A, B, C, D. E, F, G, H, J, K, L, M, N, P, R, T, U, V, W, 

Y, M, AC 
70-79 

Data, DOS, DOS, DM DQ[63:0],CB[7:0],DQS[8:01,DQS[8:0], 
DM[8:0]/RDQS[17:9],RDQS[17:91 

A, B, C, D, E, F, G, H, J, K, L, M, N, P, R, T, U, V, W, 
Y, AA, AC 

80-84 

Address and Control 

Chip Select, Clock Enable, ODT 

Address and Command Parity 

RESET 

A[15:O], BA[2:O], RAS, CAS, WE 
S[3:0], CKE[1:01, ODT[1:0] 

Par—In, Err—Out 

RESET 

General Net Structure Routing Guidelines 

A, B, C, D, E, F, G, H, J, K, L, M, N, P, R, T, U, V, W, 
Y, AA, AC 

D, E, F, G, H, J, K, L, M, N, P, R, T, U, V, W, Y, AA, AC 

A, B, C, D, E, F, G, H, J, K, L, M, N, P, R, T, U, V, W, 
Y, AA, AC 

85-117 

118-121 

122 

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 accom-
panied 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 

• Route all signal traces except clocks using 0.1/0.1 rules, i.e., 0.1 mm traces and 0.1 mm minimum spacing 
between adjacent traces.But spacing should be as wide as possible to prevent crosstalk. 

• Route clocks using 0.1 mm lines and 0.1 mm spaces between differential clock pairs and differential 
DQS,DQS. 

• Route clocks using at least 90% of the total trace length in the inner layers. 
• Signals are referenced to Vss or Vdd on adjacent layers. Data signals (DQ,DQS, DQS,and DM) are refer-

enced to Vss. Address and Command signals are referenced to VDD. 

Signal referencing information 

Signal groups Referencing 

DO/DOS pair /DM Ground layer 

Clock nets Ground layer 

Signal groups Referencing 

Pre-register address and command net Vdd shape 

Post-register address and command net Ground layer 

Test points are required and are provided on the reference designs for the following signal groups: 
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Test Points 
Test points are provided on the DlMMs for probing purposes where signals can not be probed using existing 

vias or components. These test points vary by DIMM design. Most signals can be probed on the back side of a 
single-sided DIMM (R/C A and F) using the existing vias. Test points were added on the double-sided DlMMs 
(R/C B, C, D, E, G, H, J, K, N, 1, U, V, W and Y) to measure signals closer to the DRAMs. Probing can also be 
done directly on the DRAM pads on the double-sided/double-rank DIMM (R/C B and G) by removing a DRAM 
and operating the DIMM as a single-rank DIMM (also add a capacitor to emulate the missing DRAM load). The 
test point signals are summarized in the table below and are documented in the schematics as well as in an 

assembly drawing showing the locations of the test points. 

Test Points 

Signal 
Group 

Address 
/Command 

DQ,CB 

Signal 
Location 

Pre register 

Raw Card A, F 

All signal: - 

A115:0], BA[2:0], SO, CKEO, 
 RAS,CAS,WE, ODTO 

Post register (at vias on back side) 

DQ[0,1,2,3,8,9,1O,11,16,17,18, 
19,32,33,34,35,40,41,42,43,48, 
49,50,51,56,57,58,59], 
)CB[0,1] 

Raw Card B, G 

A[0,4, 10],BA[0,1], 

SO,RAS,CAS,WE, ODTO 

Raw Card C, H 

A[0, 7:4, 11:9, 13], BA[0, 1], 

SO,RAS,CAS,WE,CKEO, ODTO 

A[0,1,3,4,10], BAO, SO, CKEO, ODTO 

DQ[0,2,3,6,7,8,9,11,15,16, 17,19, 
23,24,25,27,28,29,34,35,38,39,40, 
44,46,48,51,55,56,57,59,60,61,63], 
CB[0,1], Others* 

DQ[0,1 2*3,6,7,8,9,11 ,12,15,16,17, 
19,20,23,24,25,28,29,34*35,39,40, 
43,44,47,48,51 ,52,53,55 ,56,58*59, 

60,61,63*1, CB[0,1,4,5] 

DQS,DQS 

DM 

Clock 

Pre PLL 

DQS,DQS[8:0] 
t(at vias on back side) 

)DM[8:O] 
(at vias on back side) 

CKO,CKO 
(at vias on back side) 

Post PILL CKO,CKO 

(at SDRAMs, 

at Register) 

(at vias on back side) 

Notes: * Need to remove SDRAM to probe 

Signal Group 

Address 
/Command 

Signal 
Location 

DQS,DQS[3,4], Others* 
DQS,00S[0*,2,3,4*,7,8,9*,12,13*, 

16,17] 

DM[3,8], Others* 

CKO,CKO (at vias on opposite side) 

CKO,CKO (at term, resistors on clock inputs of registers and SDRAMs) 

Raw Card 0 

]A[15:0],BA[2:O],S[1:0],ODT[1 :0],CKE[1:0], 
Pre register ]RAS,CAS,WE,CKE[1:0],Parin 

](at stub resistor) 

Post register S[1:0],ODTt1:O],CKE1:O], Err out, 

Raw Card E 

Al ,A3,A14,A15,SO,Sl ,ODTO,ODT1,CKEO, 
CKE1 

A[O,7,15],S1,CAS, ODT1 

DQ,CB 

DQS,DQS 

DM 

Clock 

Pre PILL 

DQ[63:0],CB[7:0] (at stub resistor) 

DQS,DQS[17:O] (at stub resistor) 

DQ[2,3,7*,8, 12,13,17:15,19,20,21,24,25,28, 
29,34,35,38,39,42,43,48:46,52:50,56:54,60, 
63*], CB[0,l,4,5] 

DQS,00S[0*,4:2, 7*,8,9*, 12,13,16*, 17] 

I-CK-O-,CK-O--(at--term-.-re-si-stor-) CKO,CKO (at vias on opposite side) 

Post PLL 

(at SDRAMs ]CKO,O (at term. resistors on clock inputs of registers and SDRAMs) 

at Register) 

Notes: * Need to remove SDRAM to probe 
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Signal Group 

Address 
/Command 

Signal 

Location 

Pie register 

Raw Card J 

A11,2,5,6],a1:0], 
1RAS,CAS,WE,S[1:01,CKEO 

Raw Card K 

A[1 ,25,6],&1:0], 
RAS,CAS,WE,S[1 :0],CKEO 

Post register 1A[0,3,7,10,15],BA2,SI,CAS, ODTO,CKEI A[0,3,7,10,15],BA2,S1,CAS, ODTO,CKEI 

DO,CB 
O[0,1,3,4,5,11,12,15,16,17,20,21,24,25,2 

852934353839434748515256596 
ro,61,63], CB[1,4,5] 

DQ[0 , 1,3:4,5,11,12,15,16,17,20:21 ,24,25,28 
5,29,34,35,38,39,43,47,48,51,52,56,59,60,6 
1,63], CB[1,4,5] 

DOS, DOS DOS,00S[3,8,12, 17] DOS, DOS[3,8, 12,17] 

DM 

Clock 

Pie PLL CKO,CKO (at term. resistor) CKO,CKO (at vias on opposite side) 

Post PLL 

(at SDRAMs, CKO,CKO (at term. resistors on clock inputs of registers and SDRAM5) 

at Register) 

Notes: Need to remove SDRAM to probe 

Signal Group 

Address 

/Command 

Signal 
Raw Card L 

Location 

A[1 6 8,9],BA[0]. 
Pie register 1RAS,CAS,WE,S[1:01,CKE[1:01,ODTI 

Raw Card M 

A[1 348 12 13] BA2 RAS CAS IA[0-13] BA[0 1  
Post register 

S[0:1] ODT[0:1],CKE[0:1] IRAS, CAS, WE, S[2, 3], CKE[11, ODT[11 

DO,CB 

DOS, DOS 

iDO[0,1,3,4,5,11 ,12,15,16,17,20,21,24,25,2 DQ[0, 1,2,3,4,5,6,7,56,57,58,59,60, 
:.9,34,35,38,39,43,47,48:51,52,56,59,60,61, 161, 62, 63] 
.631, CB[1,4,5] 

DOS , lJQS[3,8,12, 17] 

DM 

Clock 

Pre PLL CKO,CKO (at term. resistor) 

DQS, DOS#[0, 7,9, 16] 

Post PLL 

(at SDRAMS, CKO,CKO (at term. resistors on clock inputs of registers and SDRAMs) 

at Register) I 

Notes: * Need to remove SDRAM to probe 
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Signal Group 

Address 
/Command 

Pie register 

Post register 

DO, CB 

DOS, DOS 

DM 

Signal Raw Card N Raw Card P 
Location 

A[1,2,5,61,BA[10], All signals 
RAS,CAS,WE,S[1:0],CKEO 

A[3,4,7,12],S2,CAS, ODT1.CKE1 

DQ[0,1 ,3,4,5,11,12,15,16,17,20,21,24,25 
285,29,34,35,38,39,43,47,48,51,52,56,5 
9,60,61,63], CB[1,4,5] 

A[7, 15],CAS,S 1,ODT1 

DOS, DOS[3,7] 

LJM[2,7] 

Clock 

Pie PLL CKO,CKO (at term. resistor) 

Post PLL 

(at SDRAMs, 

at Register) 

CKO,CKO (at term. resistors on clock 
inputs of registers and SDRAMs) 

CKO,CKO (at term. resistor) 

(CKO,CKO at via 
on opposite side of the registers. 
(CKO,CKO at term. resistors 
on clock inputs of SDRAMs 

Notes: * Need to remove SDRAM to probe 

Signal Group 

Address 

/Command 

Signal 
Location 

Pie register 

Raw Card R 

AO,A1,A9,A11,Al2,CAS,RAS,CSO, 
CKEO,BAO, BA1 

Raw Card T 

A[0,1,3,4,10], BAO, CKEO, SO, ODTO Post register 

DQ,CB 

DOS, DOS 

DM 

Al2, A13** 

Available at stub resistors 

Available at stub resistors 

Available at stub resistors 

DQ[63:0],CB[7:0] (at stub resistor) 

DQS,00S[8:0] (at stub resistor) 

DM[8:0] (at stub resistor) 

Clock 

Pre PLL 

Post PLL 

(at SDRAMs, 

at Register) 

CKO,CKO (at term. resistor) 

Available at termination resistors 

Notes: * Need to remove SDRAM to probe 
** Teetpoints Al2, A13 of RIC R are located above the DRAM package outline 

Revision 3.91 

CKO,CKO (at term. resistor) 

CKO,CKO (at term. resistors on clock 
inputs of registers and SDRAMs) 
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JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

Signal Group 

Address 
/Command 

00GB 

Signal 
Location 

Pie register 

A4, ODT1, CKE1 

Raw Card U Raw Card W 

Post register A[0,1,3,4,10], BAO, CKEO, SO, ODTO 

DOS, DOS 

DM 

DQ[63:0],CB[7:0] (at stub resistor) DQ[63:O],CB[7:0] (at stub resistor) 

DQS,DQS[17:0] (at stub resistor) DQS,DQS[17:0I (at stub resistor) 

Clock 

Pre PILL 

Post PILL 

(atSDRAMs, 

at Register) 

CKO,CKO (at term. resistor) CKO,CKO (at term. resistor) 

CKO,CKO (at term. resistors on clock inputs of registers and SDRAMs) 

Notes: * Need to remove SORAM to probe 

Signal Group 

Address 
/Command 

Signal Raw Card V Y 
— .Location 

Pie register I A1-A9,A11,BA2 

Post register 

DO,CB 

DOS, DOS 

ODT, Al2, A13 

Raw Card AA 

A[1 5:O1,BA[2:O],S[1:O],00T[1:O],CKE[1:0], 
RAS,CAS,WE,Par_ln (at stub resistor) 

A[4,7, 12],S[0, 1 ],ODT[1 ],CKE[1 :0] 

At stub resistors 

At stub resistors 

DQ[63:O],CB[7:O1 (at stub resistor) 

DQS,00S[1 7:O1(at stub resistor) 

DM 

Clock 

Pie PILL 

Post PILL 

(atSDRAMs, 

at Register) 

At stub resistors 

CKO,CKO (at term. resistor) CKO,CKO (at term. resistor) 

- CKO,CKO (at term. resistors on clock inputs 
C CKO,KO (at term. resistor) of registers and SDRAMs) 

Notes: * Need to remove SDRAM to probe 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Signal Group 

Address 
/Command 

DQ,CB 

Signal Raw Card AC 
Location 

Pre register All signals (at vias on opposite side) 

Post register A[O,1,3,4,1O], BAO, CKEO, SO, ODTO 

DQ[63:O],CB[7:O] (at stub resistor) 

DQS,DQS 

DM 

DQS,DQS[8:O] (at stub resistor) 

DM[8:O] (at stub resistor) 

Clock 

Pre PLL CKO,CKO (at term. resistor) 

Post PLL - 

SDRAMs, CKO,CKO (at term. resistors on clock 

at Register) inputs of registers and SDRAMs) 

Notes: * Need to remove SDFtAM to probe 

Revision 3.91 Page 65 

SAM-NET00027396 

Netlist EX2006 
Samsung v Netlist 

IPR2023-00455



JEDEC internal use only 
DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

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 registered DIMM designs. The diagrams should be used to determine indi-
vidual signal wiring on a DIMM for any supported configuration. Only transmission lines (represented as cylin-
ders 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 1 GB double-sided x72 DIMM using 512 Mbit, 64Mx8 SDRAM devices would have a data net structure as 
shown in the following diagram. 

DIMM 
Connector 

TLO TLI 22 ohms ± 5% 

TL2 
SDRAM Pin 

SDRAM Pin 
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DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Differential Clock Net Structures 

CK, CK 

DDR2 SDRAM clock signals must be carefully routed to meet the following requirements: 

• Signal quality 

• Rise/Fall time 

• Cross point of the differential pair into the SDRAM and register 

• JEDEC-compatible reference delays 

• Minimal segment length differences (less than 2.54mm total) between clocks of the same function 

• PLL input net segment length is newly defined and optimized for high speed DDR2 Registered DlMMs. 

Net Structure Routing for PLL Input 

PLL Clock Input 

DIMM 
Connector 

CK 

CK 

For testpoint at CK and OK use via 
1 mm from the DIMM connector 

Ri 

Unloaded Clock Input 

No Connection 

TLO 

1L2 

TI-1 

PLL 

Testpoint at CK and CK use via, 
0.6 mm from PLL CK input 

Clock Net Lengths for PLL Input Net Structures 

Raw Card 

A, F 

TLO 

24.8 

TI-1 

0.6 

TI-2 
RI 

(Ohms) 

1.4 120±5% 

Notes 

1,2 

B, G 24.8 0.6 1.4 120±5% 1,2 

C, H 24.8 0.6 1.4 120±5% 1,2 

D 24.8 0.6 1.4 120±5% 1,2 

E 24.8 0.6 0.8 120±5% 1,2 

J 24.8 0.6 1.3 120±5% 1,2 

K 

L 

N 

24.8 

25.5 

27.0 

0.6 

0.6 

0.6 

1.1 120±5% 

1.1 120±5% 

1.1 120±5% 

1,2 

1,2 

1, 3 

P 24.7 0.7 1.0 120±5% 1,2 

T 21.4 0.7 1.3 120±5% 1,4 

U 21.0 0.8 1.3 120±5% 1,5 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
2. TLO + TI-11 = 25.4 mm 

3. TLO +TL1=27.6mm 
4. TLO +TL1=22.1 mm 
5. TLO +TL1=21.8mm 
6. TLO +TL1z22.3mm 
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DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Clock Net Lengths for PLL Input Net Structures (Cont.) 

Raw Card 

W 

TLO 

21.6 

TI-1 

0.7 

TI-2 

1.4 

RI 

(Ohms) 

120 ± 5% 

Notes 

1,6 

AA 24.1 1.3 0.0 120 ± 5% 1,2 

AC 21.4 0.7 1.2 120 ± 5% 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

2. TLO +TL1=25.4mm 
3. TLO +TL1=27.6mm 
4. TLO +TL1 =22.1 mm 

5. TLO +TL1 =21.8mm 
6. TLO +TL1=22.3mm 

1,4 

Net Structure Routing for PLL Input (Raw Card M) 

PLL Clock Input 
TLO TI-1 

DIMM 2 
Connector CK 

For testpoint at CK and CK use via 
2 mm from the DIMM connector TI-2 

Cl 

TI-3 

Unloaded Clock Input 
No Connection 

RI 

PLL 

Testpoint at CK and CK use via, 
0.8 mm from PLL CK input 

Clock Net Lengths for PLL Input Net Structures (Raw Card M) 

Raw Card 

M 

TLO 

27.6 

TI-1 

0.9 

TI-2 

1.0 

TL3 

1.5 

R1 
(Ohms) 

120 ± 5% 

Cl 
(pF) 

TBD 

Notes 

2, 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
2. All capacitances are given in pF and must be kept within a tolerance of ± TBD%. 
3. TLO + TI-1 = 28.45 mm 
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DDR2 Registered 

Net Structure 

DIMM Wiring Details 

Routing for PLL Input 

JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

PLL Clock Input 
TLO 

DIMM 
Connector 

CK 

CK 

For testpoint at CK and CK use via 
1 mm from the DIMM connector 

Unloaded Clock Input 
No Connection 

TI-1 TI-2 

PLL 

Testpoint at CK and CK use via, 
0.6 mm from PLL CK input 

Clock Net Lengths for PLL Input Net Structures 

Raw Card 

R 

TLO 

3.6 

TI-1 

23.2 

TI-2 

0.6 

TI-3 

1.0 

Cl 
(pF) 

1 ± 0.25 

Ri 
(Ohms) 

120 ± 5% 

Notes 

1,2 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

2. TLO + TI-1 + TI-2 = 27.4 mm 

Net Structure Routing for PLL Input 

PLL Clock Input 

DIMM 
Connector 

CK 

CK 

For testpoint at CK and CK use via 
1 mm from the DIMM connector 

Testpoint at CK and CK use Cl, 
3.2 mm from PLL CK input Unloaded Clock Input 

No Connection 

PLL 

Clock Net Lengths for PLL Input Net Structures 

Raw Card 

V 

V 

TLO 

6.1 

6.2 

TI-1 

1.0 

1.0 

TI-2 

3.1 

3.6 

Cl 
(pF) 

TBD 

TBD 

R  
(Ohms) 

120 ± 5% 

120 ± 5% 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
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DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

Net Structure Routing for PLL Feedback Path (Raw Card A, F, W) 

Ri 

Cl 

TL3 TI-2 

PLL Feedback Path 

 ro 
TL1 

PLL 

FBKIN FBKOUT 

FBKIN FBKOUT 

 (0 
TLO 

Net Structure Routing for PLL Feedback Path (Raw Cards B, C, D, G, H, J, K, N, T, U, 
AC) 

L0   RI 

TI-2 TI-3 

PLL Feedback Path 

TL1 
0 

PLL 

FBKIN FBKOUT 

FBKIN FBKOUT 

 ( 
TLO 

Net Structure Routing for PLL Feedback Path (Raw Card E, L, M, P, R, V, Y) 

C  Ri 

TL3 TI-2 

PLL Feedback Path 

 ) 
TL1 

PLL 

FBKIN FBKOUT 
FBKIN FBKOUT 

TLO 

Net Structure Routing for PLL Feedback Path (Raw Card AA) 

R  TL1  

 cc CI TL2 
PLL 

FBKIN FBKOUT 

FBKIN FBKOUT 

PLL Feedback Path TLO 
0 
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Proposed 
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DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Trace Lengths for PLL Feedback Path Net Structure 

Raw Card 

A, F 

Mm 

57.1 

TLO 

Max 

57.3 

TI-1 

0.5 

TI-2 

0.6 

TL3 

1.0 

RI 
(Ohms) 

120 ± 5% 

Cl 
[pF] 

Notes 

TBD 1,2,3 

B, G 57.1 57.3 0.9 0.6 0.9 120 ± 5% TBD 1,2,3 

C. H 50.0 50.1 0.6 0.8 0.8 120 ± 5% TBD 1,2,3 

0 76.6 76.7 7.6 0.8 0.8 120 ± 5% TBD 1,2,3 

E 

J, N 

K 

L 

69.4 

63.3 

70.0 

63.4 

69.5 

63.4 

70.1 

63.5 

1.2 

0.8 

0.6 

0.6 

0.7 

1.0 

0.8 

0.8 

0.9 

1.3 

0.8 

0.9 

120 ± 5% 

120 15% 

120 ± 5% 

120 ± 5% 

TBD 

TBD 

TBD 

TBD 

1,2,3 

1,2,3 

1,2,3 

1,2,3 

M 70.0 70.1 0.8 2.1 1.7 120 ± 5% TBD 1,2, 3 

P 70.0 70.1 1.0 0.8 0.9 120 +5% TBD 1,2,3 

R 0.6 0.7 62.7 1.0 1.0 120 ± 5% TBD 1,2,3 

T 62.2 62.3 0.7 0.8 0.8 120 ± 5% TBD 1,2,3 

U 52.0 52.1 0.7 0.8 0.8 120 ± 5% TBD 1,2,3 

V, Y 

W 

60.4 

63.8 

60.5 

63.9 

0.7 

0.7 

3.0 

0.8 

1.0 

1.1 

120 ± 5% 

120 ± 5% 

TBD 

TBD 

1,2,3,4 

1,2,3 

M 92.3 92.4 2.4 0.6 120 ± 5% TBD 1,2,3 

AC 62.7 62.9 0.7 0.8 0.8 120 ± 5% TBD 1,2,3 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
2. All capacitances are given in pF and must be kept within a tolerance of ± TBD%. 

3. The termination resistor and loading capacitor are both placed as close to the pin of the PLL as possible. 
4. For RIG V and Y the register and capacitor placements are reversed. 
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DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for PLL Output to SDRAM Load (Raw Card A, F, R, AC) 

PLL Output to SDRAM Load Test Point   
(vias on back side 

3.8mm from SDRAM) 
TL 

PLL Output 

CK TLO 

CK 

SDRAM 

TI-1 

R 

Net Structure Routing for PLL Output to SDRAM Load (Raw Cards B, C, G, H, T, U, V) 

PLL Output to SDRAM Load 

PLL Output 

CK 

Test Point 
(Term. resistor) 

RI 

Net Structure Routing for PLL Output to SDRAM Load (Raw Cards D, E, K, P, W, Y) 

PLL Output to SDRAM Load 

PLL Output 

CK TLO 

CK 

Test Point 
(Term. resistor) 

RI 

Net Structure Routing for PLL Output to SDRAM Load (Raw Card J, L, N, AA) 

PLL Output to SDRAM Load 

PLL Output 

CK TLO 

CK °  

SDRAM 
Test Point 

(Term. resistor) 

R1 
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DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for PLL Output to SDRAM Load (Raw Card M) 

PLL Output to SDRAM Load 

PLL Output 

CK 

Test Point 
1101( (Term, resistor) 
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Proposed 

Trace Lengths for PLL Clock Output to SDRAM Load Net Structure 

Raw Card 
TLO TI-1 TL2 TL3 

Mm 

A,F 68.5 

B,G 68.1 

C, H 68.5 

Max Mm 

68.6 15.0 

68.2 

68.6 

15.3 

16.5 

Max Mm 

15.1 3.8 

15.4 

16.6 

4.2 

3.8 

Max Mm 

3.9 

4.3 

3.9 

Ri 

Max Ohms 

- 120±5% 

120 ± 5% 

120 ± 5% 

Notes 

1,2 

1,2 

1,2 

D 

E 

J 

69.1 

68.5 

69.2 

68.6 

10.4 

9.5 

15.0 

10.5 

9.6 

15.1 

4.5 

10.0 

6.6 

4.6 

10.1 

6.7 

120 +5% 

120 ± 5% 

1, 2,3 

1,2,4 

1,2 

70.0 

K 

L 

68.5 

71.0 

68.6 

3.5 

15.0 

3.6 

15.1 

12.8 

4.8 

12.9 

4.9 

4.1 4.2 120 ± 5% 

120 ± 5% 

1,2 

1,2 

70.0 71.0 3.5 3.6 12.8 12.9 4.1 4.2 120 ± 5% 1,2 

M 72.4 72.5 3.9 4.0 7.6 7.7 3.5 3.6 120 ± 5% 

N 70 70.1 3.5 3.6 12.8 12.9 4.0 4.1 120 ± 5% 1,2 

P 68.5 68.6 15.0 15.1 6.6 6.7 120 ± 5% 1,2 

R 79.6 79.7 0.8 0.9 4.1 4.1 120 ± 5% 1,2 

T 

U 

V, y 

72.7 

70.6 

72.2 

72.8 

70.7 

72.9 

7.1 

6.8 

2.4 

7.2 

7.0 

3.7 

4.2 

4.0 

4.1 

4.3 

4.1 

4.1 

120 ± 5% 

120 ± 5% 

120 ± 5% 

1,2 

1,2 

1,2 

W 72.8 73.0 7.3 7.4 4.1 4.2 120 ± 5% 1,2 

AA (MAIN) 85.4 85.5 

AA (Split) 51.9 52.0 

AC 72.8 73.0 

0.0 0.1 
12.7 12.8 

46.9 47.0 
4.9 5.0 

120 ± 5% 1,2,5 

120 ± 5% 1,2,6 

7.0 7.2 4.2 4.3 120 ± 5% 1,2 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

2. All capacitances are given in pF and should be kept within a tolerance of ± TBD%. 
3. For non ECC DRAM 
4. For ECC DRAM 
5. Two adjacent drams and the drams behind them on Flex-circuit. 
6. Two DRAMs accross the fold" and the drams behind them on Flex-circuit. 
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Proposed 
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DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for PLL Output to Register Load (Raw Card A, F, R, V, Y) 

PLL Output to Register Load 

TI-3 

CK   

PLL Output  -   

All PLL outputs are used 

TL2 Test Point 
(vias on back side) 

Net Structure Routing for PLL Output to Register Load (Raw Card B, C, G, H, T, U) 

PLL Output to Register Load 

PLL Output 

All PLL outputs are used 

TL3 

Cl 

Testpoint across 
capacitor 

Testpoint across 

CK TLO / TL2 1011111r resistor 

Ri 

CK 

Net Structure Routing for PLL Output to Register Load (Raw Card D) 

PLL Output to Register Load 

ci TI-3 

IT, 

PLL Output 

All PLL outputs are used 

Testpoint across capacitor 
Testpoint across resistor 

Ri TL2 

TO 

CK 
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DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for PLL Output to Register Load (Raw Card E) 

PLL Output to Register Load 

CK 
PLL Output 

CK 

All PLL outputs are used 

TLO 

TI-1 

TI-2 

TI-2 

TI-3 

Cl 

Register 

Testpoint across 
capacitor 

Testpoint across 
TI-3 resistor 

  Ri 

Register 

Testpoint across 
TL3 capacitor 

Cl 

—1 
Register 

Testpoint across 
TL1 TL3 resistor 

Ri 

—1 
J Register 

Net Structure Routing for PLL Output to Register Load (Raw Card K) 

PLL Output to Register Load 

Ri 

All PLL outputs are used 

TI-3 TL2 Test Point 
(vias on back side) 
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DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for PLL Output to Register Load (Raw Card L) 

PLL Output to Register Load 

ILl 

PLL Output 

Testpoint across 
resistor 

Testpoint across 
capacitor 

Net Structure Routing for PLL Output to Register Load (Raw Card J, N and AA) 

PLL Output to Register Load 

ILl 

PLL Output 

CK TLO 

CK 

All PLL outputs are used 

TL2 

TL2 

TL2 

Register 

Register 

Testpoint across 
resistor 

RI 

0 

Testpoint across 
capacitor 
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DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

Net Structure Routing for PLL Output to Register Load (Raw Card P) 

PLL Output to Register Load 

Testpoint across at via 

TL1 

PLL Output 

All PLL outputs are used 

TLS TI-4 

Ri 

Ri 

Net Structure Routing for PLL Output to Register Load (Raw Card M and W) 

PLL Output to Register Load 

All PLL outputs are used 

Testpoint across resistor 
/ Testpoint across capacitor 

Ri Ci  

CK 

TI-4 
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Proposed 
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DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Net Structure Routing for PLL Output to Register Load (Raw Card AC) 

PLL Output to Register Load 

PLL Output 

All PLL outputs are used 

CK 

CK 

Cl TI-2 Test Point 
(vias on back side) 

TI-1 

Register 

TI-3 

Trace Lengths for PLL Clock Output to Register Load Net Structure 

Raw Card 

A, F 

TLO 

Min Max 

50.2 50.3 

Mm 

0.5 

TL1 

Max 

0.6 

TL2 

Min Max 

2.9 3.0 

Mm 

0.9 

TL3 

Max 

1.0 

Mm 

TL4 

Max 

Ri 
[Ohms[ 

120 ± 5% 

RI 

Cl 
Notes 

[pF] 

TBD 1,2 

B, G 50.2 50.3 0.5 0.6 1.7 1.8 1.5 1.6 120 ± 5% TBD 1,2 

C, H 50.2 50.3 0.5 0.6 1.7 1.8 1.5 1.6 120 + 5% TBD 1,2 

D 71.9 72.6 10.3 10.4 1.0 1.1 1.6 1.7 4.5 4.6 120 + 5% TBD 1,2 

E 25.0 25.0 9.4 9.5 0.5 0.6 1.5 1.6 240 ± 5% TBD 1,2 

J 46.7 46.8 10.1 10.2 0.5 0.6 2.2 2.3 120 ± 5% TBD 1,2 

K 

L 

M 

60.0 

60.2 

69.9 

60.1 

60.3 

70.0 

0.4 

0.7 

0.0 

1.2 

0.8 

0.1 

1.2 

1.2 

1.0 

1.9 

1.3 

1.1 

1.0 

1.1 

1.0 

1.1 

1.2 

1.1 1.0 

N 46.7 46.8 10.1 10.2 0.5 0.6 1.5 1.6 

1.1 

120 ± 5% 

120 ± 5% 

120 ± 5% 

TBD 

TBD 

TBD 

1,2 

1,2 

1,2 

120 ± 5% TBD 1,2 

P 55.0 55.1 19.9 20.0 0.4 0.5 4.0 4.1 1.0 

R 60.5 60.5 0.7 0.7 0.9 0.9 1,0 1.0 

T 55.2 55.3 0.5 0.6 1.6 1.7 1.6 1.7 

1.0 240 ± 5% TBD 1,2 

120 ± 5% TBD 1,2 

120 ± 5% TBD 1,2 

U 

V, y 

W 

AA 

52.3 52.4 

59.9 60.0 

60.5 . 60.6 

25.0 25.1 

0.5 

0.8 

11.3 

50.0 

0.6 

0.8 

11.4 

50.1 

1.5 

1.0 

0.7 

5.0 

1.6 

1.1 

0.8 

5.1 

1.5 

1.0 

0.7 

1.5 

1.6 

1.0 

0.8 

1.6 

0.6 0.7 

120 ± 5% 

120 ± 5% 

120 ± 5% 

120 ± 5% 

TBD 

TBD 

TBD 

TBD 

1,2 

1,2 

1,2 

1,2 

AC 55.3 55.4 0.5 0.6 2.1 2.2 1.6 1.7 120 ± 5% TBD 1,2 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

2. All capacitances are given in pF and should be kept within a tolerance of± TBD%. 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Data Net Structures 

DQ[63:O], CB[7:O], DQS[8:O], DQS[8:O], DM[8:O]/RDQS[1 7:9], RDQS[1 7:9] 

Special attention has been paid to balancing data nets (including Check Bits) within a DDR2 SDRAM, within a 
particular DIMM, and across the DIMM family. 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 window 
aids in data timing. Although it is not necessary to ensure consistent delays between SDRAMs and/or card 
types, doing so facilitates system design, system simulation, and DIMM specifications. We recommend consis-
tent delays for all nets, as described in the following tables. 

Net Structure Routing for DQ, DQS, DM (Raw Card A, F, R, AC), for DQ, DQS (Raw Card 
C, H, U, V) 

DIMM 

Connector 

TLO 22 ohms :t 5% TL1 

o )VMYEY   SDRAM Pin 

Raw Card R,U,V,AC Test Point at stub resistors 
for DQ[63:0], CB[7:0], DQS[17:0] 

Raw Card C,H TestPoint on trace 0.6 mm from SORAM pin 
for DQ[2,7,34,39,58,63],00SO,DQSO.DMO/DQS9,DQS9, 

DQS4,DQS4,DM4/DQS13,00S13, 
DQS7,DQS7,DM7/DQSIG,DQSIO, 

  Raw Card A,F TestPoint at vies on back side 
for DQ[3:0,13:8,19:16,27:24,59:56],CB[3:0] 

DQSI7:0I, DQS[7:0] and DM[7:0] 

Raw Card C,H Test Point on trace, from 6 mm to 12 mm length from SORAM pin 
for DQ[1:0,3,8:6,9,12:11,17:15,19,20,25:23,29:28,35,39,40,43,44,47,48,53:51,55,56,61:59,63] 

CB[0,1,4,5],DQSI2,3,8,12,17] and DQS[2,3,8,12,17], 
Raw Card A, F 

Trace Lengths for DQ, DQS, DM Net Structure (Raw Card A, C, F, H, R, U, V, AC) 

Raw 

Card 

A, F 

TLO TL1 TLO + TL1 (2 via in trace) TLO + TL1 (1 via in trace) TLO + TLI (no via in trace) 

Min Max 

3.8 3.9 

C, H 

Min Max 

17.1 . 19.9 

3.6 3.7 18.4 

Mm 

20.9 

Max 

21.2 

Mm 

22.2 

Max 

22.5 

Mm 

23.5 

Max 

23.8 

Notes 

1,2,3 

18.6 22.1 22.2 1,2 

R 3.4 13.4 5.6 15.6 19.0 19.0 1,2 

U 

V 

AC 

3.6 

3.4 

3.6 

3.7 

10.7 

3.7 

14.7 

5.3 

13.9 

14.8 

13.6 

15.1 17.5 17.8 

14.7 18.2 

18.5 18.8 

1. All distances are given in millimeters and must be kept within a tolerance of :k 0.8 millimeter. 

2. Total Min and Total Max refer to the min and max respectively of LO + Li. 

3. TL  of Raw Card A is adjusted to compensate for the delay caused by via on DQ nets. 

18.2 18.4 1,2 

1,2 

1,2 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for DQ, DQS, DM (Raw Card B, G, T), for DQ,DQS (Raw Card J, L, AA) 

DIMM 

Connector - 

TLO 22 ohms ±5% 

Raw Card T Test Point at stub resistors 
for DQ[63:O], CBI7:O], 003[17:O] 

TLI 

TI-2 

TI-2 

-) )  

SDRAM Pin 

1 
SDRAM Pin 

Raw Card B, G Test Points on trace, from 4 mm to 12 mm length from SDRAM pin 
for DQ[O,3,6,7,8,9.11,15,16,17,19,20,21,23,24,25,27,28.29,34,35.38,39,43,4748,51 ,52,55,56,57,59,60,61,63],DQS[3,4],DQS[3,4] and DM[3,8] 

Trace Lengths for DQ, DQS, DM Net Structure (Raw Card B, G, T), for DQ, DQS Net 
Structure (Raw Card J, L, AA) 

Raw Card 

B, G 

TLO TI-1 

Mm Max Min Max 

3.5 3.6 17.9 18.0 

TL2 

Min Max 

0.5 0.6 

Total 
Notes 

Min Max 

22.0 22.1 12,3 

3.5 3.6 14.7 15.4 3.1 3.8 22.0 22.1 1,2,4 

J 3.4 4.7 20.2 23.1 4.1 6.3 29.6 29.8 1,2 

L 3.4 4.7 20.2 23.1 4.1 6.3 29.6 29.8 1,2 

T 
3.6 3.7 14.4 14.5 0.5 0.6 18.5 18.8 1,2,3 

3.6 3.7 11.7 11.9 3.2 3.3 

AA 4.5 6.5 18.0 21.0 4.3 6.3 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
2. Total Min and Total Max refer to the min and max respectively of LO + Li + L2 
3. For DQ nets 
4. For DQS, DM nets 

18.5 

29.6 

18.8 

29.8 

1,2,4 

1,2 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for DQ,DQS (Raw Card D, E, K, P, W, Y) 

tacked 

TLO 22 ohms ± 5% 

DIMM )   
Connector   

Raw Card D, W, Y, Teat Points on stub resistors 
for DQ[63:0], CB[7:0], DQS[17:0] 

TI-1 
SDRAM Pin 

SDRAM Pin 1 

Raw Card E Test Points on trace, from 4 mm to 6 mm length from SDRAM pin for CB[1 2,4,5] 
DQ[2,3,7,8,12,13,17:15,21:19,24.2528.29,34,35.38,39,42,43,48:46,52:50.56:54,60,63). DQS[4:2.8,9.12,13,16,17] 
Raw Card K Test Points on trace, from 5 mm to 12 mm length from SDRAM pin for 
DQ[0,1,3,4,5,11,12,15,16,17,20,21,24,25,28,29,34,35,38,39,43,47,48,51 52,56,59,60,61 63], CB[1 4,5], DQS[3,8,12,17], DQS[3,8,I2,I7] 

Trace Lengths for DQ, DQS, Net Structure (Raw Card D, E, K, P, W Y) 

Raw Card 

D 

TLO TL1 Total 

Mm 

8.0 

Max 

8.1 

Mm 

23.0 

Max 

23.1 

Mm 

31.0 

Notes 
Max 

31.1 1,2 

E 

K 

P 

Y 

3.6 

3.6 

3.6 

3.4 

5.8 

3.7 

5.8 

10.7 

23.8 

18.4 

28.8 

5.3 

26.0 

18.6 

30.9 

13.6 

29.6 

22.1 

34.5 

14.9 

29.7 

22.2 

34.6 

18.2 1,2 

W 3.8 3.9 13.2 13.3 17.0 17.2 1,2 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

2. Total Min and Total Max refer to the min and max respectively of LO + Li 

3. DQ58,59 has 2 vias on its line and via compensation (2.1 mm per via) is applied on TL1 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Net Structure Routing for DQ, DQS, DM (Raw Card N) 

TLO 22 ohms ± 5% 
DIMM 

Con nec 

TL1 

TI-2 

:) ) 

TI-2 

(-) 

TI-3 

 )  

TL3 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

Raw Card N Teat Points on trace, from 4 mm to 12 mm length from SDRAM pin for 
DQ[O,i ,3,4,5,11,15,16,17,20,21,24,25,28,29,34,35,38,39,43,47,48,51,52,56,59,60,61,63], CB[i 4,5], DQS[3,7],DQS[3,7] and DM[2,7] 

Trace Lengths for DID, DQS, DM Net Structure (Raw Card N) 

Raw Card 

N 

TLO TI-1 TI-2 TL3 Total 

Mm 

3.3 

3.3 

Max Mm 

3.4 19.0 

3.4 16.7 

Max Min Max 

19.1 7.6 7.7 

16.8 7.6 7.7 

Min Max 

0.5 0.6 

2.8 2.9 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

2. Total Min and Total Max refer to the min and max respectively of LO + Li + L2 + L3 

3. OQ 

4. DQS, DM 

Revision 3.91 

Min Max 

30.5 31.0 

30.5 31.0 

Notes 

1,2, 3 

1,2,4 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for DQ,DQS (Raw Card M) 

Stacked 

Test Point at stub resistors 

for DQ[63:O], CB[7:O], DQS[17:O] 

TLO 22 ohms ±5% TI-1 

D I M M  )  
Connector   

TL2 

TL2 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

Stacked 

Trace Lengths for DO, DQS Net Structure (Raw Card M) 

Raw Card 

M 

TLO TL1 TL2 Total 

Mm 

6.2 

Max 

6.3 

Mm 

23.3 

Max 

23.4 

Mm 

5.6 

Max 

5.7 

Mm 

35.1 

Max 

35.4 

Notes 

1,2,3 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
2. Total Min and Total Max refer to the min and max respectively of LO + Li L2 

3. For DO, DOS nets 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Address/Command/Control Net Structures 

Net Structure Routing for Address, Command and Control (Raw Card A, F, AC) 
A[1 5:O], BA[2:O], RAS, CAS, WE, SO, CKEO, ODTO 

TestPoint at vias on back side for all signal of all SDRAMs - 

(from 1mm to 5mm length from SDRAM pin) 

1L3 
TestPoint at vias on back side for all signal 

22 ohms 
Ito ±5% ILl TI-2 

DIMM Connector (j ---

a 

1L4 

TL5 

TL8 

( - 

TL8 

TL8   
 -lSDRAMPin 

1L5 

SDRAM Pin 

SDRAM inj 

TL8 
0-

TL8 

SDRAM Pin 

Pinl 

<  TL8 0 1SDRAM Pin 
I  

TL7 

C O- 
H DRAMPini 

TL8 
TL6 

TL6 

C O- SDRAM Pin] 
TL8 

SDRAM Pin 

Trace Lengths for Address, Command and Control (Raw Card A, F, AC) 
A[15:0}, BA[2:O], RAS, CAS, WE, SO, CKEO, ODTO 

Raw 
Card 

A, F 

Mm 

3.1 

TLO 

Max 

4.6 28.8 30.2 

TI-1 + TI-2 

Mm 

33.4 

Max 

33.6 

TI-2 

Min Max 

0.5 0.6 

TI-3 

Mm 

37.6 

Max 

37.8 

TI-4 

Min Max 

46.4 46.5 

TI-5 TL6 
---

Min Max Min Max 

13.9 14.0 6.9 7.1 

13.9 14.0 

TL8 

Mm 

1.3 

Max 

5.4 

Notes 

AC 3.5 4.0 26.6 26.8 26.1 26.8 0.5 1.6 37.8 38.0 46.4 46.5 13.9 14.0 7.5 7.7 1.3 5.4 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Address, Command and Control (Raw Card B, C, H, T, U) 
A[1 5:O], BA[2:O], RAS, CAS, WE,: Raw Card B, G, T 
A[1 5:O], BA[2:O], RAS, CAS, WE, SO, CKEO, ODTO: Raw Card C, H, U 

For AO, A4, SO and 0010 
testpoint from 3.5 mm to 5.5 mm branched from pin 
at the extreme left, front face SDRAM (DO) on Raw Card B, C, G, H, T, U 

Raw Card B,G testpoint on trace 
for A{O,l 5,4,8,10,11], BA[1:O],RAS, CAS and WE 

Raw Card C.H testpoint on trace 
forA{O, 7:4,11:9,13], BA[1:O], SO, RAS. CAB, WE,CKEO and ODTO 

TI-3 

22 ohms 

TLO ± 5% TI-1 
DIMM Connector -{ u--<..*-

CD 
TL2 

SO is connected 
to two registers 
(Raw Card C,H.U) 

For Al, A3, AlO, BAO and CKEO 
testpoint from 4.1 mm to 5.4 mm branched from pin 
at the extreme right, front face SDRAM (07) on Raw Card B, C, C, H, 1, U 

TLS   
C . O- SDRAM 
TLS  
U-fRAM 

TL8 
SDRAM Pin 

SDRAM Pi 

TL8 
-4 ()- SDRAM Pin 

TL8   
  SDRAM Pin 

TL8 
0- SDRAM Pin 

-r SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

TL5 

TL5 

TL5 

TL5 

Trace Lengths for Address, Command and Control Net Structure (Raw Card B, C, G, H, T, U) 
A[15:O], BA[2:O], RAS, CAS, WE,: Raw Card B, G, T 
A[15:O], BA[2:O], RAS, CAS, WE, SO, CKEO, ODTO: Raw Card C, H, U 

Raw 

Card 

B, G 

Mm 

3.1 

TLO 

Max 

4.5 

TI-1 

Mm 

30.1 

Max 

32.7 

TLO + TL1 

Mm 

33.6 

Max 

36.0 

Mm 

TL2 

Max 

TI-3 

Mm 

37.6 

Max 

37.8 

TI-4 

Min Max 

46.9 47.1 

TL5 

Mm 

13.9 

Max 

14.0 

TI-6 

Mm 

6.9 

Max 

7.1 

TL7 

Mm 

13.9 

Max 

14.0 

TL8 
Notes 

Min Max 

2.0 7.6 1,2 

C, H 3.6 

I 3.6 

3.7 

4.0 

30.5 

28.3 

33.3 

28.4 

34.2 

31.9 

37.0 

32.4 

0.5 0.6 37.4 

39.3 

37.6 

39.5 

49.5 49.6 

50.1 50.3 

13.9 14.0 6.9 7.1 13.9 14.0 

13.9 14.0 

U 3.6 3.9 25.9 27.4 29.5 31.3 0.5 0.6 37.4 37.6 49.5 49.6 

7.6 7.8 13.9 14.0 

1.3 

1.4 

6.6 

5.6 

1,2 

1,2,3 

13.9 14.0 6.9 7.1 13.9 14.0 1.3 5.6 1,2,3 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

2. TL2 is used only for SO of Raw Card C, H, U 

3. For RIC T & U, net traces for A14, A15 and BA2 are not routed for TI-3, TI-4, TL5, TI-6, TI-7 and TL8. 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Control (Raw Card B, G, T) 
S [1:0], CKE [1:0], ODT[1 :0] 

For SO and ODTO 
testpoint from 3.5 mm to 5.5 mm branched from pin 
at the extreme left, front face SDRAM (DO) on Raw Card B, G, T TL  

Raw Card B, G testpoint on trace 

for T[1:0] and ODT[ 1 :0 

22 ohms 

TLO ±5% TL1 
DIMM Connector 

TL2 

S[1:0] are connected 
to two registers 
(Raw Card B, G, T) 

0, 

5)] 

TL3 

TL4 

TL5 

TLS 

TI-5 

TLS 
U 

H 
TI-7 

For CKEO 
testpoint from 4.1 mm to 5.4 mm branched from pin 
at the extreme right, front face SDRAM (D7) on Raw Card B, G, T 

TL8 

SDRAM Fin] 

TL8   
SDRAM Pin i 

L.... ...._J 

TL8  
0- SDRAM Pin 

TL8(,SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

------C 0-1 SDRAM Pin 
TL8 

_( (.)JSDRAM Pi 
TL8   

Trace Lengths for Control (Raw Card B, G, T) 
S [1:0], CKE [1:0], ODT[1 :0] 

Raw 
Card Mm 

B,3 3.5 

T 3.6 

TLO 

Max 

3.6 

3.7 

TL1 TLO+TL1 TL2 TI-3 TL4 TI-5 TL6 

Mm Max Min Max Min Max Min :, Max Min Max Min Max Min Max 

29.9 31.3 33.4 34.9 0.5 0.6 37.6 37.8 46.9 47.1 13.9 14.0 6.9 7.1 13.9 

28.3 28.4 31.9 32.1 0.5 0.6 39.3 39.5 50.1 50.3 13.9 14.0 7.6 7.8 13.9 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

2. TL2 is used only for S[1:0] of Raw Card B, T 

TL7 TL8 
Notes 

Min Max Min Max 

14.0 2.0 7.6 1,2 

140 3.2 4.0 1,2 
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JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

Net Structure Routing for Address and Command (Raw Card D) 
A[15:0], BA[2:0], RA--S, CAS, WE 

TL2 

22 ohms 

TLO ±5% TL1 
DIMM Connector _(D_A 

4 
Testpoint on stub resistor: 

A[15:0], BA[2:0] RAS, CAS,VVE 

'Same 
load 

TL4 

SDRAMPin1 

SORAM Pin 

TI-5 TL7 
SDRAM Pin! 

SDRAM Pin 

Trace Lengths for Address and Command Net Structure (Raw Card D) 
A[15:0], BA[2:0], RAS, CAS, WE,: Raw Card D 

Raw 
Card Mm 

TLO 

Max Mm 

TI-1 

Max Mm 

TL2 

Max 

TLOt-TL1 +TL2 

Mm Max Mm 

TL3 TI-4 

Max Mm Max Mm 

TI-5 

Max Mm 

TI-6 

Max Mm 

TI-7 

Max 
Notes 

D 4.5 4.6 31.0 33-5 4.5 7.0 425 425 25.0 255 42.0 45.5 127 15.5 66 76 8.0 136 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Control (Raw Card D) 
S [1:0], CKE [1:0], ODT[1 :0], 

Testpoint 5 mm branched from DRAM Solder Pad: 0Db, ODTI ,SO,S1 

TL6 TL7 
-( (- SDRAM Pin 

DIMM Connector 

22 ohms 

TLO ± 5% TI-1 

TI-4 

TI-3 10 ohms 

10 ohms 
-( C— vW---
TL3 

TI-5 

TL7   
{  

TL7   
C OH SDRAM Pin1 

TLO TL7 - 
-( - SDRAMPin 

TLS TI-7 

TI-6 TL7   
-4 OH SDRAM Pin 

TI-6 TL7 
--( ( )fSDRAM Pin 

TL7 

TLS TL7 
0-

SDRAM Pin I 

SDRAM Pin 

Teatpoint 5 mm branched from DRAM Solder Pad: CKEO,CKE1, 0Db, ODTI,SO,SI 

Trace Lengths for Control Net Structure (Raw Card D) 
S [1:0], CKE [1:0], ODT[1:0],: Raw Card D 

Raw 

Card Mm 

D 4.5 

TLO TL1 TL2 TLO i- TI-1 + TI-2 

Max Min Max Min Max Min Max 

4.6 31.0 33.5 4.5 7.0 42.5 42.5 

TI-3 

Min Max 

12.7 15.3 

TL3 + TI-4 

Min Max 

25.0 25.5 

TL3 + TL5 TI-6 

Mm 

42.0 

Max Mm 

45.5 12.7 

Max 

15.5 

TL7 

Mm 

3.6 

Max 

7.3 

Notes 

1,2 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter 
2. TLO+TL1 +TL2=425 mm 
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JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

Net Structure Routing for Address and Command (Raw Card E) 
A[1 5:O], BA[2:U], FA—S, CAS, WE 

TI-2 

22 ohms 

TLO ± 5% TI-1 
Connector ( iI._AA__( () 

TI-2  

/c 0 

Testpoint on signal lines: Al ,A3,A14,A15 

TI-4 

TI-6 i 

T TI-3 

TI-4 

TI-6 1 

TI-5 

TI-5 

TI-4 

I TI-6 

Testpoint from 6 m to 8 m branched from branch Via: AO, A7, A15, CAS, 

TI-6I 

TL8 
C 

TL8 

TLS 

1L8 

TL8 

TL8 

TL8 

TL8 

1L8 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin] 

ft  SDRAM Pin 
\SDRAM Pin 

TL8  
ft  SDRAM Pin 

SDRAM Pin 

TL8 i  

SDRAM Pin 

SDRAM Pin 

TL8   
  SDRAM Pin 

\SDRAM Pin 

TL8  
  SDRAM Pin 

\SDRAM Pin 

1L8   
ft  SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

Trace Lengths for Address and Command Net Structure (Raw Card E) 
A[15:O], BA[2:O], RAS, CAS, WE 

Raw TLO 

Card Min Max 

E 3.8 3.9 

TLI 

Mm Max 

9.9 10.4 

TI-2 

Mm 

0.0 

Max 

3.3 

TLO + TI-1 + TL2 

Mm 

13.8 

TL3 TI-4 

Max Mm 

17.1 44.9 

Max Mm 

45.0 79.9 

TL5 

Max Min Max 

80.0 14.5 14.6 

TI-6 

Mm 

7.5 

Max 

7.6 

TL8 

Mm 

2.0 

Max 

9.0 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Control (Raw Card E) 
CKE [1:0], ODT[1:0] 

22 ohms 

TLO ±5% TL1 
DIMM Connector  

1 
Testpoint on signal lines: CKEOCKEI,ODTO,ODTI 

TI-3 

TL4 

IL? 

TI-6 

TI-6 

TI-7 

Testpoint 7mm branched from branch via:ODT1 

IL8 

TI-8 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

TI-8   
O- jSDRAMPIn 

TI-911 

1L8 

TI-8 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

TI-8  
O-[SDRAM Pin 

TL8 
0- SDRAM Pin 

SDRAM Pin 

Trace Lengths for Control Net Structure (Raw Card E) 
CKE [1:0], ODT[1:0] 

Raw 
Card 

E 

TLO 

Mm 

3.8 

Max 

3.9 

TI-1 

Mm 

29.9 

TLO+TLI TI-2 

Max Mm 

30.0 33.8 

Max Mm 

33.9 - 

Max 

TI-3 

Mm 

42.9 

Max 

43.0 

TL4 

Min Max 

49.4 49.5 

TI-5 

Mm 

14.5 

Max 

14.6 

TL6 

Mm 

8.7 

TL7 

Max Mm 

8.8 14.7 

Max 

14.8 

TI-8 TL9 

Min Max Mm 

2.0 . 8.0 9.7 

Max 

12.9 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Control (Raw Card E) 
S [1:0] 

TL4 

22 ohms 

TLO ±5% TI-1 - 

DIMM Connector _(Q yA.._$ TI-3 TL5 

TL6 

TL6 

TLO 

TL6 

TL6 

Testpoint on signal lines: SO, §1 / TI-2 L±J TI-8 

SDRAM Pin 

a SDRAM Pin 

TI-9  
0-

TI-9  

TL1O 

TL9 
0-

SORAM Pin 

SURAM Pin 

TLO  

Testpoint 7mm branched from branch via: S1 TLY 

sDRAM Pin j 

SDRAM Pin 

SDRAM Pin 

0-SDRAM Pin 

Trace Lengths for Control Net Structure (Raw Card E) 
S[1:0] 

Raw 

Card 

TLO TI-1 TI-2 TL3 
TLO+TL1+ 

TL2+TL3 
TL4 TLS TL6 TI-7 TL8 TI-9 ILlO 

Mm 

E 3.8 

Max 

3.9 

Mm 

16.0 

Max 

16.0 

Mm 

11.9 

Max 

11.9 

Mm 

0.5 

Max Mm 

0.6 32.2 

Max Min Max 

32.4 42.9 43.0 

Mm Max Mm 

49.4 49.5 14.5 

Max 

14.6 

Mm 

8.7 

Max 

8.8 

Mm 

14.7 

Max 

14.8 

Mm 

2.0 

Max 

8.0 

Mm 

9.7 

Max 

9.8 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structu re Routinjjor Address and Corn mand (Raw Card J) 
A[15:O], BA[2:O], RAS, CAS, WE 

TI-2 1 

22 ohms 

TLO ±5% ILl TL2_2 
DIMM Connector —t 0---- • D 

Testpoint on signal lines: Al ,A3A14,A15 

TI-4 1 

TL4_2l 
U 

Testpoint from 6 mm to 8 mm branched from branch Via: AO, A7, A15, CAS, 

TLd 

TL 

IL 

TLE 

TL 

TLf 

TL5 

TO 

TL 

TI-5 

TL6 

TL6 

TL6  

TL6 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

TLO   
A 0-
<  TL6   

TL6   
A 01 SDRAM Pin 
( 

TL6 

TL6 

TL6 

( 0-

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

TL6  

TL6 
S 

TL6  

I Li  
 0-
TL6  

TL60-
0-

TL6 

TLEi TL6 

TL6 
0- SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

Trace Lengths for Address and Command Net Structure (Raw Card J) 
A[15:O], BA[2:O], RAS, CAS, WE 

Raw 

Card 

TLO 

Mm Max 

3.1 6.0 

TL1 

in 

19.4 

Max 

33.2 

TI-2_1 

Min Max 

0.0 13.6 

TL2_2 

Mm 

0.0 

Max 

2.7 

TLO+TL1+IL2_1, 
IL0+TL1 +TL2_2 

Mm 

24.9 

Max 

39.9 

TL3_1 

Mm 

56.4 

Max 

58.6 

TL3_2 TL4_l 

Min Max Mm 

39.6 41.8 43.4 

Max 

45.6 

TL4_2 

Mm 

58.2 

Max 

60.4 

TL5 

Mm 

12.0 

Max 

14.0 

TL6 

Mm 

0.9 

Max 

6.2 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Control (Raw Card J) 

TL3 

22 ohms 

TLO ±5% TL1 

DIMM Connector -()-----

TL2 

TL2 

TL2 

TL2 

- o ry 

TL4 

TL5_1 

TL6 

TL6 

TL6 

TL4-1 TL6 

TL6 

TL6 

TL6 

p 
TL6 

L TL7   
(  SDRAM Pin] 

TL7 
SDRAM Pin 

TL7   
 O{SDRAM Pin] 

TL7   
 C -- 0- SDRAM Pin 

SDRAM Fin 

TL7   
()- SDRAM Pin 

TL7 
SDRAM Pin 

SDRAM Pin 

TL7   
C 0] SDRAM Pin] 

TL7 
(  

T117 

TL7 TL7 

SIDRAIM Pin] 

SDRAM Pin 

SDRAM Pin 

TL6 i 

TL6 

TL6 

TL7 

TL7 
Pin] 

SDRAM Pin 

TL7 

TL7 

SDRAM Pin] 

SIDIRAM Pin] 

Trace Lengths for Control Net Structure (Raw Card J) 
§[1:0]: Raw Card J 

Raw 
Card 

J 

TLO TI-1 TL2 TL3 
TLO4-TL1+ 
TL2+TL3 

TL4 TL4 _1 TI-5 TLS _1 TL6 TL7 

Mm 

3.1 

Max 

3-4 

Mm 

20.3 

Max Min Max Mm 

20.5 0.5 2.1 12.4 

Max 

13.2 

Mm 

37.3 

Max Mm 

37.5 40.8 

Max Mm 

42.3 56.4 

Max 

57.3 

Mm 

56.6 

Max 

57-7 

Min Max 

45.9 46.5 

Mm 

11.9 

Max 

13.2 

Min Max 

1.3 2.6 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Néf Sf1 LI'ctüIé' 
CKE [1:0], ODT[1:0], 

TL3 

22 ohms 

TLO ±5% TL1 
DIMM Connector   

TL2 

TL2 

TL5 

TL7   
 )- SDRAM Pin 

TL6 
TL7 
(hID 

TL6 

TL6 

TL6 

TL7 
0-

SIDIRAM Pin] 

TI-7 

SDRAM Pin 

SIDRAIM Pin] 

  SDRAM 

TL7   
ç QSDRAMPin 

TL6U TL7   
SDRAM Pin 

TL6 

TL6 11 1 

TL7 
SORAM Pin 

  SDRAM Pin 

TL7 
-. cD 
TL4_1 TL6 

U TL7  

TL6 11 
TL7 

TL6 
TL7  

TL6 

TL7   
----( - 

TL7   

TL6 
k-' TL7   
- CU-
p 

TL6 
U TL7 

0-

SDRAM Pij 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SIDIRAM Pin] 

SORAM Pin 

SDRAM Pin 

SDRAM Pin] 

TL6 PH 
TL7   

 ( Q-S0RAM Pin i 

Trace Lengths for Control Net Structure (Raw Card J) 
CKE [1:0], ODT[1:0],: Raw Card J 

TLO TL1 TI-2 TI-3 
Signal   

Min Max Min Max Min Max Min Max 

CKE[1:0] 4.1 4.6 20.7 21.3 0.0 0.6 11.4 11.8 

TLO+TL1+ 

TL2+TL3 

Mm 

36.2 

Max 

38.5 

TI-4 

Mm 

41.4 

Max 

42.0 

TL4_1 

Mm 

56.7 

Max 

56.9 

TI-5 

Mm 

56.6 

ODT[1:0] 3.1 3.4 20.1 21.5 0.5 1.7 11.6 12.0 35.3 38.6 41.1 41.6 56.7 57.0 56.3 

Max 

57.2 

TL5_1 

Min 

46.0 

Max 

47.0 

TL6 

Min Max 

12.5 13.4 

TI-7 

Mm 

1.6 

Max 

3.6 

Notes 

56.7 46.3 46.5 12.8 13.4 0.6 1.9 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter 

Page 95 

SAM-NET00027426 

Netlist EX2006 
Samsung v Netlist 

IPR2023-00455



Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Address and Command (Raw Card K) 
A[1 5:O], BA[2:O], RA--S, CAS, WE 

For AO,A7 At  and BA2 
Testpoint from 4 mm to 6 mm branched from pin 
at the extreme left, front or back face SDRAM 

22 ohms 

TLO ±5% TI-1 
DIMM Connector 

TI-2 

TI-2  

/ ( 
Testpointon signal lines: A[1,2,5,6], BA[1,0], RAS, CAS, WE 

For A3 and A7 
Tesipoint from 4 m to 6 m branched from pin 
at the extreme right, front or back face SDRAM 

0 

TI-4 

TI-3 

TI-6 

TI-6 

TI-5 

TI-5 

TI-6 

a 

TI-4 J TI-6 

TL8   
  SDRAM Pin 

SDRAM Pin 

TL8   
  SDRAM Pin 

ISDRAM Pin 

SDRAM Pin 

TL8 

TL8 

lSDRAM Pin 

rSDRAM Pin] 

SDRAM Pin] 
I SDRAM Pin 

'SDRAM Pin 

TL8   
SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

TL8 r - - SDRAM Pin 

lSDRAM Pinl 

SDRAM Pin 

SDRAM Pin] 

TL8   
r SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin] 

TL8   
- 1SDRAM Pin 

SDRAM Pin 

TL8 
SDRAM Pin 

SDRAM Pin 

TL8   
ç  SDRAM Pin 

'SDRAM Pin 

TL8 i  
TL6  -- SDRAM Pin 

SDRAM Pin 

TI-6 

SDRAM Pin 

TL8 
SDRAM Pin 

SDRAM Pin] 

Trace Lengths for Address and Command Net Structure (Raw Card K) 
A[15:O], BA[2:O], RA--S, CAS, WE 

Raw 
Card 

K 

TLO 

Mm 

3.6 

Max 

3-7 

TL1 

Min Max 

29.5 34.6 

TL2 

Mm 

0.4 

Max 

4.0 

TLO+TL1 +TL2 TL3 

Min Max Min Max 

36.0 38.7 24.9 25.0 

TL4 

Mm 

59-9 

Max 

60.0 

TL5 

Mm 

13.9 

Max 

14.0 

TI-6 

Mm 

6.9 

Max 

7.0 

Mm 

TL7 

Max 

TL8 

Mm 

1.4 

Max 

9.3 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

Page 96 

SAM-NET00027427 

Netlist EX2006 
Samsung v Netlist 

IPR2023-00455



Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Control (Raw Card K) 
S[1:0], CKE[1:0], ODT[1:0] 

For Si 0010 and CKE1 
lestpoint from 4 m 106mm branched from pin 
at the extreme left, front or back face SDRAM 

22 ohms 
TLO ± 5% TL1 

DIMM Connector 

/ 
Testpointon signal lines: S[1:0], ODT[1,0], CKEO 

TL2 

TL4 

TL2 _ 

For A3 and A7 
lestpoint from 4 m to 6 m branced from pin 
at the extreme right, front or back face SDRAM   

TL4 

TL3 

TL5 

TL5 

SDRAM Pin-] 

SDRAM Pin 

SDRAM Pin 

TL8 

TL8 
- 

TL8 

TL8 

TL8 -  

&jDRAM Pin 

Trace Lengths for Control Net Structure (Raw Card K) 
S[1:0], CKE[1:0], ODT[1:O] 

Raw 
Card 

K 

TLO TLi TL2 TLO + TL1 + TL2 TL3 TL4 1L5 TL6 TL7 TL8 

Mm 

3.6 

Max 

3.7 

Mm 

28.8 

Max 

31.8 

Mm 

1.2 

Max 

4.1 

Mm 

36.1 

Max 

37.2 

Mm 

44.9 

Max 

45.0 

Mm 

79.9 

Max 

80.0 

Mm 

13.9 

Max 

14.0 

Mm 

6.9 

Max 

7.0 

Mm Max Mm 

2.0 

Max 

6.6 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Address and Command (Raw Card L) 
A[1 5:O], BA[2:O], RAS, CAS, WE 

TI-2 

22 ohms 

TLO ± 5% TI-1 
DIMM Connector 

TI-2 

Testpoint on signal lines; All ,6,8,9}BAO,FfAS,CAS 

( (-)--
TL4 

1L4 

Testpoint from 3.5 mm to 5.5 mm branched fromDRAM pad; A8, Al2, BA2, RAS, 

TL6 

TL6 

TL6 

(3-  SDRAM Pin 

 (3-fSD —RA M Pin 

ç)- SDRAM Pin 
TL6 

T[6 

SDRAM Pin 

()-  SDRAM Pin 
-i, u-  c,L)Nt\vI Pin 

TL41 TL6  
Li SDRAM Pin 

- .() SDRAM Pin 
TL6   
------Q- SDRAM Pin 
116  
 ()- SDRAM Pin 

T -L6   -- — SDRAM Pin 
116   
 (3- SDRAM Pin 
TL6   

(3- SDRAM Pin 
TL6 
— (3-SDRAM Pin 
TL6   

(3- SDRAM Pin 

TI-41! 

TL5 

6   
 - SDRAM Pin 

TL6 
(3-   TL6  SDRAM Pin 

(3- SDRAM Pm 
TL6 

TL6 
(3- SDRAM Pin 

TL4I I TL6 

TI-5C Nc TL---6 D- SDRAM Pin 
TL6   

13- SDRAM Pin 

()- SDRAM Pin 

TL4U 

TI-5 

TI-51  

TL4f'l TL6 

TL6 

T[6 
(3- SDRAM Pin 

(3- SDRAM Pin 

TL6 
(3- SDRAM Pin 

1L6 
(3- SDRAM Pin 

TL6 

TH  
SDRAM Pin 

SDRAM Pin 

TL6 SDRAM ()-SDRAM Pin 
I L6  

(3- SDRAM Pin 
TL6   

(3-   1L6 SDRAM Pin 

(3- SDRAM Pin 

SDRAM SDRAM Pin 

(3- SDRAM Pin 

Trace Lengths for Address and Command Net Structure (Raw Card L) 
A[15:O], BA[2:O], RAS, CAS, WE 

Raw 
Card 

L 

TLO TI-1 TL2 TLO+TLI+TL2, TI-3 TI-4 TI-5 TL6 

Mm 

3.1 

Max 

6.0 

Mm 

23.5 

Max 

30.5 

Min Max 

0.4 4.1 

Mm 

33.6 

Max 

37.2 

Mm 

40.5 

Max 

42.5 

Mm 

12.5 

Max 

14.0 

Mm 

7.0 

Max 

8.5 

Mm 

0.6 

Max 

6.0[ 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter 
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Proposed 
DDR2 SDRAM Registered DIMM Design Specification 

Nit..Struc.tiRcüt.... i.f5..CóiFitJ.. (Raw .a Cd....E) 
S[1:0], CKE[1:0], ODT[1:0] 

TL4 

TL4 

TL4 

TL4 

TL4 

JEDEC internal use only 

DDR2 Registered DIMM Wiring Details 

TL6   
--C— (}j SORAM Pin 

TL6   
C SDRAM Pin 

TL6   
--cSDRAM Pin] 

TL6   
SDRAM Pin 

) TL6   
L__(  SDRAMPinI 

TL6   
E C- OLSDRAM.!InI 

) TL6   
I-----SIDIRAIM Pini 

TL3 21 I TL4J 

3ohrns TL6 ()-[SDRAM Pin 1 
TL4 

TI-2 TL6   
22 ohms r00 ' TL3_2 i—CD-  SDRAM Pin 

TLO ± 5% ILl - TL3 1 

DIMM Connector C O_MkCD__1 

TI-2 

( .) 

TI-32 

TL4 

TL6  
( U 

TL4 

TL6  
G 

TL6  

- TL6  
  0 

TL5j 

TL5 TL6  
±---- UJSDRAM Pin 

SDRAM Pin] 

SDRAM Pin] 

SDRAM Pin 

SDRAM Pin 

TL4 
' TL6  

SDRAM Pin 

Trace Lengths for Control Net Structure (Raw Card L) 
S[1:0],CKE[1:0],ODT[1:0]:Raw Card L 

Raw 

Card 

TLO TI-1 TI-2 
TLOi-TL1+ 

TL2 
TL3_1 TI-32 

TI-3_1 

4-TI-3-2 
TL4 TI-5 TL6 

Mm 

L 3.1 

Max 

6.0 

Mm 

23.5 

Max 

30.5 

Min Max 

0.4 4.1 

Mm 

33.6 

Max 

37.2 

Mm 

1.9 

Max 

2.5 

Mm 

49.5 

Max Min Max 

52.0 52.0 1 53.0 

Min Max 

12.5 14.0 

Mm 

5.0 

Max 

9.5 

Mm 

0.6 

Max 

6.0 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Address and Command (Raw Card M) 
A[1 5:O], BA[2:O], RAS, CAS, WE-

100K ohm pull down resistor only for A14, A15 & BA2 

TLI 
i - 

01 -fResislor  

DIMM Connector ------j!ior 
TLO_l 

3 ohm 

TLO_2 

TL31 

TL2 

—C  

TL42 

TL6R  Pill 1. 
F _±s1  TL6 

SDR.AM Pin! 

SDRAM Pin! 
TL5_l 

TL52 

TL52 

TL6 

TL5_l 

TL4_I 

TL4 2 
TL51 

TI-1 —( 0  
TL2 

TL3_1 

TL4_I 

TL51 

TL5I 

TL6 

TL6 ',-HSDRAMRni' 

TL6 SDRAM Pin! 

0  - SDR1PRJ 

TL6 - SDRAM Pin! 

W 

SDRAM Pin 

SDRAM Pin 

SDRAM Pink 

SDRAM Will 

SDRAM Pin 

SDRAM 

SDRAM Fin 

SDRAM Pin 

SDRAM Fin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin  

SDRAM Fin! 

SDRAM Finii 

SDRAM Pin!; 

SD RAKn P 
SDRAM Pin 

SRAM Pin! 

SDRAM Fink 

SDRAM pinP 
SDRAM Pin ' 

SDRAM PinP 

SDRAM Pin! 

SDRAM Pin 

SDRAM Pill 

SDR.AM Pill! 

SDRAM Pin  h 

SDRAM Pin!; 

SDRAM Pin!. 

SDRAM Pini , 

SDRAM Pin! 

RA 

RA 

TL6 

SDRAM Pin 

SDRAM Pin!. 

SDRAM Pinj 

RA 

RA 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin! 

DRAM Pin 

SDRAM Pin!: 

SDRAM Pill!; 

SDRAM Pill' 

SDRAM Pin 

SDRAM Pin'. 

SDRAM Pin! ' 

SDRAM Pin  

SDRAM Pin j 

SDRAM Pin, 

SDRAM Pin!' 

SDRAM Pin 

DRAM Pin 

SDRAM Pin! 

SDRAM Pin!. 

SDRA 

SDRA 

SDRAM Pin  

SDRAM Pin; 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

Trace Lengths  for Address and Command Net Structure (Raw Card M) 
A[15:0], BA[2:0], RAS, CAS, WE 

Raw 

Card 

M 

TLO_0 TLO2 TI-1 TLO_2 + TI-1 TI-2 TL3_1 TL32 TL4_1 TL42 TL5_1 TL5_2 TL6 

Min Max 

5.53 5.56 

Min Max 

28.44 28.84 

Mm 

0.46 

Max 

0.89 

Mm 

29.3 

Max Mm 

29.33 0.5 

Max 

6.35 

Mm 

76.17 

Max 

76.2 

Mm 

50.77 

Max Mm 

50.8 71.1 

Max 

71.12 

Mm 

63.47 

Max 

63.5 

Mm 

6.49 

Max 

7.0 

Mm 

13.85 

Max Min Max 

14.4 1.26 8.03 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter 

Net Structure Routing for Control (Raw Card M) 
S [3:0], ODT[1 :0] 

lOOK ohms pull up resistor only for S2 & S3 

VDD 

DIMM Connector 

3 ohms 

TLO 

storH -< 

TLI 

TI-31 

1 
TI-2_10 ohms TL22 

TI-4-2 

TI-5_11 

TL51 

TL5-2 

TL-5-2 

TI-5_11 

TL-5- 11 

TI-4_1 

TL5 1 

TL5 1 

TL6 

-. e-HSDRAM Pin 

SDRAM Pin 

TL6 
j-(  Plin TL6 C-)-- SDRAM 
(  
\_ (- SDRAM Pin 

TL6  

TL6  C*- SDRAMPiJ 
 <  

C-)- SDRAM Pi 
TL6   

( C* -SDRAM Pin 
1L6 SDM 

TL6 :   
(-)--SDRAM 

 ' TL6 
\._ 0-  SDRAM Pin 

TL6  
(-)-SDRAM 

TL6  
Pijn 

(3-SDRAM pi1 
TL6   
(-SDRAM Pin 

TL6  
C*-SDRAM in 

TL6 Pj 

TL6 r+- SDRAM Plin 

(-3---- SDRAM Pin 
TL6  

C3-SDRAM 
TL6 

Pijn 

(-1 SDRAM Pin 

Note: 
This topology is for 1 of the 2 registers on this design. 
The second register has an identical topology. 

Trace Lengths for Control (Raw Card M) 
S [3:0], ODT[1 :0] 

Raw 

Card 

M 

TLO 

Mm Max 

5.53 5.56 

TL1 

Mm Max 

29.3 29.33 

TL2_1 

Min Max 

1.54 7.34 

TL2_2 

Mm Max 

0.79 4.59 

1L21 + TL2_2 

Min Max 

2.33 10.5 

TL3_1 

Mm Max 

76.1 76.2 

TL3_2 

Mm :Max 

5077 50.8 

TL4_1 TL42 

Min Max Min Max 

76.17 76.2 63.47 63.5 

TL5_1 

Min Max 

6.49 7.0 

TL52 TL6 

Min Max Min Max 

13.85 14.4 1.26 5.45 

Notes 

1,2 

3.12 3.14 37.95 37.96 1.54 7.34 0.79 4.59 2.33 10.5 76.1 76.2 50.77 50.8 76.17 76.2 63.47 63.5 6.49 7.0 13.85 14.4 1.26 5.45 1,3 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter 

2. S[1:01, ODT[1:0] 

3. S[3:2 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Control (Raw Card M) 
CKE[1 :0] 

TL6 

DIMM Connector —r----fnr  
TLO 

3 ohms 

TLI 

TL3_l 

TI-210 ohms TI-2 2 

TL21 TL22 
Resistor 

TL42 

TL5_2 

TL5_2 

TI-5-1 

TL6 = 

1L6 
— 
1L6 

TO 

TO 

TL6 

SDRAM Pin 

SDRAM Pin I' 

SDRAM Pini' 
SDRAM Pin  

SDRAM Pini' 

SO RAM Pin 

SDRAM pini 

SDRAM Pin 

SDRAM Pin 

SDRAM Pini 

SDRAM Pin 

SDRAM Pin  

SDRAM Pin ,' 

SDRAM Pini 

SDRAM Pin  

SDRAM Pin 

SDRAM Pin  

50RPM Pini 

SORAM Pin " 

DRAM Pini' 

1L6 SDRAM Pin 

TL6 

Note: 
This topology is for 1 of the 2 registers on this design. 
The second register has an identical topology. 

SDRAM PinF 

SDRAM Pin  

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM P,n 

SDRAM Pin 

SORAM Fin 

SDRAM P,nl 

SDRAM Pin 
SDRAM Pin 

Trace Lengths for Control (Raw Card M) 
CKE{1 :0] 

Raw 

Card Mm 

M 5.53 

TLO TL1 TL21 TL-2-2 1L2_1 + TL2_2 TI-3- 1 TL-3-2 TL-4- 1 TL4_2 TL5_1 TL5_2 TL6 

Max Mm 

5.56 29.3 

Max 

29.33 

Mm 

1.54 

Max Min Max 

7.34 0.79 4.59 

Min Max Mm 

2.33 10.5 76.1 

Max Min Max Mm Max Mm Max Mm :Max Mm Max Mm Max 
Notes 

76.2 50.77i50.876.17 76.2 63.47 63.5 6.49 7.0 13.85 14.4 1.26 5.5, 1,2 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Address and Command (Raw Card N) 
A[15:0], BA[2:0], RAS, CAS, WE 

TL2_1 
e a 

0, a 

22 ohms 

TLO ± 5% TI-1 TL2 2 
DIMM Connector 

Testpoint on signal lines: Al ,A2,A5A6,CAS 

TI-3 

 (-..---n--
TL3 

TI-4 

TI-5_1 

TL52 

TI-5-21 

TL6 
I SDRAM Pin 
SDRAM Pin 

TL6 SDRAM Pin 

  SDRAM Pin 

TLS SDRAM Pin 

TL6   
- I SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

TL6 )M Pin 

:IL6 SDRAM Pin 

TL6 SDRAM Pin] 

I SDRAM Pin] 

IL5&. SDRAM Pin 

DSDRAM  !J 
I SDRAM Pin 
DRAM Pin] 

TL5_2[ TL6 rDj 

TI-4   SDRAM Pin 

TL6 r-- - 

SDRAM Pin 

  SDRAM Pin 

TI-5_1 C TIL6 
SDRAM Pin 

p  (3-  SDRAM Pin 

TL52H rn SDRAM Pin 

I SDRAM Pin 
'I L6 in TL5_ T 

------- o-i SDRAM 
I L6 TbRAM Pin 

TL6   
— fl4 SDRAM Pin 

Testpoint from 6 mm to 8 m branched from branch Via : A3, A4, A7, Al2 TL5 21 1 TL6 —Li SDRAM Pin 

  SDRAM Pin 

Trace Lengths for Address and Command Net Structure (Raw Card N) 
A[15:0], BA[2:0], RAS, CAS, WE 

Raw 
Card 

N 

TLO TLI 

Mm 

3.0 

Max 

6.2 

TL2_1 TL2_2 TLO+TL1+TL21, 
TLO+TLI +1L22 TI-3 TL4 TL5I TL5_2 TO 

Min Max Mm 

18.0 24.0 18.5 

Max 

23.5 

Mm 

0.0 

Max Mm 

2.2 22.0 

Max 

49.7 

Mm 

48.0 

Max 

50.5 

Min Max 

48.0 52.0 

Mm 

33.9 

Max 

34.1 

Min Max Mm 

13.0 13.2 1.5 

Max 

4.8 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Control (Raw Card N) 
S [3:0], ODT[1 :0] 

For S2, ODTI 
Testpoint from 4 mm to 6 mm branced from via 

TI-2 

This point is disconnected for ODT signals 

22 ohms 

TLO ±5% TI-1 
DIMM Connector -(  

Testpoint on signal lines: Si 

This point is disconnected for ODT signals 

TI-3 

TL5 

Trace Lengths for Control Net Structure (Raw Card N) 
S [3:0], ODT[1 :0],: Raw Card N 

TI-5 TL7 
-f 

TL5 TL7 
MO 

TL7 
 0-

TL5 TL7 
C 

TI-5 TI-7 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

DRAM Pin LS  li 

Raw 
Card 

N 

TLO TLI TI-2 TLO+TL1 +TL2 

Mm 

3.1 

Max 

4.1 

3.1 4.1 

Min Max 

20.0 28.0 

Mm 

0 

Max 

2.2 

Mm 

24.0 

19.5 21.3 0 2.2 28.0 

TI-3 TL4 TI-5 TI-6 TI-7 

Max Min Max 

34.0 54.0 58.0 

Mm 

58.0 

Max 

62.0 

34.0 54.0 58.0 58.0 62.0 

Mm 

13.0 

Max 

13.2 

Min Max Min Max 
Notes 

33.9 34.1 1.5 3.5 1,2 

13.0 13.2 33.9 34.1 1.5 3.5 1,3 

3.1 4.1 56.5 56.6 0 2.2 65.0 71.0 54.0 58.0 58.0 62.0 13.0 13.2 33.9 34.1 1.5 3.5 1,4 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter 
2. ODT 
3. SO Si 
4. S2, S3 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Control (Raw Card N) 
CKE[1:0] 

22 ohms 

TLO ±5% DIMM TI-1Connector 

TL2  
-{ C)  

TL2 
-C 0— 

TL2 

TI-3 

a TL4 

.9 

TL2 .8 

-( 0-

TL7   
0-

TL5 

TI-5 

TL5 

TL5 

TI-5 

TI-5 

TL6 

 (0- 
TL3 TL5 

TI-5 

TI-7 

TI-7 
D 

SDRAM Pin 

SDRAM Pin 

TL7 
]SDRAM Pin] 

SDRAM Pin] 

SDRAM Pin] 

SDRAM Pin 

TL7   
 C C)-

TL7   
C 0-

a 
TL5 

TI-4 L) TL7 

'ii  ciIID 
TL5 ! 

TL7 

SDRAM Pin 

SORAM Pin 

TL7   
L.  0]SDRAM Pin] 

TU 

TL7 
 C. Q- SDRAMPin 

SDRAM Pin 

0 

SDRAM Pin 

SDIRAM Pin] 

TL6 
Testpoint from 6 mm to 8 mm branched from branch Via: CKE[1 0] bb• TL7   

  SDRAM PIj 

Trace Lengths for Control Net Structure (Raw Card N) 
CKE [1:0]: Raw Card N 

Raw TLO TL1 

Card 

TI-2 TLO+TL1 i-TL2 TI-3 TL4 TI-5 TI-6 TI-7 

Mm Max Mm Max Min Max Mm Max Mm Max Mm Max Min Max Mm Max Mm Max 
Notes 

N 3.1 4.1 20.0 28.0 0 2.2 24.0 34.0 54.0 58.0 58.0 62.0 13.0 13.2 33.9 34.1 1.5 3.5 

1. All distances are given in millimeters and must be kept within a tolerance of t 0.8 millimeter 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

N 
A[15:0], BA[2:0], RAS, CAS, WE 

TL2_1 

22 ohms 

TLO ±5% TI-1 
DIMM Connector 

Testpoint at vias on backside for all signals 

TL4 

TI-4 

TI-4 

TL6! 

SDRAM Pin 

TI-5 

TI-6 ! 

TL6 

1L61 

TL6 

Testpoint from 7 mm to 9 m branched from branch Via CAS, A7, A15 

TI-8 

TL8 

TLS 

TL8 

TL 

TI-8 

TL8 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin] 

Pin] 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SORAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SCRAM Pin 

SCRAM Pin] 

Trace Lengths for Address and Command Net Structure (Raw Card P) 
A[15:0], BA[2:0], RAS, CAS, WE 

TLO TI-1 TLO+TL1 TL2I 
Raw 
Card 

Mm Max Min Max Mm 

3.6 4.4 9.3 i,101 13.6 
P 

i 3.6 ]: 3.7 20.0 i 20.1 23.6 

I. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
2. Applied only for A8,A9,Al2Al4 and A15 

Max]] Min Max Min 

.  42114.0 . L 
23.7 :320 32.1 32.0 32.1 55.6 55.8 24.9t.25.059.9]6o.0 

TL22 .I4  
or) .. 

Ma 
Max Mn Max Mm 

mx 

TI-4 

Ma 
Mmii 

X 

TI-5 TL6 

iMa 
Min m lMinl 

X 

14.9 15.0 7.9 8.0 

14.9 i 15.0 7.9 i. 8.0 

TI-8 

Ma 
Mm 

X 

o.g 8.7 

0.9 8.7 

Notes 

1,2 i 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

N 
S[1:0], CKE[1:0], ODT[1:0] 

TL8 

TL2 

22 ohms 
TLO ±5% ILl 

DIMM Connector 

1L22 

Testpoint at vias on backside for all signals 

TL4 

TL4 

TI-3 

TL4 

TI-8 

TL6 

TL6 

TL5 

TL6 

TL6 

TL6 

- TL6 
Testpoint from 8 mm to  mm branched from branch Via: Si  ODT1 ------- 

SDRAM Pin 

TL8 i  
SDRAM Pin 

TI-8 F 
SDRAM Pin 

TLS 
SDRAM Pin] 

TI-8   
• SDRAM Pin 

TI-8  -T 
SDRAM Pin1 

TL8   

LJ 

TI-8   
iSDRAM Pin 1 

TI-8 
SDRAM Pin] 

TL8   
TED-i SDRAM Pint 

TI-8 

TI-8 

SDRAM Pin] 

SDRAM Pin] 

1. SDRAM Pin] 

TI-8 
SDRAM Pin] 

TI-8   
$ SDRAM Pinj 

TI-8 
SDRAM Pin] 

Trace Lengths for Control Net Structure (Raw Card P) 
S[1:O], CKE[1:O], ODT[1:O] 

TLO TI-1 I TL04-TL1 

Raw Card 
• Ma . Mal . IMa 

Min M in Mm 
x x x 

P 3.6 4.4 8.6 9.5 13.1 13.2 

TL2_1 

Mm 

0.4 

Ma 
x 

42.1 

TL2_2 

Mm 

0.4 

Max 

42.1 

TLO + ILl 
TL2(l 0r2) 

Min 

13.5 

Max 

55.3 

TL3 TL4 

Mm 

44.9 

Max Min Max 

45.0 79.9 80.0 

I. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

TL5 

Mm 

14.9 

Max 

15.0 

TL6 

Mm 

7.9 

Max 

8.0 

TI-8 

Min Max 

2.7 

Notes 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Control (Raw Card R) 
A[15:0], BA[2:0], RAS, CAS, WE, ODTO 

TLB 
T&BtP.ajat at on back side fai, all aigsaI of all SCRAMS - 

(from 1 ri'sn to Snim ionth Dram MFWA pin)- Z IA 

118 

/ TL   
I aAM Pin 

117 

118 

22 olsis 

rio ±6% TLI 112 

114 

Trace Lengths for Control Net Structure (Raw Card R) 
A[15:0], BA[2:0], RAS, CAS, WE, ODTO 

Raw Card 
TLO TL1 TLO-'-TLl 

Min Max Min Max in Max Mm 

R 3.2 9.7 15.5 25.2 28.5 

TI-2 

Max Mm 

TI-3 

Max 

TI-4 

Min Max Mm 

TI-5 

Max 

28.5 0.5 9.4 47.6 58.2 73.0 82.7 26.4 29.5 

0 

TI-6 IL? 

Min Max Min Max 

9.3 11.6 16.3 18.1 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

2. For R/C R, net traces for A14, A15 and BA2 are not routed for TI-2, TI-3, TL4, TL5, TL6, TI-7 and TI-8. 

TI-8 
  Notes 

Min Max 

2.0 4.5 1,2 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Net Structure Routing for Control (Raw Card R) 
SO and CKEO 

1esPoiri at Aas on wck scis Mir all signal call AMs - - 

foin Intn to Sisari knigm froni SORAM pM. 

22 oit 

110 ILl 112 
OIM Connscto —t._--r • —Cfl—_ 

114 

SDRAM Phi 

TO 

TL 

117 116 
 _[SDRAM PM 

116 

SORAM Pin 

SDRAM Pit, 

116 

IL 

117 

•118 

0  
116 

SORAM Phi 

SORAM An 

DRAM Pin 

Trace Lengths for Control Net Structure (Raw Card R) 
SO and CKEO 

Raw Card 

R 

TLO TI-1 TLO+TL1 

Mm 

3.2 

Max Mm Max 

9.7 15.5 25.2 

Mm 

1L2 TI-3 TI-4 TI-5 1L6 TI-7 TI-8 

Max Min Max Min Max Min Max Min Max Min Max 

28.5 28.5 0.5 9.4 47.6 58.2 73.0 82.7 26.4 29.5 9.3 11.6 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

Mm 

16.3 

Max Min Max 

18.1 2.0 4.5 

Notes 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Address (Raw Card V and Y) 
A[15:0], BA[2:O], FA-­S, CAS, WE 

For Al2 and A13 testpoints, on the via b/w TL7 and TI-8 
of all SDRAMs on Raw Card V and V 

For Al2 and A13 testpointa, also on the via b/w TL9 and TL8 
of these SDRAMs on Raw Card V and Y 

2. ohms 
TLC ±5% ni 

OtMM ccenetor 

Trace Lengths for Address Net Structure (Raw Card V and Y) 
A[15:0], BA[2:0], RAS, CAS, WE 

Raw Card 
TLO TI-1 TLO+TL1 TI-2 TI-3 TI-4 TL5 TI-6 TI-7 TI-8 TI-9 

Mm Max Mm Max Mm Max Mm Max Mm Max Mm Max Mm Max Mm Max Min Max Mm Max Mm Max 
Notes 

V, Y 3.3 10.5 11.2 33.6 21.7 37.6 0.5 3.3 28.5 35.7 55.7 60.5 54.8 62.4 57.0 57.1 4.5 9.1 1.8 4.3 12.8:13.5 1,2,3 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
2. For Raw Card Y there the DRAMS are stacked. 
3. For R/C V & Y, net traces for A14, Al 5 and BA2 are not routed for TL2, TL3, TI-4, TI-5, TI-6, TL7, TL8 and TI-9. 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Control (Raw Card V and Y) 
S[1:O], CKE[1:O], ODT[1:O] 

TLO 
-< H SDRAM Pin 
C 

TL 

TLO TL1 

-r-W 

TL9 

C 
TLI3i 

L' TO   
  SDRAM Pin  

TL7 

SDRAM Pin 

TL9   

SDRAM Pin 

TLS, 
TO   

(- SDRAM Pin 

TL9   
r< (-1 SDRAM Pin  
0 

TIS 

TL7 

TL7 TL9   
L_.. (*---- (3-  SDRAM Pin 

C' 

TLS 

2 TL9  
L  - 

DRAM Pin 

SDRAM Pin 

TL9   
-,( G 

TL7 
- TL9 

TL8 

TL4 

TL2 

TL5 

TL7 

TL9 

1L9 

DRAM Pin 

DRAMFnj 

DRAM Pin 

SDRAM Pin 

TL8L 
c TO   

(3-i SDRAM Pin  

TL9 SDRAM Pin 

TL8 
TL9 

TL7 

TO 
C 7L9 

-{  TL 

(D i) 1L9 

SDRAM Pin  

SDRAM Pin 

DRAM Pin 

Trace Lengths for Control Net Structure (Raw Card V, Y) 
S[1:O], CKE[1:O], ODT[1:O] 

Raw 
Card Signal TLO TL1 

V, Y CKEO 3.6 26.7 

V. Y CKE1 3.9 26.9 

V,Y 50 3.3 27.4 

V,Y Si 6.7 31.8 

V, Y ODTO 27.6 9.8 
' .,.... 

V,Y ODT1 11.5 24.4 

TL2 

18.4 

18.3 

1.9 

9.3 

13.8 

3.5 

TL3 TL4 

12.7 25.5 

0.5 

0.7 

18.6 

3.0 

0.6 

24.8 

26.8 

33.6 

26.1 

28.2 

TL5 

49.9 

53.7 

52.5 

53.9 

54.1 

55.0 

TL6 TL7 TL8 

Min Max 

70.0 70.0 

61.4 65.8 

70.0 70.0 

60.0 60.0 

60.0 

70.0 

Mm 

0.0 

0.0 

0.0 

1.2 

64.5 0.0 

70.1 . 6.5 

Max 

2.3 

3.0 

3.6 

1.9 

Mm 

8.9 

10.4 

9.2 

10.0 

5.1 5.2 

13.1 0.0 

Max 

9.5 

10.5 

10.0 

11.3 

8.3 

0.0 

TL9 
  Notes 

Min Max 

3.2 5.2 1,2,3 

2.7 3.0 1,2,3 

2.9 4.0 1,2,3 

4.5 5.1 1,2,3 

0.6 1.7 1,2,3 

4.4 7.3 1,2,3 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

2. Raw Card '(has stacked DRAM where the DRAM Pin is indicated 

3. For RIC V, Si, CKE1 and ODTi are routed to the register. 
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JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Wifthic1uri Ràu[ing 
A[15:0], BA[2:0], RAS, CAS, WE 

For A4, testpoint 4.8 mm branched from pin 
at the extreme left, front face SDRAM (DO) on Raw Card W 

22 ohms 

TLO ±5% TI-1 
DIMM Connector   

Register 1: A[1,5,6,7,9,1O,12],BA[2],CAS,WE 
Register 2 A[O,2,3,4,8,11 ,13],BA[O,1],RAS 

TI-3 

TL4 

TL5 

TLS 

TL5l 

Y 

TL5 

TL7 

TL6 

TI-6 

TL7 

TL8   
SORAM Pin 

SDRAM Pin 

TL8   
1SDRAM Pin 

SDRAM Pin 

TL8 r i 

SDRAM Pin' 

SDRAM Pin 

SDRAM Pin 

TL8   
SDRAM Pin 1 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM rj 

SDRAM Pin I 

SDRAM Pin 

SDRAM Pirij 

TL8   
— Th SDRAM Pin 

SDRAM Pin 

TL8   
  SDRAM Pin 

SDRAM Pin] I 

TL8 
- 11 SDRAM Pin 1 

SDRAM Pin 

SDRAM Pin! 

SDRAM Pinl 

SDRAM Pin 

'SDRAM Pin 

TL8   
SDRAM Pin[ 

SDRAM 

TL8 

TL8 

DRAM Pin 

SDRAM Pin 

SDRAM r;I1 
SDRAM PinE 

Proposed 

Trace Lengths for Address and Command Net Structure (Raw Card W) 
A[1 5:O], BA{2:O], RAS, CAS, WE 

Raw Card 

W 

TLO TI-1 TO TL4 TL5 TI-6 TL7 TL8 

Mm 

3.8 

Max 

3.9 

Mm 

25.5 

Max 

25.7 

Mm 

36.4 

Max 

36.6 

Mm 

49.0 

Max 

49.1 

Mm 

13.3 

Max 

13.5 

Mm 

6.7 

Max 

6.9 

Mm 

13.3 

Max 

13.5 

Mm 

2.2 

Max 

6.6 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

2. For RIC W, net traces for A14 and A15 are not routed for TI-3, TL4, TL5, TI-6, TL7 and TL8. 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Net Structure Routing for Control (Raw Card W) 
S[1:O], CKE[1:O], ODT[1:O] 

For ODI1, testpoint 4.6 mm branched from pin 
at the extreme left, front face SDRAM (DO) on Raw Card W 

22 ohms 

TLO ± 5%  TL1 TL2 DCSIDODT/DCKE 
DIMM Connector 

TL2 

-Ci) 
Second TL2 is used for S[1:O] 

CSR 

2.2 ohms 

0, 

±5% 

Register 1: COO, CKE1, ODTO 
Register 2: CS 1, CKEO, ODTI 

TI-3 

TI-5 

TL4 

0 

2.2 ohms 

±5% 
TLS 

TL1O 

TLO 

TL11 

SDRAM Pin 

SDRAM Pin 

TL11  
   f SDRAM Pini 

TL1O 
L_ TL11   
- ( ()-SDRAM Pin 

TL7 TL9 TL1 1' 

TI-9 

TL1O 

TL1O 

TL9 

o 
TL8 TLIO 

For CKE1 ,testpoint 3.3 mm branched from pin 
at the extreme right, front face SDRAM (D7) on Raw Card W 

Trace Lengths for Control Net Structure (Raw Card W) 
S[1:O], CKE[1:O], ODT[1:O] 

Cr TL11 

TL11  

TL11  

SDRAM Pin 

SDRAM Pinj 

SDRAMRnJ 

SDRAM Pinj 

SDRAM Pinj 

SDRAM Pin 

TL11  
 (0- 

TLII  
 t U-{SDRAM  Pini 

SDRAM Pin 

TI-8 TI-9 TLIO TI-11 Raw 

Card Min Max 

W 3.8 3.9 

TLO TL1 +TL2 

Mm 

25.5 

Max 

25.7 

TL2 

Mm 

0.5 

TL3+TL4 

Max Mm 

1.6 56.0 

Max 

56.2 

TL5-'-TL6 

Min 

60.0 

Max 

60.2 

TI-7 

Mm 

5.2 

Max Mm 

5.6 2.5 

Max 

2.6 

Min 

4.5 

Max 

4.6 

Mm 

9.7 

Max 

9.8 

Mm 

4.7 

Max 

6.6 

Notes 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 
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JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

Net Structure Routing for Address and Command (Raw Cards AA) 
A[1 5:U], BA[2:O], RAS, CAS, WE 

22 ohms 

TLO ±5% ILl 

DIMM Connector .-( a---

TL2 

TL2 

TL4 

TI-4 

TL7 
TL5 

TL7 
TL6 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

TL6 -TL7 SDRAM Pin 
TLY 

L5 TU  

TL7 
TL5 

TL5 TL7 

TL3 TL5 TL7 SDRAM Pin 
TL7   
  SDRAM Pin 

TL5   SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM 

TL7 

TL7  

(  ()-
TL7 

TL5 Xfl-   TL7 SDRAM Pin 
'   
 (3-  SDRAM Pin 
TL7 

TL5 -( (3- SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

TL6 

TL5 
TL7 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

TL7 
  SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 

LOTL!I SDRAM Pin 

  SDRAM Pin 
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Proposed 
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DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Trace Lengths for Control Net Structure (Raw Cards AA) 
A[1 5:O], BA[2:O], RAS, CAS, WE 

Raw 

Card 

AA 

Mm 

3.6 

TLO 

Max 

5.8 

TI-1 

Mm 

20.3 

Max 

0.1 

TI-2 

Mm 

35.0 

Max 

47.0 

TLO+TL1 +T 

L2 

Mm 

40.0 

Max 

52.0 

TI-3 

Mm 

43.0 

Max 

43.2 

TI-4 

Mm 

53.0 

Max 

53.1 

TI-5 

Mm 

13.45 

Max 

13.55 

TI-6 

Min Max 

6.9 7.1 

TI-7 

Mm 

1.2 

Notes 

Max 

6.5 1 

1. All distances are given in millimeters 
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JEDEC internal use only 
DDR2 Registered DIMM Wiring Details 

Proposed 
DDR2 SDRAM Registered DIMM Design Specification 

Net Structure Routing for Control Net Structure (Raw Card AA) 
S[1:0], CKE[1 :0], ODT[1 :0] 

TL2 

22 ohms 

TLO ±5% ILl 
DIMM Connector  ()--

TL4 

TL6 TL7 

TL6 TL7 

TL6 

TL5 TL1  

TL5 

TL4 

CY 

JTL3 

TL3 

TL5 

SDRAM Pin 

TL5  TL7   
(DRAMRn 

TL7 

SDRAM Pin 

SDRAM Pin 

TL7   
C Q- SDRAM Pin 

TL7   
—C()- SDRAM Pin 

TL5 TL7  --(o---(.  

TL5 TL7  
----( (J 

SDRAM Pin 

SDRAM Pin 

TL7   
( -SDRAM Pin 

TL7  
(J-

TL5 TL7 

TL6 

TL6 

SDRAM Pin 

TL5 TL7 
e CD-

SDRAM Pin 

SDRAM Pin 

TL5 TL7  
cI0—K 0-

TL7 

SDRAM Pin 

TL7  
0-

TLS TL7  

SDRAM Pin 

SDRAM Pin 

SDRAM Pin 
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Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Trace Lengths for Control Net Structure (Raw Cards AA) 
S[1:O], CKE[1:O], ODT{1:O] 

Raw 

Card 

AA 

TLO 

Min Max 

3.8 58 

ILl TL2 TLO+TLI +T 
L2 

Min Max Mm Max Mm Max 

20.3 0.1 30.0 42.0 35.0 45.0 

TL3 

Mm Max 

43.0 43.2 

TL4 TL5 

Min Max Min Max 

530 53.1 13.45 13.55 

TL6 

Mm 

6.9 

Max 

7.1 

TL7 

Mm 

1.2 

Max 

6.5 

Notes 

1. All distances are given in millimeters 
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DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Address and Command Parity Net Structures 

Net Structure Routing for Address and Command Parity (Raw Card D) 

Par In 
DIMM 
Connector 

TLO 22 TLI TL2 
ohms 

lOOK ohms 

TL3 

Register 

TL4 

TLS 0 
ohms Err Out 

DIMM Connector 

Net Structure Routing for Address and Command Parity (Raw Card E, N) 

22 
Par In TLO ohms TL2 

DIMM Connector -vA_f) ) 
TLI 

lOOK ohms 

TL3 
Register 

( 3L5 )_Register TL7 

TL4 TL6 

) )j Register HO ) Register 
TL8 

0 

TI-9 Err—Out 
DIMM 

Connector 

Net Structure Routing for Address and Command Parity (Raw Card F and R) 

Par _In 
DIMM 
Connector 

22 L!P_ ohms J!I i! TL4 

) 
Err—Out 
DIMM Connector 

Net Structure Routing for Address and Command Parity (Raw Card G, H, J) 

Par In 
DIMM Connector 

22 
I!zP_ ohms J!i r 

lOOK ohms 

TL3 

TL4 

—E) Register 

TL5  

___ Err —( )  DIMM Connector 

Net Structure Routing for Address and Command Parity (Raw Card V and Y) 

Par In 
DIMM Connector - 

TLO 

lOOK ohms 

TL2 TL3 TL4  

Register HO 0 ) 
0 ohms 

Err Out 
DIMM Connector 
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JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Net Structure Routing for Address and Command Parity (Raw Card K) 

Par In 
DIMM 
Connector 

TLO 22 
  ohms 

TI-1 

TI-2 

TI-3 

1OOK ohms 

D) 

Register 

Register   

TL5 0 
ohms Err Out 

DIMM Connector 

Net Structure Routing for Address and Command Parity (Raw Card L and P) 

Par In TLO  22hms 

DIMM 
Connector   

TI-2 

TI-3 

100K ohms 

Register 

TL5 

TI-7 0 
ohms Err Out 

DIM-M Connector 

Net Structure Routing for Address and Command Parity (Raw Card T, U) 

Par In 

DIMM - 

Connector 

TLO 22 TI-1 
ohms 

TI-2 

Register 

lOOK ohms 

TI-3 TL4 TL5 

 CD Err—Out 
Register DIMM Connector 

lOOK ohms 

Net Structure Routing for Address and Command Parity (Raw Card W) 

Par In 
Connector 
DIMM 

TLO 22 TI-1 TI-2 
ohms 

lOOK ohms 

TI-3 TI-4 

TL4 

TL5 

DD 
TL5 

TI-6 

Err—Out 
DIMM Connector 

0 TL7 
ohms   
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JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

Net Structure Routing for Address and Command Parity (Raw Card M) 

22 
TLO ohms 

Par— In 

DIMM 0  
Connector 

TI-2 

)yAVAVA TL1 () 

lOOK ohms 

TI-3 

Register 

TI-4 

()  

TL5 0 TI-6 
ohms Err Out 

DIMM 
Connector 

Net Structure Routing for Address and Command Parity (Raw Card AA) 

DIMM Connector 22 
TLO ohms 

Par— In 

TI-2 TL4  TL6 

TI-9 -, 0 TI-8 ohms Err—Out 
DIMM 

Connector 

Net Structure Routing for Address and Command Parity (Raw Card AC) 

Par In 
DIMM 
Connector 

TLO 22 TLl 
ohms 

QD 
TL2   

Register 

1 00K ohms 

TI-3 TI-4 

0 ))  
lOOK ohms 

Err Out 
DIMM Connector 
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Proposed 
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DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Trace Lengths for Address and Command Parity Net Structure 
(Raw Card D, E, F, G, H, J, K, L, M, N, P, R, V, W, Y and AA) 

Raw 

Card 

D 

TLO 

Mm 

10.5 

Max 

10.6 

ILl 

Mm 

1.0 

Max 

1.1 

TL2 

Mm 

19.5 

Max 

19.6 

TL3 

Mm 

12.1 

Max 

12.2 

TL4 

Mm 

12.1 

Max 

12.2 

TL5 

Mm 

31.0 

Max Mm 

31.1 - 

TL6 

Max Mm 

TL7 

Max 

TL8 TL9 

Min Max Min Max 
Notes 

E 4.1 4.2 1.5 1.6 1.4 1.5 4.3 4.4 9.9 10.0 15.7 15.8 34.4 34.5 4.4 4.5 13.5 13.6 4.0 4.1 

F 3.7 3.8 1.2 1.3 13.9 14.0 2.2 2.3 30.3 30.4 

G 

H 

J 

K 

TBD 

6.7 

6.2 

3.6 

TBD 

6.8 

6.3 

3.7 

TBD TBD TBD TBD TBD TBD 8.8 8.9 39.1 39.2 

19.8 

1.5 

1.0 

19.9 

1.6 

1.1 

13.0 

24.0 

33.0 

13.1 

24.1 

33.1 

2.0 

2.1 

0.4 

2.1 

2.2 

0.5 

9.0 

15.0 

0.4 

9.1 

15.1 

0.5 

36.7 

16.5 

33.0 

36.8 

16.6 

33.1 

38.0 

3.7 

38.1 

3.8 

4.4 4.5 13.5 13.6 4.0 4.1 

L 3.3 3.4 1.0 1.1 15.0 15.1 5.3 5.4 0.4 0.5 6.5 6.6 0.4 0.5 27.4 27.5 

M 5.5 5.6 2.5 2.6 28.2 28.3 1.1 1.2 1.1 1.2 28.2 28.3 5.5 5.6 

N 3.5 3.6 3.8 3.9 8.6 8.7 2.5 2.6 11.4 11.5 12.3 12.4 12.3 12.4 26.2 26.3 26.2 26.3 2.8 2.9 

P 3.6 3.7 1,0 1.1 7.6 7.7 0.4 0.5 40.4 40.5 28.8 28.9 10.4 10.5 0.7 0.8 

R 

V 

W 

Y 

4.3 

3.5 

3.8 

3.5 

4.3 

3.5 

3.9 

3.5 

1.0 

1.1 

1.1 

1.1 

1.0 

1.1 

1.1 

1.1 

7.5 

19.2 

23.4 

19.2 

7.6 

19.2 

23.5 

19.2 

18.4 

8.4 

18.4 

18.4 

8.8 

18.4 

26.2 

4.6 

1.1 

4.6 

26.3 

4.6 

1.5 

4.6 

14.5 15.8 28.2 28.4 3.8 3.9 

AA 5.4 5.5 2.1 2.2 37.1 37.2 38.3 38.4 17.6 17.7 14.3 14.4 35.8 35.9 47.2 47.3 0.6 0.8 4.4 4.5 

AC 3.6 3.7 1.1 1.1 26.1 26.2 26.7 26.8 4.9 5.0 - 

1. All distances are given in millimeters and must be kept within a tolerance of ± 0.8 millimeter. 

Trace Lengths for Address and Command Parity Net Structure 

(Raw Card T and U) 

Raw 
Card 

T 

TLO 

Mm 

3.6 

Max 

3.7 

ILl 

Mm 

1.0 

Max 

1.2 

TL2 

Mm 

26.6 

Max 

26.7 

TL3 

Mm 

12.2 

Max 

12.4 

TL4+TL5 

Mm 

36.2 

Max 

39.1 

Notes 

U 3.6 3.7 1.0 1.2 27.9 28.0 9.3 9.4 35.7 35.8 

1. All distances are given in millimeters and must be kept within a toler-
ance of ± 0.8 millimeter. 
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Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

RESET Net Structures 

DIMM 

Connector 
RESET 

Register Register 

Except of RC-A, 

F, V, and Y 

Register Register 

RC-E,J,N Only 

PLL 

RESET Net Structures (Raw Card M) 

DIMM 
Connector 

RESET 

Register 

Register 

PLL 

RESET Net Total Length 

Raw Card 

A,F 

Total Net Length 

82 

Raw Card 

P 

Total Net Length 

80 

B, G 91 R tbd 

C, H 93 T 76 

0 98 U 71 

E 

J 

K 

85 

108 

99 

V 

W 

Y 

74.3 

83 

74.3 

L 79 AA 137 

M 83.65 AC 73 

NJ tbd 

Note: Net is wired with 100um width; only the total length all traces together (in millimeters) is sped-

lied and must be kept within a tolerance of ± 10% 
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Proposed 
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DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Cross Section Recommendations 

The DIMM printed circuit board design uses six layers of glass epoxy material. PCBs should contain solid 
ground plane and power plane layers as far as possible. The PCB stackup must be designed with 0.10 mm 
wide traces. Layer 2 and 4 are divided for the plane referencing (the signals on the signal layer and its refer-
encing plane on GNDNDD layer are facing each other). 

Note: The PCB edge connector contacts shall be gold-plated and not chamfered. 

PCB Electrical Specifications 

Parameter 

Trace velocity: SO (outer layers, 0.10mm wide single trace) 

Mm 

5.5 

Max Units 

6.7 ps/mm 

Trace velocity: SO (inner layers, 0.10 mm wide single trace) 6.5 7.6 ps/mm 

Trace impedance: Z0 (all layers, 0.10 mm wide single trace) 54 66 Ohms 

Polyimide Flex based PCBs 

The DIMM printed circuit flex design uses four metal layers with a flexible polyimide substrate. The flex circuit 
should contain a solid ground plane and all unused area on the signal layers should have power floods. 

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

Polyimide Flex based PCB Electrical Specifications 

Parameter Mm Nominal Max Units 

Trace velocity: SO (all layers) 5.2 6.4 ps/mm 

Trace impedance: Z0 (All signals, outer layers) 

Trace impedance: Z0 (All signals, inner layers) 

51 

45 

60 

52 

69 

59 

Ohms 

Ohms 

Differential impedance: ZdIff (System Clock) 85 100 115 Ohms 

Differential impedance: Zdlff (System Data Channel) 72 85 98 Ohms 

Differential impedance: Zdiff (DRAM Clocks and DRAM DQS/DQS) 85 100 115 Ohms 
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JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

Example Six Layer Stackup for Raw Card A, B, C, F, G ,H and R 

009 

0.13 

0.60 

0.13 

0.09 
(mm) 

A 
I. 

V 
OM 

Signal Layer 1 (Signal & VDD) 

Layer 2 (GND) 

Signal Layer 3 (Signal, VDD) 

Signal Layer 4 (Signal & VDD) 

Layer 5 (GND and VDD shape) 

Signal Layer 6 (Signal & 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 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Example Eight Layer Stackup for Raw Card D 

0.09 

0.102 

0.15 

0.36 

0.15 

0.102 

0.09 

(mm) 

Layer I (Signal, VDD) 

  Layer 2 (GN D) 

:   Layer 3 (VDD) 

Layer 4 (Signal, VDD) 

Layer 5 (Signal, VDD) 

 , Layer 6 (VDD) 

  Layer 7(GND) 

Layer 8 (Signal, VREF) 

Thickness of each metal layer: 0.035 

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 Eight Layer Stackup for Raw Card E and K 

0.08 

0.10 

0.30 

0.10 

0.30 

0.10 

0.08 
ORMWOPM 

Layer 1 (Signal) 

 4 Layer 2 (GND,VDD) 

Layer 3 (Signal, VREF)) 

Layer 4 (Signal, VREF) 

  Layer 5(VDD) 

Layer 6 (Signal, VREF) 

4fftf4f$.4 Layer 7 (GND,VDD) 

Layer 8 (Signal) 
(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. 

Page 125 

SAM-NET00027456 

Netlist EX2006 
Samsung v Netlist 

IPR2023-00455



Proposed 
JEDEC internal use only 

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Example Ten Layer Stackup for Raw Card J, L, N 

0.09 

0.13 

0.13 

013 

0.102 

0.13 

0.13 

0.13 

0.09 _--_--

(mm) 

A 
'V 
A 

'V 

A, 

Layer 1 (Signal, VREF) 

Layer 2 (GND) 

Layer 3 (Signal) 

Layer 4 (Signal) 

Layer 5 (VDD) 

Layer 6 (GND) 

Layer 7 (Signal) 

Layer 8 (Signal) 

Layer 9 (GN D) 

Layer 10 (Signal, VREF) 

Thickness of each metal layer: 0.018 

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 for Raw Card P 

0.086  -  

0.10   

0.165   

0.10 

0.165 

0.10 

0.165  :  

0.10 

0.086 

(mm) 

Layer 1 (Signal, VREF) 

  Layer 2(GND) 

Layer 3 (Signal) 

  Layer 4 (VDD) 

Layer 5 (Signal) 

Layer 6 (Signal) 

Layer 7 (GND) 

Layer 8 (Signal) 

Layer 9 (GND) 

Layer 10 (Signal, VREF) 

Thickness of each metal layer: 0.018 

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. 

Page 126 

SAM-NET00027457 

Netlist EX2006 
Samsung v Netlist 

IPR2023-00455



Proposed 
JEDEC internal use only 

DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Example Eight Layer Stackup for Raw Card T, U and AC 

0.08 

0.10 

0.30 

0.10 

0.30 

0.10 

0.08 

(mm) 

Xft  

..:.:.:.:.:.:.:.:.:..:.:.:.:., 

Layer 1 (Signal, VDD) 

Layer 2 (VSS,VDD) 

Layer 3 (Signal, VREF)) 

Layer 4 (Signal) 

Layer 5 (VDD/VSS) 

Layer 6 (Signal,VDD,VREF) 

Layer 7 (VSS) 

Layer  (Signal, VDD) 

All signal layers have a target impedance of 60 ohms 

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 for Raw Card V and Y 

0.1 

0.127 

0.112 

0.102 

0.132 

0.102 

0.112 

0.127 

0.1 

(mm) 

if  

Layer 1 (Signal 

  Layer 2 (GND 

Layer 3 (Signal) 

.:.  Layer4(VDD) 

Layer 5 (Signal) 

Layer 6 (Signal) 

Layer 7 (VOD) 

Layer 8 (Signal) 

Layer 9 (GN D) 

Layer 10 (Signal) 

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 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

Example Ten Layer Stackup for Raw Card W 

0.086 

0.10 

0.165 

0.10 

0.165 

0.10 

0.165 

0.10 

0.086 

(mm) 

MMM 

rl 

INI 

Md 

Layer 1 (Signa 

Layer 2 (GND) 

Layer 3 (Signal, VREF) 

Layer 4 (VDD) 

Layer 5 (Signal) 

Layer 6 (Signall, VREF) 

Layer 7 (VDD) 

Layer 8 (Signal) 

Layer 9 (GND) 

Layer 10 (Signal 

Clock, CA, Control, DO, DOS signal on layer 1,5,6,10 have a target impedance of 60 ohms, except for the 
post register CMD/ADDR signals on layer 5 and 6 with a width of 0.2mm, Threse have 40.0 ohms. 
Clock, CA, Control, DO, DQS signals on Layer 3 and Layer 4 have a target impedance of 40 ohms. 

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 Twelve Layer Stackup for Raw Card M 

0.096   

0.076  •  
0.076  •  
0.076   $  

0.109   

0.127 

0.109  $  
0.076  • 
0.076  $  

0.076  $  

0.096  •  
(mm) 

ON 

Layer 1 (Signal, VREF) 

Layer 2 (GND) 

Layer 3 (Signal) 

Layer 4 (Signal) 

Layer 5 (VDD) 

Layer 6 (Signal, VREF) 

Layer 7 (Signal) 

Layer 8 (GND) 

Layer 9 (Signal) 

Layer 10 (Signal) 

Layer 11 (GND) 

Layer 12 (Signal, VREF) 

Layers 6 and 7 have a target impedance of 60 ohms. Layers 3, 4, 9 and 10 have a target impedance of 45 ohms. 

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 Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details 

Example Four Layer Stackup for Raw Card AA 

0.0508 

0.0254 

0.0508 
V 

gXX  

Signal Layer 1 (Signal, VDD) 

Layer 2 (Signal, VDD) 

Layer 3 (Vss) 

Layer 4 (Signal, VDD) 

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. 

Impedance Measurement Coupons 
In order to allow DIMM card manufacturers to verify and monitor the trace impedance (Zo) listed above, 
measurement coupons have been added to the panels only (not the DIMM raw cards). A Time Domain 
Reflectometer (T.D.R.) should be used to perform these measurements before DIMM assembly. 
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JEDEC internal use only 

Timing Budget DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

Timing Budget 

The post-register timings on the Registered DlMMs are critical. The following table describes a preliminary 
post-register timing budget for a typical DDR2 PC2-3200/PC2-4200 Registered DIMM. This method is Time 
to Vm' that uses the register timing into its specified test load (instead of tCO, open circuit) and adds or sub-
tracts the timing into the SDRAM net and loads. 

Example DIMM Post-Register Timing (PC2-3200/PC2-4200, assumptions: 10/8 loads) 

Parameter 

tCLK 
(Clock Cycle Time) 

tPDM 
(Register CIk -> Y) 

tSS (S.S.adder) 

Definition 

Design point 

Register spec value for the delay from the register input 
rising clock edge (crossover of CK and ICK) to the out-
put crossing VII at the Test Load (350p5 transmission 
line delay, 30 pF to Grid, 1K ohms pulluplpulldown to 
Gnd/Vdd) 

Register spec value: tPDMSS-tPDM 

Time (no) 
Setup 

P02-3200 

5.000 

-2.150 

-0.200 

Time (na) 
Hold 

P02-3200 

NA 

1.410 

NA 

Time (na) 
Setup 

P02-4200 

3.750 

-2.150 

-0.200 

Time (na) 
Hold 

P02-4200 

NA 

1.410 

NA 

Notes 

1,2 

1,2 

tNETDELAY 
(Flight Time) 

Delta between the time signal register drives reaches 
the SDRAM input via actual DIMM net structure and the 
time signal register drives reaches the test point of test 
load via test net structure. The measurement points are 
as follow. Setup: Time delta between the time the signal 
reaches the AC level on net structure and the Vref level 
on test load. Hold: Time delta between the time the sig-
nal reaches the DC level on net structure and the Vref 
level on test load. tNETDELAY includes ISI. 

-0.460 -0.360 -0.460 -0.360 1,2,3 

tREG 
(Reg Clock Shift) 

Accounts for the clock shift across the clocks to the 
registers due to wiring and register input cap deltas 

-0.100 -0.100 -0.100 -0.100 

tlS/IH 
(DRAM Setup/Hold) 

Derating 

DRAM spec for basic setup and hold at the SDRAM 
inputs. 

Compensation value of delta tlS/tlH for various slew 
rate of SDRAM inputs related to CK, CK differential 
Slew Rate 

-0.350 

-0.067 

-0.475 

-0.045 

-0.250 

-0.067 

-0.375 

-0.045 

1,4 

7 

tSKEW 
(Clock jitter/skew) 

PLL spec for Period jitter and output clock skew plus the 
delta across the card due to wiring & SDRAM cap deltas 

-0.200 -0.160 -0.200 -0.160 1,5 

tXTALK 
(Crosstalk Adder) 

Register Clock Offset 

Derived from simulation of address/control nets 

Adjusted clock arrival to register(s) to help setup or hold 

0 

0 

0 

0 

0 

0 

0 

0 

6 

Margin The clock cycle time (tCLK) minus the contributors 1.473 0.270 0.323 
above 

0.370 

1. The timing values shown are consistent with registers, PLLs and DRAMs available at the time this specification was written. 
All devices must meet the combined delay values and ensure positive margin, although the specific delay value for each term can vary. 

2. The timing values for tNETDELAY, tPDM, and tSS, when added together, define the overall delay from clock at the register to the time 
when the lest re-driven signal arrives at the SDRAM (setup time), or earliest re-driven signal changes state after clock (hold time). 

3. Maximum net delay is simulated with slow register parameters and measured to the last DRAM reaching derating values. 
Minimum needily is simulated with fast register parameters and measured to the first SDRAM input signal approaching derating values. 
Each simulation has to assume the respective worst case ROB, net length and SDRAM package parasitics and the input capacitance 
parameters. 

& Assumed value for fast slew rate (TB.D now) 
5. See the tables below. 
6. Crosstalk adder is included in tNETDELAY simulation number 
7. Derating number should be referred to derating table. This Setup derating example of 67 is for 1.5V/ns for input, 2V/ns for Differential Clock case. 
This Hold derating example of 45 is for 2.OV/ns for input, 2V/ns for Differential Clock case. 
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Timing Budget 

Example DIMM Post-Register Timing (PC2-5300, assumptions: 10/8 loads) 

Parameter 

tCLK 
(Clock Cycle Time) 

tPDM 
(Register CIk -> Y) 

Definition 

Design point 

Register spec value for the delay from the register input 
rising clock edge (crossover of CK and /CK) to the output 
crossing Vtt at the Test Load (350p5 transmission line 
delay, 30 pF to Grid, lKohms pullup/pulldown to Gnd/Vdd) 

Time (ns) 
Setup 

PC2-5300 

3.000 

-1.900 

Time (ns) 
Hold 

PC2-5300 

NA 

1.200 

Time (ns) 
Hold PC2-

3200 
Backward 

Compatibility 

NA 

1.200 

Notes 

1,2 

tSS (S.S.adder) Register spec value: tPDMSS-tPDM -0.100 NA NA 1,2 

tNETDELAY 
(Flight Time) 

tREG 
(Reg Clock Shift) 

Delta between the time signal register drives reaches the 
SDRAM input via actual DIMM net structure and the time 
signal register drives reaches the test point of test load via 
test net structure. The measurement points are as follow. 
Setup: Time delta between the time the signal reaches the 
AC level on net structure and the Vref level on test load. 
Hold: Time delta between the time the signal reaches the 
DC level on net structure and the Vref level on test load. 
tNETDELAY includes IS[. 

Accounts for the clock shift across the clocks to the 
registers due to wiring and register input cap deltas 

-0.460 

-0.100 

-0.360 

-0.100 

-0.360 1,2,3 

-0.100 1 

tlS/IH 
(DRAM Setup/Hold) 

DRAM spec for basic setup and hold at the SDRAM 
inputs. 

-0.200 -0.275 -0.475 1,4 

Derating 
Compensation value of delta tlS/tlH for various slew rate of 
SDRAM inputs related to CK, CK differential Slew Rate 

-0.067 -0.045 -0.045 7 

tSKEW 
(Clock jitter/skew) 

PLL spec for Period jitter and output clock skew plus the 
delta across the card due to wiring & SDRAM cap deltas -0.150 -0.130 -0.130 1,5 

tXTALK 
(Crosstalk Adder) 

Derived from simulation of address/control nets 
0 0 0 6 

Register Clock Offset Adjusted clock arrival to register(s) to help setup or hold 0 0 0 

Margin The clock cycle time (tCLK) minus the contributors above 0.023 0.290 0.090 

1. The timing values shown are consistent with registers, PLLs and DRAMs available at the time this specification was written. 
All devices must meet the combined delay values and ensure positive margin, although the specific delay value for each term can vary. 

2. The timing values for tNETDELAY, tPDM, and tSS, when added together, define the overall delay from clock at the register to the time 
when the last re-driven signal arrives at the SDRAM (setup time), or earliest re-driven signal changes state after clock (hold time). 

3. Maximum net delay is simulated with slow register parameters and measured to the last DRAM reaching derating values. 
Minimum net delay is simulated with fast register parameters and measured to the first SDRAM input signal approaching derating values. 
Each simulation has to assume the respective worst case PCB, net length and SDRAM package parasitics and the input capacitance 
parameters. 

4. Assumed value for fast slew rate (T.B.D now) 
5. See the tables below. 
6. Crosstalk adder is included in tNETDELAY simulation number 
7. Berating number should be referred to derating table. This Setup derating example of 67 is for 1.5V/ns for input, 2V/ns for Differential Clock case. 
This Hold derating example of 45 is for 2.OV/ns for input, 2V/ns for Differential Clock case. 
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Example DIMM Post-Register Timing (PC2-6400, assumptions: 10/8 loads) 

Parameter 

tCLK 
(Clock Cycle Time) 

Design point 

Definition 
Time (ns) 
Setup 

PC2-6400 

2.500 

Time (ns) 
Hold 

PC2-6400 

NA 

Time (ns) 
Hold PC2-

3200 
Backward 

Compatibility 

NA 

Notes 

tPDM 
(Register Cik -> Y) 

Register spec value for the delay from the register input 
rising clock edge (crossover of CK and ICK) to the output 
crossing Vtt at the Test Load (350ps transmission line 
delay, 30 pF to Grid, 1K ohms pullup/pulldown to GndNdd) 

-1.500 1.100 1.200 1,2 

tSS (S.Saclder) Register spec value: tPDMSS-tPDM -0.100 NA NA 

tNETDELAY 
(Flight Time) 

Delta between the time signal register drives reaches the 
SDRAM input via actual DIMM net structure and the time 
signal register drives reaches the test point of test load via 
test net structure. The measuremet points are as follow. 
Setup : Time delta between the time the signal reaches the 
AC level on net structure and the Vref level on test load. 
Hold : Time delta between the time the signal reaches the 
DC level on net structure and the Vref level on test load. 
tNETDELAY includes ISI. 

-0432 -0.336 -0.360 1,2,3 

tREG 
(Reg Clock Shift) 

Accounts for the clock shift across the clocks to the 
registers due to wiring and register input cap deltas -0.100 -0.100 -0.100 1 

US/IH 

(DRAM Setup/Hold) 

Derailing 

tSKEW 
(Clock jitterlskew) 

DRAM spec for basic setup and hold at the SDRAM 
inputs. 

Compensation value of delta tlS/UH for various slew rate of 
SDRAM inputs related to CK, CK differential Slew Rate 

PLL spec for Period jitter and output clock skew plus the 
delta across the card due to wiring & SDRAM cap deltas 

-0.175 

-0.027 

-0.150 

-0.250 

+0.125 

-0.130 

-0.475 

-0.045 

-0.130 

1,4 

7 

1,5 

tXTALK 

(Crosstalk Adder) 

Derived from simulation of address/control nets 
0 0 0 6 

Register Clock Offset Adjusted clock arrival to register(s) to help setup or hold 0 0 0 

Margin The clock cycle time (tCLK) minus the contributors above 0.016 0.359 0.090 

1. The timing values shown are consistent with registers, PLLs and DRAMs available at the time this specification was written. 
All devices must meet the combined delay values and ensure positive margin, although the specific delay value for each term can vary. 

2. The timing values for tNETDELAY, tPDM, and tSS, when added together, define the overall delay from clock at the register to the time 
when the last re-driven signal arrives at the SDRAM (setup time), or earliest re-driven signal changes state after clock (hold time). 

3. Maximum net delay is simulated with slow register parameters and measured to the last DRAM reaching derating values. 
Minimum net delay is simulated with fast register parameters and measured to the first SDRAM input signal approaching derating values. 
Each simulation has to assume the respective worst case PCB, net length and SDRAM package parasitics and the input capacitance 
parameters. 

4. Assumed value for fast slew rate (T.B.D now) 
5. See the tables below. 
6. Crosstalk adder is included in tNETDELAY simulation number 
7. Derating number should be referred to derating table. This Setup derating example of 67 is for 1.5V/ns for input, 2V/ns for Differntial Clock case. 
This Hold derating example of 45 is for 2.OV/ns for input, 2V/ns for Differntial Clock case. 
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DIMM Clock Jitter and Skew (tSKEW) for PC2-4200/PC2-3200 
Parameter tSKEW for Setup tSKEW for Hold Units Note 

DIMM PLL Period Jitter: tjit (per) 0.040 N/A ns 

DIMM PLL Output Clock Skew: tsk (0) 0.040 0.040 ns 

DIMM PLL Dynamic Phase Offset 0.050 

DIMM Clock Net Skew 

Total tSKEW 

0.070 

0.050 ns 

0.200 

0.070 

0.160 

ns 

ns 

1. Accounts for the clock shift across the SDRAMs due to wiring & SDRAM capacitance deltas. 

DIMM Clock Jitter and Skew (tSKEW) for PC2-5300 
Parameter tSKEW for Setup tSKEW for Hold Units Note 

tjit(per) + t(DPO) + tSK(o) 0.080 N/A ns 

t(DPO) + tSK(o) N/A 0.060 ns 

DIMM Clock Net Skew 0.070 0.070 ns 

Total PLL SKEW 0.150 0.130 ns 

1. Accounts for the clock shift across the SDRAMs due to wiring & SDRAM capacitance deltas. 

DIMM Clock Jitter and Skew (tSKEW) for PC2-6400 
Parameter tSKEW for Setup tSKEW for Hold Units Note 

tjit(per) + t(DPO) + tSK(o) 0.080 N/A ns 

t(DPO) + tSK(o) 

DIMM Clock Net Skew 

N/A 

0.070 

0.060 

0.070 

ns 

ns 

Total PLL SKEW 0.150 0.130 ns 

1. Accounts for the clock shift across the SDRAMs due to wiring & SDRAM capacitance deltas. 
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Serial Presence Detect Definition 

Proposed 

The Serial Presence Detect (SPD) function MUST be implemented on the PC2-6400 DDR2 SDRAM R-
DIMM. The component used and the data contents must adhere to the most recent version of the JEDEC 
DDR2 SDRAM SPD Specifications. Please refer to this document for all technical specifications and require-
ments 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-42.5-99-129 item 894A for 
SPD field definitions) 

The following table is intended to be an example of a typical PC2-6400 RDIMM. SPD values indicating differ-
ent Min-DIMM performance characteristics will be utilized based on specific characteristics of the SDRAMs or 
DlMMs. This example assumes: 

• Module Organization: 512MB (64Mx72) 

• Device Composition: 64Mx8 

• Device Package: FBGA 

• Module Physical Ranks: 1 

• CAS latency: 6(DDR2-800) 

Serial Presence Detect Example Raw Card Version A (1 of 3) 
64M x 72 DDR2 

Byte # Function Described SPD Entry Value 

Serial PD 
Data Entry 

(Hexadec-
imal) 

Notes 

0 Number of Serial PD Bytes written during module production 

Total number of Bytes in Serial PD device 

128 

256 

80 

08 2 

2 

3 

Fundamental Memory Type (FPM, EDO, SDRAM, DDR, DDR2 ,...) 

Number of Row Addresses on this assembly 

DDR2 S DRAM 

14 

08 

OE 

4 

5 

6 

Number of column Addresses on this assembly 10 OA 

Number of DIMM Ranks 

Data Width of this assembly 

Module height: 30mm 
Planar, Card on Card: no 

1 rank 

x72 

60 

48 

7 

8 

Reserved 

Voltage Interface Level of this assembly 

Undefined 

SSTL 1.8V 

00 

05 

9 SDRAM Cycle time at Maximum Supported CAS Latency (CL), CL=X 

10 SORAM Access from Clock 

2.5n5 25 

±0.40ns 45 

3 

11 

12 

DIMM configuration type (Non-parity, Parity or ECC) 

Refresh Rate/Type 

ECC 

7.8ps 

02 

82 3,4 

13 

14 

Primary SDRAM Width 

Error Checking SDRAM Width 

X8 

x8 

08 

08 

15 Reserved Undefined 00 

16 SDRAM Device Attributes: Burst Lengths Supported 4,8 OC 

17 SDRAM Device Attributes: Number of Banks on SDRAM Device 4 04 3 
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Serial Presence Detect Example Raw Card Version A (2 of 3) 
64M x 72 DDR2 

Byte # Function Described SPD Entry Value 

Serial PD 
Data Entry 
(Hexadeci-

mal) 

Notes 

18 SDRAM Device Attributes: CAS Latency 

19 01MM Mechanical Characteristics 

6,5 

Less than 4.1 mm 

60 3 

01 3 

20 01MM Type Information Regular RDIMM (133.35mm) 01 3 

21 SDRAM Module Attributes 

22 SDRAM Device Attributes: General 

normal 01MM 

Support 50 ohms 001 

00 

02 3 

23 

24 

Minimum Clock Cycle at CLX-1 

Maximum Data Access Time (tAG) from Clock at CLX-1 

2.5ns 

±O.40ns 

25 

40 

3 

3 

25 

26 

Minimum Clock Cycle at CLX-2 

Maximum Data Access Time (tAC) from Clock at CLX-2 

3.ons 

±0.45ns 

30 

45 

3 

3 

27 

28 

Minimum Row Precharge Time (tRP) 

Minimum Row Active to Row Active delay (tRRD) 

12.5ns 

7.5n5 

32 

IE 

3 

3 

29 Minimum RAS to CAS Delay (tRCD) 

30 Minimum Active to Precharge Time (tRAS) 

12.5n5 

45.0ns 

32 

20 

3 

3 

31 

32 

Module Rank Density 

Address and Command Input Setup Time Before Clock (tIS) 

512MB 

0.l5ns 

80 

15 3 

33 Address and Command Input Hold Time After Clock (tIH) 0.25ns 25 3 

34 Data Input Setup Time Before Clock (tDS) OlOns 10 3 

35 Data Input Hold Time After Clock (tDH) 0.l5ns 15 3 

36 

37 

Write recovery time (tWR) 15.0n5 

Internal write to read command delay (tWTR) 7.5ns 

3C 

1E 

3 

3 

38 Internal read to precharge command delay (tRTP) 7.5ns 1E 3 

39 Memory Analysis Probe Characteristics Undefined 00 

40 Extension of Byte 41 tRC and Byte 42 tRFC 

The number below a 
decimal point of 

tRC and tRFC are 0, 
tRFC is less than 256ns 

00 3 

41 SDRAM Device Minimum Active to Active/Auto Refresh Time (tRC) 57.ons 39 3 

42 

43 

SD RAM Device Minimum Auto-Refresh to Active/Auto-Refresh Command 
Period (tRFC) 

SDRAM Device Maximum device cycle time (tCKmax) 

105.0ns 

8.0ns 

69 

80 

3 

3 

44 SDRAM Device Maximum skew between DOS and DO signals (tDQSQ) 

45 SDRAM Device Maximum Read Data Hold Skew Factor (tQHS) 

0.240ns 

0.340ns 

18 

22 

3 

3 

46 PLL Relock Time 
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Serial Presence Detect Example Raw Card Version W ( 3 of 3) 
64M x 72 DDR2 

Byte # Function Described SPD Entry Value 

Serial PD 
Data Entry 
(Hexadeci-

mal) 

Notes 

47-xx 
IDD in SPD(IDD in SPD TG is working to deflene this standard, and a 
discussion result will be added later) 

Undefined 00 

xx-61 

62 

Reserved 

SPD Revision 

Undefined 

1.2 

00 

12 

63 

64-71 

Checksum for Bytes 0-62 

Manufacturer's JEDEC ID Code 

Checksum Data cc 

72 

73 - 90 

Module Manufacturing Location 

Module Part Number 5 

91 -92 

93 - 94 

Module Revision Code 

Module Manufacturing Date Year/Week Code 

5 

yyww 5 

95-98 

99 - 127 

Module Serial Number 

Manufacturer's Specific Data 

Serial Number 

Undefined 

ssssssss 

00 5 

128-255 Open for Customer Use Undefined 

1 This will typically be programmed as 128 Bytes. 

2. This will typically be programmed as 256 Bytes. 

3. From Datasheet. 

4. High order bit is Self Refresh "flag". If set to "1", the assembly supports self refresh. 

5. These are optional, in accordance with the JEDEC spec. 

Serial Presence Detect Component Specification 

The DIMM vendor should ensure that the lower 128 bytes are software write protectable. A write to the SPD 
with address "0 11 0 SA2 SAl SAO 0", where SA(2:0) are the SPD addresses on the DIMM connector, will 
prevent all future writes to the lower 128 bytes of the SPD. The software write protect feature is "write once", 
but should be done by the BIOS at each power up, to prevent corruption of the lower 128 bytes of the SPD. 
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DDR2 DIMM 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. 

ggggg eRxff PC2-wwwwm-abc-ddeef 

Where: 
ggggg = Module total capacity, in bytes 

256MB, 512MB, 1GB, 2GB, 4GB, etc. 
eR = Number of ranks of memory installed 

1 R = 1 rank of DDR2 SDRAM installed 
2R = 2 ranks 
4R = 4 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 (713-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) 
Y = Mini-Registered DIMM ("Mini-RDIMM"), with address/command parity function 

a = DDR2 SDRAM CAS Latency, in clocks at maximum operating frequency 
b = DDR2 SDRAM minimum tRCD specification, in clocks at maximum operating frequency 
c = DDR2 SDRAM minimum tRP specification, in clocks at maximum operating frequency 
dd = JEDEC SPD Revision Encoding and Additions level used on this DIMM 
ee = 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 
AV= Reference design for raw card 'AV' 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 field e = Z 
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Example: 

1GB 2Rx4 PC2-3200R-333-11-E2 
is a 1 G DDR2 Registered DIMM, without address/command parity function, using 2 ranks of x4 

SDRAMs operational to P02-3200 performance with CAS Latency = 3, tRCD = 3, tRP = 3, using 
JEDEC SF0 revision 1.1, raw card reference design file F revision 2 used for the assembly 

4GB 4Rx4 PC2-4200P-444-12-M1 
is a 4GB DDR2 Registered DIMM, with address/command parity function, using 4 ranks of x4 

SDRAMs operational to P02-4200 performance with CAS Latency = 4, tRCD = 4, tRP = 4, using 
JEDEC SF0 revision 1.2, raw card reference design file M revision 1 used for the assembly 
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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-237' 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-237' to download the PDF for this product family. 

Within MO-237, several DIMM thickness variations are defined. These variations are summarized in the table 
below, in conjunction with examples of the types of RDIMM components and assemblies that may be associ-
ated with each DIMM thickness range: 

Maximum RDIMM Thickness Comments 

Less than or equal to 4.00 mm 
Generally associated with DIM Ms produced with 
devices that are 1.35 mm thick or less 

> 4.00 mm and less than or equal to 6.75 mm 
Generally associated with DIMMs produced with 
devices that are greater than 1.35 mm and less 
than or equal to 2.70 mm thick 

> 6.75 mm and less than or equal to 7.55 mm 
Generally associated with DIM Ms produced with 
devices that are greater than 2.70 mm and less 
than or equal to 3.10 mm thick 

> 7.55 mm 
Intended to cover DlMMs produced with non-stan-
dard package thicknesses, card-on-card struc-
tures or alternate solutions 

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

To enable systems to electronically detect DIMM thickness, SPD byte 19 is encoded with the RIDMM thick-
ness value ranges in the table above. When used in conjunction with bytes 20-21 and 47-61, system operat-
ing conditions can be adjusted based on installed modules and projected power consumption. 
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Proposed 

Application Notes: 

Clock Timing Methodology 

Clock Reference Board 

The clock net from the edge connector pins CK/CK to the PLL input balls of each RDIMM raw card is typically 
25.4 mm. The Clock Reference Board (CRB") (How can we refer to this board without it being formally stan-
dardized?) has three equal clock nets from its PLL outputs to the DIMM socket (CKO, CKI, CK2) and one 
"reference" clock net, which is longer and resembles the flight time of the above mentioned clock nets, the 
edge connector and the DIMM clock lead-in net. This net ends in a test point (through hole via); all measure-

ments are done with respect to this test point.. 

Clock Reference Board 

top 

PLL - 96.9 
(on CRB) 

Note: 
Zo = 60.0 ohms 
SO = 6.7 ps/mm 
Lengths in mm 

DIMM 
socket 

I CKO 

CKO 

CK1 l 

I CK1 l 
CK2 l 

L CK2 

no PLL Differential Probe Points 
(not used lil!) 

bottom via inner via top 

lop 

top 

top 

1.5 pF 

Differential Probe Points 

1.5 pF 

Differential 
Probe 
Points 

One advantage of measuring all clocks on a DIMM with respect to the test point at the clock reference net is, 
that the disturbance of the skew by the probe does not shift the reference timing. (see DDR2 DIMM clock 
skew measurement procedure - see item JC45.1 #1394) 

Skew Definition 

Timing phase shift (skew) in two different DDR2 differential clock signals is always measured between the 
two crossing points of the two-clock pairs. If the clock crossing of the clock under test is later than the clock 

crossing of the reference clock, the skew tsk is considered positive; if it is earlier, the skew is negative: 

Reference Clock CK 
CK 

01 
tSK(LH)  

Clock under test CK 

Note: 

"(LH)" denotes the 
low to high transition 
of the differential 
clock signal. 

The clock nets on the RDIMM are designed so that the skew of the clock at the SDRAM balls with respect to 
the reference is nominally 0 ns. Under the assumption that the reference net on the CRB matches the delay 

of the clock lead-in length to the PLL, the clock at the PLL input balls and the clock at the SDRAM balls are 
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also aligned. (Note however that the first condition is the overriding design objective.) 
The clock arrival time at the PLL might vary slightly (sources of timing variation include PLL input 
capacitance, padding capacitor and termination resistor tolerances, and DIMM impedance variations), 
however the PLL feedback path may be adjusted such that the SDRAM input clock still aligns with the clock 
reference. 
Due to these variations, it is possible that there will be a difference between the input of the PLL and the 
input of any of the SDRAMs on the card. The most important factor in clock measurements is to ensure 
consistent clock arrival times at the SDRAM. 
The clock to the register should also be in phase with the SDRAM clock. The actual delay may vary as a 
result of the input capacitance of the SDRAM5, the register clock input capacitance, PLL output skew 
variations of the PCB parasitics. In the case when the register clocks arrive prior to the SDRAM input clock, 
this relationship may be adjusted by increasing the value of the register clock padding capacitor. 

PLL plug-in card and "Normalized Skew" 
Ideally one would use the ORB test point as reference for all timing measurements. However the variation 
between different reference boards seems to be substantial (+1- 3Ops). It is therefor recommended that each 
board be measured/normalized using the "bare PLL plug-in card" supplied with each ORB. This card has a 
clock net that is very close in topology to the actual RDIMMs. It has only two passive components: the 
termination resistor at the end of the OK lead-in nets and a capacitor across it to resemble the input 
capacitance of the PLL. This card inherently is less subjective to variations. It is believed that the delay of 
the clock net on these cards is within -'-I- 5ps across one batch. To determine the skew of the ORB one 
would first measure the skew tsK(cRB) between the plug-in card (at the termination resistor) and the clock 

reference test point on the CRB. 
The clock at the SDRAM balls should then have the same skew value tSK(SDM) = tsk(cRB)tO be 
considered to have a "normalized skew" of 0 ns. 

target = 0 Ps  

tSK(S DRAM) 

tSK(OFFSET 

bare PLL plug-in card 

≥ test point 
at resistor 

tSK(CRB) ...... 

tSK(RTERM) 

test point 
at termination 
resistor 

ORB reference 
test point 
on CRB 

Measuring the SDRAM skew at the termination resistor: 
Unfortunately on most RDIMMs the balls of the SDRAM are not accessible for direct measurement. The 
closest feasible test point is at the termination resistor of that particular clock net, which is typically several 
millimeters away from the SDRAM balls. The skew tSK(OFFSET) between the SDRAM balls and the test point 

at the termination resistor can typically only be estimated by simulation. Each Raw Card should be provided 
with a set of estimated skew values tSK(OFFSET) for each termination resistor. (The skew values might be 
different for register, PLL and potentially for each DRAM). The procedure to determine the estimated skew is 
(I.E. WILL BE) outlined in the "DDR2 RDIMM clock skew measurement procedure" (JEP-TBD #1394). The 
target for the measured "normalized skew" tSK(SDRAM) between the test point on the plug-in card and the 
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SDRAM is 0 ns. Expressed in measurable entities this becomes: 

tSK(SDRAM) = tSK(RTERM)—tSK(QFFSET)—tSK(CRB) = 0 ns (Target) 

with: 
tSK(SDRAM): "normalized skew": skew between SDRAM balls and test point at bare PLL plug-in card 0 
tSK(CRB): skew between bare PLL plug-in card and reference test point at ORB. (This is a characteristic 
number for each ORB) 
tSK(OFFSET): skew between test point at termination resistor and SDRAM balls (obtained by simulation; 
see table below) 
tSK(RTERM): skew between termination resistor at DRAM and reference test point of ORB (this is the 
actually measured value, when evaluating a 01MM) 

Skew Table (test point at termination resistor to device ball) 

Table 1: 

i Raw Card tSK(OFFSET) Notes 

SDRAMs Registers PLL 

A, F 110 0 0 1,2 

B, G 125 0 0 1,2 

0, H 80 0 0 1,2 

0 

E 

J 

85 

100 

100 

70 

0 

85 

0 

0 

0 

K 90 0 0 

1,2 

1,2 

L 100 0 0 1,2 

M 

N 

tbd 

tbd 

tbd 

tbd 

tbd 

tbd 

tbd 

tbd 

P 100 0 0 1,2 

R tbd tbd tbd tbd 

T 

U 

V 

tbd 

tbd 

tbd 

tbd 

tbd 

tbd 

tbd 

tbd 

tbd 

tbd W tbd tbd tbd 

Y tbd tbd tbd tbd 

i, 1. Values inps 
2. These numbers were obtained by simulation assuming a differential probe 

with:1pF and 20 k ohms at termination resistor and attest point of ORB 
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Clock Timing Accuracy 
There are several key contributors to the DRAM clock timing error: 

Contributor to error At Notes 

Variation of clock arrival time between individual DRAMs of a 
module (PILL output skew and clock net skew) 

70 + 40 1,2 

Clock arrival time at the DRAMs (mean across all DRAMs on a 
card) with respect to the test point of the "bare PILL plug-in card" 

Half of total Jitter Envelope measured at any of the DRAMs on a 
card (PLL jitter plus crosstalk on card) 

tuning error 
tbd 

(40 + tbd) I 2 

1,2 

Error in simulating tSK(OFFSET) 30 

error margin of state-of-the-art equipment. 

1. Values in ps 
2. measured as mean value to eliminate jitter 

50 

These three contributors shall be measured independently and on a reasonable amount of qualification 
samples. The worst-case timing error relevant for sage system operation can be expected to be the sum of 
all contributors. 
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Reset usage 
The RESET signal, wired to the Registered DIMM RESET pin, is tied to both the RST pin of Register(s) and 
OE pin of PLL. 
Upon receipt of a low level on the RST pin of Register(s), the register(s) will do the following: 
-Differential clock and data input receivers are disabled 
-All internal registers will be cleared with the outputs of the registers forced low 
Upon receipt of a low level on the OF pin of PLL, the PLL will enter a low power state, from which it can return 
to normal operation in only a few clock cycles. In this state, the primary power reduction results from the output 
clocks being held at a stable (low) level, with the PLL input receivers (clock input and feedback input) and 
feedback outputs remaining operational. Since the internal oscillator continues to operate, with a valid clock 
input and feedback path, the PLL will retain a lock to the input clock. The PLL is expected to draw tbd mA of 
current in this state, and 10 of the 11 clock terminators on the clock outputs, on a typical memory module, will 
also see no current flow. 

The RESET is used in power up & initialization sequence and self refresh entry/exit sequence. 
In power up & initialization sequence, RESET is used to ensure defined outputs from the register before a sta-
ble clock has been supplied. The detail sequence is as follows. 
1. The system sets RESET at a valid low level. 
2. The memory power supplies should be initialized according to the JEDEC-approved initialization sequence 
for DDRII SDRAMs. 
3. The system should apply valid logic levels to all of the data inputs of the register (address and controls at the 
DIMM connector). 
4. Stabilization of clocks to the PLL input 
5. The system drives RESET to a valid high level 
6. SDRAM preconditioning 
In self refresh entry/exit sequence, RESET is used for the lowest possible power dissipation as follows. 
Self Refresh Entry: 
1. The system applies the Self Refresh Entry  Command. 
(CKE to Low, CS to Low, RAS to Low, CAS to Low, WE to High) 

2. The system applies low levels to the input of the register (preferred state) 
3. The system sets RESET to a logic low' level 
4. The system clock is halted 
5. The system may release all inputs to the memory module except of RESET 
Self Refresh Exit: 
6. The system will re-start the clock 
7. The system should apply valid logic levels to all of the data inputs of the register 
8. Stabilization of clocks to the PLL input 
9. The system drives RESET to a valid high level 
10. SDRAM Self Refresh Exit 
The 4, 6 and 8 can be omitted in case that the system clock is running through self refresh operation. 

Page 144 

SAM-NET00027475 

Netlist EX2006 
Samsung v Netlist 

IPR2023-00455



Proposed 

Application Notes: 

'4'RañkRDIMM 

JEDEC internal use only 
DDR2 SDRAM Registered DIMM Design Specification 

DDR2 Registered DlMMs with 4 ranks of memory per RDIMM (raw cards M and N) are a recent addition to 
the DDR2 RDIMM family. As such, system designers and users need to be aware of some distinguishing 
characteristics of these designs. 

Product Label: 

The 4 rank DDR2 RDlMMs are distinguished on the module label in the "eRxff" field, where e=4. For exam-
ple, a 4GB 4 rank RDIMM built using x4 SDRAMs would be labeled: 

• 4GB 4Rx4 PC2-... 

In addition, the raw card reference design letter field "-ef" will indicate the standard design used, if any. For 
example, a complete label example for such an RDIMM based on raw card M revision 0 with address parity 
and SPD version 1.2 using DDR2-533 SDRAMs with CAS latency, tROD, and tRP of 4 clocks each would be: 

4GB 4Rx4 PC2-4200P-444-12-MO 

Bus Loading: 

Loading on the address and command bus for 4 rank RDlMMs is similar to other raw cards: 1 or 2 loads per 
signal compared to 1 to 4 loads on other raw cards. Additional pre-register flight time must be accounted for 
on the S2 and S3 signals which require an additional 37 mm of routing on the RDIMM. 

DDR2 RDlMMs with 4 ranks place 4 loads on the data bus. For raw card M these are all DQ, CB, DQS, and 
DQS signals. For raw card N these are all DQ, CB, DM, DQS, and DQS signals. System simulation must be 
done to ensure proper operation, especially with systems supporting more than one slot which must verify 
proper interaction of 4 rank RDlMMs with empty slots or slots containing RDlMMs with 1, 2, or 4 ranks per 
slot. 

Rank Selects, Clock Enables, On-Die Termination: 

The addition of rank select signals S2 and S3 on the motherboard are required in order to support 4 rank 
RDlMMs. Consistent with the rest of the command and address bus and rank selects SO and SI, it is recom-
mended that routing of rank selects S2 and S3 is done referenced to VDD for best signal integrity. All DDR2 
RDlMMs (1, 2, and 4 rank versions) reference the data bus, masks, strobes, and clocks to VSS. 

Only two clock enable signals, CKEO and CKE1, and two on-die termination signals, ODTO and ODT1, are 
provided at the DDR2 RDIMM edge connector. Controllers must be programmed as appropriate for the fol-
lowing association between signals: 

• SO and SI associated with CKEO and ODTO 

• S2 and S3 associated with CKEI and ODTI 

These associations between control signals are shown graphically in the following block diagrams. 
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CKEO - 

Rank 0 Ou CKE 
ODT DRAMs - 

so— 
ODTO - 

CKEO Rank O! 

Si N.C. 
— 

ODTO 
• CKE 

ODT DRAMs 
- 

CKE1 N.C. 
- 

Si— 
ODT1 N.C. 

S2 N.C. CS 
Rank 1 CKE 

ODT DRAMs! S3 N.C. 

1 Rank RDlMMs, raw cards A, C, F, H, R, U, V w 

S2— 
- 

Cs 
Rank  SO— 

CKEO - 

CS 
Rank 0 

CKEI 
ODT1 - 

CKE 
ODT DRAMs CKE 

ODT DRAMs ODTO -  

(9 
W S3— CS 

CKE Rank  
CKEi Rank 1 ODT DRAMs 

- 

ODT1 -  

CKE 
ODT DRAMs 

4 Rank RDlMMs, raw cards M, N S2 N.C. 
S3 N.C. 

2 Rank RDlMMs, raw cards B, D, E, G, J, K, P, T, W, Y 

Simulation and testing indicate that best signal integrity on the data, mask, and strobe bus is obtained when 
ODT is programmed for 75 Q for ranks 0 and 2 of DDR2 SDRAMs via the mode register set command 
EMRS(1) and both ODTO and ODT1 RDIMM signals are asserted during cycles requiring termination from 
the slot containing the 4 rank RDIMM, providing an effective 37.5 Q termination impedance during these 
cycles. Since ODT for ranks 1 and 3 are disabled via the ODT pins on these ranks, programming via 
EMRS(1) is a don't-care for these ranks. 

Serial Presence Detect: 

Byte 5 of the standard serial presence detect (SPD) describes the number of ranks of memory installed on 
the RDIMM.A rank of memory is defined as the collection of SDRAMs driven by a given rank select signal, 
SO through S3. SPD byte 5 of a 4 rank RDIMM will contain the value 0x04. 
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Revision Log 

Revision Info Page of Revision Description of Change 

Revision 0.50 ALL 
Sponsors version submitted to 42.5 chair including all edits after committee ballot review. (note 
that the ballots JC42.5-03-29, JC42.5-03-30, JC42.5-03-31 were labeled revision 1.0 

Revision 0.51 

Version variable Version 0.51 contains the edits by the 42.5 co-chair before BoD ballot submission 

43 changed "floaring" to "floating" 

4,22 changed variation number from "A" to "AB" indicating the 1.8 volt key 

41 changed "serch" to "search" 

8 

22 

changed "NC! Err Out" to "NC, Err Out", "NC! Par In" 

"NC, Par In" and "NC! DQSn" to "NC, DQSn" 

added: "The minimum center-to-center spacing of DRAMs is 12.8 mm and the height of the DRAM 
outline is 21.9 mm for raw card A, B and C reference designs." 

Revision 0.52 

7 changed pin#of DQ15from 144t0 141 

11 ; 12,15,17,19, 
22,24-27, 

30-33,35-40, 

44-47,49 

Added tentative specification of Raw Card D and Raw Card E 

Revision 0.53 

8-10,26-31,34-35 
37-45 

Added specification of Raw Card F,G,H 

22-23 Added pin-assignment of Register with address and command parity function 

46-50 Changed Raw Card D and E routing information 

Revision 0.54 

14 

19,20 

Added SDRAM package maximum size 

Change the landing pattern 

30 Changed DIMM Design File Releases 

38-40, 42,44-46 

52 

Changed Net structure Routing of Raw Card F and G 

Added Address and Command Parity Net Structures 

54 Added Layer stackup for Raw Card D 

Revision 0.55 

14 

30 

38,39 

Changed support DRAM outline max. of Raw Card D 

Changed DIMM Design File Releases 

Changed R/C-E Clock net length 

50,51 Changed TL5 of CKE,ODT and TL6 of S of Raw Card E 

54 

55 

Added the thickness of layer stackup 

Deleted column of derating and added row of derating on post-Register Timing table 

Revision 0.56 

7 Changed DIMM Pinout of 54pin from BA2 to BA2, NC 

8-12 

25 

27 

Added stub resistor and changed topology of Signals for Address and Command Parity function 

Added Note 3 for CSGateEN 

Added options of No support Address and Command Parity Function on Raw Card E,F,G and H 

30 Changed DIMM Design File Releases 

39 Changed PILL feedback path net length of Raw Card C, D, E and H 

40 Changed PILL output to SDRAM net length of Raw Card D 

41,42 Changed PILL output to Register net length and topology of Raw Card D 
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Revision 056 

Revision 0.57 

47,48 Changed Address and Command Net length and topology of Raw Card D 

49-51 Changed Address and Command Net length and topology of Raw Card E 

52 Changed Address and Command Parity Net Structures of Raw Card D and E 

54 Changed thickness of Eight layer Stackup for Raw Card D 

60 

5 

Added Module type of R on module type of Product Label 

Replaced the operating temperature with note 3 

11 Added resistor on Err—Out of Raw Card D 

19,20 

28,29 

Added notes 2 and 3 

Added Stub resistor and pull down resistor table and DIMM applicable table for non parity DIMM 
and parity DIMM 

32 Changed DIMM Design File Releases 

38 

45,54 

Added test point information of Raw Card D and E 

Changed Net length of Raw Card E 

Revision 0.58 

12 Deleted the note "Si, CKEI and ODT1 are NC" 

14 Added Block Diagram for Raw Card K 

16 Added Raw Card J and K and note 2 in table of Component Details 

22 Added Note 2 and 3 

23-26 Changed some NC to DNU, added Note 1 and 2 

27 
Changed MTL to MCL, MTH to MCH, added notes, Correct MO number from MO-225B to MO-
246A, Deleted "I 1:1 "from the title of SSTU32865 

28,29 Added Pin Assignments for SSTU32868 

31 
Added Raw Card J and K column in Table of DIMM Register Use, Changed the value of tACT and 
tINACT from TBD to iOns andl5ns 

32 
Updated optional resistor information for 4Gb, A15 on table of Register Options for Unused 
Address inputs, Added Raw Card K on this table 

33 Added Raw Card K on Rzero of Err—Out drawing and table of Applicable DIMM types in Systems 

35 

36 

Updated addressing of DIMM used 4Gb DRAM 

Added Raw Card J and K column in both tables 

40 Added Raw Card J and K drawing of Example Component Placement 

41 Added Parity Function Signal Group and Raw Card K on table 

41,43 Added Raw Card K testpoint information 

45-47,49,50,52, 
61 -62,64 

Added Raw Card K net structure information 

66 Added Raw Card K layer stackup 

72 Updated Product Label 
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Revision Log 

Revision Info Page of Revision Description of Change 

Revision 1.01 

Revision 1.1 

Revision 1.21 

Revision 1.22 

Revision 3.91 

4,36,70,72 Changed from PC2-4300 to PC2-4200 

13 Added RC-J Block Diagram 

16 Added RC-J Component Detail 

21 Corrected typo: VSSQ changed to VSS on SORAM Landing Pattern 

31 

31-36 

Added footnotes for requirement of faster register for PC2-4200 RC J 

Added RC-J information 

36 Updated Applicable Design File and BOM 

40 

41 

61-62 

Added Component Types and Placement of RC-J 

Updated page of signal group 

Added Net structure Routing of Address and Command of RC-J 

65-66 Added Net structure Routing of Address and Command Parity of RC-J 

69 

74 

Added Layer Stackup Example of RC-J 

Deleted "00" from SPD data entry for byte 128-255 on Serial Presence Detect Example table, 

75-76 Updated product label 

77 

4 

Added a table of DIMM thickness variations on DIMM mechanical Specifications 

Added DIMM configuration table, DIMM thickness variation on Product family attributes 

11 RSO connected to D8 and D26 

21 Corrected typo: VSSQ to VSS 

33 Removed "Plugging parity DIMM  therefore not allowed 

36 Updated Applicable Design File and BOM 

53 Separated DQ/DQS/DM topology of RC-D,E and K from DQ/DQS/DM topology of RC-6 and J 

54-65 Added cell for total length of pre-register 

62,63 Corrected RC-J Pre-Register topology 

71 
note3: Corrected net delay measurement points from Vref timing methodology to derating values 

timing methodology 

73 

74 

Corrected SPD byte 12 from 02 to 82 

Applied SPD byte 19 the DIMM thickness code 

78 Corrected DIMM thickness from 4.1 mm (04.0 mm 

80 Changed reset usage 

All Added PC2-5300 RDIMM speed grade support 

4 Added DRAM size column; added parity function support column; deleted redudant notes 

11 Moved DQS2 at proper location 

31 

32 

Re-labeled PC2-4200 to PC2-4200/PC2-3200; Deleted SSUTA32864 register from RIG J 

Added note 3: Refers to appropriate register datasheet for exact detailed register specification. 

73 Corrected tPDM, tSKEW, tSS numbers and re-did the math 

74 Added PLL Skew table for PC2-5300 speed grade 

Page 149 

SAM-NET00027480 

Netlist EX2006 
Samsung v Netlist 

IPR2023-00455



JEDEC internal use only 

Revision Log DDR2 SDRAM Registered DIMM Design Specification 

Proposed 

Revision Log 

Revision Info Page of Revision Description of Change 

Revision 1.23 
4 

33 

Added Note for RIG D and K; Added note for P02-5300 specification status; Deleted third para-
graph statement about which cards supports what speed bin. 

Deleted RIO J from Non-parity DIMM option with SSTU32864 register 

Revision 2.0 

4 
P02-5300 is applied only for RC-D,F,G,H,K in Table of Module Configurations; Deleted RC-E and 
J 

13 
Correct typo in RC-J Block Diagram;Correct the four Registers parity check to two Registers parity 
check. and this "typo" was then reversed again (in RED) as the RDIMM TG was not sure if this is 
editorial 

38 
Correct file name of RC-DO (Design File and BOM) and RC-HO(BOM) in DDR2 Registered DIMM 

Design File Release table to correct of typo. Deleted the BOM for Non-Parity RC-DO. 

Revision 2.1 

(Revision 3.0 
after Comittee 
ballot pass) 

4 P02-6400 is applied (tentatively) for RC-D,F,G,H,J and Kin Table of Module Configurations 

25 Added SSTUB32866 on title of table 

27 
Changed from SSTUA32865 to SSTUA32S8O5/SSTUA32D865, Added 
SSTUB32S865/SSTUB32DO65 

28 
Changed from SSTUA32868 to SSTUA32S868/SSTUA32D868, Added 
SSTUB32S868/SSTUB32D868 

31 
Added the row of P02-6400 in the table of DIMM Register Use, Added registers for backward 
compatibility 

33 Added Critical Register Specification for PC2-6400, Added Gin for Dual-die P02-5300 

36 Added tsk(o) on PLL spec for PG2-42001P02-3200, Added PLLs for backward compatibility 

37 

39 

Added P02-6400 to Critical PILL Specification for P02-5300, Added tsk(o),t(su) and t(h) on PILL 
spec for PC2-6400/PC2-5300 

Added BOM file name of RC-DO non address and command parity 

72-73 Changed the spacing between inner planes of RC-D and RC-J 

75 

76 

77 

Corrected tPDM, US and Margin of P02-5300 in Example DIMM Post Register Timing 

Added Example DIMM Post Register Timing for PC2-6400 

Added DIMM Clock jitter and Skew for P02-6400 

78-80 Changed the example of SPD for PC2-6400 

Revision 3.0 

4-6,8,16,17,19, 
34,37-39,41-42, 
47-48,50,52-55, 
58,61,74-78,81, 

89,90 

Added Pinouts & Other reference of Raw Card M and N as ballot material ltem# 1520.05, net 
topologies and net length of Raw Card N as ballot material ltem# 1520.06. 

18 
Replaced section "Differential Clock Wiring" by respective section of ballot material on normalized 
clockskew Item #1394.04 

34 
Deleted SSTUB32S865,SSTUB32D865,S5TUB32866,SSTUB32S868,SSTUB32D868 from row 
of Register Speed Grade PC2-42001P02-3200 in table of DIMM Register Use 

37 
Added SSTUA32S8651SSTUA32D865/S STUB 32S865/SSTUB32D865 and 
SSTUA32S868/SSTUA32D868ISSTUB32S868/SSTUB32D868 on the note in table of Register 
Options for Unused Address inputs 

71-73 Raw Card J net topology changed 

94-97 
Replaced the old text on clock timing methodology and clock reference board with respective sec-
tion of ballot material Item #1394.04 
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Revision Info Page of Revision Description of Change 

3.1 

5 Added x mark on RC-J PC2-5300 

5,18,20,35,38, 
39,40,42,43 48, 
49,52,54-57,61, 
63,82,83,85,89 

Added RC-P information 

14 

20,22-24 

Deleted the note about Parity In net topology for RC-JO design from RC-J Block Diagram 

Added MO-242 for Stacked Package on table of Component Details. MO in title corrected 

42 Corrected the ball number of SDRAM package type 

43 

49,86 

Updated Applicable Design File and Applicable BOM of RC-NO, RC-PO and RC-J1 

Added RESET net topology 

102 Added RC-E, K and P information on the skew table 

3.2 

16 Updated RC-M Block Diagram (After BOD, typo(D32 --> D31)corrected) 

21-24 

35 

Added Note for NC and NU, indicate the page numbers to be referred note 2 and note 3 

Added SSTUB register series on RC-D,H,J,K and P, Added SSTUB series on RC-J PC2-5300 
speed bin. (After BOD, typo corrected;SSTUA series has deleted for RC-J PC2-5300) 

59-61 
Correct PLL output to Register net topology of RC-J like the topology of RC-N 

Correct clock termination resistor: Ri of RC-J from 240 ohms to 120 ohms 

74-76 
(After BOD, Deleted the Note about RC-JO placed in topology pictures area since current Ji 
design meets this topology pictures and this note is not necessary) 

102 

105-106 

Defined the skew values for RC-D and RC-J, and added RC-M and RC-N in Skew table 

Added application notes for 4 rank DlMMs 
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3.3 

3.4 

3.46 

4,5,9-12,19,21, 
35,37,40-42, 
44-46,52,53, 

56,58-64,67-70, 
73-74,90-98, 

101-103 

5,10,11,19,21, 
37,40,44-46,52, 

53,54,55,58,59, 
61,72,73,74,77, 
78,95,98,99, 
101,121,125 

Added RC-R,T,U,V,W,Y information 

Additional edits for RC-R, T, U, V, W, Y information including insertion of Placement Drawings for 
RC-T,U,W and Control Net Structure for RC-W 

11,27,55, 
109-111,114 

Typo correction in various pages 

All 

11,12,45,46,62, 
64,71,72,74,96, 
97,100,103,106, 

107 

77,94,96,98 

All sightings of "DDR" changed to "DDR2" 

Updated for RJC V and Y. 

Note added for R/C R, T, U, V, W, Y in Net Structures regarding the non-routed post register nets. 

46 Updated for RIC J and N 

84 

85 

102 

5,16,22, 38, 
42-44, 46-48 
53,57,59,63, 
66-69,72,74, 
76,92,93, 
106-108, 
111,126 

Updated for R/C J Trace Lengths for Address and Command Net Structure 

Updated for RJC J Net Structure Routing and Trace Lengths for S[1:0] 

Updated for R/C N Trace Lengths for Address and Command Parity Net Structure 

Added RC-L information. 

121 Updated DDR2 DIMM Label Format 

33, 34, 38, 39, 42 Changed Register's naming for "SSTUB" 

34,36,38 Changed Register's naming for 55TU32868/55TU32869/S5T0A32869 

41 Changed PC2-6400 spec of tSU and tH 

5, 38 

3, 5, 48, 64, 
66-67, 69, 73, 
74, 79, 95-97, 

111-112, 117 

PC2-6400 is applied for RC-T and U 

Added RC-M information. 

1, 17, 38, 42, 44, 
46, 53, 59 

Updated RC-M information. 

3.50 38 Added Register's naming for "SSTUB" 
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3.60 

3.80 

5, 14, 22,42-44, 
46,48, 49, 58, 
59, 63, 66, 68-

70, 72, 75, 77, 
79,112-115, 118-

121,127 

5, 38, 42, 44, 47, 
49 

Added RC-AA information 

Updated R/C-N information for PC2-5300 

3.90 

5, 9, 22, 39, 42, 
43,44, 46, 47, 

48,49, 59, 60, 
65, 68, 70, 71, 
72, 74, 79, 80, 
85, 120, 121, 
122,127 

49, 101 

Added RC-AC information 

Updated RIC-M information 
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