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Product Description DDR2 SDRAM Registered DIMM Design Specification

Product Description

This specification defines the electrical and mechanical requirements for 240-pin, 1.8Volt, 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

30.0 mm x 133.35 mm x 4.00 mm / MO-237, Variation AB
30.0 mm x 133.35 mm x 6.75 mm / MO-237, Variation BB
DIMM dimensions: height (nom.) x width(nom.) x thickness(max.) 30.0 mm x 133.35 mm x 7.55 mm / MO-237, Variation CB
/ MO-number, Variation 18.3 mm x 133.35 mm x 4.00 mm / MO-237, Variation DB
18.3 mm x 133.35 mm x 6.75 mm / MO-237, Variation EB
18.3 mm X 133.35 mm x 7.55 mm / MO-237, Variation FB

Pin count 240
‘SDRAMS subported 256 Mb, 512 Mb, 1 Gb, 2 Gb, 4 Gb
‘Capacity ‘ 256 MB, 512 MB, 1 GB, 2 GB, 4 GB, 8 GB, 16 GB, 32 GB
seralP0 C ;nsistentwith DDR2 SPD, Rev. 1.2
Voltage options 1.8 volt (Vpp/Vppa)
Interface SSTL_18
Page 4 Revision 3.91
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Product Description DDR2 SDRAM Registered DIMM Design Specification

Module Configurations

Raw iNumber of - Number : PC2-4200 DRAM Parity
Card [DDR2 SDRAMs SCRAMOrganization ¢ conye peo.ggop 29300 PC26400 g0 gupport . Notes
A 9 x8, planar, single row 1 X Tall No
B 18 x8, planar, single row 2 X Tall No
C 18 x4, planar, single row 1 X Tall No
D 36 x4, stacked, single row 2 X X X Tall Yes glling\/—i: layer.
E 36 x4, stacked, single row 2 X Wide Yes
F 9 x8, planar, single row 1 X X X Tall Yes
G 18 %8, planar, single row 2 X X X Tall Yes
H 18 x4, planar, single row 1 X X X Tall Yes
J 36 x4, planar, double row 2 X X Wide Yes
K 36 x4, stacked, single row 2 X X X Tall Yes ?é?oﬁg'hg\}?g er,
L 36 x4, planar, double row 2 X X X Wide Yes
M 72 x4, stacked, double row 4 X X Wide Yes 12 layer
N 36 x8, planar, double row 4 X X Wide Yes
P 36 x4, stacked, single row 2 X X Wide Yes
R 9 x8, planar, single row 1 X X X Wide Yes VLP
T 18 x8, planar, single row 2 X X X Wide Yes VLP
U 18 x4, planar, single row 1 X X X Wide Yes \%':d?glss\//?;
v 18 x4, planar, single row 1 X X Wide Yes VLg!,igg\l/e;zer,
W 36 x4, stacked, single row 2 X X Wide Yes VL;‘i:g\'/?:e(‘
N4 36 x4, stacked, single row 2 X Wide Yes VLgfir‘}Ig\I/?;en
AA 36 x4, planar, single row 2 X Tall Yes Flex Circuit
AC 9 X8, planar, single row 1 X X X Wide Yes \./rt':éfgfﬁ;‘

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

Environmental Requirements DDR2 SDRAM Registered DIMM Design Specification

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 Operatmg temperature SeeNOte 3
Hopr Operating humidity (relative) 101090 % 1
Tste Storage temperature -50 to +100 °C 1
Hsto Storage humidity (without condensation) 51095 % 1
Pear Barometric pressure (operating & storage) 105 to 69 K Pascal 1,2

may affect reliability.
2. Upto 9850 ft.
3. The designer must meet the case temperature specifications for individual module components.

1. Stresses greater than those listed may cause psrmanent damage 1o 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

Architecture
Pin Description
. - Num- ) - Num-
Pin Name Description Pin Name Description
ber ber
CKO Clock Input, positive line 1 On Die Termination Inputs 2
CKO Clock input, negative line 1 Data Input/Output 64
CKE[1:0] Clock Enables 2 Data check bits Input/Output 8
RAS Row Address Strobe 1 Data strobes 9
CAS Column Address Strobe 1 DQS[8:0] :Data strobes, negative line 9
e . DMI[8:0)
WE Write Enable | 1 DQS[17:9] Data Masks / Data sirobes 9
§[3:O] Chip Selects ‘ 4 DQS[17:9] :Data strobes, negative line 9
A[9:0],A[15:11] | Address Inputs ‘ 15 RFU Reserved for Future Use 2
A10/AP Address Input/Autoprecharge 1 NC No Connect 1
) Memory bus test tool (Not Connected and
BA[2:0] SDRAM Bank Addresses 3 TEST Not Useable on DIMMs) 1
SCL Serial Presence Detect (SPD) Clock input: 1 Vop Core Power 1"
SDA SPD Data Input/Output 1 Vopa /0 Power 1"
SA[2:0] SPD Address Inputs 3 Vsg Ground 64
Par_In Parity bit for the Address and Control bus 1 VRer Input/Output Reference 1
_— Parity error found on the Address and
A
____________ SOt oonwolpus T e SFRPewer
RESET Register and PLL control pin 1 total 240
Page 6 Revision 3.91
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Registered DIMM Input/Output Functional Description

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 HIGH activates, and CKE LOW deactivates internal clock signals, and device input buffers and
CKE[1:0] IN Active High :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)
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.
§[3'O] IN Active Low 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, IN Active Low When sampled at the positive rising edge of the clock, CAS, RAS, and WE define the operation to
CAS, WE be executed by the SDRAM.
VREF Supply Reference voltage for SSTL18 inputs
Vppa | Supply Isolated power supply for the DDR2 SDRAM oufput buffers to provide improved noise immunity
BA[2:0] IN — Selects which SDRAM bank of four or eight is activated.
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
A[15:11, IN . cycle. If AP is high, autoprecharge is selected and BAQ, BA1, BA2 defines the bank fo be pre-
10/AP,9:0] charged. If AP is low, autoprecharge is disabled. During a Precharge command cycle, AP 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 BAO 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] e} — Data and Check Bit Input/Output pins
DM[8:0] IN Active High Masks write data when high, issued concurrently with input data.

Vpp, Vs | Supply

DQS[17:0] /O

DQS[17:0]. /O

Negative Edge

Power and ground for the DDR2 SDRAM input buffers and core logic.

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

These signals are tied at the system planar to either Vgg or Vppspp 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 fo Vppspp on the system planar to act as a pullup.

SA[2:0]  IN —
SDA e} —
scL IN —

This signal is used to clock data info and out of the SPD EEPROM. A resistor may be connected
from the SCL bus time o Vppgpp on the system planar to act as a pullup.

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.

The RESET pin is connected to the RST pin on the register and to the OE pin on the PLL. When

RESET IN low, all register outputs will be driven low and the PLL clocks to the DRAMSs and register(s) will be
set fo 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

Revision 3.91
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Proposed
DDR2 SDRAM Registered DIMM Design Specification

DDR2 240-pin DIMM Pinout

Pini{ Front iPin Back Pin{ Front {Pin Back Pin Front Pin Back Pini Front i Pin Back

# Side # Side . # Side # Side # Side # Side # Side | # Side

: o Ve I S i Vss P o - Vi : vee P
‘ 2 Vas ‘122 DQ4 v 32 Vsgsa 152 DQ28 v 62 v Vopg 182 A3 92 DQS5 212 | NC, DQS14
v 3 DQO v123 DQ5 | 33 DQ24 1153 DQ29 63 ‘ A2 183 Al 93 DQss 213 Vsgs

4 &Q1 124 Vss 34 DQ25 154 Vss 64 .......... VbD 184 Voo 94 Vgs 214 DQ46

5 Vss 125 1 DMO/DQS9 & 35 Vgs 1556 ; DM3/DQS12 KEY 95 DQ42 215 DQ47
..... 6 D@o 125Ncmg 35 m3156Nc66§12 65\/85185 CKO ; 95 DQ43 215\/53
..... 7 DQSO 127 VSS 37 Dst 157\/88 55\/35135&0 97 VSS 217 DQ52
. 8‘ Vss v128 DQ6 ‘ 38 Vss 158 DQ30 67 ‘ Vpp 187 Vbp §8 DQ48 218 DQ53

9 bQ2 11129 DQ7 39 DQ26 159 DQ31 68 | NC, Par_In:i 188 AD 99 DQ4g 219 Vss

10 DQ3 130 Vss 40 DQ27 160 Vgs 69 Vpp 189 Vpp 100 Vss 220 RFU, 82
11 ........... VSS .......... 131 ............. sz .......... 4.1. ......... VSS ........... 161 ............. CB4 70 ......... A 10/AP ........ 190 .............. BM ............... 1 01 SA2 .......... 221 ........ RFUS3 .......
12 ......... DQ8 ....... 132 ............ DQ13 .......... 4é ......... cso ........ 162 ............... C BS ............... 71 .............. BAO ............ 1 91 .............. VDDQ ........... 102NC(TEST) 222 ............ vqs ...........

13‘ DQ9 135 Vgs ‘ 43 | CB1 163 Vsg k 72 ‘ Vppa 192 RAS 163 Vss ‘223 DM6/DQS15

14 | Vss 134 1 DM1/DQS10 44 Vss 164 DM8/DQS17 7 WE 193 S0 104 DOS6 224 | NC.DOS15

15 | DQS1 1135 NC,DQS10 i 45 | DOS8 165 NC,DOS17 | 74 CAS 194 Vpoa 1051 DQS6 | 225 Vsg
16 ......... D QS1 ........ 135 .............. vss ........... 4é ..... Dst ........ 166 VSS 75 ............ ; DDQ ........... 195 ............ ODTO ............ 1 05 ........ ; SS .......... 225 .......... DQ54 ..........
17 ......... VSS ...... 137 ........... R Fu ............ 4% .......... ; SS ........ 167 ............... C Bs ............... 75 .......... Ncs1 .......... 1 95 ........... A 13NC ...... 10 7 ...... DQ50 227 DQ55 .........

18‘ RESET v138 RFU ‘ 48 CB2 168 CB7 77 ‘ NC, ODT1 {1 197 Vpp 108 DQ51 ‘228 Vsg

19 NC 139 Vss v 49 CB3 169 Vs 78 v Vopa 198 Vsg 109 Vgs ‘229 DQ60o

20 1 Vgg 1140 DQ14 50 Vgg 170 Vooa 79 Vss 199 DQ36 110 DQ56 | 230 DQ61
21 ......... DQ1O ........ 141 ............. DQ15 .......... 51 ....... VDDQ ......... 171 ........ NCCKH eo ............ D Q32 .......... 200 ............ DQ37 ............. 1 11 ...... DQ57 ........ 231 ............. ; 53 ............
22 DQ11 ..... 142 .............. VSS ............. 52 ........ c KEO ...... 172 ............... VDD ............... 81 ............ DQ33 .......... 201\/88 ............. 112 ......... VSS 232 DM7/DQS16
23‘ Vss 145 DQ20 ] 53 Vpp 1731 A15 NC ] 82 ‘ Vss 202 | DM4/DQS13 113 DQs7 k233 NC, DQ316
24 1 DQ16 (1144 DQ21 54 | BA2 NG 174 A14, NC 83 : DQS4 (203 NC, DGS13 i 114 DQSs7 ‘234 Vgs

25 DQ17 145 Vag 55 % 175 Vooa 84 DQSs4 204 Vg 116 Vg 235 DQ62

26 Vss 146 | DM2/DQS11 § 56 Vopa (176 A12 ............ 55 ........... Vgs 205 DQ38 116 DQ58 236 DQ63

27 | DQS2 147 | NC,DQS11 i &7 Al1 177 A9 86 ......... D 634 206 DQ39 117 DQ59 237 Vss
SR e VSS ............ 55 .......... A7 178 .......... .\}.[;D ............ 87 ........ o o Ve s VSS . 233 ....... VDDSPD .
v 29 Vss v149 DQ22 ] 59 Vin 179 A8 88 ‘ Vas v208 DQ44 119 SDA ‘239 SAO
( 30 ¢ DQ18 (150 DQ23 v 60 A5 180 AB 89 v DQ40 (209 DQ45 120 SCL 240 SA1

90 DQA1 210 Vss
NC = No Gonnect; NU = Not Useable, RFU = Reser\;éé FutureUse .........................
1. CK1,CK1,CK2, CK2 (pins 137,138,220,221) are for Unbuffered DIMM clock.
Pins 137, 138 are RFU on registered DIMMSs; pins 220, 221 are used for 4 rank RDIMMs.

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 (DIMMs).

4. NC/Err_Out (pin 55) and NC/Par_In (pin 68) are optlional function to check address and command parity.

Page 8 Revision 3.91
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Architecture

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

RS0
DQSO W DQS4 WA
DQS4 AW
DMO/DQSQ—H DM4/DQS13 —,/\/\h]
baso N DGS13 Wy
Rbs MHL oS Dos Bas Bifhs MU T5 Qs DoS
DQO—AM- o 0 DQ32—W 110 0
DQ1 - O 1 Do DQ33 —W 1/0 1 D4
DQ2—M— o 2 DQ34 —W— 10 2
DO3 -~ 110 3 DQ35 —A 10 3
DQ4 110 4 DQ36 —A— 1/O 4
DQS — A 10 5 DQ37 A 110 5
DQ6 A~ 110 6 DQ38 —A— 10 6
D7~ 10 7 DQ39 —W 1O 7
DQast N DQSs W
DQS1 Bass -Wh
DM1/DQS10 *\N“-—] DMS/DAS14 —— VW
basio [a et — Q. S—1
< CS pas 00g| g%s _‘RDQS 75 DOS Das|
DQ40 —W— /O 0
DQ41 —AW~ 10 1 D5
DQ42 — AN o 2
DQ43 —WV— 0 3
DQA4 —pft 1O 4
DQ45 — A 1O 5
DQ4B — a0 6
DQ47 —W— VO 7
Das2 A base A
DQs2 —A- DQss W
DM2/DQS1TT —— W ] DM6/DAS15 ‘
DQS11 W T Das15 ! S
RBOS B ©S DOS Das Rbas Mg ©F bos BAS
DQ16 - M 1100 DQ48 —WN— O 0
DR17 —W 1101 D2 DG49 ~ WM O 1 D6
DQ18 - 110 2 DQ50 W O 2
DQ19 —A— 110 3 DQST A O 3
DQ20 — A 110 4 DQ52 — W 0 4
DG21 — A 1O 5 DAsS3 — A WO 5
DQ22 - 106 DQS4 A 1O 6
DQ23 W 1107 DGSS —W— 07 y
DQSS \/\F pas7 A BDSPD —x Serial PD
DQs7 —W- Vop/
DMB/DQS12 —H DM7/DQS16 ———N— Yopa 4?* DO-D8
Dos12 EN S DQs1s T
B% N EB/Q -GS bas bas DML NR—B{:} o8 basbas
DQ24 — W 110 0 DQ56 —AM— )0 0
DQ25 — W~ 10 1 D3 DQ57 —W— 110 1 D7
DQ26 —A~ 10 2 DQS8 —AW— o 2
D27 —AM 1O 3 DGS9 — W 10 3
DQ28 —A— /O 4 DRB0 — A — 10 4 SCL
DQ2Y A 110 5 DQB1 W 110 5
DQB0 A\ 1O 6 D82 A 1/0 B
DQ31 M- 110 7 DQ83 —A— 10 7
DQSB ‘/v\ R T T T T
DQS8 W Notes: - -
DM8/IDAQS1T A 1. DQ-to-1/O wiring may be changed within a byte.
Das17 i i 2. Unless otherwise noted, resistor values are 22 Ohms + 5%.
Ras ML s pasbas
CBO—AM— 1100 . N N
CB1 — A 110 1 D8 Signals for Address and Command Parity Function (Raw Card F, R and AC)
CB2—W— 102 5 — Register
CB3 —W— 10 3 \\g;_ €O Reg
CB4 — W\ 1/0 4 G
CBE e W 11O 5 PAR_IN PAR_IN PPO
ggs - ://8673 100K ohms%_ QERR— Err_Out
. The resistors on Par_In,A13,A14,A15,BA2 and
30 * R 1{; L R80-» B8 SDRAMs D0O-D8 the signal line of Err_Out refer to the section:
BAO-BA2 ** ~W— E |— RBAO-RBAZ2 -> BAO-BA2: SDRAMs D0-D8 *** “Register Options for Unused Address inputs”
AD-A15* —M— g — RAO-RA15-> AQ-A15: SDRAMs DO-D8 *** )
— CKO —| PCK0-PCK6,PCK8,PCK9-> CK: SDRAMs D0-D8
RAS — W | [— RRAS -> RAS: SDRAMs D0-D8 ®
CAS — W g — RCAS -> CAS: SDRAMs D0-D8 . L
WE —wW T — RWE -> WE: SDRAMs DO-D§ CKO — PCKO-PCKB,PCK8,PCK9-> CK: SDRAMSs D0-D8
CKEQ W B RCKEO -> CKE: SDRAMs D0-D8 PCK7 -> CK: Regi
: Register
ODTO ———W1 i RODTO -> ODTO: SDRAMs DO-D8 RESET- BEK7 -> CK: Register
RESET RsT * S0 connects to DCS and VDD connects to CSR on the register. 51,CKE1 and ODT1 are NC
PCKT- ** A13-15,BA2 have the optional pull down resistors{100K ohms), which is not indicated here.
*** For Raw Card R and AC, post register A14, A15 and BAZ2 are not connected to the SDRAMSs.
Revision 3.91
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JEDEC internal use only

Architecture

Proposed

DDR2 SDRAM Registered DIMM Design Specification

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

RSt
RS0
DQSo —A Das4
DQSo W T DQsS4
DMO/DQSY W 1 [ DM4/DQS13 1 { |
DGaso W ? - — DQS13 T t T I
oW e D08 | |kibas Nong CS DAs BGS Rifs ML cs bas Bas| %bs N - CSDasbas
DQO—W— 100 Huoo DQ32 —~AM 1100 % Te3i]
DAT—W— 101 Do Hv¥o1 D9 D33~ 1101 D4 Huot1  pas
DQ2—WH 0 2 H 170 2 DQ34 —WA 1j0 2 Hwoz2
DQ3 - 10 3 Hu03 DQ35 A /0 3 =0 3
DQ4 —W— 1O 4 110 4 DQ36 —A 110 4 Huo4
DQ5 AN 1O 5 HIOS5 DQ37 —AM 110 5 = 105
DQ6 w110 6 H 106 DQ38 —AM 110 6 Hos
DQ7 - WM— 110 7 H o7 DQ39 —A 110 7 Hio7
DQS1 W DQS5 WA
DQS1 — W 5ass A
DM1/DQS10 W 1 | DM5/DQS14 — _ pn
DQS10 W— - = oW WO e DUS14 W ; t i |
Rihs Riss T8 bas0as| Rilas prgs O° DS DAs B i~ &5 pas bas| | BlGs ggg 28 Dos BAS
/ Yo DQ40 — N\ )00 H1/00
110 1 D10 DQ4T — W 110 1 D5 H 1O 1 Di4
1o 2 DQ42 — M 102 Hyoz
1o 3 DQ43 — A 110 3 H 103
/0 4 DQ44 a0 4 - 1/0 4
o5 DQ45 w1 110 5 H 105
HYO®6 DQ46 ﬁN; V0 6 L O 8
Hyo7 D47 — W 1107 HuoT
%g DQs6 Q’A‘ﬂ
DM2/DQS11 } | B!\?lg/?mm e 1 |
DQS11 1 - ] Dasis VWA I + t !
C5 Des BOS ggos Hims CS DA 0G5 R WL TS bas bas %“é'ﬁs il 5 nas DO
4100 ngg W 1100 H 100
1o 1 D11 —M1 110 1 D6 - O D15
H o2 DQS0 — W 1o 2 Hoz
Huos DAST A~ 10 3 =103
Hyo4 DQ52 _ a0 4 L4
105 DAS3 A 110 5 H VOS5
H 106 DQs54 110 6 -4 106
< o7 DQSS — w107 =107
DQs3 Das? WA
5as3 1 basz - 1
DM3/DQS12 ‘ ‘ DM7/DQS16 W |
DQs12 i DQS16 I ! —
R¥as Ri-z £5 pasBas %"[’)”QS :g’m TS nos bas| RBas paLs 5 pas bas| [Rlhs Bt 05 0as Das
bQ24 —w— 00 Huoo DQ56 —W— 110 0 Huoo
DQ25 — A (1o 1 D3 - /O 1 D12 DQS7 —W 1O 1 D7 - VO 1 D16
DQ26 -\ 40 2 H o2 DQ58 —A\— 10 2 Hro?2
DQ27 — A 10 3 H O3 DQS9 —AM 1O 3 H VO 3
DQ28 _pr— 110 4 H G4 DQBO — A 1O 4 H 1o 4
DQ29.. a1 1/0 5 Hwos DQB1 —pA— 110 5 H o5
DQ30_pn— 10 6 106 DQB2 A~ 1O B 11086
DQ31 —W— 10 7 HioT DQB3 —~A 1O 7 HioT7
DQss WA Serial PD VDDSPD ———— = Serial PD
Sass W seL VDDVDDQ = DO-D17
DM8/DQAS17 W ] T‘ ; 1 = »SDA L
pas7 W= 51Y] = [OW_ NU7 : VYP /TO ALA2 VREF
RDQS Cs Das DAS| [Rbas cs pastas ke SAG SA1 SA2 Y I S
cRo it RDQS Hiivaed RDQS A 88 ba DO-DA7
CBl —W— 101 D8 Huot D17 CKO —| P 1 PCKO-PCKB,PCK8,PCKY-> CK: SDRAMSs DO-D17
CB2 —W— 10 2 H Vo2 —— L [ —
OB3 W 1103 s CKO-— [ 1— PCKO0-PCK86,PCK8,PCK9-> CK: SDRAMs DO-D17
gg‘é W 10 4 o4 RESET e [ PCK7 -> CK: Register
cBs el 106 e _ PCK7 -> CK: Register
CB7 -\ 1107 pRieNs Signals for Address and Command Parity Function (Raw Card G, T):
EO * HPT RSO -> CS SDRAMs DO-D8 Vss — G0 Register A| Voo— G0 Register B
STF——— R RS1-> CS: SDRAMs D9-D17 : VoD — 1 VDD —{ G4
BAO-BA2 ***~M— & - RBAO-RBA2 -> BAO-BA2: SDRAMs DO-D17 ™ paR |N PAR IN  PPO PAR IN PPO
AQ-A15 *** —W— RAQ-RA15-> AD-A15: SDRAMs DO-D17 **** | - - ] - “EeBl FoAr
—— N s QERR}- Err_Out
RAS — W ‘? RRAS -> RAS: SDRAMs D0-D17 “m“""‘*% QERR o
CAS WS g T RCAS -» CAS: SDRAMs D0-D17 For R/C T, 0 ohm resistor is placed at the end of Err_Out just before
WE W T RWE -> WE: SDRAMs D0-D17 the edge connector and is not populated for the non-parity card.
CKEQ ———wW RCKEO -> CKE: SDRAMs D0-D8 ; i ;
CKE1 E ROKE1 > OKE: SDRAMs D9-D17 Thehre3|sto_rs 2;P§r_ln,g13_,A14f,A1S,BA2daR§dthe mgnal Ilqe of Err_QOut refer
ODT0 ——w— R — RODTO-> ODTO: SDRAMs DO-D8 to the section:*Register Options for Unused Address inputs
onT1 —— W — RODT1 -> ODT1: SDRAMs Dg-p17 Notes: 1. DQ-to-/O wiring may be changed within a byte.
RESET** o T 2. Unless otherwise noted, resistor values are 22 Ohms z 5%.
PCK7** PCL 3. RS0 and RS1 alternate between the back and front sides of the DIMM.
* 80 connects to DCS and S1 connects to CSR on a Register. $1 connects to DTS and S0 connects to TSR on another Register.
** 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(100K ohms), which is not indicated here.
**** For Raw Card T, post register A14, A15 and BAZ2 are not connected to the SDRAMs.
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Proposed
JEDEC internal use only

DDR2 SDRAM Registered DIMM Design Specification Architecture

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

Vss
RS0 . sewlPD
> e SDA
s B = DOS OGS (WP A0 A1 A2
DQ4—A— 10 § —=8A0 SA1 SA2
ey o
o2
DQ7 — M 10 3 VDDSPD 41_—Serial PD
@10_‘/\,%:‘:’ﬁ VDDAVDDQ ————= D0-D17
Bas10-—W——ry VREF T |
DQ12 —W— 1o 0 88 — D0-D17
DQ13 —AN— O 1 D10
DQ14 —N— (o 2
DQ15 - w10 3
DQsH w*:‘:‘ |
] pasnn-—W—— CKO — p PCKO0-PCK6,PCK8,PCKS
DM G5 DQs DOS o 5 Das Bas| Lo -> CK: SDRAMs D0-D17
Bg}?f W 10 0 BQZO VL — Lo
—W— 10 1 D2 Q21 W 110 1 D CKO — — PCK0-PCK6,PCK8,PCK9
DQ18 —A— 0 2 DQ22 W 10 2 3 -> CK: SDRAMs D0-D17
DQ19 — W 10 3 DQ23 —A— 10 3 | )
DOS3 M DQs12 RESET o PCKY7 -> CK: Reg{ster
Bass W :‘:’7 Das12 L— PCK7 -> CK: Register
D cs bas Ba3 D ®oesbas| T
DQ24 —M— 110 0 DQ28 — | yo 0 Notes: ‘ N ‘
ngg W01 D3 b ﬁ 01 D12 1. DQ-to-1/O wiring may be changed within a nibble.
W02 o2 i H 9
DAZT —W 16 3 DQ31 -0 1O 3 2. Unless otherwise noted, resistor values are 22 Ohms £ 5%
b g Cs DAs DOS . P C8DasDOS|  * 50 connects to DGS of Register A and CSR of Register B.
M 100 6 — A 1O 0 : ey .
DQ33 Vo D4 DQ37 1o 1 D13 CSR of Register A and DCS of Register B connects to VDD,
DQ38 —~ W 0 2 [ oo
DQ39 — W 1103 ** RESET, PCK7 and PCK7 connect to both Registers. Other
signals connect to one of two Registers.
] Raw Card V has only one register.
o TS pas bas DR 75 Das Dag|
DQ4A0 —ap—i 15 DQ44 —W— 00
DQ41 A~ :,g? D5 DQ45 — W o 1 D14 *** A13-15, BAZ have the optional pull down resistors
DQ42 —N— Oy 2 DQ46 —W (100K ohms}, which is not indicated here.
DQ43 O 3 DQ47 — W
S\TQSSBGﬁN‘*:a:’% 58381155 We— - **** For Raw Card U and V, post register A14, A15 and BA2
B S haees DM =5 Das Do are not connected to the SDRAMs.
DQ48 —A— /0 0 DQSZ —M— 1O 0 . = . i
ngg ﬁ /01 D6 8822 —W— 1O 1 D15 e Por RICV, 81, CKE1 and ODT1 are routed to the register.
/ ¥ o 2 S1 has a pullup resistor. CKE and ODT do not have pullup
i — pass o3 or pulidown.
By o DM = DOSTOS
bass 65 Despas - Cs basbas The resistors on Par_In,A13,A14,A15,BA2 and
DQS7 —A— :ﬁg? D7 DQBT — :;8? D16 the signal line of Err_Out refer to the section:
DQ58 —N— DOBZ — W o 2 “Register Options for Unused Address inputs”
DQB3 — W~ 110 3 ;
DQs17 I :Signals for Address and Command Parity Function {Raw Card V)
‘ DQs17 D‘:’ﬁ : i
i ! : Vss—CO Register
bu 8 pas bas oM cs postas| Vss — o ¢
CBO —A— 110 0 CB4 —W— o 0 :
CB1 —W— 10 1 D& CB5 — WA 1O 1 D17 ‘ PAR_N —w—PAR_IN PPO|
CB2—W- 1102 CBE —W 10 2 1 100K oty QERR|— Err_Out
CB3 W 110 3 CBY M 10 3
1.2 [ ‘si ari i
Box o e R RS0 -> T8 SDRAMs DO-D17 ‘Slgnals for Address and Con?mand Parity Function (R‘aw Card H, U)
BAO-BA2 ™™ -w— g | — RBAO-RBA2-> BAO-BA2: SDRAMs DO-D17 **** . Vss — CO Register A | Voo—CO Register B
AC-A16 " — W~ 5 — RAQ-RA15-> A0-A15: SDRAMs DO-D17 *** i Voo — (1 Vop— ;1
RAS — W | [— RRAS -> RAS: SDRAMs D0-D17 i Par_in PAR_IN PPO PAR_IN  PPO
S RCAS -> CAS: SDRAMs DO-D17 : 100K ohrms QERR QERR|—Err Out
T RWE -> WE: SDRAMs DO-D17
E RCKEOQ -> CKE: SDRAMs D0-D17 : ; ET AT
R RODTO -> ODT0- SDRAMSs DO-D17 For R/C U, 0 ohm reSIStgr is placed at the end of Err_O.utJust before
the edge connector and is not populated for the non-parity card.
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Proposed
JEDEC internal use only

Architecture DDR2 SDRAM Registered DIMM Design Specification

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

VSS
RS0
RS1 1 ) i
DAsO W ! - Dass —w— ! - Sila
DGSo DM CS DCIJS DAS| | oM™ e Dés D_és base DM €S Dés 65" DMCS Dés ﬁ SCL—» l«—sSDA
88? —W 10 0 Fuco ng —W 100 — ¥oo WP AQ A1 A2
—M 1101 DO WO 1 D18 Aot D9 WOt D27
DQ2 —W— 102 Vo2 DQE —W™i 1102 o2 = 3A0 SA1 SR
DQB W /03 o3 DQ7 W 103 103
s | [ wmmee ]
BasS1 W= o DAS10 — Wt e Y )
@ DM CS DQS DQS| | DM GS Das Dos. DMCS DQs Das| | DMCs Das Dos VDDSPD 1 Serial PD
DQ8 —A 1O 0 — voo DQ12 W oo '~ oo VDDADDG _h_ D0-D35
DQY — WM 1/01 D1 [ V01 D19 DQ13 —~M 101 D10 [ V01 D28 VREF
DQ10 —WM /0 2 o2 DQ14 —NM9 02 o2 17 D0-D35
DA —AM 10 3 H o3 DQ15 —W— 1/0 3 H o3 Vag 1 % o DO-D35
RS0
RS1Dasz —w» i DASTT —wh i
tas2 —wWh [, L fasu —w [ L), CKO-— P L. PCKO-PCK6,PCK8,PCK9
DMCSDQSDAS! | DM CS DQS DAS DM CS DS DQS| | DM CS DQS DQS L > CK: SDRAMs D0O-D35
DQ16 —AM— 100 oo DQ20 WA 1/0 0 1 WO 0 o L R
D17 —W—~ o1 D2 o1 D20 DQ21 —A~ 10t D11 Vo1 D29 CKO - PCKO-PCK6,PCK8,PCK9
DQ18 —W~= 1102 1 Ho2 DQ22 —~AM 1102 O 2 -> CK: SDRAMs D0-D35
DQ19 — W 110 3 H 103 DQ23 —W— 1103 H o3 . ,
DAS3 ] i DOST2 — W { : ' I 3 ] -~ PCK7 -> CK: Register
Das3 —Wh [ I l_ } —  DQS12 —Wh—————— e — - PCK7 -> CK: Register
DM TS CQS DGS | [ DM TS Das Das DM TS DQS DOS| [ DM TS DAS DAB | e
D024 —W— 10 0 — 1100 DA28 — W 1100 H oo RESET— o8
DQ25 —A— o1 D3 W01 D21 DQ29 —A~ o1 D12 [ W01 D30
DQ26 —W— 110 2 102 DQ30 —A— o2 1 Ho2
DQ27 —W— 110 3 - 103 DA31T —W 03 103
DQSE — I " ‘[ |
DQss - DM &S Désﬁc“{s‘ DV S DS Dagl| | DAS17 —W» T } | Signals for Address and Command
gg? ﬁﬁ 110 0 AR past DVCSDasDas] |pwospasbas| | anity Function
o1 D8 ~l VO 1 D26 M- 110 0 =1 WO 0 i
CB2 W02 M voz2 32‘; ~W- 0t D17 {101 D35 Register
=50 CB3 W 1103 — VO 3 cBs "W 02 1 Ho2 —PARIN
R ca7 ~W-LIO3 Los PTYERR— oon
pas4 -\ ! | DAs1s T 1 Par | 5 JA—
past DMGosDos Dos| | bvEs bosbas| DUS18 DM S DosDog| | WS pasbag| L o-n W Register ~Err_Out
DQB2 —WM /0 0 — 100 DQ36 —W— /O 0 — 100 100K chms 3 |
DQ33 —W~ yO01 D4 o1 D22 DQ37 W o1 D13 o1 D31 —PARIN
DQ34 —W /0 2 1102 D38 —WH 110 2 —vo2 PTYERR
DQ35ﬂN“I|/OS‘ *I‘/03| DQ394\/V“|r;O3| flllos‘ T T
_8_8%% $ I — — DOS14 W 0 S 0 ohrin re;,ifstor on Err_Out i(sj not
DMTS DasDas| | DM TS Das bas; DASHM DMCS Das bas| | bwcs basbas|  Populated for non-parity card.
DQ40 —N— 110 0 H oo DQ44 W 110 0 - Vo0 ;
DQ4 —W 101 D5 H o1 D23 DG4s —V o1 D14 101 D32 The rs.asxstors on Par_ln,A13,A14,A15,BA2I and
DQ42 —WM 110 2 H o2 DQ4s W /0 2 - O 2 the signal line of Err_Out refer to the section:
=0 DQ43 —M— 1103 Y03 DQ47 —W—{ IO 3 /03 “Register Options for Unused Address inputs”
RS1
DASE WA t \T I DQS15 W~ ! :
DQSE W =S = == —— —
DM CSDQS DGS| | DM €S DQs Das DMCS DQs DGS| | DM CS Dos Bas
DQ48 W™ 110 0 - 110 0 pasz W™ 1100 — 100
DQ49 ~W— /01 D6 [ HO1 D24 pes3 W #¥O1 D15 [ ¥O1 D33 .
DQ50 W /0 2 oz pDQs4 W Vo2 o2 Signals for Address and Command
DAST —W 1103 uilliek: Dass W03 Vo3 Parity Function (Raw Card Y)
DQS7 - [ — I
Das7 —Wh I [ ] ~ baswer N S B S
DM CSDQS bQs| [ DM TS basbas| DAS16 DMCS DQS DQS| | DMCS DQS DQs
DO56 —AM 110 0 = Vo0 DQBH M- 110 0 1 1O 0 -
DQ57 —M— 1101 D7 W01 D25 D@1 ~W /01 D16 [ 01 D34 Register
gggg W o2 o2 DQB2 W 110 2 — Vo2 PAR_IN PAR_IN
W 10 3 : ; o3 DQB3 W O3 103 100K ohms% OERR— m
So~- ~w75 | RE0-> CS: SDRAMs DO-D17
81 - — WA R rrrrr RS1-> CS: SDRAMs D18-D35 Note:
BAQ-BA2 *r-M— = |— RBAO-RBA2-> BAQ-BA2: SDRAMs D0-D35 =** ote: N o
AQATS ¥ —ph & L RAO-RA15-> A0-A15: SDRAMs D0-D35 **+* 1. DQ-o-l/O wiring may be changejd within a nibble.
RAS ——w & BRAS -> BAS: SDRAMs D0-D35 2. Unless otherwise noted, resistor values are 22 Ohms = 5%.
CAS —W— é — RCAS -> CAS: SDRAMs D0-D35 3. RS0 and R81 alternate between the bottom and surface sides of the
WE ——W T RWE -> WE: SDRAMs D0-D35 DIMM.
CKEQO ————wW— e [ RCKEQ -> CKE: SDRAMs DO-D17
CKE{l ———wW — RCKE1 -» CKE: SDRAMs D18-D35 Raw Card Y has only one register
oDT0 —— W R |- RODTO0 -> ODTO: SDRAMs DO-D17 - e — e .
ODT1 ———W — RODT1 -> ODT1: SDRAMs D18-D35 * 50 connects to DCS0 and S1 connects to DCS1 on both Registers.
RESET** RST “* RESET, PCK7 and PCK7 connect to two Registers.

PCK7** 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 BAZ2 are not connected to the SDRAMs.
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Proposed

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
RS1 1 ) .
QS0 —A~ o ] DQso w ’ 1 Setial PD
,,,,,,,,, _\N\ 3 a8 1 1 1 vovsy T 1) T 1
DGso DM OS5 DQS boS| | DMTE pas bos|  CeS9 DM C5 DQS DQS| | DM CS DQS DOS SCL— bt SDA
DQO —W /o0 — roo DQ4 —AM— 100 —¥oo WP AG Al A2
DAl —W o1 DO [ W01 D18 DR5 —W— o1 Do w01 D27 _sho st s
DQ2 —W o2 o2 DA — W 02 o2 =
DQ3 —wW— o3 103 DQ7 -\ 103 — Y03
e | [ e[
DQAST Wt b DAS10 ~W——t ——¢ : ) ;
@ DMTS DRS DQS| | DM TS pQs DAs DM CS DQS DQS| | DM CS DQS DS VBDSPD s Serial PD
DQ8 —W /OO 10 0 DQ12 —W\— 1o 0 -~ YO 0 VDDVDDQ —— DO0-D35
DQY ~M K01 DI 101 D19 DQ13 ~WH o1 D10 1101 D28
ba10 W 1102 = o2 Da1é W 102 = o2 VREF i{— D0-D35
W 10 3 ~ 1103 —W IO ~ V0 3 Vss il Ay
e e e e I e e e o030
= ! | N N S DaS 11 | o e
pasz DM CS DQS DOS DM CS DQs DAs @ DM CSDQS DAS| | DM TS bQs DS
DQ16 —W— o0 — oo DQ20 -~ o0 - ¥oo
RQI7 A= y01 D2 K01 D20 DQ21 W01 D11 [ 101 D29 | CKO— P |- PCKO-PCK8,POKS,PCKI
DQ18 W o 2 o2 DQ22 ~W— 110 2 o2 L -> CK: SDRAMs D0-D35
DQ19 W 10 3 L O 3 DQ23 ~ W )0 3 103 L SR
DQS3  — A } | DQAS12 — W } } : } } ‘ CKO —1 |- PCKQ-PCK8,PCK8,PCKY
DGsS3 —W—— e | | DQS12 —W——i—— e | - . -
pass DM €8 pas DGS| | bm EE bas BES DM CS DQS DOS| | DM ES pas BOs > CK: SDRAMs B0-D35
DQ24 —W 100 — voo DQ28 —Aw~ ji0 0 — Voo — PCK7 -> CK: Register
DQ25 - o1 P33 [ Uct D2 DQ29 —W 101 D12 o1 D30 L > CK: i
DQ28 —W (o2 uo2 DQ30 —W— o 2 o2 N PCKT -> CK: Register
DQ27 —AW ||/03 H o DQ31 — W |,1[03; 103 RESET | oe
DAS8 — DOS17 —WA |
DaS | T | == [ T T | |
DQS8 — Wit ; o
DM CS DQS DOS | | bM &8 Das BA3 DM €S DQS DQS DM €8 DOS BQS
W Das17 4
CBO —W— 100 00 cB4s —W— 00 — ro 0
CB1 —W— /01 D8 V01 D26 cps WO D7 o1 D35 s
CB2 —W— 10 2 102 cBs WM 102 [|¥o2 Signals for Address and Command
=, CB3 — A~ 1/0 3 — 103 cg7 —WHLIO3 L O Parity Function
RS1 Vss — Register A1
DQS4 —W ' | DaS13 AN } s — CO Register
DQS4 —W- ! L ) Tos: I * : VoD G4
DV CS DGS Das| | DM Gs bos bas|  PoS1? DM CS DQS DAS| | bM TS DQS QS PAR IN PPO
DQ32 —W 10 0 1o DQ3s —W 10 0 Voo ~ OERR
DA33 —AM= 01 D4 Vo1 D22 D37 W01 D13 101 D31
DQ34 —W— 02 Mc2z DQ3s W 1O 2 o2 :
DQ35 A 110 3 H o3 DQ39 ~W 10 3 .04Q.3 Voo — G0 Register B1
Bass —w—f—{— 1 paste —W—| | N Voo — C1
DM CBDOS BaG| | DMoSDasbas| PASH DHiGE bas bas| | bM 88 bas bas PAR_IN  PPO
DQ40 —W™ 110 0 100 DQ44 —W— 110 0 — oo Par In QERRA
DQ41 WM o1 D& [ o1 D23 DQ4s —W IOt D14 1 HO1 D32 - ~Err_Out
DQ42 N 10 2 o2 DQ46 —WV- 1o 2 —1 o2 - -
DQ43 AN 1O 3 — 103 DQ47 —WV— 1103 L yos 100K ohms$ | Vs —CO  Register A2
s . oasis vy . Voo o
M GS Das DQd| | DMG3 basbas| DRSS D GS DS Bas| | DM &8 bas DS | PARIN ~_PPO,
DQ48 —AM 10 0 ~ 1100 Das2 —W- 00 — Voo QERR
DQ49 ~AM 101 DB [ 1Kot D24 pas3 W0t D15 — o1 D33 |
DQ50 ~W— 1102 —vo2 DQsa W 02 o2 Voo—{C0 Register B2
DQ51T —~W 1/Q 3 -~ /03 Dass W10 3 — o3 Voo
DQS? [ ] - 1 ] G1
5087 T oaste PARN  PPO
DMCS DS DAS| | DMCEDasbas| DQS1e DM TS bas Bs| [ DMES DQsDQs | | " QERR-
882(73 —W— /00 Moo DQBA ﬁ 1o 0 | 1O 0
A 1 L s
DASE —] :;8; b7 O :/g; D25 ggg; v :;8 ; D16 :;8; B34 |1 Register A1 and A2 share the a part of
DQ59 —AM 1O 3 — 1103 DQB3 ~W KO 3 - 110 3 Addr/Cmd input signal set.
Register B1 and B2 share the rest part of
[ — W RS0 -> CS: SDRAMs D0-D17 _Addr/Cmd input signal set.
S$1*——wW— S — RS1->CS: SDRAMs D18-D35 .
BAG-BAZ #rA E _____ RBAO-RBA2 -> BAO-BAZ2: SDRAMs DO-D35 The rgsnsto.rs on ParJn,A13,A14,A15,BA2I ar?d
AD-A15 ** A L— RAO-RA15-> AO-A15: SDRAMs DO-D35 “the ;lgnal Ilne_a of Err_Cut refer to the s_ectlon;
PN — - C|3 l— BRAS -> BAS: SDRAMs D0-D35 Register Options for Unused Address inputs’
CAS W s [ RCAS -> CAS: SDRAMs D0-D35
WE ————W T RWE -> WE: SDRAMs D0-D35
CKEQ ———wW— E RCKEQ -> CKE: SDRAMs D0-D17 Note:
CKE1 ——— W F— RCKE1 -> CKE: SDRAMSs D18-D35 ¢ - L )
oDT0 ——— A~ R — RODTO -> ODTO: SDRAMs DO-D17 1. DQ-to-1/O wiring may be changed within a nibble.
ODT ——— W — RODT1-» ODT1: SDRAMs D18-D35 2. Unless otherwise noted, resistor values are 22 Ohms * 5%.
RESET* — - —RST 3. RS0 and R81 alternate between the bottom and surface sides of the DIMM.
R PCKT™ =
PCK7 22— |
* 30 connects to DCS and $1 connects to CER on a pair of Registers. $1 connects to DCS and 50 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

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 SDRAMSs)

JEDEC internal use only
Architecture

VsS
=
RS1 1 1
DAs0 v, } 1 Dasy —W-- , — . SeralPb
paso DMES Das B5GS| [ DMCS Dasbag|  DAS9 DM % Das BGE| | DM C5 pos DAs SCL— jH—»SDA
88? W= 1100 o0 ng —WN—= 100 oo WP AG A1 A2]
W 1/01 DO o1 D18 W1 DY — ot D27 i
bQ2 —W— 102 o2 DQB —A 40 2 o2 ==SA0 BA1 SAZ
DQE W 10 3 = /O 3 DQ7 A 10 3 03
oot || oo [ [ |
DQST —Whbtett - DQS10 —W : kot : .
o D C8 D5 BOg| [ DM &8 Dos Das T DucsDpaabag| | DM CS b0s Das VDDSPD - Serial PD
DQ8 —W— 1100 00 DQ12 —WV— 110 0 o0 VOD/VDDQ —ﬁ: DO-D35
DQ9 —WVM- 101 D1 o1 D19 DQ13 —W~ o1 D10 Vo1 D28 VREF
DQ10 —W— o 2 o2 DQ14 —NV—~ 02 110 2 " D0-D35
DA —W 1103 V038 0DQ15 —W{ 1103 — 03 VSS e D0-D35
T [ ] 7 -
Das2 w11 ] DASH W -
DOS2 W e —._.. DQS1t W = = profoepen
DM CS DQS DQS| | DM GS DQ3 DOS DM €5 DOS DOS| | DM CS DQs DOS
DQ16 —WM— 100 110 0 DQ20 —A—~ 10 0 = Voo
881575 W01 D2 HWo1 D20 882 W01 D1 W0t D29 CKO -~ E rrrrrr PCKO-PCK8,PCK8,PCK9
—W— 02 o2 W G2 T o2 . . "
DQ19 —W— 1103 H o3 DQ23 — ™ /0 3 — vo3 L > CK: SDRAMs DO-D35
Das3 | F— DQS12 — AN { } : 1 CKo — . PCKO-PCK6,PCK8,PCK9
DG83 ~wW . — e DQSI2 W e -> CK: SDRAMs D0-D35
DM CS DQS DOS| | DM CS DQS DS DM CS DRs DOS| | DM TS DOS Bas
DQ24 —A— 10 0 - 110 0 ngg —A- 100 G0 - PCK7 -> CK: Register
DQ25 ~-W— 101 D3 S 1WVo1 D21 W01 D12 o1 D30 L > CK: i
DQ26 W /O 2 H o2 DQ30 —A 10 2 L o2 o PCKTY -> CK: Register
DQZ7 W 10 3 — 103 DQ31 A 10 3 - 103 RESET — &
DASS -t | DSt W - H
DQS8 t —— bas e ! i
W e DQs17 ovMCesbastas| [ovesnos Bagl glgr_xaliforA_ddress and Command
€80 —w 100 1100 cBa —W 100 Vo 0 ‘ arity Function
M- 01 D8 1101 D26 CB5 o1 D17 [1r¥o01 D35 ag | i
CB2 W 110 2 o2 coo o2 Vo 2 ¥°S CO Register A1
CB3 — A 110 3 {1103 CcB7 —WLII03 {103 BE—Ce
RS0 PAR_IN  PPO}
RS1
DOss —W— 1 — Das13 —WA 1 } QERR
DQS4 —W —— — —————  DQS13 A = » <) e | T — BE—
) DUTSDOSOS| [ O 55 00S DG DM 85 DOs Das| [ DMTS bas DaS Voo— CO Register B1
ngg —AM— 100 10 0 DQ36 ~W— 1100 100 VDD ] (34
—~WN— 101 D4 — vc1 D22 DQ37 o1 D13 o1 D3
DQ34 —M- 10 2 — 102 £Q38 10 2 1o 2 PAR_IN PPO
DQ3E ~ W /O 3 10 3 DQ3g —W- 10 3 103 ' par in QERR*-
Bass ; } ; i : DSt W] — P —Err_Out
DQS5 —w~ | L. | [ i
DM TS DQS DGS| | DMCS bas Das|  DWS14 DVTSDQSD0S| | OMGS Das Bas | 100K ohmsS | Vas — G0 Register A2
882? —N— 100 — oo DQ44 —W— 100 — 100 | VDB
—W— 01 D5 o1 D23 DQ4s W 1101 D14 | HO1 D32
DQ42 —N“— 10 2 o2 DQ4as —WH 1D 2 —lwoz2 PAR_IN ...._~PPO
DQ43 — W~ I!/OSI i I|/03I DQ4T —W— '/;03\ = |/|o 3I QERR
DQS6 —AW— — A ]
22 TN 1 - DQs15 11 [ 1] T e———
DQS6 = = entase: s ecsssens I - L —
T bwcspasDas| | oMcs pospas| DAS™S DM C5 DOS DGB| | DMCS DQS BGs || \\;DD Co Register B2
DQ48 —W 110 0 H oo pasz —W— 1100 — 100 PP—C
D49 V- 1101 D6 — o1 D24 DQ53 W1 D15 W01 D33 L——PAR_IN PPC
DQ50 —W— 110 2 "oz DO54 o2 o2 - QERRH
DQST — W= II/O 31 i /03I DQ55 VIO3\ — |/|o 3
DQS7? — W
Bos7 :AM/\ 1 1 bese o L, [ . Register A1 and A2 share the a part of
DM S Dos00S| | oMTSposbos| DQS18 DMTSDQSDQS| | DMCsposDas|!  Addr/Cmd input signal set.
DQS6 —W~— 10 0 [[[e]4] DQBO WM 10 0 oo Register B1 and B2 share the rest part of
DQ57 —M— 01 DP7 101 D25 DEE1 W01 D16 [ V01 D34 ; i i
DAE8 —AM— O 2 Vo2 D082 o 2 10 2 Addr/Cmd input signal set. ;
DQS9 —W— 1/03 4103 DQB3 W 10 3 103 The resistors on Par_In,A13,A14,A15BA2 and
_ . the signal line of Err_Out refer to the section:
S0 — W 12 RS0 -» CS: SDRAMs D0-D17 “Register Options for Unused Address inputs”
81— R — R81->CS: SDRAMs D18-D35
BAQ-BA2 ***— W E RBAO-RBAZ -> BA0-BA2: SDRAMs D0-D35
AD-A1G ™ —A— c I RAQ-RA15-> AD-A15: SDRAMs D0-D35
RAS ——W— P RRAS -> RAS: SDRAMs D0-D35
CAS —wW— s — RCAS -> CAS: SDRAMs DO-D35
WE ———W+ T RWE -> WE: SDRAMs D0O-D35
CKEQ —wW— E — RCKEQ -> CKE: SDRAMs D0-D17 Note:
CKE1 ——W t— RCKE1 -> CKE: SDRAMs D18-D35 ) . " .
oDT0 —w— R | RODTO -> ODTO: SDRAMs DO-D17 1. DQ-to-1/0 wiring may be changed within a nibble.
oDpT1 ———W— — RODT1-» ODT1: SDRAMs D18-D35 2. Unless otherwise noted, resistor values are 22 Ohms + 5%.
RESET** ————RST 3. RS0 and RS1 alternate between the bottom and surface sides of the DIMM.
Sracwr POKTH =
PCK7 2
* S0 connects to DCS and $1 connects to CSR on a pair of Registers. $1 connects to DCS and S0 connects to CSR on another pair of Registers.
*RESET, PCK7 and PCK7 connect to all Registers, Other signals connect to ane 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

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

vSS
RS0
RS15as0 ? ] Serial PD
DRSO —wWh * i DQSS :/Nv‘ — erial
W 1 I — *  m— 1
DGSo DW TS D5 Da5| | DMos pas bas|  D@od DM CSDQS DRS| | DM 8S DQS DOS SCL—» l«—»SDA
DQ0 —W— Koo — o0 DQ4 —A o0 oo wp A‘\O A‘1 A‘Z
DQ1 W o1 DO — Vo1 D18 DQS —W— 1101 D9 —Cc1 D27 A j
DG2 ~W 102 — o2 D8 —WA 110 2 — o2 SAG SA1 SA2
DQ3 W 103 —{ 103 DQ7 W 103 {403
oa o e ew
DQS1 1 L3 +— 2 1 i A
a DM CS DOS DQS | | bM T8 Das 508 DM CS DQS DQS| | DM C§ Das BOs VDDSPD +— Serial PD
DQ8 —W— /00 — 100 DQ12 —W 110 0 — 100 VDDVEDQ  ————F
QO —AMH o1 D1 01 D19 DQ13 —W 01 D10 [ V01 D28 VREF
DQ10 —W |02 vo2 DQ14 —W o2 o2
DQ11 —WH /O 3 o3 DQ15 —M— 10 3 40 3 Vss
bo w1 s w [ [ ]
DAS2 Wt DASN Wt e
DMCS DGS DOS| | oM TS Das Bas DM CS DQS DQS| [ DM TS DOS BAs
8813 —W 1100 M oo ggg? —~W— 110 0 — oo B
W01 D2 V01 D20 M 01 DI 101 D29 CKO ey t— PCKO-PCK8,PCK8,PCK9
DQ18 —W— 0 2 102 DQ22 —A O 2 o2 L -> CK: SDRAMs D0-D35
DQ19 — WA 10 3 L0 D23 —W 1o 3 o3 L e e o
DOS3 | ! ' } 09812 ] f— ERo — | BCKo-PCKe,PCKs, BCKo
DQAS3 Wbt St DQST12 WA i -> CK: SDRAMs D0-D35
DMCS DQs Das| | DM CS bas Das DM €5 DQS &S| | DM CS DQS Das
DQ24 W 1O 0 — 100 DQ28 —AM 10 0 — oo — PCK7 -> CK: Register
DQ25 ~W o1 D3 o1 D21 DQ29 A o1 D12 01 D30 L PCK7 -> CK: Regist
DQ26 —W 1102 o2 DQ30 —W— o 2 o2 — sregister
DQ27 —~W 1103 103 DA3T WA /03 103 RESET— o
DQSE -1 DQS17 ~ W] ]
DASE A e ol 5agy Wt
DMGS DOS DQS| | DM CS DQs Das oM CE bOs BRS| | DMCS DQs Das
CBO —W— /00 — KO 0 ces "WV H00 —| 100 :
CB1 ~Wyo1 D8 o1 D26 cps WM K01 D17 [0t D35 Signals for Address and Command
CB2 —AM 02 — 4O 2 cBs ~WH o2 o2 Parity Function
__ CB3 w03 — o3 cB7 ~WMLIO3 — 103
RSO Register
RS1
DQs4 w T ) DQS13 —W» t ‘ —PAERIN
pas4 DM CS D(IDS b’é’é’ DM TS Das D_clas pQs1s DM GS 0G5 Das DM CS D(‘)S ﬁ PTYERR Gohm :
DQ32 —W 100 10 0 DQ36 —W 1100 — Vo0 PAR_IN - Err_Out:
DQ33 —A~ 01 D4 o1 D22 DQ37 W 01 D13 — HO1 D3 - | Register Err_Out,
DQ34 —A 102 o2 DQ3s —W 10 2 “1vo2 100K ohms |
DQ35 A 10 3 -{yo3 DQ39 —W— 10 3 o3 —|PARIN
Dass  —w—1|—— ]‘ | past4 —W——— A PTYERR
DASS —W——d——e 1 — e * 1 1 !
DM CS DOS DoS| [ oM &S Dos bag|  DQAsK DM CS DOS DQS| | DM T8 DOS DGS : i
DQ40 —AW™ 110 0 H oo DQdd —N— 100 — oo 0 ohm resistor on Err_Out is not
DQ41 —N o1 D5 [ o1 D23 DQ4s ~W 1101 D14~ o1 D32 populated for non-parity card.
DQ42 — M= 1o 2 o2 DQ4s —W 110 2 Y02
DO43 —A— ll/o; — /03[ DQAT —W— 110 3 —1 }¥03 The resistors on Par_In A13,A14 A15BA2 and
%2 ﬂ 1 ] DQs1s W i } T I \ the signal line of Err_Out refer to the section:
DMES Dae bas| | ovEEbas Bag| Das1s DM E2 p0s BGE! | v GS Dos BaE “Register Options for Unused Address inputs”
DQ48 — W /0 0 Koo pas2 —W- 1100 — KO0
DQ49 —W Y01 D6 01 D24 pass "W /G 1 D15 W01 D33
DQ50 N 0 2 Mro2 DQ54 WM 10 2 o2
DQ51T —W ll/oa i /03I DQss W Vlos\ - 03
DRS7  —pw— : ! —W I
DAS7 W 1 = YN I I S [
DM CEDAsS DQs| | pMos basbas| DGS16 DM CS DQS DQS| | M G5 pas Das
DQ56 —N— 1100 = 110 0 DEBO —W— 1100 H Koo
DQ57 ~W 01 D7 101 D25 DQBT ™V 01 D16 | VO1 D34
DQ58 —W— /02 Mo 2 DQB2 —W 102 M o2
DQ59 —W O3 -4 /O 3 DQB3 W 1I0 3 — o3
80" Wy RS0 -> CS: SDRAMs D0-D17
ST —— W R I— RS1-» CS: SDRAMs D18-D35
BAQ-BAZ2 **—A— E RBAO-RBA2 -» BAO-BAZ: SDRAMs D0-D35
A0-AT15 *** —A— c [ RAO0-RA15-> A0-A15: SDRAMs DO-D35
RAS ——wW— L RRAS -» RAS: SDRAMs D0-D35 Note:
CAS s | RCAS -> CAS: SDRAMs DO-D35 1. DQ-to-I/O wiring may be changed within a nibble.
\(’:VEEO 777777777777777 wiT E\é’Eég 1"%&?2@&;52@3% " 2. Unless otherwise noted, resistor values are 22 Ohms * 5%.
CKE E | RCKE1 .- CKE.: SDRAMs D18-D35 3. RE0 and R81 alternate between the bottom and surface sides of the DIMM.
oDT0 ——w— R 1 RODTO -> ODTO: SDRAMs DO-D17
ODTA ~—— W ~ RODT1 -» ODT1: SDRAMs D18-D35
RESET™ ————.—RST
peRyPCKT™ =7
* 30 connects to DCS0 and S1 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(100K ohms), which is not indicated here.
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Proposed

JEDEC internal use only
Architecture DDR2 SDRAM Registered DIMM Design Specification

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

VSs
RS0
RS1 * ] i
@0 ://V‘\/\ 1 . DQSY AW t - Serial PD
baso DMTS DQ5DGS| | oMosbasbas|  DeS? DMCS DS DGS| | DM CS bas Das SCL —= le—»SDA
DQO W 10 0 -~ HO 0 DQ4 —wW— 100 = KO0 WP A0 Al A2
DQ1 -W— o1 Do H W01 D18 DQ5S —~A- 101 D9 K¥O1 D27 [ oo e o
DQ2 A 170 2 ~1 10 2 DOB M- 102 — 102 = SA0 SA1 SA2
DA3 w103 103 DQ7 W 1103 -1 0 3
oot e[ s
Das1 ——— — DGS10 e e e 3 e .
@ DM TS DQS DOS| | DM CS Das oS DM CSDQS DOS| | DM TS Das Bas VDDSPD - Serial PD
DQ8 —WM /00 — Hoo DQ12 — W 1100 — o0
DQ9 —W— ot p1 [ KHO1 D19 DQ13 —M— 01 D10 —HO1 D28
DQ10 - W 102 M Ko 2 DQ14 —M— /o2 o2
DQ11 —W— 1103 103 DQ15 — W 1103 1o
pas2 —w—t |y - ast Wy —
DOS2 —W———t——x* ———r—— DQS1 — Mt — e R
DM CS DOS PQS DM CS DQS DAQS DM CS DQS DQS DM CS DQS DAS
DQ16 —M— 00 — o0 DQ20 —A— 0 0 — WO 0
DQI7 —W— 101 D2 [ W01 D20 DQ2t —W—= o1 DM W01 D28 | CKO— P | PCKO-PCKB,PCK8,PCKS
DQ18 —W /0 2 | uo2 DQ22 —N— )0 2 o2 L -> CK: SDRAMs D0-D35
DQ19 — A 1O 3 — 103 DQ23 —A— 1O 3 .10 L )
DGS3 WA I } ' } \ DQAS12 —W— i i ? 1 | R0 — - PCKO-PCK8,PCK8,PCK9
DQS3 Wb st DQS12 Wt e B -> CK: SDRAMs D0-D35
DM CS DQS DRS DM C3 DQS DQS DM CS DQS DQS DM C8 DQS DQS X
DQ24 —N— 110 0 —yoo DQ28 M 1100 — YO0 — PCK7 -> CK: Register
DQ25 —A ;101 p3 — K01 D21 DQ29 —WM— o1 D12 | 01 D30 L PEK7 -» EK: Reqi
DQ26 —W— 10 2 1 10 2 DQ30 —W— o2 WO 2 [— PCK7 -> CK: Register
DQ27 —A 10 3 — o3 DQ31 —W /03 103 RESET — 0B
DQss | = D817 W= - -
bass ! i ooy BQgI7 i o ‘ : .
—MW e ik DQs17 DM S Das bas! s tosias glg(]alifol Address and Command
CBO — WA 10 0 VO 0 cB4 m oo “|voo arity Function
CB1 —W— o1 D8 [ 101 D26 cBS o1 D17 W01 D35 i
CB2 —A 10 2 o2 Ce W 1102 — 102 Register
CB3 —wW— 103 Hos CcR7 ~W-L 103 103 —PAR_IN
RS0 |
RS 1 ‘
DQst - ! - DaS13 —Wh v — Par In PTYERR
Das4 —wW e {5813 e e o - S :
DMTS DQS DAS! | DM CS DQS DAS DM CS DQS DQS| | DM CS DOS DGS 100K otms Register
DQ32 —N— 100 ~ ¥O 0 DQ36 —W— 00 — 100 Err Out |
DQ33 ~W- 01 D4 |F01 D22 | DpQa7 WM K01 D13 [ V01 D34 PAR_IN T
DQ34 A 1O 2 — 102 DQ38 —W 102 M 1o 2
Dg(;:s A ||/03‘ Lo 3I DQ39 —W l/loaj — 03 PTYERR
DQSs DQASH —W— I .
BAS5 —W—bte N Dasi4 b i
DM CS DQS DQS oM CS DQSs DAS DM CS DQS DOS DM T8 DQS DS | o vrrmr o ermr ot mr s s mr e et ettt st st e e e e e e
DQ40 —A 100 — o0 DQ44 W 1o 0 10 0 : Er Out i
DQ41 —M 01 pP5 o1 D23 DQds M 161 D14 - o1 D32 0 ohm resistor on Err_put is not
D42 —A 110 2 H o2 DAAE —W— 110 2 H o 2 poputated for non-parity card.
DQ43 — AW H —W— .
DASE  —A ||/03‘ /031 pa4r W |/|O 3 o 3 The resistors on Par_In,A13,A14,A15,BAZ and
5ase —A—— L 1 —r _! l — %12 Wt I ! T ‘. »_ the signal line of Err_Out refer to the section:
Qs % ‘85 pesbos; | % ‘(3)5 bas bu % %S bas bas % ‘(')” bQSDAS| Register Options for Unused Address inputs”
W DQas2 W
DQ4S —M— 01 D6 o1 D24 pas3 W01 D15 101 D33
DQS0 —W— 0 2 oz DQs4 W 10 2 o2
DQ51 —W ||/03‘ — K03 DQs5 ~WLNQ3 ~ 10 3
N I | - pasts ~W—f— —
Das7 ~W—d—dde T v NS EE T S [
DMTS 0Os DOS| [ oM Csbasbas| DPAS16 DM CS DQS DOS| | DM G5 DQS Bas
DQ56 WM 10 0 ~ ¥0 0 DQeo —W— 100 — 100
DQ57 ~W 01 D7 1 HO1 D25 DQBT W 01 D16 101 D34
DQ58 ~W |0 2 o2 pae2 —W— 1102 o2
DQ59 —M— 103 — V03 DQB3 —AW— VO 3 103
50+ — W RS0 -> CS: SDRAMs D0-D17
81— R — RS1->CS: SDRAMs D18-D35
BAQ-BAZ ¥ W E RBAO-RBAZ -> BAD-BA2: SDRAMs D0-D35
AQ-A15 ** —W— c RAO-RA15-> A0-A15: SDRAMs D0-D35
RAS —wW— | — RRAS -> RAS: SDRAMs D0-B35
CAS —W-| _ — RCAS-»CAS: SDRAMs D0-D35
WE —wW T RWE -> WE: SDRAMs D0-D35
CKEQ —— Wh E RCKEO -> CKE: SDRAMs D0-D17 Note:
CKE1 ———AN — RCKE1 ->» CKE: SDRAMs D18-D35 . . L .
opT0 ———WM+ R — RODTO -» ODTO: SDRAMs DO-DA7 1. DQ-to-1/O wiring may be changed within a nibble.
ODT1 —W — RODT1 -> ODT1: SDRAMs D18-D35 2. Unless otherwise noted, resistor values are 22 Ohms * 5%.
RESET™ F’Wﬁ 3. R80 and RS1 alternate between the bottom and surface sides of the DIMM.
BCRy+" R~
* 0 connects to DCS and $1 connects to TSR on a pair of Registers. $1 connects to DCS and S0 connects to TSR on another pair of Registers.
** RESET, PCK7 and PCK7 connect to all Registers. Other signals connect to one pair of four Registers.
“* A14-15, BAZ have the optional pull down resistors(100K ohms), which is not indicated here.
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Proposed

JEDEC internal use only
DDR2 SDRAM Registered DIMM Design Specification

Block Diagram: Raw Card Version M
{x72 DIMM, populated as four ranks using 2-high stacked x4 DDR2 SDRAMs)

Architecture

RODTO RODTH RODT1
RCKEQ RCKE1 RCKE1
RS WT R8s RS3
RS0 RS2 ———y RSO RS2 ——
220 I 1 b * I 1 * +
DQSO A DQS iﬁlaﬁﬁﬁi—ms @‘BBEEE Dase -apas Smonec Llbes FmEuEs
— —— BlOxXoa ! | WDoxxao DS ot R URs S BREYRR
DQSO W DQs [SRaNeNe] Das [ARENeNS] Base - DG S0 00 — Dbas OO0 0
DQ3~0 ~ | Da3~ 4 - ~
—~# DQ3~0 00 Da3~0 DQ7~4 -\ DQ3~0 Do —{Daz-0
v DM — DM = DM .| DM
I Y | I O Y S N E . N A
DQST W DQS PhHUuUES - DAS BmuUue s DASIC W DAS RHOL S —{bos BRULEE
—_— ¥XX00 | | sex | ¥Y¥on TN Das
DQS1 -y DOS IOonooo -t DOS O‘(‘)uooo BEGE10 —wd DAs Oi05588 .| Das ‘o|05588
DQI1~8 - ~ — DQ3~ » - L pQ3~
W= DQ3~0 o1 DQ3~0 D19 DQ15~12 -\ DQ3~0 D10 DQ3~0 D28
;— DM — DM ;_ DM —— DM
I O O | I O I T T T I T N S O T
DQS2 -WDQS PBHELDLUELC —{DOS BHowe s DAS1T —wHDAS BhELeC —D0s BmEues
——— —_— ¥ ¥ OO0 _— A alal | e
DO82 i DS IOIC"oooo —bas ©°5588 Bas1 e pas ©° 5588 | bas ‘O|05588
DQ19~16 -\ BSISNO D2 1 83&0 D20 DQ23~20-W DQ3~0 D11 —— DQ3~0 D29
;— — DM — DM
I I \4 T T T T .
DQES3 -WHDOS BhBLEE —{DAS BHEuee pas12 —wpas B oL pes BhOue S
—_— P Navaalal e ¥ X OO | I
DaS3 w4 DaS IQIQ<.>ooo—D<:zs CO8588 basi2 -4 D008 ©CC 5588 | bas ‘°|°5%88
DQ27~24 -\ 83:%0 D3 — g('\,/ll3~0 D21 DQ31~28 -3 DQ3~0 012 — BESNO D30
; — DM o
I T 111 \4 T T 11 T T 1]
DOS8 -MW{DQS BN U LEE L1DAS BmOwe = DOS1T7 W DAS RFHBLEE —Das BRIOIUEL
—_— — PaNaalal —_— | ¥YX 00 i -_—
DQSs  -w- DQS IO|O(.)()OO 1 DQS U‘OOOOO DQS17 - DQS 1005588 — DQS ‘O|06588
CH3~0 M DQ3~0 ! DQ3~0 - -~ ) | DQ3~0
o D8 o D26 CBT-4 W 833 0 b7 o D35
RODTO RODTH
RCKEQ RCKE1 ggggg 28:2};1
RSl ——————— RS3 ———— 7 — =53
iS50 ————| | R§2 —! —, =0 75> X
I 1 h
bost wloos BRELEL oo BRELEE basts wloes BREGEE oos BaguEe| ¥
—_—— — 00X X¥XDa| |— OloXXon i —— Ioloxxoc: rrrrrrrrr ‘O‘OKKC}D
DQS4 -\ DQS QC OO DQS D000 DOS13 W DQS CUODo —DAs QOOO0O0
DQ35~82 W DQ3~0 D4 —DA3~0  p22 DQ39~36 W DQ3~0 D13 t—— DQ3~0 D31
;— DM r-1 DM OM —— DM
I B I \4 I 0
DQS5 -WHDQS B OLEE DS RAmowe e pasia wpos Soooers Ldbos gnamec
—— JE— XX 00 —_— ! XX Q0o Do W W= e D @G|H W W e -
DAs5 -+ DQS IOIOOOOO —pbas ©°5586 bas14 W DS !°|°5588 — Das ‘0‘05588
DQA3~40-W DQ3~0 DS — DQ3~0 D23 DQ47~44 W DQ3~0 D14 — DQ3~0 D32
;- DM —1 DM DM 1 DM
O A O A | I O IO O F T T T T T 1 T T 1T 11
DQSE W DQS (BB DL E & - DAS BH 0 WL - pDasts W pas BHEolc Ldpos Fonaneo
i e ¥y Qoo m—— | Y X OO
DGS6 W DGS |O|QOOOO—DQS L8588 53515 W B8 |°|‘-’5588—BCE ‘0‘05588
DQ51~48 W DQ3~0 D6 - DQ3~0 D24 DQS5~52-M- DQ3~0 D15 L DQ3~0 D33
;— DM — DM ;— DM — DM
T T T T S T T T I
DOS7T W DQS BmOm e L  DOS B e - DQS16 -WHDAS BoEmeE l-boes Broulc
Sosr wibas CO¥¥88 [loms SI6%%35 Sas1s woos 188 ¥85 [oas S8%¥55
DQ59~56 W DQ3~0 o7 - DO3~0 s DOB3~60-WH- D30  pag 1 DQA30 e,
; DM —| DM ; DM — DM
B 270 o o Register
80,2 * l— RS0 -> CS0: SDRAMs DO-D17, RS2 -> C80: SDRAMs D18-D35 oa PARIN PTYERR ™ g
S13%— W 4 [ RS1->T81: SDRAMs D0-D17, RS3 -> T8 1: SDRAMs D18-D35 PAR]'N p Register ERR.OUT
BAO-BAZ ™*~#— R [— RBAO-RBA1-> BAO-BAI: SDRAMs DO-D35 N PN PVERRI o
AQ-A15**—W— p [— RAO-RA13-> AD-A13: SDRAMs D0-D35 .
RAS — W G [~ RRAS-> RAS: SDRAMs D0-D35 SCL-—= le»-5DA
CAS — W | — RCAS -» CAS: SDRAMs D0-D35 o . WP A A1 A2
WE — W g | RWE -» WE: SDRAMs D0-D35 CKO "5~ PCKT -> CK: Register 1 cho o1 ske
CKEQ - WA RCKEQ -> CKEO-1: SDRAMs D0-D17 CKO— L —PCK7 -> CK: Register ]
CKE1 —wW — RCKE1 -> CKEO-1: SDRAMs 018-D35 L ! -
E — PCKO0-PCK6,PCK8,PCKS-> CK: SDRAMs D0-D35
83?1) N R T gggﬁ z SBH gggi\\ms B%Dé& RESET-—0E - PCKO-PCK6 PCK8,PCKY-> CK: SDRAMs D0-D35
N | - : s D18.035  Eon IR !
RESET— mev | * S0 connects to DESO, §1to DCS1 on the first register, S2 connects to DC50, 53 to DCS1 on the second register.
an ave required puil Up resisiors { anms), Not ingicatle ere.
*82and 83 h ired pull istors (100K oh t indicated h
** A13-15, BAZ have optional pull down resistors (100K ohms), not indicated here.

Netlist EX2006
Samsung v Netlist

IPR2023-00455  gAM-NET00027348

Page 17



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)

RODT0 Serial PD
e RODTY —o——
RCKED ROKET SCL—» e SDA
RS0 —— [ ER) RS2 I o WP AD AT A2
20 | i " r——; J;S‘Ao SAT SA2
poso wpos 3 ¥ Rioos B Y & s B ¥ Hloes B ¥ 5 )
Bese - BG8 R ps  © ¢l 5 9
DO7-0 DQI-0 — Da7-0 ¥ L
oV j; o oo N Dﬁ D9 o0 prg gsm g VDDSPD - - Serial PD
- — [ — o ) Y1 VDDVDDQ . = D0-D35
st woos B Y 5 —es [3 L% 'g ps 4 ¥ pRLjoes B ¥ B VREF ooy 0. P35
bt -wpes  ° O o s © S 00 Vss T+ Do-D3s
Dals-s yDar-0 AT D0 pig e
D1 DM F— D ; oM || oM
1 \ N — SR w R I —
DQs2 4 DOS 4 % 'é r— Das 3 %V 5 pos |5 ¥ Hldoes & ¥ & CKO —— Pl PCKO0-PCK86,PCK8,PCKY
Dos2 M DGs r— Das © 90 bas © Ol dpas v 0 I[ -> CK: SDRAMs D0-D35
DQ23~16 - DQT~0 t— par-0 » I _ S = e =
D2 WM DM B2 — DM Bt b o 337—0 b2 CKO — — PCKQ-PCK6E,PCK8,PCKS
— I o ! — -> CK: SDRAMs D0-D35
pass epas 3 ¥ Bldoes 3 ¥ & cos 4 ¥ Hlldees B ¥ B - PCK7 -> CK: Register
5 wooe © O s °© 0 AR A o ¢ | PCK7 -> CK: Register
DR324 DOT-0 . FRaT0 DOF0 po D070 e RESET — 0k
DV3 DM (DM o Ll om
U‘) L|u )l LT T | E— I N Signals for Address and Command
pass  hpos (3 ¢ Bl B ¥ 8 pas |3 ¥ Eldoes 3 ¥ & Parity Function
BaSs DS © L 53 595 0 ol lpm® ° 0 -
CBT-0 4 DQ7-9 L par-0 . | | paro Vss —CO Register A1
ovs o ™ Llgy OB o 022 ow D3 Voo i1
[ - P A — PAR_IN ~ PPO
bost 008 3 % 5 pos 8§ B s [§ ¥ Glqoes 8 Y % QERR
b wb®E ¢ OB s 0 O 5@ ° 0 = o BT
DQ33-32-g DQ7-0 | par- D0 g L1 par-0 Vop— CO Register
D DM ® fou O oM L ow o%2 VoD — G
[T I N I — N PAR_IN PPO
ness wpas 3 Y Bloes [§ Y K pos 3 ¥ Hldoes 8 Y R Par | QERR[-
pogs - Das O 0L 5 o 0 S o 0l lgs 0 0 arn ‘ LEmr_Out
DO47-00- D070 e - D0 e B0 b4 (DO pyg 100k ohms$ | Vs —{CD Register A2
D5 M DM —{omM oM Ll pm VoD — 1
N — I [ L1 1 PAR_IN  PPO
poss wpes 5 Y Bldoos @ ¥ & pos @Y kldoas B Y B T 5=mE
oty jubeid 5 8[| g 0 o X e C g QERR
5oSs M a8 N | 568 55 5 ol s
DQS5~48 - DQ7T-0 l{pa7-0 DO o Ldpor0 ., Register B2
MG DM o Lfoy O oM " Ll ow b \\fgg_ O Register
1 1 T I - I - I —C1
e e B Y Eljos B Y 5 s 3¢ El{os 8 ¥ & PARIN _PFO|
DOS7T - DQS +— bas e o 0l.lpEw o 9 QERR
DQ53-56 4| DQ3-7 || pa7-0 . L par- .
D,\; Y DMJ I Ll om D7 070 g 537 ¥ s Register A1 and A2 share the a part of
B g Addr/Cmd input signal set.
o 20 . . . o Register B1 and B2 share the rest part of
S0, 82 % — W] 12 RS0 -> CS: SDRAMs D0-D8, RS2 -> CS: SDRAMs D18-D26F Addr/Cmd input signal set.
S1,88* —w—| ¥ | —RS1-> CS: SDRAMs D9-D17, RS3 - CS: SDRAMs D27-D35 The resistors on Par_InA13,A14 A5 BAZ and
BAQ-BA2 ***—W—| E —RBAO-RBA2 -> BAO-BAZ: SDRAMs D0-D35 the sianal i fErr OUt refer to th tion:
AD-AT5 ™ —wW-| = |—RAO-RA15-> AD-A15: SDRAMs DO-D35 “Re S.‘%”a O'”t? 0 f”~U utre de/& dod ¢ sec '°t”;,
RAS ——w— 7 —RRAS -> RAS: SDRAMs DO-D35 egister Options Jor Unuse ress nputs
CAS —W— s — RCAS -> CAS: 8DRAMs D0-D35
WE ————WN T —RWE -> WE: SDRAMs D0-D35
CKEO W E RCKEQ -» CKE: SDRAMs D0-D17
CKE1l ———AW\ —RCKE1 -> CKE: SDRAMs D18-D35
oDTo ——w R L _RODTO -> ODTO: SDRAMs D0-D8
ODT1 ———wW RODT1 -> ODT1: SDRAMs D18-D26
RESET** PW@
pCK7" M ]
* 50 (52) connects to DCSO, S1 ($3) to DCS1 on a Register A. §1 (53) connects to DTS and S0 (§2) connects ta CSR on another pair of Register.
** RESET, PCK7 and PCKY connect fo all Registers. Other signals connect to two of four Registers.
***f\’l 3-15;BA2 have the optional pull down resistors(100K ohms), which is not indicated here.
* 82 and 83 have required pull up resistors (100K ohms}, not indicated here.
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Proposed

JEDEC internal use only
DDR2 SDRAM Registered DIMM Design Specification

Architecture

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

VSS
RSO
R8T Dase —w— i DASE —A— 1 Serial PD
Baso —W— [, N L, I
DV TS D0 DOS| | oM s posbas|  D@S? DM CS DQS DQS| | oM CS DS BAs SCL —» (= SDA
DQO —wW— 110 0 100 DQ4 —W— 100 — 100 WP AG A1 A2
DAl —M— )01 DO [ 1¥O1 D18 DRS —W 01 D9 [ ¥O1 D27 1 cho sh1 shz
DQ2 —wW— 02 102 DQE —W 102 o2 ==
DQ3 W 103 Q3 DQ7 —W— 1103 Y03
past w1y - Dasto w——— -
past DMCSDOSDQS| | DM CS DGS Das DM G5 DQS BGS | | DM GS DS BGS R — -t~ Serial PD
DQ8 —W /00 oo DQ12 —W 0 0 — oo VDDNVDDQ - D0-D35
DQS —WH 101 D1 —HO1 D19 DQ13 —~M 101 D10 o1 D28 VREF
DQ10 —W 0 2 1woz2 DQ14 —W— 1o 2 102
DA —W— 1103 10 3 DQ15 —W— /0 3 — 103 Vss
VA I 1 N B -
PRS2 Wb ——t———  DQS1 —Wr—tedyee e
DM CS DQS DQS bM C8 DQS DQS DM CS DQS DQS DM CS DQS bas
DQ16 W jj0 0 — oo DQ20 —W 110 0 4O 0
Bg}g - /01 D2 01 D20 ggg; W ict D1 rot1 D29 CKO e *E ----- PCKO-PCK6,PCKS8 PCK9
—M= 02 110 2 N 102 Vo2 R . ¥
Da19 05 o Da2s o s ] ios 0 > CK: SDRAMs D0-D35
VA 1 ooste w1 H— TRO — . PCKQ-PCK6,PCK8 BCKO
bass DV CE DuS BOB| | DM &S D0s BaE ~ DM G5 DGS 508 | | DM G5 DGS BGS > CK: SDRAMS D0-D35
DQ24 —M 1O 0 10 0 8833 —W oo H oo L PCK7 -> CK: Register
DQ25 —A 101 D3 101 D24 WOt D12 V01 D3O L PCK7 -» CK- i
DQ26 —WV /O 2 Huo2 DQ30 — W 10 2 H o2 o PCK7 -> CK: Register
DQ27 W 110 3 1103 DQ3T WA O 3 Q3 RESET— 0E
0ass —w—f—— b Q17 —M——— H
D088 — WAt 41— DS Wt =
DM CS DS DQS DM CS DQS DQS D CS DQS DQS DM C5 DQS DQS
CBO —AW~ 1100 1 HO 0 cB4 W OO0 YO 0 :
gg; ~M- 01 P8 M K01 D26 cgs WM W01 D17 01 D35 Signals for Address and Command
W02 — vo2 cBs W Ho2 Vo2 Parity Function
,,,,,, CBS W 103 40 3 Cp7 W03 H o3 y
RS0 Register
RS1
DQs4 ﬂN\ﬂNP 7 } DQS13 ,:\N% 1 | rPAERlN—
pas4 DMCS DOS BaB| | ov Cs pas bag|  PoST8 DM G5 DQS GO8| | DM C5 DQs Das PTYERR 71 Oahm
DQ32 —M 1100 H 100 DQ36 ~W— 1O 0 —1 WO 0 PAR_IN 5 - LB o
DQ33 W 01 D4 [ UO1 D22 | DQI7 WS W01 D3 VOt D31 - Register | BT Out
DQ34 —W— [j0 2 Vo2 DQ38 ~W— 10 2 M Ho 2 100K ohrms ¢ |
DQ35 —AM 1O 3 H103 DQ39 —W IO 3 —L 103 ~|PARIN
A 3 pasts —w—| | 1 1 PIYERR™
DAS5 —Wh—tefege sl BES e I e e
DM CS DQS DQS bM C3 DQS DQS bM CS DQS BQS DM CS DQS DO . —
DQ40 —W— 100 oo DQ44 —W 110 0 Vo 0 0 ohm resistor on Err_Out is not
DQ41 WM~ 1101 D5 =101 D23 pQ4s WV 0T P14 o1 D32 populated for non-parity card.
DQ42 —N 102 1102 DQ4s —W 110 2 ¥o 2
DQ43 — W] |i/oa1 — /o:a‘l DQ47 —W /03 H¥03 The resistors on Par_in, A13.A14.A15.BA2 and
%g B [ pasts ~W——f——1 1 the signal line of Err_Out refer to the section:
DMCS DQs Das| [ DM es basbas| DAS1S DM GS DGS BGS| | DV CS DoS DB "Register Options for Unused Address inputs”
DQ48 —W— /0 0 Y00 pasz ~W— 100 WO 0
DQ49 ~WM IIC1 D6 (1101 D24 poss WM K01 D15 M vet D33
DQ50 —W 10 2 1v02 pass ~WH 102 1O 2
DQ51 - W ilo:aI /03I DQ5ss —W |103‘ — II‘O 3
DQS7 W~ M
BOS7 — W I — paste L Ll L]
DM CS DQS DGS bM CS DQS DQS DQs18 DM CS BQS bDQs DM CS DQS DQS
DQ56 —M— 1100 170 0 DQBo —W 110 0 1 WO 0
DQ57 —A 101 D7 01 D25 DQEY WM UG D16 1 ¥O1 D34
DQ58 —W™ /02 110 2 DQB2 M= 110 2 1 HO 2
DQ59 —W 110 3 1103 DQB3 —AM 110 3 — W03
50 2 RS0 -» CS: SDRAMs DC-D17
St W R — RS81 -> CS8: SDRAMs D18-D35
BAQ-BAZ W E RBAC-RBAZ -> BAO-BA2: SDRAMs D0-D35
AQ-A15 ¥ —AW— c RA0-RA15-> A0-A15: SDRAMs D0O-D35
RAS — W L RRAS -> RAS: SDRAMs D0-D35 Note:
\%%S 7777777777777777 v W\” 1s [ RCAS '>...Q£\_53 SDRAMs DO0-D35 1. DQ-to-1/O wiring may be changed within a nisble.
T RWE -> WE: SDRAMs D0-D35 2. Unless otherwise noted, resistor values are 22 Ohms # 5%.
CKED g [ RCKED-> CKE: SDRAMs D0-D17 3. R50 and RS1 altemate between the bottom and surface sides of the DIMM
CKE1 ———W" — RCKE1 -> CKE: SDRAMs D18-D35 : :
opT0 ——w— R |— RODTO -> ODTO: SDRAMSs D0-D17
onT] ——W — RODT1 -> ODT1: SDRAMs D18-D35
RESET* o= RST
oy POKT™ =
* 50 connects to DCSQ and S1 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{100K ohms), which is not indicated here.
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Proposed
JEDEC internal use only
Architecture 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
RS0
RS baso —wr ' — DGSs —W: . — ___SeralPD__
paso W DM €5 DOS BOB| | DM S DGS DGB 5ase DMGS DOS BOB| | DM 8 DS DOS seL le—»S DA
DQ0 —W— 1100 oo DQA —WM—= 100 oo WP AD A1 A2
bat —wW— o1 Do [ Ho1 D18 DRS W o1 D9 [ WO1 D27 3 1
DQ2 W02 M o2 DQB —AM O 2 H o2 b SAC SAT SA2
DQ3 —wW— 103 | 403 DQ7 —W 103 .03
past w- | | v | pasto ~w— | | 1 ||
DQS1 — e 1 e — o 1 .
Q DMCS DQSDQS| | DM CS DOS DQS DMCS DQS DQS| | DMCS DS DQS i — L L
DQ8 —W— 100 — oo DQ12 —A— 1100 1 Vo0 VDDVDDQ g DO-D35
DQS —M— o1 D1 — ¥O1 D19 DQ13 —AMi/01 D10 [ VOt D28 VREF
DQ10 —W 02 1102 DQ14 =AM 110 2 1 o2 1T DO-D35
D1 —A— 1103 — 103 DQ15 — W~ /03 Lo 3 Vss +— D0-D35
oo we [ [p ||| owmswee [[7 [
DQS2 —W———— ——t——._  DQS1 —W ——— e e e B
DM CS DQS DQS DM CS DQS DOS BM CS DQS DQS DM CS DQS DQS
DQ16 —W— 100 oo DQ20 — A 10 0 — oo
DQ17 —W— o1 D2 [ WO1 D20 DQ21 M= 101 D11 o1 D29 CKO - Pl PCKO-PCK8,PCK8,PCKS
DQ18 — WA 0 2 = WO 2 DQ22 —A-1 1j0 2 WO 2 L -> CK: SDRAMs D0-D35
DQ19 —w— 03 H o3 DQ23 —W 103 103 L )
DQS3  — A ! | ' ; | DOS12 —W— i ; ' } ! ! ERo — . PCK0-PCK8 PCK8,PCK9
DQS3 W S—1—— _  DQS12 W e -> CK: SDRAMs D0-D35
LM CS DQS DAS DM CS DQS DAS DM CS DQS DQS DM CS DQS DS R
D24 — A 1100 Hroo DQ28 —A— 1O 0 H oo — PCKY -> CK: Register
DQ25 —W 101 D3 | 01 DQ29 —W- o1 P12 [ o1 D30 | PCK7 -> CK: i
DQ26 —WH O 2 Vo2 b2t DQ30 —A o 2 1o 2 o PCK7 -» CK: Register
DQ27 W 103 ~L103 DQA3T —W— 110 3 -1.rQ RESET— ¢
DQAS8 — A ! ' } DAS17 — A —]——¢ | |
DQSE W ——r—=__  DQS17 W I
DM C8 DQS DAS DM CS DQS DOS DM C8 DQS DQY DM CS DS DQS
CBO —A 100 100 cBa WM KOO — voo
CB1 A 101 D8 1101 D26 ces W01 P17 K01 D35
CB2 ~W (102 o2 CBB Vo2 Vo2
. B w03 103 cB7 ~W-I03 - 103
RSo
RS1
bast M 1 - DAS13 Wy ] |
Dass —W- DM GE pas D08 DM cs D(‘l 65"' Das13 M OM CS DQS DOS Ssposbos
S S A DM CS PQS DQS
DQ32 —W—= /0 0 — #O0 DQ36 W H0 0 — 1100
DQ33 —W— 101 D4 [ HO1 D22 DQ37 "W /01 D13 [T{ 01 D31
DQ34 —N 0 2 M o2 DQ38 WM 0 2 o 2
DQ35 —AM 1o 3 K03 DQ3g —W1I03 — Vo3
R i 1 e i =
DMCS DQSDGS | | DM Gs bas bas| D@S14 DM TS Des DO5| | OM 65 £OS DOB
DQ40 WA /0 0 1o 0 DQ44 —W 1100 — Voo
D4t V101 D5 HO1 D23 DQ45 W01 D14 01 D32
DQ42 —W— 110 2 W02 DQ4s ~W— 102 o2
DQ43 — A ||/03I = IN/OSI DQ47 —W 103 .03
bass —~w—{ 11 - Dasts W1 -
DM T5 DOs Das | | pMcs basbas| DPASTS DM TS5 DQS LS | | DMLS DQS DS
DQ48 —~W /0 0 oo pasz WA 100 — o0
DQ4Y —W 1101 D6 [ HO1 D24 pass W W01 D15 o1 D33
DQSO — WV 10 2 -1 Ho2 DQ54 ~WH 1102 o2
DO51 —W ||/o3I H |‘/03 pass —WI03 103
Bay WLt 11 owsey | mmi
DM E8 Das BGE| [omcs basbos| DAS16 DM CS DOS DQS| | DM CS bQs Das
DQS6 —W— /0 0 | Voo DQBO W 100 — Voo The resistors on Par_In,A13,A14,A15BA2 and
ngg A :58 ; b7 O Illgé D25 ggg; “ﬁ Illgé D16 :’,g% D34 the signal line of Err_Out refer to the section:
DQ59 —AA /0 3 1 o3 DAB3 —W— 110 3 | 03 “Register Options for Unused Address inputs”
— _— [ Signals for Address and Command Parity Function
$0* ———wH, — RS0->CS: SDRAMs DO-D17 Vss |1 Register 1 |Voo—{c1 Register 2
S1*———w— ¥ — RS1->CS: SDRAMs D18-D35 Vs gy Voo—| 02
BAQ-BAZ ***—W— — RBAO-RBAZ -> BAO-BA2: SDRAMs DO-D35 ., [ L sevEmET P Oohm
AOATS " —W-| B — RAQRATS-> AO-A1S: SDRAMs DO-D3G = Parin,, (-~ paRNt - PPO! N Eemer Jw—Em_Out
RAS — W 77— RRAS -> RAS: SDRAMs D0-D35 100K chme.
CAS — W+ — RCAS -> CAS: SDRAMs D0-D35 ; ; :
pra IS o T Register 1 share a part of Addr/Cmd input signal set.
WE W [ RWE -> WE: SDRAMs DO-D35 Register 2 share the other part of Addr Cmdgmput signal set.
CKECQ W E | RCKEOQ -> CKE: SDRAMs D0-D17 O ohm resistor on Err_Out is not populated for non-parity card
CKE1l ——— W ~ RCKE1 -> CKE: SDRAMs D18-D35 Note:
opT0 ——w R RODTO -> ODTO: SDRAMs D0-D17 - . " )
QDT sV i~ RODT1 -» ODT1: SDRAMs D18-D35 1. DQ-to-fO wiring may be changed within a nibble.
RESET** - ———fRST | 2. Unless otherwise noted, resistor values are 22 Ohms + 5%.
BCK7* PCK7** = 3. RS0 and R81 alternate between the bottom and surface sides of the DIMM.

* 50 connects to DCS and $1 connects to GSR on Register 1. $1 connects to DCS and S0 connects to TSR on Register 2.

** RESET, PCK7 and PCK7 connect to both Registers. Other signals connect io one of two Registers.
*** A13-15, BA2 have the optional pull down resistors{ 100K ohms}, which is not indicated here.
**** For Raw Card W, post register A14, A15 are not connected to the SDRAMSs.
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Proposed
JEDEC internal use only
DDR2 SDRAM Registered DIMM Design Specification Architecture

Differential Clock Wiring CKO, CKO

Reference + Z ps

Clock Referenceij —————————————————————— 4
____________________ ]

iReference + Y ps

|
|
|
\ PLL |
\ |
Ons (nominal) \ OUT1 120 ohms |
\ + 5% |
CKO T |
120 ohms % IN | )
—— +5% p
CKO : /
‘ /
/
! Reg.A | /
120 ohms L 3
+ 5% 3 N
c* ° OUTN ce % 120 ohms
- é Feedback In = +5%
o Feedback Out -

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 ocutputs will be wired in a similar man-
ner.

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

3
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 Tgkorrser) (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 CK/CK input balls of the DRAMSs) 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 desighed 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

Revision 3.91 Page 21
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JEDEC internal use only
Component Details

Proposed

DDR2 SDRAM Registered DIMM Design Specification

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._2.07 MQ_2.42
variation variation
A, B,C,F,G,H 11.3(12.3 " ymm x 21.0 mm Planar DJ-z, DM-z -
D, K 1152125 "2 )y mm x 21.0 mm Stacked - AA, AD
E 13.0 'mm x 16.3 mm Stacked - AA, AD
J, L 11.0mmx 11.5 mm Planar DJ-z -
M 120 mmx 11.5 mm Stacked - AA
N 11.0mmx 11.5 mm Planar DJ-z -
P 13.5 'mm x 16.5 mm Stacked - AA, AD
R 120 mmx 11.5 mm Planar DJ-z -
T, U 11.0 (120" Yy mm x 11.5 mm Planar DJ-z -
\4 12.0 mm x 10.0 mm Planar DJ-z -
W 12.0mmx 11.5 mm Stacked - AA
Y 12.0mm x 10.0 mm Stacked - AA
AA 12.0 mm x 20.9 mm Planar DJ-z AA
AC 12.0 mm x 11.5 mm Planar DJ-z -
1. Supported only if no decoupling capacitor is placed in between the DRAMs
2. 0.4 mm DRAM to DRAM spacing
- Max Width -
OO oo
1234567889
A 00O
B Q0O
C 000 -
D OO0 D
c
E o)
F |
x
G ©
H =
J
K
L
Note: Dotted circles indicate the location of support balls of Variation DM-z
Page 22 Revision 3.91
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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 balls (MO-207 Variation DJ-z, 60Balls FBGA 0.8mm x 0.8mm pitch)
x4 Ballout of DDR2 SDRAMs (Top view) x8 Ballout of DDR2Z SDRAMs (Top view)

1 2 3 7 8 9 1 2 3 7 8 9

Ai VDD NC VSS VSSQ | DQS | vDDQ VDD ——Rggs VSS VSSQ | DQS | vDDQ
Bi NC VSSQ DM DQS | VssQ NC DQ6 | VSSQ R%“é/s DQS | VSSQ & DQ7

CIVDDQ DQ1 I VDDQ | VDDQ | DQC  VDDQ VvDDQ | DQ1  VvDDQ | VDDQ | DQO | VDDQ
Di NC VSSQ | DQ3 DQ2 | VSSQ NC DO4 | VSSQ @ DQ3 DQ2 | VSSQ = DQ5

E! VDDL VREF | VSS VSSDL i CK VDD VDDL | VREF | VSS VSSDL :  CK VDD

F CKE WE RAS CK oDT CKE WE RAS CK oDT

G! BA2 BAO BA1 CAS Cs BA2 BAO BA1 CAS [

H A10 A1 A2 A0 VDD A10 A1 A2 A0 VDD

J i vss A3 A5 AB Ad VSS A3 A5 AG Ad

K AT AQ A1 A8 VSS A7 A9 A1 A8 VSS

L vDD A12  A14NC | A15NC i A13,NC VDD A12 | A14NC A15,NC  A13,NC

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

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 Ballout of DDR2 SDRAMs for Stacked DIMM (Top view)

AL VDD = NC  VSS  VSSQ DGS @ vDDQ
B. NC  VSSQ DM DOS  vSsQ = NC
C.vDDQ D01  VDDQ VDDQ DQO | VDDQ
e e e e
E VDDL | VREF @ VSS  VvSSDL CK . VDD
F CKEO WE  RAS CK oDTO
G BA2 BAO BAl  CAS  C80 Cs1
T R . ph— e
J. vss @ A3 A5 A6 A4 ODT1
K A7 A9 A1 A8 | VsS
L. VDD = A12 A14NC AI5NC A13NC

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.
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Proposed

JEDEC internal use only
DDR2 SDRAM Registered DIMM Design Specification

With support balls (MO-207 Variation DM-z, 68 Balls FBGA 0.8mm x 0.8mm pitch)
x4 Ballout of DDR2 SDRAMSs (Top view) x8 Ballout of DDR2 SDRAMs (Top view)

1 2 3 7 8 9 1 2 3 7 8 9
A e ] e =] = =1 Tie v ]
B
c
D
E. VDD @ NC | VSS | vSsQ DQGS  VDDQ VDD RI\EI)%IS vss | vssQq Das | vbba
Fi. NC | vssQ | DM DOS  VSSQ @ NC DO6 | VSSQ R[I;'\é)/s DQS  VSsQ | DQ7
G vDDQ | DQ1 | VDDQ | VDDQ DQ0 = VDDQ vDDQ = DQt1 | VDDQ | VDDQ DQO | VDDQ
e Mo | e e A ot e T e T o Tvena | pas
J VDDL | VREF = VSS | VSSDL CK | VDD . VDDL | VREF | VSS . VSSDL CK | VDD
K CKE | WE RAS CK  oDT CKE | WE RAS CK . oDT
L. BA2 = BAO | BAf CAS  CS BA2 = BAO | BAT CAS  Cs

R L B o B T R e e —
N Vss | A3 A5 A6 A4 vss A3 A5 A6 A4

P A7 A9 A1 A8 VSS A7 AS A1 A8 vss

R, VDD = A12 A14NC AI5NC A13NC L VDD | A12 | A14NG  AI5NC AI3NC

- :

U
v
W =] = =] NN

1. The thick line area indicates the minimum ball out for x4 and x8 DDR2 SDRAMs.
2. NC balls on A1, A2, A8, A9, W1, 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 A1 & AZ 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 Ballout of DDR2 SDRAMSs for Stacked DIMM (Top view)

1 2 3 7 8 9
e

B

c

D

e voo | nevss Uvesa  Das  vopa
F. NC | VSSQ @ DM DQS VSSQ @ NC
G VDDQ . DQ1 | VDDQ || VDDQ DQO | VDDQ
H. NC  VSSQ & DQ3 DO2 | VSSQ  NC
J VDDL | VREF | VSS @ VSSDL CK = VDD
K CKEO WE RAS CK | ODTO
L BA2  BAO | BAf CAS GCso  ©st
M| CKE1 = A10 Al A2 A0 VDD
N Vvss | A3 A5 A6 A4 ODTI
P A7 A9 A1 A8 Vss
R. VDD = A12  A14NC  A15NC A13NC

;

S e S
e
w

2. NC balls on A1, A2, A8, A9, W1, W2, W8 and WS 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 A1 & 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)

JEDEC internal use only

x4 footprint on PCB (Top view) x8 footprint on PCB (Top view)
o 2 3 7 9 1 2 3 7 8 9
A NU NU NU NU NU NU NU
B
c
e e T
""" E NU NU NU NU NU NU
T = - T o - = - - - -
G NU NU NU NU NU NU NU NU NU NU NU NU
H . VDD NC vss  vss  DQS | VDD VDD  RDQS  vss vss = DQS | vDD
J . NU  VSS DM DQS  VSS | NU DO6  VSS R%'\é/s DOS = VSS | DQ7
K VDD DG VDD | VDD  DQO @ VDD VDD DQ1 VDD | VDD = DQO | VDD
R T S S e e Bl R e e s e e
M | VDD = VREF  VSS VSS = CK | VDD VDD  VREF = VSS . VSS = CK | VDD
N CKE WE RAS CK oDT CKE WE RAS CK oDT
P . BA2 BAO  BA1 . CAS  CS “ BA2 = BAO | BAI CAS ¢S
. e L e P e T
T . vss A3 A5 AG A4 VSS | A3 A5 AB A4
u AT A9 A11 A8 | VSS A7 A9 Al1 A8 = VSS
V. VDD | A12 . A4 AI5 . AI3 VDD | A12 A4 A15 | AI3
- :
Y :
AA L NU . NU k U NU NU NU
o W N W N o

1. Above coordinates of footprint corresponds to previous ballout 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. “NUJ” 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 balls 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)

x4 footprint on PCB for Stacked DIMM (Top view)

1 2 3 7 8 9
A NU NU NU NU
A . v
NU NU NU
..... TR ST
vss | DGS | VDD
DAS = VSS NU
VDD | DQO | VDD
______________________ or vss "
VSS CK VDD
RAS CK | ODTO
CAS = CSo | C31
R VIS R o e o o
vss A3 A5 AB A ODT1
‘ A7 A9 A1 A8 | VSS
VDD A12 A14 A15 A13
NU NU
_________________ TR T B

1. Above coordinates of footprint corresponds to previous ballout of DDR2 SDRAMSs.
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 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

DDR2 SDRAM Registered DIMM Design Specification

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

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

JEDEC internal use only

1:2 Register A (C0=0,C1=1)

1 2 3 4 5 6
A DCKE NC QCKEB

B D2 DNU Q28
: e S g S e
D DODT NG QODTB
E D5 DNU Q5B
F D6 DNU Q6B

1 2 3 4 5 8
...... A B T D1 NC VREF VDD Q1A mB
B D2 DNU GND GND Q2A Q2B
c D3 DNU VDD VDD Q3A Q3B
D ............... D4 .................... NC ......................... GND GND .................. Q4A ............... Q4B .........
E ............ D5 .......... DNU .............. VDD ............... VDD ................... Q5A ................ Q o
F D6 DNU GND GND Q6A Q6B
G NC RST vDD vDD C1 Cco
H w DCS ....... oD oD GEEA QCSB .........
J CK CSR VDD VDD ZOH ZoL
K D8 DNU GND GND QB8A Q8B
L D9 DNU VDD VDD QBA 9B
o e DNU ....... oD oD aion Q 108 ...........
N DODT DNU VDD VDD QODTA QODTB
P D12 DNU GND GND Q12A Q12B
R D13 DNU VDD vDD Q13A Q13B
...... T DCKE S - DNU VREF Voo GOKER QCKEB
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Proposed
DDR2 SDRAM Registered DIMM Design Specification

JEDEC internal use only

1:1 Register (C0 =0, C1 =0)

: P g P . :
A DCKE v NC VREF VDD  QCKE DNU
- e s e Do
: = e e S = o
- oo o — e i o o
E D5 ‘ D17 VDD VDD : Q5 Q17
F D6 D18 GND GND Q6 Q18
G NG RST VDD VDD c1 co
H CK DCS GND GND Qcs DNU
J K TSR VDD VDD ZOH ZoL
......... e S S e
L D9 D20 VDD VDD Qg9 Q20
M D10 D21 GND GND Q10 Q21
N D11 D22 VDD VDD Q11 Q22
,,,,,, T T T T e
R D13 D24 VDD VDD Q13 Q24
T D14 D25 VREF VDD Q14 Q25

N
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 (C0=0,C1=1)

........................................... 1 2 34 5 6
A DCKE PPO VREF VDD QCKEA QCKEB
B D2 DNU GND GND Q2A Q2B
c D3 DNU VDD VDD Q3A Q3B
....... D - DODT QERR [ GND GND QODTA QODTB
E D5 DNU VDD vDD Q5A Q5B
F D6 DNU GND GND QOBA Q6B
...... G PAR |N RST [ VDD VDD C1 Co
...... H CK DCS GND GND QCSA QCSB
J CK CSR VDD vDD ZOH Z0L
K D8 DNU GND GND Q8A Q8B
. L Dg .................... 5 NU .................... VDD ...................... V DD .................. QgA QgB .........
M D10 DNU GND GND Q10A Q108
N D11 DNU vDD vDD Q11A Q11B
P D12 DNU GND GND Q12A Q12B
....... R D13 DNU SRS B Voo s aran Q133
T D14 DNU VREF vDD Q14A Q14B

1 2 v 3 4 5 6
A e e . — — e —
: > i e S o o
c D3 DNU ' VDD VDD Q3A Q3B
D D4 QERR GND GND Q4A \ Q4B
: e e e s e S
. o o e o e g
G PAR_IN RST VDD VDD C1 co
H CcK DCS GND GND QCSA Qcse
.......... e e S L S SO SO
K D8 DNU GND GND Q8A Q8B
L D9 DNU VDD VDD QoA Q9B
T e e e e S
e e O e S s e
p D12 DNU GND GND Q12A 012B
R D13 DNU VDD VDD Q13A Q13B
e — e e o e e P
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Proposed

JEDEC internal use only
DDR2 SDRAM Registered DIMM Design Specification

1:1 Register (CO0 =0, C1=0)

1 2 3 4 5 6
A DCKE PPO VREF VDD QCKE ~ DNU
...... R o o e
C D3 D16 VDD : VDD Q3 Q16
D DODT QERR GND ‘ GND QODT  DNU
E D5 D17 VDD VDD Q5 Q17
5 S " g P s Core
5 S e e o - -
H CK DCS GND GND Qcs DNU
J TK CSR VDD ’ VDD ZOH ZoL
. e e e o P e
- - - o e - o
M D10 D21 GND GND Q10 Q21
§ e e R e o P R o
......... e e S
. o - pm——— e o o
T D14 D25 VREF vDD Q14 Q25
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 SSTU32865/SSTUA32S865/SSTUA32D865/SSTUB32865
1:2 Register with Address and Command Parity Function (Top View)

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

1 2 3 4 5 6 7 8 9 10 11 12
T S e S T et o s L e
B DI D2 NG NG NC  QCKE1B QCKEOB: Q21B = Qi9B = Q18B  QODTOB QODTOA
c D3 D4 QODTIB QODTIA

‘D D6 D5 VDDL | GND NC NG GND  GND Q20B = Q20A
e e et = e e e
F DU D9 VDDL | GND VDDR  VDDR QB QIA
G DI8 D12 VDDL = GND VDDR = VDDR Q2B Q2A
H CSE?\late D15 VDDL | GND GND = GND Q5B Q5A
J cK | DCso GND = GND VDDR  VDDR QCSOB = QCSOA
K GCK . DCSt VvDDL | VDDL GND = GND OCS1B  QCS1A
L RESET D14 GND | GND VDDR = VDDR Q6B Q6A
R O e Mo S e e
N D17 D16 vDDL | VDDL VDDR = VDDR QB = QoA
P D19 D21 GND | VDDL = VDDL VDDR | VDDR = GND Q1B Q11A
e e T B Bt e e e
e e
U DCKEO DCKE! MCL PTYERR, MCH Q3B  Q12B . Q7B Q4B QI3B QOB = Q8B
vV VREF = MCL  MCL NC . MCH = Q3A Q12A  Q7A  Q4A  Q13A | QOA  Q8A

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.

Netlist EX2006 Page 33
Samsung v Netlist

IPR2023-00455 g AM-NET00027364



Proposed
DDR2 SDRAM Registered DIMM Design Specification

JEDEC internal use only

Pin Assignments for
SSTU325868/SSTU32D868/SSTUA32S868/SSTUA32D868/SSTUB32868
1:2 Register with Address and Command Parity Function (Top View)

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

Regqister A (C =0)

1 2 3 4 5 6 7 8
D2 D1 co GND VREF GND QA1 QB1
B D4 D3 VDD VDD VDD VDD QA2 QB2
D6
c D5 GND GND GND GND QA3 0B3
(DCKE1)
D8
D D7 VDD VDD VDD VDD QA4 QB4
(DCKEO)
E DY Qne GND GND GND GND QA5 QB5
(QACKE1)
F D10 QAS VDD VDD VDD VDD QA7 uBo
(QACKEO) : (QBCKE1)
G D11 QA10 GND GND GND GND QA9 QB7
oB8
H D12 QA12 VDD VDD VDD VDD QA1
(QBCKEOQ)
D13 QA13
J GND GND GND GND QB10 QB9
(DCS1) (QACS1)
1
K D14 QA4 VDD VDD VDD VDD OB12 QB11
(DCSO0) (QACSO0)
L CK CSGateEN . PARIN GND GND GND uB14 uB13
(QBCSO) © (QBCS1)
— ___ — QB15 QB16
M CK RST PTYERR VDD VDD VDD
(QBODT0)  (QBODT1)
D15 QA15
N GND GND GND GND QB17 QB18
(DODTO) | (QAODTO)
D16 QA16
P VDD VDD VDD VDD QB19 QB20
(DODT1) | (QAODT1)
R D17 QA7 GND GND  GND GND QA18 oB21
T D18 QA19 VDD VDD VDD VDD QA20 QB22
U D19 QA21 GND GND GND GND QA22 QB23
v D20 QA23 VDD VDD VDD VDD QA24 QB24
W D21 D22 GND GND GND GND QA25 QB25
Y D23 D24 VDD VDD VDD VDD QA26 QB26
AA D25 D26 GND GND GND GND QA27 QB27
AB D27 D28 NC VDD VREF VDD QA28 QB28

1. NC denotes a ball that is not connect to the die.
2. CSGateEN is Tied High.
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Proposed
DDR2 SDRAM Registered DIMM Design Specification

JEDEC internal use only

Register B (C = 1)

: o " : S o =
A D2 D1 co GND VREF GND QA1 QB1
B D4 D3 VDD vDD | VDD vDD QA2 QB2
c D6 D5 GND GND = GND GND QA3 QB3
D D8 D7 VDD VDD VDD VDD QA4 QB4
E D9 QA6 GND GND GND GND QA5 QB5
F D10 QA8 VDD VDD VDD VDD QA7 QB6
G D11 QA10 GND GND GND GND QA9 QB7
H D12 QA12 VDD VDD VDD VDD QA11 QB8
D13 QA13
J GND GND GND GND QB10 QB9
(DODT1) | (QAODT1)
D14 QA14
K VDD VDD VDD VDD QB12 QB11
(DODTO) | (QAODTO)
L | CK CSGateEN PARIN GND | GND GND w14 QB13
(QBODTO) . (QBODT1)
_ __ _ QB15 QB16
M CK RST PTYERR VDD vbD | VDD
(QBCS0) (QBCS1)
D15 QAI15
N GND GND GND | GND QB17 QB18
(DCS0) (QACS0)
D16 QA16
P VDD VDD VDD VDD QB19 QB20
(DCS1) (QACS1)
R D17 QA17 GND GND GND GND QA18 aB21
(QBCKE0)
T D18 QA19 VDD VDD VDD VDD QA20 QB22
QA21 : QB23
U D19 GND GND GND GND QA22
(QACKEQ) (QBCKE1)
vV D20 QA23 VDD VDD VDD VDD QA24 QB24
(QACKE1)
D21
w D22 GND GND GND GND QA25 QB25
(DCKEQ)
Y D23 D24 VDD VDD VDD VDD QA26 QB26
(DCKE1)
AA D25 D26 GND GND GND GND QA27 QB27
AB D27 D28 NC VDD VREF : VDD QA28 QB28
1. NC denotes a ball that is not connect to the die.
2. C8GateEN is Tied High.
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Proposed

JEDEC internal use only
DDR2 SDRAM Registered DIMM Design Specification

Pin Assignments for
SSTU328869/SSTU32D869/SSTUA32S869/SSTUA32D869/SSTUB32869
1:2 Register with Address and Command Parity Function (Top View)

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

I 2 3 4 b i 7 Q {4 1
& WIS VIR ettt 1 ppeni® LD YREF OGN | papied® | wepl Vi | Feemed
Bl owon HE EaEIN) R €N £ €Il i VI Mk VI
O QeEEA VDI ) G NH 3 NH T M VTAD CGOKER
i ona VDI CNT s KR Wk D3 NR NI VTAD i2H
E A VI W 03 WR N wE DODT NE Cn O3B
¢ | oonTA VDD CINTY MR NE R N NR CIND I CINTH
GOl osa VDD NI 11 wR CLE wR % N VI QAR
H % H GM I ni NE wE N NB CIND N ()65
1| DUEA WL 1) W NE RESET NB [#97 W I TR
K| won VI GN I D KR NE WE giraly VI I VI
£, Q84 VDI 3] Bes NE TLE NB V] 2] R ve) B
M| QoA %R LN P NC B NI NR CIND NE elE
» | oloa VI GND Do WE N wR D1o ML Y0 108
¢l oua VD OGNy P N ) NE i) LD W OlR
| o2a £ ) [ wR NG wR 012 R VIAD Q2R
T ooa VI GN TG 1% NBE 14 NR LD 130 CHER
£ on4a VI B i NE SN NH NI M VTN 45
v | wop MR VI3 i e8] £ N NI Y3 NH VI3
w | FIYERRT] vDD wepi | PARING NI VREF TN PFOI PRIl Y NB

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

Note 1 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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DDR2 SDRAM Registered DIMM Design Specification

JEDEC internal use only

Pin Assignments for PLL Clock Driver CU877/CUA877 (Top View)
52-Ball FBGA 0.65 mm x 0.65 mm pitch [MO-225 BA]

1 2 3 4 5 6
A Y1 Y0 Y0 Y5 Y5 Y6
....... T
o] Y2 GND GND Y7
D Y2 vDDQ vDDQ VDDQ 0s Y7
E CK vDDQ vDDQ Fbin
,,,,, B e e
G AGND vDDQ vDDQ vDDQ vDDQ Fbout
H AVDD GND GND Fbout
J Y3 GND GND GND GND Y8
R B S R o
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Proposed
DDR2 SDRAM Registered DIMM Design Specification
Register Component Specifications

JEDEC internal use only

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

R\i;W Qard #of #of SDRAMs Register Type Register Speed Grade Register Speed Grade Register Speed an
ersion Ranks peroutput : ~"FT T PC2-4200/PC2-3200 PC2-5300 i Grade PC2-6400 | ntity
A 1 9 111 25-bit 1.8V SSTU32864 - : - 1
B 2 10/8/5/4  1:2 14-bit 1.8V SSTU32864 - . 2
¢ ! 1078 1 2 14-bit 1.8V SSTU32864 R S T 2
S8TU32865/ SSTUA323865
D 2 10/8/5/4  1:228-bit 1.8V s, / fgg?@gégggsz SSTUB32865 | 2
................................................................................................................ SSTUB32865 S D S
1
E 2 12/10/8 | 1:2 14-bit 1.8V SST‘/J%ZS?.‘?%‘;E,Z;%?%“ - - 4
F R 1 9 1:1 25-bit 1.8V SST‘/J?’Szg.??J"AS?E;%?SM SSTUA32866 / SSTUB32866 SSTUB32866 | 1
S8TU32866 / SSTU32864"

G 2 10/ 8/5/4 : 1:2 14-bit 1.8V

SSTUA32866 / SSTUB32866 S8TUB32866 2

SSTU32866 / SSTU32864
H 1 10/ 8 1:2 14-bit 1.8V / SSTUA32866 SSTUA32866 / SSTUB32866 SSTUB32866 2
/ SSTUB32866
, , SSTUA32866
J 2 10/ 8 1:2 14-bit 1.8V / SSTUB32866 SSTUB32866 - 4
S$STU325868/SSTU32D868 /
) , SSTUA325868 / SSTUA32S868 / SSTUA32D8682
K 2 12/8/6/4 1:228-hit1.8V SSTUA32D8682/ | SSTUB32868 SSTUB32868 2
SSTUB32868
$STU325868 /SSTU32D868 /
) . SSTUA325868 / SSTUA323868 / SSTUA32D868%
L 2 1 12/8/6/4 1:228-bit 1.8V SSTUA32D8682 / I SSTUB32868 SSTUB32868 2
SSTUB32868 }
) SSTUA325868/
M 4 20/16/10/8 | 1:2 28-bit 1.8V SSTUA32D868” SSTUB32868 - 2
N 4 10/ 8 1:2 14-bit 1.8V SS§TU32866 / SSTU32864 SSTUA32866 / SSTUB32866 - 4
$8TU325868 /5STU32D868 /
] ; SSTUA325868 / SSTUA32S868 / SSTUA32D8682
P 2 12/8i6/4  1:228bit1.8V SSTUA32D8682 / / SSTUB32868 ) 2
SSTUB32868
SSTU32866 / SSTU32864
T 2 10/ 8 1:2 14-bit 1.8V / SSTUA32866 SSTUA32866 / SSTUB32866 SSTUB32866 2
/ 5STUB32866
S8TU32866 / SSTU32864"
U 1 10/ 8 1:2 14-bit 1.8V / SSTUA32866 SSTUA32866 / SSTUB32866 SSTUB32866 2
/ SSTUB32866
. SSTU32865/ SSTUA328865/ SSTUA32S865 / SSTUA32D8652
\Y 1 18 1:2 28-bit 1.8V - 1
! SSTUA32D8652 / SSTUB32865
SSTUA32S869 /
w 2 20/16/10/8  1:2 14-bit 1.8V SSTUA32D8692 SSTUB32869 - 2
/ SSTUB32869
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Proposed

JEDEC internal use only
DDR2 SDRAM Registered DIMM Design Specification

DIMM Register Use (Cont.)

SSTUA328865 /
Y 2 36 1:2 28-bit 1.8V SSTUA32D8657 - - 1
/ 88TUB32865

AA 2 10/ 8 1:214-bit 1.8V SSTU32866/SSTUA32866 - - 4

SSTU32866 / SSTU32864"
AC 1 9 1:1 25-bit 1.8V / 8STUA32866 SSTUA32866 / SSTUB32866 S8TUB32866 1
/ 88TUB32866

1. The S8TU32864 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 SSTUA325865/S868/3869 has a single die in its package. The SSTUA32D865/D868/D869 has dual die in its package.

The SSTU325868/5869 has a single die in its package. The SSTU32D868/D869 has dual die in its package.
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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

Includes 350 ps test-load
transmission-line delay

Includes 350 ps test-load

transmission-line delay

tppm Clock to Output Time
Clock to Output Time
tromss . .
(Simultaneous switching)
11 25_b|t ......................... R " . ' B ' ....... e
and tacT Differential inputs active time
1:2 14-bit YUNACT Differential inputs inactive time
and o R
1:9 28-bit tsy DCS and CSR signals
tsu All other input signals
tH Hold Time
CIN(DATA) Data Input Capacitance
CIN(CLOCK) Clock Input Capagitance
CiNrsT) i Reset Input Capacitance

1. Allinput slew rate = 1 V/ns + 20%
2. Load circuit is specified in JESD82-6 for the SSTU32864, JESD82-8 for the SSTU32865
3. For PC2-4200 RC J a number of tPDM = 1.8 ns / tPDMSS = 2.0 ns is currently being discussed.

........... T
Vop=18V£01V | ynits = Notes
Min Max ot
270 MHz
1 ns
1.41 215 ns 2,3
2.35 ns 2
..................... P
15 ns
0.7 ns 1
0.5 ns 1
0.5 ‘ ns 1
25 35 oF
2.0 3.0 pF
S TBD ......... pF .....................
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Critical Register Specifications for PC2-5300

To=0-70°C
Register Symbol Parameter Conditions Vop=18V£0.1V | ynits | Notes
........................................................................................................ Min Max
fok Clock Frequency 410 MHz
tywy Pulse duration, CK, CK high or low TBD 1 ns
tppM  Clock to Output Time Includes 350 ps testload . , 19  ns 2

transmission-line delay

t Clock to Output Time Includes 350 ps test-load 20 ns 2
POMSS {Simultaneous switching) transmission-line delay
tacT Differential inputs active time 10 ns
1'1ai5d—blt tHNACT Differential inputs inactive time 15 ns
1:2 14-bit tsy DCS and CSR signals Previous CSR=High 0.7 ns 1
d : :
1:;28_[)” tsu All other input signals v 0.5 ns 1
tH Hold Time 0.5 ns 1
Data (E;xcept of DCS for Dual-die) Input 25 40 oF
N DATA) (O aNCe e
DCS Input Capacitance (for Dual-die) 4.0 6.0 pF
c Clock Input Capacitance (for Single-die)} 2.0 3.0 pF
IN(CLOCK) Clock Input Capacitance (for Dual-die) 4.0 6.0 pF
CIN(RST) Reset Input Capacitance T™BD TBD pF

1. Allinput slew rate = 1 V/ns + 20 %

2. Load circuit is specified in JESD82-16 for the SSTUA32866, JESD82-17 for the SSTUA32S868/SSTUA32D868 and JESD82-19 for
the SSTUA328865 / SSTUA32D865

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

To=0-70°C
Register Symbol Parameter Conditions Vop=18V20.1V | njts = Notes
Min Max
fok Clock Frequency TBD MHz
tw Pulse duration, CK, CK high or low TBD 1 ns
\ . Includes 350 ps test-load v B
{
PDM Clock to Output Time transmission-ine delay 1.1 1.5 ns 2
Clock to Output Time Includes 350 ps test-load
tromss . L o 1.6 ns 2
1:1 25-bit (Simultaneous switching) transmission-line delay
: -bi
and tacT Differential inputs active time 10 ns
1:2 14-bit tNACT Differential inputs inactive time 15 ns
and - g p— — : i
1:228bit  'su  DCSand CSR signals Previous GSR=High 08 ne Lt
tsy All other input signals 0.5 ns 1
tH Hold Time 0.4 ns 1
CIN(DATA) Data Input Capacitance 2.5 3.5 pF
C|N(CLQCK) Clock Input Capacitance 2.0 3.0 pF
CIN(RST) Reset Input Capacitance TBD TBD pF
TUAINTRpUt Slew rate =1 v/ins £ 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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Register Options for Unused Address inputs

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
DiMMs (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 DIMMs may be used.

JEDEC internal use only

Raw Card A13 A4 A15 BA2 Par_In
. with DRAM T P“ ........................ " " - -
ull- ull- uil- ull- ull-
yp Register density Stub down Stub down Stub down Stub do Stub down
resistor . resistor . resistor . resistor , resistor .
used resistor resistor resistor resistor resistor
256 Mb N NG - X - X - X - -
A, B, C, . .
E. G, H,N,RS, 512 Mb X - - X - X - X - -
T, U7, ACT 1Gb X - - X - X X - - -
with 2Gb X - X - - X X - - =
SSTU32864
Non- 4 Gb X - X . X . X - - -
Parity
RDIMM D ®vE Y8 with 256 Mb ;- X - X - X - X - X
SSTU32865 seriess, 512 Mb X - - X - X - X - X
K3 L3 M3 p dwith
1Gb X - - X - X X - - X
SOTUS2868 SEIHESD e mommebomsomsemmseseesemesnssembemsemensensbot ottt et ent st vt e s b e
W8 with 2Gb X - X - - X X - - X
SSTU32869 series® 4 Gb X - X - X - X - - X
D,VE Y8 with 256 Mbi X X X X X X X X X
e
S8TU32865 series”, 512 Mb % ) % % X X X % %
E, G, H,J N, T7,U 7,/\/—\ With e A OO O OO OOt OO U OO OO T OOO VO ST OOt OSSOSO OO OO
SSTU32866 series®, 1Gb X - X X X X X - X X
K, L, M®, P with 2Gb X - X - X X X - X X
SSTU32868 series® . . . .
Parity | W®with SSTU32869 series® | 4CP | X - X - X - X - X X
RDIMM
256 Mb X - X X X X - X X
512 Mb X - X X X X - X X
EA RE ACHT with b
T " 160 | X - X X X @ X ; X X
SS8TU32866 series
2Gb X - X - X X X - X X
4 Gb X - X - X - X - X X

1 “” 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. S8TU32865 series means SSTU32865,SSTUA325865,SSTUA32D865 and SSTUB32865
SSTU32866 series means SSTU32866,5SSTUA32866 and SSTUB32866
S8TU32868 series means SSTU32868,SSTUA325868,SSTUA32D868 and SSTUB32868
S38TU32869 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

.RIC M, R, Vand Y support only up to 512Mb DRAM density

.R/C N, T, U and AC support only up to 512Mb DRAM density

8. R/C W supports only up to 1Gb DRAM die density (i.e. 2Gb package density)

~N o
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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 pulldown resistor. For Parity RDIMMs, 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.

Register  parity RoivM only
. RawCard D, K, T; U and W only
A13,A14, RsTus 7 Rgro |
A15,BA2, AN Qerr, NC———AAA—F— NC, Err_Out
Par_in éRPULLDOWN ——
A4

Applicable DIMM types in Systems

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

Parity RDIMM (RC-D,E,GH,J KL,
MNP.RT, UV,WY AA)

Parity DIMM (RC-F,AC) Not Aliowed ' oK

1. 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 DIMMs.

The register driver in conjunction with the unterminated postregister nets may cause severe overshoots and undershoots
at the DRAM input terminais. 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

_ # of SDRAMSs PLL Speed Grade :PLL Speed Grade _
Raw Card Version ; # of Ranks PLL Type PC2-4200 PC2-5300 Quantity
 Poroutput / PC2-3200 1 PC2-6400
A F R, AC 1 1 1:10, 1.8Volt : CU8B77/ CUAB77 CUA877 1
B,GT 2 2 110 18Vo|t ....... CU877 / CUA8T7T CUA877 1
C,H UV 1 ‘ 2 1:10, 1.8Volt : CU877/ CUA877 CUA877 1
D.E, J’YKA/L\’ PW, 2 4 1:10, 1.8Volt | CU877/ CUA877 CUA877 1
....................... M 4 811018\/0” CUA8770U2A877 - 1
. , ; . 10 18\/0” .................. ¢U377 e 1
1. The reference design uses a PLL in 52-ball FBGA package (MO225 BA)

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 PC2-4200/PC2-3200

Ta=0-70xC
Device Symbol Parameter Conditions Vpp=1.8V 0.1V Units Notes
Min Max
fck Operating clock frequency 125 270 MHz 1
fck Application clock frequency 160 270 MHz 2
toc Input clock duty cycle 40 60 %
tL Stabilization time 15 us
titee+) | Cycle-to-cycle period jitter 0 40 ps
tjit{cc-) | Cycle-to-cycle period jitter 0 -40 ps
fit(per) | Period jitter -40 40 ps
titthper) | Half-period jitter -75 75 ps
1:10, 1.8Volt o
ten,tdis |OE to any Y/Y 8 ns
() Static phase offset -50 50 ps
{(f)dyn :Dynamic phase offset -50 50 ps
tsk(o) ' Output clock skew 40 ps
Cin Input Capacitance VI=VDDQ or GND 2 3 pF
OE slew rate 0.5 Vins
slr(i) :
Input clock slew rate 1 4 Vins
slr(o) ' Output clock slew rate 1.5 3 Vins
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

Netlist EX2006
Samsung v Netlist

IPR2023-00455  gAM-NET00027375



Proposed
DDR2 SDRAM Registered DIMM Design Specification

JEDEC internal use only

Critical PLL Specifications for PC2-6400/PC2-5300

Tp=0-70x C

Device Symbol Parameter Conditions Vpp =18V 0.1V Units Notes
Min Max
fek Operating clock frequency 125 410 MHz 1
fek Application clock frequency 160 410 MHz 2
toc Input clock duty cycle 40 60 %
L Stabilization time 6 us
titee+) | Cycle-to-cycle period jitter 0 40 ps
tjit{cc-) | Cycle-to-cycle period jitter 0 -40 ps
fCK:160MHz to 270MHz -40 40 ps
tit(per) i Period jitter
fCK:271MHz to 410MHz | jit{per)min tit(perymax ps
tit(hper) | Half-period jitter -50 50 ps
ten,tdis ' OF to any Y/¥ 8 ns
1:10, 1.8Volt t(¢) Static phase offset -50 50 ps
fCK:160MHz to 270MHz -50 50 ps
Hp)dyn [DYNAMIC PRASE Offset e
fCK:271MHz to 410MHz | t(¢)dyn(min) i t{¢)dyn(max) ps
fCK:160MHz to 270MHz 40 ps
tsk(o) Output ClOCk SkeW ..............................................
fCK:271MHz to 410MHz tsk(o)max ps
Zi(su) . {tjit(per)|+|t(4)dyn|+isk{o) fCK:271MHz to 410MHz 80 ps
Zt(h) (o )dyn|+isk(o) fCK:271MHz to 410MHz 60 ps
CiN input Capacitance VI=VDDQ or GND 2 3 pF
OE slew rate 0.5 Vins
S|r(|) ..............
Input clock slew rate 1 4 Vins
slr(o) | Output clock slew rate 1.5 3 Vins

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.

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, itis up
to each DIMM producer to select the PLL and PLL vendors which meet these requirements, and te guarantee
robustly operating DIMMs.

Revision 3.91 Page 45

Netlist EX2006
Samsung v Netlist

IPR2023-00455 g AM-NET00027376



Proposed
JEDEC internal use only
DDR2 Registered DIMM Details DDR2 SDRAM Registered DIMM Design Specification

DDR2 Registered DIMM Details
DDR2 SDRAM Module Configurations (Reference Designs)

Raw Card # of #of | #of Address
Version F S SORAMs  Packagsype  Prvsical Banksin  bits
Capacity Organization Density _Organization Ranks  SDRAM . row/col/Bank
256MB - 32Mx72 | 256Mbit | 32Mx8 9 60/68 Ball FBGA 1 4 13/10/2
nie (ZIMB oAM2 | STAMbL  OAWE o COG8BAlFBGA T 4 14102
A1 1 G N2 [ G B B 60/68 Ball FEGA ! i 1
2GB 256Mx72  2Gbit 256Mx8 9 60/68 Ball FBGA 1 8 15/10/3
4GB 512Mx72  4Gbit 512Mx8 9 60/68 Ball FBGA 1 8 16/16/3
512MB  64Mx72 | 256Mbit | 32Mx8 18 60/68 Ball FBGA 2 4 13/10/2
1GB 128Mx72 | 512Mbit = 64Mx3 18 60/68 Ball FBGA 2 4 1471012
BGT'S 26B  256Mr2  iGbit  128Mx8 . 18 60/68 Ball FBGA 2 8 141073
4GB 512Mx72 2Gbit  256Mx8 18 60/68 Ball FBGA 2 8 15/10/3
8GB  1Gx72 4Gbit ~ 512Mx8 18 60/68 Ball FBGA 2 8 16/16/3
512MB  64Mx72  256Mbit | 64Mx4 18 60/68 Ball FBGA 1 4 13/1172
cputs o GBL 128MxT2 | ST2Mbit | 128Mhd .18 GU8BalFBGA [ A i e
‘s 1. 26B | 266Mx72 1Gbit  256Mx4 18 60/68 Ball FBGA 1 8 1471173
4GB 512Mx72 = 2Gbit 512Mx4 18 60/68 Ball FBGA 1 8 15/11/73
8CB 1Gx72 4Gbit 1Gbx4 18 60/68 Ball FBGA 1 8 16/11/3
1GB  64Mx72  256Mbit  64Mx4 36 63/71 Ball stacked FBGA 2 4 131172
D.E, 2GB  128Mx72 | 512Mbit = 128Mx4 36 63/71Ball stacked FBGA 2 4 1471172
KPWE 4GB 256Mx72 . 1Gbit  256Mx4 3  63/71Ballstacked FBGA 2 S s
LA 8GB  512Mx72 | 2Gbit | ST2Mxd 86 63/71Ballstacked FBGA 2 S 181113
168 ...1Gx72 | A4cbt .00 ...%6. . B37)\Ballstacked FBGA 2 L . B 1o
60 Ball FBGA 2 e A 1Yz
60 Bail FBGA 2 141172
B o o B T R R e
....... s
,,,,, s
2GB 256Mx72 256 Mbit | 64Mx4 72 63 Ball stacked FBGA 4 4 1311172
4GB 512Mx2 | 512Mbit  128Mx4 72 63 Ball stacked FBGA 4 4 1411172
M 8 GB 1GxT72 1 Gbit 256Mx4 72 63 Ball stacked FBGA 4 8 14/11/3
16 GB 2Gx72 2 Gbit 512Mx4 72 63 Ball stacked FBGA 4 8 15/11/3
32GB 4Gx72 4 Gbit 1Gbx4 72 63 Ball stacked FBGA 4 8 16/11/3
1GB 128Mx72 | 256Mbit = 32Mx8 36 60 Ball FBGA 4 4 13/10/2
2GB 256Mx72  512Mbit | 64Mx3 36 60 Ball FBGA 4 4 14/10/2
N 4GB S1Md2  1cbit  128M g6 60 Ball FBGA 4 B tanors
8CB 10«72 20bit . 256Mx8 . 36 60 Ball FBGA 4 B asnes
16GB 2Gx72 4Gbit ~ 512Mx8 36 60 Ball FBGA 4 8 16110/3
1GB 64Mx72  256Mbit  64Mx4 36 60/68 Ball FBGA 2 4 131172
2GB 128Mx72 | 512Mbit  128Mx4 © 3g 60/68 Ball FBGA 2 4 1471172
AA 4GB 256Mx72 1Gbit  256Mx4 36 60/68 Ball FBGA 2 8 14/11/3
8GB 512Mx72 = 2Gbit = 512Mx4 36 60/68 Ball FBGA 2 8 15/11/3
16GB 1Gx72 4Gbit 1Gbx4 36 60/68 Ball FBGA 2 8 16/11/3
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Example: RC C has 2G bytes.
8 bytes (2%) x 1 Rank (2°) x 14 rows (A0 - A13:2") x 11 columns (AO - A9, A11:2"") x 8 banks (BAO - BA2: 2°)

= 231(=3+0+14+1143) pytes = 2G bytes

1. R/ICM,N,R, T, U, V, Y and AC support only up to 512Mb SDRAM devices
2. R/C W support only up to 1Gb die density SDRAM devices

3.R/ICR, T, U, Vand AC support SDRAM package type of 60 ball FBGA only
4. R/C M, W and Y support SDRAM package type of 63 ball FBGA only
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DDR2 Registered DIMM Details DDR2 SDRAM Registered DIMM Design Specification
Input Loading Matrix

Signal Input ! B Raw Card Version ‘ o

Names  Device A B Cc D E _F G H:J K L IM N P R T U V WY 5 A_ A,
CKO, CKO  PLL 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RESET ;Lé;i;tex' 144 4421421142 144 1411142 142 144 142 142 142 144 142 1+1 142 142 141 142141 1+4 1+1
oK Register 1 . 1 . 4 12 4 414 112 2 1. 2/ 2 1.1 1 1 1i11i2i1
oKL Register N/A i 1 N/AT 2 1 NAI 1 NAL 1 2 2 11 2 2 iNAI1INA 1 1 12 iNA
Addr, BA,

RAS, CAS, (Register | 1 1 1 2 2 1 1 1 2 2 2 2 2 2 1 1 1 1 1 1 2 1

) Register 1 2 1 2 i 2 4 412 1 2:i4 2 ‘2 .4 2 2 4:i2 2 4i2:i9:i4g4°:4
st Regster NA_ 2 NA 2 4 NA 2 NA 4 2 2 .1 2 2 NA 2 NA 1 2 1 4 NA
S2 ) vRegister : N/A : N/A ENZA EINAA - NZA INFA G NJA S NPA E NFAL S INFA | NIA 1 2 N/A | N/A | N/JA - N/A : N/A | N/A © N/A | N/A § N/A
33 Register | N/A I N/A | N/A i NJA  N/A I NFA S NFA I NTA T NVA C N/A T N/A 1 2 N/A | N/JA E NJA VA D NFA  NZA S NZA E NFA E NVA

DQ, CB, DDR2
DQS, bQs SDRAM

DM, RDQS, 'DDR2

RDQS SDRAM ...................................................................

SCL,8DA, (EEPRO

SA M : 1 1 1 1 1 1 1 i 1 ; 1 1 1 ; 1 1 1 1 : 1 1 1 1 1” 1”

Par_In Register | Nf/A  N/A I N/A © 2 2 1 1 1 2 2 2 2 2 2 1 1 1 1 2 1 2 1
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DDR2 SDRAM Registered DIMM Design Specification

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 :Specifica-
Card tion Applicable Design File Applicable BOM Notes
Version : Revision :
AG 110 PC2-4200_RDIMM_VA00_RC_AQ_20040109.6rd  PC2-4200_RDIMM_V100_RC._AQ_20040108_Bom
BO 056  PC2-4200_RDIMM_VO056_RC_BO_20030708.brd ' PC2-4200_RDIMM_V056_RC_BO_20030708_Bom Non-parity DIMM mod-
B1 110 PC2-4200_RDIMM_V100_RC_B1_20040109.brd PC2-4200_RDIMM_V100_RC_B1_20040109_Bom ules.
co 110 PC2-4200_RDIMM_V100_RC_C0_20030710.brd PC2-4200_RDIMM_V100_RC_C0_20030710_Bom
DO 110 PC24200 RDIMM V100 RC_DO_200402026rd PC24200 RDIMM_V110_RC_DO_20040902 Bom
EO 110 | PC2-4200_RDIMM_V100_RC_E0_20040205.brd PC2-4200_RDIMM_V100_RC_EO0 20040205 Bom
G0 110 | PC2-4200_RDIMM_V101_RC_GO0_20040406 brd “ ;PC2—4200_RDIMM_V101_RC_GO_20040531_Bom
Ho 110 PC2-4200_RDIMM_V101_RC_HO_20040205 brd PC2-4200_RDIMM_V101_RC_HO0_20040126_Bom
J2 330 PC2-5300_RDIMM_V330_RC_J2 20060214 brd ' PC2-5300_RDIMM_V330_RC_J2_20060316_Bom
KO 140  PC2-4200_RDIMM_V101_RC_KO_20040402.brd |PC2-4200_RDIMM_V101_RC_KO_20040402_Bom
Lo oo Porois ROMM VO RC Lo Jori0b  RCEGO0 ROMM YD RO L0 AEONE Ber 6y
M1 391 PC23300 ROIMM_V381_RC_M1_20070426 brd  PCR-5300_RDIMM_V381_RC_M1_20070426_BOM ;Lessigunsé r;gf gfvPvacrﬁ;r'is
N1 3.80 | PC2-5300_RDIMM_V380_RC_N1_20061023.brd | PC2-5300_RDIMM_V380_RC_N1_20081023_Bom This is further
: explained on page 40
PO 310 PC2-5300_RDIMM_V310_RC_P0_20050221.brd {PC2-5300_RDIMM_V310_RC_P0_20050221_Bom under Register Options
RO 330  PC2-6400 RDIMM V330 RC_ RO 20060130.brd PC2-6400_RDIMM_V330 RC_RO_20060130_BOM for Unused Inputs.
T 330 PO25300 RDIMM Va30 RC T0 200510206rd  PG2:6300 RDINM Va3 RC TO 20051201 BOM
uo 330 |PC2-5300_RDIMM_V330_RC_U0_20051020.brd -PC2-5300_RDIMM_V330_RC_U0_20051201_BOM
Vo 330 |PC2-5300_RDIMM_V330_RC_V0_20060204.brd ‘ éPCZ-5300_RDIMM_VSBO_RC_V0_200601SO_BOM
wo 330 | PC2-5300_RDIMM_V330_RC_WO0_20051020 brd ' PC2-5300_RDIMM_V330_RC_WO_20051026_BOM
Yo 330 | PC2-4200_RDIMM_V330_RC_Y0_20060130.brd {PC2-4200_RDIMM_V330_RC_Y0_20060130_BOM
ACO 3.80 | PC2-6400_RDIMM_V390 _RC_ACO_20061130.brd PC2-6400_RDIMM_V390_RC_ACO_20061130_BOM
DO 140  PC2-4200_RDIMM_V100_RC_D0_2004020Zbrd PC2-4200_RPDIMM_V110_RC_D0_20041007_Bom
EO 110 PC2-4200_RDIMM_V100_RC_E0_20040205.brd | PC2-4200_RPDIMM_V100_RC_EQ_20040205_Bom
FO 110 PC2-4200_RDIMM_V101_RC_F0_20040211.brd {PC2-4200_RPDIMM_V1 01_RC_F0_20040211_Bom
GO 110 PC2-4200_RDIMM_V101_RC_GO_20040406 brd PC2-4200_RPDIMM_V101_RC_GO_20040406_Bom
Ho 110 PC2-4200_RDIMM_V101_RC_HO_20040205 brd  PC2-4200_RPDIMM_V101_RC_H0_20040126_Bom
»»»»» J2 330 PC2-5300_RDIMM_V330_RC_J2_20060214.brd ;PC2-5300ﬁRPDIMM_VSSO_RC_J2_2006031G_Bom
Ko 1.10
Lo 100  PC2-6400_RDIMM_V340_RC_LO_20060410.brd 'PC2-6400_PRDIMM_V340_RC_L0_20060410_Bom
M 391 PO2-5300_ROIMM_V39_RG_M1_Z0070426 brd ;PC;2~630{)_RP[3EMM_\/SQ’?_RC_M 1_20070426_BOM
N1 380 :PC2-5300_RDIMM_V380_RC_N1_20061023.brd  PC2-5300_RPDIMM_V380_RC_N1_20061023 Bom Parity DIMM module.
PO 310 | PC2-5300_RDIMM_V310_RC_P0_20050221.brd {PC2-5300_RPDIMM_V310_RC_P0_20050221_Bom
,,,,,, RO 330 PCZ6400 RDIMM V330 RC RO 20060130brd  -PC26400 RPDIMM_V330 RC RO 20060130 BOM
,,,,,,,, TO . 330 PC25300 RDIMM V330 RC T0 20051020brd PCZ5300 RPDIMM V330 RC.TO 20051201 BOM
uo 330 | PC2-5300_RDIMM_V330_RC_U0_20051020.brd {PC2-5300_RPDIMM_V330_RC_U0_20051201_BOM
Vo 330 | PC2-5300_RDIMM_V330_RC_V0_20060204 brd ;PC2—5300_RPD!MM_V330_RC_VO_20060130_BOM
wo 330 PC2-5300_RDIMM_V330_RC_WO0_20051020 brd jPC2-5300_RPDIMM_V330_RC_W0_20051020_BOM
Yo 330 | PC2-4200_RDIMM_V330_RC_Y0_20060130.brd éPC2—4200_RPD!MM_V330_RC_YO_200601SO_BOM
AA 3.50 Pcz-42oof LE;(:I‘?[;!‘I‘\‘/‘I M;éc;AA_Revo_1 20051214 {PC2-4200_FLEX_RDIMM_RC_AA_Rev0 1 _2665151 4;!3;& """
ACO 380  PC2-6400_RDIMM_V390_RC_ACO_20061130.brd PC2-6400_RPDIMM_V390_RC_ACO_20061130_BOM
R/C-B1:0Optional resistors for A13,A14,A15 BA2 were added on R/C-BO
R/C-J1: Non-Parity BIMM has not been authorized yet.
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Component Types and Placement

Components shall be surface mounted on one or both sides of the PCB and positioned on the PCB to meet
the minimum and maximum trace lengths required for DDR2 SDRAM signals. Bypass capacitors for DDR2
SDRAM devices must be located near the device power pins. 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-11 document MO-
237.

Example Component Placement

Raw Card A, F
Front .
133.35 R Side
A 525 7 2.70 max
106 max
A N
o |
g |
2 300
ERE)
PLL 5
SERANRE SRR Es i urararaarransaunrannsanuunm [ OEES RO AR SRR AR RABREE v i
1.0
Back 0.0man)gax —
T T ) 4 010
G50z 0008
Note: All dimensions are typical unless otherwise stated. %
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Raw Card B, C, G H

Front
< 133.35 S Ide
A8
4

Register

3

30.0
118
PLL 1

R SR I N TENSH AR R REERERAEARAR AR EERARRREEN v }_
1.0 max
0.039 max
Back é:gsn;amxax

IR Ry R i H A N 127 £0.10

.050 £ .004

Register

Note: All dimensions are typical unless otherwise stated. %
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Raw Card D
Front )
133.35 Side
h 525 7.55 max
0.287 max
& Stagked DRAMs 300
% % 118
IR EE AR RN R ST A SN AR RSANNNI RN RO EEERRNIEE J
1.0 max
Back 0.039 max’ T
T 1 T T T ] I HINEEnEnaan T T T 3.10 max
(T T T AT T IO () LR e T T T T T AT T 625 max Y
PLL 127 £0.10
g 050 £.004 > €~
= Stagked DRAMs
Note: All dimensions are typical unless otherwise stated. %
Raw Card E
Front .
. 133.35 Side
A 525 7.55 max
0.297 max ¢
= Stdacked DRAMs I
iy 30.0
% % 118
Reqgist Regist
egister egister ik J
(L L L e J_
1.0 max
Back 0:030 max ¥
HIEIRH I nnnHn| ; N IR j 3.10
T T T T, - T T T T T T T 0.122”‘;;)( P
. . 127 £0.10
% Register || Register é 050 ooa” €
Stacked DRAMSs
Note: All dimensions are typical unless otherwise stated. %
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Raw Card J, N

Front
133.35 Side

5.25 4.00m ¢
157 mai
[ ] !

3b.0
1.18

AT AT OO RO RO ROA 0 A R O ANGE A A AR AR EAARD AR AR v

A

1.0
Back 0.030 mar? ¥~
000000 s s s g ||
0.067 max

I 1.27 £ 0.10
% :j g 0502004 > €

Note: All dimensions are typical unless otherwise stated. Milimeters

Inches
Raw Card K
Front
B 133.35
N 525
g |0
g Ef Stacked DRAMSs é
PLL
RN A RRNRARER A RN RV HRER Ao S AN EE AR EEE M ARASEARASRANR RN |
1.0
Back som
IR Ry g En s 3.10 max
025 Fax P ©
1,27 £0.10
% E, 050+ o041
Stacked DRAMSs

Note: All dimensions are typical unless otherwise stated. %
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Raw Card L

Front .
. 133.35 Side
- 525 4.00 mag ¢
157 max
A r
PLL | |

Register
VA
| w
-8
oo‘ o

3

LR RO RN NSRRI SRR EANRREE ML EERN RN EHERAREE A ERRRRRLEE V E
1.0 ,} ‘
BaCk 0.0f;?)an)’(]ax i

IR R R i 1.7 max ){

0.067 max 1|

1.27 £ 0,10
’é 0503 -004™ €

Register

Note: All dimensions are typical unless otherwise stated. M'l“r;fg’ﬁézfs

Raw Card M

Front Side

133.35
525 7.55 max
0.297 max

2 I
=
Stacked-DF 300
) 118 BB
A et N A AT EEROETDRARAAAIRY J i
1.0
BaCk 0.0i;?)ar:]ax )il

(T T T T T T T T T T T T T T T 310 max | |

A

1818188y

0.122 max
= 1.27 £0.10
@ Py 3
Z 050 £ .004” €™
o
& Stacked-DRAMs

Note: All dimensions are typical unless otherwise stated. %
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Raw Card P
Front .
Side

133.35
525

7.55 max

0.297 max ¢
K 0
Stacked DRAMs

30.0
118
Register | | PLL g &

A

B R AR EEEAEAANNS RN AR Eannangs QM A O ERA EATAEE A SAaARN aaat AARRRRRM AR AL 4 J
Back 055 et T

T T T e LT T T T T T T .
(T T E T T A T ) O e e e T T I g.gzmri:x «

, 1.27£0.10
% G505 o0a” <

Siacked DRAMs

Note: All dimensions are typical unless otherwise stated. %

Raw Card R
Front

135.38

Side

4.0 max
L4

=

5 0 ¢
T AETR D AC I TR RSO 0 A TR0 AR AR TR N R AT R (EHIRHEEE R IR TE R T RO EAR R BAELHE LB EIUL R MR TREDOE RN L A1 l
1.0 pauy
FRINK 3

Back 17 g -
AURLATLRTERTERU0 0T IR V0 EOR UL SR ANE IR AUE ANELANEAR LU S0 VARG DI IELELRLD HETRTETR AR TR R DR R RO AR RO R LR WL iwr

Note: All dimensions are typical unless otherwise stated.  Millimeters
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Raw Card T, U
Front Side

133.35

A

a =
'@ o 18.3
1
EE T AR e O R AR A ARER ARSI AR A EERNA A l },
10max o JF,
Back 1.7 max €«
T T T I T | I IO | 272040, [l
&
x
Note: All dimensions are typical unless otherwise stated. Millimeters
Raw Card V
13335
Side

> uf 0 ¢
_.l.

1.7 max

Back
30 EEETERENE L R ERE RO AR 0 g L L LR R L ) PR AN

T

Fagier

Millimeters

Note: All dimensions are typical unless otherwise stated.
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Raw Card W
Front Side
< 19339 » TS max |
= N T
2 1 :
§a T | 183

B
]

-

1.0 max |

Back 3.10 max .

1.27 £0.10,

E (T T O - I T T T T O T T T T

Register

Note: All dimensions are typical unless otherwise stated, Milimeters

RawCard Y

13335

Side

7.55 max
A

5 = 0 e i,
_l_m

1-0‘»mz‘zx »
Back 3.1 oy
8O 2R DURNL AR A0E IGO0 A0 RN LR SRRV R E R ERE TR TR IR REERE LS RLARE ISR EUL A MEEND ) LEEAURTUE RELAONERE IR DN ERE OO HRE 1D 27 £0.30, o
Note: All dimensions are typical unless otherwise stated, Millimeters
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Component Placement Raw Card AA

Flat Flex Circuit
Outward Facing Side

127.50

g

1 50.50

OO S O o A ) o A o Yo
OO O A 0 e o OO | 4

] \ I A

. . * Flex Circuit Fold line
Inward Facing Sid /

— /

o]

L]
Front
\‘4 133.35 mm.

: -

OO s Ay )

Finished Module

Back
O IR T G AL AT T e L v v

T :

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

V7
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Raw Card AC
Front Side
133.35 A00max 1

T

N
C 183

0\ [T l ﬁ_

1.0 max

A

]
o
)
a.

L\
Register

I A T T T T

1.7 max

Back

T e e T T T T T e T T T T T T I T 1272010,
8
®
g
04

Note: All dimensions are typical unless otherwise stated. Millimeters
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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 Raw Card Version Page

= ABCDEFGHJKLMNPRTUVW,
PLL Input/ Unused Clocks CK, CK Y, AA, AC 67-69
PLL Output FBKOUT,FBKOUT,PCKJ[9:0] ABCDEFG, H‘YJ’Al;’ I“Aé/] N.PRT.UV.W, 70-79

DQ[63:0],CB[7-:0],DQS[8:0,DQS[8:0, A B, C,D,E F,G,H J KLMNPRTUVW,

Data, DQS, DQS, DM DM[8:0/RDQS[17:9],RDQS[17:9] Y, AA, AC 80-84
Address and Control Al15:0], BA[2:0], RAS, CAS, WE ABCDEFGHUJKLMNPRTUVW, 85-117
Chip Select, Clock Enable, ODT S[3:0], CKE[1:0], ODT[1:0] Y, AA, AC ;

Address and Command Parity Par_In, Err_Out D,E,F,GH JKLMNPRT UV WY, AA ACk 118-121
—— —— AB,C,D.EF.GHJKLMNPRTU VW,

RESET RESET Y. AA AC 122

General Net Structure Routing Guidelines

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,DAS.

+ 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 signhals (DQ,DQS, DQS,and DM) are refer-
enced to Vss. Address and Command signals are referenced to VDD.

Signal referencing information

Signal groups Referencing

Signal groups Referencing

: :Pre—register address and command net ;Vdd shape

Clock nets Ground layer 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 DIMMs for probing purposes where sighals 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 DIMMs
(RICB,C,D,E, G, H, J,K,N, T, U, V, Wand Y) to measure signals closer to the DRAMSs. 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 Signal Raw Card A, F Raw Card B, G Raw Card C, H
Group Location
Pre register A" 5|gnal Al0,4,10],BA0, 1], A[0, 7:4, 11:9, 13], BA[D, 1],
Address g BA[2:0], S0, CKED, S0,RAS,CAS,WE, ODTO S0,RAS,CAS,WE,CKEOC, ODTO
/Command RAS CAS WE, ODTO0 -~
Post register i (at vias on back side) A0,1,3,4,10], BAQO, S0, CKED, ODTO
DQ[0,1,2,3,8,9,10,11,16,17,18, :DQ[0,2,3,6,7.8,8,11,15,16,17,19, ' DQ[0.1,2%,3.6,7,8.9,11,12,15,16,17,
DQ.CB 19,32,33,34,35,40,41,42,43,48, 123,24,25,27,28,29,34,35,38,39,40, 19,20,23,24,25,28,29,34%35,39,40,
’ 49,50,51,56,57,58,59], 44,46,48,51,55,56,57,59,60,61,63)], 43,44,47,48,51,52,53,55,56,58*,59,
CB[0,1] CB{0,1], Others* 60,61,63%], CB[0,1,4,5]
— DQS,DAQS[8:0] : —_— . DQS,DQS|0*,2,3,4%,7,8,9%,12,13%,
DQs,DQs (at vias on back side) DQ8,DQS[3,4], Others 16%17]
DM[8:Q] "
DM (at vias on back side) DM[3.8]. Others B
CK0,CKO — , o
Pre PLL (at vias on back side) CKO,CKO (at vias on opposite side)
Clock PostPLL  CKO,CKO _
(at SDRAMs, | (@t vias on back side) {CK0,CKO (at term. resistors on clock inputs of registers and SDRAMs)
at Register)
Notes: * Need to remove SDRAM to probe
Signal Group Slgngl Raw Card D Raw Card E
Location
A[15:0].BA[2:0],5[1:0],ODT[1:0],CKE[1:0], :A1,A3 A14,A1550,51,00T0,0DT1,CKEQ,
Pre register ;RAS,CASWE,CKE[1:0],Par_in CKE1
Address ;
/Command (at stub resistor)
Post register {S[1:0],0DT[1:0],CKE[1:0], Err_out, A[0,7,15],51,CAS, ODT1
DQ[63:0],CB[7:0] (at stub resistor) DQ[2,3,7%,8,12,13,17:15,19,20,21,24,25,28,
DQ,CB 29,34,35,38,39,42,43,48:46,52:50,56:54,60,
63*], CB[0,1,4,5]
DQS,DQS DQS,DQS[17:0] (at stub resistor) DQS,DQS[0*,4:2, 7%,8,9%,12,13,16%,17]
DM -
Pre PLL CK0,CKO (at term. resistor) CK0,CKO (at vias on opposite side)
Clock Post PLL
(at SDRAMSs, CK0,CKO (at term. resistors on clock inpuls of registers and SDRAMs)
at Register)

Notes: * Need to remove SDRAM to probe
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Signal Group Slgngl Raw Card J Raw Card K
Location
Pre register Al1,2,5,6],BA[1:0], Al1,2,5,6],BA[1:0],
Address ¢ RAS,CAS,WE,S[1:0],CKEQD RAS,CAS,WE,S[1:0],CKEOD
/Command ) = : o ‘
Post register :A[0,3,7,10,15],.BA2,51,CAS, ODTO,CKE1 A[0,3,7,10,15],BA2,581,CAS, ODTO,CKE1
DQ[0,1,3,4,5,11,12,15,16,17,20,21,24,25,2 DQJ[0,1,3,4,5,11,12,15,16,17,20,21,24,25,28
DQ,CB 85,29,34,35,38,39,43,47,48 51,52,56,59,6 5,29,34,35,38,39,43,47,48,51,52,56,59,60,6
0.61,63], CB[1,4,5] 1,63], CB[1,4,5]
DQS,DAS DQS,DQS[3,8,12,17] DQS,DQY[3,8,12,17]
DM -
Pre PLL CKO,CKO (at term. resistor) CKO,CKO {at vias on opposite side)
Clock Post PLL L
(at SDRAMs, {CKO,CKO (at term. resistors on clock inputs of registers and SDRAMSs)
at Register)
;Notes: * Need to remove SDRAM to probe

Signal Group 3'9”?' Raw Card L Raw Card M
Location
. A[1,6,8,9],BA[O], -
Pre register  RAS CAS WE,S[1:0],CKE[1:0],0DT1
Address . :
fCommand A[1,3,4,8,12,13],BA2,RAS,CAS, A[0-13], BA[O, 1]

Post register
OSLIEGISIer 510:1] ODT[O:1].CKE[0:1] RAS, CAS, WE, S[2, 3], CKE[1], ODT[1]

DQ[0,1,3.4,5,11,12,15,16,17,20,21,24,252:DQ[0, 1, 2, 3,4, 5,6, 7, 56, 57, 58, 59, 60,
DQ,CB 9,34,35,38,39,43,47,48,51,52,56,59,60,61, 161, 62, 63]

DS, DQS DQS,DQS(3,8,12,17] DQS, DQSH[0, 7,9, 16]
DM - -

Pre PLL CKO,CKO (at term. resistor) -
Clock Post PLL

(at SDRAMS, CKO,CKO (at term. resistors on clock inputs of registers and SDRAMSs)
at Register)
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Signal Group Slgngl Raw Card N Raw Card P
Location
. Al1,2,5.6],BA[1:0], All signals
Address ~ FPreregisier  paseAS WE S[1:0],CKEQ
/Command - . )
Postregister [A[3,4,7,12],52,CAS, ODT1,CKE1 A[7,15],CAS,51,0DT1
DQ[0,1,3,4,5,11,12,15,16,17,20,21,24,25 -
DQ,CB ,285,29,34,35,38,39,43,47,48 51,52 ,56,5
9,60,61,63], CB[1,4,5]
DQS,DQS DQS,DQS[3,7] -
DM DM[2.7] -
Pre PLL CKO0,CKO (at term. resistor) CKO,CKO (at term. resistor)
Clock Post PLL - . CKO,CKO&‘[ Vla .
(at SDRAMs CKO,CKO (at term. resistors on clock on opposite side of the registers.
) ' tinputs of registers and SDRAMs) CKO,CKO at term. resistors
at Register) on clock inputs of SDRAMSs
Notes: * Need to remove SDRAM to probe

Signal Group Slgnz_al Raw Card R Raw Card T
Location
Pre reqister AQ,A1,A9,A11,A12,CAS,RAS,CSO, -
Address g CKEQ,BAO,BA1
e s P -
Post register A12, A13* AJ0,1,3,4,10], BAO, CKEQ, S0, ODTO
DQ,CB Available at stub resistors DQ[63:0],CB[7:0] (at stub resistor)
DQS,bAs Available at stub resistors DQS,DQS[8:0] (at stub resistor)
DM Available at stub resistors DM[8:0] (at stub resistor)
Pre PLL CKO,CKO (at term. resistor) CKO,CKO (at term. resistor)
Clock Post PLL — X
. I . CKO,CKO (at term. resistors on clock
(at SDRAMSs, {Available at termination resistors . -
. inputs of registers and SDRAMSs)
at Register)

Notes: * Need to remove SDRAM to probe
** Testpoints A12, A13 of R/C R are located above the DRAM package outline
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Signal Group Slgngl Raw Card U Raw Card W
Location
Address  PreTegIster T D
/Command | pogt register - A[0,1,3,4,10], BAO, CKEO, 50, ODTO A4, ODT1, CKE1
DQ,CB DQ[63:0],CB[7:0] (at stub resistor) DQ[63:0],CB[7:0] (at stub resistor)
DQS,DQS DQS,DQS[17:0] (at stub resistor) DQS,DQS[17:0] (at stub resistor)
DM - -
Pre PLL CKO,CKQ (at term. resistor) CKO,CKO (at term. resistor)
Clock Post PLL
(at SDRAMSs, CK0,CKO (at term. resistors on clock inputs of registers and SDRAMs)
at Register)
Notes: * Need to remove SDRAM to probe
Signal Group Slgngl Raw Card V, Y Raw Card AA
Location
Pre register A1-A9,A11,BAZ A[15:0],BA[2:01,5[1:0],0DT[1:0],CKE[1:0],
Address g RAS,CAS,WE,Par_In (at stub resistor)
/{Command
Post register ODT, A12, A13 Al4,7,12],8[0,1},0DT[1],CKE[1:0]
DQ,CB At stub resistors DQ[63:0],CB[7:0] (at stub resistor)
DQS,DQS At stub resistors DQS,DAS[17:0](at stub resistor)
DM At stub resistors -
Pre PLL CKO,CKO (at term. resistor) CKO,CKQO (at term. resistor)
Clock Post PLL . CKO,CKO (at term. resistors on clock inputs
(at SDRAMS, CKO,CKQ (at term. resistor) of registers and SDRAMs )
at Register)
Notes: * Need to remove SDRAM to probe
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DDR2 Registered DIMM Wiring Details

Signal Group

Signal
Location

Address
/Command

Clock

| Pre register

Pre PLL

Post PLL
(at SDRAMSs,

at Register)

A[0,1,3,4,10], BAO, CKEOQ, S0, ODT0

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

DQS,DQS[8:0] (at stub resistor)
DM[8:0] (at stub resistor}

CKO,CKQO (at term. resistor)

CKO,ERO (at term. resistors on clock
inputs of registers and SDRAMs)
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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 fo 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 cther 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.

TL2

TLO

DIMM S -------------------

Connector -

22 ohms + 5% -1
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DDR2 SDRAM Registered DIMM Design Specification DDR2 Registered DIMM Wiring Details

Differential Clock Net Structures

CK, CK

DDR2 SDRAM clock sighals 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 DIMMs.

Net Structure Routing for PLL Input

PLL Clock Input
DiMM  CK
Connector CK
CK PLL
For testpoint at CK and CK use via
1 mm from the DIMM connector
R1
Unloaded Clock Input Testpoint at CK and CK use via,
No Connection 0.6 mm from PLL CK input
Clock Net Lengths for PLL Input Net Structures
: R1
R ™o " oy N
A F 24.8 0.6 1.4 120 £ 5% 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 24.8 0.6 1.1 120 £ 5% 1,2
L 25.5 0.6 1.1 120 £ 5% 1,2
N 27.0 0.6 1.1 120 £ 5% 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 + TL1 =254 mm
3. TLO+ TL1 =27.6 mm
4, TLO+ TL1 =221 mm
5 TLO+ TL1=21.8mm
6. TLO+ TL1 =22.3mm
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Clock Net Lengths for PLL Input Net Structures (Cont.)

Raw Card TLO TL1 TL2 (Oigns) Notes

w 21.6 0.7 14 120 + 5% 1,6
......................... AA 241 13 oo 120i 5% 1 2
......................... AC 214 07 12 120i 5% 14

. All distances are given in millimeters and must be kept within a tfolerance of % 0.8 millimeter.
. TLO+ TL1 =254 mm
TLO+ TL1 =27.6 mm
TLO+TL1 =221 mm
TLO+TL1 =218 mm
. TLO+ TL1 =22.3 mm

ooswN =

Net Structure Routing for PLL Input (Raw Card M)

PLL Clock Input

TLO TL1
DIMM CK
Connecior CK
L PLL
For testpoint at CK and CK use via
2 mm from the DIMM connector
C1
s N
Unloaded Clock input Testpoint at CK and CK use via,
No Connection 0.8 mm from PLL CK input
Clock Net Lengths for PLL Input Net Structures (Raw Card M)
: R1 C1
Raw Card 3 TLO TL1 TL2 | TL3 (Ohms) (0F) Notes
M 276 0.9 1.0 15 120 £ 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. TLO + TL1 =28.45 mm
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DDR2 Registered DIMM Wiring Details

Net Structure Routing for PLL Input

PLL Clock Input

pimm  ©K
Connector CK

For testpoint at CK and CK use via
1 mm from the DIMM connector

Unloaded Clock Input
No Connection

JEDEC internal use only

DDR2 SDRAM Registered DIMM Design Specification

PLL

Testpoint at CK and CK use via,
0.6 mm from PLL CK input

Clock Net Lengths for PLL Input Net Structures
c1 R1
Raw Card TLO T TL2 TL3 (oF) (Ohms) Notes
R 3.6 232 06 1.0 1£0.25 120 + 5% 1,2

1. All distances are given in millimeters and must be kept within a tolerance of + 0.8 millimeter.

2. TLO+TL1 +TL2=274 mm

Net Structure Routing for PLL Input

PLL Clock Input
TLO TLY
R1 TL2
piMm - CK ; .
Connector CK
cK PLL
For testpoint at CK and CK use via
1 mm from the DIMM connector
Testpoint at CK and CK use C1,
Unioaded Clock input 3.2 mm from PLL CK input
No Connection
Clock Net Lengths for PLL Input Net Structures
c1 R1
Raw Card TLO TL1 TL2 (BF) (Ohms) Notes
6.1 1.0 3.1 TBD 120 £ 5% 1
6.2 1.0 36 TBD 120 £5% 1
1. All distances are given in millimeters and must be Kept within a tolerance of £ 0.8 millimeter.
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Net Structure Routing for PLL Feedback Path (Raw Card A, F, W)

PLL
L3 L2 FBKIN FBKOUT

( O: FBKIN FBKOUT

(O

TLO

PLL Feedback Path

Net Strucfure Routing for PLL Feedback Path (Raw Cards B,C,D,G H,J, K, N, T, U,
AC)

c1T
£+ 0 . Osw
L3

TL2 Tl PLL

FBKIN FBKOUT

T FBKIN FBKOUT

PLL Feedback Path

2D ER) ]:\
s T2 FBKIN FBKOUT

(D: FBKIN FBKOUT
O —

TLO

PLL Feedback Path

Net Structure Routing for PLL Feedback Path (Raw Card AA)

PLL
FBKIN FBKOUT

FBKIN FBKOUT

R1 TL1 1 TL2

o

Page 70 Revision 3.91

Netlist EX2006
Samsung v Netlist

IPR2023-00455 g AM.-NET00027401



Proposed

DDR2 Registered DIMM Wiring Details

JEDEC internal use only
DDR2 SDRAM Registered DIMM Design Specification

Trace Lengths for PLL Feedback Path Net Structure

Samsung v Netlist
IPR2023-00455 g AM-NET00027402

TLo R1 of
Raw Card Wi Max TL1 TL2 TL3 (Ohms) [PF] Notes
A, F 571 57.3 05 0.6 1.0 120 £ 5% TBD 1,2,3
5 o o 09 ..................... 05 ................... 09 e e o s
T 500 ................. 501 oe ..................... 03 ............. s o Lo TBD ................. 1 23 .......
A 766 ................. 767 ................... 7 6 ..................... os ............... oa s e TBD ................. 1 23 .......
I 694 .................. 695 ................... 12 ..................... 07 ............. i o s s TBD ................. 1 23 .......
J,N 63.3 63.4 08 1.0 1.3 120 + 5% TBD 1,2,3
K 70.0 70.1 06 0.8 0.8 120 + 5% TBD 1,2,3
L 6834 63.5 06 038 0.9 120 + 5% TBD 1,2,3
M 70.0 70.1 08 21 1.7 120 + 5% TBD 1,2,3
p 70.0 701 1.0 0.8 0.9 120 £ 5% TBD 1,2,3
. 06 .................. 07 ........ oo s 5 0 s o TBD .............. 1 23 .......
. 622 ................. 623 ....... o oh oa 0 s o TBD .............. 1 23 .......
3] 52.0 52.1 07 08 0.8 120 + 5% TBD 1,2,3
v, Y 604 60.5 0.7 ‘ 3.0 1.0 120 + 5% TBD 1,2,38,4
W 63.8 63.9 0.7 ‘ 0.8 1.1 120 £ 5% TBD 1,2,3
AA 92.3 924 24 ‘ 06 - 120 £ 5% TBD 1,2,3
AC 62.7 62.9 07 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 R/ICV and Y the register and capacitor placements are reversed.
Netlist EX2006 Page 71



Proposed

JEDEC internal use only
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 SDRAM
3.8mm from SDRAM)
TL
TL
cK TLO
PLL Output { ) ) * ) )
CK

PLL Output to SDRAM Load Test Point
(Term. resistor)

PlLowpt () ) K O ) %m

Test Point
SDRAM (Term. resistor)
TL1 J

o TLO
PLL Output () ) X ()) R1
e %

Net Structure Routing for PLL Output to SDRAM Load (Raw Card J, L, N, AA)

PLL Qutput to SDRAM Load

SDRAM

Test Point
SDRAM g (Term. resistor)
PLL Output ) §R1
TL L
SDRAM
SDRAM
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Net Structure Routing for PLL Output to SDRAM Load (Raw Card M)

PLL Output to SDRAM Load

TL2 TL3

SDRAM Test Point
B '/ (Term. resistor)

ck _TLo
PLL Output { | X ( ) ) R1
CK TL

SDRAM

TL2 TL3 H

SDRAM
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Trace Lengths for PLL Clock Output to SDRAM Load Net Structure

TLO TL1 TL2 TL3 R
RAW Card e o e LI b Notes
Min Max Min Max Min Max Min Max Ohms
A, F 68.5 68.6 15.0 15.1 38 3.9 - - 120 + 5% 1,2
B,G 68.1 68.2 15.3 ' 154 4.2 4.3 - - 120+ 5% 1,2
C,H 68.5 68.6 16.5 : 16.6 38 39 - - 120 £ 5% 1,2
10.4 10.5 4.5 4.6 - - 1,2,3
b 091 692 9.5 96 10.0 10.1 - - 1205% 1,2,4
E 68.5 68.6 15.0 : 15.1 6.6 ‘ 6.7 - - 120 £ 5% 1,2
J 70.0 71.0 35 : 3.6 12.8 ‘ 12.9 4.1 4.2 120 £ 5% 1,2
K 68.5 68.6 15.0 : 15.1 4.8 ‘ 4.9 - - 120 £ 5% 1,2
L 70.0 71.0 35 3.6 12.8 12.9 4.1 4.2 120 £ 5% 1,2
M 72.4 725 3.9 4.0 7.6 7.7 3.5 3.6 120 £ 5% 1
N 70 70.1 3.5 3.6 128 | 129 4.0 41 120 £ 5% 1,2
p 68.5 68.6 15.0 : 151 6.6 6.7 - ‘ - 120 £ 5% 1,2
............ R i B e T R e s Ry o 12
T 72.7 728 7.1 7.2 4.2 ‘ 4.3 - k - 120+ 5% 1,2
U 70.6 70.7 6.8 70 4.0 ' 41 - : - 120 £ 5% 1,2
v, Y 722 729 24 3.7 41 ‘ 4.1 - ‘ - 120 £ 5% 1,2
W 72.8 73.0 7.3 74 41 42 - - 120 £ 5% 1,2
AA (MAIN) 854 85.5 12.7 12.8 120£5% { 1,2, 5
0.0 0.1 : 4.9 5.0
AA (Split) 51.9 520 469 470 120£5% 1,26
............... AC728 o e T e e et 12

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. Fornon ECC DRAM

4. For ECC DRAM

5. Two adjacent drams and the drams behind them on Flex-circuit.

6. Two DRAMSs accross the “fold” and the drams behind them on Flex-circuit.
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Net Structure Routing for PLL Output to Register Load (Raw Card A, F, R, V, Y)

TL2 Test Point
TL3 Ct (vias on back side)

(\l;t Register

All PLL outputs are used

Net Structure Routing for PLL Output to Register Load (Raw Card B, C, G, H, T, U)

PLL Output to Register Load TL3 —cr:::t;giigtr across

== C1

_| Register

Testpoint across

ck L0 TL2 . resistor
PLLOupt () J Rt
=L N\ .. S
All PLL outputs are used
Register

Net Structure Routing for PLL Output to Register Load (Raw Card D)

Testpoint across capacitor
’Testpoint across resistor

c1 TL3 Ry TL2

PLL Output to Register Load

Register

PLL Output

All PLL outputs are used

Register
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Testpoint across

PLL Qutput to Register Load TL3 capacitor

c1

Register

Testpoint across

/ resistor
R1

Testpoint across
« WO n )/ capacitor
Puioupat () ) % o

CK

Tesipoint across
resistor

All PLL outputs are used

Net Structure Routing for PLL Output to Register Load (Raw Card K)

c1 TL2 Test Point

PLL Output to Register Load T3 (vias on back side)

R1

PLL Output Register

All PLL outputs are used

Register
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Net Structure Routing for PLL Output to Register Load (Raw Card L)

PLL Output to Register Load

T
) |Register Testpoint across
resistor
CK TLO
PLL Output ( ) ) X
=~/ T
CK 9 Testpoint across
= capacitor
ned
TLA 5

Register

Net Structure Routing for PLL Output to Register Load (Raw Card J, N and AA)

PLL Output to Register Load Register

Testpoint across
resistor

Register

ok TLO
PLL Output [ ) )
CK

Testpoint across
capacitor

Register

Register

All PLL outputs are used
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Net Structure Routing for PLL Output to Register Load (Raw Card P)

PLL Qutput to Register Load

Testpoint across at via

TL3 TL4
,,,,,, R1
,,,,,,,,,,,,,,,,,,,,, Register
CK TLO
PLL Output ( ) )
CK
TL4
== C1 R1

l 777777777777777777777 @

All PLL outputs are used

Net Structure Routing for PLL Output to Register Load (Raw Card M and W)

PLL Output to Register Load , Testpoint across resistor

/ Testpoint across capacitor

Register

R1 TL2 T3 C1

{O E TL4

PLLOoupt () T\ ()

All PLL outputs are used CK

TL4

Register
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Net Structure Routing for PLL Output to Register Load (Raw Card AC)

PLL Qutput to Register Load

All PLL outputs are used

PLL Output

Test Point

(vias on back side)

Register

TL3

R1
Trace Lengths for PLL Clock Output to Register Load Net Structure
TLO TL1 TL2 TL3 TL4 R1 c1
Raw Card : Notes
Min Max | Min : Max | Min | Max | Min | Max = Min | Max [Ohms[ [PF]
A F 50.2 50.3 0.5 0.6 29 3.0 09 1.0 - - 120 £ 5% TBD 1,2
5 e o P 17 ............ 13 ........... 15 ........... 16 : : PP S O
i P R o e ; 7 ........... 13 ........... 15 ....... e : : PR )
719 726 . 103 : 104 1.0 1.1 1.6 1.7 45 46 120+ 5% = TBD 1,2
_ 550 250 ......... 94 ............ 95 ...... os os s s i : sio 15% TBD ........... 1 2 .....
| e 468 ........ 101 .......... 102 ..... ot oo s - : : 20 15% TBD ........... 1 2 .....
K 60.0 | 60.1 04 1.2 1.2 19 1.0 1.1 - - ‘120 +5% | TBD 1,2
L 60.2 | 60.3 0.7 0.8 1.2 1.3 1.1 1.2 - - ‘120 +5% | TBD 1,2
M 69.9 | 70.0 0.0 0.1 1.0 11 1.0 1.1 1.0 1.1 ‘12015% TBD 1,2
N 46.7 | 468 @ 10.1 10.2 05 06 1.5 1.6 - - 120+ 5% |« TBD 1,2
p 55.0 | 55.1 19.9 | 200 04 05 40 41 1.0 1.0 240+ 5% | TBD 1,2
............ R 605 605 07 070909 10 b 10 120 15% TBD 12
............ -|- 552 553 05 05 16 17 16 e 17 120 15% TBD 12
............ U 523 524 05 06 15 16 15 e 16 120 15% TBD 12
vV, Y : 59.9 | 600 0.8 0.8 1.0 ¢ 1.1 1.0 1.0 - - 120+ 5% @ TBD 1,2
W k 605 | 606 @ 113 114 07 08 07 08 06 0.7 120+ 5% @ TBD 1,2
AA k 250 | 251 50.0 ‘ 50.1 50 5.1 15 1.6 - - 120+ 5% = TBD 1,2
AC 553 | 554 05 06 21 22 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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Data Net Structures

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

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)
Raw Card C,H TestPoint on trace 0.6 mm from SDRAM pin
TLO 22 ohms £ 5% TL1' for DQJ2,7.34,39,58 63],DQS0,0050, DMO/DQS9,DQASY,
DIMM SDRAM Pin DQS4,DQS4, DM4/DQS13,DQ513,
Connector DQS7,DQS7,DM7/DQS16,DQS16,

Raw Card R,UJ,V AC Test Puoint at stub resistors
for DQ[63:0], CB[7:0], DQS[17:0]

DQS[7:0], DQS[7:0] and DM[7:0]

Raw Card C,H Test Point on trace, from 6 mm to 12 mm length from SDRAM 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],DQ8[2,3,8,12,17] and DQS[2,3,8,12,17],
Raw Card A, F

Raw Card A F TestPoint at vias on back side
for DQ[3:0,13:8,19:16,27:24,59:56],CB[3:0]

Trace Lengths for DQ, DQS, DM Net Structure (Raw Card A,C,F, H, R, U, V, AC)

Raw TLO TLA TLO + TL1 (2 via in trace)  TLO + TL1 (1 via in trace) i TLO + TL1 (no via in trace)

Card Min Max Min Max Min Max Min Max Min Max Notes

A F 3.8 3.9 17.1 19.8 209 21.2 222 225 235 238 1,2,3
C,H 3.6 3.7 18.4 18.6 - - - 221 222 1,2
it R ............... .3.4 ........ 134 ....... 56 ........ 156 ............ e e 190 ........... 1 go ............... e 12
-~ U ............... 36 37 ........ 147 ...... 143 ............ e St 132 ............ 184 ...... 12
‘ v 34 10.7 53 13.6 - - 14.7 18.2 - - 1,2
“ AC 36 37 13.9 15.1 17.5 17.8“ 18.5 18.8 - - 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 + L 1.

3. TL1 of Raw Card A is adjusted to compensate for the delay caused by via on DQ nets.
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Net Structure Routing for DQ, DQS, DM (Raw Card B, G, T), for DQ,DQS (Raw Card J, L, AA)

Raw Card T Test Point at stub resistors

/ for DQ[B3:0], CB{7:0}, DQS[17:0]

TLO  220hms25%  TL1

SDRAM Pin

o MA—Q
Connector TL2
SDRAM Pin
Raw Card B, G Test Points on trace, from 4 mm to 12 mm length from SDRAM pin
for DQ[0,3,6,7,8,9.11,15,16,17,19,20,21,23 24,25,27,28,29,34,35,38 39,43 47 48 51,52 55,56,57,59,60,61,63],DQS[3,4] DOS[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)

TLO TLA TL2 Total
Raw Card : : : Notes
Min Max Min Max Min Max Min Max
3.5 36 17.9 18.0 Q0.5 0.6 22.0 221 1,2,3
B, G
3.5 36 14.7 15.4 3.1 3.8 22.0 221 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 20.2 231 4.1 6.3 29.6 29.8 1,2
3.6 3.7 14.4 14.5 0.5 0.6 18.5 18.8 1,2,3
e N TGS s e
3.6 37 11.7 11.9 3.2 3.3 185 18.8 1,2, 4
AA 45 6.5 18.0 21.0 4.3 6.3 29.6 29.8 1,2
1. All distances are given in millimeters and must be kept within a tolerance of + 0.8 millimster.
2. Total Min and Total Max refer o the min and max respectively of LO + L1 + L2
3. For DQ nets
4. For DQS, DM nets
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Net Structure Routing for DQ,DQS (Raw Card D, E, K, P, W, Y)

DIMM
Connector

TLO

22 ohms £ 5%

Raw Card D, W, Y, Test Points on stub resistors
for DQ[63:0], CB[7:0], DQS[17:0]

T

Raw Card E Test Points on trace, from 4 mm to 6 mm length from SDRAM pin for CB[1,2,4,5]
DQI2,3,7,812,13,17:15,21:19,24,2528,28,34,35,38,39,42 43 48:46,52:50,56:54,60.6 3], 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

DQI0,1,3,4,5,11,12,15,16,17,20,21,24,25 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[3,8,12,17]

I
[ \ SDRAM Pin

Stacked

"""""" SDRAM Pin

Trace Lengths for DQ, DQS, Net Structure (Raw Card D, E, K, P, W, Y)

TLO TL1 Total
Raw Card Notes
Min Max Min Max Min Max
D 8.0 8.1 23.0 231 31.0 311 1,2
E 3.6 58 23.8 26.0 29.6 20.7 1,2,3
K 3.6 37 184 18.6 22.1 222 1,2
p 3.6 58 28.8 30.9 34.5 34.6 1,2
Y 34 10.7 53 13.6 14.9 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 + L1
3. DQ58,59 has 2 vias on its line and via compensation (2.1mm 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)

TL3
SDRAM Pin
""""""""" TL3 —_—
SDRAM Pin
T 200hms+5% L1
DIMM TL3
Connector \ SDRAM Pin

| SDRAM Pin

Raw Card N Test Points on trace, from 4 mm to 12 mm length from SDRAM pin for
DQJ0,1,3,45,11,15,16,17,20,21,24,25,28,29,34,35,38,39,43 47,48 51,52,56,59,60,61,63]), CB[1.4,5], DQS[3,7],DQS[3,7] and DM[2,7]

TL2 TL3 Total
Raw Card : o SO SO oSO SRS Notes
Min ¢ Max | Min Max Min Max Min Max Min Max |
33 | 34 | 190 19.1 7.6 7.7 0.5 06 30.5 310 1,23
N ! ! ; !
33 | 34 | 167 16.8 7.6 7.7 2.8 29 30.5 310 | 1,24
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 + L1 + L2 + L3
3. DQ
4. DQS, DM
Revision 3.91 Page 83
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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 TL2 ! inl!
/ for DQ[63:0], CB[7:0], DAS[17:0] : SDRAM Pin|,
i
j SDRAM Pin||
TLO 22 ohms + 5% TL1 S S B
DIMM
Comectsr O > —W—O D>—rrl
SDRAM Pin||
I
SDRAM Pin|,
"7 777 Stacked
Trace Lengths for DQ, DQS Net Structure (Raw Card M)
TLO TLA TL2 Total
Raw Card bt e Notes
Min Max Min . Max Min Max Min Max
M 6.2 6.3 233 23.4 5.6 5.7 35.1 354 1,23
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 {o the min and max respectively of LO + L1 + L2
3. For DQ, DQS nets
Revision 3.91 Page 84
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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[15:0], BA[2:0], RAS, CAS, WE, S0, CKEO, ODTO

TL8

TestPoint at vias on back side for all signal of all SDRAMs — R (0 SDRAM Pin

{from 1mm to 5mm length from SDRAM pin}

L3 |
TestPoint at vias on back side for all signal j '

SDRAM Pin|

22 ohms
o 5% T g TL2

DIMM Connector

Register

\/ """"" e [soRamPn

TL4

)

= ‘ L8
: TLE E

'SDRAM Pin|

Trace Lengths for Address, Command and Control (Raw Card A, F, AC)

A[15:0], BA[2:0], RAS, CAS, WE, S0, CKEO, ODTO
Raw TLO TLA TL1 +TL2 TL2 TL3 TL4 TL5 TLG TL7 TL8
: i : Notes
Card! Min Max | Min Max  Min Max: Min Max Min ‘Max; Min MaxiMin Max | Min \Max Min Max | Min iMax
AF 31 46 288 302334 336 05 06 (376 378464 465:139 140 69 : 7.1 {139 140 13 | 54 1
AC {356 40 :266 268261 268 05 16 (378 38.0:464 465:139 140: 75 (77 (139 140: 13 | 64 1
1. All distances are given in millimeters and must be kept within a tolerance of + 0.8 millimeter.
Page 85
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Proposed

DDR2 Registered DIMM Wiring Details

JEDEC internal use only

DDR2 SDRAM Registered DIMM Design Specification

Net Structure Routing for Address, Command and Control (Raw Card B, C, G H, T, U)

A[15:0], BA[2:0], RAS, CAS, WE,: Raw Card B, G, T

A[15:0], BA[2:0], RAS, CAS, WE, S0, CKEO, ODTO: Raw Card C, H, U

For AO, Ad, SO and ODTO
testpoint from 3.5 mm to 5.5 mm branched from pin

Raw Card B,G testpoint on trace o
for A{0,1,5,4,8,10,11], BA[1:0] RAS, CAS and WE
Raw Card C,H testpoint on trace

for A{0, 7:4,11:9,13], BA[1:0], S0, RAS, CAS, WE,CKEO and ODTO
TL3 ﬂ
22 ohms
TLO  +£5% TL1
DIMM Connector . [}

TL2 j

—

— i

S0 is connected
to two registers
(Raw Card C,H,U)

Register

For A1, A3, A10, BAO and CKEQ
testpoint from 4.1 mm to 5.4 mm branched from pin
at the extreme right, front face SDRAM {(D7)on Raw Card B, C, G, H, T, U

at the extreme left, front face SDRAM (D0) on Raw Card B, C, G, H, T, U

TL7

TLG

T8

7 (- SDRAMPin|
TL8

{__ (- SDRAM Pin

SDRAM Pin

| SDRAM Pin

[sora ]

SDRAM Pin

SDRAM Pin|

SDRAM Pin|

A[15:0], BA[2:0], RAS, CAS, WE,: Raw Card B, G, T

A[15:0], BA[2:0], RAS, CAS, WE, S0, CKEO, ODT0: Raw Card C, H, U

Raw  THO = LSS LIl L N ns LS e ne . o s

Card | Min Max | Min Max Min Max Min  Max Min Max: Min Max Min Max: Min Max Min Max Min Max Notes
B.Gi31 45 {301 327 336360 - - 3761378 1469 471 139 140: 69 71 139 140 20 76 1.2
/C,H!36 37 305 333 342 370 0506 374376405 496 139 140! 6.9 | 71 139 140 13 66 12
______ T.188 40283 284 38 324 Looi.n. 393895 501 503 139 14076 78139140 L4 56 1 128

U 36 39 (259 274 295 :313: 05 06 374 :376:495 496 139 140: 69 : 71 139 140 13 | 56 | 123

1. All distances are given in millimeters and must be kept within a tolerance of + 0.8 millimeter.

2. TL2is used only for SO of Raw Card C, H, U

3. For R/C T & U, net traces for A14, A15 and BA2 are not routed for TL3, TL4, TL5, TL6, TL7andTA8. &
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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)
§ [1:0], CKE [1:0], ODT[1:0]

testpoint from 3.5 mm to 5.5 mm branched from pin

For SO and ODTO0 s
at the extreme left, front face SDRAM (D0O) on Raw Card B, G, T TL

SDRAM Pin

TLS e ——
(__O SDRAM Pin_
TLS
TL8
(- SDRAM Pin
Raw Card B, G testpoint on trace LS i
for S[1:0] and ODT{1:0] TL3 B ||
T\ TL8 |
,,,,,,,,,,,, ({3 SDRAM Pin
22 chms
TLO + 5% 5
DIMM Connector k7]
&8
o
/ TL2 E ,,,,,,,,,
8[1 O] are connected % /i
to two registers &
(Raw Card B, G, T) el 7/ &
TLa |
- |
LT
TLG g
TLE g
— (- SDRAM Pin
TL8
~
L7
For CKED 0\ ffffffffffff [SoRAM Pin
testpoint from 4.1 mm to 5.4 mm branched from pin TL8
at the extreme right, front face SDRAM {D7)on Raw Card B, G, T

Trace Lengths for Control (Raw Card B, G T)
S [1:0], CKE [1:0], ODT[1:0]

Raw TLO TLA1 TLO+TLA TL2 TL3 TL4 TL5 TL6 TL7 TL8
Card Min | Max  Min | Max | Min iMax  Min \Maxi Min i Max | Min iMax | Min :Max ' Min Max i Min i Max | Min | Max

Notes

B.G 3536 209313334349 05 06 37.6i37.8:469:471{139:140: 69 7.1 139:140:20 76 12

T 36 37 1283:284:319:321: 05 06 1393 395:501:503:139 14076 7.8 {139 14032 40 1,2

1. All distances are given in millimeters and must be kept within a tolerance of + 0.8 millimeter.
2. TLZ is used only for S[1:0] of Raw Card B, G, T
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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 D)
A[15:0], BA[2:0], RAS, CAS, WE

T3

D0

SDRAM Pin

--------- T SDRAM B

22 ohms
TLO +5% T
BIMM Connector —( — (T TLE

* ————————— % ;/Same
rrrrrrrrrr 2 load
Testpeint on stub resistor: iy TL4

A[15:0), BA[2:0] RAS, CAS,WE

TL7

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 mMin : Max | Min | Max | Min  Max

TLO TL1 TL2 TLO+TL1+TL21 TL3 TL4 TL5 TL6 TL7
i Max ;Min éMax Min ;Max Min  Max : Min . Max ; Min | Max

425 250 255 420 455 127 155 66 76 80 136 1

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: ODT0, ODT1.50,51

TLG

LA —
: SDRAM Pin

TLY

{:@ SDRAM Pin

| SDRAM Pin

TL6  TL?
(OO SDRAM Pin|

"""""

TL6

2o0hms |
TLO 5% Tut

DIMM Connector

TL6

L1 —
-0 SDRAM Pin|

LI ——
} SDRAM Pin

SDRAM Pin |

TL7
{1 SDRAM Pin

f

Testpoint 5 mm branched from DRAM Solder Pad: CKEOQ,CKE1, ODT0, ODT1 ,§0,§1

Trace Lengths for Control Net Structure (Raw Card D)
§ [1:0], CKE [1:0], ODT[1:0],: Raw Card D

Raw  TLO TL1 TL2  TLO+TL1+TL2 T3  TL3+T4 TL3+TL5  TL6  TL7
: N e 1 g : ' I o Notes
Card pin Max Min  Max Min Max: Min Max | Min iMax{ Min | Max | Min = Max : Min {Max! Min :Max
D 45 46 310 335 45 70 425 425 127 153 260 255 420 455 127 155 36 73 1.2
1. Ali 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

Proposed
DDR2 SDRAM Registered DIMM Design Specification

Net Structure Routing for Address and Command (Raw Card E)
A[15:0], BA[2:0], RAS, CAS, WE

TLO

22 ohms
5%

L1

DIMM Connector ™ G—MA—(_O+

Testpoint on signal lines: A1,A3,A14,A15

TL2 5
[ —
TL2 [ ——
B
o
)
o) EE—

TL4

TL4

D0

Testpoint from 6 mm to 8 mm branched from branch Via: AO, A7, A15, CAS,

TL4

TLS

0

TL8

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

1.8
SDRAM Pin

SDRAM Pin

{ BDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

- SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

T8

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 E)
A[15:0], BA[2:0], RAS, CAS, WE

Raw TLO T 0 TL2 TLO+TL1 + TL2 TL3 TL4 TLS TL6 TL8
: : : ‘ : : : : ; i Notes
Card pin  Max Min Max | Min ‘Max: Min Max | Min Max Min Max: Min Max Min Max:Min Max|
E_ 38 39 909 104 00 33 138 . 171 449 450 790 800 145 146 75 76 20 90 1
1. All distances are given in millimeters and must be kept within a tolerance of + 0.8 millimeter.
Page 90 Revision 3.91
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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]

TLB oo

TL3 @ TL5

22 ohms
TLO +5% TL1

DIMM Connector

Register

Testpoint on signal lines: CKEQ,CKE1,0DT0,0DT1

Testpoint 7mm branched from branch via:0ODT1 /'
SDRAM Pin

Trace Lengths for Control Net Structure (Raw Card E)
CKE [1:0], ODT[1:0]
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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]

TL9 -
({1 SDRAM Pin

TL9

22 chms
TLO +5% TLA

Testpoint on signal lines: S0, §1

Register

Testpoint 7mm branched from branch via: $1 /’

Trace Lengths for Control Net Structure (Raw Card E)
S[1: 01
......................................................................................... e

Raw | TL2+TL3

Card

Mm Max Min | Max Min Max Min | Max Min :Max Min Ma

E 38 3.9 ¢ 160 16.0:11.9: 119 05 06 322 | 324 429 430 49.4 495 14.5 146 87 :88 147 148 2.0 : 80 (9.7 ¢ 98 1

1. All distances are given in millimeters and must be Kept within a tolerance of + 0.8 millimeter.
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Proposed

DDR2 Registered DIMM Wiring Details

JEDEC internal use only

DDR2 SDRAM Registered DIMM Design Specification

Neét Striictuire Routing for Address and Comimand (Raw Card J)

A[15:0], BA[2:0], RAS, CAS, WE

22 ohms
+5%

TLO
DIMM Connector —( O

Testpoint on signal lines: A1,A3,A14 A15

TL1

Testpoint from 6 mm to 8 mm branched from branch Via : AG, A7, A15, CAS,

SDRAM Pin

SDRAM Pin

SDRAM Pin

SDRAM Pin

SDRAM Pin

SDRAM Pin

SDRAM Pin

SDRAM Pin

TL6

SDRAM Pin

SDRAM Pin

SDRAM Pin

SDRAM Pin

SDRAM Pin

SDRAM Pin

TL3 1

(e

SDRAM Pin

SDRAM Pin

-{ SDRAM Pin

T3 2

SDRAM Pin

SDRAM Pin

“(O-| SDRAM Pin

SDRAM Pin

“(O-{ SDRAM Pin

SDRAM Pin

SDRAM Pin

SDRAM Pin

SDRAM Pin

TL6

SDRAM Pin

Trace Lengths for Address and Command Net Structure (Raw Card J)

A[15:0], BA[2:0], RAS, CAS, WE

TLO TL1 TL2_1 ¢ TL2_2

Raw

TLO+TLI+TLZ_1,
TLO+TLA+TLZ 2

TL3 1 0 TL3.2 | TLA {1

TL4 2

TL5 TL6

Card

Min { Max | Min i Max | Min : Max | Min | Max

Min

Max Min i Max { Min Max { Min | Max

Min ‘ Max | Min { Max ;| Min

J 3.1 :6.0119.4:33.2

24.9

39.9 156.4:58.6i39.6 4181434456

58.2:60.4:12.0:14.0: 0.9
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Proposed

DDR2 Registered DIMM Wiring Details

JEDEC internal use only

DDR2 SDRAM Registered DIMM Design Specification

Net Structure Routing for Control (Raw Card J)

S[1:0]

TL2 g

—GC—%

]

L ]

TL2 I

OB

[

4

T3 & [

22 ochms o -

TLO  £5% TU T2 3
DIMM Connector (0w O+ C_ O—2
,,,,,,,,,,,,,,,,,,,,,,,,,,,, g
TL2 )

OB

x

TL7

(O SDRAM Pin

0| SDRAM Pin
O SDRAM Pin
O | SDRAM Pin

SSETEn

TL7

| SDRAM Pin

| SDRAM Fin

L6

TL?

TLY

C T SDRAM Pin

L7 .
(13- SDRAM Pin

| SDRAM Pin
'SDRAM Pin

TL7

. SDRAM Pin

Trace Lengths for Control Net Structure (Raw Card J)
S[1:0}:Raw Card J

Raw

TLO+TL1+
TL2+TL3

Card

Min iMax

Min \Max Min Max Min = Max

Min

Max | Min

Max

Min

Max  Min | Max

Min :Max

J

3.1 34

203120505 21 124 132

373

37.5 408

423

56.4

57.3 56.6|57.7

45.946.5

Min Max Min iMax3

119132 13 ¢

1. All distances are given in millimeters and must be kept within a tolerance of £ 0.8 millimeter
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Proposed

DDR2 Registered DIMM Wiring Details

JEDEC internal use only
DDR2 SDRAM Registered DIMM Design Specification

Net Striictire Routing for Control (Raw Card J)

CKE [1:0], ODT[1:0],

o

T,

I‘ L7 .
L6 |
. T
41—( SDRAM Pin
TL6 | |
oo

L6

L7
g-( """"" ) SDRAM Pin
e L7
I»-@@DRAM Pin
Q 1
L6 | |

TL4 ||
- TL7
T 41_:04 SDRAM Pin
_ | SDRAM Pin
s —C_ O
22 ohms ; §14 -
— SDRAM Pin
TLO +5% TL1 TL2 § é
DIMM Connector (0O w3 1 % e
4 k(—(} SDRAM Pin
L6 | |
TL5 1

TLY

SDRAM Pin|
6| |
SDRAM Pin|

Trace Lengths for Control Net Structure (Raw Card J)

CKE [1:0], ODT[1:0],: Raw Card J

TLO TL1 TL2 TL3 TLOTL 1+ TLA TL4 1 TL5 TL5 1 TL6 TL7
Signal TLZ+TL3 Notes
Min ‘Max: Min Max | Min {Max ' Min iMax: Min | Max | Min ‘Max Min { Max = Min iMax: Min { Max i Min Max | Min  Max
CKE[1:0] : 41 46 1207 213 .00 08 114i11.8: 362 | 385 414 420 567569 | 56.6 {572 :46.0 47.0:125 134 1.6 36 1
ODT{1:0]: 31 34 1201 215 05 17 1161120 353 386 411 418 567:57.0 563:5667 463 465:128 134 08 19 1
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 K)
A[15:0], BA[2:0], RAS, CAS, WE

SDRAM Pin
SDRAM Pin

For AO,A7 A10 and BA2
Testpoint from 4 mm to 6 mm branched from pin
at the extreme left, front or back face SDRAM

L6 SDRAM Pin

SDRAM Pin

L6 | SDRAM Pin

SDRAM Pin

SDRAM Pin

SDRAM Pin
T8 -

{ (3 SDRAM Pin

SDRAM Pin

SDRAM Pin

—_ SDRAM Pin
§ L8 :

~ ( (3 SDRAM Pin

SDRAM Pin

T4 F

- SDRAM Pin
SDRAM Pin

TL3

TL2

SDRAM Pin
SDRAM Pin

22 ohms
*+ 5%

Reg;ster

TL1

/ TL2

Testpoint on signal lines: A[1,2,5,6], BA[1,0], RAS, CAS, WE

SDRAM PRin
SDRAM Pin

DIMM Connector (7Y

SDRAM Pin
SDRAM PRin

Register

TL4

TL4 [j
v

SDRAM Pin
SDRAM Pin

- SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM PRin

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

TLG

For A3 and A7 TL6
Testpoint from 4 mm to 6 mm branched from pin
at the extreme right, front or back face SDRAM

- SDRAM Pin
SDRAM Pin

Trace Lengths for Address and Command Net Structure (Raw Card K)

A[15: O] BA[2:0], RAS, CAS, WE
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Proposed

DDR2 Registered DIMM Wiring Details

JEDEC internal use only

DDR2 SDRAM Registered DIMM Design Specification

Net Structure Routing for Control (Raw Card K)

S[1:0], CKE[1:0], ODT[1:0]

TL8 —
SDRAM Pin |

For 81,0DT0 and CKE1
Testpoint from 4 mm to 6 mm branched from pin
at the extreme left, front or back face SDRAM

TL2

22 ohms

+5% T

DIMM Connector (7Y

TL2

Testpoint on signal lines: §[1:0], QODT[1,0}, CKEO

For A3 and A7
Testpoint from 4 mm to 6 mm branced from pin
at the extreme right, front or back face SDRAM

SDRAM Pin |

7| SDRAM Pin|

SDRAM Pin |

""""" SDRAM Pin |

SDRAM Pin |

SDRAM Pin|

|sterl

[Reg

Register

TL8 —
SDRAM Pin |

TL4
SDRAM Pin|

| SDRAM Pin|

Max Min iMaxg Min iMax Min Max»

372 449450:799 800 139 140 69 7.0 - -

Netlist EX2006 Page 97

Samsung v Netlist
IPR2023-00455 g AM-NET00027428



Proposed

DDR2 Registered DIMM Wiring Details

JEDEC internal use only

DDR2 SDRAM Registered DIMM Design Specification

Net Structure Routing for Address and Command (Raw Card L)

A[15:0], BA[2:0], RAS, CAS, WE

22 ohms
TLO + 5%

DIMM Caonnector

TL1

Testpoint on signal lines: A[1,6,8,9],BA0,RAS,CAS

TL2 B

<
T2 E

R

>

[

o

TLA

Testpoint from 3.5 mm to 5.5 mm branched fromDRAM pad: A8, A12, BA2, RAS,

O

TL6

TL6

T8

TL6

" 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

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 L)

A[15:0], BA[2:0], RAS, CAS, WE

Raw TLO TL1 TL2 TLO+TLA+TL2,  TL3 = TL4 TL5 TL6
......................................... Notes
Card Min {Max| Min iMax Min Max| Min Max Min  Max : Min : Max ; Min ; Max; Min ; Max
L °31:6.0:235i305: 04 41 3386 37.2 140.5(42.5312.5 14.01 7.0 .85 06 60 1
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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 L)
S[1:0], CKE[1:0}, ODT[1:0]

JL6 !
; : SDRAM Pin |
TL4 @
’ e ——————
—(—Q SDRAM Pin|
TL4 @
TL6

- SDRAM Pin|
SDRAM Pin

SDRAM Pin

TL3_2@

3ohms
= TL3 1 +5%
T2 | 3| AR
22 ohms ——0o g {'E?—\NV\ .
TLO £5% TL1 € - TOWL -
DIMM Connector (" B—Mt-—~(_D—

¢ _Tie ‘
(| SDRAM Pin

L6 ‘
—(___{ SDRAM Pin|

TL4 @
7 TL6

TLD

TL3—2ﬂ LY TL6 |
o SDRAM Pin|

TL4
2 TLe |
D {SDRAM Pin

TL6 .
,,,,,,, 0 |SDRAM Pin
TL4 ﬁ

TLE
—(___(3{ SDRAM Pin

TL5E

Trace Lengths for Control Net Structure (Raw Card L)
S[1:0],CKE[1:0],0DT[1:0}:Raw Card L

Raw TL? :
Card S S S SaneniBN SRS SRS Tt CCn S RN N Notes

Min iMax i Min {Max Min {Maxi Min | Max | Min { Max | Min | Max  Min | Max | Min iMax | Min {Max : Min {Max

L 31:60:235:305:04 41 :336:37.2: 19 25 :495:520:520:53.0:125:140: 50 : 95 06 6.0 1

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[15:0], BA[2:0], RAS, CAS, WE

100K ohm pull down resistor only for A14, A15 & BA2

TL3 1

TL5 1

DRAM Pin},
RAM Pin .
RAM P,
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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

TL3 2 TL4 1 TL4 2  TL5 1 TL5 2 TL6
! Notes

Raw TLO O TLO 2 TL1 TLO2+TL1 TL2 | TL3_1

Card Min ‘Max. Min Max Min Max Min  Max Min Max Min iMax Min Max Mn

Max { Min {Max: Min Max§ Min EMax MinéMax

M 553

714216347 635649 7.0 1385144 126

Net Structure Routing for Control (Raw Card M)
S [3:0], ODT[1:0]

100K ohms pull up resistor only for 82 & S3

1. All distances are given in millimeters and must be kept within a tolerance of + 0.8 millimeter

3 ohms

Note:
This topology is for 1 of the 2 registers on this design.

The second register has an identical topology.

TL42 TI51 TL52  TL6

i ; . :Notes
Min iMax: Min {Maxi Min {Max:Min Max

63.47 63.5 6.49: 7.0 13.8
63.47 63.5 ‘
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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]

LT

SDRAM Pin
SDRAM Pin
o o ASDRAM P

L6 v SORAM Bir]
SDRAM Pin

=
RAM Pin
RAM B
RWP
A

TLA

Register

SORAM Pin

DIMM Connector ——__(3—{Resisfor}
TLO
Note:
This topology is for 1 of the 2 registers on this design.

3 ohms The second register has an identical topology.

Trace Lengths for Control (Raw Card M)
CKE[1:0]

Raw. TLO TL1 i TL2.1 | TL2.2 T2 1+Ti22
Card: Min iMax. Min | Max | Min ‘Max | Min \Max; Min | Max

M :553:5.56 29.3 29.33i{1.54:7.34.0.79 4.59: 2.33 10.5

TL5 1 TLS 2 TL6 |
,,,,,,,,,,,,,,, Tl NOtES
Min iMax: Min {Max:Min Max‘

649 7.0 1385144 126,55 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 Address and Command (Raw Card N)
A[15:0], BA[2:0], RAS, CAS, WE

SDRAM Pin
SDRAM Pin

TLS_

- SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

L5 2! | TL6
- SDRAM Pin

SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin
- SDRAM Pin

{ Register

SDRAM Pin
SDRAM Pin

22 ohms
TLO  +5% TUL1 TL2_2
DIMM Connector - O—M— UL D

SDRAM Pin
SDRAM Pin

Register

- SDRAM Pin
SDRAM Pin

Testpoint on signal lines: A1,A2, A5 A6,CAS

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

5 2 | TLE
2 SDRAM Pin

SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

Testpoint from 6 mm to 8 mm branched from branch Via : A3, A4, A7, A12 \“T SDRAM Pin

SDRAM Pin

Trace Lengths for Address and Command Net Structure (Raw Card N)

A[15:0], BA[2:0], RAS, CAS, WE

TLO+TLA+TL2_1,

Raw  TLO TL1 TL2.1 TL2.2 | ol yeiss

Card

TL3 TL4 TL5_1 TL5 2 TL6

Min = Max | Min { Max | Min | Max | Min . Max Min Max Min . Max : Min | Max i Min | Max | Min | Max MiniMax

N 30 62 :180:240:185:235 0.0 22 22.0 497 :48.0 505:48.0:52.0:33.9:34.1,13.0:13.2; 15|48 1

1. All distances are given in millimeters and must be kept within a folerance 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 52, ODT1
Testpoint from 4 mm to 6 mm branced from via

TLY

(7 SBRAM Pin

]
=
w

This point is disconnected for ODT signals L2

| Register‘ ‘ Registerl

22 chms
TLO +5% Tt TL2
DIMM Connector (- W— O O—

Testpoint on signal lines: $1 /_(:) ,,,,,,,,,,,

This point is disconnected for ODT signals

t Register‘

SDRAM Pin

‘ Register

SDRAM Pin

Trace Lengths for Control Net Structure (Raw Card N)
S [3:0], ODT[1:0],: Raw Card N

Raw TLO TL1 TL2 TLO + TL1 + TL2 TL3 TL4 TLS TLE TL7
S SO S O SO SO e Notes
Card | pMin  Maxi Min  Max | Min | Max Min Max Min | Max | Min | Max | Min { Max | Min iMax Min :Max
3.1 v4.1 200 280 0 v2.2 v 24.0 34.0 540 580 580 {620 13.0 | 132 339341 15 35 1,2
N 34 414 1195 213 0 ¢ 22 28.0 34.0 540 580 580 | 620 13.0 | 132 1339341 15 35 1,3
31 41 /565 566 0 22 65.0 71.0 540 58.0 580 620 13.0 : 132 339 :341 15 35 1,4
1. All distances are given in millimeters and must be Kept within a folerance of + 0.8 millimeter
2. ODT
3. 80, s1
4, 82,83
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Proposed

DDR2 Registered DIMM Wiring Details

JEDEC internal use only
DDR2 SDRAM Registered DIMM Design Specification

Net Structure Routing for Control (Raw Card N)

CKE [1:0]

TS|

TL5 | |
TS|

1L2 Z| s
—_O0—o U 1
& T (> SDRAM Pin
_ @
] 6| |
e 3 S V4
§ TL4 O+ SDRAM Pin
& —(C G-
22 ohms —_
(& | - SDRAM P
MO £5% TLf T2 (0O~ & “SDRAM Pin |
DIMM Connector (O W—__O+C 05— % 45 ns
& E 7
TL2 "g" 5 |
- o B
= &
TL4 [3 s
| L7
o
TS |
L7
-------- -

L5 |

ooy ——
l—:(}{;SDRAMPin;

TL5 | ¢

T e
_________i_(:o_;SDRAM Pin|

e | |
Testpoint from 6 mm to 8 mm branched from branch Via : CKE[1,0] L L7 —
T Y Toramen)

Trace Lengths for Control Net Structure (Raw Card N)

CKE [1:0]: Raw Card N

Raw TLO TL1 TL2 TLO + TL1 + TL2 TL3 TL4 TL5 TL6 TLY
Notes
Card | pMin Max | Min | Max | Min | Max Min Max Min  Max | Min | Max i Min { Max : Min {Max Min :Max
N 31 41 :200:280: O 2.2 24.0 34.0 540 : 58.0 | 580 | 62.0 | 13.0 : 132 :339:341: 15 | 35 1
1. All distances are given in millimeters and must be kept within a folerance 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 P)
A[15:0], BA[2:0], RAS, CAS, WE

T8

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin

s SDRAM Pin
J T —————
~— {3y SDRAM Pin

SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

22 ochms
TLO +5% TL1

DIMM Connector SDRAM Pin
TL2_2 SDRAM Pin
LT k T8

SDRAM Pin
SDRAM Pin

Testpoint at vias on backside for all signals [
TL4

- SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

TL8

SDRAM Pin
SDRAM Pin

- SDRAM Pin
SDRAM Pin

Testpoint from 7 mm to 9 mm branched from branch Via : CAS, A7, A15 —
SDRAM Pin

SDRAM Pin

Trace Lengths for Address and Command Net Structure (Raw Card P)

A[15:0], BA[2:0], RAS, CAS, WE

TLO TLY TLOSTLY L TL2 1 | Tiz 2 | _JROFTRI+ TLS TL4 TLS L6 LS
Raw TL2( 1 or_2)
REW g D Notes
Min | Max | Min :Max: Min Maxi Min ‘Max| Min Max} Min | Max | Min “ia Min “;'(a Min N)'(a Min 'V)'(a Min 'V)'(a
36 144 93 :101:136:13.7: 04 :421: 04 :421 14.0 558 :249:250:5909:600:149i150:79 18009 :87 1
P
36 i 37 1200:201:236:23.7:32.0:321:320:321 556 558 :249:250:59.9:600:149i150:79 :80 :09 :87 1,2

1. All distances are given in millimeters and must be kept within a tolerance of = 0.8 millimeter.
2. Applied only for A8,AS,A12 A14 and A15
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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 P)
S[1:0], CKE[1:0], ODT[1:0]

> SDRAM Pin|

e N TsoRAM P

TL8

| SDRAM Pin|

{ SDRAM Pin;

L T8 r———————
b (> SDRAMPin|

22 ohms
TLO  £5% TUt
DIMM Connector - (3—swW—{]

/ '  SDRAM Pin|

Testpoint at vias on backside for all signals
TL4 ﬁ)
o/

| SDRAM Pin|

| SDRAM Pin|

rrrrrrrrrr soRA P

TL8

T8 | SDRAM Pin|

TL8

| SDRAM Pin|

_ TL6
Testpoint frorn & mm to 9 mm branched from branch Via : $1, ODT1—\.$

| SDRAM Pin

Trace Lengths for Control Net Structure (Raw Card P)

S[1:0], CKE[1:0], ODT[1:0]

TLO+TL1
TLO TL1 ITLO+TLY TL2.1  TL2.2 TL3 TL4 LS TL6 L8
+TL2(_1 or_2)
Raw Card : ; ; : ; Notes
Min 'V)'(a Min '\f(a Min 'V)'(a Min '\f(a Min Max: Min = Max  Min Max Min Max Min Max Min Max Min Max
P 36 44 186 95 ‘13.1 13.2: 04 1421 04 421 13.5 553 _44.9 45.0‘79.9 80.0 149:150: 7.9 . 80 27 75 1__

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 R)

A[15:0], BA[2:0], RAS, CAS, WE, ODT0

TestPoint af vias an back side for glf sighat of ol SDRAME = '\"--.“
{ieoat 4 e bo Saen length from SDRAK pia).

FE s
e 28R ony Rl e

B Connector

K
| -
L&
| ,
I,
e
[ DMisomes i
—
Trace Lengths for Control Net Structure (Raw Card R)
A[15:0], BA[2:0], RAS, CAS, WE, ODTO
TLO TLA1 TLO+TL1 TL2 TL3 TL4 TL5 TL6 TL7 | TL8
Raw Card : e - : : Notes
Min : Max : Min :Max: Min : Max ; Min : Max | Min : Max:; Min :Max Min :Max: Min :Max:; Min :Max; Min . Max
R 32 197 1551252 :285:285: 05 | 94 1476:582:730:i827:264:295: 93 1161163181 : 2.0 45 1,2

1. All distances are given in millimeters and must be kept within a tolerance of + 0.8 millimeter.
2. For R/IC R, net traces for A14, A15 and BA2 are not routed for TL2, TL3, TL4, TL5, TL6, 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 R)
S0 and CKEO

Tosiobng at whas oo back side (o8 sl cigead of 3l SDRAMs - —

HIHARS Rin
e e to S keegin feomn SORARM pind.

..]l BOFARS Pis

o —{ SDRAM Fin

»

22 9?}&:’25
e W owa Ty me
Dibdh] Comnpcios —f T [ -

¥

Fogis

TLe >

T4 ﬂ

BOFAR Pin

{3 SORAKS Fis
— (DR Pi]

Trace Lengths for Control Net Structure (Raw Card R)
S0 and CKEO

TLO TL1 TLO+TLA TL4 TL5 TLG TL7 TL8
Raw Card S S Sl : e T s et S L S o L Notes
Min | Max - Min i Max : Min §Max Min | Max | Min { Max i Min iMax i Min {Max i Min iMax{ Min {Max i Min {Max
R 32 97 155 252 285 285 05 04 476 562 730 827 264 205 03 116 163 181 20 45 1
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 (Raw Card V and Y)

A[15:0], BA[2:0], RAS, CAS, WE

For A12 and A13 testpoints, on the via b/w TL7 and TL8
of all SDRAMs on Raw Card V and Y

For A12 and A13 testpoints, also on the via b/w TL9 and TL.8
of these SDRAMs on Raw Card V and Y
TLZ H TL4

TiB
[ GDRAR Pin

2 obma
TLEF O o+ 5%  TL

DA Cennador

[ STRAM Pin

Trace Lengths for Address Net Structure (Raw Card V and Y)

A[15:0], BA[2:0], RAS, CAS, WE

TLO+TLA TL2

Raw Card

Min Max?Min Max ; Min ; Max

: Min . Max: Min Max. Min Max . Min :Max: Min :Max
V,Y 33 105 112 336 217 376 05 83 285 357 5571605 548 624 57.0 571 45 01 18 43 128

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 RICV &Y, net traces for A14, A15 and BAZ are not routed for TL2, TL3, TL4, TL5, TL6, TL7, TL8 and TL9.
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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[1:0], CKE[1:0], ODT[1:0]

L9

[—{ f H SRIRAM Pin

L8 ]“

( H SDRAM Piny ;

1LY
—____L 7 SDRAM Pin

e
YT
{3 SDRAM Fin |
7
7 L9
a g {H SDRAM Pin ;
£ £
HGHE TL8
8% NI . TL4 [
z ' {3+ SDRAM Pin |
L9
T+ SDRAMPin |
Tmo TLS[
119 T
C T3] SDRAM Pint |
o §i¥i
W L9 ” 2
T G- surAMPIn | 7
L
T8 o
T 7
H Y e b
Lo LA - —{(O{ sDRAmPin | SDRAM Pin |
— G- 5 -
& L3
TS

Trace Lengths for Control Net Structure (Raw Card V, Y)
S[1:0], CKE[1:0], ODT[1:0]

Raw | TL6 L7 TL8 L9

Card Signal TLO TL TL2 | TL3 TL4 TL5S Notes
ar Min  Max i Min | Max | Min | Max = Min = Max

V,Y | CKEO | 36 & 267 | 184 | 127 @ 255 | 499 ' 700 700 | 00 i 23 i 89 | 95 | 32 | 52 12,3

V.Y CKE1 3.9 26.9 18.3 0.5 24.8 53.7 61.4 65.8 0.0 3.0 104 | 105 2.7 3.0 1,23

V.Y S0 33 274 1.9 0.7 26.8 52.5 70.0 70.0 0.0 38 9.2 10.0 29 4.0 1,23

v, Y 31 6.7 318 9.3 186 | 336 53.9 60.0 60.0 1.2 1.9 100 | 113 45 5.1 123

V,Y . ODTO 278 9.8 3.8 3.0 261 541 60.0 64.5 0.0 51 5.2 8.3 086 1.7 123

V.Y OoDT1 1.5 244 3.5 0.6 28.2 55.0 70.0 70.1 6.5 131 0.0 0.0 4.4 7.3 123

1. All distances are given in millimeters and must be kept within a tolerance of £ 0.8 millimeter.
2. Raw Card Y has stacked DRAM where the DRAM Pin is indicated
3. ForR/CV, S1, CKE1 and ODT1 are routed to the register.
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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 W)
A[15:0], BA[2:0], RAS, CAS, WE

at the extreme left, frent face SDRAM (DO) on Raw Card W

For A4, testpoint 4.8 mm branched from pin
,IL,&*

SDRAM Pin
SDRAM Pin

SDRAM Pin

mﬁ | SDRAM Pin,

T8 -
SDRAM Pin
SDRAM Pin

TL8

SDRAM Pin

SDRAM Pin
ﬁ TL8

SDRAM Pin
SDRAM Pin

T8

SDRAM Pin
o) SDRAM Pin

L TL8
bl —r3 SDRAM Pin

SDRAM Pin

L SDRAM Pin

22 ohms m_{’g SDRAM Pin
TLO  +5% TU J L8
DIMM Connector )

SDRAM Pin
SDRAM Pin

i Register

Register 1 : A[1,5,6,7,9,10,12],BA[2], CAS, WE
Register 2 ; A[0,2,3,4,8,11,13], BA[0, 1],RAS

SDRAM Pin
SDRAM Pin

TL8

SDRAM PRin
SDRAM Pin

(3 SDRAM Pin
SDRAM Pin

TL7
TLa

0

Trace Lengths for Address and Command Net Structure (Raw Card W)
A[15:0], BA[2:0], RAS, CAS, WE

TLO TL1 TL3 TL4 TLS TL6 TL7 TL8
T S 0 O S P T Notes
Min  Max | Min  Max  Min | Max i Min | Max ;: Min ; Max . Min i Max ;. Min | Max  Min ; Max

w 38 39 2565 257 384 366 490 49.1:133 135 8.7 [ 69 (133 135 22 : 6.6 1.2
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Proposed
DDR2 SDRAM Registered DIMM Design Specification

JEDEC internal use only

DDR2 Registered DIMM Wiring Details

Net Structure Routing for Control (Raw Card W)
S[1:0], CKE[1:0], ODT[1:0]

For ODT1, testpoint 4.6 mm branched from pin

at the extreme left, front face SDRAM (D0O) on Raw Card W

2.2 ohms
+ 5%

22 ohms o
TLO  +5% TLA TL2 o 5
pcspopTmeke |8 —m @ ,
DIMM Gonnector (0w OO0 ) | SDRAM Pin
: I3 TL10.
oTL2 — ? ,,,,,,,,, / /
__________ TSR &
<9 g L1
Second TL2 is used for S[1:0] x|/

Register 1 : €80, CKE1, ODTO
Register 2 : 81, CKEQ, ODT1

@ TLS

2.2 ohms
+5%

Ay

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)
5[1:0], CKE[1:0], ODT[1.0]

TL10

TL10

Raw TLO TLI+TL2  TL2 TL3+TL4 TL5+TL6 L7 TL8 TLO TL1O L TLH
: : : : ; ! ; : : : ! : Notes
Card: Min  Max : Min Max | Min i Max  Min Max: Min Max Min {Max  Min : Max i Min Max: Min i Max Min | Max
W 38 39 255 257 05 16 560 562 600 602 52 56 25 26 45 46 97 98 47 66 1
1. All distances are given in millimeters and must be Kept within a tolerance of + 0.8 millimeter.
Revision 3.91 Page 113

Netlist EX2006
Samsung v Netlist

IPR2023-00455 g AM-NET00027444



Proposed
JEDEC internal use only

DDR2 Registered DIMM Wiring Details DDR2 SDRAM Registered DIMM Design Specification

Net Structure Routing for Address and Command (Raw Cards AA)
A[15:0], BA[2:0], RAS, CAS, WE

SDRAM Pin
SDRAM Pin

- SDRAM Pin
SDRAM Pin

TLe

SDRAM Pin
SDRAM Pin

TLS SDRAM Pin
SDRAM Pin

TLS SDRAM Pin
O SDRAM Pin

TLS /(%(} SDRAM Pin

- SDRAM Pin

SDRAM Pin
SDRAM Pin

SDRAM Pin
SDRAM Pin

,,,,,,,,,, E SDRAM Pin
i 1 SDRAM Pin

22 ohms -
TLO  £5% TL1 ‘ SORAM Pin
DIMM Connector —(— (G AW—(T3-C 1 . 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
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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)

A[15:0], BA[2:0], RAS, CAS, WE

Raw | TLO T4 T2 TFOMTEMT g TL4 TL5 TL6 L7
{ ‘ L2
Carg b g o B USRS S SO S S—— . Notes

Min | Max i Min éMaxéMin Max; Min | Max . Min ;Max Min  Max: Min | Max  Min Max  Min Max

AA | 38 | 58 203 01 350 470 400 520 430 432 530 531 1345 1355 69 74 12 65 1
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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 Net Structure (Raw Card AA)
S[1:0], CKE[1:0], ODTI[1:0]

TLS TL7
— O (3 SDRAMPIin

TL6

TLS TLY
DO

TLS TLY
—( O—(___ - SDRAMPIn
77777777 TLY -
—Co C_O{SDRAM Pin

-
=
N
| -
=
IS
{0

3
- O—5— | TL5
§
22 ochms T2 ? E
> iTL3 TL5 TL7 -
o s5% T [ O s - 0-—C__(3{SDRAM Pin
DIMM Connector - O-wWW—(__(3- £
TL2 g TL5 A
02 Iy ¢ SDRAM Pin
&
T2 T
W e Sk SDRAM Pin
,,,,,,,,,, =Y
(0]
o
TL7
TL4 (O SDRAM Pin
__________________ SDRAM Pin
L7
" { SDRAM Pin
TL6
L8
TL6
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Trace Lengths for Control Net Structure (Raw Cards AA)
S[1:0], CKE[1:0], ODT[1:0]

Raw  TLO TLA me  HORTC s e s ome .
Card . . ‘ : . ‘ % : ‘ . Notes
Min Max Min Max Min Max Min Max Min Max Mn Max Min  Max Min Max Min Max
AA 38 58 203 01 300 420 350 450 i 430 432 530 531 1345 1355 69 74 12 65 1
1. All distances are given in millimeters
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Address and Command Parity Net Structures

Net Structure Routing for Address and Command Parity (Raw Card D)

TL4

29 Register
Par_in hms 'L TL2 TL5 0
DIMM ws """" ohms  Er Gt
Connector Aol N SINS L3 TL4 @ DIMM Connector

100K ohms Register

22
Par_In TLO_ ohms Register @ Register
DIMM Connector Err Out
DIMM

Connector

Register @ Register

100K ohms

Net Structure Routing for Address and Command Parity (Raw Card F and R)

22 TL4
glal\;T\llln TLO  ohms JL! TL2 B ou
Connector Register { ) ) DIMM Connector

Net Structure Routing for Address and Command Parity (Raw Card G, H, J)

22
TLO  ohms _FL1 TL2 TL4 TL5

Par_in ]~ _ Err_out
DIMM Connestor —{_J) /W) 1) Register 4& Register ‘@7 DIMM Connector

100K ohms

TL2
Par In ™0 220mms ' T3 TL4 B Gut
DIMM Connector = w' Register @;\/\N‘_@i DIMM Connector
0 ohms

TL1
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Net Structure Routing for Address and Command Parity (Raw Card K)

TLA
....... Register
Par_In TL5 ohoms S
DiMM m_Ou
Connector TL1 L4 @ vy DIMM Connector
g@ Register
100K ohms

TL3
Register
Parin T 22 TL2 9 0
DIMM e ohms B Gut
Connector TL1 L4 — DIMM Connector
g@ Register
100K ohms

Net Structure Routing for Address and Command Parity (Raw Card T, U)

Par_n TLo - 22 T TL2 L3 TL4 TL5 _—

DIMM N _ B Ot

Connector @ ....... i Register @ Register g}W@ DIMM Connector
,%1OOK ohms 100K ohms

Par_In
Connector DEI:\;lT\/IOétonnector
DIMM TL3 TiL4

TLO 22 Tid TL2 @ 0 TL7
ohms . : ohms
- Register Registe
,,,,,,, TL4
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DDR2 SDRAM Registered DIMM Design Specification

Net Structure Routing for Address and Command Parity (Raw Card M)

Register

Par_In
DIMM

Connector

Register

100K ohms

TL4

Err_Out
DIMM
Connector

Net Structure Routing for Address and Command Parity (Raw Card AA)

Register

TLE

Err_Out

DIMM

DIMM Connector TL4
Register | Q) ,,,,,,
Par_in |
TL5
Register
100K ohms

Register

Connector

Par_In

TL2
DIMM Y bl Y
Connector  ~—

Register

%mOK ohms
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DDR2 Registered DIMM Wiring Details

Trace Lengths for Address and Command Parity Net Structure
(RawCard D, E,F, G, H, J,K, L, M, N, P,R, V, W, Y and AA)

Raw TLO TL1 TL2 TL3 TL4 : TL5 TL6 TL7 TL8 TLY Notes
Card | Min Max | Min Max | Min Max Min  Max Min Max : Min { Max . Min { Max | Min | Max ! Min : Max : Min ' Max
D 105:106: 1.0 : 1.1 {195:196:121:122 121 12.2é31.0 311 - - - - - - - - 1

...... E4142 15 . :

F .......... 3 7 ....... 38 ...... 12

bbbbb GTBDTBD TBD TBD  TBD TBD:TBD TBD‘ 88 89 :39.1:39.2: - - - - - - - - 1
H |67 : 6.8 {19.8 :19.9 13.0 ‘131 20 &21 90 9.1 :i367:368: - - - - - - - - 1
‘J 6.2 63 15 1 1.6 1240 241 21 k 22 1150 :151:165:166:38.0:381: 44 | 45 (135:136: 40 4.1 1
‘K 36 v 3.7 10 ;1.1 330:331. 04 k 3.8 - - - - - - 1
L 33 3410 11 150:151 53 05 :274:275;: - - - - 1
M 55 56125 26 282 28311 56 - - - - - - 1
VR 38 ...... 3 9 ..... 86 87 ...... 25 ........... R P e 262263 28 ....... 29 .......... 1
A e 10 ...... 11 ...... 76 77 ...... 04 ........... P P B e R e o ..... 1
TP 10 ..... 10 ..... 75 76 ....... e : : : e e = e 1
vy 135 ‘ 35111 11 :192:192:184 184 46 1 46 : - - - - - - - - - - 1
w38 ‘3.9 11 111 :i234:235 84 8811 15 :145:1581282:284: 38 39 - A 1
Y |35 ‘ 35111 11 192182 184 184 46 46 - - - - - - - I 1
AA 54 55121 22 :371372:383:384:176 17.7?14.3 14.4:358:359:47.2:473: 06 1 08 44 45 1
AC 136 :37 1111261262267 268 49 |50 - - - - - - - - - - 1
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 TLO TL1 TL2 TL3 TL4+TLS

Card Min Max | Min Max Mm Mame Max : Min | Max éNOteS
T 136 :37:10 12266 267122 124 36.2 39.1f 1
U {36:37:10:i12i279:28.0: 93 ‘ 94 1357 35.85 1
1. All distances are given in millimeters and must be kept within a toler-

ance of + 0.8 millimeter.
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DDR2 SDRAM Registered DIMM Design Specification

RESET Net Structures

PLL

DiMM RESET
Connector
Register Register Register Register
Except of RC-A, RC-E,J,N Only
F,V,and Y
RESET Net Structures (Raw Card M)
Register
DIMM RESET PLL
Connector
Register
RESET Net Total Length
Raw Card Total Net Length Raw Card Total Net Length
AF 82 P 80
B, G 91 R tbd
C,H 93 T 76
D 98 u 71
E 85 \ 743
J 108 W 83
K 99 Y 743
L 79 AA 137
M 83.65 AC 73
N tbd
Note: Net is wired with 100um width; only the total length all traces together (in millimeters) is speci-
fied and must be kept within a tolerance of + 10%
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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 desighed with 0.10 mm
wide traces. Layer 2 and 4 are divided for the plane referencing (the sighals on the signal layer and its refer-
encing plane on GND/VDD layer are facing each other).

Note: The PCB edge connector contacts shall be gold-plated and not chamfered.

PCB Electrical Specifications

Parameter Min Max Units
Trace velocity. SO {outer layers, 0.10 mm wide single trace) 55 L 67 .. ps/mm |
Trace velocity. SO (inner layers, 0.10 mm wide single irace) 65 . (ST ps/mm |
Trace impedance: Zg (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 Min Nominal | Max . Units
Trace velocity: SO (all layers) 52 6.4 ps/mm
Trace impedance: Z; (All signals, outer layers) 51 60 69 Ohms
Trace impedance: Zg (All signals, inner layers) “ | 45 | 52 59 Ohms
Differential impedance: Zyy (System Clock) 85 100 15 Ohms
Dlﬁeremla“mpedance de (System Dataohannel) .......................................................................... 72 85 ....................... 98 .............. O hms ........
bifferential imﬁedance: Zqi (DRAM Clocks and DRAM DQS/DQS) | 85 100 115 Ohms
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Example Six Layer Stackup for Raw Card A,B,C,F, G ,Hand R

Signal Layer 1 (Signal & VDD)

0.09

Layer 2 (GND)
0.13

Signal Layer 3 (Signal, VDD)
0.60 {

Signal Layer 4 (Signal & VDD)
0.13 o

Layer 5 (GND and VDD shape)
0.09
(mm) 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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Example Eight Layer Stackup for Raw Card D

Layer 1 (Signal, VDD)

0.09

Layer 2 (GND)
0.102

Layer 3 (VDD)
0.15 )

Layer 4 (Signal, VDD)
0.36

Layer 5 (Signal, VDD)
0.15

Layer 6 (VDD)
0.102

Layer 7 (GND)
0.09

Layer 8 (Signal, VREF)
(mmy)

Thickness of each metal layer: 0.035

Note: This diagram is infended 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

Layer 1 (Signal)

0.08

Layer 2 (GND,VDD)
0.10

Layer 3 (Signal, VREF))
0.30 )

Layer 4 (Signal, VREF)
0.10 Layer 5 (VDD)
0.30

Layer 6 (Signal, VREF)
0.10

Layer 7 (GND,VDD)
0.08

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.
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Example Ten Layer Stackup for Raw Card J, L, N

Layer 1 (Signal, VREF)
0.09
Layer 2 (GND)
0.13 Layer 3 (Signal)
0.13 )
Layer 4 (Signal)
0.13
Layer 5 (VDD)
0.102 gy Layer 6 (GND)
0.13 Layer 7 (Signal)
0.13
Layer 8 (Signal)
0.13
Layer 9 (GND)
0.09 .
Layer 10 (Signal, VREF)
(mm)
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

Layer 1 (Signal, VREF )
0.086
Layer 2 (GND )
0.10 Layer 3 (Signal)
0.165
Layer 4 (VDD)
0.10
Layer 5 (Signal)
0.165 Layer 6 (Signal)
0.10 y Layer 7 (GND)
0.165 .
Layer 8 (Signal)
0.10
Layer 9 (GND)
0.086 )
Layer 10 (Signal, VREF )
(mm)
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.
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Example Eight Layer Stackup for Raw Card T, U and AC

Layer 1 (Signal, VDD )
0.08
Layer 2 (VSS,VDD )
0.10
Layer 3 (Signal, VREF))
0.30 )
Layer 4 (Signal)
0.10 Layer 5 (VDD/VSS)
0.30
Layer 6 (Signal,VDD,VREF)
0.10
Layer 7 (VSS)
0.08
Layer 8 (Signal, VDD)
(mm)
All signal layers have a target impedance of 60 ohms
Note: This diagram is intended as an example only. Each DIMM manufaciurer can determine the thickness of their layers
based on their own impedance calculations.

Example Ten Layer Stackup for Raw Card V and Y

Layer 1 (Signal )
Layer 2 (GND )

O -
0.127
0112 4
0.102 A )

Layer 3 (Signal)
Layer 4 (VDD)
Laver 5 (Signal)

0132 Layer 6 (Signal)

0102 _w_
0.112

; Layer 7 (VDD)
Layer 8 (Signal)

0.127
Layer 9 (GND)

Layer 10 (Signal)

0.1

(mm)

Note: This diagram is intended as an example only. Each DIMM manufacturer can determine the thickness of their layers
based on their own impedance calculations.
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Example Ten Layer Stackup for Raw Card W

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, DQ, DQS 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 chms.
Clock, CA, Control, DQ, 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

Layer 1 (Signal, VREF)

8:822 3 Layer 2 (GND)
0076 _§ Layer 3 (S?gnal)
0076 — & Layer 4 (Signal)
0.109 I Layer 5 (VDD)
Layer 6 (Signhal, VREF)

0127 ¥
0100 § Layer 7 (Signal)

I Layer 8 (GND)
88;2 3 Layer 9 (Signal)
0.076 _§ Layer 10 (Signal)
0096 __§ Layer 11 (GND)
(mm) 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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Example Four Layer Stackup for Raw Card AA

0.0508 I Signal Layer 1 (Signal, Vpp)

Layer 2 (Signal, Vpp)

Layer 3 (Vgg)

Layer 4 (Signal, Vpp)

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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Timing Budget

The post-register timings on the Registered DIMMs 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)

Time (ns) Time (ns) Time (ns) Time (ns)
Parameter Definition Setup Hold Setup Hold Notes
PC2-3200 @ PC2-3200 | PC2-4200 PC2-4200

tCLK Design point
(Clock Cycle Time) 5.000 NA 3.750 NA
Register spec value for the delay from the register input
tPDOM rising clock edge (crossover of CK and /CK) to the out-
Reaister Clk -> Y put crossing Vit at the Test Load (350ps transmission -2.150 1.410 -2.150 1.410 1,2
(Register >Y) line delay, 30 pF to Gnd, 1K ohms pullup/puiidown to
Gnd/Vdd)
tSS (S.S.adder) Register spec value: tPDMSS-tPDM -0.200 NA -0.200 NA 1,2

Delta between the time signal register drives reaches

the SDRAM input via actual DIMM net sfructure and the

time signal register drives reaches the test point of test
INETDELAY load via test net structure. The measurem_ent point_s are
as follow. Setup: Time delta between the time the signal -0.460 -0.360 -0.460 -0.360 1,2,3

(Flight Time) 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. INETDELAY includes ISI.

tREG Accounts for the clock shift across the clocks to the

(Reg Clock Shift) registers due to wiring and register input cap deltas

tIS/1H DRAM spec for basic setup and hold at the SDRAM
(DRAM Setup/Hold) inputs.

Compensation value of delta tIS/IH for various slew

Derating rate of SDRAM inputs related to CK, CK differential -0.067 -0.045 -0.067 -0.045 7
Slew Rate
SKEW PLL spec for Period jitter and output clock skew plus the

(Clock jitter/skew) delta across the card due to wiring & SDRAM cap deltas

IXTALK Derived from simulation of address/control nets 0 0 0 0 6
(Crosstalk Adder)
Register Clock Offset: Adjusted clock arrival to register(s) to help setup or hold 0 0 0 0

The clock cycle time (tCLK) minus the contributors

1.473 0.270 0.323 0.370
above

Margin

=y

. 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.

. 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 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 PCB, net length and SDRAM package parasitics and the input capacitance
parameters.

. Assumed value for fast slew rate (T.B.D now)

. See the tables below.

. Crosstalk adder is included in tNETDELAY simulation number

. 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 2.0V/ns for input, 2V/ns for Differential Clock case.

N

~N O
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Example DIMM Post-Register Timing (PC2-5300, assumptions: 10/8 loads)

Time (ns)
Time (ns) Time (ns) Hold PC2-
Parameter Definition Setup Hold 3200 Notes
PC2-5300 PC2-5300 Backward
Compatibility
tCLK Design point
(Clock Cycle Time) 8.000 NA NA
Register spec value for the delay from the register input
tPDM rising clock edge (crossover of CK and /CK) to the output
(Register Clk -> Y) crossing Vit at the Test Load (350ps transmission line -1.900 1.200 1.200 12
delay, 30 pF to Gnd, 1K ochms pullup/pulidown to Gnd/Vdd)
tSS (S.S.adder) Register spec value: tPDMSS-PDM -0.100 NA NA 1,2
Delta between the time signal register drives reaches the
SDRAM input via actual DIMM net structure and the time
sighal register drives reaches the test point of test load via
INETDELAY test net structure. The measurement points are as follow.
Fliaht Ti Setup: Time delta between the time the signal reaches the -0.460 -0.360 -0.360 1,2,3
(Flight Time) AC level on net structure and the Vref level on fest load.
Hold: Time delia between the time the signal reaches the
DC level on net structure and the Vref level on test load.
tNETDELAY includes ISI.
tREG Accounts for the clock shift across the clocks to the
(Reg Clock Shift)  iregisters due to wiring and register input cap deltas -0.100 -0.100 -0.100 1
tHS/1H DRAM spec for basic setup and hold at the SDRAM
(DRAM Setup/Hold) inputs. -0.200 -0.275 -0.475 1.4
. Compensation value of delta tIS/tIH for various slew rate of
Derating SDRAM inputs related to CK, CK differential Slew Rate -0.067 0045 | -0.045 7
{SKEW PLL spec for Period jitter and output clock skew plus the
(Clock jitter/skew) idelta across the card due to wiring & SDRAM cap deltas -0.150 -0.130 -0.130 1.5
IXTALK Derived from simulation of address/control nets 0 0 0 6
(Crosstalk Adder)
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

-

. 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 INETDELAY, 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 BRAM 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.

Assumed value for fast slew rate (T.B.D now)

See the tables below.

Crosstalk adder is included in tNETDELAY simulation number

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 2.0V/ns for input, 2V/ns far Differential Clock case.

No o s
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Example DIMM Post-Register Timing (PC2-6400, assumptions: 10/8 loads)

Time {ns}
Time (ns}) Time (ns) Hold PC2-
Parameter Definition Setup Hold 3200 Notes
PC2-6400 PC2-6400 Backward
Caompatibility
tCLK Design point
(Clock Cycle Time) 2.500 NA NA
Register spec value for the delay from the register input
tPDM rising clock edge (crossover of CK and /CK) to the output 1500 1.100 1.200 12
(Register Clk ->Y) crossing Vit at the Test Load (350ps transmission line o ' ’ '
delay, 30 pF to Gnd, 1K ohms pullup/pulidown to Gnd/Vdd)
{SS (S.S.adder) Register spec value: tPDMSS-tPDM -0.100 NA NA 1.2
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
INETDELAY test net structure. The measuremet points are as follow.
(Flight Ti Setup : Time delta between the time the signal reaches the -0.432 -0.336 -0.360 12,3
(Flight Time) 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.
tREG Accounts for the clock shift across the clocks to the
{(Reg Clock Shift)  registers due to wiring and register input cap deltas -0.100 -0.100 -0.100 1
tIS/IH DRAM spec for basic setup and hold at the SDRAM
(DRAM Setup/Hold) inputs. -0.175 0250 0475 14
. Compensation value of delta tiS/tIH for various slew rate of
Derating SDRAM inputs related to CK, CK_differential Slew Rate 0027 #0425 1 0045 7
tSKEW PLL spec for Period jitter and output clock skew plus the
(Clock jitter/skew) delta across the card due to wiring & SDRAM cap deltas -0.150 -0.130 -0.130 1.5
IXTALK Derived from simulation of address/control nets 0 0 0 6
(Crosstalk Adder)
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

-

. The timing values shown are consistent with registers, PLLs and DRAMSs 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.
. The timing values for tINETDELAY, 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).
. Maximum net delay is simulated with siow 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 [ength and SDRAM package parasitics and the input capacitance
parameters.
Assumed value for fast slew rate (T.B.D now)
See the tables below.
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 2.0V/ns for input, 2V/ns for Differntial Clock case.

N
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Parameter {SKEW for Setup {SKEW for Hold i Units : Note
DIMM PLL Period Jitter: tjit (per) 0040 N/A ns
D|MM p|_|_ OUtmeIOCk éke\,’{,’;tskn(o) ......................... 0040 ....................... 0040 ............. .r.ls ..........
DIMM PLL Dynamic Phase Offset 0.050 0.050 ns

......................................... Parameter o JOKEWTOrSetup | tSKEW for Hold Units Note
tjit{per) + t{DPO) + tSK(0) 0.080 N/A ns

t(DP o)+ tSK(O) .................................................................. N/A ................. oo -

DIMM Clock Net Skew 0.070 0.070 ns 1
TOtal PLL SKEW ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0 150 ,,,,,,,,,,,,,,,,,,,,,,, 0130 ,,,,,,,,,,,,,, n .

DIMM Clock Jitter and Skew (tSKEW) for PC2-6400
{SKEW for Hold i Units : Note

Parameter {SKEW for Setu

{DPO) + tSK(0) N/A 0.060 ns
DIMM Clock Net Skew 0.070 0.070 ns 1
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

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. 8PD values indicating differ-
ent Min-DIMM performance characteristics will be utilized based on specific characteristics of the SDRAMs or
DIMMs. 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

Serial PD
Byte # Function Described SPD Entry Value (D;;?(:é‘etaz Notes
___________________________________________ mal)

0 Number of Serial PD Bytes written during module prc;duction 128 80 1

1 Total number of Bytes in Serial PD device “ 256 08 2

2 Fundamental Memory Type (FPM, EDO, SDRAM, DDR, DDR2,....) DDR2 SDRAM 08

3 ’Number of Row Addresses on this assembly 14 OE

4 Number of Column Addresses on this assembly 10 O0A

Module height: 30mm
5 Number of DIMM Ranks Planar, Card on Card: no 60
‘ 1 rank

6 Data Width of this assembly X72 48

7 Reserved Undefined 00

8 Voltage Interface Level of this assembly SSTL 1.8V 05

9 SDRAM Cycle time at Maximum Supported CAS Latency (CL), CL=X 2.5ns 25 3

10 SDRAM Access from Clock +0.40ns 45

11 DIMM configuration type (Non-parity, Parity or ECC) ECC 02

12 Refresh Rate/Type 7.8us 82 3.4
......... 1 3 P”marySDRAMWIdth X8 RS 08 SN

14 Error Checking SDRAM Width x8 08
........... 15 Reserved P OO

16 VSDRAM Device Attributes: Burst Lengths Supported 4,8 oc

17 SDRAM De;/‘i‘;é AttrlbutesNumber of Banks on SDRAM Device s 04 ““““““““ 3 ““““
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Serial Presence Detect Example Raw Card Version A (2 of 3)
64M x 72 DDR2

............................................. SenaIPD T
Byte # Function Described SPD Entry Value (E})-Ia;[iaiztc:iy- Notes
............................................................. malh) o
18 SDRAM Device Attributes: CAS Latency 6,5 60 3
19 DIMM Mechanical Characteristics “ | Less than 4.1 mm 01 3 “
20 DIMM Type Information Regular RDIMM (133.35mm) 0] 3
21 SDRAM Module Atiributes normal DIMM 00
22 SDRAM Device Attributes: General Support 50 ohms ODT 02 3
......... 2 3 Mlmmum C|0ckoydeat0|_x1 Ve 25 3
‘ 24 Maxi‘mum Data Access Time (tAC) from Clock at CLX-1 : +0.40ns 40 3
R Cbckgy;,; atCLXZ ............... J— 30 ................. 3 ........
26 :Maximum Data Access Time (1AC) from Clock at CLX-2 +0.45ns 45 3
27 Minimum Row Precharge Time (IRP) 12.5ns 32 3
28 Minimum Row Active to Row Active delay (tRRD) 7.5ns 1E 3
29 Minimum RAS to CAS Delay (tRCD) 12.5ns 32 3
30  Minimum Active to Precharge Time (IRAS) | 45.0ns 2D 3
31 Module Rank Density 512MB 80
32 Address and Command Input Setup Time Before Clock (1iS) 0.15ns 15 3
33  {Address and Command Input Hold Time After Clock {tIH) 0.25ns 25 3 ““““
34 Data Input Setup Time Before Clock (IDS) 0.10ns 10 3
Y Ho!g.ﬁr;’;A.f..t;r CIOCk(tDH) | T 15 ............... 3 .......
36  Write recovery time (iWR) 15.0ns 3C 3
37 Internal write to read command delay ({(WTR) ' 7.5ns 1E 3
38 Internal read to precharge command delay (tRTP) 7.5ns 1E 3
38  Memory Analysis Probe Characteristics Undefined 00
The number below a
40  Extension of Byte 41 tRC and Byte 42 tRFC the;’:g‘::qﬂ’%”;g 0 00 3
tRFC is less than 256ns
41 SDRAM Device Minimum Active to Active/Auto Refresh Time {tRC) 57.0ns 39 3
42 gzri)/(\jl\;ltgs\c/:i;:e Minimum Auto-Refresh to Active/Auto-Refresh Command 105.0ns 59 3
43 SDRAM Device Maximum device cycle time ({ICKmax) “ 8.0ns 80 3
44 SDRAM Device Maximum skew between DQS and DQ signals (tDQSQ) 0.240ns 18 3
45 SDRAM Device Maximum Read Data Hold Skew Factor ({QHS) 0.340ns 22 3
46 ......... pLLRebckT,me ........................................................................................ PR 06 ..........................
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Serial Presence Detect Example Raw Card Version A’ ( 3 of 3)
64M x 72 DDR2

Serial PD
Byte # Function Described SPD Entry Value (Di-la;iair;tg- Notes
______________________________________ mal)
47-xx L?Sl?zdr;ssi:nDr(égﬂticvﬁzg ;I’C%;sdv&;krir;g to defiene this standard, and a ‘ Undefined 00
Xx-61 Reserved Undefined 00
‘ 62 SF;‘D Revision 1.2 12
63 Checksum for Bytes 0-62 Checksum Data ol
64-71  Manufacturer's JEDEC ID Code
72 Module Manufacturing Location
73-90 Module Part Number 5
91-92 Module Revision Code 5
93 -94 Module Manufacturing Date Year/Week Code YYWw 5
95 -98 Module Serial Number Serial Number $59555858
' 99 - 127 Manufacturer’'s Specific Data Undefined 00 5
128255 Openforcustomer Use ........... s

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 “17, the assembly supporis 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 1 1 0 SAZ2 SA1 SAO0 07, 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
1R = 1 rank of DDR2 SDRAM installed
2R = 2 ranks
4R =4 ranks
xff = Device organization (bit width) of DDR2 SDRAMSs 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 GBI/s
m = Module Type
E = Unbuffered DIMM ("UDIMM"), with ECC (x72 bit module data bus)
F = Fully Buffered DIMM ("FB-DIMM")
M = Micro-DIMM
N = Mini-Registered DIMM ("Mini-RDIMM"), no address/command parity function
P = Registered DIMM ("RDIMM"), with address/command parity function
R = RDIMM, no address/command parity function
S = Small Outline DIMM ("SO-DIMM™)
U = Unbuffered DIMM ("UDIMM"), no ECC (x64 bit module data bus)
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
¢ = 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 fielde = Z
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Example:

1GB 2Rx4 PC2-3200R-333-11-E2

is a 1GB DDR2 Registered DIMM, without address/command parity function, using 2 ranks of x4
SDRAMs operational to PC2-3200 performance with CAS Latency = 3, {RCD = 3, {RP = 3, using
JEDEC SPD revision 1.1, raw card reference design file E 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

SDRAMSs operational to PC2-4200 performance with CAS Latency = 4, tRCD = 4, tRP = 4, using
JEDEC SPD 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; hitp://www.jedec.org.

Click on ‘Free Standards’ and enter the free download area.

Search by document number: ‘MO-237' and download the PDF for this product family.

B 0N

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

Generally associated with DIMMs produced with

Less than or equal to 4.00 mm devices that are 1.35 mm thick or less

Generally associated with DIMMs produced with

> 4.00 mm and less than or equal to 6.75 mm  devices that are greater than 1.35 mm and less
than or equal to 2.70 mm thick

Generally associated with DIMMs produced with
>6.75 mm and less than or equal to 7.55 mm  devices that are greater than 2.70 mm and less
than or equal to 3.10 mm thick

Intended to cover DIMMSs produced with non-stan-
>7.55 mm 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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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, CK1, 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 oMM no PLL Differential Probe Points

(not used!!i)

-

I |
e 0 O=r gl
(on CRB) CKo| T
I

I

I

]

bottom via

inner

{ 1357 (j—‘

Note: top
Zo =60.0 chms

S0 = 6.7 ps/mm

Lengths in mm

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 #1384)

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 tgik is considered positive; if it is earlier, the skew is negative:

Reference Clock g§ > > [‘:ES); denotes th
enotes the
— tsk(LH) low to high transition
CK of the differential
Clock under test OK >< 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 SDRAMSs 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 SDRAMs, 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 CRB test point as reference for all timing measurements. However the variation
between different reference boards seems to be substantial (+/- 30ps). It is therefor recommended that each
board be measured/normalized using the “bare PLL plug-in card” supplied with each CRB. 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 CK 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 +/- 5ps across one batch. To determine the skew of the CRB one
would first measure the skew tgicrp) 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 tsyspram) = tsk(cra) o be

considered toc have a “normalized skew” of 0 ns.

farget=Cps
" tgk(sDRAM)
- tSK(OFFSET)
bare PLL plug-in card RDIMM  test poine—%& 7 ‘

& at termination, test point

test point resistor ~j. at SDRAM

at resistor PLL y balls

N tSK(RTERM), .-
tSK(CRvB)V -

CRB

reference

' vv(testgggt
on

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 tgkorrseT) 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 tskorrseT) 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
(.LE. WILL BE) outlined in the "DDR2 RDIMM clock skew measurement procedure” (JEP-TBD #1394). The
target for the measured "normalized skew” tskspram) 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:

ISK(SDRAM) = ISK(RTERM) — ISK(OFFSET) — {SK(CRB) = 0 ns (Target)

with:

tSK(SDRAMj: “normalized skew”; skew between SDRAM balls and test point at bare PLL plug-in card ()
tSK(CRB): skew between bare PLL plug-in card and reference test point at CRB. (This is a characteristic
number for each CRB)

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 CRB (this is the
actually measured value, when evaluating a DIMM)

Skew Table (test point at termination resistor to device ball)

Table 1:
Raw Card tSK(OFFSET) Notes
SDRAMs Registers PLL
AF 110 0 0 1,2
....... BG 125 0 0 1 2
............... CH 80 0 ; . 2
85 70 0 1,2
B o 1 00 . . . 0 ............. 1 v’ 2
J 100 85 0 1,2
............... K S 90 ; ; . 2
L 100 0 0 1,2
M tbd tbd tbd thd
N thd tbd tbd tbd
................. P 100 . ; 1 2
................... R tbdtbdtbdtbd
T thd thd tbd thd
U tbd thd tbd thd
Y thd tbd thd tbd
.................. W tbd tbdtbdtbd
Y tbd tbd tbd thd
1. Values in ps
2. These numbers were obtained by simulation assuming a differential probe
with:1pF and 20 k ohms at termination resistor and at test point of CRB
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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 individuél DRAMs of a
module (PLL output skew and clock net skew)

Clock arrival time at the DRAMs (mean across all DRAMs on a tuning error 190
card) with respect to the test point of the “bare PLL plug-in card” tbd '

Half of total Jitter Envelope measured at any of the DRAMs on a

card (PLL jitter plus crosstalk on card) (40 + tbd) /2 !
Error in simulating tskorFseT) 30 1
error margin of state-of-the-art equipment. 50 1

1. Values in ps
2. measured as mean value to eliminate jitter

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. L

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 OE 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 thd 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-
bie 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 ievel
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.
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4 Rank RDIMMs:

DDR2 Registered DIMMs 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 RDIMMs 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 SDRAMSs with CAS latency, tRCD, and tRP of 4 clocks each would be:

+ 4GB 4Rx4 PC2-4200P-444-12-M0
Bus Loading:

Loading on the address and command bus for 4 rank RDIMMs 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 RDIMMs 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 RDIMMs with empty slots or slots containing RDIMMs 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
RDIMMs. Consistent with the rest of the command and address bus and rank selects S0 and $1, it is recom-
mended that routing of rank selects S2 and S3 is done referenced to VDD for best signal integrity. All DDR2
RDIMMs (1, 2, and 4 rank versions) reference the data bus, masks, strobes, and clocks to VSS.

Only two clock enable signals, CKEQ 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:

« S0 and S1 associated with CKEO and ODTO
« S2 and S3 associated with CKE1 and ODT1

These associations between control signals are shown graphically in the following block diagrams.
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Application Notes: DDR2 SDRAM Registered DIMM Design Specification
S0 — cs
CKEO - {0 CkE  RankO
oDTO - & oDT  DRAMs 0 =
CKEO - ckg ~ RankO
S1 ———N.C. ODTO — obT DRAMs
CKE1 ——N.C.
ODT1 ——N.C. 51 =
§2 N.C. CKE Rank 1
S3 ——N.C. J._ODT DRAMs
1 Rank RDIMMs, raw cards A, C,F, H, R, U, V %
—_ v p—
—_ — S2 CSs Rank 2
80 C8 CKE1 — CKE
CKEO cke  RankQ oDT1 | ODT  DRAMSs
oDTO obT  DRAMs
O
S - —
— S S3 CS
S1 4 o Cs CKE Rank 3
CKE1 -] CKE  Rank1 ODT  DRAMs
ODT1 — opT  DRAMs v
S2 —NC. 4 Rank RDIMMs, raw cards M, N
83 ——N.C.
2 Rank RDIMMs, rawcards 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,
S0 through S3. SPD byte 5 of a 4 rank RDIMM will contain the value 0x04.
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Revision Log

Revision Log

Revision 0.51

changed “floaring” to “floating”

22

changed variation number from "A” to “AB” indicating the 1.8 volt key

changed “serch” to “search”

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 DQ15 from 144 to 141

11,12,15,17,19,
22,24-27,
30-33,35-40,
4447 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

Added pin-assignment of Register with address and command parity function

Changed Raw Card D and E routing information

Revision 0.54

19,20
30

Added SDRAM package maximum size
Change the landing pattern
Changed DIMM Design File Releases

38-40, 42,44-46

Changed Net structure Routing of Raw Card F and G
Added Address and Command Parity Net Structures

Added Layer stackup for Raw Card D

Revision 0.56

Changed support DRAM outline max. of Raw Card D
Changed DIMM Design File Releases
Changed R/C-E Clock net length

Changed TL5 of CKE,ODT and TL6 of S of Raw Card E

Added the thickness of layer stackup

Deleted column of derating and added row of derating on post-Register Timing table

Changed DIMM Pinout of 54pin from BAZ2 to BA2, NC

Added stub resistor and changed fopology 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

Changed DIMM Design File Releases

Changed PLL feedback path net length of Raw Card C, D, Eand H
Changed PLL output to SDRAM net length of Raw Card D

Revision 3.91
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Revision Log

Rovkon o Page o Roveion Cespranctcrnge
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
Revision 0.56 52 ‘Changed Address and Corﬁmand Parity Net Structures of Raw Card D and E
54 ........... Changm tthkneSSOf E,gh“ayers taCkupforRawcard S
60 Added Module type of R on module type of Product Label
5 ‘Replaced the operating ten{perature with note 3
11 .......... AddEdre S|3t0ron Err—OUt OfRaW Card D .....................................................................
19,20 Added notes 2 and 3
Revision 0.57 28, 20 :::jziiytélr&?\i/lstor and le‘II down resistor table and DIMM applicable table for non parity DiMM .
32 ................. ChangedeM Dosion Fie Remmss
38 Added test point information of Raw Card D and E
45,54 Changed Net length of Raw Card E
12 ................ D élé.t.éa the oo S1 CKEs and T NG
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
2326 ............. ChangEdsome NG 1o DN, adtad Note 1 anay
57 Changed MTL to MCL, MTH to_MCH, added notes, Correct MO number from MO-225B to MO-
246A, Deleted “/ 1:1 “from the litle of S8TU32865
........... 2329 AddedPmASSIgnmemsforSSTwz%S
L AddedRow Gard Jand K column n Table of IkiM Register Use, Ghanged the value of AGT and.
tINACT from TBD to 10ns and15ns
‘Updated optional resistor information for 4Gb, A15 on table of Régister Options for Unused
Revision 0.58 82 ' Address inputs, Added Raw Card K on this table
33 “““““““““ A &dé‘c‘:‘l“Raw Card K on Rzero of m drawing and table of Applicabié DIMM typesm Systems
35 Updated addressing of DIMM used 4Gb DRAM
36 Added Raw Card J and K column in beth 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 testpoiﬁt information
45_2?’2%’%3’52‘ Added Raw Card K net structure information
66 Added Raw Card K layer stackup
72 Updated Product Label
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Revision Log

Revisioninfo _ Page of Revision Description of Change
4,36,70,72 Changed from PG2-4300 to PC2-4200
13 :Added RC-J Block Diagram
16 ‘Added RC-J Component Détail
2 S Correctedtypo\/schhanged to VSS OnSDRAMLand mgpatte m ......................................
31 Added footnotes for requirement of faster register for PC2-4200 RC J
31-36 ‘Added RC-J information “
........ 36 UpdatEd ApphcableDES’gnF”eandBOM
Revision 1.01 40 Added Component Types and Placement of RC-J
41 kUpdated page of signal grdﬁp
61-62 :Added Net structure Routihg of Address and Command of RC-J
..... 6566 AddedNetstructurEROUtmgof AddreSS and Commandpamy OfRCJ
69 Added Layer Stackup Example of RC-J
74 ‘Deleted “00" from SPD data entry for byte 128-255 on Serial Presence Detect Example table,
..... 7576 UpdatEd prOdUCt |abe|
77 Added a table of DIMM thickness variations on DIMM mechanical Specifications
4 :Added DIMM configuration table, DIMM thickness variation on Product family attributes
;;;;;;;; 11 RSO Connectedtng and D26
21 ................. Correctedtypo\/sthovss .......................................................................................................................................................
33 Removed "Plugging parity DIMM ... therefore not allowed"
36 ‘Updated Applicable Design File and BOM
................. 53 SeparatedDQ/DQS/DMtOpO|OgyOfRCDEandKfromDQ/DQS/DM t0p0|ogyofRCBandJ

54-65 Added cell for total length of pre-register
C ted RC-J Pre-R

Revision 1.1

note3: Corrected net delay measurement points from Vref timing methodology to derating values

& timing methodology
73 Corrected SPD byte 12 from 021082
74 ‘Applled SPD byte 19 the DIMM thickness code
............. 78 CorrectedDlMMtthknessfmm41mm t040mm
80 Changed reset usage
Revision 1.21 All :Added PC2-5300 RDIMM s“peed grade support
4 ‘Added DRAM size column;“added parity function support column; deleted redudant notes
........ 11 MovedDQSZ atprope”ocat[on
o 31 Re-labeled PC2-4200 to PCZ—4200/PCZ 3200; Deleted SSUTA32864 register from R/C J
Revieion 1.22 32 ‘Added note 3: Refers to appropnate register datasheet for exact detailed register specification.
........ 73 CorrededtpDM tSKEW tssnumbers and redldthe math
74 'Added PLL Skew table for PC2-5300 speed grade
Revision 3.91 Page 149

Netlist EX2006
Samsung v Netlist

IPR2023-00455 g AM-NET00027480



JEDEC internal use only

Revision Log

Proposed
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Revision Log

Revision Info  Page of Revision Description of Change
4 Added Note for R/C D and K; Added note for PC2-5300 specification status; Deleted third para-
Revision 1.23 graph statement about which cards supports what speed bin.
33 Deleted R/C J from Non-parity DIMM option with SSTU32864 register
4 PC2-5300 is applied only for RC-D,F,G,H,K in Table of Module Configurations; Deleted RC-E and
J
Correct typo in RC-J Block Diagram;Correct the four Registers parity check to two Registers parity
Revision 2.0 13 check. and this “typo” was then reversed again (in RED) as the RDIMM TG was not sure if this is
editorial
28 Correct file name of RC-D0 (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.
4 PC2-6400 is applied (tentatively) for RC-D,F,G,H,J and K in Table of Module Configurations
25 Added SSTUB32866 on itle of table
27 Changed from SSTUA32865 to SSTUA32S865/SSTUA32D865, Added
S8TUB328865/SSTUB32D865
28 Changed from SSTUA32868 to SSTUA325868/SSTUA32D868, Added
SSTUB328868/SSTUB32D868
31 Added the row of PC2-6400 in the table of DIMM Register Use, Added registers for backward
compatibility
Revision 2.1 " . S . .
33 Added Critical Register Spedcification for PC2-6400, Added Cin for Dual-die PC2-5300
(Revision 3.0 36 Added tsk(o) on PLL spec for PC2-4200/PC2-3200, Added PLLs for backward compatibility
after Comittee
ballot pass ) 37 Added PC2-6400 to Critical PLL Specification for PC2-5300, Added tsk{o),Zt(su) and Zt(h) on PLL
spec for PC2-6400/PC2-5300
39 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 Corrected tPDM, 1IS and Margin of PC2-5300 in Example DIMM Post Register Timing
76 Added Example DIMM Post Register Timing for PC2-6400
77 Added DIMM Clock jitter and Skew for PC2-6400
78-80 Changed the example of SPD for PC2-6400
4-6,8,16,17,19,
34,37-39,41-42, Added Pinouts & Other reference of Raw Card M and N as ballot material item# 1520.05, net
47-48,50,52-55, topologies and net length of Raw Card N as ballot material item# 1520.06
58,61,74-78,81, o
89,90
18 Replaced section “Differential Clock Wiring” by respective section of ballot material on normalized
clockskew ltem #1394.04
Revision 3.0 34 Deleted SSTUB325865,5STUB32D865,SSTUB32866,SSTUB328868,5STUB32D868 from row
of Register Speed Grade PC2-4200/PC2-3200 in table of DIMM Register Use
Added SSTUA325865/SSTUA32D865/SSTUB32S865/SSTUB32D865 and
37 SSTUA328868/SSTUA32D868/SSTUB325868/SSTUB32D868 on the note in table of Register
Options for Unused Address inpuls
71-73 Raw Card J net topology changed
04-97 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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5 Added x mark on RC-J PC2-5300
‘ 5,18,20,35,38,
jggggi_g?g? Added RC-P information
63,82,83,85,89
14 Deleted the note about Parity In net topology for RC-JO design from RC-J Block Diagram
31 20,22-24 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 Updated Applicable Design File and Applicable BOM of RC-NO, RC-P0 and RC-J1
49,86 Added RESET net topology
102 AadeanC;é, Kandp iﬁ%érrﬁbétiobﬁnonmth eskewtame ..................................................
................................................ 16 UpdatedRCMB[OCKD|agram(AﬂerBODtypo(D32 > D31)Corrected)
21-24 Added Note for NC and NU, indicate the page numbers to be referred note 2 and note 3
35 Added SSTUB register seriés 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)
32 5061 Correct PLL outpat..{ouléé.i;térml:lét.f.c.)ur.)ology of RC-J like the topology of RC-N
Correct clock termination resistor: R1 of RC-J from 240 ohms to 120 ohms
""""" 475  (Alter BOD, Deleted the Note about RC-JO placed in topology pictures area since current J1
design meets this topology pictures and this note is not necessary)
102 Defined the skew values for RC-D and RC-J, and added RC-M and RC-N in Skew table
105-106 Added application notes for 4 rank DIMMs
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4.59-12,19,21,
35,37,40-42,
44-46 52 53, . .
56,58-64,67-70, Added RC-R,T,U,V,W,Y information
73-74,90-98,
101-103
5,10,11,19,21,
37,40,44-46,52,
53,54,55,58,59, 'Additional edits for RC-R, T, U, V, W, Y information including insertion of Placement Drawings for
61,72,73,74,77, RC-T,U,W and Control Net Structure for RC-W
78,95,98 99,
101,121,125
11.27.55, Typo correction in various pages
a3 100-111,114 P pag
All All sightings of “DDR” changed to “DDR2"”
11,12,45,46,62,
64,71,72,74,96,
97,100,103,106, Updated for R/IC V and Y.
107
77,94,96,98 Note added for R/C R, T, U, V, W, Y in Net Structures regarding the non-routed post register nets.
46 Updated for R/C J and N
84 Updated for R/C J Trace Lengths for Address and Command Net Structure
85 Updated for R/C J Net Structure Routing and Trace Lengths for §[1 :0]
102 Updated for R/C N Trace Lengths for Address and Command Parity Net Structure
516,22, 38,
42-44, 46-48
53,57,59,63,
66-69,72,74, | Added RC-L information.
76,9293,
106-108,
111,126
3 T S ———
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 SSTU32868/SSTU32869/SSTUA32869
41 Changed PC2-6400 spec of tSU and tH
5,38 PC2-6400 is applied for RC-T and U
3, 5,48, 64,
66-67,69, 73, . .
74, 79, 95-97 Added RC-M information.
3.48 111-112, 117
1,17,38,42, 44, . .
46, 53, 59 Updated RC-M information.
3.50 38 Added Register's naming for "5STUB"
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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, 42544’ 47, Updated R/C-N information for PC2-5300

Added RC-AA information

3.90

5,0 22 39, 42,

3.81

43,44, 46, 47,
48, 49, 59, 60,
65,68, 70, 71,
72,74, 79, 80,
85, 120, 121,
122,127

49,101 Updated R/C-M information

Added RC-AC information
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