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Product Description

This specification defines the electrical and mechanical requirements for 184-pin, 2.5 Volt,
PC1600/PC2100, 64/72-bit wide, Registered Double Data Rate Synchronous DRAM Dual In-Line
Memory Modules (DDR SDRAM DIMMs).These SDRAM DIMMs are intended for use as main memory
when installed in systems such as servers and workstations. PC1600/PC2100 refers to the JEDEC stan-
dard DIMM naming convention in which PC1600 indicates a 184-pin DIMM running at 100 MHz clock
speed and offering 1600MB/s bandwidth.

Reference design examples are included which provide an initial basis for Registered DIMM designs.
Modifications to these reference designs may be required to meet all system timing, signal integrity, and
thermal requirements for PC1600/PC2100 support. All registered DIMM implementations must use simu-
lations and lab verification to ensure proper timing requirements and signal integrity in the design.

This specification largely follows the JEDEC defined 184-pin Registered DDR SDRAM DIMM product (re-
fer to JEDEC Standards Manual 21-C, at http://www.jedec.org).

Product Family Attributes

DIMM organization X72 ECC, x64

DIMM dimensions (nominal) 5.25"x 1.7" x .157"/.320"

Pin count 184

SDRAMSs supported 64Mb, 128Mb, 256Mb, 512Mb

Capacity 64MB, 128MB, 256MB, 512MB, 1GB, 2GB
Serial PD Consistent with JC 42.5, Rev 0

Voltage options 2.5 volt (Vpp/VppQ)

Interface SSTL_2

Release 11 Revision 1.0
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Environmental Requirements

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

Environmental Parameters

Symbol Parameter Rating Units Notes
Topr Operating temperature (ambient) 0to +55 oC 1
Hopr Operating humidity (relative) 10to 90 % 1
TsTe Storage temperature -50 to +100 C 1
Hstg Storage humidity (without condensation) 5t0 95 % 1
Pgar Barometric pressure (operating & storage) 105 to 69 K Pascal 1,2

2. Up to 9850 ft.

1. Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only, and device functional
operation at or abouve the conditions indicated is not implied. Exposure to absolute maximum rating conditions for extended peri-
ods may affect reliability.

Architecture

Pin Description

Pin Name Description Pin Name Description
—~ SDRAM clock
AQ-AL3 SDRAM address bus CKO (negative line of differential pair)
BAO - BA1 SDRAM bank select SCL IIC serial bus clock for EEPROM
DQO - DQ63 DIMM memory data bus SDA 1IC serial bus data line for EEPROM
CBO - CB7 DIMM ECC check bits SAO - SA2 IIC slave address select for EEPROM
RAS SDRAM row address strobe Vpp SDRAM positive power supply
CAS SDRAM column address strobe Vbbo SDRAM I/O Driver positive power supply
WE SDRAM write strobe VREE SDRAM I/O reference supply
sn = SDRAM chip select lines
SO0 -S3 (Physical banks 0, 1, 2, and 3) Vss Power supply return (ground)
. Serial EEPROM positive power supply (Sup-
CKED - CKEL SDRAM clock enable lines Vbpspp ports both 2.5 Volt and 3.3 Volt operation)
DQSO0 - DQS8 SDRAM low data strobes NC Spare Pins (no connect)
SDRAM low data masks/high data strobes . . .
DM(0-8)/DQS(9-17) (x4, x8-based x72 DIMMs) RESET Reset pin (forces register inputs low)
Vppip VDD ldentification Flag
e External control pin for DIMMs with FET
CKO SDR.A.M C.IOCk . . . FETEN switches in DQ path
(positive line of differential pair)

Revision 1.0
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Input/Output Functional Description

Symbol Type Polarity Function
CKO SSTL Positive | Positive line of the differential pair of system clock inputs that drives input to the on-DIMM PLL. (All
Edge DDR SDRAM addr/cntl inputs are sampled on the rising edge of their associated clocks.)
CKO SSTL NeE%Ztéve Negative line of the differential pair of system clock inputs that drives the input to the on-DIMM PLL.
CKEO. CKE1 | SSTL Active | Activates the SDRAM CK signal when high and deactivates the CK signal when low. By deactivat-
' High ing the clocks, CKE low initiates the Power Down mode, or the Self Refresh mode.
§_o, §_1, SSTL Active | Enables the associated SDRAM command decoder when low and disables decoder when high.
S2, S3 Low When decoder is disabled, new commands are ignored but previous operations continue.
s oS wE | SSTL Active | When sampled at the positive rising edge of the clock, cas, rRAs, and WEe define the operation to be
' ' Low executed by the SDRAM.
VREF Supply Reference voltage for SSTL2 inputs
Vbbo Supply Isolated power supply for the DDR SDRAM output buffers to provide improved noise immunity
BAO,1 SSTL — Selects which SDRAM bank of four is activated.
During a Bank Activate command cycle, A0-A13 defines the row address (RA0-RA13) when
sampled at the rising clock edge.
During a Read or Write command cycle, A0-A11 defines the column address (CA0-CA12) when
AO0-A9, A1l sampled at the rising clock edge. In addition to the column address, AP is used to invoke autopre-
A10/AP, SSTL — charge operation at the end of the burst read or write cycle. If AP is high, autoprecharge is selected
A12, A13 and BAO, BA1 defines the bank to be precharged. If AP is low, autoprecharge is disabled.
During a Precharge command cycle, AP is used in conjunction with BAO, BA1 to control which
bank(s) to precharge. If AP is high, all banks will be precharged regardless of the state of BAO or
BAL. If AP is low, BAO and BA1 are used to define which bank to precharge.
DQO -
DQ63, SSTL — Data and Check Bit Input/Output pins
CBO - CB7
DMO-DMS SSTL Active Masks write data when high, issued concurrently with input data. Both DM and DQ have a write
High latency of one clock once the write command is registered into the SDRAM.
Vpp, Vss Supply Power and ground for the DDR SDRAM input buffers and core logic
Negative
DQS0-DQS8| SSTL | and Posi- | Data strobe for input and output data.
tive Edge
SAD -2 These signals are tied at the system planar to either Vgg or Vpp to configure the serial SPD EE-
. - PROM address range.
SDA . This bidirectional pin is used to transfer data into or out of the SPD EEPROM. A resistor must be
connected from the SDA bus line to Vpp to act as a pullup.
scL . This signal is used to clock data into and out of the SPD EEPROM. A resistor may be connected
from the SCL bus time to Vpp to act as a pullup.
v Suopl Serial EEPROM positive power supply (wired to a separate power pin at the connector which sup-
DDSPD pply ports both 2.3 Volt and 3.3 Volt operation).
RESET LV- Active | This signal is asynchronous and driven low to the register to guarantee that the register outputs are
CMOS Low low.
Active This signal is reserved for future FET switch DIMMSs that may use external control to enable/disable
FETEN SSTL L FET pass gates in the DIMM data path. When high, devices are ‘off’ and in a high impedance state.
ow . ] h
When low, they are in a low impedance state and data can be read from or written to memory.
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184-Pin DDR SDRAM DIMM Pin Assignments

Front Side (left side 1 - 52, right

Back Side (left side 93 -144,

Front Side (left side 1 - 52, right

Back Side (left side 93 -144,

Pin %68 53-92) 72 pin | righigide 145 -184)> Pin K68 53-92) 72 pin | righigide 145 -184)>
¥ | INOR2ATty i 38 | NOGEanty ECC 78 | INOTiAgarity BGC THo | NOTIGCATTY | DMBIB&SLY
2 DQO DQO 94 DQ4 DQ4 49 NC CB2 141 Al10 Al10
3 Vss Vss 95 DQ5 DQ5 50 Vss Vss 142 NC CB6
4 DQ1L DQ1L 96 VooQ VooQ 51 NC CB3 143 Voo Voo
5 DQSO0 DQSO0 97 DMO0/DQS9 DMO0/DQS9 52 BA1 BA1 144 NC CB7
6 DQ2 DQ2 08 DQ6 DQ6 KEY KEY
7 Voo Voo 99 DQ7 DQ7 53 DQ32 DQ32 145 Vss Vss
8 DQ3 DQ3 100 Vss Vss 54 Voo Voo 146 DQ36 DQ36
9 NC NC 101 NC NC 55 DQ33 DQ33 147 DQ37 DQ37
10 RESET RESET | 102 NC NC 56 DQS4 DQS4 148 Voo Voo
11 Vss Vss 103| FETN,NC | FETN,NC | 57 DQ34 DQ34 149 | DM4/DQS13 | DM4/DQS13
12 DQ8 DQ8 104 VooQ Voo 58 Vss Vss 150 DQ38 DQ38
13 DQ9 DQ9 105 DQ12 DQ12 59 BAO BAO 151 DQ39 DQ39
14 DQS1 DQS1 106 DQ13 DQ13 60 DQ35 DQ35 152 Vss Vss
15 Voo Voo 107 | DM1/DQS10 | DM1/DQS10 | 61 DQ40 DQ40 153 DQ44 DQ44
16 | DU(CKL)! | DU(CKy! | 108 Voo Voo 62 Voo Voo 154 RAS RAS
17 | DU@KD)! | DUECKL! | 109 DQ14 DQ14 63 WE WE 155 DQ45 DQ45
18 Vss Vss 110 DQ15 DQ15 64 DQ41 DQ41 156 Voo Voo
19 DQ10 DQ10 111 CKE1 CKE1 65 CAS CAS 157 S0 S0
20 DQ11 DQ11 112 VooQ VooQ 66 Vss Vss 158 51 51
21 CKEO CKEO 113 NC(BA2) NC(BA2) 67 DQS5 DQS5 159 | DM5/DQS14 | DM5/DQS14
22 Voo Voo 114 DQ20 DQ20 68 DQ42 DQ42 160 Vss Vss
23 DQ16 DQ16 115 Al2, NC Al2, NC 69 DQ43 DQ43 161 DQ46 DQ46
24 DQ17 DQ17 116 Vss Vss 70 Voo Voo 162 DQ47 DQ47
25 DQS2 DQS2 117 DQ21 DQ21 71 NC, 52 NC, 52 163| NC,353 NC, 53
26 Vss Vss 118 ALl ALl 72 DQ48 DQ48 164 Voo Voo
27 A9 A9 119 | DM2/DQS11 | DM2/DQS11 73 DQ49 DQ49 165 DQ52 DQ52
28 DQ18 DQ18 120 Voo Voo 74 Vss Vss 166 DQ53 DQ53
29 A7 A7 121 DQ22 DQ22 75 | DUCK2! | DUCK2): [[167] Nc, A13 NC, A13
30 Voo Voo 122 A8 A8 76 | DU(CK2! | DU(CK2)! |[|168 Voo Voo
31 DQ19 DQ19 123 DQ23 DQ23 77 Voo Voo 169 | DM6/DQS15 | DM6/DQS15
32 A5 A5 124 Vss Vss 78 DQS6 DQS6 170 DQ54 DQ54
33 DQ24 DQ24 125 A6 A6 79 DQ50 DQ50 171 DQ55 DQ55
34 Vss Vss 126 DQ28 DQ28 80 DQ51 DQ51 172 Voo Voo
35 DQ25 DQ25 127 DQ29 DQ29 81 Vss Vss 173 NC NC
36 DQS3 DQS3 128 Voo Voo 82 VooId VooId 174 DQ60 DQ60
37 A4 A4 129 | DM3/DQS12 | DM3/DQS12 83 DQ56 DQ56 175 DQ61 DQ61
38 Voo Voo 130 A3 A3 84 DQ57 DQ57 176 Vss Vss
39 DQ26 DQ26 131 DQ30 DQ30 85 Voo Voo 177 | DM7/DQS16 | DM7/DQS16
40 DQ27 DQ27 132 Vss Vss 86 DQS7 DQS7 178 DQ62 DQ62
41 A2 A2 133 DQ31 DQ31 87 DQ58 DQ58 179 DQ63 DQ63
42 Vss Vss 134 NC CB4 88 DQ59 DQ59 180 Voo Voo
43 Al Al 135 NC CB5 89 Vss Vss 181 SAO0 SAO0
44 NC CBO 136 VDDQ VDDQ 90 DU DU 182 SAl SAl
45 NC CB1 137 CKO CKO 91 SDA SDA 183 SA2 SA2
46 Voo Voo 138 CKO CKO 92 scL scL 184 |  Vppseo VbDSPD
47 NC DQS8 139 Vss Vss

NC = No Connect; NU = Not Useable; DU = Do Not Use

1. Tiesdypinsedewite 266 Ntbit BDFAM BDLIRE3WPINSSystems supporting both unbuffered and registered DIMMs may may be connected to an active signal

on the baseboard.
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Block Diagram: Raw Card Version A
(x72 DIMM, populated as one physical bank of x8 DDR SDRAMS)
RSO
DQSO0 DQS4
DMO/DQS9— V] DM4/DQS13 ——\—=
DM CS DQS DM CS DQs
DQ0 —A1/00 DQ32 —A11/0 0
DQ1 —W—{l/01 DO DQ33—AV1/0 1 D4
DQ2 —W—I/02 DQ34 —V1/0 2
DQ3 —WV—1/03 DQ35—~V1/0 3
DQ4 —N /0 4 DQ36 ~V'1/0 4
DQ5 —M—I/05 DQ37 —~WI/I0 5
DQ6 —MNI/06 DQ38 ~WI/0 6
DQ7 —A 07 DQ39 —~WV—1/0 7
DQS1 DQS5
DM1/DQS10 W DM5/DQS14 W L
DM Cs DQs DM CS DQS
DQ8 —A{I/00 DQ40 —A\—1/0 0
DQY —\A{I/01 D1 DQ41 —AM—1I0 1 D5
DQ10 —W— /0 2 DQ42 —~AN*—1/0 2
DQ1U1L —A /03 DQ43 —~A*—1/0 3
DQ12 —A\A{ /0 4 DQ44 — 10 4
DQ13 —' /05 DQ45 —A\ /0 5
DQ14 —WV' 110 6 DQ46 —~NV' /0 6
DQ15 — W I/0 7 DQ47 —M /0 7
D&SZ DQS6 ‘
DM2/DQS11—wW—1 DM6/DQS15 — M—— |
DM CS DQs DM  CS DQs
DQ16 —A 110 0 DQ48 —~A"1/0 0
DQ17 —AM{ 10 1 D2 DQ49 —A71/0 1 D6
DQ18 —AM1/0 2 DQ50 ~V11/0 2
DQ19 —A1/0 3 DQ51 —~11/0 3
DQ20 —A /0 4 DQ52 —WV*1/0 4
DQ21 —A /05 DQ53 ~V71/0 5
DQ22 —A* /0 6 DQ54 —WV*1/0 6
DQ23 —\ /07 DQ55 —WV—1I0 7
DQS3 A DQS7
DM3/DQS12 —N~V—— DM7/DQS16——WV——
DM CS DQS DM CS DQS
DQ24 — 100 DQ56 —\— /0 0
DQ25 — A —lI01 D3 DQ57 —A\—1/0 1 D7
DQ26 —M1/0 2 DQ58 —A— 1/0 2
DQ27 —A\1/0 3 DQ59 —N—{1/0 3
DQ28 —WV—ll04 DQ60 —\V*—1/0 4
DQ29 —WV—lI05 DQ61—WV— /05
DQ30 —WV /06 DQ62 —\V*—1/0 6
DQ31 — W0 7 DQ63 — M| I/0 7
DQS8 v
DM8/DQS17 ———— ppSPD L SeralPb
DM TS Dpos Serial PD vbDQ 1 Do- D8
gBO —WHlioo scL — oA Voo T D0-D8
B1L —AWHl/0O1 D8 I
cB2 —W1I02 p A‘O ALz VREF J % Do-D8
CcB3 —WI/03 Vss X
cB4 —NV—1/04 ij SA0 SAl SA2 bo-b8
cB5 —AMI05 VDDID o © Strap: see Note 4
cB6 —WI/06
CB7 —WIIO7 Notes:
— R — - 1. DQ-to-1/0 wiring may be changed within a byte.
¢cso E RS0 -> 50 : SDRAMs DO-D8 2. DQ/DQS/DM/CKEIS relationships must be main-
BAO-BAl —W—— G [— RBAO-RBAL -> BAO-BAL: SDRAMSs D0-D8 tained as shown.
A0-A12  —— W] | — RA0-RA12 -> AD-A12: SDRAMs DO0-D8 3. DQ/DQS resistors should be 22 Ohms.
RAS ——M—— S |~ RRAS.> RAS: SDRAMS DO-DS 4. VDDID strap connections (for memory device
CAS T e o CAs VDD, VDDQ):
CAS — W E [ RCAS->CAS: SDRAMs D0-D8 ’ -( )
STRAP OUT (OPEN): VDD = VDDQ
CKEO ——wW—— R [— RCKEO-> CKE: SDRAMSs DO- D8
WE A L e ;E oM DZ o8 STRAP IN (VSS): VDD = VDDQ.
) i s DY 5. SDRAM placement alternates between the back
oK and front sides of the DIMM.
PCK T CKO, CKO --remenen PLL*
7PCK4 L RESET 6. Address and control resistors should be 22 Ohms.
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Block Diagram: Raw Card Version A
(x64 DIMM, populated as one physical bank of x8 DDR SDRAMS)

PCK

RSO
DQSO0 DQS4
DMO/DQSQ‘Wﬁ ‘ DM4/DQS13 ———wv—y
pM CS DQS DM CS DQS
DQ0 — 00 DQ32 —~A1/0 0
DQL Mo 1 DO DQ33—AV—1/01 D4
DQ2 — V02 DQ34 —M—1/0 2
DQ3 — V)03 DQ35 —~AM—1/0 3
DQ4 —VTi/0 4 DQ36 W' 1/0 4
DQ5 —V/0s DQ37 —NV—1/0 5
DQ6 —V/0 6 DQ38 —V'1/0 6
DO7 — W57 DQ39 —A /0 7
DQs1 DQS5
DM1/DQS10 — DM5/DQS14 — )
DM Cs DQs DM CS DQS
DQ8 —AMI/00 DQ40 —A1/0 0
DQ9 —wW—l/01 D1 DQ41 —WV—1/0 1 D5
DQ10 —AM /0 2 DQ42 —MH1/0 2
DQI1 —A\ /03 DQ43 —A—1/0 3
DQ12 —\ 0 4 DQ44 —N—1/0 4
DQ13 —V /05 DQ45 —N—1/05
DQ14 —~AHI/0 6 DQ46 —~V—1/0 6
DQ15 —\ /07 DQ47 —V /07
DQS2 DQS6 ‘
DM2/DQS1l—w— ‘ DM6/DQS15 W
DM CS DQS DM CS DQs
DQ16 —A1/0 7 ° DQ48 —V11/0 0
DQ17 —A1/0 6 D2 DQ49 ~V'71/0 1 D6
DQ18 —A1/0 1 DQ50 —V*11/0 2
DQ19 —A1/0 0 DQ51 —W'1/0 3
DQ20 —MI/0 5 DQ52 —N“ /O 4
DQ21 —A1/0 4 DQ53 —W*11/0 5
DQ22 —M1/0 3 DQ54 —V“71/0 6
DQ23 —M1/0 2 DQ55 —WV* /0 7
DQS3 DQS7
DM3/DQS12 —»—— DM7/DQS16———WV—
DM CS DQSs DM CS DQs
DQ24 —WVHII00 DQ56 —*—{1/0 0
DQ25 —AMI/0 1 D3 DQ57 —\M{ 110 1 D7
DQ26 —MI/0 2 DQ58 —A\—{ 110 2
DQ27 —AMI/0 3 DQ59 —\ {110 3
DQ28 —AMI/O 4 DQE0—WV 0 4
DQ29 —W\V'—lI05 DQ61—NV— 1105
DQ30 —W\V'—lI0 6 DQ62 N 1/10 6
DQ31 —AMI/O 7 DQ63— M0 7
Vbpspp —— Serial PD
CKO, CKO --------- PLL* Serial PD vDDQ 1 DO - D7
* Wire per Clock Loading Table/Wiring Diagrams ~ SCL — | —spa Vop é DO - D7
P A0 Al A2 VREF DO - D7
L \ \ \ %
= SA0 SALl SA2 Vss } DO - D7
_ R o - VDDID o e Strap: see Note 4
S0 ——w»— E — RSO->CS:SDRAMs D0O-D7 Notes:
BAO-BAL - G | — RBAO-RBAL->BAO-BAL: SDRAMs DO-D7 1. DQ-to-1/O wiring may be changed within a byte.
A0-A12 — ls — RAO-RA12 -> AO-A12: SDRAMSs DO - D7 2. DQ/DQS/DM/CKE/S relationships must be maintained as
RAS ——w— 1 |— RRAS->RAS: SDRAMs DO - D7 shown.
CAS — | E | RCAS.> CAS: SDRAMS DO - D7 3. DQ/DQS/DM resistors should be 22 Ohms.
CKEO — M R — i . i 4. VDDID strap connections (for memory device VDD, VDDQ):
e " [ e STRAP OUT (OPEN): VDD = VDDQ
’ STRAP IN (VSS): VDD = VDDQ.
pek | L Reser 5. SDRAM placement alternates between the back and front
Dew sides of the DIMM.

6. Address and control resistors should be 22 Ohms.
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Block Diagram: Raw Card Version A
(x72 DIMM, populated as two physical banks of x8 DDR SDRAMS)
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RS1
RSO
DQS0 I ‘ DQs4 I
DMO/DQS9 1 \ \ DM4/DQS13 1 \ \
DM  cs DQs DM cs Dos DM cs  DQs DM cs DQs
b —“ oo | oo pQ32 W 00 —woo
Dl ~W o1 DO 1101 D9 DQ33 W' o q D4 o1 D13
pQ2 —“ o2 1102 pQ3a M o2 — o2
b~ o3 | o3 pQ3s —M o3 —wos
pQa —Wloa 110 4 pQ3s M yoa o4
pgs —Wluos 1105 pQ37 W' o5 uos
pge W |woe 1106 pQ3s W' os uos
pQ7 W o7 1107 pQ39 —N' o7 o7
DQS1 e
DuID Ki— ] \ \ D33 — |
QS10 — DM5/DQS14 1 1
DM cs DQs DM cs DQs DM cs DQS DM cs pos
Qs W ioo oo pQ4o —WV 00 — oo
DQ9 VVTo 1 D1 /01 D10 DQ41 YV lo1 D5 /o1 D14
oo —Vio2 1102 pQ42 —M 102 — vo2
peu —WTo3 I~ |vos DQ43 —WV 103 — o3
po12 ~WV' o4 1o 4 pQas —W 104 o4
b1z —V'ios 05 pQas W0 ] o5
pQisa —V'Jios o6 pQas —NV 106 | vos
DQ15s Vo7 o7 DQ47 —NVUI07 oz
DQs2 1 | DQS6 T
DM2/DQS11 B — L | DM6/DQS15 —— ] L
DM cs  DpQs bM  Ccs  DQs DM cs  DQs DM cs  DQs
pQ1s —WN|oo oo D48 W00 [ |woo
DQ17 —WN 01 D2 [ |uo1 D11 DQ49 Vo1 D6 [ |wo1 D15
pQ1s —M|io2 1102 DQ50 ~W 02 [ Juoz
pQle —Wo3 o3 D51 W03 [ |uos
pQ20 —W0 4 o4 ps2 Vo4 o4
pQ21 —WN' 05 105 ps3 VT ios ™ luos
pQ22 —W0 6 1106 pesa V' ios ™ |uos
DQ23 W07 o7 DQss oz [ luoz
DQS3 1 ‘ DQS7 I
DM3/DQS12 S — ‘ L DM7 DQS16 ——— ‘ L
DM cs  DQs DM cs  DQs DM cs DQs DM cs DQs
DQ24 —WV 100 110 0 DQs6 V1100 [ |00
DQ2s —WVlI01 D3 /101 D12 DQ57 —VWII0 1 D7 o1 D16
pQ2s —V 102 110 2 pQss Vo2 [ |Vo2
D27 —W 103 1103 D59 V03 [ |vos
DQ2g —Wlio4 110 4 pQeo —N—{o4 o4
bQze —WV{lO5 105 pQe1r —W 05 [ |/o5
bQao —W {106 106 pQe2 W06 [ |V/o6
pQa1 —W-LIO7 o7 pQe3 —NMlo 7 o7
DQS8 -
DM8/DQS17 —— ‘ ‘ —
] oM cs  DQs DM cs DQS
cBO 1100 1100 VbDSPD )
cer —Mio1 D8 Vo1 D17 Serial PD L SerialPD
cB2 —Wio2 110 2 scL —1 VDDQ ———— % D0-D17
cez  —Wios 1103 ——SbA vpp i
——— DO-D17
cea —WVoa 110 4 we a0 414 =
ces —Mios os Jj; sh0 SAL sa2 VREF J 1T DO-D17
ces V06 110 6 Vss - po-p17
ce7  —Wloz 110 7
B e — — . VDDID o o Strap: see Note 4
€S0 — W R |~ RS0->S0: SDRAMSs D0-D8 CKO, CKQ ---oeev-- PLL
CcS1T ————— W E [ RSL->S1:SDRAMs D9-D17 * Wire per Clock Loading Table/Wiring Diagrams
BAO-BA1 W G [ RBAO-RBAL->BAO-BALl: SDRAMs D0-D17
A0-A12 W | [ RAQ-RA12 -> A0-A12: SDRAMs D0-D17 Notes: - N
RAS — Y"1 S [ RRAS->RAS: SDRAMs DO-D17 1. DQ-to-1/0O wiring may be (_:hang_ed within a bytg. )
CAS — W WE' ™ RCAS -> CAS: SDRAMSs DO-D17 2. DQ/DQS/DM_/CKE/S relationships must be maintained as shown.
CKEO — W - RCKEOQ -> CKE: SDRAMs DO-D8 3. DQ/DQS resistors shguld be 22 Ohms. .
CKE1L — W RCKE1 -> CKE: SDRAMs D9-D17 4. VDDID strap connections (for memory device VDD, VDDQ):
WE ——W\— — RWE -> WE: SDRAMSs D0-D17 STRAP OUT (OPEN): VDD = VDDQ
ok STRAP IN (VSS): VDD = VDDQ.
p— ‘ RESET 5. RS0 and RS1 alternate between the back and front sides of the DIMM.
6. Address and control resistors should be 22 Ohms.
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Block Diagram: Raw Card Version A
(x64 DIMM, populated as two physical banks of x8 DDR SDRAMS)

RS1
RSO
DQSO0 I DQS4 I
DMO0/DQS9 ] | DM4/DQS13 1 \
DM cs  DQS DM cs Das DM cs pes | | om cs DQs
pQo oo —woo D32 ~W'ioo 100
bor M1 50 o1 b8 DQ33 Vo1 D4 ~ |wor D12
bz o2 —wos pQ3s W02 o2
Q3 o3 o7 pQ3s ~W'io3 o3
Qe 'yoa o2 pQ3s Vo4 o4
pes Vuos o3 pQ37 —V“ios o5
pee  WVuos o4 pQ3ss V' ios o6
Q7 W' luo7 o5 pQ3s —W o7 o7
DQS1 I DQS5 1
DM1/DQS10 1 | ] DM5/DQS14 1 L | ] L
DM cs DQs DM cs DQs DM cs  DpQs DM cs  bpos
pgg Voo — ° pQ4o —Woo oo
DQY —Mo1 b1 — D9 DQ41 —VVlio1 D5 : 1101 D13
Dol —W“io2 — pQ42 —WVo2 /02
pQu W03 — DQ43 —V1I03 — o3
po12 —WVI04 — pQ4s V104 o4
pQ13 —WVios — pQ4s V05 o5
pQua —WVio6 1 pQas —NMli06 1106
DQ15s W07 — pQa7 V07 o7
DQS2 I DQS6 I
DM2/DQS11 T | | DM6/DQS15 | L | | L
= = DM CcS DQs DM CcS DQS
DM cs DQS DM CS DQSs |
pQie Voo oo b4 Moo [ |uoo
pQ17 —Wjio1 D2 [ |uo1 D10 DQ49 W 71101 D6 | |vo1 D14
pQis Vo2 [ |uoe DRso Vo2 [ |uoz
pQe —Wos [ |uo7 D51 Vo3 [ |vos
pQ0 —Wlo4 o2 D52 YV lo4 | Jioa
pQ21 W05 o3 DQs3 YV los _|vos
pQzz W06 [ |uo4 DQ54 ~VVTTio6 [_|uos
pQ23 —Wluo7 [ |vos DQs5 ~ VYV lo7 o7
DQS3 T DQS7 [
DM3/DQS12 1 \ \ DM7/DQS16 1 ‘ ‘
oy oy DM CS DQS DM CS DQs
DM Cs DQS DM CS DQs —
oo e = o e e
pQ25 —NI/01 o1 D11 DQ57 D7 ] bis
pQ2s W02 D3 — o2 pess ~—W o2 1 1102
pQ27 —WV103 — o3 DQs9 —W 103 ] 1103
DQ2s W04 o4 pQeo WV 1/04 1 110 4
DQ2e W05 105 pQe1 W /05 jvos
pQao W06 106 pQe2 W06 [ |uos
pQa1 —W-o7 —uo7 DQe3 W07 /07
— Serial PD Vbbspp + Serial PD
CKO, CKO -----mm-- PLL* scL VDDQ + = D0-D15
~ SDA T
* Wire per Clock Loading Table/Wiring Diagrams WP A0 Al A2 VDD # DO - D15
[ [ [ VREF J +——D0- D15
— SA0 SAl SA2
= R — VSS -+ po-p1s
SO R [ RS0->CS:SDRAMs D0-D7
vDDID o Strap: see Note 4
s1 — "7 E [— RS1->CS:SDRAMs D8-D15
BA0-BA1 —| G [— RBAO-RBAL ->BAO-BA1: SDRAMs D0-D15 Notes:
A0-A12 —M7 | = RAD-RA12-> AO-A12: SDRAMSs DO - D15 1. DQ-to-1/O wiring may be changed within a byte.
RaAs — S [~ RRAS->RAS: SDRAMs DO- D15 2. DQ/DQS/DM/CKE/S relationships must be maintained as
CAS VT E [ RCAS ->CAS: SDRAMs DO - D15 shown.
CKEO 4 R RCKEQ -> CKE: SDRAMSs DO - D7 3. DQ/DQS/DM resistors should be 22 Ohms.
CKEL — YV [ RCKEL -> CKE: SDRAMs D8 - D15 4. VDDID strap connections (for memory device VDD, VDDQ):
WE T VT " RWE ->WE: SDRAMs DO - D15 STRAP OUT (OPEN): VDD = VDDQ
PCK _ITL RESET STRAP IN (VSS): VDD p VDDQ.
PCK 5. RSO and RS1 alternate between the back and front sides of
the DIMM.
6. Address and control resistors should be 22 Ohms.
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Block Diagram: Raw Card Version B
(Populated as one physical bank of x4 DDR SDRAMS)

VSS
RSO
DQS% DMO0/DQS9 ﬁw—‘ ‘
DQS CS DM DQS CS DM
DQO /00 DQ4 —N“1/00
DQ1 —W—l/lo1 DO DQ5 —NV /01 D9
DQ2 —W—l/02 DQ6 —N1/02
DQ3 —AMI/O3 DQ7 —AN“HI/03
DQS1I—W~— ‘ ‘ DM1/DQS10—v—ry ‘ ‘
DQS CS DM DQS CS DM
DQ8 —WI00 DQ12 —WV1/00
DQY —AMI01 D1 DQ13 —MH1/0 1 D10
DQ10 —WVl/0 2 DQ14 —V1/0 2
DQIl — A0 3 DQ15 —\1/0 3
DQS2———w—— | | DM2/DQS11I—V— [ ]
DQS CS DM DQS CS DM
DQ16 —N|1I0 0 DQ20 —~N(I/0 0
DQ17 —W{ll01 DQ21 W01  p11
pois —{oz2 D2 DQ22 —\{1/0 2
DQ19 —WI/0 3 DQ23 —W1/03
DQS3——w—— | |  DM3DQS12—w——y | |
DQs CS DM DQS CS DM
DQ24 —NI/0 0 DQ28 —N1/0 0
DQ25 —N1/0 1 D3 DQ29 —V1/0 1 D12
DQ26 —NI/0 2 DQ30 —W'1/0 2
DQ27 —N'l/03 DQ31 —V1/0 3
DQsa——— | |  pmapgsiz—w—r | | Voosen _
DQS CS DM DQS Cs DM T Serial PD
DQ32 — A\ 1/00 DQ36 —A*1/0 0 VDDQ 1 DO0-D17
DQ33 —W\1lI01 D4 DQ37 — A 1/0 1 D13 vV, T
DQ34 —A 02 DQ38 —AM{ /0 2 ob T D0-D17
bOSS DQ35 —W\—l/03 | | oMED Szzsg —M—1/03 | | VREF T DO-D17
DQS CS DM Q DQS Cs pm Vss s DO0-D17
DQ40 —A\ /00 DQ44 —N— 1100 VvDDID —0 © Strap: see Note 4
DQ41 —Wl/lO1 D5 DQ45 —V 101 poy
DQ42 —WlI02 DQ46 —AN—1/0 2
DQ43 — W\ HlIO3 DQ47 —A—{1/0 3
DQS6 v 1 | pmempgsis—v—— || Serial PD
DQS CS DM DQS CS DM scL —
DQ48 —A /00 DQ52 —A—{ 1/0 0 [ SDA
DQ49 —\I/0 1 D6 DQ53 —V— /01 D15 WP A0 Al A2
DQ50 — A0 2 DQ54 —A 1/0 2 L | \ |
DQ51 —A /03 DQ55 —A— 1/0 3 — SA0 SAl SA2
DQS7T———wW—1 ‘ ‘ DM7/DQS16 —V—— L ‘
DQS CS DM DQS CS DM
DQ56 —A—l/O0 DQE0—WV'— |1/0 0
DQ57 — /01 D7 DQ61—N— /0 1 D16
DQ58 —A—lI02 DQ62—N— |1/0 2
DQ59 — {03 DQ63—WV*— 110 3 Notes:
DRS8 ——w—x0 [ | DM8/DQS17 " —— | \ 1. DQ-to-1/O wiring may be changed
PQS  CS  bpm DQs CS DM within a byte.
CBO —W— /00 CB4 —W'11/00 2. DQ/DQS/DM/CKE/S relationships
cer  —w—liol D8 CB5 —NTII01 D17 must be maintained as shown.
ce2 —wWlllo2 CBS —Wli02 3. DQ/DQS resistors should be 22
cB3 —W—l/l03 CB7 —AN\“1/03 Y
Ohms.
4. VDDID strap connections
_ R (for memory device VDD, VDDQ):
SO ——W— E [ RS0->CS:SDRAMs D0-D17 STRAP OUT (OPEN): VDD = VDDQ
BAO-BA1 —N— G [~ RBAO-RBAL -> BAO-BAL: SDRAMs D0-D17 STRAP IN (VSS): VDD p VDDQ.
A0-A12  —W— | = RA0-RA12-> A0-A12: SDRAMSs D0-D17 5. Address and control resistors
RAS —W—— S — RRAS->RAS: SDRAMs D0-D17 should be 22 Ohms.
cas —— T — RCAS-> CAS: SDRAMs D0-D17
ckeo —w— E = RckE0A -> CKE: SDRAMS DO-D17 _
we —w— R — RwE > wE: sDRAMS D0-D17 CKO, CKO ----me PLL*
;iCK — L RESET * Wire per Clock Loading Table/Wiring Diagrams
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Block Diagram: Raw Card Version C/E
(Populated as two physical banks of x4 DDR SDRAMS)

Vss
RS1
RSO I \
DQSO — | DM0/DQS9 - |
/ogs  ©s DM DQS  Cs DM DS CS DM DS CS DM
bQo M 1103 pa Moo (oo
pQr WV DO 1102 D18 pgs Vo1 D9 o1 D27
pg2 —W—ll02 101 pgs Vo2 o2
pQ3 W03 | | oo pQ7 W luoa | | o3
DQs1 ‘ B I \ L ‘ DM1/DQS10 I  E— \ L ‘
DOS €S DM DQS €S DM DQS cs DM DQS cs DM
pgs W ‘:;8 (f :; 8?1) DQ12 1100 oo
DQ9 vV D1 D19 DQ13 /01 o1
pQio —W—/02 /0 2 DQ14 o2 b10 o2 D28
pou —W—/03 ‘ ‘ 103 DQ15 oa ‘ ‘ —uoa
DQS2 A A —— \ 1 ‘ DM2/DQS11 — VT N — \ 1 ‘
DQs CS DM | /%Qg CS DM DQS cs DM DQS cs DM
poie VW00 o1 pz0 Voo oo
b7 —WV|lO1 p21 o1 DIl o1 D29
pQig V02 D2 /0 2 D20 Q22 Vo2 o2
pore —YVTl/O3 ‘ ‘ 103 pQ23 W luoa : : —uoa
bQs3 [E— — ] DM3/DQS12 e — L ]
I/CPSS cs DM DQS cs DM DQS CsS DM DQS CsS DM
A T 1100 pe2s oo oo
pQ2s VT D3 o1 D21 pQ2e Vo1 D12 o1 D30
pgee V02 110 2 pQ3o Vo2 o2
pQ27 VW03 : : 103 b3t W luaa | | —luaa
DRs4 [ ] ‘ i | DM4/DQS13 E—— . ‘7 |
y OD S cs DM D%S cs DM DQs cs DM DQs cs DM
DQ32 %uo 1 1o DQ36 —NMI/00 oo
DQa3 WV D4 1101 D22 pQa7 —NVio1 b13 o1 D31
pQa4 —wW—lI02 1102 DQ38 —N 10 2 o2
pQ3s —W03 ‘ ‘ /03 ‘ ‘ DQ39 —Wlio3 ‘ ‘ o3 ‘ ‘
DQS5 s — i T
Pes cs DM DQS cs DM DM5/DQS14 DQS cs DM DQS cs DM
DQ40 %I 01 :;8 1 pDQ4s Vo0 100
DQ41 v D5 D23 DQ45 v 1101 —|1vo1
pQaz —V02 110 2 pQas —NM 02 b14 o2 b32
DQ43 — /03 | | 1/0 3 pQ47 —Nu03 ‘ ‘ 103
DQs6 L L L pmMeDQs1s | VL 1]
JoOgs  cs  om DS CS DM DQS CS DM DQS CS DM
DQ48 %uo 1 1100 D52 —V oo 1 /o0
DQ49 A D6 l/lo1 D24 D53 —V 101 D15 o1  p33
pgso —Wl/0 2 /02 DQs4a —N 102 o2
pEs1 —WlIO3 | | /0 3 DQss —NMu03 | | 1103
DQS7 : = : 1 L ‘ DM7/DQS16 L — L 1 L ‘
IIOD S cs DM D%S cs DM DQS cs DM DQS cs DM
DQ56 jNLl/o 1 :;8 1 DQeo ~ YV l1oo 1100
DQ57 —AN—| pQel YV o1 o1
poss —W—{l/02 b7 102 D25 poe2 Vo2 D16 — o2 D34
pQsg —A—/O3 | | 110 3 pQes NV luosz | | —luoa
DQS8 : — L L L ‘ DM8/DQS17 I — L 1 L ‘
Qg oS oM Ogs  cs om DQS cs DM DQS cs DM
cBO M 01 ! CB4 MY Tioo ] 1oo
CB1L —MN D8 1101 D26 CB5 YV lo 1 D17 o1 D35
cB2 —al02 /0 2 ces Vo2 o2
cB3 —Wl/03 /03 ce7 Wz 103
CKO, CKO weeneeree PLL Serial PD VDDSPD 4 Serial PD
* Wire per Clock Loading Table/Wiring Diagrams VDDQ ————— 3 DO0-D35
scL — -
sbA VDD X D0-D35
= — VREF X
SO W [ RS0->SC:SDRAMSs D0-D17 P A‘O A‘l A‘Z ves | = l;?; 322
s1 ——— W — R . ' | X
E RS1 -> SC : SDRAMs D18-D35 —— SA0 SAl SA2 VDDID —— Strap: see Note 4
BAO-BAL —W— o [ RBAO-RBAL->BA0-BAL: SDRAMs D0-D35 Notes:
AO-A12 | [ RAO-RAIZ-> A0-A12: SDRAMS DO- D35 1. DQ-to-1/O wiring may be changed within a byte.
RAS ? RRAS -> RAS: SDRAMs D0-D35 2. DQ/DQS/DMICKEIS relationships must be maintained as shown.
CAS ) e | RCAS -> CAS: SDRAMs D0-D35 3. DQ/DQS resistors should be 22 Ohms.
CKEO W R | RCKEO->CKE: SDRAMs DO-D17 4. VDDID strap connections (for memory device VDD, VDDQ):
CKEl ——— — RCKE1 -> CKE: SDRAMs D18-D35 STRAP OUT (OPEN): VDD = VDDQ
WE — W — RWE -> WE: SDRAMs D0-D35 STRAP IN (VSS): VDD = VDDQ.
_ ] — 5. Address and control resistors should be 22 Ohms.
_PCK RESET
6. Each Chip Select and CKE pair alternate between decks for ther-
PCK p p
mal enhancement.
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(x72 DIMM, populated as two physical banks of x8 DDR SDRAMS)

RS1
RSO
DQSO0 — 1 ‘ ‘ DQS4 1 1 ‘
DMO FET Switc| ‘ == ! : == DM4 FET Switcl ‘ == ‘ \ a
DM CS DQs DM CS DQS DM CS DQSs DM Cs DQs
DQ0 —| 00 — oo DQ32- oo ] Voo
DQ1 — o1 DO /o1 D9 DQ334 o1 D4 — | o1 D13
DQ2 —| o2 1102 DQ34- o2 ] vo2
DQ3 —| /o3 — 1103 DQ35- 103 ] o3
FET Switch DQ4 — |04 1 /0 4 DQ36- [11/04 —1 /04
DQ5 —| [|lO5 o5 DQ37- [ 105 ] 105
DQ6 —| [|l/O6 o6 DQ38- [ 106 ] 106
DQ7 — o7 o7 DQ39- [ 107 1 o7
FETEN I -
D%Sl I . DQS5 —
DM1 S | \ \ \ DM5 , : \ |
witcl == == i == ==
DM  CS DQS DM Cs DQs FET Switc DM  CS DQSs DM CS DOs
DQ8 — OO — 100 DQ40- | 00 —1oo
DQ9 — HlO1 D1 — /01 D10 DQ414 |+ lO1 D5 — /o1 D14
DQ10 —| HlWO2 — /02 DQ42- | 02 —o2
DQ1L —| HWO3 — 103 DQ43- |+ O3 o3
DQ12 -| o4 — o4 DQ44- | lO4 —1/0 4
DQ13 —| HIO5 — o5 DQ45- - 05 /05
DQ14 —| HIO6 — 106 DQ46-{ [~ 06 /06
DQ15 —-| R l/lO07 —1 o7 DQ47- | 07 /o7
T T
FETEN
D%SZ m . . DQs6 ™ i l
DM2 T i ] 1 DM6 i T i 1
FET Switcl DM cs DQS DM S DQS FET Switc| DM cs DQS DM cs DQS
DQ16 | [HI/00 /oo DQ487 oo [ |lVoo
DQ17 4 HIO1 D2 /o1 D11 DQ49+ MHyo1 D6 [ |Vo1 D15
DQ18 -| Hl02 Vo6 DQ507 |02 [ |Vo2
DQ19 -| 03 Vo7 DQ517 o3 [ |Vo3
DQ20 | HlO4 o2 DQ527 [T 104 [ |Vo4
DQ21 - HIUOS5 o3 DQ537 [71/05 [ |VO5
DQ22 4 HIO6 |vo4 DQ54- 106 [ |Vo6
DQ23 - HIO7 [ |V/O5 DQ55 [Jwo7 | oz
FETEN —= —
DQS3 7 . DQS7 - :
DM3 | \ ‘ \ DM7 _ : ‘ \ \
FET Switc| DM cs DQS DM cs DOS FET Switc] DM s DQs DM s DS
DQ24 —| HIOO — 100 DQ56- [ /00 1 /00
DQ25 — ROl D3 — /o1 D12 DQ57+ /01 D7 — /01 D16
DQ26 —| 02 — o2 DQ58-{ [ /02 1 /o2
DQ27 -| HO3 — 103 DQ59- [ 1/03 o3
DQ28 —| 04 ——1/04 DQ60 [ /04 — 1104
DQ29 —-| 05 —— /05 DQ614 [ /O5 — /05
DQ30 —| 06 —— /06 DQ62- [ /06 — /06
DQ31 - o7 —1/07 DQ63- [ 07 —1./o7
DQS8 FETEN ‘ -
DM8 i i ] |
Swi = ==
FET Switg DM TS DQs DM TS DQS
CB0O — [fioo —/oo Vppspp ———————————————— Serial PD
CBl — Hyo1 D8 —|/o1 D17 -
ce2 - Hioa —los Serial PD vDDQ T D0-D17
cB3 —| Hio3 — o7 scL — on Vbb + DO-D17
ggg - o4 i :;8; W A0 M1 2 VREF J T~ D0-D17
- [fWos 1 -
CB6 — HIo6 {10 4 Jj~ SAD SAL SA2 VvsSs D0-D17
CB7 —| HIo7 /o5 o VDDID 0 o Strap: see Note 4
FETEN CKO, CKOQ -------- PLL*
go I - go > g . SDRAMSs DO-D8 * Wire per Clock Loading Table/Wiring Diagrams
S1 ——W R |— RS1->CS:SDRAMs D9-D17 Notes:
BAO-BAl —wW— E — RBAO-RBA1 -> BAO-BAL: SDRAMs D0-D17 1. DQ-to-I/O wiring may be changed within a byte.
AoA12 ——N— G — RAO-RAL2 -> A0-AL2: SDRAMs D0-D17 2. DQ/DQS/DM/CKEI/S relationships must be maintained as shown.
RAS ———— W 'S [ RRAS ->RAS: SDRAMs D0-D17 3. VDDID strap connections (for memory device VDD, VDDQ):
S0 | T [ roxeon oxe. somaws p008 STRAP IN (Ve D vDDo. 2
[ > CKE: s DO-| STRAP IN (VSS): VDD = VDDQ.
CKEl ——wW E | RCKE1 -> CKE: SDRAMs D9-D17 (VSS) . Q
e R - 4. Address and control resistors should be 22 Ohms.
WE 4VPCKV; ™ RWE -> WE: SDRAMSs D0-D17 5. FETEN may be wired to respective DRAMs (QFC pin) or tab
o K~ T reser (FETEN) pin (103).
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Block Diagram: Raw Card Version F
(x64 DIMM, populated as two physical banks of x8 DDR SDRAMS)

RS1
RSO
DQS0 B 7 D%S4 1 1
DMO0/DQS9 —| I \ \ ‘ DM4/DQS13 — 1 1 ‘
FET Switc| DM cS DOs DM s DQS FET Switc| DM CS DQS DM CS DQs
DQO | ] 100 ] oo DQ327 7 oo — /oo
DQL - W01 DO —1 vo1 D8 DQ337 = yo1 D4 — | w1 D12
DQ2 -| M 102 —1 o2 DQ34= 7 o2 — o2
DQ3 - | 103 —1 103 DQ357 = o3 —| o3
DQ4 | [ 04 1 104 DQ36- [ 1104 ] Vo4
DQ5 | [ 05 1 105 DQ37- [ 105 ] Vo5
DQ6 | [ 06 1 106 DQ38- [ 106 ] Voe
DQ7 -| [ W07 | Vo7 DQ39- 7 o7 1 o7
T I
FETEN
DQS1 ] DQS5 ] ]
DM1/DQS10™ | 1 \ \ ‘ DM5/DQS14 1 \ \
FET Switc DM TS DQS Dy TS DOQS FET Switc DM CS DQS DM CS Dpos
DQs - H W00 — Vo0 DQ40-| H 100 — oo
DQY - H WOl — 01 5 DQ41— H W01 ps — 101 p13
DQ10 4 [ 02 — /o2 DQ42-| H 02 — o2
DQl 4 | /O3 — /o3 DQ43-| H 103 — o3
DQi2 | [ /04 Vo4 DQ44-| H 104 L o4
DQ13 -| (4 /O5 Vo5 DQ45— (1 /05 — uos
DQ14 -| [ OB Vo6 DQ46— H 06 | oe
DQ15 4 [ o7 i DQ47- [ IO7 - o7
FETEN I
DQS2 ] I DQS6 ] l
DM2/DQS11— 1 \ \ DM6/DQS15 | 1 \ \
FET Switcl DM s DQs DM CS DQs FET Switcl DM CS DQS DM CS DQSs
DQ16 - Moo oo DQ48 - I /00 — oo
DQL7 7 Hyo1 D2 [ |Vo1 D10 DQ491 =101 D6 [ | VYol D14
DQ18 4 Mo 2 o2 DQS0 I /02 1 102
DQ19 4 Mo 3 103 DQ51- M 103 — o3
DQ20 -| o4 1o 4 DQ52- [ /O 4 | 10 4
DQ21 -| Hios 105 DQ53-| [1 /05 — uos
DQ22 -| o6 106 DQ54-| [1 /06 ] uoe
DQ23 4 Hiyo7 o7 D55 [ 107 o7
FETEN I
DQS3 1 DQS7 ] T
DM3/DQS12 — t \ \ DM7/DQS16 — t \ \
FET Swite DM  CS DQS DM CS DOQS FET Swite DM  CS DQS DM CS DO
DQ24 4 (1100 —1 100 DQS6-| | 00 Voo
DQ25 -{ HIO1 D3 — o1 p1u1 DQs7-{ H 01 p7 o1 D15
DQ26 - MI/02 — o2 DQ58- [ /02 106
DQ27 -{ HI03 — o3 DQ59- [ /03 o7
DQ28 | HlO4 1 1/0 4 DQ60-| | 04 102
DQ29 | HUOS5 105 DQ61-| | OS5 o3
DQ30 -{ HIO6 106 DQ62-| | /06 o4
DQ31 -{ HIO7 107 DQ83 | o7 05
FETEN Vopspp 4 Serial PD
CKO, CKO --------- PLL* Serial PD vDDQ 1 DO - D15
* Wire per Clock Loading Table/Wiring Diagrams SCL — —spa Vbp 1 mE DO - D15
_ L WP A0 Al A2 VREF + +——D0- D15
S0 ——w4 R |— RS1->CS:SDRAMs D8-D15 o ves J T
S1 ——w E [— RSO ->CS:SDRAMs D0-0D7 = SA0 SAL sA2 ] DO - D15
BAO-BAl—w-| G | — RBAO-RBAL->BAO-BAL: SDRAMs DO-D15  \otes: VDDID o 0 Strap: see Note 4
3 [ . : - -
AOALZ —w RAQ-RA12 -> AD-A12: SDRAMS DO - D15 1. DQ-to-1/O wiring may be changed within a byte.
RAS A RRAS -> RAS: SDRAMSs DO - D15 2. DQ/DQS/DM/CKE/S relationships must be maintained as
CAS W E [ RCAS->CAS: SDRAMSs DO - D15 shown.
CKEO — 9| R [ RCKEO->CKE: SDRAMs DO - D7 3. VDDID strap connections (for memory device VDD, VDDQ):
CKE1 —W [ RCKE1->CKE: SDRAMs D8 - D15 STRAP OUT (OPEN): VDD = VDDQ
WE T RWE -> WE: SDRAMSs DO - D15 STRAP IN (VSS): VDD = VDDQ.
PCK _JTL RESET 4. Address and control resistors should be 22 Ohms.
PCK 5. FETEN may be wired to respective DRAMs (QFC pin) or tab
(FETEN) pin (103).
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Block Diagram: Raw Card Version H/K
(x72 DIMM, populated as 2 physical banks of x4 DDR SDRAMS)
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Vss
RS(%
— + — ]
DQS0 ] l DMO/DQS9 ] l
DF;; Switc I/cl):)gs cs oM bos g oM FET Switc| /gQS cs OM DQS g DM
- N —11/00 DQ4 r /o0 oo
DQ1L - o1 I—{o1 DQ5 Hlo1 —
DO D9 1101
pQ2 - Huoz w2 D18 DQ6 H10 2 o2 7
DQ3 gy o3 ‘ ‘ ——1/03 : : DQ7 H103 os
FETEN — | I
DQS1 ot swic ] 1 1 L ‘ DM1/DQS10 ) ! L ‘
0e8 - Hyo9S CS om DgS Cs DM FET Switc DQS  Cs DM
pos 1 L :/o (1) 1100 DQ12 1100
DQIO - Hyoz Pl oz D1 3813 op 0%
EEQTléN - o3 ‘ ‘ 1103 DQ15 :;8 g
L . .
DQS2 T T — _ L[]
Sglzw“i || bgs TS pu DQS Ccs DM DM2/DQS1L rer sune /o8 beS  cs DM
po1r - 1101 ~luos Doz | 01
T DQ21 ! 1
DQ18 — HIo2 D2 o2 D20 0822 woz2 DI — :;8 ; p29
% - _Huos ‘ ___+—uos ‘ ‘ DQ23 03 ‘ — lios
[ ] i i ] \ \ [ 1 ] ] ] ‘ ‘
DQS3  rersuitc DQS CS obm DQS cs DM DM3/DQ812FET Switc| DQS CS pm DQS cs oM
D824 -4 4 :;g (1) :;g (l) D828 -1 N :;g (1) oo
DQ25 — [ DQ29 —| T[] D12 o
DQ26 | {102 D3 o2 D21 DQ30 —| ({02 e, ¥
DQ27 -LH 103 : : {03 ‘ ‘ DQ31 —_[l/l03 o3
FETEN — | | -
DQs4 . — — ] DM4/DQS13 ——] 1]
FET Switcl DQS CS om boS s oM FET Switc| DQS CS bpm DQSs ¢S DM
0832 -{ Hwoo — 1100 DQ36 Hloo oo
DQ33 4 o1 ——1o1 DQ37 Hlio1 —
D4 1101
DQ34 | o2 o2 P% poss | o2 P13 o2 P
DQ35 | |03 ‘ ‘ /0 3 ‘ ‘ DQ39 — W03 o3
FETEN ‘ ‘ ‘ ‘ I ‘ ‘ ‘ ‘
DQS5 e L — . — L]
Q FET Swit DQS CS pwm DQs Cs DM DMS/DQS14 cor gy DQS CS pm DQS cs DM
ggig U :jg (l) :jg (l) DQ44 — /00 oo
- 4 D5 E— DQ45 /o1 o1
DQ42 | o2 L luo2 D23 DQ46 H1/0 2 D14 o2 ps2
DQ43 - 110 3 : : L 11/03 : : DQ47 L 1103 1103
DQOS6 FETEN . ‘ L } ‘ ‘7 ‘ DM6/DQS15 — 1 I L 1 I L ‘
EF)ZI’42W|1C VODOQS CS om Qs cs  bMm FET Switc DQS CS pm DQS cS DM
1T [ o3 DQ52 | | 1/00 — oo
DQ49 | o1 D6 L o2 D24 DQ53 -{ HIWO1 D15 o1 D33
DQ50 | 102 — o1 DQ54 —{ H /02 o2
DQ51 | [ 1103 ‘ ‘ 1 oo ‘ ‘ DQ55 L - 03 o3
FETEN
DQS7 == L ‘ ‘ L ‘ DM7/DQS16 1 | ‘ L ! 1 L ‘
FET Switc! DQS CS obm oS cs DM FET Switcl DQS CS obm DQS cs DM
3823 4 4 :;8 (l) — |§8 0 DQ60 | [1/00 — oo
4 4 o1 DQ61 | [Jl/01 o1
DQss | | |02 D7 L ljo2 D25 Do62 | HHuoz D16 o, D34
DQ59 | L|II/0O3 : : {1103 : : DQ63 *Tg 1103 103
FETEN
DQS8 : L ‘ ‘ L | DM8/DQS17__ | [— L ! ! L ‘
FET Switc| DQS cs DM DQS cs DM FET Switc| DQS cs DM DQS cs DM
@ 1 [lioa o cas 7| [uoo ] voo
pion 7 : /02 D8 | /0 2 D26 CB5 1101 D17 ] o1 D35
] cB6 1102 o2
cB3 o3 /o3 cB7 1103 o3
1
FETEN —
CKO, CKQ --------- PLL* Serial PD VpbpspD ————— Serial PD
B * Wire per Clock Loading Table/Wiring Diagrams VDDQ ———+———F D0-D35
S0 — RSO -> CS : SDRAMs D0-D17 scL ——spa VDD +—F D0-D35
S1 — w1 R RS1 -> CS : SDRAMs D18-D35 WP A0 AL A2 ¥ !
‘ i ‘ VREF | +— D0-D35
BAO-BAl —— E RBAO-RBA1 -> BAO-BAl: SDRAMs D0-D35 —L a0 sAl sA2 VSS 4] - D0-D35
AO-A12 —p— G RAO0-RA12 -> A0-A12: SDRAMs DO- D35 - VDDID — © Strap: see Note 4
RAS — ] ls RRAS -> RAS: SDRAMs DO-D35  pNotes:
CAS —— W o RCAS -> CAS: SDRAMs D0-D35 1. DQ-to-1/0 wiring may be changed within byte.
CKEO W E RCKEO -> CKE: SDRAMs D0-D17 2. DQ/DQS/DM/CKE/S relationships must be maintained as shown.
CKEl —wW— R RCKEL1 -> CKE: SDRAMs D18-D35 3. VDDID strap connections (for memory device VDD, VDDQ):
WE ——w—] | RWE -> WE: SDRAMS D0-D35 STRAP OUT (OPEN): VDD = VDDQ. STRAP IN (VSS): VDD = VDDQ.
pck I [ RESET 4. Address and control resistors should be 22 Ohms.
PCK 5. FETEN may be wired to respective DRAMs (QFC pin) or tab (FETEN) pin (103).

Release 11

Revision 1.0




JEDEC Standard No. 21-C
Page 4.20.4-18

Differential Clock Net Wiring (CKO, CK0)

0 ns (nominal)

CKO

120Q

12092

=

PLL

OUT1

OUT ‘N’

Feedback

SDRAM
Stack

A

,—T‘ 120Q
]

SDRAM
Stack

Reg. 1

(Typically two

registers per DIMM)

|

Reg. 2

ground.
manner.

PLL as possible.

Revision 1.0

The clock delay from the input of the PLL clock to the input of any SDRAM or register will be set to
Ons (nominal). See “Clocking Timing Methodology” on page 57.

Input, output, and feedback clock lines are terminated from line to line as shown, and not from line to
Only one PLL output is shown per output type. Any additional PLL outputs will be wired in a similar

Termination resistors for the PLL feedback path clocks are located as close to the input pin of the

Release 11
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Raw Card Versions A, B, and F (Two 1:1 Registers)

Raw Card Versions C, E, H, and K (Two 1:2 Registers)

Register 1 Register 2 Register 1 Register 2
In Out In Out In Out In Out
Al RA1 A0 RAO RA1A RAOA
A2 RA2 Al0 RA10 Al RA1B A0 RAOB
A3 RA3 S0 RSO RA2A RA10A
A4 RA4 S1 RS1 A2 RA2B AlO RA10B
A5 RA5 CAS RCAS RA3A B RSOA
A6 RA6 RAS RRAS A3 RA3B S0 RSOB
A7 RA7 BAO RBAO RA4A B RS1A
A8 RA8 BAl RBA1 A4 RA4B St RS1B
A9 RA9 WE RWE RAS5A 7 RCASA
All RA11 AS RA5B CAS RCASB
A121 RA12 RAGA 7 RRASA
CKEO RCKEO A6 RA6B RAS RRASB
CKE1l RCKE1 RA7A RBAOA
AT RA7B BAO RBAOB
RA8A RBA1A
A8 RA8B BAL RBA1B
RA9A o RWEA
A9 RA9B WE RWEB
RA11A
AlL RA11B
RA12A
AL2! RA12B
RCKEOA
CKEO RCKEOB
RCKE1A
CKEL RCKE1B

1. Only used with 256Mbit, 512Mbit SDRAMSs

Release 11
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Component Details

Pin Assignments for 64Mb, 128Mb, 256Mb, and 512Mb DDR SDRAM Planar

Components
(Top View)

Vbb Vbp 01 66 ] Vss Vss
NC DQO O 2 65 [ DQ7 NC
VpDo VpDo O3 64 [J VssQ Vssq
NC NC O 4 63 [ NC NC
DQO DQ1 s 62 [ DQ6 DQ3
Vsso Vsso O e 61 [ Vbpo Vbbo
NC NC O 7 60 [J NC NC
NC DQ2 O 8 59 [ DQ5 NC
Vbbo Vbpo O o9 58 [1 Vssq Vssq
NC NC O 10 57 0 NC NC
DQ1 DQs3 O n 56 [ DQ4 DQ2
Vssq Vssq O 12 55 1 Vbbo Vbpg
NC NC O 13 54 [ NC NC
NC NC O 14 53 [ NC NC
Vbpo Vbpo O 15 52 [J Vssq Vssq

NC NC O 16 51 0 DQSs DQsS
NC NC 0 17 50 [0 NC NC
Vbb Vbb O 18 49 [J VREF VREF

NC, QFC | NC,QFC O 19 48 [ Vss Vss
NC NC O 20 47 [ DM DM
WE WE O 21 46 [1 CK CK
CAS CAS O 22 45 ] CK CK
RAS RAS O 23 44 ] CKE CKE
cs cs O 24 43 1 NC NC
NC NC O 25 42 [] Al2 Al2
BAO BAO O 26 41 1 All All
BA1 BA1 O 27 40 O A9 A9
A10/AP A10/AP O 28 39 [ A8 A8
A0 A0 O 29 38 [0 A7 A7
Al Al 0 30 37 O A6 A6
A2 A2 O 31 36 [ A5 A5
A3 A3 O 32 35 [ A4 A4
Vbp Vbb O 33 34 [0 Vss Vss
x 8
x4
Note: This pin assignment is for use with planar DIMMs.

Revision 1.0
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Pin Assignments for 64Mb, 128Mb, 256Mb, and 512Mb DDR SDRAM 2 High Stack

Package
(Top View)

Vbb
NC
Vbpg
NC
DQO
Vssq
NC
NC
Vbpg
NC
DQ1
Vsso
NC
NC
Vbpo
NC
NC
Vop
NC, OFC
NC
WE
CAS
RAS
CSo
Cs1
BAO
BA1l
A10/AP
A0
Al
A2
A3
Vbb

minininisininininisinininininisisisininininEsininininininininEnEE

© 00 N O B WN P

WW WWNDNDNDNNDNNDNDNMNNMNNNDNRPRPRPRRPRERREREREREPRPREPR
WN PO O WNOOO U WNREP O OONOOUMWNPRO

66
65
64
63
62
61
60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34

S N N I I O

X 4

Vss
NC
Vssq
NC
DQ3
Vbpg
NC
NC
Vssq
NC
DQ2
Vbpo
NC
NC
Vsso
DQS
NC
VREF
Vss
DM
CK
CK
CKEO
CKE1
Al2
All

A9
A8

A7

A6
A5

Ad
Vss

Note: This pin assignment is for use with stacked DIMMs.

Release 11

Revision 1.0




JEDEC Standard No. 21-C
Page 4.20.4-22

DDR SDRAM Component Specifications

The DDR SDRAM components used with this DIMM design specification are intended to be consistent
with JEDEC ballots JC-42.3-98-227A. DDR SDRAM component specification violations also violate the
DDR SDRAM Registered DIMM specifications.

Register Component Specifications

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

DIMM Register Use

Raw cs:i?)rr? ver- # of Banks # of SDRAMS per output Register Type Quantity
1 9 1:1 14-bit SSTL 2
A 2 18 1:1 14-bit SSTL 2
B 1 18 1:1 14-bit SSTL 2
CIE 2 18 1:2 13-bit SSTL 2
F 2 18 1:1 14-bit SSTL 2
H/K 2 18 1:2 13-bit SSTL 2

The following specifications for the register are critical for proper operation of the DDR SDRAM Regis-
tered DIMMs. These are meant to be a subset of the parameters for the device. Detailed information on
both the 1:1 and 1:2 registers, including driver characteristics, has been balloted at the JEDEC JC-40
Committee, Item #6 (1:1) and Item# 32 (1:2).

Critical Register Specifications

Ta=0-700 C
Register Symbol Parameter Conditions Vpbp = 2.5V £ 0.2V Units Notes
Min Max
tck Clock Frequency 60 170 MHz
30pF to GND and

tpD Clock to Output Time S(S)Ohms to Vrr 11 2.8 ns

tRsT Reset to Output Time — 5 ns

tsL Output Slew Rate gg‘ghtr(%seg E\)/fTr}g 0.5 4 V/ns

Setup time, fast slew rate _
1:1 14-bit (see Notes 1 and 3) 0.75 ns 13
and tsu

. . Setup time, slow slew rate _
1:2 13-bit (see Notes 2 and 3) 0.9 ns 2,3

Hold time, fast slew rate

(see Notes 1 and 3) 0.75 1,3
th Hold time, slow slew rate 0.9 )3
(see Notes 2 and 3) ,
Cineek) | Clock Input Capacitance 25 35 pF
Cindata) | Data Input Capacitance 25 35 pF

1. For data signal, input slew rate = 1 V/ns
2. For data signal, input slew rate = 0.5 V/ns and < V/ns
3. For CLK and CLK signals, input slew rates are = 1 V/ns.

Revision 1.0 Release 11



JEDEC Standard No. 21-C
Page 4.20.4-23

Register Sourcing

This document is not intended to be an approved vendor list for support chip components. Although it is
recommended that all DDR 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. In order to facilitate industry consistency, the functionality and
technical requirements of both the 1:1 and 1:2 registers have been balloted at JEDEC in JC-40, Item #6
(1:1) and Item# 32 (1:2).

PLL Component Specifications

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

DIMM PLL Use

Raw cs:i?)rr? ver- # of Banks # of SDRAMSs per output PLL Type Quantity
1 21 1:10, 2.5 Volt 1
A 2 2 1:10, 2.5 Volt 1
B 1 2 1:10, 2.5 Volt 1
CIE 2 4 1:10, 2.5 Volt 1
F 2 2 1:10, 2.5 Volt 1
H/K 2 4 1:10, 2.5 Volt 1

same for One and Two—-Bank DIMMs. Also, on X64 A cards, a padding capacitor is used across the clock pair for the depopulated
ninth SARAM(s) position(s).

1. In the case of One—-Bank A card, a padding capacitor is added across each SDRAM clock and clock pair to ensure that timing is the

The following specifications for the PLL are critical for proper operation of the DDR SDRAM Registered
DIMMs. These are meant to be a subset of the parameters for the device. Detailed information on this
part, including driver characteristics, has been balloted at the JEDEC JC-40 Committee, Item #25.

Release 11 Revision 1.0



JEDEC Standard No. 21-C
Page 4.20.4-24

Critical PLL Specifications

Ta=0-700 C
Device Symbol Parameter Conditions Vpbp = 2.5V £ 0.2V Units Notes
Min Max

fok Operating Clock Frequency 60 170 MHz 1

fek Application Clock Frequency 95 170 MHz 1

tspe Static Phase Error Application Load -50 50 ps 2

tsk Output Clock Skew Application Load — 100 ps 2

tsL Output Slew Rate 1 3 V/ns 2

1:10, 2.5 Volt ti(per) | Period 3.4

ti(cc) | Cycle-to-Cycle 75 & ps

titf(hper) | Half-period -100 100 4
tstAB PLL Stabilization Time 100 ms
Cin Input Capacitance 25 3.5 pF

1. The PLL used on the registered DIMM needs to support SSC synthesizers with a Modulation Frequency of 30 to 50KHz and a Clock
Frequency Deviation of —0.5%. PLL sedigns should target the fillowing values:
® Greater than 1.2MHz PLL loop bandwidth
® Less than -0.031 degrees of phase angle
2. The application load is defined in Differential Clock Net Structures on page 33
3. Period jitter defines the largest variation in clock period, around a nominal clock structure.
4. Period jitter and half—period jitter are independent from each other.

PLL Sourcing

This document is not intended to be an approved vendor list for support chip components. Although it is
recommended that all DDR SDRAM Registered DIMM PLLs meet the specifications documented above,
it is up to each DIMM producer to select the PLL and PLL vendors which meet these requirements, and
to guarantee robustly operating DIMMs. In order to facilitate industry consistency, the functionality and
technical requirements of this part have been balloted at JEDEC in JC-40, Item #25.

FET Switch Component Specification

Raw Cards F, H, and K are intended for use in applications requiring reduced DRAM data loading. FET
switches are included on these DIMMs and are activated by the SDRAM devices, or by external control
FETEN at DIMM connector pin 103. Plans for these devices and the DIMMs are not yet closed; details
will be added to subsequent releases of this document.

Revision 1.0 Release 11



JEDEC Standard No. 21-C
Page 4.20.4-25

Registered DIMM Details

DDR SDRAM Module Configurations (Reference Designs) Product Family

Raw oMY SORAY # of SDRAM # of Bir?lis #d?Ie?g | FET
V(ce:rasrign Capacity Orgﬂzz)r:]iza- Density Orgﬂzz)r:]iza- SDEAM Package Type ngzlkcsa ! in bits | Switch
SDRAM | row/col
64MB 8MIx72 64Mbit 8MIx8 9 66 lead TSOP 1 2 129 | No
128MB 16Mx72 | 128Mbit | 16Mx8 9 66 lead TSOP 1 4 12/10 | No
256MB | 32Mx72 | 256Mbit | 32Mx8 9 66 lead TSOP 1 4 13/10 | No
512MB 64Mx72 | 512Mbit | 64Mx8 9 66 lead TSOP 1 4 13/11 | No
128MB 16Mx72 | 64Mbit 8Mx8 18 66 lead TSOP 2 4 12/9 | No
256MB | 32Mx72 | 128Mbit | 16Mx8 18 66 lead TSOP 2 4 12/10 | No
512MB 64Mx72 | 256Mbit | 32Mx8 18 66 lead TSOP 2 4 13/10 | No
1GB 128Mx72 | 512Mbit |  64Mx8 18 66 lead TSOP 2 4 13/11 | No
A 64MB 8Mx64 64Mbit 8Mx8 8 66 lead TSOP 1 4 12/9 | No
128MB 16Mx64 | 128Mbit | 16Mx8 8 66 lead TSOP 1 4 12/10 | No
256MB | 32Mx64 | 256Mbit | 32Mx8 8 66 lead TSOP 1 4 13/10 | No
512MB 64Mx64 | 512Mbit | 64Mx8 8 66 lead TSOP 1 4 13/11 | No
128MB 16Mx64 | 64Mbit 8Mx8 16 66 lead TSOP 2 4 12/9 | No
256MB | 32Mx64 | 128Mbit | 16Mx8 16 66 lead TSOP 2 4 12/10 | No
512MB 64Mx64 | 256Mbit |  32Mx8 16 66 lead TSOP 2 4 13/10 | No
1GB 128Mx64 | 512Mbit |  64Mx8 16 66 lead TSOP 2 4 13/11 | No
128MB 16Mx72 | 64Mbit 16Mx4 18 66 lead TSOP 1 4 12/10 | No
256MB | 32Mx72 | 128Mbit | 32Mx4 18 66 lead TSOP 1 4 12/11 | No
® 512MB 64Mx72 | 256Mbit |  64Mx4 18 66 lead TSOP 1 4 13/11 | No
1GB 128Mx72 | 512Mbit | 128Mx4 18 66 lead TSOP 1 4 13/12 | No
256MB 32Mx72 | 64Mbit 16Mx4 36 66 lead stacked 2 4 12/10 | No
TSOP
512MB 64Mx72 | 128Mbit | 32Mx4 36 66 "?‘;ggcmd 2 4 12/11 | No
© 1GB 128Mx72 | 256Mbit | 64Mx4 36 66 "?‘;ggcmd 2 4 13/11 | No
2GB 256Mx72 | 512Mbit | 128Mx4 36 66 "?‘;ggcmd 2 4 13/12 | No
256MB | 32Mx72 | 64Mbit 16Mx4 36 | 66 lead stacked TSOJ | 2 4 12/10 | No
512MB 64Mx72 | 128Mbit | 32Mx4 36 | 66 lead stacked TSOJ | 2 4 12/11 | No
E 1GB 128Mx72 | 256Mbit |  64Mx4 36 | 66 lead stacked TSOJ | 2 4 13/11 | No
2GB 256Mx72 | 512Mbit | 128Mx4 36 | 66 lead stacked TSOJ | 2 4 13/12 | No
128MB 16Mx72 | 64Mbit 8Mx8 18 66 lead TSOP 2 4 12/9 | Yes
256MB | 32Mx72 | 128Mbit | 16Mx8 18 66 lead TSOP 2 4 12/10 | Yes
512MB 64Mx72 | 256Mbit | 32Mx8 18 66 lead TSOP 2 4 13/10 | Yes
1GB 128Mx72 | 512Mbit |  64Mx8 18 66 lead TSOP 2 4 13/11 | Yes
F 128MB 16Mx64 | 64Mbit 8Mx8 16 66 lead TSOP 2 4 12/9 | Yes
256MB | 32Mx64 | 128Mbit | 16Mx8 16 66 lead TSOP 2 4 12/10 | Yes
512MB 64Mx64 | 256Mbit |  32Mx8 16 66 lead TSOP 2 4 13/10 | Yes
1GB 128Mx64 | 512Mbit |  64Mx8 16 66 lead TSOP 2 4 13/11 | Yes
G Reserved
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DDR SDRAM Module Configurations (Reference Designs) Product Family

Raw oI SORAN # of SDRAM #of Bir?uis #d?feg | FET
Card iza- iza- | SDRAM Physical h - -
Version | Capacity Orgt_anlza Density Orgt_amza s Package Type Bgnks in bits Switch
1on 1on SDRAM | rowi/col
256MB 32Mx72 | 64Mbit 16Mx4 36 66 'e%étgd‘ed 2 4 12/10 | Yes
512MB 64Mx72 | 128Mbit | 32Mx4 36 66 'e%étgd‘ed 2 4 12/11 | Yes
H
1GB 128Mx72 | 256Mbit | 64Mx4 36 66 'e%étgd‘ed 2 4 13/11 | Yes
2GB 256Mx72 | 512Mbit | 128Mx4 36 66 'e%étgd‘ed 2 4 13/12 | Yes
256MB 32Mx72 | 64Mbit 16Mx4 36 |66 lead stacked TSOJ | 2 4 12/10 | Yes
512MB 64Mx72 | 128Mbit | 32Mx4 36 |66 lead stacked TSOJ | 2 4 12/11 | Yes
K 1GB 128Mx72 | 256Mbit | 64Mx4 36 |66 lead stacked TSOJ | 2 4 13/11 | Yes
2GB 256Mx72 | 512Mbit | 128Mx4 36 |66 lead stacked TSOJ | 2 4 13/12 | Yes
Input Loading Matrix
) ) Raw Card Version
Signal Names Input Device A B CIE = HIK
Clock (CKO) PLL 1 1 1 1 1
CKEO Register 1 1 1 1 1
CKE1 Register lorO N/A 1 1 1
Addr/RAS/CAS/BA/WE Register 1 1 1 1 1
Chip Selects Register 1 1 1 1
DDR SDRAM lor2 1 2 Oor2! Oor2!
DQ/BQS FET Switch N/A N/A N/A 1 1
DDR SDRAM lor2 N/A N/A 0or2l N/A
DM FET Switch N/A N/A N/A 1 1
SCL/SDA/SA EEPROM 1 1 1 1 1

1. FET switches are enabled and disabled during DIMM operation and thus the load changes.
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‘Reference’ Design file updates will be released as needed. This Registered DIMM specification will re-
flect 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 De-

sign file releases.

Note: Future Design file releases will include both a date and a revision label. All changes to the Design
file are also documented in detail within the ‘read-me’ file.

Raw Card Version

Specification Revision

Applicable Design File

Notes

0.6 AO Release on 12/15/99
A 1.0 Al Release on 03/31/00
0.6 B1 Release on 11/26/99
B 1.0 B2 Release on 03/31/00
0.91 c1 Release on 02/25/00
c 0.95 (JEDEC ballot) Cc22 Release on 06/23/00
1.0 c32 Release on 08/01/00
E 1.0 TBD Original Release
F 1.0 TBD Original Release
H 1.0 TBD Original Release
K 1.0 TBD Original Release

1. With exception of the cross section which utilized Revision 0.6

2. The C2 release is missing the gnd via connection for impedance coupons. The C3 release corrects this error. The omission has
no bearing on the use of this design level in systems applications.
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Component Types and Placement

Components shall be surface mounted on both sides of the PCB and positioned on the PCB to meet the
minimum and maximum trace lengths required for DDR SDRAM signals. Bypass capacitors for DDR
SDRAM devices must be located near the device power pins. In two-bank, x4 based DDR SDRAM de-
signs, the second DDR SDRAM bank devices will be stacked on the first DDR SDRAM bank devices.

The following layouts suggest placement for the Raw Card Versions A, B, C, E, F, H, and K. Exact spac-
ing is not provided, but should be based on manufacturing constraints and signal routing constraints im-

posed by this design guide.

Example Raw Card Versions A (1 Physical Bank) Component Placement

Front
. 133.35
) 525 131.35
N it 128.95
5.077
—
N/A
for
x64
43.18
1.7
330 Sy
=1t AR ;;; BRARRARAAARIEARARE, ;;‘
D) PLL Register é
EKHH\HHHH\HHHHHHHH\HHHHHHHHHHHQ (A AT AT T
t (20 o® g
2.50 ®= NIR
0.098
Back Side
3.99 ‘
.157 max.
(Front)
p o3|
<< ]
QHHHHH\\H\HHHHHHHHHHHHH QHHHHHHH\HHHH\HHHHHHH\HHHHHHHO i
N 127+010 |
Note: All dimensions are typical unless otherwise stated. % -050 = .004
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Example Raw Card Versions A (2 Physical Banks) Component Placement

Front
. 133.35 N
525 131.35
" it 128.95
D 5.077 "
N/A
for
x64
O|< T
%)
-~ PLL
E%HHHHHHHH\HHH\HHHHHHHHHHHHH\HQ (AT AT AT AT T
T
(20
2.50
0.098
Back
OHHHH\H\HHH\HHHHHHHHHHH mHHHHH\HHHHH\HHHH\HHHHHHHH\HHO .
1.27 £ 0.10
050=.004 " [*
Note: All dimensions are typical unless otherwise stated. %
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Example Raw Card Version B Component Placement

Front
) 133.35 .
5.25 131.35
. s 128.95
5.077

10.0
.394

U\

L ! w;vmmmm il T

EiHHHHHHHHHHH\\HHHHHHHHHHHHH\H(\\ AIATARNANARR RN A A AR AR AR AN

T
20
2.50
0.098
Back
‘)
D)
OHHH\HH\HH\HHHHHHHHHHHH ﬂH\HHHHHHHHHHH\HHHHHHHHHHHHH\O i
?
Goo - 004+

Note: All dimensions are typical unless otherwise stated. 7Mil”r:':ﬁ£fs
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Example Raw Card Version C/E Component Placement

Front
) 133.35 R
5.25 131.35
. s 128.95
B 5.077 ;
43.18
17
Oiq T
o%[/
Ty N
- ) VPLL
Gﬂ\HHHHHHHHHHHHHHHHHHHHHH\HHHQ (LI T T T LTI IO
-
20 g
2.50 S
0.098
Back Side

6.81 TSOP F*
0.268 max TSOP!

QHHHHHHHHHHHHHHHHH\HHH QHHHHHHHHH\\HHHHHHHHHH\HHHHHHQ U
1.27 +0.10
050=.004 7Y

Note: All dimensions are typical unless otherwise stated. 7Mil”r:':ﬁ£fs
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Example Raw Card Version F Component Placement

Front

v

133.35
5.25 131.35
s 128.95
5.077

A

£ _§

N/A
for
x64

PLL

10.0
‘ 394

U\

Gﬂ\HHHHHHHHHHHHHHHHHHHHH\HHH(\\ \HHHHHHHHHH\HHHHHHHHH\

()0
2.50
0.098

Back

10001001000
N/A °
for x64

OHHHH\H\HHHHH\HHHHHH\H\H ﬂmmmm\mmmmmmmmmwmu\m@ -~
1.27 +0.10
050=.004 7 [4
Note: All dimensions are typical unless otherwise stated. 7Mil':g‘he;§fs
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Example Raw Card Versions H and K Component Placement

Front
) 133.35 .
5.25 131.35
. s 128.95
5.077
43.18
17
O|<
alé'«%< =
9 PLL
2 TV T s
T I8
CﬁHHHHHHHH\HHH\HHHHHHHHHHHHHHM\ O O AT T
2.50 IS
0.098
Side

Back
6.81 TSOP
0.268 max TSO

(Front)

OH\HHHHH\HHHHHHH\HHHHHH QH\HHHHHHH\HHHHHH\HHHHHHHHHHHQ s
1.27 +0.10
050+.004 7| ¢

Note: All dimensions are typical unless otherwise stated. 7Mil':g‘he;§fs
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DIMM Wiring Details
Signal Groups

This specification categorizes DDR SDRAM timing-critical signals into seven groups. The following table
summarizes the signals contained in each group.

Signal Group Signals In Group Raw Card Version Page
PLL Input / Unused Clocks CK.CK A, B, C E F HK 33
PLL Output PCKI9:0] A/B,C E F HK 34-35
B,C, E 36
A 36, 37
Data DQ[63:0], CB[7:0] H/K 28
F 38
B,C E 36-37
A 36-37
DQS DQSJ[17:0] HIK 38
F 38
A 37
DM DM[8:0] 39
A[12:0], BA[1:0], RAS, CAS, WE A B, F 40, 41
Address and Control A[12:0], BA[1:0], RAS, CAS, WE C,E H,K 46, 47
A F 42,43
Chip Select, Clock Enable CS[0:1], CKE [0:1] B 44,45
C,E HK 48, 49

General Net Structure Routing Guidelines

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

The general routing requirements are as follows

* Route all signal traces except clocks using 4/6 rules, i.e., 4 mil traces and 6 mil minimum spacing
between adjacent traces.

* Route clocks using 4 mil lines and 6 mil spaces between differential clock pairs.

* Route clocks using at least 90% of the total trace length in the inner layers.
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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 to determine
individual signal wiring on a DIMM for any supported configuration. Only transmission lines (represented
as cylinders and labeled with trace length designators “TL") represent physical trace segments. All other
lines are zero in length. To verify DIMM functionality, a full simulation of all signal integrity and timing is
required. The given net structures and trace lengths are not inclusive for all solutions.

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

Net Structure Example

A 512MB double-sided x72 DIMM using 128Mbit, 32Mx4 SDRAM devices would have a data net struc-
ture as shown in the following diagram.

TLO 22 ohms 5% L1

DIMM 5 SDRAM |~
AN — o |

Connector
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Differential Clock Net Structures

CK, CK

DDR SDRAM clock signals must be carefully routed to meet the following requirements:

Signal quality
Rise/Fall time

Cross point of the differential pair into the SDRAM and register
JEDEC-compatible reference delays
Minimal segment length differences (less than 100 mils total) between clocks of the same function

PLL input net segment length is newly defined and optimized for high speed DDR Registered DIMMs.

Net Structure for PLL Input

PLL Clock Input

TLO
DIMM CK ™~
Connector CK —\. \
PLL
TL1
Unloaded Clock Input
No Connection
Clock Net Lengths for PLL Input Net Structures
Raw Card TLO TL1 R1 Notes
(Ohms)
A B, CEFHK 1.00 0.20 120 1,2,3
1. All distances are given in inches and must be kept within a tolerance of = 0.01 inch
2. All capacitances are given in pF and must be kept within a tolerance of + 5%
3. The termination resistor and loading capacitor are both placed after the pin of the PLL.
Net Structure Routing for PLL Feedback Path
PLL Feedback Path
C1
mil - (O
TL2 TL1
FBKIN FBKOUT
TL3 FBKIN FBKOUT
PLL
&
K )
TLO

Revision 1.0
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Trace Lengths for PLL Feedback Path Net Structure
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TLO TL3 R1 c1
Raw Card Min Max TL1 TL2 Min Max (Ohms) [DF] Notes
Not
A B F 2.92 3.02 0.04 0.29 0.05 0.09 120 populated 1,2,3
C,E,H,K 2.93 3.02 0.04 0.29 0.05 0.09 120 5.6 1,2,3
1. All distances are given in inches and must be kept within a tolerance of = 0.01 inch
2. All capacitances are given in pF and must be kept within a tolerance of + 5%
3. The termination resistor and loading capacitor are both placed after the pin of the PLL.
Net Structure Routing for PLL Output to SDRAM Load
PLL Output to SDRAM Load
1
SDRAM |
TL2 T
TL1
CK TLO
PLL Output { > ) > ( > ) R1
CK
TL2 )
NOTE: SDRAM stack for raw 1 Note: On Single Bank A—Card,
cards C, E, H, and K only. SDRAM | | unpopulated SDRAM clock pair
— inputs have a parallel capacitor

equal to one—half nominal
SDRAM input clock load.

Trace Lengths for PLL Clock Output to SDRAM Load Net Structure

TLO TL1 TL2 R1
Raw Card Min Max Min Max Min Max Ohms Notes
A 2.46 2.50 0.49 0.58 0.29 0.30 120 1,2
B 2.46 2.49 0.49 0.57 0.29 0.31 120 1,2
CIE 2,51 2.52 0.57 0.57 0.29 0.31 120 1,2
F TBD TBD TBD TBD TBD TBD 120 1,2
H/K TBD TBD TBD TBD TBD TBD 120 1,2

1. All distances are given in inches and must be kept within a tolerance of = 0.01 inch

2. All capacitances are given in pF and must be kept within a tolerance of + 5%
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Net Structure Routing for PLL Output to Register Load

PLL Output to Register Load

TL3 c1 TL2
R1 R Y A=
TLJ%J\
) Register
CK TLO
PLL Output

CK

TL1

Register

TL3 TL2
(v
R1
C1l

All PLL outputs are used in each design.

Unloaded PLL Output

Trace Lengths for PLL Clock Output to Register Load Net Structure

TLO TL1 TL2 TL3
Raw Card R1 cl Notes
Min Max Min Max Min Max Min Max [Ohms[ [pF]
A 0.05 0.05 271 2.72 0.13 0.15 0.07 0.07 240 Not populated 1,2
B 0.05 0.05 271 2.72 0.13 0.15 0.07 0.07 240 Not populated 1,2
CIE 0.05 0.05 3.51 3.51 0.13 0.14 0.07 0.07 240 Not populated 1,2
F TBD TBD TBD TBD TBD TBD TBD TBD 240 Not populated 1,2
H/K TBD TBD TBD TBD TBD TBD TBD TBD 240 1,2

1. All distances are given in inches and must be kept within a tolerance of = 0.01 inch
2. All capacitances are given in pF and must be kept within a tolerance of + 5%

Revision 1.0

Release 11




JEDEC Standard No. 21-C
Page 4.20.4-39

Data Net Structures

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

Special attention has been paid to balancing data nets within a DDR SDRAM, within a particular DIMM,
and across the DIMM family. Data nets have been placed in order to bound the data strobe nets. Be-
cause 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 recom-
mend consistent delays for all nets, as described in the following tables.
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Net Structure Routing for Data and DQS (Raw Cards B, C, and E)

TLO 220hms=5%  TL1 -
o o0 W0 SPRAMPI|
Connector R —
Second SDRAM pin is used

on Stacked DIMMs only.

Trace Lengths for Data and DQs Net Structure (Raw Cards B, C, and E)

TLO TL1 Total
Raw Card Min Max Min Max Min Max Notes
B 0.13 0.19 0.95 1.02 1.13 1.14 1,2
CIE 0.13 0.19 0.95 1.02 1.13 1.15 1,2
1. All distances are given in inches and must be kept within a tolerance of = 0.01 inch
2. All capacitances are given in pF and must be kept within a tolerance of = 5%
Release 11
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DQ[63:0], CB[7:0]
DQSI[8:0]

Net Structure Routing for Data and DQS (Raw Card A)

JEDEC Standard No. 21-C
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Connector

TLO

22 ohms = 5%

comedor ) W0 —

TL1

SDRAM Pin

For 2-Bank

SDRAM Pin DIMMs only
L - __ __
Trace Lengths for Data and DQS Net Structure (Raw Card A)
TLO TL1 TL2 Total
Raw Card Min Max Min Max Min Max Min Max Notes
A 0.13 0.19 0.59 0.65 0.37 0.37 1.15 1.15 42,2
1. All distances are given in inches and must be kept within a tolerance of = 0.01 inch
2. Total Min and Total Max refer to the min and max respectively of LO + L1
DM[8:0]
Net Structure Routing for DM (Raw Card A)
TL2
SDRAM Pin
TLO  220hms=5%  TLL /—@:>7
o o O WM —
Connector TL2
SDRAM Pin
Trace Lengths for DM Net Structure (Raw Card A)
TLO TL1 Total
Raw Card Min Max Min Max L2 Min Max Notes
A 0.13 0.19 0.67 0.69 0.44 1.25 1.30 1,2

1. All distances are given in inches and must be kept within a tolerance of = 0.01 inch
2. Total Min and Total Max refer to the min and max respectively of LO + L1
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DQ[63:0], CB[7:0]
DQS [17:0]

Net Structure Routing for Data and DQS (Raw Cards H and K)

TLO TL1
DIMM 4{:}7 FET SDRAM Pin
Connector Switch

Second SDRAM pin is used
on Stacked DIMMs only.

Trace Lengths for Data and DQS Net Structure (Raw Cards H and K)

TLO TL1 Total
Raw Card Min Max Min Max Min Max Notes
TBD TBD TBD TBD TBD TBD 1,2
TBD TBD TBD TBD TBD TBD 1,2

1. All distances are given in inches and must be kept within a tolerance of = 0.01 inch
2. Total Min and Total Max refer to the min and max respectively of LO + L1
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DQ [63:0], CB [7:0]
DQSI[8:0]

Net Structure Routing for Data and DQS (Raw Card F)

TL2
SDRAM Pin
TLO TL1
oM O g <
Connector Switch TL2
C SDRAM Pin

Trace Lengths for Data and DQS Net Structure (Raw Card F)

TLO TL1 TL2 Total
Raw Card Min Max Min Max Min Max Min Max Notes
F TBD TBD TBD TBD TBD TBD TBD TBD 1,2
1. All distances are given in inches and must be kept within a tolerance of = 0.01 inch
2. Total Min and Total Max refer to the min and max respectively of LO + L1
DM[8:0]
Net Structure Routing for DM (Raw Card F)
TL2
SDRAM Pin
TLO TL1
oMM 0 O guten [ L
Connector Switch TL2
SDRAM Pin
Trace Lengths for DM Net Structure (Raw Card F)
TLO TL1 TL2 Total
Raw Card Min Max Min Max Min Max Min Max Notes
F TBD TBD TBD TBD TBD TBD TBD TBD 1,2

1. All distances are given in inches and must be kept within a tolerance of = 0.01 inch
2. Total Min and Total Max refer to the min and max respectively of LO + L1
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Trace Lengths for Address and Control Net Structure (Raw Cards A, B, and F)
A[12:0], BA[1:0], RAS, CAS, WE

TL7
(> SDRAMPIn| %
TL7

(— (- SDRAM Pin

SDRAM Pin

SDRAM Pin

SDRAM Pin
TL7 :
(| SDRAM Pin
N

TL7
(> SDRAM Pin

TL7
(- SDRAM Pin

TL8
SDRAM Pin
o ———C_Of soram ein|

>(.

>(.

TLO R1 TL1

DIMM Connector —(

Register

—___ - SDRAM Pin
TL8
o
L7 | SDRAMPin
s ﬁ — O
e Ti7 | SDRAM Pin

~
( O .
L7 SDRAM Pin| %
ms| | P
TL7 SDRAM Pin

>(.

TL4
—( |SDRAMPin| 4
TL7
— O SDRAM Pin
* Note: These SDRAM loads will be removed TL6 TL7
in the single bank x8-based DIMM designs. ®)
- —__0r|soramPin|
Note: x64 based DIMMs, Raw Card A and F will L7 SDRAMPin| %
remove the two center SDRAMs
— (1 SDRAM Pin
TL7
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Trace Lengths for Address and Control Net Structure (Raw Cards A, B, and F)
A[12:0], BA[1:0], RAS, CAS, WE

Raw TLO TL1 TL2 TL3 TL4 TL5 TL6 TL7 TL8 R1 Not
Car | : : : : : : : : [ohms | 40
d | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max ] es

0.13 | 0.26 | 0.56 | 0.66 | 0.62 | 1.37 | 1.39 | 2.57 | 0.40 | 0.56 | 0.14 | 0.15 | 0.48 | 0.63 | 0.20 | 0.32 | 0.49 | 0.72 22 1

A
B 0.13 | 0.28 | 0.54 | 0.67 | 0.66 | 1.38 | 1.31 | 255 | 0.40 | 0.53 | 0.12 | 0.15 | 0.50 | 0.64 | 0.20 | 0.29 | 0.49 | 0.72 22
F |TBD | TBD |TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD 22 1

1. All distances are given in inches and should be kept within a tolerance of + 0.01 inches.
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Net Structure Routing for CS and CKE (Raw Cards A and F)

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

DIMM Connector

Note: This net structure will be repeated for each

CS0 and CKEOQ are the only nets used.

TL3

TL4

TL5

TL6

TL5

chip select and clock enable used, and in the 1 Bank case,

TL4

TL7

(0| SDRAM Pin

—ﬁ
SDRAM Pin

TL7

SDRAM Pin

TL7

(___ (O SDRAM Pin

SDRAM Pin

TL7

(5 SDRAMPin

TL7

(___ (O SDRAM Pin

TL7
(— (| SDRAM Pin
TL7
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Trace Lengths for CS and CKE (Raw Cards A and F)
CS [1:0], CKE [L:0]

Raw TLO TL1 TL2 TL3 TL4 TL5 TL6 TL7 c1 R1 ot
Car [pF] [Ohms es
d Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max ]

A |012 |0.21 |0.60 |0.65|1.16 | 1.43 | 1.67 | 2.10 | 0.15 | 0.28 | 0.53 | 0.69 | 0.23 | 0.77 | 0.08 | 0.78 3.0 22 1
F |TBD |TBD |TBD |TBD |TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD TBD 22 1

1. All distances are given in inches and should be kept within a tolerance of + 0.01 inch
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Net Structure Routing for CS and CKE (Raw Card B)
CS [0], CKE [0]

TL6
(> SDRAMPin
TL6
| ()| SDRAM Pin

TL5 TL6
/—( - SDRAM Pin

TL6
SDRAM Pin

TL6

TL4 @ SDRAM Pin
TL6

(> SDRAM Pin

TL3

DIMM Connector

TL3

Trace Lengths for CS and CKE (Raw Card B)
CS[1:0], CKE[1:0]

Raw TLO TL1 TL2 TL3 TL4 TL5 TL6 TLY R1 Not

Car |~ : : : : : : : [ohms | 40
d | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max ] es
B [013|0.16 0'5’1 0.65 | 1.17 | 1.23 | 1.43 | 1.68 | 0.58 | 0.72 | 0.40 | 0.58 | 0.15 | 0.35 | 0.56 | 0.76 22 1

1. All distances are given in inches and should be kept within a tolerance of + 0.01 inch

Revision 1.0 Release 11



Page 4.20.4-49

JEDEC Standard No. 21-C

Net Structure Routing for Address and Control (Raw Cards C, E, H, and K)
CS|[0:1], CKE[0:1]BA[1:0], RAS, CAS, WE

RA

ack

RA
Stack

7‘
_
=1

Stack

TL4

TL2

ooy

R1 TL1

TLO

DIMM Connector  —(
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Trace Lengths for Address and Control Net Structure (Raw Card C, E, H, and K)
A[12:0], BA[1:0], RAS, CAS, WE

Ra TLO TL1 TL2 TL3 TL4 TL5 TL6 TL7
w R1 Note
Cg“ Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max (Ohms) | s
C | 013|025 |0.56 | 0.66 | 0.70 | 2.81 | 0.40 | 0.58 | 0.07 | 0.23 | 0.48 | 0.61 | 0.20 | 0.35 | 0.49 | 0.74 22 1
E 013|023 |056 |0.66 070|281 |0.40 | 058 |0.07|0.15|0.48 | 0.61 | 0.20 | 0.35 | 0.49 | 0.74 22 1
H | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD 22 1
K |TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD 22 1
1. All distances are given in inches and should be kept within a tolerance of + 0.01 inch.
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Net Structure Routing for CS and CKE (Raw Cards C, E, H, and K)

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

SDRAM locations alternate
between the upper and lower
deck on the front and back side
for thermal enhancement

TL5

TL2
TLO R1 TL1
DIMM  —( ()—W\—(__(>-| Register
Connector
TL2
Note:

9 SDRAM
) SDRAM
TLY?
) SDRAM
TL6
) SDRAM
TL6
—0 ) SDRAM
TL6
— ) SDRAM
TL6
) SDRAM
TL6
O SDRAM
TL6
) ) SDRAM
TL6
) SDRAM
TL6
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Trace Lengths for CS and CKE Net Structure (Raw Card C, E, H, and K)

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

Raw TLO TL1 TL2 TL3 TL4 TL5 TL6 TL7 R1
Car [~ . . . . . . . (Ohms
d Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max )
0.14 | 0.19 | 050 | 0.51 | 2.14 | 3.14 | 0.45 | 0.61 | 0.08 | 0.23 | 0.42 | 0.57 | 0.11 | 0.45 | 0.68 | 0.83 22
E | 014 | 0.19 | 050 | 0.51 | 2.14 | 3.14 | 0.45 | 0.61 | 0.08 | 0.23 | 0.42 | 0.57 | 0.11 | 0.45 | 0.68 | 0.83 22
H | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD 22
K | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD | TBD 22
1. All distances are given in inches and should be kept within a tolerance of + 0.01 inches.
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Cross Section Recommendations

The DIMM printed circuit board design uses eight layers of glass epoxy material. PCBs must contain full
ground plane and full power plane layers. The PCB stackup must be designed with 4 mil wide traces.

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) 1.6 2.2 ns/ft
Trace velocity: SO (inner layers) 2.0 2.2 ns/ft
Trace impedance: Zj (all layers) 54 66 Ohms

Example Eight Layer Stackup

Signal Layer 1
0.0042 |
‘ Layer 2 (VDD/VDDQ)
0.0069 |
Signal Layer 3
0.0069 ‘
\ \ Layer 4 (GND)
0.0068
| | Layer 5 (VreF)
0.0069 | _
Signal Layer 6
0.0069 |
\ Layer 7 (GND)
0.0042 |
Signal Layer 8
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 manufacturers to verify and monitor the trace impedance (Zg) listed above, mea-
surement coupons have been added to each of the Registered DIMM designs. There are four single-en-
ded coupons located on each of the four signal layers, as well as a pair of nets wired on the clock signal
layer as a differential pair. These nets are all located on the right side of the DIMM.The single ended nets
use the EEPROM wires, while the differential pair has been designed in for this purpose. Each net is two
inches in length and has a via near a large ground via placed at the bottom of the DIMM. Each net is
clearly labeled 1,2,3,4, or DIFF. A Time Domain Reflectometer (T.D.R.) can be used to perform these
measurements (for the differential net, odd mode must be used) before DIMM assembly.
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Timing Budget

The post-register timings on the Registered DIMMs are critical. The following table describes a prelimi-
nary post-register timing budget for a typical DDR PC1600 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.

DIMM Post-Register Timing

Time (ns) Time (ns)
Symbol Parameter Set-up Hold Notes
toLk Clock cycle time 10.0 N/A 1
Maximum time for the signal to exit the register. This
is measured from the rising edge of the register clock
tpD input (the falling edge of CK) to the register output -2.8 11 1,2
into a standard register test load (30 pF to GND, 50
Ohms to V.
Maximum time for the signal to propagate from the
INETDELAY register to any SDRAM. The switching point for a -2.0 0.5 1,2,3
rising edge is VREF + 100mV.
Shift in the register clock in relationship to the
SDRAM. The input clocks to the registers and the N .
tREG SDRAM are intended to track, but some error is like- 0.10 0.10 !
ly.
tis Setup time required for the SDRAM inputs -11 NA 1
tiH Hold time required for the SDRAM inputs NA -11 1
tskew* Clock jitter and skew on the DIMM -0.275 -0.2 1,4
tss Simultaneous Switch effect -0.35 NA 1,2
tXTALK Crosstalk Adder -0.10 NA
Margin 3.275 0.2 1

4. See the tables below.

1. The timing values shown are consistent with registers available at the time this specification was written. All registers must meet
the combined delay values and ensure positive margin, although the specific delay value for each term may vary.

2 The timing values for tINETDELAY, tPD, 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. The tNETDELAY is determined via simulation analysius. The register driver is simulated into both the standard test load and the
actual DIMM net and SRAM loads and the difference is the actual net delay of the DIMM.

*DIMM Clock Contributions (tsyew)

tskew fOr Setup Units tskew for Hold Units
DIMM PLL Jitter 0.075 ns DIMM PLL Skew 0.100 ns
DIMM PLL Skew 0.100 ns DIMM Clock Net Skew 0.100 ns
DIMM Clock Net Skew 0.100 ns Total 0.200 ns
Total 0.275 ns
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Serial PD Definition

The Serial Presence Detect function MUST be implemented on the PC DDR SDRAM Registered DIMM.
The component used and the data contents must adhere to the most recent version of the JEDEC DDR
SDRAM Serial Presence Detect Specifications. Please refer to this document for all technical specifica-
tions and requirements of the serial presence detect devices.

JEDEC Standard No. 21-C

Page 4.20.4-55

The following table is intended to be an example of the SPD data for a PC1600, 512MB (64M X 72), 184
Pin Registered SDRAM DDR DIMM using two physical banks of 32M x 8 DDR200 devices with 13/10/2
addressing and CAS latencies of 2 and 2.5.

Serial Presence Detect Example Raw Card Version ‘A’ (Sheet 1 of 2)

64M x 72 DDR
Byte # Description SPD Entry Value Ser(lglezg dzaclitri;; ry Notes
0 Number of Serial PD Bytes Written during Production 128 80
1 Total number of bytes in Serial PD Device 256 08
2 Fundamental Memory Type SDRAM DDR 07
3 Number of Row Addresses on Assembly 13 0D
4 Number of Column Addresses on Assembly 10 0A
5 Number of Physical Banks on DIMM 2 02
6-7 Data Width of Assembly X72 4800
8 Voltage Interface Level of this Assembly SSTL 2.5V 04
9 SDRAM Device Cycle Time at Maximum CL (CLX = 2.5) 8.0ns 80 1
10 SDRAM Device Access Time from Clock at CL=2.5 + 0.8ns 80
11 DIMM Configuration Type ECC 02
12 Refresh Rate/Type 7.8us/SR 82
13 Primary SDRAM Device Width x8 08
14 Error Checking SDRAM Device Width x8 08
15 (?(I)Z);/c\:l\élluDrE;]/icAeccAet;r;butes: Minimum Clock Delay, Ran- 1 Clock o1
16 SDRAM Device Attributes: Burst Lengths Supported 2,4,8 OE
17 SDRAM Device Attributes: Number of Device Banks 4 04
18 SDRAM Device Attributes: CAS Latency 2,25 ocC
19 SDRAM Device Attributes: CS Latency 0 01
20 SDRAM Device Attributes: WE Latency 1 02
21 | SDRAM Module Attributes Registered with PLL, 26
Differential clock
22 SDRAM Device Attributes: General Vpp = 0.2V 00
23 Minimum Clock Cycle at CLX-0.5 (CL = 2) 10.0ns A0 1
24 gﬁl-rglténchLat:az?ccess Time (tac) from Clock at + 0.8ns 80
25 Minimum Clock Cycle Time at CLX-1 (CL = 1.5) N/A 00
26 Maximum Data Access Time (tac) from Clock at CLX-1 N/A 00

(CL=1.5)

Noorwp

1. In aregistered DIMM, data is delayed an additional clock cycle due to the on-DIMM pipeline register (that is, Device CL[clock
cycles] + 1 = DIMM CAS latency).

. cc = Checksum Data byte, 00—FF (Hex).
"R” = Alphanumeric revision code, A-Z, 0-9.
rr = ASCII coded revision code byte "R”.

ww = Binary coded decimal week code, 01-52 (Decimal) 01-34 (Hex).
. yy = Binary coded decimal year code, 00-99 (Decimal) 00-63 (Hex).

. ss = Serial number data byte, 00—ff (Hex).
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Byte # Description SPD Entry Value Serial PD Da.ta Entry Notes
(Hexadecimal)
27 Minimum Row Precharge Time (tgp) 20.0ns 50
28 Minimum Row Active to Row Active Delay (trrp) 15.0ns 3C
29 Minimum RAS to CAS Delay (trcp) 20.0ns 50
30 Minimum Active to Precharge Time (tras) 50.0ns 32
31 Module Bank Density 256MB 40
32 Address and Command Setup Time before Clock 11ns BO
33 Address and Command Hold Time after Clock 1.1lns BO
34 Data/Data Mask Input Setup Time before Data Strobe 0.6ns 60
35 Data/Data Mask Input Hold Time after Data Strobe 0.6ns 60
36 -40 |Reserved for VCSDRAM Undefined 00
41 Minimum Active/Auto—Refresh Time (tRC) 70 ns 86
42 SDRAM Device Minimqm Auto—Refresh to Active/Auto— 80 ns 50
Refresh Command Period (tRFC)
43 SDRAM Device Maximum Cycle Time(tCKmax) 12 ns 30
SDRAM DEvice Maximum DQS-DQ Skew Time
44 (tDQSQ) Q Q 0.6 ns 3C
45 (Stgﬁg\/l Device Maximum Read Data Hold Skew Factor 10ns A0
46 - 61 | Superset information (may be used in future) Undefined 00
62 SPD Revision 0 00
63 Checksum for Bytes 0 - 62 Checksum Data cc 2
64 - 71 | Manufacturers’ JEDEC ID Code
72 Module Manufacturing Location
73-90 | Module Part Number 3,4
91-92 | Module Revision Code “R” plus ASCII blank rr20 4
93-94 | Module Manufacturing Date Year/Week Code yyww 56
95-98 | Module Serial Number Serial Number SSSSSSSS 7
99 - 127 | Reserved Undefined 00
128-255 | Open for Customer Use Undefined 00
1. In aregistered DIMM, data is delayed an additional clock cycle due to the on-DIMM pipeline register (that is, Device CL[clock
cycles] + 1 = DIMM CAS latency).
2. cc = Checksum Data byte, 00—FF (Hex).
3. "R” = Alphanumeric revision code, A-Z, 0-9.
4. rr = ASCII coded revision code byte "R”.
5. ww = Binary coded decimal week code, 01-52 (Decimal) 01-34 (Hex).
6. yy = Binary coded decimal year code, 00-99 (Decimal) 00-63 (Hex).
7. ss = Serial number data byte, 00—ff (Hex).
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Product Label

The following label should be applied to all DDR-compatible DIMMSs, to describe the performance and
reference design 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 eight
points should be used, and the number can be printed in one, or more, rows on the label. Note that in
addition to this label, the manufacturer's name and DIMM assembly part number shall also appear on the
DIMM.

Format:
PCwwwwm-aabcd-ef

Where:
wwww: Module Bandwidth
1600: 1.6 GB/sec
2100: 2.1 GB/sec
m: Module Type
R = Registered DIMM
U = Unbuffered DIMM (no registers on DIMM)
aa: SDRAM CAS Latency, with no decimal point (25 = 2.5ns CAS Latency)
b: SDRAM minimum tgrcp specification (in clocks)
c: SDRAM minimum tgp specification (in clocks)
d: JEDEC SPD Revision used on this DIMM
e: Gerber file used for this design (if applicable)
: Reference design for R/C ‘A’ is used for this assembly
: Reference design for R/C ‘B’ is used for this assembly
: Reference design for R/C ‘C’ is used for this assembly
: Reference design for R/C ‘E’ is used for this assembly
: Reference design for R/C ‘F’ is used for this assembly
: Reference design for R/C ‘H’ is used for this assembly
: Reference design for R/C ‘K’ is used for this assembly
: None of the ‘Reference’ designs were used on this assembly
f: Revision number of the reference design used:
1: 1st revision (1st release)
2: 2nd revision (2nd release)
3: 3rd revision (3rd release)
Blank: Not Applicable (used with ‘Z’ above)

NAXITmOw>»

Example:
PC1600R-25330-A1
is a PC1600 DDR Registered DIMM
with CL =2.5,trep =3, trp =3
using the latest JEDEC SPD Revision 0.0
and produced based on the ‘A’ raw card Gerber, 1st release
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DIMM Mechanical Specifications
JEDEC has standardized detailed mechanical information for the 184 Pin DIMM family. This information
can be accessed on the worldwide web as follows:

1. Go to http://www.jedec.org.

2. Click on ‘Free Standards and Docs.’

3. Scroll down and double click on ‘Publication 95.’

4. Under ‘Outlines/Registrations,’ click on ‘Microelectronics Outlines.’

5. Scroll down and select ‘MO-206’ to download the PDF for this product family.

Simplified Mechanical Drawing with Keying Positions

Front
} 5.25" nom.
J q
D PLL C
@\HHHHHHH\HHHHHHHHHHHHH\HHHHHﬂ H\HHHHHHH\HHHH\H\HHHH\HO
Voltage
Key
Note:
The keying in this example defines the DIMM as a 2.5V Vpp/Vppg DDR DIMM.
* The key position defines the voltage for the DIMM: Center = 1.8 Volt Vppq; Left = 2.5 Volt Vppg; Right =3.3 Volt Vppg.

Revision 1.0 Release 11



JEDEC Standard No. 21-C
Page 4.20.4-59

Supporting Hardware

Clock Reference Board

To facilitate the measurement of clock arrival time to the DDR SDRAM for both DDR Unbuffered and
Registered SDRAM DIMMs, a ‘Clock Reference Board’ will be released. This board includes the follow-

ing:

A frequency synthesizer to provide 100MHz and 133MHz clocks

A clock buffer to re-drive clocks to the module socket and reference nets

A 184P DIMM socket, with three clock inputs wired and CS and CKE pins tied inactive

A ‘Registered’ DIMM reference net consistent with the JEDEC-approved Registered DIMM Clock In-
put net structure

An ‘Unbuffered’ DIMM reference net consistent with the JEDEC-approved Unbuffered DIMM clock
input structure

A clock buffer ‘standard test load’ to permit characterization of the clock buffer into its test load

This clock reference board will be made generally available in the industry, and should be used by mod-
ule producers, as well as system designers, to ensure modules meet the intended clock timings defined
in this specification. Every effort will be taken to minimize clock variations and clock skew on these
boards.
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Application Notes
Clocking Timing Methodology

The clock to SDRAM delay is intended to be optimized for high speed operation, while permitting a vari-
ety of component layout options. As with Registered DIMMSs, the entire clock delay is present between
the clock tab pin and the PLL input, and is accomplished via a trace length and a series resistor. This
delay should be modeled by the module supplier, to ensure accuracy, if a raw card other than one of the
‘reference designs’ is utilized. The clock proposed ‘Reference Net' below is provided for use during mod-
ule simulation to ensure an accurate clock delay, since measurement of the delay is impractical (due to
the reflections at the clock tab pin).

Registered DIMM Differential Clock Reference Net

1.0" ‘.19 - o7 | Note: Lengths in inches
CLK T ) . . Zy =60.0 Ohms
15pF § 120 Q Differential Probe Points tg = 2.2 nsfft
CLK f

Timing phase shift in two different DDR clock—pair signals is always measured between the two crossing
points of the two—clock pairs as follows:

CLOCK A >< ><
——| |<— Phase Shift

CLOCK B >< ><

The clock delay from the input of the PLL to the input of any SDRAM is designed to be Ons (nominal).
The clock arrival time at the PLL input should not be adjusted, although sources of timing variation in-
clude PLL input capacitance, padding capacitor and termination resistor tolerances, and DIMM imped-
ance variations (the latter items have a minor affect). Due to these variations, it is possible that there will
be a difference between the input of the PLL and the input of the SDRAM. A reasonable target for this
variation is +100ps (mean value).

The most important factor in clock measurements is to ensure consistent clock arrival times at the
SDRAM. The clock reference board Registered DIMM reference net provides the standard net delay for
this measurment. The DIMM suppliers must adjust the value of the PLL feedback capacitor to place the
clock arrival at the SDRAM on the DIMM within +100ps of the clock arrival at the Registered DIMM clock
reference net (measured as a ‘mean’, since the PLL and source jitter makes this measurement difficult).
This value is a target for DIMM suppliers and does not include worst case contributions of PLL skew, PLL
phase error, feedback capacitor variations, and DIMM variations.

On DDR DIMMs, the clock to the register should be in phase with the SDRAM clock. The target range for
variation is +100ps. 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, and measurement
skew (the later two having secondary effects). 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 pad-
ding capacitor.

All changes defined above require simulation to verify the targeted results. Simulation of the clock nets
will allow each DIMM manufacturer to determine the most effective method for achieving a Ops nominal
relationship between the register input clock and the SDRAM input clock. It is critical that this analysis be
done in order to maintain the required rise-time characteristics as well as signal integrity at the input of
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both the SDRAM and the registers. In cases where the register clock cannot be placed in the ideal timing
window, post-register timings will need to be adjusted, by the DIMM producer, to ensure robust module
operation. (See Post Register Timing Example in this document for summarized clock contributions to the
RDIMM budget.)
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