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Memory Module Pad Assignment 4co

Pad Pad Pad Pad
Pad No. Pad Name Pad No. Name PadNo. Name PadNo. Name Pad No. Name
1 VSS 48 Al 95 VSS 142 VDD 189 DQ78
DQo 49 A2 96 DQ112 143 DQ44 190 DQ79
3 DQ1 50 A3 97 DQ113 144 DQ45 191 VSS
4 DQ2 51 VSS 98 DQ114 145 DQ46 192 DQs4
5 DQ3 52 A8 99 DQ115 146 DQ47 193 DQ85
6 vDD 53 A9 100 vDD 147 VSS 194 DQsg6e
7 DQs 54 A10 101 DQ120 148 DQs2 195 DQ87
8 DQ9 55 vDD 102 DQ121 149 DQs53 196 VDD
9 DQ10 56 RASO\ 103 DQ122 150 DQ54 197 DQ92
10 DQ11 57 WEO\ 104 DQ123 151 DQ455 198 DQ93
11 VSS 58 VSS 105 VSS 152 VDD 199 DQ4
12 bQ16 58  RASMN 106 DQ128 153 DQ60 200 DQY5
13 DQ17 60 OEQ 107 DQ129 154 DQ61 201 VSS
14 DQ18 61 VSS 108 DQ130 155 DQ62 202 DQ100
15 DQ19 62 CLK+ 109 DQ131 156 DQ63 203 DQ101
16 vDD €63 CLK-~ 110 vDD 157 VSS 204 DQ102
17 DQ24 64 VSS 111 DQ136 158 DCes8 205 DQ103
18 DQ25 65 Cso 112 DQ137 159 DQ69 206 vDD
19 DQ26 66 SAQ 113 DQ138 160 DQ70 207 DQ108
20 DQ27 67 SA1 114 DQ139 161 DQ71 208 DQ109
21 VSS 68 SA2 15 NC 162 VDD 209 DQ110
22 DQ32 69 vDD 116 VSS 163 Ad 210 DQ111
23 DQ33 70 Al4 117 VSS 164 A5 211 VES
24 DQ34 71 DQ72 118 DQ4 165 AB 212 DQ116
25 DQ35 72 DQ73 119 DQ5 166 A7 213 DQ117
26 VDD 73 DQ74 120 DQ6 167 VSS 214 DQ118
27 DQ40 74 DQ75 121 DQ7 168 Atlt 215 DQ119
28 DQ41 75 VvSS 122 vDbD 169 Al2 216 VDD
29 DQ42 76 DQ8o 123 DQ12 170 A13 217 DQ124
30 DQ43 77 DQ81 124 DQ13 171 VDD 218 DQ125
31 VSS 78 DQ82 125 bQ14 172 CASO\ 219 DQ126
32 DQ48 79 DQ83 126 DQ15 173 WEN 220 bQ1t27
33 DQ49 80 VDD 127 VSS 174 VSS 221 VSS
34 DQ50 81 DQs8s 128 DQ20 175 CASNI\ 222 DQ132
35 DQ51 82 DQ8g 129 DQ21 176 OEMN 223 DQ133
36 vDD a3 DQ9Y0 130 DQ22 177 VSS 224 DQ134
37 DQs56 84 DQo1 131 DQ23 178 CLKEO 225 DQ135
38 DQ57 85 VSS 132 VDD 179 CLKE1 226 vDD
39 DQs8 86 DQge 133 DQ28 180 DQMO 227 DQ140
40 DQ59 87 DQ97 134 DQ29 181 DQM1 228 DQ141
41 VSS 88 DQIg 135 DQ30 182 CSt 229 DQ142
42 DQs4 89 DQ9g 136 DQ31 183 SCLK 230 DQ143
43 DQes 90 vDD 137 VSS 184 SDA 231 NC
44 CQes g1 DQ104 138 DQ36 185 vDD 232 VSS
45 DQe67 92 DQ105 139 DQ37 186 A15
46 vDD 93 DQ106 140 DQ38 187 DQ76
47 A0 94 DQ107 141 DQ39 188 DQ77
Fic 84
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Pin| Pin Pin | Pin Pin| Pin Pin | Pin Pin| Pin Pin| Pin Pin| Pin Pin| Pin
No.| Name No.| Name No.| Name No.| Name No.| Name No.{ Name No.| Name No.| Name
1] vss 30| DQ43 | 59| RASIN | 88| DQ98 | 117] vss 146| DQ47 | 175 CASIN | 204] DQIDZ
2 | DQo 31| Vss 60| wp 89| DQea1 | 18| D4 147| VSS 176| Al5 205| DQ103
3 | DQ! 32| DQ48 | 61] VSS | 90| vDD 119] DQs 148) DQs2 | 177] VsS 206] VDD
4| DO2 33| DQ4s | 62| CLK+ | 91| DQIo4 | 120] DO6 149] DQs3 | (78] CLKE0O | 207| DQ108
5 | DO3 34| DQSO | 63| CLK- | 92| DQIOS | 121] DQY 150| DQ54 | 179] CLKEI 208| DQI109

" 6| vDD | 35| DQ51 | 64| VSS 93| DQlos | 122] vDD 151] PQss | 180] DQMO 200 DQI10
7| Dos 36| VDD 65| CSO 94| DQI07 | 123| DQI1z | 152] VDD | 181] DQMI 210/ DQII
8 | DQY 37| DQ36 | 66] SAO 95| vss 124| DQI3 | 153| DQ60 | 182] CSI 211 VsS
9| DOL0 | 38| DQ57 | 67] SAl 9| DOz | i25| DQI4 | 154] DQ61 | 183] SCLK 212| DOLIG
10] DQII | 39| DQS8 | 68) SAZ 97| DOLI3 | 126] DQI5 | 155] DQ6Z | 184] SDA 213 DQUY
1] vss 40 DO59 | 69| VDD g | DQu4 | 127] vss 156] DQ63 | 185| PLL_VDI | 21| DQLIS
12| DQI6 | 41| vss 70| Al4 99| DQu5 | 128 DQzo | 157] vsS 186 VCO_Sel | 215 DQITY
13| DO17 | 42| DQsa | 71| DO72 | 1o00] vDD | 129] D21 | 158] DOes | 187) DQ76 216] VDD
14| DOIS | 43| DQss | 72| DQ73 | 101] DQizo | 130 DQ2z | 159) DQeY | 188] DQ77 217| DQI24
5] DO19 | 44| DOSG | 72| DQ7a | 102] DQI21 | 131] DQ23 | 160] DQ70 | 189] DQ78 218 DQ125
1| VDD | 45| DO67 | 74| DQ7s | 103] DO122 | 132] vDD | 161] DQT1 | 190] DQ79 219 DQ126
17| DQ24 | 46| vDD 75| vss 104f DQI23 | 133] DQ28 | 162| VDD | 191] VSsS 220] DQI27
18] DQ25 | 47| AD 76| DQ80 | 105] vss 131] DQ2o | 163] A4 192] DO84 221] vss
19| DQ26 | 48| Al 77| DQ8! | 106] DQI28 | 135/ DQ30 | 164| A5 193] DQ8s 222| DOI132
20| D27 | 49| Az 78| DOz | 107| DQI2s | 136] DQ31 | 165] A6 194 DQS6 223| DQI133
21] vss 50| A3 79| DO83 | 108] DQI30 | 137] VSS 166| A7 195 DQ87 224 DQI34
22| DQ32 | s1] Vss 80| vOn | 109] DQ131 | 138] DQ3s | 167) vss | 196] vDD 225| DO135
23| DO33 | 52| AB 81| DO88 | 10| vDD | 138 DQ37 | 168] All 197] DQo2 226| VDD
24| D034 | 53] A9 82| DO8Y | 11| DQI36 | 140 DQ38 | 169] Al2 198| DO93 227] DQ140
25| DQ35 | 54] AlO 83| DQY0 | uz| DQI37 | 141} DQ39 | 170] A13 199 DQo4 228] D014
26| VDD 55| VDD 84| DOII | n3| D038 | 42| vDD | 171) VDD | 200 DQ9s 229 DO142
27| DO | 56| RASON | 85) VSS 14| po13e | 143] Doat | 172] cason | zo1] vss 230 DQ143
28| DO41 | 57| WEON | 86| DQY6 | 115] MR 44| DQ45 | 173] WEIN | 202] DQI00 231| ByPass
29| DQ42 | 58] vss 87| DQY7 | 18] vss 145| DQ46 | 174| VSS 203| DQIOI 232 vss

NOTE NCand AlS are reserved and should remain unconnected

FIGURE 16
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Detail I Detail 12

Contact Finger Surface Tie-Bar

Plating: 30 Microinches gold
over 150 microinches nickel

3] 0036+/-0 002 k-
(0 94 +/- 0 05)

0006 +/- 0005 (0 15 +/-0.13)

$ Front side l . Back side
The gold contact leading edge of — | k3——0006(015)
PCB is to be smooth finish without
sharp edge or burr .

SPECIFICATION: Insertion force
into mating socket is not to exceed

30 lbs force. Tie-bars are to be on the surface.
The tie-bars are to located on
opposite sides of the front/back
contact pad pair

Dimensions: inches(mm)

FIGURE 19l
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FIGURE 20
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Parameter Rating Unit
Vdd,Vddq | -0.5t04.6 | V
Vpin -05t04.06 | V
Topr 01070 C
Tstg 550125 | C
FIGURE 21
Parameter Description Min Max Unit
Vvdd,Vddq Power Supply 3.0 3.6 A%
Vih(LVTTL) High Input Voltage 3.0 3.6 Vv
Vil(LVTTL) Low Input Voltage -0.3 0.8 A%

FIGURE 22
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—
Parameter Description Measured at Min Max Unit
Voh Output High Voltage -2.0mA 2.4 \4
Ipu Current Pullup Vss -35 -250 mA
Vol Output Low Voltage 2.0mA 0.4 \%
Ipd Current Pulldown VDDmax 25 200 mA
lol Output Leakage 0V to VDDmax -10 +10 HA
fil Input Leakage 0V to VDDmax -10 +10 HA
Parameter Description Min 1281256/512MB l2GH Ut
Max Max
1ddr 124 Operating Current 1.50 2.67 A
1dd2 134 Precharge Standby Current 0.75 t33 A
Non-power down ‘
iddst+ Retresh Current(MIN tRC) ‘ 3.00 533 A
IddSA? Distributed Refresh cur- 600 [ 700 mA
rent(tRC=15.625 or 7.813 us ) ‘
1dde™s Self refresh Current 0.20 i 040 A

NOTES:
L. Idd readings are at 75Mhz operation. tCC=13ns and tRC=T8ns
2. Burst length = 1, tRC=tRC(min), lol = 0mA one physical bank
3. CKE > Vil{max)}, /CS > Vih(min), tCC = 13ns.
4. Current is total for SDRAMs, buffers, and PLL
5. Measured 100ms after refresh.

FIGURE 23
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Parameter 128/512MB 1/2GB Unit
Min Max Max
CI -Address and Control 8 13 13 pF
Cl/O -Data 12 24 28 pF

FIGURE 24

Samsung Electronics Co., Ltd.
Ex. 1051, p. 30



Patent Application Publication May 15, 2003 Sheet 30 of 34  US 2003/0090879 A1
F l GU RE 25 Test Load: 50pF, Measure at 1.5V
|
Parameter Description Min Max Umt iﬁm S]?\/IltiM
(reh)
tRC Row cycle time 78 ‘ ns 78
tCC2 CLK cycle time CL=2 13 ns 13
tAC2 CLK to valid data out CL=2 7.2 ns 7.0
{OH2 Output data hold CL=2 2.9 . ns | 25
tISA Input setup ttme(address,control) | 6.8 . ns 2
tIHA Input hold time(address,control) | -1.0 ns i
tISD Input setup time(data) 2.4 ns 2
{tTHD Input hold time(data) 1.0 T ns 1
tLZ CLK to output active 0.4 ns 0 4‘
tHZ2 CLK to high-impedance CL=2 29 6.2 ns 2.5 6
tRCD RAS to CAS Delay 26 [ ns 26
tRP Row precharge tume 26 ) ns 26 T
tRAS Row Active time 52 100k ns 52 100k
tDAL Data in to Active command 4 clk 4ns
tCCD Col to Col delay time 1 clk not used
tRRD ACT to ACT delay 2 clks | notused
tRSC Mode register sct cycle time 26 7 n:ﬁ— 26 ]
tREF Refresh Interval 64 ms 64
tCKS Clock Enable Setup 6.8 ns 2
CKH Clock Enable Hold -1.0 ns 1
tSRX Self refresh exit ime 8 ns 8
tCH iCLK lugh pulse width 3 ns 3
tCL CLK low pulse width 3 ns 3
\i CLK transition time 1 5 ns [ S

NOTE:

not used - the SDRAM does not use this mode of operation

(ref) - SDRAM component Limings are supplied for reference only

Samsung Electronics Co., Ltd.
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DUAL INLINE MEMORY MODULE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The following United States Patent applications,
which are assigned to Sun Microsystems, Inc., are hereby
incorporated by referenced for all purposes:

[0002] Ser. No. 09/252,768, filed Feb. 19, 1999 and
entitled “Computer System Providing Low Skew Clock
Signals to a Synchronous Memory Unit”; Ser. No. 09/327,
058, filed Jun. 7, 1999 and entitled “A Memory Expansion
Module Including Multiple Memory Banks And a Bank
Control Circuit”; Ser. No. 09/347,117, filed Jul. 2, 1999 and
entitled “A System and Method for Improving Multi-Bit
Error Protection In Computer Memory Systems™; Ser. No.
09/442,850, filed Nov. 18, 1999 and entitled “A Memory
Expansion Module with Stacked Memory Packages™; and
Ser. No. 09/846,873, filed May 1, 2001 and entitled
“Memory Module Having Balanced Data I/O Contacts
Pads”.

BACKGROUND OF THE INVENTION

[0003] This invention relates to computer expansion
memory and more particularly to dual inline memory mod-
ules.

[0004] Many modem computer systems allow for memory
expansion by way of single inline memory modules
(SIMMs) and/or dual inline memory modules (DIMMs).
SIMMs and DIMMSs include small, compact circuit boards
that are designed to mount easily into an expansion socket
mounted on another circuit board, typically a computer
motherboard. The circuit boards used to implement SIMMs
and DIMMs include an edge connector comprising a plu-
rality of contact pads, with contact pads typically being
present on both sides of the circuit board. On SIMMs,
opposing contact pads are connected together (i.e. shorted),
and thus carry the same signal, while at least some of the
opposing contact pads on DIMMSs are not connected, thus
allowing different signals to be carried. Due to this, higher
signal density may be accommodated by DIMMs.

[0005] Memory elements mounted on SIMMs and
DIMMs are typically Dynamic Random Access Memory
(DRAM) chips or Synchronous Dynamic Random Access
Memory (SDRAM) chips. STMMs and DIMMs are nor-
mally available in various total memory capacities. For
example, they may be available in 64, 128 or 256 megabyte
capacities. The various capacities are achieved in several
ways. The first is selection of memory chips having a given
address space and byte size. For example a chip may have
4M address space, i.e. four million separate addressable
memory locations, with each location storing sixteen bits.
Such a chip can provide storage of four million sixteen-bit
words, and may be referred to as a 4Mx16 chip. Since
memory capacity is often rated in terms of how many eight
bit words the memory stores, such a chip may be considered
to have eight megabyte memory capacity. For a given size
of memory chip, module capacity can be increased by using
multiple chips on a board and increasing data bus width so
that the data at the same addressed location in each chip can
be read out to the bus simultaneously. For example, if three
4Mx16 chips are used, the bus width would need to be at
least forty-eight to allow all of the bits at a selected address
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to be read out to the bus at the same time. A module with
three 4Mx16 chips can be considered to have a total capacity
of twelve million sixteen bit bytes, but may be called a
twenty-four megabyte memory in terms of eight bit bytes.

SUMMARY OF THE INVENTION

[0006] A memory module for expanding memory of a
computer system is provided. The memory module com-
prises a printed circuit board including a connector edge
having a plurality of contact pads configured to convey data
signals, power and ground to and from said printed circuit
board. The power and ground contact pads alternate along
said connector edge with no more than four adjacent data
signal contact pads without intervening power or ground
contact pads. A plurality of memory devices mounted on the
printed circuit board. A clock driver is coupled to each of the
plurality of memory devices and is configured to receive a
differential clock signal and to produce at least one single-
ended clock signal for clocking the plurality of memory
devices. The clock driver includes a phase-locked loop for
phase-locking the at least one single-ended clock signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram of one embodiment of a
computer system including a plurality of memory modules;

[0008] FIG. 2 is a drawing of one embodiment of a
memory module;

[0009] FIG. 3 is a drawing of one embodiment of the
opposing side of the memory module of FIG. 2;

[0010] FIG. 4 is a pad assignment table for one embodi-
ment of a memory module;

[0011] FIG. 5 is a block diagram illustrating an embodi-
ment of a computer system having a CPU, a memory
controller, a CPU bus, and a plurality of memory modules;

[0012] FIG. 6 is a mechanical drawing of one embodi-
ment of a memory module;

[0013] FIG. 7A is a block diagram illustrating the elec-
trical connections associated with the top side of an embodi-
ment of the memory module;

[0014] FIG. 7B is a block diagram illustrating the elec-
trical connections associated with the bottom side of an
embodiment of the memory module;

[0015] FIG. 8 is a functional block diagram of one
embodiment of the memory module;

[0016] FIG. 9 is a pin diagram of one embodiment of a
stacked memory package;

[0017] FIG. 10 is a block diagram of the internal organi-
zation of one embodiment of a stacked memory package;

[0018] FIG. 11 is a drawing of one embodiment the
memory module illustrating the electrical interconnections
associated with error correction functions;

[0019] FIG. 12 is a table illustrating exemplary entries
within the storage unit correlating connector pins to inte-
grated circuit pins.

[0020] FIG. 13 is a block diagram illustrating the electri-
cal connections associated with an embodiment of the
memory module;
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[0021] FIG. 14 is a drawing illustrating an embodiment of
a bank control circuit;

[0022] FIG. 15 is a schematic of a bank control circuit;

[0023] FIG. 16 provides a list of the assignments for the
232 pin edge connector of the NG DIMMS;

[0024] FIG. 17 is a block diagram for 8/16/32Mx144
capacity NG DIMMs;

[0025] FIG. 18 is a block diagram for 64/128Mx144
capacity NG DIMMs;

[0026] FIG. 19 is a dimensioned drawing of a printed
circuit board on which a memory module is assembled;

[0027] FIGS. 19A through 191 are dimensioned drawings
showing details of the printed circuit board of FIG. 19;

[0028] FIG. 20 provides additional dimensioned details
for the printed circuit board of FIG. 18;

[0029] FIG. 21 is a table of electrical absolute maximum
ratings for NG DIMMs;

[0030] FIG. 22 is a table of recommended operating
conditions for NG DIMMs;

[0031] FIG. 23 is a table of DC characteristics for NG
DIMMs;

[0032] FIG. 24 is a table of capacitance characteristics for
NG DIMMs;

[0033] FIG. 25 is a table of AC characteristics for NG
DIMMs;
[0034] FIG. 26 is a timing diagram for a read transaction

for NG DIMMs;

[0035] FIG. 27 is a timing diagram for a write transaction
for NG DIMMs;

[0036] FIG. 28 is a timing diagram for a mode register set
cycle for NG DIMMSs; and,

[0037] FIG. 29 is a timing diagram for a self-refresh entry
and exit cycle for NG DIMMs.

[0038] While the invention is susceptible to various modi-
fications and alternative forms, specific embodiments
thereof are shown by way of example in the drawings and
will herein be described in detail. It should be understood,
however, that the drawings and detailed description thereto
are not intended to limit the invention to the particular form
disclosed, but on the contrary, the intention is to cover all
modifications, equivalents and alternatives falling within the
spirit and scope of the invention as defined by the appended
claims.

Notation and Nomenclature

[0039] Certain terms are used throughout the following
description and claims to refer to particular system compo-
nents. As one skilled in the art will appreciate, computer
companies may refer to a component by different names.
This document does not intend to distinguish between
components that differ in name but not function. In the
following discussion and in the claims, the terms “includ-
ing” and “comprising” are used in an open-ended fashion,
and thus should be interpreted to mean “including, but not
limited to . . . ”. Also, the term “couple” or “couples” is

May 15, 2003

intended to mean either an indirect or direct electrical
connection. Thus, if a first device couples to a second device,
that connection may be through a direct electrical connec-
tion, or through an indirect electrical connection via other
devices and connections.

Detailed Description of Preferred Embodiments

DIMM with Balanced Data I/O Contacts

[0040] Turning now to FIG. 1, a block diagram of one
embodiment of a computer system including a plurality of
memory modules is shown. Computer system 100 includes
a central processing unit (CPU) 110 coupled to a memory
controller 120 through a CPU bus 115. Computer system
100 further includes a main memory 140 coupled to memory
controller 120 through a memory bus 130. Memory bus 130
includes connector sockets 135A-135D.

[0041] Inthe illustrated embodiment, main memory 140 is
implemented using memory modules 140A-140D which are
connected to memory bus 130 through connector sockets
135A-135D. As will be described further below in conjunc-
tion with FIG. 2, an edge connector associated with each of
the memory modules may be mated with each one of the
connector sockets. When inserted into a connector socket
135, a memory module such as memory module 140A may
provide computer system 100 with a main memory. To
expand memory, additional memory modules may be
inserted into unoccupied connector sockets. Although main
memory 140 is shown with four memory modules, it is noted
that main memory 140 may be implemented using any
suitable number of memory modules depending on the
particular system implementation.

[0042] Referring to FIG. 2, a drawing of one embodiment
of a memory module is shown. Memory module 300
includes memory integrated circuits (ICs) or memory chips
350A-350D which may be mounted to a printed circuit
board (PCB) 310 using a variety of techniques such as
surface mounting, for example. PCB 310 is a circuit board
including various signal traces 360A-360D that couple
memory ICs 350A-350D to an edge connector 320 contain-
ing contact pads 325. Memory module 300 also includes one
or more address and control signal buffer IC 370. It is noted
that in other embodiments, memory module 300 may not
include address and control signal buffers. It is further noted
that other embodiments may include other integrated circuit
chips that may include additional control functionality as
well as memory module configuration information.

[0043] Signal traces 360A-360D convey signals such as
data, address and control information as well as power and
ground between edge connector 320 and memory ICs 350A-
350D. Contact pads 325 make physical contact with various
types of contacts on a mating connector socket similar to
connector socket 135A in FIG. 1. In one embodiment, PCB
310 of FIG. 2 is a multi-layered circuit board which includes
signal traces 360A-360D on some layers and power and
ground planes on other layers.

[0044] In the illustrated embodiment, contact pads num-
bered 1 through 116 are shown on one side of PCB 310.
Edge connector 320 contains 232 contact pads. FIG. 3
illustrates the numbering of contact pads 117 through 232 on
the opposite side of PCB 310. Contact pad number 117 is
opposite contact pad number 1 and contact pad 232 is
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opposite contact pad 116. Contact pads 325 are sequentially
numbered and distributed along the length of edge connector
320 on each side of PCB 310. Contact pads 325 allow
various address, data and control signals in addition to
power and ground, to pass between PCB 310 and a memory
bus such as memory bus 130 of FIG. 1. It is noted that
although edge connector 320 is shown with 232 contact
pads, it is contemplated that in other embodiments edge
connector 320 may have other numbers of contact pads.

[0045] As will be described in greater detail below in
conjunction with the description of FIG. 4, the exploded

view of FIG. 2 illustrates a small portion of edge connector
320 on the front side of PCB 310.

[0046] Turning now to FIG. 4, a pad assignment table for
one embodiment of a memory module is shown. Memory
module pad assignment table 400 is an exemplary diagram
illustrating the numbering of the contact pads and the signals
assigned to the corresponding pad numbers associated with
edge connector 320 of FIG. 2. Pad assignment table 400
includes multiple rows and columns. The columns are
labeled Pad Number and Pad Name. Therefore, each pad
number has a corresponding pad name associated with it.
For example, Pad number 1 is referenced as VSS. Pad
number 2 is referenced DQO and so forth. In this particular
embodiment, the ground pads are referenced VSS and the
power pads are referenced VDD. Further, the data signal pad
names are DQ0-DQ143.

[0047] Referring collectively to FIG. 2 through FIG. 4,
power and ground contact pads are distributed along the
length of edge connector 320 in an alternating pattern
forming adjacent VSS-VDD contact pad pairs. To illustrate,
refer back to the exploded view of edge connector 320 in
FIG. 2. Contact pad 1 is a ground contact pad while contact
pad 6 is a power contact pad. Further, contact pad 11 is also
a ground contact pad and contact pad 16 is a power contact
pad. This alternating pattern may continue along the entirety
of edge connector 320. As used herein, an adjacent power
and ground contact pad pair refers to any particular pair of
power and ground contact pads that have no other power or
ground contact pads between the particular pair of power
and ground contact pads. For example, contact pad 6 and
contact pad 1 are an adjacent power and ground contact pad
pair. Additionally, contact pad 6 and contact pad 11 are an
adjacent power and ground contact pad pair. In contrast,
contact pad 1 and contact pad 16 are not an adjacent power
and ground contact pad pair because contact pad 11 is an
intervening ground contact pad.

[0048] Referring again to pad assignment table 400, it is
noted that that there are no more than four data signal
contact pads between any adjacent VSS-VDD contact pad
pair (e.g., pads DQO-DQ3 are between pads 1 and 6).
Although in some embodiments, there may be less than four
data signal contact pads between any adjacent VSS-VDD
contact pad pair.

[0049] In the illustrated embodiment, there are more than
four contact pads between some adjacent VSS-VDD contact
pad pairs, but there are not more than four data signal contact
pads. For example, between the VSS-VDD contact pad pair
formed by pads 110 and 116, there are five contact pads.
However, one pad (pad 115) is designated as a no-connect
and thus referenced as NC. In another example, there are
multiple non-data signal contact pads between the VSS-
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VDD contact pad pair formed by pads 177 and 185, but that
there are still no more than four data signal between any
adjacent VSS-VDD contact pad pair.

[0050] Evenly distributing the data signal contact pads
between adjacent power and ground contact pad pairs may
improve data signal integrity by reducing the signal return
path length associated with a particular data signal. Further,
by separating the power and ground contact pads power to
ground short circuits may be minimized.

DIMM with Stacked Memory Packages

[0051] With reference now to FIG. 5, another embodi-
ment of a computer system 1001 including a plurality of
memory modules 1000, as will be described below, is
shown. The computer system includes a CPU 101, coupled
to a memory controller 102 through a CPU bus 103.
Memory controller 102 is configured to control communi-
cations and data transfers between CPU 101 and memory
modules 1000.

[0052] Memory controller 102 is coupled to each of the
memory modules 1000 through a memory bus 104. Memory
bus 104 includes a plurality of signal lines, each of which is
associated with a single data bit position. The width of
memory bus 104 may be any number of bits; typical bus
widths include 16 bits, 32 bits, 64 bits, and 128 bits. Some
embodiments of memory bus 104 may include extra signal
lines for bits that may be used by error correction circuitry.
The bits conveyed by the extra signal lines are typically
referred to as check bits. For example, one embodiment of
a memory bus may be configured to convey 128 data bits
and 16 check bits, for a total bus width of 144 bits. Error
detection and correction is performed by error correction
subsystem 106, located within memory controller 102.

[0053] In the embodiment shown in FIG. 5, the memory
modules are provided to expand main memory of computer
system 1001, and are electrically coupled to memory bus
104 through a set of expansion sockets 105. An expansion
socket 105 of this embodiment is configured to receive an
edge connector of a printed circuit board of a memory
module 1000.

[0054] 501 Moving on to FIG. 6, a mechanical drawing of
one embodiment of the memory module is shown. Memory
module 1000 includes a plurality of stacked memory pack-
ages 1002 mounted upon both sides of a printed circuit board
500. Memory module 1000 also includes two line driver
chips 1003, one mounted on each side of the printed circuit
board. In this embodiment, clock driver chip 1004 is
mounted on the top side of printed circuit board 500, while
a storage unit 1006 is mounted on the bottom side. Edge
connector 1005 provides electrical contact between the
various components of the module and the computer system
1001 of FIG. 1. In the embodiment shown, edge connector
1005 includes 232 electrical contacts. Furthermore, a major-
ity of opposing electrical contacts of edge connector 1005
are not electrically connected, making this module a DIMM
(dual inline memory module).

[0055] FIGS. 7A and 7B are block diagrams illustrating
the electrical connections associated with the top and bottom
side, respectively, of one embodiment of the memory mod-
ule. Memory module 1000 includes a plurality of stacked
memory packages 1002 mounted upon each side. Memory
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module 1000 also includes edge connector 1005 for electri-
cally coupling memory module 1000 to the memory bus 104
of FIG. 1. Edge connector 1005 includes a plurality of
electrical contacts 1015 for conveying electrical signals
between memory module 1000 and the memory bus. As in
FIG. 6, a majority of opposing contacts in the embodiment
shown are not electrically connected, making the module a
DIMM.

[0056] On each side of memory module 1000 is mounted
a line driver (or buffer) chip 1003. Line driver chip 1003-A
in FIG. 3A serves as an address buffer (for address signals),
while line driver chip 1003-B in FIG. 3B serves as a control
buffer (for control signals). Line driver chip 1003-A is
configured to receive address signals from a memory bus of
a computer system, via electrical contact pads 1015 and
interconnecting signal lines. In the embodiment shown, each
address signal is split into two separate signals. Those
address signals labeled AO(X) are driven to a first memory
bank, while those labeled A1(X) are driven to a second
memory bank. Line driver chip 1003-B is configured to
receive various control signals from a memory bus. These
control signals include chip select signals; CS0 and CS1 as
shown. Other control signals (not shown) include row
address strobe (RAS), column address strobe (CAS), clock
enable (CKE), and write enable (WE) as described in Table
1 above.

[0057] The top side of the module also includes clock
driver chip 1004. Clock driver chip 1004 is configured to
receive clock signals from a computer system, and to drive
these signals to the memory chips of the stacked memory
packages 1002. In the embodiment shown, clock driver chip
1004 actually receives two differential PECL (pseudo emit-
ter coupled logic) level signals, designated here as CLK+
and CLK-. These differential signals are used as inputs to a
phase-locked loop (PLL) circuit within the clock driver chip.
The output of the PLL is a singular clock signal, which is
driven to each of the memory chips within the stacked
memory packages 1002. Other embodiments configured to
receive a singular clock signal (rather than multiple differ-
ential clock signals) are possible and contemplated.

[0058] A storage unit 1006 is mounted upon the bottom
side of the module. In the embodiment shown, storage unit
1006 is a serial EEPROM (electrically erasable read-only
memory). Other embodiments may use a flash memory or
other type of device to implement storage unit 1006. In the
embodiment shown, storage unit 1006 performs several
functions. One of these functions is module identification, as
storage unit 1006 may, in one embodiment, be configured to
store a unique serial number for memory module 1000. This
serial number may be read by a computer system into which
the memory module is inserted. Using the unique serial
number, the module history may be traced from its time of
manufacture, including any failure information. In addition
the storage unit 1006 may store other module identification
information such as total storage capacity and whether the
module uses stacked chips.

[0059] Another function of storage unit 1006 is the storage
of error correction information. In particular, the storage unit
1006 of the embodiment shown is configured to store
information correlating pins of the connector edge to indi-
vidual pins of stacked memory packages 1002. Using this
information, an error detected by an error correction sub-
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system may be quickly traced to a specific pin of a specific
stacked memory package 1002.

[0060] Turning now to FIG. 8, a functional block diagram
of one embodiment of the memory module is shown.
Memory module 1000 includes a plurality of memory die
1002U and 1002L, wherein each pair of die is part of a
stacked memory package 1002 of FIGS. 6 and 7. Typically,
memory die 1002U and 10021 will be dynamic random
access memory (DRAM) chips or synchronous dynamic
random access memory (SDRAM) chips. In the embodiment
shown, a first bank and a second bank of memory are
present. The first bank of memory includes the shown
plurality of memory die 1002U, while the second bank
includes the shown plurality of memory chips 1002L. Each
memory die has a data width of 8 bits, and is coupled to a
data bus of 144 bits.

[0061] Two buffers, or line driver chips 1003 are used to
drive address and control signals to the memory die 1002U
and 1002L. One line driver chip 1003 is used exclusively for
address signals. Each address signal received by the line
driver chip 1003 is duplicated twice and driven to a stacked
memory package 1002. A second line driver chip 1003 is
used to drive control signals to the memory die 1002U and
10021 within each stacked memory package in order to
control the individual banks of memory. Each stacked
memory package 1002 is configured to receive a RAS signal
(RASO0 or RAS1), a CAS signal (CASO or CAS1), and a WE
signal (WEO or WE1). In addition, each stacked memory
package 1002 is configured to receive control signals CS0,
CS1, CKEO, and CKE1.

[0062] Also shown in FIG. 8 is clock driver chip 1004,
which is configured to receive two differential PECL clock
signals, and drive a singular clock signal to each of the
memory chips, as explained above with reference to FIG.

[0063] FIG. 9 is a pin diagram of one embodiment of a
stacked memory package 1002. In the embodiment shown in
FIG. 8, stacked memory package 1002 includes two
memory die. Each stacked memory package is configured to
receive 8 data signals (DQO0-DQ7), 15 address signals (AQ-
A12 and BA0O-BA1), and control signals CS0, CS1, CKEO,
CKEL1, RAS, CAS, and WE. Address signals BAO and BA1
correspond to address signals A13 and Al4 as shown in
FIG. 8. In general, a limitation of two memory die per
stacked memory package is placed upon the various embodi-
ments of the memory module, due to considerations for
power consumption and thermal output of the module.
Stacked packages with only two memory die may consume
less power and generate less heat than those containing three
or more memory die, while still allowing additional memory
capacity without the need for additional circuit area relative
to memory packages having a single memory die.

[0064] FIG. 10 is a block diagram of the internal organi-
zation of one embodiment of a stacked memory package.
The embodiment shown consists of memory die 1002U and
1002L. Address signals A0-A14 are coupled to both memory
die, as are control signals CAS, RAS, and WE, and data
signals DQO-DQ7. A clock signal, CLK, is also coupled to
both memory die. Control signals CKEO and CSO are
coupled to memory die 1002U, and are asserted during read
and write operations to this memory die. Likewise, control
signals CKE1 and CS1 are coupled to memory die 1002L..
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Memory die 1002U and 1002L are part of a first and a
second memory bank, respectively. The memory die in this
embodiment are 32Mx8 (i.e. 32 megabytes) each, resulting
in a stacked memory package with a capacity of 64 mega-
bytes. Using a total of 18 stacked memory packages of this
capacity results in a module capacity of one gigabyte.

[0065] FIG. 11 is a drawing of one embodiment the
memory module illustrating the electrical interconnections
associated with error correction functions. Memory module
1000 includes a printed circuit board upon which stacked
memory packages 1002 are mounted. Each of these pack-
ages has a data width of 8 bits, and includes two memory
chips (1002U and 1002L from FIGS. 8 and 10). Depending
on the organization of memory module 1000, some of these
memory die may be used to store error correction check bits,
while others may be used to store data bits. Memory module
1000 also includes an edge connector 1005, with a plurality
of electrical contact pads 1015. A plurality of signal lines
1020 couples the electrical contact pads 1015 to the stacked
memory packages 1002. Data signals are conveyed along
signal lines 1020 between the stacked memory packages
1002 and electrical contact pads 1015. Data pin DO of each
stacked memory package 1002 is shown coupled to electri-
cal contact pads 1015 by signal lines 1020, with the respec-
tive position of the bit in the data word (i.e. DQO, DQ16,
etc.) shown. The most significant bit of the data, DQ143, is
coupled to pin D7 of a stacked memory package 1002. In
this embodiment, 16 check bits are used to protect each data
block of 128 bits, with each check word associated with one
data block only.

[0066] As previously stated, some memory die of the
stacked memory packages 1002 may be used exclusively to
store check bits in this embodiment. Each of these memory
die may store four check bits of each check word. In the
embodiment shown, each check word is 16 bits, and protects
a data block of 128 bits. These check bits are accessed
through a plurality of pins designated CBWX][y:z]. For
example, CBW1[3:0] shown in the drawing represents four
pins of a stacked memory package 1002 through which
check bits 0 through 3 of check word #1 are accessed.
Similarly, CBW2[7:4] represents those pins through which
check bits 4 through 7 of check word #2 are accessed. Each
of these pins is connected to a respective signal line.
Representative signal lines are shown in the drawing as
CBW1 through CBW4. In general, these signal lines are
routed on the printed circuit board in such a manner that
physically adjacent memory cells within each memory die
store check bits corresponding to different check words.

[0067] FIG. 12 is a table illustrating exemplary entries
within the storage unit correlating connector pins to inte-
grated circuit pins. In the table shown, each connector pad
of an edge connector (such as edge connector 1005 of FIGS.
7A and 7B) is associated with a pin of an integrated circuit
package (such as the stacked memory packages 1002 of
FIGS. 7A and 7B). For example, connector pad #1 is
associated with integrated circuit Ul, pin 5 (U1.5). Simi-
larly, connector pad #5 is associated with integrated circuit
Ul, pin 9. Most, if not all, connector pads may be associated
with at least one pin of one integrated circuit. In many cases,
certain connector pads may be associated with a plurality of
integrated circuit pins. Such connector pads may include
those that carry address signals and enable signals (e.g. chip
enable and write enable signals).
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DIMM with Bank Select Circuit

[0068] In the previously described embodiments, the
memory modules 140 and 1000 may include memory chips
350 or 1002 organized into banks. All banks on a module
share the same data bus. Therefore, only one bank may be
active, i.e. performing a read or write operation, at any given
time. As a result, a bank selection arrangement is needed. In
the above described embodiments, the bank selection is
made by memory controller 102 or 120, by asserting control
lines to only the one selected bank at any given time. In
another embodiment, the bank control circuit is placed on
the printed circuit board 310 or 500.

[0069] FIG. 13 is a block diagram illustrating the electri-
cal connections associated with an embodiment of a memory
module 1000 having a bank select circuit. Those features of
this embodiment which correspond to the above described
embodiments are given the same reference numbers.
Memory module 1000 includes an edge connector 1005, a
lower memory bank 1022, and upper memory bank 1012, a
bank control circuit 2000 and a buffer 1003. Each memory
bank includes of a plurality of memory chips 1002. The edge
connector 1005 includes a plurality of electrical contact pads
1015 which convey signals between the memory module
and the system memory bus. Edge connector 1005 is adapted
for mounting in a socket within a computer system. Buffer
1003 receives signals WE (write enable), CASO (Column
Address Strobe 0), and a plurality of address signals, shown
as AX. Buffer circuit 1003 drives a plurality of address
signals AXL and AXU, which are conveyed to the lower
memory bank 1022 and upper memory bank 1012, respec-
tively. WEL and WEU are write enable signals driven by
buffer 1003 to a lower memory bank 1022 and an upper
memory bank 1012, respectively. CASL and CASU are CAS
signals driven by buffer 1003 to the lower memory bank
1022 and upper memory bank 1012, respectively. The bank
control circuit 2000 is configured to receive an address
signal A13 for selecting the upper and lower bank. Address
signal A13, in this embodiment, is the most significant
address bit of an address bus that is 14 bits wide. Bank
control circuit 2000 is also configured to receive a CASO
signal and a RASO (Row Address Strobe 0) signal. A
plurality of data lines, represented in the drawing as DX,
convey data signals between the memory chips 1002 and
system memory bus 104 of FIG. 1. In this particular
embodiment, the data path is 144 bits wide.

[0070] One embodiment of bank control circuit 2000 is
shown in FIG. 14. In this embodiment, bank control circuit
2000 receives input signals RAS0, CASO0, and address signal
A13. Bank control circuit 2000 drives a plurality of RASLX
and RASUX signals to the lower and upper memory banks,
respectively. Depending on the combination of inputs
received by bank control circuit 2000, either the RASUX or
RASLX signal groups can be asserted exclusively for
memory access operations. Another combination of inputs
will assert all RASUX and RASLX signals in order to
perform a CBR (Columns before Rows) refresh cycle.

[0071] Turning now to FIG. 15, a schematic of one
embodiment of the bank control circuit 2000 is shown. This
particular embodiment of bank control circuit 2000 is a
programmable logic device (PLD). In this embodiment,
bank control circuit 2000 comprises a plurality of AND
gates 2001, NAND gates 2002, inverters 2003, and flip-flops
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2004 (D-type flip-flops in this embodiment). Bank control
circuit 2000 drives multiple RAS signals for each memory
bank in order to provide sufficient signal drive strength to
each of the memory chips.

[0072] While FIG. 13 is intended to be a block diagram,
and not a physical layout, of a memory module 1000, it helps
to illustrate alternative arrangements of memory chips 1002.
FIG. 13 shows an embodiment where the memory chips are
divided into two groups, or banks, of memory on one
module. In this embodiment, each bank comprises nine
chips. For example, each chip may provide storage for 16
data bits at each of 8, 16 or 32 million addresses. In this case
of chips with 16 bits of storage at each address, each chip
1002 would be in a physically separate package mounted on
a printed circuit board forming the module 1000. One half
of the packages would normally be mounted on each side of
the board. However, as discussed with reference to FIG. 8,
each physical package may contain two separate chips. Each
such stacked chip may have 32 million addresses storing
eight bits of data at each location. In this case of eight bits
of storage at each address, a bank may comprise the com-
bination of one chip in each of the physical packages
mounted on the printed circuit board.

Next Generation DIMM Modules

[0073] The following description provides details of pre-
ferred embodiments of DIMM modules which include many
of the features of the above described embodiments. They
are referred to as “Next Generation DIMM” modules or
“NG DIMMSs” because they are believed to include the best
combination of features in view of currently available com-
ponents and current requirements for memory modules
needed in computer systems.

[0074] The NG DIMM is a 8 or 16 or 32 or 64 or
128Mx144 DIMM module designed for 3.3V LVTTL
SDRAM chips. The module is organized as one or two banks
of 4Mx144, 8Mx144, 16Mx144, 32Mx144, or 64Mx144
with independent controls for the two physical banks. These
NG DIMMs therefore have nominal memory capacities of
128, 256, 512, 1024 and 2048 MB (megabyte) respectively,
based on eight bit bytes and having two banks of chips on
each module. The modules may also be populated with a
single bank of chips if desired. Since each bank is provided
with independent controls, a single bank will function prop-
erly whether or not the other bank is populated with chips.
With the buffering of signals provided herein, the access
time for a bank of chips is not affected by the presence of a
second bank on a given module.

[0075] The NG DIMMs may include the following com-
ponents and have the following features.

[0076] 18 4/8/16Mx16 SDRAM in TSOP packages
or 18  64/128Mx8(2*32/64Mx8)  “stacked”
SDRAMs

[0077] Two 18-to-36-bit CMOS line drivers in an
80-pin 0.4 mm pitch TVSOP package

[0078] One 1-to-9 PLL clock driver in a 32-lead
TQFP package

[0079] A SPD serial EEPROM in a 8-pin TSOP
package.
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[0080] 8/16/32/64/128Mx144
2048 MB ) capacity

(128/256/512/1024/

[0081] 232-pin connector

[0082] 1.27 mm lead pitch

[0083] Single 3.3V+/-10% supply
[0084] CAS latency=2 at 75 MHz

[0085] 4K refresh for 64 Mb SDRAM and 8K refresh
for 256 Mb SDRAM

[0086] All inputs are buffered on the module includ-
ing differential PECL clock.

[0087] Maximum loading of single-ended LVTTL
clock outputs is 2 SDRAM.

[0088] Serial Presence Detect(SPD) serial EEPROM
for module identification

[0089] SDRAM 4Mx16 is in 54-pin 400 mil wide
TSOP package with 0.8 mm pitch.

[0090] SDRAM 8Mx16 is in 54-pin 400 mil wide
TSOP package with 0.8 mm pitch.

[0091] SDRAM 16Mx16 is in 54-pin 400 mil wide
TSOP package with 0.8 mm pitch.

[0092] SDRAM 64Mx8 is stacked 2*32Mx8 in a
stacked package.

[0093] SDRAM 128Mx8 is stacked 2*64Mx8 in a
stacked package.

[0094] The signals used in the NG DIMMSs are described
in Table 1.

TABLE 1
Pin Name Description
DQO to DQ143 Data I/O

AD to A1S
CASO\, CAS1\

Address Inputs
Column Address Strobe for each
bank

RASO\, RAST\ Row Address Strobe for each bank.
WEO\,, WE1\ ‘Write Enable for each bank

CLK+, CLK- PECL Clock input to clock driver
CLKEQ, CLKE1 Clock enable for each bank

CSO\, CS1\ Command strobe for each bank
DQMO, DQM1 Data mask for each bank

MR PLL reset for clock driver

PLL_VDD PLL power for clock driver
ByPass PLL Bypass control

VCO__Sel VCO Divider

SCLK Serial Clock for SPD EEPROM
SDA Serial Data I/O for SPD

SAO to SA2 SPD EEPROM Address

WP SPD Write Protect

vCC +33V+/-5%

VSS Ground

[0095] FIG. 16 provides a list of the assignments for the
232 pin edge connector of the NG DIMMS.

[0096] FIGS. 17 and 18 provide block diagrams for
8/16/32Mx144 and 64/128Mx144 capacity NG DIMMs
respectively. Two SN74ALVCH162830 CMOS drivers in
80-pin TVSOP packages with 0.4 mm lead pitch are used to
buffer the address and control signals to two physical banks
of 9 or 18(for stacked packages) SDRAMs each. The buffers
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arc 18 input to 36 output LVTTL to LVTTL drivers with one
input driving two outputs, each with 9 or 18(for stacked
packages) SDRAM loads.

[0097] InFIG.17,a NG DIMM has two banks 3002, 3004
of memory chips. As indicated, each bank comprises nine
chips, each having 4, 8 or 16 million addressable memory
locations, with each location storing sixteen bits. Each chip
is in a separate package mounted on a printed circuit board.
Nine packages are mounted on each side of the board. Two
buffers 3006, 3008 receive address and control signals,
replicate each address and control signal and drive the
address and control signals to inputs of the banks 3002,
3004.

[0098] Buffer 3006 receives address signals, addi 15:0], at
its inputs and provides two copies of fifteen of the address
signals at its outputs. One set of outputs is coupled to address
inputs of each of the memory banks 3002, 3004.

[0099] Buffer 3008 receives a total of ten control signals
at its inputs, comprising two sets of five control signals, one
set intended for each of banks 3002, 3004. The same set of
ten control signals is replicated at ten outputs of buffer 3008
which drive the signals to the memory banks 3002, 3004 as
indicated. Note that the buffer used in this embodiment
actually provides two outputs for each input, so that the ten
input signals appear on two sets of ten outputs. But since
each control signal is coupled to only one bank of chips, the
duplicate outputs are not used. In this embodiment, bank
selection is made by the system memory controller which
generates complete sets of control signals for each bank. A
bank control circuit is therefore not needed on these NG
DIMMs.

[0100] The FIG. 17 module also includes a clock driver
3010 which receives a differential clock signal from the
computer system and produces a single ended clock signal
for driving clock inputs of banks 3002, 3004. This clock
driver operates like the clock driver 1004 described above
with reference to FIG. 7. The clock driver 3010 provides
nine clock outputs, each of which drives two of the chips
comprising banks 3002, 3004. A Serial Presence Detect
(SPD) serial EEPROM 3012 is also included for module
identification as discussed above with reference to FIG. 6.

[0101] The FIG. 18 embodiment is very similar to the
FIG. 17 embodiment. The main difference is that memory
banks 3022, 3024 cach comprise 18 memory chips and the
chips are packaged in stacked packages, each of which
contains two chips. These chips are organized as shown in
FIG. 8 so that each bank is formed from one chip in each
package. Since there are 18 chips in each bank, buffers 3026,
3028 have twice as many chips to drive, although each is
smaller because each storage location stores only eight bits.
As discussed above, each buffer provides two outputs for
each input. The duplicate control signal outputs from buffer
3028 are used to drive the additional control inputs in this
embodiment, thus reducing loading on each output. The
FIG. 18 embodiment includes a clock driver 3030 having
nine outputs and an identification memory 3032 like the
corresponding devices 3010 and 3012 of FIG. 17.

[0102] To maintain a junction temperature, Tj, below 105°
C. in the expected system ambient conditions, the following
package thermal characteristics are required. A maximum Q
JC of 14° C./Watt for the stacked package containing two
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256 Mb SDRAM devices including leadframe (case). The
SDRAM package theta(JC) should not be greater than 25°
C./Watt in still air.

[0103] The following Table 2 lists the package types for IC
components, chips, used in the NG DIMMs.

TABLE 2
PACKAGE
PART DESCRIPTION TYPE
24C64 SPD serial 8-pin TSSOP
EEPROM
74ALCVH162830 18-t0-36 Driver 80-pin TVSOP
MPC953 “C” PLL Clock 32-lead TQFP
Driver
4/8/16Mx16 or PC100 SDRAM 54pin TSOP

2*32Mx8 SDRAM or Stacked package*

Note:
*For TCP stack the number of pins is 102, 51 for each device.

[0104] The NG DIMMSs are assembled on multilayer
printed circuit boards having eight conductive layers are
reserved for power voltage and ground. The remaining six
are used for signal routing, with the outer two also used to
form mounting locations for surface mounting of memory
and other chips. The conductive layers are separated by
seven layers of dielectric material 4.4-4.8, FR4/FR5. The
layer stackup and descriptions are provided in Table 3.

TABLE 3
Trace
Trace  Copper thickness
Layer Name width weight impedance ohm +/10%  Dielectric
1 Top 0.008" 1% 65 []
2 A 0.004" 1 55 []
3 GND n/a 1 n/a [1
4 B 0.004" 1 55 []
5 C 0.004" 1 55 []
6 VDD n/a 1 n/a [1
7 D 0.004" 1 55 []
8 BOT 0.008" 1* 65 []

Note:
* 1 oz finished

[0105] FIG. 19 is a dimensioned drawing of a printed
circuit board 3040 on which a memory module is assembled.
This drawing shows the placement of one bank of nine
memory chips 3042, a buffer 3044 and a clock driver chip
3046. A number of details labeled “A” through “A” are also
identified on this figure. FIGS. 19A through 191 are dimen-
sioned drawings showing those details. FIG. 20 provides
additional dimensioned details for the printed circuit board
of FIG. 19.

[0106] FIG. 21 is a table of electrical absolute maximum
ratings for NG DIMMs.

[0107] FIG. 22 is a table of recommended operating
conditions for NG DIMMs.

[0108] FIG. 23 is a table of DC characteristics for NG
DIMMs.

[0109] FIG. 24 is a table of capacitance characteristics for
NG DIMMs.

[0110] FIG. 25 is a table of AC characteristics for NG
DIMMs.
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[0111] FIG. 26 is a timing diagram for a read transaction
for NG DIMMs.

[0112] FIG. 27 is a timing diagram for a write transaction
for NG DIMMs.

[0113] FIG. 28 is a timing diagram for a mode register set
cycle for NG DIMMSs. This required by SDRAM chips to
prepare the chip for a read or write transaction.

[0114] FIG. 29 is a timing diagram for a self-refresh entry
and exit cycle for NG DIMMs.

[0115] While the invention has been illustrated and
described in terms of particular apparatus and methods of
use, it is apparent that equivalent parts may be substituted of
those shown and other changes can be made within the scope
of the invention as defined by the appended claims.

What I claim as my invention is:
1. A memory module, comprising:

a printed circuit board having a first side and a second
side, wherein said printed circuit board includes a
connector edge adapted for insertion within a socket of
said computer system, the connector edge having a
plurality of contact pads on said first side and said
second side of said printed circuit board;

wherein said plurality of contact pads are configured to
convey data signals, power and ground to and from said
printed circuit board;

wherein said power and ground contact pads alternate
along said connector edge with no more than four
adjacent data signal contact pads without intervening
power or ground contact pads;

a plurality of memory devices mounted on the printed
circuit board for storing data;

a clock driver mounted on the printed circuit board,
wherein the clock driver is coupled to each of the
plurality of memory devices and is configured to
receive a differential clock signal and to produce at
least one single-ended clock signal for clocking the
plurality of memory devices, and wherein the clock
driver includes a phase-locked loop for phase-locking
the at least one single-ended clock signal.
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2. The memory module as recited in claim 1, wherein the
differential clock signal includes a pair of complementary
logic signals, and wherein the pair of complementary logic
signals are low voltage positive emitter-coupled logic
(LVPECL) signals.

3. The memory module as recited in claim 1, wherein the
plurality of memory devices comprises synchronous
dynamic random access memory (SDRAM) devices.

4. The memory module as recited in claim 1, wherein the
memory module is a dual in-line memory module (DIMM).

5. The memory module as recited in claim 1, wherein each
of the plurality of memory devices comprises a stacked
memory package.

6. The memory module as recited in claim 1, wherein the
connector edge comprises 232 contact pads.

7. The memory module as recited in claim 1 further
comprising a serial storage unit mounted on the printed
circuit board, wherein said serial storage unit stores module
identification information.

8. The memory module as recited in claim 1 further
comprising a serial storage unit mounted on the printed
circuit board, wherein said serial storage unit stores signal
line routing information which correlates each of at least
some of said contact pads of said connector edge to a
corresponding pin of a particular memory device.

9. The memory module as recited in claim 3, wherein the
memory module is a dual in-line memory module (DIMM).

10. The memory module as recited in claim 9, wherein the
connector edge comprises 232 contact pads.

11. The memory module as recited in claim 10 further
comprising a serial storage unit mounted on the printed
circuit board, wherein said serial storage unit stores module
identification information.

12. The memory module as recited in claim 11 wherein
said serial storage unit stores signal line routing information
which correlates each of at least some of said contact pads
of said connector edge to a corresponding pin of a particular
memory device.

13. The memory module as recited in claim 12, wherein
each of the plurality of memory devices comprises a stacked
memory package.
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