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INTER PARTES
REEXAMINATION CERTIFICATE

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claims 2, 5, 7,9, 21, 23, 25, 26, 30, 33, 42, 44 and 51 are
cancelled.

Claims 1, 15, 16, 28, 39 and 43 are determined to be
patentable as amended.

Claims 3, 4, 6, 8, 10-14, 17-20, 22, 24, 27, 29, 31, 32,
34-38, 40, 41 and 45-50, dependent on an amended claim,
are determined to be patentable.

New claims 52-91 are added and determined to be
patentable.

1. A memory module connectable to a computer system,
the memory module comprising:

a printed circuit board;

a plurality of double-data-rate (DDR) memory devices
mounted to the printed circuit board, the plurality of
DDR memory devices having a first number of DDR
memory devices arranged in a first number of ranks;

a circuit mounted to the printed circuit board, the circuit
comprising a logic element and a register, the logic
element receiving a set of input control signals from the
computer system, the set of input control signals com-
prising at least one row/column address signal, bank
address signals, and at least one chip-select signal, the
set of input control signals corresponding to a second
number of DDR memory devices arranged in a second
number of ranks, the second number of DDR memory
devices smaller than the first number of DDR memory
devices and the second number of ranks less than the
first number of ranks, the circuit generating a set of
output control signals in response to the set of input
control signals, the set of output control signals corre-
sponding to the first number of DDR memory devices
arranged in the first number of ranks, wherein the
circuit further responds to a first command signal and
the set of input control signals from the computer
system by generating and transmitting a second com-
mand signal and the set of output control signals to the
plurality of memory devices, the first command signal
and the set of input control signals corresponding to the
second number of ranks and the second command
signal and the set of output control signals correspond-
ing to the first number of ranks; and

a phase-lock loop device mounted to the printed circuit
board, the phase-lock loop device operatively coupled
to the plurality of DDR memory devices, the logic
element, and the register,

wherein, in response to signals received from the com-
puter system, the phase-lock loop (PLL) device trans-
mits a PLL clock signal to the plurality of DDR memory
devices, the logic element, and the register,

wherein, the register (i) receives, from the computer
system, and (ii) buffers, in response to the PLL clock
signal, a plurality of row/column address signals and
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the bank address signals, and (iii) transmits the buff-
ered plurality of row/column address signals and the
buffered bank address signals to the plurality of DDR
memory devices, wherein the at least one row/column
address signal received by the logic element comprises
at least one row address signal received by the logic
element, and wherein the plurality of row/column
address signals received by the register are separate
from the at least one row address signal received by the
logic element, and

wherein the logic element generates gated column access
strobe (CAS) signals or chip-select signals of the output
control signals in response at least in part to (i) the at
least one row address signal, (ii) the bank address
signals, and (iii) the at least one chip-select signal of
the set of input control signals and (iv) the PLL clock
signal.

15. A memory module connectable to a computer system,

the memory module comprising:

a printed circuit board;

a plurality of double-data-rate (DDR) memory devices
coupled to the printed circuit board, the plurality of
DDR memory devices having a first number of DDR
memory devices arranged in a first number of ranks;

a circuit coupled to the printed circuit board, the circuit
comprising a logic element and a register, the logic
element receiving a set of input signals from the
computer system, the set of input signals comprising at
least one row/column address signal, bank address
signals, and at least one chip-select signal, the set of
input signals configured to control a second number of
DDR memory devices arranged in a second number of
ranks, the second number of DDR memory devices
smaller than the first number of DDR memory devices
and the second number of ranks less than the first
number of ranks, the circuit generating a set of output
signals in response to the set of input signals, the set of
output signals configured to control the first number of
DDR memory devices arranged in the first number of
ranks, wherein the circuit further responds to a com-
mand signal and the set of input signals from the
computer system by selecting one or two ranks of the
first number of ranks and transmitting the command
signal to at least one DDR memory device of the
selected one or two ranks of the first number of ranks;
and

a phase-lock loop device coupled to the printed circuit
board, the phase-lock loop device operatively coupled
to the plurality of DDR memory devices, the logic
element, and the register,

wherein, in response to signals received from the com-
puter system, the phase-lock loop (PLL) device trans-
mits a PLL clock signal to the plurality of DDR memory
devices, the logic element, and the register,

wherein, the register (i) receives, from the computer
system, and (ii) buffers, in response to the PLL clock
signal, a plurality of row/column address signals and
the bank address signals, and (iii) transmits the buff-
ered plurality of row/column address signals and the
buffered bank address signals to the at least one DDR
memory device of the selected one or two ranks of the
first number of rvanks, wherein the at least one row/
column address signal veceived by the logic element
comprises at least one row address signal veceived by
the logic element, and wherein the plurality of row/
column address signals received by the register are
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separate from the at least one row address signal
received by the logic element, and

wherein the logic element generates gated column access
strobe (CAS) signals or chip-select signals of the output
signals in response at least in part to (i) the at least one
row address signal, (ii) the bank address signals and
(iii) the at least one chip-select signal of the set of input

4

number of DDR DRAM devices arranged in the first
number of ranks, wherein the circuit further responds to
the set of input control signals from the computer
system by selecting at least one rank of the first number
of ranks and transmitting the set of output control
signals to at least one DDR DRAM device of the
selected at least one rank; and

signals and (iv) the PLL clock signal.

16. [The memory module of claim 15] A memory module
connectable to a computer system, the memory module 10
comprising:

a printed circuit board;

a phase-lock loop device coupled to the printed circuit
board, the phase-lock loop device operatively coupled
to the plurality of DDR DRAM devices, the logic
element, and the register,

wherein, in response to signals received from the com-

a plurality of double-data-rate (DDR) memory devices

coupled to the printed circuit board, the plurality of

puter system, the phase-lock loop (PLL) device trans-
mits a PLL clock signal to the plurality of DDR DRAM

DDR memory devices having a first number of DDR 15 memory devices, the logic element, and the register,
memory devices arranged in a first number of ranks; wherein, the register (i) receives, from the computer
a circuit coupled to the printed circuit board, the circuit system, and (ii) buffers, in response to the PLL clock
comprising a logic element and a register, the logic signal, a plurality of row/column address signals and
element receiving a set of input signals from the com- the bank address signals, and (iii) transmits the buff-
puter system, the set of input signals comprising at least 20 ered plurality of row/column address signals and the
one row/column address signal, bank address signals, buffered bank address signals to the at least one DDR
and at least one chip-select signal, the set of input DRAM device of the selected at least one rank, wherein
signals configured to control a second number of DDR the row/column address signal received by the logic
memory devices arranged in a second number of ranks, element comprises a row address signal received by the
the second number of DDR memory devices smaller 25 logic element, and wherein the plurality of row/column
than the first number of DDR memory devices and the address signals received by the register are separate
second number of ranks less than the first number of from the row address signal received by the logic
ranks, the circuit generating a set of output signals in element, and
response to the set of input signals, the set of output wherein the logic element generates gated column access
signals configured to control the first number of DDR 30 strobe (CAS) signals or chip-select signals of the output

memory devices arranged in the first number of vanks,
wherein the circuit further responds to a command
signal and the set of input signals from the computer
system by selecting one or two ranks of the first number

control signals in response at least in part to (i) the row
address signal, (ii) the bank address signals, and (iii)
the chip-select signal of the set of input control signals
and (iv) the PLL clock signal.

39. A memory module connectable to a computer system,
the memory module comprising:
a printed circuit board having a first side and a second
side;
a plurality of double-data-rate (DDR) memory devices

of ranks and transmitting the command signal to at 35
least one DDR memory device of the selected one or
two ranks of the first number of ranks; and

a phase-lock loop device coupled to the printed circuit
board, the phase-lock loop device operatively coupled

signals comprising an output command signal, the set
of output control signals configured to control the first

to the plurality of DDR memory devices, the logic 40 mounted to the printed circuit board, each DDR
element, and the register, memory device comprising one or more banks, the
wherein the command signal is transmitted to only one plurality of DDR memory devices arranged in two or
DDR memory device at a time. more ranks which are selectable by a first number of
28. A memory module connectable to a computer system, chip-select signals; and
the memory module comprising: 45  at least one integrated circuit element mounted to the
a printed circuit board; printed circuit board, the at least one integrated circuit
a plurality of double-data-rate (DDR) dynamic random- element comprising a logic element, a register, and a
access memory (DRAM) devices coupled to the printed phase-lock loop device operationally coupled to the
circuit board, the plurality of DDR DRAM devices plurality of DDR memory devices, the logic element,
having a first number of DDR DRAM devices arranged 50 and the register, the at least one integrated circuit
in a first number of ranks; element receiving a plurality of input signals from the
a circuit coupled to the printed circuit board, the circuit computer system, the plurality of input signals com-
comprising a logic element and a register, the logic prising row address signals, column address signals,
element receiving a set of input control signals from the bank address signals, command signals, and a second
computer system, the set of input control signals com- 55 number of chip-select signals less than the first number
prising a row/column address signal, bank address of chip-select signals, wherein the logic element
signals, a chip-select signal, and an input command receives at least one row address signal, the bank
signal, the set of input control signals configured to address signals, at least one chip-select signal, and at
control a second number of DDR DRAM devices least one command signal of the plurality of input
arranged in a second number of ranks, the second 60 signals, the at least one integrated circuit element
number of DDR DRAM devices smaller than the first generating a plurality of output signals in response to
number of DDR DRAM devices, the second number of the plurality of input signals, the plurality of output
ranks smaller than the first number of ranks, the circuit signals comprising row address signals, column
generating a set of output control signals in response to address signals, bank address signals, command sig-
the set of input control signals, the set of output control 65 nals, and the first number of chip-select signals, the at

least one integrated circuit element further responsive
to the plurality of input signals by selecting at least one
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rank of the two or more ranks and transmitting the
plurality of output signals to at least one DDR memory
device of the selected at least one rank,

wherein, in response to signals received from the com-

puter system, the phase-lock loop (PLL) device trans-
mits a PLL clock signal to the plurality of DDR memory
devices, the logic element, and the register,

wherein, the register (i) receives, from among the plurality

of input signals, and (ii) buffers, in response to the PLL
clock signal, the bank address signals and a plurality of
the row address signals, and (iii) transmits the buffered
bank address signals and the buffered row address
signals to the at least one DDR memory device of the
selected at least one rank, and wherein the plurality of
the row address signals received by the register are
separate from the at least one row address signal
received by the logic element, and

wherein the logic element generates gated column access

strobe (CAS) signals or chip-select signals of the output
signals in response at least in part to (i) the at least one
row address signal, (ii) the bank address signals, and
(iii) the at least one chip-select signal of the plurality
of input signals and (iv) the PLL clock signal.

43. The memory module of claim [42] 39, wherein the
logic element receives the second number of chip-select
signals.

52. The memory module of claim 1, wherein the plurality
of DDR memory devices has at least one attribute selected
from a group consisting of- a number of row address bits per
DDR memory device, a number of column address bits per
DDR memory device, a number of bank address bits per
DDR memory device, a number of DDR memory devices, a
data width per DDR memory device, a memory density per
DDR memory device, a number of ranks of DDR memory
devices, and a memory density per rank, the memory module
further comprising a read-only non-volatile memory device
storing data accessible to the computer system, wherein the
data characterizes the plurality of DDR memory devices as
having at least one value of the at least one attribute that is
different from an actual value of the at least one attribute of
the plurality of DDR memory devices.

53. The memory module of claim 52, wherein the at least
one attribute comprises the number of ranks of DDR
memory devices and the memory density per rank.

54. The memory module of claim 53, wherein the data
characterizes the plurality of DDR memory devices as
having fewer ranks of DDR memory devices than the plu-
rality of DDR memory devices actually has, and as having
a greater memory density per rank than the plurality of DDR
memory devices actually has.

55. The memory module of claim 1, wherein each DDR
memory device of the plurality of DDR memory devices is a
DDR dynamic random-access memory (DRAM) chip pack-
age with a bit width, and each rank of the first number of
ranks comprises a plurality of the DDR DRAM chip pack-
ages having a total bit width equal to the summed bit widths
of the DDR DRAM chip packages of the rank, wherein the
memory module further comprises a read-only non-volatile
memory device storing data accessible to the computer
system, wherein the data characterizes the memory module
as having fewer ranks than the first number of ranks, and as
having a greater memory density per rank than the memory
module actually has.

56. The memory module of claim 1, wherein the memory
module comprises means for characterizing the plurality of
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DDR memory devices as having one or more attributes that
are different from actual attributes of the plurality of DDR
memory devices.

57. The memory module of claim 1, wherein the set of
input control signals corresponds to a first memory density,
and the set of output control signals corresponds to a second
memory density, the first memory density greater than the
second memory density.

58. The memory module of claim 1, wherein the register
comprises a plurality of register devices.

59. The memory module of claim 1, wherein the chip-
select signals generated by the logic element arve a first
number of chip-select signals of the set of output control
signals, the first number of chip-select signals generated by
the logic element equal to the first number of ranks, and the
at least one chip-select signal of the set of input control
signals comprises a second number of chip-select signals
equal to the second number of ranks.

60. The memory module of claim 59, wherein the at least
one row address signal and the bank address signals are (i)
received by the logic element during an activate command
operation and (ii) are used by the logic element for a
subsequent vead or write command operation.

61. The memory module of claim 60, wherein the logic
element is a device selected from the group consisting of: an
application-specific integrated circuit, a field-program-
mable gate array, a custom-designed semiconductor device,
and a complex programmable-logic device, the logic ele-
ment transmitting the generated first number of chip-select
signals to the plurality of DDR memory devices and not
transmitting the at least one row/column address signal,
bank address signals, and the second command signal to the
plurality of DDR memory devices.

62. The memory module of claim 60, wherein the plurality
of DDR memory devices has one or more attributes selected
from a group consisting of: a number of row address bits per
DDR memory device, a number of column address bits per
DDR memory device, a number of internal banks per DDR
memory device, a number of DDR memory devices, a data
width per DDR memory device, a memory density per DDR
memory device, a number of ranks of DDR memory devices,
and a memory density per rank, the memory module further
comprising a read-only memory (ROM) serial-presence
detect (SPD) device, the SPD device storing data accessible
to the computer system, whervein the data characterizes the
plurality of DDR memory devices as having one or more
attributes that ave different from the one or more attributes
of plurality of DDR memory devices.

63. The memory module of claim 1, wherein the plurality
of DDR memory devices has one or more attributes selected
from a group consisting of: a number of row address bits per
DDR memory device, a number of column address bits per
DDR memory device, a number of bank address bits per
DDR memory device, a number of DDR memory devices, a
data width per DDR memory device, a memory density per
DDR memory device, a number of ranks of DDR memory
devices, and a memory density per rank, the memory module
further comprising a read-only memory (ROM) serial-pres-
ence detect (SPD) device, the SPD device storing data
accessible to the computer system, wherein the data char-
acterizes the plurality of DDR memory devices as having
one or more attributes that are different from the one or more
attributes of the plurality of DDR memory devices.

64. The memory module of claim 15, wherein the plurality
of DDR memory devices has one or more attributes selected
from a group consisting of: a number of row address bits per
DDR memory device, a number of column address bits per
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DDR memory device, a number of bank address bits per
DDR memory device, a number of DDR memory devices, a
data width per DDR memory device, a memory density per
DDR memory device, a number of ranks of DDR memory
devices, and a memory density per rank, the memory module
further comprising a read-only memory (ROM) serial-pres-
ence (SPD) device, the SPD device storing data accessible
to the computer system, wherein the data characterizes the
plurality of DDR memory devices as having one or more
attributes that are different from the one or morve attributes
of the plurality of DDR memory devices.

65. The memory module of claim 64, wherein the one or
move attributes comprise the number or ranks of DDR
memory devices and the memory density per rank and the
data characterizes the plurality of DDR memory devices as
having fewer ranks of DDR memory devices than the plu-
rality of DDR memory devices actually has, and as having
a greater memory density per rank than the plurality of DDR
memory devices actually has.

66. The memory module of claim 15, wherein the com-
mand signal is transmitted to only one DDR memory device
at a time.

67. The memory module of claim 66, wherein the com-
mand signal comprises a read command signal.

68. The memory module of claim 15, wherein the logic
element receives the command signal from the computer
system and the rvegister receives the command signal from
the computer system.

69. The memory module of claim 28, wherein the plurality
of DDR DRAM devices has one or more attributes selected
from a group consisting of- a number of row address bits per
DDR DRAM device, a number of column address bits per
DDR DRAM device, a number of bank address bits per DDR
DRAM device, a number of DDR DRAM devices, a data
width per DDR DRAM device, a memory density per DDR
DRAM device, a number of ranks of DDR DRAM devices,
and a memory density per rank, the memory module further
comprising a read-only memory (ROM) serial-presence
detect (SPD) device, the SPD device storing data accessible
to the computer system, wherein the data characterizes the
plurality of DDR DRAM devices as having one or more
attributes that are different from the one or morve attributes
of the plurality of DDR DRAM devices.

70. The memory module of claim 69, wherein the one or
move attributes comprise the number of ranks of DDR
DRAM devices and the memory density per rvank and the
data characterizes the plurality of DDR DRAM devices as
having fewer ranks of DDR DRAM devices than the plurality
of DDR DRAM devices actually has, and as having a greater
memory density per rank than the plurality of DDR DRAM
devices actually has.

71. The memory module of claim 28, wherein the memory
module comprises means for characterizing the plurality of
DDR DRAM devices as having one or more attributes that
are different from actual attributes of the plurality of DDR
memory devices.

72. The memory module of claim 28, wherein the register
receives the input command signal of the set of input control
signals.

73. The memory module of claim 39, wherein the plurality
of DDR memory devices has one or more attributes selected
from a group consisting of- a number of row address bits per
DDR memory device, a number of column address bits per
DDR memory device, a number of bank address bits per
DDR memory device, a number of DDR memory devices, a
data width per DDR memory device, a memory density per
DDR memory device, a number of ranks of DDR memory
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devices, and a memory density per rank, the memory module
further comprising a read-only memory (ROM) serial-pres-
ence detect (SPD) device, the SPD device storing data
accessible to the computer system, wherein the data char-
acterizes the plurality of DDR memory devices as having
one or move attributes that are different from one or more
attributes of the plurality of DDR memory devices.

74. The memory module of claim 73, wherein the one or
morve attributes comprises the number of ranks of DDR
memory devices and the memory density per rank and the
data characterizes the plurality of DDR memory devices as
having fewer ranks of DDR memory devices than the plu-
rality of DDR memory devices actually has, and as having
a greater memory density per rank than the plurality of DDR
memory devices actually has.

75. The memory module of claim 39, wherein the memory
module comprises means for characterizing the plurality of
DDR memory devices as having one or more attributes that
are different from actual attributes of the plurality of DDR
memory devices.

76. The memory module of claim 43, wherein both the
register and the logic element receive at least one command
signal of the plurality of input signals.

77. A memory module connectable to a computer system,
the memory module comprising:

a printed circuit board;

a plurality of double-data-rate (DDR) memory devices
mounted to the printed circuit board, the plurality of
DDR memory devices having a first number of DDR
memory devices arranged in a first number of ranks;
circuit mounted to the printed circuit board, the circuit
comprising a logic element and a register, the logic
element receiving a set of input control signals from the
computer system, the set of input control signals com-
prising at least one row/column address signal, bank
address signals, and at least one chip-select signal, the
set of input control signals corresponding to a second
number of DDR memory devices arranged in a second
number of ranks, the second number of DDR memory
devices smaller thank the first number of DDR memory
devices and the second number of ranks less than the
first number of ranks, the circuit generating a set of
output control signals in response to the set of input
control signals, the set of output control signals cor-
responding to the first number of DDR memory devices
arranged in the first number of ranks, wherein the
circuit further rvesponds to a first command signal and
the set of input control signals from the computer
system by generating and transmitting a second com-
mand signal and the set of output control signals to the
plurality of memory devices, the first command signal
and the set of input control signals corresponding to the
second number of ranks and the second command
signal and the set of output control signals correspond-
ing to the first number of ranks; and
a phase-lock loop device mounted to the printed circuit

board, the phase-lock loop device operatively coupled

to the plurality of DDR memory devices, the logic
element, and the register,

wherein, in response to signals received from the com-
puter system, the phase-lock loop (PLL) device trans-
mits a PLL clock signal to the plurality of DDR memory
devices, the logic element, and the register,

wherein, the register (i) receives, from the computer
system, and (ii) buffers, in response to the PLL clock
signal, a plurality of row/column address signals and
the bank address signals, and (iii) transmits the buff-
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ered plurality of row/column address signals and the
buffered bank address signals to the plurality of DDR
memory devices, wherein the at least one row/column
address signal received by the logic element comprises
at least one row address signal received by the logic
element, and wherein the plurality of row/column
address signals received by the register are separate
from the at least one row address signal received by the
logic element, and

wherein the logic element responds to at least (i) a row

address bit of the at least one row/column address
signal, (ii) the bank signals, and (iii) the at least one
chip-select signal of the set of input control signals and
(iv) the PLL clock by generating a first number of
chip-select signals of the set of output control signals,
the first number of chip-select signals generated by the
logic element equal to the first number of ranks, and the
at least one chip-select signal of the set of input control
signals comprises a second number of chip-select sig-
nals equal to the second number of ranks.

78. The memory module of claim 77, wherein the row
address bit and the bank address signals are (i) received by
the logic element during an activate command operation
and (i) are used by the logic element for a subsequent read
or write command operation.

79. The memory module of claim 78, wherein the plurality
of DDR memory devices has one or more attributes selected
from a group consisting of- a number of row address bits per
DDR memory device, a number of column address bits per
DDR memory device, a number of internal banks per DDR
memory device, a number of DDR memory devices, a data
width per DDR memory device, a memory density per DDR
memory device, a number of ranks of DDR memory devices,
and a memory density per rank, the memory module further
comprising a read-only memory (ROM) serial-presence
detect (SPD) device, the SPD device storing data accessible
to the computer system, wherein the data characterizes the
plurality of DDR memory devices as having one or more
attributes that are different from the one or morve attributes
of plurality of DDR memory devices.

80. A memory module connectable to a computer system,
the memory module comprising:

a printed circuit board:

a plurality of double-data-rate (DDR) memory devices
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plurality of memory devices, the first command signal
and the set of input control signals corresponding to the
second number of ranks and the second command
signal and the set of output control signals correspond-
ing to the first number of ranks; and

a phase-lock loop device mounted to the printed circuit
board, the phase-lock loop device operatively coupled
to the plurality of DDR memory devices, the logic
element, and the register,

wherein operation of the register is responsive at least in
part to clock signals received from the phase-lock loop
device and the logic element generates a first number
of chip-select signals of the set of output control signals
in response at least in part to clock signals received
from the phase-lock loop device, the first number of
chip-select signals generated by the logic element
equal to the first number of ranks, and the at least one
chip-select signal of the set of input control signals
comprises a second number of chip-select signals equal
to the second number of ranks,

wherein the bank address signals of the set of input
control signals are received by the logic element,

wherein a plurality of row/column address signals and the
bank address signals are received from the computer
system and buffered by the register, the register trans-
mitting the buffered plurality of row/column address
signals and the buffered bank address signals to the
plurality of DDR memory devices, wherein the at least
one row/column address signal received by the logic
element comprises at least one row address signal
received by the logic element, and wherein the plurality
of row/column address signals received by the register
are separate from the at least one row address signal
received by the logic element, and

wherein the generation of the first number of chip-select
signals of the output control signals by the logic
element is based on the logic element responsive at
least in part to (i) the at least one row address signal,
(ii) the bank address signals, and (iii) the at least one
chip-select signal of the set of input control signals
received by the logic element and (iv) the clock signals
received from the phase-lock loop device.

81. The memory module of claim 80, wherein the plurality

of DDR memory devices has one or more attributes selected

mounted to the printed circuit board, the plurality of 45 from a group consisting of: a number of row address bits per

DDR memory devices having a first number of DDR
memory devices arranged in a first number of ranks:

circuit mounted to the printed circuit board, the circuit
comprising a logic element and a register, the logic
element receiving a set of input control signals from the
computer system, the set of input control signals com-
prising at least one row/column address signal, bank
address signals, and at least one chip-select signal, the
set of input control signals corresponding to a second
number of DDR memory devices arranged in a second
number of ranks, the second number of DDR memory
devices smaller than the first number of DDR memory
devices and the second number of ranks less than the
first number of ranks, the circuit generating a set of
output control signals in response to the set of input
control signals, the set of output control signals cor-
responding to the first number of DDR memory devices
arranged in the first number of ranks, wherein the
circuit further responds to a first command signal and
the set of input control signals from the computer
system by generating and transmitting a second com-
mand signal and the set of output control signals to the

50
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DDR memory device, a number of column address bits per
DDR memory device, a number of bank address bits per
DDR memory device, a number of DDR memory devices, a
data width per DDR memory device, a memory density per
DDR memory device, a number of ranks of DDR memory
devices, and a memory density per rank, the memory module
further comprising a read-only memory (ROM) serial-pres-
ence detect (SPD) device, the SPD device storing data
accessible to the computer system, wherein the data char-
acterizes of DDR memory devices as having one or more
attributes that ave different from the one or more attributes
of the plurality of DDR memory devices.

82. A memory module connectable to a computer system,

the memory module comprising:

a printed circuit board;

a plurality of double-data-rate (DDR) memory devices
mounted to the printed circuit board, the plurality of
DDR memory devices having a first number of DDR
memory devices arranged in a first number of ranks;

a circuit mounted to the printed circuit board, the circuit
comprising a logic element and a register, the logic
element receiving a set of input control signals from the
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computer system, the set of input control signals com-
prising at least one row/column address signal, bank
address signals, and at least one chip-select signal, the
set of input control signals corresponding to a second
number of DDR memory devices arranged in a second
number of ranks, the second number of DDR memory
devices smaller than the first number of DDR memory
devices and the second number of ranks less than the
first number of ranks, the circuit generating a set of
output control signals in response to the set of input
control signals, the set of output control signals cor-
responding to the first number of DDR memory devices
arranged in the first number of ranks, wherein the
circuit further responds to a first command signal and
the set of input control signals from the computer
system by generating and transmitting a second com-
mand signal and the set of output control signals to the
plurality of memory devices, the first command signal
and the set of input control signals corresponding to the
second number of ranks and the second command
signal and the set of output control signals correspond-
ing to the first number of ranks; and

a phase-lock loop device mounted to the printed circuit

board, the phase-lock loop device operatively coupled
to the plurality of DDR memory devices, the logic
element, and the register,

wherein, in response to signals received from the com-

puter system, the phase-lock loop (PLL) device trans-
mits a PLL clock signal to the plurality of DDR memory
devices, the logic element, and the register,

wherein, the register (i) receives, from the computer

system, and (ii) buffers, in response to the PLL clock
signal, a plurality of row/column address signals and
the bank address signals, and (iii) transmits the buff-
ered plurality of row/column address signals and the
buffered bank address signals to the plurality of DDR
memory devices, wherein the at least one row/column
address signal received by the logic element comprises
at least one row address signal received by the logic
element, and wherein the plurality of row/column
address signals received by the register are separate
from the at least one row address signal received by the
logic element,

wherein the logic element vesponds to at least the at least

one row address signal, the bank address signals, and
the at least one chip-select signal of the set of input
control signals and the PLL clock signal by generating
a number of rank-selecting signals of the set of output
control signals that is greater than double or equal to
double the number of chip-select signals of the set of
input control signals.

83. The memory module of claim 82, wherein the memory
module is operable to perform successive read accesses
from different ranks of DDR memory devices of the plurality
of DDR memory devices.

84. The memory module of claim 82, wherein the memory
module is operable to perform back-to-back adjacent read
commands which cross DDR memory device boundaries.

85. The memory module of claim 82, wherein the bank
address signals include bank address signals received dur-
ing an activate command operation and bank address sig-
nals received during a read or write command operation
subsequent to the activate command operation, and the
rank-selecting signals are used for the read or write com-
mand operation.

86. A memory module connectable to a computer system,
the memory module comprising:
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a printed circuit board;

a plurality of double-data-rate (DDR) memory devices
coupled to the printed circuit board, the plurality of
DDR memory devices having a first number of DDR
memory devices arranged in a first number of ranks;

a circuit coupled to the printed circuit board, the circuit
comprising a logic element and a register, the logic
element receiving a set of input signals from the com-
puter system, the set of input signals comprising at least
one row/column address signal, bank address signals,
and at least one chip-select signal, the set of input
signals configured to control a second number of DDR
memory devices arranged in a second number of vanks,
the second number of DDR memory devices smaller
than the first number of DDR memory devices and the
second number of ranks less than the first number of
ranks, the circuit generating a set of output signals in
response to the set of input signals, the set of output
signals configured to control the first number of DDR
memory devices arranged in the first number of vanks,
wherein the circuit further rvesponds to a command
signal and the set of input signals from the computer
system by selecting one or two ranks of the first number
of ranks and transmitting the command signal to at
least one DDR memory device of the selected one or
two ranks of the first number of ranks; and

a phase-lock loop device coupled to the printed circuit
board, the phase-lock loop device operatively coupled
to the plurality of DDR memory devices, the logic
element, and the register,

wherein, in response to signals received from the com-
puter system, the phase-lock loop (PLL) device trans-
mits a PLL clock signal to the plurality of DDR memory
devices, the logic element, and the register,

wherein, the register (i) receives, from the computer
system, and (ii) buffers, in response to the PLL clock
signal, a plurality of row/column address signals and
the bank address signals, and (iii) transmits the buff-
ered plurality of row/column address signals and the
buffered bank address signals to the at least one DDR
memory device of the selected one or two ranks of the
first number of rvanks, wherein the at least one row/
column address signal veceived by the logic element
comprises at least one row address signal veceived by
the logic element, and wherein the plurality of row/
column address signals received by the register are
separate from the at least one row address signal
received by the logic element, and

wherein the logic element responds to at least the at least
one row address signal, the bank address signals, and
the at least one chip-select signal of the set of input
signals and the PLL clock signal by gemerating a
number of rank-selecting signals of the set of output
signals that is greater than double or equal to double
the number of chip-select signals of the set of input
signals.

87. The memory module of claim 86, wherein the memory
module is operable to perform back-to-back adjacent read
commands which cross DDR memory device boundaries.

88. A memory module connectable to a computer system,
the memory module comprising:

a printed circuit board;

a plurality of double-data-rate (DDR) dynamic random-
access memory (DRAM) devices coupled to the printed
circuit board, the plurality of DDR DRAM devices
having a first number of DDR DRAM devices arranged
in a first number of vanks;
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a circuit coupled to the printed circuit board, the circuit
comprising a logic element and a register, the logic
element receiving a set of input control signals from the
computer system, the set of input control signals com-
prising a row/column address signal, bank address
signals, a chip-select signal, and an input command
signal, the set of input control signals configured to
control a second number of DDR DRAM devices
arranged in a second number of ranks, the second

the number of chip-select signals of the set of input
control signals.

5

14

memory device comprising one or more banks, the
plurality of DDR memory devices arranged in two or
more ranks which are selectable by a first number of
chip-select signals; and

at least one integrated circuit mounted to the printed

circuit board, the at least one integrated circuit element
comprising a logic element, a register, and a phase-lock
loop device operationally coupled to the plurality of
DDR memory devices, the logic element, and the reg-

number of DDR DRAM devices smaller than the first 10 . 5 i . d circuit el ;
number of DDR DRAM devices, the second number of l.Sler’ the at e.a st one. mlegrqle circuit element recetv-
ranks smaller than the first number of ranks, the circuit ing a plurality Of mpul. szgna.ls from the .co.mpuler
generating a set of output control signals in response to system, ”{e plurality of input szgn.als COMPrISING row
the set of input control signals, the set of output control a.ddress signals, column address signals, bank address
signals comprising an output command signal, the set 15 S’g.”“lsl command signals, and a second number .Of
of output control signals configured to control the first chip-select signals less than the first number of chip-
number of DDR DRAM devices arranged in the first select signals, wherein the logic element receives at
number of ranks, wherein the circuit further responds least one row address signal, the bank address signals,
to the set of input control signals from the computer the second number of chip-select signals, and at least
system by selecting at least one rank of the first number 20 one command signal of the plurality of input signals,
of ranks and transmitting the set of output control the at least one integrated circuit element generating a
signals to at least one DDR DRAM device of the plurality of output signals in response to the plurality
selected at least one rank; and of input signals, the plurality of output signals com-
a phase-lock loop device coupled to the printed circuit prising row addvess signals, column address signals,
board, the phase-lock loop device operatively coupled 25 bank address signals, command signals, and the first
to the plurality of DDR DRAM devices, the logic number of chip-select signals, the at least one inte-
elerr.lenl., and the r egister, ) grated circuit element further vesponsive to the plural-
wherein, in response to signals received from the com- ity of input signals by selecting at least one rank of the
puter system, the phase-lock loop (PLL) device trans- two or more vanks and transmitting the plurality of
mits a PLL clock signal to the plurality of DDR DRAM 30 out sienals to at least DDR device of
devices, the logic element, and the register, 0: P lszgn; g lo at feas 0”2 memory aevice ¢
wherein, the register (i) receives, from the computer hl ¢ .se e.cle at EL.ISZ one.ran l) ved 5
sustem, and (ii) buffers, in response o the PLL clock wherein, in responsive to signals receive ﬁ’om.z e com-
signal, a plurality of row/column address signals and P u.Zer system, the p hase-lock loop (I.DLL) device trans-
the bank address signals, and (iii) transmits the buff- 35 mits aPLL clock.hwgnal to the plurality OfDDR nemory
ered plurality of row/column address signals and the devz.ces, the l?glc e.lemen{, and the register, .
buffered bank address signals to the at least one DDR where.m, Zhe.reglsler @ r?celves,ﬁ’ om among the plurality
DRAM device of the selected at least one rank, wherein ofmpu{ signals, and (i7) buﬁ”ers,. in response 10 Zhe.PLL
the row/column address signal veceived by the logic clock signal, the b.ank address Sign als an dap lurality of
element comprises a row address signal received by the 40 the row address. signals, and (iii) transmits Zh? buffered
logic element, and wherein the plurality of row/column bank add}.’ess signals and the buffered plurality ofr?w
address signals received by the vegister are separate address signals to the at least one DDR memory device
from the row address signal received by the logic of the selected at least one rank, wh?reln the at leaivl
element, and one row/columl? address signal received by the {oglc
wherein the logic element responds to at least (i) the row 45 elem.enz comprises at least one row qddr ess § lgn.al
address signal, (if) the bank address signals, (iii) and received by the logic .elemenl, al?d wherein Zheglurallty
the one chip-select signal of the set of input control of the row address signals received by the register are
signals and (iv) the PLL clock signal by generating a sepa.rale from the .al least one row address signal
number of rank-selecting signals of the set of output T ece.lved by ”fe logic element, .
signals that is greater than double or equal to double 50 wherein the logic element responds to at least (i) the at

least one vow signal, (ii) the bank address signals, (iii)
and the second number of chip-select signals of the

plurality of input signals and (iv) the PLL clock signal

by generating the first number of chip-select signals of

the plurality of output signals that is greater than

double or equal to double the second number of chip-
select signals of the plurality of input signals.

91. The memory module of claim 90, wherein the memory

module is operable to perform back-to-back adjacent read

89. The memory module of claim 88, wherein the memory
module is operable to perform back-to-back adjacent read
commands which cross DDR DRAM device boundaries. 55

90. A memory module connectable to a computer system,
the memory module comprising:

a printed circuit board having a first side and a second

side; i ¢ )
a plurality of double-data-rate (DDR) memory devices 60 commands which cross DDR memory device boundaries.
mounted to the printed circuit board, each DDR ok ok k%
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