Support for Claim Amendments

module (DIMM)
configured to fit into a
memory socket of a
system board of a
computer system, the
memory socket including
a set of power conduits, a
set of data conduits
including at least 72 data
conduits, and a set of
address and control
conduits, wherein system
power from the system
board is provided to the
DIMM via the memory
socket by the set of power
conduits and the DIMM is
configured to operate
using only the provided
system power from the
system board,

Claim Limitation Support
Element
Para. [00123]
2.1 A dual in-line memory

“For example, the interface 1022 can comprise a plurality of edge
connections which fit into a corresponding slot connector of the
host system. The interface 1022 of certain embodiments provides a
conduit for power voltage as well as data, address, and control
signals between the memory system 1010 and the host system. For
example, the interface 1022 can comprise a standard 240-pin DDR2
edge connector.”

Dual in-line memory module (DIMM) has an edge connector 1022 that
includes edge connections for power, data, and address and control
signals designed to fit into a memory socket of a computer system. See

Figure 2 and Fig. 12.
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The memory socket of a computer system includes pins soldered onto
the system board that provide electrical conduits for system power,
data, and address and control signals from the system board to be
electrically connected to corresponding edge connections of the edge

connector 1022 when it is inserted into the memory socket.

The DIMM operates using only the system power provided from the
system board, for example as specified and is well known in the

JEDEC standard 240-pin DDR2 edge connector.

The set of data conduits includes at least 72 data conduits.

Para. [00122]

“In addition, memory systems 1010 having widths of 4 bytes, 8
bytes, 16 bytes, 32 bytes, or 32 bits, 64 bits, 128 bits, 256 bits, as
well as other widths (in bytes or in bits), are compatible with

embodiments described herein.”

Para. [00172]

“In one embodiment, for example, the volatile memory subsystem
1030 comprises a 72-bit data bus (e.g., each data word at each
addressable location is 72 bits wide and includes, for example,

64 bits of accessible SDRAM and 8 bits of ECC)”.

The embodiment of FIG. 13 shows nine x8& DRAM devices for a
data bus bit width of 72:

FIG. 13
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Para. [00123]

22 a 1-bit wide doubl.e data.l “For example, the interface 1022 can comprise a plurality of edge
rate (DDR) data signal is
electrically conducted connections which fit into a corresponding slot connector of the
between the system board | host system. The interface 1022 of certain embodiments provides a
and the DIMM via the conduit for power voltage as well as data, address, and control
memory socket by each .
data conduit of the set of signals between the memory system 1010 and the host system . . .
data conduits, and address | For example, the interface 1022 can comprise a standard 240-pin
and control signals are DDR2 edge connector.”
electrically conducted
from the syst.em board to Para. [00124]
the DIMM via the
memory socket by the set | «por example, in the block diagram of FIG. 12, the first memory
f add d control
ora . _rtess anc contro bank 1030 comprises eight 64Mx8 DDR2 SDRAM elements 1032.”
conduits
This is showing a 64 bit wide DDR2 data bus, where each bit is sent in
parallel. From the DDR2 Standard a POSITA would be aware that
each data line is one bit wide as illustrated in FIG. 12:
FIG. 12
pGLZoG o T
Para. [00122]
23 the DIMM.COIII’lpI“ISII’ng “In certain embodiments, the PCB 1020 has an industry-standard
a printed circuit board
(PCB) having a form form factor. For example, the PCB 1020 can have a low profile

factor with a width
dimension and a height
dimension, the PCB
including:

(LP) form factor with a height of 30 millimeters and a width of
133.35 millimeters. In certain other embodiments, the PCB 1020
has a very high profile (VHP) form factor with a height of 50
millimeters or more. In certain other embodiments, the PCB 1020
has a very low profile (VLP) form factor with a height of 18.3

millimeters.”

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1171




an interface having

Para. [00123]

2.4 edge connections “For example, the interface 1022 can comprise a plurality of edge
dl.Sposeq along the connections which fit into a corresponding slot connector of the
width dimension and _ . . .

) host system. The interface 1022 of certain embodiments provides a
configured to fit into
the memory socket, the conduit for power voltage as well as data, address, and control
edge connections signals between the memory system 1010 and the host system. For
including: example, the interface 1022 can comprise a standard 240-pin DDR2
p p P
a first set of edge connector.”
edge connections
configured to be _ o _
electrically connected When the interface 1022 edge connector is inserted into the memory
to respective power socket of the computer system, edge connections will mate with
conduits of the set of | corresponding conduits and an electrical connection is established for
power conduits, system power, data, and address and control signals to be electrically
conducted to the edge connections on the PCB, and PCB traces also
a second set _ _ .
of edge connections called lines allow signals and power/voltage to be electrically
cach of which is conducted on the PCB.
configured to
electrically conduct a | See also limitation 2.1.
1-bit wide DDR data
signal and to be
electrically connected
to a respective data
conduit of the set of
data conduits, and
a third set of
edge connections
configured to be
electrically connected
to respective address
and control conduits
of the set of address
and control conduits;
a set of voltace Note respective power conduits (Vdd and gnd) of the set of power
g P p g p
2.5

supply lines electrically
connected to the first
set of edge connections,
the set of voltage
supply lines including
an input voltage supply
line to electrically

conduits of the Standard DIMM Interface 1022 are electrically
connected to the input voltage and ground supply lines on the PCB, as
shown in Fig. 12, Fig. 13, Fig. 14 and Fig. 16, for example, in Fig. 12
the input voltage supply lines is shown electrically connected to the

Voltage Monitor 1050.
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conduct an input
voltage when the
system power is
provided to the DIMM
from the system board;

a sct of data lines
electrically coupled to
respective edge
connections of the
second set of edge
connections, wherein
cach data line of the set
of data lines is
configured to
electrically conduct a
1-bit wide DDR data
signal, and wherein the
set of data lines
includes at least 72 data
lines; and

a set of address and
control lines
electrically coupled to
respective edge
connections of the third
set of edge connections
and configured to
electrically conduct
address and control
signals;

FIG. 12

For example, respective power conduits (Vdd and gnd) of the set of
power conduits of the memory socket are labeled “from system”, on
left of Fig. 16, are electrically connected via a set of voltage supply

lines to the PWM Controller 1130, and the ground supply line (gnd).

Para. [00124]
“For example, in the block diagram of FIG. 12, the first memory bank
1030 comprises eight 64Mx8 DDR2 SDRAM elements 1032.”

Note, for example, the data lines from the Standard DIMM Interface
1022 coupled to the DRAM 1030 through the Switch 1052 in FIG. 12
are shown as 64-bit wide coupled to eight DDR2 SDRAM devices
each of which having a bit width of 8-bit.

And

Para. [00172]

“In one embodiment, for example, the volatile memory subsystem
1030 comprises a 72-bit data bus (e.g., each data word at each

addressable location is 72 bits wide and includes, for example,

Samsung Electronics Co., Ltd.
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64 bits of accessible SDRAM and 8 bits of ECC), the first data
slice from the first DRAM segment 1630 may comprise 40 bits of
the data word, and the second data slice from the second DRAM
segment 1640 may comprise the remaining 32 bits of the data word.
Certain other embodiments comprise data buses and/or data slices
of different sizes.”

The embodiment of FIG. 13 shows nine x8 DRAM devices for a
data bus bit width of 72:

FiG. 13

And

Para. [00122]

“In addition, memory systems 1010 having widths of 4 bytes, 8
bytes, 16 bytes, 32 bytes, or 32 bits, 64 bits, 128 bits, 256 bits, as
well as other widths (in bytes or in bits), are compatible with

embodiments described herein.”

Note the address and control lines from the Standard DIMM Interface
1022 coupled to the DRAM 1030 through the Switch 1052 in FIG. 12.

The current application specification discloses a controller 1062
a controller coupled

to the PCB and
electrically connected

designed to seamlessly integrate with various other components
described within the memory system 1010 that enhances performance

to the input voltage (speed), efficiency and reduces cost. The controller 1062 comprises a

supply line, the microcontroller unit (MCU) 1060, logic element 1070, buffer, voltage
controller configured to | monitor circuit 1050, and one or more additional components. Logic
receive the input
voltage via the input

element 1070 comprises internal nonvolatile memory, one or more

i integrated circuits and various discrete electrical elements. The
voltage supply line, the

) . controller 1062 receives system power from the standard DIMM
controller including:

nonvolatile interface 1022. For example, support is found in at least [00127],
memory; [00133], and [00172]; and Fig. 12, Fig. 13, Fig. 14, and Fig. 16.
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a data storage
element
configured to store
a plurality of data
bits;

a logic element
coupled to the
nonvolatile
memory and the
data storage
clement and
configured to
electrically
communicate with
the nonvolatile
memory and the
data storage
element;

and

a voltage
monitor circuit
electrically
connected to the
input voltage
supply line and
coupled to the
logic element, the
voltage monitor
circuit configured
to:

Para. [00127]

“FIG. 14 is a block diagram of an example memory module 1010
having a microcontroller unit 1060 and logic element 1070
integrated into a single controller 1062 in accordance with

certain embodiments described herein.”

FIG. 14

FiG. 14

The buffer (data storage element) is shown in Fig. 13 and Fig. 14,
and disclosed to store data in at least 172, and 178.

Para. [00172]

“In certain embodiments, the controller 1062 comprises a buffer
(not shown) which is configured to store data from the volatile
memory subsystem 1030. In certain embodiments, the bufferisa

first-in, first out buffer (FIFO).”

Para. [00178]

“For example, in one embodiment, the buffer is a first-in, first-out
buffer implemented in the controller 1062 which comprises an
FPGA.”

For example, FIG. 13 shows controller 1062 comprising a buffer:

FiG. 13
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Para. [00127]

“Referring to FIG. 12, in certain embodiments, the logic element
1070 comprises a field-programmable gate array (FPGA). In certain
embodiments, the logic element 1070 comprises an FPGA
available from Lattice Semiconductor Corporation which includes
an internal flash. In certain other embodiments, the logic element
1070 comprises an FPOA available from another vendor. The
internal flash can improve the speed of the memory system 1010
and save physical space. Other types of logic elements 1070
compatible with certain embodiments described herein include, but
are not limited to, a programmable-logic device (PLD), an
application-specific integrated circuit (ASIC), a custom-designed
semiconductor device, a complex programmable logic device
(CPLD). In certain embodiments, the logic element 1070 is a
custom device. In certain embodiments, the logic element 1070
comprises various discrete electrical elements, while in certain
other embodiments, the logic element 1070 comprises one or
more integrated circuits. FIG. 14 is a block diagram of an
example memory module 1010 having a microcontroller unit 1060
and logic element 1070 integrated into a single controller 1062 in
accordance with certain embodiments described herein. In certain
embodiments, the controller 1062 includes one or more other
components. For example, in one embodiment, an FPGA without
an internal flash is used and the controller 1062 includes a separate
flash memory component which stores configuration information to

program the FPGA.”

FIG. 12

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1176



Para. [00133]
“The voltage monitor circuit 1050 monitors the voltage supplied
by the host system via the interface 1022.” “In certain

embodiments, the voltage monitor circuit 1050 is part of the

controller 1062 (e.g., part of the MCU 1060)"F1g. 14 depicts
the voltage monitoring circuit 1050 receiving the
mput voltage via interface 1022 and coupled to the

logic element 1070

compare the input

Para. [00133]

27 voltage to a plurality of | <In certain embodiments, the voltage monitor circuit 1050 is part
'Fhreshgld voltages of the controller 1062 (e.g., part of the MCU 1060) and the
including a first . L . .
voltage monitor circuit 1050 transmits a signal to the other

threshold voltage and a

second threshold portions of the controller 1062 upon detecting a power

voltage; and threshold condition.”

detect a trigger Para. [00130]

condition; “In certain embodiments, the trigger condition occurs when the
memory system 1010 detects that the system voltage is below a
certain threshold voltage. For example, in one embodiment, the
threshold voltage is 10 percent below a specified operating
voltage. In certain embodiments, a trigger condition occurs
when the voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating voltage. In
some embodiments, a trigger condition occurs when the
voltage goes below a threshold or above another threshold.”
The system voltage provides support for the input voltage. The “a
threshold” in the last sentence provides support for “a first
threshold” and the “another threshold,” also in the last sentence
provides support for the “a second threshold.”

wherein, in response | Para. [00130]
2.8 to the detected trigger

condition, the logic
element is configured to
perform a plurality of
write operations,
including:
a first write
operation to write a
first set of data bits

“In one embodiment, the nonvolatile memory subsystem 1040
holds intermediate data results in a noisy system environment when
the host computer system is engaged in a long computation. In
certain embodiments, a backup may be performed on a regular
basis. For example, in one embodiment, the backup may occur

every millisecond in response to a trigger condition.”
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into a first portion of
the data storage
element;

a second write
operation to write a
second set of data bits
into a second portion
of the data storage
element, and
subsequently; and
subsequently

a third write
operation to write a
third set of data bits
from the data storage
element into the
nonvolatile memory,
wherein the third set
of data bits includes
the first and second
set of data bits written
during the first and
second write
operations;

Para. [00174]

“In certain embodiments, when the first and second data slices are
written to the buffer in the controller 1062, the controller 1062
combines the first and second data slices 1630, 1640 into complete
words or blocks of words and then writes each complete word or
block of words to the non-volatile memory subsystem 1040. In
certain embodiments, this process is called "slicing" the volatile

memory subsystem 1030.”

Para. [00177]

“In certain embodiments, transferring each data word comprises
storing a first portion (also referred to as a slice) of the data word in
a buffer in an operational block 1622, storing a second portion of the
data word in the buffer in an operational block 1624, and writing the
entire data word from the buffer to the non-volatile memory

subsystem 1040 in an operational block 1626.”

29

wherein, when the
system power is
provided to the
DIMM from the
system board:
the trigger
condition occurs
when the input
voltage goes above
both the first and
second threshold
voltages; and
wherein:

a specified
operating voltage
value is within a
range of operating
voltage values of the
DIMM,

the range of
operating voltage
values is bounded by
an upper operating
voltage value and a

For the chain of system power electrical connection to the controller,

see 2.1,2.4,2.5, and 2.6 above.

Para. [00130]
“In certain embodiments, the trigger condition occurs when the
memory system 1010 detects that the system voltage is below a
certain threshold voltage. For example, in one embodiment, the
threshold voltage is 10 percent below a specified operating
voltage. In certain embodiments, a trigger condition occurs when
the voltage goes above a certain threshold value, such as, for
example, 10 percent above a specified operating voltage. In some
embodiments, a trigger condition occurs when the voltage
goes below a threshold or above another threshold.”
The first threshold and second threshold are the same as above,
supported by “a threshold” and “another threshold” in the last line.
The “10 percent” in the “the threshold voltage is 10 percent below
a specified operating voltage™ and the “10 percent” in the “above
a specified operating voltage™ support the lower operating voltage

value, and the upper operating voltage value.
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lower operating
voltage value,

the lower
operating voltage
value is below the
specified operating
voltage value of the
DIMM and the upper
operating voltage
value is above the
specified operating
voltage value,

the first threshold
voltage corresponds
to the lower operating
voltage value, and

the second
threshold voltage
corresponds to the
upper operating
voltage value;

2.10

a set of components
coupled to the PCB, the
set of components
including a plurality of
DDR synchronous
dynamic random access
memory (DDR SDRAM)
packages coupled to the
set of address and control
lines and to the set of data
lines, each DDR SDRAM
package of the plurality of
DDR SDRAM packages
having a bit width of m
bits and configured to
receive or output m 1-bit
wide DDR data signals
via respective m data
lines of the set of data
lines in response to
address and control
signals received via
address and control lines
of the set of address and
control lines, wherein m
is equal to four or eight;
and

FIG. 12

Para. [00124]

“Volatile memory elements 1032 compatible with certain
embodiments described herein have packaging which include, but
are not limited to, thin small-outline package (TSOP), ball-grid-array
(BGA), fine-pitch BGA (FBOA), micro-BOA (1.1,BGA), mini-BGA
(mBGA), and chip-scale packaging (CSP).”

Para. [00172]

“In one embodiment, for example, the volatile memory subsystem
1030 comprises a 72-bit data bus (e.g., each data word at each
addressable location is 72 bits wide and includes, for example,

64 bits of accessible SDRAM and 8 bits of ECC), the first data

Samsung Electronics Co., Ltd.
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slice from the first DRAM segment 1630 may comprise 40 bits of
the data word, and the second data slice from the second DRAM
segment 1640 may comprise the remaining 32 bits of the data word.
Certain other embodiments comprise data buses and/or data slices
of different sizes.”

And

Para. [00122]

“In addition, memory systems 1010 having widths of 4 bytes, 8
bytes, 16 bytes, 32 bytes, or 32 bits, 64 bits, 128 bits, 256 bits, as
well as other widths (in bytes or in bits), are compatible with
embodiments described herein.”

And

Para. [00124]

“In certain embodiments, the first plurality of volatile memory
elements 1032 comprises two or more dynamic random-access
memory (DRAM) elements. Types of DRAM elements 1032
compatible with certain embodiments described herein include,
but are not limited to, DDR, DDR2, DDR3, and synchronous
DRAM (SDRAM). For example, in the block diagram of FIG. 12,
the first memory bank 1030 comprises eight 64Mx8 DDR2
SDRAM elements 1032. The volatile memory elements 1032 may
comprise other types of memory elements such as static random-
access memory (SRAM). In addition, volatile memory elements
1032 having bit widths of 4, 8, 16, 32, as well as other bit widths,

are compatible with certain embodiments described herein.”

2.11

first, second, third, and
fourth converter circuits
coupled to the PCB and to
the input voltage supply
line, each of the first,
second, third, and fourth
converter circuits
configured to, in response
to the detected trigger
signal condition, receive
power supplied by the
input voltage supply line
when the system power is
provided to the DIMM
from the system board,
the first, second, third,

FIG. 16

Para. [00145]
“The power module 1100 can be configured to be operated in at

least three states in certain embodiments. In a first state, the first

Samsung Electronics Co., Ltd.
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and fourth converter
circuits configured to (1)
generate first, second,
third, and fourth regulated
voltages, respectively,
from the power supplied
by the input voltage
supply line, and (i1)
output the first, second,
third, and fourth regulated
voltages via first, second,
third, and fourth regulated
voltages lines,
respectively,

voltage 1102 is provided to the memory system 1010 from the input
1106 and the fourth voltage 1110 is provided to the conversion
element 1120 from the first power element 1130. In a second state,
the fourth voltage 1110 is provided to the conversion element 1120
from the first power element 1130 and the first voltage 1102 is
provided to the memory system 1010 from the conversion element
1120.”

The conversion element 1120 is always powered from the system
power through the first power element 1130 in either the first or
second state, and the trigger condition here is the same as 2.8, above,
disclosed in:

Para. [00130]

“In one embodiment, the nonvolatile memory subsystem 1040
holds intermediate data results in a noisy system environment when
the host computer system is engaged in a long computation. In
certain embodiments, a backup may be performed on a regular
basis. For example, in one embodiment, the backup may occur
every millisecond in response to a trigger condition.”

FIG. 16

Fite 16

On the left of the figure, system power (Vdd) is provided on the input
voltage supply line 1106 to the PWM controller 1130 which provides
power to the four converter circuits. Buck convertor 1122, dual buck
converterl 124, and buck-boost converter 1126 provide regulated
voltages on the regulated voltage lines 1102, 1104, 1105, and 1107,
respectively.

Para. [00148]

“The conversion element 1120 can comprise one or more buck

converters and/or one or more buck-boost converters. The conversion

element 1120 may comprise a plurality of sub- blocks 1122, 1124,

Samsung Electronics Co., Ltd.
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1126 as schematically illustrated by FIG. 16, which can provide more
voltages in addition to the second voltage 1104 to the memory system
1010. The sub-blocks may comprise various converter circuits such
as buck-converters, boost converters, and buck-boost converter
circuits for providing various voltage values to the memory system
1010. For example, in one embodiment, sub-block 1122 comprises a
buck converter, sub-block 1124 comprises a dual buck converter, and
sub-block 1126 comprises a buck-boost converter as schematically
illustrated by FIG. 16. Various other components for the sub-blocks
1122, 1124, 1126 of the conversion element 1120 are also compatible
with certain embodiments described herein. In certain embodiments,
the conversion element 1120 receives as input either the fourth
voltage 1110 from the first power element 1130 or the fifth voltage
1112 from the second power element 1140, depending on the state of
the power module 1100, and reduces the input to an appropriate
amount for powering various components of the memory system.
For example, the buck- converter of sub-block 1122 can provide
1.8V at 2A for about 60 seconds to the volatile memory elements
1032 (e.g., DRAM), the non-volatile memory elements 1042 (e.g.,
flash), and the controller 1062 (e.g., an FPGA) in one embodiment.
The sub-block 1124 can provide the second voltage 1104 as well as
another reduced voltage 1105 to the memory system 1010. In one
example embodiment, the second voltage 1104 is 2.5V and is used
to power the at least one circuit 1052 (e.g., isolation device) and the
other reduced voltage 1105 is 1.2V and is used to power the
controller 1062 (e.g., FPGA). The subblock 1126 can provide yet
another voltage 1107 to the memory system 1010. For example, the
voltage 1107 may be 3.3V and may be used to power both the

controller 1062 and the at least one circuit 1052.”

2.12

the set of components
including:

a first component
electrically connected to
the first regulated voltage
line and powered by the
first regulated voltage
when the system power is
provided to the DIMM
from the system board;

FIG. 16

Samsung Electronics Co., Ltd.
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a second component
electrically connected to
the second regulated
voltage line and powered
by the second regulated
voltage when the system
power is provided to the
DIMM from the system
board;

a third component
electrically connected to
the third regulated voltage

line and powered by the
third regulated voltage
when the system power is
provided to the DIMM
from the system board;
and

a fourth component
electrically connected to
the fourth regulated
voltage line and powered
by the fourth regulated
voltage when the system

power is provided to the
DIMM from the system voltage supply line 1106 to the PWM controller 1130 which provides

On the left of the figure, system power (Vdd) is provided on the input

board; power to the four converter circuits. Buck convertor 1122, dual buck
converterl 124, and buck-boost converter 1126 provide regulated
voltages on the regulated voltage lines 1102, 1104, 1105, and 1107,
respectively.

On the right, each of the DRAM are shown as being connected to the
first regulated voltage, for example.

On the right, the isolation device is shown as being connected to the
second regulated voltage, for example.

On the right, the FPGA 1070 is shown as being connected to the third
regulated voltage, for example.

On the right, the MCU 1060 is shown as also being connected to the
fourth regulated voltage, as is shown in the embodiment of FIG. 12,
the MCU 1060 is part of the controller 1062. This is further specified
in the text of the disclosure:

Para. [00148]

“the other reduced voltage 1105 is 1.2V and is used to power the
controller 1062 (e.g., FPGA). The subblock 1126 can provide yet

Samsung Electronics Co., Ltd.
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another voltage 1107 to the memory system 1010. For example, the
voltage 1107 may be 3.3V and may be used to power both the
controller 1062 and the at least one circuit 1052.”

As shown in FIG. 12, above, the controller 1062 includes the
components FPGA 1070, and the MCU 1060, and thus needs two
different voltages for each of the components 1070, 1060.

wherein each of the

Para. [00148]

213 first, second, and third | “The conversion element 1120 may comprise a plurality of sub-
converter circults 1s a blocks 1122, 1124, 1126 as schematically illustrated by FIG. 16,
buck converter, and the _ _ . .
. which can provide more voltages in addition to the second voltage
fourth converter circuit
is a voltage reducing 1104 to the memory system 1010. The sub-blocks may comprise
circuit; various converter circuits such as buck-converters, boost
converters, and buck-boost converter circuits for providing
various voltage values to the memory system 1010.”
And
Para. [00148]
“In certain embodiments, the conversion element 1120 receives as
input either the fourth voltage 1110 from the first power
element 1130 or the fifth voltage 1112 from the second power
element 1140, depending on the state of the power module 1100,
and reduces the input to an appropriate amount for powering
various components of the memory system.”
2.14
wherein each component | FIG. 16
2.15 of the set of components:

(1) 1s electrically
connected to one or
more of the first,
second, third, and
fourth regulated voltage
lines; and

(i1) when the system
power is provided to the
DIMM from the system
board, is powered:

. only by one or
more of the first, second,

FIG. 16

On the left of the figure, system power (Vdd) is provided on the input
voltage supply line 1106 to the PWM controller 1130 that, when the

Samsung Electronics Co., Ltd.
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third, and fourth converter
circuits; and

. only via the one
or more of the first,
second, third, and fourth
regulated voltage lines;

system power is received from couples power to each of the four

converter circuits via voltage 1110.

Para. [00145]

“In a second state, the fourth voltage 1110 is provided to the
conversion element 1120 from the first power element 1130 and
the first voltage 1102 is provided to the memory system 1010 from
the conversion element 1120.”

Para. [00151]

“The method 1200 further comprises detecting a second condition in
operational block 1220. In certain embodiments, detecting the second
condition comprises detecting that a trigger condition is likely to occur.
During the second condition, the method 1200 comprises providing
the first voltage 1102 and the second voltage 1104 to the memory
system 1010 from the first power subsystem in an operational block
1230. For example, referring to FIG. 16, a switch 1148 can be toggled
to provide the first voltage 1102 from the conversion element 1120
rather than from the input power supply.”

The system power is provided to the PWM controller 1130 and from
there to the four converter circuits (conversion element 1120) is the
only power to the module. In the second state all components are
powered from the power supplied from one or more of the four
converter circuits via one or more of the four regulated voltages. There

is no alternative power source claimed.

2.16

wherein the plurality of
DDR SDRAM packages
includes:

a first group of at
least five DDR
SDRAM packages that
are each connected to a
first chip select line
configured to
electrically conduct a
first chip select signal;

a second group of at
least four DDR

FIG. 21

AN Serond 1

§ORAKS Sregonond ¥

f36 21

Chip Select 1 and Chip Select 2 going to each group is shown in FIG.
21 above.

Para. [00172]

Samsung Electronics Co., Ltd.
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SDRAM packages that
are each connected to a
second chip select line
configured to
electrically conduct a
second chip select
signal; and

“FIG. 21 schematically illustrates an example topology of a connection
to transfer data slices from two DRAM segments 1630, 1640 of a
volatile memory subsystem 1030 of a memory system 1010 to a
controller 1062 of the memory system 1010. While the example of
FIG. 21 shows a topology including two DRAM segments 1630,
1640 for the purposes of illustration, each address location of the
volatile memory subsystem 1030 comprises more than the two
segments in certain embodiments. The data lines 1632, 1642 from the
first DRAM segment 1630 and the second DRAM segment 1640 of
the volatile memory subsystem 1030 are coupled to switches 1650,
1652 which are coupled to the controller 1062 (e.g., logic element
1070) of the memory system 1010. The chip select lines 1634, 1644
and the self-refresh lines 1636, 1646 (e.g., CKe signals) of the first
and second DRAM segments 1630, 1640, respectively, are coupled
to the controller 1062.”

Para. [00177]

“In certain embodiments, transferring each data word comprises
storing a first portion (also referred to as a slice) of the data word
in a buffer in an operational block 1622, storing a second portion
of the data word in the buffer in an operational block 1624, and
writing the entire data word from the buffer to the non-volatile
memory subsystem 1040 in an operational block 1626.”

Para. [00178]

“In one example embodiment, the data word may be a 72 bit data
word (e.g., 64 bits of accessible SDRAM and 8 bits of ECC), the
first portion (or "slice') may comprise 40 bits of the data word,
and the second portion (or "slice') may comprise the remaining 32
bits of the data word. In certain embodiments, the buffer is included
in the controller 1062. For example, in one embodiment, the buffer is a
first-in, first-out buffer implemented in the controller 1062 which
comprises an FPGA. The method 1600 may generally be referred to as
"slicing" the volatile memory during a backup operation. In the
example embodiment, the process of "slicing" the volatile memory
during a backup includes bringing the 32-bit slice out of self-refresh,
reading a 32-bit block from the slice into the buffer, and putting the
32-bit slice back into self-refresh. The 40-bit slice is then brought out

of self-refresh and a 40-bit block from the slice 1s read into a buffer.
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Each block may comprise a portion of multiple words. For example,
each 32-bit block may comprise 32-bit portions of multiple 72-bit
words. In other embodiments, each block comprises a portion of a
single word. The 40-bit slice is then put back into self-refresh in the
example embodiment. The 32-bit and 40-bit slices are then combined
into a 72-bit block by the controller 1062 and ECC
detection/correction is performed on each 72-bit word as it is read from
the buffer and written into the non-volatile memory subsystem (e.g.,
flash).”

This claim is limited to x4 and x8 DRAM. When using x8, it takes
five DRAM to receive or output 40 bits. The remaining bits in the
word are 32, which means it would take four x8 DRAM to complete
receiving or outputting the word. Thus, you have a module with a total
of nine DRAM (5+4) as shown in FIG. 13 and discussed in Para.
[00126]. If x4 are used, the number of DRAM are correspondingly

more.

2.17

when the system power is
provided to the DIMM
from the system board:

. the first and
second groups of DDR
SDRAM packages are
configured to be
accessible and not in self-
refresh mode;

. the first group of
DDR SDRAM packages
is configured to be
enabled, in response to
the first chip select signal,
to receive or output 40 1-
bit wide DDR data signals
in parallel via 40 data
lines of the set of data
lines independently of
whether the second group
of DDR SDRAM
packages is enabled, in
response to the second
chip select signal, to
receive or output an
integer number of 1-bit

Para. [00173]

“In certain embodiments, the first and second DRAM segments 1630,
1640 maintain stored information but are not accessible when they
are in self-refresh mode, and maintain stored information and are
accessible when they are in active mode.”

Para. [00178]

“In one example embodiment, the data word may be a 72 bit data
word (e.g., 64 bits of accessible SDRAM and 8 bits of ECC), the
first portion (or "slice') may comprise 40 bits of the data word,
and the second portion (or "slice') may comprise the remaining 32
bits of the data word. In certain embodiments, the buffer is included
in the controller 1062. For example, in one embodiment, the buffer is a
first-in, first-out buffer implemented in the controller 1062 which
comprises an FPGA. The method 1600 may generally be referred to as
"slicing" the volatile memory during a backup operation. In the
example embodiment, the process of "slicing" the volatile memory
during a backup includes bringing the 32-bit slice out of self-refresh,
reading a 32-bit block from the slice into the buffer, and putting the
32-bit slice back into self-refresh. The 40-bit slice is then brought out

of self-refresh and a 40-bit block from the slice 1s read into a buffer.
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DDR data signals in
parallel via the integer
number of data lines of
the set of data lines; and
. the 40 1-bit wide
DDR data signals include
32 1-bit wide DDR data
signals and eight 1-bit
wide DDR error-
correcting code (ECC)
data signals; and

Each block may comprise a portion of multiple words. For example,
each 32-bit block may comprise 32-bit portions of multiple 72-bit
words. In other embodiments, each block comprises a portion of a
single word. The 40-bit slice is then put back into self-refresh in the
example embodiment.”

Para. [00182]

“In certain other embodiments, the full width of the data bus is
connected between the volatile memory subsystem 1030 and the
controller 1062 but only a portion of it is used during slicing
operations. For example, in some embodiments, memory slicing is

an optional mode.”

wherein the sum of the

Para. [00123]

218 40 data lines and the “The interface 1022 of certain embodiments provides a conduit for

integer number of data

lines equals a total power voltage as well as data, address, and control signals between

number of data conduits the memory system 1010 and the host system. For example, the

of the set of data conduits | jnterface 1022 can comprise a standard 240-pin DDR2 edge

of the memory socket, .

and the total number of connector.

data conduits is at least 72 | Para. [00172]

data conduits. “In one embodiment, for example, the volatile memory subsystem
1030 comprises a 72-bit data bus (e.g., each data word at each
addressable location is 72 bits wide and includes, for example,
64 bits of accessible SDRAM and 8 bits of ECC), the first data
slice from the first DRAM segment 1630 may comprise 40 bits of
the data word, and the second data slice from the second DRAM
segment 1640 may comprise the remaining 32 bits of the data word.
Certain other embodiments comprise data buses and/or data slices
of different sizes.”
Para. [00178]
“In one example embodiment, the data word may be a 72 bit data
word (e.g., 64 bits of accessible SDRAM and 8 bits of ECC), the
first portion (or "slice') may comprise 40 bits of the data word,
and the second portion (or "slice') may comprise the remaining 32
bits of the data word.”

wherein the second FIG. 16

28 component is further

connected to the first
regulated voltage line and
is powered by the first
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and second regulated
voltages when the system
power is provided to the
DIMM from the system
board.

Para. [00148]

“In one example embodiment, the second voltage 1104 is 2.5V and is
used to power the at least one circuit 1052 (e.g., isolation device)
and the other reduced voltage 1105 is 1.2V and is used to power the
controller 1062 (e.g., FPGA). The subblock 1126 can provide yet
another voltage 1107 to the memory system 1010. For example, the
voltage 1107 may be 3.3V and may be used to power both the

controller 1062 and the at least one circuit 1052.”

wherein the data storage

Para. [00172]

29 clement is a buffer “In certain embodiments, the controller 1062 comprises a buffer (not
configured to store the N hich f q data £ e volatil
plurality of data bits or a shown) which 1s configured to store data from the volatile memory
First-In First-Out (FIFO) | subsystem 1030. In certain embodiments, the buffer is a first-in, first
buffer configured to store | gyt buffer (FIFO).”
the plurality of data bits.
Para. [00178]
“For example, in one embodiment, the buffer is a first-in, first-out
buffer implemented in the controller 1062 which comprises an FPGA.”
wherein the width Para. [00122]
30 dimension 1s 133.35 “For example, the PCB 1 020 can have a low profile (LP) form factor
millimeters. ] ] o
with a height of 30 millimeters and a width of
133.35 millimeters. In certain other embodiments, the PCB 1020 has a
very high profile (VHP) form factor with a height of 50 millimeters or
more. In certain other embodiments, the PCB I 020 has a very low
profile (VLP) form factor with a height of 18.3 millimeters.”
wherein the height Para. [00122]
31 dimension is selected

from one of a plurality of
profiles ranging from 18.3
millimeters to 50
millimeters.

“For example, the PCB 1 020 can have a low profile (LP) form
factor with a height of 30 millimeters and a width of

133.35 millimeters. In certain other embodiments, the PCB 1020
has a very high profile (VHP) form factor with a height of S0

millimeters or more. In certain other embodiments, the PCB 1 020
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has a very low profile (VLP) form factor with a height of 18.3

millimeters.”

32

wherein, prior to
performing the third
write operation, the
logic element is further
configured to generate
the third set of data bits
based on a combination
of the first and second
sets of data bits written
during the first and
second write operations

Para. [00178]

“The 32-bit and 40-bit slices are then combined into a 72-bit block by
the controller 1062 and ECC detection/correction is performed on each
72-bit word as it is read from the buffer and written into the non-

volatile memory subsystem (e.g., flash).”

33

wherein, prior to
performing the third write
operation, the logic
element is further
configured to generate the
third set of data bits based
on groups of data bits
stored in the data storage
element including the first
and second sets of data
bits written during the
first and second write
operations.

Para. [00179]

“In some embodiments, the entire data word may comprise more than
two portions. For example, the entire data word may comprise three
portions instead of two and transferring each data word further

comprises storing a third portion of each data word in the buffer.”

34

wherein, when the system
power is provided to the
DIMM from the system
board, the nonvolatile
memory is not powered
using the first regulated
voltage.

Para. [00149]
“In one embodiment, the volatile memory elements 1032 and
nonvolatile memory elements 1042 are powered using independent

voltages and are not both powered using the first voltage 1102.”

35

wherein, prior to
performing the third write
operation, the logic
element is further
configured to perform, in
response to the detected
trigger condition, a
plurality of read
operations to read the first
and second sets of data
bits from the first and
second portions of the
data storage element,
respectively, and to

Para. [00178]

“The 32-bit and 40-bit slices are then combined into a 72-bit block by
the controller 1062 and ECC detection/correction is performed on each
72-bit word as it is read from the buffer and written into the non-
volatile memory subsystem (e.g., flash).”

Para. [00179]

“In some embodiments, the entire data word may comprise more than
two portions. For example, the entire data word may comprise three
portions instead of two and transferring each data word further

comprises storing a third portion of each data word in the buffer. In
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generate the third set of
data bits based on the
read first and second sets
of data bits.

certain other embodiments, the data word may comprise more than

three portions.”

wherein, prior to

Para. [00178]

36 performing the third write | «rpe 32 it and 40-bit slices are then combined into a 72-bit block by
operation, the logic ) o
. the controller 1062 and ECC detection/correction is performed on each
element is further
configured to perform, in 72-bit word as it is read from the buffer and written into the non-
response to the detected volatile memory subsystem (e.g., flash).”
tri diti d
rlgger. condition. @ rea.l Difference from Claim 35 is the read from the buffer is a plurality of
operation to read the first
and second sets of data steps in Claim 35, and one step here. Same sentence in Para. [00178]
bits from the first and Supports both scenarios.
second portions of the
data storage element,
respectively, and to
generate the third set of
data bits based on the
read first and second sets
of data bits.
wherein, prior to Para. [00178]
37 performing the third write | «pe 32 it and 40-bit slices are then combined into a 72-bit block by
operation, the logic ] o
. the controller 1062 and ECC detection/correction is performed on each
element is further
configured to perform (i) | 72-bit word as it is read from the buffer and written into the non-
a first read operation of volatile memory subsystem (e.g., flash).”
the plurality of read
°P u.ra ity of rea . Difference from Claim 35 is the read from the buffer is a plurality of
operations to read the first
set of data bits from the steps in Claim 35, and specifically two steps here. Same sentence in
first portion of the data Para. [00178] supports both scenarios.
storage element, an.d (i) a Para. [00174]
second read operation of
the plurality of read “In certain embodiments, when the first and second data slices are
operations to read the written to the buffer in the controller 1062, the controller 1062
second set of data b1t.s combines the first and second data slices 1630, 1640 into complete
from the second portion _
of the data storage words or blocks of words and then writes each complete word or block
element, and to generate of words to the non-volatile memory subsystem 1040.”
the third set of data bits Reading a data word or a block of words to be written into the NVM.
based on the read first and
second sets of data bits.
wherein, prior to Para. [00178]
38 performing the first and

second write operations,
the logic element is
further configured to
perform, in response to

“In the example embodiment, the process of "slicing" the volatile
memory during a backup includes bringing the 32-bit slice out of self-

refresh, reading a 32-bit block from the slice into the buffer, and

putting the 32-bit slice back into self-refresh. The 40-bit slice is then
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the detected trigger
condition, one or more
read operations.

brought out of self-refresh and a 40-bit block from the slice is read
into a buffer. Each block may comprise a portion of multiple words.
For example, each 32-bit block may comprise 32-bit portions of
multiple 72-bit words. In other embodiments, each block comprises a
portion of a single word. The 40-bit slice is then put back into self-

refresh in the example embodiment.”

wherein the logic element

Para. [00178]

39 is further configured to “In the example embodiment, the process of "slicing" the volatile
perform a first read duss backu includes bringing bit sl fself
operation of the one or memory during a backup includes bringing the 32-bit slice out of self-
more read operations by refresh, reading a 32-bit block from the slice into the buffer, and
reading the first and putting the 32-bit slice back into self-refresh. The 40-bit slice is then
second sets of data bits . L.

. brought out of self-refresh and a 40-bit block from the slice is read

from the first and second

groups of DDR SDRAM | into a buffer. Each block may comprise a portion of multiple words.

packages, respectively. For example, each 32-bit block may comprise 32-bit portions of
multiple 72-bit words. In other embodiments, each block comprises a
portion of a single word. The 40-bit slice is then put back into self-
refresh in the example embodiment.”

wherein the logic element | Para. [00178]

40 is further configured to

perform (1) first and
second read operations of
the one or more read
operations, and (ii)
subsequently, the first and
second write operations.

“In the example embodiment, the process of "slicing" the volatile
memory during a backup includes bringing the 32-bit slice out of self-
refresh, reading a 32-bit block from the slice into the buffer, and
putting the 32-bit slice back into self-refresh. The 40-bit slice is then
brought out of self-refresh and a 40-bit block from the slice is read into
a buffer. Each block may comprise a portion of multiple words. For
example, each 32-bit block may comprise 32-bit portions of multiple
72-bit words. In other embodiments, each block comprises a portion of
a single word. The 40-bit slice is then put back into self-refresh in the
example embodiment. The 32-bit and 40-bit slices are then
combined into a 72-bit block by the controller 1062 and ECC
detection/correction is performed on each 72-bit word as it is read
from the buffer and written into the non-volatile memory
subsystem (e.g., flash).”

This makes clear that the read of the slices must happen before writing

the slices into the buffer.
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wherein the third write FIG. 13

41 operation comprises a o
transfer of the third set of
data bits from the data
storage element to the
nonvolatile memory via a
first connection, and
wherein the first and 4
second write operations S -
comprise a transferof the |  ir= i
first and second set of :
data bits into the data o6 13
storage element via a
second connection. FIG. 21

(R S £
ERRAR e 3
Para. [00172]
“FIG. 21 schematically illustrates an example topology of a connection
to transfer data slices from two DRAM segments 1630, 1640 of a
volatile memory subsystem 1030 of a memory system 1010 to a
controller 1062 of the memory system 1010.”
wherein, in response to Para. [00133]

42 the detected trigger “In certain embodiments, the voltage monitor circuit 1050 is part of the
condition, the voltage i
monitor cirouit is further controller 1062 (e.g., part of the MCU 1060) and the voltage monitor
configured to generate circuit 1050 transmits a signal to the other portions of the
and transmit a trigger controller 1062 upon detecting a power threshold condition.”
signal.
wherein, when the system Para. [00130]

43 power is provided to the

DIMM from the system
board, an additional
trigger condition occurs
when the input voltage is
above the first threshold
and the input voltage is
below the second
threshold; and

wherein, in response to
the additional trigger

“In certain embodiments, the trigger condition occurs when the
memory system 1010 detects that the system voltage is below a
certain threshold voltage. For example, in one embodiment, the
threshold voltage is 10 percent below a specified operating
voltage. In certain embodiments, a trigger condition occurs
when the voltage goes above a certain threshold value, such as,

for example, 10 percent above a specified operating voltage. In
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condition, the voltage
monitor circuit is further
configured to generate
and transmit a trigger
signal.

some embodiments, a trigger condition occurs when the

voltage goes below a threshold or above another threshold.”

A dual in-line memory

Para. [00123]

44.1 modgle (DIMM)_ “For example, the interface 1022 can comprise a plurality of edge
configured to fit into a
connections which fit into a corresponding slot connector of the
memory socket of a
system board of a host system. The interface 1022 of certain embodiments provides a
computer system, the conduit for power voltage as well as data, address, and control
memory socket includin
Y . & signals between the memory system 1010 and the host system. Ior
a set of power conduits, a
set of data conduits example, the interface 1022 can comprise a standard 240-pin DDR2
including at least 72 data | edge connector.”
conduits, and a set of Per the JEDEC DDR2 Standard, power is supplied from the socket to
address and control
conduits, wherein system designated edge connections of the standard 240-pin DDR2 edge
power from the system connector. A POSITA would be aware of this standard and the
board is Prov1ded to the configuration of both the edge connector and the socket. For example,
DIMM via the memory _ _
as shown in FIG. 2 of the disclosure:
socket by the set of power
conduits and the DIMM is
configured to operate Figure 2
using only the provided
Sparzsicr FeoRAYM Conffgurations
Sy stem power from the 2EBGE Spansion ScoRAM Soiuticn ~ Single Accelerator
system board, s Server Motherboare
D Y, = L8 f’;%%@ spansis
//'/Q‘/V{A. ey g ) FeoRAM
[772) fu 155 GB  DiMMs
25668 Singte dccefwrotor Spansin EenRAM Solution
238G8 Spansien LcoftaM Soiution ~ Dual Actelergtor
Server A«‘ot‘ierb(‘w’d Up to 256 OF
Sl : A
LRAM /A L 5@’
Dite MN V
. p:.ns.fw
(6 X % COR A
25608 Bingle Accvelerater Spansion FoeRAM Sehdive
FiG. 2
{PRIOR ART}
a 1-bit wide double data Para. [00123]
44.2 rate (DDR) data signal is

electrically conducted
between the system board
and the DIMM via the
memory socket by each
data conduit of the set of
data conduits, and address
and control signals are

“For example, the interface 1022 can comprise a plurality of edge
connections which fit into a corresponding slot connector of the
host system. The interface 1022 of certain embodiments provides a
conduit for power voltage as well as data, address, and control

signals between the memory system 1010 and the host system . . .
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electrically conducted
from the system board to
the DIMM via the
memory socket by the set
of address and control
conduits

For example, the interface 1022 can comprise a standard 240-pin

DDR2 edge connector.”

Para. [00124]

“For example, in the block diagram of FIG. 12, the first memory
bank 1030 comprises eight 64Mx8 DDR2 SDRAM elements 1032.”
This is showing a 64 bit wide DDR2 data bus, were each bit is sent in
parallel. From the DDR2 Standard a POSITA would be aware that

each data line 1s one bit wide as illustrated in FIG. 12:

FIG. 12

L SearelNvele

HG, 12

Para. [00122]

44.3 the DIMM.COIII’lpI“ISII’ng In certain embodiments, the PCB 1020 has an industry-standard
a printed circuit board
(PCB) having a form form factor. For example, the PCB 1020 can have a low profile (LP)
factor with a width form factor with a height of 30 millimeters and a width of 133.35
dimension and a height millimeters. In certain other embodiments, the PCB 1020 has a very
dimension, the PCB ) ] ) ) .
. o high profile (VHP) form factor with a height of 50 millimeters or
including:
more. In certain other embodiments, the PCB 1020 has a very low
profile (VL.P) form factor with a height of 18.3 millimeters. Other
form factors including, but not limited to, small-outline (SO-
DIMM), unbuffered (UDIMM), registered (RDIMM), fully-
buffered (FBDIMM), miniDIMM, mini-RDIMM, VLP mini-
DIMM, micro- DIMM, and SRAM DIMM are also compatible with
certain embodiments described herein.
an interface having | Para. [00123]
44.4

edge connections
disposed along the
width dimension and

“For example, the interface 1022 can comprise a plurality of edge

connections which fit into a corresponding slot connector of the
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configured to fit into
the memory socket, the
edge connections
including:

a first set of
edge connections
configured to be
electrically connected
to respective power
conduits of the set of
power conduits,

a second set
of edge connections
each of which is
configured to
electrically conduct a
1-bit wide DDR data
signal and to be
electrically connected
to a respective data
conduit of the set of
data conduits, and

a third set of
edge connections
configured to be
electrically connected
to respective address
and control conduits
of the set of address
and control conduits;

host system. The interface 1022 of certain embodiments provides a
conduit for power voltage as well as data, address, and control
signals between the memory system 1010 and the host system. For
example, the interface 1022 can comprise a standard 240-pin DDR2

edge connector.”

44.5

a set of voltage
supply lines electrically
connected to the first
set of edge connections,
the set of voltage
supply lines including
an input voltage supply
line to electrically
conduct an input
voltage when the
system power is
provided to the DIMM
from the system board;

FIG. 12
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a set of data lines
electrically coupled to
respective edge
connections of the
second set of edge
connections, wherein
cach data line of the set
of data lines is
configured to
electrically conduct a
1-bit wide DDR data
signal, and wherein the
set of data lines
includes at least 72 data
lines; and

a set of address and
control lines
electrically coupled to
respective edge
connections of the third
set of edge connections
and configured to
electrically conduct
address and control
signals;

Note the input voltage supply line from the Standard DIMM Interface
1022 is electrically connected to the Voltage Monitor 1050.

FIG. 16

Please note the input voltage supply line from the system on left is

electrically connected to the PWM Controller 1130.

Note the data lines from the Standard DIMM Interface 1022 coupled to
the DRAM 1030 through the Switch 1052 in FIG. 12.

And

Para. [00172]

“In one embodiment, for example, the volatile memory subsystem
1030 comprises a 72-bit data bus (e.g., each data word at each
addressable location is 72 bits wide and includes, for example,
64 bits of accessible SDRAM and 8 bits of ECC), the first data
slice from the first DRAM segment 1630 may comprise 40 bits of
the data word, and the second data slice from the second DRAM
segment 1640 may comprise the remaining 32 bits of the data word.
Certain other embodiments comprise data buses and/or data slices
of different sizes.”

The embodiment of FIG. 13 shows nine x8 DRAM devices for a
data bus bit width of 72:
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And

Para. [00122]

“In addition, memory systems 1010 having widths of 4 bytes, 8
bytes, 16 bytes, 32 bytes, or 32 bits, 64 bits, 128 bits, 256 bits, as
well as other widths (in bytes or in bits), are compatible with

embodiments described herein.”

Note the address and control lines from the Standard DIMM Interface
1022 coupled to the DRAM 1030 through the Switch 1052 in FIG. 12.

Para. [00172]

44.6 a controller coupled
to the PCB and “In certain embodiments, the controller 1062 comprises a buffer
electrically connected (not shown) which is configured to store data from the volatile
to the input voltage memory subsystem 1030. In certain embodiments, the buffer is a
supply line, the first-in, first out buffer (FIFO).”
controller configured to
receive the system The buffer provides support for the data storage element.

power and the lpput The controller 1062 is shown in FIG. 13:
voltage via the input
voltage supply line, the
controller including:
nonvolatile
memory;

a data storage
element
configured to store
a plurality of data
bits; and
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a logic element
coupled to the
nonvolatile
memory and the
data storage
clement and
configured to
electrically
communicate with
the nonvolatile
memory and the
data storage
element; and

a voltage
monitor circuit
electrically
connected to the
input voltage
supply and
coupled to the
logic element, the
voltage monitor
circuit configured
to:

FiG 13

Para. [00127]

“Referring to FIG. 12, in certain embodiments, the logic element
1070 comprises a field-programmable gate array (FPGA). In certain
embodiments, the logic element 1070 comprises an FPGA available
from Lattice Semiconductor Corporation which includes an
internal flash. In certain other embodiments, the logic element
1070 comprises an FPOA available from another vendor. The
internal flash can improve the speed of the memory system 1010
and save physical space. Other types of logic elements 1070
compatible with certain embodiments described herein include, but
are not limited to, a programmable-logic device (PLD), an
application-specific integrated circuit (ASIC), a custom-designed
semiconductor device, a complex programmable logic device
(CPLD). In certain embodiments, the logic element 1070 is a
custom device. In certain embodiments, the logic element 1070
comprises various discrete electrical elements, while in certain other
embodiments, the logic element 1070 comprises one or more
integrated circuits. FIG. 14 is a block diagram of an example
memory module 1010 having a microcontroller unit 1060 and logic
element 1070 integrated into a single controller 1062 in accordance
with certain embodiments described herein. In certain
embodiments, the controller 1062 includes one or more other
components. For example, in one embodiment, an FPGA without
an internal flash is used and the controller 1062 includes a separate
flash memory component which stores configuration information to

program the FPGA.”

FIG. 13
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FiG 13

Para. [00127]

“FIG. 14 is a block diagram of an example memory module 1010
having a microcontroller unit 1060 and logic element 1070
integrated into a single controller 1062 in accordance with

certain embodiments described herein.”

FIG. 14

f16. 14

Para. [00133]

“In certain embodiments, the voltage monitor circuit 1050 is

part of the controller 1062 (e.g., part of the MCU 1060)”

44.7

compare the input
voltage to a plurality of
threshold voltages
including a first
threshold voltage and a

Para. [00133]
“In certain embodiments, the voltage monitor circuit 1050 is part
of the controller 1062 (e.g., part of the MCU 1060) and the

voltage monitor circuit 1050 transmits a signal to the other
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second threshold
voltage; and

detect a trigger
condition;

portions of the controller 1062 upon detecting a power

threshold condition.”

Para. [00130]

“In certain embodiments, the trigger condition occurs when the

memory system 1010 detects that the system voltage is below a

certain threshold voltage. For example, in one embodiment, the

threshold voltage is 10 percent below a specified operating

voltage. In certain embodiments, a trigger condition occurs

when the voltage goes above a certain threshold value, such as,

for example, 10 percent above a specified operating voltage. In

some embodiments, a trigger condition occurs when the

voltage goes below a threshold or above another threshold.”
The system voltage provides support for the input voltage. The “a
threshold” in the last sentence provides support for “a first threshold”
and the “another threshold,” also in the last sentence provides support

for the “a second threshold.”

44.8

wherein, in response
to the detected trigger
condition, the logic
element is configured to
perform a plurality of
write operations,
including:

a first write
operation to write a
first set of data bits
into a first portion of
the data storage
element;

a second write
operation to write a
second set of data bits
into a second portion
of the data storage
element;

Para. [00130]

“In one embodiment, the nonvolatile memory subsystem 1040
holds intermediate data results in a noisy system environment when
the host computer system is engaged in a long computation. In
certain embodiments, a backup may be performed on a regular
basis. For example, in one embodiment, the backup may occur

every millisecond in response to a trigger condition.”

Para. [00177]

“In certain embodiments, each data word comprises the data stored in a
particular address of the memory system 1010. The memory system
1010 may enter the second mode of operation, for example, when a
trigger condition (e.g., a power failure) occurs. In certain
embodiments, transferring each data word comprises storing a first
portion (also referred to as a slice) of the data word in a buffer in an
operational block 1622, storing a second portion of the data word in
the buffer in an operational block 1624, and writing the entire data
word from the buffer to the non-volatile memory subsystem 1040 in an

operational block 1626.”

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1201



44.9

wherein, when the
system power is
provided to the
DIMM from the
system board:
the trigger
condition occurs
when the input
voltage goes above
both the first and
second threshold
voltages; and
wherein:

a specified
operating voltage
value is within a
range of operating
voltage values of the
DIMM,

the range of
operating voltage
values is bounded by
an upper operating
voltage value and a
lower operating
voltage value,

the lower
operating voltage
value is below the
specified operating
voltage value of the
DIMM and the upper
operating voltage
value is above the
specified operating
voltage value,

the first threshold
voltage corresponds
to the lower operating
voltage value, and

the second threshold
voltage corresponds to the
upper operating voltage
value;

For the chain of system power electrical connection to the controller,
see 2.1,2.4,2.5, and 2.6 above.
Para. [00130]
“In certain embodiments, the trigger condition occurs when the
memory system 1010 detects that the system voltage is below a
certain threshold voltage. For example, in one embodiment, the
threshold voltage is 10 percent below a specified operating
voltage. In certain embodiments, a trigger condition occurs when
the voltage goes above a certain threshold value, such as, for
example, 10 percent above a specified operating voltage. In some
embodiments, a trigger condition occurs when the voltage
goes below a threshold or above another threshold.”
The first threshold and second threshold are the same as above,
supported by “a threshold” and “another threshold” in the last line.
The “10 percent” in the “the threshold voltage is 10 percent below
a specified operating voltage™ and the “10 percent” in the “above
a specified operating voltage™ support the lower operating voltage

value, and the upper operating voltage value.

44.10

a set of components
coupled to the PCB, the
set of components
including a plurality of

FIG. 12

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1202




DDR synchronous
dynamic random access
memory (DDR SDRAM)
packages coupled to the
set of address and control
lines and to the set of data
lines, each DDR SDRAM
package of the plurality of
DDR SDRAM packages
having a bit width of m
bits and configured to
receive or output m 1-bit
wide DDR data signals
via respective m data
lines of the set of data
lines in response to
address and control
signals received via
address and control lines
of the set of address and
control lines, wherein m
is equal to four or eight;
and

Para. [00124]

“Volatile memory elements 1032 compatible with certain
embodiments described herein have packaging which include, but
are not limited to, thin small-outline package (TSOP), ball-grid-array
(BGA), fine-pitch BGA (FBOA), micro-BOA (1.1,BGA), mini-BGA
(mBGA), and chip-scale packaging (CSP).”

Para. [00172]

“In one embodiment, for example, the volatile memory subsystem
1030 comprises a 72-bit data bus (e.g., each data word at each
addressable location is 72 bits wide and includes, for example,
64 bits of accessible SDRAM and 8 bits of ECC), the first data
slice from the first DRAM segment 1630 may comprise 40 bits of
the data word, and the second data slice from the second DRAM
segment 1640 may comprise the remaining 32 bits of the data word.
Certain other embodiments comprise data buses and/or data slices
of different sizes.”

And

Para. [00122]

“In addition, memory systems 1010 having widths of 4 bytes, 8
bytes, 16 bytes, 32 bytes, or 32 bits, 64 bits, 128 bits, 256 bits, as
well as other widths (in bytes or in bits), are compatible with
embodiments described herein.”

And

Para. [00124]

“In certain embodiments, the first plurality of volatile memory
elements 1032 comprises two or more dynamic random-access

memory (DRAM) elements. Types of DRAM elements 1032

compatible with certain embodiments described herein include,
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but are not limited to, DDR, DDR2, DDR3, and synchronous
DRAM (SDRAM). For example, in the block diagram of FIG. 12,
the first memory bank 1030 comprises eight 64Mx8 DDR2
SDRAM elements 1032. The volatile memory elements 1032 may
comprise other types of memory elements such as static random-
access memory (SRAM). In addition, volatile memory elements
1032 having bit widths of 4, 8, 16, 32, as well as other bit widths,

are compatible with certain embodiments described herein.”

4411

first, second, third, and
fourth converter circuits
coupled to the PCB and to
the input voltage supply
line, each of the first,
second, third, and fourth
converter circuits
configured to, in response
to the detected trigger
condition, receive power
supplied by the input
voltage supply line when
the system power is
provided to the DIMM
from the system board,
the first, second, third,
and fourth converter
circuits configured to (1)
generate first, second,
third, and fourth regulated
voltages, respectively,
from the power supplied
by the input voltage
supply line, and (i1)
output the first, second,
third, and fourth regulated
voltages via first, second,
third, and fourth regulated
voltages lines,
respectively,

FIG. 16

e

6. 36
Para. [00145]
“The power module 1100 can be configured to be operated in at
least three states in certain embodiments. In a first state, the first
voltage 1102 is provided to the memory system 1010 from the input
1106 and the fourth voltage 1110 is provided to the conversion element
1120 from the first power element 1130. In a second state, the fourth
voltage 1110 is provided to the conversion element 1120 from the
first power element 1130 and the first voltage 1102 is provided to
the memory system 1010 from the conversion element 1120.”
And
The trigger condition here is the same as 2.8, above, disclosed in:
Para. [00130]
“In one embodiment, the nonvolatile memory subsystem 1040
holds intermediate data results in a noisy system environment when
the host computer system is engaged in a long computation. In
certain embodiments, a backup may be performed on a regular
basis. For example, in one embodiment, the backup may occur
every millisecond in response to a trigger condition.”

FIG. 16
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On the left of the figure, system power (Vdd) is provided on the input
voltage supply line 1106 to the PWM controller 1130 which provides
power to the four converter circuits. Buck convertor 1122, dual buck
converterl 124, and buck-boost converter 1126 provide regulated
voltages on the regulated voltage lines 1102, 1104, 1105, and 1107,
respectively.

Para. [00148]

“The conversion element 1120 can comprise one or more buck
converters and/or one or more buck-boost converters. The conversion
element 1120 may comprise a plurality of sub- blocks 1122, 1124,
1126 as schematically illustrated by FIG. 16, which can provide more
voltages in addition to the second voltage 1104 to the memory system
1010. The sub-blocks may comprise various converter circuits such
as buck-converters, boost converters, and buck-boost converter
circuits for providing various voltage values to the memory system
1010. For example, in one embodiment, sub-block 1122 comprises a
buck converter, sub-block 1124 comprises a dual buck converter, and
sub-block 1126 comprises a buck-boost converter as schematically
illustrated by FIG. 16. Various other components for the sub-blocks
1122, 1124, 1126 of the conversion element 1120 are also compatible
with certain embodiments described herein. In certain embodiments,
the conversion element 1120 receives as input either the fourth
voltage 1110 from the first power element 1130 or the fifth voltage
1112 from the second power element 1140, depending on the state of
the power module 1100, and reduces the input to an appropriate
amount for powering various components of the memory system.
For example, the buck- converter of sub-block 1122 can provide

1.8V at 2A for about 60 seconds to the volatile memory elements

1032 (e.g., DRAM), the non-volatile memory elements 1042 (e.g.,
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flash), and the controller 1062 (e.g., an FPGA) in one embodiment.
The sub-block 1124 can provide the second voltage 1104 as well as
another reduced voltage 1105 to the memory system 1010. In one
example embodiment, the second voltage 1104 is 2.5V and is used
to power the at least one circuit 1052 (e.g., isolation device) and the
other reduced voltage 1105 is 1.2V and is used to power the
controller 1062 (e.g., FPGA). The subblock 1126 can provide yet
another voltage 1107 to the memory system 1010. For example, the
voltage 1107 may be 3.3V and may be used to power both the

controller 1062 and the at least one circuit 1052.”

44.12

the set of components
including:

a first component
electrically connected to
the first regulated voltage
line and powered by the
first regulated voltage
when the system power is
provided to the DIMM
from the system board;

a second component
electrically connected to
the second regulated
voltage line and powered
by the second regulated
voltage when the system
power is provided to the
DIMM from the system
board;

a third component
electrically connected to
the third regulated voltage
line and powered by the
third regulated voltage
when the system power is
provided to the DIMM
from the system board;
and

a fourth component
electrically connected to
the fourth regulated
voltage line and powered
by the fourth regulated
voltage when the system
power is provided to the

FIG. 16

s

FIG. 16

FIG. 12

HG. 12 i

On the left of the figure, system power (Vdd) is provided on the input
voltage supply line 1106 to the PWM controller 1130 which provides
power to the four converter circuits. Buck convertor 1122, dual buck
converterl 124, and buck-boost converter 1126 provide regulated
voltages on the regulated voltage lines 1102, 1104, 1105, and 1107,
respectively.

On the right, each of the DRAM are shown as being connected to the

first regulated voltage, for example.
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DIMM from the system
board;

On the right, the isolation device is shown as being connected to the
second regulated voltage, for example.

On the right, the FPGA 1070 is shown as being connected to the third
regulated voltage, for example.

On the right, the MCU 1060 is shown as also being connected to the
fourth regulated voltage, as is shown in the embodiment of FIG. 12,
the MCU 1060 is part of the controller 1062. This is further specified
in the text of the disclosure:

Para. [00148]

“the other reduced voltage 1105 is 1.2V and is used to power the
controller 1062 (e.g., FPGA). The subblock 1126 can provide yet
another voltage 1107 to the memory system 1010. For example, the
voltage 1107 may be 3.3V and may be used to power both the
controller 1062 and the at least one circuit 1052.”

As shown in FIG. 12, above, the controller 1062 includes the
components FPGA 1070, and the MCU 1060, and thus needs two
different voltages for each of the components 1070, 1060.

44.13

wherein each of the
first, second, and third
converter circuits is a
buck converter, and the
fourth converter circuit
is a voltage reducing
circuit;

Para. [00148]

“The conversion element 1120 may comprise a plurality of sub-
blocks 1122, 1124, 1126 as schematically illustrated by FIG. 16,
which can provide more voltages in addition to the second voltage
1104 to the memory system 1010. The sub-blocks may comprise
various converter circuits such as buck-converters, boost
converters, and buck-boost converter circuits for providing
various voltage values to the memory system 1010.”

And

Para. [00148]

“In certain embodiments, the conversion element 1120 receives as
input either the fourth voltage 1110 from the first power
element 1130 or the fifth voltage 1112 from the second power
element 1140, depending on the state of the power module 1100,
and reduces the input to an appropriate amount for powering

various components of the memory system.”

44.14

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1207



wherein each component

FIG. 16

44.15 of the set of components:
(1) 1s electrically
connected to one or
more of the first,
second, third, and
fourth regulated voltage
lines; and
(i1) when the system
power is provided to the
DIMM from the system
board, is powered: On the left of the figure, system power (Vdd) is provided on the input
. only by one or _ _ _
more of the first. second voltage supply line 1106 to the PWM controller 1130 which provides a
third, and fourth converter | voltage 1110 to each of the four converter circuits.
circuits; and Para. [00145]
. only via the one
. “In a second state, the fourth voltage 1110 is provided to the
or more of the first,
second, third, and fourth conversion element 1120 from the first power element 1130 and
regulated voltage lines; the first voltage 1102 is provided to the memory system 1010 from
the conversion element 1120.”
Para. [00151]
“For example, referring to FIG. 16, a switch 1148 can be toggled to
provide the first voltage 1102 from the conversion element 1120
rather than from the input power supply.”
On the right side of the figure, the components are listed. The power
provided to the PWM controller 1130 and from there to the converter
circuits is the only power to the module. There is no alternative power
source claimed.
wherein the plurality of
44.16 DDR SDRAM packages
includes:

a first group of at
least five DDR
SDRAM packages that
are each connected to a
first chip select line
configured to
electrically conduct a
first chip select signal;

G #2

Chip Select 1 and Chip Select 2 going to each group is shown in FIG.

21 above.

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1208



a second group of at
least four DDR
SDRAM packages that
are each connected to a
second chip select line
configured to
electrically conduct a
second chip select
signal; and

Para. [00172]

“FIG. 21 schematically illustrates an example topology of a connection
to transfer data slices from two DRAM segments 1630, 1640 of a
volatile memory subsystem 1030 of a memory system 1010 to a
controller 1062 of the memory system 1010. While the example of
FIG. 21 shows a topology including two DRAM segments 1630,
1640 for the purposes of illustration, each address location of the
volatile memory subsystem 1030 comprises more than the two
segments in certain embodiments. The data lines 1632, 1642 from the
first DRAM segment 1630 and the second DRAM segment 1640 of
the volatile memory subsystem 1030 are coupled to switches 1650,
1652 which are coupled to the controller 1062 (e.g., logic element
1070) of the memory system 1010. The chip select lines 1634, 1644
and the self-refresh lines 1636, 1646 (e.g., CKe signals) of the first
and second DRAM segments 1630, 1640, respectively, are coupled
to the controller 1062.”

Para. [00177]

“In certain embodiments, transferring each data word comprises
storing a first portion (also referred to as a slice) of the data word
in a buffer in an operational block 1622, storing a second portion
of the data word in the buffer in an operational block 1624, and
writing the entire data word from the buffer to the non-volatile
memory subsystem 1040 in an operational block 1626.”

Para. [00178]

“In one example embodiment, the data word may be a 72 bit data
word (e.g., 64 bits of accessible SDRAM and 8 bits of ECC), the
first portion (or "slice') may comprise 40 bits of the data word,
and the second portion (or "slice') may comprise the remaining 32
bits of the data word. In certain embodiments, the buffer is included
in the controller 1062. For example, in one embodiment, the buffer is a
first-in, first-out buffer implemented in the controller 1062 which
comprises an FPGA. The method 1600 may generally be referred to as
"slicing" the volatile memory during a backup operation. In the
example embodiment, the process of "slicing" the volatile memory
during a backup includes bringing the 32-bit slice out of self-refresh,
reading a 32-bit block from the slice into the buffer, and putting the
32-bit slice back into self-refresh. The 40-bit slice is then brought out
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of self-refresh and a 40-bit block from the slice is read into a buffer.
Each block may comprise a portion of multiple words. For example,
each 32-bit block may comprise 32-bit portions of multiple 72-bit
words. In other embodiments, each block comprises a portion of a
single word. The 40-bit slice is then put back into self-refresh in the
example embodiment. The 32-bit and 40-bit slices are then combined
into a 72-bit block by the controller 1062 and ECC
detection/correction is performed on each 72-bit word as it is read from
the buffer and written into the non-volatile memory subsystem (e.g.,
flash).”

This claim is limited to x4 and x8 DRAM. When using x8, it takes
five DRAM to receive or output 40 bits. The remaining bits in the
word are 32, which means it would take four x8 DRAM to complete
receiving or outputting the word. Thus, you have a module with a total
of nine DRAM (5+4) as shown in FIG. 13 and discussed in Para.
[00126]. If x4 are used, the number of DRAM are correspondingly

more.

44.17

when the system power is
provided to the DIMM
from the system board:

. the first and
second groups of DDR
SDRAM packages are
configured to be
accessible and not in self-
refresh mode;

. the first group of
DDR SDRAM packages
is configured to be
enabled, in response to
the first chip select signal,
to receive or output 40 1-
bit wide DDR data signals
in parallel via 40 data
lines of the set of data
lines independently of
whether the second group
of DDR SDRAM
packages is enabled, in
response to the second
chip select signal, to
receive or output an

Para. [00173]

“In certain embodiments, the first and second DRAM segments 1630,
1640 maintain stored information but are not accessible when they
are in self-refresh mode, and maintain stored information and are
accessible when they are in active mode.”

Para. [00178]

“In one example embodiment, the data word may be a 72 bit data
word (e.g., 64 bits of accessible SDRAM and 8 bits of ECC), the
first portion (or "slice') may comprise 40 bits of the data word,
and the second portion (or "slice') may comprise the remaining 32
bits of the data word. In certain embodiments, the buffer is included
in the controller 1062. For example, in one embodiment, the buffer is a
first-in, first-out buffer implemented in the controller 1062 which
comprises an FPGA. The method 1600 may generally be referred to as
"slicing" the volatile memory during a backup operation. In the
example embodiment, the process of "slicing" the volatile memory
during a backup includes bringing the 32-bit slice out of self-refresh,
reading a 32-bit block from the slice into the buffer, and putting the
32-bit slice back into self-refresh. The 40-bit slice is then brought out
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integer number of 1-bit
DDR data signals in
parallel via the integer
number of data lines of
the set of data lines; and
. the 40 1-bit wide
DDR data signals include
32 1-bit wide DDR data
signals and eight 1-bit
wide DDR error-
correcting code (ECC)
data signals; and

of self-refresh and a 40-bit block from the slice is read into a buffer.
Each block may comprise a portion of multiple words. For example,
each 32-bit block may comprise 32-bit portions of multiple 72-bit
words. In other embodiments, each block comprises a portion of a
single word. The 40-bit slice is then put back into self-refresh in the
example embodiment.”

Para. [00182]

“In certain other embodiments, the full width of the data bus is
connected between the volatile memory subsystem 1030 and the
controller 1062 but only a portion of it is used during slicing
operations. For example, in some embodiments, memory slicing is

an optional mode.”

wherein the sum of the 40

Para. [00123]

44.18 data lines and the integer | «pe jnterface 1022 of certain embodiments provides a conduit for

number of data lines
power voltage as well as data, address, and control signals between

equals a total number of

data conduits of the set of | the memory system 1010 and the host system. For example, the

data conduits of the interface 1022 can comprise a standard 240-pin DDR2 edge

memory socket, and the for.”

total number of data connector.

conduits is at least 72 data | Para. [00172]

conduits. “In one embodiment, for example, the volatile memory subsystem
1030 comprises a 72-bit data bus (e.g., each data word at each
addressable location is 72 bits wide and includes, for example,
64 bits of accessible SDRAM and 8 bits of ECC), the first data
slice from the first DRAM segment 1630 may comprise 40 bits of
the data word, and the second data slice from the second DRAM
segment 1640 may comprise the remaining 32 bits of the data word.
Certain other embodiments comprise data buses and/or data slices
of different sizes.”
Para. [00178]
“In one example embodiment, the data word may be a 72 bit data
word (e.g., 64 bits of accessible SDRAM and 8 bits of ECC), the
first portion (or "slice') may comprise 40 bits of the data word,
and the second portion (or "slice') may comprise the remaining 32
bits of the data word.”
Para. [00177]

45 wherein the plurality

of write operations
further includes a third

“In certain embodiments, each data word comprises the data stored in a

particular address of the memory system 1010. The memory system
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write operation
subsequent to the first
and second write
operations; and
wherein, in response to
the detected trigger
condition, the logic
clement is further
configured to
periodically perform at
regular intervals of
time all of the first and
second write operations
followed by the third
write operation.

1010 may enter the second mode of operation, for example, when a
trigger condition (e.g., a power failure) occurs. In certain
embodiments, transferring each data word comprises storing a first
portion (also referred to as a slice) of the data word in a buffer in an
operational block 1622, storing a second portion of the data word in
the buffer in an operational block 1624, and writing the entire data
word from the buffer to the non-volatile memory subsystem 1040

in an operational block 1626.”

Para. [00130]

“In one embodiment, the nonvolatile memory subsystem 1040 holds
intermediate data results in a noisy system environment when the host
computer system is engaged in a long computation. In certain
embodiments, a backup may be performed on a regular basis. For
example, in one embodiment, the backup may occur every millisecond

in response to a trigger condition.”

wherein, the logic

Para. [00177]

46 clement is further “In certain embodiments, each data word comprises the data stored in a
configured to perform the cular add b N
third write operation by particular address of the memory system 1010. The memory system
writing a third set of data | 1010 may enter the second mode of operation, for example, when a
bits from the data storage | trigger condition (e.g., a power failure) occurs. In certain
element into the ) . . . .
. embodiments, transferring each data word comprises storing a first
nonvolatile memory, and
wherein the third set of portion (also referred to as a slice) of the data word in a buffer in an
data bits includes the first | operational block 1622, storing a second portion of the data word in
anc} second. set of d?ta bits the buffer in an operational block 1624, and writing the entire data
written during the first
and second write word from the buffer to the non-volatile memory subsystem 1040
operations. in an operational block 1626.”
Para. [00178]
“The 32-bit and 40-bit slices are then combined into a 72-bit block
by the controller 1062 and ECC detection/correction is performed on
each 72-bit word as it is read from the buffer and written into the
non-volatile memory subsystem (e.g., flash).”
Para. [00178]
47 wherein, prior to

performing the third
write operation, the
logic element is further
configured to generate

“The 32-bit and 40-bit slices are then combined into a 72-bit block
by the controller 1062 and ECC detection/correction is performed on
each 72-bit word as it 1s read from the buffer and written into the non-

volatile memory subsystem (e.g., flash).”
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the third set of data bits
based on groups of data
bits stored in the data
storage element.

wherein, when the system

Para. [00149]

48 power is provided to the “In one embodiment, the volatile memory elements 1032 and
DIMM from the system ) o
board. the nonvolatile nonvolatile memory elements 1042 are powered using independent
memory is not powered voltages and are not both powered using the first voltage 1102.”
using the first regulated
voltage.
wherein, prior to Para. [00130]

>0 performing the third write | «p, e embodiment, the nonvolatile memory subsystem 1040 holds
operation, the logic ] ] ] ] ]
clement is further intermediate data results in a noisy system environment when the host
configured to perform, in | computer system is engaged in a long computation. In certain
response to the detected embodiments, a backup may be performed on a regular basis. For
i dgiti
rlgg er. cORCITon. example, in one embodiment, the backup may occur every millisecond
periodically at regular
intervals of time one or in response to a trigger condition.”
more read operations to Para. [00178]
read the first and second | wopp ) 35 bit and 40-bit slices are then combined into a 72-bit block
sets of data bits from the
first and second portions by the controller 1062 and ECC detection/correction is performed on
of the data storage each 72-bit word as it is read from the buffer and written into the non-
element, respectlYely, and volatile memory subsystem (e.g., flash).”
to generate the third set of
data bits based on the
read first and second sets
of data bits.
wherein, prior to Para. [00130]

51 performing the first and

second write operations,
the logic element is
further configured to
perform, in response to
the detected trigger
condition, periodically at
regular intervals of time
one or more read
operations to read the first
and second sets of data
bits from the first and
second groups of DDR
SDRAM packages,
respectively.

“In one embodiment, the nonvolatile memory subsystem 1040 holds
intermediate data results in a noisy system environment when the host
computer system is engaged in a long computation. In certain
embodiments, a backup may be performed on a regular basis. For
example, in one embodiment, the backup may occur every millisecond
in response to a trigger condition.”

Para. [00178]

“The method 1600 may generally be referred to as "slicing” the
volatile memory during a backup operation. In the example
embodiment, the process of "'slicing"” the volatile memory during a

backup includes bringing the 32-bit slice out of self-refresh, reading a
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32-bit block from the slice into the buffer, and putting the 32-bit
slice back into self-refresh. The 40-bit slice is then brought out of self-

refresh and a 40-bit block from the slice is read into a buffer.”

wherein, prior to

Para. [00130]

>2 performing the first and | “In one embodiment, the nonvolatile memory subsystem 1040 holds
second write intermediate data results in a noisy system environment when the host
operations, the logic _ . . .
clement is further computer system is engaged in a long computation. In certain
configured to perform, embodiments, a backup may be performed on a regular basis. For
in response to the example, in one embodiment, the backup may occur every millisecond
detected trigger in response to a trigger condition.”
condition, periodically | pura [00177]
a,t regular int.ervals of “The memory system 1010 may enter the second mode of operation,
'z)lrljleer;izlnusr.ahty of read for example, when a trigger condition (e.g., a power failure) occurs.
In certain embodiments, transferring each data word comprises storing
a first portion (also referred to as a slice) of the data word in a
buffer in an operational block 1622, storing a second portion of the
data word in the buffer in an operational block 1624, and writing the
entire data word from the buffer to the non-volatile memory
subsystem 1040 in an operational block 1626.”
wherein, prior to Para. [00130]
>3 performing the third “In one embodiment, the nonvolatile memory subsystem 1040 holds
write operation, the intermediate data results in a noisy system environment when the host
logi; elenzle?t is f}lﬁher computer system is engaged in a long computation. In certain
fr? rrlelsil;rss e t.i)r;fl e orm- embodiments, a backup may be performed on a regular basis. For
detected trigger example, in one embodiment, the backup may occur every millisecond
condition, periodically | in response to a trigger condition.”
at regular intervals of Para. [00178]
time one or more read | .y 15 1 is o 40-bit slices are then combined into a 72-bit block
Eizr;‘:;zli;g ;Z?;l data by the controller 1062 and ECC detection/correction is performed on
storage element and to each 72-bit word as it is read from the buffer and written into the
generate the third set of | non-volatile memory subsystem (e.g., flash).”
data bits based on the
read data bits.
wherein the width Para. [00122]
54

dimension is 133.35
millimeters

“For example, the PCB 1 020 can have a low profile (LP) form factor
with a height of 30 millimeters and a width of

Samsung Electronics Co., Ltd.
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133.35 millimeters. In certain other embodiments, the PCB 1020 has a
very high profile (VHP) form factor with a height of 50 millimeters or
more. In certain other embodiments, the PCB I 020 has a very low

profile (VLP) form factor with a height of 18.3 millimeters.”

wherein the height Para. [00122]
>3 dimension is selected | “For example, the PCB 1020 can have a low profile (LP) form
from one of a p?urality factor with a height of 30 millimeters and a width of
?rf;)flzolfggsliairlllgilllrllegters 133.35 millimeters. In certain other embodiments, the PCB 1020
to 50 millimeters. has a very high profile (VHP) form factor with a height of S0
millimeters or more. In certain other embodiments, the PCB 1 020
has a very low profile (VLP) form factor with a height of 18.3
millimeters.”
wherein the third write | Para. [00177]
56

operation comprises a
transfer of the first and
second set of data bits
from the data storage
clement to the
nonvolatile memory via
a first connection, and
wherein the first and
second write operations
comprise a transfer of
the first and second set
of data bits into the
data storage element
via a second
connection.

“The memory system 1010 may enter the second mode of operation,
for example, when a trigger condition (e.g., a power failure) occurs.
In certain embodiments, transferring each data word comprises storing
a first portion (also referred to as a slice) of the data word in a
buffer in an operational block 1622, storing a second portion of the
data word in the buffer in an operational block 1624, and writing the
entire data word from the buffer to the non-volatile memory
subsystem 1040 in an operational block 1626.”

FIG. 13

Fio, 13

As can be seen in FIG. 13, the transfer from the DRAM occurs on a
connection on the right side of the buffer, and the transfer to NVM will

occur on a connection on the left side of the buffer.
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wherein, when the system

Para. [00130]

>7 power is provided to the “In certain embodiments, the trigger condition occurs when the
DIMM from the system .
board. an additional memory system 1010 detects that the system voltage is below a
trigger condition occurs certain threshold voltage. For example, in one embodiment, the
when the input voltage is threshold voltage is 10 percent below a specified operating
above the first threshold i i . .
. . voltage. In certain embodiments, a trigger condition occurs
and the input voltage is
below the second when the voltage goes above a certain threshold value, such as,
threshold; and for example, 10 percent above a specified operating voltage. In
Wherell’.l,.ll’l resppnse to some embodiments, a trigger condition occurs when the
the additional trigger
condition, the voltage voltage goes below a threshold or above another threshold.”
monitor circuit is further | Para. [00133]
configured .to ge.nerate “In certain embodiments, the voltage monitor circuit 1050 is part
and transmit a trigger
signal of the controller 1062 (e.g., part of the MCU 1060) and the
voltage monitor circuit 1050 transmits a signal to the other
portions of the controller 1062 upon detecting a power
threshold condition.”
A dual in-line memory Para. [00123]
58.1 module (DIMM)

configured to fit into a
memory socket of a
system board of a
computer system, the
memory socket including
a set of power conduits, a
set of data conduits
including at least 72 data
conduits, and a set of
address and control
conduits, wherein system
power from the system
board is provided to the
DIMM via the memory
socket by the set of power
conduits and the DIMM is
configured to operate
using only the provided
system power from the
system board,

“For example, the interface 1022 can comprise a plurality of edge
connections which fit into a corresponding slot connector of the
host system. The interface 1022 of certain embodiments provides a
conduit for power voltage as well as data, address, and control
signals between the memory system 1010 and the host system. For
example, the interface 1022 can comprise a standard 240-pin DDR2
edge connector.”

Per the JEDEC DDR2 Standard, power is supplied from the socket to
designated edge connections of the standard 240-pin DDR2 edge
connector. A POSITA would be aware of this standard and the
configuration of both the edge connector and the socket. For example,

as shown in FIG. 2 of the disclosure:

Figure 2

Samsung Electronics Co., Ltd.
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582

a 1-bit wide double data
rate (DDR) data signal is
electrically conducted
between the system board
and the DIMM via the
memory socket by each
data conduit of the set of
data conduits, and address
and control signals are
electrically conducted
from the system board to
the DIMM via the
memory socket by the set
of address and control
conduits

Para. [00123]

“For example, the interface 1022 can comprise a plurality of edge
connections which fit into a corresponding slot connector of the
host system. The interface 1022 of certain embodiments provides a
conduit for power voltage as well as data, address, and control
signals between the memory system 1010 and the host system . . .
For example, the interface 1022 can comprise a standard 240-pin

DDR2 edge connector.”

Para. [00124]

“For example, in the block diagram of FIG. 12, the first memory
bank 1030 comprises eight 64Mx8 DDR2 SDRAM elements 1032.”
This is showing a 64 bit wide DDR2 data bus, were each bit is sent in
parallel. From the DDR2 Standard a POSITA would be aware that

each data line 1s one bit wide as illustrated in FIG. 12:

FIG. 12

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1217




Para. [00122]

>8.3 the DIMM.COIII’lpI“ISII’ng In certain embodiments, the PCB 1020 has an industry-standard
a printed circuit board
(PCB) having a form form factor. For example, the PCB 1020 can have a low profile (LP)
factor with a width form factor with a height of 30 millimeters and a width of 133.35
dimension and a height millimeters. In certain other embodiments, the PCB 1020 has a very
dimension, the PCB ) ] ) ) .
. o high profile (VHP) form factor with a height of 50 millimeters or
including:
more. In certain other embodiments, the PCB 1020 has a very low
profile (VL.P) form factor with a height of 18.3 millimeters. Other
form factors including, but not limited to, small-outline (SO-
DIMM), unbuffered (UDIMM), registered (RDIMM), fully-
buffered (FBDIMM), miniDIMM, mini-RDIMM, VLP mini-
DIMM, micro- DIMM, and SRAM DIMM are also compatible with
certain embodiments described herein.
an interface having | Para. [00123]
584

edge connections
disposed along the
width dimension and
configured to fit into
the memory socket, the
edge connections
including:

a first set of
edge connections
configured to be
electrically connected
to respective power
conduits of the set of
power conduits,

a second set

“For example, the interface 1022 can comprise a plurality of edge
connections which fit into a corresponding slot connector of the
host system. The interface 1022 of certain embodiments provides a
conduit for power voltage as well as data, address, and control
signals between the memory system 1010 and the host system. For
example, the interface 1022 can comprise a standard 240-pin DDR2

edge connector.”

Samsung Electronics Co., Ltd.
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of edge connections
each of which is
configured to
electrically conduct a
1-bit wide DDR data
signal and to be
electrically connected
to a respective data
conduit of the set of
data conduits, and

a third set of
edge connections
configured to be
electrically connected
to respective address
and control conduits
of the set of address
and control conduits;

58.5

a set of voltage
supply lines electrically
connected to the first
set of edge connections,
the set of voltage
supply lines including
an input voltage supply
line to electrically
conduct an input
voltage when the
system power is
provided to the DIMM
from the system board;

a set of data lines
electrically coupled to
respective edge
connections of the
second set of edge
connections, wherein
cach data line of the set
of data lines is
configured to
electrically conduct a
1-bit wide DDR data
signal, and wherein the

FIG. 12

HG. 12

Note the input voltage supply line from the Standard DIMM Interface
1022 is electrically connected to the Voltage Monitor 1050.

FIG. 16

Samsung Electronics Co., Ltd.
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set of data lines
includes at least 72 data
lines; and

a set of address and
control lines
electrically coupled to
respective edge
connections of the third
set of edge connections
and configured to
electrically conduct
address and control
signals;

Please note the input voltage supply line from the system on left is

electrically connected to the PWM Controller 1130.

Note the data lines from the Standard DIMM Interface 1022 coupled to
the DRAM 1030 through the Switch 1052 in FIG. 12.

And

Para. [00172]

“In one embodiment, for example, the volatile memory subsystem
1030 comprises a 72-bit data bus (e.g., each data word at each
addressable location is 72 bits wide and includes, for example,
64 bits of accessible SDRAM and 8 bits of ECC), the first data
slice from the first DRAM segment 1630 may comprise 40 bits of
the data word, and the second data slice from the second DRAM
segment 1640 may comprise the remaining 32 bits of the data word.
Certain other embodiments comprise data buses and/or data slices
of different sizes.”

The embodiment of FIG. 13 shows nine x8 DRAM devices for a
data bus bit width of 72:

FiG. 13

And

Samsung Electronics Co., Ltd.
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Para. [00122]

“In addition, memory systems 1010 having widths of 4 bytes, 8
bytes, 16 bytes, 32 bytes, or 32 bits, 64 bits, 128 bits, 256 bits, as
well as other widths (in bytes or in bits), are compatible with

embodiments described herein.”

Note the address and control lines from the Standard DIMM Interface
1022 coupled to the DRAM 1030 through the Switch 1052 in FIG. 12.

58.6

a controller coupled
to the PCB and
electrically connected
to the input voltage
supply line, the
controller configured to
receive the input
voltage via the input
voltage supply line, the
controller including:

nonvolatile
memory;

a data storage
element
configured to store
a plurality of data
bits; and

a logic element
coupled to the
nonvolatile
memory and the
data storage
clement and
configured to
electrically
communicate with
the nonvolatile
memory and the
data storage
clement;

Para. [00172]

“In certain embodiments, the controller 1062 comprises a buffer
(not shown) which is configured to store data from the volatile
memory subsystem 1030. In certain embodiments, the bufferisa

first-in, first out buffer (FIFO).”
The buffer provides support for the data storage element.

The controller 1062 i1s shown in FIG. 13:

FIG. 13

Para. [00127]

“Referring to FIG. 12, in certain embodiments, the logic element
1070 comprises a field-programmable gate array (FPGA). In certain
embodiments, the logic element 1070 comprises an FPGA available
from Lattice Semiconductor Corporation which includes an
internal flash. In certain other embodiments, the logic element
1070 comprises an FPOA available from another vendor. The
internal flash can improve the speed of the memory system 1010

and save physical space. Other types of logic elements 1070

Samsung Electronics Co., Ltd.
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a voltage
monitor circuit
electrically
connected to the
input voltage
supply line and
coupled to the
logic element, the
voltage monitor
circuit configured
to:

compatible with certain embodiments described herein include, but
are not limited to, a programmable-logic device (PLD), an
application-specific integrated circuit (ASIC), a custom-designed
semiconductor device, a complex programmable logic device
(CPLD). In certain embodiments, the logic element 1070 is a
custom device. In certain embodiments, the logic element 1070
comprises various discrete electrical elements, while in certain other
embodiments, the logic element 1070 comprises one or more
integrated circuits. FIG. 14 is a block diagram of an example
memory module 1010 having a microcontroller unit 1060 and logic
element 1070 integrated into a single controller 1062 in accordance
with certain embodiments described herein. In certain
embodiments, the controller 1062 includes one or more other
components. For example, in one embodiment, an FPGA without
an internal flash is used and the controller 1062 includes a separate
flash memory component which stores configuration information to

program the FPGA.”

FIG. 13

FiG. 13

Para. [00127]

“FIG. 14 is a block diagram of an example memory module 1010
having a microcontroller unit 1060 and logic element 1070
integrated into a single controller 1062 in accordance with

certain embodiments described herein.”

FIG. 14
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FIG. 14

Para. [00133]

“In certain embodiments, the voltage monitor circuit 1050 is

part of the controller 1062 (e.g., part of the MCU 1060)”

58.7

compare the input
voltage to a plurality of
threshold voltages
including a first
threshold voltage and a
second threshold
voltage; and

detect a trigger

condition;

Para. [00133]
“In certain embodiments, the voltage monitor circuit 1050 is part
of the controller 1062 (e.g., part of the MCU 1060) and the
voltage monitor circuit 1050 transmits a signal to the other
portions of the controller 1062 upon detecting a power

threshold condition.”

Para. [00130]

“In certain embodiments, the trigger condition occurs when the

memory system 1010 detects that the system voltage is below a

certain threshold voltage. For example, in one embodiment, the

threshold voltage is 10 percent below a specified operating

voltage. In certain embodiments, a trigger condition occurs

when the voltage goes above a certain threshold value, such as,

for example, 10 percent above a specified operating voltage. In

some embodiments, a trigger condition occurs when the

voltage goes below a threshold or above another threshold.”
The system voltage provides support for the input voltage. The “a
threshold” in the last sentence provides support for “a first threshold”
and the “another threshold,” also in the last sentence provides support

for the “a second threshold.”
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wherein, in response

Para. [00130]

>8.8 to the detected trigger “In one embodiment, the nonvolatile memory subsystem 1040
condition, the logic ] ] ] ] ]
. . holds intermediate data results in a noisy system environment when
element is configured to
perform a plurality of the host computer system is engaged in a long computation. In
write operations, certain embodiments, a backup may be performed on a regular
including: _ . .
& . . basis. For example, in one embodiment, the backup may occur
a first write
operation to write a every millisecond in response to a trigger condition.”
first set of data bits
into a first portion of Para. [00177]
the data storage
clement: “In certain embodiments, each data word comprises the data stored in a
a second write particular address of the memory system 1010. The memory system
operation to write a. 1010 may enter the second mode of operation, for example, when a
second set of data bits . . _ _
into a second portion trigger condition (e.g., a power failure) occurs. In certain
of the data storage embodiments, transferring each data word comprises storing a first
element; portion (also referred to as a slice) of the data word in a buffer in an
operational block 1622, storing a second portion of the data word in
the buffer in an operational block 1624, and writing the entire data
word from the buffer to the non-volatile memory subsystem 1040 in an
operational block 1626.”
wherein, when the For the chain of system power electrical connection to the controller,
58.9 system power is

provided to the

DIMM from the

system board:

the trigger
condition occurs
when the input
voltage goes above
both the first and
second threshold
voltages; and
wherein:

a specified
operating voltage
value is within a
range of operating
voltage values of the
DIMM,

the range of
operating voltage
values is bounded by
an upper operating
voltage value and a

see 2.1,2.4,2.5, and 2.6 above.
Para. [00130]
“In certain embodiments, the trigger condition occurs when the
memory system 1010 detects that the system voltage is below a
certain threshold voltage. For example, in one embodiment, the
threshold voltage is 10 percent below a specified operating
voltage. In certain embodiments, a trigger condition occurs when
the voltage goes above a certain threshold value, such as, for
example, 10 percent above a specified operating voltage. In some
embodiments, a trigger condition occurs when the voltage
goes below a threshold or above another threshold.”
The first threshold and second threshold are the same as above,
supported by “a threshold” and “another threshold” in the last line.
The “10 percent” in the “the threshold voltage is 10 percent below
a specified operating voltage™ and the “10 percent” in the “above
a specified operating voltage™ support the lower operating voltage

value, and the upper operating voltage value.
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lower operating
voltage value,
the lower
operating voltage
value is below the
specified operating
voltage value of the
DIMM and the upper
operating voltage
value is above the
specified operating
voltage value,
the first threshold
voltage corresponds
to the lower operating
voltage value, and
the second threshold
voltage corresponds to the
upper operating voltage
value;

58.10

a set of components
coupled to the PCB, the
set of components
including a plurality of
DDR synchronous
dynamic random access
memory (DDR SDRAM)
packages coupled to the
set of address and control
lines and to the set of data
lines, each DDR SDRAM
package of the plurality of
DDR SDRAM packages
having a bit width of m
bits and configured to
receive or output m 1-bit
wide DDR data signals
via respective m data
lines of the set of data
lines in response to
address and control
signals received via
address and control lines
of the set of address and
control lines, wherein m
is equal to four or eight;
and

FIG. 12

Para. [00124]

“Volatile memory elements 1032 compatible with certain
embodiments described herein have packaging which include, but
are not limited to, thin small-outline package (TSOP), ball-grid-array
(BGA), fine-pitch BGA (FBOA), micro-BOA (1.1,BGA), mini-BGA
(mBGA), and chip-scale packaging (CSP).”

Para. [00172]

“In one embodiment, for example, the volatile memory subsystem
1030 comprises a 72-bit data bus (e.g., each data word at each
addressable location is 72 bits wide and includes, for example,

64 bits of accessible SDRAM and 8 bits of ECC), the first data
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slice from the first DRAM segment 1630 may comprise 40 bits of
the data word, and the second data slice from the second DRAM
segment 1640 may comprise the remaining 32 bits of the data word.
Certain other embodiments comprise data buses and/or data slices
of different sizes.”

And

Para. [00122]

“In addition, memory systems 1010 having widths of 4 bytes, 8
bytes, 16 bytes, 32 bytes, or 32 bits, 64 bits, 128 bits, 256 bits, as
well as other widths (in bytes or in bits), are compatible with
embodiments described herein.”

And

Para. [00124]

“In certain embodiments, the first plurality of volatile memory
elements 1032 comprises two or more dynamic random-access
memory (DRAM) elements. Types of DRAM elements 1032
compatible with certain embodiments described herein include,
but are not limited to, DDR, DDR2, DDR3, and synchronous
DRAM (SDRAM). For example, in the block diagram of FIG. 12,
the first memory bank 1030 comprises eight 64Mx8 DDR2
SDRAM elements 1032. The volatile memory elements 1032 may
comprise other types of memory elements such as static random-
access memory (SRAM). In addition, volatile memory elements
1032 having bit widths of 4, 8, 16, 32, as well as other bit widths,

are compatible with certain embodiments described herein.”

58.11

first, second, third, and
fourth voltage reducing
circuits coupled to the
PCB and to the input
voltage supply line, each
of the first, second, third,
and fourth voltage
reducing circuits
configured to, in response
to the detected trigger
condition, receive power
from the controller when
the system power is
provided to the DIMM
from the system board,
the first, second, third,

FIG. 16

Para. [00145]
“The power module 1100 can be configured to be operated in at

least three states in certain embodiments. In a first state, the first
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and fourth voltage
reducing circuits
configured to (1) generate
first, second, third, and
fourth regulated voltages,
respectively, from the
system power supplied by
the input voltage suppy
line , and (i1) output the
first, second, third, and
fourth regulated voltages
via first, second, third,
and fourth regulated
voltages lines,
respectively,

voltage 1102 is provided to the memory system 1010 from the input
1106 and the fourth voltage 1110 is provided to the conversion element
1120 from the first power element 1130. In a second state, the fourth
voltage 1110 is provided to the conversion element 1120 from the
first power element 1130 and the first voltage 1102 is provided to
the memory system 1010 from the conversion element 1120.”

And

The trigger condition here is the same as 2.8, above, disclosed in:

Para. [00130]

“In one embodiment, the nonvolatile memory subsystem 1040
holds intermediate data results in a noisy system environment when
the host computer system is engaged in a long computation. In
certain embodiments, a backup may be performed on a regular
basis. For example, in one embodiment, the backup may occur
every millisecond in response to a trigger condition.”

FIG. 16

FiG 16

On the left of the figure, system power (Vdd) is provided on the input
voltage supply line 1106 to the PWM controller 1130 which provides
power to the four converter circuits. Buck convertor 1122, dual buck
converterl 124, and buck-boost converter 1126 provide regulated
voltages on the regulated voltage lines 1102, 1104, 1105, and 1107,
respectively.

Para. [00148]

“The conversion element 1120 can comprise one or more buck
converters and/or one or more buck-boost converters. The conversion
element 1120 may comprise a plurality of sub- blocks 1122, 1124,
1126 as schematically illustrated by FIG. 16, which can provide more

voltages in addition to the second voltage 1104 to the memory system

1010. The sub-blocks may comprise various converter circuits such
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as buck-converters, boost converters, and buck-boost converter circuits
for providing various voltage values to the memory system 1010. For
example, in one embodiment, sub-block 1122 comprises a buck
converter, sub-block 1124 comprises a dual buck converter, and sub-
block 1126 comprises a buck-boost converter as schematically
illustrated by FIG. 16. Various other components for the sub-blocks
1122, 1124, 1126 of the conversion element 1120 are also compatible
with certain embodiments described herein. In certain embodiments,
the conversion element 1120 receives as input either the fourth
voltage 1110 from the first power element 1130 or the fifth voltage
1112 from the second power element 1140, depending on the state of
the power module 1100, and reduces the input to an appropriate
amount for powering various components of the memory system.
For example, the buck- converter of sub-block 1122 can provide
1.8V at 2A for about 60 seconds to the volatile memory elements
1032 (e.g., DRAM), the non-volatile memory elements 1042 (e.g.,
flash), and the controller 1062 (e.g., an FPGA) in one embodiment.
The sub-block 1124 can provide the second voltage 1104 as well as
another reduced voltage 1105 to the memory system 1010. In one
example embodiment, the second voltage 1104 is 2.5V and is used
to power the at least one circuit 1052 (e.g., isolation device) and the
other reduced voltage 1105 is 1.2V and is used to power the
controller 1062 (e.g., FPGA). The subblock 1126 can provide yet
another voltage 1107 to the memory system 1010. For example, the
voltage 1107 may be 3.3V and may be used to power both the

controller 1062 and the at least one circuit 1052.”

58.12

the set of components
including:

a first component
electrically connected to
the first regulated voltage
line and powered by the
first regulated voltage
when the system power is
provided to the DIMM
from the system board;

a second component
electrically connected to
the second regulated
voltage line and powered

FIG. 16

FIG. 12
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by the second regulated
voltage when the system
power is provided to the
DIMM from the system
board;

a third component
electrically connected to
the third regulated voltage
line and powered by the
third regulated voltage
when the system power is
provided to the DIMM
from the system board;
and

a fourth component
electrically connected to
the fourth regulated
voltage line and powered
by the fourth regulated
voltage when the system
power is provided to the
DIMM from the system
board;

On the left of the figure, system power (Vdd) is provided on the input
voltage supply line 1106 to the PWM controller 1130 which provides
power to the four converter circuits. Buck convertor 1122, dual buck
converterl 124, and buck-boost converter 1126 provide regulated
voltages on the regulated voltage lines 1102, 1104, 1105, and 1107,
respectively.

On the right, each of the DRAM are shown as being connected to the
first regulated voltage, for example.

On the right, the isolation device is shown as being connected to the
second regulated voltage, for example.

On the right, the FPGA 1070 is shown as being connected to the third
regulated voltage, for example.

On the right, the MCU 1060 is shown as also being connected to the
fourth regulated voltage, as is shown in the embodiment of FIG. 12,
the MCU 1060 is part of the controller 1062. This is further specified
in the text of the disclosure:

Para. [00148]

“the other reduced voltage 1105 is 1.2V and is used to power the
controller 1062 (e.g., FPGA). The subblock 1126 can provide yet
another voltage 1107 to the memory system 1010. For example, the
voltage 1107 may be 3.3V and may be used to power both the
controller 1062 and the at least one circuit 1052.”

As shown in FIG. 12, above, the controller 1062 includes the
components FPGA 1070, and the MCU 1060, and thus needs two
different voltages for each of the components 1070, 1060.

Samsung Electronics Co., Ltd.
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58.13

wherein each component

FIG. 16

58.14 of the set of components:
(1) 1s electrically
connected to one or
more of the first,
second, third, and
fourth regulated voltage
lines; and
(i1) when the system
power is received by the
controller, is powered:
’ only. by one or On the left of the figure, system power (Vdd) is provided on the input
more of the first, second,
third, and fourth voltage voltage supply line 1106 to the PWM controller 1130 which provides a
reducing circuits; and voltage 1110 to each of the four converter circuits.
. only viathe one | p,r0 [00145]
or more of the first, . . .
second, third, and fourth In a second state, the fourth voltage 1110 is provided to the
regulated voltage lines; conversion element 1120 from the first power element 1130 and
the first voltage 1102 is provided to the memory system 1010 from
the conversion element 1120.”
Para. [00151]
“For example, referring to FIG. 16, a switch 1148 can be toggled to
provide the first voltage 1102 from the conversion element 1120
rather than from the input power supply.”
On the right side of the figure, the components are listed. The power
provided to the PWM controller 1130 and from there to the converter
circuits is the only power to the module. There is no alternative power
source claimed.
wherein the plurality of FIG. 21
58.15 DDR SDRAM packages
includes:

a first group of at
least five DDR
SDRAM packages that
are each connected to a
first chip select line
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configured to
electrically conduct a
first chip select signal;

a second group of at
least four DDR
SDRAM packages that
are each connected to a
second chip select line
configured to
electrically conduct a
second chip select
signal; and

{ DR St 3

A Hapmem 3

fiG, 21

Chip Select 1 and Chip Select 2 going to each group is shown in FIG.
21 above.

Para. [00172]

“FIG. 21 schematically illustrates an example topology of a connection
to transfer data slices from two DRAM segments 1630, 1640 of a
volatile memory subsystem 1030 of a memory system 1010 to a
controller 1062 of the memory system 1010. While the example of
FIG. 21 shows a topology including two DRAM segments 1630,
1640 for the purposes of illustration, each address location of the
volatile memory subsystem 1030 comprises more than the two
segments in certain embodiments. The data lines 1632, 1642 from the
first DRAM segment 1630 and the second DRAM segment 1640 of
the volatile memory subsystem 1030 are coupled to switches 1650,
1652 which are coupled to the controller 1062 (e.g., logic element
1070) of the memory system 1010. The chip select lines 1634, 1644
and the self-refresh lines 1636, 1646 (e.g., CKe signals) of the first
and second DRAM segments 1630, 1640, respectively, are coupled
to the controller 1062.”

Para. [00177]

“In certain embodiments, transferring each data word comprises
storing a first portion (also referred to as a slice) of the data word
in a buffer in an operational block 1622, storing a second portion
of the data word in the buffer in an operational block 1624, and
writing the entire data word from the buffer to the non-volatile
memory subsystem 1040 in an operational block 1626.”

Para. [00178]

“In one example embodiment, the data word may be a 72 bit data
word (e.g., 64 bits of accessible SDRAM and 8 bits of ECC), the
first portion (or "slice') may comprise 40 bits of the data word,

and the second portion (or "slice') may comprise the remaining 32

bits of the data word. In certain embodiments, the buffer is included
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in the controller 1062. For example, in one embodiment, the buffer is a
first-in, first-out buffer implemented in the controller 1062 which
comprises an FPGA. The method 1600 may generally be referred to as
"slicing" the volatile memory during a backup operation. In the
example embodiment, the process of "slicing" the volatile memory
during a backup includes bringing the 32-bit slice out of self-refresh,
reading a 32-bit block from the slice into the buffer, and putting the
32-bit slice back into self-refresh. The 40-bit slice is then brought out
of self-refresh and a 40-bit block from the slice is read into a buffer.
Each block may comprise a portion of multiple words. For example,
each 32-bit block may comprise 32-bit portions of multiple 72-bit
words. In other embodiments, each block comprises a portion of a
single word. The 40-bit slice is then put back into self-refresh in the
example embodiment. The 32-bit and 40-bit slices are then combined
into a 72-bit block by the controller 1062 and ECC
detection/correction is performed on each 72-bit word as it is read from
the buffer and written into the non-volatile memory subsystem (e.g.,
flash).”

This claim is limited to x4 and x8 DRAM. When using x8, it takes
five DRAM to receive or output 40 bits. The remaining bits in the
word are 32, which means it would take four x8 DRAM to complete
receiving or outputting the word. Thus, you have a module with a total
of nine DRAM (5+4) as shown in FIG. 13 and discussed in Para.
[00126]. If x4 are used, the number of DRAM are correspondingly

more.

58.16

when the system power is
received by the controller:
. the first and
second groups of DDR
SDRAM packages are
configured to be
accessible and not in self-
refresh mode;

. the first group of
DDR SDRAM packages
is configured to be
enabled, in response to
the first chip select signal,
to receive or output 40 1-

Para. [00173]

“In certain embodiments, the first and second DRAM segments 1630,
1640 maintain stored information but are not accessible when they
are in self-refresh mode, and maintain stored information and are
accessible when they are in active mode.”

Para. [00178]

“In one example embodiment, the data word may be a 72 bit data
word (e.g., 64 bits of accessible SDRAM and 8 bits of ECC), the
first portion (or "slice') may comprise 40 bits of the data word,
and the second portion (or "slice') may comprise the remaining 32

bits of the data word. In certain embodiments, the buffer is included

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1232



bit wide DDR data signals
in parallel via 40 data
lines of the set of data
lines independently of
whether the second group
of DDR SDRAM
packages is enabled, in
response to the second
chip select signal, to
receive or output an
integer number of 1-bit
DDR data signals in
parallel via the integer
number of data lines of
the set of data lines; and

. the 40 1-bit wide
DDR data signals include
32 1-bit wide DDR data
signals and eight 1-bit
wide DDR error-
correcting code (ECC)
data signals; and

in the controller 1062. For example, in one embodiment, the buffer is a
first-in, first-out buffer implemented in the controller 1062 which
comprises an FPGA. The method 1600 may generally be referred to as
"slicing" the volatile memory during a backup operation. In the
example embodiment, the process of "slicing" the volatile memory
during a backup includes bringing the 32-bit slice out of self-refresh,
reading a 32-bit block from the slice into the buffer, and putting the
32-bit slice back into self-refresh. The 40-bit slice is then brought out
of self-refresh and a 40-bit block from the slice is read into a buffer.
Each block may comprise a portion of multiple words. For example,
each 32-bit block may comprise 32-bit portions of multiple 72-bit
words. In other embodiments, each block comprises a portion of a
single word. The 40-bit slice is then put back into self-refresh in the
example embodiment.”

Para. [00182]

“In certain other embodiments, the full width of the data bus is
connected between the volatile memory subsystem 1030 and the
controller 1062 but only a portion of it is used during slicing
operations. For example, in some embodiments, memory slicing is

an optional mode.”

58.17

wherein the sum of the 40
data lines and the integer
number of data lines
equals a total number of
data conduits of the set of
data conduits of the
memory socket, and the
total number of data
conduits is at least 72 data
conduits.

Para. [00123]

“The interface 1022 of certain embodiments provides a conduit for
power voltage as well as data, address, and control signals between
the memory system 1010 and the host system. For example, the
interface 1022 can comprise a standard 240-pin DDR2 edge
connector.”

Para. [00172]

“In one embodiment, for example, the volatile memory subsystem
1030 comprises a 72-bit data bus (e.g., each data word at each
addressable location is 72 bits wide and includes, for example,
64 bits of accessible SDRAM and 8 bits of ECC), the first data
slice from the first DRAM segment 1630 may comprise 40 bits of
the data word, and the second data slice from the second DRAM
segment 1640 may comprise the remaining 32 bits of the data word.
Certain other embodiments comprise data buses and/or data slices
of different sizes.”

Para. [00178]

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1233




“In one example embodiment, the data word may be a 72 bit data
word (e.g., 64 bits of accessible SDRAM and 8 bits of ECC), the
first portion (or "slice') may comprise 40 bits of the data word,
and the second portion (or "slice') may comprise the remaining 32

bits of the data word.”

Para. [00177]

>9 Whereln the.plurahty “In certain embodiments, each data word comprises the data stored in a

of write operations further

includes a third write particular address of the memory system 1010. The memory system

operation subsequent to 1010 may enter the second mode of operation, for example, when a

the first and second write trigger condition (e.g., a power failure) occurs. In certain

operations; and wherein, ) ) ) ) ]

. embodiments, transferring each data word comprises storing a first

in response to the

detected trigger condition, | portion (also referred to as a slice) of the data word in a buffer in an

the logic element is operational block 1622, storing a second portion of the data word in

further configured to i i . .

. the buffer in an operational block 1624, and writing the entire data

periodically perform

every millisecond all of word from the buffer to the non-volatile memory subsystem 1040

the first and second write | in an operational block 1626.”

operations followed by

the third write operation.
Para. [00130]
“In one embodiment, the nonvolatile memory subsystem 1040 holds
intermediate data results in a noisy system environment when the host
computer system is engaged in a long computation. In certain
embodiments, a backup may be performed on a regular basis. For
example, in one embodiment, the backup may occur every millisecond
in response to a trigger condition.”
Para. [00177]

60 wherein the logic

element is further
configured to perform the
third write operation by
writing a third set of data
bits from the data storage
element into the
nonvolatile memory, and
wherein the third set of
data bits includes the first
and second set of data bits
written during the first
and second write
operations.

“In certain embodiments, each data word comprises the data stored in a
particular address of the memory system 1010. The memory system
1010 may enter the second mode of operation, for example, when a
trigger condition (e.g., a power failure) occurs. In certain
embodiments, transferring each data word comprises storing a first
portion (also referred to as a slice) of the data word in a buffer in an
operational block 1622, storing a second portion of the data word in
the buffer in an operational block 1624, and writing the entire data
word from the buffer to the non-volatile memory subsystem 1040

in an operational block 1626.”
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wherein, in response to

Para. [00133]

6l the detected trigger “In certain embodiments, the voltage monitor circuit 1050 is part
condition, the voltage i 1 b q
monitor cireuit is further of the controller 1062 (e.g., part of the MCU 1060) and the
configured to generate voltage monitor circuit 1050 transmits a signal to the other
and transmit a trigger portions of the controller 1062 upon detecting a power
signal. sl
threshold condition.
wherein, in response to Para. [00113]
62 the detected trigger “In order to maintain less than 100ms time period for queued
condition, the logic
element is further write-back Blocks, then using a Flash memory subsystem
configured to periodically | haying 22ms write access time per Block would results in a
perform every ) )
millisecond a plurality of | Maximum number of four Blocks to be queued for write
read operations prior to operation to Flash 506. Therefore, on average approximately
erforming the first and
P 8 . 88ms (= 22ms * 4) for blocks means that each bank should not
second write operations.
have more than four Blocks that need to be written back to the
Flash 506.”
wherein the logic element | [00172
63 is further configured to FIG. 21 schematically illustrates an example topology of a connection
perform a first and second
. to transfer data slices from two DRAM segments 1630, 1640 of a
read operations of the
plurality of read volatile memory subsystem 1030 of a memory system 1010 to a
operations by reading the | controller 1062 of the memory system 1010,
first and d sets of , . .
- ar.l SECOne se S © The controller read first and second data slices (sets of data bits) from
data bits from the first
and second groups of first and second groups of DDR SDRAM packages. and then write the
DDR SDRAM packages, | first and second sets of data bits into the controller 1062 (data storage
respectively. clement).
wherein the width Para. [00122]
64 dimension is 133.35 “For example, the PCB 1 020 can have a low profile (LP) form factor
millimeters. ) ) o
with a height of 30 millimeters and a width of
133.35 millimeters. In certain other embodiments, the PCB 1020 has a
very high profile (VHP) form factor with a height of 50 millimeters or
more. In certain other embodiments, the PCB I 020 has a very low
profile (VLP) form factor with a height of 18.3 millimeters.”
wherein the height Para. [00122]
65 dimension is selected

from one of a plurality of
profiles ranging from 18.3
millimeters to 50
millimeters.

“For example, the PCB 1 020 can have a low profile (LP) form
factor with a height of 30 millimeters and a width of

133.35 millimeters. In certain other embodiments, the PCB 1020
has a very high profile (VHP) form factor with a height of S0
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millimeters or more. In certain other embodiments, the PCB 1 020
has a very low profile (VLP) form factor with a height of 18.3

millimeters.”

wherein each of the first,

Para. [00148]

66 second, and third voltage | «ppe conversion element 1120 can comprise one or more buck
reducing circuits is a buck i
converter converters and/or one or more buck-boost converters. The conversion
element 1120 may comprise a plurality of sub- blocks 1122, 1124,
1126 as schematically illustrated by FIG. 16, which can provide more
voltages in addition to the second voltage 1104 to the memory system
1010. The sub-blocks may comprise various converter circuits such
as buck-converters, boost converters, and buck-boost converter
circuits for providing various voltage values to the memory system
1010.”

wherein, when the system | Para. [00149]

67 power is provided to the “In one embodiment, the volatile memory elements 1032 and
DIMM from the system ) o
board. the nonvolatile nonvolatile memory elements 1042 are powered using independent
memory is not powered voltages and are not both powered using the first voltage 1102.”
using the first regulated
voltage.
wherein, when the system Para. [00130]

68 power is provided to the

DIMM from the system
board, an additional
trigger condition occurs
when the input voltage is
above the first threshold
and the input voltage is
below the second
threshold; and

wherein, in response to
the additional trigger
condition, the voltage
monitor circuit is further
configured to generate
and transmit a trigger
signal.

“In certain embodiments, the trigger condition occurs when the
memory system 1010 detects that the system voltage is below a
certain threshold voltage. For example, in one embodiment, the
threshold voltage is 10 percent below a specified operating voltage.
In certain embodiments, a trigger condition occurs when the voltage
goes above a certain threshold value, such as, for example, 10
percent above a specified operating voltage. In some
embodiments, a trigger condition occurs when the voltage goes

below a threshold or above another threshold.”
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OR sav$3) WITH JPO; DERWENT;
((non$volatile OR flash) | IBM_TDB)
near2 (memory OR
storage OR SSD))
WITH milli$1second
L111 24 110 AND (US-PGPUB; USPAT; |OR ON ON 2024/08/02
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OR cop$4 OR writ$4 USOCR; FPRS; EPO; 04:51 PM
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WITH ((non$volatile OR |IBM_TDB)
flash) near2 (memory
OR storage OR SSD))
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near5 (milli$1second
OR ms)
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flash) near2 (memory
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WITH ((non$volatile OR |IBM_TDB)
flash) near2 (memory
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(@ad<"20070601") USOCR; FPRS; EPO; 04:55 PM
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L118 0 periodic$4 WITH (US-PGPUB; USPAT; |OR ON ON 2024/08/02
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OR sav$3) WITH IBM_TDB)
((non$volatile OR flash)
near2 (memory OR
storage OR SSD))
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WITH millisecond

L119 145 periodic$4 WITH (US-PGPUB; USPAT; |OR ON ON 2024/08/02
(backup OR replicat$3 |USOCR; FPRS; EPO; 05:09 PM
OR cop$4 OR writ$4 JPO; DERWENT;

OR sav$3) WITH IBM_TDB)
((non$volatile OR flash)

near2 (memory OR

storage OR SSD))

WITH second

L120 26 119 AND (US-PGPUB; USPAT; |OR ON ON 2024/08/02

(@ad<"20070601") USOCR; FPRS; EPO; 05:09 PM
JPO; DERWENT;
IBM_TDB)
L121 0 120 AND dimm (US-PGPUB; USPAT; |OR ON ON 2024/08/02
USOCR; FPRS; EPO; 05:19 PM
JPO; DERWENT;
IBM_TDB)

L122 19 "backup may occur (US-PGPUB; USPAT; |OR ON ON 2024/08/02

every millisecond” USOCR; FPRS; EPO; 05:39 PM
JPO; DERWENT;
IBM_TDB)

L123 0 122 AND (US-PGPUB; USPAT; |OR ON ON 2024/08/02

(@ad<"20070601") USOCR; FPRS; EPO; 05:39 PM
JPO; DERWENT;
IBM_TDB)

L124 19 (backup near5 occur (US-PGPUB; USPAT; |OR ON ON 2024/08/02
nearb every nearb USOCR; FPRS; EPO; 05:40 PM
millisecond) JPO; DERWENT;

IBM_TDB)

L125 19 (backup near5 occur (US-PGPUB; USPAT; |OR ON ON 2024/08/02
near5 (every OR each |USOCR; FPRS; EPO; 05:41 PM
OR one) nearb JPO; DERWENT;
millisecond) IBM_TDB)

L126 31 (buck ADJ converters) |(US-PGPUB; USPAT; [OR OFF ON 2024/08/05
SAME (regulat$3 near2 |USOCR; FPRS; EPO; 08:32 AM
voltage) SAME ((printed |JPO; DERWENT;

ADJ circuit ADJ board) |IBM_TDB)
OR PCB)

L127 3 ((buck ADJ converters) |(US-PGPUB; USPAT; [OR OFF ON 2024/08/05
SAME (regulat$3 near2 |USOCR; FPRS; EPO; 08:32 AM
voltage) SAME ((printed |JPO; DERWENT;

ADJ circuit ADJ board) |IBM_TDB)
OR PCB)).cim.

L128 3 127 AND ("BHAKTA; (US-PGPUB; USPAT; |OR ON ON 2024/08/05
JAYESH".ine. OR USOCR; IBM_TDB) 08:33 AM
"CHEN; CHI-SHE".ine.

OR "MILTON; SCOTT
H.".ine. OR
"SOLOMON; JEFFREY
C."ine))

L129 5 126 AND ("NETLIST, (US-PGPUB; USPAT; |OR ON ON 2024/08/05
INC.".ase.) USOCR; IBM_TDB) 08:34 AM

L130 6 126 AND ((GO6F1/185 |(US-PGPUB; USPAT; |OR ON ON 2024/08/05
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OR G06F12/0246 OR
G06F12/0638 OR
G06F13/1694 OR
GO06F13/28 OR
G06F13/4027 OR
G06F13/4243 OR
G06F2212/205 OR
G06F2212/7208 OR
GO06F3/0613 OR
GO06F3/0659 OR
GO06F3/0685 OR
G11C11/005 OR
G11C11/409 OR
G11C14/0018 OR
G11C16/10 OR
G11C7/1072 OR
Y02D10/00).cpc. OR
(711/110).ccls. OR
(GO6F1/18 OR
GO06F12/02 OR
GO06F12/06 OR
GO06F13/16 OR
GO06F13/28 OR
GO06F13/40 OR
GO06F13/42 OR
GO06F3/06 OR
G11C14/00 OR
G11C7/10).ipc.)

USOCR; IBM_TDB)

PE2E SEARCH - Search History (Interference)

There are no Interference searches to show.

08/05/2024 08:55:24 AM
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information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to
any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[

See attached certification statement.

A certification statement is not submitted herewith.
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The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5
U.S.C. 552) and the Privacy Act (56 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court,
magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request
involving an individual, to whom the record pertains, when the individual has requested assistance from the Member
with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the
information in order to perform a contract. Recipients of information shall be required to comply with the requirements of
the Privacy Act of 1974, as amended, pursuantto 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may
be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to
the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/
her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to recommend
improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such
disclosure shall be made in accordance with the GSA regulations governing inspection of records for this purpose, and
any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the
application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement
agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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y ISL6537 "ACPI Regulator/Controller for Dual Channel DDR Memory Systems"”, Renesas, 16 pages, 07/18/2007, taken D
from internet on 16 April 2024 from: https:/Mmww.renesas.com/us/en/document/dst/isl6537-datasheet
2 K] @EQ’) AR Dnnulah-\rlr‘nni-rnllnr for.Dual Ohannal DR, l\llnmnn: Queh:.me" |n+are|| 44 haﬂae (\7/’)(\(\/1 takanfrokm.
internet on 17 Aprll 2024 from: https://mww.mouser. com/datasheet/2/465/|nterS|I fn9120 342258 pdf L
3 NXP "Hardware and Layout Design Considerations for DDR Memory Interfaces", Freescale Semiconductor, Inc., 48 D
pages, 2007, taken from internet on 16 April 2024 from: https://www.nxp.com/docs/en/application-note/AN2582. pdf
TKDM "TKDM - A Reconfigurable Co-processor in a PC's Memory Slot", Plessi, 8 pages, 12/17/2003, taken from
4 internet on 17 April 2024 from: https://citeseerx.ist.psu.edu/document? |:|
repid=rep1&type=pdf&doi=615235db2bed5bb4823f9c3a9d383a92¢e1f602c7
5 ISL6534 "Dual PWM with Linear", Renesas, 29 pages, 11/18/2005, taken from internet on 16 April 2024 from: https:// D
dir.heisener.com/DatasheetDownload/ISL6534CV-TR5229. pdf
MAXIM CRC Converder Tutarial, Maxim..l4.0ages..1.10292001, taken from internet an 16 Anl 2024 fram. httns. (L =
° pdfserv.maximintegrated.com/en/an/DCDC_Converter_Tutorial.pdf L]
7 TONG et al., "A System Level Implementation of Rijndael on a Memory-slot based FPGA Card", Tong, 8 pages, D
01/2003, taken from internet on 06 June 2024 from: https://phwl.org/assets/papers/aes_fpt02.pdf
8 National Semiconductor (November 2006). LP3913 Power Management |C for Flash Memory Based Portable Media D
Players. Retrieved from https://datasheetspdf.com/pdf-file/572488/NationalSemiconductor/LP3913/1. See pages 1-3.
Intersil (December 2008). ISL6227 Dual Mobile-Friendly PWM Controller with DDR Option. Retrieved from http:/pdf
9 html.ic37.com/pdf_file_A/20200531/pdf_pdf/pdf5/INTERSIL/ISL6227_datasheet_647405/105904/ISL6227_datasheet. |:|
pdf. See pages 2, 10, 12, 14 & 20.
10 Xlinix (July 2005). OPB Synchronous DRAM (SDRAM) Controller (v1.00e). Retrieved from https://datasheet. D
datasheetarchive.com/originals/library/Datasheet-080/DASF007621.pdf. See pages 9 & 11.
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Application/Control Number: 17/582,797 Page 2
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DETAIL ACTION
Notice of Pre-AIA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

2. This office action is in response to the communication filed on 10/01/2024. There
are a total of 42 claims pending in the application. Claim 2 has been amended; claims 1

and 3-27 have been canceled; and claims 28-68 have been added.

INFORMATION CONCERNING IDS:

3. The information disclosure statements (IDS’) submitted on 09/24/2024 and
10/01/2024 are in compliance with the provisions of 37 CFR 1.97. Accordingly, the
information disclosure statements have been considered by the Examiner. The IDS
listed documents marked by lined-through have not been considered by the Examiner,

because a copy documents have not been provided.

INFORMATION CONCERNING CLAIMS:

Claim Rejections - 35 USC § 112

The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the
invention, and of the manner and process of making and using it, in such full, clear, concise,
and exact terms as to enable any person skilled in the art to which it pertains, or with which it
is most nearly connected, to make and use the same, and shall set forth the best mode
contemplated by the inventor or joint inventor of carrying out the invention.

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

Samsung Electronics Co., Ltd.
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The specification shall contain a written description of the invention, and of the
manner and process of making and using it, in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it pertains, or with which it is most nearly
connected, to make and use the same, and shall set forth the best mode contemplated by the
inventor of carrying out his invention.

4. Claims 2 and 28-68 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-
AlA), first paragraph, as failing to comply with the written description requirement. The
claim(s) contains subject matter which was not described in the specification in such a
way as to reasonably convey to one skilled in the relevant art that the inventor or a joint
inventor, or for applications subject to pre-AlA 35 U.S.C. 112, the inventor(s), at the time
the application was filed, had possession of the claimed invention.

The independent claim 2 recites, in part, the limitation(s):

¢ “the memory-socket including a set of power conduits, a set of data conduits

including at least 72 data conduits, and a set of address and control conduits”.

e “a 1-bit wide double data rate (DDR) data signal is electrically conducted

between the system board”

e “wherein each data line of the set of data lines is configured to electrically
conduct a 1-bit wide DDR data signal, and wherein the set of data lines includes at least

72 data lines”

e “in response to the detected trigger condition, the logic element is configured to
perform a plurality of write operations, including: a first write operation to write a

first set of data bits into a first portion of the data storage element; a second write

Samsung Electronics Co., Ltd.
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operation to write a second set of data bits into a second portion of the data
storage element; and subsequently a third write operation to write a third set of
data bits from the data storage element into the nonvolatile memory, wherein the
third set of data bits includes the first and second set of data bits written during

the first and second write operations;”

e “the trigger condition occurs when the input voltage goes above both the first

and second threshold voltages”

e “wherein: a specified operating voltage value is within a range of operating
voltage values of the DIMM, the range of operating voltage values is bounded by

an upper operating voltage value and a lower operating voltage value”

e “each of the first, second, third, and fourth converter circuits configured to, in
response to the detected trigger condition, receive power supplied by the input
voltage supply line when the system power is provided to the DIMM from the

system board”

e “wherein, when the system power is provided to the DIMM from the system
board:
the trigger condition occurs when the input voltage goes above both the first

and second threshold voltages; and

Samsung Electronics Co., Ltd.
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wherein: a specified operating voltage value is within a range of operating
voltage values of the DIMM,
the range of operating voltage values is bounded by an upper operating voltage

value and a lower operating voltage value

e "when the system power is provided to the DIMM from the system board:
the first and second groups of DDR SDRAM packages are configured to be
accessible and not in self-refresh mode,;
the first group of DDR SDRAM packages is configured to be enabled, in
response to the first chip select signal, to receive or output 40 1-bit wide
DDR data signals in parallel via 40 data lines of the set of data lines
independently of whether the second group of DDR SDRAM packages is
enabled, in response to the second chip select signal, to receive or output
an integer number of 1-bit DDR data signals in parallel via the integer
number of data lines of the set of data lines; and
the 40 1-bit wide DDR data signals include 32 1-bit wide DDR data
signals and eight 1-bit wide DDR error-correcting code (ECC) data
signals; and
wherein the sum of the 40 data lines and the integer number of data lines equals
a total number of data conduits of the set of data conduits of the memory socket,
and the total number of data conduits is at least 72 data conduits.”

The claimed specification fails to describe/support the limitation(s) as claimed.
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5. Independent claims 44 and 58 recite similar limitations as presented above with
respect to the independent claim 2.
6. Dependent claims 28-43, 45-67 and 68 are rejected at least by virtue their

dependency from their respected claim.

35 USC 112(b) or 35 USC 112 (pre-AlA), Second Paragraph

The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more
claims particularly pointing out and distinctly claiming the subject matter
which the inventor or a joint inventor regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:

The specification shall conclude with one or more claims particularly

pointing out and distinctly claiming the subject matter which the applicant

regards as his invention.

Claims 2, 44, and 58 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-
AlA), second paragraph, as being indefinite for failing to particularly point out and
distinctly claim the subject matter which the inventor or a joint inventor (or for
applications subject to pre-AlA 35 U.S.C. 112, the applicant), regards as the invention.
7. The independent claim 2, in part, recite the limitation:
“trigger condition occurs when the input voltage goes above both the first and
second threshold voltages” (emphasis added).
The specification appears to recite trigger condition occurs when input voltage is above

a first threshold voltage and below a second threshold votage.

8. The independent claim 2, in part, recite the limitation:

Samsung Electronics Co., Ltd.
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“the first and second groups of DDR SDRAM packages are configured to be accessible
and not in self-refresh mode” (emphasis added).

It is not clear what is meant by phrase "accessible and not self-refresh mode”.

Does that mean that both groups may be in self-refresh and no access to either group
possible or only one group at a time can be in the self-refresh mode?

The independent claims 44 and 58 recites a similar limitations and are rejected on the
same ground of limitations. The dependent claims 28-43, 45-57, and 59-68 are rejected

at least based on their dependency from their respected independent claims.

Response to Remarks

Applicant arguments have been fully considered but they have not been
persuasive. Page 22-27 of the Remarks recites the newly amended independent claim
2. Page 27-28 recite the status of claim rejection as related to previous office action. On
page 30-31, the Remarks make references to 4 0002 of Harris. The § 0002 of Harris is
background portion of the specification (e.g., refers to related art prior to Harrises
invention). 9§ 0003 Harris discusses the solution is a power distributed system in which
the DIMM modules (e.g., board) receives external input voltage and generate a plurality
of on-board regulated voltages to be supplied or provided to memory devices (e.g.,
DIMMs, see paragraph 9 0009 of Harris). Contrary to the Applicant arguments, the
external input voltage regulated by VRM module 102 and supplied to the DRAM devices
110-1to 110-N (e.g., DIMM, see 9 0009 and Figs. 1A and 1b of Harris) . In addition

Harris DIMM may comprise any type of Double Data Rate (DDR) devices. Page 33 of
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the Remarks recites 4 0019 of the Remarks and highlight some portions of the
paragraph and concludes that Harris cannot read on claim 2. Applicant argues:

“As the Office Action acknowledges, the memory module 100A of Harris receives its
power through an external source. ("Fig. 1B Harris shows a block diagram of
memory module 100B comprising DRAM devices 110, inputs a plurality voltages 120
from external (sic) source and generates a plurality of regulated voltages 106 and
108," Office Action, p. 5, 11. 3-5, emphasis added).

Applicant respectfully maintains that Harris expressly teaches away from
providing power to any memory module assembly via the memory socket from

the system board of the computer system.” (Emphasis added, bolded portion).

The Examiner respecitfully disagrees. Fig. 1A or 1B Harris teaches receiving input
voltage(s) from an external voltage source (line(s) of 104 or 120s) and converting to the
regulated voltages Vdd 108 and Vcc 106 using the voltage regulator module 102. Fig.
1B of Harris shows receiving voltages from a plurality of external voltage sources (e.g.,
lines), and converting to the regulated voltages Vdd 108 and Vcc 104 using a plurality of
voltage regulator modules 122 (and logic 124). Harris discloses:

“[0014] FIG. 1B is a block diagram of voltage distribution system for a memory
module 100B according to another embodiment. It should be apparent to one skilled
in the art that the voltage distribution system for memory module 100B is
essentially similar to the system shown in FIG. 1A, but for the redundancy
implementation of local voltage conversion. A plurality of on-board VRMs 122-K,
K=1, 2,..., N, are provided as part of the memory assembly/module 100B
wherein each VRM is operable with an independent voltage supply path for
locally converting an external supply voltage into appropriate local voltage levels.
Reference numerals 120-1 through 120-K refer to K supply voltage paths which
may be coupled to various voltage sources provided within the electronic system
(e.g., a computer system) (not shown). It should be readily recognized that the
external voltage sources may comprise any combination of known or heretofore

Samsung Electronics Co., Ltd.
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unknown voltage supplies, either regulated or unregulated, and even including
variable voltages.

[0015] A suitable logic module 124 is provided for selecting among the plurality of
like voltage outputs from the VRMs 122-K in order to energize the V.sub.dd and
V.sub.cc paths 108, 106, respectively. In one implementation, a wired-OR
arrangement is operable to select from K voltage outputs (e.g., from K V.sub.dd
outputs or from K V.sub.cc outputs) to power the appropriate local voltage supply
path, i.e., the V.sub.dd and V.sub.cc paths. As described previously, the V.sub.dd
path 108 is coupled to each of the DRAM devices 110-1 through 110-N and the
V.sub.cc path 106 is coupled to the buffer/logic component 112 of the memory
assembly module 100B.” (Pars. 0014-0015, emphasis addeq).

Fig. 3 of Harris shows a plurality of DIMM board or module with withs a plurality edge
pins to be attached or coupled to memory controller via DIMM connector (.e.qg., Par.
0019 OF Harris). Fig. 4 of Harris shows a computer system 400 comprising a plurality of
memory modules 410 connected to memory controller 408 via memory link 411. Fig. 4
also shows that each of memory module comprise a local voltage regulator 412 for
receiving input voltage from the external memory controller and converting it to
regulated voltages used by each DIMM module of the plurality of DIMM modules. As
showed in Figs. 3-4 of Harris, all of the communication between the computer system
and the memory modules including external power voltage source or lines provided via
edge pins and the DIMM connectors. Applicant argues that Harris expressly teaches
away, apparently assuming that that there is no socket (e.g., connector). Applicant
make numerous references to § 0002 of Harris, which, as noted above, is a portion of
background information. The Examiner respectfully disagrees with the Applicant that
Harris teaches away, even if power was not provided through connector (e.g., socket).
Harris teaches external voltage(s) are received by DIMM boards or modules and

converted to regulated voltage(s) required by operating DIMMSs.
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Page 28 of the Remarks states “support for all of the below amendments has been
provided in the attachment accompanying this paper. The support is provided by claim
number in a table within the attachment.” The Examiner respectfully submits that no
support provided for the newly added amendments. The support means that the
claimed specification describes/supports by pointing to portion(s) of the specification
that describes/supports the newly added limitations. There is no table within the
provided applicant’'s Remarks that relates the limitations to claimed specification.
Applicant describes various limitations in the claims without referring to the portions of
specification that describes or supports them. The rejections under 35 USC 112,
indicate at least some of the added new limitation not described/supported as is

required to comply with written description requirement.

The arguments regarding the limitations associated with self-refresh subject is a newly
introduced subject matter is considered moot. Although, as rejected under 112, there

are some ambiguities in claim limitations that need clarification or modification.

Regarding the plurality Buck converted and voltage values, as previously noted, Harris
teaches one or more regulated supply (e.g., Figs. 1A and 1B of Harris) to provide
regulated voltages used by DIMM. The information regarding the type of voltage
regulators such as buck converters and specific voltage values, as referred to in the
previous office action, has been provided in the document “Trial Termination or final
written description” or “Trial-Term”. For example page 23 of trial teaches how to
combine (e.g., map) the teaching of Harris and FBDIMM standards to achieve require

voltage values. The Trial-Term documents also describes that single and dual package
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buck converters were available before the time the Harris’ invention filed, one having
ordinary in the art would have been motivated to modify the DIMM board or module
taught by Harris to include buck converters as voltage regulators. Regarding triggering

voltage variation or fault, the combination of references should be considered.

For example, Harris teaches a power system supply voltage of +12V with a wide
tolerance +/-15%. For an input supply source voltage 12V with +/-15%, The voltage
range for DIMM to properly operates is from 10V to 13.8V. It means the DIMM module
with an operating voltage < 10.2 or an operating voltage > 13.8 may fail (e.g.,causes
triggering condition). Amidi teaches a variation in a power supply may be detected and
means has been provided to switch to the backup power supply (e.g., see claim 19,
Figs. 5-6 of Amidi). In summary, the Examiner respectfully submit that combination or
reference relied on previous office action teach or render obvious the pre-amended
limitations. The current set of claims (e.g., newly amended and added claims) recite

some limitations not described/supported by the claim specification.

Conclusion

Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37

CFR 1.136(a).
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A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to HASHEM FARROKH whose telephone number is
(571)272-4193. The examiner can normally be reached Monday through Friday from
8:30 am - 5:00 pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Mr. Tim Vo can be reached on (571)272-3642. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.
Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through Private PAIR only. For
more information about the PAIR system, see htto:/pair-direct.uspto.gov. For questions
regarding access to the Private PAIR system, contact the Electronic Business Center

(EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer
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Service Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000.

/HASHEM FARROKH/
Primary Examiner, Art Unit 2138
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FOR DISCUSSION PURPOSES ONLY

Proposed Claim Amendments (Marked-Up)

1. (Canceled)

2. (Currently amended) A dual in-line memory module (DIMM) configured to fit
into a memory slot connector seeketofa-systemboard-of a host eemputersystem, the memory
seeketslot connector including a set of power conduits, a set of data conduits treluding-atleast
F2-dataconduits, and a set of address and control conduits, wherein systempowertromthe

em-board-sprovidedto-the DIMMvia-the-memeory—socketby-the-set-of powercond
e PIMMts-contieured-to-eperateustineonlythe providedsystempewerfromthe-syste 3
a+bitwide-double-datarate- (PPRY-data sienal-signals +s-elestriealyeondueted-between the

system-beard host system and the DIMM are transferred via the-memeorysoeketby-eachdata
eonduit-of the set of data conduits, and address-and-control signals are delivered eleetriealy
eondueted-from the host system beard-to the DIMM via the-memeory-seeketby-the set of address
and control conduits, the DIMM comprising:

a printed circuit board (PCB) havines
. o . g

antterfaee having edge connections dispesed-alonethe-width-dimenstonand-configured

to fit into the memory seeketslot connector of the host system, the edge connections including:

a first set of edge connections configured to be electrically connected to

respeetive-powerecenduits-efthe set of power conduits_and operable to deliver to
the DIMM power from power rails of athe host system beard-via the set of power

conduits, wherein the power delivered to the DIMM from the power rails of the

host system is the only power received by the DIMM:

a second set of edge connections eaeh-efwhieh+s-configured to

electrically-conduetat bitwide DDR data-signal-and-te-be electrically connected
to arespeetive-dataeonduitof the set of data conduits, and

a third set of edge connections configured to be electrically connected to

1
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respeetiveaddress-and-control-conduitsof the set of address and control
conduits[[;]]
a set of voltage supply lines electrically connected to the first set of edge

connections and configured to receive the power delivered to the DIMM from the

power rails of the host system by way of the memory slot connector of the host

system and the first set of edge connections of the DIMM, the-set efvolage-

a set of data lines electrically eenpled-connected to respeetive-edge-
eonneetions-ofthe second set of edge connections, wheretreach-datatine-ofthe-

a set of address and control lines electrically eeupled-connected to

respeetive-edse-connections-ofthe third set of edge connections and eontfistredto-
. . :

a controller including a voltage monitor circuit and nonvolatile memory. the N Formatted: Line spacing: 1.5 lines

controller coupled to the PCB and eleetriealheenneeted-to-theto an input voltage supply line_of
the set of voltage supply lines, the eontroHereonfiguredtorecetrve-the-tnput-voltage-viathe

eem-pa—;e—t-he—mput voltage supplied via the input voltage supply line te-aplurakitrefthreshold

.and (ii) generatea - { Formatted: Strikethrough
trigger signal upon detecting deteeta trigger condition; and (iii) transmit the trigger signal to
2
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at least one other portion of the controller, wherein[[,]]the controller is configured to
perform. in response to the detected-trigger eonditionsignal, thelosie-elementis-contisured-
o : . i onsoi g

a third-write operation to write athirdsetofdata bitsfromthe-datastorage-elementinto
the nonvolatile memory, and wherein the-thirdsetofdatabitsineludesthefirstand second set

a set of components coupled to the PCB, the set of components including a plurality of
double data rate (DDR) synchronous dynamic random access memory (BBR-SDRAM) paekasges
devices coupled to the set of address and control lines and to the set of data lines, eaehthe DDR

SDRAM packase-ofthe plurality of DDR SDRA M packaseshavinea bit-width of mbi

eontigureddevices being operable to receive or output m-bitwide DPR-data signals via

respeective-m-datalinesofthe set of data lines inrespense-tebased on address and control signals
3
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received from the host system via addressand-controllinesofthe set of address and control
lines—wheretnfris-equaltofouroreight, and

first, second, third, and fourth converter circuits coupled to the PCB and to the input
voltage supply line; and esch-ofthefirst—second—thirdandfourth-converteretretits configured

to—m—respeﬂse—te—the—deteeted—tﬂggeﬁeeﬂd-r&eﬂ— receive power supphied-by-the-tnput-voltage

MMHrom the input voltage supply line

fourthrestlatedvoltages-via first, second, third, and fourth regulated voltage lines, respeetivelys

wherein the set of components includestreludins:

a first component configured to receive power via at least eleetricallyconnected
to-the first regulated voltage line and-powered-by-thefirstregulated-voltage~whenthe

a second component configured to receive power via at least eleetrieaty

eonneetedto the second regulated voltage line and-pewered-bythesecondrestlated

a third component configured to receive power via at least eleetrieatheonneected
to the third regulated voltage line &

a fourth component electrically configured to receive power via at least eenneeted

te the fourth regulated voltage line «

wherein each component of the set of components:
(1) is electrically connected to one or more of the first, second, third, and

fourth regulated voltage lines; and
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etretiitsand-only via the one or more of the first, second, third, and fourth

regulated voltage lines;
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3 —27. (Canceled)

28- (Currently Amended) The DIMM of claim 2, wherein theseeond-eomponentis

plralitV of DR SDRAM devices includes:

a first group of at least five DDR SDRAM devices that are each connected

to_a first chip select line configured to electrically conduct a first chip select

signal:
a second group of at least four DDR SDRAM devices that are each connected

to a second chip select line configured to electrically conduct a second chip select

signal; and

wherein when power from the power rails of the host system is provided to the

DIMM:

e cach group of the first and second groups of DDR SDRAM

devices is configured to be accessible and not in self-refresh

mode:

e the first group of DDR SDRAM devices is configured to be enabled

in response to the first chip select signal., to receive or output at least

40 1-bit wide DDR data signals in parallel via at least 40 data lines of

the set of data lines independently of whether the second group of

DDR SDRAM devices is enabled. in response to the second chip

select signal. to receive or output an integer number of 1-bit DDR

data signals in parallel via the integer number of data lines of the set

of data lines:;

2l yald b,

e the at least 40 1-bit wide DDR data signals include at least 32 1-bit

6
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wide DDR data signals and at least eight 1-bit wide DDR error-
correcting code (ECC) data signals: and

the sum of the at least 40 data lines and the integer number of data lines equals a total

number of data conduits of the set of data conduits of the memory slot connector, and the

total number of data conduits is at least 72 data conduits.

29. (Currently Amended) The DIMM of claim 2, wherein the controller further includes:

a data storage element configured to store a plurality of data bits and a logic element
coupled to the nonvolatile memory and the data storage element and configured to electrically
communicate with the nonvolatile memory and the data storage element. and wherein the write
operation conducted by the controller in response to the trigger signal includes:

a first write operation to write a first set of data bits into a first portion of the data
storage element:

a second write operation to write a second set of data bits into a second portion
of the data storage element; and subsequently

a third write operation to write a third set of data bits from the data storage
element into the nonvolatile memory. wherein the third set of data bits includes the
first and second sets of data bits written during the first and second write operations.

30. (Currently Amended) The DIMM of claim 2, wherein when power is provided to the

DIMM from the power rails of the host system the voltage monitor circuit compares the input

voltage to a plurality of threshold voltages including the first threshold voltage and a second

threshold voltage.

31. (Currently Amended) The DIMM of claim 30, wherein when power is provided to the

DIMM from the power rails of the host system the trigeer condition occurs when the input

voltage goes above both the first and the second threshold voltages.-the-hetsht-dimenstonts

32. (Currently Amended) The DIMM of claim 312, whereinspriorto-performing the-third
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eperations- a specified operating voltage value is within a range of operating voltage values of

the DIMM.

33. (Currently Amended) The DIMM of claim 32, whereins-priorto-performingthe third

data-bitswritten-during the firstand-secondwrite-operations: the range of operating voltage

values is bounded by an upper operating voltage value and a lower operating voltage value, the

lower operating voltage value is below the specified operating voltage value of the DIMM and

the upper operating voltage value is above the specified operating voltage value of the DIMM.

34. (Currently Amended) The DIMM of claim 2, wherein, when power from the power

rails of the host system is provided to the DIMMthe-systempowerisprovided-to-the DEIMM-
fromthesystem-beard, the nonvolatile memory is not powered using the first regulated

voltage.

35. (Currently Amended) The DIMM of claim 2 29, wherein, prior to performing the

third write operation, the logic element is further configured to perform, in response to the
detected trigger eondittensignal, a plurality of read operations to read the first and second sets of
data bits from the first and second portions of the data storage element, respectively, and to

generate the third set of data bits based on the read first and second sets of data bits.

36. (Currently Amended) The DIMM of claim 29 2, wherein, prior to performing the
third write operation, the logic element is further configured to perform, in response to the
detected trigger eenditionsignal, a read operation to read the first and second sets of data bits

from the first and second portions of the data storage element, respectively, and to generate the

third set of data bits based on the read first and second sets of data bits.
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- each of the first, second

and third converter circuits is a buck converter, and the fourth converter circuit is a voltage

reducing circuit.

38. (Currently Amended) The DIMM of claim-29 2, wherein, prior to performing the
first and second write operations, the logic element is further configured to perform, in response

to the detected trigger eonditionsignal, one or more read operations.

39. (Previously Presented) The DIMM of claim 38, wherein the logic element is further
configured to perform a first read operation of the one or more read operations by reading the

first and second sets of data bits from the first and second groups of DDR SDRAM
paekagesdevices, respectively.

40. (Currently Amended) The DIMM of claim 338, wherein the first threshold voltage

corresponds to the lower operating voltage value. and the second threshold voltage corresponds

to the upper operating voltage value thelosic-elementisturtherconfieuredto-perform-frst

41. (Currently Amended) The DIMM of claim- 29 2, wherein the third write operation
comprises a transfer of the third set of data bits from the data storage element to the nonvolatile
memory via a first connection, and wherein the first and second write operations comprise a
transfer of the first and second sets of data bits into the data storage element via a second

connection.

42. (Currently Amended) The DIMM of claim 29, wherein the data storage element

is a buffer configured to store a plurality of data bits or a First-In First-Out (FIFO) buffer

configured to store the plurality of data bits.—inresponse-to-the-detected-trigger condition;

43. (Currently Amended) The DIMM of claim 240, wherein, when power from the power

rails of the host system is provided to the DIMMthe-systemrpowerisprovided-to-the DEIMM-
Homthesystembeard, an additional trigger condition occurs when the input voltage is above the

first threshold and the input voltage is below the second threshold; and

9
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wherein, in response to the additional trigger condition, the voltage monitor circuit is

further configured to generate and transmit a_second trigger signal.

44. (Currently Amended) A dual in-line memory module (DIMM) configured to fit into
a memory seeket slot connector of a host system-beard-efa-eompttersystem, the memory
seeket slot connector including a set of power conduits, a set of data conduits-treludingeatleast
T2 dataconduits, and a set of address and control conduits, wherein systemrpowerfromthe-

o-the PINMM—ra-the-memoer-seo et by the cet o

beard—a1-bitwide-double-datarate-(PPRY data signals are transferred +s-eleetrieat-eondueted
between the host system beard and the DIMM via-the-memorysocketby-each-dataconduitof

the set of data conduits, and address-and control signals are delivered from the host system

eleetricnlleconduetedfromthe-systembeard to the DIMM via the memeryseeketby—the set of

address and control conduits, the DIMM comprising:

a printed circuit board (PCB) having afermfaetorwith-awidth-dimensionand-aheisht

dimensionsthe PCB edge connections configured to fit into the memory slot connector of the host

system. the edge connections including:

a first set of edge connections configured to be electrically connected to

respeetive-powereceonduitsof the set of power conduits and operable to deliver the

DIMM power from the power rails of the host system via the set of power

conduits. wherein the power delivered to the DIMM from the power rails of the

host system is the only power received by the DIMM
a second set of edge connections eaeh-efwhieh+s configured to

to arespeetive-data-conduitof the set of data conduits, and

a third set of edge connections configured to be electrically connected to

respectiveaddress-and-control-conduitsof the set of address and control conduits|[;]].

a set of voltage supply lines electrically connected to the first set of edge

connections and configured to receive the power delivered to the DIMM from the power

rat-and-te be electrically connected

10
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rails of the host system by way of the memory slot connector of the host system and the

a set of data lines electrically eeupledto-respeetive-edge-connectionsof
connected to the second set of edge connections—wheretn-each-datatine-ofthesetof

a set of address and control lines electrically eoupledtorespective-edge-
conneetions-of electrically connected to the third set of edge connections-and-eonfigured-to

eleetricatleconduectaddressand-eontrolstgnals;

a voltage monitor circuit and a data storage element configured to store a

plurality of data bits. the controller coupled to the PCB and eleetrieatleonnested to

thean input voltage supply line of the set of voltage supply lines.and-eoupted-te-theloste
element: the voltage monitor circuit configured to:

[D)] monitor an input voltage supplied via the input voltage supply
line;-and

(i) generate a trigger signal upon detecting a trigger condition: and

iii transmit the trigger signal to at least one other portion of the
controller, wherein, eempare-the-tnput-voltageto-apluralityof
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in response to the detected trigger condition, the controller is configured to

periodically perform, at regular intervals of time. a plurality of write operations,
including[[:]]
a first write operation to write a first set of data bits into a first portion of

the data storage element;-and

a set of components coupled to the PCB, the set of components including a
plurality of double data rate (DDR) synchronous dynamic random access memory (BBR
SDRAM) paekages-devices coupled to the set of address and control lines and to the set of

data lines, theeaeh DDR SDRA M-package-of the-plurality of DDR-SDRAMpackages-

havinga-bitwidth-of mbits-and-eontigured devices being operable to receive or output s
+-bitwide DDR-data signals via respeetive-m-datatines—of the set of data lines based oni-

respense-to address and control signals received from the host system via the set of

address and control linesvia-address-and-con
hines—wheretn-mis-equaltotouroreteht and
12
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first, second, third, and fourth converters etrenits coupled to the PCB and to the input
voltage supply linereach-ofthefirst-second;third-andfeurth-convertereiretiitsand configured

torinresponse-to-the-deteetedtrigsercondition: receive power supphedbyfrom the input voltage

supply line and to deliver power via first, second. third. and fourth regulated voltage lines. whes-

fegﬁl—a{ed—vel-tages—l-mes—lﬁespeeﬁ—vel-y—whereln the set of components_includes mel—ad-mg

a first component

pewefed—byconﬁgured to receive power via the first regulated voltage linewhenthe-system-

a second component eleets

aﬂd—pe%fed—by configured to receive power via the second regulated voltage linewhen

a fourth component

pewered-by configured to receive power via the fourth regulated voltage linewhenthe-

wherein each component of the set of components:

(1) 1s electrically connected to one or more of the first, second, third, and

fourth regulated voltage lines; and

(i1) receives power whenthesystempoweris-providedtothe DIMM-

only via the one or more of the first, second, third, and fourth regulated voltage

13
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45. (Currently Amended) The DIMM of claim 44, wherein the controller further

includes a nonvolatile memory and a logic element. the logic element coupled to the

nonvolatile memory and the data storage element and configured to electrically communicate

with the nonvolatile memory and the data storage element.
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46. (Currently Amended) The DIMM of claim 445, whereinthelosie-elementisfurther

whereinth pluaity 0 DM decesncludes: -
a first group of at least five DDR SDRAM devices that are each connected to a
first chip select line configured to electrically conduct a first chip select signal;
a second group of at least four DDR SDRAM devices that are each connected
to a second chip select line configured to electrically conduct a second chip select

signal;

wherein when power from the power rails of the host system is provided to the DIMM:

e cach group of the first and second groups of DDR SDRAM devices is configured to
be accessible and not in self-refresh mode;

o the first group of DDR SDRAM packages is configured to be enabled, in response
to the first chip select signal, to receive or output at least 40 1-bit wide DDR data
signals in parallel via at least 40 data lines of the set of data lines independently of
whether the second group of DDR SDRAM packages is enabled, in response to the
second chip select signal, to receive or output an integer number of 1-bit DDR data
signals in parallel via the integer number of data lines of the set of data lines; and

o the at least 40 1-bit wide DDR data signals include 32 1-bit wide DDR data signals
and eight 1-bit wide DDR error-correcting code (ECC) data signals; and

wherein the sum of the at least 40 data lines and the integer number of data lines matches a
total number of data conduits of the set of data conduits of the memory_slot connector

seeket, and the total number of data conduits is at least 72 data conduits.

47. (Currently Amended) The DIMM of claim 45, wherein-priorte-performinethe-third

it the logic element is further configured to

perform a second write operation to write a second set of data bits into a second portion of the
15
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data storage element.

48. (Previously Presented) The DIMM of claim 44, wherein, when the-systes power is
provided to the DIMM from the power rails of the host system-beard, the nonvolatile memory is

not powered using the first regulated voltage.

49. (Currently Amended) The DIMM of claim 474, whereint+espense-to-the-detected

triggersignal the plurality of write operations further includes a third write operation subsequent

to the first and second write operations to write a third set of data bits from the data storage

element into the nonvolatile memory, wherein the third set of data bits includes the first and

second set of data bits written during the first and second write operations, and wherein, in

response to the detected trigger condition, the logic element is further configured to periodically

perform every millisecond all of the first and second write operations followed by the third write
operation.

50. (Currently Amended) The DIMM of claim 496, wherein, prior to performing the third
write operation, the logic element is further configured to perform, in response to the detected
trigger condition, periodically at regular intervals of time one or more read operations to read the
first and second sets of data bits from the first and second portions of the data storage element,
respectively, and to generate the third set of data bits based on the read first and second sets of

data bits.

51. (Currently Amended) The DIMM of claim 474, wherein, prior to performing the first

and second write operations, the logic element is further configured to perform, in response to

the detected trigger condition, periodically at regular intervals of time one or more read
operations to read the first and second sets of data bits from the first and second groups of DDR

SDRAM paekasesdevices, respectively.

52. (Currently Amended) The DIMM of claim 44, whereinsprtorto-performingthefirst

operations when power is provided to the DIMM from the power rails of the host system the

voltage monitor ¢ircuit compares the input voltage to a plurality of threshold voltages including
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Samsung Electronics Co., Ltd.
Ex. 1002, p. 1292



US App. No. 17/582,797
Atty Ref. 022955-000090

a first threshold voltage and a second threshold voltage.

read-data-bits when power is provided to the DIMM from the power rails of the host system the

trigger condition occurs when the input voltage goes above both the first and the second

threshold voltages.

54. (Currently Amended) The DIMM of claim 5344, wherein a specified operating
voltage value is within a range of operating voltage values of the DIMM . the-width-ditnenstonis

55. (Currently Amended) The DIMM of claim 54, wherein the range of operating voltage

values is bounded by an upper operating voltage value and a lower operating voltage value, the

lower operating voltage value is below the specified operating voltage value of the DIMM and

the upper operating voltage value is above the specified operating voltage value of the

56. (Currently Amended) The DIMM of claim 495, wherein the third write operation

comprises a transfer of the first and second set of data bits from the data storage element to the
nonvolatile memory via a first connection, and wherein the first and second write operations
comprise a transfer of the first and second set of data bits into the data storage element via a

second connection.

57. (Currently Amended) The DIMM of claim 5544, wherein—whenthe-systempowerts

otha DIMN fram

further configured-to-generate-and-transmita-trigger signal the first threshold voltage

corresponds to the lower operating voltage value. and the second threshold voltage corresponds
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to the upper operating voltage value.

58. (Currently Amended) A dual in-line memory module (DIMM) configured to fit into

a memory seeket slot connector of a host system-beard-of-a-eomprtersystem, the memory
seeket slot connector including a set of power conduits, a set of data conduits-treludingeatleast

T2 dataconduits, and a set of address and control conduits, wherein systemrpowerfromthe-

othe PINMM—4athe-memervyso et b the cet o

> data signals are transferredis-eleetrieateconduected
between the host system beard and the DIMM via-the-memorysocketby-each-dataconduitof

the set of data conduits, and address-and control signals are delivered from the host system

eleetricnlleconduetedfromthe-systembeard to the DIMM via the memeryseeketby—the set of

address and control conduits, the DIMM comprising:

a printed circuit board (PCB) having afermfaetorwith-awidth-dimensionand-aheisht

dimensionsthe PCB edge connections configured to fit into the memory slot connector of the host

system. the edge connections including:

a first set of edge connections configured to be electrically connected to

respeetive-powereceonduitsof the set of power conduits and operable to deliver the

DIMM power from the power rails of the host system via the set of power

conduits. wherein the power delivered to the DIMM from the power rails of the

host system is the only power received by the DIMM
a second set of edge connections eaeh-efwhieh+s configured to

rat-and-te be electrically connected

to arespeetive-data-conduitof the set of data conduits, and

a third set of edge connections configured to be electrically connected to

respeetive-address-and-control-conduitsof the set of address and control

conduits[[;]].

a set of voltage supply lines electrically connected to the first set of edge

connections and configured to receive the power delivered to the DIMM from the power

rails of the host system by way of the memory slot connector of the host system and the
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first set of edge connections of the DIMM -the-set-of voltagesupplytinesineludingan

a set of data lines electrically eeupledto-respeetive-edge-connectionsof
connected to the second set of edge connections,~wheretn-each-datatine-ofthesetof

whereti-the-set-ef-datatnes-ineludes-atteast 7 2-datatnes([;]] and

a set of address and control lines electrically eoupledtorespective-edge-
conneetions-of connected to the third set of edge connections, wherein the set of data lines

are electrically coupled to respective edge connections of the second set of edge connection

wherein each data line of the set of data lines is configured to electrically conduct a 1-bit

wide DDR data signal. and wherein the set of data lines includes at least 72 data lines-and-

a voltage monitor circuit and a data storage element configured to store a

plurality of data bits. the controller coupled to the PCB and eleetrieatleonnested to

thean input voltage supply line of the set of voltage supply lines.and-eoupled-te-theloste
element; the voltage monitor circuit configured to:

(1) monitor an input voltage supplied via the input voltage supply
line; and

(i) generate a trigger signal upon detecting a trigger condition; and

iii transmit the trigger signal to at least one other portion of the

controller. wherein the eempare-the-inputvoltageto-apluralitrof
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controller is configured to pesrtedieally perform-evers—miHiseeond. in response to
the trigger signal, aplorality-ofvrite-operations—neluding:
a first write operation to write afirstset-of data bits into afirstpertionof
the data storage element;-and

a set of components coupled to the PCB, the set of components including a
plurality of double data rate (DDR) synchronous dynamic random access memory (BBR
SDRAM) paekages-devices coupled to the set of address and control lines and to the set of
data lines, theeael DDR SDRAM-paekase he-plurality RAM-paeckas
havinga-bitwidth-of mbits-and-eontigured devices being operable to receive or output s
+-bitwide DDR-data signals via respeetive-m-datatines—of the set of data lines based oni-
respense-to address and control signals received from the host system via the set of

address and control lineswa—a
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ines. . . ; ieht: and
first, second, third, and fourth velageredueingeirenits converter circuits coupled to the

PCB and to the input voltage supply linereaeh-efthefirstsecond—thirdandfourth-converter

etretitsand configured to—trrespense-to-the-detectedtrizsereonditions receive power supphied-

byfrom the input voltage supply line and to deliver power via first, second, third. and fourth

regulated voltage lines,

fega-La—ted—vel-ta«ges—l-mes—FespeGMel-y—whereln the set of components includes mel-ud-mg

a first component

pewefed—byconﬁgured to receive power via the first regulated voltage linewhenthe-system-

a fourth component

pewered-by configured to receive power via the fourth regulated voltage linewhenthe-

wherein each component of the set of components:
(1) 1s electrically connected to one or more of the first, second, third,

and fourth regulated voltage lines; and

(i1) receives power w
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only via the one or more of the first, second, third, and fourth

regulated voltage lines;

wherein the plurality of DDR SDRAM paekases devices includes:

a first group of at least five DDR SDRAM paekages devices that are each
connected to a first chip select line configured to electrically conduct a first chip
select signal; and

a second group of at least four DDR SDRAM paekages devices that are each

connected to a second chip select line configured to electrically conduct a second

chip select signal: and

59. (Currently Amended) The DIMM of claim 586, wheretnthe-phurality-ofvrite-
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wherein when power from the power rails of the host system is provided to the DIMM:

e cach group of the first and second groups of DDR SDRAM is configured to be

accessible and not in self-refresh mode:

e the first group of DDR SDRAM devices is configured to be enabled. in response to

the first chip select signal. to receive or output at least 40 1-bit wide DDR data signals

in parallel via at least 40 data lines of the set of data lines independently of whether

the second group of DDR SDRAM devices is enabled. in response to the second chip

select signal, to receive or output an integer number of 1-bit DDR data signals in

parallel via the integer number of data lines of the set of data lines: and

e the at least 40 1-bit wide DDR data signals include 32 1-bit wide DDR data signals
and eight 1-bit wide DDR error-correcting code (ECC) data signals: and

wherein the sum of the at least 40 data lines and the integer number of data lines

matches a total number of data conduits of the set of data conduits of the memory slot

connector seeket. and the total number of data conduits is at least 72 data conduits

60. (Currently Amended) The DIMM of claim 59%, wherein the logic element is further

configured to perform the-a third write operation by-subsequent to the first and second write

operations by writing a third set of data bits from the data storage element into the nonvolatile
memory, and wherein the third set of data bits includes the first and second set of data bits

written during the first and second write operations.

61. (Currently Amended) The DIMM of claim 560, wherein-inrespense-to-the-deteeted

triggersignal the logic element is further configured to perform. prior to the first write operation

and the second write operation, first and second read operations by reading the first and second

sets of data bits from the first and second groups of DDR SDRAM devices, respectively.

62. (Currently Amended) The DIMM of claim 586, wherein;-inrespenseto-the-deteeted

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1299



US App. No. 17/582,797
Atty Ref. 022955-000090

operations when power is provided to the DIMM from the power rails of the host system. the

nonvolatile memory is not powered using the first regulated voltage.

63. (Currently Amended) The DIMM of claim 5868, wherein-thelogic-elementisfurther

packages;respeetively when power is provided to the DIMM from the power rails of the host

system the voltage monitor circuit compares the input voltage to a plurality of threshold

voltages including a first threshold voltage and a second threshold voltage.

64. (Currently Amended) The DIMM of claim 563, wherein when power is provided to

the DIMM from the power rails of the host system the trigeer condition occurs when the input
voltage goes above both the first and the second threshold voltages. the—width-dimensionis

65. (Currently Amended) The DIMM of claim 642, wherein_a specitied operating voltage
value is within a range of operating voltage values of the DIMM.+the-heisht-dimensionts

66. (Currently Amended) The DIMM of claim 586, wherein each of the first, second, and
third veltagereduetngconverter circuits is a buck converter.

67. (Currently Amended) The DIMM of claim 586, wherein, when the-system power-is
provided to the DIMM from the power rails offres the host system-beard, the nonvolatile

memory is not powered using the first regulated voltage.

68. (Currently Amended) The DIMM of claim 6358, wherein, when the-systes power is
provided to the DIMM from the power rails offrem the host system-beeard, an additional trigger

condition occurs when the input voltage is above the first threshold and the input voltage is

below the second threshold; and

wherein, in response to the additional trigger condition, the voltage monitor circuit is

further configured to generate and transmit a trigger signal.
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Proposed Claim Amendments (Clean)

1. (Canceled)

2. (Currently amended) A dual in-line memory module (DIMM) configured to fit into
a memory slot connector of a host system, the memory slot connector including a set of power
conduits, a set of data conduits, and a set of address and control conduits, wherein data signals
between the host system and the DIMM are transterred via the set of data conduits, and control
signals are delivered from the host system to the DIMM via the set of address and control conduits,

the DIMM comprising:

a printed circuit board (PCB) having edge connections configured to fit into the memory
slot connector of the host system, the edge connections including:

a first set of edge connections configured to be electrically connected to the set
of power conduits and operable to deliver to the DIMM power from power rails of the
host system via the set of power conduits, wherein the power delivered to the DIMM
from the power rails of the host system is the only power received by the DIMM;

a second set of edge connections configured to be electrically connected to the
set of data conduits, and

a third set of edge connections configured to be electrically connected to the set
of address and control conduits,

a set of voltage supply lines electrically connected to the first set of edge
connections and configured to receive the power delivered to the DIMM from the power
rails of the host system by way of the memory slot connector of the host system and the
first set of edge connections of the DIMM,

a set of data lines electrically connected to the second set of edge connections,
and

a set of address and control lines electrically connected to the third set of edge

connections;

a controller including a voltage monitor circuit and nonvolatile memory, the
controller coupled to the PCB and to an input voltage supply line of the set of voltage supply
lines, the voltage monitor circuit configured to: (i) monitor an input voltage supplied via the

input voltage supply line; (i1) generate a trigger signal upon detecting a trigger condition; and
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(i11) transmit the trigger signal to at least one other portion of the controller, wherein the
controller is configured to perform, in response to the trigger signal, a write operation to
write data into the nonvolatile memory, and wherein the trigger condition occurs when the

input voltage exceeds a first threshold voltage;

a set of components coupled to the PCB, the set of components including a plurality of
double data rate (DDR) synchronous dynamic random access memory (SDRAM) devices
coupled to the set of address and control lines and to the set of data lines, the DDR SDRAM
devices being operable to receive or output data signals via the set of data lines based on address

and control signals received from the host system via the set of address and control lines; and

first, second, third, and fourth converter circuits coupled to the PCB and to the input
voltage supply line; and configured to receive power from the input voltage supply line and to

deliver power via first, second, third, and fourth regulated voltage lines,

wherein the set of components includes:

a first component configured to receive power via at least the first regulated
voltage line;

a second component configured to receive power via at least the second regulated
voltage line;

a third component configured to receive power via at least the third regulated
voltage line; and

a fourth component electrically configured to receive power via at least the fourth

regulated voltage line; and

wherein each component of the set of components:

1 is electrically connected to one or more of the first, second, third, and fourth
regulated voltage lines; and
(in) receives power only via the one or more of the first, second, third, and fourth

regulated voltage lines.
3-27. (Canceled)

28.  (Currently Amended) The DIMM of claim 2, wherein the plurality of DDR
26
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SDRAM devices includes:

a first group of at least five DDR SDRAM devices that are each connected
to a first chip select line configured to electrically conduct a first chip select
signal;

a second group of at least four DDR SDRAM devices that are each connected
to a second chip select line configured to electrically conduct a second chip select
signal; and

wherein when power from the power rails of the host system is provided to the
DIMM:

e cach group of the first and second groups of DDR SDRAM
devices is configured to be accessible and not in self-refresh
mode;

o the first group of DDR SDRAM devices is configured to be enabled,
in response to the first chip select signal, to receive or output at least
40 1-bit wide DDR data signals in parallel via at least 40 data lines of
the set of data lines independently of whether the second group of
DDR SDRAM devices is enabled, in response to the second chip
select signal, to receive or output an integer number of 1-bit DDR
data signals in parallel via the integer number of data lines of the set
of data lines;

o the atleast 40 1-bit wide DDR data signals include at least 32 1-bit
wide DDR data signals and at least eight 1-bit wide DDR error-
correcting code (ECC) data signals; and

the sum of the at least 40 data lines and the integer number of data lines equals a total
number of data conduits of the set of data conduits of the memory slot connector, and the

total number of data conduits is at least 72 data conduits.

29.  (Currently Amended) The DIMM of claim 2, wherein the controller further

includes:

a data storage element configured to store a plurality of data bits and a logic element

coupled to the nonvolatile memory and the data storage element and configured to electrically
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communicate with the nonvolatile memory and the data storage element, and wherein the write

operation conducted by the controller in response to the trigger signal includes:

a first write operation to write a first set of data bits into a first portion of the data

storage element;

a second write operation to write a second set of data bits into a second portion of

the data storage element; and subsequently

a third write operation to write a third set of data bits from the data storage
element into the nonvolatile memory, wherein the third set of data bits includes the first

and second sets of data bits written during the first and second write operations.

30.  (Currently Amended) The DIMM of claim 2, wherein when power is provided to
the DIMM from the power rails of the host system the voltage monitor circuit compares the input
voltage to a plurality of threshold voltages including the first threshold voltage and a second
threshold voltage.

31.  (Currently Amended) The DIMM of claim 30, wherein when power is provided to
the DIMM from the power rails of the host system the trigger condition occurs when the input
voltage goes above both the first and the second threshold voltages.

32.  (Currently Amended) The DIMM of claim 31, wherein a specified operating

voltage value is within a range of operating voltage values of the DIMM.

33.  (Currently Amended) The DIMM of claim 32, wherein the range of operating
voltage values is bounded by an upper operating voltage value and a lower operating voltage
value, the lower operating voltage value is below the specified operating voltage value of the
DIMM and the upper operating voltage value is above the specified operating voltage value of the
DIMM.

34.  (Currently Amended) The DIMM of claim 2, wherein, when power from the
power rails of the host system is provided to the DIMM, the nonvolatile memory is not powered

using the first regulated voltage.
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35.  (Currently Amended) The DIMM of claim 29, wherein, prior to performing the
third write operation, the logic element is further configured to perform, in response to the
detected trigger signal, a plurality of read operations to read the first and second sets of data bits
from the first and second portions of the data storage element, respectively, and to generate the

third set of data bits based on the read first and second sets of data bits.

36. (Currently Amended) The DIMM of claim 29, wherein, prior to performing the
third write operation, the logic element is further configured to perform, in response to the
detected trigger signal, a read operation to read the first and second sets of data bits from the first
and second portions of the data storage element, respectively, and to generate the third set of data

bits based on the read first and second sets of data bits.

37.  (Currently Amended) The DIMM of claim 2, wherein each of the first, second, and
third converter circuits is a buck converter, and the fourth converter circuit is a voltage reducing

circuit.

38.  (Currently Amended) The DIMM of claim 29, wherein, prior to performing the
first and second write operations, the logic element is further configured to perform, in response

to the detected trigger signal, one or more read operations.

39.  (Currently amended) The DIMM of claim 38, wherein the logic element is further
configured to perform a first read operation of the one or more read operations by reading the first
and second sets of data bits from the first and second groups of DDR SDRAM devices,

respectively.

40.  (Currently Amended) The DIMM of claim 33, wherein the first threshold voltage
corresponds to the lower operating voltage value, and the second threshold voltage corresponds to

the upper operating voltage value.

41.  (Currently Amended) The DIMM of claim 29, wherein the third write operation
comprises a transfer of the third set of data bits from the data storage element to the nonvolatile
memory via a first connection, and wherein the first and second write operations comprise a
transfer of the first and second sets of data bits into the data storage element via a second

connection.
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42.  (Currently Amended) The DIMM of claim 29, wherein the data storage element is
a buffer configured to store a plurality of data bits or a First-In First-Out (FIFO) buffer
configured to store the plurality of data bits.

43. (Currently Amended) The DIMM of claim 40, wherein, when power from the
power rails of the host system is provided to the DIMM, an additional trigger condition occurs
when the input voltage is above the first threshold and the input voltage is below the second
threshold; and

wherein, in response to the additional trigger condition, the voltage monitor circuit is further

configured to generate and transmit a second trigger signal.

44, (Currently Amended) A dual in-line memory module (DIMM) configured to fit
into a memory slot connector of a host system the memory slot connector including a set of
power conduits, a set of data conduits, and a set of address and control conduits, wherein data
signals are transferred between the host system beard and the DIMM via the set of data conduits,
and control signals are delivered from the host system to the DIMM via the set of address and

control conduits, the DIMM comprising:

a printed circuit board (PCB) having edge connections configured to fit into the memory
slot connector of the host system, the edge connections including:

a first set of edge connections configured to be electrically connected to the set of
power conduits and operable to deliver the DIMM power from the power rails of the host
system via the set of power conduits, wherein the power delivered to the DIMM from the
power rails of the host system is the only power received by the DIMM,

a second set of edge connections configured to be electrically connected to the set
of data conduits,

a third set of edge connections configured to be electrically connected to the set
of address and control conduits,

a set of voltage supply lines electrically connected to the first set of edge
connections and configured to receive the power delivered to the DIMM from the power
rails of the host system by way of the memory slot connector of the host system and the
first set of edge connections of the DIMM,

a set of data lines electrically connected to the second set of edge connections,
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and
a set of address and control lines electrically electrically connected to the third set

of edge connections;

a controller including a voltage monitor circuit and a data storage element contigured
to store a plurality of data bits, the controller coupled to the PCB and to an input voltage supply
line of the set of voltage supply lines, the voltage monitor circuit configured to:

(1)  monitor an input voltage supplied via the input voltage supply line;

(i)  generate a trigger signal upon detecting a trigger condition; and

(i) transmit the trigger signal to at least one other portion of the controller,

wherein, in response to the detected trigger condition, the controller is configured
to periodically perform, at regular intervals of time, a plurality of write operations,
including a first write operation to write a first set of data bits into a first portion of the

data storage element;

a set of components coupled to the PCB, the set of components including a plurality
of double data rate (DDR) synchronous dynamic random access memory (SDRAM) devices
coupled to the set of address and control lines and to the set of data lines, the DDR SDRAM
devices being operable to receive or output data signals via the set of data lines based on
address and control signals received from the host system via the set of address and control

lines; and

first, second, third, and fourth converters coupled to the PCB and to the input voltage
supply line and configured to receive power from the input voltage supply line and to deliver

power via first, second, third, and fourth regulated voltage lines,

wherein the set of components includes:

a first component configured to receive power via the first regulated voltage line;

a second component configured to receive power via the second regulated voltage
line;

a third component configured to receive power via the third regulated voltage line;
and

a fourth component electrically configured to receive power via the fourth regulated
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voltage line;

wherein each component of the set of components:
(i) is electrically connected to one or more of the first, second, third, and fourth
regulated voltage lines; and
(i1) receives power only via the one or more of the first, second, third, and

fourth regulated voltage lines.

45, (Currently Amended) The DIMM of claim 44, wherein the controller further
includes a nonvolatile memory and a logic element, the logic element coupled to the nonvolatile
memory and the data storage element and configured to electrically communicate with the

nonvolatile memory and the data storage element.

46. (Currently Amended) The DIMM of claim 44, wherein the plurality of DDR
SDRAM devices includes:

a first group of at least five DDR SDRAM devices that are each connected to a

first chip select line configured to electrically conduct a first chip select signal;

a second group of at least four DDR SDRAM devices that are each connected
to a second chip select line configured to electrically conduct a second chip select

signal;
wherein when power from the power rails of the host system is provided to the DIMM:

e cach group of the first and second groups of DDR SDRAM devices is configured to
be accessible and not in self-refresh mode;

o the first group of DDR SDRAM packages is configured to be enabled, in response to
the first chip select signal, to receive or output at least 40 1-bit wide DDR data signals
in parallel via at least 40 data lines of the set of data lines independently of whether
the second group of DDR SDRAM packages is enabled, in response to the second
chip select signal, to receive or output an integer number of 1-bit DDR data signals in
parallel via the integer number of data lines of the set of data lines; and

o the at least 40 1-bit wide DDR data signals include 32 1-bit wide DDR data signals
and eight 1-bit wide DDR error-correcting code (ECC) data signals; and
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wherein the sum of the at least 40 data lines and the integer number of data lines
matches a total number of data conduits of the set of data conduits of the memory slot

connector, and the total number of data conduits is at least 72 data conduits.

47. (Currently Amended) The DIMM of claim 45, wherein the logic element is further
configured to perform a second write operation to write a second set of data bits into a second

portion of the data storage element.

48. (Currently Amended) The DIMM of claim 44, wherein, when power is provided to
the DIMM from the power rails of the host_system, the nonvolatile memory is not powered using

the first regulated voltage.

49. (Currently Amended) The DIMM of claim 47, wherein the plurality of write
operations further includes a third write operation subsequent to the first and second write
operations to write a third set of data bits from the data storage element into the nonvolatile
memory, wherein the third set of data bits includes the first and second set of data bits written
during the first and second write operations, and wherein, in response to the detected trigger
condition, the logic element is further configured to periodically perform every millisecond all of

the first and second write operations followed by the third write operation.

50. (Currently Amended) The DIMM of claim 49, wherein, prior to performing the
third write operation, the logic element is further configured to perform, in response to the
detected trigger condition, periodically at regular intervals of time one or more read operations to
read the first and second sets of data bits from the first and second portions of the data storage
element, respectively, and to generate the third set of data bits based on the read first and second

sets of data bits.

51. (Currently Amended) The DIMM of claim 47, wherein, prior to performing the
first and second write operations, the logic element is further configured to perform, in response
to the detected trigger condition, periodically at regular intervals of time one or more read
operations to read the first and second sets of data bits from the first and second groups of DDR

SDRAM devices, respectively.

52. (Currently Amended) The DIMM of claim 44, wherein when power is provided to

the DIMM from the power rails of the host system the voltage monitor circuit compares the input
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voltage to a plurality of threshold voltages including a first threshold voltage and a second

threshold voltage.

53. (Currently Amended) The DIMM of claim 52, wherein when power is provided to
the DIMM from the power rails of the host system the trigger condition occurs when the input
voltage goes above both the first and the second threshold voltages.

54. (Currently Amended) The DIMM of claim 53, wherein a specified operating

voltage value is within a range of operating voltage values of the DIMM.

55. (Currently Amended) The DIMM of claim 54, wherein the range of operating
voltage values is bounded by an upper operating voltage value and a lower operating voltage
value, the lower operating voltage value is below the specified operating voltage value of the
DIMM and the upper operating voltage value is above the specified operating voltage value of the
DIMM.

56. (Currently Amended) The DIMM of claim 49, wherein the third write operation
comprises a transfer of the first and second set of data bits from the data storage element to the
nonvolatile memory via a first connection, and wherein the first and second write operations
comprise a transfer of the first and second set of data bits into the data storage element via a

second connection.

57. (Currently Amended) The DIMM of claim 55, wherein the first threshold voltage
corresponds to the lower operating voltage value, and the second threshold voltage corresponds to

the upper operating voltage value.

58. (Currently Amended) A dual in-line memory module (DIMM) configured to fit
into a memory slot connector of a host system, the memory slot connector including a set of
power conduits, a set of data conduits, and a set of address and control conduits, wherein data
signals are transferred between the host system and the DIMM via the set of data conduits, and
control signals are delivered from the host system set of address and control conduits, the DIMM

comprising:

a printed circuit board (PCB) having edge connections configured to fit into the memory
slot connector of the host system, the edge connections including:
a first set of edge connections configured to be electrically connected to the set of

power conduits and operable to deliver the DIMM power from the power rails of the host
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system via the set of power conduits, wherein the power delivered to the DIMM from the
power rails of the host system is the only power received by the DIMM,

a second set of edge connections configured to be electrically connected to the set
of data conduits,

a third set of edge connections configured to be electrically connected to the set of
address and control conduits,

a set of voltage supply lines electrically connected to the first set of edge
connections and configured to receive the power delivered to the DIMM from the power
rails of the host system by way of the memory slot connector of the host system and the
first set of edge connections of the DIMM,

a set of data lines electrically connected to the second set of edge connections,
and

a set of address and control lines electrically connected to the third set of edge
connections, wherein the set of data lines are electrically coupled to respective edge
connections of the second set of edge connection, wherein each data line of the set of data
lines is configured to electrically conduct a 1-bit wide DDR data signal, and wherein the set of

data lines includes at least 72 data lines;

a controller including a voltage monitor circuit and a data storage element configured
to store a plurality of data bits, the controller coupled to the PCB and an input voltage supply
line of the set of voltage supply lines, the voltage monitor circuit configured to:
[D)] monitor an input voltage supplied via the input voltage supply line;
(ii)  generate a trigger signal upon detecting a trigger condition; and
iii transmit the trigger signal to at least one other portion of the controller,
wherein the controller is configured to perform, in response to the trigger signal, a

write operation to write data into the data storage element;

a set of components coupled to the PCB, the set of components including a plurality of
double data rate (DDR) synchronous dynamic random access memory (SDRAM) devices coupled
to the set of address and control lines and to the set of data lines, the DDR SDRAM-devices being
operable to receive or output data signals via the set of data lines based on-address and control

signals received from the host system via the set of address and control lines; and
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first, second, third, and fourth converter circuits coupled to the PCB and to the input
voltage supply line and configured to receive power from the input voltage supply line and to

deliver power via first, second, third, and fourth regulated voltage lines,

wherein the set of components includes:

a first component configured to receive power via the first regulated voltage line;

a second component configured to receive power via the second regulated voltage
line;

a third component configured to receive power via the third regulated voltage line;
and

a fourth component electrically configured to receive power via the fourth regulated

voltage line;

wherein each component of the set of components:

) is electrically connected to one or more of the first, second, third, and fourth
regulated voltage lines; and

(i) receives power only via the one or more of the first, second, third, and fourth

regulated voltage lines;

wherein the plurality of DDR SDRAM devices includes:
a first group of at least five DDR SDRAM devices that are each connected to
a first chip select line configured to electrically conduct a first chip select signal; and
a second group of at least four DDR SDRAM devices that are each
connected to a second chip select line configured to electrically conduct a second

chip select signal.

59. (Currently Amended) The DIMM of claim 58, wherein when power from the
power rails of the host system is provided to the DIMM:

e cach group of the first and second groups of DDR SDRAM is configured to be
accessible and not in self-refresh mode;

o the first group of DDR SDRAM devices is configured to be enabled, in response to
the first chip select signal, to receive or output at least 40 1-bit wide DDR data
signals in parallel via at least 40 data lines of the set of data lines independently of
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whether the second group of DDR SDRAM devices is enabled, in response to the
second chip select signal, to receive or output an integer number of 1-bit DDR data
signals in parallel via the integer number of data lines of the set of data lines; and

o the at least 40 1-bit wide DDR data signals include 32 1-bit wide DDR data signals
and eight 1-bit wide DDR error-correcting code (ECC) data signals; and

wherein the sum of the at least 40 data lines and the integer number of data lines
matches a total number of data conduits of the set of data conduits of the memory slot

connector, and the total number of data conduits is at least 72 data conduits.

60. (Currently Amended) The DIMM of claim 59, wherein the logic element is further
configured to perform -a third write operation subsequent to the first and second write operations
by writing a third set of data bits from the data storage element into the nonvolatile memory, and
wherein the third set of data bits includes the first and second set of data bits written during the

first and second write operations.

61. (Currently Amended) The DIMM of claim 60, wherein the logic element is further
configured to perform, prior to the first write operation and the second write operation, first and
second read operations by reading the first and second sets of data bits from the first and second

groups of DDR SDRAM devices, respectively.

62. (Currently Amended) The DIMM of claim 58, wherein when power is provided to
the DIMM from the power rails of the host system, the nonvolatile memory is not powered using

the first regulated voltage.

63. (Currently Amended) The DIMM of claim 58, when power is provided to the
DIMM from the power rails of the host system the voltage monitor circuit compares the input
voltage to a plurality of threshold voltages including a first threshold voltage and a second

threshold voltage.

64. (Currently Amended) The DIMM of claim 63, wherein when power is provided to
the DIMM from the power rails of the host system the trigger condition occurs when the input
voltage goes above both the first and the second threshold voltages.

65. (Currently Amended) The DIMM of claim 64, wherein a specified operating
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voltage value is within a range of operating voltage values of the DIMM.

66. (Currently Amended) The DIMM of claim 58, wherein each of the first, second,

and third converter circuits is a buck converter.

67. (Currently Amended) The DIMM of claim 586, wherein, when power-is provided
to the DIMM from the power rails of the host system, the nonvolatile memory is not powered

using the first regulated voltage.

68. (Currently Amended) The DIMM of claim 63, wherein, when power is provided to
the DIMM from the power rails of the host system, an additional trigger condition occurs when
the input voltage is above the first threshold and the input voltage is below the second threshold;
and

wherein, in response to the additional trigger condition, the voltage monitor circuit is

further configured to generate and transmit a trigger signal.
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2.1

A dual in-line memory
module (DIMM)
configured to fitinto a
memory slot connector of
a host system, the memory
slot connector including a
set of power conduits, a set
of data conduits, and a set
of address and control
conduits, wherein data
signals between the host
system and the DIMM are
transferred via the set of
data conduits, and control
signals are delivered from
the host system to the
DIMM via the set of
address and control
conduits

Para. [00123]

“For example, the interface 1022 can comprise a plurality
of edge connections which fit into a corresponding slot
connector of the host system. The interface 1022 of certain
embodiments provides a conduit for power voltage as well
as data, address, and control signals between the
memory system 1010 and the host system. For example,
the interface 1022 can comprise a standard 240-pin DDR2
edge connector.”

Dual in-line memory module (DIMM) has an edge
connector 1022 that includes edge connections for power,
data, and address and control signals designed to fit into a

memory socket of a computer system. See Figure 2 and Fig.

12.

The memory socket of a computer system includes pins
soldered onto the system board that provide electrical
conduits for system power, data, and address and control

signals from the system board to be electrically connected to
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corresponding edge connections of the edge connector 1022
when it is inserted into the memory socket.

Para. [00123]

“The PCB 1020 can comprise an interface 1022 that is
configured to be in electrical communication with the host
system (not shown).

For example, the interface 1022 can comprise a plurality of
edge connections which fit into a corresponding slot
connector of the host system. The interface 1022 of certain
embodiments provides a conduit for power voltage as well
as data, address, and control signals between the memory
system 1010 and the host system . . . For example, the
interface 1022 can comprise a standard 240-pin DDR2

edge connector.”
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2.2

the DIMM comprising:

a printed circuit board
(PCB) having edge
connections configured to
fit into the memory slot
connector of the host
system, the edge
connections including:

a first set of edge
connections configured
to be electrically
connected to the set of
power conduits and
operable to deliver to the
DIMM power from
power rails of the host
system via the set of
power conduits, wherein
the power delivered to
the DIMM from the
power rails of the host
system is the only power
received by the DIMM,

a second set of
edge connections
configured to be
electrically connected to
the set of data conduits,
and

a third set of edge
connections configured
to be electrically
connected to the set of
address and control
conduits,

Para. [00123]

“The PCB 1020 can comprise an interface 1022 that is
configured to be in electrical communication with the host
system (not shown).

For example, the interface 1022 can comprise a plurality of
edge connections which fit into a corresponding slot
connector of the host system. The interface 1022 of certain
embodiments provides a conduit for power voltage as well
as data, address, and control signals between the
memory system 1010 and the host system. For example,
the interface 1022 can comprise a standard 240-pin DDR2

edge connector.”

This paragraph describes the contact of the edge connections
and the slot connector, as well as a JEDEC standard 240 pin
DDR2 edge connector. The JEDEC standard specifies what
voltages the system voltage regulator is to provide to which
pins in the slot, which are then passed on to the edge

connector.

When the interface 1022 edge connector is inserted into the
memory socket of the computer system, edge connections
will mate with corresponding conduits and an electrical
connection is established for system power, data, and
address and control signals to be electrically conducted to
the edge connections on the PCB, and PCB traces also called
lines allow signals and power/voltage to be electrically

conducted on the PCB.
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Fig. 2 which shows the DIMM in the socket on the

DSSIR o

(PHIOR ART)
motherboard:

Note the power rails (Vdd and Gnd) of the host system
coupled to the Standard DIMM Interface 1022 and
electrically connected to the input voltage and ground supply

lines on the PCB, as shown in Fig. 16.

The DIMM operates using only the system power provided
from the system board, for example as specified and is well
known in the JEDEC standard 240-pin DDR2 edge

connector.

See also limitation 2.1.
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2.3

a set of voltage supply
lines electrically connected
to the first set of edge
connections and
configured to receive the
power delivered to the
DIMM from the power
rails of the host system by
way of the memory slot
connector of the host
system and the first set of
edge connections of the
DIMM

a set of data lines
electrically coupled to the
second set of edge
connections, and

a set of address and
control lines electrically to
the third set of edge
connections,

Note the power rails (Vdd and Gnd) of the host system
coupled to the Standard DIMM Interface 1022 and
electrically connected to the input voltage and ground supply
lines on the PCB, as shown in Fig. 12, Fig. 13, Fig. 14 and
Fig. 16. For example, in Fig. 12 the input voltage supply
lines are shown electrically connected to the Voltage

Monitor 1050.

FIG. 12

AG a2

FIG. 16

For example, respective power conduits (Vdd and gnd) of
the set of power conduits of the memory socket are labeled
“from system”, on left of Fig. 16, are electrically connected
via a set of voltage supply lines to the PWM Controller
1130, and the ground supply line (gnd).

Para. [00124]
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“For example, in the block diagram of FIG. 12, the first
memory bank 1030 comprises eight 64Mx8 DDR2
SDRAM clements 1032.”

Note also the address and control lines from the Standard
DIMM Interface 1022 coupled to the DRAM 1030 through
the Switch 1052 in FIG. 12.

2.4

a controller including a
voltage monitor circuit and
nonvolatile memory, the
controller coupled to the
PCB and to an input
voltage supply line of the
set of voltage supply lines,
the voltage monitor circuit
configured to: (i) monitor
an input voltage supplied
via the input voltage
supply line; (ii) generate a
trigger signal upon
detecting a trigger
condition; and (ii1)
transmit the trigger signal
to at least one other
portion of the controller,
wherein the controller is
configured to perform, in
response to the trigger
signal, a write operation to
write data into the
nonvolatile memory, and
wherein the trigger
condition occurs when the
input voltage exceeds a
first threshold voltage;

The current application specification discloses a controller
1062 designed to seamlessly integrate with various other
components described within the memory system 1010 that
enhances performance (speed), efficiency and reduces cost.
The controller 1062 comprises a microcontroller unit (MCU)
1060, logic element 1070, buffer, voltage monitor circuit
1050, and one or more additional components. Logic
element 1070 comprises internal nonvolatile memory, one or
more integrated circuits and various discrete electrical
elements. The controller 1062 receives system power from
the standard DIMM interface 1022. For example, support is
found in at least [00127], [00133], and [00172]; and Fig. 12,
Fig. 13, Fig. 14, and Fig. 16.

A buffer (data storage element) is shown in Fig. 13 and
Fig. 14, and disclosed to store data in at least 172, and
178.

Para. [00172]

“In certain embodiments, the controller 1062 comprises
a buffer (not shown) which is configured to store data
from the volatile memory subsystem 1030. In certain
embodiments, the buffer is a first-in, first out buffer

(FIFO).”

Para. [00178]
“For example, in one embodiment, the buffer is a first-in,
first-out buffer implemented in the controller 1062

which comprises an FPGA.”
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For example, FIG. 13 shows controller 1062 comprising a

buffer:

Para. [00133]
“The voltage monitor circuit 1050 monitors the voltage
supplied by the host system via the interface 1022.”
“In certain embodiments, the voltage monitor circuit
1050 is part of the controller 1062 (e.g., part of the
MCU 1060)”
Fig. 14 depicts the voltage monitoring circuit 1050
receiving the input voltage via interface 1022 and
coupled to the logic element 1070

Para. [00133]
“In certain embodiments, the voltage monitor circuit
1050 is part of the controller 1062 (e.g., part of the
MCU 1060) and the voltage monitor circuit 1050
transmits a signal to the other portions of the
controller 1062 upon detecting a power threshold
condition.”

Para. [00130]
“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the

voltage goes above a certain threshold value, such as,
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for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or
above another threshold.”

The system voltage provides support for the input
voltage. The “a threshold” in the last sentence provides
support for “a first threshold” and the “another
threshold,” also in the last sentence provides support for

the “a second threshold.”

2.5

a set of components
coupled to the PCB, the set
of components including a
plurality of double data
rate (DDR) synchronous
dynamic random access
memory (SDRAM)
devices coupled to the set
of address and control
lines and to the set of data
lines, the DDR SDRAM
devices being operable to
receive or output data
signals via the set of data
lines based on address and
control signals received
from the host system via
the set of address and
control lines;

FIG. 12

Para. [00124]

“Volatile memory elements 1032 compatible with certain
embodiments described herein have packaging which
include, but are not limited to, thin small-outline package
(TSOP), ball-grid-array (BGA), fine-pitch BGA (FBOA),
micro-BOA (1.1,BGA), mini-BGA (mBGA), and chip-scale
packaging (CSP).”

Para. [00172]

“In one embodiment, for example, the volatile memory
subsystem 1030 comprises a 72-bit data bus (e.g., each
data word at each addressable location is 72 bits wide
and includes, for example, 64 bits of accessible
SDRAM and 8 bits of ECC), the first data slice from the
first DRAM segment 1630 may comprise 40 bits of the
data word, and the second data slice from the second

DRAM segment 1640 may comprise the remaining 32 bits
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of the data word. Certain other embodiments comprise
data buses and/or data slices of different sizes.”

And

Para. [00122]

“In addition, memory systems 1010 having widths of 4
bytes, 8 bytes, 16 bytes, 32 bytes, or 32 bits, 64 bits, 128
bits, 256 bits, as well as other widths (in bytes or in bits),
are compatible with embodiments described herein.”
And

Para. [00124]

“In certain embodiments, the first plurality of volatile
memory elements 1032 comprises two or more dynamic
random-access memory (DRAM) elements. Types of
DRAM elements 1032 compatible with certain
embodiments described herein include, but are not
limited to, DDR, DDR2, DDR3, and synchronous
DRAM (SDRAM). For example, in the block diagram of
FIG. 12, the first memory bank 1030 comprises eight
64Mx8 DDR2 SDRAM elements 1032. The volatile
memory elements 1032 may comprise other types of
memory elements such as static random-access memory
(SRAM). In addition, volatile memory elements 1032
having bit widths of 4, 8, 16, 32, as well as other bit
widths, are compatible with certain embodiments

described herein.”

2.6

first, second, third, and
fourth converter circuits
coupled to the PCB and to
the input voltage supply
line, and configured to
receive power from the
input voltage supply line
and to deliver power via
first, second, third, and
fourth regulated voltage
lines

FIG. 16
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On the left of the figure, system power (Vdd) is provided on
the input voltage supply line 1106 to the PWM controller
1130 which provides power to the four converter circuits.
Buck convertor 1122, dual buck converter1124, and buck-
boost converter 1126 provide regulated voltages on the
regulated voltage lines 1102, 1104, 1105, and 1107,
respectively.

Para. [00148]

“The conversion element 1120 can comprise one or more
buck converters and/or one or more buck-boost converters.
The conversion element 1120 may comprise a plurality of
sub- blocks 1122, 1124, 1126 as schematically illustrated by
FIG. 16, which can provide more voltages in addition to the
second voltage 1104 to the memory system 1010. The sub-
blocks may comprise various converter circuits such as
buck-converters, boost converters, and buck-boost
converter circuits for providing various voltage values to the
memory system 1010. For example, in one embodiment,
sub-block 1122 comprises a buck converter, sub-block 1124
comprises a dual buck converter, and sub-block 1126
comprises a buck-boost converter as schematically
illustrated by FIG. 16. Various other components for the
sub-blocks 1122, 1124, 1126 of the conversion element 1120
are also compatible with certain embodiments described
herein. In certain embodiments, the conversion element
1120 receives as input either the fourth voltage 1110 from
the first power element 1130 or the fifth voltage 1112 from
the second power element 1140, depending on the state of
the power module 1100, and reduces the input to an
appropriate amount for powering various components of
the memory system. For example, the buck- converter of
sub-block 1122 can provide 1.8V at 2A for about 60
seconds to the volatile memory elements 1032 (e.g.,

DRAM), the non-volatile memory elements 1042 (e.g.,
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flash), and the controller 1062 (e.g., an FPGA) in one
embodiment. The sub-block 1124 can provide the second
voltage 1104 as well as another reduced voltage 1105 to the
memory system 1010. In one example embodiment, the
second voltage 1104 is 2.5V and is used to power the at
least one circuit 1052 (e.g., isolation device) and the other
reduced voltage 1105 is 1.2V and is used to power the
controller 1062 (e.g., FPGA). The subblock 1126 can
provide yet another voltage 1107 to the memory system
1010. For example, the voltage 1107 may be 3.3V and
may be used to power both the controller 1062 and the at

least one circuit 1052.”

2.7

wherein the set of
components includes:

a first component
configured to receive
power via at least the first
regulated voltage line;

a second component
configured to receive
power via at least the
second regulated voltage
line;

a third component
configured to receive
power via at least the third
regulated voltage line; and
a fourth component
electrically configured to
receive power via at least
the fourth regulated
voltage line

FIG. 16

FIG. 12

FEL T2

On the left of the figure, system power (Vdd) is provided on
the input voltage supply line 1106 to the PWM controller
1130 which provides power to the four converter circuits.
Buck convertor 1122, dual buck converter1124, and buck-

boost converter 1126 provide regulated voltages on the
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regulated voltage lines 1102, 1104, 1105, and 1107,
respectively.

On the right, each of the DRAM are shown as being
connected to the first regulated voltage, for example.

On the right, the isolation device is shown as being
connected to the second regulated voltage, for example.

On the right, the FPGA 1070 is shown as being connected to
the third regulated voltage, for example.

On the right, the MCU 1060 is shown as also being
connected to the fourth regulated voltage, as is shown in the
embodiment of FIG. 12, the MCU 1060 is part of the
controller 1062. This is further specified in the text of the
disclosure:

Para. [00148]

“the other reduced voltage 1105 is 1.2V and is used to
power the controller 1062 (e.g., FPGA). The subblock
1126 can provide yet another voltage 1107 to the memory
system 1010. For example, the voltage 1107 may be 3.3V
and may be used to power both the controller 1062 and the
at least one circuit 1052.”

As shown in FIG. 12, above, the controller 1062 includes the
components FPGA 1070, and the MCU 1060, and thus
needs two different voltages for each of the components

1070, 1060.

2.8

wherein each component
of the set of components:
1) is electrically
connected to one or more
of the first, second, third,
and fourth regulated
voltage lines; and

@i1) receives power
only via the one or more of
the first, second, third, and

FIG. 16
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fourth regulated voltage
lines

On the left of the figure, system power (Vdd) is provided on
the input voltage supply line 1106 to the PWM controller
1130 that, when the system power is received, couples
power to each of the four converter circuits via voltage

1110.

Para. [00145]

“In a second state, the fourth voltage 1110 is provided to
the conversion element 1120 from the first power
element 1130 and the first voltage 1102 is provided to the
memory system 1010 from the conversion element 1120.”
Para. [00151]

“The method 1200 further comprises detecting a second
condition in operational block 1220. In certain
embodiments, detecting the second condition comprises
detecting that a trigger condition is likely to occur. During
the second condition, the method 1200 comprises
providing the first voltage 1102 and the second voltage
1104 to the memory system 1010 from the first power
subsystem in an operational block 1230. For example,
referring to FIG. 16, a switch 1148 can be toggled to provide
the first voltage 1102 from the conversion element 1120
rather than from the input power supply.”

The system power is provided to the PWM controller 1130
and from there to the four converter circuits (conversion
element 1120) is the only power to the module. In the
second state all components are powered from the power
supplied from one or more of the four converter circuits via
one or more of the four regulated voltages. There is no

alternative power source claimed.
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28.1

wherein the plurality of
DDR SDRAM devices
includes:

a first group of at least five
DDR SDRAM devices
that are each connected to
a first chip select line
configured to electrically
conduct a first chip select
signal;

a second group of at
least four DDR SDRAM
devices that are each
connected to a second
chip select line
configured to electrically
conduct a second chip
select signal; and

FIG. 21

Fiis 2t

Chip Select 1 and Chip Select 2 going to each group is
shown in FIG. 21 above.

Para. [00172]

“FIG. 21 schematically illustrates an example topology of a
connection to transfer data slices from two DRAM
segments 1630, 1640 of a volatile memory subsystem 1030
of'a memory system 1010 to a controller 1062 of the
memory system 1010. While the example of FIG. 21 shows
a topology including two DRAM segments 1630, 1640 for
the purposes of illustration, each address location of the
volatile memory subsystem 1030 comprises more than the
two segments in certain embodiments. The data lines 1632,
1642 from the first DRAM segment 1630 and the second
DRAM segment 1640 of the volatile memory subsystem
1030 are coupled to switches 1650, 1652 which are coupled
to the controller 1062 (e.g., logic element 1070) of the
memory system 1010. The chip select lines 1634, 1644 and
the self-refresh lines 1636, 1646 (e.g., CKe signals) of the
first and second DRAM segments 1630, 1640,
respectively, are coupled to the controller 1062.”

Para. [00177]

“In certain embodiments, transferring each data word
comprises storing a first portion (also referred to as a
slice) of the data word in a buffer in an operational block
1622, storing a second portion of the data word in the
buffer in an operational block 1624, and writing the entire
data word from the buffer to the non-volatile memory

subsystem 1040 in an operational block 1626.”
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Para. [00178]

“In one example embodiment, the data word may be a 72
bit data word (e.g., 64 bits of accessible SDRAM and 8
bits of ECC), the first portion (or "slice") may comprise
40 bits of the data word, and the second portion (or
"slice'") may comprise the remaining 32 bits of the data
word. In certain embodiments, the buffer is included in the
controller 1062. For example, in one embodiment, the buffer
is a first-in, first-out buffer implemented in the controller
1062 which comprises an FPGA. The method 1600 may
generally be referred to as "slicing" the volatile memory
during a backup operation. In the example embodiment, the
process of "slicing" the volatile memory during a backup
includes bringing the 32-bit slice out of self-refresh, reading
a 32-bit block from the slice into the buffer, and putting the
32-bit slice back into self-refresh. The 40-bit slice is then
brought out of self-refresh and a 40-bit block from the slice
isread into a buffer. Each block may comprise a portion of
multiple words. For example, each 32-bit block may
comprise 32-bit portions of multiple 72-bit words. In other
embodiments, each block comprises a portion of a single
word. The 40-bit slice is then put back into self-refresh in
the example embodiment. The 32-bit and 40-bit slices are
then combined into a 72-bit block by the controller 1062 and
ECC detection/correction is performed on each 72-bit word
as it is read from the buffer and written into the non-volatile
memory subsystem (e.g., flash).”

This claim is limited to x4 and x8 DRAM. When using x8,
it takes five DRAM to receive or output 40 bits. The
remaining bits in the word are 32, which means it would
take four x8 DRAM to complete receiving or outputting the
word. Thus, you have a module with a total of nine DRAM
(5+4) as shown in FIG. 13 and discussed in Para. [00126].
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If x4 are used, the number of DRAM are correspondingly

more.

28.2

when power from the
power rails of the host
system is provided to the
DIMM:

. each group of the
first and second groups of
DDR SDRAM devices is
configured to be accessible
and not in self-refresh
mode;

. the first group of
DDR SDRAM devices is
configured to be enabled,
in response to the first chip
select signal, to receive or
output at least 40 1-bit
wide DDR data signals in
parallel via at least 40 data
lines of the set of data
lines independently of
whether the second group
of DDR SDRAM devices
is enabled, in response to
the second chip select
signal, to receive or output
an integer number of 1-bit
DDR data signals in
parallel via the integer
number of data lines of the
set of data lines;

. the at least 40 1-bit
wide DDR data signals
include at least 32 1-bit
wide DDR data signals
and at least eight 1-bit
wide DDR error-correcting
code (ECC) data signals

Para. [00173]

“In certain embodiments, the first and second DRAM
segments 1630, 1640 maintain stored information but are
not accessible when they are in self-refresh mode, and
maintain stored information and are accessible when
they are in active mode.”

Para. [00178]

“In one example embodiment, the data word may be a 72
bit data word (e.g., 64 bits of accessible SDRAM and 8
bits of ECC), the first portion (or "slice") may comprise
40 bits of the data word, and the second portion (or
"slice'") may comprise the remaining 32 bits of the data
word. In certain embodiments, the buffer is included in the
controller 1062. For example, in one embodiment, the buffer
is a first-in, first-out buffer implemented in the controller
1062 which comprises an FPGA. The method 1600 may
generally be referred to as "slicing" the volatile memory
during a backup operation. In the example embodiment, the
process of "slicing" the volatile memory during a backup
includes bringing the 32-bit slice out of self-refresh, reading
a 32-bit block from the slice into the buffer, and putting the
32-bit slice back into self-refresh. The 40-bit slice is then
brought out of self-refresh and a 40-bit block from the slice
isread into a buffer. Each block may comprise a portion of
multiple words. For example, each 32-bit block may
comprise 32-bit portions of multiple 72-bit words. In other
embodiments, each block comprises a portion of a single
word. The 40-bit slice is then put back into self-refresh in
the example embodiment.”

Para. [00182]
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“In certain other embodiments, the full width of the data
bus is connected between the volatile memory subsystem
1030 and the controller 1062 but only a portion of it is
used during slicing operations. For example, in some

embodiments, memory slicing is an optional mode.”

28.3

the sum of the 40 data
lines and the integer
number of data lines
equals a total number of
data conduits of the set of
data conduits of the
memory slot connector,
and the total number of
data conduits is at least 72
data conduits.

Para. [00123]

“The interface 1022 of certain embodiments provides a
conduit for power voltage as well as data, address, and
control signals between the memory system 1010 and the
host system. For example, the interface 1022 can comprise
a standard 240-pin DDR?2 edge connector.”

Para. [00172]

“In one embodiment, for example, the volatile memory
subsystem 1030 comprises a 72-bit data bus (e.g., each
data word at each addressable location is 72 bits wide
and includes, for example, 64 bits of accessible
SDRAM and 8 bits of ECC), the first data slice from the
first DRAM segment 1630 may comprise 40 bits of the
data word, and the second data slice from the second
DRAM segment 1640 may comprise the remaining 32 bits
of the data word. Certain other embodiments comprise
data buses and/or data slices of different sizes.”

Para. [00178]

“In one example embodiment, the data word may be a 72
bit data word (e.g., 64 bits of accessible SDRAM and 8
bits of ECC), the first portion (or "slice") may comprise
40 bits of the data word, and the second portion (or
"slice'") may comprise the remaining 32 bits of the data

word.”

29.1

a data storage element
configured to store a
plurality of data bits and a
logic element coupled to
the nonvolatile memory
and the data storage

The current application specification discloses a controller
1062 designed to seamlessly integrate with various other
components described within the memory system 1010 that
enhances performance (speed), efficiency and reduces cost.

The controller 1062 comprises a microcontroller unit (MCU)
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element and configured to
electrically communicate
with the nonvolatile
memory and the data
storage element,

1060, logic element 1070, buffer, voltage monitor circuit
1050, and one or more additional components. Logic
element 1070 comprises internal nonvolatile memory, one or
more integrated circuits and various discrete electrical
elements. The controller 1062 receives system power from
the standard DIMM interface 1022. For example, support is
found in at least [00127], [00133], and [00172]; and Fig. 12,
Fig. 13, Fig. 14, and Fig. 16.

Para. [00127]

“FIG. 14 is a block diagram of an example memory
module 1010 having a microcontroller unit 1060 and
logic element 1070 integrated into a single controller
1062 in accordance with certain embodiments

described herein.”

FIG. 14

A buffer (data storage element) is shown in Fig. 13 and Fig.
14, and disclosed to store data in at least 172, and 178.
Para. [00172]

“In certain embodiments, the controller 1062 comprises a
buffer (not shown) which is configured to store data from
the volatile memory subsystem 1030. In certain
embodiments, the buffer is a first-in, first out buffer
(FIFO).”

Para. [00178]
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“For example, in one embodiment, the buffer is a first-in,
first-out buffer implemented in the controller 1062 which
comprises an FPGA.”

For example, FIG. 13 shows controller 1062 comprising a

buffer:

Para. [00127]

“Referring to FIG. 12, in certain embodiments, the logic
element 1070 comprises a field-programmable gate array
(FPGA). In certain embodiments, the logic element 1070
comprises an FPGA available from Lattice
Semiconductor Corporation which includes an internal
flash. In certain other embodiments, the logic element
1070 comprises an FPOA available from another vendor.
The internal flash can improve the speed of the
memory system 1010 and save physical space. Other
types of logic elements 1070 compatible with certain
embodiments described herein include, but are not limited
to, a programmable-logic device (PLD), an application-
specific integrated circuit (ASIC), a custom-designed
semiconductor device, a complex programmable logic
device (CPLD). In certain embodiments, the logic
element 1070 is a custom device. In certain
embodiments, the logic element 1070 comprises various
discrete electrical elements, while in certain other
embodiments, the logic element 1070 comprises one or
more integrated circuits. FIG. 14 is a block diagram of
an example memory module 1010 having a
microcontroller unit 1060 and logic element 1070
integrated into a single controller 1062 in accordance
with certain embodiments described herein. In certain
embodiments, the controller 1062 includes one or
more other components. For example, in one

embodiment, an FPGA without an internal flash is used
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and the controller 1062 includes a separate flash memory
component which stores configuration information to

program the FPGA.”

FIG. 12

29.2

a first write operation to
write a first set of data bits
into a first portion of the
data storage element;

a second write operation to
write a second set of data
bits into a second portion
of the data storage
element; and subsequently
a third write operation to
write a third set of data
bits from the data storage
element into the
nonvolatile memory,
wherein the third set of
data bits includes the first
and second sets of data
bits written during the first
and second write
operations

Para. [00130]

“In one embodiment, the nonvolatile memory subsystem
1040 holds intermediate data results in a noisy system
environment when the host computer system is engaged
in a long computation. In certain embodiments, a backup
may be performed on a regular basis. For example, in
one embodiment, the backup may occur every

millisecond in response to a trigger condition.”

Para. [00174]

“In certain embodiments, when the first and second data
slices are written to the buffer in the controller 1062, the
controller 1062 combines the first and second data slices
1630, 1640 into complete words or blocks of words and
then writes each complete word or block of words to the
non-volatile memory subsystem 1040. In certain
embodiments, this process is called "slicing” the volatile

memory subsystem 1030.”
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Para. [00177]

“In certain embodiments, transferring each data word
comprises storing a first portion (also referred to as a
slice) of the data word in a buffer in an operational block
1622, storing a second portion of the data word in the
buffer in an operational block 1624, and writing the entire
data word from the buffer to the non-volatile memory
subsystem 1040 in an operational block 1626.”

For the chain of system power electrical connection to the

controller, see 2.1, 2.4, 2.5, and 2.6 above.

Para. [00130]
“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or
above another threshold.”
The first threshold and second threshold are the same as
above, supported by “a threshold” and “another
threshold” in the last line. The “10 percent” in the “the
threshold voltage is 10 percent below a specified
operating voltage” and the “10 percent” in the “above a
specified operating voltage™ support the lower operating

voltage value, and the upper operating voltage value.

30

when power is provided to
the DIMM from the power
rails of the host system the

Para. [00133]
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voltage monitor circuit
compares the input voltage
to a plurality of threshold
voltages including the first
threshold voltage and a
second threshold voltage

“In certain embodiments, the voltage monitor circuit
1050 is part of the controller 1062 (e.g., part of the
MCU 1060) and the voltage monitor circuit 1050
transmits a signal to the other portions of the
controller 1062 upon detecting a power threshold
condition.”

Para. [00130]
“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or
above another threshold.”

The system voltage provides support for the input voltage.

The “a threshold” in the last sentence provides support for

“a first threshold” and the “another threshold,” also in the

last sentence provides support for the “a second threshold.”

31

when power is provided to
the DIMM from the power
rails of the host system the
trigger condition occurs
when the input voltage
goes above both the first
and the second threshold
voltages

Para. [00130]
“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating

voltage. In some embodiments, a trigger condition
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occurs when the voltage goes below a threshold or

above another threshold.”
The first threshold and second threshold are the same as
above, supported by “a threshold” and “another threshold”
in the last line. The “10 percent” in the “the threshold
voltage is 10 percent below a specified operating voltage”
and the “10 percent” in the “above a specified operating
voltage™ support the lower operating voltage value, and the

upper operating voltage value.

32

wherein a specified
operating voltage value is
within a range of operating
voltage values of the
DIMM

Para. [00130]
“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or
above another threshold.”
The first threshold and second threshold are the same as
above, supported by “a threshold” and “another threshold”
in the last line. The “10 percent” in the “the threshold
voltage is 10 percent below a specified operating voltage”
and the “10 percent” in the “above a specified operating
voltage™ support the lower operating voltage value, and the

upper operating voltage value.

33

wherein the range of
operating voltage values is
bounded by an upper
operating voltage value
and a lower operating
voltage value, the lower

Para. [00130]
“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system

voltage is below a certain threshold voltage. For
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operating voltage value is
below the specified
operating voltage value of
the DIMM and the upper
operating voltage value is
above the specified
operating voltage value of
the DIMM.

example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or
above another threshold.”
The first threshold and second threshold are the same as
above, supported by “a threshold” and “another threshold”
in the last line. The “10 percent” in the “the threshold
voltage is 10 percent below a specified operating voltage”
and the “10 percent” in the “above a specified operating
voltage™ support the lower operating voltage value, and the

upper operating voltage value.

wherein, when power from

Para. [00149]

34 .
the power rails of the host | “In one embodiment, the volatile memory elements 1032
system is provided to. the and nonvolatile memory elements 1042 are powered using
DIMM, the nonvolatile .

. independent voltages and are not both powered using the
memory is not powered
using the first regulated first voltage 1102.
voltage.
wherein, prior to Para. [00178]
35

performing the third write
operation, the logic
element is further
configured to perform, in
response to the detected
trigger signal, a plurality
of read operations to read
the first and second sets of
data bits from the first and
second portions of the data
storage element,
respectively, and to
generate the third set of
data bits based on the read

“The 32-bit and 40-bit slices are then combined into a 72-bit
block by the controller 1062 and ECC detection/correction is
performed on each 72-bit word as it is read from the buffer
and written into the non-volatile memory subsystem
(e.g., flash).”

Para. [00178]

“The 32-bit and 40-bit slices are then combined into a 72-bit
block by the controller 1062 and ECC detection/correction is
performed on each 72-bit word as it is read from the buffer
and written into the non-volatile memory subsystem
(e.g., flash).”

Para. [00179]
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first and second sets of
data bits.

“In some embodiments, the entire data word may comprise
more than two portions. For example, the entire data word
may comprise three portions instead of two and transferring
each data word further comprises storing a third portion of
each data word in the buffer. In certain other embodiments,

the data word may comprise more than three portions.”

wherein, prior to

Para. [00178]

35 . . . . . . . :
performing the third write | “The 32-bit and 40-bit slices are then combined into a 72-bit
Operathl.l, the logic block by the controller 1062 and ECC detection/correction is
element is further ) o

. performed on each 72-bit word as it is read from the buffer
configured to perform, in
response to the detected and written into the non-volatile memory subsystem
trigger signal, a read (e.g., flash).”
operation to read the first | Difference from Claim 35 is the read from the buffer is a
al_ld second sets of data plurality of steps in Claim 35, and specifically two steps
bits from the first and )
. here. Same sentence in Para. [00178] supports both
second portions of the data _
storage element, SCeNarios.
respectively, and to Para. [00174]
generate the third set of “In certain embodiments, when the first and second data
data bits based on the read slices are written to the buffer in the controller 1062, the
first and d sets of
s al_] second sets o controller 1062 combines the first and second data slices
data bits.
1630, 1640 into complete words or blocks of words and then
writes each complete word or block of words to the non-
volatile memory subsystem 1040.”
Reading a data word or a block of words to be written into
the NVM.
wherein each of the first, Para. [00148]
37

second, and third converter
circuits is a buck
converter, and the fourth
converter circuit is a
voltage reducing circuit.

“The conversion element 1120 may comprise a plurality
of sub- blocks 1122, 1124, 1126 as schematically
illustrated by FIG. 16, which can provide more voltages
in addition to the second voltage 1104 to the memory
system 1010. The sub-blocks may comprise various
converter circuits such as buck-converters, boost

converters, and buck-boost converter circuits for
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providing various voltage values to the memory system
1010.”

And

Para. [00148]

“In certain embodiments, the conversion element 1120
receives as input either the fourth voltage 1110 from
the first power element 1130 or the fifth voltage 1112
from the second power element 1140, depending on the
state of the power module 1100, and reduces the input to
an appropriate amount for powering various

components of the memory system.”

wherein, prior to

Para. [00178]

3 performing the first and “The 32-bit and 40-bit slices are then combined into a 72-bit
second write operations, block by the controller 1062 and ECC detection/correction is
the logic element is further ) o
configured to perform, in performed on each 72-bit word as it is read from the buffer
response to the detected and written into the non-volatile memory subsystem
trigger signal, one or more | (e.g., flash).”
read operations. Para. [00179]
“In some embodiments, the entire data word may comprise
more than two portions. For example, the entire data word
may comprise three portions instead of two and transferring
each data word further comprises storing a third portion of
each data word in the buffer. In certain other embodiments,
the data word may comprise more than three portions.”
" wherein the logic element | Para. [00130]

is further configured to
perform a first read
operation of the one or
more read operations by
reading the first and
second sets of data bits
from the first and second
groups of DDR SDRAM
devices, respectively.

“In one embodiment, the nonvolatile memory subsystem
1040 holds intermediate data results in a noisy system
environment when the host computer system is engaged
in a long computation. In certain embodiments, a backup
may be performed on a regular basis. For example, in
one embodiment, the backup may occur every

millisecond in response to a trigger condition.”

Para. [00174]
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“In certain embodiments, when the first and second data
slices are written to the buffer in the controller 1062, the
controller 1062 combines the first and second data slices
1630, 1640 into complete words or blocks of words and
then writes each complete word or block of words to the
non-volatile memory subsystem 1040. In certain
embodiments, this process is called "slicing" the volatile

memory subsystem 1030.”

Para. [00177]

“In certain embodiments, transferring each data word
comprises storing a first portion (also referred to as a
slice) of the data word in a buffer in an operational block
1622, storing a second portion of the data word in the
buffer in an operational block 1624, and writing the entire
data word from the buffer to the non-volatile memory

subsystem 1040 in an operational block 1626.”

40

wherein the first threshold
voltage corresponds to the
lower operating voltage
value, and the second
threshold voltage
corresponds to the upper
operating voltage value.

Para. [00130]
“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or
above another threshold.”

The first threshold and second threshold are the same as

above, supported by “a threshold” and “another threshold”

in the last line. The “10 percent” in the “the threshold

voltage is 10 percent below a specified operating voltage”

and the “10 percent” in the “above a specified operating
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voltage™ support the lower operating voltage value, and the

upper operating voltage value.

41

wherein the third write
operation comprises a
transfer of the third set of
data bits from the data
storage element to the
nonvolatile memory via a
first connection, and
wherein the first and
second write operations
comprise a transfer of the
first and second sets of
data bits into the data
storage element via a
second connection.

FIG. 21

S ]

Fui 2

Para. [00172]

“FIG. 21 schematically illustrates an example topology of a
connection to transfer data slices from two DRAM segments
1630, 1640 of a volatile memory subsystem 1030 of a
memory system 1010 to a controller 1062 of the memory
system 1010.”

Para. [00177]

“The memory system 1010 may enter the second mode of
operation, for example, when a trigger condition (e.g., a
power failure) occurs. In certain embodiments, transferring
each data word comprises storing a first portion (also
referred to as a slice) of the data word in a buffer in an
operational block 1622, storing a second portion of the
data word in the buffer in an operational block 1624, and
writing the entire data word from the buffer to the non-
volatile memory subsystem 1040 in an operational block
1626.”

FIG. 13
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As can be seen in FIG. 13, the transfer from the DRAM
occurs on a connection on the right side of the buffer, and
the transfer to NVM will occur on a connection on the left

side of the buffer.

42

wherein the data storage
element is a buffer
configured to store a
plurality of data bits or a
First-In First-Out (FIFO)
buffer contigured to store
the plurality of data bits.

A buffer (data storage element) is shown in Fig. 13 and
Fig. 14, and disclosed to store data in at least 172, and
178.

Para. [00172]

“In certain embodiments, the controller 1062 comprises
a buffer (not shown) which is configured to store data
from the volatile memory subsystem 1030. In certain
embodiments, the buffer is a first-in, first out buffer

(FIFO).”

Para. [00178]

“For example, in one embodiment, the buffer is a first-in,
first-out buffer implemented in the controller 1062
which comprises an FPGA.”

For example, FIG. 13 shows controller 1062 comprising a

buffer:
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wherein, when power from

Para. [00130]

43.1 :
the power rails of the host | “In certain embodiments, the trigger condition occurs
system 1s prov1.d.ed to the when the memory system 1010 detects that the system
DIMM, an additional ) .
. e voltage is below a certain threshold voltage. For
trigger condition occurs
when the input voltage is example, in one embodiment, the threshold voltage is 10
above the first threshold percent below a specified operating voltage. In certain
and the input voltage is embodiments, a trigger condition occurs when the voltage
below the second goes above a certain threshold value, such as, for
threshold; and e 10 tab ified i 1t
.. example, ercent above a specified operating voltage.
wherein, in response to the P P P P ¢ &
additional trigger In some embodiments, a trigger condition occurs when
condition, the voltage the voltage goes below a threshold or above another
monitor circuit is further threshold.”
configured to generate and
transmit a second trigger
signal.
Para. [00123]
44.1

A dual in-line memory
module (DIMM)
configured to fitinto a
memory slot connector of
a host system, the memory
slot connector including a
set of power conduits, a set
of data conduits, and a set
of address and control
conduits, wherein data
signals between the host
system and the DIMM are

“For example, the interface 1022 can comprise a plurality
of edge connections which fit into a corresponding slot
connector of the host system. The interface 1022 of certain
embodiments provides a conduit for power voltage as well
as data, address, and control signals between the
memory system 1010 and the host system. For example,
the interface 1022 can comprise a standard 240-pin DDR2

edge connector.”
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transferred via the set of
data conduits, and control
signals are delivered from
the host system to the
DIMM via the set of
address and control
conduits

Dual in-line memory module (DIMM) has an edge
connector 1022 that includes edge connections for power,
data, and address and control signals designed to fit into a
memory socket of a computer system. See Figure 2 and Fig.

12.

FI6. 2
PRIOR ARTI

The memory socket of a computer system includes pins
soldered onto the system board that provide electrical
conduits for system power, data, and address and control

signals from the system board to be electrically connected to

corresponding edge connections of the edge connector 1022

when it is inserted into the memory socket.

Para. [00123]
“The PCB 1020 can comprise an interface 1022 that is
configured to be in electrical communication with the host

system (not shown).
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For example, the interface 1022 can comprise a plurality of
edge connections which fit into a corresponding slot
connector of the host system. The interface 1022 of certain
embodiments provides a conduit for power voltage as well
as data, address, and control signals between the memory
system 1010 and the host system . . . For example, the
interface 1022 can comprise a standard 240-pin DDR2

edge connector.”

442

the DIMM comprising:

a printed circuit board
(PCB) having edge
connections configured to
fit into the memory slot
connector of the host
system, the edge
connections including:

a first set of edge
connections configured
to be electrically
connected to the set of
power conduits and
operable to deliver to the
DIMM power from
power rails of the host
system via the set of
power conduits, wherein
the power delivered to
the DIMM from the
power rails of the host
system is the only power
received by the DIMM,

a second set of
edge connections
configured to be
electrically connected to
the set of data conduits,
and

Para. [00123]

“The PCB 1020 can comprise an interface 1022 that is
configured to be in electrical communication with the host
system (not shown).

For example, the interface 1022 can comprise a plurality of
edge connections which fit into a corresponding slot
connector of the host system. The interface 1022 of certain
embodiments provides a conduit for power voltage as well
as data, address, and control signals between the
memory system 1010 and the host system. For example,
the interface 1022 can comprise a standard 240-pin DDR2

edge connector.”

This paragraph describes the contact of the edge connections
and the slot connector, as well as a JEDEC standard 240 pin
DDR2 edge connector. The JEDEC standard specifies what
voltages the system voltage regulator is to provide to which
pins in the slot, which are then passed on to the edge

connector.

When the interface 1022 edge connector is inserted into the
memory socket of the computer system, edge connections
will mate with corresponding conduits and an electrical
connection is established for system power, data, and

address and control signals to be electrically conducted to
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a third set of edge
connections configured
to be electrically
connected to the set of
address and control
conduits,

the edge connections on the PCB, and PCB traces also called
lines allow signals and power/voltage to be electrically

conducted on the PCB.

Fig. 2 which shows the DIMM in the socket on the

Soonsion £

Fa e
(PRIOB ART
motherboard:

Note the power rails (Vdd and Gnd) of the host system
coupled to the Standard DIMM Interface 1022 and
electrically connected to the input voltage and ground supply

lines on the PCB, as shown in Fig. 16.

The DIMM operates using only the system power provided
from the system board, for example as specified and is well
known in the JEDEC standard 240-pin DDR2 edge

connector.
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See also limitation 2.1.

a set of voltage supply
lines electrically connected
to the first set of edge
connections and
configured to receive the
power delivered to the
DIMM from the power
rails of the host system by
way of the memory slot
connector of the host
system and the first set of
edge connections of the
DIMM

a set of data lines
electrically coupled to the
second set of edge
connections, and

a set of address and
control lines electrically to
the third set of edge
connections ,

Note the power rails (Vdd and Gnd) of the host system
coupled to the Standard DIMM Interface 1022 and
electrically connected to the input voltage and ground supply
lines on the PCB, as shown in Fig. 12, Fig. 13, Fig. 14 and
Fig. 16. For example, in Fig. 12 the input voltage supply
lines is shown electrically connected to the Voltage Monitor

1050.

FIG. 12

G 12

FIG. 16

For example, respective power conduits (Vdd and gnd) of
the set of power conduits of the memory socket are labeled
“from system”, on left of Fig. 16, are electrically connected
via a set of voltage supply lines to the PWM Controller
1130, and the ground supply line (gnd).
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Para. [00124]

“For example, in the block diagram of FIG. 12, the first
memory bank 1030 comprises eight 64Mx8 DDR2
SDRAM clements 1032.”

Note also the address and control lines from the Standard
DIMM Interface 1022 coupled to the DRAM 1030 through
the Switch 1052 in FIG. 12.

44.4

a controller including a
voltage monitor circuit and
nonvolatile memory, the
controller coupled to the
PCB and to an input
voltage supply line of the
set of voltage supply lines,
the voltage monitor circuit
configured to: (i) monitor
an input voltage supplied
via the input voltage
supply line; (ii) generate a
trigger signal upon
detecting a trigger
condition; and (ii1)
transmit the trigger signal
to at least one other
portion of the controller,
wherein, in response to the
detected trigger condition,
the controller is configured
to periodically perform, at
regular intervals of time, a
plurality of write
operations, including a
first write operation to
write a first set of data bits
into a first portion of the
data storage element;

The current application specification discloses a controller
1062 designed to seamlessly integrate with various other
components described within the memory system 1010 that
enhances performance (speed), efficiency and reduces cost.
The controller 1062 comprises a microcontroller unit (MCU)
1060, logic element 1070, buffer, voltage monitor circuit
1050, and one or more additional components. Logic
element 1070 comprises internal nonvolatile memory, one or
more integrated circuits and various discrete electrical
elements. The controller 1062 receives system power from
the standard DIMM interface 1022. For example, support is
found in at least [00127], [00133], and [00172]; and Fig. 12,
Fig. 13, Fig. 14, and Fig. 16.

A buffer (data storage element) is shown in Fig. 13 and
Fig. 14, and disclosed to store data in at least 172, and
178.

Para. [00172]

“In certain embodiments, the controller 1062 comprises
a buffer (not shown) which is configured to store data
from the volatile memory subsystem 1030. In certain
embodiments, the buffer is a first-in, first out buffer

(FIFO).”

Para. [00133]
“The voltage monitor circuit 1050 monitors the voltage

supplied by the host system via the interface 1022.”
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“In certain embodiments, the voltage monitor circuit
1050 is part of the controller 1062 (e.g., part of the
MCU 1060)”

Fig. 14 depicts the voltage monitoring circuit 1050
receiving the input voltage via interface 1022 and

coupled to the logic element 1070

Para. [00133]

“In one embodiment, the nonvolatile memory subsystem
1040 holds intermediate data results in a noisy system
environment when the host computer system is engaged in a
long computation. In certain embodiments, a backup may be
performed on a regular basis. For example, in one
embodiment, the backup may occur every millisecond in

response to a trigger condition.”Para. [00130]

“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or
above another threshold.”

The system voltage provides support for the input
voltage. The “a threshold” in the last sentence provides
support for “a first threshold” and the “another
threshold,” also in the last sentence provides support for

the “a second threshold.”

445

a set of components
coupled to the PCB, the set
of components including a
plurality of double data
rate (DDR) synchronous

FIG. 12
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dynamic random access
memory (SDRAM)
devices coupled to the set
of address and control
lines and to the set of data
lines, the DDR SDRAM
devices being operable to
receive or output data
signals via the set of data
lines based on address and
control signals received
from the host system via
the set of address and
control lines;

fGaz |

Para. [00124]

“Volatile memory elements 1032 compatible with certain
embodiments described herein have packaging which
include, but are not limited to, thin small-outline package
(TSOP), ball-grid-array (BGA), fine-pitch BGA (FBOA),
micro-BOA (1.1,BGA), mini-BGA (mBGA), and chip-scale
packaging (CSP).”

Para. [00172]

“In one embodiment, for example, the volatile memory
subsystem 1030 comprises a 72-bit data bus (e.g., each
data word at each addressable location is 72 bits wide
and includes, for example, 64 bits of accessible
SDRAM and 8 bits of ECC), the first data slice from the
first DRAM segment 1630 may comprise 40 bits of the
data word, and the second data slice from the second
DRAM segment 1640 may comprise the remaining 32 bits
of the data word. Certain other embodiments comprise
data buses and/or data slices of different sizes.”

And

Para. [00122]

“In addition, memory systems 1010 having widths of 4
bytes, 8 bytes, 16 bytes, 32 bytes, or 32 bits, 64 bits, 128
bits, 256 bits, as well as other widths (in bytes or in bits),
are compatible with embodiments described herein.”
And

Para. [00124]
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“In certain embodiments, the first plurality of volatile
memory elements 1032 comprises two or more dynamic
random-access memory (DRAM) elements. Types of
DRAM elements 1032 compatible with certain
embodiments described herein include, but are not
limited to, DDR, DDR2, DDR3, and synchronous
DRAM (SDRAM). For example, in the block diagram of
FIG. 12, the first memory bank 1030 comprises eight
64Mx8 DDR2 SDRAM elements 1032. The volatile
memory elements 1032 may comprise other types of
memory elements such as static random-access memory
(SRAM). In addition, volatile memory elements 1032
having bit widths of 4, 8, 16, 32, as well as other bit
widths, are compatible with certain embodiments

described herein.”

first, second, third, and
fourth converters coupled
to the PCB and to the input
voltage supply line, and
configured to receive
power from the input
voltage supply line and to
deliver power via first,
second, third, and fourth
regulated voltage lines

FIG. 16

On the left of the figure, system power (Vdd) is provided on
the input voltage supply line 1106 to the PWM controller
1130 which provides power to the four converter circuits.
Buck convertor 1122, dual buck converter1124, and buck-
boost converter 1126 provide regulated voltages on the
regulated voltage lines 1102, 1104, 1105, and 1107,
respectively.

Para. [00148]

“The conversion element 1120 can comprise one or more
buck converters and/or one or more buck-boost converters.

The conversion element 1120 may comprise a plurality of
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sub- blocks 1122, 1124, 1126 as schematically illustrated by
FIG. 16, which can provide more voltages in addition to the
second voltage 1104 to the memory system 1010. The sub-
blocks may comprise various converter circuits such as
buck-converters, boost converters, and buck-boost
converter circuits for providing various voltage values to the
memory system 1010. For example, in one embodiment,
sub-block 1122 comprises a buck converter, sub-block 1124
comprises a dual buck converter, and sub-block 1126
comprises a buck-boost converter as schematically
illustrated by FIG. 16. Various other components for the
sub-blocks 1122, 1124, 1126 of the conversion element 1120
are also compatible with certain embodiments described
herein. In certain embodiments, the conversion element
1120 receives as input either the fourth voltage 1110 from
the first power element 1130 or the fifth voltage 1112 from
the second power element 1140, depending on the state of
the power module 1100, and reduces the input to an
appropriate amount for powering various components of
the memory system. For example, the buck- converter of
sub-block 1122 can provide 1.8V at 2A for about 60
seconds to the volatile memory elements 1032 (e.g.,
DRAM), the non-volatile memory elements 1042 (e.g.,
flash), and the controller 1062 (e.g., an FPGA) in one
embodiment. The sub-block 1124 can provide the second
voltage 1104 as well as another reduced voltage 1105 to the
memory system 1010. In one example embodiment, the
second voltage 1104 is 2.5V and is used to power the at
least one circuit 1052 (e.g., isolation device) and the other
reduced voltage 1105 is 1.2V and is used to power the
controller 1062 (e.g., FPGA). The subblock 1126 can
provide yet another voltage 1107 to the memory system

1010. For example, the voltage 1107 may be 3.3V and
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may be used to power both the controller 1062 and the at

least one circuit 1052.”

wherein the set of
components includes:

a first component
configured to receive
power via at least the first
regulated voltage line;

a second component
configured to receive
power via at least the
second regulated voltage
line;

a third component
configured to receive
power via at least the third
regulated voltage line; and
a fourth component
electrically configured to
receive power via at least
the fourth regulated
voltage line

FIG. 16

FIG. 12

HE 12

On the left of the figure, system power (Vdd) is provided on
the input voltage supply line 1106 to the PWM controller
1130 which provides power to the four converter circuits.
Buck convertor 1122, dual buck converter1124, and buck-
boost converter 1126 provide regulated voltages on the
regulated voltage lines 1102, 1104, 1105, and 1107,
respectively.

On the right, each of the DRAM are shown as being
connected to the first regulated voltage, for example.

On the right, the isolation device is shown as being
connected to the second regulated voltage, for example.

On the right, the FPGA 1070 is shown as being connected to
the third regulated voltage, for example.

On the right, the MCU 1060 is shown as also being

connected to the fourth regulated voltage, as is shown in the
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embodiment of FIG. 12, the MCU 1060 is part of the
controller 1062. This is further specified in the text of the
disclosure:

Para. [00148]

“the other reduced voltage 1105 is 1.2V and is used to
power the controller 1062 (e.g., FPGA). The subblock
1126 can provide yet another voltage 1107 to the memory
system 1010. For example, the voltage 1107 may be 3.3V
and may be used to power both the controller 1062 and the
at least one circuit 1052.”

As shown in FIG. 12, above, the controller 1062 includes the
components FPGA 1070, and the MCU 1060, and thus
needs two different voltages for each of the components

1070, 1060.

wherein each component
of the set of components:
1) is electrically
connected to one or more
of the first, second, third,
and fourth regulated
voltage lines; and

@i1) receives power
only via the one or more of
the first, second, third, and
fourth regulated voltage
lines.

FIG. 16

On the left of the figure, system power (Vdd) is provided on
the input voltage supply line 1106 to the PWM controller
1130 that, when the system power is received, couples
power to each of the four converter circuits via voltage

1110.

Para. [00145]

“In a second state, the fourth voltage 1110 is provided to
the conversion element 1120 from the first power
element 1130 and the first voltage 1102 is provided to the

memory system 1010 from the conversion element 1120.”
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Para. [00151]

“The method 1200 further comprises detecting a second
condition in operational block 1220. In certain
embodiments, detecting the second condition comprises
detecting that a trigger condition is likely to occur. During
the second condition, the method 1200 comprises
providing the first voltage 1102 and the second voltage
1104 to the memory system 1010 from the first power
subsystem in an operational block 1230. For example,
referring to FIG. 16, a switch 1148 can be toggled to provide
the first voltage 1102 from the conversion element 1120
rather than from the input power supply.”

The system power is provided to the PWM controller 1130
and from there to the four converter circuits (conversion
element 1120) is the only power to the module. In the
second state all components are powered from the power
supplied from one or more of the four converter circuits via
one or more of the four regulated voltages. There is no

alternative power source claimed.

45

wherein the controller
further includes a
nonvolatile memory and a
logic element, the logic
element coupled to the
nonvolatile memory and
the data storage element
and configured to

Para. [00127]

“FIG. 14 is a block diagram of an example memory
module 1010 having a microcontroller unit 1060 and
logic element 1070 integrated into a single controller
1062 in accordance with certain embodiments

described herein.”

. . FIG. 14
electrically communicate
with the nonvolatile
memory and the data
storage element.
Fli3 14
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46.1

wherein the plurality of
DDR SDRAM devices

includes:

a first group of
at least five DDR
SDRAM devices that
are each connected to
a first chip select line
configured to
electrically conduct a

first chip select signal;

a second group
of at least four DDR
SDRAM devices that
are each connected to
a second chip select
line configured to
electrically conduct a
second chip select

signal,

FG. 23

Chip Select 1 and Chip Select 2 going to each group is
shown in FIG. 21 above.

Para. [00172]

“FIG. 21 schematically illustrates an example topology of a
connection to transfer data slices from two DRAM
segments 1630, 1640 of a volatile memory subsystem 1030
of'a memory system 1010 to a controller 1062 of the
memory system 1010. While the example of FIG. 21 shows
a topology including two DRAM segments 1630, 1640 for
the purposes of illustration, each address location of the
volatile memory subsystem 1030 comprises more than the
two segments in certain embodiments. The data lines 1632,
1642 from the first DRAM segment 1630 and the second
DRAM segment 1640 of the volatile memory subsystem
1030 are coupled to switches 1650, 1652 which are coupled
to the controller 1062 (e.g., logic element 1070) of the
memory system 1010. The chip select lines 1634, 1644 and
the self-refresh lines 1636, 1646 (e.g., CKe signals) of the
first and second DRAM segments 1630, 1640,
respectively, are coupled to the controller 1062.”

Para. [00177]

“In certain embodiments, transferring each data word
comprises storing a first portion (also referred to as a
slice) of the data word in a buffer in an operational block
1622, storing a second portion of the data word in the

buffer in an operational block 1624, and writing the entire
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data word from the buffer to the non-volatile memory
subsystem 1040 in an operational block 1626.”

Para. [00178]

“In one example embodiment, the data word may be a 72
bit data word (e.g., 64 bits of accessible SDRAM and 8
bits of ECC), the first portion (or "slice") may comprise
40 bits of the data word, and the second portion (or
"slice'") may comprise the remaining 32 bits of the data
word. In certain embodiments, the buffer is included in the
controller 1062. For example, in one embodiment, the buffer
is a first-in, first-out buffer implemented in the controller
1062 which comprises an FPGA. The method 1600 may
generally be referred to as "slicing" the volatile memory
during a backup operation. In the example embodiment, the
process of "slicing" the volatile memory during a backup
includes bringing the 32-bit slice out of self-refresh, reading
a 32-bit block from the slice into the buffer, and putting the
32-bit slice back into self-refresh. The 40-bit slice is then
brought out of self-refresh and a 40-bit block from the slice
isread into a buffer. Each block may comprise a portion of
multiple words. For example, each 32-bit block may
comprise 32-bit portions of multiple 72-bit words. In other
embodiments, each block comprises a portion of a single
word. The 40-bit slice is then put back into self-refresh in
the example embodiment. The 32-bit and 40-bit slices are
then combined into a 72-bit block by the controller 1062 and
ECC detection/correction is performed on each 72-bit word
as it is read from the buffer and written into the non-volatile
memory subsystem (e.g., flash).”

This claim is limited to x4 and x8 DRAM. When using x8,
it takes five DRAM to receive or output 40 bits. The
remaining bits in the word are 32, which means it would
take four x8 DRAM to complete receiving or outputting the
word. Thus, you have a module with a total of nine DRAM
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(5+4) as shown in FIG. 13 and discussed in Para. [00126].
If x4 are used, the number of DRAM are correspondingly

more

46.2

wherein when

power from the power
rails of the host system is

provided to the DIMM:

each group of the first
and second groups of
DDR SDRAM devices
is configured to be
accessible and not in

self-refresh mode;

the first group of DDR
SDRAM packages is
configured to be
enabled, in response to
the first chip select
signal, to receive or
output at least 40 1-bit
wide DDR data signals
in parallel via at least
40 data lines of the set
of data lines
independently of
whether the second
group of DDR SDRAM
packages is enabled, in
response to the second
chip select signal, to

receive or output an

Para. [00173]

“In certain embodiments, the first and second DRAM
segments 1630, 1640 maintain stored information but are
not accessible when they are in self-refresh mode, and
maintain stored information and are accessible when
they are in active mode.”

Para. [00178]

“In one example embodiment, the data word may be a 72
bit data word (e.g., 64 bits of accessible SDRAM and 8
bits of ECC), the first portion (or "slice") may comprise
40 bits of the data word, and the second portion (or
"slice'") may comprise the remaining 32 bits of the data
word. In certain embodiments, the buffer is included in the
controller 1062. For example, in one embodiment, the buffer
is a first-in, first-out buffer implemented in the controller
1062 which comprises an FPGA. The method 1600 may
generally be referred to as "slicing" the volatile memory
during a backup operation. In the example embodiment, the
process of "slicing" the volatile memory during a backup
includes bringing the 32-bit slice out of self-refresh, reading
a 32-bit block from the slice into the buffer, and putting the
32-bit slice back into self-refresh. The 40-bit slice is then
brought out of self-refresh and a 40-bit block from the slice
isread into a buffer. Each block may comprise a portion of
multiple words. For example, each 32-bit block may
comprise 32-bit portions of multiple 72-bit words. In other
embodiments, each block comprises a portion of a single
word. The 40-bit slice is then put back into self-refresh in
the example embodiment.”

Para. [00182]
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integer number of 1-bit
DDR data signals in
parallel via the integer
number of data lines of

the set of data lines; and

e the atleast 40 1-bit

wide DDR data signals
include 32 1-bit wide
DDR data signals and
eight 1-bit wide DDR
error-correcting code

(ECC) data signals; and

“In certain other embodiments, the full width of the data
bus is connected between the volatile memory subsystem
1030 and the controller 1062 but only a portion of it is
used during slicing operations. For example, in some

embodiments, memory slicing is an optional mode.”

46.3

wherein the sum of the
at least 40 data lines and
the integer number of
data lines matches a total
number of data conduits
of the set of data conduits
of the memory slot
connector, and the total
number of data conduits
is at least 72 data
conduits.

Para. [00123]

“The interface 1022 of certain embodiments provides a
conduit for power voltage as well as data, address, and
control signals between the memory system 1010 and the
host system. For example, the interface 1022 can comprise
a standard 240-pin DDR?2 edge connector.”

Para. [00172]

“In one embodiment, for example, the volatile memory
subsystem 1030 comprises a 72-bit data bus (e.g., each
data word at each addressable location is 72 bits wide
and includes, for example, 64 bits of accessible
SDRAM and 8 bits of ECC), the first data slice from the
first DRAM segment 1630 may comprise 40 bits of the
data word, and the second data slice from the second
DRAM segment 1640 may comprise the remaining 32 bits
of the data word. Certain other embodiments comprise
data buses and/or data slices of different sizes.”

Para. [00178]
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“In one example embodiment, the data word may be a 72
bit data word (e.g., 64 bits of accessible SDRAM and 8
bits of ECC), the first portion (or "slice") may comprise
40 bits of the data word, and the second portion (or
"slice'") may comprise the remaining 32 bits of the data

word.”

47

wherein the logic element
is further configured to
perform a second write
operation to write a second
set of data bits into a
second portion of the data
storage element.

Para. [00174]

“In certain embodiments, when the first and second data
slices are written to the buffer in the controller 1062, the
controller 1062 combines the first and second data slices
1630, 1640 into complete words or blocks of words and
then writes each complete word or block of words to the
non-volatile memory subsystem 1040. In certain
embodiments, this process is called "slicing" the volatile

memory subsystem 1030.”

Para. [00177]

“In certain embodiments, transferring each data word
comprises storing a first portion (also referred to as a
slice) of the data word in a buffer in an operational block
1622, storing a second portion of the data word in the
buffer in an operational block 1624, and writing the entire
data word from the buffer to the non-volatile memory
subsystem 1040 in an operational block 1626.”

For the chain of system power electrical connection to the

controller, see 2.1, 2.4, 2.5, and 2.6 above.

48

wherein, when power is
provided to the DIMM
from the power rails of the
host_system, the
nonvolatile memory is not
powered using the first
regulated voltage.

Para. [00149]

“In one embodiment, the volatile memory elements 1032
and nonvolatile memory elements 1042 are powered using
independent voltages and are not both powered using the

first voltage 1102.”
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wherein the plurality of

Para. [00177]

49 . .

write operations further “In certain embodiments, each data word comprises the data
1nclud.es a third write stored in a particular address of the memory system 1010.
operation subsequent to the - tom 1010 tor th d mode of
first and second write ¢ memory system may enter the second mode o
operations to write a third operation, for example, when a trigger condition (e.g., a
set of data bits from the power failure) occurs. In certain embodiments, transferring
data storage element into each data word comprises storing a first portion (also
the no.nvolatlle. memory, referred to as a slice) of the data word in a buffer in an
wherein the third set of tional block 1622, stori dvorti £ the dat

o operational bloc , storing a second portion of the data
data bits includes the first P & P
and second set of data bits | Word in the buffer in an operational block 1624, and writing
written during the first and | the entire data word from the buffer to the non-volatile
second write operations, memory subsystem 1040 in an operational block 1626.”
and wherein, in response
to the detected trigger

.\ - Para. [00130]
condition, the logic
element is further “In one embodiment, the nonvolatile memory subsystem
configured to periodically | 1040 holds intermediate data results in a noisy system
perform every millisecond | environment when the host computer system is engaged in a
all of the first and second long computation. In certain embodiments, a backup may be
write operations followed . .
. . performed on a regular basis. For example, in one
by the third write ) o )
operation. embodiment, the backup may occur every millisecond in
response to a trigger condition.”
wherein, prior to Para. [00130]
50

performing the first and
second write operations,
the logic element is further
configured to perform, in
response to the detected
trigger condition,
periodically at regular
intervals of time one or
more read operations to
read the first and second
sets of data bits from the
first and second portions
of the data storage
element, respectively, and
to generate the third set of

“In one embodiment, the nonvolatile memory subsystem
1040 holds intermediate data results in a noisy system
environment when the host computer system is engaged in a
long computation. In certain embodiments, a backup may be
performed on a regular basis. For example, in one
embodiment, the backup may occur every millisecond in
response to a trigger condition.”

Para. [00178]

“The method 1600 may generally be referred to as "slicing”
the volatile memory during a backup operation. In the
example embodiment, the process of "slicing" the volatile

memory during a backup includes bringing the 32-bit slice
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data bits based on the read
first and second sets of
data bits, respectively.

out of self-refresh, reading a 32-bit block from the slice
into the buffer, and putting the 32-bit slice back into self-
refresh. The 40-bit slice is then brought out of self-refresh

and a 40-bit block from the slice is read into a buffer.”

wherein, prior to

Para. [00130]

51 ; . .
performing the first and “In one embodiment, the nonvolatile memory subsystem
second.wrlte Oper?tlons, 1040 holds intermediate data results in a noisy system
the logic element is further ) ] )
. environment when the host computer system is engaged in a
configured to perform, in
response to the detected long computation. In certain embodiments, a backup may be
trigger condition, performed on a regular basis. For example, in one
periodically at regular embodiment, the backup may occur every millisecond in
intervals of tlme,.one or response to a trigger condition.”
more read operations to P [00177]
ara.
read the first and second
sets of data bits from the “The memory system 1010 may enter the second mode of
first and second groups of | operation, for example, when a trigger condition (e.g., a
DDR SDRAM devices, power failure) occurs. In certain embodiments, transferring
respectively. each data word comprises storing a first portion (also
referred to as a slice) of the data word in a buffer in an
operational block 1622, storing a second portion of the
data word in the buffer in an operational block 1624, and
writing the entire data word from the buffer to the non-
volatile memory subsystem 1040 in an operational block
1626.”
wherein when power is Para. [00133]
52

provided to the DIMM
from the power rails of the
host system the voltage
monitor circuit compares
the input voltage to a
plurality of threshold
voltages including a first
threshold voltage and a
second threshold voltage.

“In certain embodiments, the voltage monitor circuit
1050 is part of the controller 1062 (e.g., part of the
MCU 1060) and the voltage monitor circuit 1050
transmits a signal to the other portions of the
controller 1062 upon detecting a power threshold

condition.”

Para. [00130]
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“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or
above another threshold.”

The system voltage provides support for the input voltage.

The “a threshold” in the last sentence provides support for

“a first threshold” and the “another threshold,” also in the

last sentence provides support for the “a second threshold.”

wherein when power is

Para. [00130]

53 :
provided to the DIMM “In certain embodiments, the trigger condition occurs
from the power ra.lls of the when the memory system 1010 detects that the system
host system the trigger ) .
e voltage is below a certain threshold voltage. For
condition occurs when the
input voltage goes above example, in one embodiment, the threshold voltage is 10
both the first and the percent below a specified operating voltage. In certain
second threshold voltages. | embodiments, a trigger condition occurs when the voltage
goes above a certain threshold value, such as, for
example, 10 percent above a specified operating voltage.
In some embodiments, a trigger condition occurs when
the voltage goes below a threshold or above another
threshold.
wherein a specitied Para. [00130]
54

operating voltage value is
within a range of operating
voltage values of the
DIMM.

“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain

embodiments, a trigger condition occurs when the
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voltage goes above a certain threshold value, such as,

for example, 10 percent above a specified operating

voltage. In some embodiments, a trigger condition

occurs when the voltage goes below a threshold or

above another threshold.”
The first threshold and second threshold are the same as
above, supported by “a threshold” and “another threshold”
in the last line. The “10 percent” in the “the threshold
voltage is 10 percent below a specified operating voltage”
and the “10 percent” in the “above a specified operating
voltage™ support the lower operating voltage value, and the

upper operating voltage value.

wherein the range of

Para. [00130]

55 . .
operating voltage values is “In certain embodiments, the trigger condition occurs
bound.ed by an upper when the memory system 1010 detects that the system
operating voltage value ) )
. voltage is below a certain threshold voltage. For
and a lower operating
voltage value, the lower example, in one embodiment, the threshold voltage is 10
operating voltage value is percent below a specified operating voltage. In certain
below the specified embodiments, a trigger condition occurs when the
operating voltage value of voltage goes above a certain threshold value, such as,
the DIMM and the upper ) )
. . for example, 10 percent above a specified operating
operating voltage value is
above the specified voltage. In some embodiments, a trigger condition
operating voltage value of occurs when the voltage goes below a threshold or
the DIMM. above another threshold.”
The first threshold and second threshold are the same as
above, supported by “a threshold” and “another threshold”
in the last line. The “10 percent” in the “the threshold
voltage is 10 percent below a specified operating voltage”
and the “10 percent” in the “above a specified operating
voltage™ support the lower operating voltage value, and the
upper operating voltage value.
wherein the third write FIG. 21
36 operation comprises a
transfer of the first and
second set of data bits
90
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from the data storage
element to the nonvolatile
memory via a first
connection, and wherein
the first and second write
operations comprise a
transfer of the first and
second set of data bits into
the data storage element
via a second connection.

Para. [00172]

“FIG. 21 schematically illustrates an example topology of a
connection to transfer data slices from two DRAM segments
1630, 1640 of a volatile memory subsystem 1030 of a
memory system 1010 to a controller 1062 of the memory
system 1010.”

Para. [00177]

“The memory system 1010 may enter the second mode of
operation, for example, when a trigger condition (e.g., a
power failure) occurs. In certain embodiments, transferring
each data word comprises storing a first portion (also
referred to as a slice) of the data word in a buffer in an
operational block 1622, storing a second portion of the
data word in the buffer in an operational block 1624, and
writing the entire data word from the buffer to the non-
volatile memory subsystem 1040 in an operational block
1626.”

FIG. 13

Fz 12

As can be seen in FIG. 13, the transfer from the DRAM

occurs on a connection on the right side of the buffer, and

91

Samsung Electronics Co., Ltd.

Ex. 1002, p. 1367



US App. No. 17/582,797
Atty Ref. 022955-000090

the transfer to NVM will occur on a connection on the left

side of the buffer.

57

wherein the first threshold
voltage corresponds to the
lower operating voltage
value, and the second
threshold voltage
corresponds to the upper
operating voltage value.

Para. [00130]
“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or
above another threshold.”
The first threshold and second threshold are the same as
above, supported by “a threshold” and “another threshold”
in the last line. The “10 percent” in the “the threshold
voltage is 10 percent below a specified operating voltage”
and the “10 percent” in the “above a specified operating
voltage™ support the lower operating voltage value, and the

upper operating voltage value.

A dual in-line memory
module (DIMM)
configured to fitinto a
memory slot connector of
a host system, the memory
slot connector including a
set of power conduits, a set
of data conduits, and a set
of address and control
conduits, wherein data
signals between the host
system and the DIMM are
transferred via the set of
data conduits, and control
signals are delivered from

Para. [00123]

“For example, the interface 1022 can comprise a plurality
of edge connections which fit into a corresponding slot
connector of the host system. The interface 1022 of certain
embodiments provides a conduit for power voltage as well
as data, address, and control signals between the
memory system 1010 and the host system. For example,
the interface 1022 can comprise a standard 240-pin DDR2

edge connector.”
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the host system to the
DIMM via the set of
address and control
conduits

Dual in-line memory module (DIMM) has an edge
connector 1022 that includes edge connections for power,
data, and address and control signals designed to fit into a

memory socket of a computer system. See Figure 2 and Fig.

s,
PRIOA ART
12.

The memory socket of a computer system includes pins
soldered onto the system board that provide electrical
conduits for system power, data, and address and control
signals from the system board to be electrically connected to

corresponding edge connections of the edge connector 1022

when it is inserted into the memory socket.

Para. [00123]

“The PCB 1020 can comprise an interface 1022 that is
configured to be in electrical communication with the host
system (not shown).

For example, the interface 1022 can comprise a plurality of
edge connections which fit into a corresponding slot

connector of the host system. The interface 1022 of certain
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embodiments provides a conduit for power voltage as well
as data, address, and control signals between the memory
system 1010 and the host system . . . For example, the
interface 1022 can comprise a standard 240-pin DDR2

edge connector.”

the DIMM comprising:

a printed circuit board
(PCB) having edge
connections configured to
fit into the memory slot
connector of the host
system, the edge
connections including:

a first set of edge
connections configured
to be electrically
connected to the set of
power conduits and
operable to deliver to the
DIMM power from
power rails of the host
system via the set of
power conduits, wherein
the power delivered to
the DIMM from the
power rails of the host
system is the only power
received by the DIMM,

a second set of
edge connections
configured to be
electrically connected to
the set of data conduits,
and

a third set of edge
connections configured to

Para. [00123]

“The PCB 1020 can comprise an interface 1022 that is
configured to be in electrical communication with the host
system (not shown).

For example, the interface 1022 can comprise a plurality of
edge connections which fit into a corresponding slot
connector of the host system. The interface 1022 of certain
embodiments provides a conduit for power voltage as well
as data, address, and control signals between the
memory system 1010 and the host system. For example,
the interface 1022 can comprise a standard 240-pin DDR2

edge connector.”

This paragraph describes the contact of the edge connections
and the slot connector, as well as a JEDEC standard 240 pin
DDR2 edge connector. The JEDEC standard specifies what
voltages the system voltage regulator is to provide to which
pins in the slot, which are then passed on to the edge

connector.

When the interface 1022 edge connector is inserted into the
memory socket of the computer system, edge connections
will mate with corresponding conduits and an electrical
connection is established for system power, data, and
address and control signals to be electrically conducted to
the edge connections on the PCB, and PCB traces also called
lines allow signals and power/voltage to be electrically

conducted on the PCB.
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be electrically connected
to the set of address and
control conduits,

Fig. 2 which shows the DIMM in the socket on the

PRIOR ART
motherboard:

Note the power rails (Vdd and Gnd) of the host system
coupled to the Standard DIMM Interface 1022 and

lines on the PCB, as shown in Fig. 16.

2anx SN

The DIMM operates using only the system power provided
from the system board, for example as specified and is well
known in the JEDEC standard 240-pin DDR2 edge

connector.

electrically connected to the input voltage and ground supply

a set of voltage supply
lines electrically connected
to the first set of edge
connections and

Note the power rails (Vdd and Gnd) of the host system
coupled to the Standard DIMM Interface 1022 and
electrically connected to the input voltage and ground supply
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configured to receive the
power delivered to the
DIMM from the power
rails of the host system by
way of the memory slot
connector of the host
system and the first set of
edge connections of the
DIMM

a set of data lines
electrically coupled to the
second set of edge
connections, and

a set of address and
control lines electrically to
the third set of edge
connections,

lines on the PCB, as shown in Fig. 12, Fig. 13, Fig. 14 and
Fig. 16. For example, in Fig. 12 the input voltage supply
lines is shown electrically connected to the Voltage Monitor

1050.

FIG. 12

A2

FIG. 16

For example, respective power conduits (Vdd and gnd) of
the set of power conduits of the memory socket are labeled
“from system”, on left of Fig. 16, are electrically connected
via a set of voltage supply lines to the PWM Controller
1130, and the ground supply line (gnd).

Para. [00124]

“For example, in the block diagram of FIG. 12, the first
memory bank 1030 comprises eight 64Mx8 DDR2
SDRAM clements 1032.”
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Note also the address and control lines from the Standard
DIMM Interface 1022 coupled to the DRAM 1030 through
the Switch 1052 in FIG. 12.

wherein the set of data
lines are electrically
coupled to respective edge
connections of the second
set of edge connection,
wherein each data line of
the set of data lines is
configured to electrically
conduct a 1-bit wide DDR
data signal, and wherein
the set of data lines
includes at least 72 data
lines;

Para. [00178]

“In one example embodiment, the data word may be a 72
bit data word (e.g., 64 bits of accessible SDRAM and 8
bits of ECC), the first portion (or "slice") may comprise
40 bits of the data word, and the second portion (or
"slice'") may comprise the remaining 32 bits of the data
word. In certain embodiments, the buffer is included in the
controller 1062. For example, in one embodiment, the buffer
is a first-in, first-out buffer implemented in the controller
1062 which comprises an FPGA. The method 1600 may
generally be referred to as "slicing" the volatile memory
during a backup operation. In the example embodiment, the
process of "slicing" the volatile memory during a backup
includes bringing the 32-bit slice out of self-refresh, reading
a 32-bit block from the slice into the buffer, and putting the
32-bit slice back into self-refresh. The 40-bit slice is then
brought out of self-refresh and a 40-bit block from the slice
isread into a buffer. Each block may comprise a portion of
multiple words. For example, each 32-bit block may
comprise 32-bit portions of multiple 72-bit words. In other
embodiments, each block comprises a portion of a single
word. The 40-bit slice is then put back into self-refresh in
the example embodiment.”

Para. [00182]

“In certain other embodiments, the full width of the data
bus is connected between the volatile memory subsystem
1030 and the controller 1062 but only a portion of it is
used during slicing operations. For example, in some
embodiments, memory slicing is an optional mode.”

And

Para. [00172]
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“In one embodiment, for example, the volatile memory
subsystem 1030 comprises a 72-bit data bus (e.g., each
data word at each addressable location is 72 bits wide
and includes, for example, 64 bits of accessible
SDRAM and 8 bits of ECC), the first data slice from the
first DRAM segment 1630 may comprise 40 bits of the
data word, and the second data slice from the second
DRAM segment 1640 may comprise the remaining 32 bits
of the data word. Certain other embodiments comprise
data buses and/or data slices of different sizes.”

The embodiment of FIG. 13 shows nine x§ DRAM
devices for a data bus bit width of 72:

a3

And

Para. [00122]

“In addition, memory systems 1010 having widths of 4
bytes, 8 bytes, 16 bytes, 32 bytes, or 32 bits, 64 bits, 128
bits, 256 bits, as well as other widths (in bytes or in bits),

are compatible with embodiments described herein.”

a controller including a
voltage monitor circuit and
nonvolatile memory, the
controller coupled to the
PCB and to an input
voltage supply line of the
set of voltage supply lines,
the voltage monitor circuit
configured to: (i) monitor
an input voltage supplied

1062 comprises a microcontroller unit (MCU) 1060, logic
element 1070, buffer, voltage monitor circuit 1050, and one
or more additional components. Logic element 1070
comprises interal nonvolatile memory, one or more
integrated circuits and various discrete electrical elements.
The controller 1062 receives system power from the

standard DIMM interface 1022. For example, support is
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via the input voltage supply
line; (ii) generate a trigger
signal upon detecting a
trigger condition; and (iii)
transmit the trigger signal
to at least one other portion
of the controller, wherein
the controller is configured
to perform, in response to
the trigger signal, a write
operation to write data into
the data storage element;

found in at least [00127], [00133], and [00172]; and Fig. 12,
Fig. 13, Fig. 14, and Fig. 16.

A buffer (data storage element) is shown in Fig. 13 and
Fig. 14, and disclosed to store data in at least 172, and
178.

Para. [00172]

“In certain embodiments, the controller 1062 comprises
a buffer (not shown) which is configured to store data
from the volatile memory subsystem 1030. In certain
embodiments, the buffer is a first-in, first out buffer

(FIFO).”

Para. [00178]

“For example, in one embodiment, the buffer is a first-in,
first-out buffer implemented in the controller 1062
which comprises an FPGA.”

For example, FIG. 13 shows controller 1062 comprising a

buffer:

FIG. 13

Para. [00133]
“The voltage monitor circuit 1050 monitors the voltage
supplied by the host system via the interface 1022.”
“In certain embodiments, the voltage monitor circuit
1050 is part of the controller 1062 (e.g., part of the
MCU 1060)”
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Fig. 14 depicts the voltage monitoring circuit 1050
receiving the input voltage via interface 1022 and
coupled to the logic element 1070

Para. [00133]

“In certain embodiments, the voltage monitor circuit
1050 is part of the controller 1062 (e.g., part of the
MCU 1060) and the voltage monitor circuit 1050
transmits a signal to the other portions of the
controller 1062 upon detecting a power threshold

condition.”

Para. [00130]

“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or

above another threshold.”

The system voltage provides support for the input voltage.
The “a threshold” in the last sentence provides support for
“a first threshold” and the “another threshold,” also in the

last sentence provides support for the “a second threshold.”

a set of components
coupled to the PCB, the set
of components including a
plurality of double data
rate (DDR) synchronous
dynamic random access
memory (SDRAM)
devices coupled to the set
of address and control
lines and to the set of data

FIG. 12
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lines, the DDR SDRAM-
devices being operable to
receive or output data
signals via the set of data
lines based on-address and
control signals received
from the host system via
the set of address and
control lines;

fGaz |

Para. [00124]

“Volatile memory elements 1032 compatible with certain
embodiments described herein have packaging which
include, but are not limited to, thin small-outline package
(TSOP), ball-grid-array (BGA), fine-pitch BGA (FBOA),
micro-BOA (1.1,BGA), mini-BGA (mBGA), and chip-scale
packaging (CSP).”

Para. [00172]

“In one embodiment, for example, the volatile memory
subsystem 1030 comprises a 72-bit data bus (e.g., each
data word at each addressable location is 72 bits wide
and includes, for example, 64 bits of accessible
SDRAM and 8 bits of ECC), the first data slice from the
first DRAM segment 1630 may comprise 40 bits of the
data word, and the second data slice from the second
DRAM segment 1640 may comprise the remaining 32 bits
of the data word. Certain other embodiments comprise
data buses and/or data slices of different sizes.”

And

Para. [00122]

“In addition, memory systems 1010 having widths of 4
bytes, 8 bytes, 16 bytes, 32 bytes, or 32 bits, 64 bits, 128
bits, 256 bits, as well as other widths (in bytes or in bits),
are compatible with embodiments described herein.”
And

Para. [00124]
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“In certain embodiments, the first plurality of volatile
memory elements 1032 comprises two or more dynamic
random-access memory (DRAM) elements. Types of
DRAM elements 1032 compatible with certain
embodiments described herein include, but are not
limited to, DDR, DDR2, DDR3, and synchronous
DRAM (SDRAM). For example, in the block diagram of
FIG. 12, the first memory bank 1030 comprises eight
64Mx8 DDR2 SDRAM elements 1032. The volatile
memory elements 1032 may comprise other types of
memory elements such as static random-access memory
(SRAM). In addition, volatile memory elements 1032
having bit widths of 4, 8, 16, 32, as well as other bit
widths, are compatible with certain embodiments

described herein.”

first, second, third, and
fourth converter circuits
coupled to the PCB and to
the input voltage supply
line, and configured to
receive power from the
input voltage supply line
and to deliver power via
first, second, third, and
fourth regulated voltage
lines

FIG. 16

P
£1G. 16

On the left of the figure, system power (Vdd) is provided on
the input voltage supply line 1106 to the PWM controller
1130 which provides power to the four converter circuits.
Buck convertor 1122, dual buck converter1124, and buck-
boost converter 1126 provide regulated voltages on the
regulated voltage lines 1102, 1104, 1105, and 1107,
respectively.

Para. [00148]

“The conversion element 1120 can comprise one or more

buck converters and/or one or more buck-boost converters.

102

Samsung Electronics Co., Ltd.

Ex. 1002, p. 1378



US App. No. 17/582,797
Atty Ref. 022955-000090

The conversion element 1120 may comprise a plurality of
sub- blocks 1122, 1124, 1126 as schematically illustrated by
FIG. 16, which can provide more voltages in addition to the
second voltage 1104 to the memory system 1010. The sub-
blocks may comprise various converter circuits such as
buck-converters, boost converters, and buck-boost
converter circuits for providing various voltage values to the
memory system 1010. For example, in one embodiment,
sub-block 1122 comprises a buck converter, sub-block 1124
comprises a dual buck converter, and sub-block 1126
comprises a buck-boost converter as schematically
illustrated by FIG. 16. Various other components for the
sub-blocks 1122, 1124, 1126 of the conversion element 1120
are also compatible with certain embodiments described
herein. In certain embodiments, the conversion element
1120 receives as input either the fourth voltage 1110 from
the first power element 1130 or the fifth voltage 1112 from
the second power element 1140, depending on the state of
the power module 1100, and reduces the input to an
appropriate amount for powering various components of
the memory system. For example, the buck- converter of
sub-block 1122 can provide 1.8V at 2A for about 60
seconds to the volatile memory elements 1032 (e.g.,
DRAM), the non-volatile memory elements 1042 (e.g.,
flash), and the controller 1062 (e.g., an FPGA) in one
embodiment. The sub-block 1124 can provide the second
voltage 1104 as well as another reduced voltage 1105 to the
memory system 1010. In one example embodiment, the
second voltage 1104 is 2.5V and is used to power the at
least one circuit 1052 (e.g., isolation device) and the other
reduced voltage 1105 is 1.2V and is used to power the
controller 1062 (e.g., FPGA). The subblock 1126 can
provide yet another voltage 1107 to the memory system

1010. For example, the voltage 1107 may be 3.3V and
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may be used to power both the controller 1062 and the at

least one circuit 1052.”

wherein the set of
components includes:

a first component
configured to receive
power via the first
regulated voltage line;

a second component
configured to receive
power via the second
regulated voltage line;

a third component
configured to receive
power via the third
regulated voltage line; and
a fourth component
electrically configured to
receive power via the
fourth regulated voltage
line

FIG. 16

FIG. 12

HE 12

On the left of the figure, system power (Vdd) is provided on
the input voltage supply line 1106 to the PWM controller
1130 which provides power to the four converter circuits.
Buck convertor 1122, dual buck converter1124, and buck-
boost converter 1126 provide regulated voltages on the
regulated voltage lines 1102, 1104, 1105, and 1107,
respectively.

On the right, each of the DRAM are shown as being
connected to the first regulated voltage, for example.

On the right, the isolation device is shown as being
connected to the second regulated voltage, for example.

On the right, the FPGA 1070 is shown as being connected to
the third regulated voltage, for example.

On the right, the MCU 1060 is shown as also being

connected to the fourth regulated voltage, as is shown in the
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embodiment of FIG. 12, the MCU 1060 is part of the
controller 1062. This is further specified in the text of the
disclosure:

Para. [00148]

“the other reduced voltage 1105 is 1.2V and is used to
power the controller 1062 (e.g., FPGA). The subblock
1126 can provide yet another voltage 1107 to the memory
system 1010. For example, the voltage 1107 may be 3.3V
and may be used to power both the controller 1062 and the
at least one circuit 1052.”

As shown in FIG. 12, above, the controller 1062 includes the
components FPGA 1070, and the MCU 1060, and thus
needs two different voltages for each of the components

1070, 1060

wherein each component
of the set of components:
1) is electrically
connected to one or more
of the first, second, third,
and fourth regulated
voltage lines; and

@i1) receives power
only via the one or more of
the first, second, third, and
fourth regulated voltage
lines

FIG. 16

On the left of the figure, system power (Vdd) is provided on
the input voltage supply line 1106 to the PWM controller
1130 that, when the system power is received, couples
power to each of the four converter circuits via voltage

1110.

Para. [00145]

“In a second state, the fourth voltage 1110 is provided to
the conversion element 1120 from the first power
element 1130 and the first voltage 1102 is provided to the
memory system 1010 from the conversion element 1120.”

Para. [00151]
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“The method 1200 further comprises detecting a second
condition in operational block 1220. In certain
embodiments, detecting the second condition comprises
detecting that a trigger condition is likely to occur. During
the second condition, the method 1200 comprises
providing the first voltage 1102 and the second voltage
1104 to the memory system 1010 from the first power
subsystem in an operational block 1230. For example,
referring to FIG. 16, a switch 1148 can be toggled to provide
the first voltage 1102 from the conversion element 1120
rather than from the input power supply.”

The system power is provided to the PWM controller 1130
and from there to the four converter circuits (conversion
element 1120) is the only power to the module. In the
second state all components are powered from the power
supplied from one or more of the four converter circuits via
one or more of the four regulated voltages. There is no

alternative power source claimed.

58.10

wherein the plurality of
DDR SDRAM devices
includes:

a first group of at least five
DDR SDRAM devices
that are each connected to
a first chip select line
configured to electrically
conduct a first chip select
signal;

a second group of at least
four DDR SDRAM
devices that are each
connected to a second chip
select line configured to
electrically conduct a
second chip select signal

FIG. 21

IRlcwas

Chip Select 1 and Chip Select 2 going to each group is
shown in FIG. 21 above.

Para. [00172]

“FIG. 21 schematically illustrates an example topology of a
connection to transfer data slices from two DRAM
segments 1630, 1640 of a volatile memory subsystem 1030
of'a memory system 1010 to a controller 1062 of the
memory system 1010. While the example of FIG. 21 shows
a topology including two DRAM segments 1630, 1640 for
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the purposes of illustration, each address location of the
volatile memory subsystem 1030 comprises more than the
two segments in certain embodiments. The data lines 1632,
1642 from the first DRAM segment 1630 and the second
DRAM segment 1640 of the volatile memory subsystem
1030 are coupled to switches 1650, 1652 which are coupled
to the controller 1062 (e.g., logic element 1070) of the
memory system 1010. The chip select lines 1634, 1644 and
the self-refresh lines 1636, 1646 (e.g., CKe signals) of the
first and second DRAM segments 1630, 1640,
respectively, are coupled to the controller 1062.”

Para. [00177]

“In certain embodiments, transferring each data word
comprises storing a first portion (also referred to as a
slice) of the data word in a buffer in an operational block
1622, storing a second portion of the data word in the
buffer in an operational block 1624, and writing the entire
data word from the buffer to the non-volatile memory
subsystem 1040 in an operational block 1626.”

Para. [00178]

“In one example embodiment, the data word may be a 72
bit data word (e.g., 64 bits of accessible SDRAM and 8
bits of ECC), the first portion (or "slice") may comprise
40 bits of the data word, and the second portion (or
"slice'") may comprise the remaining 32 bits of the data
word. In certain embodiments, the buffer is included in the
controller 1062. For example, in one embodiment, the buffer
is a first-in, first-out buffer implemented in the controller
1062 which comprises an FPGA. The method 1600 may
generally be referred to as "slicing" the volatile memory
during a backup operation. In the example embodiment, the
process of "slicing" the volatile memory during a backup
includes bringing the 32-bit slice out of self-refresh, reading

a 32-bit block from the slice into the buffer, and putting the
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32-bit slice back into self-refresh. The 40-bit slice is then
brought out of self-refresh and a 40-bit block from the slice
isread into a buffer. Each block may comprise a portion of
multiple words. For example, each 32-bit block may
comprise 32-bit portions of multiple 72-bit words. In other
embodiments, each block comprises a portion of a single
word. The 40-bit slice is then put back into self-refresh in
the example embodiment. The 32-bit and 40-bit slices are
then combined into a 72-bit block by the controller 1062 and
ECC detection/correction is performed on each 72-bit word
as it is read from the buffer and written into the non-volatile
memory subsystem (e.g., flash).”

This claim is limited to x4 and x8 DRAM. When using x8,
it takes five DRAM to receive or output 40 bits. The
remaining bits in the word are 32, which means it would
take four x8 DRAM to complete receiving or outputting the
word. Thus, you have a module with a total of nine DRAM
(5+4) as shown in FIG. 13 and discussed in Para. [00126].
If x4 are used, the number of DRAM are correspondingly

more.

59.1

wherein when power
from the power rails of
the host system is
provided to the DIMM:

. each group of the
first and second groups of
DDR SDRAM is
configured to be accessible
and not in self-refresh
mode;

. the first group of
DDR SDRAM devices is
configured to be enabled,
in response to the first chip

Para. [00173]

“In certain embodiments, the first and second DRAM
segments 1630, 1640 maintain stored information but are
not accessible when they are in self-refresh mode, and
maintain stored information and are accessible when
they are in active mode.”

Para. [00178]

“In one example embodiment, the data word may be a 72
bit data word (e.g., 64 bits of accessible SDRAM and 8
bits of ECC), the first portion (or "slice") may comprise
40 bits of the data word, and the second portion (or
"slice'") may comprise the remaining 32 bits of the data

word. In certain embodiments, the buffer is included in the
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select signal, to receive or
output at least 40 1-bit
wide DDR data signals in
parallel via at least 40 data
lines of the set of data
lines independently of
whether the second group
of DDR SDRAM devices
is enabled, in response to
the second chip select
signal, to receive or output
an integer number of 1-bit
DDR data signals in
parallel via the integer
number of data lines of the
set of data lines; and

. the at least 40 1-bit
wide DDR data signals
include 32 1-bit wide DDR
data signals and eight 1-bit
wide DDR error-correcting
code (ECC) data signals;
and

controller 1062. For example, in one embodiment, the buffer
is a first-in, first-out buffer implemented in the controller
1062 which comprises an FPGA. The method 1600 may
generally be referred to as "slicing" the volatile memory
during a backup operation. In the example embodiment, the
process of "slicing" the volatile memory during a backup
includes bringing the 32-bit slice out of self-refresh, reading
a 32-bit block from the slice into the buffer, and putting the
32-bit slice back into self-refresh. The 40-bit slice is then
brought out of self-refresh and a 40-bit block from the slice
isread into a buffer. Each block may comprise a portion of
multiple words. For example, each 32-bit block may
comprise 32-bit portions of multiple 72-bit words. In other
embodiments, each block comprises a portion of a single
word. The 40-bit slice is then put back into self-refresh in
the example embodiment.”

Para. [00182]

“In certain other embodiments, the full width of the data
bus is connected between the volatile memory subsystem
1030 and the controller 1062 but only a portion of it is
used during slicing operations. For example, in some

embodiments, memory slicing is an optional mode.”

59.2

wherein the sum
of the at least 40 data
lines and the integer
number of data lines
matches a total number
of data conduits of the
set of data conduits of
the memory slot
connector, and the total

number of data conduits

Para. [00123]

“The interface 1022 of certain embodiments provides a
conduit for power voltage as well as data, address, and
control signals between the memory system 1010 and the
host system. For example, the interface 1022 can comprise
a standard 240-pin DDR?2 edge connector.”

Para. [00172]

“In one embodiment, for example, the volatile memory
subsystem 1030 comprises a 72-bit data bus (e.g., each
data word at each addressable location is 72 bits wide
and includes, for example, 64 bits of accessible

SDRAM and 8 bits of ECC), the first data slice from the
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is at least 72 data

conduits.

first DRAM segment 1630 may comprise 40 bits of the
data word, and the second data slice from the second
DRAM segment 1640 may comprise the remaining 32 bits
of the data word. Certain other embodiments comprise
data buses and/or data slices of different sizes.”

Para. [00178]

“In one example embodiment, the data word may be a 72
bit data word (e.g., 64 bits of accessible SDRAM and 8
bits of ECC), the first portion (or "slice") may comprise
40 bits of the data word, and the second portion (or
"slice'") may comprise the remaining 32 bits of the data

word.”

wherein the logic element

Para. [00177]

60 :
is further configured to “In certain embodiments, each data word comprises the data
perforl.n -a third write stored in a particular address of the memory system 1010.
operation subsequent to Th tem 1010 ter th d mode of
the first and second write ¢ memory system may enter the second mode o
operations by writing a operation, for example, when a trigger condition (e.g., a
third set of data bits from power failure) occurs. In certain embodiments, transferring
the data storage element each data word comprises storing a first portion (also
into the nonvolatile ] referred to as a slice) of the data word in a buffer in an
memory, and wherein the tional block 1622, stori d portion of the dat

. . operational bloc , storing a second portion of the data

third set of data bits P & P
includes the first and word in the buffer in an operational block 1624, and writing
second set of data bits the entire data word from the buffer to the non-volatile
written during the first and | memory subsystem 1040 in an operational block 1626.”
second write operations.
wherein the logic element | [00172

61

is further configured to
perform, prior to the first
write operation and the
second write operation,
first and second read
operations by reading the
first and second sets of
data bits from the first and
second groups of DDR
SDRAM devices,
respectively.

FIG. 21 schematically illustrates an example topology of a

connection to transfer data slices from two DRAM

segments 1630, 1640 of a volatile memory subsystem 1030

of a memory system 1010 to a controller 1062 of the

memory system 1010.

The controller read first and second data slices (sets of data

bits) from first and second groups of DDR SDRAM

packages, and then write the first and second sets of data bits

into the controller 1062 (data storage element).
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wherein when power is

Para. [00149]

62 :
provided to the DIMM “In one embodiment, the volatile memory elements 1032
from the power rails of the and nonvolatile memory elements 1042 are powered using
host system, the ) .
. . independent voltages and are not both powered using the
nonvolatile memory is not
powered using the first first voltage 1102.
regulated voltage.
when the power is Para. [00133]
63 :
provided to the DIMM “In certain embodiments, the voltage monitor circuit
from the power rails of the 1050 is part of the controller 1062 (e.g., part of the
host system the voltage . .
. L MCU 1060) and the voltage monitor circuit 1050
monitor circuit compares
the input voltage to a transmits a signal to the other portions of the
plurality of threshold controller 1062 upon detecting a power threshold
voltages including a first condition.”
threshold voltage and a Para. [00130]
second threshold voltage. ) ) ) o
“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or
above another threshold.”
The system voltage provides support for the input voltage.
The “a threshold” in the last sentence provides support for
“a first threshold” and the “another threshold,” also in the
last sentence provides support for the “a second threshold.”
wherein when power is Para. [00130]
64 .
provided to the DIMM “In certain embodiments, the trigger condition occurs
from the power ra.lls of the when the memory system 1010 detects that the system
host system the trigger

condition occurs when the
input voltage goes above

voltage is below a certain threshold voltage. For

example, in one embodiment, the threshold voltage is 10
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both the first and the
second threshold voltages.

percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or
above another threshold.”
The first threshold and second threshold are the same as
above, supported by “a threshold” and “another threshold”
in the last line. The “10 percent” in the “the threshold
voltage is 10 percent below a specified operating voltage”
and the “10 percent” in the “above a specified operating
voltage™ support the lower operating voltage value, and the

upper operating voltage value.

65

wherein a specitied
operating voltage value is
within a range of operating
voltage values of the
DIMM.

Para. [00130]
“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the
voltage goes above a certain threshold value, such as,
for example, 10 percent above a specified operating
voltage. In some embodiments, a trigger condition
occurs when the voltage goes below a threshold or
above another threshold.”
The first threshold and second threshold are the same as
above, supported by “a threshold” and “another threshold”
in the last line. The “10 percent” in the “the threshold
voltage is 10 percent below a specified operating voltage”
and the “10 percent” in the “above a specified operating
voltage™ support the lower operating voltage value, and the

upper operating voltage value.
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66

wherein each of the first,
second, and third converter
circuits is a buck
converter.

Para. [00148]

“The conversion element 1120 may comprise a plurality
of sub- blocks 1122, 1124, 1126 as schematically
illustrated by FIG. 16, which can provide more voltages
in addition to the second voltage 1104 to the memory
system 1010. The sub-blocks may comprise various
converter circuits such as buck-converters, boost
converters, and buck-boost converter circuits for
providing various voltage values to the memory system
1010.”

And

Para. [00148]

“In certain embodiments, the conversion element 1120
receives as input either the fourth voltage 1110 from
the first power element 1130 or the fifth voltage 1112
from the second power element 1140, depending on the
state of the power module 1100, and reduces the input to
an appropriate amount for powering various

components of the memory system.”

67

wherein, when power-is
provided to the DIMM
from the power rails of the
host system, the
nonvolatile memory is not
powered using the first
regulated voltage.

Para. [00149]

“In one embodiment, the volatile memory elements 1032
and nonvolatile memory elements 1042 are powered using
independent voltages and are not both powered using the

first voltage 1102.”

68

wherein, when power is
provided to the DIMM
from the power rails of
the host system, an
additional trigger
condition occurs when
the input voltage is above

the first threshold and the

Para. [00130]
“In certain embodiments, the trigger condition occurs
when the memory system 1010 detects that the system
voltage is below a certain threshold voltage. For
example, in one embodiment, the threshold voltage is 10
percent below a specified operating voltage. In certain
embodiments, a trigger condition occurs when the voltage
goes above a certain threshold value, such as, for

example, 10 percent above a specified operating voltage.
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input voltage is below the
second threshold; and

wherein, in response to the
additional trigger
condition, the voltage
monitor circuit is further
configured to generate and
transmit a trigger signal.

In some embodiments, a trigger condition occurs when
the voltage goes below a threshold or above another

threshold.”
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