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Claim 
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Limitation Support 

Para. [00123] 
2.1 A dual in-line memory 

"For example, the interface 1022 can comprise a plurality of edge 
module (DIMM) 

configured to fit into a connections which fit into a corresponding slot connector of the 

memory socket of a host system. The interface 1022 of certain embodiments provides a 

system board of a 

computer system, the 
conduit for power voltage as well as data, address, and control 

memory socket including 
signals between the memory system 1010 and the host system. For 

a set of power conduits, a 

set of data conduits 

including at least 72 data 

example, the interface 1022 can comprise a standard 240-pin DDR2 

edge connector." 

conduits, and a set of 
Dual in-line memory module (DIMM) has an edge connector 1022 that 

address and control includes edge connections for power, data, and address and control 

conduits, wherein system 

power from the system 
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: 
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Para. [00123] 
2.2 a 1-bit wide double data 

"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 

memory socket by each 
conduit for power voltage as well as data, address, and control 

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 

electrically conducted 

from the system board to 

DDR2 edge connector." 

Para. [00124] 
the DIMM via the 

memory socket by the set 

of address and control 
"For example, in the block diagram of FIG. 12, the first memory 

conduits 
bank 1030 comprises eight 64Mx8 DDR2 SDRAM elements 1032." 

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: 
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Para. [00122] 
2.3 the DIMM comprising: 

"In certain embodiments, the PCB 1020 has an industry-standard 
a printed circuit board 

(PCB) having a four form factor. For example, the PCB 1020 can have a low profile 

factor with a width (LP) form factor with a height of 30 millimeters and a width of 
dimension and a height 

dimension, the PCB 
133.35 millimeters. In certain other embodiments, the PCB 1020 

including: 
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." 
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2.4 
an interface having 

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 
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; 

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." 

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. 

See also limitation 2.1. 

2.5 
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 

Note respective power conduits (Vdd and gnd) of the set of power 

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 set of data lines 
electrically coupled to 
respective edge 
connections of the 
second set of edge 
connections, 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 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 

FIG. 12 
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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: 
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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. 

The current application specification discloses a controller 1062 
2.6 a controller coupled 

to the PCB and 
designed to seamlessly integrate with various other components 

electrically connected 
described within the memory system 1010 that enhances perfoiinance 

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 

integrated circuits and various discrete electrical elements. The 
voltage supply line, the 
controller including: 

controller 1062 receives system power from the standard DIMM 

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 
element 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 
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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 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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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 
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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 

2.7 
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." 

2.8 
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 

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." 
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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." 

2.9 
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 

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. 

Samsung Electronics Co., Ltd.
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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; 

a set of components FIG. 12 
2.10 coupled to the PCB, the 

set of components  ... . .. 
including a plurality of :. cs te 4 i

DDR synchronous 

dynamic random access 

memory (DDR SDRAM) 
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package  of the plurality of 

DDR SDRAM packages 

having a bit width of m 

FIG. 12 

Para. [00124] 

1,   ..somearrev.  1 

bits and configured to 

receive or output m 1-bit "Volatile memory elements 1032 compatible with certain 

wide DDR data signals embodiments described herein have packaging which include, but 
via respective m data 

lines of the set of data 
are not limited to, thin small-outline package (T SOP), ball-grid-array 

lines in response to (BGA), fine-pitch BGA (FBOA), micro-BOA (1.1,BGA), mini-BGA 

address and control (mBGA), and chip-scale packaging (CSP)." 

signals received via 

address and control lines 
Para. [00172] 

of the set of address and 
"In one embodiment, for example, the volatile memory subsystem 

control lines, wherein m 1030 comprises a 72-bit data bus (e.g., each data word at each 

is equal to four or eight; 

and 
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." 

first, second, third, and FIG. 16 
2.11 fourth converter circuits 

coupled to the PCB and to  — 1-52-- !bak 

the input voltage supply 

line, each of the first, 

second, third, and fourth 

converter circuits

configured to, in response 
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Para. [00145] 
when the system power is 

provided to the DIMM "The power module 1100 can be configured to be operated in at 

from the system board, 

the first, second, third, 

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

circuits configured to (i) 

generate first, second, 

third, and fourth regulated 

voltages, respectively, 

from the power supplied 

by the input voltage 

supply line, and (ii) 

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 
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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, 

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 
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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 

board; 

Mk? 
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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. 

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 
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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. 

2.13 
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." 

2.14 

2.15 
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 

(ii) 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 
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third, and fourth converter system power is received from couples power to each of the four 

circuits; and converter circuits via voltage 1110. 
• only via the one 

or more of the first, 

second, third, and fourth Para. [00145] 

regulated voltage lines; "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. 

wherein the plurality of FIG. 21 
2.16 DDR SDRAM packages 

includes: 

a first group of at 
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electrically conduct a 
Chip Select 1 and Chip Select 2 going to each group is shown in FIG. 

first chip select signal; 

a second group of at 

least four DDR 

21 above.
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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 ofECC), 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 is 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 perfo  1 ied 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 is 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." 

2.18 
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] 

"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." 

28 
wherein the second 

component is further 

connected to the first 

regulated voltage line and 

is powered by the first 

FIG. 16 
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and second regulated 

voltages when the system 

power is provided to the 

DIMM from the system 

board. 
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29 
wherein the data storage 

element is a buffer 

configured to store the 

plurality of data bits or a 

First-In First-Out (FIFO) 

buffer configured to store 

the plurality of data bits. 

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." 

30 
wherein the width 

dimension is 133.35 

millimeters. 

Para. [00122] 

"For example, the PCB I 020 can have a low profile (LP) foiiu 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) folin factor with a height of 50 millimeters or 

more. In certain other embodiments, the PCB I 020 has a very low 

profile (VLP) four factor with a height of 18.3 millimeters." 

31 
wherein the height 

dimension is selected 

from one of a plurality of 

profiles ranging from 18.3 

millimeters to 50 

millimeters. 

Para. [00122] 

"For example, the PCB I 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 50 

millimeters or more. In certain other embodiments, the PCB I 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 perfoini, 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." 

36 
wherein, prior to 

performing the third write 

operation, the logic 

element is further 

configured to perfoinn, in 

response to the detected 

trigger condition, 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. 

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)." 

Difference from Claim 35 is the read from the buffer is a plurality of 

steps in Claim 35, and one step here. Same sentence in Para. [00178] 

supports both scenarios. 

37 
wherein, prior to 

performing the third write 

operation, the logic 

element is further 

configured to perfo 1 (i) 

a first read operation of 

the plurality of read 

operations to read the first 

set of data bits from the 

first portion of the data 

storage element, and (ii) a 

second read operation of 

the plurality of read 

operations to read the 

second set of data bits 

from the second portion 

of the data storage 

element, and to generate 

the third set of data bits 

based on the read first and 

second sets of data bits. 

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)." 

Difference from Claim 35 is the read from the buffer is a plurality of 

steps in Claim 35, and specifically two steps here. Same sentence in 

Para. [00178] supports both scenarios. 

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." 

Reading a data word or a block of words to be written into the NVM. 

38 
wherein, prior to 

performing the first and 

second write operations, 

the logic element is 

further configured to 

perform, in response to 

Para. [00178] 

"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." 

39 
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 

packages, respectively. 

Para. [00178] 

"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." 

40 
wherein the logic element 

is further configured to 

perform (i) first and 

second read operations of 

the one or more read 

operations, and (ii) 

subsequently, the first and 

second write operations. 

Para. [00178] 

"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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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 set of 

data bits into the data 

storage element via a 

second connection. 

FIG. 13 
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42 
wherein, in response to 

the detected trigger 

condition, the voltage 

monitor circuit is further 

configured to generate 

and transmit a trigger 

signal. 

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." 

43 
wherein, when the system 

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 

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 

Samsung Electronics Co., Ltd.
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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." 

44.1 
A dual in-line memory 

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, 

Para. 

"For 

connections 

host 

conduit 

signals 

example, 

edge 

Per 

designated 

connector. 

configuration 

as 

Figure 

[00123] 

example, the interface 1022 can comprise a plurality of edge 

which fit into a corresponding slot connector of the 

system. The interface 1022 of certain embodiments provides a 

for power voltage as well as data, address, and control 

between the memory system 1010 and the host system. For 

the interface 1022 can comprise a standard 240-pin DDR2 

connector." 

the JEDEC DDR2 Standard, power is supplied from the socket to 

edge connections of the standard 240-pin DDR2 edge 

A POSITA would be aware of this standard and the 

of both the edge connector and the socket. For example, 

shown in FIG. 2 of the disclosure: 

2 

onion rooRAM Conlqurations -- 
25800 Sponeon EoPRAid Solution — Stn0 Accetansitor 

Seiler Motherbomt I DRAM 
`AAA 1 

/ ,  :- ' Sportsioni 
- 4 , frame 

Up to 255 G5 02We 1 

256GB Shoe Az:co/Hadar Sponsiat ecoRAM Solution 

256CP Spc.oston EcoRAM Solution - DUO: Rc*C6tervto, 

Serve, Motherboard UP to 266 
5,.,:1 , ',%' , r, 

i 
ilMAM ( f  • .., 4.4v; I 
MVOs t A '  I 

-
(14 • I • EcoRAM 

' — RIMM3 1 
-s-- . - up to 256 to I 1 

256a7 Sfrlio Act,•elorat;:r Spcnivf, rouRilk Solution 

FIG. 2 
(PRIOR ART) 

44.2 
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 

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 . . . 
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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, 

DDR2 edge 

Para. [00124] 

"For example, 

bank 1030 

This is showing 

parallel. 

each data 

FIG. 12 

HG. 12 

the interface 

connector." 

in the block 

comprises 

a 64 bit 

From the DDR2 

line is one bit 

.NO 
. 

- '- —

1

i 

J 
. : All 

1.—

4 424E 'NI ,SIZP 

nu • .56 

1022 

diagram 

eight 

wide 

Standard 

wide 

; 

 :o 

Kb  

.1O9 

:;, ..1.AltieL 
maIrs..5 

-;:ro 

can 

64Mx8 

DDR2 

as illustrated 

' 
; ..:an 

CATA 

1 
VACI,

1 

....., 

j 
a;,...g.i.x.to.i; 

IAN,C.6.7.. 

: j 

04C• 

.... , 

comprise 

of FIG. 

DDR2 

data bus, 

a POSITA 

in 

,  _ 

." 

.1? 

..stcute 

. .. 1.!°22
...,.. 

a standard 240-pin 

12, the first memory 

SDRAM elements 1032." 

were each bit is sent in 

would be aware that 

FIG. 12: 

44.3 the DIMM comprising: 

a printed circuit board 

(PCB) having a four form 

factor with a width 

dimension and a height 

dimension, the PCB 

including: 

Para. [00122] 

In certain embodiments, the PCB 1020 has an industry-standard 

factor. For example, the PCB I020 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 50 millimeters or 

more. In certain other embodiments, the PCB I020 has a very low 

profile (VLP) 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. 

44.4 
an interface having 

edge connections 
disposed along the 
width dimension and 

Para. [00123] 

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

connections which fit into a corresponding slot connector of the 

Samsung Electronics Co., Ltd.
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configured to fit into 
the memory socket, the 
edge connections 
including: 

a first set of 

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 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 

edge connector."

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 voltage FIG. 12 
44.5 supply lines electrically 

connected to the first . 
' set of edge connections, f  1

4 , ' 

(-MO 
 ,i Wii:i .. ,;-,,,i i-,Tzi cc..44.• F 

' '

the set of voltage 1- , ,- :--    wk 
.062 I ' 

supply lines including 
an input voltage supply 

.: aza  "" 
i L J 

t . 
"." 
Au
, — 

—I ma, 

I 
. ' 1- `'' 

line to electrically 
conduct an input 

 ,. .
.  

 , 3- 

, 

. • 
M. momscr 

voltage when the 
system power is FIG. 12 

: — - , .., .. 
, ,5:1 . . 

J .::0•2: 'UM -SW .. ...
1 3va.:AX.Flw

J 

provided to the DIMM 
from the system board; 
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a set of data lines 
electrically coupled to 
respective edge 
connections of the 
second set of edge 
connections, 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 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 

J.:?$ 

6.1t 
Z•20 

11. 

-r---= 

if? 

zolor.$ 42 co 

..... ...1; 
... 

3.4 

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: 

Samsung Electronics Co., Ltd.
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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 
controller configured to 

first-in, first out buffer (FIFO)." 

receive the system 
power and the input 

The buffer provides support for the data storage element. 

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 
element 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: 

F 

FIG. .13 

-:V:4: • N. 

}UV 

xc 

 -----
:w 

 FAA 

. '-icsa"-Ixek s

Ora 43.X.X." 

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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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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Para. [00133] 

----

"In certain embodiments, the voltage monitor circuit 1050 is 

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

compare the input Para. [00133] 
44.7 voltage to a plurality of "In certain embodiments, the voltage monitor circuit 1050 is part 

threshold voltages 
including a first 

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

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

Samsung Electronics Co., Ltd.
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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.
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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 
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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 
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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 (T SOP), 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, 

Samsung Electronics Co., Ltd.
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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." 

first, second, third, and FIG. 16 
44.11 fourth converter circuits m.: ;.ar

coupled to the PCB and to 

the input voltage supply 
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voltage supply line when 
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Para. [00145] 
the system power is 

provided to the DIMM "The power module 1100 can be configured to be operated in at 

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

the first, second, third, 

and fourth converter 
voltage 1102 is provided to the memory system 1010 from the input 

circuits configured to (i) 
1106 and the fourth voltage 1110 is provided to the conversion element 

generate first, second, 1120 from the first power element 1130. In a second state, the fourth 

third, and fourth regulated 

voltages, respectively, 
voltage 1110 is provided to the conversion element 1120 from the 

first power element 1130 and the first voltage 1102 is provided to 
from the power supplied 

by the input voltage 

supply line, and (ii) 

output the first, second, 

the memory system 1010 from the conversion element 1120." 

And 

The trigger condition here is the same as 2.8, above, disclosed in: 
third, and fourth regulated 

voltages via first, second, Para. [00130]

third, and fourth regulated "In one embodiment, the nonvolatile memory subsystem 1040 
voltages lines, 

respectively, 
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 

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., 

Samsung Electronics Co., Ltd.
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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." 

the set of components FIG. 16 
44.12 including: 

a first component 

electrically connected to 

the first regulated voltage 

line and powered by the 
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a second component 

electrically connected to 
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DIMM from the system 

board; 
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a third component t • 1.4 - - - • ----- r:. 
electrically connected to 

the third regulated voltage
 ,--3-'  , OSC• AM04+ 

,....2. I 
5122:0W.fieLtno2,... 

line and powered by the 
HG. 12 

;:;,.. .::.;,;(05 . AV 

: ,..u.2222.22.42seu - :  _.. 

third regulated voltage 

when the system power is 

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

from the system board; 

and 
voltage supply line 1106 to the PWM controller 1130 which provides 

power to the four converter circuits. Buck convertor 1122, dual buck 
a fourth component 

electrically connected to converter1124, and buck-boost converter 1126 provide regulated 

the fourth regulated voltages on the regulated voltage lines 1102, 1104, 1105, and 1107, 
voltage line and powered 

by the fourth regulated 
respectively. 

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

power is provided 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 
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44.15 
wherein each component 

of the set of components: 

(i) is electrically 

connected to one or 

more of the first, 

second, third, and 

FIG. 16 

" '!, 
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21

,..
 • 

. BAR . 

mos. 
fourth regulated voltage ..:  : ,. i : . : : 

lines; and 

(ii) when the system 

power is provided to the 

. 

1 

..-

" 
-,,,,....y-: 

L. , 

SnAY.k4:4. 

DIMM from the system 

board, is powered: 

• only by one or 

FIG. 16 

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

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 
or more of the first, 

a second state, the fourth voltage 1110 is provided to the 

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 FIG. 21 
44.16 DDR SDRAM packages 

includes: 
.i:.}} 

;061 .:::.v ..  tat ' -  ••69() 

a first group of at .1 ....... _  

.   DRAM SecOnd :. s,w: 
least five DDR ITOA   t''' 

$W2 
• SDRAM packages that .-, OHMS PAxpm.II• 7. 

.   i--1 

are each connected to a 

first chip select line 

configured to 

electrically conduct a 

i  ' 
:mars:-: 

"` 

FIG. 22 

Chip Select 1 and Chip Select 

N. .: 
l""

2 going to each group is shown in FIG. 
first chip select signal; 

21 above. 
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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 ofECC), 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 

Samsung Electronics Co., Ltd.
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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 perfoinied 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." 

44.18 
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] 

"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." 

45 wherein the plurality 
of write operations 
further includes a third 

Para. [00177] 

"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 
element 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 perfouned on a regular basis. For 

example, in one embodiment, the backup may occur every millisecond 

in response to a trigger condition." 

46 
wherein, the logic 

element is further 

configured to perfoin1 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. 

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." 

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 perfoinied on 

each 72-bit word as it is read from the buffer and written into the 

non-volatile memory subsystem (e.g., flash)." 

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

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 perfoinied on 

each 72-bit word as it is 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. 

48 
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." 

50 
wherein, prior to 

performing the third write 

operation, the logic 

element is further 

configured to perfoinn, 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. 

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 perfonned on a regular basis. For 

example, in one embodiment, the backup may occur every millisecond 

in response to a trigger condition." 

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 perfo ied on 

each 72-bit word as it is read from the buffer and written into the non-

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

51 
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 packages, 

respectively. 

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 perfouned 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." 

52 
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 a plurality of read 
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 perfouned on a regular basis. For 

example, in one embodiment, the backup may occur every millisecond 

in response to a trigger condition." 

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." 

53 
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 data 
bits from the data 
storage element and to 
generate the third set of 
data bits based on the 
read data bits. 

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 perfonned on a regular basis. For 

example, in one embodiment, the backup may occur every millisecond 

in response to a trigger condition." 

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 perfoinied on 

each 72-bit word as it is read from the buffer and written into the 

non-volatile memory subsystem (e.g., flash)." 

54 
wherein the width 
dimension is 133.35 

millimeters 

Para. [00122] 

"For example, the PCB I 020 can have a low profile (LP) fo  i i factor 

with a height of 30 millimeters and a width of 
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133.35 millimeters. In certain other embodiments, the PCB 1020 has a 

very high profile (VHP) folin factor with a height of 50 millimeters or 

more. In certain other embodiments, the PCB I 020 has a very low 

profile (VLP) four factor with a height of 18.3 millimeters." 

55 
wherein the height 
dimension is selected 
from one of a plurality 
of profiles ranging 
from 18.3 millimeters 
to 50 millimeters. 

Para. [00122] 

"For example, the PCB I 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 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." 

56 
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.

Para. [00177] 

"The memory 

for example, 

In certain 

a first portion 

buffer in 

data word 

entire data 

subsystem 

FIG. 13 

HG. 33  

As can be 

connection 

occur on 

system 1010 may enter the second mode of operation, 

when a trigger condition (e.g., a power failure) occurs. 

embodiments, transferring each data word comprises storing 

(also referred to as a slice) of the data word in a 

an operational block 1622, storing a second portion of the 

in the buffer in an operational block 1624, and writing the 

word from the buffer to the non-volatile memory 

1040 in an operational block 1626." 
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wherein, when the system Para. [00130] 
57 power is provided to the 

DIMM from the system 
"In certain embodiments, the trigger condition occurs when the 

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 

above the first threshold 

and the input voltage is 

threshold voltage is 10 percent below a specified operating 

voltage. In certain embodiments, a trigger condition occurs 

below the second 

threshold; and 

wherein, in response to 

the additional trigger 

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 

condition, the voltage voltage goes below a threshold or above another threshold." 

monitor circuit is further Para. [00133] 
configured to generate 

and transmit a trigger 
"In certain embodiments, the voltage monitor circuit 1050 is part 

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 

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

connections which fit into a corresponding slot connector of the 

system board of a host system. The interface 1022 of certain embodiments provides a 

computer system, the 

memory socket including 

a set of power conduits, a 

conduit for power voltage as well as data, address, and control 

signals between the memory system 1010 and the host system. For 

set of data conduits example, the interface 1022 can comprise a standard 240-pin DDR2 

including at least 72 data 

conduits, and a set of 

address and control 

edge connector." 

Per the JEDEC DDR2 Standard, power is supplied from the socket to 

conduits, wherein system designated edge connections of the standard 240-pin DDR2 edge 

power from the system 

board is provided to the 
connector. A POSITA would be aware of this standard and the 

configuration of both the edge connector and the socket. For example, 
DIMM via the memory 

socket by the set of power as shown in FIG. 2 of the disclosure: 

conduits and the DIMM is 

configured to operate 

using only the provided 

system power from the 

system board, 

Figure 2 
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58.2 
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 is one bit wide as illustrated in FIG. 12: 

FIG. 12 

Samsung Electronics Co., Ltd.
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FIG. 12 
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58.3 the DIMM comprising: 

a printed circuit board 

(PCB) having a four form 

factor with a width 

dimension and a height 

dimension, the PCB 

including: 

Para. [00122] 

In certain embodiments, the PCB 1020 has an industry-standard 

factor. For example, the PCB I020 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 50 millimeters or 

more. In certain other embodiments, the PCB I020 has a very low 

profile (VLP) 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. 

58.4 
an interface having 

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 

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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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; 

a set of voltage FIG. 12 
58.5 supply lines electrically

connected to the first .10t2 '  '0 

set of edge connections, i . r. - --  . 1a 6-4 

the set of voltage  -L. it  L.:. ....................1.  • .11.:7....i 

supply lines including A 
v✓  ", ......  .."  . . .,, 

an input voltage supply 
' 4 

'   i _ 

line to electrically .0. • . r,"'''   11  

••  OSP ..VCOer 

conduct an input ,"3:__ 4

-F4 D.r.. ".voltage when the ., 
system power is AG. 12 ____ 

.,
1 worr00.4.I. 

- 

j

provided to the DIMM 
from the system board; Note the input voltage supply line from the Standard DIMM Interface 

a set of data lines 
electrically coupled to 
respective edge 
connections of the 
second set of edge 
connections, wherein 
each data line of the set 
of data lines is 
configured to 
electrically conduct a 

1022 is electrically connected to the Voltage Monitor 1050. 

FIG. 16

1-bit wide DDR data 
signal, and wherein the 

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; 

J2K 

0000 A+U: 
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J3Ja :Z29  000 0 }-2301" 

j: 
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----
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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: 

FIG. 13 

And 
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20.2 

  • --

 --- ..... . : 

NNW:. "•.> 

XAX.:031N 

.xte: •:c66\  :en 

1 •X:A axaxxr 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1220



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] 
58.6 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 
controller configured to 

first-in, first out buffer (FIFO)." 

receive the input 
voltage via the input 

The buffer provides support for the data storage element. 

The controller 1062 is shown in FIG. 13: 
voltage supply line, the 
controller including: (,:c.:,.  , . __  ...__ 

nonvolatile 
memory; 

i '''' -  . • - --- !-- : .: ; I:
: ..-.1. -11.4 

..,:,:.:
__ -- 

 

I-  
a data storage 

element 
- -- , — :OF 

.—.. 
I ' 

C.vo'n 

- 
--i 

3•74P% ! 

'.. ! 

configured to store 
.).: 

• .
.._ 

...A.-b..: 
.m..v.,:.•sii.. 

. 

a plurality of data 
. . 

1   i--  --------- :as 

bits; and - — .. 2 , ( •

i.WV; 

a logic element 
coupled to the 
nonvolatile 
memory and the 

FtG. 23 

: n--- .--:.3,4•Ti--Klec.: 
; ...,,,.: 

data storage 
Para. [00127] 

element and "Referring to FIG. 12, in certain embodiments, the logic element 

configured to 1070 comprises a field-programmable gate array (FPGA). In certain 

electrically embodiments, the logic element 1070 comprises an FPGA available 

communicate with 
the nonvolatile 

from Lattice Semiconductor Corporation which includes an 

internal flash. In certain other embodiments, the logic element 
memory and the 
data storage 1070 comprises an FPOA available from another vendor. The 

element; 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 

r -,071.1 

2 

, ............ 100.31.: AP 

-41$1,-\ 16S6 .1N4 

Para. [00127] 

IPS0 

.."1̀"22

..12NONr 

"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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Para. [00133] 

"In certain embodiments, the voltage monitor circuit 1050 is 

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

compare the input Para. [00133] 
58.7 voltage to a plurality of "In certain embodiments, the voltage monitor circuit 1050 is part 

threshold voltages 
including a first 

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

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

second threshold portions of the controller 1062 upon detecting a power 

voltage; and 
detect a trigger 

threshold condition." 

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." 

Samsung Electronics Co., Ltd.
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wherein, in response Para. [00130] 
58.8 to the detected trigger 

condition, the logic 

element is configured to 

"In one embodiment, the nonvolatile memory subsystem 1040 

holds intermediate data results in a noisy system environment when 

perform a plurality of the host computer system is engaged in a long computation. In 

write operations, 

including: 

a first write 

certain embodiments, a backup may be performed on a regular 

basis. For example, in one embodiment, the backup may occur 

operation to write a 

first set of data bits 

into a first portion of 

the data storage 

every millisecond in response to a trigger condition." 

Para. [00177] 

element; "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 

second set of data bits 
1010 may enter the second mode of operation, for example, when a 

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." 

58.9 
wherein, when the 

system power is 

provided to the 

DIMM from the 

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

see 2.1, 2.4, 2.5, and 2.6 above. 

Para. [00130]

system board: "In certain embodiments, the trigger condition occurs when the 

the trigger 

condition occurs 

when the input 

memory system 1010 detects that the system voltage is below a 

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

voltage goes above threshold voltage is 10 percent below a specified operating 

both the first and 

second threshold 

voltages; and 

voltage. In certain embodiments, a trigger condition occurs when 

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

wherein: example, 10 percent above a specified operating voltage. In some 

a specified embodiments, a trigger condition occurs when the voltage 
operating voltage 

value is within a 
goes below a threshold or above another threshold." 

range of operating 

voltage values of the 

The first threshold and second threshold are the same as above, 

supported by "a threshold" and "another threshold" in the last line. 

DIMM, 

the range of 

operating voltage 

The "10 percent" in the "the threshold voltage is 10 percent below 

a specified operating voltage" and the "10 percent" in the "above 

values is bounded by a specified operating voltage" support the lower operating voltage 

an upper operating 

voltage value and a 
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; 

a set of components FIG. 12 
58.10 coupled to the PCB, the 

set of components 

including a plurality of 

DDR synchronous 
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dynamic random access 1   
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packages coupled to the 
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lines and to the set of data 

lines, each DDR SDRAM 
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package of the plurality of FIG. 12 

`mss \- woo ..,ffro 

 ...  
 _____, 

DDR SDRAM packages 

having a bit width of m 
Para. [00124] 

bits and configured to 

receive or output m 1-bit "Volatile memory elements 1032 compatible with certain 

wide DDR data signals embodiments described herein have packaging which include, but 
via respective m data 

lines of the set of data 
are not limited to, thin small-outline package (T SOP), ball-grid-array 

lines in response to (BGA), fine-pitch BGA (FBOA), micro-BOA (1.1,BGA), mini-BGA 

address and control (mBGA), and chip-scale packaging (CSP)." 

signals received via 

address and control lines 
Para. [00172] 

of the set of address and 
"In one embodiment, for example, the volatile memory subsystem 

control lines, wherein m 1030 comprises a 72-bit data bus (e.g., each data word at each 

is equal to four or eight; 

and 
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." 

first, second, third, and FIG. 16 
58.11 fourth voltage reducing 

bS,T6S, 

circuits coupled to the  — 1-52-- WA

PCB and to the input 

voltage supply line, each 

of the first, second, third, 

u,,,, 

,...., .,../ 

; Spil : 
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and fourth voltage 

reducing circuits 
:i 1--- • 

____, ,

 ' i.1  - .x4occi 

i 
nor 

FFM 

configured to, in response  1 ,  
:,-.• 

to the detected trigger --
..... 

condition, receive power 

from the controller when 

FIG15 

Para. [00145] 
the system power is 

provided to the DIMM "The power module 1100 can be configured to be operated in at 

from the system board, 

the first, second, third, 

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

reducing circuits 

configured to (i) generate 

first, second, third, and 

fourth regulated voltages, 

respectively, from the 

system power supplied by 

the input voltage suppy 

line , and (ii) 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 
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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 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 

Samsung Electronics Co., Ltd.
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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." 

the set of components FIG. 16 
58.12 including: 

a first component 

electrically connected to 
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when the system power is 

provided to the DIMM 

from the system board; 
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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; 

Ha 12 

ago 

r 

2:kY 
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.25F,5016 
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Xitt:te: 

tut 

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 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. 
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58.13 

wherein each component FIG. 16 
58.14 of the set of components: :20  . 0.

(i) is electrically 

connected to one or 

  — :lr ... 
I, WO JIM 

%C.C. •,,I,:. WA • , -  22Zil .., Z I 

more of the first, Js,:k,, 
... 

: 
- • , 

,   : '' 

-..i-. . 

second, third, and ,.... . : ... : — 
.. fourth regulated voltage 

lines; and 
..:  : . i ' t i 

---. 1 
....x.: ;: ,C9--..........- 1

• 

(ii) when the system

power is received by the
int,As44 

controller, is powered: FIG. 16 

• 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 via the one 

or more of the first, 
Para. [00145] 

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 

 tS 

SW: 

/ 

t 

u.S.F :est ;6.v 

FIG. 21 

DAM Sovrol ; 

ORM 

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 ofECC), 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 perfoinied 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." 

59 wherein the plurality 

of write operations further 

includes a third write 

operation subsequent to 

the first and second write 

operations; and wherein, 

in response to the 

detected trigger condition, 

the logic element is 

further configured to 

periodically perfoiin 

every millisecond all of 

the first and second write 

operations followed by 

the third write operation. 

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." 

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 perfoimed on a regular basis. For 

example, in one embodiment, the backup may occur every millisecond 

in response to a trigger condition." 

60 wherein the logic 

element is further 

configured to perfo  ii 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. 

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." 
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61 
wherein, in response to 

the detected trigger 

condition, the voltage 

monitor circuit is further 

configured to generate 

and transmit a trigger 

signal. 

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." 

62 
wherein, in response to 

the detected trigger 

condition, the logic 

element is further 

configured to periodically 

perform every 

millisecond a plurality of 

read operations prior to 

performing the first and 

second write operations. 

Para. [00113] 

"In order to maintain less than 100ms time period for queued 

write-back Blocks, then using a Flash memory subsystem 

having 22ms write access time per Block would results in a 

maximum number of four Blocks to be queued for write 

operation to Flash 506. Therefore, on average approximately 

88ms (= 22ms * 4) for blocks means that each bank should not 

have more than four Blocks that need to be written back to the 

Flash 506." 

63 
wherein the logic element 

is further configured to 

perform a first and second 

read operations of the 

plurality of read 

operations by reading the 

first and second sets of 

data bits from the first 

and second groups of 

DDR SDRAM packages, 
respectively. 

[001721 

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). 

64 
wherein the width 

dimension is 133.35 

millimeters. 

Para. [00122] 

"For example, the PCB I 020 can have a low profile (LP) fo  ii 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) folin factor with a height of 50 millimeters or 

more. In certain other embodiments, the PCB I 020 has a very low 

profile (VLP) four factor with a height of 18.3 millimeters." 

65 
wherein the height 

dimension is selected 

from one of a plurality of 

profiles ranging from 18.3 

millimeters to 50 

millimeters. 

Para. [00122] 

"For example, the PCB I 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 50 
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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." 

66 
wherein each of the first, 

second, and third voltage 

reducing circuits is a buck 

converter. 

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." 

67 
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." 

68 
wherein, when the system 

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. 

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." 
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L108 410 105 AND 
(@ad<"20070601") 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
02:32 PM 

L109 13 106 AND 
(@ad<"20070601") 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
02:33 PM 

L110 55 (backup OR replicat$3 
OR cop$4 OR writ$4 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 

OR ON ON 2024/08/02 
04:48 PM 
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OR sav$3) WITH 
((non$volatile OR flash) 
near2 (memory OR 
storage OR SSD)) 
WITH nnilli$1second 

JPO; DERWENT; 
IBM_TDB) 

L111 24 110 AND 
(@ad<"20070601") 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
04:48 PM 

L112 530 (backup OR replicat$3 
OR cop$4 OR writ$4 
OR sav$3 OR stor$2) 
WITH ((non$volatile OR 
flash) near2 (memory 
OR storage OR SSD)) 
WITH (every OR each) 
near5 (nnilli$1second 
OR ms) 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
04:51 PM 

L113 143 112 AND 
(@ad<"20070601") 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
04:52 PM 

L114 71 (backup OR replicat$3 
OR cop$4 OR writ$4 
OR sav$3 OR stor$2) 
WITH ((non$volatile OR 
flash) near2 (memory 
OR storage OR SSD)) 
WITH (every OR each) 
ADJ (nnilli$1second OR 
ms) 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
04:53 PM 

L115 14 114 AND 
(@ad<"20070601") 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
04:54 PM 

L116 6 (backup OR replicat$3 
OR cop$4 OR writ$4 
OR sav$3 OR stor$2) 
WITH ((non$volatile OR 
flash) near2 (memory 
OR storage OR SSD)) 
WITH (every OR each) 
ADJ (nnilli$1second) 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
04:55 PM 

L117 0 116 AND 
(@ad<"20070601") 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
04:55 PM 

L118 0 periodic$4 WITH 
(backup OR replicat$3 
OR cop$4 OR writ$4 
OR sav$3) WITH 
((non$volatile OR flash) 
near2 (memory OR 
storage OR SSD)) 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
05:09 PM 
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WITH millisecond 

L119 145 periodic$4 WITH 
(backup OR replicat$3 
OR cop$4 OR writ$4 
OR sav$3) WITH 
((non$volatile OR flash) 
near2 (memory OR 
storage OR SSD)) 
WITH second 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
05:09 PM 

L120 26 119 AND 
(@ad<"20070601") 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
05:09 PM 

L121 0 120 AND dinnnn (US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
05:19 PM 

L122 19 "backup may occur 
every millisecond" 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
05:39 PM 

L123 0 122 AND 
(@ad<"20070601") 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
05:39 PM 

L124 19 (backup nears occur 
nears every nears 
millisecond) 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
05:40 PM 

L125 19 (backup nears occur 
nears (every OR each 
OR one) nears 
millisecond) 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR ON ON 2024/08/02 
05:41 PM 

L126 31 (buck ADJ converters) 
SAME (regulat$3 near2 
voltage) SAME ((printed 
ADJ circuit ADJ board) 
OR PCB) 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR OFF ON 2024/08/05 
08:32 AM 

L127 3 ((buck ADJ converters) 
SAME (regulat$3 near2 
voltage) SAME ((printed 
ADJ circuit ADJ board) 
OR PCB)).clm. 

(US-PGPUB; USPAT; 
USOCR; FPRS; EPO; 
JPO; DERWENT; 
IBM_TDB) 

OR OFF ON 2024/08/05 
08:32 AM 

L128 3 127 AND ("BHAKTA; 
JAYESH".ine. OR 
"CHEN; CHI-SHE".ine. 
OR "MILTON; SCOTT 
H.".ine. OR 
"SOLOMON; JEFFREY 
C.".ine.) 

(US-PGPUB; USPAT; 
USOCR; IBM_TDB) 

OR ON ON 2024/08/05 
08:33 AM 

L129 5 126 AND ("NETLIST, 
INC.".ase.) 

(US-PGPUB; USPAT; 
USOCR; IBM_TDB) 

OR ON ON 2024/08/05 
08:34 AM 

L130 6 126 AND ((G06F1/185 (US-PGPUB; USPAT; OR ON ON 2024/08/05 
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OR G06F12/0246 OR USOCR; IBM_TDB) 08:35 AM 
G06F12/0638 OR 
G06F13/1694 OR 
G06F13/28 OR 
G06F13/4027 OR 
G06F13/4243 OR 
G06F2212/205 OR 
G06F2212/7208 OR 
G06F3/0613 OR 
G06F3/0659 OR 
G06F3/0685 OR 
G11C11/005 OR 
G11C11/409 OR 
G11C14/0018 OR 
G11C16/10 OR 
G11C7/1072 OR 
Y02D10/00).cpc. OR 
(711/110).ccls. OR 
(G06F1/18 OR 
G06F12/02 OR 
G06F12/06 OR 
G06F13/16 OR 
G06F13/28 OR 
G06F13/40 OR 
G06F13/42 OR 
G06F3/06 OR 
G11C14/00 OR 
G11C7/10).ipc.) 

PE2E SEARCH - Search History (Interference) 

There are no Interference searches to show. 
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http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
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Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

Priority under 35 U.S.C. § 119 
12)O Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
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1.0 Certified copies of the priority documents have been received. 
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application from the International Bureau (PCT Rule 17.2(a)). 
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Application/Control Number: 17/582,797 Page 2 

Art Unit: 2138 

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 AIA. 

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: 
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Art Unit: 2138 

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-

A1A), 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-AIA 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". 

• "a 1-bit wide double data rate (DDR) data signal is electrically conducted 

between the system board" 

• "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" 

• "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 
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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;" 

• "the trigger condition occurs when the input voltage goes above both the first 

and second threshold voltages" 

• "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" 

• "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" 

• "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 
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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 

• "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-AIA), 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-AIA), 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-

AIA), 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-AIA 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: 
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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 ¶ 0002 of Harris. The ¶ 0002 of Harris is 

background portion of the specification (e.g., refers to related art prior to Harrises 

invention). ¶ 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 ¶ 0009 of Harris). Contrary to the Applicant arguments, the 

external input voltage regulated by VRM module 102 and supplied to the DRAM devices 

110-1 to 110-N (e.g., DIMM, see ¶ 0009 and Figs. 1A and lb 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 ¶ 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 respectfully 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 
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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 added). 

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.g., 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 DIMMs. 
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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 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1271



Application/Control Number: 17/582,797 Page 11 
Art Unit: 2138 

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 socket of a system board of a host computer  system, the memory 

socket  slot connector  including a set of power conduits, a set of data conduits including at least 

'72 d , 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,

a 1 bit wide double data rate (DDR) data signal signals is electrically conducted  between the 

.system board host system and the DIMM are transferred via the memory socket by each data 

conduit of the set of data conduits, and address and  control signals are delivered electrically 

conducted  from the host system beafd-to the DIMM via the memory socket by the set of address 

and control conduits, the DIMM comprising: 

a printed circuit board (PCB) having a form factor with a width dimension and a height

dimension, the PCB including: 

an interface having edge connections disposed along the width dimension and  configured 

to fit into the memory aocketslot connector of the host system, 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  and operable to deliver to 

the DIMM power from power rails of ache host system board  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 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 

1 
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respective address and control conduits of 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 ;7,et of voltage 

.supply lines including an input v ltage supply line t electrically c nduct an input 

voltage when the system power is provided to the DIMM from the system board; 

a set of data lines electrically coupled  connected to respective edge 

connections of the second set of edge connections, 

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  connected to 

respective edge connections of the third set of edge connections and configured to 

electrically c nduct address and c ntr I signals.; 

a controller including a voltage monitor circuit and nonvolatile memory, the 

controller coupled to the PCB and electrically connected to theto an input voltage supply line of 

the set of voltage supply lines, the c ntr Iler c nfigured t receive the input v Itage via the

input voltage supply line, the controller including: 

nonvolatile memory;

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

a 1 gic clement c uplcd t the n nv latilc mcm ry and the data A rage clement and-

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

element; anal 

a-voltage monitor circuit electrically connected to the input voltage supply line and 

coupled to the logic element, the voltage monitor circuit configured to: (i) monitor an 

compare the input voltage supplied via the input voltage supply line to a plurality of threshold

voltages including a first threshold voltage and a second threshold voltage; and (ii) generate a 

trigger signal upon detecting detect  a 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 conditionsignal, the logic element is configured 

to perform a plurality of write operations, including: 

a first write perati n t write a first set f data bits int a first p rti n f the data

storage element; 

a second write operation to write a second :,et of data bits into a second portion

of the data storage element; and subsequently 

a third write operation to write a-thir-El-se-t-edata 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; 

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

the trigger condition occurs when the input voltage exceeds a first threshold voltagegoe-s-absve

both the first and second threshold voltages; ana

wherein: 

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

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 

DIMIV1 and the upper operating voltage value is above the specified operating voltage value,

the first thresh Id v Itage c rresp nds t the I wcr perating v Itage value, ani

the sec nd thresh Id v Rage c rresp nds t the upper perating v Rage value; 

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 (DDR  SDRAM) packages 

devices coupled to the set of address and control lines and to the set of data lines, each the DDR 

SDRAM package of the plurality of DDR SDRAM packages having a bit width of m bits and 

configureddevices being operable to receive or output m 1 bit wide DDR  data signals via 

respective m data lines of the set of data lines in response t.based on address and control signals 

3 
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received from the host system  via address and control lines of the set of address and control 

lines, wherein m is equal to four or eight; and 

first, second, third, and fourth converter circuits coupled to the PCB and to the input 

voltage supply line; and each of the first, second, third, and fourth converter circuit; configured 

to, in reap n3c t the detected trigger c nditi n, receive power supplied by the input voltage

supply line when the system p wer i3 pr vided t the DIMM  from the input voltage supply line 

and to deliver power  system board, the first, second, third, and fourth converter circuits 

configured to (i) generate first, second, third, and fourth regulated voltages, respectively, from

the power supplied by the input voltage supply line, and (ii) output the first, second, third, and 

fourth regulated voltages  via first, second, third, and fourth regulated voltage lines, respectively,

wherein the set of components includesincluding.

a first component configured to receive power via at least  electrically connected 

te-the first regulated voltage line and powered by the first regulated voltage when the 

Gystem power is provided to the DIMM from the system board; 

a second component configured to receive power via at least 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 configured to receive power via at least electrically c nnected 

to the third regulated voltage line and p wered by the third regulated v Itage when the

Gystem power is provided to the DIMM from the system board; and 

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

te 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; 

wherein each of the first, second, and third converter circuits is a buck converter,

and the fourth converter circuit is a voltage reducing circuit;  and 

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 

(ii) receives power  when the system power is provided to the DIMM from

the system board, is powered: 

4 
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only by one or more of the first, second, third, and fourth converter 

ei-r-c-iiitsand-only via the one or more of the first, second, third, and fourth 

regulated voltage lines; 

wherein the DIMM is configurable to operate in any of a plurality of states including a

first state and a second state, wherein the controller is further configured to control power

delivery to one or more components of the ,,et of components for the DIMM to operate in the 

first state r the sec nd state, whereby p wcr t the set f c mp nents via the first, sec nd, third,

and fourth regulated voltage lines is turned on when the DIMM is operating in the first state, and

whereby power to the first component via the first regulated voltage line is turned off and power

to the second, third, and fourth components via the second, third and fourth regulated voltage 

lines is turned on when the DIMM is operating in the second state

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 SDRAM packages that are each 

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

chip select signal; and 

when the system p wcr is pr vidcd t the DIMM fr m the system b ard: 

•  the fir3t and sec nd gr ups fDDR SDRAM packages arc 

configured to be accessible and not in self refresh mode; 

•  the first group of DDR SDRAM packages is configured to be 

enabled, in reap nos t the fir3t chip 3e1ect signal, t receive r 

output '10 1 bit wide DDR data signals in parallel via '10 data lines of 

the set f data lines independently f whether the sec nd gr up f 

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 aet 

of data lines; and 

•  the '10 1 bit wide DDR data signals include 32 1 bit wide DDR data 

5 
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signals and eight 1 bit wide DDR error correcting code (ECC) data 

signals; and 

• wherein the sum of the dO data liner 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 conduit). 

3 — 27. (Canceled) 

28. (Currently Amended) The DIMM of claim 2, wherein the  second component is 

further c nnected t the first regulated v ltage line and is p wcrcd by the first and sec na

regulated v ltage3 when the system p wcr is pr vided t the DIMM fr m the system b and
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 

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 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 

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: 

data storage element is a buffer configured to store the plurality of data bits or a First In First 

Out (FIFO) buffer configured to store the plurality of data bits.

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.  the PCB has a f rm fact r with a width and a hcight dimen3i n, and wherein

the width dimension is 133.35 millimeters.

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.  the hcight dimen3i n is

selected fr m ne f a plurality f pr files ranging fr m 18.3 millimeters t 50 millimeters.

32. (Currently Amended) The DIMM of claim 312, wherein, prior to performing the third

write operation, the logic element is further configured to generate the third :,et of data bits based
7 
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on a combination of the first and second sets of data bits written during the first and second write 

operations.  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, prior to performing the thirE

write operation, the logic element is further configured to generate the third :,et 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.  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 system power is provided to the DIMM 

from the system board, 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 conditionsignal, 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 conditionsignal, 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 23-5-, wherein, prior to performing the third

write operation, the logic element is further configured to perform (i) a first read operation of the

plurality of read operations to read the first set of data bits from the first portion of the data

storage element, and (ii) a second read operation of the plurality of read operations to read the

-second set of data bits from the second portion of the data storage element, and to generate the
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third ;7,et of data bits based on the read first and second sets of data bits.  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 conditionsignal, 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 

package,devices, 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  the logic element is further configured to perform (i) first 

and second read operations of the one or more read operations, and (ii) subsequently, the first 

and second write operations.

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., in response to the detected trigger condition,

the voltage monitor circuit is further configured to generate and transmit a trigger signal-. 

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

rails of the host system is provided to the DIMMthe system 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 
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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 -socket slot connector of a host system board of a computer system, the memory 

.socket slot connector including a set of power conduits, a set of data conduits  including at least 

72-€1-ata-e-e-rid-uits-, 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, a 1 bit wide double data rate (DDR) data signals are transferred  is electrically conducted 

between the host  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 delivered from the host system 

electrically conducted from the system board to the DIMM via the memory socket by the set of 

address and control conduits, the DIMM comprising: 

a printed circuit board (PCB) having a form factor with a width dimension and a height 

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

system, the edge connections including: 

an interface having 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 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 each of which is configured to 

electrically c nduct 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[[;]], 

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 
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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 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

connected to the second set of edge connections, wherein each data line of the set of 

data lines is c nfigured t electrically c nduct 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 electrically connected to the third set of edge connections  and configured to 

electrically conduct address and control signals; 

a controller includingcoupled to the PCB and electrically connected to the input 

voltage supply line, the controller configured to receive the system power and the input voltage

via the input voltage supply line, the controller including: 

nonvolatile memory; 

a data storage element configured to ,,tore 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 

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

plurality of data bits, the controller coupled to the PCB and electrically connected to 

them input voltage supply line of the set of voltage supply lines,and coupled to the logic 

element, the voltage monitor circuit configured to: 

monitor an input voltage supplied via the input voltage supply 

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,  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; 
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wherein, in response to the detected trigger condition, the logic element , 

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 second write operation to write a second set of data bits into a second 

portion of the data storage element; 

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 perating v Rage value i3 within a range f perating 

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 sec nd thresh Id v tinge c rresp nds t the upper perating 

voltage value; 

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 (DDR 

SDRAM) packages  devices coupled to the set of address and control lines and to the set of 

data lines, theeaeh DDR SDRAM package of the plurality of DDR SDRAM packages 

having a bit width of m bits and configured devices being operable to receive or output ni-

1 bit wide DDR  data signals via respective m data lines of the set of data lines based onin-

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

address and control linesvia address and control lines of the set of address and control 

l ines, wherein m is equal to four or eight; and 
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first, second, third, and fourth converters circuits coupled to the PCB and to the input 

voltage supply line, and configured 

to, in response to the detected trigger condition, receive power supplied byfrom the input voltage 

supply line and to deliver power via first, second, third, and fourth regulated voltage lines,  when 

the system power is provided to the DIMM from the system board, the first, second, third, and 

fourth converter circuits configured to (i) generate first, second, third, and fourth regulated 

v tinges, respectively, fr m the p wcr supplied by the input v Rage supply line, and 

(ii) output the first, second, third, and fourth regulated voltages via first, second, third, and fourth 

regulated voltages lines, respectively, wherein the set of components  includes including: 

a first component electrically connected to the first regulated voltage line and 

powered byconfigured to receive power via the first regulated voltage linewhen the system 

power is provided to the DIMM from the system board; 

a second component electrically connected to the second regulated voltage line 

and p wcrcd by configured to receive power via the second regulated voltage linewhen 

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 configured to receive power via the third regulated voltage linewhen 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 configured to receive power via the fourth regulated voltage linewhen the 

system power is provided to the DIMM from the system board; 

wherein each of the first, second, and third converter circuits is a buck converter,

and the fourth converter circuit is a voltage reducing circuit; and 

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 

(ii) receives power when the system power is provided to the DIMM 

from the system board, is powered: 

• only by one or more of the first, second, third, and fourth 

converter circuits; ana

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

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 SDRAM packages that are each 

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

chip select signal; and 

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

•  the first and sec nd gr ups fDDR SDRAM packages arc c nfigured 

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 

10 1 bit wide DDR data signals in parallel via 10 data lines of the :,et 

f data lines independently f whether the sec nd gr up fDDR 

SDRAM packages is enabled, in response to the second chip select 

signal, t receive r utput an integer number f 1 bit DDR data 

signals in parallel via the integer number of data lines of the :,et of data 

l ines; and 

•  the 10 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' 0 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 

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

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. 

the plurality of write operations further includes a third write operation subsequent to the first

and second write operations; and wherein, in response to the detected trigger condition, the logic
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element 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.

46. (Currently Amended) The DIMM of claim 44., wherein, the logic clement i3 further

c nfigured t perf rm the third write perati n by writing a third Set f data bit3 fr m the data 

storage element into the nonvolatile memory, and wherein the third set of data bits includes 
the first and 3cc nd 3et f data bit3 written during the first and 3cc nd write perati n3 
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: 

• 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 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 

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 

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

47. (Currently Amended) The DIMM of claim 45, wherein, prior to performing the third

write operation, the logic element is further configured to generate the third :,et of data bits based

n gr ups f data bit3 3t red in the data 3t rage clement 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 
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data storage element. 

48. (Previously Presented) The DIMM of claim 44, wherein, when the system power is 

provided to the DIMM from the power rails of the host  system-bear-4, the nonvolatile memory is 

not powered using the first regulated voltage. 

49. (Currently Amended) The DIMM of claim 474, wherein, in response to the detected 

trigger condition, the voltage monitor circuit is further configured to generate and transmit a 

trigger signal 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 packageadevices, respectively. 

52. (Currently Amended) The DIMM of claim 44, wherein, pri r t perf rming 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 a plurality of read 

operations 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 
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a first threshold voltage and a second threshold voltage. 

53. (Currently Amended) The DIMM of claim 5246, 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 t•

read data bits from the data storage element and to generate the third set of data bits based on the

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 dimcn3i n is

133.35 millimeters.

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.the height dimension is selected from one of a plurality of profiles ranging from 18.3 

millimeters to 50 millimeters.

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, when the system power la

pr vidcd t the DIMM fr m the 3y3tcm b ard, an additi nal trigger c nditi n ccur3 when the

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

wherein, in reap n3c t the additi nal trigger c nditi n, the v Rage m nit r circuit is

further configured to generate and transmit a 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 .socket slot connector of a host system b and f a c mputcr system, the memory 

.socket slot connector including a set of power conduits, a set of data conduits  including at least 

72-€1-ata-e-e-rid-uits-, 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, a 1 bit wide double data rate (DDR) data signals are transferredis electrically conducted 

between the host  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 delivered from the host system 

electrically conducted from the system board to the DIMM via the memory socket by the set of 

address and control conduits, the DIMM comprising: 

a printed circuit board (PCB) having a form factor with a width dimension and a height 

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

system, the edge connections including: 

an interface having 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 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 each of which is configured to 

electrically c nduct 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[[;]], 

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 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

connected to the second set of edge connections,  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 f data lines includes at least 72 data linen[[;]] and 

a set of address and control lines electrically coupled to respective edge 

connections 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 

configured to electrically conduct address and control signals;

a controller includingcoupled to the PCB and electrically connected to the input 

voltage supply line, the controller configured to receive the system power and the input voltage

via the input voltage supply line, the controller including: 

nonvolatile memory; 

a data st rage clement c nfigured t st rc a plurality f data bits; anE

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 

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

plurality of data bits, the controller coupled to the PCB and electrically connected to 

thean input voltage supply line of the set of voltage supply lines,and c upled t the 1 gic 

clement, the voltage monitor circuit configured to: 

LL1 monitor an input voltage supplied via the input voltage supply 

line; and 

(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 compare the input voltage to a plurality of 

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

detect a trigger condition; 

wherein, in response to the detected trigger condition, the logic element 

controller is configured to periodically perform  every millisecond. in response to 

the trigger signal. a plurality of write operations, including: 

a first write operation to write a first set of data 0-1-ts into a first portion of

the data storage element;  and 

a second write operation to write a second set of data bits into a second 

portion of the data storage element; 

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 

v Rage values f 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 sec nd thresh Id v Itage c rresp nds t the upper perating 

voltage value; 

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 (DDR 

SDRAM) packages  devices coupled to the set of address and control lines and to the set of 

data lines, thecach DDR SDRAM package f the plurality f DDR SDRAM packages 

having a bit width of m bits and configured devices being operable to receive or output ni-

1 bit wide DDR  data signals via respective m data lines of the set of data lines based onin-

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

address and control linesvia address and control lines of the set of address and control 
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l ines, wherein m is equal to four or eight; and 

first, second, third, and fourth voltage reducing circuits converter circuits coupled to the 

PCB and to the input voltage supply line, each of the first, second, third, and fourth converter 

circuit  and configured to, in response to the detected trigger condition, receive power supplied 

-14}from the input voltage supply line and to deliver power via first, second, third, and fourth 

regulated voltage lines, when the system power is provided to the DIMM from the system board,

the fir3t, 3cc nd, third, and f urth c nverter circuit3 c nfigured t (i) generate fir3t, 3cc nd,

third, and fourth regulated voltages, respectively, from the power supplied by the input voltage 

supply line, and 

(ii) output the first, second, third, and fourth regulated voltages via first, second, third, and fourth 

regulated voltages lines, respectively, wherein the set of components includes including: 

a first component electrically connected to the first regulated voltage line and 

powered byconfigured to receive power via the first regulated voltage linewhen the system 

p wer i3 pr vided t the DIMM fr m the 3y3tem b ard; 

a second component electrically connected to the second regulated voltage line 

and powered by configured to receive power via the second regulated voltage linewhen 

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 configured to receive power via the third regulated voltage linewhen 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 configured to receive power via the fourth regulated voltage linewhen the 

system p wcr i3 pr vided t the DIMM fr m the 3y3tem b ard; 

wherein each f the fir3t, 3cc nd, and third c nverter circuit3 i3 a buck c nverter,

and the fourth converter circuit is a voltage reducing circuit; and 

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 

(ii) receives power when the system power is provided to the DIMM 

from the system board, is powered: 

• only by one or more of the first, second, third, and fourth 
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converter circuits; anE

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

regulated voltage lines; 

wherein the plurality of DDR SDRAM packages devices includes: 

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

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

chip select signal affst 

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

•  the first and second groups of DDR SDRAM packages areis 

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 

10 1 bit wide DDR data signals in parallel via 10 data lines of the :,et 

of data lines independently of whether the second group of DDR 

SDRAM packages is enabled, in rcsp nsc t the sec nd 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 10 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' 0 data lines and the integer number of data lines 

matcher 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. 

59. (Currently Amended) The DIMM of claim 586, wherein the plurality of write 

operations further includes a third write operation subsequent to the first and second write 

operations; and wherein, in response to the detected trigger condition, the logic element is 
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further configured to periodically perform every millisecond all of the first and second write 

operations followed by the third write operation. 

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 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 

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

60. (Currently Amended) The DIMM of claim 59g, 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 X60, wherein, in response to the detected

trigger condition, the voltage monitor circuit is further configured to generate and transmit a

trigger signal 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, in response to the detectei

trigger condition, the logic element is further configured to periodically perform every 

millisecond a plurality of read operations prior to performing the first and second write
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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 5860, wherein  the logic element is further

configured to perform a first and second read operations of the plurality of read operations by 

reading the first and second sets of data bits from the first and second groups of DDR SDRAM 

packages, respectively 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.  the width dimcnsi n is

133.35 millimeters.

65. (Currently Amended) The DIMM of claim 642, wherein a specified operating voltage 

value is within a range of operating voltage values of the DIMM. the height dimension is

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

66. (Currently Amended) The DIMM of claim 586, wherein each of the first, second, and 

third -voltage-Fe-d-ueifigconverter 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 of€rern the host system-bom-€1, the nonvolatile 

memory is not powered using the first regulated voltage. 

68. (Currently Amended) The DIMM of claim 63-8, wherein, when the system power is 

provided to the DIMM from the power rails offrom the host 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. 
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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 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, 

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; (ii) generate a trigger signal upon detecting a trigger condition; and 
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(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 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: 

is electrically connected to one or more of the first, second, third, and fourth 

regulated voltage lines; and 

(ii) 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 DI MM of claim 2, wherein the plurality of DDR 
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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: 

• 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; 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 board 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 configured 

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: 

(i) 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, 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; 

and 

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

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 

(ii) 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: 

• 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 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 
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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: 

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; 

and 

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

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 

ii 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: 

• 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 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 

• 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 584, 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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Support Table for Claim Amendments 

Claim 

Element 

Limitation Support 
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2.1 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 

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. 
Go.5.....tired 
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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 
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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 
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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. 

DJ, 55,X 6.46}Xt 

'Net:tr. 
Xi 

-- 
ma 

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 

... 

146. 12 

FIG. 16 

4:441,1!]•.'2 

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 elements 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 (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 

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] 

" certain embodiments, the controller 1062 comprises In 

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: 

- Of 

Ty. 

1-x;.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)" 

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." 

a set of components FIG. 12 
2.5 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 

, 
- 

I ION _ 
,  .., 

DitiDaittiWAi 
1 i ...cf:'.-=.:-

[ - 1 
:
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, 

lines, the DDR SDRAM 
PiG. :2 

devices being operable to 

receive or output data 

signals via the set of data 

Para. [00124] 

"Volatile memory elements 1032 compatible with certain 

lines based on address and embodiments described herein have packaging which 

control signals received 

from the host system via 

include, but are not limited to, thin small-outline package 

(TSOP), ball-grid-array (BGA), fine-pitch BGA (FBOA), 

the set of address and 

control lines; 
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." 

first, second, third, and FIG. 16 
2.6 fourth converter circuits

coupled to the PCB and to 

the input voltage supply 

line, and configured to 

I...

•;,'t 
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it t )... 
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zA 

receive power from the 
. A 

: .. ,,,., 

input voltage supply line . II ,.. 4.t,. , 

and to deliver power via 
, „ . „t, . ....,i , ,,, :,:a•-•-• 

first, second, third, and f.w....%

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." 

wherein the set of FIG. 16 
2.7 components includes:  

a first component 

configured to receive 

power via at least the first - 

- ,, 

 - ,.._ ,., i
i 

-..0 

-„ - 

regulated voltage line; „ [ ,..: 

, , 
 • - ... 

a second component 

configured to receive 

,  .1 ...., 

power via at least the be.n.s,.., 

second regulated voltage 
FiG. 16 

line; 

a third component 

FIG. 12 

„. 

configured to receive 

power via at least the third 

• .. .., •,. ..,s„ 

PP, PI ,i---- '  , .,.. rf-

regulated voltage line; and 

a fourth component 

electrically configured to 

txr. ,..tt;1. 
. _  

.1 • i rA, 
: [... „ h'‘‘ • 

241 
. 

receive power via at least 

the fourth regulated 

 `=

ttw V ;N:Z,r,s 
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 1 

.„ 

ri mVA' 

voltage line Hci. :2 
....._ 

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. 

wherein each component FIG. 16 
2.8 of the set of components:

(i) is electrically 

connected to one or more 
I... t,,,,

,. -   „ 

of the first, second, third, 

and fourth regulated 

voltage lines; and 

•;a 
.

... 
it 

il. .• ' 

t `... 
t.-- • L., 

..,
... 

 .. ,,,., 

bl.W 4. 

(ii) receives power 

only via the one or more of Na....%

the first, second, third, and 
,+,I, 96 
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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 

FVE  t. 

FIG.. 1 

inNtisogeuee9 

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 ofECC), 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 

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]. 
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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 

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]
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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 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] 

"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 

PG. is 

1,0 

r 

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 

component 

program 

FIG. 12 

iss.12  

controller 1062 includes a separate flash memory 

which stores configuration information to 

the FPGA." 

,., ,.. 

, zn  n '', 

-, ... 

,-. 

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. 

34 
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. 

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 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 

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] 

"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)." 
p

ara. [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." 

35 
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. 

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)." 

Difference from Claim 35 is the read from the buffer is a 

plurality of steps in Claim 35, and specifically two steps 

here. Same sentence in Para. [00178] supports both 

scenarios.

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." 

Reading a data word or a block of words to be written into 

the NVM. 

37 
wherein each of the first, 

second, and third convener 

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 
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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." 

38 
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. 

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 certain other embodiments, 

the data word may comprise more than three portions." 

39 
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. 

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] 
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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 
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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 
A buffer (data storage element) is shown in Fig. 13 and 

configured to store a 

plurality of data bits or a 

Fig. 14, and disclosed to store data in at least 172, and 

178.

First-In First-Out (FIFO) Para. [00172] 

buffer configured to store "In certain embodiments, the controller 1062 comprises 
the plurality of data bits. 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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43.1 
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. 

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." 

44.1 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 

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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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 

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.

conduits 

:M... f:-.NVAM 11~.., 

VI,NI 4

C4410 
.:  

.9' . 

.41,N.,, :.?..., L.444, Coo.sTe • NV ...CH's,-

v., Apteutvo. • Orr 

Icy 
...\''' ieSPC C?:•: -' w '- 

140' ..' 7 j..'"
Fn. 2 

11.1,1O17 ART! 

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 

......, 

... — .... 

 ) 

..,., -,.-•!t 4-1..  .s, 

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." 

44.2 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 

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 
Zerkm tt nefKOSOM 

y-seLlf MMI - M60 Acw.reer 
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FIG. 2 
(PRIOR ARfl 

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. 

2 

nvt V.24•1 

ssl 

:5$ 

wa 

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 Note the power rails (Vdd and Gnd) of the host system 
44.3 lines electrically connected coupled to the Standard DIMM Interface 1022 and 

to the first set of edge 

connections and 
electrically connected to the input voltage and ground supply 

configured to receive the 
lines on the PCB, as shown in Fig. 12, Fig. 13, Fig. 14 and 

power delivered to the Fig. 16. For example, in Fig. 12 the input voltage supply 

DIMtv1 from the power 

rails of the host system by 
way of the memory slot 

connector of the host 

lines is shown electrically connected to the Voltage Monitor 

1050. 

system and the first set of 
FIG. 12 

edge connections of the

DIMtv1 

,,..., 

., .... 
at 

1." 1   -.-22
•;.b.---;,..•wsv- - -- 

a set of data lines 
... . 1 -- ..., 

.,  : 
electrically coupled to the 

second set of edge 

connections, and 

__ 
...., , 

•   ,,...., 'OP 

• b. ...,-.L 

a set of address and 

control lines electrically to 

the third set of edge 

connections , 

PIG. 12 

FIG. 16 

 ...,  
  , `, 

.. 

..,   _ 

.'.!  .•   I t 

..... I ,........ .... 
,....

, . 
i-, 
i......, 

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 elements 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 (iii) 

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." 

44.5 
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; 

].• 

64.1 
...... 

•reo'N. ----
06.12 

344 

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 FIG. 16 
44.6 

fourth converters coupled

to the PCB and to the input -
'.."- '1

voltage supply line, and 

configured to receive 

E ,, 
  i

-A'. il 

%,,,,.... 

from the input 
, .;:- - 

:-- 
•4 . :1 ,r..power 

......, 
voltage supply line and to , -fi - sr.. 

deliver power via first, 
J  1 -1.—  --.. i .- -' 

,,,, 
,L 

second, third, and fourth COM. 

regulated voltage lines 
RG.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 FIG. 16 
44.7 components includes: NV'. 

a first component -lJ ' 
configured to receive 

power via at least the first 
23,7

., , ,, 

...2 

  " ' il 

,. •••• '0.
 i • 

regulated voltage line; 1 
-ii 

- , 
- J 

' 

a second component 

configured to receive 
.

1-

. . 6 
. 1:7J  ' 

,, 
power via at least the ,-,.....6 

second regulated voltage 
FIG. -'6 

line; 
FIG. 12 

a third component  '  .6 
, 

configured to receive - • ,1 
. 

power via at least the third '  T 21 
- 

regulated voltage line; and w 
1 .,,, ...., 

a fourth component 1 I  1 
.,..i 

electrically configured to '  '  
r
`— 

receive power via at least .6., 

the fourth regulated 

voltage line I.4,12 

b•1 `" . 
.. J _ 

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 FIG. 16 
44.8 

of the set of components:

(i) is electrically _
' 7 s.: . 1 . .i .. , f 

connected to one or more .. ,. 
/..;4 ,:..4.• A 

of the first, second, third, 

and fourth regulated 
, .;:-

-:''. ii - --: 5.,,, 
,,.., . :1

voltage lines; and  -i • ...-.. 

(ii) receives power
J  1 -1.-  i • 

,L 
only via the one or more of CO.M. 

the first, second, third, and 
RG.16 

fourth regulated voltage 
On the left of the figure, system power (Vdd) is provided on 

lines. 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. 

wherein the controller Para. [00127] 
45 

further includes a "FIG. 14 is a block diagram of an example memory 
nonvolatile memory and a module 1010 having a microcontroller unit 1060 and 
logic element, the logic 

element coupled to the 
logic element 1070 integrated into a single controller 

nonvolatile memory and 1062 in accordance with certain embodiments 

the data storage element 

and configured to 

described herein." 

electrically communicate 
FIG. 14 

with the nonvolatile
... .' ,....-. 

.,.., 

memory and the data 

storage element. 

, 

,. till: 
  — 

  ' ... 
•   • 

FI6 Pi 
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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; 

FIG. 21 

...:1‘, r  .  w:- • v 

:ma r 

 ss 
:•Z 

,,-• `•
. 

FIG II 

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 ofECC), 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 

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 
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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 

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] 
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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 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 

"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 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] 
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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 

includes a third write 

operation subsequent to the 
stored in a particular address of the memory system 1010. 

first and second write 
The memory system 1010 may enter the second mode of 

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 nonvolatile memory, 

wherein the third set of 

data bits includes the first 

referred to as a slice) of the data word in a buffer in an 

operational block 1622, storing a second portion of the data 

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, 

and wherein, in response 

to the detected trigger 

memory subsystem 1040 in an operational block 1626." 

condition, the logic 
Para. [00130] 

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 

write operations followed 

by the third write 

long computation. In certain embodiments, a backup may be 

performed on a regular basis. For example, in one 

operation. embodiment, the backup may occur every millisecond in 

response to a trigger condition." 

wherein, prior to Para. [00130] 
50 performing the fi rst and 

second write operations, 

the logic element is further 

configured to perform, in 

"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 

response to the detected long computation. In certain embodiments, a backup may be 

trigger condition, 

periodically at regular 

performed on a regular basis. For example, in one 

embodiment, the backup may occur every millisecond in 
intervals of time one or 

more read operations to 
response to a trigger condition." 

read the first and second 
Para. [00178] 

sets of data bits from the "The method 1600 may generally be referred to as "slicing" 

first and second portions the volatile memory during a backup operation. In the 

of the data storage example embodiment, the process of "slicing" the volatile 
element, respectively, and 

to generate the third set of 
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." 

51 
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. 

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] 

"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." 

52 
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 a first 

threshold voltage and a 

second threshold voltage. 

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] 
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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." 

53 
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. 

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. 

54 
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 
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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. 

55 
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. 

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. 

56 
wherein the third write 

operation comprises a 

transfer of the first and 

second set of data bits 

FIG. 21 
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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. 

ma 

IV. 

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 

I 

.......   
..tme

!-11 

As can be seen in FIG. 13, the transfer from the DRAM 

occurs on a connection on the right side of the buffer, and 
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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. 

58.1 
A dual in-line memory 

module (DIM,M) 

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 

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. 
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5o•sa• qcfPatove 
:•••.: 

UV, .7•-••AW.9.44, 

£5•SIS SairiSv aaS Avek•••••••4v 

Sens- KVA..ha. EO 

&CS. he,. Santo 

F7G. 2 
PRIM ARTi 

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." 

58.2 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 

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 
*v.. 6,..,,. re,,,,n40$0,,, 
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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. 
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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. 

a set of voltage supply Note the power rails (Vdd and Gnd) of the host system 
58.3 lines electrically connected coupled to the Standard DIMM Interface 1022 and 

to the first set of edge electrically connected to the input voltage and ground supply 
connections and 
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configured to receive the 

power delivered to the 

DIMINI 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 

QC. 12 yeils51;i;ii.71 

FIG. 16 

Fla 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 elements 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. 

58.4 
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 

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." 

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 x8 DRAM 

devices for a data bus bit width of 72: 
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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." 

a controller including a 1062 comprises a microcontroller unit (MCU) 1060, logic 
58.5 

voltage monitor circuit and element 1070, buffer, voltage monitor circuit 1050, and one 
nonvolatile memory, the or more additional components. Logic element 1070 
controller coupled to the 

comprises internal nonvolatile memory, one or more 
PCB and to an input 

voltage supply line of the integrated circuits and various discrete electrical elements. 

set of voltage supply lines, The controller 1062 receives system power from the 

the voltage monitor circuit 

configured to: (i) monitor 

an input voltage supplied 

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 

q. 
1-1 

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." 

58.6 
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; 

].• 

64.1 
...... 

•reo'N. ----
06.12 

344 

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 FIG. 16 
58.7 

fourth converter circuits , N1... 

coupled to the PCB and to —. - 
_ 

JIM 
.N

the input voltage supply 

line, and configured to 1, " 

-- 
' ' II 

,u 
02 

  - ' 

receive power from the 

input voltage supply line 

and to deliver power via 

. m 
  

.- 

 :- , 
o 

 . 

.. 

,  ..   ,... 

first, second, third, and ..',22,1 

fourth regulated voltage 
Fla 16 

lines 
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. 
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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 FIG. 16 
58.8 components includes:  :,... ,,... NV'. 

a first component -lJ ' 
configured to receive 

power via the first 

regulated voltage line; 

23,7
s,  

1 
-Li 

  " 
-:- 

- , 
-  J 

...2 

' il :. 
:-: 

,. 

,_ 

•••• '0.
 i . 

p•  
„ ,...• 

a second component 

configured to receive 
.

1-

=t_ 6 
. 1:7J  ' 

,, 
power via the second ,-,.....6 

regulated voltage line; 
FIG. -'6 

a third component 
FIG. 12 

configured to receive ' .6 
.  , 

power via the third 1 • 

regulated voltage line; and ' , _,___-F 21 
- ...  ., 

a fourth component 1 I.... i., ..,, 

electrically configured to 1 I  1 

receive power via the '  '   — 

fourth regulated voltage .6., 

line 1• "" . 
, - --  ._..J 

NU. 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 

104 

Samsung Electronics Co., Ltd.
Ex. 1002, p. 1380



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

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 

58.9 
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 

(ii) receives power 

only via the one or more of 

the first, second, third, and 

fourth regulated voltage 

lines 

FIG. 16 

.... 

_,  
mo 

••'• 

On the left 

the input 

1130 that, 

power to 

1110. 

Para. [00145] 

"In a second 

the conversion 

element 

memory 

Para. [00151] 

• -- 
„

,I _ 
- . 

 _ 
4 

., 
M4Yatia 

F/6. 

of the figure, 

voltage supply 

when the 

each of the 

state, the 

element 

1130 and the 

system 1010 

7, 

 ' Il 
, 

7 

16 

system 

line 

system 

four converter 

fourth 

1120 

first 

from 

1106 

power 

voltage 

the 

:4.4,04 

F " 7 .  o;
 " f ._.. ;
  •oo 

.— o-oo _. 
  , D., 

.   

power (Vdd) is provided on 

to the PWM controller 

is received, couples 

circuits via voltage 

voltage 1110 is provided to 

from the first power 

1102 is provided to the 

conversion element 1120." 
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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. 

wherein the plurality of FIG. 21 
58.10 DDR SDRAM devices 

includes: .01 `'''.1.  '  X, J. 
• . r ., - -.  • 

a first group of at least five
 : f .  • • ' 

.... r...  RA, :;,,....: 

DDR SDRAM devices 
W., 

vx  , iovoas.or...,,: 

that are each connected to 
  , 

 t..  ,..:3%.. ....- :so 

a first chip select line 

configured to electrically 

,., . 

no. 2t 

conduct a first chip select Chip Select 1 and Chip Select 2 going to each group is 

signal; shown in FIG. 21 above. 
a second group of at least 

four DDR SDRAM 
Para. [00172] 

devices that are each 
"FIG. 21 schematically illustrates an example topology of a 

connected to a second chip connection to transfer data slices from two DRAM 

select line configured to segments 1630, 1640 of a volatile memory subsystem 1030 

electrically conduct a of a memory system 1010 to a controller 1062 of the 
second chip select signal 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 ofECC), 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 

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. 

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 

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." 

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 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 
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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." 

60 
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. 

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." 

61 
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. 

I= 

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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62 
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." 

63 
when the 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. 

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." 

64 
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 

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 
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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 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. 
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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 DIMtv1 

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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