Claim 1 of U.S. Patent No. 11.232.054 vs. Claim 1 of U.S. Patent No. 12.373.366

1. A-memeorymedule-comprising-A dual in-line memory module (DIMM) configured to fit into

a memory slot connector of a system board of a computer 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 system board and the DIMM via

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

to the DIMM via the set of address and control conduits, the DIMM comprising:

edge connections configured to eouplepewer-dataaddressandcontrol signals
betweenfit into the memory medule-andslot connector of the hest-system: board, the

PCB including:

a-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 system board via the set of power conduits, wherein the power

delivered to the DIMM from the power rails of the system board 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 eenverstensupply 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 system board by way of the memory slot connector of

the system board 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 eenfigured-to-previde-atleastthreeto an input
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voltage supply line of the set of voltage supply lines, the voltage monitor circuit

configured to: (1) monitor an input voltage supplied via the input voltage supply line;

(i1) 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:

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 system

board 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 veltages;

voltage lines,
wherein the weltageconversion-eirenitset of components includes:

a first component configured to receive power via at least three-buck

converters-each-of which-is-configured-to-produce-a-the first regulated voltage of
the-line;

a second component configured to receive power via at least threethe second

regulated veltagesvoltage line;
a pharality-ef compeonents-eoupledthird component configured to receive

power via at least the PEB;third regulated voltage line; and

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

regulated voltage line;
wherein each component of the pharalityset of components-eoupled:

(1) is electrically connected to atleast-one regtlated-voltage-of the-atleast
threeregulated-voltages;-or more of the plaralityfirst, second, third, and fourth

regulated voltage lines: and
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(i1) receives power only via the one or more of eempenentsineladingathe

first, second, third, and fourth regulated voltage lines,

wherein the plurality of synehronous-dynamicrandomaceess-memory
(DDR SDRAM}) devices and-includes:

a first eirenitthatis-coupled-to-the-pluralityef group of at least five
DDR SDRAM devices and-that are each connected to a first set-efedge

s of the pluralitvof od ions. wherein the first cireuitd
eoupledchip select line configured to electrically conduct a first ardchip

select signal;
a second regulated-veltagesgroup of the-at least threeregulated
voltages-and-wherein-the pharality-effour DDR SDRAM devices are

coupledthat 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 system board is provided
to the firstregulated-voltageDIMM and each group of the first and second
groups of DDR SDRAM devices is 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 three
regulated-veltages40 1-bit 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 an integer number of data lines of the set of data lines:

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

DDR data signals and at least eight 1-bit 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 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.
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Claim 1 of U.S. Patent No. 11,016,918 vs. Claim 1 of U.S. Patent No. 12,373.366

1. A dual in-line memory module eomprising:

a-printed-ctrenit board (PCB)-having-an-interface(DIMM) configured to fit into a
eerrespending-memory slot connector of a hestsystem board of a computer system,

the interfacememory slot connector including a plurality-ef-edge-connections
configured-to-couple-set of power- conduits, a set of data;- conduits, and a set of

address and control conduits, wherein data signals are transferred between the

memeory-medulesystem board and the hestsystem;-DIMM via the set of data

conduits, and address and control signals are delivered from the system board to the

DIMM via the set of address and control conduits, the DIMM comprising:
a-first buekconvertera printed circuit board (PCB) having edge connections

configured to previde-afirst regulatedfit into the memory slot connector of the system
board, the PCB 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 system board via the set of power conduits, wherein the power

delivered to the DIMM from the power rails of the system board 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 havingasupply 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 system board by way of the memory slot connector of

the system board 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;
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a controller including a voltage amplitademonitor 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;

a-plurality-ofa set of components coupled to the PCB, each-compenent-ofthe
pharatitysct of components coupled-to-onc-ormoreregttated-voltages-of the first

including a plurality of double data rate (DDR) synchronous dynamic random
access memory (SDRAM) devices coupled to the firstregulated-voltage;set of address
and

atleast-one-eireuitcoupled-betweenafirstpoertionof-control lines and to the
pluralityset of edge-connections-and-data lines, the plarality efDDR SDRAM devices;

operable to receive or output data signals via the set of data lines based on address

and control signals received from the system board 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
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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 plural

deviees;-the-component configured to receive power via at least one-ecireuit
coupled-to-beth-the second regulated voltage and-line;

a third component configured to receive power via at least the third regulated

voltage line:; and

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

regulated voltage;- line;

wherein aeach component of the set of components:

(1) is electrically connected to one or more of the first-ene-ofthe, second,
third, and fourth regulated voltage amplitudes-istess-thanalines; and
(ii) receives power only via the one or more of the first, second-ene-efthe
seeend-, third, and fourth regulated voltage amplitadeslines,
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 system board is provided

to the DIMM and each group of the first and second groups of DDR SDRAM

devices is 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 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
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1s 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 an

integer number of data lines of the set of data lines:

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

DDR data signals and at least eight 1-bit 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 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.
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Claim 1 of U.S. Patent No. 8,874.831 vs. Claim 1 of U.S. Patent No. 12,373.366

A dual in-line memory module (DIMM) configured to fit into a memory slot connector of a

system board of a computer 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
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are transferred between the system board and the DIMM via the set of data conduits, and address

and control signals are delivered from the system board 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 system board, the PCB 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 system board via the set of power conduits, wherein the power

delivered to the DIMM from the power rails of the system board 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 system board by way of the memory slot connector of the

system board and the first set of edge connections of the DIMM.,

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

and

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

connections;

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

controller coupled to the PCB and to an input voltage supply line of the set of voltage

supply lines, the voltage monitor circuit configured to: (i) monitor an input voltage

supplied via the input voltage supply line; (i1) generate a trigger signal upon detecting

a trigger condition; and (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;
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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 system

board 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 configured to receive power via at least the fourth

regulated voltage line;

wherein each component of the set of components:

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

fourth regulated voltage lines: and

(i1) 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;

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;
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wherein when power from the power rails of the system board is provided

to the DIMM and each group of the first and second groups of DDR SDRAM

devices is 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 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

1s 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 an

integer number of data lines of the set of data lines;

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

DDR data signals and at least eight 1-bit 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 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.
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Claim 1 of U.S. Patent No. 8,301.833 vs. Claim 1 of U.S. Patent No. 12,373.366

1. A method-foreentrellingdual in-line memory module (DIMM) configured to fit into a memory

slot connector of a system eperativelyeoupled-to-a-hostboard of a computer system, the memory
system-slot connector including a velatie-memery-subsystemset of power conduits, a set of data
conduits, and a ren—veltie memory-subsystemthe method-comprisiae:

between the volatile miemory subsystemsystem board and the non-volatile memory

subsystenrr;DIMM via the set of data conduits, and address and control signals are

delivered from the system board to the DIMM via the set of address and control

conduits, the DIMM comprising:

operatinga printed circuit board (PCB) having edge connections configured to fit

into the memory slot connector of the system board, the velatde-memery-subsystem
ata-third-elockfrequeney-whenPCB including:

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

memeoryset of power conduits and operable to deliver to the DIMM power from

power rails of the system board via the set of power conduits, wherein the power

delivered to the DIMM from the power rails of the system board is #n-the only

power received by the DIMM:

a second medeset of eperation;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 system board by way of the memory slot connector of the

system board and the first set of edge connections of the DIMM.,

0012



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 eleck

frequeneyset of edge connections;

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

controller coupled to the PCB and to an input voltage supply line of the set of voltage

supply lines, the voltage monitor circuit configured to: (i) monitor an input voltage

supplied via the input voltage supply line; (i1) generate a trigger signal upon detecting

a trigger condition; and (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 less-thanthefirsteloek
fregueneyoperable to receive or output data signals via the set of data lines based on

address and control signals received from the system board 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
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a fourth component configured to receive power via at least the fourth

regulated voltage line:

wherein each component of the set of components:

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

fourth regulated voltage lines: and

(i1) 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;

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 system board is provided

to the DIMM and each group of the first and second groups of DDR SDRAM

devices is 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 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

1s 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 an

integer number of data lines of the set of data lines:

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

DDR data signals and at least eight 1-bit 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 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.
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