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CLAIM LISTING

Ref. # | Listing of Challenged Claims

l.a 1. A memory module comprising:

1.b a printed circuit board (PCB) having an interface configured to fit into
a corresponding slot connector of a host system, the interface including
a plurality of edge connections configured to couple power, data,
address and control signals between the memory module and the host
system,;

l.c a first buck converter configured to provide a first regulated voltage
having a first voltage amplitude;

1.d a second buck converter configured to provide a second regulated
voltage having a second voltage amplitude;

l.e a third buck converter configured to provide a third regulated voltage
having a third voltage amplitude;

1.f a converter circuit configured to provide a fourth regulated voltage
having a fourth voltage amplitude; and

1.g a plurality of components coupled to the PCB, each component of the
plurality of components coupled to one or more regulated voltages of
the first, second, third and fourth regulated voltages, the plurality of
components comprising:

1.h a plurality of synchronous dynamic random access memory (SDRAM)
devices coupled to the first regulated voltage, and

L.i [1] atleast one circuit coupled between a first portion of the plurality

of edge connections and the plurality of SDRAM devices,

[2] the at least one circuit operable to (i) receive a first plurality of
address and control signals via the first portion of the plurality of edge
connections, and (i1) output a second plurality of address and control
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Listing of Challenged Claims

signals to the plurality of SDRAM devices,

[3] the at least one circuit coupled to both the second regulated
voltage and the fourth regulated voltage,

[4] wherein a first one of the second and fourth voltage amplitudes is
less than a second one of the second and fourth voltage amplitudes.

2. The memory module of claim 1, wherein the first and third buck
converters are further configured to operate as a dual buck converter.

3. The memory module of claim 1, wherein the first voltage amplitude
is 1.8 volts.

4. The memory module of claim 1, wherein the second, third, and
fourth voltage amplitudes are 2.5 volts, 1.2 volts, and 3.3 volts,
respectively.

5.a

5. The memory module of claim 1, further comprising:

S.b

a voltage monitor circuit configured to monitor a power input voltage
received via a second portion of the plurality of edge connections, the
voltage monitor circuit configured to produce a trigger signal in
response to the power input voltage having a voltage amplitude that is
greater than a first threshold voltage.

6. The memory module of claim 5, wherein the voltage monitor circuit
is further configured to produce the trigger signal in response to the
power input voltage having a voltage amplitude that is less than a
second threshold voltage.

7. The memory module of claim 6, wherein the second threshold
voltage corresponds to a voltage level that is ten percent less than a
specified operating voltage.

8.a

8. The memory module of claim 1, the plurality of components further
comprising:
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Ref. #

Listing of Challenged Claims

8.b

[1] one or more registers coupled to one of the first, second, third and
fourth regulated voltages,

[2] the one or more registers configured to register, in response to a
clock, the first plurality of address and control signals,

[3] wherein the one of the first, second, third and fourth regulated
voltages is selectively switched off to turn power off to the one or more
registers while one or more components of the plurality of components
are powered on.

9. The memory module of claim 5, wherein the first threshold voltage
corresponds to a voltage level that is ten percent greater than a
specified operating voltage.

10.a

The memory module of claim 5, the plurality of components further
comprising:

10.b

a logic element including a non-volatile memory, the non-volatile
memory is configured to store configuration information.

11

11. The memory module of claim 10, wherein, in response to the
trigger signal, the logic element writes information into the non-
volatile memory.

12.a

12. The memory module of claim 5, the plurality of components
further comprising:

12.b

a non-volatile memory; and

12.c

a controller configured to receive the trigger signal, wherein, in
response to the trigger signal, the controller performs a write operation
to the non-volatile memory.

13

13. The memory module of claim 5, wherein the power input voltage is
coupled to the first, second, and third buck converters and the
converter circuit.
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Listing of Challenged Claims

14

14. The memory module of claim 8, wherein, in response to selectively
switching on the one of the first, second, third and fourth regulated
voltages to the one or more registers, the one or more registers is
configured to output the registered first plurality of address and control
signals to the plurality of SDRAM devices.

15.a

15. The memory module of claim 1, the plurality of components
further comprising:

15.b

a logic element including one or more integrated circuits and discrete
electrical elements, the one or more integrated circuit including an
internal non-volatile memory, wherein the non-volatile memory is
configured to store configuration information.

16.a

A memory module comprising:

16.b

a printed circuit board (PCB) having an interface configured to fit into
a corresponding slot connector of a host system, the interface including
a plurality of edge connections configured to couple power, data,
address and control signals between the memory module and the host
system;

16.c

first, second, and third buck converters configured to receive a pre-
regulated input voltage and to produce first, second and third regulated
voltages, respectively;

16.d

[1] a converter circuit configured to reduce the pre-regulated input
voltage to provide a fourth regulated voltage,

[2] wherein the first, second, third and fourth regulated voltages have
first, second, third, and fourth voltage amplitudes, respectively;

16.e

a plurality of components coupled to the PCB, the plurality of
components including a plurality of synchronous dynamic random
access memory (SDRAM) devices, each component of the plurality of
components coupled to one or more regulated voltages of the first,
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second, third and fourth regulated voltages; and

16.f

a voltage monitor circuit configured to monitor an input voltage
received via a first portion of the plurality of edge connections, the
voltage monitor circuit configured to produce a signal in response to
the input voltage having a voltage amplitude that is greater than a first
threshold voltage.

17

17. The memory module of claim 16, wherein the second and third
buck converters are configured to operate as a dual buck converter.

18.a

18. The memory module of claim 16, the plurality of components
further including:

18.b

a controller coupled to the voltage monitor circuit and configured to
receive the signal, wherein the controller executes a write operation in
response to the signal.

19

19. The memory module of claim 18, wherein the write operation
includes writing data information into non-volatile memory.

20

20. The memory module of claim 16, wherein the plurality of SDRAM
devices are configured to receive at least one of the first, second, third
and fourth regulated voltages having a voltage amplitude of 1.8 volts.

21.a

21. The memory module of claim 16, the plurality of components
further including:

21.b

[1] atleast one circuit coupled between the interface and the plurality
of SDRAM devices,

[2] the at least one circuit operable to receive a first plurality of
address and control signals via a second portion of the plurality of edge
connections and to output a second plurality of address and control
signals to the plurality of SDRAM devices,

[3] the at least one circuit coupled to both the second regulated

Xvi




Petition for Inter Partes Review of U.S. Patent No. 11,016,918

Ref. #

Listing of Challenged Claims

voltage and the fourth regulated voltage,

[4] wherein a first one of the second and fourth voltage amplitudes is
less than a second one of the second and fourth voltage amplitudes.

22.a

22. The memory module of claim 16, the plurality of components
further including:

22.b

a logic element including an internal non-volatile memory, wherein the
non-volatile memory is configured to store configuration information,
wherein the configuration information is used to program the logic
element.

23.a

A memory module comprising:

23.b

a printed circuit board (PCB) having an interface configured to fit into
a corresponding slot connector of a host system, the interface including
a plurality of edge connections configured to couple power, data,
address and control signals between the memory module and the host
system,;

23.c

[1] a plurality of components coupled to the PCB, each component of
the plurality of components coupled to one or more regulated voltages
of first, second, third and fourth regulated voltages,

[2] the plurality of components including a plurality of synchronous
dynamic random access memory (SDRAM) devices and one or more
registers, the plurality of SDRAM devices coupled to the first
regulated voltage, the one or more registers coupled to (i) the second
regulated voltage, (ii) a portion of the plurality of edge connections,
and (iii) the plurality of SDRAM devices,

[3] wherein a plurality of address and control signals are coupled to
the one or more registers via the portion of the plurality of edge
connections;

23.d

first, second, and third buck converters configured to provide the first,
second and third regulated voltages, respectively; and
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Listing of Challenged Claims

23.e

a converter circuit configured to provide the fourth regulated voltage,

23.1

wherein the second regulated voltage is configured to be selectively
switched on or off to the one or more registers while at least the
plurality of SDRAM devices are powered on,

wherein if the second regulated voltage is switched on while at least
the plurality of SDRAM devices are powered on, the one or more
registers are configured to couple the first plurality of address and
control signals to the plurality of SDRAM devices, and

23.h

wherein if the second regulated voltage is switched off while the
plurality of SDRAM devices are powered on, the one or more registers
are configured to decouple the plurality of SDRAM devices from the
first plurality of address and control signals.

24.a

24. The memory module of claim 23, further comprising:

24.b

a voltage monitor circuit configured to monitor an input voltage
received from the host system via the interface, the voltage monitor
circuit configured to produce a signal in response to the input voltage
having a voltage amplitude that is greater than a first threshold voltage.

25.a

25. The memory module of claim 24, the plurality of components
further including:

25.b

a controller coupled to the voltage monitor circuit and configured to
receive the signal, wherein, in response to the signal, the controller
executes a write operation.

26

26. The memory module of claim 25, wherein the write operation
includes writing data information to non-volatile memory.

27

27. The memory module of claim 24, wherein the voltage monitor
circuit is further configured to produce the signal in response to the
input voltage having a voltage amplitude that is less than a second
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Ref. # | Listing of Challenged Claims
threshold voltage.

28 28. The memory module of claim 23, wherein the second and third
buck converters are configured to operate as a dual buck converter.

29 29. The memory module of claim 23, wherein the plurality of SDRAM
devices are configured to receive at least one of the first, second, third
and fourth regulated voltages having a voltage amplitude of 1.8 volts.

30 30. The memory module of claim 23, wherein the first, second, and

third buck converters are configured to receive a pre-regulated input
voltage and to provide the first, second and third regulated voltages,
respectively, and wherein the converter circuit is configured to reduce
the pre-regulated voltage input to provide the fourth regulated voltage.
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I. PETITIONERS’ MANDATORY NOTICES
A. Real Parties-in-Interest (37 C.F.R. § 42.8(b)(1))

The real parties in interest are the Petitioners, Micron Technology,
Inc., Micron Semiconductor Products, Inc., and Micron Technology Texas,
LLC.

B. Related Matters (37 C.F.R. § 42.8(b)(2))

The following judicial or administrative matters would affect, or be
affected by, a decision in this proceeding concerning U.S. Patent No.
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01453 (D. Del. filed Oct. 15, 2021)

. Netlist, Inc. v. Samsung Electronics Co., Ltd. et al., No. 2:21-cv-
00463 (E.D. Tex. filed Dec. 20, 2021)

. Netlist, Inc. v. Micron Technology, Inc. et al., No. 2:22-cv-00203
(E.D. Tex. filed June 10, 2022)

. Samsung Electronics Co., Ltd. v. Netlist, Inc., [IPR2022-00999 (U.S.
Patent No. 11,232,054)

. Samsung Electronics Co., Ltd. v. Netlist, Inc., IPR2022-00996 (U.S.

Patent No. 11,016,918)
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Petitioners consent to service of all documents via electronic mail to Winston-IPR-

Netlist@winston.com.
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II. INTRODUCTION

Petitioners respectfully request trial on claims 1-30 of U.S. Patent
11,016,918 (“918 Patent”) (EX1001) based on grounds not considered during

prosecution.

III. COMPLIANCE WITH REQUIREMENTS FOR A PETITION FOR
INTER PARTES REVIEW

A.  Standing (§42.104(a))

Petitioners certify that the 918 Patent is available for IPR and that Petitioners
are not barred or estopped from requesting an IPR challenging the 918 Patent

claims on the grounds identified below.

B. Identification of Challenge (§42.104(b))

Petitioners challenge claims 1-30 of the 918 Patent as follows:

Ground | Claims Challenged | 35 U.S.C. § References
1 1-3, 8, 14-15, 23 103(a) Harris + FBDIMM Standards
2 1-30 103(a) Ground 1 + Amidi
3 1-30 103(a) Ground 2 + Hajeck
4 1-30 103(a) Spiers+Amidi
5 1-30 103(a) Ground 4 + Hajeck

Petitioners’ proposed claim constructions and the precise reasons why the
claims are unpatentable are provided below. The evidence relied upon is listed

above on page Vvi.
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IV. RELEVANT INFORMATION CONCERNING THE CONTESTED
PATENT

A.  Effective Filing Date of the 918 Patent

All the prior art in the Grounds above predates June 1, 2007, when the
earliest provisional application for the 918 Patent was filed, but to the extent it
matters, the claims of the 918 Patent do not appear to have support in any
application filed before June 2, 2008. EX1003, q947-66. For example, the three
“buck converter” and one “converter circuit” claim limitations (resulting in four
regulated voltages) lack support in the earliest provisional, which just discloses a
“step-down transformer 84.” EX1005, q[0017]; EX1003, 9950-58. Furthermore,
there is no disclosure of a “dual buck converter” in the earliest provisional, and
even the later applications fail to disclose a “dual buck converter” providing a first
regulated voltage coupled to the SDRAM devices as required by several claims.

EX1006, pp.19-20, 49 (below);! EX1003, 959-66.

' Unless stated otherwise, all emphasis in quotes and color annotations in figures

have been added.
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B. The 918 Patent

1. Technical Overview

The 918 Patent describes a memory system 1010 that “can be coupled to a
host computer system and can include a volatile memory subsystem 1030 [yellow],
a non-volatile memory subsystem 1040 [green], and a controller 1062 [red]
operatively coupled to the non-volatile memory subsystem 1040,” as well as a
“second power supply 1080 (blue) comprising either “capacitors”™ or a “battery” to
supply power during a power failure, as shown in Figure 12 (below). EX1001,

21:16-20, 26:8-43; EX1003, 9968-81.
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FIG. 12

In the event of a power failure detected by voltage monitor 1050, “[t]he

controller [red] backs up the volatile memory [yellow] using the non-volatile

memory [green].” EX1001, 20:21-24, 25:8-27.

Figure 16 (below) illustrates a power module 1100 for the memory system
above where “sub-block 1122 [below, right] comprises a buck converter, sub-block

1124 comprises a dual buck converter, and sub-block 1126 comprises a buck-boost

converter” which output four different voltages (1102=1.8V, 1104=2.5V,

1105=1.2V, 1107=3.3V) to the components of the memory system. EX1001,

27:59-29:64.
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FIG. 16

2. Prosecution History

The 918 Patent was allowed after only one indefiniteness rejection. EX1002,
pp.137-43, 157-67. The 918 Patent followed several earlier applications, including
two resulting in patents that were later the subject of IPRs: the 833 and 831
patents. EX1003, q982-127. The claims of the 833 patent are directed to a
different invention requiring “different frequencies depending on the mode of
operation,” as confirmed by an election during prosecution in response to a
restriction requirement. EX1007, pp.120-33; EX1003, q987-89. The IPR against
the 831 patent resulted in a Final Written Decision cancelling all claims. EX1020-
21; EX1003, 9999-103.

C. Person of Ordinary SKkill in the Art (“POSITA”)



Petition for Inter Partes Review of U.S. Patent No. 11,016,918

A POSITA in the field of the 918 Patent in 2008 would have had an
advanced degree in electrical or computer engineering, or a related field, and two
years working or studying in the field of design or development of memory
systems, or a bachelor’s degree in such engineering disciplines and at least three
years working in the field. EX1003, 967. Additional training can substitute for
educational or research experience, and vice versa. Such a hypothetical person
would have been familiar with the JEDEC industry standards, and knowledgeable
about the design and operation of standardized DRAM and SDRAM memory
devices and memory modules and how they interacted with a memory controller
and other parts of a computer system, including standard communication busses
and protocols, such as PCI and SMBus busses and protocols. Such a hypothetical
person would also have been familiar with the structure and operation of circuitry
used to access and control computer memories, including sophisticated circuits
such as ASICs, FPGAs, and CPLDs, and more low-level circuits such as tri-state
buffers. Such a hypothetical person would further have been familiar with voltage
supply requirements of such structures (e.g., memory modules, memory devices,
memory controller, and associated access and control circuitry), including voltage
conversion and voltage regulation circuitry. /d.

D. Construction of Terms Used in the Claims

In related litigation, Patent Owner (Netlist) has interpreted some claim terms
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broadly for purposes of infringement, EX1071, pp.39-46; EX1073, pp.46-63, even
though a narrower interpretation may be more reasonable, but Petitioners contend
that no express constructions are needed for this proceeding because the claims are
obvious under either interpretation. EX1003, 4128. It is likewise not necessary to
determine whether any terms are governed by §112,96, given that for each claim at
least one of the prior-art combinations matches the disclosure of the 918 Patent, as
discussed below.

V. OVERVIEW OF THE PRIOR ART
A.  Harris (EX1023)
U.S. Patent Publication No. 2006/0174140 (“Harris”) was published August

3, 2006, and is prior art under §102(a). EX1023. Harris discloses an on-board
voltage regulator (102) to convert an externally supplied voltage (104) to
appropriate local voltage levels, such as “0.5V to 3.5V,” for a wide variety of
memory modules (100A), including “fully buffered DIMMs (FBDs)” standardized
by JEDEC, comprising “known and heretofore unknown” types of DRAM memory
devices (110-1 to 110-N), including those compatible with the DDR2, DDR3, and
DDR4 JEDEC standards. Id., Abstract, 49[0009-13], Fig.1A (below); EX1003,

€9129-130.
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B. FBDIMM Standards (EX1027-28)

In March 2007, JEDEC published standards for Fully Buffered DIMM
(FBDIMM) memory modules (compatible with Harris, above), including the
related “JESD82-20” (EX1027) and “JESD205” (EX1028) standards (collectively,

“FBDIMM Standards”). See EX1029; EX1003, 99134-136. The FBDIMM

Standards are prior art under §102(a).
The FBDIMM Standards specify voltages for components on the memory

module, including:

min typ max
1.7 1.8 1.9 (DRAM Vpp/Vppa: AMB Vppa)
1.455' 1.5 1.575" (AMB Vcce/Vecrep)

Supply voltages (nominal)
(DRAM Interface V1)

0.453*V, 0.5*V, 0.547*V,
o - %0 | This supply should track as 0.5 * 1.8 volt supply

3.0 3.3 36 (Vopsep)

10
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EX1028, p.9. With respect to the “AMB buffer” on the memory module, the

specified voltages include:

Power Supplies

VCC (24 pins) A | 1.5V nominal supply for core 10

VCCFBD (8 pins) A | 1.5V nominal supply for FBD high speed IO

VDD (24 pins) A |1.8V nominal supply for DDR IO

VSS (156 pins) A |Ground

VDDSPD A 3.3V nominal supply for SMB receivers and ESD diodes
EX1027, p.83.

C. Amidi (EX1024)

U.S. Patent No. 7,724,604 (“Amidi”), filed October 25, 20006, is prior art

under at least §102(e). EX1024. Amidi teaches monitoring the input voltage to a

memory module so that in the event of a power fault, a battery can be used to

supply the needed voltages to ensure “a stable power supply even in the face of

disruptions.” Id., 4:14-22, 8:23-36, Fig.5 (below), Fig.14; EX1003, q131-132.

11
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FIG. 5
D. Hajeck (EX1038)

U.S. Patent No. 6,856,556 (“Hajeck”), issued February 15, 2005, is prior art
under §102(b). EX1038. Hajeck teaches a voltage detection circuit (48, red) to
detect “anomalies” by monitoring the power input to a memory subsystem,
including those with volatile and non-volatile memory. /d., Abstract, 3:30-:39,
4:62-65, Fig.1 (below). Such anomalies include undervoltage, see id., 3:34-37, and

overvoltage, see id., 3:37-39. EX1003, §137.

12
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E.  Spiers (EX1025)

U.S. Patent Publication No. 2006/0080515 (“Spiers”), published April 13,
2006, 1s prior art under §102(b). EX1025. Spiers discloses a memory module
(backup device 144) with both volatile (SDRAM) memory (190 and 218, yellow)
and non-volatile (NAND flash) memory (194, green), as well as a temporary
backup power supply (including capacitors 176, blue) and a processor (198, red)
for “moving data from the volatile memory to the non-volatile memory” in the

event of a power failure. Id., §[0037-38], Fig.5 (below); EX1003, 4133.

13
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VI. ARGUMENT
A. Ground 1

. Ground 1 renders obvious claims 1-3, 8, 14-15, and 23.

1. Ground 1 combination: Harris (EX1023) + FBDIMM
Standards (EX1027-28)

Ground 1 combines Harris with the FBDIMM Standards as follows:

14
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Ground 1: Harris with JEDEC’s FBDIMM Standards

Voltage Mapping (A)
Vee / Vecreo [ Vooseo st . =
IZVF/IU{' VOCTAGE lr/][)s Vee 4 1 | d. Voo ! Vopa = 1.8V
FRON; I{.I' REGULATOR | v 2nd; VCC! Vecersp = 1.5V
EXTERNAL MODULE . | 1087 2 Vooa / Voor / Voo 3rd: Voo = 1.8V
;%gg'gg _-'f'ﬂ, [ ] vdd i 4th : Vppsep = 3.3V
32 v
| ORAM| _FORMM[ _ | DRAM | BUFFER Voltage Mapping (B)
HEst= o Y 1%: Voo / Vooa / VooL = 1.8V
1 2M: Ve = 1.5V
ey e 3rd: Vccren = 1.5V
MEM  NEXT th . =
JESDZOS CRL DoMd 4* : Vopseo = 3.3V
Voltage Mapping (C)
FBDIMM Specification: JESDS82-20 165 oy} o NS
DDR2 SDRAM Fully Buffered . nd - =
DIMM (FBDIMM) Design Specification | FBDIMM: 2™: Vee/ Vecreo = 1.5V
Advanced Memory Buffer (AMB) 3rd: \Vrr=0.9V
4t : \ppseo = 3.3V

March 2007
MARCH 2007

EX1003, 99157-169. As explained below, the FBDIMM Standards specify

particular voltages, and an embodiment of Harris’s Voltage Regulator Module
(upper left) can supply those voltages to various components on the memory
module.

Harris recognized that “[a]s the performance of the DRAM technology goes
up, and timing margins shrink, it is becoming increasingly more difficult for the
system board [power] sources to provide tightly regulated power for the DRAM
cores as well as input/output (I/0O) interface buffers. Furthermore, each generation
of DIMM/DRAM technology requires a different power supply which keeps
getting lower (e.g., 3.3V, 2.5V, 1.8V, 1.5V and beyond), thereby making it
difficult to mix memory technologies on a system board....” EX1023, 4[0002].

Thus, Harris proposes “an on-board voltage regulator module to generate

15
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appropriate local voltage levels.” Id., §[0003].

A POSITA would have been motivated to combine Harris with the FBDIMM
Standards, and had a reasonable expectation of success in doing so, because Harris
expressly states that Figure 1A (above) is a “fully buffered DIMM” (i.e., FBDIMM
or FBD), EX1023, q9[0009-13], which a POSITA would have known refers to a

particular type of memory module standardized by JEDEC’s FBDIMM Standards,

id., [0013]; EX1003, 99158-165. Thus, a POSITA would naturally look to the

FBDIMM Standards for more details about the “fully buffered DIMM” that Harris

describes as compatible with his “at least one on-board voltage regulator module
(VRM).” Id.; EX1023, 4[0010].

As summarized in the annotated figure above, the FBDIMM Standards

specify particular voltages for various components on an FBDIMM, including
those below, and thus a POSITA would have been motivated to implement Harris’s
Voltage Regulator Module (above left) to supply at least the voltages below.
EX1003, 99166-169.

. 1.5V for Vcc and Vecersp to the “AMB” Buffer (112 above).

. 3.3V for Voosep to the Buffer and the SPD (“Serial Presence Detect,”

EX1028, p.105) (not shown above).
. 1.8V for Vopo/Vob to the Buffer.

. 1.8V for Vbpe, Vobr, and Voo to the “DDR2” DRAM (110-1 to 110-N

16
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above).
. 0.9V for Vrr to the resistors, DRAM, and Buffer.
See EX1023, 4[0002-3, 9-10, 17], Figs.1A, 3; EX1028, p.9 (below); id.,

pp.11-16, 17-20 (VppL), 30-33, 68; EX1026, pp.6-7 (VooL, Vob).

min typ max
1.7 1.8 19 (DRAM Vpp/Vppa. AMB Vppq)
1.455" 15 1.575" (AMB VeefVecrep)

Supply voltages (nominal)

(DRAM Interface V71)

0.453*V, 0.5*V 0.547*V
oo b pp This supply should track as 0.5 * 1.8 volt supply

3.0 3.3 36 (Vppspp)

See also EX1027, p.83 (below, for the AMB Bufter); id. pp.31-32, 44, 78, 82-83;

EX1023, 9[0017], Fig.3 (Vopsep).

Power Supplies

VCC (24 pins) A 1.5V nominal supply for core 10

VCCFBD (8 pins) A |1.5V nominal supply for FBD high speed 10

VDD (24 pins) A |1.8V nominal supply for DDR 10

VSS (156 pins) A |Ground

VDDSPD A 3.3V nominal supply for SMB receivers and ESD diodes

See also, e.g., EX1028, p.15:

17
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In the annotated figure for Ground 1 above (p.15), Voltage Mappings “A” to
“C” (on the right) are simply different ways to apply the arbitrary labels “1st”
through “4th” to the voltages shown in red in the annotated figure. EX1003,
19167-169.

Below, Ground 1A refers to Ground 1 above with Voltage Mapping “A,”

while Grounds 1B and 1C refer to Ground 1 above with Voltage Mappings “B” and

18
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“C,” respectively. Id.

2. Independent Claim 1

a) [1.a]

To the extent the preamble is limiting, Grounds 1A-1C teach “/a] memory

module [e.g., Harris’s “memory module 100A” in Fig.1A, and 306 (below)]

comprising.” EX1023, 99[0009, 17, 20], Figs.1A, 3; EX1003, 99216-222.

b

100A

104
/ f VOLTAGE e Vee
| REGULATOR
FROM 7 ,
EXTERNAL WODULE 1108/
VOLTAGE 102 -
SOURCE | |
DRAM DRAM DRAM BUFFER
HeA*™ 002> ¢ * ¥ - i
]
e O
MEM  NEXT
CTRL  DIMM
FIG. 14

19
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A POSITA would have recognized the FBDIMM “memory module[s]”
disclosed by Harris (above) are similar to the “memory module[s]” disclosed in

JEDEC’s FBDIMM Standards (e.g., below):

EX1028, p.38; EX1003, 9221.

b)  [Lb]

Grounds 1A-1C teach “a printed circuit board (PCB),” as shown above for
[1.a]. See also EX1023, §[0013] (“printed circuit board”), [0009] (“memory

board”), Figs.1A, 3; EX1028, pp.10 (“PCBs are called ... ‘raw cards’”), 38, 84;

20
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EX1003, 99223-225.

Grounds 1A-1C teach the PCB “having an interface configured to fit into a
corresponding slot connector of a host system, the interface including a plurality of
edge connections” (sometimes called “pins”) as shown above for [1.a] and
reprinted below from Harris’s Figure 3. EX1023, q9[0002, 12-13, 19], Figs. 3-4;

EX1028, pp.38, 84; EX1003, §9226-227.

RA
DRAM
ORAM

RA
DRAM
DRAM
DRAM
DRAM

ANHISNR IR, A

Grounds 1A-1C teach the edge connections in Harris, consistent with

JEDEC’s FBDIMM Standards, are “configured to couple power, data, address and

control signals between the memory module and the host system”:
. “power”: EX1023, q[0012] (“power”/“+12V” “pins”); id., (0010,

19] & Fig.1A (104, below).

21
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Furthermore, as shown in Figure 1A above, Buffer 112 (called “AMB” in the

FBDIMM Standards) receives via 114 and transmits to DRAMs 110-1 to 110-N the

following signals (as shown below and consistent with JEDEC standards):

. “data”: e.g., DQO0-DQ63 (below); EX1023, q[0009] (“bufter/logic
component 112 is provided for buffering command/address (C/A)
space as well as data space at least for a portion of the memory
devices 110-1 through 110-N”)

. “address”: e.g., A0-A15 (below); id. (“address™)

. “control”: e.g., RAS, CAS, WE, CS (below); id. & Fig.1A (114,
“CTRL”). These “control” signals together can form a “command.”
See, e.g., EX1028, p.29 (“Part of command”); EX1026, pp. 6 (“RAS,
CAS and WE (along with CS) define the command”), 46-47, 52.

See also EX1023, §9[0009-12, 17, 19], Figs.1A, 3; EX1028, pp.11, 13 (below), 29;

22
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EX1027, pp.1 (AMB “[a]cts as DRAM memory buffer for all read, write, and
configuration accesses addressed to the DIMM”), 3-4 (below, “The southbound
input link is 10 lanes wide and carries commands and write data from the
host....The northbound input link is 13 to 14 lanes wide and carries read return
data...back towards the host... There are two copies of address and command
signals [output from the AMB to the SDRAMs] to support DIMM routing and
electrical requirements.”), 7 (“Southbound: The direction of signals running from
the host controller toward the DIMMSs.”), 81-82; EX1026, pp. 6, 46-47, 52;

EX1003, 99228-231.

PNO-PN13 SNO-SN13
PNO-PN13 SNO-SN13
PS0-PS9 SS0-SS9
PS0-PS9 SS0.559
DQO-DQ63 A |——— S0->CS (all SDRAMSs)
CB0-CB7 L CKEO -> CKE (all SDRAMS)
DQS0-DQS17 M
DQSo0-Dass ——| B
scL —— ODT -> ODT (all SDRAMs)
SDA — | L BAO-BA2 (all SDRAMS)
SA1.SAD | A0-A15 (all SDRAMS)
SA0 — A | RAS (all SDRAMs)
| CAS (all SDRAMS)
RESET —— WE (all SDRAMS)
SCK/SCK ——— CK/CK (all SDRAMS)

23



Petition for Inter Partes Review of U.S. Patent No. 11,016,918
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c) [1.c] to [1.f]

Grounds 1A-1C teach “a first buck converter configured to provide a first
regulated voltage having a first voltage amplitude [*“1st”/“first” below]; a second
buck converter configured to provide a second regulated voltage having a second
voltage amplitude [*“2nd”/“second” below]; a third buck converter configured to
provide a third regulated voltage having a third voltage amplitude [*“3rd”/*third”
below]; a converter circuit configured to provide a fourth regulated voltage having
a fourth voltage amplitude [*“4th”/*“fourth” below],” as shown in Voltage Mappings
A to C below:

Ground 1: Harris with JEDEC’s FBDIMM Standards

Voltage Mapping (A
Vee / Vecreo [ Vooseo st . =
lva/IU*t VOCTAGE lr/][)s Vee 2 1 | d. Voo ! Vopa = 1.8V
FRON; I{.I' REGULATOR | v 2nd; VCC! Vecersp = 1.5V
EXTERNAL MODULE . | 105/ A Vooa/ Voo / Voo 3r: VopL= 1.8V
;%bT;.CGE 5 V"I | | Vdd oy 4th : Vppsep = 3.3V
32 v
o T N BUFFER Voltage Mapping (B)
HE™ T 0= - e 1%t: Voo / Vooa / Voo = 1.8V
1 2M: Ve = 1.5V
-7 e 3 : Vecrep = 1.5V
MEM  NEXT th . =
JESDZOS CRL DoMd 4* : Vopseo = 3.3V
Voltage Mapping (C
FBDIMM Specification: JESDS82-20 1% : Voo / Vooa / Voo = 1.8V
DDR2 SDRAM Fully Buffered nd - =
DIMM (FBDIMM) Design Specification | FBDIMM: 2"": Vee/ Vecreo = 1.5V
Advanced Memory Buffer (AMB) 3rd: \Vrr=0.9V
4t : \ppseo = 3.3V

March 2007
MARCH 2007

See supra pp.14-19; EX1003, 99232-243, 250-257, 262-276, 281-287.
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Voltage Mappings (Grounds 1-3)
A B C
“ﬁrst”: Vop or Vppg= 1.8V Vop, Vbpo, or Voo = 1.8V | Vb, Vbpo, or Vppr = 1.8V
“second”: | Vccor Veersp= 1.5V Vee=1.5V Vecor Veersp = 1.5V
“third”: Vppr=1.8V Veersp=1.5V Vr=0.9V
“fourth”: Vopspp=3.3V Vbpsep=3.3V Vopspp=3.3V

1d.

As shown above, Grounds 1A-1B have two “voltage amplitude[s]” that are
the same, consistent with Netlist’s broad interpretation of the claim, EX1071, p.43;
EX1073, pp.49-53, while Ground 1C does not, consistent with a narrower
interpretation.

Furthermore, Harris discloses a range of voltages — “from about 0.5V to 5V

or more,” EX1023, §[0009] — as do the FBDIMM Standards, and thus any

combination of “first” to “fourth” voltages in that range would have been obvious:
“Where a prior art patent discloses a range of values, showing a claimed value falls
within that range meets a party’s burden of establishing the narrower claim would
have been obvious where there is no reason to think the result would be
unpredictable.” Gen. Hosp. Corp. v. Sienna Biopharms., Inc., 888 F.3d 1368, 1373
(Fed. Cir. 2018); see also, e.g., Iron Grip Barbell Co. v. USA Sports, Inc., 392 F.3d

1317, 1320-23 (Fed. Cir. 2004) (claim to three grips obvious in light of prior art
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teaching one, two, and four grips).

Harris teaches that the voltages above would be “regulated”: Harris
identifies “tightly regulated power” on the memory module as a problem to be
solved, and proposes “at least one on-board voltage regulator” that is “capable of
generating tightly-controlled voltage levels” as the solution. EX1023, 44[0002-3,
0009-11]; EX1003, 9234.

Harris also teaches using “/buck] converter[s]” to provide the four? regulated

voltages above. EX1003, 99236-237, 252, 264, 286. Harris discloses “replacing

[the prior-art] power supply interface pins with as few as six +12V pins (from an
external voltage source)” and then using “a high-frequency switching voltage
converter capable of generating tightly-controlled voltage levels” to provide each
needed on-board regulated voltage. EX1023, q4[0012, 0010]. A “buck converter”
was a conventional device for implementing such a “voltage- reducing switching
converter.” EX1030, 2:41-43. Furthermore, it would have been obvious to a
POSITA to use a “buck converter” to convert the higher input voltage (e.g., 12V)

to the lower output voltage (e.g., 3.5V or less), and there would have been a

2

99 ¢¢

The claim language does not expressly state that the “fourth” “converter” must
be a “buck” converter, but as explained above, using a buck converter would

have been an obvious way to implement the “fourth™ “converter,” EX1003,

9286, regardless of whether the claim is interpreted more broadly than that.
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reasonable expectation of success, given that buck converters were well-known
“switching” devices commonly used to step down the voltage between its input and
output, as had long been taught in textbooks. EX1003, §9146-149, 236-237,
EX1058 (Lenk textbook from 1995), pp.3 (“Figure 1-3 shows three typical
MOSFET switching-regulator (or -converter) circuits, representing the three basic
configurations: buck, boost, and buck-boost.... The buck circuit is used when the
input voltage is always greater than the desired output voltage (and is also known
as a step-down converter).”), 5 (“1.3 Switching-Regulator Theory”), 12-16 (“1.5.4
Buck or Step-Down”); EX1032 (Mohan textbook from 1995), pp.161 (identifying
“Step-down (buck) converter” as a “basic converter topolog[y].”), 164 (“As the
name implies, a step-down converter produces a lower average output voltage than
the dc input voltage V..”); EX1024 (Amidi) Fig.6 (showing “DC/DC buck”
converter 640 to step down a higher voltage to a lower one); EX1050, 1:21
(identifying buck converters as one of “the most basic building blocks in power
electronics”).

Further, “buck converters” were well-known as a highly-efficient way to
step down voltages without generating excess heat or requiring large cooling
devices, providing a further motivation (beyond Harris’s express disclosure above)
to implement Harris’s voltage regulator using “/buck] converter[s].” EX1003,

9237; EX1059, 5:23-30 (“Switch mode buck converters have become popular due
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to two attractive features: first, they are more efficient than traditional low drop
out regulators (LDO) (e.g., up to 95%) and second, they can provide relatively
high currents with lower power dissipation on chip than an LDO can.”);
EX1058, p.5 (explaining the “high efficiency of switching regulators”); see also,
e.g., EX1040, pp.1 (“high efficiency”), 23-24 (Figs.22-25); EX1041, pp. 1, 13
(“high efficiency”); EX1048, p.3; EX1062, p.11; EX1064, q[0101].

It would have been obvious to use at least four converters in Harris given the

need for at least four different voltages in the FBDIMM Standards (e.g., 0.9V,

1.5V, 1.8V, 3.3V), as discussed above (pp. 14-19) and as shown in Voltage
Mapping C. Furthermore, with respect to Voltage Mappings A and B (where two
of the voltages are the same amplitude, either 1.5V or 1.8V), it also would have
been obvious to use four converters because the two voltages with the same

amplitude are separate voltages in the FBDIMM Standards as discussed above (pp.

14-19). In particular, although Vpp and Vppg and Vppr are all 1.8V, they are
expressly identified as separate voltages with separate pins, see, e.g., EX1028,
pp-17-20, and JEDEC states that in one implementation they can be turned on and
off separately, EX1026, p.9, and that Vppr should use an isolated voltage source,
id., pp.2-3, providing a motivation to use separate converters for those voltages so
that they can be controlled separately. EX1003, 4242; see also, e.g., EX1062, p.13

(“[A] particular standard voltage level may have to be independently furnished in
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numerous places .... to improve efficiency ... or to meet sequencing
requirements....””). Similarly, although Vcc and Vccrsp are both 1.5V, they are
expressly identified as separate voltages with separate pins, see, e.g., EX1028,
pp-30-32, which a POSITA would have understood provides independence for
these power supplies to allow improved stability for each supply and flexibility for
power management, providing a motivation to use separate converters for those

voltages so that they can be controlled separately. EX1003, 4256.

d [1g]
Grounds 1A-1C teach “a plurality of components coupled to the PCB [e.g., a

Buffer and DRAMs (as shown in Harris’s Figure 3, below) and an SPD and
resistors, as discussed above, pp.14-19], each component of the plurality of
components coupled to one or more regulated voltages of the first second, third
and fourth regulated voltages [as shown above, pp.14-19] the plurality of

components comprising.” EX1003, 99288-290, 293-297.

DRAM
DRAM
DRAM
DRAM

-
AN DAL AR R RO, .. ]

e  [Lh]

Grounds 1A-1C teach “a plurality of synchronous dynamic random access
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memory (SDRAM) devices [e.g., Harris’s “Double Data Rate (DDR) dynamic
random access memory (DRAM) device[s]” 110-1 to 110-N, see EX1023, 9[0009,
11], Figs.1A, 3] coupled to the first regulated voltage [e.g., Vbp, Vbbg, or VppL, as
shown above, pp.14-19].” EX1003, 99298-303. A POSITA would know that
according to the JEDEC standards, “DDR” memory devices are “synchronous”
DRAM (i.e., SDRAM). Id.; EX1028, p.9 (“Double Data Rate Synchronous
DRAM ... SDRAM”); EX1045, p.Cover (“(DDR) SDRAM”); EX1026, p.Cover-1

(“DDR2 SDRAM”); EX1046, p.Cover (“DDR3 SDRAM”).

p [Li]
(1) [Lil] and [1.i.2]

Grounds 1A-1C teach “at least one circuit [e.g., Harris’s “Buffer,” which
receives data, address, and control signals via 114 across the edge connections, and
transmits them to DRAMs 110-1 to 110-N, as discussed in [1.b] above (pp.20-25)]
coupled between a first portion of the plurality of edge connections [see [1.b]] and
the plurality of SDRAM devices [see [1.h]], the at least one circuit [e.g., Harris’s
“Buffer] operable to (i) receive a first plurality of address and control signals via
the first portion of the plurality of edge connections [e.g., via 114 in Fig.1A below,
as discussed in [1.b] above (pp.20-25)], and (ii) output a second plurality of
address and control signals to the plurality of SDRAM devices [e.g., from Buffer

112 to DRAM 110-1 to 110-N in Fig.1A below, as discussed in [1.b] above (pp.20-
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25)].” EX1003, §9304-317.

;100;&
104
- vooee | /1% Vee
=| REGULATOR
FROM 7
EXTERNAL MO[BLE 108/
VOLTAGE 102 L i
SOURCE | | |
1
DRAM DRAM DRAM BUFFER
H4/‘:l =116
MEM  NEXT
CTRL  DIMM
FIG. 14
300
yad 306-\
| DRAM |
DRAM |
/—302 -
DRAM |
- | = Buffer
M = T E ;
Coirl]:glrlz.'r E E DRAM
= (Rav | |DRAM!

S‘i
Fal

CLK

Source 7 —

308~ FIG. 3
2) [Li3]

Grounds 1A-1C teach “the at least one circuit [e.g., Harris’s “Buffer” from
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[1.1.1]] coupled to both the second regulated voltage [e.g., Vcc or Vecrsp =1.5V]
and the fourth regulated voltage [e.g., Vppsep =3.3V],” as shown below and

discussed above (pp.14-19, 27). EX1003, q9318-323.

Ground 1: Harris with JEDEC’s FBDIMM Standards

Voltage Mapping (A
Vee / Vecreo [ Vooseo st . =
lva/IU*t VOCTAGE lr/][)s Vee 2 1 | d. Voo ! Vopa = 1.8V
FRON; I{.I' REGULATOR | v 2nd; VCC! Vecersp = 1.5V
EXTERNAL MODULE . | 105/ A Vooa/ Voo / Voo 3r: VopL= 1.8V
;%bT;.CGE 5 V"I | | Vdd oy 4th : Vppsep = 3.3V
32 v
ORM | _fORM|__  _ _[ORM BUFFER Voltage Mapping (B)
e R HosM e 1%: Voo / Vooa / VooL = 1.8V
1 2" Vec = 1.5V
ey e 3rd: Vccren = 1.5V
MEM  NEXT th . =
JESDZOS CRL DoMd 4™ : Vopsep = 3.3V
Voltage Mapping (C
FBDIMM Specification: JESDS82-20 1% Voo / Vooa / VooL = 1.8V
DDR2 SDRAM Fully Buffered nd - =
DIMM (FBDIMM) Design Specification | FBDIMM: 2"": Vee/ Vecreo = 1.5V
Advanced Memory Buffer (AMB) 3rd: \Vrr=0.9V
4t : \ppseo = 3.3V

March 2007
MARCH 2007

(3) [Lid4]

Grounds 1A-1C teach “wherein one of the second and fourth voltage
amplitudes [e.g., 1.5V ] is less than a second one of the second and fourth voltage
amplitudes [e.g., 3.3V],” as shown above (pp.14-19, 27). EX1003, 99324-327.

3. Claim 2

Grounds 1A-1C teach “claim 1, wherein the first and third buck converters
are further configured to operate as a dual buck converter.” EX1003, 99328-347.
The 918 Patent illustrates a “dual buck converter” as simply having two outputted

voltages:
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EX1001, 29:28-29, Fig.16 (1124).

At the time, there were many commercially available products that could
output fwo (or more) regulated voltages using buck converters, and thus in
Grounds 1A-1C it would be obvious to implement any two (or more) of the
regulated voltages (such as the “first” and “third”) as a “dual buck converter” to
reduce the number of integrated circuits, pins, and interconnections on the module,
therefore simplifying the design. EX1003, 9338.

For example, Murata offered a MPD4S014S dual buck converter with two

different output voltages (e.g., 1.8V and 3.3V, similar to Ground 1B):
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[Schematic ]
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EX1042, p.16; EX1048, pp.1-2; EX1058, p.5.
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As another example, Texas Instruments offered a TPS51020 “Dual” buck
converter, e.g., for Vppg and V1t voltages for DDR or DDR2 memory devices

(similar to Ground 1C where “first’=Vppq and “third”= Vr1):

” TEXAS
INSTRUMENTS

DUAL, VOLTAGE MODE, DDR SELECTABLE, SYNCHRONOUS,
STEP-DOWN CONTROLLER FOR NOTEBOOK SYSTEM POWER

TPS51020

SLUS564B — JULY 2003 - REVISED DECEMBER. 2003

APPLICATIONS

® Notebook Computers System Bus and I/O
® DDR | or DDR Il Termination

EX1040, pp.1, 11 (“TPS51020 gives a complete function set required for the DDR
termination supply such as VDDQ/2 tracking Vr1”).

As another example, Fairchild offered a FAN5026 “Dual-Output PWM
Controller” with two different outputs (each anywhere from 0.9V to 5.5V), such as

2.5V and 1.8V similar to Ground 1A or 1B, or Vbpg and Vrr like Ground 1C:
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I October 2005
FAIRCHILD

I
SEMICONDUCTOR®

FAN5026
Dual DDR/Dual-Output PWM Controller

Circuit Description
QOverview

The FAN5026 is a multi-mode, dual channel PWM con-
troller intended for graphic chipset, SDRAM, DDR DRAM
ar ather low output voltage power applications in PC's,
WVGA Cards and set top boxes. The IC integrates a con-

Appll cations trol circuitry for two synchronous buck converters. The

output voltage of each controller can be set in the range
B DDR Vppg and Vor voltage generation  of 0.9V to 5.5V by an external resistor divider.

SFCT Fansozs Vi (BATTER)

<E FAMNS0D26 VEI_F?‘:HEE‘\'J
ILIMAA
[]_ ILIM1 ]_ VDG
S PWM 1 H =
j_ F PWH 1 Conrrs
= L4 1 =
s o ;
ILIM2!
REF2 F“G‘EJ'REF[
1 138V iy
PWM 2
= PWM 2
=
4
ILIMEREF2

Figure 1. Dual Output Regulator Figure 2 Typlcal Application

EX1041, pp.1-2, 9; see also id., pp.7-8 (similar).

In short, “dual buck converters” were an obvious design choice to simplify
the number of parts needed to supply multiple regulated voltages. EX1003, 4338.
An additional motivation to use dual buck converters, like those above, was that

the phases of the two voltages could be adjusted relative to each other, thus
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reducing any input “ripple” and improving performance. EX1003, 49342-343;
EX1041, p.9; EX1040, p.10; see also EX1047, 3:49-50, 4:7-10, 4:37-56, 5:4-13,
5:46-59 & Fig.2 (illustrating dual buck converter with Vout1=Vppq and Vout2=Vrr
and phase shifting).

Thus, Grounds 1A-1C teach claim 2.

In litigation, Netlist has pointed to a dual-phase buck converter (with a
single voltage output, i.e., Vpp) as a “dual buck converter.” EX1071, pp.41, 43;
EX1073, pp.49-50. This interpretation is not disclosed in the 918 Patent. EX1003,
345. In any event, a dual-phase buck converter would have been obvious given
that Harris specifically teaches using “multi-phase synchronous Pulse-Width
Modulated (PWM) controllers.” EX1023, q[0010]; see also EX1032, pp.161-64
(describing use of PWM controllers for buck converters). Such “multiphase buck
converter” circuits were known to provide several advantages, including “lower
ripple,” “higher current capability,” and “smaller size.” EX1050, 3:36-37, 2:19-20.
In light of Harris’s express teaching, it would have been obvious to use a dual-
phase buck converter (e.g., for Vpp) to reduce ripples and decrease the size of the
circuit, thus satisfying Netlist’s apparent interpretation for “dual buck converter.”
EX1003, 9346.

4. Claim 3
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Ground 1: Harris with JEDEC’s FBDIMM Standards

Voltage Mapping (A)
Vee / Vecreo [ Vooseo st . =
IZVF/IU{' VOCTAGE lr/][)s Vee 4 1 | d. Voo ! Vopa = 1.8V
FRON; I{.I' REGULATOR | v 2nd; VCC! Vecersp = 1.5V
EXTERNAL MODULE . | 1087 2 Vooa / Voor / Voo 3rd: Voo = 1.8V
;%gg'gg _-'f'ﬂ, [ ] vdd i 4th : Vppsep = 3.3V
32 v
| ORAM| _FORMM[ _ | DRAM | BUFFER Voltage Mapping (B)
HEst= o Y 1%: Voo / Vooa / VooL = 1.8V
1 2M: Ve = 1.5V
ey e 3rd: Vccren = 1.5V
MEM  NEXT th . =
JESDZOS CRL DoMd 4* : Vopseo = 3.3V
Voltage Mapping (C)
FBDIMM Specification: JESDS82-20 165 oy} o NS
DDR2 SDRAM Fully Buffered . nd - =
DIMM (FBDIMM) Design Specification | FBDIMM: 2™: Vee/ Vecreo = 1.5V
Advanced Memory Buffer (AMB) 3rd: \Vrr=0.9V
4t : \ppseo = 3.3V

March 2007
MARCH 2007
Grounds 1A-1C teach “claim 1, wherein the first voltage amplitude is 1.8
volts,” as shown below and discussed above (pp.14-19, 27). EX1003, 99348-353.

5. Claim 8
a) [8.a], [8.b], [8.b.1], and [8.b.2]

Grounds 1A-1C teach “claim 1, the plurality of components further
comprising: one or more registers [e.g., in Harris’s Buffer, to register incoming
signals and output them according to a clock signal, as shown in Figure 3 (below)]
coupled to one of the first, second, third and fourth regulated voltages [e.g., Vcc or
Vccersp, the “second” voltage, as discussed above (pp.14-19, 27)], the one or more
registers configured to register, in response to a clock [e.g., EX1023, §[0017] &
Fig.3 (below)], the first plurality of address and control signals [from [1.b] and
[1.i]].” EX1003, 94393-409.

Harris explains that the “buffer/logic component 112 is provided for
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buffering command/address (C/A) space as well as data,” EX1023, §[0009], which
a POSITA would understand involves “registers” for registering the address,
control, and data signals in response to a “clock” signal. EX1003, 9400; EX1027,
p.19 (describing the AMB Buffer as a “DIMM buffer” for “registering outbound
commands and data at output flops™). As discussed above (pp.22-25),
“commands” are sent using “control” signals, meaning they both are registered.
Harris also discloses that the Buffer uses “clock” signals, EX1023, 4[0017] & Fig.3

(below), which can be used by the “registers” in the Buffer. EX1003, q9401-402.

300

ad 306-)
= | ORAM |
= [ORAM ]

302 E
' = DRAME
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e
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310 %
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ﬂ ]
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FIG. 3

The use of “registers” in Harris’s Buffer in response to a “clock” is also

confirmed by the FBDIMM Standards, which describe an AMB Buffer (like

buffer 112 in Harris) that includes “registers” (red below), using the “SB Frame

Clock™ to register DDR address and commands and, (after decoding) forwarding
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those address and commands to another set of “registers” (blue below) which are

clocked by a “DDR 10 CMD Clock” for interfacing with the DRAM memory

devices:
Figure 2.1 — Delays Through an AMB
——— T — -—'E}i_mn Cmd Delay
AMB Cmd Delay TR
Ch DOR Command =66 s
58 Frame Clok —————{> e \
» B " B DRAM Clock J_ -“-.‘
Y \
_ DORIOCMD [ Vo
Olack ; 4
§1
5
E
=
Y
a ¥
f 3
e__Pj
I I
Q D__M[)ata_o‘_n DataJ /,f
| G— £ DQs i
B 0.
BufferFIFO ; //
NB Frame Clock — -
i _..eIﬁm_Dua_D:]ﬂ}-
& TAMB_I.}ala_D:Iay

EX1003, 9402; EX1027, p.16; see also id. pp.3 (showing “Cmd Out” to “DDR
10°s” provides “DRAM Address/CommandCopy1”), 7 (defining “Resample” and

“Resync” to use a “clock™), 19 (“FIFO write buffer....fills at half of the DDR data
rate, and empties at the DDR data rate), 20 (“Two sets, or copies, of DRAM

command and address output pins are provided for ... timing considerations.”), 59
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(showing registers, like the ones above, for “DRAM CMD/ADD”), 82 (“SCK””:
“AMB Clock”).

As discussed above (pp.14-19, 27), Harris discloses that Vcc (e.g., the
“second” voltage) is coupled to the Buffer (and thus the “registers”), e.g., EX1023,

910012] & Fig.1A, and the FBDIMM Standards confirm that both Vcc and Vecrsp

(e.g., another possible “second” voltage) are coupled to the input/output (I/O) for

the buffer (and thus the “registers™), as shown below. EX1003, 99403-405.

Power Supplies
VCC (24 pins) A |1.5V nominal supply for core IO
VCCFBD (8 pins) A |1.5V nominal supply for FBD high speed 10
VDD (24 pins) A |1.8V nominal supply for DDR 10
VSS (156 pins) A |Ground
VDDSPD A 3.3V nominal supply for SMB receivers and ESD diodes
EX1027, p.83.
Power/Ground Signals 213
Vee AMB Core Power (1.5 Volt) 24
VCCFBD AMB Channel I/O Power (1.5 Volt) 8
Voo AMB DRAM I/O Power (1.8 Volt) 24
Vooseo SPD Power (3.3 Volt) 1
Vss Ground 156
EX1028, p.30.
b)  [8.b.3]

Grounds 1A-1C teach “wherein the one of the first, second, third and fourth
regulated voltages [e.g., 1.5V for Vcc/Vecrsp, the “second” voltage, which powers

the input/output “registers” of Harris’s Buffer, as discussed immediately above] is
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selectively switched off to turn power off to the one or more registers [e.g., in S3
sleep mode for FBDIMMSs] while one or more components of the plurality of
components [e.g., the DRAMs] are powered on [e.g., with Vpp=1.8V (pp.14-19,
27) to refresh the data in the DRAMs during S3 sleep mode].” EX1003, 99410-
411, 414-420.

Harris can be implemented on an FBDIMM, EX1012, 4[0009], which a
POSITA would know has an “S3 sleep mode” to save power “in which the DIMMs
are put into a very lower power state, with the DRAMs in self refresh mode.”
EX1027, p.39; EX1003, q9414-415, 419. In particular, “in S3 power mode, all
command/address outputs, including CKE, ODT, CLK, and all other
command/address pins, will be driven low [i.e., they are not used, so there is no
need to “register” them].... 1.8V supply is on [i.e., for Vpp to the DRAMs, see
pp.14-19, 27]. 1.5V [i.e., for Vcc/Veersp to the I/O of the Buffer, see pp.14-19,
27], Vtt, and 3.3V are off. DRAMs are in self refresh [i.e., still powered on with
Vpp=1.8V], and the CKE signals must be driven low.” EX1027, p.21. Thus, a
POSITA would have known (and been motivated, with a reasonable expectation of
success) to selectively switch off power to the interface of the Buffer (including the
“registers” and corresponding analog circuitry), because that would provide an
enormous “power saving” opportunity. EX1033, 1:51-53, 9:57-60, 12:50-58; see

also EX1039, q[0065] (describing turning off AMB Buffer to conserve power). A
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POSITA would also have known that power to the “registers” could be turned off
either by turning off the relevant buck converter (to save maximum power) or with
a switch to selectively allow/prevent Vcc/Vecrsp from reaching the “registers” (to
avoid any delays with restarting the buck converter when power is turned back on).
EX1003, 9413; EX1056, Abstract, 3:5-11, 5:15-26 (“switch”), Fig.3.

6. Claim 14

Grounds 1A-1C teach “claim 8, wherein, in response to selectively switching
on [e.g., when S3 sleep mode discussed in [8.b.3] ends and “normal DRAM
transactions begin” again, EX1027, p.25] the one of the first, second, third and
fourth regulated voltages to the one or more registers [e.g., 1.5V for Vcc/Vecrsp,
the “second” voltage, which powers the input/output “registers” of Harris’s Buffer,
as discussed in [8.b.1]], the one or more registers is configured to output the
registered first plurality of address and control signals to the plurality of SDRAM
devices [e.g., as discussed in [1.1.2] and [8.b.2] for normal operation].” EX1003,
19462-466.

7. Claim 15

Grounds 1A-1C teach “claim 1, the plurality of components further
comprising: a logic element [e.g., logic in Harris’s Buffer] including one or more
integrated circuits [e.g., an integrated circuit within Harris’s Buffer, and an

integrated circuit, like an SPD, including non-volatile memory] and discrete
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electrical elements [e.g., resistors and/or capacitors to terminate voltages for
Harris’s Buffer], the one or more integrated circuit including an internal non-
volatile memory, wherein the non-volatile memory is configured to store
configuration information [e.g., S3 Recovery Configuration Registers as required
by S3 sleep mode, EX1027, p.25].” EX1003, 99468-476; see also id. 9435-437.

An FBDIMM, like Harris’s memory module, will “store configuration
information” in “non-volatile memory” before entering into S3 sleep mode.
EX1027, pp.25 (“The following CSRs [Control and Status Registers] should be
stored in non-volatile memory before entering S3 mode and restored before normal
DRAM transactions begin....”), 95-96, 141 (“S3RESTORE” registers).

Harris teaches that his Buffer has “/ogic” and thus is referred to as
“buffer/logic component 112.” EX1023, 4[0009]. A POSITA would have
understood this “logic element” to include “one or more integrated circuits,” such
as an integrated circuit within the buffer 112, and an integrated circuit like an SPD
(“Serial Presence Detect,” EX1028, p.105). Id.; EX1003, 9474. For example,

Harris illustrates the Buffer as a chip with integrated circuits in Figure 3:
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Memory
Controller
310
SMBUS>
316
CLK =
Source =
393/ \k 314

FIG. 3

EX1023, Fig.3. Furthermore, a POSITA would have understood that the “non-

volatile memory” can be implemented in the SPD device, separate from the

integrated circuit implementing the “AMB” Buffer, as shown below, where the

SPD is used to “store configuration information” in “the non-volatile memory’:

DQSs .
DQss
Das17
PNO-PN13 SNO-SN13 ]
PHND-PN13 SNO-SN13 o T ==
PS0-PS3 550559 RDQS Hogs CF PAsDas
FS0Pss Esp.E5e CBO—— 100
DQo0-Das3 A S0 -> CS (all SDRAMS) gg; o1 DS
CEO-CET M CKED -> CKE (all SDRAMSs) — o2
DQS0-DQS17 CB3—— 1103
Daso-Doss B CB4—— 104
scL ODT - ODT (all SORAMSs) CBS—— o5
ZDA BAQD-BA2 (all SDRAMs) CBE—— 1106
SA1-SA2 AQ-A15 (all SDRAMS) CBT—— /0 7
SAD —AM I RAS (all SDRAMSs)
= CAS (all SDRAMs)
RESET WE (all SDRAMS) )
SCKISCK CK/CK (all SDRAMS) Vrr | Terminators
Vee : l AMB
All address/commandicontroliclock ——pr— V1T Voosro o ES SPD, AMB
Notes: Serial PD Voo | l 1 D0-D8, AMB
1. DQ-to-I/O wiring may be changed within a byte. scL = SDA i | DO-DS
2. There are two physical copies of each address/command/con- WP AQ A1 A2 Bt J; 1
trol/clock - SAD SA1 SA2 Vss { 1 1| D0-D8,SPD,AMB

EX1028, p.13; see also EX1027, p.117 (“SPD EEPROM?” for storing settings);
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EX1066, 26:64-27:4 (describing storing configuration information in an SPD). In
the alternative, given that Vppsep is also supplied to the AMB Buffer (as shown
above right), it also would be obvious to a POSITA that the claimed “non-volatile
memory” could be contained in the Buffer, thus decreasing the number of
components, interfaces, and interconnections on the memory module, resulting in a
cheaper, faster, and more secure solution. EX1003, 9436; EX1066, 26:64-27:4
(describing in the alternative storing configuration information “on the buffer or
controller device”); EX1067, p.1-1 (FPGA logic with internal non-volatile
memory); EX1023, 99[0019] (discussing benefits of reduced pin count).

A POSITA would have also understood that the “/ogic element” in Grounds
1A-1C includes “discrete electrical elements,” such as resistors and capacitors.
EX1003, 9475. For example, Harris discloses interfaces on the Buffer, such as
bidirectional memory controller interfaces (114, 116), EX1023, q[0009] & Fig.1A,

which would include resistors and capacitors according to the FBDIMM Standards:
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PLL and Channel Bias

4 .8Gbps implementation

R L AMB
Vs AL YT VCCAPLL
|
- B PLLTSTO AMA e
| 1
; RpLLTsT
vce R ‘
#\\\ 8 VSSAPLL
: : R
3.2/4.0Gbps implementation? FBDRES
S A FBDRES

NOTE 1: There is no connection to ground from VSSAPLL.

NOTE 2: Users must ensure AMB requirements are met by their implementation. Example, in VCCAPLL
network, R implemented as copper trace serpentine may not achieve acceptable tolerances for all AMBs.
NOTE 3: VCC power delivery requirements (as specified for VCC balls) are assumed to be met at inputs of
VCCAPLL and FBDRES networks, not at VCCAPLL and FBDRES balls.

EX1028, p.43; id., pp.42-45. Furthermore, the voltages to and from the “/ogic
element” must be terminated, conditioned, and set as required to operate properly,

EX1003, 9475, and the FBDIMM Standards disclose that the voltages to the AMB

Buffer and/or SPD (e.g., V11, Vcc, Vbpsep, Vop) are terminated, conditioned, and
set using resistors and/or capacitors, EX1028, p.13 (bottom right figure).

8. Independent Claim 23

The limitations of claim 23 are substantially identical to earlier limitations,
as shown in the following table, and thus they are obvious in light of Grounds 1A-

1C for at least the same reasons discussed above:
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This limitation

...1s substantially similar

...and thus obvious for at least the

in claim 23... | to this limitation. .. same reasons above and as
discussed in EX1003:

[23.] [1.a] 9558-561 (19216-222)

[23.b] [1.b] 9562-565 (9223-231)

[23.c.1] [lg] 9566569 (19288-297)

[23.c.2] [1.h], [1.i.1], [1i.3], 9570-573 (19298-310, 318-323,

[8.5.1] 398-405)

[23.c.3] [1.i.2], [8.b.2] 9574-577 (1311-317, 406-409)
[23.d] [L.c], [1.d], [Le] 9578-581 (19232-280)

[23.c] [1.1] 9582-585 (9281-287)

[23.1] [8.b.3], [14] 9586-589 (9410-420, 462-466)
[23.¢] [14] 9590-593 (19462-466)

[23.h] [8.6.3] 9594-597 (9410-420)

3

A POSITA would have understood that, in S3 sleep mode, when the registers

are not powered and address and control lines are driven low as discussed in

[8.b.3], see EX1027, p.21, the result is that “the one or more registers are

configured to decouple the plurality of SDRAM devices from the first plurality

of address and control signals” as required by [23.h]. EX1003, 9597.
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B. Ground 2

Ground 2 renders obvious claims 1-30.

1. Ground 2 combination: Ground 1 + Amidi (EX1024)

Ground 2 combines Ground 1 (Harris with the FBDIMM Standards) with

Amidi (shown in blue below) as follows:

1004

104 § o= =S tmREs -
L V/ / : Power : \OI 106
L f—— - LTAGE A Vee
FROM | > management =~ REGULATOR
EXTERNAL : block i | MOUE [ 405/
VOLTAGE | 1 A0/
SOURCE : i L | | Vad | -
| Logic 5 L]
i E Ty |ORM| ORMt| Lok BUFFER
' ko] Battery : R LS 110-2 110-N |—> 112
:L I
va 115
MEM  NEXT
CTRL  DIMM
FIG. 14

EX1003, 99170-179. As explained below, Amidi teaches battery backup to provide
power to Harris’s memory module during a power disruption. The “Logic” of
Amidi (blue above) can detect power disruptions, switch to battery power, and
preserve data in the DRAMs by sending “self-refresh” commands.

A POSITA would have been motivated to combine Ground 1 with Amidi,
and had a reasonable expectation of success in doing so, because Harris recognizes

concerns with power reliability and proposes adding a “redundant” power source,
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EX1023, q9[0014, 16], Figs.1B, 2, while Amidi teaches such a redundant power

source (e.g., a battery on the memory module) for maintaining data during a power
disruption, EX1024, Abstract, 1:28-35, 2:6-26, 4:14-60, Figs.5-6, 14-15; EX1003,
19170-175. The “power management block™ of Amidi (above left, in blue) could
be modified easily to work with the FBDIMM memory module of Harris, as shown

in the annotated version of Figure 5 of Amidi below:

500 1
510
f—)

12V

System supply 18V |

520

12V

Power management block ooy SURPRRIRE..

540

Li-lon battery 4.2V |

530

FIG. 5
EX1024, Fig.5 (annotated with teachings of Harris); EX1003, q/171-172. Harris

teaches using a 12V external supply, EX1023, §[0012], so in the Ground 2
combination, it would have been obvious to a POSITA that the 12-volt external
supply (above left) is stepped-down with a buck converter to a 5-volt supply for

Amidi’s lithium-ion battery charger (EX1024, Fig.6 (620), not shown above), and
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Amidi’s battery voltage (e.g., 4.2 volts, above left) is stepped-up with a boost
converter to the 12-volt level used by Harris’s memory module (above right).
EX1003,99171-172. Indeed, Amidi expressly discloses that his “power
management block™ (Fig.5 above) uses “buck” converters to step-down voltages as
needed, see, e.g., EX1024, 4:38-40 & Fig.6 (640 “buck”), and “boost” converters
to step-up voltages as needed, id., 4:27-32 & Fig.6 (610 “boost”), as had long been
taught in textbooks, see, e.g., EX1058, p.3 (“buck,” “boost”); EX1032, p.161
(same).

Furthermore, Amidi’s battery backup mode is similar to the S3 power-saving
mode of Harris’s FBDIMM memory module discussed above (pp.45-46), providing
another motivation to combine Ground 1 with Amidi. Both modes put the
SDRAMs in a self-refresh state to preserve data while conserving power. Compare
pp.45-46, with EX1024, Fig.11, 2:16-19 (“Similarly, one may provide a process
which operates to ... maintain memory (through refresh, for example)”). Thus, a
POSITA would have been motivated to use the teachings of S3 mode in Ground 1
when implementing Amidi’s backup power supply and logic functionality.

EX1003, q173. Indeed, the S3 mode was described in the FBDIMM Standards for

the very purpose of saving power in all types of computers, including servers and
workstations. EX1027, p.39 (“very lower power state”); EX1028, p.9 (“FB-

DIMMs are intended for use as main memory when installed in systems such as
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servers and workstations.”).

Thus, a POSITA would have been motivated to implement Harris’s
FBDIMM memory module with the functionality of Amidi’s power management
and logic blocks for detecting power disruptions and switching over to battery
backup when needed. EX1003, q9/170-174. This straightforward modification of
Harris’s memory module in view of Amidi and the knowledge of a POSITA
simply uses a known technique (e.g., Amidi’s battery backup techniques) to
improve a similar device (e.g., Harris’s memory module) in the same way (e.g., to
provide a backup power supply using a battery). Id., §175. In addition, the
modification merely applies a known technique (e.g., providing a backup power
supply) to a known device (e.g., a memory module) that is ready for improvement
to yield predictable results (e.g., redundancy when the system supply or clock
fails). Id.

As summarized in the annotated figures below showing the combination for
Ground 2, Amidi’s “power management block™ (blue, below left) supplies the
voltages for Amidi’s logic and for Harris’s Voltage Regulator Module, which in
turns supplies the voltages for various components on the FBDIMM memory

module as specified by the FBDIMM Standards, including those listed below on

the right. EX1003, 9174-179.
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Ground 2: Ground 1 and Battery Backup of Amidi

Voltage Mapping (A)
1st: Voo / Vooa = 1.8V

100A

12v j 2" Vee/ Vecrsp = 1.5V
i
]
i

37 : VopL= 1.8V

104
12V / Vee / V;CFBD/ \/pDSPD 4th : Vppsep = 3.3V

_I_,L|_> Power

A6

VOLTAGE Vee

FROM management = REGULATOR 4

EXTERNAL block MODULE_| 108/
VOLTAGE

1
4

‘ —

! I

i

I i 0 4, Vooa / Voot / Voo Voltage Mapping (B)

i ! Vr Vdd - 1st: Voo / Vooa / Voo = 1.8V
SOURCE ! - ,J

: gic i T 2"d: Vec = 1.5V

E 0RAY ORAM o 0RAN BUFFER 3" : Veerep = 1.5V

! 110=1[7] 102 10-N 112 4* : Voppseo = 3.3V

1

i

-

1At S5 | Voltage Mapping (C)
1t: Voo / Voba / Voo = 1.8V
MEM  NEXT
CTRL DM 2nd: Vee f Vecrep = 1.5V
FIG. 14 3 Vir= 0.9V

4% : Vopsep = 3.3V

Voltage Mappings “A” to “C” (on the right, referred to as Grounds 2A-2C)
are simply different ways to apply the arbitrary labels “1st” through “4th” to the
voltages shown in red in the annotated figures. EX1003, 99174-179. Grounds 2A-

2C involve the same voltage mappings as Grounds 1A-1C above (pp.14-19, 27).

1d.
2. Claims 1-3, 15, 23

For claims 1-3, 15, and 23, Grounds 2A-2C have the same voltage mappings
as Grounds 1A-1C, and the addition of Amidi in Grounds 2A-2C does not negate
any of the arguments in Grounds 1A-1C for those claims, and thus Grounds
2A-2C invalidate those claims for at least the same reasons provided above
for Grounds 1A-1C. EX1003, 99215-353, 467-476, 557-597.

3. Claim 4

Claim 4 requires “claim 1, wherein the second, third, and fourth voltage

amplitudes are 2.5 volts, 1.2 volts, and 3.3 volts, respectively.” EX1003, 99354-
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358. As explained above (p.27), Harris discloses the range of 0.5V to 3.3V, thus
rendering the specific voltages of claim 4 within that range obvious under Federal
Circuit precedent.

Claim 4 is also obvious in light of the following voltage mapping, referred to

as “Ground 2D’:

Ground 2: Ground 1 and Battery Backup of Amidi

12v ;

1004

B -
12V I i
FROM/ / : Power ' VO ',106 Yee Vee / ﬁ;CFBD/ VDDsPD
\ management =# REGULATOR i
EXTERNAL | block E MO0 | g7 R V:Itage Mapping (D)
VOLTAGE ] R Y 4 1st: Vrr=1.25V
SOURCE ! — 1 Vdd —— 2": Vo / Voa = 2.5V
| _ :'_< | | —L # 3 : Vecrrea = 1.2V
i P | orw ORAM DRAM BUFFER 4th : Vppsep = 3.3V
! R 115 | it 1 I B 1 12
1 i r
1 M

A Fe-ne

MEM  NEXT
CTRL ~ DIMM

FIG. 14

Ground 2D involves the following voltage mappings assuming “DDR”
DRAM at 2.5V as taught by Harris, EX1023, 99[0002, 9] & Fig.1A, and consistent
with the JEDEC standard for “DDR” memory, EX1045, pp.1 (“VDD =...2.5V”),
7, 54.

. 1.25V for Vrr to the resistors, “DDR” DRAM (110-1 to 110-N

above), and “AMB” Buffer (112 above).

. 2.5V for Voo/Vope to the DRAM and Buffer.

. 1.2V for Vccrrca to Amidi’s logic (blue, above left), which could be a
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Xilinx FPGA with a 1.2V supply, see, e.g., EX1024, 2:12-16, 6:40-43;
EX1025, q[0037]; EX1042, p.2 (1.2V for Xilinx FPGA); EX1044,
Fig.8 (1.2V for FPGA); EX1043, p.1 (1.2V for FPGA); EX1003,
19278-279.
. 3.3V for Voosep to the Buffer and the SPD (not shown above).
See EX1003, 4179; EX1023, q9[0002, 9-10], FIG.1A; EX1045, pp.1, 7, 54 (below),

60 (VDD, VDDQ, VTT); EX1028, p.9 (VTTZO.S*VDD).

PARAMETER/COMDITION SYMBOL MIN MAX UNITS | NOTES
Supply Voltage (for devices with a nominal VDD of 3.3 V) VDD 3 36 Vv
Supply Voltage (for devices with a nominal VDD of 2.5 V) VDD 23 2.7 V
VO Supply Voltage vDDQ 23 2.7 vV
VO Reference Voltage VREF | 049wDDQ |051vDDa | WV
VO Termination Voliage (system) VIT | VREF-D04 | VREF+0.04 | WV

See also EX1042, p.2 (Vccrraa, labeled Vet below).

Spartan™-3/3E/3L Spartan™-1IE Spartan™-II Virtex™-5 Virtex™-4 Virtex-Il Pro™ Virtex™-II

o 1.2V 1.8V 2.5V 1.0V 1.2V 15V 1.5V
sl @0.2A-5A @0.2A-1.5A @0.2A-1A @0.2A-15A  @0.2A-20A @0.2A-20A @0.2A-20A

. 1.2V-3.3V 1.5V-3.3V 1.5V-3.3V 1.2V-3.3V 1.2V-3.3V 1.5V-3.3V 1.6\-3.3V
o @50mA-3A @50mA-0.5A @50mA-0.5A @50mMA-5A  @S0mA-3A @50mA-3A @50mA-3A

7 2.5V - i 25V 2.5V 25V 3.3V
i @50mA-0.3A @50mA-07A @50mA07A @50mA-0.3A @50mA-0.3A

See also EX1027, pp.32, 83 (Vpopsep=3.3V); EX1023, q[0017], FIG.3; EX1028,

p.15:
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Ground 2D also teaches claims 1-2 and 15 for substantially the same reasons

provided above for Grounds 1A-1C, except with the following voltage mapping:
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Voltage Mapping D (Grounds 2-3)
“first”: Vrr=1.25V
“second”: Voo/Vopo=2.5V
“third”: Vecrrga=1.2V
“fourth”: Vbpspp=3.3V

See supra pp.57-59. This voltage mapping satisfies all the limitations of claims 1-
2 and 15, including the specific voltage-related limitations below:
. [1.h] (SDRAM “coupled to the first regulated voltage”). See supra
pp.-57-59.
. [1.1.3] (Buffer coupled to both “second” and “fourth” voltages). Id.
. [1.1.4] (“second” and “fourth” amplitudes are different). /d.
. [2] (“first” and “third” configured to operate as a “dual buck
converter”). See supra pp.35-40 (explaining obviousness of “dual
buck converter”).

4. Claim 5

Grounds 2A-2D teach “claim 1, further comprising a voltage monitor circuit
[e.g., Amidi’s voltage supervisory block 665] configured to monitor a power input
voltage [e.g., system supply 605] received via a second portion of the plurality of
edge connections [see [1.b]]” and “produce a trigger signal [e.g., to switch to

battery power] in response to the power input voltage having an amplitude that is
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greater than a first threshold voltage [e.g., overvoltage protection].” EX1003,
19359-376.

Amidi’s “voltage supervisory block™ 665 (red, below) is a “voltage monitor
circuit” that can detect power disruptions, including undervoltage conditions such
as a power failure, and “produce a trigger signal” (670) to switch to battery power,
as shown in Figure 14. EX1024, 4:44-52, 5:25-43, 8:23-29, 9:8-12, Figs. 5, 6

(excerpted below), 14 (below), 15.

1
?._ 670
605 o
| e85
System Supply
Voltage

SUperviso
VREF | ek Y

675
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No No
1425 v
CLK collapse is 3.3V supply
detected? is <3.0v7
Yes
L 1450
No ) Go into clock and power fault detection
Memory in self-refresh state method state 1440
(Self-refresh + voltage switchover)

restored? cleared?

An (AND) type function of all input must be satisfied.
Exit clock and power fault detection method mode |~ 1490
(exit self-refresh and switch over to system power)

I FIG. 14

Additionally, Harris teaches both overvoltage and undervoltage protection of
“+/- 15%.” EX1023, §[0013]. Thus, in the combination of Ground 2, a POSITA
would have been motivated by Harris to include overvoltage protection (“amplitude
that is greater than a first threshold voltage”) in Amidi’s “voltage monitor circuit”
shown above, with a reasonable expectation of success. EX1003, 99368-374.
Indeed, such circuitry for both overvoltage and undervoltage protection was well

known and commercially available:
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&Nutional Semiconductor

LMC6953
PCIl Local Bus Power Supervisor

DC Electrical Characteristics
Unless otherwise specified, all boldface limits guaranteed for T; = 0°C to 70°C, Vpp = &V, RpuLLup = 4.7 k2 and Cgxt
0.01 uF. Typical numbers are room temperature (25°C) performance.

Symbol Parameter Conditions Min Typ Max Units
VHs Vpp Over-Voltage Threshold (Note 4) 5.45 5.6 5.75 \
Vis Vpop Under-Voltage Threshold (Note 4) 4.25 4.4 4.55 \
VH3.3 3.3V Over-Voltage Threshold (Note 5) 3.8 3.95 4.1 Vv
Vi3s3 3.3V Under-Veltage Threshold (Note 5) 2.5 265 2.8 v

EX1063, pp.1-2; see also EX1061, p.15 (Analog Device circuit for “undervoltage”
and “overvoltage” detection); EX1062, p.15 (same); EX1065, Abstract, §4[0014,
18-19], Figs.1, 5 (similar).

5. Claim 6

As explained directly above for claim 5, Grounds 2A-2D also teach
undervoltage protection, as required by claim 6: “claim 5, wherein the voltage
monitor circuit is further configured to produce the trigger signal in response to
the power input voltage having a voltage amplitude that is less than a second
threshold voltage.” EX1003, 49377-384.

6. Claim 7

Grounds 2A-2D teach “claim 6, wherein the second threshold voltage

corresponds to a voltage level that is ten percent less than a specified operating
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voltage [e.g., 12 volts for Harris’s external supply 104].” EX1003, 99385-392. The
claimed threshold of “fen percent” is within the range of thresholds disclosed in the
prior art, and thus obvious under Federal Circuit precedent discussed above (p.27).
In particular, Harris teaches a threshold of “+/-15%,” EX1023, q[0013], so under
Federal Circuit precedent, any threshold in the range of 15% under to 15% over
would have been obvious. Furthermore, Amidi teaches an undervoltage threshold

of 5% (below), making the range of 5% under to 15% under even more obvious.

EX1003, 9390.

1
@._ 670
605 A
675 | 685
System Supply R
Voltage
VREF=1.71V (%5 supgm%ow
of 1.8V SUPPLY) . VREF , block
875

EX1024, 4:44-55, Fig.6 (675). A POSITA would have understood that a tolerance
around 10% provided a reasonable compromise between the risk of losing data, or
damaging devices, from too high a tolerance, and of unnecessary interruptions
from too low a tolerance. EX1003, 9390. Indeed, thresholds around 10% for

undervoltage and/or overvoltage were known, as shown by Amidi, the FBDIMM

Standards, and commercially available products:
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cleared?

restored?

An (AND) type function of all input must be satisfied.
Exit clock and power fault detection method mode |~ 1490
(exit self-refresh and switch over to system power)

I FIG. 14

EX1024, 8:23-36, Fig.14.

Table 4.2 — Advanced Memory Buffer Normal Mode DC Electrical Parameters

Parameter Units Min Typ Max
Ve link / core 0kHz - 30kHz Volts 1.455 1.5 1.575
VoD Volts 1.7 1.8 1.9
VDDsSPD Volts 3.0 3.3 3.6
EX1027, p.32.
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&Nutional Semiconductor

LMC6953
PCIl Local Bus Power Supervisor

DC Electrical Characteristics
Unless otherwise specified, all boldface limits guaranteed for T; = 0°C to 70°C, Vpp = &V, RpuLLup = 4.7 k2 and Cgxt
0.01 uF. Typical numbers are room temperature (25°C) performance.

Symbol Parameter Conditions Min Typ Max Units
VHs Vpp Over-Voltage Threshold (Note 4) 5.45 5.6 5.75 \
Vis Vpop Under-Voltage Threshold (Note 4) 4.25 4.4 4.55 \
VH3.3 3.3V Over-Voltage Threshold (Note 5) 3.8 3.95 4.1 Vv
Vi3s3 3.3V Under-Veltage Threshold (Note 5) 2.5 265 2.8 v

EX1063, pp.1-2; see also EX1061, p.15 (programmable under- and over-voltage
protection over a range, including 10%).

7. Claims 8, 14

Grounds 2A-2C render obvious claims 8 and 14 for at least the same reasons
provided for Grounds 1A-1C above (pp.41-46). In addition, Amidi in the
combination for Grounds 2A-2C further renders obvious [8.b.3] by teaching that,
in a power failure, the system address and control signals are disconnected from
the memory module, and the SDRAM are controlled by a state machine that
generates refresh commands, EX1024, 7:24-34, Fig.12 (below), providing an
additional motivation to “turn power off to the one or more registers” since there
would not be any address or control signals to “register” during the power failure,

and doing so would extend the battery backup power. EX1003, q9412-413.
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8. Claim 9

As explained for claims 5 to 7 above (pp.60-66), Grounds 2A-2D also teach

overvoltage protection with a 10% threshold, as required by claim 9: “claim 5,

wherein the first threshold voltage corresponds to a voltage level that is ten percent

greater than a specified operating voltage.” EX1003, 99421-426.
9. Claim 10

Grounds 2A-2D teach “claim 5, the plurality of components further
comprising: a logic element [e.g., logic in Harris’s Buffer] including a non-volatile
memory, the non-volatile memory is configured to store configuration information

[e.g., S3 Recovery Configuration Registers as required by S3 sleep mode, EX1027,
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p.25].” EX1003, q9427-438. These limitations of claim 10 are also found in claim
15, and thus Grounds 2A-2D teach claim 10 for substantially the same reasons that
Grounds 1A-1C teach claim 15 as discussed above (pp.47-50).

10. Claim 11

Grounds 2A-2D teach “claim 10, wherein, in response to the trigger signal

[see claim 5, e.g., from a power disruption], the logic element writes information
into the non-volatile memory [e.g., S3 configuration information as discussed
above in claims 10 and 15, to allow sleep mode, thus conserving power during
Amidi’s battery backup mode].” EX1003, 99439-443. As discussed above (p.54),
Amidi’s battery backup mode is similar to the S3 power-saving mode of Harris’s
FBDIMM memory module, because both modes put the SDRAMs in a self-refresh
state to preserve data while conserving power. Compare pp.45-46, with EX1024,
Fig.11, 2:16-19 (“Similarly, one may provide a process which operates to ...
maintain memory (through refresh, for example)”). Thus, in the event of a power
disruption causing a “trigger signal,” a POSITA would have been motivated to use
the S3 sleep mode discussed above in claim [8.b.3] (pp.45-46) to conserve power
during Amidi’s battery backup mode, and as discussed in claims 10 (p.67) and 15

(pp-47-50), S3 sleep mode requires writing S3 configuration information

“into the non-volatile memory” before going to sleep. EX1003, 9442.

11. Claim 12
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a) [12.a] and [12.b]
As discussed above for claims 10-11 (pp.67-68) and claim 15 (pp.47-50),
Grounds 2A-2D teach “claim 3, the plurality of components further comprising: a
non-volatile memory, and....” EX1003, q9444-452.

b  [12.c]

Grounds 2A-2D further teach, at least under Netlist’s apparent interpretation
of the claim, EX1071, pp.39-46; EX1073, pp.46-63, “a controller [e.g., in Harris’s
buffer] configured to receive the trigger signal [see claim 5, e.g., from a power
disruption], wherein, in response to the trigger signal, the controller performs a
write operation to the non-volatile memory [e.g., S3 configuration information is
stored in non-volatile memory before entering S3 sleep mode, as discussed for
claim 11 (pp.68-68)].” EX1003, 99453-456.

12. Claim 13

Grounds 2A-2D teach “claim 5, wherein the power input voltage [e.g., 12V]
is coupled to the first, second, and third buck converters and the converter circuit
[e.g., in Harris’s voltage regulator module 102, as shown below and discussed
above for [1.c]-[1.f] in Grounds 1 and 2 (pp.26-31, 52-60) when the power input
voltage is in the normal operating range as discussed for claim 5 (e.g., no power

failure detected)].” EX1003, q9457-461.
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Ground 2: Ground 1 and Battery Backup of Amidi
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13. Claims 16-22, 24-30

Claims 16 and 30 add a new limitation, “pre-regulated input
voltage,” discussed below (pp.73-75), but otherwise Grounds 2A-2D render
obvious claims 16-19 and 21-22, and Grounds 2A-2C render obvious
claims 20 and 24-30, for at least the same reasons discussed above, because
these claims have limitations substantially identical to earlier limitations, as
shown in the following table:
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This ...1s substantially similar | ...and thus obvious for at least the

limitation. .. to this limitation... same reasons above and as
discussed in EX1003:

[16.a] [1.a] 19478-480 (Y9216-222)

[16.b] [1.b] 19481-483 (99223-231)

[16.c] [1.c]-[1.e]* 19484-490 (991232-280)

[16.d.1] [1.f], [16.c] 19491-493 (14281-287, 484-490)

[16.d.2] [1.c]-[1.1] 19494-496 (99232-287)

[16.e] [1.g]-[1.h] 19497-499 (99288-303)

[16.f] [5.a]-[5.b]° 19500-503 (44360-376)

[17] [2]° 19504-510 (99328-347)

4

5

With respect to “pre-regulated input voltage” in [16.c], see pp.73-75.

The “power input voltage received via a second portion of the plurality of edge
connections’ in [5.b] corresponds to the “input voltage received via a first
portion of the plurality of edge connections” in [16.1].

Claims 2 and 17 both require two buck converters that “are configured to
operate as a dual buck converter.” Claim 2 recites the “first and third buck
converters,” while claim 17 recites “the second and third buck converters,” but

the invalidity arguments are similar either way. EX1003, 99504-510.
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This ...1s substantially similar | ...and thus obvious for at least the

limitation... to this limitation... same reasons above and as
discussed in EX1003:

[18.a] [16.a] 19512-514 (991478-480)

[18.b] [12.c] I9515-518 (991453-456)

[19] [12.c] 19519-523 (941453-456)

[20] [1.h], [3] 19524-528 (14298-303, 348-353)

[21.a] [16.a] 19530-532 (9414 78-480)

[21.b.1] [1.i.1] 99533-536 (44)304-310)

[21.b.2] [1.i.2] 19537-540 (Y9311-317)

[21.b.3] [1.1.3] 19541-544 (99318-323)

[21.b.4] [1.1.4] 9545-548 (99324-327)

[22.a] [16.a] 19550-552 (4414 78-480)

" In[1.1.2], “a first plurality of address and control signals via the first portion of

the plurality of edge connections” corresponds to “a first plurality of address

and control signals via a second portion of the plurality of edge connections” in

[21.b.2].
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This ....is substantially similar | ...and thus obvious for at least the

limitation... | to this limitation. .. same reasons above and as
discussed in EX1003:

[22.b] [10.b], [15.b]° 19553556 (9432-438, 472-476)

[24.a] [23.a] 19599-600 (19558-561)

[24.b] [5.b] 19601-604 (19363-376)

[25.a] [24.a] 19606-608 (19599-600)

[25.b] [12.c] 19609-613 (19453-456)

[26] [12.c] 19614-618 (9453-456)

[27] [6] 19619-623 (19377-384)

[28] [17] 19624-628 (19504-0)

[29] [20] 19629-633 (19524-528)

[30] [1.c]-[1.],[13],[16.c]- | 79634-638 (19232-287, 457-461,

[16.d.1] 484-493)

For [16.c] and 30, to the extent a “pre-regulated input voltage” can be

8

In [22.b], “the configuration information [e.g., S3 configuration information
stored in the non-volatile memory in the logic element as discussed in [10.b]
and [15.b]] is used to program the logic element” because the S3 Configuration

Registers are programmed and used to restore state when exiting S3 sleep

mode. EX1003, 4556; EX1027, pp.25, 39, 141.
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satisfied by the “input voltage” of [16.f] being within pre-determined limits, as
suggested by Netlist, EX1071, p.43; EX1073, pp.49-50, Harris teaches that by
disclosing an input voltage of 12 volts “+/- 15%” which can be “regulated.”
EX1023, q9[0013-14]; EX1003, q9487-488. To the extent the “pre-regulated input
voltage” must be a voltage pre-regulated on the memory board itself, EX1001,
28:53-58, Amidi (in the combination for Ground 2) teaches a boost converter in the
“power management block” that converts (and thus pre-regulates) the battery
voltage to an output of 12 volts, as shown in the annotated figures below and as
discussed above (pp.52-56). EX1003, 9489; EX1032, p.161 (explaining that
switch-mode converters, including boost converters, “convert the unregulated dc
input into a controlled dc output at a desired voltage level”). Furthermore, it would
have been obvious to include a power regulator in the “power management block™
that ensures a pre-regulated output voltage of 12V given Harris’s teaching that the
external supply voltage may be “unregulated,” EX1012, §[0014], and to allow
compatibility with external supply voltages other than 12V, EX1023, 4[0020];

EX1032,p.161. EX1003, 9489.
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Ground 2: Ground 1 and Battery Backup of Amidi

12v ;

1004

B S H
12V I i
FROMK / : Power ' Vo r,105 Yoo Vee / ﬁ;cnao/ VDDsPD
H management = RECULATOR i
EXTERNAL | block tLMOE [T057 ] vooa / Voo V‘:'tage Mapping (D)
VOLTAGE : R /4 1%t: Vir=1.25V
SOURCE : Veccrraa | Vir Vdd - 2nd: Vpp / Vobg = 2.5V
i Logic - f ! | # 3rd: Veerpea = 1.2V
! R L R DRAH BUFFER 4t : Vopseo = 3.3V
1 . Ho-1~juo-2~ - 0 - 110-N 12
i i [
i 118
MEM  NEXT
CTRL  DIMM
FIG. 14
C. Ground3

Ground 3 renders obvious claims 1-30.

1. Ground 3 combination: Ground 2 + Hajeck (EX1038)

Ground 3 combines Ground 2 with the teachings of Hajeck, which discloses
a “voltage detection circuit 48” for detecting both undervoltage and overvoltage
anomalies in memory subsystems. EX1038, 3:30-40, Fig.1; EX1003, q9180-187.

Hajeck is analogous art to Harris and Amidi in Ground 2 as all relate to memory

subsystems in general and protecting against power disruptions in particular.
EX1003, q182. A POSITA would have been motivated to combine Ground 2 with
Hajeck, and had a reasonable expectation of success in doing so, because Amidi
discloses providing battery backup upon detecting undervoltage anomalies,
EX1024, 4:44-53, and Harris teaches the need to detect both undervoltage and
overvoltage anomalies beyond a “15%” threshold, EX1023, 4[0013], and Hajeck

teaches how to detect both undervoltage and overvoltage anomalies to avoid data
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loss, EX1038, 1:10-31, 3:30-40, 4:62-65, consistent with techniques that were
already well-known, see, e.g., EX1065, Abstract, §4[0014, 18-19], Figs.1, 5;
EX1063, pp.1-2; EX1061, p.15; EX1062, p.15. Thus, a POSITA would have
looked to Hajeck’s teachings related to overvoltage anomalies when implementing
Amidi’s voltage supervisory block in Ground 2 so that it detects both undervoltage
and overvoltage anomalies. EX1003, 44185-187.

The teachings of Hajeck do not affect any of the voltage mappings in Ground
2, and thus the voltage mappings for Grounds 3A-3D are the same as those for
Grounds 2A-2D above (pp.27, 60, 55-56).

2. Claims 1-30

Ground 3 renders obvious claims 1-30 for at least the same reasons provided
above for Ground 2 (pp.56-75). To the extent one were to argue that Ground 2
fails to teach overvoltage protection as required by [5.b] (“the power input voltage
having an amplitude that is greater than a first threshold voltage”) and as
discussed above (pp.60-63) — and required by claims 6-7, 9-13, [16.1], 17-22, 24-
27 — such overvoltage protection was obvious in light of Hajeck in the
combination for Ground 3. EX1003, 49375-376. As explained above for the
combination of Ground 3 (pp.75-76), a POSITA would have looked to Hajeck’s
teachings about overvoltage anomalies when implementing Amidi’s voltage

supervisory block to detect both undervoltage and overvoltage anomalies. EX1003,
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19185-187. In particular, in the combination for Ground 3, Amidi’s voltage
supervisory block would be modified to detect voltage anomalies and switch to the
backup power not only “[i]f system supply 605 has a magnitude lower than
reference voltage 675 as disclosed by Amidi (EX1024, 4:44-52), but also “when
the voltage exceeds a certain level” as taught by Hajeck (EX1038, 3:30-43; see also
id. Abstract, 1:10-18, 1:28-31, 1:62-2:7, 3:30-4:9, 4:62-65, Fig. 1). Thus, Ground 3
further teaches both overvoltage and undervoltage detection and protection, further
rendering obvious claims 5, 16, 24, and their dependents (6-7, 9-13, 17-22, and 25-
27). EX1003, 99375-376, 383-384, 425, 503, 604.

D. Ground 4

Ground 4 renders obvious claims 1-30.

1. Ground 4 combination: Spiers (EX1025) + Amidi (EX1024)

Ground 4 1s based on Spiers in view of Amidi, implemented with DDR2 or

DDR3 SDRAMSs as follows:
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Ground 4: Spiers in view of Amidi, with DDR2 or DDR3 DRAMs

152
144
l Voltage Mapping (A) for DDR3
1%*: Voo/Vooa to DRAM = 1.5V
|
156 EAGREE TN J 2": Vccrpea to FPGA Core = 1.8V
[ INTERFACE POWER 3 : V7 to Terminate DRAM Bus = 0.75V
SUPPLY 4th ; Vee to NV Memory / Veco to FPGA 1/0 = 3.3V
Vecrra [ Veco

—

160 \{ PROCESSOR | Vee Voltage Mapping (B) for DDR2

~—— 168 3 : V11 to Terminate DRAM Bus = 0.9V

1%t : Voo/Vopa to DRAM = 1.8V
\ / \ \ 2" : Veerpoa to FPGA Core = 1.8V

- \;,lcéﬁ;:é\g ‘!ONL%:I}-LE 4th : Vec to NV Memory / Veco to FPGA 1/0 = 3.3V
MEMORY
¥ T Voltage Mapping (C) for DDR2
- &2 Voo 7 Voo 1%t : Voo/Vooaq to DRAM = 1.8V
:|_'; k 164 2": Vecrpoa to FPGA Core = 1.8V
i Vrr 3 : Vec to NV Memory = 3.3V
FIG 4 4% : Veco to FPGA 1/O =3.3V

EX1003, 99188-206; EX1025, Fig.4.

Spiers is remarkably similar to the 918 Patent: in the event of a power
disruption, both teach transferring data from the volatile (SDRAM) memory
(yellow) to the non-volatile (NAND flash) memory (green), as discussed
previously (pp.5-7, 13-14). Amidi is analogous art that is similarly directed to
providing backup capabilities to memory modules in the event of power
disruptions, as discussed above (pp.12-12). A POSITA would have been motivated
to consult Amidi’s disclosure when implementing Spiers to learn specific
implementation details, such as specific type of SDRAM devices and voltage
regulators. EX1003, 9196-200.

For example, Spiers teaches using volatile SDRAM devices in general,

EX1025, q[0010], Fig.5 (190), while Amidi specifically discloses DDR SDRAM
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devices, EX1024, claims 4-5. A POSITA would have been familiar with the
JEDEC standards for DDR2 (EX1026) and DDR3 (EX1046) SDRAMs, which
specify particular voltages required for those memory devices. EX1003, q198-
200. Indeed, DDR SDRAM (like NAND flash) was “off-the-shelf...commercially
available.” EX1064, 990032, 29, 36-37]. Thus, a POSITA would have been
motivated to implement Spiers with DDR2 or DDR3 SDRAMs powered according
to the relevant standards, and had a reasonable expectation of success when using
such well-known, standardized technology. EX1003, 4198-200.

Ground 4, as summarized in the annotated figure above (p.78), includes
DDR2 or DDR3 SDRAMs with the standard voltages below, and thus a POSITA
would have been motivated to implement Spiers’s Power Supply (168 above, blue)
to supply these voltages. EX1003, 99200-206.

. DDR3:

o 1.5V for Voo/Vbpo to DDR3 SDRAM (160, yellow). EX1046,

p.10:
Vbpa Supply DQ Power Supply: 1.5V +/-0.075 V
Vssa Supply DQ Ground
Vop Supply Power Supply: 1.5V +/-0.075 V
Vgg Supply Ground
VREFDQ Supply Reference voltage for DQ
VREFCA Supply Reference voltage

o 0.75V for Vrr to resistors and DDR3 SDRAM. /d., p.109

(“VTTZVDDQ/ 2”).
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. DDR2:

o 1.8V for Von/Vbpg to DDR2 SDRAM (160, yellow). EX1026,

pp.6-7:
Vbba Supply DQ Power Supply: 1.8V +/- 0.1V
Vssa Supply DQ Ground
VopL Supply DLL Power Supply: 1.8V +/- 0.1V
VsspL Supply DLL Ground
Vpp Supply Power Supply: 1.8V +/- 0.1V
Vgg Supply Ground
VREF Supply Reference voltage

o 0.9V for Vrr to resistors and DDR2 SDRAM. Id., p.71
(“V1r=VbD/2"7).

. 3.3V for Vcc to non-volatile memory (164, green). EX1025, 4[0037],
Fig.5 (184, “3.3V”); EX1049, p.38.

. 3.3V for Vcco to input/output of the Processor (156, red), which could
be implemented using an FPGA according to Spiers. /d.; EX1042,
pp.2, 16.

. 1.8V for Vccrraa to the core of the Processor (156, red). EX1025,
910037], Fig.5 (206, “1.8V”); EX1042, pp.2, 16 (labeled Vccnr).

See also EX1028, p.68:
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Net Structure Routing for Address/Command to SDRAM (Raw Cards B, C)

AMB Output to SDRAM Load

1 D only
Variation #2 |

T ) 1 Donly i |\ Donly
| SDRAM || | SDRAM |' | SDRAM |

! E |
LA //T/ | TLa /’_/ | L3 /,/
-~ - -~ // -~ -

TLO /6, o TL4 /6/ TL4 .f‘; ~ TL4
AMB Qutput £) ) )3 03 'w ) D,
\0 TL4 ok

TL2 ~
T “j\\ e
. G OO .
Lt e LR memen
"] SDRAM | | SORAM |
L D anly ————— ' Donly
| D only I | | D only
SDRAM ‘ SDRAM \\
\’»\ Ta—I N~ M3
\\ \_\ e,
& TLS \“‘\{‘\- TL4 ~Q TL4
Vi n —c -
A TL4 A
el /)‘ i
// TL3 /’ TL3
SDRAM SDRAM [
D anly L ! Denly

In the annotated figure for Ground 4 above (p.78), Voltage Mappings “A” to
“C” (on the right) are simply different ways to apply the arbitrary labels “Ist”
through “4th” to the voltages shown in red in the annotated figure. EX1003,
19201-206.

Below, Ground 4A refers to Ground 4 above with Voltage Mapping “A,”
while Grounds 4B and 4C refer to Ground 4 above with Voltage Mappings “B”
and “C,” respectively. Id.

2. Independent Claim 1

a) [1.a]

To the extent the preamble is limiting, Grounds 4A-4C teach “/a] memory

module comprising [e.g., Spiers’s backup device 144 (below) implemented in a
PCI card including volatile memory (SDRAMs 190, yellow) and non-volatile

memory (NAND Flash 194, green), and configured to store data in a memory
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system].” EX1003, §9643-646; EX1025, §9[0034, 37], Figs. 3, 5.
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b) [Lb]

Grounds 4A-4C teach “a printed circuit board (PCB) [PCI card of backup
device 144, above] having an interface [64-bit PCI card connector 172, orange
above] configured to fit into a corresponding slot connector of a host system [e.g.,
“5 volt” PCI Board Connector, below], the interface including a plurality of edge
connections [orange above].” EX1003, q9647-654; EX1025, Fig.5 (above);
EX1031 (PCI standard), pp.114 (below), 152, 298.

"5 volt” Board "3.3 volt" Board
I/O buffers powered on I/O buffers powered on

L‘ 5 volt rai|{‘ L‘ : 3.3 volt rail ’—‘

‘ Dual Voltage Signaling Board ’
I/O buffers powered on
connector dependent rail

#/H N Y

"5 volt" Connector "3.3 volt" Connector

Figure 4-1: PCI Board Connectors

Grounds 4A-4C also teach that the “edge connections” are “configured to
couple power, data, address and control signals between the memory module and
the host system”: The PCI connector 172 has “edge connections configured to
couple power,” including a +5V power supply monitored by +5V PCI detector

202. EX1003, 9651; EX1025, §9[0037, 54]; EX1031, pp.146-50. The “64-bit PCI

bus” “edge connections” of connector 172 also couple “data, address and control
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signals” with read or write commands from the host. EX1003, 49652-654;

EX1025, 9[0037, 39], Figs. 9-11; EX1031, pp.1, 7 (Fig. 2-1, below), 10, 21-25

(below).
Required Pins Optional Pins
\(< AD[31::00] | ADIe3:32) > |
Address 5\ v 7 \ 7 /
& Data [(_cmEp:0 _ CBE[4p ) | 64Bit
L < PAR N — "‘.\ Extension
¢ REQ64# S J
\( PCl < ACKedt N
Interface | ) Interface

Control |

\

INTA# N

INTB# |
INTC# L Interrupts

INTD# ; j

< FRAME#
< TRDYE S
< RoY# 5] COMPLIANT
< sore Sl pEVICE [0 > Scontol
4|D_S.EL%
PERR#

Error ¢

Reporting 1< SERRE S
vy 'S %REQ#i
Arbitration g GNT# >

¢ 1Dl
(masters only)  C % \j
% L JTAG
ALKH 0
System % i J) + ) (IEEE 1149.1)
) <2

Figure 2-1: PCI Pin List
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3.1.1. Command Definition

PCI bus command encodings and types are listed below, followed by a brief description
of each. Note: The command encodings are as viewed on the bus where a "1" indicates
a high voltage and "0" is a low voltage. Byte enables are asserted when "0".

C/BE[3::0]# Command Type
0000 Interrupt Acknowledge
0001 Special Cycle

0010 /O Read

0011 1/0O Write

0100 Reserved

0101 Reserved

0110 Memory Read

0111 Memory Write

1000 Reserved

1001 Reserved

1010 Configuration Read
1011 Configuration Write
1100 Memory Read Multiple
1101 Dual Address Cycle
1110 Memory Read Line
1111 Memory Write and Invalidate

c) [1.c] to [1.f]

Grounds 4A-4C teach “a first buck converter configured to provide a first
regulated voltage having a first voltage amplitude [*“1st”/*first” below]; a second
buck converter configured to provide a second regulated voltage having a second
voltage amplitude [“2nd”/“second” below]; a third buck converter configured to
provide a third regulated voltage having a third voltage amplitude [*“3rd”/*third”
below]; a converter circuit configured to provide a fourth regulated voltage having
a fourth voltage amplitude [*“4th”/“fourth” below],” when backup device 144 is
implemented with DDR3 or DDR2 DRAMSs as shown in Voltage Mappings A and

B-C, respectively, below:
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Ground 4: Spiers in view of Amidi, with DDR2 or DDR3 DRAMs

152

[

144

BACKUP DEVICE

[ INTERFACE

Vecrra [ Veco
e

POWER
SUPPLY

160 H PROCESSOR | l\fL

N

J

— 168

oo / Vooa

k 164

NON-
— MEMORY VOLATILE
MEMORY
| [ _*& \
£
; Vi

FIG.4

See supra pp.78-81; EX1003, q9655-700.

Voltage Mapping (A) for DDR3

1%*: Voo/Vooa to DRAM = 1.5V

2™ : Vecrpea to FPGA Core = 1.8V

3 : V1t to Terminate DRAM Bus = 0.75V

4th ; Vee to NV Memory / Veco to FPGA 1/0 = 3.3V

Voltage Mapping (B) for DDR2

1%t : Voo/Vopa to DRAM = 1.8V

27 : Vecrpoa to FPGA Core = 1.8V

3 : V7 to Terminate DRAM Bus = 0.9V

4th : Vec to NV Memory / Veco to FPGA 1/0 = 3.3V

Voltage Mapping (C) for DDR2
1%t : Voo/Vopa to DRAM = 1.8V
2™ : Vccrrea to FPGA Core = 1.8V
3 : Vec to NV Memory = 3.3V
4th : Veco to FPGA 1/O = 3.3V

Voltage Mappings (Grounds 4-5)

A B C
“first”: Vop/Vbpe=1.5V Vbp/Vope=1.8V Von/Vopo=1.8V
“second”: Veerrga=1.8V Veerrga=1.8V Vecerrga=1.8V
“third”: V11=0.75V V=09V Vec=3.3V
“fourth’: Vce or Veco = 3.3V Vee or Veco = 3.3V Veco=3.3V

Id. Grounds 4B-4C have “voltage amplitude[s]” that are the same, consistent with

Netlist’s broad interpretation of the claim, EX1071, p.43; EX1073, pp.49-53, while

Ground 4A does not, consistent with a narrower interpretation. Furthermore, given

that Grounds 4A-4C disclose a range of voltages, any specific voltage
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combinations within that range are obvious under Federal Circuit precedent
discussed above (p.27).

Spiers discloses that the PCI card monitors and uses the “+5 volt” power
supply of the PCI bus to power components of the card, including the SDRAM
devices (190, 218) requiring power supply voltages, such as Vpp/Vbpq (“first
regulated voltage’) with amplitudes depending on the specific SDRAM type
(DDR2, DDR3, etc.) as discussed above (pp.79-81). EX1003, 99655-661, §9693-
694; EX1025, (0037, 54], Figs. 5, 14. A POSITA would have also recognized
that a Vrr termination voltage (“third regulated voltage” in mappings A and B),
whose amplitude is half of Vpp/Vbpq as discussed above (pp.79-81), is also
required for communicating with the DRAM devices, just like in an FBDIMM

design. EX1003, q9680-684; EX1025 Fig. 9, 99[0037, 46]; EX1028, p.68 (below).

Net Structure Routing for Address/Command to SDRAM (Raw Cards B, C)

AMB Output to SDRAM Load - ' D only L " Donly [ Denly
Variation #2 | |\ | Iy | S
SDRAM || | SDRAM |. it SDRAM |
T~ TT A~ T3 _—~" !
// f/ z" ~ - f’r
-~ - o~
TLO /@ TL4 f;;, g TL4 /, TL4
AMB Output ') ) ) 3 £ =0 ) I,
. e
T2 - TL4 AN
. \\
TL3 v\\ TL3 w\
SDRAM | | SDRAM
' D only E. 0 anly
______ D onty -—|------.:Donl',’
SDRAM SDRAM |/
L T3’ :\\."\ TL3
R1 s \“\/B‘\\ L4 ~3 TL4
Vrr A 4 L= ~(_§ ':;\_(_C
/,(‘j;' TL4 55 /“’;.
Y ("o
: — 113 R i -
| sSDRAM 7 SDRAM
L Dony D only

Spiers further discloses a voltage regulator 206 which provides
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Veerra=1.8V regulated power to the FPGA core (“second regulated voltage”).
EX1003, 99670-673; EX1025, q[0037], Fig. 5 (below, left). A POSITA would
have also understood that different FPGAs had different voltage requirements for

the FPGA core. EX1042, p.2 (labeled Vccmwt below, right).

5
REG Spartan™-3/3E/3L Spartan™-IIE Spartan™-II Virtex™-5 Virtex™-4 Virtex-Il Pro™ Virtex™-II
1.3¥ L 1.2V 1.8V 25V 1.0V 1.2V 15V 1.5V
FEGh Veaint @0.2A5A @0.2A-1.5A @0.2A-1A  @02A15A  @0.2A-20A @0.2A-20A @0.2A-20A
" 12V-3.3V 15V-3.3V 15V-3.3V 1.2V-3.3V 1.2V-3.3V 1.5V-3.3V 1.5V-3 3V
CORE beo @50mA-3A @50mA-05A @50MA-D5A @50mA5A  @50mA-3A @50mA-3A @50mA-3A
g 25V _ _ 25V 25V 2.5V 3.3V
Soa @50mA-0.3A @50mA-07A @50mA-07A @50mA03A @50mA-0.3A

Spiers also discloses a voltage regulator 184 configured to step down a 5V
backup voltage to a 3.3V output voltage which is used to transfer the data from the

volatile to the non-volatile memories 194. EX1003, 9685-687, 691-698; EX1025,

Fig. 5 (below, left). A POSITA would have understood that 3.3V can be
used as Vcc power to the non-volatile memories (“third regulated voltage”

in Mapping C, “fourth regulated voltage” in Mappings A and B). Id.,

EX1049, p.38 (below, right).

Table 12: Recommended Operating Conditions
EEJ Parameter/Condition Symbol Min Typ Max Unit
Iy Operating temperature Commercial A 0 - +70 °c
Y Extended A -40 - +85 °C
1 84 Vee supply voltage Vee 2.7 33 36 \
| Supply voltage Vss 0 0 0 Vv

A POSITA would have also understood that a converter circuit, such as
voltage regulator 184 or another, similar voltage converter, is configured to

provide a regulated voltage Vcco of 3.3V (“fourth regulated voltage” in mapping
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C, “third regulated voltage” in mappings A and B) to an interface of the processor
198 (red) to transfer data to and from the non-volatile memories 194 (green).

EX1003, 99691-700; EX1042, pp.2, 16 (Vcco).

176 210 194

(N 2 N
C )

==

PROCESSOR

19_& y DM L]

ZeAtliinmriiy-..

202 e
206 172

186

Furthermore, it would have been obvious to a POSITA to use “buck
converter[s]” to provide each’ of these regulated voltages from the +5V
power supply in order to achieve high efficiency, reliability, and flexible
power conversion, as discussed previously (pp.29-31). EX1003, 49662-666.
Indeed, any loss at the power conversion creates heat that needs to be

removed by additional cooling and takes away time from Spiers’s backup

See note 2 on p.28.
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operation, risking its successful completion. /d.; EX1025, Fig. 14 (step 752);
EX1062, p.11 (“lower dissipation ... saves the cost (and space) of cooling
apparatus”).
Buck converters powering SDRAM and FPGA devices from higher voltage
sources were well known and commercially available at the time, as disclosed by

Amidi (below, part of the combination in Ground 4) and others. EX1003, §9663-

DC/DG / 1.8V

B
Li-lon | buck
7200 mAh

3.6V
{(Nominal) H

EX1024 (Amidi), Fig. 6 (640), 4:38-41; see also EX1047, 1:28-32, 2:47-55, 5:56-

665, 673-674.

59, 7:6-14; EX1041, pp.1-2, 9 (first below); EX1042, p.16 (second below);

EX1048, pp.1-2 (third below); EX1058, p.5 (fourth below).
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I
FAIRCHILD
e rr—————————
SEMICONDUCTOR®

FAN5026

October 2005

Dual DDR/Dual-Output PWM Controller

Applications
® DDR Vppqg and Yyt voltage generation

[Schematic ]

4.5-13.2V Supply
Vin
ON/OFF1

Q1 GND

ON/OFF2

R1 VAR1

:
i

M1

MPD4S014S

Circuit Description

Overview

The FAN5026 is a multi-mode, dual channel PWM con-
troller intended for graphic chipset, SDRAM, DDR DRAM
or other low output voltage power applications in PC’s,
VGA Cards and sel top boxes. The IC integrates a con-
trol circuitry for two synchronous buck converters. The
output voltage of each controller can be set in the range
of 0.9V to 5.5V by an external resistor divider.

to other devices

VOUT1 .

VOUT3 L

L—> to other devices i
T 3w

it

Spartan™-||/IIE

MPLASIIY St

DC-DC Converter Specification(DRAFT)

MPD45014S
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6. Block Diagram

13
Control Circuit : : : VAR2 [ 4

Y i v ST . = >0 +
Conirol
o section il
— v'"“ : V,,. < Visu

|
:

Buck converter

d [lg]
Grounds 4A-4C teach “a plurality of components [e.g., DRAM,

FPGA/Processor, resistors, and non-volatile memory, as discussed above (pp.78-
81) and shown below] coupled to the PCB, each component of the plurality of
components coupled to one or more regulated voltages of the first, second, third

and fourth regulated voltages [as discussed above (pp.78-81) and shown below].”

EX1003, §9701-713.
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Ground 4: Spiers in view of Amidi, with DDR2 or DDR3 DRAMs

152
144
l Voltage Mapping (A) for DDR3
1%*: Voo/Vooa to DRAM = 1.5V
|
156 EAGREE TN J 2": Vccrpea to FPGA Core = 1.8V
[ INTERFACE POWER 3 : V7 to Terminate DRAM Bus = 0.75V
SUPPLY 4th ; Vee to NV Memory / Veco to FPGA 1/0 = 3.3V
Vecrra [ Veco

—

160 \{ PROCESSOR | Vee Voltage Mapping (B) for DDR2

3 : V7 to Terminate DRAM Bus = 0.9V

1%t : Voo/Vopa to DRAM = 1.8V
\ / \ \ 2" : Veerpoa to FPGA Core = 1.8V

““"‘-—-
VOLATILE NON- — 168 (° ° _
|| MEMORY VOLATILE 4th : Vee to NV Memory / Veco to FPGA 1/O = 3.3V
MEMORY
¥ T Voltage Mapping (C) for DDR2

- 1%t : Voo/Vooaq to DRAM = 1.8V

z Mﬂq .

= 164 2"%: Vccrrea to FPGA Core = 1.8V

i Vrr 3 : Vec to NV Memory = 3.3V

F|G4 4th : Veco to FPGA 1/O = 3.3V
e [Lh]

Grounds 4A-4C teach “a plurality of synchronous dynamic random access
memory (SDRAM) devices [e.g., 190, yellow below, implemented as DDR2 or
DDR3] coupled to the first regulated voltage” as discussed above (pp.78-81, 32).
EX1003, 99714-718.

¥/, [1.i.]

() [Lil]
Grounds 4A-4C teach “at least one circuit [FPGA processor 198 (red)]

coupled between a first portion of the plurality of edge connections [PCI interface
172 (orange), e.g., for address and control [from [1.b]] and the plurality of SDRAM
devices [190, 218 (yellow)].” EX1003, 99719-723; EX1025, Fig. 5 (below),

1[0037].
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210 194 218 190

IN T 0N /\/
.

& /

184 JTT | |

Lt Seren u—
PROCESSOR

ATFRE

180 | canoee \P;:‘é 1_-98 oo — SR a

“ﬂmm whar

206 1 72
186

2 [Li2]

Grounds 4A-4C teach that “the at least one circuit [FPGA processor 198
(red, above) is] operable to (i) receive a first plurality of address and control
signals [below, for read and write commands] via the first portion of the plurality
of edge connections [in PCI interface 172 (orange, above)], and (ii) output a
second plurality of address and control signals [on DDR SDRAM interface
between 198 and 190] to the plurality of SDRAM devices [190 (yellow, above)]”
for the reasons discussed above for [1.b], plus those below. EX1003, 99724-729;
EX1025, q[0037], Fig.5 (above); EX1031, pp.1, 7 (Fig. 2-1, PCI interface, first
below), 21 (PCI commands, second below), 146-49 (pin assignments for “AD” and

“C/BE”).
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Required Pins Optional Pins
(( AD[31::00] | ADI3::32] > }
Address % v 7 . y }ﬁ
& Data / (\ C/BE[3::0]# } ___ CIBE[7::4]# ’) ‘>64-Bit _
< PAR PARG4 \ Extension
REQ64#  ~ |
[« —FERAMER 5G] ACK64# ; J
< TRDY: 5
Interface \‘ < RDYE 5 COMPLIANT —%Interface
Control % < SToP# 51 DEVICE < > < Control
[ eDE)LSEL#% % 3
‘ INTB# /i
=L INTC# L Interrupts
Error (& PERRE ) g
Reporting i< SERRE S
Arbitration g <—REGE %
(mastersonly) | ————CNT#E > % )
Tk 7 LUTAG
System % > ™S | (IEEE 1149.1)
> TRST# )

Figure 2-1: PCI Pin List
3.1.1. Command Definition
PCI bus command encodings and types are listed below, followed by a brief description

of each. Note: The command encodings are as viewed on the bus where a "1" indicates
a high voltage and "0" is a low voltage. Byte enables are asserted when "0",

C/BE[3::0]# Command Type
0000 Interrupt Acknowledge
0001 Special Cycle

0010 1/O Read

0011 1/0 Write

0100 Reserved

0101 Reserved

0110 Memory Read

0111 Memory Write

1000 Reserved

1001 Reserved

1010 Configuration Read
1011 Configuration Write
1100 Memory Read Multiple
1101 Dual Address Cycle
1110 Memory Read Line
1111 Memory Write and Invalidate

For example, Spiers discloses the processor receiving read and write

commands with respective addresses from the host, queuing them in a FIFO,
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decoding the received signals, and outputting address and control signals to the
SDRAMSs to read and write accordingly, as shown below. EX1003, 4728; EX1025,

Fig. 9 (below), §9[0039, 44-46].

'S DESCRIPTOR POINTER 424
IFO EMPTY
4 428
READ DESCRIPTOR POINTER FIFO AND
LOAD DESCRIPTOR BASE ADDRESS
¥
[ SSERTBUSREQUEST | 422

READ DESC Hnwumrm RIE | 440

DESCRIPTOR DATA TO LOCAL R‘HJ" 448 452
il Vit

INCREMENT BAD (GENERATE BAD
DESCRIPTOR DESCRIPTOR
COUNT IN INTERRUPT
460 YES EEPROM
|  DECODE COMMAND TYPE 456 6 %
468 HALT PROCESSOR

SRC=HOST TRANSFER FROM HOST
DEST=SDRAM MEMORY TO SDRAM

476

il
TRANGFER FROM SORAN ~
TO HOST MEMORY J GENERATE

UNKNOWN ERROR
i INTERRUPT
TRANGFER FROM SORAN
TO NVRAM j

492

—
TRANSFER FROM NVRAM
TO SDRAM

500
/—‘—-'

SEND SDRAM
INITIALIZATION CYCLES

504

SRC=SDRAM™
DEST=HOST

FIG.9

(3) [Li3]

Grounds 4A-4C teach “the at least one circuit [FPGA processor (red)]
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coupled to both the second regulated voltage [e.g., Vccrroa=1.8V] and the fourth
regulated voltage [e.g., Vcco=3.3V to interface with non-volatile memory]” as
shown below and discussed above (pp.78-81) and for [1.c]-[1.f]. EX1003, §9730-
734.

Ground 4: Spiers in view of Amidi, with DDR2 or DDR3 DRAMs

152
144
l Voltage Mapping (A) for DDR3
1%*: Voo/Vooa to DRAM = 1.5V
|
156 BAGKLRDEACE J 2. Vecrpea to FPGA Core = 1.8V
[ INTERFACE POWER 31 : Vrr to Terminate DRAM Bus = 0.75V
" IV SUPPLY 4th ; Vee to NV Memory / Veco to FPGA I/0 = 3.3V
CCFPGA cco
—
160 ~—~——— PROCESSOR Vee Voltage Mapping (B) for DDR2
1%t : Voo/Vopa to DRAM = 1.8V
/ \ \ 27 : Veerroa to FPGA Core = 1.8V
~—— 168 34 : V7 to Terminate DRAM Bus = 0.9V
- \;1?;?;::55 ‘!ONLi'IElE-LE 4th : Vec to NV Memory / Veco to FPGA I/0 = 3.3V
MEMORY
¥ T Voltage Mapping (C) for DDR2
- g3 Voo / Veou 1%t : Voo/Vooa to DRAM = 1.8V
:|_'; K 164 2nd: V\ecrpsa to FPGA Core = 1.8V
i Vrr 3 : Ve to NV Memory = 3.3V
FIG 4 4% : Veco to FPGA 1/O =3.3V

(4) [li4]

Grounds 4A-4C teach “wherein a first one of the second and fourth voltage
amplitudes [e.g., 1.8V ] is less than a second one of the second and fourth voltage
amplitudes [e.g., 3.3V]” as shown above (pp.78-81, 87). EX1003, 99735-738.

3. Claim 2

Grounds 4A-4C teach “claim 1, wherein the first [e.g., for Vbp/Vppo (pp.78-
81)] and third [e.g., for V1t or Vcc (pp.78-81)] buck converters are further

configured to operate as a dual buck converter [e.g., to use fewer integrated
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circuits, pins, and interconnections on the module, consistent with commercially
available dual buck converters such as EX1040, p.1 (below) and EX1041, pp.1-2
(below), 9 (showing two converters with different phases can reduce ripples), and,
for voltage mappings A and B, to have Vrr follow the fluctuations of Vpp/Vbpq,

EX1040, p.11].” EX1003, 9739-746.

{"P TEXAS
INSTRUMENTS »

DUAL, VOLTAGE MODE, DDR SELECTABLE, SYNCHRONOUS,
STEP-DOWN CONTROLLER FOR NOTEBOOK SYSTEM POWER

TPS51020

SLUS564B — JULY 2003 - REVISED DECEMBER 2003

APPLICATIONS

® Notebook Computers System Bus and IO
® DDR | or DDR Il Termination

I October 2005
FAIRCHILD
I

SEMICONDUCTOR®

FAN5026
Dual DDR/Dual-Output PWM Controller

Circuit Description

Overview

The FAN5026 is a multi-mode, dual channel PWM con-

troller intended for graphic chipset, SDRAM, DDR DRAM

or other low output voltage power applications in PC's,

VGA Cards and sel lop boxes. The IC inlegrales a con-
APP” cations trol circuitry for two synchronols buck convertars. The

output voltage of each controller can be set in the range
m DDR Vppn and V1 voltage generation  of 0.9V to 5.5V by an external resistor divider.
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VIN (BATTERY)

+5 FAN5026 {=3to 18V VIN (BATTERY)
+5 FAN5026 (=310 16V
ILIM ]
ILIM1 g
Py Cour PWM 1
DDHD CVIN (BATTERY) .5 DOR[ ]
ILIM2/ _[]J VOuT2
REF2 =18V EGZ/REF[
]_ 1.25V ]_
PWM 2
out2 PWM 2
= = ILIM2/REF2
Figure 1. Dual Output Regulator Figure 2. Typical Application
4. Claim 3

Grounds 4B-4C teach “claim 1, wherein the first voltage amplitude is 1.8
volts,” as shown below and discussed above (pp.78-81, 87). EX1003, q9747-751.

Ground 4: Spiers in view of Amidi, with DDR2 or DDR3 DRAMs

152
144 =
l Voltage Mapping (A) for DDR3
1% : Voo/Vooq to DRAM = 1.5V
|
156 EAGKURDEVIGE J 2" : Vecrroa to FPGA Core = 1.8V
[ INTERFACE POWER 34 : Vrr to Terminate DRAM Bus = 0.75V
- IV SUPPLY 4th : Vee to NV Memory / Veco to FPGA 1/O = 3.3V
CCFPGA CcCo
——

160 ~———1 PROCESSOR | Ve Voltage Mapping (B) for DDR2

1%t : Voo/Vopa to DRAM = 1.8V
/ \ \ 2" Vccrrea to FPGA Core = 1.8V

~—— 768 3 : VT to Terminate DRAM Bus = 0.9V
- ;KEE%?;::&E VONL%I;IF-LE 4th ; Ve to NV Memory / Veco to FPGA I/O = 3.3V
MEMORY

¥ L Voltage Mapping (C) for DDR2

- Ve / Veou 1%t : Voo/Vopa to DRAM = 1.8V
;; k 164 2nd s Vecrpoa to FPGA Core = 1.8V

i VT 3 ; Ve to NV Memory = 3.3V

FIG 4 4th : Veco to FPGA 1/O =3.3V
5. Claim 4

Claim 4 is “claim 1, wherein the second, third, and fourth voltage
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amplitudes are 2.5 volts, 1.2 volts, and 3.3 volts, respectively.” These claimed
voltages fall within the range of voltages disclosed in the prior art as shown by
Grounds 4A-4B, and thus they are obvious under Federal Circuit precedent
discussed above (p.27). EX1003, 44752-762.

6. Claim 5

Grounds 4A-4C teach “claim 1, further comprising: a voltage monitor
circuit [e.g., Spiers’s +5V PCI detector 202 (blue, below)] configured to monitor a
power input voltage received via a second portion of the plurality of edge
connections [e.g., monitors the +5V PCI supply voltage received at a +5V pin of
the PCI connector 172 (orange)], the voltage monitor circuit configured to produce
a trigger signal [e.g., Spiers’s signal from detector 202 (blue) to processor 198
(red) at step 720 (Fig.14)]...” EX1003, 99763-778; EX1025, 49[0036-37, 54], Figs.

5 (below, left), 14 (below, right).
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vl 4
- PROCESSOR /(

POWER FAIL DETECT )

|| 5 198 | . o — Otﬂ I

R A g
| ® H‘ 724 POWER SWITCH

At (L =

v
/ - | ABORT CURRENT
53 - 725] POl OPERATION
172

AND TRISTATE PCl
L
Grounds 4A-4C also teach that the “trigger signal” from detector 202 is

EES
1.3%

produced “in response to the power input voltage having a voltage amplitude that
is greater than a first threshold voltage [e.g., overvoltage protection],” as
explained below. EX1003, 99770-778.

Amidi discloses the details of power failure detection, and thus in the
combination for Ground 4 it would have been obvious to implement Spiers’s
detector 202 to compare the system supply (e.g., 605 below) to a reference (e.g.,
675) (“first threshold voltage™) to generate a trigger signal (e.g., 670) similar to
Amidi’s teachings. See EX1024, 4:44-52, 5:35-43, 8:23-29, 9:8-12, Figs. 5, 6

(excerpted, annotated below), 8, 14 (reproduced below), 15.
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2670
605 o
| 85
System Supply
Voltage
superviso
VREF | elock
875
1410
; 1400
L 4 1420
In the case of power or clock— loss, Y
do not initiate clock and power fault es
detection method mode J,
No No

1425

CLK coilapse

detected? is 3.3V supply

is <3.0V7?

l’ 1450

Go into clock and power fault detection
method state L1440
(Self-refresh + voltage switchover)

No

Memory in self-refresh state

restored? cleared?

An (AND) type function of afl input must be satisfied.
Exit clock and power fault detection method mode |~ 1490
{exit self-refresh and switch over to system power)

| FIG. 14

Furthermore, Spiers’s invention is not limited to detecting undervoltage
conditions, EX1025, §[0041] (“power failure, power interruption, or other
failure”), and thus it would have been obvious to implement Spiers’s detector 202

to detect both undervoltage and overvoltage conditions, to avoid losing data or
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damaging the circuits. EX1003, 99773-778; EX1023, 4[0013] (“tolerance (e.g.,
around +/—15%) can be accommodated.”). Detecting both undervoltage and
overvoltage conditions was common practice and included in commercially
available products, including specifically for PCI products like Spiers. EX1063,
pp-1-2 (below); EX1061, p.15 (Analog Device circuit for “undervoltage” and
“overvoltage” detection); EX1062, p.15 (same); EX1065, Abstract, §4[0014, 18-

19], Figs.1, 5 (similar).
&National Semiconductor

LMC6953
PCI Local Bus Power Supervisor

DC Electrical Characteristics

Unless otherwise specified, all boldface limits guaranteed for T = 0°C to 70°C, Vpp = 5V, RpurL.up = 4.7 k2 and Cexr

0.01 wF. Typical numbers are rcom temperature (25°C) performance.

Symbol Parameter Conditions Mim Typ Max Units

Vis Vpp Over-Voltage Threshold (Note 4) 5.45 56 5.75 \i

Vig Vpp Under-Voltage Threshold (Note 4) 4.25 4.4 4.55 v

VH3.9 3.3V Over-Voltage Threshald (Note 5) 3.8 3.95 4.1 v

Viaag 3.3V Under.Voltage Threshold (Note 5) 25 2.65 2.8 v
7. Claim 6

As explained directly above for claim 5, Grounds 4A-4C also teach
undervoltage protection, as required by claim 6: “claim 5, wherein the voltage
monitor circuit is further configured to produce the trigger signal in response to the
power input voltage having a voltage amplitude that is less than a second
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threshold voltage.” EX1003, 99781-787; EX1024, 4:44-52, 5:35-43, 8:23-29, 9:8-

12, Figs. 5, 6 (675, below, showing a threshold of -5% to detect voltage anomalies),

8, 14-15.
1
@._ 670

605 o

System Supply

supervisory
VREF

VREF=1.71V (%5 » I

of 1.8V SUPPLY) . gvs

8. Claim 7

Grounds 4A-4C teach “claim 6, wherein the second threshold voltage
corresponds to a voltage level that is ten percent less than a specified operating
voltage [e.g., +5V, EX1025, q[0037]].” EX1003, q9790-798. As discussed for
claims 5-6, Grounds 4A-4C teach the “second threshold voltage” corresponds to an
undervoltage tolerance the module can safely handle. EX1003, q9764-789. Amidi
(part of the combination for Ground 4) teaches undervoltage detection at 5% and
10% below nominal. EX1024, Fig. 6 (VREF, 675, 5% below nominal, above),
8:23-36, Fig. 14 (10% below nominal, second figure below). More generally, a
range of +/-10% or +/-15% for undervoltage and overvoltage detection was
common, and thus any threshold within that range would be obvious under Federal

Circuit precedent discussed above (p.27). See, e.g., EX1023, q[0013] (+/-15%);
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EX1063, pp.1-2 (+/- 10%, reproduced below); EX1024, 8:23-36, Fig. 14

(reproduced below); EX1027, p.32 (VDDSPD is 3.3V +/-10%); EX1061, p.15

(programmable under- and over-voltage protection over a range, including 10%).

&National Semiconductor

LMC6953

PCI Local Bus Power Supervisor

DC Electrical Characteristics
Unless otherwise specified, all boldface limits guaranteed for T
0.01 wF. Typical numbers are room temperature (25°C) performance.

0'C to 70°C, Vpp = &V, RpuLL.up

4.7 kit and Cexr

Symbol Parameter Conditions Min Typ Max Units
VHs Vpp Over-Vollage Threshold (Note 4) 5.45 586 5.75 \i
Vis Voo Under-Voltage Threshold (Note 4) 4.25 44 4.55 v
VH3.3 3.3V Over-Voltage Threshold (Mote 5) 3.8 3.95 4.1 v
Va3 3.3V Under-Voltage Threshold (Mote 5) 2.5 2,65 2.8 v
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j 1400
No
A 1420
In the case of power or clock—[oss,
do not initiate clock and power fault
detection method mode
No
1425 i
1435
is3.3Vsu
is fﬁ.O\g’w
Yes
v 1450
No Ge into clock and power faulk detection
Mamory In self-refresh state method state 1440
(Self-refresh + voltage switchaver)
1480

Is PFI bit

cleared?

An ») function of alt 1 must be msﬁsd

E&N ):{:ﬁwrﬂm deln:c;m method mode | 1490
{exit salf nd switch over to system power)

9. Claim$
a)  [8.a], [8.b], [8.b.1], and [8.b.2]

Grounds 4A-4C teach “claim 1, the plurality of components further
comprising: one or more registers [e.g., in Spiers’ processor 198, to capture
received PCI signals and to translate those to signals usable by the SDRAMs]
coupled to one of the first, second, third and fourth regulated voltages [e.g.,
Vecrraa or Veco for the processor, as discussed above (pp.78-81, 87)], the one or
more registers configured to register, in response to a clock [e.g., bus clock (CLK)

below], the first plurality of address and control signals [from [1.b] and [1.1.2],
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e.g., on lines AD and C/BE, respectively, below].” EX1003, 99799-813. This is
illustrated in the PCI specification (further below), which a POSITA would have
understood to explain the functioning of Spiers’ PCI bus. EX1025, Fig.9
(annotated below), §94[0037, 44-46]; EX1031, pp.7, 47-48 (further below, showing
PCI read and write operations with address (AD), command (C/BE), and data (AD)

signals transmitted in sync with the bus clock (CLK)).

'S DESCRIPTOR POINTER 424
IFO EMPTY
o 428
READ DESCRIPTOR POINTER FIFO AND
LOAD DESCRIPTOR BASE ADDRESS
¥
| ASSERT BUS REQUEST [ T

READ DESC HIP["P t'.J WRITE
DESCRIPTOR DATA TO LOCAL RAM 448 452

= =
INCREMENT BAD GENERATE BAD
DESCRIPTOR DESCRIPTOR
COUNTIN INTERRUPT
460~ VES EER

DECODE COMMAND TYPE 456
/i__\ 468 HALT PROCESSOR
s

SRC=HOST - TRANSFER FROM HOST
DEST=SDRAM MEMORY TO SDRAM
476
TRANSFER FROM SDRAM P
TO HOST MEMORY GENERATE
UNKNOWN ERROR
484
— INTERRUPT

TRANSFER FROM SDRAM
TO NVRAM

464

472

SRC=SDRAM™
DEST=HOST

492

—~
TRANSFER FROM NVRAM
TO SDRAM

500
—

SEND SDRAM
INITIALIZATION CYCLES
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Required Pins

Optional Pins

|< AD[31::00] > < AD[63::32] > |
Address } % 7 \ a
<. 2 A i
& Data /(" cpEpuop ) — CIBE[7-4# ) > 64-Bit
| < PAR > < PARS4 > 'w, Extension
REQ64# |
f' FRAME# |
( > PpCl < AcKear S
Interface < IRDY# > COMPLIANT ; Interface
Control -] €——STOP# > DEVICE < NTAS > ’ Control
',\_ IDSEL > o L Interrupts
INTD# W
Emor (& PERR# > J
Reporting é( SERR#
Arbitration $ TDI .
(m::\rst‘.;:sao’rﬁ;)T f GNT# > < TDO > '
; < TCK L JTAG
System - ™S | (IEEE 1149.1)
4 ¢ RST# > § TRST# )

Figure 2-1: PCI Pin List

—i— (ADDRESS) ,—( DATA-1 ) i X pataz ¥ DATA-3 | )—f;_i_‘,—
TL___ (BUS CMDX . BE#'s . . .
o : i : =
A= i ; i
_____________________ ] w
H : = ' [}
] = = =z
: £ g E =
" =
v \_ = / \
B T = =
. 5 K
: =
e - T b
AEDRE?S - DATA - DATA - DATA -
PHASE PHASE PHASE PHASE
< BUS TRANSACTION >

Figure 3-5: Basic Read Operation
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AD tit_(:ADDR:ESSX DATA-1 X DAT.-:\—Z) X ! DaTA3 }—’;‘\/—
C/BE# —L—(EIUS cwmpX eews1 X BEws2 { | BE#s3 | : }—’{“.-_*/—
— & &
IRDY# __! A rs i
"""""""" g— %
TROY# | TN_E_ &
! a3 b3
— -k i i
DEVSEL# __ | b "’_\ i ; :
pﬁDRE?S “oata> <pata” < DATA >
PHASE PHASE  PHASE PHASE
< BUS TRANSACTION >

Figure 3-6: Basic Write Operation

b)  [8.b.3]

Grounds 4A-4C teach “wherein the one of the first, second, third and fourth
regulated voltages [e.g., Vccrrga OR Veco to the processor, see [8.b.1]] is
selectively switched off to turn power off to the one or more registers [e.g., to
conserve power during S3 sleep mode (where the SDRAMs are in self-refresh
mode and power to the processor is turned off), or, in the case of power failure,
because Spiers’ processor “aborts any current PCI operation and tristates the PCI”
(728 below) so power to the PCI interface and the corresponding logic can be
switched off] while one or more components of the plurality of components are
powered on [e.g., capacitors power the backup device 144 while moving data from
volatile to non-volatile memory during the power failure].” EX1003, 99814-825;

EX1025, 99[0034, 36-37, 54-56], Fig.14 (below in part and in whole).
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;POWER FAIL DETECT )
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= RN 764 ——— 780, ———— 812,
' [INTFLASHBLOCK SETSORAMREAD | | ['SET SDRAMREAD
720 —oTomTe ERASE ADDRESS ADDRESSBURST | | | ADDRESS BURST
o iomer s | | e LEN ROTATE LEN ROTATE
724 TO CAPS SEND FLASHBLOCK] AMOUNT BYTE ANMOUNT BYTE
T ERASE COMMAND ENABLES ENABLES
ABORT CURRENT INIT ‘CRC INT PRC 8l6
)
o il —~\STARTREADOF| | [TSTARTREADOF |
- SDRAM DATA | SORMUDATA g2
| =
INCREMENT : DATAWRITTENTO] )
i DATAWRITTENTO
. E%IEEQ*”I‘J 8 It INTFFFO  |824
AN 1ER ¥
EEPROM ﬁ“&ﬁéﬂ?ﬂﬁ SEND FLASH PAGE e
R
WRITE TOFIFO EADD?"“WD
v DATA READ FROM
P.ME BURST LEM = INTF FlFO
1 5:2 DATA READ FROM
i SENDFLASHPAGE] | LFLASHPAGE RAM
W T— WRITE COMMAND | | 832
BLOGKCOUT ] Covere
EEPROM 79 6/ N :
I 800
PAGE BURST LEN = By
DATA READ FROM
INTF FIFO
DATAWRITE TO
[NVRAV STATUS IS

740

856

Switching off power to an interface which is not in use was a well-known power-
saving technique at the time. EX1033, 9:57-60, 12:50-58. For example, Amidi
discloses disconnecting the system bus when using backup power. EX1024,
Fig.12 (annotated below), 7:35-43. Power to the interface is also turned off in the
well-known S3 mode while the memories are in self-refresh mode. EX1027, pp.21

(“1.5V, Vtt, and 3.3V are oft”), 39; EX1039, [0065]. Power to the “registers”

BADVCAP UPDATE XFER
N XFER ADDRESS (XFER
ADDRESS += PAGE
NVRAWSTATUS IS BURST LEN)
DISABLED XFER UPDATE XFER
Se— LENGTH [XFER
NVRAM STATUS IS || [ADDRESS 524} LENGTH += PAGE
A BAD BLOCK MAX Py BURST LEN)
——— UPDATE FLASH
XFER ADDRESS
{XFER ADDRESS 4+
A PAGE BURSTLEN)
852 — | 868
[ INEEPROM MARK HALT AND POWVER EEPROM INCR NVRAM
A NVRAM INVALID DOWN COPY COUNT & STOP LED)
*
FIG.14 744 748 M IN EEFROM MARK
8 73’ NVRAM VALID
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could be turned off either by turning off the relevant buck converter (to save
maximum power) or with a switch to selectively allow/prevent Vccrpga or Veco
from reaching the “registers” (to avoid any delays with restarting the buck

converter when power is turned back on). EX1003, q4817-818; EX1056, Abstract,

3:5-11, 5:15-26 (“switch™), Fig.3.

1200
1235 1j35 1240
J j
d ‘. /
System Control, Command Bus 1260 System Control,

1225

1297 Command Bus 0
: >
RX UART TERF < f<_J it tmr FSM Control, Memory Control,
T Serial mer ™ [ ttirg

o Bt Command Bu Command Bus
1295~ [ trp_tmr 1
L =1 1245 Logic
\QA PSOC Clock | 420 Timer trp_irq 2:1 Multiplexer

\ J PSOC_Reset Embedded . ——
1280 Microprocessor )
) m SDA - . FSM_Reset |
E SCL Slave and Master FSM_Enable’ Finite State QMS
Controllers FSM_Start Machine
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7] N\
[
1230
X 11275
=
=
o 1220
1277 h 4 E/
Lﬁ‘ System Clack 1265
1285 Clock ~___ PLLinput Clock

25MHz Clock | Multiplexer :

FIG. 12
10. Claim9
As explained for claims 5 to 7 above (pp.102-108), Grounds 4A-4C also

teach overvoltage protection with a 10% threshold, as required by claim 9: “claim

5, wherein the first threshold voltage corresponds to a voltage level that is ten
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percent greater than a specified operating voltage.” EX1003, 99826-831.

11. Claim 10

Grounds 4A-4C teach “claim 5, the plurality of components further
comprising: a logic element including a non-volatile memory, the non-volatile
memory is configured to store configuration information.” EX1003, 44832-839.
Spiers teaches that its module includes “a logic element,” including part of the
processor 198, and non-volatile memories EEPROM 210 and NAND Flash
memory 194, implementing the process of Figure 14. EX1025, 4[0038, 54-56],

Fig.14 (below).
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R , 780 812,
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Yellow annotations above indicate examples of storing information in a non-
volatile memory EEPROM 210, including “configuration information,” such as
status indicators. EX1003, 49838, 824.

12. Claim 11

Grounds 4A-4C teach “claim 10, wherein, in response to the trigger signal

[from claim 5], the logic element writes information into the non-volatile memory.”

114



Petition for Inter Partes Review of U.S. Patent No. 11,016,918

EX1003, q9840-844. Spiers teaches that, when “the logic element” (including part
of processor 198) receives an indication of power failure (“the trigger signal,” step
720 (red)), it writes status information into EEPROM 210 and user data from the
SDRAM devices into NAND Flash memory 194 (orange). EX1025, q4[0038, 54-

56], Fig. 14 (below).
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13. Claim 12
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a) [12.a] and [12.b]
As discussed above for claims 10 and 11 (pp.116-118), Grounds 4A-4C
teach “claim 5, the plurality of components further comprising: a non-volatile
memory....” EX1003, 99845-854.

b [12.c]

Under Netlist’s apparent interpretation, where storing configuration data is a
“write operation,” Grounds 4A-4C teach “a controller [e.g. in Spiers’s processor]
configured to receive the trigger signal, wherein, in response to the trigger signal,
the controller performs a write operation to the non-volatile memory,” for the
reasons discussed above for claims 10 and 11 (pp.116-118). EX1003, 9856, 836-
844.

Grounds 4A-4C also teach this limitation under a narrower interpretation
requiring writing user data from volatile to non-volatile memory: Spiers’s
processor 198 (red, below) includes “a controller” that receives the trigger signal
(e.g., at step 720 of Fig.14, “Power Fail Detect”), and in response, “mov|[es] data
from the volatile memory [yellow] to the non-volatile memory [green],” EX1025,
1[0037], thus “perform[ing] a write operation to the non-volatile memory.”
EX1003, q9857-859; EX1025, Fig. 5 (below), §[0037] (disclosing multiple
SDRAMs (190, yellow) and NAND flash modules (194, green)), [0054-56], Fig. 14

(above, providing process for writing user data to non-volatile memory).
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Grounds 4A-4C teach “[t]he memory module of claim 5, wherein the power
input voltage [of +5V PCI] is coupled to the first, second, and third buck
converters and the converter circuit” for the reasons discussed above with
reference to claim elements [1.c]-[1.f] when the power input voltage is in the
normal operating range as discussed for claim 5 (e.g., no power failure detected).
EX1003, 94860-864.

15. Claim 14

Grounds 4A-4C teach “/t]he memory module of claim 8, wherein, in
response to selectively switching on the one of the first, second, third and

fourth regulated voltages to the one or more registers [e.g., following the
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restoration of power after power failure, as illustrated in Spiers’ Fig.8
(below)], the one or more registers is configured to output the registered first
plurality of address and control signals to the plurality of SDRAM devices
[e.g., as discussed in [1.1.2] and [8.b.2] for normal operation].” EX1003,

19865-869; EX1025, 49[0041, 43], Fig.8.
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16. Claim 15

Grounds 4A-4C teach “[t]he memory module of claim 1, the plurality of

components further comprising: a logic element including one or more integrated
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circuits and discrete electrical elements, the one or more integrated circuit
including an internal non-volatile memory, wherein the non-volatile memory is
configured to store configuration information.” EX1003, 4870-879. As discussed
for claim 10 above (pp.116-117), Spiers teaches that its module includes “a logic
element” implementing the process of Figure 14, including “one or more integrated
circuits” such as parts of the FPGA processor 198 and non-volatile memories
EEPROM 210, where EEPROM 210 is “configured to store configuration
information,” such as status indicators. It would be obvious to a POSITA that the
FPGA processor 198 (“logic element”) also includes “discrete electrical elements,”
such as resistors and capacitors as required for interconnections and settings for the

FPGA processor. See, e.g., EX1042, p.16 (below); EX1028, p.13 (similar for

AMB Buffer).

[Schematic ] M1 e
- to other devices i E
25 13.2v S.um:ly MPD4S014S R - \'7 X2 :
T L VouT1 1 5 :
ON/OFF1 c2 ! i

GND VOUT3 l
L—p to other devices :
ON/OFF2 lcs 3.3V , '
VAR1 Q ! Spartan™-IINIE

To the extent “an internal non-volatile memory ” is satisfied by an integrated

circuit that includes non-volatile memory and an interface, Spiers’s EEPROM 210
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discloses that. EX1025, §[0038]. To the extent “an internal non-volatile memory”
requires integration with the FPGA processor 198 of Spiers, it would have been
obvious to a POSITA, because such FPGA’s were commercially available.
EX1003, 4878; EX1025, q[0037] (“FPGA”); EX1067, p.1-1 (FPGA with internal
non-volatile memory). An FPGA with built-in non-volatile memory decreases the
number of components, interfaces and interconnections on the memory module,
resulting in a cheaper, faster, and more secure solution. EX1003, 4878; EX1067,
pp-1-1, -2 (“instant-on,” “secur[e]”); EX1066, 26:64-27:4 (teaching configuration
information may be “stored in a ... register on the buffer or controller device”).

17. Claims 16-30

Claims 16 and 30 add a new limitation, “pre-regulated input voltage,”
discussed below (pp.126-127), but otherwise Grounds 4A-4C disclose claims 16-
19, 21-28, and 30, and Grounds 4B-4C disclose claims 20 and 29 (requiring 1.8V
to the SDRAM)), for at least the same reasons discussed above, because these

claims have limitations substantially identical to earlier limitations, as shown in the

following table:
This ...1s substantially ...and thus obvious for at least the
limitation... similar to this same reasons above and as discussed
limitation... mn EX1003:
[16.a] [1.a] 9881-884 (4/641-646)
[16.b] [1.b] 9885-888 (4/647-654)

120



Petition for Inter Partes Review of U.S. Patent No. 11,016,918

This ....is substantially ...and thus obvious for at least the

limitation. .. similar to this same reasons above and as discussed
limitation. .. in EX1003:

[16.c] [1.c]-[1.¢]" 19889895 (19655-688)

[16.d.1] [1.£], [16.c] €9896-899 (9689-700, 889-895)

[16.d.2] [1.c]-[1.1] €9900-903 (9655-700)

[16.¢] [1.g]-[1.h] €9904-907 (§9701-718)

[16.1] [5.a]-[5.b]"! 19908-912 (9764-780)

[17] [2]" 19913-922 (19739-746)

[18.a] [16.a] 19924-926 (19881-884)

[18.b] [12.c] 19927-930 (19855-859)

[19] [12.c] 19931-935 (19855-859)

[20] [1.h], [3] 19936-940 (19714-718, 747-751)

[21.a] [16.a] 19942-944 (19881-884)

[21.b.1] [1i.1] 9945-948 (19719-723)

10" With respect to “pre-regulated input voltage” in [16.c], see pp.126-127.

1" See note 5 on p.71.

12° See note 6 on p.71. EX1003, 949913-922.
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This ...1s substantially ...and thus obvious for at least the

limitation... similar to this same reasons above and as discussed
limitation... in EX1003:

[21.b.2] [1.1.2]" 19949-952 (19724-729)

[21.b.3] [1.1.3] 99953-956 (19730-734)

[21.b.4] [1.1.4] 19957-960 (19735-738)

[22.a] [16.a] 19962-964 (19881-884)

[22.b] [10.b], [15.b]* 19965-968 (19836-839, 874-879)

[23.a] [1.a] 19970-973 (19641-646)

[23.b] [1.b] 19974-977 (9647-654)

[23.c.1] [1.g] 19978-981 (9701-713)

[23.c.2] [1.h], [1.1.1], [1.1.3], 19982-985 (99714-723, 730-734,
[8.b.1] 803-809)

[23.c.3] [1.1.2], [8.b.2] 19986-989 (19724-729, 810-813)

13 See note 7 on p.72.

4 In [22.b], “the configuration information [e.g., status indicators stored in

the non-volatile memory in the logic element as discussed in [10.b] and

[15.b]] is used to program the logic element [e.g., to transfer data to non-

volatile memory during a power disruption].” EX1003, 94824, 968;

EX1025, §9[0054-56], Fig.14.
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This ....is substantially ...and thus obvious for at least the

limitation. .. similar to this same reasons above and as discussed
limitation. .. in EX1003:

[23.d] [1.c]-[1.e] €9990-993 (19655-688)

[23.¢] [1.f] 19994-997 (49689-700)

[23.1] [8.5.3], [14] 19998-1001 (]9814-825, 865-869)

[23.¢] [14] €91002-1005 (19865-869)

[23.h] [8.6.3]5 €91006-1009 (9814-825)

[24.a] [23.a] €91011-1013 (19970-973)

[24.b] [5.b] 191014-1017 (19767-780)

[25.a] [24.a] €91019-1021 (791011-1013)

[25.b] [12.c] 91022-1025 (19855-859)

[26] [12.c] 191026-1030 (19855-859)

[27] [6] €91031-1035 (19781-789)

[28] [17] 191036-1040 (19913-922)

[29] [20] 191041-1045 (79936-940)

[30] [1.c]-[1.£], [13], [16.c]- | 991046-1050 (]9655-700, 860-864,
[16.d.1] 889-899)

For [16.c] and 30, to the extent a “pre-regulated input voltage” can be

15" See note 3 on p.51. EX1003, §1009.
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satisfied by the “input voltage” of [16.f] being within pre-determined limits, as
suggested by Netlist, EX1071, p.43; EX1073, pp.49-50, Spiers teaches that by
disclosing a PCI connector, EX1025, q[0037], which was standardized to receive a
“SV” “Supply Voltage” with a +/- 0.25V tolerance, EX1031, p.117; EX1003, 4893.

To the extent the “pre-regulated input voltage” must be a voltage pre-
regulated on the memory board itself, EX1001, 28:53-58, Spiers teaches that with
“voltage regulator 184,” which is connected to the capacitors 176 and used during
“power failure,” see EX1025, 4[0037], Fig.5 (below); EX1003, 4894. Furthermore,
it would have been obvious to pre-regulate the system power from 5V down to
3.3V (similar to voltage regulator 184) to provide further stability and to allow
using the same voltage converters for powering the components both during

normal operation with system power and with the capacitors during a power

failure. Id.
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E. Ground 5

Ground 5 renders obvious claims 1-30.

1. Ground 5 combination: Ground 4 + Hajeck (EX1038)

Ground 5 combines Ground 4 with the teachings of Hajeck, which teaches a
“voltage detection circuit 48” for detecting both undervoltage and overvoltage

anomalies in memory subsystems. EX1038, 3:30-40, Fig.1; EX1003, 49207-212.

Hajeck is analogous art to Spiers and Amidi in Ground 4 as all relate to memory

modules in general and protecting against power disruptions in particular. EX1003,
9208. A POSITA would have been motivated to combine Ground 4 with the
teachings of Hajeck, and had a reasonable expectation of success in doing so,

because Spiers discloses a +5V PCI detector 202 to detect voltage anomalies and to
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switch to backup power, EX1025, 9[0002, 37, 54], similar to Amidi, EX1024,
4:44-52, 5:25-43, 8:23-29, 9:8-12, Figs.5-6, 14-15, and Hajeck teaches the
importance of detecting both undervoltage and overvoltage conditions to avoid data
loss, EX1038, 1:10-31, 3:30-40, 4:62-65, consistent with voltage detection circuits

for PCI cards (like Spiers) that were readily available at the time:

&National Semiconductor

LMC6953
PCI Local Bus Power Supervisor

DC Electrical Characteristics
Unless otherwise specified, all boldface limits guaranteed for T = 0°C to 70°C, Vpp = 8V, RpyLL.up = 4.7 k& and Cexr
0.01 uF. Typical numbers are room temperature (25°C) performance.

Symbol Parameter Conditions Min Typ Max Units
Vs Vpp Over-Voltage Threshold (Note 4) 5.45 586 5.75 v
Vig Vpp Under-Voltage Threshold (Note 4) 4.25 44 4.55 v
VH3.3 3.9V Over-Voltage Threshold (Note 5) 3.8 3.95 4.1 v
Vg 3.3V Under-\oltage Threshold (Note 5) 2.5 265 2.8 v

EX1063, pp.1-2; see also EX1065, Abstract, §f[0014, 18-19], Figs.1, 5; EX1061,
p.15; EX1062, p.15.

The teachings of Hajeck do not affect any of the voltage mappings in Ground
4, and thus the voltage mappings for Grounds 5A-5C are the same as those for
Grounds 4A-4C above (pp.87, 78-81).

2. Claims 1-30
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Ground 5 renders obvious claims 1-30 for at least the same reasons provided
above for Ground 4 (pp.82-127). To the extent one were to argue that Ground 4
fails to teach overvoltage protection as required by [5.b] and discussed above

(pp.102-105) — and also required by claims 6-7, 9-13, [16.f], 17-22, 24-27 —
such overvoltage protection was obvious in light of Hajeck in the combination for
Ground 5 discussed above (pp.128-129). EX1003, 94779-780. In particular, in
the combination of Ground 5, Spiers’s “+5V PCI detector 202 would be
implemented to detect voltage anomalies and switch to the backup power not only

for undervoltage conditions as taught by Spiers and Amidi, EX1025, 49[0002, 36-

37], Fig.14; EX1024, 4:44-53, but also “when the voltage exceeds a certain level”
as taught by Hajeck, EX1038, 3:30-43; see also id. Abstract, 1:10-18, 1:28-31,
1:62-2:7, 3:30-4:9, 4:62-65, Fig. 1. Thus, Ground 5 further teaches both
overvoltage and undervoltage detection and protection, further rendering obvious
claims 5, 16, 24, and their dependents (6-7, 9-13, 17-22, and 25-27). EX1003,
19779-780, 788, 830,912, 1017.

VII. DISCRETIONARY DENIAL IS UNWARRANTED
A. Discretionary Denial Under § 325(d) Is Unwarranted

The prior art combinations cited in this Petition were not presented to the
Office, and no similar references were evaluated during prosecution. Only one of

the references relied on by Petitioners here (Spiers) was marked “considered,” but
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it was buried in an IDS dumping over 100 references into the record, and it was

never discussed. EX1002, p.334. Denial under §325(d) is thus unwarranted.

B. Discretionary Denial Under § 314(a) Is Unwarranted
1. Fintiv Factors Strongly Favor Institution

The second, third, and fourth Fintiv factors favor institution because the
projected statutory deadline for a Final Written Decision in the instituted [PR2022-
00996 (“Samsung IPR” which Petitioners seek to join) (December 7, 2023)
precedes the trial in the co-pending litigation (January 22, 2024) (EX1075);
investment in the co-pending litigation has been minimal as discovery has only
recently begun and the claim construction hearing is many months away
(EX1075); and the Board has instituted the Samsung IPR, which will allow the
Board to address the asserted prior art, and the issues will be narrowed in the co-
pending litigation. The first and fifth Fintiv factors are neutral or inapplicable.

2. Discretionary Denial Under General Plastic Is Unwarranted

The first five General Plastic factors do not support denying institution
because Patent Owner did not sue Petitioners until after the Samsung IPR was filed
(see IPR2022-00996, Paper 1 (Samsung IPR filed May 17, 2022); EX1074
(Complaint filed June 10, 2022)); Petitioners were not subject to litigation on the
918 Patent and were not aware of the cited art when the Samsung IPR was filed;

and Petitioners filed this petition and motion for joinder timely, copying the same
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grounds and relying upon the same evidence and expert declaration. As to the

remaining factors, because Petitioners agree to be subject to the Samsung IPR

schedule and take an understudy role only, this petition will not tax the resources

of the Board or impair the Board’s ability to meet the statutory deadline for a final

determination.

VIII. CONCLUSION

Petitioners therefore respectfully request that Trial be instituted and

that claims 1-30 be canceled as unpatentable.
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