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Overview of the Petitions

IPR2018-01152 IPR2018-01153 IPR2018-01154 IPR2018-01240

“Envelope Amplifier”

. Claims 12-14 Claims |-9 Claims 10-11
Claims

“Switcher”’

Claims Claims 15-20

For ease of reference, citations herein are to single IPR case and/or exhibit numbers, but are not intended to be limiting.




Overview of the Petitions and Prior Art

Claims 1-9

IPR2018-01152 IPR2018-01153

Chu + Choi 2010
+ Myers

IPR2018-01154 IPR2018-01240

Claims 6,8

Chu + Choi 2010

Claim 10

Chu + Choi 2010
+ Hannington

Claim I |

Chu + Choi 2010 +
Myers + Hannington

Claims12;14*

Chu

Claim I3

Chu + Choi 2010

Claim I3

Chu + Choi 2010
+ Myers

Claim-14*

Chu + Blanken

Claims 15,17,18,20

Kwak

Claim 16

Kwak (§103)

Claim 19

Kwak + Choi 2010

* Patent Owner conceded that these claims are invalid




Outline

= “Envelope Amplifier” Claims (1-14)

= Alleged Invention




’558 Patent - Figure 3
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IPR2018-01 153, Paper 3 (Petition) at 22. Ex. 1101 (558 Patent) at Fig. 3




Claims 6 and 7

6. An apparatus for wireless communication, comprising;

a power amplifier operative to receive and amplify an input
radio frequency (RF) signal and provide an output RF
signal; and

a supply generator operative to receive an envelope signal
and a first supply voltage, to generate a boosted supply
voltage having a higher voltage than the first supply
voltage, and to generate a second supply voltage for the
power amplifier based on the envelope signal and the
boosted supply voltage, wherein the supply generator
incorporates an operational amplifier (op-amp) opera-
tive to receive the envelope signal and provide an ampli-
fied signal, a driver operative to receive the amplified
signal and provide a first control signal and a second
control signal, a P-channel metal oxide semiconductor
(PMOS) transistor having a gate receiving a first control
signal, a source receiving the boosted supply voltage or
the first supply voltage, and a drain providing the second
supply voltage, and an N-channel metal oxide semicon-
ductor (NMOS) transistor having a gate receiving the
second control signal, a drain providing the second sup-

Cantiol ply voltage, and a source coupled to circuit ground.

Signs
Generator

Envedons

el P

Ex. 101 (558 patent) at | 1:42-63

e = 7. The apparatus of claim 6, wherein the supply generator

is operative to generate the second supply voltage based on
the envelope signal and either the boosted supply voltage or
the first supply voltage.

IPR2018-01 153, Paper 3 (Petition) at 20-25, 38-56, 80. =5 1B (et prierig) o ) en=y




Outline

= “Envelope Amplifier” Claims (1-14)

* Chu/ Choi 2010/ Myers




Patent Owner Concedes that Claims |12 and 14
Are Invalid

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD
b

I. INTRODUCTION

Intel Corporation
‘oner

Petitioner

Qualcomm Incorporated

Patent Owner Petitioner raises four grounds against three claims. Ground I is directed to

Case IPR2018-01152
prewsenss 1 claims 12 and 14, and Ground II is directed to claim 14. Patent Owner does not

PATENT OWNER RESPONSE TO PETITION
REVIEW PURSUANT TO 37 C.F.R|

contest these grounds and agrees to cancel claims 12 and 14.

Paper 16 (POR) at |

IPR2018-01 152, Paper 20 (Petitioner’s Reply) at 10.




Claim Construction Dispute

Patent Owner argues that all envelope amplifier claims (1-14)
require “selective boost”

Petitioner argues that claims 6,8, | |,and |3 do not require
selective boost

If the Board agrees with If the Board agrees with
Petitioner on CC Patent Owner on CC

Claims 1-9 and 13 are invalid over Chu, Choi Claims 1-9 and 13 are invalid over Chu, Choi
2010,and Myers 2010,and Myers

Claims 6, 8, and 13 are invalid over Chu and
Choi 2010

Claims 10 and | | are invalid over Chu, Choi Claims 10 and | | are invalid over Chu, Choi
2010, Myers, and Hanington 2010, Myers, and Hanington

Claim 10 is invalid over Chu, Choi 2010, and
Hanington




Chu + Choi 2010 And Chu + Choi 2010 + Myers
Teach All Limitations Of Claims I-1]| and |13

Patent Owner does not dispute that the limitations of claims |-11 and I3 were all
known in the prior art (e.g., in Chu, Choi 2010, and Myers).

= Patent Owner disputes whether a person of skill would have been motivated to
combine these references in the manner described in the petitions.

Moreover, Grounds I and II rely upon the combination of Chu and Cho1
2010, with Ground II additionally relying on Myers. Both grounds are flawed
because Petitioner has failed to meet its burden of establishing a motivation to
combine Chu. a reference striving to increase the efficiency of a power amplifier,
with Cho1 2010, a reference striving to prevent the degradation of output power at

the cost of efficiency.

IPR2018-01153, Paper 16 (POR) at |

Petitioner additionally fails to meet its burden of establishing a motivation to

combine Chu/Choi 2010 with Myers.

IPR2018-01153, Paper 16 (POR) at 2




Claims That Do Not Require “Selective Boost”
(Claims 6, 8, 13) Are Obvious Over Chu + Choi 2010
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Ex. 1104 (Chu) at Fig. 4
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To RF PA

Ex. 1106 (Choi 2010) at Fig. 5

* Claim 10 is obvious over Chu + Choi 2010 + Hanington

IPR2018-01 153, Paper 3 (Petition) at 30, 34




Patent Owner Concedes that Chu Teaches Almost
All Limitations of Claims I-1] and I3

= Patent Owner argues that Chu is missing only these limitations:

" “boosted voltage” / “boost converter”

= “selective boost”

Chu does not
include any discussion or illustration of a voltage boost mechanism for boosting a

battery voltage.

IPR2018-01153, Paper 16 (POR) at |3.




Asserted Prior Art — Chu (Ex. 1 104)
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A combined class-AB and switch-mode regulator based supply
modulator with a master—slave architecture achieving wide
bandwidth and low ripple is presented.

Ex. 1104 (Chu) at 2809

Pha
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A two-stage class-AB amplifier with a common-source output
stage, as shown in Fig. 14, is used for the linear amplifier.

Ex. | 104 (Chu) at 2814
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In the master—slave regulator configuration, the switch-mode
regulator serves as the slave stage, as shown in Fig. |5,and is
driven by the class-AB amplifier sensed output currents.

Ex. 1104 (Chu) at 2815

A high GBW linear amplifier in voltage follower configuration
ensures that output node Vo(t) tracks the reference envelope
voltage A(t).

Ex. 1104 (Chu) at 2810

Fig. 4 shows the block diagram of the proposed master—slave
linear and switch-mode combined supply modulator loaded
with a PA.

Ex. 101 (558 patent) at Fig. 3; Ex. | |04 (Chu) at Fig. 4

Ex. 1104 (Chu) at 2810
IPR2018-01153, Paper 3 (Petition) at 28-33, 38-56.




Asserted Prior Art — Choi 2010 (Ex. 1106)

Battery (2.8V~4.2V)

Regulator Buck

ERT : converter

- ’Buck\L L

VLoad

To RF PA

a new supply modulator architecture employing a hybrid
switching amplifier and a boost converter is proposed.

Ex. 1106 (Choi 2010) at 1074

The hybrid switching amplifier (HSA) combines the advantage of
the LDO and buck converter and simultaneously achieves high
efficiency and linearity.

Cnnwatter

Eeysions
Sigrat

i

Gengrator

Ex. 1106 (Choi 2010) at 1074

As the load voltage is regulated by the linear amplifier, boosting
up the supply voltage of the linear amplifier results in a stable
supply voltage to the RF PA regardless of the battery depletion.
Thus, the additional 5V boost converter ... is coupled to the
supply of the linear amplifier, while that of the switching amplifier
is directly connected to the battery.

Ex. 1 106 (Choi 2010) at 1075

The LTE envelope signal is shaped for the linear operation of
the RF PA.

Ex. 101 ('558 patent) at Fig. 3; Ex. 1 |06 (Choi 2010) at Fig. 5

Ex. 106 (Choi 2010) at Abstract

IPR2018-01 153, Paper 3 (Petition) at 34-35, 63, 66




Choi 2010 Teaches “Boosted Voltage”

Battery (2.8V~4.2V)

Regulator Buck

converter

Env.

/ Buck\l/ L

vLoad

To RF PA

a new supply modulator architecture employing a hybrid
switching amplifier and a boost converter is proposed.

Ex. | 106 (Choi 2010) at 1074

As the load voltage is regulated by the linear amplifier,
boosting up the supply voltage of the linear amplifier
results in a stable supply voltage to the RF PA regardless
of the battery depletion.Thus, the additional 5V boost
converter ... is coupled to the supply of the linear
amplifier, while that of the switching amplifier is directly
connected to the battery.

Ex. 1106 (Choi 2010) at Fig. 5

IPR2018-01 153, Paper 3 (Petition) at 34-35, 63

Ex. 1 106 (Choi 2010) at 1075




Claims 6, 8, 13 — Do Not Require ““Selective Boost”
— are Obvious Over Chu + Choi 2010

Claim 6 Choi 2010

An apparatus for wireless communication, comprising:

a power amplifier operative to receive and amplify an input radio frequency (RF) signal and
provide an output RF signal; and

a supply generator operative to receive an envelope signal and a first supply voltage,

to generate a boosted supply voltage having a higher voltage than the first
supply voltage, and to generate a second supply voltage for the power amplifier
based on the envelope signal and the boosted supply voltage,

wherein the supply generator incorporates an operational amplifier (op-amp) operative to
receive the envelope signal and provide an amplified signal, a driver operative to receive the
amplified signal and provide a first control signal and a second control signal,

a P-channel metal oxide semiconductor (PMOS) transistor having a gate receiving a first
control signal, a source receiving the boosted supply voltage or the first supply voltage,
and a drain providing the second supply voltage,

and an N-channel metal oxide semiconductor (NMOQOY) transistor having a gate receiving
the second control signal, a drain providing the second supply voltage, and a source coupled
to circuit ground.

IPR2018-01 153, Paper 3 (Petition) at 38-56.




Motivation to Combine: Institution Decision

For each of the proposed grounds, we find that Petitioner provides
sufficient articulated rationales for combining the references. Pet. 61-63
(Chu and Blanken), 6771 (Chu and Choi 2010), 75-79 (Chu, Choi 2010,
and Myers); Ex. 1003 9 115-117, 127-129, 138-140.

IPR2018-01 152, Paper 9 (Institution Decision) at 22.




Response To Argument In Sur-Reply

“[T]he Petition failed to explain how a POSA would combine Chu
and Choi 2010 without destroying the benefits of one or the other”

IPR2018-01153, Paper 22 (Sur-Reply) at |

And so in designing a power management circuit, you’re balancing
those competing concerns providing enough power for the load
while at the same time being as efficient as you can be. Is that fair?

I'm not sure I'd characterize them as being competing.
There’s certainly simultaneous concerns.You worry
about both of those in terms of making your power
supply work properly.

Ex. 1128 (Kelley Tr) at 13:12-20
Arthur W. Kelley (Kelley Tr.) at

Patent Owner’s In the proposed architecture, the efficiency degradation by

Expert the additional boost converter is not serious because the load
current provided by the linear amplifier is about 30% of the
overall load current. Assuming that Minear/ Moot/ Mswitch Of
each block are 50%, 90% and 90%, respectively, the efficiency
of the proposed supply modulator is 76.5%:. while that of the
conventional HSA without the boost converter is 78%. When

Ex. 1106 (Choi 2010) at 1076,IPR2018-01153, Paper 3 (Petition) at 43;
see also, Paper 19 (Petitioner’s Reply) at 10-15




Motivation to Combine: Chu + Choi 2010

'S =

Alyssa B. Apsel Ph.D.

Professor & Director
Elec.and Comp. Eng. Dept.
Cornell University

94.  Moreover, one of ordinary skill in the art would have been motivated
to use a boost converter to prevent distortion as the battery becomes depleted and
the voltage provided by the battery falls. It would have been desirable to operate
Chu’s linear amplifier with a boosted voltage so that (1) when the battery voltage
starts depleting, Chu’s linear amplifier is more robust, and/or (2) when the battery
voltage is lower than the peak voltage magnitude of the amplified reference
envelope voltage A(t), distortion of the amplified reference envelope voltage is

prevented. These advantages are specifically taught by Choi 2010, and would have

Ex. 1103 (Apsel Decl.) at § 94

IPR2018-01153, Paper 3 (Petition) at 44-45.




Motivation to Combine: Chu + Choi 2010

Arthur W. Kelley
Patent Owner’s
Expert

Now, Choi 2010 does talk about battery degradation,
right?

Right.

And Choi 2010 says you can use this boost converter
to address the battery degradation problem, right?

Yes.

Ex. 1128 (Kelley Tr.) at 105:20-106:4

Choi 2010's boost converter prevents a linear
amplifier's output power from degrading when the
battery depletes, right?

That's true.

Ex. 1128 (Kelley Tr.) at 156:3-6

IPR2018-01 153, Paper 19 (Petitioner’s Reply) at |3.




Motivation to Combine: Chu + Choi 2010

Alyssa B. Apsel Ph.D.

Professor & Director
Elec.and Comp. Eng. Dept.
Cornell University

95. Using a boost converter to power a PA to prevent distortion of the
amplified signal was also common and well known 1n the prior art. For example,
the Maehara patent discloses using a boost converter, referred to as a “step-up
converter,” in an amplifying circuit to prevent distortion. See Ex. 1118 at Abstract
(*“‘An amplifying circuit according to the present invention has an amplifying unit
tor amplifying an input signal to produce an amplified signal, a battery for
generating a constant voltage (a first voltage). a step-up converter for always
generating an increased voltage (or a second voltage) by increasing the constant
voltage . . . . [B]ecause the increased voltage 1s always generated by the step-up
converter . . . any distortion of the amplified signal can be prevented.”) (emphasis

added).

IPR2018-01 153, Paper 3 (Petition) at 45-46

Ex. 1103 (Apsel Decl.) at ] 95




Motivation to Combine: Chu + Choi 2010

96. .... A person of

ordinary skill in the art would have understood that the output of a battery is not

binary (i.e., not either fully on or fully off) but instead will decay over time until

the battery’s voltage output approaches zero. Given this state of battery
technology in the prior art, it was obvious to use a boost converter to boost a

falling battery voltage and provide the boosted voltage to circuit components, such

'S =

Alyssa B. Apsel Ph.D. as Chu’s envelope amplifier, to maintain operation and minimize distortion as
Professor & Director

Elec.and Comp. Eng. Dept. battery voltages drop.
Cornell University

Ex. 1103 (Apsel Decl.) at ] 96

IPR2018-01 153, Paper 3 (Petition) at 47-48.




Motivation to Combine: Chu + Choi 2010

If the battery voltage gets too low, the
output signal will become distorted,
right?

The output signal of the power
amplifier. That’s right. If you don’t
have enough battery voltage, Chu
will not function and the power
amplifier will not be able to

Arthur W. Kelley

Patent Owner’s
B perform.

Ex. 1128 (Kelley Tr.) at 165:17-22

IPR2018-01153, Paper 19 (Petitioner’s Reply) at 14




Motivation to Combine: Chu + Choi 2010

Sumnilarly. a 2008 datasheet for a Maxim amplifier taught using a boost
converter to extend battery life and maintamn output levels when the battery voltage
drops. Ex. 1115 [Maxim Integrated Products, Inc., MAX0738 —16VP-P Class G
Amplifier with Inverting Boost Converter, Datasheet 19-3700, Rev. 0 (March 2008)
(“Maxim™)] at & (“The MAX9738 Class G power amplifier with inverting boost
converter 15 the latest in linear amplifier technology. The Class G output stage
offers improved performance over a Class AB amplifier while increasing

efficiency to extend battery life. The integrated nverting boost converter
Alyssa B. Apsel Ph.D.
Professor & Director
Elec.and Comp. Eng. Dept.

Cornell University differential. As the battery voltage drops, the boost converter output becomes

generates a negative supply capable of delivering up to 400mA. The negative

supply 1s only used when the output signal requires a larger supply voltage

more negative to maintamn amplifier output swing all the way down to Vear =

2.7V

Ex. 1103 (Apsel Decl.) at ] 95
IPR2018-01 153, Paper 3 (Petition) at 45-46




Motivation to Combine: Chu + Choi 2010

Combining the
teachings of Choi 2010 with Chu would have been: (a) a combination of prior-art
elements according to known methods to yield predictable results, because a
person of ordinary skill in the art would have understood, for example, the effect
on the output of an envelope amplifier from modifying that amplifier to receive a
boosted supply voltage; (b) a simple substitution of one known element (a battery
supply) for another (a boosted supply or a combination of a boosted supply and
battery voltage) to obtain predictable results; (c) a use of a known technique

(operating an envelope amplifier with a boosted power supply) to improve a

Alyssa B. Apsel Ph.D.

Professor & Director (d) an application of a known technique (providing a boosted voltage) to a known

Elec.and Comp. Eng. Dept.
Cornell University device (Chu’s envelope amplifier) that was ready for improvement to yield

similar device (Chu’s envelope amplifier) in the same way disclosed by Choi 2010;

predictable results; and (e) obvious to try—a choice of different envelope trackers,
from a finite number of identified, predictable solutions, with a reasonable

expectation of success.

IPR2018-01 153, Paper 3 (Petition) at 47-48 5 U (~rpsel eesh)eh| 7/




Motivation to Combine: Chu + Choi 2010
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Ex. 1 104 (Chu) at Fig. 4 Ex. 1106 (Choi 2010) at Fig. 5

And as shown in Figure 4, that PMOS transistor receives Vbat, right?
That's true.
Now, if instead between Vbat and the source of that PMOS transistor we place
the boost converter of Choi Figure 5 -- do you have that in mind?
Okay.
In that circumstance, then the source of the PMOS transistor in the linear
amplifier of Choi -- of Chu Figure 4 would receive the boosted supply voltage,
_ right?
. That - if you were to choose to do that one spot, then Chu’s amplifier
Arthur W. Kelley would receive the boosted supply voltage, but nothing else.
Patent Owner’s

Expert Ex. 1128 (Kelley Tr.) at 54:3-17




Claims That Require “Selective Boost” (Claims 1-5,7,9)
Are Obvious Over Chu + Choi 2010 + Myers

{0 T A A
United States Patent (i (11 Pates 5,929,702

SOLID-STATE o . “ 010 IEEE MTT-S International eI
CIRCUIT‘S"\ Microwave Symposium Digest

(MTT 2010)
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Ex. [ 104 (Chu) at Fig. 4 Ex. 1106 (Choi 2010) at Fig. 5 Ex. 1112 (Myers) at Fig. 7

Class AB Output|

* Claim || is obvious over Chu + Choi 2010 + Myers + Hanington

IPR2018-01153, Paper 3 (Petition) at 62-82




Claims |-5,7, 9 — Require ‘“‘Selective Boost” -
are Obvious Over Chu + Choi 2010 + Myers

Claim 7 Choi 2010 Myers
The apparatus of claim 6, wherein the supply
generator is operative to generate the second
supply voltage based on the envelope signal and J / /
either the boosted supply voltage or
the first supply voltage.

IPR2018-01 153, Paper 3 (Petition) at 80-81.




Motivation to Combine: Institution Decision

For each of the proposed grounds, we find that Petitioner provides
sufficient articulated rationales for combining the references. Pet. 61-63
(Chu and Blanken), 6771 (Chu and Choi 2010), 7579 (Chu, Choi 2010,
and Myers); Ex. 1003 99 115-117, 127-129, 138-140.

IPR2018-01 152, Paper 9 (Institution Decision) at 22.

We also are not persuaded by Patent Owner’s argument that Chu
teaches away from the use of a selective boost based on a sentence
describing Chu’s use of a single voltage boost. Prelim. Resp. 34-35. On the
present record, Patent Owner has not shown persuasively that the differences
between Chu/Choi 2010 and Myers undermines their combination or that the

Chu’s teaching rise to the level of teaching away.

IPR2018-01 153, Paper 9 (Institution Decision) at 24.




Asserted Prior Art — Myers (Ex. 1112)
Teaches ‘‘Selective Boost”’

FIG. 7 shows a flowchart for a method of amplifying a

' signal in accordance with a preferred embodiment of the
IR T present invention. Method 700 begins with step 710 when an

v e R input signal is compared to a reference. Then in step 720, as
a result of the comparison in step 710, at least one of a

START plurality of power sources is selected for use in an amplifier.

Then 1n step 730, the input signal is amplified with the
COMPARE AN INPUT SIGNAL TO A REFERENCE k?lo amplifier that uses the power sources selected.
¥ Method 700 as shown in FIG. 7 is a method which selects
SELECT AT LEAST ONE OF A PLURALITY OF | 729 a power source to be used in an amplifier where the selection
POWER SOURCES) FOR USE IN AN AMPLIFIER 1s a function of the amplitude of the input signal. This allows
' an amplifier to be operated in a more efficient range because
AMPLIpIhAEPRLIEgINT§ETJnggwEéG§%bRg%gg) TST-:EECTED a power source can be chosen close to the amplitude of the

input signal.

Ex. 1112 (Myers) at 9:8-21

- pulsewidth modulator. In step 840 a second power source is
Ex. 1112 (Myers) at Fig.7 | selected for use in a pulsewidth modulator, where the second
; power source has a voltage greater than the first power
source selected in step 830. After either step 830 or 840,

Ex. 1112 (Myers) at 9:29-32

INTEL 1112

IPR2018-01 153, Paper 3 (Petition) at 68-69




Motivation to Combine: Chu + Choi 2010 + Myers

133. Therefore, a person of ordinary skill in the art would have been
motivated to combine the selection functionality of Myers with the Chu envelope
amplifier, as modified by Cho1 2010, so that: (1) when a boosted voltage is not
required, Chu’s linear amplifier operates etfticiently with the battery voltage, and
(2) when the battery voltage is lower than the peak voltage magnitude of the

amplified reference envelope voltage A(7), Chu’s linear amplifier operates with the

Alyssa B. Apsel Ph.D. boosted voltage to prevent distortion of the amplified reference envelope voltage
Professor & Director

Elec.and Comp. Eng. Dept. A(7).
Cornell University

Ex. 1103 (Apsel Decl.) at [ 133

IPR2018-01 153, Paper 3 (Petition) at 72-73.




Motivation to Combine: Chu + Choi 2010 + Myers

Arthur W. Kelley
Patent Owner’s
Expert

And so in designing a power management circuit, you’re balancing
those competing concerns providing enough power for the load
while at the same time being as efficient as you can be. Is that fair?

I'm not sure I'd characterize them as being competing.
There’s certainly simultaneous concerns.You worry about
both of those in terms of making your power supply work

properly.

Ex. 1128 (Kelley Tr.) at 13:12-20.

And so Myers does disclose switching between a first mode and a
second mode based upon the envelope signal with respect to a
reference, right?

That’s right.

And that means that it would switch both to the high power and to
the low power, right?

It could.

Ex. 1128 (Kelley Tr.) at 270:13-271:5

IPR2018-01153, Paper 19 (Petitioner’s Reply) at | 1,22




Motivation to Combine: Chu + Choi 2010 + Myers

...If  implemented the boost converter of Choi in Chu
such that Chu operated off of battery power until the
battery depleted and then | switched to using boost, that
would save power, right!?

That would extend the useful life of the battery.

Right. By conserving power during the portion of time
where it's operating off of the battery only, right?

By both conserving power during the time it's

! operating off the battery and then you turn on the
Arthur W. Kelley boost, and it lets you more fully deplete the
Sy O battery before you run out of battery.

Expert Okay.And you would agree with me that extending the

useful life of a battery is something that is good, right?
Yes.

Ex. 1128 (Kelley Tr.) at 281:6-282:2

IPR2018-01 153, Paper 19 (Petitioner’s Reply) at 15.




Motivation to Combine: Chu + Choi 2010 + Myers

134. Finally, adding the selectable power sources of Myers to the Chu
envelope amplifier (in view of Choi 2010) would have yielded only expected,
pradictable results. Using the power selection method disclosed in Myers with
Chu. as modified by Choi 2010 to include the boost converter, would have been:
(a) a combination of prior-art elements (providing a battery supply and a boosted
supply) according to known methods to yield predictable results, because a POSA
would have understood, for example, allowing the envelope amplifier to
selectively receive either a battery supply or a boosted supply would satisfy the
power requirements of the power amplifier while improving battery preservation:
(b) a simple substitution of one known element (operating with one power supply)
for another (switching operation between two power supplies) to obtain predictable
k. : results: (¢) a use of a known technique (operating an envelope amplifier with either

Alyssa B. Apsel P h . D. a boosted power supply or a battery power supply) to improve a similar device (the
Professor & Director

Elec.and Comp. Eng. Dept.
Cornell University technique (selectively receive either a boosted power supply or a battery power

envelope amplifier of Chu) in the same way: (d) an application of a known

supply) to a known device (the envelope amplifier of Chu) ready for improvement
to yield predictable results: and (e) obvious to try—a choice of one type of power
supply from a finite number of identified. predictable solutions. with a reasonable

expectation of success.

IPR2018-01153, Paper 3 (Petition) at 73-74. % [HIEE) ((apallereelh) et 2




Motivation to Combine: Chu + Choi 2010 + Myers

Q. It was within the skill of the person of
ordinary skill to build the circuit that
would switch between the Vbat shown
in Choi — sorry — shown in Chu
Figure 4 and the boosted voltage of the

boost converter from Choi Figure 5,

Arthur W. Kelley correct?
Patent Owner’s

2 A. If you decided to do that, yes.

Ex. 1128 (Kelley Tr.) at 284:6-12

IPR2018-01 153, Paper 19 (Petitioner’s Reply) at 16.




Outline

= “Envelope Amplifier” Claims (1-14)

= PQO’s Claim Construction




The Plain Claim Language Supports Petitioner’s
Construction

6.An apparatus for wireless communication, comprising:
sfofok
... a P-channel metal oxide semiconductor (PMQOS) transistor having a gate receiving

a first control signal, a source receiving the boosted supply voltage or the first
supply voltage ... .

Ex. 101 (558 patent) at | 1:56-59

* Plain meaning of “or” is to claim alternatives.

IPR2018-01 153, Paper 19 (Petitioner’s Reply) at 3-4.




The Plain Claim Language Supports Petitioner’s
Construction

Petitioner’s construction seemingly rests entirely on the word “or.” The use
of “or” i1s sometimes an acceptable mechanism for claiming alternatives such that
only one of the limitations need be found in the prior art to support anticipation.

See In re Gaubert, 524 F.2d 1222, 187 USPQ 664 (CCPA 1975).

IPR2018-01 153, Paper 19 (POR) at 20

= Patent Owner concedes that the plain meaning of “or”
in patent claims is to claim alternatives.

IPR2018-01153, Paper 19 (Petitioner’s Reply) at 4.




Patent Owner’s Construction Excludes “Always
Boost”” Embodiment

AR R

US 8,698,558 B2

ax United States Patent Patent
Mathe et al. 15) Date of Patent: Apr. 15,2014

In another design of supporting operation with a lower
battery voltage, the entire envelope tracker 1s operated based
on the Vboost voltage from boost converter 180. In this

Ex. 101 (558 patent) at 8:24-26

INTEL 1001

IPR2018-01 153, Paper 19 (Petitioner’s Reply) at 6-8.




Patent Owner’s Construction Excludes “Always
Boost”” Embodiment

If you’re right that the selective boost
and the or means | have to be able to
use either boost or first, then under that
circumstance, claim [6] and |3 would not
cover the embodiment at column 8 line
24 that uses Vboost alone. Is that fair?

A. 1| think that’s fair.

Arthur W. Kelley
Patent Owner’s
Expert

Ex. 1128 (Kelley Tr.) at 134:12-18

IPR2018-01153, Paper 19 (Petitioner’s Reply) at 7.




Patent Owner’s Construction Is Narrower Than
Judge Sabraw’s Construction Under Phillips

C3 re 3:17-cv-01375-DMS-MDD  Document 351 Filed 09/18/18 PagelD.12394 Page 1 of 10

PR 2013 il 5L S T
8 g ex 1127

20i%-4i7 A1 peiy-11de
Ex 1Y Ex i3ly

UNITED STATES DISTRICT]
SOUTHERN DISTRICT OF CA

[T RS - AT S R VO S e

Contrary to the requirement of 35 U.S.C. § 112 9 4,° claim 7 does not

QUALCOMM INCORPORATED, | Case Ng

Plainift “specify a further limitation” on claim 6. Rather, it expands the scope of claim 6 to include

ORDER
V.

APPLEINCORRORATED. = t' another possible combination as the basis for the second supply voltage.

| ]
APPLE INCORPORATED, \ ‘ Y J Ex. | 126 (Markman Order), at 6

Counter Claimant,
V.

QUALCOMM INCORPORATED,

_ Comrbrinin) “Selective Boost”

This matter came before the Court for a claim construction hearing on August 7,

2018. David Nelson, Nathan Hamstra and Patrick Schmidt appeared on behalf of

Qualcomm, and Juanita Brooks, James Dowd and Joseph Mueller appeared on behalf of

Apple. After a thorough review of the parties’ claim construction briefs and all other
material submitted in connection with the hearing, the Court issues the following order |

construing the disputed terms of the patents at issue here. Intel v. Qualcomm
Exhibit 1026

1 IPR2018-01152

17cv1375 DMS(MDD)

IPR2018-01 153, Paper 19 (Petitioner’s Reply) at 4-5.




Patent Owner’s Construction Is Narrower Than
Judge Sabraw’s Construction Under Phillips

Q.

Arthur W. Kelley

Patent Owner’s

And just to be clear, you're giving an
opinion that is contrary to Judge Sabraw's
claim construction, right?

| understand what the Judge did.
And l've reached a different
conclusion.

Expert

IPR2018-01 153, Paper 19 (Petitioner’s Reply) at 4-5.

Ex. 1128 (Kelley Tr.) at 147:10-15




Outline

= “Switcher” Claims (15-20)

= Alleged Invention




Claim I5

Current
Sensor

Genarator

15. An apparatus comprising:
an inductor operative to receive a switching signal and
provide a supply current; and
a switcher operative to sense an input current and generate
the switching signal to charge and discharge the inductor
to provide the supply current, the switcher adding an
offset to the input current to generate a larger supply
current via the inductor than without the offset, wherein
the switcher comprises
a summer operative to sum the input current and an offset
current and provide a summed current,
' ¢ amplifier operative to receive the summed
current and provide a sensed signal, and
BRNEEREE operative to receive the sensed signal and provide
at least one control signal used to generate the switching
signal for the inductor.

IPR2018-01 154, Paper 3 (Petition) at 38-51

Ex. 101 (558 patent) at Fig. 5

Ex. 1201 (’558 patent) at 13:19-34




Outline

= “Switcher” Claims (15-20)

= Kwak




Asserted Prior Art — Kwak (Ex. 1211)

SOLID-STATE
CIRCUITS

A 2 W CMOS Hybrid Switching Amplitude
Modulator for EDGE Polar Transmitters

Tae-Woo Kwak, Student Member, IEEE, Min-Chul Lee, Student Member, IEEE, and
Gyu-Hyeong Cho, Member, IEEE

Ex. 1211 (Kwak) at Fig. 5

IPR2018-01 154, Paper 3 (Petition) at 39




Claims 15-20

= Kwak anticipates claims 15, 17-18,and 20

= Kwak renders obvious claim 16

= Kwak + Choi 2010 render obvious claim |9

Envelope R2
Amplifier

Signat
Genarator

Ex. 1211 (Kwak) at Fig. 5
IPR2018-01 154, Paper 3 (Petition) at 38-67.

Ex. 101 (558 patent) at Fig. 5




Patent Owner Concedes That Kwak Teaches All
Limitations of Claim 15 Except “Offset”

15. An apparatus comprising;:

an inductor operative to receive a switching signal and
provide a supply current; and

a switcher operative to sense an input current and generate
the switching signal to charge and discharge the inductor
to provide the supply current, the switcher adding an
offset to the mput current to generate a larger supply
current via the inductor than without the offset, wherein
the switcher comprises

a summer operative to sum the input current and an offset
current and provide a summed current,

a current sense amplifier operative to recerve the summed
current and provide a sensed signal, and

a driver operative to receive the sensed signal and provide
at least one control signal used to generate the switching
signal for the inductor.

IPR2018-01154, Ex. 1201(”558 Patent) at 13:19-33




Patent Owner Concedes That Kwak Teaches All
Limitations of Claim 15 Except “Offset”

A.

| think that in a broad sense,
whether Kwak is doing the offset,
as described in Claim 15, is the
heart of the matter. Sure.

Arthur W. Kelley
Patent Owner’s
Expert

IPR2018-01154, Ex. 1229 (Kelley Tr.) at 189:3-5




Outline

= “Switcher” Claims (15-20)

= Kwak’s Feedforward Path Increases the Inductor Current




Kwalk’s
Feedforward Path

Vo
] o]

Ex. 1211 (Kwak) at Fig. 5
lo= laT14

Ex. 1211 (Kwak) at 2666

IPR2018-01 154, Paper 3 (Petition) at 39-40

Switcher/Inductor
Current

Linear Amplifier
Current

Total/Output
Current




—_—

Vo
ZL?

Assuming that the current loop (= ¢4/i,) has a large loop
gain and a wide bandwidth, the linear amplifier only delivers the
switching ripple current of the switching amplifier because the
switching amplifier supplies most of the output current through
the relation of ¢, = ¢, + iq = (1 + ) - i,. In reality, however,
as shown in Fig. 2(b), the output current of the switching ampli-
fier (iq) is slower and less than the output current (4,) because
of the finite loop gain /. Thus, the linear amplifier must provide
some amount of signal current in addition to the ripple current to
compensate for the distortion that results from the phase lag of
the switching stage in the high-frequency region. With the mag-
nitude of loop gain ||, the phase of loop gain €, and the output
current z,, at a specific frequency, the required output current of
the linear amplifier ¢, and the phase delay of the switching stage
« are given by

Ex. 1211 (Kwak) at Fig. 5

Ex. 1211 (Kwak) at 2666

Lo

= 1,t1y

Ex. 1211 (Kwak) at 2666

IPR2018-01 154, Paper 3 (Petition) at 39-40, 47-49, 56; Paper 19 (Petitioner’s Reply) at 10-11.




Kelley Drawings

lo= lat1d

Ex. 1211 (Kwak) at 2666

Angle (degrees)

The Parties agree that activating Kwak’s
feedforward path:

* Decreases i,

* Does not change i, Aol (derees

Kwak explains that i, does not only
compensate for phase change, i.e.,
switching ripple current. It also provides
signal current. Ex. 1211 (Kwak) at 2666

Angle (degrees)

Paper 19 (Petitioner’s Reply) at 10-11. IPR2018-01154, Ex. 2002 (Dr. Kelley Decl.) at §[{]76-80




Patent Owner Admissions

Arthur W. Kelley

Patent Owner’s
Expert

So the assumption that the amplitude, the peak
to peak amplitude of |, equals |_, Kwak at Page
2673 bottom of the left column says that it is
not correct, right!

MR. SAUER: Objection; form.

Again, my waveforms are an illustration of
how to do math with sine waves.

They are not meant to directly reproduce
Figure | | of Kwak.

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at | I.

Ex. 1229 (Kelley Tr.) at 195:9-15




Patent Owner Admissions

= Activating Kwak’s feedforward path decreases the magnitude of
the linear amplifier current (i,)

Arthur W. Kelley

Patent Owner’s
Expert

71.  Kwak’s feedforward path does not cause the switcher to generate a
larger current than the switcher would without the feedforward path. The Kwak
feedforward loop only reduces the current from the linear amplifier—i, in the
parlance of Kwak—needed to “compensate for the distortion that results from the
phase lag of the switching stage in the high-frequency region.” See id. at 2666,
2668-2670. Kwak does not disclose or suggest that the reduction in such
compensation current can increase the amount of current generated from the

switcher.

Ex.2002 (Kelley Decl.) at 7|




Patent Owner Admissions

= Activating Kwak’s feedforward path does not change the output
current (i,)

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

Intel Corporation
etitione:

The supply current (i) through the inductor is circled in green in Petitioner’s
annotated drawing (above). The output current (i,) remains constant, and can
rmrowsekresroxst rorimosrox ol therefore be determined by summing the supply current (iy) and the linear amplitier

current (i,).

( IPR2018-01 154, Paper 9 (POR) at 27-28

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 14, 19.




Patent Owner Admissions

Arthur W. Kelley

Patent Owner’s
Expert

And a person of ordinary skill would understand
that it would be desirable from an efficiency
standpoint to have the switcher produce as
much energy as possible, right?

MR. SAUER: Objection; form.

| think it would be better phrased the
switcher provides as much current as
possible.

Ex. 1229 (Kelley Tr.) at 245:15-21

The switcher is trying to provide most of
the current | by way of |,.

Ex. 1229 (Kelley Tr.) at 252:3-4

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 19-20




Kwak Discloses ‘“Offset’’: Equation 4

i ig

a
{ A
2

'd
‘I’(AS'ia‘I‘AF'Uin)'AI'

. -"rf * UVin

to = VA =ia+(Asia+Ap-vin) Ap- Ay Zp +sL

4)

Using basic math, the portion of the total output current provided by the switcher

(i7) must represented by the terms affer i, in Kwak’s equation (4):

. 1
{-’15 vig+ Ap-vin)- Ar- Apg - m

According to this expression, the supply current from the switcher (i) is
proportional to the offset current (Ar): as the offset (A7) increases, so will the

supply current from the switcher (/7). Ex. 1203 at §103.

Ex. 1211 (Kwak) at Fig. 5
IPR2018-01 154, Paper 3 (Petition) at 48.




Kwak Discloses ‘“Offset’’: Equation 4

i ig

a
{ A
2

'd
+(A5'ia+AF'vin)'

Kwak also describes this effect of the offset when it explains “the effect of

the feedforward path,” which is the structure that supplies the offset. Ex. 1211 at

2673. Kwak explains that the feedforward path causes “the output current of the

linear amplifier” (i) to be “reduced to about half.” /d. This means the output

current of the switcher (i) must increase: the overall current requirements of the

PA do not change when the offset (feedforward path) is added, since they are
determined by the input signal, so when the offset causes the envelope amplifier to

provide less current, the switcher must make up the difference.

Ex. 1211 (Kwak) at Fig. 5
IPR2018-01 154, Paper 3 (Petition) at 48-49.




Kwak Discloses “Offset’’: Figure ||

Voltage corresponding to the output current, i

Bl 20omA L Jchal So

mv L
OmA L

o0 A Ch2 J LeRV

v =4, 8800048

(a)

TEN NN 70w 04 W

Tekstop |

Chi| S00mvVa Cha

o0mv 2 00 A Ch2 5 LEEY

W 200mAO (h4

S00mALY |
v -4, 82000ps

(b)

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 15

IPR2018-01 154, Paper 16 (POR) at 32;
Ex. 1211 (Kwak) at Fig. I | (annotated by PO)




Kwak Discloses “Offset’’: Figure ||

Arthur W. Kelley

Patent Owner’s
Expert

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at |5-16.

- the magmitude and phase of output (Vo) remain constant with and

without the feedforward path. Ex. 2002 at §87.

IPR2018-01 154, Paper 16 (POR) at 31

Q. But the minimum values of Vo are the same in I 1(a) and | I (b), right?

A. | understand that they’re the same.

Ex. 1229 (Kelley Tr.) at 207:9-1 |

m' il S00mve M40 A Chl J eV
200mA 0 (Cha| SOEmMAT
v -4, 8800048 |

(a)

Ex. 1211 (Kwak) at Fig. I | (annotated by PO)




Kwak Discloses “Offset’’: Figure ||

Arthur W. Kelley

Patent Owner’s
Expert

Horizontal blue lines are placed at the maximum

value of supply current (is). As can be seen above, the horizontal blue lines are

located at the same location on both charts, at exactly 3 3/5 voltage divisions from

the bottom of the chart.

Ex.2002 (Kelley Decl.) at ] 87

) hal S00mv e M4,
200mMA L KChal SaemAQ

(a)

v 4. 880008 | B =4.82000ps

m A Chl J LesvV

(b)

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 15, |7-18.

Ex. 1211 (Kwak) at Fig. I | (annotated by PO)




Kwak Discloses “Offset’’: Figure ||

S00MAS? |

(b)

[T R q'

Let me ask it to you this way: is
it true, yes or no, that the
vertical distance between the
lowest point of V, and the lowest
point of | in (a) is greater than
the vertical distance between
the lowest point of V, and the
lowest point of |, in (b)?

Yes.That’s what produces
the current |,.

Ex. 1211 (Kwak) at Fig. I | (excerpted and annotated)

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 17-18

Ex. 1229 (Kelley Tr.) at 217:12-19




Kwak Discloses “Offset’’: Figure ||

Voltage corresponding to the output current,i_

TEN KNS 77D 4 W

Tekstop |

mv v o0 A Ch2 J LésV Chi| mve Oh 0my L MAolus A Ch2 J LBV
Bl Z00mA D cha| SoEmAL M 200mAC Cha] S00mAL |
e~ -4, 880008 B~ =4, 82000ps

(a) (b)

IPR2018-01154, Paper 16 (POR) at 32; Ex. 1211 (Kwak) at Fig. | |
(annotated by PO - green circle added by Petitioner)

lo= lat1d

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 15




Summary

= Patent Owner’s inherency argument is waived
= Raised for the first time in Sur-Reply

= Petitioner does not rely on inherency

= Kwak’s text, equations and figures all show that the
feedforward path increases the inductor current




Outline

= “Switcher” Claims (15-20)

= Fig.5 v.Fig.6




Kwak Fig. 5

Petition for Inter Parres Review of U.S. Patent No. 8,698,558
IPR2018-01154

DOCKET NO.: 0107131-00564US3
Filed on behalf of Intel Corporation . .
By: David L. Cavanaugh, Reg. No. 36,476 As shown in Fi gure
Richard Goldenberg, Reg. No. 38.895
Wilmer Cutler Pickering Hale and Dorr LLP
60 State Street
Boston, Massachusetts 02109

B AL e S 5 (and as explained in detail in the specific grounds section below), Kwak

richard.goldenberg@wilmerhale.com

discloses the internal structure of the supply generator, including the miscellaneous

UNITED STATES PATENT AND TRADE

BEFORE THE PATENT TRIAL AND Al

claim elements that the Examiner found were missing from the prior art during

Intel Corporation

petoner prosecution (operational amplifier, driver, and PMOS and NMOS transistors). Ex.

V.

Qualcomm Incorporated
Patent Owner 1 203 at ﬂﬂ7 1 _72.

Case [PR2018-01154

L
PETITION FOR INTER PARTES REVIEW OF
U.S. PATENT NO. 8,698,558
CHALLENGING CLAIMS 15-20

IPR2018-01 154, Paper 3 (Petition) at 31.




Kwak Fig. 5

“a switcher operative to sense an input current and
generate the switching signal to charge and discharge
the inductor to provide the supply current, the
switcher adding an offset to the input current to
generate a larger supply current via the inductor than
without the offset,”

Kwak discloses this limitation. Kwak discloses a switcher, highlighted in

yellow below:

Fig. 5. Hybrid switching amplifier with the feedforward path.

Kwak - Figure 5

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 21; Paper 3 (Petition) at 42.




Kwak Fig. 5

IN THE UNITED STATES PATENT AND TRA

BEFORE THE PATENT TRIAL AND APH

Intel Corporation
Petitioner

Qualcomm Incorporated
Patent Owner

IPR2018-01154
U.S. Patent No. 8.698.558

PETITIONER’S REPLY

The Petition then continues: “The switcher adds an offset to the input
current, which will ultimately generate a larger supply current via the inductor
than without the offset,” (Petition, 43) and points explicitly to the feed forward
path of Fig. 5. See, 1d.:

Kwak discloses that the driver Ar (highlighted in orange) supplies
an increase in current—i.e., an offset current—in a “feed forward”
path. Ex. 1211 at 2668 (“If we add a feedforward path, like the one
shown in Fig. 5, the input signal can directly control the switching
amplifier. Such a path is faster than the feedback current path formed
by sensing the output current of the linear amplifier.”); id. at 2668-69
(“the gain of the feedforward path AF(s)”).

T

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 22; Paper 3 (Petition) at 43-45.




Kwak Fig. 5

IPR2018-01154 Ll

The Petition then explains where in Fig. 5, Kwak’s switcher adds the offset

IN THE UNITED STATES PATENT AND TRA

to the input current. See, Petition, 43:

BEFORE THE PATENT TRIAL AND APH

Intel Corporation
peationer The offset current is added to the sensed signal by the summing
— circuit (X, outlined in brown), and the summing circuit’s output is
sent to an integrator Al(s) (the left) triangle outlined in red, labeled

with the integral sign ).

IPR2018-01154
U.S. Patent No. 8.698.558

The Petition also explains that “Figure 5 shows how the added offset

current increases the supply current provided via the inductor.” Petition, 45.

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 22; Paper 3 (Petition) at 43.




Kwak Fig. 6 Is An Implementation of Fig. 5

“Figure 6 of Kwak—which is
a detailed implementation of the type of circuit shown in Figure 5—show these
same features [shown in Figure 5] (with similar components in both figures

highlighted...as in Figure 5).”

Ex. 1203 (Apsel Decl.) at [ 50

Alyssa B. Apsel Ph.D.
Professor & Director
Elec.and Comp. Eng. Dept.
Cornell University

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 23.




Kwak Fig. 6 Is An Implementation of Fig. 5

Summing Circuit + Integrator

~\

Feedforward Path

i ReZ

Ripple Filter +
Current Feedback

Ex. 1211 (Kwak) at Fig. 5 Ex. 1211 (Kwak) at Fig. 6

IPR2018-01 154, Paper 3 (Petition) at 42, 44; Ex. 1203 (Apsel Decl.) at ] 92, 96.




Outline

= “Switcher” Claims (15-20)

= Claims 16 and 19




Claim |6

16. The apparatus of claim 15, wherein the switcher oper-
ates based on a first supply voltage, and wherein the offset 1s
determined based on the first supply voltage.

Ex. 1201 (558 Patent) at 14:1-3

UNITED STATES PATENT AND TRADEMARK Of In this obvious implementation, the transfer function of the

BEFORE THE PATENT TRIAL AND APPEAL B¢

amplifier (i.e.. the relationship of the output versus the inputs) would depend on

Intel Corporation
Petitioner

v the supply voltage (Vaa). More specifically, the gain of each stage of the amplifier

ualcomm Incorporated
! Patent ()\\'nlcl ‘ . . h H 1
S P £ 8 556 device will depend on the drain current of each stage. which in turn depends on the
Claims 15-20

Case IPR20IS-01154 drain-to-source voltage (Vps) and the supply voltage (Vaa) (Ex. 1224 at p. 22:

DECLARATION OF ALYSSA APSEL, PH.DJ

ON BEHALF OF PETITIONER equation 2.20). For example, if Va4 increases. the output current of the amplifier
would increase. As a result, the offset current from the Ar block would be
determined based on, among other things, the first supply voltage (as well as on the

imput voltage Viy). and Kwak therefore discloses this limitation.

Ex. 1203 (Dr. Apsel Decl.) at 128
IPR2018-01 154, Paper 3 (Petition) at 60-61; Paper 19 (Petitioner’s Reply) at 25 X (Dr. Apsel Decl) at ]




Claim |6

Arthur W. Kelley
Patent Owner’s
Expert

16. The apparatus of claim 15, wherein the switcher oper-
ates based on a first supply voltage, and wherein the offset is
determined based on the first supply voltage.

Ex. 1201 (’558 Patent) at 14:1-3

Q. Okay. So let me ask it to you this way: One way to
implement the triangle of Figure 5, labeled A(f) would
be as an amplifier, right?

In an alternate implementation you might do
that.

Ex. 1229 (Kelley Tr.) at 225:20-226:2

If the circuit A(f) was implemented as a linear
amplifier, you could use the Vdd power supply to
power that amplifier, right?

A. That’s right.

Ex. 1229 (Kelley Tr.) at 227:7-10

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 24-25.




Claim |9

19. The apparatus of claim 18, further comprising;:

a boost converter operative to receive the first supply volt-
age and provide a boosted supply voltage having a
higher voltage than the first supply voltage, wherein the
envelope amplifier operates based on the first supply
voltage or the boosted supply voltage.

Ex. 1201 (’558 Patent) at 14:1-3

Patent Owner does not challenge Petitioner’s mapping of claim 19 to Kwak
and Choi 2010

Patent Owner does not dispute the benefits identified in the Petition with
regard to the motivation to combine Kwak and Choi 2010

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 25-26.




Claim |9

Moreover, Choi 2010 disparages the use of a PWM control such as the
circuit disclosed in Kwak by describing the benefits of using a hysteretic operation

as opposed to PWM.

k* %k ok

WiMAX and 3GPP LTE.”). Conversely, Kwak disparages the use of a hysteretic
operation such as the one in Choi 2010 when it describes the benefits of using

PWM modulation.

POR at 42

Patent Owner’s argument misrepresents the record because Petitioner does
not propose bodily incorporating Choi 2010 into Kwak

Petitioner argues instead that Choi 2010’s boosted supply is applicable to
Kwak for the reasons discussed in Petition, which the PO did not dispute

IPR2018-01 154, Paper 19 (Petitioner’s Reply) at 25-26.




BACKUP




Motivation to Combine: Chu + Choi 2010

94, Moreover. one of ordinary skill in the art would have been motivated
to use a boost converter to prevent distortion as the battery becomes depleted and
the voltage provided by the battery falls. It would have been desirable to operate
Chu’s linear amplifier with a boosted voltage so that (1) when the battery voltage
starts depleting, Chu’s linear amplifier is more robust, and/or (2) when the battery
voltage 1s lower than the peak voltage magnitude of the amplified reference
envelope voltage A(t), distortion of the amplified reference envelope voltage is
prevented. These advantages are specifically taught by Choi 2010, and would have
motivated a person of ordinary skill in the art to modify Chu with Choi 2010 to
take advantage of them. See Ex. 1107 at 1074 (“An integrated boost converter
keeps a stable operation of the PA supply modulator. Even at the battery depletion
from 4.2V to 2.8V, there is no significant degradation of output power and
linearity in the power amplifier.”); id. (“By boosting up the supply voltage of the
linear amplifier to 5V regardless of the battery voltage variation. while that of the
buck converter is still coupled to the battery in the HSA, the supply modulator
dynamically regulates the PA with the peak voltage of 4.5V.”); id. at 1077 (“For

the additional boost converter, the proposed supply modulator presents the robust

performance over the battery voltage variation while the efficiency degradation is

minimized.”).

95.  Using a boost converter to power a PA to prevent distortion of the
amplified signal was also common and well known in the prior art. For example,
the Maehara patent discloses using a boost converter, referred to as a “step-up

converter,” in an amplifying circuit to prevent distortion. See Ex. 1118 at Abstract

skekesk
added). Similarly, a 2008 datasheet for a Maxim amplifier taught using a boost
converter to extend battery life and maintain output levels when the battery voltage
drops. Ex. 1115 [Maxim Integrated Products. Inc.. MAX9738 —16VP-P Class G

KKk

2.7V.”). Such references, including Maehara and Maxim, would have further
confirmed the advantages of modifying Chu’s supply modulator to incorporate the
boost converter of Choi 2010, and thus further contirm the motivation for this
modification. Because boost converters had been used to improve numerous
similar devices, a person of ordinary skill in the art would have recognized that this
same technique would also improve the Chu’s supply modulator. Indeed,
references such as Maehara and Maxim would have confirmed to a person of
ordmary skill in the art that the results of incorporating Cho1 2010°s boost
converter into Chu’s supply modulator were entirely predictable, and in line with

the results to be expected from the express teaching of Choi 2010.

IPR2018-01 153, Paper 3 (Petition) at 48-53.

Ex. 1103 (Apsel Decl.) at ] 93-95




Motivation to Combine: Chu + Choi 2010

96. It was also well known in the art that the voltage output of a battery
declines over time with use. Specifically, it was known that a battery will start at a
fully charged voltage output level, but that the voltage level output by the battery
will decline over time as the battery becomes depleted through use. A person of
ordinary skill in the art would have understood that the output of a battery is not

binary (i.e., not either fully on or fully off) but instead will decay over time until

the battery’s voltage output approaches zero. Given this state of battery
technology in the prior att, it was obvious to use a boost converter to boost a
falling battery voltage and provide the boosted voltage to circuit components, such
as Chu’s envelope amplifier, to maintain operation and minimize distortion as

battery voltages drop.

IPR2018-01 153, Paper 3 (Petition) at 48-53.

97.  Finally. adding the Choi 2010 boost converter to Chu’s supply
generator would have yielded only expected, predictable results. Combining the
teachings of Choi 2010 with Chu would have been: (a) a combination of prior-art
elements according to known methods to yield predictable results, because a
person of ordinary skill in the art would have understood, for example, the effect
on the output of an envelope amplifier from modifying that amplifier to receive a
boosted supply voltage; (b) a simple substitution of one known element (a battery
supply) for another (a boosted supply or a combination of a boosted supply and
battery voltage) to obtain predictable results; (c) a use of a known technique
(operating an envelope amplifier with a boosted power supply) to improve a
similar device (Chu’s envelope amplifier) in the same way disclosed by Choi 2010;
(d) an application of a known technique (providing a boosted voltage) to a known
device (Chu’s envelope amplifier) that was ready for improvement to yield

predictable results; and (e) obvious to try—a choice of different envelope trackers,

from a finite number of identified. predictable solutions, with a reasonable

expectation of success.

Ex. 1103 (Apsel Decl.) at {[{] 96-97




Motivation to Combine: Chu+ Choi 2010+Myers

130. Chu, Cho1 2010, and Myers are all from the same field of endeavor
(hybrid power supply modulators). Combining the Chu envelope amplifier with
the Choi 2010 boost converter would have been obvious for the reasons stated
above regarding limitation 13(a). Combining the Chu envelope amplifier as
modified by Choi 2010 with the selection functionality of Myers would have had
further advantages: Myers “selects a power source to be used in an amplifier
where the selection is a function of the amplitude of the input signal,” 1.e., how
much power 1s needed for the specific input signal, which “allows an amplifier to
be operated in a more efficient range because a power source can be chosen close
to the amplitude of the input signal” Ex. 1012 at 9:18-21. Choosing a power
source close to the amplitude of the input signal avoids the waste of power that

would occur by supplying an unnecessarily high voltage. See id.

IPR2018-01 153, Paper 3 (Petition) at 70-71.

131. Moreover, a person of ordinary skill in the art would have understood
that the selection of the power source may be based on the battery voltage, as
described in Myers, when implementing the envelope amplifier of Chu with the
boost converter of Choi 2010. For example, a person of ordinary skill in the art
would have known that, when the voltage requirements of the amplified envelope
signal 1s lower than the battery voltage. the envelope tracker of Chu as modified by
Choi 2010 should use the battery voltage. because the battery voltage is sufficient
to support the voltage needs of the PA. and using the boosted the voltage would
unnecessarily provide extra power and deplete the battery more quickly.
Conversely, a person of ordinary skill in the art would also have understood the
common-sense notion that, when the voltage magnitude of the amplified envelope
signal is greater than the battery voltage, then it would be necessary to operate the
envelope tracker of Chu (as modified by Choi 2010) with a boosted voltage closer
to the amplitude of the mnput signal. in order to supply the PA with the necessary
output voltage. A person of ordinary skill in the art would have understood that
using a boosted supply in this circumstance prevents distortion of the amplified

envelope signal.

Ex. 1103 (Apsel Decl.) at §[{] 130-131




Motivation to Combine: Chu+ Choi 2010+Myers

Myers teaches the advantages of choosing the power source based on
the amplitude of the input signal—it “allows an amplifier to be operated in a more

efficient range”™—and suggests that high efficiency is important to battery life. Ex.

ek

on the Vbat voltage the remaining time in order to improve efficiency.”). A person
of ordinary skill in the art would have known that one purpose of including the
ability to select between a battery voltage and a boosted supply voltage was to

preserve battery voltage.

133. Therefore, a person of ordinary skill in the art would have been
motivated to combine the selection functionality of Myers with the Chu envelope
amplifier, as modified by Choi 2010, so that: (1) when a boosted voltage 1s not
required, Chu’s linear amplifier operates efficiently with the battery voltage, and
(2) when the battery voltage is lower than the peak voltage magnitude of the
amplified reference envelope voltage A(7), Chu’s linear amplifier operates with the
boosted voltage to prevent distortion of the amplified reference envelope voltage
A(r). Modifying Chu to selectively use either the battery or boosted voltages as
taught by Myers would have been a particularly obvious approach in view of the
well-known state of battery technology, i.e., that batteries do not operate solely at a
fixed output voltage level and instead start out operating an mitial fully charged

level and then experience reduced output voltage over tume as the battery is

134. Finally, adding the selectable power sources of Myers to the Chu
envelope amplifier (in view of Choi 2010) would have yielded only expected,
predictable results. Using the power selection method disclosed in Myers with
Chu, as modified by Choi 2010 to include the boost converter, would have been:
(a) a combination of prior-art elements (providing a battery supply and a boosted
supply) according to known methods to yield predictable results, because a POSA
would have understood, for example, allowing the envelope amplifier to
selectively receive either a battery supply or a boosted supply would satisfy the
power requirements of the power amplifier while improving battery preservation:;
(b) a simple substitution of one known element (operating with one power supply)
for another (switching operation between two power supplies) to obtain predictable
results; (c) a use of a known technique (operating an envelope amplifier with either
a boosted power supply or a battery power supply) to improve a similar device (the
envelope amplifier of Chu) m the same way:; (d) an application of a known
technique (selectively receive either a boosted power supply or a battery power
supply) to a known device (the envelope amplifier of Chu) ready for improvement
to yield predictable results; and (e) obvious to try—a choice of one type of power
supply from a finite number of identified, predictable solutions. with a reasonable

expectation of success.

discharged. Ex. 1103 (Apsel Decl.) at 9] 132-134
IPR2018-01 153, Paper 3 (Petition) at 71-73.
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