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L. INTRODUCTION
Patent Owner’s proposed substitute claims 13 and 14 are impermissible under
35 US.C. §316(d)(3). First, the claims lack written description for the new
limitation “wherein the semi-insulating I1I-N layer comprises a compensated GaN
layer containing acceptor type dopant atoms passivated with hydrogen” because the
specification describes “semi-insulating” and “compensated” layers as separate and
different. Second, the amendments broaden the claims by expanding “semi-
insulating III-N layer” to comprise a “compensated GaN layer.” Third, the patent
does not enable the claims. It provides no guidance at all on how to implement the
multi-dimensional parameter space of GaN layer thickness, doping concentration,
and passivation to make a ‘“semi-insulating III-N layer [that] comprises a
compensated GaN layer containing acceptor type dopant atoms passivated with
hydrogen” in an “enhancement mode” device.
The new claims are also unpatentable under 35 U.S.C. § 103 over Smith,

Smith/Kigami, Smith/Uemoto, and Sheu/Kigami.'

! Patent Owner breached its duty to disclose because it failed to disclose material
prior art asserted in the parallel ITC proceeding, including Sheu, Beachl89, and
BeachThesis. 37 C.F.R. §42.11. And the motion did not address grounds of

unpatentability there or in this IPR. 37 CFR § 42.121(a)(2)(1).
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II. THE AMENDMENTS INTRODUCE NEW MATTER, BROADEN THE
CLAIMS, AND ARE NOT ENABLED

A. The Patent Lacks Written Description Support

Proposed claims 13 and 14 should be rejected for lack of written description
support for a “semi-insulating III-N layer [that] comprises a compensated GaN layer
containing acceptor type dopant atoms passivated with hydrogen.” § 316(d)(3);
Paper 17, 4-7; ShealyOpp, §V.A.

The °294 patent never describes a “semi-insulating III-N layer” that
“comprises a compensated GaN layer.” ShealyOpp, [024]-[038]; Novozymes A/S v.
DuPont Nutrition Biosciences APS, 723 F.3d 1336, 1349 (Fed. Cir. 2013) (“an
‘amalgam of disclosures’ from which an artisan could have created the claimed
invention does not satisfy [the written description] requirement”); Stored Value
Sols., Inc. v. Card Activation Techs., Inc., 499 F. App’x 5, 13-14 (Fed. Cir. 2012)
(amended claims requiring three authorization codes
invalid where specification disclosed no embodiment with all three codes); Flash-
Control, LLC v. Intel Corp., No. 2020-2141, 2021 WL 2944592 at *4 (Fed. Cir. July
14, 2021) (no “written description support by picking and choosing claim elements
from different embodiments that are never linked together in the specification™).

The patent instead describes a “compensated GaN layer” and “semi-insulating
layer” differently—not interchangeably or mixed. ShealyOpp, [024]-[038];

SimpleAir, Inc. v. Sony Ericsson Mobile Commc 'ns AB, 820 F.3d 419, 431 (Fed. Cir.
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2016) (presuming different meanings for different terms) (quoting Bd. of Regents of
the Univ. of Tex. Sys. v. BENQ Am. Corp., 533 F.3d 1362, 1371 (Fed. Cir. 2008)).
The field of invention distinguishes these terms, stating “the invention relates to an
enhancement mode GaN transistor with a compensated GaN layer or a semi-
insulating GaN layer.” Ex. 1001, 1:14-17. The summary draws the same distinction,
describing two embodiments, one “with a compensated GaN layer” and “another ...
employing a semi-insulated layer.” Id., 2:11-19.

The patent never describes embodiments with a semi-insulating layer
comprising a compensated GaN layer. ShealyOpp, [025]-[026]. While the
’294 patent notes “a GaN transistor may have both a semi-insulating layer and a
compensated semiconductor layer,” Ex. 1001, 3:60-61, this describes two different
layers, not one comprised in another. ShealyOpp, [027]; Ex. 1001, 3:60-61. For
Figures 2-9, the patent only discloses “compensated semiconductor layer 38”
without mentioning a “semi-insulating III-N layer.” Id., 2:56-3:52. In contrast,
Figures 10-13 disclose a “second embodiment” with “a semi-insulating layer 39 in
place of the compensated semiconductor layer 38.” Id., 2:56-3:52. The patent again
distinguishes compensated and semi-insulating in the ‘“third embodiment” of
Figures 14-15, which contains a semi-insulating layer without a compensated layer.
Ex. 1001, 4:30-34. The final embodiment of Figure 16 likewise includes a semi-

insulating layer without a compensated layer. /d., 4:63-5:2, Fig. 16.
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The patent employs different methods to make these layers—with hydrogen
passivation for the “compensated layer” but without passivation for the “semi-
insulating” layer. Compare Ex. 1001, 3:43-52, 5:18-20 (compensated) with id., 3:53-
5:2, 5:24-6:5 (semi-insulated). Hydrogen passivation purportedly distinguishes the
compensated GaN of Figures 2-9 from the prior art. /d., 3:43-52, claim 2. The patent
alleges “[t]he critical step in the above process that differentiates the device of the
present invention from the prior art device (FIG. 1) is the passivation of a p-type
impurity using hydrogen” which ostensibly results in “compensated semiconductor
layer 38 [being] a highly compensated semi-insulating material.” Id., 3:43-52. The
patent never describes using hydrogen passivation for the “semi-insulating” layer.
Id., 3:53-5:2, 3:53-62, claims 5-6, claim 8. Instead, the “semi-insulating layer”
contains “deep acceptor type dopants.” Id.

The patent does not explain how to mix and match impurities or overlap
“compensated” and “semi-insulating” layers. ShealyOpp, [025]-[028]. The patent
consistently employs passivated impurities for the “compensated” layer while using
deep level impurities for the “semi-insulating” layer. On one hand, “[cJompensated
semiconductor layer 38 preferably comprises AlGaN or GaN with a deep level
passivated p-type impurity such as, for example, Mg, Zn, Be, Cd, or Ca.” Ex. 1001,

3:10-12, claims 1-3. On the other hand, “[s]emi-insulating layer 39 may comprise,
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for example, AlGaN or GaN, with deep level impurity atoms, for example, C, Fe,
Mn, Cr, V, or Ni.” Ex. 1001, 3:57-59, claims 4-6.

In fact, the “p-type impurity[ies]” and “deep level impurity atoms” are from
different groups of the periodic table with different properties when in a III-N layer.
ShealyOpp, [032]. “P-type impurities” create holes and can be passivated to
prevent mobile charge, while “deep level dopants” have traps that prevent mobile
charge. Id. The “semi-insulating” and “compensated GaN” are thus separate, distinct

layers made from different materials and processes. /d.

Passivated p-type impurities

Deep level impurity atoms

1
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Co-inventor Dr. Beach described the differences between compensated and
semi-insulating consistent with the specification. ShealyOpp, [033]-[035]. When

questioned by Chief Administrative Law Judge Cheney in the related ITC
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investigation, Dr. Beach testified a “compensated” GaN is passivated with hydrogen
while a “semi-insulating” GaN has a “trap approach.” Ex. 1034, 394:12-395:7. On
redirect, Dr. Beach testified “semi-insulating focuses more on the resistance” and
“something in it is a trap that prevents the charge from moving in the insulator.” Id.,
402:7-19. That testimony aligns with the patent’s use of “passivated p-type
impurities” in “compensated layers” and its use of “deep level impurity atoms” for
“semi-insulting” layers, which have traps preventing mobile charge. ShealyOpp,
[034]-[035].

Dr. Beach’s testimony also accords with the patent’s description that a semi-
insulating layer “is not as sensitive to future processing steps involving hydrogen
and/or high temperatures.” Ex. 1001, 3:63-4:3; ShealyOpp, [036]. A compensated
layer is “sensitive” to “hydrogen and/or high temperatures” during processing
because those steps influence hydrogen passivation. Id. Hydrogen diffuses out
during high temperature processing steps and decreases passivation. /d. In contrast,
“deep level impurity atoms” remove mobile charge using traps irrespective of
exposure to hydrogen or high temperature processing. /d. According to the patent,
“compensated” and “semi-insulating” have different characteristics. /d.

The below table summarizes differences between compensated and semi-

insulating layers. ShealyOpp, [037].



Compensated GaN Layer
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Semi-Insulating Layer

Embodiment 1: Figures 2-9, Ex. 1001,
2:56-3:52, claims 1-3.

Embodiments 2-4: Figures 10-14,
Ex. 1001, 3:53-5:2, claims 4-12.

Passivated

No Passivation

Contains “passivated p-type impurity
such as, for example, Mg, Zn, Be, Cd,
or Ca.” Ex. 1001, 3:10-15, claims 1-3.

Contains “deep level impurity atoms,
for example, C, Fe, Mn, Cr, V, or N1.”
Ex. 1001, 3:57-60, claims 7-8.

“sensitive to future processing steps
involving hydrogen and/or high
temperatures.” Ex. 1001, 3:63-4:3.

“not as sensitive to future processing
steps involving hydrogen and/or high
temperatures.” Ex. 1001, 3:63-4:3.

Inventor testimony: hydrogen
passivation prevents mobile charge in
layer. Ex. 1033, 394:12-395:7, 402:7-

19.

Inventor testimony: “trap approach”
prevents mobile charge in layer.

Ex. 1033, 394:12-395:7, 402:7-19.

The proposed claims accordingly lack written description because they mix

layers and impurities the patent solely describes as different. Novozymes, 723 F.3d

at 1349; Stored Value Sols., at 13-14; Flash-Control, at *4; 35 U.S.C. § 316(d)(3).

B. The Amendments Impermissibly Broaden the Claims By Expanding
the Definition of “Semi-insulating Layer” to Include “Compensated

Layer”

The proposed amendments impermissibly broaden “semi-insulating III-N

layer” to include a “compensated GaN layer containing acceptor type dopant atoms
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passivated with hydrogen” for the same reasons they lack written description
support. §11.A; ShealyOpp, §V.B.

Patent Owner irrelevantly notes the patent states ‘“‘compensated
semiconductor layer 38 is a highly compensated semi-insulating material.”
Paper 17, 3; Ex. 1001, 3:43-52. Viewed in full, the cited passage only describes the
compensated GaN layer is not conductive like prior art devices: “in GaN transistor 1,
the compensated semiconductor layer 38 is a highly compensated semi-insulating
material, while in GaN transistor 100 of the prior art, layer 105 is a conductive p-
type material.”” Ex. 1001, 3:43-52; ShealyOpp, [041]. The patent distinguishes
“layer” from “material.” /d. “Compensated layer 38” has the electrical property of
being a “semi-insulating material,” but this does not mean it is or is a part of “semi-
insulating layer 39.” §II.A; ShealyOpp, [041].

The proposed amendments thus impermissibly broaden “semi-insulating I1I-
N layer.” In re Cuozzo Speed Techs., LLC, 793 F.3d 1268, 1283 (Fed. Cir. 2015);
§ 316(d)(3). Whether the remaining amendments otherwise narrow the claims is
irrelevant. /d. at 1283 n.9 (quoting /n re Rogoff, 261 F.2d 601, 603 (C.C.P.A. 1958));
Ball Corp. v. United States, 729 F.2d 1429, 1438 (Fed. Cir. 1984).

C. The Substitute Claims Are Not Enabled

Claims 13 and 14 recite an “enhancement mode” transistor that includes a

“semi-insulating III-N layer [that] comprises a compensated GaN layer containing
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acceptor type dopant atoms passivated with hydrogen” and has “no two-dimensional
electron gas (2DEG) region exists below the gate at zero volts applied gate bias.”
Claim 14 additionally requires a “MISFET.” A POSITA would have faced undue
experimentation to achieve the claimed combinations. ShealyOpp, §V.C.

The ’294 patent provides no guidance on key “compensated GaN layer”
parameters that control 2DEG depletion and compensation: GaN layer thickness,
doping concentration, and passivation. ShealyOpp, [043].

Regarding 2DEG depletion, doping and passivation have competing effects.
ShealyOpp, [044]. Less passivation decreases the ability of the p-GaN to deplete the
2DEG, making it more difficult to achieve enhancement mode. /d.

Fixed GaN Layer Thickness, Fixed Doping Concentration

a2

Passivation reduces active
acceptor concentration

Proposed amended
claims require no 2DEG

/

I Active Acceptor Dopant Concentration I

2DEG Concentration

[

Regarding a “compensated GaN layer,” the ’294 patent explains a
“compensated GaN” has an insulating nature, unlike the prior art. Ex. 1001, 3:43-
52. Doping and passivation have competing effects on whether the GaN layer is

“compensated.” ShealyOpp, [045]. Passivation increases its insulating nature. /d.
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Fixed GaN Layer Thickness, Fixed Doping Concentration

a

Compensated b Proposed Amended Claims

(Insulating) Require a Compensated GaN layer
i Passivation increases

Conductive insulating nature of GaN layer

»
>

Resistivity

I Active Acceptor Dopant Concentration I

Layer thickness also influences the insulating nature of the GaN layer when
passivating with hydrogen. Ex. 1001, 3:37-39. ShealyOpp, [046]. A thicker layer is
more difficult to passivate and thus more difficult to compensate. /d. Increased
thickness can also introduce mobile charge: in a p-GaN surface depletion removes
holes, and as the layer becomes thicker, eventually the surface will not deplete the
entire layer and mobile charge will be present. /d.

Claim 14 further requires a MISFET, which has an insulator in the gate
structure, and in embodiments where the gate structure consists only of (1) a gate
metal with (2) the semi-insulated or compensated layer, claim 14 would require
those layers to be an insulator. ShealyOpp, [047]; e.g., Ex. 1001, Abstract, 2:13-19,
2:56-3:21, claim 10, Fig. 2. To be an insulator with a compensated layer, sufficient
acceptors must be passivated. ShealyOpp, [047]. But to deplete the 2DEG for an
enhancement mode device requires sufficient active (unpassivated) acceptors. /d.

These requirements conflict.

10
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The patent in silent regarding these multiple competing parameters, and
achieving the proposed combinations of claims 13-14 would thus have required
undue experimentation. ShealyOpp, [048]. The patent provides no guidance on layer
thickness, doping concentration, and passivation to meet the competing goals of
depleting the 2DEG to make an enhancement mode device while being
“compensated.” Id. In view of these tradeoffs, the *294 patent does not enable the
proposed claims. It likewise provides no guidance and does not enable how to create
both a MISFET and an enhancement mode device. ShealyOpp, [048].

1. An enhancement mode device would require sufficiently low

concentration of free acceptor dopants in the “semi-insulating II1-

N layer [that] comprises a compensated GaN layer” to deplete the
2DEG

Proposed claims 13-14 require an “enhancement mode” transistor with “no
two-dimensional electron gas (2DEG) region [] below the gate at zero volts applied
gate bias.” Paper 17, 4-7.

At least three parameters of the “compensated GaN layer” govern 2DEG
depletion: its thickness, doping concentration, and concentration of active acceptors.
ShealyOpp, [049]-[050]. The 2DEG is removed below the gate when the
“compensated GaN layer” contains sufficient sheet charge in the form of “acceptor
type dopant atoms” that are mot “passivated with hydrogen.” Id. Passivation

inactivates acceptors so they do not contribute to 2DEG depletion. /d. Without any

11
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guidance in the patent, determining active acceptor concentration necessary to
deplete the 2DEG would require undue experimentation. /d.

Doping and passivation have competing effects on the ability of the p-GaN
layer to deplete the 2DEG. Id., [051]. For a given thickness and total doping
concentration, increased passivation reduces the active acceptor concentration and

reduces the ability of the p-GaN layer to deplete the 2DEG. /d.

Fixed GaN Layer Thickness, Fixed Doping Concentration

Passivation reduces active
acceptor concentration

Proposed amended
claims require no 2DEG

/

I Active Acceptor Dopant Concentration |

2DEG Concentration

a
L

To achieve the claimed “enhancement mode” transistor, active acceptor
concentration must be sufficiently high to deplete the 2DEG. ShealyOpp, [052]. But
there are upper limits on doping, and the layer may need to become thicker to
account for the high number of dopants. /d. In a thicker layer, however, acceptors
are further from the 2DEG and less effective at depleting it. /d. And a thicker layer
is more difficult to passivate. Id. The relationship between active acceptor

concentration, total dopant concentration, layer thickness, passivation, and 2DEG

12
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depletion are accordingly complex. The patent does not describe any of these
principles or how to achieve the claimed combination of features. /d.
2. A “semi-insulating III-N layer [that] comprises a compensated

GaN layer” would require sufficiently high concentration of
passivated acceptor atoms to insulate and have low gate leakage

The ’294 patent describes “compensated layer 38” as “a highly compensated
semi-insulating material” that reduces “gate capacitance,” which are alleged
differentiating features. Ex. 1001, 3:16-21; 3:43-52. EPC alleged these disclosures
support the limitation of “the semi-insulating III-N layer comprises a compensated
GaN layer.” Paper No. 17, 3. They do not. Supra §11.A-B. But, even if these sections
of the patent described “the semi-insulating III-N layer comprises a compensated
GaN layer,” they would describe that the “compensated” layer requires sufficient
passivation and low concentration of active acceptors to be “semi-insulating
material.” ShealyOpp., [053]. Passivation, however, reduces ability to deplete the
2DEG and be an enhancement mode device. /d. The patent does not enable how to
achieve these competing requirements without undue experimentation. /d.

GaN layer thickness, doping, and passivation dictate GaN layer resistivity
(insulating nature). ShealyOpp, [054]. Doping and passivation have competing

effects on resistivity. /d.

13
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Fixed GaN Layer Thickness, Fixed Doping Concentration

A

Compensated b Proposed Amended Claims
2 (Insulating) Require a Compensated GaN layer
2
S
(2]
‘D
o P——
o i Passivation increases

Conductive insulating nature of GaN layer

I Active Acceptor Dopant Concentration I

Raising active acceptor concentration increases conductivity, and lowering it
reduces conductivity. /d.

To achieve the claimed “enhancement mode™ transistor with no 2DEG below
the gate, activated acceptor dopant concentration must be sufficiently low to be
“compensated” while at the same time achieving no 2DEG below the gate at zero
volts applied gate bias. Id., [055]. The patent does not describe how to achieve this
combination, which therefore requires undue experimentation. /d.

3. The “semi-insulating III-N layer [that] comprises a compensated

GaN layer” must be sufficiently thick to deplete the 2DEG and be

compensating but not so thick as to have high turn on voltage and
high gate leakage

Enhancement mode devices turn on after exceeding a positive threshold
voltage. Ex. 1001, 1:53-54; ShealyOpp, [057]. For a p-GaN layer to be insulating, a
POSITA knew a thin layer better modulates charge in the channel than a thicker

layer. Id. For a “semi-insulating III-N layer [that] comprises a compensated GaN

14
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layer containing acceptor type dopant atoms passivated with hydrogen,” a POSITA
knew hydrogen passivates a thin layer more easily. /d.

But a POSITA would also know a thin layer would require incredibly high
concentrations of dopant to have sufficient leftover charge after passivation to
deplete the 2DEG and create an enhancement mode device (e.g., to have sufficient
active Mg). ShealyOpp, [057]-[058]. Doping this way would be a difficult process
and would require much experimentation. /d. While doping may be easier by making
the layer thicker, the layer then becomes less insulating and harder to passivate. /d.
And layer thickness has an upper limit because thickness drives turn on voltage in
the wrong direction—a thicker layer can result in a negative turn on voltage—
depletion not enhancement mode. /d.

The °294 patent never describes how to balance these tradeoffs to achieve the
claimed device, which would require undue experimentation. ShealyOpp, [058]-
[059].

4. The 294 patent provides no guidance on how to achieve the

competing requirements of being “semi-insulating comprising a

compensated GaN” and being “enhancement mode,” which would
require undue experimentation

The patent does not explain how to find the appropriate doping, passivation,
and GaN layer thickness to make the devices of claims 13 and 14. ShealyOpp, [060];
supra §§11.C.1-11.C.2. Instead, the *294 patent describes the result—a “compensated

GaN layer” in an “enhancement mode” device—without describing the means to

15
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achieve it, which fails to meet the enablement requirement. Regents of the Univ. of
Cal. v. Eli Lilly & Co., 119 F.3d 1559, 1568 (Fed. Cir. 1997) (“The description
requirement of the patent statute requires a description of an invention, not an
indication of a result that one might achieve if one made that invention.”). The patent
provides no guidance on the range of parameters that would deplete the 2DEG and
create a “compensated GaN.” Ex. 1001; ShealyOpp, [060]-[064].

Regarding the claimed passivation, the 294 patent only suggests to “expos[e]
the device to ammonia or hydrogen plasma at a high temperature.” Ex. 1001, 3:30-
42. This lack of guidance is especially problematic because many factors influence
hydrogen passivation, including doping concentration, GaN layer thickness, gas
flows, hydrogen exposure time, and temperature. ShealyOpp, [062]. The patent
provides none of that information.

Downstream processing steps also influence passivation, but the patent is
silent on how to control these steps. ShealyOpp, [063]. The patent discusses
implementing an anneal and notes the compensated embodiments are sensitive to
processing with hydrogen and/or high temperature but does not explain how to
account for anneal. /d.; Ex. 1001, 3:67-4:5. In an anneal, hydrogen diffuses out,
reducing passivation. ShealyOpp, [063]. The patent does not describe how to do this

when making an enhancement mode device with a “compensated GaN layer.” /d.
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Under any proposed definition, a POSITA would not have been able to
identify the narrow range of GaN layer thickness, doping concentration, and
passivation that meet the proposed claims without undue experimentation (if such a
range indeed exists). ShealyOpp, [064]. The claims are thus not enabled, as a
POSITA would have needed to perform hundreds—even thousands—of
experiments to arrive at the claimed device (if ever). Amgen Inc. v. Sanofi, 598 U.S.
594, 612-16 (2023); Baxtala Inc. v. Genetech, Inc., 81 F.4th 1362, 1364-68 (Fed.
Cir. 2023).

5. The patent does not describe how to make the “compensated gate

enhancement mode MISFET” with a p-GaN passivated with
hydrogen as required in Claim 14

Proposed claim 14 requires (1) a “MISFET,” (2) “enhancement mode,” (3) a
“semi-insulating III-N layer [that] comprises compensated GaN layer containing
acceptor type dopant atoms passivated with hydrogen.” These requirements present
trade-offs and inconsistencies. ShealyOpp, [065]-[071]. Yet the patent does not
explain how to make such a device, forcing a POSITA to engage in undue
experimentation to attempt the claimed combination. /d.

First, MISFET stands for Metal Insulator Field Effect Transistor. ShealyOpp,
[066]. The claimed MISFET has an insulating layer below the gate contact, and the

patent discloses a MISFET when the gate structure consists of a gate contact with

17
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either a compensated or semi-insulating layer. Ex. 1001, Abstract, 2:13-19, 2:56-
3:21, claim 10, Fig. 2. Id.

Second, an enhancement mode p-GaN must have fixed negative charge in the
form of activated p-type dopants to deplete the 2DEG. ShealyOpp, [067]. But the
patent does not describe how to achieve a “MISFET” with fixed negative charge in
the layer below the gate to make it “enhancement mode.” /d.

Third, claim 14 requires a “semi-insulating III-N layer [that] comprises
compensated GaN layer containing acceptor type dopant atoms passivated with
hydrogen.” The patent does not describe or enable this limitation. §§II.A, I1.C.1-
I1.C.4; ShealyOpp, [068].

To a POSITA these three points lead to competing requirements as
summarized in the table below. /d., [066]-[070]. The patent provides no guidance on

how to balance them without undue experimentation.

Claim Term Condition in Claimed Device

MISFET p-GaN layer below the gate must be insulating.

Enhancement mode p-GaN layer below the gate must have active p-type

acceptor atoms to deplete the 2DEG.

compensated GaN layer | p-GaN layer below the gate is passivated and is
containing acceptor type | insulating. Passivation will reduce the ability to
dopant atoms passivated | deplete the 2DEG.

with hydrogen

18
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III. THE PROPOSED CLAIMS ARE OBVIOUS
A. The Claims Are Obvious and Not Enabled

Enablement and obviousness are different. Enablement addresses whether a
POSITA can make and use the claims’ full scope. Nat’l Recovery Techs., Inc. v.
Magnetic Separation Sys., Inc., 166 F.3d 1190, 1195-96 (Fed. Cir. 1999). But to
invalidate the claims under § 103, the prior art need only render obvious an
embodiment within the claim scope. In re Mraz, 455 F.2d 1069, 1073 (C.C.P.A.
1972); DNT, LLC v. Sprint Spectrum, LP, 750 F. Supp. 2d 616, 624 (E.D. Va. 2010)
(“[1]t 1s possible for a claim to be obvious because of various prior art references
while still non-enabled given severe deficiencies in the claim specification.”).
Further, a reference is presumed operable for purposes of invalidity when it discloses
the challenged claims. In re Sasse, 629 F.2d 675, 681 (C.C.P.A. 1980); In re Stauffer,
290 Fed. Appx. 327, 333 (Fed. Cir. 2008) (claims obvious over disclosure
“effectively identical” to patent). And enablement of a prior art reference under
§ 103 is held to a lower standard than § 112. Impax Labs. Inc. v. Aventis Pharms.
Inc., 468 F.3d 1366, 1381-82 (Fed. Cir. 2006) (“[P]roof of efficacy is not required.”).

Here, the claims are not enabled. §1I.C. And the prior art renders obvious the
claims under different interpretations of [13e.2] and [14c.2].

B. Interpretations of [13e.2] and [14c¢.2]

“[Wlherein the semi-insulating III-N layer comprises a compensated GaN

layer” as recited in of [13e.2] and [14c¢.2] can be interpreted as (1) the “compensated
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GaN layer” is the “semi-insulating I1I-N layer” or (ii) the “compensated GaN layer”
is included in a larger “semi-insulating III-N layer.” ShealyOpp, [072]-[073].

For the first interpretation, a GaN layer with a “passivated p-type impurity
such as, for example, Mg, Zn, Be, Cd, or Ca,” above a barrier and below a gate
contact discloses [13e.1]/[14c.1]. ShealyOpp, [074]; Ex. 1001, 3:10-12, claims 1-3.
When passivated with hydrogen, it also discloses [13e.2]. Id.

For the second interpretation, a GaN layer with “deep level impurity atoms,
for example, C, Fe, Mn, Cr, V, or Ni” that 1s above a barrier layer and below a gate
contact discloses the “semi-insulating III-N layer” of [13e.1]/[14c.1]. ShealyOpp,
[075]; Ex. 1001, 3:57-59, claims 4-6. If the layer comprises a subregion with a
“passivated p-type impurity such as, for example, Mg, Zn, Be, Cd, or Ca,” it

discloses [13e.2]. Ex. 1001, 3:10-12, claims 1-3; ShealyOpp, [075].

20
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[13e.1]/[14c.1] a semi-
insulating III-N layer
[above the barrier layer/
between the barrier layer

and the gate contact]

Interpretation i:

“compensated GaN

layer” is a “semi-

insulating III-N layer”

Prior art GaN layer with
a “passivated p-type
impurity such as, for
example, Mg, Zn, Be,
Cd, or Ca” above a
barrier layer and below a

gate contact.
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Interpretation ii:

“compensated GaN
layer” is included in a
larger “semi-insulating

III-N layer”

Prior art GaN layer with
“deep level impurity
atoms, for example, C,
Fe, Mn, Cr, V, or Ni”’
above a barrier layer and

below a gate contact.

[13e.2]/[14c.2] wherein
the semi-insulating I1I-N
layer comprises a
compensated GaN layer
containing acceptor type
dopant atoms passivated

with hydrogen

GaN layer of
[13e.1]/[14c.1] 1s
passivated with

hydrogen.

GaN layer of
[13e.1]/[14e.1] contains
a region with a “p-type
impurity such as, for
example, Mg, Zn, Be,
Cd, or Ca” passivated
with hydrogen.

The prior art grounds are as follows:
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“compensated GaN layer” is included in a larger

“semi-insulating III-N layer”

Ground 1.A.i: Smith
renders obvious

Claims 13 and 14

Ground 1.A.ii: Smith renders obvious Claims 13 and

14

Ground 1.B.i: Smith in
view of Kigami renders

obvious Claims 13 and 14

Ground 1.B.ii: Smith in view of Kigami renders

obvious Claims 13 and 14

Ground 1.C.i: Smith in
view of Uemoto renders

obvious Claims 13 and 14

Ground 1.C.ii: Smith in view of Uemoto renders

obvious Claims 13 and 14

Ground 2.A: Sheu in
view of Kigami renders

obvious Claims 13 and 14

Ground 2.A.ii: Sheu in view of Kigami renders

obvious Claims 13 and 14

C. The New Claims Are Unpatentable Over Smith, Smith/Kigami, and

Smith/Uemoto

1. Motivation to combine Smith/Kigami and Smith/Uemoto

a. Interpretation i: “compensated GaN layer” is a “semi-
insulating III-N layer”

The Petition explains a POSITA would have been motivated to combine Smith

with Kigami or Uemoto. Petition, 21-33; ShealyOpp, [079].
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b. Interpretation ii: “compensated GaN layer” is included in a
larger “semi-insulating I1I-N layer”

Smith discloses embodiments where cap layer 34 is GaN, co-doped with deep
level and p-type dopants throughout, but heavily p-doped in region 40. Smith,
[0085]-[0087]; ShealyOpp, [080]-[083]. Figure 2A shows cap layer 34 above
barrier layer 22, below gate contact 32, and between ohmic contacts 30. Id. A
POSITA would have found it obvious to passivate cap layer 34 with hydrogen to
control acceptor concentration while reducing gate leakage. Id., [084]-[086];

ShealyPet, [0123]-[0140].

40

Ohmic Contact Cap Layer Ohmic Contact
20 34 30

Barrier Layer flgcen
2

Channel Layer
20

Substrate
10
Figure 2A

Smith incorporates Saxler§74 to teach co-doping. Smith, [0085]. Saxler874
describes doping so the cap layer’s Mg concentration is lower than the deep level
dopant concentration. Saxler§74, [0005]-[0006]; ShealyOpp, [086]. Additionally, a
POSITA would have been motivated to passivate cap layer 34 with hydrogen in co-
doping embodiments to make the portion below region 40 insulating. ShealyOpp,
[086]. Because Smith’s incorporation of Saxler874 leads to lower p-type dopant

concentration in the portion of cap layer 34 below region 40 than in region 40, this
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portion would be fully passivated (insulating) while maintaining active acceptor

concentration in region 40. Id.; Smith, [0085]; Saxler§74, [0005]-[0006].

Region40isa
compensated
40| GaN Layer
(=1 /
. . w‘— - —Ep[;y«— "~ | Ohmic Contact
Seml—lnsglatlng S 34 &
below region 40 BarmzzrzLayer
Channel Layer |
2 |
Substrate ‘
- J
Figure 2A

2. Claim 13
a. [13p]

As explained for [1p], Smith discloses a “column III nitride transistor.”
Pet., 34; ShealyPet, [0142]. Smith also discloses an “enhancement mode” transistor.
ShealyReply, [046]-[059]. For example, Smith discloses a p-type doped GaN cap
layer below the gate and above an AlGaN barrier, where region 40 may be heavily
doped p-type. Smith, [0014], [0017], [0085]-[0087]; ShealyOpp, [088]-[089].

b. [13a]

As explained for [1a], Smith’s substrate 10 is “a substrate.” Petition, 34-35;

ShealyOpp, [090].
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Ohmic Contact Cap Layer Ohmic Contact
0 A 0

Barrier Layer
2

Channel Layer
20

Figure 2A
c. [13b]
As explained for [1b], Smith’s are “a set of I1I-N transition

layers above the substrate.” Petition, 35-36; ShealyOpp, [091].

40

Ohmic Contact Cap Layer Ohmic Contact
0 34 0

Channel Layer
20

Figure 2A

d. [13¢]

As explained for [1c], Smith’s channel layer 20 is “a III-N buffer layer above

the set of transition layers.” Petition, 36-37; ShealyOpp, [092].
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40

Ohmic Contact Cap Layer
0 34

Ohmic Contact

0

Barrier Layer
2

Channel Layer ]
20 |

10

Substrate ‘

Figure 2A

e. [13d]

As explained for [1d], Smith’s barrier layer 22 is “a III-N barrier layer above

the buffer layer.” Petition, 37-38; ShealyOpp, [093].

40

Ohmic Contact Cap Layer Ohmic Contact
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Barrier Layer
2

Channel Layer 1
20 |

10

Figure 2A

£ [13e.]

i. Interpretation i: “compensated GaN layer” is a “semi-
insulating III-N layer”

As explained for [1e], Smith alone or in view of Kigami or Uemoto renders
obvious “a compensated GaN layer above the barrier layer” under Petitioner’s
proposed construction or Patent Owner’s original proposed construction. Petition,

21-26, 38-43; ShealyOpp, [094]-[097]. And Smith, alone or in view of Kigami or
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Uemoto, also renders obvious a “compensated GaN layer above the barrier layer”
under Patent Owner’s revised construction. Paper 26, §111.B.3; ShealyReply, §111.C.

For Grounds 1A (Smith), 1B (Smith/Kigami), and 1C (Smith/Uemoto), it
would have been obvious that cap layer 34 (taught by Smith or as modified by
Kigamo or Uemoto) is a “compensated GaN layer” above barrier layer 22 renders

obvious a “compensated GaN layer above the barrier layer.” Petition, 21-26, 38-43;

ShealyOpp, [096]-[097].

40
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il. Interpretation ii: “compensated GaN layer” is included
in a larger “semi-insulating III-N layer”

As explained for [4¢e], Smith’s cap layer 34, which is above barrier layer 22,
discloses “a semi-insulating III-N layer above the barrier layer” when containing
deep level dopants. Petition, 46-48; ShealyPet, [0175]-[0176]. Smith’s deep level
dopants “Fe, C, V, Cr, Mn, Ni and/or Co” overlap with the *294 patent’s examples
“C, Fe, Mn, Cr, V, or Ni.” Ex. 1001, 3:57-59, claims 4-6. Like the ’294 patent,
Smith’s semi-insulating layer is AlGaN or GaN, doped with deep level impurity

atoms. Compare Smith, [0089] with 294 patent, 2:66-67.
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Smith also discloses co-doping GaN cap layer 34 with both deep level dopants
such as “Fe, C, V, Cr, Mn, N1 and/or Co” and a “p-type dopant, such as Mg, Be, Zn,
Ca and/or C.” Smith, [0085] (incorporating Saxler874); Saxler874, [0005]-[0006].
This discloses the “semi-insulating layer” of [13e.1]. Ex. 1001, 3:57-59, claims 4-6;
ShealyOpp, [098]-[099].

g. [13e.2]

i. Interpretation i: “compensated GaN layer” is a “semi-
insulating III-N layer”

Smith’s cap layer 34 renders obvious a “compensated GaN layer” under any
proposed construction. §II1.C.2.f.1 ([13e.1]). Further, as explained for claim 2,
Smith, Smith/Kigami, or Smith/Uemoto each also renders obvious that the cap layer
34 “contain[s] acceptor type dopant atoms passivated with hydrogen” as required in

[13e.2]. Petition 21-33, 44-45; ShealyOpp, [0100].

40
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il. Interpretation ii: “compensated GaN layer” is included
in a larger “semi-insulating III-N layer”

As explained for [13e.1], co-doped embodiments of cap layer 34 render

obvious a “semi-insulating I1I-N layer.” §111.C.2.f.11.
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Within cap layer 34, Smith discloses subregion 40, which is a “compensated
GaN layer containing acceptor type dopant atoms,” as recited in [13e.2]. ShealyOpp,
[0102]. Region 40 may be doped heavily p-type. Smith, [0085], [0087].

The concentration of p-type dopants in region 40 is higher than deep level
dopants to control gate leakage. Smith, [0085], [0087]; ShealyOpp, [0103]. Thus,
heavily p-typed doped region 40 is a “compensated GaN layer containing acceptor
type dopants” within the larger cap layer 34, which is a “semi-insulating III-N layer”
because it contains deep acceptor atoms in Smith’s co-doped embodiments.

Figure 2A shows cap layer 34 above barrier layer 22 and region 40 within

the cap layer.

40
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Smith alone and/or in view of Kigami or Uemoto render obvious “wherein the
semi-insulating III-N layer comprises a compensated GaN layer containing acceptor
type dopant atoms passivated with hydrogen” of [13e.2] for the same reasons

provided with respect to [1e] and claim 2 when discussing embodiments that are
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only doped p-type. Petition, 21-33, 38-43, 44-45; ShealyPet, [0105]-[0122], [0151]-
[0168]; ShealyOpp, [0105].

A POSITA would have understood that hydrogen would have been naturally
incorporated into the cap layer to passivate dopants, including in region 40.
ShealyOpp, [0106]; ShealyPet, [0113]-[0114]. Smith would have motivated a
POSITA to control active acceptor concentration using well-known methods of
hydrogen passivation to reduce gate leakage. ShealyOpp, [0106]; ShealyPet, [0123]-
[0127]. And a POSITA would also have been motivated to implement Kigami’s and
Uemoto’s methods of using hydrogen to passivate and control active dopant

concentrations in Smith’s device and reduce gate leakage. ShealyPet, [0128]-[0140.

h.  [13f]

Smith, Smith/Kigami, or Smith/Uemoto render obvious “a gate comprising a
gate contact and the compensated GaN layer.” ShealyOpp, [0108]-[0115]. As
explained for [1f], gate contact 32 is a “gate contact” above cap layer 34. Petition,
43; ShealyPet, [0164]. Smith’s cap layer 34 alone and/or as modified in
Smith/Kigami or Smith/Uemoto render obvious the “compensated GaN layer” under
both interpretations. §§I11.C.2.g.i-1I1.C.2.g.ii. In Grounds 1A-1C, therefore, Smith’s
gate contact 32 and cap layer 34 form a “gate comprising a gate contact and the

compensated GaN layer.”
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i. Interpretation i: “compensated GaN layer” is a “semi-
insulating III-N layer”

Smith alone renders obvious an “enhancement mode” device because cap
layer 34 is doped p-type, below the gate, and above an AlGaN barrier. §111.C.2.a;
ShealyReply, [047]-[053].

Although passivation reduces the ability to deplete the 2DEG, a POSITA
would have found it obvious to use passivation that results in enhancement mode
given the knowledge of a POSITA and the disclosures of doping, thicknesses, and
concentration ranges in Smith, and the techniques for localized passivation and
resistivity control in Uemoto and Kigami. ShealyOpp, [0111]-[0115].

A POSITA knew that hydrogen would have been naturally incorporated into
the cap layer and passivated dopants, including in region 40. ShealyOpp, [0113]. A
POSITA would have identified doping concentration and layer thickness that result
in enhancement mode devices even with natural passivation given Smith’s
disclosures of ranges of these variables. Id.; Smith [0077], [0087]. Further, Kigami

and Uemoto describe techniques for localized hydrogenation of GaN layers.
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ShealyOpp, [0114]; Kigami, [0036]; Uemoto, [0062]. Kigami’s and Uemoto’s
localized, controlled passivation in combination with Smith render obvious
enhancement mode operation with no 2DEG below the gate at zero volts bias.
ShealyOpp, [0114]. When passivating with hydrogen to reduce gate leakage with
well-known methods, a POSITA would have maintained an active dopant
concentration that depleted the 2DEG . ShealyOpp, [0115]. A POSITA would have
done so to realize the benefits of enhancement mode devices, including reduced
power consumption and suitability for high power applications (e.g., higher
threshold voltage and added safety in power switching, high power applications).
Suh2006, 1.

ii.  Interpretation ii: “compensated GaN layer” is a “semi-
insulating III-N layer”

In the Smith grounds, a POSITA would have understood hydrogen impurities
(from Smith’s MOCVD, Kigami’s hydrogenation, or Uemoto’s hydrogen diffusion)
would passivate region 40. §I11.C.2.g.ii. Further, it would have been obvious to
passivate the cap layer with hydrogen to reduce gate leakage. ShealyOpp, [0116]-
[0117]; §III.C.2.g.i. Based on knowledge and disclosures in Smith, Kigami, and
Uemoto, a POSITA would have made Smith’s device so active acceptor
concentration resulted in an enhancement-mode device. ShealyOpp, [0119]. It would

have been obvious to do so to realize the benefits of enhancement mode devices,
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including reduced power consumption and suitability for high power applications).
ShealyOpp, [0119]-[0120]; Suh2006, 1.
3. Claim 14

a. [14p]

i Interpretation i: “compensated GaN layer” is a “semi-
insulating III-N layer”

As explained for [ 13p], Smith’s cap layer 34 is compensated and p-type doped
in an enhancement mode transistor. §II1.C.2.a. Additionally, Smith, alone or in
combination with Uemoto or Kigami, discloses MISFETs as explained for [10p].
ShealyOpp, [0122]-[0123]; ShealyPet, [0195]-[0198]. Smith discloses “in the

embodiments illustrated in FIG. 3B, a MISHEMT may be provided.” Smith, [0095].
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Figure 3B

Because cap layer 34 may be p-type doped, Smith’s MISFET operated in
enhancement mode. ShealyOpp, [0124]-[0125]; Smith, [0087]. When cap layer 34
is p-type doped it would deplete the 2DEG at 0V applied gate voltage. ShealyOpp,

[0124]; ShealyReply, §IV.A. EPC’s expert Dr. Schubert agreed: “if a p-type gate
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material is present over the barrier layer, it can deplete the 2DEG under the gate to
create an enhancement mode, i.e., normally ‘OFF’, transistor.” Ex. 2009 9 31.

b. [l4a]

As explained for [10a], barrier layer 22 is a ITII-N barrier layer beneath gate

contact 32. Petition, 54-55; ShealyOpp, [0126].
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c.  [14b]

As explained for [10b], Smith’s of Figure 3B disclose “a

drain contact, a source contact.” Petition, 55-56; Smith, [0090]; ShealyOpp, [0127].
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d. [l4c.1]

[14c.1] and [13e.1] require “a semi-insulating III-N layer.” As explained for

[13e.1], Smith’s cap layer 34, alone or in view of Kigami or Uemoto, renders
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obvious a ‘“semi-insulating III-N layer” under either interpretation. §§III.C.2.f.1,
II1.C.2.f.ii; ShealyOpp, [0128]-[0129].

[14c.1] requires that the “semi-insulating III-N layer is between the barrier
layer and the gate contact.” Cap layer 34 is between gate contact 32 and barrier

layer 22. Smith, [0090].
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e. [14c¢.2]

As explained for [13e.2], Smith, Smith/Kigami, or Smith/Uemoto render
obvious [14.c.2]. §§II1.C.2.g.1, I11.C.2.g.i1; ShealyOpp, [0131].

£ [14d]

As explained for [13f], Smith, Smith/Kigami, or Smith/Uemoto renders
obvious [14d]. §§1II.C.2.h.1, III.C.2.h.ii; ShealyOpp, [0132].

D. The New Claims Are Unpatentable in View of Sheu/Kigami
1. Motivation to combine Sheu and Kigami

It would have been obvious to apply Kigami’s technique to Sheu’s transistors.

ShealyOpp, §[0132]-[0141]. A POSITA would have done so to passivate
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magnesium in Sheu’s “gate insulating layer 318” to adjust resistivity and achieve
advantages of localized hydrogenation. /d.; Kigami, [0007]-[0012].

Sheu discloses a HEMT with gate insulating layer 318 doped “to enhance the
resistance value.” Sheu, 9-10. It was well-known that hydrogen passivated GaN layer
dopants and enhanced resistivity. Petition, 8-10; ShealyPet, [060]-[064]. A POSITA
would have applied Kigami’s hydrogenation to passivate magnesium in gate
insulating layer 318 and control resistivity, as shown below. ShealyOpp, [0132]-

[0134].
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FIG. 6

Multiple rationales support this combination. ShealyOpp, [0135]-[0141].

First, Sheu and Kigami both disclose I1I-nitride transistors and target the same
problems of breakdown voltage and gate leakage. Id. [0136].

Second, Kigami explicitly suggests and motivates such a combination. /d.,
[0137]. Kigami teaches its technique improves characteristics of devices with
magnesium dopants. Id.; Kigami, [0012], [0029]. Sheu discloses doping with

magnesium and seeks to improve the same characteristics. Sheu, 10. A POSITA,
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therefore, would have applied Kigami’s teachings to Sheu. ShealyOpp, [0137]-
[0139].

Third, a POSITA would have recognized the combination used a known
technique (Kigami’s hydrogenation to locally passivate GaN layers) in a known
device (Sheu’s transistor) ready for improvement. ShealyOpp, [0140];
Kigami, [0012]; Sheu, 10. Kigami’s hydrogenation improves Ill-nitride transistors,
like Sheu’s, by adjusting layer resistivity, controlling threshold voltage, enhancing
breakdown voltage, and permitting high-frequency applications. Kigami, [0007]-
[0008], [0029]. A POSITA would have recognized Kigami’s hydrogenation
techniques would improve Sheu’s device. ShealyOpp, [0140].

Fourth, a POSITA would have expected to succeed in controlling Sheu’s
layers resistance in applying Kigami’s hydrogenation because such passivation had
been known for decades and Kigami adequately explains the passivation process and
its effects. ShealyOpp, [0141]; Kigami, [0022]-[0026].

2. Claim 13
a. [13p]

Sheu discloses “a high electron mobility transistor (HEMT)” formed with
GaN-based layers because GaN is III-N. ShealyOpp, [0142]-[0147]; Sheu, 5-9;

Fig. 6.
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A POSITA would have recognized Sheu/Kigami results in “enhancement
mode” operation because Sheu’s layer 318 is a p-doped cap layer, below “gate 316,”
and on top of “barrier layer 310.” ShealyOpp, [0145]-[0147]; Sheu, 9-10. To a
POSITA it would accordingly have been obvious that Sheu’s transistor would
operate as an enhancement-mode device because a POSITA knew this arrangement
operated in enhancement mode long before the *294 patent. ShealyOpp, [0146]
(citing Exs. 1014-1015). Even Dr. Schubert agreed, “if a p-type gate material is
present over the barrier layer, it can deplete the 2DEG under the gate to create an
enhancement mode.” Ex. 2009, § 31. That is the same configuration in Sheu/Kigami,
where p-type doped layer 318 is over barrier layer 310, and thus depletes the 2DEG
to create the enhancement mode transistor of [13p]. ShealyOpp, [0147].

b. [13a]
Sheu discloses “substrate 300.” Sheu, 9; ShealyOpp, [0148]-[0149].
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c. [13b]

Sheu discloses “buffer layer 304 and “isolation layer 305.” ShealyOpp,
§VIL.B.2.c. These are AIN and AlGaN layers, which the *294 patent specifies for the
“set of III-N transition layers.” Id.; Sheu, 10; Ex. 1001, 1:59-60.
and are [13b]’s “set of III-N transition layers” and are above

substrate 300. ShealyOpp, [0150]-[0152].
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d. [13c]

Sheu discloses “channel layer 306 and “gap layer 308.” ShealyOpp, [0153]-
[0155]; Sheu, 10. These are GaN layers, which the *294 patent specifies for the “III-

N buffer layer.” Id.; Ex. 1001, 1:60. Sheu’s “channel layer 306” and “gap layer 308
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constitute [13c]’s “III-N buffer layer.” Further, channel layer 306 and gap layer

308 are above buffer layer 304 and isolation layer 305,

316

302

FIG. 6

e. [13d]
Sheu discloses a “barrier layer 310.” ShealyOpp, [0156]-[0158]. Barrier

layer 310 is AlGaN, which the *294 patent specifies for the “III-N barrier layer.”

1d.; Sheu, 10; Ex. 1001, 1:61-62. Barrier layer 310 is located above channel layer

306 and gap layer 308.
302
FIG. 6
f. [13e.1]
i Interpretation i: “compensated GaN layer” is a “semi-

insulating III-N layer”
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Sheu/Kigami renders obvious “a semi-insulating III-N layer above the barrier
layer” in [13e.1] under the first interpretation of [13e.2] by disclosing “gate
insulating layer 318” is p-type doped with magnesium, and subject to Kigami’s
hydrogenation. ShealyOpp, [0159]-[0165]. Gate insulating layer 318 is GaN and

above barrier layer 310. Id.
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In Sheu/Kigami, gate insulating layer 318 is “compensated” under any
construction. ShealyOpp, [0161]-[0165]. Gate insulating layer 318 is magnesium
doped, and Sheu describes a desired resistance of 1079 to 1012 ohms/sq. Sheu, 9-
10. Kigami teaches the intentional passivation of magnesium acceptors in p-type
GaN layers, like Sheu’s gate insulating layer 318, to enhance resistance.
ShealyOpp, [0162]-[0163]. A POSITA would have applied Kigami’s hydrogenation
to passivate magnesium and control resistivity in gate insulating layer 318, making
the layer “compensated” under any construction. ShealyOpp, [0164]-[0165].

il. Interpretation ii: “compensated GaN layer” is included
in a larger “semi-insulating III-N layer”
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Sheu/Kigami meets [13e.1] under the second interpretation of [ 13¢.2] because
gate insulating layer 318, which is above barrier layer 310, is co-doped with
magnesium and iron and subject to Kigami’s hydrogenation. ShealyOpp, [0166]-
[0171]; Sheu, 10. A POSITA knew that such co-doping yields a “semi-insulating I1I-
N layer. ShealyOpp, [0167]. In Saxler§74 the combination of magnesium and iron
dopants creates a semi-insulating layer. Saxler§74, [0005]; ShealyOpp, [0168];
ShealyPet, [0175]-[0176]. Saxler874 discloses co-doping for “fabrication of a semi-
insulating Group III nitride layer” using p-type dopant Mg” and “deep level
transition metal dopant [] Fe,” like Sheu. Saxler874, [0005]-[0006]; Sheu 10.

Further, Sheu describes gate insulating layer 318 has a resistance of 10"9-
1012 ohms/sq, which a POSITA would have identified as “semi-insulating,” and
formed with the dopant the *294 patent associates with “semi-insulating I1I-N layer:”
GaN doped with iron. ShealyOpp, [0169]-[0171]; Sheu, 9-10; Ex. 1001, 2:66-67.

g. [13e.2]

i. Interpretation i: “compensated GaN layer” is a “semi-
insulating III-N layer”

Sheu/Kigami meet [13e.2] under its first interpretation. ShealyOpp, [0172]-
[0173]. As explained for [13e.1], when Sheu’s gate insulating layer 318 is doped
with magnesium and subject to Kigami’s hydrogenation, the layer is a “compensated
GaN layer” under any proposed construction. §III.C.2.f. Sheu/Kigami also meet

“compensated GaN layer containing acceptor type dopant atoms passivated with
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hydrogen” because gate insulating layer 318 is doped with magnesium and Kigami
teaches hydrogenation to passivate magnesium. ShealyOpp, [0173].

ii.  Interpretation ii: “compensated GaN layer” is included
in a larger “semi-insulating I1I-N layer”

Sheu/Kigami renders obvious [13e.2] under its second interpretation.
ShealyOpp, [0174]-[0184]. Embodiments of gate insulating layer 318 co-doped
with magnesium and iron meet the “semi-insulating III-N layer.” §111.D.2.f. Further,
gate insulating layer 318 comprises a “compensated GaN layer” under any
proposed construction when Kigami’s hydrogenation is applied to locally passivate
magnesium in regions of gate insulating layer 318. ShealyOpp, [0175].

Kigami’s technique creates a layer where “hydrogen atoms are unevenly
distributed in a local region of the III-V group compound semiconductor,” and
Kigami controls hydrogen introduction with, for example, “material[s] through
which it is difficult for hydrogen ions to pass.” Kigami, [0008], [0026]; ShealyOpp,
[0176]-[0177]. It would have been obvious to apply Kigami’s technique to form gate
insulating layer 318 with uneven hydrogen distribution to create regions of gate
insulating layer 318 with high hydrogen concentration to passivate magnesium
dopants (“compensated GaN layer”) while others regions with lower hydrogen
concentration that remain co-doped and “semi-insulating.” ShealyOpp, [0177].

Kigami’s uneven hydrogen distribution in gate insulating layer 318 is

depicted below, with areas immediately below gate 316 (purple-hashed pattern)
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having a lower hydrogen concentration than the regions not immediately below gate

316 (purple without hashed pattern). /d., [0178].

302

FIG. 6

A POSITA would have formed gate 316 with “a material through which it is
difficult for hydrogen ions to pass.” Kigami, [0026]; ShealyOpp, [0178]. A POSITA
would have implemented Kigami’s hydrogenation per the drawing above and based
on Kigami’s teachings to, for example, reduce gate leakage current by passivating
edges (like described in Uemoto) or better control the 2DEG channel. ShealyOpp,
[0179]-[0181]

Sheu/Kigami’s compensated GaN layer(s) of gate insulating layer 318
contain the “acceptor type dopant atoms passivated with hydrogen™ of [13e.2]. In
the example, these layers would have acceptor dopants (Sheu’s magnesium)
passivated with hydrogen (Kigami’s localized hydrogenation). ShealyOpp. [0183]-

[0184].

44



Case No. IPR2023-01381

h.  [13f]

i. Interpretation i: “compensated GaN layer” is a “semi-
insulating III-N layer”

Sheu/Kigami meets [13f] under the first interpretation of [13e.2]. ShealyOpp,
[0186]-[0190]. is a “gate contact.” Id. And in the combination, gate
insulating layer 318 is doped with magnesium and passivated with hydrogen (a
“compensated GaN layer”). §111.D.2.g. Further, gate insulating layer 318 and

are the “gate comprising a gate contact and the compensated GaN layer” in [13f].

ShealyOpp, [0186]-[0187].
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Having “no two-dimensional electron gas (2DEG) region [that] exists below
the gate at zero volts applied gate bias” would have been obvious to a POSITA.
§III.D.2.a; ShealyOpp, [0188]. Sheu/Kigami teaches an “enhancement mode” device
because Sheu’s gate insulating layer 318 is p-type doped with magnesium.
§III.D.2.a. A p-doped layer below the gate and above an AlGaN barrier layer creates
an enhancement mode device. ShealyOpp, [0188]-[0189]. When doped with

magnesium, gate insulating layer 318 is “a p-type gate material [that] is present
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over the barrier layer[and] can deplete the 2DEG under the gate to create an
enhancement mode,” as even Dr. Schubert would agree. Ex. 2009, 9 31; §111.D.2.a;
ShealyOpp, [0189]-[0190].

ii.  Interpretation ii: “compensated GaN layer” is a “semi-
insulating III-N layer”

Sheu/Kigami describes and a “compensated GaN layer” in gate

insulating layer 318 resulting from Kigami’s uneven hydrogen distribution.

§III.D.2.g; ShealyOpp, [0191]-[0193].
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Having “no two-dimensional electron gas (2DEG) region [that] exists below
the gate at zero volts,” would have been obvious because the Sheu/Kigami
combination results in an enhancement-mode device. §111.D.2.h; ShealyOpp, [0193].
A POSITA would have understood that when doped with magnesium and iron, gate
insulating layer 318 is “a p-type gate material [that] is present over the barrier layer
[and] can deplete the 2DEG under the gate to create an enhancement mode,” as even
Dr. Schubert would agree. Ex. 2009 § 31; §III.D.2.a.

3. Claim 14
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a. [14p]

As explained for [13p], Sheu/Kigami discloses that gate insulating layer 318
is p-type doped with magnesium and subject to Kigami’s hydrogenation. §111.D.2.a;
ShealyOpp, [0194]-[0197]. Sheu/Kigami Sheu explicitly discloses the MISFET
limitation because it seeks a “metal-insulating layer-semiconductor field effect
transistor (MISFET) [that] has good electrical characteristics.” Sheu, 4-5. Sheu
discloses the MIS structure: a metal ( ), on an insulating layer (gate

insulating layer 318), on a semiconductor (barrier layer 310). ShealyOpp, [0194]-

[0197].
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b.  [14a]
Sheu discloses barrier layer 310 beneath the . Sheu, 10; ShealyOpp,
[0198].
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. Sheu, 9. ShealyOpp, [0199].

FIG. 6
c. [14Db]
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d. [14c.1]

[14c.1] and [13e.1] require “a semi-insulating III-N layer.” As explained for

[13e.1] gate insulating layer 318 of Sheu/Kigami renders obvious “semi-insulating

III-N layer” under either interpretation of [14¢.2]. §II.D.2.1.

Sheu also discloses gate insulating layer 318 between and barrier

layer 310 as required in [14c¢.1]. ShealyOpp, [0200]-[0201].
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e. [14c¢.2]
Sheu/Kigami render obvious [14c.2]. §1I1.D.2.g; ShealyOpp, [0202].
f. [14d]
Sheu/Kigami render obvious [14c.2]. §II1.D.2.h; ShealyOpp, [0203].
IV. CONCLUSION

The Board should deny EPC’s motion to amend.

Dated: September 4, 2024 /Lionel M. Lavenue/
Lionel M. Lavenue (Reg. No. 46,859)
Counsel for Petitioner
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APPENDIX A: CLAIM LISTING
1. [1p] A column III Nitride transistor comprising:

[1a] a substrate,

[1b] a set of I1I-N transition layers above the substrate,

[1c] a ITII-N buffer layer above the set of transition layers,

[1d] a III-N barrier layer above the buffer layer,

[1e] a compensated GaN layer above the barrier layer, and

[1f] a gate contact above the compensated GaN layer.
2. The transistor of claim 1, wherein the compensated GaN layer contains
acceptor type dopant atoms passivated with hydrogen.
The transistor of claim 2, where the acceptor type atoms are selected from the group
consisting of Mg, Zn, Be and Ca.
4. [4p] A column III Nitride transistor comprising:

[4a] a substrate,

[4b] a set of III-N transition layers above the substrate,

[4c] a ITI-N buffer layer above the set of transition layers,

[4d] a III-N barrier layer, and

[4e] a semi-insulating III-N layer above the barrier layer.
5. The transistor of claim 4, wherein the semi-insulating III-N layer contains

deep acceptor type dopant atoms.
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6. The transistor of claim 5 where the deep acceptor type atoms are selected from
the group consisting of C, Fe, Mn, Cr and V.
7. [7p] A column III Nitride transistor comprising:

[7a] a substrate,

[7b] a set of I1I-N transition layers above the substrate,

[7¢c] a ITI-N buffer layer above the set of transition layers,

[7d] a III-N barrier layer,

[7e] a semi-insulating III-N layer above the barrier layer, and

[7f] a confinement layer above the semi-insulating III-N layer.
8. The transistor of claim 7, wherein the semi-insulating III-N layer contains
deep acceptor type dopant atoms selected from the group consisting of C, Fe, Mn,
Crand V.
9. The transistor of claim 7, wherein the confinement layer is made of SiN, Si02,
Al203, HfO2, Ga203, or InAlGaN.
10.  [10p] A compensated gate MISFET transistor comprising:

[10a] a ITII-N barrier layer beneath a gate contact,

[10b] a drain contact, a source contact, and

[10c] a semi-insulating III-N layer between the barrier layer and the

gate contact.
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11.  The transistor of claim 10, further comprising a confinement layer above the
semi-insulating III-N layer.

12.  The transistor of claim 10, further comprising a spacer layer between the semi-
insulating layer and the barrier layer.

13. [13p] An enhancement mode [A] column III nitride transistor comprising:

[13a] a substrate,
[13b] a set of III-N transition layers above the substrate,
[13c] a III-N buffer layer above the set of transition layers,

[13d] a ITI-N barrier layer above the buffer layer, [and]

[13e.1] a semi-insulating III-N layer above the barrier layer, [13e.2] wherein

the semi-insulating III-N layer comprises a compensated GaN layer

containing acceptor type dopant atoms passivated with hydrogen, and

[13f] a gate comprising a gate contact and the compensated GaN layer,

wherein no two-dimensional electron gas (2DEQG) region exists below

the gate at zero volts applied gate bias.

14. [14p] A compensated gate enhancement mode MISFET transistor comprising:

[14a] a III-N barrier layer beneath a gate contact,
[14b] a drain contact, a source contact, and
[14c.1] a semi-insulating III-N layer between the barrier layer and the gate

contact, [14¢.2] wherein the semi-insulating III-N layer comprises a
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compensated GaN layer containing acceptor type dopant atoms

passivated with hydrogen, and

[14d] a gate comprising the gate contact and the compensated GaN layer,

wherein no two-dimensional electron gas (2DEQG) region exists below

the gate at zero volts applied gate bias.

A4



Case No. IPR2023-01381

CERTIFICATION OF COMPLIANCE WITH WORD COUNT
Petitioner certifies that the word count under for the foregoing Petitioners’
Opposition to Patent Owner’s Motion to Amend totals 7,749 words as measured by
the word-processing system used to prepare this paper and has 49 pages. The word
and page counts are less than the 8,000 words and 50 pages permitted by the Board

for this document in the Board’s email dated August 30, 2024.

Dated: September 4, 2024 By:_/Lionel M. Lavenue/
Lionel M. Lavenue
Reg. No. 46,859




Case No. IPR2023-01381

CERTIFICATE OF SERVICE

Pursuant to 37 CFR § 42.6(e)(4), the undersigned certifies that on
September 4, 2024, a complete and entire copy of this Petitioner’s Opposition to
Patent Owner’s Motion to Amend was provided by email, to the Patent Owner, by
serving the correspondence email address of record as follows:

Walter D. Davis, Jr.
walter.davis@blankrome.com

Dipu Doshi
dipu.doshi@blankrome.com

Mark Mashack
mark.mashack@blankrome.com

Stephen Soffen
stephen.soffen@blankrome.com

Cory R. Edwards
cory.edwards@blankrome.com

Ameya V. Paradkar
arun.paradkar@blankrome.com

Jonathan England
jonathan.england@blankrome.com

EPCC-Inno-IPRS@blankrome.com

Dated: September 4, 2024 By:/Daniel E. Doku/
Daniel E. Doku
Litigation Legal Assistant
FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, LLP




