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(57 ABSTRACT

Anenhancement-mode GaNtransistor and a method of form-
ing it. The enhancement-mode GaN transistorincludes a sub-
strate, transition layers, 4 buffer kayer comprised of a 111
Nitride material. a basier layer comprised of a L1l Nitride
material. drain and source contacts. a gate TT1-V compound
comtaining acceptor type dopant elements. and a gate metal,
where the gate I11-V compound and the gate metal are formed
with a single photo mask process 10 be self-alic

bottom of the gate m nd the top of the
have the same dim: . The enhancemen
sistormay alsa have a field plate made of O
adrain Ohmic metal, a source Ohmic meta,
are formed by a single photo mask proces

5 Claims, 25 Drawing Sh
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8,404,508 B2
Mar. 26, 2013

Dickstein Shapiro LLP

The present invention i1s an enhancement mode GaN
HEMT device with a gate metal material and a doped GaN or

COSts.

AlGaN material that are self-aligned, and a method for mak-
ing such a device. The materials are patterned and etched
using a single photo mask, which reduces manufacturing

257/20
257/194
43846

Ex. 1001, 3:1-6

257/102

/’u The single mask is not shown in the figure

2577194 Fa

I T T T T mmmtm;ﬁ'— N
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Alleged Point of Novelty: creating
and GaN layer that are self-aligned by etching
with a single photomask
Other elements are admitted prior art

Ex. 1001, Figs, 3B, 3C

Pet. 9-10

Page 2 of 115

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



The '508 Patent Distinguishes from Prior Art Based on Using a
Single Mask Process to Form a Gate

The two-mask is not shown in the figure

FIG. 1

{Prior Art)

106 High doped p-GaN

100

111 Gate metal
108 Source contact

.-"'."m"’ bow doped 140 Drain Cantact

p-AlGaN
| i
DL

10& Passivation

107 lsalation
regian

- 103 GaM Buffer

Layer

101 Substrate

Ex. 1001, Fig. 1

Figure 1 Shows the Admitted Prior Art
Two-Mask Gate Formation Process

As shown in FIG. 1, the gate metal, p-type GaN, or p-type
AlGaN material are defined by two separate photo masks.
The first mask is used to form the p-type GaN or p-type
AlGaN, either by patterning a hard mask and seclectively
growing the p-type GaN or by patterning and etching the
p-type GaN. The second mask is used to form the gate metal
either by patterning and lifting off the gate metal or by pat-
terning and etching the gate metal. 'The two mask process
leads to wider gate length than photo/etch minimum CD. This
causes high gate charge, wider cell pitch, and higher Rdson
(“on resistance”). The conventional method of fabrication
also increases manufacturing costs. Another disadvantage is
that the highest electric field is located at the p-type GaN
matecrial or p-type AlGaN material gate corner toward the
drain ohmic contact metal. This high electric field leads to
high gate leakage current and a gate reliability risk.

Ex. 1001, 1:65-2:18

® No discussion of ordering of gate
formation to distinguish prior art

Pet. 1,7-10

W,
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Instituted Grounds

¢ All claims of the 508 patent are challenged
® (laims in dispute: independent claims 1, 4, 5
Claim(s) Challenged | 35 U.S.C. §! Reference(s)/Basis
1-3 103 Yoshida,? Beach,* Sheppard*
1-4 103 Hikita-347.° Beach, Sheppard
5 103 Hikita-023°, Beach, Sheppard
Institution Decision, 10, 38-39; see generally POR{/
Page 4 of 115
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Claim 1 of the '508 Patent

Claim 1 Claim Limitation
Ipre A method of forming an enhancement mode GaN transistor, the method comprising:
Epitaxi al la nucleating and growing transition layers on a substrate;
1 ayers 1b growing an III Nitride EPI layer over the transistor layers;
formation Ic growing an III Nitride barrier layer over the EPI layer;
1d growing a GaN layer with acceptor type dopants over the barrier layer;
' Gate ™\ lel depositing a gate contact layer on the doped GaN layer;
formation le2 applying a gate photo resistant pattern;
(allege d le3 etching away the gate contact layer outside the gate region;
L novel ty) ) led etching away the doped GaN layer, except a portion of the doped GaN layer beneath the gate contact;
le5 removing the gate photo resistant pattern;
4 . . ) 1f1 depositing a dielectric layer;
Dielectric 112 applying a contact photo resistant pattern;
layel: 113 etching the dielectric layer to open the drain and source contact area;
formation
\_ Y. 114 removing the contact photo resistant pattern; N
s ~N 1gl | depositing an Ohmic contact metal; No dispute that the prior art discloses
1g2 applying a metal photo resistant pattern; each of the claim limitations
Ohmic 1g3 etching the Ohmic contact metal;
formation 1g4 removing the metal photo resistant pattern; and
\_ / 1g5 performing rapid thermal annealing to form Ohmic drain and source contacts.

Ex. 1001, 6:59-7:15; Pet. 6-10 /
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Claim 4 of the '508 Patent

Claim 4 Claim Limitation
4pre A method of forming an enhancement mode GaN transistor, the method comprising:
4a nucleating and growing transition layers on a substrate;
Epitaxial 4b growing an InAlGaN EPI layer over the transistor layers;
layerS = 4c growing an InAlGaN barrier layer over the InAlGaN EPI layer;
formation 4d growing an InAlGaN layer with acceptor type dopants over the InAlGaN barrier layer;
4e growing a GaN layer with acceptor type dopants over the doped InAlGaN layer
- ~N 4f1 depositing a gate contact layer on the doped GaN layer;
Gate 412 applying a gate photo resistant pattern;
formation 413 etching away the gate contact layer outside the gate region;
-—
(alleged 414 etching away the doped GaN layer and the doped InAlGaN layer, except for portions of the doped GaN
\ n Ovelty) y layer and the doped InAlGaN layer beneath gate contact;
415 removing the gate photo resistant pattern;
4 . . ) 4g1 depositing a dielectric layer;
Dielectric . .
4g2 applying a contact photo resistant pattern;
layer — . — :
. 4¢3 etching the dielectric layer to open the drain and source contact area;
formation ; ,
4g4 removing the contact photo resistant pattern;
\ /
~N 4hl depositing an Ohmic contact metal;
: : —| No dispute that the prior art discloses
4h2 applying a metal photo resistant pattern; . L. .
Ohmi _ - each of the claim limitations I
mic - 4h3 etching the Ohmic contact metal;
fO rmation 4h4 removing the metal photo resistant pattern; and
Y, 4h5 performing rapid thermal annealing to form Ohmic drain and source contacts.

Ex. 1001, 7:21-8:7, Pet. 6-10 4
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Claim 5 of the '508 Patent

Epitaxial
layers
formation

Gate
formation
(alleged
novelty)

Dielectric
layer
formation

Claim ] imitation |

Claim 5
] Spre A method of forming an enhancement mode GaN' NO dispute that the prior art discloses
Sa nucleating and growing transition layers on a sub each of the claim limitations
5b growing an InAlGaN EPI layer over the transistor layers;
B 5c growing an AlGaN barrier layer over the InAlGaN EPI layer;
5d growing an AlGaN layer with acceptor type dopants over the AlGaN barrier layer;
Se growing a GaN layer with acceptor type dopants over the doped AlGaN layer
5f1 depositing a gate contact layer on the doped GaN layer;
512 applying a gate photo resistant pattern;
513 etching away the gate contact layer outside the gate region;
5f4 etching away the doped GaN layer, except for portions of the doped GaN layer and the doped AlGaN
layer beneath gate contact;
515 removing the gate photo resistant pattern;
5¢gl applying another photo resistant pattern;
5g2 etching the doped AlGaN layer such that the doped AlGaN extends outside the gate region towards the
drain; —
5il depositing an Ohmic contact metal;
o8 : \38 4 5i2 applying a fourth photo resistant pattern;
bl OhmlC : le 513 etching the Ohmic contact metal
— oh2 formation p 5i4 removing the fourth photo resistant pattern; and
h A 55 515 performing rapid thermal annealing to form Ohmic drain and source contacts.
Sh4 removing the contact plororeststarparrers;

|
Ex. 1001, 8:8-39; Pet. 6-10
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The Alleged Point of Novelty Was Previously Disclosed by

Inventor Beach

(72) Invenlor; and

(75) Inventor/Applicant (for US only): BEACH, Robert
[USAIS]; 2945 Casitas Avenue, Altadena, CA 91001 (T1IS).

Inventor Beach disclosed the alleged
invention in a prior patent

- &

Single
Beach 13 hotomask

Doped GaN layer

Beach, Figs. 1D, 1E

WO 2005/057624 A2 Il

Beach discloses creating and GaN layer that
are self-aligned by etching with a single photomask

'508 Patent @ The single mask is not shown in the figure

Doped GaN layer _ L

AL L LET LA LLEr TG
5

Ex. 1001, Figs, 3B, 3C

Pet. 15-17 A
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Undisputed Claim Elements

Gate
formation
(alleged
novelty)

Epitaxial
layers
formation

Dielectric
Ohmic
layer _
) formation
formation

Claim elements Claim elements Claim elements Claim elements
taught by prior  taught by prior = taught by prior  taught by prior
art art art art

l Undisputed l l Undisputed l l Undisputed l l Undisputed l

See generally POR

Page 9 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE



Disputed Issues

Gate formation

Motivation to combine:

(1) whether the gate
process must be
performed first;

(2) motivation to combine
Yoshida/Hikita-
347/Hikita-023 with
Beach’s gate formation

R

process

Ohmic formation Separate “gate photo
resistant pattern” and
“metal photo resistant

pattern”
Motivation to combine Whether the combination
Yoshida/ Hikita- teaches separate “gate
347/Hikita-023 with photo resistant pattern”
Beach’s ohmic formation and “metal photo resistant
process pattern”

See generally POR
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Claim Construction

Gate-First Is Not Required

Page 11 of 115



Claim 1 of the '508 Patent

Claim 1 Claim Limitation
Ipre A method of forming an enhancement mode GaN transistor, the method comprising:
EPC wro ngly nucleating and growing transition layers on a substrate;
al‘gueS the pl‘o cess growing an III Nitride EPI layer over the transistor layers;
must be sequenced growing an III Nitride barrier layer over the EPI layer;
as G-D-0 growing a GaN layer with acceptor type dopants over the barrier layer;
~ ™ i lel depositing a gate contact layer on the doped GaN layer;
Gate le2 applying a gate photo resistant pattern;
formation |- le3 etching away the gate contact layer outside the gate region;
(G) led etching away the doped GaN layer, except a portion of the doped GaN layer beneath the gate contact;
\, < _ le5 removing the gate photo resistant pattern;
4 Dielectric ) 111 depositing a dielectric layer;
layer _ 112 applying a contact photo resistant pattern;
formation 113 etching the dielectric layer to open the drain and source contact area;
\_ (D) Y. ] 114 removing the contact photo resistant pattern;
\ 1gl depositing an Ohmic contact metal;
Ohmic 1g2 applying a metal photo resistant pattern;
Formation |- 1g3 etching the Ohmic contact metal;
(0) 1g4 removing the metal photo resistant pattern; and
) 1g5 performing rapid thermal annealing to form Ohmic drain and source contacts.

POR 17-25

Page 12 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE 12



Reuired

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

INNOSCIENCE (ZHUHAI) TECHNOLOGY COMPANY,LTD.,

AND
INNOSCIENCE AMERICA, INC.
Petitioner,

V.

EFFICIENT POWER CONVERSION CORPORATION,

Patent Owner.

IPR2023-01383
Patent 8,404,508 B2

Before JON B. TORNQUIST, JEFFREY W. ABRAHAM, and
KIMBERLY McGRAW, Administrative Patent Judges.

McGRAW, Administrative Patent Judge.

DECISION
Granting Institution of Inter Partes Review
35US.C.§314

The Board Correctly Found that No Gate-First Process Is

At this stage of the proceeding, based on the presentrecord, we
determine that the claimsrequire that the dielectric layer steps of [ 1] must
occur before the ohmic contact steps of [ 1g] but that the claims do not

require that the gate structure be formed before the source and drain

contacts.

Paper No. 11,12

Page 13 of 115
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The Claims Do Not Require a G-D-O Process

® The claims do not recite any terms requiring a G-D-O order

® The specification specifies no sequence of forming the gate and
ohmic contacts

The present invention is an enhancement mode GaN The above description and drawings are only to be consid-
HEMT device with a gate metal material and a doped GaN or ered illustrative of specific embodiments, which achieve the
AlGaN material that are self-aligned, and a method for mak- features and advantages described herein. Modifications and
ing such a device. The materials are patterned and etched substitutions to specific process conditions can be made.
using a single photo mask, which reduces manufacturing Accordingly, the embodiments of the invention are not con-
costs. | sidered as being limited by the foregoing description and

drawings.
Ex. 1001, 3:1-6

Ex. 1001, 6:50-56

No G-D-O process
is required

e

“Unless the steps of a method [claim] actually recite an order, the steps are not
ordinarily construed to require one.”

Interactive Gift Exp., Inc. v. Compuserve Inc., 256 F.3d 1323, 1342 (Fed. Cir. 2001).

ELTER

".l-&'

Reply 1-2
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The Claims Do Not Require a Field Plate

¢ EPC wrongly argues that the claims require a field plate formed
simultaneously with the ohmic contact, necessitating a G-D-0O process

® The claims do not recite any field plate

® The patent describes a field plate as an optional unclaimed

embodiment

The present invention is an enhancement mode GaN
HEMT device with a gate metal material and a doped GaN or
AlGaN material that are self-aligned, and a method for mak-
ing such a device. The materials are patterned and etched
using a single photo mask, which reduces manufacturing
costs. .

Ex. 1001, 3:1-6

where the gate I1I-V compound and the gate metal are formed
with a single photo mask process to be self-aligned and the
bottom of the gate metal and the top of the gate compound
have the same dimension. The enhancement mode (GaN tran-
sistor may also have a field plate made of Ohmic metal, where
adrain Ohmic metal, a source Ohmic metal, and the field plate
are formed by a single photo mask process.

Ex. 1001, abstract

No field plate
is required

Field plate is
optional

Reply 2-4

Page 15 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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The Claims Cover Non-Gate-First Processes

® The claims cover six permutations of orders forming the gate (G),
dielectric layer (D), and Ohmic contacts (O)

So anyway, those -- and by the way, there's
a total of six variations of this and what we've
just shown is three of them. There's three

others you could draw. Shealy Tr. (Ex. 2002), 101:9-12

OGD Process Order GDO Process Order
DOG Process Order —
(Beneficial Remnant P-Type GaN Island) | legend |
I Resist 1) Epitaxy Grown - Buffer/Barrier/p-GaN
B pype GaN 2)Resist Applied

[ AlGaN Barrier
[ GaN Buffer (@)
I Gate Metal

- Ohmic Metal*
* Source/Drain Contacts 3)p-GaN Layer Etched 5
4)Ohmic Contact Metal Applied, Pattemed, Annealed (O) 6)Remove Resist

Ohmic Metal*
P GaN Layer - Sef,
(b) (b)

O-G - D G = D- O
5) Pattemed Gate Contact Metal Applied

6) Gate Resist Applied

D-0O-G
Process Process

f—
Process  —F =

8)Windows:

ie
z:
gs
3¢
io
23
z2

Gate-
first

9) Self Aligned Etch of Gate Metal and p-GaN (G)
ate-

@ second

()

Gate-last

10) Windows Opened in Dielectric Exposing Gate Contact (not
shown)

Reply 4-12; Ex. 1040, 1-4 /
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The Non-Gate-First Processes Provide Technical Advantages

® Forming the gate (G), dielectric layer (D), and Ohmic contacts (O)
in different orders provide distinct advantages

~ D-0-G * Protect the gate region from
contamination during subsequent
processing steps

0-G-D * Prevent the device surface from
All are suitable OB
design options
G-D-0 * Reduce the minimum source-to-gate
distance
* Reduce the source and drain access
resistance

Reply 4-12,16
Page 17 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE 17




Conclusion: No Gate-First Is Required

® The Claims do not require a gate-first process

The claims are not limited to a gate-first G-D-O process

OGD Process Order GDO Process Order
DOG Process Order
Legend
(Beneficial Remnant P-Type GaN Island) Legend
® [0 Resist 1) Epitaxy Grown - Buffer/Barrier/p-GaN — 9‘ gg::’a::‘(gmv;‘nﬂl Buffer /Barier / pGaN
o 1)Epitaxy Grown - buffer/barrier/p-GaN 2)Resist Applied s ¢ i
T 2R ppled " I p-ype GoN ” B e G patemess i GteMetal
Resist [ AlGaN Barrier [ AIGaN Barrier
I p-GaN Dielectric
M Diclectic @ [] Gan Buffer @ el
Gan Buffer W Gate Metal ) @
_— Gt Mets B Ohmic Metal* g e
Ohmic Metal*
b 3)p-GaN Layer Etched + Source/Drain Contacts 3)p-GaN Layer Etched Loy set

* Source/Drain Contacts 4)Dielctrc Layer Deposited (D) 4)Ohmic Contact Metal Applied, Pattemed, Annealed (O) ©Remove Resist

¢ e — ' ‘ f—
(b) (b)
D - O - G ) Windows Opened i ielectrc for Contacts 0 - G - D G D O
-l )=
5) Ohmic Contact Metal Applied, Patterned, Annealed (O) 5) Pattered Gate Contact Metal Applied

6) Gate Resist Applied 7) Deposit Ditectric (D)

Process Process % Process  —F
7) Patterned Gate Contact (G) Metal Applied (©

|

i

8) Gate Resist Appl

.-__A_l.

@ 7) Self Aligned Etch of Gate Metal and p-GaN (G)
8) Strip Resist

Metal ol
9) Deposit Dielectric (D) G t
Gate ate -

10) Strip Resist Contacts

Gate-last m& second " % first

10) Windows Opened in Dielectric Exposing Gate Contact (not
shown)

Any of the six permutations are suitable options

Reply 1-12,16 /
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Ground 1: Yoshida, Beach, and

Sheppard

Page 19 of 115



Overview of Prior Art

Yoshida teaches the claimed process except a process for self-aligned gate

and ohmic contacts, and growing multiple transition layers

Fig. 1

i Not disputed l

Gate contact
P-GaN layer

Barrier layer
EPI layer

Transition layer
| Substrate

Yoshida, Fig. 1

mm Mask

Ohmic and ‘Cate Defined mth ‘Resist

Self-aligned gate Metal and n+GoN removed
ard -anrd[ N to form Ohmic contoct and Gate

8 '3 g1 216 r‘i_! 7
S—TH - i
10— 10—t

1 Tempercture Anneal L3
Fig. 1D . "o Actwate Ohmic
' Not disputed l F. 1E

Beach teaches a process for Ig.

self-aligned gate and ohmic contacts Beach, Figs. 1D, 1E

Opticnal buffer, nucleation and/or transition layers (not
shown) may be provided on the substrate 10. For example,
an AIN buffer layer may be provided to provide an appro-
priate crystal structure transition between the silicon carbide
substrate and the remainder of the device. Additionally,
strain balancing transition layer(s) may also be provided as
described, for example, in commonly assigned U.S. Patent

Sheppard, 6:58-64

Sheppard teaches growing l Not disputed l

multiple transition layers

Pet. 13-18
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Yoshida-Beach-Sheppard Renders Obvious Claim 1

The only disputed issues are Claim Limitation
motivation to combine thod of forming an enhancement mode GaN transistor, the method comprising:
. 4 la nucleating and growing transition layers on a substrate;
Yoshida ( Epitaxial chuni b d
& 1 1b growing an III Nitride EPI layer over the transistor layers;
ayers ~
Sh eppa rd fOI'II)l,a tion Ic growing an III Nitride barrier layer over the EPI layer;

\, 1d growing a GaN layer with acceptor type dopants over the barrier layer;
— |

e G lel depositing a gate contact layer on the doped GaN layer;

ate
Yoshida formation le2 applying a gate photo resistant pattern;
& Beach (allege d le3 etching away the gate contact layer outside the gate regiof Disputed Issue #3: teaching of
Disputed Issue #1: ,
I. pu. . . Iay the doped GaN layer, except a portion of t}I separate g.ate and metal

\_ novelty)|] motivation to combine hoto resistant pattern
Yoshida with Beach e gate photo resistant pattern;

4 Diel . 1f1 depositing a dielectric layer;

1electric
Yoshida layer 3 112 applying a contact photo resistant pattern;
formation 113 etching the dielectric layer to open the drain and source contact area;
\ Y. 114 removing the contact photo resistant pattern;
s ~N 1gl depositing an Ohmic contact metal;
1g2 applying a metal photo resistant pattern;
Yoshida Ohmic = 1g3 etching the Ohmic contact metal;
& Beach | formatigpm :
Disputed Issue #2: )Y the metal photo resistant pattern; and
motivation to combine [ng rapid thermal annealing to form Ohmic drain and source contacts.

Yoshida with Beach Pet. 13-39
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Disputed Claim Elements (Claim 1)

Disputed Issue 1

EPC argues 1) a gate
first construction, and
2) lack of motivation
to combine Yoshida
with Beach’s gate
formation

Disputed Issue 2

EPC argues lack of
motivation to combine
Yoshida with Beach’s
ohmic formation

Disputed Issue 3

EPC argues the
combination does not
teach separate “gate
photo resistant
pattern” and “metal
photo resistant
pattern”

Page 22 of 115
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Disputed Issue 1: Motivation to Combine for the Gate

Formation Steps

Claim 1 Claim Limitation
lel depositing a gate contact layer on the doped GaN layer;
le2 applying a gate photo resistant pattern;
le3 etching away the gate contact layer outside the gate region;
led etching away the doped GaN layer, except a portion of the
doped GaN layer beneath the gate contact;
le5 removing the gate photo resistant pattern;

Motivation to combine:

Why would a POSITA incorporate Beach’s self-aligned single mask gate
formation process into Yoshida?

Page 23 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE 23



Motivation to Combine Yoshida with Beach for the Gate

Formation Steps

1. Analogous art: Both describe GaN HEMTs

2. KSR’s use of known technique to improve similar devices in the same

way.

3.  KSR’s some teaching, suggestion, motivation (TSM) in the prior art to

modify or combine.

4. Reasonable expectation of success: POSITA had reasonable expectation
that Beach’s technique would further Yoshida's goals of gate alignment

5. EPC’s counter arguments are incorrect

Pet. 21-22

Page 24 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Motivation to Combine Yoshida with Beach for the Gate

Formation Steps

1. Analogous

Yoshida and Beach are analogous art, they both specifically
describe techniques for forming GaN transistors

Yoshida [0009]

To achieve the above object, the present
invention provides a high mobility transistor in
which a stacked structure, comprised by
stacking an i-type semiconductor layer and an n-
type semiconductor layer in that order, is formed
on a semi-insulating substrate; each
semiconductor layer comprises a GaN-based
compound semiconductor; a gate electrode is
formed on the n-type semiconductor layer via a
p-type semiconductor layer comprising GaN-
based compound semiconductor.

Beach [0002], [0004]

The present invention relates generally to
formation of a Ill-nitride material system
device.

The devices fabricated for these types of
applications are based on general device
structures that exhibit high electron mobility
and are referred to variously as
heterojunction field effect transistors
(HFETSs), high electron mobility transistors
(HEMTSs) or modulation doped field effect
transistors (MODFETS).

Pet. 13-17,21-22

Page 25 of 115
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Using Beach’s Known Technique to Improve Yoshida’s Similar

Device

2. Known technique

Yoshida-Beach is using a known technique (Beach’s self-aligned single mask gate
process) to improve similar devices (Yoshida’s transistor) in the same way (using
a single mask to etch the gate contact and doped GaN layers)

Self-aligned
and
doped GaN layer

le

and
doped GaN layer
not self-aligned

. =

S D

Doped GaN layer(§ ) ) Doped GaN layer

3 ?\\‘ SN INS N 4

Y Sl ST
2
1 Beach, Figs. 1D, 1E

Beach’s known techni impr

Yoshida, Fig, 1 eacns own tec que proves gate

alignment and saves cost of applying a

Yoshida’s similar GaN second mask

transistor

Pet. 21-22,30-33 4
26
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Some TSM to use Beach’s gate process in Yoshida

3. TSM

Yoshida expressly states to “etch away the p-type GaN layer except
where the gate electrode was to be loaded,” which is achieved by Beach

Yoshida [0022]

Dry etching was then performed using a plasma-
converted mixture of hydrogen, argon,
and methane as an etchant to etch away the p-
type GaN layer except where the gate electrode
was to be loaded and exposing the n-type InGaN
layer 4.

Yoshida suggests self-alignment is desirable
because it aims to remove all the p-type GaN
layer except underneath the gate

Beach achieves Yoshida’s objective:
etching the doped GaN layer except the

area under gate contact

Beach [0047]

After the deposition of photoresist layer 13,
material 18 is removed, as by etching, except
where protected by photoresist 13. The
removal, or etching process, also eliminates
protective layer 16 under patterned

photoresist 13.
Piask Rrazk
Ghmic and | Gaols Defined u:m.-'nuht ’j"i" e 'r:' to 1WA ond NGO mmmam
1E 1-\5| 15 1E 1 ) la and  oape
e - g
124~ 13-
1{:-?- 1|;|_F
T FT{; ~|[} 14 waRJ—mltnmu-'
Fig. 1E

Beach, Figs. 1D, 1E

Pet. 21-22
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A POSITA Would Have Reasonable Expectation of Success

4. Expectation

A POSITA would have expected success in implementing Beach’s gate process
in Yoshida because etching multiple layers of materials using the same mask
was well understood and implemented decades before the '508 patent

129. Using Beach’s single mask process to etch the gate contact and doped
GaN layer in Yoshida’s device would have required only conventional techniques
in their ordinary and expected manner, because using the same mask to etch
different layers of materials was routine, conventional, and well understood 1n the
art. Thus, a POSITA would have reasonably expected to succeed in using Beach’s

single mask process to form Yoshida’s GaN device.

Shealy, 129

Pet. 21-22 /
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A POSITA Would Have Reasonable Expectation of Success

4. Expectation

DOG Process Order
(Yoshida-Beach)

Legend

Incorporating Beach’s gate

1) Epitaxy Grown - buffer/barrier/p-GaN

[ Resist
[ p-GaN

B Dielectric

~ | AlGaN Barrier

[ GaN Buffer

Il Gate Metal
[ ] Ohmic Metal*

2) Resist Applied

e ———

(@ Yoshida, [0019]-[0022]

process in Yoshida requires only
a simple modification

3) p-GaN Layer Etched

* Source/Drain Contacts

Yoshida's .
D-0-G Process

The gate
etching step of
Yoshida is
modified

4) Dielectric Layer Deposited (D)

Yoshida, [0022]

Self-aligned
Gate contact and
doped GaN layer

5) Windows Opened in Dielectric for Contacts
6) Ohmic Contact Metal Applied, Patterned, Annealed (O)

(C) Yoshida,

7) Patterned Gate Contact (G) Metal Applied
8) Gate Resist Applied

(d)

9) Self Aligned Etch of Gate Metal #hd p-GaN
10) Strip Resist R

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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The Petition Explains a POSITA Would have Expected Success in Applying Beach’s

Single Mask Gate Process in Yoshida

DOG Process Order NOt a new
(Yoshida-Beach)
Legend 1) Epitaxy Grown - buffer/barrier/p-GaN a rgu m e nt
[ Resist 2)Resist Applied
esl!
I p-GaN . .
[ AlGaN Barrier A POSITA would have expected success because applying a single mask to
B Dielectric (@ Yoshida, [0019}-10022]
[] GaN Buffer form the gate contact and doped GaN layer was a well-known and conventional
B Gate Metal
B Ohmic Metal 3)p-GaN Layer Etched technique. Shealy, 127. The *508 patent states that the etching of the gate contact
* Source/Drain Contacts 4) Dielectric Layer Deposited (D)
: | . and p-GaN layer using the same mask is performed by “any known technique.”

(b) Yoshida, [0022]

because etching multiple layers of different materials using the same mask was

routine, conventional. and well understood in the art. Ex. 1001, 3:45-50: Shealy,

5) Windows Opened in Dielectric for Contacts
6) Ohmic Contact Metal Applied, Patterned, Annealed (O)

§127. Indeed. using the same mask to etch different layers of materials in
(C) Yoshida, [0022]-[0023] . . . 5
semiconductor devices was known and implemented decades before the "508

7) Patterned Gate Contact (G) Metal Applied
8) Gate Resist Applied Pet. 22

- s

(d) Beach, [0047]-[0049]

9) Self Aligned Etch of Gate Metal and p-GaN (G)

10) Strip Resist Same combination,
e | —-—
same argument

Beach, [0047]-[0049]

(€)

Reply 14, ShealySupp, 32
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A POSITA Would Have Reasonable Expectation of Success

4. Expectation

D-0-G Process
incorporating self- DOGr
aligned gate process

Self-aligned
Gate contact and
doped GaN layer

— Fl-rl-.fnﬂc.ﬁl

Exhibit prepared by Dr. Shealy at Depo.
(Exs. 1040, 2003), 2

Reply 13-14 /
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Patent Owner Demands for Additional Explanation of the

Combination

DOG Process Order

(Yoshida-Beach) Not a new EX2001 q135. Simply put, evenif one were to have been motivated to combine
Legend 1) Epitaxy Grown - buffer/barrier/p-GaN
[ Resist 2RedtAppled argument the references identified by Petitioner, because Petitioner failed to particularly
I p-GaN
[ AlGaN Barrier ) explain the combination, it is impossible to determine whether a POSA would have
B Dielectric (@) Yoshida, [0019}-{0022]
ff . . . . e
‘- Z:Z Br:et: expected to successfully combine the references, and whether that unidentified
== Ohmic Metal* 3) p-GaN Layer Etched . .
+ Source/Drain Contacts ) Dielectric Layer Deposited (D) process tlow would yield an operable device.
\ [r—], ‘ POR 36
(b) Yoshida, [0022]

5) Windows Opened in Dielectric for Contacts
6) Ohmic Contact Metal Applied, Patterned, Annealed (O)

© Yoshida, [0022]-[0023] JPPEALS™ r
O L

7) Patterned Gate Contact (G) Metal Applied (

“[T)he very nature of the reply and
= sur-reply briefs are to respond
= (whether to refute, rebut, explain,

8) Gate Resist Applied

e .

@ Beach, (04710045) discredit, and so on) to prior raised
9) Self Aligned Etch of Gate Metal and p-GaN (G) arguments Within the confines Of 37

10) Strip Resist

T —— C.F.R. § 42.23(b).”

“ Beach, 0047H0040 Rembrandt Diagnostics, LP v. Alere, Inc.,

76 F.4th 1376, 1384 (Fed. Cir. 2023)

Reply 14, ShealySupp, 132
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The Diagram Illustrating the Yoshida-Beach Combination Is not a New

Argument

! ® The Petition explains the expectation of

Not a new : . : :
o e oer success in the Yoshida-Beach combination
Legend 1) Epitaxy Grown - buffer/barrier/p-GaN a rgu m e nt
= Z)Rmppﬁm ® Dr. Shealy further elaborates the step-by-
A S vesh, i 022 step implementation of self-aligned D-0-G
[ GaN Buffer . ..
= process in deposition
- Ohmic Metal* 3) p-GaN Layer Etched
* Source/Drain Contacts 4) Dielectric Layer Deposited (D) . . .
— ® The diagram is in response to EPC'’s
(b) ‘oshida. 141 3 3 3
| e oz demand for additional combination details

in its Patent Owner’s Response

5) Windows Opened in Dielectric for Contacts
6) Ohmic Contact Metal Applied, Patterned, Annealed (O)

. ——T ® No change of references, no change of
Yoshida, [0022]-{0023]
grounds

7) Patterned Gate Contact (G) Metal Applied
8) Gate Resist Applied

i, “Parties are not barred from elaborating on their

@ e, 04700 arguments on issues previously raised.”

0 S o G st 6 Chamberlain Grp., Inc. v. One World Techs., Inc.,
. L. . 944 F.3d 919, 925 (Fed. Cir. 2019)

(€)

Beach, [0047]-[0049]

Reply 14, ShealySupp, 32
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EPC’s Incorrect Arguments

5. Rebuttal to EPC

Motivation to combine:
Why would a POSITA
incorporate Beach’s self-
aligned single mask gate
formation process into
Yoshida

EPC’s Incorrect Argument

1. Beach and Yoshida are not gate-
first, so the combination cannot be
gate-first.

2. Bodily incorporating Beach’s gate
simultaneous process in Yoshida
would not work, and a POSITA would
not be motivated to do so.

3. The Yoshida-Beach combination
does not meet claim limitation [1e4].

Correct Resolution

A POSITA would have
incorporated Beach'’s self-
aligned single mask gate
formation process into
Yoshida to improve gate’s
alignment

Page 34 of 115
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EPC’s Incorrect Argument #1 of 3: No Motivation Because

Yoshida and Beach Do Not Teach a Gate-First Process

1. Gate-first construction

EPC incorrectly argues no motivation to combine because Beach and Yoshida do
not teach a gate-first process

® The Claims do not require a gate-first process

® A gate-first process would have been obvious

43.  AsIexplained in my deposition, there are only six permutations of
ordering in forming a gate contact, ohmic contacts, and dielectric layer, all of
which are suitable options. Each of the permutations would have been obvious to a
POSITA. And a POSITA would have found it obvious to try a gate-first G-D-O

process and expected success to do so.
ShealySupp, 143

Reply 16-17 _
35
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EPC’s Incorrect Argument #2 of 3 : No Motivation Because

Beach Is a Gate-Simultaneous Process

2. Gate-simultaneous v. gate-last

EPC incorrectly argues no motivation to combine because Beach is a gate-
simultaneous process and Yoshida is a gate-last process

Yoshida

Beach is a gate-

Fig. 1

3a..

simultaneous

process and Yoshida

=)
\ N1

|4
NNNNNSS "’*"\s}A

is a gate-last process
- does not matter

Yoshida, Fig. 1

Beach

Doped GaN layer

—_— e

- = i

Beach, Figs. 1D, 1E

T h

» ¥ : an actual, physical substitution of elements.”

The combination
maintains Yoshida’'s
process flow, but
only substitutes
Beach’s
implementation
details for the self-
aligned gate
formation

R “Tt is well-established that a determination of obviousness ... does not require

In re Mouttet, 686 F.3d 1322, 1332 (Fed. Cir. 2012) |

Reply 15 £
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EPC’s Incorrect Argument #3 of 3: the Modified Yoshida

Process Does Not Meet [1e4]

3. Limitation [1e4]

EPC in its sur-reply first raises the new argument that the Yoshida-Beach
combination does not meet limitation [1e4] because it would result in
remnant p-type GaN islands outside the gate area

Claim 1 Claim Limitation 7) Patterned Gate Contact (G) Metal Applied Le_gend
. 8) Gate Resist Applied [0 Resist
lel depositing a gate contact layer on the doped GaN B p-GaN
layer; [ AlGaN Barrier
le2 applying a gate photo resistant pattern; M Diclectric
(d) [ ] GaN Buffer
le3 etching away the gate contact layer outside the I Gate Metal
gate region; | Bl Ohmic Metal*
led etching away the doped GaN layer, except a * Source/Drain Contacts
. Y 3 4 o 9) Self Aligned Etch of Gate Metal and p-GaN (G)
portion of the doped GaN layer beneath the gate ; :
10) Strip Resist
contact; -
le5 removing the gate photo resistant pattern; ; -
(e /

EPC improperly argues that the
Remnant Remnant p-type GaN Island

p-type island P -
g does not meet limitation [1e4]
Sur-Reply 6,16-18 /
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EPC Improperly Argues that the Modified Yoshida Process

Does Not Meet Claim Limitation [1e4]

3. Limitation [1e4]

Remnant p-type GaN Exhibit prepared by Dr.
Islands Shealy at Depo. (Ex. 1040), 2

Dr. Shealy’s deposition testimony provided the
D-0-G process with remnant p-GaN island

EPC argued in its POR regarding the functionality
of the remnant p-type GaN islands, but never

raised any argument against [1e4]

EPC’s new argument

should not be allowed

prior art. EX2001 9989-90. Importantly, the gate electrode process as described by
Dr. Shealy would not work because it would leave remnant islands of the p-type
semiconductor, for example, p-type GaN in the context of the *508 patent, between
the sourceand gate as well as between the gate and drain. Such remnant islands
(shown below)are detrimental to the function of an enhancement mode HEMT and

a POSA would not proceed in such a manner. Id. at 490.

'—,—‘ - Dielectric layer

m—'- p-type GaN layer
——— Barrier layer

Channel / buffer layer

(a) Shealy D-O-G pro-
cess before G contact
formation.

1
Substrate |
(b) G contact area

Source Drain
opening (photolitho- F ‘
graphy & etching). \ |

=—  —— Gate metal
(c) G contact (metal F_F!—‘ﬁ
deposition, photolitho-
graphy & etching). ‘ |
(d) Self-aligned G struc- Remnant islands
ture with two p-type K_% of p-type GaN
|

GaN remnant islands. |

EX2001 990 POR 23

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE
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Modified Yoshida Process Meets Claim Limitation [1e4]

3. Limitation [1e4]

Claim 1 Claim Limitation

lel

depositing a gate contact layer on the doped GaN
layer;

le2 applying a gate photo resistant pattern;

le3 etching away the gate contact layer outside the
gate region;

led etching away the doped GaN layer, except a
portion of the doped GaN layer beneath the gate
contact;

le5 removing the gate photo resistant pattern;

Modified Yoshida process with remnant p-

type GaN Islands meet [1e4]:

1.

the p-type GaN outside of the gate
region is etched

the p-type GaN outside the
photoresistant pattern is etched

the gate metal and p-type GaN are self-

aligned after etching

7) Patterned Gate Contact (G) Metal Applied
8) Gate Resist Applied

- N

(d)

9) Self Aligned Etch of Gate Metal and p-GaN [G)
10) Strip Resist

(e) \

Remnant p-type GaN
Islands

Legend

Cl Resist
W p-GaN
[ AlGaN Barrier

I Dielectric
[ ] GaN Buffer

I Gate Metal
[ Ohmic Metal*

* Source/Drain Contacts

Reply 14
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Modified Yoshida Process Meets [1e4]

3. Limitation [1e4]

Dr. Shealy explains that the remnant p-type GaN islands can be eliminated by
applying appropriate photoresist, indisputably meeting limitation [1e4]

Claim 1 Claim Limitation

lel depositing a gate contact layer on the doped GaN
layer;

1e2 applying a gate photo resistant pattern;

le3 etching away the gate contact layer outside the
gate region;

led etching away the doped GaN layer, except a
portion of the doped GaN layer beneath the gate
contact;

le5 removing the gate photo resistant pattern;

Unrebutted in EPC’s Sur-Reply

7) Patterned Gate Contact (G) Metal Applied Legend
8) Gate Resist Applied [ Resist
I p-GaN
[] AlGaN Barrier
[ GaN Buffer
(d) Il Gate Metal
[ ] Ohmic Metal*

* Source/Drain Contacts

9) Self Aligned Etch of Gate Metal and p-GaN (G)
10) Strip Resist

(e)

No Remnant
p-type GaN Islands

Reply 6-7

Page 40 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

~ 40



Motivation to Combine Yoshida with Beach for the Gate

Formation Steps

1. Analogous art: Both describe GaN HEMTs Same transistors - Obvious to combine

2. KSR s use of known technique to improve similar (=== technique, known device >
devices in the same way. Obvious to combine

3. KSR s some teaching, suggestion, motivation (TSM) (Yoshida Beach TSM - Obvious to
in the prior art to modify or combine. combine

4.  Reasonable expectat.lon of success: POSITA had Expectation to improve gate
reasonable expectation that Beach’s technique alignment > Obvious to combine
would further Yoshida’s goals of gate alignment

5. EPC’s counter arguments are incorrect Remnant p-type islands still meet claims and can be
eliminated = Obvious to combine

Pet. 13-17,21-22; Reply 13-17 J

Page 41 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE 41



Disputed Issue 2: Motivation to Combine for the Ohmic

Formation Steps

Claim 1 Claim Limitation

1gl depositing an Ohmic contact metal;

1g2 applying a metal photo resistant pattern;

1g3 etching the Ohmic contact metal;
1g4 removing the metal photo resistant pattern; and
1g5 performing rapid thermal annealing to form Ohmic

drain and source contacts.

Motivation to combine:

Why would a POSITA incorporate Beach’s ohmic formation process into
Yoshida?

Page 42 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE 42



Motivation to Combine Yoshida with Beach for the Ohmic

Formation Steps

1. Analogous art: Both describe GaN HEMTs

2. KSR’s use of known technique to improve similar devices in the same
way.

3.  KSR’s some teaching, suggestion, motivation (TSM) in the prior art to
modify or combine.

4. Reasonable expectation of success: POSITA had reasonable expectation
that Beach’s technique would further Yoshida’s goal of ohmic formation

5. EPC’s counter arguments are incorrect

Pet. 21-22 4
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Motivation to Combine Yoshida with Beach for the Ohmic

Formation Steps

1. Analogous

Yoshida and Beach are analogous art, they both specifically
describe techniques for forming GaN transistors

Yoshida [0009] Beach [0002], [0004]
To achieve the above object, the present The present invention relates generally to
invention provides a high mobility transistor in formation of a Ill-nitride material system
which a stacked structure, comprised by device.
stacking an i-type semiconductor layer and an n- The devices fabricated for these types of
type semiconductor layer in that order, is formed applications are based on general device
on a semi-insulating substrate; each structures that exhibit high electron mobility
semiconductor layer comprises a GaN-based and are referred to variously as
compound semiconductor; a gate electrode is heterojunction field effect transistors
formed on the n-type semiconductor layer via a (HFETSs), high electron mobility transistors
p-type semiconductor layer comprising GaN- (HEMTSs) or modulation doped field effect
based compound semiconductor. transistors (MODFETS).

Pet. 13-17,21-22 /
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Using Beach’s Known Technique to Improve Yoshida’s Similar

Device

2. Known technique

Yoshida-Beach is using a known technique (Beach’s masking and etching process)
to improve similar devices (Yoshida’s transistor) in the same way (using masking
and etching to form ohmic contacts)

Fig. 1 o Wetol and n+GaN removed
G 5 Ohrnic u!'lf Gate Defined 1';|th F!a‘:st to form Ohmic mla:l11;nd Gate
S D 1
n h
xé@ [\ \'1 [~ \) 4 12 E ‘ 12“1{:_ ﬂ'
3a\\_ //“ /_/{/7.:/ " wu#
"\K\\\\)\\\\!\;’:_\_—: A F. 1 D 14 Low Temperature Anneal 1
—— | . to Activate Chmic
\\ \\\\_f1 9 Fig. 1E
Beach, Figs. 1D, 1E

Yoshida, Fig. 1 Beach’s known technique to form ohmic
contact is simpler than the alternative lift-
off process and saves manufacturing cost

Yoshida's similar GaN
transistor

Pet. 23-24,35-39 /
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Some TSM to use Beach’s ohmic process in Yoshida

3. TSM

Yoshida expressly states to form ohmic contacts, but does not explain
the implementation details which Beach provides

Yoshida [0022] Beach [0047]
after patterning with photoresist, the area Referring now to Figure 1D, resist material 13
including the part where the gate electrode was is deposited in a pattern to permit the
to be loaded was masked, [leaving] the portion formation of a gate 15 and ohmic contact 17.
where source and drain electrodes were to be .. After the deposition of photoresist layer 13,
loaded open, and metal Al deposited on the material 18 is removed, as by etching, except
exposed n-type InGaN layer 4 to load source where protected by photoresist 13.

electrode S and drain electrode D.

Oheic ond Gote Defined ';ith Resist
3 1

Beach achieves Yoshida’s objective:

forming ohmic contacts mi ﬁ —

Fig. 1D *

Low Temparature Annecl 14
1o Activale Dhmic

Fig. 1E
Beach, Figs. 1D, 1E

Pet. 23-24, 35-39

Page 46 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

.

46



A POSITA Would Have Reasonable Expectation of Success

4. Expectation

A POSITA would have expected success in implementing Beach’s ohmic
process in Yoshida because Beach’s process of using a mask to pattern and
etch ohmic metal was well-known and conventional

Beach, according to the known, routine process of masking and etching. Using
Beach’s masking process to etch the Ohmic contact metal in Yoshida’s device
would have required only conventional techniques in their ordinary and expected
manner, because using a mask to etch an Ohmic contact metal was routine,
conventional, and well understood 1 the art. Thus, a POSITA would have
reasonably expected to succeed 1n using Beach’s masking process to form

Yoshida’s Ohmic source and drain contacts.

Shealy, 147

Pet. 23-24
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EPC’s Incorrect Argument: No Motivation Because Yoshida

Teaches a Lift-Off Process

5. Rebuttal to EPC

EPC incorrectly argues no motivation to combine because Yoshida discloses using a
lift-off technique to form ohmic contacts

Yoshida [0022]

after patterning with photoresist, the area
including the part where the gate electrode was
to be loaded was masked, [leaving] the portion
where source and drain electrodes were to be
loaded open, and metal Al deposited on the
exposed n-type InGaN layer 4 to load source
electrode S and drain electrode D.

Yoshida is silent as to any lift-off

technique to form ohmic contacts

3a-.

£

Fig. 1

G
S p 5
/ ?
NN -

| N

A
SN } A

NN

Yoshida, Fig. 1

Metal etching is more precise
than lift-off and can produce

vertical sidewalls

Reply 18-24 /
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EPC’s Incorrect Argument: No Motivation Because Yoshida
Teaches a Lift-Off Process

5. Rebuttal to EPC

Metal Etching Produces Vertical Sidewalls like in Yoshida

Liftoff Process Sequence Etch Process Sequence
Critical Requirements|
Megative profile of photoresist
Pattern Resist:
{ \,\ Critical Requiraments
Resist " Y Ensure that Resist e _
Wafer = = has Reentrant Profile Deposit Metal

Deposit Metal: . ) ) .
Vertical profile of the photoresist

m m Use Metal Evaporation @ & Paitern Resist

£ Process Optimized for

Minimum Deposition

Sid "y Ensure that Edge
on Sidewalls Protil re Nearl
Sloped sidewall of remaining metal after liftoff _ _ venigej : ear
Strip Resist:
gy R Etch Metal:
Ensure that All Unwanted

Metal is Removed _ . . ;
Vartical sidewall of remaining metal after etching

e Strip Resist:

Fig. 1. Comparison of additive (liftoff) and subtractive (etch) metallization patterning
processes.

Gorowitz, Fig. 1

Reply 19 __‘_/"
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EPC’s Incorrect Argument: No Motivation Because Yoshida

Teaches a Lift-Off Process

5. Rebuttal to EPC

P Resist on Dielecri | eopend
_ayer Kesist an Cielzcmic
Rasisl |

[ desists
Lift'Off DOeS Not ; i:-:i::rlnrl-::-r

Produce Vertical
Sidewalls like in Process #1 FProcess #2
YOShida M nicctroapir Plesma Froh Isntropic Wit Freh
Hl'HTHH'l'H
| ] | |
Diclrctric Fieh Cnmalkote Diiclartric Fich Complete Under St}
| | | |
*etal ?r nsition tdetal '_.\c'r:r.".irinn
' E Fri

Gt Resist Layers - Metal Liftoff Disohes Resist Layess - Metal Lifiof|

I

ShealySupp, 154

Reply 22 _//
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Beach’s Metal Etching Process Is an Obvious Design Choice

5. Rebuttal to EPC

Only two prevalent alternatives, lift-off or metal etching. Beach’s metal etching
process provides benefits over lift-off and is an obvious design choice

metal dimensions. Further, as [ explained in my previous declaration, lift-off and
metal etching are the only two prevalent techniques for metal patterning. Yoshida
does not suggest that performing an etching process or lift-off was critical to its
method to form a GaN transistor. Beach’s etching technique provides performance
benefits over lift-off, e.g., more accurate and controllable to pattern the metal.

Using a metal etching process to form the ohmic contacts, as taught by Beach,

would be an obvious design choice to form the ohmic contacts of Yoshida. See
Gorowitz, 4 (“When resist patterns are used to define metal layers, the process can

be either additive [lift-off] or subtractive [etching].”™).

ShealySupp, 156

Reply 23-24 _
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Motivation to Combine Yoshida with Beach for the Ohmic

Formation Steps

1. Analogous art: Both describe GaN HEMTs Same transistors - Obvious to combine

2. KSR s use of known technique to improve similar (==-=== technique, known device
devices in the same way. - Obvious to combine

3. KSR s some teaching, suggestion, motivation (TSM) (Yoshida Beach TSM - Obvious to
in the prior art to modify or combine. combine

4.  Reasonable expectat.lon of success: POSITA had Expectation to form ohmic
reasonable expectation that Beach’s technique contacts - Obvious to combine
would further Yoshida’s goals of ohmic formation

5. EPC’s counter arguments are incorrect Beach’s metal etchi_ng more pre?ise than lift-off
-> Obvious to combine

Pet. 23-24; Reply 18-24 /
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Disputed Issue 3: Separate “Gate Photo Resistant Pattern” and

“Metal photo Resistant Pattern”

Claim 1 Claim Limitation Claim 1 Claim Limitation

lel depositing a gate contact layer on the doped GaN layer; 1gl depositing an Ohmic contact metal;

le2 applying a gate photo resistant pattern; 1g2 applying a metal photo resistant pattern;

le3 etching away the gate contact layer outside the gate 1g3 etching the Ohmic contact metal;
R 1g4 removing the metal photo resistant pattern; and

led etching away the doped GaN layer, except a portion of ) ) . .
the digred CaN layer benssih i wie comiek 1g5 performmg rapid thermal annealing to form Ohmic

drain and source contacts.
le5 removing the gate photo resistant pattern;

EPC’s Argument Correct Resolution

The combination teaches Beach teaches a single Beach teaches separate
separate “gate photo pattern for forming the “gate photo resistant
resistant pattern” and gate structure and ohmic pattern” and “metal photo
“metal photo resistant contacts. resistant pattern”;
pattern” Yoshida teaches forming

the gate structure and
ohmic structure in
separate steps

Pet. 32,36-37; Reply 24-25  J
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The Board Correctly Found that Beach teaches different

atterns

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

INNOSCIENCE (ZHUHAI) TECHNOLOGY COMPANY, LTD.,
AND
INNOSCIENCE AMERICA, INC.
Petitioner,

V.

EFFICIENT POWER CONVERSION CORPORATION,
Patent Owner.

IPR2023-01383
Patent 8,404,508 B2

Before JON B. TORNQUIST, JEFFREY W. ABRAHAM, and
KIMBERLY McGRAW, Administrative Patent Judges.

McGRAW, Administrative Patent Judge.

DECISION
Granting Institution of Inter Partes Review
35US.C.§314

Although Beach deposits resist 13 mn a single step, the resist is applied
in different locations with varying types of layers underneath. Thus,
depending on where resist layer 13 is applied, resist layer 13 appears to
function as a different type of pattern, (1.e., as either as a gate photo resistant
pattern or ametal photo resistant pattern). Again, as noted above, based on
the present record, claim 1 does not require that the gate photoresistant

pattern and the metal photoresistant pattem be applied at different times.

Paper No. 11, 28
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Beach Teaches Separate “Gate Photo Resistant Pattern” and

“Metal Photo Resistant Pattern”

Ohmic and Gate Defined with Resist

13 : 13
18
Gate photo Y _..— 1,.|5 1.',15 18 Metal photo
resistant pattern - L resistant pattern
12—
10—~

Fig. 1D *

H"h..
(]
Metal and n+GaN removed
to formm Ohmic contact and Gate
15 17

Gate contact l_i_:t CQ—_\Dhmic contact

12—

10'-—-'_"—

Low Temperature Anneal 14
to Activate Ohmic

Fig. 1E

Beach, Figs. 1D, 1E

Pet. 32, 36-37; Reply 24-25 /
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Yoshida-Beach Renders Obvious Forming Gate Structure and

Ohmic Contacts in Separate Steps

® Even if separate steps are required, Yoshida forms its gate
structure and ohmic contacts in separate steps

Ohmic Formation . _
An SiO; film was then deposited by

plasma CVD to cover the entire surface, and after patterning with photoresist, the area including
the part where the gate electrode was to be loaded was masked, [leaving] the portion where
source and drain electrodes were to be loaded open, and metal Al deposited on the exposed n-
type InGaN layer 4 to load source electrode S and drain electrode D.

Yoshida, [0022]

Gate Formation
Lastly, after etching away the masking and opening the SiO: film beneath it, the source

electrode S and drain electrode G locations were masked with SiO; film, Au was deposited in the
opening portions, and gate electrodes G were loaded above the p-type GaN layer 5 to fabricate

the HEMT shown in Fig. 1."

Yoshida, [0023]

Pet. 31-33,36-39, Reply 25
56
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Yoshida-Beach Renders Obvious Separate Patterns for Gate

and Metal Photo Resistant Patterns

® The Petition explains Yoshida forms its gate structure and ohmic contacts in
separate steps, rendering obvious applying gate and metal photo resistant
patterns at separate steps

Yoshida discloses how to form this GaN HEMT:

1. grow layers 2-5 over the substrate 1 in this order;

2. etch away the p-GaN layer except where the gate is to be loaded;

3. deposit a dielectric layer to cover the entire surface;

4. apply a mask, open the source and drain contact area in the dielectric
layer;

5. deposit the source and drain electrodes on the “exposed” n-type AlGaN
layer;*

6. remove the mask and form the gate contact above the p-GaN layer to

produce an enhancement mode GaN transistor.

Pet. 14-15
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Yoshida-Beach Renders Obvious Separate Patterns for Gate

and Metal Photo Resistant Patterns

® The Petition explains Yoshida forms its gate structure and ohmic contacts in

separate steps

Yoshida in view of Beach renders obvious [1e]. Shealy, 115. Yoshida

Yoshida discloses forming a gate electrode G (gate contact) over the p-GaN
layer 5, as shown below. Yoshida, [0009], [0016], [0023].

Yoshida discloses that, to form the p-GaN layer and gate contact, the p-GaN
layer was etched away “except where the gate electrode was to be loaded.”
Yoshida, [0022]. Then the gate electrode 1s loaded above the p-GaN layer. Yoshida,

[0023]. Although Figure 1 shows that the p-GaN layer 5 extends beyond the gate
Pet. 30-31

Yoshida in view of Beach renders obvious [1g]. Shealy, §135. Yoshida
discloses depositing metal Al (ohmic contact metal) on the n-type semiconductor

layer 4 to load source electrode S and drain electrode D (ohmic source and drain

contacts). Yoshida, [0022], [0010]; Shealy, 9135. Pet. 35

Y
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Disputed Issue 3: Separate “Gate Photo Resistant Pattern” and

“Metal photo Resistant Pattern”

_ EPC’s Argument Correct Resolution

The combination teaches Beach teaches a single Beach teaches separate
separate “gate photo pattern for forming the “gate photo resistant
resistant pattern” and gate structure and ohmic pattern” and “metal photo
“metal photo resistant contacts. resistant pattern”;
pattern” Yoshida teaches forming

the gate structure and
ohmic structure in
separate steps

Although not required by the
claims, the Yoshida-Beach

combination teaches applying
separate patterns in separate steps

Pet. 31-33,36-39, Reply 24-25 /
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Yoshida-Beach-Sheppard Renders Obvious Claim 1

Claim 1 Claim Limitation
Ipre A method of forming an enhancement mode GaN transistor, the method comprising:
la nucleating and growing transition layers on a substrate;
1b growing an III Nitride EPI layer over the transistor layers;
Ic growing an III Nitride barrier layer over the EPI layer;
1d growing a GaN layer with acceptor type dopants over the barrier layer;
lel depositing a gate contact layer on the doped GaN layer;

le2 applying a gate photo resistant pattern;

le3 etching away the gate contact layer outside the gate region;

le4 etching away the doped GaN layer, except a portion of the doped GaN layer beneath the gate contact

le5 removing the gate photo resistant pattern;

1f1 depositing a dielectric layer;

112 applying a contact photo resistant pattern;

113 etching the dielectric layer to open the drain and source contact area;
114 removing the contact photo resistant pattern;

1gl depositing an Ohmic contact metal;

1g2 applying a metal photo resistant pattern;

CLLLERLLLRRRR’K

1g3 etching the Ohmic contact metal;
1g4 removing the metal photo resistant pattern; and
1g5 performing rapid thermal annealing to form Ohmic drain and source contacts.

Page 60 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE 60



Ground 2: Hikita-347, Beach,

and Sheppard
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Overview of Prior Art

Hikita-347 teaches the claimed process except a process for self-aligned gate and ohmic contacts,
using a mask to open source and drain contact area, and growing multiple transition layers

FIG. 1 Not disputed l

106 111 10
ﬁl <
——b NN NN—=108
104
,\-107 Gate contact
\_103 | P-GaN layer
~102 Barrier layer

///////////wl - B

Hikita-347, Fig. 1

Beach teaches a process for ot dienuted Sheppard teaches_usi _ _ _ _e and drain
self-allgned gate and ohmic contacts l—u— contact area and growing multiple tran
'R Self-aligned gate Metal and n+GaN removed l Not disputed 'l

Vi ent the Defied Wi - ..I la) .hl'"“ d GaM to form Ohmic contoct and Gate

18 I jg1s 16 s 15 7

. Cap Layer )
4—‘—!—)—__—h - i: Ohmic Contact 24 Ohmic Contact
e - = a0 30
121 12—

Barrier Layer
22

10— i 10—t

Channel Layer

Fig. 1D * e =

Fig. 1E M

Beach, Figs. 1D, 1E Sheppard, Fig. 1C

Pet. 42-47 4
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Hikita-347-Beach-Sheppard Renders Obvious Claim 1

Like in Yoshida ground, the only disputed (Clihin Lo
issues are motivation to combine ming an enhancement mode GaN transistor, the method comprising:
vy s o la nucleating and growing transition layers on a substrate;
H1k1ta-34/( EpltaXIal = £ £ J
& 1 1b growing an III Nitride EPI layer over the transistor layers;
ayers ~
Sh eppa rd fOI'II)l,a tion Ic growing an III Nitride barrier layer over the EPI layer;
\, 1d growing a GaN layer with acceptor type dopants over the barrier layer;
— |
e G lel depositing a gate contact layer on the doped GaN layer;
ate
Hikita-347 formation le2 applying a gate photo resistant pattern;
& Beach le3 etching away the gate contact layer outside the gate regiof Disputed Issue #3: teaching of

(alleged Disputed Issue #1:

\ novelty) motivation to combine
Hikita-347 with Beach e gate photo resistant pattern;

Iay the doped GaN layer, except a portion of t}I separate g.ate and metal
hoto resistant pattern

4 . . 1f1 depositing a dielectric layer;
Hikita-347] Dielectric ) )
° 1 112 applying a contact photo resistant pattern;
ayer m
y . 113 etching the dielectric layer to open the drain and source contact area;
Sheppard| formation
\ Y. 114 removing the contact photo resistant pattern;
s ~N 1gl depositing an Ohmic contact metal;
1g2 applying a metal photo resistant pattern;
Hikita-347 Ohmic = 1g3 etching the Ohmic contact metal;
& Beach | formatigpm

)Y the metal photo resistant pattern; and

Disputed Issue #2:

motivation to combine [ng rapid thermal annealing to form Ohmic drain and source contacts.
Hikita-347 with Beach

Pet. 42-61; POR 53-63
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Disputed Claim Elements (Claim 1)

Disputed Issue 1

Disputed Issue 2

EPC argues 1) agate =~ EPC argues lack of
first construction, and motivation to combine
2) lack of motivation  Hikita-347 with

to combine Hikita-347 Beach’s ohmic

with Beach’s gate
formation

formation

Disputed Issue 3

EPC argues the
combination does not
teach separate “gate
photo resistant
pattern” and “metal
photo resistant
pattern”

Similar issues as in Yoshida ground

Page 64 of 115
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Disputed Issue 1: Motivation to Combine for the Gate

Formation Steps

Claim 1 Claim Limitation
lel depositing a gate contact layer on the doped GaN layer;
1e2 applying a gate photo resistant pattern;
le3 etching away the gate contact layer outside the gate region;
led etching away the doped GaN layer, except a portion of the
doped GaN layer beneath the gate contact;
le5 removing the gate photo resistant pattern;

Motivation to combine:

Why would a POSITA incorporate Beach’s self-aligned single mask gate
formation process into Hikita-347?
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Motivation to Combine Hikita-347 with Beach for the Gate

Formation Steps

1. Analogous art: Both describe GaN transistors

2. KSR’s use of known technique to improve similar devices in the same

way.

3.  KSR’s some teaching, suggestion, motivation (TSM) in the prior art to

modify or combine.

4. Reasonable expectation of success: POSITA had reasonable expectation

that Beach’s technique would further Hikita-347’s goals of gate
alignment

5. EPC’s counter arguments are incorrect

Pet. 21-22
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Motivation to Combine Hikita-347 with Beach for the Gate

Formation Steps

1. Analogous

Hikita-347 and Beach are analogous art, they both specifically
describe techniques for forming GaN transistors

Hikita-347 [0002]

The present invention relates to a field-effect
transistor using nitride semiconductor, which is
applicable to a power transistor for use in a
power supply circuit of a consumer-electronics
product such as a TV set and a method for
fabricating the field-effect transistor.

Beach [0002], [0004]

The present invention relates generally to
formation of a Ill-nitride material system
device.

The devices fabricated for these types of
applications are based on general device
structures that exhibit high electron mobility
and are referred to variously as
heterojunction field effect transistors
(HFETSs), high electron mobility transistors
(HEMTs) or modulation doped field effect
transistors (MODFETS).

Pet. 43-46, 48-49
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Using Beach’'s Known Technique to Improve Hikita-347’s

Similar Device

2. Known technique

Hikita-347-Beach is using a known technique (Beach’s self-aligned single mask
gate process) to improve similar devices (Hikita-347’s transistor) in the same way
(using a single mask to etch the gate contact and doped GaN layers)

and

doped GaN layer
not self-aligned

106
/|

A

T

5 EIILIIRIIIIIIIIF Y|

Doped GaN]I‘Q\(‘?er

Self-aligned

and
d

r

) Doped GaN layer

N—=-108
1104
) 1107
103
102

1~101 Beach, Figs. 1D, 1E

Beach’s known techni impr
Hikita-347, Fig, 1 ec.lc s known technique imp ove§ gate
alignment and saves cost of applying a
Hikita-347’s similar second mask
GaN transistor
Pet. 48-49, 21-22
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Some TSM to use Beach’s gate process in Hikita-347

3. TSM

Hikita-347 expressly states to etch away the p-type GaN layer “located
in other part than the gate region,” which is achieved by Beach

Hikita-347 [0035] Beach [0047]
Parts of the heavily doped p-type GaN layer 106 After the deposition of photoresist layer 13,
and the p-type GaN layer 105 located in other material 18 is removed, as by etching, except
part than a gate region is removed by selective where protected by photoresist 13. The
etching. removal, or etching process, also eliminates
protective layer 16 under patterned
Hikita-347 suggests self-alignment is desirable photoresist 13.

because it aims to remove all the p-type GaN

layer except underneath the gate Mesk sk
i crg ot v ot 0T M SRS
wﬂ% - 12__'_2 q‘z—r\w
i 1 -
Beach achieves Hikita-347’s objective: Fig. 1D * " ‘;:f"“‘ :;“'
etching the doped GaN layer except the S
area under gate contact Beach, Figs. 1D, 1E

Pet. 48-49,21-22 /
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A POSITA Would Have Reasonable Expectation of Success

4. Expectation

A POSITA would have expected success in implementing Beach’s self-aligned
single mask gate process in Hikita-347 because etching multiple layers of
materials using the same mask was well understood and implemented
decades.before.the..508 patent

Hikita-347’s device. Hikita-347’¢  According to Dr. Shealy, Incorporating Beach’s self-

aligned gate process in Hikita-347 requires only a
technique described by Beach, ac simple modification
and etching. Using Beach’s single mask process to etch the gate contact and doped
GaN layer in Hikita-347’s device would have required only conventional

techniques in their ordinary and expected manner, because using the same mask to

ctch different layers of materials was routine, conventional, and well understood in
the art. Thus, a POSITA would have reasonably expected to succeed in using

Beach’s single mask process to form Hikiia-347°s GaN device.

Shealy, 184
Pet. 48-49,21-22
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4. Expectation

or-9 /4 406 405
Hikita-347's :
FIG. 8A (08
D-0O-G Process 402 401
406-~| %405
=1-404
FIG. 8B 103 Legend
402 L4101 l:| Resist
I p-GaN
‘ [] AlGaN Barrier
406 = 2405 [ ] Dielectric
2071 E 1404 [ GaN Buffer
FIG. 8C ., I 403 B Gate Metal
/“401 I Ohmic Metal*
‘ * Source/Drain Contacts
406 4?5
FIG. 8D = 408
4074 f- {204
4024 403
‘ 401 7) Patterned Gate Contact (G) Metal Applied
8) Gate Resist Applied
400 406 405 10
FIG. 8E 408
S /
4024 i
401 ‘
411 9) Self Aligned Etch of Gate Metal #hd p-GaN
406 405 10) Strip Resist . oooemeee
409 -m-‘ 410 !
FIG. 8F _spdPonilsds— 408
407~ i W 1} ) ! 1
4024 +-403 (e)
401
The gate etching  ikitq-347, Figs. 8a-8F
step of Hikita-347

is modified

Incorporating Beach’s self-aligned
gate process in Hikita-347 requires
only a simple modification

Self-aligned
Gate contact and
doped GaN layer

Beagff, [0047]-[0049]

Beach, [0047]-[0@49]

Reply 26-27 /
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The Petition Explains a POSITA Would have Expected Success in Applying

Beach's Single Mask Gate Process in Hikita-347

106 405 Not a new i .
FIG. 84 T region. Hikita-347, [0057]. A POSITA would have been motivated to use Beach’s
402 Lao1 argument
3 single mask process to form the gate contact and p-type GaN layer(s) in Hikita-
4O€r\$~405
FIG. 88 Tios 347’s device and expected success for the same reasons explained in Ground 1.
402
401
3 Shealy, 99179, 229; §VIIL.A.1.d.i1.
406 405
2074 F w 3404
FIG.8C,,, 403 Pet. 49
r-401
l 406 405
FIG.8D — @ 408 A POSITA would have expected success because applying a single mask to
4074 | I
402 403 .
! | 401 oot (O e ppied form the gate contact and doped GaN layer was a well-known and conventional
100 445 =
FIG. 8E %@33 technique. Shealy. 127, The 508 patent states that the etching of the gate contact
407 [ - (d
402 -403 Beach, [0047]-[0049] ) . . . .
401 | and p-GaN layer using the same mask is performed by “any known technique.”
9) Self Aligned Etch of Gate Metal and p-GaN (G)
406311405 10) Strip Resist ) . ) . .
FIG. 8F % 408 L. because etching multiple layers of different materials using the same mask was
407 404
403 (e) . . .
Az 101 Beach, [0047)-[0049] routine, conventional. and well understood in the art. Ex. 1001, 3:45-50; Shealy,
Hikita-347, Figs. 8A-8F €127. Indeed. using the same mask to etch different layers of materials in

semiconductor devices was known and implemented decades before the "508

Reply 27, ShealySupp, 31 Pet. 22

v,
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A POSITA Would Have Reasonable Expectation of Success

4. Expectation

D-0-G Process
incorporating self-
aligned gate process

— PR phibesd

Self-aligned
Gate contact and
doped GaN layer

Exhibit prepared by Dr. Shealy at Depo.

(Exs. 1040, 2003), 2

Reply 26-27 J
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Patent Owner Demands for Additional Explanation of the

Combination

106 05 Not a new
FIG. 8A i
102 e argument
]
40
5’\@405 o
FIG. 8B 102 403

401

406w 405
E 4404

407 |

402 403
401

=

FIG. 8C

4

406 405
FIG. 8D F@ 408
Z 404

4074
402

l, 401

4 406 405 a0
09 -
\\\\\I\\.L TE=-408

1404 - @

~403

401 ‘

?I‘I’I’III\’I
9) Self Aligned Etch of Gate Metal and p-GaN (G)

406311405 10) Strip Resist
409 410
FIG. 8F 09 oI,
407 t-404

e 1403 G
401 Beach, [0047)-{0049]

7) Patterned Gate Contact (G) Metal Applied
8) Gate Resist Applied

o

FIG. 8E
407
402

Beach, [0047]-[0049]

Reply 27, ShealySupp, 31

As in Ground 1, Petitioner fails to particularly describe its proposed
combination sufficient to permit any analysis as to how the “jigsaw puzzle” is
assembled. See §VII.A. Generally, Petitioner proposes the samemodifications to
Hikita347 as it proposed to Yoshida with respect to gate formation and ohmic

contact formation and identified the same motivations to combine.

POR 54

. “[TThe very nature of the reply and
i H";_ sur-reply briefs are to respond

"¥ - (whether to refute, rebut, explain,

" discredit, and so on) to prior raised
arguments within the confines of

37 C.F.R. § 42.23(b).”

Rembrandt Diagnostics, LP v. Alere,
Inc., 76 F.4th 1376, 1384 (Fed. Cir.
2023)
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The Diagram Illustrating the Hikita-347-Beach Combination Is not a New

Argument

e ® The Petition explains the expectation of
106 405 ot a hew . 0y
FIG. 84 ot success in the Hikita-347-Beach
402 o1 argument . .
] combination
405’\@405
404
FIG. 88, s ® Dr Shealy further elaborates the step-
Vo by-step implementation of self-aligned
r1c. sc ' Y D-0-G process in deposition
r-401
! : .. ,
e B ® The diagram is in response to EPC’s
e - ot R demand for additional combination
wa T details in its Patent Owner’s Response
FIG. BE 408
407 %:‘m ‘ (d)
e ot 3 = | @ No change of references, no change of
o 9) el Aligned Etch of Gate Metal and p-GalY Q)
o W P grounds
o s @
401 Beach, [0047]-[0049]
Hikita-347, Figs. 8A-8F Renly 27
+FPEALy
. > “Parties are not barred from elaborating on their arguments on issues previousl
: s g g p y
' : raised.”

Chamberlain Grp., Inc. v. One World Techs., Inc., 944 F.3d 919, 925 (Fed. Cir. 2019),«
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EPC’s Incorrect Arguments

5. Rebuttal to EPC

EPC’s Incorrect Argument

Correct Resolution

Motivation to combine:
Why would a POSITA
incorporate Beach’s self-
aligned single mask gate
formation process into
Hikita-347

1. Beach and Hikita-347 are not gate-
first, so the combination cannot be
gate-first.

2. Bodily incorporating Beach’s gate
simultaneous process in Hikita-347
would not work, and a POSITA would
not be motivated to do so.

3. Bodily incorporating Beach’s
depletion mode device with Hikita-
347’'s enhancement mode device
would not work, and a POSITA would
not be motivated to do so.

4. Bodily incorporating Beach’s gate
and ohmic contact formed with the
same material in Hikita-347's device
would not work, and a POSITA would
not be motivated to do so.

5. The Hikita-347-Beach combination
does not meet claim limitation [1e4].

A POSITA would have
incorporated Beach's self-
aligned single mask gate
formation process into Hikita-
347 to improve gate’s
alignment

Reply 26-27,29-30 4
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EPC’s Incorrect Argument #1 of 5: No Motivation Because

Hikita-347 and Beach Do Not Teach a Gate-First Process

EPC incorrectly argues no motivation to combine because Beach and Hikita-347
do not teach a gate-first process

® The Claims do not require a gate-first process

® A gate-first process would have been obvious

43.  AsIexplained in my deposition, there are only six permutations of
ordering in forming a gate contact, ohmic contacts, and dielectric layer, all of
which are suitable options. Each of the permutations would have been obvious to a
POSITA. And a POSITA would have found it obvious to try a gate-first G-D-O

process and expected success to do so.
ShealySupp, 143

Reply 30,16-17 4
77
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EPC’s Incorrect Argument #2 of 5 : No Motivation Because

Beach Is a Gate-Simultaneous Process

2. Gate-simultaneous

EPC incorrectly argues no motivation to combine because Beach is a gate-
simultaneous process and Hikita-347 is a gate-last process

Hikita-347 FIG. 1

e X L 105 o The combination

Beach is a gate- O \,_M S 108 maintains Hikita-
simultaneous process P A% 347’s process flow,
and Hikita-347 is a 17163 but only substitutes

gate-last process - = Beach’s

does not matter Hikita-347, Fig. 1 implementation

details for the self-
Beach _&_ —> 2 aligned gate
formation

Doped GaN Iayer

Beach, Figs. 1D, 1E

. .|"|:l"'

fragqad

“It 1s well-established that a determination of obviousness ... does not require
an actual, physical substitution of elements.”

» L In re Mouttet, 686 F.3d 1322, 1332 (Fed. Cir. 2012)

h -- BF :,'l.-"
w2 Reply 27,15 4
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EPC’s Incorrect Argument #3 of 5 : No Motivation Because

Beach Is a Depletion Mode Device

3. Depletion mode

EPC incorrectly argues no motivation to combine because Hikita-347’s enhancement

mode devices and Beach’s depletion mode devices are not combinable

Petitioner’s combination:
Incorporate Beach’s

into Hikita-347

The self-aligned gate
process and ohmic
process are the same for
enhancement mode and
depletion mode devices

Q. Would Beach's self-aligned
etching process be performed the same regardless
of what mode the device was?

A. Yes.

A. The only difference in this
technique to achieve an enhancement mode device
is the presence of one additional p-type layer
above the barrier; everything else about the
structure is the same, and of course, one skilled
in the art very likely works on both including I
believe Beach has papers in both.

But in any case, one skilled in the art
is familiar with both devices and they process

the same as far as the ohmic and gate contacts.

Shealy Tr. (Ex. 2002), 104:8-105:11

Reply 29; POR 58-59  /
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EPC’s Incorrect Argument #3 of 5 : No Motivation Because

Beach Is a Depletion Mode Device

3. Depletion mode

Beach Teaches an Enhancement

Mode Device

create a ITI-nitride heterojunction device that is nominally off to avoid current conduction

problems during start-up and other modes. Beach, [0004]

Accordingly, it would be desirable to

e o -

[0012]

off device with low on resistance. For example, it would desirable to obtain a power

switch, power rectifier, synchronous rectifier, current control device or other power

devices that are nominally off when no power is applied.

A number of types of power devices can potentially benefit from a nominally

Beach, [0012]

12
13
14
15

16

Q. If "nominally on" means depletion mode, then
"nominally off" would mean enhancement mode, right?

A. Generally, "normally on" refers to a depletion
mode transistor and "normally off" refers to an enhancement

mode transistor.

Schubert Tr. (Ex. 1053), 1025:12-16

\,
e

Reply 29

Page 80 of 115

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE 80



EPC’s Incorrect Argument #4 of 5 : No Motivation Because Beach’s Gate

Contact and Ohmic Contacts Are Formed of the Same Material

4. Ohmic material

EPC incorrectly argues no motivation to combine because Beach teaches the same
electrode metal for its gate and ohmic contacts and Hikita-347 teaches different materials

Hikita-347 FIG. 1
106 1)11 105
15)9 1)10
Beach uses the same e 108 The combination
metal for gate and ) T maintains Hikita-
ohmic contact - ii?j 347’s process flow,
does not matter Hikita-347, Fig, 1 but only substitutes
Beach’s
Beach 13 : — implementation
j’zz'__I_]_ details for the self-
Doped GaN layer ———" a]igned gate
formation
- Beacm 1E

- “It 1s well-established that a determination of obviousness ... does not require
an actual, physical substitution of elements.”

In re Mouttet, 686 F.3d 1322, 1332 (Fed. Cir. 2012)

Reply 29-30; POR 59-60
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EPC’s Incorrect Argument #5 of 5 : the Modified Hikita-347

Process Does Not Meet [1e4]

5. Limitation [1e4]

EPC in its sur-reply first raises the new argument that the Hikita-347-Beach
combination does not meet limitation [1e4] because it would result in

remnant p-type GaN islands outside the gate area

gate region;

Claim 1 Claim Limitation 7) Patterned Gate Contact (G) Metal Applied Le_gend
- 8) Gate Resist Applied 7 Resist
lel depositing a gate contact layer on the doped GaN B p-GaN
layer; [ AlGaN Barrier
le2 applying a gate photo resistant pattern; .___H [ Dielectric
(d) [ ] GaN Buffer
le3 etching away the gate contact layer outside the I Gate Metal

[ Ohmic Metal*

contact;

led etching away the doped GaN layer, except a * Source/Drain Contacts
portion of the doped GaN layer beneath the gate

9) Self Aligned Etch of Gate Metal and p-GaN (G)
10) Strip Resist

Improper new

argument by EPC

le5 removing the gate photo resistant pattern; ; -
(e /

EPC improperly argues that the
Rim”a'_’li ) Remnant p-type GaN Island
prypetsian does not meet limitation [1e4]

Sur-Reply 28-29 /
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EPC Improperly Argues that the Modified Hikita-347 Process

Does Not Meet Claim Limitation [1e4]

5. Limitation [1e4]

Remnant p-type GaN Exhibit prepared by Dr.
Islands Shealy at Depo. (Ex. 1040), 2

Dr. Shealy’s deposition testimony provided the
DOG process with remnant p-GaN island

EPC argued in its POR regarding the functionality
of the remnant p-type GaN islands, but never
raised any argument against [1e4]

EPC’s new argument

should not be allowed

a POSA would not proceed in such a manner. Id. at 490.

(a) Shealy D-O-G pro-
cess before G contact
formation.

(b) G contact area
opening (photolitho-
graphy & etching).

(c) G contact (metal

deposition, photolitho-

graphy & etching).

(d) Self-aligned G struc-

ture with two p-type
GaN remnant islands.

e
/?

|
Substrate |

’,__I |:|\ Drain

ﬁgﬁg—‘

Dielectric layer
p-type GaN layer
Barrier layer

Channel / buffer layer

F_,’tll_/ﬁ\ Gate metal

Remnant islands

d of p-type GaN
|

EX2001 990

— prior art. EX2001 9989-90. Importantly, the gate electrode process as described by
Dr. Shealy would not work because it would leave remnant islands of the p-type
semiconductor, for example, p-type GaN in the context of the *508 patent, between
the sourceand gate as well as between the gate and drain. Such remnant islands

(shown below)are detrimental to the function of an enhancement mode HEMT and

POR 23
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Modified Hikita-347 Process Meets Claim Limitation [1e4]

5. Limitation [1e4]

Claim 1 Claim Limitation

lel depositing a gate contact layer on the doped GaN
layer;

le2 applying a gate photo resistant pattern;

le3 etching away the gate contact layer outside the
gate region;

led etching away the doped GaN layer, except a
portion of the doped GaN layer beneath the gate
contact;

le5 removing the gate photo resistant pattern;

Modified Hikita-347 process with remnant
p-type GaN Islands meet [1e4]:

7) Patterned Gate Contact (G) Metal Applied
8) Gate Resist Applied

- S, .

(d)

9) Self Aligned Etch of Gate Metal and p-GaN (G)
10) Strip Resist

Legend

|:| Resist

I p-GaN

[[] AlGaN Barrier
I Dielectric

[ ] GaN Buffer

B Gate Metal
[ Ohmic Metal*

* Source/Drain Contacts

1. the p-type GaN outside of the gate (e)

region is etched Remnant p-type GaN

Islands

2. the p-type GaN outside the

photoresistant pattern is etched
3. the gate metal and p-type GaN are self-

aligned

Reply 26-27 /
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Modified Hikita-347 Process Meets Claim Limitation [1e4]

5. Limitation [1e4]

Dr. Shealy explains that the remnant p-type GaN islands can be eliminated by
applying appropriate photoresist, indisputably meeting limitation [1e4]

7) Patterned Gate Contact (G) Metal Applied Legend
Claim 1 Claim Limitation 8) Gate Resist Applied B esist
I p-GaN
lel depositing a gate contact layer on the doped GaN [ AlGaN Barrier
. I Dielectric
layer’ ] GaN Buffer
o o . (d) Il Gate Metal
1e2 applying a gate photo resistant pattern; Jm Ohic Metal

* Source/Drain Contacts

le3 etching away the gate contact layer outside the
gate region;

9) Self Aligned Etch of Gate Metal and p-GaN (G)

led etching away the doped GaN layer, except a 10) Strip Resist
portion of the doped GaN layer beneath the gate
contact;
: : (e)
le5 removing the gate photo resistant pattern;

No Remnant

Unrebutted in EPC’s Sur-Reply p-type GaN Islands

Reply 6-7
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Motivation to Combine Hikita-347 with Beach for the Gate

Formation Steps

1. Analogous art: Both describe GaN transistors || Same transistors - Obvious to combine
2. KSR s use of known technique to improve similar (=== que, known device >
devices in the same way. T —

3. KSR’s some teaching, suggestion, motivation (TSM) (ia"527 /Beach TSM - Obvious
in the prior art to modify or combine. to combine

4. Reasonable expectation of success: POSITA had Expectation to improve gate
reasonable expectation that Beach’s technique alignment - Obvious to combine
would further Hikita-347’s goals of gate alignment

5. EPC’s counter arguments are incorrect Bodily incorporation is irrelevant >
Obvious to combine

Pet. 48-49; Reply 26-27,29-30 J
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Disputed Issue 2: Motivation to Combine for the Ohmic

Formation Steps

Claim 1 Claim Limitation

Igl depositing an Ohmic contact metal;

1g2 applying a metal photo resistant pattern;

1g3 etching the Ohmic contact metal;
1g4 removing the metal photo resistant pattern; and
1g5 performing rapid thermal annealing to form Ohmic

drain and source contacts.

Motivation to combine:

Why would a POSITA incorporate Beach’s ohmic formation process into
Hikita-347
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Motivation to Combine Hikita-347 with Beach for the Ohmic

Formation Steps

1. Analogous art: Both describe GaN transistors

2. KSR’s use of known technique to improve similar devices in the same
way.

3.  KSR’s some teaching, suggestion, motivation (TSM) in the prior art to
modify or combine.

4. Reasonable expectation of success: POSITA had reasonable expectation
that Beach’s technique would further Hikita-347's goal of ohmic
formation

5. EPC’s counter arguments are incorrect

Pet. 51,60-61; Reply 28 4
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Motivation to Combine Hikita-347 with Beach for the Gate

Formation Steps

1. Analogous

Hikita-347 and Beach are analogous art, they both specifically
describe techniques for forming GaN transistors

Hikita-347 [0002]

The present invention relates to a field-effect
transistor using nitride semiconductor, which is
applicable to a power transistor for use in a
power supply circuit of a consumer-electronics
product such as a TV set and a method for
fabricating the field-effect transistor.

Beach [0002], [0004]

The present invention relates generally to
formation of a Ill-nitride material system
device.

The devices fabricated for these types of
applications are based on general device
structures that exhibit high electron mobility
and are referred to variously as
heterojunction field effect transistors
(HFETSs), high electron mobility transistors
(HEMTs) or modulation doped field effect
transistors (MODFETS).

Pet. 43-46,48-49 4

Page 89 of 115

DEMONSTRATIVE EXHIBIT - NOT EVIDENCE

89



Using Beach’'s Known Technique to Improve Hikita-347’s

Similar Device

2. Known technique

Hikita-347-Beach is using a known technique (Beach’s masking and etching
process) to improve similar devices (Hikita-347’s transistor) in the same way
(using masking and etching to form ohmic contacts)

FIG. 1
Metal ond n+GaN removed
111 Ohrnic and Gate Defined with Resisi to form Ohmic contact and Gate
106 ) 105 13 5 b
2 S oy e
& 127
— S—10s 12 B ) {
e || "1
T emparnature nedl ‘1_*
— 3103 Fig. 1D “ “o cbvate. O
o2 J- Fig. 1E
~101 Ig'
Beach, Figs. 1D, 1E
Hikita-347, Fig. 1 Beach’s known technique to form ohmic
contact is simpler than the alternative lift-
- - , - - -
Hikita-347’s similar off process and saves manufacturing cost
GaN transistor
Pet. 51, 23-24
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Some TSM to use Beach’s ohmic process in Hikita-347

3. TSM

Hikita-347 expressly states to form ohmic contacts, but does not
explain the implementation details which Beach provides

Hikita-347 [0060]

Next, as shown in FIG. 8E, openings are formed
in a SiN film, for example, by ICP dry etching or
the like. Each of a source electrode 490 and a
drain electrode 410 is formed of a Ti layer and
an Al layer in an associated one of the openings,
and then heat treatment is performed thereto in
an N2 atmosphere at 650° C.

Beach achieves Hikita-347’s objective:

forming ohmic contacts

Beach [0047]

Referring now to Figure 1D, resist material 13
is deposited in a pattern to permit the
formation of a gate 15 and ohmic contact 17.
... After the deposition of photoresist layer 13,
material 18 is removed, as by etching, except
where protected by photoresist 13.

Qb B"E‘ Gote Defined with Resist

13

1

Low Temparature Annecl 14
1o Activale Dhmic

Fig. 1E
Beach, Figs. 1D, 1E

Pet. 51, 23-24
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A POSITA Would Have Reasonable Expectation of Success

4. Expectation

A POSITA would have expected success in implementing Beach’s ohmic
process in Hikita-347 because Beach’s process of using a mask to pattern and
etch ohmic metal was well-known and conventional

drain contacts. Hikita-347°s Ohmic source and drain contacts could be formed
using the masking process described by Beach, according to the known, routine
process of masking and etching. Using Beach’s masking process to etch the Ohmic
contact metal in Hikita-347s device would have required only conventional
techniques in their ordinary and expected manner, because using a mask to etch an

Ohmic contact metal was routine, conventional, and well understood in the art.

Shealy, 205

Pet. 51,23-24 /4
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EPC’s Argument that No Motivation Because Hikita-347

Teaches a Lift-Off Process Is Incorrect

5. Rebuttal to EPC

EPC incorrectly argues no motivation to combine because Hikita-347 discloses using a
lift-off technique to form ohmic contacts

Hikita-347 [0060]

Next, as shown in FIG. 8E, openings are formed
in a SiN film, for example, by ICP dry etching or
the like. Each of a source electrode 490 and a
drain electrode 410 is formed of a Ti layer and
an Al layer in an associated one of the openings,
and then heat treatment is performed thereto in
an N2 atmosphere at 650° C.

Hikita-347 is silent as to any lift-off

technique to form ohmic contacts

FIG. 1

106 o105

109 1)10
N SN 108

1104
) _1~107
1103

~~—102

~101

Hikita-347, Fig. 1

Metal etching is more precise
than lift-off and can produce
vertical sidewalls

Reply 28 _
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EPC’s Incorrect Argument: No Motivation Because Hikita-347
Teaches a Lift-Off Process

5. Rebuttal to EPC

Metal Etching Produces Vertical Sidewalls like in Hikita-347

Liftoff Process Sequence Etch Process Sequence
Critical Requirements|
Megative profile of photoresist
Pattern Resist:
{ \,\ Critical Requiraments
Resist " Y Ensure that Resist e _
Wafer = = has Reentrant Profile Deposit Metal

Deposit Metal: . ) ) .
Vertical profile of the photoresist

m m Use Metal Evaporation @ & Paitern Resist

£ Process Optimized for

Minimum Deposition

Sid "y Ensure that Edge
on Sidewalls Protil re Nearl
Sloped sidewall of remaining metal after liftoff _ _ venigej : ear
Strip Resist:
gy R Etch Metal:
Ensure that All Unwanted

Metal is Removed _ . . ;
Vartical sidewall of remaining metal after etching

e Strip Resist:

Fig. 1. Comparison of additive (liftoff) and subtractive (etch) metallization patterning
processes.

Gorowitz, Fig. 1

Reply 19 __‘_/"
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EPC’s Incorrect Argument: No Motivation Because Hikita-347

Teaches a Lift-Off Process

5. Rebuttal to EPC

P Resist on Dielecri | eopend
_ayer Kesist an Cielzcmic
Rasisl |

[ desists
Lift'Off DOeS Not ; i:-:i::rlnrl-::-r

Produce Vertical
Sidewalls like in Process #1 FProcess #2
Hikita-347 Anizotropic Pleasmn Froh Isntropic Wit Freh
Hl'HTHH'l'H
| ] | |
Diclrctric Fieh Cnmalkote Diiclartric Fich Complete Under St}
| | | |
*etal ?r nsition tdetal '_.\c'r:r.".irinn
' E Fri

Gt Resist Layers - Metal Liftoff Disohes Resist Layess - Metal Lifiof|

I

ShealySupp, 154

Reply 22 _//
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Beach’s Metal Etching Process Is an Obvious Design Choice

5. Rebuttal to EPC

Only two prevalent alternatives, lift-off or metal etching. Beach’s metal etching
process provides benefits over lift-off and is an obvious design choice

metal dimensions. Further, as [ explained in my previous declaration, lift-off and
metal etching are the only two prevalent techniques for metal patterning. Yoshida
does not suggest that performing an etching process or lift-off was critical to its
method to form a GaN transistor. Beach’s etching technique provides performance
benefits over lift-off, e.g., more accurate and controllable to pattern the metal.

Using a metal etching process to form the ohmic contacts, as taught by Beach,

would be an obvious design choice to form the ohmic contacts of Yoshida. See
Gorowitz, 4 (“When resist patterns are used to define metal layers, the process can

be either additive [lift-off] or subtractive [etching].”™).

ShealySupp, 156

Reply 28, 23-24 4
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Motivation to Combine Hikita-347 with Beach for the Ohmic

Formation Steps

1.  Analogous art: Both describe GaN transistors [ Same transistors - Obvious to combine

2. KSR s use of known technique to improve similar (==-=== technique, known device
devices in the same way. - Obvious to combine

3. KSR s some teaching, suggestion, motivation (TSM) (Hikita-347 Beach TSM - Obvious
in the prior art to modify or combine. to combine

4.  Reasonable expectat.lon of success: POSITA had Expectation to form ohmic
reasonable expectation that Beach’s technique contacts - Obvious to combine
would further Hikita-347’s goals of ohmic formation

5. EPC’s counter arguments are incorrect Beach’s metal etchi_ng more pre?ise than lift-off
-> Obvious to combine

Pet. 51,23-24; Reply 28 /
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Disputed Issue 3: Separate “Gate Photo Resistant Pattern” and

“Metal photo Resistant Pattern”

Claim 1 Claim Limitation Claim 1 Claim Limitation

lel depositing a gate contact layer on the doped GaN layer; 1gl depositing an Ohmic contact metal;

le2 applying a gate photo resistant pattern; 1g2 applying a metal photo resistant pattern;

le3 etching away the gate contact layer outside the gate 1g3 etching the Ohmic contact metal;
R 1g4 removing the metal photo resistant pattern; and

led etching away the doped GaN layer, except a portion of ) ) . .
the digred CaN layer benssih i wie comiek 1g5 performmg rapid thermal annealing to form Ohmic

drain and source contacts.
le5 removing the gate photo resistant pattern;

EPC’s Argument Correct Resolution

The combination teaches Beach teaches a single Beach teaches separate
separate “gate photo pattern for forming the “gate photo resistant
resistant pattern” and gate structure and ohmic pattern” and “metal photo
“metal photo resistant contacts. resistant pattern”;

pattern” Hikita-347 teaches forming

the gate structure and
ohmic structure in
separate steps

Pet. 56-57, 60-61; Reply 30/
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The Board Correctly Found that Beach teaches different

atterns

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

INNOSCIENCE (ZHUHAI) TECHNOLOGY COMPANY, LTD.,
AND
INNOSCIENCE AMERICA, INC.
Petitioner,

V.

EFFICIENT POWER CONVERSION CORPORATION,
Patent Owner.

IPR2023-01383
Patent 8,404,508 B2

Before JON B. TORNQUIST, JEFFREY W. ABRAHAM, and
KIMBERLY McGRAW, Administrative Patent Judges.

McGRAW, Administrative Patent Judge.

DECISION
Granting Institution of Inter Partes Review
35US.C.§314

Although Beach deposits resist 13 mn a single step, the resist is applied
in different locations with varying types of layers underneath. Thus,
depending on where resist layer 13 is applied, resist layer 13 appears to
function as a different type of pattern, (1.e., as either as a gate photo resistant
pattern or ametal photo resistant pattern). Again, as noted above, based on
the present record, claim 1 does not require that the gate photoresistant

pattern and the metal photoresistant pattem be applied at different times.

Paper No. 11, 28
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Beach Teaches Separate “Gate Photo Resistant Pattern” and

“Metal Photo Resistant Pattern”

Ohmic and Gate Defined with Resist

13 : 13
18
Gate photo Y _..— 1,.|5 1.',15 18 Metal photo
resistant pattern - L resistant pattern
12—
10—~

Fig. 1D *

H"h..
(]
Metal and n+GaN removed
to formm Ohmic contact and Gate
15 17

Gate contact l_i_:t CQ—_\Dhmic contact

12—

10'-—-'_"—

Low Temperature Anneal 14
to Activate Ohmic

Fig. 1E

Beach, Figs. 1D, 1E

Pet. 56-57, 60-61; Reply 30, 24-25 J
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Hikita-347-Beach Renders Obvious Forming Gate Structure

and Ohmic Contacts in Separate Steps

® Even if separate steps are required, Hikita-347 forms its gate
structure and ohmic contacts in separate steps

Ohmic Formation
[0060] Next, as shown in FIG. 8E, openings are formed in
a SiN film, for example, by ICP dry etching or the like. Each
of a source electrode 490 and a drain electrode 410 is formed
of a Ti layer and an Al layer in an associated one of the
openings, and then heat treatment is performed thereto in an
N, atmosphere at 650° C.

Hikita-347, [0060]

Gate Formation

[0061] Next, as shown in FIG. 8F, part of the SiN film 408
provided on the heavily doped p-type GaN layer 406 is
removed, for example, by ICP dry etching or the like.
Subsequently, a gate electrode 411 of Pd is formed in an
associated one of the openings in the SiN film 408.

Hikita-347, [0061]

Pet. 56-57, 60-61, Reply 30
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Hikita-347-Beach Renders Obvious Separate Patterns for Gate

and Metal Photo Resistant Patterns

® The Petition explains Hikita-347 forms its gate structure and ohmic
contacts in separate steps, rendering obvious applying gate and metal
photo resistant patterns at separate steps

Hikita-347 discloses forming a gate electrode 111 (gate contact) over the

p-type GaN laver 105, as shown below. Hikita-347, [0013], [0034], [0061].

Pet. 56

Hikita-347 i view of Beach renders obvious [1g]. Shealy, q196.
Hikita-347 discloses depositing a T1 layer and an Al layer (ohmic contact

metal) on the n-undoped AlGaN layer 104 to form a source electrode 109 and a

drain electrode 110 (ohmic source and drain contacts). Hikita-347, [0034], [0060];

Pet. 60-61
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Disputed Issue 3: Separate “Gate Photo Resistant Pattern” and

“Metal photo Resistant Pattern”

_ EPC’s Argument Correct Resolution

The combination teaches Beach teaches a single Beach teaches separate
separate “gate photo pattern for forming the “gate photo resistant
resistant pattern” and gate structure and ohmic pattern” and “metal photo
“metal photo resistant contacts. resistant pattern”;
pattern” Yoshida teaches forming

the gate structure and
ohmic structure in
separate steps

Although not required by the
claims, the Hikita-347-Beach

combination teaches applying
separate patterns in separate steps

Pet. 56-57, 60-61, Reply 30 /
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Hikita-347-Beach-Sheppard Renders Obvious Claim 1

Claim 1 Claim Limitation
Ipre A method of forming an enhancement mode GaN transistor, the method comprising:
la nucleating and growing transition layers on a substrate;
1b growing an III Nitride EPI layer over the transistor layers;
Ic growing an III Nitride barrier layer over the EPI layer;
1d growing a GaN layer with acceptor type dopants over the barrier layer;
lel depositing a gate contact layer on the doped GaN layer;

le2 applying a gate photo resistant pattern;

le3 etching away the gate contact layer outside the gate region;

le4 etching away the doped GaN layer, except a portion of the doped GaN layer beneath the gate contact

CLLLERLLLRRRR’K

le5 removing the gate photo resistant pattern;

1f1 depositing a dielectric layer;

112 applying a contact photo resistant pattern;

113 etching the dielectric layer to open the drain and source contact area;

114 removing the contact photo resistant pattern;

1gl depositing an Ohmic contact metal;

1g2 applying a metal photo resistant pattern;

1g3 etching the Ohmic contact metal;

1g4 removing the metal photo resistant pattern; and

1g5 performing rapid thermal annealing to form Ohmic drain and source contacts.
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Hikita-347-Beach-Sheppard Renders Obvious Claim 4

I T
Claim Limitation

Same disputed issues as in claim 1 1hancement mode GaN transistor, the method comprising:
4a nucieaung ana growing transition layers on a substrate;
EpitaXial 4b growing an InAlGaN EPI layer over the transistor layers;
layel‘S = 4c growing an InAlGaN barrier layer over the InAlGaN EPI layer;
i rowing an In aN layer with acceptor type dopants over the In aN barrier layer;
formation 4d growing an InAlGaN layer with acceptor type dop he InAlGaN barrier lay

Disputed Issue #1: ]a GaN layer with acceptor type dopants over the doped InAlGaN layer
motivation to combine

k a gate contact layer on the doped GaN layer;

4 Hikita-347 with Beach
Gate a gate photo resistant pattern;
formation - 413 etching away the gate contact layer outside the gate region; Disputed Issue #3: teaching of
1l d separate gate and metal
(a ege 44 etching away the doped GaN layer and the doped InAlGaN layer, exce hoto resistant pattern
\ n Ovelty) ) layer and the doped InAlGaN layer beneath gate contact;
415 removing the gate photo resistant pattern;
4 . . ) 4gl depositing a dielectric layer;
Dielectric ; .
4g2 applying a contact photo resistant pattern;
layer — . — .
. 4¢3 etching the dielectric layer to open the drain and source contact area;
formation ; ,
4g4 removing the contact photo resistant pattern;
\ /
4h1 depositing an Ohmic contact metal; . .
) : : EPC argues claim 4 and claim 1 together
4h2 applying a metal photo resistant pattern; .. . . .
Ohmic in its papers; claim 4 is obvious for the
- 4h3 etchmg the Ohmic contact metal,; same reasons

Disputed Issue #2:

motivation to combine I‘ - thormal 0 PR
.. . ¢ rapid thermal annealing to form Ohmic drain and source contacts.
Hikita-347 with Beach }

formatio

I the metal photo resistant pattern; and

Pet. 66-74; POR 53-63; Reply 26-30 4
Page 105 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE 105




Hikita-347-Beach-Sheppard Renders Obvious Claim 4

Claim 4

Claim Limitation

4pre

A method of forming an enhancement mode GaN transistor, the method comprising:

4a

nucleating and growing transition layers on a substrate;

4b

growing an InAlGaN EPI layer over the transistor layers;

4c

growing an InAlGaN barrier layer over the InAlGaN EPI layer;

4d

growing an InAlGaN layer with acceptor type dopants over the InAlGaN barrier layer;

4de

growing a GaN layer with acceptor type dopants over the doped InAlGaN layer

411

depositing a gate contact layer on the doped GaN layer;

42

applying a gate photo resistant pattern;

413

etching away the gate contact layer outside the gate region;

4f4

etching away the doped GaN layer and the doped InAlGaN layer, except for portions of the doped GaN
layer and the doped InAlGaN layer beneath gate contact;

415

removing the gate photo resistant pattern;

4g1

depositing a dielectric layer;

4g2

applying a contact photo resistant pattern;

4g3

etching the dielectric layer to open the drain and source contact area;

4g4

removing the contact photo resistant pattern;

4h1

depositing an Ohmic contact metal;

4h2

applying a metal photo resistant pattern;

4h3

etching the Ohmic contact metal,;

4h4

removing the metal photo resistant pattern; and

4h5

performing rapid thermal annealing to form Ohmic drain and source contacts.

QLR RRE KRR R&K
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Ground 3: Hikita-023, Beach,

and Sheppard
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Claim 5 of the '508 Patent

Epitaxial
layers
formation

Gate
formation
(alleged
novelty)

Dielectric
layer
formation

Claim 5 Claim Limitation

Spre A method of forming an enhancement mode GaN transistor, the method comprising:

Sa nucleating and growing transition layers on a substrate;

5b growing an InAlGaN EPI layer over the transistor layers;

5c growing an AlGaN barrier layer over the InAlGaN EPI layer;

5d growing an AlGaN layer with acceptor type dopants over the AlGaN barrier layer;

Se growing a GaN layer with acceptor type dopants over theetomadeAM N nees

5f1 depositing a gate contact layer on the doped GaN layei No dlspute that the prior art discloses

) ) each of the claim limitations

512 applying a gate photo resistant pattern;

513 etching away the gate contact layer outside the gate region;

5f4 etching away the doped GaN layer, except for portions of the doped GaN layer and the doped AlGaN

layer beneath gate contact;

515 removing the gate photo resistant pattern;

5¢gl applying another photo resistant pattern;

5g2 etching the doped AlGaN layer such that the doped AlGaN extends outside the gate region towards the

— drain: 5il depositing an Ohmic contact metal;
o= 91 si2 applying a fourth photo resistant pattern;
Ohmic |
e . = 513 etching the Ohmic contact metal
sn2| formation | : . -
a 5i4 removing the fourth photo resistant pattern; and
Sh3\ ki } . . . . .
5i5 performing rapid thermal annealing to form Ohmic drain and source contacts.

Sh4 removing the contact photo resistant pattern,

=

Pet. 74-90; POR 63-69
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Overview of Prior Art

Hikita-023 teaches the claimed process except a process for self-aligned gate and ohmic contacts,
using a mask to open source and drain contact area, and growing multiple transition layers

FIG 1B 19 | Not disputed l

17 16 18
J 1 5 Gate contact

4 : P-GaN layer

d : P-AlGaN layer

\ \ \ \ \ \ \ \ w14 AlGaN barrier layer
m1 3 EPI layer

Transition layer
1 2 Substrate

~11
Hikita-023, Fig. 1B

Beach teaches aprocess for . Sheppard teaches using a mask to open source and drain
self-aligned gate and ohmic contacts Not disputed contact area and growing multiple transition layers
Mask Mask .
_ ' /Ragi Self-aligned gate Metal and n+GoN removed l Not disputed 'l
Ohrmic and (Gote Defined with . ..I il .hl'"“ d GaN to form Ohmic comtoct and Gote
s 13 13 . 15 17
16 16 16 -
) p Layer ‘
4—‘—;—)—__—h - i: Ohmic Contact 24 Ohmic Contact
e : o 30 30
12 12—t Barrier Layer
22
10— i 10—t 22

Channel Layer

Fig. 1D * e =

Fig. 1E M

Beach, Figs. 1D, 1E Sheppard, Fig. 1C

Pet. 74-90
Page 109 of 115 DEMONSTRATIVE EXHIBIT - NOT EVIDENCE 109




Hikita-023-Beach-Sheppard Renders Obvious Claim 5

EPC makes similar incorrect arguments

in the Hikita-023 ground as

the Hikita-3

47 ground

Claim Lir

For similar reasons as in Hikita-347,

1cement mode GaN tre

EPC’s arguments fail

Huclicduy duu grlowlig u ausition layers on a substra. )

Epitaxial
5b growing an InAlGaN EPI layer over the transistor layers;
layers - Not disputed
. 5c growing an AlGaN barrier layer over the InAlGaN EPI layer - —
formation
5d growing an AlGaN layer with acceptor type dopants over the AlGaN barrier layer;
Se growing a GaN layer with acceptor type dopants over the doped AlGaN layer
Disputed Issue #1: Yf 1 depositing a gate contact layer on the doped GaN layer;
motivation to combine §f2 applying a gate photo resistant pattern;

Hikita-023 with Beach

Disputed Issue #3: teaching of

separate gate and fourth

— 3 etching away the gate contact layer outside the gate region; hoto resistant pattern
] 5t4 etching away the doped GaN layer, except for portions of the doped GaN layer and the doped AlGaN
formation layer beneath gate contact;
(alleged 515 removing the gate photo resistant pattern;
\_ novelty) S5¢gl applying another photo resistant pattern;
5g2 etching the doped AlGaN layer such that the doped AlGaN extends outside the gate region towards the
draif ot disputed |
5g3 res 5il depositing an Ohmic contact metal;
. . 5hl ] ricl| 512 applying a fourth photo resistant pattern;
Dielectric Ohmic — A ,
S5h2 ) - . . ")hmlc contact metal
layer - formation Disputed Issue #2: .
formation 5h3 motivation to combine } fourth photo resistant pattern; and
5h4 Hikita-023 with Beach  Japid thermal annealing to form Ohmic drain and source contacts.

Pet. 74-90; POR 63-69; Reply 31-33
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Hikita-023-Beach-Sheppard Renders Obvious Claim 5

Claim S Claim Limitation
Spre A method of forming an enhancement mode GaN transistor, the method comprising: V
Sa nucleating and growing transition layers on a substrate;

5b growing an InAlGaN EPI layer over the transistor layers;

%

Sc growing an AlGaN barrier layer over the InAlGaN EPI layer;

Vv
5d growing an AlGaN layer with acceptor type dopants over the AlGaN barrier layer; v
Se growing a GaN layer with acceptor type dopants over the doped AlGaN layer V
5f1 depositing a gate contact layer on the doped GaN layer;
52 applying a gate photo resistant pattern;
513 etching away the gate contact layer outside the gate region; V
5t4 etching away the doped GaN layer, except for portions of the doped GaN layer and the doped AlGaN V
layer beneath gate contact;
515 removing the gate photo resistant pattern; V
5l annluing anather nhata recictant nattern: V
S5il depositing an Ohmic contact metal;  ards th v
5i2 applying a fourth photo resistant pattern;
5i3 etching the Ohmic contact metal V
5i4 removing the fourth photo resistant pattern; and V
5i5 performing rapid thermal annealing to form Ohmic drain and source contacts. V
S5h3 etching the dielectric layer to open the drain and source contact area; V
Sh4 removing the contact photo resistant pattern; V
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Conclusion on Petition

Motivation to Combine
for Gate formation

Yes

(1) The gate process need
not be performed first;

(2) A POSITA would have
been motivated to
combine
Yoshida/Hikita-
347/Hikita-023 with
Beach’s gate formation
process

Motivation to Combine
for Ohmic formation

Yes

A POSITA would have been
motivated to combine
Yoshida/ Hikita-
347/Hikita-023 with
Beach’s ohmic formation
process

Separate “gate photo
resistant pattern” and
“metal photo resistant

pattern” Taught by
combination

The combination teaches
separate “gate photo
resistant pattern” and
“metal photo resistant
pattern”

All claims are obvious
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Expert Credential
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The Board Should Give Dr. Schubert’s Declaration Little

Weight

® Dr. Schubert has no practical experience withGaN transistors

— No personal experience of building a GaN transistor

e First demonstration of crystallographic etching of GaN (with graduate student D. A. Stocker, 1998). The
discovery, crystallographic etching, can be implemented by wet chemical etching, including photo-enhanced
electrochemical (PEC) wet etching. The discovery is widely used in the LED industry to strongly enhance light
extraction from LED chips and is found in LED light bulbs.

e Experimental demonstration of a ten-fold enhancement of p-type doping activation in Al,Ga,_,N/GaN doped
superlattices as compared to bulk GaN and Al,Ga, ,N (with graduate students D. A. Stocker and I. D. Goepfert,

1999)
e Invention and demonstration of the photon-recycling semiconductor light-emitting diode (PRS-LED) which No experlence on
emits white light and many other colors with very high luminous performance of > 300 Im/W (with graduate G °
aN Transistors

students X. Guo and J. W. Graff, 1999). Invention of the monolithically integrated GalnN/GaN PRS-LED (with

graduate students X. Guo and J. W. Graff, 2000)
® |nvention and demonstration of polarization-enhanced ohmic contacts in p-type and n-type GaN (with

graduate students Y-L. Li and J. W. Graff 2000)

e Developed efficiency-droop reducing GalnN / GalnN and GalnN / AlGalnN LED active regions grown by MOCVD
and ALE that were demonstrated to reduce the efficiency droop by as much as 40% (with Jong Kyu Kim, Martin
F. Schubert, Di Zhu, Jiuru Xu, Mary Crawford, and Dan Koleske, starting in 2007)

Ex. 2001, Appx. A., 2-3

® Dr. Schubert does not meet EPC’s definition of a POSITA

— Lacking “three years of professional work experience in the epitaxial growth”
of semiconductor devices.

Reply, 33-34 .
114
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The Board Should Give Dr. Shealy’s Declaration More Weight

Now before I make the drawings, I wanted

® Dr. Shealy is a pioneer to comment on the dielectric first approach. The
SClentISt ln the fle1d Of GaN dielectric first approach is the approach that
. was taken in my lab from 1995 to 2005 when we
tranSIStOrS built HEMT devices at Cornell. We built the
— Built the first Operational GaN first operational HEMT on silicon which is kind
HEMT on Silicon Substrate of the backbone of this whole power converter
industry that's emerged from that. We were the
— First to build an insulating gate first to do it.
deVice in GaN We were the first to build an insulating

gate device on a HEMT structure in gallium

— Developed the Cornell
nucleation process for GaN
materials around the world

nitride.
We developed what's called the Cornell

nucleation process, there's two nucleation

_ Bu11t the benchmark hlgh processes used for gallium nitride materials
power microwave tranSiStorS around the world; one came from Cornell, my lab;

one came from Nakamura who is a little bit better

known than I am. He came from Nichia in Japan.

Shealy Tr. (Ex. 2002), 87:15-88:7

Reply, 33-34
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