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The '562 patent

Claim 1: Electrical contact .
17 claims total

230

Four claim elements:
1. Electrical contact

2. Electrode stack of metal layers

3. Refractory metal nitride capping layer

4. Capping layer is thicker than bottommost metal
layer

220

[1p] An electrical contact for use on a semiconductor device, said electrical
contact comprising:

[1a] an including a plurality of metal layers and a
formed over said plurality of metal layers;

[1b] said consisting only of a refractory metal nitride,

[1c] said forming a top of said electrical contact

and having a thickness greater than that of a bottommost layer of said
plurality of metal layers.

562 patent, claim 1, Fig. 2 (annotated); Pet., 5-8; Reply, 2-16, 24-28.
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The '562 patent

Claim 1: Electrical contact

230

220

[1p] An electrical contact for use on a semiconductor device, said electrical
contact comprising:
[1a] an including a plurality of metal layers and a
formed over said plurality of metal layers;
[1b] said consisting only of a refractory metal nitride,
[1c] said forming a top of said electrical contact
and having a thickness greater than that of a bottommost layer of said
plurality of metal layers.

/ Usui dispute: \

Claim construction of “electrode stack”.

“Electrode stack” is more than just a source, drain, Schottky
gate, or insulated gate electrode. If the Board agrees, then Usui

\discloses all limitations of claim 1. /

/ Yu dispute: \

Obviousness of Yu.

Patent Owner misinterprets Yu’s explicit disclosure of claim
limitation [1c] in 9136. If the Board agrees, then Yu discloses all

’562 patent, claim 1, Fig. 2 (annotated); Reply, 2-16, 27-28.
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Usui and Yu

Usui and Yu disclose all 4 claim elements

—@—E]

9‘!-

Metal layers RS ——19

(14, 15, 18) = E] SO
N TN
7 \\// //%// %\\///4”8
/Y///// s A

\
10

Usui, Fig. 8 (annotated).

Pet., 5-6, 8-13, 33-39, 41-46.
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FIG. 2E

Yu, Fig. 2E (annotated).

0

’562 patent, Fig. 2 (annotated).



Usui and Yu

“Electrode stack” is only source, drain, v/ The patent does not limit “electrode stack” to those examples. Usui
Schottky gate, or insulated gate electrode. discloses an electrical contact and an electrode stack.

No motivation to combine Usui and other v/ Patent Owner gets combination backwards. Petitioner’s true
references because Usui does not disclose a combination is using the capping and metal layers of Usui to modify
transistor gate electrode and its metal stack is secondary references.

separated from semiconductor wafer 6.

Yu does not disclose a refractory metal v Yu discloses “capping layer 226 may comprise ... titanium nitride,
nitride capping layer that is thicker than the tantalum nitride ... and comprise a thickness between about 50 A and
bottommost metal layer. about 1,000 A” (Yu, 136) and “the diffusion barrier/protection layer 218

[bottommost metal layer] comprises TiN, which is deposited by PVD to
a thickness of approximately 20 A” (Yu, 129).

No motivation to combine Yu and other v/ Patent Owner gets combination backwards. Petitioner’s true
references because POSITA would not have combination is using the capping and metal layers of Yu, not its
combined Yu’s insulating layers with other insulating layers.

references and because Yu discloses a gate.

See generally Pet.; see, e.g., Pet., 8-12, 16-39, 43-46, 55-64; Reply, 2-18, 20-23, 27-29; POR, 3-10, 23-27, 29,
37-38, 43-47, 55-76.
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The intrinsic and extrinsic records show that the plain and

ordinary meaning of “electrode stack” prevails
Claims 1, 5-7, 12, 13, and 17: “electrode stack”

Patent Owner’s Proposed Construction Petitioner’s Proposed Construction
a stack of conductive layers that forms an electrical contact Plain and ordinary meaning
that is part of a semiconductor device and used to (1)
establish contact with a nonmetallic part of the
semiconductor device (like the source, drain and Schottky
gate electrodes in the ’562 Patent Specification) or (2)
controls the operation of the semiconductor device (like the
insulated or Schottky gate electrodes in the 562 Patent
Specification)

[ Patent Owner \ (Petitioner showed\

contends the _
“electrode stack” the claims,
must be used as a specification, and
extrinsic evidence do | Usui Fig.8 Yu, Fig. 2E
SChOttky gate,_ t limit “electrod (annotated). (annotated).
ohmic, or gate; it not limit ~electrode
’562 patent, Fig. 2 (annotated). cannot be an stack™; it includes

interconnect / \ an interconnect J

Pet., 6,9, 11, 35; Reply, 2-13; POR, 8-9.
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The intrinsic and extrinsic records show that the plain and

ordinary meaning of “electrode stack” prevails

Plain and Ordinary Meaning of “electrode stack’ Prevails Because:

4 w [ YT

The claims do not B The extrinsic record

o The specification does
limit the term ot gefine the term does not support
“electrode stack” Patent Owner’s

: . “electrode stack” or : :
beyond its plain and narrow interpretation

\ordinary meaning J \disavow Its full scope. \of “electrode stack” J

Reply, 2-8.
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Patent Owner mapproprlate y equates

'562 Pat., claims 10, 11 (annotated). ’562 Pat., claims 15, 16 (annotated).

(. . )

Patent Owner’s construction of “electrode stack™: stack of

1A . - :

The claims do not limit the condu_ctlve layers thgt forms an electrical con_tact that is pgrt of
term “electrode stack” beyond a semiconductor device and used to (1) establish contact with a
its plain and ordinary meaning. nonmetallic part of the semiconductor device (like the source,

drain and Schottky gate electrodes in the *562 Patent

Reply, 2-7; Ex-1047, 9116-21; POR, 4-9;
’562 Pat., claims 1, 10, 11, 13, 15, 16.

Specification)
\-

J
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The claims do not limit “electrode stack”

The claims use open-ended language
“comprises” or “includes.”

1A
The claims do not limit the

term “electrode stack” beyond
its plain and ordinary meaning.

Reply 2-5; Ex-1047, 91116-21;’562 Pat., claims 1, 5-7, 12, 13, 17 (annotated).
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The claims do not limit “electrode stack”

1A
The claims do not limit the
term “electrode stack” beyond
its plain and ordinary meaning.

Patent Owner’s construction of “electrode stack™: stack of
conductive layers that forms an electrical contact that is part of
a semiconductor device and used to (2) controls the operation of
the semiconductor device (like the insulated or Schottky gate
electrodes in the ’562 Patent Specification)

4 )

J

Reply 2-5; Ex-1047, 919116-21; POR, 8-9; ‘562 Pat., claims 1, 12, 17 (annotated).
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Patent Owner mapproprlate y equates

“electrical contact”

( “electrical contact” is broader than /~ ~\
“electrode stack” Patent Owner’s construction of
“BIECEFOEBISEACK " stack of
conductive layers that forms an
electrical contact that is part of a
semiconductor device ...
\_ J
POR, 4-9.

562 Pat., claim 1 (annotated).

4 Dr. Zhao says

“electrical contact” is
broader than

\ Ex-2026, 10:3-8

(annotated).
( N
1A
The claims do not limit the Patent Owner’s expert
term “electrode stack” beyond Dr. Piner agrees!
its plain and ordinary meaning. .
Reply, 2-7; Ex-1047, 19116-21. Ex-2024, 981 (Dr. Piner) (annotated).
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The intrinsic and extrinsic records show that the plain and

ordinary meaning of “electrode stack” prevails

Plain and Ordinary Meaning of “electrode stack’ Prevails Because:

4 T

The claims do not
l[imit the term
“electrode stack”
beyond its plain and

\ordinary meaning. )

Reply, 2-3; Ex-1047, 9916-21.
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The intrinsic and extrinsic records show that the plain and

ordinary meaning of “electrode stack” prevails

Plain and Ordinary Meaning of “electrode stack’ Prevails Because:

4 R

1B
The specification does
not define the term
“electrode stack” or
disavow its full scope.

Reply, 3-7; Ex-1047, 99122-35.
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e '56b2 patent does not provide a special detinition o

o ’) .
)

- olols o C I [1d U -

562 Pat., 3:46-48 (annotated).

’562 Pat., 2:24-28 (annotated).

1B
The specification does not
define the term *“electrode
stack” or disavow its full scope.

Reply, 3-7; Ex-1047, 99122-35.
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’562 Pat., 3:60-62 (annotated).

'562 Pat., 2:43-52 (annotated).
Patent Owner’s construction of “electrode stack”: stack
of conductive layers that forms an electrical contact that
is part of a semiconductor device and used to (1)
establish contact with a nonmetallic part of the
semiconductor device (like the source, drain and
Schottky gate electrodes in the ’562 Patent Specification)
or (2) controls the operation of the semiconductor device
(like the insulated or Schottky gate electrodes in the *562
Patent Specification)

POR, 8-9 (annotated).




Patent Owner Inappropriately adds examples ot electrodes

. . 7 ”
OI]] LG SDC dLIO) L0 ][] =il olels o C I ] L[|C g [ ]

Patent Owner incorrectly limits the “electrode stack” The ’562 patent says the described
to power electrodes, Schottky contacts, and insulated
gate electrodes contacts are examples
’562 pat., 1:33-35 (annotated).
1B POR, 8 (annotated).

The specification does not
define the term *“electrode
stack” or disavow its full scope.

Reply, 3-7; Ex-1047, 99122-35.
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The intrinsic and extrinsic records show that the plain and

ordinary meaning of “electrode stack” prevails

Plain and Ordinary Meaning of “electrode stack’ Prevails Because:

4 w [ R

The claims do not Thes ech%ation does
limit the term P

“electrode stack” not define the term

beyond its plain and “electrode stack” or
4 : disavow its full scope.

\ordinary meaning.) \

Reply, 2-7; Ex-1047, 9916-35.

Page 19 of 166



The intrinsic and extrinsic records show that the plain and

ordinary meaning of “electrode stack” prevails

Plain and Ordinary Meaning of “electrode stack’ Prevails Because:

ST

The extrinsic record
does not support
Patent Owner’s

narrow interpretation

\of “electrode stack”J

Reply, 7-8; Ex-1046, 237; Ex-1047, 9936-39.
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Patent Owner’s curated derinition or “electrode

Patent Owner’s incomplete definition Technical Dictionary definition of
of “electrode” (lay dictionary): “electrode” is broader:

Reply, 8; Ex-1046, 237 (emphasis added).

POR, 9.
4 Technical Dictionary never )
mentions a source contact, a drain
1C contact, Schottky gate, or
The extrinsic record does not insulated gate
support Patent Owner’s . .
narrow interpretation of It never mentions contact Wlth

_electrode stack.” \_ non-metallic part of a circuit. Yy,

Reply, 7-8; Ex-1047, 9936-39.
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The intrinsic and extrinsic records show that the plain and

ordinary meaning of “electrode stack” prevails

Plain and Ordinary Meaning of “electrode stack’ Prevails Because:

4 w [ YT

The claims do not B The extrinsic record

o The specification does
limit the term ot gefine the term does not support
“electrode stack” Patent Owner’s

: . “electrode stack” or : :
beyond its plain and narrow interpretation

\ordinary meaning J \disavow Its full scope. \of “electrode stack” J

Reply, 2-8; Ex-1047, 9916-39; Ex-1046, 237.
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Invalidity Grounds
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Invalidity Grounds

Chatienged ciims | pasi | prioran

 Ground
1,2, and 4-7 § 102 Usui

Usui Grounds _ 3,8,12,13,and 17 § 103 Usui and Yu
_ 9,11, 14, and 16 § 103 Usui, Yu, and Adesida
- 10 and 15 § 103 Usui, Yu, and Sugimoto
- 1-8, 12, 13, and 17 § 103 Yu and Usui

Yu Grounds n 9,11, 14, and 16 § 103 Yu, Usui, and Adesida
10 and 15 § 103 Yu, Usui, and Sugimoto

Pet., 3.
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Usui Discloses or Renders the Claims Obvious: Grounds 1-4

Usui discloses an electrode stack
with metal layers and a capping
layer, as claimed

Capping layer

Metal layers S5 s g
Py,
(14, 15, 18) » \Q
Bottommost layer v % | {/‘ g /\
(13) / / g
F1G. 8 N

10
Usui, Fig. 8 (annotated).

If the Board agrees on claim construction,

Ex. 1004, Cover. claims 1, 2, and 4-7 are anticipated by Usui
35 U.S.C. §102(b) Prior Art (published August 24, 1999).

(Ground 1) because the only dispute is the
construction of “electrode stack.”

Pet., 1-33.
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Yu Discloses or Renders the Claims Obvious: Grounds 5-7

2o
2
i )

826
= s

Ex. 1005, Cover.
35 U.S.C. §102(e) Prior Art (filed April 15, 2009).

Pet., 1-8, 33-64.
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Yu discloses an electrode stack with a
TiN or TaN capping layer that is thicker
than the bottommost metal layer

Third metal layer
(224)

Capping layer
(226)

Second metal layer
(220, 222)

First metal layer
(218)

N
/@/ :

Yu, Fig. 2E (annotated).

If the Board agrees Yu at paragpe
discloses a TiN or TaN capping
than its bottommost laver, claims 1-8, 12,

13, and 17

invalid over Yu and Usui (Ground 5)

ayer thicker

Yu, 1[0036] (annotated).



Just Two Claim Features Disputed: Grounds 1-7

Patent Owner only disputes the prior art shows two
features for claims 1 and 13 for grounds 1-7 and the
motivations to combine the references for grounds 2-7

v’ [1a], [13a] an electrode stack (Usui grounds)

v’ [1c], [13c] said refractory metal nitride / metal ... having a

thickness greater than that of a bottommost layer of said plurality
of metal layers (Yu grounds)

v" Motivations to combine (grounds 2-7)

Reply, 2-16, 27-28.
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Just Two Claim Features Disputed: Grounds 1-7

Patent Owner only disputes the
prior art shows two features for
claims 1 and 13

Disputed limitations claims 1 and 13:

v’ [1a/13a] an electrode stack (Usui
grounds)

v'[1c/13c] said refractory metal
nitride [metal] ... having a
thickness greater than that of a
bottommost layer of said plurality
of metal layers (Yu grounds)

Reply, 2-16, 27-28; Pet., 6;'562 pat., Fig. 1, claims
1, 13, Fig. 2 (annotated).
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[1p] An electrical contact for use on a semiconductor device, said electrical
contact comprising:
[1a] an electrode stack including a plurality of metal layers and a

Dis formed over said plurality of metal layers;
Puteq [1b] said consisting only of a refractory metal nitride,
[1c] said forming a top of said electrical contact

and having a thickness greater than that of a bottommost layer of said
plurality of metal layers.

’562 pat., Fig. 1, Fig. 2 (annotated), claim 1 (annotated).




Motivations to Combine Disputed: Grounds 2-7

Patent Owner disputes the motivations to
combine for grounds 2-7

 Ground | challenged caims | _Basis | proran
- 1,2, and 4-7 § 102 Usui

3,8,12,13,and 17 § 103 Usui and Yu
\ 9,11, 14, and 16 § 103 Usui, Yu, and Adesida
10 and 15 § 103 Usui, Yu, and Sugimoto
1-8, 12, 13, and 17 § 103 Yu and Usui
9,11, 14, and 16 § 103 Yu, Usui, and Adesida
10 and 15 § 103 Yu, Usui, and Sugimoto

Reply, 17-29; Pet., 3.
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Ground 1: Usui anticipates claims 1, 2, and 4-7

Chatlenged clims |__basis | priorar_____

1, 2, and 4-7 § 102 Usui

Usui Grounds

If the Board agrees on claim construction, claims 1, 2,

and 4-7 are anticipated by Usui (Ground 1) because the
only dispute is the construction of “electrode stack.”

Pet., 3.
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Ground 1: Usui anticipates claims 1, 2, and 4-7

Metal layers %
(14, 15, 18)
Bottommost layer
(13)

FIG.8

Usui, Fig. 8 (annotated).

Ui |uiaon ]

[1p] An for use on a semiconductor device, said electrical U“d-\sputed

contact comprising:

[1a] an electrode stack including a plurality of metal layers and a
ormed over said plurality of metal layers;

\/ [1b] said consisting only of a refractory metal nitride,

[1c] said forming a top of said and 1
having a thickness greater than that of a bottommost layer of said plurality of Undispute

562 pat., Claim 1; metal layers.

Pet., 8-13; Reply, 2-16.

Page 31 of 166



Ground 1: Usui anticipates claims 1, 2, and 4-7

Patent Owner relies on its construction to

argue Usui’s interconnect is not the claimed
“electrode stack”

Usui discloses “electrode stack”:
i.  under the plain and
ordinary meaning; and
ii. under Patent Owner’s
construction.

v’ [1a] an electrode stack (Usui grounds)

Pet., 8-13; Reply, 2-16; ‘562 pat., Claim 1.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

18— V4 [1p] An electrical contact for use on a

Metal layers % i semiconductor device, said electrical contact
(14,15, 18) <4 Saaseuted)  comprising:
s \ ’562 pat., Claim 1.
\ /

Bottommost layer
(13)

FIG.8

Usui, Fig. 8 (annotated).

Pet., 8-13; Reply, 8-16. Usui, Abstract (annotated).
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Ground 1: Usui anticipates claims 1, 2, and 4-7

e SN 19
15 OSSN \\k?\?\\“
Metal layers )

(14, 15, 18)

Bottommost layer //’ \// —
ey \/k////////{;/-.\

10
Usui, Fig. 8 (annotated).

Usui discloses “electrode stack” under its
plain meaning, including a plurality of

metal layers and a capping layer formed
over the plurality of metal layers

Pet., 8-13; Reply, 8-16.
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o oo

\/ [1a] an electrode stack including a plurality of
formed over said

’562 pat., Claim 1.

Usui, 5:55-57 tated).
Metal layer (18) sut, (annotated)

Usui, 4:4-5 (annotated).
Metal layer (14, 15)

Usui, 3:38-41 (annotated).

Usui, 3:58-59 (annotated).

Usui, 5:38 (annotated).

Metal layer (13)




Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

19 . . .
13;:\ ng [1a] an electrode stack including a plurality of
N .
Metal layers 15 formed over said
14,15, 18
( ) ’562 pat., Claim 1.

Bottommost layer
(13)

FI1G.8

Usui discloses an electrode stack under
Patent Owner’s construction.

Usui, Fig. 8 (annotated).

é 1A N\ N\ )
1A 1B
Usui discloses an “electrode stack” under Usui discloses an “electrode stack” under 1c
Patent Owner’s (incorrect) first Patent Owner’s (incorrect) second A “semiconductor device” includes
construction: requiring contact with a construction: requiring control of the interconnect metallization structures.
nonmetallic part of the semiconductor semiconductor device. Reply, 12-13; EX-1047, Reply, 13-16; EX-1047, 1952-63.
\ device. Reply, 8-12; EX-1047, 11140-48. ) \ 11949-51. ) K )

Pet., 8-13; Reply, 8-16.

Page 35 of 166



Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

19— . . .
18— NN N 19 \/ [1a] an electrode stack including a plurality of
15 AANANNN \\\\E\\\ - formed over said
Metal layers ¢ //
2]
(14,15,18) ‘ , >“/\>:\,> ’562 pat., Claim 1.
Bottommost layer L~ // y 7 // J \\
(13) v ”/\
FIG.8 LLLLL LTI LRSS LTS S A —— 6 ( Patent Owner's construction of “electrode )
. 10 8 stack”: stack of conductive layers that forms an
- . 1 7 electrical contact that is part of a semiconductor
Usui, Fig. 8 W}potated). ) Physicar device and used to (1) establish contact with a

nonmetallic part of the semiconductor device
(like the source, drain and Schottky gate
\electrodes in the ’562 Patent Specification). j

(" 1A )

Layers 14, 15, 18, 19, and underlayer 13 meet Patent
Usui discloses an “electrode stack” under 5 . 7 7 .
Patent Owner’s (incorrect) first Owner’s Construction of “electrode stack” by contacting

construction: requiring contact with a
nonmetallic part of the semiconductor

nonmetallic layers:
\_ device. y (1) physically contacts insulator 8

et 813 Reply, 8-12; EX-1047, 940-48; POR, 5.5 2) electrically contacts semiconductor wafer 6
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

10— y . .
18— < <<= __——19 \/ [1a] an electrode stack including a plurality of
15 "‘->\\\\\\ NANNNNNN o 18 metal layers a+d a formed over said
Metal layers ) 7, __—15 .
(14, 15, 18) \\\//’T?)‘H plurality of metal layers;
L 22277 ’562 pat., Claim 1.

Bottommost layer 7 N'/ %z s /\\Qé/ 1 - Dispyteq
(13) FLANNN 4 d /\ A (1) Physical Contact:

FI1G.8 = Z/Ag// L Ly \ (LLLLXL T LY, Underlayer 13 and insulator 8 have a substantial
) 10 8 1 contact area because contact stud 10 is not a layer,
Usui, Fig. 8 (annotated). (1) Phygear it is @ conductive via that cuts across device layers
LOntact

(" 1A )

Usui discloses an “electrode stack” under

. . 7na0
Patent Owner’s (incorrect) first NS ot on'tac’t
construction: requiring contact with a ,‘p\a"“e ) ca \a‘le‘ ) Ex-1047, 943.
e

nonmetallic part of the semiconductor

\ device. ) st

Pet., 8-13; Pet., 8-13; Reply, 8-12; EX-1047, 9940-48. Ex-1047, 943.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

10— ) . :
18— NN 19 [1a] an electrode stack including a plurality of
15— PSS \\k\\\\\\“/"—""w v 7d a formed over said
Metal layers "/, 7 15
(14,15, 18) ol /] 4/\/\ 14 metal layers;
T P a2 7277, ——13 ’562 pat., Claim 1.

Bottommost layer
(13)

FI1G.8

N2\ =
TR T

10
Usui, Fig. 8 N

(2) Electrical Contact:
Dr. Zhao and Dr. Piner agree that interconnects
electrically connect to semiconductor layers.

(" 1A )

Usui discloses an “electrode stack” under
Patent Owner’s (incorrect) first
construction: requiring contact with a
nonmetallic part of the semiconductor

device.
\ ) Ex-1047, 944 (emphasis added); Ex-2024, 63.

Pet., 8-13; Reply, 8-12; EX-1047, 1140-48; POR, 8-9.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

10— y . .
18— < <<= __——19 \/ [1a] an electrode stack including a plurality of
15 "‘->\\\\\\ INAAANNNN au 18 metal layers a1 a formed over said
Metal layers //// 7 15 il | .
(14, 15, 18) LKL — 3 14 metal layers;
. 22277 ’562 pat., Claim 1.
/ s / L/

Bottommost layer / S s \Q
(13) - A /\

.....
.

.
.....

e .
. LV
v LVArA -.‘_'-.,.,. .
. afe .
o/ S A 3 VA . FATA Lt X S .
FIG s OV VYA AT SV Iy AT YTV
‘8

10 8 10
Usui, Fig. 8 Nnotated). Usui’s interconnect establishes electrical
(2] Flore contact with nonmetallic semiconductor
Ical
Qntact wafer 6

(" 1A )

Usui discloses an “electrode stack” under
Patent Owner’s (incorrect) first
construction: requiring contact with a
nonmetallic part of the semiconductor

\ device. ) Usui, 3:24-27 (annotated); Figs. 1, 8.

Pet., 8-13; Reply, 8-12; EX-1047, 9140-48.
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Ground 1: Usui anticipates claims 1, 2, and 4-7

Metal layers
(14, 15, 18)
Bottommost layer
(13)
FIG.8
10
Usui, Fig. 8
é 1A )

Usui discloses an “electrode stack” under
Patent Owner’s (incorrect) first
construction: requiring contact with a
nonmetallic part of the semiconductor

\ device. )

Pet., 8-13; Reply, 8-12; EX-1047, 9140-48.
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otated).

(2) E’eCtrica I
LOntact

o oo

[1a] an electrode stack including a plurality of
formed over said

’562 pat., Claim 1.

construction to impose further requirements—

-

~

Patent Owner inappropriately construes its

an electrode stack needs direct electrical
contact with a nonmetallic component

J

POR, 18-19.



Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

10— y . .
18— | 19 [1a] an electrode stack including a plurality of
R SN J ;

formed over said

Metal layers
(14, 15, 18)

’562 pat., Claim 1.

Bottommost layer
(13)

FI1G.8

Usui discloses an electrode stack under
Patent Owner’s construction.

Usui, Fig. 8 (annotated).

( 1A )

Usui discloses an “electrode stack” under
Patent Owner’s (incorrect) first
construction: requiring contact with a
nonmetallic part of the semiconductor
k device. Reply, 8-12; EX-1047, 11140-48. )

Pet. at 8-13; Reply, 8-16.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

10— y . .
18— | 19 [1a] an electrode stack including a plurality of
R SN J ;

formed over said

Metal layers
(14, 15, 18)

’562 pat., Claim 1.

Bottommost layer
(13)

FI1G.8

Usui discloses an electrode stack under
Patent Owner’s construction.

Usui, Fig. 8 (annotated).

( 5 h

Usui discloses an “electrode stack” under
Patent Owner’s (incorrect) second
construction: requiring control of the
semiconductor device. Reply, 12-13; EX-1047,

1949-51.
\_ J

Pet., 8-13; Reply, 8-16.

Page 42 of 166



Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

18—5—\-\; [1a] an electrode stack including a plurality of
Metal layers 1d a formed over said
(14, 15, 18) metal layers;
’562 pat., Claim 1.

Bottommost layer
(13)

FI1G.8

(Patent Owner’s construction of “electrode \
stack”: stack of conductive layers that forms an
electrical contact that is part of a semiconductor
device and used to (2) controls the operation of

the semiconductor device (like the insulated or
Schottky gate electrodes in the *562 Patent
Specification) j

-

1B
Usui discloses an “electrode stack” under
Patent Owner’s (incorrect) second
construction: requiring control of the
semiconductor device.

\_ _J

Pet., 8-13; Reply, 12-13; EX-1047, 9949-51; POR, 8-9.

POR, 19 (annotated).
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

18—5—\~ NN NN 19 \/ [1a] an electrode stack including a plurality of
NANNNNY 3 formed over said

Metal layers
(14,15 18) ’562 pat., Claim 1.
Bottommost layer

(13)

FIG.8

Usui, Fig. 8 (annotated). Usui’s interconnect satisfies Patent Owner’s
construction because:
(1) Itis part of the semiconductor device
e Usui’s interconnect is formed as one
(" ) device with semiconductor wafer 6

1B
Usui discloses an “electrode stack” under
Patent Owner’s (incorrect) second
construction: requiring control of the
semiconductor device.

. J

Pet. at 8-13; Reply, 12-13; EX-1047, 9949-51.

(2) It controls operation of the semiconductor
device

e Usui’s interconnect enables or influences
current flow
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

18— NN = 19 \/ [1a] an electrode stack including a plurality of
Metal lavers 15 >\>>\ S~ 15 18 metal layers a+7d a formed over said
12 15 iS) 4 /\/‘/\\/;:_..14 Fmetal layers;
. TTT ——13 ’562 pat., Claim 1.

Bottommost layer ¢ \\////,// \\Z%

FI1G.8

Usui’s interconnect:
(1) Itis part of the semiconductor device

( iB

Usui discloses an “electrode stack” under
Patent Owner’s (incorrect) second
construction: requiring control of the
semiconductor device.

\_

Pet., 8-13; Reply, 12-13; EX-1047, 9949-51.

Usui, 3:23-28; see also Usui, 3:28-4:10.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

18— NN = 19 \/ [1a] an electrode stack including a plurality of
15 PSS eaNsy———18 ] formed over said
Metal layers _—15 tal | .
(14, 15, 18) metal layers; |
’562 pat., Claim 1.
Bottommost layer //
(13) .”..
E Usui’s electrode stack:
1G. 8 (2) Controls operation of the semiconductor
device because it involves enabling or
influencing current flow
1B

Usui discloses an “electrode stack” under
Patent Owner’s (incorrect) second
construction: requiring control of the

semiconductor device.
\ Ex-2024, 164 (Dr. Piner) (annotated).

Pet., 8-13; Reply, 12-13; EX-1047, §949-51.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

18— NN = 19 \/ [1a] an electrode stack including a plurality of
Metal layers 15 P O NNAN 15 18 > formed over said
(14, 15, 18) — metal layers;
L ’562 pat., Claim 1.
Bottommost layer //
(13) o5 S LAY
FIG. 8 Y y // AN TS Usui’s electrode stack:
. 10 g 1\0 (2) Controls operation of the semiconductor
device because it involves enabling or
influencing current flow
1B

Usui discloses an “electrode stack” under
Patent Owner’s (incorrect) second
construction: requiring control of the
semiconductor device.

Usui, Abstract; see also Usui, 1:30-35, 3:54-57, 4:57-5:10; Ex-1047, 951.

\_

Pet., 8-13; Reply, 12-13; EX-1047, §949-51.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

18— NN ~~~3—19 V4 [1a] an electrode stack including a plurality of
Metal layers 15 ’/\\>>\ N > formed over said
/// &
(14, 15, 18) :
’562 pat., Claim 1.
Bottommost layer //
(13) o
r Usui’s electrode stack:
1G. 8 (2) Controls operation of the semiconductor
device because it involves enabling or
influencing current flow
1B

Usui discloses an “electrode stack” under Ex-1047, 150.
Patent Owner’s (incorrect) second
construction: requiring control of the

semiconductor device.

\_

On st
shap t
e e
cha Ctep: .Cu rent
COntrey: - HHCS
rollin y Ex-1047, 951.
Pet., 8-13; Reply, 12-13; EX-1047, 9949-51. g °Peration
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Ground 1: Usui anticipates claims 1, 2, and 4-7

Metal layers
(14, 15, 18)

o Lomaton
19 \/ [1a] an electrode stack including a plurality of
\W 3 formed over said

’562 pat., Claim 1.

Bottommost layer
(13)

FI1G.8

Usui, Fig. 8 (annotated).

(" 1A R

Usui discloses an “electrode stack” under
Patent Owner’s (incorrect) first
construction: requiring contact with a
nonmetallic part of the semiconductor

k device. Reply, 8-12; EX-1047, 11140-48. )

Pet., 8-13; Reply, 8-16.

Page 49 of 166

Usui discloses an electrode stack under
Patent Owner’s construction.

( 5 h

Usui discloses an “electrode stack” under
Patent Owner’s (incorrect) second
construction: requiring control of the
semiconductor device. Reply, 12-13; EX-1047,

1949-51.
\_ J




Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

19 X . .
18;:\ ng [1a] an electrode stack including a plurality of
N .
Metal layers 19 formed over said
/
14, 15, 18
( ) ’562 pat., Claim 1.

Bottommost layer
(13)

FI1G.8

Usui discloses an electrode stack under
Patent Owner’s construction.

Usui, Fig. 8 (annotated).

( h

1c
A “semiconductor device” includes
interconnect metallization structures.
Reply, 13-16; EX-1047, 9952-63.

\_ J

Pet., 8-13; Reply, 8-16.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

13__"_\_\; [1a] an electrode stack including a plurality of
Metal layers formed over said
(14, 15, 18) |
’562 pat., Claim 1.

Bottommost layer
(13)

FI1G.8

Usui, Fig. 8 (annotated)

~\
Patent Owner incorrectly construes “semiconductor

device” to exclude interconnect metallization structures

( \ based on their function

\_ J

1C
A “semiconductor device”
includes interconnect
metallization structures.

\ ) POR, 19.

Pet., 8-13; Reply, 13-16; EX-1047, 9952-63.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

18— NN 19 [1a] an electrode stack including a plurality of
Vietal | 15 ,>\\\\\ \\kx\\\\\1 v : formed over said
etal layers 7 g
(14, 15, 18) _
’562 pat., Claim 1.

Bottommost layer //’ \//

FIG.8 6
10
Usui, Fig. 8 (annotated).
Semiconductors do not exclude interconnects: Usui’s interconnect
is formed as one device that includes the metallurgy and
( \ semiconductor wafer 6
1C

A “semiconductor device”
includes interconnect
metallization structures.

. _/

Pet., 8-13; Reply, 13-16; EX-1047, 1952-63. Usui, 3:23-28 (annotated); see also Usui, 3:28-4:10.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

10— y . .
18— ! 19 [1a] an electrode stack including a plurality of
oy SN Y :

formed over said

Metal layers
(14, 15, 18)

’562 pat., Claim 1.

Bottommost layer
(13)

FI1G.8

Other prior art describes
interconnect structures as a part
of a semiconductor device

Usui, Fig. 8 (annotated).

4 )

1C
A “semiconductor device”
includes interconnect
metallization structures.

Yu, 1[0040] (annotated).
\ ) Ex-1044, 9[0009] (annotated).

Pet., 8-13; Reply, 13-16; EX-1047, 9952-63.
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Ground 1: Usui anticipates claims 1, 2, and 4-7

10
13— 19
15 ANNNNNY \\k\\\\\\1 [—18 v
Metal layers 15
(14, 15, 18)
Bottommost layer //
(13) o

FI1G.8

o oo

[1a] an electrode stack including a plurality of
formed over said

’562 pat., Claim 1.

Other prior art describes
interconnect structures as a part
of a semiconductor device

4 )

Ex-1045, 9[0007] (annotated).

1C
A “semiconductor device”
includes interconnect
metallization structures.

. _/

Pet., 8-13; Reply, 13-16; EX-1047, §952-63.
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Ex-1045, 9[0008] (annotated).



Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

13__"_\ [1a] an electrode stack including a plurality of
Metal layers formed over said
(14, 15, 18) |
’562 pat., Claim 1.

Bottommost layer
(13)

F1G.8 L) Y\// /7 6 The ’562 patent does not exclude
. 10 3 1\0 interconnect metallization structures
Usui, Fig. 8 (annotated). from “semiconductor device”

4 )

1C
A “semiconductor device”
includes interconnect
metallization structures.

- J

Pet., 8-13; Reply, 13-16; EX-1047, 9952-63.

See, e.g., '562 pat., Claim 1.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

10 y . .
18-—"4—\.\; NN NN 19 \/ [1a] an electrode stack including a plurality of
15 ANANANNY INANANNNN aun 18 1d a formed over said
Metal layers ) __——15 etal layers;
14,15, 18 ;
( ) ’562 pat., Claim 1.
Bottommost layer
(13)
Fl G .8 1Y0 é 1\0 Patent Owner implausibly construes
Usui, Fig. 8 (annotated) “electrical contact” to require a metal-
semiconductor junction
I Ex-1047, 919 55-56.
( use its
r tries tO
nt Owne clude
pate d onstrUCt\O“ to e_x “on
ic distorted € <t metallizati©
A “semiconductor device” Usui’s ‘mtefcon“e 13-15 and 1
includes interconnect re (e_g_,\ yers | me\'-a\
metallization structures. structure Ih shows 3 metal-it 0 i POR, 18.
19) whic d pnection /

’
g k connection to st!

Pet., 8-13; Reply, 13-16; EX-1047, 9952-63.
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Ground 1: Usui anticipates claims 1, 2, and 4-7

19
Metal la 15 b
yers
(14, 15, 18) <

Bottommost layer
(13)

FI1G.8

Usui, Fig. 8 (annotated).

-

\_

1C
A “semiconductor device”
includes interconnect
metallization structures.

. J

o oo

\/ [1a] an electrode stack including a plurality of
formed over said

’562 pat., Claim 1.

\
Even Patent Owner’s expert Dr. Piner admits that
“metal-metal electrical connections” were
“conventional” and “known”

Ex-1047, 955.

J

Ex-2024, 9102
(Dr. Piner)
(annotated).

Pet., 8-13; Reply, 13-16; EX-1047, 9952-63.

Page 57 of 166

Ex-2024, 9136 (Dr. Piner) (annotated).



Ground 1: Usui anticipates claims 1, 2, and 4-7

| Usui | Limitation
10 ! . .
18— NN = 19 \/ [1a] an electrode stack including a plurality of
15— PSS aSaSSN—18 7d a formed over said
Metal layers _—15 metal layers;
14,15, 18 '
( ) ’562 pat., Claim 1.
Bottommost layer //
(13) e
F l G - 8 - Y - . Q H 1
\ \ The claims do not require an “electrical contact”

to be a metal-semiconductor junction

4 )

1C

A “semiconductor device”
includes interconnect

metallization structures.

. _/

Pet., 8-13; Reply, 13-16; EX-1047, 9952-63.

See, e.g., 562 pat., Claim 1 (annotated).
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Ground 1: Usui anticipates claims 1, 2, and 4-7

| Usui | Limitation
19 " . .
18-—"—’_\:\; NN <= 19 \/ [1a] an electrode stack including a plurality of
Metal layers 15 /\\\\\\ INNANNNNY formed over said

’562 pat., Claim 1.

(14, 15, 18)

Bottommost layer //’ \// —
o \/k////////{;/- N

( No electromigration? \

6
F G . 8 1 0 Patent Owner inappropriately contends the claimed
. “electrical contact” comprising an “electrode stack”
Usui, Fig. 8 (annotated). . .
cannot be an interconnect because Dr. Piner
incorrectly alleges the claims exclude components
\_ that experience electromigration. )

4 )

1C

A “semiconductor device”
includes interconnect

metallization structures.

\ ) Ex-2024, 9134 (Dr. Piner) (annotated).

Pet., 8-13; Reply, 13-16; EX-1047, 91952-63.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

10— i . .
18— NN = 19 \/ [1a] an electrode stack including a plurality of
Metal layers -_1%—\>)\>> SNANANNAN o 15 18 metal layers 1d a formed over said
(14, 15, 18) < /// — fFmetal layers;
— ’562 pat., Claim 1.

Bottommost layer
(13)

F l G 8 No electromigration?
* Patent Owner contends the claimed “electrical
contact” comprising an “electrode stack” cannot
\_ experience electromigration.
1C
A “semiconductor device”
includes interconnect
metallization structures.
Pet., 8-13; Reply, 13-16; EX-1047, 452-63. Ex-1047, 9161 (annotated).
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

18— NN 19 [1a] an electrode stack including a plurality of
etal | 15 "‘~>)\\\\\ \\k\\\\\\1 \/ > formed over said
etal layers g 777 /)
(14, 15, 18) SN .
22277 ’562 pat., Claim 1.

Bottommost layer s \\///// \\Q//
/
- % //\ 77, /A No electromigration?

Z//l////// AT
FIG.8 // = 6 Patent Owner contends the claimed “electrical
10 8 10 contact” comprising an “electrode stack” cannot
experience electromigration.

4 )

1C
A “semiconductor device”
includes interconnect
metallization structures.

. _/

Pet., 8-13; Reply, 13-16; EX-1047, §952-63.

Ex-1047, 962(annotated)
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

1
13__"_‘0_\:\; NN ng \/ [1a] an electrode stack including a plurality of .
N 3 formed over said

Metal layers
(14, 15, 18)

’562 pat., Claim 1.

Bottommost layer
(13)

FIG.8 LI Y AN \// SLXSTS - 6 No electromigration?
: 10 8 Patent Owner contends the claimed “electrical
contact” comprising an “electrode stack” cannot
experience electromigration.

4 )

1C
A “semiconductor device”
includes interconnect
metallization structures.

- J

Pet., 8-13; Reply, 13-16; EX-1047, 9952-63. Ex-2024, 9100 (Dr. Piner) (annotated).
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

18— NN 19 [1a] an electrode stack including a plurality of
Vietal | 15 ,>\\\\\ \\kx\\\\\1 v : formed over said
etal layers 7 g
(14, 15, 18) _
’562 pat., Claim 1.

e P77

F1G.8 ~Z//l//////// X

10 8 10
Usui, Fig. 8 (annotated).

6 No electromigration?
Patent Owner contends the claimed “electrical
contact” comprising an “electrode stack” cannot
experience electromigration.

4 )

1C
A “semiconductor device”
includes interconnect
metallization structures.

\ ) Ex-1043, §[0004], (US patent, 1:17-36) (annotated).
Pet., 8-13; Reply, 13-16; EX-1047, 9952-63.
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Ground 1: Usui anticipates claims 1, 2, and 4-7
Usui [ Limitation |

1Q y . .
13;:\ ng [1a] an electrode stack including a plurality of
N .
Metal layers 15 formed over said
14,15, 18
( ) ’562 pat., Claim 1.

Bottommost layer
(13)

FI1G.8

Usui discloses an electrode stack under
Patent Owner’s construction.

Usui, Fig. 8 (annotated).

é 1A N\ N\ )
1A 1B
Usui discloses an “electrode stack” under Usui discloses an “electrode stack” under 1c
Patent Owner’s (incorrect) first Patent Owner’s (incorrect) second A “semiconductor device” includes
construction: requiring contact with a construction: requiring control of the interconnect metallization structures.
nonmetallic part of the semiconductor semiconductor device. Reply, 12-13; EX-1047, Reply, 13-16; EX-1047, 1952-63.
\ device. Reply, 8-12; EX-1047, 1140-48. ) \ 11949-51. ) K )

Pet., 8-13; Reply, 8-16.
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Ground 1: Usui anticipates claims 1, 2, and 4-7

Patent Owner relies on its construction to

argue Usui’s interconnect is not the claimed
“electrode stack”

Usui discloses “electrode stack”:
i.  under the plain and
ordinary meaning; and
ii. under Patent Owner’s
construction.

v’ [1a] an electrode stack (Usui grounds)

Pet., 8-13; Reply, 2-16; ‘562 pat., Claim 1.
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Ground 1: Usui anticipates claims 1, 2, and 4-7

Metal layers
(14, 15, 18)

Bottommost layer
(13)

FI1G.8

o oo

18— R 19 s\ [1b] said consisting only of a
15 e \m refractory metal nitride,

7/// /// A - ’562 pat., Claim 1.

Capping layer (19)

10
Usui, Fig. 8 (annotated).

Usui, 5:54-59 (annotated).

Undisputed:

v Usui discloses a capping layer consisting
only of a refractory metal nitride (TiN)

Pet., 8-13; Reply, 8-16.
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Ground 1: Usui anticipates claims 1, 2, and 4-7

Metal layers 19
(14, 15, 18)

Bottommost layer
(13)

.-:oi~.1//y/////// / :_. o

FI1G.8

10
Usui, Fig. 8 (annotated).

Undisputed:

v’ Usui discloses a refractory metal nitride
forming a top of the electrical contact

and having a thickness greater than that
of a bottommost layer of the metal
layers

Pet., 8-13; Reply, 8-16.

Page 67 of 166

o oo

NN ~~~3——L0 3\/ [ic]said forming a top of
:})\>>\ NANANNNN A said and having a thickness
4 /// a —14 greater than that of a bottommost layer of said
2 oo SSY—13
Mrrgsseer il plurality of metal layers.

’562 pat., Claim 1.
Capping layer (19)

Usui, 4:5-8 (annotated).

Usui, 3:29-32 (annotated).



Ground 1: Usui anticipates claims 1, 2, and 4-7

19— |
Metal layers %»? 22 >/// 1—15 1o Undisputed:
(14,15, 18) 2 oo Sy i3 v Usui discloses a capping layer
[ \ . 3 ]
Bouom(T;)suayer \\\/// A8 comprising TiN
FIG.8 \ \ LB —s

Usui, Fig. 8 (annotated).

Usui, 5:55-57 (annotated).

s umion

3 \/ [2] The electrical contact of claim 1, wherein said comprises titanium
nitride (TiN).

Pet., 11, 13;’562 Pat., Claim 2.
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Ground 1: Usui anticipates claims 1, 2, and 4-7

Third metal Third metal layer (18)

layer (18)
18 w Usui, 4:4-5 (annotated).
N

Second metal layer 14?( Second metal layer (14, 15)
(14, 15) >

First metal
layer (13)

Usui, Fig. 8
(annotated). F I G 8 _ \
m Limitation Usui, 3:58-59 (annotated).
\/ [4] The electrical contact of claim 1, wherein said plurality of metal layers includes —
respective first, second (14, 15), and third (18) metal layers, wherein said second |

metal layer is formed between said first metal layer and said third metal layer, and 3 Usui, 5:38 (annotated).
said is formed on said third metal layer. .

Undisputed:
\/ [5] The electrical contact of claim 4, wherein said first metal layer and said third v Usui di Ip e
metal layer (18) of said electrode stack comprise titanium (Ti). un Sl e lieleass Ek i
arrangement and

composition of metal
layers and capping
layer

Usui, 3:38-41 (annotated).

\/ [6] The electrical contact of claim 4, wherein said second metal layer (14, 15) of sgis
electrode stack comprises aluminum (Al).

\/ [7] The electrical contact of claim 6, wherein said second metal layer (14, 15) of sgig
electrode stack further comprises silicon (Si).
Pet., 13-16; '562 Pat., Claims 4-7.
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Ground 1: Usui anticipates claims 1, 2, and 4-7

Third metal

layer (18)

NN
ANANNNN

Second metal layer
(14, 15)

v

DS SN

Vs

NN
DONVNSNSNARY

First metal
layer (13)

N\ N\
\/E/////// //x A

Usui, Fig. 8
(annotated) FIG . 8

Pet., 8-16; Reply, 2-16; ‘562 Pat., Claims 1, 2, 4-7.
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v

v

o [l

[1p] An for use on a semiconductor device, said
electrical contact comprising:

[1a] an electrode stack including a plurality of metal layers and a
formed over said plurality of metal layers;

[1b] said consisting only of a refractory metal nitride,

[1c] said forming a top of said
and having a thickness greater than that of a bottommost
layer of said plurality of metal layers.

[2] The electrical contact of claim 1, wherein said
comprises titanium nitride (TiN).

[4] The electrical contact of claim 1, wherein said plurality of metal
layers includes respective first, second (14, 15), and third (18) metal
layers, wherein said second metal layer is formed between said first
metal layer and said third metal layer, and said is
formed on said third metal layer.

[5] The electrical contact of claim 4, wherein said first metal layer
and said third metal layer (18) of said electrode stack comprise
titanium (Ti).

[6] The electrical contact of claim 4, wherein said second metal layer
(14, 15) of said electrode stack comprises aluminum (Al).

[7] The electrical contact of claim 6, wherein said second metal layer
(14, 15) of said electrode stack further comprises silicon (Si).



Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

Chatlenged clims |__basis | priorar_____

Usui Grounds 3,8,12,13,and 17 § 103 Usui and Yu

To find claims 3, 8, 12, 13, and 17 invalid over Usui
and Yu (Ground 2), the Board need only agree that

implementing Usui’s electrode stack in Yu’s device
would have been obvious.

Pet., 3.
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Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

Third metal

layer (18) Third metal layer

18 19 (224)
| SIS 16
Second metal ?( /// |
/ 14 Second metal layer _Q H

layer (14, 15) — \>:2 13 (220, 222) ———F

First metal \\{,/ 8

LY _
layer (13) /\ /A First metal layer

/. \// //A{ A (218)

10 Usui, Fig. 8 (annotated). Yu, Fig. 2E (annotated).

FI1G.8

[3] The electrical contact of claim 1, wherein said capping layer comprises tantalum nitride (TaN).

[8] The electrical contact of claim 1, wherein said electrical contact is configured for implementation on
a group llI-V semiconductor device.

Motivation to [12] The electrical contact of claim 8, wherein said electrical contact is implemented with a gate

Combine insulator layer underlying said first metal layer of said electrode stack to provide an insulated gate
(MTC) electrode for said group Ill-V semiconductor device.
Disputed [13p] An electrical contact for use on a group Ill-V semiconductor device ... [Usui discloses body of claim

13, as explained for claim 1].

N [17] The electrical contact of claim 13, wherein said electrical contact is implemented with a gate
insulator layer underlying a first metal layer of said electrode stack to provide an insulated gate
electrode for said group lll-V semiconductor device.

Pet., 15-23, 35; Reply, 17-20;
’562 Pat., Claims 3, 8, 12, 13, 17.
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Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

Third metal
layer (18) x
W w —19
Second metal 12 | \/// 15 o
econd meta | —
ayer (14,15) T SSS—
First metal Qé/
8
layer (13) s ,x\\////"""
DL
FIG.8 \ :

Undisputed:
v It would have been obvious to combine

Usui and Yu to disclose a capping layer
comprising TaN

Third metal layer
(224)

Second metal layer
(220, 222)

AN

\:

First metal layer
(218)

va

10 Usui, Fig. 8 (annotated).

:

Yu, Fig. 2E (annotated).

\/ [3] The electrical contact of claim 1, wherein said capping layer comprises

tantalum nitride (TaN).

Pet., 15-18, 20-21, 35; Reply, 17-20; 562 Pat., Claim 3.
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Yu, §[0036] (annotated).

Sndisputed




Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

Patent Owner only disputes the motivation to

combine Usui with Yu for claims 12 and 17

Petition shows it would have
been obvious to implement
Usui’s electrical contact in Yu’s
device

v Motivation to combine Usui with secondary references (grounds 2-4)

Pet., 16-23; Reply, 17-20.
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: Patent Owner invents their own combination ot Usui

Patent Owner’s made-up combination:
Incorporating Yu’s dielectric into Usui’s device.
This was not the Petition’s combination.

Pet., 16-23; Reply, 17-20.

Page 75 of 166

Ex-2024, 9164 (adding red X to Patent Owner’s figure).

Patent Owner’s arguments on this made-up combination are
non-responsive.

Further argument not in the Patent Owner’s response is
forfeited.




: Patent Owner invents their own combination ot Usui

Patent Owner’s made-up
combination:

Petitioner’s real combination:

211A 211B 2
230 ) 231
= ! e
1
1
|
1
I 226
226- ! :
: S
20 | ~222
218 i 218
216 216
214 1 214

Ex-2024, 9164 (adding red X to \ 54/\/\12“

Patent Owner’s figure). Usui, Fig. 8 (modified). T

Yu, Fig. 2E.

Usui’s metallurgy implemented in Yu's device

Pet., 18. Pet., 19.

Pet., 16-23; Reply, 17-20.
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Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

: v Would have been obvious to use Usui’s
Usui, Fig. 8 (modified) Yu, Fig. 2E. contact in Yu’s device to improve
electromigration characteristics

GaN (I-V semiconductoo(:z1

were known to have g
electron transport

propert'\es

Pet., 21 (annotated).

Ex-1002, 949 (Decl. of Dr. Zhao) (annotated).

Usui, 2:33-36 (annotated).
Pet., 16-23; Reply, 17-20.
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Ground 2: Usui-Yu

=

Usui, Fig. 8 (modified).

Usui-Yu

electro

patent Owner relieson a
misapp\ication of
migration to ar.gue

lacks @ motivation to

combine

renders obvious claims 3, 8, 12, 13, and 17

Yu, Fig. 2E.

Usui solves the problem of electromigration

that would have been present in Yu.

2A
“enhanced electromigration” is less
electromigration. Reply, 18-20.

Pet., 16-23; Reply, 17-20.
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2B
Electromigration can be found in
electrodes. Reply, 19.

-

-

2C
Usui’s principles to improve
electromigration characteristics in Yu’s

device would improve the Usui-Yu contact.

Pet., 19-20; Reply, 19-20.

~

J




Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

)

Usui, Fig. 8 (modified). Yu, Fig. 2E.

1. Usui uses the phrase "enhanced migration"
to describe reducing electromigration.

2. The Board should reject Patent Owner's
argument that a POSA would not have sought
“enhanced electromigration” because Usui

repeatedly describes enhanced
electromigration.

Usui, Abstract.

Patent Owner agrees POSITAs would have sought POR, 40 (citing Usui, 1:17-
“‘improvement in the electromigration 20, 2:33-39; Ex-2026 (Zhao-
characteristics’ of ‘electrical connections and wiring’ Dep.), 13:23-14:9, 53:8-

by reducing electromigration.” 54:25; Piner, 9219).

( )

Usui discloses “forming various electrical connections | Usui, 1:17-20, 2:33-39.
or wiring in electronic devices such as in integrated
circuit structures” and “an objective of the present
invention is to provide a structure that exhibits
enhanced electromigration performance.”

2A
“enhanced electromigration” is less
electromigration. Reply, 18-20.

k J Dr. Zhao agrees that improving electromigration is Ex-2026, 13:23-14:9 (Zhao
reducing its negative effects. Deposition).

Pet., 16-23; Reply, 17-20.
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Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

:[\; Usui plainly describes “enhanced,” “optimum,”
Usui, Fig. 8 (modified). Yu, Fig. 2E. and “improved” electromigration by reducing
its negative effects

Usui, 2:50-52 (annotated).
Usui, 6:34-42 (annotated). ( )

Usui, 2:33-35 (annotated). Usui, 3:54-57 (annotated).

2A

“enhanced electromigration” is less
electromigration. Reply, 18-20.

\ ) Usui, 6:64-67 (annotated).

Pet., 16-23; Reply, 17-20.
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Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

|:> Dr. Piner and Dr. Zhao share the same general
understanding of electromigration.

Usui, Fig. 8 (modified). Yu, Fig. 2E.

pr. Pinef pr. Zhao

Ex-2024, 966 (Dr. Piner) (annotated).

2A
“enhanced electromigration” is less
electromigration. Reply, 18-20.

\_ v,

Pet., 16-23; Reply, 17-20.

Ex-2026, 13:23-14:9 (Dr. Zhao Deposition) (annotated).
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Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

=

Usui, Fig. 8 (modified). Yu, Fig. 2E.

patent owner relieson a

misapp\ication of
ectromigration to ar.gue
u lacks @ motivation to

combine

Usui solves the problem of electromigration

el
Usui-Y

that would have been present in Yu.

( )

2A
“enhanced electromigration” is less
electromigration. Reply, 18-20.

- J

Pet., 16-23; Reply, 17-20.
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Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

=

Usui, Fig. 8 (modified).

patent Owner relieson a
misapp\ication of
e\ectromigration tf’ ar.gl:\eto
Usui-Yu lacks @ motivatio
combine

Pet., 16-23; Reply, 17-20.
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Yu, Fig. 2E.

Usui solves the problem of electromigration

that would have been present in Yu.

2B
Electromigration can be found in
electrodes. Reply, 19.




Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

|:> Dr. Zhao and an Infineon patent publication
(Patent Owner) explain that electromigration
Usui, Fig. 8 (modified). Yu, Fig. 2E. principles can be found in electrodes.

infineon (Patent

owner) patent
pub\ication

( \ Ex-1043, 1[0004] (annotated).

2B
Electromigration can be found in
electrodes. Reply, 19.

\_ ) Ex-1047, 160 (annotated); see also Ex-1047, 9957-59, 61-63.

Pet., 16-23; Reply, 15-20.
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Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

=

Usui, Fig. 8 (modified). Yu, Fig. 2E.

patent owner relieson a

misapp\ication of
ectromigration to ar.guet
u lacks @ motivation t0

combine

Usui solves the problem of electromigration

el
Usui-Y

that would have been present in Yu.

2A 2B
“enhanced electromigration” is less Electromigration can be found in
electromigration. Reply, 18-20. electrodes. Reply, 19.

Pet., 16-23; Reply, 17-20.

Page 85 of 166



Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

=

Usui, Fig. 8 (modified). Yu, Fig. 2E.

patent owner relieson a

misapp\ication of
ectromigration to ar.gue
u lacks @ motivation to

combine

Usui solves the problem of electromigration

el
Usui-Y

that would have been present in Yu.

( 2 )

Usui’s principles to improve
electromigration characteristics in Yu’s
device would improve the Usui-Yu contact.

\ Pet., 19-20; Reply, 19-20.

J

Pet., 16-23; Reply, 17-20.
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Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

)

Usui, Fig. 8 (modified).

Usui would have solved the electromigration

problems in Yu:
Yu, Fig. 2E.

Usui and Yu have the same capping and metal
layers, so Usui’s layers would function like

Yu'’s layers.

POR, 27 n.10 (annotated).

-

2C
Usui’s principles to improve
electromigration characteristics in Yu’s
device would improve the Usui-Yu contact.
Pet., 19-20; Reply, 19-20.

-

~

J

Pet., 16-23; Reply, 17-20.
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Usui, Fig. 8 (annotated). Yu, Fig. 2E (annotated).

Pet., 14-23, 35.



Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

|:> Yu'’s insulating layers further reduce
electromigration due to its diffusion barrier,

Usui, Fig. 8 (modified). Yu, Fig. 2E. which is known for inhibiting unwanted
metal migration

Third metal layer Gate insulator layer
(224) (214, 216)
Second metal layer \\_ / _
(220, 222) \‘;:E § E
e ~N First metal layer /
2C (218)
Usui’s principles to improve
electromigration characteristics in Yu’s
device would improve the Usui-Yu contact.
\_ Pet., 19-20; Reply, 19-20. ) Yu, Fig. 2E (annotated); Pet., 54.

Pet., 16-23; Reply, 17-20.
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Ground 2: Usui-Yu

Usui-Yu

electro

patent Owner relieson a
misapp\ication of
migration to ar.gue

lacks @ motivation to

combine

renders obvious claims 3, 8, 12, 13, and 17

=)

Usui, Fig. 8 (modified).

Yu, Fig. 2E.

Usui solves the problem of electromigration

that would have been present in Yu.

2A
“enhanced electromigration” is less
electromigration. Reply, 18-20.

Pet., 16-23; Reply, 17-20.
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2B
Electromigration can be found in
electrodes. Reply, 19.

-

-

2C
Usui’s principles to improve
electromigration characteristics in Yu’s

device would improve the Usui-Yu contact.

Pet., 19-20; Reply, 19-20.

~

J




Ground 2: Usui-Yu renders obvious claims 3,

Patent Owner only disputes the motivation to
combine Usui with Yu for claims 12 and 17

8,12,13,and 17

Petition shows it would have
been obvious to implement

v" Motivation to combine Usui with secondary references (grounds 2-4)

Usui’s electrical contact in Yu’s

device

Pet., 16-23; Reply, 17-20.
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Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

Usui-Yu renders obvious claims 8 and 13

%

Usui, Fig. 8 (modified).

Yu, Fig. 2E.

Yu, §[0023] (annotated).

\/ [8] The electrical contact of claim 1, wherein said electrical contact is configured

4
e for implementation on a group llI-V semiconductor device.

\“\6'\59“

~ e \/ [13p] An electrical contact for use on a group llI-V semiconductor device ... [Usui
\)“d‘sp discloses body of claim 13, as explained for claim 1].

Pet., 18-23;’562 pat., Claims 8, 13.
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Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

=

Usui, Fig. 8 (modified).

Yu, Fig. 2E.

Third metal layer

Yu, §[0039] (annotated).

Gate insulator layer

Pet., 19-23, 54; Reply 17-20;
562 pat., Claims 12, 17.
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Yu, 1[0029] (annotated).

Limitation

[12] The electrical contact of claim 8, wherein said electrical contact is

(224) (214, 216)
Second metal layer \\
(220, 222) \‘; E p E
First metal layer / -
(218) Usui-yy
renders
Yu, Fig. 2E (annotated); Pet., 54. ObVi()uS
claims 12

and 17

implemented with a gate insulator layer underlying said first metal layer of said
electrode stack to provide an insulated gate electrode for said group IlI-V

semiconductor device.

[17] The electrical contact of claim 13, wherein said electrical contact is
implemented with a gate insulator layer underlying a first metal layer of said
electrode stack to provide an insulated gate electrode for said group IlI-V

semiconductor device.



Ground 2: Usui-Yu renders obvious claims 3, 8, 12, 13, and 17

v [3] The electrical contact of claim 1, wherein said
capping layer comprises tantalum nitride (TaN).

V4 [8] The electrical contact of claim 1, wherein said
electrical contact is configured for implementation on

Usui, Fig. 8 (modified) Yu, Fig. 2E a group llI-V semiconductor device.

v [12] The electrical contact of claim 8, wherein said
electrical contact is implemented with a gate insulator
layer underlying said first metal layer of said electrode
stack to provide an insulated gate electrode for said
group IlI-V semiconductor device.

V4 [13p] An electrical contact for use on a group -V
semiconductor device ... [Usui discloses body of claim
13, as explained for claim 1].

v [17] The electrical contact of claim 13, wherein said
electrical contact is implemented with a gate insulator
layer underlying a first metal layer of said electrode
stack to provide an insulated gate electrode for said
group IlI-V semiconductor device.

Pet., 16-23; Reply, 17-20; '562 pat., Claims 3, 8, 12, 13, 17.
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Ground 3: Usui-Yu-Adesida renders obvious claims 9, 11, 14, and 16

Chatienged ciims |__pasis | prioran

Usui Grounds
9,11, 14, and 16 § 103 Usui, Yu, and Adesida

To find claims 9, 11, 14, and 16 invalid over Usui, Yu,
and Adesida (Ground 3), the Board need only agree

that implementing Usui-Yu’s contact as a Schottky
contact in a HEMT using the teachings of Adesida
Pet., 3. would have been obvious.
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Ground 3: Usui-Yu-Adesida renders obvious claims 9, 11, 14, and 16

Adesida’s teachings

— e L

Usui, Fig. 8 (modified). Yu, Fig. 2E. _

Schottky

_— (annotated).

\/ [9] The electrical contact of claim 8, wherein said group I1l-V semiconductor device
comprises a high electron mobility transistor (HEMT).

Motivation \/ [11] The electrical contact of claim 8, wherein said electrical contact is implemented as a
to Combine gate electrode making Schottky contact with said group IlI-V semiconductor device.
N4 [14] The electrical contact of claim 13, wherein said group IlI-V semiconductor device
comprises a high electron mobility transistor (HEMT).
Pet. 24-29- \/ [16] The electrical contact of claim 13, wherein said electrical contact is implemented as a
Re|:;iy 20_2'2 gate electrode making Schottky contact with said group 111-V semiconductor device.
’ . “—
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Ground 3: Usui-Yu-Adesida renders obvious claims 9, 11, 14, and 16

Patent Owner only disputes the motivation to combine
Usui-Yu with Adesida for claims 9, 11, 14, and 16

Petition shows it would have

v Motivation to combine Usui with secondary references (grounds 2-4)

been obvious to implement
Usui-Yu’s contact as a Schottky

Pet., 24-29; Reply, 20-22.
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contact in a HEMT using the
teachings of Adesida




Ground 3: Patent Owner invents their own combination of Usui, Yu,

and Adesida

Patent Owner’s made-up combination:
Modifying Usui’s device to have Adesida’s
Schottky contact.

Reply, 21 (adding red “X” to Patent Owner’s figure).

Patent Owner’s arguments on this made-up
combination are non-responsive.

Further argument not in the Patent Owner’s
response is forfeited.

Pet., 24-29; Reply, 20-22.
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Ground 3: Patent Owner invents their own combination of Usui, Yu,

and Adesida

Patent Owner’s made-up
combination:

Petitioner’s real combination:

Usui-Yu

Adesida’s teachings

) :E s HEMT
Reply, 21 i i
(adding red “X” to Patent Owner’s figure). Usui, Fig. 8 (modified). L;/bw Schottky
Yu, Fig. 2E.
Adesida, 9[{0031].
Pet., 24.

Pet., 24-29; Reply, 20-22.
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Pet., 25-26.



Ground 3: Usui-Yu-Adesida renders obvious claims 9, 11, 14, and 16

Usui, Fig. 8 (modified). \

HEMT

Schottky

Pet., 24-29; Reply, 20-22; Ex. 1002, 1159, 132.
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Adesida, §[0031].

Ex-1047, 962 (annotated).

v Would have been obvious to
implement Usui-Yu’s contact
as a Schottky contact in a
HEMT using the teachings of
Adesida to improve
electromigration

characteristics

POSITA would have used
Adesida’s Schottky approach for
high frequency applications

Reply, 22.

Yu and Adesida disclose

I1l-V semiconductor
material devices

Yu, 1[0023]; Adesida, 1[0031].

Pet., 26 (annotated).




Ground 3: Usui-Yu-Adesida renders obvious claims 9, 11, 14, and 16

> H | HEMT
i |

Usui, Fig. 8 (modified). | L Schottky

Adesida, §[0031].

Usui’s and Yu’s metal and capping layers are
formed from the same type of materials

See, e.qg., Pet. 15-23, 35; Ex-1002, 9149.
Usui, Fig. 8 (annotated). Yu, Fig. 2E (annotated).

Usui enhancing
electromigration by reducing
its negative effects

Pet., 16-23; Reply, 17-20.

owner incorrectly.
J¢ electrode 15

Usui, 2:33-35 (annotated).

POR, 31 (annotated).
Pet., 24-29; Reply, 20-22. Reply, 21.
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Ground 3: Usui-Yu-Adesida renders obvious claims 9, 11, 14, and 16

Patent Owner only disputes the motivation to combine
Usui-Yu with Adesida for claims 9, 11, 14, and 16

Petition shows it would have
been obvious to implement
Usui-Yu’s contact as a Schottky
contact in a HEMT using the
teachings of Adesida

v Motivation to combine Usui with secondary references (grounds 2-4)

Pet., 24-29; Reply, 20-22.
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Ground 3: Usui-Yu-Adesida renders obvious claims 9, 11, 14, and 16

Usui-Yu-Adesida renders obvious claims 9 and 14

. {3\ {3- . /_jo Pet., 24'25.

) ] B | B HeT
Usui, Fig. 8 (modified). F \ ) |

Schottky

Yu, Fig. 2E.

Adesida, 9[0031].

Adesida, 9[0031] (annotated).

Usui-Yu- Limitation
Adesida

\/ [9] The electrical contact of claim 8, wherein said group IlI-V semiconductor
device comprises a high electron mobility transistor (HEMT).

\/ [14] The electrical contact of claim 13, wherein said group I1I-V semiconductor
device comprises a high electron mobility transistor (HEMT).

Pet., 24-29; Reply 20-22; '562 pat., Claims 9, 14.
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Ground 3: Usui-Yu-Adesida renders obvious claims 9, 11, 14, and 16

Usui-Yu-Adesida renders obvious claims 11 and 16

. {3\ {3- . /Jw Pet., 25'27.

=) ] B | D HEMT
B i |

Usui, Fig. 8 (modified). F LJ” Schottky
Yu, Fig. 2E.

Adesida, 9[0031].

Adesida, 9[0031] (annotated).

Usui-Yu- Limitation
Adesida

[11] The electrical contact of claim 8, wherein said electrical contact is
implemented as a gate electrode making Schottky contact with said group I1I-V
semiconductor device.

\/ [16] The electrical contact of claim 13, wherein said electrical contact is
Pet., 24-29; Reply, 20-22; '562 implemented as a gate electrode making Schottky contact with said group I1I-V
pat., Claims 11, 16. semiconductor device.
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Ground 3: Usui-Yu-Adesida renders obvious claims 9, 11, 14, and 16

Usui-Yu- | Limitation
|:> {::I HEMT Adesida

Usui, Fig. 8 (modified). = v [9] The electrical contact of claim 8, wherein said
Yu, Fig. 2E. Schottky group llI-V semiconductor device comprises a high

electron mobility transistor (HEMT).

Adesida, §[0031].
V4 [11] The electrical contact of claim 8, wherein said

electrical contact is implemented as a gate electrode
making Schottky contact with said group IlI-V
semiconductor device.

v [14] The electrical contact of claim 13, wherein said
group llI-V semiconductor device comprises a high
electron mobility transistor (HEMT).

V4 [16] The electrical contact of claim 13, wherein said
electrical contact is implemented as a gate electrode
making Schottky contact with said group IlI-V
semiconductor device.

Pet., 24-29; Reply, 20-22; '562 Pat., Claims 9, 11, 14, 16.
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Ground 4: Usui-Yu-Sugimoto renders obvious claims 10 and 15

Chatlenged cims |__basis | priorar

Usui Grounds

10 and 15 § 103 Usui, Yu, and Sugimoto

For Ground 4, the Board need only agree that it
would have been obvious to make one change to

Usui-Yu’s power electrode:
Make ohmic contact following Sugimoto.

Pet., 3.
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Ground 4: Usui-Yu-Sugimoto renders obvious claims 10 and 15

Usui-Yu’s power
electrode

Usui, Fig. 8 (modified).

Sugimoto’s teachings of ohmic
contact

| ohmic

Yu, Fig. 2E.

Usui-Yu- Limitation
Sugimoto

Sugimoto, 9:48-50 (annotated).

Dr. Zhao explained that:
1. Enhanced electromigration is reduced

geum—
v [10] The electrical contact of claim 8, electromigration;
wherein said electrical contact is 2. ohmic contacts were known to be critical
Motivation implemented as a power electrode to device functionality, performance, and
to Combine maklng ohmic contac_t with said group llI- long-term reliability; and
V semiconductor device. . ..
3. ohmic contacts were known to minimize
v [15] The electrical contact of claim 13, power consumption and internal heating

wherein said electrical contact is
implemented as a power electrode
making ohmic contact with said group IllI-
V semiconductor device.

and prolong device operation with
predictable performance.

Ex-1002, 155-57 (Decl. of Dr. Zhao); Ex-2026, 13:23-14:9 (Dr. Zhao Deposition).

—

Pet., 29-33; Reply, 19, 22-24;’562 pat., Claims 10, 15.
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Ground 4: Usui-Yu-Sugimoto renders obvious claims 10 and 15

Sugimoto’s teachings of ohmic
electrode contact

| ohmic

Usui, Fig. 8 (modified).

_ Sugimoto, 9:48-50 (annotated).

Yu, Fig. 2E.

Petitioner showed:
1. Usui discloses an electrical contact.

Patent Owner does not dispute (Ground 1, claim 1)

obviousness of Yu as an ohmic contact 2. It would have been obvious to implement Usui’s

electrical contact in a group IlI-V semiconductor device
as taught by Yu.
(Ground 2, claims 8 and 13)

3. It would have been obvious to make Usui-Yu’s power
electrode make ohmic contact following Sugimoto.
POR, 73. (Ground 4, claims 10 and 15)

Pet., 8-13, 18-19, 21, 23, 29-33.
Pet., 29-33; Reply, 22-24.
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Ground 4: Patent Owner invents their own combination of Usui, Yu,

and Sugimoto

Patent Owner’s made-

up combination:

~_—

™~ —

Reply, 23 (adding red X to Patent Owner’s figure).
Usui, Fig. 8 (modified).

Petitioner’s real combination:

Sugimoto’s teachings

ohmic

Yu, Fig. 2E.

Sugimoto, 9:48-50.

Patent Owner’s arguments on this made-up
combination are non-responsive.

Further argument not in the Patent Owner’s
response is forfeited.

Pet. at 29-33; Reply, 22-24.
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Pet., 31 (annotated).

Ex-2026, 193:5-10 (Dr. Zhao) (annotated).




Ground 4: Usui-Yu-Sugimoto renders obvious claims 10 and 15

Usui, Fig. 8 (modified).

| ohmic

Sugimoto, 9:48-50.

Enhanced electromigration = reduced electromigration

Reply, 19, 22-23.

Patent Owner agrees POSAs would have sought
“‘improvement in the electromigration
characteristics’ of ‘electrical connections and wiring’

by reducing electromigration.”

POR, 40 (citing Usui, 1:17-
20, 2:33-39; Zhao-Dep.,
13:23-14:9, 53:8-54:25;
Piner, 9219).

Usui discloses “forming various electrical connections
or wiring in electronic devices such as in integrated
circuit structures” and “an objective of the present
invention is to provide a structure that exhibits
enhanced electromigration performance.”

Usui, 1:17-20, 2:33-39.

Dr. Zhao agrees that improving electromigration is
reducing its negative effects.

Ex-2026, 13:23-14:9 (Dr.
Zhao Deposition).

Pet. at 29-33; Reply, 19, 22-24.
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Usui, Abstract.




Ground 4: Usui-Yu-Sugimoto renders obvious claims 10 and 15

=

Usui, Fig. 8 (modified). F = ’

ohmic

Sugimoto, 9:48-50.

nce of

N the importa
o explained .

1. punctionality

performance
2. erm re“ab“rty

£x-1002, \‘m Ex-1002, 955 (Decl. of Dr. Zhao) (annotated).

Ex-1002, 957 (Decl. of Dr. Zhao) (annotated); Ex-2026, 11:18-23.

Pet. at 29-33; Reply, 22-24.
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Ground 4: Usui-Yu-Sugimoto renders obvious claims 10 and 15

Patent Owner only disputes the motivation to combine
Usui-Yu with Sugimoto for claims 10 and 15

Petition shows it would have
been obvious to implement

v" Motivation to combine Usui with secondary references (grounds 2-4)

Usui-Yu’s power electrode as an

ohmic contact using the

Pet., 29-33; Reply, 22-24.
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teachings of Sugimoto




Ground 4: Usui-Yu-Sugimoto renders obvious claims 10 and 15

Usui-Yu-Sugimoto renders obvious claims 10 and 15

> | [ohmic

Usui, Fig. 8 (modified).
o Sugimoto, 9:48-50 (annotated).

Yu, Fig. 2E.

Usui-Yu- Limitation
Sugimoto

[10] The electrical contact of claim 8, wherein said electrical contact is
implemented as a power electrode making ohmic contact with said group IlI-V
semiconductor device.

\/ [15] The electrical contact of claim 13, wherein said electrical contact is
implemented as a power electrode making ohmic contact with said group IlI-V
semiconductor device.

Pet., 29-33; Reply, 22-24; '562 pat., Claims 10, 15.
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Ground 4: Usui-Yu-Sugimoto renders obvious claims 10 and 15

] Sugimoto
. ohmic s
Usui, Fig. 8 : V4 [10] The electrical contact of claim 8, wherein said
(modified). Yu, Fig. 2E.

Sugimoto, 9:48-50. electrical contact is implemented as a power electrode
making ohmic contact with said group I1I-V
semiconductor device.

\/ [15] The electrical contact of claim 13, wherein said
electrical contact is implemented as a power electrode
making ohmic contact with said group I1I-V
semiconductor device.

Pet., 29-33; Reply, 22-24; '562 pat., Claims 10, 15.
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Usui grounds: All claims invalid
1,2, and 4-7 § 102 Usui

All Clajpn,
Invajiy
3,8,12,13,and 17 § 103 Usui and Yu

Y

Usui Grounds All Clajpms
Inyai;
9,11, 14, and 16 §103  Usui, Yu, and Adesida 2l
All Claims
10 and 15 § 103 Usui, Yu, and Sugimotq Invaliq

Pet., 3.
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Ground 5: Yu or Yu-Usui disclose claims 1-8, 12, 13, and 17

Chatienged ciims |__pasis | prioran

1-8, 12, 13, and 17 § 103 Yu and Usui
Yu Grounds

For Ground 5, the Board need only agree that Yu

discloses a refractory metal nitride capping layer
thicker than the bottommost layer.

Pet., 3.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Third metal layer

(224) \
Second metal layer ‘:‘ H /

e Semiconductor
(220, 222) — device (200)
First metal layer /
(218)
Yu, Fig. 2E (annotated). Yu, Fig. 2E (annotated).

[1p] An for use on a semiconductor device, said electrical U“d\spu‘ed

contact comprising:

[1a] an electrode stack including a plurality of metal layers and a U“d'\sp“‘ed

formed over said plurality of metal layers;

[1b] said consisting only of a refractory metal nitride, Und'\SP“‘ed

NS SN LS

Dis [1c] said forming a top of said and
Ruted having a thickness greater than that of a bottommost layer of said plurality of
Pet., 33-46; Reply, 24-28; metal layers.

562 pat., Claim 1.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Patent Owner only disputes Yu shows one feature for
claims 1 and 13

Yu expressly discloses a
“refractory metal nitride ...
having a thickness greater than
that of a bottommost layer of
said plurality of metal layers”

v’ [1c], [13c] said ... having a thickness
greater than that of a bottommost layer of said plurality of metal
layers (Yu grounds)

Pet., 33-46, 54-55; Reply, 24-28; ‘562 pat., Claims 1, 13.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

/ v/ [1plAn for use on a semiconductor
Semiconduct v device, said electrical contact comprising:
emiconductor

device (200) Ly Pet., 41;’562 pat., Claim 1.

Yu, Fig. 2E (annotated).

Yu, 1[0040] (annotated).

Pet., 33-46; Reply, 24-28.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Und’\SP“‘ed v [1a] an including a pIurallty of met.al
layers and a formed over said plurality of

E metal layers;
Electrode stack (230/231)

Metal layers

(218, 220/222, 224) /'H

Pet., 42; '562 pat., Claim 1.

Yu, 1[0037] (annotated).
Yu, Fig. 2E (annotated). Capping layer (226)

H . Yu, 9[0036] (annotated).
. The Petition shows: Metal layers (220/222, 224)
v Yu discloses an “electrode stack”

including a plurality of metal layers and a
capping layer formed over the plurality
of metal layers

Metal layer (218) u, 1[0035] (annotated)

Pet., 33-46; Reply, 24-28. Yu, 1[0029] (annotated).
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

- d [1b] said consisting only of a refractory
sputed ) / o
metal nitride,
Metal layers H E
Pet., 42-43; 562 pat., Claim 1.
(218, 220/222, 224) ———T" e pat., Claim

Capping layer (226)

Yu, Fig. 2E (annotated).

Yu, §[0036] (annotated).
The Petition shows:

v Yu discloses a capping layer consisting

only of a refractory metal nitride (e.g.,
TiN, TaN)

Pet., 33-46; Reply, 24-28.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Bottommost layer D r
(218) i

[

The Petition shows:
v Yu discloses a refractory
metal nitride capping layer

forming a top of the
with a
thickness greater than the
bottommost layer

Pet., 33-46; Reply, 24-28.

Page 121 of 166

d v [1c] said forming a top of said
pisput and having a thickness greater than that of a

bottommost layer of said plurality of metal layers.

Pet., 43-46; Reply, 27-28;
> — ’562 pat., Claim 1.
|

Capping layer (226) Bottommost layer (218)

Yu, Fig. 2E (annotated).

Yu, 1[0029] (annotated).

Yu, 1100361 (annotated).

i rraea | ~
TaN) is 50-1000A thick Bottommost layer: 20A thick



Ground 5: Yu discloses claims 1-8, 12, 13, and 17
v [1c] said forming a top of said

and having a thickness greater than
that of a bottommost layer of said plurality of metal
layers.

Bottommost layer D r
(218) i

[

Pet., 42-43; Reply, 24-28; '562 pat., Claim 1.

Yu, Fig. 2E (annotated).

Yu expressly discloses a refractory metal nitride capping layer thicker than

a bottommost metal layer.

4 N\ )
5A 5B

Pet., 33-46; Reply, 24-28.

Page 122 of 166

The parties agree that Yu’s metal gate stacks

have the same arrangement of layers as the

claimed “electrode stack”. Pet., 33-46; Reply,
24-27.

\_ _/

Paragraph 36 of Yu shows the obviousness of

a refractory metal nitride capping layer being

thicker than a bottommost metal layer. Pet.,
33-46; Reply, 27-28.

\ _/




Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Bottommost layer D r
(218) i

[

Yu, Fig. 2E (annotated); Pet., 44.

Yo |umiation |

v [1c] said forming a top of said
D and having a thickness greater than
that of a bottommost layer of said plurality of metal
layers.

Patent Owner highlights the similarities between Yu

and the '562 patent

Patent Owner agrees that Yu
discloses the same insulated gate

electrodes stacked above other layers
as the ’562 patent

POR, 46.

(
5A

The parties agree that Yu’s metal gate stacks
have the same arrangement of layers as the
claimed “electrode stack”.

- J

Pet., 33-46; Reply, 24-28; '562 pat., Claim 1.

Page 123 of 166

POR, 46. POR, 46.



Ground 5: Yu discloses claims 1-8, 12, 13, and 17

wner's S e
230 that “YU calls thte v/ [1c] said forming a top of said
7 ack @ imetal 82 D and having a thickness greater than
X o fails- that of a bottommost layer of said plurality of metal
] 24-26- layers.
226
- — ha
- — rified ¥
24—~ . Zhao c‘\oa 230,23
| 220——-'lﬁ_\ drew the ohlight its
218 of Yuto M&™ 2
| 216 importal
] 214 i £x-1002, 165 Ex-2026, 90:25-91:17 (annotated)

Yu, Fig. 2E (annotated); Pet., 44.

Petition shows that Yu discloses the claimed electrode
stack, including a bottommost metal layer 218

* Both Yu and the ’562 patent show a stack of metal layers
above dielectrics.

* The claims open-ended use of “including” does not

preclude other structures in the stack.

5A
The parties agree that Yu’s metal gate stacks
have the same arrangement of layers as the
claimed “electrode stack”.

\ J

Pet., 33-46; Reply, 24-28; ’562 pat., Claim 1. Pet., 43-46; Reply, 24-26.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

forming a top of said

j and having a thickness greater than
X that of a bottommost layer of said plurality of metal
layers.
224 \
220 te stack 230
218 yu's metal 82 1162
T ers
| %ig#f’““ includes !a:!\ the parties
i — whic .
Yu, Fig. 2E (annotated); Pet., 44. 214, die\eCtﬂCS Pet. at 44.
Rep\\lr 25
( )
5A
The parties agree that Yu’s metal gate stacks POR, 47.

have the same arrangement of layers as the
claimed “electrode stack”.

- J

Pet., 33-46; Reply, 24-28.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Yo |lmitaion |
v [1c] said forming a top of said
2 and having a thickness greater than
Metal layers H H that of a bottommost layer of said plurality of metal
(218, 220/222, 224) pemT"" layers.

’562 pat., Claim 1.

Map .
Dlng
the yo Of yu o
iz, h
Yu, Fig. 2E (annotated); Pet., 42 lop
W
: : er dr@
Patent Owner’s annotation of Yu is not patent ow‘:,ndar'\es to
. q anq o
the mapping in the Petition arbitrary 2 \\ayer 2
cude mete imed
X c\al
Reply, 24-26. from thede stack"
( \ ue\eCtro arates he
5A i sep
2A Wws
The parties agree that Yu’s metal gate stacks because ers fro the
have the same arrangement of layers as the ot\‘\er \ 'V C“-‘CS
claimed “electrode stack”. d\e\e 6
\_ v, reply, 2472

POR, 46 (adding red X to Patent Owner's figure).
Pet., 33-46; Reply, 24-28.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

226
224
220 |

.

218

216
214

forming a top of said

and having a thickness greater than
that of a bottommost layer of said plurality of metal
layers.

Yu, Fig. 2E (annotated); Pet., 44.

(

5A

claimed “electrode stack”.

-

\

The parties agree that Yu’s metal gate stacks
have the same arrangement of layers as the

J

Pet., 33-46; Reply, 24-28.
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’562 pat., Claim 1.

’562 pat., claim limitations [1a] and [13a] (annotated).

Patent Owner admits both Yu and the 562 patent show a stack of metal
layers above dielectrics

POR, 46.



Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Yo |lmitaion |
v [1c] said forming a top of said
and having a thickness greater than
Bottommost layer D r that of a bottommost layer of said plurality of metal
(218) R = layers.

’562 pat., Claim 1.

Yu, Fig. 2E (annotated); Pet., 44

POR, 48.
Patent Owner contradicts itself by contending that
Yu calls the entire stack a metal gate stack and that
Yu’s barrier layer 218 is not part of the gate electrode
- N —— POR, 47.

5A

The parties agree that Yu’s metal gate stacks

have the same arrangement of layers as the
claimed “electrode stack”.

- J

Pet., 33-46; Reply, 24-28.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Bottommost layer D
(218) i

[

Yu, Fig. 2E (annotated); Pet., 44.

Patent Owner does not dispute that barrier

layer 218 is a metal layer stacked with
other metal layers

(
5A

The parties agree that Yu’s metal gate stacks
have the same arrangement of layers as the
claimed “electrode stack”.

- J

Pet., 33-46; Reply, 24-28.
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Reply, 27.

Yo |umiation |

v [1c] said forming a top of said
D and having a thickness greater than
that of a bottommost layer of said plurality of metal
layers.

‘562 pat., Claim 1.

Yu expressly discloses layer

218 is a metal layer

Yu, 1[0029] (annotated).



Ground 5: Yu discloses claims 1-8, 12, 13, and 17

v [1c] said forming a top of said
2 and having a thickness greater than

Bottommost layer D r that of a bottommost layer of said plurality of metal
layers.

[

(218) —

’562 pat., Claim 1.

Yu, Fig. 2E (annotated).

Yu expressly discloses a refractory metal nitride capping layer thicker than

a bottommost metal layer.

a )
5A

The parties agree that Yu’s metal gate stacks

have the same arrangement of layers as the

claimed “electrode stack”. Pet., 33-46; Reply,
24-27.

\_ _/

Pet., 33-46; Reply, 24-28.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

v [1c] said forming a top of said
2 and having a thickness greater than

Bottommost layer D r that of a bottommost layer of said plurality of metal
layers.

[

(218) —

’562 Pat., Claim 1.

Yu, Fig. 2E (annotated).

Yu expressly discloses a refractory metal nitride capping layer thicker than

a bottommost metal layer.

4 )
5B

Paragraph 36 of Yu shows the obviousness of

a refractory metal nitride capping layer being

thicker than a bottommost metal layer. Pet.,
33-46; Reply, 27-28.

\ _/

Pet., 33-46; Reply, 24-28.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Bottommost layer ﬂ
(218) et [ 7]

Yu, Fig. 2E (annotated).

Yu discloses or at least rendered
obvious a refractory metal

nitride capping layer thicker than
the bottommost metal layer

5B
Paragraph 36 of Yu shows the obviousness of
a refractory metal nitride capping layer being
thicker than a bottommost metal layer.

et )

Yo |umiation |

[1c] said forming a top of said
and having a thickness greater than
that of a bottommost layer of said plurality of metal

layers. ’562 pat., Claim 1.

- _/

Pet., 33-46; Reply, 24-28.

Page 132 of 166

Yu discloses a metal capping

layer thickness 50-10004,
which includes 6004, thicker
than the 20A bottommost
metal layer

Pet., 43-44; Reply, 27-28.

Yu’s metals include TiN and TaN

Pet., 43-44; Reply, 28.

Capping layer (226) POR, 58 (annotated).

Yu, 1[0036]
(annotated).




Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Bottommost layer
(218)

ﬁ':'

[

Yu, Fig. 2E (annotated).

Yu'’s rationale for replacing polysilicon
capping layer with TiN or TaN at 600A:

Yu’s metal based capping layer is
thicker than the bottommost metal
layer for entire range 50-1000A

-

\_

5B
Paragraph 36 of Yu shows the obviousness of
a refractory metal nitride capping layer being

thicker than a bottommost metal layer.

_J

Pet., 33-46; Reply, 24-28.
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Capping layer (226)

Yo |umiation |

v [1c] said forming a top of said
2 and having a thickness greater than

that of a bottommost layer of said plurality of metal
layers.

’562 pat., Claim 1.
Bottommost layer (218)

\Reply, 27-28.

Yu, 1[0029] (annotated).

Yu, 1[0036] (annotated).



Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Capping layer (226)

Yu discloses the disputed element in a single
embodiment: a metal capping layer (TiN or TaN)
with a thickness between 50 A and 1,000 A,
which includes 600 A, which is thicker than the

bottommost layer (20 A)

No motivation to combine or modify is required.

Yu, 1[0036] (annotated).

Pet., 33-46; Reply 24-28.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Bottommost layer
(218)

Petition looked to Usui to
confirm relationship between

ﬁm

Yu, Fig. 2E (annotated).

capping layer and bottommost
layer, already disclosed by Yu,

was known and obvious

-

5B

\_

Paragraph 36 of Yu shows the obviousness of
a refractory metal nitride capping layer being
thicker than a bottommost metal layer.

~

_J

Pet., 33-46; Reply, 24-28.
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Yo |umiation |

v [1c] said forming a top of said
\

and having a thickness greater than

that of a bottommost layer of said plurality of metal
layers.

[

’562 pat., Claim 1.

Usui confirms th'i:t ?

refractory metal n.ltrlde
capping layer 'ch|ckert
than the bottommosd
layer was known an

obvious

Usui, 3:29-33 (annotated).

Usui, 4:5-8 (annotated).

Usui, Fig. 8 (annotated).




Ground 5: Yu discloses claims 1-8, 12, 13, and 17
v [1c] said forming a top of said

and having a thickness greater than
that of a bottommost layer of said plurality of metal
layers.

Bottommost layer D r
(218) i

[

’562 pat., Claim 1.

Yu, Fig. 2E (annotated).

Yu expressly discloses a refractory metal nitride capping layer thicker than

a bottommost metal layer.

4 N\ )
5A 5B

Pet., 33-46; Reply, 24-28.

Page 136 of 166

The parties agree that Yu’s metal gate stacks

have the same arrangement of layers as the

claimed “electrode stack”. Pet., 33-46; Reply,
24-27.

\_ _/

Paragraph 36 of Yu shows the obviousness of

a refractory metal nitride capping layer being

thicker than a bottommost metal layer. Pet.,
33-46; Reply, 27-28.

\ _/




Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Patent Owner only disputes Yu shows one feature for
claims 1 and 13

Yu expressly discloses a
“refractory metal nitride ...
having a thickness greater than
that of a bottommost layer of
said plurality of metal layers”

v" [1c], [13c] said ... having a thickness
greater than that of a bottommost layer of said plurality of metal
layers (Yu grounds)

Pet., 33-46, 54-55; Reply, 24-28; ‘562 pat., Claims 1, 13.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Third metal layer

(224) \ The Petition shows:
Second metal layer _M H v Yu discloses a capping layer comprising
20,22 | —>—H .
TIN or TaN

First metal layer /

(218)

Pet., 46-48.

Yu, Fig. 2E (annotated).

Yu, 1[0036] (annotated).

Und\spu‘ed v

’ [2] The electrical contact of claim 1, wherein said comprises titanium
nitride (TiN).
3 \/ [3] The electrical contact of claim 1, wherein said comprises
tantalum nitride (TaN).

Pet., 33-39, 46-48; '562 pat., Claims 2, 3.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Third metal layer (224)

Third metal layer

(224) \
Second metal layer M H

(220, 222) \Em Second metal layer (220,222) ' 9[0035] (annotated).
First metal layer /
(218)

Yu, Fig. 2E (annotated).

[4] The electrical contact of claim 1, wherein said plurality of metal layers

includes respective first, second (220,222), and third (224) metal layers, First metal layer Yu, 9[0033] (annotated).
und! \/ wherein said second metal layer is formed between said first metal layer and
said third metal layer, and said is formed on said third metal
layer.
d‘\sp“"ed : : e :
un \/ [5] The electrical contact of claim 4, wherein said first metal layer and said ..
The Petition shows:

third metal layer (224) of said electrode stack comprise titanium (Ti). . .
— uted , . o v" Yu discloses claimed arrangement
undisP \/ [6] The electrical contact of claim 4, wherein said second metal layer and composition of metal layers
(220,222) of said electrode stack comprises aluminum (Al).

— ted . . L and
\/ [7] The electrical contact of claim 6, wherein said second metal layer

(220,222) of said electrode stack further comprises silicon (Si). Pet., 33-37, 40-41, 48-53; '562 pat., Claims 4-7.
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Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Group 111-V semiconductor device
(210)

The Petition shows:
v" Yu discloses an electrical contact

configured for implementation on a

LJN group llI-V semiconductor device

Yu, Fig. 2E (annotated).

Yu, 9[0023] (annotated).

v
Tndisputed

Pet., 33-46, 53-55; '562 pat., Claims 8, 13.

Page 140 of 166

[8] The electrical contact of claim 1, wherein said electrical contact is configured
for implementation on a group IlI-V semiconductor device.

[13] An electrical contact for use on a group IlI-V semiconductor device ... [Yu
discloses body of claim 13, as explained for claim 1].



Ground 5: Yu discl

oses claims 1-8, 12, 13, and 17

Third metal layer Gate insulator layer The Petition shows:

(224) (214, 216) v" Yu discloses an electrical contact implemented

with a gate insulator underlying the first metal
Second metal layer o . -
~—— layer to provide an insulated gate electrode
(220, 222) —E

First metal layer /

(218)

Yu, [0039] (annotated).

Yu,

Jndisputed

Pet., 33-37, 53-55; '562 pat.,
Claims 12, 17.

!

Page 141 of 166

Fig. 2E (annotated).

Limitation (ayrﬁ’r']gt[gfezd%]'
[12] The electrical contact of claim 8, wherein said electrical contact is

implemented with a gate insulator layer underlying said first metal layer of said

electrode stack to provide an insulated gate electrode for said group Ill-V

semiconductor device.

[17] The electrical contact of claim 13, wherein said electrical contact is
implemented with a gate insulator layer underlying a first metal layer of said
electrode stack to provide an insulated gate electrode for said group IlI-V
semiconductor device.



Ground 5: Yu discloses claims 1-8, 12, 13, and 17

Third metal layer
(224)

Second metal layer
(220, 222) —

First metal layer
(218)

Yu, Fig. 2E (annotated).

Pet., 33-55; Reply, 24-28; '562 pat., Claims 1-8, 12, 13, 17.
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v

N

[1p] An for use on a semiconductor device, said electrical contact comprising:

[1a] an electrode stack including a plurality of metal layers and a formed over said plurality of metal
layers;

[1b] said consisting only of a refractory metal nitride,

[1c] said forming a top of said and having a thickness greater than that

of a bottommost layer of said plurality of metal layers.
[2] The electrical contact of claim 1, wherein said comprises titanium nitride (TiN).

[3] The electrical contact of claim 1, wherein said comprises tantalum nitride (TaN).

[4] The electrical contact of claim 1, wherein said plurality of metal layers includes respective first, second
(220,222), and third (224) metal layers, wherein said second metal layer is formed between said first metal layer
and said third metal layer, and said is formed on said third metal layer.

[5] The electrical contact of claim 4, wherein said first metal layer and said third metal layer (224) of said
electrode stack comprise titanium (Ti).

[6] The electrical contact of claim 4, wherein said second metal layer (220,222) of said electrode stack comprises
aluminum (Al).

[7] The electrical contact of claim 6, wherein said second metal layer (220,222) of said electrode stack further
comprises silicon (Si).

[8] The electrical contact of claim 1, wherein said electrical contact is configured for implementation on a group
111-V semiconductor device.

[12] The electrical contact of claim 8, wherein said electrical contact is implemented with a gate insulator layer
underlying said first metal layer of said electrode stack to provide an insulated gate electrode for said group llI-V
semiconductor device.

[13] An electrical contact for use on a group Ill-V semiconductor device ... [Yu discloses body of claim 13, as
explained for claim 1]

[17] The electrical contact of claim 13, wherein said electrical contact is implemented with a gate insulator layer
underlying a first metal layer of said electrode stack to provide an insulated gate electrode for said group Ill-V
semiconductor device.



Ground 6: Yu-Usui-Adesida renders obvious claims 9, 11, 14, and 16

Chatienged ciims |__pasis | prioran

Yu Grounds 9,11, 14, and 16 § 103 Yu, Usui, and Adesida

To find claims 9, 11, 14, and 16 invalid over Yu, Usui,
and Adesida (Ground 6), the Board need only agree

that implementing Yu-Usui’s contact as a Schottky
contact in a HEMT using the teachings of Adesida
Pet., 3. would have been obvious.
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Ground 6: Yu-Usui-Adesida renders obvious claims 9, 11, 14, and 16

Adesida’s teachings

¢

Yu, Fig. 2E.

Metal layers
HEMT
Usui, 3:29-37 (annotated). Schottky
. Adesida, 9[0031] (annotated).
Usui, 4:5-8 (annotated).

Motivation
to Combine

Pet., 37-39, 45-46, 55-61;
Reply, 28-29; '562 pat., Claims
9,11, 14, 16.

Page 144 of 166

gu—

v

v
v
v

e

[9] The electrical contact of claim 8, wherein said group 11I-V semiconductor device comprises a high
electron mobility transistor (HEMT).

[11] The electrical contact of claim 8, wherein said electrical contact is implemented as a gate electrode
making Schottky contact with said group 11I-V semiconductor device.

[14] The electrical contact of claim 13, wherein said group I1I-V semiconductor device comprises a high
electron mobility transistor (HEMT).

[16] The electrical contact of claim 13, wherein said electrical contact is implemented as a gate electrode
making Schottky contact with said group 11I-V semiconductor device.



Ground 6: Yu-Usui-Adesida renders obvious claims 9, 11, 14, and 16

Patent Owner only disputes the motivation to combine

Yu-Usui with Adesida for claims 9, 11, 14, and 16

Petition shows it would have

v Motivation to combine Yu with secondary references (grounds 6-7)

been obvious to implement Yu-

Usui’s contact as a Schottky

Pet., 55-61; Reply, 28-29.

Page 145 of 166

contact in a HEMT using the
teachings of Adesida



Ground 6: Yu-Usui-Adesida renders obvious claims 9, 11, 14, and 16

L L ’ [ o . .'
e e T TS (e Petitioner’s real combination: Yu-Usui’s
Petitioner never modified Yu'’s gate contact as a Schottky contact in a HEMT
electrode to make Schottky contact using the teachings of Adesida

Adesida’s teachings

HEMT

POR, 71 (annotated). <3| Metal layers ED:I

Yu,Fig. 2E.  Usui, 3:29-37, 4:5-8. Schottky

Adesida, 9[0031].

Pet., 59 (annotated).

Ex-2026, 196:25-197:3.

Pet., 55-61; Reply, 28-29. Pet., 59-60 (annotated).
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Ground 6: Yu-Usui-Adesida renders obvious claims 9, 11, 14, and 16

petition’s
combination

Pet., 59.

Pet., 60.

Ex-2026, 195:21-25.

Pet., 55-61; Reply, 28-29.

Page 147 of 166

Ex-2026, 196:5-7.

Petitioner’s real combination: Yu-Usui’s
contact as a Schottky contact in a HEMT
using the teachings of Adesida

HEMT
{=1| Metal layers IZDZI
Yu, Fig. 2. Usui, 3:29-37, 4:5-8. Schottky
Adesida, 9[0031].
. 7hao conﬁr{ned
Dt.he combinatio?

Ex-2026, 196:25-197:3.



Ground 6: Yu-Usui-Adesida renders obvious claims 9, 11, 14, and 16

] HEMT
<::| Metal layers
H Schottky
YU, F|g 2E. USUi, 3129-37, 4:5-8. Adesida ﬂ[0031]
v’ Motivation from
petition
Pet., 58 (annotated).
Pet., 55-61.

Page 148 of 166



Ground 6: Yu-Usui-Adesida renders obvious claims 9, 11, 14, and 16

Patent Owner only disputes the motivation to combine
Yu-Usui with Adesida for claims 9, 11, 14, and 16

Petition shows it would have
been obvious to implement Yu-
Usui’s contact as a Schottky
contact in a HEMT using the
teachings of Adesida

v Motivation to combine Yu with secondary references (grounds 6-7)

Pet., 55-61; Reply, 28-29.
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Ground 6: Yu-Usui-Adesida renders obvious claims 9, 11, 14, and 16

Yu-Usui-Adesida renders obvious claims 9 and 14

[ ] HEMT
<:| Metal layers
H Schottky
Yu, Fig. 2E. Usui, 3:29-37, 4:5-8. Adesida, [0031].

Adesida, 9[0031] (annotated).

VORVATE Limitation
Adesida

\/ [9] The electrical contact of claim 8, wherein said group I11-V semiconductor
device comprises a high electron mobility transistor (HEMT).

Pet., 55-61; Reply, 28-29; v [14] The electrical contact of claim 13, wherein said group IlI-V semiconductor
’562 pat., Claims 9, 14. device comprises a high electron mobility transistor (HEMT).
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Ground 6: Yu-Usui-Adesida renders obvious claims 9, 11, 14, and 16

Yu-Usui-Adesida renders obvious claims 11 and 16

[ ] HEMT
<:| Metal layers
H Schottky
Yu, Fig. 2E. Usui, 3:29-37, 4:5-8. Adesida, [0031].

Adesida, 1[0031]

(annotated).
Yu-Usui- Limitation
Adesida
v [11] The electrical contact of claim 8, wherein said electrical contact is implemented as a gate

electrode making Schottky contact with said group lll-V semiconductor device.

\/ [16] The electrical contact of claim 13, wherein said electrical contact is implemented as a gate

Pet., 55-61; Reply, 28-29; electrode making Schottky contact with said group IlI-V semiconductor device.

562 pat., Claims 11, 16.
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Ground 6: Yu-Usui-Adesida renders obvious claims 9, 11, 14, and 16

Metal Yu-Usui- | Limitation
eta HEMT Adesida
X EDZI

layers

_ ) Schottky v [9] The electrical contact of claim 8, wherein said
Yu, Fig. 2E. Usui, 3:29-37, 4:5-8. group |-V semiconductor device comprises a high
Adesida, 9[0031]. electron mobility transistor (HEMT).
V4 [11] The electrical contact of claim 8, wherein said

electrical contact is implemented as a gate electrode
making Schottky contact with said group IlI-V
semiconductor device.

v [14] The electrical contact of claim 13, wherein said
group llI-V semiconductor device comprises a high
electron mobility transistor (HEMT).

V4 [16] The electrical contact of claim 13, wherein said
electrical contact is implemented as a gate electrode
making Schottky contact with said group IlI-V
semiconductor device.

Pet., 55-61; Reply, 28-29;
’562 pat., Claims 9, 11, 14, 16.
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Ground 7: Yu-Usui-Sugimoto renders obvious claims 10 and 15

Chatenged clims |__basis | priorar

POR, 73.

Yu Grounds

10 and 15 § 103 Yu, Usui, and Sugimoto

For Ground 7, the Board need only agree that it would
have been obvious to make one change to Yu-Usui’s

power electrode:
Mae ohmic contact following Sugimoto.

Pet., 3.
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Ground 7: Yu-Usui-Sugimoto renders obvious claims 10 and 15

Yu-Usui’s power
electrode

Sugimoto’s teachings of ohmic
contact

Metal layers

ohmic

B Sugimoto, 9:48-50 (annotated).

Yu, Fig. 2E.

Usui, 3:29-37 (annotated).

Usui, 4:5-8 (annotated).

gum—
Motivation
to Combine
(MTC)
Disputed \/
Pet., 62-64; Reply, 29; -

’562 pat., Claims 10, 15.
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[10] The electrical contact of claim 8, wherein said electrical contact is
implemented as a power electrode making ohmic contact with said group I1I-V
semiconductor device.

[15] The electrical contact of claim 13, wherein said electrical contact is
implemented as a power electrode making ohmic contact with said group IlI-V
semiconductor device.



Ground 7: Yu-Usui-Sugimoto renders obvious claims 10 and 15

Patent Owner only disputes the motivation to

combine Yu-Usui with Sugimoto for claims 10 and 15

Petition shows it would have
been obvious to implement Yu-
Usui contact as an ohmic contact
using the teachings of Sugimoto

v Motivation to combine Yu with secondary references (grounds 6-7)

Pet., 62-64; Reply, 29.
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Ground 7: Patent Owner invents their own combination of Yu, Usui, and

Sugimoto

Yu-Usui’s power
electrode

Yu, Fig. 2E. Usui, 3:29-37, 4:5-8.

Patent Owner does not dispute

obviousness of Yu as an ohmic contact

Sugimoto’s teachings of ohmic
contact

ohmic

<_| Metal layers I:ll:’|:I

Sugimoto, 9:48-50 (annotated).

Petitioner showed:

1. VYudiscloses an electrical contact in group IlI-V device;
Usui confirms obviousness of capping layer and
bottommost layer thicknesses.

(Ground 5, claims 1, 8, and 13)

2. It would have been obvious to make Yu-Usui’s power
electrode make ohmic contact following Sugimoto.
(Ground 7, claims 10 and 15)

POR, 73 (annotated).

Pet., 62-64; Reply, 29.
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Pet., 33-39, 41-46, 53-55, 62-64.




Ground 7: Patent Owner invents their own combination of Yu, Usui, and
Sugimoto

Patent Owner’s made-up Petitioner’s real combination: Yu-Usui’s
combination: power electrode + Sugimoto’s ohmic
teaching

<_| Metal layers Ell:llj ohmic

Yu, Fig. 2E Usui, 3:29-37, 4:5-8 Sugimoto, 9:48-50.

POR, 74 (annotated).

v/ Patent Owner’s arguments are non-
responsive because they address the Pet., 63.
wrong combination.

Reply, 29.

Pet., 62-64; Reply, 29. Ex-2026, 198:3-8.
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Ground 7: Patent Owner invents their own combination of Yu, Usui, and

Sugimoto

<_| Metal layers |:|‘:||:I ohmic

Yu, Fig. 2E. Usui, 3:29-37, 4:5-8. Sugimoto, 9:48-50.

Pet., 64.

Pet., 62-64; Reply, 29.
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Ground 7: Yu-Usui-Sugimoto renders obvious claims 10 and 15

P R )
% % <_| Metal layers
Yu, Fig. 2E. Usui, 3:29-37, 4:5-8.

ohmic

Sugimoto, 9:48-50.

ortance of

i he imp
exp\amedt .
pr. 2120 ohmic contacts:
1. Functiona\ity
Performance. .

3 2\.‘ong-term reliability

Ex-1002, 955 (Decl. of Dr. Zhao) (annotated).

ined the m
Dr. Zhao explain contact:
consumption

: Tmnize O\Ner .
1. Minmt fe internal heating

e jctable ‘
o “A““!‘Tc“e‘ operat'\on with predictd
g dev

on ce
3. Prol performan 1002, 157-

Pet., 62-64; Reply, 29.
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Ex-1002, 957 (Decl. of Dr. Zhao) (annotated); Ex-2026, 11:18-23.



Ground 7: Yu-Usui-Sugimoto renders obvious claims 10 and 15

Patent Owner only disputes the motivation to
combine Yu-Usui with Sugimoto for claims 10 and 15

Petition shows it would have
been obvious to implement Yu-
Usui contact as an ohmic contact
using the teachings of Sugimoto

v Motivation to combine Yu with secondary references (grounds 6-7)

Pet., 62-64; Reply, 29.
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Ground 7: Yu-Usui-Sugimoto renders obvious claims 10 and 15

Yu-Usui-Sugimoto renders obvious claims 10 and 15

Yu, Fig. 2E.

(—

Metal layers | ohmic

Sugimoto, 9:48-50 (annotated).
Usui, 3:29-37, 4:5-8.

Pet., 62-64; Reply, 29;
562 pat., Claims 10, 15.
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v

v

[10] The electrical contact of claim 8, wherein said electrical contact is
implemented as a power electrode making ohmic contact with said group IlI-V
semiconductor device.

[15] The electrical contact of claim 13, wherein said electrical contact is
implemented as a power electrode making ohmic contact with said group IlI-V
semiconductor device.



Ground 7: Yu-Usui-Sugimoto renders obvious claims 10 and 15

- Yu-Usui-
S RS R /J Sugimoto
% % Y Metal layers EBZI ohmic V4 [10] The electrical contact of claim 8, wherein said
LJN electrical contact is implemented as a power
Yu, Fig. 2E. Usui, 3:29-37, 4:5-8. electrode making ohmic contact with said group IlI-

V semiconductor device.

v [15] The electrical contact of claim 13, wherein said
electrical contact is implemented as a power
electrode making ohmic contact with said group IlI-
V semiconductor device.

Pet., 62-64; Reply, 29; '562 pat., Claims 10, 15.
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Yu grounds: All claims invalid

Chatlenged clims |__basis | priorar_____

All C[aims
Invajiy
1-8, 12, 13, and 17 § 103 Yu and Usui All Cloy
’nvaliéns
9,11, 14, and 16 § 103 Yu, Usui, and Adesida

Al Clajm:
7 10 and 15 § 103 Yu, Usui, and Sugimoto Invalig

Yu Grounds

Pet., 3.
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Summary
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All claims invalid

Prior Art

1 1, 2, and 4-7
Usui Grounds 3,8,12,13,and 17

9,11, 14, and 16
10 and 15
1-8, 12, 13, and 17

Yu Grounds 9,11, 14, and 16

7 10 and 15

Pet., 3.
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Challenged Claims m

§ 102
§ 103
§ 103
§ 103
§ 103
§ 103

§ 103

Usui

Usui and Yu

Usui, Yu, and Adesida
Usui, Yu, and Sugimoto
Yu and Usui

Yu, Usui, and Adesida

Yu, Usui, and Sugimoto

All Claimg
’nVaIid

'nVaIid

’nVaIid

All Claimes
Invajiy

All Claime
Invajiy

nVa[,'d

il el

All C[aims
Invajiy



Unrebutted Arguments

Petitioner’s Argument:

Patent Owner seeks to limit the meaning of “electrode stack” to three example electrodes given in the specification: an ohmic
contact, a Schottky contact, or an insulated gate.

The open-ended terms “comprising” and “including” means other components may be part of the “electrical contact” and
“electrode stack.”

The dependent claims’ specific requirements for certain materials and layer arrangements in the electrode stack, for
implementation as particular types of contacts and devices, do not limit the plain meaning of “electrode stack.”

The dependent claims implement the broader term “electrical contact” as an ohmic contact or Schottky contact, which does no
specifically require the “electrode stack” make ohmic or Schottky contact.

“electrode stack” of the independent claims is broader than an insulated gate electrode.

The 562 specification does not define the term “electrode stack” or disavow its full scope.

Neither the claims nor the specification equate “electrical contact” and “electrode stack.”

The parties agree an interconnect provides electrical connections between semiconductor components.
Patent Owner construes “electrode stack” to require direct electrical contact with a nonmetallic component.

The patent claims a “semiconductor device” (claims 1, 13) without altering its meaning and does not limit the “electrical contac

or “electrode.”
Reply, 2-7, 10-14,
27; see generally ~ Patent Owner does not dispute that Yu's barrier 218 is a metal layer stacked along with the other metal layers.

Sur-Reply.
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