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CLAIM LISTING

Element Claim Language

[Ipre] | An integrated circuit structure, comprising:

[la] a fin comprising silicon;
[1b] a gate electrode over the fin;
[Ic] a first source or drain region in the fin proximate a first side of the

gate electrode;

[1d] the first source or drain region comprising two or more facets and a
top surface;

[le] wherein the first source or drain region comprises silicon and germa-
nium;

[ 11] having a germanium concentration graded to a concentration in ex-
cess of 50%;

[1g] a first germanide layer over the top surface of the first source or

drain region, the first germanide layer comprising silicon, germa-
nium and titanium;

[1h] a second source or drain region in the fin proximate a second side of
the gate electrode opposite the first side,

[1i] the second source or drain region comprising two or more facets and
a top surface,

[1j] wherein the second source or drain region comprises silicon and ger-
manium
[1Kk] having a germanium concentration graded to a concentration in ex-

cess of 50%; and

[11] a second germanide layer over the top surface of the second source
or drain region, the second germanide layer comprising silicon, ger-
manium and titanium.

vii
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Element Claim Language

[2] The integrated circuit structure of claim 1, wherein the first and sec-
ond source or drain regions have a boron concentration greater than
1E20.

[3] The integrated circuit structure of claim 1, wherein the first and sec-

ond source or drain regions have a boron concentration graded from
a base level to a concentration in excess of 1E20.

[4] The integrated circuit structure of claim 1, wherein the fin comprises
a strained channel between the first and second source or drain re-
gions.

[5] The integrated circuit structure of claim 1, wherein the first and sec-

ond source or drain regions are P-type.

[6pre] | An integrated circuit structure, comprising:

[6a] a body comprising silicon;

[6b] a gate electrode over the body;

[6¢] a first source or drain region in the body proximate a first side of the
gate electrode,

[6d] the first source or drain region comprising two or more facets and a
top surface,

[6¢] wherein the first source or drain region comprises silicon and germa-
nium

[61] having a germanium concentration graded to a concentration in ex-
cess of 50%

[6g] a first germanide layer over the top surface of the first source or

drain region, the first germanide layer comprising silicon, germa-
nium and titanium;

[6h] a second source or drain region in the body proximate a second side
of the gate electrode opposite the first side,

viii
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Element Claim Language

[61] the second source or drain region comprising two or more facets and
a top surface,

[6] wherein the second source or drain region comprises silicon and ger-
manium
[6Kk] having a germanium concentration graded to a concentration in ex-

cess of 50%; and

[6]1] a second germanide layer over the top surface of the second source
or drain region, the second germanide layer comprising silicon, ger-
manium and titanium.

[7] The integrated circuit structure of claim 6, wherein the first and sec-
ond source or drain regions have a boron concentration greater than
1E20.

[8] The integrated circuit structure of claim 6, wherein the first and sec-

ond source or drain regions have a boron concentration graded from
a base level to a concentration in excess of 1E20.

[9] The integrated circuit structure of claim 6, wherein the body com-
prises a strained channel between the first and second source or drain
regions.

[10] The integrated circuit structure of claim 6, wherein the first and sec-

ond source or drain regions are P-type.

[11pre] | A computing device, comprising:

[11a] a board; and

[11b] a component coupled to the board, the component including an inte-
grated circuit structure, comprising;:

[11c] a fin comprising silicon;

[11d] a gate electrode over the fin;

1X
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Element Claim Language

[11e] a first source or drain region in the fin proximate a first side of the
gate electrode,

[111] the first source or drain region comprising two or more facets and a
top surface,

[11g] | wherein the first source or drain region comprises silicon and germa-
nium

[11h] | having a germanium concentration graded to a concentration in ex-
cess of 50%;

[111] a first germanide layer over the top surface of the first source or
drain region, the first germanide layer comprising silicon, germa-
nium and titanium;

[117] a second source or drain region in the fin proximate a second side of
the gate electrode opposite the first side,

[11k] | the second source or drain region comprising two or more facets and
a top surface,

[111] wherein the second source or drain region comprises silicon and ger-
manium

[1Im] | having a germanium concentration graded to a concentration in ex-
cess of 50%; and

[11n] | asecond germanide layer over the top surface of the second source
or drain region, the second germanide layer comprising silicon, ger-
manium and titanium.

[12] The computing device of claim 11, further comprising: a memory
coupled to the board.
[13] The computing device of claim 11, further comprising: a communi-

cation chip coupled to the board.

[14] The computing device of claim 11, further comprising: a camera
coupled to the board.
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Element Claim Language

[15] The computing device of claim 11, further comprising: a global posi-
tioning system coupled to the board.

[16] The computing device of claim 11, further comprising: a battery cou-
pled to the board.

[17] The computing device of claim 11, further comprising: an antenna
coupled to the board.

[18] The computing device of claim 11, wherein the component is a pack-

aged integrated circuit die.

[19] The computing device of claim 11, wherein the component is se-
lected from the group consisting of a processor, a communications
chip, and a digital signal processor.

[20] The computing device of claim 11, wherein the computing device is
selected from the group consisting of a mobile phone, a laptop, a
desk top computer, a server, and a set-top box.

X1
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Samsung Electronics Co., Ltd. (“Petitioner” or “Samsung”) petitions for /n-

ter Partes Review (“IPR”) of claims 1-20 (“the Challenged Claims”) of U.S. Pa-

tent No. 10,700,178 (“the *178 Patent™).

I. REQUIREMENTS FOR IPR

A.

Grounds for Standing

Petitioner certifies that the *178 Patent is available for IPR. This petition is

being filed within one year of service of a complaint against Samsung. Samsung is

not barred or estopped from requesting review of the Challenged Claims on the be-

low-identified grounds.

B.

Challenge and Relief Requested

Petitioner requests IPR of the Challenged Claims on the grounds set forth in

the table shown below. Additional explanation and support for each ground is set

forth in the expert declaration of Dr. Fred Schubert (SAMSUNG-1003), referenced

throughout this Petition. Dr. Schubert’s analysis is corroborated by citation to var-

ious exhibits including exhibits from SAMSUNG-1016 through -1037.

Ground Claims Basis Under 35 U.S.C. §103
1A 1,4-6,9-10 Tezuka-Tung
1B 1-10 Tezuka-Tung-Simonelli
2 1-10 Tung-Simonelli
3A 11-20 Conway-Tezuka-Tung
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Ground Claims Basis Under 35 U.S.C. §103
3B 11-20 Conway-Tezuka-Tung-Simonelli
3C 11-20 Conway-Tung-Simonelli

The 178 Patent, filed May 20, 2019, claims priority to an application filed
on December 21, 2010 (“Critical Date). Without acquiescence, Petitioner has ap-

plied prior art in this Petition that predates the Critical Date. Each of the prior art

references qualifies as prior art to the *178 Patent as shown below:

Reference Published Pre-AIA Prior Art
Qualification
Tezuka N/A 08/05/2010 §102(a)
Tung 01/06/2010 11/04/2010 §§102(a), (e)
Simonelli 12/11/2008 06/17/2010 §§102(a), (e)
Conway 05/28/2009 12/31/2009 §102(a), (e)

I1. OVERVIEW OF THE 178 PATENT
A.  Subject Matter Overview

The 178 Patent generally describes techniques for forming germanide-based
contacts to the source and drain regions of a field-effect transistor (“FET””). SAM-
SUNG-1001, Abstract; SAMSUNG-1003, 440, see also id., 140-44. The inven-
tors purportedly sought to “reduce the band misalignment value and contact re-

sistance” of such contacts by forming the germanide from an “intermediate boron
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doped germanium layer” (also referred to as a germanium “cap layer”) “between
the source/drain and contact metals,” where the “cap layer” is composed of more
than ninety atomic-percentage germanium. SAMSUNG-1001, 2:45-49, 7:17-20,
10:41-50, 12:12-31, 14:3-6.

To illustrate, Figure SF depicts an example in which boron-doped germa-
nium cap layers 317/319 have been formed over source/drain regions 318/320. Id.,
12:49-57. A suitable contact metal 325/327, such as titanium, is deposited over
cap layers 317/319. The contact metals 325/327 are then annealed with their re-
spective cap layers 317/319 to form germanide layers that electrically couple the
source and drain regions 318/320 to external circuitry via metal contact plugs

329/331. Id., 11:56-12:31, 12:64-13:2.

Contact plug 329 Gate Stack Contact plug 331
Contact metal 325 302/304/306 \ Contact metal 327

Boron-doped Ge layer 317 l \ Boron-doped Ge layer 319
A
306

Fedmel

Dielectric 322 Dielectric 322

Source/Drain :
Regions 318, 320

318A Substrate 300 3204 30

FIG. 5F

SAMSUNG-1001, FIG. 5F (annotated); see also id., FIG. 31.
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The *178 Patent further explains how the boron-doped germanium caps can
be used to improve contact resistance in a range of FETs, “including both planar
and non-planar transistor structures (e.g., FInFETs).” Id., 2:25-28. The Chal-
lenged Claims are specifically directed to non-planar devices (e.g., FinFETs or
other devices that were known to have multiple gates that would wrap a “fin” or

channel body on multiple sides), an embodiment of which is depicted in Figure 6:

Substrate 600 Epitaxial source/drain region 631

(covered by boron-doped Ge cap layer 641)

Isolation Regions 610/620

SAMSUNG-1001, FIG. 6; see also id., 13:3-14:2.

B.  Summary of the File History

In the only substantive action issued during original examination of the 178
Patent, the Examiner made no prior art rejections, but rejected the claims for lack-

ing written description support for the limitations directed to “two or more facets”
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of the source and drain regions. SAMSUNG-1002, 70-72; SAMSUNG-1003,
q945-47. The applicant responded by arguing that Figure 6 depicted facets in the
source/drain regions, and provided the following annotated version of Figure 6 to

point out the supposed facets:

Two exemplary but non-limiting
locations for facets for a first
source or drain region,

Annotated Figure 6 of Applicant’s specification.
SAMSUNG-1002, 62.
The Examiner accepted the applicant’s identification of support for “two or
more facets,” and allowed the application thereafter. SAMSUNG-1002, 34-41.

C. Level of Ordinary Skill in the Art

A person of ordinary skill as of the Critical Date (“POSITA”) would have
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had a Master’s degree in electrical engineering, physics, or a related field, and two
years of work experience in integrated circuit design or manufacturing. Additional
education could substitute for professional experience, or significant experience in

the field could substitute for formal education. SAMSUNG-1003, 9923-25.

I11. Claim Construction

All claim terms should be construed according to the Phillips standard.
Phillips v. AWH Corp., 415 F.3d 1303 (Fed. Cir. 2005); 37 C.F.R. §42.100.
“[C]laim terms need only be construed to the extent necessary to resolve the con-
troversy.” Wellman, Inc. v. Eastman Chem. Co., 642 F.3d 1355, 1361 (Fed. Cir.
2011); SAMSUNG-1003, 9948-49.

Petitioner is not conceding that the Challenged Claims satisfy all statutory
requirements including those under 35 U.S.C. § 112.

IV. THE CHALLENGED CLAIMS ARE UNPATENTABLE

A. [GROUND 1A] — Obviousness based on Tezuka and Tung
(Claims 1, 4-6, 9-10)

1. Overview of Tezuka

Tezuka generally describes ““a field effect transistor that can reduce leakage
current when a strained channel is used, suppress the occurrence of defects, and
improve the yield.” SAMSUNG-1005, [0005]; see also id., [0006]-[0010], [0117]-
[0143]; SAMSUNG-1003, 450, see also id., 951-53. Figure 8 depicts the struc-

ture of Tezuka’s FInFET embodiment:
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Gate electrode 50

Source region 60 +

- & i i
T Drain region 70 +
source ground Iayer 63 81

\ ¢ §2  drain ground layer 73

60 70
6l U
63~ L73

go._

I

I
Fin 31

Tezuka, FIG. 8(b) (annotated)
Tezuka further teaches that “[a] metal compound layer (Ni1GeSi or the like)
... may be formed on the surfaces of the source/drain regions 60 and 70.” SAM-
SUNG-1005, [0170]; see also id., [0066] (“Ni and Ge are reached by heat treat-
ment to form the source/drain electrodes 65 and 75 made of NiGe germanide”),
[0039], [0054], [0089].

2. Overview of Tung

Tung describes techniques for forming non-planar FETs (e.g., FInFETSs)
with improved contacts to the source and drain regions. SAMSUNG-1006, [0005]-
[0006], [0019]-[0021]. Tung’s process involves forming a doped semiconductor

cap layer 55 over an outer surface of a semiconductor material 51 of the source or
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drain region, depositing a metal 57 such as titanium over the cap layer 55, and an-
nealing the metal 57 over the cap layer 55 to form a metal silicide or germanide
layer 59. Id., [0043]-[0045]. The cap layer 55 can be a doped germanium layer,
and the resulting germanide layer 59 provides a contact structure to the source or
drain region with a low contact resistance and reduced Schottky barrier height. /d.,

[0058], [0078]; SAMSUNG-1003, 54.

Metal 57 (e.g., Ti) A, . Metal Germanide 59
\! Layer 59
Cap Layer 55 \ 35
(e.g., doped Ge) 55!——51
oy : R 55N
y B S ] :: : 55 y.ic:: H \
SID Semiconductor {7 | > (D A
Material 51 AT RN B & 7 %_& 56

Heat (e.g., anneal)

(e.9., SiGe) 54

DY R S

FIG. 4d FIG. 4e

Tung, FIGS. 4d-4e (annotated)

3. Obviousness Analysis

As discussed in further detail below, it would have been obvious in view of
Tung to form Tezuka’s metal compound layers as germanide layers (1) using tita-
nium and (2) from a germanium cap layer like Tung’s semiconductor layer 55.

SAMSUNG-1003, 958-59.
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Tezuka-Tung: Metal Compound Layer Having Titanium

Tezuka describes a “metal compound layer” that is formed over the source
and drain layers 60/70 of a FInFET, where the metal compound layer includes “Ni-
GeSi or the like.” SAMSUNG-1005, [0120]. While NiGeSi is identified as one
suitable compound, it would have been obvious that any number of common ger-
manide or silicide materials formed from different metals could be used in Te-
zuka’s metal compound layers to form contacts to the source and drain regions.
SAMSUNG-1003, 960, see also id., 960-65. Tung, for instance, teaches that “Ni,
Pd, Pt, Pa, Co, Ti, Al, Au, Lanthanoids ..., or combinations thereof” all would
have been suitable to form a metal silicide or germanide layer 59 over the source
and drain regions of a non-planar FET. SAMSUNG-1006, [0042], [0061], [0080],
Abstract. Relevant to the claims of the 178 Patent, Tung identifies titanium (T1)
as one such metal that would be suitable for forming metal compound layers like
Tezuka’s. Infra,[1g], [11]. It would have been obvious to select titanium for the
metal compound layers in Tezuka’s FInFET, and multiple reasons would have
prompted a POSITA to do so. SAMSUNG-1003, 960.

First, Tezuka specifically notes that compounds other than NiGeSi would be
suitable for use in the metal compound layer, and Tezuka leaves the selection of a

particular compound to the discretion of a POSITA. SAMSUNG-1005, [0015] (“a
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metal compound layer (NiGeSi or the like)”), [0053], [0089], [0120]. Tung’s dis-
closure of additional metals indicates that the selection of any one of them, includ-
ing titanium, would have amounted to a non-innovative design choice, i.e., a rou-
tine and predictable choice that a POSITA would have made to optimize one or
more well-known properties of the transistor or fabrication process that depend at
least in part on the selection of a particular metal (e.g., properties related to
Schottky barrier height, contact resistivity, and/or reactivity of the metal com-
pound). SAMSUNG-1003, 61.

Second, titanium would have been obvious to use in forming Tezuka’s metal
compound layer to enjoy the benefit of various well-known characteristics of tita-
nium-based contacts. SAMSUNG-1003, 962. Titanium-based contacts were com-
monly used before the 178 Patent, owing, among other things, to their low resis-
tivity, high chemical reactivity, and capability of forming compounds with lower
Schottky barrier heights. Id. Titanium was also known to promote formation of
low-leakage junctions, which also would have led a POSITA toward the use of ti-
tanium in the resulting device of the Tezuka-Tung combination. /d.

Third, the use of titanium in the metal compound layer of the Tezuka-Tung
device would have amounted to a simple substitution of nickel as taught in Tezuka
with titanium as taught in Tung to produce predictable results (i.e., a metal com-

pound layer based on titanium, germanium, and silicon). SAMSUNG-1003, 963.
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A POSITA likewise would have been led to select titanium as a matter of routine
experimentation and optimization (e.g., as part of experimentation to select a metal
that would facilitate formation of a germanide layer with a suitably low contact re-
sistance and Schottky barrier height). Id.

Fourth, the use of titanium in the metal compound layer of the Tezuka-Tung
combination would have amounted to no more than an obvious use of a known
technique (e.g., a titanium-based metal compound layer for source/drain contacts in
a FinFET) to improve a similar device (e.g., Tezuka’s FInFET) in substantially the
same way as taught in Tung. SAMSUNG-1003, q64.

A POSITA would have had a reasonable expectation of success forming a
metal compound layer that includes titantum. This is particularly evident from the
popularity of titanium in silicides and germanides before the *178 Patent, and is
further underscored by the *178 Patent’s own identification of titanium as an “in-
dustry standard” contact metal. SAMSUNG-1001, 2:49-56; SAMSUNG-1003,
q65.

Tezuka-Tung: Metal Compound Layers Formed from Germanium Cap Layers

Tezuka does not describe in detail how to form its metal compound layers

over the source and drain regions of the FinFET, but Tung nonetheless focuses on

11
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techniques for forming analogous layers (referred to in Tung as “metal silicide lay-
ers 59”") by annealing metal with a doped germanium cap layer (referred to in
Tung as “semiconductor layer 55). Supra, Section IV.A.2; SAMSUNG-1005,
[0120]. For example, Tung’s process involves growing cap layer 55 over an outer
surface of a semiconductor material 51 of source and drain regions 39, depositing a
metal 57 over the cap layer 55, and annealing the resulting structure to form a ger-
manide layer 59 over the source and drain regions 39. SAMSUNG-1006, [0078]-
[0082], [0039]-[0045], FIGS. 4, 13-16.

A POSITA would have found it obvious to form Tezuka’s metal compound
layer by annealing a metal including titanium with a doped germanium cap layer

formed over at least a portion of the source and drain regions as taught in Tung,

' Tung’s generically labeled “silicide” layer 59 would have been understood to be a
“germanide” layer at least when it is formed by annealing a metal such as titanium
over a germanium cap layer 55 composed of “doped Ge” or “doped SiGe” formed
predominantly of germanium (e.g., in excess of 90% Ge). SAMSUNG-1006,
[0058], [0078]; SAMSUNG-1001, 9:34-42, 10:43-50, 12:21-27, 16:14-17; SAM-
SUNG-1003, 991, FN18. By contrast, for example, a layer formed by annealing
metal with pure silicon would be understood to be a silicide rather than a germa-

nide. SAMSUNG-1003, 991, FN18; see also id., §62, FN2, 195, q173.

12
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and multiple reasons would have prompted a POSITA to integrate these teachings
in the Tezuka-Tung combination. SAMSUNG-1003, 967, see also id., )66, 68-
70.

To start, for example, a POSITA would have sought to form Tezuka’s metal
compound layer using a germanium cap layer to realize the benefits of such tech-
niques as expressly taught in Tung. SAMSUNG-1003, 967. These include reduc-
ing the Schottky barrier height and lowering contact resistance between the result-
ing germanide layer and the source and drain regions. SAMSUNG-1006, [0034]
(“The metal silicide layer 59 comprises a suitable metal silicide to lower the
Schottky barrier height of the majority carriers. ...The Schottky barrier height be-
tween the doped semiconductor layer 55 and the metal silicide layer 59 determines
the source/drain series resistance of the transistor” and “the doped semiconductor
layer 55 is heavily doped so as to minimize this resistance.”); see also id., [0005]-
[0006], [0032]; SAMSUNG-1003, 967-68.

According to Tung, “the low Schottky barrier height at the source of the
transistor and the ultra-shallow junction depths ... achievable with metal silicides
significantly improve[s] short channel effects of the transistor.” SAMSUNG-1006,
[0031]. A POSITA would have known that various properties of germanium ren-
der it favorable to silicon in certain respects, €.g., including germanium’s higher

carrier mobilities and lower resistivity; accordingly, a germanium cap layer would
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have been obvious and beneficial to use in forming metal compound layers over
the source and drain regions of Tezuka’s FInFET as germanide layers. SAM-
SUNG-1003, 968. The use of such a germanium cap layer would have allowed the
FinFET in the Tezuka-Tung combination to more fully obtain the benefits of Ge’s
intrinsically favorable properties as a result of its high content in the cap layer—
even if the Ge content in the SiGe source/drain regions is significantly lower than
the Ge content in the cap layer as permitted in various embodiments in Tezuka
(e.g., Tezuka’s teachings encompasses Ge in excess of 50% by even a small
amount in the source/drain layers 60/70). SAMSUNG-1005, [0140] (“Ge compo-
sition range of 50% to 90%”); SAMSUNG-1003, 68.

Further, based on Tung, it would have been obvious to use a cap layer in
forming Tezuka’s metal compound layer so as to increase the uniformity of do-
pants at or near an interface to the metal from which the germanide layer is
formed, as well as to reduce “residual defects that may result in poor silicide for-
mation or result in leakage currents” that can otherwise result when implanting do-
pants for contact formation directly into the source/drain regions rather than in a
germanium cap layer. SAMSUNG-1006, [0005], [0020] (“The use of epitaxial
process prevents nucleation effects. Further, a uniformly controlled doping is
achievable even in non-planar structures.”); SAMSUNG-1003, 969.

Moreover, the use of a doped germanium cap in the FinFET of the resulting
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combination would have amounted to a merely obvious use of a known technique
as taught in Tung to improve a similar device (e.g., Tezuka’s FinFET) to yield no
more than predictable results. SAMSUNG-1003, §70. Here, “when a patent
‘simply arranges old elements with each performing the same function it had been
known to perform’ and yields no more than one would expect from such an ar-
rangement, the combination is obvious.” KSR Int’l Co. v. Teleflex Inc., 550 U.S.
398, 417 (2007).

A POSITA would have had a reasonable expectation of success implement-
ing the combination in light of the similar types of devices described in Tezuka and
Tung. SAMSUNG-1003, 965 and 70. Notably, Tezuka and Tung each describe
techniques for forming metal compound layers over the source/drain regions of
non-planar devices (e.g., FInFETs), and Tung expressly teaches that the doped ger-
manium-cap layer can be formed over an epitaxially grown SiGe source/drain re-
gion (e.g., SiGe material 51 of source/drain regions 39) analogous to the upper
source/drain layers 60/70 of Tezuka’s device. SAMSUNG-1006, [0040], [0058],
[0074], [0078]. Tung also expressly confirms that a POSITA would have known
how to apply its techniques across a range of devices and integrated circuit struc-
tures. SAMSUNG-1006, [0019]-[0020], [0083]-[0084]. In this context, imple-
menting the combination would have been within the skill of a POSITA, and a

POSITA would have had a reasonable expectation of success. SAMSUNG-1003,
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970.

The Tezuka-Tung combination would have rendered obvious each of claims
1, 4-6, and 9-10 for the reasons described below. SAMSUNG-1003, q471-73; see
also id., 1974-110.

Element [1pre]

To the extent the preamble is a limitation, the Tezuka-Tung combination
would have rendered obvious [1pre]. SAMSUNG-1003, §73. Tezuka describes a
fin-type field effect transistor 400, which a POSITA would have understood to be a
type of component commonly used in integrated circuits. SAMSUNG-1005,
[0117]-[0143], FIG. 8; generally id., FIGS. 8-17; SAMSUNG-1003, §73. In one
example, Tezuka teaches that “the fin-type field effect transistor is a strained Si-
pMOSFET having compressive strain in the direction of hole conduction (channel
length direction).” SAMSUNG-1005, [0138].

Element [1a]

The Tezuka-Tung combination would have rendered obvious [1a], e.g., in
view of Tezuka’s disclosure of a fin 31 in transistor 400. SAMSUNG-1005,
[0118]-[0119], [0139]; SAMSUNG-1003, 974. According to Tezuka, “fin 31 and
the channel region are made of n-type Si.” SAMSUNG-1005, [0139]; see also id.,

[0150].
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Tezuka, FIG. 8b (annotated)

Further, as described below in reference to feature [1c], and consistent with
common usage of the term “fin” in the field before the 178 Patent (and with how
the term “fin” is used in the Challenged Claims), a POSITA would have under-
stood Tezuka’s fin to include not only the indicated portion of silicon beneath the
gate, but also the epitaxially-formed source and drain regions. Infra, [1c]; SAM-
SUNG-1003, 975.

Element [1b]

The Tezuka-Tung combination would have rendered obvious [1b] based on

Tezuka’s disclosure of a gate electrode over the fin, e.g., the gate electrode 50 of
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the transistor 400 disposed over the fin 31.> SAMSUNG-1003, §76. Tezuka dis-
closes that “[a] gate electrode 50 is formed on both side surfaces of the upper por-
tion of the fin 31 with a gate insulating film 40 interposed therebetween.” SAM-

SUNG-1005, [0118]; see also id., [0127], [0139].

(c)
(Gate electrode 0

88 I 7P 227272777153
Ny
Ba'-. . ‘ 3 .-"51
P SN e N NN

31

Y ASSS
Fin 31 N

e -90

Tezuka, FIG. 8c (annotated)

2 In the alternative, Tezuka’s poly-SiGe film 52 would have rendered obvious the

claimed “gate electrode.” SAMSUNG-1005, [0123]; SAMSUNG-1003, 976, FN7;

see also id., §996-97.
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Elements [1c], [1h]

The Tezuka-Tung combination would have rendered obvious [1¢]/[1h], e.g.,
in view of Tezuka’s disclosure of a first source or drain region comprising, collec-
tively, source ground layer 63 and upper layer 60, and a second source or drain re-
gion comprising, collectively, drain ground layer 73 and upper layer 70. SAM-

SUNG-1003, 977; see also id., 1978-80, §996-97.

First side of gate Second side of
electrode 50 gate electrode 50

First source/drain 1 \4 ' Second source/drain
region ' region

I

l
Fin 31

Tezuka, FIG. 8b (annotated)
Tezuka explains that source/drain ground layers 63/73 are epitaxially grown
in etched recesses 82 on either side of fin 31, and upper source/drain layers 60/70
are epitaxially grown over layers 63/73. SAMSUNG-1005, [0135]-[0136], FIGS.

16-17; see also id., [0120]-[0121], [0139]-[0140]. Upper layers 60 and 70 are
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doped oppositely from fin 31 and the channel region, and thus provide a source and
drain for charge carriers conducted across the channel. /d., [0139]; SAMSUNG-
1003, 978. Furthermore, source/drain ground layers 63/73 are formed within the
same recesses 82 as source/drain upper layers 60/70, and ground layers 63/73 are
each within a same respective source or drain “region’ as upper layers 60/70.
SAMSUNG-1003, 978. This understanding is consistent with Tezuka’s identifica-
tion of both layers 60/63 as respective “source” components and Tezuka’s identifi-
cation of both layers 70/73 as respective “drain” components. /d. It is further
consistent with descriptions of the source and drain regions in the *178 Patent. /d.;
SAMSUNG-1001, 8:60-66.

Tezuka’s source region 60/63 abuts a first source/drain sidewall of Tezuka’s
fin 31 proximate a first side of the gate electrode 50, while Tezuka’s drain region
70/73 abuts a second source/drain sidewall of Tezuka’s fin 31 proximate an oppo-
site side of the gate electrode 50. SAMSUNG-1005, FIG. 8(b). A POSITA would
have understood and it would have been obvious that the source/drain regions in
the Tezuka-Tung combination are “in the fin” according to a common understand-
ing of epitaxially grown source/drain regions in FInFET devices as being part of or
“in” the fin. SAMSUNG-1003, 479. The ’178 Patent embraces a similar view,
which is apparent in light of the specification’s disclosure of epitaxially grown

source/drain regions 631 formed on opposite source/drain sidewalls of a channel
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body or fin 660. SAMSUNG-1001, 13:22-50, FIG. 6; see also SAMSUNG-1013,
32 (applicant’s claims in a counterpart EP application refer to a “first source or
drain region in the fin” that “compris[es] an epitaxial region (631) ... formed on
... one fin sidewall”); SAMSUNG-1003, q79. For the epitaxially grown
source/drain regions 631 to be “in the fin,” it would have been obvious that the
claimed “fin” is not limited to a structure in the channel region like fin 660. Id.
The claimed “fin” would instead encompass epitaxially grown source/drain regions
like Tezuka’s source region 60/63 and drain region 70/73. Id. Tezuka reinforces
the obviousness of forming first and second source or drain regions “in the fin” by
virtue of growing the source region 60/63 and drain region 70/73 in a recess 82 of
fin 31. SAMSUNG-1003, [0119], [0135]-[0136]; SAMSUNG-1003, 979.

The *178 Patent does not define any bounds for the term “proximate,” but
under any reasonable interpretation, it would have been obvious that Tezuka’s
source region 60/63 is proximate a first side of the gate electrode 50 and Tezuka’s
drain region 70/73 is proximate a second side of the gate electrode 50 opposite the
first side. SAMSUNG-1003, 480. Indeed, much as FIG. 6 of the *178 Patent
shows the epitaxial source/drain regions 631 extending from opposing sidewalls of
a fin structure 660 on opposite sides of a gate electrode 640, Tezuka’s source and
drain regions similarly extend from opposing source/drain sidewalls of fin 31 on

opposite sides of a gate electrode 50, rendering the source and drain regions 60/63
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and 70/73 very near and close to the first and second sides of the gate electrode 50
respectively. Cf. SAMSUNG-1001, FIG. 6; SAMSUNG-1005, FIGS. 8(a)-(d).

Elements [1d]. [1i]

The Tezuka-Tung combination would have rendered obvious [1d]/[1i], e.g.,
in view of Tezuka’s disclosure of at least two facets and a top surface at each of
source region 60/63 and drain region 70/73. SAMSUNG-1005, [0136], [0118]-
[0121], FIGS. 8, 17; supra, [1c]; Section I1.B; SAMSUNG-1003, 981; see also id.,

1996-97.

Facets

- - -

[
L
!

First source/drain region Second source/drain region

Tezuka, FIG. 8b (annotated)
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Tezuka, FIG. 8d (annotated)

Elements [1e], [1j]

The Tezuka-Tung combination would have rendered obvious [1¢e]/[1j], e.g.,

in view of Tezuka’s disclosure that source region 60/63 and drain region 70/73

each comprise alloys of silicon and germanium. SAMSUNG-1005, [0139]

(“source ground layer 63 and the drain ground layer 73 are made of n-type

Si0.95Ge0.05”), [0140] (upper source/drain layers 60/70 “have a preferable Ge com-

position range of 50% to 90%”), [0139] (upper source/drain layers 60/70 can be

“Sig7Geos”); see also id., [0119]-[0121], [0135]-[0136], [0123]-[0124]; SAM-

SUNG-1003, 982, see also id., 9996-97.
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Elements [1f], [1k]

The Tezuka-Tung combination would have rendered obvious [1f]/[1k], e.g.,
in view of Tezuka’s description of source region 60/63 and drain region 70/73 each
having germanium graded to a concentration in excess of 50%. SAMSUNG-1003,
1983-84, see also id., 996-97. According to Tezuka, the source/drain ground lay-
ers 63/73 are formed from SiGe material having a lower concentration of Ge than
the SiGe material of source/drain upper layers 60/70. For example, the Ge concen-
tration in upper layers 60/70 is preferably as high as 90% (i.e., “in excess of
50%”). SAMSUNG-1005, [0140] (“source/drain regions 60 and 70 have a prefera-
ble Ge composition range of 50% to 90% ... from the viewpoint of generating as
large a stress as possible while avoiding stress reduction due to plastic defor-
mation”); see also id., [0020], [0059], [0076], [0093], [0119], [0135]-[0136],
[0139], [0123]-[0124]; SAMSUNG-1003, 983. The Ge concentration in ground
layers 63/73 is lower than upper layers 60/70, e.g., “Sio.9sGeo.0s”, but in any event
is calibrated to a level designed to prevent “dislocations [from] occur[ring] be-
tween the ground layers 63 and 73 and the substrate 10” while also supporting the
higher Ge concentration in upper layers 60/70. Id., [0139]-[0140]; see also id.,
[0119] (“source region 60 and a drain region 70 made of an alloy semiconductor
that ... has a composition ratio different from that of ... the ground layers 63 and

73, and has a different lattice constant”), [0120]-[0121]. Tezuka thus discloses and

24



Attorney Docket No. 39843-01531P1
IPR of U.S. Patent No. 10,700,178

renders [1f]/[1k] obvious based at least on bilayer grading between ground layers
60/63 and upper layers 70/73. Id.

Further, a POSITA would have known and it would have been obvious to
implement additional stepped or continuous grading of the Ge concentration within
each of upper layers 60/70 and/or ground layers 63/73. SAMSUNG-1003, 984.
Graded epitaxial growth was a common and well-known technique before the 178
Patent, and a POSITA would have known that further grading within layers 60/70
and/or 63/73 would have been beneficial to enable growth of thicker crystalline
films for layers 60/70 and/or 63/73 that have increasingly higher Ge concentrations
while reducing the risk of growth defects, misfit dislocations, and plastic defor-
mation. SAMSUNG-1003, 983. The high Ge concentrations, thicker films, and
larger growth areas that could be achieved through additional grading would have
motivated a POSITA to implement further grading within each of layers 60/70
and/or layers 63/73 to reduce leakage currents, improve yield, and increase stress
(e.g., compressive strain) applied to the channel region (thereby increasing the mo-
bility of charge carriers and conductivity in the channel region). SAMSUNG-
1005, [0140]; SAMSUNG-1003, 984; infra, Ground 1B at Claims [1], [6].

Elements [1g], [11]

The Tezuka-Tung combination would have rendered obvious [1g]/[11] based

on the teachings of Tezuka in view of Tung. SAMSUNG-1003, 4985-95; see also
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id., 9996-97.

Tezuka discloses that “[a] metal compound layer (NiGeSi or the like) ...
may be formed on the surface of the source / drain regions 60 and 70.” SAM-
SUNG-1005, [0120]. Tezuka’s metal compound layers provide contacts or elec-
trodes to the source and drain regions. SAMSUNG-1005, [0066] (“source/drain
electrodes 65 and 75 made of NiGe germanide”), FIGS. 5(e)-(f); SAMSUNG-
1003, 986.

To the extent Tezuka does not specifically teach that the metal compound
layer is formed over respective top surfaces of the source and drain layers 60/70, a
POSITA would have found it obvious to do so based on Tung. SAMSUNG-1003,
87. As shown in FIGS. 9a and 11a, Tung’s metal 57 and doped semiconductor
layer 55 are deposited around all sides of each source/drain region 39, including
over a top surface of the source/drain region 39. SAMSUNG-1006, FIGS. 9a, 11a,
[0059]-[0065]; see also id., [0039]-[0045], FIGS. 4a-4d. As a result, a germanide
layer 59 is formed around all sides of the source/drain region 39, including the top

surface:
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Silicide layer 59
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Tung, FIGS. 9a (left, annotated), 11a (right, annotated)
See also SAMSUNG-1006, FIGS. 4a-4e, 15-16.

In the combination, it would have been obvious based on Tung to form each
of Tezuka’s metal compound layers over at least the respective top surface of the
source and drain layers 60 and 70 (e.g., over the top surface and all sides of the
source and drain regions), similar to Tung’s germanide layer 59, as illustrated be-

low.> SAMSUNG-1003, 988.

3 Although Tung’s FIG. 11a (and others such as FIGS. 4c-4¢) show a portion of
layer 55 that remains after annealing, in other embodiments, “all of the doped sem-
iconductor layer 55 may be consumed” leaving the germanide layer 59 in direct

contact with an outer surface of the SiGe material 51 of the source/drain regions.

SAMSUNG-1006, [0045], [0081].
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Tezuka, FIG. 8(b) (annotated)

It would have been obvious and a POSITA would have been motivated to
form Tezuka’s metal compound layers (i.e., germanide layers) over the top sur-
faces of the source and drain regions to align the germanide layers with the loca-
tion of contact plugs that are ordinarily formed above the source and drain regions
in an integrated circuit so as to electrically couple the source and drain regions to
other components through one or more layers of interconnect wiring formed above
the FET. SAMSUNG-1003, 489. The top surfaces of Tezuka’s source and drain
regions would also provide the widest surfaces of the source and drain regions
when viewed from the top of the FET, and therefore, forming germanide layers
over the top surfaces would have been useful to increase the contact surface area
and thereby reduce contact resistance. /d.

Tezuka discloses that its metal compound layers can include “NiGeSi or the
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like.” SAMSUNG-1005, [120]. To the extent Tezuka does not expressly disclose
titanium in the metal compound layers, Tung discloses titanium as a suitable metal
for use in forming metal compound layers over the source/drain regions of devices
such as non-planar FETs. SAMSUNG-1006, [0042], [0061], [0080], Abstract. It
would have been obvious and a POSITA would have been motivated to use tita-
nium in forming the metal compound layers (i.e., germanide layers) of the FiInFET
in the Tezuka-Tung combination for the reasons described above in the overview
of the combination. Supra, Section IV.A.3; SAMSUNG-1003, 990.

Tung further describes techniques for forming a germanide layer 59* over a
source or drain region of a FinFET by annealing a metal such as titanium with a
doped germanium cap layer 55 over SiGe material 51 of the source and drain re-

gions. SAMSUNG-1006, [0078]-[0082], [0039]-[0045], FIGS. 4(b)-(¢), 13-16.

* Supra, Footnote 1.
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Tung, FIGS. 4d-4e (annotated)

For the reasons described above in the overview of the Tezuka-Tung combi-
nation, it would have been obvious and a POSITA would have been motivated to
form Tezuka’s metal compound layers as germanide layers based on Tung’s pro-
cess—e.g., by growing a doped germanium cap layer 55 over SiGe source and
drain layers 60/70, depositing a metal such as titanium over cap layer 55, and an-
nealing titanium over cap layer 55. Supra, Section [V.A.3; SAMSUNG-1003, 991.
In this context, the metal compound layers (i.e., germanide layers) in the Tezuka-
Tung combination would each predictably include titanium, silicon, and germa-
nium. SAMSUNG-1003, 991. Titanium would be present in the metal compound
layers as a result of its deposition over cap layers 55, germanium would be present

at least from the doped germanium cap layers 55, and silicon would be present
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from the cap layers 55 (which can further include a small amount of silicon in ad-
dition to germanium) and/or from the underlying silicon-germanium material of
source and drain layers 60/70. Id. A POSITA would have known that annealing
metal with semiconductor material causes the constituent elements to mix and
chemically react to form a metal compound (e.g., a germanide layer). Id.

More specifically, as to the presence of silicon in the metal compound layers
(germanide layers) of the FInFET in the Tezuka-Tung combination, this feature
would have been obvious in several ways. SAMSUNG-1003, 4992-95. In a first
example, Tung teaches that the cap layer 55 can be formed from “doped Ge,” and
further that germanide layer 59 is formed by annealing a metal (e.g., titanium) over
cap layer 55 until the interface of germanide layer 59 extends some amount into
SiGe material 51 of the source/drain region 39.° SAMSUNG-1006, [0045] (“the
silicide interface moves beyond the doped semiconductor layer 55 and into the

semiconductor material 517°), [0081]; SAMSUNG-1003, 993. Consistent with

> Patent Owner’s infringement charts in the co-pending ITC proceeding similarly
appear to identify structures allegedly constituting germanide layers that extend at
least partially beneath the top surfaces of or within the indicated source and drain
regions. See SAMSUNG-1014, 8-10 (depicting alleged germanide layers extend-

ing into S/D regions).
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these teachings, in the combination, the metal compound layers that would result
from annealing would include silicon originating from the SiGe material of the
source/drain layers 60/70 (and would further include germanium and titanium as
described above). SAMSUNG-1006, [0058], [0078]; SAMSUNG-1003, 993.

In a second example, Tung teaches that “all of the doped semiconductor
layer 55 may be consumed by the silicidation process” when annealed. SAM-
SUNG-1006, [0045]. When all of cap layer 55 is consumed without the interface
of the resulting germanide layer 59 extending into the source/drain regions them-
selves (e.g., without extending into source/drain layers 60/70 of the Tezuka-Tung
FinFET), the lower surface of germanide layer 59 would contact the respective
outer surfaces of source/drain layers 60/70. In this case, it would have been obvi-
ous that at least some silicon near the outer surfaces of the source/drain layers
60/70 that contact the germanide layers 59 (metal compound layers) would migrate
into the metal compound layers due to the attraction of silicon from the
source/drain layers 60/70 to metal or other elements or compounds in the metal
compound layer. SAMSUNG-1003, 994. Here again, germanide layers 59 in the
combination would include titanium, germanium, and silicon (even when cap layer
59 is formed from doped Ge). /d.

In a third example, it would have been obvious for the germanium cap layer

55 itself to include a small amount of silicon such that the metal compound layers
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formed by annealing titanium with the cap layer 55 would naturally include silicon
along with titanium and germanium, regardless of whether cap layer 55 is entirely
consumed by annealing. SAMSUNG-1003, 995. Indeed, Tung not only teaches
that cap layer 55 can be “doped Ge,” but further teaches that cap layer 55 can in-
clude “doped SiGe” material. SAMSUNG-1006, [0058], [0078]. Given that both
doped Ge and doped SiGe are identified in Tung as suitable materials for cap layer
55, it would have been obvious to select a material for cap layer 55 formed pre-
dominantly of Ge (e.g., in excess of 90% Ge) to make beneficial use of well-
known intrinsically favorable properties of Ge (e.g., a lower band gap and Schottky
barrier height that would tend to yield lower contact resistance to the source/drain
regions) while still making beneficial use of Si (e.g., to lower the gap in Ge content
and reduce mislocations at the interface of the resulting germanide layer 59 and the
source/drain regions). SAMSUNG-1003, 495. At minimum, it was known before
the Critical Date that a wide range of concentrations of Ge in cap layers were suita-
ble for forming contact structures to source/drain regions, and it would have been
obvious to select a high concentration of Ge (e.g., in excess of 90%) to optimally
reduce contact resistance and dislocations/defects in the contact structures to the

source/drain regions. SAMSUNG-1003, 995.

Claim [4]

The Tezuka-Tung combination would have rendered obvious the additional
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features recited in [4], e.g., in view of Tezuka’s teachings. SAMSUNG-1003,
1998-99.

For example, Tezuka discloses that “source region 60 and a drain region 70
... [have] a composition ratio different from that of the substrate 10 and the ground
layers 63 and 73, and [have] a different lattice constant,” so that “[a] force is ap-
plied to the channel region of fin 31 by the source/drain regions 60 and 70.” SAM-
SUNG-1005, [0119]; see also id., [0120]-[0121], [0138] (“strained Si-pMOSFET
having compressive strain in the direction of hole conduction (channel length di-
rection)”), [0140] (“the source/drain regions 60 and 70 have a preferable Ge com-
position range of 50% to 90%] ... from the viewpoint of generating as large a
stress as possible”), Claim 5 (FInFET in which “stress is applied to the channel re-
gion in the channel length direction”), FIG. 8 (showing channel in fin between first
and second source/drain regions); see also id., [0002]-[0003], [0005], [0031]-

[0034], [0146], [0151], Claims 4-5 (“‘compressive strain””). SAMSUNG-1003, 999.

Claim [5]

The Tezuka-Tung combination would have rendered obvious the additional
features recited in [5], e.g., in view of Tezuka’s teachings that the first and second
source or drain regions can be p-type. SAMSUNG-1005, [0138] (“strained Si-
pMOSFET”), [0139] (“both source region 60 and the drain region 70 are ... doped

with B as a p-type impurity at a high concentration™), [0143] (“B is used as the
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source/drain impurity”); see also id., [0032], [0039], [0046], [0145]; SAMSUNG-
1003, q9100-101.

Element [6pre]
Supra, [1pre]. SAMSUNG-1003, 99102-104.

Element [6a]

Supra, [1a]. The Tezuka-Tung combination would have rendered obvious
[6a], e.g., in view of Tezuka’s disclosure of a fin comprising silicon. See supra,
[1a], [1c], [1h]. For example, just as the specification of the 178 Patent identifies
structure 660 alternately as a “body” or a “fin,” the same structures from the Te-
zuka-Tung combination that would have rendered obvious a “fin” would also have
rendered obvious the recited “body” in Claim 6. Cf. SAMSUNG-1001, 13:24-27,
FIG. 6; SAMSUNG-1003, 9105.

Elements [6b]-]61]
Supra, [1b]-[11]. SAMSUNG-1003, q9105-106.

Claim [9]
Supra, [4]. SAMSUNG-1003, 99107-108.

Claim [10]
Supra, [5]. SAMSUNG-1003, q9109-110.

B. [GROUND 1B] — Obviousness based on Tezuka, Tung, and Simo-
nelli (Claims 1-10)

1. Overview of Simonelli

Simonelli generally describes “planar and three-dimensional complementary
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metal oxide semiconductor (CMOS) devices comprising a compound layer with
graded germanium content.” SAMSUNG-1008, [0001], Abstract; SAMSUNG-
1003, 955. For example, Simonelli describes techniques for epitaxially growing
source/drain regions in a multi-gate device (e.g., a FInFET) “using a graded high-
germanium content silicon-germanium film stack 1400 like that illustrated in FIG.

14 (see [0051]-[0058]):

1430 < High Ge Content Layer (Highest Ge Concentration)
1400 1420 < Transition Layer (Medium Ge Concentration)

1410 € Seed Layer (Lowest Ge Concentration)

110 € Substrate 110

FIG. 14
Simonelli, FIG. 14 (annotated)

2. Obviousness Analysis

Claims [1]. [6]

In Ground 1A, it was shown that the Tezuka-Tung combination would have
rendered obvious independent claims 1 and 6 when Tezuka’s source layers 60/63
and drain layers 70/73 are respectively mapped to the claimed first and second
source or drain regions. Supra, Ground 1A.

Here (Ground 1B), the first and second source or drain regions are alterna-

tively mapped to Tezuka’s source (upper) region 60 and drain (upper) region 70,
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respectively—i.e., without further inclusion of ground layers 63 and 73 in the map-
pings.® SAMSUNG-1003, 9111-114. Source and drain regions 60/70 are each
comprised of SiGe with a “preferable Ge composition range of 50% to 90%” (i.e.,
in excess of 50%). SAMSUNG-1005, [0140].

Simonelli further teaches grading Ge content in the source and drain regions
of a FInFET. SAMSUNG-1008, [0051], [0053]-[0058], FIGS. 14-15; supra, Sec-
tion IV.B.1. It would have been obvious to modify Tezuka’s FinFET by grading
the Ge content in each of the source and drain regions 60 and 70 based on Simo-
nelli’s teachings, and a POSITA would have sought to introduce such grading in

the source and drain regions 60 and 70 for at least the reasons that would have led

6 Ground 1B would have rendered obvious claims 1-10 under either or both map-
pings for the claimed first and second source or drain regions (i.e., layers 60/63 and
70/73 together or layers 60 and 70 alone). SAMSUNG-1003, q4/111-114. Both al-
ternative mappings to the first and second source or drain regions are applied
against each of claims 1-10 in Ground 1B. Apart from the addition of the alterna-
tive mapping for the first and second source or drain regions, the Tezuka-Tung-
Simonelli combination would have disclosed or rendered obvious each of the other

elements of claims 1 and 6 for substantially the same reasons addressed above in

Ground 1A. Id.

37



Attorney Docket No. 39843-01531P1
IPR of U.S. Patent No. 10,700,178

a POSITA to introduce additional grading in Tezuka’s device as discussed above
with respect to [1f]/[1k] in Ground 1A. Supra, Ground 1A at [1f]/[1k]; SAM-
SUNG-1003, 9983-84, 9996-97.

A POSITA would have had a reasonable expectation of success grading the
Ge content in Tezuka’s source/drain regions 60/70, especially since the graded Ge
would be applied to the Tezuka-Tung-Simonelli FInFET in substantially the same
context described in Simonelli—i.e., in epitaxially grown SiGe source/drain re-
gions of a non-planar multi-gate FET. See SAMSUNG-1008, [0051], [0053]-
[0055], FIG. 12; SAMSUNG-1005, [0138]-[0143], [0136]. Tezuka also already
employs Ge bilayer grading between ground layers 63/73 and upper layers 60/70 to
obtain high Ge concentrations in the upper layers 60/70. SAMSUNG-1003, 99 84,

114.

Claim [2]

The Tezuka-Tung-Simonelli combination would have rendered obvious [2]
based at least on the teachings of Tezuka and Simonelli. SAMSUNG-1003, 44115-
120.

Tezuka teaches that the first and second source and drain regions, and re-
gions 60 and 70, can be “doped with B as a p-type impurity at a high concentra-
tion.” SAMSUNG-1005, [0139]; see also id., [0032], [0039], [0065], [0102],

[0145]; supra, Ground 1A, [1c], [1h]. To the extent that Tezuka and Tung do not
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expressly disclose that the doped “boron concentration [is] greater than 1E20” this
feature would have been obvious in the combination based on Simonelli. SAM-
SUNG-1003, q117.

For example, Simonelli describes a “multi-gate device 600 such as a tri-
gate or dual-gate FInFET (similar to Tezuka’s transistor 400) having “epitaxially
form[ed] source and drain regions 1210.” SAMSUNG-1008, [0051]; see also id.,
[0045]-[0051], FIGS. 6-12. “The epitaxially formed source/drain regions 1210
may be formed using a graded high-germanium content silicon film stack 1400.”
1d.,[0051]. In Simonelli’s film stack 1400, higher layers in the stack are formed
with increasing concentrations of germanium and are doped with increasing con-
centrations of boron. /d., [0053]-[0058], FIGS. 14-15. In each layer, however, and
even including the “seed layer” with the lowest concentrations of germanium and
boron, Simonelli describes a boron concentration in excess of 1x10?° atoms/cm?.
1d.

Based on Simonelli, a POSITA would have found it obvious to dope Te-
zuka’s source and drain regions, including at least regions 60 and 70, with boron at
a concentration greater than 1E20. SAMSUNG-1003, q119. It was common for
source/drain regions in a FET to be doped with p-type impurities such as boron and
the channel region between the source/drain regions to be doped oppositely with n-

type impurities. SAMSUNG-1003, 4119. Consistent with this approach, Tezuka
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teaches that the source/drain regions 60/70 should be “doped with B as a p-type
impurity at a high concentration” to form an “Si-pMOSFET.” SAMSUNG-1005,
[0138]-[0140]. A POSITA would have looked to Simonelli’s teaching of a boron
concentration greater than 1E20 for further explanation of boron concentrations
consistent with Tezuka’s instruction to dope with boron at a high concentration,
particularly since Simonelli describes a similar FET. SAMSUNG-1003, q119.
Higher boron content also would have promoted a lower contact resistance in elec-
trodes formed by reacting a metal deposited over the boron-doped source/drain re-
gions 60/70. Id.

A POSITA would have understood dopant concentrations in the source/drain
regions of a FET like that in the Tezuka-Tung-Simonelli combination to be a re-
sult-effective variable impacting the conductivity, contact resistance, and ON-cur-
rent of the transistor. SAMSUNG-1003, 4120. Accordingly, it would have been
obvious to apply Simonelli’s suggested boron doping to a concentration in excess
of 1E20 in the first and second source or drain regions so as to optimize the con-
ductivity, contact resistance, and ON-current of the resulting device, which a
POSITA would have arrived at through routine optimization and experimentation.
E.l du Pont de Nemours & Co. v. Synvina C.V., 904 F.3d 996, 1006 (Fed. Cir.

2018) (“For decades, this court and its predecessor have recognized that ‘where the
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general conditions of a claim are disclosed in the prior art, it is not inventive to dis-

299

cover the optimum or workable ranges by routine experimentation.’”) (quoting /n
re Aller, 220 F.2d 454, 456 (CCPA 1955)); id., 1006 (“[a] prima facie case of obvi-
ousness typically exists when the ranges of a claimed composition overlap the
ranges disclosed in the prior art”) (quoting In re Peterson, 315 F.3d 1325, 1329
(Fed. Cir. 2003)); MPEP §2144.05. A POSITA would have had a reasonable ex-
pectation of success implementing doping at a concentration in excess of 1E20,
particularly since Simonelli’s teaching is applied in the combination to a similar
non-planar FET. SAMSUNG-1003, 9120. The *178 Patent discloses nothing criti-

cal or unexpected about doping the source/drain regions with boron to a concentra-

tion greater than 1E20. Id.

Claim [3]

The Tezuka-Tung-Simonelli combination renders obvious claim 3. SAM-
SUNG-1003, q9121-123. As discussed above with respect to claim 2, Tezuka
teaches that a portion of the first and second source or drain regions (i.e., regions
60 and 70) can be “doped with B as a p-type impurity at a high concentration,” and
it would have been obvious based on Simonelli for the boron concentration in re-
gions 60 and 70 to be greater than 1E20 (i.e., 1x10?° atoms/cm?). Supra, [2];
SAMSUNG-1005, [0139]. By contrast, Tezuka explains that the lower portions of

the first and second source or drain regions (i.e., ground layers 63 and 73) are
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made of an n-type SiGe alloy, and are not doped with boron like the upper portions
of the first and second source or drain regions (i.e., regions 60 and 70). SAM-
SUNG-1005, [0139]. Therefore, the first and second source or drain regions in the
combination would have a boron concentration graded from a base level (e.g., no
boron) in the ground layers 63 and 73 to a concentration in excess of 1E20 in upper
regions 60 and 70. SAMSUNG-1003, q122.

To the extent that claim 3 requires further non-zero gradations of boron,
such features would have been obvious based on Simonelli. SAMSUNG-1003,
9123. Simonelli discloses a silicon-germanium film stack 1400 for use in, among
other things, source or drain regions in a FinFET. SAMSUNG-1008, [0044]-
[0058], FIGS. 6-15. Simonelli’s film stack includes graded concentrations of bo-

ron as follows:

1430 < High Ge Content Layer: 2E20 — 3E20 Boron
1400 1420 & Transition Layer: >=2E20 Boron

1410 < Seed Layer: 5E19 — 1.5E20 Boron

110

FIG. 14

Simonelli, FIG. 14 (annotated)
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It would have been obvious based on Simonelli to similarly grade the con-
centration of boron from a base level to a level in excess of 1E20 in Tezuka’s
source and drain regions 60 and 70, and a POSITA would have been motivated to
implement Simonelli-like grading in the combination to maintain proportionality
between the concentrations of B and Ge in each graded SiGe layer within
source/drain regions 60/70. See supra, Ground 1B at [1], [6]; SAMSUNG-1003,
124. A POSITA would have sought to maintain this proportionality to gain the
benefit of higher boron concentrations than could be accommodated by crystalline
structures with higher Ge, while also avoiding overly high concentrations of boron
in lower portions of the graded source/drain regions with lower Ge (especially
since overly high boron levels can produce precipitations and defects, and since
boron more easily diffuses in silicon than germanium). SAMSUNG-1003, 9124.
For example, increasing boron content in regions of higher Ge would have been
advantageous to increase conductivity and obtain higher levels of electrical activa-
tion without undue boron diffusion. /d. Graded boron concentration would also be
beneficial to reduce the series resistance where the germanium concentration is
highest, and to allow the carrier profile to be tuned such that the boron concentra-
tion is higher in the stressor regions and lower elsewhere to reduce junction capaci-
tance. Id. Moreover, a graded boron concentration would have been an obvious

application of a known technique as taught in Simonelli to Tezuka’s device to yield
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predictable results like those described in Simonelli. KSR, 550 U.S. at417. A
POSITA would have had a reasonable expectation of success implementing the
combination since Simonelli and Tezuka contemplate boron doping in similar de-
vices using similar processes. SAMSUNG-1003, 9124.

Claims [4]-]5]

Supra, Ground 1A at [4]-[5]. SAMSUNG-1003, 99125-128.

Claims [7]-]8]

Supra, Ground 1B at [2]-[3]. SAMSUNG-1003, 99129-132.

Claims [9]-]10]

Supra, Ground 1A at [9]-[10]. SAMSUNG-1003, 9133-136.

C. [GROUND 2] — Obviousness based on Tung in view of Simonelli
(Claims 1-10)

1. Obviousness Analysis

Tung describes techniques for fabricating a non-planar field-effect transistor
(e.g., a FInFET) that involves epitaxial growth of a SiGe material 51 over fins 28
to form source and drain regions 39. Supra, Section IV.A.2; SAMSUNG-1006,
[0040], [0074]. Nonetheless, Tung provides no numerical values for the germa-
nium concentration in SiGe material 51, nor does Tung describe well-known tech-
niques for varying the germanium content in films like SiGe material 51. SAM-
SUNG-1003, q9137-138; see also id., 9139-195. On the other hand, Simonelli

expressly describes techniques for grading germanium within SiGe material of the
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source and drain regions of a FinFET such that portions of the SiGe material clos-
est to the silicon-based growth substrate has a lower concentration of germanium
and portions of the SiGe material further from the silicon-based growth substrate
have increasingly higher germanium content (e.g., 50-atomic percent germanium).
Supra, IV.B.1.

A POSITA would have found it obvious to form Tung’s SiGe material 51 in
the source and drain regions 39 according to Simonelli’s teachings such that the
concentration of germanium in the SiGe material 51 would increase from a lower
level near the growth substrate to a higher level near the outer surfaces further
from the substrate. SAMSUNG-1003, q139. Multiple reasons would have moti-
vated a POSITA to grade the germanium content in the FInFET of the Tung-Simo-
nelli combination in this manner to a concentration in excess of 50%. Id.

First, it would have been obvious to grade the germanium content in the
SiGe material 51 of the Tung-Simonelli FInFET to a concentration in excess of
50% to ease the transition between the bulk silicon or silicon-rich substrate mate-
rial (e.g., fin 28 (see infra [1a])) over which material 51 is grown and the germa-
nium material of cap layer 55. SAMSUNG-1006, [0058], [0078]; SAMSUNG-
1003, 9140. Grading the germanium content in semiconductor material 51 in this
manner would have been beneficial to reduce misfit dislocations at the interface

between SiGe material 51 and the silicon-rich substrate material on which material
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51 is grown, reduce defects through the entire formation of SiGe material 51, and
reduce misfit dislocations at the interface between SiGe material 51 and the germa-
nium cap layer 55. SAMSUNG-1003, 9140. A POSITA would have appreciated
that reducing or even eliminating misfit dislocations and other defects in the
growth of semiconductor material 51 would significantly improve performance of
the FinFET in the resulting combination, especially since such defects were known
to produce unwanted leakage currents, parasitic capacitances, and to prevent or re-
lax forces intended to impart stress on the channel to increase the mobility of
charge carriers in the channel and improve ON-currents through the transistor.
SAMSUNG-1003, q140.

Additionally, absent grading between the silicon-rich growth substrate (e.g.,
fin 28) and the germanium cap layer 55, the thickness and surface area over which
semiconductor material 51 could be grown without defects would be significantly
limited—i.e., a limitation that would in turn risk (1) restricting the ON-current that
could flow through the transistor, (ii) increasing contact resistance at the source
and drain regions due to decreased growth area, and (iii) limiting the amount of
stress that could be imparted on the channel in a strained configuration. SAM-
SUNG-1003, q141. In contrast, by grading the germanium content in SiGe mate-

rial 51, lattice mismatch between the silicon-rich substrate material and SiGe mate-
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rial 51 would be reduced to avoid misfit dislocations by ensuring a lower germa-
nium content near the substrate interface. Id. Similarly, lattice mismatch between
the germanium cap layer 55 and SiGe material 51 would be reduced by ensuring a
higher germanium content near the interface of cap layer 55. Id. For similar rea-
sons, it would have been obvious to implement one or more transition layers in
SiGe material 51 as taught in Simonelli (or to implement smooth transitional grad-
ing) to bridge the otherwise large difference in germanium content between the sil-
icon-rich growth substrate (e.g., fin 28) and the cap layer 55. Id. Indeed, grading
the germanium to a concentration in excess of 50% in SiGe material 51 would
have been obvious to bridge the gap in germanium content between the growth
substrate and cap layer 55 and to reduce lattice mismatch at the interfaces between
the growth substrate, SiGe material 51, and cap layer 55. Id.

Second, it would have been obvious to grade the germanium content in the
material 51 of the Tung-Simonelli FinFET to a concentration in excess of 50% to
increase the mobility of charge carriers in the source and drain regions 39 (i.e., in
material 51), and consequently decrease parasitic resistance in the FInFET. SAM-
SUNG-1003, q142. It was well known that the mobility of electrons and holes
through germanium is greater than the mobility of electrons and holes through sili-

con, and hence increasing the germanium content in SiGe material 51 would pre-
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dictably lead to an increase in charge carrier mobilities in the source and drain re-
gions 39. SAMSUNG-1003, q142. Increasing carrier mobility and decreasing par-
asitic resistance would improve performance of the FinFET. Id.

Third, it would have been obvious to grade the germanium content in the
material 51 to a concentration in excess of 50% to better accommodate high dopant
concentrations (e.g., boron) with greater dopant confinement and higher electrical
activation than would be achieved in a matrix with a higher concentration of sili-
con. SAMSUNG-1003, q143.

Fourth, it would have been obvious to grade the germanium content in the
material 51 of the Tung-Simonelli FinFET’s source and drain regions 39 to a con-
centration in excess of 50% to induce greater stress in the channel region—i.e., a
technique that was commonly employed before the *178 Patent to increase the mo-
bility of charge carriers in the channel region of field-effect transistors (which
would in turn increase drive currents). SAMSUNG-1008, [0042]; see also id.,
[0024], [0038], [0044], [0058]; SAMSUNG-1003, 9144, FN13, 31-35,

For example, in a p-type FET, when the channel is formed of doped silicon
and the source and drain regions are formed of an oppositely doped SiGe material,
a lattice mismatch results between the materials that induces compressive strain on
the channel due to the presence of larger Ge atoms in the source and drain regions.

SAMSUNG-1003, 9145. Tung’s FIG. 2d, for instance, shows how the source and
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drain regions 39 extend beneath gate spacers 36, and this configuration would have
led to compression of the channel region in typical FETs. SAMSUNG-1006, FIG.
2d; see also SAMSUNG-1008, [0038] (“stress in the channel region of the MOS
transistor ... is accentuated by depositing the high germanium compound alloy in
the source extension cavity 330 and the drain extension cavity 340”), [0044] (“for-
mation of strain-inducing source/drain regions in a non-planar device”), [0042],
[0053], [0058], FIGS. 11-12 (depicting source/drain regions 1210 protruding
through spacers 1010); SAMSUNG-1003, 9145.

To the extent Tung does not expressly disclose that source and drain regions
39 are formed in a manner specifically designed to induce strain in the channel re-
gion, it would have been obvious to implement the source and drain regions 39 in
this fashion in the FInFET of the Tung-Simonelli combination. SAMSUNG-1003,
q146. Strained channel FETs were exceedingly common in both planar and non-
planar designs before the *178 Patent, and a POSITA would have sought to imple-
ment a strained channel in the Tung-Simonelli FinFET to obtain well-known bene-
fits including increased channel mobility and drive current levels. SAMSUNG-
1003, 9146. For example, strained configurations are frequently realized by grow-
ing SiGe source and drain regions over a surface or cavity of a substrate on either
side of a channel region like Simonelli’s source and drain regions 1210. See SAM-

SUNG-1008, [0051], FIGS. 11-12 (depicting source and drain regions 1210
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formed on either side of channel region 110); see also id., [0034]-[0039], [0042],
[0044]-[0051]. It would have been obvious to similarly form the source and drain
regions 39 by re-growing SiGe material 51 on either side of the channel (e.g., ra-
ther than overgrowing SiGe material on fin 28) to impart strain on the channel re-
gion according to known and predictable techniques. Indeed, such techniques
would have amounted to an obvious use of Simonelli’s teachings to improve a sim-
ilar device (i.e., Tung’s FinFET) in a similar way. KSR, 550 U.S. at 417; SAM-
SUNG-1003, q146.

A POSITA would have had a reasonable expectation of success grading the
germanium content in the SiGe material 51 of the Tung-Simonelli FinFET to a
concentration in excess of 50%. Simonelli and Tung both describe non-planar
FETs (e.g., FinFETs), and both describe techniques for epitaxially growing SiGe
material in the source/drain regions of a device. SAMSUNG-1003, §147. Simo-
nelli’s teachings for grading germanium content in the source and drain regions
would thus be applied to Tung’s FiInFET in a substantially similar context. Fur-
ther, graded epitaxial growth was well known before the 178 Patent, and it would
have been well within the skill of a POSITA to vary the relative concentrations of
silicon and germanium during the growth process of SiGe material 51 according to
Simonelli’s teachings. SAMSUNG-1003, §147. Moreover, for implementations of

the Tung-Simonelli combination that involve modifications of Tung’s FinFET to

50



Attorney Docket No. 39843-01531P1
IPR of U.S. Patent No. 10,700,178

achieve a strained channel region, a POSITA would have had a reasonable expec-
tation of success in light of the substantially similar types of FInFET devices de-
scribed in each of Tung and Simonelli, the long-established practice of introducing
strain in the channel regions of FETs using techniques like those disclosed in
Simonelli, and Tung’s own acknowledgment that a POSITA would have known
how to make a range of modifications to its device. SAMSUNG-1006, [0019]-
[0020], [0082]-[0084]; SAMSUNG-1003, q147.

The Tung-Simonelli combination would have rendered obvious each of
claims 1-10 for the reasons described in detail below.

Element [1pre]

To the extent the preamble is a limitation, the Tung-Simonelli combination
would have rendered obvious [1pre], e.g., in view of Tung’s disclosure of an inte-
grated circuit structure as a non-planar FET. SAMSUNG-1006, [0002]-[0004];
SAMSUNG-1003, 9150, see also id., 9148-149. Tung, in FIGS. 13-16, for exam-
ple, describes “various stages of manufacturing” of a non-planar transistor having
“a doped semiconductor layer and a metal silicide [] formed on a raised
source/drain structure.” SAMSUNG-1006, [0072]; see also id., [0073]-[0082],
FIGS. 13-16. Tung further explains that, although FIGS. 13-16 “illustrate the fab-
rication of a device with at least two fins 28,” “the method described in FIG. [sic]

13-16” can also be “used in fabrication of a device with a single fin” to form the
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device “corresponding to the embodiment described in FIG. 2. Id., [0082]; see
also id., [0032]-[0034], FIG. 2. Tung’s description of FIGS. 4a-4e provides addi-
tional detail of a single-fin embodiment consistent with the embodiments described
with respect to FIGS. 13-16. Id., [0039]-[0045]; FIGS. 4a-4e.

200
\‘ 28 |N2d Metal germanide layer 59

59

Isolation Region 22

Gate electrode 42

36— s A Spacers 36
25 /
] I
2c 2c
36~ VILIISIIIIIYY,
22

i
\M Fin 28
FIG. 2a

Tung, FIG. 2a (annotated)

Element [1a]

The Tung-Simonelli combination would have rendered obvious [1a], e.g., in

view of Tung’s disclosure of a fin 28 comprised of silicon. In particular, in various
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embodiments, fin 28 is formed from substrate 20, which Tung explains is made
from material including silicon. SAMSUNG-1006, [0048] (“substrate 20 com-
prises bulk silicon” or “substrate 20 comprises bulk silicon germanium (SiGe)”),
[0051] (“Fins 28 may be formed by recessing the top surfaces of the isolation re-
gions 22, and hence leaving the fins 28 of substrate 20), [0049], FIGS. 2, 5, 6a-6b,
13-16; supra, [1pre]; SAMSUNG-1003, q151. Tung also teaches that the source
and drain regions 39 can be formed in the fin, and that the source and drain regions
39 can include semiconductor material 51 including silicon. SAMSUNG-1006,

[0074], [0040], [0033]; infia, [1c]/[1h].
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22

FIG. 7c¢

Tung, FIG. 7c (annotated)

Element [1b]

The Tung-Simonelli combination would have rendered obvious [1b], e.g., in
view of Tung’s disclosure of a gate electrode 42 over fin 28. SAMSUNG-1006,

[0053]-[0055], FIGS. 2a, 2¢, 7c; SAMSUNG-1003, 9152.
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Tung, FIG. 2¢ (annotated)
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FIG. 7c

Tung, FIG. 7c (annotated)

Elements [1c], [1h]

The Tung-Simonelli combination would have rendered obvious [1¢] and
[1h], e.g., in view of Tung’s disclosure of first and second source or drain regions
39 formed very near/close and proximate either side of gate electrode 42. SAM-
SUNG-1006, [0032]-[0034], [0057], [0074]-[0078], FIGS. 2a, 2d, 8, 13; supra,
Ground 1A at [1c]; SAMSUNG-1003, 153, see also id., 9154-155; cf. SAM-
SUNG-1001, FIG. 6 (depicting source/drain epitaxial regions 631 similarly proxi-

mate to either side of gate electrode 640).
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Tung, FIG. 2a (annotated)
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FIG. 2d

Tung, FIG. 2d (annotated)
Tung further discloses and would have rendered obvious source/drain re-
gions 39 that are each formed “in the fin.” SAMSUNG-1006, [0033]

(“source/drain regions 39 is [sic] disposed within the fins 28”); see also id.,

[0057], [0074]-[0077], FIGS. 2b, 13; supra, Ground 1A at [1c].
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FIG. 2b

Tung, FIG. 2b (annotated)
Tung also teaches that the source and drain regions 39 can include an epitax-
ially grown semiconductor material 51 such as SiGe. SAMSUNG-1006, [0074],
[0040]; see also id., [0039]-[0045] and FIGS. 4a-4e, [0072]-[0082] and FIGS. 13-
16. According to Tung’s teaching that the source and drain regions 39 are dis-

posed within the fin, semiconductor material 51 would also be disposed within the

fin. Id., [0033]. Moreover, it would have been obvious and a POSITA would have
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understood that the epitaxially grown source/drain regions 39 adjacent to a portion
of the fin in the channel region, whether formed over fin 28 or grown from the sub-
strate 20 based on Simonelli’s teachings (see infra, [1f]/[1k]), would be “in the fin”
at least to the same extent disclosed in the *178 Patent. Cf. SAMSUNG-1001,
13:22-50, FIG. 6; see also SAMSUNG-1013, 32; supra, Ground 1A at [1c]; SAM-
SUNG-1003, q154.

Elements [1d], [1i]

The Tung-Simonelli combination would have rendered obvious [1d] and
[1i], e.g., in view of Tung’s disclosure of facets and a top surface that are formed
when a semiconductor material 51 (e.g., SiGe) is epitaxially grown over a substrate
such as fin 28 to form source/drain regions 39. SAMSUNG-1003, §156. More
specifically, Tung discloses that “a selective epitaxial growth is performed to form
semiconductor material 51,” and “[t]he semiconductor material 51 forms the
source/drain regions 39 (raised source/drain) of the non-planar transistor 400” ...
“on the fins 28.” SAMSUNG-1006, [0074]. According to Tung, “[t]he epitaxial
growth includes vertical growth and horizontal growth,” and if the device includes
just a single fin 28 or “the separation between adjacent fins 28 ... [is] large,” then
“each fin 28 forms a separate raised source/drain region comprising the semicon-
ductor material 51.” Id., [0075].

Tung’s FIG. 4b illustrates the use of a “selective epitaxial growth process” to
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form a “semiconductor material 51 over a fin 28, where “[t]he growth proceeds in
both lateral and vertical directions, for example at different rates on different crys-
tal planes” to form two or more facets and a top surface. Id., [0040]; see also id.,

[0058]; supra, Section II.B; SAMSUNG-1003, 157.

Top Surface

Semiconductor Material
s 91 (e.g., SiGe) of
..\ Source/Drain Region 39

51 Wk O OREO00N Wt e

-------------

28—

FIG. 4b

Tung, FIG. 4b (annotated)

Elements [1e]. |1{]

The Tung-Simonelli combination would have rendered obvious [1e] and

[1j], e.g., in view of Tung’s disclosure that components of the first and second
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source and drain regions 39, including semiconductor material 51, and optionally
fin 28, can each include silicon and germanium. SAMSUNG-1006, [0040] (“semi-
conductor material 51 comprises SiGe”), [0074] (“semiconductor material 51
forms the source/drain regions 39 and “is formed of ... silicon germanium
(SiGe)”), [0048] (substrate 20 from which fins 28 are formed can be “bulk silicon”
or “bulk silicon germanium (SiGe)””); SAMSUNG-1003, 9158.

Elements [1f], [1k]

The Tung-Simonelli combination would have rendered obvious [1f] and
[1k]. SAMSUNG-1003, 9159, see also id., 11160-164. As noted above with re-
spect to [1e]/[1j], Tung teaches that “a selective epitaxial growth is performed to
form semiconductor material 51” over fin 28, and the resulting structure including
“semiconductor material 51 forms the source/drain regions 39.” SAMSUNG-
1006, [0074], [0040]. In Tung, the substrate 20—and, hence, fin 28 (which is
formed from substrate 20)—can be bulk silicon, while semiconductor material 51
can be “formed of a material different from that of substrate 20, for example, sili-
con germanium (SiGe) ... .” Id., [0074], [0048].

Although Tung does not expressly disclose the relative concentrations of sil-
icon and germanium in semiconductor material 51, or whether the concentrations

of silicon and germanium are uniform or graded during growth of layer 51, a
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POSITA would have understood that different options could be pursued to opti-
mize one or more attributes of the device’s performance and/or fabrication. SAM-
SUNG-1003, q9163-164. Simonelli, for example, describes solutions for achieving
high concentrations of germanium in the source/drain regions of a non-planar FET
through an epitaxial growth that involves increasing the germanium content in a
SiGe material as growth progresses away from the substrate (e.g., a bulk silicon
substrate). SAMSUNG-1008, [0053]-[0058]. FIG. 12, reproduced below, illus-

trates Simonelli’s non-planar FET, similar to Tung’s FinFET:

820

Second source or drain region

First source or drain region

810
1010
710
610
~ 1010
/ \
Substrate <10

FIG. 12

Simonelli, FIG. 12 (annotated)
In Simonelli, source/drain regions 1210 are epitaxially grown “using a
graded high-germanium content silicon-germanium film stack 1400.” SAM-
SUNG-1008, [0051]. Film stack 1400 includes a series of layers 1410, 1420,

1430, each additional layer having higher germanium content than the preceding
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layer:
1430 < High Ge Content Layer (Highest Ge Concentration)
1400 1420 & Transition Layer (Medium Ge Concentration)
1410 < Seed Layer (Lowest Ge Concentration)
110 <& Substrate 110

FIG. 14

Simonelli, FIG. 14 (annotated)

See also SAMSUNG-1008, [0053]-[0058], [0021]-[0024], FIGS. 14-15.

Simonelli further teaches that the concentration of germanium in the film
stack can be graded from 20-25 atomic weight % in the seed layer 1410 to 40-55
atomic weight % in the high Ge content layer 1430. SAMSUNG-1008, [0054],
[0058]. As another example, Simonelli discloses that source/drain regions “may be
filled with a graded germanium silicon alloy ... according to one or more methods
such as the embodiment described below in FIG. 15” in which “[t]he graded ger-
manium silicon alloy may be epitaxially deposited with a graded germanium con-
centration that may range from 10 atomic % to 50 atomic %.” Id., [0039].

For the reasons described in detail above in the overview of the Tung-Simo-
nelli combination, it would have been obvious and a POSITA would have had am-

ple motivation to grade the germanium content in material 51 of the source and
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drain regions 39 of the FinFET in the combination to a concentration in excess of
50%. Supra, Section IV.C.1; SAMSUNG-1003, q9163-164.

To the extent that neither Tung nor Simonelli expressly disclose a germa-
nium concentration “in excess of 50%” as recited in [1f] and [1k], the claimed
range nonetheless would have been obvious in view of Simonelli’s disclosure of
grading to 50% germanium. SAMSUNG-1008, [0039]; SAMSUNG-1003, 99163-
164. As an initial matter, a POSITA would have understood that no fabrication
process is perfectly controlled, and hence it would have been obvious that a Fin-
FET intended to have germanium in its source and drain regions graded to a con-
centration of 50% as taught in Simonelli would commonly include a small or negli-
gible amount more germanium than silicon. SAMSUNG-1003, q9163-164. Even
a single additional germanium atom would yield a germanium concentration in ex-
cess of 50%. Id.

Moreover, as described above in the overview of the Tung-Simonelli combi-
nation (supra, Section IV.C.1), a POSITA would have understood that the concen-
tration of germanium in SiGe material 51 of the source and drain regions 39 im-
pacts various properties of the FInFET, including the lattice constant at different
depths of the SiGe material 51, the lattice mismatch at the interfaces on either side
of SiGe material 51, the thickness and size at which the SiGe material 51 could be

grown without defects, the mobility and parasitic resistance of the source and drain
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regions, and the amount of strain that could be imparted on a channel region. It
would have been obvious for a POSITA to grade germanium content in SiGe mate-
rial 51 to a concentration in excess of 50% through routine experimentation to opti-
mize one or more of these properties.” SAMSUNG-1003, §164; In re Peterson,
315 F.3d 1325, 1329 (Fed. Cir. 2003) (“a prima facie case of obviousness exists
when the claimed range and the prior art range do not overlap but are close enough
such that one skilled in the art would have expected them to have the same proper-
ties”); du Pont, 904 F.3d at 1006; In re Brandt, 886 F.3d 1171, 1176-1177 (Fed.
Cir. 2018) (claimed range of “less than 6 pounds per cubic feet” rendered obvious
by prior art disclosing an abutting range of “between 6lbs/ft* and 25 1bs/ft>”); Tita-

nium Metals Corp. v. Banner, 778 ¥.2d 775, 783 (Fed. Cir. 1985); In re Aller, 220

" Notably, the *178 Patent identifies nothing critical about a germanium concentra-
tion “in excess of 50%” in the source/drain regions. Supra, Section I1.B; SAM-
SUNG-1001, 3:10-17, 4:21-25, 6:39-54, 16:43-44. The ’178 Patent discloses that
a range of 30-70% germanium would be suitable, for example. Id.; SAMSUNG-
1003, FN35. Notably, the 178 patent distinguishes germanium concentrations in
the source/drain regions from germanium concentrations in the overlays used to

form germanide layers. Supra, Section I1.A.
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F.2d 454, 456 (CCPA 1955)); MPEP §2144.05 (describing result-effective varia-
bles).

Elements [1g], [11]

The Tung-Simonelli combination would have rendered obvious [1g] and

[11], e.g., in view of Tung’s disclosure of a germanide layer® 59 formed over re-
spective top surfaces of a semiconductor material 51 of the first and second source
or drain regions 39. SAMSUNG-1003, 165, see also id., q9163-164 and 166-
173; supra, Ground 1A at [1g]/[11]. For example, Tung describes a process for
forming a germanide layer 59 that involves first forming a doped semiconductor
layer 55 over a semiconductor material 51 of the source/drain regions 39, then de-
positing a metal 57 over the doped semiconductor layer 55, and finally annealing
the metal 57 to form the germanide layer 59. SAMSUNG-1006, [0078]-[0081],
FIGS. 14-16; see also id., [0039]-[0045], FIGS. 4a-4e, FIG. 2a and 2d (depicting

layer 59 formed over both source and drain regions 39).

8 Supra, Footnote 1.
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Tung, FIGS. 14-16 (annotated)
FIGS. 14-16 depict the formation of germanide layer 59 on a device having
multiple fins 28 spaced closely to each other such that a continuous semiconductor
material 51 is grown across each fin 28. Tung also explains, however, that “the
method described in FIG[S]. 13-16 is used in fabrication of a device with a single
fin” or fins spaced further from each other. See SAMSUNG-1006, [0082]. FIGS.
4b-4e depicting Tung’s process as applied to a single fin (or a fin spaced suffi-

ciently far from others):’

? Supra, Footnote 3.
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Tung, FIGS. 4b-4e (annotated)
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Tung explains and it would have been obvious that semiconductor layer 55
can be a doped germanium layer; semiconductor material 51 in source/drain re-
gions 39 can be epitaxially grown SiGe; and the germanide metal 57 can include
titanium. Id., [0040], [0042], [0061], [0058], [0074], [0078], [0080]; SAMSUNG-
1003, 9169; see also id., 170-173. In this context, it would have been obvious
for substantially similar reasons to those described above with respect to [1g]/[11]
in Ground 1A that the germanide layer 59 that results from annealing would com-
prise titanium, silicon, and germanium. Supra, Ground 1A at [1g]/[11]; SAM-

SUNG-1003, 985; see also id., §96-97, 170-173.

Claim [2]

The Tung-Simonelli combination would have rendered obvious [2], e.g., in
view of Tung’s disclosure that, “[d]uring the growth of semiconductor material 51
in the source and drain regions 39, “a p-type impurity ... may be in-situ doped” at
a concentration up to “about 5x10?%/cm>” (i.e., greater than 1E20). SAMSUNG-
1006, [0076]. Tung further would have rendered obvious boron as a p-type impu-
rity. Id., [0028] (“p-type dopant such as boron™), [0034], [0052]; SAMSUNG-

1003, 99174-175.

Claim [3]

The Tung-Simonelli combination would have rendered obvious [3], e.g.,

based on Simonelli’s disclosure of a silicon-germanium film stack 1400 for use in,
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among other things, source or drain regions of a FinFET. SAMSUNG-1008,
[0044]-[0058], FIGS. 6-15. Simonelli’s film stack includes graded concentrations

of boron as follows:

1430 & High Ge Content Layer: 2E20 — 3E20 Boron
1400 1420 < Transition Layer: >=2E20 Boron

1410 & Seed Layer: 5E19 - 1.5E20 Boron

110

FIG. 14
Simonelli, FIG. 14 (annotated)

It would have been obvious to implement graded boron concentrations like
those disclosed in Simonelli in the source and drain regions of the device in the
Tung-Simonelli combination, and a POSITA would have had a reasonable expecta-
tion of success, for substantially the same reasons discussed above with respect to
[3] in Ground 1B. SAMSUNG-1003, §178; see also id., §9176-177; supra,

Ground 1B at [3].

Claim [4]

The Tung-Simonelli combination would have rendered obvious [4]. SAM-
SUNG-1003, q9179-180. In the combination, Tung teaches that the non-planar

transistor includes a channel region “disposed under the gate electrode 42 on a top

71



Attorney Docket No. 39843-01531P1
IPR of U.S. Patent No. 10,700,178

surface and sidewalls of the fin 28” between the first and second source or drain re-
gions 39. SAMSUNG-1006, [0025], FIGS. 1d, 2d, 11; see also id., [0026]-[0031],
[0052] (“fins 28 are implanted to uniformly dope the channel region”), [0065]
(“source/drain region 39 are separated by a channel 117). Further, as described
above in the overview of the Tung-Simonelli combination (supra, Section IV.C.1),
it would have been obvious to form a graded SiGe material 51 in the first and sec-
ond source or drain regions 39 that would apply a compressive strain to the chan-
nel region to increase the hole mobility in the channel. SAMSUNG-1008, [0024],

[0042], [0044]; SAMSUNG-1003, 99179-180.

Claim [5]

The Tung-Simonelli combination would have rendered obvious [5], e.g., in
view of Tung’s disclosure that the semiconductor material 51 and/or fin 28 of the
source and drain regions 39 can be doped with p-type impurities. SAMSUNG-
1006, [0073], [0076]-[0077]; see also id., [0034] (“PMOS transistor is being fabri-
cated”), [0041], [0052]; SAMSUNG-1003, qq181-182.

Element [6pre]

Supra, [1pre]. SAMSUNG-1003, §9183-185.

Element [6a]

Supra, [1a]. The Tung-Simonelli combination would have rendered obvious

[6a], e.g., in view of Tung’s disclosure of a fin comprising silicon. See supra, [1a],
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[1c], [1h]. For example, just as the specification of the *178 Patent identifies struc-
ture 660 alternately as a “body” or a “fin,” the same structures from the Tung-
Simonelli combination that would have rendered obvious a “fin” would also have
rendered obvious the recited “body” in Claim 6. Cf. SAMSUNG-1001, 13:24-27,
FIG. 6; SAMSUNG-1003, 9186.

Elements [6b]-]61]

Supra, [1b]-[11]. SAMSUNG-1003, 9187.

Claim [7]
Supra, [2]. SAMSUNG-1003, 99188-189.

Claim [8]
Supra, [3]. SAMSUNG-1003, 99190-191.

Claim [9]
Supra, [4]. SAMSUNG-1003, 9q9192-193.

Claim [10]
Supra, [5]. SAMSUNG-1003, 9q9194-195.

D. [GROUND 3A] — Obviousness based on Conway, Tezuka, and
Tung (Claims 11-20)

1. Overview of Conway

Conway describes a computing device having a range of components imple-

mented as integrated circuit structures “mounted on a common motherboard ....”

SAMSUNG-1010, [0148], [0153], [0162]; generally id., [0147]-[0165], FIGS. 5-8.
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SAMSUNG-1010, FIG. 9 (annotated).

2. Obviousness Analysis

A POSITA would have found it obvious and would have been motivated by
multiple reasons to use a FInFET like that of the Tezuka-Tung combination of
Ground 1A to implement one or more of the electronic components in Conway’s
computing device. SAMSUNG-1003, 4196; see also id., §197.

First, Conway indicates that integrated circuit structures can form the build-
ing blocks of Conway’s device components, but provides little detail about these

structures. It would have been obvious to look to other sources, such as Tezuka
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and Tung, for details of known and predictable transistor designs. SAMSUNG-
1003, 99196-197.

Second, a POSITA would have sought to exploit well-known advantages of
non-planar FinFETs like those described in Tezuka (and Tung), including im-
proved channel control, lower leakage currents, smaller size, and increased switch-
ing speeds relative to many conventional planar devices. SAMSUNG-1003, 9197.

Third, the combination would have amounted to a merely obvious applica-
tion of the Tezuka-Tung techniques to Conway’s device, which was ripe for im-
provement and in a manner that would yield no more than predictable results.
KSR, 550 U.S. at417. A POSITA would have had a reasonable expectation of suc-
cess implementing the combination. SAMSUNG-1003, §197.

The Conway-Tezuka-Tung combination would have rendered obvious each
of claims 11-20. SAMSUNG-1003, 94196-197.

Claim |[11pre]

To the extent the preamble is a limitation, the Conway-Tezuka-Tung combi-
nation would have rendered it obvious, e.g., in view of Conway’s disclosure of var-
ious “generic” mobile and non-mobile computing devices. SAMSUNG-1010,
FIG. 9 and [0147]-[0165]; see also id., FIGS. 5-8 and associated text; SAMSUNG-
1003, 9200; see also id., §9198-199.

Element [11a]

The Conway-Tezuka-Tung combination would have rendered obvious [11a],
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e.g., in view of Conway’s disclosure of “a common motherboard” for mounting
various components of a computing device. SAMSUNG-1010, [0148], [0153],
FIG. 9; supra, Section IV.D.1; SAMSUNG-1003, 9201.

Element [11b]

The Conway-Tezuka-Tung combination would have rendered obvious [11b].
SAMSUNG-1003, 9202. Conway teaches that “the systems and techniques de-
scribed here can be realized in digital electronic circuitry, integrated circuitry, spe-
cially designed ASICs (application specific integrated circuits), computer hard-
ware, firmware, software, and/or combinations thereof.” SAMSUNG-1010,
[0162]. Conway also describes various components coupled to a “common moth-
erboard.” SAMSUNG-1010, [0148], [0153], FIG. 9; see also id., FIGS. 5-8 and as-
sociated text. Further, in the combination, and as described above in the overview
of the combination (Section IV.D.2), it would have been obvious to utilize the Te-
zuka-Tung integrated circuit structure of Ground 1A in one or more of Conway’s
components coupled to the motherboard. SAMSUNG-1003, 9202.

Elements [11c¢]-]11n]
Supra, Ground 1A at [1a]-[11]; SAMSUNG-1003, 99203.

Claim [12]

The Conway-Tezuka-Tung combination would have rendered obvious [12],
e.g., in view of Conway’s disclosure of a memory coupled to the board. SAM-

SUNG-1010, [0148]-[0151] and FIG. 9 (memories 904, 906), [0153]-[0157] and
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FIG. 9 (memories 964, 974), [0123]-[0125] and FIG. 6, [0011], [0078], [0148],

[0153]; SAMSUNG-1003, 94204-205.

Claim [13]

The Conway-Tezuka-Tung combination would have rendered obvious [13],
e.g., in view of Conway’s disclosure of a “communication interface” such as inter-
face 966 that includes “digital signal processing circuitry” for implementing vari-
ous communication capabilities on the device. SAMSUNG-1005, [0152]-[0153],
[0158], FIG. 9; see also id., [0148] (“mounted on a common motherboard”), FIG. 6
(607) SAMSUNG-1003, 9207. A POSITA would have understood and it would
have been obvious to implement the communications circuitry on a communication

chip. SAMSUNG-1003, 9206-207.

Claim [14]

The Conway-Tezuka-Tung combination would have rendered obvious [14],
e.g., in view of Conway’s disclosure of a camera coupled to the board. SAM-
SUNG-1010, [0113] (“device 500 includes ... a camera 507”), [0118], [0121],
[0123] (“‘camera interface 608 ... for capturing digital images from the camera

5077), FIG. 6; see also id., [0148], [0153], FIG. 9; SAMSUNG-1003, 99208-209.

Claim [15]

The Conway-Tezuka-Tung combination would have rendered obvious [15],
e.g., in view of Conway’s disclosure of a GPS receiver module coupled to the

board. SAMSUNG-1010, [0095] (“GPS device”), [0102], [0130], [0158] (“GPS
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(Global Positioning System) receiver module 970”); see also id., [0148], [0153],

FIG. 9; SAMSUNG-1003, 99210-211.

Claim [16]

The Conway-Tezuka-Tung combination would have rendered obvious [16],
e.g., in view of Conway’s teachings of a battery coupled to the board. SAM-
SUNG-1003, 99212-213. For example, Conway describes that the computing de-
vice can include a “battery life indicator 516 that indicates a measurement of the
remaining battery life,” which a POSITA would have understood or found obvious
to mean that the device includes a battery. SAMSUNG-1010, [0114], FIG. 5;
SAMSUNG-1003, 9213. Conway also discloses “a power source 619 that provides
an appropriate alternating current (AC) or direct current (DC) to power compo-
nents.” SAMSUNG-1010, [0123], FIG. 6; SAMSUNG-1003, 4213. In a mobile
device, and other devices, it would have been obvious that the power source 619
would include a battery coupled to the board, e.g., to deliver power to components

on the board. SAMSUNG-1003, 9212; SAMSUNG-1010, [0148], [0153], FIG. 9.

Claim [17]

The Conway-Tezuka-Tung combination would have rendered obvious [17],
e.g., in view of Conway’s teachings of an antenna coupled to the board. SAM-
SUNG-1010, [0113]-[0114], [0119], [0120], [0123], FIGS. 5-6 (antenna 505); see

also id., [0148], [0153], FIG. 9; SAMSUNG-1003, q9214-215.
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Claim [18]

The Conway-Tezuka-Tung combination would have rendered obvious [18],
e.g., in view of Conway’s teachings of integrated circuit dies packaged for mount-
ing on a motherboard. Conway describes in paragraph [0162] “integrated cir-
cuitry” components, and FIG. 9 shows various integrated circuit chips mounted on
a motherboard. SAMSUNG-1010, [0148], [0162], FIG. 9; SAMSUNG-1003,
19216-217. A POSITA would have understood and it would have been obvious
that the mounted components include a packaged integrated circuit die. SAM-

SUNG-1003, 9217.

Claim [19]

The Conway-Tezuka-Tung combination would have rendered obvious [19],
e.g., in view of Conway’s teachings of computing device components such as a
central processor 902, processor 952, or various other processing components.
SAMSUNG-1010, [0148] (“device 900 includes a processor 902”), [0153] (“de-
vice 950 includes a processor 9527), FIG. 9; see also id., [0162]-[0163], [0168]
(“digital signal processing circuitry”); supra, [13]. It would have been obvious to
implement Conway’s electronic components using a FinFET like that described in
the Tezuka-Tung combination of Ground 1A. Supra, Section IV.D.2; SAMSUNG-

1003, 99218-219.

Claim [20]

The Conway-Tezuka-Tung combination would have rendered obvious [20],
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e.g., in view of Conway’s disclosure of the computing device being a mobile
phone, a laptop, a desktop computer, or a server. SAMSUNG-1010, [0147], FIG.
9; SAMSUNG-1003, 99220-221.

E. [GROUND 3B] — Obviousness based on Conway, Tezuka, Tung,
and Simonelli (Claims 11-20)

Supra, Ground 3A at [11]-[20]. SAMSUNG-1003, 9222. It would have
been obvious to use a FInFET like that of the Tezuka-Tung-Simonelli combination
of Ground 1B in at least one board component in Conway’s device for the reasons
discussed in the overview of Ground 3A. Supra, Section IV.D.2; SAMSUNG-
1003, 99222-223. The resulting combination would have rendered claims 11-20
obvious as described above in Ground 1B and 3A. Id.

F. [GROUND 3C] - Obviousness based on Conway, Tung, and
Simonelli (Claims 11-20)

A POSITA would have found it obvious to use a FinFET like that of the
Tung-Simonelli combination of Ground 2 to implement one or more of the elec-
tronic components in Conway’s device for the reasons discussed in the overview of
Ground 3A. Supra, Section IV.D.2; SAMSUNG-1003, 9224.

The resulting combination would have rendered obvious each of claims 11-
20, and would have provided each element of these claims for the reasons dis-

cussed above with respect to claim 1 in Ground 2 and claims 11-20 in Ground 3A.

SAMSUNG-1003, 99224-225.
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V. DISCRETIONARY CONSIDERATIONS
A.  §325(d) — Advanced Bionics

Neither Tezuka, Tung, nor Conway were previously cited to or by the Office
in connection with the *178 Patent, let alone applied in a rejection. Simonelli was
cited during original examination, but it also was not addressed substantively dur-
ing original examination. Supra, Section I1.B.

Because the 178 Patent’s prosecution did not involve negotiation between
the applicant and the Examiner regarding the teachings of the prior art combina-
tions applied in the instant Petition, none of Grounds 1A-3C can be said to be the
same as, or substantially similar to, art or arguments that the Office previously con-
sidered in connection with the 178 Patent. To the extent Simonelli was previously
considered at all during examination, the Examiner erred in overlooking its perti-
nent teachings cited in this Petition. The Examiner also did not have the benefit of
considering Simonelli’s teachings in combination with Tezuka, Tung, or Conway.

Under these circumstances, Petitioner respectfully submits that exercise of
the Board’s discretion to deny institution under § 325(d) is unwarranted.

B. §314(a) - Fintiv

The *178 Patent is the subject of complaints filed by Patent Owner in both

district court and the ITC on September 12, 2022. SAMSUNG-1102, SAMSUNG-

1103. The district court case is currently stayed pending resolution of the ITC mat-
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ter, and thus only the ITC matter is proceeding at this time. Pursuant to the Direc-
tor’s Interim Guidance, the “PTAB will not discretionarily deny petitions based on
applying Fintiv to a parallel ITC proceeding.” SAMSUNG-1104, 6-7, 9. Accord-
ingly, the Fintiv factors do not provide a reason to discretionarily deny institution
based on the co-pending ITC proceeding.

VL. MANDATORY NOTICES UNDER 37 C.F.R § 42.8(a)(1)
A. Real Party-In-Interest Under 37 C.F.R. § 42.8(b)(1)

Petitioner Samsung Electronics Co., Ltd. and Samsung Electronics America,
Inc. (collectively, “Samsung”) are the real parties-in-interest. No other parties had
access to or control over this Petition, and no other parties funded this Petition.

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

The *178 Patent is the subject of civil actions in In the Matter of Semicon-
ductor Devices, Mobile Devices Containing the Same, and Components Thereof
(ITC Inv. No. 337-TA-1336) and Daedalus Prime LLC v. Samsung Electronics
Co., Ltd. et al., 2:22-cv-00352 (E.D. Tex.) (stayed). Taiwan Semiconductor Manu-
facturing Co. Ltd. has also been named as a respondent in the ITC proceeding and
a defendant in the E.D. Tex. proceeding.

Petitioner is not aware of any other disclaimers, reexamination certificates,
or IPR petitions addressing the 178 Patent.

C. Lead And Back-Up Counsel Under 37 C.F.R. § 42.8(b)(3)

Petitioner provides the following designation of counsel.
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Lead Counsel Backup counsel

W. Karl Renner, Reg. No. 41,265 Jeremy J. Monaldo, Reg. No. 58,680

Fish & Richardson P.C. Nicholas Stephens, Reg. No. 74,320
60 South Sixth Street, Suite 3200 Patrick King, Reg. No. 60,816
Minneapolis, MN 55402 Fish & Richardson P.C.

Tel: 202-783-5070 60 South Sixth Street, Suite 3200
Fax: 877-769-7945 Minneapolis, MN 55402

Email:IPR39843-0153IP1@fr.com Tel: 202-783-5070
Fax: 877-769-7945
PTABInbound@fr.com

D. Service Information

Please address all correspondence and service to the address listed above.

Petitioner consents to electronic service by email at [IPR39843-01531P1@fr.com

(referencing No. 39843-0153IP1 and cc’ing PTABInbound@fr.com, axf-

ptab@fr.com, jjm@fr.com, nstephens@fr.com, and pking@fr.com).

VII. FEES

Petitioner authorizes charge of Deposit Account No. 06-1050 for any fees.

VIII. CONCLUSION

Petitioner requests IPR and cancellation of the Challenged Claims.
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Respectfully submitted,

/Jeremy J. Monaldo/

W. Karl Renner, Reg. No. 41,265
Jeremy J. Monaldo, Reg. No. 58,680
Nicholas Stephens, Reg. No. 74,320
Patrick King, Reg. No. 60,816

Fish & Richardson P.C.

60 South Sixth Street, Suite 3200
Minneapolis, MN 55402

T: 202-783-5070

F: 877-769-7945

Attorneys for Petitioner
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CERTIFICATION UNDER 37 CFR § 42.24
Under the provisions of 37 CFR § 42.24(d), the undersigned hereby certifies

that the word count for the foregoing Petition for Inter Partes Review totals 13,986

words, which i1s less than the 14,000 allowed under 37 CFR § 42.24.

Dated: February 24, 2023 /Jeremy J. Monaldo/

W. Karl Renner, Reg. No. 41,265
Jeremy J. Monaldo, Reg. No. 58,680
Nicholas Stephens, Reg. No. 74,320
Patrick King, Reg. No. 60,816

Fish & Richardson P.C.

60 South Sixth Street, Suite 3200
Minneapolis, MN 55402

T: 202-783-5070

F: 877-769-7945

Attorneys for Petitioner
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CERTIFICATE OF SERVICE
Pursuant to 37 CFR §§ 42.6(e)(4)(i) et seq. and 42.105(b), the undersigned

certifies that on February 24, 2023, a complete and entire copy of this Petition for
Inter Partes Review and all supporting exhibits were provided via Federal Express,

to the Patent Owner, by serving the correspondence address of record as follows:

KINNEY & LANGE, P.A.
312 SOUTH THIRD STREET
MINNEAPOLIS, MN 55415-1002

/Diana Bradley/
Diana Bradley
Fish & Richardson P.C.
60 South Sixth Street, Suite 3200
Minneapolis, MN 55402
(858) 678-5667




