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I. Introduction

Petitioner Samsung Electronics Co., Ltd. (“Petitioner”) requests inter partes
review and cancellation of Claims 1-6, 8-12, and 14-28 (“the challenged claims”) of
U.S. Patent No. 10,090,395 (“the ’395 Patent”), assigned to Acorn Semi, LLC
(“Acorn”). The ’395 Patent purports to claim a priority date of August 12, 2002
through its parent applications. (°395 Patent at Cover, 1:8-27.)

The °395 Patent and the challenged claims generally relate to
metal-semiconductor junctions with an interface layer between the metal and the
semiconductor. (’395 Patent at 1:31-35.) The interface layer includes both a
semiconductor oxide and either a generic metal oxide or an oxide of titanium. (Id.
at Claims 1-6, 8-12, and 14-28.) But junctions like those were well-known in the
prior art, even before August 2002. For example, the Goodnick reference, a 1981
journal article, describes a junction that includes aluminum, a silicon substrate, and
an interface layer of aluminum oxide and silicon dioxide in between. (Goodnick at
1-2,5.) Likewise, the Taubenblatt 1982 reference describes a structure that includes
titanium, a silicon substrate, and an interface layer including titanium oxide and
silicon dioxide in between. (Taubenblatt 1982 at 7-8.) And

While some challenged claims require a particular type of semiconductor
(such as a source or drain of a transistor), a particular metal (such as tungsten), the

Jammy and Kim references taught those features, and it would have been obvious to
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combine them with Goodnick, Taubenblatt 1982, or both. (Jammy at 4:32-33; Kim
at 4:59-5:4.) Likewise, while Claim 6 requires a specific contact resistivity of less
than 10 Q-um?, an ordinarily skilled artisan could have and would have achieved
that specific contact resistivity for a junction of titanium; a titanium oxide-silicon
dioxide interface layer; and an n-type doped silicon source or drain of a transistor as
in Jammy, doped to the high doping concentrations described in the Chang reference.
(Chang at 7 (Fig. 5, describing a doping concentration of 10*! dopant atoms / cm’
for n-type silicon).)

In sum, an ordinarily skilled artisan would have found the challenged claims
obvious over the prior art discussed herein, as explained by Dr. E. Fred Schubert, an
expert in metal-semiconductor junctions with more than thirty years of experience.
(Schubert Decl. 49 8-21.) Because the challenged claims are unpatentable, Petitioner
respectfully requests that the Board institute inter partes review, hold the challenged
claims unpatentable, and cancel the challenged claims.

II. Mandatory Notices
A. Real Parties-in-Interest (37 C.F.R. § 42.8(b)(1))

Petitioner identifies itself; Samsung Electronics America, Inc.; Samsung
Semiconductor, Inc.; and Samsung Austin Semiconductor, LLC as real

parties-in-interest.
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B. Related Matters (37 C.F.R. § 42.8(b)(2))
1. Judicial Matters

The following judicial matters may affect or be affected by this proceeding:
Acorn Semi, LLC v. Samsung Electronics Co. Ltd., Civil Action No. 2:19-cv-347
(E.D. Tex.) (“the Acorn Litigation”), in which Patent Owner Acorn Semi, LLC
(“Acorn”) filed a complaint alleging that Petitioner and its real parties-in-interest
infringe the *395 Patent. (Ex. 1157 49 108-117.) Acorn first served that complaint
on October 24, 2019. (Ex. 1158.)

2. Administrative Matters

The 395 Patent is also involved in Case [PR2020-01207.

Petitioner has filed one or more petitions for inter partes review against the
following patents related to the *395 Patent: U.S. Patent No. 7,084,423; U.S. Patent
No. 8,766,336; U.S. Patent No. 9,209,261; U.S. Patent No. 9,461,167; and U.S.
Patent No. 9,905,691. Those proceedings may affect or be affected by this
proceeding. Further, Acorn has asserted those five other patents against Petitioner
and its real parties-in-interest in the Acorn Litigation. (Ex. 1157 44 58-107.)

C. Designation of Lead and Back-up Counsel (37 C.F.R. § 42.8(b)(3))

With this petition, Petitioner is filing a power of attorney appointing the
practitioners associated with Customer Number 132,593. Petitioner designates the

following lead and back-up counsel:
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Lead Counsel Back-up Counsel
John M. Desmarais (Reg. No. 39,655) | Kevin K. McNish (Reg. No. 65,047)
jdesmarais@desmaraisllp.com kkm-ptab@desmaraisllp.com
DESMARAIS LLP DESMARAIS LLP
230 Park Avenue 230 Park Avenue
New York, NY 10169 New York, NY 10169
212-351-3400 (telephone) 212-351-3400 (telephone)
212-351-3401 (facsimile) 212-351-3401 (facsimile)

Cosmin Maier (Reg. No. 75,387)
cmaier@desmaraisllp.com
DESMARAIS LLP

230 Park Avenue

New York, NY 10169
212-351-3400 (telephone)
212-351-3401 (facsimile)

Theodoros Konstantakopoulos, Ph.D.
(Reg. No. 74,155)
tkonstantakopoulos@desmaraisllp.com
DESMARAIS LLP

230 Park Avenue

New York, NY 10169

212-351-3400 (telephone)

212-351-3401 (facsimile)

D.  Service Information (37 C.F.R. § 42.8(b)(4))

Please direct all correspondence to lead and back-up counsel at the addresses
listed above. Petitioner consents to electronic service at the following email
addresses: jdesmarais@desmaraisllp.com; kkm-ptab@desmaraisllp.com;

cmaier(@desmaraisllp.com; and tkonstantakopoulos@desmaraisllp.com.
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III. Fees

Petitioner is concurrently electronically submitting the required fees for this
Petition. The Board is authorized to charge Desmarais LLP’s deposit account, No.
50-6822, for any fee deficiency.

IV. Grounds for Standing

Petitioner certifies that the *395 Patent is available for inter partes review.
Petitioner further certifies that neither Petitioner nor any real party-in-interest or
privy is estopped or barred from requesting inter partes review of the challenged
claims on the grounds identified in this petition.

V. Identification of Challenge and Relief Requested

Petitioner requests inter partes review and cancellation of Claims 1-6, 8-12,
and 14-28 of the *395 Patent.

A. Identification of Prior Art

The references identified below were prior art even as of the earliest alleged
priority date of the challenged claims in August 12, 2002. Petitioner reserves the
right to challenge the priority date of the challenged claims in its reply in this
proceeding, or in any other proceeding.

1.  Goodnick (Ex. 1121)

S.M. Goodnick et al., Effects of a thin SiO; layer on the formation of metal-

silicon contacts, 18 J. VAC. ScI. & TECH. 949 (Apr. 1981) (Ex. 1121, “Goodnick™),
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published in print in 1981 and again online in 1998. Because Goodnick became a
prior art printed publication more than a year before August 12, 2002, Goodnick is
prior art under at least 35 U.S.C. § 102(b).

On its face, Goodnick states that it is a publication of the Journal of Vacuum
Science and Technology. (Goodnick at Cover, 1.) The Journal of Vacuum Science
and Technology, the official publication of the AVS Science and Technology
Society, was a well-known journal that split into two journals in 1983. (Schubert
Decl. q 76; Hall-Ellis Decl. q 72.) That Goodnick published in the Journal of
Vacuum Science and Technology—instead of either of its post-1983 successor
journals—demonstrates that Goodnick first published before 1983, more than a year
before August 12, 2002. Further, Goodnick bears a copyright date of 1981 and a
printing date of April 1981. (Goodnick at Cover, 1.) Goodnick also indicates that
it published again online in June 1998. (ld. at Cover; Hall-Ellis Decl. 9 68.)

Further, the declaration testimony of Dr. Sylvia Hall-Ellis, an expert librarian,
confirms that Goodnick was publicly accessible more than a year before August 12,
2002. As Dr. Hall-Ellis explains, MARC and OCLC records, as well as other records
of the King Library at San José State University and the University of Minnesota
Library, indicate that Goodnick was cataloged, indexed, and publicly available
through at least the King Library on or shortly after April 30, 1981. (Hall-Ellis Decl.

99 69-76, Attachments 3a-3d.) Finally, the American Vacuum Society’s records
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indicate that at least fourteen publications cited Goodnick more than a year before
August 12, 2002. (Hall-Ellis Decl. § 77, Attachment 3e (Citations 12-25).)

2. Jammy (Ex. 1122)

U.S. Patent No. 6,724,088 to Jammy et al., (Ex. 1122, “Jammy”), filed on
April 20, 1999, qualifies as prior art under at least 35 U.S.C. § 102(e).

3. Taubenblatt 1982 (Ex. 1123)

M.A. Taubenblatt and C.R. Helms, Silicide and Schottky barrier formation in
the Ti-Si and the Ti-SiOx-Si systems, 58 J. APPLIED PHYS. 6308 (1982) (Ex. 1123,
“Taubenblatt 1982”), published in 1982. Because Taubenblatt 1982 became a prior
art printed publication more than a year before August 12, 2002, Taubenblatt 1982
is prior art under at least 35 U.S.C. § 102(b).

Taubenblatt 1982 states that it is a publication of the Journal of Applied
Physics. (Taubenblatt 1982 at 1.) Further, Taubenblatt 1982 states that it was
“accepted for publication 27 May 1982 and published in September 1982. (ld.; see
also Hall-Ellis Decl. 9 45-46 (confirming that Taubenblatt 1982 published in the
September 1982 issue of the Journal of Applied Physics).) Taubenblatt 1982 also
bears a copyright date of 1982 to the American Institute of Physics. (Taubenblatt
1982 at 1.) And, records of the American Institute of Physics indicate that

Taubenblatt 1982 published again online in August 1998. (Hall-Ellis Decl. 9 46.)
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Further, as Dr. Hall-Ellis explains, MARC and OCLC records, as well as other
records of the King Library at San José State University and the University of
Minnesota Library, indicate that Taubenblatt 1982 was cataloged, indexed, and
publicly available through at least the King Library on or shortly after September
30, 1982. (Hall-Ellis Decl. 99 47-54, Attachments la-1c.) Finally, subsequent
citations to Taubenblatt 1982, as indicated by Google Scholar, further confirm its
public accessibility. (Hall-Ellis Decl. q 55, Attachment 1d.)

4, Chang (Ex. 1124)

C.Y. Chang et al., Specific contact resistance of metal-semiconductor
barriers, 15 SOLID STATE ELECS. 541 (1971) (Ex. 1124, “Chang”) published in 1971.
Because Chang became a prior art printed publication more than a year before
August 12, 2002, Chang is prior art under at least 35 U.S.C. § 102(b).

Chang states that it is a publication of the journal Solid-State Electronics by
Pergamon Press that was “Printed in Great Britain” in 1971. (Chang at 1; see also
Hall-Ellis Decl. 4 56-57 (confirming that Chang published in the July 1971 issue of
the journal Solid-State Electronics).) Further, as Dr. Hall-Ellis explains, MARC and
OCLC records, as well as other records of the King Library at San José State
University and the Library of Congress, indicate that Chang was cataloged, indexed,
and publicly available through at least the King Library on or shortly after July 31,

1971. (Hall-Ellis Decl. 49 56-65, Attachments 2a-2c.) And, subsequent citations to
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Chang, as indicated by Google Scholar, further confirm Chang’s public accessibility.
(Hall-Ellis Decl. 9 66, Attachment 2d.)

Finally, Chang is cited on the faces of three semiconductor patents that issued
more than a year before August 12, 2002: U.S. Patent No. 4,583,110 (Ex. 1154),
issued in 1986; U.S. Patent No. 4,801,984 (Ex. 1155), issued in 1989; and U.S.
Patent No. 5,614,745 (Ex. 1156), issued in 1997. Each citation both (1) confirms
Chang’s public accessibility during the prosecution of those patents; and (2) makes
those patents “research aids” directing ordinarily skilled artisans to Chang.
Bruckelmyer v. Ground Heaters, Inc., 445 F.3d 1374, 1379 (Fed. Cir. 2006); see also
Cornell Univ. v. Hewlett-Packard Co., No. 01-cv-1974, 2008 WL 11274580, at *5-
7 (N.D.N.Y. May 14, 2008).

5.  Kim (Ex. 1125)

U.S. Patent No. 4,845,050 to Kim et al. (Ex. 1125, “Kim”), filed on November
16, 1987 and issued on July 4, 1989, is prior art under at least 35 U.S.C. § 102(b).

B.  Statutory Grounds of Unpatentability

Ground 1: Goodnick anticipates Claims 1-3 and 8-10 under at least 35 U.S.C.
§ 102(b).

Ground 2: Goodnick in view of Jammy renders Claim 4 obvious under 35
U.S.C. § 103(a).

Ground 3: Goodnick renders Claim 5 obvious under 35 U.S.C. § 103(a).
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Ground 4: Goodnick in view of Taubenblatt 1982 renders Claims 1, 11, 12,
15, 23-25, and 28 obvious under 35 U.S.C. § 103(a).

Ground 5: Goodnick in view of Jammy and Taubenblatt 1982 renders Claims
14, 17-19 and 22 obvious under 35 U.S.C. § 103(a).

Ground 6: Goodnick in view of Jammy, Taubenblatt 1982, and Chang
renders Claim 6 obvious under 35 U.S.C. § 103(a).

Ground 7: Goodnick in view of Taubenblatt 1982 and Kim renders Claims
16, 26, and 27 obvious under 35 U.S.C. § 103(a).

Ground 8: Goodnick in view of Jammy, Taubenblatt 1982, and Kim renders
Claims 20 and 21 obvious under 35 U.S.C. § 103(a).

VI. Overview of the ’395 Patent
A.  Technical Background

Metal-semiconductor junctions are a basic electronic component. (Schubert
Decl. 9 34-35; °395 Patent at 1:39-40.) Those junctions are generally characterized
by a barrier to the movement of charge carriers at the interface between the metal
and the semiconductor, called a Schottky barrier. (Rhoderick at 1; *395 Patent at
1:52-54; Schubert Decl. 9§ 36.) The barrier’s width and its height each affect the
junction’s specific contact resistance. (Chang at 5-6; Schubert Decl. 44 37-43.)

The Schottky barrier height of a metal-semiconductor junction can become

fixed at a particular height in a phenomenon known as Fermi-level pinning. (°395

10
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Patent at 2:10-67, 5:35-38, 7:55-59; Schubert Decl. 49 44-48.) Electron states,
including Bardeen states (such as dangling bonds at the semiconductor surface) and
metal-induced gap states (energy states in the bandgap of the semiconductor that
become populated due to the proximity of the metal), can cause the Fermi level to
become pinned between the semiconductor’s conduction and valence bands,
typically at or near the midgap. (395 Patent at 2:41-3:9, 16:66-17:1; Schubert Decl.
99 48-49.) Fig. 7a shows a metal-semiconductor junction with a pinned Fermi level:

metal 730 semiconductor 710

700 \\ vacuum

L™
A/
m

E, , S IR AR

Fig. 7a
(’395 Patent at Fig. 7a, 16:65-17:1.)

As Fig. 7a depicts, the pinned Fermi level Er is not aligned with the
conduction band edge Ec of the semiconductor at the interface. For an n-type
semiconductor, the difference between the Fermi level Er and the conduction band
edge of the semiconductor Ec at the interface produces a barrier to the flow of
electrons of height ®y, as shown in Fig. 4 of the *395 Patent:

11
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. Fig.4
..... e. (Prior Art)

E,

Sarmeconduchr 310
(’395 Patent at Fig. 4, 4:49-50, 7:35-59; Schubert Decl. q 49.)

“The importance of the barrier height at a metal-semiconductor interface is
that it determines the electrical properties of the junction. Thus, if one were able to
control or adjust the barrier height of a metal-semiconductor junction, one could
produce electrical devices of desired characteristics.” (’395 Patent at 3:10-14.)
According to the ’395 Patent, depinning a Fermi level is one technique for
accomplishing that. (ld. at 16:36-57, Schubert Decl. § 50.) But even before the
earliest alleged priority date of the *395 Patent, techniques for depinning a Fermi
level and controlling barrier height were well-known, as were techniques for
reducing specific contact resistance. (Schubert Decl. 49 51-53.)

Indeed, even before the earliest alleged priority date of the challenged claims
in August 2002, the prior art was replete with examples of interface layers that depin
a Fermi level by passivating the semiconductor surface (thereby satisfying dangling
bonds and reducing Bardeen states) and reducing the effects of metal-induced gap

states, including the examples described in the Goodnick, Rhoderick, and

12
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Sobolewski references. (Schubert Decl. 9 52-55; Goodnick at 1; Rhoderick at 3,
Sobolewski at 1.) It was similarly known that an interfacial oxide could reduce the
barrier height of a metal-semiconductor junction. (Schubert Decl. 9 56-58; Risko
at 1:43-50; Taubenblatt 1984 at 3.) Likewise, the prior art taught that an interface
layer could reduce the specific contact resistance of a metal-semiconductor junction:
for example, the 1976 Schroen patent, the 1989 Kim patent, and the 1999 Iwaguro
patent application publication. (Schubert Decl. 9 59-63; Schroen at Abstract; Kim
at 4:63-5:1, 5:27-30; Iwaguro at [0005]-[0006], [0012]-[0014].)

B.  The Purported Invention of the ’395 Patent

The purported invention of the 395 Patent, like the prior art, involves
providing an interface layer between the metal and the semiconductor in a
metal-semiconductor junction. (’395 Patent at 1:31-35.)

C.  Prosecution History

The ’395 Patent began as U.S. Patent App. No. 15/877,837 (“the ’837
Application,”) filed on January 23, 2018. (Ex. 1120, at 3-49.) It purports to claim a
priority date of August 12, 2002 through a series of parent applications. (*395 Patent,
at Cover, 1:8-27.) Each challenged claim was among the 837 Application’s original
claims. (Ex. 1120, at 39-42.) The Examiner initially rejected the claims over U.S.
Patent App. Pub. No. 2014/0117465 to Huang and other references combined with

Huang. (Id. at 122-129.) The Examiner said that Huang qualified as prior art

13
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because the parent applications of the 395 Patent did not describe the pairing of “a
semiconductor oxide or oxide of the semiconductor and a metal oxide or oxide of
titanium 1in the interface layer.” (Ex. 1120, at 121.) The applicants disagreed,
responding that the parent applications allegedly described pairing a titanium
dioxide spacer layer with a passivation layer of a semiconductor oxide. (Ex. 1120,
at 162-163.) The Examiner then allowed the claims, and the 837 Application then
issued as the 395 Patent. (ld. at 174, 196.)
VII. Level of Ordinary SKkill in the Art

Any of the following combinations of education and experience would have
qualified someone as an ordinarily skilled artisan in the field of the 395 Patent:

- a Ph.D. in electrical engineering, physics, materials science, or
chemical engineering, with two years of practical experience
with semiconductor research and design;

- a Master’s degree in electrical engineering, physics, materials
science, or chemical engineering, with four years of practical
experience with semiconductor research and design; or

- a Bachelor’s degree in electrical engineering, physics, materials
science, or chemical engineering, with six to eight years of
practical experience with semiconductor research and design.

(Schubert Decl. 9 70-71.)
Further, additional education could make up for less practical experience, and vice

versa. (I1d.)
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VIII. Claim Construction

Petitioner construes two claim terms below. As for the remaining claim terms,
the challenged claims are unpatentable under those remaining terms’ ordinary and
customary meanings. 37 C.F.R. § 42.100(b). The Board need not expressly construe
any other term at this stage.!

A. Claim 5: “depin a Fermi level of the metal electrical contact in the
vicinity of the junction”

The term “depin a Fermi level of the metal electrical contact in the vicinity of
the junction” in Claim 5 means “passivate the semiconductor surface and reduce the
effects of metal-induced gap states in the semiconductor.” The specification
consistently describes that depinning a Fermi level involves passivating the
semiconductor surface and reducing the effects of metal-induced gap states in the
semiconductor. (’395 Patent at 3:36-41, 10:56-64, 14:56-62, 15:27-42, 16:45-51,

17:12-20.)

! Petitioner reserves all rights to raise claim construction arguments and other
arguments in the Acorn Litigation or other proceedings involving the *395 Patent.
For example, Petitioner has not raised all of its challenges to the 395 Patent here,
including invalidity under 35 U.S.C. § 112. Further, comparing the claims to the
accused products in the Acorn Litigation may raise controversies that require claim

construction in that litigation, but not here.
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Although the specification often discusses those two features in the context of
depinning a Fermi level of the semiconductor, the applicants indicated during
prosecution of a parent application that those features also relate to depinning a
Fermi level of a conductor, such as a metal. (Ex. 1102, at 245.) In remarks
accompanying a claim amendment that changed “depin a Fermi level of the
semiconductor” to “depin a Fermi level of the conductor,” the applicants stated: “the
phrase ‘Fermi level of the semiconductor’ has been revised to read ‘Fermi level of
the metal/conductor’ in claims 1, 19 and 57 to clarify the nature of the physics as
explained at paragraph 70 of the specification as originally filed.” (Id.; see also id.
at 29-30 (originally filed paragraph 70); Ex. 1103, at 14:27-50.) Original paragraph
70, in turn, describes reducing metal-induced gap states “to depin the metal and
lower the Schottky barrier.” (Ex. 1102, at 29-30.) The original specification’s next
paragraph states that Schottky barrier height can be adjusted by the selection of an
appropriate passivation material. (Id. at 30; see also Ex. 1103, at 14:51-60.)

B. Claims S and 6: “specific contact resistivity”

An ordinarily skilled artisan would have understood that “specific contact
resistivity” and “specific contact resistance” are interchangeable in the context of
the 395 Patent. Indeed, the *395 Patent appears to use those terms interchangeably:
the specification discusses specific contact resistance, but the claims recite specific

contact resistivities. (E.Q., >395 Patent at 3:25-29, 3:42-45, 3:52-53, 4:22-30.) The
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interchangeable use of those terms was also common (if not universal) in the field.
(Carver at 2; see also Schubert Decl. 99 74-76.)

IX. Overview of the Prior Art
A.  Goodnick (Ex. 1121)

Goodnick describes a series of experiments “to observe the influence of thin
Si0; layers on the chemical formation of metal-silicon contacts.” (Goodnick at 1.)
Goodnick discloses that a thin interfacial oxide can satistfy dangling silicon bonds,
thereby depinning a Fermi level. (Id.) Goodnick also teaches that “the presence of
a thin oxide at the interface acts as a passivating influence, both from an electronic
and a chemical standpoint.” (1d.)

Goodnick also describes forming an Al — ALO; — SiO2 — Si contact by
thermally evaporating aluminum onto a 30 A silicon dioxide (SiO,) layer grown on
an n-type doped silicon (Si) substrate. (Goodnick at 1-2, 5.)> The aluminum (Al)
partially reduces the Si0O; to form Al,O3 and free silicon in a self-limiting reaction,
yielding an AlbOs — SiO» interface layer between the aluminum and the silicon
substrate. (Id. at 5.) A schematic depiction of Goodnick’s metallization process and

the resulting Al — Al,O3 — Si0; — Si contact appears below:

2 One angstrom (A) is equal to 0.1 nanometers (nm). Thus, 30 A converts to 3 nm.
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Al
Al metallization I
. Al,0,
S10, ﬁ Siﬂz
Si substrate Si substrate
Before Al metallization After Al metallization

(Goodnick at 1-2, 5; Schubert Decl. 9 80-86.)
B. Jammy (Ex. 1122)
Jammy generally describes a MOSFET (metal oxide semiconductor field
effect transistor) that incorporates a “quantum conductive barrier” interface layer

between a conductive stud and a semiconductor substrate, as depicted below:

40
|
52 50 62 &0 54
|
Y -
| 46
56 | '.l 58
4.2 48 44
60
Figure 1

(Jammy at Fig. 1 (annotations added) Jammy at 2:42-53; 3:16-22.)
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Jammy states that “FIG. 1 shows a schematic side view of a MOSFET 40 in
a substrate 60. Shallow source/drain diffusions (doped regions) 42 and 44 are
formed in substrate 60. ... Conductive studs 52 and 54 contact diffusions 42 and
44 through respectively.” (Jammy
at 4:9-17.) Jammy discloses forming those source/drain diffusions by implanting
n-type dopants into a silicon substrate. (Jammy at 4:33-38.)

C. Taubenblatt 1982 (Ex. 1123)

Taubenblatt 1982 describes the interface layers that form when titanium is
deposited on layer of SiO; (silicon dioxide) on an n-type silicon substrate and
annealed. (Taubenblatt 1982 at 2, 7-8.) Taubenblatt 1982 discloses that when
titanium is deposited on top of a layer of SiO; thicker than 20 A, and the resulting
structure is annealed at 700°C — 900°C, the TiOx (titanium oxide) — SiO; interface

layer depicted below forms between the titanium and the silicon:

TiO
Si+Si0y

(Taubenblatt 1982 at 7; see also id. at 8.)
As Taubenblatt 1982 describes, “in the reaction of Ti with a thicker SiO» layer,

Ti oxide forms, which can act as a diffusion barrier to prevent further reduction of
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the oxide by unreacted Ti metal or in the formation of silicide.” (Taubenblatt 1982
at 8.) Thus, once the TiOx layer forms, it prevents subsequent reactions between the
titanium and the SiO», leaving a layer of unreacted Ti metal atop the TiOx layer. (Id.;
Schubert Decl. 49 94-97.)

D. Chang (Ex. 1124)

Chang generally addresses specific contact resistance for “various metals on
silicon samples . . . . “ (Chang at 1.) Chang describes that at doping levels above
10'® dopant atoms / cm?, specific contact resistance “becomes a strong function of
doping,” decreasing as doping increases. (ld. at 4-5.) Chang also explains that the
specific contact resistance of an electrical junction decreases as its barrier height
decreases. (Id. at 6.) Finally, Chang describes a doping concentration as high as
10%! dopant atoms / cm?® for n-type doped silicon. (ld. at 7 (Fig. 5).)

E. Kim (Ex. 1125)

Kim generally describes a low resistance contact between a titanium-tungsten
alloy and silicon with an interface layer therebetween, the interface layer including
titanium dioxide. (Kim at 4:59-5:4.) The titanium in the tungsten-titanium alloy
reduces native silicon dioxide present on the silicon to form silicon and titanium
dioxide, which reduces the interface resistance. (ld. at 4:63-5:4.) Kim describes
achieving a specific contact resistance as low as 8 Q-um? for a junction between that

alloy and n-type doped silicon. (ld. at 5:27-30.)
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X.  The challenged claims are unpatentable.
A.  Ground 1: Goodnick anticipates Claims 1-3 and 8-10.
1. Claim 1
As discussed above in Section IX.A, Goodnick discloses an Al — Al,O3 — S10,

— Si contact. (Goodnick at 1-2, 5.) That contact meets every limitation of Claim 1,

as summarized by the below graphic:

“a metal electrical contact to said
region,” Section X.A.1.iii

/ “an interface layer between said region
“An electrical junction, and said metal electrical contact,”
comprising,” Section Al Section X.A.l.iv
X.ALi

“said interface layer comprising a
“said region being AI?O% and a ,and,”
electrically connectedto  |— S',|(_')2 Section X.A.1.vi
said metal electrical
contact through said “being in contact with said region in the

semiconductor substrate and said metal
electrical contact,” Section X.A.1.vii

interface layer,” Section

XA1v Si substrate

“a region in a semiconductor substrate,”
Section X.A.1.ii

(Goodnick at 1-2, 5; Schubert Decl. § 118.)

i An electrical junction, comprising

To the extent the preamble is limiting, Goodnick discloses it. (Schubert Decl.
9 119.) As discussed above in Section IX.A, Goodnick discloses an Al — ALO3; —
Si0; — Si contact. (Goodnick at 1-2, 5.) That contact is an electrical junction as

described and claimed in the *395 Patent. Indeed, the specification of the 395 Patent
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uses the terms “contact” and “junction” broadly and interchangeably. (E.g., 395
Patent at 1:45-48, 8:5-20, 13:20-23, 17:41-44.)
ii. a region in a semiconductor substrate,

Goodnick discloses this limitation. (Schubert Decl. § 122.) In particular,
Goodnick discloses a silicon substrate. (Goodnick at 1; Schubert Decl. § 122.) “The
silicon substrates used in this study were commercial single crystal (100) wafers,
phosphorous doped to 10! cm>.” (Goodnick at 1.)

iii. a metal electrical contact to said region, and

Goodnick discloses this limitation. (Schubert Decl. § 123.) In particular,
Goodnick addresses the ‘“chemical formation of metal-silicon contacts” and
Goodnick discloses aluminum as an example of a metal electrical contact.
(Goodnick at 1; Schubert Decl. q 123.) Specifically, Goodnick describes forming a
metal-silicon contact by evaporating aluminum (Al) onto a 30 A layer of SiO» grown
on a cleaned silicon substrate. (Goodnick at 1-2, 5.)

iv.  an interface layer between said region and said metal
electrical contact,

Goodnick discloses this limitation. (Schubert Decl. 4 124.) Goodnick
describes forming a metal-silicon contact by evaporating aluminum (Al) onto a 30
A layer of SiO> grown on a cleaned silicon substrate. (Goodnick at 1-2.) According
to Goodnick, that process produced an AlOsz - SiO; interface layer between the

silicon substrate and the aluminum. (Goodnick at 5; Schubert Decl. 9 124.)
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V. said region being electrically connected to said metal
electrical contact through said interface layer and

Goodnick discloses this limitation. (Schubert Decl. 9 125.) “The focus of the
present investigation has been to observe the influence of thin SiO; layers on the
chemical formation of metal-silicon contacts.” (Goodnick at 1.) For its aluminum
metallization, Goodnick discloses that “both SiO, and Al,O; existed simultaneously
at the interface . .. .” (Id. at 5.) That Goodnick characterizes its Al — Al,O3 — SiO»
— Si contact as a “metal-silicon contact” indicates that the silicon substrate
(semiconductor region) is electrically connected to the aluminum (metal electrical
contact) through the AlLO3 — SiO; interface layer. (Schubert Decl. q 126.)
Confirming that electrical connection, Goodnick describes its interfacial oxide layers
as “thin,” and states that “an oxide layer that is sufficiently thin may sustain
considerable current via tunneling.” (Goodnick at 1; Schubert Decl. 4 126.)

vi. said interface layer comprising a metal oxide and a
semiconductor oxide, and

Goodnick discloses this limitation. (Schubert Decl. § 127.) “The results
indicated that both SiO, and AL,O; existed simultaneously at the interface, implying
that the reaction is self-limiting, even at elevated temperatures. This is probably a
result of the diffusion barrier formed by the Al,O3 layer to the transport of Al to the

S10; layer.” (Goodnick at 5.)
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vii. being in contact with said region in the semiconductor
substrate and said metal electrical contact.

Goodnick discloses this limitation. (Schubert Decl. § 128.) Goodnick
describes thermally evaporating aluminum (a metal electrical contact) onto an SiO»
layer grown on a silicon substrate (semiconductor region). (Goodnick at 1-2, 5;
Schubert Decl. 9§ 128.) Although the aluminum partially reduced the SiO> to produce
AlO3s, some of the SiO; layer grown on the silicon surface remained, “probably a
result of the diffusion barrier formed by the Al,Os layer to the transport of Al to the
Si0; layer.” (Goodnick at 5.) The remaining portion of the SiO» layer grown on the
silicon substrate would have been in contact with the silicon substrate. (ld. at 1-2;
Schubert Decl. q 129.) And, because the interface layer’s AlO; layer forms a
diffusion barrier against the “the transport of Al to the SiO; layer,” evaporated
aluminum would have remained atop and in contact with the interface layer’s Al,O3
layer. (Goodnick at 5; Schubert Decl. 9 130.)

2. Claim 2
i. The electrical junction of claim 1,

See Section X.A.1. (Schubert Decl. 4 132.)

ii. wherein the semiconductor oxide comprises an oxide of
the region in the semiconductor substrate.

Goodnick discloses this limitation. (Schubert Decl. 4 133.) As discussed

above in Sections X.A.1.iv, X.A.1.vi, and X.A.1.vii, Goodnick discloses thermally
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growing a layer of SiO, on a silicon substrate. (Goodnick at 1-2.) After
metallization, “[t]he results indicated that both SiO, and AlLOs existed
simultaneously at the interface, implying that the reaction is self-limiting, even at
elevated temperatures.” (ld. at 5.) The SiO2 remaining on the silicon substrate is an
oxide of that silicon substrate, i.e., of that semiconductor region. (Schubert Decl.
133.)

3. Claim 3
i. The electrical junction of claim 2,

See Section X.A.2. (Schubert Decl. 9 135.)

ii. wherein the semiconductor oxide has a thickness of
approximately 0.1 nm to 5 nm.

Goodnick discloses this limitation. (Schubert