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Under35U.S.C.§§ 311,312 and 37 C.F.R. § 42.104, United Microelectronics
Corporation and UMC Group (USA) (collectively, “Petitioner”) request inter partes
review (“IPR”) of claims 1, 2, 3, 5, 6, 11, 13, 14, 16, 17, 18, 19, 21, and 22
(“Challenged Claims™) of U.S. Patent No. 8,253,180 (Ex.1001, “the 180 patent™).

1. Introduction

The ’180 patent relates “to techniques for improving the driving power and
reliability of a MISFET [metal insulator semiconductor field-effect transistor]” by
(1) extending a high-k gate insulating film from under the gate electrode to under a
sidewall and (2) making the high-k film thicker under the gate electrode than under
the sidewall. Ex.1001, 1:16-23, 2:8-19, 2:39-46. These basic concepts were known
before the *180 patent, a fact corroborated by the Examiner and acquiesced to by the
Applicant during Japanese prosecution. Petitioner, supported by the Declaration of
Dr. Sanjay Banerjee (Ex.1101), demonstrates the Challenged Claims are
unpatentable.

II.  Certification of Grounds for Standing

Petitioner certifies under 37 C.F.R. §42.104(a) that the *180 patent is available
for IPR and Petitioner is not barred or estopped from requesting IPR of the

Challenged Claims on the Grounds identified in this Petition.
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III. Identification of Challenge and Requested Relief
A.  Prior Art

The *180 patent was filed on March 1, 2011 and claims priority to Japan Patent
Application No. JP2005- 227457 (“JP application™), filed August 5, 2005. Petitioner
does not acquiesce the 180 patent is entitled to priority of the JP application.
Regardless, each applied reference identified below was filed or published before
August 5, 2005 and is prior art to the *180 patent.

1. U.S. Patent Application Publication No. 2002/0063299 to Kamata, et
al. (“Kamata”; Ex.1027), published May 20, 2002, is prior art under 35 U.S.C.
§102(b).!

2. “Effects of ALD HfO, thickness on charge trapping and mobility” to
Sim, et al. (“Sim”; Ex.1024), published June 17, 2005, is prior art under 35 U.S.C.
§102(b). Ex.1326, q18-21.

3. “High-k gate dielectrics: Current status and materials properties
considerations” to Wilk, et al. (“Wilk”; Ex.1018), published in 2001, is prior art
under 35 U.S.C. §102(b). Ex.1326, 4414-17.

4. U.S. Patent Application Publication No. 2006/0091432 to Guha, et al.

(“Guha”; Ex.1028), filed November 2, 2004, is prior art under 35 U.S.C. §102(e).

' Pre-AIA 35 U.S.C. §102 applies.
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5. U.S. Patent Application Publication No. 2003/0025135 Al to
Matsumoto, et al. (“Matsumoto”; Ex.1009), published February 6, 2003, is prior art
under 35 U.S.C. §102(b).

B.  Grounds for Challenge

The specific Grounds of the challenge are set forth below and are supported

by the Declaration of Sanjay Banerjee, Ph.D. (Ex.1101).

Ground Basis Challenged Claims Prior Art Reference(s)
I §103 1-3, 5-6, 13-14, 16-19, 21- | Kamata (Ex.1027)

22

II §103 Kamata (Ex.1027)-Sim
11 (Ex.1024)

III §103 Kamata (Ex.1027)-Wilk
18-19 (Ex.1018)

v §103 1-3, 5-6, 13-14, 16-18, 21- | Guha (Ex.1028)
22

Vv §103 Guha (Ex.1028)-Sim
11 (Ex.1024)

VI §103 Matsumoto (Ex.1009)
1,5,13-14,16-19

IV. THE 180 PATENT
A. Applicant Admitted Prior Art

The 180 patent recognized that, prior to August 2005, semiconductor devices
had used “a high dielectric constant film formed of a Hf based oxide, Al based oxide
or the like” as a gate insulating film existed. Ex.1001, 1:25-33. It describes two prior

art metal insulator semiconductor field-effect transistors (MISFETSs), depicted in
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Figures 16A-16B, each including a high dielectric constant gate insulating film 1042
(shaded red) interposed between gate electrode 105 (shaded blue) and the substrate.
In the Figure 16A device, sidewall 107 (shaded green) is formed on each side of gate
electrode 105. Ex.1001, 1:45-46. In the Figure 16B device, an additional offset
sidewall 106 (shaded purple) is interposed between sidewall 107 and gate electrode

105. Ex.1001, 1:54-57.

gate gate . T
electrode electrode offset
l sidewall
id i 7
— \107 107 high dielectric constant | . 107 107 e
105 61 | gate insulating film : o sidewall
103~ _ 103 103 . 103
. N - AR \"‘\‘\\‘ & <
1025 ,;\';_\':]S Oy 1‘3\ N _\\\ O 102 Ry :\_\:‘:_ NN ) N x::_:-‘\:‘-.

101~ / / \] 101~] ( [ \

119 11 1o 112 | | 112 110] 110 N2 \
1 l 111 1 1 1 source/drain
source/drain p— . region
region pocket substrate substrate pocket

region region

exten_slon
region
exterfsion
region
’180 Patent, Figure 16A3 180 Patent, Figure 16B

2> The terms “gate dielectric” and “gate insulating film” are used interchangeably.
The term “high dielectric constant” is also referred to as “high-k” in this Petition and
prior art documents.

3 All shading and annotations in figures added, unless otherwise noted.
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In these devices, the “side end portions™ of the high-k film ‘“‘are in direct
contact with sidewalls.” Ex.1001, 1:63-66. The *180 patent purports to address
issues with this arrangement by extending the high-k film under the “sidewalls to
prevent end portions of the [high-k] film from being in contact with the sidewalls.”
Ex.1001, 2:12-18. The concept of extending a high-k gate insulating film from under
the gate electrode to beneath sidewalls was well-known. E.g., §§1V.B.2, IV.D.2, V,
VIII, X.

B.  Technical Background

A semiconductor device, at its most basic, exploits the properties of
semiconductor materials such as silicon or geranium. Ex.1101, §37. Many types of
semiconductor devices exist including, e.g., diodes and metal oxide semiconductor
(MOS) transistors (e.g., field effect transistors (FETs)). See e.g., id.; Plummer,
Ex.1215, 33-41. For ease of discussion, Petitioner describes FET devices in further
detail below. A POSITA would understand the basic concepts in §IV.B also apply
to other types of semiconductor devices.

1.  MISFET/MOSFET

MISFETs* have a source/drain for current input/output. Ex.1101, 938;

4 The terms “MISFET” and “MOSFET” (“Metal-Oxide-Semiconductor Field-Effect

Transistor”) are interchangeable. Ex.1101, 938.
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Plummer, Ex.1215, 76-82. MISFETs like the ones at issue here also have a gate
above a channel region between the source and drain. Ex.1101, 938; Plummer,
Ex.1215, 71-76. The gate includes a gate electrode and gate dielectric (also
referred to as a gate insulating film) separating the gate electrode from the channel
region. Id. Applying voltage to the gate electrode controls the channel region to
connect (ON state) or disconnect (OFF state) the source and drain. Ex.1101, 438;
Ex.1341, 8-9. Generally, source/drain regions are doped with either a p-type or n-
type impurity. Ex.1101, 4939-42; Plummer, Ex.1215, 76-82. MISFETs with n-type
source/drain regions are called NMOS, and MISFETs with p-type source/drain
regions are called PMOS, as illustrated below. Ex.1101, 9939-42; Plummer,

Ex.1215, 13, Fig. 1-11 (below).

gute  § - gate
y electrode [N : electrode R

u source/drain |, channel

N region - A
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2. Gate Insulating Film
a. Materials

A common feature of a FET is the gate dielectric. Plummer, Ex.1215, 288.
For decades prior to the 180 patent, silicon dioxide (SiO,) was the primary material
used for gate dielectrics in MOSFETs. Ex.1101, 450; Plummer, Ex.1215, 53 (“SiO,
is essentially a perfect insulator and provides the needed [electrical] isolation.”);
Houssa, Ex.1213, 3-4. As gate dielectric layers continued to shrink in thickness (e.g.,
below 1.5 nm), use of SiO, became untenable, because the amount of gate-to-
channel tunneling leakage-current passing through the gate dielectric prevents the
gate electrode from effectively controlling the ON/OFF states of the FET. Ex.1101,
1950-61; Wolf-4, Ex.1214, 4-5.

High-k dielectrics, like Hf-based oxides, Ta,Os, or ZrO,, replaced SiO, to
address these challenges. Ex.1101, 4950-61; Wolf-4, Ex.1214, 146. For example, it
was known by 2005 that, as compared to Si0,, high-k materials significantly reduce
the amount of leakage current and, thus, improve energy efficiency. Ex.1101, 9953-

61; Wilk, Ex.1018, 5250, Fig. 5 (below); Wolf-4, Ex.1214, 146-47.
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b. Extended Gate Insulating Films
Prior to 2005, it was common practice to extend the gate dielectric from under
the gate electrode to under the gate sidewalls. For example, Plummer depicts a
CMOS device having an extended gate dielectric in the NMOS and PMOS

transistors. Ex.1101, 462; Plummer, Ex.1215, Fig. 2-34 (below), 82-83.
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Plummer, Figure 2-34

Houssa discloses another example using a high-k material as the gate
insulating film that extends from under the gate electrode to under the sidewalls.

Ex.1101, 463; Houssa, Ex.1213, 510, Fig. 5.1.9(b) (below).
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gate dielectric
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Houssa, Figure 5.1.9(b)
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JP Publication No. 2005-064190 (“JP-Ono™; Ex.1340), filed two years before
the earliest priority date of the 180 patent, also describes extending the gate
dielectric and varying its thickness. Specifically, JP-Ono adjusts both the reduction
in thickness of the gate dielectric (A2) outside the gate electrode and the length of
the gate dielectric from the outer edge of the gate electrode (Y) (i.e., how far the gate
dielectric protrudes from under the gate electrode). Ex.1340, 935, Fig. 3 (below);

Ex.1101, §965-68.

JP-Ono, Figure 3

> A certified translation of JP-Ono is included with Ex.1340.
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3. Sidewall Structures

Another common feature of a semiconductor device i1s sidewalls, vertical
insulating structures formed on or proximate to the side surfaces of a gate electrode.
Sometimes, the terms “sidewall,” “spacer,” and “sidewall spacer” are used
interchangeably. Ex.1101, 469. Sidewalls serve a variety of purposes and functions in
a semiconductor device such as defining the source/drain region, providing isolation,
protecting the gate during subsequent fabrication, and controlling the width of the gate
in the gate length direction. /d.

As an example, sidewalls may be used for “[c]ontrolling the position of the
edge of the SDE [source/drain extension] region with respect to the gate edge” so as
to achieve optimal amount of overlap between the SDE and the gate edge. Wolf-4,
Ex.1214,217. As shown below, “an offset-spacer is fabricated on the side of the gate
after the gate-poly is etched (but before the SDE implant step is carried out ...,” with
offset-spacer width “varied from zero (no-spacer) to some upper-bound (e.g., 50-
nm)” to achieve optimum device characteristics. Id., 217, Fig. 5-25 (below);

Ex.1101, 970

11
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4. Etching Properties

In semiconductor devices, thin films are often first deposited on the wafer
surface and then selectively removed by etching to leave the desired pattern of the
film. Ex.1101, §71; Plummer, Ex.1215, 609-11. The desired pattern is often defined

by placing a mask on the surface before etching; the mask is removed after etching.

Ex.1101, 971; Plummer, Ex.1215, 609-10, Fig. 10-1 (below).
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Plummer, Figure 10-1
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Etching is performed in a “wet” or “dry” environment. Ex.1101, §73;
Plummer, Ex.1215, 609, 612-37. Wet etching involves the use of liquid etchants
(e.g., hydrofluoric acid), whereas dry etching involves the use of gas-phase etchants
in a plasma. Ex.1101, 473; Plummer, Ex.1215, 609. Etching processes are also
described based on the relative etch rates in different directions. Ex.1101, 74;
Plummer, Ex.1215, 610-11. Isotropic etching occurs when the etch rate is the same
in all directions, resulting in a semicircular etch profile as shown in Figure 10-3(a)

below.

More Directional Etching

.

(a) Isotropic (b) Anisotropic (c} Completely Anisotropic

Plummer, Figure 10-3

Plummer, Ex.1215, Fig. 10-3. Most wet chemical etchants etch isotropically. /d.,
610-13. Anisotropic etching occurs where there is little or no etching in the lateral
direction. /d., 611, Figure 10-3(b), (c) (above). For anisotropic etching, the amount
of lateral etching may vary, such that the etched surface may be curved or sloped
(see id., Fig. 10-3(b) (above)) to completely vertical (see id., Fig. 10-3(c) (above)).

Ex.1101, 974.

13
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C. ’180 Patent Overview

The ’180 patent presents four device embodiments (first-fourth embodiments)
and their associated fabrication methods (fifth-eighth embodiments). In each
embodiment, the high-k gate insulating film (shaded red) extends beyond the gate
electrode to under the sidewall(s). Ex.1001, Figures 1-2, 5, 9 (below). The
embodiments differ in the number of sidewalls (one/two) and the presence of a buffer
layer under the gate insulating film (fourth embodiment). The embodiments also
vary in the relative thickness of the gate insulating film under the gate electrode and

sidewalls, though this difference is not relevant to most *180 patent claims.

4A

S 1T

h 1]
12 10[ |1° 12
11 11

Figure 1—First Embodiment Figure 2—Second
Embodiment

14
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Figure 5—Third Embodiment Figure 9—Fourth Embodiment

Each embodiment includes a modification in which “a side portion of the
high dielectric constant gate insulating film ... is removed in a notch shape, so that
a notch 20 is provided,” illustrated in Figure 6 below for the first embodiment
modification. Ex.1001, 7:4-9, 14:28-35, Figure 6, 8:31-36, 15:58-65, Figure 7,

11:37-42,17:61-67, Figure 8, 12:55-13:1, Figure 10.

Figure 6 with enlargements

The concept of changing the shape and/or location of the end of a dielectric

was known, long before the *180 patent. (E.g., §§IV.D.2, V, VIII, X.)

15
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D.  Prosecution History

1. ’180 Patent

The filed application claims were rejected over U.S. Patent 6,992,358 to Hieda
(“Hieda”). (Ex.1002, 123-27.) In response, Applicant argued Hieda did not disclose
the “predetermined distance” limitation of prosecution claim 21 (issued claim 1)
because “the high dielectric constant gate insulating film does not extend so as to
reach the outer end of the insulating sidewall.” (Ex.1002, 151.) Applicant
repeatedly stressed this requirement for the “predetermined distance” limitation:

[T]he recited high dielectric constant gate electrode [sic] recited by
claim 21 does not extend so far such that it is disposed beneath the outer
end of the insulating sidewall, as is shown, for example, in the
exemplary embodiments of Figs. 6 and 10. It is disposed inwardly of

the outer end of the insulating sidewall.

Ex.1002, 152; see also id. (“high dielectric constant gate insulating film 4a is not
disposed underneath the outer ends of the insulating sidewalls 77).

The Examiner maintained the rejection. Ex.1002, 193-97. Applicant traversed,
repeating the same “predetermined distance” arguments and further contending
Hieda’s gate insulating film does not “extend under both the gate electrode and first
insulating sidewalls.” Ex.1002, 215. The Examiner subsequently allowed the claims.

Ex.1002, 193-97, 214-15, 225-27.

16
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2. JP Application
The JP Application was filed with the same device claim originally filed with
the U.S. application for the 180 patent. Ex.1305, 1. The JP-Examiner found this
claim scope unpatentable, citing JP-Ono and W0O2004/017418, which both disclose
a high-k gate insulating film extending from under the gate electrode to under the

sidewalls. Ex.1305, 4-6.

gate electrode ‘

high dielectric constant
gate insulating film

JP-Ono, Figure 23 ’180 Patent, Figure 1

In response, Applicant narrowed the independent claim. Ex.1305, 8 The JP-
Examiner rejected the amended claim based on both JP2003-258241 (“Kajiyama™)
and JP2004-241755 (“JP-Matsumoto”), which both have extended gate insulating
films. Ex.1305, 14-16. The JP-Examiner maintained the rejection of the notch claim
based on JP-Ono. Ex.1305, 15. Applicant further narrowed the claim to obtain

allowance. Ex.1305, 18.

17
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Despite the materiality of the JP notices of refusal, Applicant did not inform
the U.S. Examiner of the rejections by the JP-Examiner during pendency of the *180
patent.

E. Claim Construction

Claims in an IPR are construed under Phillips v. AWH Corp., 415 F.3d 1303
(Fed. Cir. 2005) (en banc). See 37 C.F.R. §42.100(b).

Petitioner does not believe any terms need be construed to resolve the issues
presented in this Petition, and Petitioner takes no position regarding claim
construction at this time. The Challenged Claims are unpatentable under their plain
and ordinary meaning. Ex.1101, 4[122-23. Petitioner reserves the right to respond
to any purported claim constructions that Patent Owner raises.

F.  Level of Ordinary Skill in the Art

A POSITA would have had at least a Master’s degree in electrical
engineering, physics, chemistry, materials science, or related fields, and three years
of work experience in semiconductor manufacturing. Ex.1101, q9118-21. Additional
graduate education could substitute for work experience, and additional work

experience/training could substitute for formal education. /d.
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V.  Ground I: Kamata Renders Claims 1-3, 5-6, 13, 14, 16-19, and 21-22¢

Obvious

A. Overview

While numerous embodiments are invalidating, this Petition focuses on

Kamata’s first (Figure 1B(j)), fourth (Figure 5(c)), and ninth (Figure 10(b))

embodiments. Each embodiment’s device includes a gate electrode, a gate insulating

film, and a sidewall structure having first sidewall film 4 and second sidewall film

5. Kamata, Ex.1027, 9950-61 (first embodiment), 68 (fourth embodiment), 93-94

(ninth embodiment). Each embodiment’s gate insulating film extends from under

the gate electrode to under only a portion of the sidewall structure.

11~ 11

Kamata, Figure 1B(j)
(First Embodiment)
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Kamata, Figure 5(c)
(Fourth Embodiment)

6 A listing of challenged claims is provided in the Appendix.
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Kamata, Figure 10(b)
(Ninth Embodiment)

B. Independent Claim 1
1. Preamble

Kamata’s first, fourth, and ninth embodiments each discloses a
“semiconductor device”’: “invention relates to a semiconductor device.”® Kamata,
Kamata, Ex.1027, 493, 8; see also id. 9932, 50 (first embodiment), 35, 68 (fourth
embodiment), 93-94 (ninth embodiment); Ex.1101, q141.

2. Limitation 1[a]

Kamata’s first, fourth, and ninth embodiments each discloses “a high

dielectric constant gate insulating film formed on an active region in a substrate”

(Limitation 1[a]). Ex.1101, q142-46.

7 Claim language is indicated by italics throughout.

8 Unless otherwise noted, all emphasis added.
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Each device has “semiconductor substrate 1 made of silicon” (shaded pink).
Kamata, Ex.1027, 4950, 68 (“parts [of fourth embodiment] that are same as or
similar to those of the first embodiment are denoted respectively by the same
reference symbols™), 94 (“portions [of ninth embodiment] that are same as or similar
to those FIGS. 1A through 2C are denoted respectively by the same reference
symbols™). Kamata explains that “shallow trench isolation zones (STI) 117 are
formed on the substrate “to define an element region 1a” and refers to element region
la as an “active region.” (Kamata, Ex.1027, 9950, 68, 94, 99-100 (referring to
element region 1a of Figure 1A(a) as an “active region” and indicating same parts
are “denoted ... by the same reference symbols”); Google LLC v. Jenam Tech, LLC,
IPR2021-00630, 2022 WL 4287797, *9 n.9 (P.T.A.B. Sept. 16, 2022) (applying
same disclosures where “figures refer to corresponding features using the same
reference numbers”); Ex.1001, 1:41-43 (“region of the well 102 surrounded by the
STI serves as an active region of a substrate 101”); Ex.1101, 9143.) A POSITA
would have understood element region 1a, identified by STI, is an “active region in

a substrate.” (Ex.1101, 9143.)
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Kamata, Figure 10(b)
(Ninth Embodiment)

Each embodiment includes film 2 (shaded red) formed on the active region

under the gate electrode extending beneath the sidewall structure. (£.g., Kamata,
Ex.1027, 9956, 68, 94; Ex.1101, q144; §§V.B.3-5; Unified Pats., LLC v. Oceana

Innovations LLC, No. IPR2020-01463, 2022 WL 500391, *17 (P.T.A.B. Feb. 14,
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2022) (“[A] patent drawing may serve as prior art ‘without referring to the surrounding
description’ if ‘the prior art features are clearly disclosed by the drawing.’”) (citation
omitted).) “[G]ate insulating film” 2 is disclosed as “a high dielectric constant film
such as an oxide film with higher dielectric constant than the silicon oxide.” (Kamata,
Ex.1027, 952, 953 (listing exemplary high-k films including Hf oxides or silicates).)

Kamata therefore discloses a “high dielectric constant gate insulating film
formed on an active region in a substrate.” (E.g., Kamata, Ex.1027, 473 (referring to
“gate insulating film 27), q98-10 (“present invention” device includes “gate
insulating film formed on a surface of the silicon substrate”), claim 1; Ex.1101,
q1146.)

3. Limitation 1[b]

Kamata’s first, fourth, and ninth embodiments each discloses “a gate
electrode formed on the high dielectric constant gate insulating film” [1B].
(Ex.1101, 99147-48.)

As shown below, each embodiment’s device has gate electrode 3 (shaded
blue) formed on film 2 (“gate insulating film”). (Ex.1101, q148; Ex.1027, 950
(explaining gate electrode 3 is “formed by depositing polycrystalline silicon” and
performing a subsequent anisotropic etch), 4468, 94, Figures 1A(a)-(c), claim 1

(reciting device with “gate electrode formed on the gate insulating film™).)
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(Ninth Embodiment)

4. Limitation 1[c]

Kamata’s first, fourth, and ninth embodiments each discloses “a insulating
sidewall formed on each side surface of the gate electrode” (Limitation 1[c]).
(Ex.1101, 99149-52.)

As shown in Figures 1B(j) and 5(c), each device includes sidewall film 4

(shaded purple) and sidewall film 5 (shaded green) formed on the gate electrode’s side
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surfaces. (Kamata, Ex.1027, 498-16 (“first aspect of the present invention [provides]
a semiconductor device comprising ... multilayer type sidewall films [] formed on the
respective side surfaces of the gate electrode™), 57 (referring to film 5 as “sidewall
film 5), 74 (referring to film 4 as “sidewall film 4”).) Sidewall film 4 is a silicon
oxide film, and sidewall film 5 is a silicon nitride film—both are insulating films.
(Kamata, Ex.1027, 4950 (referring to “silicon nitride film (Si3N4) 5), 58 (referring
to “silicon oxide film 4”), 68.) Sidewall film 4 and sidewall film 5 are collectively an

“insulating sidewall,” consistent with the *180 patent’s disclosure.’ (Ex.1101, 9151.)

? The *180 patent uses the term “insulating sidewall” to refer to a single component
(Ex.1001, 6:3-4), a collective structure of two components ( Ex.1001, 2:58-63), and

as a component having multiple layers (Ex.1001, 20:43-52)
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Figure 10(b) depicts a portion of the ninth embodiment device. As shown, the
device includes sidewall film 4 (shaded purple) and sidewall film 5 (shaded green)
formed on the right side surface of the gate electrode. (Kamata, Ex.1027, §98-16, 57,
74; see also Kamata, Ex.1027, 4950, 58, 94.) A POSITA would have understood this
device includes corresponding insulating sidewalls on the left side surface of the
gate. (Ex.1101, 94152 n.1.) As above, sidewall film 4 and sidewall film 5 are

collectively an “insulating sidewall.” (Ex.1101, §152.)
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5. Limitation 1[d]-1[e]

Kamata’s first, fourth, and ninth embodiments each discloses “high dielectric
constant gate insulating film is continuously formed so as to extend from under the
gate electrode to under the insulating sidewall” (Limitation 1[d]) and “an end of the
high dielectric constant gate insulating film under the insulating sidewall is located
at a predetermined distance from an outer end of the insulating sidewall toward the
gate electrode” (Limitation 1[e]). (Ex.1101, §9153-62.)

a. First/Fourth Embodiments

As shown in Figures 1B(j) and 5(c), high-k gate insulating film 2 is an
uninterrupted layer (as evidenced by absence of gaps) extending from under the gate

electrode (shaded blue) to under sidewall 4 (shaded purple), which is a portion of the

27



Petition for Inter Partes Review of U.S. Patent No. 8,253,180

“insulating sidewall.” (Ex.1101, 4154; Unified, 2022 WL 500391, *17.) This is
confirmed by Kamata’s manufacturing process, where gate insulating film 2 is etched
to its final length, extending under sidewall 4, after gate electrode 3 and sidewall 5
are formed. (Kamata, Ex.1027, Figures 1A(f), 1B(g), 4950, 56, 68 (fourth
embodiment); Ex.1101, 4156) Gate insulating film 2 of Kamata’s first/fourth
embodiments is “continuously formed so as to extend from under the gate electrode

to under the insulating sidewall” (Limitation 1[d)]. (Ex.1101, 9158.)
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Kamata, Figure 1B(j) with enlargement
(First Embodiment)
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In Kamata’s first and fourth embodiment devices, the end of the gate insulating
film is perpendicular to the substrate surface. As shown in Figures 1B(j) and 5(c)
above, the end of the gate insulating film is disposed at a distance inward from the
outer end of sidewall 5 (outer end of “insulating sidewall”’) toward the gate electrode.
(Ex.1101, 9157) The distance which the end of the gate insulating film extends
inward toward the gate electrode is set by Kamata’s manufacturing process discussed
above. (/d.) Thus, the end of high-k film in the first and fourth embodiments is
“located at a predetermined distance from an outer end of the insulating sidewall toward
the gate electrode” (Limitation 1[e]), consistent with the 180 patent’s disclosure.

(Ex.1001, 21:1-7 (high-k film’s side surfaces “may be a perpendicular plane to the
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substrate surface,” such that the side surface “may be located at a predetermined
distance from a side end surface of the sidewall 7°).) Kamata’s disclosures are also
consistent with Applicant’s prosecution statements directed to this limitation: high-k
gate dielectric “does not extend so far such that it is disposed beneath the outer end
of the insulating sidewall .... It is disposed inwardly of the outer end of the insulating
sidewall.” (Ex.1002, 151-52; §IV.D.1.)

b. Ninth Embodiment

As shown in Figure 10(b), high-k gate insulating film 2 is an uninterrupted
layer (as evidenced by absence of gaps) extending from under the gate electrode
(shaded blue) to under sidewalls 4 (shaded purple) and 5 (shaded green), collectively
the “insulating sidewall.” (Ex.1101, §160; Kamata, Ex.1027, 9950, 56 (formation of
gate and sidewall 5); 93 (describing deep diffusion region 14 formation after
sidewall film formation), 94.) Kamata’s ninth embodiment discloses limitation 1[D].

In the ninth embodiment, the end of gate insulating film 2 (shaded red) is
tapered. As above, the end of film 2 is disposed at a distance inward from the outer
end of sidewall 5 toward the gate electrode. (Ex.1101, q161.) For this embodiment,
the distance which the end of the gate insulating film extends inward toward the gate
electrode is set by Kamata’s manufacturing process discussed above. (Ex.1101,
9162.) Thus, the end of the high-k film in the ninth embodiment is “/ocated at a

predetermined distance from an outer end of the insulating sidewall toward the gate
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electrode” (Limitation 1[e]), consistent with the ’180 patent’s disclosure and

Applicant’s prosecution statements. (Ex.1001, 20:63-21:1; §IV.D.1; Ex.1002, 151-

52.)

gate
| electrode

|

. insulating
sidewall

end of gate
insulating film

3

ZZ; %/‘/i//>\\\ gatc:c:l\;acrg;ld-.: ‘_ :
N

14

Kamata, Figure 10(b) with enlargement
C. Claim 2-3

Kamata’s first, fourth, and ninth embodiments each discloses “a buffer
insulating film between the substrate and the high dielectric constant gate insulating
film” [2] that “is a silicon oxide film” [3]. (Ex.1101, §9163-64.)

Kamata discloses “[i]t is desired that a SiOx (0<x=2) layer ... is interposed

between the gate insulating film and the silicon substrate.” (Kamata, Ex.1027, 4954,
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68 (relating fourth embodiment to first), 94 (relating ninth embodiment to first).)
Therefore, in each embodiment, the SiOx layer is a “buffer insulating film” formed
of “a silicon oxide film” disposed between the substrate and high-k gate insulating
film 2. (Ex.1101, q164.)

D. Claim 5, 21-22

Kamata’s ninth embodiment discloses “a smallest thickness of part of the high
dielectric constant gate insulating film located under the insulating sidewall is
smaller than that of part of the high dielectric constant gate insulating film located
under the gate electrode” [5], “end of the high dielectric constant gate insulating
film located under the insulating sidewall has a tapered surface” [21] and “high
dielectric constant gate insulating film located under the insulating sidewall has a
thickness which becomes smaller toward the end thereof’ [22]. (Ex.1101, §9165-67.)

Gate insulating film 2 extends from under gate electrode 3 to under sidewall
films 4 and 5 (collectively the “insulating sidewall”). (§V.B.5.) As shown in Figure
10(b) below, the end surface of gate insulating film 2, located under the “insulating
sidewall,” diminishes in thickness from its maximum (which is equivalent to its
thickness under the gate electrode) to its smallest at its far end—it is “tapered.”
(Kamata, Ex.1027, 993; see also Kamata, Ex.1027, 418, 85 (describing formation
of slanted surfaces in embodiment having same slanted gate dielectric and slanted

epitaxially grown film 8); Unified, 2022 WL 500391, *17.)
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(Ninth Embodiment)

E. Claim 6

Kamata’s first, fourth, and ninth embodiments each discloses “the high
dielectric constant gate insulating film is formed of a Hf based oxide [6]. (Ex.1101,
19168-70.) Kamata discloses a list of exemplary materials for high-k film 2, including
HfO,, which is a “Hf based oxide.” (Kamata, Ex.1027, 4952-53.) By 2005, a POSITA
would have been motivated to select HfO, given its known benefits, e.g., “its superior
thermal stability with poly-Si and reasonable band alignment.” (Lee-2000, Ex.1337,
2.4.1; Houssa, Ex.1213, 207 (HfO; “combines a high k (15-26) with a bandgap of
5.6 eV, with favourable conduction and valence band offsets with respect to Si”);
Lee-1999, Ex.1349, 134 (“Excellent dielectric properties ... suggest that HfO, is a

promising material for the future gate dielectric application.”); Ex.1101, §170.) HfO,

33



Petition for Inter Partes Review of U.S. Patent No. 8,253,180

also could be scaled down to a smaller EOT. ( Houssa, Ex.1213, 207.) Thus, Kamata
discloses film 2 “is formed of a Hf based oxide.” (Ex.1101, §169.)

F. Claim 13

Kamata’s first, fourth, and ninth embodiments each discloses “the end of the
high dielectric constant gate insulating film is located at a predetermined distance
from a side end of the gate electrode toward the insulating sidewall” [13]. (Ex.1101,
19171-74.)

In each of the first and fourth embodiment devices, the end of gate insulating
film 2 is perpendicular to the substrate surface. (§V.B.5.a.) As shown in Figures 1B(j)
and 5(c) below, the end of the gate insulating film is not flush with the outer end of
sidewall film 5 (outer end of “insulating sidewall”); it is disposed at a distance inward
from the outer end of sidewall 5 which is also a distance outward from the gate
electrode. (§V.B.5.a.) The distance which the end of Kamata’s gate insulating film
extends outward from the gate electrode is set by Kamata’s manufacturing process
discussed above. (Ex.1101, 94172-73.) Thus, the end of gate insulating film 2 in the
first and fourth embodiments is “located at a predetermined distance from a side end
of the gate electrode toward the insulating sidewall,” consistent with the *180 patent’s
disclosure and Applicant’s prosecution statements. (Ex.1001, 20:63-21:7; §IV.D.1;

Ex.1101, 99172-73.)
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(Fourth Embodiment)

In the ninth embodiment, the end of gate insulating film 2 is slanted and
disposed at a distance inward from the outer end of the sidewall 5 which is also a

distance outward from the gate electrode. (§V.B.5.b.) Thus, the end of the high-k
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gate dielectric in the ninth embodiment is “/ocated at a predetermined distance from
a side end of the gate electrode toward the insulating sidewall”, consistent with the
"180 patent’s disclosure and Applicant’s prosecution statements. (Ex.1001, 20:63-

21:7, §IV.D.1; Ex.1101, §174.)
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Kamata, Figure 10(b)
G. Claim 14

Kamata’s first, fourth, and ninth embodiments each discloses “the insulating
sidewall has a double layer structure including an oxide film and a nitride film”[14].
(Ex.1101, q175.)

The “insulating sidewall” of each embodiment includes first sidewall film 4
and second sidewall film 5. (§V.B.4.) Film 4 is an oxide film and film 5 is a nitride

film. (Kamata, Ex.1027, 9950, 58.) A POSITA would have understood films 4 and
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5 to each be a “layer” of the collective sidewall, consistent with the *180 patent’s
disclosure. (Kamata, Ex.1027, 4916 (referring to “multilayer type sidewall films”),
50, 58, 68, 94; Ex.1001, 20:43-52; Ex.1101, q175)

H. Claim 16-17

Kamata’s first, fourth, and ninth embodiments each discloses “a width of the
high dielectric constant gate insulating film along a gate length!’ is larger than a
width of the gate electrode along the gate length” [16] and “a width of a bottom
surface of the high dielectric constant gate insulating film along a gate length is
larger than a width of a bottom surface of the gate electrode along the gate length”
[17]. (Ex.1101, q9176-79.)

In the first and fourth embodiments (Figures 1B(j) and 5(c)), the width along
the gate length of high-k film 2 (shaded red), including at its bottom surface, is larger
than the width along the gate length of gate electrode 3 (shaded blue), including at
its bottom surface. (Ex.1101, 9177; Unified, 2022 WL 500391, *17.) This is
confirmed by Kamata’s manufacturing process, in which gate insulating film 2 and

sidewall film 4 are etched together, with gate insulating film 2 extending beyond

10 The *180 patent uses the term “gate length” to refer to a direction, specifically

from source to drain regions. (Ex.1101, 177 n.2.)
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gate electrode 3 to under sidewall film 4. (Kamata, Ex.1027, Figures 1A(f), 1B(g),

1950, 56, 68 (fourth embodiment); Ex.1101, 4178.)
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Kamata, Figures 1B(j) Kamata, Figure 5(c)
(First Embodiment) (Fourth Embodiment)

In the ninth embodiment (Figure 10(b)), high-k film 2 (shaded red) extends
beyond (protrudes from) under the gate electrode to under sidewall films 4 and 5.
(Ex.1101, q179; Kamata, Ex.1027, 9950 (formation of gate electrode 3), 93
(describing deep diffusion region 14 after formation of sidewalls), 94, Figure 10(b)
(below).) Although Figure 10(b) only shows a right portion of the device, a POSITA
would have understood the left portion has similar structure and therefore the width
of high-k film 2 (shaded red), including at its bottom surface, is larger than the width

of the gate electrode (shaded blue), including at its bottom surface. (Ex.1101, 9179.)
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I. Claim 18-19

Kamata’s first, fourth, and ninth embodiments each discloses “the high
dielectric constant gate insulating film has a relative dielectric constant of 10 or
more” [18] and “the high dielectric constant gate insulating film has a larger relative
dielectric constant than that of the insulating sidewall” [19]. (Ex.1101, 99180-84.)

The “relative dielectric constant,” also called the dielectric constant, 1s an
inherent material property. (Ex.1101, 181.) The *180 patent acknowledges as AAPA
a “high dielectric constant film formed of a Hf based oxide, Al based oxide or the like
[] has a relative dielectric constant of 10 or more, instead of an SiO, based

insulating film having a relative dielectric constant of about 4.” (Ex.1001, 1:31-
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33.) The dielectric constant of SisNy4 is 7, which a POSITA would have known.

(Wilk, Ex.1018, Table I; Albertin, Ex.1352, Figure 4.)

TABLE 1. Comparison of relevant properties for high-« candidates.

Diclectric  Band gap AE, (eV) Crystal

Material constant (k) Eg (eV) to S1 structure(s)

$10, 3.9 8.9 3.2 Amorphous

Si;N, 7 5.1 2 Amorphous

Al,O; 9 8.7 2.8 Amorphous

Y,0; 15 5.6 23" Cubic

La,0O5 30 4.3 2.3* Hexagonal. cubic

Ta;05 26 4.5 1-1.5 Orthorhombic

Ti0, 80 3.5 1.2 Tetrag.® (rutile. anatase)

HfO, 25 57 §i5 Mono.”. tetrag.®. cubic

ZrO, 25 7.8 1.4 Mono.”. tetrag.®. cubic

"Calculated by Robertson (See Ref. 153),
*Mono.=monoclinic.
‘Tetrag. =tetragonal.

Wilk, Table I

Kamata discloses use of, e.g., HfO,, as a gate insulating film. (Kamata,
Ex.1027, 9952-53.) HfO,’s dielectric constant is 25. (Wilk, Ex.1018, Table 1.) In
Kamata, sidewall 4 is a silicon oxide film (e.g., Si0,, which has a dielectric constant
of 3.9) and sidewall 5 is a silicon nitride film (e.g., Si3N4, which has a dielectric
constant of 7); both have dielectric constants under 10. Accordingly, a POSITA would
have known the relative dielectric constant of sidewalls 4 and 5 collectively is also
under 10, which is smaller than the dielectric constant of high-k gate insulating film 2

(e.g., HfO,). (Ex.1101, 49183-84.)
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VI. Ground II: Kamata-Sim Combination Renders Claim 11 Obvious

Kamata discloses use of HfO, as a high-k gate insulating film (Kamata,
Ex.1027, 953; §V.E) but does not expressly disclose the high-k gate dielectric “has
a thickness of 2 nm or less” [11]. Sim, which “systematically evaluated the effects
of high-k film thickness on charge trapping and channel carrier mobility,” discloses
a high-k gate insulating film with a thickness of 2 nm or less. (Sim, Ex.1024, 218-
19,221.) Sim and Kamata are in the same field as the *180 patent. (Ex.1001, 1:1718;
Kamata, Ex.1027, 93; Sim, Ex.1024, Abstract; Ex.1101, 187.) The devices of the
combination of Kamata (first/fourth/ninth embodiments) and Sim disclose “a part
of the high dielectric constant gate insulating film located under the insulating
sidewall has a thickness of 2 nm or less” [11]. (Ex.1101, q186-91.)

A POSITA would have been motivated to adopt Sim’s solution of forming a
gate insulating film with a thickness of 20A (2 nm) or less in Kamata’s
first/fourth/ninth embodiments. Sim expressly motivates the combination, finding
that reducing the thickness of HfO, to below 20A (2 nm) enhances mobility and
reduces charge trapping, key issues in ensuring the performance and scalability of
semiconductor devices. (Sim, Ex.1024, 221 (“Scaling the physical thickness of the
HfO, dielectric to below 20A [2 nm] causes less charge trapping and higher
mobility.”), 219 (“Even within 100us, a 33A HfO, sample shows significant current

reduction while a 18A HfO, sample is free from transient charging within the
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detection limits.”).) A POSITA would further have understood this improvement
aligns with the continued miniaturization of devices, which both Kamata and Sim
emphasize is crucial to advancing CMOS technology. (Kamata, Ex.1027, §5; Sim,
Ex.1024, 218; Ex.1101, 4190.)

Additionally, the combination is nothing more than the use of a known
technique (Sim’s HfO, dielectric layer with less than 20A thickness) to improve
similar devices in the same way for the above reasons. KSR, 550 U.S. at 416-417,;
Ex.1101, 4191. A POSITA would have had a reasonable expectation of success and
the results of the combination would have been predictable because Sim uses a well-
known process, atomic layer deposition (ALD), for fabricating high-k films. (Sim,
Ex.1024, 218; Houssa, Ex.1213, 17-19; Ex.1101, §191.)

VII. Ground III: Kamata-Wilk Combination Renders Claims 18-19 Obvious

Should PO argue Kamata fails to disclose claims 18-19 despite expressly
disclosing using HfO, as a gate insulating film (§V.I; Kamata, Ex.1027, §53), Wilk
expressly discloses these limitations.

As of 2001, Wilk disclosed the following table of relevant properties,

including dielectric constants, for various high-k materials:
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TABLE I. Comparison of relevant properties for high-« candidates.

Dielectric  Band gap AE. (eV) Crystal
Material constant (k) Eg (eV) to Si structure(s)
810, 39 8.9 3.2 Amorphous
Si3Ny 7 5.1 2 Amorphous
Al,O4 9 8.7 2.82 Amorphous
Y.0; 15 5.6 2.3 Cubic
La,O; 30 43 23" Hexagonal. cubic
Ta,04 26 4.5 1-1.5 Orthorhombic
TiO, 80 3.5 1.2 Tetrag.® (rutile, anatase)
HfO, 25 5.7 1.5¢ Mono.®, tetrag S, cubic
Zr0, 25 7.8 1.4% Mono.®, tetrag.®, cubic
Calculated by Robertson (See Ref. 153).
®Mono.=monoclinic.
“Tetrag. =tetragonal.
Wilk, Table I

A POSITA would have been motivated to look to Wilk’s teachings to
understand the properties of materials discussed in Kamata, for example, to ensure the
gate insulating film had a sufficiently high dielectric constant. (Ex.1101, 4196.) Wilk
and Kamata are in the same field as the *180 patent. (Ex.1001, 1:17-18; Kamata,
Ex.1027, 43; Wilk, Ex.1018, Abstract; Ex.1101, 9194.)

In Kamata, gate insulating film 2 is, e.g., a Hf based oxide such as HfO,,
sidewall 4 is a silicon oxide film, and sidewall 5 is a silicon nitride film. (Kamata,
Ex.1027, 49/52-53 (gate insulating film materials), 4950, 58, 68 (sidewall materials).)
Wilk discloses the dielectric constant for HfO, is 25, which is greater than 10. (Wilk,
Ex.1018, Table I.) Wilk further discloses the dielectric constant for silicon oxide

(S10,) is 3.9 and for silicon nitride (Si3N4) is 7; both under 10. (/d.) Accordingly, a
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POSITA would have known the relative dielectric constant of sidewalls 4 and 5
collectively is also under 10, which is smaller than the dielectric constant of high-k
gate insulating film 2 (e.g., HfO,). (Ex.1101, 49198-99.)

Thus, the Kamata-Wilk combination discloses “the high dielectric constant
gate insulating film has a relative dielectric constant of 10 or more” [18] and “the
high dielectric constant gate insulating film has a larger relative dielectric constant
than that of the insulating sidewall” [19]. (Ex.1101, 9200.)

VIII. Ground IV: Guha Renders Obvious Claims 1-3, 5-6, 13-14, 16-18, and
21-22

A. Overview

Guha’s Figure 12 device includes gate 17 with gate spacer 16 and isolating
spacer 7. (Guha, Ex.1028, 9q943-45.) Dielectric layer 15, formed on gate-isolating
layer 14, extends from under gate 17 to under gate spacer 16. (Guha, Ex.1028, 9938,

43-44.)
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B. Independent Claim 1
1. Preamble

Guha’s Figure 12 device includes substrate 1 and channel layer 3 each
“compris[ing] any semiconducting material.” (Guha, Ex.1028, 422-23, 9943-45
(relating Figure 9’s first embodiment device to Figure 12 device); Google, 2022 WL
4287797, *9 n.9). Guha’s Figure 12 device is a “semiconductor device.” (Ex.1101,
9202.)

2. Limitation 1[a]

Guha’s Figure 12 device, below, includes substrate 1, which “may be of the n
or p-type depending on the desired device to be fabricated.” (Guha, Ex.1028, 9922,

43.) Channel layer 3 is further provided over buried oxide layer 2 which “can be
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omitted.” (Guha, Ex.1028, 922.) Substrate 1, channel layer 3, and buried oxide layer

2 (if present) are collectively “a substrate” (shaded pink). (Ex.1101, 4203.)
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~\ ///_ 1 5 / gate insulating film

// J |
j// 10
5 13
XXXXXKXXXX\ | ]I XXXXXX)fz
147 9

Guha, Figure 12

Guha’s substrate contains “active device regions.” (Guha, Ex.1028, 9922, 43.)
Source/drain extensions “are formed by implanting dopants ... into the channel layer
3,” further indicating presence of an active region in Guha’s Figure 12 device. (Guha,
Ex.1028, 9926, 43.) A POSITA would have understood Guha’s device has “an active
region in a substrate.” (Guha, Ex.1028, 922; Ex.1101, 9204.)

Guha’s Figure 12 device includes gate-isolating layer 14 (shaded black)
formed on a portion of channel layer 3 which is part of the “active region in a
substrate.” (Guha, Ex.1028, 9937, 43.) Dielectric layer 15 (shaded red), “comprising
a high-k dielectric material,” is “formed only on the gate-isolating layer 14.” (Guha,

Ex.1028, 9938, 43.) Dielectric layer 15 is “a high dielectric constant gate insulating
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film formed on'! an active region in a substrate.” (Ex.1101, 99205-06; Guha,
Ex.1028, 937 (gate-isolating layer 14 “acts as a buffering layer between channel 9
and the” high-k dielectric).)

3. Limitation 1[b]

In Guha’s Figure 12, gate 17 (shaded blue) is formed on high-k dielectric layer
15 (shaded red). Gate 17 is formed of a “conductive material” and therefore is “a gate

electrode formed on the high dielectric constant gate insulating film.” (Guha,

Ex.1028, 4941, 45; Ex.1101, §207; Unified, 2022 WL 500391, *17.)

gate
electrode

147 9

Guha, Figure 12

" The *180 patent uses the term “formed on” to indicate relative position and does

not require direct contact. (E.g., Ex.1001, 7:35-37.)
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Guha’s fabrication process confirms the Figure 12 structure. For example,
Guha describes cavity 13 (Figure 11 (left)) is “filled with a conductive material to
form the gate 17” by “depositing the material ... onto the dielectric layer 15”,
resulting in formation of the gate electrode over dielectric layer 15. (Guha, Ex.1028,
9941, 44 (associating gate formation in Figure 12 (right) with first embodiment

process), 45; Ex.1101, 9209.)

13 16 17
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Guha, Figure 11 (left), Figure 12 (right)
4. Limitation 1[c]

Guha’s Figure 12 device includes gate spacers 16 (shaded purple) and
isolating spacers 7 (shaded green) on gate electrode 17’s (shaded blue) side surfaces.
(Guha, Ex.1028, 9928 (formation of spacers 7), 44 (formation of spacers 16), 43
(associating Figure 12 to process steps associated with Figures 1-7).) Although Guha
refers to each of these structures as a “spacer,” as noted above, “spacer’” and ““sidewall”

are often used interchangeably. (Ex.1101, 9213 §1V.B.3.) Further, a POSITA would
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have understood them to be “sidewalls.” (Guha, Ex.1028, 9940 (describing “gate

spacer structure 16 on the sidewalls of the cavity”), 44; Ex.1101, 9214.)
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Gate spacers 16 are made of “e.g. an oxide or other suitable material.” (Guha,
Ex.1028, 9940, 43.) Through use of gate spacers 16, “the interface between the
bottom of the gate 17 and the dielectric layer 15 is better defined and offers a better
control over the channel 9.” (Guha, Ex.1028, 945.) To provide such benefits, a
POSITA would have understood gate spacers 16 to be formed of an insulating oxide
material. (Ex.1101, §9214-17; Wolt-4, Ex.1214, 9, 75; Plummer, Ex.1215, 79-80.)

Isolating spacers 7 are “composed of any insulating material including, for example,
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an oxide, nitride, oxynitride or any combination thereof” with the “preferred material
[being] silicon nitride.” (Guha, Ex.1028, 9928, 43.)

Gate spacers 16 and isolating spacers 7 are collectively “a insulating sidewall
formed on each side surface of the gate electrode” (Limitation 1[c]), consistent with
the 180 patent’s disclosure. (Ex.1101, 9216; Ex.1001, 2:58-63 (“insulating
sidewall” includes two sidewalls).) Petitioner refers to this as the first “insulating
sidewall” configuration.

Alternatively, gate spacers 16 alone disclose an “insulating sidewall formed
on each side surface of the gate electrode” (Limitation 1[c]), consistent with the 180
patent’s disclosure. (Ex.1101, 4217; Ex.1001, 6:3-4 (“insulating sidewall” has a
single component).) Petitioner refers to this as the second “insulating sidewall”
configuration.

The first and second “insulating sidewall” configurations disclose limitation
1[c]. (Ex.1101, 9218.)

5. Limitation 1[d]-1[e]

Guha discloses limitations 1{d]-1[e] under the first and second “insulating
sidewall” configurations. (Ex.1101, 49219-25.)

a. First Configuration (Spacer 16 and Spacer 7)

As shown below, dielectric layer 15 is an uninterrupted layer (as evidenced

by absence of gaps) extending from under the gate electrode (shaded blue) to under
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gate spacer 16 (shaded purple), which is part of the “insulating sidewall” of the first
configuration (gate spacer 16 and spacer 7). (Ex.1101, 94220; Unified, 2022 WL
500391, *17.) This is confirmed by Guha’s manufacturing process, in which
dielectric layer 15 is formed first in cavity 13, gate spacers 16 are then formed to
“contact[] both the dielectric layer 15 and the isolating spacer structure 7,” and
finally gate electrode 17 is formed by filling the remainder of the cavity “with a
conductive material.” (Guha, Ex.1028, q943-45; Ex.1101, 9222.) Guha’s first
configuration discloses “the high dielectric constant gate insulating film is

continuously formed so as to extend from under the gate electrode to under the

insulating sidewall” (Limitation 1[d]). (Ex.1101, 9222.)
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As shown above, the end of the gate insulating film is rounded and disposed
at a distance inward from the outer end of the “insulating sidewall” (outer end of
spacer 7). The distance which the end of Guha’s gate insulating film extends inward
toward the gate electrode is set by Guha’s manufacturing process discussed above.
(Ex.1101, 9222) Thus, the end of dielectric layer 15 (“the high dielectric constant
gate insulating film”) is “located at a predetermined distance from an outer end of

the insulating sidewall toward the gate electrode” (Limitation 1[e]), consistent with
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the 180 patent’s disclosure and Applicant’s prosecution statements. (Ex.1001,
20:63-21:7; §IV.D.1; Ex.1101, 9222.)

b. Second Configuration (Spacer 16)

Similarly, dielectric layer 15 is an uninterrupted layer (as evidenced by
absence of gaps) extending from under the gate electrode (shaded blue) to under gate
spacers 16, which is the “insulating sidewall” of the second configuration. (Ex.1101,
9223; Guha, Ex.1028, q943-45.) Thus, under the second configuration, Guha
discloses limitation 1[d]. (Ex.1101, 4223.)

As shown below, at least part of the end of dielectric layer 15 does not contact
isolating spacer 7 (shaded green); thus, the entire end of dielectric layer 15 (“the high
dielectric constant gate insulating film”) is not disposed beneath the outer end of the
spacer 16. Additionally, the shape of the end of dielectric layer 15 and the distance
which the end of dielectric layer 15 extends inward toward the gate electrode are set
by Guha’s deposition process. (Ex.1101, 99224-25; Guha, Ex.1028, 943.) The end of
dielectric layer 15 is therefore “located at a predetermined distance from an outer
end of the insulating sidewall [outer end of spacer 16] toward the gate electrode”

(Limitation 1[e]). (Ex.1101, 4225; Ex.1002, 151-52.)

53



Petition for Inter Partes Review of U.S. Patent No. 8,253,180

| insulating sidewall
(second configuration)

msulating sidewall
(secend configuration)

—11
gate
[ = B i electrode
insulating 5-'10
| sidewall ﬁ A,S" 3
end of gate — N .
insulating film 1 | s 2

(XXT T XXX

— toward the gate electrode

outer end of
insulating sidewall
Guha, Figure 12 (Second Configuration) with enlargement

C.  “Buffer Insulating Film” Claims
1. Claim 2

Guha’s gate-isolating layer 14 (shaded black) “acts as a buffering layer
between channel 9 and the dielectric material to be deposited thereon” (i.e., high-k
dielectric 15). (Guha, Ex.1028, 4937, 43, Figure 12 (below).) Channel 9 is part of
the substrate. (§VIIL.B.2.) Gate-isolating layer 14 (“buffer insulating film”) is
therefore “between the substrate and the high dielectric constant gate insulating

film” [2]. (Ex.1101, 99226-28.)
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2. Claim 3

The “preferred material” for “gate-isolating layer 14 is silicon oxide,” so
Guha’s “buffer insulating film is a silicon oxide film” [3]. (Guha, Ex.1028, 437;
Ex.1101, 9229)

D. High-K Dielectric Claims
1. Claim 5, 21-22

Under both the first/second “insulating sidewall” configurations, Guha
discloses the insulating film has “a smallest thickness ... under the insulating sidewall”
that is smaller than “under the gate electrode™ [5], “a tapered surface” under the
insulating sidewall [21], and “a thickness” under the insulating sidewall [22] “which

becomes smaller toward the end thereof.” (Ex.1101, 49230-32.)
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In Guha’s device, “the edge where the dielectric layer 15 meets the isolating
spacer structure 7 ... is rounded either upwards or downwards (e.g., similar to a
cusp).” (Guha, Ex.1028, 943.) That is, dielectric layer 15 reduces in thickness at its
end such that its smallest thickness is under spacer 16—i.e., it tapers. (Ex.1101,
9232; Guha, Ex.1028, 944 (spacer 16 is formed after and on dielectric layer 15).)
The tapered end of dielectric layer 15 is “located under the insulating sidewall” in
the first configuration (spacers 16 and spacers 7 collectively) and second
configuration (spacers 16), and Guha discloses claims 5, 21, and 22. (Ex.1101,

1232.)
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2. Claim 6

Guha’s dielectric layer 15 (“high dielectric constant gate insulating film”)
“preferably compris[es] a high-K dielectric material” such as “hafnium oxide,”
which is “a Hf based oxide” [6]. (Guha, Ex.1028, 9938, 43.) A POSITA would have
been motivated to select HfO; in light of its known benefits, including thermal
stability, band alignment, and ability to scale. (Lee-2000, Ex.1337, 2.4.1; Houssa,
Ex.1213, 207; Lee-1999, Ex.1349, 134; Ex.1101, 9233; §V.E.)

3. Claim 13

Guha discloses claim 13’s “predetermined distance” limitation under the
first/second “insulating sidewall” configurations. (Ex.1101, 99234-35.)

In Guha’s device (below), the rounded end of the gate insulating film protrudes
from under the gate electrode (shaded blue) and is disposed under spacers 16 (i.e.,
rounded end is not flush with the side end of the gate electrode). (Ex.1101, 9234.) In
the first configuration (spacers 16 and 7), the distance which the end of Guha’s gate
insulating film extends outward from the gate electrode is set by Guha’s
manufacturing process. (Ex.1101, 94235.) In the second configuration (spacers 16
alone), the shape of the end of Guha’s gate insulating film and the distance which the
end extends outward from the gate electrode are set by Guha’s deposition process.

(/d.) Accordingly, the end of dielectric layer 15 is “located at a predetermined
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distance from a side end of the gate electrode toward the insulating sidewall” [13] in
the first and second configurations. (/d.)

insulating sidewall . insulating sidewall .
(first configuration) | (first configuration)

insulating sidewall
(=econd configuration)

mnsulating sidewall
[second configuration)

gate
electrode

end of gate 10

insulating film M 3

(X XU
A

I
toward insulating sidewall *—-I

i

side end of
gate electrode

Guha, Figure 12 with enlargement
4. Claim 16-17

As shown in Figure 12, “a width of” and “a width of a bottom surface of”
dielectric layer 15 (shaded red) is larger than “a width of” and “a width of a bottom
surface of’ the gate electrode (shaded blue) [16]-[17]. (Ex.1101, 4236; Guha,
Ex.1028, 9941, 43-45 (describing formation of spacers 16 in cavity followed by

deposition of gate electrode).)

58



Petition for Inter Partes Review of U.S. Patent No. 8,253,180

gate
electrode

16 17
e ‘ 15

d | —11

high dielectric constant
gate insuiating film

_5—10

-5"" 3
KA XX XXX AN \ AX XX XA

LLLLS

width of gate
electrode

width of gate
insulating film

= = gate length
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Should an argument be made the width of the gate electrode at its upper
portion is equal to the width of dielectric layer 15 and therefore Guha fails to disclose
claim 16, such an argument is improper. First, nothing in claim 16 requires the gate
electrode width at all heights to be smaller than the width of the gate insulating film.
(Ex.1101, 9237.)

Second, Guha discloses “internal spacer 16a and 16b may also have a
rectangular cross-section, e.g., by polishing or removing the upper curved region to
form a horizontal portion of the internal surface.” (Guha, Ex.1028, 947.) A POSITA
would have understood, with this teaching, the expanded upper portion of the gate

electrode is removed along with the slanted upper portion of spacers 16, resulting in

59



Petition for Inter Partes Review of U.S. Patent No. 8,253,180

a rectangular cross-section. (Ex.1101, 4238.) In this embodiment, shown in modified
Figure 12 below, the gate electrode width is the same at the bottom and top. Boston
Sci. Scimed, Inc. v. Cordis Corp., 554 F.3d 982, 991 (Fed. Cir. 2009) (“[c]ombining
two embodiments disclosed adjacent to each other in a prior art patent does not

require a leap of inventiveness”).
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- ] 151
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Guha, Modified Figure 12

5. Claim 18

Guha discloses a “high-K material is a material that exhibits a dielectric
constant of approximately above 10 or more.” (Guha, Ex.1028, 938.)

Accordingly, Guha discloses claim 18. (Ex.1101, 9239.)
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E.  “Insulating Sidewall” Claim 14

Guha discloses claim 14’s “double layer structure” under the first “insulating
sidewall” configuration (spacer 16 and spacer 7). (Ex.1101, 49240-43.)

Gate spacer 16 is a “material, e.g. an oxide or other suitable material” and is
thus “an oxide film.” (Guha, Ex.1028, 940; Ex.1101, 9241.) Isolating spacer 7 “can
be composed of any insulating material including, for example, an oxide, nitride,
oxynitride or any combination thereof” with “silicon nitride” as the “preferred
material.” (Guha, Ex.1028, 928.) A POSITA would have considered gate spacer 16
and isolating spacer 7 to each be a “layer” of the collective sidewall, consistent with
the *180 patent’s disclosure. (E£.g., Guha, Ex.1028, 4928 (formation of spacers 7), 44

(formation of spacers 16); §VIII.B.4; Ex.1001, 20:43-52; Ex.1101, 9243.)
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IX. Ground V: Guha-Sim Combination Renders Claim 11 Obvious

Guha discloses use of “hafnium oxide” as a high-k gate dielectric (Guha,
Ex.1028, 9438) but does not expressly disclose its thickness is “2 nm or less” [11]. Sim
discloses this teaching. (§VI.) Accordingly, the Guha-Sim combination discloses
“part of the high dielectric constant gate insulating film located under the insulating
sidewall has a thickness of 2 nm or less” [11]. (Ex.1101, 9245-50.)

A POSITA would have been motivated to adopt Sim’s solution of forming a
gate insulating film with a thickness of 20A (2 nm) or less in Guha’s Figure 12

device. Sim and Guha are in the same field as the 180 patent. (Ex.1001, 1:1718;
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Guha, Ex.1028, q1; Sim, Ex.1024, Abstract; Ex.1101, 9246.) Sim discloses reducing
the thickness of HfO, to below 20A enhances mobility and reduces charge trapping,
which ensures performance and scalability of semiconductor devices. (Sim,
Ex.1024, 219, 221; §VI.) Such improvements align with the continued
miniaturization of devices, which Guha and Sim emphasize is crucial to advancing
CMOS technology. (Guha, Ex.1028, 92; Sim, Ex.1024, 218; Ex.1101, 9249.)

Additionally, the combination is nothing more than use of a known technique
(Sim’s HfO, dielectric layer with less than 20A thickness) to improve similar devices
in the same way. KSR, 550 U.S. at 416-417; Ex.1101, 4250. A POSITA would have
had a reasonable expectation of success and the results of the combination would
have been predictable because Sim uses a well-known process, atomic layer
deposition (ALD), for fabricating high-k films. (Sim, Ex.1024, 218; Houssa,
Ex.1213, 17-19; Ex.1101, 9250.)

X.  Ground VI: Matsumoto Renders Obvious Claims 1, 5, 13, 14, and 16-19
A.  Overview

Matsumoto’s fourth embodiment MOSFET includes gate insulating film 6
extending from under gate electrode 7 to under only film 8 formed on the gate

electrode’s sidewalls. (Matsumoto, Ex.1009, q9137-140, Figure 22 (below).)
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B. Independent Claim 1
1. Preamble

Matsumoto discloses a “semiconductor device”: “present invention relates to
a semiconductor device.” (Matsumoto, Ex.1009, 92, 137.)

2. Limitation 1[a]

Matsumoto’s device includes “a substrate.” (Ex.1101, 4255.) The device has
multi-layer SOI substrate 4 (shaded pink) with silicon substrate 1, BOX layer 2 and
single-crystalline silicon layer 3. (Matsumoto, Ex.1009, 4102, 99137, 140 (relating
fourth embodiment to first embodiment), Figure 22 (below)); Google, 2022 WL
4287797, *9 n.9 (applying same disclosure where “figures refer to corresponding

features using the same reference numbers™).)
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Isolating insulation film structures 5 extending from the upper surface of silicon
layer 3 to the upper surface of BOX layer 2 define a “device region.” (Matsumoto,
Ex.1009, 94/102-103, 49137, 140.) The device region, identified by isolation regions,
is an “active region in a substrate” and includes source/drain regions 10. (Matsumoto,
Ex.1009, 9139; Ex.1101, 9256; Ex.1001, 1:41-42), 7:28-45.)

Film 6 “is formed partially on the upper surface of the silicon layer 3” in the
device region with gate electrode 7 “formed partially” thereon. (Matsumoto, Ex.1009,
99103 (first embodiment), 137 (fourth embodiment “gate electrode 7 is formed by the
process described in the first preferred embodiment™).) “A silicon oxynitride film, a
metal oxide film such as apos or a ferroelectric film such as 1205 and BST may be
formed in place of the silicon oxide film 13,” which is etched during fabrication to
form film 6. (Matsumoto, Ex.1009, 99107, 138, Figures 18-19, 22.) Al203, Ta20s,

and BST are high-k dielectrics. (Ex.1101, 9261; Ex.1001, 1:30-32 (“high dielectric
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constant film formed of a Hf based oxide, Al based oxide or the like”); Wilk,
Ex.1018, Table 1.) A POSITA would have been motivated to use a high-k dielectric
in Matsumoto’s device to address the well-documented issues with scaling SiO; to
thicknesses needed for large scale device integration. (Houssa, Ex.1213, 3-12; Wolf-
4,Ex.1214, 4-5, 146-47; Ex.1101, 9262.)

Film 6 is “a high dielectric constant gate insulating film formed on an active
region in a substrate” (Limitation 1[a]). (Ex.1101, §263; Matsumoto, Ex.1009, 4103
(referring to film 6 as “gate insulation film”).)

3. Limitation 1[b]

In Matsumoto’s device, “gate electrode 7 [shaded blue] made of polysilicon
is formed partially” on high-k gate insulating film 6 (shaded red). (Matsumoto,
Ex.1009, 9103, 107 (describing formation of high-k gate insulating film and gate
electrode), 137-138, Figure 22 (below).) Thus, Matsumoto discloses limitation 1[b].

(Ex.1101, 19264-65.)
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4. Limitation 1[c]

In Matsumoto’s device, silicon oxide film 40 and silicon nitride film 9 are
formed “on the outer side surfaces of” silicon oxide film 8. (Matsumoto, Ex.1009,
9139, Figure 22 (below).) Matsumoto refers to film 9 as a “sidewall insulation film”
but does not refer to films 40 or 8 as a “sidewall.” (Matsumoto, Ex.1009, 9114
(describing nitride films 9a/9b “serving as sidewall insulation films™).) A POSITA
would have understood films 40 and 8 also to be sidewalls. (Matsumoto, Ex.1009,
9104, 110, 139, 40 (“semiconductor device further includes a second sidewall formed
on the side surface of the gate electrode, with the first sidewall therebetween”);
Ex.1101, 9269.) Because silicon oxide and silicon nitride are both insulators, film 8,
film 40, and film 9 are collectively “a insulating sidewall formed on each side surface

of the gate electrode” (Limitation 1[c]). (Matsumoto, Ex.1009, 49110 (describing
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formation of silicon oxide films 8a/8b on the side surfaces of the gate electrodes),
114, claim 1 (referring to “insulation films” formed on side surfaces of gate
electrode); Ex.1001, 2:58-63 (referring to multiple components collectively as an

“insulating sidewall”); Ex.1101, §9268-69.)

insulating insulating
sidewall sidewall

Matsumoto, Figure 22

5. Limitation 1[d]-1[e]

As shown in Figure 22, Matsumoto’s gate insulating film 6 (shaded red) is an
uninterrupted layer extending from under the gate electrode to under only film 8,
part of the “insulating sidewall” (collectively films 8, 40, 9). (Ex.1101, 9270.) The
end of gate insulating film 6 is perpendicular to the substrate’s surface. As shown

below, the end of gate insulating film 6 is disposed at a distance inward from the
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outer end of sidewall 9 (outer end of the “insulating sidewall”) toward the gate
electrode. (Ex.1101, 9271) Further, the distance which the end of Matsumoto’s gate
insulating film extends inward toward the gate electrode is set by Matsumoto’s
manufacturing process, discussed below. (Ex.1101, 99271-75.) Thus, the end of the
gate insulating film is “/ocated at a predetermined distance from an outer end of the
insulating sidewall toward the gate electrode” (Limitation 1[e]), consistent with the
’180 patent’s disclosure and Applicant’s prosecution statements. (Ex.1001, 21:1-7;
Ex.1002, 151-52; §IV.D.1; Ex.1101, 94272; Unified, 2022 WL 500391, at *17.)
Matsumoto discloses limitations 1[d]- 1[e]. (Ex.1101, 49270-75.)
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Matsumoto, Figure 22 with enlargement
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The fabrication process confirms the presence of these features in
Matsumoto’s device. After formation of gate electrode 7, high-k dielectric film 13
extends beyond the gate electrode with a larger thickness under the gate electrode.
(Matsumoto, Ex.1009, 99137, 107-08, Figure 18 (top-left); Ex.1101, 9273) The
etching process forming sidewall 8 (shaded purple) “overetch[es] the upper surface
of the silicon layer 3” thereby leaving high-k dielectric film (shaded red) only under
the gate electrode and film 8. (Ex.1101, 4274; Matsumoto, Ex.1009, 9138, Figure 19
(top-right).) Film 40 and film 9 (shaded green) are then formed on the outer side
surfaces of film 8 and in contact with the substrate. (Matsumoto, Ex.1009, 9139;

Figure 21 (bottom).)
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Matsumoto, Figures 18 (top-left), 19 (top-right), 21 (bottom)

70



Petition for Inter Partes Review of U.S. Patent No. 8,253,180

C. High-K Dielectric Claims
1. Claim 5

As shown in Figure 22 and confirmed by the manufacturing process discussed
above, Matsumoto’s high-k film 6 is thinner under film 8 of the “insulating sidewall”
than it is under the gate electrode (shaded blue). (Ex.1101, 44276-78; Matsumoto,
Ex.1009, 99107-08, 137.) Matsumoto discloses the “smallest thickness” of the high-k
film 6 under the “insulting sidewall” is “smaller than” the thickness of the part of the
high-k film under the gate electrode [5]. (Ex.1101, 49276-78; Unified, 2022 WL

500391, *17.)

Matsumoto, Figure 22 with enlargement

2. Claim 13

As shown in Figure 22, the end of high-k film 6 is disposed at a distance
inward from the outer end of sidewall 9 which is also a distance outward from the

gate electrode. (§X.B.5.) The distance which the end of Matsumoto’s gate insulating
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film extends outward from the gate electrode is set by Matsumoto’s fabrication
process. (Ex.1101, 9279.) Thus, the end of high-k film is “/ocated at a predetermined
distance from a side end of the gate electrode toward the insulating sidewall,”
consistent with the 180 patent’s disclosure and Applicant’s prosecution statements.

(Ex.1001, 21:1-7; §IV.D.1; Ex.1101, §279; Unified, 2022 WL 500391, *17.)
insulating
| sidewall
gate
electrode

-—eam owm mm o o e o e e - - -

P [ ——

|
I I

l—1L 5 toward

! insulating sidewall

side end of end of gate
gate electrode insulating film
Matsumoto, Figure 22

3. Claim 16-17

As illustrated below, “a width of” and “a width of a bottom surface of”’
Matsumoto’s gate insulating film 6 (shaded red) is larger than “a width of” and “a

width of a bottom surface of” the gate electrode (shaded blue) [16]-[17]. (§X.B.5;
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Ex.1101, 99283-84; Unified, 2022 WL 500391, *17.) The fabrication process of

Matsumoto’s device (§X.B.5) confirms the Figure 22 structure.
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4. Claim 18-19

Matsumoto’s fourth embodiment, using knowledge of a POSITA as reflected
in the AAPA, renders the “relative dielectric constant” limitations of claims 18-19
obvious. (Ex.1101, 99285-87; Ex.1001, 1:30-33 (AAPA).)

Matsumoto discloses use of, e.g., “Ta20s5” as a gate insulating film.
(Matsumoto, Ex.1009, 9107.) The dielectric constant for Ta,Os is 26, which is
greater than 10. (Wilk, Ex.1018, Table 1.) Sidewall films 8 and 40 are comprised of
silicon oxide (Si0O,), having a dielectric constant of 3.9, and sidewall film 9 is

comprised of silicon nitride (Si3N4), having a dielectric constant of 7. (Matsumoto,
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Ex.1009, 99110, 114, 139; Wilk, Ex.1018, Table I; Albertin, Ex.1352, Figure 4.)
Accordingly, a POSITA would have known the relative dielectric constant of
sidewall films 8, 40, and 9 collectively is also under 10, which is smaller than the
dielectric constant of Ta205. (Ex.1101, 99286-87.)

D.  “Insulating Sidewall” Claim 14

Matsumoto discloses a modification of the fourth embodiment omitting layer
40. In this modification, “silicon nitride films 9 are formed directly on the upper
surface of the silicon layer 3.” (Matsumoto, Ex.1009, q141, Figure 23 (below).)
Matsumoto explains this modification “is applicable to any one of the first to fourth
preferred embodiments” and therefore the analysis of the fourth embodiment in
§§X.B.1-5 applies equally. Boston Sci., 554 F. 3d at 991. Thus, Matsumoto’s fourth
embodiment modification meets each limitation of claim 1 and further discloses “the
insulating sidewall [collective structure of silicon oxide film 8 and silicon nitride film

9] has a double layer structure including an oxide film and a nitride film” [14].

(Ex.1101, 9280-82.)
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Matsumoto, Figure 23 with enlargement
XI. MANDATORY NOTICES
A. Real Party-in-Interest (37 C.F.R. §42.8(b)(1))

United Microelectronics Corporation and UMC Group (USA) are the real
parties-in-interest.

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

The 180 patent is the subject of the following active proceedings:

o Advanced Integrated Circuit Process LLC v. United Microelectronics
Corporation, Civil Action No. 2:24-cv-00730 in the Eastern District of
Texas (Lead Case), filed September 6, 2024;

o Advanced Integrated Circuit Process LLC v. Taiwan Semiconductor
Manufacturing Company Limited, Civil Action No. 2:24-cv-00623 in the

Eastern District of Texas (Consolidated Member Case), filed August 1,
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2024; and

o Taiwan Semiconductor Manufacturing Company, Ltd. v. Advanced

Integrated Circuit Process LLC, IPR2025-00830 in the U.S. Patent and

Trademark Office, Patent Trial and Appeal Board, filed April 15, 2025.

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

Lead Counsel

Back-up Counsel

Tim Tingkang Xia (No. 45,242)
Tim.Xia@troutman.com
TROUTMAN PEPPER LOCKE LLP
600 Peachtree Street, NE, Suite 3000
Atlanta, GA 30308

Telephone: (404) 870-4698

Emma A. Bennett (No. 80,631)
Emma.Bennett@troutman.com
TROUTMAN PEPPER LOCKE LLP
600 Travis Street, Suite 2800
Houston, TX 77002

Telephone: (713) 226-1549

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

Service information is provided in the designation of counsel above. Petitioner

consents to electronic

Emma.Bennett@troutman.com.

service by email to Tim.Xia@troutman.com and

E. Payment of Fees (37 C.F.R. §42.103)

The Office is authorized to charge the fee set forth in 37 C.F.R. §42.15(a)(1)
for this Petition to Deposit Account No. DA201507. Review of fourteen claims is

requested. The undersigned further authorizes payment for any additional fees that

may be due in connection with this Petition.
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XII. CONCLUSION

For the reasons set forth above, Inter Partes Review of the Challenged Claims
of the *180 patent is respectfully requested.

Respectfully submitted,

Date: June 6, 2025 /s/Tim Tingkang Xia
Tim Tingkang Xia (Lead Counsel)
Registration No. 45,242

Counsel for Petitioner
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Appendix: Challenged Claims Listing

1. Preamble: A semiconductor device comprising:

Limitation 1[a]: a high dielectric constant gate insulating film formed on an
active region in a substrate;

Limitation 1[b]: a gate electrode formed on the high dielectric constant gate
insulating film;

Limitation 1[c]: a insulating sidewall formed on each side surface of the
gate electrode; and

Limitation 1[d]: wherein the high dielectric constant gate insulating film is
continuously formed so as to extend from under the gate electrode to under
the insulating sidewall, and

Limitation 1[e]: an end of the high dielectric constant gate insulating film
under the insulating sidewall is located at a predetermined distance from an
outer end of the insulating sidewall toward the gate electrode.

2. The semiconductor device of claim 1, further comprising a buffer insulating
film between the substrate and the high dielectric constant gate insulating
film.

3. The semiconductor device of claim 2, wherein the buffer insulating film is a

silicon oxide film.

80



Petition for Inter Partes Review of U.S. Patent No. 8,253,180

S.

11.

13.

14.

16.

17.

The semiconductor device of claim 1, wherein a smallest thickness of part of
the high dielectric constant gate insulating film located under the insulating
sidewall is smaller than that of part of the high dielectric constant gate
insulating film located under the gate electrode.

The semiconductor device of claim 1, wherein the high dielectric constant
gate insulating film is formed of a Hf based oxide.

The semiconductor device of claim 1, wherein a part of the high dielectric
constant gate insulating film located under the insulating sidewall has a
thickness of 10 nm or less.

The semiconductor device of claim 1, wherein the end of the high dielectric
constant gate insulating film is located at a predetermined distance from a side
end of the gate electrode toward the insulating sidewall.

The semiconductor device of claim 1, wherein the insulating sidewall has a
double layer structure including an oxide film and a nitride film.

The semiconductor device of claim 1, wherein a width of the high dielectric
constant gate insulating film along a gate length is larger than a width of the gate
electrode along the gate length.

The semiconductor device of claim 1, wherein a width of a bottom surface of
the high dielectric constant gate insulating film along a gate length is larger than

a width of a bottom surface of the gate electrode along the gate length.
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18.  The semiconductor device of claim 1, wherein the high dielectric constant gate
insulating film has a relative dielectric constant of 10 or more.

19. The semiconductor device of claim 1, wherein the high dielectric constant gate
insulating film has a larger relative dielectric constant than that of the insulating
sidewall.

21.  The semiconductor device of claim 1, wherein the end of the high dielectric
constant gate insulating film located under the insulating sidewall has a tapered
surface.

22.  The semiconductor device of claim 1, wherein the high dielectric constant gate
insulating film located under the insulating sidewall has a thickness which

becomes smaller toward the end thereof
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