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LIST OF CHALLENGED CLAIMS

Claim 1

1[pre] | A method of fabricating a MOS transistor, comprising:

1[a] |providing a semiconductor substrate;

1[b] | forming at least a gate on the semiconductor substrate;

1[c] | forming a protective layer on the semiconductor substrate, and the
protective layer covering the surface of the gate;

1[d] | forming at least a recess within the semiconductor substrate adjacent to
the gate;

1[e] | forming an epitaxial layer in the recess, wherein the top surface of the
epitaxial layer is above the surface of the semiconductor substrate; and

1[f] | forming a spacer on the sidewall of the gate and on a portion of the
epitaxial layer wherein a contact surface of the epitaxial layer and the
spacer is above the surface of the semiconductor substrate.

Claim 2

The method of claim 1, further comprising a step of removing the protective
layer after forming the epitaxial layer in the recess.

Claim 3

The method of claim 1, wherein the protective layer comprises silicon nitride.

Claim 4

The method of claim 3, wherein the protective layer has a thickness of about 150
to 250 angstroms.

Claim 5

The method of claim 1, wherein the spacer further comprises an oxide liner and a
nitride spacer.

Xiii
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Claim 6

The method of claim 1, wherein the spacer further comprises an offset spacer,
positioned between the gate and the spacer.

Claim 7

The method of claim 1, further comprising a step of forming a source/drain
region within the semiconductor substrate adjacent to the gate after forming the
spacer.

Claim 8

The method of claim 1, further comprising a step of forming a lightly doped
region within the semiconductor substrate adjacent to the gate.

Claim 9

9[pre] | The method of claim 1, further comprising:

9[a] | forming a lightly doped region in the semiconductor substrate adjacent
to the gate after forming the epitaxial layer;

9[b] | forming the spacer on the sidewall of the gate and on the portion of the
epitaxial layer after forming the lightly doped region; and

9[c] | forming a source/drain region in the semiconductor substrate adjacent
to the spacer.

Claim 10

10[pre] | A method of fabricating a CMOS transistor, comprising:

10[a] | providing a semiconductor substrate having at least a first conductive
transistor area for fabricating first conductive transistors and at least a
second conductive transistor area for fabricating second conductive
transistors, and an isolation structure between the first conductive
transistor area and the second conductive transistor area;

10[b] | forming a gate on the first conductive transistor area and on the second
conductive transistor area respectively;

X1V
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10[c] | forming a first protective layer on the semiconductor substrate, and the
first protective layer covering the surface of each gate;

10[d] | forming at least a first recess within the semiconductor substrate
adjacent to the gate in the first conductive transistor area;

10[e] | forming a first epitaxial layer in the first recess, wherein the top surface
of the first epitaxial layer is above the surface of the semiconductor
substrate; and

10[f] | forming a spacer on the sidewall of each gate and at least on a portion
of the first epitaxial layer, wherein a contact surface of the first
epitaxial layer and the spacer is above the surface of the semiconductor
substrate.

Claim 11

The method of claim 10, further comprising a step of forming a first ion lightly
doped region within the semiconductor substrate adjacent to the gate in the first
conductive transistor area

Claim 12

The method of claim 10, wherein the first protective layer comprises silicon
nitride.

Claim 13

The method of claim 10, wherein the first protective layer has a thickness of
about 150 to 250 angstroms.

Claim 14

The method of claim 10, wherein each spacer further comprises an oxide liner
and a nitride spacer.

Claim 15

The method of claim 10, wherein each spacer further comprises an offset spacer,
positioned between each gate and each spacer.
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Claim 16

The method of claim 10, further comprising a step of removing the first
protective layer after forming the first epitaxial layer in the first recess.

Claim 17

17[pre] | The method of claim 16, after removing the first protective layer, the
method further comprising:

17]a] | forming a second protective layer on the semiconductor substrate, and
the second protective layer covering the surface of each gate;

17[b] | forming at least a second recess within the semiconductor substrate
adjacent to the gate in the second conductive transistor area;

17[c] | forming a second epitaxial layer in the second recess;

17[d] | removing the second protective layer; and

17[e] | forming a second ion lightly doped region within the semiconductor
substrate adjacent to the gate in the second conductive transistor area
before forming the spacer.

Claim 18

The method of claim 17, wherein the second protective layer comprises silicon
nitride.

Claim 19

The method of claim 18, wherein the second protective layer has a thickness of
about 150 to 250 angstroms.

Claim 20

20[pre] | The method of claim 10, after forming the first epitaxial layer, the
method further comprising

20[a] | forming at least a second recess within the semiconductor substrate
adjacent to the gate in the second conductive transistor area;

XVi1
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20[b] | forming a second epitaxial layer in the second recess;

20[c] | removing the first protective layer; and

20[d] | forming a second ion lightly doped region within the semiconductor
substrate adjacent to the gate in the second conductive transistor area
before forming the spacer.

Claim 21

The method of claim 10, wherein the first conductive transistors comprise PMOS
transistors and the second conductive transistors comprise NMOS transistors.

Claim 22

The method of claim 10, wherein the first conductive transistors comprise
NMOS transistors and the second conductive transistors comprise PMOS
transistors.

Xvil
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I. RELIEF REQUESTED

Applying the following grounds, Petitioner requests inter partes review of the

’194 patent' and cancellation of claims 1-22:

Ground Claim(s) Challenged Statut.ory Prior Art
Basis
A 1-4, 6-7, 10, 12-13, 15-16, 102 Hoentsche262
21-22
1B 1-22 103 Hoentschel262
1C 5,7-9, 11, 14, 17-20 103 Hoentschel262, Wang407
2A 1-3,5-12, 14-16, 21, 22 102 Wang753
2B 1-3,5-12, 14-16, 21, 22 103 Wang753
2C 4,13 103 Wang753, Hoentschel262

II. STATE OF THE ART

The *194 patent describes methods of fabricating Metal Oxide Semiconductor
(“MOS”) field-effect transistors (“FETs”) with epitaxial source/drain regions. By
the December 2006 alleged invention disclosure,? these methods were well known.

A. MOS Transistors

Introduced in the 1960s, MOS transistors have been a cornerstone of
electronics for decades. (Ex-1003 944; Ex-1008, 7.) MOS field-effect transistors
(“FETs”) like the ones at issue here include four main regions: source and drain

regions allow for current input and output, and a gate overlies a channel region

I'U.S. Patent No. 8,076,194 (Ex-1001).

2 Petitioner does not concede the 194 patent is entitled to this priority date.
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located between the source/drain regions. (Ex-1003 445; Ex-1008, 9-10, Fig. 3.) The
gate comprises a conductive gate electrode and an electrically insulating gate
dielectric layer that separates the gate from the semiconductor channel underneath.
(Ex-1003 946; Ex-1008, 9-10, Fig.3.) Applying voltage to the gate electrode
controls the channel to connect or disconnect the source and drain. (Ex-1003 949;
Ex-1008, 9-10, 14-15, Figs. 3, 6.) The figures below show typical MOSFET
arrangements. (Ex-1003 946; see generally Ex-1008, 9-10, Fig. 3; Ex-1009, 39-58,

Figs. 1-11, 2-2, 2-22 to 2-44.)

SOURCE

OXIDE

e

NANNRNNNNE NN
CHANNEL H—L——l

e

z

X

!

“Ves
(SUBSTRATE BIAS)

Ex-1008, Fig. 3 Ex-1009, Fig. 1-11
Generally, source/drain regions are doped with p-type or n-type impurities,
and channel regions are oppositely doped. (Ex-1003 947; Ex-1008, 9-10;
Ex-1009, 44-50.) The terms PMOS and NMOS refer to MOSFETs with p-type or

n-type source/drain regions, respectively. (Ex-1003 948; Ex-1009, 16-19, Figs. 1-11,
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2-2.) Typical integrated circuits are CMOS (“Complementary MOS”), which
include both PMOS and NMOS devices. (Ex-1003 948; Ex-1009, Fig. 1-11.)

B. Strained-Channel Technology

Well before the *194 patent, researchers found that mechanically stressing the
silicon in the MOSFET channel increased the mobility of charge carriers (electrons
in NMOS or holes in PMOS). Stressing the channel allowed the charge carriers to
move more easily through the channel, enhancing transistor performance
characteristics such as switching speed and drive current. (Ex-1003 950; Ex-1010, 2;
Ex-1011, 1-7; Ex-1012 9[0005].)

To mechanically stress the channel, researchers introduced epitaxial
source/drain regions comprising crystalline materials with different lattice spacings
than the neighboring silicon channel. (Ex-1003 950.) Compressive strain improved
PMOS mobility, whereas tensile strain improved NMOS mobility. (Ex-1003 450;
Ex-1010, 2; Ex-1011, 1-7; Ex-1012 4[0005].)

Silicon-germanium (“SiGe”) was the most common source of compressive
channel stress. Because germanium atoms are larger than silicon atoms, growing
SiGe source/drain regions compressively strains the silicon channel along the current
flow direction (left-to-right below). (Ex-1003 952; Ex-1010, 2; Ex-1011, 1-7;
Ex-1012 q9[0046]-[0047]; Ex-1013 q[0024], FIG. 4.) By 2005, use of SiGe had

increased PMOS “hole mobility by as much as 50%.” (Ex-1010, 2; Ex-1003 51.)
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Ex-1003 52

To ensure adequate strain transfer, it was common to grow epitaxial
source/drain regions extending above the substrate surface. (Ex-1014, 4, Figs. 1-4;
Ex-1015 99[0030]-[0032], Fig. 9; Ex-1013, Figs. 4-7; Ex-1016, Abstract, §[0025],
1[0043], FIGS. 5, 13; Ex-1003 953.) Raised epitaxy regions further improved
performance by reducing contact resistance. (Ex-1010, 2-3, Fig. 6; Ex-1003 954.)

The same principles were also commonly applied to NMOS, except
improving NMOS carrier mobility requires fensile strain, not compressive. (Ex-1003
954.) Creating tensile strain with source/drain regions requires growing a material
like silicon carbide (SiC) with an atom (e.g., carbon) smaller than silicon. (Ex-1003
9154; Ex-1012 9[0005], 9[0048], 4[0072]; Ex-1013 q[0045].)

By December 2006, strained-silicon technology was well-known. The
industry had been using it in the two most recent generations of high-volume

commercial devices. (Ex-1011, 1-2 (90nm); Ex-1017, 4-5 (65nm); Ex-1003 455.)
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C. Gate Sidewall Spacers

There has always been a drive to make transistors smaller and increase their
density, a trend called “scaling.” (Ex-1003 956; Ex-1018, 8-11; Ex-1019, 24,
Fig. 1-1(b).) For decades, scaling followed a predictable trend called Moore’s Law.
(See generally Ex-1020; Ex-1003 956.) The figure below shows one aspect of that
trend—the rate at which the average minimum device dimension shrank. (Ex-1020,
Fig. 14.)

(Avg. Min. Dimension)2 um

10%
<— ACTUAL ~’» PROJECTED —»
102

104

1—

10

10- T T T T T T T T 1
70 75 80 85 20 95 00 05 10

Year

Ex-1020, Fig. 14
To shrink a MOSFET, the channel must become shorter, bringing the source
and drain regions closer. (Ex-1003 957, Ex-1021, 20, 24-25; Ex-1019, 28.)
Consequently, the drain’s electric field may “penetrate into the source region” and
cause unwanted current increase. (Ex-1019, 31; see Ex-1003 957.) This is called
punchthrough, an example of a “short-channel effect” (“SCE”). (Ex-1003 957; Ex-

1021, 24; Ex-1008, 9; Ex-1022, 17; Ex-1009, 45-46.)
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Researchers recognized such issues as early as the 1970s and developed a
variety of techniques to mitigate SCEs. (Ex-1003 958.) By the 1990s, one ubiquitous
technique used in commercial semiconductor fabrication was to use lightly doped
drain (“LDD”) regions.? (Ex-1009, 44-50; Ex-1022, 17-19; Ex-1003 958.)

With LDDs, “[t]he objective is to carefully tailor the doping profile near the
drain junction (and the source junction) in order to minimize short channel effects.”
(Ex-1009, 46.) The textbook figures below depict a typical LDD formation method,
wherein a lightly doped ion implant (yellow) is performed using the gate as a mask

to block the ions from the channel region. (Ex-1009, 44-45; Ex-1003 960.)

LRV L L

osphorus

Ex-1009, Fig. 2-2714 Ex-1009, Fig. 2-28
Source/drain regions generate an electric field that can affect the channel.

(Ex-1003 958.) By positioning more heavily doped source/drain regions (and their

3 Although called lightly doped drains, LDDs are formed in both source and drain
regions. (Ex-1003 458 n.2.)

4 All color annotations added.
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larger electric fields) farther away from the channel, LDD regions can mitigate those
kinds of effects. (Ex-1003 958-59; Ex-1011, 44-50; Ex-1024, 17-19.)

Such configurations are often achieved by using sidewall spacers. (Ex-1003
1960-62; Ex-1009, 46-48.) As shown below, sidewall spacers (purple) act as masks
near the edge of the channel to protect the LDD regions (yellow) when performing
a heavier doping process. This spaces the more heavily doped regions (orange)
farther from the channel. (Ex-1009, 48-50, Figs. 2-31 to 2-33; see Ex-1024, 19,

Fig. 9.17; Ex-1021, 32-33, Fig. 9-31(f); Ex-1003 762.)
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Ex-1009, Fig. 2-31 Ex-1009, Fig. 2-32

By December 2006, this type of source/drain engineering had been
commonplace for more than a decade, and sidewall spacers were a routine device
element. (Ex-1003 963.) As the prior art discussed herein illustrates, sidewall spacers

that extend onto epitaxial source/drain regions were well-known. (/d.)
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III. THE °194 PATENT
A. Overview

The *194 patent describes and claims a “method of fabricating a MOS
transistor structure,” like the one in FIG.5 below. (Ex-1001, 1:64-2:49.) This
transistor structure includes “a first conductive transistor 234 (PMOS) formed “in
the first conductive transistor area 202 and “a second conductive transistor 236”
(NMOS) formed “in the second conductive transistor area 204.” (Id., 4:25-34.) Each
transistor comprises a gate with a dielectric layer 210 and a conductive layer 212
(id., 3:19-22), and the gate is flanked by sidewall spacers 228 comprising “an oxide

liner 230 and a nitride spacer 232” (id., 4:6-10).
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Ex-1001, FIG. 5
PMOS NMOS
220: Epitaxial layer 224: Second 1on lightly doped region
222: First ion lightly doped region 236: Second conductive transistor
234: First conductive transistor 240: Second 1on source/drain regions
238: First ion source/drain regions
NMOS & PMOS
200: Semiconductor substrate 213: Cap layer
206: Shallow trench isolation (STI) 228: Spacers
210: Dielectric layer 230: Oxide liner
212: Conductive layer 232: Nitride spacer

FIG. 14 below shows another exemplary embodiment. (Ex-1001, 1:64-2:49.)
It likewise includes “a first conductive transistor 340 (e.g., PMOS) formed “in the
first conductive transistor area 302 and “a second conductive transistor 342" (e.g.,

NMOS) formed “in the second conductive transistor area 304.” (1d., 6:60-7:2.)
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Ex-1001, FIG. 14
PMOS NMOS
320: First Epitaxial layer 328: Second Epitaxial layer
330: First ion lightly doped region 332: Second ion lightly doped region
340: First conductive transistor 342: Second conductive transistor
344: First ion source/drain regions 346: Second ion source/drain regions
NMOS & PMOS
300: Semiconductor substrate 313: Cap layer
306: Shallow trench isolation (STI) 334: Spacers
310: Dielectric layer 336: Oxide liner
312: Conductive layer 338: Nitride spacer

The PMOS transistor in FIG. 5, and both transistors in FIG. 14, include an
epitaxial layer (220, 320, and 328) formed “next to the relative sides of the gates.”

(Id., 2:38-40; 3:49-50; 5:37-38; 6:17-19.) Those epitaxial layers “may be grown

10
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higher than the surface of the semiconductor substrate [200 / 300], so as to form a
raised epitaxial layer” (220, 320, and 328). (/d., 3:51-54; 5:39-42; 6:19-22.)
According to the *194 patent, “the characteristic of the present invention is to
form the epitaxial layer before forming the spacer, thus the distance between the
gate and the epitaxial layer is no longer limited by the width of the spacer.”
(Id., 7:15-18 (emphasis added).) As further explained below, this was well known.

B.  Prosecution History

The prosecution history includes two office actions. (See generally Ex-1002.)
In response to the second office action, the applicant relied on an invention
disclosure dated December 29, 2006, to purportedly swear behind a prior art
reference under 37 C.F.R. §1.131. (Ex-1002, 200-218.) The application was
subsequently allowed with no reasons given. (Ex-1002, 228-232.) All Petition
grounds predate December 29, 2006.

C. Claim Construction

Claim terms receive their ordinary meaning as understood by a POSITA. (See
Phillips v. AWH Corp., 415 F.3d 1303, 1312-13 (Fed. Cir. 2005) (en banc).) This

Petition implicates only one issue of claim scope for the Board.> (Nidec Motor Corp.

> Other terms may require construction to resolve disputes elsewhere, but not here.

11
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v. Zhongshan Broad Ocean Motor Co., 868 F.3d 1013, 1017 (Fed. Cir. 2017) (claims
only construed to the extent necessary to resolve a controversy).)

Claims 6 and 15 recite: “wherein [the spacer/each spacer] further comprises
an offset spacer, positioned between [the/each] gate and [the/each] spacer,” which
seems to require the “offset spacer” to be both part of, and not part of, the claimed
“spacer.” Patent Owner is expected to argue *194 patent claims 6 and 15 may be
satisfied if one layer (an “offset spacer”) of the claimed ‘“spacer” lies between
another layer of the “spacer” and the gate. This Petition analyzes the validity of
claims 6 and 15 by applying that interpretation.®

IV. ORDINARY SKILL

A person of ordinary skill in the art (“POSITA”) would have had a master’s
degree in electrical engineering, physics, chemistry, materials science, or a related
field and three years of work experience in semiconductor manufacturing, such as,
for example, in integrated circuit device (or transistor) design and/or manufacturing
as of the priority date. Additional relevant education could substitute for professional

experience, and significant work experience or training could substitute for formal

education. (Ex-1003 939.)

6 Petitioner reserves the right to raise the indefiniteness of claims 6 and 15 elsewhere.

12
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V. PRIOR ART
A. Hoentschel262 (Ex-1005)

Hoentschel262 (filed November 21, 2006, issued August 25, 2009) is prior art
under at least pre-AIA §102(e). Because Hoentschel262 is in the same field
(MOSFETs) and reasonably pertinent to a problem the 194 patent purports to
address (fabricating strained silicon channel MOS transistors), Hoentschel262 is
analogous art. (Compare Ex-1001, 1:15-19, 1:57-60, with Hoentschel262, Title,
Abstract, 1:7-14, 2:66-3:2; see Ex-1003 994.)

B.  Wang407 (Ex-1006)

Wang407 (filed September 6, 2006, issued October 20, 2009) is prior art under
at least pre-AIA §102(e). Because Wang407 is in the same field (MOSFETs) and
reasonably pertinent to a problem the *194 patent purports to address (fabricating
strained silicon channel MOS transistors), Wang407 is analogous art. (Compare
Ex-1001, 1:15-19, 1:57-60, with Wang407, Title, 1:65-2:2; see Ex-1003 9103.)

C. Wang753 (Ex-1007)

Wang753 (filed April 10, 2006, issued November 11, 2008) is prior art under
at least pre-AIA §102(e). Because Wang753 is in the same field (MOSFETs) and
reasonably pertinent to a problem the *194 patent purports to address (fabricating

strained silicon channel MOS transistors), Wang753 is analogous art. (Compare

13
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Ex-1001, 1:15-19, 1:57-60, with Wang753, Title, Abstract, 1:6-9, 2:29-35; see
Ex-1003 9107.)

VI. THE CHALLENGED CLAIMS ARE UNPATENTABLE

A. Grounds 1A and 1B: Hoentschel262 Anticipates (Ground 1A) and
Renders Obvious (Ground 1B) Claims 1-4, 6-7, 10, 12-13, 15-16,
and 21-22

Hoentchel262 discloses “the formation of different transistor types,”
including “strained channel regions ... using an embedded strain layer to enhance
charge carrier mobility in the channel region.” (Hoetschel262, 1:7-14.)
Hoentchel262’s FIGS. 2a-2i show manufacturing steps for a pair of PMOS and
NMOS transistors in which “a strained semiconductor material of different strain
characteristics may be formed adjacent to respective gate electrodes.” (1d., 12:4-12.)
FIG. 2a below shows the respective gate insulation layers 204, gate electrodes 205,
and capping layers 209 for a first transistor 250p (PMOS) and a second transistor

250n (NMOS). (Id., 12:13-31.)

14
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FIG. 2a

Hoentschel262, FIG. 2a
Hoentschel262 further discloses “a disposable spacer” that “enable[es] the
positioning of strained semiconductor material close to a channel region.”
(Id., 3:30-40.) Disposable spacer layers 206A and 226A (with or without an optional
liner layer, e.g., 207A or another (not shown)) are formed on first and second

transistors 250p and 250n, as FIG. 2b and FIG. 2e show below. (/d., 12:32-49,

13:39-14:7.)
200
r'e
ULV L e
AR e
\\\\\\ \5\_221 25[&‘ 259!1\‘
7 h AN
N 20 252\0&; 0 \Q 2268 __209
A B\ A =\ e N INSH - . o0
203 > 203 204 o 2 - 214p 203 204 202
) —220 \ ~—220
201
FIG. 20 FIG. 2 .
Hoentschel262, FIG. 2b Hoentschel262, FIG. 2e
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Spacer layers 206A and 226A are etched to form disposable spacers 206

and 226, respectively, which define regions for etching recesses 211p and 211n,

respectively, as in FIG. 2¢ and FIG. 2f. (Id., 12:49-13:20, 13:52-14:17.)

250p 2503‘ / “ 209
é TP\ 206 70 # 226
205 2068 205 ~206A < )i 2 e
| A LA Eonh S b S NN N =-207A
203 211 203200 —a0 4w Q) A F 203 248 2l
211A 202
—-220 ) =220
w\m(\ \/\/\,/\_/_\S/\/\/\/\(—_ 201
FIG. 2 2! FIG. 2f
Hoentschel262, FIG. 2¢ Hoentschel262, FIG. 2f

Using epitaxial growth, strained semiconductor materials 214p and 214n form
in recesses 211p and 211n. Material 214p may be “a silicon/germanium material
with a high intrinsic compressive strain.” (/d., 13:28-30.) And material 214n may be
a “silicon/carbon mixture for imposing a tensile strain the channel region.” (/d.,
14:25-33.) Both may have “any desired degree of underfilling or overfilling or a
substantially flush configuration.” (/d., 13:21-30, 14:18-33; see id., 9:11-20.) Thus,
although FIG. 2d and FIG. 2g show semiconductor materials 214p and 214n flush
with the substrate surface, the specification discloses they may be raised via

overfilling. (/d.)

16



IPR2026-00061 Petition
U.S. Patent No. 8,076,194

200
rd

SRR e

250\[)\ 250n
250p 250n X
R‘é 209 206 é = 209 > Z 209 %226
205 2268
Ji A 2772 SN E | el
w2 2w A w [aeis 203 204 N2
) 220 < —202
\_/\/\/\./\S;\/\/\/\/ r =
VWM/
201
FIG. 2d FIG. 2g *—201
Hoentschel262, FIG. 2d Hoentschel262, FIG. 2g

Disposable spacers 206 and 226 are removed once the respective epitaxial
growth steps have been completed, as FIG. 2h shows. (/d., 13:30-38, 14:34-43; see

id., FIG. 2e.)
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Hoentschel262, FIG. 2h

The source/drain regions are formed through “appropriate spacer techniques
and implantation processes,” resulting in a PMOS transistor 250p and an NMOS
transistor 250n as in FIG. 2i. (Hoetschel262, 14:44-15:7; see id., 7:58-67,

10:20-33.)

17
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Hoentschel262, FIG. 2i

1. Independent Claims 1 and 10

a. 1[pre]/10[pre]: “A method of fabricating a [MOS/CMOS]
transistor, comprising:”

Hoentschel262 discloses “the formation of different transistor types,”
including both P-channel (i.e., PMOS) and N-channel (i.e., NMOS) transistors.
(Hoentschel262, 1:8-14; 14:56-15:5; see id., 1:24-27; Ex-1003 49125-127.)

As the comparison below demonstrates, Hoentschel262’s transistors have the

same basic arrangement as the embodiments of the *194 patent. (Ex-1003 127.)

18
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Hoentschel262, FIG. 2i Ex-1001, FIG. 14

b. 1]a]/10[a]: “providing a semiconductor substrate [having
at least a first conductive transistor area for fabricating
first conductive transistors and at least a second
conductive transistor area for fabricating second
conductive transistors, and an isolation structure between
the first conductive transistor area and the second
conductive transistor area]”

Hoentschel262 discloses and renders obvious 1[a] and 10[a]. (Ex-1003
99128-137.) The *194 patent states semiconductor substrate 200 may be “a silicon-
on-insulator (SOI) substrate, but not limited thereto.” (Ex-1001, 3:4-6.)
Hoentschel262 likewise discloses “an SOI substrate.” (Hoentschel262, 6:12-15.) For
example, Hoentschel262’s method includes an SOI substrate comprising “a
substrate 201 [dark pink] having formed thereon, in one illustrative embodiment, a
buried insulating layer 220 [light pink], above which is formed a semiconductor
layer 202 [dark pink].” (Hoentschel262, 12:13-17.) Hoentschel262 includes an SOI
substrate having at least two conductive transistor areas: “first transistor 250p” [red]

and “second transistor 250n” [blue] (/d., 12:24-27.)
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Hoentschel262, FIG. 2a

The *194 patent’s disclosed method is substantially the same:
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Ex-1001, FIG. 7
Alternatively, as discussed for claim 22, the designation of the “first” and
“second” may be swapped, because those designations are interchangeable to

distinguish the claimed transistor areas. See 3M Innovative Props. Co. v. Avery

Dennison Corp., 350 F.3d 1365, 1371 (Fed. Cir. 2003) (“The use of the terms ‘first’

20
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and ‘second’ is a common patent-law convention to distinguish between repeated
instances of an element or limitation.”); accord Gillette Co. v. Energizer Holdings,
Inc., 405 F.3d 1367, 1373 (Fed. Cir. 2005); Free Motion Fitness, Inc. v. Cybex Int’l,
Inc., 423 F.3d 1343, 1348 (Fed. Cir. 2005). Indeed, the 194 patent confirms that
“the process of forming the first epitaxial layer 320 ... might be performed after the

process of forming the second epitaxial layer 328.” (Ex-1001, 6:27-34.)
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Second Conductive Transistor Area FIG 23. First Conductive Transistor Area

Hoentschel262, FIG. 2a
Hoentschel262 discloses isolation structures, including shallow trench
isolation regions. Hoentschel262 states that “manufacturing processes for forming
isolation structures (not shown), such as shallow trench isolations, may be performed
on the basis of well-established techniques.” (Hoentschel262 7:17-20.) Although
this description is in the context of device 100, “[f]or forming the device 200 as

shown in FIG. 2a, substantially the same processes may be used as are previously
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described with reference to the device 100.” (Hoentschel262 12:29-31.) This
disclosure is anticipatory (Ground 1A) because a POSITA “would ‘at once envisage’
the claimed arrangement or combination.” Blue Calypso, LLC v. Groupon, Inc., 815
F.3d 1331, 1343 (Fed. Cir. 2016) (quoting Kennametal, Inc. v. Ingersoll Cutting Tool
Co., 780 F.3d 1376, 1381 (Fed. Cir. 2015)). Indeed, such isolation structures
(arranged as claimed) are an essential, textbook element of MOSFET integrated
circuits, used to electrically separate the transistors from one another. (Ex-1003
133-137; see, e.g., Ex-1009, 25-31; Ex-1022, 13-16, 39 & FIG. 12.12; Wang407,
3:23-30, Figs. 1-11.) And claimed isolation structures at least would have been
obvious (Ground 1B), readily achieved by applying “well-established techniques.”
(Hoentschel262, 7:17-20; see, e.g., Koninklijke Philips N.V. v. Google LLC, 948
F.3d 1330, 1339 (Fed. Cir. 2020).)

Additionally, buried insulation layer 220 constitutes an isolation structure
between the first and second conductive transistor areas. Buried insulation layer 220
is present across the entire wafer, including between first transistor 250p and second

transistor 250n. (Hoentschel262, 12:13-31, Ex-1003 q9136-137.)
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c¢. 1[b]/10[b]: “forming [at least a / a] gate on the
[semiconductor substrate / first conductive transistor area

and on the second conductive transistor area
respectively];”

Hoentschel262 discloses and renders obvious 1[b] and 10[b]. (Ex-1003
94138-140.) Hoentschel262 discloses that “respective gate electrodes 205 [dark
green] are formed on respective gate insulation layers 204 [light green]” to create a

gate in each transistor area, each further including “capping layers 209 [peach].”

(Hoentschel262, 12:24-27; see id., 3:51-56.)

200
r'e
250p 250n
R b
209 k% 209
205 205
203 > 203 204 ~—~202
W ;
201
FIG. 2a
Hoentschel262, FIG. 2a

The *194 patent discloses essentially the same method of forming gates 308,
each including a dielectric layer 310, conductive layer 312, and capping layer 313.

(Ex-1001, 5:4-15.)
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Ex-1001, FIG. 7
d. 1]c]/10]c]: “forming a [first] protective layer on the

semiconductor substrate, and the [first] protective layer
covering the surface of [the/each] gate;”

Hoentschel262 discloses and renders obvious 1[c] and 10[c]. (Ex-1003
99141-143.) Hoentchel262 discloses that “a first spacer layer 206A [blue],
optionally in combination with a liner 207A [light blue], may be formed on the first
and second transistors 250p, 250n,” thereby forming a first protective layer covering

the surface of each gate. (Hoentschel262, 12:33-35.)
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FIG. 2b
Hoentschel262, FIG. 2b

The *194 patent discloses essentially the same method of forming a protective

layer 314. (Ex-1001, 5:16-32.)

Ex-1001, FIG. 7
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e. 1[d]/10[d]: “forming at least a [first] recess within the

semiconductor substrate adjacent to the gate [in the first
conductive transistor area];”

Hoentschel262 discloses and renders obvious 1[c] and 10[c]. (Ex-1003
94/144-148.) Hoentschel262 discloses an etching step “to form respective recesses or
cavities 211p [dotted red lines] in the first transistor 250p.” (Hoentschel262,
13:2-5.) The recesses form in the substrate adjacent to the gate, offset by “spacer
width 206B.” (Id., 13:5-20.) This advantageously “enable[es] the positioning of

strained semiconductor material close to a channel region.” (/d., 3:30-40.)
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FIG. 2¢
Hoentschel262, FIG. 2¢

The 194 patent similarly discloses etching a first recesses 318 in the

conductive transistor area 302. (Ex-1001, 5:27-32.)
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316
(

Ex-1001, FIG. 8

Alternatively, for claim 22 (in which the “first” area is the NMOS transistor
area), “a further etch process may be performed to form a respective recess or

cavity 211n, as indicated in dashed lines.” (Hoentschel262, 14:7-13.)
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Hoentschel262, FIG. 2f

The 194 patent similarly discloses etching a first recesses 326 in the
conductive transistor area 304 of substrate 300. (Ex-1001, 5:60-65.)
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Ex-1001, FIG. 11

f. 1[e]/10][e]: “forming [an/a first] epitaxial layer in the [first]
recess, wherein the top surface of the [first] epitaxial layer
is above the surface of the semiconductor substrate; and”

Hoentschel262 discloses and renders obvious 1[e] and 10[e]. (Ex-1003
9149-154.) Hoentschel262 discloses “an epitaxial growth process 213" that forms
“astrained semiconductor material 214p [yellow] in the recess 211p.”
(Hoentschel262, 13:21-26.) This epitaxial process can include “any desired degree
of underfilling or overfilling, or a substantially flush configuration.”
(Hoentschel262, 13:21-26 (emphasis added); see id., 14:18-33, 9:11-20.) Thus,
although FIG. 2d in Hoentschel262 shows semiconductor material 214p flush with
the substrate surface, it may be raised above the substrate surface via overfilling.

(See supra §11.B; Ex-1003 9150.)

28



IPR2026-00061 Petition
U.S. Patent No. 8,076,194

LI LE bbb bbby e
:_Z_jgzos

7 w2k

\ —220
\/\/\/M o
FIG. 2d

Hoentschel262, FIG. 2d

This express disclosure, although not illustrated, constitutes anticipatory
disclosure (Ground 1A); however, a POSITA also would have found it obvious
(Ground 1B). (Ex-1003 9151.) A POSITA would have understood raised epitaxy
regions improved performance by increasing strain transfer and reducing contact
resistance. (See Ex-1010, 2-3, Fig. 6; supra §11.B.) Raised epitaxy regions were
common in widely used commercial devices (see, e.g., Ex-1014, Fig. 1; Ex-1017,
Fig. 4; Ex-1011, Fig. 1) and were even expressly disclosed by the inventors of
Hoentschel262 in their scholarly publications (see, e.g., Ex-1023, Fig. 2; Ex-1024,
Fig. 2). Shown below, a raised-epitaxy embodiment publicly disclosed 11 months

before Hoentschel262 by the same named inventors looks as one would readily
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understand from reading Hoentschel262’s textual disclosure of “overfilling.”

(Hoentschel262, 13:21-26.)

NiSi
. | cO\

Buried Oxide
Ex-1023, Fig. 2 Ex-1024, Fig. 2
The *194 patent similarly discloses the growth of epitaxial layers 320 “higher

than the surface of the semiconductor substrate 300.” (Ex-1001, 5:33-42.)

308

306

Ex-1001, FIG. 9

Alternatively, for claim 22 (where the “first” area is the NMOS transistor

area), Hoentschel262 discloses “a further selective epitaxial growth process 215 for
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forming a strained semiconductor material 214N.” (Hoentschel262, 14:18-27.) This
NMOS epitaxial growth process follows “the same criteria apply as previously
explained” for the PMOS epitaxial growth process, except it “may comprise a
silicon/carbon mixture for imposing a tensile strain to the channel region 203 of the
second transistor 250n.” (1d., 14:25-33.) Thus, the NMOS epitaxial process also may
include “any desired degree of underfilling or overfilling, or a substantially flush
configuration.” (/d., 13:21-26; see id., 14:18-33, 9:11-20.) And although FIG. 2g in
Hoentschel262 shows semiconductor material 214n flush with the substrate surface,

it may be raised above the substrate surface via this overfilling. (Ex-1003 153.)
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FIG. 2g A
Hoentschel262, FIG. 2g

This express disclosure, although not illustrated, constitutes anticipatory

disclosure (Ground 1A). See Blue Calypso, 815 F.3d at 1343 (quoting Kennametal,
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780 F.3d at 1381). Moreover, a POSITA would have found it obvious (Ground 1B)
to grow semiconductor material 214n raised above the substrate surface (i.e., to
overfill recess 211n) for the same reasons noted above—to further improve
performance by increasing strain transfer and reducing contact resistance. (See id.
151; Ex-1010, 2-3, Fig. 6; supra §11.B.)

The *194 patent similarly discloses epitaxial layers 328 grown “higher than

the surface of the semiconductor substrate 300.” (Ex-1001, 6:13-22.)

308

Ex-1001, FIG. 12

g. 1[f]/10[f]: “forming a spacer on the sidewall of [the / each]
gate and [at least] on a portion of the [first] epitaxial
layer[,] wherein a contact surface of the [first] epitaxial
layer and the spacer is above the surface of the
semiconductor substrate.”

Hoentschel262 discloses and renders obvious 1[f] and 10[f]. (Ex-1003
19155-159.) Hoentschel262 discloses that a “sidewall spacer structure 216 [dark

blue and light blue], [is] formed on the respective gate electrodes 205.”
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(Hoentschel262, 14:48-52.) These spacers “may have been used for defining
respective lateral and vertical dopant profiles for respective drain and source
regions 217,” and they “may comprise any appropriate number of individual spacer

elements, depending on the complexity of the required dopant profile of

the regions 217.” (Id., 14:48-56.)
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Hoentschel262, FIG. 2i
FIG. 21 shows that Hoentschel262’s spacers extend onto the epitaxial layers.
As explained for 1[e]/10[e], those epitaxial layers may exhibit “any desired degree
of underfilling or overfilling, or a substantially flush configuration.”
(Hoentschel262, 13:21-26 (emphases added); see id., 14:18-33, 9:11-20.) Thus, they

may be raised above the substrate surface, such that a contact surface between
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sidewall spacer structure 216 and epitaxial layers 214p and 214n would lie above

the semiconductor substrate surface. (Ex-1003 4158.)

Hoentschel262, FIG. 2i (excerpted & annotated)

These express disclosures, although not illustrated, constitute anticipatory
disclosure (Ground 1A); however, a POSITA also would have found it obvious
(Ground 1B) for the reasons stated regarding 1[e]/10[e]. (Ex-1003 9158; supra
§VI.A.1.f) Indeed, the same inventors of Hoentschel262 publicly disclosed tangible
embodiments with the claimed configuration 11 months before filing
Hoentschel262. They look like FIG. 2i above, except with raised epitaxial regions.
(See, e.g., Ex-1023, Fig. 2; Ex-1024, Fig. 2.) As the images below show, a contact
surface between the sidewall spacers and epitaxial layers may lie above the substrate

surface.
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Comp.
Liner

Buried Oxide
Ex-1023, Fig. 2 Ex-1024, Fig. 2

Like Hoentschel262, the 194 patent discloses that “spacers 334 are formed

on the sidewalls of each gate 308.” (Ex-1001, 6:45-46.)
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Ex-1001, FIG. 14
Those spacers similarly “cover a portion of the first epitaxial layer 320 and a portion

of the second epitaxial layer 328,” like Hoentschel262. (Ex-1001, 6:51-53.)
*

(
NI

Ex-1001, FIG. 14 (excerpted & annotated)
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2. Dependent Claims

a. Claims 2/16: “The method of claim [1/10], further
comprising a step of removing the [first] protective layer
after forming the [first] epitaxial layer in the [first]
recess.”

Hoentschel262 discloses and renders obvious the method of claims 1 and 10,
including that disposable spacer layer 206A is the claimed [first] protective layer.
(Supra §VI.A.1.) Further, Hoentschel262 discloses that, “[a]fter the epitaxial growth
process 213, the spacer layer 206A may be removed on the basis of any appropriate
selective etch process.” (Hoentschel262, 13:30-38, FIGS. 2d, 2e.) Hoentschel262
thus removes the protective layer (disposable spacer layer 206A) after the epitaxial
layer is formed in the recess. (Ex-1003 49160-162.)

b. Claims 3/12: “The method of claim [1/10], wherein the
[first] protective layer comprises silicon nitride.”

Hoentschel262 discloses and renders obvious the method of claims 1 and 10,
including that spacer layer 206A forms a [first] protective layer, alone or in
combination with optional liner layer 207A. (Supra §VI.A.1, §VI.A.1.d.)
Hoentschel262 discloses that spacer layer 206A is “comprised of silicon nitride,”
such that the protective layer would comprise silicon nitride. (Hoentschel262, 13:34-
38; see id., 3:30-40, 6:61-7:1, 7:52-8:6, 12:64-13:9 (explaining spacer layer 106A, a

similar disposable layer to provide a offset for the recess region “may be comprised
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of any appropriate material, such as silicon nitride, silicon dioxide and the like”);
Ex-1003 99163-165.)
¢. Claims 4/13: “The method of claim [3/10], wherein the

[first] protective layer has a thickness of about 150 to 250
angstroms.”

Hoentschel262 discloses and renders obvious the method of claims 3 and 10.
(Supra §VI.A.1, §VI.A.2.b.) Further, Hoentschel262 states the “thickness of
the conformal spacer layer 206A may be selected to provide a desired offset for a
recess to be formed adjacent to the gate electrode 205 of the first transistor 250p in
a subsequent etch process.” (Hoentschel262, 12:40-46.) “For example, a thickness
206B of the layer stack 206A, 207 A may range from several nanometers, for instance
3-50 nm, depending on the specific application.”” (Id., 12:46-49; see id., 14:13-17.)

The disclosed range of 3-50 nm (i.e., 30-500 angstroms) fully encompasses
the claimed range of 150-250 angstroms. Because there is “no allegation of
criticality or any evidence demonstrating any difference across the range,” the
disclosed range anticipates. (ClearValue, Inc. v. Pearl River Polymers, Inc., 668
F.3d 1340, 1345 (Fed. Cir. 2012) (explaining that a broader range anticipates a

narrower range when the narrower range is not “critical”); see Ex-1003 99166-169.)

7 Liner layer 207A is optional, in which case thickness 206B would correspond to

206A alone. (See Hoentschel262, 12:33-35.)
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Hoentschel262, FIG. 2b (excerpted)
d. Claim 6/15: “The method of claim [1/10], wherein

[the/each] spacer further comprises an offset spacer,
positioned between [the/each] gate and [the/each] spacer.”

Hoentschel262 discloses and renders obvious the method of claims 1 and 10.
(Supra §VI.A.1.) Petitioner expects Patent Owner to argue claims 6 and 15 may be
satisfied if one layer (an “offset spacer”) of the claimed “spacer” lies between
another layer of the claimed “spacer” and the gate. (See supra S§III.C.)
Hoentschel262 discloses this, stating “[i]t should be appreciated that the spacer
structures 216 may comprise any appropriate number of individual spacer
elements, depending on the complexity of the required dopant profile of
the regions 217.”) (Hoentschel262, 14:52-56 (emphasis added).) At a minimum
Hoentschel262 shows a liner spacer, highlighted by the dotted yellow line below.

(Ex-1003 99170-173.)
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Hoentschel262, FIG. 2i (excerpted)

e. Claim 7: “The method of claim 1, further comprising a
step of forming a source/drain region within the
semiconductor substrate adjacent to the gate after
forming the spacer.”

Hoentschel262 discloses and renders obvious the method of claim 1. (Supra
§VI.A.1.) Further, Hoentschel262 discloses that source/drain regions 217 are formed
in the substrate, after the spacer, and adjacent to the gate. (See Hoentschel262,
14:34-47; Ex-1003 99174-178.) Hoentschel262 states: “FIG. 21 schematically
illustrates the device 200 with a corresponding sidewall spacer structure 216 formed
on the respective gate electrodes 205,” which establishes “respective lateral and
vertical dopant profiles for respective drain and source regions 217.”
(Hoentschel262, 14:48-52.) “It should be appreciated that the spacer structures 216

may comprise any appropriate number of individual spacer elements, depending on
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the complexity of the required dopant profile of the regions 217.” (Id., 14:52-56.) A
POSITA thus would have understood that successive ion implantation steps are
associated with the constituent components of spacer structure 216, including an ion
implantation step that takes place after spacer structure 216 is fully formed.

(Ex-1003 §9176-177.)
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Hoentschel262, FIG. 2i (after)

40



IPR2026-00061 Petition
U.S. Patent No. 8,076,194

The wavy, diagonal lines corresponding to the light yellow regions in FIG. 2i
above indicate source/drain regions 217 formed in the substrate by ion implantation
steps, each offset by a corresponding layer of spacer structure 216. (1d.)

Similarly, the 194 patent discloses source/drain regions 344 and 346 is
formed by implantation after and adjacent to the gate sidewall spacers 334 (Ex-1001,

6:45-7:2.)

// N AN
_ B N

30 320
300
| 302 | |
I 1 I
Ex-1001, FIG. 13 (before)
340
/_J 342
3\(5() 3?(; 336 3\[36
338 313 338 338 313 338
334\/\ /\/334 334\/\ /\/334
312 312
344 344 346 346
5 §
310 310
306 0 306 2 306
320 330 320 328 352 328
300 300
; 302 ; ; 304 |

Ex-1001, FIG. 14 (after)

41



IPR2026-00061 Petition
U.S. Patent No. 8,076,194

f. Claim 21: “The method of claim 10, wherein the first
conductive transistors comprise PMOS transistors and the

second conductive transistors comprise NMOS
transistors.”®

Hoentschel262 discloses and renders obvious the method of claim 10. (Supra
§VI.A.1.) Hoentschel262 also discloses that “transistor 250p may represent a
P-channel transistor” (PMOS transistor) and that “the second transistor 250n
represents an N-channel transistor” (NMOS transistor). (Hoentschel262, 14:64-15:5;

see id., 13:26-30, 14:25-33; Ex-1003 99179-183.)
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Hoentschel262, FIG. 2i

8 Although “the [first/second] conductive transistors” lack antecedent basis,
Petitioner assumes they refer to transistors formed in the “[first/second] conductive

transistor area,” for this Petition only.
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The *194 patent similarly discloses a PMOS transistor in a first transistor area

and an NMOS transistor in a second transistor area.
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Ex-1001, FIG. 14

g. Claim 22: “The method of claim 10, wherein the first
conductive transistors comprise NMOS transistors and the
second conductive transistors comprise PMOS
transistors.””

Hoentschel262 discloses and renders obvious the method of claim 10. (Supra
§VI.A.1.) As discussed for 10[a], transistors 250n may be identified as “first
conductive transistors,” and transistors 250p may be identified as ‘“second
conductive transistors.” (See supra §VI.A.1.b (citing 3M Innovative, 350 F.3d at

1371; Gillette, 405 F.3d at 1373; Free Motion, 423 F.3d at 1348).) Under that

? See supra note 8.
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mapping, a first conducive transistor 250n “represents an N-channel transistor”
(NMOS transistor), and second a conducive transistor 250p “may represent a
P-channel transistor” (PMOS transistor). (Hoentschel262, 14:64-15:5; see id.,

13:26-30, 14:25-33; Ex-1003 99184-186.)
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Hoentschel262, FIG. 2i
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The same mapping may be applied to the *194 patent, as both PMOS and

NMOS transistors are analogous, each with its own epitaxial regions.

NN

Second Conductive Transistor Area First Conductive Transistor Area

Ex-1001, FIG. 14

B. Ground 1B (Cont’d): Hoentschel262 Also Renders Obvious
Claims 5, 8-9, 11, 14, and 17-20.

1. Claim 5/14: “The method of claim [1/10], wherein [the/each]
spacer further comprises an oxide liner and a nitride spacer.”

Hoentschel262 discloses and renders obvious the method of claims 1 and 10.
(Supra §VI.A.1.) Hoenschel262 further states: “the spacer structures 216 may
comprise any appropriate number of individual spacer elements, depending on the
complexity of the required dopant profile of the regions 217.” (Hoentschel262,
14:52-56.) For example, FIG. 2i below depicts four spacer elements. (See also Ex-

1023, Fig. 2; Ex-1024, Fig. 2.)
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